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Abstract

Too often regarded as a waste of time in modern societies, sleep is far more than a
period of rest. It is a vital and fundamental component of development, physical
and emotional health, learning, and interpersonal relationships, at every stage of life.
While technological advances encourage us to delay our bedtime, our sleep needs
have changed very little over the past 100 years. Evidence shows that:

The body is unable to “store” sleep in anticipation of future deprivation; 
Regular sleep, sufficient in both quantity and quality, is therefore the only
guarantee of proper functioning; 
Sleep is important at all ages, but is especially crucial for the brain, metabolic,
immune, emotional, and cognitive development of children and adolescents. 
A good sleep is necessary to allow students to learn well. Nighttime sleep or a
nap is essential to consolidate what has been learned.
Lack of sleep in early childhood constitutes a handicap for future learning, as it
leaves visible traces upon entry into elementary school.

Thus, a child who sleeps well is more likely to learn well. All stakeholders in the
education system should consider sleep as a key factor in academic success and,
more broadly, as a driver of student well-being. Although sleep primarily takes place
within the private sphere of the family, its main consequences are clearly visible in
the classroom: drowsiness, conflicts, lack of attention, hyperactivity, impulsivity,
absenteeism, and more. With compulsory schooling starting at age three, all children
should be given the opportunity to take a nap within the school setting.

Teachers and researchers are convinced: sleeping well means learning well.
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(Owens, 2014; Trosman & Ivanenco, 2021)
(Royant-Parola, Londe, Tréhout, & Hartley, 2021) 

6

A few days before the start of the school year, it is common to read or hear in the media that
it is time to reset the routines of children and adolescents so that they can begin the new
school year well rested. Implicitly, sleep is considered a factor in success. Yet, while diet and
physical exercise are often emphasized in the prevention of health problems, sleep is still
frequently regarded as a waste of time. It is estimated that more than 30% of children and up
to 70% of adolescents do not get enough sleep.

In this text, we will highlight the significant impact of sleep deprivation on attention,
emotions, and academic performance. The influence of sleep on learning is twofold. Getting
a good night’s sleep allows students to have optimal cognitive conditions for acquiring new
knowledge, and sleeping well after learning helps consolidate this new knowledge.
Several scientific studies show that sleep deprivation in children and adolescents could be
addressed through the establishment of good sleep hygiene. Implementing effective
behaviours requires a solid understanding of sleep, in order to identify the factors that may
promote or hinder it.

Although the issue of insufficient sleep is frequently discussed within educational teams,
education professionals often feel ill-equipped and not fully legitimate to address it
confidently in the classroom or with families. This review of the literature provides scientific
evidence demonstrating how essential sleep is to the conditions for success and well-being in
children and adolescents. This synthesis presents, in a non-exhaustive manner, scientific
publications and the results of school-based interventions that have been evaluated. It
highlights the role of schools, from kindergarten to high school, in sleep education.

1
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(Hirshkowitz et al., 2015)
(Staton et al., 2020)

Between the ages of 3 and 6, total sleep time is substantial, with children sleeping between 10
and 13 hours per 24-hour period (Figure 2). This includes nighttime sleep and an early
afternoon nap, which gradually disappears before the age of 6. After the age of 6, sleep
becomes almost exclusively nocturnal, and bedtime is progressively delayed. The amount of
deep slow-wave sleep remains high, especially in the first half of the night. As children attend
school, wake-up times during the week are determined by school schedules. When bedtimes
are too late, this can lead in some children to a chronic reduction in sleep duration.

Throughout development, sleep undergoes numerous changes. Although sleep duration
varies from one newborn to another, at birth infants spend more than two-thirds of
their time sleeping. Their sleep is distributed across both day and night, in periods of 3
to 4 hours interspersed with wakefulness. This is referred to as ultradian sleep.

The stages of sleep as we know them in adults are not yet visible. Infants alternate
between phases of “quiet sleep” and “active sleep,” which will later develop into “slow
deep sleep,” characterized by slow brain waves and reduced physiological activity, and
“REM sleep,” characterized by intense brain activity, muscle atonia, and rapid eye
movements.

From the age of three, children display a sleep architecture that is fairly similar to that
of adults. Slow-wave sleep and REM sleep alternate throughout the night in cycles
lasting 90 to 120 minutes (Figure 1). At the end of each cycle, a brief period of
wakefulness can be observed, often without awareness. The composition of sleep
cycles varies over the course of the night: cycles occurring before 2–3 a.m. are
generally richer in deep slow-wave sleep, whereas those later in the night contain longer
periods of REM sleep.

7

1. Sleep across development 

Figure 1. Organization of sleep throughout the night
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(Borbély & Achermann, 1999; Borbély, Daan, Wirz-Justice, & Deboer, 2016)
(Carskadon, 2011; Crawley, Wolfson, & Carskadon, 2018)
(Roenneberg et al. 2004) 
(Carskadon & Acebo, 2002)
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During adolescence, the sleep–wake rhythm undergoes significant changes, which some sleep
specialists have described as a “storm” (Figure 3). This upheaval gradually transforms children’s
sleep into an adult pattern, characterized by later bedtimes, lighter sleep, and shorter
duration. During adolescence, circadian regulation changes, physiologically delaying bedtime
by about 1.5 hours between the ages of 11 and 20. Adolescents are said to exhibit an “evening
chronotype,” meaning they cannot help but become night owls. This shift reaches its peak
around age 20, after which bedtimes gradually become earlier again and the chronotype
becomes more “morning-oriented.” In 2004, Roenneberg and colleagues showed that these
changes in chronotype are a good marker of the onset and end of adolescence. Deep slow-
wave sleep, which accounts for about 25% of a child’s sleep, also decreases in proportion to
pubertal development. Hormonal changes during adolescence are also thought to affect the
homeostatic process. Studies have shown that pubertal adolescents tolerate sleep pressure
during prolonged wakefulness more easily than pre-pubertal adolescents. As a result, in the
evening, adolescents perceive fewer signs of fatigue than children or adults. However, even
though they appear more resistant to sleep pressure, their need for sleep does not decrease
during adolescence.

According to Borbély and colleagues, the biological regulation of sleep depends on two
processes:
      • On the one hand, we all feel the need to sleep in the evening and wake up in the
morning. This 24-hour cycle, which regulates wakefulness and sleep, is known as the circadian
rhythm (from the Latin circa diem, meaning “about a day”). It relies on the activity of neurons
in a specific brain region, the suprachiasmatic nucleus, which acts as an internal clock for our
organism. This circadian process is also responsible for variations in core body temperature
and the secretion of melatonin, both of which contribute to the sleep–wake cycle. 

      • On the other hand, our need for sleep also varies from one day to the next, depending on
our activity during the previous day or days. This “sleep pressure” is controlled by what is
known as the homeostatic process, which reflects the accumulation of sleep need during
periods of wakefulness. 

When these two processes are aligned, individuals experience a strong sleep pressure in the
evening following a long day of activity. Although these two processes are independent, they
interact to regulate sleep on a day-to-day basis. Thus, lost sleep cannot truly be recovered,
just as it is impossible to accumulate sleep in anticipation of future restriction. These
mechanisms regulate many biological functions over a 24-hour period, as will be discussed in
the following chapters.

Figure 2. Sleep recommendations for each age group (translated and adapted from
www.sleepfoundation.org)
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Birth
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Ultradian Including a nap Nocturnal Nocturnal Nocturnal
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9  (Hagenauer et al., 2009; Jenni et al., 2005)
10 (Paruthi et al., 2016)
11  (Gradisar et al., 2011)
12 (Tarokh et al., 2016)
13  (Wittmann et al., 2006)
14  (Faraut, Andrillon, Vecchierini, & Leger, 2017)
15 (Thorpe et al., 2015)

In adults, several studies have examined the relationship between napping and
cognitive functions, emotional processing and self-regulation, as well as health-related
factors such as the immune, neuroendocrine, and cardiovascular systems.

Data collected from children are more limited and mainly concern cognition. In 2015,
Thorpe and colleagues conducted a review of 26 studies on the effects of nap duration
and quality on the development and health of young children. They showed that the
results were not entirely consistent, due to two factors: the age of the children and the
regularity of their naps. Indeed, beneficial effects on learning and emotional regulation
are generally observed in younger children who nap regularly.

The American Academy of Sleep Medicine recommends that adolescents aged 12 to 18 sleep
between 8 and 10 hours per night to meet their physiological needs. In reality, however, daily
sleep time is estimated to be reduced by an average of 2 hours per night. “Extrinsic” factors
also contribute to increasing this sleep restriction, including early school start times, evening
screen use (see section 4.3), and extracurricular activities. Although adolescents often try to
compensate for their sleep debt by sleeping longer on weekends, this strategy is generally
ineffective or even counterproductive. As noted earlier, the sleep–wake cycle follows a 24-hour
rhythm (circadian process), and there is no way to store sleep in advance of the coming week.
Moreover, sleeping in on Sunday mornings may disrupt the homeostatic process and lead to
difficulty falling asleep the following evening.

9

Figure 3. The “Perfect Storm” model (French translation of Carskadon, 2011)

The importance of napping
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16  (Horváth & Plunkett, 2018; Miller, Seifer, Crossin, & Lebourgeois, 2015; Berger et al., 2012; Kurdziel et al., 2013) 
17  (Williams & Horst, 2014)
18
19 

(Kurdziel et al., 2013)
(Liu et al., 2019)

20  (Hartzler, 2014; Saletin et al., 2017; Tietzel & Lack, 2001; Vgontzas et al., 2007)
21 (Faraut et al., 2017; Lo et al., 2017)

10

Williams and Horst investigated the influence of napping on the learning of new words
from storybooks, thereby simulating a realistic learning environment. Forty-eight 3-year-
old children listened to stories containing new words. In this experiment, children were
assigned in a quasi-random manner to four conditions depending on whether they
habitually napped or not; within each of these two groups, half of the children heard the
same story three times, while the other half heard three different stories. Word
retention was tested several times: 2.5 hours later, 24 hours later, and 7 days later. As
expected, the results showed that repeated readings of the same story facilitated the
learning of new words compared with the condition in which three different stories were
presented. However, the results also demonstrated strong and lasting effects of napping
on word learning. Thus, napping enabled children who had listened to three different
stories before sleeping to remember as many words as those who had the advantage of
hearing the same story three times.

In a study conducted with children aged 3 to 5 years, researchers asked 40 children to
complete a visuospatial learning task (a memory game) in the early afternoon and to
recall the learned information after delays of 2 hours and 24 hours. In one condition,
children remained awake between learning and the first recall. In the second condition,
the same children had the opportunity to take a nap during this interval. The authors
showed that napping significantly reduced forgetting at both the 2-hour and 24-hour
recall. By analyzing separately children who napped daily and those who no longer
napped (or did so less than twice per week), they found that the beneficial effect of
napping was greater among habitual nappers.

In China, napping is a common and widely accepted practice at all ages as part of a
healthy lifestyle. A recent study conducted with 3,819 Chinese primary school children
showed that regular napping had beneficial effects on cognitive functioning,
psychological well-being, and emotional and behavioral problems.

It is important to note that even in adulthood we experience a decrease in alertness in
the early afternoon. This drop in vigilance is caused by a decrease in core body
temperature, which occurs around 1 p.m. in a consistent manner, even in the absence of
a meal. This represents a time window conducive to rest, as cognitive abilities are
reduced and the body is ready to take a break.

For some children or adolescents whose environmental factors reduce the quality or
quantity of nighttime sleep, napping also helps regulate sleepiness. For these reasons,
the implementation of napping is considered a health intervention to compensate for
the negative consequences of insufficient sleep.

17
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(Pandi-Perumal & Leger, 2006; Gao et al., 2021)
(Matricciani et al., 2019)
(Shaw et al., 2008; Buchmann et al., 2011; van Noordt & Willoughby, 2021; Kocevska et al., 2017)
(Feinberg et al., 1990; Campbell & Feinberg, 2009)
(Brooks, Katz, & Stamoulis, 2022; Page, Wakschlag, & Norton, 2021; Jalbrzikowski et al., 2021)
(Blumberg et al., 2013; Sokoloff et al., 2021; Tarokh, 2021)

Sleep undergoes major transformations alongside key stages of brain maturation, from
prenatal life through early adulthood.

Brain maturation begins in the posterior sensory regions and continues until around age 25 in
the frontal regions at the front of the brain. The slow waves that characterize deep slow-wave
sleep contribute to this maturation process. A similar posterior-to-anterior trajectory is
observed for these slow waves: they are highly present in the back of the brain during early
childhood and gradually spread to central regions and then to the frontal areas as the child
grows. Like the number of synapses, deep slow-wave sleep—and especially the slow waves that
compose it—increases from birth until around age 10, then declines into adulthood.
Consequently, sleep disorders (difficulty falling asleep, frequent awakenings, snoring, sleep
apnea, etc.) or sleep deprivation in children and adolescents may alter brain maturation in the
medium and long term and increase the risk of cognitive, emotional, and behavioural
disorders.

REM sleep also plays a role in brain development and maturation, particularly at the very
beginning of life. During this stage, newborns often display small jerky movements of the
hands and feet. These movements activate sensorimotor networks, preparing the infant to
perform and control certain movements. A similar process is thought to occur with emotional
facial expressions (such as the so-called “angel smile”) observed in sleeping newborns, even
though these expressions are not yet seen during wakefulness.

Sleep is often regarded as a simple mechanism for recovering from fatigue. In this sense, it is
commonly considered a waste of time—particularly among adolescents, who are less aware of
their need for sleep. However, reducing the role of sleep to this single recovery function is a
mistake. Studies show that sleep plays an essential role in many biological functions, the
regulation of which must occur every night.

A growing body of research conducted in adults shows that short sleep duration or poor sleep
quality affects cardiovascular, metabolic, and cognitive functioning, in addition to
exacerbating existing health problems. Only one meta-review currently exists regarding data
obtained in children. This meta-review synthesizes the findings of multiple systematic reviews
in order to identify robust effects consistently observed across studies. Conducted by
Matricciani and colleagues in 2019, it brings together the results of 39 systematic reviews,
representing more than 1,000 studies, examining the relationship between sleep and
cognition, psychosocial health, cardiometabolic health, and other outcomes such as
musculoskeletal pain. The findings indicate substantial and consistent evidence linking
children’s sleep duration with weight gain and emotional regulation (see Chapter 3). For the
other parameters assessed, results are more mixed, partly due to greater variability in how
confounding factors are considered across studies.

11

2. The functions of sleep across development 

2.1 Sleep and brain maturation
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(Tononi et al., 2012)
(Xi et al., 2013; Herculano-Houzel, 2013)
(Winer, 2021)
(Copinschi, Leproult, & Spiegel, 2014; Fatima, Doi, & Mamun, 2016)
(Van Cauter, Leproult, & Plat, 2000)
(Li et al., 2017)
(Rudnicka et al., 2017; Dutil & Chaput, 2017; Monzon, Patton, Korenn 2021; Matricciani et al., 2019)
(Spiegel et al., 2004)
(Besedovsky, Lange, & Haack, 2019; Radogna, Diederich, & Ghibelli, 2010)

12

Sleep and the immune system have a bidirectional relationship. In the absence of infection,
sleep prepares the body for potential infectious threats by acting on various immune system
messengers, such as cytokines. This is referred to as “inflammatory homeostasis,” whereby the
system anticipates possible aggressions. During infection, the immune system triggers an
inflammatory response which, depending on its intensity and duration, leads to an increase in
both sleep duration and depth. This change in sleep is thought to, in turn, act on the immune
system to promote more effective defense mechanisms. It is important to note that most
knowledge about the interactions between sleep and the immune system comes from studies
conducted in adults, as such studies are not carried out in children for ethical reasons.

Once brain maturation is complete, sleep continues to support proper brain functioning by
contributing to the neural plasticity underlying learning. For example, studies in mice have
shown that sleep strengthens connections between neurons within brain networks activated
during learning while weakening connections outside these networks. Sleep also enables the
nightly removal of toxins produced by neuronal activity. Recent findings in rodents show that
during deep slow-wave sleep, the space between neurons expands, allowing cerebrospinal
fluid to circulate and clear waste accumulated during wakefulness. Although this mechanism
has not yet been directly observed in humans, it may help protect the brain from abnormal
accumulation of such waste, as seen in Alzheimer’s disease.

