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2 FUNCTIONS OF THE NERVOUS SYSTEM

surgeon who ignored the circulation of the blood in planning
an operation, or an obstetrician who scouted a knowledge of
the shape of the pelvis in conducting a difficult labour, would
be impossible. But it is still possible and very frequent to
find physicians engaged in the treatment of insanity, who
regard the acquisition of a knowledge of the normal mind as
a useless waste of time, and indeed as a pernicious dereliction
of duty.

It seems reasonable to attribute to this neglect of the
study of the normal, that complete absence of advance in the
knowledge of insanity, which is so strikingly in contrast with
the enormous strides that have been made in every other
department of medicine. While in the last thirty years a score
of specialties have branched out from the parent stock, and
every specialty can show its brilliant record of discoveries in
knowledge and of triumphs in treatment, the knowledge and
the treatment of insanity have scarcely advanced since the
days of Conolly.

In endeavouring to formulate the fundamental principles
of a science of Alienism, I found myself continually inter-
rupted by the necessity of interposing parenthetically a state-
ment of the normal processes whose disorder it is that
constitutes insanity, And as the work went on, the inter-
ruptions became so frequent and so prolonged as to destroy
the continuity of the statement and to render evident the
necessity of first providing an exposition of the normal as a
chart on which the aberrations of the morbid could be picked
ont. Hence the present volume.

No doubt the main reason why the study of the normal
mind has been disregarded by alienists is that the classical
works on Mind ignore altogether its association with body,
and study it from a standpoint so purely introspective as to
offer no obvious advantage to the alienist, to whom the eon-
comitant disorders of body are so conspicuous and so im-
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a particular movement of a limb, we have given no explana-
tion of how it is that action of any part of the brain can
produce a movement. This is the problem that seems most
urgently in need of solution, not only from the point of view
of the psychologist and alienist, but from that of the physi-
ologist also; and, until a satisfactory solution is found, no
further advance in neurology nor in the neurological aspects
of psychology and alienism can be expected.

Since every one nowadays admits that the evolution of
mind and the evolution of the nervous system have pro-
ceeded pari passu, and indeed are but two aspects of the
same process, it would seem superfluous to offer arguments
in favour of the correlated study of both, were it not that
this way of studying them is so greatly neglected—is, indeed,
as I have said, derided and scouted ; and were it not that on
the many occasions on which, during the last ten years, I
have urged this mode of study on my brother alienists, I
have been as the voice of one erying in the wilderness.!

The stock objection made to the study of Mind by
alienists is that it is metaphysical and unpractical. As to
the practical value of the study the remainder of this book
must be my argument ; but as to its metaphysical character,
[ would ask whether by metaphysics is meant anything
more than an abstract and uninteresting subject. The
popular idea of metaphysicians is that they are people who
envelop themselves in a cloud of meaningless words,—that
they are, as Burton says, “mad themselves, and wish to
make others so,” and that their works are a farrago of trans-
cendental nonsense. That is a mistake. If a person
ignorant of chemistry were to open a treatise upon com-
pound radicals, he would find it unintelligible; but he

! As these sheets are going to press, the President of the Section of Psycho-

logical Medicine in the British Medical Association is advocating the view
here set forth.
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that the musie hook carries to any one else a more complete
idea of the sounds than it gives to him? Surely not.
Neither may the physician deny that metaphysical writings
carry to others a clearer and more definite meaning than
they convey to him. To say that mind should be studied
without reference to metaphysiecs, is to say that the proper
way to study mind is to ignore it.

It is not to be denied that there is a large amount of
writing about the mind, and about the connection of the
mind with the body, which is, strictly speaking, nonsense ;
but this writing is not metaphysical. Its authors repudiate
the term with scorn. They are proud to boast of their
ignorance of metaphysics. When I say that the writing is
nonsense, I do not use this word as a term of vague abuse;
it is used in its strict logical meaning to denote language
which is not, alas, unfamiliar, but which is not only unin-
telligible but meaningless; it is used to connote language
which has not, never had, and never can have, a meaning ;
and which is therefore strictly and truly nonsense. Such
is the language used by those who speak of an idea produc-
ing a movement, or of a sensation passing along the nerves,
or of pain causing the skin to sweat, or of the mind being a
force, or of a nerve-current being transformed into a feeling,
or of an idea being imprinted on the brain or stored up in
the nerve-cells, or of will producing movements, or of any
causal relation whatever between the events of Mind and
the movements of Matter. Such propositions are neither
correct mor erroneous—neither true nor false. They are
nonsense ; for when we try to bring their terms together,
we find that we cannot assimilate them. We can think of
each term separately, but we cannot bring them together in
the relation expressed by the proposition, and it is easy to
see that they never can be so brought together. Take an
instance. Try to think of a feeling passing along a nerve.
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the brain. Again the same problem awaits us. The brain
is made of cells and fibres. Is pain in the cells? Is it in
the fibres ? In either case we must come down to mole-
cules at last, and again the pain eludes our search. No
conceivable form of matter and no conceivable movement of
matter bears the smallest resemblance to pain, or can by
any human imagination be assimilated to pain. We are
driven to the conclusion that pain and matter are things
with no community of nature, are facts of totally different
orders, and cannot be reduced to any common term. Pain
is neither in the nerves, nor in the brain, nor in any posi-
tion in space. It is in the mind. Now, let us take another
mstance. Let us try to imagine an 1dea—say of food, pro-
ducing a movement, say of carrying food to the mouth. The
movement of the hand to the mouth is caused by the con-
traction of the musecles, and the contraction of the musecles
is cansed by the delivery into them of shocks from the
nerves. The shocks carried by the nerves to the muscles
are little waves of molecular movement that are set up
by little explosions or rapid molecular decompositions of
unstable matter—* gray matter "—at the central end of the
nerve. This explosion or discharge is usually set up by the
shock of some other discharge communicated from another
region of gray matter, this by a third shock from a third
region, and so on, until we come to a region that is directly
affected by the shocks arriving along some “ afferent” nerve,
whose peripheral end is exposed to disturbances from out-
side the body. In the case supposed, the afferent nerve
is the optic, and the shock that it transmits to the first
region of gray matter is set up by the impact of ethereal
waves upon its retinal expansion. Now at what stage of
this process does the idea of food come in, and what is the
method of its action ?  Does it assist the decomposition of
the molecules of the gray matter, or does it retard the pro-
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Any expression which associates the facts of the one order
with the facts of the other, in the manner in which they are
associated in the sentences quoted at the beginning of this
paragraph, is a meaningless expression, and must be un-
hesitatingly condemned.

Having thoroughly recognised the fathomless abyss that
separates mind from matter, and having so blended the
notion into his very nature, that there is no chance of his
ever forgetting it, or failing to saturate with it all his medita-
tions on the subject, the student of psychology has next to
appreciate the association between these two orders of
phenomena.  While they are separated by a rift more
complete than divides any other kinds of phenomena what-
ever, they are associated in a manner so intimate that some
of the greatest thinkers consider them different aspects of
the same process. These statements seem paradoxical, but
they are not really difficult to comprehend. The gist of
them 1is, that a state of mind never oceurs as an isolated
fact. When an alteration occurs in consciousness, some-
thing else always takes place at the same time. This inevi-
table accompaniment of mental change is a change in the
nervous system; and the change is, speaking broadly, a re-
arrangement of molecules in the gray matter of the superior
regions of the nervous system. It has already been ex-
plained that a process of change in the nervous system
cannot cause a change of consciousness; such an effect is
unthinkable, Nor can a change in consciousness cause a
change in the arrangement of the molecules of the gray
matter; such an effect is equally unthinkable.  The
accepted doctrine is, that when the re-arrangement of mole-
cules takes place in the higher regions of the brain, a change
of consciousness simultaneously occurs. The two changes
are concomitant, The change of consciousness never takes
place without the change in the brain; the change in the
























18 FUNCTIONS OF THE NERVOUS SYSTEM PART I

How do we work? By moving our muscles. This is
the one and only means by which we can alter the world
outside of us. When a muscle contracts, a considerable
movement of some part of the body occurs, But even when
the muscle has repeatedly contracted, there does not result
a large rearrangement of matter within the organism. A
little of the muscular structure has been used up; a little
new material has been introduced; but at the end of the
exertion the arrangement of the muscular structure is but
little different from the arrangement that it had at the
beginning.  Where then has all the motion come from,
seeing that motion no more than matter ean originate out
of mothing ? Obviously, the molar motion of the muscles
and limbs has been supplied by the transformation of mole-
cular motion. There has not been a large rearrangement of
matter, but there has been a large redistribution of forece
within the organism. The redistribution of force in great
quantities and to great distances, without any discernible
rearrangement of matter, occurs in every electric-light lead
and in every telegraph-wire. The contraction of the
musecles is set up by the delivery of a shock of force at a
nerve-end—another redistribution of force. This shock has
travelled—has been redistributed—from a nerve-centre.
The nerve-centre was provoked to emit its force by the
arrival of a shock from some other region of the body, and
we may continue to trace the communication of force to
one part of the body from another, until we ultimately find
that the whole process was set going by a force impressed -
on the organism by some moving thing in the outer world.
At every step except the first, and in some cases the last,
we find that the passage, or communication, or redistribution
of force, is the conspicuous, important and permanent part
of the process; while the rearrangement of matter is trifling,
or imperceptible, or temporary.

All the bodily organs and all the bodily functions may
be divided into two great groups, according as they subserve
the rearrangement of matter or the redistribution of force.
The latter is, from the physical point of view, the prime
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blood never ceases to circulate ; the interchange of gases in
the lungs is never interrupted; the structural changes of
orowth and development, waste and repair, nutrition, ex-
cretion and assimilation, are continually going on. In sleep
and in waking, in activity and in repose, day and night,
year after year, the structure changes ceaselessly. In life
these changes never flag, and when life ends they merge
without a break into the final redistribution that takes place
after death. But the redistributions of force are nof con-
tinuous; they occur only at intervals. In the separate
pulsations of the heart, in the composition of a museular
contraction, in the to and fro movements of breathing, in
the undulations of peristalsis, in the fatigue and repose that
follow exertion, in the sleep that alternates with waking
life, we see exemplified the irrefragable law that within the
organism the redistribution of force is always intermittent
—conforms always to that greater law which asserts
thronghout the universe of Space and Time the rhythm of
all motion. Yet, again, while the redistribution of force is
the primary function of the highest nervous centres, the
redistribution of matter is altogether independent of their
direct control. Which of us by taking thought can add a
cubit to his stature ? or determine the deposition of fat in
this place or the absorption of fluid from that? Who can
check the proliferation of cells which is forming a eancer in
this part, or keep up to the normal standard the defective
nutrition which is resulting in atrophy in that? On the
other hand not only are the redistributions of force which
affect the outward movements of the organism under the
control of these centres; not only are the movements of
locomotion, handicraft, and speech the direct outcome of
their activity, but even the redistributions of force which
subserve those of matter—the movements of the digestive,
respiratory, and ecirculatory apparatus—are more or less
under their direct control. Differences so pervading and so
fundamental fully justify the division of the funections into
these two orders,

Redistribution of force means, as we have just seen, the
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The conception of the storage of force is familiar to
every one in the leading case of coal. Every one knows
that this homely substance derives all its value from the
immense store of force it contains, and the ease with which
this force can be liberated when we want it; and it is not
difficult to form a moderately clear concept of the means by
which the force is held in thrall. The classical illustration
is the raising of a stone. 'When a stone is raised, a certain
amount of force is used in raising it. If it is dropped, it
strikes the ground with a force equal to that employed in
lifting it. If it is again lifted and placed on a shelf, the
force employed in lifting it becomes latent or potential. It
is not manifested in any way, but it is still in existence, for
however long the stone may remain on the shelf, if it is at
last pushed over the edge it falls to the ground, and expends
in doing so an amount of force equal to that employed in
raising it, years, or it may be centuries, before. When the
stone was placed on the shelf, the force employed in lifting
it was rendered latent or placed in store; when the stone
fell, the force was liberated. Now instead of the earth and
the stone—one vast mass and one small one—imagine two
very small particles, one of carbon and one of oxygen, and
for gravitation substitute chemical attraction. So long as
the carbon atom and the oxygen atom are kept apart, there
is force potential or latent or stored up. When they clash
together this force is liberated.

The method in which force is stored up in the gray
matter is not, we suppose, quite like the case of the stone on
the shelf, nor that of the restrained chemical action. Instead
of a stone lifted, imagine a brick set up on end. To do
this requires the expenditure of force. Now if the ground
is shaken, the brick falls, and liberates in falling a force equal
to that expended in raising it. Again, imagine a brick set
on end with another brick placed across the top of it. The
upper brick can now be knocked off the lower and the force
which raised it be liberated, while the lower brick is left
standing, with the force that raised it still in store. It is
evident that a brick balanced on the top of another one
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much force is liberated as would suffice to build them from
this new position back into the old one. This is what is
meant when it is said that force is stored up in the gray
matter of the nervous system and liberated at intervals.
Such a statement means, that the highly complex structure
of the molecules of the gray matter is built up by the
action of force on the atoms; that the force so employed
lies latent in the structure; that the structure so formed
is an unstable structure; that the bonds of union between
the component sub-molecules are frail and easily broken ;
that the frailest portions of the structure may be shaken
off by a very slight force; and that, when parts are thus
shaken down, the force employed in building them up is
set free. It 1s set free in much the same way as the force
stored up 1 a pile of bricks is set free when the bricks fall
down, and waves of sound and heat are straightway pro-
jected in all directions.

Such an alteration of the structure of a molecule as is
above deseribed, since it is an alteration from a more
complex to a more simple structure, is of the nature of a
decomposition ; but since the molecule contains just as many
atoms after receiving the shock and undergoing the rearrange-
ment as it did before, there is no decomposition in the
chemical sense. 'When a molecule is decomposed in the
chemical sense, the atoms of which it is made up are not
merely rearranged within the molecule; they are torn com-
pletely asunder, and may be united with foreion atoms to
form entirely different compounds. This is not the case In -
the process that has been deseribed. What happens there is
a rearrangement of atoms within the molecule without any
disruption of, or loss of atoms by, the molecule. The
chemical composition of the gray matter is unimpaired, and
a mere lifting of the displaced atoms into their original
places will completely restore the stafus quo ante. Thus it
can be easily understood how the structure of the gray
matter may be continually undergoing decomposition during
its functional activity without being permanently or mate-
rially impaired. It will be convenient to use the term
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molecules. Hence the force set free from one molecule must
impinge upon others. And when a force impinges upon the
molecules of the gray matter, it will, if strong enough, shake
their atoms out of place. Hence the discharge of a mole-
cule tends fo cause the discharge of other molecules. In
other words, a discharge once begun tends to spread. '

If a number of molecules are aggregated together, and
some of them are made to discharge, a certain amount of
force is liberated—the discharge attains a certain strength.
From the two preceding paragraphs it appears that an
increase of strength may accrue to this discharge in two
ways. It may spread to more molecules, and be augmented
by the force liberated from them, or it may spread
deeper into each molecule and be augmented by the fall of
additional atoms in each discharging molecule without any
increase in the number of molecules disecharging. The former
is an extension of the discharge—an increase in the area
that discharges with a given intensity; the lafter is an
increase in the intensity of the discharge that issues from
a given area. Hence we recognise, that a discharge may be
cugimented either by extending in area or by an increase of
intensity.

The force set free by the decompounding of a single
molecule is of course inappreciably small; but the mole-
cules are indefinitely numerous, and the accumulation of
an indefinitely larce number of inappreciably small forces
of similar character results in a force of appreciable mag-
nitude. P

We have seen how the force stored up in the gray
matter is liberated ; we have now to ask how it is replaced.
By what process, under the operation of what causes, do the
displaced atoms return into their less stable position on the
molecule? The only answer that we can at present give to
these questions is that we do not know. We know that as
a matter of fact the atoms are replaced, or’' that others are
substituted for them, for the nerve-centres continue to dis-
charge, and yet do not become decomposed. It is obvious
that, if the discharge continued without restoration of the
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which then appears to be spontaneous, and which, once
begun, is a cause of its own continuance. After a consider-
able discharge the degree of stability becomes such that
stronger and stronger stimuli have to be applied in order
to maintain the discharge. The stimulus of the voice, for
instance, is replaced by that of the whip, and the whip is
supplemented by the spur. On this hypothesis we see, too,
why a short period of very vigorous exertion is more ex-
hausting than much greater exertion spread over a longer
proportionate time. In the latter case the intervals are
occupied with the process of rebuilding, and their aggregate
is sufficiently large to allow of a higher standard of structure
being maintained than in the former.

By what agency this rebuilding of the molecule takes
place we do not at present completely understand, but we
know that there are many similar processes continually
ooing on in the bodies of organisms. The development of
the body out of scattered material by the accretion of mole-
cule to molecule and cell to cell is a process of precisely the
same character, and one of whose immediate causes we can
give no account. The whole function of nutrition, of which
the restoration to integrity of discharged nerve-centres is but
a single instance, is a process of the same nature. All
activity of function is attended by oxidation—Dby the degra-
dation, that is to say, of some portion of the active tissue
into a simpler molecular structure, and all growth, develop-
ment and nutrition is the integration or redintegration of a
simpler into a more complex molecular structure. Since
the recompounding of the gray matter after discharge is a
portion of the general process of nutrition, it will as a rule
vary as general nutrition varies. Hence we find that those
people who most readily recoup themselves after exertion—
those who require least rest and least sleep— have the
reputation of being the longest lived. Hence we find also
that such people are the least obnoxious to adverse influences
—+to extremes of heat and cold, to the influence of aleohol
and other drugs—and most readily overcome the effects not
only of faticue, but of various excesses.
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The longer the molecules are left undisturbed, the longer
does the building-up process continue, and the more and
more unstable is the position in which their peripheral atoms
become arranged. When a considerable time has elapsed
since a molecule was discharged, the position of the atoms
becomes so extremely unstable, that the impact of an in-
finitesimal force will be enough to upset them. It will
further follow, that when atoms are in this extremely
unstable condition, not only will they be upset by an
extremely minute force, but that, once disturbed, the number
of atoms that undergo rearrangement will be relatively
great. 'Where a large number of atoms are in extremely
unstable positions, a force which is sufficient to dislodge
only the most unstable of all will, when it is reinforced by
that liberated in the fall of these atoms, produce a wide-
spread collapse; just as a house of cards falls into complete
ruin when a single card is displaced. And the more atoms
that are displaced, the more force is liberated, the more
intense the discharge. Hence the longer a molecule has
been left undisturbed, the more prone it is to discharge, and
the more force does it liberate when the discharge occurs.
In this elementary fact we see the explanation of the
recuperation that takes place after rest, of the ease with
which exertion of all kinds is undertaken in the morning, of
the many phenomena of fatigue, exhaustion, ete. Here also
is the explanation of the so-called spontaneous discharge, an
occurrence which is never actually spontaneous, but which
occurs when the molecules are fully charged, on the pro-
vocation of a force so small as to be insignificant. On the
other hand, when the molecules have been frequently dis-
charged and have had but few and short intervals for
recuperation, the more unstable atoms will all be displaced ;
and as more and more stable strata are laid bare, greater
and greater amounts of force are necessary to displace them;
and when an atom is displaced, the connections of surround-
ing atoms will be so firm, that the displacement is limited
to a small area, and the impact of even a considerable force
will evoke but a very small discharge.
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The function of the nervous system is, as we have seen,
not only to store up and expend force, but to carry it from
one part of the body to another—to deliver it from the
store to whatever place it may happen to be wanted in. It
remains to show how this transference is effected. It is
scarcely necessary to say, that the liberated force exercises
no choice as to the direction it shall take. It spreads from
the point of liberation equally in all directions—provided
all directions are equally permeable. But all directions
never are equally permeable. Not only are the surrounding
molecules, in so far as they are of the same nature, differently
circumstanced, some being older, some more recently dis-
charged, some better situated for recuperation, than others,
but every molecule possesses polarity such that it is more
sensitive to shocks arriving in the direction of one of its
axes, than to shocks arriving in any other direction, and
delivers its discharge in greater intensity along this axis
than in any other direction. Henece a discharge will spread
more readily where the molecules have their poles parallel
than where they are higoledy-piggledy.

The more unstable the molecule, the more completely it
is discharged by an impinging force, and the more force it
liberates in its discharge. Again, the stronger force is the
more efficient disturber, and hence for two reasons the dis-
charge will spread most along the direction in which the
molecules are most unstable. Now suppose that the unstable
molecules are packed inside a tube whose walls are con-
structed of molecules so stable that they will not discharge
at all, and suppose that they are packed with their polar
axes parallel. Manifestly a discharge initiated at any point
in the tube will travel with great facility along the length
of the tube.

Such is the structure of a nerve-fibre. It is composed
of an axis-cylinder of gray matter, enclosed in a tube of
substance that will not discharge. We have seen that each
molecule that discharges adds something to the force of the
total discharge, and hence, if the supposed view is correct,
the nerve-current ought to be stronger the longer the tract
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imbedded in the ground-substance. From these observations
three inferences may justifiably be drawn. From the different
action of reagents upon the fibres and on the matrix, we may
infer that the molecular constitution of the fibres is different
from that of the matrix. From the precautions and pre-
parations necessary to display this difference, we may infer
that it is not very great. And from the increasing difficulty
in tracing the fibres as they extend further from their main
trunk, we may infer, that the difference between the mole-
cular constitution of the fibres and that of the matrix
diminishes as the former approach their free terminations.
Viewing them with regard to their molecular stability, it
can scarcely be doubted that the molecules of the fibres are
more unstable than those of the matrix; but considering the
similarity of the two substances, the difference of stability is
probably not great, and becomes less as we approach the
termination of the fibre. If we accept this view, in favour
of which there are several arguments that cannot be repro-
duced here, we are committed to certain other views regarding
the transmission of waves of force, or discharges along these
fibres. Suppose a molecule in one of these fibres to dis-
charge. Force is liberated, and, if the molecules of the fibre
are supposed symmetrical and similar, spreads in all directions
both along and across the fibre. When the discharge has
spread through the whole thickness of the fibre, so that all
the molecules in a transverse section are discharging, it
impinges against the molecules of the surrounding matrix,
which, by hypothesis, are not so easily discharged as the
molecules of the fibre itself. It is obvious that the next
event will depend entirely on the strength of the discharge.
If the impact of the force is strong enough to knock down,
not only the loose atoms that compose the molecules of the
fibre, but also the somewhat more firmly compacted atoms
that compose the molecules of the matrix, then the molecules
of the latter that abut upon the fibre will be discharged.
Discharging, they will liberate force, and will pass on the
movement in inecreased intensity to the molecules lying
further from the fibre. Hence, powerful discharges will



—

T

CHAP, I THE NERVOUS DISCHARGE 33

not only traverse the fibre, but spread into matrix also. If,
however, the discharge passing along the fibre has not
sufficient force to upset the more stable molecules of the
matrix, it will remain limited to the fibre, and will pass
along its length without becoming laterally diffused. To
suppose that the waves of discharge in the nerve-centres are
entirely limited to the fibres, is a mistake, and a very vital
mistake. Whether they remain confined to the fibres, or
whether they overflow and permeate the imbedding sub-
stance, depends, other things being equal, on the strength of
the discharge ; and the possibility of their escape from the
limits of the fibre into and through the surrounding substance
is one of the most important properties of nervous tissue,
and the foundation of one of the most valuable of all faculties
—the faculty of progress.

Not only may a current, if sufficiently powerful, escape
from the fibre and spread through the ground-substance, but
there are circumstances in which a current in a fibre, how-
ever feeble, must become diffused into the surrounding
matrix. Suppose the case of a fibre which tapers off and
ends, after a longer or shorter course, as an attenuated point.
What becomes of a current of force when it reaches this
termination ? Again, we must consider the process as an
affair of decompounding molecules. If we take a number of
cross-sections of the tapering nerve, the area of each section
becomes less and less as we approach the point. The
structure of the fibre being supposed uniform, it follows that
the number of molecules exposed in each cross - section
becomes less and less in each successive section. In other
words, as the wave travels along the fibre, the discharge of
a number of molecules is passed on to a less number. The
force impinging on the less number is not less than the
force impinging on the greater number. On the contrary,
it is greater, for it 1s reinforced by the discharge of the
latter. But the same amount of force when applied to a
less number of molecules will produce a greater effect upon
each than when applied to a greater number,—it will dis-
charge the less number more completely. In other words,
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as the discharge approaches the termination of the fibre, it
increases in intensity. ~When the discharge reaches the
extreme point of the attenuated fibre it will have a consider-
ably greater intensity than it had where the fibre was
considerably thicker; that is to say, its impact against the
molecules that lie round the point of the nerve will be more
powerful than its impaect against the molecules that bound
the fibre laterally; and hence a discharge which is not
powerful enough to escape laterally from the fibre, may yet
have sufficient impetus to escape at its termination. When
we remember that the molecules of the matrix, although
more stable than those of the fibre, are not much more
stable, it will be evident that when currents of wvarious
intensity are very frequently passing along the fibres, there
must occasionally occur some that are not powerful enough
to discharge those molecules of the matrix that surround the
course of the fibre, but yet gather intensity enough to
discharge those that surround its termination,

So far, we have discussed the nervous discharge without
once mentioning the nerve-cells, an omission that may well
arouse astonishment, but one that has been made designedly.
It is customary to regard the nerve-cells as unique bodies
possessing wonderful and even miraculons powers. They
are able, it is said, not only to transfer force from one fibre
to another, but to transmute a wave of force into a conscious
sensation, and an idea into a movement; they are able to
suppress movements ; not only force but memories are stored
away in them ; they are the active portion of the nervous
system, the remainder being either mere packing or merely
subsidiary and supplementary material. Most of these views
are certainly erroneous, and all require modification. The
nerve-cells cannot transmute a movement into a feeling or
an idea into a movement. They cannot contain memories.
They are not the only active portions of the gray matter.
That they are active constituents of the gray matter admits
of no doubt; but they are far from being the only or even
the most important of such constituents.

The nerve-cells are continuous with the fibres. It is
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force as the fibre. In other words, the discharge in the
cell is of a more explosive character than that in the fibre,
supposing both to be similarly constituted and to be simi-
larly disturbed by equal forces. It is possible that the
molecules of the cell are more unstably constituted than
those of the fibre, but of this we have no evidence. But
since most cells are a meeting-point for several fibres, it is
obvious that while the impinging force which sets up a
discharge at any point of a fibre can arrive in one of only
two directions, that which discharges a cell may arrive from
several directions, in some cells probably from any direction,

Since a large cell contains more molecules than a small
one, it will, if similarly constituted, liberate more force in
its discharge; and since the more explosive character of
the discharge in the cell depends on the longer radius that
can be drawn from the starting-point of the discharge to the
periphery of the cell, it is obvious that a large cell will
liberate force in a more explosive manner than a small one.
Hence where an effect depends on both the amount and the
suddenness of the discharge, the larger cell will have the
advantage in both ways. It is significant that large nerve-
cells are specially characteristic of motor regions.

Reference has been made to the fact, that some cells
have no fibres in direct connection with them. Such cells
—1 speak only of those that are admitted to be nerve-cells
—must have the same fundamental funection as other nerve-
cells—must accumulate force, and discharge it upon pro-
vocation. But since they have no fibres, the only possible
way in which the jar necessary to upset the equilibrium of
their molecules can reach them is through the matrix in
which they are imbedded; and the only possible way in
which the force liberated by the discharge of such cells ean
escape is through the matrix. Now we can see the signi-
ficance of the fact already alluded to, that apolar cells are
but indefinitely demarkated from the matrix in which they
lie. Were it otherwise, they could exercise no funection, for
any boundary between the discharging molecules of the
matrix and the charged niolecules of the cell would prevent

T






38 FUNCTIONS OF THE NERVOUS SYSTEM PART I

much greater intensity than would be the case if the force
escaped freely over the surface of the discharging cell. We
see, therefore, that for many reasons the discharge of a cell
along the fibres emerging from it will be far more powerful
and far more intense than the discharge whose entrance set
up the discharge of the cell. In other words, a discharge
in passing through a cell undergoes three changes. 1.
Except in bipolar cells, which are few, it i1s communicated
from a single fibre to several fibres. 2. It is increased in
force. 3. It is increased in intensity. This increase in the
force and intensity of the discharge is very great and sudden,
and in comparison with it the increase gained by a discharge
in passing along a fibre is insignificant in amount, and, what
is perhaps of more importance, is gradual in its accession.
For these reasons the term “discharge” is often limited to
the process as it occurs in the cell ; the process as it occurs
in the fibre, although identical in nature, being neglected.
So far we have dealt with the physical functions of the
gray matter as occurring in a structure of constant com-
position. We have considered the force set free by the
discharge of the molecules as travelling from place to place,
becoming diffused, impinging against other molecules, and
effecting their discharge. We have followed the course of
the discharge from the fibre to the cell, and from the cell to
the fibre, and we have not forgotten that it may permeate
the matrix also. DBut every disturbance that has yet been
noticed is purely and necessarily a temporary one. If the
change produced in a molecule by the rearrangement of
atoms which constitutes its discharge were a permanent
change, it is obvious that the molecule would be of no
further use, Thenceforth it would be only an obstruction
and an encumbrance. Only on condition that the fallen
atoms are replaced, and the molecule restored to its previous
condition, is a further exercise of function possible. All
that we have at present considered is an oscillation of
structure from a condition of less stability to a condition of
areater stability and back again ; this oscillation of structure
being accompanied by a concomitant variation of function,
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structure is manifestly less permeable to the discharge than
the previous structure. Hence, when discharges of equal
strength enter a given thickness of each structure, a less
amount of discharge will emerge from the second tract than
from the first. A residue of force equal to the difference
between the two discharges on their exit has been retained
in the second tract. What has become of this force? In
what way has it been disposed of 2 It has been wused up in
shifting the molecules so as to bring their poles nearer to paral-
lelism. Whenever a discharge passes through a tract of gray
matter which has not reached its maximum of permeability,
a part only of the discharge issues from the tract, and the
remainder is spent in rendering the tract more permeable.
The less permeable the tract, the greater the proportion of
the discharge used up in increasing its permeability. The
more permeable the tract becomes, the less the proportion of
the discharge devoted to this purpose, and the greater the
proportion that emerges. When the permeability reaches
its maximum, the discharge that emerges is actually greater
than that which enters, owing to the accession that it receives
from the decompounding of the molecules. How the passage
of a wave of force through an aggregate of molecules of
different decrees of stability changes the less unstable mole-
cules into more unstable ones, is perhaps not yet precisely
ascertained. Those who desire to pursue the subject will
find it discussed at length in Mr, Herbert Spencer’s Principles
of Biology, § 3 to 23, and 304 ; and in his Principles of
Psychology, §§ 223 to 230. It will be enough here to quote
two illustrations from those great works, which serve to give
an accurate notion, not indeed of the kind of change that
takes place in this particular instance, but of the manner in
which a force in passing from particle to particle may be
expended in two ways, part being absorbed in altering the
disposition of the particles, and the rest being passed on to
the extremity of the series of particles. “Take the rude
analogy furnished by a row of bricks on end, which over-
throw one another in succession. If such bricks on end
have been adjusted so that their faces are all at right angles
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motionless ; and it has but little motion even along its central
deepest parts. But if the inundation is long continued, the
abrading action of the current along these central deepest
parts where it moves fastest tends to deepen its channel
there more than elsewhere. A secondary result is a retreat
of the water from the shallows—the current becomes more
concentrated. In proportion as it becomes more concen-
trated, the force of its central part becomes greater still, and
the deepening more rapid, which entails a further drawing-in
of the margins and a further addition to the excavating
force, so that the growing definiteness of the current brings
a growing power of making its channel quite definite. Now,
though in the case before us we have not a motion of matter
over matter, but a transfer of molecular motion from
molecules to molecules, the parallel holds. Any greater
effect produced by the transfer along one part of its origin-
ally broad course, similarly tends to concentrate the transfer
along this part, and thus to intensify the action which
makes this part a precisely marked channel. A further
facilitation results from an absolute increase in the amount
of the nervous discharge. The more permeable the line of
molecules becomes, the greater becomes the initial quantity
of molecular motion it draughts off As with water, the
formation of a definite channel not only makes the transfer
easier and adds to the excavating power of the current,
supposing its volume be constant, but also (if the reservoir
can supply more) augments the volume carried away, which
again adds to the excavating power, so the formation of a
better line of nervous communication is followed by an
increase of the wave that sets out to traverse it, and a con-
sequent increase in the channel-making action. Once more,
every addition to the molecular motion transmitted adds to
the effectiveness of each discharge in overcoming an obstacle.
Suppose the greater part of its channel has become tolerably
permeable, but that at some place in it the colloidal matter
is less transformed than elsewhere into the fit type. Then
the more the rest of its channel increases in permeability,
the more powerful must be the wave of molecular motion
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brought to bear on the untransformed part, and the greater
must be the tendency to transform it. Hence the channel
will progress towards a state of uniform permeability.”
From what has gone before, the reader will have per-
ceived that the freely permeable channels of communication,
or the lines of aggregation, of the most unstable molecules
are the nerve-fibres. This i1s common knowledge, What is
not so generally recognised is that other chanmnels of com-
munication exist. Apart from the foregoing reasoning, and
from all question of the mode of origin of nerve-fibres, there
is ample evidence of the existence of such other channels.
It is a fact that a vast number—an overwhelming majority
—of the nerve-fibres in the gray matter end at one extremity
as fine points—have no discernible channel into which the
waves of force that traverse them can be delivered. Each
advance in our means of research enables us to trace these
nerves a little further ; but still their destination eludes us,
the newest researches show us no more definite ending than
a tapering point. If the matrix of the gray matter has no
carrying function, each of these fibres is functionless. They
are all histological abortions—tentative efforts, which have
failed, to connect distant cells. An hypothesis which in-
volves the supposition that the immense majority of nerve-
fibres are so much waste material, is monstrous. According
to the views that are here advocated, such fibres are merely
portions of channels. They are those portions in which the
process of mobilisation is complete; and they are supple-
mented by prolongations in which the process is incomplete
—in which -the molecules that have acquired the maximum
of instability, and at the same time have acquired the power
of acting differently on reagents and on light, do not consti-
tute a sufficient proportion of the molecules forming the
whole channel to give it, as a whole, optical and other
qualities so distinct from the surrounding matrix as to enable
us to recogmise it as different. This is not mere hypothesis;
for where we have a reagent which affects more powerfully
than previous reagents these altered molecules, it enables us
to trace the nerve-fibres further than a less powerful reagent.
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In other words, it brings into view prolongations of the
fibres that were before invisible.

It is not, however, necessary to suppose that every nerve-
fibre is prolonged by a definite, if invisible, channel to an
ending in a nerve-cell. If the doctrines here advocated are
correct, there must be many, very many fibres that have no
such definite termination. It is one of the most vital
principles of that neurology which forms the basis of psych-
ology, that nerve-fibres and nerve-cells are not the only
channels of communication in the gray matter. If the
visible channels terminate in channels which are not suffi-
ciently differentiated from the matrix to be wvisible, the
inference is obvious that the discharge, which in passing
along the visible channel is restricted to that channel, may,
when it reaches the invisible channel, begin to spread into
the matrix which is so little different. And if the fibres
are gradually formed out of the matrix by the passage
through it of discharges, then of course the matrix must be
permeable to the discharge. This doctrine supplies functions
at once to those apparently aimless fibres that, ending in free
terminations, constitute so large a bulk of the gray matter, to
the interfibrillar matrix which forms a still larger proportion
of it, and to the apolar cells, which if visible fibres are the
only channels of communication, are anomalous superfluities.

The conception of the physical condition of the gray
matter that we have now reached is this. It is eomposed
of complex molecules whose atomic constitution is such that
they readily undergo internal changes without being dis-
integrated. These changes are of two main orders. One,
which occurs on the impact of a force, consists in the fall
of the atoms into more stable positions, and is accompanied
by a liberation of force from the molecule. The other is
the reverse change, and consists in the restoration of the
fallen atoms to their previous positions, and is accompanied
by a storage of force in the molecule. An illustration of
these changes may be found in the waves of movement that
pass over a cornfield under the pressure of the wind, Each
stalk of wheat bends down under the impact of the wind
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blood pass through the arteries. Every nerve-cell is, as it
were, a heart, which receives the current flowing into it and
discharges it with increased impetus. Every tract of matrix
is comparable with the intercapillary tissue. As the blood
plasma soaks through such tissue in no constant direction,
without definite boundary and with inconsiderable impetus,
so the nervous discharge diffuses itself through the matrix
of the gray matter in no definite channel, and with an
impetus inferior to that which obtains in the merves. As
through the intercapillary tissue new capillaries are formed
by protrusions from the old, so in the matrix of the gray
matter new fibres are formed by protrusions from the old.
Not only in the gray matter do these currents of force
circulate ; they are carried by the nerves to the uttermost
parts of the body. There is scarcely a recess or nook of
the organism to which they do not penetrate. While by
far the greatest quantity is draughted into the muscles, large
supplies go to all the tissues, where their access regulates
those molecular disintegrations, rearrangements, and integ-
rations that constitute nutrition and waste, secretion and
excretion. The force thus expended is continually being
renewed from the store that accumulates in the nerve-cells
in the intervals of their activity. But however highly
charged a nerve-cell may be, it never discharges spontan-
eously. However unstable its molecules, some force, even if
infinitesimal, is needed to set the process going. Spontaneous
movement, in the sense of movement originating without
previous movement, is unknown—is, as far as we know the
constitution of the universe, impossible. It implies a
creation. We have to account, then, for the first shock
that sets all the movement going. If we trace a discharge
back from fibre to cell and from cell to fibre, we must
always come at last to currents that arrive from outside the
oray matter along the nerves that are called sensory or
afferent. There is no other possible source for the first
shake that sets all the movement going. And when we
trace this afferent fibre to its extremity, we always find that
it rises somewhere on the physiological surface of the






CHAPTER II

THE NERVOUS RESISTANCE

THE foregoing account of the physical functions of the
nervous system is, of course, inferential ; in some particulars
it is very indirectly inferential. We cannot directly observe
the passage of currents of force in the nerve-fibres nor the
discharges of force from the cellss. We decide that the
fibres are carriers of force from many indications, chief
among which is the fact that no other function can reason-
ably be ascribed to them, and the further fact that when
detached from the cells they can readily be made fo act as
force-channels. By detaching the nerve-fibres from the
cells, and subjecting the cut ends to artificial influences, we
cannot only transmit currents of force along the nerves,
but we can so arrange that the currents that we send shall
produce effects which are the counterpart of those that
occur when the nerves are normally in sifw and attached to
the gray matter. Hence we may very fairly infer that the
normal influence derived from the cells is similar to that by
which we can artificially produce the same effect. And
this is not all; for by a further modification of the agent
that we apply to the severed nerve, we can produce effects
similar to those which occur in the disordered action of the
cray matter. The value of such experiments it is diffienlt
to exaggerate.

Taking electricity as the most convenient and manage-
able agent for acting on the nerve-substance, we find first
the familiar but very striking fact, that when a curremnt of
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electricity is passing through a nerve which has a muscle at
the further end, no effect whatever is produced on the
muscle. Only at the moment at which the current under-
goes a change does any contraction of the muscle take place.
At the first application of the current to the nerve there is
a contraction of the muscle. On the cessation of the eurrent
there is a contraction. Any sudden alteration either in the
direction of increase or decrease is attended by a contrac-
tion. But so long as the current is constant contraction is
absent. From this it appears that what produces the
passage of the peculiar and specific nervous impulse along a
nerve is a change occurring at its termination. The effect
of the passage of one of these single impulses along a nerve
and into a muscle is what is termed a simple contraction of
the muscle. It is a sudden shortening to a certain point
immediately followed by relaxation and a return to the
status quo ante. Now, save in the case of the heart, this
is not the normal action of a muscle. The heart, it is true,
acts in this way, but each other muscle shortens with a
much more gradual action than occurs under the impulse of
a single nerve shock; and when shortened, it does not
immediately become completely relaxed, but lengthens by a
more or less gradual process, or even remains contracted for
some length of time. DBy reducing the strength of the
stimulus applied to the nerve end, we do not reduce appreci-
ably the suddenness of the contraction; and by increasing
the strength or continuing the application of the stimulus,
we cannot prolong appreciably the period of the contraction.
What we can do, however, is this. Instead of prolonging
the application of the stimulus, we can apply it repeatedly
at short intervals, and then each application will produce a
simple contraction of the muscle. If the stimuli are made
to follow one another with a certain rapidity, we can produce
a succession of simple contractions divided by short intervals
of time. If the rapidity of succession of the stimuli be now
increased, the intervals between the simple contractions
become shorter and shorter until they vanish, and each
simple contraction begins at the moment that the relaxation
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from its predecessor ends. Now, if the rapidity of the
stimuli be still further increased, what will be the effect ?
The effect will be that each simple contraction will begin at
a moment before the relaxation from its predecessor is
complete. It will be a new contraction added to a small
amount of contraction already existing. The contraction
will start as it were from a more advantageous position, and
it will be more complete,—that is to say, the shortening of
the musele in this contraction will be equal to the shorten-
ing in the previous contraction plus the amount of shortening
existing in the muscle when the present contraction began.
As a matter of fact, the excess of shortening of the second
contraction over the first will not be quite as great as here
stated. It will be less than the amount of shortening
already existing when the contraction began.

