
 

UNIWERSYTET JANA DŁUGOSZA  
W CZĘSTOCHOWIE 

2026 
t. 9, nr 3  

 

Received: 5.06.2025 
Accepted: 13.11.2025 

http://dx.doi.org/10.16926/sit.2026.03.04  

Vyacheslav ROMANENKOa, Yuri TROPINb, Yuliya KOVALENKOc,  
Volodymyr MIKHALSKYId, Valerii DZHERELIIe 

OBJECT SIZE DETECTION AND SENSORIMOTOR PERFORMANCE 

IN STRIKING MARTIAL ARTISTS: AN EXPLORATORY FACTOR 

ANALYSIS 

How to cite [jak cytować]: Romanenko, V., Tropin, Y., Kovalenko, Y., Mikhalskyi, V., & Dzherelii, V. (2026). Object Size Detec-
tion and Sensorimotor Performance in Striking Martial Artists: An Exploratory Factor Analysis. Sport i Turystyka. Środkowoeu-
ropejskie Czasopismo Naukowe, 9(3), 79–94. 

Reakcja na zmiany wielkości obiektu i sprawność 
sensomotoryczna u zawodników sportów walki:  

eksploracyjna analiza czynnikowa  

Streszczenie 

W sportach walki o charakterze uderzeniowym zawodnicy muszą szybko przetwarzać informacje 
wzrokowe i precyzyjnie na nie reagować. Celem badania była eksploracyjna analiza zależności między 
wskaźnikami sensomotorycznymi i percepcyjnymi, w tym reakcją na zmiany wielkości obiektu, w za-
daniach o różnym poziomie wymagań poznawczych. W badaniu uczestniczyło 25 mężczyzn uprawia-
jących sporty walki o charakterze uderzeniowym (wiek: 18,4 ± 3,5 roku; staż treningowy: 8–10 lat). 
Zastosowano następujące typy testów: Size Test, Visuomotor Choice Reaction, Reaction RMO Pro, 
Reaction Go/No-Go, Spatial Perception oraz STMemory. Zmienne pogrupowano w dwa zestawy za-
dań o niższych i wyższych wymaganiach poznawczych, a następnie przeprowadzono oddzielne eks-
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ploracyjne analizy czynnikowe metodą Principal Axis Factoring. W zestawie o niższych wymaganiach 
poznawczych przedstawiono eksploracyjne rozwiązanie dwuczynnikowe. Najwyższy ładunek na PA1 
uzyskał Spatial Perception (Etap 1) (0,87; h² = 0,76), a Size Test uzyskał ładunek 0,72 (h² = 0,54), nato-
miast Reaction RMO Pro (Etap 1) ładował się głównie na PA2 (−0,65). W zestawie o wyższych wymaga-
niach poznawczych uzyskano rozwiązanie jednoczynnikowe; najwyższy ładunek uzyskał Spatial Percep-
tion (Etap 4) (0,85; h² = 0,73), a STMemory (Etap 5) uzyskał ładunek ujemny (−0,67; h² = 0,45). Wyniki 
wskazują, że Size Test współzmienia się z innymi wskaźnikami percepcyjnymi i sensomotorycznymi. 

Słowa kluczowe: percepcja wzrokowa; sporty walki; testy psychofizjologiczne; zdolności poznaw-
cze; czas reakcji. 

Abstract 

In striking martial arts, athletes must rapidly process visual information and respond precisely. 
This study explored the latent structure of sensorimotor and perceptual measures, including re-
sponses to changes in object size, across tasks differing in cognitive demands. Twenty-five male 
striking martial artists participated (age: 18.4 ± 3.5 years; training experience: 8–10 years). Testing 
included the Size Test, Visuomotor Choice Reaction, Reaction RMO Pro, Reaction Go/No-Go, Spa-
tial Perception, and STMemory. Variables were grouped into lower- and higher-demand task sets. 
Separate exploratory factor analyses using Principal Axis Factoring were performed. In the lower-
demand set, an exploratory two-factor PAF solution was examined. Spatial Perception (Stage 1) 
loaded highest on PA1 (0.87; h² = 0.76), followed by the Size Test (0.72; h² = 0.54), while Reaction 
RMO Pro (Stage 1) loaded primarily on PA2 (−0.65). In the higher-demand set, a single-factor so-
lution was obtained; Spatial Perception (Stage 4) showed the highest positive loading (0.85; h² = 
0.73), whereas STMemory (Stage 5) loaded negatively (−0.67; h² = 0.45). These exploratory find-
ings indicate that Size Test performance covaries with spatial-perceptual and other sensorimotor 
measures, with patterns differing by task demand. 

Keywords: visual perception; martial arts; psychophysiological testing; cognitive abilities; re-
action time. 

Introduction 

The ability of martial artists to process visual information during competitive 
bouts enables them to anticipate opponents’ actions and respond in a timely 
manner. The quality of visual input affects the efficacy of decision-making in 
competitive scenarios. Practical combat experience enhances athletes’ reper-
toire of visual patterns and corresponding actions, which in turn improves re-
sponse speed (Korobeynikov et al., 2023; Mann et al., 2007; Tropin et al., 2021). 
Skilled athletes display distinctive characteristics in visual information pro-
cessing, often involving the use of peripheral vision. For instance, football play-
ers gather visual cues not only through foveal (central) vision but also by opti-
mally engaging peripheral vision (Williams & Davids, 1998). Peripheral vision al-
lows visual information to be processed outside the central area of gaze and 
plays an important role in visually guided behaviour in dynamic environments 
(Vater et al., 2022). In striking martial arts, experts can use gaze-anchoring strat-
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egies that support the use of peripheral visual information (Hausegger et al., 
2019). More generally, visual reaction time increases with stimulus eccentricity 
under controlled conditions (Schiefer et al., 2001). 

