The Role of Sleep and Impact on Brain and Learning

https://doi.org/10.3991/ijes.v8i3.17099

Sevasti Kapsi 9, Spyridoula Katsantoni, Athanasios Drigas
N.C.S.R. ‘Demokritos’, Athens, Greece
sevastikapsi@gmail.com

Abstract—There are many interventions which may enhance learning. Many
techniques are used in education to empower memory, which is a basic cognitive
ability to ensure learning. A question arises: if learning is a natural process, is
there a natural mechanism which supports learning? In this review, it is supported
that sleep is such a mechanism. Research results on sleep and learning are pre-
sented and support different effects on the brain and learning, according to the
age of the population. Sleep is a fundamental process for brain function and cog-
nition. More studies should follow to make good use of this information, so as to
design new interventions for the field of education.
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1 Introduction

According to the Greek mythology, Hypnos and Thanatos were twin brothers, the
Night’s and Erevos’ children. They were assumed to be powerful gods and especially
Hypnos was supposed to be the lord of all gods, as referred in Iliad, by Homer [1].
Hypnos had been worshipped in ancient Greece and had been considered to be really
significant.

Sleep is a state of consciousness in which most senses are disengaged and a lack of
responsiveness to the environment follows. The body is mostly motionless, visual con-
tact is lost, while the reaction to sound becomes scattered. Short term memory stops
transmitting information to long term memory and this pathway closes down. As one is
falling asleep, memories of recent experience can be maintained until 3 minutes and
then they fade away [2].

How is it possible for such a kind of physical state of mind and body to enhance
cognition? Can sleep enhance learning? Has sleep been as important as it was supposed
to be since the ancient years? Research supports that sleep and memory processing are
tightly connected and they function in an interactive way. In fact, learning keeps going
on, during sleep, in an offline mode [3].

Sleep contributes to basic physiological functions of the body regarding hormones,
and body-temperature regulation, immunity system, ontogenesis, and tissue restoration.
Sleep deprivation causes increase in blood pressure, tolerance in glucose, sensitivity in
insulin, and diabetes. It can also produce developmental, cognitive and emotional dis-
orders [4], [3].
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The purpose of this study is to present research results on the way sleep contributes
to brain function and learning. In particular, the review includes information about the
learning process during sleep at different stages of sleep and different stages of devel-
opment. Researchers mostly adopt sleep deprivation or sleep extension in the research
protocols, to find out about the impact of sleep on learning. There are also many studies
which support that memory consolidation is related to sleep. Memory is significant to
learning especially in language learning and comprehension [5]. Finally, recommenda-
tions are made to empower learning through sleep, as well as suggestions about new
research.

2 Method

The present study is a review of research articles on Google Scholar and on Mende-
ley, from 2000 to 2020. The research was made in English using keywords such as
Hypnopaedia, sleep and learning, sleep and memory, sleep and cognition. Peer group
studies that had been published in scientific journals, were mostly preferred.

Hypnopaedia refers to the enhancement of cognitive abilities through sleep mecha-
nisms. The research results are presented in two sections: Firstly, results on the brain
function during sleep are referred and secondly results on the impact of sleep on learn-
ing at different stages and ages come after. Lastly, conclusions are drawn.

3 Sleep and Brain Function

Sleep is a physiological state which varies in the different cycles of brain function.
In fact, brain follows several periods of metabolic and neuronal changes which distin-
guish sleep from arousal [6].

In particular, there are two states which are dominant during sleep: NREM state
(Non- Rapid Eye Movement) and REM state (Rapid Eye Movement). The difference
between them is in the eye movement that can be observed externally. In addition to
that, in NREM state electroencephalogram (EEG) shows orchestrated movements,
sleep spindles, at 12-16 Hz, K-complexes, slow brain wave movement, low muscle tone
and minimum psychological activity. In this state there are four distinct stages which
are repeated every 90 to 100 minutes. This distinction is based on EEG recorded differ-
ences in brain frequencies and brain wave speed. Sleep starts with NREM state with
brainwaves of alpha frequency in the first stage and then lower frequencies of theta
band follow in the second stage. The third stage of NREM state is very short and then
the fourth stage follows rapidly in the delta band brainwave activity. Arousal is possible
in the first stage, while in the other stages it is not [7], [6], [2], [8]-

The REM state of sleep follows afterwards. It is defined by a disorganized EEG,
toneless muscles, episodic eye movement, cardiovascular abnormality and dreaming
state. The human body appears motionless along with an active brain. REM state lasts
for 1 to 5 minutes. In the first half of night sleep Slow Wave Sleep frequencies are
dominant in 80% of sleep. During this phase acetylcholine, noradrenaline, and cortisol
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are reduced. In the second half of the state of sleep, REM state increases (20-25% of
total sleep) and appears earlier in stage 2 of NREM state [7], [6], [2], [8].