Sleep also contributes to growth in both height and weight. It is often said that children grow
during their sleep. In reality, both sleep and wakefulness contribute to growth. Growth
hormone is secreted both during the day and at night, but at night it is primarily released
during deep slow-wave sleep. Around age 18, approximately 70% of this secretion occurs
during the first half of the night (before 3–4 a.m.), when deep slow-wave sleep is most
abundant.

There is also a strong link between sleep deprivation and weight gain. In children, insufficient
sleep is estimated to increase the risk of obesity by 30%, as well as the risk of developing
serious metabolic conditions such as type 2 diabetes. This effect appears to be related to the
regulation of leptin (the satiety hormone) and ghrelin (the hunger hormone), both of which are
linked to the growth hormone cycle. A study in young adults showed that partial sleep
deprivation over just two consecutive nights was enough to decrease leptin secretion and
increase ghrelin secretion, resulting in a more than 24% increase in perceived hunger. This
hormonal imbalance may explain the significant effect of sleep deprivation on weight gain.

Thus, it is not only sleep duration that matters for growth. Good sleep quality, including
sufficient deep slow-wave sleep, is also essential.

2.3 Sleep and immunity

2.2 Sleep and growth

28

29

30

31

32

33

34

35

36

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



37
38
39
40
41
42
43 

(Prather et al., 2015)
(Cohen et al., 2009)
(Spiegel, Sheridan, & Van Cauter, 2002; Lange et al., 2003)
(Lange et al., 2011)
(Radmanish et al., 2022)
(Touchette et al., 2007, 2008)
(Touchette et al., 2007)

To study the consequences of insufficient sleep on children’s cognitive development, cohort
studies have been conducted, notably in France and Quebec. The Canadian cohort includes
2,120 children followed from birth. Between the ages of 2½ and 6 years, assessments of sleep
and various measures of cognitive, socio-emotional, and physical development were carried
out. The findings showed that children who slept the least at 2½ years had lower cognitive
abilities at age 6 compared to good sleepers. Compared with other children, their
performance was lower on standardized tests measuring vocabulary level and non-verbal
abilities. These associations remained significant even after accounting for a large number of
characteristics potentially related to children’s cognitive performance, such as maternal
smoking during pregnancy, low birth weight, breastfeeding, maternal age at childbirth,
maternal immigrant status, parental education level, family income, and others.

Three major meta-analyses have examined the effects of sleep on the cognitive functioning of
school-aged children. The first, conducted in 2012, included 86 studies with a total of 35,936
children; the second, from 2017, brought together 26 studies involving children under 6 years
of age (37,853 participants); and the third, published in 2018, was more modest, including 19
studies with a total of 1,760 children. Several studies included in these meta-analyses focused
on academic performance. They show that children who obtain sufficient sleep perform
better on academic tasks. They also demonstrate a significant overall association between
sleep duration and cognitive functioning. Longer sleep duration is associated with better
performance on tasks involving executive functions. This translates into better self-control,
greater cognitive flexibility, and improved working memory capacity.

For example, in order to better understand the link between sleep and immunity, researchers
have exposed healthy volunteers to viruses such as the common cold. They found that
reduced sleep duration in the week preceding exposure significantly increased the risk of
developing symptoms. Participants who slept on average less than 6 hours per night (about
one hour less than the recommended duration) were four times more likely to develop cold
symptoms than those who slept sufficiently. Thus, sleep deprivation weakens the immune
response, particularly by reducing antibody production in response to infection. Through the
same mechanism, insufficient sleep also reduces vaccine effectiveness by lowering the level of
antibodies produced following vaccination. A recent longitudinal study conducted with
children aged 2 to 5 years showed that shorter sleep duration is associated with higher levels
of inflammatory markers. Chronic sleep restriction, by promoting these inflammatory
processes, therefore increases the risk of numerous chronic conditions, including obesity,
diabetes, cardiovascular diseases, and cancer.

13

3. Sleep and learning 

3.1 Sleep and cognitive functions 
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44 (Astill et al., 2012; Reynaud et al., 2017; Short et al., 2018)
45 (Dunster et al. ,2018; Sadeh et al. 2003)
46 (Dahl, 1996)
47 Maquet et al., 1990; Tononi & Cirelli, 2003; Tononi & Cirelli, 2006)
48 Koenis et al., 2013; Verweij et al., 2014)
49 (Sadeh et al., 2003)
50 (Aishworiya et al., 2016; Dorris et al., 2008)
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Executive functions are supported by activity in the prefrontal regions of the brain. These
regions are highly energy-demanding during wakefulness and are therefore particularly
sensitive to sleep deprivation. During the night, sleep is deepest in these regions, ensuring the
restorative processes they require. When sleep is insufficient, brain activity in these areas is
altered during wakefulness, their functional connectivity is reduced, and difficulties emerge in
executive functioning, emotional regulation, and behavior.

Analyses of various moderating factors show that these findings are observed regardless of
children’s gender or age. It is important to note that these studies reveal a high degree of
heterogeneity in the types and methods used to measure sleep variables, as well as
behavioural and cognitive variables, and in the statistical methods employed. Moreover,
these studies do not allow for causal conclusions, as experimental studies would.

Experimental studies have therefore attempted to manipulate children’s sleep duration in
order to measure its impact on cognitive performance. For example, researchers examined
the effects of short sleep restriction and short sleep extension on the cognitive functioning of
children aged 9 to 12 years. Children were asked to follow their usual sleep schedule for two
nights, and their cognitive performance was assessed on the morning of the first day. On the
third afternoon, they received a phone call instructing them either to go to bed one hour
earlier (sleep extension) or one hour later (sleep restriction) for the next three nights. After
the third night of restricted or extended sleep (verified by actigraphy), the children were
tested again. The results showed that even a short experimental sleep restriction had
detrimental effects on children’s cognitive performance, whereas increasing sleep duration
improved it.
It has also been shown that children with neuropsychological disorders (i.e., disorders
affecting cognitive processes) more frequently experience sleep disturbances than their
healthy peers. These difficulties include longer sleep onset latency, more fragmented sleep,
and irregular bedtimes that reduce total sleep duration. In turn, these sleep difficulties may
exacerbate their cognitive impairments (see box on neurodevelopmental disorders).
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51
52
53
54 

(Diekelmann, Wilhelm, & Born, 2009)
(Rasch & Born, 2013; Klinzing et al., 2019)
(Ji & Wilson, 2007)
(Mölle & Born, 2011)

All of these data help us understand how sleep deprivation, by reducing children’s cognitive
capacities, can impair their ability to learn. However, the influence of sleep does not stop
there. Once information has been encoded, the sleep that follows learning enables this
knowledge to be consolidated and become less susceptible to forgetting.

In 1885, Hermann Ebbinghaus identified one of the most well-known principles in psychology:
the forgetting curve. This curve illustrates the exponential decline in memory retention over
time. The more time passes, the more memories fade... By measuring his own recall
performance at regular intervals, Ebbinghaus showed that forgetting is particularly
pronounced in the first hours after learning: 55.8% of the syllables he had learned were
forgotten after one hour, 64.2% after nine hours, 66.3% after one day, 72.2% after two days,
74.6% after six days, and 78.9% after 31 days. While forgetting follows an exponential curve, it
is difficult to explain why forgetting amounts to only 2.1% between 9 hours and 1 day,
compared with 6.1% between 24 and 48 hours. This inflection in the forgetting curve occurs
specifically during Ebbinghaus’s sleep period. Using more robust methodologies, several
studies have confirmed that when a period of sleep occurs between learning and recall, the
amount of retained information is greater. Studies often employing sleep deprivation
paradigms, electrophysiology, and brain imaging have shown in both animals and humans that
sleep transforms a labile memory into a more stable, long-lasting one that is less sensitive to
interference. Thus, even though it is not possible to learn new information while sleeping,
sleep plays an active role in memory processes. Thanks to sleep, newly acquired information is
integrated with existing knowledge, common elements are identified, and less relevant
information is forgotten. It is therefore not surprising to observe an increase in sleep duration
—particularly in deep slow-wave sleep and REM sleep—during the night following learning, nor
to observe a disruption of this consolidation process in cases of sleep deprivation (for
complete reviews, see 52).

Memory consolidation during sleep is made possible by the spontaneous reactivation of brain
regions involved at the time of learning. Studies conducted in rodents have shown that
neurons activated during the exploration of a maze reactivate during the subsequent sleep
period, as if the sleeping animal were mentally replaying its path through the maze. These
activations are observed in the hippocampus, the brain region responsible for the temporary
storage of new information, as well as in the cortex, where long-term storage occurs. These
reactivations may occur at normal speed, sometimes in reverse order, or on a compressed
timescale (up to 20 times faster). After this sleep period, rodents are able to find the maze exit
more quickly. This phenomenon, known as “neuronal reactivation” or “replay,” is thought to
transform a new, labile memory trace into a long-term trace that is more easily accessible and
less vulnerable to interference. Sleep thus constitutes a unique physiological state in which the
absence of external stimulation allows memory traces to be reactivated and consolidated.
Using magnetic resonance imaging, similar reactivations during sleep have also been observed
in humans. It has also been shown that increasing the amount of slow-wave activity during
sleep (through mild electrical stimulation or auditory cues) can enhance learning
consolidation.
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3.2 Sleep and learning consolidation
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Given the techniques involved, fewer experimental studies have been conducted in children
than in adults; however, existing findings support similar conclusions. In one study, researchers
recorded brain activity in children aged 8 to 12 years using magnetoencephalography (a brain
imaging technique) to examine the effects of a 90-minute nap on the consolidation of
declarative memories (i.e., new associations between unfamiliar objects and their functions).
When children learned these new associations, activation was observed in hippocampal
regions. After the sleep period, the authors observed changes in activation at the cortical
level, particularly in the prefrontal cortex, whereas no comparable changes were found after
an equivalent period of wakefulness. They also found that the greater the amount of post-
learning slow-wave sleep, the more pronounced these activations were.

In children, the manifestations of insufficient sleep can take various forms: irritability,
hyperactivity, inattention, and a lowered tolerance threshold, in addition to more typical
signs such as drowsiness or apathy.

Researchers have shown that there is an association between sleep duration and different
dimensions of behaviour in school-aged children, particularly self-directed behavioural
problems (anxiety, depression, social withdrawal) and behavioural problems directed against
others (aggressive or antisocial behaviours).

With regard to anxiety and depressive disorders, several studies in adults highlight a
bidirectional relationship with sleep. Anxiety and depression are often accompanied by
sleep disturbances, and conversely, sleep problems can contribute to the development of
anxiety and depressive disorders. Although fewer studies exist, similar reciprocal effects
between sleep and psychiatric disorders have also been described in children. Emotional
difficulties may lead to sleep problems, which in turn can intensify existing emotional or
behavioural disturbances, creating a perpetual negative cycle.

In children, lack of sleep does not manifest solely as drowsiness or reduced activity, as is
often the case in adults. It more commonly presents as increased excitation and
hyperactivity. In a cohort study of Canadian children, researchers found that those who
slept less than 10 hours at age 2½ were four times more likely to exhibit high levels of
hyperactivity–impulsivity at age 6 compared with children who slept more, independently
of several other factors. Similar findings have been reported in France: children—particularly
boys—who slept 10 hours or less per night between ages 2 and 5½ showed higher levels of
hyperactivity and impulsivity at age 5½.

3.3 Sleep and behaviours
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(Chervin et al., 2006)
(Short & Weber, 2018)
(Organisation Mondiale de la Santé, 1997)
(Organisation Mondiale de la Santé, 2003)
(Durkal et al., 2011; Santé publique France, 2022)
(Anderson et al., 2008; Beebe et al., 2008; Dahl, 1996)
(Telzer et al., 2013)

These hyperactive behaviours are also frequently observed in children with sleep-related
breathing disorders. In obstructive sleep apnea, repeated breathing interruptions disrupt
sleep cycles, causing nighttime awakenings and reduced oxygen levels. Attention deficits and
hyperactivity are common in this condition and are directly linked to sleep disruption. The
presence of these behavioural symptoms may sometimes lead to an incorrect diagnosis of
attention deficit hyperactivity disorder (ADHD). Neuroimaging studies measuring cortical
thickness have shown that children with sleep apnea exhibit significant reductions in grey
matter thickness in prefrontal and parietal regions, which are the sites of executive and
attentional functions. Treatment of this sleep disorder (particularly through removal of the
tonsils and/or adenoids) can substantially reduce their cognitive and behavioural difficulties.

As discussed above, sleep deprivation affects many cognitive functions, particularly executive
functions that underlie behavioural adaptation. The increase in internalized disorders (anxiety
and depressive symptoms) and externalized disorders (aggressive behavior, conduct
problems), as well as risk-taking behaviours in adolescents (such as substance use or risky
sports activities), may also be explained by greater difficulty in mobilizing and developing their
psychosocial skills.

According to the World Health Organization, psychosocial skills are defined as “the ability of
an individual to respond effectively to the demands and challenges of everyday life. It is the
ability to maintain a state of subjective well-being that enables appropriate and positive
behaviour in interactions with others, one’s culture, and one’s environment .” These skills are
generally grouped into three categories (OMS, 2003)  :
 (1) cognitive psychosocial skills, such as decision-making, problem-solving, and positive self-
evaluation; (2) emotional skills, such as the ability to identify, express, and regulate one’s
emotions; (3) social skills, such as empathy, cooperation, and conflict resolution. These
competencies are now recognized as key determinants of health, well-being, and educational
success (more information available on the Santé publique France website; for a meta-review,
see 70).

A number of studies, conducted from early childhood through adulthood, have shown the
detrimental effects of sleep deprivation on all categories of psychosocial skills.

Regarding cognitive psychosocial skills, the effects of insufficient sleep on executive functions
—particularly cognitive control and self-regulation—can impact decision-making abilities,
which require the capacity to pause and make informed choices. Many studies have shown
that sleep deprivation is associated with less health-promoting decisions in adolescents. In a
study using functional magnetic resonance imaging (fMRI), researchers examined whether lack
of sleep altered adolescents’ decision-making in tasks involving potential financial rewards or
losses. Forty-six adolescents participated. Behaviourally, those who reported poor sleep took
more risks during the task. 
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3.4 A link to social and emotional skills 
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The researchers also observed reduced activation in brain regions associated with cognitive
control (prefrontal cortex), alongside increased activation in the regions underlying the
emotional system (insula), and weaker connectivity between these two regions. These findings
suggest that poor sleep may exacerbate the imbalance—common during adolescence—
between affective and cognitive control systems, leading to increased risk-taking in
adolescents. Moreover, this study also highlighted the fact that adolescents reported lower
perceived competence in completing the task, relating to another cognitive psychosocial
skill: positive self-evaluation (self-efficacy belief). However, it is important to note that the
relationship between sleep deprivation and impaired inhibitory control may be bidirectional.
Adolescents who already exhibit a greater imbalance between reward sensitivity and
cognitive control skills may also experience more sleep difficulties, due to poorer emotional
regulation, leading to increased anxiety, depressive symptoms, and rumination that delay
sleep onset.

Sleep deprivation also affects emotional psychosocial skills. Several studies have shown that
insufficient sleep in children and adolescents is associated with greater difficulty in processing
emotional information and regulating emotions. These difficulties may contribute to the
development of anxiety and depressive symptoms, impulsivity, and challenges in social
adjustment. A longitudinal study involving more than 1,000 children followed over six years
demonstrated a link between insufficient sleep and socio-emotional difficulties (emotion
regulation, anxiety and depressive symptoms) in preadolescence, particularly among girls.
Sleep problems in childhood may therefore trigger cascading effects that impact emotional
skills, which in turn influence social competencies.

Cognitive and emotional psychosocial skills are essential for children’s and adolescents’ social
abilities. The ability to regulate attention, exert inhibitory control, and manage emotions
enables children to build constructive relationships, engage in cooperative behaviour, and
adapt appropriately to social situations, whereas difficulties in self-regulation are associated
with greater social rejection.

