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STROOP EFFECT WITH VISUAL AND AUDITORY STIMULI 

 
Christina Malapetsa 

 

 

Stroop effect is the delay in reaction time that is caused by 

interference. Differences in perception speed of auditory and 

visual stimuli, as well as the division of selective attention to more 

than one sources are combined in five different Stroop tasks in 

this study, involving three stimuli: a picture, a written word and a 

heard word. Three hypotheses were formed: reaction times will 

be faster when stimuli agree; reaction times will be slower as 

tasks become more complex; reaction times will be different 

when the target stimulus is auditory or visual. Twenty people 

participated in all five tasks, which involved one or two linguistic 

stimuli compared against a picture. The first and third hypotheses 

showed significant results (p<0.001 in both), while the second did 

not. The results are in accord with previous research, but further 

research is required in order to better understand the effect of 

auditory and visual linguistic stimuli on reaction times. 

Key words: Stroop effect, executive functions, processing speed, 

reaction time 

 

 

Reaction time is a concept that, though not always scientifically approached, is present in many 

– if not all – aspects of life, and indicates how much time it takes to process information and 

respond accordingly. From a game of football, where players need to speedily estimate the 

angle of movement and velocity of the coming ball in order to properly control it, to drivers 

responding to an unexpected obstacle and manipulating their vehicles appropriately to avoid 

collision, reaction time is crucial in our everyday lives. However, it is also so automated, that 

it is easy to disregard that it is a complex process of constantly receiving stimuli, and effectively 

managing to focus our attention and react to only those stimuli that are important for a given 

situation, while ignoring the rest – a task made harder when our attention is divided by 

distractors that interfere with this process (Diamond, 2012).  

 

The Stroop effect is one way of demonstrating how taxing it is for the brain to react in the face 

of distractors; specifically, it is the delay in the reaction time of a task that is caused by 

interference. In the original experiment, Ridley Stroop (1935) used a combination of words of 

colours in ink of different colours and calculated the difference in the reaction time when the 

colour of the ink matched the word and when it did not. This was an effort to observe the 

interference as a result of the brain trying to inhibit and override a more dominant or automated 

response. Since then, Stroop tasks have been frequently used in various forms in cognitive 

research, mostly in the area of neurolinguistics and psycholinguistics.  

 

Hentschel (1973) was the first to experiment with Stroop tasks that used combinations of words 

and pictures showing that the effect was evident in that domain, and some years later Rosinski 

(1977) reported that semantically same-category words interfered with picture naming more 

than unrelated words or trigram control non-words did, confirming the findings of his 

predecessors. However, there have been significantly fewer efforts at observing the Stroop 



   

 

 2 

effect with auditory stimuli, linguistic or otherwise. Hamers (1973) and McLain (1983) both 

performed Stroop tasks with auditory stimuli, as well as with different modalities between the 

stimuli, but the former was criticised for the lack of neutral control and the latter’s findings did 

not show a clear connection. Both, however, indicated that a generalisation can be made about 

the existence of the Stroop effect in non-visual stimuli or combinations of modalities.    

 

One of the factors that make the question of difference in reaction times between auditory and 

visual stimuli in Stroop tasks interesting is the observed difference between processing time of 

visual and auditory stimuli in general. Auditory and visual stimuli differ greatly in how they 

are received by the corresponding organs (ears and eyes), how they are decoded and translated 

to electrical signals, the distance they have to cover from the receiving organ to the 

corresponding areas in the brain and the time it takes for the perceived experience to be put 

back together into a coherent whole.  

 

The processing of auditory signals is faster and simpler by far. The eardrum receives air pressure 

waves that are amplified by the middle ear and then transformed to electrical signals in the 

cochlea which then travel via the auditory nerve to the primary auditory cortex in the 

corresponding temporal lobe of each ear. Even though the brain needs to calculate the distance 

and origin of the stimulus by comparing the signals coming from each ear, the translation of the 

sound wave to electrical signal is a three-step process which requires, for simple auditory 

stimuli, 10 milliseconds to be processed (Keetels & Vroomen, 2012). However, auditory 

linguistic stimuli are not simple, and other brain areas (mainly Broca’s and Wernicke’s in the - 

most commonly - left premotor cortex and parietal lobe accordingly) are involved in the 

analysis of an auditory stimulus to a meaningful linguistic entity. Furthermore, language is 

received auditorily in a continuous wave, and not abruptly, thus making it even harder to 

pinpoint the exact moment when the processing of an individual word begins.   