Now, suppose a third contraction to follow at a similar
interval to the last. Here it is obvious that the musecle will
again be caught before its relaxation is complete ; and it will
be caught at an earlier stage—at a stage when the relaxation
was less complete than before, and the amount of shortening
in this contraction will be still greater. But it is found in
fact that the excess of shortening of the third over the second
contraction is less than that of the second over the first.

If the series of impulses is continued at similar intervals
similar results follow, the muscle becoming shorter at each
coutraction, and relaxing less in each interval; but the excess
of shortening of each contraction over the last diminishing
until after open contraction it disappears altogether, and
each impulse produces a contraction which begins during
the relaxation of its predecessor, and shortens the muscle to
the same extent as its immediate predecessors, but to a con-
siderably greater extent than the muscle was shortened by
the first simple contraction of the series.

It will be seen that by this method we have produced
a contraction of the muscle which is of greater extent, and,
taken as a whole, is of more gradual onset, and maintained
with slighter remissions than those of a succession of discrete
simple contractions.
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charge takes place. As the working of the machine is
continued, the tension increases again until the same point
is reached, and then follows another discharge. So long as
the machine continues to work, so long do the separate,
discrete, intermittent discharges follow one another at equal
intervals. Here, then, we have a series of intermittent dis-
charges at equal intervals produced by a continuously
accumulating force pressing against a constant resistance.
Is it not possible that the same effect may be produced in
the nervous system by similar conditions? May we not
justifiably suppose that the tension which has been shown
to be present in the discharging cell, and which has been
likened to the pressure against the sides of a soda-water
bottle, escapes mnot by the entire removal of the barrier
which imprisons it, but by accumulating until it reaches
such a tension as momentarily overcomes the resistance,
which then closes in again and has to be overcome again
and again by a repetition of the process? That such an
arrangement would satisfy the conditions and produce the
effect that we find appears obvious ; but if the arrangement
be indeed similar to that of the discharging electrie machine,
then similar variations in the conditions should produce
similar variations in the results in the two cases. Let us
see if this be so.

The electric machine being turned at a certain constant
speed, the discharges follow one another at equal intervals
of time. DBut as the operator gets tired and turns the
machine more slowly, the electricity is less rapidly gene-
rated, and it will take longer before the tension on the
prime conductor equals the resistance of the air. As the
speed of generation and therefore of accumulation diminishes,
so does the interval between two successive discharges in-
crease. What is the analogous condition in the gray
matter? It is the condition of fatigue—of approaching
exhaustion. When the gray matter has been discharging
for a long time, it has been shown that it will require a
stronger stimulus to produce the same amount of discharge.
In other words, the same stimulus will produce a weaker
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and slower discharge, The slower discharge produces a
tension that accumulates less rapidly, and consequently the
intervals between successive impulses or escapes of discharge
will be longer.” But when the interval increases hetween
successive impulses sent to a muscle, the elementary simple
contractions, which make up the ordinary “tetanic” con-
traction, are no longer fixed together. Each simple contrac-
tion has time to relax a little before its successor comes and
brings the muscle again to its previous extent of shortening.
Hence if the hypothesis above formulated is correct, the
first symptom of fatigue from long-continued contraction
of a muscle should be the breaking down of its continuous
action into an action slightly remittent. And what do we
find? What follows when a man carries in his hand a
heavy weight until he is thoroughly fatigned? He gets
home, he sets down his bag, and sits himself down to write.
The first thing he says is, “ Gracious, how my hand shakes !”
His hand is affected with ¢remor ; and tremor is the break-
ing down of the continuous action of the muscles into an
action that is slightly remittent. Tremor is that modifica-
tion of the normal muscular action which occurs when the
successive simple contractions follow one another too slowly,
and when the beginnings of the relaxations become ap-
parent. If the hypothesis here advanced is correct, then
the greater the exhaustion of the gray matter, the longer
will it take to accumulate the tension necessary to over-
come the constant resistance,—that is, the longer will be
the intervals between the successive discharges, and the
more complete the muscular relaxation in the interval,
And it is a fact that the tremor of slight fatigue is a very
fine and rapid tremor; while, as faticue increases, the tremor
becomes coarser,—that is to say, the oscillations become
slower, and their extent or excursion becomes greater. If
this hypothesis is correct we should expect to meet with
tremor, not only in fatigue, but in all conditions in which
the rate of accumulation of tension in the gray matter is
diminished. We judge of the rate of accumulation of ten-
sion by the general activity of the individual. Since the
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oray matter is the distributer of force to the whole of the
organism, the activity of the gray matter may be inferred
from the amount of vigour manifested by the organism.
Hence we expect to find tremor when the vigour of the
organism is low. And we do so find it. In any exhausting
illness the limbs tremble on exertion. In paralysis agitans
when the whole nervous system is doing its work badly—
when there is, as the name implies, and as the aspect and
condition of the sufferer shows, great loss of nervous vigour
—there is tremor. In general paralysis there is tremor.
In drunkenness there is tremor, and the tremor is worst
at the time that every symptom points to the lowest ebb of
nervous tension—in the early part of the day.

We have supposed the resistance to remain constant,
while the rate of accumulation of tension varies. DBut sup-
pose the resistance varies in magnitude, what will be the
result # Returning to our illustration of the electrical
machine, when the resistance is increased by increasing the
distance that the spark has to travel, the tension must
reach a higher point before it can overcome this increased
resistance ; and if the handle is turned at the same rate,
to reach a higher point the tension must have a longer time
to accumulate. So that one effect of increasing the resist-
ance will be to increase the intervals at which the shocks
are given out. Since the tension must overcome the resist-
ance before the discharge can take place, and since the
resistance is increased, the tension at the moment of dis-
charge must be increased. Hence we have this result,
that as the resistance is increased the discharges become
stronger but wider apart. In the case of the electrical
machine we know that this is so. As we increase the
resistance of the air by increasing the distance that the
spark has to travel, we increase the magnitude of the
sparks, but render their succession slower. In the ecase
of the nervous system, we cannot alter the resistance at
will, and indeed our only means of judging of increased
resistance would be by variation in the strength and rapidity
of the simple contractions, so that we are in danger of
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deseribed, which is a very common one, corroborate it com-
pletely. If explained by the hypothesis, the phenomena
suppose of course that the resistance to the discharge gradu-
ally inereases from the beginning to the end of the fit; and
without speculating as to how this increase takes place,
I should have no doubt that it actually oceurs. And
if it do oceur, then we draw this important conclusion,
that in the balance of tension and resistance, which we
suppose to exist in the gray matter, not only does the rate
of accumulation of tension vary, but the amount of resist-
ance varies also from time to time. That the accumu-
lation of tension varies both in health and in disease has
been demonstrated. And although the only variation of
resistance that we have been able to identify has been a
morbid variation, yet on the general prineiple that morbid
variations are but exaggerations of normal variations, there
can be no reasonable doubt that if the hypothesis is true at
all, 1t 1s true that both the rate accumulation of tension and
the amount of the resistance to its discharge are subject to
variation within the limits of health.

To show how far from being fanciful is this doctrine of
continuous resistance, a familiar illustration will suffice.
The tension of the charged nerve-cell has been compared to
that of the charged soda-water bottle, whose contents press
uniformly and continuously against its sides. When the
cork is drawn does the liquid flow from the bottle in an
even continuous stream ? It does not. It comes blobbing
out in a succession of intermittent bursts. So that the
slicht resistance afforded by the mere narrowing of the
bottle neck is sufficient to break up the continuous tension
into an intermittent escape. Apart from other possible
causes, may not the similar narrowing of the necks of the
nerve-cells—the emerging fibres—be enough to produce a
similar result ?
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move further., Why this difference between the action in
life and the action in the cadaver ? Manifestly, because in
life other muscles are in action besides the biceps—Dbesides
the flexors. Manifestly, in addition to the pull of the
flexor muscles the extensors also are pulling, and so pre-
vent any such sudden and unbalanced action. Seeing that
the flexors are wvoid of rigidity, this is the only possible
explanation of the retention of the arm upright. What is
true of this movement is true of every other. Every muscle
has an antagonist which pulls in an exactly opposite direc-
tion ; and whencver a muscle is contracting, its antagonist is
pulling in the contrary direction. Were it not so, a part
moved could not be maintained in any fixed attitude, nor
arrested in any position except that of extreme contraction
of one of its sets of muscles. But for the moderating and
balancing action of the antagonist muscles, every movement
would be a violent jolt from one extreme posifion to the
opposite extreme—from extreme flexion to extreme exten-
sion, etc. A limb under the action of the nervous system
would be like a horse whose driver could pull enly one rein
at a time.

We need not, however, be content with asserting that
this must be so. We have the readiest and simplest proof
that it 45 so. Let the reader lay his arm on the table as
deseribed above, and in order to render the action more con-
spicuous, let him grasp a heavy book in the hand, and then
flex his elbow, holding the back of his arm meantime with
the other hand. He will feel the extensor muscles harden
in action. Still more conspicuous is the aetion of larger
muscles. As you sif, extend your knee, and you will feel
the muscles at the back of the thigh harden in action.

It is commonly supposed that the lengthening of the
antagonist muscles is a purely passive process—that the
lengthening muscles are merely stretched by the forceable
separation of their ends. DBut this is not so. The lengthen-
ing of the one set of muscles is as much an active process
as the shortening of the other, and is as directly actuated
by the nervous discharge. ~Whenever opportunity arises,
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a strong effort to do so, and in the effort he opened them
wider. Here the normal action of the opposing muscles was
unantacgonised, and the movement that occurred was the
opposite of the movement intended.

Here, then, we see the difference referred to in the
opening sentence of this chapter, between musecular action
and muscular movement. Muscular action is the action of
single museles. It is a purely physical phenomenon. It
occurs in a living tissue it is true, but not necessarily in
a living body, and it is as purely physical in nature as the
movements of the joints. Muscular movement is another
matter. A movement can take place only by the combined
action of several muscles. When we deal with movements
the action of individual muscles is disregarded. We no
longer look on the body with the eye of the dissector. We
care not what muscles contribute to the movement. We
contemplate the organism as a whole, and regard, not the
action of this or that muscle, but the movement of this or that
limb. We have risen to a higher plane of observation, and
regard the matter in a more comprehensive view. Muscular
action may be studied in the phenomena presented by a
single muscle or part of a muscle isolated or removed from
the rest of the body. Muscular movement has no meaning
except as the movement of one part of the body with refer-
ence to the remainder. The unit of muscular action is the
muscle. The unit of movement is a pair of antagonistic
muscular groups.

Every movement requires, as we have seen, the com-
bined action of at least two opposing muscles, and it will be
obvious without illustration that most movements require
the combined action of many muscles. We have now to
notice that the actions of the several muscles must be com-
bined in definite ways. Suppose your arm is bent and you
proceed to bend it more. DBoth flexors and extensors must
pull, but the flexors must give the stronger pull; and not
only must their pull be stronger, but it must be stronger by
just so much as is necessary to ensure even, orderly, suffici-
ent and not excessive movement. If the pull of the exten-
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they are said to be Co-ORDINATED ; and Co-ordination may be
defined as combination in delerminate ratio.

Co-ordination, therefore, is not a special funetion located
in an isolated portion of the gray matter, and interfering
only on oceasions and in particular movements. It is an
indispensable constituent of every movement whatever, and
is a function of every portion of gray matter. Co-ordina-
tion has indeed a far more extensive 7dle than that usually
assigned to it.

When I rise from my seat I do so bj?’ the action, combined
in due proportion, of innumerable muscles. I walk across the
room by the action also, co-ordinated, of many muscles. My
arm is raised to the bookcase, and my hand grasps a book
by similar actions similarly co-ordinated; and by the same
means I return to my seat. Now notice that all these
movements, composed as they are of co-ordinated muscular
actions, must themselves be co-ordinated together for the
act of fetching the book to be successful. The closer up
to the bookecase that I walk, the less far do I need to
stretch my hand ; in other words, the ewtent of the reach
must be duly proportioned to the exfent of the walk., It is
no use stretching out my arm and grasping before I am
within reach of the hookease, nor will the action be success-
ful if T defer these movements until I am half-way back to
my seat. In other words, the movements must succeed
each other in proper order and at proper times—the #ime of
one movement must bear a due proportion to the #imes of
the others. The movements must be co-ordinated in time.
Hence not only is there a co-ordination of muscular actions
into movements, but there is also a co-ordination of move-
ments into acts; and a little consideration will show that a
similar operation on a still higher level combines acts into
conduct.

That the simultaneous action, in duly proportioned
extents and forces, of all the muscles that take part in a
movement, is owing to the action of the nervous system, is
unguestionable and is unquestioned. When the nerve that
enters a muscle is divided, the muscle no longer takes part

|
|
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discharge that is carried to and delivered into the muscles.
This assumption is latent in every statement that a nervous
centre “ represents ” a movement. Take away the implied
doctrine that the nerve-currents issue from the centre in
the proper amounts and in the proper combinations for
producing such and such muscular actions, and the “ repre-
sentation ” of movements in nerve-regions becomes an
expression without meaning. Yet although this assumption
is daily and hourly made by those who deal with the local-
isation of movements in nerve-areas, it remains a pure
assumption, for which they have no warrant beyond the
seftled convietion that if it is not true it ought to be.
Nevertheless, the assumption, though unproved, is susceptible
of proof, and therefore ought not to be accepted without it.
Every movement requires, we have seen, the action of
at least two muscles for its performance. The action of
these muscles is set up by nervous discharges. It is to be
proved that the amount of the nervous discharge is propor-
tionate to the amount of the muscular action. Let us
suppose that the amount of the musecular action is not pro-
portionate to the amount of the nervous discharce. In that
case, a movement of given extent, produced as it must be
by the action of several muscles, will be set up by any set of
discharges whatever delivered into those museles. And con-
versely, whatever discharges are delivered into the museles,
the same extent of movement will result. In other words,
every part of the body is capable of movement to one fixed
extent and to that extent only. But as a fact, we know
that every part of the body can be moved to any one of
innumerable positions between the position of extreme
shortening of one set of muscles and the position of extreme
shortening of the antagonistic set. The finger, for instance,
can be moved to any position intermediate between that of
extreme flexion and that of extreme extension. The con-
clusion at which we have arrived is therefore inconsistent
with fact, and hence the hypothesis with which we started
must be erroneous. And this hypothesis was that the
amount of muscular action was not proportionate to the
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actions when combined together into movements. If does
not require a repetition of the argument to show that when
a heavier weight is lifted, the increased muscular exertion
requires and indicates a more powerful innervation of the
muscles concerned than when a lighter weight is lifted.

The rapidity of a movement is evidently due, other
things being equal, to the amount by which the action of
the one set of muscles exceeds the action of the other, or to
put it more generally and more accurately, the rapidity
depends on the amount by which the action of the moving
muscles exceeds the resistance to the movement. Let me
explain. Suppose I lift my hand to my head, the rapidity
of the movement depends on the amount by which the
action of all the lifting muscles exceeds the pull of their
antagonists together with the weight of the arm. Suppose
I am lifting a brick by a string, the rapidity of the move-
ment depends on the amount by which the pull of the lift-
ing muscles exceeds the pull of their antagonists, plus the
weight of my arm, plus the weight of the brick. This is
a problem in mechanies, and does not require physiological
demonstration. But demonstration is forthcoming. Sup-
pose the string breaks, instantly the arm jerks upwards,—that
is to say, the rapidity of the movement is greatly aug-
mented. It is augmented because, the pull of the lifting
muscles remaining the same, the resistance to their action
is diminished ; in other words, the excess of their action
over the resistance to the movement has aungmented, and
the rapidity of the movement has correspondingly ang-
mented. And we have seen that the amount of the pull
of the moving musecles is determined by the amount of the
nervous discharge. Hence the rapidity of the movement
is determined by the amount of the nervous discharge into
the moving muscles,

The extent of a movement—that is to say, the space
through which a part moves—depends also on the nervous
discharge, but on a different element in the discharge from
those hitherto considered. It is manifest that for a part to
remain at rest, the pulls of all the muscles concerned in

|
|
|
|







70 FUNCTIONS OF THE NERVOUS SYSTEM PART 1

effected ? Let us suppose that each such group of cells is
connected by a mnerve-channel, with one central group
common to them all, but not connected directly with a
muscle; and let us suppose this central group to dis-
charge. What will happen? The discharge from the
central group of cells will flow through the channels to the
other groups, and if of sufficient intensity, it will set each
of these groups discharging. The discharge from the
central group will reach the other groups simultaneously,
and will set them all simultaneously in action. So long
as the central group continues to discharge, so long will the
subsidiary groups discharge. The moment the discharge of
the central group ceases, the discharge of all the subsidiary
aroups will cease. Such an arrangement will, it is obvious,
account for the simultaneity of the actions of any number
of muscles. Will it secure also the due proportion of the
force of each muscular action to the forces of the others ?
Let us see. The force of a muscular action depends
on the amount of the nervous discharge into it. And
the amount of the nervous discharge from a cell depends on
the magnitude of the disturbing force. In the case in ques-
tion, the disturbing force is a discharge from another centre
delivered through a nerve-channel. Now when a number
of currents issue from one discharging region, the magnitude
of each current will depend, while the discharge is constant,
on the calibre of the channel that carries it. When a
number of pipes lead from the bottom of a cistern, the
amount of water discharged by each pipe depends on the
calibre of the pipe. Hence if the calibres of the nerve-
channels from the central group to the subsidiary groups
are properly proportioned to one another, the discharges of
the subsidiary groups will be properly proportioned, and so
will be the muscular actions that result from them.

The force and the rapidity of a movement depend, as
we have seen, on the amount of the discharge into the
muscles ; and the magnitude of the discharge from the
subsidiary groups of nerve-elements depends, as just shown,
on the magnitude of the discharge from the central group.
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engaged. So that for every muscle a single primary
muscular cell-group will be sufficient—all movements into
which the action of that muscle enters being conditioned by
the diverse proportion of the discharges which that cell-
aroup receives. It will be evident that such an arrange-
ment would effect a vast saving in the amount of nerve-
tissue employed in effecting movements. To set a muscle
in action requires a considerable expenditure of nervous
energy. To set a group of nerve-cells in action requires a
comparatively insignificant amount. So that while the
primary cell-groups must be of considerable size, the nerve-
centres need be but small. If a different set of primary
cell-groups were required for every movement, a man’s head
must be relatively as large as a tadpole’s.

Since every muscle takes part in many movements, and
every movement requires a separate centre, it follows that
every muscle must be represented in many different
centres.

Again, since every movement requires the co-operation
of at least two muscles, it follows that no nerve-centre
above the primary muscular cell-groups represents a single
muscle.

The properties of a nerve-centre are therefore twofold,
and the two sets of properties are profoundly different. The
first set of properties is that we have just considered, of
issuing such amounts of force simultaneously in such direc-
tions and in such proportions to such museles that a certain
definite movement ensues. The other set of properties are
those of starting into action at a given moment and ceasing
to act at another given moment, so regulating the initiation,
duration and extent of the movement. The first function
is manifestly intrinsic to the centre itself The issue of
force in certain directions and in certain proportions is a con-
sequence of the structure of the centre, and there is nothing
in the constitution of the centre itself to prevent this action
going on to utter exhaustion. The other function is very
different. To start the centre into action it is manifest,
both from what was said in the previous chapter and from
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tremely rare, that it virtually never occurs in the normal
organism. Practically, it never happens that we are so
exhausted by the performance of a particular movement
that it is absolutely impossible to perform if once more.
Whenever a movement ceases, therefore, or, what is the same
thing, whenever a movement is superseded by another, the
centre which represents the arrested movement must have
its action arrested by some means or other. What is this
means ?

Reference to the previous chapter will show that the
specific function of nerve-tissue is the storage and trans-
mission of force, There it was shown that the nerve-cells
are the seats of explosions of forece, the nerve-fibres the
channels for currents of force. No other physical function
is ascribed to nerve-tissue; no other physical function is
known. As at present advised, and unless the contrary is
shown, we must therefore conclude that the action of nerve-
centres is arrested by a modification of the same process
that sets the action going—by the impact of an extraneous
force. To such a doctrine there can be no objection on the
score of & priori improbability. The nerve-currents are
known to be undulatory in form, and the nullification of
one set of waves by another similar set is a familiar
occurrence in various regions of physics. The phenomena
of the interference of waves of light and of sound are cases
in point. One set of sound-waves may so act on another
- set as to result in silence. One set of ethereal waves may
so act on another set as to result in darkness; and, similarly,
one set of nerve-waves may so act on another set as to result
in nullifying their action, whatever it may be. Hence, if a
centre is put in action by one nerve-current, it is easy to
concelve, nay, it is a necessary consequence of the constitu-
tion of nerve-tissue as thus far expounded, that it should
be liable to be put out of action by another nerve-current.

Let us take a very simple case. Take a case of reflex
action, such as the sudden closure of the eyelid when the
eyeball is touched. In this case the origin of the impulse
which sets the centre in action is obvious. It comes from
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charging and so keeping the eyelids continuously closed ?
Even granting that many of the impinging shocks may be
too feeble to upset the equilibrium of the centre, yet as the
centre increases in instability (as it does by rest) a time
must come when even extremely feeble shocks are sufficient
to set it in action, and once in action it must, for aught that
we have so far shown, continue in action until exhausted.
But this it does not do. Hence there must be some element
in ordinary nervous action that we have not yet taken
account of. The nature of this element will be obvious from
what has been said. It is the element of CoNTrROL. Every
nervous centre i1s at all times subject to continuous control
or inhibition ; so that while its intrinsic tendency is ever to
discharge, this tendency is continuously counteracted by an
extrinsic influence which ecurbs it into quietude. Just as,
in molecular physics, atoms are maintained in a condition
of mobile equilibrium by the opposing forces of attraction
and repulsion; just as in molar physics the planets are
maintained in their orbits, that is in mobile equilibrium,
by the opposition of attraction to their own inertia, so the
nerve - centres are maintained in a condition of mobile
equilibrinm by the opposition of the inhibition exercised
upon them, to their own inherent tendency to discharge. A
review of the facts of muscular action and nerve-function has
led us directly to this hypothesis, and, however startling it
may be to neurologists, I will ask them to suspend their
fulminations against it until its consequences and implications
have been displayed. Meanwhile, I will ask them to
remember that by the frequent use of the phrase Loss of
Control (indeed I have heard an eminent alienist speak of
an “outburst of loss of control”), many of them have
already surrendered the whole position. For control to be
lost, it must first be present; and if present in some centres,
why not in all? The hypothesis already exists therefore, and
is already largely accepted, and it is of such indispensable
necessity to a comprehension of the physiology of the nervous
system, that we may say of it as the French philosopher said
of the Deity, if it did not exist it would be necessary to invent it.
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properties of the nervous centres are those of being readily
disturbed from without, and of readily resuming their stafus
quo ante ; and when it is further borne in mind that this
susceptibility to disturbance must be united with great
resistance to disintegration, it will be seen how immensely
advantageous it must be to the nerve-centres to be in that
state of mobile equilibrium, in which these almost antagonistic
qualities are so prominent and so closely united.

Granting that every motor nerve-centre has its intrinsie
tendency to discharge continunally under the control of some
extrinsic influence, the next question is, Whenee is this in-
fluence derived ?

Two hypotheses are possible. Either there may be one
or more portions of gray matter specially reserved and set
apart for the purpose of producing this continuous inhibi-
tion of all motor centres, thus constituting special inhibitory
regions, or the functions of inhibition may be carried on
by the ordinary motor centres concurrently with their more
oenerally recognised function.

Of the existence of a single centre, whose function is
inhibition and nothing else, there is no evidence, and from
the nature of the case there could not but be evidence if
such a centre existed. Suppose a sudden lesion, such as a
blood-clot, destroyed such a centre, the effect would be that
the whole control would be instantly removed from every
motor centre in the gray matter, and the consequence would
be such a terrific spasm of the entire body as the severest
epileptic fit can give us but a faint and ineffectual idea of ;
the spasm would at once arrest the breathing, and speedy
death would follow. Such a malady is not elinieally known,
and we may therefore be sure that if there be a general
inhibitory centre, it has never been destroyed by hemorr-
hage, nor by any sudden lesion. Neither is there evidence
of such a centre being destroyed by a gradually invading
lesion. In that case there would be excess of movement
gradually increasing to universal spasm, and ending in
death either by exhaustion or by arrest of breathing as
before. Now something corresponding to this description
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intermittent. It has further been found that the intensity
of this resistance is subject to variation. It seems reason-
able to suppose that, just as the physical process of the
nervous discharge, when viewed in the aggregate as a physio-
logical process, is the motor of muscular movement; so the
nervous resistance when raised to the same power is the
physiological factor inhibition, .

The action of nerve-currents on nerve-centres being a
purely physical process, it is obvious that the manner in
which the centres act on one another must depend on the
disposition in which they are arranged, and our first task
must be to discover the method of this arrangement. For
the purpose in view, the few data furnished by anatomy
are far too few and of too coarse and crude a character.
The only means of investigation that we at present possess
sufficiently searching and delicate for our purpose is that
which, in the hands of Hughlings Jackson, Hitzig and
Ferrier, has been the foundation of modern neurology—it is
the observation of movements. If, as has been stated, the
bodily movements are conditioned by nervous discharges,
then the mode of occurrence of movements must be an
index to the arrangement of that nervous tissue by whose
action they are produced. The only way to get at a know-
ledge of the intimate arrangement of nerve-centres is by
systematic study of the movements which they actuate, and
which derive their character from the mode in which
the centres are arranged. It can scarcely be too often
reiterated that the study of movements is the only means
by which we can gain any insight whatever into the work-
ing of the nervous system, and it is scarcely possible to
over-rate the importance to neurology of a systematic study
of bodily movements, both normal and morbid.

i
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parable with those at the elbow, and their relative rank
cannot therefore be very definitely assigned; but they can
be definitely compared with those of the knee, and can be
definitely said to be more “peripheral” Similarly the
movements of the larynx as a whole are more central than
those of the vocal cords ; those of the latter are more central
than those of the palate; those of the palate than those of
the tongue ; but we cannot say definitely whether the move-
ments of the tongue are more peripheral than those of the
digits ; nor as a rule do we require to do so. In the future
consideration of movements we shall find that we require as
a rule to compare parts that follow one another in the same .
physiological series, and only rarely the individual movements
of one series with those of another; though we may often
compare the speech series as a whole with the arm series,
or the arm with the leg. Movements of the tongue, again,
are more peripheral than those of the jaws, movements of
the jaws than those of the neck, and those of the neck than
those of the back. The trunk, and especially the great
muscles of the back, may be regarded as the starting-point
from which each physiological series radiates, and their move-
ments are therefore denominated the central movements.
Closely allied to them are the movements of the neck
and jaws at the one extremity, and of the hips and thighs at
the other. Some movements of the eyes are also “ central ”
in character, viz. those of convergence and divergence and
the upward movement. The side-to-side movements are
of a much more “ peripheral” character. Movements of
the arms at the shoulder are considered much more peri-
pheral than those of the legs at the hips, and as we recede
from the trunk and pass down the arm to the digits, the
movements become of course more and more peripheral.
It will be observed that a more peripheral movement is not
necessarily a movement of a part further from the trunk,
though it usually is so; but it usually means a movement
carried out by smaller muscles, and it always means a
movement less closely associated with the great trunk
system, and one involving the action of more individualised
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diately and invariably shortens, and remains shortened.
Similarly, when a joint is dislocated or a bone broken, every
muscle whose ends are approximated by the altered relation of
the parts takes advantage of this approximation to effect that
shortening towards which it is continually striving. The
most convineing proof of the continuous action of muscles
is, however, seen in the behaviour of a limb that is paralysed
in such a way that all its muscular action is abolished.
Paralysis, even when it is complete in the sense that all
voluntary motion is lost, does not necessarily involve the
loss of muscular action, In the majority of cases of paralysis
muscular action is, on the contrary, excessive, and is shown
in undue rigidity of the limb. But in the early stage of
most paralyses, and throughout the course of complete in-
fantile paralysis, muscular action in the paralysed limb is
altogether abolished ; and in the difference between the state
of a limb under such circumstances and its state in healthy
rest, we have irrefragable evidence of the continuous action
of the muscles in health, even during the most profound
repose. In the healthy limb, not only are the muscles
always firm to the touch,—a state of itself indicative of
some tension,—but whatever the attitude of the limb, it is
never such as would be produced by the action of external
forces solely. There is, between the attitude actually assumed
by a healthy limb and the attitude that it would assume if
deprived of all nervous influence, always some difference
which indicates the existence of some residuum of museunlar
action in the limb. This is the difference between the atti-
tude of a living limb under given circumstances and the
attitude under the same circumstances of the limb of a
cadaver after the cessation of rigor-mortis. Such a limb,
or the limb affected by infantile paralysis, flops about in a
flail-like manner under the influence of gravity whenever
its point of support iz moved. Such flail-like movements
not only do not occur in the healthy body, but they cannot
by any possibility be simulated by a healthy person. This
inability to simulate these movements demonstrates beyond
question that the conditions for their production are wanting

hl—n..
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is one of great importance. The continuous movements are
closely allied to, and are indeed evidently a modification and
development of, the muscular tone. The interrupted move-
ments are separated from mere tonicity by a much wider
interval. It is evident that the enduring muscular action
which keeps the head upright—a movement which is so
nearly constant that we lose consciousness of it, and which
does not quite cease even when we are lying down, is much
more closely allied to that quite constant action which we
call tone than are the movements of the mouth in talking,
or the movements of the hands in knitting. When we turn
or bow the head, the movement evidently does not start from
a state of rest; it is a transition from a previous movement
—the “movement” of keeping the head erect. And when
the turning movement is over, the moving part does not
subside into a state of rest, it merges again into the “move-
ment ” that maintains the erect position. As soon as from
a standing posture we start to walk, the trunk executes those
swaying side-to-side movements which maintain the centre
of gravity over the shifting area of support. But again
these movements do not start ab imitdo. They are mere
continuations of the previous “movement” of maintaining
the erect posture, and their cessation is a cessation of
motion, but not a cessation of movement. How different is
the case when we begin to speak or to write. Here the
muscles start from a condition of rest which is as complete
as the residual muscular tone will allow, and when the
movement is over it admits of no gradual cessation, it falls
abruptly into a state of repose. The closure of the jaws in
eating is evidently but a slight modification of the continu-
ous action which keeps them always closed ; and this action
itself is one which some would class as mere muscular tone,
while others would consider it a definitely co-ordinated mus-
cular action. In all the central movements, whether of the
trunk, neck, or hips, we see the same quasi-continuous
character—the same origin out of a previous movement and
fusion with a subsequent movement—the same want of
abrupt limitation. In all peripheral movements, whether






88 FUNCTIONS OF THE NERVOUS SYSTEM PART I

the twentieth of an inch, the pitch is faulty, the action is
inefficient. The movements of the draughtsman must be
still more precise. Not to speak of the variation which an
error of a hair's-breadth will make in the expression of a
face drawn by a Leech or a Du Maurier, consider the thousands
of lines in an ordinary copper or even wood engraving, note
their extreme precision of direction, of thickness, and of
variation of each of these elements, and it will be apparent
how incomparably greater is the precision of the peripheral
than of the central movements in their determination in space.

When a housewife is engaged in scrubbing a floor, the
act requires and exhibits extremely little precision. Whether
the portion of the floor swept over by her brush in any one
movement is large or small, is at this side or that, whether
the direction of her movements is in straight, or curved, or
irregular lines, matters not at all to the success and efficiency
of the act. And accordingly we find that in these vague
movements a large share is taken by the trunk and by the
relatively central muscles of the shoulder, while the digits
and peripheral parts remain in more fixed positions, and
contribute but little to the movement. When she has
finished scrubbing her floor and begins to iron her dress, she
requires to execute movements of greater exactitude. A
variation of six inches or a foot to this side or that made
no difference in her success in the former operation, but an
error of an inch or two may materially affect the result in
the latter. Whether she serubs along or across the boards
is immaterial, but to iron properly she must iron the right
way of the stuff. Accordingly, we notice that while the
vague movements of scrubbing are performed largely by the
trunk and the trunk-limb muscles, in ironing, the trunk is
steadfast, and the movements at elbow and wrist take a far
more prominent rdle. If we follow the housewife to her
next occupation, and watch her mending the dress she has
ironed, we see movements of far greater exactitude, and we
see these movements become more peripheral as they become
more exact. In mending her dress she sits down—that is
to say, she assumes an attitude in which the trunk has less
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relecating not the hands only, but the arms, to the subordin-
ate position of mere tongs, and carrying out the main
purpose—tracing the direction of the lines—by movements
of less and trunk, by movements that are almost wholly
“central.” If, however, we are drawing a largish diagram
on a sheet of paper—a diagram whose outlines are necessarily
traced with more precision than that drawn on the ground
—we move the legs and trunk not at all, and the shoulder
but little. The chief movement now is at the elbow and
wrist, the digits still acting mainly as a holder, but to some
extent also taking a part in the movements. As the move-
ment becomes more precise—as the diagram drawn becomes
smaller, and the lines have to be more accurately traced—the
forearm is rested on the table, the elbow ceases to take any
prominent part in the movement, the wrist-movements sink
into subordinate importance, and the act as it becomes more
and more accurate and precise is carried out more and more
by the movements of the digits. In other words, while in
vague and inexact acts the central movements take the
prominent part, and the peripheral movements play only a
subordinate 7dle ; as the act becomes more precise, peripheral
movements take a larger and more leading share in its
production, and the movements here called eentral sink into
a position of subordination.

What is true of increasing precision of movements in
space is true of increasing precision of movements in time.
The movements that we call central are characterised by
want of exactitude, while as movements become more
definite in the times of their occurrence, and the lengths of
their duration, the regions that take part in them shift from
more central to more peripheral positions. When a sports-
man starts on his day’s work, the time of his arrival at the
preserves may be agreed upon, but a difference of five or ten
minutes one way or the other makes no material difference
in the efficiency of the act; and the movements which make
up the act thus vaguely defined in time are the movements
of walking—movements of trunk and legs, “ central * move-
ments. When a bird rises, and he brings his gun to bear
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fore more varied. Movements of the jaws are few and
same. Movements of the legs, although more numerous and
a good deal more varied, have still but little variety when
compared with those of the arms. When we consider the
arm-movements, we find an immense inerease both in number
and in variety. We find that the area over which the
hand can be moved is almost as large as that of a sphere
whose centre is the shoulder, and whose radius the length
of the arm; and we find that the hand can reach three-
fourths of the points between the shoulder and the area thus
marked out—a number and variety of movements that has
no parallel in any part of the body hitherto considered.
Now take the hand, and remark the difference between the
movements of the dancer and those of the musician who is
playing the waltz. Observe how the feet of the dancer go
monotonously through repetitions of the same sucecession of
movements, amounting to half a dozen in all, and how little
different these movements are from one another. Now
observe the violinist, and notice how numerous are the posi-
tions that his hand takes upon the neck of his instrument,
how much more numerous the positions of his fingers on the
strings, and how widely different these positions are sever-
ally from one another, and from the positions of the. other
hand that wields the bow.

With each step that we take towards the periphery, the
number of movements that can be executed and the amount
of difference between these movements increases, until at
length, when the periphery is reached, the number and
variety of movements becomes enormous. Consider the
number of positions in which the hands are placed during
the execution of a complicated piece of music on the piano;
consider the number of different positions occupied by the
fingers, and that when the fingers occupy the same relative
positions at different times, how many different positions
the hands may occupy upon the keyboard, and the term
enormous will not appear too emphatic to apply to the
number and variety of movements gone through.

Again take the movements of speech, and mark how
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which these parts mainly are concerned, how paltry is their
sum in comparison with the almost infinite number of
handicrafts, how small their variety when compared with
such handierafts as writing, watch-making, or playing on the
piano! Or compare the few and same movements of which
the jaws are capable with the infinite multitude of points at
infinitely numerous distances to which the movements of the
eyes can be adjusted.

However the comparison is made, we still find that the
more peripheral a part is in the scale laid down in p. 81,
the greater is the number of different movements of which
it 1s capable, and the wider is the difference between its
several movements. '

(GENERALITY AND SPECIALITY

If we carefully notice the movements of any peripheral
part, we shall see that they presuppose movements of the
adjacent less peripheral parts, or the more central portions
of the physiological series which it terminates. Writing is
performed by movements of the digits—of the extreme
periphery of a physiological series; but these movements of
the digits would be quite useless unless the hand were first
placed in a certain position with the palm towards the sur-
face written on. They would be useless unless the hand
were duly carried across the paper and from top to bottom
of the page. These movements of the hand could not be
properly carried out unless the upper arm afforded firm
points of attachment for the muscles of the forearm to pull
on, and the upper arm is fixed by the great trunk-limb
muscles, What is true of writing is true of every other
digital movement, and it is evident therefore that no move-
ment of the digits can be of any service or efficiency unless
it is preceded and accompanied by movements of the more
central parts of the physiological series to which it belongs.

Again, in ordinary utterance, the most conspicuous
movements are those of the tongue and lips—of the most
peripheral parts. But movements of these parts presuppose

h‘-—.— p—
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those movements of the jaws which at once allow them free
play and afford to the muscles firm points of attachment
at appropriate distances. These movements of the jaws
could not be made unless the head were maintained in
an appropriate position by the muscles of the neck and of
the trunk. In other words, movements at the periphery
cannot be efficiently executed without previous movements
of the more central portions of the physiological series,

We have next to notice that one movement of the
more central part suffices for many movements of the more
peripheral part. In one attitude of the hand countless
movements of the fingers can be performed, and in one
attitude of the arm countless movements of the hand.
While the hand rests in one position any word may be
written, each word requiring a different combination of
movements ; and while the arm rests on the table the hand
may be employed in writing, drawing, sorting, card-playing,
glass-blowing, dissecting and scores of other manipulations
belonging to dozens of different handicrafts. It is for this
reason that we say that the movements of the hand are
more general than those of the digits, and more special
than those of the arm. A movement of the arm brings it
into a position which is appropriate to many movements of
the hand. The arm-movement is therefore generally appro-
priate to all these more special movements of the hand. A
movement of the hand brings it into a position which sub-
serves many movements of the digits, The hand-movement
is therefore generally appropriate to all these special move-
ments of the digits.

In ordinary utterance, the pitch of the voice alters but
little. During a long conversation the general tone in which
the voice is pitched undergoes but little variation ; but the
vowel-sounds are constantly varying; and the consonants
vary still more often. In other words, a single position of
the relatively central larynx suffices for many of the
relatively peripheral movements of the mouth which regulate
the vowel-sounds; and for very many of the extremely
peripheral movements which form the consonants.

