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Abstract 

 

This study examined the effects of chronotype and time of testing on attention 

performance. Participants completed the Stroop Colour and Word Test (SCWT; Stroop, 1935) 

to assess attention, followed by the Morningness/Eveningness Questionnaire (HEQ; Horne & 

Ostberg, 1976) to determine chronotype. Those scoring below 46 were classified as evening 

types, while scores of 46 and above indicated morning types. Participants were tested either 

in the morning or afternoon. It was hypothesised that individuals tested at a time aligning 

with their chronotype would perform better on the Stroop task than those at their non-optimal 

time. A 2x2 between-subjects ANOVA found no significant main or interaction effects of 

chronotype and time of testing on attention performance. However, potential methodological 

limitations may have influenced the findings, which will be discussed further in this thesis.  
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Chapter 1 - Literature review 

 

In recent years, there has been a growing recognition of the influence of biological 

rhythms on cognitive performance, particularly in the context of academic or workplace 

performance and success (Zerbini & Merrow., 2017). Chronotypes, which refer to an 

individual's preferred timing for activities and functioning, are attributes that reflect the 

body’s circadian rhythm, commonly known as the natural sleep-wake cycle (Martinez-Perez 

et al., 2020; Zerbini & Merrow., 2017). Adequate sleep is essential for sustaining optimal 

cognitive functioning during waking hours, whereas inconsistent or poor-quality sleep can 

lead to impairments in vigilant attention and alertness (Barcley & Myachykov., 2017; 

Belenky et al., 2003). Individual variations in chronotypes (morning or evening-oriented 

individuals) significantly influence differences in sleep patterns and neurobehavioral 

performance and functioning and have been shown to significantly impact cognitive 

performance, particularly in tasks involving attention and working memory (Barcley & 

Myachykov., 2017; Evansova et al., 2022).  

 

 The circadian rhythm is a biological mechanism that oversees various functions, such 

as core temperature regulation and the secretion of melatonin and is influenced by a person’s 

time of day preferences or chronotype (Opstal et al., 2022). These individual differences in 

the circadian timing system have been shown to influence the daily organisation and 

functions of human behaviours (Schmidt et al. 2007). This insight has enabled professionals 

to classify individuals into different chronotype groups according to their daily preferences 

and sleeping habits (Schmidt et al., 2007; Taillard et al., 2003). A person’s chronotype can be 

assessed through various methods, with the most common being a self-report questionnaire, 
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particularly Horne and Ostberg’s (1976) Morningness-Eveningness Questionnaire (MEQ), 

where individuals are asked to track their alertness throughout the day and identify their 

preferred times for performing tasks or engaging in activities (Evansova et al., 2022; 

Matchock & Mordkoff., 2009). The process of determining chronotypes may also involve a 

series of objective, biological tests, including body temperature measurements, sleep 

monitoring, and melatonin secretion analysis (Evansova et al., 2022). The suprachiasmatic 

nucleus (SCN) of the hypothalamus serves as a central regulator of the internal circadian 

clock, orchestrating behavioural and hormone rhythms. It received light and dark signals 

directly from the retina of the eye, allowing it to synchronise sleep timing with environmental 

light conditions. Beyond the SCN, circadian oscillators are present in cells throughout the 

nervous system. These peripheral clocks, which are genetically programmed to maintain 

circadian rhythms, are kept in sync by the central SCN clock to create individual sleep-wake 

cycles (Montaruli et al., 2021).  

Chronotypes can be categorised into three groups: morning, evening, and neither-

types. Neither types, who are individuals who do not exhibit a specific circadian preference, 

generally make up the majority of the population. Approximately 60% of adults fall into this 

category, while the remaining 40% are classified as either morning types or evening types 

(Polanska et al., 2024). Morning types typically wake up and go to bed early, with their peak 

performance, both cognitive and physical, occurring earlier in the day. In contrast, evening 

types achieve their peak cognitive and physical performance later in the day (Polanska et al., 

2024). Chronotypes influence more than just daily performance peak times and preferred 

sleep-wake schedules, they can also affect an individual’s susceptibility to certain mental 

health disorders and physical issues. Research suggests that evening types are more likely to 

consume higher amounts of alcohol and tobacco compared to morning and neither types 

(Negriff et al., 2011; Partonen., 2015). They also tend to engage in less physical activity, 
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maintain less healthy diets, and experience poor sleep quality. Furthermore, evening types 

often face challenges in academic performance, both in school and university and struggle to 

adapt to workplace environments, particularly during shift work (Partonen., 2015).  

Chronotype differences have been found to play a substantial role in cognitive 

functioning. According to Lezak et al. (2012), the key mental activity variables that sustain 

the readiness of the cognitive system, including levels of consciousness, attention and activity 

rate, are closely linked to an individual’s chronotype. For instance, morning types typically 

reach their peak cognitive activation approximately three hours earlier than evening types 

(Wiłkość-Dębczyńska & Liberacka-Dwojak., 2023). Research by Goldstein et al. (2007) 

suggests that evening-type individuals are better able to cope with increasing sleep pressure, 

enabling them to sustain cognitive performance into the evening, whereas morning-type 

individuals experience a decline in cognitive function as the day progresses. Their findings 

also indicate among adolescents, those tested at their non-optimal time along with evening 

types were at higher risk for behavioural adjustment issues. Additionally, individuals tested 

during their optimal time demonstrated a synchrony effect, demonstrating how aligning tasks 

with an individual’s chronotype can optimise cognitive performance (Goldstein et al., 2007; 

Wiłkość-Dębczyńska & Liberacka-Dwojak., 2023). Goldstein et al.’s (2007) study utilised a 

large participant sample and incorporated input from the participant’s parents or guardians. 

