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INTRODUCTION

Current methods for studying neurophysiological
mechanisms responsible for verbal production and
comprehension of oral and written language allow
identification of specific features of the structure of
intercentral interactions related to the analysis and syn-
thesis of verbal signals with various phonetic, syntactic,
and semantic elements [1–12].

A detailed study of these processes seems most
promising for understanding the principles of organiza-
tion of thinking. Study of the spatial structure of the
bioelectric potential field of the brain may help to
reveal the principles of systemic interactions of distant
cortical areas during various types of verbal activity.

According to our previous findings, performance of
verbal–mnemonic tasks such as mental counting; lis-
tening to, memorizing, and recalling verses; tasks relat-
ing to verbal fluency; and searching for homonyms
leads to an increase in statistical relationships between
the bioelectric potentials of the posterior cortical area
of the left hemisphere and those of the frontal cortical
area of the right hemisphere [13–16]. This type of inter-
hemispheric interactions during verbal activity was
described in [12, 17, 18].

Other types of verbal activity lead to the activation
of interhemispheric interactions in the EEG of other
cortical areas of both hemispheres. For example, per-
formance of tasks related to the analysis of aurally per-
ceived verbal material, i.e., recognition of either pho-
nemes in a word context or grammatical or semantic
errors in aurally presented sentences, was associated
with an increase in the interhemispheric interactions
between the EEG recorded from Broca’s, Wernicke’s,
and the temporal areas of the left hemisphere and that
of the antero- and midtemporal areas of the right hemi-
sphere, with no changes in the intrahemispheric inter-
actions in the EEG [19].

Neurophysiological mechanisms responsible for
various aspects of verbal function, e.g., generation of
complex verbal units from simpler components, have
been poorly studied and need further research.

The objective of this work was to study the reorga-
nization of the spatial structure of systemic interactions
between various cortical areas of both hemispheres dur-
ing performance of tasks related to mental synthesis of
verbal material, i.e., generating either words from pho-
nemes or sentences from a set of words.
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Abstract

 

—Correlation and coherence analyses of multichannel electroencephalogram (EEG) recordings from
18 subjects (mean age 25 years) were used for investigating the reorganization of systemic interactions between
bioelectric potentials of the cortical areas of both hemispheres (20 EEG derivations) during verbal–mental
activity connected with generating verbal units from simpler components. When generating either words from
aurally presented phonemes or sentences from a set of words, the subjects exhibited specific changes in the spa-
tial structure of the statistical relationships in the EEG, with a significant increase in the interhemispheric inter-
actions. During performance of both tasks, the changes in the interhemispheric interactions were most pro-
nounced in the temporal, temporo-parieto-occipital (TPO), inferofrontal, and occipital areas of both hemi-
spheres. Phonemic synthesis was associated with a more marked increase in the contralateral interactions in the
left hemisphere, and generating sentences from words, in the right hemisphere. The coherence analysis of the
EEG showed the greatest changes in the 

 

∆

 

, 

 

θ

 

, and 

 

β

 

 frequency bands, with rather slight changes in the 

 

α

 

 fre-
quency band. For all frequency bands, changes in the EEG coherences were the greatest in Wernicke’s and the
TPO areas of the right and left hemispheres during the performance of both tasks, especially during the phone-
mic synthesis. These findings suggest that neurophysiological processes underlying mental generation of words
and sentences require coordinated activity of the left and right hemispheres, which is accompanied by an
increase in the interhemispheric interactions in the EEG, especially in the temporal, inferofrontal, and TPO
areas.
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METHODS

EEG recordings from 18 healthy right-handed sub-
jects aged 22–35 years were analyzed using multipara-
metric analysis in two series of observations.

