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A new branch of psychology has recently developed, - it
is Neuropsychology.

This branch is of s great importance both for the applied
problems of Neurological Medicine and for General Psychology.
I happened to be a wittness,as well a8 a direct participant
of the formation of this branchj and this is why I have chosen
for this Evening lecture the topic of "Neuropsychology as a

science",
ISAeN0N .

1.

Neuropsychology has emerged &8 & result of the practical
demsnds of modern Neurology and Neurosurgery.

I still remember the time - some forty years sgo - when
brain tumors and massive brein haemorhages were regarded as
incursble and when the diagnosis of a brain tumor - no matter
whether malignant or benign - was equal to a death sentence.

During the last few decades the situation hss markedly
changed. Brain tumors, &8 well &8 intracranial haemorrhages,
have become objects of surgical treatmentj; new methods of
preventing bleeding and brain swelling have maede it possible
to remove pathological foci from the brain tissue and to pre-

gserve the life of the patients for & long time. This is why

the basic problem of early and precise diagnostics of the lo-
cation of brain injuries, as well as the problem of creating
a scientific basis for the recovery of patients after brain
LTt have become now highly important.

We shall try to show; what aqiontific psychology can
do to solve these problems, and first of all - how the psycho=-
logicel methods can ensure early and reliable local diagnostics

of a pbrain injury. “he solution of tnis problem is the first
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practicel task of Neuropsychology.

Precise disgnostics of the site of & tumor or haemorrhage
is by no mesns an easy task., It 18 well known that the clinicsal
méthode of topicel disgnostice of lesions sre very limited.

After a century of experience the neurologists have developed
s battery of neurological tests which prove to be relisble and
velié for local disgnostics of some brain injuriesj such symptoms
o8 & loaglor sensitivity, constreined movements, & chenge in the
muscle tone snd reflexes, and pertisl disturbances of the visusl
fields, - are of @ great significence for precise disgnostics
of the location of breim injuries.

And yet these symptoms are insufficient. As is known, at
leest three guarters of the entire area of the brain hemispheres
have nothing to do with sensitivity or aotllity)wlth the muscle
tone or reflexesj the predominant part of the humen cortex may be
considered es sm apperstus which is responsible for the higher
behaviorsl processes, elaboratiom &nd storsge of information,
progremming, &5 well a8 control of humen sctions. It is evident
thet lesions of these zones do not result in disturbsnces of

gimple sensation, motion or reflexes, snd that @ thorough ana-
lysis of the complex chenges in behaviour must be used for

diegnosing lesions of these parts of the brein.

Now we come to the basgic problem. It is8 well known that
such behavioursl processes ss eleborastion and storsge of infore
metion or control of ectioms ere of & highly complex nature end
may suffer as a result of lesions of diverse, wide zones of
the brein. Does it meen thet e cereful study of behavioural
chenges teking place in local brein lesions connot be used for
precise topicsl diegnostics of the location of lesions? The
Modera psychologicel epproach to the structure of psychologicsl
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processes, as well as moderm knowledge of the basic functional
organization of the brain may be of & comsiderable help in our
attempts to find a scientific answer to the afore mentiomed
question.

Lgt us examine in brief both problems. The prinitivfjg?#
psychological functions &s elementary innate fsculties based
on separate circumscribed cpnires of the brain cortex - which
existed in psychology during centuries - has mow been fully dis-
carded, After a series of important discoveries made by outstand-
ing scholars it became clesar thst the behavioural processes are
to be considered as complex self-regulating systems which begin
with & definite gosal, are based on & plan or program end are
realized in @ series of operatioms leading to an ultimate effecty
it became also clear that the result of every action is signaliz-
ed in the brein, and if the matching of the result with the ini-
tisl plem showe that the actiom ended im success - the behavi-
oural sctivity stopsjy if there is no such concordance, it conti-
nues, This self-regulating structure of every psychological
process is differently formulated by verious scholersj thus it
is generally known as the process of T-0-T-E of Pribram, Miller
and Gslanter, as the mechanism of the "Acceplor of Action"™ of
Anokhin, or the process of metching of "Ist-Wert" and "Soll-Tert"
of N.Bernstein., This scheme is equally applicable to such
elementary systems as breathing or walking end to such complicat-
ed behavioursl systems as writing, reeding, problem solving &nd
decision makingj the only difference is that complicated psycho~-
logical systems are socisl or hiatofically by originm, indirect,
tool or symbol using by structure end conscious or volumtary by
their mode of functioning.

Now we come to the basic question: what is the cortical
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orgenization of these complex snd self-regulaeting functionsal
systems?