Studies involving children under the age of 6 indicate that sleep influences the development
of self-regulation skills. Sleep deprivation, in particular, reduces children’s ability to
understand others’ mental states and to demonstrate empathy, which may limit their
capacity to adjust in social interactions and reduce altruistic behaviour. Moreover, in 5-year-
old children, sleep deprivation has been shown to reduce engagement in social interactions.
Research also indicates that improving both the duration and quality of sleep can enhance
relational skills. For example, following a program designed to improve the duration and
quality of sleep in children with attention deficit hyperactivity disorder, participants and their
parents reported, after 12 weeks, improvements in mood, emotional regulation, relationship
quality, and social acceptance of the children concerned. It would therefore be particularly
useful to raise awareness about the benefits of sleep within programs aimed at developing
psychosocial skills in school settings.
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83 (Keshavarzi et al., 2014)
84    Redacted with the contribution of Carmen Schröder, child and adolescent’s psychiatrist professor at the Hôpitaux
universitaire de Strasbourg
85    (Gruber et al., 2011; Goldman et al., 2012; Johnson et al., 2018; Yavuz-Kodat et al., 2020)
86    (Wiggs & Stores 2001, Jacoby et al. 2015, Pisula & Porebowicz-Dorsmann 2017))
87    (McConachie, Livingstone et al. 2018; McConachie, Mason et al. 2018)
88    (Meltzer, Johnson et al., 2010)
89    (Yuge et al., 2020; McDonagh, Holmes, & Hsu, 2019; Heussler, 2016)

Neurodevelopmental disorders (NDDs) affect approximately one in eight children.
Among these children and adolescents, sleep disturbances and disruptions of the
sleep-wake cycle are among the most frequent comorbidities, affecting between
25 and 80% of the population, depending on the NDD. As in children with typical
neurodevelopment, poor sleep quality or insufficient sleep has a significant impact
on cognition (memory, attention, overall IQ), on daytime behaviour, leading to
disturbances such as hyperactivity-impulsivity, and even on language acquisition in
children with NDDs.

Sleep disorders in children or adolescents with NDDs also have major
repercussions on the health and well-being of the entire family. They have been
associated with higher levels of stress, maternal depression, and family
disorganization, as well as impacts on work performance and increased parental
absenteeism at work. The overall negative effects of sleep and circadian rhythm
disturbances on neurodevelopment are such that both affected individuals and
their parents—in countries such as England and France—are calling for this issue to
be made a research priority in the field of NDDs. Despite the high prevalence of
morbidity and additional disability associated with sleep and sleep–wake rhythm
disorders in NDDs, these conditions are often under-recognized or trivialized, and
therefore left untreated, even though addressing them could help reduce the
associated additional impairments.

Few interventions specifically target children in pre-primary education (Cycle 1), and even
fewer have been scientifically evaluated in terms of their impact on children’s sleep–wake
rhythms. In 2014, a team of American researchers developed and evaluated the “Sweet
Dreamzzz Early Childhood Sleep Education Program” in a randomized study targeting families
of children aged 3 to 6 years from low socioeconomic backgrounds. 

Interventions on sleep aimed at the general public are numerous, but they do not always
represent the most effective lever for achieving lasting behavioural change. As a result, school-
based sleep interventions—allowing all children to be reached—are increasing both nationally
and internationally. These initiatives may be accompanied by experimental studies conducted
through collaboration between researchers and educational teams, across different grade
levels.

19

4.1 Interventions in pre-elementary education (Cycle 1)

Le sommeil dans les troubles neuro-développementaux

 

4. School-based interventions 
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This educational program consisted of two components: parents attended a 45-minute
training session, and children participated in approximately 5 hours of classroom-based sleep
education sessions over a two-week period. Following implementation, results showed that
parents improved their knowledge and perceptions of sleep immediately after the
intervention; however, these effects were no longer observed one month later. Children’s
sleep duration increased by 30 minutes on weekday nights among those who participated in
the program, compared with those who did not, although bedtime itself did not change. The
authors emphasized the need for repeated exposure to sleep-related information and
recommendations. To our knowledge, no other school-based initiatives of this kind targeting
young children have yet been scientifically evaluated, although some are currently under
development.

Interventions targeting students in Cycles 2 and 3 are more numerous than those with pre-
elementary pupils. A study conducted in China between 2007 and 2009 involved 525 children
aged around 10 years across six schools, where the school day began at 7:30 a.m. The study
examined the effects of delaying school start times by 30 or 60 minutes, with corresponding
delays in end times. Parents completed standardized questionnaires on their children’s sleep.
The results showed an increase in sleep duration of 15.6 minutes for students starting school
at 8:00 a.m. and 22.8 minutes for those starting at 8:30 a.m. However, in their 2017 systematic
review of 11 studies on sleep interventions in school or other settings, the authors highlighted
the lack of high-quality evidence in this field.

Other studies have used objective measures of children’s sleep before and after interventions.
The Canadian program “Sleep for Success” was implemented in primary schools with 46
children aged 7 to 11, compared to a control group of 25 children from another school. The
program consisted of six interactive sessions, each lasting two hours, delivered weekly by
“sleep experts” (physicians, researchers, or trained teachers). Children who participated in the
program increased their sleep duration, improved sleep efficiency, and achieved better results
in mathematics and English compared to the control group. This study represents the first
scientific evidence from a school-based intervention showing positive effects on both sleep
and academic performance.

However, the requirement for “sleep experts” to deliver the programs in class or to train
teachers or parents may limit their scalability and widespread implementation.

In France, sleep education is included in school curricula, particularly in Cycle 2 (CP, CE1, CE2),
published in the BOEN No. 31 of 30 July 2020 within the subject « Questioning the World » for
the theme « Questioning the world of living things, matter and objects » and more specifically
in the section ‘How to recognise the living world?’ for the end-of-cycle learning outcome «
Recognising behaviours that promote health ». Sleep is also addressed within the health
education pathway, in cycle 2, particularly regarding healthy lifestyle habits and changes in
activity rhythms (see BOEN n°5, 4th of February 2016). 

4.2 Interventions in elementary education (Cycles 2 and 3)
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Developed through a multidisciplinary collaboration, the educational program “Mémé
Tonpyj” was co-designed and evaluated for Cycle 2 students. Teachers, researchers,
illustrators, parents, school nurses and physicians, as well as children, contributed to the
development of educational materials, including comics, short videos, play-based exercises,
lesson plans, and explanatory documents. The program was grounded in scientific evidence
while respecting classroom teaching practices. Eight lessons of approximately 50 minutes
each were developed, covering topics such as sleep rhythms, the functions of sleep, sleep
needs, and the friends or enemies of sleep. The program was designed so that teachers could
implement it independently with their students, without requiring the involvement of
researchers or external sleep specialists.

Regarding its evaluation, 130 students aged 8 to 9 years from five different schools (two rural
and three urban, including one in a priority education network) participated in an
experimental study assessing the program’s impact. As expected from the literature,
children’s average sleep duration was below pediatric recommendations. While their sleep
needs ranged from 9 to 11 hours at their age, they slept on average 8 hours and 36 minutes
per night, with even the ‘best sleepers’ in the group sleeping no more than 20 minutes above
the lower limit of these recommendations. After one month of implementing the sleep
education program in class, children’s sleep duration increased by more than 30 minutes per
night. This increase was even greater among those who initially slept the least (more than 50
minutes of additional sleep). Overall, the program positively improved sleep both in terms of
quantity and quality (see Figure 4). These improvements were accompanied by significant
gains in academic performance, as well as in attention, inhibition of distractions, and working
memory updating. One year after the intervention, the increase in sleep duration observed
post-study was still maintained. Finally, although the program did not directly involve parents,
more than 80% of them reported improved knowledge about sleep, suggesting that
interactions on the topic of sleep had taken place with teachers, and likely within families as
well.

21

Figure 4. Sleep duration among children in four classes who took part in the evaluation of the Mémé
Tonpyj programme and underwent actigraphic monitoring on five occasions (T1 and T2: before and
after the control period without sleep education; T3 and T4: before and after the introduction of
sleep education; T5: one year after the implementation of sleep education). One class participating in
the evaluation did not undergo actigraphic measurements.
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As mentioned in Section 1, the American Academy of Sleep Medicine estimates that
adolescents should sleep between 8 and 10 hours each night to meet their physiological
needs. However, adolescents’ daily sleep duration is on average reduced by 2 hours per night,
even though their actual physiological sleep needs not only do not decrease, but are greater
during this period than in adulthood. Moreover, adolescents’ sleep–wake rhythms are subject
to numerous physiological changes, in addition to many social and school-related constraints.
Adolescent and young adult sleep is marked by a physiological phase delay, resulting in a shift
in bedtime of around 2 hours.

Current sleep education programs mainly aim to provide adolescents with knowledge about
sleep, whether in Australia, Brazil, the United States, Italy, Spain, or China. A 2017 literature
review examined 7 studies evaluating school-based sleep interventions among adolescents
and young people aged 10 to 19. These interventions typically consisted of one session per
week over 4 weeks, conducted within the school by a teacher or specialist, and aimed to
provide knowledge about how sleep works and its role in learning and behaviour. Across these
studies conducted in Brazil, Australia, New Zealand, and Hong Kong between 2009 and 2015,
results from 1,879 adolescents who received a sleep intervention at school were compared
with those from 2,843 adolescents who did not benefit from this intervention. Although the
number of studies included in this meta-analysis was limited, the results suggest an increase in
sleep duration during both weekdays and weekends, as well as improved mood among
adolescents who participated in the intervention compared to the other group. Long-term
effects remain to be demonstrated.

Among the factors contributing to adolescents’ phase delay, evening screen use is often
highlighted. A literature review of 67 studies published between 1999 and 2014 showed that
90% of studies examining the impact of screens on sleep confirmed that evening use delays
sleep onset by about 30 minutes and reduces sleep duration by approximately 50 minutes for
adolescents. Some studies have therefore asked adolescents to modify their screen use, for
example by reducing evening screen time, but without providing educational content about
sleep. In 2019, a Swiss research team proposed an intervention targeting screen use among
adolescents aged 12 to 19. Their evening screen use and sleep habits were collected for one
month. During this period, the first two weeks were used to establish their habits and uses
(baseline), and the following two weeks corresponded to the intervention phase. During this
intervention phase, after receiving general information about the relationship between sleep
and screens and the impact of sleep on daytime functioning, adolescents were asked not to
use screens after 9 p.m. on evenings before school days. A total of 183 adolescents agreed to
participate in the intervention phase. Results showed that reducing screen time after 9 p.m.
led to an earlier bedtime by 19 minutes and an increase in sleep duration of 17 minutes
compared to baseline. This increase in sleep duration was accompanied by improved vigilance
performance. However, adherence was very low, with only 25% of participants agreeing to
follow this constraint.

4.3 Interventions targeting secondary-school students
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Studies have also evaluated the impact of delaying school start times on sleep and
performance. In a 2016 meta-analysis, Minges and Redeker reviewed six studies (three pre-
post studies without control groups, two randomized controlled trials, and one quasi-
experimental model). School start times were delayed by 25 to 60 minutes, resulting in an
increase in sleep duration of 25 to 77 minutes per weeknight. Some studies also reported
reductions in daytime sleepiness, depression, caffeine consumption, tardiness, and difficulty
staying awake.

A 2008 study conducted in New Zealand asked students aged 15 or 16 to complete a
questionnaire about their sleep habits. A total of 131 students aged 15 who started school at 9
a.m., and 184 students aged 16 whose start time was delayed to 10:30 a.m., took part. Results
showed that, compared to students starting at 10:30 a.m., those starting at 9 a.m. had shorter
sleep duration and reported greater sleepiness. Students with the later start time found it
easier to wake up in the morning. However, the small sample size and age differences
between experimental groups are two limitations of this study. Another study conducted
over three years with 9,000 adolescents across eight schools found that starting school after
8:30 a.m. allowed more than 60% of adolescents to sleep at least 8 hours per night during the
week. Adolescents with shorter sleep duration reported more depressive symptoms and
higher consumption of caffeine and addictive substances. Delaying school start times (to 8:35
a.m. or later) was associated with improved grades in subjects such as mathematics, English,
science, and social studies, as well as better results on national and state exams. Students
were also more punctual and less frequently late. Finally, the number of car accidents among
teenage drivers aged 16 to 18 decreased by 70% when school start times were shifted from
7:35 a.m. to 8:55 a.m.

More recently, a 4-year observational study using an A-B-A design was conducted in a U.S.
high school. This design involves three assessment phases. Participants are exposed to
condition A for a given period, and the effects of this condition are measured. The same
participants are then exposed to another condition (B) for the same period, before being
subjected to condition A again. During the first year (condition A), school started at 8:50 a.m.;
during the next two years (condition B), it was delayed to 10 a.m.; and in the final year
(condition A), it returned to 8:50 a.m. Measures of student health (absences due to illness)
and academic performance (national exam results) were collected. The delay in start times
led to a reduction of more than 50% in illness-related absences after two years, and returning
to the earlier schedule cancelled this improvement. Starting school at 10 a.m. was also
associated with increased academic progress.

Overall, the available evidence supports findings from recent non-experimental studies and
argues in favor of policies that delay school start times to improve sleep. However, it is
important to note that studies remain limited in number or methodological quality. There is
therefore a need for rigorous randomized studies and consistent results, particularly using
objective sleep measures alongside consistent indicators of health and academic
performance.
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Among the factors contributing to delayed bedtimes, increased screen use has
become a central focus of attention. International studies conducted over the past ten
years report that evening screen use contributes to increasing sleep debt among
adolescents. Screens are present in the bedrooms of 75% of children and adolescents
aged 6 to 17. Most studies exploring their effects on sleep show a negative association
between screen time and both sleep onset and sleep duration: later bedtimes and
reduced total sleep time. A cross-sectional study conducted in the United States on a
representative sample of children (aged 6 to 17) showed that the mere presence of a
screen in the bedroom at night (phone, computer, or television) was sufficient to
predict insufficient sleep duration for the child’s age (Buxton et al., 2015).
Another rapidly growing behaviour is the simultaneous use of multiple screens in the
evening. A study conducted in Philadelphia found that adolescents used an average of
four screens simultaneously after 9 p.m. (television, phone, game console, computer,
etc.), and that this multitasking activity was twice as common among adolescents who
sleep less than 8 hours per night.

The impact of screens on sleep is multifactorial. Among the most frequently reported
factors are delayed bedtimes due to time spent on screens, hyperarousal generated by
the activity or the content viewed, as well as the effect of blue light on the circadian
clock. The impact of blue light is particularly significant, as it reduces the peak of
melatonin and therefore leads to delayed sleep onset and increased alertness. A study
conducted with 300 Swiss adolescents showed that reducing screen use after 9 p.m.
significantly increased sleep duration and reduced daytime sleepiness (see previous
section).
It should be noted that sleep measures in these studies are often self-reported. It has
been shown that data collected through sleep diaries and questionnaires differ from
objectively collected data, particularly with an overestimation of sleep duration.

For more information on screens, the brain, and children, see the “La main à la pâte”
foundation resource: fondation-lamap.org/sequence-d-activites/le-temps-du-sommeil . 

Le sommeil et les écrans
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Here are several forward-looking points that may foster reflection, as well as future
pedagogical and research work.

The implementation of appropriate behaviours cannot occur without learning.
Whether it concerns diet or physical activity, publicity campaigns and awareness
initiatives—particularly in schools—are well established (“Eat, move…”). However,
regarding sleep, France has not yet fully taken into account the importance of this
aspect of our lives for our health. As a central element of children’s living environment,
schools play an important role in improving the health and well-being of all children,
notably through the development of health-promoting schools, where various actions
reinforce one another and contribute to reducing health inequalities. School is
therefore recognized as a priority setting for interventions targeting students, as well
as for engaging and reaching the broader population, since educational environments
are considered by the World Health Organization (WHO) to be a hub for community-
based health promotion.

