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ABSTRACT

The present work was planned to determine long term physical exercise has any beneficial effect on 
central neural processing, by studying its effect on reaction time. In present study 20 male and 20 fe-
male, young medical students practiced exercise (15 min sessions) for 3 months on alternate day basis. 
Outcome assessments of auditory reaction time (ART) and visual reaction time (VRT) were performed 
at baseline and after the 3 month of exercise training. In both male & female, there was a statistically 
significant (P<.001) decrease in ART and VRT. Also ART and VRT values were more in females than 
in males both before and after physical exercise training. This probably attributed to the differences in 
processing strategy in males and females. This decrease in ART and VRT after exercise practices may 
be due to physiologically relaxed state but increased mental alertness, improved concentration, and/ 
or increased CRH & cortisol secretion in response to a challenge. . This is of applied value in situations 
requiring faster reactivity regarding serious safety concern such as in day today driving to avoid road 
traffic accidents, in sports for recommendation of safety limits, machine operations and in specialized 
surgery. So we suggest that the physical exercise is a lifestyle factor that might lead to increased physical 
and mental health and performance that can be used as an effective means of training people involving 
such tasks.
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INTRODUCTION

Simple reaction time is defined as “the interval 
between the onset of the stimulus and the response 
under the condition that the subject has been in-
structed to respond as rapidly as possible”[1]. 

Reaction time (RT) is an indirect index of the 
processing ability of central nervous system and 
a simple means of determining sensory motor as-
sociation and performance [2]. RT involves central 
neural mechanisms and its study is of considerable 
physiological interest. In 1983 Spirduso proposed 
RT as a measure of the overall integrity of central 

nervous system [3]. Also there is evidence that car-
diovascular fitness exerts a positive influence in the 
psychomotor domain. RT has been used as primary 
index of psychomotor performance.4 RT is sensitive 
and reproducible test and its measurement can be 
done with simple apparatus and set up. It has also 
been suggested that RT can be used as a simple and 
objective method to determine the cognitive and 
motor performance effects of various exercise train-
ings [4]. 

Over the past several decades there has been an 
increasing interest in the influence of exercise on 
motor performance. A number of studies have re-
ported improvement in performance in terms of 
reaction time (RT) with physical training5-7 while 
some research showed no effect on RT.8-10 So, we 
planned to see the effect of long term exercise train-
ing on reaction time. Additionally, we try to make 
a hypothesis on neurophysiological mechanism be-
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hind the changes in RT after long term exercise. 
 

MATERIALS AND METHODS

The present study was conducted in Depart-
ment of Physiology, RMCH, Bareilly on forty (40), 1st 
year MBBS students. Detailed information was col-
lected on pre-designed proforma. Complete general, 
anthropometric and systemic examinations were 
carried out. Subjects with previous regular athletic 
activity or yogic training/ meditation were exclud-
ed from study. After briefing about the study proto-
col, consent was obtained. These two groups of male 

(n=20) and female (n=20) students performed physi-
cal exercise on bicycle ergometer till target heart rate 
between 100-150 beats/minute (moderate exercise) 
was obtained. This exercise was done for 3 months 
on alternate day basis in peaceful, lighted and well - 
ventilated hall between 7.00 AM to 8.00 AM at room 
temperature. Clothing was minimal and very loose. 
The ART and VRT were recorded initially at the on-
set of the study (Baseline reading) and again after 3 
months of physical exercise training. 

An electronic instrument (Fig. 1 and Fig. 2) was 
used to measure reaction time both auditory and vi-
sual, whose sensitivity was to take readings from 0 

Fig. 1. Reaction time measuring instrument

Fig. 2. Circuit of reaction time instrument
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to 999 milliseconds (ms). This instrument consisted 
of 4 boards. One board was on the examiner’s side 
(which subjects cannot see) in which there were 3 
switches: first switch was to change the circuit be-
tween auditory or visual signal productions, second 
switch was to open the circuit as opted by first switch 
and third switch was to reset the LCD counter. Sec-
ond board had the LCD for counting the reaction 
time (0 to 999 ms).The third board had a buzzer and 
a bulb. The second and third boards were placed in 

between the subject and the examiner. The fourth 
board on the subject’s side had a switch to break the 
circuit after receiving the stimulus either auditory 
or visual. All the switches used in instrument were 
micro-switches that were very sensitive to touch.

