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Puberty is a normal part of development, but it is also different for
everyone. For some teenagers, puberty comes earlier than for others,

BENJAMIN and for some it goes faster than for others. Because of this, kids of

AGE: 11 the same age can look very different from each other—their bodies
are growing at different rates. However, researchers have discovered
that puberty not only changes your body, but also your brain. This
is because puberty involves changes in hormones that also attach to
your brain cells and change how the brain learns and grows. These
changes are useful because they help shape the brain for new forms
of learning. They might also lead to some “bumps in the road”—for
example, you might take some risks that do not quite work out. In
this article we explain what puberty does to the brain, and why these
brain changes are important to prepare you for adulthood.

Puberty is a normal part of development that happens in the early
teenage years. When you think of puberty, you might think of zits, body
odor, and hair growth—among many other, sometimes awkward body
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Figure 1

A brain cell and all its
parts. The box is a
zoomed in view of how
hormones can attach
to receptors in or on
the cell. In blue is
myelin, a protective
sheet that wraps
around the axon and
allows the signals to
travel faster.

HORMONES

Small messengers that
travel in the
bloodstream to various
parts of the body.
Testosterone and
estradiol are two
hormones that are
important for puberty.

RECEPTOR

A structure in or on a
cell that a hormone or
other messenger can
attach to.
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Figure 1

changes—but do you know what happens in your body to cause these
changes? The brain signals the body to start puberty by passing along
messages in the form of hormones. Hormones are small molecules
made by your body that travel in your bloodstream to various parts
of the body, including the brain. Hormones are important for passing
messages over long distances in your body, so that different organs
can communicate with each other. When a hormone reaches its
destination, it attaches to what is called its receptor on or in a cell (see
Figure 1). This triggers a response in the cell that can influence the
cell's behavior and even its survival. How the cell responds depends
on the type of cell and type of hormone.

Hormones are really important for kicking off the process of puberty.
This is because puberty starts when the brain signals the body to make
more of certain hormones. Figure 2 explains how this works.

Testosterone and estradiol are two important hormones that cause a
lot of the body changes that people associate with puberty. Levels of
testosterone increase much more in boys, while estradiol increases
more in girls. Testosterone can, for example, travel to the hair cells,
leading to darker and thicker hair, and hair growth on the underarms
or face. Estradiol is important for breast development in girls. Both
testosterone and estradiol are also important for fertility, making it
possible for people to have children.

The age at which this whole process happens varies a lot from
person to person. On average, girls tend to start puberty around age
10, while boys start a year later. Part of the individual differences
are based on genes, but they are also partly related to experiences
earlier in childhood. For example, children who have been through
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Figure 2

This figure shows how
a signal from the brain
leads to increases in
puberty hormones. It
starts in a brain region
called the
hypothalamus. That
makes a hormone
called GnRH, which
travels to the pituitary
gland, a small organ at
the bottom of the
brain. In the pituitary
gland, other hormones
are made (LH and FSH).
They then travel to
your sex organs (these
are testes in male
bodies and ovaries in
female bodies), which
make testosterone
and estradiol.

DENDRITE

The part of the brain
cell that receives

signals from other cells.

AXON

The part of the brain
cell that sends signals
to other cells.
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a lot of stressful times early in life tend to go through puberty at an
earlier age.

HORMONES CAN CHANGE HOW THE BRAIN IS ORGANIZED
AND HOW BRAIN CELLS BEHAVE

Hormones like testosterone and estradiol can attach to your brain
cells. A brain cell looks different from cells in other parts of the body: it
has a cell body, but also has parts that look like wires sticking out (see
Figure 1). A brain cell often has many shorter “wires,” called dendrites,
for receiving signals from other cells. These cells also have one longer
“wire” called an axon, which sends signals to other cells.

There are two main ways that hormones can influence your brain
cells [1].
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AMYGDALA

A small region near the
bottom of the brain
that is important for
processing emotions
like fear.
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First, hormones can influence how the brain is organized, and these are
changes that take some time to occur. Changes in brain organization
can include changes in the number of cells, or changes in the size
and shape of dendrites or axons. Testosterone, for example, influences
the development of new cells in a brain region called the medial
amygdala. Because boys make more testosterone during puberty, this
region becomes bigger in boys than girls [2]. This was found in animal
research, but studies on humans that looked at hormone levels and
the size of the amygdala suggest it works the same in humans.

