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Abstract
Purpose: to determine the dynamics of indicators of schoolchildren physical health under the influence of a multilevel 

system of differentiated education.
Material: The study involved schoolchildren (n = 148, age 14-15 years). Two control groups and two experimental 

groups were formed. Quantitative assessment of physical health was carried out according to 5 indices.
Results: a low level of physical health of schoolchildren is established. The influence of the means of a multilevel 

system of differentiated education on the individual level of physical health of schoolchildren is determined. 
The most susceptible systems of the organism are determined to influence the differentiated training. An 
improvement in the adaptive capacity of the cardiovascular system during the recovery period after standard 
physical activity was revealed.

Conclusions: The marked decrease in the heart rate at rest and blood pressure is evidence of a better state of adaptation 
mechanisms. A significant increase in the vital capacity of the lungs and the delay in breathing testifies to the 
improvement of the functional capabilities of the respiratory system and the body’s resistance to hypoxic 
phenomena. Improvement in the development of strength, speed, speed endurance of the muscles of the 
back and abdominal press indicates an increase in the specific intensity of the performed work.

Keywords: multi-level system of differentiated education, functional systems, constitution, physical development, 
schoolchildren.

Introduction1

At present, there is a tendency in Ukraine to decrease 
the level of health and physical fitness of students. In a 
number of works is paid attention to deviations in the 
state of health, decrease in working capacity, initial 
disturbances in the activity of a number of functional 
systems of the organism of the younger generation. So, 
studies of Mameshina M. [1] have been established 
inadequate adaptive reserves of the cardiovascular and 
respiratory systems of schoolchildren of 13 years old. 
The necessity of correction of the indicated deviations 
by means of a purposeful influence is shown. In another 
study, a decrease was found in the majority of indicators 
of kinesthetic, orientational and reactive qualities in 
the learning process [2]. Podrigalo L. et al. [3] studied 
the relationship between mental performance and the 
physical state of students. The authors determined that 
the intensification of educational activity requires the 
mastery of a higher level of information and significantly 
increases the burden on the body. As a result, the young 
people are receiving prenosological disorders of the 
body. Other studies show the possibilities of physical 
education in strengthening the level of health of students 
[4]. The authors propose the correction of the component 
composition of the biological age of female students. 
Some authors note that a negative trend of decreasing 
the level of health of students is typical for all countries 
[5, 6]. The main goal of such research is to find ways to 
improve the health of students, develop certain sports, 
create favorable conditions for the formation of a positive 
attitude of young people to a healthy lifestyle. In other 
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studies [7, 8] there is a significant deterioration in the 
physical and psychological health of students. The authors 
point out the need to study the features of development 
the previous pedagogical systems of the health-improving 
orientation. This will allow to determine the ways of 
introducing health conservation measures in modern 
educational institutions.

According to a number of authors, the deterioration 
in the state of health and the reduction in the level of 
physical preparedness is due to the lack of motor activity 
of children aged 6-11 years old in the period of schooling 
in primary school [9, 10], the decrease in physical activity 
of schoolchildren between 11 and 15 years old [11, 12], 
insufficient motivation and a decrease in students’ interest 
in physical education [13-15]. Studies have found that 
deficiency in motor activity adversely affects the adaptive 
capabilities of the body, the functioning of various 
systems, mental and physical performance: children aged 
7-15 years [15, 16]; adolescents aged 11-16 years [17]; 
students [18, 19]; women aged 20-25 years [20]. As a 
result, the state of health deteriorates substantially.

Specialists in the field of physical education note that 
the standard organization and the typical content of the 
educational process do not compensate for the lack of 
motor activity of schoolchildren [21]. Therefore, the search 
for new, non-traditional approaches to the organization of 
physical education in educational institutions is relevant.

A number of authors indicate that one of the conditions 
for increasing the effectiveness of physical education is a 
differentiated approach. Issues of theory and technology 
of differential education of schoolchildren of different 
ages have been considered in many studies [22, 23]. 
Differentiated methods of physical education have been 
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developed and presented for different age groups: blind 
and visually impaired schoolchildren [24]; preschoolers 
[25]; children of primary school age [26-28]; adolescents 
[29].

The review of scientific and methodical literature 
showed the existence of a number of works devoted to 
differentiated teaching. They discussed the issues of 
differentiation of physical education, taking into account 
the level of physical preparedness [24]; features of the 
physical development of schoolchildren aged 6-11 years 
[26]; adolescents of 13 years old [29]; differentiated 
application of information and computer technologies in 
the physical education of preschool children (5-6 years) 
and schoolchildren (11-16 years) [21, 30]; the level of 
physical health of schoolchildren aged 13-14 years [31].

