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Purpose: to determine the cardiorespiratory system state of the 10th-11th grade boys 

after the introduction of CrossFit exercises.  

Material and methods: theoretical analysis and generalization of scientific 

methodological literature; biomedical methods for determining the physical health of 

pupils (spirometry, tonometry, pulsometer, Stange’s test); pedagogical experiment 

and methods of mathematical statistics. The cardiorespiratory system state was 

determined by indicators of the regulation level of the cardiovascular system 

(Robinson's index) and the functional capabilities of the respiratory system, and the 

body's resistance to hypoxic phenomena (Skibinski's index). Resting heart rate (bpm-

1), systolic blood pressure (mmHg), lung capacity (ml), breath retention time at 

inhalation (Stange’s test) (s) were determined to calculate indicators. The obtained 

indicators were calculated for the formulas: HR (bpm-1) × BP Syst. (mmHg )/100 

(Robinson’s index); LC (ml) × Stange’s test (s )/HR (bpm-1) (Skibinski’s index). The 

examined results were compared to the scale and evaluated with a certain number of 

scores. Statistical analysis: the research materials were processed using the licensed 

Excel program. In the research 52 pupils of the 10th-11th grades took part.  
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Results: it was established that the cardiorespiratory system state improved after the 

introduction of CrossFit exercises into the educational process on physical education 

of the 10th-11th grade boys.  

Conclusions: the positive effect of CrossFit exercises on the state of 

cardiorespiratory system of 10th-11th grade boys of main groups was found. 

 

Keywords: CrossFit, senior pupils, cardiovascular system, respiratory system, 

physical culture lessons, motor activity. 

 

Introduction 

The deterioration of pupils’ health state is the global problem nowadays. 

According to the Ministry of Health of Ukraine, for about 90% of children and 

adolescents have various health conditions [3; 10]. 

Specialists of the physical education industry note that the deterioration of 

pupils’ health state is primarily due to a significant decrease in motor activity, 

imperfection of physical education at school, intensification of academic load, lack of 

free time, disregard of physical and labor education and expansion of modern media 

network [2; 4; 5; 10; 12]. 

A sedentary lifestyle is reflected by negative changes in activity of the 

cardiovascular system (strength of heart contractions weakens, arterial hypertension, 

ischemic heart disease develops and vegetal dystonia progresses); respiratory (vital 

capacity of lungs, maximum oxygen consumption, and etc. decrease) [10]. 

According to references, it was found that physical culture is important in the 

formation of healthy generation. However, a number of authors note that the system 

of physical education in educational institutions mainly function ineffectively [6; 11; 

13; 18; 19]. It should be noted that the Ministry of Education and Science of Ukraine 

notes the need to supplement the State program of physical education for institutions 

of general secondary education with innovative, modern and interesting types of 

motor activities for pupils, which in turn will be able to optimize the educational 

process on physical education at school. Therefore, today, the question of the 
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inclusion of innovative technologies in the system of school physical education 

remains relevant. 

In recent years, a number of researchers have devoted the considerable 

attention to the development of new approaches, which in turn will contribute to the 

modernization of the educational process on physical education [1; 3; 10-12]. The 

authors investigated the impact of various new means and technologies on the level 

of development of physical health, physical performance, and physical fitness in the 

process of physical education [3; 10; 11; 17; 20]. 

So, authors Bala, et al. (2018) determined the effect of cheerleading activities 

on functional state of the respiratory system of 10-16 year old adolescents; Masliak, 

et al. (2018) investigated physical health of 14-15 year old pupils under the influence 

of the multi-level differentiated learning exercise system; Masliak, et al. (2018) found 

the positive effect of cheerleading activities on functional state of the cardiovascular 

system of 10-16 year old adolescents; T. M. Bala, I. P. Masliak (2011) investigated 

the change in the level of health state of the 7th- 9th grade pupils under the influence 

of cheerleading exercises; I.P. Masliak (2017) established the influence of power 

aerobics on the cardiorespiratory system state of senior pupils. It should be noted that 

the question regarding the influence of CrossFit exercises on the cardiorespiratory 

system indicators of senior pupils in modern Ukrainian literature wasn’t found by us, 

which proved the feasibility of conducting our research. 

Today, CrossFit is gaining wide popularity among modern youth. It should be 

noted that the overwhelming feature of CrossFit is that it is possible to attract to 

classes different age and gender contingent and there are many variations in the 

combination of exercises [21]. 

