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ABSTRACT 

 
Background: Many methodological problems associated in a sports and fitness environment based on a 
differentiated approach remain beyond the interest of researchers and developers. The aim of the study was to 
differentiate physical education classes in school in terms of the individual body mass index of schoolchildren and 
experimentally prove the effectiveness of its implementation for the harmonious development of youth. Study 
participants: schoolchildren 15-17 years (n = 64). All the schoolchildren were divided into four groups using the 
method of body mass index (BMI). Interventions: Pedagogical research was carried out for 7 months at school. 
The study used tests "Ready for work and defense", BMI, body health indicator and cognitive rate. Main outcome 
measures. In schoolchildren from the groups (EG1 and EG2), differentiated by BMI for physical education classes, 
the results on physical qualities improved: endurance and dexterity (p < .05). In CG1, where there was no 
differentiation, during the experiment 3 schoolchildren with overweight added. Thanks to the experimental 
intervention in EG1, the schoolchildren kept their initial BMI normal. Separate education of schoolchildren has a 
positive effect on the cognitive abilities of schoolchildren: comparison of EG1 and CG1 (p < .01), comparison of 
EG2 and CG2 (p < .05). Findings. The study showed the effectiveness of the BMI in differentiating of youth into 
groups. If the differentiating physical education at school to indicators of BMI, it will significantly improve the 
performance of physical and cognitive abilities schoolchildren 15-17 years old and reduce obesity of youth. 
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INTRODUCTION 
 
The increase in the pace of scientific and technological progress, the intensification of social changes 
affecting schoolchildren who need to adapt in the future to new conditions of life, requires the search for new 
methods for organizing physical education (Magdalena et al., 2016). As the most important sphere of culture 
responsible for preparing a person for a full life, for the formation of his physical and health potential (Galan 
et al., 2018; Laguna et al., 2013; Oliveira et al., 2017). One of the main conditions is the need to make 
fundamental changes to its traditional content, which in many cases is unpopular among schoolchildren (Lee 
et al., 2007; Riso et al., 2016). In this situation, a contradiction is found between a significant range of scientific 
physical culture and health studies that focus on self-improvement of physical culture training, and insufficient 
development of the technological and methodological foundations of this process (Aryana et al., 2012; 
Cvetković et al., 2018). 
 
Many fundamental methodological problems associated with the design of pedagogical technologies in a 
sports and fitness environment based on a differentiated approach remain beyond the interest of researchers 
and developers (Khudolii et al., 2019; Nagovitsyn et al., 2019; Yagotin et al., 2019). Today, it is necessary to 
organize the physical education and health process of schoolchildren, aimed at improving their physical 
qualities, physique, physical health and fitness knowledge through the modernization of physical education 
classes (Riso et al., 2016; Song et al., 2016; Voloshina et al., 2018). 
 
The special literature emphasizes the need to improve the health indicators of schoolchildren by means of 
active physical exercises, in particular the cardiovascular and respiratory systems (Osipov et al., 2016; 
Yarmak et al., 2018). Systematically and consistently implemented physical education classes increase 
immunity, contribute to the normalization of metabolism and other body systems (Oliveira et al., 2017). In this 
direction, experts emphasize the importance of physical education for schoolchildren to increase physique 
and prevent the initial signs of overweight and further obesity (Espinoza-Silva et al., 2019). In the aspect of 
physical preparation, experts prove the main influence in the harmonious development of all physical qualities 
through the modernization of physical education (Nagovitsyn et al., 2019). Some specialists place a special 
emphasis on the cognitive component of physical education in the implementation of physical activity (Laguna 
et al., 2013). It is a properly organized physical education for schoolchildren that will allow them to form their 
ability for conscious motor activity (Riso et al., 2016). According to experts, it is only through increasing the 
physical and health-improving knowledge of schoolchildren that it is possible for them to form a set of values 
in the field of a healthy lifestyle and full social adaptation (Donnelly et al., 2009; Magdalena et al., 2016). The 
implementation of this process based on the didactic possibilities of using individually differentiated 
technologies will increase its efficiency by improving the indicators of physical qualities, increasing the level 
of functional capabilities of schoolchildren and motivating adolescents to physical activity (Aoyama et al., 
2018; Cvetković et al., 2018). 
 