At the same time, the issue of the differentiation of 
the educational process, taking into account the functional 
state of students aged 14-15 years, has not been studied. 
In our opinion, such an organization of the educational 
process for physical education will positively affect the 
state of physical health of schoolchildren aged 14-15 
years.

An aim of the study is to determine the dynamics of 
indicators of physical health of schoolchildren aged 14-
15 years as a result of applying a multilevel system of 
differentiated education.

Material and methods.
Participants: The study involved 148 schoolchildren 

aged 14-15 (n = 78 - boys, n = 70 - girls), assigned to the 
main medical group. All participants received informed 
consent to participate in the study.

Organization of the study:
The research was carried out on the basis of the 

general school No. 150 (Kharkov, Ukraine). Two 
experimental and two control groups were formed from 
the study participants. The students of the experimental 
groups were divided into homogeneous subgroups, taking 
into account their level of physical health. The content 
of the program material of physical education lessons in 
these groups consisted of two levels: basic and variable. 
The basic level was based on the types of motor activity 
typical for general educational institutions. Lessons of 
basketball, football, volleyball, gymnastics, athletics were 
held. The content of the variational level was developed 
by us and was based on a differentiated approach, taking 
into account the individual characteristics of the students. 
So, for each subgroup a system of physical exercises 
was developed and implemented. This system is aimed 
at increasing the functional state of those systems of the 
body, which, according to the results of primary research, 
had an insufficient level of development. The first complex 
included exercises and modified mobile games aimed at 
improving the regulation of the cardiovascular system. 
The second complex included exercises to increase the 
functionality of the respiratory system. The third complex 
included exercises for the development of strength, 
speed and speed endurance of the muscles of the back 
and abdominal press. The developed system of physical 

exercises of differentiated education was also included 
in the system of independent studies and was offered as 
homework assignments.

The level of physical health was determined [32]. 
Quantitative assessment of physical health was carried 
out according to 5 indices. To calculate the indices were 
determined: length and weight of the body; vital capacity 
of the lungs (VCL); blood pressure (BP); time of breath 
retention on usual inhalation (Stange’s test); heart rate 
(HR) at rest and after a dosed physical exercise (30 sit-ups 
in 45 seconds); the number of torso lifts in the saddle from 
the supine position for 60 seconds (NTL). Determined:

1) mass-growth Ketle index 2, characterizing 
the degree of harmony of physical development and 
constitution. Calculated by the formula: body weight (kg) 
/ body length² (m²);

2) Robinson index, characterizing the state of 
regulation of the cardiovascular system. Calculated by the 
formula: HR (bpm) x BP systolic (mm Hg) / 100

where, BP systolic – blood pressure systolic;
3) Skibinski index, characterizing the functional 

capabilities of the respiratory system and the body’s 
resistance to hypoxic phenomena. Calculated by the 
formula: VCL (ml) х Stange test (c) / HR (bpm);

4) Shapovalova index, characterizing the development 
of strength, speed and speed endurance of the muscles of 
the back and abdominal press. Calculated by the formula: 
(body weight (g) / body length) x (NTL/60);

5) Ruffier index, characterizing the reaction of the 
cardiovascular system to the standard physical load. 
Calculated by the formula: 4 x (P1 + Р2+ Р3) - 200/10.

Where P1 – HR for 15 s at rest, Р2- HR for the first 15 
seconds of the recovery period after the load, Р3- HR for 
the last 15 seconds from the first minute of recovery.

The obtained results were compared with the scale and 
evaluated by a certain number of points. The amount of 
points was determined by the level of physical health.

Statistical analysis:
The research materials were processed using Excel. 

Calculated:
- arithmetic mean X   - to characterize the population 

by separate parameters;
- standard error of the mean (m) - to determine the 

deviation of the arithmetic mean from the corresponding 
parameters of the population;

- the reliability of the differences (p) - was calculated 
in order to determine the degree of change in the mean 
values of the studied characteristics after the experiment 
using the Student’s parametric criterion (t) with a 
significance level of at least 0.05.

Results.
The analysis of the primary indicators of physical 

health indicates the identity of the control and experimental 
groups (p>0.05). A comparison of the results obtained 
with the scoring scale [32] showed “below average” 
level of physical health of students aged 14-15 years. The 
exception is the boys of 14 years old of control groups 
who have an “average” level (Table 1).
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After introduction of the multilevel system of 
differentiated education (Table 2-3), the results of 
schoolchildren of experimental groups showed positive 
changes in all parameters (p <0.05-0.001). The only 
exception is Р₁ (girls of 14 years) and P₂ (boys of 14 
years and girls of 15 years): the changes are not reliable 
(p>0.05).

