ISSN (print) 1991-0177, ISSN (online) 1999-818X

SLOBOZHANSKYI HERALD OF SCIENCE AND SPORT
Vollum 28 No. 2, 2024

Methodology for assessing the reaction of combat athletes to a moving object

Vyacheslav Romanenko'*B¢®  Svitlana Piatysotska'*8c?, Andrii Lytvynenko"2AB¢, Maksim Baibikov'ABC,
Natalya Boychenko'°PE, Viktor Ponomarov?tPE

'Kharkiv State Academy of Physical Culture, Kharkiv, Ukraine

2Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

3Institute of Legal Personnel Training for the Security Service of Ukraine of Yaroslav Mudryi National Law University, Kharkiv,
Ukraine

Author’s contribution: A — research methodology development; B — data collection; C — statistical analysis; D — manuscript
preparation; E — Funds Collection

Corresponding author: Svitlana Piatysotska, e-mail: piatsvit25@gmail.com

Abstract

The purpose of the study is to develop and test the method of evaluating the reaction to a moving object of combat ath-
letes using computer technologies.

Material and methods. Representatives of Taekwon-Do ITF with qualifications 4 Gup — 1 Dan (first stage of the study:
n=32, 15.9+0.56 years) and representatives of Cossack Fight of medium qualification (second stage of the study: n=20, 18.0+0.17
years). At the first stage of the study was developed the computer program “Reaction RMO Pro” to assess the reaction to a moving
object. The athlete performer is asked to complete a test exercise over three stages, where the complexity of the tasks gradually
increases. At the second stage of the study the reliability, validity and reliability of the proposed methodology were determined. To
activate the sensory and motor mechanisms of movement control, before testing, athletes were asked to perform simple exercises
with tennis balls. The second measurement was taken three weeks later.

Results. For preliminary testing, software modeling of various situations of test tasks was carried out. For a detailed
characterization of the obtained data, a cluster analysis was carried out and three groups of athletes can be distinguished/ The
first group (G1) included athletes (14.6+0.28 years), who had the highest reaction time and predominantly premature reactions.
The second group (G2) included athletes (15.6+£0.90 years) with an average reaction time and predominantly delayed reactions
(Delayed: 49.03%). The third group (G3) included athletes (17.8+1.34 years) who had the lowest reaction time and predominantly
premature reactions (Premature: 52.45%). Analysis of changes in reaction time at individual stages of the test showed that the
best reaction time was noted at the second stage of the test, where the speed of the visual stimulus increases. The worst time
was recorded in the first stage of the test. At the third stage, where interfering signals act, the reaction time is less than at the first
stage, but longer than at the second. Analysis of the results of determining the direction of reactions to a moving object indicates
that premature reactions predominate, both in the first measurement (52.75%) and in the second (51.92%).

Conclusions. The highly qualified athletes have a more advanced mechanism for perceiving information and correspond-
ing motor reactions. the method for determining reaction time to a moving object using the computer program “Reaction RMO Pro”
is reliable, valid and reliable, as evidenced by the results of correlation analysis (r = 0.78), the absence of differences between the
first and second measurements, both at individual stages of the test (p>0.05), and relative to the integral assessment of reaction
time to a moving object (t=0.35, p>0.05), preservation of the dynamics of changes in reaction time at individual stages of the test
and the predominant direction of premature reactions (first measurement 52.75% , second 51.92%).

Key words: sensorimotor reactions, martial arts, highly qualified athletes, computer technologies.

MeToauka ouiHKM peakuii cnopTCMeHiB-eAMHOOOPLIB Ha pyxomun o0>ekT. BAyecnaB PomaHeHko, CBiTnaHa
Martucoubka, AHapin lluTBuHeHko, Makcum BanbikoB, Hatansa BonyeHko, Biktop NoHoMmapboB.

MeTa pocnigxeHHs — po3pobutn Ta anpobyBaTn METOAUKY OLLIHKM peakuii Ha pyxoMuin 06’eKT cnopTcMeHiB-eanHobopLiB
3a JOMOMOroH KOMIM IOTEPHUX TEXHOSOTIN.

