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THE PRINCIPLES OF PSYCHOLOGY

CHAPTER|

The Scope of Psychology
Psychology isthe Science of Mentd Life, both of its phenomena and of their conditions. The
phenomena are such things as we cdl fedings, desires, cognitions, reasonings, decisions, and the
like; and, superficidly consdered, their variety and complexity is such asto leave a chaotic
impression on the observer. The most natural and consequently the earliest way of unifying the
materid was, fird, to classfy it aswell as might be, and, secondly, to &ffiliate the diverse menta
modes thus found, upon asmple entity, the persona Soul, of which they are taken to be so many
facultative menifestations. Now, for ingtance, the Soul manifestsits faculty of Memory, now of
Reasoning, now of Valition, or again its Imagination or its Appetite. Thisis the orthodox
'spiritudigtic’ theory of scholasticism and of common:sense. Another and aless obviousway of
unifying the chaos is to seek common dements in the divers menta facts rather than acommon
agent behind them, and to explain them congtructively by the various forms of arrangement of
these elements, as one explains houses by stones and bricks. The "associationist’ schools of
Herbart in Germany, and of Hume, the Mills and Bain in Britain, have thus congtructed a
psychology without a soul by taking discrete 'ideas,’ faint or vivid, and showing how, by their
cohesions, repulsions, and forms [p.2] of succession, such things as reminiscences, perceptions,
emotions, volitions, passions, theories, and dl the other furnishings of an individud's mind may
be engendered. The very Sdlf or ego of the individua comes in thisway to be viewed no longer
as the pre-existing source of the representations, but rather as their last and most complicated
fruit.

Now, if we grive rigoroudy to smplify the phenomenain ether of these ways, we soon become
aware of inadequacies in our method. Any particular cognition, for example, or recollection, is
accounted for on the soul-theory by being referred to the spiritua faculties of Cognition or of
Memory. These faculties themsalves are thought of as absolute properties of the soul; that is, to
take the case of memory, no reason is given why we should remember afact as it happened,
except that so to remember it congtitutes the essence of our Recollective Power. We may, as
spiritudigts, try to explain our memory's failures and blunders by secondary causes. But its
successes can invoke no factors save the existence of certain objective things to be remembered
on the one hand, and of our faculty of memory on the other. When, for instance, | recal my
graduation-day, and drag al itsincidents and emotions up from deeth's dateless night, no
mechanica cause can explain this process, nor can any andysis reduce it to lower terms or make
its nature seem other than an ultimate datum, which, whether we rebe or not at its
mysteriousness, must Smply be taken for granted if we are to psychologize at al. However the
associationist may represent the present ideas as thronging and arranging themsdlves, ill, the
soiritudigt inggts, he hasin the end to admit that something, beit brain, beit 'idess, beiit
‘association,” knows past time as padt, and fills it out with this or that event. And when the
spiritudigt cals memory an ‘irreducible faculty,” he says no more than this admission of the
associationist aready grants.

And yet the admission is far from being a satisfactory smplification of the concrete facts. For
why should this absolute god-given Faculty retain so much better the events of yesterday than
those of last year, and, best of dl, those [p.3] of an hour ago? Why, again, in old age should its
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grasp of childhood's events seem firmest? Why should illness and exhaugtion enfegble it? Why
should repesting an experience strengthen our recollection of it? Why should drugs, fevers,
agphyxia, and excitement resuscitate things long since forgotten? If we content oursaves with
merdly affirming that the faculty of memory is so peculiarly condtituted by nature asto exhibit

just these oddities, we seem little the better for having invoked it, for our explanation becomes as
complicated asthat of the crude facts with which we started. Moreover there is something
grotesque and irrationd in the supposition that the soul is equipped with ementary powers of
such an ingenioudy intricate sort. Why should our memory cling more easly to the near thanthe
remote? Why should it lose its grasp of proper sooner than of abstract names? Such peculiarities
seem quite fantastic; and might, for aught we can see a priori, be the precise opposites of what
they are. Evidently, then, the faculty does not exist absolutely, but works under conditions; and
the quest of the conditions becomes the psychologist's most interesting task.

However firmly he may hold to the soul and her remembering faculty, he must acknowledge that
she never exerts the latter without a cue, and that something must dways precede and remind us
of whatever we are to recollect. "An idea!" saysthe associationis, "an idea associated with the
remembered thing; and this explains dso why things repeetedly met with are more essily
recollected, for their associates on the various occasions furnish so many distinct avenues of
recal." But this does not explain the effects of fever, exhaustion, hypnotism, old age, and the
like. And in generd, the pure associationist's account of our mentd life is amost as bewildering
asthat of the pure spiritudist. This multitude of idess, existing absolutely, yet dinging together,
and weaving an endless carpet of themselves, like dominoes in ceasdess change, or the bits of
glass in akaleidoscope,-whence do they get their fantastic laws of clinging, and why do they
cing in just the shapes they do?

For this the associationist must introduce the order of experience in the outer world. The dance
of the ideas is[p.4] a copy, somewhat mutilated and altered, of the order of phenomena. But the
dightest reflection shows that phenomena have absolutely no power to influence our ideas until
they have first impressed our senses and our brain. The bare existence of a past fact is no ground
for our remembering it. Unless we have seen it, or somehow undergone it, we shal never know
of its having been. The experiences of the body are thus one of the conditions of the faculty of
memory being what it is. And avery small amount of reflection on facts shows thet one part of
the body, namely, the brain, is the part whose experiences are directly concerned. If the nervous
communication be cut off between the brain and other parts, the experiences of those other parts
are non-exigent for the mind. The eyeis blind, the ear deaf, the hand insensible and motionless.
And conversdly, if the brain be injured, consciousness is abolished or dtered, even athough
every other organ in the body be ready to play its norma part. A blow on the head, a sudden
subtraction of blood, the pressure of an apoplectic hemorrhage, may have the firgt effect; whilst a
very few ounces of dcohol or grains of opium or hasheesh, or awhiff of chloroform or nitrous
oxide gas, are sure to have the second. The delirium of fever, the dtered sdlf of insanity, are dll
due to foreign matters circulating through the brain, or to pathologica changesin that organ's
subgtance. The fact that the brain is the one immediate bodily condition of the menta operations
isindeed s0 universally admitted nowadays that | need spend no more time in illudrating it, but
will smply postulate it and pass on. The whole remainder of the book will be more or less of a
proof that the postulate was correct.
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Bodily experiences, therefore, and more particularly brain-experiences, must take a place
amongst those conditions of the mentd life of which Psychology need take account. The
spiritualist and the associationist must both be 'cerebralists,’ to the extent at least of admitting
that certain peculiarities in the way of working of their own favorite principles are explicable

only by the fact that the brain laws are a codeterminant of the result.

[p.5] Our first concluson, then, is that a certain amount of brain-physiology must be
presupposed or included in Psychology[1].

In il another way the psychologist is forced to be something of a nerve-physiologist. Menta
phenomena are not only conditioned a parte ante by bodily processes; but they lead to them a
parte post. Thet they lead to acts is of course the most familiar of truths, but | do not merely
mean acts in the sense of voluntary and ddiberate muscular performances. Menta States

occasion aso changesin the calibre of blood-vessdls, or dteration in the heartbeats, or processes
more subtle till, in glands and viscera. If these are taken into account, as well as acts which
follow at some remote period because the menta state was once there, it will be safe to lay down
the generd law that no mental modification ever occurs which is not accompanied or followed by
a bodily change. The ideas and fedings, e.g., which these present printed characters excite in the
reader's mind not only occasion movements of his eyes and nascent movements of articulation in
him, but will some day make him speek, or take sidesin adiscussion, or give advice, or choose a
book to read, differently from what would have been the case had they never impressed his
retina. Our psychology must therefore take account not only of the conditions antecedert to
mental states, but of their resultant consequences aswell.

But actions originaly prompted by conscious intelligence may grow so autométic by dint of
habit as to be gpparently unconscioudy performed. Standing, walking, buttoning and
unbuttoning, piano-playing, talking, even saying onée's prayers, may be done when the mind is
absorbed in other things. The performances of animad instinct seem semi-automatic, and the
reflex acts of sdf-preservation certainly are so. Y et they resemble intelligent acts in bringing
about the same ends at which the animas consciousness, on other occasions, deliberately
ams[p.6] Shdl the sudy of such machine-like yet purposive acts asthese be included in

Psychology?

The boundary-line of the mentd is certainly vague. It is better not to be pedantic, but to let the
science be as vague as its subject, and include such phenomena as these if by so doing we can
throw any light on the main businessin hand. It will erelong be seen, | trud, that we can; and
that we gain much more by a broad than by a narrow conception of our subject. At a certain stage
in the development of every science a degree of vaguenessis what best congsts with fertility. On
the whole, few recent formulas have done more red service of arough sort in psychology than
the Spencerian one that the essence of mentd life and of bodily life are one, namdly, 'the
adjusment of inner to outer relaions.’ Such aformulais vagueness incarnate; but because it
takes into account the fact that minds inhabit environments which act on them and on which they
inturn react; because, in short, it takes mind in the midst of dl its concrete reations, it is
immensdy more fertile than the old-fashioned 'rational psychology,’ which treated the soul asa
detached existent, sufficient unto itself, and assumed to consider only its nature and properties. |
ghdl therefore fed free to make any sdliesinto zoology or into pure nerve-physiology which
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may seem ingructive for our purposes, but otherwise shdl leave those sciences to the
physiologids.

Can we gtate more digtinctly ill the manner in which the mentd life seemsto intervene between
impressions made from without upon the body, and reactions of the body upon the outer world
again? Let uslook a afew facts.

If some iron filings be sorinkled on a table and a magnet brought near them, they will fly through
the air for acertain distance and gtick to its surface. A savage seeing the phenomenon explainsiit
as the result of an attraction or love between the magnet and the filings. But let acard cover the
poles of the magnet, and the filings will press forever againg its surface without its ever
occurring to them to pass around its sdes and thus come into [p.7] more direct contact with the
object of their love. Blow bubbles through a tube into the bottom of apail of water, they will rise
to the surface and mingle with the air. Their action may again be poeticdly interpreted as due to
alonging to recombine with the mother-atmosphere above the surface. But if you invert ajar full
of water over the pall, they will rise and remain lodged benegth its bottom, shut in from the outer
air, dthough adight deflection from their course a the outset, or a re-descent towards the rim of
the jar, when they found their upward course impeded, could easly have set them free.

If now we pass from such actions as these to those of living things, we notice a gtriking
difference. Romeo wants Juliet as the filings want the magnet; and if no obstaclesintervene he
moves towards her by as sraight aline asthey. But Romeo and Juliet, if awall be built between
them, do not remain idioticaly pressing their faces againg its oppodite sdes like the magnet and
the filings with the card. Romeo soon finds a circuitous way, by scaing thewall or otherwise, of
touching Juliet's lips directly. With the filings the path is fixed; whether it reaches the end
depends on accidents. With the lover it is the end which isfixed, the path may be modified
indefinitely.

