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Abstract

The topic of this paper is an analysis of the developmental changes in cognitive functions in chil-
dren with poor state regulation (function of the first — energetic unit of the brain, according to
A.R. Luria). The article is based on clinical and experimental psychological research. The neu-
ropsychological battery of tests for 5-9 years old children is used as well as 2 computer-based
tests: the modified variant of the test “Dots” and a computer-based version of tests for perform-
ance efficiency measurement — Schulte-Gorbov tables. One hundred seventy three primary
school children from the 1st and the 3rd grades participated in the study. The results displayed
the presence of two variants of state regulation deficits: children with slow processing speed and
mental fatigue, and children with hyperactivity and impulsivity. On the whole, the children with
a deficit in the first functional unit are characterized by difficulties when performing energy
demanding tasks, the faster onset of exhaustion, a low (in the group with slower processing
speed) or fluctuating (in the group with hyperactivity) speed of performance, a dependence on
motivation and emotional state, a deficit in executive functions and the capacity to process
kinesthetic information. The majority of children in both groups had learning disabilities. The
analysis of the specific characteristics of variants shows that children with slow processing speed
in the 1st and the 3rd grades perform the tasks the slower and the worse, the more energy-
demanding the task is. In this group the increase in symptoms of deficits in executive functions
may be linked to the intensification of anxiety. In hyperactive children with a discrete executive
functions deficit, the capacity to perform tasks produces an inverted U curve on the graph,
according to the tasks’ level of complexity. They perform the simplest tasks less capably than nor-
mal children because of poor motivation, and decrease the results in the most complex tasks
because of high energy demands of such tasks.

Keywords: state regulation deficits, activation/arousal, hyperactivity, slow processing speed,
learning disabilities, ADHD.

The role of deficits in state regula-
tion (functions of the first brain unit,
according to A.R. Luria) in the mecha-
nism of ADHD and learning disabili-
ties is currently increasingly discussed
in the literature. Evidence of first brain
unit deficits is the most frequently
observed psychological problem of chil-
dren who struggle in school (Pylaeva,
1998; Akhutina, Pylaeva, 2012). It

appears that these symptoms are some-
how inherent in most children with
learning disabilities (Akhutina, Matve-
eva, & Romanova, 2012; Waber, 2010).
The converse is also true. Among chil-
dren with pronounced activation
deficits, there are exceptionally large
numbers of those who are unsuccessful
in learning (Glozman, Ravich-Shcher-
bo, & Grishina, 2007). The literature
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shows that ADHD and learning dis-
abilities may be linked to state regula-
tion deficits within their brain mecha-
nisms (Richards, Samuels, Turnure, &
Ysseldyke, 1990; and others). In this
regard, the question of slow processing
speed among children with a variety of
developmental disorders (ADHD and
others) is widely discussed (Willcutt,
Sonuga-Barke, Nigg, & Sergeant, 2008;
Weiler, Bernstein, Bellinger, & Waber,
2000, 2002) The suggestion that
ADHD and learning disabilities share a
common deficit (Pennington, 2006;
Shanahan et al., 2006; McGrath et al,,
2011) sheds light on possible mecha-
nisms of co-morbidity within these dis-
orders which is now estimated at 45.1%
(DuPaul, Gormley, & Laracy, 2013). In
children with dyscalculia, dyslexia and
dysgraphia difficulties of automation,
the shift from the controlled extensive
energy consuming performance of tasks
involved in learning, to condensed
automatic skills are demonstrated
(Waber, 2010). And deficiency of such
a shift increases the demands to activa-
tion processes. This may lead to their
overload.

The dysfunction of the state regula-
tion processes is seen in ADHD on the
level of short-term orientation respons-
es to stimuli (arousal), as well as on the
level of stable maintenance of a
required working state (activation, vig-
ilance). This is true for children with
combined dysfunction of behavior and
attention (ADHD) and for children
with attention deficit disorder without
hyperactivity (ADD) (Brown, 2005;
Sergeant, 2000, 2005; van der Meere,
2005; Nigg, 2005). Modern researchers
give much attention to the symptoms
of sluggish cognitive tempo, determin-

ing them either as significant symp-
toms for ADD diagnostics, or an indi-
cator of a special variant of activation
deficit, distinct from ADD (McBur-
nett, Pfiffner, & Frick, 2001; Barkley,
2014; and others). Thus, according to
researchers, activation regulation
deficit may be manifested differently
and be one of the most essential mech-
anisms in the origin of ADHD, learning
disabilities and co-morbid behavioral
disorders. Its study is an important task
for the modern child neuropsychology.

The objective of the current article is
the study of different variants of state
regulation deficit in younger school-
children and of the influence this
deficit exerts on other cognitive func-
tions.

Methods

The neuropsychological battery of
tests for 5-9 years old children
(Akhutina, Polonskaya, Pylaeva, &
Maksimenko, 2008, Akhutina et al,
2012; Polonskaya, 2007) were used for
the assessment of higher mental func-
tions, as well as computerized methods
of examination of functions of the first
and third brain units. They are a modi-
fied version of the computer-based test
“Dots” (Davidson, Amso, Anderson, &
Diamond, 2006; Diamond, Barnett,
Thomas, & Munro, 2007) and the com-
puter-based version of the measure-
ment of working efficiency and volun-
tary attention — the Schulte-Gorbov
tables (Gorbov, 1971).

The neuropsychological assessment
included 20 tests to examine various
components of higher mental functions
(HMF). The data of these tests was
evaluated within 225 parameters that
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included productiveness of perform-
ance and the various errors committed.
The parameters, that reflected the state
of the studied components of HMF
most specifically, after standardization
procedures were summed to calculate
the following indices: 1) programming
and control functions of the third unit
(executive functions), 2) serial organi-
zation of movements, 3) processing of
kinesthetic, 4) auditory, 4) visual and
6) visuospatial information. The higher
the index, the worse the state of HMS
was observed.

