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Abstract
A repeated measures experiment was carried out with three trials, designed to minimise the impact of the congruity of the response method and task command on Stroop interference. The first trial was a classic Stroop experiment. The second and third trials were variations of Stroop experiments with amended response methods. The response method and task command had congruent classification modalities in the second, and an attempt was made to neutralise the relevance of classification modality in the third, using memory as a neutral mediator. The results supported the translational model and supported the idea that a memory based response method will cause additional interference not related to the Stroop effect. Interference was also found to be at similar levels in the neutral trial as it was in the classic Stroop test and so it was not possible to determine the extent to which the interference had been isolated. This was because the results in the neutral trial were not sufficiently different from those of a classic Stroop test so as to offset the surprisingly large non-Stroop related interference induced by the use of memory as classification modality for the response method.









Literature Review

Stroop Interference

In 1935, John Ridley Stroop first conceptualized the ‘Stroop effect’. This phenomenon is the name given to the reduced accuracy and delay in reaction time when identifying the font colour of a word, when that word spells a different colour. For example, if presented with the word ‘red’ displayed in a green font, the correct response would be green. The difference between font colour and word meaning is known as incongruence, whereas congruence occurs when the font colour and word meaning are the same.  (Macleod, 1991) The changes in response time and accuracy due to incongruence are known as the interference. (Stroop, 1935) Notable use cases of the Stroop Experiment include the measurement of processing speed and selective attention (Lamers, Roelofs, & Rabeling-Keus, 2010) as well as the exploration of executive skills and planning in conjunction with neuroimaging techniques. (Root-Bernstein, 2007) Understanding the root causes of Stroop interference is crucial in order to validate and contextualise the research that is built upon it. There are a number of models that attempt to explain Stroop interference. This study explores the Translational Model. The Translational Model attempts to explain the Stroop effect by emphasising that the response method used in a Stroop experiment will have a significant impact on response time. (Virzi & Egeth, 1985 ) If the response method for font colour identification is verbal, the font colour must be translated from a visual classification modality to a verbal classification modality in order to administer the response. In other words, when identifying a colour it takes longer to translate the information into words than it does to simply know what colour it is. Research has shown that when translation is not present, response time and accuracy are significantly improved. (Simon & Sudalaimuthu, 1979) Throughout this paper, the state in which the classification modality of the response method is the same as the classification modality of the task command will henceforth be referred to as “Fluency”. For this study an experiment was conducted in which there were three trials. The first trial measured interference under the influence of translation, using a verbal response method to identify visual information. The second trial measured interference under the influence of fluency, using a visual response method to identify visual information. The third trial attempted to measure interference under the influence of neither, by employing a new design that used memory in order to attribute meaning to the response method. Throughout this paper, this method of minimising the influence of classification modality on interference will be referred to as “Neutrality.”

In the initial Stroop experiment, there were three tasks required of participants. (Stroop, 1935) The first was to read words regardless of their font colour. The second was to identify font colour regardless of the word meaning. The second task also involved identification of the colour of coloured squares. This was used to measure the normal speed of colour identification. The third task involved measuring responses at various intervals in the familiarisation process in order to examine the effect that exposure and understanding of the tasks and effect had on outcomes. From here the Stroop test evolved into a more straightforward and simple standardized version, There have been countless replications testing the effect from countless angles and on a multitude of populations. (Macleod, 1991) Many modern Stroop tests now take place on a computer, using keypresses or mouse clicks to administer responses. This is a far more accurate and reliable way of measuring response time. (Klein, 1964) (McClain, 1983) 


Prevailing Theories
There are several theories as to why this reaction delay occurs in trials where the font colour and word meaning are not congruent. Some claim that words are simply processed faster than colours. (Forrin & MacLeod, 2017) Others claim that colour recognition requires more mental energy than reading does. (Algom & Chajut, 2019) Perhaps the prevailing theory is known as the automaticity theory. It can be traced back to before Stroop, when the beginnings of the idea were being explored by a Doctoral student of Wilhelm Wundt; the man who established psychology as a science. (Carlson & Heth, 2010) In 1886, Wundt’s student James McKeen Cattell compared the time it took to identify a colour, to the time it took to read the colour word, in a very primitive version of the Stroop test. In Cattell’s version, separate trials were used to identify response time individually for both colour and word identification. Colour patches and non-coloured words were used separately rather than the coloured words used since the advent of the Stroop test in 1935. Cattell first theorized that the delay in identifying colour when compared to word meaning was due to automaticity. This idea has permeated discourse surrounding the phenomenon ever since.

“This is because, in the case of words and letters, the association between the idea and name has taken place so often that the process has become automatic, whereas in the case of colors and pictures we must by a voluntary effort choose the name" (Cattell, 1886)

This is probably the most widely accepted explanation for Stroop related interference. (Reisberg, 1997) (Rayner & Pollatsek, 1989) In fact, this explanation is so prominent that it has been referred to as having been “reiterated in over 500 journal articles, chapters, and textbooks” (Besner, Stolz, & Boutilier, 1997). Macleod’s 1991 meta-analysis also highlights this. 

Criticism of Automaticity
Despite its popularity, there is a substantial body of research that suggests there are irrevocable flaws in the automaticity model. In 1997, a report was published that highlighted shortcomings of the theory of automaticity. It was titled “The Stroop Effect and the Myth of Automaticity” and it found that “simply coloring a single letter instead of the whole word eliminated the Stroop effect.” The research proceeded to claim that “This outcome flies in the face of any automaticity account in which specified processes cannot be prevented from being set in motion.” (Besner, Stolz, & Boutilier, 1997) 

Translational Model
So, if interference is not caused by the automaticity of the process of reading, what is it caused by? Is it possible that there is another factor influencing the phenomenon? In 1978, Sandra Palef made the distinction between “pictorial and linguistic elements of space” in her unconventional Stroop test designed to investigate whether the type of interfering information was relevant in delaying the administration of a correct response. (Palef, 1978) This distinction laid the foundation for the emergence of another model; The Translational Model. According to Virzi & Egeth (1985), the delay in reaction time can be explained using the Translational Model. It holds that the delay is caused by the difference in classification modality between font colour and meaning of the word. Classification modality refers to the way something is identified. For example, font colour is classified as a visual trait, while word meaning is classified as language. These classification modalities have also been referred to as “Pictoral” and “Linguistic” (Palef, 1978)  In essence, font colour and word meaning have different modalities of classification. (Palef, 1978) (Virzi & Egeth, 1985 ) Virzi and Egeth claim that theories that assume information is processed at a single node are false. They do not believe that the delay is predominantly caused by one form of information winning the race against the other. Rather, they claim that there are multiple “processing systems” for different types of information (or classification modalities) that have a “translation mechanism” joining them. 

