
Significant differences in the morphofunctional organi-
zation of the frontal cortex, particularly its prefrontal areas,
in children of different ages allow an ontogenetic approach
to be taken in identifying the roles of these structures in the
cortical organization of cognitive control resulting from set
formation on repeated perception of a visual stimulus and
the replacement of this set by a new set when the situation
changes. The key role of prefrontal cortex structures in the
formation of the cognitive visual set, in its inhibition, and in
its replacement by a new set appropriate to changing condi-
tions has been demonstrated by functional scanning (fMRI)
of healthy adults performing the Wisconsin test [15, 17].
Patients with organic pathology of the frontal area show
impairments to the ability to sort pictures in the Wisconsin
test, especially if one or another of the selection criteria they

acquire is replaced by a new criterion appropriate to the
altered conditions: they continue, erroneously, to solve the
task as previously [18]. Studies have demonstrated that more
plastic sets dominate in children aged more than six years,
where replacement by a new set occurs relatively easily as
compared with the situation seen in children aged 5–6 years
[4]. At the stage at which the old set must be replaced by a
new set (the actualization stage), children with plastic sets
show significant increases in the spatial synchronization of
potentials in the alpha range between the frontal areas and
other cortical zones. We have suggested that the formation
of a plastic visual set is associated with the maturation, at
age 6–7 and particularly 9–10 years, of the frontal areas of
the cortex and the resultant increases in the influence of cog-
nitive control of the function of visual perception [3].

Data have been obtained showing that in this latter
group, the morphofunctional organization of the frontal cor-
tex comes close to that in adult humans [10, 11, 16]. By age
9–10 years, the structural organization of the frontal areas
of the cortex is essentially completely formed; the mecha-
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nisms of selective attention are fully formed. This age can
be regarded as “...a sensitive period in the formation of vol-
untary attention and the resultant development of the func-
tional organization of various types of voluntary activity,
which significantly increases the efficiency with which they
are performed” [10].

The spatial synchronization of cortical potentials in the
alpha range in healthy adults has been shown to change sig-
nificantly at different stages of the set depending on its type
(verbal, nonverbal), the nature of the additional cognitive
task (for example, “What?” and “Where?”), and the subject’s
level of motivation [2, 5]. A specific dynamic of alpha-
rhythm spatial synchronization has been demonstrated at dif-
ferent stages of a visual nonverbal set in children aged 5–7
years [3]. It is interesting to note that children in this group
showed age-related differences in set formation which corre-
lated with measures of the coherence function between
potentials in the frontal areas and other cortical regions.
These points provided grounds for the suggestion that the for-
mation of a plastic visual set was associated with maturation
of the frontal areas of the cortex, leading to strengthening and
enhancement of cognitive control in visual perception.

The studies reported here sought experimental verifi-
cation of this hypothesis by comparing the features of the
formation of a visual nonverbal set and the rate of its
replacement by a new set in children of three age groups:
5–6, 6–7, and 9–10 years.

The aim of the present work was to use comparative
analysis of coherence functions of electrical cortical poten-
tials to identify the age-related features of the dynamics of
functional linkages between the frontal area and other parts
of the cerebral cortex at different stages of a visual nonverbal
set. The choice to analyze electrical activity arose, firstly,
from the fact that the set is based on the tonic functional state
of increased activation in frontal cortex structures [2, 15, 17]
which, according to Livanov’s hypothesis [6], may be
apparent as an increase in the spatial synchronization of
cortical potentials. Secondly, identification of the level of
coherence of potentials between different cortical zones
allows assessment of the existence of conditions facilitating
(or hindering) the propagation of excitation between the
frontal cortex and particular regions of the structural-func-
tional visual recognition system. The concept that the level
of coherence of electrical potentials in different zones of the
cerebral cortex may be a measure of functional linkages
between them and the level of their cooperativity at the
stage of readiness for one or another cognitive activity and
during execution of the activity is supported by many stud-
ies reported in the last decade [10, 12, 13, 19, 20, 23].

