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THE INFLUENCE OF BIOFEEDBACK ON ANAEROBIC WORKING CAPACITY
IN JUMP TEST IN THE SCHOOLCHILDREN AGED 11-12

The study objective was to determined the influence of biological feedback on anaerobic
working capacity in the schoolchildren aged 11-12.

We determined the power of mechanical work of the whole test, the power of the
mechanical work during support repulsion phase, jump frequency, the correlation of support
and unsupported phases during the performance of the modified 20-second jump test with and
without biological (visual and audible) feedback (BFB) in 30 boys and 30 girls aged 11-12.

The height of each jump was calculated by the formula: h=tf*g*8-1, where tf — flight
phase in seconds, g — acceleration of gravity (9.806665 m-s-2). Based on this indicator, body
weight, the duration of support phase and jump cycle, we calculated the power of mechanical
work of the whole body (P), the power of mechanical work during repulsion support phase (Pr),
jump frequency (Fr), the correlation of support and unsupported phases (R). To assess the
dynamics of the studied indicators during the test, we counted their changes at five-second
intervals from 5 to 10, from 10 to 15 and from 15 to 20 seconds with respect to the segment
from the start of the test up to its fifth second.

The girls aged 11-12 had higher level of working capacity than boys in the modified 20-
second jump test. The application of biological feedback led to the improvement of results in
20-second anaerobic jump test in the boys and had not any influence on the indicators in the
girls aged 11-12. The application of biological feedback increased the results in 20-second
anaerobic jump test and improved the dynamics of working capacity during its performance in
the children aged 11-12 with psychological focus on achieving success. Such influence was low
in the schoolchildren with psychological focus on avoiding failure.

The application of biological feedback allows improving the process of training
anaerobic opportunities of the schoolchildren aged 11-12 considering their gender and
individual psychological features.
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Introduction
Biological feedback is to provide information about the state or change of own
functional state, which allows to learn self-regulation of the studied and controlled function of
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the body. This approach will have wide possibilities in the practice of physical education and
sport [15], rehabilitation [17].

Biological feedback in sport training, fitness and rehabilitation is based on various
characteristics: heart rate variability [14, 21], electromyogram [4, 16], tensometric data [24],
biomechanical parameters [18, 23], in the studied form of analysis of both visual and verbal
information [6, 10, 19].

The application of BFB with visual and verbal analysis was found to reduce the force
of landing when jumping [19]. The visual and auditory biological feedback in young men had
a significant influence on the indicators of working capacity and its dynamics while performing
anaerobic jump test [15].

The aspects of BFB influence on psycho-physiological state of healthy and sick
schoolchildren are [5, 8]. However, the problem of using biological feedback to determine the
level of physical working capacity and its training, particularly, in schoolchildren, is
insufficiently studied.

The study purpose was to determine the influence of biological feedback on anaerobic
working capacity in the schoolchildren aged 11-12. To achieve the goal, we have to solve the
following tasks: 1) to determine the levels of anaerobic working capacity in jump test in the
boys and girls aged 11-12; 2) to study the changes in the results of jump anaerobic test with
visual and auditory biological feedback in the boys and girls aged 11-12; 3) to compare the
influence of BFB on the results of anaerobic jump test in the schoolchildren with various
psychological focus on results.

Materials and methods

The measurements were conducted on 60 healthy schoolchildren aged 11-12 (30 boys
and 30 girls) of central Ukraine in compliance with the fundamental bioethical principles of
European Council Convention on Human Rights and Biomedicine, World Medicine
Association Declaration of Helsinki — Ethical Principles for Medical Research involving
Human Subjects. Testing was conducted on Tuesday and Wednesday, the days of the highest
level of working capacity [20].

The modified 20-second jump test was conducted using the method of Bosco et al. [3].
In 30-40 minutes, the test was performed again using biological feedback with the visual control
of flight time dynamics and the support of monitor screen and with the auditory control of the
time of jump flight phase (the frequency of sound signal was 400 Hz). We measured
schoolchildren’s weight and determined their focus on success or avoiding failure.

Jump anaerobic test was performed on the contact platform of two plates with the size
of 50x50 cm, connected to a computer through a parallel port. The duration of support phases
(SP) and flight phases (FP) while vertical jumping from the platform was analyzed using
computer program up to 1 ms in mode MS DOS. Figure 1 shows an operating window of the
program with the histogram changes of the duration of the flight phase for 20 seconds of the
test. The ordinate axis shows the time of FP, and the abscissa axis shows the number of a jump
from the beginning of registration. According to the highest histogram point in real time, the
reaching horizontal line is built, concerning which the testee in BFB regime can visually
evaluate the changes of working capacity and correct its level. The line level increases when
reaching the largest time of FP, and remains in the same position when reaching the least time.
The test with BFB was performed using FP dynamics. The duration of the flight phase was
assessed by the testee visually according to its current reached level on the histogram and
according to the duration of sound signal (by 400 Hz frequency in our measurement), which
sounds in the absence of contact between the plates of jumping platform during the period of
feet separation before landing.