The EEG was recorded monopolarly in the band-
width 0.5–30 Hz with a 24-channel computer-aided
electroencephalograph. The EEG signals were fed into
the computer at a sampling rate of 185 samples per sec-
ond. For EEG recording, 16 of 20 electrodes were
placed symmetrically in accordance with the interna-
tional 10–20 system in the anterofrontal (
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1
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2

 

),
posterofrontal (
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3
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F

 

4

 

), inferofrontal (

 

F

 

7
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8

 

),
central (
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), midtemporal (
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), poster-
otemporal (

 

T

 

5

 

 and 
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6

 

), parietal (

 

P

 

3

 

 and 
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4

 

), and occipi-
tal (

 

O

 

1

 

 and 

 

O

 

2

 

) areas. For a detailed analysis of the
importance of temporal areas for verbal function, four
electrodes (Fig. 1) were additionally placed in the
anterotemporal (

 

T

 

1

 

 and 

 

T

 

2

 

) areas of both hemispheres
and in the TPO (

 

T

 

ê

 

1

 

 and 

 

T

 

ê

 

2

 

) areas, i.e., at the junction
of the temporal, parietal, and occipital lobes. A coupled
earlobe electrode was used as a reference. The EEG
was continuously recorded in the following states:
keeping awake with the eyes closed (the baseline EEG)
and performing tasks in a lying position in a sound-
proof and darkened room.

All subjects were given two tasks. The first was pho-
nemic synthesis (PS), i.e., generating words from
aurally presented phonemes. A subject listened to four

or five Russian phonemes that were binaurally pre-
sented through earphones in random order and then had
to mentally compose two words (nouns) from these
phonemes. For example, the phonemes 

 

v

 

, 

 

a

 

, 

 

p

 

, 

 

r

 

, and 

 

o

 

were presented to a subject, from which he/she had to
compose words (

 

povar

 

 and 

 

pravo

 

) and then relate the
results. Five or six sets of phonemes were presented.
The second task was sentence synthesis (SS), i.e., gen-
erating sentences from a set of words presented in the
basic form and in random order. For example, several
words such as 

 

kompozitsiya, sostavlyat’, original’nyi,
salon, florist

 

, and 

 

krasivyi

 

, were presented to a subject,
from which he/she had to compose a finished, gram-
matically correct sentence containing function words if
necessary. A total of 20 sets of words were presented
with a changing semantic context.

The EEG was recorded when phonemes and words
were presented to the subject and when he/she mentally
composed words and sentences. No EEG was recorded
when the subject related the results of the tasks per-
formed.

For each 4-s analysis epoch, cross-correlation (CC)
coefficients were calculated for all pairs of EEG deriva-
tions (190 EEG CC values) to give a 20 

 

×

 

 20 matrix.
For each epoch, we also calculated a matrix of the

EEG coherence (Coh) in the 

 

∆

 

, 

 

θ

 

, 

 

α

 

, and 

 

β

 

 frequency
bands. For this purpose, the following calculations
were performed for all pairs of the 20 EEG derivations:
(a) auto- and cross-covariance functions of the EEG
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Fig. 1.

 

 Involvement of various cortical areas of both hemispheres in systemic brain activity during performance of verbal tasks, as
revealed by the correlation analysis of the EEG. (I) Synthesis of words from phonemes; (II) generation of sentences from words;
(a) changes in the intensity of interactions between the EEG of each cortical area and that of other areas. Upward columns, an
increase in the coefficient of cross-correlation (CC); downward columns, a decrease in the CC. Ordinate, differences between the
EEG CC in the state of relative rest and during performance of tasks; abscissa, EEG derivations placed in accordance with the
scheme of placing electrodes from the right side. (b) Maps of the mean (relative to a given derivation) changes in the EEG CC in
the tested state as compared with the baseline (according to the scale at the top right of the figure). Maps are plotted using the data
from (a).
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were calculated; (b) after the functions were smoothed,
the fast Fourier transform was used to determine the
relevant auto- and cross-spectra and to calculate the
Coh function in the frequency range from 0.5 to 30.0
Hz at an interval of 0.5 Hz; (c) mean Coh was calcu-
lated for the main frequency bands of the EEG, i.e., ∆
(0.5–3.5 Hz), θ (4.0–7.5 Hz), α (8.0–12.5 Hz), and β
(13.0–30.0 Hz); and (d) mean Coh for all pairs of the
EEG derivations were then summed into a 20 × 20 Coh
matrix.

Thus, for each EEG analysis epoch, one CC matrix
and four Coh matrices were calculated. A total of 30–
60 artifact-free epochs per subject were processed
using the above algorithms for every tested state (base-
line or performance of tasks). As a result, the duration
of the analyzed EEG periods corresponding to a certain
type of activity of the subject varied from 2 to 4 min.

