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Abstract 

Background: The consequences of video games have been a hotly debated topic in recent decades. 
While the media tend to focus on and publicize the alleged negative effects of video games, the 
empirical literature continues to research to illustrate the benefits of playing certain types of video 
games. With this paper we want to highlight the utility of virtual reality technology for improving 
reaction time. Methods: In the intervention program we used the Oculus Quest 2 HMD (Head 
Mounted Display) device (Facebook Technologies, LLC. 1 Hacker Way, Menlo Park, CA 94025, USA). 
To assess simple and complex reaction time we used the Deary-Liewald reaction time test. Results: 
Subjects in the experimental group showed statistically significant improvements (p < 0.05) between 
initial and final testing in reaction time tests. Subjects in the experimental group showed statistically 
significant improvements (p < 0.05) at the final test compared to the control group in simple and 
complex reaction time tests. Conclusions: With the development of technology, new opportunities 
have arisen to reduce reaction time using state-of-the-art technology such as virtual reality. Virtual 
reality by specific means - exergames or active video games, as they are also called, can be used as 
physical exercises and can be used as a mean to improve reaction time. 

Keywords: active video games; exercise; Oculus Quest; immersion; reaction time; neuroplasticity 
 

1. Introduction 

The ability to monitor, identify, process, and respond rapidly to an unpredictable environment 
is an important aspect of natural behavior. Healthy individuals are skilled at generating appropriate 
and rapid responses in response to stimuli associated with potentially dangerous situations. These 
responses are called reactions and are characterized by the ability to generate extremely rapid and 
spatially precise movement in the face of a situation. Examples include corrective reactions to 
maintain balance, protective reactions when driving, or in the event of a potentially harmful stimulus.  

Reaction time is defined as the time interval between the appearance of a stimulus and the 
initiation of a response to it [1]. 

There are so many situations where the ability to act a little faster can make a difference. This 
could apply while playing sports or in everyday life. Among the activities that a person does that 
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rely on fast reaction times to perform successfully are: while driving a car, when another car suddenly 
pulls out in front, fast reaction time can make the difference between being safe and getting into an 
accident. The same goes for simple falls. For a simple inattention, the brain must respond quickly to 
visual and tactile stimulation so that it can signal the hands to act in a timely manner. Even exposure 
to blinding light relies on fast reaction times to prevent any long-term damage to vision [2]. 

With the development of technology, new opportunities have emerged to reduce reaction time 
using cutting-edge technology, such as virtual reality. Active video games require visual-spatial 
skills, hand-eye or eye-foot coordination, and quick reaction time to successfully operate these games. 
In order for exergames to influence physical development, designers have developed systems to track 
and respond to players' gross motor movements [3].  

Virtual reality through specific means - exergames or active video games, as they are also called, 
can be used as physical exercises and can represent a means of improving psychomotor skills and 
increasing the physical activity of subjects [4]. In addition to the already known effects of physical 
exercise, exergames would increase the brain's adaptive potential, a phenomenon known as 
neuroplasticity, which would result in improved problem-solving ability, as well as greater 
sensorimotor integration [5,6]. 

There is no universal definition of exergaming available. According to Bogost (2007), 
exergaming has been labeled by the media as “the combination of exercise and video games.” 
Although this description is used by both the commercial industry and the scientific community, it 
does not serve as an adequate formal definition. This becomes apparent when we adhere to the 
traditional definition of “exercise” as consciously and systematically accomplishing certain set goals, 
according to which many available exergames (e.g., those with alternative intentions than fitness 
improvement) would be excluded [7,8]. 

Exergames differ from sedentary video games due to the physical exertion and physical 
capabilities required to play. Many exergames stimulate auditory and visual reaction time and hand-
eye coordination. However, exergames also require other physical capabilities such as aerobic 
endurance, strength, balance, and flexibility to support the gameplay and narrative of the games [9]. 
For example, the active video game Eleven Table Tennis transposes table tennis into virtual reality 
through the Oculus Quest platform, it requires fast body movements, good eye-hand coordination 
complemented by a low reaction time to perform the specific movements of this sport [10]. The device 
has sensors that capture players' movements and provide instant feedback [11]. 