While this approach can be considered both a strength and a limitation, as parents or 

guardians are well-acquainted with their children’s behaviours and routines, there is a risk of 

response bias. Specifically, parents may provide inaccurate responses on the Child Behaviour 

Checklist due to concerns about potential judgement of their parenting practices. 

Additionally, the study was conducted during the summer break when the adolescents were 

not attending school, which may limit the generalisability of the findings as it does not 

accurately represent their routines or behaviours that are present during the school year. This 
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is particularly relevant for the reliability of the results of the evening-type individuals, who 

are more likely to experience poor sleep and disturbed routines during the academic year.  

 

Having established the role of chronotype in influencing and shaping cognitive 

processes, it is essential to examine attention as a key area of focus in this study. It has 

become one of the most widely researched areas of perception and cognition and is a vital 

cognitive process that is essential for human performance. Attention is comprised of three 

primary functions, alerting, orienting and executive control, that are each linked to distinct 

neural networks (Martinez-Perez et al., 2020; Matchock & Mordkoff., 2008; Valdez., 2019). 

The alerting network enables humans to interact effectively with their environment by 

detecting and processing upcoming stimuli, allowing for an appropriate response (Matchock 

& Mordkoff., 2008; Valdez., 2019). While the term ‘attention’ is often commonly associated 

with concentration, it encompasses a variety of processes (Morin., 2012). For instance, 

Ashcraft (2006) has identified six distinct meanings of attention, including biological 

alertness (a state of readiness for stimuli), visual search (shifting attention to one specific 

area) and selective attention (the capacity to focus on certain information while disregarding 

others; Morin., 2012). Several brain systems, particularly the prefrontal and parietal regions, 

play key roles in the components of attention (Valdez., 2019). When any aspect of the 

attention system becomes weakened, often due to brain damage, stress or sleep deprivation, 

performance on cognitive tasks is impaired (Valdez., 2019). Having strong attention skills 

and the ability to apply them is crucial in real-world situations, such as for achieving 

academic success, pursuing a career or excelling in a hobby or sport (Gallen et al., 2023). 
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Circadian variability plays a crucial role in shaping endogenous alertness throughout 

the day, influencing sustained attention and task performance (Martinez-Perez et al. 2020). 

These effects vary by chronotype, with attention levels fluctuating depending on the time of 

testing. As discovered in Martinez-Perez and colleagues’ (2020) study, differences in 

executive control and alerting networks contribute to these variations, as individuals with 

different chronotypes exhibit distinct patterns of alertness and cognitive performance 

throughout the day. They further suggest that performance on tasks requiring sustained 

attention is likely to vary among individuals with different chronotypes, depending on the 

time at which testing occurs (Martinez-Perez et al., 2020). Their study examined both 

morning-type and evening-type individuals using two tasks: a Psychomotor Vigilance Task 

(PVT) to assess vigilant attention, and a flanker task to evaluate synchrony effects and 

attentional control. The findings revealed that participants who completed the PVT during 

their “non-optimal” time of day exhibited longer reaction times compared to those who 

completed it during their optimal time. Moreover, morning types displayed synchrony effects 

only when the task was performed during their optimal time, whereas evening types 

demonstrated synchrony effects regardless of the order of tasks or time of completion. 

Similarly, during the flanker task, evening-type participants consistently exhibited synchrony 

effects irrespective of the time of day, whereas morning-type showed no synchrony effects 

across the tasks (Martinez-Perez et al., 2020). It was suggested that one possible explanation 

for the observed differences between morning and evening-type individuals may be that 

morning-types are more sensitive to factors that can increase alertness at their non-optimal 

times of day. However, they were unable to fully explain why they were more attuned to 

certain aspects of attentional tasks compared to the evening types (Martinez-Perez et al., 

2020). Furthermore, the study sample of 34 university students may limit the generalisability 
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and reliability of the findings, as the results are based on a small and specific population, 

raising questions about their applicability to a broader population.  

 

 Alongside the influence of chronotype on cognitive performance, the timing at which 

individuals are required to work, learn and engage in tasks can substantially affect their 

performance outcomes. Evans et al. (2017) conducted a study with university students to 

determine the optimal times for cognitive functioning that would enhance their performance 

and engagement in academic activities. Utilising a neuroscience-based theoretical model, 

they investigated the effects of sleep deprivation and circadian rhythms on cognition, along 

with self-report data. The neuroscience-based theoretical model incorporated both circadian 

rhythms and homeostatic sleep pressure to explain the variations in cognitive performance 

throughout the day, depending on an individual’s chronotype (Evans et al., 2017). The study 

found that morning-type individuals reached their optimal cognitive performance around 9 

am, with a gradual decline starting at 1 am and a steep plateau at 8 pm. In contrast, mild 

evening types peaked between 4:30 pm and 9 pm, while definite evening types had their 

highest performance occurring between 5 pm and 10:30 pm. This highlights how 

performance during an average working day can vary considerably depending on individual 

preferences and chronotypes. The researchers concluded that, for university students, the 

majority tend to prefer later working hours, and therefore, adopting a start time of mid-day to 

later afternoon would be beneficial for all students, as later start times are likely to enhance 

performance across chronotypes by aligning more closely with the optimal cognitive 

functioning periods of both morning-type and evening-type individuals (Evans et al., 2017).  