It is obvious that they cennot be "localized" in circume
‘scribed groups of merve celle and thet no isolsted "cemters"
for complex fumctionsl systems can exist, But from moderm
Neurology it is eguelly obvious that the complex behavioursl
processes ere by no mesns functions of equipotentisl parts of
the brain tissue and thet different parts of the brainm do not
pley the samc role in their organizeation.

All we know from iodorn Neurology lesds to the conclusion
thet complex behsvioursl processes result from the co-ordinated

work of the dynamic systems of different parts of the brsim, and
thet esch part of the brein pleys its own, highly specific role

in the orgenization of psychologicsl processes,
This is why complex behavioursl processes mey suffer es &

result of diffe of the brainj but lesions of diffe-
rent parts of the braim bring sbout disturbsnces of specific
psychophysiological fsctors snd ere associsted with yery dif-

ferent types of disturbences of the same functionsl system.
This is why a thorough neuropsychologicsl anslysis of the

behavioursl changes in cases of differently located lesions of
the brain should be applied for topical disgnostics of the locel
brain lesion.

Tnies turns Neuropsychology into & velusble method of early
and precise locel diagnostics of brain lesions.

20 ,
Let us now summarize the basic principles underlying

the functional orgenigzstion of the Humsn Braing & clear under-
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standing of these primciples is of great significance for Neuro=-
psychology.

Modern Neurological Science cen single out 2t least three
basic blocks, which comstitute the basic fumctional parts of the
brainj these blocks participate im every behavioural process,
esch of them making its own contribution to the comstructiom of
psychological processes. This is why & disturbance of any block
results in a disorgenizstion of complex forms of human behaviour,
but the type of this disorganizatiom is different in lesions of
different blocks.

The first block may be designated as a block of the emergy
and tone of cortical processes. After the brillant investiga-
tions of Magoun and Moruzzi, Jasper and Lindsley it is evident
thet this functiomal unit includes the apparatuses of the lower
and higher brain stem and the reticular formation. These parts
of the brain stem are in close two - way_relations with the
Cortex, especially with the meso - bassl parts of the fromtal
lobesy they ensure & stable optimal tone of the cortex, which
is one of the most important conditions for the normal organiza-
tion of psychologicel processes, selective orgamnization of the
input and storage of information, stable preservation of the
plans snd programs of behaviour, and precise evaluation of the
outcome of actions.

If the first block is injured, and & tumor or hesemorrhage
disturbes the higher parts of the brain stem, the walls of
the third vemtricle or the limbic parts of the braim, - the
whole cortex comes into a pathological state: the tone of the
cortex, the stability of the normal neurodynamic processes
become disturbed; a marked deterioration of wakefulmess and a

disorganization of memory traces are observed, and the selective-



ty of the psychologicel processes suffers.

You probably know the genersl lew of neurodynemics described
by Pevliov a8 "the law of force". In & normal cortex strong or
significent stimuli prove to predominate and evoke strong resc-
tions, while feeble or insignificant stimuli evoke unstsble
treces and masy be easily suppressed, This provides a selective
concentraetion of the excitatory processee ond constitutes one
of the most important conditions for the highly selective orgs=-
nization of sll mentsal processes.

z!JhuE?' situation chaenges when the tone of the cortex declines,

ﬂuescribed the " inhibitory ststes" of the wesk cortex es fol-
lows ™ now strong or significant stimuli evoke the same responses
88 wesk or insignifixsnt onesj a concentretion of the excitstory
processes in dominent foci becomes impossible, &nd when the
inhibitory stete incresses, the paradoxical state of the corti-
cal manifests itselfy ! wesk or insignificent stimuli begin to
evoke even stronger reactions then strong snd significent ones.

You cen imagine what & disorgenization of the normsl flow
of psychologicsal processes is sssocisted with such statesy
remember how diffuse &nd diﬁorganized become our thoughte in e
drowsy state, and how strenge are our associstions in the
stuetes of fatigue sna dre&ém... It iz obvious that lesions of
the higher parts of the brsin stem, tumors of the third ven-
tricle or of parts of the limbic system inevitably result in
merked changes of behaviour: the mentel processes become in-
steble snd exhsustiblej the memory traces turn to be wesk and
ere eesily inhibited by any interférences the flow of essoci-
ations loses its normel sclectivity snd the control of behe-
viour becomes deranged., A year age 1 deecribed jointly with
my friend Dr. Macdonsld Critekly some behaviourel disturbsances
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resulting from tumors of the mesial parts of the frﬁntal lobej
8ince that time new data have been accumulated on disturbances
in the stability of behavioural processes caused by lesiomns of
the deep parts of the brain.