“Each system processes information using its own internal code specifically linked to the type of information the system processes. Information is passed between these systems via the translation mechanism. (Virzi & Egeth, 1985 )

This model holds that it takes longer to identify a font colour when there is an incongruent word meaning, not because reading is an automatic process, but because colour identification is something that must be translated in order to administer a response, whereas word meaning already has the same classification modality as the response method. The font colour must be identified before being translated from visual information into linguistic information, in order to administer the response. The method of response administration in Stroop Tests is linguistic. (Stroop, 1935) (Macleod, 1991) Participants generally either verbally announce the font colour once they have identified it, or they use a keypress that corresponds to the first letter of the colour they have identified. 

“The pattern of interference that emerges is dependent upon the cognitive system used to process the information.” (Virzi & Egeth, 1985 ) 

What this means is that the method of response administration influences the interference. Bearden, Asgari, Sobel et al., (2021) build on this theory, stating font colour is visual, and word meaning is verbal. Translating visual information such as colour into verbal information such as word meaning takes significant mental exertion. (Bearden, Asgari, Sobel, & Scholes, 2021) 

Fluency
In accordance with this theory, both the studies of Simon & Sudalaimuthu (1979) and McClain (1983) found that when a visual response method (choosing from four coloured buttons or patches) is used there is no translation needed in order to administer a response and therefore response time and accuracy will both be improved, resulting in less interference. (Simon & Sudalaimuthu, 1979) McClain’s research measured interference with various response methods, including word labelled buttons and coloured buttons. She found that “no significant Swoop effect occurred in the color-button condition of the present study, indicating that button labels strongly influenced the size of the Stroop effect”.  (McClain, 1983) It is clear that when asked to identify font colour using a response method (such as coloured buttons) that is also visual in nature, interference is significantly reduced. This directly supports the translational model, and exposes flaws in the automaticity model. If the automatic process of reading is what causes interference, then responding with coloured buttons shouldn’t cause interference to diminish. However, further research is required in order to investigate the validity of the translational model thoroughly. 

Conversely, the ‘Reverse Stroop Effect’ is the name given to the delay that occurs when identifying the word meaning of an incongruently coloured word. The translational model can be applied here also. A verbal task command such as identifying a word meaning will be interfered with if the modality of the response method is using a mouse click to select the appropriate button, which is visual in nature. (Durgin, 2000)

“When responses are matched to visually guided action, visual, rather than verbal responses are faster, and conflicting visual information is more strongly disruptive of responding to verbal information than vice versa.” (Durgin, 2000, p. 125)

Essentially, the translational model posits that when there is congruence between the classification modality of the task command and the classification modality of the response method, interference will be reduced. This research will refer to this state as fluency in order to reduce the complexity and density of the information presented. The translational model also posits that when there is incongruence between the classification modality of the task command and the classification modality of the response method, interference will be increased. This research will refer to this state as translation. 

Recent Developments & Research Gap
Recent research has suggested that “processing in the Stroop task differs as a function of task demands, namely manual versus vocal responding” (Fennell & Ratcliff, 2019 ) A 2021 study further suggested that incongruence is overcome by “attaching verbal labels to the locations of manual responses” (Bearden, Asgari, Sobel, & Scholes, 2021) In order to contextualise this, it is important to isolate interference from the influence of classification modality to first establish the validity of the translational model. If interference remains at similar levels as a regular Stroop test in a classification modality vacuum then translation is not likely to be a suitable explanation for the existence of interference. If interference is reduced then that would support the translational model, and all research that is built upon it by extension. If interference is increased, then there are likely other factors at play.

Classification modality congruence (Fluency) decreases interference, and classification modality incongruence (Translation) increases interference. This is the basic premise of the translational model. However, interference has never been studied in the absence of both Translation and Fluency. In order to investigate the validity of the translational model, it would be ideal to study interference if neither Translation not Fluency were present. Doing this perfectly is implausible, but minimising the influence of congruity between the classification modality and response method would be a worthy substitute. 

Interference has been studied under the influence of Translation, where the required information is presented in a different classification modality to that of the response method. In this scenario interference is significant. This is the classic Stroop test. Interference has also been studied under the influence of Fluency, where the required information is presented in the same classification modality to that of the response method. In this scenario, interference is considerably reduced. (McClain, 1983) These are the only two forms of classification modality congruity; translation and fluency. Either the classification modality of the task command is congruent with the response method, or it is not. The translational model is built on the idea that interference is significantly more present in translation than it is in fluency. This raises the question, how might it be possible to investigate the nature of Stroop interference while minimising the impact that the congruity or lack thereof of classification modality and response method will have on interference. What would the nature of interference be if the influence of both translation and fluency on it were minimised? 

Neutrality
This present study seeks to investigate the nature of the Stroop effect in the absence of significant classification modality influence. This will be done by providing response methods that are made to be as inherently meaningless as possible, in order to minimise the relevance of the congruity of target information and response method.  In order to ensure that the response methods are neither congruent nor incongruent with the classification modality of the task command, neither coloured nor linguistic response methods can be used. In order to circumnavigate this issue, this research will propose a study comprised of three trials. The first trial will measure interference under the influence of translation, or modal incongruence, in a classic Stroop Test. Font colour will be identified using a keypress. The second trial will measure interference under the influence of fluency, or modal congruence, in an amended Stroop Test similar to that of (Durgin, 2000). Font colour will be identified using coloured patches or square buttons. The third trial will measure interference while every effort has been made to minimise the relevance of modal congruity entirely. Neither Translation nor Fluency should be present. Instead, participants will be prompted to identify font colour using grey patches that have had their meaning attributed prior to the trial. Participants will use memory to label each patch or button, thus avoiding both translation and fluency in their attempts to identify font colour. By using memory as the classification modality for the response method, it is ensured that the information is not translated from one classification modality to another, nor is it remaining within the same classification modality. This will be referred to as neutrality. 