 In contrast, Arastoo et al.’s (2024) study on university students examined the impact 

of chronotype on quality of life and academic performance among students studying 
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medicine, technology and art. The study included 400 participants, each having completed 

the Quality of Life Questionnaire (WHOQOL-BREF; The WHOQOL Group., 1998), the 

Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) and the Depression, Anxiety and 

Stress Scale (DASS-21; Henry & Crawford., 2005). While the findings did not indicate a 

significant relationship between chronotype and academic performance, contradicting 

previous research, they did reveal a significant association between chronotype and quality of 

life. Specifically, morning types demonstrated a higher quality of life compared to evening 

types, as measured by the WHOQOL-BREF scale. The researchers suggested that the lack of 

a significant relationship between chronotype and academic performance may be due to the 

majority of participants (60.5%) being classed as intermediate-type individuals (Arastoo et 

al., 2024). A key limitation of this study is its reliance on three self-report questionnaires, 

which may introduce response bias. Participants may feel inclined to exaggerate or conceal 

certain aspects of their lives, potentially compromising the accuracy of the findings. Lin Tel 

et al. (2023) highlighted in their study of social desirability bias that self-report surveys are 

particularly prone to biases, especially when dealing with sensitive or personal topics, as 

individuals may modify their responses due to fear of judgment or embarrassment.   

 The reviewed studies suggest an association between chronotype, time of testing, and 

attention, though some provide contradictory evidence. However, there is a limited number of 

studies and literature that focus exclusively on attention performance, as most examine 

cognitive and academic performance more broadly. While extensive research has been 

conducted on students, much of the literature centres on adolescents, students with ADHD, 

those enrolled in specific programmes such as medicine, or those in shift-working careers 

(Coogan & McGowan., 2017; Escribano & Diaz-Moralez., 2014; Selvi et al., 2015). 

Consequently, there is a gap in the literature regarding full-time university students in this 

context. Additionally, many studies rely heavily on self-report questionnaires, with some 
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incorporating up to three within a single study. Such questionnaires do not allow for the 

precise measurements of an individual’s cognitive abilities or performance. In contrast, 

studies utilising psychometric tests, such as the Psychomotor Vigilance Task (PVT), the 

Flanker task and the Stroop test have consistently produced stronger evidence supporting the 

influence of chronotype on cognition. This task requires participants to focus on one aspect of 

a stimulus (the ink colour of a word) while ignoring the other (the word itself) (Parris et al., 

2021). Identifying the colour in which a word is presented takes longer than when the word 

and colour are incongruent (e.g., identifying the colour “red” when the word says “yellow”) 

compared to when they match (e.g., identifying the colour “red” when the word also says 

“red”), where the difference in colour-naming times is referred to as the Stroop interference 

effect. This task is a fundamental and widely utilised tool within cognitive psychology, as 

well as in clinical and neuropsychological practice to assess disorders and impairments while 

providing valuable insights into cognitive processes (Garcia-Marques & Fernandes, 2024). 

Furthermore, McMurray et al. (2016) effectively employed the Stroop task to detect variation 

in participants’ attention performance when the test was conducted during their ‘non-optimal’ 

time of day, based on their chronotype, demonstrating the Stroop task’s effectiveness in 

highlighting the differences in attention performance across individuals with varying 

chronotypes.  

 Building on previous literature, this study aims to further investigate the role of 

chronotype and time of testing on attention performance among full-time university students 

using the Stroop task. Given the significant effects that both chronotype and time of testing 

have been shown to exert on cognitive performance, it is hypothesised that these factors will 

also have a significant effect on attention performance. Furthermore, it is also predicted that 

individuals who complete the attention-based task at a time aligned with their chronotype will 
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perform significantly better than those who complete the task at a time misaligned with their 

chronotype 
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Chapter 2 - Methodology 

2.1 Participants  

The study was advertised through the University’s Experiment Management System 

(EMS), which is accessible to all Psychology and Counselling students at UWTSD. Students 

were able to volunteer to participate via EMS and select a convenient time slot to attend in 

exchange for two course credits. A total of 39 university students participated in this 

experiment. Demographic data collected during the study revealed that the sample comprised 

of 7 male participants (18%), 31 female participants (79%), and 1 individual identifying as 

non-binary (3%). The age range spanned from 18 to 59 years of age (M= 30.7, SD= 10.2).  

 

2.2 Design 

This study employed a quantitative 2x2 between-subjects experimental design to 

examine the effects of time of testing and chronotype on attention performance. Each 

independent variable consisted of two conditions. The first independent variable was the time 

of testing (morning or afternoon), and the second independent variable was the participant’s 

chronotype (morning or evening), which was determined by the Morningness/Eveningness 

Questionnaire (MEQ; Horne & Ostberg., 1976). The dependent variable measured was the 

participant’s performance on an attention-based task, specifically the Stroop test (Stroop., 

1935). This design resulted in four experimental conditions: (Morning testing + morning 

chronotype) (Morning testing + evening chronotype) (Afternoon testing + morning 

chronotype) (Afternoon testing + evening chronotype).  

 Participants were assigned to one of the four conditions based on their chosen time of 

participation and their overall score on the MEQ. The primary outcome variable, the scores 

on the Stroop task, were measured to assess the interaction and main effects of the 
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independent variables. To answer the research question “Does chronotype and time of testing 

affect attention performance” a two-way, between-subjects analysis of variance (ANOVA) 2 

(Time of testing: morning or afternoon) x2 (chronotype: morning or evening) was calculated 

to examine the main effects of each independent variable and their interaction effect. A test 

for normality was conducted to ensure no outliers would confound the data, as well as a 

homogeneity of variance check via Levene’s test will be run through SPSS. The alpha level 

for significance will be .05, and effect sizes including partial eta squared and Cohen’s f will 

be reported. An additional 2x2 between-subjects ANOVA will be conducted on the Stroop 

task response time as a secondary outcome variable, including the same tests for normality 

and Levene’s test of homogeneity.  

