
Sleep Sci. 2022;15(Special 2):306-313

306 EEG activity and attention during the sleep onset process

Changes during the sleep onset process on EEG activity and the 
components of  attention

ORIGINAL ARTICLE

*Corresponding author: 
Jorge Borrani
E-mail: jorgeborrani@gmail.com

Received: December 20, 2020; 
Accepted: March 19, 2021.

DOI: 10.5935/1984-0063.20210010

ABSTRACT
The sleep onset process (SOP) happens every time a person falls asleep, regardless of  the time 
of  day or if  they are doing an activity. Basic cognitive processes, such as attention, differ between 
wakefulness and sleep. The components of  attention – tonic alertness, phasic alertness, selective, 
and sustained attention – are known to decrease during sleep, however they have not been analyzed 
during the sleep onset process. This study analyses the state of  three of  the four components 
of  attention during the sleep onset process through electroencephalographic (EEG) activity and 
task performance in young people. Nine undergraduate students (18.54±1.24 years old) underwent 
a control session which was compared to the average of  four sleep-inducing sessions. During 
all sessions, the EEG activity of  the subjects was recorded to assess the effect of  the SOP on 
electroencephalographic activity while they answered a continuous performance task (CPT) to 
assess the effect of  the SOP on the components of  attention. Comparisons of  the EEG recordings 
of  the control and the sleep inducing sessions demonstrated that there is lower activity in fast beta, 
as well as a higher theta and delta activity right before the sleep onset. There was a decrease in tonic 
alertness, phasic alertness, and selective attention. This study shows that there is an increase in EEG 
slow activity and a decrease in fast activity, as well as in attentional capacity during the SOP. This 
decrease can become a safety hazard since it could happen while performing daily activities.
Keywords: Attention; Sleep; Electroencephalography; Spectral Analysis; Sleep Onset; Continuous 
Performance Task.
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INTRODUCTION
The sleep onset process (SOP) is the transition from 

wakefulness to sleep. The SOP consists of  a series of  states 
with cognitive and physiological characteristics that differ from 
those of  sleep and wakefulness1. The SOP occurs every time a 
person is falling asleep. It happens during the night at bedtime, 
but it may occur at any time of  the day, even while performing 
tasks or activities2,3.

The propensity to enter the sleep onset process during the 
day increases with sleep deprivation4. It is considered that 70% 
of  college students do not get sufficient sleep5, which implies 
that most young people are at risk of  entering the SOP while 
performing an activity, this performance depends on cognitive 
processes such as attention. Understanding cognitive changes 
during the SOP would help prevent accidents in young people 
that are sleep deprived, but in order to do so, it is important to 
analyze both the electroencephalographic (EEG) and cognitive 
changes during the SOP.

The EEG signal during the SOP has been visually 
described as an appearance and disappearance of  alpha waves, 
followed by theta waves, vertex sharp waves, and ending with the 
K complexes and sleep spindles of  stage 2 of  the Rechtschaffen 
& Kales scoring system6. Performing a visual analysis only takes 
into account the dominant frequency of  a signal, but in order 
to detect more specific and subtle changes it is necessary to 
perform a spectral analysis.

Having more activity in a faster frequency band indicates 
that more neurons in the area under the electrode are firing at 
a fast and desynchronized rate. EEG fast frequencies include 
gamma, beta, and alpha activity. Beta activity is associated with 
wakefulness, and it increases during attention tasks, particularly 
in the right hemisphere of  the brain7,8. Nevertheless, these 
relations have only been observed by dividing the beta band 
into sub-bands9. The presence of  alpha indicates that a person 
is still awake, but that the sensory stimuli processing capacity is 
weakening10,11. Delta and theta are considered slow frequencies, 
which indicate a lower level of  alertness and an impaired ability 
to process and respond to stimuli12,13.

Right before falling asleep there is a decrease in fast 
frequencies and an increase in slow ones14, which suggests that in 
this moment there could be a decrease in cognitive capacity15,16. 
Nevertheless, there are no studies that analyze the EEG signal 
in relation to cognitive performance during the SOP, specifically 
the decrease in responses to the environment.

Responding to the environment depends on attention, 
which is a basic cognitive process necessary to perform most 
daily activities. It consists of  four components, but in this study, 
only the following three will be analyzed: tonic alertness, the 
general capacity to respond to the environment; phasic alertness, 
the capacity to respond to stimuli after a warning signal; and 
selective attention, the capacity to give specific responses to 
specific stimuli17,18. These components of  attention are related 
to specific brain circuits. Tonic alertness is related to the inferior 
nuclei of  the reticular activating system, and phasic alertness is 
related to the superior nuclei of  the reticular system, particularly 

the cerebral colliculus. Selective attention is related to the 
prefrontal cortex and its connections to the posterior parietal 
cortex. Sustained attention is related to the influences of  the 
prefrontal cortex on the reticular activating system19.