This will measure interference when identifying the font colour of an incongruent colour word, using a method that allows for minimal influence of the classification modality of the response method, in order to examine the validity of the translational model of interference. Although this method will not manage to study interference in an absolute vacuum, it certainly will go further than any research previously has in the direction of minimising the influence of translation as an idea in order to study the Stroop effect in isolation. 

Hypotheses 
Response time and accuracy combine to create an interference value. Interference was the dependant variable in this experiment, and the response method was the independent variable. There were three hypotheses that this research set out to investigate. 

The Translation Hypothesis
The first hypothesis attempts to establish the validity of the results that much of the translational theory is built on, in a similar fashion to the following studies: (Durgin, 2000) (McClain, 1983) (Virzi & Egeth, 1985 ) (Besner, Stolz, & Boutilier, 1997) (Simon & Sudalaimuthu, 1979). This hypothesis is that translation causes more interference than fluency, or that Trial 1 will have more interference than Trial 2. Essentially, if the classification modalities of the response method and task command in a Stroop test are fluent, interference will be significantly reduced from that of a classic Stroop test. 

The Memory Hypothesis
The second hypothesis is relatively straightforward. This hypothesis simply states that neutrality causes more interference than fluency, or that Trial 3 will have more interference than Trial 2. Essentially, using memory to attribute labels to the buttons will cause more interference than using buttons that are clearly labelled with colour. If memory is used to attribute a neutral classification modality to the response method in a Stroop test, interference will be significantly increased from that of a Stroop test in which the classification modalities of the response method and task command in a Stroop test are fluent

The Neutrality Hypothesis
The third hypothesis is the central hypothesis to this research. This is the hypothesis that isolating interference from the influence of classification modality congruity will cause a significant change to the interference of a classic Stroop experiment. This is a two tailed hypothesis, as the aims of this research are to study interference in a vacuum, and the delaying effects of memory as a classification modality response method are yet unknown. Concisely, Trial 3 will have significantly different interference from Trial 1. If memory is used to attribute a neutral classification modality to the response method in a Stroop test, interference will be significantly altered from that of a classic Stroop test. If interference is significantly reduced, the translational theory will be supported. If interference is significantly increased beyond what is expected by the use of memory as a classification modality, the integrity of the translational theory will be called into question. If there is no significant increase or reduction (after accounting for the increased delay caused by the lack of labels) then the null hypothesis will be supported.






Method
Participants
A convenience sample of 38 adults who were not colour blind participated in this research. Their ages ranged from 18 years old to 57 years old. The average age was 30. They were recruited in Ireland from the researcher’s social circles, fellow students, work colleagues, sports companions, immediate family, extended family, and friends. The participants were contacted via the WhatsApp messaging app by the researcher and asked if they would like to take part in an experiment for his research project. Every participant contacted said yes, and a time and place was then arranged. There were 23 males and 15 Females. Each participant completed all three trials. Participants were selected entirely by availability other than two qualifying conditions; colour blind people could not take part, and neither could anyone under the age of eighteen. The participants were not compensated for their involvement. 

Design 
The experiment in this research study was a repeated measures experimental design composed of three trials. All variables were within-subjects. In each trial, the independent variable was the response method and the dependent variable was the interference. A weighted value for Interference was found by dividing each trial’s average Response Time (RT) in Milliseconds by the Percentage Correct (PC) Value as a decimal. This weighted value is referred to as an Inverse Efficiency Score or IES (Townsend & Ashby, 1983). This method of weighting Speed and Accuracy values has been shown to be effective in cognitive psychology experiments. (Bruyer & Brysbaert, 2011) The IES of each trial was compared in order to investigate the hypotheses.


Materials/Apparatus
In order to carry out this research comprehensively, efficiently and to a high academic and ethical standard, there was an array of apparatus and materials used. The experiment itself was carried out on a Dell Inspiron 15 3000 Laptop with a 15.6 inch full HD display. A Logitech wireless mouse was also used. Primitive consent forms were given to each participant, (Appendix: Page 40) as well as information sheets. (Appendix: Page 37) Python was used to code the experiment (Appendix: Page 44) using the Tkinter library which made the app window, presented the stimuli and recorded the responses. The first trial was coded to present the words ‘Red’, ‘Blue’, ‘Green’ and ‘Yellow’ in sequence on the monitor, with each word presenting randomly in each of the aforementioned colours until all 16 possible iterations had been presented. The 16 possible colour-word combinations of word images were created using Microsoft word, screenshotted and stored on the researcher’s laptop. This trial was coded to respond to one of four Keypresses, ‘R’, ‘B’, ‘G’, and ‘Y’, corresponding to the first letter of each of the four possible colours. The first trial was also coded to record the average Response Time in seconds (RT) and Accuracy (ACC) out of 16 iterations. The template of the first trial was copied and amended to allow for different response methods; 4 coloured square buttons for the second trial, and four square grey buttons for the third trial. Instructions were coded in to appear before each trial. (Appendix: Page 41) The debrief sheet was provided digitally at the end of the experiment (Appendix: Page 39). The experiment was administered on the researcher’s laptop on a flat surface in a brightly lit, quiet area to all 38 participants in person. The data was then stored in a Microsoft Excel spreadsheet which was used to analyse the variables. (Submitted Separately) Outliers in accuracy were located by their standard deviations from the mean and removed. Outliers in response time were constituted to be any participant who had an average time of above 2 seconds for any individual trial.



