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Circadian Rhythms in Attention
Pablo Valdez*
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Attention is a cognitive process crucial for human performance. It has four components: tonic alertness, 
phasic alertness, selective attention, and sustained attention. All the components of attention show 
homeostatic (time awake, sleep deprivation) and circadian (time of day) variations. The time course 
of the circadian rhythms in attention is important to program work and school-related activities. The 
components of attention reach their lowest levels during nighttime and early hours in the morning, better 
levels occur around noon, and even higher levels can be observed during afternoon and evening hours. 
However, this time course can be modulated by chronotype, sleep deprivation, age, or drugs. Homeostatic 
and circadian variations have also been found in other basic cognitive processes (working memory and 
executive functions), with a time course similar to that observed for attention. Data reviewed in this paper 
suggests the need to consider circadian rhythms, age, and chronotype of the person, when programming 
schedules for work, study, school start time, school testing, psychological testing, and neuropsychological 
assessment.
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INTRODUCTION

Life evolved on our planet under the influence of en-
vironmental cycles. Earth rotation produces a daily cycle, 
in which light and temperature increase during the day 
and decrease during the night. Additionally, the Earth re-
volves around the sun producing another cycle manifest-
ed as the seasons of the year. Organisms on Earth adapted 
to the cycles in the environment through the development 
of internal oscillations, known as biological rhythms. The 
most studied biological rhythm is the circadian rhythm, 
with a period close to 24 h [1]. When an organism remains 
in a constant environment (constant darkness, constant 
temperature) for a prolonged interval, almost all physio-
logical activities oscillate with a period close to, but still 
different from, 24 h [2]. In mammals, the lesion of the su-
prachiasmatic nuclei of the hypothalamus eliminates the 
circadian rhythms, indicating that this cerebral structure 

operates as a biological clock and as a pacemaker that 
keeps all physiological functions internally synchronized 
[3]. Most organisms adjust their circadian rhythm to the 
natural 24 h environmental cycle through synchronizers, 
such as the light-dark cycle, the temperature cycle, the 
feeding cycle, and the social stimulation cycle [4]. The 
light-dark cycle is the most potent synchronizer of cir-
cadian rhythms for the majority of species, including hu-
man beings [5]. The endogenous nature of the circadian 
rhythm is supported by the discovery of clock genes in 
many species, that are related to different parameters of 
the circadian rhythm [6]. Circadian rhythms are a biolog-
ical property of all living organisms, these are oscillations 
in many physiological variables, such as body tempera-
ture, melatonin or cortisol secretion, or even in motor 
activity, and can be recorded in each member of a given 
species. Physiological variables can also show acute vari-
ations due to changes in the environment; for example, a 
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mammal may run suddenly to escape from a predator, the 
intense exercise while running raises body temperature 
for several minutes, but then the effect dissipates and thus 
the body temperature resumes its circadian oscillation. 
These transitory changes affecting physiology produce a 
masking effect on circadian rhythms [7]. Many environ-
mental factors may modify physiological variables pro-
ducing a masking effect, sometimes even interfering with 
the recording of circadian rhythms. Therefore, studying 
circadian rhythms requires the recording of physiological 
variables and cognitive processes in constant conditions.

Circadian rhythms are also present in most of the 
physiology of human beings. In humans, there are cir-
cadian rhythms in body temperature, cardiac, pulmonary 
and metabolic activity, nervous system activity of many 
areas of the brain, the secretion of all hormones, such 
as melatonin or cortisol, and the sleep-wake cycle [8]. 
Circadian rhythms can be observed in the performance 
of most tasks and activities recorded thus far in humans, 
such as sensory, motor, reaction time, time estimation, 
memory tasks, verbal tasks, arithmetic calculations, and 
simulated driving tasks [9]. Performance increases during 
the day and decreases during the night. Variations in hu-
man performance may be the result of circadian rhythms 
in cognitive processes that are crucial for the execution of 
all that tasks [10]. One of these basic cognitive processes 
is attention. Patients with brain injury suffering a reduc-
tion of attention show an impairment in the performance 
of most tasks and neuropsychological tests [11]. This 
paper reviews the recent results on circadian rhythms in 
attention, as well as the implications of these rhythms for 
real-life conditions.

