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The problem
Human neuropsychology is a new branch of psychological
science that was developed at the borders of psychology and
neurology. Its goal is to study the brain organization of
mental processes and, especially, the higher forms of be-
havioral processes (1-9). The central problem of this branch
of science is the "localization of functions in the brain cortex."
Studies in this problem started several decades ago, but its
scientific solution is still in the future.
Neuropsychology developed as a result of two basic issues:

the progress of neurosurgery and a need of psychological
science for a reliable knowledge of the cerebral mechanisms
of the psychological processes.

In the last few decades neurosurgery has made tremendous
progress. About 40 years ago, the mortality after brain opera-
tions was very high-sometimes 60-70%; now, as a result
of new techniques of surgery, treatment of brain edema, and
new methods of resuscitation, the mortality does not exceed
8-10%. This means that precise and early local (or regional)
diagnosis of the localization of cerebral lesions (e.g., tumor,
hemorrhage, vascular disorder) has become a problem of ut-
most importance. The solution of this problem has certain
limitations. Regular neurological methods (analysis of altera-
tion of sensibility and movements, tone and reflexes, limita-
tions of sight and fields of vision, etc.) can be used for a local
diagnosis of only a limited part of the cerebral cortex (sensori-
motor areas and their pathways). X-ray studies do not bring
any precise results, and even the use of contrast methods for
arteriography and electroencephalography have certain
limits.
The restricted limits of regular neurological symptoms is

a result of some very important facts: lesions of the highest
(secondary or tertiary) zones of the cortex-which are con-
sidered as specifically human parts of hemispheres-do not
result, as a rule, in any elementary sensory or motor
defects and remain inaccessible for classical neurological
examination. They are associated with alterations of very
complex behavioral processes (cognitive processes, elabora-
tion of complex programs of behavior and their control),
and that is why one has to establish new complex methods that
could be used to study functional disorders evoked by their
injuries. It is thus necessary to apply methods of neuro-
psychology for local diagnosis of lesions of these complex
cortical zones.
The second issue of neuropsychological studies lies in some

basic needs of scientific knowledge of the role of different
cortical zones in the organization of complex forms of be-
havioral processes.
For many decades, psychology remained a descriptive

science, and even important progress made by its different
fields did not give a reliable approach to the basic cerebral
mechanisms of human behavior. A certain disagreement re-
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mained among scientists. One group of scholars hypothesized
that complex forms of mental processes are localized in
strict circumscribed cortical areas. Another group started
from an opposite assumption and hypothesized that complex
mental processes are generated by the brain as a whole and
are more a result of the entire brain tissue rather than of the
activity of strictly localized groups of neurons. It is of im-
portance that very often even objective physiological methods,
such as analysis of conditioned reflexes and their changes
after extirpation of some parts of the brain, did not give any
information concerning the functional organization of the
human brain.
That is why the formation of a new branch of psychological

science-of neuropsychology, which started to analyze changes
of complex behavioral processes in man associated with local
lesions of the brain-became an event of utmost importance.

Basic principles
A scientific approach to the problem of the cerebral localiza-
tion of the highest mental functions in man depends on a
radical revision of two basic concepts: the concept of "func-
tion" and that of "localization."

It is obvious that the concept of "function" has at least two
different meanings. We can understand the biological "func-
tion" as an immediate activity of certain tissue. Thus, different
kinds of secretion are functions of certain glands, reaction
to light is the function of retina, etc. But the word "function"
can have a different meaning. It can be used to designate
complex forms of adaptive activity, which start from an in-
variant goal, use different, interchangeable means, and
achieve certain invariant results. This meaning can be ap-
plied to such a "function" as breathing (where conduction
of oxygen to the alveola of the lungs can be achieved by
diaphragm muscles, intercostal muscles, sometimes even
muscles of the larynx), or to "functions" of locomotion where
the subject can arrive at a goal using very different systems
of muscles. Such scholars as Lashley and Hunter et al.
showed that extirpation of cerebellum, cutting of por-
tions of conductive portions of the fibers of the spinal cord,
or reconstruction of mazes, did not affect the goal-oriented
behavior of an animal.
Every behavioral function is really a functional system,

which preserves a stable goal but uses different links of opera-
tive behavior to come to a desired result. It is obvious that,
in all these cases, there is not only a certain "feed-back"
needed for control of the effect of behavior, but also a certain
"feed-forward," which establishes plans and programs and
which is of decisive importance for elaboration of complex
forms of behavior.
The idea of "functional systems" as complex "reflex