Hierarchical agglomerative cluster analysis1 was
used to exclude from processing those CC matrices for
which no significant statistical differences were
observed at the baseline and during the performance of
tasks. The above method made it possible to avoid any
impact that short-term changes in the uniformity of the
subject’s state may have had on the results obtained.

The elements in the recorded correlation and coher-
ence matrices of the multichannel EEG were averaged
across the tested states and all subjects, the means and
the EEG CC and Coh variances being calculated. To
calculate correlation and coherence coefficients,
Fisher’s z-transform was used.

To estimate changes in the distant interactions in the
EEG during the performance of the tasks, the elements
in the EEG CC and Coh matrices averaged across the
baseline state (relaxed wakefulness) were subtracted
from the cell values in the mean EEG CC and Coh
matrices corresponding to the performance of the tasks.
In this way, EEG CC and Coh difference matrices were
formed that reflected the changes in the spatial organi-
zation of the EEG detected during the performance of
various tasks. For each cell of the difference matrices,
Student’s t-test (p ≤ 0.05) was used to estimate the sig-
nificance of changes in the EEG CC and Coh during the
performance of the tasks as compared to the baseline
EEG CC and Coh.

To plot an equipotential map of the changes in the
distant interactions between bioelectric potentials, all
the elements in a given column (corresponding to a cer-

1 The methods and program were developed by A.A. Pogosyan at
the Sechenov Institute of Evolutionary Physiology and Biochem-
istry.

tain EEG derivation) were averaged across the columns
of the EEG CC and Coh difference matrices, the sign
being taken into account. Thus, we determined the
mean changes (across all 19 interactions between a
given cortical area and the other areas) in the distant
interactions in the EEG of a given area as compared to
the results obtained at the baseline. These data were
used to plot charts and maps. The maps were plotted
with regard to the spatial gradient of the mapped
parameters, with an optimal form of the interpolating
surface.

On the basis of the statistically significant differ-
ences in the EEG CC and Coh between the baseline and
tested states, a chart of changes in the interregional
interactions was plotted using a special program.2 

RESULTS

During the performance of the tasks related to PS
and SS, the location of the cortical areas involved was
substantially similar, with maximum changes in the
spatiotemporal interactions of bioelectric potentials
(Fig. 1). In both cases, there was a considerable
increase in the spatial interactions between the bioelec-
tric potentials of cortical areas of both hemispheres as
compared to the baseline state. During the performance
of both tasks, the maximum increase in distant interac-
tions in the EEG was typical of the posterotemporal
areas of the left and right hemispheres (Fig. 1, deriva-
tions T5 and T6). There was also a considerable increase
in the interregional interactions of the bioelectric poten-
tials of the middle temporal areas (T3 and T4). Notably,
a greater involvement of the anterotemporal (T2) and
inferofrontal (F8) areas of the right hemisphere was
observed during the performance of the task involving
SS rather than PS (Fig. 1, IIb).

Analysis of the changes in the interregional interac-
tions in the EEG during the performance of both tasks
(Figs. 2a, 2b, I) also showed a great similarity in their
spatial structure, which can be explained by a consider-
able increase in the interhemispheric interactions,
mainly in the diagonal relations.

During PS, both an increase and a decrease in the
interhemispheric diagonal relations occurred mainly
from left to right (mainly between the EEG of the fron-
tal and antero- and midtemporal areas of the left hemi-
sphere and that of the mid- and posterotemporal, TPO,
parietal, and occipital areas of the right hemisphere);

2 The program was developed by V.P. Rozhkov at the Sechenov
Institute of Evolutionary Physiology and Biochemistry.

Fig. 2. Changes in the structure of interhemispheric interactions of the cortical bioelectric potentials of both hemispheres during
performance of verbal tasks. (a) Synthesis of words from phonemes; (b) generation of sentences from words. (I) Changes in the
interregional interactions in the EEG; here and in Fig. 3, gray and black lines correspond to an increase and a decrease in the level
of the EEG correlations, respectively, as compared to the baseline; the scale of changes is given in the center. (II) Difference matri-
ces. Columns and rows are EEG derivations according to the scheme in Fig. 1. The scale of an increase or decrease in the EEG CC
is given below. In the schemes and matrices, changes in the EEG CC are significant at p = 0.01.
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during SS, the changes occurred mainly from right to
left (Figs. 2a, 2b, I). Thus, during the performance of
both tasks, there was a mirror symmetry in the structure
of changes in the interhemispheric interactions in the
EEG, which were more pronounced in the left hemi-
sphere during PS and in the right hemisphere during
SS.