HOMEOSTATIC AND CIRCADIAN FACTORS

Human physiology and cognitive performance in hu-
mans depend on two factors: homeostatic and circadian 
[12]. The homeostatic mechanisms maintain a set point 
level for any physiological function, while the circadian 
clock produces regular oscillations of the same function. 
As an example, even though environmental temperature 
shows variations, core body temperature tends to remain 
close to 36.5 degrees Celsius. Concurrently, a circadian 
rhythm in core body temperature of around one degree 
occurs, with higher values at daytime and lower values 
during nighttime. This rhythm appears to be irregular 
or noisy on a natural setting, this is due to changes in 
ambient temperature, exercise or food consumption, that 
affect body temperature moment by moment, thus pro-
ducing masking effects; but the rhythm becomes very 
regular when the organism remains in constant environ-
mental conditions. Sleep, sleepiness, and performance 
also change during the day due to the interaction between 
these two factors [13].

Homeostatic regulation of sleep and cognitive per-
formance refers to the fact that after sleeping well, people 
wake up alert and active. However, as the day advanc-
es people report feeling less alert, at the end of the day 
sleepiness increases and they fall asleep. When people do 
not sleep well, they feel less alert and suffer an increase in 
daytime sleepiness. Alertness increases after the person 
sleeps efficiently again.

The circadian regulation of sleep and cognitive per-
formance refers to the near 24 h period cycle present in 
alertness and sleepiness. During daytime hours, alertness 
is high and sleepiness is low, whereas the opposite oc-
curs during nighttime. Sleepiness is commonly regarded 
to have detrimental effects on performance at school or 
work. But sleepiness is a self-report of the subjective 
feelings of a person during a specific physiological con-
dition. In other terms, during nighttime the core body 
temperature and the brain activity diminish, this induces 
a reduction in cognitive processing that the person inter-
prets as a sensation of subjective sleepiness.

Kleitman proposed a theory to explain the origin of 
cognitive performance rhythms. His theory asserts that 
the circadian rhythm in metabolic activity modulates 
brain activity, producing oscillations in cognitive perfor-
mance [14]. Some cognitive processes show oscillations 
with a phase similar to the body temperature rhythm [15], 
but other cognitive processes show a 1 to 4 h phase delay 
with respect to the body temperature rhythm [16]. It is 
possible that several oscillators in the brain [17] drive the 
cycles of different cognitive processes, although all cy-
cles remain coupled to the suprachiasmatic nuclei, which 
operates as the pacemaker of a multi-oscillatory circadian 
system.

METHODS USED TO ASSESS CIRCADIAN 
RHYTHMS IN COGNITIVE PROCESSES IN 
HUMANS

Methods in this field are important to separate the 
influence of homeostatic and circadian factors on phys-
iology and performance. It is also important to identify 
homeostatic and circadian variations in physiology and 
cognitive performance without the influence of masking 
effects produced by changes in the environment, such as 
lighting, temperature, or by the activity of the person. 
Three main methods have been used to study circadian 
rhythms in physiology and cognitive performance of hu-
mans: time of day recordings, a constant routine protocol, 
and a forced desynchronization protocol [18].

Time of day recordings implies recording perfor-
mance two or more times during the day, in individuals 
living in their normal environment. Typically, the re-
cordings are made only during daytime hours, when the 
person is awake, to not disturb sleep. The few daytime 
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recordings obtained through this type of protocol are 
insufficient to measure the circadian oscillations through-
out the 24 h of the day. Results from these studies are 
usually highly variable and many studies obtain contra-
dictory results. Due to the high variability of the results 
obtained with this protocol, larger samples are required 
to obtain significant differences at different times of day. 
Therefore, the results of this type of studies are very lim-
ited when attempting to draw firm conclusions regarding 
the circadian rhythms of cognitive processes [18].

A constant routine protocol implies measuring phys-
iological and cognitive functions at regular intervals (for 
example, every hour), for at least 24 h. Masking con-
ditions that can modify the circadian rhythms are kept 
constant, such as ambient temperature, light intensity, 
motor activity, and caloric consumption [19]. Participants 
remain awake and in a reclined position, ingest a small 
snack at regular intervals, and maintain a very low level 
of motor activity to minimize possible effects of food 
ingestion and motor activity on the circadian rhythm of 
core body temperature. This protocol is useful to assess 
homeostatic and circadian changes in cognitive perfor-
mance.