circles" (this idea was opposite to that of the "reflex arc")
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was formulated in the 1930s by two outstanding Russian
scholars, P. K. Anokhin and N. A. Bernstein (10, 11), and
was developed in a series of their works (12-19) as well as in
some publications of American authors (K. Pribram et al.)
These ideas were a starting point for the creation of a
new branch of physiological science-a "physiology of activity"
(opposed to the "physiology of reactivity"). Of utmost im-
portance is the fact that all higher behavioral processes (or
"higher cortical functions") are really such complex functional
systems, which are based on the coordinated functions (or "con-
stellations") of cerebral zones constructed in such a way that
separate links of this system can be interchanged and that
such a change does not affect the whole functional system.
This approach is associated with a radical revision of the
whole problem of "cerebral localization of functions." We
do not start with any attempts to "localize" a complex func-
tion in a limited part of the brain; rather we try to discover
how a "functional system" is distributed in different parts of
the brain, and the role that every part of the brain plays in
the realization of the whole "functional system."
One basic principle is of decisive significance for the concept

of functional analysis of neuropsychology: while a certain
complex of cerebral zones take part in the realization of the
whole "functional system," every zone plays a highly specific
part in organization of this "functional system." That is why
lesions of different zones result in different kinds of deterioration
of "functions," and the analysis of the type of functional
disorder or a "psychological qualification" of the symptom can
provide information about which part of the functional
system is deranged (1-3, 20-22). That means that a certain
"double dissociation" (H.-L. Teuber) of results of a local
brain lesion can be found. Lesions of certain zones of the
cortex that are associated with a highly specific factor result
in a disturbance of all "functional systems" that include this
factor, while functional systems that do not include this factor
remain undisturbed. Thus, lesions of the temporal zones that
play a decisive role in acoustical analysis of sounds result in
a deterioration of analysis of speech sounds, perception of
words, and writing, but do not affect analysis of geographical
maps, written computation, and other forms of activities
where this factor is not present. At the same time, lesions of
the parieto-ocipital parts of the brain associated with spatial
analysis and synthesis result in a disorganization of all pro-
cesses that include complex simultaneous (or spatial) anal-
ysis-such as orientation in space, reading a geographical
map, constructive activity, and computation-but do not
disturb perception of musical melodies, understanding of
elementary phrases, etc.

Differently situated brain lesions do not affect only a cer-
tain complex of functions, but result in very different kinds
of deterioration of the same "functional system." Thus, lesions
of the left temporal lobe (cortical apparatus of acoustical
or phonematic analysis) result in deterioration of writing,
which is very different from the deterioration of the same
process resulting from lesions of post-central (kinesthetic) or
parieto-occipital (visiospatial) parts of the cortex (1, 3, 23,
24). That is why a careful study of the type of disturbances of
a certain function, i.e., a "qualification of the symptom," can
result in a description of the factors underlying this defect.
That is a first stage of our analysis. Only after that work is
accomplished can we move to the second stage of our work.
This stage consists of a careful analysis of disturbances of
different functions, which are of the same type and which are
due to derangement of the same factors. This work results

in a description of a whole syndrome, which is of decisive
importance for our diagnostic work and which can provide
reliability of neuropsychological evaluation of the site of the
damage (25).

Neuropsychology of movement and action
In classical neurology, it was thought that the cortical ap-
paratus of voluntary movements is situated in the anterior
cerebral convolution (field 4 of Brodmann), whereas the
cortical apparatuses of complex forms of praxis are associated
with infrapariental regions of the brain (fields 39 and 40).
Lesions of the first parts of the brain result in paresis or
hemiplegia, whereas lesions of the second parts result in
ideational or ideomotor apraxia (1-3, 26-30). It is easy to see
that although these concepts have a certain clinical reality,
their theoretical basis is not yet well elaborated. The concept
of the "ideation center" that takes part in creating "motor
schemes" that are superimposed on the "sensation of move-
ments" does not yet have a physiological reality. That is
why the most cautious authors expressed the idea that a
careful physiological analysis of the mechanisms underlying
voluntary movement is absolutely necessary for a scientific
approach to the understanding of movement and action and
their disturbance.

Important progress in the physiological approach to human
movement and action was made by the outstanding Russian
psychologist, N. A. Bernstein (13-15). As he showed in his
studies by use of a precise cyclographic technique of recording
of human movements, voluntary movements start by a con-
stant (invariant) "movement goal," which takes part in the
creation of a "general scheme of movement" and which re-
sults in a constant (invariant) effect. The most important
situation that has to be taken into account is that the move-
ment can never be realized only by a system of efferent motor
impulses. The system of joints involved in a movement has
practically infinite gradations of freedom, and if we add that
the flexibility of muscles changes during every moment of
movement, it becomes clear that no mathematical formula
can be found that could provide constant, goal-linked schemes
of movements. That was the basis of Bernstein's rule of a
"principal impossibility of regulation of movements only by
efferent impulses" and required the assumption that afferent
influences give the brain information concerning the positions
of joints and the changing flexibility of muscles at every mo-
ment of the movement. These systems of afferent impulses are
organized in "afferent fields," which are situated on different
levels from the most primitive (provided by the spinal cord
and brain stem) to the highest (provided by the kinesthetic
and visiospatial zones of the cortex and even by the highest
parts of the cortex that take part in the most complicated
forms of symbolic activity). These "afferent fields" play a
decisive role in providing stable "afferent corrections" of
motor acts; they change in subsequent phases of elaboration
of motor skills. Whereas in a new unskilled movement these
corrections are of a "secondary type" (they follow the move-
ment already started), the nature of these corrections changes
in the course of building of a "motor skill," and at a certain
level of habituation they turn to "primary type of correction"
when the correcting impulses are working as a certain "feed-
forward" scheme.