METHODS

Subjects. Thirty healthy children of both sexes were
studied; children were from 5.3 to 6.8 years old (mean age

6.05 ± 0.75 years) and attended Nursery No. 1268 in
Moscow; a further 43 healthy children of both sexes, aged
from 8.7 to 10 years (mean 9.2 ± 0.05 years) and attending
grade 3 at School No. 710 in Moscow, were also studied.
Subjects had not previously taken part in experiments on
sets. Subjects were familiarized in general terms with the
nature of the study and the experimenter noted that the chil-
dren understood the instructions given to them, were able
and willing to follow them, and understood that participa-
tion would not be unpleasant. Thus, the children were
shown the stimuli on the monitor screen several times and
were trained to press a button in the right hand. All subjects
took part in the experiment voluntarily, without any kind of
pressure. School managers and teachers were given detailed
information about the nature of the experiment and accept-
ed that it would not harm the children.

Stimuli. Stimuli were presented at the center of an
SVGA monitor (Samsung, Korea) located directly in front of
the subjects at a distance of 70 cm from the eyes. A set to
object inequality was formed using images of two green cir-
cles (defined by the color constant in the “Graph” 10 regime)
on a dark gray background, presented simultaneously: a
15-mm diameter circle was displayed to the left of center and
a 30-mm diameter circle at right of center. The distance
between the centers of the circles was 45 mm; line thickness
was 1 mm. The duration of exposure was 200 msec. Then,
after an 800-msec pause, a green light spot 3 mm in diame-
ter (the test stimulus) appeared at the center of the screen.

At the set formation stage, subjects were presented 15
times with unequal circles; at the following (test) stage,
which followed without an interval, images of circles of
identical size (30 mm) were presented 30 times. A test stim-
ulus was presented in each trial. Pauses between groups of
stimuli amounted to 3–7 sec and were varied randomly.

Apparatus and data recording and analysis.
Amplification and filtration of EEG traces were performed
using an MBA-32 amplifier (Medikor, Hungary), using a
bandpass of 0.5–30 Hz. Signals were digitized using an
L780 14-bit analog-to-digital converter (L-card, Russia)
with a sampling frequency of 128 Hz. EEG traces were
recorded using silver chloride electrodes (Medikor, Hun-
gary) with a resistance of no more than 5 kΩ. Experiments
were controlled and EEG traces were recorded using an
IBM Pentium 1 computer. EEG recordings were made
using the program “in780” based on a library of files pro-
vided by the developers of the analog-to-digital converter
(L-card, Russia).

Brain bioelectrical activity was recorded from sym-
metrical points of the skull, projecting to six areas of the left
and right cerebral cortex: occipital (O1, O2), parietal (P3,
P4), posterior temporal (T5, T6), central (C3, C4), frontal
(F3, F4), and frontotemporal (F7, F8), as well as from the
Cz area, in accord with the international 10–20% scheme.
EEG recordings were monopolar and the reference consist-
ed of combined ear electrodes.
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EEG traces were recorded in calm waking with the eyes
closed and open and during set formation, actualization, and
extinction. In calm waking, six 8-sec EEG segments were
analyzed, while 3-sec EEG segments before presentation of
each stimulus were analyzed in other experimental situa-
tions. Fourier transforms were used to calculate coherence
functions (CoF) with a 1-Hz step using artifact-free seg-
ments in the state of calm waking and for prestimulus EEG
traces, for all pairs of leads. The distribution of CoF values
was normalized using Fisher’s Z transformation. CoF mea-
sures from EEG segments recorded at all stages of the exper-
iment were averaged for each subject. Mean CoF peaks were
identified in the theta and alpha frequency ranges. If the
function showed several peaks in the frequency range, the
largest were identified. Further analysis was performed
using CoF peaks of greater than 0.35. This limit was
required by the statistical analysis [1].