MaTepian i MeToaum. MNpeactaBHukn TaekBoH-A0 IT® 3 kBanidikauieto 4 Gup — 1 Dan (nepuni eTan gocnigXeHHs: n=32,
15,9+0,56 poky) Ta npeactaBHuku Kosaubkoro 6ot cepeaHboi kBanidikauii (gpyrmn etan gocnimpkeHHsa: n=20, 18,0+ 0,17 poky).
Ha nepLuomy eTani gocnigxeHHs 6yna pospobneHa komm'toTepHa nporpama «Reaction RMO Pro» Ans ouiHkv peakuii Ha pyxoMun
06’ekT. CnOPTCMEHY-BUKOHAaBLID MPOMOHYETLCA BUKOHATW TECTOBY BMpaBy B TPU eTanu, Ae CKNafHiCTb 3aBAaHb MOCTYNOBO
3pocTae. Ha gpyromy etani JOCRiAXEeHHSA BU3HAYEHO OOCTOBIPHICTb, BaniAHICTb Ta HAAIMHICTb 3anponoHOBaHOI MeToauku. [Ons
aKTUBAL|ii CEHCOPHWX i MOTOPHMX MEXaHi3MiB ynpaBsriHHA pyxamu nepes TeCTyBaHHSAM COPTCMEHaM MpOrnoHyBarnocs BUKOHATU
HecknagHi Bnpasu 3 TeHICHUMKU M>a4amu. [ipyre BuMiptoBaHHSA Byrno 3po6neHo Yepes Tpu TUXHI.

PesynbTatn. [Ina nonepegHLOro TecTyBaHHs Oyno 34iMCHEHO MporpamMHe MOAENOBaHHA PI3HUX CUTyauil TeCTOBUX
3aBfaHb. [Ina AeTanbHOi XapakTepucTUKM OTpUMaHuX AaHux Oyno npoBefeHO KracTepHWW aHania i BUAINeHo Tpu rpynu
cnoptcmeHiB. [lo nepwoi rpynu (G1) yeiiwnu cnoptecmenun (14,6+£0,28 pokiB), ki Manu HamBULLMIN Yac peakLii Ta nepeBakHO
nepenyacHi peakuii. o gpyroi rpynu (G2) ysinwnu cnoptcmenmn (15,6+0,90 pokiB) i3 cepegHiM Yyacom peakuii Ta nepeBaxHO
ynoBinbHeHnMn peakuigmu (Delayed: 49,03%). o Tpetboi rpynu (G3) ysinwnu crnoptcMmenn (17,8+1,34 poky), Aki manu
HaNHWXYMIN Yac peakuii Ta nepeBaxHo nepenyacHi peakuii (Premature: 52,45%). AHanis 3miHu Yacy peakuii Ha oKpemumx eTanax
TeCcTy nokasas, L0 HaWkpallui Yac peakuii Big3Ha4eHo Ha Apyromy etani TecTy, Ae LUBWUAKICTb BidyanbHOro CTUMYIy 3pOCTae.
Harripwwnii yac 6yno 3acdpikcoBaHo Ha nepLuomy eTani BunpobyBaHb. Ha TpeTin cTagii, Ae AiloTb 3aBaxatodi curHanu, Yac peakuii
MeHLLUe, HiXX Ha nepLuin, ane bGinbLue, HX Ha Apyriv. AHani3 pesynbTaTiB BU3HAYEHHS CNPSIMOBaHOCTI peakLin Ha pyxoMun ob’ekT
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CBiguYNTb NPO Te, WO nepeavacHi peakuii nepeBaxatoTb SK y nepLiomy BumiptoBaHHi (52,75%), Tak i B gpyromy (51,92%).

BucHoBku. CnopTcMeHu BUCOKOI kBaridikawii MatoTb 6inbLL JOCKOHANUA MeXaHi3M CIPUNHATTS iHdhopMaLlii Ta BignoBigHuX
pyxoBux peakuiv. MeToouka BM3Ha4YeHHs Yacy peakLii Ha pyxomuin o6’eKT 3a [OMOMOrol KOMM'IOTEpHOI nporpamun “Reaction
RMO Pro” € HagiviHoto, BanigHOW Ta AOCTOBIPHOW, MPO WO CBigYaTh pesynbTaTv KopensauinHoro aHanisy (r=0.78), BiacyTHICTb
BiAMIHHOCTEN MiX NepLunm Ta ApYrum BUMIPIOBaHHAMMU, K HA okpeMux eTanax Tecty (p>0.05), Tak i Wwoao iHTerpanbHOI OLiHKK
yacy peakuii Ha 06’ekT, wo pyxaeTbes (t=0.35, p>0.05), 36epexeHHsa QuHaMiK/ 3MiH Yacy peakuii Ha OKpeMux eTanax TecTy Ta
nepeBaXHO CNPSIMOBAHICTIO NepeaYacHuX peakuin (nepLue BumiptoBaHHs 52.75%, apyre 51.92%).

