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Abstract: The study of mechanisms underlying the perception of visual information, the speed and 

adequacy of its processing, is of practical interest to martial artists. The study aims to develop and 

validate a methodology for assessing spatial perception in martial arts. It involved 57 participants 

practising Taekwon-Do, representing various age groups and skill levels (age: 18.6 years, SD=3.52; 

qualifications: 8th Gup to 1st Dan). At the first stage of the research, the newly developed “Spatial 

Perception” application was preliminarily tested to determine its reliability and validity. In the 

second stage, the specific features of spatial perception among martial artists of different ages and 

qualifications were examined. The findings indicate the rotation of objects provides additional 

information for object recognition, which reduces reaction time and the number of errors in response 

selection. The speed of processing dynamic visual cues reflects athlete’s psychophysiological 

capabilities, which are crucial during competitive bouts. Experienced martial artists possess a larger 

repertoire of visual samples and images, enabling them to formulate effective responses to 

unexpected situations during combat. Athletes at this level can maintain focus on objects and are less 

affected by distracting visual stimuli. The results obtained may assist martial arts coaches in 

improving the monitoring of athletes’ functional states and optimizing training processes. 

Keywords: cognitive abilities; martial arts; mobile application; mobile devices; psychophysiological 

parameters; spatial perception 

 

1. Introduction 

The study of psychophysiological parameters has garnered significant interest among scientists 

from numerous countries [1,2]. Experts indicate that psychophysiological traits are more predictable, 

genetically more conservative, and less dynamic in ontogenesis [3,4]. Assessing the 

psychophysiological functions of athletes provides critical information regarding their functional 

state. A thorough analysis of this information enables specialists to address tasks related to 

monitoring and adjusting the training process [5,6]. 

Psychophysiological parameters vary depending on the research focus, objectives, measurement 

methods, and the athletes’ qualifications and ages. It has been shown that the same respondent may 

exhibit different reaction times depending on the type of reaction measured [7–9]. Studies have 

demonstrated that athletes generally exhibit shorter reaction times compared to non-athletes in tasks 

involving perceptual-cognitive skills [10–13]. An increase in reaction time can be associated with the 

complexity of test tasks, which engage additional psychophysiological processes influencing 

decision-making speed [14–16]. It has been established that combat sports athletes are better at 

anticipating opponents’ actions based on information perceived before and during an attack [17,18]. 

Considering the high speed and short duration of strikes in combat sports (e.g., the duration of 

a karate strike is 242 ms), the demands on reaction time increase significantly [19]. It is important to 
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note that at the elite level of combat sports, the cognitive abilities required—such as memory, 

attention, perception, and information processing—become increasingly crucial. Competitive 

activities in combat sports demand athletes to rapidly evaluate situations, make complex decisions 

under time constraints, and respond promptly to stimuli and stressors [20,21]. Cognitive traits, 

including spatial perception, play a significant role in combat sports athletes. Individual-typological 

characteristics shape an athlete’s unique combat style, which impacts competitive outcomes [22,23]. 

Spatial skills refer to the ability to create, remember, reproduce, and transform well-organized 

visual images. Spatial abilities are evaluated as both a component of intelligence and an area where 

specific talents are expressed. A significant correlation has been established between spatial abilities 

and academic performance in mathematics [24]. Recent research highlights the connection between 

spatial abilities and achievements in STEM fields (science, technology, engineering, and 

mathematics) [25,26]. 

When observing the environment, individuals may feel they are aware of everything, but in 

reality, they perceive very little. However, with eye movements, they can quickly access any visual 

information as needed. Observers acquire relevant information precisely when it is useful. 

Information unrelated to the current task is deemed unimportant and may fall outside the focus of 

attention [27,28]. Vision is not a passive registration of information. Visual perception is determined 

by two types of processes: those guided by visual information (light striking the retina) and those 

directed by attentional demands, which are dictated by task requirements [29].  

Experimental studies suggest that space can be conceptualized in terms of three dimensions or 

planes: height (vertical), width (horizontal), and depth (sagittal). Humans do not perceive binocular 

space (separate visual worlds from each eye) but instead perceive a “cyclopean space,” where images 

merge to create a unified field of vision. Environmental information is perceived only to the extent 

that it relates to the individual’s goals, needs, or physiological state at the time [30].  

Research into the mechanisms of visual information perception and the speed and accuracy of 

its processing is of practical interest for combat sports athletes. Understanding these processes allows 

the identification of key parameters for evaluating spatial perception and the quality of visual 

information processing. This is crucial for determining the individual-typological characteristics of 

athletes. Consequently, this study aims to develop and validate a methodology for assessing the 

spatial perception of combat sports athletes. 