Dispersion analysis (ANOVA) was performed for
each pair of leads. This analysis allows sets of different
sizes to be compared, which was important for the present
study because there were different numbers of children in
the different age groups. The influences of the “stage” fac-
tor on CoF peak values in the theta and alpha ranges were
analyzed. Data obtained in the state of calm waking with
the eyes open were compared pairwise with each subse-
quent experimental stage (set formation, actualization, and
extinction). Comparison results were plotted on map dia-
grams. If a parameter value was significantly (p < 0.05)
greater in the state of calm waking than in the experimen-
tal stage, this was recorded on the map diagram as a thin
line joining the relevant pair of leads; a thick line was used
when it was smaller.

RESULTS

Set plasticity (behavioral data). The vast majority
of subjects (27 of 30 of preschool age and 42 of 43 third-
graders) showed the visual nonverbal set effect as con-
trast illusions in which the size of the circle to the left of
the fixation point (the location at which the smaller circle
had been presented at the previous stage of the experi-
ment) was identified as larger, when in reality the circles
were of the same size. This stage, in which erroneous
assessments of the relative sizes of the circles were
recorded, was designated, as by Uznadze [9], the “set
actualization” stage. The number of trials with erroneous
assessments at this stage was used to evaluate the plastic-
ity properties of the set, i.e., the ability of the formed set
to be replaced by a new set appropriate to the altered con-
ditions. As shown in Fig. 1, children of the youngest age
group experienced contrast illusions in a larger number of
trials, i.e., the set in these children was more inert than
that in children aged 6–7 and 9–10 years (Mann–Whitney
test, p < 0.04). Figure 1 also shows that there was no sig-

nificant difference in the numbers of contrast illusions in
children aged 6–7 and 9–10 years.

A difference between these latter groups was seen on
analysis of reaction times (RT) to the test stimulus, which
served as a measure of the function of switching selective
attention from one cognitive task to another. Figure 2 shows
that RT to the test stimulus did not change at different stages
of the experiment in children of the youngest age group. At
the same time, RT was initially (at the set formation stage)
significantly greater than in older children. RT in these
showed a clear increase at the set actualization stage, i.e.,
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Fig. 1. Set rigidity in subjects of preschool and early school age. The verti-
cal axis shows the number of trials with contrast illusions; the horizontal axis
shows: 1) children aged 5–6 years; 2) children aged 6–7 years; 3) children
aged 9–10 years. Significant differences between groups, Mann–Whitney
test, p < 0.04.

Fig. 2. Reaction times to the test stimulus at different stages of the set in
children aged 5–6, 6–7, and 9–10 years. The vertical axis shows time,
msec; the horizontal axis shows the stage of the experiment: 1) formation;
2) actualization; 3) extinction of the set. The dotted line shows children
aged 5–6 years; the dashed line shows children aged 6–7 years; the contin-
uous line shows children aged 9–10 years. Bars show errors of the mean.



when there was discordance between the old set and the
new stimuli, reverting at the set extinction stage to the value
seen at the set formation stage. Changes in RT at different
stages of the experiment were particularly marked in chil-
dren of the middle age group (6–7 years) (Fig. 2).

Analysis of cortical potential coherence functions in
the theta range (4–7 Hz). Hemisphere asymmetry was
seen at individual stages of the experiment in all subjects,
these being particularly marked in children aged 5–6 years.
In these subjects, coherence of theta potentials at the set for-
mation stage showed little change as compared with calm
waking with the eyes open (Fig. 3, A). However, at the set
actualization stage, coherence clearly increased in the ante-
rior cortical areas and, interestingly, between the anterior
areas of the two hemispheres and the posterior zones of the
right hemisphere, i.e., the posterior temporal and occipital
areas. An increase in the interhemisphere coherence linkage
was also noted between the frontotemporal zones (F7 and
F8). At the set extinction stage (no contrast illusions, sub-
jects correctly assessing relative circle sizes), coherence

linkages persisted mainly in the right hemisphere or, more
precisely, between the anterior areas (F8, Cz, and C4) and
the temporal zones (T4 and T6) of the right hemisphere, as
well as the frontotemporal (F8) zone of the right hemi-
sphere and the occipital area of the left hemisphere (O1).