During the assessment, as well as
the traditional analysis of performance
tests, the child’s behavior patterns
reflecting state regulation levels, were
recorded. These symptoms included
slow tempo, fatigability, hyperactivity,
impulsivity and perseverative behavior.
To assess hyperactivity and impulsivity
diagnostic characteristics from DSM-IV

were used. Each parameter was esti-
mated in a 4 point scale, where 0 show-
ed minimal degree of symptom severity,
and 3 showed maximal degree. After
standardization of these parameters the
sum of them was counted for each child
and it formed the integral index of the
first brain unit. Besides, 5 listed meas-
ures underwent factor analysis (princi-
pal component analysis) with varimax
rotation. In result 2 factors were
extracted, which explained 71% of vari-
ance. Factor loadings after rotation are
shown in the Table 1.

Factor 1 has high loadings on slow
cognitive tempo, fatigability and perse-
veration variables, which permits it be
named as a factor of slow tempo. Factor 2
has high loadings on hyperactivity and
impulsivity, and it was interpreted as
the general factor of hyperactivity'.
Two independent indices were formed
on the basis of these results, which

Table 1

Factor loadings matrix

Factor 1 Factor 2
Slow tempo 0.825 —0.252
Fatigability 0.816 0.257
Perseverative behavior 0.747 0.224
Impulsivity 0.090 0.829
Hyperactivity 0.070 0.872

' The loadings of indices of hyperactivity and impulsivity on one factor coincide with the typical
picture of combination of symptoms of hyperactivity/impulsivity in ADHD, which allowed us to keep
the term hyperactivity for the naming of the factor and for the children covered by this factor. Their
symptom-complex coincides with the clinical picture of ADHD, though ADHD was never diagnosed
in them by medics. The first-graders didn’t have the necessary observation of symptoms during 6
months, and it was impossible to send to the doctor the third-graders that were included in the group
of hyperactive children without bringing this to the attention of other children, which would stigma-
tize them.
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reflected the condition of the functions
of energetic unit: the index of slow
tempo and the index of hyperactivity.
Thus, in whole for description of HMF
state 9 indices were used: 3 for the first
unit and 6 for the second and third units.

The computer-based test “Dots” con-
sists of 3 subtests. In the first (congru-
ent) subtest the stimulus (red heart)
appears on the screen either left, or
right (quasi-randomly); a child has to
press the key on the keyboard of the
PC as quick as possible with his left or
right hand from the side where the
stimulus appeared. In the second (non-
congruent) subtest with the appear-
ance of the stimulus (blue flower) one
has to press the key on the opposite
side of the keyboard. In the third
(mixed) subtest congruent and non-
congruent stimuli appear randomly. We
evaluated the efficiency of performance
(number of correct answers in each
subtest) and the mean time for correct
answers. The second and the third sub-
tests allow evaluating the ability to
switch and inhibit inadequate response
(executive functions of the third brain
unit). The third test is energy-consum-
ing and sensitive to the state of func-
tions of the first brain unit.

The test “Schulte tables” consists of
5 subtests. In each subtest a table appears
on the screen of the tablet PC. The table
consists of 20 (5 x 4) cells, in which 2
sequences of numbers from 1 to 10 are
placed at random, one sequence is of
black numbers and another sequence is of
red numbers. Children were asked to find
and touch with the finger as quickly as
possible numbers in the following order:
1) black numbers in ascending order; 2)
red numbers in ascending order; 3) black
numbers in descending order; 4) black
and red numbers in ascending order (par-

allel sequences); 5) red numbers in
descending order. The mean time of
choices in each of the 5 subtests (in ms)
and total number of mistakes (omissions,
perseverations, program malfunctions)
were measured.

The proposed set of tasks allows the
evaluation of the children’s ability to
master (1) the simple programs of
ascending order (the 1st and the 2nd
subtests), the more complicated de-
scending (the 3rd and the 5th subtests)
and the most complex parallel (the 4th
subtest) programs, (2) to switch from
one program to another, (3) to inhibit
inadequate answers (functions of the
third brain unit). Long duration of
work in all the subtests, which demand-
ed stable attention, gave the possibility
to assess the processes of activation
(the first brain unit). Both computer-
ized tests enabled to trace the state of
the first and third functional units. We
hypothesized that within children
showing deficits in first unit, the defi-
ciencies of functions of the third brain
unit may be either secondary or a com-
bination of the secondary and the pri-
mary disorders.

The sample consisted of 92 first-
graders (45 boys, 47 girls) and 81 third-
graders (35 boys, 46 girls) from the
Moscow schools. According to the
expert assessment of their teachers, the
analysis of the marks in the third grade
and results of tracking diagnostics
(analysis of behavior at school and of
mistakes in exercise books) among the
participants of the experiment, chil-
dren with learning disabilities were
found (31 and 27 people in the 1st and
the 3rd grade accordingly).

On the basis of the 2 indices of func-
tions of the first brain unit (index of
slow tempo and index of hyperactivity)
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the sample was divided into 3 groups.
Those children were assigned to the
group representing the norm from the
point of view of activation components
of HMF, whose values in integral
indices of hyperactivity and slow
tempo didn’t exceed the sample aver-
age by more than 0.5 of the standard
deviation (further — group N, or con-
trol group, the 1st grade — 52 children,
the 3rd grade — 47 children). To the
group of hyperactive children those
children were assigned whose index of
hyperactivity exceeded average in the
whole sample by more than 0.5 of the
standard deviation and was higher than
the index of the slow tempo (further —
group H, the 1st grade — 14 children,
the 3rd grade — 19 children). At last,
the group with slow cognitive tempo
consisted of those, whose index of slow
tempo exceeded average in the whole
sample by more than 0.5 of the stan-
dard deviation and was higher than the
index of hyperactivity (further —
group S, the 1st grade — 26 children,
the 3rd grade — 15 children).

Results

According to the results of the
assessment and calculation of indices
which showed the state of various com-
ponents of HMF (Akhutina et al,,
2012), the neuropsychological profiles
of hyperactive and slow schoolchildren
of the 1st and the 3rd grade were built
(Figures 1A and 1B).

