The Regulative Function of Speech in iis
Dovelopment and Dissolution

Ae Ps, Luris

Along with the semantic and gyntactic functlons of speech, cre must also
distinguish its pragustic or dirvective function, This function manifests
14501 in bohavior development by means of the fact that a word gives rise to
new temporary cornections in the brain and in this way directs the child's
activity. ' .

= L. S, \’\’gotskg.q.;ik'q;o‘zmﬂated the thesis that speech as a forn of
cormunication with adults later becomes & means of organizing the child's own-
behavior, and that the functlon which ves previously divided botween to
= people deser becomes an internal functlon of human behaviors W
EATIT
In the last thirty years the problem of the role of the word in the
organization-of mental 1life has been the subject of mmorous Soviet .txrvéstiga—
tions (Rozonagxdﬁ?upb, 19483 LQublinaka;ia,' ", 1955; luria, - 19560 g
2957, 1958, (2963 { Kol'liove, 19565 and many others)s
The presexnt PRper e GO ~nod with tho furthor question of how this

4

4pracn:atic, directive functicon ol the word is formed and how it is disturbed
in brein patholosy, wed-preseets 2 number of pertincat ciperimento.

A child at the beginning of his second year of 1' . ¢ has slready acquired
a considerable ..uler of words, azﬂ\;‘:&n without diflficully hand someons an
.object when it s W. Tho question can thon be ralsed as o whother the
pragmatic, directive function of spesch st this stege is ac stoble as its

— significativey nominative function’. Can the eitcd word alugys direct the
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child's activity with full effectiversss?
Sorme exporiments which we have carried out in collaboraticn with A. G

g\ A~ ‘I;o_lﬂa,kgm suggest en answer to this question. A child aged 14 to 16 months

o

o

is flly able to select mﬁfgim to an experimenter an object for which he
is askeds If however, a chlld of 12 to 14 months is presonted with two
objects == a tay fish at somo distance from him, and half wey toward the fich
2 brizhtly colored toy cat — and required to hand the experimenter the fish,
his behevior will be different, The uttered word will ewoke in hinm an
orientational reaction, and although his.glance will be fixed on the fish,

to the experimenter.
the child will grasp the cat and offer 1ty While the word easily directs’
bohavior in a situstion that lacks conflict, it loses its directive role if
the immediate orientational resction is evcked Ly a more ¢losoly located, or ﬁ
brighter, or more interesting cbject. It ic only at the age of 16 to 18

months that this phenomenon disappears and the selocitive effect of words ls

naintained even in conditions in which the carporents of (e situation confliet

with it.

The dirc.ctive furction of the word can be easily disturbed in still
another waye It 18 known that the word physiologically excites « ¢ortsin
systen of connections in tho cortex, In the normal, mature nervous system
thesc comnections possess considerable flexibility and easily replace each
other, A4s has besn shown in zany imrestigﬁtions (c.f.,Luria,/.: 5 _.\1956:‘)1958,
1961} Rxo:s‘za;&,'/_.\l’)%), the flexibility of the connections evoked by the
word (or, ad ’/\ Pavlov ealled it, by the second signal system of reality)
i3 even gronter than the flexibility of connections evoked Yy immediate signals,
&— However, the flexibility of nervous processes ir a very emall child is
stil] euile inodequate, and commoctions evoked by tho word posscss a conside

rablo inertia at the early stages of dovelopment, Taking this inndequacy of
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the flexibility of connections in the early stages of developnent as a
premize, one ean messure the stability of the directive funetion of thoe word,

If a child of 12 to 14 months is prosented with two toys, & fish and a
horso == this time plnced al the sswe distance from the child and having
dizensions and colorg that are equally attractive ~- and asked to give the
experimenter the £ish, he does this ensilys. For tho noxti three of four trisls
the child'e performance remains t.ha‘ sande lHowover, if the child is then ine
structod on the fourth or £ifth trial to hard the experimenter the loree, the
child may well hand the experimenter tho fish again. . We supgest, therefore,
that although the child inous the moaning of the word, the directive function
of the changed verbal imstinotions is hore vitiated by the inertis of the
comneetion that hns beon estedlidhed,” Ths dlrective role of the wexd ab an
early sge is maintained only if the word does not conflict with ths inert
connections which arcse at an earlier instruciion or which begzan with the child's
own activity,

Furthor specilicity can be cbiuined Yy considering some wgrimam which
were desigmd Lo measure the relative offectivencss of verbsl signals as cone

pared to tho directive role of immediate, visual signals, Two groups of

“children were used, one aged 16 to 15 months and tho other sged 20 to 24 nmonths,

The first exparimaw, dorn with the younger group, wore set up to doterming
the effectivoness of the crienting (attentionodimoting) and directive role

of a visuel signal and its trace alome. Two objecte are invoriad and placed
belore the child, a cup to his left end an opague plesiic twmbler to his right,

7

A_.fca/
4 In a numter of cases ouch an experiment may rot pive the @c_ag:red rosultse)

Thia happers whon the dominant role in the cluld's bahavior con

ba played 1" the Imredinto orientational reaponse to objocts. I.n such
w3e8 the c‘u_x:’. will altornately hand the experimenter now this oblect,

nou the cther, and the directive function of speech will fail to be L

ercised from the start.
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A3 the child watches, the axperimenter hides a coin undor the cup and asks the
child Yo find it, Children in this growp can do this witheut @ifliculty and
on the succeeding three or four trials can mainmtain thelr porfornnnco, .3".1',
however, on the following trial the coln is placed wnder the tunbler, a certain
proporuion of the children will agaln pubt out thoir hands townrd the cup,
carrying out the habitudl novement reinforced in the previous trials, before
thay turn to the tumblor under which the coin is hiddon. Such children are
not following the changed visuel signal (more precisely, its trace), bub
rather the influonce of the inart motor gtereotypa. «