There are no studies that directly assess all components 
of  attention during the SOP, but there is some indirect evidence 
through studies that evaluated performance during this process. 
One of  these studies employed an auditory task in which 
participants had to press a button when they heard a sound, 
which can be interpreted as a measure of  tonic alertness. This 
study compared sleep latencies in college students between 21 
and 26 years of  age using a behavioral criterion (absence of  
responses) versus polysomnographic sleep onset criteria. The 
results showed a longer latency when using the polysomnographic 
criteria compared to the behavioral criterion, which means 
that participants first stop responding and, after a while, the 
characteristic events of  sleep stage 2 such as K complexes 
appear20. Even though task performance was not reported, 
these results suggest that people stop responding because their 
attention decreases, not because of  the muscle tone and sensory 
decrease typical of  sleep stage 2. Another study in young adults 
between 25 and 35 years of  age showed, with a similar auditory 
task, that reaction time increased from 700 milliseconds during 
alpha activity to almost two seconds during the appearance of  
sleep spindles and K complexes21. These results are also evidence 
that as the sleep onset approaches, the capacity of  these young 
people to respond in general deteriorates. Nevertheless, since 
these tasks only have indices for tonic alertness, the other 
components of  attention are yet to be analyzed.

It is important to analyze attention through a single 
task that has indices for all components, such as a continuous 
performance task (CPT)22,23. Through this task, it is possible to 
analyze all components of  attention at the same time and detect 
a decrease in a specific component, which would suggest the 
types of  activities that could be more affected during the SOP. 
An auditory CPT would cause minimum disruption or delay 
in the SOP24, making it possible to test the hypothesis that the 
components of  attention decrease during the sleep onset process.

In summary, the evidence suggests that during the 
SOP, attention decreases and there is a general synchronization 
of  the EEG signal, but it is yet unclear what the state of  the 
components of  attention is during this period. A decrease in the 
components of  attention while lying in bed at night is expected 
and poses no risk, but if  this decrease happens during the day 
while performing an activity, it could lead to severe accidents. 
Therefore, the objective of  this study is to analyze EEG activity 
and the components of  attention during the sleep onset process.

MATERIAL AND METHODS

Participants

Nine undergraduate students of  18.54±1.24 (mean 
± standard deviation) years of  age, 6 females and 3 males, 
participated voluntarily. None of  the participants reported sleep 
disorders or other illnesses, nor having traveled across more than 
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two time zones during the previous three months. Participants 
signed a written consent form before cooperating in the study; 
those who were underage were allowed by their parents to 
participate by signing a similar form. An academic committee 
of  the university approved this study and it was carried out 
according to the ethical standards of  the declaration of  Helsinki.

Questionnaires

To ensure participants did not have sleep disorders or 
other illnesses and to record their sleeping habits, they answered 
three questionnaires:

General information questionnaire: a brief  set of  
questions that gather demographic data, class schedules, and 
information on physical health and medication use;

Sleep disorders questionnaire: the self-report 
questionnaire was used to identify symptoms of  sleep disorders 
such as insomnia, hypersomnia, and parasomnias;

Sleep diary: a daily log in which participants report 
bedtime and waking time.

Polysomnographic recordings

Polysomnographic recordings were carried out using 
a Grass Comet AS40 EEG/PSG Amplifier System, using 
nineteen scalp electrodes placed according to the international 
10/20 system. Ear lobe electrodes (A1 and A2) were bridged 
to REF to act as a reference electrode and an electrode on the 
forehead was used as the body ground (GND). These data were 
stored in a computer for offline analysis.

Auditory continuous performance task (CPT)

To assess the components of  attention during the sleep 
onset process, participants responded to an auditory continuous 
performance task. The auditory CPT is a modified version of  the 
visual continuous performance task18 but with auditory stimuli that 
allow the assessment of  the different components of  attention. The 
participants were instructed to use their dominant hand to press key 
number 1 when a high-pitched sound (1900Hz) appeared, to press 
key number 2 to a medium-pitched sound (1400Hz), and to press 
key number 3 if  a low-pitched sound (1000Hz) took place after a 
medium one. Stimulus duration is 100ms, and the inter-stimulus 
interval varies randomly ∼1200ms (1000, 1100, 1200, 1300, and 
1400ms). The total duration of  the task is 11.70min and it is divided 
into 27 blocks that consist of  14 high tones, 4 medium tones, and 2 
low tones that follow the medium tone. Stimuli within the blocks are 
randomized in each application. According to the definition of  each 
component of  attention17,18 responses to the high tone were taken 
as indices of  tonic alertness, responses to the mid-tone were taken 
as indices of  selective attention, and responses to the low tone after 
the mid-tone were taken as indices of  phasic alertness.

Procedure

Participants signed a written informed consent letter 
and then answered the questionnaires. Only those without sleep 
disorders were included in the study. They kept a sleep diary for two 
weeks and those without a regular sleep cycle were not included in 

the study. All participants were asked to abstain from consuming 
alcohol, caffeine, energetic beverages, or any other drug, two days 
before and during all recording sessions. All nine participants went 
through five recording sessions in the laboratory: a control session in 
which they were not sleep deprived and four sleep-inducing sessions 
after a night of  sleep deprivation – therefore, participants included 
in the control session are the same as those included in the sleep-
inducing sessions. The protocol during these sessions is similar to 
a maintenance of  wakefulness test25; in this case, participants were 
encouraged to stay awake and respond to the auditory CPT, in order 
to analyze the components of  attention during the sleep onset 
process. They trained for the CPT the day before the control session.