2. Materials and Methods 

2.1. Participants 

The study involved 57 ITF Taekwon-Do athletes of various ages and skill levels (mean age: 18.6 

years, SD = 3.52; qualification: 8th Gup to 1st Dan). All participants provided informed consent for 

their involvement in the study. They were briefed about the study’s objectives, testing procedures, 

and their right to withdraw at any time and for any reason. Parental consent was obtained for 

underage participants, and parents were present during the measurements. At the time of the study, 

all participants were in good health. The study adhered to the fundamental principles of bioethics, 

including the Council of Europe’s Convention on Human Rights and Biomedicine (04.04.1997), the 

World Medical Association’s Declaration of Helsinki on ethical principles for medical research 

involving human subjects (1964–2008), and the Ministry of Health of Ukraine’s Order No. 690 

(23.09.2009). 

2.2. Procedure 

The research was conducted in several stages. At the Preliminary Stage twenty Taekwon-Do 

athletes (mean age: 11.4 years, SD = 2.48; qualification: 6th–4th Gup) participated in the initial testing 

of the developed “Spatial Perception” application to assess its reliability and validity. Two 

measurements were conducted three weeks apart. At the Main Stage the study aimed to further 

validate the application and analyze spatial perception differences among athletes of varying ages 
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and skill levels. Participants were divided into two groups: group 1– 33 athletes (mean age: 11.5 years, 

SD = 2.02; qualification: 8th–3rd Gup); group 2 – 24 athletes (mean age: 18.2 years, SD = 2.40; 

qualification: 2nd Gup–1st Dan). Before testing at each stage, a warm-up session was conducted using 

tennis balls to activate visual and motor coordination mechanisms. The warm-up included throwing 

and catching the ball from the floor, in pairs, and against a wall. Each exercise lasted 2 minutes. 

A mobile application called “Spatial Perception” was developed for iOS devices using Swift 

programming language and libraries such as UIKit, CoreData, AVFoundation, 

UniformTypeIdentifiers, and SceneKit. The visual stimuli (2D and 3D geometric shapes) were created 

using the 3D modeling software Blender (version 4.0.2). The application includes four stages of tasks 

requiring participants to compare geometric shapes. Stage 1– comparison of 2D shapes (e.g., Square, 

Rhombus, Hexagon, Circle, Triangle). Each shape is randomly rotated before display. Stage 2– 

comparison of 3D shapes (e.g., Cube, Cylinder, Sphere, Hexagonal Prism, Octahedron). Shapes are 

displayed in random positions within a three-dimensional space (Figure 1). At the 3rd Stage, shapes 

begin rotating for 300 ms before stopping, after which the comparison task is performed, and Stage 4 

– Similar to Stage 3, but with additional distracting visual stimuli in the background (Figure 2). 

Participants responded by selecting the appropriate field: “Same” (green field) if the shapes were 

identical or “Different” (red field) if the shapes were different. 

  
2D- figures  3D-figures 

Figure 1. Main interface of the “Spatial Perception” application. 

 

Figure 2. Test task of the fourth stage of the application “Spatial Perception”. 

The mobile application includes settings that allow users to familiarize themselves with the 

geometric shapes presented in the test tasks, customize their textures, select the number of stages, 

and set the number of attempts. Selecting the “2D Shapes” option enables users to view the two-

dimensional shapes included in the test. The “3D Shapes” option provides an interactive display of 

three-dimensional shapes, allowing rotation in any direction to give users a spatial understanding of 

these figures. The application also features a “Demo” mode, which offers a shortened version of the 

test exercise (5 attempts per stage). Additionally, users can choose the texture of the shapes from 

three available options, which can be configured in the application settings (Figure 3). Texture 

selection is tailored based on the age and athletic qualifications of the participants. The application 
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allows users to specify the number of attempts per stage, ranging from 10 to 40. For the study’s test 

tasks across all stages, the “Color Abstraction” texture was selected, with 20 attempts per stage. The 

duration of a test exercise with 20 attempts per stage is approximately 2.5 minutes. 

 

“Gray Wood” “Chess Texture” “Color Abstraction” 

Figure 3. Textures. 

In the “Settings” section, users can manage measurement data with several options: “Save 

backup” to save a backup of measurements in JSON format; “Add backup” to merge measurement 

data from another device running iPadOS; to overwrite existing measurement data with new ones – 

“Replace backup”, and “Delete all data” to erase all saved data. 

2.3. Statistical Analysis 

The mathematical and statistical analysis was conducted using the licensed program RStudio 

(version 2023.12.1+40). Descriptive statistics were presented as mean, standard deviation, 1st and 3rd 

quartiles, and median. To determine the statistical relationship between the first and second 

measurements in the first stage of the study, a non-parametric statistical method—the Spearman rank 

correlation coefficient (r)—was used. The strength of the correlation was interpreted as follows: 0.80–

1.0 “Very strong”, 0.60–0.79 “Strong”, 0.40–0.59 “Moderate”, 0.20–0.39 “Weak”, and 0.00–0.19 “Very 

weak” [31]. 

