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THE ORIGIN AND CEREBRAL ORGANIZATION
E OF MAN'S CONSCIOUS ACTION

by A. R. Luriz {Moscow University)

{, The Problem

Severe! years ago {wo of the most oulstanding psychologists of
cur day -— B. I. Skinner and D. O. Hebb proposed {c¢ decode the
well known abbreviztion CTNS as “Concepiual Nervous System”,

Al Tirst this was a mere ioke; now, however, we can earnesily
accept il: The Heman Brain (ot only recodes the sensory infar:
mation, terning i into a sysiem of concepis, but establishes Human
Plans and Programs and lorms a conscious conirol of human sctiess.
1t is really an Organ of freedom, and it would be unwise to ignore
the Human Brain with the same
" a5 and methods as the brain of the rat. :

- The Jollowing question now arises: Is it possible to find proper
ways of undersianding the basic qualities of ihe Humen Brain
neither following the old mentalistic approaches, nor repeaiiﬁg the
mechianistic ideas which were popular a generation ago, but are
unaccepiable now? How fan we come to 2 scientific solution of the
old riddie of man's free aclivity and conscicus behavior?

The answer to this question in no way lies in an analysis of the
most intimale parts of the brain or in elaborate studies of single
NRUrGHs.: - - :

To find a real solulion of this problem one has to pversiep the
iimits of the organism and to start analysing the concrete relations
ol the child with its immediaiz social environment, . 2

. Precisely this way was izken by the late L. 8. Vygoiski, the
- lamous Soviet psychologisl, 2nd it is this way that we shai! follew,

A newborn child starts its life with 2 series of innate ssif-
regulating syslems of a very elsmentary type -- breathing and
T

cking, primitive orieniing veflexss and & batltery of sarly. forms
; 3

&

‘havior. y

of motor activily. These elementary forms of activity were tharoughiy
studied by a number ol eminent scholars from Schelovanayiin the
USSR, Minkowski, Peiper and others in the Western countries ¢ = 3 =
recenii brilliant investigations of my friend Jerome Bruner.-Bul Low
far are these forms of behavior from the conscious and seif-con
trolled forms of the conduct of a school child or of an adultl.

Where can we find the roots of these highes! forms of voluniary, =
seli-reguiated forms of conscious behavior? This is really one af
the basic questions of coniemporary scientific psychology.

The newborn child starls ils life in conditions of inmediale social
contact with the adulis. The mother gives the hild certain orders
and repeatedly speaks io it. She shows an object, pointing lo it and
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saying: “That's a doll”; and the child turns its eyes towards the
abjects; she gives the command “Give me the doll” and the chiid
tries to do it. The child’s conscious aclion is originaily divided
between {wo persons: it starts with the mother's command and -ends
with the child’s movement. But during the svbsequent period of
the child's development the siructure of this action begins to
change; the child starts using its own language; by saying “A dolif”,
it singles out the object named, turns ils eyes to the doll and tries
to grasp it. The child's own speach begins {o serve as a comumand,
and the function, formerly divided belfween two persons, becomes tiow
a new forin of an inner, self-reguiated psychological process. This is
the start of a new type of behavier, social by origin, verbaily me- =
diated by structure and seii-conirolled by the kind of ils functicning.
Thus, we are approaching a new level of problems, and we shail =
try to trace the gradus! development of the free and conscious forni
of human behavior. v,

2. Origin

The. development of the highest forms of conmscious, self-re.
lated behavior is by no means & simple process or a leap fron
a “fieid-reaction” lc free behavior. The Jirst acquisilion of
command-corirolied actien s emly a' star! of a long process
of formation of the higher psychelogica! funciions, and a scholar
mus! follow this process careluily.

Let us turn iv some simple experimenis and {ry to eslablish
a basic mode! of the developinent of the child's seii-conlrolied be-

It is weil know that the adult’s command may easily ey
orienting reaction even in a child 6—8 months of age, and 2 §
moto: action in a child 10—12 menths old. if we name an
placed in the child's immediate environmeni, il wili turn jts
towards this object; il we say "lift your hands” the child will
diately do it. v : W

It is clear that a verbal command can sfari the child’s acti
it is not yet able {o overcome the influences of {he imm
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viranment; nor can it stop the action already started by the child or

» to construct a new program which could control the child's behavior,

let us place a smail plush rabbit in front of the child and allow

to play with this toy. Let us then add a new toy, for exampie

& rubber hen; now the command “give me the rabbit” fails: the child

iurns iis eyes towards the rabbit, but they meet the attractive hen,

and the child grasps this new {oy; the child’s behavior, controlled

by the verbal command, is now blocked by an immediate orienting
reaction to 2 novel stimulus.

The same can be seen if we try to use 2 verbal instruction to
arrest an action already started by- the child or fo change it for
another one.