Knto4yoBi cnoBa: ceHCOMOTOpHI peakuii, 601oBi MncTeuTBa, CNOPTCMEHW BUCOKOI KBanidikaLii, KOMMN' toTEpHi TEXHOMOTIl.

Introduction

One of the methods for increasing the reliability and ef-
ficiency of professional and sports activities is monitoring and
predicting the functional state of the human central nervous
system [12, 30, 16].

A feature of sports activities in martial arts is the per-
formance of various technical and tactical actions against the
background of high mental tension, where the success of com-
petitive struggle depends not only on the athlete himself, but
also on the actions of the opponent [10, 1, 19].

Modern practical experience confirms that the psycho-
physiological characteristics of athletes in martial arts influence
their success in competitive activities [6, 14, 31]. The defini-
tion and analysis of sensorimotor reactions in martial arts are of
great theoretical and practical importance both from the point
of view of characterizing the functional state of athletes and
from the point of view of improving existing and developing new
training methods [13, 15, 25].

Reaction time represents the level of neuromuscular
coordination at which visual, auditory or tactile stimuli are inter-
preted by the body through various processes (physical, chemi-
cal, mechanical) and are received by the brain as sensory stim-
ulation [2, 24]. The speed of processing visual information can
be considered an indicator of the level of interaction between
the sensory and motor components of movement [16, 11].

One of the methods for monitoring the functional state of
the human central nervous system is to determine the ratio of
excitation and inhibition processes when reacting to a moving
object. A person’s reaction to a moving object (RMO) is under-
stood as the ability to determine the spatial and temporal pa-
rameters of the movement of a visual stimulus, and quickly and
accurately perform the necessary response actions [22]. When
observing the movement of an object, physiological mecha-
nisms are activated that provide a high level of coordination
of the visual and motor analyzers, and the afferent impulses

Atiempt N° 6: 45 ms, 'Delayed response

Figure 1. Reaction RMO Pro program

of the latter play the role of feedback in the implementation of
movements and the assessment of spatio-temporal relation-
ships [20, 27].

Sensorimotor reaction times can be measured by vari-
ous means. For this, computer technology is used on various
platforms [9, 30, 25]. Sports scientists and coaches who study
the sensorimotor reactions of athletes are very interested in the
availability of specialized, mobile, simple tests from the point of
view of use in “field” conditions that correspond to the nature of
the competitive activity of combat athletes.

The purpose of the study: to develop and test the
method of evaluating the reaction to a moving object of combat
athletes using computer technologies.

Methods

The study was conducted in compliance with the main
bioethical provisions: the Council of Europe Convention on Hu-
man Rights and Biomedicine of 04/04/1997, the World Medical
Association Declaration of Helsinki on the ethical principles of
scientific medical research involving human subjects (1964—
2008), as well as order of the Ministry of Health of Ukraine No.
690 dated September 23, 2009.

Participants. Representatives of Taekwon-Do ITF with
qualifications 4 Gup — 1 Dan (first stage of the study: n=32,
15.9+0.56 years) and representatives of Cossack Fight of me-
dium qualification (second stage of the study: n=20, 18.0+0.17
years). All participants consented to the study and were in-
formed of the purpose of the study, testing procedures, and
the ability to withdraw consent at any time for any reason. For
minor athletes, consent to participate in the study was provided
by their parents.

Methods. The following methods were used for the
study: analysis of scientific and methodological information and
sources on the Internet, generalization of best practical expe-
rience, computer programming method, psychophysiological
measurements and methods of mathematical statistics.
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Procedure. The study was carried out in several stages.
At the first stage, taking into account the characteristics of the
sports activities of martial artists, the computer program “Reac-
tion RMO Pro” was developed to assess the reaction to a mov-
ing object (Certificate of copyright registration for the work No.
125201 dated 03/29/2024.). The mobile application is intended
for use on Apple devices with the iPad OS operating system
(Figure 1).

