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Imagine an expert piano player’s hands as they fly across the

piano keys. Have you ever wondered how it is possible to control

such complicated and precise movements? The brain controls our

movements and processes all the information we receive from the

entire body as we interact with the world. We performmany complex

movement-related tasks, and our brains manage them all the time

without us even noticing! To manage the whole body e�ciently,

the brain is organized so that specific brain areas control or gather

information from specific body parts. The parts of the body that

perform themost complex tasks are assignedmore space in the brain.

Can you think of a body part that is responsible for very complex

movements?What would happen in your brain if you could no longer

move that body part?
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THE BRAIN IS ORGANIZED FORMAXIMUM EFFICIENCY

Our brains interpret the world around us, think, imagine, control our
movements, and much more (see this Frontiers for Young Minds

article). This seems like a lot of work for one small organ! How can the
brain control so many di�erent tasks? The best way to deal with many
duties is to distribute the work, and this is how the brain does it (read
more here). Specific parts of the brain are responsible for processing
what we see, controlling how we speak, regulating how we move,
and so on. In a busy o�ce building, people who need to speak to
each other regularly will often have their desks near each other, but
people who have very di�erent jobs and tasks can work on separate
floors. It would not make sense for members of the same team to
go up and down the stairs all day when they could just sit together!
Putting people with similar tasks near each other allows them to work
faster. The brain uses a similar strategy. Similar brain functions are
controlled by brain regions that are close to each other. This means
that the brain regions that often work together can communicate
quickly and e�ciently.

THE BRAIN’S MOVEMENT CONTROL CENTER

Several brain areas are involved in movement, and the motor cortex
MOTOR CORTEX

Brain area involved in
planning, controlling,
and performing
movements.

is a very important one (Figure 1). Cortex means “bark,” like the bark
of a tree. Just like tree bark, the cortex is the outer layer of the brain.
“Motor” means movement, so the motor cortex is the part of the brain
that tells the muscles to move the body. Think of all the movements
you make when you play an instrument or a sport—the brain must
control many muscles all at once (read more about it here)! This is
quite a complex task for themotor cortex. How do you think it handles
this problem? Just like the entire brain is organized by function, the
motor cortex is organized so that certain locations control certain
body parts (Figure 1). One half of the body is represented in one half

Figure 1

Figure 1

The motor cortex (red)
and somatosensory
cortex (blue) are
located in the central
part of the brain,
stretching from ear to
ear. Both are organized
so that each part of the
body maps to a specific
part of each cortex. In
the cross-section on
the right, the cartoon
person shows the
approximate location
of each body part and
the brain space it takes.
Body parts with more
complex functions, like
the hands and mouth,
have a bigger
representation in the
brain than parts with
simpler functions, like
the feet.
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(hemisphere) of the brain, while the other half is represented in the

HEMISPHERE

Literally, half of a
sphere. The brain is
divided into two almost
symmetric halves,
called brain
hemispheres.

other hemisphere. Interestingly, the right hemisphere controls the left
side of the body and the left hemisphere controls the right.

The somatosensory cortex (Figure 1) is also very important for

SOMATOSENSORY

CORTEX

Brain area responsible
for sensations of touch,
pain, temperature, and
body position, which
come from our skin
and muscles. “Soma”
means body, so these
are body-related
sensations.

movement. “Soma” means body, and “sensory” refers to sensations
that help us understand and interact with the world around us, like
touch, temperature, and pain. For example, we can feel cold snow on
our handswhenwe touch it, or feel pain if we fall and scrape our knees.
And if we close our eyes and move our bodies, we still know where
our arms and legs are, even if we can not see them. These sensations
come from sensory receptors, located in the skin and muscles, that

SENSORY

RECEPTORS

Structures that receive
somatosensory
information from the
skin and muscles and
send it to the brain.

measure what we feel and send this information to the brain. So,
the somatosensory cortex is the part of the brain that processes
and interprets sensations coming from the body. The motor and
somatosensory cortices are strongly connected and communicate
constantly. Their communication must be very e�cient because every
movement causes somatosensory sensations, and these sensations
a�ect how we move next. The organization of the somatosensory
cortex is similar to that of themotor cortex—specific locations process
the sensations coming from certain body parts.