If the experimentor thon imposes a short, 10-sccond dolay betwsen the
hiding of the coin under the cup and the crccution of the moverant; in order -
to voaken tho influercs of the visuzl signcl, the ehtld is Zoreed to act
» according to the traces of the visusl signal whose effectivensss we .re cone
sidoring. The majority of children in the younger group ean succosslully
excoute this task;{only a few, the very youngest, ccase to subordinate their
ecctions to the visual irgtrueticn and bagin to grasp both objects, losing
track of the task of Iinding the coin that %o hidden undor one of thenfs If,
however, aftor the third or fourth trial, the coin 25 again hidden under the
tumbler located on the right, the overwhelming majority of children now
repeat the movement directed toward the cup on the left, The 10-second delay
turns out to Lo sufficient for the visual signal to yield its place to the
decisive influcnce of the reinforced motor habit,

The oricnting, directive influence of the visual s8ignal i maintained
bettor amerg children of the older group (20 to 24 ronths)e Iven when the
exceutlon of the movement is deleyed, the children diveet their scorch to the
object under which thay sew the coin being hidden. It can )thorefore )be O~
cluded that Ly ‘:ho exd of the second year the orienting, directive role of



tho visual imagze is well enongh established to emabls the child to
puccessfully overcone the inortia of the motor connections w‘;xich have arisen.
" In tho second set of experiments the imodiate visual sigvals wvere

replaced by verbal oness The coin was hidden survoptitiously vnder the cup
and the child was given the vorbal instruction, "The coin is under the CuDees
Pind the coin!¥. While the trace of an irmediate visual impression caused all
children of the younger group %o reach with assurance for the cup under which
they saw the coin being hidden, the verbal instruction was Lncffective in
directing their behavior, A considerzble proportion of the children of this .
sre lost track of the task and bogan to grasp both cbjecte before thow, When
-t.he experirent was repeated with a 10-gecond dolsy in the execuiion of the
action, the loss of directod sctivity among the children of the younger group
bocame alnost wniversals '

£, during the wpori;_:ent with no delay, the insiructions wers repeated
sevoral tires, "The coin is under the cfpee. I'Ind the colinl®, the word
achlieved the required dircetive function, and the younger children reached for
the object named, If, however, the verbal instruction was changed to, "How
tha coin is under the turblicrees Find £31%, only an insignificant proportion
of tho children changed their movements, while the preet majority repeated
their previous zr.o*rc.éent. When o 10-sacond delay was imposed on the execution
of the tagk; all the children of the younger group failed to follow the
changed verbal instruction; they continued to execute the a‘berootypéd movenent
that had been roinforced on the previcus trials.

The childron of the older group (25/_\?«0 2/ months), whe solved
these tasks with uniforn success vhen thé Sirective role was plsyed by & visual,
siznal in experiverts with delayed as '-:eli as with Imediate exceution, were

-
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ablo to follow the verbal instrustions provided they were allowsd to make
the necossary moversnt immedlately. Howsver, 1f a 10-sccond delsy were
ﬁ:.:;}csod betweén the vorbal instructions ané the excoution of the movement,
the divectivo role ¢f the verbal instruction becmue ineffective. Alfter throe
trials vith the instruction, "The coln is under the cupes. Find the coini®,tho
transition to another comand = *The coin 1o under the twsibler..s Find the
coint® == doprived the verbal instruction of its directive role, amd the
child contimued inexrtly to execute the former habitual movement, In these
casos the kinesthotic steroolypo which had beon cctablished earller overcane .
the insufficlently established @ifect of the word,

Vhile the directive fumotion of stralgitforwardy "déletic” speech is
alroady formad around tho ago of 2, the kind of specch that involves more
complicated proliminary commections - comnections which (accemding to
physiologists) procede the sction and organize it in advance ~- acquires a
regulative function considerably lster, and its development occupies the
ontire third and partly the fourth year of 1ife. '

in oxanple of such epcoch can be found in the wore complicated instruction,
Pllhen the light flashes, you will press the ball (rubber tulb)," or ",..you
will misa your hand,® Such & vorbal inatruction, formulated thie time ina
eymtactically complex, "conditional® sentenco, docs not require ony irmediste
ronlization of an asctions It must close a preliminary verbal connection,
givirg to the onset of a stimulus (1ight) e conditional meaning of the signal
for ection ("you will press the ball"). The directive role is played here
nct by a separate word, but Ly a relation, a gynthosis of words entering into
e santence, Instoad of an immediate, triggerirg role, speech acquires a
prelizinary, tcor.ditional, pre-triggering function,
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It has beon showm experimentally (vckovleva,/,\ 19583 Tikhomirov, |q5$)
&—T77C) that the possibility of esteblishing such a pre-triggering

gyoten of commections on the basis of spoech == not to speak of the possibllity
of subordinating further conditional reactions 0 it == 13 somothing unattalne
able for a child of 2 to 2} yoars, and somotinmes even for a 3 yoor old child,