Active sports-based video games require virtual movements that provide opportunities for the 
user to practice skills used during sports (e.g., kicking a ball). These games were primarily designed 
for entertainment, but can also be a gateway to later involvement in various physical activities by 
developing movement skills [12]. 

The improvement in reaction time through exergames comes from improving the transmission 
of nerve impulses through neural pathways. When engaged in new experiences, the brain establishes 
a series of neural pathways. These neural pathways, or circuits, are routes made up of interconnected 
neurons. These routes are created in the brain through daily use and practice; just as a mountain path 
is made by the daily use of a shepherd and his flock. The neurons in a neural pathway communicate 
with each other through connections called synapses, and these communication pathways can 
regenerate throughout life. Each time we acquire new knowledge (through repeated practice), the 
synaptic communication between neurons is strengthened. Better connections between neurons 
mean that electrical signals travel more efficiently when a new pathway is created or used [13]. 

The VR interventions in our study could produce changes in functional cortical interactions by 
increasing activation in specific brain areas responsible for movement control. There is evidence of 
positive transfer from virtual training to real-world psychomotor improvements, supporting the use 
of these virtual exercises [12,14,15]. 

Through our work, we aimed to investigate the effects of an intervention program based on 
immersive virtual reality to improve reaction time in 17-19 year old students. 
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2. Materials and Methods 

Participants 

A total of 32 Romanian students, aged 17-19, were recruited from a high school in Cluj-Napoca. 
Participants were informed about the risks of participating in the research, and written consent was 
obtained from the students, and from their parents or legal representatives for minor students.  

To determine the effect of the intervention program, participants were divided into two groups, 
one experimental (n=16) and the other control (n=16). Subjects in the experimental group participated 
in the virtual reality-based intervention program, subjects in the control group only participated in 
physical education classes in the school curriculum. 

Intervention 

The actual research was conducted in the high school gym, the intervention program lasted 6 
months, 2 times a week, with 40 minutes each session (of which 5-7 minutes represent the preparation 
of the body for the effort, 30 minutes the fundamental part and 1-3 minutes the recovery of the body 
after the effort). Each session began with a standard warm-up, variations of the exercises to prepare 
the body for the effort, selective influence of the locomotor system, used in the physical education 
and sports lesson and ended with the recovery of the body after the effort. In the intervention 
program we used the HMD (Head Mounted Display) device Oculus Quest 2 (Facebook Technologies, 
LLC. 1 Hacker Way, Menlo Park, CA 94025, USA). 

Means 

One of the tools used in our study is the active video game Eleven Table Tennis. Table tennis is 
characterized by perceptual uncertainty and time constraints. As a dynamic sport, it involves a 
constantly changing visual environment. To respond to such a variable stimulus, the player must be 
able to obtain superior visual information about the approaching object. As a result, hitting the ball 
requires constant eye convergence, estimating the speed of the ball, and anticipating its direction, 
which is moving rapidly in space, without any special cues [11,16]. 

Another means used was the active video game Reakt, which directly targets complex reaction 
time, requiring the choice of the appropriate motor response depending on the stimulus that appears 
[17]. 

Measures 

For the evaluation of simple and complex reaction time we used the Deary-Liewald reaction 
time test, and the Ruler Drop test was used to evaluate the reaction time of the dominant and non-
dominant hands. The subjects were tested before and after the application of the intervention 
program. The tests were done in the same time frame, and the testing manner was similar, so that 
there were no errors in the experiments. 

Statistical Analysis 

The Shapiro-Wilk test was used to decide whether the data were normally distributed within 
the two groups. 

Descriptive statistics and t-test were conducted for comparison of subject characteristics between 
both groups. Independent T test was conducted to compare mean values of the measured variables 
between both groups and paired t test was conducted to compare between pre and post treatment 
mean values of the measured variables in each group. ANCOVA was not required given baseline 
equivalence and small sample size. 