The internal consistency of the measurements (test-retest reliability) was evaluated using 

Cronbach’s alpha coefficient. The metrics included: Alpha (r) – unstandardized correlation; Std. alpha 

(r) – standardized correlation; Average (r) – average correlation. The strength of consistency was 

categorized as follows:> 0.9 “Excellent”, 0.8–0.9 “Good”, 0.7–0.8 “Acceptable”, <0.7: “Low” [32]. A 

Bland-Altman plot [33] was created to visualize the consistency analysis between the two 

measurements. To identify test-retest differences for paired comparisons of dependent sample 

results, the Wilcoxon signed-rank test was employed. For independent samples, the Mann-Whitney 

U test was used. 

Statistical significance was set at a confidence level of p < 0.05. 

3. Results 

The results of the first and second measurements of the first stage of the study are presented 

in Table 1. 

A comparison of the results from the first and second measurements indicates no statistically 

significant differences (p > 0.05) in reaction time across all test stages. A very strong correlation (r ≥ 

0.80) was observed between the measurements for reaction time during the second and fourth stages 

of the test. A strong correlation (r ≥ 0.60) was noted for the first and third stages (Table 1). 

Table 1. Results of the First and Second Measurements of the First Stage of the Study (n=20). 

Measurement The whole test 1st stage 2nd stage 3rd stage 4th stage 

1st measurement (ms) 901.2±157.9 883.2±190.8 892.1±210.0 886.9±147.0 960.1±155.8 

2nd measurement (ms) 898.7±166.5 876.5±203.0 901.9±206.6 877.9±174.0 938.6±169.4 

Wilcoxon tests V=121 V=102 V=189 V= 123 V=135 
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p=0.571 p=0.925 p=0.779 p=0.522 p=0.277 

Correlation (r-Spearman) 0.87 0.73 0.80 0.75 0.82 

To assess the internal consistency and reliability of the results between the first and second 

measurements, Cronbach’s alpha coefficient was calculated (Table 2), and a Bland-Altman plot was 

constructed (Figure 4). 

Table 2. Assessment of Consistency and Reliability of Measurement Results (Cronbach’s Alpha Coefficient). 

Stages Alpha (r) Std. alpha (r) Average (r) Mean (ms) SD (ms) 

Stage 1 0.89 0.89 0.81 871 187 

Stage 2 0.91 0.91 0.84 897 200 

Stage 3 0.91 0.92 0.85 882 155 

Stage 4 0.90 0.90 0.82 949 155 

For the entire test 0.96 0.96 0.92 900 159 

 

Figure 4. Assessment of Reaction Time Consistency Across the Entire Test for the First and Second 

Measurements. 

A high α value of 0.96 was observed according to Cronbach’s alpha (Table 2). The analysis of the 

Bland-Altman plot (Figure 4) indicates that most of the values lie within the limits of agreement. 

The results of the spatial perception assessment of martial artists in the second stage of the study 

are presented in Tables 3 and 4. 

Table 3. Results of the Measurements of Martial Arts in the First Group (n=33). 

Characteristics The whole test 1st stage 2nd stage 3rd stage 4th stage 

Mean (ms) 908.0 882.2 916.0 893.5 940.2 

SD (ms) 149.4 160.8 183.0 150.8 173.9 

1st Quarter (ms) 782.8 750.8 794.8 775.7 828.0 

Median (ms) 875.6 847.3 853.1 862.8 925.1 

3rd Quarter (ms) 995.9 1002.9 1008.2 994.7 1075.8 

Errors (%) 9.6 8.6 9.2 8.0 12.4 
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Table 4. Results of the Measurements of Martial Arts in the Second Group (n=24). 

Characteristics The whole test 1st stage 2nd stage 3rd stage 4th stage 

Mean (ms) 795.0 747.9 813.6 802.5 816.0 

SD (ms) 94.6 123.0 128.0 88.5 99.2 

1st Quarter (ms) 716.7 672.8 710.4 724.5 737.4 

Median (ms) 779.5 711.4 801.5 792.2 777.6 

3rd Quarter (ms) 877.0 782.7 910.4 881.9 909.1 

Errors (%) 4.7 3.8 6.5 4.0 4.8 

As previously noted, each stage of the test differs in the complexity of the impact of visual 

stimuli. To determine this effect, a comparison of reaction times across the test stages was conducted 

(Table 5).  

Table 5. Differences in Reaction Time of Martial Arts Across Different Test Stages (Wilcoxon tests). 

Stages First group (n=33) Second group (n=24) 

S1 and S2 V=168, p=0.044 V=54, p=0.005 

S2 and S3 V=343, p=0.271 V=173, p=0.527 

S3 and S4 V=175, p= 0.060 V=101, p=0.169 

The analysis of the differences in reaction time between martial artists at different stages of the 

test shows a statistically significant correlation only between the first and second stages (p<0.05). 

Given that the athletes in the second group are older and have a higher qualification than those 

in the first group, a comparison of reaction time results between the two groups was conducted (Table 

6). 

Table 6. Differences in Reaction Time between Martial Arts of the Studied Groups. 

