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 individuals 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 has been shown to significantly impact cognitive performance, particularly in tasks involving attention and working memory (Barcley & Myachykov, 2017; Evansova et al. 2022). 

[bookmark: _Int_6eJzjvU9]	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, particularly Horne and Ostberg’s (1976) Morningness-Eveningnesss 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, 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). 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 synchrony effect, demonstrating how aligning tasks with an individual’s chronotype can optimise cognitive performance (Goldstein et al. 2007; Wiłkość-Dębczyńska & Liberacka-Dwojak). Goldstein et al’ (2007) study utilised a large participant sample, and incorporated input from the participants’ 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 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 are 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)
Martinez-Perez and colleagues (2020), in their study on the interaction of chronotypes with executive control and alerting networks, propose that circadian variability distinctly influences endogenous alertness at different times of 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-types 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, 2020). Furthermore, the study sample of 34 university students may limit the generalisability 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 study found that morning-type individuals reached their optimal cognitive performance around 9am, with a gradual decline starting at 1 and a steep plateau at 8pm. In contrast, mild evening-types peaked between 4:30pm and 9pm, while definite evening-types had their highest performance occurring between 5pm and 10:30pm. 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 medicine, technology and art. The study included 400 participants, each having completed the Quality of Life Questionnaire (WHOQOL-BREF), the Pittsburgh Sleep Quality Index (PSQI) and the Depression, Anxiety and Stress scale. 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 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 judgement 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 incorporating up to three within a single study. Such questionnaires do not allow for the precise measurements of 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.
 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. 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 perform significantly better than those who complete the task at a time misaligned with their chronotype. 

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 for participation via EMS and select a convenient time slot to attend in exchange for 2 course credits. A total of …. university students participated in this experiment. Demographic data collected during the study revealed that the sample comprised of… male participants ( %),  .. female participants ( %), and .. individuals identifying as non-binary ( %). The age range spanned from …. (m= , sd=). 
2.2 Design
This study employed a 2x2 between-subjects ANOVA 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), that was determined by the Morningness/Eveningness Questionnaire (MEQ; Horne & Ostberg, 1975). The dependent variable measured was 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 four conditions based on their chosen time of participating 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 independent variables. In order to answer Research Question One, “Does chronotype and time of testing affect attention performance” a two-way analysis of variance (ANOVA) 2 (Time of testing: morning or afternoon) x2 (chronotype: morning or evening) were calculated for each of the attention performance measures. 

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,1975; see appendix C) which included a demographic form, and a debrief section (see appendix D). 
	The Morningness/Eveningness Questionnaire (MEQ; Horne & Ostberg,1975) 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. Eight items within the questionnaire are reverse scored to ensure accurate measurements. The MEQ was chosen due to its strong test-retest reliability, demonstrated by a correlation coefficient of approximately 0.80 and a Cronbach alpha of 0.70 (Horne & Ostberg, 1976). 
	A Stroop test (Stroop was developed using the SuperLab programming software. The test consists of 60 items, including 10 practice items. 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 
	Several pilot studies were conducted to ensure both programs (SuperLab 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 words and a reduction in the time limit for each item from 5 seconds to 3 seconds. This ensured that data collection could begin on… 
2.4.2 Ethical considerations
Before data collection could begin, the researcher completed a Dissertation Proposal form and an application of Ethical Approval (see appendix E) 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 protocols within the university. This application was reviewed by the University Ethics panel, and approval to proceed with the study was granted by the SREC (School Research Ethics Committee).
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. Upon granting consent, participants were instructed to begin the Stroop task on the laboratory computer. This task included 10 practice trials, followed by the main trial, which involved identifying the ink colour of 60 words. After completing the Stroop task, participants proceeded to fill out the Morningness/Eveningness Questionnaire. 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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