To test the existence of the Stroop effect


Abstract  

The psychological assessment tool known as the Stroop test was initially published in 1935 by American psychologist John Ridley Stroop in a paper titled "Studies of Interference in Serial Verbal Reactions" (Brunetti et al., 2021). This study is a partial replication of the Stroop effect study (1935). The goal was to see if the Stroop effect existed and if people choose to focus on one component of a stimulus while disregarding others. The hypothesis predicts that in the incongruent condition, colour naming times will be much longer. A convenience sample of 23 students (21 females and 2 men) ranging in age from 18 to 47 years was used. A related design was utilised. All individuals took part under both congruent and incongruent circumstances. While being timed, all participants were asked to identify the ink colour. A related t-test was performed, and the results revealed a statistically significant difference between the two conditions. The findings supported the existence of the Stroop effect. This study is significant in understanding the brain's ability to prioritise automatic activities when there is conflicting data. 
















Introduction 

In psychology, attention is the focus of awareness on a phenomenon at the expense of other stimuli (Styles & Styles, 2006). The term "automaticity theory" derives from the word "automatic," which refers to a person's ability to recognise and process information with minimal effort. Automaticity theory, according to Samuels (2007), has been used in reading fluency to determine a student's ability to look at words and read them without thinking (Feruzi, 2021). Automatic and controlled thinking are the two types of cognitive processing (Marcel, 1983; Brown et al., 2002). It is not necessary to have controlled attention whilst reading words as it is an automatic process. Recognising colours, however, will require greater attention as it is not an automatic process (Ning, 2021).
Linnman et al. (2006) conducted a stroop effect test on the internet with 40 participants (20 male and 20 females). Linnmans et al. (2006) study results incentivised that the Stroop effect existed and supported Stroop1935 original paper. Also, identifying that the Stroop test could be conducted both online and in person, however in person showed better results. Lee et al. (2000) also conducted a stroop effect test to identify whether the Stroop effect existed and whether results were similar when conducted in both English and Chinese. Lee et al. (2000) found that there was no significance difference between doing the Stroop in English and Chinese. Also, they confirmed an existence of the Stroop effect through their study. This further supports Stroop’s (1935) original Stroop test. 
Furthermore, a supporting study by Johnson et al. (2019), the neural underpinnings of the Stroop effect were examined using functional magnetic resonance imaging (fMRI). The researchers aimed to inspect the neural correlates associated with the interference effect observed in the Stroop Test. Participants participated a modified version of the Stroop test while undergoing fMRI scanning. The study found robust activation in the anterior cingulate cortex (ACC), a region known to be involved in cognitive control and conflict monitoring. Additionally, increased activation was observed in the dorsolateral prefrontal cortex (DLPFC), a region associated with working memory and executive functions. These findings provided evidence supporting the engagement of brain regions involved in attentional control and conflict resolution during the Stroop task. The study's use of neuroimaging techniques allowed for a deeper understanding of the neural mechanisms underlying the Stroop effect and further validating the Stroop effects significance in the field of cognitive psychology. Thompson, et al., (2020) carried out a systematic review to check the applicability of the Stroop Test within a clinical population. The results identified that the Stroop Test demonstrated clinical utility in various psychiatric disorders and cognitive impairments. It effectively captured attentional deficits and impulsivity in individuals with ADHD, differentiated between anxiety disorder patients and healthy controls, and detected executive function impairments in traumatic brain injury patients. The findings emphasise the Stroop Test's value as a diagnostic and assessment tool in clinical settings. Further supporting Stroop’s (1935) original paper.
In summary, the Stroop test offers a reliable and valid method for assessing attentional control, cognitive flexibility, and executive functions. It provides valuable insights into cognitive processing and has practical applications in both clinical and research contexts.
Commonly used, The Stroop Colour and Word Test (SCWT) is a neuropsychological test that assess the ability to inhibit cognitive interference, which occurs when the processing of one stimulus attribute interferes with the simultaneous processing of another.

Hypothesis
Colour naming times will be significantly longer in the incongruent condition. The independent variable was the congruency of the words and their colours. The dependant variable was the time taken to name the colours.



















Methodology

Design
The design was related and had one independent variable and one dependent variable. The independent variable was the congruency of the words and their colours. The dependent variable was the total time taken to name every colour. The experiment consisted of two conditions: congruent and incongruent. This was a one tailed experiment where participants were involved in both conditions.

Participants
A convenience sample of Twenty-three participants completed both conditions of this study: 2 were male and 21 females. Ages ranged from 18 to 39 years (M = 24.26, SD = 3.52 years). Participants were all undergraduate students from UWTSD who took part in the Stroop test. All participants were naive to the purpose of the experiment.