The athlete performer is asked to complete a test ex-
ercise over three stages, where the complexity of the tasks
gradually increases. At the first stage of the program, you need
to react to a moving object at a slow speed. At the second stage
of the program, in order to complicate the task, the speed of the
visual stimulus was increased by 1.5 times. At the third stage of
the program, additional chaotically moving objects were added
that changed the speed, color and intensity of the display. After
finishing the test exercise, the program provides the following
information on measurements: the average reaction time for
the entire test (Mean, ms); standard deviation (SD, ms); the
predominant direction of excitation or inhibition processes for
the entire test (Premature - premature reactions, Delayed -
delayed reactions, Accurate - accurate reactions); number of
samples in a stage; test mode; average reaction values (ms),
standard deviations (ms), Shapiro-Wilk test (W) for each stage
separately; percentage of reactions for the entire test (Prema-
ture, % - premature reactions, Delayed, % - delayed reactions,
Accurate, % - accurate reactions). To conduct studies of various
directions, you can choose one of three modes: “Main mode”
— the main test mode (increasing the complexity of test tasks
at each stage) “Slow mode” — a test exercise where there are
no interfering additional visual objects, the speed of movement
of the stimulus is “slow”; “Fast mode” is a test exercise where
there are no additional interfering visual objects, the speed of
movement of the stimulus is “fast”. The researcher has the abil-
ity to view, edit (change information about the performer, delete
measurements) and send measurements to any location (save
as a separate file in CSV, Numbers, PDF, Excel, email, cloud
storage). It is also possible to see the test result in a graphical
display of both one athlete performer and a group of athletes.

Also, at the first stage of the study, preliminary testing
of the mobile application was carried out. To determine errors
and adjustment procedures, software modeling and testing of
combat athletes (n=32, 15.9+0.56 years) during the training
process were used.

At the second stage of the study, the reliability, validity
and reliability of the proposed methodology were determined.
According to the research procedure, two measurements were
carried out [4, 17]. The measurements took place at the same

Table 1. Results of test modeling (range: -50...50 ms, n=20)

time in the second half of the day. 20 combat athletes aged
18.0+0.17 years took part in the testing. To activate the sensory
and motor mechanisms of movement control, before testing,
athletes were asked to perform simple exercises with tennis
balls. The second measurement was taken three weeks later.

Statistical analysis of the obtained data was performed
using RStudio and Numbers programs.

Research results. Based on the analysis of scientific
and methodological literature, pedagogical observations, prac-
tical experience, analysis of the competitive activity of combat
athletes of various sports specializations, conversations with
coaches and qualified athletes, the computer program “Reac-
tion RMO Pro” was developed to assess the reaction to a mov-
ing object.

The visual stimulus to which one should respond moves
at a constant speed (the first stage is one step per 0.003 s, the
second is one step per 0.002 s). The speed was chosen experi-
mentally, which in feel can be considered slow (v=63 mm/s).
Since some iPad generations have different screen sizes, a
feature has been added to ensure the same speed on different
screen sizes. The shape, color and size of the visual stimu-
lus were chosen based on preliminary studies [25] with some
modifications.

For preliminary testing, software modeling of various
situations of test tasks was carried out. The main focus of this
stage is to search for situations where program malfunctions
are possible. Software modeling made it possible to determine
the characteristics of passing the test and some violations of
the program. Test modeling showed that situations are possible
when the values of any stage do not correspond to the law of
normal distribution. To solve this situation, the following solution
is provided - the program removes the worst value and gives an
additional attempt (Table 1).

Determination of the reaction time of combat athletes to
a moving object during the training process was carried out with
the participation of taekwondo athletes of all ages and qualifica-
tions (n=32).

For a detailed characterization of the obtained data, a
cluster analysis was carried out (Figure 2).

Based on cluster analysis, three groups of athletes
can be distinguished. The first group (G1) included athletes
(14.6+0.28 years), who had the highest reaction time and
predominantly premature reactions. The second group (G2)
included athletes (15.6+£0.90 years) with an average reaction
time and predominantly delayed reactions (Delayed: 49.03%).
The third group (G3) included athletes (17.8+1.34 years) who
had the lowest reaction time and predominantly premature re-
actions (Premature: 52.45%) (Table 2).

