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Abstract 

Introduction: The circadian rhythm is a sleep-wake cycle determined by differences in serum melatonin and cortisol levels, 

and affects cognition and behaviour. Past research suggests that young adults tend to perform better on cognitive tasks during 

the afternoon and evening, which may be the optimal time of day in this population. This research protocol seeks to 

determine whether cognitive performance is affected at times assumed to be optimal for both populations (evening) compared 

with suboptimal times (morning).  

Methods: Individuals would be recruited and divided into two groups: adolescents 13–17 and younger adults aged ages 18–25, 

with all participants of the afternoon/evening chronotype. Saliva is collected directly preceding test-taking. Each group 

completes a standard computerized test of simple math, logical reasoning, and executive function at both their optimal time 

of day (TOD) (3:00 to 6:00 PM) and at their non-optimal time of day (8:00 to 11:00 AM). Neuroelectric activity is recorded 

using electroencephalography (EEG).  

Results: We hypothesize that adolescents and younger adults will be at their optimal performance level (measured by EEG 

and behavioural measures) between 3 to 6 P.M. rather than from 8 to 11 AM, due to their circadian rhythm. We expect TOD 

to influence reaction times and accuracy during task completion. A difference will be seen across many neural indices such as 

event-related potentials (ERPs) and alpha and theta power demonstrating optimal performance in the evening. 

Discussion: Higher cortisol levels and changes in amplitude and latency of P3, N2Pc, N450, and PD ERP indices and 

differences in alpha and theta frequencies may be associated with optimal cognitive performance. This is related to faster 

response time, focus, and overall higher accuracy. Based on the anticipated results, one could alter the timing of task 

completion to fit different age groups’ peak mental ability.  

Conclusion: Continuously working at non-optimal times could lead to chronic circadian rhythm disruption, which could 

result in the deterioration of physical and mental health. Aspects of everyday life, such as student test-taking times, can be 

improved to benefit both individuals and institutions by catering to an individual’s optimal TOD.  
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Introduction 

The circadian rhythm is the body’s natural biological 

clock that affects physiology and behaviour [1]. This sleep-

wake cycle is primarily controlled by hormones such as 

melatonin, a hormone heavily influenced by darkness and 

light, and cortisol, a hormone produced in the adrenal 

cortex and is largely secreted in the morning compared to at 

night [1]. Interruptions in the hormone production cycle can 

result in mood changes, dizziness, and potentially lead to 

increased distractibility [1]. These adverse effects have 

encouraged research into how individuals are able to 

synchronize their circadian rhythms to external time signals 

such as school hours [2]. Behavioural performance is 

heavily dependent on their chronotype, one's disposition for 

activity at certain times in the day [3]. Research has 

suggested that older individuals are more likely to be 

mentally active in the morning than the night, compared to 

adolescents who are more mentally active in the afternoon 

and evening [2]. 

Studies have shown that changes that occur as one 

matures from an adolescent to an adult include the duration, 

quality, and timing of sleep [2]. One of the most prominent 

changes that occur regarding the biological timing as one 

ages is a sleep shift to earlier hours. This shift in sleep, 

combined with homeostatic processes, affect fatigue levels 

and alertness throughout the day. It has been suggested that 

times of optimal cognitive performance occur at certain 

times, but suboptimal performance at other times depending 

on one’s sleep cycle [2]. 
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Cognitive performance has been measured with 

electroencephalography (EEG) and may be optimal for 

examining these changes in optimal and suboptimal 

performance at various times of the day. EEG 

measurements are taken while various cognitive tasks are 

conducted. When combined with a cognitive task, EEG can 

measure event-related potentials (ERPs), which are neural 

correlates that can index a specific cognitive function. They 

are tiny voltages generated in brain regions in response to 

specific stimuli and are often used to study mental 

processes [3]. These wave forms can be described 

according to their peak latencies which is the time after 

stimulus onset at which the ERP displays its most 

prominent negative or positive amplitude [3]. Since these 

ERP measures are so sensitive, they can reveal changes in 

cognitive processing that may be masked by variability in 

behavioural performance. For example, the Stroop task is a 

widely known measure of selective attention and allocation 

of attentional resources and elicits the N450 and P3 [3]. The 

Simon task uses indices of attentional selection (N2pc) and 

suppression (PD), which indicate the inability to suppress 

visual distractions [3]. The n-back task has been used to 

examine working memory processing by looking at the P3 

to detect differences in the working memory processing-

load [4]. Both the comparison and calculation arithmetic 

task can measure cognitive effort through the oscillatory 

power in theta and alpha frequencies [5]. The use of these 

tests can help determine the effects that the circadian 

rhythm has on cognitive function at various times of the 

day [6]. 

