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How do different parts of the brain work together to help us see,
move, understand, and do other things? For many years, we have
CARLA known that different brain regions perform different tasks that are
AGE: 13 important for vision. Some brain regions are responsible for seeing
faces, colors, lines, movement, or other parts of the world. But mapping
different brain regions in detail is very challenging, especially because
everyone's brain is slightly different. Sometimes, brain surgeons
must place electrodes inside a patient’s skull—on the surface of the
brain—to get a more detailed map. This article describes a study done
by a group of brain surgeons, scientists, and engineers. We studied
the activity of a patient’s brain while he looked at different objects.
We identified two brain regions that were active when the patient
processed faces or colors. If we stimulated these areas, the patient
reported seeing faces or colors, even if he was looking at something

YOUNG REVIEWERS:

DAVID
AGE: 8

NOAH

AGE: 13

kids.frontiersin.org February 2019 | Volume 7 | Article16 | 1


https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://kids.frontiersin.org/
https://kids.frontiersin.org/
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://loop.frontiersin.org/people/1735/overview
https://loop.frontiersin.org/people/72375/overview
https://loop.frontiersin.org/people/175333/overview
https://loop.frontiersin.org/people/549659/overview
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://www.frontiersin.org/article/10.3389/frym.2019.00016
https://doi.org/10.3389/frym.2019.00016

Outer surface of the
brain.

Most important brain
regions with a + in the
center of the region.

Guger et al. Rainbows and Faces

else! The results of this study help show how different parts of the
brain perform different tasks, and could lead to safer, more precise
brain surgery.

The human brain is responsible for many functions, and certain brain
regions are responsible for specific tasks, as shown in Figure 1. For
example, the part of the brain called the motor cortex controls move-
ments of the fingers, hands, legs, arms, and other body areas. The motor
cortex has a lot of brain tissue for hand and finger movement, which
we need for writing, holding a screwdriver, or threading a needle. On
the other hand, we do not have very precise control of our leg muscles,
and so the motor cortex can control leg movement without quite so
much brain tissue. Another important brain region is the somatosensory
cortex, which is responsible for the sense of touch. Without touch, it
would be very difficult to know how much to tighten a screw, or to
hold fragile items like grapes or a bottle of Coke. People might acci-
dentally crush the grapes or the Coke bottle without feedback from
the brain about how much force their hands produce. The auditory
cortex is responsible for hearing, and this information is then passed
to a region called Wernicke's area, to help make sense of what you are
hearing. If your teacher asks you, “Did you do your homework?” then the
sounds go from the ear to the brain, where the auditory cortex passes
the information to Wernicke's area. Wernicke's area is responsible for
understanding the question, and then your brain can silently formulate
a "Yes.” The formulation of words is done in another brain area, called
Broca's area. Finally, your brain uses the motor cortex to move your
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lips, tongue, and throat to allow you to tell your teacher “Yes.” Other
brain regions are responsible for processing things you see, recognizing
faces and colors, and the memory enables you to remembering things.

The brainregions that are responsible for these complex tasks are in slightly
different locations in each person. We can say where brain regions can
be found in general—for example, the primary visual area is in the back of
the head—butitis much harder for doctors and scientists to map different
parts of the brain precisely, such as within one millimeter. In some cases,
when doctors need very precise brain maps to perform brain surgery, a
brain surgeon will implant electrodes on the patient’'s brain surface to
record brain activity. Then, the doctors perform small experiments on
the patient to find the specific brain areas that perform different tasks.

Figure 2 shows one example of one such an experiment, used to find
the cortical regions responsible for creating images of faces, body parts,
digits, Hiragana characters (used in Japan), Kanji characters (also used
in Japan), line objects, and other objects. We showed the patient these
images in color and in black and white. The patient concentrated on
each image for a very short time, 200 ms (a millisecond is 1/1,000 of
a second). After 600-800 ms, the next image was shown. Between
images, the computer screen was just black. We showed the patient
20 different images of each type.

While the patient saw these images, we recorded brain activity with little
disks made of platinum, called electrodes that had been placed on the
surface of the patient’s brain by a brain surgeon. The outer surface of the
brain is called the cortex, so the electrodes recorded information from
the brain’s cortex. These electrodes typically have a diameter between
1and 4 mm, which is very small. The small size of the electrodes allows
activity from the cortex to be recorded very precisely, providing the best
map for the brain surgeon and medical team. The electrodes were con-
nected to a special amplifier through a tiny wire. This device amplified
the very small brain waves and sent the data to a computer for further
analysis. To map large regions of the brain and identify many different
functions, brain surgeons may implant between 16 and 256 electrodes.
The electrodes are mostly arranged in squares, and therefore they are
called electrode grids. These grids are then put over brain regions that
the surgeon needs to map in order to help each patient.
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Figure 3 shows what we learned from studying the patient’s brain while
he looked at images of faces, body parts and other objects. The patient
had 256 electrodes implanted all over the brain, but only the electrodes
on the bottom of the brain, in a region called the fusiform face area,
were active when the patient looked at the images. Figure 3 shows that
one electrode grid with 20 electrodes was located on the right side of
the brain, and another electrode grid was located on the left side. Each
electrode had a specific number, which allowed us to identify where it
was located. Red circles indicate cortical regions that recognize faces,
and blue circles show cortical regions that recognize colors. Electrodes
that did not react to faces or colors are just shown as little white cir-
cles. Larger circles show that the electrode was more important than
electrodes with smaller circles. For example, when recognizing faces,
electrode 181 was more important than 184, and much more important
than 175. Interestingly, both sides of the brain were involved in recog-
nizing faces or colors. To calculate the little circles, we used a complex
procedure called high-gamma mapping, which looks at very tiny brain
waves [1]. The fact that the brain waves are so tiny is why the electrodes
must be implanted. We can learn a lot about the brain from electrodes
placed outside the head, but the scalp, blood, and skin make it very
difficult to map the brain using high-gamma mapping.