Procedure
Each experiment began by contacting a potential participant on the WhatsApp messaging platform. A time and place would then be arranged, and upon entry they would be handed the information sheet that is included in the index (Appendix: Page 37) as well as the consent form that is also in the index. (Appendix: Page 40) The information sheet contained a brief explanation of the Stroop Effect, followed by a brief explanation of the translational theory and a simplified synopsis of the aims of the experiment. Upon completion of the consent form, each participant sat at the researcher’s laptop, where a set of instructions was present on the screen (Appendix: Page 41). They were told there would be three trials and given instructions for the first one. They were told that their response time and accuracy would be measured. They were then prompted to press any key to begin once they were confident that they understood what was being asked of them in the trial. 16 colour names would then present themselves on screen in a random sequence. Each colour name was shown once in each font colour. Upon completion of this trial, instructions for the second trial were presented on the screen (Appendix: Page 41). This time the mouse was used to click coloured buttons on screen. Finally, when this trial was completed, instructions for the final trial were presented on the screen. (Appendix: Page 41) These instructions contained information about which colour would be attributed to each button upon the beginning of the trial. Additionally, the location of the coloured buttons was exactly the same as in the previous trial so as to facilitate memorization. If the participant forgot the location of the buttons they were not prompted. Instead their data was located by its standard deviation from the mean and removed from the dataset. Each trial was completed in under a minute. Upon completion of the third trial the debrief sheet (Appendix: Page 39) was presented digitally and the participants were thanked for their participation and provided with the contact details of the researcher and of the thesis supervisor. 

Ethics
The ethics of this experiment were rather straightforward. Participants were informed that they could stop at any time on their information sheets. Their data was anonymised and stored using a reference number. Consent forms were not connectable to the data. All of this data was deleted upon completion and submission of the paper. There was no potential issue of deception or harm as the experiment merely measured processing speed and reaction times in an anonymous fashion. Participants were not informed of their response times or accuracy. The sample was entirely comprised of consenting adults. Finally, each participant was fully debriefed upon completion of the experiment. The Ethical approval form was submitted to Dublin Business School and minor changes were requested. Upon the submission of an updated ethics form including the proposed information sheet, the ethics form and research proposal were approved.

Data Analysis
6 sets of results were identified as outliers and were removed. If the accuracy in any trial was more than 1.5 standard deviations from the mean then the participant was assumed to have forgotten their task command for a long enough time period to interfere with the data. This was found to have occurred 4 times. Similarly, if the average response time for any trial was longer than 2 seconds it was assumed that the delay was caused by other factors in addition to interference, such as confusion, forgetting the task command, or using the wrong response method. This happened twice. Removing these outliers was considered justified because any significant deviation from the mean in accuracy or response time would mean that the delay or error was not due primarily to interference and would therefore be irrelevant. 

Additionally, it is clear that the use of memory as a classification modality in Trial 3 will inhibit the response time and accuracy somewhat for reasons other than interference. This inhibition must be distinguished from interference in order to truly isolate interference and study it in a vacuum. This inhibition can be partially identified as the apparent difference in interference between Trial 2 and Trial 3, seeing as they are identical otherwise. Trial 3 must therefore have an IES greater than this value more than Trial 1 in order to be considered to have greater interference. In other words, the difference in IES between Trial 2 and Trial 3 can be identified and subtracted from the interference value attributed to Trial 3 in order to compare it to Trial 1 for the purposes of investigating the Neutrality Hypothesis further, if the IES values do not provide a clear answer. However, because this requires an assumption, it will not be considered unless the IES values for Trial 1 and Trial 3 are particularly close. Most of the data analysis was done in Microsoft Excel, with separate sheets for each task. (Submitted as separate file) The data was copied to an SPSS file for the purposes of carrying out a Shapiro-Wilk test. 








Results
This section will be made up of four parts; one providing IES values and each of the rest providing the data relevant to one of the hypotheses. However, in order to do this a value for interference must be obtained. This value was found by weighting the dependant variables - Response Time and Accuracy – using the Inverse Efficiency Score method. (Townsend & Ashby, 1983) This was done by using the Accuracy (ACC) out of 16 to find the average percentage of correct responses for each trial, and dividing it by 100 in order to represent it as a <1 decimal (PC). The response time (RT) was also multiplied by 1000 in order to convert the ‘seconds’ value into a ‘milliseconds’ value. The interference value or IES was then found using the following formula. (IES = RT/PC, where RT is in milliseconds) Please see Table 1 for the Interference value of each individual trial, and Figure A for a visual representation.
Table 1
Weighted Interference Values of each trial (Inverse Efficiency Scores)
	Trial
	RT (ms)
	Percentage Correct
	Inverse Efficiency Score

	1 (Keypress)
	1153
	0.969
	                                 1,189.886 

	2 (Coloured Buttons)
	1085
	0.975
	                                 1,112.821 

	3 (Grey Buttons)
	1197
	0.971
	                                 1,232.750 



Figure A
A visual representation of the apparent Interference in each trial.

The Translation Hypothesis 
This hypothesis states that translation causes more interference than fluency, or that Trial 1 will have more interference than Trial 2. The results clearly show that Trial 1 has much more interference than Trial 2, with an IES value of 1190 compared to the IES value of 1113 in Trial 2. Therefore, this hypothesis is upheld and the null hypothesis is rejected. Please see Figure B for a visual representation of the interference values of Trial 1 and Trial 2. As can be seen in Table 1, Trial 2 also had both a lower response time, and a higher accuracy rating than trial 1, leaving absolutely no doubt about which trial had more interference.

Figure B
A visual representation of the Interference in Trials 1 and 2


The Memory Hypothesis 
This hypothesis holds that neutrality causes more interference than fluency, or that Trial 3 will have more interference than Trial 2. The results clearly show that Trial 3 has much more interference than Trial 2, with an IES value of 1233 compared to the IES value of 1113 in Trial 2. Therefore, this hypothesis is upheld and the null hypothesis is rejected. Please see Figure C for a visual representation of the interference values of Trial 2 and Trial 3. As can be seen in Table 1, Trial 2 also had both a lower response time, and a higher accuracy rating than trial 3, which once again leaves no doubt about which trial had greater interference.