The results of ANOVA (analysis of
variance) in the 1st grade (see Figure 1A)
showed that the factor GROUP has a sig-
nificant influence on the state of executive
functions (F(2,87) =6.265,p = 0.003) and
on functions of the processing of kines-
thetic information (F(2, 87) = 4.871,

p=0.01). Additional pairwise compar-
isons of groups with Tukey’s Multiple
Comparison test showed that the group
of hyperactive children received signif-
icantly worse marks in comparison to
slow children on integral index of the
first brain unit (p < 0.001). Hyperac-
tive children also significantly differed
from the control group on the indices of
executive functions (p = 0.004). Slow
children in comparison with the chil-
dren from the control group had lower
marks for processing of kinesthetic
information (p = 0.014) and had sub-
significantly lower marks for executive
functions (p = 0.086).

However, in groups H and S from
the 1st grade no statistically significant
differences were found in any indices of
neuropsychological assessment.

The results of the similar ANOVA in
the 3rd grade (see Figure 1B) showed
that the factor GROUP has significant
influence on the state of executive
functions (F(2, 77) = 6.588, p = 0.002),
functions of processing of kinesthetic
(F(2,77) =16.243,p < 0.001) and visu-
al (F(2, 77) = 7.071, p = 0.002) infor-
mation. Additional pairwise compar-
isons of the groups with Tukey
Multiple Comparison test showed that
children of the groups H and S signifi-
cantly differed from the group N on the
indices of processing of kinesthetic
information (p < 0.001 in both groups)
and executive functions: slow children
had significant difference (p = 0.003),
hyperactive children had subsignifi-
cant differences (p = 0.084). Besides, in
children of the group H significant dif-
ferences were found in processing of
visual information both from the con-
trol group (p = 0.001) and the group S
(p = 0.031). There were no other differ-
ences between the groups.
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Neuropsychological indices of the first-graders

Figure 1A
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Neuropsychological indices of the third-graders
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The results of the test “Dots”.
Repeated measures ANOVA
(rmANOVA) was used to evaluate the
effects of the between-group factors
GROUP (3 levels: N, H and S) and
GRADE (2 levels: the 1st grade and
the 3rd grade), as well as within-group
factors in Types of Tasks (3 levels —

congruent, non-congruent and mixed
subtests). The dependent variables
were the efficiency of performance and
the mean reaction time of correct
answer.
Average indices of efficiency of per-
formance in children from various
groups are shown on the Figure 2.
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Figure 2

Efficiency of performance of the test “Dots”

Mean efficiency of performance
N
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Subtest1 Subtest2 Subtest3
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The factor GROUP showed signifi-
cant influence on efficiency of the test
“Dots” performance (F(2, 154)=16.98,
p <0.001). Irrespective of the complex-
ity of tasks children from both the 1st
and 3rd grades with weaknesses in the
first functional unit made significantly
more mistakes during the performance
of the test (results of planned compar-
isons: the 1st grade F(1, 154) = 16.98,
p < 0.001; the 3rd grade F(1, 154) =
=17.01,p<0.001). The factor GRADE
also had significant influence on effi-
ciency (F(2, 154) = 16.97, p < 0.001):
the third-graders perform the test more
successfully than the first-graders.
Planned comparisons demonstrated
that children in the 3rd grade from the
group N progressed to the maximum
efficiency of performance (F(1, 154) =
=15.03, p < 0.001); in children from
the groups H and S the progress was
less articulated, and significant differ-
ences were observed only in the group S

Subtest1 Subtest2 Subtest3

Third class

(the group H: F(1, 154) = 3.07, p = 0.08;
the group S: F(1, 154) = 5.94, p = 0.02).
The factor TYPE OF TASK also influ-
enced efficiency (F(2, 308) = 218.94,
p < 0.001): with the growing difficulty
of subtests efficacy of performance
decreases both in the 1st and in the 3rd
grade. A significant interaction
GROUPXTYPE OF TASK was found
(F(4, 308) = 6.17, p < 0.001). It is due
to the fact that efficiency in groups
with various states of functions of the
first brain unit changes differently from
subtest to subtest. The quality of per-
formance of the simplest subtest is sig-
nificantly lower in the hyperactive
first-graders in comparison to the chil-
dren from the groups N and S (F(1,
154) = 4.62, p = 0.03, the results of
planned comparison, scheme H vs.
N+S), but in more complex subtests
effectiveness lowers already in both
groups of children with deficits of func-
tions of the first brain unit against the
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group N (F(1, 154) = 10.28, p < 0.001
and F(1, 154) = 9.32, p = 0.002 for the
2nd and the 3rd subtest respectively,
results of planned comparison, scheme
N vs. H+S) (see Figure 2). All third-
graders perform equally well on the 1st
simple subtest, but efficiency of the 2nd
and the 3rd subtests in children with
deficit of the first brain unit is signifi-
cantly lower than in the group N (F(1,
154) = 6.1, p < 0.01 and F(1, 154) =
=17.33, p < 0.001 for the 2nd and the
3rd subtest respectively). All other
interactions of factors are insignificant
(ps > 0.4).

The mean response time in various
groups of subjects are shown in the
Figure 3. The rmANOVA showed ab-
sence of influence of the factor
GROUP (F(2, 154) = 2.41, p = 0.09).
However irrespective of the type of
task children from the group S were
slower than the successful schoolchild-
ren from the group N (F(1, 154) = 4.54,

p = 0.03) (see Figure 3). At the same
time, significant influence of the factor
GRADE on the average time to answer
correctly was found: F(1, 154) = 16.06,
p < 0.001). The most pronounced
improvement of response time was
found in children from the group N, in
the group H it was insignificant (influ-
ence of the factor GRADE in the
groups N, S and H respectively: F(1,
154) = 14.22, p = 0.0002; F(1, 154) = 5.21,
p=0.02; F(1,154) = 2.79,p = 0.1). Also
expected significant influence of the
factor TYPE OF TASK was found
(F(2,308) = 584.16, p < 0.001) — with
the growing difficulty of the tasks
response time lengthens. Significant
interactions of factors were not found
(ps > 0.3).