Suppose aliving frog in the position in which we placed our bubbles of air, namely, at the
bottom of ajar of water. The want of breath will soon make him aso long to rgoin the mother-
amosphere, and he will take the shortest path to his end by swimming straight upwards. But if a
jar full of water be inverted over him, he will nat, like the bubbles, perpetudly press his nose
againd its unyielding roof, but will restlessy explore the neighborhood until by re-descending
again he has discovered a path around its brim to the god of his desires. Again the fixed end, the
varying meand

Such contrasts between living and inanimate performances end by leading men to deny that in

the physica world final purposes exist at dl. Loves and desires are to-day no longer imputed to
particles of iron or of air. No one supposes now that the end of any activity which they may
display isan ided purpose presiding over the [p.8] activity from its outset and soliciting or

drawing it into being by a sort of vis a fronte. The end, on the contrary, is deemed a mere passive
result, pushed into being a tergo, having had, so to spesk, no voice in its own production. Alter,
the pre-exigting conditions, and with inorganic materias you bring forth each time a different
gpparent end. But with intelligent agents, dtering the conditions changes the activity displayed,

but not the end reached; for here the idea of the yet unrealized end co-operates with the
conditions to determine what the activities shal be.
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The Pursuance of future ends and the choice of means for their attainment, are thus the mark and
criterion of the presence of mentality in a phenomenon. We dl use thistest to discriminate

between an intelligent and a mechanica performance. We impute no mentaity to sticks and

stones, because they never seem to move for the sake of anything, but aways when pushed, and

then indifferently and with no sign of choice. So we unhegitatingly cal them sensdess

Just s0 we form our decision upon the degpest of dl philasophic problems: |'s the Kosmos an
expression of intdligencerationd initsinward nature, or a brute externd fact pure and smple?
If we find oursdlves, in contemplating it, unable to banish the impresson that it isaream of

find purposes, that it exists for the sake of something, we place intelligence  tile heart of it and
have ardigion. If, on the contrary, in surveying its irremediable flux, we can think of the present
only as so much mere mechanica sprouting from the past, occurring with no reference to the
future, we are atheists and materidids.

In the lengthy discussions which psychologists have carried on about the amount of intelligence
displayed by lower mammals, or the amount of consciousness involved in the functions of the
nerve-centres of reptiles, the same test has dway's been applied: Isthe character of the actions
such that we must believe them to be performed for the sake of thar result? Theresult in
question, as we shall hereafter abundantly see, is as arule auseful one-the animd is, on the
whole, safer under the circumstances for bringing it forth. So far the action has ateleologica
character;[p.9] but such mere outward teleology as this might still be the blind result of visa
tergo. The growth and movements of plants, the processes of development, digestion, secretion,
etc., in animals, supply innumerable instances of performances useful to the individua which

may nevertheless be, and by most of us are supposed to be, produced by automatic mechanism.
The physiologist does not confidently assert conscious intelligencein the frog's soina cord until
he has shown that the useful result which the nervous machinery brings forth under agiven
irritation remains the same when the machinery isaltered. If, to take the stock-instance, the right
knee of a headless frog beirritated with acid, the right foot will wipe it off. When, however, this
foot is amputated, the anima will often raise the | eft foot to the spot and wipe the offending
materid away.

Pfluger and Lewes reason from such facts in the following way: If the first reaction were the
result of mere machinery, they say; if that irritated portion of the skin discharged the right leg as
atrigger discharges its own barrd of a shotgun; then amputating the right foot would indeed
frustrate the wiping, but would not make the I eft leg move. It would Smply result in the right
stump moving through the empty air (which isin fact the phenomenon sometimes observed).
The right trigger makes no effort to discharge the | eft barrd if the right one be unloaded; nor
does an dectrical machine ever get restless because it can only emit sparks, and not hem pillow-
cases like a sewing-machine.

If, on the contrary, the right leg originaly moved for the purpose of wiping the acid, then
nothing is more natura than that, when the easiest means of effecting that purpose prove
fruitless, other means should be tried. Every failure must keep the animd in a sate of
disgppointment which will lead to dl sorts of new trids and devices, and tranquillity will not
ensuetill one of these, by a happy stroke, achieves the wished-for end.
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Inasmilar way Goltz ascribes intelligence to the frog's optic lobes and cerebellum. We dluded
above to the manner in which a sound frog imprisoned in water will discover an outlet to the
atmosphere. Goltz found that frogs deprived of their cerebral hemispheres would often exhibit
[p.10] alike ingenuity. Such afrog, after risng from the bottom and finding his farther upward
progress checked by the glass bell which has been inverted over him, will not persst in butting
his nose againg the obstacle until dead of suffocation, but will often re-descend and emerge from
under itsrim asif, not a definite mechanica propulsion upwards, but rather a conscious desire to
reach the air by hook or crook were the main-soring of his activity. Goltz concluded from this
that the hemispheres are not the seat of intellectua power in frogs. He made the same inference
from observing that abrainless frog will turn over from his back to his belly when one of hislegs
is sawed up, athough the movements required are then very different from those excited under
norma circumstances by the same annoying position. They seem determined, consequently, not
merely by the antecedent irritant, but by the fina end,-though the irritant of course iswhat makes
the end desired.

Anather brilliant German author, Liebmann[ 2], argues againg the brain's mechanism accounting
for menta action, by very smilar congderations. A machine as such, he says, will bring forth
right resultswhen it isin good order, and wrong results if out of repair. But both kinds of result
flow with equaly fatal necessity from their conditions. We cannot suppose the clock-work
whose dructure fatdly determinesit to a certain rate of speed, noticing that this speed istoo dow
or too fast and vainly trying to correct it. Its conscience, if it have any, should be as good as that
of the best chronometer, for both adike obey equaly well the same eternd mechanicd laws-laws
from behind. But if the brain be out of order and the man says "Twice four are two,” instead of
"Twice four are eight,” or sl must go to the cod to buy the wharf," ingteed of "I must go to
the wharf to buy the cod," ingtantly there arises a consciousness of error. The wrong
performance, though it obey the same mechanica law as the right, is neverthel ess condemned.-
condemned as contradicting the inner law-the law from in front, the purpose or ided for which
the brain should act, whether it do so or not.

[p.11] We need not discuss here whether these writersin drawing their conclusion have done
justice to dl the premisesinvolved in the cases they treat of. We quote their arguments only to

show how they gpped to the principle that no actions but such as are done for an end, and show
a choice of means, can be called indubitable expressions of Mind.

| shdl then adopt this as the criterion by which to circumscribe the subject- matter of thiswork so
far as action entersinto it. Many nervous performances will therefore be unmentioned, as being
purely physiologica. Nor will the anatomy of the nervous system and organs of sense be

described anew. The reader will find in H.N. Martin's Human Body, in G.T. Ladd's Physiological
Psychology, and in dl the other standard Anatomies and Physiologies, a mass of information
which we must regard as preliminary and take for granted in the present work[3]. Of the

functions of the cerebra hemispheres, however, since they directly subserve consciousness, it

will be wdll to give some little account.

Footnotes
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[1] Cf. George T.Ladd: Elements of Physiological Psychology (1887), pt. 11, chap. 111, 9, 12
[2] Zur Analysis der Wirklichkeit, p. 489

[3] Nothing is eesier than to familiarize one's sdf with the mammdian brain. Get a sheep's head,
asmdl saw, chisdl, scalpd and forceps (al three can best be had from a surgica-ingrument
maker), and unravd its parts either by the aid of a human dissecting book, such as Holden's
Manual of Anatomy, or by the specific directions ad hoc given in such books as Foster and
Langley's Practical Physiology (Macmillan) or Morrell's Compar ative Anatomy, and Guide to
Dissection (Longman & Co.).

CHAPTER I
The Functions of the Brain

If 1 begin chopping the foot of atree, its branches are unmoved by my act, and its leaves murmur
as peacefully as ever in the wind. If, on the contrary, | do violence to the foot of a fellow-man,
the rest of his body instantly responds to the aggression by movements of alarm or defence. The
reason of this difference is that the man has a nervous system whilst the tree has none; and the
function of the nervous system isto bring each part into harmonious co-operation with every
other. The afferent nerves, when excited by some physicd irritant, be this as grossin its mode of
operation as a chopping axe or as subtle as the waves of light, conveys the excitement to the
nervous centres. The commotion set up in the centres does not stop there, but discharges itsdlf, if
a dl strong, through the efferent nerves into muscles and glands, exciting movements of the
limbs and viscera, or acts of secretion, which vary with the animd, and with the irritant gpplied.
These acts of response have usudly the common character of being of service. They ward off the
noxious stimulus and support the beneficid one; whil if, in itsdf indifferent, the simulusbe a
sggn of some distant circumstance of practical importance, the animal's acts are addressed to this
circumstance so asto avoid its perils or secure its benefits, asthe case may be. To take a
common example, if | hear the conductor cdling * All aboard!’ as| enter the depot, my heart first
stops, then pa pitates, and my legs respond to the air-waves fdling on my tympanum by
quickening their movements. If | sumble as| run, the sensation of faling provokes a movement
of the hands towards the direction of the fdl, the effect of which isto shield the body from too
sudden ashock. If acinder enter my eye, itslids close forcibly and a copious flow of tears tends
to wash it out.

[p.13] These three responses to a sensationd stimulus differ, however, in many respects. The
closure of the eye and the lachrymation are quite involuntary, and so is the disturbance of the
heart. Such involuntary responses we know as 'reflex’ acts. The motion of the armsto bresk the
shock of faling may aso be cdled reflex, snce it occurs too quickly to be deliberately intended.
Whether it be ingtinctive or whether it result from the pedestrian education of childhood may be
doubtful; it is, at any rate, less automatic than the previous acts, for aman might by conscious
effort learn to perform it more skilfully, or even to suppressit dtogether. Actions of thiskind,
into which inginct and volition enter upon equd terms, have been cdled 'semi-reflex.' The act of
running towards the train, on the other hand, has no indtinctive dement abot it. It is purdy the
result of education, and is preceded by a consciousness of the purpose to be attained and a
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digtinct mandate of the will. It isa'voluntary act.' Thus the animal's reflex and voluntary
performances shade into each other gradudly, being connected by acts which may often occur
automaticaly, but may aso be modified by conscious intelligence.

An outside observer, unable to percelve the accompanying consciousness, might be whally a a
loss to discriminate between the automatic acts and those which valition escorted. But if the
criterion of mind's existence be the choice of the proper means for the attainment of a supposed
end, dl the acts seem to be ingpired by intdligence, for appropriateness characterizesthem dl
dike. Thisfact, now, hasled to two quite opposite theories about the relation to consciousness of
the nervous functions. Some authors, finding that the higher voluntary ones seem to require the
guidance of feding, conclude that over the lowest reflexes some such feding aso presides,
though it may be afeding of which we remain unconscious. Others, finding that reflex and semi-
automatic acts may, notwithstanding their appropriateness, take place with an unconsciousness
gpparently complete, fly to the opposite extreme and maintain that the appropriateness even of
voluntary actions owes nothing to the fact that consciousness attends them. They are, according
to these wrriters, results of physiologica mechanism pure [p.14] and smple. In anear chapter we
shdl return to this controversy again. Let us now look alittle more closdy at the brain and at the
waysin which its states may be supposed to condition those of the mind.