The night before the control session, participants were asked 
to sleep freely (without setting an alarm clock) to promote a night 
of  satisfactory sleep. The control session began between 12:00 and 
14:00h. The night before the sleep-inducing sessions, participants 
were asked to sleep less than 7h, to promote sleep pressure. For 
the sleep-inducing sessions, participants arrived at the laboratory at 
19:30h and remained awake all night. Trained collaborators ensured 
that the participants stayed awake by always staying with them, either 
talking, playing video games, or board games. Electrode placement 
started the next day at 08:00h and the recording sessions were 
scheduled at 10:00, 12:00, 14:00, and 16:00h (Figure 1).

Figure 1. Schematic diagram of  the moments analyzed in the study. EEG and performance 
data on the last minute of  the task in the control session was compared to the averaged 
responses on the last minute before the sleep onset in the sleep-inducing sessions to analyze 
the effect of  the SOP on EEG activity and the components of  attention. EEG and 
performance data on the first minute of  the task in the control session was compared to the 
averaged responses on the last minute before the sleep onset in the sleep-inducing sessions 
to analyze the effect of  sleep deprivation on EEG activity and the components of  attention.

All participants were recorded individually while laying on a 
bed, in a quiet isolated room with controlled room temperature at 
24±1°C, which became completely dark when the lights were turned 
off  (light level <1 lux). EEG activity was recorded while participants 
responded to the CPT. Infrared live video and polysomnographic 
recordings were monitored from a separate room. At the end of  
this period, the lights were turned on, participants were awakened 
(if  necessary), and were allowed to leave the recording room. During 
the periods in between recordings, participants were accompanied 
at all times to verify that they remained awake and kept a low 
activity level. Two meal options around 400 calories were offered to 
participants at 9:00h and 13:00h.
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Data analysis

To analyze the SOP, it is crucial to determine first the 
sleep onset. Although there is no agreement on which is the 
precise point for the sleep onset24, in this study, the sleep onset 
was determined as the beginning of  the first 30-second epoch 
of  uninterrupted sleep stage 211,26,27. These criteria were chosen 
in order to allow the observation of  task performance up to 
sleep stage 2, when sensory perception and muscular tone 
reduce importantly. The C3, C4, O1, O2, Fz, and Cz channels 
were used for the visual analysis of  the EEG recording.

Four channels were selected for spectral analysis: C3 and C4 
because many sleep phenomena are observable in these channels, 
as well as Fp1 and Fp2 because these prefrontal areas are related to 
selective attention, Fz was included to have a vertex region that could 
show subcortical activity28. EEG recording files were converted into 
EDF for analysis. The unfiltered EEG signal was analyzed through 
a fast Fourier transform (FFT; Spike 2 version 6.18 script, SUDSA, 
version 2.2) in order to obtain a power spectrum in logarithmic 
scale (dB). Power spectrum was analyzed on 60s of  performance 
during the CPT divided into non-overlapping 2s epochs (sampling 
frequency 128Hz), epochs with visual noise or extreme power 
spectrum values were discarded manually. Power was analyzed in 
each of  the following frequency bands: delta (1-3Hz), theta (4-7Hz), 
alpha 1 (8-9Hz), alpha 2 (10-12Hz), beta 1 (17-20Hz), beta 2 (21-
26Hz), and beta 3 (27-34Hz).

Performance during the last two blocks of  the CPT 
before the sleep onset was the indicator for changes in the 
components of  attention during the SOP. The duration of  each 
block is approximately 28 seconds, so the performance analyzed 
was about 56 seconds long and included 40 stimuli. Spectral 
power during these same blocks was the indicator for changes 
in EEG activity during the SOP.

Since sleep deprivation was used to induce the SOP, it is 
necessary to dissociate the changes due to the SOP from the changes 
due to sleep deprivation. In order to achieve this, indicators for the 
components of  attention and EEG activity were compared between 
the sleep-inducing sessions and the control session. Since there was 
no sleep onset during the control session, the selected blocks for 
comparison were the last two of  CPT, since participants were under 
the same low-stimulation conditions as the sleep inducing session 
and similar fatigue from performing the CPT for almost 12 minutes29 
(Figure 1). If  during the sleep-inducing sessions, there is less spectral 
power on fast EEG bands and less correct responses compared to 
the control session, it would mean that the approaching of  the sleep 
onset reduces the capacity to respond.

CPT performance and spectral power during the 
first two blocks of  the task were the indices for changes in 
the components of  attention and EEG activity due to sleep 
deprivation (Figure 1). At this moment, the SOP has not 
advanced much, and all participants were awake and responding, 
so the only difference between the control session and the sleep 
inducing sessions was the sleep deprivation of  the sleep-inducing 
sessions. If  at the beginning of  the task there are differences in 
spectral power and correct responses, these would be due to sleep 
deprivation and not due to sleep onset.

The midday increase in sleep propensity2 was analyzed 
by comparing the individual performance on the CPT from the 
four sleep-inducing sessions through Friedman’s ANOVA. Since 
there were no differences with the time of  day, the sleep-inducing 
sessions were averaged to obtain a single value (Figure 1).