G
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It is obvious that in the sense here used, the great trunk
muscles which I have called “ central” are the most general
of all, for no movement of any part of the body whatever
can take place, which does not presuppose and prenecessitate
movement of these great muscular sheets. Whenever strenu-
ous exertion is made, of whatever kind and of whatever part
of the body, the first preliminary is to draw a deep breath.
Even when exertion is not strenuous, it is obvious that no
limb can act to advantage unless its central end is steadied
—unless the trunk-limb muscles that move it have their
central attachments firmly fixed to withstand the pull
upon them ; and they can be fixed only by the action of
the great trunk muscles. For all efficient movement of the
limbs therefore, previous action of the great trunk muscles is
necessary. When it is not a case of movement of a limb,
but only of.the extremity of a limb—of the hand or digits,
for instance—it has already been shown how necessary for
efficient action it is that the whole limb should be steadied ;
and this steadying of the limb cannot exist unless the trunk
offers a firm support and a firm basis of attachment for
the trunk-limb muscles; which again necessitates action of
the trunk muscles. If we leave the limbs and attend to
the head, we shall see at once that no utterance is efficient
if the head is allowed to loll down upon the breast, and if
the head is maintained erect it is maintained by the great
trunk muscles. What is true of utterance is true of vision.
We cannot see plainly, we cannot estimate distances and
sizes, with the head drooping forwards or on one side. It
must be held erect. The visual as well as the articulating
movements presuppose movements of the trunk.

Hence it appears that all more central movements form
what may in microscopical terms be called a coarse adjust-
ment for the movements of the parts more peripherally situ-
ated. If I want to write a letter, the first act is to walk to
the writing-table—a locomotive movement of very central
character; a movement which is very general, insomuch as
the walk across the room might serve a hundred purposes
besides that of writing ; a very monotonous movement, consist-
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movements of all parts central to them. If, on the other
hand, we mean by complexity the number of different direc-
tions taken by the parts concerned in the act, then it is
equally evident that peripherally-led acts are more complex
than centrally-led acts. The directions.in which the legs
are moved in walking are but two—forward and backward ;
and if we add the direction of the body movement, we have
but to add a slight up-and-down movement. The directions
of the movements in rowing are similar—mainly backward
and forward, with a slight up-and-down swing. The sawyer
moves only up and down, with a slow progression along the
beam on which he stands. But if we notice a shoemaker
shaping a piece of leather, we see his hand turn and twist
about in the most various directions, according to the shape
of his pattern. If we watch a moulder at work, we see him
laying stroke upon stroke, scraping off a bit of material here,
laying on a bit there, sharpening this corner, rounding that
curve, by a multitude of movements, no two of which are
alike in direction. In writing this page, in addition to the
double direction of my hand from side to side of the paper
and from top to bottom, the directions in which the digits
move are as various as movements in one plane can be.

The conclusions at which we arrive from the foregoing
considerations are that the movements here called central are
continuous in duration, vague in limitation, few in number,
same in character, and form a general, approximate or coarse
adjustment ; that progress towards the periphery brings us
to movements that are more intermittent in duration, more
precisely defined, more numerous, more diversified, and more
specially adjusted to particular ends ; and that when at the
eyes, the articulatory apparatus and the digits, we reach the
extreme periphery, all these characters reach their highest
degree of development.
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which are co-ordinated in succession are predominantly
peripheral.

In the process of ordinary respiration, the parts con-
cerned are simultaneous in their movements. As inspiration
commences, the diaphragm, the muscles of the abdominal
walls, those that raise the ribs, and those that open the
glottis, start simultaneously into action. As expiration
begins, the whole of the actions are simultaneously reversed.
Looking at the raising of the ribs as a different movement
from the depression of the diaphragm, and at the opening-
of the glottis as a movement separate from both of these,
we may disregard the numerous muscular actions which
severally contribute to these separate movements, and look
upon the movements themselves as co-ordinated in simul-
taneify. And in this well characterised instance of the
co-ordination in simultaneity of several widely different
movements, the movements are all markedly central in
position.  Still more numerous are the movements that are
thus co-ordinated in laboured respiration. In addition to the
movements already enumerated, there is, in forced inspiration,
straightening of the trunk, raising of the shoulders, throwing
back of the head, opening of the mouth and distension of
the nostrils ; and all these movements, as well as the con-
trary movements with which they alternate, are severally
co-ordinated in strict simultaneity. Two things are to be
noticed with regard to these additional movements: first, they
are all relatively central movements; and second, they are less
central than the movements of ordinary breathing on which
they are superposed. The movements of the diaphragm, of
the ribs and abdomen, not forgetting the continuous extension
of the spine which renders these movements possible, are all
central in the most extreme degree; but the movements of the
neck, of the shoulders, and of the jaws, are one degree more
peripheral. In this case therefore co-ordination in simul-
taneity affects first and most the more central movements,
and as it extends it spreads towards the periphery, involving
last and least the parts furthest from the centre. And this
is true generally of all cases of co-ordination in simultaneity.



CHAP, ¥ CO-ORDINATION OF MOVEMENTS 101

‘When a man stands upright, his position is maintained
by the combined action of a great number of muscles, the
great majority being very central in position, and all being
co-ordinated in simultaneity. By the accurate adjustment
to one another (co-ordination) of the pulls of these various
muscles, not only is the upright position maintained, but it
is so maintained that the vertical through the centre of
gravity is made to pass through such a point of the sup-
porting area that the sum of all the tensions of all the
muscles employed is a minimum. Bearing in mind what
was said in p. 83, that a movement in the physiological
sense does not necessarily involve motion, this maintenance
of the erect position may be said to be due to the co-ordin-
ation in simultaneity of the movements of the trunk and
legs. If the man starts to walk, the main area of support
is continually shifting from one foot to the other, and as
the area of support shifts, the centre of gravity must be
continually adjusted so as to be maintained vertically over
it. It matters not whether this adjustment is carried out
by the carriage of each foot in succession vertically under
the centre of gravity while the latter is maintained in the
same fore-and-aft plane, or whether the feet move in separate
planes, and the centre of gravity is made to oscillate be-
tween them. In either case there is one set of movements
(the forward and backward swing of the legs) which has to
be performed synchronously with another set of movements
(those of equilibration). The two sets of movements are
co-ordinated in simultaneity, and each set is mainly central
in position. If the man is walking on a narrow and un-
certain foothold, his movements of equilibration become
more pronounced. He throws out his arms, and we see
that while the movements of the trunk are exaggerated and
the arms are kept abducted at the shoulders, what move-
ments these limbs execute are movements at the shoulders
mainly. The movements at the elbows are relatively un-
important, and the hands take scarcely any share in the
process. In these exaggerated gestures we can see clearly
how accurately simultaneous the movements of equilibration
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must be with the motion of the area of support, for if at
any moment the simultaneity is not observed—if he fails
to keep the vertical through the centre of gravity within the
area of support—down he goes. At the same time that we
notice how conspicuous an example of co-ordination n
simultaneity is presented by equilibration, we shall notice also
that this process is carried out first and most by the most
central movements—those of the trunk and legs—and that,
as it spreads, it involves next the movements next in order
from the centre—those of the neck and shoulders; while the
extreme periphery takes little or no part in the matter. It
is a curious, almost a fanciful, corroboration of this doctrine,
that in laboured equilibration the jaws are usually separated,
and participate in the side-to-side lurchings of body and
limbs. These movements of the jaws cannot have any
appreciable effect on the result, they cannot be of any
service in equilibration, but they serve as an unexpected
illustration of the tendency of this class of movements to
involve in its spread the movements most nearly allied to
the central.

Another case of co-ordination in simultaneity has already
been mentioned in treating of generality of movement. In
p. 94 it was shown how essential it is when a peripheral
part moves, that its central end should be fixed or steadied
by the action of more central muscles. It is evident that
such fixation or steadying is begun simultaneously with the
movement ; and although such co-ordination in simultaneity
is a co-ordination more of muscular actions than of move-
ments, yet it is worth while to notice that, while every
peripheral movement involves co-ordination in simultaneity
of peripheral with central muscular actions, yet, since peri-
pheral movements are far more numerous than central
movements, every movement of a more central part must be
absolutely much more often co-ordinated in simultaneity than
any movement of a more peripheral part of the same physio-
logical series. For each movement of the more central part
serves as the basis for many movements of its periphery.

The more central a part is, the more often are its move-
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simultaneity. In those cases in which the movements of
the two hands are more definitely simultaneous in their
beginning and ending,—in such acts as clapping the hands,
wielding a cricket-bat or pulling a rope,—the part taken
by the hands is a subordinate one, the chief rdle being taken
by movements of a more central character—by those of the
arms, of the shoulders, and even of the trunk.

What is true of the co-ordination in simultaneity of one
hand with the other is true also of the co-ordination in
simultaneity of the movements of the hands with those of
the eyes. The simultaneity of the eye- movements with
those of the hand is approximate only, and is far less precise
than that of the central movements with one another.
Moreover, the eye-movements which are co-ordinated in
simultaneity with the hand-movements are the movements
of accommodation—the convergent movements which give
us clear vision of what our hands are doing; and these
movements are classified as relatively central—as ranking
next to the movements of the jaws,—that is to say, in a
position but little removed from the centre. This apparent
exception is really therefore a confirmation of the rule
ascribing to central movements the greater share in co-
ordinations In simultaneity.

It is not denied that the hands may very often be in
motion at the same time as other parts of the body ; but this
is a very different thing from being co-ordinated with them
in simultaneity. Co-ordination, as already explained, means
combination—combination in due proportion—and move-
ments which occur simultaneously are not co-ordinated in
simultaneity unless they are combined for a common end.
That lad who is passing my window is carving a stick and
whistline as he goes. He is executing simultaneously the
three acts of walking, carving and whistling ; but these three
sets of movements are not co-ordinated in simultaneity, for
not only is the rhythm of each different from that of the
other two, but each subserves a totally different end, and
can be carried on in complete independence of the others.
He could walk and whistle just as well with his hands in
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In this form of co-ordination the peripheral parts take the
leading rdle, and the central parts sink into subordination.
It is not said that the central parts never enter into sequential
movements. Unquestionably they do so, but not only are
they co-ordinated in succession far less frequently than the
peripheral parts, not only do they play a subsidiary part in
such sequences as they enter into, but the sequences in
which they take the predominating dle are shorter, are less
accurately determined, are less compound and less complex,
than the sequences which most concern the most peripheral
museles. Co-ordination in simultaneity affects the central
movements first and most, spreads towards the periphery,
and affects the most peripheral movements last and least.
Co-ordination in succession involves the most peripheral
movements most often, and in the most prolonged and
complex sequences; and when, as often happens, the sue-
cession of movements begins centrally and spreads to the
periphery, it is the most peripheral movements to which all
the others are subservient, and act as aids and adjustments.
Such are the observed phenomena of co-ordination of move-
ments.

When I stretch out my arm to pick up a hook, the
movement will be useless unless it is followed by the move-
ment of grasping; and when I have got the book in my
hand, the movements, so far successful, will be no use unless
they are followed by the further movement of placing the
book where I want it. The entire act will not be effectual,
or successful unless the appropriate movements occur at
proper times and in proper order—unless they are duly
combined in sequence—nunless they are co-ordinated in
succession. The movement of one leg in walking is no use,
unless it is followed at the proper time by the movement of
the other leg. If the second movement takes place too
soon, or too late, or not at all, the act as a whole is impaired
in efficiency or is a failure. For the act to be successful,
the movements must follow one another in proper order and
at proper times; they must be co-ordinated with respect to
their succession. Suppose that the movement of grasping
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oceurs before the arm is stretched out instead of after, the
book will not be picked up. The act will be a failure, and
it will fail because its component movements did not oceur
in their right order, because the sequence in which they
should have occurred was altered, — because the time of
arasping was not duly proportioned to the time of reaching,
—because the movements were not co-ordinated with respect
to their succession. Similarly, if, in walking, the movement
of advancing and planting one foot is followed by another
step of the same foot, it is evident that the walk is not duly
performed. The act of walking is a failure; and it fails
because the movements observe a wrong order, because the
succession of movements is altered—is not duly proportioned
—is inco-ordinated.

What is true of two successive movements, such as
reaching and grasping, and of two movements repeated in
alternation, such as those of the legs in walking, is true also
of every succession of movements, however long and com-
plicated, which enter into the composition of a single act.
If I want to fetch a book from the bookcase at the end of
the room, I must rise to my feet, walk across the room, open
the bookcase, raise my arm, take down the book, and walk
back again. If any one of these movements occupies a
wrong position in the sequence, the act as a whole is a
failure. It is no use raising my arm to take the book
before I have opened the bookcase, nor is it any use going
through the form of opening the bookcase before I have
reached it, nor will the act be successful if I defer the
movenient of grasping until I have got back to my seat. In
order to produce a complete and successful act, every move-
ment must come in its right place in the series—must occur
in orderly sequence—must be co-ordinated in succession.

When treating of co-ordination of movements in simul-
taneity, it was pointed out that movements may occur
together without being so co-ordinated ; and similarly it does
not follow because movements occur successively that there-
fore they are co-ordinated in sueccession. The movement of
dipping the pen in the ink precedes the movement of writing,



108 FUNCTIONS OF THE NERVOUS SYSTEM PART I

and the two movements are co-ordinated in succession, for if
they were performed in different order, the act would be a
failure. The movements of lighting the pipe precede the
movements of writing the letter, but are not co-ordinated in
sequence with them; for it makes no difference to the
efficiency of the act whether the pipe is lit before or after
the letter is written. Movements are not co-ordinated in
succession unless they are combined in a certain order to
attain a common end,

Sequences of movements may be simple, or compound,
or complex in various degrees. The simplest sequence is
simple alternation. Such is the movement of the jaws in
eating. The movement of opening the jaws is followed by
the movement of closing, which again is followed by opening,
and so on in alternate repetition. The next simplest sequence
is compound alternation, in which a movement of one part
is followed by a movement of another part, which again
is followed by a movement of the first part, and so on
in alternate repetition. Such is the movement of the legs
in walking. When the movement of one part is followed by
the movement of a second, and this by the movement of a
third, and so on, the sequence is compound. Such a sequence
occurs when a morsel of food is reached for, grasped, carried
to the mouth, bitten, masticated and swallowed. Lastly, a
complex sueccession occurs when a movement is followed by
a different movement of the same part, this again by a third
movement of the same part, and so on in sucecession. Such
sequences occur in the movements of the hands in every
handicraft, and in those of the mouth in speaking. The
oreater the number of parts of the body whose movements
follow one another in the execution of any aect, the more
compound is the sequence. The greater the number of
different movements performed by any one part in the
execution of an act, the more complex is the sequence.

It is obvious that the movements of the trunk eannot
be co-ordinated in a very complex succession. DBeing
capable of but very few different movements, if all the
movements of which it is capable follow one another, the
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sequence is yet not very complex ; and ordinarily the sequence
of central movements is limited to simple alternation. It is
equally obvious that the mouth and the digits, which are
capable of an immense number of different movements, are also
capable of executing many of these movements in combined
succession—are capable of an immensely greater complexity of
sequence in movement than are the central muscles, If we
watch the acts of a carpenter, or a worker at any other form of
handicraft, we shall see that when they are composed of re-
petitions of the same movement, or of movements in simple
alternation, the trunk, the legs, and the arms are the parts
chiefly concerned ; but when the act is composed of a long
succession of different movements, these movements are
peripheral in character. The acts of sawing, of planing, of
heaving, of pounding with a rammer, of delving with a
mattock, of hewing with an axe, are composed of simple
alternations of movements; and these movements are mainly
movements of the trunk, legs, and arms, the hands taking
only the subordinate part of holding the implement. But
watch the same man taking the blade out of his plane, or
setting his saw, or splicing his rope, or wedging on more
securely the blade of his mattock or his axe, and what do
we see? We see acts made up of many different move-
ments, following one another in a long succession; and we
see that in these movements the trunk and legs are still, or
nearly so. They take little or no part in the act. But the
hands, which in the previous act executed no intrinsic
movement, are now all activity. They are turned and
twisted this way and that; they grasp now this wedge and
now that hammer, and hold it now with the tips of the
fingers and now with the whole hand. They assume many
attitudes, and occupy with almost every attitude a new
position in space.

If we notice the several sequences gone through by
different parts during the same act, we shall see that the
same law holds good. As I write this page the movements
of the digits by which the letters and words are formed are
involved in a succession of such extreme complexity that
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the sequence which forms one word is different from that
which forms every other word ; the sequence which forms
each sentence is different from that which forms every other
sentence ; and the sequence which forms any given word is
repeated seldom in comparison with the sequences that form
other words. In other terms, the number of different move-
ments 1s very great, and the same movement does not recur
with regularity—the rhythm as well as the sequence is
complex. Subsidiary to the extremely peripheral move-
ment of the digits in forming the letters, is the movement
of the hand across the page; and this more central move-
ment i1s a movement of simple alternation, compounded only
with the movement from top to bottom of the page—it is a
simple succession with a brief and simple rhythm.

The same law holds good whichever physiological series
we examine. In vocal utterance there are three sets of
movements: those of breathing, those of phonation, and
those of articulation. Breathing is effected mainly by the
most central of all muscles; and its movements occur in
simple and regular alternation—in simplest succession and
in brief and simple rhythm. Voice is produced mainly by
movements of the larynx—movements that are midway
between the central movements of breathing and the peri-
pheral movements of articulation; and the sequence of
these movements is intermediate in complexity between
those of breathing and those of articulation. If we hear a
person speaking at such a distance or through such a position
that we hear the modulation of the voice without distin-
auishing the words, we notice a rise and fall in pitch, which,
though not nearly so regular as the movements of breathing,
is yet approximately regular ; the range of difference between
the sounds being not very wide, and the same pitch being
approached at intervals that are not very unequal and not
very long. In other words, the number of different move-
ments is greater than in breathing ; the differences between
the movements are wider, and the rhythm of the recurrence
of the same movement is both longer and less regular.
The sequence is in all respects more complex. Now ad-
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from the periphery to the centre. The sequence is centri-
petal. In pulling an oar, the back and legs are first
extended, then the arms are bent, and finally the oar is
feathered by a movement of the wrists. In this case a
central movement is followed by an intermediate move-
ment, which again is followed by a relatively peripheral
movement. The movements follow the course of the
physiological series from the centre to the periphery. The
sequence is centrifugal. In a drop-kick at football the act
consists of a movement of the arms followed by a movement
of the legs. The sequence in this case is from one physio-
logical series to another. Lastly, in the successive move-
ments of the several digits of a musician, we have an
instance of the sequence of movement from one peripheral
part to another equally peripheral. The centripetal and
centrifugal sequences we may group together under the title
of “radial” sequences, while the succession from series to
series may be grouped with the succession of periphery to
periphery under the title of “lateral” sequences. We shall
see that the sequences in each group have other affinities
besides that of similarity.

The two forms of radial sequence — centrifugal and
centripetal — usually occur in eclose association, often in
alternation, and not unfrequently are combined in the same
act. The most important and most frequent act made up
of radial sequences is that of walking. The order of
movements of the leg in walking, beginning at the rearward
position, is raising of toe, bending of knee, swinging at
hip, straightening of knee, extension of foot. In addition
to the alternation of the movements of the two legs there
is an alternation in the movements of each leg of a centri-
fugal and a centripetal sequence. When I lean forward,
reach out my arm, and grasp this book which is nearly
beyond my reach, the sequence of movement is centrifugal.
As I grasp it, withdraw my arm, and recover my position,
the sequence is centripetal. When I place it on this other
book and relinquish the grasp the sequence, still radial, is
again reversed in direction. When I fetch an object from
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precise co-ordination in time, So long as the movements
occur in the appropriate order, the moment of commence-
ment or the precise duration of each may vary within wide
limits without vitiating the success of the act.

Finally, it should be noticed that the co-ordinations in
radial sequence as a whole have a strong affinity to co-ordi-
nations in simultaneity. Not only do the times of the
several movements composing a radial sequence overlap one
another, so that one begins before another is finished, and
all may perhaps actually at some period of the act be in
operation together, but they concern very largely the central
movements which, as we have seen, are most concerned in
simultaneous co-ordination. In lateral sequences on the
other hand the movements are more strietly successive in
character, the preceding one being virtually over before the
succeeding one begins; and they chiefly concern the peri-
pheral movements, which are mostly concerned in complex
succession.

In lateral sequences, however, it is precisely the accurate
determination of the precise moment at which one move-
ment shall follow another, that i1s the important element
in the succession. The accurate determination of the space
traversed is often important, but it is the time-element that
preponderates. In the example already adduced of the
drop-kick at football this is sufficiently apparent. The kick
must be made at a certain preecise interval after the hands
have dropped the ball, such that the foot meets the ball at
precisely the right spot in its descent. If the foot is an
instant too soon or too late, the act is either faulty or fails
altogether. When food is conveyed to the mouth, the move-
ment of the arm-series is taken up by movement of the
mouth and jaws; and it is obviously essential that the
closure of the mouth should follow accurately upon the
arrival of the morsel of food, otherwise the act will fail
When an object is tossed from one hand to the other, the
movement of catching must follow the movement of throwing
at precisely the right interval, or the act will fail. In the
lateral sequences gone through by the fingers of the musician,
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of discharge delivered by a nerve-channel is proportionate
to the calibre of the channel. Hence it appears that the
simultaneous oceurrence of any number of movements in a
certain proportion may be determined by the discharge of a
single centre which is connected with the eentres represent-
ing the movements, by channels having the desired proportion.

It is evident that a still more comprehensive co-ordina-
tion in simultaneity could be effected by the grouping of
several such superior centres under one of still higher rank.

Hence it appears that the portion of the nervous system
that effects co-ordinations in simultaneity is disposed in an
arrangement resembling the roots of a tree. The smallest
radicles are represented by the terminations of the merve-
fibres in the muscles. The next larger rootlets are repre-
sented by the nerves as they issue from the muscular
sheaths. The aggregation continues until the centres are
reached, and here a further combination unites the muscles
into groups, the groups into clusters at once larger and
fewer, and the clusters into congeries still larger and less
numerous. Thus the lowest centres of this series represent
but a restricted portion of the organism, while the higher
the centre is in the series, the larger and larger is the pro-
portion of the whole organism that it represents. In the
highest centres of all the entire organism is doubtless re-
presented, but represented in a different way in each of
them,—that is to say, in one centre one part of the body
will be preponderately represented, and in another, another.

There still remains a question to be dealt with in con-
nection with the centres effecting co-ordination in sim-
ultaneity, viz, in what part of the organism are these
centres situated ? To this question we shall return, but
for the present we will leave the question of co-ordinations
in simultaneity, and consider what arrangement will sub-
serve the co-ordination of movements in succession.

Since every separate movement depends on the action
of a separate centre, a succession of movements must
depend on the successive discharge in proper order and at
proper intervals of the nerve-centres representing the move-
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represented in a region to which is ascribed by common
consent an elevated function.

Once started, an epileptic discharge will spread, according
to purely physical laws, to whatever districts are in most
direct communication with its starting-point; and as the
epileptic tempest in the nerve-centres spreads, so will the
convulsion in the muscles increase. For every addi-
tional nerve-centre involved in the storm a new movement
1s added to the muscular turmoil, and from the order in
which the muscles become affected by the spasm, we can
infer the way in which the centres are grouped around the
focus of the discharge. The reader should bear in mind at
this point the difference previously pointed out between the
representation in the nerbe-centres of a muscle and the re-
presentation of a movement. For every movement a separate
centre is required. But the same muscle takes part in
many movements, and therefore is represented over and over
again in many centres. Suppose one of these centres to
discharge excessively, as in epilepsy ; then there will be a
single movement of undue strength. But suppose many
centres, all representing movements of the same part, say
of the hand, to discharge excessively. What will happen
now ? All the movements will tend to occur at once, and
to occur in excess. From a score of different centres a score
of different impulses are sent to each muscle concerned in
moving the hand; and to each muscle all the impulses
carry the same message. Every impulse clamours to the
muscle for excessive contraction. To this urgent and
multiple demand the musele answers with all its strength,
Movement in the ordinary sense cannot take place, for move-
ment requires the combination of muscular actions in due
proportion, and here all proportions are demanded simul-
taneously. The muscles are, however, the faithful slaves of
the nerve-centres, They respond actively to all the messages,
and the result is that the limb becomes as rigid as an iron
bar. It becomes what Dr. Hughlings Jackson calls a “ clotted
mass ” of spasm.

It is evident that from observations on the march of
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presenting allied movements of the same part should be
agaregated together. There can be no doubt that the
separate movements of the first two digits were differentiated
from the movements of the remaining digits by differentia-
tion of the centres representing the first-mentioned move-
ments from the general centre or centres representing the
last. And if all the minor or secondary centres were
differentiated out of a previously existing centre, then all the
secondary centres must be grouped fogether. It would obvi-
ously be a great waste of material if the different centres
representing closely allied movements of thumb and finger
were dotted about the cerebral cortex at wide intervals, each
centre requiring, of course, its separate set of communica-
tions with the same muscies, etec. Hence, from either mode
of reasoning, we may be quite sure that all the centres
representing allied movements of thumb and index finger
are grouped fogether in one small patch of the cerebral
cortex. And the conclusions thus reached are corroborated
by experiment. If these centres are so aggregated, then the
overflow of discharge from any one of them that is discharg-
ing excessively will first impinge on other centres of the same
group, and these remaining centres of the group will be the
first to join in the epilepsy. Hence it appears that the
increase of the spasm in the parts first attacked may be,
and probably is, due to both the causes suggested,—that is to
say, increased intensity of discharge from the centre first
disturbed, and added discharge from centres representing
other movements of the same parts.

What is true of the differentiation of the movements of
the thumb and finger from those of the other digits will
evidently be true also of the differentiation of the move-
ments of all the digits from those of the hand as a whole,
and by a parity of reasoning the centres representing the
allied movements of the remaining digits should be in close
approximation to each other and to the centres representing
the movements of thumb and finger. The observed facts of
Jacksonian epilepsy shows that they are so approximated,
since simultaneous with the increase of the spasm in the






124 FUNCTIOKRS OF THE NERVOUS SYSTEM PART I

increase in size as the parts they move recede from the
periphery does not apply, since the motors of the digits are
as bulky as the motors of the wrist.

Seeing that the spread of the spasm to the wrist motors
is simultancows with its spread to remaining digits, it is
difficult to see what other possible position the centres repre-
senting the former could occupy, for if they were laterally
adjacent to the digit motors, then the discharge must pass
through the latter to get to the former, which would there-
fore succeed them in discharging, and the spasm of wrist
motors would be ecorrespondingly successive and not simul-
taneous.

Moreover, if we accept the doetrine of Evolution, and
agree that the centres for movements of the digits have been
differentiated out of centres for movements of the whole hand,
it appears manifest that the differentiated centres must be
situated superficially to the parent centre, since that is not
only the direction of least resistance, but the only position
in which such centres could possibly find space to oceupy.

On every account, therefore, it appears that while centres
representing movements of the extreme periphery are most
superficially situated in the cortex cerebri, centres represent-
ing movements one degree removed from the periphery are
sitnated beneath or more centrally than the first.

It will be unnecessary to repeat these arguments to
show that what is true of these two groups of centres is true
also of all succeeding groups in their order from the
periphery centrewards, and that the centres representing the
movements of the several segments of a limb are superposed
on one another; the centres representing the most central
movements being most centrally situated, and those repre-
senting the more and more peripheral movements being
placed one above another towards the surface of the brain.

Hence it appears that when there oceurs a movement
of thumb and finger, the discharge, starting from the centre
in the cortex that represents that movement, passes succes-
sively through the subordinate centres representing move-
ments at wrist, elbow, shoulder and trunk to reach its
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and the discharge of each, together with those of several of
its fellows in rank, impinges on the upper surface of the
centre below.

It will be observed that the arrangement here attributed
to the cerebral centres is precisely the converse of that
which was found in the beginning of the chapter to be
capable of effecting co-ordinations in simultaneity. From
this disparity two conclusions may be drawn. First, that
co-ordinations in simultaneity are probably not effected in
the cerebrum ; and second, that the chief motor function of
the cerebrum is to effect co-ordinations in succession.

Let us see if the arrangement that we have supposed will
suffice to affect any known normal sequence of movement.
It has already been stated that no fixed arrangement of
centres will account for the initiation of any set of move-
ments, The original impetus must in every case be derived
from without the centres engaged, and directly or indirectly
from without the body. We have therefore to suppose an
impetus applied to the system we have constructed, and to
consider its effect. Let us suppose the impetus to be applied
to the base of the arm series of centres, and to travel upwards
towards the surface. It will produce movement of trunk, of
arm, of elbow, wrist and fingers in succession. The
particular series selected by the current will depend on the
direction from which it comes, and on the subsidiary in-
fluences arriving from sensory regions, which direct its course,
but it is evident that progress along one branch of the tree
of centres from trunk to twig would produce in succession
bending of trunk, stretching forth of arm, straightening of
elbow, extension of wrist and of fingers. Now if the flow
spreads to a neighbouring digital centre, and then turns
back along the line, there may be bending of fingers, grasp-
ing of hand, bending of elbow, lifting of arm, straightening
of trunk. Such are the sequential movements required for
raising a weicht. Suppose the weight is considerable, the
necessary discharge must be considerable. Being so, it will
tend, like all considerable discharges, not only to flow down-
ward to muscles, but also to overflow laterally to neighbour-
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natural one, but a little consideration will show that this is
not the place, nor has the time yet arrived, at which an
answer to them can be given. Any particular sequence of
movements is directed, it is evident, to the performance of a
particular act suited to a certain set of circumstances in the
environment. The sequence of stretching the arm in that
particular direction to that particular extent, and following
it at that particular moment with a grasp of that particular
strength, is adapted to the special circumstance of a full
bucket in that particular position in the environment. Now
the adaptation of a movement of the organism to circum-
stances in the environment is a question not in physiology
but in psychology, and therefore falls to be dealt with in the
succeeding part of this book. It is obvious that a sequence
so purely special and individual in its character, and suited
to a set of circumstances that has probably never been
before presented in precisely the same form, cannot possibly
depend on any fized arrangement of nerve-tissue, but must be
actuated by arrangements that are freely modifiable. A fixed
arrangement can actuate only such movements as are continu-
ally repeated in the same form. Such movements are those
of breathing, and to a certain degree also those of walking.
In the ordinary movements of breathing, it is the
inspiratory act only that is to any appreciable extent
affected by active muscular exertion. Expiration is mainly
affected by the resilience of the tissues stretched in inspira-
tion. The inspiratory centre is set in action, there seems
to be no doubt, directly or indirectly by the condition of the
blood that nourishes it. Deoxygenated blood appears to
have the effect of discharging the elements of the centre.
In this respect the working of the inspiratory apparatus
is truly automatic, the cessation of the action bringing
about directly the very state of things that is necessary
once more to set it going. The constitution of all nerve-
centres being similar, it would be strange indeed if this
were the only centre amenable to this influence, and the
fact that strangulation produces general convulsions is
sufficient to show that all motor centres possess in some
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movement going. Such sequences are seen in many handi-
crafts, in playing on musical instruments pieces learnt by
heart, in reciting compositions similarly learnt, ete.

The reference above made to higher nervous-centres
requires explanation, and introduces us into a new depart-
ment of the subject of co-ordination. We have hitherto
spoken of motor centres as if such centres were purely
motor, with no other function than that of producing mus-
cular movement; and such treatment is necessary to place
the matter clearly before the reader. But this isolation of
the motor function s imaginary, and does not exist in fact
in nature. 'We have considered the motor function solely,
as the mathematician treats of the lever. He neglects the
weight, the thickness, the resilience of the lever, and imagines
it as a rigid line. And thus he discovers the fundamental
problems of leverage. Similarly the neurologist neglects for
the time being the secondary qualities of the motor eentres,
and considers them as purely motor, while he traces out
their purely motor funections. But there is no such thing
in physiology as a purely motor.centre, or a purely sensory
centre. By a motor or a sensory centre we mean only one
in which motor or sensory functions preponderate. And
every centre has other functions still besides those of
receiving impressions and issuing stimuli to movement.

The mechanisms that we have hitherto dealt with have
been those for producing movements that are completely
organised, — that is to say, movements which have been
and have to be repeated very many times in substantially
the same form. Such are the movements of breathing,
of walking, of repeating actions that have been learnt by
heart. But we have said nothing hitherto to account for
an entirely new movement that has never occurred before.
However frequently an action may have been repeated, it is
rarely that every repetition is precisely the same as its pre-
decessors, and on many occasions the deviation from the
former act will be noticeable. In the case of walking, for
instance, while the movements of the legs are very nearly
the same as on previous occasions, there will be modifica-






182 FUNCTIONS OF THE NERVOUS SYSTEM PART I

and of retardation and arrest on the other, may be carried
out by one and the same centre acting in different ways. If we
suppose the functions to be combined in a single centre, we
shall have arrived ata mechanism composed of three centres—
two twin subordinate and one superior or controlling—hy
which the mevements of walking can be begun, continued at
varying speeds and arrested. It is evident that a small
further modification will supply the mechanism necessary for
turning to right or left. But now comes the question, By
what means are these superior centres in their turn set in
action ? Granting that the movements of walking are
actuated by the mechanism deseribed, how does it happen
that these movements are begun at the right moment, varied
in speed and direction according to the exigencies of the road
that is followed ? Here it is clear that we enter upon an
entirely new class of consideration. We leave the consider-
ation of actions carried on entirely within the body and
enter on the consideration of the way in which actions of
the body itself are adapted to the circumstances existing
outside of it. And in taking this step we have left the
domain of physiology and entered that of psychology.
These problems will be treated of hereafter in the chapters
on the psychological functions of the nervous system. In
the meantime there are circumstances which enable us to
add another storey to the building we have already raised.
When a man is walking along the streets, taking the appro-
priate turnings, stepping from the kerb on to the roadway,
and from the roadway back on to the kerb, he is adapting
the movements of walking directly to the conditions in the
environment, and so is exercising a psychological funetion.
But when he gets up from his chair in order to go round to
the library and get a book that he wants, the initiation of
the movement is no longer directly adapted to the eireum-
stances in the environment; for the existence of the book
in its position in the library is not directly evident to his
senses. He starts to get the book because he remembers
where it is,—that is to say, he has a revivification of the
nervous processes which were aroused in him by the sight
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with orders or without orders the soldiers are continually
under the influence of the military discipline, which inhibits
them from taking upon themselves any independent initia-
tive, and which provides that on the completion of any
active order they shall subside into an attitude of quiescent
expectancy. This continuous condition of inhibition or con-
trol is from time to time broken by behests to activity, pre-
cisely as the similar continuous inhibition of the nerve-
centres 1s similarly broken.

Again, just as the purely local stimulus of a mote on the
eyeball is responded to by the purely local action of a blink
of the eyelid, actuated by a single centre of the lowest rank ;
so the purely local stimulus of the single footstep is
responded to by the purely local action of the sentinel’s
challenge, delivered by an individual of the lowest rank.
The analogy may be carried into much further ramifications.
Though no further action follow the blink of the lid, yet the
occurrence of the tickling feeling proves that the stimulus
was carried beyond the local and subordinate centre up to
centres far higher in rank. And though no further action
follows the challenge of the sentry if it be satisfactorily
answered, yet the occurrence is reported and comes to the
knowledge of far higher authorities. If the grain of dust is
not dislodged by the blink, but remains as a cause of irrita-
tion, further action soon follows. The stimulus is irradiated
from the local centre to centres higher and higher in rank,
and 1s now intense enough to set these higher centres in
action ; so that the hands are brought to the help of the lids,
and if they do not suffice to get rid of the intruder, the
voice requests help, and the whole body moves towards the
source of relief. Similarly, if the sentry’s challenge does
not suffice to arrest the intruder, and his attitude is menacing
and indicative of support behind, the alarm given by the
sentry to his superiors is followed by action on their part.
The guard turns out, the regiment is aroused, supports
are sent for, the whole army may be set in motion, and a
general engagement may ensue.

The parallel may be pushed further yet. A minute mote
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falling on a normal eye causes a single blink, and the intruder
is removed, the action ceases. But the same mote falling on an
inflamed eye causes a much more lively stimulus and a much
more vigorous reaction. The sensation, instead of being insig-
nificant, is acutely painful. The single blink is replaced by
copious action of lids, and hands, and effusion of tears. As
the inflamed eye to the mormal eye, so is the army in the
field to the army in time of peace. In the latter case the
intrusion of a single stranger produces no reaction beyond
what is necessary to keep him out, but the same occurrence
in the face of the enemy causes a general commotion. No
longer confined to the guard-room, the intelligence of the
intrusion is conveyed to headquarters, and a general com-
motion results from the arrest of the spy.

The similarities are far from being yet exhausted. The
private soldier has mothing to do with the supplies save
only to take to himself the rations and clothing that are
served out to him. Each subordinate officer is responsible
for the condition of the clothing and accoutrements of those
under his command. The colonel of the regiment, from
whom proceed both the initiative to action for the whole
regciment and the discipline which maintains the whole
regiment ready to act, is further responsible for the supply
of food, clothing and arms for the whole of his regiment.
The same combination of functions that the colonel fulfils
towards his regiment, the general fulfils for his brigade, the
superior general for his division, and the commander-in-chief
for the whole army. It is the same with the nerve-centres.
Each of the lowest centres of all not only effects a move-
ment, but at the same time governs the nutrition of the
parts that effect that movement; so that when a motor
nerve is cut, the musecle wastes. Each higher centre effects
not only the control and the initiation of all centres
beneath it, but their nutrition as well, and not only
their nutrition, but also the nutrition of the mechanisms
that they serve. So that while the lowest centres con-
trol the nutrition of (say) muscles only, the higher control
the nutrition of the lower centres; and thereby, in a more
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general way, the nutrition of the muscles that the lower
centres actuate; and thus control, moreover, the nutri-
tion of bones, ligaments, etc., that are subsidiary fo the
movements that they directly effect. And as the commis-
sariat is under the orders of the commander-in-chief, who
ooverns through it the supply of nutriment to the whole
army in general though not in detail, so the highest centres
regulate generally, but not in detail, the nutrition of the
entire organism.

If the nervous system be constituted as is here supposed,
then the patallel that is now suggested will hold good not
only in health but in disease. Let us consider the analogous
cases and see if it do so apply.

If the sentinel is killed, he can no longer issue his chal-
lenge to the intruder, nor communicate the alarm to head-
quarters. And if the reflex centre is destroyed, if, for
instance, the frog is pithed, the usual stimulus provokes no
reflex action, and no sensation corresponding to the stimulus
is felt. On the other hand, suppose the sentry is excited
by drink. He is met by the patrol, and in an excess of
zeal he challenges and straightway bayonets his comrade.
Similarly, if the frog be strychnised, a slight and ordinary
stimulus produces an excessive and extraordinary reaction.

Suppose it is the sergeant that is killed, which may
be considered equivalent to having the cord bruised. The
first consequence is that the rank and file receive no orders
from their superiors, the sergeant who was the transmitter of
the orders being killed. Consequently they remain inactive,
but they are capable of again taking part in the military
operations if the messages are sent by another route, or a
new sergeant appoihted and the communication restored.
Similarly, when the cord is bruised, the centres below are cut
off from communication with the centres above, and no volun-
tary movement becomes possible. But the inferior centres
are themselves intact, and are capable of resuming their
part in the bodily operations if the cord recovers, and com-
munication is restored. There will be a second consequence
of the loss of the sergeant, in the relaxation of discipline
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with the facts of paralysis from a small clot in the corpus
striatum. Such a clot produces first a general shock with
total paralysis of, say, the right arm. This corresponds
with the initial retreat of the regiment and its virtual
paralysis. When the effects of the shock pass off, it is found
that the arm is much weakened, and that it is weakened
in such a way that the digits are altogether paralysed, the
hand less so, and that the power of movement increases
as we leave the periphery, while at the shoulder ng defect
of movements can be found. In other words, what are lost
are the most peripheral movements,—that is to say, the
movements that are most precise, most elaborate, most
special, most important, and most novel; while the move-
ments that are least affected are the most general, the most
automatic, the simplest, and the most frequently repeated.
The parallel holds good in all respects, and it may be earried
further. For loss of the colonel involves the omission to
send in requisitions for clothing and stores. The daily
rations are distributed as usual, and the regiment does not
suffer at once, but as the clothing and stores become worn
out they are not replaced, and thus, after a time, the con-
dition of the regiment suffers. So with the hemiplegic
limb. At first little change in it is apparent, but after a
time it wastes. The loss of the colonel will not have a
very apparent effect on the discipline of the regiment, for
that will be maintained in a general sense by the other regi-
mental officers ; nevertheless, it must be to some slight extent
impaired ; and correspondingly, while in hemiplegia we do
not find reflex actions very much increased, we do find the
muscular and tendon reflexes slightly increased.

