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PHYSIOLOGICAL INDICATORS OF SCHOOLCHILDREN OF 7-12 YEARS OF
AGE PECULIAR TO MENTAL ARITHMETIC SESSIONS COMBINED WITH
ATTENTION SWITCHING PHYSICAL EXERCISES
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Present day education routines subject schoolchildren to considerable loads associated with studying. This research effort
aimed to study the effect attention switching physical exercises (the type peculiar to the mental arithmetic curricula) have on
heart rate, adaptation abilities, stress resistance, higher mental functions and conditioned reflex activity of children. Examining
124 schoolchildren aged 7-9 and 10-12 years, we applied the pedagogical experiment method that includes benchmarking,
formation and control stages, as well as a number of psychological methods: short-term, associative and image memory
diagnostics; Bourdon-Wiersma test; search for logical solutions; evaluation of motor skills. Varicard 2.51 was used to assess
functions of the cardiovascular system and other physiological state indicators. At the benchmarking stage, we discovered
the differences in higher mental functions conditioned by age and gender. Girls aged 7-9 had their memory, attention, ideation
indicators 20-40% higher than boys of the same age. Boys aged 10-12 had their higher mental functions developed 10-30%
better than girls of the same age. At the formation stage, we registered the optimizing effect attention switching physical
exercises have on information processing speed and memorizing effectiveness: corresponding indicators increased 1.5-2
times (7-9 y.o., both genders) and 1.2-1.5 times (10-12 y.o., both genders), accordingly. It was concluded that adding the
attention switching physical exercises to mental arithmetic curricula makes training sessions more effective.
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OCOBEHHOCTU ®N3UNOJTIOMMYECKNX I:IOKA3ATEJ'IEI7I LLIKOJIbHUKOB
7-12 NNET NPUN 3AHATUAX MEHTAJIbHOU APU®METUKOW, BKJTKOHAKOLLINX
PUINHECKUE YNPAXKHEHUSA C NMEPEKJTKOMEHUMEM BHUMAHUA

B. B. lopenuk!®= C. H. ®unnnnosa?, T. 1. KHbilwesa®
"Kacbenpa agantvBHON h13nHeckoit KynbTypsbl, criopTa 1 Typuama,
VIHCTUTYT hr3NYeCKOmn KynbsTypbl 1 CropTa, TONbATTUHCKUIN FOCYAaPCTBEHHDBIN YHUBEPCUTET, TONbATTI
2 Kadhegpa agantmBHOM O3NHECKON KyNBTYPbl Y MEANKO-610N0rMHECKmX ANCLMMINH,
VIHCTUTYT eCTECTBO3HAHNS 1 CMOPTMBHBIX TEXHONOrMiA, MOCKOBCKMIA rOPOLACKON Nefarorn4eckuii yHnsepeuteT, Mockea
8 LleHTp MHTeNNeKTyanbHOro pasBuTUs «3OBpUKa», TONbATTH