 

2.3 Materials  

 The study materials consisted of an information sheet (see Appendix A), a consent 

form (see Appendix B), an attention-based computer task, the Morningness/Eveningness 

Questionnaire (Horne & Ostberg.,1976; see Appendix C) which included a demographic 

form, and a debrief section (see appendix D).  

 The Morningness/Eveningness Questionnaire (MEQ; Horne & Ostberg., 1976) is a 

19-item self-report tool designed to assess an individual’s chronotype by evaluating responses 

to a series of statements. It utilises a 5-point Likert scale, where lower total scores indicate an 

evening chronotype and higher overall scores indicate a morning chronotype. Scores on the 

MEQ range from 16 to 86, with questions such as “How alert do you feel within the first half 

hour after waking up in the morning?” and “If you went to bed at 11 pm at what level of 

tiredness would you be?”. Eight items within the questionnaire are reverse scored to ensure 

accurate measurements. The MEQ was chosen due to its strong test-retest reliability, 



 

 

14 

demonstrated by a correlation coefficient of approximately 0.80 and a Cronbach alpha of 0.70 

(Horne & Ostberg, 1976). When analysed in SPSS, the reliability test found a Cronbach’s 

Alpha of .77, indicating good internal consistency (See Appendix H).  

 A Stroop test (Stroop, 1935 was developed using the SuperLabs programming 

software. The test consisted of 60 trials, including 10 practice trials. Four colour names (red, 

blue, yellow and green) are displayed one at a time on the screen in a random order. The ink 

colour of each word can vary among the four colours, with 50% of the items being congruent 

(the ink colour matches the word) and the remaining 50% being incongruent (the ink colour 

differs from the word).  

 

2.4 Procedure  

2.4.1 Pilot study  

 Six pilot studies were conducted to ensure both programs (SuperLabs and Qualtrics) 

were functioning correctly and to verify that the study duration matched the advertised time 

on EMS. This also provided an opportunity to identify and resolve any errors before data 

collection began. During the pilot trials, adjustments were made to the study, including the 

randomisation of the order of words for each participant and reducing the time limit for each 

item from five seconds to three seconds, as pilot participants initially found the task too easy.  

2.4.2 Ethical considerations 

Before data collection could begin, the researcher completed a Dissertation Proposal 

form (see Appendix E) and an application of Ethical Approval (see Appendix F) This was to 

ensure the safety and well-being of both the participants and the researcher, as well as to 

guarantee that data collection and handling of confidential information followed proper 
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protocols within the university. This application was reviewed and approved by the School 

Research Ethics panel. This study posed minimal ethical concerns, as there was little to no 

risk of harm to either participants or the researcher. However, there was a potential risk that 

some participants might find the Stroop task challenging or frustrating due to its fast-paced 

nature. Additionally, while the questionnaire includes statements regarding preferred sleep 

and wake patterns, participants may have felt some discomfort in responding to personal 

questions or may have had concerns regarding the interpretation of their results. To address 

these concerns, the consent form explicitly stated that participants were under no obligation 

to continue with the study and could withdraw at any point if they wished (See Appendix B). 

Additionally, the researcher ensured that all participants were comfortable with their data 

being included in the study, and provided a final opportunity to withdraw, along with a 

debrief form that reiterated this information and offered additional details about the study 

(See appendix D)(British Psychological Society., 2021).  

 

2.4.3 Study procedure 

Following approval from the University ethics panel, the study underwent six pilot 

trials to ensure the functionality of both programs, to confirm that no modifications were 

required, and to verify the study’s duration for advertisement on the EMS system and credit 

allocation. After these pilot checks, the study was advertised through the EMS system, 

allowing Psychology and Counselling students to register at a time that suited them. The 

study commenced with participants arriving at the laboratory, where they were provided with 

an information sheet and consent form. While participants reviewed the information sheet 

and provided consent on two forms, one for their records and one for the researcher to store 

securely in the laboratory, the researcher entered the unique participant ID into both 
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SuperLabs and Qualtrics. For instance, participant number 12 who completed the study in the 

morning was labelled as P12-MORNING. This system enabled the researcher to seamlessly 

merge data from Qualtrics and SuperLabs once transferred into Excel. Upon granting 

consent, participants were instructed to begin the Stroop task on the laboratory computer. 

Participants began by reading on-screen instructions that explained the task, which required 

them to identify the colour of the ink rather than the word itself. They responded using one of 

the four designated buttons, each labelled with a blue, yellow, red, or green sticker. This task 

included 10 practice trials, all lasting 3 seconds each, followed by the main trial of 60 words. 

Each word was displayed one at a time in the centre of the screen. If participants pressed the 

wrong key, for example, selecting blue instead of yellow, it was recorded as an incorrect 

answer. If they failed to respond within the three seconds, they were automatically moved on 

to the next word, with the absence of a response recorded as a “no response”. After 

completing the Stroop task, the researcher set up the Qualtrics questionnaire on the computer 

screen, instructing participants to complete the 19 questions from the 

Morningness/Eveningness Questionnaire, with each question displayed one at a time on a 

new page. Upon completing both tasks, participants were debriefed, provided with a 

debriefing form, and given the opportunity to ask any final questions or withdraw their data. 