Suppose now, that in the excitement of battle the
colonel loses his head. He begins to send out messages to
his skirmishers faster and faster. No sooner is one order
sent than another follows to contradict ib, another and
another and another follow as fast as the messengers can
succeed one another. The consequence will be that the
soldiers will run first to execute one order, then to execute
the next, until, as different orders come, one after another,
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aeneral engagement, it may be long before the army is
destroyed, but in the absence of a definite aim and plan, the
inferior commanders become discouraged and lose their
interest ; the discouragement and lack of interest spread
rapidly downwards from rank to rank until the whole army
is disheartened. Then ensues desertion, cutting off of
stragglers, failure of supplies; and soon dysentery sets inm,
and sooner or later the army melts away.

Corresponding to the commander-in-chief of the army
are the highest of all nervous-centres,—those centres whose
function it is to actuate the movements and regulate the
nutrition of the body as a whole, and whose activity is
accompanied by consciousness. When these centres and
these alone have their functions abolished, as in the early
stages of drunkenness and of other forms of coma, what do
we find ?

To the superficial observer and the layman, who are
comparable with the civilian in the example, the difference
is not great. As in the one case the local and routine
duties are efficiently performed, so in the other are the loeal
and vegetative functions. As in the one case no part of
the army is perceptibly defective, so in the other no part of
the body is conspicuously paralysed. The languor, the want
of initiative, the failure to take advantage of opportunities
on the part of the army is paralleled by the heaviness, the
dulness, the defect of intelligence on the part of the indi-
vidual. It may happen that the divisional commanders of
the army are actnated by mutual jealousies and suspicions,
and that when the controlling hand of the superior is
removed they fall out, quarrel, attack one another, and
diffuse throughout their several divisions the excitement
which they themselves display. Or it may happen that,
their ardent spirits no longer held in check by the wisdom
and authority of their chief, they launch out into reckless
enterprises, in which their troops become speedily exhausted
or meet with disaster. Similarly, when the highest nervous
centres are thrown out of gear, the most prominent symp-
toms of the loss may be an outbreak of violence or a
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The lack of initiative, the feebleness, and the possible
uproar from absence of the controlling authority will be the
most conspicuous, but they will not be the only effects of
the removal of the highest functions either in the one
organisation or in the other. In the army the supply of
arms, ammunition, accoutrements, clothing stores and food
depends on the requisitions sent home to the War Office by
the commander-in-chief. If the commander-in-chief ceases
to ‘exist, stores will still be sent out, no doubt, but they
will be sent in wrong proportions, haphazard and by
acuesswork—too much of this and too little of that.
Arrived at the army the commissariat officers, sharing in the
oeneral inefficiency and carelessness, the distribution will be
similarly faulty. Here will be carbine ammunition served
out to infantry regiments, there will be cavalry soldiers with
shoes instead of boots; in another place, horse-shoes pro-
vided for a camel regiment. The distribution of food, too,
will be badly deme. The consequence will be that the
army will suffer not only in efficiency but in physique.
The men being badly shod, badly clad, and badly fed will
soon deteriorate in health. In the individual, too, loss of
the highest nervous function invariably causes mal-nutrition.
In drunkenness and in insanity the skin becomes altered in
tinge, becomes unduly dry or unduly moist; the hair is
harsh and staring, or less often dripping with moisture; the
nails are affected ; the bowels are constipated; the breathing,
the pulse, the urine are altered. To sum up, the three
main consequences of loss of the commander of an army
are lack of initiative, lack of control, and modification with
impairment of supplies. And the three main consequences
of loss of the highest nerve-centres are lack of initiative,
exaggerated action, which is a consequence of lack of
control, and modification with impairment of nutrition.
Here, therefore, the parallel between the military or-
ganisation and the orcanisation of the nerve-centres still
holds good. It yet remains to compare the opposite error,
the fault of over-action, and see if the same holds good.

Suppose the commander-in-chief to become highly






144 FUNCTIONS OF THE NERVOUS SYSTEM PART 1

main groups,—co-ordinations in simultaneity and co-ordina-
tions in succession,—and seeing that co-ordinations in succes-
sion, which form the larger group, consisting of the more
numerous, the more elaborate, the more complicated move-
ments are effected in the cerebrum, which is the larger and
the more elaborately constructed of the two great divisions
of the brain; it is natural to conjecture that the other
smaller group of simpler co-ordinations is effected in the
smaller and more simply constructed division of the brain
—the cerebellum. ' :

In support of this conjecture there is a large body of
evidence from various sources. In the first place, it has
been determined experimentally that the cerebellum is the
organ for effecting equilibration. But equilibration is, as we
have already seen,effected entirely by movements co-ordinated
in simultaneity. It is, in fact, the most complete and most
conspicuous example of this form of co-ordination, and is
therefore sure to be the most conspicuously defective when
all co-ordinations in simultaneity are abolished. That
other functions are represented in the cerebellum is mani-
fest from the spasm of the masticatory muscles observed in
cerebellar lesions. The movement of the jaws can have no
equilibrating effect ; but these movements are conspicuous
examples of co-ordination in simultaneity, and they belong
to the central group of movements, in which such co-ordina-
tions predominate.

Spasm due to lesion of the cerebellum is in all respects
the antithesis to Jacksonian epilepsy. In Jacksonian
epilepsy the spasm begins at the extreme periphery—at
the lips, fingers, or toes. Cerebellar spasm begins in the
most central musecles. It produces first opisthotonos
and retraction of the head. Jacksonian epilepsy spreads
centripetally up the limbs to the trunk. Cerebellar
spasm spreads centrifugally from the trunk down the limbs.
In Jacksonian epilepsy the spasm is always clonic in
character. It is always jerky, intermittent, coming on in
sudden paroxysms, interrupted by periods of complete
absence,  Cerebellar spasm is continuous. Just as the
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each of which must be clearly apprehended. If is neces-
sary to have a clear idea of what is meant by the organism,
of what is meant by the environment, and of what is meant
by the adjustment of the one to the other. Acceptance of
the term *organism” does not necessarily commit us to
the doctrine that man's physical structure is a mechanism
“played on” by his Will as a performer plays upon the
organ ; nor does the term environment denote merely the
room in which a man sits, as one of my critics appears to
suppose. The meanings of these terms, as they are ordin-
arily used in biological and psychological writings, are quite
well understood and agreed upon; but as there is not, as
far as I know, any formal definition of either of them,
and as they are frequently interpreted in a sense very
remote from that in which they are used in such writings,
it will be expedient to explain the meaning which is
attached to them in this book.

By “ the orcanism” is meant here the individual human
being. Of course there are many other organisms besides
the one under consideration. Not only is every individual
living being, animal or vegetable, an organism, but there are
other organisms that are not individual. For instance, Mr.
Spencer's masterly arguments demonstrate that a society
of human beings is, in no metaphorical sense but in the
strict meaning of the term, an organism; and Darwin,
though he did not use the term, arrived at a similar conclu-
sion with respect to communities of animals, as of bees
and ants. It will be necessary occasionally to speak in
these pages of other organisms than the human individual,
but in such cases the context will clearly indicate the varia-
tion of meaning. In the absence of qualification the term
organism is to be understood as synonymous with “indi-
vidual human being.”

Such being the meaning attached, a further question
arises as to whether the connotation of the term includes
both body and mind, or the body only. It scarcely needs
be said that it necessarily includes the body. Scientific
psychology has not yet arrived at the investigation of the
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conditions of existence of disembodied souls. But does it
include the mind also? This is a question which can only
be asked by these who have not assimilated Mr. Spencer’s
definition of the nature of mind. That definition is that
every phase of mind is a feature in or a factor of the
correspondence between the organism and the environment.
The investigation of mind belongs therefore neither to that
of the organism nor to that of the environment, but to that
of the adjustment of the one to the other. To say this is
not to say that when in psychology we regard the organism,
we regard it as destitute of mind. Objective psychology
has nothing to do with conscionsness—with thoughts and
feelings. In the dealings of objective psychology feelings
are not recognised save on their objective aspect as states in
the organism; thoughts are not dealt with save in their
substrata as processes in the organism; and such states and
processes are aggregated with multitudes of other states and
processes to make up our concept of the living organism.
We do not consider the superior nervous processes as parts
of the individual any more than we consider the circulation
of the blood as part of the individual. When we regard
the organism we regard it as a living structural aggregate
in which countless functions are being carried on, and among
these functions is—mnot mind, but that aggregate of states and
processes in the superior nervous system, which is the sub-
stratum of mind.

Every one who is accustomed to the use of the term in
scientific. work has a fairly definite notion of what is meant
by an organism, and by the human organism ; but with the
term environment it is far otherwise. Some writers, or at
any rate some readers, understand it to mean the room in
which a person lives; others extend it to his house and
grounds; while yet others extend it to his neighbourhood. In
none of these senses is the term used here or in the writings
of psychologists generally. The significance that these
attach to it is very far wider than any of the meanings that
have just been given. In psychology a person’s environ-
ment means the whole of the cireumstances that act upon him
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or that he ean act wpon. It matters not whether the circum-
stances are far or near, physical, social or moral, known to
him or unknown, manifest or hidden. If they can act upon
him, however indirectly, they are part of his environment.
If he can act upon them, however remotely, they are part
of his environment. The public opinion which compels a
statesman to propose a law for punishing dynamitards, is as
much a factor in his environment as the furniture of his
room ; and the miscreants who suffer under the operation of
the law are as much a portion of his environment as the
coals that he puts on the fire. In space a man’s environ-
ment extends from his shirt to the furthest nebula whose
light falls upon his eye, and to the deepest stratum of the
earth whose existence he can infer. In time it extends
from circumstances in the remotest past that he can conceive
to the remotest future circumstances that he can forecast.
In complexity it varies from the bread he eats and the
water he drinks, to the social, political and religious sur-
roundings in which it is his lot to live. To say that a
man’s environment extends to the whole universe would
be too comprehensive a statement; but it is scarcely an
exaggeration to say that it may extend to a considerable
portion of it.

Such a vast assemblage of circumstances as are included
in the environment cannot be profitably treated as a whole,
but must be split up into groups of manageable size before
it can be usefully dealt with. The lines on which such
a division must be made are tolerably obvious. The whole
environment of each individual may be looked on as the
aguregate of several special environments. There is first
the Physical environment, including all the external eircuin-
stances which directly affect his bodily health. Such ecir-
cumstances are the climate and soil on which he lives, the
quality of the air that he breathes, the nature of his food and
drink, the dryness or dampness, wholesomeness or unwhole-
someness of his dwelling, of his occupation, and all circum-
stances of a like nature. Then there is what may be termed
his Viftal envivonment, by which are meant all the ecircum-
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are by far the most important, and the aggregate of all the
circumstances of all these special environments constitutes
i the environment ” which is spoken of in this book-

It is scarcely necessary to point out that the environ-
ments of no two people are precisely alike. No observation
is more frite than that no two people are placed in quite
the same circumstances ; but it requires some consideration
to realise how enormous the difference often is between the
environment of one individual and the environment of
another. So much attention will be bestowed upon these
differences in subsequent paragraphs that they need not be
further referred to now.

Such being the meanings that are attached to the terms
“organism” and “environment” respectively, it remains to
explain what is-meant by “the adjustment of the organism
to the environment,” a phrase which science owes to Mr.
Spencer, and one which is daily coming more and more into
use. When the fur of a hare grows thicker and longer at
the approach of winter, this change in the animal organism
is specially adapted to the change in the climate in which
it lives. It is a readjustment of the structure of the
animal to the circumstances which act upon it—to its
environment. When the hare runs away from a grey-
hound, its flight is regulated in accordance with the pursuit
of its enemy. The hare is adjusting its movements to the
special set of cireumstances constituted by the presence and
pursuit of the hound ; it is adjusting itself to its environ-
ment. Animals which inhabit the recesses of dark caverns
have no eyes. In the absence of light the eye is useless.
The whole structure of the eye is arranged with reference
to the existence of ethereal undulations in the external world ;
it is an adjustment of the structure of the organism to
circumstances in the environment. When the cricketer or
the tennis-player strikes at the passing ball, his act is timed
and regulated with reference to the direction, speed and
weight of the ball, and to the direction in which he wishes
to send it. Tt is timed and regulated according to the
circumstances of the occasion; it is an adjustment of his






156 FUNCTIONS OF THE NERVOUS SYSTEM PART II

under the same category. The accommodation of the eye
is an adjustment to the varying distances of objects in the
environment. The movements of breathing are adjusted to
the presence of the air in which the organism is immersed,
to its pressure and oxidising properties. They are part of
the means by which the organism is adjusted to the multi-
farious circumstances by which it is environed. They are
instances of the adjustment of the organism to its environ-
ment.

. The foregoing examples, few as they are, are enough to
show that the adjustments of the organism to its environ-
ment comprehend immensely numerous and varied pheno-
mena; and that every detail of structure, every item of
function of the organism, may be regarded as either “a
feature in or a factor of the correspondence” between the
organism and its environment. It will be apparent also
from these examples that it is not every form of adjustment
of the organism to its environment that falls within the
province of psychology. The thickening of the hare’s fur
at the approach of winter is a very striking adjustment of
its organism to its environment, but it has obviously no
bearing whatever upon psychology. When it is said that
the psychological function of the nervous system is to bring
about the adjustment of the organism to its environment, it
is evident therefore that this statement must be taken with
some qualification, since we have no evidence to show that
the increased growth of fur is due to any action of the
nervous system. Manifestly we must draw a- distinetion
between structural adjustments and functional adjustments,
between adjustments of structure and adjustments of process
—a distinetion which corresponds with that drawn in a previ-
ous chapter between the redistributions of matter and of
force that are effected by the organism. And since the
redistribution of force is alone included in the function of
the nervous system, it is evident that all structural adjust-
ments may be placed on one side as outside the scope of its
psychological function. The osseous framework by which
the rigidity of the organism is adjusted to the force of
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conditions to which they are adjusted form an integral
part of the concept, and cannot be taken from it without
destroying its psychological character and significance. So
long as we regard the alteration in the shape of the lens
that is produced by contraction of the ciliary muscle, we are
concerned with physiology only; so long as we investigate
the mechanism by which an impression in the retina sets up
a current which passes to a nerve-centre, and is retrans-
mitted to the eciliary muscle, causing a contraction and a
consequent alteration in the shape of the lens; so long we
are attending solely to the processes in the organism with-
out reference to environmental conditions, and we are in the
domain of physiology. DBut directly we conneet this nervo-
muscular process in the organism with environmental
conditions, and study the adaptation of the process to the
distance of the object looked at, at that moment we enter
the realm of psychology. The physiological funection of the
nervous system is to adjust the processes that occur in the
organism to one another. Such adjustments take place
when the movement of one part is made to follow or accom-
pany the movement of another; when the supply of blood
to a part is augmented in adaptation to its increased func-
tion; when the distention of a viscus is followed by move-
ments of expulsion. But the psychological function of the
nervous system is to adjust the processes that occur within the
organisin to the conditions that evist outside of 4. Of course
the two processes must occur together. The limbs cannot
move in such a way as to carry the organism away from
danger without at the same time moving with definite
reference to each other. DBut the difference is sufficiently
manifest between studying the mechanism of running, and
studying the reasons for running away from a mad dog.
When, therefore, it is said that the psychological function
of the nervous system is to adjust the organism to its environ-
ment, what is meant is that the nervous system effects the
adjustment of processes in the organism to eircumstances in
the environment ; and that when these processes are looked
upon not by themselves nor with reference to their harmony
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or scales or criteria according to which intelligence in con-
duct is estimated.

Newton’s proof of the identity of the force that draws
the apple to the earth with the force that maintains the
moon. in her orbit, is a classical illustration of extremely
high intelligence. In what consists its superlative ability ?
In the extreme novelty of the adjustment. The two cases
of movement had never before been considered together; far
less had they been brought under the operation of a single
law. The operations necessary for the proof had never
been dreamt of. The immense ability of the adjustment
consisted in the vast difference between it and all previous
adjustments. Had the thing been done before, and had
Newton learnt it from others, far less ability would have
been required for the task, and what ability there was
would have been of a different kind.

A skilled organist performing a complicated piece of
music on a high-class organ presents an example of the most
conspicuous ability. Upon hearing, and still more upon
seeing, one of these extraordinary displays, we are amazed
at the amount of ability required and exhibited. The mere
fingering of the proper keys at the proper times is a matter
of some difficulty, requiring some intelligence and much
practice for its accomplishment. Then this fingering has to
be performed on one of three or more manuals, sometimes
simultaneously on two or more, and the manuals have to
be changed from time to time as the exigencies of the music
require. At the same time the pedal clavier is In operation,
and the feet are playing a part in the performance often
very different from that of the hands. In addition to the
clavier they have to manage the composition pedals and the
swell. Then there is a multitude of stops and couplers,
whose combinations are continually varying, and which have
to be operated in exact accordance with the movements
of the fingers on the keyboard, and with the exigencies of
the music. The whole aggregate of operations being of such
immense difficulty that but very few performers rise to the
position of first-rate organists. Such persons are held to be
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actions are meant the actions of the lowest forms of
organisms, then doubtless such a statement of their nature
is correct. DBut in dealing with the human organism, the
actions to which the term reflex is applied, while they
exhibit the superficial resemblance to the reflex actions of
primitive living beings of following at once and of neecessity
upon a stimulus, are in their fundamental nature profoundly
different. As well might we call a bed of coal the rudiment
of a forest, as call a reflex action in man a rudiment of
intellicence. So far from being rudimentary, it is the very
antithesis of a rudiment; it is westigial. It exhibits, not
the first, but the last stage of intelligent action. As the
moon exhibits the settled changeless state towards which all
the planets are tending ; as the wood shows the rigid texture
that each green shoot will at length assume ; so the reflex act
is the final stage at which every intelligent act at last arrives.
The first stage of intelligent action—the first rudiment of
objective intellicence—is at the opposite pole to reflex action.
It is seen when a new adjustment is made to outward
circumstances ; and the greater the difference between the
new adjustment and previous adjustments, the more in-.
tellicent 1s the act considered—the more decisive is the
evidence of intellizence. Mr. Romanes even makes the
occurrence of a new adjustment the eriterion of the existence
of mind in the lower animals. “ The criterion of mind,” he
says, “which I propose . . . is as follows:—Does the
organism learn to make new adjustments, or to modify old
ones, in accordance with the results of its own individual
experience ?” If this is true in animals, equally true is it
that in man the most striking, the most pronounced, the
most characteristic displays of intelligence are exhibited in
discoveries and inventions,—that is to say, in new adjust-
ments to circumstances ; and the more unlike the invention
or discovery to what has previously been known, the greater
is the intelligence held to have been displayed. Whether
in science, or in art, or in literature, or the processes of
manufacture, or in the ordinary dealings of soecial life, the
more originality a man evinces, the higher, other things






164 FUNCTIONS OF THE NERVOUS SYSTEM PART 11

unlike those to which he is accustomed. An act of an alfo-
gether new kind, such as that required in learning some
novel handicraft, requires and evinces more intelligence than
an act that has often been performed before. Upon its
second performance every act is more easily performed than
when it was entirely novel, and with each repetition there is
less of conscious exertion, of previous deliberation. As acts
become habitual—as adjustments to circumstances lose their
novelty—they at the same time lose their intellectual char-
acter. To find the way by map and compass through
strange and difficult country evinces much more intelligence
than to pursue the same route a second, third or fourth time ;
and when the same course has been followed for years, the
intelligence involved sinks to a minimum. The origination
of a new instrument, of an improvement in machinery, of
the composition of a picture, is an act of high intellectuality ;
but to make replicas of the work evinces far less intelligence.
Acts which have been performed so often as to be habitual,
such as the operations of dressing, shaving, and most of the
details in every handicraft—the formation of individual
words in writing, the use of saw and hammer and file, and a
hundred other instruments — are so little intelligent that
while they are performed, the mind usually is engaged upon
other subjects. By constant habitual repetition acts at
length become automatic—that is to say, they cease to have
any special conscious accompaniment, and may be perfectly
executed by an individual who is all the while earrying on
totally different operations on a higher level of intelligence.
The act of walking has reached the automatic stage. It has
no special conscious accompaniment. We do not separately
will each separate step. While we are walking, we can
carry on animated conversations without paying any atten-
tion to the movements of our legs. The act of dealing a
pack of cards hecomes, with practised players, automatic.
The mechanism by which it is carried on is so thoroughly
organised that the dealer can perform complex operations of
calculation during the time that his hands are executing
with perfect precision the distribution of the cards. Lastly,
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an automatic act repeated continually in the lifetime of each
of a long succession of generations becomes at length reflex.
The nervous structure upon which it depends becomes so
perfectly and completely organised that when the appropriate
stimulus oceurs, the act cannot fail to occur, and a reflex
act is an act that has gone through the stages of intelligence,
habit and automatism, and has become mechanical. When
the bolus of food reaches the back of the throat, the act of
swallowing follows of necessity, and this act is not intelli-
gent. When an object suddenly approaches the eye, the
lids close instantly and of necessity. The act is reflex, and
it is not intelligcent. A sudden noise close to the ear is
followed by a start of the whole body. Again the act is
reflex, and again it is not intelligent. Thus every act goes
through a long process of organisation, which is here arbi-
trarvily divided into four stages. The first time the act is
performed it is an intelligent act, and it continues to be so
for a length of time which varies with the complexity of the
act, with the degree in which it differs from previous acts,
and with the frequency with which it is repeated. Frequent
repetition of an act extended over a considerable time
renders it habitual ; and an habitual act is much less intelli-
gent than a novel act. The nervous mechanism by which
it is performed has become so firmly organised that once the
process is set going, it continues with but little stimulus from
without the representative area. The area representing the
act has become so far differentiated that it can act to a
certain extent independently, and its action will continue
without disturbance, even though neighbouring areas are in
activity—even though the mind is occupied by other things.
Long continued repetition renders an habitual act automatic.
The stage of automatism is reached when an intelligent act
can be carried on at the same time as the automatic act,
without any the least interference with, or impairment of,
the efficiency of the latter. Such is the case when a pianist
converses while playing, when a bicyclist lights his pipe
while riding, when a stocking-maker reads aloud while
knitting. Lastly, the repetition of an act innumerable times
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during the life of many generations converts it at last intoa
reflex act—an act that is not only independent of intelligent
acts, but which is organised with such completeness and
depth, that when the appropriate stimulus is received, the
execution of the act is a matter of imperious necessity.
This is what is meant when it is said that a reflex act is an
act not of rudimentary but of vestigial intelligence. It is
an act that was once intelligent, that was once preceded by
deliberation, by choice and by will, but that in the course of
innumerable repetitions in the lifetime of many generations
has become first habitual, then automatic, and finally reflex ;
and to this end all our acts are tending.

It is in the lowest strata of the mervous system that
reflex acts are represented. Their mechanism constitutes a
Laurentian formation that underlies every more recent
deposit. On this foundation are laid layer upon layer of
nervous arrangements, each higher stratum representing aets
less deeply organised, from the paleozoic system of automatic
acts, through the more modern and more superficial mesozoic
period of habitual acts, up to the recent kainozoic formation
of acts that are still intelligent. On the surface of all is a
thin stratum, “the highest nervous centres,” still mobile,
still plastic—a stratum which is the seat of all the active
change. Here are in course of formation those new arrange-
ments of tissue which represent new adjustments to cireum-
stances, which constitute the mechanism by which new acts
are performed, and which, as fast as they are formed, are
overlaid by and submerged beneath still more - recent
deposits.

II. INTELLIGENCE AS MANIFESTED IN THE ELABORATENESS
OF THE ADJUSTMENT.

The acts of a person who is learning to ride a bieyele
constitute an entirely new adjustment to an entirely new
set of circumstances. The acts of a skilled compositor
setting up type may have passed through the habitual stage
and become so completely automatic that the workman can
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more complex ; and aceording to the number of minor ad-
Justments that the act involves, includes and implies. All
these qualities may be summed up in the term elaborateness.
The exposition of the gradual rise of intelligence—of the
gradual increase in the intelligent character of acts—as the
grade of the adjustment rises along the lines indicated, is
given in the most brilliant and masterly manner by Mr.
Herbert Spencer in the chapters composing the *General
Synthesis ” in his Principles of Psychology; and those
readers who are not acquainted with that work are strongly
urged to study this portion of it at this stage. As M.
Spencer’s argument deals, not specially with the human
organism, but with organisms in general, the doctrine as it
applies to human organisms alone may be recapitulated here,
but in view of the thoroughness of his exposition the
recapitulation need be but brief.

Taking first the adjustments of the organism to eircum-
stances distant in space, we find that other things being
equal, the acts that refer to circumstances at greater dis-
tances are considered more intelligent than those that are
adapted to circumstances less remote, The infant follows
with his eyes a light that is waved in front of him, and
cries when a stranger comes near, but to the light in the
next room or the stranger a few paces off no answering act
is adjusted. The daily acts of the child have reference to
the circumstances immediately around him. He occupies
himself with handling the ohjects within his reach, with
observing through the window the passers-by, with play in
the garden. But his horizon is limited. He can find his
way from room to room, but not to a house in the next
street.  To circumstances as distant as that he cannot
adjust his acts. The yokel whose experience is limited to
his farm and his village is the accepted type of primitive
intelligence in civilised man. Unable to picture to himself
occurrences in distant places, he is necessarily unable to
adjust his acts to them. To circumstances occurring in
the outer world—to the political movements which agitate
his compeers in the neighbouring town, to the cattle plague
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By the extension in Time of the adjustment of the
organism to the environment is meant, not the duration of
the act which constitutes the adjustment, nor the duration
of any one circumstance to which the act is adjusted ; but
the duration of the sequence of events to which the adjust-
ment 1s made. When a man dodges the stone that he sees
coming at him, the act is adjusted to a very brief sequence
of events, the duration movement of the stone being limited
to a second or two. When he sees an angry man picking
up a stone to throw at him and gets behind a tree to avoid
the missile, his act is adjusted to an appreciably longer
sequence of events—a sequence which includes picking up
the stone and throwing it, as well as its flicht—and the act
is more intelligent. If he is told that a riotous mob is half
a mile away, and is coming in his direction, and if he shuts
his shutters to save his windows, the act is adjusted to a
still longer sequence and is om a higher level of intelli-
gence. These three acts are of the same general character
and are adjusted to sequences of the same class. The first,
which is adjusted to an extremely brief sequence, is little
more than reflex. The second, which is adjusted to a
slightly longer sequence, is little more than automatic ; while
the third, which is adjusted to a sequence (the approach,
arrival and possible attack of the mob) which would take ten
or fifteen minutes to complete, does not imply an exercise of
very high intelligence, but it does denote some intelligence.

When we rise to the consideration of longer sequences,
we find that if the acts are similar in other respects,
the grade of intelligence that they are held to evince
1s proportionate to the length of the sequence of events
to which they are adjusted. The act of the cook who
puts the kettle on the fire ten minutes before tea-time
1s not considered equal in intelligence to that of the bell-
founder who begins to heat his crucible eight hours before
the time of casting. The acts are similar, but the one that
is adjusted to the longer sequence is considered on that
account the more intelligent. When I see a friend walking
along a road parallel to the one I am in, and start on an
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mines the vast interval after which the Earth’s axis will
again. point to the same place in the heavens, and the
scarcely conceivable epoch after which planetary perturba-
tions repeat themselves.

“ When, as in these cases, the sequences exceed in length
the lines of individual men, the correspondence is effected
by the agency of many men whose actions are co-ordinated.
An astronomer who computes the elements of a comet of
brief period, and who after the lapse of certain years, months
and days turns his telescope to that region of the heavens
in which the expected body shortly makes its appearance,
shows in himself the entire correspondence between an
internal series of changes and an external series. But when
centuries pass between the prediction and its fulfilment, we
see that by the help of written symbols the proceedings of
successive men are united into one long sequence, displaying
the same adjustments to an external sequence as though it
had occurred in a single man surviving throughout the
interval.  Perhaps nothing more strongly suggests the
conception of an embodied Humanity than this ability of
Humanity as a whole to respond to environing ehanges which
are far too slow to be responded to by its component
individuals.”

The intelligence of an act increases with the Speciality
of the adjustment—with the specific individuality of the
circumstances to which the adjustment is made. Aects of
low intelligence are acts that are equally adapted to the
circumstances to which they are adjusted and to many
others. As the intelligence of the act inereases, so do the
circumstances to which it is appropriate become more
restricted ; and acts of the highest intelligence are adapted
to a combination of circumstances that is unique. Thus, to
call out when you are hurt is an act of very low speciality—
of very low intellicence. It is mnot only adapted to the
particular occasion of a single wound, but is more or less
appropriate to every possible occasion of being hurt, or of
probability of being hurt. To call out for help is an act of
oreater speciality—of more intelligence. It is adapted only
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earth that has to be moved for any specific purpose, such as
excavating the foundations of a house, and the specific
extent and depth of the excavation, is a much more intelli-
gent operation, and it is adapted to much more individualised
circumstances—to the size and shape of the future building
and the thickness of its walls, The individual acts of the
navvy are equally devoid of specific application. They are
equally applicable not only to many undertakings and to
many places, but to many kinds of soil, and to many periods
of time. The hours during which, and the speed with which
he works, the space through which he moves each shovelful,
are matters which do not affect the result. There is no
need to-adjust the acts to specific extents of space or specific
moments of time. Compare such work with the work of
the railway signalman. His eye must be for ever on the
clock. Every movement must be performed at a specific
moment of time. Every lever must be moved to a specific
extent. Each act 1s adapted to far more restricted circum-
stances of time and space, and the conduct is far more
intelligzent.

“ Agriculture,” says Mr. Spencer, “as it develops, brings
knowledge of the serial changes undergone by various plants
and animals; while special materials, times, modes and
places are adopted for the production of each. Improve-
ments in the Arts have involved an incaleulable multiplication
of special processes adapted to produce speecial ehanges in
special objects. Our whole social life, alike in the manu-
factory, in the shop, on the highway, in the kitchen, displays
throughout the performance of particular actions towards
particular things, in particular places at particular times.

“ Above all, in exact science, or rather in the actions
cuided by exact science, civilisation presents us with a new
and vast series of correspondences far exceeding in speciality
those that came before them. For this which we call exact
science is in reality quantifative prevision, as 'distinguished
from that gualitative prevision constituting ordinary know-
ledge. The progress of intellizence has given the ability to
say both that such and such things are related in coexistence
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other words, theecircumstances to be met—the ways in
which each piece can be attacked—are more numerous and
more diverse ; and the acts by which the circumstances are
dealt with—the ways of moving the various pieces—are
more numerous and more diverse.

The most striking and the most comprehensive of the
ways in which an advance occurs in that form of intelli-
gence with which we are now dealing, is the advance in the
compleaity of the adjustment of the organism to the environ-
ment. By the complexity of the adjustment is meant the
number and variety of circumstances that are dealt with,
and the number and variety of acts by which they are met.
In other words, complexity increases as more numerous and
more widely different circumstances are dealt with by more
numerous and more widely different acts. As a general
rule, the advance of the correspondence in complexity is at
the same time an advance in the elements already dealt with
—in Space, in Time, in Speciality, ete. Increase of com-
plexity includes and implies, and is to some extent a measure
of, advance in the other aspects of the correspondence.

The preparation of a piece of ground for planting by
digging it over is an operation made up of very numerous
acts, but the acts are very similar. It is a prolonged repe-
tition of the same short series of acts. The number of
different acts is very small, and the entire operation is one
of great simplicity. If the ground is prepared by plough-
ing, the adjustment is more complex, for although it is still a
repetition of very similar series of acts, yet the number of
acts in each series is greater, and the difference between the
several acts in each series is wider. In the one case the
series consists only of plunging the spade into the earth,
lifting and turning it. In the other, the series consists of
the guidance of the plough both laterally and in depth, of
the guidance of the horses, and of the turning at the head-
lands, each of which operations may require several acts.
The series contains a greater number of acts; the several
acts of which it is composed are more widely different from
one another, and the whole series is repeated less frequently.
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includes extension of the adjustment of acts to circum-
stances in space, in time, and in speciality. Its extension
in space is seen in the intimate dependence of the acts of
each engineer upon the acts of his fellow at the opposite
end of the field. Its extension in time is seen in the far
longer sequences that have to be regarded in the operations
of stoking the fire and filling the boiler; and its increase
of speciality is seen in the more restricted cireumstances to
which it is adapted, for steam-ploughing is suited only to spaci-
ous fields and fairly level ground. As ploughing is a more
intelligent operation than digging, so ploughing by steam is a
more intelligent operation than ploughing by horse-power.
To be able to dig no training and no practice are required. A
ploughman has to learn hisbusiness; and a man mustgo through
a course of instruction before he can manage a steam-plough.

The work of a clerk of the works is of more intelligent
character than the work of the artisan under him, and the
superior intellicence consists in the greater number and
greater variety of the circumstances which he deals with,
and in the greater number and variety of the acts by which
he meets them. The navvy plies stroke after stroke, the
hodman ecarries hod after hod, the bricklayer lays brick upon
brick, each labourer goes through a narrow routine continu-
ally repeated,—a succession of similar acts adapted to similar
circumstances. But the work of the foreman, in checking
levels and plumb-lines, in adapting time and place of work
of one man to that of another, in taking the time and test-
ing the quality of work of his labourers, in getting proper
quantities of materials to proper places at proper times, in
oiving directions for future operations, and comparing the
work done with the plans, is a succession of many widely
different acts adjusted to many widely different circum-
stances. The occupation of a master builder is more in-
tellizent than that of his foreman, and again the superior
intelligence consists in the greater number and greater
variety of acts that are required to meet circumstances
that are more numerous and more diverse. To the task of
arranging the staff of men and the quantities and succes-
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f, instead of confining our attention to a single group
of operations, we view each man’s conduct as a whole, it
will be found that the same criterion is applicable and is
trustworthy. The labourer whose variety in life compares
unfavourably in his own estimation with that of an “ass
to a tinker,” is regarded ag leading a less intelligent life
than the artisan, the artisan than the overlooker, the over-
looker than the manufacturer, the manufacturer than the
statesman. The man who rises in the morning only to
hurry off to business, and who reaches home at night too
late and too tired to do anything but dine and go to bed,
leads a life which is less intelligent than that of one who
is employed in the same business, but who has leisure, and
spends that leisure in reading, in social amusements, in the
cultivation of art, and in municipal and political work.
And it is less intelligent because it is adapted to circum-
stances of fewer and less diverse kinds—because it is a less
complex adjustment to the environment.

The degree of the complexity of the adjustment 1s
itself a measure of intellicence, and it is roughly indicative
of the extension of the adjustment in time, in space, and in
speciality, as well as in the other features of advance—the
co-ordination and integration of adjustments of which Mr.
Spencer speaks. The wholeof these features in the adjustment
may be included under the single term of elaborateness, so
that when we speak of the advance in the elaborateness of
the adjustment of the organism to the environment, we
mean an advance of the particular form of intelligence that
has just been dealt with—an advance or extension of the
adjustment in Space, or in Time, or in Speciality, or in Com-
plexity, or in Generality, or in Co-ordination, or in Integra-
tion, or in some or all of these. It will be obvious that it
is to elaborateness in the adjustment of the organism to
the environment that the term intelligence is most usually
applied. That this is not the only form of superiority in
intelligence has already been shown, and other forms of this
superiority have now to be noted.
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Similarly we may see an eminent mathematician, a
learned historian, angling with all the paraphernalia that
Oxford Street can furnish, and yet landing fewer fish than the
village urchin, whose whole apparatus consists of a stick, a bit
of string, and a bent pin. The complicated instruments of
the professor require an elaborate series of acts to bring them
into use, the intellectuality of his operations is unguestionable,
but when all is done, the whole group of acts, far more
elaborate though it be, is less accurately adapted to the end
in view than those of the village lad. It is inferior in skill.

When a hole in the ground has to be filled and a
dozen cart-loads of earth shot into it, the operation is
one which does not admit of precision in the adjustment.
It does not matter whether the earth is clay or gravel, or
loam, or rubbish. A barrow-load, even a cart-load, more or
less, will not make much difference. The work is one
which does not require skill in the workmen, and the least
intellicent class of workmen are employed for the purpose.
When a tennis-ground or a bowling-green has to be levelled,
it will not do to dump the earth down anywhere; it must
be placed here or there. A barrowful put in the wrong
place makes a perceptible difference. And every kind of
earth will not do equally well. It must be good garden or
pasture loam, For this work, in which greater precision in
the adjustment is required, more intelligent workmen are
employed, as is evidenced by the fact that higher wages
have to be paid them. The operation of replacing a worn
plank in the flooring of a room is a work of still greater
precision. The new plank must not only be of a certain
wood, but it must have special dimensions. It must be of
just such length and breadth and thickness as to fill the
hiatus, and yet no more than fill it. A difference of a
quarter, of an eighth of an inch in the dimensions of the
board makes here a serious difference. And the board must
be placed in one particular position and no other. The acts
of preparing and placing it have to be adapted much more
precisely to the circumstances than in the previous cases,
and the intelligence required is greater. When a damaged
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turf, we do not mean that he exhibits a want of intelligence
i any of the senses in which the word has yet been used.
In so far as he is forming new adjustments to new sets of
circumstances with which he has never before been brought
into contact, he is displaying not less but more intelligence
than if he remained at home to carry on the routine of his
shop or his bench. The circumstances that he now deals
with may be more complex than those of his business. The
different horses, their pedigrees, the characters and perform-
ances of their progenitors, their previous exploits, their train-
ing and condition, their fitness for this or that particular
course, the reputation of their owners, the fluctuations of the
odds, and the relations of his own bets to one another, may
constitute a far more complex aggregate than the circum-
stances of his previous business; and his adjustment to
these more complex circumstances, being more elaborate,
will be more intelligent, than that which he displayed before.
But we consider his conduct on the whole as foolish, because,
in spite of the greater ingenuity and greater elaborateness of
his new occupation we regard it as less likely to conduce to
his ultimate welfare than that which he has discarded. We
admit that he may be clever, but we say that he is wanting
iIn prudence or common sense. If, however, he makes
a eoup in his new occupation, and, having gained a round
sum, retires from the turf, the judgment is modified. He
returns to circumstances of less novelty and less complexity ;
he has less scope for the exercise of ingenuity and cleverness ;
but his return is considered to evince more of this fourth
form of intelligence which is called common sense than if
he had pursued his sporting avocations. And it is so con-
sidered because it is judged more likely to conduce to his
welfare.  If he remains on the turf and loses his winnings,
we regard our first judgment as confirmed ; but if on the
other hand he succeeds in making a fortune, the judgment
is modified, and we now acknowledge that he pursued the
most sensible course—the most intellizent course, by con-
tinuing his new occupation—we acknowledge that course by
which the organism attains the most benefit to be the most






186 FUNCTIONS OF THE NERVOUS SYSTEM PART 11

It will be obvious that conduct which is so adjusted
to circumstances as to secure from them the greatest
benefit, must be conduct precisely adapted to secure this
end ; and hence this form of intelligence is, strictly speaking,
included in the last; in other words, a high degree of com-
mon sense, or prudence, or shrewdness, is a high degree of
skill of a special kind—of skill in conserving the organism.
This special form of skill is, however, so important, and is,
moreover, to so large an extent independent of other forms
of skill in its development, that it is fully entitled to a
separate consideration and o be regarded as a special form
of intelligence equal in rank to the other three.

It is this fourth form of intelligence, this shrewdness or
common sense, that is the distinguishing characteristic of
the “ practical ” man, and its importance and value, actually
great, are exaggerated by him into overweening supremacy.
He regards it as the most important of all forms of intelli-
gence ; and he is right in so far as it is the form which is of
primary necessity. Without shrewdness, ingenuity, clever-
ness, and skill are—not useless—but of little advantage to
the individual. They are not useless, for although alone
they will not ensure the survival of the individual in the
struggle for life, yet they may enable him to achieve
important results for the community or the race before he
succumbs to adverse circumstances. And those who have
great originality and skill with little shrewdness, are often
disposed to value results obtained for the community or the
race far above results gained for themselves alone.