The second block of the braim has been much better studied

and its role in the functionmal organization of behaviour has
been ascertazined to a considerably greater degree. It imcludes
tne posterior parts of the cortex amd plays a decisive role in
the input, coding and storege of information. Its functionmal

organization greatly differs from that of the first block: while
the nervous apparatus of the first block is to a comsiderable
degree unspecific and is responsible for a gradual change of
wakefulness, - the neuronal systems of the second block are
modally specificy we csm easily distinguish separate parts of
the cortex which play the roles of optic, acoustic, cutaneous or
kinesthetic amaslyzers. In comtradistinction to the apparatus
of the first block, = every part of the secomd block has a very
precise hierarchical organizations its base is a circumscribed
primery (or extrimsic) cortical zone - a zome of the imput of
visual, acoustic or sensory information; these zones are orgs-
nized by corresponding secondary (or intrimsic) zones which play
a decisive role in the further organization snd coding of in-
formation; the hierarchical organization is terminated in
tertiary zones which ‘can be designated as zones where different
modally specific parts of the cortex overlap one anotherj they
serve as special devices of simultaneous synthesis of separate
data and are necessary for the organization of simultameous
(quasi-spatial) schemes of behaviour.

The principles of the functional organizatiom of these

zones are well known, and the latest research into the fumction
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of single neurons with the highest level of specificity of
their work, described by Hubell and Wiesel, Jung and others,
open up new vistas for the analysis of their internal mechanisms.

It is clear that injuries of different parts of this second
block of the brain resul®d in behavioural disturbances which
&roatlgfggin those caused by lesions of the first block.

Lesions of the primary zomes of this block result im very
specific visual, acoustic or sensory defects, and yet fo not
bring sbout merked behavioural changes. Lesions of the second-
ary zones are sssocisted with more complicated disturbances
which, as & rule, sre restricted to specific modalities. Such
well known faects as optico-gnostic or acoustico-gnostic defects
can serve as exemples of such functionsl disorders. It should
be emphasized that lesions of the secondary zones of the occi-
pital or temporal area of the cortex are not only imevitably
associated with very specific processes of coding information
of @ certain modslity, but lead to & disorganization of all
complicated behavioursl processes which include the affected
1ink and which cannot remasin normal when the coding of corres-
ponding information is disturbed, while all behsvioural proces-
ses not inmcluding the dsmaged link, remain undisturbed. Later
on, we shall see the great importance of this fact for Neuro-
psychological diagnostics of locsl braim injuries.

Perhaps of special significence for neuropsychology are
the consequences of lesions of the most complex - tertiary
zones of this block. |

The Neurologist knows very weli thet lesiomns of the "zomnes
of overlapping" - and first of &ll of the inﬂ;o-parietal (or
temporo-parieto-occipitsal) parts of the cortex not only

results in s deteriorabvion of such processes as visusl orien-

tation in space, but plays an essential role in the dis-
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organization of complex symbolic processes. Such lesioms inevi-
tably result in a disturbance of the "synthesis of separste
traces in coherént wholes", and one of the most important find-
ings of Neuropsychology is that complex logico-grammaticsal,
semantic and numerical operations, which have & guasi-spatial
ground, become impossible after lesions of the pariete-occipital
parts of the left hemispnere., We have snalyzed these disturb-
ances in special booke and shall not dwell on them here anmy
longer.

We heve spent much time on studying the role of the third

block in the organization of behavioural processes. This block

—

includes the anterior parts of the breim and is intimately

involved in the orgsnization of intentioms amd plens, in the

programming regulation snd control of behaviour. A group of

outstanding scholars - from Bisnchi to &+ K.Pribram and Konore
8ki in the field of animsl studies, Bekhterev and Kleist and
Denny Br:gn in the field of Clinical observations - have made
important contributions to our knowledge of the functions of
the frontal lobes, and I can only summarize here our findings.

It is well known that the Fromtal Lobes - this latest and
most complex part of the Humen hemispherers - do not perform
any semsory or motor fumctions and that severe lesions of the
Fromtel Lobes are mot associated with defects in senmsalionms,
movements, gnostic and practical processes, or speech, Never-
theless the Human Fromntal Lobes by no nca;ﬁric considered as
"mute zonmes" of the cortex, and a series of latest findings
made it clear how important their p;rticipation in every
complex behevioural process is.

rhe frontal Lobes of the Human brain, and first of all

. their mesial amd basal parts, have very intimaste ascending snd
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descending connections with the brain stem snd its reticular
formation, and this turns the Frontal Lobes into an important

device for regulating the sctive states of humsn hehaviour.

Only a few years ago Grey Walter showed that esch aotivi
expectancy evokes special slow waves in the Fromtal cortex, and
these "expectsncy waves" disappear when the subject's attentiom
is exhausted. Simulteneously M.Livenov from Moscow showed that
each intellectusl strain results in an emergence of a complex
of synchronously excited points in the frontal cortex asmd that
these synchronously working foci disappeer when the subject is
in a passive state or after application of tramquilizers.

