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Language and music are important ways that we communicate with

each other. Talking out loud and playing a guitar may seem pretty

di�erent, but did you know that they use many of the same brain

areas? Did you know that researchers have been able to study the

language and music functions of the brain during brain surgery? In

this article, you will learn about a procedure called electrocortical

stimulation mapping (ESM), which is a procedure used during brain

surgery to figure out which parts of the brain are important for

speaking and playing an instrument.

WHAT IS ELECTROCORTICAL STIMULATION?

Our brains have millions of cells, called neurons that talk to one
NEURON

The cells that make up
our brains and allow
our bodies to perform
various tasks.

another by sending electrical signals. Because neurons can talk to each
other, we can do many things, such as run, eat, speak, or even play a
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Figure 1

Figure 1

Our brains are made up
of di�erent regions that
are important for
helping us do di�erent
tasks. The highlighted
areas were stimulated
using ESM. The purple
areas are in an area of
the brain called the
frontal lobe and are
important for speech
and music. The blue
areas are in the parietal
lobe and these areas
have a role in both
speech and music. The
green areas are part of
the temporal lobe and
are important for
speech. The gray,
wand-like device is an
ESM stimulator, which
sends electricity (yellow
lightning bolt) into one
of the colored parts of
the brain to test its
function.

musical instrument! But what happens when these neurons are not
working correctly? In people with epilepsy, the neurons may be too

EPILEPSY

A brain disorder where
brain cells (neurons)
are too active, causing
a person to
have seizures.

active, causing seizures. Or, in people with brain tumors, some cells

TUMOR

An abnormal mass in
the brain that can cause
a variety of symptoms,
including seizures.

may grow abnormally, and sometimes this can cause seizures too.
Some patients with brain tumors or epilepsy have symptoms that may
not be completely cured with medication, so they may need surgery
to remove the tumor or the parts of the brain that cause seizures.
If a patient’s tumor or epilepsy is in the language part of the brain,
it is important to make sure that the patient will be able to talk and
understand speech after surgery. For this reason, surgeons want to be
sure not to remove those important areas of the brain.

The brain is divided up into four main lobes, or regions, called the
frontal, parietal, temporal, and occipital lobes. Smaller brain areas in
the parietal, frontal, and temporal lobes, called the superior temporal
gyrus, precentral gyrus, post-central gyrus, and inferior frontal gyrus

GYRI/GYRUS

The bumps on the
surface of the brain.

(Figure 1), have been shown to be important for language [1]. Each of
these brain areas has a role in listening and understanding, speaking,
moving, and feeling. To avoid damaging these brain areas during
surgery, surgeons use a technique called electrocortical stimulation
mapping (ESM), which is a brain-mapping tool. ESM can help surgeons

ELECTROCORTICAL

STIMULATION

MAPPING (ESM)

A procedure in which
di�erent brain areas are
stimulated with
electricity, to interrupt
di�erent functions in
the brain, like speaking
or moving. ESM allows
doctors to determine
which brain areas are
important for
various functions.

figure out which brain areas are important for speech. To do so,
the surgeon uses a wand-like device called a stimulator, with two
small electrodes, to send tiny amounts of electricity to di�erent parts
of the brain. This electricity temporarily changes the way neurons
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communicate with one another. By stimulating the brain, it is possible
to cause the patient to makemistakes while they speak or to cause the
patient to stop speaking altogether.

For patients who are musicians, it is also important that brain surgery
does not harm their ability to continue playing music. As with speech,
the surgeon can use ESM to stimulate di�erent parts of the brain to
see if the stimulation makes the patient stop being able to play an
instrument. It is quite amazing to see a person playing guitar during
brain surgery! By identifying the brain areas important for playing
music, the surgeon can be careful not to damage these areas during
surgery. In Figure 1, all the colored parts of the brain have been
shown to activate while people speak, and some of the regions in
the temporal, parietal, and frontal lobes also seem to be involved in
playing music.

Formost individuals, speech andmusic are important for communication,
whether it is to verbally hold a conversation or to non-verbally
express themselves in an artistic manner. Understanding the specific
areas of the brain for these two forms of communication is not
only important during brain surgery—it can also help scientists build
better tools to improve communication, especially in people who have
su�ered a stroke or are paralyzed and have lost their ability to speak
or move.

WHAT DO PATIENTS DO DURING ESM?

ESM is a unique procedure because it must be performed while the
patient is awake during brain surgery. How does this normally happen?
First, the patient is given medication so that he or she does not feel
any pain. Next, the surgeon will ask the patient to perform a variety
of tasks involving speaking, listening, and moving. For example, in a
speech repetition task, the patient hears something like, “say kitty cat,”
and the patient responds by repeating the words “kitty cat.” While the
patient is performing this task, the surgeon will use an ESM stimulator
[2] on di�erent areas of the brain. When the stimulator touches a
critical speech area of the brain, it can interfere with the patient’s ability
to speak.