It is important to emphasize that, due to the complexity of the protocols required to study
sleep, studies conducted in children are fewer than those carried out in adult populations.
Information on sleep habits is often collected through questionnaires or sleep diaries
completed by adolescents or, for younger children, by their parents. This can lead to
memory biases, particularly when questionnaires are not filled in daily, as well as social
desirability bias. To avoid this, the ideal approach is to objectively measure sleep (both
duration and quality) using sensors, ranging from wrist-worn actigraphs used over several
days to electroencephalographic recordings conducted in hospital settings or at home.
Similarly, intervention protocols involving sleep deprivation are rarely conducted in
children for ethical reasons. As a result, most studies involving children are correlational in
nature—that is, they examine associations between variations, such as sleep duration, and
different cognitive or behavioral measures. This may partly explain why findings observed in
adults are not always replicated in children.

Finally, studies do not account for all known factors that influence sleep. This is the case,
for example, for socioeconomic status, the number of children in the family, the age of
siblings, parental sleep characteristics, and so on. These factors strongly influence children’s
sleep habits, yet they are not always specified in studies and are therefore rarely included in
meta-analyses, which limits the interpretation and strength of conclusions. It should also be
noted that the children included in studies often cover a wide age range (for example, from
5 to 12 years old), even though optimal sleep duration varies considerably across this same
period.
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5. Studies limitations

6. Perspectives and recommendations

6.1. Sleep can be learned
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In France, for many years, a majority of education professionals working in early childhood
education (Cycle 1) have been aware of the need to address children’s need for naps.
Arrangements and practices regarding sleep represent an important challenge for educational
teams, who must deal with a lack of financial resources, practical constraints, and parents’
preferences. Some schools have found this balance and manage to offer a nap to all children
from the youngest to the middle sections, and in some cases even to older children with
specific needs. Others, due to constraints of space, staff, or number of children, are forced to
eliminate naps before their spontaneous cessation at the beginning of the middle section of
kindergarten, without taking into account differences in age or individual needs. Conversely,
some schools have implemented mandatory naps, in which all children must participate,
regardless of their individual sleep needs. Offering a nap to a child who no longer needs one is
frequently associated with disturbances in nighttime sleep, whereas a nap for those who still
need it does not affect nighttime sleep. Moreover, as we have seen, the effect of naps on
learning is mainly present in habitual nappers, and once again, sleep responds to a need.

School curricula now include health education. Article L541-1 of the French Education Code
states: “Health promotion actions for pupils are part of the missions of the national education
system. All members of the educational community contribute to this mission, which is
primarily carried out by medical staff, nurses, social workers, and school psychologists working
together in a coordinated manner. In this regard, pupils benefit throughout their schooling
from prevention and information initiatives, as well as compulsory medical check-ups and
screenings, which form part of their health pathway within the school system. Pupils also
benefit from health promotion actions that constitute a health education pathway conducted
under the conditions set out in the penultimate paragraph of II of Article L. 121-4-1. These
actions notably promote academic success and reduce health inequalities.”

Circular No. 2016-008 of January 28, 2016 further specifies that: “The mission of schools in the
field of health is to: provide each pupil with the knowledge, skills, and culture enabling them
to take responsibility for their own health in an autonomous and responsible manner, in line
with the emancipatory mission of schools (health education is one component of citizenship
education); implement, in every school and educational institution, prevention projects
focused on health issues, particularly those likely to affect academic success; and create a
school environment conducive to the health and academic success of all pupils.” Thus,
discussing sleep in the classroom is already part of school curricula, particularly in Cycles 2
and 3, and many teachers address this topic during lessons or dedicated health education
sessions. However, the tools available to them remain scarce and have not been scientifically
validated. 

It is this need that led to the co-development of the educational toolkit mentioned in Section
4.2 (www.memetonpyj.fr). Although sleep is not explicitly included in middle or high school
curricula, it can serve as an educational topic across various subjects, such as life and earth
sciences, visual arts, or physical education. Nevertheless, it seems important that sleep be
given a more explicit place in curricula, particularly in early childhood education (Cycle 1) and
in secondary education.

6.2. Sleep isn’t just a night-time affair : the role of napping
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Even if the nap is not mandatory, its organization must allow for sufficient flexibility to take
into account each child’s needs, which evolve between ages 2 and 6. Thus, it cannot be
imposed on a child who does not need it, and conversely it cannot be collectively removed
during the school year (it should not be forgotten that a child in the middle section born in
December and one in the small section born in January will have similar physiological needs).
Let’s not forget: a child who sleeps is a child who learns and consolidates what they have
learned!

The coordination of nighttime sleep and naps is particularly crucial during this transitional
phase toward exclusively nighttime sleep. This cannot be achieved without frequent,
bidirectional communication between parents and educational teams. And above all, let us
not forget: napping does not stop overnight; this need gradually fades and, at certain times in
a child’s life, may temporarily respond to sleep difficulties occurring at home (illness, stress,
birth of a sibling, etc.).

The appropriate time for a nap is at the very beginning of the afternoon, as soon as possible
after lunch. Falling asleep is a crucial moment. When supported by a calm and reassuring
activity (reading, music, etc.), it allows children to reduce their level of arousal and facilitates
falling asleep. It is not necessary for this bedtime routine to last long, but it must help
reassure the child. The time needed to fall asleep varies from one child to another; it is often
suggested that a child who has not fallen asleep after 20 minutes can be allowed to get up. It
is important to recall that falling asleep within 20 minutes is only possible if the child arrives
calm and ready to sleep.

As we have seen, a sleep cycle lasts about 90 minutes (not including the time to fall asleep). In
kindergarten, the nap should allow for a full cycle. The environment is also important: the
dormitory must be comfortable and welcoming. It is always more difficult to sleep in a group,
in an unfamiliar environment. To help the child feel comfortable in their sleeping space,
preparation can be made to personalize it. While silence is important in the dormitory,
darkness is not necessary. Natural light will help the child distinguish between nighttime sleep
and nap sleep, which will support the establishment of their circadian rhythm. The more naps
are considered normal and, above all, beneficial by the educational team, the more the child
will become aware of the importance of sleep. It should not be seen as something reserved
for “little ones” or as a solution to behavioural problems, but rather as an opportunity to learn
better. Thus, it will be important to ensure that children who sleep do not feel frustrated at
having missed part of the classroom activities.

Managing the diversity of needs is a real challenge for educational teams. Observing signs of
fatigue, inattention, or hyperactivity during the day will help them adapt to the evolution of
the child’s sleep–wake rhythm, as will the implementation of cross-disciplinary training. To
support these practices, work on official guidelines governing naps should be undertaken.
The high frequency of sleep disorders in children with neurodevelopmental disorders should
also encourage educational teams to organize rest periods for these children whenever the
need arises (at any age). These children should be able to benefit from rest time at the
beginning of the afternoon, particularly when behavioural disorders affect the quality of
nighttime sleep. These rest periods will allow these children to regain the resources necessary
for learning and for interacting with their peers and the educational team.

27Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022
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Although our discussion regarding napping is focused on children in kindergarten, its effect
seems perceptible at all ages. Let us not forget that our internal temperature is a good
reflection of our level of alertness, and that it shows a dip at the beginning of the afternoon
at all ages. NASA even promotes it: a 26-minute nap in adults is said to increase alertness by
54%. Several large companies create work schedules based on the employee’s chronotype, in
order to respect the needs of night owls and early risers, with the aim of increasing their well-
being and, consequently, their productivity.

Experiments conducted with adolescents point in the same direction: when school start
times are delayed, so as to better align them with their naturally later wake-up times, their
academic performance improves. International studies show strong effects of delaying
schedules. A reflection at the level of middle and high schools could be undertaken to
encourage this shift in school activities, favouring a later start to teaching rather than having
idle periods during the day. The implementation of such a measure is nevertheless complex
and would need to be tested in France, notably due to geographical and economic
disparities. Changing school schedules, particularly in rural areas, implies modifying transport
schedules, sports and social activities, as well as other extracurricular activities.

Initial and ongoing training of educational teams is an essential condition for sleep to
become an effective lever for learning. Cross-disciplinary and cross-level training
bringing together teachers, specialised assistants of early childhood education, and
activity leaders would, in addition to providing knowledge about sleep, make it possible
to establish in schools, in partnership with families, a collective reflection to adapt to
the specific needs of children, particularly the youngest who enter school from the age
of 3.

At the same time, pedagogical advisors and inspection bodies should be able to benefit
from training enabling them to support educational teams, notably by relying on
institutional framework documents.

School nurses are regularly consulted by educational teams on the issue of sleep. They
are also in direct contact with adolescents who have difficulties staying awake in class.
They should be able to benefit from extended training on normal and pathological
sleep, in order, on the one hand, to identify sleep disorders and their consequences on
physical, psychological, and cognitive development, and, on the other hand, to propose
individual or group support in connection with the school physician. In collaboration
with student health services, they could also offer annual awareness initiatives within
the framework of the Health-Promoting School.

6.4. The training of pedagogical teams

6.3. Paying particular attention to adolescents
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Key takeaways

—

—

— 

—

—

— 

— 

— 

—  

—

—

—  
— 

Sleep is a fundamental element of children’s and adolescents’ development, learning, and
well-being.

It is estimated that more than 30% of children and up to 70% of adolescents do not get
enough sleep.

From the age of three, children have a sleep architecture quite similar to that of adults. Their
sleep need is 10 to 13 hours every 24 hours. This includes nighttime sleep and a nap of about
1.5 hours.

Napping is a physiological need; it depends on the child’s maturation, which is why its
removal happens gradually before the age of 6.

Early childhood sleep is associated with academic performance. Children who sleep well
before age 3 have better performance at age 6.

During adolescence, sleep need is about 8 to 10 hours. Bedtime is later due to a physiological
phase delay. Because of school start times, adolescents are in a chronic sleep debt of about
2 hours per night.
 

Sleep duration and quality are linked to cognitive performance. Executive functions are
especially affected by sleep deprivation (planning abilities, inhibition, mental flexibility,
etc.).

Thanks to sleep, newly learned information is consolidated. During deep slow-wave sleep,
neural networks activated during learning reactivate to replay what has been learned. This
reactivation allows transfer of information into long-term memory.

Sleep helps sorting: it consolidates essential information and allows forgetting of irrelevant
information.

Sleep-deprived children are not always sleepy. On the contrary, hyperactivity, impulsivity,
and irritability are frequently associated with sleep debt.

Lack of sleep leads to growth disorders and weight gain. It is a risk factor for childhood
obesity.

Sleep disorders affect between 25% and 80% of children with neurodevelopmental disorders
(NDD).

Sleep disorders worsen learning difficulties, as well as behavioral problems in children with
NDD.

Evening screen use delays sleep onset in children and adolescents.

Sleep deprivation also impacts children’s and adolescents’ ability to use their psychosocial
skills.

Sleep deprivation does not need to be severe to cause cognitive or behavioral problems.
One hour less of sleep over three nights already produces a deficit.

Sleep deprivation in children and adolescents can be improved through good sleep hygiene.
This requires them to have good knowledge about sleep in order to identify factors that
promote or hinder it.

Implementing sleep education programs in classrooms can sustainably increase sleep
duration and quality.

The importance of sleep is not sufficiently mentioned in school curricula, even though
health promotion actions are part of the missions of the national education system.

—  

—  

—  

—  

—  

—  

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



30

References
 Anderson,B., Storfer-Isser, A., Taylor, H. G., Rosen, C. L.,

& Redline, S. (2009). Associations of executive function
with sleepiness and sleep duration in adoles- cents.
Pediatrics, 123(4), e701-e707.

Aishworiya, R., Chan, P. F., Kiing, J. S., Chong, S. C., & Tay,
S. K. (2016). Sleep patterns and dysfunctions in children
with learning problems. Ann Acad Med Singapore, 45(11),
507-512.

Alvaro, P. K., Roberts, R. M., & Harris, J. K. (2013). A
systematic review assessing bidirectionality between
sleep disturbances, anxiety, and depression. Sleep, 36(7),
1059-1068.

Aronen, E. T., Paavonen, E. J., Fjällberg, M., Soininen, M., &
Törrönen, J. (2000). Sleep and psychiatric symptoms in
school-age children. Journal of the American Academy
of Child & Adolescent Psychiatry, 39(4), 502-508.

Astill, R. G., Van der Heijden, K. B., Van IJzendoorn, M. H.,
& Van Someren, E. J. (2012). Sleep, cognition, and
behavioral problems in school-age children: a century of
research meta-analyzed. Psychological bulletin, 138(6),
1109.

Azevedo, C. V., Sousa, I., Paul, K., MacLeish, M. Y.,
Mondéjar, M. T., Sarabia, J. A., … & Madrid, J. A. (2008).
Teaching chronobiology and sleep habits in school and
university. Mind, Brain, and education, 2(1), 34-47

Bartel, K., Huang, C., Maddock, B., Williamson, P., &
Gradisar, M. (2018). Brief school-based interventions to
assist adolescents’ sleep-onset latency: Comparing
mindfulness and constructive worry versus controls.
Journal of Sleep Research, 27(3), e12668.

Basch, C. E. (2011). Healthier students are better learners:
A missing link in school reforms to close the
achievement gap. Journal of school health, 81(10), 593-
598.

Baum, K. T., Desai, A., Field, J., Miller, L. E., Rausch, J., &
Beebe, D. W. (2014). Sleep restriction worsens mood and
emotion regulation in adolescents. Journal of Child
Psychology and Psychiatry, 55, 180-190.

Berger, R. H., Miller, A. L., Seifer, R., Cares, S. R., &
LeBourgeois, M. K. (2012). Acute sleep restriction effects
on emotion responses in 30-to 36-month-old children.
Journal of sleep research, 21(3), 235-246.

Beebe, D. W., Fallone, G., Godiwala, N., Flanigan, M.,
Martin, D., Schaffner, L., & Amin, R. (2008). Feasibility and
behavioral effects of an at-home multi-night sleep
restriction protocol for adolescents. Journal of Child
Psychology and Psychiatry, 49(9), 915-923.

Beijamini, F., & Louzada, F. M. (2012). Are educational
interventions able to prevent excessive daytime
sleepiness in adolescents?. Biological Rhythm Research,
43(6), 603-613.

Besedovsky, L., Lange, T., & Haack, M. (2019). The sleep-
immune crosstalk in health and disease. Physio- logical
reviews.

Bierman, K. L., Kalvin, C. B., & Heinrichs, B. S. (2015). Early
childhood precursors and adolescent sequelae of grade
school peer rejection and victimization. Journal of
Clinical Child & Adolescent Psychology, 44(3), 367-379.

Blair, C. (2003). Behavioral inhibition and behavioral
activation in young children: Relations with self-re-
gulation and adaptation to preschool in children
attending Head Start. Developmental Psychobiology:
The Journal of the International Society for Develop-
mental Psychobiology, 42(3), 301-311.

Blunden, S., Kira, G., Hull, M., & Maddison, R. (2012). Does
sleep education change sleep parameters? Comparing
sleep education trials for middle school students in
Australia and New Zealand. Open sleep journal, 5, 12-18.

Blumberg, M. S., Coleman, C. M., Gerth, A. I., & McMur-
ray, B. (2013). Spatiotemporal structure of REM sleep
twitching reveals developmental origins of motor
synergies. Current Biology, 23(21), 2100-2109.

Bonnar, D., Gradisar, M., Moseley, L., Coughlin, A. M.,
Cain, N., & Short, M. A. (2015). Evaluation of novel school-
based interventions for adolescent sleep problems: does
parental involvement and bright light improve
outcomes?. Sleep Health, 1(1), 66-74

Borbély, A. A., & Achermann, P. (1999). Sleep homeos-
tasis and models of sleep regulation. Journal of biolo-
gical rhythms, 14(6), 559-570.

Borbély, A. A., Daan, S., Wirz-Justice, A., & Deboer, T.
(2016). The two-process model of sleep regulation: a
reappraisal. Journal of sleep research, 25(2), 131-143.

Brand, S., Kirov, R., Kalak, N., Gerber, M., Schmidt, N. B.,
Lemola, S., Correll, C. U., & Holsboer-Trachsler, E. (2016).
Poor Sleep Is Related to Lower Emotional Competence
Among Adolescents. Behavioral sleep medicine, 14(6),
602–614.

Brooks, S. J., Katz, E. S., & Stamoulis, C. (2022). Shorter
Duration and Lower Quality Sleep Have Widespread
Detrimental Effects on Developing Functional Brain
Networks in Early Adolescence. Cerebral cortex
communications, 3(1), tgab062.