Results of performance of the test
“Schulte tables”. RmANOVA was used
for statistical processing of data; the
factor TYPE OF TASK had 5 levels:
5 subtests of the test, and dependent

Figure 3
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Figure 4

Rate of mistakes in “Schulte tables”
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variables were mean number of mis-
takes in performance and mean
response time.

Mean number of mistakes in the
subtests shown in the Figure 4.

Statistical analysis showed that in
whole irrespectively of the subtest both
first-graders and third-graders with
deficit of the first brain unit committed
significantly more mistakes in compari-
son to peers from the group N (influence
of the factor GROUP: F(2, 143) = 3.36,
p = 0.037). Also the influence of the
factor TYPE OF TASK was significant
(F(4,143)=26.43,p < 0.001). Influence
of the factor GRADE and interactions
of factors were insignificant (ps > 0.2).

A planned pairwise comparison of
third-graders showed the presence of
pronounced difficulties in initiating
tasks in hyperactive children (differ-
ences of the groups N and H in the 1st
subtest: F(1, 143) = 4.49, p = 0.03); and
in slow third-graders there were
observed indicators of fatigue by the
end of the test (differences of the
groups N and S in the last subtest: F(1,

Subtest 1 Subtest 3 Subtest 5
Subtest 2 Subtest 4
Third class

143) = 11.22, p = 0.001). The positive
dynamic of errors lessening with age
was observed only in children of the
group N (F(1, 143) = 6.36, p = 0.01).
The conducted planned comparisons
showed that significant influence of the
factor GRADE in children from the
group N appears because of the lessen-
ing with the age of the number of mis-
takes in the first subtest of the test
(F(1,143) = 6.61, p = 0.01).

The mean response time is shown in
the Figure 5.

RmANOVA showed significant
influence of the factor GRADE (F({1,
153) = 57.23, p < 0.001), and the time
of response decreases from the 1st to
the 3rd grade. Also significant influ-
ence of the factor TYPE OF TASK was
found (F(4, 612) = 66.13, p < 0.001):
response time grew with the difficulty
of subtests (see Figure 5). Influence of
the factor GROUP and interaction of
factors in this case were insignificant
(ps>0.11).

According to the results of the
planned comparisons, slow children
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Figure 5

Mean response time in the test “Schulte tables”

4000

3500

3000

2500

2000

1500

Mean time of response (ms)

1000

500

i

Subtest 1 Subtest 3 Subtest 5
Subtest 2 Subtest 4

First class

spent subsignificantly more time in
number searches when compared to the
children in Groups N and H both in the
1st and in the 3rd grades (p<0.1) (see
Figure 5). However significant differ-
ences in search time in the first-graders
of the group S were seen in the 4th, the
most difficult subtest with parallel
sequences (F(1, 153) = 5.93, p = 0.01).
Among the third-graders the group S
was slower both in the 4th and in the
5th, last subtest (PL: F(1, 153) = 9.24,
p =0.003; 10-1s: F(1, 153) = 6.56, p =
=0.01). In the hyperactive third-
graders there also was a tendency for
lengthening the search time in the two
last subtests, but differences with the
group N didn’t achieve significance
(p < 0.07).

Analysis of interaction of neu-
ropsychological assessment and com-
puterized tests results. To explore the
consistency of the data from neuropsy-
chological assessment and computer-
ized tests we conducted a correlation
analysis of the indices of performance
of “Dots” and “Schulte tables” with the

Subtest 1 Subtest 3 Subtest 5
Subtest 2 Subtest 4

Third class

neuropsychological indices. In evalua-
tion of significance of the received val-
ues of coefficients Holm correction for
multiple correlations was used.

When analyzing the performance of
the test “Dots” by first-graders were
found significant correlations of the
indices of the first brain unit (of the
slow tempo (index S) and the integral
index) and efficiency of performance of
the 2nd (r = —0.353, p = 0.006 and
r=-0.302, p = 0.018 respectively) and
the 3rd subtests (r = —0.365, p = 0.006
and »=—0.347, p = 0.009 respectively).
Also a subsignificant correlation of the
hyperactivity index (index H) with the
performance time on the 2nd subtest
(r= —0.251, p = 0.096) was found,
which indicates that hyperactive chil-
dren are prone to work quickly in this
subtest. In the 3rd grade similar situa-
tion was observed: the integral index of
the functions of the first brain unit sig-
nificantly negatively correlated with
efficiency of performance of the 2nd
subtest (r = —0.333, p = 0.012), and in
the 3rd subtest there were observed
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significant correlations with all 3 indi-
ces of the state of the first brain unit: S,
H and integral (» = —0.335, p = 0.012;
r=—0.371, p = 0.003 and » = —0.477,
p < 0.001 respectively).

When analyzing the data on the test
“Schulte tables” in the first-graders we
may note significant correlation between
response time and index S in the most
energy-consuming 4th subtest with par-
allel sequences (r=0.320, p = 0.025): the
higher the index S, the slower the
group with slow tempo responded. The
hyperactive children haven’t got simi-
lar dependency from the index H, there
can be seen opposite tendency (see dis-
cussion).

In the third-graders the consitency
between the results on the test and the
evaluations of the functions of the first
brain unit are more pronounced. We
found significant correlations between
the integral index of the first brain unit
and mistakes in the 1st (r = 0.352, p =
=0.01) and the 2nd (»r = 0417, p
=0.001, r = 0.443, p < 0.001) subtests.
Subsignificant correlations were found
between mistakes and the index H in
the 1st subtest (» = 0.270, p = 0.063)
and the index S in the energy-consum-
ing 4th subtest (r = 0.248, p = 0.180),
which indicate difficulties of warming-
up in hyperactive children and over-
load associated with fatigue in slow
children.

