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Purpose: experimentally to reveal the influence on the special endurance of aerobic activities (cross training and basic aero-
bics), which are included in the program of higher educational institutions of groups with sports orientation (sectional occupa-
tions) table tennis, and to explore the need to include these classes in the curriculum for physical education. 

Material & Methods: analysis and generalization of literary sources, pedagogical observation, pedagogical experiment, 
modeling. In the experiment, 106 first-year students took part: (53 – control group and 53 – experimental). 

Results: technique of revealing the influence of aerobic training on the special endurance of students of groups with a sports 
orientation was tested; the effectiveness of the experimental technique of training for increasing special endurance was de-
veloped and proved. 

Conclusion: at this stage of the experiment, the effectiveness of the program was substantiated and proved with the inclu-
sion of aerobic activities (cross training and basic aerobic elements) in the training groups on sporting orientation (sectional 
occupations) table tennis.
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Introduction

The problem of increasing the effectiveness of physical ed-
ucation of student youth has been and is most significant in 
recent times. In theory and in practice, the issues of differen-
tiation, individualization and profiling of education, the inte-
gration of the content of education, the ideas of optimization 
and modernization of the educational system were actively 
developed [8]. In the opinion of specialists, it is necessary to 
abandon rigid normativeness, obligatory and authoritarian-
ism, adjusting to the standard set from outside, to form an in-
terested attitude of the student to the subject, to arouse inter-
est in the possibility of building a healthy body, forming one's 
own health [7].

All this indicates the need to find new ways to improve the 
physical, mental and moral state of student youth [17]. In our 
previous research on the results of the survey, students as-
sessed the importance of developing physical qualities as 
follows: 1) endurance, 2) strength, 3) dexterity, 4)  flexibility, 
5) coordination, 6) speed. And their own level of physical read-
iness was estimated as follows: 1) strength, 2) coordination, 
3) speed, 4)  flexibility, 5) dexterity, 6) endurance [2]. These 
facts show that students understand the important influence 
of endurance and its importance in solving the tasks of prepa-
ration for work, and they realize that it is this physical quality 
that most of them develop worse [2; 7]. Issues of improving 
the physical preparation of students in recent years have been 
considered in the works of a large number of researchers [3; 
6]. There are a lot of works where such physical quality as en-
durance is studied, but there are not enough works to improve 
special endurance in groups with a sports orientation (sec-
tional session), in particular table tennis. A work to improve 
the special endurance means of cross training and with the 
help of basic aerobics in groups with a sports focus (sectional 

occupations) in recent years generally does not occur. Based 
on this, we have developed and justified a program based on 
cross training and elements of basic aerobics for groups with 
a sports orientation (sectional occupations) table tennis  [3; 
6], which should significantly improve physical quality such as 
special endurance. 

The purpose of the research: experimentally to reveal the 
influence on the special endurance of aerobic activities (cross 
training and basic aerobics), which are included in the pro-
gram of higher educational institutions of groups with sports 
orientation (sectional occupations) table tennis, and to ex-
plore the need to include these classes in the curriculum for 
physical education. 

Material and Methods of the research

Analysis and generalization of literary sources, pedagogical 
observation, pedagogical experiment, modeling. In the ex-
periment, 106 first-year students participated (53  – control 
group and 53 – experimental). The research was carried out 
on the basis of the Simon Kuznets Kharkiv National University 
of Economics and Kharkov Institute of Finance of Kiev Nation-
al Trade and Economic University. 

To test the hypothesis, the first stage was:

– studied the level of physical preparedness of students;

– developed and justified the program of physical training for 
students of groups with a sports orientation (sectional occu-
pation) table tennis.

On the second stage:
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–  a comparative pedagogical experiment was conducted to 
check the effectiveness of the developed program.

The experiment was conducted during the academic year 
from October 2015 to June 2016. Students of the control 
group were engaged in the program of a higher educational 
institution for groups with a sports orientation (sectional occu-
pation) table tennis, and students of the experimental group 
on the program developed by us to increase the level of spe-
cial endurance, which combines a program for special sports 
training (table tennis – 75%) and aerobic exercise (cross train-
ing and elements of basic aerobics – 25%). The program was 
based on the program of the higher educational institution for 
groups with a sports orientation (sectional occupation) table 
tennis and included in it for every fourth session – aerobic ex-
ercise (cross training and basic aerobics). By the middle of 
December, while weather conditions allowed, the students of 
the experimental group each fourth session were engaged in 
cross-training in the open air, then moved to the hall where, in 
the experiment, they continued to engage in every fourth ses-
sion already with basic aerobics, and at the end of March they 
again took to fresh air, where they continued to study every 
fourth session by cross training. At the beginning and at the 
end of the experiment, table tennis competitions were held in 
the control and experimental groups, as checking the level of 
endurance in game sports, in particular in table tennis, is bet-
ter manifested in competitive conditions [6] (each pair played 
five games, in each batch was considered the number of mis-
takes made).