The level of significance for all statistical tests was set at p < 0.05. All statistical tests were 
performed through the statistical package for social sciences (SPSS) version 29 for windows (IBM 
SPSS, Chicago, IL,USA). 
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3. Results 

The experimental research was conducted on a group of 32 subjects, of which 16 subjects in the 
experimental group and 16 subjects in the control group. 

To compare differences within the same group before and after the intervention program, we 
used the paired t-test when the data distribution was normal and the Wilcoxon test when the data 
distribution was not normal.  

To compare differences between the control and experimental groups, both before and at the 
end of the study, we used the independent t-test when the data distribution was normal and the 
Mann-Whitney U test when the data distribution was not normal. 

Independent t-test was performed to compare the results of the initial testing on the Deary-
Liewald test for simple (SRT) and complex reaction time (CRT) between the experimental group and 
the control group. 

Independent t-test was performed to compare the results at baseline on the simple Ruler Drop 
reaction time test (dominant and non-dominant hand) between the experimental group and the 
control group. 

There are no statistically significant differences (p > 0.05) between the 2 groups at baseline in any 
of the tests (Table 1). 

Table 1. Mean, standard deviation and significance of difference for the reaction time tests at the beginning of 
the experimental study. 

Pre-test Group N  Mean SD t p d 

Deary-Liewald Test - SRT Experimental 16 268.5 18.69 -0.15 0.87 -0.05 

Control 16 269.19 14.27 

Deary-Liewald Test - CRT Experimental 16 402.06 26.31 0.40 0.68 0.14 

Control 16 398.25 26.72 

Ruler Drop – Dominant Hand Experimental 16 16.61 3.21 -0.29 0.77 -0.10 

Control 16 16.93 2.99 

Ruler Drop – Non-Dominant 

Hand 

Experimental 16 17.48 2.85 -0.50 0.61 -0.18 

Control 16 18.01 2.97 

SRT, simple reaction time, CRT, complex reaction time; N, number of subjects; SD, Standard Deviation; t, t-value; 
p, p-value; d, Cohen's effect size. 

The independent t-test was performed to compare the results at the final testing on the Deary-
Liewald test for simple and complex reaction time between the experimental group and the control 
group. 

The independent t-test was performed to compare the results at the final testing on the simple 
Ruler Drop reaction time test (dominant and non-dominant hand) between the experimental group 
and the control group. 

Subjects in the experimental group showed statistically significant improvements (p <0.05) at 
final testing compared to the control group on the simple and complex reaction time Deary-Liewald 
test. In the Ruler drop test, statistically significant improvements are observed only for the dominant 
hand (Table 2). 

Table 2. Mean, standard deviation and significance of difference for the reaction time tests at the end of the 
experimental study. 

Post-test Group N  Mean SD t p d 

Deary-Liewald Test - 

SRT 

Experimental 16 253.81 14.03 -2.03 0.02 -0.71 

Control 16 266.25 20.08 
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Deary-Liewald Test - 

CRT 

Experimental 16 382.75 21.30 -1.70 0.04 -0.60 

Control 16 396.88 25.37 

Ruler Drop – 

Dominant Hand 

Experimental 16 14.91 3.07 -1.71 0.04 -0.60 

Control 16 16.84 3.28 

Ruler Drop – Non-

Dominant Hand 

Experimental 16 16.72 2.38 -1.24 0.11 -0.44 

Control 16 17.88 2.87 

SRT, simple reaction time, CRT, complex reaction time; N, number of subjects; SD, Standard Deviation; t, t-value; 
p, p-value; d, Cohen's effect size. 

The paired t-test was performed to compare the results between the initial and final testing on 
the Deary-Liewald test for simple and complex reaction time within the experimental group. 

The paired t-test was performed to compare the results between the initial and final testing of 
the experimental group on the simple Ruler Drop reaction time test (dominant and non-dominant 
hand). 

Subjects in the experimental group showed statistically significant improvements (p < 0.05) 
between baseline and final testing on reaction time tests (Table 3). 