As seen in previous studies, a major shift in sleep 

patterns occurs as one ages past 50 due to the presence of 

external factors, such as occupational obligations [7]. These 

masking factors are also present in children and adolescents 

although the two groups differ in circadian rhythm trends. 

Research has focused primarily on adults engaged in shift 

work, such as nurses and firefighters, due to the high-stakes 

nature of these jobs and the prevalence of problems that 

occur during working hours [7]. However, similar issues of 

differing circadian rhythms are also likely prominent in 

adolescents and college/university-aged individuals. If 

circadian rhythms play a large role in overall cognitive 

development and learning, this may adversely affect their 

social-occupational functioning and academic achievement. 

This study seeks to determine whether cognitive 

performance is affected at times assumed to be optimal for 

adolescents and younger adults. Since prior research has 

shown that these age groups perform optimally in the 

afternoon and evening, we expect to see cognitive 

performance enhanced in this optimal time compared to the 

morning. The present research protocol proposes Stroop 

and Simon tasks to measure distractibility, an n-back test to 

measure working memory, and numerical comparison and 

calculation tasks to measure mathematical competency. 

 

Methods 

Participants 

Individuals would be recruited and divided into two 

groups: adolescents 13–17 and younger adults aged 18–25, 

with all participants of the afternoon/evening chronotype. 

Their chronotypes will be assessed through a demographic 

questionnaire providing information regarding age, gender, 

education, daily routines, and typical sleep-wake times. 

Baseline data, including hormone levels, would be collected 

from participants by performing an enzyme-linked 

immunosorbent assay using participants' saliva, which 

would be collected directly preceeding test-taking.  This 

allows us to detect any abnormalities in cortisol and 

melatonin levels by using antibodies from the saliva that 

bind to a plate which is then washed [8]. Interactions 

between antigens and antibodies allow for the detection of 

the hormone of interest [8]. To then allow for proper 

statistical analysis of the sample the process is repeated 

multiple times [8]. Individuals that do not fall within the 

normal hormone levels for their age or sex would then be 

excluded from the study. Saliva is collected directly 

preceding test-taking. 

 

Procedure 

Each group completes a standard computerized test of 

simple math, working memory, and distractibility at both 

their hypothesized optimal TOD (3:00 to 6:00 PM) and at 

their non-optimal TOD (8:00 to 11:00 AM). During these 

tests, the participants’ neuroelectric activity is recorded 

using EEG. A 64-electrode montage will be used (Figure 3a 

and 3b). All participants will be seated in a classroom 

setting with 10 silent confederate volunteers to mimic a 

typical classroom and obtain the most realistic results 

reflecting their true cognitive ability in classroom 

environments. Each participant will then be seated at a 

computer equipped with headphones. Participants will be 

required to perform each task with three blocks per task, 

with each block containing 100 trials.  

 

Stroop Task 

The Stroop Task assesses processing speed and 

selective attention. Participants will be shown a colour 

word in a font colour that may be different than the 

semantic content [9]. Participants will be instructed to 

determine the font colour without reading the word with a 

computer keyboard (D=Red, F=Green, J=Yellow, K=Blue) 

as quickly and accurately as possible. Incongruent trials are 

where the font colour is different from the colour word; 

congruent trials are where the word and word colour are the 

same (Figure 1).  
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Figure 1. Stroop Task: Participants are to name the colour of the word presented on the screen. Congruent trials are when the 

colour of the word, and the colour of the word itself, are the same. Incongruent trials are indicated by differing word and font 

colour.  

