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Abstract: Introduction: The immersive virtual reality (VR) might bring a new reliable approach to 

diagnosing motor abilities. Therefore, the main goal of this research was to check the intertrial reli-

ability and diagnostic possibility (reaction time, movement time, lateral differences) of VR for upper 

limb movements in a group of mixed martial arts (MMA) athletes, and to evaluate whether distrac-

tors influence the complexity of the whole reaction. Material and methods: Twenty-six MMA ath-

letes (age 27.1 ± 5.4 years, body mass 77.6 ± 9.3 kg, height 179.2 ± 5.7 cm, training experience 6.7±4.3 

years) performed two reaction tests for their upper limbs (four tests were made for the ICC calcula-

tion) with wireless autonomous VR. Results: The ICC values ranged from 0.751 to 0.872 in simple 

reaction speed and 0.709 to 0.909 in complex reaction. No significant differences were observed be-

tween the reaction of the right and the left upper limbs. Distractors were shown to negatively affect 

the speed (d = 1.2) and reaction time of complex reactions (d = 1.3). Conclusions: The implemented 

VR measurement system allows for a reliable assessment of simple and complex reaction speed and 

its components (reaction time, movement time) for upper limb strikes and covers in MMA athletes. 

MMA reaction time of upper limbs is laterally balanced in MMA athletes. The disruptor causes a 

large decrease in reaction speed and prolongs the reaction time. Therefore, a test with a disruptor 

might have the potential to recognize performance level and athletes’ reaction abilities. 

Keywords: MMA, VR, physical activity, FitLight Trainer, BlazePodTM. 

 

1. Introduction 

Immersive virtual reality (VR), in which individuals are isolated from visual stimuli 

from their surrounding environment and they perceive artificially generated images, 

sounds, and even tactile sensations, is finding increasingly wider applications in sports 

and physical recreation. Applications that allow for engaging in various forms of physical 

activity (PA) within a limited space are being developed. Additionally, an increasing 

number of training devices (e.g., stationary bikes, treadmills, rowing simulators, etc.) are 

integrating with VR setups. It turns out that such forms of PA may not only have health 

benefits due to the relatively high intensity of physical exertion, but they also exhibit 

a high level of attractiveness for users [1–3]. There are even reports suggesting that PA 
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may provide a greater flow experience than similar exercises in the real world [4]. Re-

searchers are also interested in analyzing the movements of individuals in virtual envi-

ronments [5–7]. VR technology offers potential and seemingly broad opportunities for as-

sessing movement parameters and motor abilities, especially coordinative ones. It allows 

for creating test scenarios in any desired manner, and thanks to precise sensors found in 

controllers, goggles, or VR-compatible devices (e.g., haptic suits and gloves, body-

mounted sensors), accurate measurements of movement parameters can be made. Initial 

studies suggest that such measurements can be accurate and reliable [8]. 

It seems that motor tests developed in VR may have an advantage over traditional 

ones, especially concerning the assessment of coordinative abilities. Typical test tasks have 

certain flaws and limitations that virtual environments may eliminate. Coordinative abil-

ities are mostly assessed through laboratory tests (e.g., Vienna Test System) [9, 10] and 

motor tests [11, 12], primarily designed for school physical education and sports. While 

the former allow for precise measurements, they are based on motor activities that do not 

necessarily reflect sports performance. They are often performed in a seated position and 

rely on fine motor skills (movements of hands and fingers within a relatively small range). 

The latter, on the other hand, are less precise and do not guarantee high measurement ac-

curacy, full objectivity, or repeatability of the tests. Therefore, the use of VR technology in 

motor fitness assessment appears to be a unique and groundbreaking solution compared to 

existing diagnostic tools burdened with the aforementioned limitations. It is highly likely 

that tests implemented in a virtual environment will allow for the precise evaluation of 

global movement patterns, thus combining the merits of laboratory and motor tests. 