Besides the correlations of the
indices of the first brain unit functions,
we correlated the results of the com-
puterized tests with the indices of exec-
utive functions. The analysis of the
data on the test “Dots” showed that in
1st graders there is a negative correla-
tion between this parameter and the
number of correct answers in the most
difficult 3rd subtest (» = —0.359,

p =0.006), which was expected. When
analyzing correlation with performance
time a significant negative correlation
with performance time on the 3rd sub-
test was found (» = —0.304, p=0.018).
In the third-graders the indices of exec-
utive functions were negatively correlat-
ed with the quantity of correct answers
in the difficult 3rd subtest (r = —0.307,
p= 0.018), which is similar to the
results of the first-graders.

In the comparison of state of execu-
tive functions with number of mistakes
in performance of the test “Schulte
tables” by the first-graders subsignifi-
cant correlations were found for the
2nd and the 3rd subtests (s < 0.222,
ps < 0.065) and significant correlations
were found for the 4th and the 5th sub-
tests (r=0.333 u = 0.332 respectively,
p = 0.015). In the third-graders signifi-
cant correlations were observed
between the indices of executive func-
tions and the speed in the 3rd and the
4th subtests (ps < 0.027).

High correlations between the
results of the computerized tests and
the indices of performance of the first
and third brain units were found, and
the increase in number of significant
correlations of the indices of the first
brain unit from the 1st to the 3rd grade.
Thus, correlation analysis shows
expected consistency of the data of
neuropsychological assessment and the
computerized tests.

Connection between the deficits of
activation components of HMF and
learning disabilities (LD). In our sam-
ple, which included 173 children, 74
(42.8%) had a deficit of the first brain
unit. According to the data from teach-
ers and tracking diagnostics, 58 chil-
dren from the sample (33.5%) had
learning disabilities. The analysis of
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correspondence of weakness in the first
brain unit and learning disabilities
showed that in the 1st grade among
children with LD 71% has deficit of the
first brain unit, while among successful
students there are only 20.5% of such
children. 85.2% of the children with
LD and 20% of successful students had
weakness in the first brain unit in the
3rd grade. According to the y?, the con-
nection between having LD and
deficits in the first brain unit is highly
significant (on the level of p<0.001). In
our study we also found the increase in
number of children with deficit in the
first brain unit among children with
LD from the 1st to the 3rd grade (from
71% to 85%). This data has to be
checked carefully in the next studies, as
this may point to a disturbing fact of
maladjustment of energetic resources
of children with the growing demands
to them at school.

Discussion

In order to diagnose children with a
deficit in functions of the first brain
unit, we used for this study a neuropsy-
chological assessment that was extend-
ed by an evaluation of behavior and the
characteristics of performance of the
test battery with 5 parameters: slow
tempo, fatigability, hyperactivity,
impulsivity and perseverative behavior.
Factor analysis enabled them to be cat-
egorized into 2 factors: the first one
consisted of slow tempo and fatigabili-
ty and the second one included hyper-
activity and impulsivity. Similar
results: closeness of parameters of
hyperactivity and impulsivity in chil-
dren with ADHD, from the one side,
and combination of slow tempo of task
performance with difficulties of atten-

tion in children with ADD, from the
other side, were found in other studies
(Chabildas, Pennington, & Willcutt,
2001; McBurnett et al., 2001; Milich,
Balentine, & Lynam, 2001; Hartman,
Willcutt, Rhee, & Pennington, 2004
and others), which confirms the validi-
ty of differentiation of these two vari-
ants of state regulation deficit.

It is worth noting that the index of
perseverative behavior is loaded on
both factors, though it had higher load-
ings on the first factor (Factor S) (see
Table 1). Similar data was obtained
with factor analysis of the results of
neuropsychological assessment of a dif-
ferent sample of first-graders (Agris,
Akhutina, & Korneev, 2014). From the
literature we know that tendency to
perseverate in children may be
observed both in impairment of frontal
lobes and middle brain structures
(Symernitskaya, 1985; Luria, 1973;
Moskovichyute, 1998). The Moskovi-
chyute’s study states that the frequen-
cy of systemic perseverations (which
appear in several types of psychic activ-
ity) in the group with thalamic tumors
appear more often than in patients with
injuries of cortex (Moskovichyute,
1998). On the basis of this fact we held
that a perseverative tendency may
reflect both deficits in the first and
third brain units, and deficit of func-
tions of the third brain unit may be
either secondary or a combination of
primary and secondary disorders.
These data and practical experience
show that perseveration is a less specif-
ic characteristic of the described vari-
ants, it influences the intensity of acti-
vation deficit symptoms in both groups
of children with poor state regulation.

To sum up the factor analysis as a
whole, we may state that it allowed us
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to show the heterogeneity of the sam-
ple in various parameters of activation
deficit and to discriminate 2 types of
deviations, on the basis of which
2 experimental groups were formed.

As far as in our study we conducted
non-selective testing of the first- and
the third-graders of 2 Moscow schools,
data about the size of the groups may
be used for evaluation of occurrence
rates of these variants in the popula-
tion. Children without a deficit of acti-
vation constituted 56.5% in the 1st
grade and 58.0% in the 3rd grade. The
groups H in the 1st and the 3rd grades
included respectively 15.2% and 23.5%
of children, and the groups of slow chil-
dren made respectively 28.3% and
18.5%. Such a tendency to a reduction in
the slow children in the 3rd grade (from
28% to 18%) is insignificant according to
the ¥? (p=0.194). The presence of symp-
toms of “high fatigability and slow cogni-
tive tempo” in children with ADHD was
analyzed by Machinskaya, Sugrobova,
and Semenova (2014). According to
their data, these symptoms were inher-
ent for 2 of 3 groups of children with
ADHD of 7-8years of age, but they
practically disappeared in children of
9-10 years of age.