The performance of both tasks was associated with
an increase in the statistical relationships between the
bioelectric potentials in bilaterally symmetrical cortical
areas, primarily, between the EEG of the inferofrontal,
temporal, central, and TPO areas of both hemispheres,
with a maximum increase in the mutual correlation
between the EEG of the mid- and posterotemporal
areas.

During the performance of verbal tasks, a decrease
in the statistical relationships of the bioelectric poten-
tials was typical mainly of the long diagonal relations
in the EEG of the inferofrontal areas of the left (F7) and
right (F8) hemispheres (Figs. 2a, 2b, I). Again, as in the
analysis of the spatial structure of increasing interre-
gional interactions, a mirror symmetry in decreasing
interhemispheric interactions in the EEG was observed
during the performance of each task. There was a
decrease in the interhemispheric interactions between
the EEG of the inferofrontal areas and that of the pos-
terotemporal (either T5 or T6), TPO (TP1 and TP2), and
occipital (O1 and O2) areas of the contralateral hemi-
sphere as compared to the baseline state. The changes
were more pronounced in the left hemisphere (a greater
decrease in the interactions in the EEG of the left versus
the right inferofrontal area) during PS and in the right
hemisphere during SS.

Note that, during the performance of both tasks, the
same cortical areas exhibited a slight but statistically
significant (p = 0.01) decrease in the intrahemispheric
interactions, although only in the left hemisphere was
there a decrease in the interactions between the bioelec-
tric potentials from the F7 and T1 derivations and the T1
and T3 derivations as compared to the baseline state
(Fig. 2).

During the performance of both tasks, there was
also a certain mirror symmetry in changes in the inter-
regional interactions in the bioelectric activity of the
occipital cortical areas (Fig. 2). During PS, the statisti-
cal relationships in the EEG of the occipital area in the
right hemisphere (O2) increased to a greater extent than
in the left hemisphere (O1). The interactions in the EEG
of this cortical area (O2) were contralateral: there was
an increase in the interactions with the temporal (T1, T3,
and T5) areas of the left hemisphere and a slight but sig-

nificant decrease in systemic interactions with the inf-
erofrontal area (Broca’s area, F7) of the same hemi-
sphere. During SS, the changes in the contralateral
interactions in the EEG of the occipital (O1) area of the
left hemisphere dominated.

Thus, during both PS and SS, the structural changes
in the interregional interactions of the cortical bioelec-
tric potentials of both hemispheres were expressed in
an increase in the diagonal relations and interhemi-
spheric interactions in the EEG of bilaterally symmet-
rical areas, mainly the temporal and TPO areas of the
left and right hemispheres and, to a lesser extent, the
inferofrontal, occipital, and frontal areas. For both
tasks, there were only slight changes in the intrahemi-
spheric interactions in the EEG.

Analysis of the EEG CC difference matrices shown
in Fig. 2 may be helpful for observing the specific fea-
tures of the reorganization of the spatial structure of
systemic interactions between the cortical areas during
the performance of verbal–mnemonic tasks related to
the synthesis of verbal units from simpler components.
These matrices were used as the bases for plotting
charts and maps (Fig. 1) and schemes of interregional
interactions (Fig. 2, I).

For example, analysis of the difference matrices
related to both states demonstrated marked differences
in the involvement of the parietal areas of the left and
right hemispheres in each of the types of verbal activity
under study. During PS, the P4 column, corresponding
to the right parietal area, displayed considerably more
changes in the distant interactions in the EEG than the
P3 column, corresponding to the left parietal area; dur-
ing SS, the opposite was true. The analysis of the differ-
ence matrices also showed that, during SS, the changes
in the distant interactions in the EEG of the TPO areas
(TP1 and TP2) of both hemispheres considerably
exceeded those during SP.