This type of "feed-forward" organization of flexible move-
ment provides a mechanism called by P. K. Anokhin "the
acceptor of action" (26-29). This constitutes, an important
part in the mechanisms of the physiological organization of
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every action. The findings of Anokhin and Bernstein were of
basic importance for a scientific approach to the analysis of
human movements and actions. They provide a better under-
standing of their disturbances associated with local brain
lesions. Important results of these studies were reviewed
(1-3, 26-30); these findings made it possible to describe certain
basic syndromes of disturbances of movements and action
with different lesions of the brain. Thus, if the lesion is situated
in post-central (kinesthetic) parts of the cortex, the kinesthetic
basis of movement becomes lost, motor impulses lose their
precise addressing, and fine motor acts become impossible.
In these patients a certain kind of "afferent paresis" or "af-
ferent ataxia," which was carefully described by 0. Foerster
(1936), can be observed.

If the lesion is situated in inferoparietal or parieto-occipital
zones of the cortex that are responsible for organization of
"spatial afferent fields," disturbances of movement and actions
acquire a new structure: patients with such lesions become
unable to coordinate their movements in space, they confuse
vertical, sagittal, and horizontal positions, and a "spatial
apraxia" (1-3) develops. If the lesion destroys the premotor
zones of the cortex, disturbances of movements once more

acquire a different structure: patients become unable to
make a fluent shift from one link of a movement to another,
fluent "kinetic melodies" are broken down, and skilled move-

ment becomes impossible (26, 29). In patients where lesions
of this area of the cortex involve deep parts of the brain, the
cortex ceases to control subcortical activities, and a patholog-
ical inertia of movement in these patients is observed. A
voluntary arrest of movement started by the patient becomes
impossible, and motor perseveration is now a central feature
of the whole syndrome (29, 30).
A different kind of disturbance of action can be seen in

patients with lesions of the prefrontal parts of the brain. In
these patients, the technical structure of the movements
remain preserved, but the goal-linked programs of human
actions become severely disturbed, and well-organized, pro-

grammed actions can be replaced by inert stereotypes or

by imitations of movements that the patient happens to be
seeing but does not correct. These kinds of disturbances will
be discussed later, and I shall not dwell on them here.

All I mentioned so far shows the importance of a careful
analysis of the kind of disturbances of movements and actions
in patients with different lesions of the brain, and what rich
information can be obtained from a neuropsychological
study of motor disturbances for a local diagnosis of brain
injuries.

Neuropsychology of perception

Neuropsychological studies of patients with local brain in-
juries brought a wide range of new information concerning
the structure of perception and its cerebral organization.
Only a few decades ago it was thought that visual perception
is a process of an isomorphic reflection of the form of a geo-

metrical figure or an object and that its cortical apparatus is
situated in the occipital (visual) cortex and its primary
(projection) zones.

Now, after studies conducted in different countries, a

large amount of data on the structure of perceptual processes

has been acquired. These data showed that visual perception
has a very complicated structure, and that it really is a com-

plex active process of selection of decisive cues and of making
a decision concerning the significance of the object perceived.
The role of verbal coding was shown by a series of recent

psychological studies (31-38), which proved that a very com-
plex pattern of extended searching activities is displayed
during formation of visual images in children. These studies
showed the correctness of the famous Russian physiologist,
I. M. Sechenov, who suggested, nearly 100 years ago, that
human perception is really a very complex system of percep-
tual activities and that ocular movements play a role similar
to the searching movements of the hand.

This radical revision of the problem of human visual per-
ception resulted in significant changes in our approach to the
neuropsychological studies of the cerebral mechanisms of
perceptual processes. It was hypothesized that the cortical
organization of visual perception is not entirely dependent
on the primary parts of the occipital (visual) cortex. The in-
formation received by this part of the visual cortex is further
elaborated by the secondary zones of the occipital (visual)
cortex and that of the parieto-occipital parts of the hemi-
spheres, as well as by the frontal parts of the cortex. They all
play a significant role in the organization of ocular move-
ments, and are intimately included in the functional complex
of zones that take part in the organization of visual images.

