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All of us sleep. While adults spend about one-third of their time
asleep, the younger you are, the more you sleep. However, this does

::(T;‘::;NAY not mean that children and teenagers are being lazy by spending too
SCHOOL much time in bed. In fact, not getting enough sleep usually makes
G people feel tired, less effective, and unable to concentrate. Not only
THE should you avoid these consequences of bad sleep, but you should
SCHOOL also prioritize good sleep. Good sleep restores your body and brain,
FOR and offers an opportunity for your brain to reorganize itself after a
S busy day. In this article, we consider why sleep is especially important
2_':'3 MATH for supporting memory. Your ability to learn, remember, and refine
VTG your brain is extraordinary during childhood and adolescence, so
AGES: 14.15 sleep is particularly important during these stages. We explain the

links between brain and sleep changes as you grow older, and why
sleep should be an important part of your study schedule.

As you get nearer and nearer to a test at school, sometimes it feels
like there is so much to learn in so little time. So why waste time in
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Figure 1

How we measure
sleep. (Left) We
measure the activity of
neurons, eyes, and
muscles using little
sensors. (Right) The
activity is displayed on
a computer screen as
wiggly lines. During
light non-REM sleep
(pink area) we detect
sleep spindles in the
brain activity. During
deeper non-REM
sleep—otherwise
known as slow-wave
sleep—chin muscles
relax (the line gets
flatter) and the curves
representing brain
activity get really slow
and big (slow waves).
During REM sleep (blue
area) the muscle
activity is the lowest,
brain activity gets
faster, and the eyes
start making rapid
zigzag movements.

NEURONS

Tiny nerve cells in the
brain that store and
transfer signals

and information.

RAPID EYE
MOVEMENT (REM)
SLEEP

Sleep stage in which
the eyes move quickly
and the muscles are
extremely relaxed,
often associated with
vivid dreams.

SLEEP SPINDLES

Short periods of
increased activity in the
brain that we believe
help with efficient
communication
between different parts
of the brain.
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bed when you could use that time to study? Staying up late to cram
in some extra learning time might seem a tempting thought, but sleep
is vital for your body and brain. It keeps you healthy and restores your
energy so you feel alert and active the next day. Sleep also provides a
time for the brain to remodel and refine its structure and function to
your individual needs and experiences. The sleeping brain is not only
important for general brain development but—fortunately—also does
some pretty important work on your memories. Scientists have shown
that the brain’s activities during sleep help to save new knowledge
to memory as well as prepare for new learning the next day. This
means that spending time asleep is much better than trying to pull an
“all-nighter” in the run-up to exams. While this is important throughout
life, the ability to reshape your brain and your capacity to learn is
extraordinary across childhood and adolescence, and so is your sleep
across this period.

THE SLEEPING BRAIN

The sleeping brain is not always doing the same thing. A good night's
sleep cycles through different sleep stages, determined by muscle and
eye movements, and the activity of tiny nerve cells in the brain (called
neurons). Scientists can measure this activity by placing small sensors
beside a person’s eyes, on the chin, and on the head while the person
sleeps (see Figure 1). Sometimes the neurons act very quickly and
chaotically, similar to when the brain is awake and busy. This is the case
during rapid eye movement sleep (REM), a sleep stage during which
the eyes are moving very quickly, muscles are extremely relaxed, and
the brain is engaging in very vivid dreams. The remaining sleep stages
are referred to together as non-rapid eye movement sleep (non-REM).
During light non-REM sleep, we see short bursts of brain activity called
sleep spindles (see Figure 1). During deep non-REM sleep, neurons in
the brain show slow rhythmic activity similar to gigantic waves in the
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Figure 2

How sleep changes
across the lifespan. The
older people get, the
less time they spend
asleep. Moreover, the
balance between REM
and non-REM sleep
changes during
childhood, and as
children get older, less
time is spent in deep
non-REM sleep,
so-called slow-wave
sleep (Adapted from
Roffwarg et al. [1].
Reprinted with
permission from AAAS).

SLOW-WAVE SLEEP

The deepest phase of
non-REM sleep, during
which the neurons in
the brain show slow
rhythmic activity (slow
waves), thought to be
important for the
storage of

lasting memories.
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ocean (Figure 1), called slow waves. Because of this, deep non-REM
sleep is often referred to as slow-wave sleep. Both sleep spindles and
slow waves are specialists in remodeling the brain, meaning that the
more they are present, the more the brain is being shaped.

THE BRAIN UNDER RECONSTRUCTION

As a newborn, you spent more time asleep than awake. But the
older you get, the less you sleep. It is not just the amount of
sleep that changes during development but, importantly, the balance
between different sleep stages also changes. Generally, as you grow
older, you get less and less slow-wave sleep, while the proportion
of light non-REM sleep increases (Figure 2). Scientists believe that
these changes in sleep may tell us about the brain’s potential to
reconstruct itself.

