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Abstract

The aim of the study is to study the sensitive periods of endurance formation
in school-age children.

Methods: The pedagogical experiment was organized at secondary school
60, Kirov city in Russia in the period from September 2022 to May 2023. The study
involved 578 boys and 637 girls who were admitted by doctors to physical
education classes at school. All children took the Cooper control test for 6 minutes
at the beginning and at the end of the experiment. Physical education classes were
held according to the standard program under the work of physical education
teachers. The study used methods of mathematical statistics, the Student's T-test,
the reliability was determined at p>0.05.

Results: After the end of the pedagogical experiment, the students'
performance improved on average in all classes. However, the improvement was
uneven. Thus, the high increase in endurance was among schoolchildren from grade
2, grades 8-11 for boys, the indicators improved from 12 to 16% (p<0.05). The
indicators improved by 12-15% (p<0.05) in girls from grades 2, from grades 9-11.

Conclusions: As a result of the experiment, we can say that the sensitive
period for the development of endurance in girls is the age of 8-9 years, 15-18 years,
and in boys 8-9 years and 14-18 years. It should be noted that there is a high increase
in endurance indicators in children aged 10-11 years. The results of the study make
it possible to adjust the educational process in schools and improve the training
process in various sports for children aged 7-18 years.

Keywords: Schoolchildren, Physical education, Children's health, Physical
Inactivity, Cooper's Test, Physical development.
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Introduction

Great attention is paid to the health of children from birth and preschool age
(Vale et al., 2011; Terron-Pérez et al., 2021). Teaching a child at school is a time
when the body grows and develops under the attention and influence of not only
parents, but also teachers. Physical culture plays an important role in the normal
growth and physical development of a child. Physical education of students is an
integral part of the entire educational work of the school and occupies an important
place in preparing students for life, for socially useful work. Physical education at
school solves the tasks of not only preserving and strengthening health, but also
increasing the level of sociability and social activity of the child. The importance
of physical culture in the school period is to create the foundation for
comprehensive physical development, health promotion, and the formation of a
variety of motor skills (Kainov & Kuryerova, 2019). Unfortunately, the percentage
of children who play sports outside of school is quite low (Oberle et al., 2020; Hu
et al., 2021). Physical activity of children plays a very important role in the
development of a child's motor skills, in the formation of nerve connections
between the musculoskeletal system, central nervous system and internal organs, in
the development of muscles and skeleton, in the formation of a child's posture, in
the regulation of metabolic processes, blood circulation and respiration, in the
development of the cardiovascular system. The development of technology in
modern life and automation of work have led to the fact that people move much
less than 100 years ago (Aliss et al., 2020; Heradstveit et al., 2020).

Physical inactivity is a condition characterized by insufficient physical
activity and decreased muscle strength. Sedentary lifestyle or physical inactivity
affects not only adults and adolescents, but also children in early childhood and
preschool age. Most often, the causes of infantile inactivity are due to an incorrect
lifestyle of the child. The beginning of school life reveals serious problems in the
development of such children, both physically and mentally. Physical inactivity
leads to serious disorders in the child's body, whose systems do not receive motor
activity and do not develop properly. This has a negative effect on the work of the
musculoskeletal system, respiration, blood circulation, digestion, and nervous
system (Mannocci et al., 2020; Volmut et al., 2021):

1) reduced ability to work;

2) muscles weaken and atrophy, endurance and strength decrease;

3) there is a malfunction in the metabolism;

4) obesity and atherosclerosis develop;

5) the blood supply to tissues is disrupted, the supply of oxygen and nutrients
to cells decreases;

6) the strength of heart contractions and vascular tone weakens.

Physical inactivity significantly reduces the body's resistance to pathogens of
infectious diseases. Children can often get sick, and diseases can become chronic.
Low mobility in children can lead to pronounced disorders of body functions, as
well as to a decrease in not only physical, but also mental performance (Chen et al.,
2021; Mikaelsson et al., 2021). The overall level of development of schoolchildren
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is decreasing from year to year, and indicators of such physical qualities as
endurance are becoming lower (Azevedo et al., 2021; Toshboyeva, 2022).