Stages First group (n=33) Second group (n=24) Mann-Whitney test 

S1 882.2±160.8 747.9±123.0 W=604.5, p < 0.001 

S2 916.0±183.0 813.6±128.0 W=519, p=0.047 

S3 893.5±150.8 802.5±88.5 W=542, p=0.019 

S4 940.2±173.9 816.0±99.2 W=572, p=0.004 

The whole test 908.0±149.4 795.0±94.6 W=580, p=0.002 

The differences in reaction time between qualified martial artists and beginner martial artists 

across all stages of the test exercise are statistically significant (p<0.05). 

A correlation analysis of these relationships was conducted to determine the influence of the 

result shown at each stage of the test on the overall reaction time for the entire test. (Fig. 5). 
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Figure 5. Relationship between the Result at Each Stage of the Test and the Overall Reaction Time for the Entire 

Test. 

The results of the analysis of the relationships between reaction times at each stage of the test 

and the overall reaction time indicate that the final result of qualified martial artists is least influenced 

by the outcome shown at the fourth stage of the test, where visual stimuli that interfere are present 

(Fig. 5). 

4. Discussion 

This study aimed to develop and validate a method for assessing spatial perception in martial 

artists. Spatial perception refers to the ability to determine the position or direction of objects or points 

in space [34,35]. Various methods are available for assessing spatial perception, such as tasks where 

participants are asked to determine whether a rotated figure corresponds to a stimulus figure [36].  

Similar computerized versions of such tasks have also been developed [37,38]. 

Visual characteristics of objects, such as color and shape, affect observers in different ways. 

Studies investigating the impact of visual information, specifically shape and color, on human 

attention have shown that figures with appealing or prominent attributes (bright colors, large sizes) 

tend to capture attention more effectively than those with less distinctive attributes. Colors can be 

effective in enhancing attention, while simple and clear shapes reduce cognitive load and improve 

object recognition speed [29,39]. 

The choice of simple 2D and 3D geometric shapes for the “Spatial Perception” application’s test 

tasks was motivated by the fact that these shapes possess distinctive, familiar features that allow for 

differentiation. The terrestrial environment consists of objects with clearly defined surfaces, textures, 

colors, and a variety of shapes. Given the properties of the everyday world, it can be assumed that 

humans develop similar visual systems, regardless of cultural context. Everyone probably sees in 

essentially the same way. Visualization represents a physical process that enables individuals, when 

detailed forms are not visible, to identify an object in three-dimensional space [29]. 

The first phase of the study focused on the validation of the developed application and the 

assessment of its reliability and measurement accuracy. According to recommendations [40], the 

second measurement of spatial perception in martial artists was conducted after three weeks (test-

retest). A comparative analysis of the first and second measurements showed no statistically 

significant differences (p>0.05) between them and a strong correlation across all stages of the test 

(r≥0.70) (Table 1). The high Cronbach’s alpha score (α=0.96) (Table 2) for the reaction time over the 

entire test and the distribution of values on the Bland-Altman plot (Figure 4) indicate that most of 
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these values lie within the consistency range. Therefore, it can be concluded that the test for assessing 

spatial perception demonstrates sufficient reliability, which also suggests the possibility of 

reproducing test results over a set time. 

Regarding the reliability and usability of the “Spatial Perception” application, the validation 

showed that athletes of varying ages and qualifications easily understand its working algorithm, and 

the “Demo test” mode allows users to practice the test task beforehand. 

Determining the validity of any tests is a complex process that requires considering multiple 

factors. Kane [41] provides an overview of validity theory and argues that the focus of validation lies 

in the interpretation and use of test scores. The argument-based approach to validity can be 

simplified. It can be made more accessible to practitioners by removing the need to develop an 

argument for interpretation and use. The author believes that instead of requiring practitioners to 

provide complex reasoning, the validation process should be adapted to their needs and ensure the 

practical value of the test. Validity should be oriented toward practical benefit, not just formal 

justification. If test developers appropriately articulate the intended goals of test tasks, there is no 

need for an interpretative argument. Tests should be designed to accomplish one or more 

predetermined goals [42]. The test tasks in the “Spatial Perception” application for assessing spatial 

perception are clearly formulated. In Stage 1 – “quickly recognize 2D shapes,” and in Stages 2-4 – 

“quickly recognize 3D shapes.” Spatial abilities are essential for interpreting and understanding the 

geometric world [43]. Spatial skills include understanding the characteristics of two-dimensional and 

three-dimensional forms and recognizing the relationships between figures [44]. The test tasks 

provided in the “Spatial Perception” application indeed assess the ability to quickly recognize figures 

of different shapes in both two-dimensional and three-dimensional spaces, thus confirming the 

validity of the proposed methodology for evaluating spatial perception. 

In the second phase of the study, the features of spatial perception in martial artists of different 

ages and qualifications were identified (Tables 3, 4). It is important to note that individuals employ 

different strategies for object recognition in space. In a study by Boucheix and Chevret [45], four main 

strategies were identified. The first two were categorized as imaginative strategies (mental rotation 

and perspective), while the other two were classified as analytical strategies. It was also noted that 

some participants may use a combination of strategies. Similarly, in martial arts, athletes use various 

strategies to recognize the movements of their opponents. Based on interviews with experienced 

athletes, it was observed that they typically focus on the center of the opponent’s chest and, through 

peripheral vision, detect changes in the position of the hands or legs. Peripheral vision plays a crucial 

role in martial arts [46]. Human perception requires more time to detect stimuli that are farther from 

the fixation point. The decline in peripheral vision function is explained by the physiological 

properties of the retina, as visual acuity rapidly decreases starting from 5° of the visual angle from 

the fixation point [47]. 

