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Abstract 
Reaction time, defined as the time between the presentation of a stimulus and the response to that stimulus, 

is widely used for evaluating cognitive functions. Prolonged reaction time is associated with delayed 

neuronal activity. The type, complexity and length of the stimulus affect reaction time. This study aimed 

to investigate whether there were differences in reaction time in the auditory and visual oddball paradigms, 

which are frequently used in cognitive studies and to examine the effect of prolonged task duration on 

reaction time. The study was conducted on 19 male healthy university students aged between 18-23 years.  

A dual-task with an oddball paradigm was applied to the participants. The paradigm consisted of 160 

stimuli including 32 auditory targets, 32 visual targets and 96 standard stimuli. The participants were 

asked to press buttons as soon as they perceive the target stimuli. Reaction time of participants to each 

target was calculated automatically. The reaction time for both tasks compared statistically and it was 

observed that visual reaction time was significantly longer than auditory reaction time (p= 0,042). In 

addition, to examine the effect of task duration on reaction time, the first ten and last ten target stimuli 

were investigated in both tasks. It was observed that the reaction time was prolonged and errors increased 

towards the end of the task (p<0,01). As a result, this study demonstrated that auditory reaction time was 
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shorter than visual reaction time, and revealed that the type and length of the stimulus should be considered 

in reaction time studies.      

Keywords:   Reaction Time, Asynchronous Oddball Paradigm, Number of trials, Visual stimulus, 

auditory stimulus 

1. Introduction 

Basically, reaction time (RT) is defined as the time interval between the presentation of a 

stimulus and the response to that stimulus [1]. Reaction time is the process in which the 

brain receives environmental stimuli from the sensory systems, decides on processing, 

and responds with motor action. This concept is a marker that provides information 

about the reaction speed of responders to stimuli and has been associated with cognitive 

performance of individuals [2]. Studies have shown that reaction time is a reflection of 

speed of nerve conduction, and faster reaction time has been associated with a better 

cognitive function [3, 4]. Therefore, RTs have been studied in situations requiring 

cognitive ability and have been associated with academic performance among medical 

students[5].  In addition, it has been shown in various studies that reaction time is an 

important indicator in the early diagnosis of psychiatric disorders [6] and neurological 

diseases [7, 8]. Reaction time corresponds to the time interval between stimulus and 

response and is affected by the type, duration and complexity level of the stimulus. 

Studies have shown that reaction time prolongs when task becomes more complex. 

Medina et al [9] demonstrated in their study that prolonged reaction time in complex 

tasks is associated with early Alzheimer's symptoms.  

Some cognitive tasks are used to assess reaction time and oddball paradigm is one of 

them. Oddball paradigm which allows the technical measurement of people's attention 

status is a widely used method to evaluate cognitive ability and attention status [10]. This 

paradigm is based on an experimental setup in which a sequence of target and standard 

trials are presented consecutively, and participants perform the task by ignoring the 

standard stimuli and pressing the button when the target stimulus appears. 

Asynchronous oddball, which is created by presenting visual and auditory stimuli 

consecutively in the same paradigm, allows the measurement of divided attention [11]. 

In the Oddball paradigm, the prolongation of reaction time to stimuli has been associated 

with impairment in executive functions, and the changes in auditory and visual reaction 

time under certain conditions such as exercise and caffeine consumption have been 

frequently investigated. In the Oddball paradigm, prolongation of reaction time to 

stimuli has been associated with impairment in executive functions. The effect of specific 

conditions such as exercise and caffeine consumption on reaction time to auditory and 

visual stimuli has been frequently investigated [12].  The effect of the type of the stimulus 
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and the demographic characteristics of the participants on reaction time has been 

examined in some studies.  Shelton et al. [15] examined whether the reaction time to visual 

and auditory stimuli differed according to gender. They found that the reaction time to 

auditory stimuli was shorter compared to visual stimuli in both genders.   Wadoo et al. 

[16]studied medical students aged 18-22 years. Their study revealed that the reaction time 

to auditory stimuli was faster compared to visual stimuli, male students responded faster 

than female students for both tasks, and students who engaged in physical activity had 

faster reaction times than students who had a sedentary life. In contrast to these studies, 

some studies have shown that reaction time to auditory stimuli using Oddball test is 

longer compared to reaction time to visual stimuli [17, 18]. In this study, by considering 

this contradictory situation in the literature, it was investigated whether auditory and 

visual reaction times differ according to stimulus type. Reaction times to asynchronous 

auditory and visual oddball paradigm were compared using statistical techniques. In 

order to eliminate the effect of gender on reaction time, all participants were male. The 

study aimed to enlighten the reaction time studies to be conducted using the oddball 

paradigm.   