After the classical studies of Hubel and Wiesel and a
series of investigations that followed, it is now well known
that the primary visual zone of the cortex contains a complex
of neurons that react to very specific cues of visual informa-
tion. As was shown by neuropsychological studies in animals
and in men, lesions of this part of the cortex result in a de-
rangement of visual fields that have a very specific spatial
organization. Their functions become clear only after careful
studies of patients with lesions of the primary visual zones of
the cortex (1, 3, 39).
Very different data are observed in patients with lesions

of the secondary zones of the visual cortex. Injuries of these
zones, which have a predominance of the neurons of second
and third level and which do not show any somatotopic pro-
jection, never result in defects of spatial organization of
visual fields. The essential features of lesions of these zones
is that they result in a functional disorganization of visual
images. Patients with such lesions can see only separate
details of a visually perceived object; they become unable to
synthesize these features into whole patterns, and such an
"amorphosynthesis" is a basic feature of the clinical picture
observed in these patients (1-3, 38, 39). Such defects in visual
integration can be especially observed when contours of
visual forms or images are given on a background of neutral
visual noise. Statistical calculations of the relation of visual
figure and "visual noise" provide a new and precise approach
for measurement of these disturbances of elaboration of in-
formation in secondary parts of the visual cortex (40-43).
Important data were obtained in observations of the lesions

of tertiary (occipital-parietal) zones of the cortex. Lesions of
these zones do not result in any disintegration of perception
of isolated images, and no phenomena of object agnosia are
observed (1-3, 38). The type of visual deficit evoked by these
lesions is different. Patients with bilateral lesions of this part
of the cerebral cortex can show disturbances similar to those
that were described by Balint (1909) and that have the type
of functional restriction of perceptual field or a kind of "simul-
tanagnosia": they are able to perceive simultaneously only
one object (independent of its size) and show marked pa-
thology of coordination of their gaze and movements in
space. When deep regions of this part of the brain (predom-
inantly of the minor hemisphere) are involved, a syndrome
of neglect of the left side of the visual field can be observed
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(44, 45) and a special kind of "fixed left-sided hemianopia"
(see refs. 52 and 53) can be seen.
As I already mentioned, ocular movements play an im-

portant part in the process of perceptual activity. They can
be recorded by several techniques. One such technique, a
photoelectric method of recording movements, was developed
in this laboratory (46, 48). The application of this technique
to the study of patients with local brain injuries shows that
disturbances of ocular movements can be associated with
lesions of both the posterior as well as the anterior oculomotor
zones (located in parieto-occipital and in premotor areas of
the cortex), but that, in each case, different deterioration of
eye movements are observed. Lesions of the posterior oculo-
motor fields result in a deterioration of passive movements
that follow the moving object. In these patients, active volun-
tary movements are much better preserved. On the contrary,
lesions of the anterior oculomotor fields result in a deteriora-
tion of active searching eye movements, whereas passive
ocular movements that follow the moving object remain less
damaged (49-51). It was shown as well that lesions of pos-
terior oculomotor zones result in a breakdown of complex
analysis of the visual object and of the simultaneous syn-
thesis of separate parts of the visual object (52), whereas
lesions of the frontal lobes evoke quite different disorganiza-
tion of the active searching movements (53, 55).

All the studies I mentioned, as well as those I reviewed in
other publications (1-3), show that a careful neuropsy-
chological analysis can make important steps towards a
qualification of the inner structure of perceptual activities
and of the role of different cortical zones in their organization.
Similar important studies were done by investigations of
tactual activity and their coordination with visual searching
movements (56). These investigations can play a decisive
role in neuropsychological studies of disturbances of tactual
perception or of a stereognosis in local lesions of the brain
cortex.
Important research was done during the last decades in

the neuropsychology of hearing and acoustic perception.
Studies showed that lesions of the temporal zones of the right
and left hemispheres can result in a significant decrease of
acoustic sensibility in the contralateral ear. This symptom
is not observed in regular audiometric studies made by means
of ordinary sounds, but it is clearly observed when ultra-
short sounds (4-10 msec) are applied. This result was found
in experiments with animals (57, 58), as well an in special
observation of patients with unilateral temporal lobe lesions
(59). It is clear that these studies describe new symptoms of
lesions of the temporal lobe; they open new roads in the diag-
nosis of these lesions and make a significant step towards a
better understanding of the role of the temporal cortex in
the process of a stabilization of acoustic excitation.

I shall not dwell here on the problem of disturbances of
acousticoverbal disorders associated with lesions of the left
temporal lobe. That will be discussed later.

Neuropsychology of speech

Studies in cerebral organization of speech were one of the
classical problems of neurology, but the classical concepts of
a strict localization of different kinds of receptive and motor
forms of speech became inadequate a long time ago, and ap-
proaches to this problem had to be fundamentally revised.
This revision was accomplished by neuropsychological studies
made during the last decades in the USSR (1-3, 60-67).
The basic approach to the study of cortical organization

of speech started from the same principles that I described
in the discussion of other fields of neuropsychology. To ob-
tain reliable information of the brain organization of the
speech processes, we have to provide a careful psychological
analysis of the processes of verbal communication (both of
coding and decoding of information in verbal acts), to single
out basic components (or factors) of these processes. Only
after this work is accomplished, can we start an analysis of
how these processes are disturbed in local brain lesions. It is
obvious that such an analysis will inevitably lead to a revi-
sion of classical concepts that started with the works of
Broca and Wernicke 100 years ago and that remained without
any significant change, for the most part, in neurological
textbooks.
A significant revision was made in basic concepts of sensory