They were then thanked for their participation and awarded two credits as compensation for 

their time. 
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Chapter Three: Results 

 

Before data analysis could begin, the raw data from SuperLabs and Qualtrics were 

exported to Excel for data cleaning. After each participant completed the study, their data was 

downloaded from SuperLabs and Qualtrics into Excel, using their unique ID code, where it 

was organised into raw datasets. These datasets were then cleaned by removing unnecessary 

data and retaining only key information, such as overall scores, reaction times, participants’ 

unique IDs (e.g. P12-MORNING), and demographic details. During this stage, total scores 

for the Stroop task and mean response times were calculated, with the highest possible Stroop 

score being 60. Once data collection was complete, the cleaned data was merged into a final 

combined Excel spreadsheet, where the MEQ and Stroop task data were combined. The 

refined dataset was then imported into SPSS for statistical analysis. Participants were placed 

into one of four groups based on their chronotype, as determined by their Morningness-

Eveningness Questionnaire (MEQ) score (Horne & Ostberg., 1976), and their time of testing 

(morning or afternoon). The mean MEQ score was calculated (M =46, SD=1.6) to categorise 

participants as either morning chronotypes (those with scores of 46 and higher) or evening 

types (those scoring below 46). Twenty participants were assigned the morning chronotype, 

while 19 were assigned the evening chronotype.  

During the data cleaning process in Excel, two participant datasets were removed. 

One was excluded due to an error causing the mean response time to be significantly outside 

the expected range, while the other was removed due to large amounts of missing data in 

their Stroop task data. Two outliers were identified in the Q-Q plots and histograms during 

the test for normality. Both outliers were within the response time scores, showing 

significantly faster mean response times compared to other participants. The one significant 
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outlier also had a much lower score on the MEQ than other participants, suggesting that the 

participant may not have accurately completed the study or may have rushed through the 

process. Consequently, this significant outlier was removed from the dataset, and the 

normality test was repeated. The second, less significant outlier remained in the response 

time data, however, as it did not substantially impact the results, it was not removed from the 

dataset.  

Descriptive statistics 

The means and standard deviations were calculated for each of the conditions 

(morning x evening chronotype; morning x afternoon participation) in the 2x2 factor design. 

Tables 1 and 2 present the descriptive statistics for the dependent variable (Stroop score and 

response time respectively) across the four conditions (See Appendix G) 

3.1 Table 1 

Descriptive statistics for scores on Stroop task per condition. 

Group Mean Std. Deviation 

(SD) 

Morning Chronotype x Morning testing 

 

52.60 5.97 

Morning Chronotype x Afternoon 

testing 

 

45.70 10.42 

Evening Chronotype x Morning testing 

 

51.20 5.23 

Evening Chronotype x Afternoon 

testing 

51.78 6.94 
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3.2 Table 2 

Descriptive statistics for mean scores on Stroop task. 

 Mean Std. Deviation (SD) 

Total morning chronotype 49.15 8.99 

Total evening chronotype 51.47 5.93 

Total morning testing 51.90 5.05 

Total evening testing 48.58 9.24 

 

Overall, morning chronotypes scored higher than evening chronotypes and were also 

more influenced by time of testing, as morning chronotypes scored lower overall during their 

non-aligned time of day. The mean scores indicate consistently high performance across all 

conditions, as the maximum possible score on the Stroop task is 60. The relatively large 

variation in standard deviations across the groups indicates that one group (SD=9.24) 

exhibited a significantly wider range of scores compared to the other groups. These 

differences may also be attributed to variations in cognitive abilities and other external 

factors.  

3.3 Table 3 

Descriptive statistics for response time on the Stroop task per condition.  

Variable Mean Std. Deviation 

(SD) 

Morning Chronotype x Morning trial 

 

839.22 84.06 

Morning Chronotype x Afternoon trial 

 

812.60 53.27 

Evening Chronotype x Morning trial 

 

832.05 73.35 

Evening Chronotype x Afternoon trial 870.89 54.87 
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3.4 Table 4 

Descriptive statistics of reaction times on Stroop task. 

 Mean Std. Deviation (SD) 

Total morning chronotype 825.91 69.84 

Total evening chronotype 850.45 66.52 

Total morning testing 835.63 76.87 

Total evening testing 840.21 60.42 

 

Through inspecting the mean response times, it is clear that response times differ 

depending on the time of testing. Both chronotype groups displayed longer response times 

during their optimal time of day, with a decline in response times as they enter their non-

optimal time.  

Assumption checks 

In order to test for normality, the Kolmogorov-Smirnov test was conducted which 

found a significance of .024, indicating that normality was not violated for any group and 

data was normally distributed across all conditions. See Appendix G for the Histogram and 

Q-Q Plot that display normal distributions across all conditions for both Stroop score and 

response times. 

 Outliers were checked using boxplots and Z-scores which detected two outstanding 

outliers, both influencing the response time data and one also influencing the Stroop score. 

Participant 35-afternoon was removed from the analysis due to its extreme outlier in the 

response time dataset. Following this, participant 7-mornings data remained in the dataset as 

it did not have a significant effect on the remaining data. 

 

Inferential statistics 
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A two-way between-subjects analysis of variance (ANOVA) was conducted to assess 

the effect of chronotype (morning-type/evening-type) and time of testing (morning/afternoon) 

on attention performance on a Stroop task.  

Results indicated that there was no interaction effect between chronotype and time of testing; 

F (1,35) = 2.26, p > .05. The main effect of chronotype did not reach statistical significance 

[F (1, 35) = 1.38, p > .05] and neither did the main effect of time of testing [F (1, 35) = .08, p 

> .05] 

An additional 2x2 between-subjects ANOVA was conducted to explore the effects of 

chronotype and time of testing on the response times during the Stroop task. The results of 

the analysis found no interaction effect between chronotype and time of testing on response 

time, F (1, 35) = 2.26, p > .05. The main effect of chronotype did not reach statistical 

significance [F (1, 35) = 1.38, p > .05] and neither did the time of testing [ F (1, 35) = .08, p = 

.78] (See Appendix G). 

