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Background: Serial Reaction Time (SRT) is a simple task specifically designed to
examine reaction time and learn implicit sequences.

Objective: The aim of the present study was to evaluate the effect of gender (male and
female) and type of stimulus (orderly and disorderly) on the serial reaction time.

Methods: The sample included 30 students of physical education (15 males & 15 females).
All subjects were right-handed and none had a history practice serial reaction time task.
To measure the reaction time was used a serial-reaction time test (SRTT), that was included
8 blocks and stimulants were presented on the screen for blue, yellow, red and green and
participants responded to stimuli with non-dominant hand. To investigate the effects of
gender and type of stimuli was used repeated measures ANOVA test.

Results: The results showed that gender has not significant effect on response time, but
has significant effects of the stimulus presentation on reaction times and reaction time
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higher in stimuli disorderly.

Conclusion: The findings suggest that exercise can be effective on reaction time and
eliminate gender differences in reaction time. Also, implicit learning during the

implementation serial reaction time of orderly stimulus is affected in the reaction time.

Introduction

Reaction time (RT) is one of the simplest ways
to assess a person's sensory and motor
performance. In fact, RT is the defined time
interval between the onset of stimuli and the onset
of response to stimuli and is a useful indicator for
studying the ability of the central nervous system
(Ramanathan et al., 2019). The interval between
the appearance of a visual, an auditory or a tactical
stimulus and a movement, is called reaction time.
Raichur (2013) claims that reaction time includes
cognitive, metacognitive and kinetic functions
(Raichur 2013). From a physiological point of

view, RT is a complex phenomenon whose

This is an open access article under the CC BY license.
(http://creativecommons.org/licenses/by/4.0/)
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functioning has been studied by numerous
researchers (Kuang, 2017). Many researchers
believe that the RT depends on the speed of the
sensorimotor cycle, composed by the detection of
the initial stimulus, transfer of the information
through the afferent nerves, generation of the
response from the central nervous system, and final
response (Adleman et al.,2016; Greenhouse et al.,
2017). The importance of reaction time can also be
assumed in daily human activities (Reacting at a
busy intersection, paying attention while driving,
avoiding injuries when falling, etc.) (Balko et al.,
2020). Reaction time in sport can also affect an

athlete's ability to optimize performance, focus,
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and make appropriate decisions (Ali, Oueslati, &
Dugas, 2018). There are a number of factors that
can change reaction time such as demographics
variables like age (Atan & Akyol, 2014, Brychta et
al., 2013, Obetko et al., 2019) and gender
(Lauridsen et al., 2012), physical factors such as
condition (Hascelik et al., 1989) and fatigue
(Sant’Ana et al., 2017), environmental factors such
as altitude (Dykiert et al., 2010), and stimulant or
depressant factors such as alcohol, caffeine (Martin
and Garfield, 2006). According to the stimuli
number we can divide the reaction time into two
main groups: simple reaction time — response only
to one stimulus, complex/disjunctive reaction time
—a choice response, different responses to multiple
stimuli (Obetko et al., 2019). The response to a
particular stimulus is expressed by summing the
time it receives and processes it, evaluates the
appropriate solution, and the time it takes to
perform a particular move (Kozina et al., 2017).
reaction time is classically fractionated into two
components, i.e., premotor time and motor time or
electromechanical delay (EMD), in which
premotor time reflects cognitive function, i.e.,
central components, while EMD reflects motor
function, i.e., peripheral components (Le Mansec et
al., 2019). Reaction speed manifests itself using
reaction time and belongs to the category of
genetically related physical abilities, which means
that training does not have much effect on them
(Obetko et al., 2019). This claim has also been
confirmed by Gomez Lopez et al. (Gomez Lopez,
2017). The speed of reaction depends on three
stimulus

important factors: feature, response

feature, and individual feature. Stimulus feature are
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factors that are inherent in the stimulus, such as
intensity, amplitude, duration, and so on. Response
feature include variables that are related to the type
of response required, such as simplicity, selectivity
or differentiation, and complexity and motor time.
The third category of variables affecting reaction
time, which are broader and more complex, are
personality-related feature. Most influential
variables related to the environment can be placed
in this category (Wang, 2009).