aphasia. For many decades it was thought that disturbances
of understanding of speech evoked by lesions of the left tem-
poral lobe are due to deterioration of acoustic perception
of the certain-zone of tones ("akustische Sprachsechste")
or, as other scholars supposed, to disturbances of general in-
tellectual processes. As shown by careful neuropsychological
studies, both assumptions were wrong. It was proved that the
primary disturbance in sensory aphasia is the disturbance of
perception of the basic units of acoustic speech sounds, which
change the meaning of the words (68-70). Such deterioration
of phonematic hearing is a basic symptom resulting from lesions
of the secondary areas of the temporal lobe of the dominant
(major) hemisphere (1, 3, 4, 61). Such disturbance of phone-
matic perception is really the basic symptom of these lesions,
and this disturbance results, in a series of secondary (or
systemic) disturbances, such as deterioration of perception
of the meaning of the words, naming, writing, etc., which are
essential parts of the syndrome of sensory (acousticognostic)
aphasia (61, 66, 71, 72).
The revision of basic disturbances in sensory aphasia was

of great importance for a better understanding of the cerebral
organization of the processes of understanding of speech and
for modern phonological science. Very important data were
acquired in the process of the neuropsychological revision
of the theory of motor aphasia. From the first discovery made
by P. Broca, it was firmly accepted that motor aphasia is a
result of lesions of the posterior part of the third frontal con-
volution of the left hemisphere, which was supposed to be a
"center for motor images of the world." This assumption re-
mained for a whole century, without any considerable change.
The revision of the general physiology of movements I

mentioned (13-15) showed that the efferent motor impulses
are insufficient for a sound control of voluntary movements
and that a system of afferent impulses is needed to provide
the control of complex motor programs. The same principle
can be applied to the analysis of the physiological mechanisms
of expressive speech and for a better understanding of the
syndromes of "motor aphasia."

Disturbances of the motor organization of speech can be
seen in lesions of at least two different cortical zones (61, 66,
73). Motor aphasia can be observed in patients with lesions
of the lower parts of the posterior (kinesthetic) parts of the
left hemisphere. In these patients, a certain type of "deaf-
ferentiation" of motor speech processes can be seen; patients
become unable to find proper articulations, similar (correlated
or opposite) "articulemes," such as linguopa'atal d, n, 1 or
labial b and m, become confused, and a kind of "afferent (or
kinesthetic) motor aphasia" is evoked. This type of aphasia
has clearcut clinical features and is close to the picture de-
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scribed by some German authors (74) and well-known as a
"phonematic disintegration of speech" described by French
neurologists (75). A very different type of motor aphasia is
Dbserved in lesions of the posterior parts of the third frontal
convolution of the left hemisphere (or of the Broca's area). In
these patients, the kinetic base of speech remains intact and
patients can find proper articulation, but a fast and smooth
transition from one articulation to another becomes impos-
sible; the "kinetic melodies" become deranged, and a special
syndrome of "efferent (or kinetic) motor aphasia" can be de-
scribed (1, 2, 4, 61, 66).

Differentiation of two types of motor aphasia and the de-
scription of two syndromes I mentioned is of great importance
both for diagnosis of local brain lesions, which result in dis-
turbances of expressive speech, and for the better under-
standing of physiological theory of the speech processes that
up to now had no scientifically based theory.

Neuropsychological analysis provided some progress in our
understanding of the mechanisms underlying two other types
of speech defects, described as "semantic" and "dynamic"
aphasia. In 1926 H. Head described a special kind of speech
defect that was observed in lesions of the "tertiary" temporo-
parieto-occipital zones of the major hemisphere and that
resulted in disturbances of understanding of complex rela-
tional grammatical structures. These disturbances were closely
associated with disturbances of perception of complex spatial
relations and with a defect in conversion of the successive
information in simultaneous "asymmetrical" schemes (1-3,
6, 76). That is why the syndrome of "semantic aphasia" in-
cludes, as a rule, deterioration of orientation in space, con-
structive apraxia, and defects in computation (1, 3, 77-79).
The assumption that disturbances of spatial and quasispatial
organization of cognitive processes is a mechanism underlying
this syndrome of "semantic aphasia" is of a basic importance
for the theory of language and speech. It helps to distinguish
two groups of syntactical structures of which one remains
preserved in these lesions while the second is highly disturbed.
(A careful analysis of these findings will appear in a special
review of the progress in Neurolinguistics.)
A second form of speech disorder analyzed by neuropsy-

chological studies is that of "dynamic aphasia," which was
known as "transcrotical motor aphasia" or "aspontaneity
of speech" of the classical authors.