 

Visual signals, on the other hand, are much more complex to begin with. A simple visual signal 

needs 50 milliseconds to be processed (Keetels & Vroomen, 2012), which begins at the moment 

that light waves hit the cornea. A complex, seven-step process occurs within the eye in order 

for the light wave to be eventually transformed into an electrical signal which then travels from 

the front of the head to the occipital lobe at the back of the cranium, a distance which is much 

greater than what the auditory stimuli have to cover. Furthermore, a visual signal, even a simple 

one, is a combination of size, colour and depth. More complex signals include movement and 

direction, as well as comparison to neighbouring visual stimuli for reference. When language 

is added to a visual stimulus, then the processing time is further delayed because the signals 

need to also travel to the linguistic centres of the brain which are located further from the 

occipital lobe than the auditory cortex. However, visual linguistic stimuli are abrupt signals. 

When reading, the eyes do not travel from one letter to the next, but rather jump in saccadic 

movements, taking in approximately 11 letters at a time (Liversedge & Findlay 2000). This 

allows us to know that the processing of a linguistic stimulus begins exactly at the moment 

when the light wave makes contact with the cornea. 

 

Another point that makes the question interesting is that despite the differences in processing 

time between auditory and visual stimuli, the human brain manages to integrate the two in one 

coherent, simultaneous experience. When participating in a conversation, for example, one does 

not perceive that they hear the words faster than they see the speaker’s lips move. And yet, 

studies have shown that despite this successful integration process, auditory stimuli are, in fact, 

processed faster even when visual stimuli are present (Wilbiks & Dyson, 2018; Parker & 
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Robinson, 2018; Shelton & Kumar, 2010), even though the conscious perception is concrete 

and simultaneous.  

 

The link that connects the processing of the stimuli with reaction time is the executive functions 

of the brain (inhibition/interference, selective attention and working memory), mainly located 

in the prefrontal cortex (Diamond, 2013). In order to perceive, process and accurately respond 

to a stimulus, one needs to effectively inhibit all other present stimuli and automated responses 

that interfere with the desired response, selectively attend to the one stimulus that they want to 

process and keep it constantly in their working memory. This is a mentally taxing task, which 

adds an extra layer of complexity to linguistic Stroop tasks involving auditory and visual 

stimuli: how reaction time is affected when one’s selective attention must be divided to two 

input sources (vision and audition) instead of just one (vision or audition). 

 

The aim of the current study is to observe the reaction times in Stroop tasks involving visual 

and auditory linguistic stimuli when compared against a picture, and provide a better insight 

into the interference caused by the two modalities with regards to single-word language 

processing. Beginning with Hentschel in 1973, there have been numerous Stroop tasks 

involving agreement between written words and pictures, but there has been little research when 

it comes to auditory stimuli and agreement or disagreement with pictures, and no research at all 

which includes more than two simultaneous stimuli, which offers some fertile ground for 

research, but also comes with many unknowns and unanswered questions.  This study aims to 

shed some light on the complicated relationship between visual and auditory linguistic stimuli 

and find out if the relatively faster processing time for auditory stimuli will prevail over the 

division of selective attention to two sources of input. In short, if the reaction times will be 

faster when a picture is matched against a visual or an auditory linguistic stimulus. Furthermore, 

it intends to investigate how the addition of complexity in the tasks will affect reaction times. 

 

It is important to find out how the Stroop effect is manifested in auditory linguistic tasks, since 

the first contact with language for all people is not written language, but spoken language (or 

language in another modality, such as sign or tactile, but still not written). If linguistic Stroop 

tasks were to be used in helping to diagnose language or attention deficits in preschool 

populations, then the only form of language we can rely on is spoken and heard. Furthermore, 

finding out which modality of language (written or spoken) and to what degree, causes the most 

interference could be an indicator of how to better approach education and language processing 

in people with attention deficit disorders.  