To check the level of special endurance at the beginning and 
at the end of the experiment, statistical and comparative ana-
lyzes of the experimental and control group data were made 
to find out how aerobic activities (cross training and basic aer-
obics) affected the level of special endurance. For this, the 
pairwise regression model was used  [1] (F  – Fisher and t  – 
Student criteria were analyzed for the linear regression equa-
tion [11; 16], linear coefficients of pair correlation, determina-
tion and average error of approximation were calculated [4; 
15], estimated statistical significance of regression and cor-
relation parameters [9; 18], residual dispersion is determined, 
confidence intervals are calculated [12]).

Results of the research and their discussion

As a result of using the pair regression method, such equa-
tions were found for the experimental group at the beginning 
of the experiment (October).

Calculation of the parameters of the linear regression equation 
for the experimental group at the beginning of the experiment 
(October) is presented in the calculation table (Table 1).

We find estimates of the parameters of the regression equa-
tion:

We obtain the regression equation: ŷ
х
=a+bx.

On this basis, we see that with an increase in the number of 
games played by at least one, the average number of errors 
increases on average by 0,73:
ŷ

1
=3,55+0,73∙1=4,28;

ŷ
2
=3,55+0,73∙2=5,01;

ŷ
3
=3,55+0,73∙3=5,74;

ŷ
4
=3,55+0,73∙4=6,47;

ŷ
5
=3,55+0,73∙5=7,2.

The tightness of the linear connection is estimated by the cor-
relation coefficient:

Since the value of the correlation coefficient is greater than 
0.9, there is a fairly close linear relationship between the num-
ber of played set and the number of errors committed.

We find the coefficient of determination:

This means that 98% of the variation in the errors (y) is due to 
the variation of the factor x – the number of played sets.

Having the regression equations ŷ
х
=5,74+0,73∙x, t is possible 

to predict the number of errors for the sixth sets:

ŷ
6
=5,74+0,73∙6=7,93.

As can be seen from the equation, the error for the sixth set 
will increase slightly, but the calculation error does not exceed 
10%.

The calculation of the parameters of the linear regression 
equation for the experimental group at the end of the experi-
ment (May) is presented in the calculation table (Table 2).

Table 1 
Calculation of the parameters of the linear regression 
equation for the experimental group at the beginning 

of the experiment (October)

No. i/o Х Y ŷ
х

у–ŷ
х

1. 1 4,24 4,28 –0,04
2. 2 5,0 5,01 –0,01

3. 3 5,9 5,74 0,16

4. 4 6,49 6,47 0,02

5. 5 7,09 7,2 –0,11

Total 15 28,72 28,7 0,02
Average 3 5,74 5,74 0,004

Remark. Here and below: Х – set number, Y – number of er-
rors, ŷ

х
, у–ŷ

х
 – additional values for finding linear regression 

parameters. 

Table 2
Calculation of the parameters of the linear regression 

equation for the experimental group at the 
end of the experiment (May)

No. i/o Х Y ŷ
х

у–ŷ
х

1. 1 4,02 4,1 –0,08
2. 2 4,45 4,4 0,05

3. 3 4,81 4,7 0,1

4. 4 5,04 5 0,04

5. 5 5,19 5,3 –0,11

Total 15 23,51 23,5 0
Average 3 4,7 4,7 –

© Vitaliy Hrynko, Viktoriya Kudelko, 2017
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Fig. 1. Comparative analysis of the numerical data of 
the experimental group when playing table tennis in 

October and May: yo –
 
data for October, 

ym –
 
data for May.

yo

ym

Table 3
Calculation of the parameters of the linear regression 

equation for the control group at the beginning of 
the experiment (October)

No. i/o Х Y ŷ
х

у–ŷ
х

1. 1 4,25 4,3 –0,05
2. 2 5,11 5,02 –0,09

3. 3 5,79 5,74 0,05

4. 4 6,42 6,46 –0,04

5. 5 7,15 7,18 –0,03

Total 15 28,72 28,7 0,02
Average 3 5,74 5,74 0,004

Table 4
Calculation of the parameters of the linear regression 

equation for the control group at the end of the 
experiment (May)

No. i/o Х Y ŷ
х

у–ŷ
х

1. 1 3,94 3,99 –0,05
2. 2 4,43 4,44 –0,01

3. 3 4,94 4,9 0,04

4. 4 5,4 5,36 0,04

5. 5 5,79 5,82 –0,03

Total 15 24,5 24,51 –0,01
Average 3 4,9 4,9 –

Fig. 2. Comparative analysis of the numerical data of 
the control group when playing table tennis in Octo-

ber and May: yo –
 
data for October, ym –

 
data for May.

yo

ym

Thus, having the regression equation ŷ
х
=3,8+0,3∙x, we can 

predict the number of errors for the sixth set:

ŷ
6
=3,8+0,3∙6=5,6.