Children 22 to 24 months of age appear unsble 1o realize that a synthesis
of separate elements is required by the instruction formulated in such a”
sentence, Sach word containod in the sentence evokes in the child an immediate
crienting reaction, such that, upon hoaring the begimming of the sentence, :
fihen the 1ight flashes...," the child begins to look for the light with his .~
oyes; when he hesrs the erd of the sentence, "e.eyou will press the ball," he
irmediastely presses the devieo in his hand, At this stage words have alreads;
sequired an effective trizgering function, bui mot & prelimirery pre-triggering
function, vhich requires the irhibition of i:mediate reactions and thelr
soperation into individual i‘ro\,m'ents. This is why the onget of a flash of

" 1ight does rot at this stage lead to a conditioned movement, and evokes only

an irmediste crieniiry resction: the child begins simply to inspect the light,
vhich has not yet become for him a conditional signal for the pressing of the
ball,

It is, however, not the case thet the formation of this more complex form
of directivc speach —- the closing of con&itional, rro=-trigeering connections e
deperds entirely om the ability to gymtbosize the elements o;‘.’ a sentence into
2 single system, Even when a child, some time later, is capable of making
such a synthesls and bezins to "understand” the meaning of the whole sentonce,
the directive rolec of the sentence can still remnin ineffective for a long timo.

If ehildren between the ages of 32 and 34 months are presonted with such

&
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an instruetion, they will, as a rule, make the required connectilon without
particular difficulty, and when the light [lashes will press the ball. How-
ever, they will be unable to stop the movements which have been triggered by
speech and will very soon begin to press the ball regardless of the signal,
continuing involuntarily to repeat the previous movenments. Even repetition
of the instruction or the reinforcenent of the inhibitory link which is
hidden in it, even the request to press only when the light flashes and not to.
press when there is mo light, all turn out to be powerless to stop the motor
excitation that has begun, Cn the contrary, the excitation is sometimes even.
reinforced by the inhibitory imstruction which acts non-specifically, only
strengthening the dominant motor response. AL this age, it would eppear that -
speech has already acquired an effective connection-closing triggering function,
but it has not yet acquired an effective inhibitory role.

Thie weakness of the inhibitory functlon of speech, as was shown by the
cbservations of//’_\\\Tikhomirov (1 53), can be demonstrated by means of the
following experiment, A child'betwaen the ages of 36 to 42 months is placed
in a stimulus situaéion in which the verbal instructions demand & complex
selective reaction, positive with respect to one sighal and inhibitory with
respect to another., The child is told to press the ball every time a red light
goes on, and not to press it when a blue light goes on. The child is then
required to repeat the instruction in order to establish the fect that all
the information included in the sentence has reached him and has been retained. *
However, the child is unable to execute the task, Hawing acquired the
semantic meaning of the sentence does not necessarily imply the simultaneous
appearance of 1ts directive role., The excitation provoked by the red_signal

bscomes so considerable and diffuse that after only a few attempts the blue
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signal, too, bogins to evoke in 'ghe child Impulsive motor responses. Those
movements becone inerecoingly unrestrained as the child's excitoment grows
and the directive function of the inhibitory verbal instruction weakens. It
is not uncommon for the child, under the influence of his own impulsive

reaction, to lose the inhibitory lirk contained im the verbal cigmal to such

an extent thet he begins to assure the experimenter that the instruction
required him to press the ball in response to both signals prosented to him,
Thus the insufficlent mobility of the child’s reourcdynamics at first dostroys
the dirsctive role of the verbal instruction and later distorts the entire
system of links contained in it, _ )

Experizents carried out by Paramonova (1956) showod that there are very -
simple means for heighteorning ‘t.he directive influence of gpeech when the effect
of the traces of a vorbal instruction are insufficient. The value of such
experinents lics in the féct that they yield infoimation sbout certain meche
anises of the directive fimection of spoech,

One such experiment was carried ocut with a 3-year-old child, The experi-
ment was tho same g5 sbove except that every £lash of the red licht was
accompanied by the commard, "PresalY and every flash of the blue light with
the command, "Don't pressi® , What could not be attained through prolininary
connections evoked by. a verbal instruction, turned out to bo ensily attainable
trough the Irmediate influence of verbal commands, Since the directive
furction of specch has boen fairly woll established in 3-yeor-olds, its
influence is capable of concontrating the course of nervous processes and of
producing o differentinted habit.

| A furthor investipation was thon undertaken in an attempt to exploit the
dircctive possitbilitias of the child's cwn spoech in order to support the
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traces of the verbal instruction, which weaken relatively fast. 48
Vygotskii has sﬁown, the function which dt first is distributed botweon
two people can easily turn into an intermal psychological éystem.

The same basic experiment was used with the modification that the child
'was instructed to give himself supplementary verbal comands, atconpanying
each appearance of a red pignal with the word, "FPreasal™, and the appearance
of each blue signal with the words, "Don't pressi® The results showed that
it was not simple to obtain a directive influence from the child's. own
speech in this cage, Furthermors, if we cxamine the directive role of the
child's own speech during the first years of 1ife wo find that it andergoes i
a complex course of developmernte .

Using a ocimplified version of the experiment, children of 2 to 2% years“
were instructcd to respond to each {lash of the red light by pressing the
ball, In sddition, in order to remove those excessive movements which are
not subject to the control of an irvhibiltory instruction, the childron were
asked to accompany each motor resction with tho word, "Press!® (or even with
sonething caster to pronounce, such as, "How!®, which can be characterized
a8 a solf-commard)s Ixperisents dome by Yakovieva.(1958) have shown that
the sctive speech of a child at this age is so insufficiently developed, and
the underlying newrodynanics so inert, that the child of 2 1o 2% years of
age still finds &ifficwlty in coordinating his verbel comends with the
signal and Troquently bepins to utter unnecessary, stereotyped comands, In
the present instance it is significant that oven if the child succeeds and
begins to suy, "Pross!® (or, "Now!") only when the sigrnal appears, his entire
enorgy is diverted to the utterance of this word, and the motor reaction
which is supposed to be associated with it becomes extinet. Since the child

&
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at this age doos not yet have a gysten of neural processes that includes
both verbal and motor links, the word does not play any directive role.

