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Introduction

Table tennis, as a dynamic game with a moving emotional 
background, makes high demands on the physical and mental 
qualities of athletes. Temperament, reaction speed, attention 
and visual perception distinguish high-class players [1]. The 
resulting emotional disturbances can cause a decrease in 
psychophysiological reliability, adversely affecting the athlete’s 
technical and tactical performance [2,3]. The success of 
professional tennis players largely depends on the psychological 
state before and during the competition, the ability to instantly 
relax and strain at certain moments, adequately assess their 
strengths. It is known that among the best tennis players with an 
equal physical condition the winners are those who will be able 
to maintain their cognitive functions at the highest level under 
conditions of prolonged of physical and mental stress, who will 
not have sudden changes in the balance between the processes 
of inhibition and excitation in the central nervous system [4]. 
An important observation of sports psychologists is that at the  

 
highest level of sporting achievements the gap between victory 
and defeat is determined by the mental ability of the athlete 
[4,5].

To combat anxiety, a common problem for all athletes, 
methods are needed that help to accelerate recovery processes 
(such as relaxation techniques and breathing exercises), but 
at the same time, the athletes remain concentrated, ready for 
instant decision making. It is necessary to further search for 
methods for correcting psycho-emotional state, maintaining 
or increasing cognitive abilities, especially in a state of fatigue 
and overexertion, increasing the speed of recovery of athletes. 
In the search for new technologies that can influence the brain 
and improve its functions, the possibilities of audio and visual 
stimulation are being studied today. Effects of rhythmic sensory 
stimulation are based on the “Frequency Follow Response” 
phenomenon also called as a “Brainwave Entrainment” related 
with a high ability of the brain to synchronize its dominant 
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Abstract

We hypothesized that in healthy individuals the low-intensity stimulation with fractal optical stimuli, whose structure are close to the 
activity of a healthy brain may be helpful method of brain training and promote favorable psychophysiological changes through the mechanism 
of brainwave entrainment. The purpose of this study was to evaluate the effect of short-term training of the brain using fractal optical stimulation 
on the performance of table tennis athletes. 12 students with a basic level of training in table tennis were tested before and after a 10-minute 
break. In the main group, in the time of break, the training was performed using ten minutes fractal photo-stimulation. The fractal dimension of 
the complex-structured signal specified by the computer program was 1.4. Fractal structure of stimuli has been created based on Weier strass 
functions. Psychophysiological tests included assessment of a simple visual motor reaction, contact tremorometry, investigation of the critical 
flicker frequency, pulsometry, and motor tests with targets.

As a result of this pilot study, we first presented the evidence of the positive influence of low-intensity stimulation with fractal optical stimuli 
on psychophysiological parameters characterizing the physical and mental performance of the table tennis athletes. The short-term training of 
the brain by fractal photo-stimulation improves the psychophysiological parameters characterizing the physical and cognitive performance of 
table tennis players.
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Abbreviations: ADT: The Average Duration of the Touch (in tremorometry); AFT: The Average Frequency of Touch (in tremorometry); CFF: 
Critical Flicker Frequency (the critical frequency of flicker fusion); FD: Fractal Dimension; MB: The Method of Multi-ball; SVMR: Simple Visual 
Motor Reaction; SD: Standard Deviation; M: Arithmetic Mean; 
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oscillatory activity with the rhythm of external low-frequency 
influences [6]. Through physical stimuli (sound or light), one can 
act on brain activity, memory and other cognitive functions of a 
person [7].

Rhythmic stimulation is so far driven by stimuli of a rigidly 
set frequency of sound and light signals, which, however, does 
not allow reconstructing a complex set of physiological functions 
[8,9]. Healthy physiological processes are known to have fractal 
dynamics, which is lost in aging and pathology [10,11]. Stress 
has an impact on the activity of the brain [12] and can induce 
alterations in learning and memory processes [13-15]. Stress 
alters long-range correlations (fractal behavior) of physiological 
systems. In persons with emotional disorders, physiological 
systems were shown to be characterized by lowered complexity 
and show less flexibility to adjust to changing conditions [16]. In 
2013, we for the first time drew attention to the importance of 
the fractal structure of light flashes in the electrophysiological 
diagnosis and treatment of neurodegenerative diseases of 
the retina and the brain [17]. In subsequent publications, we 
substantiated the advisability of studying the effects of fractal 
stimulation as a new approach to neurorehabilitation in traumas 
and brain diseases, and as a method of brain training in healthy 
individuals who need to restore their functions quickly [8,9]. 

