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Author’s Preface to the First Edition

Tue work which I here present to the public is an attempt to mark out a
new domain of science. I am well aware that the question may be raised,

‘whether the time is yet ripe for such an undertaking. The new discipline

rests upon anatomical and physiological foundations which, in certain

respects, are themselves very far from solid ; while the experimental treat-

ment of psychological problems must be pronounced, from every point of

view, to be still in its first beginnings. At the same time the best means

of discovering the blanks that our ignorance has left in the subject matter

of a developing science is, as we all know, to take a general survey of its

present status. = A first attempt, such as this book represents, must show
many imperfections ; but the more imperfect it is, the more effectively -
will it call for improvement. Moreover, it is especially true in this field
of inquiry that the solution of many problems is intimately bound up with

their relation to other groups of facts, facts that often appear remote and

disconnected ; so that the wider view is necessary, if we are to find the

right path.

In many portions of the book I have made use of my own investiga-
-tions; in the others, I have at least tried to acquire an independent judg-
ment. Thus, the outhine of the anatomy of the brain, contained in Part I,
15 based upon a knowledge of morphological relations which I have obtained
by repeated dissection of human and animal brains. For part of the
material employed in this work, and for frequent assistance in the diffi-
culties which such a study offers, I am indebted to the former Director of
the Heidelberg Anatomical Museum, Professor Fr. Arnold. The finer
structure of the brain, as revealed by the microscope, is, of course, a subject
for the specialist ; all that I have been able to do is to compare the state-
ments of the various authors with one another and with the results of the
gross anatomy of the brain. I must leave it to the expert to decide whether
the account of the central conduction paths, as drawn from these sources
in chapter iv., is, at least in its main features, correct. I am fully conscious
that, in detail, it requires to be supplemented and emendedon many sides.
Still, it receives a certain confirmation from the fact that the functional
derangements induced experimentally by the extirpation and transsection
of various parts of the brain are, as I seek to show in chapter v., readily
‘explicable in terms of the anatomical plan. Most of the phenomena here
described I have had trequent opportunity to observe in my Own expari-
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Introduction [2-3

It follows, then, that physiology and psychology have many points of
contact. In general, there can of course be no doubt that their problems
are distinct. But psychology is called upon to trace out the relations that
obtain between conscious processes and certain phenomena of the physical
life ; and physiology, on its side, cannot afford to neglect the conscious
contents in which certain phenomena of this bodily life manifest them-
selves to us. Indeed, as regards physiology, the interdependence of the
two sciences is plainly in evidence. Practically everything that the
physiologists tell us, by way of fact or of hypothesis, concerning the pro-
cesses in the organs of sense and in the brain, is based upon determinate
mental symptoms : so that psychology has long been recognised, explicitly
or implicitly, as an indispensable auxiliary of physiological investigation.
Psychologists, it is true, have been apt to take a different attitude towards
physiology. They have tended to regard as superfluous any reference to the
physical organism ; they have supposed that nothing more is required
for a science of mind than the direct apprehension of conscious processes
themselves. It is in token of dissent from any such standpoint that the |
present work is entitled a ‘ physiological psychology.” We take issue, -
upon this matter, with every treatment of psychology that is based on -
simple self-observation or on philosophical presuppositions. We shall,
wherever the occasion seems to demand, employ physiology in the service
of psychology. We are thus, as was indicated above, following the example
of physiology itself, which has never been in a position to disregard facts
that properly belong to psychology,—although it has often been hampered
in its use of them by the defects of the empirical or metaphysical psychology
which it has found current. ;

Physiological psychology is, therefore, first of all psychology. It has in
view the same principal object upon which all other forms of psychological
exposition are directed : the investigation of consctous processes in the
modes of connexion peculiar fo them. Itisnota province of physiclogy ; nor
does it attempt, as has been mistakenly asserted, to derive or explain the
phenomena of the psychical from those of the physical life. We may
read this meaning into the phrase ‘ physiological psychology, just a5 ‘e
might interpret the title ‘ microscopical anatomy’ to mean a discussion, :
with illustrations from anatomy, of what has been accomplished by the
microscope ; but the words should be no more misleading in the one case than
they are in the other. As employed in the present work, the adjective
“ physiological * implies simply that our psychology will Im'all itself to
the full of the means that modern physiology puts at its disposal for the
analysis of conscious processes. It will do this in two ways.

(1) Psychological inquiries have, up to the most recent times, been
undertaken solely in the interest of philosophy : physiology was enabled, by

|
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4 Introduction [4-5
as to the relation of mind and body, and understand by it nothing more
than an investigation of the relations that may be shown empirically to
obtain between the psychical and the physical aspects of vital processes,
it is clear at once that psychophysics becomes for us not, what it is some-
times taken to be, a science intermediate between physiology and psycho-
logy, but rather a science that is auxiliary to both. It must, however,
render service more especially to psychology, since the relations existing
between determinate conditions of the physical organisation, on the one
hand, and the processes of consciousness, on the other, are primarily of
interest to the psychologist. In its final purpose, therefore, this psycho-
physical problem that we have assigned to physiological psychology proves
to be itself psychological. In execution, it will be predominantly physiolo-
gical, since psychophysics 1s concerned to follow up the anatomical and
physiological investigation of the bodily substrates of conscious processes,
and to subject its results to critical examination with a view to their bearing
upon our psychical life,

There are thus two problems which are suggested by the title ** physio-
logical psychology ™ : the problem of method, which involves the application
of experiment, and the problem of a psychophysical supplement, which
involves a knowledge of the bodily substrates of the mental life. For
psvchology itself, the former is the more essential ; the second is of im-
portance mainly for the philosophical question of the unitariness of vital
processes at large. As an experimental science, physiological psychology
seeks to accomplish a reform in psychological investigation comparable
with the revolution brought aboutin the natural sciences by the intreduc-
tion of the experimental method. From one point of view, indeed, the
change wrought is still more radical : for while in natural science it is pos-
sible, under favourable conditions, to make an accurate observation without
recourse to experiment, there is no such possibility in psychology. It is
only with grave reservations that what 1s called ‘ pure self-observation’
can properly be termed observation at all, and under no circumstances can
it lay claim to accuracy. On the other hand, it is of the essence of experiment
that we can vary the conditions of an occurrence at will and, if we are
aiming at exact results, in a quantitatively determinable way. Hence,
even in the domain of natural science, the aid of the experimental method
becomes indispensable whenever the problem set is the analysis of transient
and impermanent phenomena, and not merely the observation of peraistehnt
and relatively constant objects. But conscious contents are at the opposite
pole from permanent objects ; they are processes, fleeting occurrences, in
continual flux and change. In their case, therefore, the experimental
method is of cardinal importance ; it and it alone makes a scientific in-
trospection possible. For all accurate observation implies that the object
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16 Introduction [17-18

of Gemiithsbewegungen on the one hand to the emotions, and on the other to
a clasis of affective processes that are frequently bound up with or pass into
emotions, the intellectual feelings.!

(5) Having thus investigated sense ideas, emotions and voluntary actions,
the complex processes of the mental life, we pass in a fifth Part to the doctrine
of consciousness and of the interconnexion of mental processes. The results
of the two preceding sections now form the basis of an analysis of conscious-
ness and of the connexions of conscious contents. For all these conscious
connexions contain, as their proximate constituents, ideas and emotions,
and consciousness itself is nothing else than a general name for the total
sum of processes and their connexions. So far as our analysis of these
connexions is experimental, we shall be chiefly concerned with the arbi-
trary modification of sense ideas and of their course in consciousness. When,
on the other hand, we come to consider the interconnexions of emotions
and voluntary actions, our principal dependence will be upon the results of
analysis of the processes of consciousness at large.

In these five Parts, then, we confine ourselves to a purely empirical
examination of the facts. (6) A sixth and final Part will treat of the origin
and principles of mental development. Here we shall endeavour to set forth,
in brief, the general conclusions that may be drawn from these facts for a
comprehensive theory of the mental life and of its relation to our physical
existence. So far, we have set conscious processes and the processes of the
bodily life over against each other, without attempting any exact definition
of either. Now at last, when our survey of their interrelations is com-
pleted, we shall be able to ascribe a definitive meaning to the terms physical
and psychical, And this will help us towards a solution of the well worn
problem of ‘the interaction of mind and body,” a solution that shall do
justice to the present status of our physiological and psychological know-
ledge, and shall also meet the requirements of a philosophical criticism of
knowledge itself. Physiological psychology thus ends with those questions
with which the philosophical psychology of an older day was wont to begin,—
the questions of the nature of the mind, and of the relation of consciousness
to an external world ; and with a characterisation of the general attitude
which psychology is to take up, when it seeks to trace the laws of the mental

life as manifested in history and in society.

§ 3. Prepsychological Concepts’

The human mind is so constituted, that it cannot gather experiences

1 Gemiithsbewegungen, as first used above, means ‘“ complex affective, aﬁccti*-_’e-
volitional and volitional processes.’” There is no exact English equivalent. See
Barnwin's Dict. of Phil. and Psych., ii, 1902, 680. Willenshandlungen means, of course,

voluntary actions, internal and E.*Ziel“l‘!-':ﬂ.—TRﬁlj-'EL&Tl}F. : :
2 In the first four editions of the Physiologische Psychologie, the Introduction con.-
































































29-30] Differentiation of Mental and Bodily Functions 37

life, and exert only an indirect influence upon mind. This progressive
differentiation of functions and of their substrate within the nervous system
finds its expression in the relative increase of the mass of the nervous ele-
ments, and in the elaboration of special nerve-centres, compact bodies of
nerve-cells and their fibrillar processes. We have an instance of such centres
in the ganglia of the invertebrates, which appear at the most various stages
of development, from the comparatively simple nerve-rings of the ccelen-
terates and the lower worms and molluscs, up to the brain-like ganglionic
masses of the arthropods and higher molluses (Fig. 7).

Finallv, among the vertebrates, the importance of the nerve-centres
for the whole organisation of the animal is shown, from the first, in their
relation to the external bodily form and to the development of the various
systems of organs. Immediately after
the separation of the formative ma-
terials into the two layers of the germ-
primule, there appears in the ectoderm

el

IR

Fic. 8.
with the embryonic primule. a Primitive
groove, contaiming primitive streak, i

Fic. g. Transverse section through one
half of the neural tube, after His. To the
right, on the inner side of the tube, lie

Emoryonic area of the rabbit,

Embryonic primule. ¢ Internal crescentic
portion (area pellucida), and & external
"ll-i.vl'_l.r:"|E!| ].P'JI.‘I!:Ir.-:Il {Aren r|]|;:|_|;;.'1_} i thq-
EMDryonic area

a groove,

tissue,

unmodified germinating cells ; to the left,
on the outside, are nerve-cells in process
of development. wm Ventral (motor), s
dorsal (sensoryv) nerve-root.

open above, at the bottom of which is a streak of darker
This 1s the primitive streak, whose direction corresponds with the
future ]uns;iillrljn:l] axis of the embryo (Fig. 8).