A forced desynchronization protocol requires the 
participants to adjust their sleep-wake cycle to a period 
that is outside the entraining range of circadian rhythms 
(for example, 28 h). In this condition, the core body tem-
perature continues oscillating with a period close to 24 h, 
and physiological and cognitive functions can be record-
ed while the individual is awake, at different phases of the 
circadian rhythm of the core body temperature [20]. This 
protocol permits the assessment of homeostatic and circa-
dian changes in cognitive performance [21]. The last two 
protocols, constant routine and the forced desynchroni-
zation protocols, offer suitable controls for the variables 
that can mask the circadian rhythm, therefore the use 
of these protocols shows similar results about circadian 
rhythms in performance [18]. Both protocols allow the 
recording of circadian rhythms in physiological variables 
and cognitive performance throughout the 24 h of the day. 
Results obtained with these two protocols show circadian 
rhythms in physiology and cognitive performance in each 
individual recorded, so that significant results can be ob-
tained even with small samples. For these reasons, this 
review includes mainly results using these two protocols.

The type of task is also very important to analyze cir-
cadian rhythms in specific cognitive processes. To assess 
human circadian rhythms in cognitive processes, perfor-
mance is measured several times during the day, this may 
induce learning or fatigue effects. Tasks appropriate for 
this type of research should produce little or negligible 
effects on learning or fatigue, or the measurement con-
ditions must be appropriate to minimize these effects. 
Very simple tasks may be inappropriate to assess specific 

cognitive processes. Some of these tasks require the par-
ticipants to only respond to infrequent stimuli with long 
intervals between them. Continuous performance tasks, 
that require frequent and continuous responses, may al-
low the assessment of specific cognitive abilities [22]. On 
the other hand, exceedingly complex tasks may include 
multiple cognitive abilities, and separating the contribu-
tion of specific cognitive processes from the execution 
of the test may be very difficult [23]. Many neuropsy-
chological tests suitable to the analysis of specific cog-
nitive processes, cannot be used repeatedly at very short 
intervals, because the person may improve performance 
through learning. It is important to select tests appropri-
ate for the study of human circadian rhythms, to design 
tasks that may accurately grasp specific components of 
cognitive processes, or devise other protocols suitable 
for the analysis of these rhythms. Cognitive performance 
may be influenced by other factors, such as motivation or 
emotion. Generally, motivational or emotional factors are 
kept constant and at a reduced level in these experiments. 
It is possible that these conditions may induce masking 
effects in natural environmental conditions, thus affect-
ing the recording of circadian rhythms. More research 
is needed to study the possible effects of motivational or 
emotional factors on circadian rhythms: do these condi-
tions induce only transitory masking effects? Are these 
conditions capable of modulating the amplitude, period 
or phase of the circadian rhythms in cognitive processes?

CIRCADIAN RHYTHMS IN ATTENTION

Attention is a cognitive process that refers to the 
capacity to interact effectively with our environment. 
Attention implies processing and selecting incoming 
stimulation, responding to each stimulus, and sustaining 
specific and efficient responses for minutes or hours. 
Many models attempt to explain attention; some, empha-
size processing of stimuli; others, selection of stimuli; 
and others, responses to the environment [24]. To ana-
lyze the circadian rhythms of attention, this paper uses 
the neuropsychological model of Posner and Rafal [25], 
because this model includes all known conditions involv-
ing attention. According to this model, attention includes 
four components: tonic alertness, phasic alertness, selec-
tive attention, and sustained attention [25]. Tonic alert-
ness refers to our capacity to respond to any event in the 
environment, it reflects the arousal or general activation 
level of the organism at any time. Phasic alertness is the 
capacity to respond to an event after a warning signal, it 
is crucial to be ready and respond to a change in the envi-
ronment. Selective attention is the capacity to produce a 
specific response to a stimulus and a different response to 
another stimulus; it has to do with filtering out irrelevant 
information from the environment. Sustained attention 
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rhythms to document changes in cognitive performance. 
Homeostatic and circadian changes have been demon-
strated with this task using time of day, constant routine, 
and forced desynchronization protocols. Main changes 
observed are an increase in reaction time throughout the 
day and circadian variations in reaction time, with lower 
response latency during the day and higher response la-
tency during the night. The number of lapses (omissions 
or responses with longer reaction times) also increases 
with time awake and show circadian variations, with 
fewer lapses during daytime and a higher frequency of 
lapses during nighttime [15,28,29]. Homeostatic and 
circadian variations in tonic and phasic alertness have 
been observed using a continuous performance task, on a 
constant routine protocol [22].