Buchmann, A., Ringli, M., Kurth, S., Schaerer, M., Geiger,
A., Jenni, O. G., & Huber, R. (2011). EEG sleep slow-wave
activity as a mirror of cortical maturation. Cerebral
Cortex, 21(3), 607-615.

Busch, V., Altenburg, T. M., Harmsen, I. A., & Chinapaw,
M. J. (2017). Interventions that stimulate healthy sleep in
school-aged children: a systematic literature review. The
European Journal of Public Health, 27(1), 53-65.

Buxton, O. M., Chang, A. M., Spilsbury, J. C., Bos, T.,
Emsellem, H., & Knutson, K. L. (2015). Sleep in the
modern family: protective family routines for child and
adolescent sleep. Sleep health, 1(1), 15-27.

Cain, N., & Gradisar, M. (2010). Electronic media use and
sleep in school-aged children and adolescents: A review.
Sleep medicine, 11(8), 735-742.

Calamaro, C. J., Mason, T., & Ratcliffe, S. J. (2009).
Adolescents living the 24/7 lifestyle: effects of caffeine
and technology on sleep duration and daytime
functioning. Pediatrics, 123(6), e1005-e1010.

Campbell, I. G., & Feinberg, I. (2009). Longitudinal
trajectories of non-rapid eye movement delta and theta
EEG as indicators of adolescent brain matura- tion.
Proceedings of the National Academy of Sciences,
106(13), 5177-5180.

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



31

Carskadon, M. A. (2011). Sleep in adolescents: the perfect
storm. Pediatric Clinics, 58(3), 637-647.

Carskadon, M. A., & Acebo, C. (2002). Regulation of
sleepiness in adolescents: update, insights, and
speculation. Sleep, 25(6), 606-614.

Chang, A. M., Aeschbach, D., Duffy, J. F., & Czeisler, C. A.
(2015). Evening use of light-emitting eReaders negatively
affects sleep, circadian timing, and next-morning
alertness. Proceedings of the National Academy of
Sciences, 112(4), 1232-1237.

Chervin, R. D., Archbold, K. H., Dillon, J. E., Panahi, P.,
Pituch, K. J., Dahl, R. E., & Guilleminault, C. (2002).
Inattention, hyperactivity, and symptoms of sleep-di-
sordered breathing. Pediatrics, 109(3), 449-456.

Chervin, R. D., Ruzicka, D. L., Giordani, B. J., Weatherly, R.
A., Dillon, J. E., Hodges, E. K., … & Guire, K. E. (2006).
Sleep-disordered breathing, behavior, and cognition in
children before and after adenotonsillectomy. Pediatrics,
117(4), e769-e778.

Chorney, D. B., Detweiler, M. F., Morris, T. L., & Kuhn, B. R.
(2008). The interplay of sleep disturbance, anxiety, and
depression in children. Journal of pediatric psychology,
33(4), 339-348.

Chung, K. F., Chan, M. S., Lam, Y. Y., Lai, C. S. Y., & Yeung,
W. F. (2017). School-Based Sleep Education Programs for
Short Sleep Duration in Adolescents: A Systematic
Review and Meta-Analysis. Journal of school health, 87(6),
401-408.

Circulaire n° 2016-008 du 28 janvier 2016 relative à la mise
en place du parcours éducatif de santé pour tous les
élèves

Cohen, S., Doyle, W. J., Alper, C. M., Janicki-Deverts, D., &
Turner, R. B. (2009). Sleep habits and susceptibility to the
common cold. Archives of internal medicine, 169(1), 62-
67.

Copinschi, G., Leproult, R., & Spiegel, K. (2014). The
important role of sleep in metabolism. How Gut and
Brain Control Metabolism, 42, 59-72.

Cortesi, F., Giannotti, F., Sebastiani, T., Bruni, O., &
Ottaviano, S. (2004). Knowledge of sleep in Italian high
school students: pilot-test of a school-based sleep
educational program. Journal of Adolescent Health, 34(4),
344-351.

Crowley, Stephanie J.; Wolfson, Amy R.; Tarokh, Leila;
Carskadon, Mary A. (2018). An update on adoles- cent
sleep: New evidence informing the perfect storm model.
Journal of Adolescence, 67(), 55–65.
doi:10.1016/j.adolescence.2018.06.001

Dahl, R. E. (1996, March). The impact of inadequate sleep
on children’s daytime cognitive function. In Seminars in
pediatric neurology (Vol. 3, No. 1, pp. 44-50). WB
Saunders.

De Sousa, I. C., Araújo, J. F., & De Azevedo, C. V. M.
(2007). The effect of a sleep hygiene education program
on the sleep-wake cycle of Brazilian adolescent students.
Sleep and Biological Rhythms, 5(4), 251-258.

Denham, S. A., Blair, K. A., DeMulder, E., Levitas, J.,
Sawyer, K., Auerbach–Major, S., & Queenan, P. (2003).
Preschool emotional competence: Pathway to social
competence?. Child development, 74(1), 238-256.

Díaz-Morales, J. F., Prieto, P. D., Barreno, C. E., Mateo, M. J.
C., & Randler, C. (2012). Sleep beliefs and chronotype
among adolescents: The effect of a sleep education
program. Biological Rhythm Research, 43(4), 397-412

Diekelmann, S., Wilhelm, I., & Born, J. (2009). The whats
and whens of sleep-dependent memory consolida- tion.
Sleep medicine reviews, 13(5), 309-321.

Dorris, L., Scott, N., Zuberi, S., Gibson, N., & Espie, C.
(2008). Sleep problems in children with neurological
disorders. Developmental neurorehabilitation, 11(2), 95
-114.

Dunster, G. P., de la Iglesia, L., Ben-Hamo, M., Nave, C.,
Fleischer, J. G., Panda, S., & de la Iglesia, H. O. (2018).
Sleepmore in Seattle: Later school start times are
associated with more sleep and better performance in
high school students. Science Advances, 4(12), eaau 620
0.

Durlak, J. A., Weissberg, R. P., Dymnicki, A. B., Taylor, R.
D., & Schellinger, K. B. (2011). The impact of enhancing
students’ social and emotional learning: A meta-ana- lysis
of school-based universal interventions. Child
development, 82(1), 405-432.

Dutil, C., & Chaput, J. P. (2017). Inadequate sleep as a
contributor to type 2 diabetes in children and
adolescents. Nutrition & Diabetes, 7(5), e266-e266

Faraut, B., Andrillon, T., Vecchierini, M. F., & Leger, D.
(2017). Napping: a public health issue. From epidemio-
logical to laboratory studies. Sleep medicine reviews, 35,
85-100.

Fatima, Y., Doi, S. A., & Mamun, A. A. (2016). Sleep quality
and obesity in young subjects: a meta-analy- sis. Obesity
reviews, 17(11), 1154-1166

Feinberg, I., Thode Jr, H. C., Chugani, H. T., & March, J. D.
(1990). Gamma distribution model describes
maturational curves for delta wave amplitude, corti- cal
metabolic rate and synaptic density. Journal of
theoretical biology, 142(2), 149-161.

Foley, J. E., & Weinraub, M. (2017). Sleep, affect, and
social competence from preschool to preadoles- cence:
Distinct pathways to emotional and social adjustment
for boys and for girls. Frontiers in Psycho- logy, 8, Article
711.

Gao, C., Guo, J., Gong, T. T., Lv, J. L., Li, X. Y., Liu, F. H., …
& Wu, Q. J. (2021). Sleep Duration/Quality With Health
Outcomes: An Umbrella Review of Meta-Analyses of
Prospective Studies. Frontiers in Medicine, 8.

Geier, C. F., Terwilliger, R., Teslovich, T., Velanova, K., &
Luna, B. (2010). Immaturities in reward processing and its
influence on inhibitory control in adolescence. Cerebral
cortex, 20(7), 1613-1629.

Goldman, S. E., Richdale, A. L., Clemons, T., & Malow, B.
A. (2012). Parental sleep concerns in autism spectrum
disorders: variations from childhood to adolescence.
Journal of autism and developmental disorders, 42(4),
531-538.

Gradisar, M., Wolfson, A. R., Harvey, A. G., Hale, L.,
Rosenberg, R., & Czeisler, C. A. (2013). The sleep and
technology use of Americans: findings from the Natio-
nal Sleep Foundation’s 2011 Sleep in America poll.
Journal of Clinical Sleep Medicine, 9(12), 1291-1299.

Gruber, R., Somerville, G., Bergmame, L., Fontil, L., &
Paquin, S. (2016). School-based sleep education program
improves sleep and academic performance of school-
age children. Sleep Medicine, 21, 93-100.

Gruber, R., Wiebe, S., Montecalvo, L., Brunetti, B., Amsel,
R., & Carrier, J. (2011). Impact of sleep restric- tion on
neurobehavioral functioning of children with attention
deficit hyperactivity disorder. Sleep, 34(3), 315-323.

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



32

Hagenauer, M. H., Perryman, J. I., Lee, T. M., & Carska-
don, M. A. (2009). Adolescent changes in the homeos-
tatic and circadian regulation of sleep. Developmen- tal
neuroscience, 31(4), 276-284.

Hale, L., & Guan, S. (2015). Screen time and sleep among
school-aged children and adolescents: a syste- matic
literature review. Sleep medicine reviews, 21, 50-58.

Hartzler, B. M. (2014). Fatigue on the flight deck: the
consequences of sleep loss and the benefits of napping.
Accident Analysis & Prevention, 62, 309-318.

Herculano-Houzel, S. (2013). Sleep it out. Science,
342(6156), 316-317.

Heussler, H. S. (2016). Management of sleep disor- ders
in neurodevelopmental disorders and genetic
syndromes. Current Opinion in Psychiatry, 29(2), 13 8
-143 .

Hirshkowitz, Max; Whiton, Kaitlyn; Albert, Steven M.;
Alessi, Cathy; Bruni, Oliviero; DonCarlos, Lydia; Hazen,
Nancy; Herman, John; Katz, Eliot S.; Kheiran- dish-Gozal,
Leila; Neubauer, David N.; O’Donnell, Anne E.; Ohayon,
Maurice; Peever, John; Rawding, Robert; Sachdeva,
Ramesh C.; Setters, Belinda; Vitiello, Michael V.; Ware, J.
Catesby; Adams Hillard, Paula J. (2015). National Sleep
Foundation’s sleep time duration recommendations:
methodology and results summary. Sleep Health, 1(1),
40–43. doi:10.1016/j.sleh.2014.12.010

Horváth, K., & Plunkett, K. (2018). Spotlight on daytime
napping during early childhood. Nature and science of
sleep, 10, 97.

Illingworth, G. (2020). The challenges of adolescent
sleep. Interface Focus, 10(3), 20190080.

Irwin, M. R., Olmstead, R., & Carroll, J. E. (2016). Sleep
disturbance, sleep duration, and inflammation: a
systematic review and meta-analysis of cohort studies
and experimental sleep deprivation. Biologi- cal
psychiatry, 80(1), 40-52.

Jacoby, A., Snape, D., Lane, S., & Baker, G. A. (2015). Self-
reported anxiety and sleep problems in people with
epilepsy and their association with quality of life.
Epilepsy & Behavior, 43, 149-158.

Jalbrzikowski, M., Hayes, R. A., Scully, K. E., Franzen, P. L.,
Hasler, B. P., Siegle, G. J., … & Soehner, A. M. (2021).
Associations between brain structure and sleep patterns
across adolescent development. Sleep, 44(10), zsab120.

J enni, O. G., & Carskadon, M. A. (2007). Sleep behavior 
and sleep regulation from infancy through adoles-
cence: Normative aspects. Sleep medicine clinics, 2(3),
321-329.

Ji, D., & Wilson, M.A.(2007) Coordinated memory replay
in the visual cortex and hippocampus during sleep. Nat
Neurosci. Jan;10(1), 100-7. 

Johnson, C. R., Smith, T., DeMand, A., Lecavalier, L.,
Evans, V., Gurka, M., … & Scahill, L. (2018). Exploring sleep
quality of young children with autism spectrum disorder
and disruptive behaviors. Sleep medicine, 44, 61-66.

Kahn, M., Sheppes, G., & Sadeh, A. (2013). Sleep and
emotions: bidirectional links and underlying mecha-
nisms. International Journal of Psychophysiology, 89(2),
218-228.

Kara, T., Alpgan, Ö., Yılmaz, S., & Akaltun, İ. (2018). Sleep
habits as an indicator of social competence and
behaviour in pre-schoolers in the context of
neurodevelopmental disorders. Psychiatry and Clini- cal
Psychopharmacology, 29, 68 - 75.

Kelly, R. J., & El-Sheikh, M. (2014). Reciprocal relations
between children’s sleep and their adjustment over time.
Developmental psychology, 50(4), 1137.

Keshavarzi, Z., Bajoghli, H., Mohamadi, M. R., Salma- nian,
M., Kirov, R., Gerber, M., Holsboer-Trachsler, E., & Brand,
S. (2014). In a randomized case-control trial with 10-years
olds suffering from attention deficit/hyperactivity
disorder (ADHD) sleep and psychological functioning
improved during a 12-week sleep-training program.
World Journal of Biological Psychiatry, 15(8), 609–619.

Kira, G., Maddison, R., Hull, M., Blunden, S., & Olds, T.
(2014). Sleep education improves the sleep duration of
adolescents: a randomized controlled pilot study. Journal
of Clinical Sleep Medicine, 10(7), 787-792.

Klinzing, J. G., Niethard, N., & Born, J. (2019). Mecha-
nisms of systems memory consolidation during sleep.
Nature neuroscience, 22(10), 1598-1610.

Kocevska, D., Muetzel, R. L., Luik, A. I., Luijk, M. P., Jaddoe,
V. W., Verhulst, F. C., … & Tiemeier, H. (2017). The
developmental course of sleep disturbances across
childhood relates to brain morphology at age 7: the
Generation R Study. Sleep, 40(1).

Koenis, M. M., Romeijn, N., Piantoni, G., Verweij, I., Van
der Werf, Y. D., Van Someren, E. J., & Stam, C. J. (2013).
Does sleep restore the topology of functional brain
networks?. Human brain mapping, 34(2), 487-500.

Kurdziel, L., Duclos, K., & Spencer, R. M. (2013). Sleep
spindles in midday naps enhance learning in preschool
children. Proceedings of the National Academy of
Sciences, 110(43), 17267-17272.

Kurth, S., Ringli, M., Geiger, A., LeBourgeois, M., Jenni, O.
G., & Huber, R. (2010). Mapping of cortical activity in the
first two decades of life: a high-density sleep
electroencephalogram study. Journal of Neuros- cience,
30(40), 13211-13219.

Lange, T., Dimitrov, S., Bollinger, T., Diekelmann, S., &
Born, J. (2011). Sleep after vaccination boosts
immunological memory. The Journal of Immunology,
187(1), 283-290.

Lange, T., Perras, B., Fehm, H. L., & Born, J. (2003). Sleep
enhances the human antibody response to hepatitis A
vaccination. Psychosomatic medicine, 65(5), 831-835.

Langford, R., Bonell, C. P., Jones, H. E., Pouliou, T.,
Murphy, S. M., Waters, E., … & Campbell, R. (2014). The
WHO Health Promoting School framework for improving
the health and well-being of students and their academic
achievement. Cochrane database of systematic reviews,
(4).

Lavigne, J. V., Arend, R., Rosenbaum, D., Smith, A.,
Weissbluth, M., Binns, H. J., & Christoffel, K. K. (1999).
Sleep and behavior problems among preschoolers.
Journal of Developmental & Behavioral Pediatrics, 20(3),
164-169.

LeBourgeois, MK, Hale L, Chang AM, Akacem LD,
Montgomery-Downs E, Buxton OM. Digital media and
sleep in childhood and adolescence. Pediatrics 2017;
140(Supplement 2): S92-S96

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



33

Li, S., Arguelles, L., Jiang, F., Chen, W., Jin, X., Yan, C., … &
Shen, X. (2013). Sleep, school performance, and a school-
based intervention among school-aged children: a sleep
series study in China. PLoS One, 8(7), e67928.

Li, L., Zhang, S., Huang, Y., & Chen, K. (2017). Sleep
duration and obesity in children: a systematic review and
meta-analysis of prospective cohort studies. Journal of
paediatrics and child health, 53(4), 378-385.