B ycrnoBusix coBpemMeHHOro 06pa3oBaHis LLUKOMBHVKIM MoABEPrakoTes 60bLLMM yHeOHBIM Harpy3kam. B cBAau ¢ aTM Lenbto paboTbl
ObII0 U3YHnTb BANSIHVE (DUSNHECKMX YMPaXKHEHUI C MEPEKIIIOYEHNEM BHUMaAHWS, NCMONb3YEMbIX Ha 3aHATUSX MEHTaIbHOM
apUPMETUKON, Ha MoKasaTenM CepAeHHOro puTMa, afdanTauyoHHbIE BO3SMOXXHOCTW, CTPECCOYCTOMYMBOCTb, XapaKTepPUCTVKN
BbICLLNX MCUXUHECKIX OYHKUMIA 1 YCNIOBHO-PEeDNEKTOPHON AedTensHOCTV aetelt. [Mpu obcnenoBaHun 124 LLKOMBHVKOB 7-9 neT
n 10-12 net ncnonb3oBann MeToq, Nedarorm4eckoro SKCnepuMeHTa, BKIKOHaKOLLEro KOHCTaTMPYHOLMIA, (DOPMUPYHOLLIAIA
N KOHTPOJbHBIA 3Tanbl, a Takke P MCUXONOrMYecKX MEeTOAMK: AMAarHOCTUKY KPaTKOBPEMEHHOW acCoLMaTUBHON Wt
06pa3HoON NamMsATU; KOPPEKTYPHYO Npoby BypaoHa; MoWCK NOrMHYECcKUX peLLeHNI; onpeaeneHne MoOTOPHOW OfapeHHOCTI.
[na anarHOCTUKM yHKLMOHAIBHOMO COCTOSIHMS CepAeHHO-COCYANCTOM CUCTEMbI 1 APYrNX nokasaTtenen usnonorm4eckoro
COCTOSHWA VCMONB30Ba/IM MPOrpaMMHO-annapaTHbii KoMmmneke «Bapukapg, 2.51». Ha KoHCTaTupytoLLeM STane Y LUKOMBbHUKOB
BbISIB/IEHbI MOIOBO3PACTHbIE PAa3NYMA BbICLUMX MCUXMHECKMX (DYHKLMIA. Y OEeBOYEK 7-9 NeT mokazaTtenv namsarv, BHUMaHUS,
MbILLEHNS Bbl Bbie Ha 20-40%, YeM Yy ManbYMKOB STOrO Bo3pacTa. Y MamnbymkoB 10-12 feT oTMevancst pocT nokasartenei
BbICLLIMX MCUXNHECKIX DYHKLMIA MO CPaBHEHMIO C AEBOYKaMM TOro »e BospacTa Ha 10-30%. Ha dhopmmpytoLLiem atane noka3aHo
ONTUMU3MPYIOLLIEE BO3AEUCTBMUE OBUraTENbHbIX YIPAKHEHUA C MEPEKITFOHYEHMEM BHMMAHUS Ha CKOPOCTb MepepaboTku
MHopMaumn 1 NPOAYKTMBHOCTb 3aNOMMHaHMA, nokasaTeny KOTOpbIX yBenudMBannch y aeten oboero nona B 1,5-2 pasa
(79 net) n B 1,2-1,5 pasa (10-12 neT). CoenaH BbIBOA, YTO BKOHEHME DUSUHECKMX YMPaKHEHWA C NEepekItodeHeM
BH/MaHWs NOBbILLAET 3HEKTUBHOCTb 0BYHEHVS MEHTANIBHOMY CHETY.
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Present day school curricula imply constant intensification
of studying and growing volumes of information schoolchildren
have to process. Extended educational activities and
supernormal educational techniques utilized therein add to the
load. Such conditions call for better control over adaptation
capabilities, their practical application and general health
of schoolchildren [1-5]. Modern psychophysiology holds
vegetative balance as an integrated indicator of adaptation in
the context of various activities, including studying.

It was found that psychophysical stress can disbalance
sympathetic and parasympathetic regulation links and bring
sympathicotonia to the foreground, which signals of imbalance
in the patterns autonomic nervous system (ANS) follows
when reciprocally regulating cardiac system of a child. Such
conditions lead to pronounced utilization of the cardiovascular
system's compensatory mechanisms associated with the
child's adaptation to physical and mental exertion [3, 6, 8, 9.
Mental and physical fatigue, emotional stress make the child
psycho-emotionally strained and more vulnerable, which results
in acceleration of the psychophysical and social deadaptation
processes [2, 4, 7, 8].

In a considerable number of children, one part of ANS is
functionally dominant, especially when the pressure coming
from the environment exceeds the child's ability to adapt [4,
5, 9, 10]. Changes in the regulatory action of higher nervous
function and higher mental processes (HMP) that depend on
the state of the central nervous system (CNS), brain and its
cortex, alter the rate of conditioned reflex reactions, disrupt
interaction between the first and the second signal systems,
cause psychosomatic and behavioral deviations, etc. Children
with such deviations belong to the group of conditionally
healthy; their adaptation processes are considerably more
intense than they normally are (premorbid, pre-nosological
state), which can lead to a breakdown, primarily - disruption
of regulatory links in the child's physiological processes, poor
mental, physical and learning performance [1, 4, 6, 9, 11-14].

