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IMPRoVInG BALAnCe stABILItY tHRoUGH APPLICAtIon oF 
tRAInInG PRoGRAM In stRessFUL ConDItIons VIA VIRtUAL 
ReALItY GLAsses AnD GLAsses sIMULAtInG ALCoHoL Use
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ABstRACt
The aim of this study was to investigate the effect of using difficult conditions in the balance training 

program through virtual reality glasses and glasses simulating alcohol consumption. According to the 
hypotheses of the study, the application of the balance training program with applying additional dif-
ficulty on the vestibular apparatus through technical means will lead to a greater training effect. The ob-
ject of the study was the balance stability. The research was done among twenty-six Bulgarian students 
from the National Sports Academy. A pedagogical experiment was conducted to prove the hypothesis 
of the study. The testing session included two balance exercises. The collected data from the study were 
statistically processed with the variance analysis and t-criterion of Student. The results of the research 
were statistically significant and showed a greater increase in the parameters of the experimental group 
(FE: 33,3℅; P=100℅; SE: 14,3℅; P=99,9℅) than in those of the control group (FE: 14,7℅; P=99,9℅; 
SE: 8,3℅; P=99,9℅). The analysis of the results justified the hypothesis of the research. The study found 
out that the usage of the balance training program that applies additional difficulty on the vestibular 
apparatus through virtual reality glasses and glasses simulating alcohol use leads to a better balance 
stability.

Key words: balance skills, vestibular apparatus, training conditions, stereoscopic glasses, glasses 
simulating alcohol consumption

IntRoDUCtIon
The rapid technological development in 

the world, in recent years, has significantly 
changed human life. It has affected all public 
spheres, including physical culture and sports. 
Athletes’ balance abilities are known to be 
very important for the sports activities. There-
fore, the main idea of this article was to use 
technology in the development of the balance 
training program. The author’s attention was 
focused on the balance stability as very impor-
tant motor quality. A lot of sports experts have 
worked on this problem. The literature review 
showed that most of those who are working 
in the field of balance performance are re-
searchers and others are clinicians. Research-
ers’ papers can be systematized into several 

groups: 1) studies of  balance and posture con-
trol (Byl, 1992; Wade, Jones, 1997; Zernicke 
et al., 1982; Collins, DeLuca, 1993; Gurfin-
kel et al., 1965; MacKinnon, Winter, 1993; 
Okubo, et al., 1979; Roberts, 1976; Soames, 
Atha, 1980; Winter, 1987), 2) studies tar-
geted at balance measurements (Bizzo et al., 
1985; Black, Wall, 1982; Eng, Winter, 1993; 
Gagey, Weber, 2010 ; Geursen et al., 1976; 
Goldie et al., 1989; Hasan et al., 1990; Hasan 
et al., 1992; Jian et al., 1993; Kapteyn et al., 
1983; Kirby et al., 1987; Koozekanani et al., 
1980; Murray et al., 1967; Glave et al., 2016; 
Spaepen et al., 1977; Spaepen et al., 1979; 
Thompson et al., 2017), and 3) anatomical 
and physiological studies of balance mainte-
nance (Nashner, 1977; Horak, Nashner, 1986; 
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Winter et al., 1993). Clinicians’ works are in 
two directions: investigations aimed to pro-
vide injury prevention and studies of the bal-
ance abilities of clinically ill people (Goldie et 
al., 1992; Skvortsov, 2000; Appiah-Dwomoh 
et al., 2016). Information about various meth-
odological approaches for improvement of the 
balance performance is particularly important 
for the purposes of our study. However, we did 
not find any relevant studies in literature. The 
gaps in the literature served as motivation to 
realize the main idea of this paper and to com-
plement the field of the research of balance 
performance. Of all sources we examined, the 
ones related to human postural control system 
and those with physiological focus can be de-
fined as more relevant to our intentions. One 
of these articles reviews and analyzes the role 
of vision and spatial orientation in maintain-
ing posture and balance (Wade, Jones, 1997). 
The key issues that relate to the development 
of postural control across the lifespan are dis-
cussed. Use of vision as a critical source of 
information that specifies spatial orientation 
in the environment is considered. In another 
paper a new conceptual and theoretical frame-
work for studying the human postural control 
system is introduced (Collins, DeLuca, 1993). 
Mathematical techniques from statistical me-
chanics are developed and applied to the anal-
ysis and the interpretation of the stabilograms. 
Other authors used a whole-body inverted 
pendulum model to investigate the control of 
balance and posture in the frontal plane during 
human walking (MacKinnon, Winter, 1993). 
The model assessed the effects of net joint 
moments, joint accelerations and gravitational 
forces influencing the supporting foot and hip. 
Other sports experts examined how balance is 
affected and how it can be improved (Thomp-
son et al., 2017). They consider that training 
and exercises that improve proprioception 
may improve one’s postural capabilities, in 