Fig. 3. Specific changes in the spatial structure of the coherence relationships between the bioelectric potentials in various EEG
frequency bands during performance of verbal tasks as compared to the baseline. (I) Synthesis of words from phonemes; (II) gen-
eration of sentences from words; abscissa, the main EEG frequency bands (∆, θ, α, and β). The scale of the changes in the EEG
coherences is given below. The significant changes in the EEG coherences are given in accordance with the symbols at the top right
of the figure.

Coefficients of similarity (CSs) between changes in the spa-
tial structure of the EEG coherences in various frequency
bands and the matrix of changes in the cross-correlations of
the total EEG during performance of verbal tasks

Task
EEG frequency band

∆ θ α β

Synthesis of words from phonemes 0.71 0.63 0.43 0.67

Generation of sentences 0.66 0.58 0.31 0.63

Note: Maximum values of the CS for each task are boldfaced.
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The coherence analysis of the EEG recorded during
the performance of both tasks also showed considerable
changes in the spatial organization of the bioelectric
potential field of the brain in the main frequency bands
(Fig. 3, I and II). The observed changes were rather
similar, e.g., the performance of both tasks was associ-
ated with relatively few changes in the structure of the
EEG coherences in the α frequency band (Fig. 3, I and II).
The coefficient of similarity between the changes in the
distant interactions in the EEG for this frequency band
and the changes in the correlations of the total EEG was
0.43 during PS and 0.31 during SS (table).

However, each of the EEG frequency bands had its
own specific features. For example, the greatest simi-
larity between the changes in the spatial structure of the
EEG coherences and the above changes in cross-corre-
lations of the total EEG was observed in the ∆ and β fre-
quency bands (Figs. 2, 3). This was in line with the
greatest values of the coefficients of statistical similar-
ity (CSs) and the EEG Coh and CC matrices (the ∆ fre-
quency band: the CS was 0.71 and 0.66 for PS and SS,
respectively (table)). During PS, the CS was also
greater than 0.60 in the θ frequency band, indicating
that the spatial changes in the coherences between the
bioelectric potentials of various cortical areas of both
hemispheres in the θ frequency band were rather simi-
lar to the changes in the cross-correlations of the total
EEG.

Again, as in the analysis of EEG cross-correlations,
there was a significant increase in the interhemispheric
coherences. However, compared with the correlation
analysis, the coherence analysis of distant interactions
in the EEG was more helpful for detecting an increase
in the intrahemispheric interactions, especially in the
left hemisphere. For example, during PS, there was a
significant increase in the ipsilateral coherences
between the bioelectric potentials of the frontal (Fp1
and F3) areas of the left hemisphere and the activity in
Wernicke’s (T5) and the TPO (TP1), parietal (P3), and
occipital (O1) areas of the left hemisphere (Fig. 3, I).
During SS, the EEG coherences between these areas of
the left hemisphere were expressed to a lesser extent and
mainly in the α, β, and θ frequency bands (Fig. 3, II).

A decrease in the diagonal coherences between the
bioelectric potentials of the inferofrontal (F7 and F8)
areas of both hemispheres and the posterotemporal (T5
and T6) and TPO (TP1 and TP2) areas of the contralat-
eral hemisphere was observed in the α frequency band,
especially during SS. During PS, a decrease in the diag-
onal coherences was observed in the α frequency band
only between the EEG of Broca’s area (F7) and that of
the posterotemporal area (T6) of the contralateral hemi-
sphere. In the θ frequency band, a decrease in the
coherences between the EEG of the inferofrontal (F8)
area of the right hemisphere and that of Wernicke’s and
the antero- and midtemporal areas of the left hemi-
sphere was observed only during SS.

In the ∆, θ, and β frequency bands, the EEG coher-
ences of the occipital areas of both hemispheres
increased during PS to a greater extent than during SS.
As was noted above, during the performance of these
tasks, a mirror symmetry was typical of distant interac-
tions between the left and right occipital areas, as evi-
denced by the correlation analysis of the total EEG
(Fig. 2).

