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Abstract:
E-sports can be defined as an electronic sports form and is growing at a rapid pace worldwide. E-sport 

requires high-speed reactions during all games. The purpose of this study was to evaluate auditory, visual 
and aim reaction times of different duration of game playing in e-sport players. Fifty-three participants were 
assigned into two groups according to their playing time which was either more or less than 14 hours per 
week. The participants were tested for auditory reaction time with online website at playback.fm, visual 
and aim reaction time on website of humanbenchmark.com. There were statistically significant differences 
in visual (p<.001) and aim (p<.001) reaction time between the groups, whereas in auditory reaction time 
no significant difference was found (p=.397). The visual and aim reaction times were better in the gamers 
who play e-sport more than 14 hours a week. Our study showed that visual and aim reaction time was more 
affected from game playing time than auditory reaction time in e-sport gamers. Playing e-sport may have 
positive effects on visual and aim reaction time in young population. 
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Introduction
The growing number of players and specta-

tors increase the popularity of recreational activ-
ities in e-sports (Sainz, Collado-Mateo, & Coso, 
2020). In 2020, the community of e-sport continued 
to grow with an audience of 495 million and esti-
mated income of $1.1 billion (Bickmann, et al., 
2021). With this growth, the number of games and 
different genres are increasing such as multiplayer 
online battle arena (MOBA), first-person shooter 
(FPS), fighting games or sports games (Bányai, 
Griffiths, Király, & Demetrovics, 2019). These 
e-sports genres require from players high-speed 
reactions to different visual and auditory stimuli 
for victory (Bickmann, et al,. 2021; Jonasson & 
Thiborg, 2010). Gamers spend at least 12-14 hours 
on e-sports related games per day (Kocadağ, 2020). 
The video game publisher, who produces League of 
Legends, has several hundred professional gamers 
on salary. The gamers practice up to 14 hours per 
day in order to be competitive at the elite level 
(Jenny, Manning, Keiper, & Olrich, 2016). 

E-sports requires accuracy. The milliseconds 
can determine whether to win or lose. Special-
ized skills such as hand-eye coordination, muscle 
memory, and fast reaction time increase chances 
of reaching success in video games, which are 
fast paced and require these skills (Stewart, 
Martinez, Perdew, Green, & Moore, 2020; Urba-
niak, Wątróbski, & Sałabun, 2020). Reaction time 
is referred to as the time interval between the pres-
entation of a stimulus and initiation of a voluntary 
response (Vishteh, Mirzajani, Jafarzadehpour, & 
Darvishpour, 2019). It demonstrates the level of 
neuromuscular coordination with different auditory 
or/and visual afferent stimuli and it is so related 
with human physical skill (Bickmann, et al,. 2021). 
Evaluation of the reaction time shows the unity and 
action capabilities of the central nervous system 
(Vishteh, et al,. 2019). Fast reaction time can be 
a decisive factor in e-sports, as it is important for 
quick decision-making. Perceptual and attentional 
skills are also important for performance in sports-
related tasks. Therefore, numerous studies show 
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that the athletes have significantly shorter reaction 
times than non-athletes (Bickmann, et al,. 2021). 
In the past decades, much of the focus was on 
visual components of the athlete’s experience but 
an increasing emphasis placed on the role of sound 
had also been seen in informing and enhancing 
gameplay (Brandmeyer, Swedlow, Hertensteiner, 
& Crum, 2021).

In this study, we investigated e-sports players’ 
auditory, visual and aim targeting reaction times. 
We hypothesized that reaction time of players who 
played video games for more than 14 hours would 
be better than that of players who played video 
games for less than 14 hours.

Methods
The study protocol was approved by the Ethics 

Committee of University and written consent was 
collected from all participants. The clinical trial 
number of the study is NCT04944849.

Participants
A total of 53 male participants, 28 of whom 

played video games for more than 14 hours per 
week (Group 1) and 25 of whom played for less 
than 14 hours per week (Group 2) were included in 
the study. All of the participants were male, aged 
from 19 to 27 years. The inclusion criteria were as 
follows: individuals between the age 18 and 30 years 
who played at least six hours or more of e-sports per 
week for at least previous six months. The exclusion 
criteria were as follows: 1) any neurologic, visual, 
or auditory disorder; 2) having had upper extremity 
surgery; and 3) taking medications known to having 
stimulant effects.