In children aged 6–7 years (Fig. 3, B), increases in the
coherence of potentials in the theta range were seen as early
as the set formation stage and these were clearly lateralized:
statistical significance was reached only in the right hemi-
sphere, between the frontal (F4) and temporal (T4) leads
and between the frontotemporal (F8) and occipital (O2)
leads. At the set actualization stage, as shown in Fig. 3, B,
there was a significant enhancement in the coherence of
theta potentials between the anterior and frontal areas of the
cerebral cortex and the posterior – temporal and occipital –
areas, both within hemispheres and between hemispheres.
At this stage of the experiment, there was no hemisphere
asymmetry in the coherence function of potentials in the
theta range; changes were more generalized in nature.
However, at the set extinction stage, coherence linkages in
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Fig. 3. Topography of differences in theta-rhythm CoF function peaks at different stages of the set compared with the state of calm waking with
the eyes open in children aged 5–6 (A), 6–7 (B), and 9–10 (C) years. Thick lines show increases in values, thin lines show decreases; 1) set for-
mation; 2) set actualization; 3) set extinction.



the left hemisphere weakened, though they were signifi-
cantly persistent in the right hemisphere, leading to hemi-
sphere asymmetry in this function. At this stage, there were
long interhemisphere coherent linkages between the frontal
leads (F3 and F4) and the occipital zones (O1 and O2), as
well as between the left frontal area (F3) and the anterior
temporal zone (T4) of the right hemisphere.

In young school-age children (9–10 years old), the set
formation stage showed (Fig. 3, C) an increase in the coher-
ence of theta potentials between the left frontal area (F3)
and the anterior temporal area of the cortex of the right
hemisphere (T4). Hemisphere asymmetry in the coherence
function was seen at the set actualization stage. As shown
by Fig. 3, C, the coherence linkage between the frontal
areas of the left hemisphere (F3, F7) reached statistical sig-
nificance mainly with the posterior areas of the right hemi-
sphere (O2, T6, T4). Thus, this stage of the experiment
showed increases in interhemisphere coherence linkages in
theta-range potentials in the anterior cortical zones of the
left hemisphere with the temporal and occipital areas of the
right hemisphere. Intrahemisphere spatial synchronization

between the anterior and posterior areas of the right hemi-
sphere was also clearly evident (Fig. 3, C). These data sug-
gest that the coherence function of cortical potentials in the
theta range is asymmetrical in children aged 9–10 years at
the set actualization stage: the posterior zones of the right
hemisphere are linked by coherence linkages with the
frontal areas of both the ipsilateral and the contralateral
hemispheres. It is interesting to note that these coherence
linkages were not seen at the set extinction stage (at the
level of significance used here), except for one – between
the vertex and the right temporal area (T4).

Analysis of coherence functions of cortical poten-
tials in the alpha range (7–13 Hz). The spatial organiza-
tion of alpha potentials changed depending on the stage of
the experiment and the subjects’ age (Fig. 4). Long coher-
ence linkages were seen between the frontal zones (F3, F4)
of both hemispheres and the left occipital zone (O1) at the
set formation stage in children aged 5–6 years. There was a
significant enhancement of alpha-range potential coherence
between the anterior and posterior areas of the cerebral cor-
tex at the actualization stage (Fig. 4, A). This involved
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Fig. 4. Topography of differences in alpha-rhythm CoF function peaks at different stages of the set compared with the state of calm waking with
the eyes open in children aged 5–6 (A), 6–7 (B), and 9–10 (C) years. For further details see caption to Fig. 3.



increases in both intrahemisphere and interhemisphere link-
ages. It was interesting to note that most of these linkages
also persisted at the set extinction stage, when the children’s
verbal responses indicated that they started to make correct
identifications of the ratio of circle sizes.