Thered and blue circles are very important for brain mapping. The brain
surgeon can use this map to identify which brain regions are responsible
for different tasks. For example, if the areas of the patient’s brain that
respond to faces were removed during surgery, then he would not be
able to recognize faces anymore. The patient would not recognize his
mom, dad, sisters, teacher, or other people.
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More broadly, why do patients need brain surgery to remove part of
the brain? One reason is to remove a brain tumor. If brain tumors are
not removed, they could grow and damage other parts of the brain,
and eventually could be fatal. Another reason to do brain surgery is
to remove a part of the brain that causes epileptic seizures. Although
most people with epilepsy can use medication or other methods to
reduce their seizures, some people do not respond to medication and
may have seizures frequently.

New tools for more precise, detailed brain mapping can reduce two
types of risks from brain surgery. First, the brain surgeon might acci-
dentally remove too much brain tissue. As Figure 3 shows, removing
only a few millimeters of brain tissue could permanently damage the
patient’s ability to recognize faces or colors. Second, the brain surgeon
might remove too little tissue. Then, the patients might not be cured
of their tumors or seizures.

HOW CAN WE PRODUCE ILLUSIONS WITH BRAIN
STIMULATION?

We also used a method called electrical cortical stimulation with the same
patient. This means that we stimulated the brain with a weak electrical
current, just high enough to produce a reaction in the brain. This method
can help doctors identify brain areas that are likely to create seizures and
can also help us learn more about the functions of different brain regions.

So, we created another experiment where the patient saw a black box,
a ball, Dr. Ogawa'’s face, or a paper with Kanji characters. While the
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patient looked at these things, we stimulated the face region of the
brain, between electrodes 181 and 182. Figure 4 shows what the patient
said that he saw while he was looking at the different objects. This
stimulation caused the patient to see illusions of faces! The patient
reported seeing faces even when he looked at the black box, the ball
and the paper. We thought it was funny that the patient said he saw a
zombie face when he saw Dr. Ogawa'’s face. This illusion did not look
like a realistic face, but the patient knew that it is a face.

Next, we activated the cortical regions responsible for color, by stimu-
lating electrodes 177-178. Figure 4 shows the results. This electrical
stimulation produced rainbows over the black box, the ball, paper, and
Dr. Ogawa’s face.

WHY IS THIS BRAIN RESEARCH IMPORTANT?

As we mentioned before, the work in this article was performed primar-
ily for medical reasons. The patient had already decided to have brain
surgery, and we worked with the surgical team to help provide a good
tool to help them perform a very difficult surgery without error. We are
happy to say that the patient’s surgery was successful.

This work could also help patients by leading to better brain-computer
interfaces. People who are completely paralyzed have used brain-
computer interfaces to help them spell, browse the internet, produce
art, or control devices. If we can create better maps of the brain, we
can build brain-computer interfaces that are faster, more accurate,
and more flexible.

This work is also important for scientific reasons. We showed that certain
parts of the cortex that help us see faces are not involved in seeing color,
and vice versa. We showed that faces or rainbows can be produced
by stimulating very specific regions of the brain. Furthermore, the face
and rainbow illusions appeared on top of the images that the patient
saw. This has important consequences for helping us understand how
different parts of the brain work together to help us see and perform
other tasks.
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CARLA, AGE: 13

| am in eight grade in Hidalgo, Mexico. Math, Science, and Spanish are my favorite
subjects. | really enjoy reading, drawing, and painting. | want to be an Argitect when
| grow up.

DAVID, AGE: 8

| am David. | am in third grade and | live in Hidalgo, Mexico. | like to run, play games,
and read. When | grow up, so when | am about 25 years old, | am going to have a
job as a Mechanic Engineer!

NOAH, AGE: 13

I am halfway through high school and my favorite subject is lunchtime, closely fol-
lowed by Music and Science. When | grow up, | want to be an astrophysicist. | like to
read in my free time. | do parkour, crossift, and Air Force cadets outside of school, and
| am writing a book about Australian SAS soldiers. | like to eat, especially enchiladas
and bacon, but not at the same time.
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