Presently, the groove closes

and becomes the neural tube, the primule of the III_"|.'I.'] [r-]l:ilml cord) and its





















44 Structural Elements of Nervous System [36-7

with processes of markedly different form are usually termed, from their
discoverer, the cells of DErTERs (Fig. 12) ; cells with quickly dividing neurites
are known.as cells of GoLc1's type ; and the cells without marked distinction
of the processes are called intermediary or in tercalary cells.'

/|

I'tc. 15, Cells of Purkixg g, from the cortex of the cerebellum, with richly branching
dendrites. After KovLtiker., # Neurite. & Collaterals,

Finally, the dendrites, like the neurite, evince certain structural
differences. Sometimes, as in the pyramidal cells of the cerebral cortex
(Fig. 14), they divide without much complication, their branches trending
in definite directions. Sometimes, again, as in the large PUrkINJE cells
of the cerebellar cortex (Fig. 15), their ramifications are exceedingly
complex and widely extended.

(b)—1 he Nerve-Fibres

We have seen that the nerve-process issuing from the nerve-cell forms
the basis of the nerve-fibre. The nain differences in the structure of the
nerve-fibres depend upon differences in the character of the investing

1 These intermediate cells (intermedidre oder Schaltzellen) appear to correspond to
what are sometimes termed the Gorat cells of the firsttype, and the Govar cellsof the text
to the Govrgr cells of the second type.—TRANSLATOR.
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120 Development of Central Organs [114-5

composed of cinerea, are known, from the arching convexity of their form,
as the cylindrical columns (eminentiae teretes, ef). Their cinerea is in
connexion with most of the grey nidi of the oblongata, though some of
these are forced out from the median line, and thus isolated, as a result of

the splitting up of the
oblongata by tracts of
alba. A further and final

consequence of the changes
of structural conditions

of an entirely new system
of fibre-groups surrounding
the oblongata in a trans-
verse direction. Some of
them enter into the ventral
sulcus and the sulcus separ-
ating the pyramids from

across the fossa rthom-

Fic. 48. Dorsal view of the human oblongata, with boidalis. Ihe Ej?stcm =
the quadrigemina, thalami and peduncles of the known as the zonal fibre-
cerebellum. On the right, the radiation of the 7

cerebellar peduncles within the cerebellum is shown. system  (stratum zonale,
fe¢ Slender funiculus. f¢ Cuneate funiculus. fibrae arcuatae, g).

5 Lateral column. The divergence of the lateral
columns discloses the fossa rhomboidalis, on the 2
floor of which may be seen the rounded prominences, parts in the oblongata leads
ef, divided by a median longitudinal sulcus. g R P

Zomal fibres (f. arcuatae). pi Inferior cerebellar T‘D1H I‘Edlstllll:llltlﬂl'l of t]‘{E
peduncles (restes). fpm Middle cerebellar pe- points of origin of the peri-
duncles (crura ad pontem). ps Superior cerebellar : S
peduncles (crura ad cerebrum). s Anterior, ¢ |3I|1l2'!lﬂl i _Th[ bl]lli.}lﬂ
posterior pair of quadrigemina (nates and testes). Tule of the myel 1s no Iﬂnger

ta Postbrachia. ¢k Thalamus. # Postgeniculum, &7 obeyed ; the merve - roots

pregeniculum. = Epiphysis (pineal body). wm Val-

vula (velum medull. ant.). are more or less displaced

from their old positions.
It is true that they still form, roughly, two longitudinal series, a dorsal
and a ventral. But root-fibres that are exclusively motor issue only
from the wventrolateral sulcus (twelfth cranial nerve, hypoglossal or
lingual motor). The dorsolateral sulcus (or, at any rate, its immediate

neighbourhood) gives rise, on the other hand, both to sensory and to motor |

fibres. Here begin all the other cranial nerves, with the exception of the
first and second, olfactory and optic, and the third and fourth, the two
anterior oculomotor nerves, whose place of origin lies further forward (cf.
Figg. 47, 52)."

I These are the oculomotor and the trachlear nerves. The third oculomotor nerve.
tas fifth craaial or abluzeat ozualar, arises in the most anterior region of the oblongata..

which we have been de-
scribing is the formation

the olives; others strike

The re-arrangement of

-































130 Development of Central Organs [125-6 f

the myel, then passes over into the columns of the oblongata, and there-
after takes its place among the bundles of the crura, is the corona (corona
radiata ; m). The factors which most largely determine the arrangement
of its fibres are those discussed just now, as concerned in the formation of
the paraceles. Since the vascular plexuses that find their way into the
cavities spread
over the entire
floor, the coronal
fibres which are
to continue the
crura cortexward
must curve out
around the ves-
sels at the peri-
phery, in order
to attain to
their goal.

The terminal
division of the
prosencephalon

Fis. 56, Transverse section through the human cerebrum, ;
posterior aspect ; in part after REicHErT. The dorsal portion consists of the

of the pallium of the hemispheres is not shown. On the left ]
side, the section follows the line a, on the right side, the line g two olfactory
of Fig. 53. On the left, therefore, it passes through the medi- bulbs or olfac-
commissure and the hypophysis ; on the right, it traverses the o ] *ad
brain a little more posteriorly, cutting the posterior portion of tory gyres (rhin
the thalamusand thealbicans. b#% Callosum. fx Fornix. caPre- encephalon). In
cornu of paracele. si Nidus of stnatum (caudatum). ¢ Nidi most fishes, the
of thalamus, Three of these are distinguished : a lateral, a : .
median (bounding the diacele), and an anterior nidus. cm Medi- I‘hll'll:l'lﬂﬂphalﬂﬂ 15
commissure. K Operculum. [ Insula. s Radiations of the : ove-
corona. & Lenticula. On the left hand, the three parts of the = htl’ﬂl‘lg]}fld
lenticular nidus are visible. ¢ Claustrum. Between ¢ and loped that it not
the lenticular nidus lies the external capsule of the lenticula. 14,0 SUrpasses
mhk Amygdala. ¢ Medicornu of paracele. am Cross-section

of hippocampus. [ Optic nerve. ¢ Infundibulum and hypo- In extent all the
physis, [ Crusta. sn Intercalatum (substantia nigra). I Teg- remaining  por-
mentum with rubrum. fh Cleft in medicornu of paracele, by ; :
which a vascular plexus gains access to it (hippocampal fissure). tions of the pros-

encephalon. In
the higher classes of vertebrates, and especially in the birds, it decreases in
importance ; but in the lower mammals it appears again as a structure of
relatively considerable size (cf. Figg. 37, 38, 49, 54). In the mammalian brain
it forms special gyri, which issue from the brain-base and project to a greater
or less degree beyond the frontal portion of the prosencephalon. The olfac-
tory bulbscontain cavities, the rhinoceles, which communicate with the pros-
ocele (paraceles). In some of the mammalian orders, viz., in the cetacea and
(to a less extent) in the apes and in man, the rhinencephalon degenerates.












i34 Development of Central Organs [129, 1301

the hippocampi and their neighbourhood, do not receive any admixture of
coronal fibres. In the lower mammals, they appear simply and solely as
the hippocampal commissure (Fig. 57 A4) ; in the primates, they divide into
two parts; an internal, passing over into hippocampus and ecalcar
(@m and vk Fig. 55); and an external, which curves ventrally in front of
the coronal fibres running to the cortex of the occipital lobe (m/ Fig. 58), and
forms the outer wall of the postcornu of the paracele. This is termed the
tapetum (4p Fig. 51, p. 123).

We have seen that the fornix is the fibre-tract proceeding from the terma
(lamina terminalis) of the aula; and we have followed the course

Fic. =7. Anatomy of brain of rabbit. In"4 the roof of the hemispheres has been
turned back, so that the callosum is visible over its whole extent, In B the callosum
has been removed, and the paraceles are displayed. Mo Oblongata. € Cerebellum.
¥V Quadrigemina. z Epiphysis. In B the beginnings of the striata are visible to the
side of z under the hippocampi. am Hippocampus, bk Callosum. Anteriorly to the
line Bk lies the portion of the callosum that passes into the hemicerebral alba ; its
interlacing with the coronal fibres can be seen in the Fig. Posteriorly to bk the hippo-
campal commissure or fornicommissure begins, ol Olfactory lobes. ¢a Precornn

paracele. f Anterior, f* posterior portion of fornix. ¢ Medicornu of paracele. si Striata.

which it takes as the outgrowing hemispheres arch over the brain-caundex.
‘The same direction is taken by the portion of the hemicerebral wall lying
immediately anterior to the terma. There is a difference, however. The
floor of the hemisplieres is continuous from the first, and the fornix has, there-
fore, no investment of grey matter. This anterior portion, on the other
hand, which comes to lie dorsally to the fornix as the result of the hemispheric
curvature, is not included in the original area of continuity, and is accordingly
covered with a laver of cinerea over its median surface. After the
callosum has forced a passage across the brain. it is separated by the
callosal fibres from the fornix, and forms a longitudinal gyre running @,
dorsal to the callosum. It is termed the callosal gyre (gyrus fornicatns
or cingulum : Gf Fig. 33, p. 127).
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stand farthest apart, the motor and sensory, are then determined by their
mode of connexion with their cells of origin, and with the processes which
these cells give off. We thus find, in the properties of the neurone and its
area of distribution as manifested within the myel, a continuation of the
differences that we meet with in the primitive forms represented in Figg.
20, 21 (p. 50). Fig. 67 shows the various morphological elements in their
nature‘ll connexion. Each of the large multipolar cells »z of the ventral cornu
has direct control of some peripheral region by means of its neurite »,
which does not break up into
its terminal arborisation until it
reaches the terminal plate of a
muscle-fibre (Fig. zo, p. 50). On
the other side, the dendrites issu-
ing from the same cell run a very
short course, to enter at once into
the cinerea of the wventral cornu.
The dendritic reticulum stands in
direct contact with the terminal
fibrils of the neurite g of another
nerve-cell, situated as a rule high
up in the brain ; so that the neu-
rones of this motor conduction
cover very extensive territories.
Indeed, it is probable that in most
instances the entire motor conduc-
tion involves only two neurones
(N, and N,, Fig. 20), the one of
which extends from the cell n of

Course of Paths of Nervous Conduction [160-1

Fic. 66. Cross-section through the lower
half of the myel of man, after DErTERsS. For

the sake of clearness, the ganglion-cells are
drawn on a larger scale than the remaining
parts of the figure. a Myelocele. & Ventral,
¢ dorsal sulcus. o Ventral cornu, with the
larger ganglion-cells. ¢ Dorsal cornu, with
the smaller ganglion-cells. f Ventral com-
missure. g Gelatinosa about the myelocele.