THEHOMUNCULUS: AMAPOF THE BODY IN THE BRAIN

To control the body, the brain must tell specific body parts to move.
To help with this, there is a “map” of the body in the motor cortex.
Body parts that are attached to each other, like the hand and arm,
are positioned near each other in this brain map. But this e�cient
organization does not end here. Do you use all your body parts equally,
or are some parts capable of more precise actions? Think about your
hands and feet, for example. Could you thread a needle with your
toes? Some body parts have more di�cult jobs, so they require more
brain resources. The brain assigns bigger areas for tasks that are more
demanding. As a result, the area of the brain corresponding to the
hands is bigger than the area corresponding to the feet. The bodymap
in the brain does not match the physical size of each body part, but
instead matches how important and precise each body part’s job is.
If we drew each body part with a size proportional to the space it is
assigned in the brain, the resulting picture would be a strange-looking
body with very large hands and very small legs. This figure is called a
homunculus [1], which literally means “little person” (Figure 2).

HOMUNCULUS

Means “little person”
and refers to the
representation of the
whole body in the
brain, based on the
complexity of
movement
or sensation.

The somatosensory cortex also has a homunculus organization. The
parts of the cortex that control the movement of a specific body part
and feel sensations from that part are close together, so they can
communicate quickly. For example, the hand area of the motor cortex
is right next to the hand area of the somatosensory cortex. Like the
motor homunculus, the sensory homunculus also has very big hands.
This is because we havemany sensory receptors in our hands since we
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Figure 2

Figure 2

The motor homunculus
is the name for a “little
person” represented by
the brain areas assigned
to each body part in
the motor cortex. Body
parts, like the hands
and mouth, that are
required to make very
complex and accurate
movements are given
more brain area. That is
why the homunculus
looks di�erent from an
actual human body,
with very big hands and
mouth and small feet. explore theworldmorewith our hands thanwith our feet. Allmammals

have a similar brain organization that matches the use of their body
parts. For example, mice explore the world with their whiskers, so they
have a large brain area dedicated to them [2].

WHY IS THE HOMUNCULUS ORGANIZATION USEFUL?

The collaboration between senses and movement is very important.
Try closing your eyes and lifting a bottle full of water. Then do the
same, but with an empty bottle. The muscle force needed will be
di�erent, but you can quickly adjust to the right amount of force just
by feeling the bottle. This is because themotor and sensory homunculi
are a great team and talk to each other constantly. Your motor cortex
sends instructions to your muscles to wrap your fingers around the
bottle. When your hand touches the bottle, sensory receptors in your
hand record information about the sensations and send it to the
somatosensory cortex. The hand area in your somatosensory cortex
processes the information and sends it to the hand area in the motor
cortex. This information helps you decide how much to squeeze or
release. This happens so quickly you do not even realize it, which is
really important for fast and accurate control of your movements. In
some people with motor disabilities, the communication between the
sensory and motor cortices does not work very well, which makes
every movement more di�cult.

We mentioned that the homunculus has very big hands. Can you
imagine another body part that will be very big in the homunculus?
Think about the importance of your mouth for speaking and eating.
Even just by imagining your mouth, the mouth area in your brain is
activated—you can activate your motor cortex just by thinking about
moving! For example, if you play with a ball and touch it with your
hands, the hand areas in your brain will activate. Later, if you think
about touching the ball, the same brain areas will activate even if
you are not touching the ball (Figure 3). When you just imagine the
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movement, other parts of the brain get involved to prevent your
muscles from moving.

Figure 3

Figure 3

When you use your
hands or feet, di�erent
areas of the brain will
activate. If you touch a
ball with your hand like
the volleyball player,
the hand area in the
opposite brain
hemisphere activates. If
you touch a ball with
your right foot like the
soccer player, the foot
area in the left brain
hemisphere activates.
The same area of your
brain that activates
while hitting the ball
with your hand or foot
also activates when you
think about hitting the
ball with your hand or
foot, as you can see on
the right side. The brain activation that happenswhenwe imaginemovements is very

powerful because it helps us learn and it can even speed up recovery
from motor impairments, like those caused by a stroke (read more

STROKE

Reduction of the blood
supply to a part of the
brain causing damage.

about it in this Frontiers for Young Minds article). A stroke occurs when
a part of the brain gets damaged because a blood vessel supplying
oxygen and nutrients is blocked or damaged. If a stroke occurs in
part of the brain which controls movement, this may result in inability
to move some body parts. If this damaged brain area is on the left
hemisphere, the right side of the body will be impaired and vice versa.
If the hand and/or the leg area is a�ected the corresponding body
part will be a�ected. Knowledge about the homunculus can help
doctors design therapies to train specific parts of the body after brain
injury or stroke (see this article) and can help neurosurgeons plan
brain surgeries.