The height of each jump was calculated by the formula [3]: h=te*g*8, where t; — flight
phase in seconds, g — acceleration of gravity (9.806665 m-s2). Based on this indicator, body
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weight, the duration of support phase and jump cycle, we calculated the power of mechanical
work of the whole body (P), the power of mechanical work during repulsion support phase (Pr),
jump frequency (Fr), the correlation of support and unsupported phases (R). To assess the
dynamics of the studied indicators during the test, we counted their changes at five-second
intervals from 5 to 10, from 10 to 15 and from 15 to 20 seconds with respect to the segment
from the start of the test up to its fifth second.
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Figure 1. Operating window of the program during jump test

To determine the dominant aspiration of achieving success motive (to achieve success
or to avoid failure), we used the method of “success motivation and avoiding failure” developed
by A. Rean [12]. This method was composed of 20 statements (e.g. “starting work, I hope to
succeed”, “solving responsible tasks, I try, if possible, to find a reason to abandon them”, etc.),
with which a testee either agreed or disagreed. The results were processed using special answer
key; the maximum possible number of the gained points was 20. Thus, if a testee gets the sum
from 1 to 7 points, it means the dominance of the aspiration to avoid failure; if from 14 to 20 —
the aspiration to achieve success. If the sum of points is in the range between 8 and 13 points,
it indicates that the motivation pole is not clearly expressed. However, if an adolescent gets the
point sum ranging from 8 to 10, it shows that his achievement motive focuses more on his
aspiration to avoid failure, if the point sum is from 11 to 13 — to achieve success.

Statistical calculations were performed in Excel-2003 spreadsheets and Statistica-5
program. Due to the normality of data distribution, we determined the average values of the
indicators and their error. The reliability of differences was assessed according to Student’s t-
criterion for pair and group comparison [9].

Results

Table 1 shows the indicators of anaerobic working capacity in children aged 11-12 when
performing 20-second anaerobic test. It was found that there were significant individual
differences in the level of these indicators in the examined group. So, maximum values of Fr,
H and P prevailed minimum values by 1.8-2 times, and for P and R, the correlation was 4.2.
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Table 1.
Indicators of working capacity in jump anaerobic test in children aged 11-12 with and without
biological feedback (n=60)

Before With Biofeedback
Indicators X SD Max Min X SD P
Fr, c-s™ 1,71 0,03 2,13 1,05 1,68 0,03 0,614
H, m 0,47 0,01 0,59 0,33 0,49 0,01 0,002
P, Wt-kg™ 7,89 0,11 8,95 4,84 8,05 0,11 0,036
P, Wt-kg™ 46,31 1,45 66,99 16,01 48,76 1,52 0,021
R, n.u. 1,89 0,06 2,73 0,65 1,99 0,06 0,021

The reliability of differences was determined by the method of pair comparison

When performing the test with biological feedback, the children improved the levels of
almost all indicators except Fr.However, the value of this improvement was within 2.17%-
5.57% for different indicators. In this case, we observed significant individual features of
changes of anaerobic working capacity. The changes of P, were the most variable; maximum
changes were +35.67 Wt-kg*, and minimum — -14.72 Wt-kg™. In this case, the coefficient of
reactive variation on BFB was 319.05%, and for P — 360.87%. Thus, along with the positive
influence of BFB in general in the group, there were significant individual features of its
influence on anaerobic working capacity of the children aged 11-12.

Consequently, the levels of most indicators of working capacity determined in anaerobic
jump test in girls were higher than in boys (Table 2).

When performing the test with biological feedback, these differences are leveled. It is
explained by different reactivity of these indicators in boys and girls on the application of BFB.
Thus, if compared with the girls, the boys had their positive changes which were expressed to
a larger extent for the indicators of mechanical work power. Therefore, the application of BFB
had a positive influence on the level of working capacity shown in the anaerobic jump test only
in the boys aged 11-12.

Table 2.
Indicators of working capacity of boys and girls when performing anaerobic jump test
with and without BFB

Indicators Girls Boys P
X SD X SD
Without Biofeedback
Fr, c-s™ 1,78 0,03 1,64 0,04 <0,01
H, m 0,47 0,01 0,46 0,01 >0,05
P, Wt-kg? 8,24 0,10 7,54 0,17 <0,001
Pr, Wt-kg*! 51,32 1,56 41,30 2,08 <0,001
With Biofeedback
Fr, c's™ 1,71 0,04 1,66 0,05 >0,05
H, m 0,48 0,02 0,49 0,01 >0,05
P, Wt-kg? 8,14 0,15 7,97 0,16 >0,05
Pr, Wt-kg! 50,31 2,26 47,27 2,04 >0,05
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We analyzed the dynamics of anaerobic working capacity indicators with the application
of BFB separately in the girls and boys for 5-second intervals when performing the test. Thus,
for girls, there were no reliable changes compared to the first 5-second interval (as an example,
Figure for P). At the same time, the reactions for BFB were statistically larger in boys than in
girls. The variability of these reactions was high (Figure 2).
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Figure. 2. Dynamics of changes in general mechanical power when performing
anaerobic jump test with regard to the level of the first 5-second interval with the application
of biological feedback. * — p<0.05 between the values of the boys and girls