Dorsal commissures. ¢ Fibre-system of
the ventral, & that of the dorsal nerve-root.
{ Ventral column. wm Lateral column. n
Dorsal column,

the ventral cornu to the periphery
of the body, while the other be-
gins with some one of the fibres
that run their course in the ven-
tral or lateral column (Z, m Fig. 66),
and ends in a cell of the cerebral
cortex. At the same time, still
others of the dendrites belonging
to the cells of the ventral cornua

are in contact with the processes of the small cells s of the dorsal
cornua, and with the small intercalatory or commissural cells ¢ that lie

scattered between ventral and dersal cornua.
we have, presumably, the substrate of reflex conduction. The sensory
nerve-paths, on the other hand, follow a very different course. In their

In these latter connexions







166 Course of Paths of Nervous Couduction [162-3

and connexions conform to a certain type. In the higher regions of the
myel, other conditions are at work, paving the way for that differentiation
of the conduction-paths which characterises the higher central regions.
Even as low down as the thoracic portion of the myel, certain funicles
divide off from the three principal columns already named, the ventral,
lateral, and dorsal columns (/, m, n Fig. 66). The principal paths, sensory
and motor, that run their course within the length of the myel, are thus
split up into several separate tracts. The significance of these new funicles
can best be understood from their embryological connexions and from
the course of the degenerations observed in pathological cases (pp. 154 f.).
It can be shown, by both lines of evidence, that the motor division of the
lateral columns ascends uncrossed in their dorsal half, in a funicle which,
as seen in cross-sections, encroaches from the outside upon the cinerea of
P the dorsal cornu. Higher up, it passes
over into the pyramids of the oblongata,
and is accordingly known as the path of
Cershellar  the pvramidal lateral column {Fig. 68} In
the same way, the innermost division of
Pyramidal  the motor ventral columns, the part bor-
By dering directly upon the ventral sulcus,
ventral column  ascends uncrossed to the oblongata, where
it too passes over into the pryamids. It is
- Doreal columntermed the path of the pyramidal ventral
column, and is the only division of the
Cerebellar pyramidal tracts to remain uncrossed in
lateral colwmnn— the ghlongata. Of the more peripherally
Pyramidal situated funicles of the wventral column,
lateral column e _ H
, some take a straight course upwards, while
SR 'lwul};?'g:isl;:tir::x:nh::::“ others enter the v?ntra! commissure and
the myel: A from the cervical cross to the opposite side of the body.
enlargement, B from (he thoracic The division of the lateral columu which
overlies the pyramidal lateral column, at
the periphery of the myel, is an uncrossed and, to judge {from the con-
ditions of its origin, a sensory path: it branches off to the cerebellum
by way of the postpeduncles, and is termed the path of the cerebellar
lateral column, The dorsal columns, which are exclusively sensory in-.}
function, and therefore receive from below the great majority of the fibres
that enter the dorsal roots, divide in the cervical region into two funicles &
the slender funicles or columns of Goll (fun. graciles), and the more out=
lying cuneate funicles (fun. cuneati, Fig. 68).1

Fun. cun.

1 FLEcHSIG, Ueber Systemerkrankungen im Riickenmark, 30 fl. BECHTEREW, D“fl
Leit ungsbahnen itm Gehirn und Riickenmark, 1899, 17 fi. )






























176 Course of Paths of Nervous Conduction

[173-4

especially of the pyramids and medipeduncles. The fibres that cross over
from the one side to the other in the median line of the pons (at R Fig. 72)
are decussating fibres belonging in part to the direct continuations of

. Fig. 72. Cross-section through the pons
of man, at the level of the root of the
trochlearis, after StioLing. M Valvula.
T Root of trochlearis. § Svlvian aque-
duct. 5 Cells of origin of the fifth cranial
nerve in the grey floor of the aqueduct.
ki, v, v’, si Continuations cf the ventral
columns, & Dorsolongitudinal bundle,
v Median remains of the ventral columns
on either side of the raphe. v’ Anterior
remains of the ventral columns adjoining
the lemniscus. s Lemniscus: continu-
ation of the divisions of the wventral
columns that surround the olives (capsular
columns, fun. siliquae). si" Passage of
the lemniscal fibres into the roof of the
Sylvian aqueduct. s Remains of the
lateral columns, and formatio reticularis.
g Gelatinosa, and continuations of the
dorsal columns. ba Prepeduncles. R
Raphe. b Ectal, b intermediate, 5" en-
tal cross-fibres of the pons. p-p° Con-
tinuations of the pyramidal tracts, inter-
mixed with cinerea and with the ascending
continuations of the medipeduncles issn-
ing from it.

the myelic columns through the
pons, in part to the medipeduncles
of the cerebellum. The decussation
ol these latter has been established
by pathological observations : atro-
phy of a cerebral lobe is ordinarily
attended or followed by a wasting
away of the opposite half of the
cerebellum. The fibres of the medi-
peduncles, probably without excep-
tion, pass through internodes of grey
matter before they are deflected into
the vertical paths; and small grey
nidi are also strewn in the path of
the directly ascending prepeduncles
(ba Fig. 72). These presently decus-
sate, and come to an end in the
rubrum of the tegmentum. In this
way, by collection of the myelic
columns that come up from below,
and of the continuations from the
cerebellum that join them from
above and from the side, there forms
within the pons that entire fibre
tract which connects the lower-lving
nerve centres with the structures of
the cerebrum,—the crus. At the
same tfime, the pons is broken
through by the root bundles of
certain cranial nerves, which take
their origin higher up. The nidi of
origin df these nerves are situated
partly upon the cinereal floor of the
highest portion of the fossa rhom-
boidalis (metacele), partly in the
neighbourhood of the Sylvian
aqueduct (mesocele), which forms
a continuation of the central
canal.
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should illustrate the composite character of the physical substrate of
the mental life, and therewith show the absurdity of any attempt to
discover a simple seat of mind, one could hardly hope to make a happier
choice.

5. Cerebral Ganglia and Conduction Paths of the Higher Sensory Nerves

(a)—The Cerebral Ganglia

If we look at the series of cerebral ganglia, we see at once that those
of mesencephalon and diencephalon, the quadrigemina and the thalami,
serve as intermediate stations on the line of conduction : peripherally, they
receive sensory and motor fibres ; centralwards, they stand in connexion
with the cerebral cortex. They lie, as their function requires, directly
upon the crura, whose fibre masses partly run beneath them straight to the
prosencephalon, partly curve upwards to enter into the grey nidi of the
ganglia.  There
is a difference,
however : the
thalamus takes
up comparative-
ly few fibres
from below, and
sends out wvery
considerable
bundles to the
cerebral cortex ;

F1c. 73. Vertical section through the caudex in the region of .8
the pregemina; in part after Epinger. 4 Aqueduct. B t]?'E qu‘:id”ge
Prebrachium. V Pregeminum. 7 Thalamus. Pu P[Jiv!lnar- mina do just the
H Tegmentum. JF Crusta. S Lemmniscus. Cgm postgeniculum.

B Rubrom. Ss Intercalatom. Py Pyramid. [ Dorso- TEVErse. Both

longitudinal funicle. O Oculomotor (third cranial) nerve. ganglia, as we

shall see in detail
later, are of especial importance as nodal points in the optic conduction.
Fig. 73 shows a section taken through the middle region of this whole
area, and will assist in some degree towards an understanding of the
structural relations. :

The position of the prosencephalic ganglia, the striata with their two
subdivisions, caudatum and lenticula, is more obscure. The incoming
and outgoing fibres tell us but little of their function. Both divisions receive
fibres from the periphery, derived for the most part from the diencephalic
and mesencephalic ganglia. The crural fibres, on the other hand, pass
below and between the prosencephalic ganglia, without entering them
(Fig. 74). The grey masses of the ganglia send no further reinforcements
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cach hemisphere corresponds to the smaller, lateral division of the retina of
the same side, and to the larger, median division of that of the opposite side ;
s0 that, e.g., extirpation of the central visual area of the right hemisphere
'|11‘Hﬂlll.'i:ﬁ. blindness over the extreme edge of the right retina, and over the

F1G. 86. Sensory regions on the surface of the brain of the dog. After Munk. [I. Dor-

sal view. IJ. Lateral view (left hemisphere). . Visual area. A’ Central region of the

visual area, B ,-'hudlln!l'}' area. B’ Hegion for the perception of articulate sounds,

C— [ Tactual area. C Repgion for the fore leg, D for the hind leg, E for the head

F for the eyes, G for the ear, H for the neck, [ for the trunk. a—pg Points of motor
excitability (see the explanation of Fig. 8o).