 

The three conditions that are of interest in the current study are: 1) reaction time when there is 

only one linguistic stimulus (visual or auditory) to be compared to a picture and the participant 

knows the source it will come from – this condition will be called One-Known; 2) reaction 

time when there is only one linguistic stimulus (visual or auditory) to be compared to a picture, 

but the participant does not know the source it will come from – this condition will be called 

One-Unknown; 3) reaction times when there are two linguistic stimuli (visual and auditory) to 

be compared to a picture, and the participant needs to ignore one and focus on the other – this 

condition will be called Two Stimuli. In all conditions, the image of the animal is the object to 

be identified, and the participants will have to decide if the written or heard word agree with 

the image or not. 

 

These conditions have been divided into five different tasks: 1) written word compared to image 

(the participant knows the source) – this task will be referred to as Visual and is represented in 

Figure 1. 2) spoken word compared to image (the participant knows the source) – this task will 
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be referred to as Audio and is represented in Figure 2. 3) 

written or spoken word compared to image (the participant 

does not know the source) – this task will be referred to as 

Audio or Visual and is represented in Figure 3. 4) written 

and spoken word compared to image (the participant must 

ignore the spoken word and focus on the written one) – 

this task will be referred to as Two-Visual and is 

represented in Figure 4. 5) written and spoken word 

compared to image (the participant must ignore the written 

word and focus on the spoken one) – this task will be 

referred to as Two-Audio and is represented in Figure 5.  

 

  

 

 
 

Figure 1: a representation of the Visual task (image of an animal and written word) 

 

 
Figure 2: a representation of the Audio task (image of an animal and spoken word) 
 

 
Figure 3: a representation of the Audio or Visual task (image of an animal and spoken OR written word) 

 

 

 

OR 
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Figure 4: a representation of the Two-Visual task (image of an animal, a written and a spoken word, 
target stimulus is the written word; the spoken word should be disregarded) 
 

 
Figure 5: a representation of the Two-Audio task (image of an animal, a written and a spoken word, 
target stimulus is the spoken word; the written word should be disregarded) 

 

Three hypotheses will be tested in this study concerning the relationships between the three 

conditions and the five tasks: 

1) in all tasks, the reaction times will be faster when the target stimulus agrees with the picture 

than when it disagrees – this hypothesis will be referred to as the Stroop hypothesis; 

2) the reaction times will be progressively slower as more levels of complexity are added to the 

conditions (reaction times in condition One-Unknown will be slower than One-Known, and 

reaction times in condition Two Stimuli will be slower than One-Unknown); - this hypothesis 

will be referred to as the Complexity hypothesis; 

3) within each condition, the reaction times will be different if the target stimulus is auditory or 

visual – this hypothesis will be referred to as the Audio-Visual hypothesis. 

 

 

Method 

Participants 

The participants were twenty people aged 23-48 years old (mean: 30.75, SD: 6.39). Eleven 

participants were male, seven female, one non-binary and one preferred to not disclose this 

information. All participants had Swedish as their first language, had no reading or other 

linguistic disabilities (excluding neurodiversity), as well as no visual or auditory impairments 
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that were not corrected for (one participant suffered from tinnitus in one ear, but it was not 

deemed to be hindering for this experiment). All participants were within the desired age limit 

(20-50), which would suggest sufficiently developed prefrontal cortex and little to no ageing 

effects. The participant selection was by convenience and included a variety of academic and 

professional backgrounds. All participants were informed about the nature, process and 

requirements of the experiment, as well as that they were allowed to interrupt the experiment 

at any point with no repercussions, and all gave verbal consent. No compensation was given. 

 

Material  

The images used were those of four archetypal animals (cat, dog, mouse and pig), seen as black 

shapes against light contrast (examples in Figures 1-5). Two different images were used per 

animal. All images were of similar size (less than 50 KB), in order to prevent differences in 

onset times due to loading. 

 

The auditory stimuli (the words katt, hund, mus, gris) were recorded in a sound-proof home 

studio by a male native speaker of Swedish and then manipulated using Audacity version 2.3.3 

in order to have the exact same duration (50 ms), as well as similar pitch and volume. The 

linguistic visual stimuli (the words katt, hund, mus, gris) were delivered in the middle of the 

screen, in red, small letters, in Arial font, letter height 0.1 (the default letter height used in 

PsychoPy3). 