Number of attempts «10», total — 30 | «20», total — 60 | «30», total — 90
Additional attempts, n (X£SD) 0.3+0.8 1.6+2.2 17.2+24.6
Reaction time, ms (X+SD) 24.1+£5.8 24.9+2.8 23.1£5.2
Table 2. Results of measurements of the studied combat athletes
Stage 1 | Stage 2 | Stage 3 | Premature | Delayed | Accurate
Groups | Mean (ms) | “(ms) | (ms) | (ms) | (%) (%) (%)
G1 37.17 43.52 32.61 6,19 60.69 34.76 4.55
G2 32.05 29.22 32.85 34.19 45.28 49.03 5.69
G3 26.69 25.69 32.84 21.68 52.45 39.74 7.81
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Figure 2. Results of cluster analysis of the studied combat athletes

As noted earlier, the second stage of the study was de- ences between these measurements (Table 5).
voted to determining the reliability, validity and reliability of the

proposed methodology. Table 5. Determining differences between measurements

To analyze the differences between the first and sec- ;
. Student’s t-Test p-value
ond measurements, the average value for the entire test was
used as an integral indicator of reaction time to a moving object 0.35 0.73

(Table 3). . . L s
Analysis of changes in reaction time at individual stages

of the test showed dynamics that were present in the first and

Table 3. Reaction Time Measurement Results
second measurements.

Mean | SD | Median | 1st Qu. | 3rd Qu. Thus, the best reaction time was noted at the second
stage of the test, where the speed of the visual stimulus in-

First measurement (ms) | 26.21 570 | 25.35 | 22.61 | 27.99 | (reases. The worst time was recorded in the first stage of the

Second measurement (ms) | 25.65 | 4.30 | 25.66 | 21.94 | 29.88 | test. At the third stage, where interfering signals act, the reac-

tion time is less than at the first stage, but longer than at the
second (Figure 4).

Due to the lack of normal distribution in some results at
certain stages of the test, the Mann-Whitney test was used for
comparison. The comparison results indicate that there are no
Table 4. Compliance with the law of normal distribution statistically significant differences between the indicators of the

The measurement results correspond to the law of nor-
mal distribution (Table 4), which made it possible to use the
Pearson correlation coefficient to determine the relationship
and the Student criterion to determine the differences.

first and second measurements at the test stages (Table 6).
Shapiro-Wilk p-value
First measurement (ms) 0.93 0.13 Table 6. Differences between measurements according to test
Second measurement (ms) 0.93 0.18 stages
Correlation analysis indicates a strong statistically sig- Mann-Whitney p-value
nificant relationship (r=0.78) between the indicators of the first Stage 1 102 0.94

and second measurements (Figure 3).

As for determining the differences, based on a compari- Stage 2 120 0.59
son of the indicators of the first and second measurements, it Stage 3 117 0.67
can be argued that there are no statistically significant differ-
r=0.78 x

30-

ms

ms

Figure 3. Scatter plot with regression line of measurement results (Pearson’s correlation coefficient)
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The presence of relationships between the first and sec-
ond measurements was also revealed, but they are not statisti-
cally significant (Figure 5).

Analysis of the results of determining the direction of re-
actions to a moving object indicates that premature reactions
predominate, both in the first measurement (52.75%) and in the
second (51.92%) (Figure 6).

Due to the lack of normal distribution in some indicators
that determine the direction of reactions, the Mann-Whitney
test was used to compare the measurement results. Thus, a
comparison of the results of the first and second measure-
ments showed that the differences between the indicators are
not statistically significant (Table 7).

29,5

30

25,62

22,5

15

%

7,5

Stage 1

First measurement

Stage 2 Stage 3

Figure 4. Reaction times at test stages

0.6
0.52

043

0.15

Stage 1

Accurate
5,50

D

First measurement

Figure 6. Direction of reactions to a moving object

Stage 2
Figure 5. Relationships between the first and second measurements (Spearman’s correlation coefficient)

Table 7. Differences between measurements (directionality of
reactions)

Mann-Whitney p-value
Premature 112 0.81
Delayed 88 0.79
Accurate 90 0.86

Regarding the relationships between the values of the
first and second measurements, which characterize the direc-
tion of the reaction to a movable object, no statistically signifi-
cant connections were noted.