Research [1,2,48] has shown that athletes are not distinguished from non-athletes by visual 

function, but rather by visual “software,” meaning their ability to efficiently process and interpret 

visual information using various strategies acquired through practice. It was noted that during the 

test exercise presented by the application, more experienced martial artists focused on the center of 

the tablet screen. With this strategy, peripheral vision was sufficient to recognize simple shapes. 

However, when more complex visual stimuli were presented, athletes shifted their gaze to one of the 

shapes for more detailed recognition. Beginner martial artists, on the other hand, used a different 

strategy. They initially looked at one shape, then at another, and only after that, they decided on their 

response. The choice of one or another object recognition strategy in space is determined by the 

athlete’s perception level and the speed at which visual information is processed. Similar results were 

obtained previously [13]. 

The dynamics of reaction time changes in martial artists from the studied groups throughout the 

test show similar trends. The best reaction time was observed during the first stage of the test in both 

groups (reaction to 2D figures). This can be explained by the fact that recognizing simple two-

dimensional shapes, which do not require additional cognitive effort, occurs faster than recognizing 
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static 3D figures. In the second stage of the test, a deterioration in reaction time was observed in both 

groups (reaction to static 3D figures), and this was statistically significant (p<0.05) (Table 5). This can 

be explained by the fact that reacting to static 3D figures requires significant cognitive abilities, 

demanding more attention from the performer and the use of strategies to review each figure 

separately. In the third stage of the test, an improvement in reaction time was observed, but the 

differences were not statistically significant (p>0.05) (Table 5). The reaction time at the third stage 

(rotation of 3D figures) was better than at the second stage (static 3D figures) in both groups. The 

rotation of 3D figures at this stage of the test provides visual information about the third dimension 

of three-dimensional space, namely depth, which provides additional information for recognition. 

The duration of rotation was chosen based on the duration of striking actions in martial artists as 

studied by Vences Brito et al. [19]. When an object moves, the brain receives more information about 

its geometry, improving the ability to quickly identify it when it stops. Research [17] shows that 

dynamic cues enhance perceptual integration, leading to more accurate object perception. Our 

findings confirm this statement. The reduction in the number of errors also indicates improved object 

recognition at this stage. The effect of additional visual stimuli for quick recognition of objects in 

three-dimensional space is also reflected in the sports duel, where it relates to the tactical 

informativeness of offensive or defensive actions. Any additional information regarding an 

opponent’s potential tactical actions is a foundation for effective counterattacks. This has been 

confirmed in previous research [49]. 

At the fourth stage of the test, there are discrepancies in the dynamics of reaction time changes 

between the studied groups. This stage is characterized by the introduction of distracting visual 

stimuli (Figure 2). Such stimuli create additional false signals. The intensity of these signals was 

experimentally determined and set in the mobile application at alpha=0.3, which constitutes 30% of 

the original image. Increasing this parameter would impair object recognition capabilities while 

decreasing it would improve them. The results of our study, specifically the reaction time at the 

fourth stage of the test, where the visual stimuli that interfere are present, show that more 

experienced martial artists, who have more competitive experience, are less affected by these visual 

stimuli. This is also supported by the correlation analysis between the results at each stage of the test 

and the overall reaction time (Figure 5). Therefore, the final result for qualified martial artists is least 

influenced by the outcome shown at the fourth stage of the test, where distracting visual stimuli are 

present (Figure 5). This statement is also corroborated by the findings of previous studies [16,18]. 

In martial arts, particularly during training or competitive bouts, situations arise where the 

athlete must instantly determine many parameters regarding the circumstances. During the match, a 

skilled athlete simultaneously processes a lot of visual information, such as the color of the floor 

(wrestling mat, ring, dojang, or tatami), the color of protective gear, the opponent’s position, and the 

positions of their individual body parts, among other things. All actions in the duel occur under the 

constant influence of distracting visual stimuli [50]. Naturally, athletes with more competitive 

experience possess a larger set of visual patterns and images, which can help form appropriate 

responses to situations that arise during the bout. According to the results of our research, the 

outcomes of qualified martial artists are statistically significantly (p<0.05) better than those of 

beginner martial artists (Table 6). 