Tiknomirov (1958) showed that it 1s only at 3 years of age that the
nourodynamics which underlie the specch processes are sufficiently mobile
.for the child to time his ovn verbal commnand with the signal and for the
commmand to exert a diréctive influence on the motor response. At this age,
although ths child is unchble to control his unnecessary, diffuse praszses”of
the ball according to the preliminary instruction, he easily achicves this
control vhen he begins to give himself conmandse In concentrating the
diffuse excitation, the child's own verbal responses, functicning on a
feedback principle, here damonstrate their directive. Mtion. -
| However, this directive function of the child's oun speech is not yet
fully develeped, Control experiments have demonstrated this, and have
permitted a closer exaninmation of ‘the mechanisns of the early fomms of the
directive function of speech, If a child of 3 to 3! yoars of age 18 ine
structed te press a ball evory time a red light flashes and to refrain from
prossing it whon a blue light flashes, and given the possibility of accomparye
ing each red sipnal with his affirmative command, "Pross!® and every blue
signal with his own inhibitory command, *Don't pressi®. The reoults disclose -
sore very substantiel peculiaritics of tho regulating effcct of the child's
own speechs 7Tho verbal recponses, “Pressi" a.nd "Bon't Press!"turn out to have
& camplex siructure. Ihysiclogically they are, first of all, moter rosponses
of the speech apparatus and aro thus slwuys _connect«ed with tho positive
phase of an immervation, Dut with regard to thoir meanings thoy are gystems
of comnections which, in the former case, have a positive, and in the latter
case, an inhib}toz:r signal value. ‘
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The experiments of O. K. Tikhonirov (1958) sre relevant, The
children easily respond to each light signal with the required word,
However, in uttering the command, "Don't press!iin response to the blue
signal, they not only fail to restrain their motor responses, but press
the ball even harder, Consequently, the child's own verbal reaction,
“"Don't press!y exerts its influence not by means of its semantic aspect,
but by its immediate "impulsive" impacte This is why the directive
influence of a child's own speech at this sﬁage etill has a non-sclective,
non-specific character,

It is only at the age of 4 to 4} years that the directive role of the
word changes over to the selective system of scmantic connections, and the
" wverbal response, "Don't press'!) -actually acquires the inhibitory effect
specific to speeche At this stage of development, i.e., when the semantic
aspect of speech becomes dominant, external speech becomes superflucus. The
directive role is token over by those shortensd inner connections which lie
behind the word, and they now begin to display their selective effect in
directing the further motor responses of the child, This system of shqrtened
connections evoked by intermal speech is the highest level that regulates
behavicr and is typical of the human, Developing in late phases of ontogeny,
it begins to play the leading part in the interpretation of subject matter
reaching the individﬁal; it creates the complex semantic pattern that deternmines
the structure of behavior,

The study of the formation of the pragmatic or directive function of
spsech opens up new possibilities for analysis of pathology of the most .
complex forms of human activity. Many physiologists, attempting the scilentific

anslysis of the mechanisms underlying pathologic behavior changes, have

<
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suggested using the cpnditiozza of feree, nobility and equilibriuﬁ of
neural processes as basic oriferia in the evaluation of clinical pictures
of behavior disturb;mcqa in pathophysiologie terms. Thoy presumed that
establishing a comnection betweoon pathologic conditions of the brain and
the reductlion in neural processes, loss of mobility, and dicturbances in
equilibriun night create an excellent foundation for amalyzing such mech-
aenisms, It was felt that a sclentific ‘cligssification of basic forms of
pathologic changes in the poyche would also becoms possible.
' These investigations ylelded informstion concerning veakening of neuwral
processes, cveractivity of unconditioned inhibition, loss of concentration in
neural processes and their pathologic tendency to irradiation, as well as
deseriptionrs of mnii‘estatioha of pathologie irertia found in existing r
conditions, It wus also established that scme pathologlc conditions are
charascterized by tho predominence of certain inhibitory procasses, whereas
others are characterized by heighiensd excitation, These investigaticns
both enriched the study of pathology and had great influence in substituting
gelentific r;!vsiologio expimtions for descriptions of elinical pictures,

Howover, this introduction of puthophys:@ologic. eoncepts into clinical
redicine had some drawvbacka, Observations showed that the neurcdynamiec
changes uhich were desceribed were to be found in the same mesasure in diverse
clinical pleturcs, w.hile the indicated pathophysioclogic conceptions were too
broad and reflected too pgenoral a forrmulation. While pointing out patho-
physiology which wis equally applicable to many pathologic conditions Jit did
not take into account the particularity of the veritus forma of disturbances
in the higher neural processes. It also failed to creats a basis for
establishing a scientific classification of clinical patholosy and then
sroceeded, despite this, to analyze the various forms of pathologic changes



in human psychologic activity.