Neuropsychological studies (61, 80) showed that this kind of
speech disturbance can result from lesions of the anterior
parts of the "speech areas" of the cortex. In these patients,
the naming of objects and the repetition of words and even
simple sentences is preserved, but no spontaneous fluent
"propositionizing" is possible. This type of aphasic disorder
is closely associated with disturbances of inner speech and
predicative function (80, 81); these disturbances result in a
breakdown of "the linear scheme of the phrase," and the
"deep grammatical structures" which is supposed to be the
basic mechanism of "generative grammar" (82). Observa-
tion showed that this defect can occur in two different
forms: one is the disturbance of programming of sentences,
the other is the breakdown of the grammatical structure
of a sentence with a loss of predicative parts of the sentence
and a "telegraphic style" (83). Patients of this group can, to
a certain extent, recover their fluent speech by using some
external means, compensating the deranged "linear scheme
of the phrase" (81).

All these data make it possible to revise our knowledge of
the basic mechanisms of speech disorders. They allow us to

apply neuropsychological method to the basic problems of
psychologuistics, to single out some real mechanisms under-
lying speech, and to open new ways for an objective analysis
of speech and language that will be the starting point for a
new branch of science-neurolinguistics (84, 85).

1. Luria, A. R. (1966) Higher Cortical Functions in Man
(Basic Books, New York); (1969) 2nd ed. (Moscow Uni-
versity Press), in Russian.

2. Luria, A. R. (1966, 1970) Human Brain and Psychological
Processes (Harper and Row, New York), Vol. I; (Pedagogica
Publish. House, Moscow), Vol. II, in Russian.

3. Luria, A. R. (1973) The Working Brain (Penguin Educa-
tion).

4. Luria, A. R. (1964) "Neuropsychology in the local diagnos-
tics of brain damage," Cortex 1, 3-18.

5. Luria, A. R. (1965) "Neuropsychological analysis of focal
brain lesions," in Handbook of Clinical Psychology, ed.
Wolman, B. B. (McGraw-Hill, New York), pp. 689-754.

6. Luria, A. R. (1967) Neuropsychology and Its Significance-for
Neurology and Psychology (Evening Lecture to the XVI Int.
Congr. Appl. Psychol. Amsterdam).

7. Luria, A. R. (1967) Neuropsychology and its significance for
behavior sciences and medicine, Psychologia (An Int. J.
Psychol. in the Orient), X, 1-6.

8. Luria, A. R. (1969) Neuropsicologica Como Ciencia "Revista
de Psicologia General y Aplicada," 24, 5-28.

9. Luria, A. R. (1968) "Risultatt e prospettive delle ricerche
neuropsicologiche," in Brain and Mind Problems, ed. Vizioli,
R. (Ii Pensiere Scientifico, Roma), pp. 345-358.

10. Anokhin, P. R. (1935) Problems of the Centrum and the peri-
phery in the Physiology of the Nervous Activity (State Publish.
House. Gorkij), in Russian.

11. Bernstein, N. A. (1935) "Problems of interrelation of coordi-
nation and localization," Arch. Biol. Sci. 38, 1-34, in Rus-
sian.

12. Anokhin, P. R. (1946) "Problems of localization according to
the system approach to nervous functions," Korsakow's J.
Neuropath. Psychiat. 9, 33-44, in Russian.

13. Bernstein, N. A. (1947) On the Construction of Movement
(Medic-State Publish. House, Moscow), in Russian.

14. Bernstein, N. A. (1966) Outlines of the Physiology of Move-
ments and the Physiology of Activity (MIeditsina Publ. House),
in Russian.

15. Bernstein, N. A. (1967) The Coordination and Regulation of
Movements (Pergamon Press, Oxford).

16. Anokhin, P. T. (1955) "New data on the afferent apparatus
of the conditioned reflexes and their significance for psy-
chology," Quest. Psychol. 6, 16-38, in Russian.

17. Anokhin, P. R. (1968) Biology and Neurophysiology of Con-
ditioned Reflexes (MIeditsina Publish. House, Moscow).

18. Anokhin, P. R. (1969) Cybernetique, Neurophysiologic ct
Psychologie Information sur les Sciences Sociales 7, 169-197.

19. Anokhin, P. R.. (1971) Basic Problems of the General Theory
of the Functional Systems. Acad. Sci. of the USSR, Moscow.

20. Luria, A. R. (1968) "The complex mechanisms of the psy-
chological processes," Impact of Science on Society, 18, 141-
156.

21. Luria, A. R. (1970) "The functional organization of the
brain," Sci. Amer. 222, 66-78.

22. Graschenkov, N. I. & Luria, A. R. (1945) "On the system
organization of functions in brain cortex," Korsakow's J.
Neuropat. Psychol. X, 10-22, in Russian.

23. Luria, A. R. (1970) Traumatic Aphasia (Mouton, The
Hague), (The original Russian edition-Acad. MTed. Sci.,
Press, 1947, Moscow).

24. Luria, A. R. (1950) Outlines of the Psychophysiology of Writ-
ing (Acad. Pedagog. Sci. Press), in Russian.

25. Luria, A. R. & Artem'eva, E. Yu. (1970) "Two approaches to
evaluation of the reliability of psychological investigation,"
Soviet. Psychol. 8, 271-282.

26. Luria, A. R. (1945) "Disturbances of movement in lesions of
the premotor systems," Proc. Moscow Univer. 90, 101-132,
in Russian.