Thus, we believe that the introduction of exactly CrossFit to the substantive 

side of the educational process of physical education is appropriate, because it will 

diversify physical education lessons, make them more interesting and effective, 

increase the interest of pupils to physical education and sports, increase motor 

activity and, as a result, improve the cardiorespiratory system state of pupils. 
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Connection of the work with scientific programs, plans, topics. The research 

was conducted in accordance with the Thematic Plan of the research work of Kharkiv 

state academy of physical culture for 2016-2020 under the theme “Improvement of 

physical education in various educational institutions” (the state registration number 

0115U006754) and for 2020-2026 "Improvement of the physical education process of 

different segments of the population" (the state registration number 0120U101110). 

The purpose of the research is to determine the cardiorespiratory system state 

of the 10th-11th grade boys after the introduction of CrossFit exercises. 

Material and Methods of the research 

During the experiment, the following methods were used: theoretical analysis 

and synthesis of scientific methodological literature; biomedical methods for 

determining the physical health of pupils (spirometry, tonometry, pulsometer, 

Stange’s test); pedagogical experiment and methods of mathematical statistics. 

The cardiorespiratory system state was determined by indicators of the 

regulation level of the cardiovascular system (Robinson's index) and the functional 

capabilities of the respiratory system, and the body's resistance to hypoxic 

phenomena (Skibinski's index). Resting heart rate (bpm-1), systolic blood pressure 

(mmHg), lung capacity (ml), breath retention time at inhalation (Stange’s test) (s) 

were determined to calculate indicators. The obtained indicators were calculated for 

the formulas: HR (bpm-1) × BP Syst. (mmHg )/100 (Robinson’s index); LC (ml) × 

Stange’s test (s)/HR (bpm-1) (Skibinski’s index). The examined results were 

compared to the scale and evaluated with a certain number of scores. 

Statistical analysis: the research materials were processed using the licensed 

Excel program. Calculated: arithmetic mean of the variation series ( X ) - for the 

characteristic of the population after individual parameters; representativeness error 

(m) for determining the deviation of the arithmetic mean from the corresponding 

parameters of the general population; reliability of differences (p) - was calculated in 

order to establish the homogeneity of control and main groups, the degree of 

differences in indicators in the age aspect and changes in the average values  of the 
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studied parameters in main and control groups after the experiment using Student's 

parametric criterion (t) with the significance level not lower than 0,05. 

The research was carried out on the basis of the comprehensive schools No. 

146 and No. 57 in Kharkov during the 2017-2018 school years. In the research 52 

pupils of the 10th-11th grades took part. All the children who took part in the research 

were almost healthy and were under the supervision of a school doctor. During the 

research the pupils of control groups were engaged only in the generally accepted 

state program on physical education for 10-11 grades of general secondary education 

institutions, and the educational process on physical education of the pupils of the 

main groups was supplemented by the developed by us CrossFit variant module. 

CrossFit classes were held twice a week, according to the school schedule. The 

content of which included theoretical information, special physical training (elements 

of gymnastics, athletics and weightlifting, kettlebell lifting, general development 

exercises) and technical training (specially selected exercises for CrossFit “Burpee”, 

“Box Jump”, “Farmer's Walk”, “Good morning”, “Bear crawl”, “Floor wipers”, 

“Burpee bench jump”, etc. At the end of the research of the CrossFit module, pupils 

performed the complex of exercises, which consisted of special and technical 

elements of CrossFit, for a minimum period of time and with a noted number of 

rounds (“Cindy”, “Annie”, “Fran”, etc.) [16]. 

Age, sexual and anatomical-physiological pupils’ features were taken into 

account during the classes. The load and dosing increased gradually, taking into 

account the individual capabilities of pupils. CrossFit exercises were also included in 

the preparatory part of lesson of other variable modules in the system of organized 

breaks and were given in the form of homework. 

Results of the research 

Considering the obtained results (Table 1), which show the cardiorespiratory 

system state, the absence of reliable differences between the indicators of pupils of 

control and main groups was found (p>0,05). 

 

 

https://wodcat.com/exercises/bear-crawl
https://wodcat.com/exercises/floor-wipers
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Table 1 

Comparison of average parameters of the cardiorespiratory system of the 10th-

11th grade boys of main and control groups before the experiment 

In
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Indicators 

 

 

                       

Groups 

10 grade 
Points per 

indexes 
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ts
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11 grade 
Points per 

indexes 
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v
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n

 (
p

o
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) 

n X ± m MG CG n X ± m MG CG 

R
o
b
in
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n
’s

 

BP Syst. 