Lei us now place two objects — a rabbit and a hen close Hy
¢ child 14—16 months of age and repeat several times lhe order
“Give me the rabbit”; only then, without changing the intonation, let
us command “Give me {he hen”. The inertia of the evoked action
is at this stage so iniense that we are often unable to change it
and to overcome the previous stereolype; hearing the new order, the
cliffd continues to repeat its previous action (A. R. Luria and
A G. Polyakova, 1959},

The folowing experiment shows how gradually the verbal in-
siruction asswines its controlling function. Two familiar objects are
placed in front of ihe child: a wooden cup on its right and 2 wooden
box en iis left, The child sees that a pennv is placed vnder the cup;
then the instruction follows: “Give me the penny”. A child of 1:6—
£:10 casily fulfils this instruction. Some difliculties are observed if
the fulfiliment of the command is delayed for 20—30 seconds: in this
case the verbal instruction may easily lose its direcling role, and
the child begins tc examine boti objects, grasping the object named
only in 50% of ali cases. The immediate orienting reaction suppresses
th~ fraces of the verbal order; and only at the next stage of dave-
+ ment do the {races of ihe earlier perceplion and of the verbal or-
der become stable and a selective action takes place {(A.R. Luria and
A. G. Polyakova, i559).

The weakness of the directive role of the verbal instruction in
smail children can be seen even betler in the lasi series of these
cxperiments, when it loses its immediate percepiual base.

The same above-mentioned two objects are placed in front of the
child, but this time the penny is put under one of the objects when
the child's eyes are closed, Only then is the following verbal order

given: “The penny is under the cup; give me the penny”. Younger
cihildren al the age of 1:4—1:6 often ignore the verbal instructions
and try fo grasp boih objects: a verbally-linked action is here
replaced by an immediate orieniing reflex. Older children at the
age of 2,0—2:4 may start fullilling the instruction; but when after
G4 repelitions of the same order a new one is given, namely
“The penny is under the box: give me the penny”, the child ignores

erbal instruciion and continues ite previous aciion. These
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istakes begin to disappear only at the next slep of developmient;
misiakes He - i 10 n&qpf. i}" g y U i i
only in children at the age of 2,8—3;0 does the verbal Uf'vj&’a“x)(",(‘\‘g;-‘n'.
‘. ; 1 i i 1T 1 3t i 4 -: 300 (‘ '} Iy & ~
sufliciently stable and acquires ils direclive role independently of
visual base. : ‘ Pa
It is clear that at these early stages of development t,‘he ger?aé
command can sfert an action but is unable io overcome the impme-
diale influences or the inertia of alrcady established siereofypes.

3. Realization of verbally direcied programs

The rule we mentioned may be easily illustrated by special experi-
ments with a simple motor reaclion. - ! G
Let us give a child of 1;8—2;2 a rubber balicog wnnected? M‘f{
a pneumalic recorder and ask him: “Press the ball”. The resuit “xt;i
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not be as simple as it might be expecte’d'. it the p]ashclbu!b ﬂs;.
does not evoke a grasping reflex, the cmi_d will start to prsss:ixf
balloon, but will be unable o stop the reaction; a series of 'SU?L&S&.I[{%
pressures will be recorded during a considerable time perf,%d:s 'a;
efforts to stop these uncontrolled mm:en_wents will be futile, axf; 1.{1“&
order the child to press only when it is told fo do'sp =t e %‘?1
see that the child is unable {o slop its movements; while hearing ;;:a
command “Don’t press any more”, il often may even increase (;:
pressures. The verbal command may sferf the aclion, but is yet
inable o arrest it : . i
zma"?il!ee l\?’eak;es; of the controlling function of ‘!.he‘ ’ve;ba! mst_r_u';tui:}
at this stage maniiests ictlsr:!f even .r.f;x‘;re dislinctly in experiments
with a verbally conditioned moilor reaction. .
Mt%}feaier;ifgéign: “When you see a light, you must prcsrj‘t!]c bu;b
seems {o be extremely simple; but as a matter of fact, :z.t}mcsiai:
a complex program of actions: a preliminary, p!fn miust :g-(eés»{a:‘;
lished; the .mmediate orienting reaction to the stimuli is 6
blocked; the stimulus must acquire a.conditionai‘pzeapmg{, andi ’
programmed movement must be starled oniy aiter the signai ag%ea;’s: :
The realization of this complex program proves tc be impossible z«.j;
‘a child of 2:0—2;6: alter the words “When you see a ught... — it
immediately begins to look for if, and :sto;’)’s the move‘mex’)is. ?’:u
when it perceives the end of the instruction . you must press the
bulb” — it starts the motor reactions irrespective of the signai. Fhus
we come to a paradoxial resull: when the light appears,éihe move-
ments are blocked, but when the signal is absent — «{ley start.
in these cases the order “Press only w?ge-.:z you sec a light” is of no
heip: hearing this strict order, the cml}'a can nenher}mcye?se Ai}.:‘v«
pressures nor fully stop its motor activily. The selective in luf:m:
of the verbal instruction is not yet ripe, qu? no realization of a com-
plex verbally formulaied program is possible. : ,
y{a}fhecrg;x]n)e can be sesn &gen in children of 2;8-:»;”5;;() if we“m:?m;
the instruction more complex and if we iry o establish a complicated
program of a condilional cholce reaction.
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tiie child {he following command: “When you
s twiee”, or “When you see a red light, press the
sce a green light, don't do anything”. In such cases
s or even of 3:6 will easiiy reiain the verbal instruc-
wiil siill be unable te follow this program; in the [irsi

eriruent it will respond o ihe sound with a series of uncontrolled
pressures, and in the second it will press alter it perceives bqth
ihe posilive and the negative signals. Oniy at the age of 3;6—4:0
does the child becomes able to fulfill this complicated program,
blocking ine immediate influence of the stimuius: but even a slight
complication of the experiment resufts in a breakdown of this form
of seli-conirolied, conscious hehavior.

bt

4. Development of a verbul conirol of actions

Now we come o the basic question: is it possible to speed up
this process and to find means of improving the conscicus controi
of the child’s own actions even al early stages of ils development?