This task allows us to measure the Stroop effect, which 

is the difference between incongruent and congruent 

conditions [9]. Participants should display longer reaction 

times (RTs) and increased error rates for incongruent than 

congruent conditions. This task will measure selective 

attention through behavioural measures (accuracy and RT) 

and N450 and P3 ERP indices. 

Simon Task  

The Simon task evaluates inhibition and spatial 

reasoning. Participants will be shown either a red or green 

image, representing the right and left positions respectively 

[10]. They will be instructed to press a key corresponding to 

the colour (F for green and J for red) using the left and right 

index fingers respectively while ignoring the location of the 

 

 
 

Figure 2. Simon Task: Participants are to press the designated key (left or right key press) based on the colour shown on the 

screen. A congruent trial consists of stimuli showing up on the side of the screen that coincides with the location of the key. 

An incongruent trial is when the stimuli appears on the opposite side of the screen with respect to the correct response key. 

 

stimulus whether it is in the left or right hemispace. 

Congruent trials are when red stimuli are presented on the 

right side of the screen, whereas incongruent trials consist of 

stimuli shown on the opposite side of the screen (Figure 2).  

This task allows us to examine the Simon effect: 

differences in RTs or accuracy between incongruent and 

congruent conditions [11]. RTs tend to be slower and less 

accurate for incongruent compared to congruent trials. 

N2pc and PD ERP components will be used to measure 
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attentional selection and suppression of visual distraction 

[11]. 

 

Single N-Back Task  

The n-back task involves working memory to maintain 

rapidly changing information [12]. Two versions will be 

conducted to test for visual and auditory working memory. 

Individuals will be presented with a sequence of either 

visual stimuli (e.g., on-screen images) or auditory stimuli 

(e.g, spoken monosyllabic words). Participants will be 

asked to identify the stimulus presented three stimuli prior 

in the series. Working memory performance will be 

measured by accuracy and RTs, and the P3 [12]. 

 

Arithmetic Tasks 

Participants will undergo two arithmetic tasks. The 

numerical comparison task involves presenting two distinct 

numbers briefly shown one after the other. Participants will 

be required to identify the higher number. During the 

calculation task, participants are presented with one number 

and one simple multiplication statement. They are to 

determine whether the number presented, or the product of 

the statement is greater. Changes in oscillatory power in 

alpha and theta frequencies for both tasks will be recorded 

to measure attention and working memory [13].  

 

Preprocessing 

Behavioural measures (accuracy and RTs) will be 

averaged for each condition and across participants per 

group. For EEG measures, the data will be re-referenced to 

the average reference (i.e. the average of all channels) and 

filtered between 0.5 to 40 Hz. Upon visual inspection, mean 

amplitudes for each ERP component of interest will be 

extracted and averaged over a 200 to 400 ms time window 

surrounding the peak of the component. For the Simon 

N2pc component, the mean amplitude will be extracted 

from 150-350 ms from a cluster of 9 electrodes surrounding 

the FCz electrode (Figure 3a). For the PD index from the 

Simon task, as well as the N450 and P3 indices from the 

Stroop task, the mean amplitude will be extracted from 

250–650 ms from a cluster of 9 electrodes surrounding CPz 

(Figure 3b).  

 

 

                                   
 

 

 

 

 

 

For peak latency analysis, the peak of an ERP component is 

defined as the latency of the local maximum positivity or 

negativity within a specified time window. At ranges 8–13 

Hz and 4–7 Hz alpha and theta power will be observed 

respectively [14,15]. Alpha and theta power will be 

extracted using Fast Fourier transform and differences in 

power will be examined. 

 

 

 

Statistical Analyses 

For the Stroop, Simon, n-back and arithmetic tasks, 

accuracy and RT values will be subjected to a mixed model 

ANOVA with group (adolescents, younger adults) as a 

between-subjects factor, and time of day (morning, 

evening) and condition (incongruent, congruent) as within-

subjects factors. Similarly, mean amplitudes and peak 

latencies for the N2pc, PD, N450, P3 components will be 

Figure 3a. The mean amplitude will be extracted 

from a cluster of 9 electrodes surrounding the FCz 

electrode to measure the Simon N2pc component in 

the 64-electrode montage. 