All comparisons of  the percentage of  correct responses 
and spectral power were done using a non-parametric, two-
tailed Wilcoxon matched-pair test. The analysis includes the 
same participants in both the control and the sleep inducing 
sessions. In the results of  this test, lower values mean higher 
statistically significant levels. The effect size was calculated to 
determine if  the SOP has a greater effect on the components 
of  attention than the sleep deprivation used to induce the SOP.

RESULTS
In the control session, participants did not fall asleep during 

the almost 12 minutes of  the task; during the sleep-inducing sessions 
participants had an average sleep latency of  6.72±3.18 minutes. 

Changes in spectral power during the SOP

When comparing the spectral power of  the last minute 
before the sleep onset in the sleep-inducing session to the 
power of  the last minute of  the task in the control session, 
beta 1 showed no differences but beta 2 showed lower activity 
in Fp1 (W=3.0, p=0.02) and beta 3 had a lower activity 
in both prefrontal derivations (Fp1: W=3.0, p=0.02; Fp2: 
W=3.00; p=0.02) before the sleep onset compared to the end 
of  the control session. Alpha 1 and alpha 2 did not show any 
differences (Figure 2). Theta activity showed no differences 
in the frontopolar derivations, although there was a tendency 
towards significance (Fp1: W=7.0, p=0.07; Fp2: W=6.0, 
p=0.05), however it was higher on the central and frontocentral 
derivations during the last minute before sleep onset, compared 
to the control (C3: W=1.00, p=0.01; C4: W=2.00, p=0.02; Fz: 
W=0.0, p=0.01). The activity on the delta band increased on all 
derivations in the last minute before the sleep onset compared 
to the control (Fp1: W=0.0, p=0.01; Fp2: W=0.0, p=0.01; 

Figure 2. Comparison of  the spectral power in delta, theta, alpha 1, alpha 2, beta 1, 
beta 2, and beta 3 between the last minute of  the task in the control session and the 
last minute before the sleep onset during the sleep-inducing sessions. Bars represent 
mean ± standard error of  the spectral power (dB). *p<0.05, **p<0.01.
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Table 1. Spectral density for each EEG band during the sleep onset process (SOP).

Control session Sleep-inducing session W p d
Delta

Fp1 9.47 (1.37) 12.20 (2.67) 0.00 0.01 1.62
Fp2 9.69 (1.29) 12.08 (2.64) 0.00 0.01 1.62
C3 9.48 (3.00) 13.35 (4.59) 4.00 0.03 1.21
C4 9.45 (4.49) 13.04 (1.80) 3.00 0.02 1.30
Fz 10.24 (3.75) 15.08 (2.49) 0.00 0.01 1.62

Theta
Fp1 4.26 (3.95) 7.11 (1.35) 7.00 0.07
Fp2 3.72 (4.56) 6.78 (1.46) 6.00 0.05
C3 5.77 (2.86) 9.91 (5.14) 1.00 0.01 1.50
C4 6.31 (2.87) 10.06 (3.69) 2.00 0.02 1.40
Fz 6.85 (2.23) 12.52 (4.16) 0.00 0.01 1.62

Alpha 1
Fp1 2.23 (3.71) 3.02 (6.12) 18.00 0.59
Fp2 2.64 (3.52) 2.79 (5.10) 13.00 0.26
C3 5.08 (4.00) 4.08 (2.86) 16.00 0.44
C4 3.73 (4.59) 4.38 (2.30) 15.00 0.97
Fz 6.31 (3.64) 5.31 (3.30) 19.00 0.98

Alpha 2
Fp1 4.61 (2.95) 3.74 (1.84) 12.00 0.21
Fp2 5.08 (2.15) 3.55 (2.64) 11.00 0.17
C3 7.39 (3.75) 6.82 (1.83) 13.00 0.26
C4 8.15 (2.99) 5.60 (1.10) 12.00 0.21
Fz 7.09 (3.09) 6.00 (2.00) 19.00 0.68

Beta 1
Fp1 2.06 (2.00) 1.32 (2.49) 13.00 0.26
Fp2 2.06 (1.61) 1.30 (2.27) 17.00 0.51
C3 1.14 (2.76) 1.37 (3.64) 19.00 0.68
C4 2.49 (2.87) 1.56 (4.86) 19.00 0.68
Fz 2.86 (1.75) 2.79 (2.42) 18.00 0.59

Beta 2
Fp1 4.55 (0.88) 2.19 (3.07) 3.00 0.02 1.30
Fp2 4.03 (1.26) 3.15 (2.44) 11.00 0.17
C3 3.84 (0.81) 2.36 (1.36) 19.00 0.68
C4 4.74 (1.44) 2.91 (2.94) 21.00 0.86
Fz 5.32 (0.59) 4.52 (2.00) 13.00 0.26

Beta 3
Fp1 4.74 (1.97) 1.29 (2.22) 3.00 0.02 1.30
Fp2 4.51 (1.30) 2.28 (3.67) 3.00 0.02 1.30
C3 1.78 (2.62) -0.02 (5.55) 13.00 0.26
C4 2.37 (2.19) 0.76 (3.95) 11.00 0.17
Fz 3.89 (2.80) 1.81 (3.16) 13.00 0.26

Notes: Data is the spectral power (dB) of  each band compared between the last minute of  the control session and the last minute before the sleep onset of  the sleep-inducing 
session. Values are median (interquartile range), the test was a Wilcoxon matched-pair test (W), and the effect size was Cohen’s d.