The chief feature of shrewdness, and the feature which
gives fo it an irrefragable claim to rank co-ordinate with and
to consideration separate from the forms already treated of, is
this—that it is this form of intelligence whose disorder con-
stitutes insanity.

However deficient a man may be in either of the other
forms of intelligence, he is not considered insane unless this
last form is defective ; and when there is defect in this, he is
allowed to be insane in however hich a degree he may
exhibit those other forms.
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not of itself regarded as proof of insanity, so neither is dis-
order or undue preponderance of either of these forms of
intellizence accepted as proof. <

The multitude of circle squarers, of discoverers of per-
petual motion, and of geocentric fanatics, who vex the souls of
richteous mathematicians, may be regarded as persons in
whom the faculty of originality is disordered, or, more strictly,
is out of proportion to their skill. They discover and redis-
cover ways, that to them are wholly novel, of solving these
problems, but they are unable to appreciate that the prob-
lems are insoluble. They effect adjustments of considerable
originality, but these adjustments are not accurately adapted
to circumstances. They possess much ingenuity but little
skill.  Still, faulty and inaccurate as their adjustments are,
no one would dream of calling such people insane, so long
as their business was successfully conducted and their homes
properly maintained—so long, that is to say, as they con-
trived to extract from their circumstances a due amount of
benefit. DBut if they neglect their business to spend their
time in arguing with obdurate scientists; if they spend
on instruments and apparatus the money that should feed
and clothe their children ; if, in short, they exhibit a failure
of the fourth form of intelligence, guestions are immediately
raised as to their sanity. And if, in their devotion to their
theory, they lose their situations or bring themselves to
bankruptey, a jury would certainly decide that they were of
unsound mind.

Similarly, disorder of that form of intelligence which is
called cleverness is not of itself sufficient to constitute
insanity. Were it so, every instance of forgetfulness
would be evidence of dementia; every mistaken recollec-
tion a delusion; every erroneous act a mad one.

Neither is disorder of skill any evidence of insanity,
or every mistake—every failure would be such evidence.

As on the one hand, defect and disorder of the three
first forms of intelligence do not of themselves constitute
insanity, so on the other insanity may coexist with a high
degree of any of these forms of intelligence. A lunatie is
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eriterion of sanity was the suecess of the man in obtaining
benefit from his circwmstances. So long as the balance was
in his favour, the question of his sanity did not arise.
When he began to decline in wealth, people began to
whisper that he was “not right.” When he came to dire
poverty, every one thought him mad; and when he rose
again to affluence, every one admitted the falseness of the
imputation.

It is thus seen that the term dntelligence, as applied to
acts, or to the connected series of acts subserving a single
end that we term an pperation, or to the aggregate of opera-
tions that constitute conduct, is a term of wide and varied
application, being commonly used, even in psychological
writings, in at least four different senses; and it is scarcely
necessary to insist on the importance of distinguishing
which of these senses is attached to the term in any given
case. .These connotations of the term are, it i1s to be
observed, entirely distinet from that which it bears when
applied in subjective psychology, in which case it means the
cognitive side of mind as distinguished from feeling,
[t has already been sufficiently remarked that the several
forms of objective intelligence, as here distinguished, do not
bear any constant or invariable ratio to each other, and it
may serve to place the different forms in a clearer light,
and to demarcate their distinctions, if we consider the
different characters that result from their combination in
various proportions.

The power of forming novel adjustments to cireumstances
must be possessed by all in some degree, since the circum-
stances of no two people are precisely alike; but the possession
of a high degree of this faculty—the power of forming adjust-
ments widely different from previous adjustments—is rare,
and the combination of a hich degree of this faculty with a
high degree of elaborateness and accuracy is the highest and
rarest of all intellectual gifts. It is this that econstitutes
genius. A genius is one who originates extremely novel
ways of dealing with circumstances, and who adjusts these
novel operations to the end in view with such accuracy as
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that, appear useless. A house built in a new style of
architecture, or a garden laid out in an unaccustomed way,
loses its baptismal title, and is known only as So-and-so’s
folly. People who possess a good deal of originality, with
but little skill, form the noble army of unappreciated
geniuses. High originality and great precision in the adjust-
ment of acts to ends in those matters in which the origin-
ality is displayed, by no means necessarily coexists with
skill in extracting benefit from circumstances. The unthrifty
reckless lives led by many men of genius are matters of
common notoriety ; but that there is no necessary antagonism
between genius and shrewdness is shown by the existence
of several eases, notably those of Rembrandt, Marlborough
and Bacon, in which both have been highly developed.
Persons who are unable to form adjustments of a
moderate degree of elaborateness are called stupid, and if the
term is applied in this sense, the phrase, “a stupid fool,”
ceases to be a tautologous expression of dislike, and connotes
two mental qualities which, though not contradictory, have
a certain contrariety to each other. A person who is unable
to originate novel adjustments to circumstances cannot be a
fool, and is not necessarily stupid. To justify the applica-
tion of the phrase in a descriptive sense, a person must have
decided originality, with a low degree of skill and but little
of what is ordinarily termed ability or cleverness. He must
be unable to make elaborate adjustments. Those in whom
an ability to form highly elaborate adjustments coexists, as
it ordinarily does, with oreat accuracy of adjustment, form
the laree and inereasing body of clever men. This class of
character is peculiar in its steady advance as time goes on.
Each generation of the human race contains a greater num-
ber of clever men, and the standard of ability is continually
rising. The exceptionally clever man of the last generation
would now find himself far from exceptional, and the execep-
tionally clever man of the present generation is far in
advance of him. The other forms of intelligence, while they
show some rise in standard and some more general diffusion,
are far behind cleverness in their degree and rate of increase.






CHAPTER VIII

THE NERVOWS MECHANISM OF CONDUCT

THeE adjustment of the organism to the environment is
effected by movements resulting from nervous processes, and
the nerve-regions in which these processes take place must,
it is clear, represent the entire organism ; for if they repre-
sented a part only, then this part alone would be adjusted
to environmental conditions. It has already been shown
that the region of the organism represented in a nervous
centre becomes more and more extended, the higher the
centre is situated in the hierarchy, and hence we are
prepared for the conclusion that in the highest centres of
all the whole organism is represented. The problem now
before us is this: What is the process in these highest
nervous centres by which the acts of the organism are
adjusted to external circumstances? We have already seen
the mechanism by which acts are effected. The additional
factor that we have to consider is their appropriateness
to the circumstances in which they occur. Such adaptation
of acts to circumstances can only be brought about by an in-
flnence—a moulding and modifying influence—exercised by
the circumstances on the organism. So that there is action
and reaction. Action of the environment on the organism,
and reaction of the organism on the environment; and the
character of the action determines the character of the
reaction. The question is: How is this reaction suitably
modified by the character of the action ? Clearly an impress
on the organs of sense is transmitted to the highest nervous
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one must be sought. This time the traveller turns to the
richt, and in this direction his way is unobstructed. Now
the giving way, or surmounting or turning of an obstruction,
is at once followed by an increase in the general intensity
of the nervous discharge. The form becomes more erect, the
eye opens wider, the features brighten. At the same time
this general angmentation of the nervous discharge produces
accelerated progress in the direction now found unobstructed.

Such is the way in which a new adjustment is made to
circumstances—the method of trial and error. The process
in the nervous system that accompanies and actuates this
adjustment is as follows :—On arrival at the obstruction the
impression made by the whole situation on the organs of
sense travels to the highest nervous regions. Arrived here
it permeates those channels and arouses those activities that
have been similarly excited by similar previous experiences.
By hypothesis no previous experience has been precisely
similar, but many have had characters in common,—that is
to say, no obstruction has been met with in precisely similar
circumstances, but many obstructions have been met with
in circumstances somewhat similar. Hence the activities
aroused are those generally suitable to all cases of obstruec-
tion,—that is to say, activities tending towards surmounting,
turning and retirement. DBetween these activities there is
a momentary struggle for preponderance, but since in previous
experiences of obstruction, those obstructions that most
resembled the present have been overcome by turning, the
preponderance is at once gained by the activities directed
towards turning, and those directed towards surmounting
and retreat sink into quiescence. So far the course to be
pursned has been determined by previous similar actions in
previous similar circumstances, but we have now arrived at
the differentia between this and all previous experiences.
No previous experience indicates whether, in the case
supposed, the turning should be to the right or to the left.
It is at this point that the novelty of the adjustment begins.
What is the process?  Activities are aroused tending to
produce a turning to right and turning to left. The turning
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This consequent reaction occurs by virtue of the channel of
communication formed between the region aroused into
activity by the impress of the circumstances and the region
whose activity produces the reaction. And this channel of
communication is formed by the gush of discharge that
accompanies an act that is successful. Hence it is by a
strictly physiological law that successful acts tend to be
repeated, and that unsuccessful acts tend to be suppressed.
By hypothesis there has been no previous experience
precisely similar to the present experience, but by hypothesis
there have been many previous experiences (of obstruction),
which have had much in common with the present ex-
perience. The impressions made by the present ecircum-
stances on the organs of sense may, therefore, be divided
into those that are common to the present and other eircum-
stances, which are by far the more numerous, and those that
are peculiar to the present occasion. DBoth groups of im-
pressions set up combinations of nerve-currents, which pass
directly by the most permeable route to the highest nerve-
regions. For the first group the most permeable route will
of course be the route that has been previously travelled by
previous similar impressions, and this route will conduet it
to a receiving region of gray matter which has previously
received and been modified by innumerable similar currents.
This region has, under similar provocation, discharged many
times before in several directions, each discharge passing to
a motor region representing some form of bodily activity.
The paths leading to those regions whose activity was in
previous cases unsuccessful will have been seldom traversed,
and will be but slightly permeable. The paths leading to
regions whose activity was in previous cases successful will
have been often traversed, and will be freely permeable.
Henee it is into the latter paths that the discharge of the
receiving regions will in the present case most freely flow,
and it is thus that the activities of turning are provoked.
Turning to right and turning to left having been in the long
run about equally successful, and therefore equally frequent
in previous cases, there will be no spontaneous tendency for
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new circumstances which arouse the activities. Let us take
a case. Here are two cattle-breeders who find that their
stocks are not fattening as fast as is desirable. This is a
circumstance that has often occurred before, and in the
first breeder it arouses the habitual reaction—the adminis-
tration of more food. The circumstance to be met is the
inadequate proportion between assimilation and waste, and
the factor in the circumstance that arouses this course of
conduct is the deficient assimilation, which is met by the
administration of more food. But in the second breeder
the factor that arouses activity is the excessive waste, and
he deals with this case as he has dealt with other cases in
which material has diminished owing to excess in the pro-
portion of waste over addition. He recognises that the
waste is due to undue loss of heat owing to ruinous and
draughty houses, and instead of increasing food he builds
his cattle better quarters. Thisis a more original way of
meeting the circumstances than the previous way, and it is
s0 because the factor that arouses the aectivity is a factor of
more comprehensive and fundamental importance. While
the first man looked merely to the factor of amount of food,
the second looked at the question as a matter of proportion
hetween food and waste. The activities aroused in the first
case were those simple activities represented by previous
experiences, that a thing increases when it is added to; but
the activities in the second case were the more complex and
fundamental and uncommon and accurate activities that are
represented by the experiences that a thing increases only
when more is added to than is taken from it. The way of
meeting the circumstance is a new way when adapted to
that particular circumstance, though it is old as adapted to
other and simpler cases. The novelty of the adjustment
consists in applying to a new and superficially different
eircumstance, a course of action found successful in eireum-
stances fundamentally similar.

Once this reaction has been aroused by this set of cir-
cumstanees, the change in the nervous system will be such
that not only will in future the same activity be aroused with
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mastery and passes from the nascent state into actuality,
there can be no movement of the organism—mno action.
Hence we should expect to find that an original course
of conduct is preceded by more hesifation than an habitual
course of conduct ; and this is confirmed by experience.

It has been seen that the whole physical foundation of
intelligent action is the effect which the passage of a current
of mervous discharge has in clearing a channel between two
nerve-regions, When an activity follows an impression, it
is because a current has been set up from the nerve-region
in which the impression is received to the nerve-region
which represents the activity. If this particular activity
has never before followed this particular impression, there
is no established channel between the two for the current
to follow. The draught of nervous energy penetrates the
around substance of the gray matter or passes by eireunitous
routes from the one region to the other. But as it passes, it
scours out a channel, so that on the next occasion that the
impression is received, the discharge follows more readily
the same route to the same destination. And each succes-
sive discharge of the region receiving the impression passes
with greater facility than the previous discharges, and by
its passage renders it an easier matter for the next discharge
to pass to the region representing the activity.

Thus is laid the structural foundation for the passage
of new acts into habitual acts. The new act is performed
with hesitation, which is the interval that elapses while the
conflict between the various nascent activities is going on.
The habitual act is performed without hesitation, for now
that there is a definite and restricted channel of communi-
cation between the two nerve-regions concerned, there is no
diffusion of discharge on its route, and consequently no
arousing of other activities, no conflict and no hesitation.
With the continued and repeated recurrence of the sequence
between the impression and the act, the nerve-regions that
represent them become connected by an organised process
so complete and so readily evoked that the energising of
the one brings about the energising of the other with me-
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form an existence which has no place among the existence
with which the rest of the sciences deal. Though accumu-
lated observations and experiments have led us by a very
indirect series of inferences to the belief that mind and
nervous action are the subjective and objective aspects of
the same thing, we remain utterly incapable of seeing, and
even of imagining, how the two are related. Mind still
continues to us a something without any kinship to other
things; and from the science which discovers by intro-
spection the laws of this something, there is no passage by
transitorial steps to the sciences which discover the laws of
these other things.”

I do not propose here to enter on an exhaustive analysis
of mind. Without implying that a thorough acquaintance
with such analysis is unimportant to alienists, for whomn this
work is primarily intended, it may be omitted here for two
reasons : first, because it has been admirably done by many
previous writers ; and, second, because, while all introspective
psychology is important to the alienist, some portions of the
science are of special and urgent importance, and these are
the very portions which have not hitherto been brought
into a condition adapted to his needs. To these portions,
therefore, his attention will be mainly directed.

A topic even so isolated as that of subjective psychology
admits of being regarded from more than one point of view ;
and according to the aspect on which it is considered, the
treatment of it may conveniently be divided. States of

consciousness may be viewed from a purely introspeective

standpoint, and with reference solely to their comparison
with one another; as, this feeling is more pleasurable than
that, or that is more vivid or more voluminous than this;
or such a judgment is more complex than such an other, or
such a thought is of unusual novelty. This way of viewing
states of consciousness takes account formally and directly

of nothing but the states of consciousness themselves. The

view is confined to the interior of the mind itself and does
not explicitly refer to anything beyond its limits. Another
way of viewing states of consciousness.is to regard them in

/ S ¥
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from members of the other. Let us, in the first place, con-
sider what are the characters which all Feelings have in
common, and what are the characters which all Relations
between feelings have in common,

“ Each feeling, as we here define it, is any portion of
consciousness which occupies a place sufficiently large to
give it a perceivable individuality ; which has its individu-
ality marked off from adjacent portions of consciousness by
qualitative contrasts; and which, when introspectively con-
templated, appears to be homogeneous. These are the
essentials, Obviously, if under introspection, a state of
consciousness is decomposable into unlike parts that exist
either simultaneously or successively, it is not one feeling,
but two or more. Obviously, if it is indistinguishable from
an adjacent portion of consciousness, it forms one with that
portion—is not an individual feeling but part of one. And
obviously, if it does not ocecupy in consciousness an appreci-
able area, or an appreciable duration, it cannot be known
as a feeling,

“ A relation between feelings is, on the contrary, charac-
terising by occupying no appreciable part of consciousness.
Take away the terms it unites, and it disappears along
with them ; having no independent place, no individuality
of its own. It is true that under an ultimate analysis, what
we call a relation proves to be itself a kind of feeling—
the momentary feeling accompanying the transition from one
conspicuous feeling to an adjacent conspicuous feeling. And
it is true that notwithstanding its extreme brevity, its quali-
tative character is appreciable ; for relations are (as we shall
hereafter see) distinguishable from one another only by the
unlikenesses of the feelings which accompany the momentary
transitions. But the contrast between these relational feel-
ings and what we ordinarily call feelings is so strong that
we must class them apart. Their extreme brevity, their
small variety, and their dependence on the terms they unite,
differentiate them in an unmistakable way.”

From the introspective standpoint, the feeling and the
relation between two adjacent feelings are the only elements
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into a single state so completely that we speak of a chord of
music as a single sound. The three states have become con-
solidated into one. And now note that this new state thus
composed 1s a feeling ; a compound feeling it is true, but still
a feeling ; and being a feeling it may enter as a unit into
the composition of a new relation. Suppose that one chord
is followed by another. Then, precisely as in the case of a
single note followed by another, there is a feeling, followed
by a feeling and separated by a relation, and, as in the pre-
vious case, either the feelings or the relation may chiefly
occupy the consciousness—may be the prominent component
of the conscious state. If the sound of the first chord is
represented by (F#F) and the sound of the second by
(F'#' ¥'), then the state of consciousness constituting the
cognition of a similarity or difference in loudness, or pitch
of the two compound sounds would be represented by
(FrF)R(F' + F).

But these are not the only relations that can be estab-
lished between the two chords. Consciousness may be
occupied with the similarity or difference of the interval
between the first pair of notes to the interval between the
second pair. The interval between the first pair may be a
third, and the interval between the second pair a fifth ; and
consciousness may be oceupied with the relation between
these two intervals. But each of these intervals is itself a
relation between the pitch of one note and the piteh of
another.  In this case, therefore, consciousness is occupied
with a relation between relations, which may be represented
by the symbol C=(f R f) R (/' R’ ).

We may imagine each of the terms of this relation to be
composed of the feelings aroused by chords of three or more
notes, each additional note adding to the complexity of the
feeling aroused by the chord into which it enters; each more
complex chord adding to the complexity of the relation of
which it forms a term; and each more complex relation
consolidated into a feeling, adding to the complexity of the
relation of higher order of which, when so consolidated, it
forms a term. When to differences of pitch, interval and
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Mr. Spencer has already dealt with this subject
(Principles of Psychology, §§ 64, 210, 211, ete.), but its
importance is so great that it will be advisable to enforce
and emphasise it by a more extended treatment.

“If all mental phenomena,” says Mr. Spencer, “are
incidents of the correspondence between the organism and
its environment ; and if this correspondence passes insensibly
from its lowest to its highest forms ; then we may be certain,
¢ priori, that no orders of Feelings can be completely dis-
entangled from other phenomena of consciousness. . . .

“ Before proceeding to the synthetic interpretation it may
be well to remark that, even in our ordinary experiences,
the impossibility of dissociating the psychical states classed
as intellectnal from those seemingly most unlike psychical
states classed as emotional, may be discerned. While we
continue to compare such extreme forms of the two as an
inference and a fit of anger, we may fancy that they are
entirely distinet. But if we examine intermediate modes of
consciousness, we shall quickly find some that are both
cognitive and emotive. Take the state of mind produced
by seeing a beautiful statue. Primarily, this i1s a co-ordina-
tion of the wisnal impressions which the statue gives,
resulting in a consciousness of what they mean ; and this
we call a purely intellectual act. But usually this act
cannot be performed without some pleasurable feeling of
the emotional order. Should it be said that this emotion
arises from the many ideas associated with the human form,
the rejoinder is, that though these aid in its production, it
cannot be altogether so accounted for, seeing that we feel a
kindred pleasure on contemplating a fine building. If it be
urged that, even in this case, collateral states of conscious-
ness are induced which suffice to explain the emotion, then
whence results the gratification given on looking at a simple
curve, an ellipse or parabola? The manifest difficulty in
disentangling the cognitive from the emotive in these cases
becomes in other cases an impossibility. Not only does the
state of consciousness produced by a melody show us cogni-
tion and emotion inextricably entangled, but the state of
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consciousness of the changes is in antagonism with con-
sciousness of the states between which they oceur. So that
perception and sensation are, as it were, ever tending to
exclude each other, but never succeeding. Indeed, con-
sciousness continues only in virtue of this conflict. Without
the primary affections of consciousness there can be no
changes from one primary affection to another; and without
changes from one to another there can be no primary affec-
tions, since in the absence of changes consciousness ceases.
Neither consciousness of the changes, nor of the affections
between which they occur, can exist by itself. Nevertheless,
either may so predominate as greatly to subordinate the
other. When the changes are so rapid that the states
forming their antecedents and consequences do not last for
appreciable times, consciousness is almost wholly occupied
with changes—with the relations among sensations; sensa-
tions arve present so far only as is needful for the establish-
ment of relations among them, and we have that condition
of consciousness called perception. On the other hand,
when the states forming the antecedents and consequents of
the changes have considerable persistence, or rather when
they are not permanently destroyed by the changes but
continually return, and are thus broken by the changes only
so far as is needful to maintain consciousness—when, there-
fore, some one of them, by its continued recurrence, greatly
predominates over others, then there results the condition
of conseiousness called sensation.”

Myr. Spencer then goes on to show that what is true in
these lowest regions of Mind, in which consciousness is
oceupied with simple sensations and perceptions, is equally
true in the higher and highest regions, in which the subject
of consciousness is the complex combination of many of
these simpler states, and he concludes by stating that
“cognition and feeling throughout all phases of their
evolution are at once antithetical and inseparable.”

While fully agreeing with Mr. Spencer’s general conclusion
that cognition and feeling are inseparable portions of one pro-
cess, I think that his statement requires an addition and a
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gradations, there the cognitive element sinks into insigni-
ficance. On the other hand, when feeling is sharply
limited, it must be by the juxtaposition of another feeling,
and the change from one feeling to the next,—that is, the
prominence of the cognitive element, is great in proportion
to the sharpness of the limitation between the feelings.
The suddenness of the change, although a very important
factor, is not, however, the only factor which determines its
conspicuousness. 1t is evident that if two feelings are both
of them insignificant, however sudden may be the change
from one to the other, the relation between them cannot be
a conspicuous one. The difference between a white paper
and one having a very faint shade of yellow may not be
apparent at all unless the two are viewed in rapid alterna-
tion ; and the more rapidly the one is substituted for the
other, the more likely is it that the difference will he
recognised,—that is to say, the more conspicuous becomes
the cognitive element. But this is not all. If both the
papers are very small, a difference may remain unrecognised
which will become apparent when larger areas are seen,—
that is to say, the conspicuousness of the cognition bears a
direct relation to that of the feelings between which it
subsists. For a conspicuous change to oceur, one at least of
the feelings that bound it must be of considerable magni-
tude. Here, then, there i1s a direct relation between the
prominence or intensity of thought and that of the accom-
panying feeling.

It may also be shown that the complexity of feeling has
a direct relation to the complexity of thought. “In the
development of Mind,” says Mr. Spencer, “there is a pro-
aressive consolidation of states of consciousness. States of
consciousness once separate become indissociable. Other
states that were originally united with difficulty grow so
coherent as to follow one another without effort. And thus
there arise large aggrecations of states, answering to complex
external things—animals, men, buildings—which are so
welded together as to be practically single states. But this
integration, by uniting a large number of related sensations
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is a compound radical. Thus the more highly developed
feelings contain as an integral part of their constitution hoth
feelings of a lower order and relations between them——hoth
feelings and cognitions. And the more highly evolved the
compound feeling, the more numerous are the simple feel-
ings that compose it; and the more numerous the com-
ponents, the more numerous must necessarily be the total
number of relations in the group, supposing these relations
to be as simple in the higher feelings as they are in the
lower. DBut they will not be equally simple. A highly
complex feeling is composed not of simple feelings directly
ageregated together, but of feelings that are already com-
pound in a less degree. It is not a group of simple feelings,
but a group of groups. Such an arrangement must, it is
obvious, contain many more relations than a mere agaregate
of simple feelings,—that is to say, the more complex the
feeling, the greater the number of cognitions that it contains.
Again, as the simple feelings that go to make up a complex
feelinc become more numerous, relations which are, as it
were, their dividing lines must be not only more numerous also,
but must in their agorecate bear a greater proportion to the
whole. And if these simple feelings are already grouped in
minor combinations before their incorporation into the more
complex feeling, then the dividing lines of the groups must
be added to those of the individual feelings, and must still
further increase the proportion which the ageregate of
relations bears to the aggregate of feelings,

That the character of a compound feeling depends as
much upon the mode of arrangement of the constituent
feelings as upon their nature, admits, T think, of @ posterior:
proof. The group of presentative-representative feelings
which go to make up the concept of a handsomely marked
cobra di capello may be compounded into the feeling of
Fear, or into the feeling of Beauty, and of both of these
feelings several shades of difference may exist. The com-
ponent elementary feelings are the same in each case, and
the difference in the resultant compound feeling can be due
only to differences in their arrangement. A familiar illus-

=
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which 1t subsists; and if the transition be considerably
prolonged, the relation may attain, in addition to its relational
- character, a character as feeling indistinguishable from theirs.
It is easy to show that such a prolongation must oceur, as
the terms between which the relation subsists become more
complex—that is, as thought becomes more developed. The
change from one simple state of conseiousness to another
simple state—from one sound for instance to another, or
from one colour to another—can be effected with such
rapidity as to be virtually instantaneous, and the feeling
accompanying the change from the one state of mind to the
other is a feeling of change only—a pure cognition, But
it is different when the change is from a complex group
of sensations and cognitions to another such complex
group. When one term of the relation is the group of
sensations and cognitions which goes to make up the con-
sciousness of a cobra di capello in a certain position, and
having a certain freedom of access, and the other term is
the group which makes up the consciousness of the deadly .
effects of its bite, it results that not only does each com-
ponent term occupy a larger field of consciousness, but that
the change from the one term to the other can no longer be
effected with the instantaneous rapidity of the former ease.
Of the various component states and relations of the
antecedent group some will be more persistent than others
—will disappear from consciousness more slowly — will
linger in consciousness slightly longer than others. Similarly
of the term to which the change is made, some elements will
be more conspicuous—will sooner arrest attention—will
slichtly precede the rest in consciousness. In other words,
the change from the antecedent state or group of states of
consciousness to the consequent state or group, will occupy
time. And a state of consciousness which occupies an
appreciable period of time is a feeling. Furthermore, not
only is the antecedent state of consciousness as a whole
brought into relation with the consequent state as a whole,
but when the states are compound, some of the several parts
of the one are brought separately into relation with some of



CHAP, 1X THE CONSTITUTION OF MIND 223

the parts of the other. It is impossible, for instance, to
think of the cobra biting except as using his teeth, nor is it
possible to think of being bitten without some localisation
of the part bitten as here or there. Now since consciousness
is a serial succession, these several minor relations cannot
be established simultaneously. They must pass through
consciousness successively, and the succession, however rapid,
must occupy some time. There are therefore two conditions
which tend to prolong the duration of the higher forms
of cognition, and thereby to give to these cognitions an
additional character as feeling ; and the higher the develop-
ment of the cognition, the more pronounced must this
tendency become. When at last we reach concepts of a
very high degree of complexity, the feeling that accompanies
them attains a position of co-ordinate importance, and is
often confused with them:; and when at last we reach
concepts of a very high order, the cognition and the feeling
are scarcely separable even on careful introspective analysis,
Having shown from the subjective side that cognition
and feeling must become more inextricably blended the
more highly each of them is developed, let us now turn to
the objective aspect and show that they do become so.
Feelings, we find, which have no definite limitation
either in time or space—which, therefore, arise and fade
gradually and without sudden change—are attended with
the least accompaniment of cognition. Such a feeling arises
on the gradual transition from a cooler to a warmer air.
With a developed intelligence the feeling is cognised as due
to a change in the environment, but the feeling is the same
in kind and degree whether it is attended by the cognition
of the external agency, or whether it occupies consciousness
merely as’ pleasurable feeling without any such cognitive
accompaniment, Doubtless, the feeling, to be pleasurable,
must be perceived in the colloquial sense of the term, but
scientifically, perception is a case of the correspondence of
inner with outer relations, and in the case supposed there is
no such correspondence, and therefore no true perception.
A fish enveloped by a warmer stratum of water will experi-
P
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ence an analogous feeling, but no one will contend that the
fish cognises the increased temperature of the water as the
agent which arouses the feeling. In sucha case as this the
féeling arises and subsides gradually—has no definite limita-
tion in time; and affects all parts of the surface of the body
alike—has no definite limitation in space. It therefore
presents the minimum of conditions for cognition, and the
cognitive element of mind is present in insignificant amount.
Nevertheless this element is not wholly wanting ; for since
the medium directly affects the surface only, there will arise
some contrast, however vague, between the feeling 1t
arouses, and the feelings initiated in other parts of the
organism, and from this difference will result some vague
perception of “outness” which will be the sole representa-
tive of the cognitive side of mind.

When we rise from feelings thus vaguely determined to
feelings determined by agents that have definite limitations
either in Time only, as the feelings of sound, or in both Time
and space, as the feelings of touch and sight, we pass at once
from feelings in which cognition is absent to feelings of which
cognition forms an inseparable accompaniment. Feelings,
such as those of sound, which are limited in Time only, are
those with which the least intellectual element is associated,
and from which such intellectual element as there is can be
with least difficulty dissociated. Sound is the state of con-
sciousness which corresponds with and is aroused by the
action of an aerial vibration in the environment. A melodi-
ous tone gradually arising and gradually dying away, arouses
a pleasurable feeling which may appear to be almost desti-
tute of cognitive elements, but it will be admitted that it 18
impossible to experience such a feeling without some more or
less definite concept of its mode or place of origin being
formed ; or if this be denied, which I think it ecannot justly
be, yet it is certain that such a feeling is referred to some
agency external to the organism—is thought to be produced
by an object, and this objectifying of the cause is a process
of cognition. The exclamation, What's that! which is
elicited by a sound suddenly produced—that is to say, sharply
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gotten. Although cognition accompanies the feeling, it plays
such a subordinate rdle that it is unnoticed until attention
is specially called to it. Furthermore, and this is the most
important aspect of the relation between them, the feeling
and the cognition are virtually simultaneous in their origin.
The cognition of surface, though consciously or sub-conseiously -
it is always present with the feeling of colour, does not pre-
cede the feeling.

With the next class of feelings cognition rises to a posi-
tion of greater prominence, and becomes not only an
integral constituent of the feeling, but even an antecedent
necessity. The occurrence of the feeling depends on the
previous formation of the cognition. Take away the cogni-
tion and the feeling vanishes. Take, for instance, the feel-
ing of Fear. Fear is that state which is aroused by a
certain relation to the organism of a certain class of agents
— Dby the accessibility of the organism to noxious agents of
superior power. In this, as in every other case in which a
feeling is- aroused, not by the action of an agent upon the
organism, but by the specialised relation which the agent
bears to the organism, it is evident that before the feeling
can be experienced the relation must be cognised. An un-
perceived relation is nothing. It may exist, but if it is not
known, there can be no corresponding feeling. Take a
concrete case. A man feels no fear on meeting a small
dog in the street unless he knows or suspects—cognises
more or less certainly—that the dog is rabid, Only when
this cognition is effected does the feeling come into exist-
ence. Again, a man who views out of a high window a
rabid dog chained in the yard below feels no fear. Horror
he may feel, but not fear; and why not? Because the
relation of accessibility of himself to the dog is not only
absent, but is cognised as absent. If the man were in the
yard with the dog, however securely the dog might be
chained, yet if the man did not know that he was secure,
he would still feel fear. Similarly, if he thought the dog was
mad he would be afraid, even though it was actually healthy.
Hence, for fear to be felt, a double process of cognition is
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disorder without the complementary element of mind suffer-
ing disorder also. The answer of the practical man may
be anticipated. “It is all very well,” he will say, © for you
to tell me that delusions can’t exist without disorder of
feeling, and that moral insanity can’t exist without disorder
of the intellect; but I know as a fact that they do exist
alone, and facts are proverbially stubborn. Here is a case
of the one and there is a case of the other, and you can’t
argue them out of existence.” Certainly not. What is
here contended for is that more exists in these cases than
the practical man recognises. As feeling and thought are
different factors of consciousness—as the same elementary
constituents may compose a feeling or a thought according
as the one or the other attains preponderance—it cannot be
denied that a disorder may weigh with preponderating stress
upon the one element or upon the other. What is denied
is that the disorder can be limited solely to either. The
answer to the practical man’s assertion that he can adduce
cases of the independent disorder of feeling or of thought,
is that a thorough investigation directed to this end would
have brought out evidence of disorder of the other factor
of consciousness; and he may be, and hereby is, challenged
to produce one case so investigated in which such evidence
was wholly absent.

Reference has been made in a previous chapter to the
representation of a movement in a nervous centre, and this
use of the term representation was then fully expanded.
The same term is used in an entirely different sense in
subjective psychology, as must now be explained. On in-
trospective examination states of consciousness are found to
be divisible into two great classes according as they are
vivid or faint. When I see a mass of green, I have a feel-
ing of the vivid order. When I shut my eyes and think
of the green, I have a feeling of the faint order. When I
hear a sound, I have a feeling of the vivid order; when I
think of it during silence, I have a feeling of the faint
order. When I perceive a cow, the percept belongs to the
vivid states; when I think of the cow, the thought






CHAPTER X
THOUGHT

THOUGHT or cognition may, as has been said, be regarded
from two aspects. It may be regarded as the process of
establishing a relation between feelings or clusters of related
feelings ; or it may be regarded as the process of establishing
relations in the organism in correspondence with relations
in the environment. And similarly cognitions or thoughts,
which are the states resulting from the process of cognition
or thought, may be regarded either as relations between
simple or compound feelings, or as relations in the organism
corresponding with relations in the environment. When I
think that my remembrance of last night’s conversation is
more vivid than my remembrance of a conversation of a
month ago, I am dealing with the relation between one state
of consciousness and another state, between one remembrance
and another remembrance; but so long as I do not take account
of the correctness of my reminiscences, so long I am taking
a view that is wholly introspective, and am disregarding
the correspondence of my mental states with the environ-
mental conditions to which they refer. When, however, I
ask myself whether my statement was correct that the
currents round the north pole of a solenoid go in the diree-
tion of the earth’s revolution, I am taking a view that is
no longer wholly introspective. I am now asking whether
the relation in my mind (the concept of the direction of
this revolution is similar to the concept of the direction of
that) is in correspondence with the relation in the environ-
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press. DBoth the purely introspective view of mental
relations, and the view which regards them in correspond-
ence with their environmental counterparts, are of vital
importance, not merely to the general student of mind, but
also and especially to the alienist; for the first enables him
to divide the whole class of cognitions into groups of
manageable dimensions, while the second teaches him to
investigate the precise form of disorder that may affect any
thought or group of thoughts, and to say precisely in what
manner and to what degree it is disordered.

I want my purse. I remember that it is on the mantel-
piece, and I go and find it there. What is the nature of
the mental operation that I call “ remembering ” the position
of the purse? If is the occurrence of a relation between
the idea or mental image of the purse and the idea of a
certain locality. These two ideas arise in contiguity to one
another ; they cohere, so that the rising of one of them into
consciousness drags the other after it. I can if I please
dissociate the two ideas. I can bring the mental image of
my purse into relation with other mental images. I can
think of it as on the table or on the hookease, but these
relations are feeble. The ideas do not cohere with the
tenacity of the first pair; and when I wish to get the purse
I go meither to the table nor the bookecase but to the
mantelpiece. Why does the mental image of the purse cohere
more tenaciously with that of the mantelpiece than with
any other? DBecause, we say, the purse was last seen
there; because I remember putting it there. In other
words, the idea of the purse arouses more readily and coheres
more tenaciously with the idea of the mantelpiece than
with any other idea, because this pair of ideas have been
more recently experienced in a vivid form than any of the
other pairs. The remembrance is the recurrence or revival
of a relation that had been experienced before; it is the
representation of a relation ; and this is the nature of every
process of remembrance—of every exercise of the memory.

But suppose that I cannot recollect where I put the
purse. I search the room to find it, and presently come
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shadow is all that is actually present to my senses. I do
not see the shape of the thing. I infer the shape, I un-
consciously build up the idea of the shape out of the ideas
of innumerable previous experiences of musecular movement.!
These muscular movements are not experienced now. They
are not even revived now in their discrete form. The ideas
of the shape and solidity of the object before me are con-
solidated out of innumerable experiences of my own and
of my ancestors. They are in a very high degree repre-
sentative. Hence we see that in the cognition “ this object
is a purse,” not only is the term purse wholly representative,
but the other term, consisting of the idea of the object, is also
to a very large extent representative. It is more correct,
therefore, to speak of such ideas as that of an object perceived,
not as presentative, but as confaining presentative elements.

So regarded, the thoughts that consist of the revival of
a relation that has been previously experienced are of three
kinds : those in which both terms contain presented ele-
ments ; those in which one term only contains presented
elements ; and those in which neither term contains presented
elements, but both are wholly representative. The latter
class of thoughts are memories, the two former are percepts.

Distinet from all these three kinds of thoughts are those
which consist of a relation that has never been experienced
before, but is now experienced for the first time. It is mani-
fest that the difference between establishing a new relation
and reviving a relation that has been established before is
oreater than the difference between two revivals, even if
the relations revived are widely different from one another.
When we consider the establishment of a new relation, we
are considering a different method of thinking, resulting in a
class of thoughts different from all that have gone before.

In this eage, that I now see for the first time, there is a
bird. I see no door to the cage, and upon careful search I
cannot find a door; but I am convinced that the cage has a

! The student who is unfamiliar with the analysis of mental states is

referred to special treatises with respect to the composition of our ideas of
visible form, ete.
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door. Neglecting for the present the process by which the
eonviction is reached, the question is, What is the nature of
this conviction in terms of relations between ideas ? Mani-
festly it is the establishment of an entirely new relation—
of a relation which has never before been experienced,
between terms that have never before been brought together.
The idea of the bird in that cage is brought into relation
with the idea of a door in the walls of the cage, and straight-
way there is established in the mind a relation of coexistence
between these two ideas. Written in full, the form of the
thought is, The presence of the bird in that cage coexists
with the presence of a door in the cage. I do not perceive
that the cage has a door. I do not remember that it has a
door. I reason that it must have one; and this bringing
together of two ideas into a new relation is a ratiocination.
It i1s the common form of all reasoning, which may be
defined as the establishment of new relations in conscious-
ness, When a correspondent fails to answer an important
letter, I infer that he is away from home. What is the
nature of this inference? It is the establishment of a
relation between the idea or mental image of my correspond-
ent and the idea of his home. Written at large, the thought
is, The present position of my correspondent does not co-
exist with the position of his home, How I reach that
conclusion, by what series of steps I attain to that thought,
is a matter that does not now concern us. The form of the
thought when gained, and the nature of the process of
cognising it, are all that we are now dealing with. This
form is, as has been said, a new relation, and this process is
the establishment of a new relation. When a physician
investizates the symptoms presented by a patient, and, after
weighing them in his mind, arrives at the conclusion that
she is suffering from cancer, the process is the same. The
group of ideas that he has gained by his investigation is
brought into relation, first with the group that constitutes his
mental image of this disease, and then with the group that
constitutes his idea of that. Between each pair of groups
a relation of similarity or dissimilarity is established ; and
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since the similarity is most complete when his new group
arising from his investigation is united with that old group
which constitutes his notion of cancer, this is the relation
that coheres. The tentative process of establishing one
relation after another is the process that we call weighing in
the mind, considering, deliberating, and the final establish-
ment of the most coherent of these relations—of the rela-
tion of greatest similarity—is the process of coming to a
conclusion or forming a judgment. When a meteorologist
1s advised of the approach of a barometric depression from
a certain region in a certain direction, and thereupon pre-
dicts that a gale of wind will pass over certain counties
with such and such veering and backing, he has established
a relation of sequence between one group of ideas and
another group of ideas; and when we say that his predie-
tion expresses his opinion, we mean that if expresses the
relation that he has newly established ; and similarly of
every other case of reasoning.

Thoughts, or relations between mental states, are there-
fore of two chief kinds: those in which there is the estab-
lishment of a new relation, and those in which there is the
revival of a relation that has been established before; and
the latter class are again divided according, as there are
presentative elements in both terms of the relation, in one
term, or in neither, In tabular form the classification of

Thoughts is as follows :—
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r  Establishment of a new Reasoning. Judgments.

relation. Con-
([ Both terms cepts.
are wholly Remem-  Memories.
Thought or represented. brance.