However, in the tested EEG frequency bands, the
spatial structure of the constellations of coherence rela-
tionships of bioelectric potentials substantially differed
both in the location of the areas involved and in the
extent to which the contralateral and ipsilateral interac-
tions increased. During the performance of both tasks,
especially during PS, Wernicke’s area (T5) was acti-
vated more often than other cortical areas, as evidenced
by its functional interactions with other brain regions.

DISCUSSION

The results obtained show that the neurophysiologi-
cal processes underlying verbal–mental activity aimed
at the synthesis of verbal units, i.e., words and sen-
tences, proceed at a high level of systemic interaction
between the bioelectric activities of the cortex in both
hemispheres, especially in the temporal and inferofron-
tal areas. Broca’s and Wernicke’s areas and, to the same
or even a greater extent (during SS), symmetrical areas
of the right hemisphere are involved in these close
interhemispheric interactions.

Mental generation of either words from phonemes
or sentences from aurally presented sets of words
includes several sequential and parallel operations.
They begin with the perception, identification, and
analysis of the acoustic characteristics of signals and
their recognition as verbal units. For this purpose, it is
necessary to compare the sound patterns of presented
signals with the memory engrams of phonemes and
words [20]. Then, the programming and generation of a
word or phrase from sets of recognized elementary
units are likely to occur. When these processes occur,
the semantic context and grammatical norms learned
earlier are taken into account. Finally, the synthesized
word or composed phrase is mentally compared with
linguistic norms.

Undoubtedly, these sophisticated psychophysiolog-
ical processes require a continuous exchange of infor-
mation between the left and right hemispheres and acti-
vate, to a greater or lesser extent, almost all cortical
areas. According to our findings, verbal–mental pro-
cesses, including analysis, synthesis, programming,
and control, are specifically reflected by the spatiotem-
poral organization of oscillations of the cortical bio-
electric potentials of both hemispheres.

During the performance of both tasks, there was a
great similarity between the changes in the interre-
gional interactions of the cortical areas, which were
expressed in a considerable increase in the interhemi-
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spheric interactions in the EEG, with slight changes in
the intrahemispheric interactions. In both cases, the
contralateral interactions in the EEG of the temporal,
TPO, inferofrontal, and occipital areas of both hemi-
spheres changed maximally as compared to the base-
line state. The changes in the interhemispheric interac-
tions, mainly in the diagonal relations, were the great-
est, although the statistical relationships in the EEG of
bilaterally symmetrical cortical areas also increased.

We have already reported that the performance of
verbal tasks related to the analysis of aurally perceived
verbal material (recognition of either phonemes in a
word context or grammatical or semantic errors in sen-
tences) is associated with a significant increase in the
interhemispheric interactions between the EEG of the
temporal and Broca’s areas of the left hemisphere and
that of bilaterally symmetrical areas of the right hemi-
sphere [19]. In these cases, the changes in the intra-
hemispheric interactions were insignificant.

Although the observed changes in the interhemi-
spheric interactions in the EEG are rather similar to
those described earlier (more pronounced during the
performance of tasks related to phonemic analysis and
synthesis, i.e., generating words from aurally presented
phonemes and recognizing phonemes in aurally pre-
sented words [19]), we found specific differences in the
spatial structure of interhemispheric interactions during
the verbal activity of synthetic nature studied in the
present work. For example, generation of words and
sentences was associated with a considerably greater
increase in the contralateral diagonal relations of the
EEG of the TPO areas of both the left (mainly during
generation of sentences from words) and the right (dur-
ing generation of words from phonemes) hemispheres.
These findings are in line with those reported in neurop-
sychological studies according to which a lesion of the
left TPO area leads to impaired comprehension of com-
plicated logical–grammatical constructions. Notably,
the TPO areas are involved in simultaneous analysis
and synthesis of supramodal information [21, 22]. Our
findings suggest that synthesis of verbal units requires
the involvement of the TPO area of not only the left but
also the right hemisphere.

One more difference was found for the occipital
areas: the performance of tasks related to analysis of
aurally perceived material [19] was associated with few
changes in the interregional interactions between the
above areas, while the performance of tasks related to
mental synthesis of phrases and especially words was
associated with a marked increase in the distant interac-
tions between the EEG of the occipital areas and that of
the temporal areas, mainly of the contralateral hemi-
sphere. This was proved by the correlation and coher-
ence analyses of the EEG. The coherence analysis of
the EEG showed activation of the ipsilateral interac-
tions in the EEG of the occipital areas in all frequency
bands except α (in the case of PS, within the left hemi-
sphere).