Figure 3a. The mean amplitude will be extracted 

from a cluster of 9 electrodes surrounding the FCz 

electrode to measure the Simon N2pc component in 

the 64-electrode montage. 
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subjected to an ANOVA with the same factors of group, 

time of day, and condition. Post-hoc t-tests with Sidak 

correction will be conducted. The pre and post-stimulus 

power will be compared using cluster-based permutation 

testing. An alpha value of 0.05 will be used. 

 
Results 

Behavioural Measures 

For Stroop and Simon tasks, a two-way interaction is 

anticipated for the TOD and the conditions (incongruent, 

congruent) in which there will be higher Stroop and Simon 

effects in the morning than evening for both groups. We 

may expect larger effect sizes in young adults than in 

teenagers. Both groups will demonstrate greater accuracy 

and quicker RTs while performing the n-back and 

arithmetic tasks during the evening than morning. 

Additionally, as participants progress through these tasks, 

we expect a decrease in accuracy over time, as well as 

slower RTs due to fatigue. Similar to the Stroop and Simon 

tasks, we also expect greater effect sizes in young adults 

compared to adolescents in ERP measures. 

 

ERP Mean Amplitudes and Peak Latencies 

Similarly, ERPs will demonstrate a two-way 

interaction between TOD and task conditions (incongruent 

and congruent), as determined from differences in 

amplitudes for the ERP indices of N2pc and PD for the 

Simon task, and N450 and P3 for the Stroop task (Figure 4).  
 

 
 

Figure 4. Sample ERP waveform from stimulus onset for the N450 index for the Stroop task. The figure displays higher 

amplitudes in the evening compared to in the morning. 
 

Consistent with prior EEG research [16,17], we expect 

greater differences in amplitude for Stroop and Simon 

effects during the evening than morning in both groups. 

Regarding the single n-back test, there will be significant 

differences in the P3 amplitude between morning and 

evening times, such that the P3 will be higher in the 

evening than morning in both groups. For each of the tasks, 

there will be longer peak latencies for the N2pc, PD, N450, 

and P3 indices in the evening in all task conditions 

compared to the morning and across both groups. These 

latency differences will be associated with RT and accuracy 

using post-hoc correlation analyses. In the arithmetic tasks, 

young adults and adolescents will show increased alpha and 

theta power in the evening compared to the morning [16]. 

This would be consistent with prior research showing that 

higher alpha power has been associated with greater levels 

of attention, and higher theta power has been associated 

with greater cognitive effort [18]. 

Discussion 

This research protocol aims to quantify TOD 

differences in adolescents and younger adults by measuring 

ERP indices (P3, N2pc, PD, N450) and alpha and theta 

frequencies. The protocol proposes using both 

neuroimaging and behavioural measures, as EEG has 

shown to be sensitive to time of day effects [19]. According 

to the expected results, adolescents would perform better in 

the evening compared to the morning which is reflected by 

their optimal time of day. ERP and behavioural data will 

demonstrate larger effects due to the time of day in young 

adults compared to adolescents. This larger effect is due to 

all individuals in the young adult’s group already 

undergone a shift in their circadian rhythm which makes 

them more vulnerable to performance changes at different 

times of day. This is shown through differences in 

amplitude, RTs, and accuracy across an individual’s 

optimal and non-optimal time of day. In the evening, all 

individuals are expected to perform with more accuracy, 

faster RTs, and greater peak latencies in ERP components 
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compared to tasks completed in the morning. This is due to 

higher attentional effort, ability to suppress distractions via 

the Stroop and Simon task, and working memory via the n-

back task. For the arithmetic tasks, it is expected that the 

alpha and theta power will increase in the evening for both 

populations. This is due to individuals becoming more 

attentive and using their executive control in the evening 

compared to the morning [20]. 

The optimal time of day for individuals is highly 

dependent on their circadian rhythm, in particular, when 

tasks involving cognition and effort are being completed. 