Amazingly, there are many kinds of mistakes that ESM can cause the
patient to make. One type of mistake is called arrest, because the
patient cannot say anything at all. Another mistake is when a patient
says “kitty tat” instead of “kitty cat.” This is called substitution and is
a type of error called a phonological error, because the patient is

PHONOLOGICAL

ERROR

A speech error that is
made during ESM,
where a patient
switches phonemes
when trying to say a
given word (like saying
“tat” instead of “cat”).

swapping the “c” sound (or phoneme) for a “t” at the beginning of “cat.”

PHONEMES

The individual sounds
made when trying to
pronounce letters to
create words.

When a patient makes a mistake while trying to speak during ESM, the
doctors record which brain area causes which types of errors, to make
sure the brain areas critical for communicating are not removed during
the surgery.

kids.frontiersin.org February 2020 | Volume 08 | Article 16 | 3

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.00016
https://kids.frontiersin.org/article/10.3389/frym.2020.00016
https://kids.frontiersin.org/article/10.3389/frym.2020.00016


Desai et al. Speech, Music, and the Brain

Figure 2

Figure 2

Some of the mistakes
people make when
speaking or playing an
instrument during ESM.
These types of errors
allow us to see which
parts of the brain are
responsible for
language and music
functions. Here, we
have an example of
some saying “kitty cat”
and playing a sequence
of notes on a piano
keyboard. The squiggly
lines with the words
“kitty cat” above are
pictures of the sound
waves. The blue color
shows that parts of the
word or musical phrase
were spoken or played
correctly. Where the
sound wave or piano
keys are red, this shows
that an error was made.

So, what about music?

DO THE SAME BRAIN AREAS CONTROL TALKING AND

PLAYING AN INSTRUMENT?

Two patients (also musicians) who needed brain surgery wanted to
make sure that the parts of their brains that allowed them to playmusic
would not be a�ected by their surgeries [3].

The patients were tested for language and music. Using ESM, we were
able to investigate whether the same brain areas play a role in both
speaking and playing music, or whether there were separate brain
areas for each. To test language, both patients were asked to count
slowly from1 to 30, or until told to stop. Theywere also asked to repeat
words. While they were speaking, the surgeon used ESM to stimulate
small areas within the colored regions of the brain (Figure 1) to see
if the patients would make any mistakes. Each of these stimulation
sites was tested between 1 and 18 times. For the music portion, the
first patient was asked to play musical scales and a piano piece that
he knew. The second patient strummed chords on a guitar. While the
patients were performing these music tasks, the surgeons stimulated
the same brain areas as tested in the language task. For both language
andmusic, researchers looked at which types ofmistakes (Figure 2) the
patients made during stimulation, and which brain areas were involved
in each.

The results from this study showed us that stimulating the inferior
frontal gyrus (the purple area in Figure 1) caused the patients to stop
(arrest), for both speaking and playing music! Scientists previously
believed that this part of the brain was responsible for planning the
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Figure 3

Figure 3

Some regions of the
brain mostly process
speech and some
regions mostly process
music. There are also
regions that do both.
You can see that most
of the middle and back
regions of the inferior
frontal and precentral
gyri, in purple, are
responsible for listening
and speaking. The small
portion in blue, which
is mostly in the bottom
part of the post-central
gyrus, was shown to be
involved in only playing
music. The red region
of the superior
temporal gyrus seems
to be involved only with
speaking, not playing
music. Image credit:
https://pixabay.com/
illustrations/women-
s-music-instrument-
piano-1648811/.

movements of the jaw, lips, and tongue so that we can talk. But we
found out that this region of the brain controls hand movement, too.
While there were some parts of the brain that caused mistakes for
speaking only (in superior temporal gyrus, the pink area in Figure 3) or
for playing music only (blue area in Figure 3), there were some parts of
the brain that causedmistakes for both. These results seem to indicate
that the inferior frontal gyrus hasmultiple functions in terms of howwe
communicate, and is not only used for speech. Since only two patients
were studied, it is important to perform further ESM studies in other
patients who are also musicians, so we can see if the results are similar
in a larger group of people.

WHAT HAVEWE LEARNED ABOUT THE BRAIN FROM SPEECH

ANDMUSIC?

Music and language help us communicate. For decades, scientists
have noticed how music and language are similar in the brain, but
they have also found some di�erences [4]. In this article, we have
discussed how ESM changes brain activity in brain areas important
for music only, speech only, and brain areas that play a role in both.
Through this study, ESM helped us learn that these brain regions are
a little more complicated than we previously thought. Some brain
areas, like the inferior frontal gyrus for example, seem to have multiple
functions, such as helping with the abilities to both speak and play
an instrument. In general, there is some disagreement over where
the “music area” of the brain is located, compared with the “speech
and language area,” but these sorts of questions make neuroscience
interesting. The ultimate goal of this and future research is to help
scientists and non-scientists understand subjects like language and
music thoroughly, so that humans can communicate better with
one another!
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