particular, one’s balance. They point out that 
inputs to the visual, somatosensory and vestib-
ular systems are used for postural control, and 
that base-of-support impacts one’s balance. In 
another article the authors studied the extent 
to which automatic postural actions in stand-
ing human subjects are organized by a limited 
repertoire of central motor programs (Horak, 
Nashner, 1986). Subjects stood on support 
surfaces of various lengths, which forced 
them to adopt different postural movement 
strategies to compensate for the same external 
perturbations. The aim of another study was 
to present firmer evidence that during stance 
functionally related postural muscles in the 
legs are activated according to fixed patterns 
(Nashner, 1977).

From the analysis of the anatomical and 
physiological studies of the balance mainte-
nance and the studies of the balance and pos-
ture control, it can be concluded that they give 
knowledge that is applicable to the implemen-
tation of the planned balance program in this 
article. They outline the biomechanical as-
pects and the physiological mechanisms that 
characterize the performance of the balance 
exercises. The review of these literary sourc-
es, however, indicates a gap in the field of the 
methodology for developing individuals’ bal-
ance abilities.

This paper was a continuation of the au-
thor’s work on the issues of balance stabil-
ity. The previous research emphasized on the 
means and methods for assessment of balance 
stability (Angelov et al., 2017; Albert et al., 
2017). One of the preceding studies estab-
lished the effect of the impact of various yo-
gic exercises on participants’ balance stability 
(Angelov et al., 2017). In this article we offer 
a classification of yogic asanas. Six groups of 
exercises are introduced: for muscle release, 
for balance, for strength, for stretching, in dy-
namic mode, and with combined impact. An 
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influence with asanas from each group with 
the same duration and number of exercises was 
performed. After the execution of each group 
of asanas, a stabilographic measurement was 
performed. The analysis of the results shows 
that different groups of yogic exercises affect 
the practitioners’ balance stability to a various 
extent. The article provides useful information 
of a methodical nature. The aim of another ar-
ticle was to create an algorithm for assessment 
and analysis of athletes’ postural stability with 
the use of instrumentation methods (Angelov 
et al., 2017). This is the method of stabilogram 
analysis. It monitors the dynamics of Center 
of gravity (COG) by registration of the ampli-
tude of the deviations and the frequency of the 
fluctuations of the COG during the execution 
of a balance task. An algorithm for working 
with the stabilograph platform was elaborat-
ed. A balance factor was created to compare 
the results of the measurements from differ-
ent balance exercises. The next research paid 
attention to the balance abilities of the elite 
shooters in a standing position (Albert et al., 
2017). A stabilograph platform was used again 
to assess the balance stability of the athletes. 

A common feature of the mentioned pa-
pers is the method of stabilogram analysis 
for assessing the balance stability (Angelov 
et al., 2017; Albert et al., 2017). The review 
of these articles shows that their emphasis is 
on the methodology for measuring the indica-
tors that allow assessment of balance stability. 
The present article is addressed to the field of 
the balance development methodology, as the 
abovementioned articles leave gaps in it. Ac-
cording to the hypotheses of the study, the ap-
plication of the balance training program with 
applying additional difficulty on the vestibular 
apparatus through technical means will lead to 
a greater training effect and will increase ath-
letes’ balance stability. 

It is important to note, that the known meth-

odology developing the balance stability also 
uses difficult conditions. They are expressed 
in the use of small base of supports, movable 
supports, bosu balls, fitness balls, etc. In the 
reviewed literature no results of their applica-
tion were found.

The aim of this study was to investigate 
the effect of the application of difficult condi-
tions in the balance training program through 
stereoscopic glasses and glasses simulating al-
cohol consumption.

The purpose of the study was realized 
through the execution of certain tasks. A bal-
ance training program was elaborated. An 
audio-video that complicated the function of 
the vestibular apparatus by using stereoscopic 
glasses and glasses simulating alcohol con-
sumption was provided. A pedagogical experi-
ment was organized. The collected data were 
systematized, processed and analyzed.  