C3: W=4.0, p=0.03; C4: W=3.0, p=0.02; Fz: W=0.0, p=0.01) 
(Table 1).

Changes in the components of  attention during the SOP

In average, participants had 40.46% less correct 
responses in tonic alertness during the last minute before 
the sleep onset, compared to the last minute of  the control 
task (W=2.00, p=0.02). Participants had 28.51% less correct 
responses in selective attention before the sleep onset, 
compared to the control session (W=3.00, p=0.02). In phasic 
alertness, participants had 49.03% less correct responses before 
the sleep onset, compared to the control session (W=1.00, 
p=0.02) (Figure 3). This difference in performance shows that 
the components of  attention are lower during the last minute of  

Figure 3. Comparison of  correct responses during the last minute of  the task in 
the control session, and the last minute before the sleep onset in the sleep-inducing 
sessions. Bars represent the mean ± standard error of  the mean. *p<0.05.
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Component of  attention SOP (last minute) Sleep deprivation (first minute)

Control 
session

Sleep-inducing 
session W p d Control session Sleep-inducing 

session W p d

Tonic alertness 90.00 (32.50) 40.00 (20.85) 2.00 0.02 1.40 100.00 (5.00) 91.25  
(16.25) 5.00 0.06

Selective attention 50.00 (32.75) 25.00
(27.10) 3.00 0.02 1.30 87.50 (17.50) 68.75 

(41.67) 3.00 0.04 1.14

Phasic alertness 75.00 (62.50) 25.00 
(15.62) 1.00 0.02 1.36 92.50 (25.00) 75.00 (64.58) 5.00 0.13

Table 2. Percentage of  correct responses for each component of  attention during the sleep onset process (SOP) and under sleep deprivation.

Notes: Data is the percentage of  correct responses compared between the last minute of  the control session and the last minute before the sleep onset of  the sleep-inducing 
session, and between the first minute of  the control session and the first minute of  the sleep-inducing session. Values are median (interquartile range), the test was a Wilcoxon 
matched-pair test (W), and the effect size was Cohen’s d.

the SOP (Table 2). There were no differences in reaction times 
between the control and sleep-inducing sessions on any of  the 
components of  attention.

Changes in the components of  attention under sleep 
deprivation

In the previous results, it is indistinguishable if  the low 
performance on the components of  attention is due to the 
approaching of  the sleep onset or to the sleep deprivation that 
was used to induce sleep pressure. Therefore, the performance 
during the first minute of  the sleep-inducing session was 
compared to the first minute of  the control session to determine 
the effect of  sleep deprivation. On these comparisons, selective 
attention was lower by 27.73% at the beginning of  the sleep-
inducing sessions (W=3.00, p=0.04) (Figure 4). The other 
components did not show significant differences. 

The comparison of  spectral power during these two 
moments showed that before the sleep onset, there is lower activity 
in the fast beta sub-band, as well as higher activity in the theta and 
delta bands. The faster beta sub-band (27-34Hz) showed changes 
in both prefrontal derivations, an area of  the cortex that is related 
to selective and sustained attention30, which demonstrates the 
importance of  dividing the beta band during spectral analysis.

These results further confirm that fast activity is related 
to cognition and they also suggest that fast frequencies are 
specifically related to the components of  attention9,31,32. Fast 
and slow alpha activity did not show changes, as this activity 
is characteristic of  relaxed wakefulness and the two moments 
being compared are active wakefulness (the end of  the control 
task) and the last moments of  the SOP, which are both moments 
when alpha is expected to be low and not so different.

This study showed an increase in theta in the frontocentral 
and central derivations during the SOP right before falling asleep, 
which coincides with the increase other studies have documented in 
theta over the frontocentral region33-36. This increased slow activity 
has been previously related to a decrease of  attentional capacity12. 
Although delta activity usually appears until the beginning of  sleep 
stage 3, it was higher on all analyzed locations before falling asleep, 
in comparison to a moment where they were not falling asleep. It 
is important to state that since this particular moment of  the SOP 
includes many events in the 1Hz range (K complexes and vertex 
waves), this particular frequency was not taken into delta to avoid 
confusion. The increase in delta activity is independent of  these 
events and, since it seems maximal in the frontocentral derivation, 
could be of  subcortical origin. The appearance of  delta activity is 
a sign that neurons are very synchronized and that they are most 
likely not responding to external stimuli.

Other studies have documented changes in EEG activity 
and attention on longer periods before and after the sleep onset. 
These studies report that right before the sleep onset there is an 
appearance of  slow frequencies (theta and delta), and a reduction 
of  beta activity compared to a state of  wakefulness37. One of  these 
studies also reports that the capacity to respond to simple stimuli 
decreases a lot in the minute before sleep onset38. Results reported 
on this study are consistent with those in previous studies.