Levene’s test of homogeneity of variance was conducted for both scores and response 

time. Based on the mean Stroop score, Levene’s test was non-significant, F (3,35) = 2.40, p= 

.08, indicating a homogeneity of variance. Levene’s test for response time was also non-

significant, F (3,35) = .62, p = .61. This indicates that the assumption of homogeneity of 

variance was met.  

Although no statistical significance was detected, there is still a noticeable difference 

in results between morning and evening chronotypes. Morning chronotypes did see a notable 

drop in scores during the afternoon trials in comparison to the morning trials, whereas the 

evening chronotypes had little to no change in scores during the different times of testing (see 

below chart).   
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Figure 1: Mean scores of MEQ across both chronotypes 

 

 

 

 

 

 

 

 

 

 

Figure 2: Mean response time across both chronotypes 

 

 

 

 

 

 

 

 

 

 

Another difference worth noting is the difference in response time for both morning 

and evening chronotypes. The results indicate that morning-chronotypes displayed better 

scores during the morning, but with slower response times. In contrast, evening-chronotypes 

showed higher scores in the afternoon, but also with increased response times. Both 

chronotypes showed quicker response times but lower scores at their non-optimal time of day 

(see above graph).  
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Overall, the results indicate that there is no significant effect of chronotype or time-of-testing 

on attention performance when examining overall scores and response time.  
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Chapter Four: Discussion 

 

The objective of this study was to investigate the influence of chronotype and time of 

testing on attentional performance, using the Horne and Ostberg (1976) Morningness-

Eveningness Questionnaire (MEQ) and the Stroop task (Stroop., 1935). It aimed to address 

the following research questions: (1) Does chronotype and time of testing influence 

attentional performance? And (2) Do individuals perform better on an attention task when 

tested at a time of day that aligns with their chronotype? However, the results revealed no 

significant differences between chronotype or time of testing on the overall Stroop task 

scores. It was hypothesised that participants who completed the Stroop task at a time that 

aligned with their chronotype would perform better than those who completed it during a 

non-aligned time, although this expectation was not supported by the results. Although no 

statistically significant differences were observed, these findings provide useful insights that 

may contribute to further research. For instance, a trend was observed where morning 

chronotypes performed better during the morning, and evening chronotypes performed 

slightly better during the evening. Another notable finding was related to response time. 

Morning chronotypes had higher performance scores in the morning, along with higher 

response times, which decreased as their scores declined in the afternoon. Conversely, 

evening chronotypes exhibited better performance in the afternoon but had longer response 

times than in the morning. This suggests that participants may have been more focused 

during their peak times, potentially engaging more thoroughly with the task, which resulted 

in longer response times, indicating higher concertation and better performance. In contrast, 

increased response times during off-peak periods may reflect reduced alertness, possibly 

causing participants to rush through the task, particularly if they struggled to maintain focus. 

This contrasts with the findings of Martinez-Perez et al. (2020), who investigated vigilant 



 

 

25 

attention and executive control, and observed that evening-types exhibited slower response 

times in the morning compared to the evening. They suggested that this may be due to 

evening types not being fully alert for cognitive tasks that early in the day. This contradicts 

the findings of the present study, which indicate that slower response times were associated 

with greater accuracy.   

Continuing with contrasts found in prior research, such as those of Martinez-Perez et 

al. (2020) and Goldstein et al. (2007), the present study did not identify a significant 

relationship between chronotype, time of testing, and performance. While these findings 

deviate from the existing literature supporting the hypothesis that chronotype and testing time 

affect performance, particularly attention, they still contribute to the understanding of this 

topic. Several factors may explain the differences between the present study’s findings and 

prior research. For instance, Martinez-Perez et al. (2020) employed two distinct tasks to 

assess attention and executive control, in addition to using the MEQ (Horne & Ostberg, 1975) 

to determine chronotypes. The use of the Psychomotor Vigilance Task (PVT) and a Flanker 

task may have led to more precise results while minimising the influence of chance and other 

factors, as opposed to relying solely on one task such as the Stroop (Stroop, 1935) in this 

present study, therefore potentially accounting for the difference in results. The psychomotor 

vigilance task is a reaction time task that is widely used to assess changes in alertness 

resulting from sleep deprivation, specifically measuring sustained attention levels (Abad & 

Guileminault, 2012; Nasiri et al., 2023). PVT lapses indicate perceptual, processing, or 

executive failures within the central nervous system in the brain. The primary objective of the 

task is to measure sustained attention and vigilance while minimising the influence of 

extraneous cognitive processes (Usworth et al., 2020; Nasiri et al., 2023). In contrast, the 

Flanker Task is a target-based inhibition paradigm designed to assess the extent of the 

attentional focus within a target identification task. It serves as a measure of selective 
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attention and inhibitory control, requiring participants to suppress interfering information and 

disregard surrounding distractors (Servant & Logan, 2019). The results of a Stroop task, 

however, can be influenced by cognitive factors beyond attention, such as impulse control, 

response inhibition, information processing, and decision-making (Servant & Logan, 2019). 

As a result, the Stroop task places less emphasis on attentional factors compared to the 

Flanker task and PVT, which makes these tasks potentially more suitable for exploring topics 

such as chronotype and time of testing on attention performance specifically. Furthermore, 

the PVT accounts for the role of sleep deprivation, a consideration that may be relevant for 

certain chronotypes when completing the study outside of their optimal time.  

