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THE ADOLESCENT BRAIN IS LITERALLY AWESOME
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The human brain undergoes a long period of development. While

the brain is changing dramatically in childhood, there are also

changes during the second decade of life that make this period,

known as adolescence, awesome. Adolescents have brains more

capable of change than adults and, unlike children, adolescents

have a greater ability to actually shape the brain’s development.

Heightened information processing abilities and social sensitivity

during adolescence also make this a time of increased ability

to navigate our complex social world. This article discusses

how current research on brain development can be used to

empower adolescents as capable learners of the world around

them. We make recommendations on how educational settings can

nurture brain development and optimize the learning environment

during adolescence.
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INTRODUCTION

The adolescent brain is awesome, and here we explain why.
AWESOME

Inspiring great
admiration,
apprehension, or fear.

Adolescence is the period of life that often begins with changes in
the body related to puberty. But the brain is also changing during this
time, and continues to change even after we finish puberty—well into
our twenties [1]! The changes in the brain are reflected in the changes
in behavior that we can often see during adolescence, such as the
desire to explore, form new relationships, and navigate our changing
social world.

BRAIN STRUCTURE CHANGES DURING ADOLESCENCE

Researchers use a technique called magnetic resonance imaging

MAGNETIC

RESONANCE

IMAGING

A way to scans the
body to take pictures of
its inside, like the brain.

(MRI), which uses magnets and radio waves, to take photos of the
brain while a person is lying inside what looks like a giant donut
(Figure 1). MRI studies can show us how the human brain changes
in its structure (anatomy) and organization (how it is linked up)
across adolescence.

The brain is composed of many parts, but here we focus on the tissues

CEREBRUM

The front part of the
brain, which is involved
with thought, decision,
emotion,
and character.

of the cerebrum, which is the largest part of the brain (Figure 2A).
The cerebrum is made of two kinds of tissue, called gray matter and
white matter. The gray matter, which is made of brain cells called
neurons and their connections, can be found on the outside of the

NEURON

A nerve cell.

cerebrum (called the cortex), as well as deep inside the cerebrum.

CORTEX

The outer layer of the
cerebrum, composed
of folded gray matter.

Gray matter contains most of the neuronal cell bodies and makes
up regions of the brain that are essential for muscle control, sensory
perception, decision making, and self-control. Gray matter decreases
during adolescence, by about 1.5% a year ([1]; Figure 2B). However, this
decrease is not a bad thing! The decrease in gray matter is thought to
be related to the fine-tuning of connections between brain cells, and
also related to the increase in the other tissue in the cerebrum: the
white matter.

The white matter of the cerebrum is found under the cortex, and is
made of long fibers of neurons, called axons, that send the signals that

AXON

A long thin part of a
neuron that sends the
signal from one end of
the neuron to the
other end.

connect together di�erent parts of the brain. White matter increases
in early adolescence but seems to be stable by the mid-teens (Figure
2C). The increase in whitematter is thought to be related an increase in
the speed of signals sent between brain cells. Anatomical illustrations
of gray and white matter are shown in Figure 3.

HOWDOES BRAIN ORGANIZATION CHANGE DURING

ADOLESCENCE?

Researchers can also use MRI to see how the brain is organized, in
terms of how di�erent parts of the brain are connected. Because the

kids.frontiersin.org June 2020 | Volume 08 | Article 75 | 2

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.00075
https://kids.frontiersin.org/article/10.3389/frym.2020.00075
https://kids.frontiersin.org/article/10.3389/frym.2020.00075


Mills and Anandakumar The Adolescent Brain Is Awesome

Figure 1

Figure 1

(A) A magnetic
resonance imaging
(MRI) machine looks
like (B) a donut.

Figure 2

Figure 2

(A) An image of a
section of a human’s
cerebrum, obtained
using MRI. The view is
as if you were looking
from the top of the
head down into the
brain. The gray
squiggles that curve
around the white areas
are gray matter of the
cortex, and the white
areas are the white
matter. (B) The amount
of gray matter in the
cortex decreases
during adolescence. (C)
The amount of white
matter in the cerebrum
increases during
adolescence. In both B
and C, each dot on the
graph represents the
brain measure of one
individual at one time,
as acquired with MRI.
Dots are connected to
show the
measurements
gathered from one
individual. Data was
collected in four
di�erent research labs,
and the average of the
data at each site is
shown with the four
bold lines (figure
adapted from Tamnes
et al. [2] and Mills et al.
[1]).

brain is changing so much in adolescence, its organization can be
influenced by what we do, our experiences, and the environments
we live in. The brain is a large network—di�erent regions of the brain
communicatewith each other as a person performs di�erent functions
or behaviors, such as thinking about other people or moving around
in the world. These brain communication patterns can be studied
using a slightly di�erent technique, called functional MRI (fMRI). This
technique examines the amount of oxygen in the blood flowing
throughout the brain as a measure of brain activity. When di�erent
regions of the brain show similar patterns of brain activity, they are
said to be functionally connected.

Typical behaviors that we see during adolescence, such as thinking
about other people and making decisions, have been seen to relate
to certain patterns of brain activity between functionally connected
regions in the brain. Not every adolescent has the same brain
organization, and not every adolescent engages in typical adolescent
behaviors. The way individuals di�er in their patterns of brain activity
can relate to di�erences in behavior.
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Figure 3

Figure 3

A silhouette of a
girl with an image of
the human brain
overlaid to illustrate
another view of the
human brain. In the
middle is a drawing of a
cross-section of the
human brain, showing
the white matter
underneath the cortex.
The white matter tracts
make up the white
matter, with one set of
white matter tracts
(called the corona
radiata) illustrated. A
drawing of the cortical
column of a developing
human is illustrated in
the yellow box. This
drawing shows how
neurons are arranged in
the cortex, but cortical
gray matter volume
also includes many
cellular components
not seen here,
including glial cells and
blood vessels. These
drawings were
obtained from two
repositories of free-use
images: WikiMedia
Commons and Pixabay.