The fact that the occipital areas of the left and, espe-
cially, the right (during synthesis of words) hemi-
spheres were involved in the verbal activity indicates
that the mechanisms responsible for imaginative think-
ing are substantially involved in synthetic verbal activ-
ity. Indeed, most of the subjects reported that, when
generating words from aurally presented sets of sounds,
they used mental visual images of letters and syllables.
Interestingly, the task related to PS was difficult for all
subjects.

During PS and SS, there was a considerable increase
in the statistical relationships between the bioelectric
potentials of Wernicke’s area and the symmetrical pos-
terotemporal area of the right hemisphere with many
contralateral cortical areas. There was also an increase
in the relationships of the other temporal areas of both
hemispheres with many cortical areas, mainly of the
contralateral hemisphere.

As was shown in [23], the available neurovisualiza-
tion methods confirm clinical data that auditory percep-
tion and recognition of speech require involvement of
not only Wernicke’s and other temporal areas of the left
hemisphere, but also cortical areas in the right hemi-
sphere homologous to Wernicke’s area and sometimes
the anterotemporal area of the right hemisphere [24].

Our findings suggest that not only auditory percep-
tion of verbal signals but also mental generation of ver-
bal phrases requires active involvement of the temporal
areas of the right hemisphere. An important point is that
there is a significant increase in systemic interactions
between the bioelectric activities of these homologous
areas of the left and right hemispheres, as evidenced by
the correlation and coherence (mainly in the ∆, θ, and β
frequency bands) analyses.

Morphologically, these systemic interactions are
ensured by the caudal parts of the corpus callosum and
the pathways in the posterior part of the anterior com-
missure [25].

As described in the review article by Mesulam [6],
in studies by other authors involving tasks where sub-
jects were asked to name various colors or specific fea-
tures of the movement of objects or pictures of faces
and animals, selective activation of the cortical areas
responsible for perceptual decoding of the relevant fea-
tures and properties of the objects occurred. Very few of
these regions of the temporal lobe appear to overlap
with Wernicke’s area. According to Mesulam [6], this
indicates that lexical information retrieval is a compli-
cated function with a broad spatial representation.

Special attention should be focused on positron
emission tomography–based clinical observations evi-
dencing that lesions that spare Wernicke’s area but
interrupt its connections with other parts of the associ-
ation cortex impair speech comprehension and the abil-
ity to translate thoughts into words [6]. Such observa-
tions have led to the conclusion that Wernicke’s area is
not a central repository for neurophysiological pro-
cesses responsible for verbal function, but a neural
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gateway that performs a switching function, where
impulses of various sensory and associative fields con-
verge and neuronal patterns of images are transformed
into word forms. It is clear that such a multiprogram
task requires the extensive connections of Wernicke’s
area, which cover not only many regions in the tempo-
ral lobe of the left hemisphere [6] but also, as evidenced
by our findings, most of the distant areas of both hemi-
spheres, especially the contralateral hemisphere.

Of special interest are the inferofrontal areas (F7 and
F8), where the distant interactions in the EEG consider-
ably and selectively decreased, as evidenced by the cor-
relation and coherence analyses. During PS, there was
a decrease in the interactions between the EEG of the
inferofrontal area of the left hemisphere and the bio-
electric potentials of certain areas of the contralateral
hemisphere (T6, TP2, and O2), and during SS, there
were mirror relationships, i.e., a more marked decrease
in the interactions between the EEG of the inferofrontal
area of the right hemisphere and that of the same areas
of the left hemisphere (T5, TP1, and O1). In the latter
case, the interactions in the EEG of the right inferofron-
tal area (F8) selectively decreased in the α and θ fre-
quency bands, as shown by the coherence analysis.