 

The experiment was put together using PsychoPy3. The images had a duration of 2 sec; the 

written words, when presented alone, had a duration of 1sec. When presented alongside an 

auditory stimulus, the duration matched that of the auditory stimulus (50 ms). All stimuli 

(image, written word, heard word) were presented simultaneously. Each repetition was 

preceded by a grey screen that lasted 10 ms to indicate the change. The stimuli were 

randomised, but the same ratio of agreement/disagreement (50% each) was held standard for 

each task. In total, each task used 96 repetitions. Before each task, specific directions were 

given as per the goal of the task and the keys that would be used for it, as well as a short trial 

(24 repetitions). After each task there was a break, which the participants would end of their 

own volition by pressing space. 

 

Indicative text of directions for task Two-Visual: 

 

“In this task you will be presented with the image of an animal and a Swedish written AND 

heard word representing an animal. 

Press the right arrow button if the WRITTEN word matches the image and the left arrow button 

if it does not. 

Be as fast and as accurate as possible. 

A short trial will precede the task. 

Press space to continue.”   

 

The stimuli were presented using an ASUS VivoBook laptop and SONY WH-1000XM2 

wireless noise-cancelling headphones. The screen contrast was set to 75% and the sound 

volume to 60%. A 4xA3 black cardboard screen was used to further reduce interference by 

outside visual stimuli (Figure 6). 

 

Procedure 

The participants were informed about the nature, purpose and duration of the experiment, and 

were requested to fill in a Google Forms survey with all the relevant information (age, gender, 
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confirmation that: Swedish is their first language; they do not suffer from any reading or other 

linguistic disability - excluding neurodiversity; they do not have any visual or hearing 

impairments that are not corrected for). The participants gave verbal consent and were informed 

that they could withdraw from the experience at any time with no repercussions.  

 
Figure 6: the equipment (laptop, headphones and screen) used during the experiment, including an 
image and written word as they were shown during the Visual task. 

 

Regardless of environment, the black screen was then always placed behind the laptop, in order 

to maintain similarity. The participants were given again a brief description of the tasks they 

were about to perform, as well as an indication of the keys they were going to use during the 

procedure, and were then left alone until the completion of all tasks (the researcher withdrew 

to a nearby seat, where she could observe or be called for assistance, but was not in line of the 

participant’s sight).  

 

After the last task was completed, the participants were asked for feedback, comments on which 

of the tasks they found easier or most taxing and why; they were also given a debriefing about 

what the research aims were.   

 

Statistical Analysis 

At the beginning of the analysis, all reaction times below 10 ms and above 2 sec were discarded, 

and the mean value, standard deviation, kurtosis and skewness for each participant, task, 

parameter and condition were calculated using Microsoft Excel, Office 16 version.  

 

The Stroop hypothesis was tested on each using five one-tailed dependent t-tests on Microsoft 

Excel. The Complexity hypothesis was tested using a one-way dependent ANOVA on the 

mean values on RStudio Desktop (Open Source Licence). The Audio-Visual hypothesis was 

tested using three two-tailed dependent t-tests on Microsoft Excel. In order to calculate effect 

size, Cohen d was used for every t-test. The critical α was corrected using the Bonferroni 

correction. 
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Confounder Control 

In order to minimise the differences between the auditory and visual stimuli duration, the words 

that were used were all monosyllabic, with auditory duration of 50 ms. In order to maximise 

the perceptual contrast between them and ensure that the processing time of the auditory 

stimulus could begin as early as possible, the words that were used began with distinctly 

different consonants. The animals were selected because they fulfilled those parameters, and 

were also very common, archetypal and familiar mammals. 

 

In order to increase internal validity and ascertain that the environment would be as stable as 

possible for all participants, the same equipment and researcher were used for all participants, 

and - in the absence of a common place where all participants could run the experiment - the 

places selected were as neutral as possible (either in university facilities or people’s homes), 

with as few external stimuli as possible; the black screen was always used to increase 

uniformity. Furthermore, during the analysis phase, all reaction times below 10 ms were 

discarded, thus eliminating responses that would have preceded the actual presentation of the 

stimuli (as mentioned above, all stimuli were presented simultaneously with a 10 ms onset 

time), and all reaction times above 2 sec were also discarded, thus eliminating responses given 

after all stimuli had ceased. 
 