It becomes essential, therefore, to find new criteria for amalyzing
pathologic changes in higher nervous sctivity of the human, vhich will
permit not only the generalization, but also the differentiation of various
clinieal pictures. The formulation of such criteria became possible only
after a thorough analysis revaaleé how the mechanism regulating psychic
processes in the human is formed and described the mechaniem typical for
basic forms of human behavior,

It was noted that the higher -- and specifically human -- forms of

psychic activity include an interaction between two levels of neural i
procésses: one arising from fhe direct analysis of, and reaction to, ex-
ternal stimulation, and the other formed on the basis of speech and founded
on the signal system of the wora. + Pavlov spoke of the interaction
between two signal systems, pointing to the role played by speech as the
¥highest regulator” of human behavicr. Hebb stated.that, applied to the
human)CHS might be taken to mean "conceptual nervous system-." The preceding
developmental survay.indicated just how complicated a course the higher
nervous activity of the child takes before establishment of the system where
the directive linguistic connection begins to play a leading part.

The sbove formulation suggests that specific criteria for variocus
pathologic conditions are to be found not only in general pathoplysiologic
indicators (chanées in force, mobility, Qnd equilibrium of neural processes) ,
but elso in changes in interaction between the two eforementioned levels of
neural processes. Changes in neurodynamics underlying elementary and speech
processes might be different in the various pathologic conditions. It
follows that pathologic changes in fgeneral! neurodynamics con be compensated

for successfully by the more intact neurodynamics of the higher (symbolic)
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levels In other words, we can expect thal in some pathologic conditions
the directive influence of speech remains So intact that it ean compensate
for disturbances in general neurodynsnics; in other pathologlic conditions
the damsge is oo extensive that the possibility of regulating the disturbances
in geveral neurodynomics with the help of the pragmatic fumction of speech
becomes irpossibles

The results of gtudies which investipated this hypotheais ere detailed
in Luria (195691952, and(1963). A brief Gumary of the vork follows: |
Two groups with pathology of higher neural processes wers chosen for a .
. comparative anslysis., One group of children, with previous systemic
intoxication or train trowma, can be characterized es a group of children -
with the covcbreasthenic syndreme. Thése children, while intelloctually
normal, had proncunced diqturbances in genoral neurodynanics: they wore
debilitated and emaciated; their exhaustion was apparent in proncunced
disturbances in stimidatory and inhibitory processes -- gome children showed
siens of inercased impulsiveness and general restlessness, while clhera
displayed certain signs of restraint ard lethargy, It was apperent that
the further psychelogic development of these children was avrested due to
instability and unbalance in their neurodynamics,

The second group consisted of oligophrenic childrens In this case the
neural procasses could show either a certain force and stability or present
gyerntons of wealness ond unsiableness; on the other hand, symploms of
disturbances in mobility of basic neural procssses {in other words, their
pathologic inortia) wore to be observed most frequently in these children
(Lurta,” 19565,2e#§£5z¥,/—“" 1960), However, what distincuiched the
children of thls group wes a pethologle underdevelopment of higher nervous
activity, which led to their classification ag retarded children,
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Tho mathod deseribed sbove, requiring simple and complex motor reactions,

vas used in cxomininge both groups of cb*ldrcn. The basic serics of investigs~-
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fons was econducted by Khomskaya (2 f‘b, 1953),” lnucxa-ii'(l9>6)”
g
and Martsinovalaysa (lQ}C). + e studies yie*ded very clear results.

Khomskaya (1958) showed that §sl2 yeer old children with the cere-
broasthenic syndrcmecaulh as easily respord to a given signal by a simple’
motor reaction as to react appropriately in & choice situation; they press the
ball whon & red signal appears, ond refrein from pressing when a tlue signal
appears. llowever, when tha experiment is repeated in & different and, for the
child, more difficult form, by shortening the duration of the gignal &s well &s |
the intervals between signals, the situation chenges. The new sltuation taves
the strength of children with weakened neursl processes to such ear extent that
. they are unaﬁ}e to respond to frequently changing signels with the eppropriate
reaction, a:g:g;ther ocuit the response to positive sigrels or begin responding
with impulsive movements to inhibitory sigpals. The mumber of erroncdue re-
sponses frequently reaches 40-60%. Such children do, however, remenmber the
irstructions and sre conscious of their mistekes. The equilibrium exd mobility
of the execitatory and irnhibitory processes ere so disturbed in these children
that an adequate execution of the corresponding instructions becoues impossible.

1f the neurodynemics underlyirg the linguistic reactions of these children
is, es a rule, much m&re intact than the ﬁeurodynamics of the motor reacticns,
it should be possible to strengthen the directive function by speech therapy so
that the children can compensate for the defects in thelr neurcdynsmics.

2. D. Khomskaya (/95%) conducted some experimests in which the child's motor
reactions were excluded and he wes instgpcted to respond to the presented sigrals
with & linguistic response, saying “:::; in response to red andfnon'ttz==§rin
response to blbe signals. The resulis of these tests indicated that even when

the signsls were shortened, childrer whose moter reacticns had been as high es
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40-50% incorrect, contirued to give correct linguistic roplies. It was con-
s 4

cluded that mobillity of the neural processcs underlying the speech systeir was preserved.,

Therefore, an attempt was made to utilize the unimpaired speech system
for strengthening the sipgnel stimull in crder toc compensate {or the defects of

the motor reactions. For that purpose the mctor and lirguistic reactions were
6cmbired. Using thﬁ.aboqp-mentiOned nethod, the children were asked to respond
to a red light with “ﬁ-:;“, whi;? et tho seme tine produci:ﬂ 4 notor reaction,
"Don't press
and to respond with "Bemt=peed” to 2 blue lirht, while withholdiny & motor
reection. It was founé that children whd previously geve 40-50% incorrect
motor responses when the triels were given in quick succession were now giving
only 5-10%.