The number of trials a subject completes in an experiment affects the stability of the 

experiment. Insufficient trials might not be enough to reflect the subject's general 

performance [13]. One of the important aspect in reaction time studies is the 

determination of the optimum number of trials [14]. In order to bring a different insight 

on this situation, the reaction times for the first ten trials in an experiment were compared 

with the reaction times for the last ten trials.  The difference in the reaction times of 

healthy controls in two states shows that the performance of individuals during the task 

varies with the duration of the task. This study provides a contribution to the research on 

determining the optimum number of trials in a task.  

2. Materials and Methods 

2.1.  Participants 

The study was conducted in a Faraday Cage room with light and sound isolation at the 

Erciyes University Clinical Research and Application Center.  Participants were 19 

healthy male students aged 18-23 years (21.6 ± 1.5) with normal hearing-visual function 

and no current neurological or psychiatric disorders. The hearing functions of the 

participants were checked using the Rinne and Weber tests. All volunteers were right-

handed. The study was conducted according to the guidelines of the Declaration of 

Helsinki and approved by the institutions ethical review board by the Clinical Research 

Ethics Committee of Erciyes University (2022/312). 
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2.2. Experimental Setup 

An asynchronous oddball paradigm used in this study comprising a total of 160 stimuli 

presented in a random sequence, including of 32 visual targets and 32 auditory targets. 

Asynchronous oddball paradigm measures the divided attention of the participants by 

presenting visual and auditory stimuli during an experimental session. Divided attention 

refers to the ability to respond to multiple stimuli at the same time. In visual stimuli, the 

standard stimuli were seventeen white plus shape ("+") placed in different areas of a black 

screen. An example of standard stimuli given Figure 1-a. The target stimuli consisted of 

sixteen white plus shape ("+") signs and one white circle of similar size and Figure 1-b 

shows an example of a standard stimulus. Each stimulus duration was 800 ms with an 

inter-stimulus interval of 300 ms. For auditory stimuli, the standard stimuli were 1000Hz, 

70dB, and the target stimuli were 2000Hz, 70dB "beep" sounds. In the Oddball task, the 

participant was expected to ignore frequently appearing standard stimuli and press a 

button in response to less frequently appearing target stimuli. 

 

(a)                       (b) 

Figure 1:  a) Oddball Visual Standard Stimulus b) Oddball Visual Target Stimulus 

The Oddball task used in this study consist of two types of stimuli, visual and auditory.  

Participants were asked to press the right button when they saw visual target stimuli and 

the left button when they heard auditory target stimuli. Figure-2 shows a representative 

picture of the subject, who performed a recreation by pressing a button in front of the 

screen on which the stimuli were presented. In addition, the task was designed so that the 

target visual and auditory stimuli did not occur simultaneously. The stimulus system was 

developed by us using the JavaFX programming language in the NetBeans IDE. The time 

at which the participant pressed the button was automatically recorded in the system. The 

designed system automatically records the participants' button pressing data on the 

computer and provides an objective analysis of the reaction time to the stimulus. The 

correct and incorrect responses and as well as reaction times of the participants to the 

target stimuli were determined, and reaction times, which are an important parameter in 

attention measurement, were determined for each target stimulus. 
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Figure 2: Asynchronous Oddball Experiment Setup. Participants reacted by pressing the right button on 

their hands when they saw the target stimulus as shown in the visual example. Participants responded by 

pressing the left button on their hands when they heard the auditory target stimulus. 

2.3. Statistical Analysis 

In the present study, we compared the reaction times to auditory and visual stimuli to 

investigate the effect of stimulus type on reaction time. The reaction times of the auditory 

and visual stimuli recorded by the software were categorized, and only the reaction time 

to each target stimulus to which the participants responded correctly were included. The 

average reaction time (𝑅𝑇average ) for each participant was determined by calculating the 

mean reaction time to the target stimuli throughout the task: 

𝑅𝑇average =  
∑ 𝑋𝑖

𝑛
𝑖=1

𝑛
                                                                                                                          (1) 

Here, 𝑛 represents the number of correctly responded target stimuli, and 𝑋i corresponds 

to the reaction time to each target stimulus. This calculation was performed separately for 

auditory and visual stimuli, and an auditory and a visual 𝑅𝑇average  value was determined 

for each participant. 

In addition to examining the effect of stimulus type on reaction time, the study also 

investigated the reaction times over the number of trials. For this purpose, the average 

reaction time to the first 10 trials and the average reaction time to the last 10 trials for each 

participant were calculated to observe changes in reaction time over time. The obtained 
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features were evaluated through statistical analyses to search for differences in reaction 

times between different tasks. Data groups that were found to be normally distributed by 

Shapiro-Wilk test were compared by Two Sample Dependent t-Test. Wilcoxon Signed 

Ranks test was used for the comparison of non-normally distributed data. 