Attention requires processing of a single stimulus or 
several stimuli occurring successively. Processing new 
incoming information implies that attention should be 
shifted from one stimulus to another [30]. This process 
takes time and reduces the efficiency to process the new 

refers to the capacity to efficiently continue responding 
during some time (minutes to hours) [23]. Several brain 
systems participate in these components of attention, 
mainly the reticular, the prefrontal, and the parietal sys-
tems [26]. The circadian variations in the components of 
attention may modulate changes in the performance of all 
human activities. When any of the components of atten-
tion are affected by brain damage or any other disorder, 
the performance of almost all tests and tasks results are 
compromised [11]. Figure 1 shows a typical recording 
of the circadian rhythm in rectal temperature, as well as 
homeostatic and circadian variations in subjective sleepi-
ness, and each component of attention.

Alertness (Tonic and Phasic)
Many papers have documented homeostatic and cir-

cadian variations in alertness, using undemanding tasks 
such as a simple reaction task or vigilance tasks [27]. An 
example of a simple reaction task is the Psychomotor 
Vigilance Test, which is used in many studies on circadian 

Figure 1. Homeostatic (time awake) and circadian variations in rectal temperature, subjective sleepiness and the 
components of attention. Left-side graphs are raw data, middle graphs are smoothed data showing time awake varia-
tions, and right-side graphs are detrended data showing circadian variations. Rectal temperature raw data appear on 
the three columns. The dotted vertical line in the right-side graph represents the batyphase (time of day of the mini-
mum value) of the rectal temperature circadian rhythm. Values are mean ± standard error of the mean. VAS = Visual 
Analog Scale. Data were taken from Valdez et al. (2005) [22] and Valdez et al. (2010) [46].
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of around 2 h with respect to the circadian rhythm in rec-
tal temperature. Changes in T1 may be related to tonic 
alertness, which is the general capacity to respond to any 
stimulus.

Selective Attention
Homeostatic and circadian variations have been 

observed in selective attention associated with the mel-
atonin circadian rhythm, on a constant routine protocol 
[36]. Homeostatic (time awake) and circadian (time of 
day) variations were also observed in selective attention 
using a continuous performance task, on a constant rou-
tine protocol [22].

Homeostatic and circadian variations were also ob-
served in the processing of a second stimulus occurring 
at a short interval after the first stimulus (T2 accuracy 
at lag 2, 200 ms) and to successive independent stimuli 
(T2 accuracy at lag 8, 800 ms) [35]. The changes in in-
formation processing observed in this study, may be due 
to a reduction in the activation to process any stimulus 
or a reduction in the capacity to suppress the processing 
of distractors. Circadian variations in T2 showed a phase 
delay of around 2 h with respect to the circadian rhythm 
in rectal temperature. The reduction in the efficacy to pro-
cess a second stimulus (T2) is compatible with changes in 
selective attention. Dual-task and task-switching perfor-
mance (examples of multitasking) are affected by sleep 
deprivation [37–39] and time of day variations in these 
types of tasks have been observed [40–42].

Sustained Attention
To analyze sustained attention, it is necessary to 

measure three indices of this cognitive process: general 
stability of performance efficiency, time on task perfor-
mance, and short-term stability [43]. General stability of 
performance efficiency can be measured as the variability 
(standard deviation) of correct responses throughout a 
task. Low variability means a high level of stability of ef-
ficiency and an increase in sustained attention. Circadian 
variations in the stability of performance efficiency have 
been observed, with high stability during daytime and 
low stability during nighttime and early in the morning 
[44]. Time on task performance can be measured by a 
linear regression coefficient of correct responses through-
out the task. A zero linear coefficient value indicates 
maintenance of the same level of performance from start 
to end, meaning an increase in attention. This index of 
sustained attention decreases with time awake and sleep 
deprivation [45]. Short-term stability of efficiency can be 
measured by hit runs (sequences of correct responses) 
and error runs (sequences of errors). Longer and more 
frequent hit runs, or less frequent error runs indicate an 
increase in sustained attention. A progressive homeostatic 