All our attempts to improve the child's own control of its beha-
vior al the age of 1;6—1 10 have failed. However, experiments with
children of 2,6-—2;8 produced some inleresting results and opened
up some ways for solving our problem.

At this stage of development we were still unable to assure the
's immediale conirel of ifs own behavior; however we could
rve some positive resulls when (he cliid’s motor reaclions evoked
a feed-back signel which provided the child with information con-
cerning the resuif of ils fask. If we insiructed the child to press the
buil in order “io pul out the light” — superfiuous pressures disap-
pearcd. The same could be observed in older children when in the
case of the command: “if you see the light — you will press twice”
- ety pressure resulied en 3 feed-back acoustic signal.

* Thus, at ihis early siage of deveiopment a verbal program could
be realized onily if this realization was reinforced by a feed-back
sigial of the action lulfilled.

Now the following guestion arises: couldn't we replace this
feed-back signal by the child’s own controlling activity and use the
child's own speech, ils own verbal commands, as means of controi?

Our first experiments with children of 2;4—2;8 gave negative
resuits. A child of this age could easily respond to each stimulus
with the simple verbal reaction “go!”; bul if we instructed the child
‘o accompany ils own comimand by a motor reaction, by pressing
the bulb, — we could see that the child's verbal command did not
yet acquire a controlling function; giving itsell the order “go!” the
child either slopped the motor reaction or continued the superfluous
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pressures despite its own command. '
Quite different resulis were obtained in children of 3;2—3;6: the
introduction of the child's own commands “go!” had no

sttecess at the firsi stages of the experiments, but after some training
2¢ ; 7

ith ils verbal com

the child’s motor reactions became co-ordinated with i
mands; slarting to say “go!”, “go!"”, the child began io
ganized rholor pressures and ite block the superfluous un 0}
movements; the cancellation of these verbal commiands resuited
a re-appearance of the superfiucus motor reaclions.

The samie was observed wiien we asked a group of somewha!
cider children o press twice in response fo every signal and included
in the realization of this program the child's own command “go!”
“go!”. In all these cases the child's verba! system, which was sow
based on more concenirated ecxcitatory processes than the mwtor
system, assumed controlling functions; we could observe the firsi
manifestation of overt speech as the “highest regulator of human
behavior™.

Hovever. it would be erroneous to suppose {hal at this siage
of development the child's “Conceptual Nervous System” is ripe
enough to contro! its conscious actions.

To prove i, we have only to make our experiments a little bit
more complicated, and pass from simple motor reactions to a com-
plex programn of a choice reaction. Here the psychological pattern
of the behavioral control changes: one positive signal {a green light)
must evoke a inotor reaction while another, negative signal {a red
light) must block it The psvychophysiclogical role of the child's
verbal commands underge a fundamental change here as well: the
positive command “go!” must start a motor reaclion, while the nega-
tive command “no!” acquires a negative semantic meaning, but pre-
serves its immediate excitatory influence: there is still an active voice
reaction, and there stili remains the guestion: which influence, i. e.
the immediale excitatory influence or the semantic blocking will
predominate. Experiments with children of 2,026 give a clear
answer to this question: in many children of this age their own com-
mand “ne!” not only does block the motor reaction, but o
disinhibits it: saying "no!”, the chiid even increases the pressir...

The same can be seen in an even more grotesque form, in imbe-
cile chiidren of a much older age; in this case the verbal auto-com-
mand “no” results in a still stronger discharge of the motor reaction.
This means that we can describe a stage when the immediaie
discharging role of the child’s own verbal command doninaies cver
the semantic role of its speech, and thai furlher development is
needed te make this semantic side of the child's speech a predomi-
nant one. This ullimate stage is reached only at the age of 4;0—4.6
vears, when the child begins to form some inner programs of com-
plex actions and when its own overt speech becomes a less decisive
factor. Here the semantic programs based on the chiid’s inner speech
begin to acquire their controlling functions, and the child becomes
able to fulfill the programs of simple cheice reactions even wiih-
out its own overt verbal reinforcement. This stage may be regarded
as the first step towards the consolidation of the inner controiling
mechanisms of the child’s conscious actions, and, perhaps, as the
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fiest stage of thic confrolling functions of the "Congceptual iNervous

- at the beginning of this paper.

5. Basic Principles Underlying the Functional Organisation
of the Human 8rain

Let us now stop analysing the early development of the conscious
conirol of actions and turn to the second problem of our discussion.
What do we know about ihe cerebral processes that are responsible
for the control of our behavior? Which structure of the Human Brain
plays 2 decisive role in the esiablishment of plans and in the reali-
zation of programs of our behavior? Which basic systems of the
brain ensure the selective altenlion and the permanent control of the
highest forms of Man's purposive actions?

in cur attempt {o answer this guestion we by no means lose the
sense of reality; we know very well, all we say is only the first
approach to this problem. But as a resuit of nearly forty years of our
work in the field of neuropsychological analysis of focal brain lesions
we liave obtained a series of basic data which can be used in our
discussion, and we shall-try only to bring them fogether rather than
to speculale on an uitimate theory.