The sociodemographic characteristics of partic-
ipants like body height, body weight, dominant side, 
habits of cigarette smoking, alcohol taking, antide-
pressant or stimulant use, any vision and hearing 
problems, duration of a weekly sporting activity, 
duration of game playing, genre of video games, 
daily and weekly video game playing time, their 
participation in the video game-related tournament 
were interrogated. All the participants performed 
visual, auditory and aim reaction tests at respective 
online website. The tests were done on the same 
online platform on which the participants played the 
game (mobile phone, laptop, computer or PlaySta-
tion, etc.). The participants were instructed about 
the tests via online meeting before the assessment. 

Outcome measures

Reaction time test
In this study, the Reaction Time Test was used 

to evaluate visual reaction time on the Human 
Benchmark website (https://humanbenchmark.com/
tests/reactiontime). When the subject was ready, the 
test was started and the participant tried to press 

the button as soon as the green light came up on 
the screen (Bickmann, et al., 2021). The test was 
executed five times and the mean reaction time was 
calculated in milliseconds (ms).

Aim trainer test
The aim reaction time assesses reaction time 

and hand-eye coordination. In this study, the Aim 
Trainer Test on the Human Benchmark website 
(https://humanbenchmark.com/tests/aim) was used 
to evaluate aim targeting. When the test started, the 
subject tried to click on the 30 targets on the screen 
as quickly and accurately as he could. At the end of 
the test, the average time per target was displayed 
in ms (Bickmann, et al,. 2021). 

Auditory reaction time
Auditory reaction time was evaluated with the 

test on playback.fm (https://playback.fm/audio-
reaction-time). The subjects were asked to click 
the ‘spacebar’ key every time they heard a sound. 
After five executions, the data were taken from the 
output page and the mean reaction time was calcu-
lated. The average of these collected data was used 
in the statistical calculation.

Statistical analysis
The power analysis indicated that 25 partici-

pants for each group were needed with 80% power 
and 5% type 1 error. Mean and standard deviations 
were calculated for numerical data, with confidence 
intervals of 95% (p<.05). The data were analyzed 
using statistical software (SPSS version 18, SPSS 
Inc. Chicago, Illinois). The normality of data distri-
bution in both groups in terms of descriptive statis-
tics was analyzed using the Levene’s test. The 
Wilcoxon test was used for a pairwise comparison 
of measurements and Mann-Whitney U test was 
used for non-parametric group comparisons.

Results
Fifty-three participants were divided in two 

groups: Group 1, playing digital game 14 hours and 
more per week (n=28) and Group 2, playing digital 
game less than 14 hours a week (n=25).

Data from all 53 subjects were used for the anal-
ysis. Subjects’ average age was 22.8±1.77 years, 
average body height 180.9±6.70 centimeters (cm), 
average body weight 82.32±14.76 kilograms (kg) 
and all but one participant was right-handed. The 
subjects’ gaming experience average was 9.96±5.07 
years. There was no significant difference between 
the groups in terms of antidepressant or stimu-
lant use and vision or hearing disturbance except 
smoking (all p>0.05). The groups’ demographic 
information is shown in Table 1.

Most of the participants were playing more than 
one genre of games such as MOBA, FPS and sports 
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Table 1. Demographic information

Group 1 
(n=28)

Group 2 
(n=25)

Mean±SD Mean±SD p

Age (years) 22.5±1.97 23.16±1.49 0.765

Height (cm) 181.96±7.56 179.72±5.51 0.654

Weight (kg) 84.14±15.47 80.28±13.95 0.365

Gaming experience (years) 12.32±4.88 7.32±3.90 0.053

Note: *Significant at the p=.05 level, SD=standard deviation 

Table 2. Number of gamers according to playing games genres
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Note. LoL – League of Legends, CS:GO – Counter-Strike: Global Offensive, PUBG – PlayerUnknown’s Battlegrounds, PES – Pro 
Evolution Soccer.

Table 3. Reaction time scores of the groups

Group 1 (n=28) Group 2 (n=25)  p

Min Max Mean±SD Min Max Mean±SD

Visual reaction time (msn) 168.0 296.0 227.13±33.15 223.66 456.33 278.67±45.44 <.001*
Auditory reaction time (msn) 172.0 550.0 258.73±33.15 169.0 359.40 255.76±40.53 397

Aim reaction time (msn) 308.33 571.33 440.61±64.93 365.0 865.33 578.83±123.98 <.001*

Note: *Significant at the p=.05 level., min = minimum, max = maximum, SD = standard deviation 

games. Forty-four participants were playing MOBA 
games, 53 participants were playing FPS games, 
and 37 participants were playing sports games 
(Table 2). All of them were playing games on a 
computer, tablet or mobile phone.