The application allows users to select the texture under which the figures in the test will be 

presented. According to research [29,39] on color and shape perception, the mobile application 

“Spatial Perception” offers several textures for the test tasks. To increase the difficulty of the task, a 

complex, bright texture called “Color Abstraction” is available. This texture creates a high level of 

visual stimulation, which enhances attention and alertness. This figure presentation mode for 

assessing spatial perception is recommended for experienced athletes who are accustomed to 

intensive visual and physical loads. The “Chess Texture” provides moderate visual stimulation 

compared to the first, colorful texture. The presence of visual details helps maintain attention and 

stimulates the development of recognition skills under moderate distraction conditions. This mode 

can be recommended for athletes of medium qualification. The “Gray Wood” texture helps easily 
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recognize shapes, being the most homogeneous and neutral, with minimal distracting details, and 

does not overload with visual information. This mode is recommended for beginner athletes. 

It can be concluded that using modern technologies, such as mobile devices (smartphones, 

tablets) with specialized software, allows for optimizing the process of data acquisition, storage, and 

analysis in scientific research [51,52]. 

5. Conclusions 

This study developed and tested the mobile application “Spatial Perception” for assessing 

spatial perception in martial artists, and experimentally confirmed its reliability and validity. The 

study results indicate that prior rotation of objects provides additional information for their 

recognition. This reduces reaction time and the number of errors in selecting responses. The speed 

with which the athlete processes dynamic cues reflects their psychophysiological abilities, which can 

be crucial in competitive bouts. Adult martial artists with relevant competitive experience possess a 

greater repertoire of visual patterns and images, which can assist in forming adequate responses to 

situations that suddenly arise in a fight. Athletes of this level are able to maintain focus on the 

necessary object and are less affected by interfering visual stimuli. The results obtained may assist 

martial arts coaches in improving functional state control and adjusting training processes. 

Author Contributions: Conceptualization, D.C. and R.M.; methodology, G.K., W.C. and F.K.; data curation, 

M.D.; writing—original draft preparation, Y.T., O.T., and X.H.; writing—review and editing, L.K., M.L. and 

D.N.; visualization, M.L. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable.  

Data Availability Statement: Not applicable.  

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Lee, J., Kim, S., & Song, Y. (2010). Visual search patterns and reaction movement in Taekwondo according 

to expertise. Journal of Sport & Exercise Psychology, 32, S99-S100. 

2. Zwierko, T., Osinki, W., Lubinski, W., Czepita, D., & Florkiewicz, B. (2010). Speed of visual sensorimotor 

processes and conductivity of visual pathway in volleyball players. Journal of Human Kinetics, 23, 21–27. 

https://doi.org/10.2478/v10078-010-0003-8 

3. Cabello, D., Padial, P., Lees, A., & Rivas, F. (2004). Temporal and Physiological Characteristics of Elite 

Women`s and Men`s Singles Badminton. International Journal of Applied Sports Sciences, 16, 1-12. 

4. Iermakov, S., Podrigalo, L., Romanenko, V., Tropin, Y., Boychenko, N., Rovnaya, O., & Kamaev, O. (2016). 

Psycho-physiological features of sportsmen in impact and throwing martial arts. Journal of Physical 

Education and Sport, 16(2), 433-439. https://doi.org/10.7752/jpes.2016.02067 

5. Kozina, Z., Iermakov, S., Crełu, M., Kadutskaya, L., & Sobyanin, F. (2017). Physiological and subjective 

indicators of reaction to physical load of female basketball players with different game roles. Journal of 

Physical Education and Sport, 17(1), 378-382. https://doi.org/10.7752/jpes.2017.01056 

6. Lyzohub, V., Chernenko, N., Palabiyik, A., Kozhemyako, T., & Bezkopilna, S. (2019). Age peculiarities of 

interaction of motor and cognitive brain sys- tems while processing information of different modality and 

complexity. Regulatory Mechanisms in Biosystems, 103, 288-294. https://doi.org/10.15421/021944 

7. Chung, P., & Ng, G. (2012). Taekwondo training improves the neuromotor excitability and reaction of large 

and small muscles. Physical Therapy in Sport, 13(3), 163-169. https://doi.org/10.1016/j.ptsp.2011.07.003 

8. Badau, D., Baydil, B., & Badau, A. (2018). Differences among Three Measures of Reaction Time Based on 

Hand Laterality in Individual Sports. Sports, 6(2), 45-50. https://doi.org/10.3390/sports6020045 

9. Piatysotska, S., Podrigalo, L., Romanenko, V., Ashanin, V., Aleksienko, Y., & Aleksieieva, I. (2024). 

Exploring the short-term visual memory of esports athletes across various levels of expertise. Journal of 

physical education and sport, 24(1), 103-112. http://dx.doi.org/10.7752/jpes.2024.01014 

10. Mori, S., Ohtani, Y., & Imanaka, K. (2002). Reaction times and anticipatory skills of karate athletes. Human 

movement science, 21(2), 213–230. https://doi.org/10.1016/s0167-9457(02)00103-3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2025 doi:10.20944/preprints202502.0903.v1

https://doi.org/10.20944/preprints202502.0903.v1


 11 of 12 

 

11. Di Russo, F., Taddei, F., Apnile, T., & Spinelli, D. (2006). Neural correlates of fast stimulus discrimination 

and response selection in top-level fencers. Neuroscience Letters, 408(2), 113-118. 