THE FROG'S NERVE-CENTRES.
Both the minute anatomy and the detalled physiology of the brain are achievements of the
present generation, or rather we may say (beginning with Meynert) of the past twenty years.
Many points are still obscure and subject to controversy; but a generd way of conceiving the
organ has been reached on al hands which in its main festure seems not unlikdly to stand, and
which even gives amogst plausble scheme of the way in which cerebra and menta operations go
hand in hand.

The best way to enter the subject will be to take alower creature, like afrog, and study by the
vivisectiond method the functions of his different nerve-centres. The frog's nerve-centres are
figured in the accompanying diagram, which needs no further explanation. | will first proceed to
gtate what happens when various amounts of the anterior parts are removed, in different frogs, in
the way in which an ordinary student removes them; thét is, with no extreme precautions as to
the purity of the operation. We shdl in this way reach a very smple conception of the functions
of the various centres, involving the strongest possible contrast between the cerebral hemispheres
and the lower lobes. This sharp conception will have didactic advantages, for it is often very
indructive to start with too smple aformulaand correct it later on. Our first formula, as we shal
later see, will have to be softened down somewnhat by the results of more careful experimentation
both on frogs and birds, and by those of the most recent observations on dogs, [p.15] monkeys,
and man. But it will put us, from the outst, in clear possession of some fundamental notions and
distinctions which we could otherwise not gain so well, and none of which the later more
completed view will overturn.

If, then, we reduce the frog's nervous system to the spinad cord aone, by making a section behind
the base of the skull, between the spind cord and the medulla oblongata, thereby cutting off the
brain from al connection with the rest of the body, the frog will till continueto live, but with a
very peculiarly modified activity. It ceases to bregthe or swallow; it liesflat on its belly, and does
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not, like anorma frog, sit up on its fore paws, though its hind legs are kept, as usud, folded
agang its body and immediately resume this postion if drawn out. If thrown on its back, it lies
there quietly, without turning over like anorma frog. Locomation and voice seem entirely
abolished. If we suspend it by the nose, and irritate different portions of its skin by acid, it
performs a set of remarkable 'defensve’ movements calculated to wipe away the irritant. Thus, if
the breast be touched, both fore paws will rub it vigoroudy; if we touch the outer side of the
elbow, the hind foot of the same side will rise directly to the spot and wipe it. The back of the
foot will rub the kneeif that be attacked, whilst if the foot be cut away, the sump will make
ineffectua movements, and then, in many frogs, a pause will come, asif for deliberation,
succeeded by arapid passage of the opposite unmutilated foot to the acidulated spot.

The mogt dtriking character of al these movements, after their teleologica appropriateness, is
thelr precison. They vary, in sengtive frogs and with a proper amount of irritation, so little as
amog to resemble in their machine-like regularity the performances of ajumping-jack, whose
legs must twitch whenever you pull the string. The spind cord of the frog thus contains
arrangements of cdlls and fibresfitted to convert skin irritations into movements of defence. We
may cal it the centre for defensive movementsin this animd. We may indeed go farther than
this, and by cutting the spind cord in various places find that its separate segments are
independent mechanisms, for gppropriate activities of the head and of the arms and legs respec-
[p.16] tively. The segment governing the arms is especidly active, in maefrogs, in the breeding
season; and these members aone with the breast and back appertaining to them, everything dse
being cut away, will then actively grasp afinger placed between them and remain hanging to it
for aconsderable time.

The spina cord in other animds has andogous powers. Even in man it makes movements of
defence. Paraplegics draw up their legs when tickled; and Robin, on tickling the breast of a
crimina an hour after decgpitation, saw the arm and hand move towards the spot. Of the lower
functions of the mammalian cord, studied so ably by Goltz and others, thisis not the place to
speak.

If, in a second animal, the cut be made just behind the optic lobes so that the cerebellum and
medulla oblongata remein attached to the cord, then swallowing, breathing, crawling, and a
rather enfeebled jumping and swimming are added to the movements previoudy observed.[1]
There are other reflexestoo. The anima, thrown on his back, immediately turns over to his bely.
Placed in a shdlow bowl, which is floated on water and made to rotate, he responds to the
rotation by firgt turning his head and then waltzing around with his entire body, in the opposite
direction to the whirling of the bowl. If his support be tilted so that his head points downwards,
he pointsit up; he points it down if it be pointed upwards, to the right if it be pointed to the left,
efc. But his reactions do not go farther than these movements of the head.; He will not, like frogs
whose thalami are preserved, climb up aboard if the latter be tilted, but will dide off it to the
ground.

If the cut be made on another frog between the thalami and the optic lobes, the locomotion both
on land and water becomes quite normal, and, in addition to the reflexes dready shown by the
lower centres, he croaks regularly whenever heis pinched under the arms. He compensates
rotations, etc., by movements of the head, and turns over from his back; but till drops off his
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tilted [p.17] board. As his optic nerves are destroyed by the usua operation, it isimpossible to
say whether he will avoid obstacles placed in his path.

When, findly, afrog's cerebral hemispheres done are cut off by a section between them and the
thalami which preserves the latter, an unpractised observer would not at first suspect anything
abnorma about the anima. Not only is he capable, on proper ingtigation, of dl the acts aready
described, but he guides himsdlf by sight, so that if an obstacle be set up between him and the
light, and he be forced to move forward, he either jJumps over it or swervesto one side. He
manifests sexua passon at the proper season, and, unlike an dtogether brainless frog, which
embraces anything placed between his arms, postpones this reflex act until afemale of his own
speciesis provided. Thusfar, as aforesaid, a person unfamiliar with frogs might not suspect a
muitilation; but even such a person would soon remark the dmost ertire absence of spontaneous
motion-that is, motion unprovoked by any present incitation of sense. The continued movements
of swimming, performed by the cresture in the water, seem to be the fatal result of the contact of
that fluid with its skin. They cease when a gtick, for example, touches hishands. Thisisa
sengbleirritant towards which the feet are automatically drawn by reflex action, and on which
the anima remains stting. He manifests no hunger, and will suffer afly to crawl over hisnose
unsnapped at. Fear, too, seems to have deserted him. In aword, he is an extremely complex
machine whose actions, so far as they go, tend to self-preservation ; but sill amachine, in this
sense-that it seemsto contain no incalculable dement. By gpplying the right sensory dimulusto
him we are dmogt as certain of getting a fixed response as an organist is of hearing a certain tone
when he pulls out a certain stop.

But now if to the lower centres we add the cerebral hemispheres, or if, in other words, we make
an intact animd the subject of our obsarvations, dl thisis changed. In addition to the previous
responses to present incitements of sense, our frog now goes through long and complex acts of
locomoation spontaneously, or asif moved by what in our-[p.18] selves we should cal an idea.
Hisreactions to outward stimuli vary their form, too. Ingtead of making Smple defensive
movements with his hind legs like a headless frog if touched, or of giving one or two legps and
then gtting Hill like a hemispherd ess one, he makes persastent and varied efforts a escape, asif,
not the mere contact of the physiologist's hand, but the notion of danger suggested by it were
now his spur. Led by the feding of hunger, too, he goesin search of insects, fish, or smaler
frogs, and varies his procedure with each species of victim. The physiologist cannot by
manipulating him dicit croaking, crawling up a board, swimming or sopping, a will. His
conduct has become incaculable. We can no longer foretdll it exactly. Effort to escapeishis
dominant reaction, but he may do anything else, even swell up and become perfectly passvein
our hands.

Such are the phenomena commonly observed, and such the impressons which one naturaly
receives. Certain generd conclusions follow irresgtibly. Firgt of dl the following:

The acts of all the centres involve the use of the same muscles. When aheadless frog's hind leg

wipesthe acid, he cdlsinto play al the leg musdes which afrog with his full medulla oblongata
and cerebdlum uses when he turns from his back to his belly. Their contractions are, however,
combined differently in the two cases, S0 that the results vary widdly. We must consequently
conclude that specific arrangements of cdlls and fibres exist in the cord for wiping, in the

11
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medullafor turning over, etc. Smilarly they exist in the thaami for jumping over seen obstacles
and for balancing the moved body; in the optic lobes for cregping backwards, or what not. But in
the hemispheres, since the presence of these organs brings no new elementary form of movement
with it, but only determines differently the occasions on which the movements shdl occur,
making the usud simuli lessfatd and machine-like; we need suppose no such machinery
directly co-ordinative of muscular contractions to exist. We may rather assume, when the
mandeate for awiping-movement is sent forth by [p.19] the hemispheres, that a current goes
draight to the wiping-arrangement in the spina cord, exciting this arrangement asawhole.
Smilaly, if anintact frog wishes to jJump over a stone which he sees, dl he need do isto excite
from the hemispheres the jumping- centre in the thalami or wherever it may be, and the latter will
provide for the detalls of the execution. It islike a genera ordering a colond to make acertain
movement, but not teling him how it shal be done[2]

The same muscle, then, repeatedly represented at different heights and at each it entersinto a
different combination with other muscles to co-operate in some specid form of concerted
movement. At each height the movement is discharged by some particular form of sensorial
stimulus. Thusin the cord, the skin done occasions movements, in the upper part of the optic
lobes, the eyes are added; in the thalami, the semi-circular cands would seem to play a part;
whilst the stimuli which discharge the hemispheres would seem not so much to be dementary
sorts of sensation, as groups of sensations forming determinate objects or things. Prey isnot
pursued nor are enemies shunned by ordinary hemispherdess frogs. Those reactions upon
complex circumstances which we cdl indtinctive rether than reflex, are dready in thisanimal
dependent on the brain's highest lobes, and Hill more isthis the case with animas higher in the
zoologica scde.

The results are just the sameif, ingtead of afrog, we take a pigeon, and cut out his hemispheres
asthey are ordinarily cut out for alecture-room demongtration. There is not a movement natura
to him which this brainless bird cannot perform if expresdy excited thereto; only the inner
promptings seem deficient, and when left to himsdlf he spends most of his time crouched on the
ground with his head sunk between his shoulders asif adeep.[p.20]

GENERAL NOTION OF HEMISPHERES.