The lack of the necessary scientific and methodological base and human resources in each individual 
institution actualizes the problem of integrating pedagogical technologies focused on the introduction of an 
individually differentiated approach (Tanaka et al., 2018). Creates a need to improve the efficiency of the use 
of resources for the implementation of physical education (Nagovitsyn et al., 2017; Şar et al., 2018). 
Modernization of the physical education activities of schoolchildren on the basis of non-traditional and 
innovative approaches will provide modern needs and requirements of the younger generation (Grieco et al., 
2009; Riso et al., 2016). In this aspect, the introduction of individually differentiated technologies into the 
process of forming a harmoniously physically developed personality will make it possible to ensure the 
effectiveness of the fitness and health process and, as a whole, will further increase the number of working-
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age population (Aryana et al., 2012; Nagovitsyn et al., 2018). Which ultimately plays a decisive role in a 
positive increase in the country's economic indicators (Nagovitsyn et al., 2019; Osipov et al., 2016). 
 
Thus, the hypothesis of the study can be stated: the fitness and health process of schoolchildren will be 
effective if we differentiate the groups for physical education in terms of individual body mass index. The aim 
of the study is to differentiate physical education classes in school in terms of the individual body mass index 
of schoolchildren and experimentally prove the effectiveness of its implementation for the harmonious 
development of youth. 
 
MATERIAL AND METHODS 
 
The study was conducted in Russia, in the city of Glazov, schools № 1 and № 3. All procedures performed 
in studies involving human participants were in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards. Informed consent was obtained from all individual participants included in the 
study. 
 
Sixty-four schoolchildren aged 15-17 years from the tenth grades took part in the pedagogical research. All 
schoolchildren were healthy and allowed physical training. The study was implemented over 7 months 
(September 2018 - March 2019) from the first to third academic quarters. All participants in the study before 
the experiment were analysed by individual body mass index (BMI). This value makes it possible to assess 
the degree of correspondence of the schoolchild’s mass and height and, therefore, indirectly evaluate 
whether the mass is insufficient, normal or excessive. The formula is BMI m / h², where «m» is body weight 
in kilograms, «h» is height in meters (Dobashi, 2016; Song et al., 2016). 
 
Schoolchildren of the tenth grade “A” and tenth grade “B” of school № 1 were differentiated into 2 groups for 
physical education in terms of the individual body mass index of schoolchildren, regardless of gender. The 
experimental group (EG1) included schoolchildren (n = 14) with a BMI - low (< 21). The experimental group 
(EG2) included schoolchildren (n = 21) with a BMI of average or high (> 21). In turn, schoolchildren of the 
tenth grade “A” and tenth grade “B” of school № 3 were differentiated into 2 groups according to indicators 
of the individual body mass index of schoolchildren, not for physical education, but only for comparing the 
results. The control group (CG1) included schoolchildren (n = 12) with a BMI of low (< 21). The control group 
(CG2) included schoolchildren (n = 17) with a BMI of average or high (> 21). 
 
In each experimental group of school № 1, physical education classes were held separately from each other 
at different times with one teacher 3 times a week. At school № 3 physical education classes were held 
separately for classes “A” and “B” without differentiation according to the body mass index of schoolchildren 
at different times with one teacher 3 times a week. The curriculum in both schools included the study of initial 
ideas about the importance of physical education, the mastery of the ability to organize health-saving life 
activities, performing the simplest acrobatic and gymnastic combinations, as well as technical actions from 
basic sports, their use in game and competitive activities. 
 
RESULTS 
 
To monitor the level of harmonious development of children after the experiment, the following diagnostic 
procedures were used. 
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1. Physical indicator. Analysis of the level of physical development of the research participants according to 
the standards of the complex "Ready for Work and for the Defense" (GTO) using the method of the tests. 
The analysis of the obtained data was carried out by the levels: high, medium and low. Each level is the 
compliance of the obtained indicators with the standards of the GTO complex: high (gold badge), average 
(silver or bronze badge) and low (without badge). Participants performed the following exercises: short 
distance running, mixed movement, shuttle running, throwing a target, pulling up, pushing up from the floor, 
lifting the abs, flexibility exercises, long jump, swimming and skiing (Rassadina, 1981). 
 
2. Health indicator. To determine the level of physical health, the method was used. E.A. Pirogova, which 
allows for rapid assessment of the level of physical condition by an indicator of the circulatory system, 
according to the formula below: X = (700-3*HR-2.5*APd+(APs-APd)/3-2.7*A+0,28*W) / (350-2.7*A+0.21*G), 
HR - heart rate, G - body growth, cm; W - body weight, kg; A - age, full years, APs - arterial systolic pressure, 
APd - arterial diystolic pressure. High level: X ≥ 0.8; average level: 0.8 > X > 0.4; low level: X ≤ 0.4. 
 