MAteRIALs AnD MetHoDs
Participants and training program 
The participants in the research were twen-

ty-six Bulgarian students from the National 
Sports Academy. The age of the participants 
was 19-25 years old (22 ± 3 years) - 10 women 
and 16 men. Each athlete had at least 5 years 
of sports experience in acrobatics, trampoline, 
and gymnastics. All participants from the ex-
perimental (EG) and the control (CG) group 
trained three times a week for three months, 
applying the same balance training program 
with duration of 20-30 minutes. The athletes 
from both groups performed with the same 
volume and intensity of the training load. The 
difference was that the athletes from the ex-
perimental group were put in difficult condi-
tions – they used stereoscopic glasses and 
glasses simulating alcohol consumption dur-
ing the performance of the training program. 

The athletes fulfilled the following inclu-
sion criteria: (1) a background of regular train-
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ing, (2) continuous training for the previous 
3 months without any musculoskeletal injury, 
(3) absence of potential medical problems that 
could compromise the participation or per-
formance in the study. The participants were 
informed in advance about the experimental 
design of the study. 

We should point out that we used the fol-
lowing criteria when forming the experimen-
tal and control groups: (1) equal number of 
participants, (2) equal male/female ratio, (3) 
equal sport qualification, (4) equal ratio of the 
participants according to the sports specializa-
tion.

The training program included types of 
balance walking, static and dynamic balance 
exercises (Figure 1, 2). 

The balance walking was performed on 
balance beams of different height. It included 
some different types of walking: on toes, on 
heels, on feet, and with moving straight, back-
ward and with side-steps. The use of beams 
with different height had methodic importance 
connected with the athletes’ fear barrier. On 
this basis, the mentioned types of walking 
first had to be performed on low beam and af-

ter that on a higher one. The beams we used 
were four types. The low beams were 0.25 m 
(length 2.50 m), 0.31 m (length 5 m), and 0.34 
m (length 5 m) high. The highest beam was 
0.95 m (length 5 m).  It is important to em-
phasize that the height was not based on the 
leg length or on the percentage of a fear index. 
The height of all used beams was factory-set 
and cannot be changed. The static balance ex-
ercises in the program consisted of variants of 
one leg standing and a handstand. The dynam-
ic balance exercises included movements with 
hands, legs and trunk in standing position. An-
other part of the program was the execution of 
a backward somersault. The additional techni-
cal difficulty introduced in the EG was used as 
a stressful condition. The glasses simulating 
alcohol consumption blur the vision but do not 
occlude it, and for that reason were used for 
the types of balance walking and the acrobatic 
exercises performance (balance and dynamic). 
The stereoscopic VR glasses were used for the 
static and the dynamic exercises performed in 
a standing position, where the positions and 
the movements can be performed without vi-
sual control. 

Figure 1 (a, b). Contents of the balance training program.
(a)– Components of the program; (b) – Different conditions for application of the program.
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Figure 2 (a, b, c). Sample exercises from the balance training program of the CG and EG. (a) 
– a dynamic exercise in standard conditions; (b) – a static exercise with stereoscopic glasses; 
(c) – a static exercise with glasses simulating alcohol use.

All participants were warmed up for 20-30 
minutes before the beginning of the balance 
training program. The athletes performed a 
standard warm-up consisting of 5-7 min of 
running exercises followed by 10-15 min of 
dynamic gymnastic exercises and 5-8 min of 
static stretching. 

Experimental Design and Equipment 
The research consisted of three stages. 

During the first stage we defined the concept, 
organized the study and executed the initial 
testing session. In the second stage, the peda-
gogical experiment was conducted. The third 
stage contained the final testing session, the 
data processing and the analysis of the results. 

The following scientific methods were 
used to carry out the study: sports-pedagogical 
testing, expert evaluation, pedagogical obser-
vation, pedagogical experiment and statistical 
methods.

The stressful effect on the vestibular ap-
paratus was accomplished with the help of two 
devises:  glasses simulating alcohol consump-
tion (Figure 3a) and VR glasses (Figure 3b). 

The usage of the glasses simulating alco-
hol consumption led to blurred vision with-
out excluding the visual control. This kind of 
glasses simulates 1.5‰ alcohol use.  