All these facts lead us, when we think about them, to some such explanatory conception asthis.
The lower centres act from present sensational stimuli alone; the hemispheres act from
per ceptions and considerations, the sensations which they may receive, serving only as
suggesters of these. But what are perceptions but sensations grouped together? and what are
congderations but expectations, in the fancy, of sensations which will be felt one way or another
according as action takes this course or that? If | step aside on seeing arattlesnake, from
conddering how dangerous an animd he is, the mental materials which conditute my prudentia
reflection are images more or less vivid of the movemernt of his head, of a sudden painin my leg,
of adate of terror, aswelling of the limb, a chill, delirium, unconsciousness, etc., etc., and the
ruin of my hopes. But al these images are constructed out of my past experiences. They are
reproductions of what | have felt or witnessed. They are, in short, remote sensations; and the
difference between the hemisphereless animal and the whole one may be concisdly expressed by
saying thet the one obeys absent, the other only present, objects.
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= The hemispheres woud then seem to be the seat of memory. Vestiges of past experience

must in some way be stored up in them, and must, when aroused by present stimuli, first
appear as representations of distant goods and evils; and then must discharge into the appropriate
motor channds for warding off the evil and securing the benefits of the good. If we liken the
nervous currents to electric currents, we can compare the nervous system, C, below the
hemispheresto adirect circuit from sense-organ to muscle dong theline S...C...M of Fig. 2 (p.
21). The hemisphere, H, adds the long circuit or loop-line through which the current may pass
when for any reason the direct lineis not used.

Thus, atired wayfarer on ahot day throws himself on [p.21] the damp earth benegth a maple-
tree. The sensations of delicious rest and coolness pouring themsdves through the direct line
would naturdly discharge into the muscles of complete extenson: he would abandon himself to
the dangerous repose. But the loop-line being open, part of the current is drafted dong it, and
awakens rheumatic or catarra reminiscences, which prevail over the indtigations of sense, and
make the man arise and pursue his way to where he may enjoy hisrest more safely. Presently we
shdl examine the manner in which the hemispheric loop-line may be supposed to serve asa
reservoir for such reminiscences as these. Meanwhile | will ask the reader to notice some
corollaries of its being such areservoir.

Firdt, no anima without it can ddliberate, pause, postpone, nicely weigh one motive againgt
another, or compare. Prudence, in aword, isfor such a creature an impossible virtue.
Accordingly we see that nature removes those functions in the exercise of which prudenceisa
virtue from the lower centres and hands them over to the cerebrum. Wherever a cresture hasto
ded with complex features of the environment, prudenceis avirtue. The higher animas have so
to dedl; and the more complex the features, the higher we cdl the animas. The fewer of his acts,
then, can such an animd perform without the help of the organsin question. In the frog many
acts devolve wholly on the lower centres; in the bird fewer; in the rodent fewer Hill; in the dog
very few indeed; and in gpes and men hardly any a dl.

The advantages of this are obvious. Take the prehension of food as an example and suppose it to
be areflex performance of the lower centres. The animd will be condemned fatadly and
irresistibly to snap at it whenever presented, no matter what the circumstances may be; he can no
more disobey this prompting than water can refuse to boil when afire iskindled under the pot.
Hislife will again and again pay the forfait of his gluttony.

[p.22] Exposure to retdiation, to other enemies, to traps, to poisons, to the dangers of repletion,
must be regular parts of his exigence. His lack of dl thought by which to weigh the danger
againg the dtractiveness of the bait, and of dl valition to remain hungry alittle while longer, is
the direct measure of hislownessin the mental scale. And those fishes which, like our cunners
and sculpins, are no sooner thrown back from the hook into the water, than they automaticaly
saize the hook again, would soon expiate the degradation of their intelligence by the extinction of
their type, did not their exaggerated fecundity atone for their imprudence. Appetite and the actsiit
prompts have consequently becomein al higher vertebrates functions of the cerebrum. They
disappear when the physiologigt's knife has left the subordinate centres one in place. The
brainless pigeon will starve though left on a corn-heap.
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Take again the sexud function. In birds this devolves exclusvely upon the hemispheres. When
these are shorn away the pigeon pays no attention to the billings and cooings of its mate. And
Goltz found that a bitch in heat would excite no emotion in male dogs who had suffered large
loss of cerebra tissue. Those who have read Darwin's 'Descent of Man' know what immense
importance in the amelioration of the breed in birds this author ascribes to the mere fact of sexua
selection. The sexud act is not performed until every condition of circumstance and sentiment is
fulfilled, until time, place, and partner dl arefit. But in frogs and toads this passon devolves on
the lower centres. They show consequently a machine-like obedience to the present incitement of
sense, and an amogt total exclusion of the power of choice. Copulation occurs per.fas aut nefas,
occasondly between maes, often with dead femdes, in puddies exposed on the highway, and
the male may be cut in two without letting go his hold. Every spring an immense sacrifice of
batrachian life takes place from these causes done.

No one need be told how dependent al human socia eevation is upon the prevaence of
chadtity. Hardly any factor measures more than this the difference between civili-[p.23] zation
and barbarism. Physiologicaly interpreted, chastity means nothing more than the fact that
present solicitations of sense are overpowered by suggestions of aesthetic and mord fitness
which the circumstances awaken in the cerebrum ; and that upon the inhibitory or permissive
influence of these done action directly depends.

Within the psychic life due to the cerebrum itsdf the same generd ditinction obtains, between
condderations of the more immediate and consderations of the more remote. In al ages the man
whose determinations are swayed by reference to the most distant ends has been held to possess
the highest intdligence. The tramp who lives from hour to hour; the bohemian whose
engagements are from day to day; the bachelor who builds but for a angle life; the father who
actsfor another generation ; the patriot who thinks of awhole community and many generations,
and findly, the philosopher and saint whose cares are for humanity and for eternity,-these range
themselves in an unbroken hierarchy, wherein each successive grade results from an increased
manifestation of the specia form of action by which the cerebra centres are digtinguished from

al below them.

In the 'loop-lineg dong which the memories and idess of the distant are supposed to lie, the
action, so far asitisaphysica process, must be interpreted after the type of the action in the
lower centres. If regarded here as areflex process, it must be reflex there aswell. The current in
both places runs out into the muscles only after it hasfirgt run in; but whilst the path by which it
runs out is determined in the lower centres by reflections few and fixed amongst the cdll-
arrangements, in the hemispheres the reflections are many and ingtable. This; it will be seen, is
only adifference of degree and not of kind, and does not change the reflex type. The conception
of all action as conforming to this typeis the fundamental conception of modern nerve-
physiology. So much for our generd preliminary conception of the nerve-centres! Let us define
it more distinctly before we see how wel physologica observation will beer it out in detail.

[p.24]

THE EDUCATION OF THE HEMISPHERES
Nerve-currents run in through sense-organs, and whilst provoking reflex actsin the lower
centres, they arouse ideas in the hemispheres, which ether permit the reflexes in question, check
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them, or subgtitute others for them. All ideas being in the last resort reminiscences, the question
to answer is. How can processes become organized in the hemispheres which correspond to
reminiscences in the mind ?[3]

Nothing is easer than to conceive a possible way in which this might be done, provided four
assumptions be granted. These assumptions (which after al are
inevitable in any event) are:

1) The same cerebra process which, when aroused from without by a
sense-organ, gives the perception of an object, will givean idea of the
same object when aroused by other cerebra processes from within.

2) If processes 1, 2, 3, 4 have once been aroused together or in
immediate succession, any subsequent arousa of any one of them
(whether from without or within) will tend to arouse the othersin the
origind order.[Thisis the so-cdled law of association.]

3) Every sensorid excitement propagated to alower centre tends to spread upwards and arouse
anidea

4) Every ideatends ultimately ether to produce a movemert or to check one which otherwise
would be produced.

Suppose now (these assumptions being granted) that we have a baby before uswho seesa
candle-flamefor thefirst [p. 25] time, and, by virtue of areflex tendency common in babies of a
certain age, extends his hand to grasp it, so that hisfingers get burned. So far we have two reflex
currentsin play: firg, from the eye to the extensgon movement, aong the line 1-1-1-1 of Fig. 3;
and second, from the finger to the movement of drawing back the hand, dong the line 2-2-2-2.

If this were the baby's whole nervous system, and if the reflexes were once for dl organic, we
should have no dteration in his behavior, no matter how often the experience recurred. The
retina image of the flame would dways make the arm shoot forward, the burning of the finger
would aways send it back. But we know that 'the burnt child dreads the fire," and that one
experience usudly protects the fingers forever. The point isto see how the hemispheres may
bring this result to pass.

We must complicate our diagram (see Fig. 4). Let the current 1-1, from the eye, discharge
upward aswell as downward when it reaches the lower centre for vison, and arouse the
perceptional process s* in the hemispheres; |et the feding of the arm's extension also send up a
current which leaves atrace of itsdf, m; let the burnt finger leave an andogous trace, s°%; and let
the movement of retraction leave m?. These four processes will now, by virtue of assumption 2),
be associated together by the path s'-m?-s?-m? running from thefirst to the last, so that if
anything touches off s', ideas of the extension, of the burnt finger, and of the retraction will pass
in rgpid succession [p.26] through the mind. The effect on the child's conduct when the candle-
flame is next presented is easy to imagine. Of course the Sght of it arouses the grasping reflex;
but it arouses smultaneoudy the idea thereof, together with that of the consequent pain, and of
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the find retraction of the hand; and if these cerebral processes prevail in strength over the
immediate sensation in the centres below, the last ideawill be the cue by which thefind action is
discharged. The grasping will be arrested in mid- career, the hand drawn back, and the child's
fingers saved.

In dl this we assume that the hemispheres do not natively couple any particular sense-impression
with any specid motor discharge. They only register, and preserve traces of, such couplings as
are dready organized in the reflex centres below. But this brings it inevitably about thet, when a
chain of experiences has been dready registered and the first link isimpressed once again from
without, the last link will often be awakened in idea long beforeit can exig in fact. And if this
last link were previoudy coupled with amoation, that motion may now come from the mere ided
suggestion without waiting for the actud impression to arise. Thus an anima with hemispheres
actsin anticipation of future things, or, to use our previous formula, he acts from congderations
of disant good and ill. If we give the name of partners to the origind couplings of impressons
with mationsin areflex way, then we may say that the function of the hemispheresis smply to
bring about exchanges among the partners. Movement m", which natively is sensation s
partner, becomes through the hemispheres the partner of sensation s*, & or S°. It islike the great
commutating switch-board at a central telephone station. No new dementary process is involved,
no impression nor any motion peculiar to the hemispheres; but any number of combinations
impossible to the lower machinery taken aone, and an endless consequent increase in the
possibilities of behavior on the creature's part.

All this, as amere scheme[4] is o clear and so concordant [p.27] with the genera ook of the
facts as dmogt to impose itself on our belief; but it is anything but cleer in detall. The brain-
physiology of late years has with greeat effort sought to work out the paths by which these
couplings of sensations with movements take place, both in the hemispheres and in the centres
below.

So we must next test our scheme by the facts discovered in this direction. We shall conclude, |
think, after taking them dl into account, that the scheme probably makes the lower centres too
meachine-like and the hemispheres not quite machine-like enough, and must consequently be
softened down alittle. So much | may say in advance. Meanwhile, before plunging into the
detaillswhich await us, it will somewhat clear our ideas if we contrast the modern way of looking
a the matter with the phrenological conception which but lately preceded it.

THE PHRENOLOGICAL CONCEPTION.