Table 3. Mean, standard deviation, and significance of difference for the experimental group`s initial and final 
results on reaction time tests. 

Experimental Group N

  

Mean SD t p d 

       

Deary-Liewald Test - SRT Pre-test 16 268.25 18.69 7.16 <0.001 1.79 

Post-test 16 253.81 14.03 

Deary-Liewald Test - CRT Pre-test 16 402.06 26.31 7.60 <0.001 1.90 

Post-test 16 382.75 21.30 

Ruler Drop – Dominant Hand Pre-test 16 16.61 3.21 7.22 <0.001 1.80 

Post-test 16 14.91 3.07 

Ruler Drop – Non-Dominant Hand Pre-test 16 17.48 2.85 3.53 0.002 0.88 

Post-test 16 16.72 2.38 

SRT, simple reaction time, CRT, complex reaction time; N, number of subjects; SD, Standard Deviation; t, t-value; 
p, p-value; d, Cohen's effect size. 

The paired t-test was performed to compare the results between the initial and final testing on 
the Deary-Liewald test for simple and complex reaction time within the control group. 

The paired t-test was performed to compare the results between the initial and final testing of 
the control group on the simple Ruler Drop reaction time test (dominant and non-dominant hand). 

There are no statistically significant differences (p > 0.05) between pre- and post-test in the 
control group in neither of the two tests (Table 4). 

Table 4. Mean, standard deviation, and significance of difference for the control group`s initial and final results 
on reaction time tests. 

Control Group N  Mean SD t p d 

       

Deary-Liewald Test - SRT Pre-test 16 269.19 14.27 1.19 0.25 0.29 

Post-test 16 266.25 20.08 
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Deary-Liewald Test - CRT Pre-test 16 398.25 26.72 0.64 0.52 0.16 

Post-test 16 396.88 25.37 

Ruler Drop – Dominant Hand Pre-test 16 16.93 2.99 0.74 0.46 0.18 

Post-test 16 16.84 3.28 

Ruler Drop – Non-Dominant Hand Pre-test 16 18.01 2.97 1.07 0.30 0.26 

Post-test 16 17.88 2.87 

SRT, simple reaction time, CRT, complex reaction time; N, number of subjects; SD, Standard Deviation; t, t-value; 
p, p-value; d, Cohen's effect size. 

4. Discussion 

This study was conducted to determine the effect of the virtual reality exergames intervention 
program on reducing simple and complex reaction time in high school students. 

We can't talk about improving reaction time without talking about muscle memory Muscle 
memory makes all the difference. At anything we're good at, we were probably slow and pretty 
clumsy to begin with. Through practice and repetition, we develop muscle memory. Muscle memory 
allows our bodies to be more efficient in our movements. Over time, our minds will rewire 
themselves to increase the speed at which we access the information we use most. Much like a 
computer will store information from a hard drive in RAM that it needs to use quickly and more 
often. The brain has about 10 thoughts per second, but we can only choose one. If we choose the same 
one every time, the brain will access that thought faster, more automatically. The speed of 
transmission of nerve impulses is the same, but the latency has improved. For example, a tennis 
player can improve his court movement or his forehand. While the speed of nerve signals does not 
change with practice, practice improves the coordination of complex signals between nerves, also 
known as muscle memory. Brain cells adapt to communicate differently, making these activities more 
automatic. The real key to reaction time is practice. By repeating the same movements, you make 
them almost automatic. This is why professional baseball players can hit balls coming at them at 93 
mph. It is possible to improve reaction time through practice. When we begin to acquire a new 
physical skill through repetition, our nervous system creates new neural pathways. The more we 
practice something, the better connected and more efficient the members of that neural pathway 
(eyes, brain, muscles) become. This is often referred to as muscle memory [18].    