Sleep is a combination of physiological and behavioral processes of inactivity and
movement, concurrently, which are either visible or not discrete [2]. It is related to
synaptic homeostasis and according to Tononi & Cirelli [9], during arousal, synapses
are charged, while during sleep unloading and stabilization are achieved by low fre-
quencies. Moreover, learning concerns stable changes in the volume and number in the
connectivity of neurons. The higher the volume of synapses during learning in arousal,
the higher the number of slow waves is during sleep. Consequently, consolidation is
enhanced.

Cognitive function and higher-order processes are influenced by sleep state mecha-
nisms: inertia, homeostasis, and circadian rhythms. According to Burke, et al. [10], cir-
cadian rhythms can affect inhibition, while sleep inertia affects visual attention. In ad-
dition to that, circadian rhythms and homeostasis regulate reaction time, visual attention
maintenance, working memory, mood, alertness, and motivation. In addition, hypo vig-
ilance may cause micro-sleeps that may affect attention dangerously, during various
activities. Special monitoring and devices may contribute to the decrease of such inci-
dents [11], [12].

Hypnopaedia is a process of learning during sleep. It has been associated with pop
culture and science fiction, in which sleep-learning is presented as easy and automatic.
In 1956, Emmons & Simons (as referred in Oghenero) [13], examined the potential of
learning during sleep by EEG and they found that it was not effective. There has been
no research interest for years. Since neuroscience has been developed and research on
memory has offered a lot of information, the study of Hypnopaedia has started again.

4 Sleep Impact on Learning Process

Sleep is an enhancive factor for cognitive functions, especially for memory and for
cognitive performance in relative tasks. It has been studied through experiments, in
which either the duration or the absence of sleep has been controlled. In particular, the
effects of sleep deprivation before learning, on memory tasks have been studied. Fur-
thermore, there has been research on the effects of sleep after the learning process, the
effects of interventions on sleep patterns, and the repetition of neuron expression during
sleep, after learning. Most of these studies claim that sleep is deeply connected to
memory processes, in both humans and animals [7].

Neuro-imaging methods during sleep show complex interactions in thalamus cir-
cuits, which manage to maintain electro-cortical oscillations in NREM state. The fMRI
examination has shown that neuron activity is repeated, in the hippocampus, in the mo-
tor cortex, in the dorsomedial, prefrontal cortex, and the left cerebellum. Moreover,
reduced activity is observed in the parietal lobes, in the left insula, in the temporal lobes,
and the prefrontal area. Neuroplasticity occurs by the interaction of brain cells with the
neuron networks and the changes which take place in thalamic and cortical systems.
Such results have been primarily derived from experiments conducted on cats [14],

[15], [3].
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From the above data, we conclude that sleep contributes to memory function, thus
to learning. In 1801, dream was supposed to affect and change the volume of neuron
connections of memory, but the first systematic research was conducted in 1924. This
study showed that memory performance was better after a night’s sleep. A relevant
theory was established and it has been developed in recent years by the support of neu-
rosciences, which offer scientific proof [3].

Research about learning during sleep has been made in infants. Fifer, et al. [16] tested
34 newborns (10 to 73 hours old) with a device which was recording bio-electric brain
activity. The researchers applied a sound and a puff on the newborns’ eye. In contrast
to the control group, infants who were in the experimental group quickly predicted the
sequence of stimuli, and the EEG recordings showed maximum, positive slow brain-
waves, which are related to memory update. Blinking as a reaction to a stimulus is an
indicator of the cerebellar circuit function, which is distinguished to children with au-
tism, dyslexia, ADHD, and schizophrenia. In this way, diagnosis of these disorders may
be possible at a very early stage.

Seehagen, et al. [17] examined the effect of sleep on explicit memory, in groups of
infants (6 to 12 months old), who had slept for a while or had been deprived of sleep.
Infants were examined for their performance in a learning task with puppets, after 4 and
24 hours, respectively. The results showed that infants in the nap condition remembered
the activities better than the ones who did not sleep and that after 24 hours the first
group had better scores. This study is the first experimental proof of explicit memory
consolidation and stabilization in the first year of life.

It is important to note that sleep and sleep functions are not the same through ageing.
In newborns, sleep starts by the REM phase, which is 50% of total sleep and it follows
a small cycle of 50 minutes. Until 2 years old, REM sleep is reduced and consists of 20
to 25% of sleep. NREM sleep is also reduced in adolescence, consisting of 40% of total
sleep and in older ages it decreases too, but in a slower rhythm, especially to the males
[2].