These data made it highly probeble that the Human Frontal
Lobes play a decisive role in the process of activation.

This assumption was confirmed by observations carried out
by my friend Dr, E.D.Homskaya snd her co-workers in our labore-
tory. A series of experiments proved that a verbal instruction
which adds & special signalling function to some stimulus ("pay
attention", "count the stimuli", "press the key when the stimu-
lus eppears") causes in 2 normal person marked ﬁgﬁggggiv' and
electrophysiological changes which may be regardeé as symptoms
of an orienting reflex (comstriction of vediln, depression of
the alpha rhythm, change in the frequencies of the EEG and in
the asymmetry of ascending and descending fronts of the slpha
waves, intensification of evoked potentials). All these changes
cen be observed also in patients with lesions of the posterior
parte of the brainj but they disappear in patients with severe
lesions of the Frontal Lobes, and eépecially of sheir mesial
parts,

This proves thet the Frontsl Lobes play en importent role
in the regulation of the sctive states of the brain, and that
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lesions of the Fromntal Lobes result in the inability to preser-

ve vigilance, which is basicslly important for all stable
decisions, preservation of plans and active regulation of
behavior.

This role of the Frontal Lobes in the process of activation
explains @ number of behavioural changes observed im patients
with severe lesions of the Frontal Lobes.

The psychiatrists know perfectly well that patients with
tumors or wounds of the Frontal Lobes become insctive, lose
the future - oriented behaviour and are unsble to evaluate the
effects of their action., They lose the ability to create inten-
tion and to follow the progremms which are givem by meams of
verbal imstructionsj although they retain the instructions,they
are unable to follow them, and their meaningful, selective be-
havior becomes essily replaced by impulsive "field-linked"
actions or passive stereotypes.

If the patient is esked to produce & simple reaction, imi-
tating the movement of the experimentg? he does it success=-
fullyj but if the instructiom requires s re-coding of the given
stimulus and the movement must follow some intermediate program
(for example, when the following instruction in given: "When I
1ift my finger - you will show me your fistj and when I 1ift my
fist - you will show me finger") - the required action is véry
soon replaced by primitive ilmitative reactions. The same is
observed if the patient is asked to giwvwe produce a reaction of
choice by lifting his right hand after & single knock, and
his left hand after s double kmock. It is sufficient to repest

this action two or three times and then to change the segquence
of signals, - and the patient cesses to produce an adeguate
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choice resction end replaces it by semseless stereotyped se-

quences of movements (ReLeR-LeReL), irrespective of the signals.

Such & loss of the selective, programmed forms of behaviour
cén be seen in more complex experiments where dominant inten-
tions ere repleced by unselectively evoked sssocistions or
inert stereotypes.,

1f @ patient with & severe lesion of the Frontsl Lobe can-
not follow resdy-mede progrems given in the instruction, it is
evident thst he becomes tobally unable to create his own plons,
to select useful informetion and to construct the strategy of
complex behaviour,

We can illustrate this by two experiments,

1t is well known that if & normsl person is given the in-
struction to touch, with his igoa'closed, & set of checkers,
one of which hse toe form of "H" end the second - the form of
“E" and then to decide which of the two letters has been present-
ed to him, the subject begins with extended trials, but very
repidly replaces these trials by an sbbrevisted process, singl-
ing out the useful information eénd touching only the informa-
tive checkers which form the difference of the two letters,
The motler is qQuite different in the caese of Frontsl Lobe ps-
tients. No i%!ﬁf&g movements &nd no abbrevistion of the process
take placej neither sre observed sttempts to single out useful
informationy the pstient continues to touch all checkers, but
is unsble to receive the proper informstion snd to maske the
required decision.

The ssme cen be Seen even in & more impressive experiment,

1t is well known that the evaluation of complex visusl in-
formation requires a certain stretegy of perception, end that

the subject's eye movemente reflect such & stretegy. This cam
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be very easily demomstruted by recording the eye movements of e
normal person when he observes simple snd complicated picturess
for this purpose & mirror is fastened to the sclers and the beam
of light reflected during this observetion is recorded (2 method
proposed by a.L.larbuss). The records thus obteined show that o
normsl person singles out bhe most informative polints of the
picture, but when @& different instruction 1s given, - the stre-
tegy of the eye movement chenges entirely. e

No such process taekes plece in patients with lesions of‘fﬁ;
frontal lobes: sesrching, meaningful movements sre in this case
replaced by senseless, chaotic or inert (stereotyped) eye move-
ments showing that the strategy of selective, searching sctions
proves impossible.