One of the tools used in our study is the active video game Eleven Table Tennis. Table tennis is 
characterized by perceptual uncertainty and time constraints. As a dynamic sport, it involves a 
constantly changing visual environment. To respond to such a variable stimulus, the player must be 
able to obtain superior visual information about the approaching object. As a result, hitting the ball 
requires constant eye convergence, estimating the speed of the ball, and anticipating its direction, 
which is moving rapidly in space, without any special cues [11,16]. 

Politopoulos et al. (2015) presented a case study in which an active video game called Tennis 
Attack was used to exercise and improve the reaction time of tennis players. After evaluating the 
game, the researchers analyzed the players’ reaction times to see if there was any significant change. 
The results were positive as there was an improvement in the players’ reaction times. Players between 
the first and fifth rounds had statistically significant changes in their times (<0.05) [19]. 

There are various mechanisms to explain the faster reaction time after the virtual environment 
intervention program. This may be due to improved concentration, alertness, and improved speed 
and accuracy of muscle coordination [1,20]. 

Active video games have the potential to stimulate neuroplasticity through the complexity of 
the task in the virtual environment. Neuroplasticity refers to “the ability of the nervous system to 
modify its organization” [21]. These adaptations, for example, can occur as a consequence of 
coordination training, resulting in the learning and acquisition of new skills. Since research has 
shown that virtual environments appear to stimulate cognitive functions, as well as improve neural 
connections, active video games therefore have the potential to promote neuroplasticity [22]. 
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Although the literature has mainly focused on the use of exergames for health improvement or 
maintenance [23,24] and rehabilitation [25] and most studies have investigated the effects of 
exergames on the elderly [23] or people with disabilities [26], we were also able to identify studies 
that are consistent with our study and that aim to improve psychomotor skills [27–29]. 

According to Costa et al. (2019) the virtual environment has a double task, requiring not only 
physical but also cognitive participation simultaneously. The high intensity of cognitive and sensory 
flow can be associated with adaptive changes in the functional and structural brain, also mediated 
by trophic factors. In short, according to the physical effort provided by the virtual environment, the 
increased muscular demand would increase the synthesis of peripheral trophic factors and anti-
inflammatory cytokines, which would circulate to the brain and increase the neuroplastic potential 
in the hippocampus and in the frontal and parietal cortex. Synaptic plasticity is perhaps the pillar on 
which the amazing malleability of the brain rests. 

Devranche et al. (2005) examined the effect of an experimental manipulation on complex 
reaction times, fractionating it into premotor and motor time and the possibility of determining 
whether the effects of the manipulation on reaction time occur after or before the onset of 
electromyographic activity and, therefore, whether they affect the execution of the response. 
Premotor time represents the time interval between the triggering of the response signal and the onset 
of electromyographic activity, while the time interval between the onset of electromyographic 
activity and the onset of the required motor response is called motor time. Motor time reflects the 
duration of the actual execution of the response, which constitutes the neuromuscular component of 
the motor adjustment stage, while premotor time reflects the duration of all preceding processes [30].  

The results of the study show that complex reaction time was faster in the exercise condition 
(262 ms) than in the resting state (275 ms). The authors emphasize that physical exercise affects motor 
time, but exerts little influence on premotor time [30]. 

Another study that focused on the acute effects of active video games is that of Guzmán & López-
García (2016) in which aerobic exercise alone and aerobic exercise combined with active video games 
decreased reaction time and motor reaction time, showing an improvement in perception, decision-
making and neuromuscular processes. However, like the study by Barbosa et al. (2020), they failed 
to support the second hypothesis, according to which aerobic exercise performed in combination with 
active video games would improve choice reaction time more than aerobic exercise performed alone 
[31]. 

Barbosa et al. (2020) investigated the acute effect of a single session of virtual reality exercise 
(exergames). The games used were: “Sword Play Speed Slice” and “Table Tennis”, both from the Wii 
Sports Resort package. The mean age of the participants was 9.71 ± 1.27 years. A reduction in simple 
reaction time from (1.04 ± 0.22 s) to (0.93 ± 0.19 s) was found after the exergames session (t = 2.39, df 
= 16, p = 0.02), with a moderate effect size (Cohen d = -0.48). However, no statistically significant 
improvement was found in complex reaction time between the initial test (1.26 ± 0.50 s) and the final 
test (1.06 ± 0.19 s) (t = 0.89, df = 16, p = 0.38). This may be due to the too short intervention time (a 
single session), as a long time is needed for improvements in neuroplasticity to occur in order to 
speak of an improvement in complex reaction time. The improvement in simple reaction time after a 
single session may be due to the improvement in the concentration and vigilance of the participants 
[15]. 