In order to minimise the training effect, tasks Visual and Audio, as well as Two-Visual and 

Two-Audio were mixed, with 10 participants doing the experiment in the order Visual, Audio, 

Audio or Visual, Two-Visual, Two-Audio and the other 10 with the order Audio, Visual, 

Audio or Visual, Two-Audio, Two-Visual. For the same reason, the progression of the 

conditions was from less complex to more complex. 

 

Results  

Stroop Hypothesis 

Five one-tailed dependent t-tests were conducted, and all showed statistical significance: 1) for 

the Visual task, the results were t19= 6.32 (p<0.001), with effect size 1.449 and confidence 

interval between 0.013 and 0.136; 2) for the Audio task, the results were t19= 10.46 (p<0.001), 

with effect size 2.4 and confidence interval between 0.077 and 0.108; 3) for the Audio or Visual 

task, the results were t19= 5.7 (p<0.001), with effect size 1.306 and confidence interval between 

0.055 and 0.104; 4) for the Two-Visual task, the results were t19= 7.16 (p<0.001), with effect 

size 0.929 and confidence interval between 0.929 and 1.054; 5) for the Two-Audio task, the 

results were t19= 4.05 (p<0.001), with effect size 1.643 and confidence interval between 0.075 

and 0.123. Skewness remained within acceptable limits (between 0.27 and 1.00. Table 1 gives 

a more concrete image of the difference between agreement and disagreement reaction times 

within each of the tasks. Figure 7 shows analytically the reaction times between agreement and 

disagreement within each of the tasks. 

 

Table 1: Mean values and mean difference between agreement and disagreement reaction times within 
each task 

 Agreement Mean Disagreement Mean Difference Mean 

Visual 0.907 sec 0.981 sec 0.075 sec 

Audio 1.109 sec 1.112 sec 0.095 sec 

Audio or Visual 0.963 sec 1.043 sec 0.079 sec 

Two-Visual 0.923 sec 0.991 sec 0.07 sec 

Two-Audio 1.041 sec 1.14 sec 0.099 sec 
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Figure 7: box plot for Stroop hypothesis. Note that the areas where no values were observed (below 
0.6 sec and above 1.4 sec) are not included in the chart. 
 

Complexity Hypothesis 

The Complexity hypothesis was tested with a one-way dependent ANOVA on the mean 

values, which did not indicate statistical significance (results in table 2). Figure 8 shows the 

histograms of the raw data, for a more complete image and better understanding of the reaction 

times within each condition. 

 
Table 2: the summary and analysis of the ANOVA which was conducted on the mean values 

SUMMARY     

Groups Count Sum Average Variance 

One-Known 20 20.09 1.00 0.01 

One-Unknown 20 20.01 1.00 0.01 

Two Stimuli 20 20.46 1.02 0.02 

 

ANOVA       

Source of 
Variation SS df MS F P-value η2 

Between Groups 0.006 2.00 0.003 1.391 0.795 0.0003 

Residual 0.074 36.00 0.002    

       

Total       0.72 19.00         
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             Figure 8: histograms of the raw data. Note that condition One-Unknown only included one task 
and the data points are, therefore, nearly half as many as the data points for the other two conditions.   
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Audio-Visual hypothesis 

The last hypothesis was tested using three two-tailed dependent t-tests, all of which showed 

statistical significance: 1) for condition One-Known, the results were t19= 9.57 (p<0.001), with 

effect size 2.14 and confidence interval between 0.094 and 0.148; 2) for condition One-

Unknown, the results were t19= 7.87 (p<0.001), with effect size 1.761 and confidence interval 

between 0.072 and 0.126; 3) for condition Two Stimuli, the results were t19= 6.73 (p<0.001) 

with effect size 1.506 and confidence interval between 0.091 and 0.176. Skewness remained 

within acceptable limits (between 0.11 and 0.87). Table 3 gives a more concrete image of the 

difference between the reaction times when the target stimulus was a heard (audio) or written 

(visual) word. Figure 9 shows a more complete picture of the reaction times.  

 
Table 3: Mean values and mean difference between audio and visual target stimulus within each 
condition 

 Visual Mean Audio Mean Difference Mean 

One-Known 0.944 sec 1.065 sec 0.121 sec 

One-Unknown 0.951 sec 1.05 sec 0.099 sec 

Two Stimuli 0.956 sec 1.09 sec 0.133 sec 

 

 

 
 
Figure 9: box plot for Audio-Visual hypothesis. Note that the areas where no values were observed 
(below 0.6 sec and above 1.4 sec) are not included in the chart.  
 