The coherence analysis of the spatial structure of the
bioelectric potential field of the brain showed certain
differences for all EEG frequency bands during the per-
formance of the two tasks. During PS, there was a more
marked reorganization of the structure of interactions in
the β, θ, and ∆ frequency bands; during SS, an increase
(or, less frequently, a decrease) in the interhemispheric
interactions in the EEG (compared to the baseline) was
less pronounced and could be explained by the lower
complexity of the task, as reported by the subjects.

PS was associated with a relatively greater increase
in interhemispheric correlations between the EEG of
the antero- and midtemporal areas of both hemispheres,
slightly more marked in the left hemisphere. Compared
with SS, PS was associated with a greater increase in
the interhemispheric interactions of the inferofrontal
(Broca’s) and posterofrontal areas of the left hemi-
sphere, while the level of interhemispheric interactions
of the inferofrontal and postero- and midtemporal areas
of the right hemisphere was lower.

During SS, the contralateral interactions in the EEG
of the inferofrontal areas of the right hemisphere, espe-
cially with the mid- and posterotemporal areas of the
left hemisphere, changed to a greater extent. As shown
in Results, the spatial structure of the bioelectric poten-
tial field of the brain during SS differed from that dur-
ing PS.

These distinctive features can be explained using
Chomsky’s hypothesis [26] on the principles of phrase
generation based on the rules for widening a kernel sen-
tence, which, as Chomsky conceives of it, is noun and
verb phrases. After the above rules are used for each
part of the kernel sentence (by using other auxiliary
parts of the sentence), it is transformed into a complete

sentence. It may be suggested that a strategic choice for
each branch node requires consistent and regulated
activation of cortical areas responsible for both the stor-
age of verbal information and the control of adherence
to grammatical and semantic rules. These processes can
be reflected by an increase in bilaterally symmetrical
and diagonal relations of many cortical areas of both
hemispheres during PS.

A systemic integration of the activity of various
areas of the right and left hemispheres during genera-
tion of sentences can be explained using the ideas
described in [27] on the necessity of interhemispheric
information exchange involving an intricate multiphase
transformation of phrase deep structure, ensured
mainly by the right hemisphere, into surface structure,
associated mainly with the left hemisphere.

CONCLUSIONS

Combined activity of various cortical areas of the
left and right hemispheres was detected during the per-
formance of complicated linguistic tasks involving syn-
thesis of verbal units from simpler components. The
performance of tasks related to either synthesis of
words from aurally presented phonemes or generation
of semantically coherent sentences from a set of aurally
presented words was associated with specific changes
in the spatial structure of systemic interactions of corti-
cal bioelectric potentials, with an active involvement of
both hemispheres.

These changes were expressed primarily in an
increase in the interhemispheric interactions between
cortical areas, with a relatively small increase in the
ipsilateral interactions. In both cases, the most marked
changes in the contralateral interactions in the EEG
were typical of the temporal areas, including Wer-
nicke’s area, and the TPO, inferofrontal, and occipital
areas of both hemispheres. There was an increase in the
statistical relationships between the oscillations of the
bioelectric potentials of bilaterally symmetrical cortical
areas, mainly in the diagonal relations. We found a mir-
ror symmetry in the structure of changes in the inter-
hemispheric interactions in the EEG during the perfor-
mance of each task, i.e., a more marked dominance of
the left hemisphere during PS and of the right hemi-
sphere during SS.

An active involvement of the temporal areas of the
right hemisphere and a significant contribution of the
occipital areas of the left and right hemispheres indicate
that the mechanisms responsible for imaginative think-
ing are substantially involved in synthetic verbal activ-
ity.

The fact that the distant interactions in the EEG of
the inferofrontal areas of the right hemisphere changed
more markedly during SS suggest that the generation of
meaning-bearing sentences from a set of words requires
involvement of the cortical areas of the right hemi-
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sphere responsible for prosodic and tonal characteris-
tics of speech.

Our findings indicate that verbal–mental activity
related to the synthesis of complex verbal constructions
from simpler components requires coordinated com-
bined activity of the temporal and inferofrontal areas of
both hemispheres, with an essential but differentiated
involvement of the classical speech regions of the left
hemisphere, specifically, Wernicke’s area. Our findings
confirm the current ideas on the great importance of
interhemispheric interactions for verbal–mental activ-
ity and on involvement of both hemispheres in all levels
of language organization.
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