(mmHg 

MG 15 
115,27± 

0,79 

88,9 89,5 3 

10 
122,60± 

2,32 

90,6 86,1 3 

CG 10 
116,60± 

2,18 
17 

120,71± 

0,73 

t 0,57 0,78 

p >0,05 >0,05 

HR 

(bpm-1) 

MG 15 
77,13± 

2,34 
10 

73,90± 

1,27 

CG 10 
76,80± 

3,13 
17 

71,41± 

1,41 

S
k

ib
in

sk
i’

s 

t 0,09 

1202 1231 2 

1,31 

1270 1519 2 

p >0,05 >0,05 

LC (l) 

MG 15 
2,81± 

0,15 
10 

2,89± 

0,11 

CG 10 
2,91± 

0,13 
17 

3,11± 

0,04 

t 0,48 1,89 

p >0,05 >0,05 

Stange’s 

test 

MG 15 
33,00± 

2,08 
10 

32,50± 

1,72 

CG 10 
32,50± 

1,42 
17 

34,88± 

1,73 

t 0,20 0,98 

p >0,05 >0,05 

 

Analysis of the results that depict the cardiovascular system state (Robinson's 

index) in the age aspect showed that when comparing the obtained results of systolic 

blood pressure and heart rate at pupils of both research groups, there wasn’t reliable 

differences in indicators with the overall tendency to improve the results with age 

(p>0,05). 

Comparing the obtained results according to Robinson’s index with the scoring 

scale presented by S. D. Polyakov and co-authors [14], it is determined that they meet 

the score of 3 points (“average” level) at senior pupils of both research groups. 
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Analysis of the results that depict the cardiovascular system state (Robinson's 

index) obtained after using CrossFit exercises (Table 2) revealed significant decrease 

in heart rate of the 10th-11th grade boys and increase in systolic blood pressure data at 

the 11th grade pupils of the main group (p<0,05-0,001). The exception is the results of 

the 10th grade pupils, where there is an unreasonable increase in systolic blood 

pressure indicators (p>0,05). 

Table 2 

Comparisons of average parameters of the cardiorespiratory system of the 10th-

11th grade boys of main groups before and after the experiment 

In
d
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es
 

Indicators 

  

 

                       

Groups 

10 grade 
Points per 

indexes 

N
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(p
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) 

11 grade 
Points per 

indexes 

N
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(p
o

in
ts

) 

n X ± m Before After n X ± m Before After 

R
o
b
in

so
n
’s

 

BP Syst. 

(mmHg 

Before 15 
115,27

± 0,79 

88,9 80,8 3 

10 
122,60

± 2,32 

90,6 84,7 3 

After 15 
117,13

± 1,78 
10 

125,00

± 1,59 

t 1,01 3,09 

p >0,05 <0,05 

HR 

(bpm-1) 

Before 15 
77,13± 

2,34 
10 

73,90± 

1,27 

After 15 
69,00± 

1,46 
10 

67,80± 

1,11 

S
k

ib
in

sk
i’

s 

t 5,79 

1202 2506 3 

12,66 

1270 2799 3 

p <0,001 <0,001 

LC (l) 

Before 15 
2,81± 

0,15 
10 

2,89± 

0,11 

After 15 
3,93± 

0,08 
10 

4,10± 

0,09 

t 7,97 16,42 

p <0,001 <0,001 

Stange’s 

test 

Before 15 
33,00± 

2,08 
10 

32,50± 

1,72 

After 15 
44,00± 

1,39 
10 

46,30± 

2,84 

t 8,45 8,03 

p <0,001 <0,001 

 

Considering the data obtained after the experiment it was found in the age 

aspect that the nature of the differences didn’t change significantly compared to the 

output data at pupils of the main groups. 
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Analysis of the results of the pupils of control groups obtained after the 

experiment found insignificant changes in cardiovascular regulation indicators. In the 

age aspect the tendency of differences after the experiment didn’t change 

significantly compared to the initial researches. 

When comparing the data of main and control groups obtained after the 

experiment, it was found that the indicators of main groups are significantly better 

than the results of the pupils of control groups (p<0,05). The exceptions are indicators 

of systolic blood pressure, where the differences in the obtained results are unreliable 

(p>0,05). 

Comparing the repeat Robinson’s index scores with the scoring scale, it is 

determined that the results improved at the pupils of main groups after the 

experiment, somewhat, however, this didn’t appear in any way on the scoring scale, 

and they, as at the beginning of the research, equal the score of 3 points, which 

indicates “average” level of cardiovascular regulation. The data remained unchanged 

and correspond to the score of 3 points (“average” level) for the boys of control 

groups. 

Analysis of the results, which characterize functional capabilities of the 

respiratory system, and the body's resistance to hypoxic phenomena (Skibinski’s 

index), in the age aspect showed that the increase in vital capacity of lungs and 

Stange’s test with age, and the decrease in heart rate at boys of the research groups 

are observed. It should be noted that these differences are unreliable in both primary 

and control groups (p>0,05). 

Comparing the results obtained according to Skibinski’s index with the 

assessment scale presented by S. D. Polyakov and co-authors [14], it is determined 

that indicators of pupils of all study groups correspond to the score of 2 points, which 

equals “below the average” level. 