serial Reaction Time (SRT) is a simple task
specifically designed to examine reaction time and
learn implicit sequences. The classic protocol for
the SRT task requires participants to respond to a
visual stimulus repeatedly shown on the screen.
Stimulus presentations are usually grouped into
blocks, with some blocks containing a predefined
sequence whereas others containing pseudorandom
sequences (Hong et al., 2020). SRT is often used in
studies of stable visual attention and motor
mobility (Bruinsma et al., 2019). Research on
gender differences in reaction time shows that men
and women receive different RTs for a variety of
stimuli (Cakmake¢1 et al.,, 2019). For example,
Wadoo et al. (2019) in a study examined the effect
of gender and physical activity on the Adult visual
and auditory reaction time and reported that there
is a significant difference in RT between women
and men. Balko et al. (2017) also studied the effect
of a 9-week educational intervention on the
reaction time of adolescents aged 15 to 18 and
concluded that after exercise, the reaction time
improves in both girls and boys. Spierer et al.
(2010) considered a task that required a response

with the foot and offered two types of auditory and
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visual stimuli. The researchers found that male
athletes had a faster reaction time in auditory
conditions and faster motor time in both visual and
auditory conditions than female athletes. In a
longitudinal study, Pancar et al. (2016) examined
the simple visual and auditory reaction time of 11
to 18 year olds and concluded that there was no
statistically significant difference between boys
and girls, but with increasing age, both groups
reacted. They do it faster. Der & Deary (2006),
Silverman (2006), Spierer et al. (2010), Bennett &
Natalie (2011) and Karia et al. (2012) have also
pointed out the superiority of men over women in
various tasks of simple and selective reaction time.
In summary, studies show the superiority of men
over simple and selective reactions over women.
Given that the serial reaction time has only been
studied in an animal sample (Bayless et al., 2012) .
So the question still remains whether there is this
superiority for men even during a serial reaction?
Therefore, the aim of this study was to compare the
serial reaction time of two groups of male and

female student athletes.

Method

Participants

The research method was post event (causal-
comparative). In this study 30 students (15 boys
and 15 girls) were considered as a sample among
physical education students. All participants were
right-handed and none had a history of serial
reaction training or test time. The mean age of boys
was 19.58 years and girls 20.11 years. All
participants were tested for the serial Reaction

Time test (SSRT) in the motor Behavior
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Laboratory of the Faculty of Physical Education,
Urmia University, which was a quiet and

convenient place.

Data Gathering Tool

After selecting the sample, Subjects participated in
a serial reaction time test (SRTT). In this study,
sequential reaction time software has been used.
Regarding the validity and reliability of this tool, it
can be said that studies have shown that this test is
not dependent on culture (Robertson, 2007) and on
the other hand, the recordings are done by
computer and human error not involved in
registration. The software is such that the stimuli
appear as colored squares (yellow, green, blue and
red) on the computer screen and the person must
respond to the stimuli with the index finger of the
dominant right hand by pressing the same color
button. There are 4 buttons on the computer
keyboard to respond to colors; The M button is for
red, the P button is for blue, the Z button is for
green and the Q button is for yellow, and the label
for each color is affixed to it. Each block stage in
this experiment consists of 8 blocks and each block
contains 12 stimuli (colored square). Eventually
each subject will make 120 attempts. All blocks
except the first and sixth blocks followed a specific
sequence. The specific sequence and pattern of
appearance of the squares were yellow, green,
yellow, blue, red, green and blue. The stimuli
(colored squares) appeared randomly in the first
and sixth blocks. In this version, in order to reduce
the possibility of using explicit strategies, while
performing the motor task related to implicit

learning, the subject has a time interval between
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responding to one stimulus and the emergence of
the next stimulus by zero, by the subject realizing
the motor sequence. Approximate test time is 15
minutes. This test has no age limit and has been
used in various studies in different age groups and
children, including the elderly (Nejati et al., 2007),
young people (Willingham et al., 2000). The time
of each test step (in milliseconds) and the number
of correct responses to the target stimuli are
measured separately by the software. Response
time (RT) is a measure of learning speed and time
of correct answers (T) is a measure of learning

accuracy.