Endurance is understood as the capabilities of a person, providing him with a
long-term performance of any motor activity without reducing its effectiveness
(Sanjar & Maftuna, 2022; Khakimovich & Soyibjon, 2023). The level of
development and manifestation of endurance depends on a number of factors
(Rozmatovich & Maftuna, 2022; Nazirjonovich, 2023):

1) the availability of energy resources in the human body;

2) the level of functional capabilities of various body systems (cardiovascular,
central nervous system, endocrine, neuromuscular and others);

3) the speed of activation and the degree of consistency in the operation of
these systems;

4) the resistance of physiological and mental functions to adverse changes in
the internal environment of the body (an increase in oxygen debt, an increase in
lactic acid in the blood, and others);

5) the cost-effectiveness of using the energy and functional potential of the
body;

6) fitness of the musculoskeletal system;

7) perfection of technical and tactical skills;

8) personal and psychological characteristics (interest in work, temperament
properties, the level of maximum mobilization of such strong-willed qualities as:
determination, perseverance, perseverance, endurance, patience).

Among other factors affecting human endurance, age, gender, morphological
characteristics of a person and conditions of activity should be highlighted.

Quite a large number of researchers have been engaged in the problem of
developing the endurance of schoolchildren. The authors note the leading
importance of endurance for optimal growth and development of all human body
systems (Azevedo et al., 2021; Abdullaevich, 2023).

Some pedagogical experiments that have been conducted in school
institutions prove the effectiveness of a particular technique and emphasize the
importance of endurance for the growth and development of schoolchildren in
general (Sanjar& Maftuna, 2022; Khakimovich & Soyibjon, 2023).

It is known that a good level of endurance development is the foundation for
the development of other physical qualities, such as special endurance, strength
abilities, speed of movement, flexibility and coordination abilities (Faigenbaum et
al., 1999; Mikkonen et al., 2023). Also, high levels of endurance have a positive
effect on the result in individual and team sports (Doma et al., 2019; Yuliandra et
al., 2020).

Many authors call endurance aerobic abilities of a person, and these abilities
have a direct impact on intellectual abilities and mental growth and development of
a person (Rozmatovich & Maftuna, 2022; Toshboyeva, 2022; Khakimovich &
Soyibjon, 2023).

However, despite such a large number of studies, we were unable to find data
that would indicate a favorable (sensitive) period of endurance development, for
example, at school age.
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Sensitive periods are periods of reduced genetic control and increased
sensitivity of the body to environmental influences, including pedagogical and
training ones. Taking into account favorable periods for the development of certain
abilities is very important, the main thing is not to miss the moment when you can
purposefully influence a particular physical ability in order to maximize and timely
its development. In modern literature, the issues of sensitive periods of development
of physical qualities are considered very limited. The authors note the high role of
favorable periods for the development of physical qualities and recommend
purposefully influencing each quality more intensively during the sensitive period
for its development (Goldfield et al., 2012; Kabanov et al., 2019).

In Russia, several well-known experts have systematized and generalized the
idea of sensitive periods of development of general endurance (Guzhalovsky, 1986;
Kholodov & Kuznetsov, 2018; Solodkov & Sologub, 2018; Guba et al., 2021;
Kuramshin, 2021; Matveev, 2021).

The famous physiologist Guzhalovsky in 1986, speaking about the aerobic
capabilities of schoolchildren, argued that the age of 8-9 years, 10-11 years, 12-13
and 14-15 years would be a favorable age for the development of endurance in boys,
while in girls it is the age of 9-10 years and 11-12 years (Guzhalovsky, 1986).

However, other physiologists believe that endurance develops more
effectively between the ages of 15 and 17, both boys and girls (Solodkov &
Sologub, 2018).

The authors of textbooks on the theory and methodology of physical culture
and sports believe that the sensitive period for the development of endurance is the
age from 8 to 10 years and from 12 to 15 years for boys, and for girls it is the age
from 10 to 13 years and from 15 to 17 years (Kholodov & Kuznetsov, 2018).