https://doi.org/10.1016/j.neulet.2006.08.085 

12. Martínez de Quel, Ó., & Bennett, S. J. (2014). Kinematics of Self-Initiated and Reactive Karate Punches. 

Research Quarterly for Exercise and Sport, 85(1), 117-123. https://doi.org/10.1080/02701367.2013.872222 

13. Kovačević, N., Mihanović, F., Kalcina, L. L., Pavlinovic, V., Foretic, N., & Galić, T. (2023). Cognitive 

Functions of Youth Water Polo Players. Sport Mont, 21(2), 91-96. http://dx.doi.org/10.26773/smj.230714 

14. Williams, A. M., & Ward, P. (2007). Anticipation and decision making: Exploring new horizons. In G. 

Tenenbaum & R. C. Eklund (Eds.), Handbook of Sport Psychology, Third Edition, pp. 203-223. John Wiley 

& Sons. https://doi.org/10.1002/9781118270011.ch9 

15. Navia, J. A., Avilés, C., López, S., & Ruiz, L. M. (2018). A current approach to anticipationin sport. Estudios 

de Psicología, 38, 1-19. https://doi.org/10.1080/02109395.2017.1412705 

16. Romanenko, V., Piatysotska, S.,Tropin, Y., Rydzik, Ł., Holokha, V., & Boychenko, N. (2022). Study of the 

reaction of the choice of combat athletes using computer technology. Slobozhanskyi Herald of Science and 

Sport, 26(4), 97-103. https://doi.org/10.15391/snsv.2022-4.001 

17. 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 

18. Romanenko, V., Piatysotska, S., Lytvynenko, A., Baibikov, M., Boychenko, N., & Ponomarov, V. (2024). 

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 

19. Vences Brito, A. M., Ferreira, M. A. R., Cortes, N., Fernandes, O., & Pezarat-Correia, P. (2011). Kinematic 

and electromyographic analyses of a karate punch. Journal of Electromyography and Kinesiology, 21(6), 

1023-1029. https://doi.org/10.1016/j.jelekin.2011.09.007 

20. Gierczuk, D., Bujak, Z., Rowiñski, J., & Dmitriyev, A. (2012). Selected coordination motor abilities in elite 

wrestlers and taekwon-do competitors. Polish Journal of Sport and Tourism, 2012, 19, 230-234. 

https://doi.org/10.2478/v10197-012-0022-1 

21. Martínez de Quel, Ó., Bennett, S. J., López, E., Zapico, A. G., & Saucedo, F. (2015). Choice reaction time is 

not related to competition success in karate combat. European Journal of Human Movement, 35, 41-50. 

22. 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 

23. Korobeynikov, G., Korobeinikova, L., Raab, M., Baić, M., Borysova, O., Korobeinikova, I., Shengpeng, G., 

& Khmelnitska, I. Cognitive functions and special working capacity in elite boxers. (2023). Pedagogy of 

Physical Culture and Sports, 27(1), 84-90. https://doi.org/10.15561/26649837.2023.0110 

24. Battista, M. T. (1990). Spatial visualization and gender differences in high school geometry. Journal for 

Research in Mathematics Education, 21(1), 47–60. https://doi.org/10.2307/749456 

25. Lubinski, D., & Benbow, C. P. (2006). Study of Mathematically Precocious Youth After 35 Years: Uncovering 

Antecedents for the Development of Math-Science Expertise. Perspectives on Psychological Science, 1(4), 

316–345. https://doi.org/10.1111/j.1745-6916.2006.00019.x 

26. Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning over 50 years of 

cumulative psychological knowledge solidifies its importance. Journal of Educational Psychology, 101(4), 

817–835. https://doi.org/10.1037/a0016127 

27. O’Regan, J. K. (1992). Solving the «real» mysteries of visual perception: The world as an outside memory. 

Canadian Journal of Psychology / Revue canadienne de psychologie, 46(3), 461–488. 

https://doi.org/10.1037/h0084327 

28. Simons, D. J., & Levin, D. T. (1998). Failure to detect changes to people during a real-world interaction. 

Psychonomic Bulletin and Review, 5(4), 644-649. https://doi.org/10.3758/BF03208840 

29. Ware, C. (2020). Information Visualization. Edition: 4th ed., Elsevier Science, pages 528. 

30. Korkala, P. Yrjö, West, Louis Jolyon, Järvinen, E. Jaakko & Fieandt, Kai V.J. von (2024). space perception. 

Encyclopedia Britannica. 218. Retrieved online from https://www.britannica.com/science/space-perception 

31. Sedgwick, P. (2014). Spearman’s rank correlation coefficient. Bmj, 349. https://doi.org/10.1136/bmj.g7327 

32. Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach’s alpha. Int J Med Educ, 27(2), 53-55. 

https://doi.org/10.5116/ijme.4dfb.8dfd 

33. Bland, J., & Altman, D. (1997). Statistics notes: Cronbach’s alpha. BMJ, 314-275. 

https://doi.org/10.1136/bmj.314.7080.572 

34. Benton, A. L., & Tranel, D. (1993). Visuoperceptual, visuospatial, and visuoconstructive disorders. Clinical 

Neuropsychologist, 165-213. 