Research has demonstrated that elite athletes perform with remarkable ac-
curacy and success in fast-paced, complex sporting tasks (Starkes & Ericsson, 
2003). Achieving elite-level performance requires strong cognitive abilities. Ath-
lete perception is shaped by the interplay between the physical characteristics 
of sports stimuli and the athlete’s perceptual and cognitive capabilities (Gray, 
2014). Perceptual-cognitive expertise in sport is shaped by sport-specific expe-
rience and the ability to extract task-relevant visual information efficiently 
(Mann et al., 2007; Gray, 2014). According to information processing theory, an 
increase in incoming information significantly elevates cognitive load, thereby 
necessitating greater cognitive resource allocation (Frey, 2018). High-level ath-
letes possess more specialized cognitive resources and exhibit greater cognitive 
processing efficiency compared to less experienced athletes and non-athletes 
(Podrigalo et al., 2023; Wei et al., 2017). 

Martial arts practitioners operate in environments that demand rapid situa-
tional assessment and effective responses (Martínez del Quel & Bennett, 2019). 
As in any combat sport, the primary objective is to execute effective offensive 
and counteroffensive techniques while avoiding counterstrikes that necessitate 
highly developed visuomotor coordination. Visuomotor coordination refers to 
the brain’s ability to receive and analyse visual information and respond with 
coordinated motor actions (du Toit et al., 2011). Athletes with well-developed 
visuomotor coordination are more capable of performing timely combinations 
of hand and foot strikes from appropriate distances (Myroshnychenko et al., 
2020; Putra et al., 2023). 

Psychophysiological tests involving visual stimuli assess visual sensitivity and 
reaction latency (Kalén et al., 2021; Romanenko et al., 2022). This study hypoth-
esized that skilled martial artists’ responses to object size variation are primarily 
driven by cognitive factors, particularly attention retention, size memory, and 
visual change recognition. Consequently, the aim was to explore the latent 
structure of sensorimotor and perceptual measures, including responses to ob-
ject size changes, across tasks differing in cognitive demands. 

Materials and Methods 

Participants 

The study involved 25 male athletes specializing in striking martial arts 
(mean age = 18.4 years, SD = 3.5; age range: 15-23 years), each with 8-10 years 
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of consistent training experience. All participants were informed about the na-
ture and procedures of the study, the voluntary nature of participation, and 
their right to withdraw at any time without providing a reason. At the time of 
data collection, all participants were in good health. The study protocol was re-
viewed and approved by the Committee on Bioethics and Scientific Research of 
the Kharkiv State Academy of Physical Culture (Protocol No. 24, August 27, 
2025), prior to participant recruitment and data collection. Written informed 
consent was obtained from all adult participants. For participants under 18 years 
of age, written informed consent was obtained from a parent or legal guardian, 
and assent was obtained from the participants before testing. The study was 
conducted in accordance with the Declaration of Helsinki and applicable na-
tional ethical regulations. 

Procedure 

Psychophysiological testing was conducted using tablet-based applications 
developed for iOS platforms. The following tests were used: Size Test (reaction 
to object size change), Visuomotor Choice Reaction, Reaction RMO Pro (reaction 
to a moving object), Reaction Go/No-Go, Spatial Perception, Test STMemory 
(short-term visual memory). Previous studies have provided validation evidence 
for the Visuomotor Choice Reaction, Reaction RMO Pro, Reaction Go/No-Go, 
and Spatial Perception tests (Romanenko et al., 2022, 2024a, 2024b, 2025). The 
Size Test and Test STMemory have also been applied in previous peer-reviewed 
studies of cognitive and psychophysiological characteristics in athletes (Tropin 
et al., 2026). 

Size Test – participants were required to respond immediately to increases 
or decreases in the size of a visual object (an outline square). The object gradu-
ally increased (up to 1.5×) or decreased (to 0.5×) in size. Premature responses 
were marked as errors. A total of 20 trials were completed. 

Visuomotor Choice Reaction – the test included four stages. The First Stage 
– response to coloured stimuli; the Second Stage – response to coloured stimuli 
under distracting visual signals; the Third Stage – response to 3D geometric fig-
ures; the Fourth Stage – response to 3D geometric figures under distracting vis-
ual signals. Participants completed 10 trials per stage (40 trials in total). 

Reaction RMO Pro – participants completed three stages of increasing diffi-
culty. The task involved stopping a blue circle at a designated location. The stim-
ulus appeared and moved from random screen positions at a constant speed. In 
Stage 1, the stimulus moved slowly; in Stage 2, the speed increased 1.5 times, 
and in Stage 3, distracting objects were introduced (with random motion, col-
our, speed, and brightness), increasing the visual processing load. Each stage 
comprised 20 trials (60 trials total). 
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Reaction Go/No-Go – participants responded with both hands. A visual stim-
ulus (a blue circle) increased in size from zero to match a white circle. Two sce-
narios followed: the stimulus either disappeared or continued growing. Partici-
pants were to respond only when the stimulus exceeded the white circle’s 
boundary. A total of 20 trials were performed. 

Spatial Perception – the test involved comparing pairs of geometric figures 
across four stages: the First Stage – 2D shapes (e.g., square, rhombus, hexagon, 
circle, triangle) rotated randomly; the Second Stage – 3D shapes (e.g., cube, cyl-
inder, sphere, hexagonal prism, octahedron) rotated in 3D space; the Third 
Stage – rotating 3D shapes followed by a stationary comparison; the Fourth 
Stage – same as Stage 3, but with visual distractors present. Participants indi-
cated “Correct” if the figures matched or “Incorrect” if they differed. Each stage 
consisted of 20 trials (80 trials total). 

Test STMemory – the short-term visual memory test included five stages of 10 
trials each. In Stage 1, the first five trials required a response to a single mono-
chromatic stimulus by remembering its location and selecting the correct circle. 
In subsequent trials and stages, the number of simultaneously presented and dif-
ferently coloured stimuli increased by one per stage. By Stage 5, participants were 
required to memorize the positions of five stimuli and respond accordingly. 