event [31]. When two stimuli occur with an interval of 
one second or longer between them, people have no 
problem to efficiently process both stimuli. But when 
they occur with a short interval between them (less than 
500 ms), people respond accurately and rapidly to the 
first stimulus, but require more time or fail to process the 
second stimulus. So, a longer reaction time and less cor-
rect responses occur to the second stimulus occurring at 
an interval shorter than 500 ms, indicating a reduction in 
the capacity to process the new stimulus. These changes 
in the processing of a new stimulus have been measured 
through the Psychological Refractory Period (PRP) [32] 
and the Attentional Blink (AB) [33]. The PRP is an in-
crease in the reaction time required to process a second 
stimulus occurring within a 500 ms interval after the first 
stimulus. Circadian variations have been observed in the 
PRP [34], this study recorded the PRP every 2 h, during 
28 h, on a constant routine protocol. Two stimuli were 
used: Stimulus 1 (S1) was a 300 or 900 Hz tone, and 
stimulus 2 (S2) was an X or O letter. Three intervals were 
used between S1 and S2: 50, 200, or 1000 ms. Partici-
pants had to make a specific response to each stimulus. 
Results showed that accuracy was constant throughout 
sessions, whereas reaction times to both stimuli showed 
an increase during the night. Changes in time of day were 
observed in the PRP gradient, obtained by subtracting the 
reaction time to S2 at the 1000 ms interval from the reac-
tion time to T2 at the 50 ms interval. This finding suggests 
that there are circadian oscillations in central processing 
time, which may explain the circadian variations in reac-
tion time observed in many other studies. The changes in 
central processing time and reaction time are compatible 
with circadian variations in tonic alertness. The AB refers 
to a decrease in the accuracy to detect or identify a second 
stimulus (target 2, T2) occurring 200 to 500 ms after the 
first stimulus (target 1, T1). The AB is measured through 
a Rapid Serial Visual Presentation task, in which an array 
of stimuli is presented, including two targets (T1, T2) and 
a group of distractors. The first (T1) and second targets 
(T2) are presented within different intervals to measure 
the accuracy to T2 at each interval, between 100 and 800 
ms. Typically, there is a decrease in the accuracy at 200 
to 500 ms intervals, while longer intervals (600 to 800 
ms) show a high level of accuracy, similar to the accu-
racy to T1. Task performance was recorded each hour, 
during 28 h, in a constant routine protocol. Homeostatic 
and circadian variations have been found in the accuracy 
of all the parameters of the RSVP task, used to assess the 
AB (T1 accuracy and T2 accuracy at all lags) [35]. T1 
accuracy is related to the capacity to respond to indepen-
dent stimuli, at separate times. A reduction in T1 accuracy 
was observed throughout the recording session, showing 
time awake (homeostatic) and time of day (circadian) 
effects. Circadian variations in T1 showed a phase delay 
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their circadian rhythms. They go to bed very late and 
have to wake up early to comply with the start school 
time during weekdays, this reduction of sleep duration 
produces even lower levels of attention during daytime. 
It has been observed that evening type students obtain 
lower grades, compared to morning type students [52].

Age also modulates the time course of cognitive 
rhythms, adolescents tend to delay their sleep-wake cy-
cle, while aged people tend to advance their sleep-wake 
cycle [53]. Some drugs can modulate the temporal course 
of circadian rhythms in cognitive performance, the effect 
depends on the dose and the timing of the ingestion. For 
example, taking caffeine in the morning increases alert-
ness at that time of day and promotes a phase advance of 
circadian rhythms, while taking caffeine in the evening 
may induce alertness that interferes with bedtime, and 
promotes a delay of circadian rhythms [54].

Circadian Rhythms in Other Basic Cognitive 
Processes

Homeostatic and circadian variations have also been 
found in two other basic cognitive processes: working 
memory and executive functions. Working memory 
comprises the storage, retrieval, and use of information 
[55]. Working memory has four components: phonolog-
ical storage, visuospatial storage, an episodic buffer and 
a central executive system [56]. Homeostatic and circa-
dian variations are observed, both in the phonological 
storage and in the visuospatial storage working memory 
components, in a constant routine protocol [57,58]. The 
capacity to store phonological and visuospatial informa-
tion decreased from 04:00 to 07:00 h. The oscillations in 
these components of working memory correlated with the 
circadian rhythm of core body temperature, with a phase 
delay of 1 to 3 h. The oscillations in the phonological 
store can explain the variations observed during the day 
in tasks such as reading comprehension and verbal learn-
ing. While the oscillations in the visuospatial store can 
explain the variations observed during the day in tasks 
that include space perception such as drawing, construc-
tion and arithmetic tasks.