In sports disciplines where continuous monitoring and assessment of coordinative 

abilities based on fundamental movement patterns are particularly important, mixed mar-

tial arts (MMA) can be mentioned. The success of MMA fighters largely depends on their 

quick reaction to visual stimuli, manifested, depending on the situation, by executing dy-

namic evasions, strikes, or throws. Punches play a significant role alongside kicks as the 

most effective techniques for ending a fight by knockout [13]. Therefore, dynamic shoul-

der flexion as a reaction to a visual stimulus (e.g., opponent dropping their guard) is an 

extremely desirable movement pattern for MMA fighters that needs to be perfected in 

their training process. Diagnostics and monitoring of training progress in this regard are 

also important. Currently, there are few measuring devices enabling precise assessment 

of reactions to visual stimuli manifested by global movements such as punches or kicks, 

which are reflected in sports combat. Partial solutions include the so-called Light Sport 

Training Systems (LSTS), systems designed for improving and diagnosing cognitive abil-

ities by visual stimulation using a set of touch-sensitive wireless light pods, the operation 

of which can be programmed through appropriate applications and control devices [14, 

15]. Since it is possible to set the illuminating pods in various positions, coaches can use 

LSTS for training specific movement patterns [16]. Among the known training-diagnostic 

solutions of this type are FitLight Trainer™ (FitLight Corp, Ontario, Canada) and 

BlazePodTM (Play Coyotta Ltd, Tel Aviv, Israel). Despite the great potential of such solu-

tions both in motor diagnostics [15–18] and in supporting the training process [19–23], 

these solutions have certain limitations. Their placement in space can be problematic as 

they require a suitable mounting system. Moreover, they only allow assessing the reaction 

speed without a possibility to assess its components: reaction time (RT) and movement 

time (MT). Therefore, it is impossible to determine the moment when the movement was 

initiated, only the time it was completed. Users may also hesitate to strike the pod dynam-

ically, which can lead to reflexive movement inhibition in its final phase. These problems 

can be avoided in a virtual environment, where virtual pods can be placed anywhere in 

space, and using sensors in controllers can determine the moment of movement initiation 

(RT), its duration (MT), and their sum – reaction speed. Furthermore, users will not feel 

apprehensive about contacting the virtual pod, allowing the strike to be executed at maxi-
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mum speed, undoubtedly affecting the accuracy of the measurement. The virtual meas-

urement environment also allows for creating various test scenarios and isolates from in-

terfering factors. 

The VR might bring new a reliable approach to diagnosing motor abilities which can 

be used as a training and performance assessment tool. Therefore, the main goal of the 

research was to check the intertrial reliability and diagnostic possibility (reaction time, 

movement time, lateral differences) of VR for upper limb movements in a group of mixed 

martial arts (MMA) athletes and to evaluate whether distractors influence the complexity 

of the athlete's reaction. 

2. Materials and methods  

2.1. Participants and research methods 

Twenty-six individuals regularly practicing MMA were examined (age 27.1 ± 5.4 

years, body mass 77.6 ± 9.3 kg, height 179.2 ± 5.7 cm, training experience 6.7 ± 4.3 years). 

Four athletes declared left-handedness, while the rest were right-handed. The recruitment 

took place in sports clubs in the Silesian region (Poland). Volunteers who met the follow-

ing criteria were included in the study: a minimum of 2 years of systematic MMA training, 

good overall health, athletic experience, abstaining from intense physical exertion within 

12 hours prior to the study, no use of substances or medications that could affect their 

ability to react quickly. As the measurements were conducted in VR, the absence of mo-

tion sickness, epileptic episodes, and sensitivity to flashing lights were additional inclu-

sion criteria for the tests. Participants had previous experience with VR, but none of them 

declared regular use of this technology.  

Participants had not previously used the software used in the study either. The re-

search procedure was approved by the Research Ethics Committee of the Jerzy Kukuczka 

Academy of Physical Education in Katowice. Additionally, participants were informed 

about the purpose and course of the tests, as well as the option to withdraw from the study 

at any time without giving a reason. The tests were conducted in the MMA & Performance 

training studio in Świętochłowice (Poland). 

The research was part of a larger project funded by the National Center for Research 

and Development from EU funds under project No. POIR.01.01.01-00-0365/20 "Develop-

ment of methods for studying and shaping coordinative abilities along with a dedicated 

set of training methods in boxing using virtual reality." 