1 shsll spsre your time &nd shall not dwell on the snslysise
of the dissolWtion of the problem solving behevior im these
petients; it is described in one of my lestest books written
with Ur, L.S.Tsvetkovs, where full information on this subject
may be obtained.

nurgiahall stop our anslysis of the basic functional blocks
of the Human Brain &nd of their role in the orgsnization of
behavioural processes.

it is obvious that esch block takes part in the organize-
tion of complex behsvioursl processes, playing its own role in
this respect. That is why & thorough neuropsychologicel study
of the type of behavioural changes caused by local Brein lesions
may be of & grest velue for local dlegnoetice of Breim injuries.

20 | |

We have summarized our knowledge about the bssic blocks
of the human brain, Now we can return to our initisl gquestion:
may psychology be of any help in the locel disgnostice of

brain injuries?
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Now it is clear that complex psychological processes are not
localized in definite circumscribed cortical aress and that
every form of complex behaviour results from the joint work
of functional systems of different zones of the brain, esch of
them adding its own compomnent to the physiological bsses of
the behavioural processes.

This is of decisive significence for the evaluation of the
behavioural symptoms of every local braim injury. It meams that
disturbances of complex behavioural processes msy result from
differently located brain lesionsj each time however the patho-
logical focus eliminates & certain specific factor participste
ing in the functional system, and the structure of the beha-

vioural disturbance proves to be different.

Let us illustrate it by a single exsmple which will show
the importance of a sophisticated psychologicsl anslysis
behavioural processes disturbed &n the csse of differently
localized brain injuries.

ggi-didactic purposes we shall choose the example of
disturbances of writimg caused by different local lesions of
the brain. This example will mske it possible to establish the

type of Neuropsychological analysis of a very complicated dis-
turbance and serve 8s model of psychological evaluation of a
local braim injury.

Tne idea that disturbances of writing result from very
circumscribed lesions of the middle parts of the premotor
zone of the left hemisphere - the so-called "Exher's centre"
was refuted more then half a centur& ago. During the first
decades of the presemt century it became clear that writing is
by no means a complex system of hand movements, that its

structure is much more complex, and that asctuslly writing
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defects msy be observed in cases of cortical lesions of & very
broad srea of the left hemisphere., But neuropsychological ob-
servations showed that the character of the writing disturbences
greatly veries in lesions of different zones of the humen cortex

Let us stert with a psychologicel analysis of the process
of writing, end wery to explain how this process suffers in
different lesions of the brsin.

In order to write down e word, we have to listen to a
continuous flow of speech sounds snd to single out separste,
discrete phonemes which must be coded by letters, This is @
complex process, end a good ear is far from being sufficient
for such snslysis. Every language has its own phomemic eystemy
it means thst every lsnguege uses its own acoustic cuves which
pley » cecisive role in the discriminstion of one mesning from
snother. Sometimes these cues are very delicste, but to a per-
son who ha8 grown up in the culture of given lenguasge they sare
easily dintinsuiahaﬁlo; to en Englishmen for example the words
“vine" and "wine", "specisl" and "spatial" sound very differ-
ently snd he may hardly mske & mistske in their discriminationg .
80 are the sounds "b" snd "p" both in the English snd in the
Russisn languegesj the words "bull" and "pull", “berk" &nd
vpark" ere very different end hardly have some common features,
slthough their acoustic difference is very slight.

The situstion chenges if we turn to phonemic systems
which differ from those in our native language, The Fussisn
cue of "hardness" snd "softness" is slien to the English or
French lengusge, and this is why the following three words
which are absolutely different for & Ruseien - pyug < erdour,
mae = Gust, end  wax he drunk - are hardly distinguishsble
to an English - or French spesking person., The ssme 18
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cheracteristic of the Chinese language, where the height
of the piteh is a decisive cue, and where "ma)" means "to buy"
and "ma'" means "to sell", or of -nme of the Caucasisn languages
where "antlico" means "six" and "sntgli€¢o" - means “seven".
Finally, I shall only mention that in the Vietnameese language
the phomeme "tu", is pronounced with different pitches snd
accordingly has at least six meanings!

But the differentiation of phonemes is effected with the
participation of the corticsl parts of the "asgoustic asnaslyser" -
especially of the secondary zones of the left temporsl lobe,
which have intimate connections with other parts of the "speech
area"; this is why lesions of this zone result in a disturbsmces
of the discriminstion of close (or correlative) phonemes, and
patients with wounds of this region become unsble to discrimina-
te such sounds as "b" and "p", "t" snd "d" even in their own
language, regarding them &s insignificant varistions of the
same phoneme., As & result of our observations on many hundreds
of patients with\local brain wounds snd tumors, this discrimi-
nation of phonemes turned imto one of the most reliable tests
of lesions of the left temporal lobe.

