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ABSTRACT
Aims: The aim of this study is to investigate the effects of acute physical exercise and acute mental exercise on visual reaction 
time in healthy medical students. Methods: We used a simple reaction time task software developed by the researchers to measu-
re the visual reaction times of the subjects. Reaction times of subjects as well as pulse rates were measured on three different oc-
casions: basal (resting), post acute mental exercise and post acute physical exercise. The acute physical exercise was constructed 
to last for 5 minutes in a way that would double the basal pulse rate of the participant. The acute mental exercise was induced by 
five minutes of ADD-3 arithmetics. All volunteered physically healthy medical students from four different medical schools in 
Turkey without red-green color deficiencies were included in the study. Results: A total of 232 (136 male, 96 female) individuals 
with a mean age of 20.79 ± 1.42 were included in the study. Differences between basal reaction time and post-physical exercise 
reaction time; the basal reaction time and post-mental exercise reaction time were found to be statistically significant. Basal 
reaction time of participants was found to be the key element deriving both post-mental and physical exercise reaction times. 
Also, one unit increase in the number of ADD-3 problems solved was associated with 0.21 units decrease in post-mental exercise 
reaction time. Conclusion: Both acute mental exercise and acute physical exercise can shorten visual reaction time. Our results 
also indicate that there might be a relationship between arithmetic capability (ADD-3 arithmetics performance) and visual rea-
ction time. Keywords: Exercise, pulse, reaction time, software

ORIGINAL ARTICLE

INTRODUCTION 

 The time between the onset of a sensory stimulus 
and the consequent behavioral response is called reacti-
on time (RT) (1-4). Since the late 1800s, numerous stu-
dies were conducted to have a better understanding of 
both physiological and psychological aspects of reaction 

time (1-5). The fundamental classification system was 
originated from Donders (3) in which he divided tasks 
into three as simple, recognition (go/no go) and choice 
response.
 Simple reaction time (SRT) tasks consist of stimulus 
detection and motor execution whereas recognition rea-
ction time tasks composed of stimulus detection, stimu-



44

lus discrimination, and motor execution. Choice reac-
tion time tasks consist of stimulus detection, stimulus 
discrimination, response selection and motor execution 
(6). Among these three tasks, SRT tasks were considered 
as the fastest and simplest, while choice reaction time 
tasks were regarded as the slowest and the most complex 
(3).
     While the effects of physical exercise whether on SRT 
or on more complex cognitive functions such as long-
term memory are extensively studied, work on these 
concepts remains ambiguous (7-11). In addition, most 
of these studies focus on the long-term physical exercise 
rather than acute physical exercise (7-10). However, stu-
dies that focus on the effect of acute physical exercise on 
RTs either differ on when RT task was done (during or 
after physical exercise) or on outcomes (no effect, facili-
tation, U-shaped facilitation, impairment) (9). Thus, the 
need for further investigation arises. 
     Although certain studies used acute mental exercises 
such as simple arithmetic to evaluate cognitive functions 
of participants after or during exercise, there were not 
many studies that analyzed the effects of acute mental 
exercise on reaction times (8, 9). 
 We hypothesize that acute physical exercises that will 
not exhaust the participants will result in shortening the 
RT due to possible activation of the sympathetic system. 
Since SRT tasks are the simplest among other RT tasks 
physiologically, increased arousal will further shorten 
the duration of SRT compared to choice reaction time. 
In addition, participant compliance is expected to be 
high since they are easier to follow through than other 
methods which evaluate more complex cognitive functi-
ons such as choice, go/no go, memory tasks, etc. We also 
hypothesize that acute mental exercises that will not dra-
in the attention span of participants will shorten the SRT, 
not due to sympathetic activation but due to an increase 
in attention. The aim of this study is to measure the pa-
rameters mentioned above in 232 medical students from 
4 different universities in Turkey.