Figure C
A visual representation of the Interference in Trials 2 and 3


The Neutrality Hypothesis
This hypothesis states that if the influence of classification modality is reduced, interference will be significantly altered from that of a classic Stroop test. In other words, Trial 3 will have significantly differing interference from Trial 1. It can be noted from Table 1, that the accuracy of these Trials is nearly identical. When accuracy is expressed as a percentage, Trial 1 is 96.9% accurate and Trial 3 is 97.1% accurate. This 0.2% difference in accuracy is negligible. As a result, the response times alone can determine the difference in interference between these trials. As can be seen in Table 1, the average iteration in Trial 1 was completed only 44 milliseconds faster than the average iteration in Trial 3. This cannot be considered significant. As a result, this hypothesis must be rejected and the null hypothesis accepted. Please see Figure D for a visual representation of the Interference, Response Time and Accuracy in Trials 2 and 3. Additionally, Trials 1 and 3 were tested for normality with a Shapiro-Wilk test, viewable in Table 2. It was found that Trial 1 was normally distributed with s significance value of but Trial 3 was not. 

Figure D
A visual representation of the Interference, Response Time and Accuracy in Trials 2 and 3. 






Table 2
Normality test results of Trial 1 and Trial 3
	
	Kolmogorov-Smirnov
	Shapiro-Wilk

	Trial
	Statistic
	Df
	Sig.
	Statistic
	Df
	Sig.

	1
	0.120
	32
	.200
	0.939
	32
	0.072

	3
	0.139
	32
	0.122
	0.824
	32
	0.000



Finally, for the purposes of further investigation and speculation, the IES Value of Trial 1 was amended to reflect the additionally difficulty that Trial 3 had over Trial 2. This can be seen in Figure E. 

Figure E
A visual representation of the IES in each trial, with adjustments made to Trials 1 and 3 in an attempt to convey the interference that would be present if Trial 1 had a similar obstruction to Trial 3 (The use of memory as a classification modality) and vice versa



Discussion
The aims of this research were to confirm that fluency reduces interference, to investigate the extent to which neutrality increases interference from a state of fluency, and to investigate the effects of classification modality neutrality on interference when compared to a classic Stroop test. These results are quite interesting for the translational theory, and future work is crucial in order to evaluate the effects further.  The first two hypotheses were upheld, and the third was rejected but with a strong case to be made for further, more refined research concerning it. The translational model is definitely responsible for some interference, as evidenced by Trial 2 and the acceptance of the translation hypothesis. This supports the work of previous researchers in this area, and lends additional credence to the validity of the model. (Fennell & Ratcliff, 2019 ) (Durgin, 2000) (Simon & Sudalaimuthu, 1979) (Virzi & Egeth, 1985 ) The considerable improvements in response time and accuracy in Trial 2 as compared to Trial 1 strongly support the idea that the congruity of the classification modalities of the task command and response method significantly reduce interference, suggesting that translation is at least partially responsible for classic Stroop interference. 

The memory hypothesis was also accepted, with Trial 3 having considerably poorer response times and accuracy to Trial 2, as evidenced by Table 1. This suggests that the use of memory as a neutral classification modality of the response method is bound to increase the apparent interference, which raises the question: To what extent? What percentage of this increase in apparent interference is due to memory, and what percentage is classic Stroop interference? This value is essential in order to comprehensively investigate the Neutrality Hypothesis and meaningfully analyse the results of the third trial. Unfortunately, this was not foreseen. It will be addressed in the future research section. 

The neutrality hypothesis was rejected. Accuracy in Trial 3 was within 0.2% of the accuracy in Trial 1 as evidenced by Table 1. 

As stated earlier, if interference in Trial 3 remained at similar levels as a regular Stroop test in a classification modality vacuum then translation was not likely to be a suitable explanation for the existence of interference. This is ultimately what happened, as evidenced by Table 1. If interference was reduced then that would support the translational model, and all research that is built upon it by extension. If interference was increased, then that would not support the idea that the translation is responsible for most Stroop interference. Alternatively, if interference was increased in Trial 3 from Trial 1 it may have been caused by elements of the study design itself. However, these similar levels of interference cannot be assumed to be comprised entirely of Stroop interference and so cannot call the Translational theory into question without robust attempts to isolate the interference even further. The study design was never going to be able to totally isolate interference, and there was always going to be some delay as a result. Additionally, the use of memory as a classification modality response method inevitably also contributed somewhat to the delay. Both of these outcomes were expected, however, it was expected that the change in apparent interference would be substantial enough to offset or make redundant the delay. 

Other Research & Applications
The fact that interference was reduced considerably in Trial 2 supports the idea that automaticity does not account for the primary share of interference in a classic Stroop test, and it supports criticisms of this model by extension such as the foundational article titled: “The Stroop Effect and the Myth of Automaticity” (Besner, Stolz, & Boutilier, 1997) Additionally, these results directly support the translational model and bolster the findings of other experimental research that has made the classification modality of the response method fluent with that of the task command. (Bearden, Asgari, Sobel, & Scholes, 2021) (McClain, 1983) (Simon & Sudalaimuthu, 1979) (Virzi & Egeth, 1985 ) Finally, these findings have addressed a gap in the existing research that has been probed at from a different angle in some other relatively recent studies. (Bearden, Asgari, Sobel, & Scholes, 2021) (Blais & Besner, 2007) (Fennell & Ratcliff, 2019 ) Hopefully it has provided a framework for the further investigation of Stroop interference in a classification modality vacuum. The applications for this research are numerous, as Stroop interference is an integrated phenomenon used extensively in psychological tests to measure everything from reaction time, to executive function. It is used in conjunction with many other tests to measure cognitive impairment and to identify developmental issues. It is also used extensively as an introductory experiment to psychology students all over the world. As a result, understanding the very core of Stroop interference is vital to the entire industry of psychology, and any theory that further illustrates its potential nature is worth investigating, particularly when the dominance of the flawed automaticity theory is relatively unchallenged. (Besner, Stolz, & Boutilier, 1997) One such theory, that may facilitate an understanding of the results obtained in this current research, is the verbal mediation hypothesis.