One example of a behavior that changes during adolescence is called
temporal discounting preference. This behavior has to do with how

TEMPORAL

DISCOUNTING

PREFERENCE

An individual’s
preference for whether
they would choose a
smaller sooner reward
or be willing to wait for
a larger later reward.

long we are willing to wait for rewards, particularly whether an
individual will choose a smaller reward that is available immediately,
or a larger reward that he or she must wait for. We studied how this
preference changes in the transition into adolescence. We found that
patterns of brain activity that link together regions of the brain involved
in controlling our behavior to regions of the brain involved in valuing
things in the world related to an individual’s temporal discounting
preference [3]. While there might be the stereotype that adolescents,
in general, do not have the patience to wait for a larger reward
when a smaller reward is immediately available, our study found that
individuals di�er in their behavior, and this di�erence is related to an
individual’s brain organization.

Brain imaging studies have shown that the brain reorganizes in
adolescence. Because our brains are changing so much, our
experiences in adolescence can help shape the brain’s organization.
By engaging in certain patterns of behavior, we are making certain
patterns of brain activity stronger. This makes leaps in intellectual and
emotional development possible during adolescence.

WHY THE CHANGING ADOLESCENT BRAIN REPRESENTS A

UNIQUE OPPORTUNITY

Changes in the brain’s structure and organization during adolescence
are greater than what we see in adulthood, but less than what we
see during infancy and childhood. But, unlike childhood, adolescence
is a time when we have a greater ability to actually shape how
our own brains are developing. This is because we can understand
more about ourselves and the world, we are more motivated and
engaged, and we have an increased ability to make choices that
can impact the changing brain. This is what makes the adolescent
brain awesome.
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Some of the brain’s abilities that increase during adolescence include
abstract thinking, considering many points of view, and being able
to think about the process of thinking. Some research suggests that
adolescents even have a greater capability than adults and children
to solve problems in new and creative ways due to their ability
to think about di�erent concepts at the same time [4]. The brain’s
abilities that are already present during adolescence can be used
to encourage further healthy brain growth, but this requires giving
adolescents the freedom to make their own choices. For example,
encouraging adolescents to set their own goals will encourage
the brain activity involved in forming self-identity and considering
long-term consequences. Adolescents are often quite concerned
about how they are perceived by their peers. While this aspect of social
sensitivity is often talked about as a negative aspect of adolescent
behavior, it can actually be a positive when the social environment
is healthy [5]. Another example of social sensitivity that increases
during adolescence is concern with larger social structures and world
events [6]. Adults, who often have a greater ability to change the
social environment than adolescents, should work toward giving
adolescents more opportunities for positive brain growth.

WHAT CAN YOUR TEACHERS DO TOOPTIMIZE THE

LEARNING ENVIRONMENT OF ADOLESCENT

STUDENTS?

Because the brain can be so easily shaped during adolescence, it
is important for teachers and parents to nurture the developing
brain. Optimizing the school learning environment is one of the
most e�ective ways to support adolescents. What we know about
the developing brain is that, compared with younger children,
adolescents have a greater ability to understand more complex
topics. Understanding what is happening in their own brains can
help adolescents impact their own development. One way this
can be done is through integrating developmental topics, such as
decision-making, drug addiction, conflict resolution, and educational
planning in the school curriculum. Here are some other ways to
optimize the school learning environment. Consider sharing themwith
your teachers!

MAKE LEARNING COLLABORATIVE AND DIVERSE

Rather than ignore the motivation to socialize during adolescence,
teachers can utilize this social motivation by encouraging group
discussions and engagement among students. Asking for student
advice and feedback on classroom activities can help students feel
interested and more involved in the learning environment. Including
students from di�erent grades could help students learn new skills
and see the project from di�erent perspectives as students from
di�erent age groups can contribute di�erent skills to a discussion
or project.
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CHANGE CLASSROOM ENVIRONMENT

Think about your classroom. How are the tables and chair arranged?
Are they in straight long rows or are they in small circles? It might feel
socially isolating to sit in long rows and only be able to see classmates
from the back or side. This type of arrangement of the desks and/or
the chairs can be changed to welcome collaboration and learning.
Consider asking your teacher if they are open to experimenting with
trying new arrangements like small circles. In addition to respecting
the inherent social motivation of adolescence, rearrangement of
classroom furniture can help with social anxiety, because it might be
easier to reach out and talk to other students in the group.

FOSTER INDEPENDENCE

Teachers can foster independence in the classroom by allowing
students to lead the way. This could include allowing students to
come up with a part of the syllabus or the guidelines for a project.
Allowing students to explore what they are interested in will drive
learning. When students are able to create their own guidelines
and overcome di�culties through hard work and collaboration, they
will be more prepared to take on new challenges and thrive in
di�cult situations.

INTERACTWITH THE COMMUNITY

The typical classroom environment might be too artificial and
structured. Students should be encouraged to collaborate with the
world outside of the classroom. Community-based field trips might
help students to apply things they have learned in class to the real
world. This complements the increased sensitivity to one’s own social
world that happens during adolescence.

WHAT DOES THIS MEAN FOR YOU?

Adolescence is a period of rapid growth, development, and learning.
This presents a unique opportunity for adolescents to have a greater
ability to actually shape the brain’s development. We can make certain
patterns of our brain activity stronger by engaging in certain types of
behaviors. One of the ways you can engage in your own development
is by learning and understanding what is happening in your own brain.
Awesome, right?
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