Implementation Method

The method of Implementation the sequence
learning task was that the participants, sat in a room
with low light in front of a computer at a distance
of about 90 cm and performed the task. The
participants, was asked to press the same color key

as soon as he/she saw each square. Subjects were

IJMCL 20205 2(4) 20-29

not aware of the sequence. To motivate, the
examiner used sentences between the eight blocks

to encourage the participants, to complete the task.

Statistical Tests

Descriptive statistics were used to categorize the
data, Shapiro-Wilk test was used to analyze the
normal distribution of data, and repeated measures
analysis of ANOVA test was used to examine the
effect of gender and type of stimulus presentation,
as well as to compare the mean of the groups. These
steps were performed using SPSS 18 software and

at a significant level of 0=0.05.

Results

Table 1 shows the descriptive findings of the study
including central tendencies (mean), dispersion
(standard deviation), maximum and minimum for
response time (RT) and time of correct answers (T)

variables for boys and girls separately.

Table 1. Descriptive statistics on the reaction time and the number of correct answers of boys and girls in each block.

Group Boy Girl

Blocks Variable M SD max min M SD max min
one T 114.26 4.183 101 118 111.87 13.212 68 119
RT 0.846 0.152 0.67 1.19 0.888 0.181 0.63 1.32

two T 115.93 2.987 107 119 115.87 3.998 105 120
RT 0.763 0.12 0.6 1.01 0.836 0.146 0.69 1.19

three T 114.93 3.674 107 120 2.386 2.386 111 119
RT 0.751 0.12 0.57 0.97 0.144 0.144 0.64 1.06

four T 115.87 2.416 110 119 2.968 2.968 109 120
RT 0.77 0.12 0.59 1.00 0.142 0.142 0.65 1.1

five T 1154 3.247 107 119 3913 3913 105 119
RT 0.73 0.119 0.53 0.99 0.137 0.137 0.58 1.08

six T 114.73 4.044 105 120 4.621 4.621 104 119
RT 0.789 0.117 0.59 1.00 0.133 0.133 0.68 1.1

seven T 1154 3.46 110 120 3.629 3.629 106 120
RT 0.673 0.107 0.48 0.85 0.128 0.128 0.62 1.02

cight T 116.27 2.738 110 120 115.47 5.153 103 120
RT 0.658 0.129 0.45 0.93 0.694 0.102 0.6 0.97
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To investigate the normality of data
distribution, Shapiro-Wilk test was used and

the results are shown in Table 2.

IJMCL 20205 2(4) 20-29

Table 2. The results of Shapiro-Wilk test to check the normal distribution of data.

Group Boy Girl

Blocks Variable d Shapiro Sig. d Shapiro Sig.
One T 15 0.922 0.223 15 0.925 0.233
RT 15 0.913 0.151 15 0.936 0.340

Two T 15 0.936 0.334 15 0.945 0.451
RT 15 0.936 0.751 15 0.896 0.083

Three T 15 0.948 0.499 15 0.938 0.364
RT 15 0.894 0.076 15 0912 0.125

Four T 15 0.948 0.501 15 0.960 0.598
RT 15 0.934 0.309 15 0.963 0.742

Five T 15 0.882 0.052 15 0.943 0411
RT 15 0.960 0.695 15 0.888 0.061

Six T 15 0.903 0.105 15 0.922 0.229
RT 15 0.959 0.671 15 0.941 0.479

Seven T 15 0.968 0.820 15 0.892 0.081
RT 15 0.945 0.447 15 0.969 0.711

eight T 15 0.951 0.546 15 0.908 0.115
RT 15 0.910 0.136 15 0.946 0.492

The contents of Table 2 show that the distribution
of data in all variables and for both groups has a
natural distribution (P> 0.05).

To compare and determine the effect of gender and
type of stimulus presentation (regular and

irregular), repeated measures analysis of variance
ANOVA test was used for response time (RT) and
time of correct answers (T), the results of which are
reported in Tables 3 and 4.

Table 3. Results of analysis of variance test to determine the effect of gender and type of stimulus on the time of
correct answers (T).

df

df Mean

Source of variation ss . f Sig.
Assumption Error square
Blocks 198.763 7 196 81.922 1.995  0.135
Gender 10.838 1 28 10.838 0.124  0.727
Block * Gender 51.263 7 196 21.128 0514  0.635

The contents of Table 3 show that none of the main
effects of the block (F (7,196) = 1.995 & P=0.135),
gender (F (128)=0.124 & P=0.727) and Also, the

interaction between them (F (7106 = 0.514 &

P=0.635) in the time of correct answers (T) is not

significant.