Cognition.
The oceur- | Revival of a

rence of previously One term only
oI 4 = "

5 : - tains . s
relation established ] ©°"'*118 PTe- L parception.

between relation. Wz::gtzlc'
conscious 3
'_
states, Both terms Percepts.
contain pre- .
| S { Perception.

L L

ments. 4






238 MIND PART 11T

Le-representative cognitions, or those in which the oceu-
pation of consciousness is not by representations of special re-
lations, that have before been presented to conseciousness, but
those in which such represented special relations are thought
of merely as comprehended in a general relation. Here the
concrete relations once experienced are, in so far as they
become objects of consciousness at all, only incidentally repre-
sented, along with the abstract relation which formulates them.
The ideas resulting from this abstraction do not themselves
represent actual experiences, but are symbols which stand for
groups of such actual experiences—represent aggrecates of re-
presentations. And thus they may be called re-representative
cognitions. 1t is clear that the process of re-representation is
carried to higher stages as the thought becomes more abstract.

This classification appears to me to be erroneous—to group
together thoughts that are widely unlike,and to separate others
that are closely similar. The groups are, as I shall endeavour
to show, wanting in definition, and their definitions may be
made to cover cognitions that were not intended to enter the
group, and to exclude others which it ought to contain.

As to the first class, that of presentative cognitions, Mr.
Spencer would surely be himself the first to admit that all
cognitions, even those here classed as presentative, contain
represented elements. When I cut my finger, the sensation
of smarting pain is indeed presented, but the mental states
that make up the consciousness of the part affected, although
many of them are presented, yet include also a crowd of others
that are wholly represented. Mr. Spencer has elsewhere
worked out with unrivalled analytical skill the process by
which an individual builds up a knowledge of his own
organism; and, on his own showing, the mental states
which make up the consciousness of the part affected, must
include representations, more or less distinet, of all those
muscular, tactile, and other sensations by which this part
became known as distinguished from other parts. That
such cognitions as that instanced above require a separate
place in a classification is clear, but that they can be classed
as wholly presentative cannot be admitted.
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pretation of Mr. Spencer’s meaning, the group is open to a
double objection. In the first place, it includes more than
acts of recollection; and in the second place, it includes
more than representations of the previous classes of cogni-
tions. For if I am unable to determine the natural order
of the bael plant, while it is actually under examination, but
upon subsequent reflection, when I no longer have it before
me, I am able to refer it to its position, it is clear that this
is a cognition in which consciousness is occupied with the
relations of represented sensations. Of the relation which
constitutes the cognition, the represented sensations corre-
sponding with the characters of the bael fruit form one term,
and the represented sensations, corresponding with the
characters of other Aurantaceous plants, form the other term.
Yet this determination of the natural order of the plant is
not an act of recollection. It is a process of reasoning ;
and hence, although strictly representative, it is excluded
from Mr. Spencer’s class of Representative cognitions.

The artificial character of Mr. Spencer’s classification
appears to me well demonstrated by the same example. If
I have both the bael and other Aurantaceous plants before
me, the determination of the natural order of the former is
a Presentative cognition. If the bael plant is present, while
for the characters of other Aurantaces I have to depend on
my memory, the same process 1s a Presentative-representative
cognition ; while if the bael also is remembered, the same
process belongs to yet another class—that of Representative
cognition.

To return to the consideration of the latter class, not
only does it exclude cognitions, such as the judgment in-
stanced, that are strictly representative, but it includes also
cognitions of the highest degrees of re-representativeness. For
it is manifest that cognitions of the most abstract and re-
representative character admit of recollection even more
perfectly than do cognitions that contain presented elements.
As the remembrance of a presented sensation is mever so
vivid as the presented sensation itself, so the cognition into
which a represented sensation enters can never be as vivid
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affected. 'While both terms contain presented elements, only
one is entirely composed of them, the other being partly
represented.  Cognitions belonging to this sub-class are
those percepts, which being of the lowest and least differ-
entiated form, merce on the one hand into sensation and on
the other into reasoning.

(b) One term only of the revived relation contains presented
elements. These cognitions are the results of the process of
Perception in the ordinary sense of that term. They are
what are ordinarily meant by the term Percepts. The
difference between the perception of an orange and the
classification of a bael fruit clearly is this. The group of
mental states corresponding with the group of characters (of
colour, form, size, etc.), partly or wholly presented by the
orange, has previously been brought into relation with the
mental states corresponding with the other characters (cf
suceculence, consistence, odour, texture, ete.), which are not
now presented, but are represented in consciousness; and
the revival of this previously established relation is the
process of Perception. On the other hand, the group of
mental states corresponding with the characters presented
by the bael fruit has never before been present in conscious-
ness. It has never therefore been a term of a mental
relation. It has now to be brought into relation with other
aroups of states, either presentative or representative, until
a group occurs with which a relation of similarity can be
established. The establishment of this new relation consti-
tutes a process of Reasoning, and the character of this pro-
cess is in no way affected by the presentative or representa-
tive character of the terms that are brought into relation.
The next time the bael fruit is brought under notice, it is
pereetved to belong to the orange family, the perception being
the revival of the relation that was established on the first
oceasion, Of course, the fruit was perceived in a colloquial
sense the first time it was seen ; but the perception amounted
only to its perception as a solid vegetable produet, probably
a fruit—that is to say, so far as it was seen to resemble
other solid bodies, other vegetable products, and other fruits;
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established, no matter how high the grade of re-representation
may be, or, which is the same thing, how remote the terms
may be from direct presentation. On the other hand, all
those Representative cognitions inwhich consciousness is occu-
pied with the establishment of a new relation between terms ;
however low the terms may be in grade of representativeness,
and however often they may separately, or in other relations,
have been present to consciousness; since they are excluded
from the class, are excluded from the sub-class also.

Crass IL—The cognition is the establishment of a new
relation in consciousness. This is the process of Reasoning.
It may be carried on between terms of all degrees of repre-
sentativeness, not excepting the very lowest. When both
terms are presented, as in Mr. Spencer’s example of the cut
finger, it may appear to be straining the sense of words to
call any part of the cognition a process of reasoning. Yet
if that particular spot has never been cut before, there must
be the establishment of an altogether new relation. The
terms of the new relation are (the presented sensation
known as the smart of the wound) and (the states of mind,
part presentative and part representative, which make up
the consciousness of the part affected). These two terms are
brought into close relation—into a relation of coexistence.
They have never before been so related. The relation is
now for the first time established ; and the establishment
of a new relation in consciousness is a process of reasoning,
Are we then to say that we arrive at the consciousness of
a cub on the finger by a process of reasoning? The asser-
tion appears startling at first sight, and its reception will
not be aided by the recollection that a few pages back the
same condition of mind was adduced as an example of per-
ception. The inconsistency is apparent but not actual;
for it was then stated that the lowest form of Perception, of
which this case is an instance, merges into Reasoning on
the one hand and into Sensation on the other. It is indeed
the common root from which they sprine—the starting-
point from which they diverse. While the mental process
by which we cognise a cut on the finger is from one
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ing and its results admit of sub-division according to the
degree of representativeness of the terms between which the
relation subsists, but unlike that class, their sub-divisions
do not admit of precise definition. Whether the bael fruit
is classified from actual comparison of its presented char-
acters with those of other Aurantaces, or from comparison
of its presented characters with the remembered characters
of these, or whether its characters as well as theirs are
represented, makes a marked, but not a material difference.
Nevertheless, since, “as the process of representation is
carried to higher stages the thought becomes more abstract,”
the degree of representativeness forms an index of the
elaborateness, complexity, and abstractness of the reasoning.
The introspective view of mental relations deals with the
resemblances and differences of such relations among them-
selves, but it takes no account of their correctness. When this
cognition is regarded asnewlyexperienced,or that one asrepre-
sentative, the question of their truth does not arise. They
may be correct or incorrect, and in either case may equally
possess the characters that we attribute to them on intro-
spection. The test of the correctness of a cognition is
its adjustment to the environmental relation with which it
corresponds.  If T class the bael fruit in the order Rosacez,
the classification is as much an exercise of Reason asif I class
it in its proper order. The cognition may be either entirely
representative, or may have presentative elements in one or
both its terms. It is as much a judgment as the correct
cognition, and, introspectively considered, it is entitled to
precisely the same rank and status. The relation which
constitutes the cognition is—(the characters of this fruit) are
identical with (the characters of a Rosaceous fruit), and so
long as we confine ourselves to this relation, we have no
means of knowing whether the cognition is correct or mno.
Only when we examine its correspondence with the environ-
mental relation can this be done. 'When we so regard the
cognition, the incorrectness not only comes into view, but is
by far the most striking and conspicuous feature in the pre-
sentment, as the following expression will show :(—
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Herein lies the immense importance of this view of
cognition to the alienist. By it, and by it alone, he is able
to apply the qualitative test whether the mind of his patient
is disordered, and by what kind of disorder it is affected.
By it, and by it alone, he is able to determine quantitatively
what degree this disorder has attained. With the method
of prosecuting this inquiry we are not now concerned. Our
present business is to afford a basis upon which such an inquiry
may be conducted, and this basis is to be found in the observa-
tion of the adjustment or non-adjustment of the mental relation
to the relation in the environment ; and, if the adjustment is
faulty, in the observation of the kind and degree of the defect.

While the general question of the failure of adjustment
of the mental relation to the environmental relation belongs
to the domain of alienism, and therefore does not now pre-
sent itself for consideration, there is a particular case of this
failure which lies wholly within the province of the normal,
and which may, therefore, properly be considered here,
This is the occurrence of Mistakes; and at this point the
utility of considering the establishment of a relation in the
mind separately from the adjustment of this relation to its
corresponding environmental condition becomes conspicuous.
For in a mistake the error is primarily in the one process,
while in a delusion or other insane disorder of the mind it
is the other process that is primarily in error.

In such a mistake as that instanced above, in which an
Aurantaceous plant is wrongly referred to the Rosacew, the
first error evidently lies in the establishment in the mind of
a relation of identity between two ideas that are not identical.
It may be said that the ideas are identical. The bael plant
has been wrongly perceived, or the characters of Rosaces
have been wrongly remembered, and thus the two ideas are
identical, although they ought not to be so. Let us grant
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that this may be so. Although the error is taken a step
further back, it is still in the mental relation. If the
plant has been wrongly perceived, the error is that its pre-
sented characters have roused the wrong set of represented
characters—an error entirely comprised within the mind, as
will presently be shown. If the characters of the Rosacez
have been wrongly remembered, this error is manifestly a
mental one. In any case the wrong relation has been
established. There can be no question that the establish-
ment of the mental relation is the process that is primarily
in error. The question is, Is the process of adjusting this
relation to the environmental relation with which it corre-
sponds, equally or more than equally faulty 2 It isnot. It
is not in fault at all. It is true that the two relations are
unadjusted, but this is not because the process of adjusting
them is in fault, for it can be brought into action and
readjustment effected. Closer examination of the bael plant,
the advice of a friend, reference to a description of the
Rosaces, may so alter the mental relation as to turn the
affirmative into a negative, and so produce a perfect adjust-
ment to the environmental relation; and so long as this
adjustment can be completely effected, so long the process
of effecting it cannot be disordered. Note how the adjust-
ment is rectified. It is not solely by a rearrangement of
the mental states. The relation between the two mental
states is indeed altered, but how ? By applying the mental
relation to the environmental relation and observing the dis-
cordance between them. DBy comparing the first term of
the one with the first term of the other, and the second
term of the one with the second term of the other, and
finally modifying the relation between the first pair of terms
into accordance with the relation between the second pair.
The rectification is a readjustment of the relation in the
organism to a relation in the environment, and its completion
is proof that the process of adjustment is sound.

In insane disorder of the mind, on the other hand, the
sequence of mental states may or may not be disordered.
In many cases the amount of disorder that they suffer is
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placed ; they are not adjusted to the particular emviron-
mental conditions, Those parts of the mental operations
which do mot directly refer to the special environmental
conditions of the individual,—that is to say, the general pro-
positions—are in all respects perfectly normal both as mental
states per se, and as mental states adjusted to environmental
circumstances. When he resolves to take the course which
commends itself to him, the operations are still perfectly
normal as mental operations per se. The course is prudent,
the calculations are correct; the prices agree with those of
the market ; the train of reasoning is without a flaw, but it
is founded on a wrong conception of external circumstances.
The mental states are properly adjusted to one another, but
they are not adjusted to the relations in the environment.
The process of establishing relations in the mind is intact.
What is at fault is the process of adjusting these relations
to the environmental relations with which they correspond.
On the concepts that he has already in his mind he can
reason correctly—he can establish new and valid relations
between them. Dut he eannot modify them in accordance
with the altered external circumstances. For next morning
he gets a letter from his broker to say that he has no assets.
The securities that he has ordered to be sold were disposed
of long ago. He is penniless. On receiving this letter he
is perhaps shocked for a moment; or he is indignant and
treats it as a fraud; or he pays no attention to it—does
not appear to realise the statements it contains, In any
case, a faw hours after he goes through his previous train of
reasoning, comes again to his former conclusion, and writes
another letter the counterpart of the first. Here is proof
positive of the nature of the process that is disordered.
Furnished with all the means of readjusting his mental
relations to the relations in his environment, he fails to make
the readjustment. The mental relations, considered among
themselves, are as before good, valid and correct, but their
correspondence with external relations is not only unadjusted,
but is incapable of being adjusted. The process of adjust-
ment is disordered, and the adjustment cannot be made.
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cient for the present purpose to show where the normal
abuts upon the abnormal, and to trace, as clearly as the
nature of the case admits, the line of division between
them. Too much stress cannot, however, be laid upon
the distinction here drawn between the process of estab-
lishing relations in the mind, and the process of adjust-
ing these relations to external circumstances. Without a
clear recognition of this distinction scientific alienism is
impossible, and no adequate concept of insanity can be
formed.

Underlying the whole of the preceding argument there
is one fundamental assumption. It is postulated that there
is an external world and that this can be known. When
we speak of the agreement of a mental relation with a
relation in the environment, it is assumed that there is an
environment, and that we have means of knowing and
testing whether our concepts are or are not in agreement
with the circumstances in this environment. Into the ques-
tion of the existence of a world outside of our own minds it
is no part of the business of psychology to enter. That is a
matter which is the coneern of philosophy, not of psychology.
But as to our means of verifying our concepts a few words
may be said. We have, of course, no means of comparing
our concepts with the state of things actually existing in
the environment; with the noumenal external relation. All
verification is the comparison of representative cognitions
with presentative cognitions. We are obliged to assume
that the presentative cognitions — the cognitions formed
during actual experience of external relations—correctly re-
present those relations. If I am doubtful whether the
number of this page is 252 or 232, T test my cognition by
looking to the top of the page, and, by the number that I
see printed there, I am bound. T compare my representation
of the percept with the presented percept, and further than
that I cannot go. And I do not need to go further. If
my sight is bad or the light is faint, I may use a magnify-
ing glass or bring the page into a better light,—that is to say,
I may take means to ensure that the presentation is vivid
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extent, are separate from and additional to the feelings with
which we habitually identify them. If I hear a sound of
beautiful quality, an agreeable state of consciousness is
produced ; but if this sound is unceasing, or perpetually
repeated, the state of conscionsness loses ifs agreeableness
without otherwise changing. A glow of delight accompanies
the sight of a fine colour; but after having the colour before
the eyes for a long time, there remains only the eonseious-
ness of its duality—the delight is gome. Similarly, if I
go on tasting something sweet, there comes a time when the
oratification ends, though the sense of sweetness continues.
Doubtless the sense of sweetness itself eventually becomes
deadened ; but the gratification gives place to nausea before
this happens. Among pains the parallel fact is less con-
spicuous ; but it is not difficult to perceive that along with
the localised pain, say of a bruise or a burn, there goes an
element of distress that is not localised.

“ The second of these allied truths, illustrations of which
serve in part to re-illustrate the first, is that Pleasures and
Pains may be acquired—may be, as it were, superposed on
certain feelings which did not originally yield them. Smokers,
snuff-takers, and those who chew tobacco, furnish familiar
instances of the way in which long persistence in a sensation
not originally pleasurable, makes it pleasurable—the sensa-
tion itself remaining unchanged. The like happens with
various foods and drinks, which at first distasteful, are
afterwards greatly relished if frequently taken. Common
sayings about the effects of habit imply recognition of this
truth as holding with feelings of other orders. That acute
pain can be superinduced on feelings originally agreeable or
indifferent, we have no proof. But we have proof that the
state of consciousness called disgust may be made in-
separable from a feeling that was once pleasurable. The
extreme repugnances shown by children to the sweet things
aiven along with medicines are illustrations; and probably
nearly every one can furnish from his own experience some
instance of acquired aversion of another order.

“The third of these allied facts is that Pleasures are
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read of Mr. Spencer’s writings, and that this fact may be
considered an independent corroboration of the truth of the
doctrine.

In addition to their qualitative distinction as pleasur-
able or painful, feelings admit of a quantitative division,
according as they are vivid or faint. When I look at
a grass plot, I have a feeling of green. @~ When I close
my eyes and think of the plot, I have a feeling of green.
But the two feelings differ immensely in vividness. In
the first case, in which the feeling is extremely wvivid, I
refer it to the present existence of something outside of me
whose action on me arouses the feeling. In the second
case, in which the feeling is faint, I do not so refer it. The
one feeling is presentative—aroused by an object presented
to the senses ; the other is representative—is a representation
of a former feeling. Now it is to be observed that although
all feelings admit of being experienced in several degrees of
vividness, yet all do not admit of this abrupt distinetion
into vivid and faint. The feeling of sorrow that I had
yesterday when I saw my friend break his leg, was not
a whit more intense than it is now when he is not present.
The feeling of embarrassment that I experience on the
remembrance that I broke down in a speech yesterday, is
scarcely less intense now than it was at the time. The
difference between the two feelings is certainly not com-
parable with the difference between the vivid feeling of
green and the ideal representation of the same feeling. Nor
does this want of contrast hold true only of cases, such
as those just instanced, of feelings that are somewhat
elaborate. It is true also of some feelings on a lower level
To rub rough brown paper with the fingers produces in me
an intensely unpleasant feeling of the teeth-on-edge variety.
When I see and hear any one else doing the same thing, the
feeling is as intense as when I do it myself. And even the
thought of doing so arouses a feeling which, if not as vivid
as the presentative feeling, differs from it by a comparatively
small degree. While, therefore, the quantitative distinction
between feelings is in some cases extremely broad, it is in
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purposes, but still the distinetions that it establishes, though
vague, are unquestionably important, for they are an index
to differences in the elaborateness, complexity, generality,
definiteness and other characters of the feelings, and, in
short, determine their several grades in the evolutionary
scale. The more presentative elements enter into the com-
position of a feeling, the more elementary is that feeling
from the evolutionary standpoint. The more highly re-
representative the elements of a feeling, the more elevated is
that feeling when considered as the outcome of a process of
development. These distinctions, it is to be observed, have
no ethical significance. When we now speak of an elevated
feeling, what is meant is not necessarily a feeling of a high
level of morality, it is one of a high degree of elaborateness.
So regarded, feelings are divided by Mr. Spencer similarly
to cognitions, into Presentative, Presentative-representative,
Representative, and Re-representative ; and in that case, as
in this, he shows how “increasing integration, increasing
definiteness, and increasing heterogeneity of composition are
alike measured by the extent to which representation and
re-representation have been carried.”

Feelings, considered as states of mind pure and simple,
may then be regarded qualitatively as pleasurable or pain-
ful, in intention as faint or vivid, quantitatively as acute or
massive, and in grade of development according to their
degree of representativeness. Leaving now the introspective
view of feelings, we go on to consider them in their cor-
respondence with external circumstances.

THE NATURE oF FEELING.

In his great work on the Principles of Psychology, so
often quoted, Mr. Herbert Spencer devotes an entire part
of the first volume to the enunciation and enforcement of
the doctrine that Mind as well as Life consists in the
correspondence of inner actions with outer actions, or of
processes in the organism with processes in the environ-
ment.  Beginning with those lowest organisms which






262 MIND : PART III

Intelligence, has 1its material conditions and its outward
manifestations, and on this, its objective side, it can be
approached, grappled with, and analysed into its elements.
All that is attempted here is to deal with Feeling as
Mr. Spencer has dealt with Intelligence, and to express
its objective aspeet in such terms of the known as, when
substituted for it, may give in a definite concept to deal
with.

Mr. Spencer’s researches into the corresponding aspect of
intelligence will prepare us to find that the results of a
similar investigation into the nature of feeling will eventuate
in an expression in terms of the correspondence between the
organism and the environment. That the nature of feeling
can be so expressed is demonstrable e jfortiors. If Life in
oeneral, and Mental Life in particular, can be expressed in
terms of the correspondence, then, since the whole includes
the part, each and every factor of mental life can be so
expressed. That Intelligence, one such factor, can be so ex-
pressed, Mr. Spencer argues at great length and with
irresistible force. That the other factor can be so ex-
pressed is my contention. If Intelligence and Feeling grow
from a single root and are inseparably involved, as Mr.
Spencer shows them to be; and if in their development
they become more and more closely interconnected until
they are well-nigh indistinguishable, as I have previously
maintained ; and 1if Intelligence, one of these two co-
ordinate factors, is expressible in terms of the correspond-
ence between the organism and the environment, then
Feeling, the other eco-ordinate factor, must be similarly
expressible.

In whatever aspect the question is viewed, this moiety
of the subject-matter which is omitted by Mr. Spencer is
seen to have an importance even greater than the moiety
with which alone he deals—an importance that can scarcely
be exaggerated.

On introspective analysis, “ Mind,” according to Mr.
Spencer, “consists mainly, and in one sense entirely, of
Feelings. Not only do Feelings constitute the inferior
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conditions, there must previously have been some influence
exercised by these conditions on the organism. This is
explicitly stated by Mr. Spencer. “ Here,” he says, “is an
organism placed in the midst of objects. If it is unin-
fluenced by them, it can know nothing of them, think
nothing of them. Their existence cannot be revealed to it
unless by the effects they produce on it—the changes they
work in it,” But this influence exerted by objects upon
the organism, although it is an indispensable part of that
correspondence between the orcanism and the environment
which constitutes Mind, yet finds no place in the expression
of the nature of Intelligence. Again, that reaction of the
organism on the environment which is the outward and
visible sign of that adjustment of inner to outer relations
which constitutes Intelligence, which is not only the sole
outward manifestation of Mind, and our only criterion of
the existence of Mind in other organisms, but which also
forms a necessary and integral constituent of the correspond-
ence of the organism and the environment, is similarly
absent from the expression of Intelligence. Yet without
this reaction of the orgamism on the environment Intelli-
gence could not be said to exist—could not exist as we
know it. Hence it appears that whether we look at Mind
mtrospectively, or whether we contemplate it in its objeective
aspect as correspondence between the organism and the
environment, we find that there is something necessarily
antecedent to Intelligence, and something necessarily conse-
quent ; and that the existence of Intelligence depends on the
existence of these factors which bound it, and which must
therefore be considered as of an importance at least co-
ordinate with that of Intelligence itself.

Or if we take a third point of view and regard the
physiological basis of Mind instead of its internal structure
or its outward manifestations, we are conducted to the same
conclusion.  “Speaking generally,” says Mr. Spencer, “ feel-
ings and the relations between feelings correspond to nerve-
corpuscles and the fibres which connect nerve-corpuscles,
or rather to the molecular changes of which nerve-corpuscles
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we are compelled to affirm that every feeling is conditioned
either by action of the environment on the organism, or by
action of the organism on the environment; and this leads
us to the expression of which we are in search. If the
foregoing account of the physical substratum of feeling and
of the relations of feeling to thought, both when viewed intro-
spectively and when viewed as correspondence, are correct,
then it follows that while thought 1s the establishment of a
relation, feeling is the occurrence of a state; and that while
thought is the correspondence of a relation in the organism
with a relation in the environment, feeling is the correspond-
ence of a state in the organism with an interaction between
the organism and its environment.

That the nature of the elementary and allied inferior
forms of feeling, which we know as Sensations, is correctly
indicated by this expression is tolerably manifest. That the
simple states of consciousness which are known as Touch,
Temperature, Taste, Smell, Sound, and Colour, are states
which correspond with the action on the organism of the
several environmental agents that we have learnt to associate
with them, does not, I think, need demonstration ; and that
the simple sensations of effort and resistance are states corre-
sponding with action of the organism on the environment
may also be taken as not needing proof; but that a feeling
so remote from sensation as the sentiment of Justice is
similarly constituted, seems at first sight a very hazardous
statement, and that all the highly developed feelings may be
similarly expressed will appear to many as extremely
improbable.

But if it be denied that the more elaborate feelings, such
as Doubt, Honour, Indignation, Patriotism, and so forth,
correspond with, and, in so far as their physical conditions
are concerned, arise from, an interaction between the organism
and its environment, the question at once presents itself,
What, then, is their origin? Regard being had to the
prevalence of such terms as “ Reflective Emotions,” “ Imagin-
ative Emotions,” “ Intellectual Feelings,” “ Ideational Feel-
ings,” and similar phrases, it would probably reproduce the






268 MIND PALT II1

the difterence between the black, heavy, refractory, tasteless,
odourless, solid carbon, and the transparent, light, mobile,
pungent, liquid alecohol. And as it is certain that the
carbon retains in its combination in aleohol the same funda-
mental properties—the specific heat, the molecular weight,
and the combining proportion—that it possesses in the free
state, so it is certain that whatever elementary visual feelings
enter into the formation of the sentiment of Justice, retain
in combination their fundamental gquality of corresponding
with an interaction between the organism and the environ-
ment. If there are any who think that the comparison
between material and mental compounds is vitiated by the
greater ease with which the components of our own mental
states can be identified, I would remind them that so
relatively simple an analysis as that of our ideas of visible
form into feelings of colour and feelings of movement, was
not effected until Mind had been systematically studied by
aenerations of profound thinkers, for a period of two thousand
years,

While it is true that every complex feeling is com-
pounded of the simplest feelings, and so depends for its
existence ultimately on the corresponding inferactions be-
tween the organism and the environment, yet this is only a
part, and a subordinate part of the truth. According to the
doctrine here proposed, the complex feelings not only have
their distant rootlets derived from interactions of the simplest
character, but each such feeling is itself the state which
corresponds with and is aroused by some similarly complex
interaction between the organism and its environment.
Every feeling is therefore connected with action in two ways
—longitudinally in its origin, and transversely in its
peeasion.

If this statement of the nature of feeling is correct, and
if Feeling, like Intelligence, is a feature in or a factor of the
correspondence between the organism and the environment,
then each elevation of feeling, like each advanceé of Intelli-
gence, must be an extension of the correspondence. M.
Spencer has shown in detail how each advance of Intelligence
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“ admiration of externals ” which has no less extended title.
Many. shades of feeling are often included in a single name,
as not only friendliness and sexual and parental love under
the head of Tender Emotion, which are separate and separ-
ately named species under a single genus, but under the term
Love, understood in its ordinary sense, as affection between
the sexes, an almost infinite number of grades are ineluded,
Underlying all its varieties there is the fundamental sub-
structure of physiological eraving, just as underlying every
landscape there is the bare earth; but just as in some land-
scapes there is nought but bare or lichen-covered rock, so in
some natures there is little or uﬂthmﬂ’ besides this eraving.
In other natures this substructure is covered and hidden by
a luxuriant growth of higher forms of feeling—the apprecia-
tion of beauty, admiration, emulation, self-esteem, self-devo-
tion, the desire for, or the fulfilled gratification of, sympathy,
of confidence, of being highly appreciated; pride, vanity,
possession, power and many others. So that, although
these feelings are all massed and consolidated into one grand
Emotion, and may properly be considered as a single complex
feeling, yet this feeling so constituted cannot be considered
a feeling of the same evolutionary grade as the simple
physiological craving, any more than the tropieal luxuriance
of a Brazilian forest can be considered to exhibit the same
arade of landscape as the lichen-covered rocks of Spitzbergen,
because the same underlying terrestrial crust makes both of
them possible. Looking at the two feelings from the point
of evolution, the one is primitive, simple, undeveloped ; the
other highly complex, derivative, and compound. They are
at opposite ends of the evolutionary scale, and yet the same
name passes current for both., Phases of conduct such as
Slyness, Cruelty, Craft, Ridicule, Sarcasm, etc.,, have been
erroneously termed feelings, as likewise have certain cogni-
tions, such as those of symmetry and order, and certain acts
of agents in the environment as Rhythm.

Passing from single feelings to groups of feelings, the
same difficulties beset us in an exaggerated form. Several
well-characterised groups of feelings have no generic name,
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oreat reason to believe that conduct may be extremely
elaborate, and yet consciousness be rudimentary or altogether
absent. The combined action of many social insects, all
subserving a common end, and sometimes reaching an
astonishing degree of complexity, are not held to imply a
correspondingly complex train of thought in the insects.
In certain morbid states in man, actions of most complicated
character are executed, without, as far as we are able to
ascertain, any consciousness at all. Yet we regard the
action as intelligent in proportion to its novelty, to its
complexity, and to its prudence, without regard to the
amount of conscionsness that may have accompanied it.
So regarded, the estimation of intelligence is a purely physical
science, and may be conducted on the methods of other
physical sciences. But with Feeling the case is very
different ; for the term Feeling necessarily connotes con-
seiousness. From conduet we can indeed infer feeling, but
we cannot infer it with the directness, the certainty, the
unhesitatingness that we infer intelligence. We cannot
take conduct and posit it as feeling. It must first be
translated, and the process of translation is liable to many
and serious errors. It is true that Lewes speaks of uncon-
scious feeling, but such a phrase is to most people con-
tradictory and meaningless, and it is certainly a straining of
the ordinary use of words, and a phrase that has never
gained acceptance. Nevertheless, in order to show that
elevation of feeling is an advance of the correspondence
between the organism and the environment, it will be
necessary to make this translation, and to run the risk of
the errors so introduced. That the Feeling that we call
green or greenness is the same in A, B, and C, who
speak of it in the same manner, and whose other acts
in regard to green objects are similar, we may well believe ;
but we have no proof, and for aught we know, the feelings
s0 designated may be very different in these different people.
In the case of D, who is colour-blind, we know that the
feeling of green is either absent, or is very unlike the feeling
so designated by A, B, and C. If this be so in individuals
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would be not only a gratuitous and groundless assumption,
but would be on the current supposition demonstrably
false. For if feeling is the subjective side of what is
objectively a mervous process, then for similar feelings to
be experienced the nervous process must be similar. And
a similar process can take place only in a similar structure,
and the nervous systems of man and of invertebrates are
not similar,

Relations, again, are of few orders — coexistence, co-
extension, simultaneity, connature, and their opposites—
and not only is every relation comparable with every other
of the same order, whatever differences may exist among the
terms, but, since all can be reduced to the common terms of
likeness and unlikeness, relations of different orders can be
compared 4nfer se; and by collating examples from every
variety of relations, it becomes easy to form a series which
shall exhibit every gradation of speeciality, complexity, ete.,
as the correspondence advances. - But in the case of feelings
this elaborate comparison is impracticable. Feelings of the
same order are neither sufficiently numerous nor sufficiently
diverse to afford materials for an extended comparison of
their degrees of elevation, and feelings of different orders do
not admit of any but the most imperfect comparison wnier se.
The feelings of Touch, which arise in correspondence with a
mechanical action taking place upon the surface of the
organism, do not admit of an extension of this correspondence
in space, in the sense of an inerease of the distance between
the organism and the agent. Feelings of colour are indeed
numerous, but the interactions with which they correspond
have no wide differentiation, and the feelings exhibit no
marked grades in elevation. The feelings of Disgust admit
of many grades of intensity and volume, but not of difference
as to their elaborateness or value in the evolutionary scale.
To the emotions of Gratitude, of Anger, of Grief, of Ease,
of Annoyance, and many others, the same statement applies.
When we seek to eke out these infrequent opportunities of
comparison by collating feelings of different orders, we do
not get much help, It is easy to see that Anger is a more
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reaches such intensity as to prompt to actual self-immolation.
On the other hand, there are feelings, such as Sublimity and
Scepticism, that are very high in the evolutionary scale, feel-
ings of which only highly developed natures are capable, yet
which have no ethical value whatever ; and there are others,
such as Revenge, which imply the attainment of a certain
complexity of development, and yet from an ethical point of
view are actually minus quantities.

Another source of confusion lies in the fact that the
intensity and volume of a feeling, while they are no criferion
of the grade of that feeling as compared with other feelings
experienced by the same individual, yet may speak strongly
as to the height of development reached by the individual
by whom the feeling is displayed. For the most recently
acquired feelings are, like all recently acquired qualities,
less deeply organised, less easily evoked, and less pronounced
in their manifestations than the older qualities; and in-
dividuals may be safely estimated to have attained a grade
of development that is high or low, according to the grade
of those qualities that are in them most preponderantly
developed.

Lastly, the gravest difficulty of all is that we have no
standard by which we can gauge the grade of feeling. It
is true that in the case of Intellizence no formal standard
exists, but the ease with which intellectual operations can
be compared with one another renders a standard unneces-
sary. Unless the difference between them is very slight
little dispute is likely to arise as to which of two acts is
the more intellectual. When we speak of the “advance of
Intelligence” a fairly definite concept is given and received.
We may not be able to formulate in more exact terms the
meaning that we attach to the expression, but this is mainly
because the expression is already in its simplest and most
intelligible form ; and if no more definite expression is
possible, neither is any needed. But Feeling is so much
less definite a matter, is limited so much less precisely, is so
much less capable of exact treatment, has been so much less
thoroughly investigated, our knowledge of it is altogether in
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as I dissented from his similarly founded eclassification
of cognitions; and in the former case my disagreement
with Mr. Spencer is much more complete and thorough
than in the latter. In the classification of cognitions,
while dividing the primary groups upon another prineciple, I
was able to accept the degree of representativeness as de-
marcating the secondary groups from one another; but in
the case of the feelings, this principle appears to me alto-
gether inappropriate as a basis-of classifying even the minor
clusters. Without denying that the classification of feel-
ings according to their degree of representativeness indi-
cates in a vague and general manner certain real differences
of composition, it yet appears to me, not only that the
arrangement so made is too vague to be of any real service
—mnot only that it fails to discriminate between widely-
unlike feelings and fails to group together feelings that are
closely allied—but that it is founded on a basis which
totally ignores a fundamental principle of Mr. Spencer’s
own system of psychology. That the principle of repre-
sentativeness permeates every feeling and varies in each
class of feelings, I freely admit; but it does not therefore
follow that it forms an adequate basis for classification, any
more than it follows that the variations in character of the
vessels of a tree form an adequate basis of classifying its
parts, because they permeate throughout and vary in each
part. That Mr. Spencer’s groups “are but indefinitely
distinguishable ” he candidly admits, and this indefiniteness
would by no means of itself invalidate his arrangement, if it
could be shown that the things he classifies are correspond-
ingly indefinite in their limitation. DBut are they ? Is the
feeling of Anger so indefinitely distinguishable from the
feeling of Love; the feeling of Terror so indefinitely dis-
tinguishable from the feeling of Triumph; the feeling of
Blueness from that of Warmth ; the feeling of Beauty from
that of Indignation ;—that they must all he accumulated
together within the same class, and no attempt be made to
regroup them in minor clusters within the class? So start-
ling a result may well arouse suspicion that Mr. Spencer’s
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classification is invalid—a suspicion which develops into
assurance when the investigation is pressed home, and
when the consequences and implications are brought out in
detail. The classification proposed by Mr. Spencer (ii. 514)
is as follows :—

“ Presentative jfeelings, ordinarily called sensations, are
those mental states in which, instead of regarding a corporeal
impression as of this or that kind, or as located here or
there, we contemplate it in itself as pleasure or pain: as
when inhaling a perfume.

“ Presentative-representative feelings, embracing a great
part of what we commonly call emotions, are those in which
a sensation, or group of sensations, or group of sensations
and ideas, arouses a vast aggregation of represented sensa-
tions ; partly of individual experience, but chiefly deeper
than individual experience, and, consequently, indefinite.-
The emotion of terror may serve as an example. Along
with certain impressions made on the eyes or ears, or both,
are recalled into consciousness many of the pains to which
such impressions have before been the antecedents; and
when the relation between such impressions and such pains
has been habitual in the race, the definite ideas of the pains
which individual experience has given, are accompanied by
the indefinite pains that result from inherited experience—
vague feelings which we may call organic representations.

“ Representative feclings, comprehending the ideas of the
feelings above classed, when they are called up apart from
the appropriate external excitements. The feelings so re-
presented may either be simple ones of the kinds first
named, as tastes, colours, sounds, etc.; or they may be
involved ones of the kinds last named. Instances of these
are the feelings with which the descriptive poet writes, and
which are aroused in the minds of his readers.”

So that, according to this classification, feelings so dif-
ferent as those of Anger, Love, Beauty, Contempt, Perplexity,
and Fear —all of them feelings “in which a sensation
or group of sensations, or group of sensations and ideas,
arouses a vast aggregation of represented sensations”—
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belong to the same class—that of Presentative-representa-
tive. feelings. Feelings so different as Blueness, Trinmph,
Saltness, Hatred and Hardness, if remembered, and not
called up by any appropriate external excitement, belong
to the same class—that of Representative feelings. DBut
a feeling of Anger arising in the presence of a detested
person, and the same feeling arising from the remem-
brance of him, are classed in separate groups—the one is
a Representative feeling, the other is Presentative-repre-
sentative.

Mr. Spencer finally includes under the head of

“ Re-vepresentative feelings . . . those more complex
sentient states that are less the direct results of external
excitements than the indirect or reflex results of them.
The love of property is a feeling of this kind. It is
awakened not by the presence of any special object, but
by ownable objects at large; and it is not from the mere
presence of such objects, but from a certain ideal relation
to them, that it arises. It consists, not of the represented
advantages of possessing this or that, but of the represented
advantages of possession in general—is not made up of
certain concrete representations, but of the abstracts of
many concrete representations; and so is re-representative.”

This group is then a higher group than any of the pre-
ceding, and includes feelings of a different class, excluding
of course the feelings helonging to the groups below. But
the description that Mr. Spencer gives of. the constitution
of these feelings is exactly applicable to some at least of
the feelings in the inferior classes. To guard against any
possibility of misrepresenting Mr. Spencer, I will take his
own example of the Presentative-representative class—the
emotion of Terror—and ask if his deseription of a Re-repre-
sentative emotion is not strictly applicable to it.

When a child enters a dark room alone, is it not a fact
that the terror which it feels is “awakened not by the
presence of any special object but by terrifying objects at
large ?” Is it not true that “it is not from the mere
presence of such objects, but from a certain ideal relation
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of mind and its component faculties are phases in the
correspondence and factors of the correspondence,” and
again he speaks of “all mental phenomena ” as incidents in
the correspondence—expressions which must be held to
include feelings, Apart, however, from any formal admis-
sion, no one who is familiar with Mr. Spencer's Principles
of Psychology can doubt for a moment that Feeling as well
as Intelligence is to be considered as “ a phase in, or a factor
of, the correspondence” between the organism and its en-
vironment. If Feeling and Thought grow from a common
root and are inseparably involved, as Mr. Spencer shows
them to be; and if in their development they become more
and more closely interconnected, until at last they are well-
nigh indistinguishable, as may be maintained; and if
Intelligence, one of these two co-ordinate factors, is ex-
pressible in terms of the correspondence between the
organism and its environment, then Feeling, the other co-
ordinate factor, musf be similarly expressible. If Life in
general, and if Mental Life in particular, can be expressed
in terms of the correspondence, then, since the whole
includes the part, each and every factor of Mental Life ean
be so expressed. That one such factor can be so ex-
pressed, Mr, Spencer argues at great length and with irresist-
ible force. That the other factor can be similarly expressed
1s my contention.