A study conducted by Politopoulos & Tsiatsos (2022) involving 60 students (31 males and 29 
females, M = 22.57 years, SD = 1.88) randomly selected from the Department of Physical Education 
and Sports Science and the Department of Computer Science showed impressive results on reaction 
time tests, as there was a significant difference (sig < 0.005) between the initial and final testing. 

The researchers also found that the improvement was not related to gender. Both female and 
male students had the same improvement, as there were no statistically significant differences 
between their mean values [32]. 

Tharani et al. (2020) conducted a study consistent with our study and regarding the age of the 
selected sample, the study was conducted on 10 participants aged between 18-24 years. with the aim 
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of discovering the effect of virtual reality games on stress, anxiety and reaction time after 4 weeks of 
intervention. Analysis of the results indicated a significant difference between the initial and final 
testing for all variables (p<0.05) [33]. 

Another study that aimed to improve reaction time through exergames conducted by Ziagkas 
et al. (2018) reported an improvement in reaction time after the intervention program. The 
experimental group presented a mean reaction time M = 0.844 s, sd = 0.092 and the control group M 
= 1.045 s, sd = ± 0.205. The experimental group presented a significant improvement (p = 0.000).  

They confirm the hypothesis regarding the improvement in reaction time, as the intervention 
group that played Tennis Attack twice a week for half an hour, presented significantly better results 
in the reaction time test than those in the control group [34]. 

Amprasi et al. (2021) conducted a study to define the effect of two educational interventions, an 
immersive virtual reality program and a traditional program, on improving reaction time in children 
aged 8-10 years. Similar to our study, the researchers confirmed the hypothesis that participants who 
practiced in immersive virtual reality improved their reaction time [35]. 

Technology such as video games plays a complicated role in physical inactivity. Traditionally, 
video games have contributed to the epidemic of physical inactivity, being blamed for individuals’ 
sedentary lifestyles. On the other hand, newly emerging active video games have been increasingly 
used to promote physical activity and health among diverse populations [36]. 

Regarding the theoretical impact, we note that we did not identify any study in the literature 
that used a long-term structured intervention program in immersive virtual reality in clinically 
healthy high school students to improve their reaction time and this was an opportunity for us to test 
the effectiveness of this tool. Our study shows that a well-structured 6-month virtual reality program 
can improve simple and complex reaction time in high school students. 

At the level of practical impact, following our research we can state that our hypotheses have 
been confirmed and this means could be used by high school students to decrease simple and 
complex reaction time, which represent some of the most important psychomotor skills for the 
current or future involvement of students in various forms of organized physical exercise. 

5. Conclusions 

Following the experimental research, we were able to reach the following conclusions:  
The virtual exercise program proved to be a pleasant but also demanding activity for the 

students, as evidenced by the fact that none of the participants abandoned the study, even though it 
had a relatively long duration, namely 6 months.  

Subjects in the experimental group showed statistically significant improvements (p <0.05) 
between the initial and final testing in the reaction time tests.  

Subjects in the experimental group showed statistically significant improvements (p <0.05) at the 
final testing compared to the control group on both tests.  

We can therefore state that virtual reality through specific means - exergames or active video 
games, as they are also called, can be used as physical exercises and can represent a means of 
improving students' reaction time. 

However, the study has some limitations. One of them is the relatively small number of subjects. 
Another limitation is that the participants, even though they stated that they did not participate in 
organized motor activities in their free time, participated in physical education classes in the school 
curriculum in addition to our intervention program, which could have contributed to some extent to 
the improvements observed in our study. 
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