Lam, et al. [18] studied how a short nap during the day affects the cognitive perfor-
mance of preschoolers (N=59, 3-5 years old). They used actigraphs for a week, as well
as questionnaires for parents to measure sleep quality, along with tests on attention,
vocabulary, and response control. Data analysis showed that a nap is negatively asso-
ciated with vocabulary, and auditory attention span. If night sleep had been deprived,
sleep would have been negatively correlated with cognitive performance and kids who
had poor sleep, made more impulsive mistakes. They also noticed that those who had
taken a nap during the day slept less at night. This study showed that in this age, a nap
deteriorates neurobiological cognitive function -while it is enhancing for adults- and
that a night’s sleep is crucial for preschoolers’ cognitive performance.

So, a nap during the day may be helpful or may have a negative effect, depending
on different age groups. Lovato & Lack [19] argue that a nap decreases sleepiness and
improves cognitive performance, only if it lasts for 5 to 15 minutes, and this enhance-
ment has 1 to 3 hours duration. It was sooner proved that even 6 minutes of sleep after
learning, enhances memory [20]. This can be attributed to the O Process, in which dur-
ing a 10-minute-sleep nucleus activity is eliminated and during arousal nucleus are re-
activated and vigilance increases. If a nap is 30 minutes or more long, then it is harmful
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for cognitive function right after awakening, but it is also enhancing for many hours,
right afterwards. Many hours in vigilance state are related to longer sleep states. Ac-
cording to circadian rhythms, the best time for a nap is early in the afternoon.

Bernier, etal. [21] studied the impact of sleep on executive functions in preschoolers.
Mothers of 65 kids filled in a diary of their children’s sleep behaviors, since their first
year, and a Wechsler Test (WPPSI) was performed 4 years later. The analysis of the
results showed that kids who slept enough had better performance in their executive
functions, but not better scores in cognitive ability. Researchers underlined the signifi-
cance of sleep in preschoolers’ higher cognitive functions.

Paavonen, et al. [22] studied cognitive performance in 290 children (7, 5to 8, 8 years
old) and related the results to the duration and quality of their sleep. Actigraphs were
used for children, as well as special questionnaires about sleeping, which were filled by
parents. The researchers examined cognitive ability by four WISC-I1I subtests along
with another two visuo-motor and narrative-memory ability tests. The study results sup-
port that less sleep goes along with reduced visuospatial performance, but not less lan-
guage ability, at this developmental stage.

In another study, researchers [23] measured neuro-behavioral characteristics of 77
students (M=10, 6 years old), before and after sleep deprivation or extension, for just
an hour. They had previously recorded the children’s sleeping patterns for five days.
The researchers noticed that even by one-hour deprivation of sleep, the quality of sleep
was enhanced. In contrast, an hour of sleep extension caused deterioration in sleep qual-
ity. Sleep extension was correlated with shorter reaction time, with better memory abil-
ity, whereas in sleep deprivation the abilities were negatively affected. In general, no-
ticeable neuro-behavioral changes occurred and in the sleep deprivation condition ex-
ecutive functions appeared more burdened.

De Bruin, et al. [24] also studied the effects of sleep deprivation or extension to
cognitive performance, in a systematic review, which resulted in 16 studies, in the ad-
olescents’ population (10 to 19 years old). In a partial sleep deprivation condition, no
negative effects were detected in the cognitive ability of adolescents. In both the sleep
extension condition and the better-quality sleep condition, memory became stronger.
Research results showed that sleep after learning improves memory consolidation.
There were a few participants who manifested no clear results. In these studies, many
different measures were made, by several tests, and many individual differences were
observed. In conclusion, researchers claim that if impaired sleep in teens is enhanced,
working memory will also be enhanced, whereas, if teens are deprived of sleep, their
ability in vigilant tasks will be reduced.

Araljo & Almondes [25] conducted a meta-analysis on results about sleep effects
on cognitive functions, in children and adolescents. Researchers argue that the biolog-
ical need for sleep may not be fulfilled, because of everyday routines and special habits.
Young children feel sleepy, while teenagers are used to sleeping late at night and watch
programs on the internet. This fact results in a decrease of Slow Wave Sleep and delays
occur in sleep phases. These delays can hold down visuospatial perception, working
memory, and attention. The researchers conclude that poor sleep results in worse cog-
nitive performance, while some children may have better performance by less sleep. It
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is a fact that explicit and procedural memory deteriorates in sleep deprivation condi-
tions.