The latter would be especially important for athletes to 
maintain a psycho-emotional state. Given the current scientific 
understanding of the importance of fractal stimulation for 
restoring the dynamics of brain activity, it is essential to study 
the influence of fractal stimuli for enhancing and restoring the 
physical and mental performance of table tennis athletes. We 
assume that in healthy individuals, fractal photo-stimulation by 
low-intensity complex-structured flickering, whose parameters 
are close to the activity of a healthy brain, through the mechanism 
of brainwave synchronization will play the role of cognitive brain 
training and promote favorable psychophysiological changes in 
athletes. The purpose of our study was to evaluate the effect 
of short-term training using fractal optical stimulation on the 
performance of table tennis athletes.

Materials and Methods

12 students of Russian State University of Physical Education, 
Sport, Youth and Tourism (RSU PESYT) having a basic level of 

training in table tennis took part in the test. Participants were 
divided into the control and the main group by six students. 
In each group, testing was conducted twice: before and after a 
10-minute break. In the main group, in the time of the break, 
the training of the brain was carried out using ten minutes 
fractal photo-stimulation. In the control group, instead of optical 
stimulation, a quiet rest was used before further testing. Then, 
the physiological shifts in the control and main groups were 
compared. Low-intensity fractal stimulation has been performing 
using the device, in which LED lamps are mounted in the body 
of the virtual reality glasses. The photo-stimulator produces a 
non-uniform scattered light field for both eyes with nonlinearly 
generated light signals (the maximal intensity 10-12 Lx at the 
cornea). The fractal dimension (FD) of the complex-structured 
signal specified by the computer program was 1.4. Fractal 
structure of signals is created based on Weierstrass functions. 
The study has been carried out following the principles of the 
Declaration of Helsinki, the Local Ethics Committee of the RSU 
PESYT and with the informed consent of the students. 

In work, psychophysiological tests were used, including 
assessment of a simple visual motor reaction (SVMR), contact 
tremorometry, investigation of the critical frequency of flicker 
fusion (CFF) (critical flicker frequency) and pulsometry, and 
motor tests (test with targets). Psychophysiological tests 
were conducted with the help of a particular program “NS-
PsychoTest.” In the test with the targets, the method of Multi-
ball (MB) was used. With this method, 20 balls were throwing 
into a specific zone (right far corner-test No. 1 and left far 
corner-test No. 2). In the first test, when the balls are serviced 
to the right-hand corner, the tennis player had to execute the 
forehand stroke diagonally to the given target, located in the 
right-hand corner. In the second test, when the balls were being 
fed to the left corner, the subject had to execute the backhand 
stroke diagonally to the given target, located in the left-hand 
corner. The size of the target is 20*20cm. Before the testing 
began, an attempt was made in the form of 2 trial strokes on the 
thrown ball. The number of successful strokes in the target was 
estimated. Strokes were recorded using carbon copy. Statistical 
analysis was performed using STATISTICA (TIBCO Software Inc., 
Version 13.3). The indices for all the tests before and after the 
break for rest or fractal stimulation are presented in the Tables 
1-4. 

Table 1: Psychophysiological indices before the break for rest or fractal stimulation (M±SD).

Psychophysiological tests

Groups
Difference Student's 

t-test

P

Control (n=6) Main (n=6)

M SD M SD abs. units %

SVMR 205,7 22,9 211,3 13,1 5,6 2,65 0,5 p≤0.05

AFT 2,98 1,05 2,60 1,05 0,38 12,75 0,6 p≤0.05

ADT 3,15 0,65 2,64 1,21 0,51 16,19 0,9 p≤0.05

CFF right eye 25,5 4,49 26,08 4,85 0,58 2,22 0,2 p≤0.05

CFF left eye 23,01 6,14 30 3,07 6,99 23,3 2,5 p≤0.05

Heart rate 84,8 10,6 83,3 12,2 1,5 1,77 0,2 p>0,05
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Table 2: Psychophysiological indices after the break for rest or fractal stimulation (M±SD).