Analyzing the results obtained after using CrossFit exercises (Table 2), it was 

found that there was a reliable improvement in the investigated indicators at the boys 

of main groups (p<0,001). Considering the data obtained after the experiment, in the 
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age aspect, it was found that the nature of differences didn’t change significantly 

compared to the initial data at the pupils of main groups. 

Analysis of the results of pupils of control groups obtained after the experiment 

revealed insignificant changes in respiratory system indicators. The tendency 

remained unchanged compared to the initial data in the age aspect. 

When comparing the data of main and control groups obtained after using 

CrossFit exercises, it was found that indicators of main groups are significantly better 

than the results of pupils of control groups (p<0,05-0,001). 

Comparing the repeated results according Skibinski’s index [14] with the 

assessment scale, it is determined that the data improved by 1 point, and began to 

meet the score - 3 (“average” level) at the 10th -11th grade boys of main groups. The 

rates of the 10th -11th grade boys of control groups remained unchanged in 

comparison with the data of the initial research and met the score - 2 (“below the 

average” level). 

Thus, the conducted researches indicate the positive impact of CrossFit 

exercises we proposed on indicators that characterize the cardiorespiratory system 

state of the 10th -11th grade pupils, which makes it possible to recommend that 

physical education teachers include in the educational process on physical education 

of senior pupils, which we developed the variant module “CrossFit”. 

Conclusions/Discussion 

The results of the research found that CrossFit exercises in the process of 

physical education of the 10th -11th grade boys contributed to the improvement of the 

cardiovascular system. So, considering the changes in systolic blood pressure values   

obtained after the experiment, the significant increase in data the 11th grade pupils 

(p<0,05) and the significant increase in results of the 10th grade boys of main groups 

(p>0,05) were found. The above is confirmed by the results presented by A.S. 

Solodkov and Y.B. Solohub (2001), according to which blood pressure increases with 

age. In our opinion, the above changes in the body are explained by the increase in 

volume of blood that is thrown out by the heart in one contraction with age. 
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When examining the heart rate values obtained after applying CrossFit 

exercise, the reliable decrease (p<0,001) was established. The obtained results 

coincide with the data of I.Kh. Vakhitov and O.P. Martyanov (2010), which indicate 

the economy of heart functions and is consistent with the main patterns of the age 

development of adolescents in this period. So, the data of I.I. Zemtsova (2008) 

indicate that systematic exercise of prolonged, moderate intensity affects the decrease 

in heart rate. 

Analysis of the results of pupils of control groups obtained after the experiment 

found insignificant changes in cardiovascular regulation indicators. 

Studying the obtained indicators, after the introduction of the developed by us 

CrossFit variable module on physical education of senior pupils into the educational 

process, we can see the tendency to improve the functioning of the respiratory 

system. Considering the changes in indicators of vital capacity of lungs obtained after 

the experiment, there is the reliable increase in indicators of boys of main groups 

(p<0,001). The obtained results are consistent with the data of S.N. Blynkov, A.V. 

Krylova, S.P. Levushkin (2008), respectively, exercises on endurance and speed and 

power character have a positive effect on vital capacity of lungs of this age period. In 

our opinion, this is due to the fact that systematic exercises increase the functionality 

of the respiratory system, which in turn contributes to improving the indicators of 

vital capacity of lungs. 

Analyzing the results, which reflect the body's resistance to hypoxic 

phenomena (Stange’s test), after the experiment, the reliable increase in indicators at 

boys of main groups was established (p<0,001). The obtained data are consistent with 

research of L.M. Kukis (2008), which found the positive effect of sports games on 

indicators of anaerobic capabilities of the respiratory system of adolescents. This is 

due to the fact that as a result of systematic exercise, the level of oxygen consumption 

significantly increases, blood circulation improves, metabolism activates and the 

body's resistance to hypoxic phenomena increases. 

When examining the boys of control groups obtained after applying CrossFit 

exercises, minor changes in the respiratory system performance were established. 
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The results are confirmed by a number of researches: so, I.P. Masliak (2017) 

notes that the use of power aerobics exercises in physical education of the 10th -11th 

grade pupils positively affected the functioning of the cardiorespiratory system; N.V. 

Moskalenko, D.S. Yeliseieva (2016) found that dance aerobics activities, body ball, 

athletic gymnastics and jogging positively influenced the morphofunctional 

indicators of senior pupils’ body; O.V. Andreieva, I.O. Pidhayna (2019) determined 

the positive impact of classes with aqua-recreation elements on health indicators of 

16-17 year old boys. 

Thus, the conducted researches indicate the positive impact of the offered by us 

CrossFit exercises on the cardiorespiratory system state of the 10th -11th grade boys. 

The prospects for further research in this direction may be to determine the 

extent to which CrossFit classes affect senior pupils’ physical health. 
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