Materials
· Timer on Mobile phone
· Notebook
· Pencil
· Piece of paper with coloured words on each side

Two stimuli were used in the experiment. A colour stimulus and a word stimulus. The purpose of having two stimuli were to test whether there would be a significant difference in the time with one set of words matching the name of the colour and the other not.  
The two lists consisted of fifteen words each. 
The words consisted of the colours: Pink, Blue, Black, Green, Brown, Red, Orange, Purple, Grey and Yellow. (See appendix 1)

Procedure 
(See appendix 2)



Results

The following results present the findings for the Stroop test effect. 

Table 1 
Mean scores for congruent and incongruent statistics.
T-test

The mean time spent by participants partaking in the Stroop test
	Paired Samples Statistics 


Mean 
N 
Std. Deviation 
Std. Error Mean 

Pair 1 
congruent 
6.64          
23            
1.25        
.26150        
incongruent 
13.47         
23            
3.18        
.66385        


(SD=1.25)
(SD=3.18)

The table above shows the mean scores of the participants congruent and incongruent scores. Demonstrating that the congruent word list took less time to read than the incongruent list.

To examine if the mean scores for both conditions are significantly different to the probability of .05, the non-parametric T-test statistical test was carried out.

A related t-test t indicated that the difference in time taken to state the colour between the congruent and incongruent condition was statistically significant (t(22) = 21.79, p <.001, cohen’s d = 2.09), with a mean effect size (Cohen, 1988)

The results indicate that the hypothesis that participants take longer in the incongruent test than the congruent test was supported and provides support for the Stroop effect.
























Discussion and conclusion 

The aim of this study was to examine cognitive processing and attention control in individuals by measuring their response times and accuracy in completing the Stroop test. The hypothesis was supported as the results showed that participants took longer to read incongruent words than those of congruent words. Also showing support for the findings of the initial 1935 Stroop effect and providing support for the automaticity theory mentioned within the literature. There are significantly less males than females which does not show a true representation of the male perspective. Another limitation to this study is that it has a small sample size which does not provide enough representation for the wider population.
The study conducted by Linnman et al. (2006) examined the Stroop effect and supported the original findings by Stroop (1935). The results identified that the Stroop effect existed and could be conducted both online and in person, although in-person testing yielded better results than online. Similarly, Lee et al. (2000) conducted a Stroop test in English and Chinese, which found no significant difference between both languages and also confirmed the existence of the Stroop effect. These studies provide additional support for the validity of Stroop's original research. Also, Johnson et al. (2019) study found that revealed activation in brain regions associated with cognitive control, conflict monitoring, working memory, and executive functions. This neuroimaging study provided valuable insights into the underlying neural mechanisms of the Stroop effect, further strengthening its significance in the field of cognitive psychology and further supporting the original Stroop effect and this was further supported by Thompson et al. (2020) study. Also, along with the literature the results from the study performed for the purpose of this report further supported the Stroop effect showing that participants took longer on congruent words than incongruent words.
To conclude, the Stroop Test has proven to be a valuable tool in understanding attentional processes, cognitive control, and cognitive impairments. It has been further supported by a number of studies, including the original research by Stroop (1935). The test's applicability in both research and clinical settings underscores its significance in assessing attentional control, cognitive flexibility, and executive functions. Future research should look further into the emotional Stroop test.
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Appendences

Appendices must be individually labelled (appendix 1: word list, 2: informed consent sheet etc)

Things to copy and paste (under lecture 7)
1. Stroop task (both conditions)
2. Standardised instructions
3. Information sheet and consent form (informed consent form)
4. Debrief form
5. Stroop ethics form
6. Raw dater (scores) (Table)
7. SPSS


















1.  Stroop task
[image: Graphical user interface, application

Description automatically generated]






















2. Standardised instructions
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3. Information sheet and consent form
[image: Graphical user interface, text, application

Description automatically generated]


4. Debrief form
[image: Graphical user interface, text, application

Description automatically generated]





























5. Stroop ethics form

[image: Table

Description automatically generated]


