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Abstract 

Background: This study aimed to determine the effect of speed-strength exercises on the vestibular 

stability of schoolchildren with different nervous systems. 

Methods: The pedagogical experiment was conducted from January 12 to March 20, 2020 in Kirov, 

Russia, school number 60. The study involved children aged 13-14, 20 students from grade 7a and 20 

students from grade 7b. The participants from class 7a were considered as the control group, being 

engaged in the usual program; and those from class 7b additionally performed speed-strength 

exercises. Children from grade 7b were divided into two subgroups taking into account the strength of 

their nervous systems, determined based on a «tapping test». Vestibular stability of schoolchildren 

was measured using the test of «Turns on the gymnastic bench». The data was analyzed using the 

Student's T-test. 

Results: After the end of the pedagogical experiment, the indicators of vestibular stability in 

schoolchildren in all subgroups were improved, but in different ways. In the control group, the 

indicators were improved slightly, only by 6-7% (p>0.05). However, in the experimental groups the 

indicators improved significantly. In children with a strong nervous system, the indicators improved 

by 21% (p>0.05), and in children with a weak nervous system, by 18% (p>0.05). 

Conclusion: If at each physical education lesson at school children will additionally perform speed 

and strength exercises, then the indicators of vestibular stability will improve. Physical activity should 

be differentiated taking into account the strength of the nervous system of schoolchildren. 
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1- INTRODUCTION

The problem of insufficient physical 
activity and health of schoolchildren is 

often considered in various studies. To 

meet the need for movement, a physical 

education lesson at school is of great 

importance during school years. At 

physical education classes, schoolchildren 

are under the supervision of a teacher, 

master the entire arsenal of motor actions 

necessary for them in later life. In school 

years, it is necessary to act 

comprehensively and harmoniously, that 

is, to develop all physical qualities 

according to age (strength, speed, 

endurance, flexibility and dexterity) (1-3). 

Purposeful development of physical 

qualities in a certain period of time 

(sensitive period) gives a significant effect 

on the development of these indicators. In 

working with younger schoolchildren, 

most of the work is spent on developing 

flexibility, coordination abilities, and 

speed of movement. In the middle and 

high school level, children work more on 

the development of strength and speed-

strength abilities (4-6). 

In a previous study, we proved the 

effectiveness of using a set of physical 

exercises aimed at developing speed and 

strength abilities in schoolchildren aged 

13-14 years (7). The use of such exercises 
in physical education classes at school will 
be an excellent addition to the work 
program in the school of physical 
education for children in grades 1-11 (8).

It should also be noted that in working 

with children of different ages, especially 

in physical education classes, a 

differentiated approach should be used. 

The effectiveness of using a differentiated 

approach in physical education lessons has 

been proven by many studies (9-11). At 

the same time, in the lessons, you can 

assign children into different subgroups, 

taking into account various indicators such 

as, height, level of training, physical 

development, and some others. In our 
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opinion, one of the most effective criteria 

for differentiating children into subgroups 

is typology (strength of the nervous 

system) (7). 

Separately, we should mention that a large 

number of studies have aimed at studying 

the influence of physical activity and 

movement on the indicators of mental 

processes. They have proved that physical 

activity has a positive effect on intellectual 

and mental processes. 

In this study, we were to find out how a set 

of physical exercises aimed at the 

development of speed and strength 

abilities affects the indicators of vestibular 

stability of schoolchildren with different 

strengths of the nervous system. 

2- MATERIALS AND METHODS

2-1. Study design and population

40 children took part in the

pedagogical experiment. They consisted of 

schoolchildren of secondary school 

number 60 in the city of Kirov (Russia). 20 

schoolchildren from class 7a (8 girls and 

12 boys) were identified in physical 

education classes in the control group 

(CG). 20 schoolchildren from class 7b (8 

girls and 12 boys) belonged to the 

experimental group (EG). Before the 

study, all children were healthy and had 

medical admission to physical education. 

All procedures met the ethical standards of 

the 1964 Declaration of Helsinki. Informed 

consent was obtained from all parents of 

the participating children. 