The homunculus not only helps us to control our own bodies, it also
helps us to understand the movements of other people. When you
see someone moving, you can imagine what it feels like, because we
all have a similar homunculus. When you see someone moving their
hand, the hand area in your brain will also activate. This helps us to
copy the movements of others and to learn by watching. It also makes
us feel more socially connected because if you see someone scrape
their knee, you can imagine how painful it is and come to give them
a hug.
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CAN THE HOMUNCULUS CHANGE?

The homunculus is so important and similar across people that it is
already present when we are born [3]. But this does not mean it cannot
change. The homunculus can adapt when we need to use our bodies
di�erently. We can see an example of this in a person who loses their
whole hand in an accident. Scientists found that the motor area that
normally activates during hand movements becomes active during
arm movements instead [4]. So, it looks like the homunculus’s arm
gets bigger and its hand disappears, since there is no hand to control.
But this process can also be reversed! Sometimes, a person who has
lost a hand can have a replacement surgically attached. Thanks to this
very special operation and a lot of training, the person can learn to
control the new hand fairly well. The homunculus’s hand area, which
was taken over by the arm area, can again become active during
hand movements. So, our brains have an amazing ability to adapt
to meet the changing needs of our bodies. This is known as brain

plasticity. We still have a lot to learn about how brain plasticity works,
BRAIN PLASTICITY

The brain’s ability to
change and adapt as a
result of experience.

but it is good to know that our brains are capable of such impressive
changes with training and practice. You have probably heard many
times that “practice makes perfect”. That saying refers to howwe learn
and improve our skills due to brain plasticity. So, if you want to learn
a new skill or recover from an injury, the best thing to do is train
and practice!

In summary, the functions of the brain are organized in space, so they
work together at their best. Functions related to body movements and
sensations are localized in specific areas of the brain depending on
the specific area of the body involved. The homunculus is a way to
describe how the body is represented in the brain. This representation
may change due to brain plasticity, which is critical for learning new
motor skills and recovering from injuries.
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YOUNG REVIEWERS

B.D. BILLINGHURST MIDDLE SCHOOL, AGES: 10–13

This review was conducted with 7 classrooms and 2 teachers at B.D. Billinghurst

Middle School. Teacher 1: 6th period is a bunch of science wizards who loved the

article. Fifth period will never sleep again after seeing the Homunculus. Teacher 2:

4th period is a classroom of people that like to learn about science. Fifth period

really loved the brain presentations. Sixth period thanks you for teaching us about

adaptation. First period is smart with big brains. Second period is a good class and

we had fun reading.

NISHANTH, AGE: 9

My name is Nishanth. I plan to become the owner of an electronics manufacturing

company called Bradis. I keep thinking about future improvements that I will make

to my venture. I like to draw these products and also other things like hotels, bullet

trains, etc. And I also like to play withmy father. We call it “Pretend Play” and it is about

either my father coming to my imaginary store to review my imaginary products or

me coming to my father’s imaginary store to review his imaginary products. I also

love dogs. Thank you!

PALLAV, AGE: 9

I am Pallav. I study in grade 3. My hobby is cycling and reading books (fiction,

mythology, and non-fiction). I have a good sense of humor. I enjoy playing with my

friends. My favorite games are hide and seek, treasure hunt, and color color which

color. I love trying new food and enjoy traveling with my parents and little brother. I

like exploring automobiles such as cars, excavators, and trucks.

SPRUHA, AGE: 10

Hi friends, my name is Spruha. I study in grade 4. I like food and love to eat Soya,

Cake, Pizza, and Brinjal Palya. My favorite subjects are Science and Mathematics. I

love to read storybooks and novels like Hitopadesh, Dog Man, and Bad Guys. My

other hobbies are doing jigsaw puzzles, singing, dancing, drawing doodles, coding,

and making animations in Scratch. My favorite festivals are Diwali, Holi, Christmas,

and Ganesh Chaturthi. I like to spend time with my friends.

AUTHORS

SOFIA DALL’ORSO

I am an engineer who studies the brain. In particular, I am interested in understanding

how the brain controls the body, how this skill develops, and how we can influence

brain activity to improve movement control. I am passionate about sport and it

makes me sad to know that some people cannot enjoy it as much as I do because

they have problems in their brain or muscles. If we understand better how the

brain-body relationship works, we might be able to find new solutions to help

these people.
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