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Abstract.  

Purpose: The purpose of the study was to experimentally test the impact of aerobic exercise (cross-training and 
basic aerobics) on student flexibility. Exercise "Tilt the torso forward from the initial sitting position" was used 
to check the results. The analysis of the obtained data was analyzed using the Cross method. Material: 106 first-
year students (53 - control group and 53 - experimental) participated in the experiment. Results: At the end of the 
experiment (May), the results of the students of the experimental group differed qualitatively from the results of 
the students of the control group. The results of the experiment indicate the need to include aerobic classes in the 
curriculum of physical education of students in groups with a sports orientation, in particular (sectional classes) 
table tennis. The experimental program combines a training program with a sports orientation (sectional classes) 
in table tennis - 75% of the general and aerobic classes (cross training and basic aerobics) - 25%. Conclusions:In 
this experiment, it was proved that the development and inclusion in the curriculum with a sports orientation 
(sectional classes) table tennis, aerobic classes (cross-country training and elements of basic aerobics), had a 
better impact on student flexibility. After statistical processing and comparison of the obtained data with the data 
of previous studies, such physical quality as flexibility, the students became better. The authors in their research 
are not limited to the impact of aerobic exercise on general well-being, but use aerobic exercise at the beginning 
and end of the session, during general physical training.The obtained results complement the scientific data on 
aerobic classes and their impact on student flexibility. The effectiveness of the methodological approach to the 
development of a program of physical education for students of groups with a sports orientation, which combines 
the generally accepted means of developing physical qualities and the latest techniques for their improvement, 
has been experimentally proven. The program of physical education for students of groups with sports 
orientation (sectional classes) table tennis with the inclusion of aerobic classes (cross-country training and basic 
aerobics) to improve flexibility is substantiated. 
Keywords. Aerobic exercise, flexibility, leaning forward torso from sitting position, Hearst method, fractal 
analysis. 
 
Introduction.  

The problem of improving the process of physical education of students has for many years been the 
subject of attention of specialists [8, 10, 19]. Analysis of the literature shows that the level of physical training, 
mental and moral strength of the majority of students remains quite low [9, 12]. This indicates a deterioration in 
the physical, mental and moral development of the young generation [6], the progress of impaired motor activity 
[11, 14, 31], which leads to a deterioration in student health. 

All this requires finding new ways to improve the physical, mental and moral status of student youth [4, 
20]. According to previous studies, students evaluated the importance of developing physical qualities as 
follows: 1) endurance - 41,8%, 2) strength - 14,9%, 3) agility - 13,7%, 4) flexibility - 12,2%, 5) coordination - 
9.8%, 6) speed - 7.6%. And their own level of physical fitness was evaluated as follows: 1) strength - 22,3%, 2) 
coordination - 19,5%, 3) speed - 16,1%, 4) flexibility - 15,3%, 5) agility - 14, 9%, 6) endurance - 11,9% [3, 
16].Issues of improving student physical fitness have recently been addressed in the work of a significant 
number of researchers: V. Grinko studied the impact of aerobic exercise; S. Isaac monitored physical activity 
[18, 21]. There is a great deal of work that studies such physical quality as flexibility [26, 31]. But there is not 
enough work to improve this quality, in particular in the groups with sports orientation (sectional classes) in 
table tennis. Based on this, the authors conducted a study aimed at investigating the impact of aerobic exercise 
on the flexibility of students in groups with sports orientation (sectional classes) table tennis. This hypothesis 
was experimentally tested and analyzed the state of coordination of student movements because of the exercise 
“Tilt the torso forward from the initial sitting position.” 

Purpose of the study: to experimentally determine whether the flexibility of students of aerobic nature 
(cross training and basic aerobics), which are included in the program of groups with sports orientation (sectional 
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classes) from table tennis of higher education, have influence on the flexibility and to study the necessity of their 
inclusion in the educational program. in physical education. 

Materials and methods. Participants. 106 first-year students (53 - control group and 53 - experimental) 
participated in the experiment. Informed consent to participate in this experiment was obtained from all 
participants. The R / S method was proposed to process the experimental data. 

Procedure (study organization): a formative pedagogical experiment was conducted to identify the 
impact of aerobic exercise on students' flexibility in sports groups (sectional classes) table tennis. For the 
pedagogical experiment, participants were divided into control and experimental groups. 