The test results were divided into two groups. The Size Test results were in-
cluded in both groups due to their relevance across cognitive load levels. Group 1 
included test stages with minimal cognitive load: Stage 1 of Visuomotor Choice 
Reaction (response to simple coloured stimuli); Stage 1 of Reaction RMO Pro 
(slow-moving visual stimulus); Stage 3 of Test STMemory (memorization of 3 vis-
ual stimulus locations); Stage 1 of Spatial Perception (recognition of 2D geometric 
shapes). Group 2 included test stages with high cognitive load: Stage 4 of Visuo-
motor Choice Reaction (3D geometric shapes with visual distractors); Stage 3 of 
Reaction RMO Pro (faster stimulus with visual distractors); Stage 5 of Test 
STMemory (memorization of 5 visual stimulus locations); Stage 4 of Spatial Per-
ception (3D shape recognition with distractors). Additionally, Reaction Go/No-Go, 
characterized by substantial cognitive demands, was included in this group. 

Statistical Analysis 

The statistical analysis of the collected data was conducted using RStudio 
(version 2024.12.1+563) and Numbers (version 14.4). Descriptive statistics are 
presented as the mean, standard deviation, first and third quartiles, and median. 
To explore the latent structure of the psychophysiological indicators, separate 
exploratory factor analyses were performed for the two task sets using Principal 
Axis Factoring (PAF). PAF was used to estimate latent factors based on the 
shared variance among the observed variables. Factor retention was evaluated 
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using the eigenvalue-greater-than-one criterion and parallel analysis. For the 
lower-demand task set, two eigenvalues exceeded 1 (1.93 and 1.60), suggesting 
a two-factor solution according to the Kaiser criterion; however, parallel analysis 
did not support factor retention. Therefore, the two-factor solution for this task 
set was treated as exploratory and interpreted cautiously. For the higher-de-
mand task set, both the eigenvalue-greater-than-one criterion (first eigenvalue 
= 3.04) and parallel analysis supported a one-factor solution. An oblimin rotation 
was applied to the two-factor solution; rotation was not applicable to the one-
factor solution. Bartlett’s test of sphericity was used to assess whether the ob-
served correlation matrix differed significantly from an identity matrix (Johnson 
& Wichern, 2007), and the Kaiser-Meyer-Olkin (KMO) measure was calculated 
to assess sampling adequacy. Given the small sample size (n = 25), the factor-
analytic results were considered exploratory and potentially sample-sensitive. 

Results 

The analysis of psychophysiological indicators in combat sports athletes re-
vealed consistent patterns across tests assessing reaction speed, spatial percep-
tion, and short-term memory. The results were grouped into two sets based on 
the type and sequence of psychophysiological tasks. The first group consisted of 
test tasks characterised by a relatively low level of cognitive load. This group 
included the reaction to changes in object size (Stage 1), the visuomotor choice 
reaction (Stage 1), the reaction to a moving object (Stage 1), the spatial percep-
tion test (Stage 1), and the short-term visual memory test (Stage 3). Descriptive 
statistics for these psychophysiological indicators are presented in Table 1. 

Table 1 
First Group of Psychophysiological Performance Indicators 

Tests Mean SD 
1st Quar-

ter 
Median 3rd Quarter 

Size Test (ms) 854.4 82.3 795.6 841.8 889.3 

Visuomotor Choice Reaction (Stage 1) 
(ms) 

627.4 63.7 588.8 600.1 672.3 

Reaction RMO Pro (Stage 1) (ms) 30.4 17.6 19.51 25.68 33.5 

Spatial Perception (Stage 1) (ms) 634.6 105.1 570.2 631.4 671.0 

Test STMemory (Stage 3) (%) 95.3 3.6 93.3 96.7 96.7 

Note: Size test – reaction to object size change; Visuomotor Choice Reaction – choice reaction; 
Reaction RMO Pro – reaction to a moving object; Spatial Perception – spatial perception; Test 
STMemory – short-term visual memory. 
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Similarly, the second group of tests, which required a higher degree of cog-
nitive control and selective attention, showed longer mean reaction times and 
lower accuracy in tasks involving short-term visual memory (Table 2). 

Table 2 
Second Group of Psychophysiological Performance Indicators 

Tests Mean SD 1st Quarter Median 3rd Quarter 

Size Test (ms) 854.4 82.3 795.6 841.8 889.3 

Visuomotor Choice Reaction (Stage 
4) (ms) 

870.2 91.6 816.7 849.7 929.8 

Reaction Go/No-go (ms) 334.4 30.3 312.8 329.1 354.0 

Reaction RMO Pro (Stage 3) (ms) 29.4 12.8 21.9 28.6 33.2 

Spatial Perception (Stage 4) (ms) 724.0 106.6 645.7 715.0 776.7 

Test STMemory (Stage 5) (%) 82.5 8.7 78.0 82.0 88.00 

Note: Size test – reaction to object size change; Visuomotor Choice Reaction – choice reaction; 
Reaction Go/No-go – differentiation reaction; Reaction RMO Pro – reaction to a moving object; 
Spatial Perception – spatial perception; Test STMemory – short-term visual memory. 