Thus, biological feedback has a greater influence on the level of anaerobic working
capacity in the boys aged 11-12 and can be applied for the improvement of training this feature
in them. We have found the peculiarities of biological feedback influence in the groups of
children with different focus on avoiding failure (group I, n=14) or achieving success (group
11, n=46). The changes of P with BFB in the children of group | were 0.05+0.10 Wt-kg™, and
for group II — 0.26+0.10 Wt-kg* (p<0.05). Such differences for P, between the groups were
more expressed (0.28+1.37 Wt-kg! and 3.82+1.39 Wt-kg?, respectively, p<0.05).

The analysis of dynamics of mechanical work power with and without BFB in the
groups with different focus on achieving results also shows the positive influence of BFB on
the children of group II.

Discussion

The levels of anaerobic working capacity reached in 20-second jump test in the children
aged 11-12 were lower than in adults. Thus, in the research of Bosco et al. [3], general
mechanical power of work during 60-second jump test was 20 Wt-kg™* of body weight, and in
our research, it was in average 7.89 Wt-kg?® during shorter interval of physical work.
Descriptive survey of data from both invasive and noninvasive studies from 1970 till 2015
conducted by Armstrong et al. [1] shows that the level of aerobic metabolism development in
children predominates over anaerobic. Engel et al. [7] conducted a series of successive
Wingate Anaerobic Tests on 23 boys aged 11.5 and 25 men aged 29.7. It was found that the
reached maximum level of lactate in the blood was lower in the boys than in the men dosoBikis
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(12.6+3.5 umol-L+ and 16.3+3.1 umol-L+, respectively; p<0.01). Based on the analysis of
hormonal metabolic and cardio-respiratory indicators, authors conclude that the exercises of
anaerobic focus require significant activation of hormonal system in the children of such age.

The marked differences in the levels of anaerobic working capacity in boys and girls in
our research can be explained by the different rates of maturation noted by some authors [2].
Thus, Ivashchenko et al. [13] showed that there was the significant increase of results in jJumps
with “additions” in the girls aged 9-10. At the same time, according to our research, the weight
of girls and boys did not differ and was 44.90+1.54 kg ta 44.48+1.53 kg in average respectively.
According to Szakaly et al. [22], the weight and height of 46 boys and 63 girls aged 10-12 did
not differ either.

The features of biofeedback application in the children with different motives of
achieving success or avoiding failure showed that the influence was efficient to the greatest
extent in the group focused on achieving success. According to the research of Heckhausen
[11], the feedback of adolescent’s performance results in activities plays an important role in
the process of forming achievement motive. Conducting a series of studies, the author points
out that the lack of feedback on success or failure in the activity of schoolchildren focused on
achieving success causes less fear than in those focused on avoiding failure. Besides, without
feedback, the adolescents focused on achieving success achieve success quicker while solving
difficult problems than the pupils focused on avoiding failure. However, the work productivity
of adolescents focused on avoiding failure, increase with a large amount of feedback on current
results of activity with stimulation and even forcing achievement. In Heckhausen’s [11]
opinion, it is associated with the fact that stimulation and feedback in activity process focused
on achieving success distract the adolescent focused on avoiding failure from thinking about
the situation of achievement and promote successful performance. However, the application of
feedback to the adolescents whose achievement motive focused on success, will have negative
consequences since feedback and stimulation of the pupils will reduce their confidence to be
reflected in the final results.

However, these studies were conducted on adolescents when solving intellectual
(mathematical, logic, etc.) tasks but not physical training. We should note that Heckhausen [11].
Conducted his research on adolescents while solving logic tasks and feedback was carried out
by the teacher through praise that was external stimulus. In our study, the feedback was held
through registering and displaying current results on the monitor; it acted as a stimulus in this
case. According to the study of Ilin [12], stimuli have negative influence on pupils focused on
avoiding failure since they tried to avoid stressful situations. The results of the study allow to
improve the process of training anaerobic opportunities of schoolchildren applying biological
feedback.

Conclusions

The girls aged 11-12 had higher level of working capacity in the modified 20-second
jump test than boys.

The application of biological feedback led to the improvement of results in 20-second
anaerobic jump test in boys and had no influence on its indicators in the girls aged 11-12.

The application of biological feedback increased the results in 20-second anaerobic
jump test and improved the dynamics of working capacity during its performance in the
schoolchildren aged 11-12 with psychological focus on achieving success. This influence was
insignificant in the children with psychological focus on avoiding failure.
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