Fi1G. 87. Sensory regions on the surface of the brain of the monkey. The letters have
the meanings given under Fig. 80.

whole surface of the left retina with the exception of its extreme edge. This
distribution accords, as will be seen at once, with that which has already been
shown to exist in the mesencephalon in consequence of the partial decussations

in the chiasma.! Muxk found, also, that these results of extirpation were con-

1 Cf. p. 188, above,
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points of detail. In particular, all statements concerning the relation of
these centrosensory cortical areas to the centromotor must be regarded,
at present, as altogether hypothetical. They rest, not upon reliable ob-
servations, but for the most part upon some foregone psychological or
Physiological assumption,

If, in conclusion, we compare the whole group of results derived from
pathological observation of the relations of the cerebral cortex to the several
conduction systems with the outcome of the experiments made upon
animals, we see at once that, where the facts are at all securely established,
there is a large measure of agreement between the two methods. Thus,
the position assigned to the centromotor areas in man and the animals
is practically the same. In particular,. the motor points of the central
gyres are arranged in a similar order upon the human and monkey cortex.
The same thing holds of the localisation of visual excitations in the occipital
lobe. In the acoustic area, it is true, we find differences. The develop-
ment in man of the cortical region connected with speech is offset, in most
of the animals, by the greater bulk of the olfactory centres. There is thus
a more pronounced dissimilarity in the structure of the anterior portion
of the brain, and a consequent lack of correspondence of the cort cal areas,
According to the observations of FERRIER, MUNK dnd Luciani, the auditory -
centre of the dog, e.g., is forced, by the development of the olfactory gyre,
relatively far back, into the posterior part of the temporal lobe. This
apart, however, the auditory area appears, to all intents and purposes,
to occupy an analogous position in the human and animal brain. And
the same statement may be made, finally, with still greater confidence,
of the cortical areas for tactual and common sensations, whose localisation
refers us, in all cases, to regions which either coincide or interfere with the
corresponding centromotor areas. So far, then, there is a general agree-
ment between the results. The only difference of any considerable moment
is that the derangements of function resulting from cortical lesions are as
a rule more serious in man than they are in the animals. And this differ-
ence itself has only a relative significance, since it appears in the same way
between various classes of animals, e.g. between dog and rabbit, or still
more markedly between monkey and dog. It would seem, then, that the
phenomena ‘in point are simply illustrations of the general fact that the
subcortical centres have a higher value, as centres of independent function, =
the lower the organisation of the brain to which they belong." Lastly,
having allowed this difference its due weight, we have again to say that >
the character of the disturbances produced by local lesions of the cortex
is the same for man and for the animals, in so far as the derangement never
amounts to an absolute abrogation of function, and is therefore by no

1 On this point see below, Ch. VL., §§ 5 and 6.
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the centre of sight or hearing, The volitional process is then explained as
a reflex transference, occurring, possibly, in the cortex itself, or, perhaps, in
deeper-lying parts, This aspect of the theory is rendered especially plausible
by the belief that ‘will ' is nothing else than an ‘idea of movement,’ and
lh:tt consequently the °cortical function' underlying voluntary action con-
s15ts simply and solely in the excitation of a movement idea, i.e. in a SENsSory
process. Now the assumption that ‘will ' is equivalent to idea of movement
is, of course, a purely psychological hypothesis ; it can be demonstrated or
refuted, not by anatomical and physiological facts, but only by a psychological
analysis of the voluntary processes themselves. Hence we cannot enter upon
1ts examination in this place, though we shall take it up in due course. The
physiological investigation of the conduction paths is properly concerned with

the single question, whether the cortical areas under discussion are exclusively

centrosensory in function, or whether they also evince centromotor symptoms.
If the question is put in this way, and we repeat that this is the sole way in
which, from the physiological standpoint, it can be put, then the only answer
possible, in the light of the observations, is the answer given in the text. But
it need hardly be said that that answer gives us no warrant for speaking of
a 'localisation of the will ' in the brain cortex. To do so would be as absurd
as to say, e.g., that the subirontal gyre and its surrounding parts are the seat
of the 'faculty of speech.” The removal of a screw may stop a clock ; but
no one will be found to assert that the screw is what keeps the clockwork going.
The will #n absiracto is not a real process at all, but a general concept, gained
by abstraction from a large number of concrete facts. And the concrete in-
dividual volition, which alone has actual existence, is itself a complex process,
made up in every case of numerous sensations and feelings. There can be no
doubt, therefore, that it involves a number of different physiological processes.
The hypothesis that a complex function, like speech or volition, is conditioned
solely upon certain individual elements may accordingly be pronounced a priors
as improbable in the extreme. Besides, all that follows from the observations
is that those parts of the brain cortex which we claim as centromotor contain
transmitting stations, which are indispensable for the transference of voluntary
impulses to the motor nerve pdths: the anatomical facts making it further
probable that the regions in question contain the proximafe stations of trans-
mission from brain cortex to central conduction paths.!

There is one other fact that we may mention, in conclusion, as of import-
ance for the psychogenetic interrelations of the different sense departments.
According to the investigations of FLEcHsiG, the fibre systems that radiate
from the mesencephalon to the various cortical centres obtain their myelinic
sheath at very different stages of embryonic (partly also of postembryonic)
development, and therefore, we may suppose, assume the functions of con-
duction at these same intervals. In man, the fibres that ascend to the tactual
centre from the sensory dorsal columns of the myel, together with a few others
that enter the optic radiation, are the earliest of the coronal bundles to attain
to full development. They are followed, at a somewhat later period, by fbr
which in part supplement this pre-existing system, and in part trend towards
the olfactory and visual centres. The myelinisation of the fibre system of th
acoustic path is completed last of all, to some extent after birth. At the sam

1 Cf. with this Wuxor, Zur Frage der Localisation der Grosshirnrinde, in FPhilos
Studien, vi., 1891, 1 f.
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has nothing to do with the psychological ‘ association of ideas.’ Th,
point must be sharply emphasised, because, as a matter of fact, confusions |
of this sort, due to obscurity in psychological thinking, have often played
—nay, continue to play—a part in discussions in which the terms are
employed. Now, as regards the projection system, the anatomical facts 3§
are sufficient to prove that, if it represents a sort of projection of the peri-
pheral sensory surfaces upon the brain cortex, it can at best be accredited '}
with but a partial performance of this duty. For, on the one hand, the .
various sensitive areas of the bodily periphery appear, in most cases, to
be connected at the same time with several points upon the cortex ; and,
on the other, the different fibre systems which terminate in a given area
of the cortex may correspond to distinct external organs. All this means
that the projection system is at least as deeply concerned with the central
connexion of the bodily organs as it is with that central representation of {
them from which it takes its name. As regards the association system, §
there is not the slightest reason for bringing it into any kind of connexion
with the associative processes of psychology. The only hypothesis that
we have the right to make about it, on
the score of function, is that its fibres
serve in some manner to effect the func-
tional unity of separate cortical areas,
The association system like the
projection system, may be divided §
into various component systems, dis- §
tinguished in this case partly by the
direction of connexion, partly by the |
distance separating the connected re=
gions of the cortex, We thus obtain ||
the following subordinate systems of
association fibres :
(1) The system of fransverse com=J
Fic. g1. Systems of transverse asso-  pnjegures.  This is principally com=4
ciation fibres ; schematic cross-section -
through the prosencephalon in the posed of the callosum or great commissy
region of the precommissure. = After g hyt js supplemented as regard :3!
|

—

EpmngeEr. Bk Callosal radiations. 1 _
Ca Fibres of the precommissure. the temporal lobes by a portion of the
= 1

precommissure, which also contains}
the decussation of the olfactorius fibres (Fig. o1 ; cf. above, p. 132, and
Fig. 53, p.127). The callosum represents a strongly developed n:-::._::-
connexion ; its fibre masses connect not only symmetrical, but also, 0
some extent, asymmetrically situated cortical regions of the two he |
spheres. The callosal fibres cut across the coronal radiations at all points
except in the occipital region, where the two sets of fibres separate il

$
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cerebral cortex may be again divided into three classes, according to their
mode of origin and termination. They may (r) connect different areas
of the projection system, i.e. centromotor or centrosensory regions, with
one another. They may further (2) connect determinate areas of the
projection system with other areas, in which no projection fibres directly
terminate. Finally, (3) it is probable that in certain parts of the cortex
associative fibres of different origin run their course together; so that
these areas are connected with the projection system only indirectly, by
way of the association fibres that issue from them and terminate in other
cortical regions. Areas of this sort, which must be regarded exclusively
as terminal stations of association fibres, have been termed by FLECHSIG
‘association centres.’' They occupy, according to this investigator,
practically the whole region of the cerebral cortex which is not taken up
by the sensory centres : i.e., in the human brain, the parts which are left
unmarked in Figg. 8g and go. If, then, we consider every continuous
surface of this sort as a separate central area, we shall have to distinguish
three association centres : an anterior or frontal centre, which covers the
larger part of the frontal brain ; a middle or insular centre, which extends
over the cortex of the insula and its immediate neighbourhood ; and a
posterior, parietotemporal centre, of wide dimensions, taking in a con-
siderable portion of the parietal and temporal lobes. Between these
assoclation centres and the projection centres there lie, still according to
Flechsig, intermediary areas and marginal zones, in which projection
fibres, either intermixed with the others or grouped in distinct bundles,
terminate along with the association fibres. The validity of this distinction
of special centres, wholly deprived of direct connexion with the projection
system, i1s disputed by many authorities ; and the statements made with
regard to the boundary lines and dimensions of the fields in question, and
more especially with regard to the extent of the marginal zones and mixed
areas, are open to doubt on many points. Nevertheless, it appears to be

an established fact that certain areas of the human cortex are supplied for |

the most part by association fibres, and that these are, in general, the areas
whose destruction shows itself not so much in direct centromotor or centro-
sensory symptoms as in more complicated anomalies of function. On the
other hand, it must not, of course, be forgotten that the ‘direct’ motor
and sensory centres themselves cannot possibly be regarded as simply

projections of the peripheral organs upon the brain surface, The symp-

toms of abrogation are decisive : the disturbances set up are of a com-
plicated nature, and their compensation may later be effectcr_l, Iwithm
wide limits, by vicarious functioning of other parts. This result is in har-
mony with the further fact that there is no region of the brain surface

! FLECHSIG, Gehirn und Seele, 2te Aufl., 1896 ; Newrol. Centralblalt, 1898, no. 21.
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sidered as evidence on the one hand of the extremely complicated structure
ol the particular brain, and, on the othér, of the peculiarly complex function
of these areas themselves. But the conditions do not, surely, warrant us in
ascribing to them a specific function, and setting them off, as ‘ psychical
centres,” from the ‘projection’ or °‘sensory centres.’ As a matter of fact,
there is nothing to indicate that the structure of the cerebral cortex conforms
to any such simple design as that cértain parts shall be, so to say, reflections
of the peripheral organs, while others shall be reserved as centres of a higher
order, serving to bring the direct centres into mutual connexion. On the
contrary, it is an essential characteristic of every part of the central organ
that it brings together elements which, while spatially separate at the periphery,
nevertheless co-operate for the unitary discharge of function. In the case
before us, it is first of all the lower central parts, and then, in the last resort,
the whole body of the cerebral cortex, that mediate connexions of this kind,
What is called the ‘wvisual centre,’ e.g., i5 by no means a repetition of the
retinal surface within the cortex. The retina itself is, as we know, nothing
else than a part of the cortex that Has been displaced far forwards ; so that,
in this instance, the central duplication would really bé a piece of quite needless
self-indulgence on the part of Nature. It is because the visual centre contains,
along with the conduction pathsthat connect it with the retina, other paths,
whereby it is able to connect the retinal excitations with further functional
areas, e.g. the motor, concerned in the act of vision,—it is for this reason that
the visual centre is a true ‘ centre,’ and not a mere duplicate of the peripheral
organ. If, now, there are portions of the cerebral cortex whose elements stand
in no sort of direct connexion with the conduction paths that run to the pen-
phery, then we must simply say that these areas are possessed, in an unusually
high degree, of an attribute which determines the character of the central organ
at large, and which must therefore be predicated in some measure of all the
other areas, whose connexions with the periphery are more or less direct. To
speak of a number of ‘ psychical centres,” one must have made assumptions
that are equally impossible whether from thé standpoint of physiology or of
psychology. There is, in reality, but one psychical centre ; and that is ‘ilw
brain as a whole, with all its orgats. For in any at all complicated psychical
process, these organs are brought into action, if not all together, at any r.'_allc
over so wide a range and in such various quarters as to forbid the delimitation
of special psychical centres within the functional whole.