To identify the latent structures underlying these results, exploratory factor 
analysis was performed separately for each group of indicators. For the lower-
demand task set, Bartlett’s test of sphericity was significant, χ²(10) = 23.41, p = 
0.0093, and the overall KMO value was 0.59. Two eigenvalues exceeded 1 (1.93 
and 1.60), whereas parallel analysis did not support factor retention. Accord-
ingly, the following two-factor PAF solution is presented as exploratory and 
should be interpreted cautiously. For the higher-demand task set, Bartlett’s test 
was also significant, χ²(15) = 41.32, p < 0.001, and the overall KMO value was 
0.74. Both the eigenvalue-greater-than-one criterion (first eigenvalue = 3.04) 
and parallel analysis supported retention of one factor. The results of the factor 
analysis for the first group indicate that the Size test demonstrated a strong 
loading on factor PA1 (0.72) and a weak loading on PA2 (-0.16), with the factors 
explaining 54% of the variance in the variable. The Visuomotor Choice Reaction 
(Stage 1) showed a weak loading on PA1 (0.36) and a moderate positive loading 
with PA2 (0.59), with the factors explaining 48% of the variance. The Reaction 
RMO Pro (Stage 1) displayed a weak positive loading on PA1 (0.11) and a rela-
tively strong negative loading on PA2 (-0.65), with 44% of the variance ex-
plained. Spatial Perception (Stage 1) demonstrated a strong positive loading on 
PA1 (0.87) and a weak loading on PA2 (0.07), accounting for the highest variance 
(76%) among the variables. Short-term Visual Memory showed a weak loading 
on PA1 (-0.31) and a moderate positive loading on PA2 (0.53), with 38% of the 
variance explained (see Table 3). 
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Table 3 
Factor Analysis Results – First Group 

Tests PA1 PA2 h² u² com 

Size Test 0.72 -0.16 0.54 0.46 1.1 

Visuomotor Choice Reaction (Stage 1) 0.36 0.59 0.48 0.52 1.6 

Reaction RMO Pro (Stage 1) 0.11 -0.65 0.44 0.56 1.1 

Spatial Perception (Stage 1) 0.87 0.07 0.76 0.24 1.0 

Test STMemory (Stage 3) -0.31 0.53 0.38 0.62 1.6 

Note: Size test – reaction to object size change; Visuomotor Choice Reaction – choice reaction; 
Reaction RMO Pro – reaction to a moving object; Spatial Perception – spatial perception; Test 
STMemory – short-term visual memory; com – complexity of the variable (i.e., the number of fac-
tors the variable loads on); h² – communality; u² – uniqueness. 

The complexity indicators (com) for Visuomotor Choice Reaction (Stage 1) 
and Test STMemory (Stage 3) suggest that the results of these tests are influ-
enced by two factors. In contrast, the outcomes of the remaining tests are asso-
ciated with a single factor: Size test and Spatial Perception (Stage 1) load solely 
on PA1, while Reaction RMO Pro (Stage 1) loads exclusively on PA2. Notably, 
factor PA1 exhibited a higher loading (Sum of Squared Loadings = 1.51), indicat-
ing that it accounts for a greater proportion of variance compared to PA2 (Sum 
of Squared Loadings = 1.09). The inter-factor correlation (r = -0.01) indicated  
a negligible association between PA1 and PA2. 

The factor model for the first group yielded the following fit indices: Root 
Mean Square of Residuals (RMSR) = 0.01; Root Mean Square Error of Approxi-
mation (RMSEA) = 0; Tucker-Lewis Index (TLI) = 1.808; Bayesian Information Cri-
terion (BIC) = -3.19. 

The results of the factor analysis for the second group reveal that the Size 
Test and Visuomotor Choice Reaction (Stage 4) both show substantial loadings 
on factor PA1 (0.59), with communalities (h²=0.35) for each variable (Table 4). 

The highest proportion of variance explained (h²=0.73) and the strongest 
factor loading on PA1 (0.85) were found in the Spatial Perception test (Stage 4), 
suggesting that this test is highly representative of the latent construct. Con-
versely, Test STMemory (Stage 5) demonstrated a substantial negative loading 
on PA1 (-0.67), indicating an inverse relationship: the higher the short-term vis-
ual memory performance in Stage 5, the shorter the reaction time values in 
other tests such as Go/No-go, Size test, Choice Reaction (Stage 4), and Spatial 
Perception (Stage 4). The Reaction RMO Pro (Stage 3) exhibited the lowest pro-
portion of variance explained (23%) and a relatively moderate loading on PA1 
(0.48), suggesting a weaker association with the identified factor. The factor 
model for the second group yielded the following fit indices: Root Mean Square 
of Residuals (RMSR) = 0.07; Root Mean Square Error of Approximation (RMSEA) 
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= 0; Tucker-Lewis Index (TLI) = 1.182; Bayesian Information Criterion (BIC) = -
22.70. 

Table 4 
Factor Analysis Results – Second Group 

Tests PA1 h² u² com 

Size Test 0.59 0.35 0.65 1 

Visuomotor Choice Reaction (Stage 4) 0.59 0.35 0.65 1 

Reaction Go/No-go 0.64 0.41 0.59 1 

Reaction RMO Pro (Stage 3) 0.48 0.23 0.77 1 

Spatial Perception (Stage 4) 0.85 0.73 0.27 1 

Test STMemory (Stage 5) -0.67 0.45 0.55 1 

Note: Size test – reaction to changes in object size; Visuomotor Choice Reaction – choice reaction; 
Reaction Go/No-go – response inhibition; Reaction RMO Pro – reaction to a moving object; Spatial 
Perception – spatial perception; Test STMemory – short-term visual memory. 

Discussion 

At the cognitive level, all types of sports are characterized by a strong in-
volvement of executive functions and attention (Kalén et al., 2021; Polevaia-Sec-
areanu et al., 2025; Tropin et al., 2023). Team sports significantly demand sus-
tained attention due to the duration of matches and the precision of responses 
required (Heppe et al., 2016; Williams & Davids, 1998). Martial arts rely heavily 
on motor vigilance and speed, as well as on sustained attention and self-regula-
tion (Bajkowski & Cynarski, 2024; Volodchenko et al., 2017). Evidence suggests 
that martial arts training may influence specific components of executive func-
tion. In particular, judo training has been shown to affect neurocognitive indices 
of response inhibition in preadolescent children (Ludyga et al., 2021). A system-
atic review has shown that athletes engaged in open-skill sports (e.g., team 
sports, combat sports) demonstrate higher levels of executive functions than 
those participating in closed-skill sports (e.g., gymnastics, swimming, athletics, 
archery, shooting) (Heilmann et al., 2022; Lai et al., 2024; Ren et al., 2025). 