“The verbal mediation hypothesis asserts that participants resolve the conflict between a verbal task and visuospatial response modality by attaching verbal labels to the locations of the manual responses. Broadly, the verbal mediation hypothesis suggests that the construction of one’s neural pathways affects how one attaches verbal labels to surrounding objects or stimuli because covertly creating verbal labels allows efficiency in cognitive processing and attentional control when navigating the world” (Bearden, Asgari, Sobel, & Scholes, 2021)
This theory essentially claims that the use of non-verbal classification modalities for the response methods will not have the desired effect, as participants will automatically attribute a verbal mental label to the unlabelled, modally neutral response method. Bearden et al. claim that this makes the attempt to neutralise the classification modality ultimately redundant. When considering this theory it becomes apparent that it could account for the unexpectedly unchanged interference levels in the third trial. Perhaps the participants subconsciously verbally mediated the neutrally modally classified response method in Trial 3. If this was the case, Trial 2 could be explained by the idea that direct visual colour to colour association is processed faster than reading is. Perhaps direct visual colour to colour association can even be explained by an automaticity all of its own. As satisfyingly ironic as that would be, it seems that the existing research suggests that verbal recoding is more likely responsible for this effect, (Walker & Cuthbert, 1998) and that that classification modality congruence or fluency may be a unique phenomenon in the diminishing impact it has on interference. It has been found that an engaging mental task will interfere with a visual memory task. (Stefurak & Boynton, 1986) The very same researchers believed that this occurred in their research because the mental engagement tampered with the process of verbal recoding. When considering this research it seems plausible that Trial 3 could have created interference all of its own, in that an attempt to verbally mediate was met with an obstruction from the engaging memory based task command. It is possible that interference is reduced in a fluent trial because colour to colour processing is a unique condition that circumvents the impulse to verbally mediate. However, further research is required in order to investigate these ideas comprehensively. Perhaps, a more holistic and comprehensive perspective on Stroop interference is required.



Limitations & Further Research 

There were several limitations to consider in this research, most of which can be amended in further research. Firstly, the experiment could not be carried out remotely. This was a huge limitation as it reduced the potential sample size considerably. Hosting the experiment online would have allowed it to have been shared on social media both in messages and posts in order to reach a wider audience. Similarly, a more general type of sample would have been preferable to a convenience sample, as it would minimise bias further. In terms of the experiment itself, a sample trial at the beginning would have aided the participants in understanding their task and getting comfortable with it. In future research, a sample trial should help reduce the number of outliers. It would also be beneficial to randomise the locations of the coloured buttons in Trial 2 with each iteration, and place them in the four corners of the screen so as to minimise the influence of the mouse cursor position on the data. Additionally, for Trial 1 another recommendation would be using buttons with verbal labels rather than a keypress. The location of these buttons should also be randomised. This will reduce the unnecessary apparent interference caused by looking down from the screen in order to administer the response for those participants who are not particularly fluid at typing. Another potential limitation is that this research could have used a more sophisticated method of analysis. However, it was deemed unnecessary at the time due to an imperative to display the most important findings in the most concise and intuitive manner possible. Direct comparisons using bar charts were deemed to serve the necessary function without overcomplicating matters. The use of a repeated measures design has its own limitations. Although it would massively increase the number of participants required, using separate groups would help reduce order effects. It was impossible to know whether participants were improving at their tasks as they progressed through them. Alternatively, the repetition could have been worsening the accuracy and response time as each trial progressed, by making them fatigued. Again, hosting the experiment online would allow for this type of experiment design to be utilised far more seamlessly. 

The interference value was found using the Inverse Efficiency Score (IES) method. (Bruyer & Brysbaert, 2011) There may have been a better way to weight these values. The use of this IES value may have even been somewhat redundant. This is because in the only comparison between trials where there was not a clear winner, there was almost identical accuracy. The 0.2% swing in accuracy could be deemed negligible. Because of this, the original response time (RT) value was resorted to in order to determine the interference levels regardless of the IES value. 

Furthermore, the inclusion of a basic memory test with a similar layout to trial 3 would add to any future study by providing a value for non-Stroop apparent interference caused by the use of memory as a neutral classification modality for the response method. Because trial 3 has slightly more interference than trial 1, this suggests that interference is not caused primarily by translation from visual to verbal, but potentially rather by translation from visual information to another type of mental categorization that is not yet understood. Memory is not instant, especially under pressure. (Gimmig, Huguet, Caverni, & Cury, 2006) Essentially, in further research there must be a memory test that neutralises the delay in remembering the attribution of each button. Taking the memory induced interference value into account in future research and weighting it against the apparent interference in the neutrality trial will facilitate a more comprehensive understanding of the extent to which interference can be isolated, and its behaviour once it is isolated. Finally, some alternate further research that could illuminate this topic could involve investigation into the verbal mediation hypothesis and subconscious verbal mental labelling. Integration of extensive research surrounding verbal recoding could prove beneficial, particularly when concerned with determining the extent to which memory can function as a robust neutraliser of classification modality. 

Conclusion 
Although all of the hypotheses were not accepted, this research has begun an important investigation into the nature of interference, its potential root causes, and their proportions to each other. This research did support previous research regarding the translational model of Stroop interference. It also established that using memory as a classification modality neutraliser increases interference when compared with fluency, and has similar levels of apparent interference to that of classic Stroop translation. However, this method of fabricating the neutrality of the classification modality has its own problems. The extent to which memory interferes with colour identification is unknown for the purposes of isolating Stroop interference. Future experiments should employ a device that attempts to measure it so as to weight it appropriately against the obtained data. Ultimately, it was not possible to interpret the data in a manner that would support the central hypothesis, but in analysing the limitations of this experiment, a template was formed that should be capable of isolating interference in a more effective and appropriate way. Stroop interference can never be isolated in its entirety, but steps can be taken to reduce the possibility that apparent interference is being caused by something other than the Stroop effect. 
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Information Sheet

Research Title: 	Isolating Stroop interference to measure it in a classification modality vacuum

You are invited to participate in a Psychological research study. My name is Kilian Golden, and I am currently doing a Higher Diploma in Psychology at DBS. This experiment is a part of my final year research project. Taking part is optional, and you can stop at any time. 