To say that the Human Brain operaies as a whole means to make
simulianeously a correct and an erroneous statement.

it is correct because the most complex forms of human actions

require the participation of all brain sysiems; it is erronecus because
we can hardly admit ihat the Human Brain — this highest point of
Evolulion — works as an undifferentiated whole and that the quality
of its work depends exclusively on the active mass of its excited
tissue. Modern daia of brain morphology, physiology and neurclogy
discard the idea of the brain as a homogenous unity, which was
nossible a generation ago but which is incompatible with modern
s owledge. However, refuling the holistic approach to the brain,
«& in no way return to the oid concepts of isclated nervous centres
responsible for complicated psychologicai processes. The ideas of
Gall and Kleist are as far from our approach as the ideas of Goliz
and Lashiey.

Today we have every reason to approach the Human Brain
{including its cortex) — as a complex functional systern which in-
cludes joint work of different levels and areas, each of which plays
its own role. The concept of a “working constellation” advanced by
the famous Russian physiologist A. A. Ukhiocmsky, as well as the con-
vepts of a "functional system”, “dynamic localization of functions®,
or even Hebb's “cell assembly” has assumed in recent years a much
aiore deflinite meaning than at the time when they were originated.
We can only admire ihe moedern research on the level of single
neurons which has revealed 2 high specialization of these elementary
aratn unils responsible for reactions {o very special cues or for
comparing signais. We have every reason {o expect that this research
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will soon come into actord with the facts of modern elinica
psychology, :

Data obtained during the last decades give us all grounds
single out at least {hree basic blocks of the Human Br
making ils own conlribution to their commen work. ,

The first block may be called block of Energy and Tone; it in-
cludes the upper brain stem, the reticular formation and fo a cerfain
degree the oldest parts of the limbic cortex and hippocampus. This
block is responsible for the stable tone of the cortex and for the
state of vigilance which some psychiatrists erroneously cail “con-
sciousness”. It would be unwise to discuss here the basic forms of
activity of this block after the well known publications of Magoun
and Moruzzi, Jasper and Penfield; their analysis of the changes in
sleep and wakefulness, in arousal and drive may be regarded as the
most significant contributions te our science. As shown by a group
of outstanding scholars, this block inciudes a considerabie amount
of curious neurones which react to every change of the stimuii and
which Jasper calls “attention units™. '

We had the opportunity tfo analyze the behavioral changes
occuring in palients with lesions of the medial parts of the brain
corfex and brain stem, and could observe in these patients marked
disturbances in stable wakefulness, instability of memory traces and
selective organization of thinking similar to those observed in dicamy
states (cf. A. R. Luria, E. D. Homskaya, M. Critchley and oth.
1967, A. R. Luria, A. Ya. Podgornaya and A. N. Konovalov, 1969}
but these lesions never resulied in any basic disturbances of
the structure of concepts nor did they result in a primary
loss of the simple programs which control the conscious action. in
these cases a slight reinforcement increzsing the lowered cortical
tone may easily lead to a compensation of the defecis and io a
recovery of the deranged control of behavier (E. D. Homskay~
in print}.

All this means that although the participation of the firsi block
in ihe common work of the brain is of great significance for ihe
higher jorms of conscious aclivily, we have no grounds to consider
it to be a mechanism which is specific for the realization ol pro-
grammed actions.

The second biock of the Brain includes the posterior parts of the
hemispheres with the occipitsl, parietal and {emporal regions as weil
as their underiying siructures; it can be defined as a hlock of the
input, re-coding and storage of information received from the exier-
nal and proprioceptive world. It is well known that the systems of
this block are highly modaiity-speciiic: the occipital lobe, being =
central device jor visual analysis, does not take part in the de-coding
of acoustic signals, while the temporal lobe participates only in 2
limited and specific form in the organization of visual information.

It is also well known that each system: entering this block has
a hierarchical structure, and that the work of each primary (or ex-
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irinsic) zone is organized by a superimposed secondary ‘gmlrinsic)
zone with highly developed upper levels of “associative’ neurons.
" series of very important studies showed thal only a small part

the neurories of these zones are of the non-specilic type of “at-
tenfion units” while the greater part perform a highly specific Tunc-
tion firing to isolated cues of different modalities. The specificity of
these arens decreases with the transition to the “tertiary zones™ of
ihe corlex or to the “areas of overlapping” which include units
reacting lo different modalities and which provide a synthesis of
serial influences to some simultaneous schemes. We had the oppor-
tunity to analyse ihe role of these areas in the elaboration of complex
iorms of spatial and conceptual structures (A. R. Luria, 1966 a, b),
and we shall no longer dwell on the funclions of these zones.

One basic feature is fo be emphasised here: palients with lesions
ol the posterior parts of the brain may lose several important beha-
vioral operations, but these lesions never result in a general delerio-
ration of their conscious conduct: these patienis retain their plans
and their stralegies; they are fully aware of their defects and very
actively try to overcome them. They remain Human Beings in the
iull meaning of this word, and in spite of their tragic fate, they never
iuse their conscious forms of eonduct.

We come to ihe conclusion that the second basic block of the
Brain, no matler how important it may be, is in no way respon-
sible for the regulation and control of Man’s conscious behavior.