Visual perception is determined by two types of processes: the light falling 
on the retina and the attention shaped by task conditions (Ware, 2020). Vision 
is one of the key senses for gathering environmental information, and its im-
portance is universally acknowledged in various activities. Specific visual skills 
are critical to performance in many sports (Wang et al., 2022; Omar et al., 2017). 
Visual information is essential for executive functions, as the eyes collect data 
that the brain processes to form a clear understanding of the environment 
(Knöllner et al., 2022; Mahlangu et al., 2024). 
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Athletes’ visual skills are commonly divided into two main categories: visual 
“hardware” and visual “software.” Hardware refers primarily to optometric and 
ocular functions such as visual acuity, depth perception, accommodation, fusion 
flexibility, colour vision, and contrast sensitivity, whereas software encompasses 
perceptual-cognitive and visuomotor processes such as visual reaction time, pe-
ripheral awareness, and eye–hand–body coordination (Poltavski et al., 2021). 

The study of martial artists’ responses to object size changes was conducted 
using the “Size test” application developed in Swift 5. This test requires the ath-
lete to react instantly to any changes in the size of an object (a contour square), 
which may slowly increase (up to 1.5 times its size) or decrease (down to 0.5 
times). Unlike classic reaction time tests that involve instantaneous stimulus 
presentation, this test gradually changes the size of the visual stimulus. The an-
imation of object resizing was implemented using the curveEaseInOut function, 
which enables acceleration-based animation. This reflects real-world physical 
processes, where objects typically begin movement with acceleration due to ap-
plied force analogous to a martial artist initiating motion toward an opponent. 
Motion perception is a crucial aspect of human cognition, encompassing the de-
tection of spatial and temporal changes in object positions (Barton, 2021). In the 
“Size test,” the visual stimulus gradually changes its size, requiring perceptual 
attention and sensitivity to visual information flow. The faster an athlete detects 
the size change, the better their visual discrimination. The average reaction time 
recorded in this study was 854.4 ms, indicating complex cognitive processing and 
a greater need for information accumulation prior to decision-making. Previous 
studies (Romanenko et al., 2024a; Romanenko et al., 2025) have similarly demon-
strated that increased cognitive load impacts reaction times in martial artists. 

An analysis of reaction time values under increased cognitive load revealed 
that results generally worsened across most tests. An exception was found in 
the moving object detection test. In the second set of results, a slight improve-
ment in reaction time was observed at the third testing stage (29.4 ms) com-
pared to the first stage (30.4 ms). This pattern was also reported by Romanenko 
et al. (2024a), who hypothesized that improved reaction time at stage three was 
related to the visual stimulus speed (v = 94.5 mm/s), which aligns with the motor 
patterns of striking martial artists and is more favourable for adaptation. Reac-
tion time deterioration in the second group of results is attributed, first, to the 
presence of distracting visual stimuli and, second, to increased test complexity. 
For example, the fifth stage of the short-term visual memory test required re-
membering the location of five visual stimuli, while the fourth stage of the spa-
tial perception test involved reacting to dynamic three-dimensional geometric 
shapes. This group also included results from the Go/No-Go test, performed 
with both hands and requiring significant attention and a balance of excitatory 
and inhibitory processes (Romanenko et al., 2024b). 
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As noted above, the two-factor PAF solution for the lower-demand task set 
should be regarded as exploratory, because parallel analysis did not support fac-
tor retention, although two eigenvalues exceeded 1. Within this exploratory so-
lution, PA1 was characterized mainly by strong loadings of Spatial Perception 
(Stage 1) and the Size Test, suggesting a visual-perceptual dimension. PA2 was 
characterized by positive loadings of Visuomotor Choice Reaction (Stage 1) and 
Test STMemory (Stage 3), together with a negative loading of Reaction RMO Pro 
(Stage 1), indicating a pattern involving choice reaction, short-term visual 
memory, and moving-object response. Because lower Reaction RMO Pro values 
represent better performance, the negative loading indicates that higher PA2 
scores were associated with shorter moving-object response times. However, 
the sign of a factor loading reflects the direction of association with the latent 
factor and should not itself be interpreted as a positive or negative contribution 
to performance. The choice reaction at the first stage of the Visuomotor Choice 
Reaction test reflects the processing of colour stimuli (Romanenko et al., 2022). 

According to the present results, performance in the Size Test was associ-
ated with broader perceptual and sensorimotor processes in skilled martial art-
ists. Sensitivity to changes in object size may be relevant to maintaining atten-
tion to an opponent’s actions, controlling distance, and selecting an appropriate 
moment for action. Therefore, the Size Test may be considered an exploratory 
tool for characterizing and monitoring visual-perceptual performance in com-
bat-sport athletes rather than as a validated predictor of future athletic success. 
Podrigalo et al. (2023) emphasized that the Size Test is accessible, specific, in-
formative, cost-effective, and suitable for monitoring the condition of combat-
sport athletes. Korobeynikov et al. (2023) identified associations between cog-
nitive functions and the specific work capacity of elite boxers, including atten-
tion, visual perception speed, and operational and logical thinking. Further lon-
gitudinal research is required to determine whether Size Test performance has 
predictive value for athletic development or competitive performance. 

Limitations and Future Research Directions 

The main limitation of this study is the small sample size, which may limit 
the stability and reproducibility of the exploratory factor solution. In addition, 
the sample included only male striking martial artists, which restricts the gener-
alizability of the findings. Finally, the cross-sectional and exploratory design does 
not allow conclusions regarding causality or the predictive value of the assessed 
measures for future sports performance. 

Cognitive skills play an important role in sports performance. The observed 
patterns of sensorimotor responses across tasks with different cognitive de-
mands may be useful for coaches and practitioners when characterizing percep-
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tual and sensorimotor performance in experienced martial artists and may in-
form the design of future training and longitudinal studies. Further research in 
larger and more diverse samples is needed to determine whether these 
measures have predictive value for athletic development or performance. 