Mr. Spencer's treatment of this subject is the more
remarkable, since Professor Bain had already published an
arrangement of feelings, in which, without any acceptance of
Mr. Spencer’s views, he yet formally takes account of
external circumstances, not indeed in a definition or enuncia-
tion of feeling, but as determining the arrangement of
feelings. So that we have this remarkable state of things
—that Mr. Spencer, the chief exponent of a Realism, which,
if “transfigured,” is rather more than less stringent and
widely applicable than the old Realism, classifies feelings
from a standpoint mainly subjective, while Professor Bain,
who repudiates Mr. Spencer’s system, is driven by stress of
logical emergency to adopt in practice his fundamental
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principle, and to arrange the feelings with reference to the
external circumstances with which they correspond,

While the merit of abandoning the subjective standpoint,
and of classifying the feelings with some reference to external
circumstances, belongs unquestionably to Professor Bain, yet
he admits these circumstances not so much as a fundamental
factor of classification as for incidental and collateral pur-
poses, and his classification makes no attempt at detailed
completeness. With his customary philosophical candour,
Professor Bain admits the imperfection of his arrangement,
and goes on to express the opinion that the difficulty of
expounding the Emotions in a striet order of sequence is
permanent and insuperable. “ Begin where we will,” he
says, “as we can only take one source at a time, we must
anticipate what is to follow. The only thing to be done is
to recognise the fact, and also its consequence, namely, that
there is no one absolutely preferable arrangement.” In so
far as this conclusion refers to an arrangement in serial
order, it is no doubt necessary and inevitable. But what is
the obvious implication? That since a serial arrangement
is impossible, therefore no arrangement is possible?  Surely
not. Two generations ago the same permanent and insuper-
able difficulty was experienced by the botanists and by the
zoologists of that day, in the serial arrangement of vegetable
and animal forms. So long as they stood still and kicked
against the pricks, so long did science stand still with them,
and when the impracticable character of such an arrange-
ment was recognised and admitted, the first step was taken
in the circumvention of the difficulty and towards a classi-
fication, non-serial indeed, but based upon fundamental
likeness and differences, and in accordance with genealogical
affinities. And similarly we may hope, nay, we may
sanguinely expect, that the recognition, thus formally de-
clared by Professor Bain, of the impossibility of arranging
the feelings in linear sequence, heralds the abandonment of
all attempt at such an arrangement, and the construction of
a classification according to those fundamental properties
which they have acquired from the source and in the process
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of their development. That such a classification alone can
express the true relations of the feelings to one another is
demonstrated by reason and enforced by analogy; and that
our knowledge is ripe for the attempt is sufficiently indicated
by Professor Bain’s declaration.

From what has been said it will be already apparent
that the classification of feelings that is here proposed is
founded not on any distinctions between the qualities of
feelings as subjectively viewed—an aspect to which belong
such distinctions as those between Appetites, Desires, and
Affections (Reid); as that between the Subsidiary Faculties
and the Elaborative Faculty (Sir W. Hamilton); that be-
tween Sensual Feeling and Intellectual Feeling (Kant) ; that
between Harmony and Conflict (Herbart); that between
Formal Feelings and Qualitative Feelings (Waitz); those
between Affections, Moods, and Passions (Wundt); those
between Direct, Reflective, and Imaginative Emotions
(Hodgson) ; and, it may be added, that between Representa-
tive and Re-representative Feelings ;—but is based, like the
classification of Cognitions previously proposed, on vana-
tions of the correspondence between the organism and its
environment ; of which correspondence Feeling is a cardinal
factor.

The term Feeling, like the term Cognition and several
other terms used in psychology, is used in two distinet
senses, It is used to express a process, and also to express
the result of that process. Just as Cognition may mean
either the process or act of cognising, or the state of mind
remaining on the completion of this act, so may Feeling be
understood either as the process of feeling or the state of
mind resulting from the process. It is in the latter sense
that the term will be most used here, and the context will
show clearly when the other meaning is implied.

Expressed in terms of the correspondence, the process
of Feeling is the correspondence of states in the organism
with interactions between the organism and the environ-
ment ; and the states so corresponding are the individual
Feelings, If Feeling is the state in the organism which






288 MIND ° PART TIL

What then is it that the sensation of Resistance corresponds
with ? It is the relation that the two factors in the
interaction bear to one another—the relation of the muscular
strain to the pressure, or, in subjective terms, the sensation
of Resistance is the relation of the sensation of Effort to
that of Touch or Pressure. But a relation between two
feelings is a cognition. Ought we not then to speak of
Resistance not as a feeling but as a cognition, seeing that it
is a relation between feelings, and corresponds with a relation
—that of coexistence between extension and body—in the
environment ? Whether we so regard it depends entirely
upon the aspect from which we look at it. Undoubtedly
the state of mind called Resistance is a relation between
two feelings, and is therefore, from one aspect, a cognition ;
but, as Mr. Spencer points out with great clearness, a relation
between feelings s itself a kind of feeling—the momentary
feeling accompanying the transition from one conspicuous
feeling to an adjacent conspicuous feeling, and therefore
imperatively demands a place in a classification of feelings.
The fact that the scheme here set forth necessitates an
inclusion of cognitions in the classification of the feelings,
so far from militating against it, is actually evidence in its
favour. The great difference between feelings, and relations
between feelings when subjectively viewed, is the duration ;
and I have already shown how, as cognitions become more
and more complex, they become more prolonged, so that while
every cognition is in one aspect a feeling, this aspect becomes
more and more conspicuous as cognition becomes developed.
Hence there is the more reason for indicating the position
that such feelings occupy at the root of the classification.
The way in which an interaction is initiated, as it is a
necessary element in all interactions whatever, is @ fortior:
a necessary element in all interactions between the organism
and its environment; and every group of interactions that is
constituted on any other principle must necessarily be sus-
ceptible of division according to the way it is begun. There
is, however, a set of divisions of very different character,
which, although they are applicable only to the special group






200 MIND PART III

that is not only of secondary importance, but is, or may be
wholly wanting in the other primary groups. The phanero-
camic plants, for instance, are divided according as their
seed possesses one or more cotyledons—organs that have no
existence outside this group. The dicotyledonous plants are
classified according to the number of their petals—organs
that no other kind of plants possess. The sub-orders of the
leguminos® are determined by variations in the characters
of the pod—a form of fruit that is confined to this order.
And the classification of animals proceeds in the same way.
The inference is obvious. If the feelings have come into
existence by the same process of evolution to which plants
and animals owe their origin, and if the classification of
the latter, following the lines of this process, exhibits certain
characters, then it may be expected that the classification of
the former, following the same process, will exhibit similar
characters. When it is found that the mode of classifying
the feelings that is here proposed does exhibit a well-
marked similarity to the accepted mode of elassifying
animals and plants, it may be claimed as an additional in-
dication that the principle on which it is founded is correct.

It may be objected that we have now got two principles
of classification, one according to the way the interaction is
begun, the other according to its position in the evolutionary
scale, and that these two principles -are so widely different
that the lines of division that they regulate cannot possibly
coincide with or even approximate to each other; and this
must be admitted, but it does not invalidate the classification.
A classification which follows the course of evolution is often
and very aptly compared to the structure of a tree. It may
be said that a tree forms a solid diagram of such a classifica-
tion—a diagram in three dimensions. The most general and
least differentiated forms are represented by the stem of the
tree, and the more elaborate and special forms by the suec-
cessively diminishing branches. Such a diagram represents
accurately the classification of feelings according to the
principle of evolution. The other principle of division—
that according to the way in which the action is begun
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usually be correct to say that the feeling corresponds with a
relation between the organism and the environment, and
this mode of expression will often be used hereafter, but it
must be borne in mind that the relation is always a rela-
tion of interaction, past, future, or possible, and that it is
.this element of activity that alone arouses feeling. The
feelings of cognition, for instance, which have already been
referred to, may properly be resarded as the state in the
organism which corresponds with the relation between two
such interactions.

Considered in the light of the principle of Evolution,
there are two classes of interactions between the organism
and the environment which stand out pre-eminently before
all others in their importance and in their antiquity. These
are the interactions which primarily affect the conservation
of the organism, and those which primarily affect the per-
petuation of the race. Of course every interaction between
the organism and the environment must necessarily affect
to some extent, however slightly, its conservation, and must
affect in some degree, however remote, its ability or tendency
to perpetuate the race; but we speak here of interactions
only as they primarily subserve or oppose these two great
ends. Compared with the interactions that affect these two
great and primordial ends all others are but of yesterday,
although even the following group dates from a period long
prior to that at which the race attained to the dignity of
humanity. There is little doubt that, long before our ances-
tors had reached the organisation and status of Man, they
lived gregariously, so that for a period which may not include
a large section of the whole life of the race, but which is
intrinsically very great, each individual organism has been
subject as a member of a community, to a number of inter-
actions affecting the common welfare, of which some are
concerned with the environment of the community, and
others are concerned with the community itself, regarded as
a special (the social) environment of the individual. From
interactions that concern the welfare of the organism’ in
common with that of other individuals to those that concern
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panum, or ethereal undulations on the retina,—in such ecases
a feeling arises which corresponds directly in duration, in
intensity and in volume, with the action of the environment
on the organism, and such feelings are termed Sensations.
Sensations are to a large extent unconditional. If the action
takes place the feeling necessarily arises, the bodily structure
being supposed normal. The action taking place on what
is physiologically the surface of the organism, there is a
minimum of opportunity for the introduction of the intel-
lectual element, intelligence arising only when the ecorre-
spondence hetween the organism and the environment begins
to extend in space. Whatever part cognition plays in the
process is therefore subordinate. Feelings of this simple
character can exist in the absence of almost every trace of
cognition, and where cognition exists, it is In every case
secondary to the feeling. These relations to cognition hold
true when the feeling is represented as well as when it is
presented. In the next order of feelings, in which the corre-
spondence is indirect, we shall find that cognifion rises
into a position of much greater importance.

Environmentally-initiated Sensations are classified ac-
cording to the nature of the agent by which they are
aroused, as follows :—

TAELE 1.
Crass I. Sub-class I. Order I.
Self-conservative Environmentally-initiated Sensations.

The agent is
of plus quantity, or more ample
than that in the organism }Wa.rmth.
of minus quantity, or less ample } Cold
than that in the organism i

Tflﬁrmal vibration

Machsrinal foros { ﬂfl‘ luappr{acm,hlc mﬂsmtuda Touch.
of appreciable magnitude Pressure.
L he surface Smell.
hemieal rearrang mf t. 1
Chemieal rearrangement within the surface Taste.

irregular Noise,
rhythmical Sound.
of which variations in amplitude } Lich
correspond with variations in ight.
of which variations in rapidity
: B D1 10
correspond with variations in

Aerial undulation {

Fthereal undulation
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is that in which the state in the organism which we call
feeling corresponds, not with the actual operation of an
agent upon the surface of the organism, but with the rela-
tion which some circumstance in the environment bears
to the organism. The action of the environment on the
organism with which the feeling indirectly corresponds being
not actnal, but removed to a distance in time and space,
there can arise in the organism no state answering to such
action except by the extension of the correspondence in time
and space, and this correspondence is intelligence. If the
agent is not directly acting upon the organism, but the
feeling corresponds with the relation in which the agent
stands to the organism, then for the feeling to arise this
relation must first be known. As far as concerns any effect
upon the organism, an unperceived relation is nothing.
Hence, of feelings of this order cognition forms a part; a
subordinate part indeed, but one of integral and even ante-
cedent necessity. So far from being, like feelings of the
previous order, unconditional, they are absolutely conditional
on a previous process of cognition. A difference in the
subjective aspect of the two orders of feelings is also im-
portant. The Sensations that have been considered have
no inherent quality of pleasurableness or painfulness. Each
may be pleasurable under some circumstances, painful under
others. The quality of the feeling, when it exists, corre-
sponds not with the nature of the action, but with its degree.
A small increase of warmth or coldness is not necessarily
either pleasurable or painful. When the degree of change
becomes considerable, some degree of pleasure or pain com-
monly accompanies it. When the change is great there is
always pain. The same is true of pressure, of light and of
sound. A small degree of either of these actions is not
necessarily either pleasurable or painful. A great increase in
the amount of any of these actions is always painful. But
in the feelings now to be considered, termed Emotions, the
pleasurable or painful quality is not dependent upon the
amount of the action, for direct action there is none. The
quality of the feeling depends upon an attribute of the
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of the race have been most numerous and most important.
To which interactions this description applies there can
scarcely be two opinions.  Man, like every other organism,
has arrived at his present state of development by the
survival of the fittest in a ceaseless struggle for existence
that has been in progress for countless myriads of years.
During all this inecaleulable time the eircumstance that has
been most potent in shaping his organisation, has been the
pruning and moulding influence of the adverse conditions
against which he has had to struggle; in other words, the
action of noxious agents in the environment. From this
consideration we might predict that the group of feelings
corresponding with the action of such agents must be the
most important group of the environmentally - initiated
Emotions, and when we find that it is so, we may fairly
regard the fact as tending to corroborate the naturalness of
the classification.

The most fundamental division that can be made of
agents of this class refers, it is manifest, to the magnitude
of their power with respect to that of the organism. No
(uality of a noxious agent can be of such importanece, or
exert so much influence on the state of the organism pro-
duced by its proximity, as the relative powers of this agent
and of the organism. Since, as has already been pointed
out, in feelings of this class the agent is not actnally acting
upon the organism, but is separated from it by an interval
in time and space, it is clear that not only must cognition of
the agent precede the occurrence of any feeling, not only
must cognition of its noxiousness precede the occurrence of
any Antagomistic feeling, but a cognition of the relative
power of the agent is also necessary before a feeling of any
definiteness can exist. Furthermore, just as the quality of
the feeling as Antagonistic depends, not upon the attribute
of the agent as it actually exists, but upon its attribute as
cognised—a cognition which may be widely discrepant from
the truth; so the sub-group, or sub-genus of antagonisms
into which the feeling will fall will depend, not on the actual
relation which the power of the agent bears to that of the
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and when it is remembered that the terror inspired by such
an agent will be greater the.ess the means of defence, the
smaller the opportunity of escape, and the more rapid the
movements of the snake, it becomes apparent that the power
spoken of is not necessarily mechanical energy but power to
injure, and includes as part of that power the element of
unpreventableness or inescapableness. The whole of the
qualities may be summed up as degree of noxiousness. Now
let us return to the case of the mouse, and observe that,
while its power of inflicting harm, should it gain access to
the organism, is cognised very indefinitely but still very
vividly as considerable, the astonishing rapidity of its move-
ments proves it to possess a power of gaining aceess to the
heholder which is far beyond her ability to prevent or avoid ;
and thus the degree of noxiousness, which may be regarded
as the product of these two factors, is maintained at a very
high estimate by the magnitude of the one factor, notwith-
standing the moderate value to be attached to the other.
As thus defined, the power of the agent is cognised as over-
whelming compared with that of the organism, and the
doctrine holds good.

Take another instance of the feeling of Terror—the
feeling experienced by a child on entering a dark room.
There is nothing in the room that can harm the child—mno
azent in the environment to arouse the feeling, Can the
formula be said to apply to such a case ? Assuredly it can.
True, the room is in reality empty of ought but harmless
turniture, but it is peopled thick with terrible things by the
child’s imagination ; and it is the agent that is cognised, not
the agent that actually exists, that arouses the feeling.
Moreover the child’s accessibility to the agents is cognised
as a maximum. It cannot see, but it imagines itself as seen,
and in comparison with its own helplessness to avoid its
unseen foes, their power is conceived as overwhelming,

The relative power of the noxious agent to inflict injury,
in comparison with that of the organism to avoid it or to
nullify it by counteraction, is of course not precisely measur-
able. Nor is precise measurement any condition of the
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as Patience and Suspicion, Stubbornness and Sulkiness are
widely separated by the intervention of feelings so unlike
them as those of Rage, Triumph and Apprehension. It
would be easy to bring these allied feelings together by
shuffling the cards a little. If we transpose the second and
third columns, and make the primary divisions according
to the nature of the reaction and the secondary divisions
according to the relative power of the agent, we bring
together Terror and Fear, and follow them immediately by
Hate, Annoyance and Contempt. Similarly, Resignation,
Patience and Meekness, would form a separate well-charac-
terised group; and other groups as natural would follow.
But on the other hand by this arrangement Terror would
be separated from Despair, Hate from Anger and Revenge,
Annoyance from Vexation, and other closely allied feelings
would have to be placed far asunder. From this it would
appear that the classification here proposed is open to the
same objection as those that I have rejected—of grouping
together things that are widely unlike, and separating widely
those that are closely allied. If my aim were to arrange
the feelings serially, this objection would of course be valid,
and the classification futile; but I have already declared
that this is not my aim. So far from it, indeed, I hold that,
as Mr. Spencer asserts of the arrangement of animal forms,
“such relations cannot be represented in space of two
dimensions [even]; but only in space of three dimensions.”
In a diagram such as that afforded by the table, the serial
arrangement distorts and dislocates the actual relations of
the feelings, somewhat as Mercator’s projection distorts the
relations of land and water on the surface of the earth.
Mercator's projection seeks to represent on a plane surface
the relations existing on a curved surface,—to reproduce in
a diagram of two dimensions relations existing in space of
two dimensions ; yet how imperfect is the result! Judge,
then, of the possibility of representing in space of one
dimension relations that require three dimensions for their
true exposition.

A fairly adequate concept of the inter-relations of the
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Antagonistic feelings may, however, be gained, if we conform
to the necessary conditions. Let us imagine the most
general of the relations that govern the classification of
these feelinos—the degree of noxiousness or the relative
power of the noxious agent—to be represented by a solid
stem; and let us suppose this stem to have five nodes,
corresponding with the five relations that the cognised
power of the noxious agent may bear to that of the
organism ; the node at the top representing those in which
the power of the agent is insignificant and the node at the
bottom those in which its power is overwhelming. At
each of these nodes the corresponding group of feelings
enumerated in the table may be represented as arranged
round the stem in what is known to botanists as a whorl ;
each feeling being represented by a projection, separated
from its adjoining fellows by a notch, which will be deeper
or shallower according as the difference is more or less pro-
nounced. Now, since there is no abrupt division between
those agents that are approximately equal in power to the
organism and those that are superior and inferior, nor is
there any demarcation between these two groups and those
which lie above and below them respectively, it follows
that, to make the diagram correspond, we must imagine the
orojections that we have placed at the nodes to be extended
up and down the stem as continuous buttresses, uniting the
feeling placed at a node with the allied feelings at the nodes
above and below on the same meridian of the stem. The
notches will now become grooves and the stem a fluted
“column. Lastly, since those feelings which relate to an
agent of greater power are of greater magnitude than those
which relate to an agent of lesser power, they should be
represented on our solid diagram by the greater size of the
projections which correspond with them. The fluted
column will thus become a fluted cone. At the base of the
cone a great protuberance will represent the feeling of
Terror, which is bounded by, and in some part continuous
with, the feelings of Desperation on the one side and of
Despair on the other. When we follow this protuberance
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upward toward the apex of the cone, we find that it
gradually merges into Fear, while its neighbours similarly
graduate, the one into Courage, the other into Defeat.
Followed still higher, Fear narrows first into Hatred, then
through Dislike into Annoyance; Courage becomes first
Anger and then Vexation; and Defeat becomes modified
into Mortification of various degrees, If, instead of noticing
the connections among the feelings, we pay attention to the
divisions between them, we find additional evidence that
this solid diagram truly represents their relations to one
another. For if the buttresses are large and prominent at
the base and diminish towards the apex, it is but stating
the same fact in another way to say that the divisions
between them at the base are deep, and become more and
more shallow as they run upwards, until at the apex they
disappear. And if we turn from the diagram to the feelings
whose relations it represents, we find that the differences
between them have a corresponding disposition. Between
the Despair that attends a failure to counteract the action of
a noxious agent whose power is cognised as overwhelming,
and the Triumphant Exultation that follows an unexpected
suceess, the interval is as great as can possibly exist between
feelings of the same genus. Between the Triumph that
attends success over an agent previously cognised as superior,
and the wretchedness of Defeat that attends failure of the
counteraction, not only is the difference less than in the
previous case, but other things being equal, it is less in exact
proportion as the power of the agent is cognised as less
overwhelming. When the agent is approximately equal in
power the gap between the feeling aroused by success and
that aroused by non-success, though still very considerable,
is manifestly less. As the agent becomes less and less
powerful, the interval between the two sets of feelings
aroused by success and by non-sunccess diminishes more and
more, until as the agent becomes insignificant the feelings
subside into a dead level of indifference. Again, the feeling
of abject Terror that accompanies the absence of all effort
to resist an overwhelmingly powerful enemy differs very
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widely from the feeling of Desperation that accompanies the
strenuous effort to resist. Between Fear, the homologue of
Terror, and Courage, the homologue of Desperation, the
interval, though still great, is not so great. When we rise to
the next “whorl” of feelings, in which the relative powers
of the agent and the organism are cognised as approximately
equal, the corresponding feelings of Hate and Anger are
still less widely different, and are shown to be so by the
comparative ease with which the transition is made from
the one to the other. In the succeeding group the feeling
of Annoyance which accompanies passivity, and that of
Vexation which goes with active counteraction, are so little
different that the terms are often used interchangeably; and
when the agent is insignificant the two feelings coalesce into
the single state Contempt: of which Scorn is properly only
the outward expression.

From these considerations it will, I think, appear that the
similarity between the feelings of Hate, Anger, Revenge and
Rage in the third group, and between those of Annoyance,
Vexation and Resentment in the fourth, so far from telling
against the validity of a classification in which they are
differently described, actually tells in its favour. Further-
more, I trust that a claim has been made out, not only for
the recognition of the Antagonistic feelings as a natural and
well-characterised group, but also for the validity and cor-
rectness of some such internal structure of the group as that
which I have proposed ; an arrangement which displays the
lateral and cross relations of the various feelings in the group
as well as their more obvious kinships.

It will be seen that in the classification proposed each
feeling has mot only assigned to it a position, but also has
its nature stated and defined. In doing so, as in all cases
in which terms are taken from the vernacular and applied
to the purposes of science, the meaning of the terms at the
same time that it is rendered precise is necessarily some-
what altered. It is probable that in some cases a term has
been used to connote a feeling not quite the same as that to
which it is applied in common use. I can only say that






CHAPTER XIII

CLASSIFICATION OF FEELINGS— Continued

CroseLy allied to the Antagonistic feelings, and blending
with them on their common frontier, is a group (Genus 2)
which I have called the feelings of Repugnance, and which
are distinguished from the preceding genus by a small but
decided difference in the character of the circumstance in the
environment with which they correspond. In the case of the
Antagonistic feelings this circumstance is an actively noxious
agent,—that is to say, an agent whose action would be noxious
if applied to the organism, and which is credited with the
ability to gain access to the organism, or at any rate to at-
tempt to do so. In the present genus the latter quality is
wanting. It is still believed that the agent would be noxious;
it may be intensely noxious, if applied to the organism ;
but it has no power of itself to gain access to the organism.
The element of accessibility, so important in the preceding
oenus, is absent, and this difference divides the one group
from the other. We have already seen that in the circum-
stances arousing Antagonistic feelings the element of acces-
sibility is of prime importance. We may, therefore, expect
the class of feelings from whose evoking circumstances this
element is absent, to exhibit a well-marked difference. On
the other hand, since there is every degree of accessibility,
from none to a maximum, we may expect the feelings of this
aroup to graduate into those of the previous one.

When a circumstance in the environment is passively
noxious in the sense here used, it is obvious that it cannot
act upon the organism, and its noxiousness cannot be exerted -
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The feeling of Horror occupies in this class a position
homologous with that of Terror in the last, the sole differ-
ence being the character, as active or passive, of the noxious-
ness of the circumstance by which they are aroused. Now
a circumstance which is only passively noxious will not be
cognised hoth as noxious and as of overwhelming power,
unless both of these qualities are very conspicuous. Every
agent whose power is overwhelming is passively noxious,
since if we get in its way it will erush us, but in the great
majority of such cases the power alone is cognised. The
noxiousness, being inconspicuous, is omitted from the cogni-
tion, and the feeling aroused is one of a simpler class, which
will be subsequently considered. Nevertheless, in every
such circumstance the noxiousness is potential, and only
needs to be cognised for the feeling of Horror to arise. A
few concrete examples will make the matter clearer. 'When
we approach the brink of a stupendous cliff, we experience,
in addition to and apart from any feeling of giddiness, a
vague feeling of Horror. This feeling arises from the cogni-
tion of the possibility of falling over. The ecircumstance
which renders such a catastrophe possible is cognised as of
overwhelming power and as noxious, both these qualities
being conspicuously present, but since its power will not be
exerted unless' we voluntarily approach the brink and pre-
cipitate ourselves from it, the noxiousness is passive. If a
man is in the hands of enemies who are carrying him to
the brink to throw him over, the noxiousness is no longer
passive in the sense here used, and the feeling aroused is one
not of Horror but of Terror. When we view the action of
some immense machinery, such as that which propels a great
ship through the water, we are in the presence of an agent
of overwhelming power ; but, since the latent noxiousness
which every such agent possesses is inconspicuous, the
feeling aroused is one due to the cognition of the power only
—a feeling of Admiration or even Awe. But now suppose
we are shown the place where some workmen became en-
tangled in the machinery and was torn to pieces; instantly
the feeling changes to Horror; and why? Because the
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An environmental circumstance which is noxious to faste
is of necessity passively noxious, since we taste only those
things that we voluntarily put into our mouths ; when the
operation is complete there is the unpleasant Sensation of
distaste. But when the thing is not yet tasted, but stands
in such a relation to the organism as to arouse a cognition
of the process of tasting, then the feeling is of Emotional
order, and where the thing is cognised as noxious, the emo-
tion is one of Disgust. If it is cognised as excessively
noxious the emotion is one of Loathing. That this is the
true nature of these feelings does not, I think, since the
writings of Darwin, require a laboured demonstration.

The connection between the feelings of Disgust and
Loathing on the one hand, and Abhorrence and Horror on
the other, is indicated no less by the similarity in the char-
acter of the circumstances which arouse them, than by the
fact that they are all associated with nausea, and when
pushed to excess, with actual vomiting.

Genus 3. The feelings which correspond with the rela-
tion to the organism of a beneficent environmental ecireum-
stance, are, as in the case where the circumstance is noxious,
divisible according to the character of the circumstance as
active or passive. The feeling aroused by an agent which
is beneficent actively—that is to say, by gifts or services
rendered to the organism—differs from the feeling aroused by
a circumstance that is passively beneficent,—that is to say,
whose mere presence in the environment is beneficial to the
organism. In feelings of this group the cognised power of
the agent with respect to that of the organism is a much
less important element in determining variations of the feel-
ing than it is in the previous group. In the presence of a
noxious agent, such a cognition is all-important. The mode
of reaction of the organism is determined very largely by
the estimate that is formed of the power of the agent, and
feeling, which is the correlative of action, must vary and
does vary greatly with the same estimate. But in the case
of a beneficent agent it is manifest that its power with
respect to the organism is much less important, and hence
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many gifts and services have been interchanged, the volume
of kindly feeling that is at length generated does not admit
of separation into parts, so much being scored to Gratitude
and so much to Liking ; but it is not in the complex cases
that an explanation is first to be sought. Whatever laws
are found to rule the simple cases rule also, we may be
certain, the cases that are formed by compounding of the
simple cases, although in the latter their operation may be
so disguised by mutual interference as to be unrecognisable.
Further, it must be admitted that a feeling that begins as
Gratitude may, and often does, merge into Liking; but it is
easy to see how this may occur without invalidating the
distinction here made. Suppose the case of a child that
receives a gift and feels Gratitude towards the donor and
pleasure in the gift. The next wvisit of the donor will,
according to a well-known psychological law, arouse in a
faint form the pleasurable feelings originated by the recep-
tion of the gift. The donation is repeated, and again the
gratitude and the pleasure are aroused. On the next visit
these feelings will again arise faintly, but more vividly than
on the former occasion, and with each repetition the pleasure
aroused by the mere presence of the donor will be augmented.
When the pleasurable feeling so aroused becomes appreciable
in amount independently of the Gratitude, it is termed
Liking ; and such a feeling obviously satisfies the definition
I have given, for it is the feeling aroused by the mere
presence of a beneficent agent and not directly by the
cireumstance of gifts or services rendered. The distinetness
of the two feelings is well seen in the fact that a service
may be rendered to us by a person whom we do not like,
and may arouse its corresponding feeling of Gratitude with-
out the antipathetic feeling of Dislike being by any means
abolished. An example occurs when we receive gifts of the
white-elephant character from a kindly-intentioned bore.
We do not like the donor. We may feel an actual repug-
nance to him. He is a nuisance, and his gift is a burden ;
but at the same time we cannot help feeling some Gratitude
towards him. Or take the case of a stern undemonstrative
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required of me is more facilitated. The term “ activity ” is
here used in a larger sense than that of energy expended by
the organism. Perhaps the expression “exercise of the
faculties ” would be in some respects better, but its con-
notation appears to me less definite. Apart from these
instances, which of course do not cover the whole field, and
which allow therefore of the retort that in other cases of
Liking the nature of the relation with which the feeling
corresponds is different, there remains the comprehensive
argument that this relation is the only one possible. For if
the agent is beneficent to the organism and its beneficence
does not take the form of actively rendering gifts or services,
what other form 1s possible? Manifestly the only other
way in which beneficence can be shown is by affording
opportunity for the exercise of some activity of the organism.
It may be said that if an agent does facilitate our activities
this itself is rendering us a service, and that the feeling of
Liking is placed out of court, or rendered merely a variety
of Gratitude. But there is a difference. If any activity is
checked by some condition or the want of some condition in
the environment, so that a definite desire results, then the
removal or supply (as the case may be) of the condition, is
recognised as a service rendered, and Gratitude is felt; but
if the beneficent agent merely facilitates the exercise of an
activity whose disuse has not reached the point of desire,
the feeling aroused is not Gratitude but Liking. Clearly,
however, the difference is one of degree, and concerns not
indeed the degrees of beneficence of the agent, but degrees
in the conditions of the organism. Hence we find that,
when an activity has less means of expression than usual,
any agent which affords these means is looked on not only
with Liking but with a certain amount of Gratitude. For
instance, we say that we like a friend to come and sit with
us. DBut if we have been cut off from social intercourse by
sickness we are grateful to him for the same action. Lastly,
since Liking corresponds with the relation to the organism
of an agent which facilitates the exercise of its activities, the
volume of the feeling will vary with the amount and number
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But when things commonly confounded are for the purposes of
seience distinguished, it becomes necessary to limit the denot-
ation of trite terms, and so long as this alteration of meaning
is avowed and the new limitation declared, no harm is done.

Reference to Table II. will show that the next two
Genera of feelings are distinguished by the fact that the
environmental circumstance with which they correspond
is not an agent but an evend, The difference is clear
and is considerable, and the feelings of these genera are
as distinet from those of the last as a state is distinet from
a change of state. KEvents are divisible just as agents are,
into those which are noxious and those which are bene-
ficent,' and the feelings exhibit a corresponding division.
Every event is a change from an antecedent state to a con-
sequent state, and is beneficent if the consequent is the
more favourable of the two, noxious if the antecedent
is the more favourable, The amount of the change—
that is to say, the amount of difference between the antece-
dent and the consequent—regulates the intensity of the
feelings, while ifs position in time is the basis for their
specific character.

TABLE VI.
Cr. I. Sub-cl. I. Ord. II. Genera 4 and 5: Grievous and Joyous Feelings.
(and distant in time, Anxiety.
and impending, Dread.
and imminent. Alarm.
noxions J and does not oceur. Relief.

The feeling corre- Anguish, Grief
sponds with the and has happened. ‘{ to

relation to the or- Sorrow, Regret
ganismofan event -

in the environ- rand impending. Pleasurable
lz?:E%;rEEh £ and imminent, E:;EP;TE
= beneficent J and does not occur. Disappointment.
and has happened, {JD}', Delight
H : Gr&l.iﬁt:::inn.

1 There is a third gronp—those that are neutral or indifferent—but these
do not primarily affect the conservation of the organism and are therefore
excluded from the great Class of feelings that we are now considering. They
will be examined in their place in Class V.,
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adjusted to an end (Spencer), and it is with this movement
thus adjusted that the feeling corresponds. Regarded
physiologically, an act begins as a nervous process. It is
first of all an energising of the highest nervous centres or
-some of them. Although such a process is of course not
itself an act, and although it may exist without the occurrence
of any consequent act, yet whenever an act is performed such
a process is a necessary antecedent—is the first stage of the
continnous process which in its entirety constitutes the
physiology of the act. The feeling, which is the state of the
organism that corresponds with the action of the organism
on the environment, begins when this action begins,—that 1s
to say, it begins with the nervous process that eventuates in
an act. But we have seen that not every nervous process
does eventuate in movement. There is therefore a difference
between the feeling that we are now considering—that
which accompanies the earliest stage of the initiation of an
action—and the feeling of purely intellectual exertion. This
difference is on the physiological side a difference in the
momentum of the discharged energy. If the energising
of the nerve-regions concerned becomes so active that the
liberated energy has sufficient momentum to overcome the
resistance of the nerve-paths and to reach the muscles and
set them in action, then thereis a feeling of initiated action ;
but if this degree of activity is not attained, this feeling does
not arise. Now the passage of the nerve-current from the
highest nerve-regions to the muscles is not instantaneous.
It occupies time. DBetween the attainment of the requisite
tension or momentum on the part of the nerve-process and
the resulting muscular contraction there is a brief but ap-
preciable interval. During this interval there is no move-
ment of the organism, but the act is already virtually begun;
and in correspondence with this initiatory stage of the act
there arises a feeling, which is part of the feeling appropriate
to and corresponding with the act, and yet has a certain
difference from the rest of the feeling which corresponds
with the remainder of the act—with that part in which the
movement from incipient has become actual. To those who
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know nothing of the physiological processes which eventuate
in bodily movements, and to whom the movement of a limb
is the first thing that happens in an act, the feeling that
corresponds with the incipient stage of the act, and occurs
before the movement, will appear to occur previous to and
altogether apart from the act. Many things concur to con-
firm this notion of the separateness of this portion of the
feeling from the act with which it corresponds. For every
case in which the nervous discharge attains a tension
sufficient to overcome the resistance of the outgoing channels
and to reach the muscles, several instances oceur in which
a less powerful discharge occurs from which no movement
results. In such cases a mental state arises which we call
an idea of the movement, and which is precisely similar,
save only that it is of inferior intensity or vividness, to the
feeling corresponding with the incipient stage of an act.
Such a feeling, since it is not associated with an act, is looked
on as quite apart from action, and helps to confirm the
notion of the independence of the intenser feeling also.
Again, when the passage from the nerve-centres to the
muscles is interrupted, as it often is in every one's experience,
from temporary pressure on nerve or artery, an act requiring
those muscles will stop short at its initiatory stage. Since
the nerve-currents do not reach the muscles there will be no
movements ; but since the nerve-centre discharges with the
requisite energy, and the first stage of the act occurs, the
feeling appropriate to that stage will also oceur. Further-
more, although this feeling is but an intenser form of the
mental state which we call an idea of a movement, yet from
this state it is sharply distinguished not by its intensity,
which is a matter of degree and therefore does not admit of
sharp distinction, but by its association with action. For
while the intenser feeling always immediately precedes a
movement, the fainter feeling never does. Often two or
more of these fainter feelings arise in suceession or in alter-
nation, but they are not associated with movement until one
of them obtains preponderance and emerges into the state
of greater intensity, and this is the prelude to the corre-
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sponding movement. From these conditions it results that
the feeling which corresponds with the incipient stage of an
act is regarded as distinct on the one hand from the famnter
feelings which it resembles, and on the other from the act
with whose initiation it corresponds. To those who do not
know of the existence of the incipient stage of an act, and
who look upon the muscular movement as its earliest be-
ginning, the feeling that accompanies its incipient stage will
stand out in conspicuous isolation as the only and invariable
antecedent to every outward act, and hence will inevitably
be regarded as its cause. To this feeling is given the name
of Will. (Genus 1.)

Those who are accustomed to regard Will as a separate
and primitive faculty of the mind will of course dissent from
this view of its nature. To some of them the whole system
that is here advocated will be so discordant that a defence of
a single position would be futile. Those, however, who admit
the validity of Mr. Spencer’s division of Mind into Feelings
and Relations between Feelings ought not to be hard to con-
vince. If Will is not what I have stated it to be, what 1s
it? By hypothesis it must be either a feeling or a relation.
If it is a relation, what are its terms ? Until some answer
is given to this question, which appears to me impossible,
Will has no primd jfacie claim to be considered a cognition.
Whether it is a feeling or no may be reasonably discussed,
but I do not think that any one will contend that it can be
a cognition, and if not, then to those who accept Mr.
Spencer’s psychology there is no other alternative ; it must
be a feeling. Once it is admitted that Will is a feeling, and
not a primitive division or faculty of Mind, its position
among other feelings becomes a legitimate object of search,
Whether the position that I have assigned to it is correct or
no is not of much importance. What I wish to insist upon
is that it is at least possible to assign to Will a definite
position in a systematic arrangement of the Feelings, and
thereby to harmonise the discrepancy between Mr. Spencer’s
fundamental division of mind and his subsequent classifica-
tion of feelings. Every mental state, he says, is either a
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regard the will as the expression of my whole self. And it
is this identification of Will with the subject that constitutes
its peculiarity as compared with other feelings, and that has
led to its relegation to a region of mind apart from them.
' The classification of the group of feelings with which we
are now dealing depends, it will be remembered, upon the
stage of the action of the organism on the environment at
which the feeling occurs. The next feeling that we have to
consider is therefore that which corresponds with the next
stage of this action, and occurs when the current of energy
is delivered from the nerves into the muscles and the mus-
cular contraction takes place. FEvery spontaneous action of
the organism on the environment is effected by muscular
contraction, and the feeling accompanying a muscular con-
traction is therefore a necessary part of the feeling that
accompanies every act, however the act may be performed
and whatever part of the organism may be chiefly concerned
in it. To this feeling we give the name of Effort. (Genus 2.)
The simplest acts, such as phonation, turning of the head,
and so forth, contain no other physiological elements than
the nervous discharge and the muscular contraction. When
these two stages are gone through the act is complete, and
the corresponding feelings of Will and Effort alone occur.
Further, it is evident that we have now exhausted the pos-
sibilities of feeling as it corresponds directly with activity
of the organism pure and simple. The moment the action
of the organism brings it into contact with a resisting body
in the environment, at that moment a reaction of the en-
vironment is added to the action of the organism, a state of
feeling corresponding with this reaction is added to that
which corresponds with the action; and the total feeling
that results is compounded of the two. Then arise the
feelings of Resistance, Hardness, Softness, Elasticity and
the like—states of mind that are more cognitive than
sensitive, and that need only be referred to here for the
sake of formal completeness. (Genus 3.)