§ 8. Structure of the Cerebral Cortex

The investigation of the fibre systems by physiological experiment, by
pathological observation, and by anatomical dissection comes to a natural
end at the point where these systems pass over into the cer&t:ral‘cm"fcx
itself. If we wish to inquire further regarding their mode of termination
within the cortex, and more particularly regarding the mutual relations
of the different parts of the projection and association systems that run
to one and the same cortical area, we must gather up the results of the
histological examination of the structure of the c.-:rebm‘.’ cortex. ‘I'Ef:uw our
knowledge of this extraordinarily complicated formation has, it is true,
can establish, beyond the reach of doubt, the

not advanced so far that we
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hesitation, be turned to account for the physiological and psychological
appreciation of the individual conducting systems.

We notice, first of all, that in certain structural outlines the cerebral
cortex shows uniformity of design over its whole extent. It consists
throughout of several strata of nerve cells. In the human cortex we can
distinguish, according to the size, direction and position of the cells, eight
or nine distinct layers. The order in which these strata are arranged is,
on the whole, the same for all regions, though their relative thickness and
the number of the elements characteristic of each layer differ very consider-
ably from part to part. Figg. 93 and g4 show the structural relations
obtaining in two typical cases. Fig. g3 gives a microscopical transsection
through the postcentral gyre, i.e. through a part of the centromotor region
of the cerebral cortex ; Fig. g4 gives a similar section through the occipital
cortex of the human brain. In these, as in all other sections, from what-
ever part of the brain they may be taken, the outermost and innermost
layers are practically identical in constitution: they are characterised
by spindle-shaped cells, in the former set crosswise in a fibrillar reticulum
whose general trend is in the horizontal direction, and in the latter placed
lengthwise among longitudinally directed fibre masses, There are, on
the other hand, well-marked differences in the depth of the layers of large
and small pyramidal cells, and of those composed of large and small stellate
cells. In the centromotor regions, the pyramidal cells form the great
majority of all the cell elements. This may be clearly seen in the section
from the postcentral gyre shown in Fig. g3, whose formation lies midway
between that of the typical ‘ motor ' and the typical ‘ association® cortex
(superfrontal, subtemporal, etc. gyres) ; but it is still more apparent in the
precentral gyre, where the pyramidal cells (‘giant’ cells) are especially
large and extend far down into the seventh layer of spindle and triangular
cells. In the visual cortex, on the contrary, the pyramidal cells, and pas-
ticularly those of the larger class, are greatly reduced both in bulk and in
range of distribution, while there are large accumulations of stellate cells,
that send out dendrites in all directions (4 and 5, Fig. 04).

These differences in the representation of characteristic cell forms are
paralleled by differences in the arrangement of the cortical fibre systems.
Where the pyramidal cells are the prevailing type, the fibres in general
take a longitudinal course, ascending vertically from the alba to the cerebral

surface. A large number of these longitudinal fibres issue directly from

the pyramidal cells : the neurites of the larger cells (4 Fig. g5), in par-
ticular, are continued without break to the myelic columns. We have,
then, in these longitudinal fibres of the centromotor region, the direct point
of departure of the pyramidal path. All the other processes of the pyra-

midal cells are dendritic in character.

The stoutest of them leaves the
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tcrmin:fl station of paths of sensory conduction, Its position in the motor
cortex 1s, as we have said, comparatively insignificant, Tt may be distin-
g?u:-;hvd from the other constituents by its plexiform structure, the fibres run-
ning in all possible directions. The presence in the centromotor region of
a formation which is characteristic of the sensory centres, may, perhaps
be Fatkt:ﬂ to mean that this region is sensory too, as well as motor. Su-::t;
an interpretation would be in accordance with the fact that physiological
experiment and path-
ological observation
place the centre for
the general sense in
this part of the cor-
tex.

We now turn, by
way of contrast, to the
‘visual ’ cortex, as a
typical illustration of
a pre-eminently sen-
sory region. We are
at once struck by the
marked difference in
the course of the fibres.
Plexiform formations,
with fibres running in
all directions — hori-
zontally, therefore, as
well as vertically and
obliquely — are very
strongly preponderant,
while the longitudinal

FiG. g6. From the layer of stellate cells of the visnal cor- e r .
tex. After Ramon v Cajar. A Pyramidal cell. B Inter- !lb,lt ek ::harac_te:
calary cell. C Stellate cells, istic of the terminal

areas of the pyramidal
paths find but scanty representation (Fig. g6). These plexuses, C, are
constituted of the large and small stellate cells, sending out processes in
all directions, which appear conspicuously in the section of Fig. 04 ; in
all probability, they consist simply of interlocking neurones, of relatively
limited range. The characteristic systems of the motor area also appear,
only in lesser numbers, in the visual cortex ; just as the formations which
we connect with the sensory functions are present, in some degree, through-
out the centromotor region. We notice, in particular, the longitudinal
centrifugal fibres, connected with the pyramidal cells (4). There are,
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support one another. An intensive cold stimulus applied to the surface ‘i
of the skin produces, reflexly, a spasm of inspiration and an arrest of heart ||
beat. But the danger which thus threatens the life of the organism is
avoided, since the expansion of the lungs serves, again reflexly, to excite
expiration and acceleration of cardiac movement ; while at the same time
the stimulation of the skin brings about, by way of yet another reflex, a
constriction of the smaller arteries, and so prevents any excessive emptying

of the arrested heart. In many of these cases, as in a certain number of the
reflexes proceeding from the myel, the central transmissions have simply a
regulatory significance. The peripheral organs are the seat of direct inner-
vation effects, due perhaps to special ganglion cells lying within them, per-
haps to the excitomotor properties of the muscle fibres themselves; and
the addition of the system of spinal and oblongata reflexes can do no more
than modify these effects by way of excitation or of inhibition,!

In all probability it is the nerve nidi of the oblongata, with their inter-
current central fibres, that we must consider as the principal reflex centres
of this organ. The complicated character of the metencephalic reflexes
appears to find its sufficient explanation in the anatomical conditions of
these nerve nidi. They are, upon the whole, more strictly isolated than
are the centres of origin of the spinal nerves. But, as an offset, certain nidi
are closely connected by special central fibres both with one another and
with continuations of the myelic columns. These two facts, taken together,
explain the relative independence and singleness of aim of the oblongata
reflexes. Myelic fibres are involved in these reflexes to a very considerable
extent ; and it is therefore probable that they are brought together, first
of all, in some cinereal formation, and only after leaving this enter into
connexion with the nerve nidi to which they are assigned. Thus, the
respiratory motor fibres are, perhaps, collected in a special ganglionic
nidus, which stands in connexion with the nidus of the vagus nerve.
We may fairly suppose that this significance attaches to several of the grey
masses scattered in the reticular substance. On the other hand, it is not
probable that movements so complicated as the mimetic movements, or
the movements of respiration and swallowing, possess each a single
ganglionic nidus as their special reflex centre. Apart from the fact that
centres of this sort, for complicated reflexes, have never been demonstrated,
their existence is negatived by the nature of the movements themselves.
The respiratory movements, e.g., evidently require us to posit two Lreﬂerx
centres, the one for inspiration, the other for expiration. Various mimetic
reflexes, like laughing and crying, can be much more easily explained on

1 For the relative autonomy of the cardiac movements, see especially T. W. ENGEL-
MANN, in PFLOGER'S Arch. f. d. ges. Physiol., Ivi., 1804, 149 ; for the autonomous Ium:i
tions of the movements that fall within the sphere of the spinal reflexes, see LROLDE
EwaLp, 1hid., lxiiis, 1897, 362.
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the brain cortex; and diffuse affections of the vascular membrane with
which the cortex is invested are the most frequent causes of acute psychical
disorder. But the phenomena of stimulation accompanying such disorder
closely resemble those that normally appear in sleep. They belong, as the
latter also belong, partly to the sensory, partly to the motor sphere. The
sensory excitation manifests itself in sensations and ideas of the different
senses, oftentimes equal in intensity to those that can be caused by external
impressions, and therefore indistinguishable from them. These hallucina-
tions are accompanied by changes in the subjective sensations, muscular
and organic, upon which the affective disposition largely depends. Motor
stimulations'show themselves in the form of imperative actions, which are
likely to impress the observer by their unwonted energy. Here too, how-
ever, as in dreams and drearn movements, the enhancement of excitability
due to automatic stimulation is combined with further psychophysical
processes, which are responsible for the specific contents of the phenomena.!

§ 4. Functions of the Mesencephalon and Diencephalon

(@)—Functions of the Mesencephalon and Diencephalon in the Lower Verte-
brates

It is evident from mere inspection, and without recourse to histological
methods, that the mesencephalic and diencephalic region, which in man
and the highér mammals, more especially in the nearly related primates,
cannot compare with the mass of the overarching cerebral hemispheres,
forms in the lower vertebrates the most highly developed part of the central
organ. Even in the birds and the lower mammals, where the prosencephalon
has already attained a considerable size, its relative development is still
greater than that of the superior parts (cf. Fig. 54, p.128). These salient
facts of the gross anatomy of the brain are paralleled throughout by func-
tional differences ; so that it is far more dangerous in the case of mesence- |
phalon and diencephalon than it is in that of myel and oblongata to argue
from symptoms observed in the lower animals to the organisation of the
higher, and in particular of man. Yet another difficulty in the way of a
functional analysis of this region, whether in the animals or in man, lies in |
the circumstance that experimental interference and pathological disturb-
ance ra.n]l],r aﬁcct a definite and r:l«aﬁmtelj,,F c:rcumscnb&d area, but are apt

mvohrmg the crural and cnmna.l fibres that pass upward beiuw and betweeni '
the thalami and quadrigemina. Hence most of the results of the EH.I']IEI'_.