Liu, J., Feng, R., Ji, X., Cui, N., Raine, A., & Mednick, S. C.
(2019). Midday napping in children: associations between
nap frequency and duration across cogni- tive, positive
psychological well-being, behavioral, and metabolic
health outcomes. Sleep, 42(9).

Lo, J. C., Lee, S. M., Teo, L. M., Lim, J., Gooley, J. J., & Chee,
M. W. (2017). Neurobehavioral impact of successive
cycles of sleep restriction with and without naps in
adolescents. Sleep, 40(2), zsw042.

McConachie, H., Livingstone, N., Morris, C., Beresford, B.,
Le Couteur, A., Gringras, P., … & Parr, J. R. (2018). Parents
suggest which indicators of progress and outcomes
should be measured in young children with autism
spectrum disorder. Journal of Autism and Developmental
Disorders, 48(4), 1041-1051.

McConachie, H., Mason, D., Parr, J. R., Garland, D.,
Wilson, C., & Rodgers, J. (2018). Enhancing the validity of
a quality of life measure for autistic people. Journal of
autism and developmental disorders, 48(5), 159 6 -16 11.

McDonagh, M. S., Holmes, R., & Hsu, F. (2019). Pharma-
cologic treatments for sleep disorders in children: A
systematic review. Journal of child neurology, 34(5), 237-
247.

Mäkelä, T. E., Kylliäinen, A., Saarenpää-Heikkilä, O.,
Paavonen, E. J., Paunio, T., Leppänen, J. M., & Peltola, M. J.
(2021). Signaled night awakening and its association with
social information processing and socio-emo- tional
development across the first two years. Sleep, 44(12),
zsab179.

Maquet, P., Degueldre, C., Delfiore, G., Aerts, J., Péters, J.
M., Luxen, A., & Franck, G. (1997). Functional
neuroanatomy of human slow wave sleep. Journal of
Neuroscience, 17(8), 2807-2812.

Matricciani, L., Paquet, C., Galland, B., Short, M., & Olds,
T. (2019). Children’s sleep and health: a meta-re- view.
Sleep medicine reviews, 46, 136-150.

Meltzer, L. J., Johnson, C., Crosette, J., Ramos, M., &
Mindell, J. A. (2010). Prevalence of diagnosed sleep
disorders in pediatric primary care practices. Pedia- trics,
125(6), e1410-e1418.

Miller, A. L., Seifer, R., Crossin, R., & Lebourgeois, M. K.
(2015). Toddler’s self-regulation strategies in a challenge
context are nap-dependent. Journal of sleep research,
24(3), 279-287.

Minges, K. E., & Redeker, N. S. (2016). Delayed school
start times and adolescent sleep: a systematic review of
the experimental evidence. Sleep medicine reviews, 28,
86-95.

Mölle, M., & Born, J. (2011). Slow oscillations orchestra-
ting fast oscillations and memory onsolidation. Progress
in brain research, 193, 93-110.

Monzon, A. D., Patton, S. R., & Koren, D. (2021). Child-
hood diabetes and sleep. Pediatric Pulmonology.

Moore, M., & Meltzer, L. J. (2008). The sleepy adoles- cent:
causes and consequences of sleepiness in teens.
Paediatric respiratory reviews, 9(2), 114-121.

Organisation Mondiale de la Santé (1997). Life skills
education in school, Genève, OMS.

Organisation Mondiale de la Santé (2003). Skills for
health: Skills-based health education including life skills:
An important component of a child-friendly/ health-
promoting school, Genève, OMS.

Owens, J., Au, R., Carskadon, M., Millman, R., Wolfson, A.,
Braverman, P. K., … & Adolescent sleep working group
(2014). Insufficient sleep in adolescents and young adults:
an update on causes and consequences. Pediatrics,
134(3), e921-e932.

Paavonen, E. J., Raikkonen, K., Lahti, J., Komsi, N.,
Heinonen, K., Pesonen, A. K., … & Porkka-Heiska- nen, T.
(2009). Short sleep duration and behavioral symptoms of
attention-deficit/hyperactivity disorder in healthy 7-to 8-
year-old children. Pediatrics, 123(5), e857-e864.

Page, J. M., Wakschlag, L. S., & Norton, E. S. (2021).
Nonrapid eye movement sleep characteristics and
relations with motor, memory, and cognitive ability from
infancy to preadolescence. Developmental
Psychobiology, 63(8), e22202.

Pandi-Perumal, S. R., & Leger, D. (Eds.). (2006). Sleep
disorders: their impact on public health. Informa Health
Care.

Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A.,
Kotagal, S., Lloyd, R. M., … & Wise, M. S. (2016). Recom-
mended amount of sleep for pediatric populations: a
consensus statement of the American Academy of Sleep
Medicine. Journal of clinical sleep medicine, 12(6), 785-
786.

Perrault, A. A., Bayer, L., Peuvrier, M., Afyouni, A.,
Ghisletta, P., Brockmann, C., … & Sterpenich, V. (2019).
Reducing the use of screen electronic devices in the
evening is associated with improved sleep and daytime
vigilance in adolescents. Sleep, 42(9), zsz125.

Philby, M. F., Macey, P. M., Ma, R. A., Kumar, R., Gozal, D.,
& Kheirandish-Gozal, L. (2017). Reduced regional grey
matter volumes in pediatric obstructive sleep apnea.
Scientific reports, 7(1), 1-9.

Pisula, E., & Porębowicz-Dörsmann, A. (2017). Family
functioning, parenting stress and quality of life in
mothers and fathers of Polish children with high
functioning autism or Asperger syndrome. PloS one,
12(10), e0186536.

Prather, A. A., Janicki-Deverts, D., Hall, M. H., & Cohen, S.
(2015). Behaviorally assessed sleep and suscepti- bility to
the common cold. Sleep, 38(9), 1353-1359.

Radmanish, M., Khalfallah, O., Glaichenhaus, N., Forhan,
A., Heude, B., Charles, M. A., … & Plancoulaine, S. (2022).
Sleep duration trajectories associated with levels of
specific serum cytokines at age 5: A longi- tudinal study
in preschoolers from the EDEN birth cohort. Brain,
Behavior, & Immunity-Health, 100429.

Radogna, F., Diederich, M., & Ghibelli, L. (2010). Melato-
nin: a pleiotropic molecule regulating inflammation.
Biochemical pharmacology, 80(12), 1844-1852.

Rasch, B., & Born, J. (2013). About sleep’s role in memory.
Physiological reviews.

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



34

Rey, A. E., Guignard-Perret, A., Imler-Weber, F., Garcia-
Larrea, L., & Mazza, S. (2020). Improving sleep, cognitive
functioning and academic performance with sleep
education at school in children. Learning and Instruction,
65, 101270.

Reynaud, E., Forhan, A., Heude, B., Charles, M. A., &
Plancoulaine, S. (2021). Night-sleep duration trajec- tories
and behavior in preschoolers: Results from a prospective
birth cohort study. Behavioral Sleep Medicine, 19(4), 445-
457.

Reynaud, E., Vecchierini, M. F., Heude, B., Charles, M. A., &
Plancoulaine, S. (2018). Sleep and its relation to cognition
and behaviour in preschool-aged child- ren of the general
population: A systematic review. Journal of sleep research,
27(3), e12636.

Rosekind, M. R., Smith, R. M., Miller, D. L., Co, E. L.,
Gregory, K. B., Webbon, L. L., … & Lebacqz, J. V. (1995).
Alertness management: strategic naps in operational
settings. Journal of sleep research, 4, 62-66.

Royant-Parola, S., Londe, V., Tréhout, S., & Hartley, S.
(2018). Nouveaux médias sociaux, nouveaux
comportements de sommeil chez les adolescents.
L’Encéphale, 44(4), 321-328.

Roenneberg, T., Kuehnle, T., Pramstaller, P. P., Ricken, J.,
Havel, M., Guth, A., & Merrow, M. (2004). A marker for the
end of adolescence. Current biology, 14(24), R1038 -
R1039.

Rudnicka, A. R., Nightingale, C. M., Donin, A. S., Sattar, N.,
Cook, D. G., Whincup, P. H., & Owen, C. G. (2017). Sleep
duration and risk of type 2 diabetes. Pediatrics, 14 0 (3).

Sadeh, A., Gruber, R., & Raviv, A. (2003). The effects of
sleep restriction and extension on school-age children:
What a difference an hour makes. Child development,
74(2), 444-455.

Saletin, J. M., Hilditch, C. J., Dement, W. C., & Carska- don,
M. A. (2017). Short daytime naps briefly attenuate
objectively measured sleepiness under chronic sleep
restriction. Sleep, 40(9).

Santé Publique France (2022) Les compétences
psychosociales : un référentiel pour un déploiement
auprès des enfants et des jeunes.

Shaw, P., Kabani, N. J., Lerch, J. P., Eckstrand, K., Lenroot,
R., Gogtay, N., … & Wise, S. P. (2008). Neuro-
developmental trajectories of the human cerebral cortex.
Journal of neuroscience, 28(14), 3586-3594.

Short, M. A., Blunden, S., Rigney, G., Matricciani, L.,
Coussens, S., Reynolds, C. M., & Galland, B. (2018).
Cognition and objectively measured sleep duration in
children: a systematic review and meta-analysis. Sleep
health, 4(3), 292-300.

Short, M. A., Gradisar, M., Lack, L. C., Wright, H., &
Carskadon, M. A. (2012). The discrepancy between
actigraphic and sleep diary measures of sleep in
adolescents. Sleep medicine, 13(4), 378-384.

Short, M. A., & Weber, N. (2018). Sleep duration and risk-
taking in adolescents: A systematic review and meta-
analysis. Sleep medicine reviews, 41, 185-196.

Soffer-Dudek, N., Sadeh, A., Dahl, R. E., & Rosen- blat-
Stein, S. (2011). Poor sleep quality predicts deficient
emotion information processing over time in early
adolescence. Sleep, 34(11), 1499-1508.

Sokoloff, G., Dooley, J. C., Glanz, R. M., Wen, R. Y.,
Hickerson, M. M., Evans, L. G., … & Blumberg, M. S. (2021).
Twitches emerge postnatally during quiet sleep in human
infants and are synchronized with sleep spindles. Current
Biology, 31(15), 3426-3432.

Somerville, L. H., Jones, R. M., & Casey, B. J. (2010). A time
of change: behavioral and neural correlates of adolescent
sensitivity to appetitive and aversive environmental cues.
Brain and cognition, 72(1), 124 -133.

Spiegel, K., Leproult, R., L’Hermite-Balériaux, M., Copinschi,
G., Penev, P. D., & Van Cauter, E. (2004). Leptin levels are
dependent on sleep duration: relationships with
sympathovagal balance, carbohy- drate regulation,
cortisol, and thyrotropin. The Journal of clinical
endocrinology & metabolism, 89(11), 576 2- 57 7 1.

Spiegel, K., Sheridan, J. F., & Van Cauter, E. (2002). Effect of
sleep deprivation on response to immuni- zaton. Jama,
288(12), 1471-1472.

Staton, Sally; Rankin, Peter S.; Harding, Mollie; Smith,
Simon S.; Westwood, Emily; LeBourgeois, Monique K.;
Thorpe, Karen J. (2020). Many naps, one nap, none: A
systematic review and meta-analysis of napping patterns in
children 0–12 years. Sleep Medicine Reviews, 50(), 101247–.
doi:10.1016/j.smrv.2019.101247

Svingos, A., Greif, S., Bailey, B., & Heaton, S. (2018). The
relationship between sleep and cognition in children
referred for neuropsychological evaluation: a latent
modeling approach. Children, 5(3), 33.

Tarokh, L. (2021). Sleep: Twitch in tempo. Current Biology,
31(15), R953-R954.

Tarokh, L., Saletin, J. M., & Carskadon, M. A. (2016). Sleep in
adolescence: Physiology, cognition and mental health.
Neuroscience and biobehavioral reviews, 70, 182.

Telzer, E. H., Fuligni, A. J., Lieberman, M. D., & Galván, A.
(2013). The effects of poor quality sleep on brain function
and risk taking in adolescence. NeuroImage, 71, 275–283.

Tempesta, D., Socci, V., De Gennaro, L., & Ferrara, M.
(2018). Sleep and emotional processing. Sleep medicine
reviews, 40, 183-195.

Tesfaye, R., & Gruber, R. (2017). The association between
sleep and theory of mind in school aged children with
ADHD. Medical Sciences, 5(3), 18.

Thorpe, K., Staton, S., Sawyer, E., Pattinson, C., Haden, C.,
& Smith, S. (2015). Napping, development and health from
0 to 5 years: a systematic review. Archives of disease in
childhood, 100(7), 615-622.

Tietzel, A. J., & Lack, L. C. (2001). The short-term benefits of
brief and long naps following nocturnal sleep restriction.
Sleep, 24(3), 293-300.

Tononi, G., & Cirelli, C. (2003). Sleep and synaptic
homeostasis: a hypothesis. Brain research bulletin, 62(2),
143-150.

Tononi, G., & Cirelli, C. (2012). Time to be SHY? Some
comments on sleep and synaptic homeostasis. Neural
plasticity, 2012.

Touchette, E., Côté, S. M., Petit, D., Liu, X., Boivin, M.,
Falissard, B., … & Montplaisir, J. Y. (2009). Short night- time
sleep-duration and hyperactivity trajectories in early
childhood. Pediatrics, 124(5), e985-e993.

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



35

Touchette, E., Mongrain, V., Petit, D., Tremblay, R. E., &
Montplaisir, J. Y. (2008). Development of sleep-wake
schedules during childhood and relationship with sleep
duration. Archives of pediatrics & adolescent medicine,
162(4), 343-349.

Touchette, É., Petit, D., Séguin, J. R., Boivin, M., Tremblay,
R. E., & Montplaisir, J. Y. (2007). Associations between
sleep duration patterns and behavioral/ cognitive
functioning at school entry. Sleep, 30(9), 12 13 -12 19.

Trosman, I., & Ivanenko, A. (2021). Classification and
epidemiology of sleep disorders in children and
adolescents. Child and Adolescent Psychiatric Clinics,
30(1), 47-64.

Urbain, C., De Tiège, X., De Beeck, M. O., Bourguignon,
M., Wens, V., Verheulpen, D., … & Peigneux, P. (2016).
Sleep in children triggers rapid reorganization of
memory-related brain processes. NeuroImage, 134, 2 13
-222.

Van Cauter, E., Leproult, R., & Plat, L. (2000). Age-re- lated
changes in slow wave sleep and REM sleep and
relationship with growth hormone and cortisol levels in
healthy men. Jama, 284(7), 861-868.

van Noordt, S., & Willoughby, T. (2021). Cortical
maturation from childhood to adolescence is reflec- ted
in resting state EEG signal complexity. Develop- mental
cognitive neuroscience, 48, 100945.

Vaughn, B. E., Elmore-Staton, L., Shin, N., & El-Sheikh, M.
(2015). Sleep as a support for social competence, peer
relations, and cognitive functioning in preschool
children. Behavioral Sleep Medicine, 13(2), 92-106.

Verweij, I. M., Romeijn, N., Smit, D. J., Piantoni, G., Van
Someren, E. J., & van der Werf, Y. D. (2014). Sleep
deprivation leads to a loss of functional connectivity in
frontal brain regions. Bmc Neuroscience, 15(1), 1-10.

Vgontzas, A. N, Pejovic, S, Zoumakis, E, Lin, H. M, Bixler,
E. O, Basta, M, … & Chrousos, G. P. (2007). Daytime
napping after a night of sleep loss decreases sleepiness,
improves performance, and causes beneficial changes in
cortisol and interleukin-6 secre- tion. American Journal of
Physiology-Endocrinology and Metabolism, 292(1), E253-
E261

Vriend, J. L., Davidson, F. D., Corkum, P. V., Rusak, B.,
Chambers, C. T., & McLaughlin, E. N. (2013). Manipu-
lating sleep duration alters emotional functioning and
cognitive performance in children. Journal of pediatric
psychology, 38(10), 1058-1069.

Vriend, J., Davidson, F., Rusak, B., & Corkum, P. (2015).
Emotional and cognitive impact of sleep restriction in
children. Sleep medicine clinics, 10(2), 107-115.