In acertain sense Gal was the firgt to seek to explain in detall how the brain could subserve our
mental operations. Hisway of proceeding was only too smple. He took the faculty-psychology
as his ultimatum on the menta side, and he made no farther psychologica andyss. Wherever he
found an individud with some strongly-marked trait of character he examined his head; and if he
found the latter prominent in a certain region, he said without more ado that that region was the
‘organ’ of the trait or faculty in question. The traits were of very diverse condtitution, some being
ample senshilities like ‘weight' or ‘color'; some being indinctive tendencies like 'dimentiveness
or 'amativeness;' and others, again, being complex resultants like 'conscientiousness;’
'individudity.' Phrenology fell promptly into disrepute among scientific men because observation
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seemed to show that large facul-[p.28] ties and large 'bumps might fail to coexist; because the
scheme of Gall was 0 vast as hardly to admit of accurate determination at al-who of us can say
even of his own brothers whether their perceptions of weight and of time are well developed or
not?- because the followers of Gal and Spurzheim were unable to reform these errors in any
appreciable degree; and, findly, because the whole analys's of faculties was vague and erroneous
from a psychologic point of view. Popular professors of the lore have nevertheless continued to
command the admiration of popular audiences; and there seems no doubt that Phrenology,
however little it satisfy our scientific curiogity about the functions of different portions of the
brain, may 4ill be, in the hands of intelligent practitioners, auseful hep in the art of reading
character. A hooked nose and afirm jaw are usudly signs of practica energy; soft, delicate
hands are signs of refined sengbility. Even so may a prominent eye be asign of power over
language, and a bull-neck a sign of sensudity. But the brain behind the eye and neck need no
more be the organ of the sgnified faculty than the jaw isthe organ of the will or the hand the
organ of refinement. These correlations between mind and body are, however, so frequent that
the 'characters given by phrenologists are often remarkable for knowingness and ingght.

Phrenology hardly does more than restate the problem. To answer the question, "Why do | like
children?"' by saying, "Because you have alarge organ of philoprogenitiveness” but renamesthe
phenomenon to be explained. What is my philoprogenitiveness? Of what mental eements doesiit
consst? And how can apart of the brain be its organ? A science of the mind must reduce such
complex manifestations as "philoprogenitiveness to their elements. A science of the brain must
point out the functions of its dements. A science of the relations of mind and brain must show
how the e ementary ingredients of the former correspond to the dementary functions of the
latter. But phrenology, except by occasiond coincidence, takes no account of eementsat dl. Its
faculties,’ asarule, are fully equipped personsin aparticular mentd attitude. Take, for example,
the faculty’ of language. It involves[p.29] in redity ahost of digtinct powers. We must first have
images of concrete things and ideas of abgtract qualities and relations, we must next have the
memory of words and then the capacity so to associate each idea or image with a particular word
that, when the word is heard, the idea shal forthwith enter our mind. We must conversdly, as
soon as the idea arises in our mind, associate with it amental image of the word, and by means
of thisimage we must innervate our articulatory apparatus so as to reproduce the word as
physical sound. To read or to write alanguage other elements still must be introduced. But it is
plain that the faculty of spoken language doneis so complicated asto call into play dmost all

the e ementary powers which the mind possesses, memory, imagination, association, judgment,
and volition. A portion of the brain competent to be the adequate seat of such afaculty would
needs be an entire brain in miniature,-just as the faculty itself is redlly a pecification of the

entire man, asort of homunculus. Y et just such homunculi are for the most part the phrenologica
organs. AsLange says.

"We have a parliament of little men together, each of whom, as happensdsoin ared parliament,
possesses but a single idea which he ceasdesdy grives to make prevail'-benevolence, firmness,
hope, and the rest. "Instead of one soul, phrenology gives us forty, each aone as enigmétic asthe
full aggregate psychic life can be. Instead of dividing the latter into effective dements, she
dividesit into persond beings of peculiar character ..'Herr Pastor, sure there be ahorse inside,’
caled out the peasantsto X after their spiritua shepherd had spent hoursin explaining to them
the congtruction of the locomotive. With ahorse insde truly everything becomes clear, even
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though it be a queer enough sort of horse-the horse itsdlf cdls for no explanaion! Phrenology
takes a start to get beyond the point of view of the ghost-like soul entity, but she ends by
populating the whole skull with ghosts of the same order."[ 5]

Modern Science conceives of the matter in avery different way. Brain and mind alike consist of
simple elements, sensory and motor. "All nervous centres,” says Dr. Hughlings Jackson,[6]
"from the lowest to the very highest (the [p.30] substrata of consciousness), are made up of
nothing el se than nervous arrangements, representing impressions and movements. . . | do not
see of what other materials the brain can be made." Meynert represents the matter smilarly when
he cdls the cortex of the hemispheres the surface of projection for every muscle and every
sengtive point of the body. The muscles and the sengitive points are represented each by a
cortica point, and the brain is nothing but the sum of al these cortical points, to which, on the
mental side, as many ideas correspond. Ideas of sensation, ideas of motion are, on the other
hand, the elementary factors out of which the mind is built up by the associationistsin
psychology. There is acomplete pardlelism between the two andyses, the same diagram of little
dots, circles, or triangles joined by lines symbolizes equdly well the cerebrd and menta
processes : the dots stand for cells or ideas, the lines for fibres or associations. We shdl have
later to criticise thisandyds so far asit rdlaes to the mind; but thereis no doubt thet it isamost
convenient, and has been amost useful, hypothess, formulating the factsin an extremey natura

way.

If, then, we grant that motor and sensory ideas varioudy associated are the materias of the mind,
al we need do to get a complete diagram of the mind's and the brain's relations should be to
ascertain which sensory idea corresponds to which sensationd surface of projection, and which
motor idea to which muscular surface of projection. The associations would then correspond to
the fibrous connections between the various surfaces. This digtinct cerebral localization of the
various e ementary sorts of idea has been treated as a 'postulate’ by many physiologists (e.g.
Munk); and the most dtirring controversy in nerve- physiology which the present generation has
seen has been the localization-question.

THE LOCALIZATION OF FUNCTIONSIN THE.
HEMISPHERES.

Up to 1870, the opinion which prevailed was that which the experiments of Flourens on pigeons
brains had made plausible, namely, that the different functions of the hemi-[p.31] spheres were
not locally separated, but carried on each by the aid of the whole organ. Hitzig in 1870 showed,
however, that in adog's brain highly specialized movements could be produced by dectric
irritation of determinate regions of the cortex; and Ferrier and Munk, half a dozen years later,
seemed to prove, ether by irritations or excisons or both, that there were equally determinate
regions connected with the senses of sight, touch, hearing, and smdll. Munk's specid sensorid
locdizations, however, disagreed with Ferrier's; and Goltz, from his extirpation-experiments,
came to a conclusion adverse to grict locdization of any kind. The controversy is not yet over. |
will not pretend to say anything more of it higtoricaly, but give a brief account of the condition
in which matters at present stand.
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The one thing which is perfectly well established isthis, that the ‘centra’ convolutions, on ether
dde of the fissure of Rolando, and (at least in the monkey) the calloso-margina convolution
(which is continuous with them on the mesid surface where one hemisphere is gpplied againgt
the other), form the region by which dl the motor incitations which leave the cortex pass out, on
their way to those executive centresin the region of the pons, medulla, and spina cord from
which the muscular contractions are discharged in the last resort. The existence of this so-cdled
'motor zone' is established by the lines of evidence successively given below:

(2) Cortical Irritations. Electrica currents of smdl intensity applied to the surface of the said
convolutions in dogs, monkeys, and other animas, produce well-defined movements in face,
fore-limb, hind-limb, tail, or trunk, according as one point or another of the surface isirritated.
These movements affect dmost invariably the Sde opposite to the brainirritations : If the left
hemisphere be excited, the movement is of theright leg, side of face, etc. All the objections at
fird raised againg the vdidity of these experiments have been overcome. The movements are
certainly not due to irritations of the base of the brain by the downward spread of the current, for:
a) mechanicd irritations will produce them, though less eadly than eectricd; b) shifting the

[p.32] eectrodesto a point close by on the surface changes the movement in ways quite
inexplicable by changed physica conduction of the current; c) if the cortical 'centre for acertain
movement be cut under with a sharp knife but left in situ, dthough the ectric conductivity is
physicaly undtered by the operation, the physiological conductivity is gone and currents of the
same strength no longer produce the movements which they did; d) thetime-interval between the
gpplication of the eectric simulus to the cortex and the resultant movement is what it would be

if the cortex acted physiologicaly and not merely physicdly in transmitting the irritation. It is
namely awdl-known fact that when a nerve-current has to pass through the spina cord to excite
amuscle by reflex action, the timeis longer than if it passes directly down the motor nerve: the
cdls of the cord take a certain time to discharge. Smilarly, when agtimulusis applied directly to
the cortex the muscle contracts two or three hundredths of a second later than it does when the
place on the cortex is cut away and the eectrodes are gpplied to the white fibres below.[7]

(2) Cortical Ablations. When the cortica spot which isfound to produce a movement of the fore-
leg, inadog, is excised (see spot 5 in Fig. 5), the leg in question becomes peculiarly affected. At
first it seems parayzed. Soon, however, it is used with the other legs, but badly. The anima does
not bear hisweight on it, dlowsit to rest on its dorsa surface, sands with it crossing the other
leg, does not remove it if it hangs over the edge of atable, can no longer 'give the paw' at word
of command if able to do so before the operation, does not use it for scratching the ground, or
holding abone asformerly, letsit dip out when running on a smooth [p.33] surface or when
shaking himself, etc., etc. Senghility of dl kinds seems diminished as wel as matility, but of this

| shall speak later on. Moreover the dog tends in voluntary movements to swerve towards the
gde of the brain-lesion ingtead of going straight forward. All these symptoms gradudlly decrease,
S0 that even with avery severe brain-leson the dog may be outwardly indistinguishable from a
well dog after eight or ten weeks. Still, adight chloroformization will reproduce the

disturbances, even then. There is a certain gppearance of ataxic in-codrdination in the
movements -the dog lifts his fore-feet high and brings them down with more srength than usud,
and yet the trouble is not ordinary lack of co-ordination.