In ar ettempt to determize whether the directive influence was nmede possfblp
through the specific signel function of gpesch, Khomskaya substituted e monctoncus
repetition of ore response, "See See", for the seleccted 'signal'! responses
"Press” “Dow't press”

"Reed" and *PorttTeed*, and :cund that the directive influence of speech
disappeared.

These experiments show that in a group of children with the cerebtroasthenic
syrdrome, the neurcdynamics of complex (speech) levels of psychic processes
remsin more intact than the reurodyramics of motor processes, and the comparative
unimpairedrness of higher level nervous ectivity mey be utilized for compensation
of pathologic conditions.

The examiration of oligophrenic children produced differentfresults.

The experiments of */. ILubovskii (1936), Khaﬂskaya.(l936);and
Martsinovekaya (1958) showed that simple motor resctions of oliéophrenic children
did not necessarily differ substantially fron the motor rescticns of children
with the cerebroasthenic syndrome. Only in cases of extremely severe '
oligeophrenia did ﬁhe children presert psthologically inert reactions, pressing
the tall even in}a:sance of any signal and giving monétonous metor reactions
that could be interpreted as a primitive time reflex. In transition to more

complex forme of selective reactions, grave pathology could,houever,be observed.

Even where the linpuistic irciruction was reteired, (for instence, to press
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the tall in reply to red and not to press it in reply to blue light), they
substituted for the selective system of motor responses a monotoncus Sequerce

of positive and negative reactiors vhich were independent from the given

. &igral,or they contimed motor reasctions in response to any signal,

The basic difference in this group of children became appsrent, however,
&s soon as the experiments involved linguistic replies. These experinments
showed thet the speech reactions of oligophrenic children wers as inert as
their motor reactiors. The child, retaining the instructions to reply with

= Orcs‘i $ L] DQ'\ '+ Pre‘.$

the word “leed” to & red light end with the words‘Per*t—resd™ to a blue light,
begen to respond to both lights indiscrimirvately. The signal function of speech
was grossly impeired in this case. The defects of neurodynemics urderlying the

besic speech processes were even more proncunced than the nsurcdynemics of the

- Boter reactions,

7 Further experiments carried out by Khomskaye (1956) end Martsinovskaye

/ (1958), which attempted to utilize the directive function of speech, yielded

regative results? The oligophrenic children were incapable of giving themselves
YPress' i«
the command of “Feed and simltarsously pressing the ball when a red light
: “Dew'd prese’
eppeared end the command of "Bertreed” ard not pressing the ball in response
“Rrens’
tc a blue light. Some of these children were even uneble to say E&aggh and

frei: the ball at the seme time; or when they resporded linguistically with
Do pregs "
"{kuﬁ;dhum#', they submitted to the direct influence of the spsech impluee

erd pressed the ball. The signel directive function of speech was grossly

impeired in their cass. This Yype of pathology basically separates oligophrenic
children from the children with the cerebroasthenic syndrome, deseribed above.
There is no doubt that the method applied in these examrples will also

prove useful in analyzing cther pathologic corditiorns. It should alsoc be
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helpful in defining the criteria for specifying noridentical disturbances in
neurodynanlics which % the vericus levels of behavior, and provide & vay
to facilitate the physiclogic description of the various pathologic forms
involvicg highsr neurel prcéesees in the humen.

The deséription of the btasic facts of develgpment ard dissolution of the
~ directive furction of speech still leaves urenswered the question of what
rerve mechonisn trigrers the divrective influernce.

It is evident that the rerve apperetus permitting realization of the
signal or directive influence of speech is located in the cortex. The followirg
investigations were concerned with the question of whether the entire cortex )
participates equelly in this process, or whether particular arecas in the cortex-
of the ceretral hemisphere can be igolated zs the locus of that ection. .

..‘arly work in the area was conducted jointly with L. S. Vygotskii. IV is
known that the involvenent of subcortical motor ganglis, &s cbserved in
Parkinson's diceaseg, limits the possibility of voluntary movements. Crcss
disturbtences in elementary motor sutumatism and gross tomus chanpges make it
imnossible in such cases for the patient to continue walking after teking one
or twe at.eps-. The necessary leg movements become superceded by diffused torus,
sgonists and antagonists come into play, end the result is a general tremor of
extrenitities. For that reeson the patient is unablé to perfora several merual
movements, press a key, or tap his fingers rhythmicelly.

Liowaver, sﬁdy s.howed that gross disturbances in succeseive sutcmatic
movenernts mey be compensated for temporarily if they are transferred to the
corticel level, erd if the contimuous movement is superceded by a cycle of
isocleted responses to irndividual stimlif Such & patient cannot take 'several
steps on & smooth floor tut cen eesily cross seversl lines merked on the floor
cr several cbjects ;Slaced or the floor.