MATERIAL AND METHODS

 This prospective study was approved by the Scientific 
Research Ethics Committee of Trakya University School 
of Medicine (Protocol Code: TÜTF-BAEK 2018/466). 
Power analysis was conducted prior to ethics approval 
and the total number of participants needed was calcu-
lated as 230.
 Measuring Reaction Time
 A simple reaction time task software was developed 
by the researchers to measure the reaction times of sub-

jects. The program starts as a full red screen and when 
the “start” button is clicked screen turns into green ran-
domly, but at least five seconds after the click. The par-
ticipant is expected to press “stop” as soon as the screen 
turns green.
 Acute Physical Exercise
 The acute physical exercise was designed to last for 5 
minutes in a way that would double the basal pulse rate 
of the participant by using a stationary bicycle or tread-
mill. All participants were monitored with a pulse oxi-
meter throughout the process and basal and post-exer-
cise pulse rates were recorded.  
 Acute Mental Exercise
 The acute mental exercise was induced by five minu-
tes of ADD-3 arithmetics (12). Basal and post-exercise 
pulse rates, as well as the number of questions each sub-
ject solved, were recorded.   
 Forms and Tests Prior to Data Collection 
 All participants were informed about the study and 
signed informed consent forms. Participants were asked 
to fill out a physical condition evaluation form to eva-
luate the safety of acute physical exercise. Ishihara test 
was also performed by subjects to evaluate for red-green 
color deficiencies.
 Inclusion and Exclusion Criteria
 All volunteered physically healthy medical students 
without red-green color deficiencies were included in 
the study. Students with Body Mass Index (BMI) of 
30kg/m2 or above and students who have any chronic 
cardiovascular diseases were excluded from the study.
 Procedure
 Participants were recruited from four different medi-
cal schools in Turkey: Trakya University School of Me-
dicine, Okan University School of Medicine, Marmara 
University School of Medicine and Acıbadem Mehmet 
Ali Aydınlar School of Medicine. Basal pulse rates and 
basal reaction times of each subject were recorded. Fol-
lowing this initial step, participants were subjected to 
acute mental exercise as mentioned above. Acute phy-
sical exercise step was done as mentioned above, but on 
a different day to eliminate the possible effects of acute 
mental exercise on acute physical exercise or vice ver-
sa. Reaction time measurements were repeated for five 
times for each stage to increase the reliability of measu-
rements. Among pulse rates and reaction times mentio-
ned above, participants’ age and gender were also recor-
ded for further evaluation in statistical analysis. 
 Statistical Analysis
 Data was analyzed using R version 3.5.0 (13, 14). 
Quantile-quantile plots were drawn, and Shapiro-Wilk 
Normality Test was conducted to check for normal 
distribution of variables. Normal distribution of pulse 
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 Linear Regression Models
 Effects of other variables on PMentalRT and PPhys-
RT was evaluated by linear regression models. One unit 
increase in BasalRT was associated with 0.90 units incre-
ase in PMentalRT and one unit increase in the number of 
ADD-3 problems solved was associated with 0.21 units 
decrease in PMentalRT. Both associations were found 
to be statistically significant (p<0.01, p<0.01; respec-
tively). Effects of age, gender, BasalPR and PMentalPR 
on PMentalRT were not statistically significant (p=0.91, 
p=0.31, p=0.43, p=0.73; respectively) (Table 2).

 

       

    

rates was observed and differences between each pulse 
rate group (basal, post-mental and post-physical) were 
analyzed by Two-Sample T-Test. Non-normal distribu-
tions of reaction times were observed and differences 
between each reaction group (basal, post-mental and 
post-physical) were analyzed by Wilcoxon Rank Sum 
Test. Normally distributed continuous variables are 
presented as minimum, mean, maximum and standard 
deviation whereas non-normally distributed continu-
ous variables are presented as 1st quartile, median and 
3rd quartile. Categorical variables are presented as num-
bers and percentages.  For a detailed analysis of variables 
that might affect outcomes (variables: age, gender, basal 
pulse rate, post-physical exercise pulse rate, post-men-
tal exercise pulse rate, number of ADD-3 problems sol-
ved; outcomes: post- physical exercise reaction time and 
post-mental exercise reaction time), linear regression 
models were built. Residuals of each model were tested 
for normality and homogeneity. Heavy-tailed distribu-
tion on Quantile-Quantile plots was observed and each 
linear regression model was rebuilt with the assumption 
of t-distribution of residuals instead of normal distribu-
tion. A confidence interval of 95% and p-values less than 
0.05 were assumed statistically significant throughout 
the analysis.