Nether isthere pardyss. The strength of whatever movements

T aemadeisasgreat as ever-dogs with extensive destruction of the
i =5, MOLOT ZONE Can jump as high and bite as hard as ever they did, but

#eun i they seem less easily moved to do anything with the affected
parts. Dr. Loeb, who has studied the motor disturbances of dogs

more carefully than any one, concelves of them en masse as effects of an increased inertiain dl

the processes of innervation towards the Side opposed to the lesion. All such movements require

an unwonted effort for their execution; and when only the normdly usud effort is made they fdl

behind in effectiveness[8]
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[p.34] Even when the entire motor zone of a dog is removed, there is no permanent paralyss of

any part, but only this curious sort of relative inertiawhen the two

sides of the body are compared; and this itself becomes hardly
noticeable after anumber
of weeks have elapsed.
Prof Goltz has described
adog whose entire | eft
hemisphere was
destroyed, and who
retained only a dight
motor inertiaon theright
haf of the body. In
particular he could use
hisright paw for holding

abone whilgt gnawing it, or for reaching after apiece

of mest.
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Had he been taught to give his paw before the operations, it would have been curious to see
whether that faculty dso came back. His tectile senghbility was permanently diminished on the
right sde[9] In monkeys a genuine pardyss follows upon ablations of the cortex in the motor
region. This pardysis affects parts of the body which vary with the brain- parts removed. The
monkey's opposite arm or leg hangs flaccid, or at most takes a small part in associated
movements. When the entire region is removed there is a genuine and permanent hemiplegiain
which the arm is more affected than the leg; and thisis[p.35] followed months later by
contracture of the muscles, asin man after inveterate hemiplegia[10] According to Schaefer and
Hordey, the trunk-muscles aso become pardyzed after destruction of the marginal convolution
on both sides (see Fig. 7). These differences between dogs and monkeys show the danger of
drawing generd conclusions from experiments done on any one sort of animal. | subjoin the
figures given by the last-named authors of the motor regions in the monkey's brain.[11]

In man we are necessarily reduced to the observation post-mortem of cortica ablations produced
by accident or disease (tumor, hemorrhage, softening, etc.). What results during life from such
conditionsis ether locaized spasm, or palsy of certain muscles of the opposite side. The cortical
regions which invariably produce these results are homol ogous with those which we have just

been studying in the dog, cat, ape, etc. Figs. 8 and 9 show the result of [p.36] 169 cases carefully
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studied by
Exner. The
parts
shaded are
regions
where lesions produced no motor disturbance. Those
left white were, on the contrary, never injured without
motor disturbances of some sort.

Fia. B—Right He

Where the injury to the cortical substanceis profound in man, the pardysisis permanent and is
succeeded by muscuar rigidity in the pardyzed parts, just asit may be in the monkey. [p.37]

(3) Descending degener ations show the intimate connection of the rolandic regions of the cortex
with the motor tracts of the cord. When, either in man or in the lower animds, these regions are
destroyed, a peculiar degenerative change known as secondary sclerosis is found to extend
downwards through the white fibrous substance of the brain in a perfectly definite manner,
affecting certain distinct strands which pass through the inner capsule, crura, and pons, into the
anterior pyramids of the medulla oblongata, and from thence (partly crossing to the other sde)
downwards into the anterior (direct) and latera (crossed) columns of the spind cord.

(4) Anatomical proof of the continuity of the rolandic regions with these motor columns of the
cord isaso dearly given. Flechsg's 'Pyramidenbahn’ forms an uninterrupted strand (distinctly
traceable in human embryos, before its fibres have acquired their white 'medullary sheath)
passing upwards from the pyramids of the medulla, and traversing the interna cgpsule and
corona radiata to the convolutions in question (Fig. 10). None of the inferior gray matter of the
brain seems to have any connection with this important fibrous strand. 1t passes directly from the
cortex to the motor arrangements in the cord, depending for its proper nutrition (as the facts of
degeneration show) on the influence of the cortica cells, just as motor nerves depend for their
nutrition on that of the cdls of the spind cord. Electricad simulation of this motor strand in any
accessble part of its course has been shown in dogs to produce movements anaogous to those
which excitement of the cortica surface cdlsforth.

One of the most ingtructive proofs of motor locdization in the cortex isthat furnished by the
disease now cdled aphemia, or motor Aphasia. Motor gphasia is neither loss of voice nor
pardysis of the tongue or lips. The patient'svoice is as strong as ever, and dl the innervations of
his hypoglossd and facid nerves, except those necessary for speaking, may go on perfectly well.
He can laugh and cry, and even sing; but he either is unable to utter any words at dl; or afew
meaningless stock phrases form his only speech ; or ese he speaks incoherently and confusedly,
mispronounc-[p.38] ing, misplacing, and misusing his words in various degrees. Sometimes his
gpeech isamere broth of unintelligible syllables. In cases of pure motor aphasia the patient
recognizes his mistakes and suffers acutely from them.
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Now whenever a
condition asthis, and
permitted, it is found
gyrus (seeFig. 11) is
noticed thisfact in
has gone by the name

patient diesin such a

an examingtion of hisbrainis
that [p.39] the lowest frontal

the seet of injury. Brocafirgt

of Brocas convolution.

Fi, 1l.—Echemntic Prodile of Teft flemdsphere, with the parts sheded whos
dimlruction causes mobcr £ Bocees 7 And Sersory (W ernicks Aphssia,

Mo, W —Schemrabie Transverse Seciioa of Braln showing Motor Strend.=Alter
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Theinjury in right-handed people is found on the left
hemigphere, and in left-handed people on the right
hemisphere. Most people, in fact, are |eft-brained, thet is,
al ther ddlicate and specialized movements are handed
over to the charge of the left hemisphere. The ordinary
right- handedness for such movementsisonly a
consequence of that fact, a consequence which shows
outwardly on account of that extensive decussation of the
fibres whereby most of those from the left hemisphere pass
to theright haf of the body only. But the left- brainedness
might exigt in equa measure and not show outwardly. This
would happen wherever organs on both sides of the body
could be governed by the left hemisphere; and just such a
case seems offered by the vocal organs, in that highly
ddicate and specid motor service which we cdl speech.
Either hemigphere can innervate them bilateraly, just as
ether s;ems able to innervate bilateraly the muscles of the
trunk, ribs, and digphragm. Of the specid movements of
speech, how-[p.40] ever, it would appear (from the facts of
gphasia) that the left hemisphere in most persons habitudly
takes exclusve charge. With that hemisphere thrown out of
gear, peech is undone; even though the opposite
hemisphere siill be there for the performance of less

specidized acts, such as the various movements required in egting.

It will be noticed that Broca's region is homologous with the parts ascertained to produce
movements of the lips, tongue, and larynx when excited by eectric currentsin apes (cf. Fig. 6, p.
34). The evidence is therefore as complete as it well can be that the motor incitations to these
organs leave the brain by the lower fronta region.

Victims of motor aphasia generdly have other disorders. One which interests usin this
connection has been called agraphia: they have lost the power to write. They can read writing
and understand it; but ether cannot use the pen at dl or make egregious mistakes with it. The
seat of the lesion hereislesswdl determined, owing to an insufficient number of good casesto
conclude from.[12] Thereis no doubt, however, thet it is (in right-handed people) on the left
Sde, and little doubt that it congsts of dements of the hand-and-arm region specidized for that
service. The symptom may exist when thereislittle or no disahility in the hand for other uses. If
it does not get well, the patient usudly educates hisright hemisphere, i.e. learnsto write with his
left hand. In other cases of which we shdl say more afew pageslater on, the patient can write
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both spontaneoudy and at dictation, but cannot read even what he has himsdf written! All these
phenomena are now quite clearly explained by separate brain-centres for the various fedings and
movements and tracts for associating these together. But their minute discussion belongs to
medicine rather than to generd psychology, and | can only use them here to illudtrate the
principles of motor locdization.[13] Under the heads of sght and hearing | shdl have alittle
more to say.

[p.41] Thedifferent lines of proof which I have taken up establish conclusively the propostion
that all the motor impulses which leave the cortex pass out, in hedthy animds, from the
convolutions about the fissure of Rolando.

When, however, it comes to defining precisaly what isinvolved in amotor impulse leaving the
cortex, things grow more obscure. Does the impulse start independently from the convolutionsin
guestion, or doesit start elsewhere and merdly flow through? And to what particular phase of
psychic activity does the activity of these centres correspond? Opinions and authorities here
divide; but it will be better, before entering into these deeper aspects of the problem, to cast a
glance at the facts which have been made out concerning the relations of the cortex to sight,
hearing, and smell.

Sght.

Ferrier was thefirgt in the fild here. He found, when the angular convolution (that lying
between the 'intra parietd’ and 'externa occipitd’ fissures, and bending round the top of the
fissure of Sylvius, in Fig. 6) was excited in the monkey, that movements of the eyes and head as
if for vison occurred; and that when it was extirpated, what he supposed to be totd and
permanent blindness of the opposite eye followed. Munk amost immediately declared total and
permanent blindness to follow from destruction of the occipital 1obe in monkeys aswell as dogs,
and sad that the angular gyrus had nothing to do with sight, but was only the centre for tactile
senshility of the eyeball. Munk's absolute tone about his observations and his theoretic
arrogance have led to his ruin as an authority. But he did two things of permanent vaue. He was
the firg to distinguish in these vivisections between sensorid and psychic blindness, and to
describe the phenomenon of restitution of the visual function after itsfirst impairment by an
operation; and the firgt to notice the hemiopic character of the visud disturbances which result
when only one hemisphereisinjured. Sensorid blindnessis absolute insengihility to light;

psychic blindness is inability to recognize the meaning of the optical impressions, as when we
[p.42] see apage of Chinese print but it suggests nothing to us. A hemiopic disturbance of vison
isone in which neither retinais affected in its totdity, but in which, for example, the Ieft portion
of each retinais blind, so that the anima sees nothing Situated in space towardsitsright. Later
observations have corroborated this hemiopic character of al the disturbances of sight from
injury to asingle hemisphere in the higher animas; and the question whether an animd's
goparent blindnessis sensorid or only psychic has, snce Munk's firgt publications, been the
most urgent one to answer, in al observetions rdative to the function of sght.

Goltz dmogt smultaneoudy with Ferrier and Munk reported experiments which led him to deny
thet the visua function was essentialy bound up with any one localized portion of the
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hemispheres. Other divergent results soon came in from many quarters, so that, without going
into the history of the matter any more, | may report the existing Sate of the case asfollows|[ 14]

Infishes, frogs, and lizards vison perssts when the hemispheres are entirdly removed. Thisis
admitted for frogs and fishes even by Munk, who deniesit for birds.

All of Munk's birds seemed totdly blind (blind sensoridly) after remova of the hemispheres by
his operation. The following of a candle by the head and winking at a threatened blow, which are
ordinarily held to prove the retention of crude optical sensations by the lower centres in supposed
hemisphereless pigeons, are by Munk ascribed to vestiges of the visud sphere of the cortex left
behind by the imperfection of the operation. But Schrader, who operated after Munk and with
every apparent guarantee of completeness, found that al his pigeons saw after two or three
weeks had egpsed, and the inhibitions resulting from the wound had passed away. They
invariably avoided eventhe dightest obstacles, flew very regularly towards certain perches, etc.,
differing toto coel o in these respects with certain smply blinded pigeons who were kept with
[p.43] them for comparison. They did not pick up food strewn on the ground, however. Schrader
found that they would do thisif even asmal part of the frontal region of the hemispheres was

left, and ascribes their non-sdf-feeding when deprived of their occipita cerebrum not to avisud,
but to a motor, defect, a sort of dimentary aphasia[15]

In presence of such discord as that between Munk and his opponents one must carefully note

how differently sgnificant isloss, from preservation, of afunction after an operation on the

brain. The loss of the function does not necessarily show that it is dependent on the part cut out;
but its preservation does show that it is not dependent: and thisis true though the loss should be
observed ninety-nine times and the preservation only once in a hundred smilar excisons. That
birds and mammals can be blinded by cortica ablation is undoubted; the only question is, must
they be s0? Only then can the cortex be certainly called the 'seat of sight.’ The blindness may
adways be due to one of those remote effects of the wound on distant parts, inhibitions,

extensons of inflanmeation,-interferences, in aword,- upon which Brown-Séquard and Goltz

have rightly indsted, and the importance of which becomes more manifest every day. Such

effects are trangent; whereas the symptoms of deprivation (Ausfallserscheinungen, as Goltz cdls
them) which come from the actud loss of the cut-out region must from the nature of the case be
permanent. Blindnessin the pigeons, so far as it passes away, cannot possibly be charged to their
seet of vison being log, but only to some influence which temporarily depresses the activity of

that seat. The same is true mutatis mutandis of al the other effects of operations, and as we pass
to mammals we shdl see gtill more the importance of the remark.