A wireless autonomous VR headset Oculus Quest 2 (Facebook Technologies, LLC. 1 

Hacker Way, Menlo Park, CA 94025, USA) consisting of a head-mounted display (HMD) 

and controllers was used for VR projection during the study. The software was developed 

according to our own idea using the Unreal Engine 4 to create visualizations in a virtual 

environment, on which proprietary tests for measuring reactions were based. Before start-

ing the measurements, participants were instructed on how to use the VR projection 

equipment and the application. Two tests were used in the study. The first one assessed 

simple reaction to visual stimuli, and the second one assessed choice reaction. Since the 

reaction was to be manifested by performing a dynamic arm extension (movement similar 

to a straight punch in boxing), the tests were tentatively named: "Upper limb extension in 

VR – simple reaction" and "Upper limb extension in VR – choice reaction". In both tests, 

participants' task was to react to the illumination of a virtual disk (20 cm in diameter) 

located 30 cm in front of them. The participants' reaction was to perform a dynamic arm 

extension and intersect the surface of the disk (Fig. 1). The tests were conducted in a stand-

ing position, with feet placed shoulder-width apart, upper limbs bent at the elbow joints, 

vertically positioned, and hands clenched on controller handles held at the chin level (box-

ing guard with symmetrical arms, without torso rotation). To precisely position the upper 

limbs, two semi-transparent virtual spheres with a diameter of 15 cm were generated, into 

which the participants inserted their hands, causing a change in their color. The simple 

reaction test was performed separately for the right and left hand (Fig. 1). In assessing the 

choice reaction, two variants of test tasks were used: I – without a distractor, and II – with 
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a distractor (red color). In the first variant, two different responses to the signal were pos-

sible: when the disk illuminated yellow, the participant performed an extension of the 

right arm, whereas when it illuminated blue, the participant performed an extension of 

the left arm. In the second variant of the test, a randomly generated red color also ap-

peared, which the participant was not to react to (Fig. 2). During all tests, reaction speed 

and its components (RT and MT) were calculated.  

 

 

Figure 1. Visualization of the test used to examine simple reaction in VR 

 

Figure 2. Visualization of the test used to examine complex reaction in VR 

The reaction time was measured from the moment the disk illuminated to the mo-

ment the fist intersected the surface of the sphere. The movement time was the time 

elapsed from the intersection of the surface of the sphere by the fist to the moment the 

hand intersected the surface of the disk. The program recorded the times of individual 

reactions in milliseconds (ms). The signal appeared randomly at intervals of 2–6 seconds. 

The type of stimulus was also randomly generated, with an equal number of each type of 

signal. The next stimulus was generated after the participant reacted to the previous one. 

Participants performed a trial test consisting of 6 stimuli. Then they proceeded to three sep-

arate actual trials, each consisting of 12 stimuli, with results recorded. For each trial, the 

mean was calculated, excluding two extreme values. The results obtained in the subsequent 

three measurements were used to assess the reliability of the tests. Additional statistical 

analyses were conducted based on the mean values of results obtained in individual tests. 

 

2.2. Statistical analysis 

To assess the reliability of the measurements, intraclass correlation (ICC) procedures 

were used [24]. A 2-factor model with mixed effects was applied, where object effects are 

random and position effects are fixed, utilizing the absolute agreement definition of intra-

class correlation. Reliability was assessed for a single measurement.  

The significance of the intraclass correlation coefficient (ICC) was examined using an 

F-test. ICC values at or above 0.90 are considered very high, 0.80–0.89 are considered high, 

0.70–0.79 are considered adequate, 0.60–0.69 are marginal, and 0.59 or lower are consid-

ered low [24, 26]. Normality of distribution was assessed using the Shapiro-Wilk test. The 

significance of differences in the obtained results was evaluated using either Student's t-test 

or the Wilcoxon test depending on the distribution of the data. The effect size was esti-
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mated using Cohen’s d or the rank-biserial correlation coefficient (rrb). The study consid-

ered a p-value of less than 0.05 as statistically significant. Statistical computations were 

performed using IBM SPSS and Jamovi software. 

3. Results 

For simple reaction time and its components, ICC values for the right upper limb 

ranged from 0.751 to 0.872, while for the left arm, they ranged from 0.772 to 0.792. Slightly 

higher measurement reliability was observed in tests of choice reaction. In trials con-

ducted without distractors, the ICC values for choice reaction time and its components 

ranged from 0.839 to 0.848. The highest measurement reliability characterized two of the 

analyzed parameters of choice reaction tests with distractors: reaction time (ICC = 0.902) 

and reaction speed (ICC = 0.909). Regarding the movement time of the arm extension, the 

reliability was significantly lower (ICC = 0.709) (Table 1). 