Table 4. Results of analysis of variance test to determine the effect of gender and type of stimulus at response time

RT).
Source of variation ss df . df Error Mean f Sig.
Assumption square
Blocks 0.772 7 196 0.202 43.094 0.001
Gender 0.177 1 28 0.177 1.443 0.24
Block * Gender 0.013 7 196 0.003 0.699 0.588
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The results of Table 4 show that only the main
effect of the blocks is significant (F (7,196) =
43.094 & P=0.001) and the main effect of
gender (F (128) = 1.443 & P=0.24) and the
interaction between test blocks and gender (F

7,196) = 0.699 & P=0.588) were not significant.

IJMCL 20205 2(4) 20-29

In other words, there is no effect on gender
serial reaction time test and there is no
significant difference between boys and girls.
However, due to the effect of test blocks, pair

differences between blocks can be examined.

Table 5. Comparison of pairs of blocks in response time (RT) between two groups of boys and girls.

group Boy girl
Blocks Blocks md Standard Sig. md Standard Sig.
Error Error

Block 1 2 0.083 0.021 0.04 0.052 0.023 1.00
3 0.095 0.019 0.007 0.093 0.025 0.068
4 0.076 0.021 0.088 0.079 0.026 0.256
5 0.115 0.021 0.002 0.095 0.026 0.076
6 0.057 0.028 1.00 0.033 0.029 1.00
7 0.173 0.027 0.001 0.143 0.029 0.006
8 0.188 0.024 0.001 0.193 0.029 0.001

Block 2 3 0.012 0.015 1.00 0.041 0.009 0.02
4 -0.007 0.013 1.00 0.027 0.018 1.00
5 0.033 0.021 1.00 0.043 0.015 0.327
6 -0.026 0.012 1.00 -0.019 0.017 1.00
7 0.09 0.016 0.002 0.091 0.017 0.003
8 0.105 0.014 0.001 0.141 0.016 0.001

Block 3 4 -0.019 0.014 1.00 -0.013 0.018 1.00
5 0.021 0.018 1.00 0.002 0.014 1.00
6 -0.038 0.017 1.00 -0.06 0.014 0.028
7 0.078 0.013 0.001 0.05 0.018 0.428
8 0.093 0.015 0.001 0.101 0.019 0.004

Block 4 5 0.039 0.012 0.155 0.015 0.016 1.00
6 -0.019 0.015 1.00 -0.047 0.019 0.774
7 0.097 0.011 0.001 0.063 0.021 0.232
8 0.112 0.013 0.001 0.114 0.017 0.001

Block 5 6 -0.059 0.021 0.406 -0.062 0.012 0.005
7 0.057 0.017 0.129 0.048 0.014 0.131
8 0.073 0.017 0.02 0.099 0.018 0.002

Block 6 7 0.116 0.011 0.001 0.11 0.009 0.001
8 0.131 0.012 0.001 0.161 0.019 0.001

Block 7 8 0.015 0.011 1.00 0.051 0.016 0.277

The contents of Table 5 show that there are
differences between some test blocks for boys and
girls, but these differences are very variable. Since
the stimulus presentation was irregular in blocks 1
and 6 and regular in the rest of the blocks, it is a
valuable comparison between the mentioned
blocks. As Figure 1 shows, response time over

25

eight blocks are similar for both boys and girls,
although the average response time for boys in each
block is less than that for girls. It is also clear that
most of the response time was obtained for blocks
1 and 6 where the stimuli were presented
irregularly.
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Figure 1. Mean response time (RT) in blocks for boys and girls.