In the first stage, a ascertaining experiment was conducted. The purpose is to establish the identity of 
the control and experimental groups. Determine the initial level of development of the experiment participants. 
As a result, no significant differences were found between them. 

The second stage is the introduction of aerobic training in table tennis. Using the exercise “Tilting the 
torso forward from the initial sitting position” to experimentally test and scientifically substantiate the impact of 
these exercises on such physical quality as flexibility. The experiment was conducted during the academic year 
from October 2015 to June 2016. The students of the control group were engaged in the program of higher 
education for groups with sports orientation (section classes) table tennis [25, 30]. The program consists of the 
following distributions of educational material: theoretical training, general-physical and special-physical 
training, technical training, passing and control standards, competitions. Classes were held four hours a week 
during the school year. And the students of the experimental group by the method we developed, which 
combines a program of special sports training (table tennis - 75%) and aerobic classes (cross training and 
elements of basic aerobics - 25%).By mid-December, the students of the experimental group were engaged in 
cross training in the open air every fourth lesson.  

Then they moved on to the gym where they continued to practice every fourth lesson in basic aerobics 
as part of the experiment. At the end of March, they went out into the fresh air, where they continued to do every 
fourth lesson in cross training. 

In the third stage, a second comparative experiment was conducted to test the degree of influence of 
aerobic exercise on student flexibility. 

Given that the results of the exercise are nothing but time series, the Hearst algorithm was used for 
fractal analysis [32]. Applications of fractal analysis have been studied in the works of foreign and domestic 
scholars, such as B. Mandelbrot [5], E. Peters [7, 29], M. Afanasov [13], V. Dubnitsky [17], N. Novikov [27], E. 
Nyman [28] and others. Despite the large amount of research, the question of predicting the time series of 
physical education, taking into account their fractal properties, is not well understood, remains debatable and 
needs further research. 

For analysis of the dynamics of the exercise, “Tilting the torso forward from the initial sitting position” 
used data from the control and experimental groups. The system of calculations was used and shown in the 
publications 2017, # 2 and 2018 # 1 in the journal “Physical education of students”, as an example of 
determination of special and general endurance [2, 3]. 

For the fractal analysis of the results of the exercise, “Tilting the torso forward from a sitting position” 
used data from the control and experimental groups. For the fractal, analysis of the data of the exercise “Tilting 
the torso forward from a sitting position” was used Hirst's algorithm, which is given in [1, 15, 24]. R / S analysis 
algorithm: 

 
1. On the basis of the initial series Yt, we calculate the logarithmic relations: 

1+t

t
t Y

Y
Ln=N  (1) 

 2. Divide the series Nt by A of adjacent periods of length n such that A * n = Nt. Note each period as 
Ia, where a = 1,2,3,…., A. We define for each Ia the average value:
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3. Calculate the deviation from the mean for each period Ia: 
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4. To calculate the swing within each period:   
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5. Calculate the standard deviation for each period:  
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 6. Everyone to divide into. Next, calculate the average value of R / S:  
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7. We plot the dependence on and with the help of MNCs find regression of the form: 
 

 (7), where H is the Hearst index. 
 
8. The process (steps 2-7) is repeated as n increases to the value of Nt / 2 (n ≤ Nt / 2). 
According to the algorithm for finding the Hearst index and the data of the control and experimental 

groups were found statistical parameters for the time series Y1, which are shown in table. 1 needed to find the 
Hearst metric. 

 
Table 1. Hearst's statistical parameters for time series Y1 when performing the exercise “Tilt your torso 

forward from a sitting position” 
 

Hurst statistical indicators 
Length (n) of adjacent 
subperiods of a series   
Nt = lnY1(t+1)/Y1t 
 

7 14 21 28 35 42 49 

Average value= 
 

0,004 0,006 -0,003 0,008 0,008 0,008 0,009 

Max= 
 0,327 0,325 0,334 0,323 0,323 0,324 0,322 
Min= 
 -0,283 -0,285 -0,277 -0,288 -0,288 -0,287 -0,289 
R=Max-Min= 
 0,610 0,610 0,611 0,611 0,611 0,611 0,611 
S= 
 0,215 0,179 0,191 0,179 0,182 0,172 0,171 
R/S= 
 2,844 3,410 3,205 3,408 3,351 3,544 3,566 
Average value R/S= 
 2,844 3,127 3,153 3,217 3,244 3,294 3,333 
Ln(R/S)= 
 1,045 1,140 1,148 1,168 1,177 1,192 1,204 
Ln(n)= 
 1,946 2,639 3,045 3,332 3,555 3,738 3,892 