Second, a hormone can influence the way that brain cells become
activated in response to a situation or environment. Hormones might
help or prevent a cell from exchanging signals with other cells. This can
also lead to long-term changes in brain cells. For example, the levels
of testosterone in mice (and humans) increase during a competition
or fight. One study showed that mice who win a fight develop more
receptors for testosterone in brain regions that are important for
reward and social behavior [3]. These new receptors might also change
the behavior of the mouse in the next fight. This shows a process
where experiences, like winning a fight, and hormones work together
to shape brain development. This process is especially important
during puberty, when the hormone levels are higher than during
childhood and the brain is still developing.

There is still a lot we do not know about how hormones influence
the organization and actions of brain cells in humans. We do
know that these effects are different in some ways between boys
and qirls, and between regions of the brain. Researchers are just
starting to figure out how the hormone-related changes in the
brain are important for behavior and learning, so there are a lot of
unanswered questions.

PUBERTY MAY MAKE IT HARDER TO LEARN SOME THINGS,
BUT EASIER TO LEARN OTHERS

Children can learn certain things better than teenagers or adults can.
For example, young children are particularly good at learning new
languages. It becomes much harder to learn a second language after
a person is 9-11 years old. This is probably because of changes in the
way the brain processes speech and other language information. One
study looked at the role of puberty in these changes. The researchers
let children listen to speech from a fake “alien” language and studied
how the brain tried to make sense of this [4]. The activity in several brain
regions important for language changed as children got older. Activity
in some of these language-related brain regions was also lower for
children who were further along in puberty. This suggests that puberty
might play a role in the brain’s changing responses to language.
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STRIATUM

An area in the middle of
the brain that processes
rewards and feedback.
Itis called the striatum
because the alternating
types of tissue there
make it look striped.
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However, puberty might open a window for other types of learning.
It might bring opportunities for learning about yourself and learning
social and emotional skills that prepare teenagers for adulthood. The
brain might change during the teenage years in ways that support
such learning. For example, one important part of learning new skills
is responding to feedback—that is, how your brain uses information
telling you whether or not you have gotten the right answer. One
study of over 200 children, teenagers, and adults looked at how
the brain responds when learning from feedback. How well people
learned from feedback was related to activation in different parts of
the striatum, a key brain region for learning. Some parts of the striatum
were more active in teenagers than in children or adults, suggesting
that people might learn from feedback differently during their teenage
years [5].

Another important part of learning new skills requires exploration and
risks, like sharing information about yourself, trying out a new hobby
that you might not be good at, or trying to talk to someone you have a
crush on. Deciding to take a risk might be more likely when you think
you have something to gain—like a reward. Scientists have seen that
part of the striatum also activates when a person receives rewards,
including food and money. One study of people ages 8-27 focused
on this brain region. The researchers found that people who were
further along in puberty and people who had more testosterone in
their bodies showed more activation in this part of the striatum when
winning a reward. This suggests that hormones may be important for
making your brain more sensitive to reward during puberty [6].

These studies show that the way the brain responds to feedback and
rewards changes around puberty. This may encourage teenagers to
learn more about themselves and others, supporting self-discovery
and personal growth. However, these brain changes might also be
related to the reality that certain mental health problems and drug
addictions tend to develop during the teenage years. For example,
if teenagers are more sensitive to rewards, they might also be more
sensitive to the rewarding feeling from taking alcohol or a drug. Also,
kids who go through puberty earlier or faster than their peers can have
more mental health struggles, which researchers think could be partly
due to hormones having a different impact on their brains—but more
research is needed to see if that is true. Most kids go through puberty
without any mental health problems, and researchers are studying
ways to encourage positive outcomes for even more kids.

CONCLUSION

Puberty is a time of great change, including changes that might be at
times awkward, confusing, or overwhelming. Some of these changes
come from the actions of hormones on cells throughout your body,
including your brain. Hormones can influence your brain in the long
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term by directly changing how it is organized, or by changing how
it responds to certain situations. These changes might be important
for opening up new opportunities for learning that prepare teenagers
for adulthood, although the same brain changes might also close
windows for other types of learning that happen earlier in childhood.
Schools might be able to take advantage of these brain changes
in their students, for example by creating opportunities for positive
forms of exploration and risk taking. Learning is more than maths and
reading—making decisions that help us to better understand ourselves
and others is another important kind of learning that the brain might
be especially sensitive to during puberty.
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