This decrease in fast EEG activity in the prefrontal areas 
of  the cortex and the increase in slow activity in subcortical 
regions coincides with the decrease in the components of  

Figure 4. Comparison of  the percentage of  correct responses during the first 
minute of  the task in the control session, and the first minute of  the task in the sleep-
inducing sessions. Bars represent the mean ± standard error of  the mean. *p<0.05.

DISCUSSION
Less activity on the fast beta range in frontopolar 

derivations was accompanied by a decrease in the components of  
attention, during the last moments of  the SOP. In other words, 
when participants were awake, they had higher prefrontal fast 
frequency activity and were able to respond to most of  the stimuli, 
when participants were falling asleep they had less prefrontal fast 
frequency activity and a reduced capacity to respond.
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attention. Performance on the CPT showed that tonic alertness, 
phasic alertness, and selective attention are low during the last 
minute of  the sleep onset process, compared to a situation 
with the same stimulation and task conditions but in which the 
participants were not falling asleep.

A tonic alertness decrease indicates that the capacity to 
respond to all stimuli in the environment is decreased. Therefore, 
as the sleep onset approaches, people may be unresponsive to 
stimuli, which in the case of  someone driving a vehicle would 
largely increase the chances of  an accident, as the driver would 
have difficulties detecting other vehicles or signs on the road.

The phasic alertness component was lower in the last minute 
of  the sleep onset process; this indicates that at this moment people 
are not benefitting from warning signs that precede stimuli. For 
example, the horn of  another car is in many cases a warning sign 
of  danger, but in this moment of  the SOP, it would not improve a 
driver’s capacity to respond to and avoid that danger.

The low selective attention observed during the last minute 
of  the SOP implies a diminished capacity to give the specific 
response that is needed when presented with a specific stimulus. For 
example, a driver that is about to fall asleep is more likely to ignore 
or to respond inadequately to a traffic signal, hence augmenting the 
probabilities that a traffic accident occurs. This component was 
already affected by sleep deprivation, but as the SOP approaches 
this capacity is reduced even more. Entering the SOP during the day 
is usually due to sleep deprivation, thus both influences are present 
at the same time in everyday life.

The findings on tonic alertness coincide with those 
of  Hori et al. (1994)21, although the present study found less 
correct responses during the SOP instead of  a lengthening of  
reaction time. The results of  this study also coincide with the 
observations made by Ogilvie et al. (1991)13 and Casagrande 
et al. (1997)20, even though task performance itself  was not 
reported, these studies employed tasks that evaluate attention 
as a general concept and not as a neuropsychological function 
with four components. Therefore, the state of  the components 
of  attention during the SOP had not been properly analyzed. 
In contrast, the CPT allowed the independent analysis of  
three components of  attention, showing a greater decrease 
in selective attention and phasic alertness. This suggests that 
activities depending on these components will have grave errors 
if  performed during the SOP. This study is, to our knowledge, 
the first to analyze the spectral power of  the EEG signal and the 
components of  attention during the SOP.

In brief, these results show that the fast frequency 
activity in the prefrontal cortex and slow frequency activity in 
the central regions is related to a decreased capacity to respond 
to the environment, to specific stimuli, or after a warning signal 
even though the person has not yet reached sleep stage 2. It 
has been reported that during the SOP prefrontal and reticular 
activity decreases39,40. This study confirms there is a decrease 
in beta activity in prefrontal lobes as well as lower selective 
attention, a component related to prefrontal activity; similarly, 
there is an increase in theta and delta activity probably originating 

subcortically through the influence of  the reticular formation28, 
an area that is related to tonic and phasic alertness.

People that enter the SOP due to sleep deprivation 
while performing important activities, such as learning, driving, 
operating machinery, and caring for others, are at a high risk of  
committing a mistake. In order to prevent accidents and perform 
adequately at work or school, everyone should be aware that 
their capacity to respond is deficient even before falling asleep.

Even though this study had a small number of  
participants – and despite the interindividual differences known 
to characterize the EEG – the differences were strong enough 
to become significant. Also, since this study was conducted on 
young people it would be interesting to analyze if  other age 
groups have similar changes in EEG activity and the components 
of  attention during the sleep onset process. During puberty and 
adolescence, bedtime is delayed41 probably due to changes in 
the light sensitivity of  the cerebral mechanisms of  sleep and 
there are also changes in the spectral composition of  the EEG 
signal during wakefulness and sleep. This developmental phase 
is probably not complete in the age group in which this study 
and others have studied the SOP.

CONCLUSION
During the SOP, slow frontocentral EEG activity 

increases, fast prefrontal EEG activity decreases, and there is 
a decrease in the components of  attention. Young people who 
sleep less than they need to are prone to enter the SOP during 
the day even while carrying out an activity, which would result in 
a lower capacity to perform properly. This means that they are 
at risk of  making mistakes that could lead to serious accidents.

FUNDING SOURCE
The authors hereby state that there is no financial interest 

or benefit arising from the direct application of  this research.