During ontogenesis, interaction patterns between the
body's functional systems change dynamically, and the speed
of such change grows due to acceleration. At the same time,
the child develops mechanisms to adapt to physical and mental
loads. Readjustment of the autonomic processes regulating
body functions plays an important part in the development of
these mechanisms [4, 8].

Understanding the age-related features of adaptation of
children by their integrated psycho-physiological characteristics
that change under the influence of learning activities would
allow designing optimal educational environment and
curriculum system for schoolchildren and enable development
of the educational process psychological and pedagogical
support methods. Such measures are called for by the major
contradiction embedded into the current education system:
accelerated intensification of studying (i.e., mental loads)
leads to progression of deficit of physical activity (i.e., physical
loads) initially caused by the changing regimens of children
living in urbanized environments [4, 7, 15-17]. However,
many integrative ontogenesis and age-related adaptation
mechanisms influenced by studying and environment present
day schoolchildren live in have not been researched sufficiently.

This study aimed to research the impact educational
environment factors (mental arithmetic, physical exercise,
attention switching) have on the development of physiological
functions and cognitive processes in schoolchildren going
through the most sensitive periods (ages 7-9 and 10-12) and
studyingintensely. The goals were: to assess the psychophysical
development of younger schoolchildren and changes thereto

under the influence of physical exercises implying attention
switching (counting, arithmetic); to reveal the gender-specific
differences in cognitive capabilities and physical functions of
children aged 7-12; to study the effect physical exercise has
on cognitive processes of younger children practicing mental
arithmetic with their physiological specifics factored in.

METHODS
Participating schoolchildren

124 schoolchildren attending Eureka Intellectual Development
Center (city of Togliatti) participated in the study, which lasted
October 2017 through May 2018. They were 30 boys and 32
girls aged 7-9 and 30 boys and 32 girls aged 10-12. Within
each gender-age category, the children were divided into
treatment groups (TG) and control groups (CG). While forming
the groups, we aimed at making them relatively equal in terms
of the initial psycho-physiological and cognitive characteristics.

Ethical review

The study was approved by the local ethics committee of
Togliatti State University (protocol #1 of 08.29.17). Parents
of the schoolchildren submitted the informed consent forms
allowing their children to participate in the experiment.
Inclusion criteria: ages 7 to 12; no medical contraindications
to learning and physical activities. Exclusion criteria: acute
infectious diseases and other medical contraindications to
learning and physical activities. Parts of the brain responsible
for cognition develop intensively at the age 7 through 9 [13, 14,
18, 19]. 10 through 12, the process continues; this is also the
period when the individual profile of lateral specialization of the
brain hemispheres' functions completes its formation [11, 20].

Mental arithmetic program

All children were taught mental arithmetic for 6 months, 45
minute sessions twice a week. The skill was mastered with
the help of abacus, a special arithmetic device; the children
were doing the calculations mentally, without pen and paper.
Individual characteristics and current psychophysical state
defined how the participants of the experiment reacted to
the mental stress. With the aim to optimize psychophysical
indicators, TG children were also doing motor exercises
implying attention switching (AS), an addition to the program
not available to the CG participants.

Physical exercises with attention switching activities

The children were offered short breaks involving a combination
of physical exercises and attention switching activities in the
beginning, middle and end of their mental arithmetic lessons.
The attention switching physical exercises were: 1) ball games;
2) counting while playing ball; 3) counting while jumping;
4) counting and answering questions while balancing on a
board. The exercises help concentration, involve most muscles
controlling the child's posture and strengthening leg tendons
and ligaments, improve agility and motor coordination, promote
development of perception and sensorimotor coordination.
Mental arithmetic lessons combined with attention switching
physical exercising (counting, doing arithmetic operations)
stimulate psychomotor activity; the goal is to improve mental
activity, extend the range and diversity of movements, develop
dexterity, flexibility, speed, coordination ability.
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Pedagogical experiment method

The cognitive activity indicators were registered at the three
stages of the pedagogical experiment:

1) benchmarking stage (October 2017): registration
of the baseline indicators of the cardiovascular system
functional status, adaptation capabilities, cognitive processes
development level;

2) formation stage (December 2017 - April 2018): cognitive
tasks and physical exercises used to develop motor skills and
mental processes;

3) control stage (May 2018): registration of the resulting
indicators after a number of lessons involving exercising
designed to stimulate the children's mental and physical
activity.