 

Furthermore, Goldstein et al.’s (2007) study on adolescents found that those tested at 

a time aligned with their chronotype performed better on fluid intelligence tasks compared to 

those tested at non-optimal times. However, their methodology involved randomly assigning 

participants to either morning or evening testing groups. In contrast, in this present study, 

participants self-selected their testing time based on personal preference. This may have 

influenced the results, as participants could have chosen a time when they felt their best, 

although they were unaware of the study’s true aims. On the other hand, given that all 

participants were university students, many may have selected their testing time based on 

convenience, such as scheduling before or after a lecture, rather than deliberately choosing a 

time when they expected to perform optimally. This factor should be taken into account for 

future research as it may have the ability to impact or potentially benefit study outcomes.  

The present study contradicts several previous studies, such as that of Evansova et al. 

(2022) who found that both time of testing and chronotype differences significantly 

influenced cognitive processes; Matchock and Mordkoff (2009), who observed differences in 
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alerting scores between chronotype groups; and Clarisse et al. (2010), who discovered that 

time of day affects attention performance in a way that varies across chronotype groups. 

However, its findings align with those of Arastoo et al. (2024), who conducted a recent study 

examining students’ quality of life and academic performance in relation to chronotype. Their 

large-scale study involving 400 students across three subjects, including medicine, 

technology and art, found no significant differences in chronotype distribution. Additionally, 

they observed no significant associations between chronotype and academic performance, 

reflection results similar to those of the present study. However, they did find a correlation 

indicating that morning types had a higher quality of life compared to evening types. This 

study by Arastoo et al. (2024) possesses several strong aspects that, upon further reflection, 

may highlight the limitations of the present study. For example, their study included 400 

students across three disciplines, whereas the present study involved only 39 students from 

the Psychology and Counselling course. Both of these factors may represent limitations for 

this study, as the relatively small sample size may not have been sufficient for the 2x2 

ANOVA design, potentially reducing the statistical power and increasing the likelihood of 

Type II errors (Cohen, 1988). According to Cohen’s (1988) guidelines for required sample 

sizes, an ideal sample for the present study would have been 88 participants, with around 22 

participants per variable group. Additionally, using only Psychology and Counselling students 

may be a limitation, as they are likely familiar with the Stroop task and could potentially 

guess the purpose of the study, thereby undermining the validity of the results. Furthermore, 

the small sample size, predominantly consisting of female participants from the same 

academic discipline limits the generalisability of these findings. Research by Cain et al. 

(2010) on sex differences in the timing of human circadian rhythms found that women had 

significantly higher melatonin fluctuations and lower internal temperature fluctuations than 

men. Additionally, women’s sleep occurred later in their biological cycles compared to men, 
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even when both sexes were aligned with the same clock time (Cain et al., 2010). Building on 

this Santhi et al. (2016) discovered that women, especially those with evening chronotypes, 

displayed more variability in cognitive performance, performing worse in the morning 

compared to the males in the study. In contrast, the male participants showed a more 

consistent cognitive performance pattern throughout the day, regardless of their chronotype, 

suggesting that women’s cognitive performance may be more susceptible to time-of-day 

effects, particularly when it occurs at a time that is not aligned with their chronotype (Santhi 

et al., 2016). This suggests that biological sex may influence research on chronotype and time 

of testing and should be considered when working with samples that include both males and 

females.  

 Another potential limitation of this study lies in the methodology. As previously 

mentioned, the attentional performance aspect of the study relied solely on the Stroop Word 

and Colour Task, which consisted of 60 colourful words being displayed one by one with a 

time limit of 1500ms per word. A practice run of 10 words was also included. Given the 

similarity in results and response times between all four participant groups, the Stroop task 

alone may not have been challenging enough to effectively assess attentional performance. To 

address this limitation, alternative tasks such as the Flanker Task (Eriksen & Eriksen, 1974) 

or the Psychomotor Vigilance Task (PVT; Dinges & Powell, 1985) could be used, or the 

Stroop task could be paired with a task such as the Dichotic Listening Test (Cherry, 1953) to 

also measure auditory attention. For instance, Facer-Childs et al. (2018) incorporated both the 

Psychomotor Vigilance Task (PVT) and the Memory and Attention Test to assess participants 

cognitive function, noting that the PVT is the most commonly used cognitive performance 

test in circadian and sleep research. Additionally, they included a physical task, measuring 

participants’ maximum voluntary contractions through a six-second isometric grip strength 

test to evaluate physical alertness and function in relation to their circadian rhythms (Facer-
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Childs et al. 2018). This led them to discover that ‘night owls’ or evening chronotypes, 

exhibited poorer performance earlier in the day, showing significant impairments across all 

tasks compared to the morning chronotypes (Facer-Childs et al. 2018). Furthermore, the 

method used to measure chronotypes may not have been the most effective. While the 

Morningness/Eveningness Questionnaire by Horne and Ostberg (1975) is a highly reliable 

scale that is widely used in research, relying solely on self-report measures may be less 

effective than combining them with objective biological measures. (Reid 2020). 

Incorporating core body temperature measurements or melatonin levels would provide a 

more precise evaluation of circadian system timings, while also reducing the potential 

influence of desirability bias and other self-report limitations (Reid 2020). Unfortunately, due 

to the present study being conducted within a university setting, there are limited resources 

available for conducting biological testing, which would also require approval from the ethics 

panel to ensure it is safe to conduct testing on students within the university. The 

recommendation to incorporate biological measures for determining chronotypes may 

therefore be more feasible for larger research institutes or laboratories with the necessary 

equipment to provide such assessments. Another limitation of the study is the restricted 

testing timeframe, as it was conducted within university hours. This resulted in a narrow 

testing window, with the morning group being assessed between 9:00 am and 1:00 pm, and 

the evening group being assessed between 1:00 pm and 5:00 pm, which represents more of an 

afternoon period rather than the evening. In contrast, Hill and Chtourou’s (2020) study 

employed a broader timeframe of 8:00 am to 8:00 pm, allowing for a more comprehensive 

examination of the effects of time of testing, particularly for evening chronotypes who may 

reach peak performance after the typical work hours.  