Coherence linkages between alpha-range potentials
between the left frontal area (F7) and the posterior tempo-
ral (T5, T6) zones of both hemispheres appeared at the set
formation stage in children aged 6–7 years (Fig. 4, B). This
plot also shows that the actualization stage showed a gener-
al increase in coherence of cortical potentials – both intra-
hemisphere and interhemisphere. This was associated with
coherent linkages both between neighboring cortical areas
and between symmetrical zones, as well as between the
anterior and posterior parts of the cerebral cortex. In con-
trast with the youngest group, coherence linkages almost
completely disappeared at the extinction stage of the set
effect, when children aged 6–7 years started to identify the
ratio of new stimulus sizes correctly.

In the oldest group, the set formation stage (Fig. 4, C)
showed the appearance of long coherence linkages between
the frontal zones of the right hemisphere (F4, F8) and the
posterior areas of the cortex (O1 and T6). The actualization
stage produced a generalized increase in the coherence of
potentials, affecting both “short” linkages, i.e., between
neighboring cortical areas, and “long” linkages, i.e.,
between the anterior and posterior areas, affecting both
intrahemisphere and interhemisphere linkages. The set
extinction stage showed a significant weakening of spatial
coherence of alpha-range potentials as compared with the
preceding stage (actualization). However, Fig. 4, C shows
that coherence linkages between neighboring areas in the
anterior cortical areas persisted, as did those between the
anterior frontal zones (F3, F4) and the posterior temporal
zones of the opposite hemisphere, i.e., between the left
frontotemporal area (F7) and the anterior temporal area of
the same hemisphere (T3), and an interhemisphere linkage
between the posterior temporal zones (T5, T6). Thus, in
children aged 9–10 years, spatial synchronization of alpha-
range potentials at the set extinction stage weakened less
significantly than in children aged 6–7 years: coherence
linkages involving the anterior areas of the cerebral cortex
persisted in the oldest group.

DISCUSSION

Comparative analysis of behavioral and bioelectrical
data leads to several conclusions regarding the ontogenetic
development of the visual set function and its regulatory
influence on human cognitive activity. We have identified
grounds for regarding the short period from six to seven
years as a critical period in the development of the visual set
to nonverbal stimuli. At this age, the set acquires plastic
properties and its replacement by a new set occurs as in chil-

dren aged 9–10 years, while the set is significantly more
rigid in children of the youngest group (5–6 years). This is
indicated, firstly, by the larger number of contrast illusions
at the test stage of the experiment in this group, i.e., the pres-
ence of a longer-lasting set actualization phase. Secondly, in
subjects aged 5–6 years, the set extinction stage showed per-
sistence of most of the coherence linkages between poten-
tials in the alpha and theta ranges which had appeared at the
actualization stage, which appears to be associated with the
inertness of the set. We believe that this assertion is correct,
as when preschool children were grouped in terms of having
a plastic or rigid set in our previous studies [3], the level of
alpha-rhythm synchronization in the rigid-set group not only
did not decrease at the extinction stage, but increased. This
provided grounds for suggesting that in children with rigid
sets, its action was incomplete despite the fact that the sub-
jects’ verbal responses indicated they had started to solve the
cognitive task correctly. It is interesting to note that at this
stage of the experiment, this group of children showed no
reduction in the RT to the test stimulus.

In older preschool children (6–7 years), as we have
noted, replacement of the set occurred more quickly, i.e., it
was more plastic than in children of the youngest age group.
These two groups also showed significant differences in the
dynamics of the spatial synchronization of alpha potentials.
In children aged 6–7 years, synchronization of cortical
activity increased significantly at the set actualization stage,
though in contrast to the youngest group, synchronization
was not seen at the extinction stage, i.e., coherence linkages
almost completely disappeared. It is important to note that
the RT to the test stimulus decreased strongly.