Inrabbitsloss of the entire cortex seems compatible with the preservation of enough sght to
guide the poor animas movements, and enable them to avoid obstacles. Chritiani's observations
and discussions seem conclusively [p.44] to have established this, dthough Munk found thet all
his animas were made totdly blind.[16]

In dogs aso Munk found absol ute stone- blindness after ablation of the occipita lobes. He went
farther and mapped out determinate portions of the cortex thereupon, which he considered
correlated with definite sesgments of the two retinae, so that destruction of given portions of the
cortex produces blindness of the retina centre, top, bottom, or right or |eft Sde, of the same or
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opposite eye. There seems little doubt that this definite correlation is mythological. Other
observers, Hitzig, Goltz, Luciani, Loeb, Exner, etc., find, whatever part of the cortex may be
ablated on one sde, that there usudly results a hemiopic disturbance of both eyes, dight and
transent when the anterior lobes are the parts atacked, grave when an occipital lobe isthe seat
of injury, and lasting in proportion to the latter's extent. According to Loeb, the defect isa
dimness of vison (‘hemiamblyopid) in which (however savere) the centres remain the best
seeing portions of thereting, just asthey arein norma dogs. The laterd or tempora part of each
retina seems to be in exclusive connection with the cortex of its own sde. The centre and nasd
part of each seems, on the contrary, to be connected with the cortex of the opposite hemispheres.
Loeb, who takes broader views than any one, conceives the hemiamblyopia as he conceives the
motor disturbances, namely, as the expresson of an increased inertiain the whole optical
machinery, of which the result is to make the anima respond with greater effort to impressons
coming from the half of space opposed to the sde of the lesion. If adog has right
hemiamblyopia, say, and two pieces of meat are hung before him a once, he invariably turns
fird to the one on hisleft. But if the leson be adight one, shaking dightly the piece of meat on
hisright (this makes of it a stronger stimulus) makes him saize upon it firdt. If only one piece of
mest be offered, he takesit, on whichever Sdeit be.

When both occipita |obes are extensively destroyed total
blindness may result. Munk maps out his 'Seh[p.45] sphéare
definitdy, and says that blindness must result when the entire
shaded part, marked A, A, in Figs. 12 and 13, isinvolved in the
lesion. Discrepant reports of other observations he explains as
due to incomplete ablation.

Luciani, Goltz, and Lannegrace, however, contend that they have
bt i S e made complete bilateral extirpations of Munk's Sehsphére more
it e o ot el 4 ey ot T By once, and found a sort of crude indiscriminating sight of
Ob] ects to return in afew weeks[17] The question whether adog is blind or not is harder to solve
than would at first gppear; for smply blinded dogs, in places to which they are accustomed,
show little of their loss and avoid dl obstacles, whilst dogs whaose occipita |obes are gone may
run againgt things frequently and yet see notwithstanding. The best proof that they may seeis
that which Goltz's dogs furnished: they carefully avoided, asit seemed, strips of sunshine or
paper on the floor, asif they were solid obstacles. This no redly blind dog would do. Luciani
tested his dogs when hungry (a condition which sharpens their attention) by strewing [p.46]
pieces of meet and pieces of cork before them. If they went straight at them, they saw; and if
they chose the meet and |eft the cork, they saw discriminatingly. The quarrd isvery
acrimonious, indeed the subject of locaization of functionsin the brain ssemsto have a peculiar
effect on the temper of those who cultivate it experimentally. The amount of preserved vison
which Goltz and Luciani report seems hardly to be worth considering, on the one hand; and on
the other, Munk admitsin his penultimate paper that out of 85 dogs he only 'succeeded' 4 times
in his operation of producing complete blindness by complete extirpation of his'Sehsphére'.[18]
The safe conclusion for us isthat Luciani's diagram, Fig. 14, represents something like the truth.




The occipita |obes are far more important for vision than any other

S Disirtition af the Vinas] Funcion i e cortex, acenmting 1o o, 00T OF the cOIteX, so that their complete destruction makes the

anima dmog blind. Asfor the crude senghility to light which may
then remain, nothing exact is known ether about its nature or its sedt.

In the monkey, doctors also disagree. The truth seems, however, to be that the occipital lobesin
thisanima dso are the part connected mogt intimately with the visud function. The function

would seem to go on when very smdl portions of them are left, for Ferrier found no ‘gppreciable
impairment' of it after most complete destruction of them on both sdes. On the other hand, he
found complete and permanent blindness to ensue when they and the angular gyri in addition
were destroyed on both sides. Munk, aswell as[p.47] Brown and Schaefer, found no disturbance
of sght from destroying the angular gyri done, dthough Ferrier found blindnessto ensue. This
blindness was probably due to inhibitions exerted in distans, or to cutting of the white optical
fibres passng under the angular gyri on their way to the occipita lobes. Brown and Schaefer got
complete and permanent blindness in one monkey from tota destruction of both occipital lobes.
Luciani and Seppili, performing this operation on two monkeys, found that the animas were

only mentally, not sensoridly, blind. After some weeks they saw their food, but could not
digtinguish by sight between figs and pieces of cork. Luciani and Seppili seem, however, not to
have extirpated the entire lobes. When one lobe only isinjured the affection of Sght is hemiopic

in monkeys. in thisal observers agree. On the whole, then, Munk's origina location of visonin
the occipitd lobes is confirmed by the later evidence[19]

In man we have more exact results, since we are not driven to interpret the vision from the
outward conduct. On the other hand, however, we cannot vivisect, but must wait for pathologica
lesionsto turn up. The pathologists who have discussed these (the literature is tedious ad libitum)
conclude that the occipital |obes are the indispensable part for vision in man. Hemiopic
disturbance in both eyes comes from lesion of either one of them, and tota blindness, sensoria
aswell as psychic, from destruction of both.

Hemiopiamay aso result from leson in other parts, especidly the neighboring angular and
supra-margina gyri, and it may accompany extensve injury in the motor region of the cortex. In
these cases it seems probable that it is due to an actio in distans, probably to the interruption of
[p.48] fibres proceeding from the occipita lobe. There seem to be afew cases on record where
there was injury to the occipital |obes without visud defect. Ferrier has collected as many as
possible to prove hislocdization in the angular gyrus[20] A drict gpplication of logical

principles would make one of these cases outweigh one hundred contrary ones. And yet,
remembering how imperfect observations may be, and how individua brains may vary, it would
certainly be rash for their sake to throw away the enormous amount of podtive evidence for the
occipita lobes. Individud variability is dways a possible explanation of an anomaous case.
Thereis no more prominent anatomical fact than that of the 'decussation of the pyramids,’ nor
any more usud pathologica fact than its consequence, that |eft-handed hemorrhagesinto the
motor region produce right-handed paralyses. And yet the decussation is varigble in amount, and
seems sometimes to be absent atogether.[21] If, in such acase asthislagt, the |eft brain were to
become the seat of apoplexy, the left and not the right haf of the body would be the one to suffer

parayss.
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The schema on the opposite page, copied from Dr.Seguin,
expresses, on the whole, the probable truth about the regions
concerned in vison. Not the entire occipita |obes, but the so-
cdled cunel, and the first convolutions, are the cortica parts
most intimately concerned. Nothnagd agrees with Seguin in this
limitation of the essentid tracts[22]

A mogt interesting effect of cortical disorder ismental blindness.
This congsts not o much in insenghbility to optical impressons,
asin inability to understand them. Psychologicdly it is
interpretable as |oss of associations between opticd sensations
and what they sgnify; and any interruption of the paths between
T o ks the optic centres and the centres for other ideas ought to bring it
e e m’ about. Thus,[p.49] printed letters of the aphabet, or words,
oy ‘r",l o signify certain sounds and certain articuatory movements. If the
it w6, connection between the articul ati ng or auditory centres, on the
one hand, and the visua centres on the other, be ruptured, we
ought a priori to expect that the sight of words would fail to awaken the idea of their sound, or
the movement for pronouncing them.
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We ought, in short, to have alexia, or inability to read: and thisis just what we do have in many
[p.50] cases of extensive injury about the fronto-tempora regions, as acomplication of aphasic
disease. Nothnagel suggests thet whilst the cuneus is the seet of optical sensations, the other
parts of the occipital lobe may be the fied of optical memories and ideas, from the loss of which
mental blindness should ensue. In fact, dl the medica authors spesk of mentd blindness asiif it
must congst in the loss of visua images from the memory. It ssemsto me, however, thet thisisa
psychologica misapprenenson. A man whose power of visud imagination has decayed (no
unusud phenomenon inits lighter grades) is not mentdly blind in the leadt, for he recognizes
perfectly dl that he sees. On the other hand, he may be mentdly blind, with his optica
imagination well preserved; asin the interesting case publidied by Wilbrand in 1887.[23] In the
gill moreinteresting case of menta blindness recently published by Lissauer,[24] though the
patient made the most ludicrous mistakes, cdling for instance a clothes-brush a pair of
gpectacles, an umbrella a plant with flowers, an apple aportrait of alady, etc. etc., he seemed,
according to the reporter, to have his mentad images fairly wel preserved. It isin fact the
momentary loss of our non-optica images which makes us mentadly blind, just asit is that of our
non-auditory images which makes us mentaly deaf. | am mentally desf if, hearing abdll, | can't
recadl how it looks, and mentaly blind if, seeing it, | can't recdl itssound or its name Asa
meatter of fact, | should have to be not merdly mentaly blind, but sone-blind, if dl my visud
images were lost. For dthough | am blind to theright half of the fidd of view if my left occipita
region isinjured, and to the left haf if my right region isinjured, such hemianopsia does not
deprive me of visud images, experience seeming to show that the unaffected hemisphereis
aways sufficient for production of these. To abolish them entirdy | should have to be deprived
of both occipita lobes, and that would deprive me not only of my inward images of sight, but of
my [p.51] sight atogether.[25] Recent pathologica annas seem to offer afew such cases[26]
Meanwhile there are a number of cases of mentd blindness, especidly for written language,
coupled with hemianopsia, usudly of the rightward field of view. These are dl explicable by the
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breaking down, through disease, of the connecting tracts between the occipita |obes and other
parts of the brain, especiadly those which go to the centres for speech in the frontal and tempord
regions of the left hemisphere. They are to be classed among disturbances of conduction or of
association; and nowhere can | find any fact which should force usto believe that optica images
need[27] belost in menta blindness, or that the cerebra centres for such images are localy
digtinct from those for direct sensations from the eyes[28]

Where an object fals to be recognized by sight, it often hgppens that the patient will recognize
and name it as soon as he touches it with his hand. This showsin an interes-[p.52] ting way how
numerous the associative paths are which al end by running out of the brain through the channdl
of speech. The hand-path is open, though the eye-path be closed. When menta blindnessis most
complete, neither sight, touch, nor sound availsto steer the patient, and a sort of dementiawhich
has been called asymbolia or apraxia is the result. The commonest articles are not understood.
The patient will put his breeches on one shoulder and his hat upon the other, will bite into the
s0gp and lay his shoes on the table, or take hisfood into his hand and throw it down again, not
knowing what to do with it, etc. Such disorder can only come from extensive brain-injury.[29]

The method of degeneration corroborates the other evidence locdizing the tracts of vison. In
young animals one gets secondary degeneration of the occipita regions from destroying an

eyebdl, and, vice versa, degeneration of the optic nerves from destroying the occipita regions.
The corpora geniculata, thaami, and subcortica fibres leading to
the occipital lobes are dso found atrophied in these cases. The
phenomena are not uniform, but are indisputable;[30] so that,
taking al lines of evidence together, the specid connection of
vison with the occipita lobes is perfectly made out. It should be
added that the occipital lobes have frequently been found
shrunken in cases of inveterate blindness in man.