Conclusions 

Exploratory factor analysis indicated that performance in the Size Test co-
varied with spatial-perceptual and other sensorimotor measures. In the explor-
atory two-factor solution for the lower-demand task set, the Size Test loaded 
substantially on the same factor as Spatial Perception, whereas the higher-de-
mand task set showed a single-factor structure involving the Size Test, Spatial 
Perception, visuomotor choice reaction, response inhibition, reaction to a mov-
ing object, and short-term visual memory. These findings suggest that responses 
to changes in object size are related to broader perceptual and sensorimotor 
processes. Given the small sample size and exploratory design, these results 
should be interpreted cautiously and require confirmation in larger samples. 

STATEMENT OF ETHICS 

The study protocol was reviewed and approved by the Committee on Bioethics and Scientific Re-
search of the Kharkiv State Academy of Physical Culture (Protocol No. 24, August 27, 2025), prior 
to participant recruitment and data collection. Written informed consent was obtained from all 
adult participants. For participants under 18 years of age, written informed consent was obtained 
from a parent or legal guardian, and assent was obtained from the participants before testing. The 
study was conducted in accordance with the Declaration of Helsinki and applicable national ethical 
regulations). 

DECLARATION OF CONFLICTING INTERESTS 

The authors declared no potential conflicts of interests with respect to the research, authorship, 
and/or publication of the article Object Size Detection and Sensorimotor Performance in Striking 
Martial Artists: An Exploratory Factor Analysis. 

FUNDING 

The authors received no financial support for the research, authorship, and/or publication of the article 
Object Size Detection and Sensorimotor Performance in Striking Martial Artists: An Exploratory 
Factor Analysis. 

AUTHORS’ CONTRIBUTIONS 

Vyacheslav Romanenko: Conceptualization, Data Curation, Investigation, Original Draft.  
Yuri Tropin: Original Draft, Methodology, Analysis; Resources.  



 Object Size Detection… 91 

Yuliya Kovalenko: Review & Editing, Visualization, Validation.  
Volodymyr Mikhalskyi: Methodology, Review & Editing, Analysis; Supervision.  
Valerii Dzherelii: Analysis, Data Curation, Visualization; Project administration.  
All authors approved the final version of the manuscript. 

References 

Bajkowski, D. S., & Cynarski, W. J. (2024). Testing factors influencing handgrip 
strength and reaction time to visual stimulus in selected martial arts. Journal 
of Kinesiology and Exercise Sciences, 34(105), 46–59. https://doi.org/ 
10.5604/01.3001.0054.3260. 

Barton, J. J. S. (2021). Motion perception and its disorders. Handbook of Clinical Neu-
rology, 178, 257–275. https://doi.org/10.1016/B978-0-12-821377-3.00013-1. 

du Toit, P. J., Krüger, P. E., Mahomed, A. F., Kleynhans, M., Jay-Du Preez, T., Gov-
ender, C., & Mercier, J. (2011). The effect of sports vision exercises on the 
visual skills of university students. African Journal for Physical, Health Edu-
cation, Recreation and Dance, 17(3), 429–440. 

Frey, B. B. (ed.). (2018). The SAGE encyclopaedia of educational research, meas-
urement, and evaluation (Vols. 1–4). SAGE Publications. https://doi.org/ 
10.4135/9781506326139. 

Gray, R. (2014). Embodied perception in sport. International Review of Sport and 
Exercise Psychology, 7(1), 72–86. https://doi.org/10.1080/1750984X.2013. 
871572. 

Hausegger, T., Vater, C., & Hossner, E.-J. (2019). Peripheral vision in martial arts 
experts: The cost-dependent anchoring of gaze. Journal of Sport and Exercise 
Psychology, 41(3), 137–145. https://doi.org/10.1123/jsep.2018-0091. 

Heilmann, F., Weinberg, H., & Wollny, R. (2022). The impact of practicing open- 
vs. Closed-skill sports on executive functions – A meta-analytic and system-
atic review with a focus on characteristics of sports. Brain Sciences, 12(8), 
1071. https://doi.org/10.3390/brainsci12081071. 

Heppe, H., Kohler, A., Fleddermann, M. T., & Zentgraf, K. (2016). The relationship 
between expertise in sports, visuospatial, and basic cognitive skills. Frontiers 
in Psychology, 7, 904. https://doi.org/10.3389/fpsyg.2016.00904. 

Johnson, R. A., & Wichern, D. W. (2007). Applied multivariate statistical analysis 
(6th ed.). Pearson Prentice Hall. 

Kalén, A., Bisagno, E., Musculus, L., Raab, M., Pérez-Ferreirós, A., Williams, A. 
M., Araújo, D., Lindwall, M., & Ivarsson, A. (2021). The role of domain-spe-
cific and domain-general cognitive functions and skills in sports perfor-
mance: A meta-analysis. Psychological Bulletin, 147(12), 1290–1308. 
https://doi.org/10.1037/bul0000355. 

https://doi.org/10.5604/01.3001.0054.3260
https://doi.org/10.5604/01.3001.0054.3260
https://doi.org/10.1016/B978-0-12-821377-3.00013-1
https://doi.org/10.4135/9781506326139
https://doi.org/10.4135/9781506326139
https://doi.org/10.1080/1750984X.2013.871572
https://doi.org/10.1080/1750984X.2013.871572
https://doi.org/10.1123/jsep.2018-0091
https://doi.org/10.3390/brainsci12081071
https://doi.org/10.3389/fpsyg.2016.00904
https://doi.org/10.1037/bul0000355


92 Vyacheslav ROMANENKO et al. 

Knöllner, A., Memmert, D., von Lehe, M., Jungilligens, J., & Scharfen, H. E. (2022). 
Specific relations of visual skills and executive functions in elite soccer play-
ers. Frontiers in Psychology, 13, 960092. https://doi.org/10.3389/fpsyg. 
2022.960092. 