Discussion and Conclusion
The present study aims at investigating the effect
of gender (boy and girl) and type of stimulus
(regular and irregular) on reaction time and
accuracy. The results of analysis of variance
showed that none of the variables of gender and
type of stimulus had a significant effect on
response accuracy. Also, according to the results,
only the type of stimulus has a significant effect on
response time and gender is also ineffective in this
variable. Research on reaction time is more about
simple and selective reaction time, and most
studies have given more importance to response
time. Therefore, the explanations will emphasize
the response time more. The results of the present
study regarding gender differences are inconsistent
with the result of Shelton and Kumar (2010),
Nikam and Godkari (2012), Devi and Mudhuri
(2017), Maslovat et al (2019) and Wadoo et al
(2019). All of these studies point to the effect of

gender on simple and selective reaction time on the
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sample, and in none of them has the serial reaction
time been studied. The male-female difference can
be explained due to the lag between the
presentation of the stimulus and the beginning of
muscle contraction. It is documented in the
literature that the muscle contraction time is the
same for males and females (Botwinick &
Thompson, 1966). and motor responses in males
are comparatively stronger than females
(Silverman, 2006) this explains why males have
faster simple RTs for both auditory as well as visual
stimuli. Wadoo et al Believe that there is evidence
of sex differences in developmental cerebral white
and grey matter volume changes through
adolescence and these are thought to reflect
myelination and changes in synaptic density.
Therefore, brain dimorphism is another mechanism
that may underlie sex differences in RT variability.
Maslovat et al (2019) also found that men reacted
faster than women to both visual and auditory

stimuli. On the other hand, the results of the present
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study consistent with the result of Kahn et al
(2018). In this study, it was reported that gender
had no effect on reaction time. Cakmake1 et al
(2019) examined Does Once-a-Week Boxing
Training Improve Strength and Reaction Time?
The study found that even one-day boxing training
in a week can improve in individuals’ reaction
time, and most sports lead to these improve. Pitch
and Johnson (2012) also believe that women are
more flexible than men in terms of training and
benefit more from training than men. The
interaction of the findings of these studies provides
a valuable explanation. Considering that the
sample of the present study was physical education
students who practiced regularly in at least 6
sessions per week in different sports, can be said
that it is possible that due to exercise, the gender
difference has been reduced to an acceptable level.
In other words, female athletes benefited more
from their regular exercise and showed more
flexibility than boys, which led to a greater
reduction in their reaction time. In fact, this
indicates that although girls have a higher reaction
time than boys, but regular intervention and
practice could have more positive effects in
reducing their reaction time, until a non-significant
difference between them becomes apparent.
However, as reported in Figure 1, the mean
response time was still lower in boys than in girls.
The results of the present study also showed that
the type of stimulus presentation regularly or
irregularly in the serial reaction time blocks can
have a significant effect. In fact, the results showed
that regular stimulus could take less response time

than irregular stimulus for both girls and boys.
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These results are consistent with the findings of
Abdoli et al (2004), Rose et al (2013) Maslovat et
al (2019). Abdoli et al (2004) compared the effect
of implicit and explicit learning on serial reaction
time and showed that implicit learning can affect
serial reaction time. In fact, the researchers
presented two irregular exercise blocks that Feed
forward group about the irregular presentation of
the stimulus and the other group did not receive a
Feed forward. Finally, it was found that there is a
difference between regular and irregular stimulus
presentation and the reaction time in irregular
stimulus presentation is less than regular stimulus
presentation. Rose et al (2013) acquired similar
results to the findings of Abdoli et al However, in
the research of Rose et al the intervention was
performed as a neurofeedback training session,
which showed that implicit learning can have
positive effects on serial reaction time. In the
present study, because blocks 1 and 6 were
presented irregularly, the subjects still showed
better performance in the sixth block than the first
block. In fact, although the research sample was
able to find out the sequence of stimulus
presentation in regular blocks without Feed
forward and show better performance through
implicit learning than in irregular blocks. Again, in
irregular blocks, they obtained less reaction time.
Using implicit learning in regular blocks, subjects
showed less reaction time than in irregular blocks
as they progressed in blocks. Maslovat et al Also
reported that the reaction time increases with the
complexity of the response.

One of the limitations of the present study was the

novelty of the research field. Also, the absence of a


http://ijmcl.com/article-1-85-en.html
http://dx.doi.org/10.29252/ijmcl.2.4.21

[ DOI: 10.29252/ijmcl.2.4.21 ]

Downloaded from ijmcl.com at 18:17 +0330 on Monday October 25th 2021

Original article

non-athlete group and its comparison with the

athlete group is another limitation of the present

study, which is finally suggested that in order to

properly explain and generalize the results to other

areas, the comparison and effect of gender between

athletes and non-athletes should also be examined.
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