Executive functions refer to the ability to program 
and regulate human behavior, they are thus crucial for 
decision making, self-control, and problem-solving. 
Executive functions include the following components: 
initiative, inhibition, flexibility, planning, prevision, 
self-monitoring, verification and correction [59]. Cog-
nitive inhibition shows changes with time of day in a 
Go/NoGo task, on a time of day protocol [60] and on a 
constant routine protocol [29]. Circadian variations in in-
hibition and cognitive flexibility have been observed by 
means of two types of Stroop-type tasks, in one the test 
items are read aloud [61], and in the other a computerized 
Stroop-type task is used [62]. Homeostatic and circadian 

decrease during the day has been observed in general sta-
bility and short-term stability (hit runs and error runs), us-
ing a continuous performance task, on a constant routine 
protocol, with a decrease between 04:00 to 07:00 h [46].

TIME COURSE OF CIRCADIAN RHYTHMS 
IN ATTENTION

The components of attention are at a low level in the 
morning (07:00 to 10:00 h), mainly because circadian 
rhythms reach their lowest point at this time of day; sleep 
inertia also contributes to this low level of execution. 
Attention improves towards noon (10:00 to 14:00 h), 
but then there is a decrease after lunch (14:00 to16:00 h) 
(post-lunch dip), execution gets better in the afternoon 
and early evening hours (16:00 to 22:00 h). Finally, at-
tention decreases again at night (22:00 to 04:00 h) and 
reaches its lowest levels at dawn and early in the morning 
(04:00 to 07:00 h) (Figure 1). These changes in perfor-
mance apply approximately to a person who usually 
sleeps from 23:00 to 07:00 h and with an intermediate 
chronotype. The time course of cognitive performance 
is important to program daily activities, such as school 
schedule, time allocated for studying, sports or work, as 
well as programming academic, medical, psychological, 
or neuropsychological tests [47].

Several conditions modulate the temporal course of 
cognitive performance: chronotype, sleep deprivation, 
age, and drugs. The chronotype is the pattern of prefer-
ences of a person: some individuals prefer and feel better 
when performing their activities in the morning (morning 
type), others prefer to do their activities in the evening 
(evening type) and other show no preference, they may 
carry out their activities at any time of day (intermediate 
type). Chronotype of an individual is a very stable trait 
[48]. Morning type persons show a phase advance and 
evening type persons show a phase delay of circadian 
rhythms [49]. These changes in circadian rhythms phase, 
may produce difficulties in learning or solving school 
tests in the afternoon for morning type students, and in 
the morning for evening type students. Attention in eve-
ning type students may improve after noon (around 12:00 
to 16:00 h). Attention and other cognitive functions show 
a synchrony effect with the chronotype, morning type 
students show better performance during the morning, 
with worse execution in the evening, while evening type 
students show an inverse pattern [50]. Sleep deprivation 
affects the amplitude of the rhythms in cognitive perfor-
mance [51]. The greater the sleep deprivation the greater 
the deterioration in execution throughout the day, with a 
greater decrease in the morning, the post-lunch dip, and 
in the first hours of the night. Evening type students have 
lower levels of attention during daytime. Their attention 
stays low during the morning because of the phase of 
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circadian rhythms in attention, working memory, and ex-
ecutive functions.

IMPLICATIONS

Circadian rhythms of attention may affect the per-
formance in at least two common settings: work and 
school. Circadian rhythms in this cognitive process may 
interfere with activities performed during the night and 
early morning. Working on a night shift produces a mis-
alignment between the circadian clock and the behavioral 
cycles, resulting in an impairment of cognitive perfor-
mance [65]. Night shift workers may be especially at risk 
to commit errors and suffer accidents. But morning shift 
workers may also be at risk, especially during morning 
hours. These risks may increase with extended working 
periods, sleep deprivation and fatigue. Workers of these 
shifts tend to make some adjustments to counteract the 
reduction of attention during nighttime and early in the 
morning, by eating snacks, taking short naps when fea-
sible, and consuming caffeinated beverages. Although 
these measures tend to offer a transitory increase in alert-
ness, they may not be effective to improve phasic alert-
ness, selective attention or sustained attention.