35. Van den Berg, E. & Ruis, C. (2017). Space in Neuropsychological Assessment. in Neuropsychology of Space. 

Academic Press, 361–378. https://doi.org/10.1016/B978-0-12-801638-1.00010-0  

36. Vandenberg, S. G., & Kruse, A. R. (1978). Mental rotations, a group test of three-dimensional spatial 

visualization. Perceptual and motor skills, 47(2), 599–604. https://doi.org/10.2466/pms.1978.47.2.599 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2025 doi:10.20944/preprints202502.0903.v1

https://doi.org/10.20944/preprints202502.0903.v1


 12 of 12 

 

37. Moè, A., Meneghetti, C., & Cadinu, M. (2009). Women and mental rotation: Incremental theory and spatial 

strategy use enhance performance. Personality and Individual Differences, 2(46), 187-191. 

https://doi.org/10.1016/j.paid.2008.09.030. 

38. Monahan, J. S., Harke, M. A., & Shelley, J. R. (2008). Computerizing the mental rotations test: Are gender 

differences maintained? Behavior Research Methods, 40(2), 422–427. https://doi.org/10.3758/BRM.40.2.422 

39. Wolfe, J. M., & Horowitz, T. S. (2004). What attributes guide the deployment of visual attention and how 

do they do it? Nature Reviews Neuroscience, 5(6), 495–501. https://doi.org/10.1038/nrn1411 

40. Bazylevych, N. O. (2018). Sports metrology: methodological recommendations for practitioners to take for 

students of higher scientific foundations of the specialty secondary education (physical education). 

Pereyaslav-Khmelnitsky, 191. 

41. Kane, M. T. (1992). An argument-based approach to validity. Psychological Bulletin, 112(3), 527–535. 

https://doi.org/10.1037/0033-2909.112.3.527 

42. Stephen, G. S. (2013). Agreeing on Validity Arguments. Journal of Educational Measurement, 1(50), 99-104. 

https://doi.org/10.1111/jedm.12005. 

43. Lohman, D. E. (1994). Spatial ability. In R. J. Sternberg (Ed.), Encyclopedia of intelligence, New York: 

Macmillan, 2, 1000-1007.  

44. Park, S. S. (2014). Development and Validation of Spatial Visualization Tests for Elementary School 

Children. Education of Primary School Mathematics, 17(2), 159–171. 

https://doi.org/10.7468/JKSMEC.2014.17.2.159 

45. Boucheix, J. M., & Chevret, M. (2014). Alternative strategies in processing 3D objects diagrams: Static, 

animated and interactive presentation of a mental rotation test in an eye movements cued retrospective 

study. In T. Dwyer, H. Purchase, & A. Delaney (Eds.), Diagrammatic representation and inference. 

Diagrams 2014. Lecture notes in computer science (Vol. 8578, pp. 138–145). Berlin, Heidelberg: Springer. 

https://doi.org/10.1007/978-3-662-44043-8_17 

46. Muiños, M., & Ballesteros, S. (2014). Peripheral vision and perceptual asymmetries in young and older 

martial arts athletes and nonathletes. Atten Percept Psychophys, 76, 2465–2476. 

https://doi.org/10.3758/s13414-014-0719-y 

47. Anderson, R. S., Zlatkova, M. B., & Demirel, S. (2002). What limits detection and resolution of short-

wavelength sinusoidal gratings across the retina? Vision research, 42(8), 981–990. 

https://doi.org/10.1016/s0042-6989(02)00013-5 

48. Wu, Y., Zeng, Y., Zhang, L., Wang, S., Wang, D., Tan, X., Zhu, X., Zhang, J., & Zhang, J. (2013). The role of 

visual perception in action anticipation in basketball athletes. Neuroscience, 237, 29–41. 

https://doi.org/10.1016/j.neuroscience.2013.01.048 

49. 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 

50. Pashkov, I., Tropin, Y., Romanenko, V., Goloha, V., & Kovalenko, J. (2021). Anlysis of competitive of highly 

qualified wrestlers. Slobozhanskyi herald of science and sport, 9(5), 30-39. 

https://doi.org/10.15391/snsv.2021-5.003 

51. Adamakis, M. (2022). Validity of Wearable Monitors and Smartphone Applications to Measure Steps and 

Distance in Adolescents. Sport Mont, 20(2), 3-10. https://doi.org/10.26773/smj.220601 

52. Romanenko, V., Podrigalo, L., Iermakov, S., Rovnaya, O., Tolstoplet, E., Tropin, Y., & Goloha, V. (2018). 

Functional state of martial arts athletes during implementation process of controlled activity–comparative 

analysis. Physical Activity Review, 6, 87-93. http://dx.doi.org/10.16926/par.2018.06.12 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2025 doi:10.20944/preprints202502.0903.v1

https://doi.org/10.20944/preprints202502.0903.v1