Learning disabilities (LD) were
found in 57% of 14 hyperactive first-
graders and in 73.7% of 19 children
from the 3rd grade. LD were found in
53.8% of 26 slow children from the 1st
grade and in 60% of 15 children from
the 3rd grade. Thus, both variants of
activation deficit may lead to school
problems, especially in the 3rd grade,
but we didn’t find significant differ-
ences between the groups H and S on
the presence of LD by x?. This result is
in accordance with studies where the
interaction of LD both with hyperac-

tivity-impulsivity and a slow tempo of
information processing was found
(Richards et al., 1990; Shanahan et al.,
2006; McGrath et al., 2011,Compton,
Fuchs, Fuchs, Lambert, & Hamlett, 2012;
DuPaul, Gormley, & Laracy, 2013).
Neuropsychological assessment of
the first- and the third-graders showed
significant differences of HMF in
2 groups of children with various man-
ifestations of general activation deficit.
Our data shows weakness of executive
functions in junior schoolchildren with
deficit of activation. In the 1st grade it
is particularly distinct in the group of
hyperactive children, in the 3rd gra-
de — in children with slow cognitive
tempo. There is contradictory data
about this in contemporary works.
Some works report a more acute deficit
of executive functions (EF) in children
with ADHD combined type in compari-
son to children with ADD with slow
cognitive tempo (Barkley, 1997, 2014).
In other works differences in EF
between ADHD and ADD are not
found (Geurts, Verté, Oosterlaan,
Roeyers, & Sergeant, 2005). According
to the data of Machinskaya et al. (2014),
occurrence of sluggishness and fatigabil-
ity is found both in combination with
weakness in EF (ADHD with frontal
thalamic insufficiency) and without it
(deficit of non-specific activation).
Moreover, there is an opinion, that
deficit of EF in ADHD is context-sen-
sitive, dynamic, secondary to state reg-
ulation and motivation (Sonuga-Barke,
Wiersema, van der Meere, & Roeyers,
2010; van der Meere, 2005). The find-
ings of Machinskaya et al. (2014)
oppose this last statement about indis-
pensable secondary nature of EF failure
and convincingly show heterogeneity
of neurophysiological factors of cogni-
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tive difficulties in children with
ADHD. But the thesis of contextual
dependency of EF, their dynamic
nature does not contradict empirical
research and theoretical statements.

This thesis well corresponds to the
principle of dynamic organization and
localization of HMF by L.S. Vygots-
ky — A.R. Luria. It allows explaining
the results of neuropsychological
assessment. Hyperactive first-graders
had quite low integral index of state of
the first brain unit, which equals 4.56
(see Figure 1A), their index of execu-
tive functions was also low (2.90).
A part of “executive” tasks is fairly
energy-consuming for first-graders, so
we may assume, that is why hyperac-
tive children give impulsive answers
and do not cope with the tasks. Slow
first-graders with an integral index of
the first brain unit 2.26 performed
these tasks better, though slowly; their
index for executive functions was 0.84.

Hyperactive third-graders in our
sample had an integral index of the first
brain unit 3.25 (see Figure 1B); their
index of executive functions was 0.95.
The severity of deficit of executive
functions decreased in comparison with
their peers with slow cognitive tempo.
It may be connected with the sample
characteristics or with other reasons.
Firstly, the same tasks become less dif-
ficult and energy-consuming for the
third-graders, and children cope signif-
icantly better with them. Secondly, lit-
erature states quicker development of
executive functions in first-graders
with initially low indices (Voronova,
Korneev, & Akhutina, 2013).

Slow third-graders with an integral
index of the first brain unit 2.35 cope
with the tasks worse than their hyper-
active peers; their index of executive

functions equals 2.68. There may be
several explanations, but first of all we
need to note that there cannot be strict
linear dependence between states of
various brain units, even if some fail-
ures are secondary in nature. The state
of functions and structures depends on
many factors, for example, on neu-
rotrophic factors, neuromediators, on
involvement of structures in various
functional systems. It is possible that in
our sample part of third-graders could
have primary failures of the third brain
unit, and their ratio in first-graders and
third-graders could be different. But
apart from that factor of accidental
group cast there is another factor. We
suppose that anxiety could have
heightened in third-graders with slow
cognitive tempo, as their sluggish
tempo and low efficiency could have
led to systematic failures in education,
which contributed to rise of anxiety.
According to the literature, children
with ADD with slow cognitive process-
ing speed have high comorbidity with
anxiety disorder (Pliszka, 1989;
Biederman, Newcorn, & Sprich, 1991;
Skirbekk, Hansen, Oerbeck, & Kris-
tensen, 2011). Consideration of emo-
tional states of children, i.e., considera-
tion of context, which may change the
pattern of EF in a given period or
moment, is an important and promising
topic for future research.

Besides the link between deficit of
the first brain unit and EF, it is worth
noting other characteristics of children
from the deficit groups, invariant for
both ages. Firstly, there is a distinct
deficit of processing of kinesthetic
information. In these processes children
with activation deficit significantly dif-
fer from the control groups of both first-
and third-graders. In the first-graders
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these characteristics mostly apply to
children with slow tempo (similar data
was received in the study of Agris et al.,
2014), and in the 3rd grade they are
found both in slow and in hyperactive
children. The presence of regulatory
and visual difficulties (in the 3rd
grade) combined with deficit of the
first brain unit and difficulties of kines-
thetic information processing helps us
to assume that complex volitional
movements may suffer because of the
whole constellation of deficits. Such a
conclusion is confirmed by research of
developmental coordination disorder
which symptoms are often present in
AD(H)D (Gillberg, 2003). Slowness
and instability of tempo and problems
in executive functions, as well as prob-
lems of processing of kinesthetic, visual
and visuospatial information, are inher-
ent both for DCD (Wilson &
McKenzie, 1998; Piek, Dyck, Francis,
& Conwell, 2007) and for children with
deficit of the first brain unit in our
study. This is an important fact for
building remedial programs for chil-
dren with learning disabilities and acti-
vation deficit. It is notable, that in the
1st grade teachers still pay attention to
development of fine motor skills (exer-
cises for drawing patterns, finger gym-
nastics), but in the 3rd grade it is con-
sidered as not any more important. Our
data show that fine motor skills in chil-
dren with weakness in the first brain
unit need additional development.
Results of computerized tests show a
decrease of both efficiency and speed of
performance of cognitive tasks in both
tests in children with deficit of the first
brain unit. The most distinct differ-
ences from norm are found in the
parameter of effectiveness. In both the
computerized tests, the quality of per-