Circadian rhythms in attention can also affect school 
learning. According to the results described, tonic alert-
ness, phasic alertness, selective attention, and sustained 
attention improve towards the afternoon and evening 
[47], thus at this time of day we are in a better position 
to process information in activities such as reading, un-
derstanding texts, analyzing information, carrying out 
numerical calculations. Therefore, the best time to study 
occurs at night, approximately two hours before bedtime. 
On the other hand, all the components of attention are still 
at low levels at early hours in the morning. Students may 
be at a disadvantage for learning efficiently at the begin-
ning of their school schedule, commonly programmed at 
07:00 or 08:00 h in the morning. They may have diffi-
culties to learn and process information during the first 
hours of classes. Many teachers have observed that some 
students can not actively participate in school activities 
during the first hours of classes, with several even falling 
asleep in that interval. Paradoxically, the more difficult 
subject matters are scheduled in the early morning hours, 
because it is often assumed that the students would be 
refreshed and active after sleeping. The reduction of at-
tention during morning may be even greater because of 
a sleep reduction during weekdays. This sleep reduction 
occurs because during weekdays adolescents go to bed 
late but wake up early to comply with the school start 
time [66].

According to data reviewed in this paper, healthy 
individuals show acceptable levels of cognitive perfor-
mance from 10:00-14:00 h and from 16:00-22:00 h, so 

variations occurred in cognitive inhibition and flexibility, 
with the lowest values occurring around 04:00 to 07:00 
h. The performance in a Go/NoGo task diminishes with 
time awake, with no time of day variations, although ex-
ecution decreased when the person woke up near the time 
of the lowest core body temperature level (bathyphase) 
[63]. On the other hand, changes with time awake and 
time of day were observed in self-monitoring, using a 
constant routine protocol [64]. Self-monitoring decreased 
from around 04:00 to 07:00 h. The reduction of the com-
ponents of attention during nighttime make people prone 
to commit errors which may result in accidents, due to the 
concurrent reduction of self-monitoring, interfering with 
the correction of errors.

Many components of these basic cognitive processes 
(attention, working memory, and executive functions) 
change with sleep deprivation and time of day. A sequen-
tial participation of these functions throughout time awake 
and time of day may explain the homeostatic and circa-
dian variations in all components of cognitive processes 
[23]. Accordingly, during daytime the body temperature 
is high, sleepiness is low, and cognitive performance is 
high. During the first hours of the night body temperature 
begins to decrease and sleepiness increases due to time 
awake (sleep deprivation), at this stage the more primi-
tive processes (tonic alertness, arousal) may be affected 
first, interfering with other basic cognitive processes 
and producing some errors in performance. At this time 
executive functions are still operating, thus maintaining 
behavior directed to the goals and compensating for the 
decrease in tonic alertness. As the night advances, body 
temperature gets lower, sleepiness increases, and other 
components of attention, such as working memory and 
some basic components of executive functions are affect-
ed, producing more frequent and more serious errors. The 
last stage involves a steep decrease in executive func-
tions, such as self-monitoring, impeding a compensation 
for the reduction in cognitive processing, and producing 
an impairment in decision making and problem-solving, 
with an increased risk of severe errors and accidents. Fi-
nally, the person falls asleep, ceasing to respond to the 
environment [10].

The time course of working memory and executive 
functions is similar to that observed in the components 
of attention, suggesting that cognitive performance 
tends to be higher during daytime hours and to be lower 
during nighttime and early in the morning. Also suggests 
possible circadian rhythms in the brain areas crucial for 
these cognitive processes. These rhythms in cognitive 
processes keep a phase relation to the rhythm in body 
temperature, indicating that they are coordinated with the 
rest of the physiological rhythms of the body, through the 
suprachiasmatic nucleus, which operates as a pacemaker 
of the circadian rhythms. Table 1 summarizes studies on 
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not easily adjust to night shift work or to an early school 
start time. These work and study schedules result in sleep 
reduction, lower levels of attention, low work or study 
performance, and an increase in the risk of errors and 
accidents. Scheduling for other activities, such as school 
testing, psychological, or neuropsychological assess-
ment, must also be programmed according to circadian 
rhythms, age, and chronotype of the person.
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