RESULTS

 Descriptive Statistics and Hypothesis Testing
 A total of 232 (136 male, 96 female) individuals with 
a mean age of 20.79±1.42 were included in the study. 
The mean basal pulse rate (BasalPR), post-physical 
exercise pulse rate (PPhysPR) and post-mental exercise 
pulse rate (PMentalPR) were calculated as 77.03 ± 9.84, 
144.75 ±   19.84 and 80.48 ±10.92, respectively. Diffe-
rences between mean BasalPR and PPyhsPR, mean Ba-
salPR and PMentalPR, and mean PMentalPR and PPy-
hsPR were found to be statistically significant (p<0.01, 
p<0.01 and p<0.01, respectively). Median basal reaction 
time (BasalRT), median post-physical exercise reaction 
time (PPhysRT) and median post-mental exercise reac-
tion time (PMentalRT) were calculated as 380.50, 360.80 
and 367.70, respectively. Differences between BasalRT 
and PPhysRT, BasalRT and PMentalRT were found to be 
statistically significant (p=0.04 and p<0.01, respectively) 
whereas differences between PMentalRT and PPhysRT 
were not statistically significant (p=0.17) (Table 1).

Table 1: Descriptive statistics of variables.

 BasalPR = Basal pulse rate, PPyhsPR = Post-physical exercise 
pulse rate, PMentalPR = Post-mental exercise pulse rate, BasalRT = 
Basal reaction time, PPhysRT = Post-physical exercise reaction time, 
PMentalRT = Post-mental exercise reaction time, SD = standard devi-
ation
 *non-normally distributed variables are presented as median (1st 
quartile – 3rd quartile)

Table 2: Linear regression analysis results for PMen-
talRT.

  PMentalRT = Post-mental exercise reaction time, BasalRT = Ba-
sal reaction time, BasalPR = Basal pulse rate, PMentalPR = Post-men-
tal exercise pulse rate, NofADD3 = number of ADD-3 problems solved
 Minimum values of all continuous variables were subtracted from 
each value to have a meaningful intercept (eg. Age – 17.35 denotes that      
minimum age was 17.35, thus 17.35 was subtracted from all partici-
pants ages).
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  One unit increase in BasalRT was associated with 
0.78 units increase in PPhysRT and this association was 
found to be statistically significant (p<0.01). Effects of 
age, gender, BasalPR and PPyhsPR on PPhysRT were 
not statistically significant (p=0.72, p=0.27, p=0.81, 
p=0.22; respectively) (Table 3).

DISCUSSION

   In this study, a total of 232 medical students from 
Acıbadem University, Marmara University, Okan Uni-
versity, and Trakya University were included. We found 
out that differences between mean BasalPR and PPy-
hsPR, mean BasalPR and PMentalPR, and mean PMen-
talPR and PPyhsPR are significantly different, but there 
is no effect of PMentalPR and PPyhsPR on VR time. 
However, participants who have higher BasalRT, also 
have higher PMentalRT and PPhysRT.
 Red and green colors (stop and go respectively) were 
used for the simple reaction time task software develo-
ped by the researchers. The modern model of color visi-
on states that the first stage of seeing color, the receptor 
stage, includes the blue, green and red cones (15). Since 
this stage is the earliest and does not include any cogni-
tive processing, it is thought to be the best approach for 
measuring simple reaction time. The reason for choo-
sing the color change to be from red to green is because 
the sensitivity of the red cones is up to 40 times less than 
the green cones (16). The increase in the sensitivity from 
red to green allows for more precise measurements. Alt-
hough studies have shown red color to have shorter re-