3D Roller Coaster video was played on VR 
glasses. The roller coaster simulation was cho-
sen on the base of the preliminary testing and 
because it makes the function of the vestibu-
lar apparatus difficult. Thus, the visual control 
during the impact was totally off. Stereoscopic 
glasses working with a smartphone were used. 
The device was a BOBO VR Z5 brand with 
autonomous headphones that allowed more 
concentrated audio impact. The video resolu-
tion of the smartphone was FHD and allowed 
for high-quality video.

Figure 3 (a, b). Technical devises used to make the function of the vestibular system difficult.
(a) – Glasses simulating alcohol consumption; (b) – VR glasses.
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Test Description 
The assessment of the balance stability 

was realized with the help of two tests. The 
first test included a dynamic and static part. 
The session began with a performance of five 
forward rolls one after another followed by 
one leg standing (Figure 4a). During the bal-
ance holding, the supported leg had to be ab-
solutely straight like the raised leg that should 
be at least on a horizontal level. The aim of 

the test was to hold the balance position for 
maximum duration. The second test consisted 
of one leg standing above the cross-bar small 
base of support. The purpose was like in the 
previous test – balancing in a static position 
with stretched supported leg for maximum du-
ration (Figure 4b). The selected two tests ful-
filled the following criteria: standardization, 
information, reliability, validity and objectiv-
ity.

Figure 4 (a, b). The balance positions of the first and the second test.

Measurement Procedure
A pedagogical experiment was conducted 

to prove the hypothesis of the study. Two mea-
surements were made to establish the partici-
pants’ balance abilities. The first measurement 
was made before the beginning of the peda-
gogical experiment, and the second -  after it 
was completed. The testing session consisted 
of the abovementioned two balance exercises. 
The measurement was realized with the help 
of a stop watch. The unit of measurement was 
seconds. Each measurement began when the 
athlete occupied the balance position and was 
canceled in case of balance loss or violation of 
the test rules. The test rules are mainly related 
to maintaining a correct body position during 
the performance of the two testing exercises. 

During the balance standing the supporting 
leg should be stretched, the raised leg must be 
straight and at least horizontally (in the first 
test), it is not allowed to take steps during the 
performance and to touch the floor with hands.

Age, gender, weight, height, number of 
training years, training days per week, train-
ing minutes per session and the type of sport 
practiced by the participants were recorded. 
Oral instructions as well as a demonstration of 
how the test should be performed were given 
to the athletes.  

Data and Statistical Analysis 
A case report with relevant data for analy-

sis was handwritten. From the data, a compu-
tation was performed. The collected data from 
the study were statistically processed with the 

a b
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computer program SPSS Statistics 17.0. The 
data were first descriptively analyzed (mean 
± standard deviation), then an independent 
t-tests and paired t-tests for the normal data 
distribution was done. Shapiro-Wilk (SW) test 
was used to determine normality of data dis-
tribution. To define the statistical significance 
of the differences, the confidence interval was 
used (P > 95%).

ResULts
Assessment of balance stability via two 

testing exercises.
Here the data from the testing session are 

displayed. Table 1 summarizes the mean val-
ues (SD) for each test performed by the ex-
perimental and control group during all stages 
of the pedagogical experiment. Figure 5 (a, 
b) shows the same results through two bar 
graphs. It allows a more efficient comparison 
of balance holding continuation.

table 1. Results of the testing sessions during the pedagogical experiment.

Phases of the 
pedagogical experiment Testing exercises Experimental group Control group

Initial phase First exercise
Second exercise        

36.0 (± 7.3)
30.7 (± 7.6)

34.0 (± 9.8)
25.3 (± 4.1)

Final phase First exercise  
Second exercise

48.0 (± 9.8)
35.1 (± 7.0)

39.0 (± 7.3)
27.4 (± 4.2)

Note: Values are mean (± SD).