CONFLICT OF INTEREST
There is no conflict of  interest whatsoever.

REFERENCES
1.  Kleitman N. Sleep and wakefulness. Chicago: University of  Chicago 

Press; 1987.
2.  Broughton R. Important underemphasized aspects of  sleep onset. In: 

Ogilvie RD, Harsh JR, eds. Sleep onset: normal and abnormal processes. 
Washington: American Psychological Association (APA); 1994. p. 19-35.

3.  Reyner LA, Horne JA. Falling asleep whilst driving: are drivers aware of  
prior sleepiness?. Int J Legal Med. 1998 Apr;111(3):120-3.

4.  Killgore WDS. Effects of  sleep deprivation on cognition. Prog Brain Res 
[Internet]. 2010; [cited ANO Mês dia]; 185:105-29. Available from: http://
www.sciencedirect.com/science/article/pii/B9780444537027000075 

5.  Hershner SD, Chervin RD. Causes and consequences of  sleepiness 
among college students. Nat Sci Sleep. 2014 Jun;6:73-84.

6.  Ogilvie RD. The process of  falling asleep. Sleep Med Rev. 2001 
Jun;5(3):247-70.

7.  Basile LFH, Anghinah R, Ribeiro P, Ramos RT, Piedade R, Ballester G, et 
al. Interindividual variability in EEG correlates of  attention and limits of  
functional mapping. Int J Psychophysiol. 2007 Sep;65(3):238-51.

8.  Mesulam MM. A cortical network for directed attention and unilateral 
neglect. Ann Neurol. 1981 Oct;10(4):309-25.

9.  Ray WJ, Cole HW. EEG alpha activity reflects attentional demands, and 
beta activity reflects emotional and cognitive processes. Science. 1985 
May;228(4700):750-2.

https://www.zotero.org/google-docs/?6f1iVd
https://www.zotero.org/google-docs/?e4YSVo
https://www.zotero.org/google-docs/?MmR5rE
https://www.zotero.org/google-docs/?KTUR5J
https://www.zotero.org/google-docs/?NNHo5P
https://www.zotero.org/google-docs/?Hx3rhP
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
http://www.sciencedirect.com/science/article/pii/B9780444537027000075
http://www.sciencedirect.com/science/article/pii/B9780444537027000075
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C


313Borrani J, et al.

Sleep Sci. 2022;15(Special 2):306-313

10.  Dang-Vu TT, Schabus M, Desseilles M, Sterpenich V, Bonjean M, Maquet 
P. Functional neuroimaging insights into the physiology of  human sleep. 
Sleep. 2010 Dec;33(12):1589-603.

11.  Rechtschaffen A, Kales A. A manual of  standardized terminology, 
technique and scoring system for sleep stages of  human subjects. 
Washington: United States Government Printing Office; 1968.

12.  Gorgoni M, Ferlazzo F, Ferrara M, Moroni F, D’Atri A, Fanelli S, 
et al. Topographic electroencephalogram changes associated with 
psychomotor vigilance task performance after sleep deprivation. Sleep 
Med. 2014 Sep;15(9):1132-9.

13.  Ogilvie RD, Vieira KP, Small RJ. EEG activity during lucid dreaming. 
Lucidity Lett. 1991;10(1-2):1-3.

14.  De Gennaro L, Ferrara M. Sleep spindles: an overview. Sleep Med Rev. 
2003 Oct;7(5):423-40.

15.  Borghini G, Astolfi L, Vecchiato G, Mattia D, Babiloni F. Measuring 
neurophysiological signals in aircraft pilots and car drivers for the 
assessment of  mental workload, fatigue and drowsiness. Neurosci 
Biobehav Rev. 2014 Jul;44:58-75.

16.  Cajochen C, Khalsa SBS, Wyatt JK, Czeisler CA, Dijk DJ. EEG and 
ocular correlates of  circadian melatonin phase and human performance 
decrements during sleep loss. Am J Physiol. 1999 Sep;277(3 Pt 2):R640-9.

17.  Posner MI, Rafal RD. Cognitive theories of  attention and the rehabilitation of  
attentional deficits. In: Meier MJ, Benton AL, Diller L, eds. Neuropsychological 
rehabilitation. New York: The Guilford Press; 1987. p. 182-201.

18.  Valdez P, Ramírez C, García A, Talamantes J, Armijo P, Borrani J. 
Circadian rhythms in components of  attention. Biol Rhythm Res. 2005 
Feb;36(1-2):57-65.

19.  Cohen RA. The neuropsychology of  attention. New York: Springer 
Science & Business Media; 2013.

20.  Casagrande M, De Gennaro L, Violani C, Braibanti P, Bertini M. A 
finger-tapping task and a reaction time task as behavioral measures of  
the transition from wakefulness to sleep: which task interferes less with 
the sleep onset process?. Sleep. 1997 Apr;20(4):301-12.

21.  Hori T, Hayashi M, Morikawa T. Topographical EEG changes and the 
hypnagogic experience. In: Ogilvie RD, Harsh JR, eds. Sleep onset: 
normal and abnormal processes. Washington: American Psychological 
Association (APA); 1994. p. 237-53.

