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When you write on the blackboard, you use much larger movements
than when you write in a notebook. Yet, the large letters written on
the blackboard will appear very similar to the small letters written
in the notebook. How does your brain generate these different
writing movements? Does it use a single set of commands for both
the notebook and blackboard—or multiple commands? In this article,
we will present an experiment in which we measured brain activations
of people while they were writing letters of different sizes and discuss
what we can learn from this experiment about the brain commands that
generate these movements.

Humans have a remarkable range of movements. We walk, dance, write,
type, speak, and play different sports, without thinking too much about how
we move. We can also perform the same actions using large or small movements, such as when taking a small or a large step, and using slow or fast
movements, such as when typing a text message when you are in a hurry.
But how does the brain control these diverse movements?
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RELATING BETWEEN MOVEMENTS AND BRAIN
ACTIVITY
Even a simple movement, such as waving goodbye, involves a chain of reactions that travels through multiple parts of the body. These include the brain,
muscles, bones, and joints (which are the areas where two bones meet). To
generate a movement, the brain sends signals to the muscles through nerves
in the nervous system. Muscles contract and work together with the joints to
move the bones. Finally, the movement of the bones causes a change in the
body’s position. Figure 1 shows a movement of the forearm, together with four
different kinds of measurements we use to study movement: (1) the activity of
cells in the brain, (2) the activity of the muscles of the upper arm that cause
the forearm to move, (3) the angle at the elbow joint that connects the bones
of the upper arm and forearm, and (4) the position of the tip of the hand during the movement. Examining each of these measures and how they change
during movement can help us understand how the brain controls our actions.

WHAT CAN WRITING MOVEMENTS TELL US
ABOUT HOW THE BRAIN CONTROLS MOVEMENTS?
An interesting example that may give us a clue on how the brain generates diverse movements comes from studying handwriting. Scientists have
noticed that writing in a notebook and writing on the blackboard does not
change the shape of the letters, although the movements we use to write on
the blackboard are much bigger. By measuring how the position of the hand
changes during movement, they showed that the letters’ shapes remain almost
identical, regardless of the letter size (Figure 2). Additionally, the arm speeds
up and slows down in a very similar way during the writing movements
[1, 2]. These similarities were observed not only in writing movements of
different sizes but also when writing using different body parts, such as when
holding a pen using the foot, or even the mouth! [1, 3].
FIGURE 1
Generating a movement
involves a chain of
reactions that propagates
from our brain to multiple
body parts. Here, a
movement of the forearm
from point A to point B
starts from the activation
of cells in the brain (1) that
instruct the muscles in the
upper arm to contract (2),
causing a change in the
angle of the elbow joint
(3), and a change in the
position of the arm in
space (4).

One explanation for these examples is that one mechanism in the brain is
responsible for the shape of the movement, while a different mechanism is
responsible for the overall movement size. In other words, whether you write

FIGURE 1
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FIGURE 2
On the top row, you can
see examples of small and
large letters (about twice
as big) written by three
participants. The scale on
the left shows the size of
the letters. The green
letters are the large letters,
and the orange letters are
the small letters. On the
bottom row, we enlarged
the small letters and drew
them on top of the large
letters. Notice how similar
the shapes of the letters
are. There is almost no
difference!

FIGURE 2

FIGURE 3
When writing the same
letter in different sizes, the
shape of the letter remains
similar. One explanation
for this could be that there
are two different
mechanisms in the brain,
one that is responsible for
generating the shape of
the movement and
another that is responsible
for the size of the
movement.

FIGURE 3

FIGURE 4
A. A participant in the
experiment lying on the
bed of the magnetic
resonance imaging
scanner and writing on
a touch-screen. B. An
illustration of the brain.
The arrows point to two
specific regions in the
brain, called the primary
motor cortex and the
anterior intraparietal
sulcus. These two regions
showed similar activations
when the participants
wrote the same letters in
different sizes.

FIGURE 4

a small letter or a large letter, the brain commands that determine the shape
of the letter will be similar, while the brain commands that determine the size
of the letter will be different (Figure 3). But how can we examine the underlying brain activity?
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MRI
A magnetic resonance
imaging (MRI) scanner
looks like a small tunnel
that a person lies in.
The scanner uses
electromagnetic fields
and radio waves to take
pictures of the brain. This
is a non-invasive device,
which means that it allows
us to look inside the brain
without going inside, just
like X-rays can give us a
picture of bones. The
method we use to scan
the brain to detect brain
activity is called fMRI—
functional magnetic
resonance imaging.
This method allows us to
detect blood flow to active
areas in the brain. For
example, when we watch
movies, areas in the brain
that are involved in vision
will be active and blood
flow will increase to these
areas. The MRI scanner
will give us a measure of
the blood flow, and we
can use it to construct
a map of the activity in
the brain.

ANTERIOR
INTRAPARIETAL
SULCUS
A brain region located in
the parietal lobe that is
involved in planning
movements and in
eye-hand coordination.