Table 1 and Figure 5 (a) display the results 
from the first testing session. The two testing 
groups had similar achievements. The ex-
perimental group demonstrated a better initial 
level of balance stability after the two testing 
exercises. A bigger difference in the results 
was found in the second test. This fact can be 
explained by the nature of the tests used and 
the sports specialization of the participants. 
First, the two tests have a great informative 
value about the static balance. The first test in-
cludes dynamic and static part. The dynamic 
part makes the function of the vestibular ap-
paratus difficult. The second test definitely 
requires better static balance skills. Second, 
in the method section the criteria for the for-
mation of the two groups are specified. On 

this basis, the participants are in equal condi-
tions. The only difference in the composition 
of the EG and the CG according to the sport 
practiced is the violation of ratio between the 
number of the athletes. The number of tram-
poline practitioners is bigger in the CG. The 
three gymnastics sports (artistic gymnastics, 
sports acrobatics and trampoline) influence 
the functions of the vestibular system. Tram-
poline practitioners develop dynamic balance 
skills rather than static skills. Gymnastics and 
acrobatics improve the two types of balance. 
These peculiarities of the balance tests and the 
motor activity explain the bigger difference 
in the results from the second test. The group 
with more trampoline practitioners showed 
lower values of the results.
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Figure 5 (a, b). Mean values of the results from the testing sessions during the pedagogical 
experiment.
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Table 1 and Figure 5 (b) summarize the 
data obtained from the second testing session. 
On the basis of the results displayed on the bar 
graph, it is obvious that the participants in the 
EG have a greater increase in the balance sta-
bility level. The achievements of this group in 
both tests prove it. 

Comparisons of the collected data. 
Table 2 and Figure 6 contain information 

about the five comparisons of the differences 
and the growths and their statistical signifi-
cance, which aims to prove more convincingly 
the hypothesis of the study. They present the 

values of the absolute (d) and relative (d℅) 
growth of the results of the two groups (1st 
and 2nd comparisons), the differences of the 
results between the EG and the CG in the two 
phases of the experiment (3rd and 4th compar-
ison) and the difference of the growth of the 
two groups (5th comparison). The percentage 
values of the differences only in the first and 
the second comparison were calculated. 

The bar graph in Figure 7 shows the 
growth of the results in the experimental and 
control group after the calculation of the new 
variables. 

table 2. Results from the comparisons of the differences in the variables and their Statistical 
significance during the two phases of the pedagogical experiments.
Comparisons Testing exercises d (s) d ℅ P ℅
First comparison -
growth in the EG First exercise 12 33,3 100

Second exercise 4,4 14,3 99,9
Second comparison -
growth in the CG First exercise 5 14,7 99,9

Second exercise 2,1 8,3 99,9
Third comparison -
differences between
EG and CG in 1st phase

First exercise 2 - 40,6

Second exercise 5,4 - 95,1
Fourth comparison -
differences between
EG and CG in 2nd phase

First Exercise 9 - 97,6

Second exercise 7,7 - 99,5
Fifth comparison -
differences between
the growth of EG and CG

First Exercise 7 - 99,9

Second exercise 2,3 - 99,9
note: Values are d (s) -absolute growth; d℅ - relative growth; P℅ - confidence interval.

As we mentioned, five comparisons were 
made to prove the hypothesis of the study (Ta-
ble 2, Figure 5, Figure 6, Figure 7). 

The first comparison informed about the 

growth of the results of the experimental group 
as a result of the new impact through the ap-
plication of balance training in stressful condi-
tions. The results from the two tests are sta-
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tistically significant (P1=100℅, P2=99.9℅). 
The absolute growth (d) in the first and second 
tests is respectively 12 s and 4.4 s. The relative 
growth (d℅) is 33.3℅ and 14.3℅. A better in-
crease was found in the first test compared to 
the second. This finding can be explained by 
the peculiarities of the first test and the nature 
of the new impact. As we mentioned, the first 
part of the first test makes the function of the 
vestibular apparatus difficult because of the 
dynamic exercise. The new impact with the 
help of VR glasses and glasses simulating al-
cohol use has a similar effect on the vestibular 
system. Thus, the commented similarity can 
be defined as a reason for the greater increase 
in the results of the EG in the first test.     

The second comparison determined the 
increase in the results of the control group 
during the pedagogical experiment. This com-
parison shows the effect of the training pro-
gram application under standard conditions. 
The results from the two tests are statistically 
significant (P1=99.9℅, P2=99.9℅). The abso-
lute growth (d) in the first and second tests is 
respectively 5 s and 2.1 s. The relative growth 
(d℅) is 14.7℅ and 8.3℅. Here, there was also 
a greater increase in the first test compared to 
the second one but the difference between the 
results was not big. However, the better per-
formance of the athletes of this group in the 
first test can be explained with the fact that the 
balance position of the first test is an exercise 
of the participants’ standard training.

The first and second comparisons allowed 
us to compare the effect of the training pro-
gram made up of the same exercises but per-
formed under different conditions. On this ba-

sis we could draw a conclusion that the greater 
results of the experimental group were due to 
the new impact. 