We believe that the diffuse increases in the synchro-
nization of alpha potentials, especially involving the anteri-
or cortical areas, and the sharp increase in the RT to the test
stimulus provide evidence that activation of the cerebral
cortex – both its generalized and local forms – increases in
children aged 6–7 years during the period of discordance
between incoming information and the old set, which
occurs on solution of the new cognitive task. It should be
noted that the increase in the RT to the test stimulus is a
good indicator of the subject’s attention to solving the main
task; it may be the result of difficulty in switching selective
attention to a stimulus not associated with the main task.
The correctness of our suggestion is supported by data
obtained in this group of children at the set extinction stage,
when the subjects solved the cognitive task and substitution
of the set occurred: synchronization of potentials almost
completely disappeared and the RT to the test stimulus
decreased strongly. This change in cortical activity, as well
as the consequently greater (than in the youngest children)
plasticity of the cognitive set, probably resulted from
increases in the functional capacity of cortical structures to
interact. This occurs as a result of qualitative changes in the
maturation of the frontothalamic selective attention system
after age six years [7, 8], which is consistent with data on
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the completion of the development of voluntary attention at
this stage of ontogenesis [21].

In children aged 9–10 years, the plasticity of the set, as
assessed from the verbal responses during solution of the task
consisting of comparative evaluation of the sizes of two cir-
cles, was no different from that seen in children aged 6–7
years. The dynamics of the RT to the test stimulus at differ-
ent stages of the experiment in these two groups of subjects
were also very similar, though the absolute value of the RT in
the oldest children was clearly less at all stages. However,
there were also differences. In children aged 9–10 years, spa-
tial synchronization of alpha potentials in the anterior corti-
cal areas did not weaken as significantly at the set extinction
stage as in younger children (6–7 years). It can be suggested
that third-graders, in contrast to older preschool children,
continue to analyze the situation after the set replacement
event has occurred. As a result, selective attention to new
stimuli in these children remains elevated, and this is mani-
fest in the synchronization of potentials in the anterior corti-
cal areas and their linkages to the posterior temporal zones,
which play an important role in processing visual informa-
tion. The roles of these areas in information processes at the
extinction stage is apparent as the increase in interhemisphere
linkages of the symmetrical posterior temporal zones.

Analysis of significant coherent linkages in the theta
range demonstrated lateralization: spatial synchronization of
potentials in the youngest children was more marked in the
right hemisphere at all stages of the experiment. In all three
groups, spatial synchronization was more marked at the set
actualization stage, i.e., when there was discordance between
ongoing visual information and the previously formed set. In
addition, there was an identifiable difference between groups
at this stage: coherence linkages between theta potentials
were weaker in children of the youngest group and strongest
in children aged 9–10 years. There were increases in coher-
ence between theta potentials recorded from the anterior
frontal areas and the posterior zones of the cortex and, an
observation which we believe is important, this occurred both
within hemispheres and between hemispheres. At the set
extinction stage, when the set was replaced and the subject
correctly solved the cognitive task, conversely, coherence
linkages almost completely disappeared in children of the
oldest group, while they decreased but persisted, mainly in
the right hemisphere, the youngest children.

Recent years have seen the appearance of the concept
that synchronization of potentials in the theta rhythm devel-
oping as a result of the action of recurrent corticohippocam-
pal connections is functionally closely associated with the
processing of new information and visual (episodic) memo-
ry [14, 21, 22]. These concepts suggest an explanation for
the differences in the dynamics of spatial synchronization of
theta activity in children of different age groups. In children
aged up to six years, the involvement of the left hemisphere
in solving the main cognitive task is significantly smaller,
these children solving the task predominantly using visual

memory and not using semantic types of memory to the
same extent as older children. This leads to an understand-
ing of the clear lateralization of coherence linkages favoring
the right hemisphere in the youngest children and its absence
in the older age groups, particularly at the set actualization
stage. We note that this is the stage at which discordance
between ongoing visual information and the old set leads to
the need for replacement of the latter by a set more appro-
priate to the new stimuli. At this stage, older children show
significant bilateral synchronization of theta activity, proba-
bly because of successful solution of the cognitive task. It is
interesting to note that replacement of the set in children of
preschool age was followed by lateralization of spatial syn-
chronization of theta activity to the right hemisphere, while
synchronization in children aged 9–10 years was almost
completely absent. It is possible that third-graders recognize
changes in the situation of the cognitive task more than
younger children do.