3. Cognitive indicator. During the educational process in physical education, grades were determined for 
students based on the study of the following main areas: 

- The formation of initial ideas about the importance of physical culture for strengthening human health 
(physical, social and psychological); 

- Improving knowledge about the positive impact of active physical exercises on human development 
(physical, intellectual, emotional, social), 

- Development of understanding of physical culture as the main factor in successful study and 
socialization; 

- Mastering the skills to organize health-saving life activities (daily routine, morning exercises, 
recreational activities, outdoor games, etc.); 

- The formation of the ability to systematically monitor their physical condition, the amount of physical 
activity, health monitoring data (length and body weight, etc.), indicators of basic physical qualities; 

- Interaction with peers according to the rules for outdoor games and competitions; 
- Performing the simplest acrobatic and gymnastic combinations at a high quality level, 

characterization of the signs of technical performance; 
- Performance of technical actions from basic sports, their use in game and competitive activities. 

 
Performance was assessed on the basis of average academic scores for three quarters: “5” - high level, “4” 
- average level, “3” - low level. 
 
4. Proportional indicator. Participants were analysed on an individual body mass index (BMI) at three levels: 
>25 - high level (obesity), 25 ≥ BMI ≥ 21 - average level (overweight), < 21 - low level (norm). 
 
Statistical processing of research results was carried out using the statistical analysis program SPSS20. For 
a quantitative analysis of the data obtained during the research, a chi square test was used (for p < .05, p < 
.01). 
 
Before the experimental work (September 2018), the participants in the study of schools № 1 and № 3 were 
significantly equal in terms of the health indicator (p > .05). According to the cognitive indicator, there was no 
comparative monitoring because the presented educational material was studied by schoolchildren only 
during the experiment. According to the proportional indicator, the study participants were differentiated for 
experimental work into four focus groups. Only on a physical indicator, preliminary diagnostics revealed a 
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significant difference between schoolchildren in schools № 1 and № 3 (p < .05). The results of physical tests 
were significantly higher among schoolchildren of school 3 (CG1 and CG2). 
 
After the experiment (March 2019), the implementation of diagnostic procedures for all indicators determined: 
the following results (Figures 1-4): 
 

 
 

Figure 1. Number of participants (%) by levels of physical indicator. 
 

 
 

Figure 2. The number of participants (%) by levels according to the health indicator. 
 

 
 

Figure 3. Number of participants (%) by levels according to a proportional indicator. 
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Figure 4. Number of participants (%) by level by cognitive indicator. 
 
The mathematical and statistical analysis of the chi square test of the obtained data on the number of 
participants (%) by the levels of the physical indicator (Figure 1) showed no significant significance of 
differences between EG1 and CG1 (p > .05), as well as between EG2 and CG2 (p > .05). On the whole, over 
the entire EG and total CG, a comparative analysis revealed no significance of the difference (p > .05). 
However, before the experiment, the reliability between these groups was significant (p < .05) in favour of 
the CG. This result shows that the differentiation of physical education in school in terms of the individual 
body mass index of schoolchildren had a positive impact on the physical development of students. In 
particular, a more detailed analysis showed particularly significant effectiveness in the development of 
endurance and dexterity in schoolchildren of the EG, compared with the CG. 
 
The analysis of the obtained data on the number of participants (%) by the levels of the health indicator 
(Figure 2) in mathematical-statistical processing showed no significant significance of differences between 
all groups (p > .05). Not significant shifts were recorded in EG2 in comparison with other groups. However, 
based on the results of mathematical-statistical analysis, it can be stated that this result may be random. 
Thus, according to the health indicator, the implementation of the author’s differentiated conditions in physical 
education classes in school did not have an effect. This, in turn, was confirmed experimentally by comparing 
the groups of schoolchildren studied. 
 
According to the proportional indicator, the number of participants (%) by levels in EG1 and CG1 (Figure 3) 
is significantly different (p < .01), and it is the same between EG2 and CG2 (p > .05). The experimental work 
did not affect the change in the body mass index of schoolchildren in CG1, CG2 and EG2, compared with 
the initial level. Nevertheless, in CG1, a significant result (p < .01) was revealed between the initial and final 
diagnosis. This confirms the effectiveness of the implementation of the differentiation of physical education 
at school in terms of BMI of schoolchildren, in comparison with the training program without this 
differentiation. In the group CG1, where there was no differentiation of students by BMI in the physical culture 
lesson, there were 3 schoolchildren with overweight (10%). 
 