Participants achieved better results in tests performed with the right upper limb, alt-

hough the observed differences were not statistically significant for two out of three ana-

lyzed parameters: reaction time (p = 0.548; rrb = -0.140) and reaction speed (p = 0.084; 

rrb = -0.39). However, the mean movement time of the right arm extension was signifi-

cantly shorter (p = 0.006) than of the left arm, although the observed difference (Dif. = 7.311 

ms) should be considered as average (d = -0.587) (Table 2). 

Clear differences were observed when comparing the results obtained by MMA ath-

letes in both choice reaction tests. Distracting stimuli significantly prolonged the reaction 

time (p <  0.001; d = -1.294) and reaction speed (p < 0.001; d = -1.205), while significantly 

shortening (p = 0.031) the arm extension time by 3.106 ms, indicating an average difference 

(rrb = 0.487) (Table 3). 

Table 1. Intraclass correlation coefficients (ICC) for VR reaction tests performed by MMA practitioners  

Parameter 
Simple reaction Complex  

reaction 

Complex reaction + 

Distractor right left 

Reaction time 0.751 (0.585–0.869) 0.772 (0.619–0.881) 0.839 (0.720–0.918) 0.902 (0.823–0.951) 

Movement time 0.778 (0.625–0.884) 0.775 (0.621–0.883) 0.848 (0.735–0.923) 0.709 (0.526–0.844) 

Reaction speed 0.872 (0.774–0.936) 0.792 (0.647–0.892) 0.846 (0.732–0.922) 0.909 (0.834–0.955) 

Legend: Reported values are intraclass correlation coefficient – ICC and 95% confidence interval (95% CI).  
CI – confidence interval; All ICC are at 0.001 p value. 

Table 2. Comparison of simple reactions of the right and left upper limbs in MMA athletes 

Parameter 
Right upper limb Left upper limb 

Dif. 
Effect 

size 
p 

x̅ [ms] SD x̅ [ms] SD 

Reaction time 406.098 42.248 416.001 49.405 -9.903 -0.140rrb 0.548 

Arm extension movement time 48.877 13.408 56.188 18.099 -7.311 -0.587d 0.006 

Reaction speed 453.673 52.284 472.188 59.683 -18.515 -0.39rrb 0.084 

Legend: x̅ – arithmetic mean; SD – standard deviation; Dif. – difference of arithmetic means; rrb – Wilcoxon rank-
biserial correlation coefficient; d – Cohen’s d; p – p value. 

Table 3. Impact of distracting stimuli on choice reactions of MMA athletes 

Parameter 
Without DS With DS 

Dif. Effect size p 
x̅ [ms] SD x̅ [ms] SD 

Reaction time (ms) 534.441 69.532 570.616 72.165 -36.175 -1.294d < 0.001 

Arm extension movement time (ms) 56.780 18.025 53.674 13.706 3.106 0.487rrb 0.031 

Reaction speed (ms) 591.22 77.806 624.288 80.030 -33.068 -1.205d < 0.001 

Legend: DS – distracting stimuli; x̅ – mean; SD – standard deviation; Dif. – difference between means; rrb – 

Wilcoxon rank-biserial correlation coefficient; d – Cohen’s d; p – p value 
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4. Discussion 

The implemented immersive VR measurement system allows for reliable assessment 

of reaction speed and its components (RT and MT) among MMA athletes based on the 

standard arm extension pattern. Depending on the measured parameters, ICCs assumed 

appropriate (adequate), high, and in some cases very high values. For simple reaction 

tests, ICC values ranged from 0.751 to 0.909, while for choice reaction tests without dis-

tracting stimuli, they ranged from 0.839 to 0.848, and with distracting stimuli, they ranged 

between 0.709 and 0.909. The observed measurement reliability is comparable to com-

puter tests used for reaction assessment. In our own research involving MMA athletes, 

computer tests assessing reactions to visual stimuli yielded ICCs in the ranges of 0.743–

0.836 [3] and 0.800–0.845 [2]. Similar ICC values were also obtained in studies involving 

youth, healthy adults, and recreational athletes using laboratory tests based on the use of 

an electronic interactive light board called the "Dynavision D2" [27–29]. The authors of 

those studies indicate measurement reliability ranging from 0.75 to 0.92 ICCs, which is 

similar to the range obtained in our research. Considering that the implemented immer-

sive VR tests demonstrate measurement reliability comparable to computer and labora-

tory tests, they can be considered reliable measurement tools and, to our knowledge, are 

the first system enabling the assessment of reaction speed and its components in a virtual 

environment based on global movements. Although similar VR reaction measurement 

systems with similar measurement reliability values (ICC values ranging from 0.710 to 

0.805) have recently emerged, they are based on fine motor skills (motor response involves 

pressing a button held in a hand controller) and do not allow for MT assessment [2, 3]. 