The fhird block of the Brain includes the Frontal Lobes, and it is
of a particular inlerest for the basic problem of our discussion.

The fronial lobes of the brain are the last acquisition ef the
- evolutionary process and occupy nearly one third of the Human
hemispheres. They preserve a vertically organized structure typical
of the molor zones (G. I. Polyakov, 1966) and their anterior paris
nnssess some distinclive features of the most compiicated “tertiary

.ies”. They are intimately related to the reticular formation of the
rain stem, being densely supplied with ascending and descending
fibres, and their medio-basal paris may be regarded as an important
cortical structure superimposed on the systems of the upper brain
stem (French, 1958; Naula, 1964, 1965 et al.). They have intimate
connections with the motor cortex and with the structures of the
second block, but in contradistinction to the latter, their work is not
of a modality-specific type. As shown by a group of Russian scholars,
{heir structures become mature only during the 4—5! year of life,
and their development makes a rapid leap during the pericd which
i5 of decisive significance for the acquisition of the first forms of
conscious control of behavior (E. P. Kononova, 1940; 1. 1. Glezer,
1959 et al.}.

There are manyv reasons io suppose that this block of the brain
olays an important role in the realization of ihe plans and programs
of human actions and in {he regulation and the control of Human
Sehiavior. We have considered this question in a series of publications
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(Ci. A. R. Luria, 1966a & b; A. R. Luria & E. D. Homskaya {(eds)
1966 et al.) and here we shall only summarize our lindings.

6. Frontal Lobes and Regulation of Conscious Actions.
General data

Neurologists know very well the general kind of behavioral
disturbances which are caused by severe lesions of the frontal lobes
{limited lesions may be poor in symptoms because of certain equi-
potentiality of the foci of the prefrontal area, this “highest and
least dilferentiated part of the human cortex”, as formulaied by
Hughlings Jackson).

Patients with severe lesions of the prefrontal areas, as a rule,
do not manifesi any stable alterations of memory and orieniation
in the immediale environment which are typical of patients with
lesions of the medial parts of the hemispheres. They don’t suffer any
defects in perceplion or movement, in speech or even logical ope-
rations. At first glance one may suppose that they preserve all
the basic functions of the Human Brain.

But this is not the case. Attenlive observation shows how deep
are the disturbances in the regulation and contrel of the conscious
behavior of these patients.

As 3 rule, only a limited part of the patients are able to create
ptans or to follow certain programs; nor do they preserve
complicated motives of their conducl. No strategy can be observed
in their behavior, and they do not try fo find proper ways or means
of fulfilling of a given task. Complex forms of behavior are, as a
rule, replaced by primitive “field-actions”, impulsive responses to
immediate stimuli or by an inert reproduction of previously evoked
stereotypes which at first were meaningful, but became totally sen-
seless in new conditions.

The classical descriptions of the behavioral changes in anim:
after the destruclion of their frontal lobes — beginning with the
early publications of Bianchi and Jacobsen and ending with the
tatest findings of Anokhin and Pribram — have been enormously
enriched by observations carried out on patienis with massive lesions
of the frontal lobes. We cannot forge! one of our patients — a woman
with a massive bilateral {umor of the frontal lobe — who at an
early stage of her disease was seen to stir burning coal with a broom
and to cook some of the bristles instead of noodles. |

Nor can we forget a soldier with a massive bilateral gunshot
wound of the frontal lobes who started to plane a plank, but could
not stop and automatically continued this work until almost a half
of the bench itself proved to be planed down.

It is easy to see that no defects of movemenis were responsibie
for such junny alterations of behavior, that massive derangemenis
of the inner plans and programs predominaied in these cases and
that the purposeful forms of conscious behavior were replaced here
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I responses to immediate impressions or by automatic

by ancontroll
inert stereotvy

The decisive role played by the Frontal lobes in the control of
onscious behavior is beyond any doubt. But the problem still re-
mains what are the mechanisms of these functions of the Frontai
lobes? '

7. Frontal Lobes and Regulation of Vigilance

Let us turn to some experimental data which could help us to
answer this question.

To realize a complicaled program one has to preserve a certain
fevel of vigilance; it is well known that complex discursive activity
can hardly be performed in a dreamy stale.

Bul a general excitation of the cortex caused by impulses coming
from the reticular formation is by no means sufficient in this case.
The activity required for the realization of a complex program must
be highly selectfive; it must be evoked by a definite goal or plan;
the information which is related to the given plan is to be singled
out and must become dominant while all ouiside impressions
must be suppressed. It is obvious that such selective organization of
the-active stale can be ensured only by a close participation of the
Giighest cortical areas and their descending fibres.

The Frontal lobes, especially their medial parts, are exceptionally
rich in descending and ascending fibres of the reticular formation:
this was shown in a series of works by French {1955), Nauta {1964,
1568), Zager (1962} and others. We might therefore expect that
the subject’s sirong intention can mobilize the apparatuses of the
brain stem and, with the help of the activating system raise the
activity of the [rontal parts of the brain, and that lesions of the
frontal lobes may result in 2 breakdown of these activating in-

uences.

Both assumptions proved to be right.