Hearing.

Hearing is hardly as definitely locdized as Sght. In the dog, Luciani's diagram will show the
regions which directly or indirectly affect it for the worse when injured. As with Sght, one-sided
lesions produce symptoms on both sides. The mixture of black dots and gray dotsin the diagram
is meant to represent this mixture of ‘crossed’ and 'uncrossed' connections, though of course no
topographicd exactitude isaimed at. Of dl the region, the tempora Iobe is the most important
part; yet permanent absolute deafness did not [p.53] result in adog of Luciani's, even from
bilateral destruction of both tempora lobesin their entirety.[31]

In the monkey, Ferrier and Y eo once found permanent deafness to follow destruction of the upper
tempora convolution (the one just below the fissure of Sylviusin Fig.6) on both sides. Brown

and Schaefer found, on the contrary, that in severa monkeys this operation failed to noticeably
affect the hearing. In one animd, indeed, both entire temporal |obes were destroyed. After a

week or two of depression of the mental faculties this beast recovered and became one of the
brightest monkeys possible, domineering over dl his mates, and admitted by al who saw him to
have al his senses, including hearing, ‘perfectly acute.[32] Terrible recriminations have, as

usua, ensued between the investigators, Ferrier denying that Brown and Schaefer's ablations
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were complete,[33] Schaefer that Ferrier's monkey was redly deaf.[34] In this unsatisfactory
condition the subject must be left, dthough there seems no reason to doubt that Brown and
Schaefer's observation is the more important of the two.

In man the tempord lobe is unquestionably, the seet of the hearing function, and the superior
convolution adjacent to the sylvian fissure isits most important part. The phenomena of aphasia
show this. We studied motor gphasia a few pages back; we must now consider sensory
aphasia.[p.54]

Our knowledge of this disease has had three stages: we may tak of the period of Broca, the
period of Wernicke, and the period of Charcot. What Brocas discovery was we have seen.
Wernicke was the first to discriminate those cases in which the patient can not even under stand
gpeech from those in which he can understand, only not talk; and to ascribe the former condition
to lesion of the tempora lobe[35] The condition in question iswor d-deafness, and the disease is
auditory aphasia. The latest statistica survey of the subject isthat by Dr. Allen Starr.[36] In the
seven cases of pure word-deafness which he has collected, cases in which the patient could reed,
talk, and write, but not understand what was said to him, the lesion was limited to the first and
second tempord convolutionsin their posterior two thirds. The leson (in right-handed, i.e. left-
brained, persons) is aways on the left Sde, like the leson in motor gphasia. Crude hearing would
not be abolished, even were the left centre for it utterly destroyed ; the right centre would il
provide for that. But the linguistic use of hearing gppears bound up with the integrity of the left
centre more or less exclusvely. Here it must be that words heard enter into association with the
things which they represent, on the one hand, and with the movements necessary for
pronouncing them, on the other. In alarge mgority of Dr. Starr's fifty cases, the power either to
name objects or to talk coherently was impaired. This shows that in most of us (as Wernicke
said) speech must go on from auditory cues; thet is, it must be that our ideas do not innervate our
motor centres directly, but only after first arousing the mental sound of the words. Thisisthe
immediate gimulus to articulaion; and where the possbility of thisis abolished by the

dedtruction of its usua channd in the left tempord lobe, the articulation must suffer. In the few
casesin which the channel is abolished with no bad effect on speech we must suppose an
idiosyncrasy. The patient must innervate his speech-organs either from the corresponding portion
of the other hemisphere or directly from the centres of ideation, [p.55] those, namely, of vison,
touch, etc., without leaning on the auditory region. It isthe minuter analysis of the factsin the
light of such individua differences as these which congtitutes Charcot's contribution towards
clearing up the subject.

Every namable thing, act, or relation has numerous properties, quaities, or aspects. In our minds
the properties of each thing, together with its name, form an associated group. If different parts
of the brain are saveraly concerned with the several properties, and afarther part with the
hearing, and gtill another with the uttering, of the name, there must inevitably be brought about
(through the law of association which we shdll later study) such a dynamic connection amongst
al these brain-parts that the activity of anyone of them will be likely to awaken the activity of dl
the rest. When we are talking as we think, the ultimate process is that of utterance. If the brain-
part for that be injured, Speech isimpossible or disorderly, even though al the other brain-parts
be intact: and thisisjust the condition of things which, on page 37, we found to be brought about
by limited leson of the |&ft inferior frontal convolution. But back of that last act various orders
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i / of successon are possible in the associations of ataking man'sidess.
-1 The more usual order seemsto be from the tactile, visud, or other
properties of the things thought-about to the sound of their names, and
then to the latter's utterance. But if in a certain individua the thought

of the look of an object or of the look of its printed name be the
process which habitualy precedes articulation, then the loss of the
hearing centrewill pro tanto not affect that individua's speech. He
will be mentdly desf, i.e. his understanding of speech will suffer, but he will not be gphasic. In
thisway it is possble to explain the seven cases of pure word-deafnesswhich figurein Dr.
Starr'stable.

If this order of association be ingrained and habitud in that individud, injury to hisvisual

centres will make him not only word-blind, but aphasic as well. His speech will become
confused in consequence of an occipital lesion. Naunyn, consequently, plotting out on adiagram
of the hemisphere the 71 irreproachably reported cases of [p.56] aphasiawhich he was able to
collect, finds thet the lesions concentrate themsalvesin three places: first, on Brocas, centre;
second, on Wernicke's ; third, on the supra-margind and angular gyri under which those fibres
pass which connect the visua centres with the rest of the brain [37](see Fig. 17). With this result
Dr. Starr's andlysis of purely sensory cases agrees.

In alater chapter we shdl again return to these differences in the effectiveness of the sensory
gpheresin different individuas. Meanwhile few things show more beatifully then the history of
our knowledge of gphasia how the sagacity and patience of many banded workers are in time
certain to analyze the darkest confusion into an orderly display.[38] Thereisno
‘centre of Speech'’ in the brain any more than there is afaculty of Speech in the mind.
The entire brain, more or less, is at work in aman who uses language. The subjoined
diagram, from Ross, shows the four parts most criticaly concerned, and, in the light
of our text, needs no farther explanation (see Fig. 18).[p.57]

Smell.

Everything conspires to point to the median descending part of the tempord lobes as
being the organs of smell. Even Ferrier and Munk agree on the hippocampa gyrus,
though Ferrier retricts olfaction, as Munk does not to the lobule or uncinate process
of the convolution, reserving the rest of it for touch.

it
S e /> Anatomy and pathology aso point to the hippocampa gyrus, but as the matter isless
1-\& f'* interesting from the point of view of human psychology than were sght and hearing, |

i e will say no more, but Smply add Luciani and Seppili's diagram of the dog's smell-
centre.[39]
Taste

Of [p.58] we know little thet is definite[sc] What little thereis pointsto the lower tempora
regions again. Consult Ferrier as below.
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[6] The suggested hdlucination may be followed by a negative after-image, just asif it werea

red object. This can be very easly verified with the suggested hallucination of a colored cross

on asheet of white paper. Tile subject, on turning to another sheet of paper, will see a cross of
the complementary color. Halucinations have been shown by MM. Binet and Féré to be doubled
by aprism or mirror, magnified by alens, and in many other ways to behave opticaly like redl
objects. These points have been discussed dready on p. 128 ff.

[7] M. Liégeois explains the common exhibition-trick of making the subject unable to get his
amsinto his coat-deves again after he has taken his coat off, by an anagthesia to the necessary
parts of the coat.

[8] Precautions being taken againgt differences of temperature and other grounds of suggestion.

[9] It should be said, however, that the bystander's ability to discriminate unmarked cards and
sheets of paper from each other is much greater than one would naturally suppose.

[10] | must repeat, however, that we are here on the verge of possibly unknown forces and
modes of communication. Hypnotization at a distance, with no grounds for expectation on the
subject's part that it was to be tried, seems pretty well established in certain very rare cases. See
in generd, for information on these matters, the Proceedings of the Sec. for Psych. Research,
passim.

[11] Here again the perception in question must take place below the threshold of ordinary
consciousness, possibly in one of those split-off selves or 'second' states whose existence we
have so often to recognize.

[12] | mysdf verified many of the above effects of the magnet on a blind-folded subject on
whom | was trying them for the first time, and whom | believe to have never heard of them
before. The moment, however, an opaque screen was added to the blindfolding, the effects
ceased to coincide with the gpproximation of the magnet, so that it looks asif visud perception
had been instrumentd in protecting them. The subject passed from my observation, so that |
never could clear up the mystery. Of course | gave him conscioudy no hint of what | was
looking for.

[13] Binet and Féré, 'Animad Magnetism,' in the Internationd Scientific Series; A. Bernheim,’
Suggestive Thergpeutics' (N.Y ., 1889); J Liégeois 'De la Suggestion' (1889); E. Gurney, two
aticlesin Mind, val. ix. -- In the recent reviva of interest in the history of this subject, it ssemsa
pity thet the admirably critica and scientific work of Dr. John Keardey Mitchdl of Philadelphia
should remain relatively so unknown. It is quite worthy to rank with Braid's investigations. See
"Five Essays' by the above author, edited by S. Weir Mitchell, Philadelphia, 1859, pp. 141-274.

CHAPTER XXVII1.
NECESSARY TRUTHSAND THE EFFECTS OF EXPERIENCE.
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