formance in children with deficit of the
first brain unit is significantly lower
than in children without such prob-
lems. Thus, children with deficit of the
first brain unit show difficulties in cop-
ing in complex subtest in “Dots” (espe-
cially under the conditions of required
fast tempo of work). In hyperactive
first-graders a decrease in efficiency in
the easiest 1st subtest is seen, which
may be the consequence of difficulties
of task initiating, that is inherent for
executive functions deficit. In “Schulte
tables” test where tempo of perform-
ance is regulated by a child, such dis-
tinct differences in efficiency in the
most difficult subtests are not seen in
children with deficit of the state of the
first brain unit in comparison with the
group of norm. But in this test hyperac-
tive children again show a decrease in
efficiency in the easiest 1st subtest,
though not in the 1st, but in the 3rd
grade, which we have already seen in
“Dots”. It is important to state that the
problem of task initiating, inherent for
hyperactive children, is not seen in this
test in the first-graders, which is con-
sistent with the idea of dynamic nature
of deficit of executive functions in
ADHD and its complex connection
with the context of activity and moti-
vation. At the same time, slow third-
graders show predictable drops in effec-
tiveness in the last subtest in “Schulte
tables” (with regard to their high fati-
gability, seen in neuropsychological
assessment).

Differences on the parameter of
speed are not so evident. In “Dots”
there are no significant differences
between the groups, though children
with low processing speed show slower
tempo of performance. In “Schulte
tables” test general decrease in tempo
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in these children in comparison to the
group of norm becomes subsignificant
only in the 4th, the most difficult sub-
test (both in the first-graders and the
third-graders). Also in the third-
graders the 5th, last subtest suffered,
which corresponds to the hypothesis
about high fatigability of children with
slow cognitive tempo. This pattern
(decrease in speed in the 4th and the
5th subtests) is present as tendency in
hyperactive third-graders. But the
overview of parameters of efficiency
and response time separately does not
allow noticing significant results. We
will examine them together.
Hyperactive first-graders in the 3rd,
the most difficult subtest of “Dots”
come close to the norm group in
response time, but make many errors.
As far as these children have the lowest
index of executive functions, it is their
contribution that is reflected in signifi-
cant negative correlation of response
time in the 3rd subtest with the param-
eter of executive functions (the worse
the executive functions, the quicker the
answer). It is important to note that in
performance of “Schulte tables” test by
the first-graders the similar trend is
seen. Hyperactive first-graders perform
the subtests 1-4 with the normal
speed, the 5th subtest they perform
quicker than the norm, while they
make more mistakes than the norm
group, i.e., in the 5th subtest, when
children are tired, they hurry up to “get
rid of the test”, which is indirectly seen
in negative correlation between
response time in the last test and index
H, though it is not statistically signifi-
cant (r=—0.245, p = 0.180). Divergent
correlations between response time and
indices of executive functions in the 1st
and the 3rd subtests of the test “Dots”

(r = 0.320 u r = —0.245 respectively)
may also give evidence to a change of
strategy with the difficulty of subtests.
Such a strategy of avoidance of difficul-
ties by means of change of productive
response with the impulsive one is also
found in neuropsychological assess-
ment. The third-graders use this strate-
gy of performance of the tests “Dots”
and “Schulte tables” rarely, so it is not
detected statistically.

Hyperactive children also differ in
performance of the simplest subtests. In
first-graders we found decrease in effi-
ciency in the 1st, the easiest subtest in
“Dots”, in third-graders there is
decrease in efficiency in the 1st subtest
of test “Schulte tables”. In this regard
we should remind that the literature
knows reversed U-shaped performance
of subtests by children with ADHD
depending on the complexity of tasks,
particularly, depending on the speed of
stimuli presentation (Sonuga-Barke et
al,, 2010; van der Meere, 2005): chil-
dren with ADHD perform worse on the
simplest (uninteresting) and the most
difficult subtests, while their perform-
ance of the subtest of medium difficulty
is closer to norm.

The data analysis of the age dynam-
ics of efficiency and speed of perform-
ance of the computerized tests shows
that the third-graders of the control
group (group of norm according to the
first brain unit) demonstrate faster
tempo of performance and better quali-
ty of work on both tests in comparison
to the first-graders. Children with
deficit of functions of the first brain
unit demonstrate predominant impro-
vement of tempo of performance
(though a lesser one, than the control
group). Their improvement of efficien-
cy is seen only in test “Dots” and only
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for the sub-group of slow children,
notably significantly less pronounced,
than in the group of norm.

We should note that the logic of
acquisition of any skill usually supposes
improvement of time indices of per-
formance after increase in efficiency
(optimal variant of acquisition of writ-
ing: at first children learn to write neat-
ly and only then they gradually increase
the tempo), and not vice versa, as in
children with weakness in the first brain
unit in our study. Children with activa-
tion deficit start working faster with
age (but not much more efficiently),
which is a sign of insufficiently effective
strategies with the automation of skills,
which may exert significantly negative
influence on the acquisition of school
skills and abilities (compare similar
point of view, Waber, 2010).

Conclusion

In the dynamics of development of
psychic processes in children with
deficit of the first brain unit there are
notable general differences from the
norm on activation deficit indices and
on indices of development of various
components of HMFE. They have inher-
ent problems of voluntary regulation of
activity and processing information of
various types (especially kinesthetic and
in hyperactive children — visual), asso-
ciated with deficit of the first brain unit.