27. Shkolnik-Jarros E. G. (1966) "Premotor zone of the cortex
and the syndrome of its lesion," in Frontal Lobes and the Reg-
ulation of Psychological Process, eds. Ltiria, A. R. & Hom-

Proc. Nat. Acad. Sci. USA 70 (1973)



Proc. Nat. Acad. Sci. USA 70 (1973)

skaya, E. D. (Moscow University Press), in Russian, pp.
314-355.

28. Spirin, B. G. (1966) Pathological Inertia after Operations on
the Anterior Parts of the Brain (idem, pp. 356-73), in
Russian.

29. Filippycheva, N. A. (1952) "Inertia of the higher cortical
processes in local brain lesions," Can. Dissert. Acad. Med.
Sci. USSR, in Russian.

30. Filippycheva, N. A. (1966) Neurophysiological mechanisms
of disturbances of motor reactions in lesions of the frontal
lobes. in Frontal Lobes and the Regulation of Psychological
Processes, eds. Luria A. R. & Homskaya, E. D. (Moscow
Universit ,T Press), in Russian, pp. 398-430.

31. Zaporozhets, A. V. (1960) Development of the Voluntary Move-
ments in Children (Acad. Pedagog. Sci. Press. Moscow), in
Russian.

32. Zinchenko, V. P., Che-ting, V., & Tarakanov, V. V. (1962)
"Formation and development of the perceptual action,"
Quest. Psychol. 3, 3-14, in Russian.

33. Zaporozhets, A. V. & Zinchenko, V. P. (1966) Development
of perceptual activity and the formation of sensory image in
children, in Psychological Researches in the USSR (Progress
Press), pp. 393-421.

34. Zinchenko, V. P. (1967) "Perception as action," Quest.
Psychol. 1, 1-17, in Russian.

35. Zinchenko, V. P. and Vergiles, N. Yu. (1972) Formation of
Visual Images (Consultants Bureau, New York).

36. Gippenreiter, Yu. B. (1964) "Experimental study of the
functions in the observer in the visual system," in Engineering
Psychology (Moscow University Press,) in Russian, pp. 192-
231.

37. Leontiev, A. N. & Gippenreiter, Yu. B. (1966) "Concerning
the activity of man's visual system," in Psychological Studies
in the USSR (Progress Publishers Moscow), pp. 361-398, in
Russian.

38. Luria, A. R. (1970) "The process of reflection under the light
of modern neuropsychology," Psychologia (An International
J. Psychol. in the Orient), 13, 61-74.

39. Kok, E. P. (1967) Visual Agnosias (Meditsina, Publishers,
Leningrad), in Russian.

40. Gleser, V. D. (1966) Mechanisms of the Recognition of Visual
Images (Nauka Publishers Moscow-Leningrad), in Russian.

41. Gleser, V. D. & Tsukkerman, I. I. (1961) Information and Vi-
sion (Acad. Sci. USSR Publish. House, Moscow-Lenin-
grad), in Russian.

42. Tokonogyi, I. M. & Tsukkerman, I. I. (1963) "Application
of images, distorted by fluctuations for studies of visual per-
ception," Korsakow's J. Neuropath. Psychiat. 63, 236-239,
in Russian.

43. Tonkonogyi, I. M. & Tsukkerman, I. I. (1965) "Clinical ob-
servations of disturbances of visual perception and the recog-
nition of images," in Bionics (Nauka Publish. House. Mos-
cow), in Russian, pp. 40-44.

44. Luria, A. R. & Skorodumova, A. V. (1950) "On the phenom-
enon of the fixed hemianopia," in Pathology of Vision, (Acad.
Med. Sci. Publ. House, Moscow), in Russian, pp. 194-208.

45. Korchazhinskaya, V. I. (1971) "The syndrome of unilateral
spatial agnosia in focal lesions of the brain," Candid. Dissert.
Acad. Med. Sci. of the USSR Moscow, in Russian.

46. Vladimirov, A. J. & Homskaya, E. D. (1962) "Photo-electric
method in recording of ocular movement during observa-
tions of objects," Quest. Psychol. 5, 91-94, in Russian.

47. Vladimirov, A. J. & Homskaya, E. D. (1969) "Photoelectric
methods of the recording of eye movements," Amer. Psychol.
24, 214-219.

48. Vladimirov, A. J. (1972) Methods of Eye Movement Studies
(Moscow University Press), in Russian.

49. Luria, A. R. & Homskaya, E. D. (1962) "An objective study
of ocular movements and their control," Psychologische
Beitrdge, VI, 598-606.

50. Homskaya, E. D. (1962) "The problem of the eye move-
ments afferentation," Quest. Psychol. 3, 73-84, in Russian.

51. Bobrova, E. S. (1972) "Studies in saccadic and pursued ocu-
lar movements in local brain lesions," Candid. Dissert. Mos-
cow University, in Russian.

52. Luria, A. R. (1959) "Disorder's of "simultaneous perception"
in a case of bilatoral occipitoparietal brain injury," Brain
82, 437-449.