The third comparison gave an idea of the 
statistical significance of the differences in 
the results between the experimental and the 
control groups during the first phase of the 
study (P1=40.6℅, P2=95.1℅). There was a 
statistical insignificance in the first exercise. 
The difference of the results in the first and 
second tests is respectively 2 s and 5.4 s. This 
comparison aimed to show whether the further 
processing of the results was comparable. The 
experiment could turn out to be meaningless 
provided that we established considerable dif-
ferences between the results of the two groups 
during the first testing session. The lack of 
similarity in the participants’ initial level was 
not a good prerequisite for the credibility of 
the hypothesis of the study. Nevertheless, 
there was a statistical insignificance in the first 
exercise as well as a qualitative similarity be-
tween the results in both groups. Therefore, 
the further assessment of the results was pos-
sible. 

The fourth comparison fixed the statistical 
significance of the differences in the results 
between the EG and CG during the second 
phase of the study (P1=97.6℅, P2=99.5℅). 
The difference of the results in the first and 
second tests is respectively 9 s and 7.7 s. The 
observed differences in both groups allowed 
us to draw conclusions about the effect of the 
standard and the new impacts. The results 
from the second phase of the study were in fa-
vor of the experimental group.
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Figure 6. Comparisons of the results during the pedagogical experiment, proving the hypoth-
esis of the study.

Note: FE – first exercise; SE – second exercise; CI (P℅) – confidence interval; d(s) – abso-
lute growth; d℅ - relative growth;

The fifth comparison (Figure 7) confront-
ed the growth of the EG and CG and found 
their statistical significance. This is the most 
important comparison for proving the hy-
pothesis of the study. For this purpose, new 
variables for the increase in the results were 
calculated in each of the tests. The comparison 
showed that results were statistically signifi-
cant (P1=99.9℅, P2=99.9℅). The difference 
of the growths in the first and second tests is 

respectively 7s and 2.3s in favor of the EG. 
The analysis of the data showed a few times 
greater increase in the first test compared to 
the second. We consider that the main cause 
of this is rooted in the big similarity between 
the new impact and the nature of the first test. 
In both cases the balance positions were per-
formed after the vestibular apparatus had been 
exposed to stress.
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Figure 7. Growth in the results after the calculation of the new variables.

DIsCUssIon
The reviewed literary sources make it clear 

that the emphasis in them is on the assessment 
of the balance abilities of the subjects. No in-
formation similar to the basic concept of this 
work was found. The use of difficult condi-
tions in the balance development methodol-
ogy is not a new idea. The balance exercises 
performed on fitness balls, bosu balls, small 
base of supports, movable supports, etc. take 
place in the training programs for balance im-
provement.  The training devices we used for 
balance development can be defined as dif-
ficult conditions. It is important to note, that 
we did not find any information about balance 
research with the use of such apparatuses.

On this basis, what is new in this work? 
This is an attempt to apply an additional im-
pact on the vestibular apparatus with glasses 
simulating alcohol use and 3D Roller Coast-
er video played on VR glasses as a difficult 

condition. Why was 3D Roller Coaster video 
used? The main reason for the choice of a roll-
er coaster simulation was a preliminary test-
ing. The application of 3D roller coaster video 
through VR glasses even in a usual standing 
position makes maintaining one’s balance dif-
ficult. This simulation allowed us to imple-
ment the idea of our research. The execution 
of the balance tasks in such conditions by the 
participants of the EG is a novel approach. In 
further research, different types of 3D video 
simulations can be used to make the func-
tion of the vestibular apparatus difficult and a 
simulation of balance tasks performance with 
open and closed eyes can be determined. 

The literature review showed that in sev-
eral studies (Hasan, Robin, Shiavi, 1992 and  
Okubo, Watanabe, Takeya, Baron, 1979) such 
an approach was used. These articles can be 
considered as more relevant to the essence of 
the proposed training methodology in this pa-
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per. The difference was that open and closed 
eyes were used to perform tests for balance 
stability assessment. The use of the glasses 
simulating alcohol consumption can be com-
pared with the behavior of the subjects per-
forming balance exercises with open eyes. 
The use of VR glasses brings athletes closer to 
the conditions of balance exercises performed 
with closed eyes. In this study, the effect of 
open/closed eyes during performing balance 
tasks is achieved by using technical devices. 
This is a new point because balancing with 
and without visual control is used as an im-
pact, whereas in the cited articles it is part of 
the balance assessment tests.