Wahlstrom, K., Dretzke, B., Gordon, M., Peterson, K.,
Edwards, K., & Gdula, J. (2014). Examining the impact of
later high school start times on the health and academic
performance of high school students: A multi-site study.

Wang, B., Isensee, C., Becker, A., Wong, J., Eastwood, P. R.,
Huang, R. C., … & Rothenberger, A. (2016). Develop-
mental trajectories of sleep problems from childhood to
adolescence both predict and are predicted by
emotional and behavioral problems. Frontiers in
psychology, 7, 1874.

Wilson, K. E., Miller, A. L., Lumeng, J. C., & Chervin, R. D.
(2014). Sleep environments and sleep durations in a
sample of low-income preschool children. Journal of
Clinical Sleep Medicine, 10(3), 299-305.

Wiggs, L., & Stores, G. (2004). Sleep patterns and sleep
disorders in children with autistic spectrum disorders:
insights using parent report and actigraphy. Develop-
mental medicine and child neurology, 46(6), 372-380.

Winer, J. R., Deters, K. D., Kennedy, G., Jin, M., Goldstein-
Piekarski, A., Poston, K. L., & Mormino, E. C. (2021).
Association of Short and Long Sleep Duration With
Amyloid-β Burden and Cognition in Aging. JAMA
neurology, 78(10), 1187-1196.

Williams, K. E., Berthelsen, D., Walker, S., and Nichol- son,
J. M. (2016). A developmental cascade model of
behavioral sleep problems and emotional and
attentional self-regulation across early childhood. Behav.
Sleep Med. 15, 1–21.

Williams, S. E., & Horst, J. S. (2014). Goodnight book:
Sleep consolidation improves word learning via story-
books. Frontiers in psychology, 5, 184.

Wing, Y. K., Chan, N. Y., Man Yu, M. W., Lam, S. P., Zhang,
J., Li, S. X., … & Li, A. M. (2015). A school-based sleep
education program for adolescents: a cluster
randomized trial. Pediatrics, 135(3), e635-e643.

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T.
(2006). Social jetlag: misalignment of biological and social
time. Chronobiology international, 23(1-2), 497-509.

Wolfson, A. R., Harkins, E., Johnson, M., & Marco, C.
(2015). Effects of the young adolescent sleep smart
program on sleep hygiene practices, sleep health
efficacy, and behavioral well-being. Sleep Health, 1(3),
197-204.

Xie, L., Kang, H., Xu, Q., Chen, M. J., Liao, Y., Thiyaga-
rajan, M., … & Nedergaard, M. (2013). Sleep drives
metabolite clearance from the adult brain. science,
342(6156), 373-377.

Yavuz-Kodat, E., Reynaud, E., Geoffray, M. M., Limou- sin,
N., Franco, P., Bonnet-Brilhault, F., … & Schroder, C. M.
(2020). Disturbances of continuous sleep and circadian
rhythms account for behavioral difficulties in children
with autism spectrum disorder. Journal of Clinical
Medicine, 9(6), 1978.

Yuge, K., Nagamitsu, S., Ishikawa, Y., Hamada, I.,
Takahashi, H., Sugioka, H., … & Yamashita, Y. (2020).
Long-term melatonin treatment for the sleep problems
and aberrant behaviors of children with
neurodevelopmental disorders. BMC psychiatry, 20(1), 1-
14.

Sleeping better to learn better - Summary of research and recommendations. CSEN — March 2022



education.gouv.fr 

Contact presse 
01 55 55 30 10 
spresse@education.gouv.fr

Contact Conseil scientifique de l’éducation nationale 
csen@education.gouv.fr 
re seau - canope.fr/conseil -scientif ique - de - leducation - nationale

mailto:csen@education.gouv.fr
mailto:csen@education.gouv.fr
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale
http://reseau-canope.fr/conseil-scientifique-de-leducation-nationale

	Abstract
	Too often regarded as a waste of time in modern societies, sleep is far more than a period of rest. It is a vital and fundamental component of development, physical and emotional health, learning, and interpersonal relationships, at every stage of life. While technological advances encourage us to delay our bedtime, our sleep needs have changed very little over the past 100 years. Evidence shows that:
	The body is unable to “store” sleep in anticipation of future deprivation;
	Regular sleep, sufficient in both quantity and quality, is therefore the only guarantee of proper functioning;
	Sleep is important at all ages, but is especially crucial for the brain, metabolic, immune, emotional, and cognitive development of children and adolescents.
	A good sleep is necessary to allow students to learn well. Nighttime sleep or a nap is essential to consolidate what has been learned.
	Lack of sleep in early childhood constitutes a handicap for future learning, as it leaves visible traces upon entry into elementary school.

	Thus, a child who sleeps well is more likely to learn well. All stakeholders in the education system should consider sleep as a key factor in academic success and, more broadly, as a driver of student well-being. Although sleep primarily takes place within the private sphere of the family, its main consequences are clearly visible in the classroom: drowsiness, conflicts, lack of attention, hyperactivity, impulsivity, absenteeism, and more. With compulsory schooling starting at age three, all children should be given the opportunity to take a nap within the school setting.
	Teachers and researchers are convinced: sleeping well means learning well.
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	A few days before the start of the school year, it is common to read or hear in the media that it is time to reset the routines of children and adolescents so that they can begin the new school year well rested. Implicitly, sleep is considered a factor in success. Yet, while diet and physical exercise are often emphasized in the prevention of health problems, sleep is still frequently regarded as a waste of time. It is estimated that more than 30% of children and up to 70% of adolescents do not get enough sleep.
	In this text, we will highlight the significant impact of sleep deprivation on attention, emotions, and academic performance. The influence of sleep on learning is twofold. Getting a good night’s sleep allows students to have optimal cognitive conditions for acquiring new knowledge, and sleeping well after learning helps consolidate this new knowledge. Several scientific studies show that sleep deprivation in children and adolescents could be addressed through the establishment of good sleep hygiene. Implementing effective behaviours requires a solid understanding of sleep, in order to identify the factors that may promote or hinder it.
	Although the issue of insufficient sleep is frequently discussed within educational teams, education professionals often feel ill-equipped and not fully legitimate to address it confidently in the classroom or with families. This review of the literature provides scientific evidence demonstrating how essential sleep is to the conditions for success and well-being in children and adolescents. This synthesis presents, in a non-exhaustive manner, scientific publications and the results of school-based interventions that have been evaluated. It highlights the role of schools, from kindergarten to high school, in sleep education.
	1. Sleep across development
	Throughout development, sleep undergoes numerous changes. Although sleep duration varies from one newborn to another, at birth infants spend more than two-thirds of their time sleeping. Their sleep is distributed across both day and night, in periods of 3 to 4 hours interspersed with wakefulness. This is referred to as ultradian sleep.
	The stages of sleep as we know them in adults are not yet visible. Infants alternate between phases of “quiet sleep” and “active sleep,” which will later develop into “slow deep sleep,” characterized by slow brain waves and reduced physiological activity, and “REM sleep,” characterized by intense brain activity, muscle atonia, and rapid eye movements.
	From the age of three, children display a sleep architecture that is fairly similar to that of adults. Slow-wave sleep and REM sleep alternate throughout the night in cycles lasting 90 to 120 minutes (Figure 1). At the end of each cycle, a brief period of wakefulness can be observed, often without awareness. The composition of sleep cycles varies over the course of the night: cycles occurring before 2–3 a.m. are generally richer in deep slow-wave sleep, whereas those later in the night contain longer periods of REM sleep.
	Figure 1. Organization of sleep throughout the night

	Between the ages of 3 and 6, total sleep time is substantial, with children sleeping between 10 and 13 hours per 24-hour period (Figure 2). This includes nighttime sleep and an early afternoon nap, which gradually disappears before the age of 6. After the age of 6, sleep becomes almost exclusively nocturnal, and bedtime is progressively delayed. The amount of deep slow-wave sleep remains high, especially in the first half of the night. As children attend school, wake-up times during the week are determined by school schedules. When bedtimes are too late, this can lead in some children to a chronic reduction in sleep duration.
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	Executive functions are supported by activity in the prefrontal regions of the brain. These regions are highly energy-demanding during wakefulness and are therefore particularly sensitive to sleep deprivation. During the night, sleep is deepest in these regions, ensuring the restorative processes they require. When sleep is insufficient, brain activity in these areas is altered during wakefulness, their functional connectivity is reduced, and difficulties emerge in executive functioning, emotional regulation, and behavior.
	Analyses of various moderating factors show that these findings are observed regardless of children’s gender or age. It is important to note that these studies reveal a high degree of heterogeneity in the types and methods used to measure sleep variables, as well as behavioural and cognitive variables, and in the statistical methods employed. Moreover, these studies do not allow for causal conclusions, as experimental studies would.
	Experimental studies have therefore attempted to manipulate children’s sleep duration in order to measure its impact on cognitive performance. For example, researchers examined the effects of short sleep restriction and short sleep extension on the cognitive functioning of children aged 9 to 12 years. Children were asked to follow their usual sleep schedule for two nights, and their cognitive performance was assessed on the morning of the first day. On the third afternoon, they received a phone call instructing them either to go to bed one hour earlier (sleep extension) or one hour later (sleep restriction) for the next three nights. After the third night of restricted or extended sleep (verified by actigraphy), the children were tested again. The results showed that even a short experimental sleep restriction had detrimental effects on children’s cognitive performance, whereas increasing sleep duration improved it. It has also been shown that children with neuropsychological disorders (i.e., disorders affecting cognitive processes) more frequently experience sleep disturbances than their healthy peers. These difficulties include longer sleep onset latency, more fragmented sleep, and irregular bedtimes that reduce total sleep duration. In turn, these sleep difficulties may exacerbate their cognitive impairments (see box on neurodevelopmental disorders).
	3.2 Sleep and learning consolidation
	All of these data help us understand how sleep deprivation, by reducing children’s cognitive capacities, can impair their ability to learn. However, the influence of sleep does not stop there. Once information has been encoded, the sleep that follows learning enables this knowledge to be consolidated and become less susceptible to forgetting.
	In 1885, Hermann Ebbinghaus identified one of the most well-known principles in psychology: the forgetting curve. This curve illustrates the exponential decline in memory retention over time. The more time passes, the more memories fade... By measuring his own recall performance at regular intervals, Ebbinghaus showed that forgetting is particularly pronounced in the first hours after learning: 55.8% of the syllables he had learned were forgotten after one hour, 64.2% after nine hours, 66.3% after one day, 72.2% after two days, 74.6% after six days, and 78.9% after 31 days. While forgetting follows an exponential curve, it is difficult to explain why forgetting amounts to only 2.1% between 9 hours and 1 day, compared with 6.1% between 24 and 48 hours. This inflection in the forgetting curve occurs specifically during Ebbinghaus’s sleep period. Using more robust methodologies, several studies have confirmed that when a period of sleep occurs between learning and recall, the amount of retained information is greater. Studies often employing sleep deprivation paradigms, electrophysiology, and brain imaging have shown in both animals and humans that sleep transforms a labile memory into a more stable, long-lasting one that is less sensitive to interference. Thus, even though it is not possible to learn new information while sleeping, sleep plays an active role in memory processes. Thanks to sleep, newly acquired information is integrated with existing knowledge, common elements are identified, and less relevant information is forgotten. It is therefore not surprising to observe an increase in sleep duration—particularly in deep slow-wave sleep and REM sleep—during the night following learning, nor to observe a disruption of this consolidation process in cases of sleep deprivation (for complete reviews, see 52).
	Memory consolidation during sleep is made possible by the spontaneous reactivation of brain regions involved at the time of learning. Studies conducted in rodents have shown that neurons activated during the exploration of a maze reactivate during the subsequent sleep period, as if the sleeping animal were mentally replaying its path through the maze. These activations are observed in the hippocampus, the brain region responsible for the temporary storage of new information, as well as in the cortex, where long-term storage occurs. These reactivations may occur at normal speed, sometimes in reverse order, or on a compressed timescale (up to 20 times faster). After this sleep period, rodents are able to find the maze exit more quickly. This phenomenon, known as “neuronal reactivation” or “replay,” is thought to transform a new, labile memory trace into a long-term trace that is more easily accessible and less vulnerable to interference. Sleep thus constitutes a unique physiological state in which the absence of external stimulation allows memory traces to be reactivated and consolidated. Using magnetic resonance imaging, similar reactivations during sleep have also been observed in humans. It has also been shown that increasing the amount of slow-wave activity during sleep (through mild electrical stimulation or auditory cues) can enhance learning consolidation.
	Given the techniques involved, fewer experimental studies have been conducted in children than in adults; however, existing findings support similar conclusions. In one study, researchers recorded brain activity in children aged 8 to 12 years using magnetoencephalography (a brain imaging technique) to examine the effects of a 90-minute nap on the consolidation of declarative memories (i.e., new associations between unfamiliar objects and their functions). When children learned these new associations, activation was observed in hippocampal regions. After the sleep period, the authors observed changes in activation at the cortical level, particularly in the prefrontal cortex, whereas no comparable changes were found after an equivalent period of wakefulness. They also found that the greater the amount of post-learning slow-wave sleep, the more pronounced these activations were.

	3.3 Sleep and behaviours
	In children, the manifestations of insufficient sleep can take various forms: irritability, hyperactivity, inattention, and a lowered tolerance threshold, in addition to more typical signs such as drowsiness or apathy.
	Researchers have shown that there is an association between sleep duration and different dimensions of behaviour in school-aged children, particularly self-directed behavioural problems (anxiety, depression, social withdrawal) and behavioural problems directed against others (aggressive or antisocial behaviours).
	With regard to anxiety and depressive disorders, several studies in adults highlight a bidirectional relationship with sleep. Anxiety and depression are often accompanied by sleep disturbances, and conversely, sleep problems can contribute to the development of anxiety and depressive disorders. Although fewer studies exist, similar reciprocal effects between sleep and psychiatric disorders have also been described in children. Emotional difficulties may lead to sleep problems, which in turn can intensify existing emotional or behavioural disturbances, creating a perpetual negative cycle.
	In children, lack of sleep does not manifest solely as drowsiness or reduced activity, as is often the case in adults. It more commonly presents as increased excitation and hyperactivity. In a cohort study of Canadian children, researchers found that those who slept less than 10 hours at age 2½ were four times more likely to exhibit high levels of hyperactivity–impulsivity at age 6 compared with children who slept more, independently of several other factors. Similar findings have been reported in France: children—particularly boys—who slept 10 hours or less per night between ages 2 and 5½ showed higher levels of hyperactivity and impulsivity at age 5½.