Psychodiagnostic methods
The psychodiagnostic program included
psychological techniques:

1) short-term memory diagnostics (memorization of 10 words);

2) associative memory diagnostics (10 pair associations);

3) image memory diagnostics (16 images);

4) Bourdon-Wiersma test;

5) search for analogies and logical solutions;

6) evaluation of motor skills (children aged 7-12, metric
scale [21-23].

Attention switching physical exercises were part of the TG
lessons exclusively.

the following

= == =

Diagnostics of the functional parameters of the body

Varicard 2.51 software and hardware system (Ramena Institute
for Implementation of New Medical Technologies, Russia) was
used to determine functional state of the children's CVS. We
applied the heart rate variability analysis to register all the major
parameters, including:

— autonomic regulation of blood flow with assessment of
load on the body's regulatory systems;

— autonomic cardiac rhythm regulation (baseline autonomic
regulation level, autonomic reactivity, autonomic support to
activity);

—functional state of the body and changes thereto as
registered through the vegetative balance and neurohumoral
regulation indicators.

Based on the assessment of the body's functional
state, intensity of its adaptation responses and status of the
regulatory systems, we have compiled prognostic conclusions
and developed recommendations that were used in this study
and suggested for educational process [24].

Methods of mathematical statistics

We have applied the following mathematical statistics methods
when processing the data obtained: Kolmogorov—-Smirnov
test (nonparametric test of the equality of continuous, one-
dimensional probability distributions) and parametric Student's
t-test. The differences were considered statistically significant
at p < 0.05.

Kolmogorov—-Smirnov test revealed that the studied
variables fall within the limits of normality, which allowed
applying the Student's t-test for interrelated and independent
samples.

SPSS 17.0 for Windows was used to process the
experimental data.
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RESULTS

At the benchmarking of the study, the functional indicators
of development of children (functional status of regulatory
systems) from TG and CG were almost similar. It is known
that even minor changes to the vegetative balance
significantly affect schoolchildren's health, which translates
into deterioration of their stress resistance and capability
to adapt to physical and mental stress associated with
studying.

Primary school age is characterized by fluctuating
intersystem and intersystem relations (psycho-emotional,
autonomic and hormonal-metabolic mechanisms). This leads
to instability and degradation of the functional and adaptive
capabilities, a result of the constant load put on the regulatory
systems by learning activities [4, 6, 8].

To study the vegetative balance, we have registered
functional status of the CVS with the help of the heart rhythm
variability method.

At the beginning of the study, the stress index (Si) was
growing; this index reflects the degree of predominance of
central regulation mechanisms over autonomic mechanisms. In
the TG, the index was 298 conditional units, in the CG — 486
conditional units, which signals of the intensive action of the
body's regulatory systems and reduced functional reserves.
These results show that the increasing learning-related
loads lead to mental and physical fatigue that disturbs the
balance between sympathetic and parasympathetic parts of
the nervous system. Children participating in the study were
7 to 12 years old; at this age, morphofunctional structures
of the CNS are still immature, thus the strength and the
equilibrium of the nervous processes are relatively minor,
which can translate into rapid depletion of the cerebral cortex
cells, fatigue and poor mental performance. It is necessary
to have the children switch to another type of activity in a
timely manner when they start feeling physical and mental
fatigue.

In this connection, a combination of physical and mental
exercises was added to the beginning, middle and end of their
mental arithmetic lessons.