This basic defect produces some secondary resultsj one of
them is a severe disturbance of writing im patients with lesions
of the left temporal zome., Of definite importasnce is the fact
that such disturbances are of a very distinct type: patients
with lesions of the left temporal lobe confuse in their writ-
ing the "correlative phnonemes", they, rorcexanple;?:;ite "tome"
instead of "dome" or "pull" instead of "bull"; they‘:ro hardly
able to single out separate phonemes from among complex groups
of consonants, and their writing becomes highly disturbed,

1t is very interesting to note that severe disturbances
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of writing in patients with lesions of the acoustic regions

of the dominant hemisphere, which is one of the‘basic symptoms
of such lesions in Europeans, sre not observed in the Chinese
because their writing is ideographic and is not based on the
discrimination of different phonemesi

An aboustic snalysis of phonemes is the first step of the
process of writing but by no means the only one.

To improve the analysis of the phonemes, one must sometimes
apply additionsl sids, such as sound articulation and motor
analysis of the structure of the word. "How do you spell your
name?" one asks when the phonemic structure of the name remains
uncertsin: "B-r-a-m-b-l-e?..." But when we add an articulatory
analysis of the word - its structure becomes clear, and we sre
able to write it down.

To verify the role of articulation in writing, I asked one
of my co-workers to carry out a special observation on school
cheldren in class conditions., If you enter the class room of
first or second grade pupils when they study writing - you often
hear a noise: the pupils try to pronounce the words they write,
and thus the class room is full of a buzz. It this useful or
distractive? The teachers can hardly answer this question,.

In order to answer it, I ssked one of my co-workers to
compare the process of writing, when it is sccompanied by such
repetition of the words sloud with the same process conducted
in quite different conditions, when the children were asked
to write holding their mouths open or squeezing thelir tongues
between their teeth. In the last cdse the number of their
writing mistakes inmcreased uigj?old!

This means that at the first stages of learning oral arti-
culation of the words is of comsiderable help for evaluating
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the sounds and for mestering the process of writing and thst
only &t the lstest subsequent stsoges this component becomes
less significant.

But precise articuletion necessitetes the perticipstion
of different corticsl zones, - and first of sll of the post=-
centrsl (kinmethetic) parte of the cortex of the left hemi-
sphere. This is why in lesions of these corticsl parts we
pbserve disturbances of precise articulation, in particular,

a confusion of similar (or correlative) srticulemes (such s&s
"b" and "m", or "d", "e" end "n"), &8 well 88 new difficulties
in writing, = this time in the form of confusing letters which
ere differently erticuleted. In such ceses theﬁgﬁgiant may
write "ston" (groen) inmstesd of "stol" (tsble), "khenst" or
wgkhadaet" (mesningless) instesd of "khelst" (dressing-gown)e =
To an experienced Neuropsychologist such mistokes give ground
to suspect & lesion of the centrsl parts of the dominant hemi-
sphere @8 the cause of the writing disturbences.

Ihe process of writing begins with the evsluastion of pho=-
pemes, but it vust mske several steps further.

The next step of this process is the re-coding the acous-
tic units of speech - the phonemes - in by the visval units
of the writing process, i.e. letters or graphemes. Thie requi-
res the participestion of different perts of the brain - espe-
cially of the visval (occipithel) end spatiel (psrieto-occi-
pital) zones of the cortex in close collaporstion with the
scoustic (temporal) zones. This is why the process of writing

proves to be severely disturbed in lesions of the 16t temporo-
occipitel sna psrieto-occipitel parts'j but the type of the

disturbances in these cases markedly differs from wnat we

have described esarlier.
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Patients of this group do not experience any difficulties
in analysing the acoustic constitution of the word; mnor do they
confuse their pnonemic elements. But they manifest marked diffi-
culties when they begin to re-code the phonemes in letters or
graphemes: the relationship between the letters and sounds is
often lost, and the patient begins to look without success for
the letter he needs, saying: "Oh, which is the real letter for
"ﬁ“? - this one, or that one?", or tries to ascertaim the spa-
tial relationships between the elements of the letters, experien-
cing difficulties in distinguishing the required structure of
the letter from the mirror one, and rung unable to combine sepa-
rate parts of the letter into & coherent whole. All these diffi-
culties are obvious symptoms of lesions of the visval and spatial
zones of the cortexj; they can be easily distimguished from the
symptoms of lesions of tne acoustic or kinestetic zones,

We have described the first two thirds of the process of
writing; now let us turm to the last part of this process.

To write down @ word is not The same as to write down a
letter; the word consists of & sequence of sounds and letters.
This is why the subject must preserve the sequential order of the
elements and snalyse its serial orgenization.