The data of the schoolchildren of the control groups 
did not change significantly (p>0.05). The exception is 
the mass-growth indicators of schoolchildren of 14 and 
boys of 15 years: changes are significant (p<0.05-0.001).

Comparing repeated results with the scoring scale 
[32], there was no significant change in the indices of the 
Ketle index. In schoolchildren of 14 years (experimental 
groups) and 14-15 years (control groups), these indicators 
correspond to harmonious constitution (3 points). In 
schoolchildren of 15 years of experimental groups 
correspond to inharmonious constitution (with a body 
weight deficit - 2 points). The Robinson index established 
an increase in the score on 1 point for schoolchildren in 
experimental groups. As a result, the level of regulation 
of the cardiovascular system increased from “low” to 

Table 1. Assessment of physical health of schoolchildren aged 14-15 years before the experiment

Age Boys Points Girls Points
Level of physical health

Experimental group
14 years old «Below average» 13 «Below average» 12
15 years old «Below average» 11 «Below average» 11

Control group
14 years old «Average» 14 «Below average» 12
15 years old «Below average» 12 «Below average» 12

Table 2. Physical health indicators of boys of experimental groups before and after the experiment

Indicators
Before experiment After experiment

t p
 х ± m

14 years old (n=29)
Body length (cm) 1619,66±9,42 1639,91±9,42 10,40 ˂0,001
Body mass (kg) 50,97±0,97 52,90±0,96 8,12 ˂0,001
Heart rate (bpm¹) 88,00±3,10 76,14±1,06 5,08 ˂0,001
Vital capacity (ml) 2124,14±71,37 2544,83±57,94 16,20 ˂0,001
Systolic blood pressure (mm Hg) 120,38±2,16 102,34±1,24 11,98 ˂0,001
Diastolic blood pressure (mm Hg) 77,07±1,71 68,76±0,68 6,59 ˂0,001
Time of breath-holding (s) 32,41±1,85 41,21±1,70 11,08 ˂0,001

Heart rate in 15 seconds 
(number of times)

Р₁ 20,86±1,13 18,28±0,30 3,21 ˂0,01
Р₂ 31,93±1,16 32,76±0,53 1,59 >0,05
Р₃ 25,03±1,27 20,86±0,32 6,34 ˂0,001

Lifting the trunk into the seat in 1 minute 
(the number of times) 37,41±1,86 39,28±1,70 8,05 ˂0,001

15 years old (n=19)
Body length (cm) 1727,37±21,81 1748,95±21,18 15,62 ˂0,001
Body mass (kg) 57,26±2,92 59,58±2,75 8,38 ˂0,001
Heart rate (bpm¹) 86,37±1,64 76,79±0,68 8,61 ˂0,001
Vital capacity (ml) 2826,32±124,68 3278,95±137,57 13,11 ˂0,001
Systolic blood pressure (mm Hg) 124,26±2,38 109,37±1,68 9,43 ˂0,001
Diastolic blood pressure (mm Hg) 82,05±1,78 71,05±0,82 7,77 ˂0,001
Time of breath-holding (s) 33,63±2,91 44,32±2,28 11,48 ˂0,001

Heart rate in 15 seconds 
(number of times)

Р₁ 22,84±1,10 19,47±0,76 7,32 ˂0,001
Р₂ 33,42±1,37 32,00±0,68 2,95 ˂0,05
Р₃ 25,58±1,01 21,74±0,77 5,57 ˂0,001

Lifting the trunk into the seat in 1 minute 
(the number of times) 28,16±1,22 32,58±1,22 15,84 ˂0,001

Note. Р1 is the heart rate in 15 seconds at rest, Р2 is the heart rate in the first 15 seconds of the recovery period after 
the load, Р3 is the heart rate in the last 15 seconds of the first minute of recovery.
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“average”.

The schoolchildren of the control groups did not show 
significant changes in the evaluation scale. In the Skibinsky 
index, an increase in the results of schoolchildren of 
experimental groups was established the following: in 
boys (14 years) and girls (15 years) - 1 point; boys (15 
years) and girls (14 years) - 2 points. As a result, the level 
of development of the respiratory system has increased 
as follows: from “low” to “below average” - in boys (14 
years); from “below average” to “average” - in girls (15 
years); from “low” to “average” - for girls (14 years) and 
boys (15 years).