The first was corroborated by a series of brillant experiments of
W. Grey Walter in England and of M. Livanov in the USSR. It is
well known from Grey Waller's siudies that any expectation of 2
signal evokes a special kind of slow potentials which appear in the
subject’s frontal lobes and subsequentiy spread to the posierior parts
of the cortex. Grey Waller (1963, 1966} called them “expectancy
waves” and observed their intensification when the subject’s acti ity
increascd, and their disapperance when the instruction was canceiled.

At the same time M. N. Livanov in Moscow, using a 50-channel
amplifier, made an important observation: when the subject started
solving a difficult intellectual task (such as muitiplication of tweo
two-digid numbers}, a significant number of synchronously excited
poinis appeared in his frontal lobes; they disappeared when the
ploblern was solved or cancelied. The same could be observed in
excited parancid patients; the synchronously excited foci in the fron-
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tal corlex disappeared after the patienis were trealed with a tra
quillizing drug. 4

These data make it very probable that the [ronial lobes of thr
human brain take an important part in the regulalion of vigilanc.
required for the realization of complicated intellectual actions.

The facts we menlioned were obtained on normal subjects; but
it is highly probable that in patients with severe lesions of the fron-
tal lobes the regulation of the higher forms of vigilance may be
markedlv disturbed.

Precisly this problem has been carefully studied by Dr. E. D. Hom-
skaya of our laboratory in a long series of experiments on puatients
with fronial lesions with the help of a baltery of objective methods.

Let us review oniy some of her findings.

It is well known that the appearance of any stimulus evokes in
a normal person a series of somatic reactions, which actually are
symploms of arousal or components of an orienling reflex, such as
constriction of the vessels of the fingers, dilalation of the vesseis of
the head, galvanic skin reactions. These somatic reactions persist
for a some time and are extinguished when the subject becomes
habituated to the stimuli; they can be increased and prolonged if a
special instruction is given, if the subject is asked to count the
stimuli, to await some change in them, or to press a key when ihe
stimulus  appears, in other words when the stimulus assumes a
“signalling meaning™ {E. N. Sokolov, 1959; 0. S. Vinogradova, 1959}.

Such an increase and fixation of the vegetative components of
the orienting reflex is observed in normal subjects and in patients
with lesions of the posierior parts of the hemispheres; but il is not
observed in patients with lesions of the fronial lobes and especiaily
ol its medial or basal parts. These patients may exhibit immediate
vessele reactions o changes of the stimuli, but the verbal instruc-
tion we have mentioned doesn’'t evoke any stabilizaiion of the vas-
cular symptoms of the orienting refiex. This is of high diagnosti
significance and olten remains the only symptom of & frontal lobe
lesion, _

Similar data were obfained from experiments in which EEG com-
ponents of the orienting reflex were recorded.

it is well known that any new and unexpecied stimulus resuils
in a depression of the aipha band of the EEG and especially of .
its high frequencies; il is likewise known that a verbal instruction
imparting a special meaning {o the signal makes this depression
more pronounced and more stable. ‘

The same is observed in patients with lesions of the posierior
parts of the hemispheres; no such eifect is seen in patients wilh
lesions of the frontal lobes, especially of their mesial paris. The
verbal instruction to count the stimuli or to await their changes
does not increase the effect of desynchronization, and in some cases
a slight depression of the iower frequencies or even a paradoxial
exaggeration of the alpha dizpason takes place.
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During the last few years a new EEG-symptom of activalion has
been carelully studied and proved to be highly reliable. As shown by
A. Genkin (1962, 1963) and later by E. D. Homskaya and

. Y. Artemieva (1966) a careful analysis of the structure of the
alpha waves in a norma. subject discloses a peculiar change in the
asymmetry of the ascerding and descending fronis of the alpha
wave which bears a slow periodical character of 6—7 seconds. This
regularity is observed in the quiet state of a normai subject and
beconies violated when activation or infellectual arousal takes place.

The same can be observed in patients with lesions of the poste-
rior parts of in brain; but no such breakdown of the regularity of the
asymmelry index is observed in patients with lesions of the frontal
fobes. i

Perhaps ol the greatest importance are data obtained from exgeri-
ments with evoked potentials conducted by E. G. Simernitskaya
on normal and brain lesioned subjects 1966).

It is known that each speeilic stimulus {visual or tactile) evokes
specific poiential changes in the occipital or sensorimotor parts of
the corfex and that the expectation of such a stimulus results in an
exaggeralion of these evoked potentials.

The same effect, produced by the verbal instruction to await a
signal, is seen in palients with lesions of the posterior parts of the
hemishpere; hul no such effect of a verbal command is seen in pa-
tients wilh fesions of the irontal or medio-Irontal parts of the brain.

All these data oblained by E. D. Homskava and her co-workers
show thal the fronial iobes play a significant parf in the regulation
of the active states siarted by a verbal instruction.

li is easy fo see how important ihese data are for understanding
the decisive role which the froniai lobes play in the control of the
highest forms of human behavior. '

8. Frontal Lobes and Realization of Programmed Actions

Disturbances in the regulation of vigilance observed in patients
with severe lesions of the frontal lobes exert far reaching influences
on the structure of Man's conscious actions. Being unable to sustain
permanent selective atlention, patients of this group become unable
io Hullil complicaled programs of actions.

Let us turn to a series of corresponding experiments.