It will be remembered that, in the case of the Environ-
mentally-initiated feelings, we considered as a case of inter-
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action between the organism and the environment the mere
relation to the organism of an agent or event in the environ-
ment, even though the agent should never actually act upon
the organism nor the event actually occur. The feeling, we
found, corresponded with the relation to the organism of an
action that was potential only—of an activity, real or not,
but cognised. Similarly, in the Organismally-initiated class,
we find that feelings may correspond with the relation to
the environment of an act or group of acts of the organism
which have not yet occurred and may never occur—which
are as yet only possible or potential. As in the former case,
the relation, to elicit a feeling must be cognised, and, as in
that case, the feeling corresponds with the relation that is
cognised, correctly or no, and not necessarily with the rela-
tion that actually exists. In the former case the means by
which the cognition of the activity in the environment was
reached, was regarded as outside the scope of our inquiry—
as pertaining to the region of cognition and not of feeling ;
and similarly in this case the means whereby the organism
forms an estimate of its own powers is for the present pur-
pose disregarded. We have to postulate that such an esti-
mate is formed, and upon that estimate, and the relations
that it bears to cognitions of environmental circumstances, are
founded the Emotions of the Organismally-initiated group.
Every activity of the organism requires for its fulfilment
the existence of certain environmental circumstances. We
cannot eat without food, nor drink without liquid, nor work
without materials, nor converse without companions, nor take
long walks on board ship, nor exercise any activity whatever
unless the appropriate circumstances exist in the environ-
ment. The existence of these circumstances 1 call the outlet
of the activity, and the action of the organism on the
environment, and therefore also the corresponding feeling
must, it is evident, largely depend on the quantitative rela-
tion that subsists between activity and outlef. The possible
number of inter-relations between two independent variables,
each of which may vary from zero to a maximum, is obviously
infinite, but those of the two factors that we now consider
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may be collected for our purposes into a small number of
aroups. Outlet may be proportionate to activity, or there
may be a margin of outlet beyond activity, or there may be
a margin of activity beyond outlet ; and these margins may
be wide or narrow. These are all the relations that need
concern us. Further, the relation that we consider may be
that of a single activity to its outlet or that of a group or a
large number of activities to their outlets. Taking first the
seneral case, we find that where there is a large number of
activities that are left unexercised for want of outlet, there
arises in correspondence with this relation between the
organism and the environment the massive feeling of Ennui,
a feeling that becomes more voluminous the greater the
number of activities that remain unsatisfied, and more
intense the greater the discrepancy between activity and
outlet. It matters not, so far as this feeling is concerned,
how the absence of the outlet has been brought about. It
may be due to a mode of life enforced merely by social
penalties, or to the loss of the usual outlets and a want of
plasticity in finding others, as in the retired man of business,
in whom the margin of activity over outlet is but small and
the feeling merely disagreeable; or it may be due to the
incarceration of the individual in solitary confinement, when
the deprivation of outlet for almost every activity augments
the feeling of Ennui from a degree that is ordinarily mere
Disagreeableness to one of intolerable Misery. When the
absence or deficiency of outlet is prolonged, the feeling of
Ennui merges into that of Discontent. On the other hand,
when the outlets are ample, and sufficient to allow the free
exercise of all activities, the corresponding feeling is one of
Contentment. If we take the case of individual activities
instead of that of activities in general, then, when outlet is
absent or is deficient, the specialised feeling corresponding
with this specialised relation is the feeling of Desire, a feeling
which rises in intensity with the excess of any particular
activity over its outlet. Should the activity from previous
accumulation or other cause gush out so copiously on the
occurrence of an outlet as to leave the organism exhausted,
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sponds with the relation between two independent variables,
and, as in that case, although the number of possible rela-
tions is infinitely great, yet they may be for our purposes
arranged in a few groups each of which shades off on either
hand into adjacent groups, and has corresponding feelings
with corresponding graduations into neighbouring feelings.

TABLE VIIL
Crass I Sub.-cl. IL. : Self-conservative Emotions, Organismally-initiated.
Genus 5 : Feelings corresponding with the relation of Activity to Obstacle.

Feelings of Freedom and Restraint.
Obstacle is cognised as insignificant in comparison with

Activity. Freedom.
Obstacle is cognised as overwhelming in comparison with

Activity. Restraint.
Obstacle is cognised as great and Activity as great. Determination.

Where obstacle and activity are both small it is evident
that feeling will be inconspicuous, and hence to such feeling
no name is applied.

Feelings of the two preceding genera correspond with the
relation to environmental circumstances of an activity on
the part of the organism,—that is to say, of an action that is
potential but need not be actual. We have now exhausted
all the possible relations of activity of the organism as dis-
tinguished from its action, In the next genus of emotions
the stage of interaction between the organism and the en-
vironment is carried a step further. They correspond with
an action that is no longer potential but actual. There
must be some work done upon the environment by the or-
ganism before feelings of this genus can come into existence.
Still, however, the emotion corresponds, not necessarily
with the relation that actually exists but only with that
which is cognised, the cognition being in this case mainly a
remembrance. When actual action of the organism upon the
environment takes place, the organism forms an estimate of
the amount of energy that is expended by it. How this
estimate is formed, on what basis it rests, and how far it is
correct, are immaterial to our present purpose. All that is
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experience, more frequently rising into consciousness, more
decided and more voluminous, which will be the feeling that
more usually goes by this name. Of all occasions on which
an effect is produced on the environment, those will be
attended with the most insignificant amount of exertion on
the part of the organism which are produced vicariously,—
that is to say, by others acting under the orders of the indi-
vidual in whom the feeling occurs. In this way very great
effects requiring the co-operation of numbers of men may
be produced by an amount of exertion that is not only
relatively but absolutely insignificant—by a word, a sign, a
look. On such occasions the feeling of Power attains its
maximum of intensity, and so great is the accession which
the feeling gains in this way that the term is often used in
substitution for the term Authority, which is properly only
a particular case of Power.

The term Ease is somewhat ambiguous, in that it is
applied not only, as many names of feeling are, to the corre-
sponding phase of conduct—ease of execution—{facility—
which is the outward expression of the feeling here considered,
but also to another phase of conduct, and through that to
another feeling—that ease which is equivalent to ofium.
The context shows sufficiently clearly the sense in which
the term is used here, a sense which, I think, is justifiable
and convenient. The feeling occupies the same position
towards that of Power that the feeling of Difficulty does
towards that of Impotence.

The term Difficulty which is applied to the allied and
confrary feeling is likewise ambiguous in that it is applied
not only to the feeling which arises when considerable exer-
tion is necessary to produce a given effect, but also to the
circumstance in the environment which renders the exertion
necessary. This ambiguity is not, however, likely to give
rise to mistake. I am not sure that the term has been used
before to connote the subjective state, but it seems to me
undeniable that a distinet feeling arises in correspondence
with the relation described, that this feeling lies between
those of Power and Impotence, approaching nearer to the
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latter than to the former, and that it may fairly and appro-
priately be termed a feeling of Difficulty.

A more advanced stage of the action of the organism on
the environment, and a more special relation between the
two has now to.be considered. An act of the organism is a
movement for the achievement of an end. If the end is
attained the act is successful : if not, it is a failure. The
success or failure of an act is quite distinct from the effect
produced on the environment by the act. The latter is an
affair of quantity, the former concerns quality. If a man
throws a stone at an object, the effect of his act, in the
sense in which the word is used here, is the amount of
movement imparted to the stone, and communicated to
whatever the stone strikes; but the success or failure of the
act depends on whether or no the stone strikes the particular
object aimed at. The stone may be thrown a great distance
with but little exertion and make a great smash by its fall,
and in correspondence a feeling of Ease and even of Power
may arise ; yet, if it fails to hit the particular object aimed
at, the act as a whole is a failure. For the feelings which
attend success and failure in single acts no terms are more
appropriate than the feelings of Success and of Failure, but
for the feelings which correspond with the relation between
these two phases of conduct, distinet names are in common
use according well with the distinct character of the feelings.

TAELE X.

Crass 1. Sub-cl. II. : Self-conservative Emotions, Organismally-initiated.
Genus 7 : Feelings corresponding with the relation of Success to Failure.
Successes are cognised as predomin- | in important matters.  Self-Reliance,

ating over Failures, in small matters, Complacency.
Failures are cognised as predomin- ¢ decidedly. Depression.
ating over Successes. greatly. Despondency.

With this genus is completed the examination of the
feelings of Class I, and before passing on to the feelings of
Class II., which correspond with interactions that affect
the perpetuation of the race, it will be well to consider a
few objections that may be made to the foregoing portion



332 MIND PART 111

of the classification, and to indicate some cross-relationships
that have been left unnoticed. To the feeling of Despond-
ency has been assigned a place in the last genus of the
second sub-class, while the feeling of Despair is placed in
the first genus of the first sub-class ; two feelings that are
very closely akin are thus separated by the widest interval
allowed by the limits of the Class. Feelings so similar as
those of Failure and Defeat are as widely separated, and
feelings of Gratification and Satisfaction, Hatred and Dis-
like, Fear and Alarm are placed in different genera. The
classification may therefore seem open to the very objection
that I have made to the classifications of my predecessors.
To such criticisms the reply is threefold, and when all
the circumstances are considered the justification will, I
trust, be found complete. In the first place, the names given
to the feelings are necessarily more restricted in their mean-
ings when used here than when employed in common dis-
course ; and in restricting their meaning a certain neutral
territory lying between two adjacent feelings, and usually
ascribed indifferently to the one or the other, has been separ-
ated from both; and in this way the severance between two
allied feelings has necessarily been made more complete by
the clearer limitation of each of them. Then again it is to
be remembered that this classification is based on the corre-
spondence of feeling with action, and when actions approach
one another in character the corresponding feelings must
exhibit a similar alliance. It is true that Despair and De-
spondency have here a wide interval interposed between them
although they are so closely akin ; but consider the relations
with which they correspond. If we turn back to the Tables
in which they are described, we find that Despair is the
feeling corresponding with the relation to the organism of an
agent of overwhelming power with which it has unsuccess-
fully contended; while Despondency is the feeling corre-
sponding with the preponderance of defeats over successes.
Manifestly these two relations are closely allied in nature,
and if the feelings corresponding with them were not also
closely allied, the classification would indeed be open to de-
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all interactions between him and his environment have of
course a twofold effect. If they directly affect the indivi-
dual only, yet as he is a unit of a community they must
indirectly throngh him affect the community of which he is
a member. If they directly affect the whole community
they must indirectly affect him as a member of it. But
the distinetion that we now have in view rests upon the
bearing of the primary stress. Interactions of the first
Class would affect the individual in precisely the same
manner if he were an isolated being separated from all
other individuals of his kind. Interactions of the second
Class affect the individual as a member of his race. To an
orphan celibate they have no existence, however intimate
his other relations with his community, and the family-man
would still experience them if he and his family were com-
pletely isolated from the rest of his kind. The interactions
that we have now to consider affect the individual in virtue
solely of his ecitizenship. They affect him not as an in-
dividual, but as a member of a society. Take away the
society of which he forms part—Ileave him outstanding as
an isolated individual-——and the interactions become impos-
gible ; the feelings have no existence.

Communities, like individual orcanisms, have to struggle
for their existence ; and thus, in addition to the struggle for
his own existence, each individual member of a community
has to bear his share in the common econflict with the
environment of the community ; and with his relations to
this wider environment a special group of feelings corre-
sponds. Again, in his capacity of a member of a com-
munity, not only is the individual brought into relation to
the environment of the community, but he is also brought
into special relations to the community of which he forms a
part. The society forms for him a special environment of
itself—the social environmont; and with his relations to
this environment another special group of feelings corre-
sponds. Hence arises a division of this Class of feelings
into two Orders—those which correspond with relations to
the environment of the community (the Patriotic Feelings),
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which a noxious agent can stand to an individual are not
only numerous but are well-defined. The difference be-
tween a blow impending and a blow struck on the individual
is plain, manifest and unmistakable. It is driven into con-
sciousness by the most powerful and direct of methods. It
does not admit of uncertainty. DBut a disaster impending
upon the community and a disaster inflicted are by no
means so readily distinguishable. The knowledge may be
cained only by hearsay from doubtful informants, or may
be gradually acquired by accumulated increments, or by
shreds of knowledge gained here and there and patched
together. Hence the group of tribal or national antagon-
isms does not admit of the same minute and detailed
classification as can be made of the individual antagonisms.
Nevertheless some varieties of the former are recognisable,
and are based upon variations in the relation to the noxious
agent similar to those of the latter, althongh they have not
acquired sufficient prominence to gain special names. The
feeling of antagonism with which a nation regards a hostile
nation of approximately equal power is very different from
the feeling which corresponds with the relation of a more
powerful to a less powerful nation, and vice versd ; and the
feeling of tribal or national subjection is very different
from that which corresponds with conquest, although it has
no nominal recognition.

If this definition of the feeling of Patriotic Aversion is
correct, then, as the limits of the community become less
definite and it merges more into surrounding communities,
the feeling should merge and be lost in the ethical feelings ;
while, on the other hand, it should be strongest, other
things being equal, where the boundaries between com-
munities are most sharply defined. And this is found to
be the case. It is notorious that the most intense examples
of national hatred exist between the communities that are
most isolated, and whose common boundaries are most
sharply defined. In illustration may be mentioned the
cases of insular peoples, of mountain-clans, and of races
like the Jews and the Cagots who live mingled with other
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are not termed patriotic. If a man spends a million upon
improved dwellings for the poor, we call him benevolent.
If he wears out his life in labouring for the amelioration of
class after class of his fellow-countrymen, we call him
philanthropiec or public-spirited. DBut we do not apply to
his eonduct the term Patriotic so long as his labours are for
the good of a part or even of several or many parts of the
community. Only when it concerns the welfare of the
entire community does this term become applicable. Now
the great majority of acts done for the benefit of the com-
munity as a whole consists in dealings with other com-
munities, and the struggle for existence necessitates that, in
dealing with other communities for the benefit of his own,
the patriot has usually to deal with them antagonistically ;
and for this reason patriotic conduct is commonly under-
stood to mean conduct antagonistic to some other community.
But that this is not the sole nor the true meaning of the
term will, T think, appear upon reflection ; for nearly every
one would admit the propriety of terming patriotic the con-
duct of a statesman who had devoted his life to the service
of his country, even if he had never involved it in a war;
and the self-sacrifice of a Curtius or a Winkelried is allowed
to be a brilliant instance of patriotism, even though it
harmed none but himself,

Order II. The Ethical Feelings: corresponding with
such interactions between the organism and its social environ-
ment as affect the common welfare. This definition of the
ethical feelings is novel, and its correctness is not immedi-
ately apparent, but I think it may be established. First
note that in the absence of a social environment ethieal
feelings have no existence. If a man were entirely isolated
from his kind and lived in total solitude, the terms right
and wrong would not be applicable to his actions. If so
applied they would have no meaning. Aeccording as his
conduct tended to self-conservation or the reverse it might
be termed prudent or imprudent, but a wicked or righteous
act would be impossible. A wrong or wicked act must be
an act that hurts some one ; it may be more than this, but
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and reward—Dby chastisement, imprisonment and various
other kinds of torture on the one hand, and by the bestowal
of wealth, honours, power and other benefits on the other.
But all these interactions can be suffered or attained —
torture can be suffered and social eminence gained—not
indeed in the absence of the community, but apart from its
direct action; and the corresponding feelings—of Pain,
Restraint, Authority, and so forth—as they correspond
with other actions are included in other classes of feelings.
The feelings of the present group are those which corre-
spond with that additional element in the interaction which
converts a pain into a punishment and a pleasure into a
reward ; they correspond with interactions that oceur
between the organism and its social environment and that
cannot oceur under any other circumstances, Although
the community may and does act physically upon the
organism, it is not the physical part of the action that the
ethical feelings correspond with. It is with that feature
of the community’s action that we call Approbation or
Reprobation.

These two attitudes of the community toward the in-
dividual are the special reactions that are evoked by the acts
of the individual ; and an act evokes the one or the other of
these two reactions according as it is cognised to be noxious
or beneficial to the community. When an individual acts
in such a way as to benefit the community, he arouses in
beholders an attitude of approbation. When he acts in
such a way as to harm the community, he arouses in them
an attitude of reprobation. These two attitudes of a com-
munity towards individual members of it are of course
assumed in respect of patriotic and antipatriotic acts—those
done on the environment of the community—as well as in
respect of acts done on the community itself; but it is with
the latter class of acts alone that we are now concerned.

Wrongful acts may be divided into two classes—those
that wound the person or diminish the property of others,
and those that wound the feelings. Every wrongful act must
do one of these things, although many acts that do these

I.I_I.-J
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D. He is now sentenced to penal servitude. He gets a
ticket of leave and steals another article from E. He is
sent back to penal servitude for a longer term. Why this
progressive augmentation of the punishment? The articles
are of approximately equal, or we will suppose of diminish-
ing, value. The wrong done to E is not greater than that
done to B. It may be much less, Why should it be visited
by a penalty twenty or fifty times as severe? Obviously
because the offences are looked upon not as isolated offences
against individuals but as repetitions of the offence against
the community. Still stronger evidence is afforded by the
law. A prosecutes B for theft. B says he is sorry and A
wishes to withdraw from the prosecution ; but the magistrate
refuses to allow the charge to be withdrawn. On what
possible ground ?  Clearly because he looks upon the act of
B as injury not to A only but to the whole community, and
in his view A is no longer the party chiefly interested in the
matter.

It is, as a rule, wrong to deprive people of their property
without compensation, to injure or to kill; but there are
many exceptions in civil life to these rules; and the ex-
ceptions are those occasions in which the harm done to the
individual is, or is believed to be, more than balanced by the
good done to the community. This it is that makes it right
to fine the wrongdoer, to flog the garotter, and to hang the
murderer. If it be said that the rectitude of such acts lies
not in the balance of benefit which they secure to the com-
munity but in the infliction of a divinely-ordered punish-
ment, then wherein lies the justification for destroying a
house in order to prevent a fire from spreading, or in order
to give a clear range to the artillery of a besieged town ?
and how can it be ethically permissible to imprison innocent
people in quarantine ? While as to most of these acts there
is much controversy as to whether there is an excess of
good done to the community over the harm done to the
individual, no question is ever raised, save in the case of
hanging, as to whether the action is right if this excess is
shown to exist.

ol
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stance must be known before the feeling can be aroused.
But, for this circumstance to be known, the feeling of appro-
bation or reprobation which is blelieved to exist in the
community must be represented in the consciousness of the
individual. This is the only way in which a feeling can be
known ; and unless the feeling is so represented and so
cognised, the circumstance in the environment remaining
unknown, its relation to the organism must remain unknown
and the corresponding ethical feeling cannot oceur. Now
the individual is himself one of the community, and as such
he regards acts with approval or the reverse. At first
applied to the acts of others, these feelings by a natural
process of transference become at length applied to his own
acts ; so that, when the feeling of approbation or reprobation
cognised as existing in the community is represented in the
mind of the individual, it comes into juxtaposition with the
feeling of the same genus entertained by the individual
towards himself ; and according as these two feelings are of
the same or of opposite signs, mathematically speaking, the
ethical feeling which is their sum varies. This is what is
meant by Desert. When the feeling cognised as existing in
the community is of the same sign as that with which the
individual regards his own act—when both attitudes are
either approbative or reprobative—then the attitude of the
community is cognised as deserved. When the signs are
opposite—when the individual approves his act which the
community reprobates, or when he disapproves his act which
the community applauds—then the execration or applause of
the community is cognised as wndeserved. These different
cognitions serve as bases for the differentiation of the ethical
feelings.
TABLE XIL
Crass II1. : Social-conservative Emotions. Order IL. : Ethical.
General Ethical Emotions.

The feeling corresponds with beneficial to the community. Approbation.
the relation of the organ- |
ism, as a member of a com- L
munity, to an act of one U!’!

the community cognised as) hurtful to the community. Reprobation.

Ll
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of Repentance will probably be allowed to be correct. The
retrospectiveness of the latter feeling and the infusion of
Regret that it contains are two sides of the same fact, as
will be seen by referring to the definition of Regret. The
distinction that I have drawn between Duty and Honour
appears thoroughly maintainable. We do not speak of an
act as a duty unless we think that negleet of it ought to be
punished, and every such act is certainly called a duty. On
the other hand, when we say that a man should do this
or that from a sense of honour, it is implied that there are
no other means of making him do it if this motive fails. A
man of a nice sense of honour is one who is punctilious in
doing things which he could not be punished for neglecting,
and whose neglect would arouse but little disapprobation.
The special methods by which the community reacts
upon its individuals have already been noticed. These
methods are reward and punishment, both of which may be
included under the head of Award. Reward is the special
reaction of the community to acts that are beneficial to it,
punishment its reaction to noxious acts. As in physies
action and reaction are equal, so in ethics the amount
of reward or punishment is proportioned to the degree of
beneficence or noxiousness of the action borne by the com-
munity. Here we meet with another meaning of the word
Desert,—a connotation which gives to it a quantitative value
in addition to the qualitative value previously affixed to it.
Not only is punishment looked on by the individual as
deserved when and when alone it is inflicted in retaliation
for a noxious act, but the amount of the punishment must
be proportionate to the noxiousness of the act before one
can say that an offender has got his deserts. Similarly
the amount of a reward must be proportionate to the
beneficence of the act for which it is given, or it will not be
considered as completely deserved. The relation between
the quality of the act and the amount of the award cannot
be accurately fixed, for neither the one nor the other admits
of exact measurement. But still a certain proportion there
must always be, and the more closely proportionate the
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award is to the action that calls it forth, the more appro-
priate is it considered. With relations of the reactions of
the community upon beneficent and noxious individuals a
small but well characterised group of feelings corresponds.

TABLE XIII.
Crass I11. : Social-conservative Emotions. Order IT. : Ethiecal.
Feelings corresponding with the relation of Award to Desert,

The feeling corresponds with a re-y equality. Justice,
htj,'m +b¢twe.'{n award and -.'ll}sz-rt} inequality {mndemtu‘ Iujl.mtice..
which is cognised as one of extreme.  Indignation.

The term unjust is commonly applied to punishments in
excess of desert, but this is merely because such cases of
injustice are more common than others. A few examples
will show that it is equally applicable whenever award is
disproportionate to desert, whether the reaction of the
community is unduly favourable or unduly unfavourable to
the individual. When we read that a man has got a long
term of imprisonment for picking up a dead rabbit or for
stealing a few turnips, we estimate the punishment as
excessive, and we have a feeling of Injustice. But the same
feeling arises in not inferior volume when we hear of a man
getting a few weeks’ imprisonment for a murderous assault
upon his wife.  Here the punishment is estimated as in-
sufficient compared with desert, and the feeling of Injustice
arises on the cognition of an inequality opposite in sense to
that of the previous case. A short time ago a railway porter
found a parcel containing negotiable documents to the value
of several thousands of pounds, and restored it intact to its
owner, who rewarded him with a threepenny-piece. Know-
ledge of this incident at once arouses a feeling of Injustice,
although the question of punishment is not involved in it at
all. It is the disproportion between reward and desert that
gives occasion for the feeling. Lastly, when this dispro-
portion is in the form of an excess of reward over desert the
same feeling arises; as, for instance, when cases of nepotism
and favouritism come to our knowledge.

If this definition of Injustice is admitted, the definition
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TAELE XV,

Crass V.: Feelings corresponding with interactions between the organism
and the environment that are neither conservative nor destructive.
Order L. : Environmentally-initiated.

Genus 1. The feel?ng e-:-rrespands‘with the l'lelatinn to the Feelings of
~ organism of an agent in the environment cog- A
nised as neither beneficent nor noxious.

Genus 2. The feeling corresponds with the relation to the Feelings of
organism of an event in the environment cog- Surprise.
nised as neither beneficent nor noxious.

Genus 8, The feeling corresponds with the relation of the-} Rsthetic
reaction of the organism to the action of the

Feeli
environment. S
Genus 4, The feeling corresponds with the relation of the | Religious
organism to the nnknown. Feeling.

Order II. : Organismally-initiated.

Genus 5. The feeling corresponds with an action of the Foclites. of
organism undertaken for no immediate hene-} R.mregaﬁtion-
ficial end, but to employ surplus activity. ¥

Genus 1. The only agent in the environment which
can arouse a feeling belonging to the present Genus is an
agent which is, or is cognised as, neutral so far as the welfare
of the organism is concerned. DBut no such agent will attract
attention—will arouse any feeling at all—unless it is forced
as it were upon the notice of the individual by its execep-
tional prominence. Agents that directly affect the welfare
of the organism are as a rule recognised with great readiness
and certainty, but those that are indifferent will not arouse
notice unless they are of considerable power or unless their
power is exerted in a conspicuous manner. Further, it is
evident that if the power of the agent is not very great it
must be conspicuously exerted in order to attract notice,
while if it is very great indeed it may arouse attention even
if not exerted at all. According to the magnitude of the
power attributed to the agent will be the sub-division of this
group of feelings,
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mass moving slowly gives the idea of much greater power
than a small mass moving quickly, even when the momenta
are equal, because we estimate power in environmental
agents in terms of our effort, and our limbs being levers of
the third order, it is much easier for us to move a small
mass quickly than a large mass slowly.

As the power of the agent diminishes, the conspicuous-
ness with which it is exerted must increase or it will not be
cognised. Hence to produce a feeling of Admiration power
must be more conspicuously exerted than to produce one of
Majesty, and to evoke the feeling of Respect the display
must be more conspicuous still. For this reason Respect is
not commonly felt unless the power of the agent has been
displayed repeatedly. We do not respect a person on casual
acquaintance. It usually requires a somewhat prolonged
knowledge to evoke this feeling ; and where Respect is felt
upon a short acquaintance, it is owing to the exceptional
conspicuousness of the display of power, as, for instance,
when Respect is felt for a tenacious adversary. In such a
case it may be said that since an adversary must be a
noxious agent, the feeling ought to be included in Class I.
But an adversary is not necessarily noxious. He may be
our adversary at chess or whist, and we may respect him
in so far as he is a chess or a whist player withont extend-
ing respect to his general character. The difference between
magnitude of power and conspicuousness of its display is
well seen in the same instance, for we respect an adversary
even inferior to ourselves if not muech inferior, but we do
not admire him unless he is considerably our superior.

Genus 2. What is true of a neutral agent is true of a
neutral event: it will not attract notice unless it is forced,
as it were, upon the notice of the individual by its excep-
tional prominence. An event may be conspicuous in two
ways—by its incongruity with previous events, or by its
suddenness. If it owes its prominence to its incongruity
with the previous experience of the organism, the feeling
aroused is so intimately blended with this cognition of in-
congruity that it may best be considered as belonging to the
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after working long at the microscope, or after many hours
in a picture-gallery. In the former case there is true fatigue
exhaustion of the ocular muscles, and this may also be
present to a certain extent in the latter—but the feeling
here is not mainly, I think, one of true faticue ; it is mainly
a feeling of satiety, There is, however, another application
of the term fatigue which must be admitted to be correct,
and which appears at first sight to have no reference to
muscular action—to reaction on the environment. This is
the feeling that follows continued intellectual exertion.
When this feeling is present there may have been no pre-
ceding muscular exertion. The body may have been in
complete repose with reference to its surroundings. Yet
there has been great internal activity, and there is a con-
siderable volume of feeling to which the term fatigue is
universally applied. Can this feeling be said to correspond
with action of the organism on the environment? If by
correspondence is meant direct correspondence, of course it
cannot ; but if the correspondence is to be thus restricted,
neither can fatigue of the muscles of the eye and ear be said
to correspond with such action. Intellectual exertion is on
the physical side the opening up of new elements-—the
rendering permeable of new tracts—for the currents or
waves of molecular movement in the cerebral cortex. Every
conclusion reached, every judgment formed, every similarity
perceived, every difference distinguished, implies a modifica-
tion of the structure of the brain—implies a redistribution
of the resistance to molecular change—implies a modifica-
tion in the direction that future changes must follow. But
the cerebral cortex, regarded physiologically, represents com-
binations of muscular movements; and a modification of the
structure of the cerebral cortex is, on the physiological side,
a modification in the grouping of muscular movements—is
a modification of the way in which the organism acts upon
the environment. Now if we bring together the first and last
links in this chain of reasoning we find that intellectual
exertion necessarily implies a modification of the action of
the organism on the environment, and that the fatigue which
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our acts are reculated by relations with the known. Where
we have to deal with matters to which the uniformity of
nature as we know it does not apply, there we enter the
sphere of the unknown, and then those feelings arise which we
term religious. If this is so, then it is evident that what
may be termed the provocation or eliciting circumstances
of the religious emotions will differ widely with different
individuals, and still more widely with different communities.
The savage, for whom the uniformity of nature, or the neces-
sary sequence of physical cause and effect, has no existence
outside of the changes produced by living animals, attributes
every event which he cannot aseribe to the direct action of
a known living agent to the direct action of an unknown
living agent—to a supernatural agent. Thus every such
event brings him into relation with the unknown and arouses
in him a feeling which must be called rudimentarily religi-
ous. As knowledge increases, the luminous sphere of the
known continually expands and encroaches upon the outer
darkness of the unknown, and as the latter is pushed back,
the relation with which the religious emotion corresponds
become more and more remote from the common surround-
ings of daily life. As acquaintance with the uniformity of
physical causation extends, the circumstances that arouse
the religious emotion become more and more remote from
concrete experiences. At first it extends to almost all sur-
rounding phenomena, to the flow of water, the movement of
the breeze, the course of the heavenly bodies, and even the
occurrence of bodily accidents—stumbles and falls. In
semi-civilised men it is only the rarer and less accountable
of such actions that arouse the emotion. No longer aroused
by the flow of the river or the variation of the tides, it still
occurs upon the sight of a water-spout. After winds have
been accounted for by varying atmospheric pressure and
fluid-elasticity, and rain by the capacity of air under different
conditions to hold water in suspension, a stroke of lightning
is still attributed to the personal intervention of the Deity,
and a season of drought is still provided against by prayers
for rain.  After the course of a fever is attributed to the
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and sports, not only music and art, but all social pleasures
and all those occupations that belong to the amateur.

In closing the consideration of this Class of feelings, it
will be appropriate to point out that although it has the
least internal cohesion of any of the Classes, yet the kin-
ship of the several genera to one another is not only well
marked but is generally recognised. The affinity between
the Sublime and the Beautiful had existed as a betrothal
long before Burke’s essay irrevocably joined them. Beauty
1s so naturally associated with Admiration that the one can
scarcely occur without the other, while great Beauty needs
but the additional element of Surprise to elevate it into
Rapture. The association of Fsthetic with Recreation is
too trite to require more than bare mention ; and the kin-
ship of the Religious emotion with Awe and Sublimity is
not less obvious that its close fundamental relationship with
Asthetic in all its forms, whether of architecture, of painting,
of music, of sculpture, of costume or of ceremonial.

Crass VI—Feelings which correspond with the relation
between interactions.

These are the Feelings of Cognition. The meaning of
this somewhat paradoxical expression has already been ex-
plained. A cognition is itself a feeling—the feeling accom-
panying the transition from one prominent state of con-
sciousness to a similar adjacent state. Every cognition has
therefore an aspect as feeling, and, when viewed from this
standpoint, cognitions are susceptible of a classification quite
different from that on which they are arranged when viewed
solely on their cognitive aspect, though still based on varia-
tions in the correspondence between the organism and the
environment., A cognition, viewed solely as a cognition, is a
relation in the organism corresponding with a relation in
the environment. Viewed as a feeling it is the state in the
organism which corresponds with a relation between the
organism and the environment. We have to determine what
this relation is.

Every cognition, says Mr. Spencer, is a recognition, In
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in the street whom we had believed to be far away, we say
“T am surprised to see you here,” and that this expression
is used quite apart from the suddenmess of the meeting.
We may perceive him a hundred yards off, and the certain
identification of him may extend over several minutes, and
still we say we are surprised. This discrepancy between
my statement and common usage depends, I think, on the
circumstance already alluded to, that people are in general
very lax and unprecise in their application of names to
states of feeling, and do not commonly distinguish clearly
between feelings that are at all closely related. I should
consider it incorrect to use the term surprise in the case
instanced. The expression should be I wonder to see you
here,” and every one will admit that this expression would
be appropriate. Which of the two terms is eventually
chosen depends on the usage and is of little importance.
What is important to remember is that the magnitude of a
change in the environment and the suddenness with which
it occurs are two totally different circumstances, and that
the feeling aroused by the one is different from the feeling
aroused by the other. What names we apply to the two
feelings is immaterial so long as we remember that the
feelings are different. The definition of Tudicrousness is
an adaptation from Mr. Spencer’s views. It harmonises well
with this method of classification.

After all that has gone before, it will not be necessary
to examine and defend separately each of the definitions in
Table XVIL. Any one who has read the previous parts of
the Classification will anticipate the nature of the defence
that I should make, and will by this time have made up his
mind whether to accept or reject the basis on which the
Classification is founded. If he is able to accept it, it will
be enough to have shown him that every group of feel-
ings is susceptible of classification upon that basis, and
the actual position of any individual feeling is a matter of
secondary importance. If, on the other hand, the principle
of the Classification does not find acceptance, then it is use-
less and profitless to haggle about its details,






CONCLUSION

THE three divisions of our subject-matter—Nervous Process,
Conduct and Mind—as laid down in the Introduction, have
now been separately examined and deseribed. It remains
to bring them together and to twist into omne cord these
ravelled strands. It has become obvious in the course of
our investigation that the nervous process is the central
factor which underlies the other two. Without nervous
process there can be no conduct. Without nervous process
there is, so far as we know, no mind. The association, or
rather, the consequence of conduct on nervous process is a
purely physical affair, and might, so far as we know, proceed
equally well in the absence of mind. As a matter of fact
in various abnormal states, and especially in post-epileptic
oceurrences, conduct does proceed while mind is almost or
entirely absent. The mental factor which is of supreme
importance with regard to conduct is pain. It seems most
probable that consciousness first came into being through
pain ; that it was in the race the first conscious experience
as it is in the individual the first and the last. Save that
small portion which is devoted to the pursuit of pleasure,
virtually the whole of our conduect is absorbed in defence
against and avoidance of pain. The significance of pain is
that it is the equivalent in consciousness of some action
which is tending to destroy the organism, and it is difficult
to evade the impression that its origin and persistence are
due to its giving a readier and more effectual warning to
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spread discharge, and for such a discharge to occur the
impulse must be diffused, and this diffusion of the impulse
occupies time. That the impulse is diffused and the dis-
charge widespread is not a mere conjecture. It is supported
by evidence. For what do we find when pain occurs? We find
the leg drawn up, the features contracted, general contortions,
a sweating skin ; all evidences of widespread discharge.

The amount of discharge evoked depends on the amount
of impression made on the organism, and the amount of
feeling corresponds with the amount of discharge evoked.
Hence the volume of the feeling corresponds with the
voluminousness of the impression made on the organism.
Similarly, the greater the part of the organism directly
engaged in any act, the greater the initiating discharge, and
the greater the volume of feeling accompanying the act.
Again the more intense the impression the more intense the
discharge, and the more intense the feeling.

We have seen that a discharge beginning on the surface
of the brain may spread in area, or may increase in intensity,
or may extend in depth. The spread in area and the
increase in intensity of the discharge have their correspond-
ing variations in the volume and intensity of the feeling.
For instance, on putting the hand into cold water, the local
impression sets up a localised discharge, and we have a feel-
ing of local cold, the intensity of which depends on the
temperature of the water—that is, of the impression on the
skin. On going out into the cold air at night, the much
areater area of impression produces a much greater area of
discharge, and correspondingly a much more voluminous
feeling arises. Here again the intensity of the feeling
corresponds with the intensity of the discharge. There is
no new element in the impression save that of extended
area ; there is no new element in the discharge save that of
wider spread; and there is no new element in the feeling
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the outward expression of an emotion will begin in the most
peripheral regions and spread towards the centre. And we
find that in humorous emotion, first the lips extend into a
smile, then the mouth opens, then voice is produced by con-
traction of glottis, then head is thrown back, and lastly, ribs
and diaphragm are brought into play, and produce a hearty
laugh. So in weeping, we see first retraction of the lips and
wrinkling of the forehead, then closure of eyes and opening
of mouth, then produetion of voice, and lastly, the convulsive
action of chest and diaphragm in sobbing. So in anger, there
is first frowning and protrusion of lips, then closure of jaws,
then clenching of fists, raising of arms, elevation of shoulders,
retraction of head, and general stiffening of the trunk.

Since feeling is the mental accompaniment of the dis-
charge from nerve-cells, it is natural to suppose that
thought, the remaining factor of mind, is the accompani-
ment of the remaining factor of nervous action,—that is to
say, of the current in the fibres.

Thought is a relation between feelings, and a relation
between feelings can be established only when the feelings
are brought into proximity—when they occur in rapid sue-
cession.  For two feelings to oceur in rapid succession there
must be two discharges of groups of cells in rapid succession,
and it has been shown how the successive discharge of two
separate regions is accompanied by a draught or current of
nerve-energy from the one region to the other. It is this
current that is the physiological substratum of a thought.
‘When the thought is simple, the current is single. When
the thought is complex, the current flows in a leash of
channels. "When the relation between the feelings is
established for the first time, the draught of energy forces
for itself a passage through the ground-substance of the
gray matter in the manner that has been indicated in a
previous chapter, When a passage has once been opened
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to it. The sense of effort is great. The whole mind is
absorbed in the work. But with each repetition of the
operation, as it becomes easier, readier, and more rapid, it
also becomes less conscious, After a time the steps of the
problem and its solution oceur to the mind spontaneously
and without searching for. After a time the words of the
play rise to our lips, and we can repeat them while thinking
of other things. After a time the new way of dealing with
circumstances becomes a matter of habit, and is carried out
without deliberation and without concern. If the repetition
is continued, the subsidence of consciousness is carried still
further. We jump without hesitation from the statement of
the problem to its solution. The intermediate steps have be-
come unconscions. We repeat the words of the play or the
prayer with glib rapidity, but we find to our annoyance that the
sense of the words eludes us. We try again and again to con-
centrate our attention on what we are saying ; but the mind
wanders incurably, and we find at the end of each sentence that
we have paid no attention to its meaning. The conscious
accompaniment of the act has been reduced almost to nothing.

Turning back now to the physical side of the affair—
to the physiological substratum of the mental operations—
we find that the physical element that diminishes with
repetition is the rearrangement of the molecules of the
ground-substance. ~ 'When an entirely new relation is
established in the mind—when we have an entirely novel
thought—then there is the passage of a current through
a previously untraversed portion of ground-substance—
through a virgin soil. The passage of this current re-
arranges some of the molecules into polar parallelism, so
that subsequent currents pass more easily. The next cur-
rent finds a track already partly laid, and travels largely
along the molecules that have taken up their permanent
positions. A portion only of this current forces itself
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If the doctrine here advanced is correct—if a thought,
a perception, a conception, has for its physiological sub-
stratum the passage of a current through the ground-
substance and the rearrangement of the molecules in its
path—then many phenomena become explicable that have
hitherto been mysterious. It would be out of place to
deal here at length with morbid processes; but an instance
may be given to show what a powerful agent this doctrine
is, and how greatly it helps to the solution of the problems
as well of morbid as of normal phenomena.

Instances are not infrequent—two of them are pub-
lished in the current number of Mind—of a severe blow on
the head being followed by a permanent oblivion of all
that occurred to the sufferer for an hour or a few hours
previous to the blow. On regaining consciousness, he finds
that the memory of his previous life carries him, not to the
moment of the accident, but to a period several hours ante-
cedent to it, and there stops. Upon our hypothesis a nerve-
fibre may be represented diagrammatically by a hose-pipe
filled with barley, all the barley-corns lying with their long
axes parallel to one another and to the axis of the hose.
The cround-substance of the gray matter, on the other
hand, may be represented by a binful of barley, the corns
lying at random. Whenever we have a thought, a percep-
tion, or a conception, there is the passage of a wave from
one set of nerve-fibres through the ground-substance to
another set, and as the wave passes through the bin, it
shifts the barley-corns that lie in its path, so that instead
of lying at random, they are turned with their axes parallel
to the path of the wave. When this has just taken place,
when the molecules, represented by the barley-corns, have
only just been shifted, they are not stably and firmly
arranged in their new positions. The wery process of
shifting them has, as it were, loosened their attachments,
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current ; otherwise the polarity of the molecules becomes
disarranged, the permeability of the channel is diminished,
the memory fades.

For a certain time we remember all occurrences, how-
ever trivial ; but after a time memory of the trivial oceunr-
rences disappears, and traces remain of the more important
impressions only. A little consideration will show that the
memory of trivial oceurrences is bounded by the last sleep.
We can by an effort remember what we had for breakfast this
morning, but by no effort can we recollect the material of our
breakfast yesterday, unless there was some occurrence which
made the impression unusually intense. And the same is true
of the thousand trivial occurrences of the day. On the other
hand, that melody with which we were so charmed yesterday
morning, and which we strove in vain to recall in the after-
noon, can now be remembered with scarcely an effort.

Hence it appears that during sleep there is a double
process going on in our brains. The activity that has been
set going by impressions made in waking life is still con-
tinued. The molecules that were shifted into new positions
are still oscillating from the shock. Those that were only
slightly disturbed are returning to their original positions ;
those that were more profoundly moved are settling in their
new places, presenting more stable attifudes to the action
of surrounding forces. Regions that, perhaps after long
repose, were disturbed in the day, still continue to emit a
mild reverberation of their discharge, and the passage of
currents at random through the highest regions under the sole
influence of inequalities of pressure, and without guidance
from external impressions, has its mental counterpart in the
phenomena of dreams.