As can be seen from the equation, the error for the sixth set 
will increase slightly, but the calculation error does not exceed 
10%.

After statistical processing of the data, let us make a compar-
ative analysis of the numerical data of the experimental group 
for October and May (Figure 1).

As we see, the numerical data of the experimental group at 
the end of the experiment have a significant improvement: 
during the first set by 0,22; during the second by 0,55; during 
the third by 1,09; during the fourth by 1,02; during the fifth by 
1,9; with a projected sixth set of 2,33. The level of reliability 
of the model is high, since the average error of approxima-
tion does not exceed 5% (in October, A=1,14%, and in May 
A=1,66%).

Calculation of the parameters of the linear regression equa-
tion for the control group at the beginning of the experiment 
(October) is presented in the calculation table (Table 3).

Thus, having the regression equation ŷ
х
=3,58+0,72∙x, we can 

predict the number of errors for the sixth set:

ŷ
6
=3,58+0,72∙6=7,9.

As can be seen from the equation, the error for the sixth set 
will increase slightly, but the calculation error does not exceed 
10%.

Calculation of the parameters of the linear regression equa-

tion for the control group at the end of the experiment (May) 
is presented in the calculation table (Table 4).

Thus, having the regression equation ŷ
х
=3,52+0,46∙x, we can 

predict the number of errors for the sixth set:

ŷ
6
=3,52+0,46∙6=6,28.

As can be seen from the equation, the error for the sixth set 
will increase slightly, but the calculation error does not exceed 
10%.

After statistical processing of the data, let us make a compar-
ative analysis of the numerical data of the experimental group 
for October and May (Figure 2).

As we see, the numerical data of the experimental group at 
the end of the experiment have a significant improvement: 
during the first set by 0,31; during the second by 0,68; during 
the third by 0,85; during the fourth by 1,02; during the fifth by 
1,36; with a projected sixth set of 1,62. The level of reliability 
of the model is high, since the average error of approxima-
tion does not exceed 5% (in October А=0,97%, and in May 
А=0,71%).

Thus, for the first time: the effectiveness of a methodological 
approach to the development of a physical education program 
for students of groups with a sports orientation, combining 
the conventional means of developing physical qualities with 
an emphasis on special endurance; justified the program of 
physical education for students of groups with a sports orien-
tation (sectional occupations) table tennis with the inclusion 
of aerobic activities (cross training and basic aerobics).

Obtained results supplement scientific data on aerobic occu-
pations and their influence on special endurance [6; 10; 14]. 

© Vitaliy Hrynko, Viktoriya Kudelko, 2017
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These results confirm the opinion that in the correct ratio of the 
physical fitness classes for students of groups with a sports 
orientation (sectional occupations) and the inclusion of aero-
bic activities (cross training and basic aerobics), the special 
endurance of students can be significantly improved [14].

Conclusions

1. Analysis of literature sources showed that the problem of 
studying the influence of aerobic exercises for improving spe-
cial endurance in groups with a sports orientation (sectional 
occupations) table tennis is not sufficiently studied. 

2. At this stage of the experiment it was proved that the inclu-
sion of aerobic table tennis (cross training and elements of ba-
sic aerobics) in the experimental group included in the training 
program on sporting orientation (sectional occupations) signif-
icantly influenced the special endurance of the students than 

those engaged in the ordinary program (control group).

3. Program on physical education on the basis of cross train-
ing and elements of basic aerobics for groups with a sport ori-
entation (sectional occupations) table tennis has been devel-
oped and justified, which essentially improves such physical 
quality as special endurance.

4. With the improvement of special endurance, mobility and 
reaction rate improved.

Prospects for further research. Proceeding from the 
above, further studies are planned to be carried out in the 
direction of increasing the level of special endurance of stu-
dents by improving and introducing into the educational pro-
cess of higher educational institutions a program of exercises 
with aerobic exercises (cross training and basic aerobics) for 
groups with a sports orientation (sectional occupations). 

Conflict of interests. The authors declare that no conflict of interest.
Financing sources. This article didn’t get the financial support from the 
state, public or commercial organization.