Also, at the benchmarking and control stages of the
pedagogical experiment we have studied the children's (boys
and girls, ages 7-9 and 10-12) memorization ability, attention
concentration and switching capabilities, ideation and motor
skills. The results were compared for the following age groups
(Tables 1-4):

e 7-9y.0.: TG (15 boys, 16 girls) and CG (15 boys, 16 girls);

* 1012 y.0.: TG (15 boys, 16 girls) and CG (15 boys, 16 girls).

The results of memory, attention and ideation diagnostics
done at the benchmarking stage show that girls aged 7-9 have
better (by 20-40%) short-term, associative and image memory,
as well as concentration and attention switching capabilities
than boys of the same age; see Tables 1, 2. These gender-
specific differences result from the fact that ontogenetically,
girls develop faster than boys [18, 19]. Girls have their first
growth leap 0.5-1 year earlier than boys, so the development
of their psychological capabilities, which is synchronized with
morphofunctional development of the body, goes faster.

At the age of 10-12 years, boys are able to memorize,
concentrate, switch attention and solve logic problems
10-30% better than girls (see Tables 3, 4); the difference is
gender-specific, it is a result of the peculiarities of cerebral
hemispheres lateral organization profiles [17, 18, 20], which,
having developed completely, make the left hemisphere more
active than the right, while in girls they are equipotential.
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This growth of mental activity indicators, determined by age
and gender factors, signals of the growing morphofunctional
readiness of the brain and mental processes to solve spatial
and temporal problems [5, 20].

Having studied two age groups, we also found that girls
have better motor capabilities than boys, which is the result
of the former having various links of the motor analyzer
(including higher cortical sections) better developed at this stage
of ontogenesis.

At the benchmarking of the study, the functional indicators
of development of children (functional status of regulatory
systems) from TG and CG were almost similar. It is known that
even minor changes to the vegetative balance significantly
affect schoolchildren's health, which worsens their stress

resistance and ability to adapt to physical and mental stress
associated with studying [2, 6, 9, 10]. To study these specifics,
we determined the functional status of CVS through measuring
variability of the heart rhythm.

When the formation stage of the pedagogical experiment
was over, we examined the children's regulatory systems again.
The results of these examinations show that TG participants,
provided their days are scheduled correctly, benefit from
physical exercise: the functional status of their bodies
improves.

Table 5 shows how the heart rhythm changed in TG and CG
participants at the control stage of the pedagogical experiment.

The data presented in Table 5 reflect stabilization of the
functional processes; Si index (regulatory systems load)

Table 1. Comparison of memory, attention, ideation and motor skills, in points, boys 7-9 y.0., TG and CG