3. Results 

In the study, the number of correct responses to visual target stimuli, the number of correct 

responses to auditory target stimuli, the overall average reaction times of correct 

responses to visual stimuli, the overall average reaction times of correct responses to 

auditory stimuli, and the statistical analysis results are presented in Table 1. 

Table 1: Comparative Analysis of Visual and Auditory Stimuli 

 

Visual Auditory 
Comparison of 

stimulus type  

mean 
standard 

deviation 
mean 

standard 

deviation 

t/Z p 

Reaction Time (ms) 561 0,06 529 0,082 2,187 0, 042* 

Number of Correct 

Responses 

29,74 2,13 30,32 1,376 0,953 0,34** 

Abbreviations: * Paired Sample t-Test; ** Wilcoxon Signed-Rank Test 

 

As shown in Table-1, participants' reaction times to visual and auditory stimuli exhibit a 

significant difference. Reaction times to visual stimuli are significantly longer. There was 

no significant difference in the number of correct responses to either stimulus type.  

Table 2 shows the response times for the first ten trials and the last ten trials for both 

stimulus types.  Table 3 shows the results of the comparison of reaction times for the first 

10 trials and the last 10 trials in an experimental setup. 

Table 2: Reaction Times to the First and Last Ten Auditory and Visual Stimuli 

 First 10 Visual  

Trials 

Last 10 Visual  

Trials 

First 10 Auditory 

Trials 

Last 10 Auditory 

Trials 

 
mean 

standard 

deviation 
mean 

standard 

deviation 
mean 

standard 

deviation 
mean 

standard 

deviation 

Reaction Time 

 (ms) 

546 0,061 566 0,069 481 0,084 550 0,083 
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Table 3: Statistical Analysis of Reaction Times to the First and Last Ten Auditory and Visual trials 

 First 10 -Last10 

Visual  Trials 

First 10 -Last10 

Auditory Trials 

 
t p t p 

Reaction Time 

 (ms) 

2,94 0,009 5,83 0,000 

 

Figure 3 shows a boxplot of the reaction times to the first 10 and last 10 visual and 

auditory trials. 

 

Figure 3: Reaction times to the first ten visual trials (blue), the last ten visual trials (red).  

 

As can be seen in Table 2 and Table 3, the reaction time to the first ten trials and the last 

ten trials showed a significant difference in both visual and auditory stimuli.  It was seen 

that the reaction time of the participants to the last 10 trials was prolonged.  

4. Discussion and Conclusion 

In this study, it was examined whether the reaction time to auditory and visual stimuli 

in the oddball paradigm differs according to the stimulus type, and the effect of the 

number of trials in a task on the performance of the individuals. Reaction time, defined 
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as the time taken to respond to a stimulus, is an important parameter frequently used in 

the assessment of executive functions in various neurological and psychiatric disorders 

[7-12, 15-21]. 

The results of this study showed that the reaction time to visual stimuli was longer than 

the reaction time to auditory stimuli. This finding is consistent with the literature [1, 15, 

22] . Ghuntla et al. [23] found that the reaction time to visual stimuli was longer in their 

study investigating the difference in reaction times to visual and auditory stimuli . On 

the other hand, some studies in the literature have shown that the reaction time to visual 

stimuli is shorter compared to auditory stimuli [17, 18]. These studies have an 

experimental setup where visual and auditory stimuli are presented at different times. 

Therefore, it is thought that this difference may be due to the tasks being applied at 

different times. In the current study, a simultaneous recording system was designed with 

randomly presented visual and auditory stimuli to ensure that responses to stimuli were 

collected simultaneously. This approach eliminated other factors affecting reaction time, 

providing a more objective analysis. Moreover, the developed tool provided reliable 

results by allowing the participants' reaction times to the stimuli to be recorded 

automatically in a precise manner. The simultaneous task design enabled a more accurate 

measurement and comparison of responses to these two stimuli.  

In this study the effect of task duration on reaction time examined by statistically 

comparing the reaction times to the first ten trials and last ten trials. Increasing the 

number of trials throughout an experiment can lead to faster reaction times as the person 

becomes more familiar with the task. However, conducting too many trials can increase 

reaction time by causing fatigue. The effect of the number of trials, which is one of the 

factors affecting the experimental power in reaction time studies, on the performance of 

individuals was examined [24]. In this study, it was observed that reaction time increased 

towards the end of the approximately 3-minute task for both types of stimuli. 

In conclusion, this study demonstrated that reaction time, known to be an important 

biomarker for the early diagnosis of various diseases, is affected by the type and number 

of trials. It was highlighted that these parameters should be considered in future reaction 

time studies. 
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