Here we come to a new, and most essential point in the
orgenization of the iigher Cortical FrocesscS.

It wes K.S.L8shley who thirty years ago found that spatial
and sequential analyses are incompatible processes, and that
different zones of the brain are required for their organi=-
zation. In the course of specisl obéerQations carried out during
several decades we found that while spatisl snalysis is ensured

by the parieto-occipital parts of the cortex, serial or sequent-
ial enalysis requires the participation of the anterior parts
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of the hemisphere, whether temporsl (acoustic) or premotor. This
is why disturbances of the fronto-temporal &and lower parts of
the premotor zones of the left hemisphere, result not only in
disturbances of the prosodic (rhythmicsl) organizstion of move=-
ments, but &lso in severe disturbaences of the serisl organigation
of the speech and writing processes. Patients with such lesions
display greve difficulties in preserving the sequence of letters
in the pﬁzss of writingj they change the position transpose of
separate letters in the word, sometimes sre unable to proceed
from one letter to another and often replace the required serisal
order by an inert stereotype. If the lesion is located in the
deep parts of the brain and violates the normal relations between
the cortex and the passal genglis, new symptoms arise - this
time in the form of forced repetitions of some fragments of the
letter; the patient becomes unable to write, although his acoust-
ic analysis of the verbal sounds or his spatial snalysis of the
components of the graphemes remsin intact.

May 1 only mention the last - but most important defect in
writing?

e don't write merely letters or words; we express in writ-
ing our intentions end thoughts, and when the apparatuses of
the third block of the brzin is dasmaged, which takes place in
cases of severe lesions of the frontal lobes, the intentions
and plans become disturbeds the patient is unsble to express his
intentions and thoughts both in verbal and written form. I
cannot forget a letter written by 8 woman with a severe lesion
of the left fromntal lobe to the faméue Russisn Neurosurgeon
Burdenko. '"Dear Profe-sor," she wrote, "I want to tell you that
L went to tell you that I went to tell you..." and far pages

of the letter didn't go @ step furter!..
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e have completed our psychological anslysis of the
process of writing and of the symptoms of its disturbances in
cases of different local lesions of the brsin. This was only
a single example, but with its help we have learned important
facts concerning the style of neuropsychological analysis of
this model snd of its disturbsnces in different locsl brain
lesions.

We have established thst 8 behavioursl process may suffer
a8 @ result of lesions of different psrts of the brainm, but in

cases of different locelization of the injury the type of the

disturbance is different seb—simiter. This is why the work of a
Neuropsycnologists wno wants to use nis method for locel disg-
nostics of & brain lesion does rot consist in & more statement

that the given function is disturbed, but rather in a gualifying

the type of the disturbance, in finding the primary defect which
underlies this disturbance and in describing sll the secondary
or systemic disorders following this primary defect. We have
chosen disturbances of writing as a model for such snslysisj
but we could likewise use as an example the Neuropsychological
analysis of perception or movement, of memorization or concept
formation, of accomplishment of a planned sction or problem
s8olvinge

During the last three decades we elaborately enalysed the
differences between the disturbances of sll thcse processes in
local brain lesions ané showed that a detailed descriptiom of
the kind of & given disturbance caq‘be used for local diesg=-
nostics of a brain injurye.

Precisely this constitute the basic method of Neuro-

psychology.
4

We have seen how Neuropsychology csn be used as a valuable
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method of local disgnostics of a brain injury. But Neuro=-
psychology is not only an spplied branch of psychology it is
s self-sustained science as wellj this means that important
theoretical inference can be drawn from Neuropsychological
investigations.

When we say that each cortical zome participstes in the
organization of behavioural processes in its own way, we have

in mind thst new ways for anaslysing special factors included

in the behavioural processes may be discovered, and that a
T}uly new approach to the factor analysis of complex psycholo=-
gical processes must be elaborated,

You &ll remember the efforts made in psychology to dis=
cover separate constituants of the psychological processes and
to learn more sbout the inmer structure of the complex behaviour-
al capacities. Complicated methods of intercorrelaetion of the
results of batteries of different tests in vast populations
were used, and it is sufficient to remember the names of such
brilliant scholars as Spearmsn and Thurstone, not mentioning
more Fecent names, to appreciate all the efforts made in the
field of solving thnis problem.

Neuropsychology opens & new kind of psychologicsl factor
snalysis, it is a factor analysis within the limits of one
person.