The main idea of this study was to compare 
the training effect between the standard bal-
ance training program and the program with 
additional difficult conditions for vestibular 
apparatus with stereoscopic glasses (Figure 
1b) and glasses simulating alcohol use (Figure 
1a). 

The collected data allows to make mean-
ingful comparisons between participants of 
the experimental and control group and on this 
basis to form general conclusions about the ef-
fects of balance training program performed 
under the two types of conditions – normal 
and difficult.  

We observed an increase in balance sta-
bility of the participants in the EG. They had 
greater difficulty keeping their balance while 
executing the exercises from the training pro-
gram. The athletes in this group made more 
mistakes during the performance of the bal-
ance tasks. The reason for this was the embar-
rassing function of the vestibular apparatus 
via VR glasses and glasses simulating alcohol 
consumption. In conclusion, the two groups – 
EG and CG performed the balance tasks dur-
ing the pedagogical experiment on different 
technical level. It was considered to be me-
thodically appropriate not to set a threshold 

of errors in regard to the performance of the 
balance program. It is normal that the execu-
tion of equal exercises but in different con-
ditions be with different quality. That’s why 
only the results from the testing session were 
compared. This study used sports pedagogical 
tests for assessment of the balance stability as 
opposed to our previous articles which used 
more qualitative-type assessments (Angelov 
et al., 2017; Albert et al., 2017).  

The analysis of the results shows that the 
application of these technical devices in the 
balance training program leads to better re-
sults concerning athletes’ balance stability. 
The study found that the participants in the 
experimental group had a higher increase in 
the results from both test exercises (Figure 7).

The relation between the gender and the 
age of the participants was not investigated. 
The author intends to expand the research 
scope on the above-mentioned criteria and to 
look for a correlation between them in further 
studies. 

Another possibility to extend the research 
area is to compare the results of the applica-
tion of various types of difficult conditions 
during the balance training program. For this 
purpose, a new experiment has to be carried 
out in which one group performs the balance 
tasks using the technical devices discussed in 
this article, and the other group performs the 
balance program using a small base of sup-
port, a movable support, a fitness ball, and a 
bosu ball.

This research area can be extended in fu-
ture studies focusing on including a greater 
number of participants of different ages who 
are representatives of different sports and 
have different qualifications. I believe that this 
kind of research will be very useful to teenag-
ers because at this age the balance stability is 
developing at its highest pace. An additional 
contribution to the improvement of the new 
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methodology will be the conduct of clinical 
trials.

Another opportunity for investigation of 
the effect of the application of the virtual re-
ality on the balance training will be the use 
of the method of the stabilogram analysis for 
assessment of balance stability. It will help to 
determine the Center of gravity deviation and 
the frequency fluctuation during the balance 
exercises performance in both examined con-
ditions (normal and stressful with the help of 
VR). That will provide additional information 
about the outer and inner sides of the move-
ments during the balancing process in stan-
dard and stressful conditions with the help of 
virtual reality.   

This study is limited by age, sports quali-
fication, sports specialization, and the number 
of the participants. Secondly, the analysis of 
the results can be considered as a limitation 
to some extent. The collected data from the 
study of the additional impact with the help of 
glasses simulating alcohol consumption and 
VR glasses were analyzed on their own, with-
out searching for any relation between them. 
Naturally, this circumstance is due to the de-
sign and organization of the research.

According to the reviewed literature in this 
article and in my opinion, a conclusion can be 
made that for successful elaboration and appli-
cation of any balance methodology, we should 
be in line with the biomechanical regularities 
and physiological mechanisms during the per-
formance of the balance tasks. 

ConCLUsIons
The analysis of the results justified the hy-

pothesis of the research. The study found that 
the use of the balance training program that 
applies additional difficulty to the vestibu-
lar apparatus through technical means leads 
to better results in balance stability. The ap-
plication of glasses simulating alcohol con-

sumption and VR glasses can successfully be 
applied in balance training as an alternative 
to the other types of difficult conditions dis-
cussed in this study. It is important to empha-
size that the proven effect of the new impact 
does not make it a basic method in the training 
process. We recommend that stressful condi-
tions with technical means should be used as 
an additional tool in balance training and as 
a possibility to introduce some variety in the 
training process.
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