Boys (benchmarking stage) Boys (control stage)
. . Student's
Variables (functions) Standard Standard error Standard Standard error ttest
Average o Average .
deviation of mean deviation of mean
TG 4.27 1.67 0.43 8.9 1.27 0.33 11.59**
Short-term memory
CG 4.20 1.64 0.42 6.3 1.29 0.33 2.18*
TG 11.07 4.46 1.15 17.09 3.41 0.88 6.87*
Associative memory
CG 11.07 4.37 1.13 12.00 3.37 0.87 2.68*
TG 7.60 1.68 0.43 15.60 1.08 0.28 11.77
Image memory
CG 7.51 1.65 0.43 12.40 1.60 0.41 2.27*
TG 138.79 6.72 1.74 20.79 3.02 0.78 5.87**
Attention concentration
CG 13.70 6.69 1.73 16.70 5.99 1.55 2.88*
TG 5.19 2.13 0.55 4.19 2.03 0.52 2.79*
Attention switching
CG 5.20 2.11 0.54 5.00 2.01 0.52 1.69
TG 6.60 3.1 0.80 9.60 3.31 0.85 5.35"
Search for analogies
CG 6.61 3.10 0.80 7.50 3.50 0.90 1.62
TG 14.00 8.33 2.15 19.60 3.30 0.85 9.45"
Logical tasks solving
CG 14.01 8.90 2.30 16.00 5.90 1.52 217
TG 1.80 0.94 0.24 41 0.54 0.14 11.56**
Motor skills
CG 1.80 0.88 0.23 3.5 0.59 0.15 2.45*
Note: * — significance level p < 0.05; ** — significance level p < 0.01.
Table 2. Comparison of memory, attention, ideation and motor skills, in points, girls 7-9 y.o., TG and CG
Girls (benchmarking stage) Girls (control stage)
Variables (functions) Student's
Average | Standard deviation it Average | Standard deviation ettt ttest
of mean of mean
TG 5.27 1.27 0.32 9.51 1.63 0.41 11.90*
Short-term memory
CG 5.20 1.09 0.27 7.20 1.67 0.42 2.21*
TG 15.00 3.85 0.96 19.00 2.85 0.71 4.61**
Associative memory
CG 14.01 2.62 0.66 14.01 3.60 0.90 2.05
TG 10.82 2.75 0.69 15.12 2.15 0.54 5.9
Image memory
CG 10.90 2.64 0.66 11.00 2.34 0.59 2.34*
TG 20.92 6.83 1.71 26.92 3.43 0.86 3.11*
Attention concentration
CG 20.80 6.87 1.72 24.80 5.87 1.47 2.52*
TG 4.75 2.39 0.60 3.60 1.39 0.35 2.71*
Attention switching
CG 4.61 2.40 0.60 410 1.40 0.35 2.1
TG 8.73 2.61 0.65 115 2.41 0.60 4.03*
Search for analogies
CG 8.62 2.51 0.63 8.70 2.50 0.63 1.86
TG 18.82 6.28 1.57 26.80 3.28 0.82 7.09*
Logical tasks solving
CG 18.91 5.47 1.37 22.90 5.75 1.44 2.02
TG 2.82 0.75 0.19 3.40 4.50 1.13 8.91*
Motor skills
CG 2.81 0.75 0.19 2.91 4.75 1.19 2.71*

Note: * — significance level p < 0.05; ** — significance level p < 0.01.
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values and heart rate of the TG schoolchildren are close to the
physiological norm. Regulation systems work normally, body
copes with stress in an optimal way, its systems are stable,
which proves that the combination of mental and physical
exercising and lessons' regime are correct.

By the end of the study, CG participants had high Si,
tachycardia, their regulatory systems were highly active and
functional reserves of the body decreased (Table 5). In such a
condition, the regulatory systems are overstressed. Prolonged
overstress associated with studying can compromise
physiological adaptation and trigger the pathogenic chain
reaction: disadaptation — pre-existing disease — development
of diseases — chronic pathologies. To avoid such situations,
it is necessary to organize the child's day regimen correctly,

ORIGINAL RESEARCH | SPORT PHYSIOLOGY

allocate mental and physical exercising rationally and introduce
motor activities to the schedule properly, which is proved by the
data shown in Tables 6, 7 and Figures 1, 2.

When the formation stage of the pedagogical experiment
was over, we tested regulatory systems of the participants
again. The results of these tests prove that introduction of
physical exercising to the mental arithmetic lessons in TG
translates into optimization of the schoolchildren's movements
regime. Therefore, functional status of TG participants improves
(Fig. 1, Table 6), as opposed to that of CG participants
(Fig. 2, Table 2), with the applicable indicators growing
accordingly. Here, it is important to note the effect attention
switching physical exercises had on Si: it decreased 1.8 times.
Figures 3, 4 show the data backing the results.

Table 3. Comparison of memory, attention, ideation and motor skills, in points, boys 10-12 y.0., TG and CG