CONCLUSIONS

The behavioral and electrophysiological data obtained
in the present study suggest that two brain systems play sig-
nificant roles in the functional organization of the visual set:
the frontothalamic selective attention system and the system
of recurrent corticohippocampal connections. The signifi-
cance of the selective attention system is indicated by
changes in reaction times to the test stimulus and the spatial
synchronization of potentials in the alpha range at different
stages of the set (formation, actualization, and extinction).
The involvement of a second brain system is indicated by
the results obtained from analysis of coherence in the theta
range. Changes in the spatial synchronization of theta-range
potentials at different stages of the visual set provide
grounds to regard age-related differences in the properties of
the visual set as resulting to some extent from the develop-
ment of corticohippocampal recurrent connections in chil-
dren, these being involved in the organization of the cortical
processing of new sensory information and in the functioning
of episodic memory. Our data show that the critical period of
maturation of both brain systems is at age 6–7 years. This
relates to their involvement in supporting the plasticity of
cognitive visual sets.

This study was supported by the Russian Humanitarian
Scientific Foundation (Grant No. 07-06-00131A).

REFERENCES

1. J. Bendat and A. Pirsol, Measurement and Analysis of Random Data
[Russian translation], Mir, Moscow (1989).

2. É. A. Kostandov, N. S. Kurova, and E. A. Cheremushkin, “Changes
in cortical electrical activity on formation of a set in conditions of
increased loading on working memory,” Zh. Vyssh. Nerv. Deyat., 54,
No. 4, 448–454 (2004).

Spatial Organization of Cortical Electrical Activity 119



3. E. A. Kostandov, D. A. Farber, R. I. Machinskaya, E. A. Chere-
mushkin, M. L. Ashkinazi, and N. E. Petrenko, “Spatial synchro-
nization of cortical electrical activity at different stages of a visual
set in preschool children,” Zh. Vyssh. Nerv. Deyat., 56, No. 4,
472–480 (2006).

4. E. A. Kostandov, E. A. Cheremushkin, and M. L. Ashkinazi,
“Features of a visual nonverbal set in children of preschool and early
school age,” Zh. Vyssh. Nerv. Deyat., 55, No. 3, 347–352 (2005).

5. N. S. Kurova, E. A. Cheremushkin, and M. L. Ashkinazi, “EEG
coherence in an unconscious set in conditions of increased subject
motivation,” Zh. Vyssh. Nerv. Deyat., 53, No. 6, 705–711 (2003).

6. M. N. Livanov, “Spatial-temporal organization of potentials and
brain systems activity,” in: Selected Works [in Russian], Nauka,
Moscow (1989).

7. R. I. Machinskaya, “Functional maturation of the brain and the for-
mation of neurophysiological mechanisms of selective voluntary
attention in children of early school age,” Fiziol. Cheloveka, 32,
No. 1, 1–11 (2006).

8. R. I. Machinskaya and N. V. Dubrovinskaya, “Functional organiza-
tion of the brain hemispheres in directed attention in children aged
7–8 years,” Zh. Vyssh. Nerv. Deyat., 46, No. 3, 437–444 (1996).

9. D. N. Uznadze, Experimental Bases of the Psychology of the Set. Expe-
rimental Studies on the Psychology of the Set [in Russian], Academy of
Sciences of the USSR Press, Tbilisi (1958), Vol. 1, pp. 5–79.