References

1. Ashanin, V.S. & Pyatisotskaya, S.S. (2016), Statisticheskiy analiz eksperimentalnykh dannyakh sredstvami elektronnykh tablits EXCEL [Sta-
tistical analysis of experimental data by means of spreadsheets EXCEL], KhSAPC, Kharkov. (in Russ.)
2. Hrynko, V.M. (2015), “Attitude of students to physical education and healthy lifestyle and their self-esteem of physical fitness”, slobozans`kij 
naukovo-sportivnij visnik, No. 1(45), pp. 55-59, doi: 10.15391/snsv.2015-1.010. (in Ukr.)
3. Hrynko, V.M. (2015), “Classes of Aerobic Character and Their Possible Impact on the Level of General and Special Endurance of Students”, 
Naukovyi chasopys NPU imeni M.P. Drahomanova, No. 12(67)15, pp. 42-45. (in Ukr.)
4. Dubnytskyi, V.Iu. (2011), “Choosing the method for forecasting the value of securities, taking into account the fractal dimensionality of a 
number of observations”, Biznes Inform: nauk. zhurnal, No. 7 (1), pp. 120-121. (in Ukr.)
5. Kartashov, M.V. (2007), Imovirnist, protsesy, statystyka [Probability, processes, statistics], VPTs Kyivskyi universytet, Kyiv. (in Ukr.)
6. Kudelko, V.Ye. (2004), “Efficiency of organizational activity in the system of sports clubs”, Fizicheskoe vospitanie studentov tvorcheskikh 
spetsіalnostey, No. 3, pp. 79-85. (in Russ.)
7. Kudelko, V.E. & Korolinska, S.V. (2006), “Analysis of socio-pedagogical foundations of the formation of needs in independent classes by 
physical culture at the students of the NFUU”, Pedahohika, psykholohiia ta medyko-biolohichni problemy fizychnoho vykhovannia i sportu, No. 
12, pp. 93-96. (in Ukr.)
8. Kudelko, V.Ye., Shcherbina, Z.I. & Pavlenko, Ye.Ye. (2003), Otsenka fizicheskogo sostoyaniya i fizicheskoy podgotovlennosti studentov [As-
sessment of the physical condition and physical preparedness of students], NFaU, Kharkov. (in Russ.)
9. Lemeshko, B.Yu. & Pomadin, S.S. (2002), “Correlation Analysis of Observations of Multivariate Random Variables in the Violation of Assump-
tions of Normality”, Sibirskiy zhurnal industrialnoy matematiki, Vol. 5, No. 3, pp. 115-130. (in Russ.)
10. Mardia, K. & Zemroch, P. (1984), Tablitsy F-raspredeleniy i raspredeleniy [Tables of F-distributions and distributions associated with them], 
svyazannykh s nimi, Nauka, Moscow. (in Russ.)
11. Novikova, N.B. (2011), “Fractal methods and the concept of economically minimal production systems in innovation management”, Vest-
nik YuRGTU (NPI), No. 2, pp. 162-166. (in Russ.)
12. Nayman, E. (2009), “Calculation of Hurst’s index for the purpose of revealing the trend (persistence) of financial markets and macroeco-
nomic indicators”, Ekonomist, No. 10, pp. 25-29. (in Russ.)
13. Chaikovska, I.I. (2014), “Application of Modern Information Technologies for Modeling Economic Processes on the Basis of Fractal Analy-
sis”, Universytetski naukovi zapysky, No. 1, pp. 378-387. (in Ukr.)
14. Grinko, V.M., Kudelko, V.E. & Hlotov, Y.O. (2017), “Training of students’ special endurance in ping pong sport circles”, Physical education 
of students, No. 2, pp. 52-60, doi: 10.15561/20755279.2017.0201.
15. Mandelbrot, B. (2004), The (Mis) Behavior of Markets: A Fractal View of Financial Turbulence, Hardcover.
16. Peters, E. (1991), Chaos and Order in the Capital Markets, John Wiley, New York.
17. Plowman, S.A. & Smith, D.L. (2011), Exercise Physiology for Health, Fitness and Performance. Lippincott Williams & Wilkins, ISBN 978-0-
7817-8406-1.
18. Weerahandi, S. (1995), Exact Statistical Methods for Data Analysis. Springer, NY.

Received: 04.09.2017.
Published: 31.10.2017.

Information about the Authors

Vitaliy Hrynko: Kharkiv Institute of Finance, Kyiv National University of Trade and Economics, lane Pletnevsky, 5, Kharkiv, 61000, Ukraine. 
ORCID.ORG/0000-0002-5118-9558
E-mail: vngrinko78@mail.ru

Viktoriya Kudelko: PhD (Physical Education and Sports), associate professor; Kharkiv Institute of Finance, Kyiv National University of Trade 
and Economics, lane Pletnevsky, 5, Kharkiv, 61000, Ukraine. 
ORCID.ORG/0000-0001-9252-8563
E-mail: vikikudelko@mail.ru

© Vitaliy Hrynko, Viktoriya Kudelko, 2017