Well-known experts in the field of physical education, as well as the authors
of many books on the sensitive periods of different physical qualities of
schoolchildren, agree that endurance is better developed in girls at 8-9 years old,
and in boys at 8-9 years old, 10-11 years old, 14-15 years old and 15-16 years old
(Guba et al., 2021; Kuramshin, 2021; Matveev, 2021).

The problem of the study lies in the fact that all over the world teachers and
coaches are trying to effectively develop the physical qualities of schoolchildren,
but favorable periods for their development have not been studied enough.

Thus, a review of the literature on the problem shows that there is no
consensus on sensitive periods for the development of endurance, which underlines
the relevance of this study.

The aim of the study is to determine favorable age periods for the
development of endurance in schoolchildren aged 7-18 years.

Research objectives:

1. To study the current state of the issue on the problem of endurance
development and optimize the available data on sensitive periods for the
development of endurance in schoolchildren.
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2. To conduct a large-scale study with the participation of schoolchildren in
grades 1-11 (7-18 years old) to determine favorable periods of endurance
development at different ages.

3. Compare the data obtained with the results of previous studies on the issue
of favorable periods for the development of endurance and formulate conclusions.

Methods

Study participants:

Schoolchildren of grades 1-11 (boys and girls aged 7-18) participated in the
pedagogical experiment. A total of 1,215 children (578 boys and 637 girls)
participated in the study. From the first to the ninth grade, the school has 5 classes
of students (for example, 1 "A" class, 1 "B", 1 "C", 1 "D" and 1 "E" class). In grades
10 and 11, there are 3 classes of students (10 "A", 10 "B", 10 "C"). On average,
there are 30-33 students in each class.

Ethical Statement

It should be noted that all procedures were carried out in accordance with the
ethical standards of the Helsinki Declaration of 1964 and approved by the special
Ethics committee of the University

Inclusion criteria:

1. Students who were healthy at the beginning of the school year and were
admitted by a doctor to physical education classes in the general group.

2. Children whose parents were aware of the pedagogical experiment and
gave their written informed consent to the child's participation. It should be noted
that children pass the endurance control standards for the physical education
program at school every year. Nevertheless, parents of schoolchildren were warned
that according to the results of the study, the data of the control standards will be
taken into account in scientific research.

3. Students who do not engage in any kind of sport, as a physical culture and
sports organized activity can actively influence the results of the study and make
them distorted and unreliable.

Exclusion criteria:

1. Children who had illnesses and did not have a doctor's admission to
physical education classes in the general group and permission to comply with
control standards.

2. Students whose parents have not signed an informed consent to participate
in a pedagogical study.

3. Children who play sports or other types of active physical activity that
somehow affect endurance performance during the study period.

The research procedure:
The pedagogical research was conducted on the basis of 60 schools in the city
of Kirov, Russian Federation from September 15, 2022 to May 23, 2023.
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The Physical Education lesson at school takes place 3 times a week for 40
minutes each lesson. All physical education lessons are equally (sequentially)
distributed during the six—day school week, in some classes physical education
lessons were on Monday, Wednesday and Friday, and in others it was Tuesday,
Thursday and Saturday.

All children were engaged in the standard school physical education program
at school (Kainov & Kuryerova, 2019). The program consists of the following
sections:

1. September is athletics.

2. October and November are outdoor and sports games.

3. December and January are ski training.

4. February is gymnastics and martial arts.

5. March and April are outdoor and sports games

6. May is athletics.

The sections in the physical education program are the same, but they get
more complicated from year to year, and students' skills improve.

Control tests

All children passed the control standards at the beginning of the school year
(September 15, 2022) and at the end of the school year (May 23, 2023), which show
the level of development of physical qualities. The control standard "Cooper Test",
which determines the level of endurance development, is a long run for 6 minutes.
The result of the test is the distance that the student will cover in 6 minutes (meters).
The use of this standard for schoolchildren is optimal and is used in many studies
(Jaakkola et al., 2016; Alvero-Cruz et al., 2017).

Statistical analysis:

All the results of the students at the beginning and at the end of the study were
recorded in an Excel spreadsheet, which determined the arithmetic mean in each
class, the standard deviation of the arithmetic mean and the increase in endurance
indicators from the beginning to the end of the school year.