Psychophysiological 
tests

Groups
Difference Student’s 

t-test PControl (n=6) Main (n=6)

M SD M SD abs. units %

SVMR 206,6 19,15 197,7 5,5 8,9 4,3 1,1 p≤0.05

AFT 2,74 0,84 2,02 0,76 0,72 26,28 1,6 p≤0.05

ADT 2,91 0,81 1,97 1,04 0,94 32,3 1,7 p≤0.05

CFF right eye 26,7 3.45 30,6 1,95 3,9 12,7 2,4 p≤0.05

CFF left eye 23,43 5.7 33,06 2,85 9,63 29,12 3,7 p≤0.05

Heart rate 72 3 71 3,7 1 1,38 0,5 >0,05

Table 3: Indices of the motor tests with targets before the break for rest or fractal stimulation (M±SD).

Motor tests

Groups
Difference Student’s 

t-test PControl 
(n=6) Main (n=6)

M SD M SD abs. units %

The test with 
target 1 4,83 0,75 6,16 1,9 1,33 22 1,6 p≤0.05

The test with 
target 2 4,66 1,97 7,83 1,47 3,17 40,4 3,2 p≤0.05

Table 4: Indices of the motor tests with targets after the break for rest or fractal stimulation (M±SD).

Motor tests

Groups
Difference Student’s 

t-test PControl (n=6) Main (n=6)

M SD M SD abs. units %

The test with 
target 1 4,5 2,07 6,16 1,17 1,66 27 1,7 p≤0.05

The test with 
target 2 5,16 1,9 9 1,55 3,84 42,7 3,8 p≤0.05

Results

Test for a Simple Visual-Motor Reaction

In the main group, the use of the device led to a significant 
(p≤0.05) improvement in the SVMR by 6.48%. In the 
control group, on the contrary, the reaction rate decreased 
(correspondently, the time of reaction increased) by 0.43% 
suggesting that ordinary rest for 10 minutes is not enough for 
a complete recovery of reaction time. The phenomenon of the 
significant reduction of the SVMR after the one séance of fractal 
photo-stimulation may be related to an improvement of the 
mobility of nervous processes.

Critical Frequency of Flicker Fusion 

CFF was evaluated separately for both eyes. In the main 
group, the increase in this indicator for the right eye was more 
significant (p≤0.05) than in the control group. CFF averaged 
14.77% after the fractal stimulation compared with 4.5% after 
the regular rest (Table 1). The increase in the parameters for 
the left eye of athletes in the main group was also better than 
in the control group (p≤0.05) and amounted to 9.25% and 
1.8% accordingly. Thus, in the main group, the lability of visual 
pathways restored after exercise stress more efficiently if the 
brain’s training with fractal optical stimulation is used than in 

conventional rest for both eyes. This positive effect of fractal 
stimulation was more pronounced for the left eye.

Contact Tremorometry

Two parameters of contact tremorometry were estimated 
- the average frequency of touch (AFT, Hz) and the average 
duration of the touch (ADT, s). The AFT value in the main group 
showed a significant (p≤0.05) decrease by 22.3% after the 
fractal stimulation. In the control group, it decreased by 8.05% 
after the normal rest. The ADT parameter was reliably decreased 
by 25.37% (p≤0.05) in the main group, and in the control group, 
it improved only by 7.6%. Thus, a significant positive dynamic 
was noted for the psychophysiological parameters of athletes 
when using the device of fractal optical stimulation.

The Motor Tests

The results of the motor tests were unexpected. After the 
photo-stimulation, when performing the test with target number 
1, the number of strokes in the main group did not change (0%), 
while in the control group the accuracy by 6.8% deteriorated 
following the rest pause. When performing the test with target 
number 2, the number of strokes after a short rest significantly 
(p<0.05) increased in both groups/ it changes by 13% in the 
main group and by 9.6% - in the control group.
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Pulsometry

In the test of pulsometry, the heart rate was found decreased 
by 14.7% in the main group and 15.1% - in the control group. 
A practically equal improvement in the indices shows that 
the short-term fractal stimulation affects insignificantly for 
vegetative functions.