2-2. Methods

This pedagogical experiment was 

conducted in Russia, in an ordinary school 

(Kirov) for 3 months. The study lasted 

from January 12 to March 20, with a total 

of 20 physical education students in each 

class. All lessons were held in the gym for 

40 minutes 2 times a week, while the 

lesson schedule was the same in both 

subgroups. The study involved 20 children 

from class 7a (control group - CG) and 20 
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children from class 7b (experimental 

group-EG). Each group consisted of 12 

boys and 8 girls aged 13-14. The children 

who took part in the study were healthy 

and a medical professional had allowed 

them to take physical education classes at 

school. 

The children from the CG had a physical 

education lesson on Tuesday (the 2nd 

lesson in the schedule) and on Friday (the 

3rd lesson in the schedule), and the 

children from the EG had physical 

education on Tuesday (the 3rd lesson in 

the schedule) and on Friday (the 2nd 

lesson in the schedule). 

Schoolchildren from the CG were engaged 

in a standard physical education program 

for schoolchildren of ordinary schools (8). 

Schoolchildren from the EG were engaged 

in the same program, but in addition, after 

a short warm-up, they performed a set of 

exercises (running, turns, jumps, pull-ups, 

push-ups, working with dumbbells) aimed 

at developing speed and strength abilities. 

For children with strong and weak nervous 

systems in the EG, the load was different. 

For schoolchildren with a weak nervous 

system, the process of arousal was 

characterized by a volume load, namely, a 

rare change of physical exercises and a 

larger number of series. And for 

schoolchildren with a strong nervous 

system, the load was intense (more 

exercises, but fewer series) (7). 

2-3. Measuring tools

Prior to the study, all schoolchildren took 

control tests, the strength of the nervous 

system was determined by Tapping test, 

and vestibular stability by the test of 

«Turns on the gym bench». 

Tapping test: at the signal of the teacher, 

schoolchildren should quickly put dots in 

the square with the number 1 (on the A4 

sheet) with a pencil, after 5 seconds go to 

the second square and so on to the sixth 

square. After that, they need to draw a 

graph and determine the strength of the 
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nervous system by the process of arousal 

(7). 

Turns on the gym bench: schoolchildren 

must perform turns on the narrow part of 

the bench. The calculation takes into 

account half of the rotation around its axis. 

If the student has fallen, he gets back up 

and continues the exercise. The test lasts 

for 20 seconds. 

2-4. Ethical consideration

All procedures met the ethical standards of 

the 1964 Declaration of Helsinki. 

Informed consent was obtained from all 

parents of the schoolchildren included in 

the study. 

2-5. Data Analyses

Statistical processing of the results of the 

pedagogical experiment was carried out 

using the Microsoft Excel program. This 

allowed us to determine the arithmetic 

mean in the group, calculate the standard 

deposition, and determine the percentage 

increase in indicators from the beginning 

to the end of the study. The student's T-test 

was used to compare the outcomes in CG 

and EG groups. 

3- RESULTS

According to the results of the tapping

test, out of 20 schoolchildren in the EG, 10 

were with a strong nervous system and 10 

with a weak one. Similarly, the children 

were differentiated in CG. 

Table 1 shows the indicators of vestibular 

stability in schoolchildren aged 13-14 

years from the beginning to the end of the 

study. 

As presented in Table 1, the indicators of 

vestibular stability were improved in 

schoolchildren from both 7a and 7b. In the 

participants with a strong nervous system 

from CG, the indicators improved from 

12.7±1.2 to 13.6±1.2, i.e., the increase in 

indicators was 7%. In children with a weak 

nervous system, the indicators improved 

from 12.9±1.4 to 13.7±1.5, while the 
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increase in vestibular stability indicators 

was only 6%. The results of the study in 

the CG indicate a weak effectiveness of 

the standard work program in physical 

education at school, which did not have a 

significant impact on the development of 

vestibular stability in children aged 13-14 

years. 