Only patients with massive bilateral lesions of the frontal lobes
and with a pronounced akinelic syndrome are unable to fulfiil the
simple instruction: “Lift yvour hand!”; the difficulties with which the
iuffilment this command is connected increase when the patient's
nands are under the bedsheet and when he has o execute a more
complex program of successive movements: at first to free his
nand, and eniy then to fulfiil the instruction. In these cases he often

18w ! shall fiit my hand.” but does not perform any

i3

As a rule, patients with severe lesions of the Fronial lohes cau
easily imitate simple movements performed by the psychologist, such
as lifting a list or a finger. But the picture completely changes it (he
given iask is replaced by another one, i. e. when the verbal comman
comes in conflict with the visually presented pattern. Let us zive the
patient the following order: “When you see my fist, you wili show
me your finger!” In this case the realization of the program will be
impossible, and although the patient retains the verbal instruction
and repeals it, after 1—2 correct reactions the directing role of the
verbal command breaks down and the required movement is replaced
by an immediate imilative reaction. The same can be observed if we
ask the patient to respond to every single knock with two knocks,
and to every two knocks with a single one. The patient’s inability
to maintain a program organized by a verbal code and the reduction
oi his action to the level of immediate imitation are in both cases
quite obvious.

The breakdown of an action controlied by a verbal program may
assume a different form when the conscious action is replaced by an
inert stereoiype.

Let us for example, instruct the patient to lift his right hand in
response to one knock and his left hand in response to two knocks.
A patient with a less severe lesion of the frontal lobes is often able
to fulfili this instruction. But if we break this stereotype (R—L-—
R—L—R—L-—-L), we find that the patient will preserve this
stereoiype order and will continue the alternation already started,
irrespective of the given signals, even though he retains the verbal in-
siruction. In cases of massive lesions of the frontal lobes this patho-
logical inertia manifests ilself even at the verbal level; if ihe patlient
is instructed to fuliil a simple program, for example, to produce one
strong knock and two slight ones, and to accompany these actions by
his own verbal comimands: “Strong—slight-—slight!”, he often begins
to change his commands: he adds perseverative repetitions of or
of the links, and saying: “Sltrong—slight—slight... Strong—slight—
slight — slight” and realizes this delormed program in his motoc
reactions.

It is obvious that in these cases the patient's own speech is
unable {o regulaie his cwn behaviour. We could easily present a
series of data, showing that the breakdown of the verbal conirol of
behavior in patients with severe lesions of the frontal iobes brings
aboui the same phenomena which we have already seen when dis-
cussing the early stages of development of the highest forms of
conscious aclions.

The breakdown of conscicus actions and their replacement by
inert stereotypes or primitive reactions to immediate impressions cz
be perfectly well analyzed in experiments with a graphic realizalion
of given programs.

Any drawing of a figure actually presents an execution of 2
successive algorithm: in order ic draw a cross, the subject has io

-

19




draw a vertical line, and then swiich his movement over to a hori-
sonlal one: in order to 1ulfill a more complex program — to draw

circle and a cross he has {o perform a series of movements: aiter
wrawing the circle he must move his hand to the next point of the
sheel — and only then he can start drawing the cross. It can be
casily seen thal the fulfiiment of this program requires that the
previous movements, as well as all outside influences, be blocked.

In patients will: severe lesions of the frontal lobes this compli-
cated struclure of the program may be violated, and its break-
down can be seen in every link of the alogorithm mentioned.

1i the lesion is located in the deeper regions of the frontal lobe,
the patient may start dfawing, but tne fulfilment of the program
is violated by a molor perseveration. In the case of a severe damage
of the prefronial zone, the patient may be unable to fulfil the inter-
mediate link of the program not mentioned in- the instruction; the
execution of the command “Drow a circle and a cross” does not shift
his hand, and both figures prove to be superimposed. Sometimes the
execution of the program is violated in some different link;
the patient does not shift from one unit of the program to another,
sticking at the first action and repiacing the program of actions by
an inerl stereaiype.

Finally, the reaiization of the program may be violated by un-
controiled oulside influences or exiraneous associations.

A patient with a traumatic cyst of the frontal lobes is instructed
to draw a square. He begins to do it, but draws three quadrangles
and then another big square following the borders ol the sheet
ol paper.

The psychologist whu conducts tre experiments whispers to his
colleague: “Have you read that a pact was signed to-day?”, — and
the patient reacts to this immediately, writing in the middle of the

uadrangle “..Act. N.”. “What is the patient’s name?"” the psycholo-
“ gists asks his assistani; and the patient writes immediately “Yermo-
lov”. “Look, this is so similar {o the behavior of lobectomized ani-
mals” whispers the psychologist, — and’ the patient adds to the
already written word “Act” the words “on Animal breeding...” We
can hardly find an example which could express better the break-
down of the patient’s programmed action.

Here is another example of the same kind. A patient with

a massive tumour of the left irontal lobe is asked to draw a triangle;

e draws it at once, bul adds a second one. Then he is asked to
draw a minus; he draws an oblong, perseverating the closed form
of the triangle. When he is asked to draw a circle, he does it, but
additionally draws the same oblong in the middle of the circle and
writes the words; “Entrance strictly forbidden!” Can you guess
what the patient’s former occupatlion was?...

The znalysis of the basic types of breakdown of programs in
patients with severe lesions of the frontal lobes opens up new vistas
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in the Neuropsychology of the Conscious Action, its inner struciure
and its cerebral organisation.