53. Luria, A. R., Pravdina-Vinarskaya, & Yarbus, A. L. (1963)
"Disorders of ocular movements in a case of simultana-snosia,"
Brain 86, 219-228.

54. Luria, A. R., Karpov, B. A., & Yarbus, A. L. (1966) "Dis-
turbance of active visual perception with lesions of the fron-
tal lobes," Cortex 11, 202-212.

55. Karpov, B. A., Luria, A. R., & Yarbus, A. L. (1968) "Dis-
turbance of the structure of active perception in lesions of the
posterior and anterior regions of the brain," Neuropsycho-
logia6, 157-166.

56. Lomov, B. F. (1966) Manual interaction of tactile percep-
tion," in Psychological Researhces in the USSR (Progress
Publishers, Moscow), pp. 271-309.

57. Gershuni, G. V. (1967) Mechanisms of Hearing (Nauka Pub-
lish. House, Leningrad), in Russian.

58. Gershuni, G. V. (1971) Sensory Processes on the Neuronal
and Behavioral Level (Academic Press, New York).

59. Baru, B. V. & Karasseva, T. A. (1972) The Brain and Hearing
(Consultants Bureau, Publishers, New York).

60. Luria, A. R. (1940) Doctoral Dissert. Kiev University.
61. Luria, A. R. (1970) Traumatic Aphasia (Mouton & Cie,

The Hague).
62. Luria, A. R. (1947) Principles of Traumatic Aphasia Studies

and Treatment Procedures (Proceedings of the Moscow
Univers.), Vol. 111, pp 116-125, in Russian.

63. Luria, A. R. (1949) "Derangement of speech functions after
war trauma," in Neurology of the War Time, (Acad. Med.
Sci. Press), in Russiana, pp. 140-182.

64. Luria, A. R. (1969) 'Speech development and the formation
of mental processes," in A Handbook of Contemporary Soviet
Psychology, eds. Cole, M. & Maltzman, I. Basic Books, New
York), pp. 121-162.

65. Luria, A. R. (1958) "Brain disorders and language analysis,"
Language and Speech, 1, 14-34.

66. Luria, A. R. (1964) "Factors and forms of apharia," in
Disorders of Language, CIBA Foundation Symposium,
(Churchill, London), pp. 141-161.

67. Luria, A. R. (1972) "Aphasia reconsidered," Cortex, 8, 34-40.
68. Troubezkoi, N. (1939) Grundlagen der Phonologie, Prague.
69. Jakobson, R. (1942) Kindersprache, Aphasia und Allgemeine

Lautgesetze (Uppsala Universiteits Arsskrift).
70. Jakobson, R. & Halle, M. (1956) Fundamentals of Language

(Mouton, The Hague).
71. Beyn, E. S. (1964) Aphasia and Its Compensation (Medizina

Press, Moscow), in Russian.
72. Beyn, E. S. & Oveharova, P. A. (1970) Clinical Picture and

Treatment of Aphasia (Medisina & Fiskultura Publishers,
Sophia), in Russian.

73. Vinarskaya, E. N. (1971) Clinical Problems of Aphasia (Neu-
rologuistic Approach) (Meditsina Publishers, Moscow), in
Russian.

74. Nissl, V. & Meyendorf, E. (1930) Vom Lokalisations Problem
der Artikulierten Sprache (Leipzig, Deutike).

75. Alajouanine Th., Ombredane, A. & Durant, M. (1939) Le
Syndrome de Desintegration Phonetique (Masson, Paris).

76. Luria, A. R. (1946) "Disturbances of grammatical opera-
tions," Proc. Acad. Pedagog. Sci. RSFSR, 3, pp. 61-98, in
Russian.

77. Luria, A. R. (1972) "The Man With a Shattered World" (Basic
Books, New York).

78. Luria, A. R. (1946) The pathology of computation, Proc.
Acad. Pedag. Sci. RSFSR 3, 181-207.

79. Tsvetkova, L. S. (1972) Disturbances of Computation in Local
Brain Lesions (Moscow University Press).

80. Vygotski, L. S. (1962) Thought and Language (MIT Press,
Cambridge), Ist Russian ed.-Moscow, 1934.

81. Luria, A. R. & Tsvetkova, L. S. (1968) "The mechanisms of
Dynamic Aphasia," Foundations of Language, 4, 296-307.

82. Chomsky, N. (1957) Syntactical, Structures (Mouton, The
Hague).

83. Ryabova, T. V. (1970) Psycholinguistic and Neuropsychologi-
cal Analysis of the Dynamic Aphasia (Candid. Dissert. Mos-
cow University).

84. Luria, A. R. (1973) "Basic problems of neurolinguistics, in
Current Trends in Linguistics, Seboek, Th. ed. (Indiana Uni-
versity Press, in press), Vol. 12.

85. Luria, A R. (1973) in Foundation of Language Development,
ed. Lenneberg, E. (in press).

964 Luria