The Stroop Effect is the name given to the delay in identifying font colour when the word itself means something different. I have included an example below. 
Green

There are many theories that attempt to explain this delay. One such theory is called the Translational model. It posits that the delay or “interference” is caused by the need to translate the required information from one classification modality to another. For example, the font colour must be visually identified and then translated into language in order to administer a response. Experiments that attempt to reduce translation tend to find that interference is also reduced. 
This experiment aims to measure interference neither with translation nor without translation. It will use memory instead to render translation irrelevant. There will be trials with translation and without translation in order to have something to measure it against. It is my hope that this will provide new perspectives on the translational model of interference in Stroop tasks. 

Should you choose to participate, you will be prompted to identify font colours by pressing keys and clicking buttons. There will be several trials. You will receive more detailed instructions once you begin the experiment. It should not take any longer than 10 minutes. 

Your data will be anonymous. It will consist predominantly of quantitative data such as response times. It will be stored securely on my laptop. If you wish, you may be notified of the findings of the research. The findings will be submitted to Dublin Business School. 

I am contactable at XXXXXX@mydbs.ie  
My supervisor is Niall Bourke, PhD. He is contactable at XXXXXX@imperial.ac.uk  

Thank you very much for your time
Kilian Golden 
105 716 78 












Debrief Sheet

Thank you for your participation
It takes longer to identify a font colour when the word meaning is that of a different colour. This is called the Stroop effect, and the delay is called interference. There are many theories that attempt to explain interference. The translational model claims that interference is caused by the fact that the response method is different from the information being identified in most Stroop Tests. (E.g. A verbal response given for the visual identification of a colour) This difference is called incongruence. When incongruence is reduced, interference is also reduced. This evidence supports the translational model. 
This study aims to study interference when there is neither congruence, not incongruence. That’s why meanings were attributed to the grey buttons, so there was neither translation, nor no translation. 
You will be notified of the results of this research via email when it has been completed. 
Your data is entirely anonymous, and will be deleted in entirety upon completion of the research project. 
My supervisor for this research is Niall Bourke
They can be contacted at: XXXXXX@imperial.ac.uk 

Once again, thank you for your participation





Consent form


I consent to participation in this experiment and to the storage and use of my data for the purposes of this experiment 

Please tick this box if you would like to be contacted with the findings upon completion of the research project 

If so, please write your email address in the box below







Signed 

________________________________________________

Date

_____________________
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from tkinter import *
from PIL import Image, ImageTk
from os import listdir
from os.path import isfile, join
import time
import random

class App1:
    def __init__(self, root):
        fm = Frame(root, width=300, height=200)
        fm.pack(side=TOP, expand=NO, fill=NONE)
        self.pic='initial'
        self.initial=0
        self.correct=0
        self.times=[]

        vlabel=Label(fm)
        photo = ImageTk.PhotoImage(Image.open('C:/Users/Kilia/OneDrive/Desktop/Stroop/1hello.png'))
        vlabel.configure(image=photo)
        vlabel.photo = photo
        vlabel.pack()

        root.bind('<r>',lambda event:self.change_pic(vlabel, 'R'))
        root.bind('<g>',lambda event:self.change_pic(vlabel, 'G'))
        root.bind('<b>',lambda event:self.change_pic(vlabel, 'B'))
        root.bind('<y>',lambda event:self.change_pic(vlabel, 'Y'))

        '''b2=Button(fm,bg="Red",command=lambda:self.change_pic(vlabel, 'R'), height = 2, width = 15)
        b2.pack(side=LEFT)
        b3=Button(fm,bg="Blue",command=lambda:self.change_pic(vlabel, 'B'), height = 2,width = 15)
        b3.pack(side=LEFT)
        b4=Button(fm,bg="Green",command=lambda:self.change_pic(vlabel, 'G'), height = 2,width = 15)
        b4.pack(side=LEFT)
        b5=Button(fm,bg="Yellow",command=lambda:self.change_pic(vlabel, 'Y'), height = 2,width = 15)
        b5.pack(side=LEFT)'''

    def change_pic(self, labelname, ans):
        #results.append(ans)
        if ans == self.pic[0]:
            self.correct+=1

        self.final=time.time()
        time_ans=self.final-self.initial
        self.times.append(time_ans)
        self.initial=self.final

        try:
            self.pic = next(pictures)
            photo1 = ImageTk.PhotoImage(Image.open(PATH+self.pic))
            labelname.configure(image=photo1)
            labelname.photo = photo1
        except:           
            print('Average Time: '+ str(round(sum(self.times[1:])/len(self.times[1:]), 3)))
            print('Number of Correct:' + str(self.correct))
            root.destroy()

class App2:
    def __init__(self, root):
        fm = Frame(root, width=300, height=200)
        fm.pack(side=TOP, expand=NO, fill=NONE)
        
        self.pic='initial'
        self.initial=0
        self.correct=0
        self.times=[]

        vlabel=Label(fm)
        photo = ImageTk.PhotoImage(Image.open('C:/Users/Kilia/OneDrive/Desktop/Stroop/2hello.png'))
        vlabel.configure(image=photo)
        vlabel.photo = photo
        vlabel.pack()

        '''root.bind('<r>',lambda event:self.change_pic(vlabel, 'red'))
        root.bind('<g>',lambda event:self.change_pic(vlabel, 'green'))
        root.bind('<b>',lambda event:self.change_pic(vlabel, 'blue'))
        root.bind('<y>',lambda event:self.change_pic(vlabel, 'yellow'))'''

        b2=Button(fm,bg="Red",command=lambda:self.change_pic(vlabel, 'R'), height = 2, width = 15)
        b2.pack(side=LEFT)
        b3=Button(fm,bg="Blue",command=lambda:self.change_pic(vlabel, 'B'), height = 2,width = 15)
        b3.pack(side=LEFT)
        b4=Button(fm,bg="Green",command=lambda:self.change_pic(vlabel, 'G'), height = 2,width = 15)
        b4.pack(side=LEFT)
        b5=Button(fm,bg="Yellow",command=lambda:self.change_pic(vlabel, 'Y'), height = 2,width = 15)
        b5.pack(side=LEFT)

    def change_pic(self, labelname, ans):
        #results.append(ans)
        if ans == self.pic[0]:
            self.correct+=1
        self.final=time.time()
        time_ans=self.final-self.initial
        self.times.append(time_ans)
        self.initial=self.final