The schoolchildren of the control groups have not 
established any significant changes. In Shapovalova 
index, the results were increased on 1 point in girls (14 
years) and boys (15 years) (experimental groups). As a 
result, the level of development of strength, speed, speed 
endurance of the muscles of the back and abdominal press 
increased from “low” to “below average”. The figures 
for boys (14 years) and girls (15 years) also increased. 
However, these changes were not reflected in the overall 
assessment. A similar comparison of the data of students 

in the control groups revealed a lack of significant changes 
after the experiment. The only exception is the results 
of boys (15 years): unreliable improvements. The boys’ 
points increased on 1 point and became “below average” 
level.

A comparison of Ruffier index revealed an increase 
in the results of girls (14 years) and boys (15 years) in 
experimental groups on 1 point. As a result, the level of 
adaptive capacity of the cardiovascular system in girls 
(14 years) has become “above average”. The boys (15 
years) – “average”. Improvement in the indicators of boys 
(14 years) and girls (15 years) on the scoring scale is not 
affected. According to the evaluation criteria, significant 
changes were not detected in schoolchildren of control 
groups. The exception is the results of girls (14 years), 
who rose by 1 point. The results began to correspond 
to the “average” level. And boys (15 years), the results 
dropped from “average” to “below average” level.

The general level of physical health of the 
schoolchildren of the experimental groups was 
determined after the experiment (Table 4). Its increase 
from “below average” to “average” has been established. 

Table 3. Indicators of the physical health of girls of experimental groups before and after the experiment

Indicators
Before experiment After experiment

t p
 х ± m

14 years old (n=23)
Body length (cm) 1595,65±18,10 1614,78±16,95 9,66 ˂0,001
Body mass (kg) 48,57±1,04 50,52±1,05 9,18 ˂0,001
Heart rate (bpm¹) 90,91±3,50 76,48±1,15 5,62 ˂0,001
Vital capacity (ml) 2113,04±75,60 2504,35±61,15 9,28 ˂0,001
Systolic blood pressure (mm Hg) 122,22±2,03 104,26±1,37 12,83 ˂0,001
Diastolic blood pressure (mm Hg) 77,70±1,45 68,83±0,73 8,44 ˂0,001
Time of breath-holding (s) 32,61±2,50 42,83±1,84 10,06 ˂0,001

Heart rate in 15 seconds 
(number of times)

Р₁ 18,09±0,79 17,26±0,32 2,00 >0,05
Р₂ 30,78±1,27 32,43±0,54 2,36 ˂0,05
Р₃ 21,61±1,07 19,61±0,32 3,09 ˂0,01

Lifting the trunk into the seat in 1 minute 
(the number of times) 34,57±0,66 38,70±1,15 3,28 ˂0,01

15 years old (n=23)
Body length (cm) 1642,17±13,17 1661,30±12,99 14,03 ˂0,001
Body mass (kg) 48,91±1,64 50,61±1,08 10,87 ˂0,001
Heart rate (bpm¹) 86,30±4,22 76,43±1,27 3,63 ˂0,01
Vital capacity (ml) 2321,74±73,56 2760,87±66,10 14,07 ˂0,001
Systolic blood pressure (mm Hg) 121,13±2,52 106,30±1,63 10,99 ˂0,001
Diastolic blood pressure (mm Hg) 80,57±1,81 70,13±0,99 8,77 ˂0,001
Time of breath-holding (s) 32,52±2,47 44,04±1,99 13,63 ˂0,001

Heart rate in 15 seconds 
(number of times)

Р₁ 18,30±1,10 17,26±0,54 2,10 ˂0,05
Р₂ 29,83±1,46 30,00±0,60 0,25 >0,05
Р₃ 23,22±0,84 19,48±0,57 7,54 ˂0,001

Lifting the trunk into the seat in 1 minute 
(the number of times) 25,91±0,81 29,57±0,78 25,08 ˂0,001

Note. Р1 is the heart rate in 15 seconds at rest, Р2 is the heart rate in the first 15 seconds of the recovery period after 
the load, Р3 is the heart rate in the last 15 seconds of the first minute of recovery.
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In schoolchildren of control groups, the level of physical 
health has not changed.

Thus, the author’s system of differentiated education 
and the methodology for its implementation proved to be 
reliably effective in the majority of the studied indicators.