With the help of a special program "Biostatistics-2022", we determined the
reliability of the results from the beginning to the end of the study according to the
Student's T-criterion. The level of significance and reliability was determined at
p<0.05.

Results

At the beginning of the next school year (September 15, 2022), all the
students who participated in the study passed the control standard "Cooper Test",
this allowed us to record the initial data of each student, determine the arithmetic
mean and standard deviation in each classroom. At the end of the school year (May
23, 2023), the children took the same test again. The average results in each age
group and the percentage increase in indicators are shown in table 1.
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Table 1. Students’ results in the Cooper test at the beginning and at the end of the
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study
cl Amount Before After Growth
ass | Age | Gender of ML ML p in %%
children

| | 7.g | Boys 58 941+7 969+8 | >0,05 | 3%
Girls 67 844+10 886+9 >0,05 5%

I 89 qus 51 956+10 1109+8 <0,05 16%
Girls 68 851+8 978+7 <0,05 15%

m | o-10 B(_)ys 56 1081+9 113547 >0,05 5%
Girls 64 898+11 933+10 >0,05 4%

IV 10- Boys 58 1109+8 1198+10 | >0,05 8%
11 Girls 59 926+10 1009+9 >0,05 9%

v 11- Boys 52 119248 1240+9 >0,05 4%
12 Girls 64 997+10 1047+8 >0,05 5%

Vi 12- Boys 57 1201+10 1261+8 >0,05 5%
13 Girls 62 1021+9 1052+11 | >0,05 3%

VII 13- Boys 61 1255+7 1293+8 >0,05 3%
14 Girls 54 1084+9 112748 >0,05 4%

VIl 14- Boys 56 1259+10 143549 <0,05 14%
15 Girls 60 1102+8 1157+7 >0,05 5%

IX 15- Boys 59 1322+9 1493+11 | <0,05 13%
16 Girls 56 1083+8 1213+9 <0,05 12%

X 16- Boys 37 1349+11 153849 <0,05 14%
17 Girls 41 1096+7 1239+8 <0,05 13%

X 17- Boys 33 1372+8 1550+10 | <0,05 13%
18 Girls 42 1132+10 126849 <0,05 12%

M — Arithmetic average; m — Standard deviation

Table 1 shows that the average indicators in each age group increased during
the academic year, however, the increase in indicators in each class was different.
For example, a slight increase in endurance indicators (3-5%) was observed in boys
and girls in grades 1, 3, 5, 6 and 7 and in girls in grades 8. Despite the fact that the
increase in indicators in the 4th grade, both for boys and girls, was not reliable
(p<0.05), the results improved by 8% and 9%, respectively, over the year. A
significant increase in indicators in the Cooper test was observed in boys and girls
of grades 2, 9, 10 and 11, as well as in boys from grades 8, indicators improved by
12-16% (p<0.05). Such results allow us to conclude that there are favorable age
periods for the development of endurance in both boys (Graph 1) and girls (Graph
2).
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Graph 1. Favorable periods for the development of endurance in boys

Graph 1 shows that the most favorable periods for the development of
endurance in boys include the ages of 8-9 years (2nd grade), 14-15 years (8th
grade), 15-16 years (9th grade), 16-17 years (10th grade) and 17-18 years (11th
grade). Also, a high increase in endurance indicators in boys is observed at the age
of 10-11 years (4th grade).
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Graph 2. Favorable periods for the development of endurance in girls

Graph 2 shows that the most favorable periods for the development of
endurance in girls can be attributed to the age of 8-9 years (2nd grade), 15-16 years
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(9th grade), 16-17 years (10th grade) and 17-18 years (11th grade). Also, a high
increase in endurance indicators in girls is observed at the age of 10-11 years (4th
grade).