No warning signal was given and to avoid the 
effect of lateralized stimulus, visual and auditory 
signals were given from the front of the subjects 
who were instructed to use their dominant hand 
while responding to signal. 

Recording of Auditory Reaction Time
Subjects were blindfolded and instructed to cut 

off the circuit by pressing the switch as soon as they 
hear the buzzer. The observer selects the auditory 
circuit by the switch provided and switches on this 

circuit at varying time intervals to avoid guess work 
by subject. As soon as subject hears the sound, he 
cut off the circuit by pressing the switch. The subse-
quent time taken was recorded as auditory reaction 
time (ART) of that particular subject. Three such 
readings of each subject were taken and the mean 
was calculated.

Recording of visual reaction time
The above procedure was repeated by choosing 

the visual circuit instead of auditory circuit, where 
the subject is instructed to use ear plug and responds 
by pressing the switch as soon as he visualizes the 
lighted bulb (40 watt). The subsequent time taken is 
the visual reaction time (VRT) of that particular sub-
ject. Three such readings of each subject were taken 
and the mean was calculated.

Data collection and analysis
The baseline readings were taken at start of the 
study and then compared with that of final read-
ings at the end of 3 month training in both male and 
female groups. The paired t-test was used for sta-
tistical analysis, a P-value of <0.05 was considered 
statistically significant. RT analysis excluded erro-
neous key presses.

Table 1. Anthropometric data of the volunteers

Male

(Mean ± SD)

Female

(Mean ± SD)

Age (Yrs) 22.9 ± 1.141 21.5 ± 1.732

Height (cm) 179.0 ± 5.254 156.05 ± 2.999

Weight (kg) 58.6 ± 3.720 48.55 ± 3.649

SD = Standard Deviation, Yrs = Years, cm = 
Centimeter and kg = Kilogram.
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RESULTS

All the students were unmarried and Hindu. 
60% (24) students were vegetarian, and the remain-
ing 40% (16) gave history of taking non-vegetarian 
diet occasionally. Anthropometric data of subjects 
are summarized in Table 1. 

None of the subject gave any history of yogic 
training or physical exercise of any kind. Also no 
history of any addiction (alcohol, guthka or cigarette 
smoking) is found.

Paired ‘t’ test was used to analyze the data. For 
statistical analysis, the software SPSS version 17.0 
was used. The confidence interval of 95% was set 
for all comparisons and a P valve of less than 0.05 
was accepted as indicating significant difference be-
tween the compared values. Data are expressed by 
using mean and standard deviation.

Before Exercise training, in males ART was 148.10 
± 25.538 ms and after performing three months train-
ing, ART decreased to 122.90 ± 13.799 ms, the de-
crease being statistically highly significant (P<0.001). 
(Table 2)

Table 3. Comparison of visual reaction time in males and females before and after the 3 

months of Exercise practice

Before Ex practice  

(ms)

After 3 months of Ex 

practice (ms)
Significance

Male

(Mean ± SD)

(n=20)

167.55 ± 26.916 137.00 ± 18.186 HS

Female

(Mean ± SD)

(n=20)

177.95 ± 24.831 149.80 ± 14.898 HS

SD = Standard Deviation, Ex = Exercise, ms = millisecond and HS = Highly significant 

(P<.001).

Table 2. Comparison of auditory reaction time in males and females before and after the 3 

months of exercise practice

Before Ex practice 

(ms)

After 3 months of Ex 

practice (ms)
Significance

Male 

(Mean ± SD)

(n=20)

148.10 ± 25.538 122.90 ± 13.799 HS

Female 

(Mean ± SD)

(n=20)

160.25 ± 28.325 134.30 ± 17.391 HS

SD = Standard Deviation, Ex = Exercise, ms = millisecond and HS = Highly significant 

(P<.001).
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Before Exercise training, in females ART was 
160.25 ± 28.325 ms and after performing three 
months training, ART decreased to 134.30 ± 17.391 
ms, the decrease being statistically highly significant 
(P<0.001). (Table 2)

Before Exercise training, in males VRT was 167.55 
± 26.916 ms and after performing three months train-
ing, VRT decreased to 137.00 ± 18.186 ms, the de-
crease being statistically highly significant (P<0.001). 
(Table 3)

Before Exercise training, in females VRT was 
177.95 ± 24.831 ms and after performing three 
months training, VRT decreased to 149.80 ± 14.898 
ms, the decrease being statistically highly significant 
(P<0.001). (Table 3)

DISCUSSION

Effect of exercise on processing ability of central 
nervous system in terms of reaction time is debat-
able as some studies shown no effect8-10 while oth-
er reported a decrease5-7 in it.