1 For this psychological aspect of mental derangement, and for an account of sleep
and of similar states (hypnotism), see Part v., Ch. xx.
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of the second order ; but their lesser functional value, as compared with |
the higher centres whose substitutes they are, depends essentially upon the
degree of development attained by these higher centres themselves.

_F{}r a long time, the physiology of the mesencephalic and diencephalic
region suffered from a misconception. It wasinsistently held that the functions
of these parts were not nnly_analngous. but in the main actually equivalent
th{:nuglmut the vertebrate kingdom ; so that, in particular, what held of the
animals must also hold of man. The older method, of experiments with direct
abm:gatinn, was not competent to remove this error. The necessary change
of view has been brought about, gradually, by extirpation experiments on the
prosencephalon itself ; experiments which, as we remarked above, have really
attain_ed in this way a different purpose from that upon which they were origin-
@y directed. Physiologists, from Frourens to Gortz, made these experiments
with the primary intention of deriving from the resulting symptoms of abroga-
tion a more exact knowledge of the function of the prosencephalon. But it .
became more and more evident—especially, as it happened, in the course of
investigations pursued by Gorrz and his pupils—that this direct end could be
accomplished but very imperfectly, if at all, on account of the direct and indirect
consequences that follow the operations, and that make the comparison of the
injured with the normal animal anything rather than a problem in simple sub-
traction. At the same time, it became evident that all such experiments yield
most important information regarding the functions of which the uninjured
brain remnant is capable. Extirpation experiments are, therefore, still valued
by the modern investigator, but they are valued for a different reason. They !
are not expected to reveal anything of moment concerning the functions of i
the parts destroyed, but rather to illustrate the possible functions of those that i
are left intact. It need, however, hardly be said, after the discussion in the
text, that these functions are not to be identified forthright with those discharged
by the same parts in the normal interplay of the organs. In this connexion,
the differences that we find throughout the animal kingdom, the very differ-
ences that were formerly overlooked, are of great significance. First and
foremost, the differences between the various vertebrate classes, but secondarily
and within certain limits—despite the radically divergent position of the central
organs, from the genetic point of view—the differences among the inverte-
brates as well, have in many instances shed light upon the far more complicated
conditions obtaining in the brains of the higher mammals. The impulse to
such comparison came in the first instance from morphology. On the side of p
physiology, it is the especial merit of J. STEINER to have shown, by his experi-
ments on fishes and on the frog, supplemented by later work on reptiles and |
invertebrates, how extremely variable is the role assigned to the mesencephalon
in the vertebrate series. Setting out from the spinal functions of Amphioxus,
which, as we know, has no other central organ than the myel, STEINER has,
further, attempted a general theory of the mesencephalic functions at large.
But here, unfortunately, his foundation is uncertain, and the structure erected
upon it still less secure. In the annelids, he says, the individual metameres
and the corresponding terms in the series of ventral ganglia are all equivalent,
so that any portion of the worm is, in its own right, just as capable of move- =
ment and, apparently, of sensation, as is the whole animal. Amphioxus is,
now, to be regarded in the same way : its myel consists simply of a series of §
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result accords with what we know of the course of the conduction paths—

auditory disturbances have been observed after injury to the postgemina. |

*1:'-#

Lesions of the thalami, as might, again, be expected from the anatomical

facts and from the results of experiments on animals, are followed by
anwsthesia or by motor disturbances or by both combined. Sometimes,
it is true, affections of the thalami run their course without any sign of dis-
turbance whatsoever :* a fact that testifies to the wide range of vicarious
functioning possible, in this particular instance, within the human brain,
and that constitutes a marked quantitative difference between man and
the animals, in which the phenomena of abrogation are much more intensive.
A second and still more striking difference is this : that the symptoms which
In experiments on animals, from the fishes up to the mammals, are set up
with the greatest uniformity by unilateral lesions of this area—the impera-
tive circular movements—are represented in man, at the best, only by
such reduced and vestigial forms as a permanent deflection of the eyes or
an unilateral execution of mimetic movements.? The determining factors
in this result are apparently two : on the one hand, the voluniary suppres-
sion of the symptoms, and, on the other, the greater scope of the automatic
regulations and functional substitutions that, in the human brain, coun-
teract the disturbances in question. Both factors indicate that, while the
hasal functions of this region of the human brain correspond to those dis-
charged by the same region throughout the animal series, still its relative
importance, as compared with the superior centres, has now become less.
Compound reflex centres for the principal sense departments, sight, hearing
and touch ; and comprehensive regulatory centres for the motor excitations
issuing from the higher parts of the brain : these the mesencephalon and

diencephalon have remained. But other regulatory mechanisms, and the

independent processes of release within the prosencephalon, have increased
in importance alongside of them : so that their assumption in man of such
psychical function as has been observed to persist in the dog after removal
of the prosencephalic parts can hardly be regarded as probable.

(¢)—Striatum and Lenticula

Striatum and lenticula belong, morphologically, tcr,'_the prosencephalon
(pp. 128 £.). But little is known of their function. They appear, however,
to be cortical areas, sunk into the substance of the hemisphere, and speci-

fically correlated with the mesencephalic and diencephalic ganglia. This :

view is suggested by the extent of their fibre connexions, more especially
with the thalami (Fig. 74, p. 179). It is borne out, further, by the
phenomena observed in experiments on animals, and in cases of lesion in

1 NoTHNAGEL, Topische Diagnosiik, 204 fi. von MoNAKOW, Gchfrnpa&hniﬂgia, 86 fi.
2 WERNICKE, Lelrbuch der Gehirnhrankheiten, i., 370.
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upon bodily movements. We know that all the other sense departments,
and more especially those that mediate our spatial apprehension of sensory
impressions, the senses of sight and touch, find abundant representation in it
And we find that where dizziness is set up by the action of definitely de
monstrable subjective or objective causes, these may ordinarily be traced
back to one genera! condition : disturbance of the normal correlation of sense
impressions and bodily movenents. Again, however, this disturbance may,
in the individual case, be brought about, centrally and peripherally, in a2y
great variety of ways. A man may be made dizzy by walking on the ice,
if he is not accustomed to it. The uncertainty of vision that goes with
amblyopia or strabismus, or that may be induced in a normal-sighted perscmé; -
by covering the one eye, is not infrequently attended by dizziness. The |
symptoms are still more evident in the walking movements of patients whose
tactual sensations are dulled or destroyed by a degeneration of the dorsal
columns of the myel. In such cases, the resistance of the ground is not
sensed in the accustomed way : the patients lose their equilibrium ; they
stagger, and try to save themselves from a fall by balancing with the arms.!
These phenomena show, at the same time, the indispensableness of the co- |
ordination of sense impression and movement for the correct execution not §
only nf{invnluntary, but also of voluntary movements. In the latter, ton,

it is as a rule only the end to be attained that is clearly conscious; the
means whereby this end is reached are entrusted to the automatic working J
of a motor mechanism, where movement interlocks with movement in the
right order and to the right purpose. Each separate act in a compound : .
voluntary action reveals, accordingly, a precise adaptation to the impressions .I
that we receive from our own body and from external objects. But since |
the voluntary action is directed exclusively upon the end to be attained, |
the sense impressions that regulate the movements do not, ordinarily, take §
any part in the idea of movement. Even the sudden lapse of the regulatory
impression is, in most instances, perceived only indirectly, by way of the
consequent motor disturbance and the subjective phenomena dependent
upon 1t,

Disturbances of movement due to central causes may now, in general,
be brought about in four different ways. They may (1) be paralytie
phenomena, i.e. they may be occasioned by a partial abrogation of voluntar } :
movements. They may (2) appear as purely an®sthetic symptoms. The -"E; .
may (3) consist of disturbances of motor co-ordination. Or they may 4y | .
result from disturbance of the normal relation obtaining between sensationss§
and the movements depending upon them. The first of these possibilities: 51
is ruled out at once, since paralytic symptoms do not occur after removal

_|.|-lII
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i von LEYDEN and GoLDSCHEIDER, Die Erkrankungen des Riickenmarks. 1n )
NoTHNAGEL's Handbuch d. Pathologie, X., 149.
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movements must always proceed from a sort of reflection. The imme-
diacy and certainty of movement shown by the uninjured animal are
either lost or, if they may in some measure be regained, must be acquired
slowly and gradually, as the result of a long continued course of renewed
practice. Here too, therefore, the principle of the manifold representation
of the bodily organs in the brain is seen in operation. The cerebellum
appears to be intended for the direct regulation of voluntary m.vements by
sense impressions. If this hypothesis be correct, it will, accordingly, be
the central organ in which the bodily movements incited from the cerebrum
are brought into harmony with the position of the animal body inspace.
This conception agrees sufficiently well with our anatomical knowledge of
the course of the lines of conduction, incoming and outgoing. In the post-
peduncles the cerebellum receives a representation of the general sensory
path, reinforced, in all probability, by fibres from the optic nerve and the
most anterior sensory cranial nerves which run in the valvula and the
prepeduncles. Its connexion anteriorly is effected by the prepeduncles
and medipeduncles, by which it is united partly to the anterior brain ganglia,
partly to the most diverse regions of the cerebral cortex.!! Finally, the
extensive representations of the auditory nerve in the cerebellum (Fig. 77,
p. 183) may be brought under the same point of view. For if the cerebellum
deflects at all that sensory secondary path whose office it is to conduct
impressions that influence voluntary movement directly, and not indirectly,
by way of conscious sensations, then we shall certainly expect to find that
this same path contains a representation of the eighth cranial nerve. The
acusticus is precisely the sensory nerve that gives certain objective sense
impressions a specific relation to movement ; our movements adapt them-
selves involuntarily, in a corresponding rhythm, to rhythmical impressions
of sound. '