Discussion

Analysis of the link between internal and external training 
loads and the recovery-stress state is essential in sport practice 
for avoiding negative adaptations in high-performance sports 
[18-20]. This issue is especially important considering that in 
high-performance sports the recovery-stress state depends on 
the individual ability of the athlete to recover from the high 
physical and psychological loads [21-23]. In addition to defining 
the individual relationship of the training load and recovery-
stress state for the subject, it is necessary to develop new 
approaches to individual reduction of the period of recovery 
after intensive training and highly stressful activity. A theory 
linking the development and maintenance of the health structure 
and activity of the brain with the fractal complexity of visual and 
other environmental signals affecting a person during his life is 
grounded in 2015 [8]. From the theory, it follows that sensory 
stimulation of a person with low-intensity stimuli of fractal 
dynamics can be promising for improving and quickly restoring 
cognitive activity and human adaptive capabilities. We proposed 
that the using of fractal stimulation can be a prospective method 
of brain training in healthy individuals to better recovery after 
stressful situations and psycho-emotional overloads [9].

 In this pilot study, we first estimated the impact of fractal 
optical stimulation for enhancing and restoring the physical 
and mental performance of table tennis athletes. The results 
of the study demonstrate that low-intensity stimulation with 
complex-structured optical signals positively influences the 
psychophysiological parameters characterizing the physical and 
mental performance of table tennis athletes. Brain’s training 
with the short-term fractal stimulation improved the SVMR and 
CFF values significantly. This effect was much more essential 
compared to a rest impact in the control group. It suggests that 
for a complete recovery of time of the SVMR, it is not enough 
of the quiet rest for 10 minutes. It seems reasonable that the 
short break between training can be more productive if to 
increase the rest time or use methods increasing its efficacy. The 
observed an interesting fact of a significant decrease in the time 
of SVMR, possibly, will be useful for the planning of training and 
rest of athletes to provide better results. This phenomenon of 
the significant SVMR improvement after the short-time fractal 
photo-stimulation may be associated with an increase in the 
mobility of nervous processes in the cortical regions of the visual 
system. This proposition is also confirmed by an analysis of the 
changes in CFFs in the control and main groups. The lability of 
visual pathways restored after exercise stress more efficiently 
if the brain’s training is applied with fractal optical stimulation 

than in regular rest for both eyes. In our experiment, this 
positive effect of fractal stimulation was more pronounced for 
the left eye.

The fractal stimulation also had the several times more 
prominent impact to the parameters of contact tremorometry 
than the ordinary rest. Thus, in the main group, when using 
the brain training device, a significantly favorable dynamics 
was noted for the studied psychophysiological parameters 
of athletes. The results of the motor tests were unexpected. 
Although the photo-stimulation did not change the efficiency 
of motor test with target number 1, in the control group, the 
data were even less satisfactory. These data indicate, perhaps, 
the objective inexpediency (doubtful utility) of short breaks 
in physical training that may give a negative result instead of 
sporting success. In any case, fractal stimulation has shown the 
possibility to level out these negative influences. Measurements 
of heart rate showed that the fractal stimulation insignificantly 
impacts vegetative functions after the single 10-minute séance.

Conclusion

The stimulation with low-intensity complex-structured 
optical signals positively influences the psychophysiological 
parameters characterizing the physical and mental performance 
of table tennis athletes.

A single 10-minute seance of fractal stimulation during the 
rest showed the improvement of the rate of SVMR, the frequency 
and duration of the touch in contact tremorometry, and 
increased the CFF value for both eyes, indicating the increase 
in the lability of the visual analyzer. After an application of the 
fractal photo-stimulation, there was an improvement of accuracy 
in the performance of backhand stroke, and there was a stable 
technique of forehand stroke. The decrease in heart rate during 
rest period did not differ when using the fractal stimulation 
and without it. Preliminary results indicate that fractal optical 
stimulation has a positive effect on the physical and mental 
performance of athletes, but no effect on the rate of recovery of 
heart rate with short rest. To further study of useful effects of 
complex-structured visual stimuli, investigations should include 
the 2-3-weeks course of the training of the brain with the fractal 
stimulator in different situations, including pre-start training 
procedure of athletes, regular training, and rehabilitation after 
heavy loads.
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