30 29,51
24,68
22,76 .
22,5
=x 15
7.5
0
Stage 1 Stage 2 Stage 3
Second measurement
047

£l

Stage 3

Accurate
5,75

D

Second measurement
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Discussion

Determining the reaction time to a moving object is one
of the methods for monitoring the functional state of the human
central nervous system [20, 12]. In a study [27], to determine
this type of reaction, experts suggest reacting to a line moving
in a circle. It is necessary to stop the line at the right place.

Scientists [20] in RMO studies used an electric stop-
watch, the dial of which is marked with divisions of tenths and
hundredths of a second. The performer had to stop the electric
stopwatch hand at the desired mark.

There are differences in methodological approaches in
determining the predominant direction of nervous processes.
According to research [27], a positive RMO value indicates the
advantage of inhibition processes over excitation processes,
while a negative value, on the contrary, indicates an advantage
of excitation processes. In the study [20]. The results of the
RMO test (reaction to a moving object), where the performer
was asked to perform 30 attempts, were classified as accu-
rate, premature and delayed reactions (33.33% with a “0” sign,
33.33% with a “-” sign and 33. 33% with a “+” sign). We can
roughly assume that persons with balanced nervous processes
made 33.33% or more clear answers. Persons who make more
than 66.66% premature and delayed reactions during the test
should be considered persons with unbalanced nervous pro-
cesses.

As noted earlier in the computer program “Reaction
RMO Pro”, the visual stimulus moves at a speed of one step
per 0.003 s. In this regard, the determination of the suppressive
direction of nervous processes is implemented as follows: pre-
mature reactions will include values that are less than -0.003 s;
to reactions with a delay of more than 0.003 s; accurate reac-
tions will include values in the range from —0.003 s to 0.003 s.

The computer program “Reaction RMO Pro”, developed
to assess the reaction to a moving object, is a continuation of a
series of tests to assess the sensorimotor reactions of combat
athletes [3, 25]. Taking into account the peculiarities of sports
activities in martial arts, where an opponent can perform techni-
cal and tactical actions from different sides at different speeds,
the Reaction RMO Pro program implements the possibility of
the appearance and movement of a visual stimulus from any
point on the screen. The program algorithm is implemented ac-
cording to the principle from simple to complex After each stage
of the test exercise, the measurements are checked for normal-
ity of distribution. To determine compliance with the law of nor-
mal distribution, the Shapiro-Wilk test was used. If the values
do not correspond to the normal distribution of the performer,
an additional attempt will be offered and the worst result will be
discarded. It should be noted that checking each stage of the
test for normality of distribution and the occurrence of additional
attempts allows the performer to show a result that best match-
es his abilities. This is in keeping with the spirit of competition
in martial arts, where an athlete is able to correct mistakes by
mobilizing his individual capabilities and achieve victory.

Based on test modeling, it was determined that when
the number of attempts is reduced to 10 in a stage, the prob-
ability of additional attempts also decreases. In this regard, we
can recommend “10” (30 attempts) or “20” (60 attempts) as the
main modes. The “30” mode (90 attempts) can be used to study
the reaction to a moving object in highly qualified combat ath-
letes who have a more stable state of the nervous system and
greater endurance of the visual analyzer.

Software modeling carried out to identify errors in the
operation of a computer program does not reflect the nature
and dynamics of real measurements. The random values of-
fered by the program are in no way related to the previous re-

action values. When performing a test exercise, an athlete has
the opportunity to mobilize his capabilities and show the best
result. The higher the athlete’s qualifications, the better his abil-
ity to control nervous processes [23, 13].

Approbation of the methodology for assessing the reac-
tion to a movable object with the participation of combat ath-
letes of all ages and qualifications made it possible to obtain
significance and test the operation of the program during the
training process. Based on the analysis of the obtained data
using cluster analysis, several groups of combat athletes were
identified. A review of the formed groups allowed us to con-
clude that the athletes were mainly distributed into groups
in accordance with their sports qualifications and age. Thus,
the third group (G3) included highly qualified combat athletes
(17.8+1.34 years). It was the athletes of this group who showed
shorter reaction times.