The question of the functions of the cerebellum cannot be answered, at the H
present time, with any degree of finality. The one point upon which physio-
logists are fairly unanimous is that this organ is set off in relative independence,
anatomically and functionally, from the other parts of the central organ, and =
more especially from the cerebrum : so that no single function—in particular, -
therefore, neither sensation nor movement—is wholly abrogated even after
its complete elimination, though profound derangements are produced in the =
co-ordinations of function. But this very fact of relative independence, which T
in man and the higher animals must be connected with a position of high func- =
tional importance,—a position attested, in any case, by the structure and volume_

i In view of the close connexion of the olives with the conduction paths of the®
cerebellum (see pp. 1yoff.), it is readily intelligible that injury to these centress
should produce motor disturbances akin to those set up by injury to the cerebellum \
itself. Such disturbances have, as a matter of fact, been observed by BECHTERE S
(PrLUGER’S Arch. f. d. ges. Physiol., xxx., 257). BecHTEREW found, further, that similar |
disturbances of equilibrium uniformly result from injury to the walls of the diacele

(shid., xxxi., 479).
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ceptions of sight and hearing had also become uncertain, though they were
by no means destroyed.! Gortz afterwards made experiments, with like
result, upon a monkey (Rhesus), which was almost entirely deprived of one
hemisphere.* Where a considerable portion of both hemispheres is removed,
the symptoms of disturbance are more acute, and at the same time take a
definite direction. Thus, dogs deprived of both frontal lobes gave marked
indications of motor derangement. The movements were awkward and
clumsy, though the capacity of movement was not abrogated. There
was no change of sensation. Extirpation of the two occipital lobes, on
the other hand, produced disturbances of vision, which appeared, however,
to consist less in an abrogation of sensitivity to light than in a serious im-
pairment of the perceptual functions (cf. p. 796 above). In both cases,
whether the frontal or the occiptal lobes were removed. the intelligence of -
the animals also seemed to be somewhat diminished, though it was never
wholly destroyed. As a general rule, emotive symptoms of like and dis-
like were still manifested ; in this respect, therefore, there is a radical
difference between these animals and the dog whose cerebrum was removed
entire (cf. pp. 261, 268). At the same time, there were signs of emotive
disturbance, which wvaried characteristically according as the frontal or
occipital lobes were removed : in the former case, the animals appeared
unusually irritable,—a fact that may, perhaps, be brought into connexion
with the coincident symptoms of hyperasthesia ; in the latter, they became
apathetic, probably in consequence of their partial anasthesia ; quarrel-
some dogs were rendered, to all appearance, good-tempered, though it is true
that they were also uninterested.?

The disturbances observed in man as the result of extensive cerebral
deficiency appear, on the whole, to resemble these set up by operation
in animals. This is true, more especially, of cases in which the one half
of the cerebrum is wholly destroyed. Several instances are on record,
in the literature of pathology. in which this condition was induce!l by
external injury or by changes due to disease, and the patient nevertheless
lived on for some period of time. Under such circumstances, the opposite
side of the body was, of course, completely paralysed, owing to the decussa- =
tion of the conduction paths. The intellectual functions, on the other hand, |
showed, so the report declares, no noticeable alteration. The only points
signalised are incapacity for mental exertion, and an unusually rapid onset
of mental fatigue.* Unfortunately, however, in no one of these cases, which
all belong to the older medical literature, was the patient su bjected to any :

! Loeg, in PrLUGERS' Arch. f. d. ges. Physiol., xxxiv., 1334, 57.
2 Gortz, thid., lvi., 1809, 411.

3 GoLtZ, thid., xxxiv., 1884, 450 ; xlii., 1888, 430. g
i+ LoNGET, Anatomie et physiologic du systéme nervewx, Germ. trans. by HEIx, i,

539 fi.
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importance. Of the terrestrial mammals, the insectivores have the least
convoluted, the herbivores the most richly convoluted brain, and the
Earn?vcrres stand midway; the marine mammals, although they are
carnivorous, surpass the herbivores in the number of their brain gyres.
It thus comes about that there are, after all, only two connexions in which
the law quoted above has any claim to validity. It is valid if we take the
widest possible comparative survey of the development of the brain in the
vertebrate kingdom ; anditis valid if we confine our comparison within the
narrowest possible limits, and look at animals of related organisation and
similar bodily size. Only in the latter case, again, can the result properly

be termed striking. If we compare, e.g., the brains of different breeds of |
dogs, or the brains of man and of the man-like apes, there can be no doubt I+
that the more intelligent breeds or species possess the larger and more highly
convoluted hemispheres. By far the most significant of these differences §
is that between man and the other primates. The average brain weight |
of males of Teutonic descent between the ages of thirty and forty may be set

at 1,424 grammes, and that of females of the same race and age at 1,273
grammes ; the brain of a {full-grown orang-utan amounted, e.g., only
to 707 grammes. Still greater 1s the discrepancy if we consider, not the
weight of the brain, but its superficial development, conditioned upon the
number of gyres. Thus H. WAGNER gives for man a surface of 2,196 to 1,877, |
for an orang-utan a surface of 535.5 sq. cm.! Among the lower races of
man the brain has also been found, as a rule, to be both smaller and less
convoluted.* And numerous observations go to show that, within the
same race and nationality, eminently gified individuals possess large and
richly convoluted hemispheres.® Figg. 100 and 101 illustrate this point
in two especially striking cases. Fig. 100 is the dorsal view of the brain of a
simple artisan of moderate, but not subnormal mental capacity ; Fig. 1o1 15 ':l.
the corresponding view of the brain of the famous mathematician, C. Fr.

(Gauss.t

Y

1 HuscHKE, Schddel, Hirn und Seele, 60. H. WacneEr, Massbestimmungen dey A

Qberflache des grossen Gehirns, 1804, 33. k
2 TiepeEMann, Das Hivn des Negers mit dem des Europders und Orang-Ulangs ver- -1l
glichen, 1837. DBroca, Mémoires d'anthropologie, 1871, 191. = §
3 GarL and SpurzHEIM, Anatomie ef physiologie du systéme nerveny, 11., 251. '

4 R. WaGNER, to whom we owe these reproductions, and those of certain other ;l.|
brains of eminent men (Dirichlet, C. Fr. Hermann, etc.), was himself somewhat hesitant 3
about drawing this conclusion (Géttinger gel. Anz., 1860, 65 ; Vorstudien zu etner wissen- 3l
schaftl. Morphologie und Physiologie des Gehirns, 1860, 33). C. Voer, however, justly S8
remarks that it follows, without any question, from WAGNER's own figures, if we select 3
from them the illustrations that really apply to individuals of acknowledged mental “
pre-eminence. See also Broca, Mémoires d anthropologie, 155. For the rest, it need
not be pointed out that, here as elsewhere, the concurrent factors of race, height, age,
sex, must be taken into consideration. A normal Hottentot brain in the skull of an
European would, as GraTioLET observed, spell idiocy.
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the essential activity of the cerebrum consists in the function of the asso-
ciation centres, while the sensory centres serve, on the whole, simply to
take up the sense impressions, in the order in which they affect the peri-
pheral organs, and to raise them to consciousness by their projectioa upon
determinate cerebral surfaces. The expression ‘association centre,’ is
used, in this connexion, both in a physiological and in a psychological sense :
physiologically, it is the ‘ association fibres,’ characteristic of these centres
as such, that are connected only indirectly, viz., by way of the SeNsory
centres with which they are correlated, with the periphery of the body ;
psychologically, these association centres are looked upon as the substrate
of the associative processes upon which, as the psychology of association
teaches, and as our theorists believe, all the higher psychical functions
depend. This second form of the localisation doctrine is, unquestionably,
superior to the first, in that it leaves a somewhat freer scope to hypotheses
of the origin of the more complex psychical processes; the schematic an-
tithesis of sensation cells and idea cells, which naturally leads to a corre-
sponding and correspondingly untenable classification of the psychical
processes themselves, 1s replaced by the broader antithesis of direct sensory
excitations and associations. At the same time, however, the idea of asso-
ciation and of the association centre is left very indefinite. It is, in the
last resort, bound down to the belief that cortical areas which stand in
exclusive connexion with association fibre systems are the vehicle of the
more complex psychical activities ; so that, from the functional point of
view, the expression * psychical centres’ would really be the more correct.
But such a term shows very plainly that the second form of the localisation
doctrine brings us perilously near, once more, to the doctrines of the older

phrenology ; and that, if it does not run altogether on the old lines, this is

principally due to the praiseworthy caution of its representatives, who have
so far refrained from correlating the different cortical areas of the association
theory with complex psychical activities or endowments of a definite kind.

These modern hypotheses of localisation, like the old-time phrenology
of GaLL, have not been allowed to pass unchallenged from the side of phy-
siological observation. Gortz and his pupils, in particular, have disputed
the strict localisation of the psychical functions, on the ground of the defects
observed after partial extirpations of the cortex. In opposition to the theory
of sharply circumscribed sensory centres, these investigators insist upon the
complex character of the disturbances following from local lesions, and upon

the general reduction of the intellectual functions after partial removal

of the cerebral lobes. They thus come back to a view which resembles that
of FLOURENS : they emphasise the necessity of the co-operation of the dif-
ferent cortical regions in the psychical functions, though they have given
up the hypothesis of the functional equivalence of all the partsof the cere-
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survives at the present time only in a psychology of reflexion that has
turned its back once and for all upon the facts of psychical experience. No
truly psychological observer will be found to assert to-day that ideas exist
independently of sensations, or that the sensations which enter into our
ideas differ in any other way than by their intensity, duration, and frag-
mentary character from the sensations aroused by external sensory stimuli.!
This distinction, derived as we have said from the spiritualistic psychology,
and then clothed about with the garb of materialism, stands in actual fact
upon the same level, in psychology, as would, in anatomy, the dictum of
some present day philosopher that the mind has its seat in the epiphysis.