The finding of our study revealed that RT for au-
ditory & visual reaction stimuli was found to be fast-
er in subjects having exercise training as compared 
to pre-training RT status.

In our study we have also found that ART and 
VRT was more in females than in males, which is in 
conformity with previous studies11-13. This prob-
ably attributed to the differences in processing strat-
egy in males and females [14]. Also the auditory re-
action time was faster than the visual reaction time 
both in males and females that is in line with previ-
ous studies [13].

This faster RT in aerobic exercises is due to im-
proved concentration, alertness, better muscular co-
ordination and improved performance in the speed 
and accuracy task [15, 16[. These factors leads to re-

duce tension and develops alertness and better co-
ordination of mind with body, which seems to be 
responsible for better performance of the individual 
[15, 17]. Aerobic exercise training affects various or-
gan systems including Cardiovascular, respiratory, 
CNS & skeletal muscles etc. These trainings leads to 
an increase in cardiac stroke output associated with 
more complete emptying of heart during systole. 
There is also a reduction in the ventilation minute 
volume at high rates of work, on account of an im-
proved muscle blood flow and an increase in intra-
cellular enzymes[15]. There is increased vagal tone 
in athletes, with greater muscle tension and behav-
ioral features which distinguish the trained from the 
untrained and favours establishment of new motor 
performance[16, 17].

Exercise training bring out an increase in stores 
of creatine phosphate as well as glycogen. Creatine 
kinase activity is increased and so is the activity of 
mitochondrial enzymes leading to enhanced respi-
ratory capacity of skeletal muscles18. This causes 
sparing of glycogen and increased capacity to oxi-
dise fatty acid, thus improved work time, delayed 
fatigue, increasing oxidation of ketones and in-
creased removal[15, 19]. Thus, these beneficial ef-
fects in aerobic exercisers are responsible for their 
faster reaction time performance.

Some studies had shown no significant change in 
reaction time after long term aerobic and resistance 
training[8, 9, 10, 20, 21]. However this inconsistency 
may due to differing in subject selection, mode of 
exercise (strength/ endurance), the timing of RT 
measurement (Immediate after exercise or during 
exercise) or sensitivity of RT instrument. 

A decrease in RT is known to improve the senso-
rimotor performances. Thus RT could be used either 
for screening the large population for physical fit-
ness [22], in sports physiology [23, 24], as a thera-
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peutic intervention in certain type of medical con-
ditions like depression [25], cardiovascular diseases 
and diabetes [26], to train mentally retarded children 
and older sports persons who have prolonged RT 
[27], as an index of cortical arousal [28] or to assess 
cognitive impairment after an accident [29].

Exercise training leads to increased CRH (corti-
cotropin releasing hormone) [30] and cortisol secre-
tion in response to a challenge as compared to the 
control subjects [31] but the baseline levels during 
rest are reduced [32]. So when a challenge is pre-
sented in form of pressing the key as soon as pos-
sible in response to light or buzzer there is increased 
CRH and cortisol secretion. While testing RT, the 
individual being tested is in a state of stress/ chal-
lenge as he has to press the key in the shortest pos-
sible time in response to an auditory /visual signal. 
To do so the nerve impulse has to be processed fast-
er in the auditory/visual neuronal pathways and its 
association fibers to frontal cortex. The reaction time 
also depends on the quick activity of skeletal mus-
cle. Both these factors depend on the blood flow to 
the particular organ i.e. central nervous system and 
skeletal muscle. Exercise has been shown to increase 
cerebral [33, 34] and skeletal muscle blood flow18 by 
increasing cortisol level in blood during stress [31]. 

So we want to hypothesize that this dual action of 
exercise both on CNS as well as skeletal muscle are 
the possible mechanisms that lead to markedly de-
crease reaction time as compared to control subjects. 
Further studies are required to substantiate this.

CONCLUSIONS

This shortening of RT after regular exercise 
training is of applied value in situations requiring 
faster reactivity regarding serious safety concern 
such as in day today driving to avoid road traffic ac-
cidents, sports, for recommendation of safety limits, 

machine operations and in specialized surgery. So 
we suggest that regular physical activity should be 
promoted and access to sports facilities should be 
facilitated especially in people involving such tasks.
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