 
Note: Y1 is the results of forward leaning of the torso for the control group; Nt1 is a time series 

converted to a time series of length Nt1 = Y1-1 by logarithmic relations Nt1 = lnY1 (t + 1) / Y1t, which is 
subdivided into subperiods; Average value - the average value of the corresponding adjacent subperiod of length 
n; Max is the maximum length of the corresponding adjacent subperiod of length n; Min is the minimum value 
of the length of the adjacent adjacent subperiod of length n; R is the range within each subperiod of length n; S is 
the standard deviation for each subperiod n; R / S is the ratio of the span within each period n to the standard 
deviation; Average R / S value: 

m

S/R
=S/R

m

1=i

∑

,  

where m is the number of subperiods; Ln (R / S) is a natural logarithm of the mean R / S; Ln (n) is a 

natural logarithm of the length n of an adjacent subperiod of the series Nt1. 

Hearst's statistics allow you to determine the time series for its persistence, antipersistence or 

stochasticity. This makes it relatively easy and reliable to choose a method for predicting the further 

development of the process under study. Based on the statistics obtained for the time series Y1 when performing 

the exercise “Tilt the torso forward from a sitting position” of the control group, which was investigated in 

October (Table 2), a graph Ln (R / S) from Ln (n) was constructed (Fig. 1 .), and the slope is found by linear 

approximation. The tangent of the angle of this slope is the Hirst index. The Hearst index can take values from 0 

to 1 [22, 23]. 
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 Fig. 1. The ratio of Ln (R / S) from Ln (n) when performing the exercise “leaning the torso forward 

from a sitting position” of the control group (October month). 

Thus, the time series Y1, Y2, Y3, Y4 according to the Hearst index (H <0.5) are antipersistent time 

series. To predict such time series, it is advisable to use an exponential smoothing method that yields a minimum 

root mean square deviation. For comparative analysis of control and experimental groups (in October and May) 

we will make a graphical comparative analysis, the results of which are shown in Fig. 2 and fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The results of the exercise “Tilting the torso forward from sitting position” for the control group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The results of the exercise “Tilting the torso forward from sitting position” for the experimental 
group. 
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As can be seen in Fig. 2, fig. 3 the average value for the exercise “Tilting the torso forward from sitting 
position” in May for the experimental group is 13.56 cm, and the control group - 13.50 cm, which is 0.06 cm. for 
October, the experimental group was 13.32 cm and the 13.38 cm control group, which was 0.06 cm smaller. That 
is, the increase in the experimental group is: + 0.24 cm, whereas the control group: + 0.12 cm. 

To predict the results of the exercise “Tilting the body forward from a sitting position” by the method of 
exponential smoothing (extrapolation method) we use Professor Brown's formula (8): 

Ut + 1 = α * Yt + (1- α) * Ut, (8), where t is the period preceding the forecast; t + 1 is the forecast 
period; Ut + 1 - the predicted figure; α is the smoothing parameter; Yt - the actual value of the studied indicator 
for the period preceding the forecast; Ut is the exponential weighted average for the period preceding the 
forecast. 

The exponential smoothing method is most effective in developing medium-term forecasts. It is 
advisable to use this method one period in advance. In exponential smoothing prediction, the smoothing 
parameter α and the initial value, Ut must be selected. There is no exact method for choosing the optimal value 
of the smoothing parameter α, so we will choose α based on the smallest root mean square deviation between the 
actual values Y1, Y2, Y3, Y4 and the theoretical ones. The parameter α is selected in the range (0.1-0.9) and the 
initial value Ut is calculated as the average of all observations (with a small number of observations it is 
advisable to choose as the original of the first actual value). The calculated data for the choice of the coefficient 
α are summarized in Table 3 and the exponential weighted average Ut is given in Table 3. 