As compared with the sense-centre theory, the theory of association
centres has certain indisputable advantages. It has dissolved the unnatu-
ral alliance with the ideas of metaphysical psychology, and has attempted
instead to enter into relations with the psychology of association, which
agrees better with our modern conceptions. But, on the one hand, it still
holds to the erroneous view that the ‘ sensory centres’ are central repetitions
of the peripheral sensory surfaces, which latter must be projected upon the
brain cortex solely that they may be brought into touch with the conscious-
ness which resides there ; and, on the other, it confuses in a very dangerous
way the purely anatomical idea of ‘association fibres,” that connect different
regions of the cerebral cortex with one another, and the psychological idea
of association. We are forbidden to suppose that the association fibres are,
so to say, the vehicles for the production of associations of ideas, by the
simple fact that the commonest and most important associations are those
obtaining between the sensation elements of one and the same sense depart-
ment. Hence the paths that run between different sensory centres could,
at most, be taken as the conjectural substrate only of what are called * com-
plications,” i.e. of associations between disparate ideational elements. But
if the idea of ‘ association fibres,” understood in this restricted sense, would
possess a fairly definite meaning, the same thing can hardly be said of the idea
of an ‘association centre. Are we to imagine that the association fibres
running between the various sensory centres are madequate to mediate

complications, and that the independent function of an organ that receives

association fibres, and association fibres alone, is further necessary to their
production ? This is the obvious meaning to be put upon the term 'asspi
ciation centre’: but it is scarcely the meaning that really attaches to ita
It seems rather that the theory is here influenced by reminiscence of the psy=
chology of association, very much as the sense-centre theory, iﬂnhits d‘is.t.ﬁmt‘iun.
between sensations and ideas, is dominated by the old spiritualistic view:

of mind. The psychology of association seeks, as we know, to derive con- |

cepts, judgments, complex intellectual and affective processes all and sundry,
1 See Ch. vii. below,
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seen at once from a consideration of Fig. 78 (p. 186), although the Figure
does no more than indicate the course of the simplest conduction paths,
those that admit of relatively certain interpretation, and altogether omits
such others as the pupillary reflex, which plays an important part in
adaptation to brightness, and the branch conduction to the cerebellum,
the function of which has not yet been definitely determined. The nearest
approach to the original simple schema seems to be made by the direct optic
radiation ss. But even this path is interrupted, as it passes through the
thalamic region (4 K), by nodal points, at which, in all probability, connex-
ions are also madewith other paths. Further: as we said above (pp.188,230ff.),
the decussationof the optic nerves occasionsa partial transposition of the paths
of the right and left sides: the rearrangement is adapted to the functions
of binocular vision, but at the same time suggests a relation to the centri-
fugal motor innervations proceeding from the occipital cortex. This re-
lation is also attested by the structure of the visnal cortex (p. 219), and by
the probable existence of centrifugal conductions issuing:[rom it (¢’f’ Fig. 78).
Again, a second main conduction of the opticus paths, which, if we may
judge from the position of the chiasma, is undoubtedly involved in the same
plan of decussation that includes the principal path, leads to the mesen-
cephalic region, where it enters, in the pregeminum (OF) into two connex-
ions, The first of these is a reflex connexion to the nidi of the oculomotor
nerves (rr). It is, probably, at once same-sided and crossed, according
to the way in which the fibres are distributed in the chiasma, and the con-
ditions laid down by the requirements of binocular (panoramic or sterco-
scopic) vision. The second is a sensory connexion; for the supposedly
centrifugal terminations of the opticus in the retina (¢ f) also take their
origin from the mesencephalic region. The excitations carried by this path
may be brought in either along the centripetal path ¢p that ends in the same
region of the brain, or along the higher centrifugal path ¢/’ that reaches it
from the wisual centre. The functional arrangements warrant the con-
jecture that, in both cases, the paths will take a crossed course ; for it is but
natural to regard the centrifugal system c¢f, ¢’ f’ as the substrate of the co-
excitations, which can also be demonstrated psvchologically as concomitant
sznsations, and which in all probability have a part to play in the functions
of binocular vision. In view of the motor synergies which these functions
engage, and of their dependence upon the sensory excitations of the visual
centre, the central portion ¢/’ of this centrifugal path will presumably make
connexion, not only with its sensory continuation ¢f, but also with the motor
path rr, so that the regulation of ocular movements by light impressions
can be effected in two ways: the reflex, by direct release from ¢p, and the
centromotor, by the excitations brought up from the visual cortex in ¢/,
Now we must, of course, assume, as a general rule, that every excitation
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visual centre in the occipital cortex (pp. 260 fi.). True, the defects that
remain, even with the utmost extent of vicarious activity, demonstrate at
the same time that under normal circumstances the act of vision is a com-
plex function, conditioned upon the co-operation of all these centres, whose
several functions are themselves of a complex nature.

In this analysis of the central functions of vision, we have still left out
of account two principal factors, whose significance cannot at the present
time be estimated in any sort of detail, though a rough guess may be made
at their meaning. The first consists of the relations to the motor regulatory
mechanisms situated in the cerebellum; the second of the connexions
mediated by the association systems of the cerebral cortex both with other
sensory centres and with yet more central brain regions, which are not direct-
ly correlated with definite sense departments, but themselves contain the
junctions of various sensory and motor conduction paths. Now we cannot
conceive of an optical excitation that does not, to some degree, release at
any rate a certain proportion of these manifold excitations. Hence we might
conclude without hesitation, merely from the morphological relations of
the optic conduction and the physiological analysis of its processes, that
the simplest act of wvision is, physiologically, an occurrence of great com-
plexity, even if we were not constrained to posit this complication of con-
ditions by our psychological analysis of the visual processes.'

() —The Speech Centres

The name ‘speech region’ is ordinarily applied to a cortical area,
lesions of which, whether they affect larger or smaller portions of its sub-
stance, are attended by disturbances of the functions of speech, without setting
up at the same time other psychical disturbances, especially those of what
is termed ‘the intelligence,” of any noticeable kind. ~Where the intelli-
gence is affected, there is always good reason to refer its impairment to more
extensive changes involving other cortical areas. Psychical disturbances of
this sort, due to diffuse cerebral disorder, may be accompanied by derange-
ment of speech, or even by complete abrogation of the speech functions, with-
out direct injury to the speech centre itself. In‘such cases, the disturbances
of speech are evidently secondary symptoms. Hence the only phenomena
that are important for the relations of speech to definite cortical areas are
those observed when the seat of injury is strictly confined to the speech centre
proper. This region, in contradistinction to the sensory centres, whose re-
presentation in the brain cortex is without exception bilateral, has the pecu-
liarity that its development is exclusively wnilateral. Since the majority
of mankind are right-handed, it is situated, as a result of the decussation

1 See below, Part I11., Ch. xiv., on visual ideas.
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especially its posterior portion (about two-thirds of its whole extent : A
Fig. 102) ; though this area cannot be sharply separated from the general
auditory centre (WERNICKE’S centre) which lies in the same neighbourhood.
Destruction of the sensory speech centre gives rise to the phenomena of
“sensory’ or ‘amnestic aphasia’; words and phrases can, for the most
part, be perfectly articulated, read or repeated from dictation: but the
patient has lost the power of clothing his ideas in the corresponding phrases,
and in extreme cases is able to hear but not to understand what is said to
him, i.e., to associate a meaning contents to the sound of the words. This con-
dition has been termed ‘ word deafness.’” The disturbances again extend,
according to the extent of the injury, either to the patient’s whole vocabulary
or only to certain of its constituents : the latter more especially in the minor
degrees of ‘amnesia,” which may range through all possible gradations
to the condition of ordinary weakness of memory. Thus, sometimes it is
merely certain classes of words, particularly proper names and names of
objects, or in more severe cases all words whatsoever, with the exception of
the particles and interjections most commonly employed, that are forgotten.
It is therefore customary to distinguish total and partial amnesia. A special
sub-form of partial amnesia is found, finally, in what is called ‘ paraphasia,’
the symptoms of which, however, usually show a tendency to pass over into
the syndrome of atactic aphasia. 1In its amnestic form paraphasia con-
sists in the substitution of another, wrong word for the word required : in
its atactic form, it consists in the substitution of certain sounds for others,
so that the word is wrongly pronounced.

Somewhat less assured i1s the localisation of two further functions,
functions that do not necessarily belong to speech in the stricter sense of
the word, but that are intimately connected with it : the functions of writing,
which, as a predominantly motor activity, connects with the articulation
of sounds, and the functions of reading, which, as a more sensory process,
connects in the first instance with the auditory perception of words. It
has often been observed that abrogation of the movements of writing, with
retention of the capacity of voluntary contraction of the muscles concerned,
may be produced by lesion of a cortical area lying directly above the motor
centre and belonging to the medifrontal gyre (S Fig. 102). This syndrome
has been termed ‘ agraphia.’ It seldom occurs, apparently, in pure form,
but either accompanies motor aphasia or is connected with disturbances
of the other voluntary movements of hand and fingers. A comparison with
the position of the general motor centres (Fig. 88, p. 205) shows, also, that =
these and the centres for the special functions of speech and writing are
either entirely coincident or, where that is not the case, directly apposed.
As regards reading, we find that the relation of the optic to the acoustic
speech centre corresponds to a certain extent with that of the writing centre
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ferentiated nerve cells (pp. 421.). Physiologically, the principle of in-
difference of function is attested by the uniform character of the forces that
reside in the nervous elements. The two mutually supplementary forms of
energy that we designated, from their mechanical effects, excitation and
inhibition, ot positive and negative molecular work (pp. 60, 80), appear
throughout as the simple substrate of nervous function. It is true that,
in working out the fundamental ideas of a physiological mechanics of the
nervous system, we allowed ourselves to be guided, in the first instance,
by the phenomena of muscle, i.e. of the mechanical structures ap ended to
that system. At the same time, these peripheral phenomena came into
consideration only in their symptomatic significance. We expressed the
facts in a certain way, at the instance of external conditions. But, mode of
expression apart, we have every reason to assume the essential identity of
the nervous processes. Lastly, the principle derives its principal support,
on the psychological side, from the fact that the specific differences in the
sensory contents of consciousness, if they are of an elementary nature, may
always be resolved into qualities of sensation and feeling that depend upon
the functions of peripheral elements. In so far, therefore, as the central
nervous system is concerned in the higher psychical processes, it must be
occupied, not with the origination of new specific qualities, but solely with
the indefinitely complex interrelation of these sensory elements of our mental
life.

(¢)—The Principle of Praclice and Adaptation

‘ Practice,’ in the ordinary acceptation of the term, consists in the per-
fecting of a function by its repeated performance. Hence the principle of
practice, as applied to the functions of the nervous system, signifies that
every central element, whether considered by itself or regarded as co-oper-
ating in some especial way, determined by the conditions of life, with other
like elements, becomes better and better fitted to discharge or to share in
the discharge of a particular function, the more frequently it has been
called to its service by pressure of external conditions. We are already
familiar with the elementary phenomenon of practice, in the increase of
excitability by stimulation (p. #5). This elementary phenomenon is
common to all elements of the nervous system : it may be demonstrated
even in the isolated nerve, though it is observed at its best, and its after-
effects are more persistent, in the connected neurones and neurone chains,
We thus have every reason to look upon it as responsible for the mari-:eﬂ
changes that are continually taking place, as the result of function, in the
nervous apparatus and their appended organs : changes that, especially if
we extend them beyond individual to generic development, represent the
organs themselves as, in large measure, the products of their functions.
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