	The researchers also observed reduced activation in brain regions associated with cognitive control (prefrontal cortex), alongside increased activation in the regions underlying the emotional system (insula), and weaker connectivity between these two regions. These findings suggest that poor sleep may exacerbate the imbalance—common during adolescence—between affective and cognitive control systems, leading to increased risk-taking in adolescents. Moreover, this study also highlighted the fact that adolescents reported lower perceived competence in completing the task, relating to another cognitive psychosocial skill: positive self-evaluation (self-efficacy belief). However, it is important to note that the relationship between sleep deprivation and impaired inhibitory control may be bidirectional. Adolescents who already exhibit a greater imbalance between reward sensitivity and cognitive control skills may also experience more sleep difficulties, due to poorer emotional regulation, leading to increased anxiety, depressive symptoms, and rumination that delay sleep onset.
	Sleep deprivation also affects emotional psychosocial skills. Several studies have shown that insufficient sleep in children and adolescents is associated with greater difficulty in processing emotional information and regulating emotions. These difficulties may contribute to the development of anxiety and depressive symptoms, impulsivity, and challenges in social adjustment. A longitudinal study involving more than 1,000 children followed over six years demonstrated a link between insufficient sleep and socio-emotional difficulties (emotion regulation, anxiety and depressive symptoms) in preadolescence, particularly among girls. Sleep problems in childhood may therefore trigger cascading effects that impact emotional skills, which in turn influence social competencies.
	Cognitive and emotional psychosocial skills are essential for children’s and adolescents’ social abilities. The ability to regulate attention, exert inhibitory control, and manage emotions enables children to build constructive relationships, engage in cooperative behaviour, and adapt appropriately to social situations, whereas difficulties in self-regulation are associated with greater social rejection.
	Studies involving children under the age of 6 indicate that sleep influences the development of self-regulation skills. Sleep deprivation, in particular, reduces children’s ability to understand others’ mental states and to demonstrate empathy, which may limit their capacity to adjust in social interactions and reduce altruistic behaviour. Moreover, in 5-year-old children, sleep deprivation has been shown to reduce engagement in social interactions. Research also indicates that improving both the duration and quality of sleep can enhance relational skills. For example, following a program designed to improve the duration and quality of sleep in children with attention deficit hyperactivity disorder, participants and their parents reported, after 12 weeks, improvements in mood, emotional regulation, relationship quality, and social acceptance of the children concerned. It would therefore be particularly useful to raise awareness about the benefits of sleep within programs aimed at developing psychosocial skills in school settings.
	Le sommeil dans les troubles neuro-développementaux
	Neurodevelopmental disorders (NDDs) affect approximately one in eight children. Among these children and adolescents, sleep disturbances and disruptions of the sleep-wake cycle are among the most frequent comorbidities, affecting between 25 and 80% of the population, depending on the NDD. As in children with typical neurodevelopment, poor sleep quality or insufficient sleep has a significant impact on cognition (memory, attention, overall IQ), on daytime behaviour, leading to disturbances such as hyperactivity-impulsivity, and even on language acquisition in children with NDDs.
	Sleep disorders in children or adolescents with NDDs also have major repercussions on the health and well-being of the entire family. They have been associated with higher levels of stress, maternal depression, and family disorganization, as well as impacts on work performance and increased parental absenteeism at work. The overall negative effects of sleep and circadian rhythm disturbances on neurodevelopment are such that both affected individuals and their parents—in countries such as England and France—are calling for this issue to be made a research priority in the field of NDDs. Despite the high prevalence of morbidity and additional disability associated with sleep and sleep–wake rhythm disorders in NDDs, these conditions are often under-recognized or trivialized, and therefore left untreated, even though addressing them could help reduce the associated additional impairments.


	4. School-based interventions
	Interventions on sleep aimed at the general public are numerous, but they do not always represent the most effective lever for achieving lasting behavioural change. As a result, school-based sleep interventions—allowing all children to be reached—are increasing both nationally and internationally. These initiatives may be accompanied by experimental studies conducted through collaboration between researchers and educational teams, across different grade levels.
	4.1 Interventions in pre-elementary education (Cycle 1)
	Few interventions specifically target children in pre-primary education (Cycle 1), and even fewer have been scientifically evaluated in terms of their impact on children’s sleep–wake rhythms. In 2014, a team of American researchers developed and evaluated the “Sweet Dreamzzz Early Childhood Sleep Education Program” in a randomized study targeting families of children aged 3 to 6 years from low socioeconomic backgrounds.


	Le sommeil et les écrans
	Among the factors contributing to delayed bedtimes, increased screen use has become a central focus of attention. International studies conducted over the past ten years report that evening screen use contributes to increasing sleep debt among adolescents. Screens are present in the bedrooms of 75% of children and adolescents aged 6 to 17. Most studies exploring their effects on sleep show a negative association between screen time and both sleep onset and sleep duration: later bedtimes and reduced total sleep time. A cross-sectional study conducted in the United States on a representative sample of children (aged 6 to 17) showed that the mere presence of a screen in the bedroom at night (phone, computer, or television) was sufficient to predict insufficient sleep duration for the child’s age (Buxton et al., 2015). Another rapidly growing behaviour is the simultaneous use of multiple screens in the evening. A study conducted in Philadelphia found that adolescents used an average of four screens simultaneously after 9 p.m. (television, phone, game console, computer, etc.), and that this multitasking activity was twice as common among adolescents who sleep less than 8 hours per night.
	The impact of screens on sleep is multifactorial. Among the most frequently reported factors are delayed bedtimes due to time spent on screens, hyperarousal generated by the activity or the content viewed, as well as the effect of blue light on the circadian clock. The impact of blue light is particularly significant, as it reduces the peak of melatonin and therefore leads to delayed sleep onset and increased alertness. A study conducted with 300 Swiss adolescents showed that reducing screen use after 9 p.m. significantly increased sleep duration and reduced daytime sleepiness (see previous section). It should be noted that sleep measures in these studies are often self-reported. It has been shown that data collected through sleep diaries and questionnaires differ from objectively collected data, particularly with an overestimation of sleep duration.
	For more information on screens, the brain, and children, see the “La main à la pâte” foundation resource: fondation-lamap.org/sequence-d-activites/le-temps-du-sommeil .
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	5. Studies limitations
	It is important to emphasize that, due to the complexity of the protocols required to study sleep, studies conducted in children are fewer than those carried out in adult populations. Information on sleep habits is often collected through questionnaires or sleep diaries completed by adolescents or, for younger children, by their parents. This can lead to memory biases, particularly when questionnaires are not filled in daily, as well as social desirability bias. To avoid this, the ideal approach is to objectively measure sleep (both duration and quality) using sensors, ranging from wrist-worn actigraphs used over several days to electroencephalographic recordings conducted in hospital settings or at home. Similarly, intervention protocols involving sleep deprivation are rarely conducted in children for ethical reasons. As a result, most studies involving children are correlational in nature—that is, they examine associations between variations, such as sleep duration, and different cognitive or behavioral measures. This may partly explain why findings observed in adults are not always replicated in children.
	Finally, studies do not account for all known factors that influence sleep. This is the case, for example, for socioeconomic status, the number of children in the family, the age of siblings, parental sleep characteristics, and so on. These factors strongly influence children’s sleep habits, yet they are not always specified in studies and are therefore rarely included in meta-analyses, which limits the interpretation and strength of conclusions. It should also be noted that the children included in studies often cover a wide age range (for example, from 5 to 12 years old), even though optimal sleep duration varies considerably across this same period.

	6. Perspectives and recommendations
	Here are several forward-looking points that may foster reflection, as well as future pedagogical and research work.
	6.1. Sleep can be learned
	The implementation of appropriate behaviours cannot occur without learning. Whether it concerns diet or physical activity, publicity campaigns and awareness initiatives—particularly in schools—are well established (“Eat, move…”). However, regarding sleep, France has not yet fully taken into account the importance of this aspect of our lives for our health. As a central element of children’s living environment, schools play an important role in improving the health and well-being of all children, notably through the development of health-promoting schools, where various actions reinforce one another and contribute to reducing health inequalities. School is therefore recognized as a priority setting for interventions targeting students, as well as for engaging and reaching the broader population, since educational environments are considered by the World Health Organization (WHO) to be a hub for community-based health promotion.
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	School curricula now include health education. Article L541-1 of the French Education Code states: “Health promotion actions for pupils are part of the missions of the national education system. All members of the educational community contribute to this mission, which is primarily carried out by medical staff, nurses, social workers, and school psychologists working together in a coordinated manner. In this regard, pupils benefit throughout their schooling from prevention and information initiatives, as well as compulsory medical check-ups and screenings, which form part of their health pathway within the school system. Pupils also benefit from health promotion actions that constitute a health education pathway conducted under the conditions set out in the penultimate paragraph of II of Article L. 121-4-1. These actions notably promote academic success and reduce health inequalities.”
	Circular No. 2016-008 of January 28, 2016 further specifies that: “The mission of schools in the field of health is to: provide each pupil with the knowledge, skills, and culture enabling them to take responsibility for their own health in an autonomous and responsible manner, in line with the emancipatory mission of schools (health education is one component of citizenship education); implement, in every school and educational institution, prevention projects focused on health issues, particularly those likely to affect academic success; and create a school environment conducive to the health and academic success of all pupils.” Thus, discussing sleep in the classroom is already part of school curricula, particularly in Cycles 2 and 3, and many teachers address this topic during lessons or dedicated health education sessions. However, the tools available to them remain scarce and have not been scientifically validated.
	It is this need that led to the co-development of the educational toolkit mentioned in Section 4.2 (www.memetonpyj.fr). Although sleep is not explicitly included in middle or high school curricula, it can serve as an educational topic across various subjects, such as life and earth sciences, visual arts, or physical education. Nevertheless, it seems important that sleep be given a more explicit place in curricula, particularly in early childhood education (Cycle 1) and in secondary education.

	6.2. Sleep isn’t just a night-time affair : the role of napping
	In France, for many years, a majority of education professionals working in early childhood education (Cycle 1) have been aware of the need to address children’s need for naps. Arrangements and practices regarding sleep represent an important challenge for educational teams, who must deal with a lack of financial resources, practical constraints, and parents’ preferences. Some schools have found this balance and manage to offer a nap to all children from the youngest to the middle sections, and in some cases even to older children with specific needs. Others, due to constraints of space, staff, or number of children, are forced to eliminate naps before their spontaneous cessation at the beginning of the middle section of kindergarten, without taking into account differences in age or individual needs. Conversely, some schools have implemented mandatory naps, in which all children must participate, regardless of their individual sleep needs. Offering a nap to a child who no longer needs one is frequently associated with disturbances in nighttime sleep, whereas a nap for those who still need it does not affect nighttime sleep. Moreover, as we have seen, the effect of naps on learning is mainly present in habitual nappers, and once again, sleep responds to a need.
	(OMS, 2008)


	Even if the nap is not mandatory, its organization must allow for sufficient flexibility to take into account each child’s needs, which evolve between ages 2 and 6. Thus, it cannot be imposed on a child who does not need it, and conversely it cannot be collectively removed during the school year (it should not be forgotten that a child in the middle section born in December and one in the small section born in January will have similar physiological needs). Let’s not forget: a child who sleeps is a child who learns and consolidates what they have learned!
	The coordination of nighttime sleep and naps is particularly crucial during this transitional phase toward exclusively nighttime sleep. This cannot be achieved without frequent, bidirectional communication between parents and educational teams. And above all, let us not forget: napping does not stop overnight; this need gradually fades and, at certain times in a child’s life, may temporarily respond to sleep difficulties occurring at home (illness, stress, birth of a sibling, etc.).
	The appropriate time for a nap is at the very beginning of the afternoon, as soon as possible after lunch. Falling asleep is a crucial moment. When supported by a calm and reassuring activity (reading, music, etc.), it allows children to reduce their level of arousal and facilitates falling asleep. It is not necessary for this bedtime routine to last long, but it must help reassure the child. The time needed to fall asleep varies from one child to another; it is often suggested that a child who has not fallen asleep after 20 minutes can be allowed to get up. It is important to recall that falling asleep within 20 minutes is only possible if the child arrives calm and ready to sleep.
	As we have seen, a sleep cycle lasts about 90 minutes (not including the time to fall asleep). In kindergarten, the nap should allow for a full cycle. The environment is also important: the dormitory must be comfortable and welcoming. It is always more difficult to sleep in a group, in an unfamiliar environment. To help the child feel comfortable in their sleeping space, preparation can be made to personalize it. While silence is important in the dormitory, darkness is not necessary. Natural light will help the child distinguish between nighttime sleep and nap sleep, which will support the establishment of their circadian rhythm. The more naps are considered normal and, above all, beneficial by the educational team, the more the child will become aware of the importance of sleep. It should not be seen as something reserved for “little ones” or as a solution to behavioural problems, but rather as an opportunity to learn better. Thus, it will be important to ensure that children who sleep do not feel frustrated at having missed part of the classroom activities.
	Managing the diversity of needs is a real challenge for educational teams. Observing signs of fatigue, inattention, or hyperactivity during the day will help them adapt to the evolution of the child’s sleep–wake rhythm, as will the implementation of cross-disciplinary training. To support these practices, work on official guidelines governing naps should be undertaken. The high frequency of sleep disorders in children with neurodevelopmental disorders should also encourage educational teams to organize rest periods for these children whenever the need arises (at any age). These children should be able to benefit from rest time at the beginning of the afternoon, particularly when behavioural disorders affect the quality of nighttime sleep. These rest periods will allow these children to regain the resources necessary for learning and for interacting with their peers and the educational team.
	6.3. Paying particular attention to adolescents
	Although our discussion regarding napping is focused on children in kindergarten, its effect seems perceptible at all ages. Let us not forget that our internal temperature is a good reflection of our level of alertness, and that it shows a dip at the beginning of the afternoon at all ages. NASA even promotes it: a 26-minute nap in adults is said to increase alertness by 54%. Several large companies create work schedules based on the employee’s chronotype, in order to respect the needs of night owls and early risers, with the aim of increasing their well-being and, consequently, their productivity.
	Experiments conducted with adolescents point in the same direction: when school start times are delayed, so as to better align them with their naturally later wake-up times, their academic performance improves. International studies show strong effects of delaying schedules. A reflection at the level of middle and high schools could be undertaken to encourage this shift in school activities, favouring a later start to teaching rather than having idle periods during the day. The implementation of such a measure is nevertheless complex and would need to be tested in France, notably due to geographical and economic disparities. Changing school schedules, particularly in rural areas, implies modifying transport schedules, sports and social activities, as well as other extracurricular activities.

	6.4. The training of pedagogical teams
	Initial and ongoing training of educational teams is an essential condition for sleep to become an effective lever for learning. Cross-disciplinary and cross-level training bringing together teachers, specialised assistants of early childhood education, and activity leaders would, in addition to providing knowledge about sleep, make it possible to establish in schools, in partnership with families, a collective reflection to adapt to the specific needs of children, particularly the youngest who enter school from the age of 3.
	At the same time, pedagogical advisors and inspection bodies should be able to benefit from training enabling them to support educational teams, notably by relying on institutional framework documents.
	School nurses are regularly consulted by educational teams on the issue of sleep. They are also in direct contact with adolescents who have difficulties staying awake in class. They should be able to benefit from extended training on normal and pathological sleep, in order, on the one hand, to identify sleep disorders and their consequences on physical, psychological, and cognitive development, and, on the other hand, to propose individual or group support in connection with the school physician. In collaboration with student health services, they could also offer annual awareness initiatives within the framework of the Health-Promoting School.
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	Key takeaways
	Sleep is a fundamental element of children’s and adolescents’ development, learning, and well-being.
	It is estimated that more than 30% of children and up to 70% of adolescents do not get enough sleep.
	From the age of three, children have a sleep architecture quite similar to that of adults. Their sleep need is 10 to 13 hours every 24 hours. This includes nighttime sleep and a nap of about 1.5 hours.
	Napping is a physiological need; it depends on the child’s maturation, which is why its removal happens gradually before the age of 6.
	Early childhood sleep is associated with academic performance. Children who sleep well before age 3 have better performance at age 6.
	During adolescence, sleep need is about 8 to 10 hours. Bedtime is later due to a physiological phase delay. Because of school start times, adolescents are in a chronic sleep debt of about 2 hours per night.
	Sleep duration and quality are linked to cognitive performance. Executive functions are especially affected by sleep deprivation (planning abilities, inhibition, mental flexibility, etc.).
	Thanks to sleep, newly learned information is consolidated. During deep slow-wave sleep, neural networks activated during learning reactivate to replay what has been learned. This reactivation allows transfer of information into long-term memory.
	Sleep helps sorting: it consolidates essential information and allows forgetting of irrelevant information.
	Sleep-deprived children are not always sleepy. On the contrary, hyperactivity, impulsivity, and irritability are frequently associated with sleep debt.
	Lack of sleep leads to growth disorders and weight gain. It is a risk factor for childhood obesity.
	Sleep disorders affect between 25% and 80% of children with neurodevelopmental disorders (NDD).
	Sleep disorders worsen learning difficulties, as well as behavioral problems in children with NDD.
	Evening screen use delays sleep onset in children and adolescents.
	Sleep deprivation also impacts children’s and adolescents’ ability to use their psychosocial skills.
	Sleep deprivation does not need to be severe to cause cognitive or behavioral problems. One hour less of sleep over three nights already produces a deficit.
	Sleep deprivation in children and adolescents can be improved through good sleep hygiene. This requires them to have good knowledge about sleep in order to identify factors that promote or hinder it.
	Implementing sleep education programs in classrooms can sustainably increase sleep duration and quality.
	The importance of sleep is not sufficiently mentioned in school curricula, even though health promotion actions are part of the missions of the national education system.
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