Korobeynikov, G., Korobeinikova, L., Raab, M., Baić, M., Borysova, O., Korobeini-
kova, I., Shengpeng, G., & Khmelnitska, I. (2023). Cognitive functions and 
special working capacity in elite boxers. Pedagogy of Physical Culture and 
Sports, 27(1), 84–90. https://doi.org/10.15561/26649837.2023.0110. 

Lai, J., Zhang, Z., Ni, G., & Luo, Y. (2024). The influence of open-skill and closed-
skill sports on executive functions: A systematic review. British Journal of 
Hospital Medicine, 85(7), 1–16. https://doi.org/10.12968/hmed.2024.0168. 

Ludyga, S., Tranker, S., Gerber, M., & Puhse, U. (2021). Effects of judo on neu-
rocognitive indices of response inhibition in preadolescent children: a ran-
domized controlled trial. Medicine & Science in Sports & Exercise, 53(8), 
1648–1655. https://doi.org/10.1249/MSS.0000000000002626. 

Mahlangu, S., Mathunjwa, M. L., Millard, L., & Breukelman, G. J. (2024). Essential 
visual skills required for boxing: A review. African Vision and Eye Health, 
83(1), a981. https://doi.org/10.4102/aveh.v83i1.981. 

Mann, D. T. Y., Williams, A. M., Ward, P., & Janelle, C. M. (2007). Perceptual-
cognitive expertise in sport: A meta-analysis. Journal of Sport & Exercise Psy-
chology, 29(4), 457–478. https://doi.org/10.1123/jsep.29.4.457. 

Martínez del Quel, Ó., & Bennett, S. J. (2019). Perceptual-cognitive expertise in 
combat sports: a narrative review and a model of perception-action. RICYDE. 
Revista Internacional de Ciencias del Deporte, 58(15), 323–338. https:// 
doi.org/10.5232/ricyde2019.05802  

Myroshnychenko, Y., Tropin, Y., & Kovalenko, Y. (2020). Modelni kharakter-
ystyky psykhofiziolohichnykh pokaznykiv kvalifikovanykh kikbokseriv [Model 
characteristics of psychophysiological indicators of qualified kickboxers]. 
Slobozhanskyi Herald of Science and Sport, 5(79), 20–26. https://doi.org/ 
10.15391/snsv.2020-5.003. 

Omar, R., Kuan, Y. M., Zuhairi, N. A., Manan, F. A., & Knight, V. F. (2017). Visual 
efficiency among teenaged athletes and non-athletes. International Journal 
of Ophthalmology, 10(9), 1460–1464. https://doi.org/10.18240/ijo.2017. 
09.20. 

Podrigalo, L., Romanenko, V., Podrihalo, O., Iermakov, S., Huba, A., Perevoznyk, 
V., & Podavalenko, O. (2023). Comparative analysis of psychophysiological 
features of taekwondo athletes of different age groups. Pedagogy of Physi-
cal Culture and Sports, 27(1), 38–44. https://doi.org/10.15561/26649837. 
2023.0105. 

Polevaia-Secareanu, A., Cynarski, W. J., Korobeynikov, G., Raab, M., Mat-
karimov, R., Kerimov, F., Korobeinikova, L., Mokrousov, E., & Remus-Lucian, 

https://doi.org/10.3389/fpsyg.2022.960092
https://doi.org/10.3389/fpsyg.2022.960092
https://doi.org/10.15561/26649837.2023.0110
https://doi.org/10.12968/hmed.2024.0168
https://doi.org/10.1249/MSS.0000000000002626
https://doi.org/10.4102/aveh.v83i1.981
https://doi.org/10.1123/jsep.29.4.457
https://doi.org/10.5232/ricyde2019.05802
https://doi.org/10.5232/ricyde2019.05802
https://doi.org/10.15391/snsv.2020-5.003
https://doi.org/10.15391/snsv.2020-5.003
https://doi.org/10.18240/ijo.2017.09.20
https://doi.org/10.18240/ijo.2017.09.20
https://doi.org/10.15561/26649837.2023.0105
https://doi.org/10.15561/26649837.2023.0105


 Object Size Detection… 93 

H. (2025). Cognitive and autonomic properties of healthy judokas and judo-
kas with autism. International Journal of Human Movement and Sports Sci-
ences, 13(1), 215–223. https://doi.org/10.13189/saj.2025.130123. 

Poltavski, D., Biberdorf, D., & Praus Poltavski, C. (2021). Which comes first in 
sports vision training: The software or the hardware update? Utility of elec-
trophysiological measures in monitoring specialized visual training in youth 
athletes. Frontiers in Human Neuroscience, 15, 732303. https://doi.org/ 
10.3389/fnhum.2021.732303. 

Putra, J. P., Kusmaedi, N., Mulyana, M., & Ma’mun, A. (2023). Effect of limb 
power, arm power, hand eye coordination on the combination of punches 
and kicks of martial arts athletes. Jurnal Moderasi Olahraga, 3(1), 11–24. 
https://doi.org/10.53863/mor.v3i1.606. 

Ren, S., Shi, P., Feng, X., Zhang, K., & Wang, W. (2025). Executive function 
strengths in athletes: a systematic review and meta-analysis. Brain and Be-
havior, 15(1), e70212. https://doi.org/10.1002/brb3.70212. 

Romanenko, V., Cynarski, W. J., Tropin, Y., Kovalenko, Y., Korobeynikov, G., Piat-
ysotska, S., Mikhalskyi, V., Holokha, V., & Gaziyev, S. (2025). Methodology 
for assessing spatial perception in martial arts. Applied Sciences, 15(6), 3413. 
https://doi.org/10.3390/app15063413. 

Romanenko, V., Piatysotska, S., Lytvynenko, A., Baibikov, M., Boychenko, N.,  
& Ponomarov, V. (2024a). Methodology for assessing the reaction of combat 
athletes to a moving object. Slobozhanskyi Herald of Science and Sport, 
28(2), 69–77. https://doi.org/10.15391/snsv.2024-2.003. 