A series of experiments was conducted using the directive function of the

petient's cun speech to compenpate for the defoctive motor sutomatism. The
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patient was told to use his cwn blinking movements es autestimulation, and the
instruction "Elirnk ard rress” resulted in considerable ease of movement., Ever
better results wers obtainéd vhen & patient who could not contirue tepping the
table rhythanlcally was told tc use his own tepping movements to answer the‘

Cuesticn, "How many points in e star?" or “How many spikes in the machine?™
s

5 N
‘J&uA”LL(Luria, As Re 1932, 1948). Changes in the function of digital movements and

their'transfer to higher cortical levels, chenged the functicnal possibilities
of the mobtor apparatus ard created substitute circuits in cempensating for the
patient's movements, Having esteblished the faet that defects in subeortical
ganglia might be scmewhat compensated for by utilization of the unimpaired .
linguistic regulation, the question of which sresas of the cortex meke such a
transition possible must be considered. -
This problem was dealt with 15 & saries of experiments which attempted
to ascertain how the directive use of speech could be employed with patients
with verious local brain traumate in different sites (Luria,///——“\\1947,
1948, 1962, amd 1963; Luriai/f__—‘\hgh.thmskaya;"f\\\\\l966). The results
irdicated that locel brain traumeta which interfers with seund production and
the gramzatical aspects of speech do not recessarily interfere with the signel,
directive function of speech. When the perception of differentiated linguistic
scunds is disturbed (due to invelvement of the left temporal lobe), or difficult-
ies ariss in mestering complicated grammatical combinaticns (pecause of involve-
ment of the inferlor perietal corticzl sres of the left hemisphere), peticnts
ere still able to respond to linguistic instruction ard cen even utilize their
own speech, which, cven if impeired, has retained its directive importance.
Similer date were obtaired in & study of patients with involvement of the

. premctoric area of the cortex. Such patients, showing definite signs of -
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disturbance in higher sutomatisms ard motor patterns, reteined the suggested
speesih instructions and tried, with occasionel success, to compensate for thelr
motor deficiencies with the §$lp of improved speech. (Luria;f——i\‘* 1948, 1963;
Shkol‘nik-Iaross,“'——"\Q?g;»: '

More specifically,patients having such local involvement, i.e., injury
or tumor, in the temporal, parietel, cceipital, or even in the premotor erea of
the brain, ware sble to }aspond to & given signal with a simple motor reaction.
A more complex task -- pesponding to ore signel by pressing with the right and
to arcther sigrel by pressing with the left hernd, or placing two white figures
and one black figure in a row — was alsc within their cepscity. L they R
urderstocd the instructiocns, they were alsc sble to csrry out easily a mocre campléx
conéitioned novemant{,fcr instan;e, pressing lightly in respense o & strong -
signal and pressing strongly whern the signel was wesk or forming a fist in
response to & raised rfirnger end ralsing & Iinger when & fist wes displsyed.

If these petients mede mistekes vhen the regimen was made more complicated,
they were very dcuscious of them end correcled them,

Furthermore, the lirgustic directicn of motor precesses ramains intect
even when the site of the traume is the linbic erea, which leads to gress
memcry loss.

The picture shifts considersbly with petients having extonsive traumaia in
the frontel lobe nn& a prorounced so-celled 'frontel syndrome!. The sound &nd
grammotical structure of their speech remains intact in such cases,but the
linguistic system loses its signal directive role. Such petients stop respond-
ing to external spoken instructions as well as to the directives of their cun
gpeech. Furthermore, they ceese to display the characteris&ically humar signs
of selectivity and direction. Superficielly, the behavior.of thess patients
dees not show gross eligns of dissolution. They follow the physiciarn intelligently
with their eyes, shazke hands, and answer questions although they do this

slowly end monosyllebicelly. Their speech is fairly intect phovetically and
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grermatically, Paresis and dysprexis ere absent, However, as scon as their
simplest motor reacticns are aralyzed, the first impression they created chenges.

Patients with extersive (frequently bilateral) tumors of frontal lcbes
ere ureble to produce persistently ever simple motor reactions, They cen repeat
the instruction, "When the bell rings, press the bell," .lowever, efter respending
once or twice, they stop pressing the ball ard, slthough they sccompany each
sigral with the words, "Yes, yes, I should pressl®) they do not perform the
corresponding movement (Merhcheryskov,§ l?%) A As the experiment
proceads, & new patiern supervencs and the patients begin to suggest that the
experimenter should press the ball, or claim that they themselves had already .
perforzed the tesk before. '

Patients with iess proncunced involvenment of frontal lobes may successfully
carry oul simple reactions, tut digsoluticn sets in egain when they are confrounted
with more complex resctions of choice. £s M. P. lvanoééjggg;ed, they well
understand the instructions, “When a red light appeers, press with the right
herd, and if & green light is shown, press with the left hand, “and easily
repeat it. However, the instruction does nct determine the further course of
their actiong,and they quickly either substitute repetiticus pressure from the
serxe hand for the necessary motor responses or press slternately with the
right and left hand, disregerding the sipgnels.

The disturbances in the signal (directive) function of speech observed in
these patients manifest themselves by the fact that, even having learned the
correct answers by heart ('right! in'response to red and 'left' in response to
greer), the? are unable to direct their motor reactions by their>own instructions,
&rd contirnue giving completely independernt repetitious motor reactions. The
disperity betweern the lirpuistic ahd molor responses beccmes, in this instance,
g0 great that controlling the system of choice movenments gy means of