Boys (benchmarking stage) Boys (control stage)
Vari . Student's
ariables (functions) Standard Standard error Standard Standard error test
Average o Average .
deviation of mean deviation of mean
TG 6.63 1.41 0.36 9.50 0.53 0.14 6.59*
Short-term memory
CG 6.50 1.53 0.40 7.60 0.89 0.23 2.13
TG 16.13 1.73 0.45 19.40 0.73 0.19 4.87*
Associative memory
CG 15.08 1.74 0.45 15.09 0.84 0.22 1.96
TG 10.38 2.45 0.63 15.40 0.74 0.19 747
Image memory
CG 10.30 2.74 0.71 13.30 1.02 0.26 2.29*
TG 27.25 7.36 1.90 34.00 4.31 1.1 4.84**
Attention concentration
CG 27.40 6.89 1.78 29.40 6.43 1.66 2.18*
TG 5.60 1.80 0.46 3.40 0.97 0.25 412
Attention switching
CG 5.80 1.94 0.50 4.20 1.14 0.29 2.69*
TG 9.25 1.98 0.51 12.00 0.04 0.01 2.99*
Search for analogies
CG 9.40 1.90 0.49 10.5 1.01 0.26 2.62*
TG 23.75 5.57 1.44 28.90 1.80 0.46 3.44*
Logical tasks solving
CG 23.88 5.81 1.50 24.60 2.09 0.54 2.19*
TG 2.25 0.71 0.18 4.10 0.14 0.04 5.71*
Motor skills
CG 2.30 0.65 0.17 3.80 0.36 0.09 2.49*
Note: * — significance level p < 0.05; ** — significance level p < 0.01.
Table 4. Comparison of memory, attention, ideation and motor skills, in points, girls 10-12 y.o., TG and CG
Girls (benchmarking stage) Girls (control stage)
Variables (f ) Student's
ariables (functions) Standard Standard error Standard Standard error ttest
Average o Average o
deviation of mean deviation of mean
TG 5.80 1.30 0.33 9.60 0.54 0.14 6.50**
Short-term memory
CG 5.71 1.55 0.39 6.60 1.05 0.26 2.34*
TG 14.40 2.61 0.65 19.60 0.54 0.14 5.98™
Associative memory
CG 14.49 2.55 0.64 14.00 0.95 0.24 2.09
TG 9.60 2.07 0.52 14.30 0.51 0.13 8.19*
Image memory
CG 9.70 1.55 0.39 10.10 0.75 0.19 2.19*
TG 23.60 4.51 1.13 37.00 3.31 0.83 4.21*
Attention concentration
CG 23.50 4.95 1.24 30.60 4.45 1.1 2.59*
TG 4.80 1.36 0.34 3.10 0.69 0.17 3.71
Attention switching
CG 4.80 1.33 0.33 4.00 1.11 0.28 2.16*
TG 9.80 1.64 0.41 12.00 0.06 0.02 5.13*
Search for analogies
CG 9.80 1.56 0.39 10.1 1.14 0.29 2.56*
TG 22.00 3.74 0.94 28.40 0.54 0.14 9.01*
Logical tasks solving
CG 23.40 3.55 0.89 26.20 1.34 0.34 2.32*
TG 2.60 0.89 0.22 4.20 0.21 0.05 11.91*
Motor skills
CG 2.70 0.84 0.21 3.60 0.83 0.21 2.82*

Note: * — significance level p < 0.05; ** — significance level p < 0.01.
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By the end of the study, we registered differences in
functional class of TG and CG schoolchildren. That of TG
is second, which is the functional class peculiar to normal
operation of systems supporting a developing organism. This
fact confirms the necessity to switch types of activities during
mental arithmetic lessons, namely — do attention switching
physical exercises. Switch to other types of mental and physical
activities: 1) activates CNS; 2) prevents monotony; 3) shifts
attention and softens the tiring effect of studying (Fig. 3).

Functional class of CG participants is 6, which signals of the
children's regulatory systems being overstressed (Fig. 4). Such a
situation invites consideration of activity switching breaks as
part of the lessons. Such breaks would help to prevent overstrain
and depletion of the body's adaptation reserves, thus preserving
health of schoolchildren while their academic loads grow.

Thus, the study confirms that incorporation of the attention
switching physical exercises into mental arithmetic curricula
improves mental performance and psychomotor capabilities of
younger schoolchildren.

DISCUSSION

Many researchers, such as N. I. Shilyk, R. M. Baevsky, E. D.
Sinyak, D. L. Sonkin and others, are studying physiological

adaptation of a child’s organism to learning activities. Their
research focuses on reasoning the methods of selection
of physical movement loads adequate to both training and
physical culture lessons with the children's physical abilities
factored in. In this study, we have also considered the
psychophysical indicators that allow allocating schoolchildren
to certain functional classes. However, it is important to utilize
the high playing potential of children [25]. With this is mind,
we introduced the attention switching physical exercises into
mental arithmetic lessons, which made the latter more exciting.