Discussion

Special attention should be paid to physical activity of students. In recent years, due
to the high academic load at school and at home and other reasons, most
schoolchildren have insufficient motor activity, which causes the appearance of
hypokinesia, which can cause a number of serious changes in the student's body.
Schoolchildren not only have to limit their natural motor activity, but also maintain
an uncomfortable static position for them for a long time while sitting at a desk or
study table (Aliss et al., 2020; Heradstveit et al., 2020; Chen et al., 2021,
Mikaelsson et al., 2021; Volmut et al., 2021). Sufficient motor activity is a
necessary condition for the harmonious development of personality. Physical
exercises contribute to the good functioning of the digestive system, helping the
digestion and assimilation of food, activate the activity of the liver and kidneys,
improve the endocrine glands. Constant training of the circulatory system leads to
its functional improvement, increases the vital capacity of the lungs, improves the
mobility of the chest (Pifieiro-Cossio et al., 2021; de Bruijn et al., 2022).

General endurance plays an essential role in optimizing vital activity, acts as an
important component of physical health and, in turn, serves as a prerequisite for the
development of special endurance (Azevedo et al., 2021; Rozmatovich & Maftuna,
2022; Sanjar & Maftuna, 2022; Toshboyeva, 2022; Khakimovich & Soyibjon,
2023; Nazirjonovich, 2023).

The authors of some studies that deal with the issues of favorable periods for
the development of physical qualities, including endurance, are unanimous in the
opinion that the most significant changes in the development of physical qualities
of children occur in preschool and primary school age. They emphasize that
systematic training has an impact on the development of physical qualities even in
non-sensitive periods, but it is believed that the most effective effect of training is
precisely during periods of intensive development of physical quality (Goldfield et
al., 2012; Kabanov et al., 2019).

However, despite the fact that experts are unanimous in the opinion that the
school period, in general, is quite favorable for the development of all physical
qualities, but we could not find an unambiguous answer to the question of the
sensitive period of development of general endurance.

The results of our study showed certain age periods for the purposeful
development of endurance.

If we consider the primary school age (grades I-1V), then for both boys and
girls, the optimal period for the development of endurance is the age of 8-9 years
(grade I1), the increase in endurance indicators in this age range was significantly
positive. It should also be noted the age of 10-11 years (grade 1V), the result in the
Cooper test from the beginning to the end of the study was not reliable, but the
natural increase in endurance indicators was at the level of 8-9%. Such results
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coincide with the data of previous studies conducted by some authors
(Guzhalovsky, 1986; Kholodov & Kuznetsov, 2018; Guba et al., 2021; Kuramshin,
2021; Matveev, 2021).

In secondary school age (grades VV-VII1) According to the results of our study,
there is a slight increase in endurance in both boys and girls. The indicators
increased on average from 4% to 5% (>0.05). Only boys in grades V1II have a sharp
increase in endurance indicators of 14% (p<0.05). Such results coincide with some
previous studies (Guzhalovsky, 1986; Guba et al., 2021; Kuramshin, 2021,
Matveev, 2021).

Senior school age (grades IX-XI) It is characterized by a sharp jump in
endurance indicators in both boys and girls. During the period of our study, the
indicators increased by an average of 12-14% (p<0.05). These data coincide with
some previously conducted studies by some authors (Kholodov & Kuznetsov,
2018).

Thus, to date, there is no consensus on the sensitive periods of endurance
development at school age. Despite the fact that there are some points of contact
regarding specific age periods for the development of general endurance, in a
detailed analysis, the authors of the studies point to different ages, which are
favorable for a targeted impact on the endurance of schoolchildren. Our study with
the participation of schoolchildren in grades I-XI showed certain age periods in
which the increase in endurance indicators is significant.

Of course, the design of the study could be improved by adding additional
tests to determine endurance in schoolchildren, and it is also possible to study
favorable periods for the development of other physical qualities in different age
periods.

Conclusion

There are several studies that show the effectiveness of endurance
development in schoolchildren in the fight against physical inactivity. It is also
known about favorable periods for the development of endurance, but data on the
age and gender of schoolchildren differ significantly in different studies. According
to the results of this study, we can say that a favorable period for the development
of endurance in boys is the age of 8-9 years (grade Il) and from 14 to 18 years
(grades VI to XI), and in girls 8-9 years (grade Il) and from 15 to 18 years (grades
IX-XI). Also, a high manifestation of endurance indicators is observed at the age of
10-11 years (grades 1V) both boys and girls.
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