6. Raw data

Congruent Condition                       Incongruent addition 
Condition 1        6.61                        Condition 2       10.84
Condition 1        8.75                        Condition 2       16.55
Condition 1        5.57                        Condition 2       12.43
Condition 1        6.31                        Condition 2       18.45
Condition 1        4.10                        Condition 2       10.50
Condition 1        6.10                        Condition 2       12.75
Condition 1        8.50                        Condition 2       21.65
Condition 1        6.20                        Condition 2       16.12
Condition 1        4.05                        Condition 2       16.24
Condition 1        4.98                        Condition 2       17.37
Condition 1        6.31                        Condition 2       13.94
Condition 1        6.59                        Condition 2       16.40
Condition 1        7.33                        Condition 2       13.71
Condition 1        6.55                        Condition 2       11.36
Condition 1        5.92                        Condition 2       10.33
Condition 1        6.94                        Condition 2       11.11
Condition 1        7.66                        Condition 2       12.13
Condition 1        8.44                        Condition 2       14.31
Condition 1        6.15                        Condition 2       9.89
Condition 1        7.56                        Condition 2       10.33
Condition 1        7.44                        Condition 2       12.39
Condition 1        6.62                        Condition 2       9.59
Condition 1        7.99                        Condition 2       11.37





7. SPSS
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+ You will be presented with two lists of words.
Your task for this experiment is to state the
colour of ink in which each word is presented
regardless of the word. You will need to start
naming the colours (not reading the words)
starting at the top of the list, and ending at the
bottom. Your performance on each list will be
timed. Please remember that if at any time during
the proceedings of this experiment you wish to
withdraw, you have the right to do s0.No
personal information will be taken from you. If

you have any questions, please ask them now. |
will give you the first list now. Please turn it over

when  instruct you to.
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Study Information Sheet

This document provides key information regarding the study and provides details
about what will be expected of you as a participant. Therefore, please read this
information carefully before providing consent to take part.

During this study you will be required to do the following:

[Complete a demographics form detailing your age and gender

Complete a 30-item paper based questionnaire measuring anxiety

o Further instructions on how to complete this will be provided at the top of
the questionnaire

* You will then be presented with a list of 30 words on the computer screen

o Each word will be presented individually for five seconds and your task is |
to simply read the word

o Whilst the words are being presented, you will be required to listen to a
piece of music played through a set of headphones

« Once all of the words have been displayed, you will then be given ten minutes to
complete as much of a jigsaw puzzle as you can

o After the ten minutes is up, you will be required to complete the anxiety
questionnaire again

« You will then be required to write down as many of the words as you can
remember on the piece of paper provided. You will have two minutes to complete
this task. Once the two minutes is up, that will be the end of the study]

At the end of the study you will be debriefed by the researcher and you will be
provided with the study debrief sheet

f you feel you would be uncomfortable answering personal questions about your
anxiety levels, you are advised not to take part in this study.

Due to this research involving an auditory component, you must be capable of
listening to music through headphones in order to take part|

If you have any questions, please ask the researcher now.

If you are happy to take part in this study, please read and sign the consent form
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Study Debrief Sheet

Thank you for taking part in the study.

The aim of this study was fo explore ...... We specifically wanted to find out whether

If you wish to withdraw your data from the study, you must tell the researcher
now. After this point, all of your data will be anonymised and we will not be able to
trace it back to you

If taking part in this study has raised any questions, please speak to the researcher
on or contact the academic
supervisor

Thank you once again for taking time to participate in this study.

University of Wales Trinity Saint David
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|APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted
ethically. A researcher may not be covered by the University’s insurance if ethical approval
has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work
undertaken on a systematic basis in order to increase the stock of knowledge, including
knowledge of man, culture and society, and the use of this stock of knowledge to devise new
applications”. As such this covers activities undertaken by members of staff, postgraduate
research students, and both taught postgraduate and undergraduate students working on
dissertations/projects.

The individual undertaking the research activity is known as the *principal researcher”

Ethical approval is not required for routine audits, performance reviews, quality assurance studies,
testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research acti
see Checklist for details of process for different categories of application

SECTION A: About You (Principal Researcher)

Full Name: Charlotte Greenway
Tick all boxes which app!

Member of staff = Student o Honorary research fellow. o
Faculty/School/Centre: Psychology

Campus Carmarthen

E-mail address Cgreenway@uwisd ac Uk

Contact Telephone Number. 01267676923

For students:

Student Number: Undergraduate | O

Taught

Programme of Study Postgratuate | 2
Director of Studies/Supervisor: Research | O

SECTION B: Approval for Research Activity

Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process | YES | B | NO | O
for different levels of research by different categories of individual)

Date
IF Yes, please indicale SOUICe Of| Research Degrees Commitiee O
approval (and date where known).
Faculty Research Committee: o
Other (write in)
School ethics board B | 03.00.18
Approval in principle must be obtained from the relevant source prior to seeking ethical approval.
July 2017 1 Ethical Approval Form