Discussion.
Analysis of the study data revealed the natural 

character of changes in the mass-growth indicators of 
schoolchildren aged 14-15 years: during the pedagogical 
experiment, the indicators significantly increased in the 
experimental and control groups (p <0.05-0.001). The 
obtained dynamics of results agrees with the data of a 
number of researchers. In other studies, certain physical 
exercises (elements of cheerleading [33, 34], tourism [35]) 
did not have a significant impact on the body structure 
of adolescents. We have not found any work devoted to 
the study of the effect of differentiated education on the 
constitution of schoolchildren aged 14-15 years.

Analysis of the data of the functional state of 
the cardiovascular system revealed their significant 
improvement in schoolchildren of experimental groups 
(p<0.01, 0.001). So, after introduction of the differentiated 
training it is established the tendency to decrease in blood 
pressure and frequency of warm reductions at teenagers 
of 14-15 years old. In our opinion, the introduction 
of specially designed exercises widens the range of 
functionalities of the circulatory system. Such exercises 
also improve the nervous regulation of the cardiovascular 
system. The results obtained are in agreement with 
the data of a number of authors. Other studies have 
established an improvement in the functional capabilities 
of the cardiovascular system under the influence of 
cheerleading in schoolchildren aged 13-15 years [33] 
and girls aged 16-18 years [36, 37], tourism classes [35], 
and differential education [31]. The schoolchildren of the 
control groups also improved. However, these changes are 
not significant and are not reliable (p>0.05). Our research 
proves that the differentiation of the educational process, 
taking into account the individual characteristics of those 
involved, positively influenced the functional state of the 
cardiovascular system of students aged 14-15 years.

Analysis of the results of the functional state of 
the respiratory system made it possible to establish 
that in schoolchildren of experimental groups they 
significantly improved after the experiment (p<0.001). 
In schoolchildren of control groups, no significant and 
significant changes were detected (p>0.05). In our 

opinion, positive changes are the result of modification 
of the lessons of physical culture. At the heart of this 
lesson is the differentiation of education, taking into 
account the individual characteristics of schoolchildren. 
In our opinion, this is explained by an increase in the 
vital capacity of the lungs, improvement in pulmonary 
ventilation, and increased oxygen saturation of the blood. 
Accordingly, the functional capabilities of the respiratory 
system are increased. The data obtained are consistent 
with a number of studies. The authors found a positive 
effect on the functions of the respiratory system of 
cheerleading exercises in schoolchildren [35, 36].

Thus, in our study, the positive effect of differentiated 
education on the level of physical health of schoolchildren 
in experimental groups was established: an increase in 
indicators from “below average” to “average”. During 
the research, the data of other authors [17, 38, 39] were 
supplemented, which indicate a low level of physical 
health of schoolchildren. Our data confirm the results 
of Dumich O. et al. [23] about the positive influence of 
the differentiated approach in the process of physical 
education of schoolchildren of lower grades; Podoliaka 
A.Ie. [25] – senior preschoolers; Ierakova L. [24] – blind 
and visually impaired; Mameshina M.A. et al. –13-14 
years old schoolchildren [31].

For the first time, the influence of the means of a 
multilevel system of differentiated education on the 
individual level of physical health of schoolchildren aged 
14-15 years was determined. Also the most susceptible 
systems of the organism are established to influence 
differentiated learning.

Conclusions:
The application of the experimental model of 

organization of multilevel lessons of physical culture 
on the basis of differentiation of teaching positively 
influenced the level of physical health of schoolchildren 
of 14-15 years old. After the application of differentiated 
training, the adaptation capabilities of the cardiovascular 
system were improved during the recovery period after 
the standard physical load. The marked decrease in the 
heart rate at rest and blood pressure is evidence of a better 
state of adaptation mechanisms. A significant increase in 
the vital capacity of the lungs and the delay in breathing 
testifies to the improvement of the functional capabilities 
of the respiratory system and the body’s resistance to 
hypoxic phenomena. Improvement in the development 
of strength, speed, speed endurance of the muscles of 

Table 4. Assessment of physical health of schoolchildren aged 14-15 years after the experiment

Age Boys Points Girls Points
Experimental groups

14 years old «Average» 17 «Average» 17
15 years old «Average» 15 «Average» 15

Control groups
14 years old «Average» 14 «Below average» 13
15 years old «Below average» 12 «Below average» 12
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the back and abdominal press indicates an increase in the 
specific intensity of the work performed.

Thus, our studies allow us to recommend to teachers 
of physical culture of general educational institutions to 
supplement the content of the educational process of the 
differentiated training system developed by us. This allows 
to increase the level of physical health of schoolchildren.
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