Finally, in order to address the multiple comparisons problem, the Bonferroni correction was 

used. Since 9 different tests took place (five one-tailed t-tests, three two-tailed t-tests and one 

ANOVA), the adjusted critical α become 0.0056 instead of 0.05. However, all of the results that 

showed significance were below that value (p<0.001 in all cases), thus reducing the possibility 

of Type-I error and allowing for safely discarding the H0 in Stroop hypothesis and Audio-

Visual hypothesis. 
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Discussion 

As shown in the previous section, Stroop hypothesis as well as Audio-Visual hypothesis 

showed statistically significant results, with all p values being <0.001. Complexity hypothesis 

did not show any statistically significant results at all. 

 

The results for Stroop hypothesis were the most expected and least interesting; after all, part 

of this particular kind of Stroop test (comparing a written word to a picture) has been thoroughly 

investigated and confirmed over and over again since it was first conducted by Hentschel in 

1973. It was, therefore, not surprising that results in that regard would be in accord with 

previous research. However, the new element that comes to light, is that the Stroop effect 

appears to occur with auditory linguistic stimuli, thus lending further support to the results of 

Hamers (1973) and McLain (1983), as well as that the effect appears to occur even when further 

interference is added. 

 

A closer look at the box plot in figure 7 reveals some interesting indications about how each 

different task causes different kinds of interference. Although in all cases the reaction times are 

faster when there is agreement between the target stimulus and the picture, it appears that the 

reaction times in the disagreement section of the Visual task are faster than in the agreement 

section of the Audio task. Also, it appears that the greater difference between reaction times 

within a task appears in the Two-Audio task, but are not out of the ordinary in the Two-Visual 

task, even though both tasks have the same numbers of stimuli. In fact, a closer look at table 1 

reveals that the difference between agreement and disagreement reaction times is greater when 

the target stimulus is auditory, regardless of the number of present stimuli. Is the Stroop effect 

actually more prominent when the compared stimuli come from different sources? Does this 

difference occur only when the auditory stimulus is linguistic, or simply because it is 

specifically auditory? These are questions that future research can focus on, with perhaps non-

linguistic stimuli (such as natural sounds), or with two different kinds of auditory stimuli (one 

from each ear), or even stimuli involving different senses (touch or scent) in order to further 

explore the effect.   

 

When it comes to Complexity hypothesis even though there were no statistically significant 

results to speak of, there are some interesting observations to be made. A more careful look at 

the summary in table 2 shows that, while mean reaction times for conditions One-Known and 

One-Unknown are almost identical, when it comes to condition Two Stimuli, the mean value 

of the reaction time is increased by 20 ms. So, it appears that the addition of distractors affects 

the reaction times more than the addition of uncertainty. This increase in reaction time, albeit 

statistically insignificant, seems to indicate that indeed the executive functions are a limited 

resource and the addition of stimuli increases the interference and thus made the inhibitory 

processes slower (Diamond, 2013). However, it would appear that not knowing where a 

stimulus will come from does not add a measurable mental load that would affect reaction times. 

Future research could focus on adding distracting stimuli from the same or different sources, in 

order to better understand if and how much of an effect these additions will have on reaction 

times. 

 

However, it is unknown if the insignificant results were in part due to the differences in the 

amount of data, the skewness, or some other reason. It should be noted at this point that, while 

conditions One-Known and Two Stimuli had two tasks each, condition One-Unknown only 

had one task, and, thus yielded only half the amount of data. Maybe, in future endeavours, it 
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would be best to keep the amount of data as similar as possible between the several conditions, 

in order to avoid this factor of uncertainty.  

 

The most interesting results appear to be in Audio-Visual hypothesis. It was expected that the 

differences in processing time of visual and auditory stimuli (Keetels & Vroomen, 2012) would 

cause a difference in reaction times. However, the results seem to indicate that the division of 

attention is a more important factor than the processing time of individual stimuli (Diamond, 

2013). So important, in fact, that as can be seen with a comparison of Tables 1 and 3, the 

differences in reaction times between auditory and visual stimuli are greater than the differences 

caused by the actual Stroop effect; specifically the reaction times were faster when the target 

stimulus was visual (and consequently came from the same perceptual source as the image), 

than when the target stimulus was auditory (and consequently came from a different perceptual 

source than the image). 