action times, Blizzard et al. (17) explain that it is caused 
by “Color Hierarchy” which is due to higher level atten-
tional networks rather than simple reaction time.
 We have found the median BasalRT to be 380.50 ms. 
The average BasalRT varies between 230–295 ms in the 
literature depending on the participant performing re-
gular exercise, profession, gender and age (18-22). In this 
research, we have found that gender and age were insig-
nificant in the BasalRT. This might be due to similarities 
in  age groups and exercise habits of participants. Longer 
median BasalRT can be due to the computers that the 
developed software was ran on. We aimed to minimize 
the error by using the same computer for each test for a 
participant.
 It is extensively accepted that regular physical exer-
cise improves RT (10, 22-24). However, the effects of 
acute physical exercise on RT is studied less. Yerkes et 
al. (25) discuss that acute physical stress has an inverted 
U effect when performing cognitive tasks. As the central 
nervous system is stimulated thus aroused, one’s atten-
tion narrows and improvements on the cognitive tasks 
are observed, if the tasks to stimulate the central nervous 
system are not simple. On the other hand, Duffy et al. 
(26) stated that overshooting a particular level of stimu-
lation causes the deterioration of psychomotor abilities 
validating the inverted U relationship.
 Literature has defined the optimum exercise as incre-
asing participants heartrates up to 115 beats per minute 
(27, 28).  The participants in our study were asked to run 
in order to double their BasalPR which had a mean of 
77.03 ± 9.84. The mean PPyhsPR was 144.75 ± 19.84. 
The gap between the exercise and reaction test has also 
a crucial effect on reaction time. Exercise and high heart 
rate affect the result only 8 minutes after the exercise has 
been done (29). The high mean PPyhsPR in the tests in-
dicates that there is no delay of our measurements after 
the physical exercise which allowed the physical exerci-
se’s effects to be reflected on the PPhysRT.  We have cal-
culated the median PPhysRT to be 367.70 ms. The visual 
reaction time of our subjects decreased significantly af-
ter acute physical exercise when compared to BasalRT as 
we have hypothesized.  
 It has been observed that the body’s “fight or flight” 
response resulted in elevated mental stress (30).  Apo-
orvagiri et al. (31) found that mental stress (not acute) 
caused a decrease in the VRT whereas mental distress 
caused an increase. However, we did not come across 
any studies linking acute mental stress to RT in the li-
terature. In our study, acute mental exercise was indu-
ced by five minutes of ADD-3 arithmetics. The median 
PMentalRT was calculated to be 360.80 ms. The visual 
reaction time of our subjects decreased significantly af-

Table 3: Linear regression analysis results for PPhys-
RT.

 BasalRT = Basal reaction time, BasalPR = Basal pulse rate, PP-
hysPR = Post-mental exercise pulse rate
 Minimum values of all continuous variables were subtracted from 
each value to have a meaningful intercept (eg. Age – 17.35 denotes that 
minimum age was 17.35, thus 17.35 was subtracted from all partici-
pants ages).
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ter acute mental exercise when compared to BasalRT. 
This shows that simple repetitive addition process might 
be enough to cause mental stress, but the relatively short 
duration of 5 minutes did not cause distress. The mean 
PMentalPR was calculated to be 80.48 ± 10.92 bpm. The 
increase was significant compared to BasalPR. This inc-
rease in the pulse rate supports the idea of mental stress 
since the higher pulse rate is achieved without any physi-
cal demand. An interesting finding of our study was the 
relationship between the PMentalRT and the amount of 
ADD-3 arithmetics performed by the participant. The 
more problems an individual solved in ADD-3 arithme-
tics the faster his/her PMentalRT was compared to his/
her BasalRT. One unit increase in the number of ADD-3 
problems solved was associated with 0.21 units decrease 
in MentalRT which was found to be statistically signifi-
cant.
 Though we have proved our hypothesis, there are 
some limitations that should be noted. We used digital 
software for the measurement of VRT. The performan-
ce of the software was dependent on the specifications 
of the computer it was running on. With four different 
medical schools and multiple researchers, the standar-
dization was not possible. However, we used the same 
computer for each test for a participant to minimize the 
error. 
 The pulse oximeters were another limitation, they 
have an expected error of 4% (32). More reliable measu-
rement method such as ECGs used in cardiac stress tests 
could be used, but it would be inconvenient. We aimed 
to minimize this error by continuously measuring the 
pulse and using the same device for each test for a par-
ticipant. One of the concerns was the repetitive task of 
measuring the VRT. As Apoorvagiri et al. (31) conclude 
in their study, reaction time tests are well performed with 
practice. Thus, we used the mean values of five measure-
ments for each of the BasalRT, PPhysRT, and PMentalRT 
to eliminate the possible influence of repetition.
 As a conclusion, both acute mental stress and acu-
te physical stress can decrease VRT as we have hypot-
hesized. In addition to acquiring results that support 
our hypothesis, we also discovered that there might be 
a relationship between arithmetic capability (ADD-3 
arithmetics performance), acute mental stress and VRT. 
Further experiments with various methods are needed 
to better explain the relationship between acute mental 
stress and VRT.
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