 Although no statistically significant effect was observed, the trend in results suggests 

that a significance may emerge with further testing and a larger sample size. Moreover, 
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examining this potential trend has important practical implications that could positively 

impact performance in various aspects of life, including workplaces, sports and education. 

One example is the expectation for children to attend school and take tests or exams early in 

the day, which might not align with their chronotype (Escribano & Diaz-Moralez, 2014). 

Children and adolescents who are required to attend school early in the morning, particularly 

those with a natural evening chronotype, often experience poor sleep schedules. As a result, 

they are more likely to exhibit performance fluctuations, slower response times, and 

attentional difficulties (Escribano & Diaz-Moralez, 2014). Recognising that not all children 

are cognitively prepared to begin learning early in the morning and implementing solutions to 

accommodate this can significantly enhance their performance. For example, avoiding the 

scheduling of important exams or assignments at 9 am, or introducing a slower start to the 

day, such as an hour of free or study time during morning registration, would allow students 

to gradually wake up and transition into a learning mindset in a way that aligns with their 

individual needs (Escribano & Diaz-Moralez, 2014; Weir, 2024).  

Furthermore, approximately 20% of workers in Europe and North America are 

involved in shift work, with many working night shifts that span from around 7 pm to 7 am 

(Reiter et al. 2021) Nurses, in particular, can work up to five-night shifts a week, or alternate 

between two-day shifts followed by two-night shifts. This constant variation in sleep-wake 

times can lead to circadian misalignment, which negatively impacts alertness, attention, and 

overall performance (Reiter et al, 2021; Czeisler & Gooley, 2007). Although night shift work 

may be problematic for morning chronotypes, as working during their non-optimal times can 

impair both alertness and cognitive performance, expecting only evening chronotypes to 

work night shifts while morning chronotypes take on day shifts is unrealistic and unfair. 

Furthermore, research has suggested several strategies to help workers adjust to shift work 

and prepare for changes in their sleep schedules. However, these strategies are not universally 
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applicable due to individual differences and varying living circumstances. As such, further 

research is needed to explore solutions for shift workers, as the high demands and lack of 

sleep can take a toll on their health and personal lives. One potential solution could be the 

implementation of safer shift schedules that allow for more rest time before and after night 

shifts, prioritising adequate sleep to avoid circadian misalignment (Reiter et al. 2021).  

 

Moreover, approximately 20% of workers in Europe and North America engage in 

shift work, with many working night shifts from 7 pm to 7 am (Reiter et al., 2021) Nurses, in 

particular, may work up to five night shifts per week or alternate between day and night 

shifts, causing significant variation in their sleep-wake times. This disruption can lead to 

circadian misalignment, negatively affecting their alertness, attention and performance 

(Reiter et al., 2021; Czeisler & Gooley, 2007). While night shift work may be challenging for 

morning types, it is unrealistic and unfair to expect only evening chronotypes to work nights. 

Although various strategies exist to help workers adjust to shift work, these are not 

universally applicable due to individual differences and varying circumstances. Further 

research is needed to develop solutions for shift workers, as the high demands and inadequate 

sleep can harm their health and personal lives. Implementing safer shift schedules with 

adequate rest time before and after night shifts may help prevent circadian misalignment 

(Reiter et al., 2021). Understanding the roles of chronotype and the effects of optimal and 

non-optimal times of day on cognitive processes such as alertness, decision-making, and 

attention is vital to shaping the future of shiftwork, and even other workplace hours, ensuring 

workers’ health, safety and performance. Developing strategies that consider chronotype and 

optimal performance times can help mitigate the negative effects of circadian misalignment 

and optimise working conditions in the future.  
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Future studies should aim to further investigate this particular area, as understanding 

how chronotype and the time of testing influence attentional performance could positively 

impact various aspects of life, including educational settings, workplaces and sports. As 

highlighted in the limitations, employing a variety of cognitive tasks, like Facer-Childs et al. 

(2018) would be more effective. This approach would capture a broader range of responses 

and offer a more comprehensive representation of cognitive functioning, which is especially 

in contexts like educational settings or professional environments, where individuals are 

required to engage in multiple cognitive processes. Including a variety of tasks would allow 

for a better understanding of how factors such as chronotypes and time of testing influence 

performance across various cognitive domains, offering insights that apply to real-world 

settings.  Additionally, ensuring an adequate sample size is crucial, as this remains one of the 

primary limitations of the current study. These limitations should be carefully considered 

when replicating or conducting similar research. Although there is a substantial body of 

research on this topic, obtaining up-to-date, relevant, and statistically significant data will be 

invaluable for translating these findings into broader applications.  

 In conclusion, this study has established a strong foundation for future research, 

emphasising the significance of understanding and considering the effects of chronotype and 

time of testing on attentional performance. Although the hypothesis was not supported, the 

results still point in the direction of an effect, which was the primary aim of the research. This 

study is valuable for informing changes that accommodate the variation of chronotypes in 

real-world applications. However, future research is needed to strengthen and confirm these 

findings, especially through employing larger sample sizes, a broader range of cognitive 

tasks, and more precise experimental designs. Additionally, exploring individual differences 

and external factors that might mediate these effects could provide more comprehensive 
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insights. Understanding these influences could lead to more effective interventions, 

ultimately improving performance and well-being across different settings. 
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