Cognitive ability seems to be improved at their peak arousal 

time and decreases the further one gets from this peak time. 

Throughout the developmental stages of childhood, there is 

a constant improvement regarding the executive function 

that continues during adolescence. This includes the 

effortful cognitive control of thought, action, and emotion 

an individual presents during a given task [19]. Differences 

in the development of executive function is an important 

aspect that can be used to predict an individual's overall 

cognitive function and success in school. In particular, 

when looking at adolescent years, peak times begin to 

change from the morning to the evening which is reflected 

in their chronotypes which results in lower cognitive 

abilities and decreased attentional effort during the morning 

compared to the evening hours [19]. Studies have have 

shown that adolescents are more prone to show lowered 

executive function when tested at their non-optimal time 

compared to any other variable including amount of sleep 

received, demonstrating the importance ones sleep-wake 

pattern has on their overall functioning [19]. 

Although research has demonstrated that peak 

performance is greatly affected by one’s circadian rhythm, 

young adults and adolescents are forced to accommodate to 

the optimal time of day for older individuals. Though the 

purpose of education is catered to the younger 

demographic, the timing of lessons and assessments are not 

ideal for the learning and performance of adolescents [20]. 

In Canada, the majority of school days start between 8 and 

9 AM and end around 3 to 4 PM. As most of this age group 

functions optimally in the afternoon and evening, this 

specific timing interrupts and adolescents’ and young 

adults’ natural circadian rhythm [2]. This is especially 

detrimental when looking at performance on tasks requiring 

a sufficient amount of cognitive effort. In a study done by 

Randler and Frech, morning-type adolescents who slept for 

longer periods of time experienced an increase in their 

academic grades compared to those who got less sleep [20]. 

This lack of sleep was due to early school start times, which 

only benefited those who were morning people. Since 

children usually go through a transition phase from 

morning to evening chronotypes at around 12–13 years old 

[19], their learning would greatly benefit with a shift to 

later school start times. Indeed, several schools in Australia 

have implemented this late start and have seen increases in 

academic performance [21]. 

Adolescents are suffering from a lack of sleep due to 

early school start times [22]. Lack of sleep leads to many 

consequences such as chronic sleep loss, deteriorating 

physical and mental health, and decreased academic 

achievement. Recent studies have shown that the disruption 

of circadian rhythms in high school and post-secondary 

students leads to anxiety and mood disorders [20]. In fact, 

schools that have implemented late start times have seen 

decreased depressive symptoms from insufficient sleep 

[23]. 

A discrepancy between an individual’s test score and 

their actual cognitive ability can have a lasting impact, 

especially when looking at standardized tests such as the 

Scholastic Aptitude Test (SAT) [24]. The pressure to do 

well on these tests paired with taking the assessment at  

non-optimal times of day can drastically decrease one’s 

score. Tests such as the SATs are used for admissions into 

higher education and ultimately decide future career paths. 

It is important that one is able to perform their best while 

taking these tests as, for many, it defines the rest of their 

life [24]. In order to maintain validity and fairness to all 

test-takers, flexibility in test-taking time should be 

implemented [24]. For this reason, it would be beneficial 

for the academic future of adolescents and young adults to 

have later standardized test-taking times, as it would enable 

fair assessments without consequences of TOD 

misalignment.  

Some limitations in this study can be attributed to the 

willingness of the participants to complete these tasks at 

predetermined times. Further, the variability in results due 

to fatigue, motivation, and overall effort over multiple test-

taking sessions may hinder the validity of the EEG 

measures. To account for these limitations, substantial 

monetary compensation can be awarded to participants. 

 

Conclusions 

Overall, the alignment of tasks with one’s circadian 

rhythm is imperative to academic performance, cognitive 

capabilities, and mental health, particularly in adolescents 

and young adults. Any disruption in one’s sleep-wake cycle 

will have severe negative effects on one’s learning and test-

taking abilities. It is important to consider this when 

looking at the lifestyles of adolescents and young adults, as 

their optimal time of day is generally in the afternoon and 

evening. The implications of this study are far-reaching in 

all levels of society including long-term education, 

employment, and overall quality of life. 
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