-

instructions becomes impossible.
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—— These patients,/a less pronounced 'frontal syndrome', present & similer

picture when the seme tests are repeated in a more complicated pattern,; i.e.,

when the direct influence of the stimulus comes into conflict with its conditional

meaning expressed by the linguistic imstruction. If the patients are instructed
to respond to & weak signal with strong pressure and to & strong signal with
weak pressure (Khomskaya,IQBé) or to 2 long signal with e short movement or
to & short signal with a long movement (Marushevskii,!%6 ), it becomes apparent
how easily the patient's movements begin tc be controlled by the signals received
directly from the stimulus, ‘'echopracticelly', and how easily the excitant
agent loses its conditioned meaning. 4s & rule, such patients do not long
retein the instructions regerding their response to signels. They begin
pressing hard when the signel is strong, and weakly when the signal is weak,
responding with protracted pressure to long signals and with short pressure to
& short stimulus. The ettempt to strengthen the signal meaning of the stimli
with introduction of suto-command proved unsuccessful. Patients with the
massive 'frontal syndrome' cen neither submit theii reactions to the conditioned
neaning of the signal nor coordinete their movements with the conditions of the
instruction. Therefore, they cennot evaluate or correct their mistakes.
Other examples of this behavior sre found in studies by . Luria,

Pribram, and Khomskeya ()766) as well as by Lebedinskii
()96 ). These show that when & patient with an extensive involvement of the
frontal lobes is askéd to 1ift a finger when he is shown a fist, and to make
a fist when he is shown & finger, he will perform this task only once or twice.
His movements will then become progressively slower, and soon the necessary
movemerts will be substituted with echopractic repetition of the expefimenter‘s
gesture. The capacity to submit to the conditioned meaning and not to the

directly perceived signel appeers severely demaged, end the patient, even

<
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though he correctly retains and repeats the instructions, agein submits
to the direct influence of the stimilus.

Ancther series of experiments conducted by the author's collaborators
Vi V. Lebedinskii, L. 5., Tevetkove and others «;ééé; showed that patients
have sinmiler difficulty in controlling their behavior by means of spoken
ingtructions and prefer to substitute more elementar} patterns for these
conplex forms,

The basie fact is cleer, namely, that involvement of the lobes, without
substantially influencing the sound arnd grammaticel aspects of speech, produces

gross disturbences ir the signal_(directive) furction and the patient's

behavior is reduced to & more elementery level., He submits to the influence

. of directly acting stimuli or previcusly esteblished inert repetitiousness.

The nonspontaneous patient with severe 'frontal)syndrore'! presents a well
known cliriesl picture end can be evalugted as an exsmple of this basic
mochenisan,

The cuestion ther erises o2s to the physiologic basis for the specific
function of the frontal lotes and, furthermore, what neurcphysioclogic mechanisnm,
triggered closely through them, mipght explein the clinical picture described
sbove., Mumerous studies Bhowed that the frontal lobes, which are closely
linked toc the reticuler formation, are extensively involved in every sactive
function of the organism. The experiments of Livanov &ﬁd his ccllakorators

\Bi§g§) 1566), who used the toposcopic method, showed thet every mental effort
activates a lerge rumber of synchronicg}ly functioning points specificelly in
the frontal lobes. Crey Walter (1966)1showed that every expectation of whatever
reaction or every active fixation provckes the appearsnce of specific slow
electric vibrations, which the author nanes 'waves of expsctation' and which

become especially pronounced in the frontal lobtes.
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Thecs date lead us to the assumption thet the frentel lotes pley an
iaportant part in meinteining corticel tone; they participate in each ective
function of the organism, determining the seloctivity of its reactiuns., This
hypothesis is confirmed by a series of experiments conducted by Khomsksya end
v her collaborators (I.nria,/—’\a%d Fhomskaya, //_\‘eds., 1966). These
expsriments show that each linguistic instruction sctivates the cortex; the
felloving menifestations ere typicel for the rormel individual: restoration
of the vegatative comporents of the crierntating rei‘lexﬂ (Yhomskayabﬁbb) !
prolenged change in the spectrum of the ercephalogram (Para“wakajmomsquo, ’Hﬁé
charges in the slow poterntials, comnected with the fluctustion in th
asyuretry in the rising and £ ‘iling fronte of oC-waves . (Qen:.;n o e i
/‘}%"" ) Xhomskeya, sne&.Artem evﬂ ard’increese in the evoked potentials v
( Simernitsk ayalmmhy»)ﬂbb. . |
Fatierts with damege in the posterior regior of the brein show the same
influence of linguistic instruction eas normals. However, the sctivating
influernce of linzuistié‘instmction disapresrs when the pathology invelves
the frontal lobes. In patients with grosa involvement of the frontsl lobes,
ore cannot cbserve constsnt influerce of lirgulistic instruction upon the
stabilization of vegetstive components of the orientating reflex or the above-
mentiored signs of stable charnges of electrophysiclogic indicators;
These experiments ensble us to sssume that the sigrel (directive)
furcticn of speech, disturbed when the frontel lcbes &re involved, can function
only with the closest perticipaticn of the frontal ares of the cortex. This
is dve to the part that the frontal lobes play in stebilizing the impulses
arriving fron the reticular formation end in the organizational choice 61‘ tho
impulses which they receive, thus enebling the healthy cortex to produce
steble action.
Furthermore, the fact that the {irel formation of the dirsctive function

of speech is observed at the age of 4 to § years, when the frontal lotes mature




sufliciently and begin to function, confirms this hypothesis with now date.

A new and very important chapter in the science of psychology opens
up to us when we study the formation of the signal .(directive) function of
speach, &nd analyze the basic forms of its dlssolution., ,The most important
questions in poychology and psychophysiclopy, when reelity is reflected
conseiously and human behsvior ié regulated volurtarily, may bLe then appreaches
fron a new angle. It Spens new perlspectives for the study of the most
complex forms of huin.an behavior, the form which, &8s FPavlov seys, ie the
highest self-regulating system. It elso permits us to epprosch those sides
of psychic activity which for many years remaired cutside the coafires of *

sclentific anzlysis.