Another aim of the research was to compare the reactions of the right and left upper 

limbs of MMA athletes to visual stimuli. In the case of reaction speed and RT, no signifi-

cant differences were observed depending on with which limb the movement was per-

formed. However, significant differences were observed in MT. The recorded difference 

was not large enough to significantly affect the reaction speed. It appears from the avail-

able literature that different authors’ opinions are divided regarding the dominance of the 

right or left upper limb in terms of reaction speed. Some studies suggest that left-hand 

reactions are faster than right-hand reactions [30–34], while others indicate the opposite 

[35, 36]. It can be speculated that the lower MT value observed in our research may result 

from the fact that the majority of the participants were right-handed athletes. 

The influence of distracting stimuli on the choice reactions of MMA athletes was also 

examined. Under the influence of disturbing factors, both RT and reaction speed were 

significantly prolonged. This observed relationship was predictable, as cognitive and per-

ceptual processing speed are directly related to the complexity of stimuli [37]. Further-

more, according to Hicks' law, increasing the number of choices increases the decision-

making time [38]. The negative impact of visual distraction on RT is also confirmed by 

studies of other authors [39]. However, the significant shortening of the arm extension 

time in tests with distracting stimuli is somewhat puzzling and difficult to interpret. Per-

haps the use of additional stimuli diversified the performed tasks and increased the ath-

letes' motivation to act, which positively influenced the speed of executed movements. 

These assumptions, however, require empirical confirmation and may suggest further re-

search directions. 

The potential of immersive VR is beginning to be recognized by specialists involved 

in motor preparation for improving performance and shaping and diagnosing motor abil-

ities [2, 3, 40–45]. There are training programs that allow for various forms of physical 

activity in VR. However, there are currently few applications implemented in the virtual 

environment for assessing athletes’ motor potential. Due to the possibilities offered by VR, 

this area should be researched, explored, and utilized. The software presented in this 

study is one of the first applications allowing for a diagnosis of athletes' potential in terms 

of reaction speed and its components (RT and MT). It also enables assessment of simple 

and choice reactions. Moreover, the measurements concern global movement patterns 

characteristic of athletes, distinguishing them from typical computer reaction tests based 
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on fine motor skills, which do not have relevance to sports activities. Our proposed tech-

nological solution can serve as a guideline for creators of similar measurement systems 

implemented in virtual environments, which will be useful in the training process for di-

agnosing motor fitness and monitoring athletes' progress. Finally, it is worth noting that 

VR technology is rapidly evolving and improving. Sensors used in VR kits are becoming 

more precise, the processing power of processors is increasing, and the efficiency of sys-

tems is improving, while new peripheral devices using haptic solutions are emerging. All 

of this contributes to the constant growth of VR technology's potential, and it seems that 

it will find increasingly wide application in various areas of human life, including sports 

activities. 

5. Conclusions 

In conclusion, this research indicates that the proprietary measurement system im-

plemented in VR enables reliable assessment of simple and choice reaction speed and its 

components (RT and MT) based on the fundamental arm extension pattern for individuals 

training in combat sports. Comparing simple reaction speed and RT of the right and left 

upper limbs of the studied MMA athletes, no significant differences in results were ob-

served regarding which limb the movement was performed with. However, a statistically 

significant, albeit small, difference in results between both upper limbs was observed in 

terms of MT, which was shorter for the right limb. This may be due to the fact that right-

handed individuals dominated the studies. Distracting stimuli determine the choice reac-

tion of the studied athletes. Under the influence of additional visual signals, both RT and 

reaction speed were significantly prolonged. Conversely, the arm extension time was sig-

nificantly shortened in tests with distracting stimuli, which is difficult to interpret unam-

biguously. Perhaps the use of distracting stimuli diversified the performed tasks and in-

creased the athletes' motivation to act, resulting in an increased arm movement speed, but 

this assumption requires further research confirmation.  
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