Romanenko, V., Piatysotska, S., Podrigalo, L., Baibikov, M., Boychenko, N., & Vo-
lodchenko, O. (2024b). Methodology for evaluating the “Go/No-Go” reac-
tion in martial arts. Journal of Physical Education and Sport, 24(12), 2139–
2146. https://doi.org/10.7752/jpes.2024.12312. 

Romanenko, V., Piatysotska, S., Tropin, Y., Rydzik, Ł., Holokha, V., & Boychenko, 
N. (2022). Study of the reaction of the choice of combat athletes using com-
puter technology. Slobozhanskyi Herald of Science and Sport, 26(4), 97–103. 
https://doi.org/10.15391/snsv.2022-4.001. 

Schiefer, U., Strasburger, H., Becker, S. T., Vonthein, R., Schiller, J., Dietrich, T. J., 
& Hart, W. (2001). Reaction time in automated kinetic perimetry: Effects of 
stimulus luminance, eccentricity, and movement direction. Vision Research, 
41(16), 2157–2164. https://doi.org/10.1016/S0042-6989(01)00088-8. 

Starkes, J. L., & Ericsson, K. A. (eds.). (2003). Expert performance in sports: Ad-
vances in research on sport expertise. Human Kinetics. 

Tropin, Y., Latyshev, M., Saienko, V., Holovach, I., Rybak, L., & Tolchieva, H. 
(2021). Improvement of the technical and tactical preparation of wrestlers 
with the consideration of an individual combat style. Sport Mont, 19(2), 23–
28. https://doi.org/10.26773/smj.210604. 

https://doi.org/10.13189/saj.2025.130123
https://doi.org/10.3389/fnhum.2021.732303
https://doi.org/10.3389/fnhum.2021.732303
https://doi.org/10.53863/mor.v3i1.606
https://doi.org/10.1002/brb3.70212
https://doi.org/10.3390/app15063413
https://doi.org/10.15391/snsv.2024-2.003
https://doi.org/10.7752/jpes.2024.12312
https://doi.org/10.15391/snsv.2022-4.001
https://doi.org/10.1016/S0042-6989(01)00088-8
https://doi.org/10.26773/smj.210604


94 Vyacheslav ROMANENKO et al. 

Tropin, Y., Podrigalo, L., Boychenko, N., Podrihalo, O., Volodchenko, O., Volskyi, 
D., & Roztorhui, M. (2023). Analyzing predictive approaches in martial arts 
research. Pedagogy of Physical Culture and Sports, 27(4), 321–330. 
https://doi.org/10.15561/26649837.2023.0408. 

Tropin, Y., Romanenko, V., Shatskykh, V., Sereda, N., Mikhalskyi, V., & Dzherelii, 
V. (2026). The influence of cognitive functions on competitive performance 
indicators in wrestlers of different qualification levels. Slobozhanskyi Herald 
of Science and Sport, 30(2), 155–164. https://doi.org/10.15391/snsv.2026-
2.06. 

Vater, C., Wolfe, B., & Rosenholtz, R. (2022). Peripheral vision in real-world 
tasks: A systematic review. Psychonomic Bulletin & Review, 29(5), 1531–
1557. https://doi.org/10.3758/s13423-022-02117-w. 

Volodchenko, O., Podrigalo, L., Aghyppo, O., Romanenko, V., & Rovnaya, O. 
(2017). Comparative analysis of a functional state of martial arts athletes. 
Journal of Physical Education and Sport, 17(3), 2142–2147. https://doi.org/ 
10.7752/jpes.2017.s4220. 

Wang, C., Yan, A., Deng, W., & Qi, C. (2022). Effect of tennis expertise on motion-
in-depth perception at different speeds: An event-related potential study. 
Brain Sciences, 12(9), 1160. https://doi.org/10.3390/brainsci12091160. 

Ware, C. (2020). Information visualization: Perception for design (4th ed.). Else-
vier. 

Wei, X., Qi, C., Xu, X., Hong, X., & Luo, Y. (2017). Wangqiu yundong zhuanchang 
dui shendu yundong zhijue yingxiang de ERP yanjiu [The effect of tennis ex-
pertise on motion-in-deep perception: An event-related potential study]. 
Acta Psychologica Sinica, 49(11), 1404–1413. https://doi.org/10.3724/SP.J. 
1041.2017.01404. 

Williams, A. M., & Davids, K. (1998). Visual search strategy, selective attention, 
and expertise in soccer. Research Quarterly for Exercise and Sport, 69(2), 
111–128. https://doi.org/10.1080/02701367.1998.10607677. 

 

https://doi.org/10.15561/26649837.2023.0408
https://doi.org/10.15391/snsv.2026-2.06
https://doi.org/10.15391/snsv.2026-2.06
https://doi.org/10.3758/s13423-022-02117-w
https://doi.org/10.7752/jpes.2017.s4220
https://doi.org/10.7752/jpes.2017.s4220
https://doi.org/10.3390/brainsci12091160
https://doi.org/10.3724/SP.J.1041.2017.01404
https://doi.org/10.3724/SP.J.1041.2017.01404
https://doi.org/10.1080/02701367.1998.10607677

	Vyacheslav ROMANENKOa, Yuri TROPINb, Yuliya KOVALENKOc,  Volodymyr MIKHALSKYId, Valerii DZHERELIIe
	Object Size Detection and Sensorimotor Performance in Striking Martial Artists: An Exploratory Factor Analysis
	Reakcja na zmiany wielkości obiektu i sprawność sensomotoryczna u zawodników sportów walki:  eksploracyjna analiza czynnikowa
	Streszczenie

	Abstract
	Introduction
	Materials and Methods
	Participants
	Procedure
	Statistical Analysis

	Results
	Discussion
	Limitations and Future Research Directions

	Conclusions
	References