The first group (G1) included low-skilled combat athletes
(14.6+0.28 years). It was also noted that at the first stage of the
computer program, athletes from this particular group showed
the longest reaction time. This may indicate an increase in the
duration of adaptation to interaction with visual stimuli by junior
combat athletes with low sports qualifications.

An analysis of the direction of the motor reaction in the
study showed that qualified combat athletes have predominant-
ly premature reactions (52.45%) and the highest percentage of
accurate reactions (7.81%) (Figure 7).

10,

%
-~

b

G1 G2 G3
Groups

G1 - 14.6+0.28 years, G2 - 15.6+0.90 years,
G3 - 17.8+1.34 years

Figure 7. Percentage of accurate reactions of com-
bat athletes

The results obtained confirm the conclusion that more
qualified combat athletes have a more advanced mechanism
of interaction between the sensory and motor components of
movement control [13, 2, 16].

Based on the analysis of scientific and methodological
literature, pedagogical observations, practical experience, con-
versations with specialists, it was determined that tests to de-
termine any quality must meet the following requirements: test
reliability (consistency of results when applied multiple times to
the same person); test validity (the test must measure what it
purports to measure); standardization (the test must be admin-
istered in the same way and standardized for all participants);
sensitivity (the test must be sensitive enough to detect small
differences between individuals); accessibility (the test must be
accessible and convenient for participants of all ages and abili-
ties) [4, 17].

As for the reliability and ease of use of the Reaction RMO
Pro computer program, testing has shown that the algorithm of
its operation is easily understood by athletes of all ages. Demo
mode allows you to perform several training attempts and fa-
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miliarize yourself with the test task. The main requirement for
the person conducting the research is to create high motiva-
tion among the athletes performing the test exercise. This is
very important from the point of view of the objectivity of the re-
sults obtained. Such testing can help improve the competence
of athletes, as they gain new knowledge and new sensations
[29]. Athletes have the opportunity to test their capabilities and
challenge themselves to perform a test exercise. The positive
experience gained can help increase awareness and build their
competence, since competence is the cornerstone of intrinsic
motivation [8, 21].

Compared to the choice reaction time, where values can
average about 700-900 ms [25], the reaction time to a moving
object in the study is only 26.2+5.7 ms (first measurement) and
25.6+4.3 ms (second measurement). In this regard, to increase
the objectivity of the data obtained, before performing the test
exercise, the “Reaction RMO Pro” computer program, the com-
bat sports athletes were offered simple exercises with tennis
balls. The study [26] determined that exercises with tennis balls
have a positive effect on the manifestation of reactions and ac-
tivate the mechanisms of movement control of combat sports
athletes.

Validity is a measure of whether a concept, conclusion,
or measurement is valid and is likely to accurately correspond to
the real world [5]. The validity of an assessment is the measure
by which it measures what it is supposed to measure [18]. To
determine validity, test developers must properly articulate the
intended purpose of the test item (Stephen, G. Sireci, 2013). In
the proposed computer program, the goal of passing the test
exercise is clearly formulated, namely: “Stop a moving object in
a specified location.” The time demonstrated by the performer
in this application reflects the accuracy of the execution of mo-
tor acts. The algorithm of the “Reaction RMO Pro” application
makes it impossible for cases of incorrect use of the test - this
gives objectivity to the measurement results.

According to the results of the correlation analysis, it
can be argued that there is a statistically significant relationship
(r=0.78, p<0.05) between the reaction time to a moving object
in the first and second measurements. It was also determined
that there were no differences in reaction time between the first
and second measurements (t=0.35, p>0.05).

Analysis of the dynamics of reaction time to test tasks
proposed by a computer program made it possible to obtain
additional information about the characteristics of athletes’ re-
sponse to various obstacles. Thus, at the second stage of the
application, where the speed of the visual stimulus increases
by 1.5 times (v=94.5 mm/s), the majority of combat athletes
react faster than at the first stage. This may indicate that the
speed at the second stage is more favorable for representa-
tives of Cossack Fight and is more consistent with their move-
ment patterns. At the third stage, where interfering visual stimuli
were added, a slight increase in reaction time was recorded. In-
deed, interfering visual stimuli have an impact on reaction time
[25]. The difference between the reaction time at the third and
second stages may indicate the stability of movement control
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