Table-1: Indicators of vestibular stability of the children, n=20 in CG, n=20 in EG 

Groups 
Nervous 

system 

Before research 

M+m 

After research 

M+m 
% P 

Control 
Strong 12,7±1,2 13,6±1,2 +7% p>0.05

Weak 12,9±1,4 13,7±1,5 +6% p>0.05

Experimental 
Strong 12,4±1,0 15,0±1,2 +21% p <0.05 

Weak 12,3±1,3 14,5±1,5 +18% p<0.05 

Among the EG participants with a strong 

nervous system, the increase in indicators 

was 21% (indicators improved from 

12.4±1.0 to 15.0±1.2). In those with a 

weak nervous system, the increase in 

indicators was 18% (from 12.3±1.3 to 

14.5±1.5). These results indicate the 

effectiveness of the use of speed and 

strength training in physical education 

lessons; and confirm their having a 

positive and significant impact on the 

development of vestibular stability of 

schoolchildren. 

4- DISCUSSION

Physical education at school is of great 
importance for the growth and 

development of children. The level of 

physical fitness of each schoolchild largely 

depends on his ability to engage in 

physical education, of course, there are 

children who play sports in addition, but 

there are not many such schoolchildren (1-

3). 

In Russia, there is a standard program for 

physical education at school. It covers the 

entire range of movements and passing the 

material; and the schoolchildren learn the 

entire arsenal of physical skills necessary 

for later life. The main goals are the 

comprehensive harmonious development 

of the schoolchildren, and the development 

of all physical qualities in a certain age 

period of schoolchildren. Despite the fact 
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that the Children from CG showed a 

positive trend in the results for vestibular 

stability during the 3 months of the study, 

it should be noted that there is a natural 

increase in such indicators at the age of 

13-14 years. In our opinion, the standard

program is not perfect; it needs some

minor additions. This claim is due to the

fact that the children in the CG showed

improvements in the indicators of

vestibular stability by 6-7%, while those

from the EG improved the indicators by

18-21%. Such indicators indicate the

efficiency of work in the EG. It is then

revealed that a set of physical exercises

aimed at the development of speed and

strength abilities has a significant positive

effect on the development of vestibular

stability of schoolchildren aged 13-14

years.

This confirms the effectiveness of using a 

differentiated approach in physical 

education lessons. This approach has a 

positive effect on physical education 

lessons, and helps children to realize more 

of their physical abilities; this is, likewise, 

confirmed by previous studies (9-11). In 

this case, the criterion for dividing children 

into subgroups was a typological indicator, 

that is, the strength and weakness of the 

nervous system in the process of arousal. 

This criterion proved its effectiveness with 

the results in the experimental group. The 

effectiveness of using a differentiated 
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approach in working with children is also 

confirmed by previous studies, for 

example, Gavin et al., in 2017, examined a 

differentiated instruction in physical 

education- personalization of learning (9). 

Van Munster et al., in 2019, investigated a 

universal design for learning and 

differentiated instruction in physical 

education (10). Jarvis et al., in 2017, 

studied a differentiated pedagogy to 

address learner diversity in secondary 

physical education (11). 

Thus, the objective of the study was 

achieved, namely, the influence of a set of 

physical exercises aimed at the 

development of speed and strength 

abilities on the indicators of vestibular 

stability of schoolchildren aged 13-14 

years with different strengths of the 

nervous system was determined. The topic 

is relevant, as it affects the health and 

physical development of children; this is 

confirmed by many modern studies (12-

16). 

5- CONCLUSION

At each physical education lesson at 
school, after a short warm-up for 10 

minutes, it is recommended to use 

exercises aimed at developing speed and 

strength abilities. When working with 

children of different ages, it is 

recommended to use a differentiated 

approach. One of the most effective 

criteria for dividing children into 

differentiated groups is typology (strength 

of the nervous system). The load for 

children with a weak nervous system 

should be voluminous, that is, a rare 

change of physical exercises and a larger 

number of series of one exercise, and for 

schoolchildren, with a strong nervous 

system, an intense load is recommended. 

Thus, performing exercises for the 

development of speed and strength 

abilities in physical education classes, 

taking into account the typology, will lead 

to a significant improvement in the 

indicators of vestibular stability. 
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