In the cognitive indicator, the number of participants (%) in the levels in EG1 and CG1 (Figure 4) is 
significantly different, as in the previous indicator (p < .01). A comparative analysis between EG2 and CG2 
(p < .05) also revealed a positive significant result in schoolchildren of EG2. Thus, it can be concluded that 
the separate education of schoolchildren, which has a significantly different body mass index, has a positive 
effect on the cognitive abilities of schoolchildren in the field of fitness activities. 
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DISCUSSION 
 
In the scientific literature there are experimental results on the reliable influence of physical activity on 
improving the physical fitness of schoolchildren in educational and extracurricular modes (Grieco et al., 2009; 
Oliveira et al., 2017). Experts prove the positive impact of the training process on various anthropometric and 
cardiovascular parameters in youth with overweight and obesity with high or moderate intensity (Espinoza-
Silva et al., 2019; Riso et al., 2016). Physical training for overweight and obese schoolchildren with various 
sports provides a positive effect in the proportional indicators of schoolchildren (Cvetković et al., 2018). 
Systematic physical activity, as experimental studies show, is the most effective means for the prevention of 
obesity at different levels of schoolchildren (Laguna et al., 2013). 
 
In some studies, on improving the physical preparation of children to fulfil physical standards, in particular, 
the «Ready for Work and for the Defense» complex, the authors prove that for those who go in for physical 
culture it is necessary to organize a training process taking into account individually differentiated trajectories 
(Osipov et al., 2016; Tanaka et al., 2018). Experts prove that for each physical quality, an individual training 
of different functional intensity for adolescents of different physical levels and individual weekly physical 
activity should be compiled (Aoyama et al., 2018; Yarmak et al., 2018). This study proves that it is the 
differentiation of groups in school by body mass index that has a significant positive effect on physical 
development, in particular on improving the endurance and dexterity of schoolchildren. As the statistical 
results of the study show, schoolchildren with varying degrees of obesity perform theoretical and practical 
tasks in the lesson more effectively in an individually differentiated environment. 
 
Unfortunately, most specialists do not pay due attention to the individually-differentiated approach to the 
harmonious and systematic development of not only the physical qualities of schoolchildren, but also their 
cognitive development (Magdalena et al., 2016). In the scientific literature, we were able to find only 
fragmentary studies related to the experimental testing of various forms of physical education (Donnelly et 
al., 2009; Grieco et al. 2009). However, these studies were carried out using comparative or motivational-
value approaches to the formation of universal educational actions in the field of sports and fitness activities 
(Lee et al., 2007). In this direction, part of the research was focused on the differentiation of schoolchildren 
in the system: different ages, gender, level of functional preparedness and weekly motor activity of each 
participant (Tanaka et al., 2018). There are studies based on the individualization algorithm of the process of 
harmonious development of schoolchildren through the individualization of motivational-needful preferences 
for the use of various innovative technologies (Joyner et al., 2019). The presented study supplements these 
scientific works by substantiating the need for the application of individually differentiated technologies in 
physical education classes for 15-17 years. The originality of the approach through the differentiation of 
groups for physical education in terms of individual body mass index of schoolchildren 15-17 years old allows 
us to achieve the stated hypothesis of the study. The implemented experiment proves the practical novelty 
of the study by increasing the level of harmonious development of schoolchildren in the physical, proportional 
and cognitive aspects. 
 
CONCLUSIONS 
 
The study of the level of physical preparedness of schoolchildren of 15-17 years old through the development 
of endurance and dexterity showed that the introduction of the author's system of differentiation is reliably 
effective in comparison with other traditional and innovative programs for this age category. The mathematical 
and statistical analysis (p < .01) between EG1 and CG1 proves the need for school to differentiate children 
into groups for physical education classes, not only by age, but also by individual body mass index. The study 
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experimentally proved that the implementation of a differentiated environment for physical education in 
schoolchildren on the basis of their proportional characteristics has a positive effect on the activation of 
cognitive activity of schoolchildren. Differentiation of schoolchildren on the basis of an individual body mass 
index helps to reduce the number of schoolchildren with varying degrees of obesity. 
 
The results of the experiment will be of interest to a wide range of specialists in the field of physical education 
and sports, as well as to parents whose schoolchildren have various degrees of obesity. The author’s 
recommendations on the implementation of a differentiated approach in the lesson of physical education in 
school will increase the motivation of schoolchildren to set individual goals in the field of increasing the 
theoretical and practical fitness and health outcome. Further research will be aimed at studying the influence 
of the author's approach on different age and qualification categories. An experimental study will cover a 
larger sample of subjects with different individual capabilities and needs for the implementation of motor 
activity. 
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