Visual, auditory and aim reaction time compar-
ison values between the groups are shown in Table 
3. There were statistically significant differences 
in visual (p<.001) and aim (p<.001) reaction times 
between the groups. No differences were revealed 
between the groups in auditory reaction time 
(p=.397). Visual and aim reaction time values in 
Group 1 were significantly lower than in Group 2.

Discussion and conclusions
The aim of our study was to investigate whether 

the reaction times of digital game players who 
played digital games for more than 14 hours were 
better than those in gamers who do not play digital 
games more than 14 hours in a week. As a result 
of our study, we found that players who play more 
than 14 hours a week had better visual and aim 
reaction times, but there was no difference in audi-
tory reaction time.

Considering today’s technology, playing digital 
games is perceived as a very popular activity among 
children and young people. Staying inactive for a 
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long time in bad postures while playing digital 
games causes various damages to the posture 
of individuals, their cardiovascular systems and 
musculoskeletal systems. Also joint pain, headache, 
sleep problems, and vision problems are reported 
to be seen in e-sport players (Benchebra, Alex-
andre, Dubernet, Fatséas, & Auriacombe, 2019). 
Latest literature shows that contrary to this effects, 
e-sports players, who are considered to be physi-
cally inactive by sitting, spend approximately 40% 
more energy than sitting, even at the amateur level 
(Kocak, 2021).

In a study by Bickmann et al. (2021) it has been 
found that there is no difference between profes-
sional players and individuals doing professional 
physical sports in terms of visual and auditory reac-
tion times. In terms of athletes, giving a quick reac-
tion to a stimulus is seen as an important factor 
especially for the prevention of injuries and sports 
success. For this reason, it is an important finding 
that the reaction times of e-sports players are as 
good as those of professional athletes in their study. 
According to the results of our study, the visual and 
aim targeting reaction times of individuals playing 
digital games for more than 14 hours a week were 
found to be better (difference is 51.54 ms for visual 
reaction time and 138.22 ms for aim reaction time). 
We think that this is due to excessive exposure to 
visual effects and images while playing digital 
games. Considering that there is a very seriously 
long-playing time of 14 hours or more per week, 
we think that it is an expected result – so much 
exposure to visual feedback inevitably increases the 
visual reaction time. In one of the studies (Koposov, 
et al,. 2020), it was stated that there was a differ-
ence in visual reaction time between professional 
e-sports players and amateur e-sports players; 
professional e-sports players were reported to be 
better in visual reaction time. In the study, unlike 
in our study, amateur e-sports players were speci-
fied as digital players with a total playing time of 
700 hours, while professional e-sports players were 
stated as individuals who played professionally in 

a team (Koposov, et al,. 2020). In addition, a study 
stated that those who played digital games for 14-33 
hours over a few months had better reaction time 
(Lager & Bremberg, 2005). 

According to the results of our study, auditory 
reaction time was not found to be better in those 
playing digital games for long hours. Exposure to 
auditory feedback during digital gaming may not 
be as frequent as exposure to visual feedback. The 
environment and the equipment the individual plays 
the games with are also important factors here. Also, 
the latest research by Conroy, Toth, and Campbell 
(2022) showed that the equipment was also impor-
tant since the target acquisition response times 
improved when using a computer mouse lighter 
than 100g (Conroy, Toth, & Campbell, 2022). In 
addition, the individual may voluntarily turn off 
auditory feedback. Therefore, auditory reaction 
time may not be as improved as much as visual 
reaction time. In addition, the type of game played 
has a significant effect on the reaction time. FPS 
game players are found to have faster reaction times 
than the MOBA game players (Deleuze, Christi-
aens, Nuyens, & Billieux, 2017; Santos, Alloza, & 
Escribano, 2018; Sousa, et al,. 2020).

One of the limitations of our study is that a 
group that never played digital games was not 
included in the study. However, considering life-
style of contemporary youth, it is thought that the 
number of individuals who never play games will 
be very few. For this reason, as stated in literature, 
individuals who play games for 14 hours or more 
per week and less than 14 hours per week as digital 
players are included.

In conclusion, this study showed that visual 
and aim reaction time are more effected from 
game playing time than the auditory reaction time 
of digital game players. Playing digital games may 
have positive effects on visual and aim reaction time 
in young population. According to the study, it was 
thought that digital games could be used in situa-
tions where visual and target reaction time need to 
be improved (athletes, neurological patients, etc.).
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