 

There is no previous research to compare directly, but these results seem to contradict previous 

research done on the integration of simple visual and auditory stimuli (Wilbiks & Dyson, 2018; 

Parker & Robinson, 2018; Shelton & Kumar, 2010), and so further research is required to shed 

more light to these complex relationships between vision, audition, integration, language and 

divided attention. If the focus were to remain on Stroop tasks, maybe comparing reaction times 

between two auditory and two visual linguistic and non-linguistic stimuli would be a way to at 

least be able, with more certainty, attribute the results of the current study on the division of 

attention between two different sources. 

 

Additionally, there have been some finds in and outside of the results, which pose some 

interesting questions: for example, when asked to give feedback for the experiment in whole, 

some participants claimed that the tasks where they had to focus on the visual stimuli were more 

taxing than the auditory, and some claimed the opposite. However, there were only two 

participants who actually reacted (marginally) faster in all conditions when the focus was on 

the auditory stimulus, and only one of them actually claimed that the auditory tasks were easier. 

These observations give grounds to some interesting questions: what was it that made these two 

participants react faster with auditory stimuli? Also, why did some people perceive that they 

were faster at the auditory stimuli, when in reality they were not? 

 

Even though certain precautions were taken in order to increase the internal validity of this 

study and minimise confounders (such as the use of the same researcher and equipment, and 

efforts to create a neutral environment), still there have been limitations that need to be 

addressed, and improvements to be made in future efforts. To begin with, even though the 

equipment was the same in all cases, the environment was not. This may have affected the 

results, since five different locations were used, thus compromising the internal validity of the 

study. In future research, there should be an effort to keep the environment steady. Furthermore, 

a larger screen and a larger keyboard, with more distinctive and firm keys than those of a laptop 

would increase the reliability of the study. With regards to the participants themselves, even 

though they were selected from various sources, still the selection was not random but of 

convenience, and all of the participants were middle-upper class and of higher education, which 

might have also affected the results, and decreased the external validity of the study as well as 

its applicability in different populations. Additionally, even though efforts were made to reduce 

the training effect, complete randomisation of the tasks might have given different results. 

 

Future research in this field could include repetition of this study (or parts of it) in different and 

more diverse populations, in order to discover if education, gender, age, neurodiversity, 
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socioeconomic status or other factors play a significant role in the results. Furthermore, it would 

be interesting to discover how interference will behave in bilingual or bimodal populations, 

when both languages/modalities are displayed. As mentioned above, it would also be interesting 

to isolate auditory and visual stimuli in order to better understand what causes greater delay 

when auditory stimuli are involved, since this was the find that went against past research. 

Additionally, further studies could investigate the existence and potency of the Stroop effect in 

other senses, by including, for example, scent or touch. Finally, it would be interesting to 

investigate further why two participants reacted (marginally) faster to auditory stimuli, since 

the rest were overwhelmingly slower, and discover if there is an underlying cause for this.  

 

These kinds of studies could potentially help with a better understanding of interference and 

inhibitory processes in linguistic and non-linguistic tasks. Since the development and function 

of the prefrontal cortex is crucial for every part of human life (Diamond, 2013), maybe different 

Stroop tasks could prove to be tools in early detection of attention deficits, such as ADHD and 

ASD, or neurodegenerative disorders, such as Parkinson’s and Alzheimer’s. Furthermore, it 

could help diagnose auditory or visual linguistic disabilities at an early stage, which is what 

makes the future research of auditory linguistic Stroop tasks important. Understanding the 

interference caused by the source which presents a stimulus can help us potentially minimise it 

more effectively, especially in populations whose inhibitory processes are compromised. In 

short, Stroop tasks of various kinds can provide a variety of tools for both understanding 

interference and language processes, and assisting the populations with compromised inhibitory 

or language processes. More specifically, when it comes to populations, especially children, 

with attention deficits, knowing if auditory or visual linguistic stimuli cause more interference, 

we can attempt to minimise them, thus increasing their ability to better focus on linguistic tasks. 
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