The analysis of specific characteris-
tics of variants shows that the first-
graders and the third-graders with slow
cognitive tempo perform slower and
worse, the more energy-consuming the
subtest is. The increase in symptoms of
deficit of the third brain unit (if it is not
induced by the characteristics of the
sample) may be related to increase in

anxiety to which, according to the lite-
rature, these children are inclined.

In hyperactive first-graders, who
have evident weakness in executive
functions (both according to the litera-
ture and our data), there is a tendency
to perform on the subtests with the
reversed U-shaped influence of com-
plexity of tasks: in the simplest and the
most difficult tasks they perform worse
in comparison to the control group. At
the same time, in performance of diffi-
cult tasks there is a notable tendency
for avoidance of difficulties by means of
quick hasty answers. In hyperactive
third-graders, the decrease of executive
functions was less pronounced, and
they had the same dependence on ener-
gy-consumption of the task, as other
third-graders: the more difficult the
task, the slower (and almost always
worse) they performed. The exception
is the first simple subtests: mistakes in
their performance may be connected to
insufficient activation before the work
and with low motivation because of the
simplicity of the task.

Thus, in whole difficulties of per-
formance of energy-consuming tasks,
quick fatigability, slow (in group S) and
fluctuating (in group H) tempo of
work, dependence of performance of
motivation and emotional state are
inherent for children with deficit of the
first brain unit. All of this data is
important to understand normative
development of the processes of state
regulation in children of 7-9 years, as
well as disorders of this development.
The research should also be taken into
account when creating much needed
remedial developmental programs in
contemporary education for children
who have problems acquiring school

skills.
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Pe3siome

Llestb crarbil — [IaTh AHAIM3 BO3PACTHBIX OCOOEHHOCTEH COCTOSTHIS BBICIINX NICUXUYECKIX (hYHKITHI Y
zieTeii co caboCThEO IIPOLIECCOB PEryJIsiimK akTUBHOCTH ((hyHKIwii [ sHepreTiueckoro 6j0ka Mo3ra, 1o A.P.
Jlypun). B craThe ommMcaHO KJIMHUKO-TICUXOJIOTMYECKOE U DKCIIEPHMEHTAJIBHOE HCCJIEIOBAHME,
UCTIOJIB3YIOTCS CTAHIAPTHOE HEMPOIICUXOJIOrnYecKoe oOcieoBanue, 1o A.P. Jlypuu, afiairripoBaHHoe st
neteit 59 Jiet, 1 /1Ba KOMITbIOTEPHBIX TecTa: 1) MoziUIMpoBaHHbI BapuaHT MeTomKK «Dotsy, a Takske
KOMITbIOTEPHASA BEPCHsT M3BECTHOM METOIMKH OIIEHKH paboToctiocobHoct — tabmarpt I Tyssre—Top6osa. B
uceenoBanny tipussim ydactve 173 yuennka I m 111 knacco. Pesysisratbl nccieioBaHusT TIO3BOJIAIN
T0KA3aTh HAJIIMYME [[BYX BAPHAHTOB JeDUIMTA PEryJSIME AKTUBHOCTH: OOHAPY/KEHbBI [IETH C HU3KUM
TEMIIOM JIESITETBHOCTH U YTOMJISIEMOCTBIO 1 JIETU C TUTIEPAKTUBHOCTBIO ¥ UIMITYJIbCUBHOCTBIO. B 11e710M 17151
neteil ¢ peduimTom 1 GI0Ka XapaKTepHBI TPYAHOCTH BBIIOJHEHHS] SHEPIOEMKUX 3aaHuil, ObICTpast
UCTOIAEMOCTb, HU3KMI (y TPYIIIbI ¢ 3aMEJJIEHHBIM TeMIIOM) Wik Kosebmonuiicst (y TPYyIIibl ¢
TUIEPAKTMBHOCTBIO) TeMIT pabOThl, 3aBHCHMOCTb BBITIOJHEHHSI ICMCTBISI OT MOTHBALIMK 1 9MOI[MOHAILHOIO
cocTostst, cabocTb (BYHKIMIA TIPOrPAMMUPOBAHKST ¥ KOHTPOJISI M 1EPePabOTKH KMHECTETUYECKOM
unpopMary. BoJbIMHCTBO fieTeil 13 06erX IPYII UMEIOT TPYAHOCTH O0yUeHust. AHA/INE CIIENU(BUIECKIX
XapaKTEPUCTHK BAPHAHTOB ITOKA3BIBAET, YTO W TIEPBOKJIACCHUKH, U TPETHEKIACCHUKN C 3aMeJIIEHHBIM
KOTHUTHUBHBIM TEMIIOM BBITIOJIHSIIOT 33/IAHUSI TEM MEJIJIEHHEE 1 TEM XYIKE, 4eM GOJIee SHEPTOEMKOI SIBJISIETCSI
npoba. HabGmonaroreecst y HIX HapacTaHue cHMMITTOMOB ciaboctu 111 Gjioka MoxkerT ObITh CBSI3aHO C
YCHUJIEHUEM TPEBOKHOCTU. Y THIIEPAKTUBHBIX IIKOJIBHIUKOB, UMEIOLINX BBIPAKEHHYIO CJIA00CTD (hyHKIHIT
MPOrPAMMUPOBAHKST U KOHTPOJISI, OTMEYAETCs TEHJICHIUs K BBINOJHEHUIO 3a/aHuii ¢ obparHbiM U-
00pasHbIM BJIMSIHAEM CJIOKHOCTH 33JIAHUI: OHU BBITIOJIHSIOT XYK€ [I€TEll TPYIIIbI HOPMBI KaK Camble
npocThie (13-3a C1a00CTI MOTUBALMK), TAK M CAMbIE CJIOYKHBIE (PHEPTOEMKIE) 3a/IaHusL.

KmoueBble ciioBa: HAPYIIEHUS PETYJISIIUN aKTHBHOCTH, ITPOIIECCHI aKTUBAIINHY, TUTIEPAKTHB-
HOCTb, HU3KUI KOTHUTUBHbIIT Temil, TpyaHocTu o6yuerust, C/[BT.