Kyle, et al. [26] utilized results from a biological bank (N=477.529, 40 to 69 years
old) extracted by the general population, on the sleep function. The researchers found
that 133.314 individuals (M=57 years old) suffered from insomnia. They compared
their performance on cognitive ability (reasoning, reaction time, numeric memory, vis-
ual memory, etc.) to the performance of others (344.215, M=56 years old) who had no
sleep problems. The results showed that those who often suffered from insomnia did
slightly better on cognitive tests. Those who took medication for sleep and those who
used to sleep less (<7 hours) or more (>9 hours) scored lower. Last, those who slept at
night scored higher than those who slept during the day.

It seems that sleep is closely connected to cognitive performance. Researchers are
focused on the effects of sleep on memory, executive function tasks, and learning. A
good sleep before or after the learning process enhances learning outcomes. In contrast,
sleep deprivation, even a minus one, may cause negative effects in executive functions,
in attention maintenance, and long-term memory, according to a meta-analysis [27].
The above effects depend on age, sex, time of sleep, the subjective sense of sleepiness,
and the delay of sleep.

In addition, several practices during sleep may empower learning. These techniques
consist of olfactory or audio stimuli that reactivate memories derived from the learning
process. This is usually accomplished by electrical or audio stimulation or by drugs
such as noradrenalin and glutamine [28], [29]. In fact, sensory stimuli may become
conditional ones. Many studies have deployed the sense of hearing or smelling during
sleep for learning, since these senses are still active during sleep [30], [31], [32]. An
audio stimulus can activate twice the auditory cortex and the thalamus in the NREM
phase. Calling someone’s name can also activate the right amygdala and the prefrontal
cortex. The sound of clicks during sleep can boost problem-solving ability [7].

Moreover, learning procedures affect sleep. Research on animals as well as humans
prevails that there is an increase in Slow Wave Sleep, in oscillations in the hippocam-
pus, which produce consolidated information and knowledge. REM sleep phases are
increased too, and this enhances memory consolidation in the long -term memory [33],
[34].

In short, sleep is a function that differs among ages, and its effect on cognition and
performance varies. Newborns can learn even during sleep. Children are positively af-
fected by a good night’s sleep. Adults may benefit from a short nap during the day.
Adolescents have poor quality sleep, which affects their cognitive performance and es-
pecially their executive functions in a negative way. People who are over 40 years old
and suffer from insomnia are not affected negatively, as far as their cognitive abilities
are concerned, but insufficient sleep deteriorates cognition, in general.

5 Conclusion

Sleep seems to be a mysterious and dynamic function. Since the development of
neurosciences, multiple procedures come to light which take place in a motionless
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body. Why do people sleep? Is it because circadian rhythms force us to do so? Is it
because the organism needs some time to be neuro-biologically balanced in order to
survive? Is it because a lot of information that we come across every day must be pro-
cessed and organized? Is it because some functions are manifested only during dreams?

According to neuroscience, sleep is presented by oscillations, peaks, electric power,
periods, time, motion, and neurotransmitters, all of which differ in individuals and each
developmental stage. Babies sleep more and dream more. It is possible for them to learn
during sleep and to recall better after a good sleep.

As children grow up, in preschool years, daytime becomes a field for activity and
education. If a short nap mediates during this time, it can affect the vocabulary perfor-
mance and the function of attention in a negative manner. In contrast, a night sleep
favors the consolidation of data extracted from an interesting and explorative previous
day.

Children and adolescents sleep, but neither enough nor sufficiently. Their sleep is of
poor quality because of everyday habits, such as overusing screens (pc, TV, mobile
phones, etc.) and routines such as going to school very early. This affects their cognitive
performance. Perhaps we should consider appropriate changes that could lead to sleep
restoration and better cognitive performance. In addition, adolescents dream more and
sleep less. Developmentally, the youth seems to need more vision and more action.

Adults benefit from a nap during the day even if it lasts for 6 minutes. A nap early
in the afternoon can recharge nucleus in the brain effectively and achieve the necessary
level of vigilance.

People who are above 55 years old use to sleep less and gradually Slow Wave Sleep
becomes less, too. They usually deal with insomnia, which nevertheless, does not affect
much of their cognitive function. In general, cognitive performance may be decreased
by insomnia or sleeping during the daytime, because of sleep deprivation.

Sleep appears to evolve while getting older. Is it because it may relate to maturation
and neuro-plasticity? It seems that the more immature or unshaped one is, the more
active one’s sleep is. Also, the more mature and ‘wise’ one is, the shorter one’s sleep
is.

We should consider how to utilize these results about cognitive enhancement or even
about interventions in special education. Researchers have already made use of tech-
nologies which are put into action during sleep and they boost memory and learning.
New research is necessary to be conducted on what, how, and for whom these interven-
tions may upgrade learning, as well as the quality of life.
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