 
Table 3 RMS deviations of the actual and theoretical values of the exercise “Tilting the torso forward 

from sitting position” depending on the parameter α 

  α= 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

For the control group 
(October) 

Ϭ= 3,61 3,31 3,29 3,34 3,43 3,53 3,65 3,77 3,91 

For the control group (May) Ϭ= 3,49 3,16 3,12 3,17 3,25 3,34 3,45 3,61 3,7 

For the Experimental Group 
(October) 

Ϭ= 3,83 3,493 3,41 3,42 3,49 3,59 3,72 3,88 4,06 

For the experimental group 
(May) 

Ϭ= 3,69 3,34 3,25 3,26 3,31 3,41 3,53 3,68 3,86 

As can be seen from the table. 3 smallest root mean square deviations of the actual and theoretical 
values of the exercise “Tilt the torso forward from the sitting position” for all groups at α = 0,3. We use this 
factor to predict. The exponential weighted average Ut of the exercise “Tilting the torso forward from sitting 
position” to predict the results is summarized in Table. 4. 

 
Table 4. Exponential weighted average Ut for exercise “Tilting the torso forward from sitting position” 

For the control group (October) 7,56 

For the control group (May) 7,66 

For the Experimental Group (October) 8,03 

For the experimental group (May) 8,27 

 
Using the formula 8 and the data in Tables 3 and 4, we calculate the forecast data for the exercise 

“Tilting the torso forward from sitting position”, the data are summarized in Table 5. 
Table 5 
Predictive values for Exercise Torso forward from sitting position 

For the control group 
(October) 

For the control group 
(May) 

For the Experimental Group 
(October) 

For the experimental group 
(May) 

7,69 7,76 7,72 7,89 
 

The average relative error of theoretical results and actual data was calculated by the formula: 

100·
Y

U–Y
·

n

1
=

n

1=i t

1+tt
∑ε

, (2) 
where n is the number of participants, Yt is the actual values of shuttle running, Ut + 1- theoretical 

values for the exercise “Tilting the torso forward from sitting position”. 
The average relative error of theoretical results and actual data for the control and experimental groups 

when performing the exercise “Tilting the torso forward from a sitting position” does not exceed 10%. 



GRINKO V., KUDELKO V.,YEFREMOVA A., KLOKOVA S. 
--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1732

Conclusions. 

After the statistical processing and comparison of the obtained data with the data of previous studies 
[35], such physical quality as flexibility has become qualitative for students. Authors of works [14, 31] in their 
researches are limited only by the influence of aerobic exercises on the general state of health. Others [16, 20] 
use aerobic exercise only at the beginning of the session and at the end, during general physical training. Our 
proposed method is fundamentally different from those developed earlier. 

The results obtained are complementary to scientific data on aerobic exercise and their impact on 
student flexibility [2, 3]. 

For the first time: the effectiveness of the methodological approach to the development of a program of 
physical education for students of groups with sports orientation, which combines the conventional means of 
development of physical qualities and the latest techniques for their improvement, has been experimentally 
proven. The physical education program for students of sports groups (section classes) table tennis with the 
inclusion of aerobic classes (cross training and basic aerobics) to improve flexibility is substantiated. 

It is established that the development and inclusion in the curriculum with sports orientation (sectional 
classes), aerobic classes (cross training and elements of basic aerobics), will allow students to improve such 
physical quality - as flexibility. And the exponential smoothing method makes it possible to predict the results 
for the future. One of the advantages of the method of calculations offered in the article is that fractal analysis 
reveals stochastic (random) time series. There is no long-term statistical dependence in such time series. 
Stochastic time series cannot be predicted by known extrapolation methods.A fractal analysis of time series for 
the dynamics of the exercise “Tilting the torso forward from sitting position” was also made in the work and 
found that they relate to the antipersistent time series that can be predicted. A graphical analysis of the data was 
performed to show the improvement in the results of the experimental group. The method of forecasting 
(exponential smoothing with the choice of the coefficient of smoothing on the standard deviation) is proposed 
and the dynamics of the exercise "Tilting the body forward from sitting position" is made. The relative error of 
the theoretical and actual values of the dynamics of the exercise “Tilting the torso forward from a sitting 
position”, which does not exceed 10%, is calculated. 

 
Conflict of interest: the authors state that there is no conflict of interest. 

 

Prospects for further research. On this basis, further research is planned to be conducted in order to increase 
the level of development of students' physical qualities. Improvement and introduction of aerobic exercises 
(cross training and basic aerobics) for groups with sports orientation (sectional classes) table tennis in the 
educational process of higher education institutions. 
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