10. D. A. Farber, T. G. Beteleva, A. S. Gorev, N. V. Dubrovinskaya, and
R. I. Machinskaya, “Functional organization of the developing brain
in the formation of cognitive activity.,” in: The Physiology of Child
Development [in Russian], M. M. Bezrukikh and D. A. Farber (eds.),
NPO Obrazovanie ot A do Ya, Moscow (2000), pp. 82–105.

11. T. A. Tsekhmistrenko, V. A. Vasil’eva, and N. S. Shumeiko,
“Structural transformations of the human cerebral cortex and cere-
bellum in postnatal ontogenesis,” in: The Physiology of Child
Development [in Russian], M. M. Bezrukikh and D. A. Farber (eds.),
NPO Obrazovanie ot A do Ya, Moscow (2000), pp. 60–81.

12. C. Andrew and G. Pfutsheller, “Event-related coherence as a tool for
studying dynamic interaction of brain regions,” EEG Clin.
Neurophysiol., 98, No. 2, 144–148 (1996).

13. M. A. Guevara and M. Corse-Cabrera, “EEG coherence or EEG cor-
relation?” Int. J. Psychophysiol., 23, No. 3, 145–153 (1996).

14. W. Klimesh, “EEG alpha and theta oscillations reflect cognitive and
memory performance: a review and analysis,” Brain Res. Rev., 29,
169–195 (1999).

15. S. Konishi, K. Nakajimita, I. Uchida, H. Kikyo, M. Kameyoma, and
Y. Miyashita, “Common inhibitory mechanism in human inferior
prefrontal cortex revealed by event-related functional MRI,” Brain,
122, No. 5, 981–991 (1999).

16. R. I. Machinskaya, “EEG study of hemispheric specialization in nor-
mal and deaf,” in: Proceedings of the IV Conference of the
International Organization of Psychophysiology, T. Radil and
Z. Bohdanecky (eds.), Prague (1988).

17. O. Monchi, M. Petrides, V. Petre, K. Worsley, and A. Dagher,
“Wisconsin Card Sorting Revisited: Distinct neural circuits partici-
pating in different stages of the task identified by event-related func-
tional magnetic resonance imaging,” J. Neurosci., 21, No. 19,
7733–7741 (2001).

18. M. I. Posner and M. E. Raichle, Images of Mind, Scientific American
Library, A division of HPHYP, New York (1997).

19. P. Rappelsberger, “Probability mapping of power and coherence:
Technical aspects,” in: EEG and Thinking, H. Petsche and S. Etlin-
ger (eds.), Oesterreichische Akad. der Wissenschaften, Vienna
(1998), pp. 63–68.

20. P. Rappelsberger, D. Lacroix, and H. Petsche, “Amplitude and
coherence mapping: its application in psycho- and pathophysiologi-
cal studies,” in: Quantitative EEG Analysis – Clinical Utility and
New Methods, M. Rother and J. Zwiener (eds.), Universitatsverlag,
Jena (1993), pp. 179–186.

21. M. Rueda, J. Fan, B. D. McCandliss, and J. D. Halparin, “Deve-
lopment of attentional networks in childhood,” Neuropsychology,
42, 1029–1040 (2004).

22. C. Schmiedt, A. Meistrowitz, G. Schwendemann, M. Hermann, and
C. Basar-Eroglu, “Theta and alpha oscillations reflect differences in
memory strategy and visual discrimination performance in patients
with Parkinson’s disease,” Neurosci. Lett., 388, 138–143 (2005).

23. D. O. Walter and A. F. Leychte, “A tutorial on classical computer
analysis of EEGs: spectra and coherences,” in: Analysis of the
Electrical Activity of the Brain, F. Angeleir, S. Butler, S. Giaquinto
and J. Majkowski (eds.), Wiley, Chichester (England) (1997),
pp. 105–123.

Kostandov, Farber, Cheremushkin, et al.120



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