PRIMARY MOTOR
CORTEX
A brain region located in
the frontal lobe that is
involved in sending
movement commands
to the muscles.
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WHAT HAPPENS IN THE BRAIN DURING WRITING
MOVEMENTS?
To examine the idea that the brain uses a similar command to determine the
shape of the movement regardless of the letter size, we conducted an experiment in which we measured brain activity of participants while they were
writing letters of different sizes [4]. The participants were asked to write three
different letters—“a,” “s,” and “n”—in two different sizes. While the participants were writing the letters we scanned their brain in a magnetic resonance
imaging (MRI) scanner (see Figure 4A). The MRI scanner measures brain
activity using an electromagnetic field and radio waves and gives us a measure
of the activity in different regions of the brain.
We found that two regions in the brain showed similar activations during writing movements of different sizes. One region, called the anterior
intraparietal sulcus, is known to be involved in movement planning and in
the coordination between the eyes and hands, like when you reach to grab
a glass of water. The second region is the primary motor cortex, which is
thought to be one of the final “stations” that sends movement commands
to the muscles (Figure 4B). The fact that these brain areas showed a similar
activation when a small “a” and a large “a” were written, for example, tells
us that these brain areas send similar movement commands to the body
when a person writes similar shapes with different sizes. What about the
size of the movement? The commands that set the size of the movement
may arrive from a different region in the brain. However, we still don’t
know what this region is and how exactly the brain signals the size of the
movement.
These findings help us understand how the brain generates the body’s entire
range of movements. For example, by using separate commands for generating the shape of a movement and its size, we do not need to re-learn to
write the letter “a” when we approach the blackboard. Although it is only a
small piece of the puzzle, we can try to use these findings when performing
different movements. What happens if you practice your writing using your
entire arm, or by moving your whole body? Can you improve in performing a dance move if you practice using only small movements of your body?
We definitely need more experiments to answer these questions, but we
encourage you to try and find out for yourselves!

ORIGINAL SOURCE ARTICLE
Kadmon Harpaz, N., Flash, T., and Dinstein, I. 2014. Scale-invariant movement enco
ding in the human motor system. Neuron 81(2):452–62. doi:10.1016/j.neuron.2013.
10.058

kids.frontiersin.org

May 2018 | Volume 6 | Article 18 | 4

Kadmon Harpaz and Flash

Handwriting and the Control of Movements

REFERENCES
1.

Wright, C. E. 1990. Generalized motor programs – reexamining claims of effector
independence in writing. In: Jeannerod M, editor. Attention and Performance XIII.
Hillsdale: Erlbaum. p. 294–320.
2. van Galen, G. P., and Teulings, H. L. 1983. The independent monitoring of form and
scale factors in handwriting. Acta Psychol. 54:9–22. doi:10.1016/00016918(83)90020-3
3. Raibert, M. H. 1977. Motor Control and Learning by the State-Space Model
(Tech. Rep. AI-TR-439). Cambridge, MA: Artificial Intelligence Laboratory, MIT.
4. Kadmon Harpaz, N., Flash, T., and Dinstein, I. 2014. Scale-invariant movement encoding
in the human motor system. Neuron 81:452–62. doi:10.1016/j.neuron.2013.10.058
SUBMITTED: 06 February 2017; ACCEPTED: 13 April 2018;
PUBLISHED ONLINE: 28 May 2018.
EDITED BY: Robert T. Knight, University of California, Berkeley, United States
CITATION: Kadmon Harpaz N and Flash T (2018) Size Doesn’t Matter—What Can Handwriting
Tell Us About the Brain? Front. Young Minds 6:18. doi:10.3389/frym.2018.00018

CONFLICT OF INTEREST STATEMENT: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
COPYRIGHT © 2018 Kadmon Harpaz and Flash. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the copyright
owner are credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

REVIEWED BY
HELENE, AGE: 11
Helene loves dinosaurs. His favorite dinosaur is a parasaurolophus . He also likes video gaming
and reading. His favorite games are Terraria and Jurassic world the game. His favorite books
are Jurassic Park, the entire Lord of the Rings series, Minecraft, the island, the Gameknight
999 series (all 18 of them!), Wings of fire, the Golden compass series, and the second book
of the Earthsea series. He also likes elephants and strongly objects to any poaching.

Authors
NAAMA KADMON HARPAZ
I am a neuroscientist interested in understanding how humans and other animals move, and
what the mechanisms in the brain are that control these movements. I therefore study the

kids.frontiersin.org

May 2018 | Volume 6 | Article 18 | 5

Kadmon Harpaz and Flash

Handwriting and the Control of Movements

activity of cells in the brain and examine how these activities change during action execution,
for example, during reaching with your arm toward a specific target. Understanding how the
brain controls movement may eventually help us find out what happens in certain diseases
that affect the ability to move, such as in Parkinson’s disease. You will find me in the lab of
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