        try:
            self.pic = next(pictures)
            photo1 = ImageTk.PhotoImage(Image.open(PATH+self.pic))
            labelname.configure(image=photo1)
            labelname.photo = photo1
            #print("updated")
        except:
            #print('list finished')    
            print('Average Time: '+ str(round(sum(self.times[1:])/len(self.times[1:]), 3)))
            print('Number of Correct:' + str(self.correct))
            root.destroy()

class App3:
    def __init__(self, root):
        fm = Frame(root, width=300, height=200)
        fm.pack(side=TOP, expand=NO, fill=NONE)
        
        self.pic='initial'
        self.initial=0
        self.correct=0
        self.times=[]

        vlabel=Label(fm)
        photo = ImageTk.PhotoImage(Image.open('C:/Users/Kilia/OneDrive/Desktop/Stroop/3hello.png'))
        vlabel.configure(image=photo)
        vlabel.photo = photo
        vlabel.pack()

        '''root.bind('<r>',lambda event:self.change_pic(vlabel, 'red'))
        root.bind('<g>',lambda event:self.change_pic(vlabel, 'green'))
        root.bind('<b>',lambda event:self.change_pic(vlabel, 'blue'))
        root.bind('<y>',lambda event:self.change_pic(vlabel, 'yellow'))'''

        b2=Button(fm,bg="Grey",command=lambda:self.change_pic(vlabel, 'R'), height = 2, width = 15)
        b2.pack(side=LEFT)
        b3=Button(fm,bg="Grey",command=lambda:self.change_pic(vlabel, 'B'), height = 2,width = 15)
        b3.pack(side=LEFT)
        b4=Button(fm,bg="Grey",command=lambda:self.change_pic(vlabel, 'G'), height = 2,width = 15)
        b4.pack(side=LEFT)
        b5=Button(fm,bg="Grey",command=lambda:self.change_pic(vlabel, 'Y'), height = 2,width = 15)
        b5.pack(side=LEFT)

    def change_pic(self, labelname, ans):
        #results.append(ans)
        if ans == self.pic[0]:
            self.correct+=1
        self.final=time.time()
        time_ans=self.final-self.initial
        self.times.append(time_ans)
        self.initial=self.final

        try:
            self.pic = next(pictures)
            photo1 = ImageTk.PhotoImage(Image.open(PATH+self.pic))
            labelname.configure(image=photo1)
            labelname.photo = photo1
            #print("updated")
        except:
            #print('list finished')    
            
            print('Average Time: '+ str(round(sum(self.times[1:])/len(self.times[1:]), 3)))
            print('Number of Correct:' + str(self.correct))
            root.destroy()

class App4:
    def __init__(self, root):
        fm = Frame(root, width=300, height=200)
        fm.pack(side=TOP, expand=NO, fill=NONE)
        vlabel=Label(fm)
        photo = ImageTk.PhotoImage(Image.open('C:/Users/Kilia/OneDrive/Desktop/Stroop/goodbye.png'))
        vlabel.configure(image=photo)
        vlabel.photo = photo
        vlabel.pack()

if __name__ == '__main__':

    PATH = 'C:/Users/Kilia/OneDrive/Desktop/Stroop/pics/'

    pictures_list = [f for f in listdir(PATH) if isfile(join(PATH, f))]
    
    random.shuffle(pictures_list)
    print('Stage 1')
    #print(pictures_list)
    pictures = iter(pictures_list)
    root = Tk()
    root.geometry('500x200')
    display = App1(root)
    root.mainloop()

    random.shuffle(pictures_list)
    print('Stage 2')
    #print(pictures_list)
    pictures = iter(pictures_list)
    root = Tk()
    root.geometry('500x200')
    display = App2(root)
    root.mainloop()

    random.shuffle(pictures_list)
    print('Stage 3')
    #print(pictures_list)
    pictures = iter(pictures_list)
    root = Tk()
    root.geometry('500x200')
    display = App3(root)
    root.mainloop()

    root = Tk()
    root.geometry('500x200')
    display = App4(root)
    root.mainloop()


IES Values	Trial 2 (Coloured Buttons)	Trial 3 (Grey Buttons)	1112.8205128205129	1232.7497425334707	


RT (ms)	1 (Keypress)	3 (Grey Buttons)	1153	1197	PC x 1000	1 (Keypress)	3 (Grey Buttons)	969	971	Inverse Efficiency Score	1 (Keypress)	3 (Grey Buttons)	1189.8864809081529	1232.7497425334707	



1 (Keypress)	Inverse Efficiency Score	Adjusted IES Score	1189.8864809081529	1309.8152234416236	3 (Grey Buttons)	Inverse Efficiency Score	Adjusted IES Score	1232.7497425334707	1112.8209999999999	



IES Values	Trial 1 (Keypress)	Trial 2 (Coloured Buttons)	Trial 3 (Grey Buttons)	1189.8864809081529	1112.8205128205129	1232.7497425334707	


IES Values	Trial 1 (Keypress)	Trial 2 (Coloured Buttons)	1189.8864809081529	1112.8205128205129	
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Thank you for participating in this experiment
It will consist of three trials

Please follow the instructions carefully

Trial 1
Words will appear on screen. The words will be colour names
For this trial, please try to identify the font colour
For example: Green
For this example, the answer is Red
Respond by pressing the key that corresponds to the first letter of the font colour
For this example, you would respond by pressing the ‘R’ key on your keyboard

If the word was Green you would press the ‘B key for blue

If you understand, please press R, G, B or Y to continue to the experiment

When you press one of these keys, the experiment will begin
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Trial 2
For this Trial, please identify the font colour again

However, this time, please respond by selecting the coloured button that corresponds to the font
colour

For example: Red
For this example, you would press the blue button

Please click any button to begin
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Trial 3
Do you remember which colour each button was?|

Please do your best to memorize the colour attributed to each button
Red Blue Green Vellow
For this trial, please identify the font colour again

However, this time use your memory to press the grey button that corresponds to each colour

When you are ready, please click one of the buttons to begin the trial
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