9. Frontal Lobes and the Sirategy of Plans

Up to now we have described disturbances in the realization of
given programs in patients with severe lesions of the fronial iobes.
It is obvious that even more massive defects may be observed in
most complex forms of active behavior, when the patients have io
develop their own strategies and to consiruct their own plans and

_ programs. This can be easily seen in experiments where the patients

have to elaborate some active operations to single out some decisive
points of information. ;

Several years ago E. N. Sokolov (i958) proposed a special tech-
nique for analysing such perceptive strategies; this was followed by
experiments of L. Arana (1961) on normal subjects and of O. K. Ti-
khomirov (1966) on patients with lesions of the frontal lobes.

A subject whose eyes are closed receives fwo sets of checkers
having the forms of the letters H or E. He has to touch them
successively with his finger and to recognize which letter is actually
presented to him. At the first stages the subject’s search for infor-
mation is of an extended type: he touches all checkers; but very
soon he develops a special strategy trying to single out only those
points of information which are decisive for the discrimination of
both leifers. At the idst stage only one trial is sulficient for ful-
filling this task. '

No such process of development of a strategy is observed in
patients with lesions of the frontal lobes. As a rule, such patients
touch all checkers, but they don’t use the information they receive;
nor do they shorten their search. The act of touching successive
checkers is not used here for preliminary orientation to the giver
pattern, and the patients “conclusion™ is a merc guess, but not
normal process of 2 decision making.

A simiiar breakdown of complex strategies of perceplive search
is observed in a series of most expressive experiments with active
observation of themalic pictures and with simulianeous recording
of the subject’s eye movements.

Let us show to a normal subject a complex thematic picture,
for example, a well known Iicture of the outstanding Russian
painter Repin “The Unexpected Return”. It presents a man who
unexpectedly returned home alter he had spent many years in {sarist
prison. Let us fasten to the subject’s sclera a litile mirror which
reflects a beam of light to a photusensitive paper recording the
subject’s eye movements. Afler recording the subject’s [ree obser-
vation of the picture let us ask him some different questions, such as:
“How old are the members of the family?” “How are they dressed?”,
“Is the family rich or poor?” or “How long was the man in prison?”
Records of thie eye movement made during 3 minutes show how
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exploraiory activity of a normal subject and how

istructure of his scarch changes dependisig on different
(Yarbuss, 1967).
mplex structure of the search is observed in patienis
lesions of the frontal iobes. These patients don't exhibit
of their search behavior; they don't make any attempts
out the decisive information by comparing separate defails
ure. They fix some points of the picture, sometimes chosen
andom, and their eye movements bear a chaotic or perseverative
haracter; no change ol ocular movemenis manifests itself when
“difierent insiructions are given. [t becomes evident that no active
straiegy ol search is applied by these patients, and that their per-
ceptive behavior becomes profoundly changed.
! May we assume that the structure of active forms of behavior is
severely disturbed as a result of lesions of the frontal lobes?

We have had many occasions to prove the correctness of this as-
sumipiion in a long series of experiments with different kinds of intel-
fectual aclivities; in all cases we came to the conclusion that the
tiuman frontal lobes are intimatcly involved in the realization of
comiplex sirategies of behavior and that severe injuries of these parls

of the brain result in a breakdown of the basic structures of their.

intellectual activities (cf. A. R. Luria and E. D. Homskaya (eds .
1666; A. R. Luria and L. S. Tsvetkova, 1967). = = =
10. Conclusions and :Persp'ecl_'it'es .

e
A

This concludes the review of our bas:ic' dat&obhinadr !
g series of studies of the Origin and Cerebral Organi igb

Man’s Conscious Action. Now we can pass o some gener
. rences, : N i
L We can jully agree with the assumption that the Human CNS

“ieally a “Concepiual Nervous System” and that its basic task coa~
sists in elaboraling some inner codes which result in the execution
of certain plans and programs and in the regulalion and controi

of Man's own behavior, This really makes the Human Brain an
Organ of Freedom.
We likewise know that the origin of the highest form of seli-
. regulating behavior doesn’'l lie in the depths of the organism, and
~in order to disclose its rools, we have to turn to the complex forms
of a child’s relations with ils social environment and to its
juisition of language. We already kiow some features of the
istory of ils development, and we possess some basic dats
its cerebrai organization. it is evident now what an im-
‘ole the Frontal lobes of the Human Brain play in the orga-
‘af the conscious control of behavior and what a profound
+ of this highest forms of seif-regulated activity is observed
esions of this wonder{ul parts of the brain.
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How ever, aller long researcit wWork, we nave ¥ aai

are only at {he verv beginning of our way and that ihe
problems many limes exceeds the scope of our actual

We don't yet know the neurophysiological mechanismis of i
highest forms of conscious regulation of behavior; nor do we know
the intimale physiclogical mechanisms of the work of our Frontal
lobes. Our knowledge of the Frontal lobes is still too vague, and
only during the last vears have we began lo acquire some data con-
cerning their complex functional organization.

Thus, we are still very far from the solution of our basic proh-

‘tem — ihe Neuropsychological Organization of Man’s Conscious
i

Action, and we can only look forwa th envy and hope to the
work of the next generations of Psychologists who will one day {ake
our place and bring to a successful end the work we have only
staried. o R AR % & i
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