In the context of the study conducted, attention switching
physical exercising added to the mental arithmetic lessons
improved HMP of younger schoolchildren: they showed better
memorizing abilities (short-term, associative, image memory),
their voluntary attention, ideation and motor skills improved. It
can be assumed that the positive dynamics of HMP are the
result of prevention of monotony and optimization of balance of
excitation/inhibition processes in the cerebral cortex.

Memory, attention and motor skills testing shows their
improvement by a factor of 1.5-2 after incorporation of
physical exercises into the mental arithmetic curricula. This
growth of functional indicators under the influence of attention
switching physical exercises confirms they contribute to
psychomotor development of younger schoolchildren.

Table 5. Heart rhythm indicators, control stage, pedagogical experiment, TG and CG

Name TG CG Norm
Heart rate (HR), beats/min. 71 92* 55-80
Standard deviation (SDNN), ms 55.8 51.4 30-100
Variation coefficient (VC), % 6.6 7.9 3-12
Stress index (SJ), c.u. 114 227 50-150
Index of centralization (/C), c.u. 1.3* 1.3 2-8
Atypy index, c.u. 2 6" 1-3

Note: * — significance level p < 0.05; ** — significance level p < 0.01.

Table 6. Regulatory systems indicators, control stage, pedagogical experiment, TG

Table 7. Regulatory systems indicators, control stage, pedagogical experiment, CG

Functioning level

Functioning level

Moderate bradycardia | -1

Severe tachycardia | 2

Regulation stability

Regulation stability

Normal rhythm stability | 0

Normal rhythm stability | o

Vegetative homeostasis

Vegetative homeostasis

Normal vegetative balance | 0

Moderate predominance of sympathetic nervous system | 1

Sympathetic vascular center activity

Sympathetic vascular center activity

Normal activity of vascular center | 0

Moderately increased activity of vascular center | 1

Regulation centralization degree

Regulation centralization degree

Central regulation levels — moderate decrease in activity | -1 Central regulation levels — sharp decrease in activity | -2

% %
250
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90 150

60 100 —--

30 50 —f-- -

° HR SD Si ° T HR l SD l Si ]

Fig. 1. Heart rhythm indicators, control stage, pedagogical experiment, TG:
HR — heart rate, beats/min.; SD — standard deviation, ms; Si — stress index, c.u.

Fig. 2. Heart rhythm indicators, control stage, pedagogical experiment, CG:
HR — heart rate, beats/min.; SD — standard deviation, ms; Si — stress index, c.u.
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Fig. 3. Functional class diagram, TG, control stage, pedagogical experiment

Comparing the results obtained at benchmarking and control
stages of the pedagogical experiment, we found the differences
between them to be statistically significant (o < 0.05, all
considered parameters).

Combination of mental and physical exercises prevented
fatigue, normalized status of the body's regulatory systems
and triggered restorative processes. The results show that
TG participants, provided their days are scheduled correctly,
benefit from physical exercise: the functional status of
their bodies improves. A number of researchers stress the
importance of fatigue prevention in children; in the long run,
associated practices help to improve their health and learning
performance, maintaining their CNS and ANS activity at the
levels optimal for adequate functioning of the body on the
whole in the context of studying [2-4, 8]. Another important
observation made by the researchers is the correlation of
functional status and disadaptation risk: the closer the former
to the norm, the lower the latter.

Research of the causes of heterogeneity and instability of
neurohumoral regulation of heart rate in children that results
from constitutional genetic imbalance in AMS maturation at the
certain stage of ontogenesis revealed that the mechanisms of
adaptive reactions are best stabilized when the child's regime is
in order (motor activity, day schedule, nutrition, sleep, psycho-
emotional activity control) [1, 8, 10].

General state of the child's health should be taken into
account when designing practices to improve his or her mental
and physical performance. It is known that lessons without
dynamic activities tend to tire children quicker. Thus, mental
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