From infancy to adolescence, your brain undergoes major
reorganization and optimization to deal with your daily needs
and experiences. New connections between brain cells are built,
connections you do not need are removed, and the communication
of information along important neuron tracks speeds up. Crucially,
when a specific part of the brain is under reconstruction, the neurons
in that region show more slow rhythmic activity during slow-wave
sleep. For example, scientists in Switzerland recorded the sleep of 40
children and young adults, and also measured their performance on
certain tasks [2]. Interestingly, they found that sleep slow waves were
most powerful in the brain region responsible for the skills participants
were learning at each age, and the slow waves in those brain regions
got weaker once the skill was better developed. For instance, in
late childhood when children get really good at performing complex
movements, like riding a bike—maybe even hands-free—slow waves
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NEOCORTEX

The outer layers of the
brain that are thought
to store knowledge for
the longer term.
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were most powerful in the brain region responsible for performing
movements. The scientists also saw this optimization in the brain’s
structure when the participants went in the brain scanner: the brain’s
outer layer, the neocortex, was thinner in these regions, reflecting
‘fine-tuning” of the brain to perform tasks more efficiently. These
relationships between slow waves, skills, and brain structure lead
researchers to think that looking at slow rhythms during sleep might
help us to learn how the brain is developing.

Unlike slow waves, which decline as the brain matures, the sleep
spindles that characterize light non-REM sleep get more numerous
and faster throughout childhood and adolescence. Some scientists
think that the speeding up of sleep spindles during childhood
and adolescence reflects faster and more efficient communication
between different parts of the brain. In one of our studies, we found
that children who showed the biggest increases in the number of
spindles over a seven-year period performed better on tests of general
mental ability at ages 14-18 [3]. Unfortunately, we do not yet know
exactly how spindles are helping brain development, and this is an
exciting area that scientists are still trying to understand.

SLOW AND STEADY WINS THE RACE

By looking at sleep, we can understand how the brain changes
as children grow older and learn new skills, like riding a bike.
However, sleep performs another important task. It helps you to
form long-lasting memories of new facts, like information you learn
at school.

Lots of experiments have shown that sleep can help you to remember
the new things that you learn. Some studies have even shown that
memories can get better with sleep, without any extra studying! For
example, researchers at the University of York taught 7- to 12-year-old
children new words in either the morning or the evening [4]. When
the researchers tested the memory of the children 12 hours later,
those who had learned in the evening and then gone to sleep could
remember more words than the children who stayed awake all day. In
fact, they could recall more of the words than they could before they
went to bed. How can that be?

Scientists believe that the brain has two different learning systems, a
fast one and a slow one. These two learning systems can be thought
of like the slow tortoise and the speedy hare in the old fable. In the
tale, the hare speeds off very rapidly in his race against the tortoise.
Pleased with his progress and confident of winning, he takes a nap
midway that allows the slow and steady tortoise to overtake and win
the race. One learning system in the brain works like the speedy
hare: it helps you to learn new information very quickly during the
day and gives the information a head start in memory. However, the

kids.frontiersin.org April 2020 | Volume 08 | Article 51 | 4


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.00051
https://kids.frontiersin.org/article/10.3389/frym.2020.00051
https://kids.frontiersin.org/article/10.3389/frym.2020.00051

Figure 3

How slow-wave sleep
helps with memory
storage. The
hippocampus (brown),
a small structure deep
in the brain, is the fast
learning system that
helps to quickly acquire
new knowledge. To
make sure that these
new memories are
safely stored in the
brain, the hippocampus
communicates them to
the slow-learning
neocortex, the outer
layers of the brain
(green), during sleep.
By acting out a
sequence of slow
waves (green line),
sleep spindles (pink
line), and fast waves
(brown line) the two
regions talk to each
other, allowing new
information to become
strengthened and
linked to older
knowledge already
present.

HIPPOCAMPUS

A brain structure deep
inside the brain that
helps to support fast
learning of

new information.
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second learning system is much slower and wiser, like the tortoise, and
carefully links the new information to things that we already know.
This slower learning system wins out in the long-term, helping you
to remember new information in the future. Much like in the tale, the
“tortoise” memory system can take over when you give your brain an
opportunity to sleep.

Studies show that a region deep in the brain (the hippocampus) gets
the head start in learning like the speedy hare, while the outer layers
of the brain (the neocortex) act like the slow tortoise (see Figure
3). During slow-wave sleep, the speedy hippocampus repeats the
information it has learned during the day and communicates it to
the slow-learning neocortex. Many scientists think that the brain is
acting out a very specific sequence of slow waves, sleep spindles, and
very fast waves in the hippocampus, which allow the two learning
systems to talk to each other. This communication strengthens fragile
memories for the longer term and links them with older knowledge
already stored in the neocortex [5]. Scientists in Belgium showed that
this memory-strengthening process can happen even during a nap
[6]. They taught children aged 8-12 some “magical” meanings for
made-up objects (for example, one object could see through doors,
another object could stop the rain), and then tested their memory
for these associations while measuring brain activity. Immediately
after learning, the hippocampus responded to the learned meanings.
Half the children then took a 90-min nap, whereas the other half
stayed awake. In a second memory test, only children who had slept
showed greater brain activity in the neocortex when remembering the
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meanings. So, even after a short nap, the slow tortoise system can win
the memory race.

SO SLEEP TIGHT, WAKE UP BRIGHT!

Now you know that sleeping definitely is not a waste of time. Rather,
sleep allows your memories to become as good and long-lasting as
possible. Sleep is essential for allowing your brain to reorganize as you
grow up and experience the world, and for helping you to remember
all the new things that you learn. In the long run, children who get
more sleep perform better at school, and even do better in exams
than children who stay awake late to do extra studying [7]. So, be sure
to make sleep an important part of your study schedule, and let your
brain do the hard work while you relax for the night.
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