22.  Riccio CA, Reynolds CR, Lowe P, Moore JJ. The continuous performance 
test: a window on the neural substrates for attention?. Arch Clin 
Neuropsychol. 2002 Apr;17(3):235-72.

23.  Valdez P, Ramírez C, García A, Talamantes J, Cortez J. Circadian and 
homeostatic variation in sustained attention. Chronobiol Int. 2010 
Jan;27(2):393-416.

24.  Rechtschaffen A. Sleep onset: conceptual issues. In: Ogilvie RD, Harsh 
JR, eds. Sleep onset: normal and abnormal processes. Washington: 
American Psychological Association (APA); 1994. p. 3-17.

25.  Priest B, Brichard C, Aubert G, Liistro G, Rodenstein DO. Microsleep 
during a simplified maintenance of  wakefulness test. Am J Respir Crit 
Care Med. 2001 Jun;163(7):1619-25.

26.  Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, 
Keenan S. Guidelines for the multiple sleep latency test (MSLT): a 
standard measure of  sleepiness. Sleep. 1986 Dec;9(4):519-24.

27.  Nishida M, Walker MP. Daytime naps, motor memory consolidation and 
regionally specific sleep spindles. PLoS One. 2007 Apr;2(4):e341.

28.  Mitchell DJ, McNaughton N, Flanagan D, Kirk IJ. Frontal-midline theta 
from the perspective of  hippocampal “theta”. Prog Neurobiol. 2008 
Nov;86(3):156-85.

29.  Smit AS, Eling PATM, Coenen AML. Mental effort causes vigilance decrease 
due to resource depletion. Acta Psychol (Amst). 2004 Jan;115(1):35-42.

30.  Barkley RA. Behavioral inhibition, sustained attention, and executive functions: 
constructing a unifying theory of  ADHD. Psychol Bull. 1997 Jan;121(1):65-94.

31.  Engel AK, Fries P, Singer W. Dynamic predictions: oscillations 
and synchrony in top-down processing. Nat Rev Neurosci. 2001 
Oct;2(10):704-16.

32.  Başar-Eroglu C, Strüber D, Schürmann M, Stadler M, Başar E. Gamma-band 
responses in the brain: a short review of  psychophysiological correlates and 
functional significance. Int J Psychophysiol. 1996 Nov;24(1-2):101-12.

33.  De Gennaro L, Marzano C, Veniero D, Moroni F, Fratello F, Curcio G, 
et al. Neurophysiological correlates of  sleepiness: a combined TMS and 
EEG study. NeuroImage. 2007 Jul;36(4):1277-87.

34.  Finelli LA, Achermann P, Borbély AA. Individual ‘fingerprints’ in human 
sleep EEG topography. Neuropsychopharmacology. 2001 Nov;25(5 
Suppl 1):S57-62.

35.  Hung CS, Sarasso S, Ferrarelli F, Riedner B, Ghilardi MF, Cirelli C, et al. 
Local experience-dependent changes in the wake EEG after prolonged 
wakefulness. Sleep. 2013 Jan;36(1):59-72.

36.  Makeig S, Jung TP. Changes in alertness are a principal component of  
variance in the EEG spectrum. Neuroreport. 1995 Dec;7(1):213-6.

37.  Achermann P, Rusterholz T, Stucky B, Olbrich E. Oscillatory patterns in 
the electroencephalogram at sleep onset. Sleep. 2019 Aug;42(8):zsz096. 
DOI: https://doi.org/10.1093/sleep/zsz096 

38.  Prerau MJ, Hartnack KE, Obregon-Henao G, Sampson A, Merlino M, Gannon 
K, et al. Tracking the sleep onset process: an empirical model of  behavioral and 
physiological dynamics. PLoS Comput Biol. 2014 Oct;10(10):e1003866.

39.  Campbell KB, Colrain IM. Event-related potential measures of  the 
inhibition of  information processing: II. The sleep onset period. Int J 
Psychophysiol. 2002 Dec;46(3):197-214.

40.  Vertes RP. Serotonergic regulation of  rhythmical activity of  the brain, 
concentrating on the hippocampus. In: Müller CP, Jacobs BL, eds. 
Handbook of  behavioral neuroscience [Internet]. Amsterdam: Elsevier; 
2010; [access in ANO Mês dia]; p. 277-92. Available from: https://www.
sciencedirect.com/science/article/pii/S1569733910700849 

41.  Borrani J, Guerra G, García A, Ramirez C, Valdez P. The effect of  pubertal 
development on the sleep-wake cycle. Sleep Sci. 2020 Jul;13:17-22.

https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://doi.org/10.1093/sleep/zsz096
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C
https://www.sciencedirect.com/science/article/pii/S1569733910700849
https://www.sciencedirect.com/science/article/pii/S1569733910700849
https://www.zotero.org/google-docs/?PFAq1C
https://www.zotero.org/google-docs/?PFAq1C

	_gjdgxs
	_30j0zll
	_3znysh7
	_2et92p0
	_tyjcwt
	_3dy6vkm
	_1t3h5sf
	_4d34og8
	_2s8eyo1
	_17dp8vu
	_26in1rg
	_lnxbz9