If & local brain lesion results in a disturbance of one
of the factors entering & complex behavioural process - the
bajic tone of the cortical processes, the acoustic or kin-
esthetic snalysis,the spatisl orghnisation of the input or
sequential organization of the psychologiceal processes = clear -
dut secondary consequences are observed: all the complex beha-

vioural processes which ipclude the given factor become
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disturbed, while all the behavioursl processes in which this
factor is asbsent remzin intsct. We know from our clinical ob-
servations thet in cases when lesions of the left temporal
lobe result in defects of the acoustic analysis of speech sounds,
the perception of speech, repetition of verbsl sounds, naming
of objects, as well @8 writing become severely violated, but
the orientation in space or simple computation remain uneffected.
On the contrary, cases of lesions of the left parieto-occipital
cortex, which destroy the simultaneous or spatial orgamnization
of information are closely associsted with disturbances of
complex practical or symbolic defects - and do not result in
any dissolution of fluent speech or prosodic melodies.

This opeans up new vistas for the analysis of factors under-
lying different behavioural processes. We cen easily observe
how different psychologigal functions are correlated in one per-
son, and which groups of functions have common factors.

Three main tasks become possible due to the use of this
method of analysis: we can detect basic differences in guasi-
similar processes; we can discover common factors in processes
which at first glance seem different; snd we are sble to evaluate
different inner structures of the same behsvioural processes at
different stages of their fumctionsl development. '

Let us examine these three problems separately.

there exist psycho%?sical processes which seem to be closely
related to one anotherynot identical, &s regards their compo-
nents, although it is not so essy to prove this relationship.

An example of such a process is th; scoustic perception of
verbal and musical sounds.

Neuropsychological investigations produce unexpected resultsi
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@8 shown by several asuthors, lesions of the left temporal lobe
result in marked disturbances of the discrimination of phonenos,'
while musical hearing remains undisturbed. I had the opportunity
to observe during three years an outstanding Russian composer
who had endured a haemorrhage in the left temporsl lobe, suf=-
fered from severe sensory aphasia end was unasble to single out
verbal sounds and to understand oral speech, yet during these
years he created wonderful symphonies. Doesn't it prove that
absolutely different factors are involved in these two processes
which seem to be S0 closely related at first glance?

There exist psychological problems of an opposite type.
Some behavioural processes seem to be so different that one can
hardly find something common in them., Imdeed what can there he
in common between orientation in spesce, computation and under
stanﬂihg of complex logico=-grammatical structures? An anslysis
of this problem with the help of Neuropsychology may lead to a
very unexpected conclusion. It is well known that lesions of
the inferior part of the left parietal zone inevitably result
in disturbances 6! the orientation in space,.which are aaso&iat-
ed with severe defects in conputatidn, and in the inability to
understand complex logico-grammaticsl constructions. Doesn't
it mean that there exist common factors in these quasi different
behavioural processes?

A close snslysis of these data reveals the nature of such
common factors. In order to substract 7 from 51, one must first
pcr*th the operation 30-7 = 23, and then add the remaining "1",
This is easy for a normal subject ﬁut a patient with a lesion
of the inferior part of the left parietsl lobe is unable to
cope with this taskj he is at a loss what to do - whether to
place the remaining "1" to the left or to the right of the
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result obtained, in other words, to add or to substract it.
It is clear that other more complex arythmetical operations
remain are likewise fully 1naccgasiblo to him a8 a result of
his defects.

The same can be said sbout the understanding of complicated,
relational logico-grammatical forms.

To understand tﬁe difference between such constructions
as "father's brother" and "brother's father", "The cross is
under the triangle" or "the trisngle is under the cross”, "sume
mer comes after spring" or "spring comes after summer” as well
as such relational comstructions as "Jenny is darker than
Kate, but fairer than Ann", - one has to place the elements
of this construction in en "inner psychological spnco‘anﬂ to
grasp the quasi spstisl relations between the zlternatives men-
tioned. This is why lesions of the inferior parts of the left
parietal zones, eliminstimg the factor of simultaneous spatial
synthesis result in a disturbance of these complicated forms of
verbal behaviour.

It is clesr that the discovery of differences betweem both
very similar and common factors in very different behavioural
processes is of sroat'inportance; and we may suppose that the
structure of future psychological science will substantionally
differ from its presemt-day structure, snd that Neuropsychology
will play a decisive role in this development.

Let us now pass to the last question which is of high
psychological interest. *

It is well known that after a certain period of training
the behavioursl processes can be sutomatized snd that higher
organized skills can be developed.

Does it mean that in the course of this process thne
whole structure of the psychological function is changed and

that its cortica; orgenization sssumes new forms? One can
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We have dome our best to characterize the basic feature

of Neuropsychology as a Science. We have tried to show its

birth associated with the successes of modern Neurosurgery,
its practical application and its significances for the
psychological theory.

We are sure tuat Neuropsychology - this youngest branch
of psychological sciences - is now standing on terra firma
and that it will occupy a prominent place in the solution of

the most complicated problems of Human Behaviour.

June 1968



