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Have you ever thought that light could tell you something about

your brain? Light is a powerful tool that helps brain researchers

understand the brain. Our eyes can only see <1% of the total light

around us. Some of the light is red, so-called near-infrared light.

This type of light can travel through the head and the top layers of

the brain, and thereby gives researchers important information about

brain activity. The technique that uses near-infrared light has a long

name: functional near-infrared spectroscopy (fNIRS). In this article,

we will show you what a fNIRS machine looks like and what it is like

to take part in a fNIRS experiment. We will explain how we can use

near-infrared light to better understand the brain. Finally, we will give

you some examples of what we use fNIRS for and how it might help

children who face di�culties in their daily lives in the long run.
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Figure 1

Figure 1

A boy is connected to a
fNIRS machine via a
cap. Within the cap are
the red and blue fNIRS
sensors, the optodes.
The red optodes send
light into the head and
the blue ones receive
light. You can see how
the near-infrared light
travels through the hair,
skin, skull, and the brain
in a banana-like shape.
The wiggly lines on the
screen of the fNIRS
machine show the
changes in the amount
of near-infrared light
that are detected by
the receiving optodes. USING LIGHT TO SEE IN THE DARK

Imagine you want to find out what is hidden in a dark treasure
chamber. You cannot see anything due to the darkness. You would
probably reach for a flashlight to help you discover what is hiding in
the dark chamber. Brain researchers use a similar strategy to see what
is going on in a person’s brain. The brain is a dark black box, just like the
dark treasure chamber. To see inside this black box, brain researchers
use a technology called functional near-infrared spectroscopy, or

FUNCTIONAL

NEAR-INFRARED

SPECTROSCOPY

(FNIRS)

A technique that brain
researchers use to see
whether certain areas
of the brain are active.

simply fNIRS [1]. The fNIRS machine looks like a computer (Figure
1). Cables with colorful plugs at their ends are connected to this
computer. The plugs are themachine’s sensors and are called optodes

OPTODE

A measurement sensor
that uses optical
information, for
example near-infrared
light. Optodes can
either send or
receive light.

(optical sensors). The red sensors, or senders, send light, like flashlights
lighting up the brain. The blue sensors, or receivers, receive light, like
eyes seeing what is going on in the brain.

When a person participates in an experiment using fNIRS, the person’s
hair is brushed aside, and the sensors are placed on the skin of the
head. The sensors must remain still, otherwise the signal may be
blurred. To keep the sensors frommoving, they are often inserted into
a cap or fixed with a band around the head. The participant is then
asked to do certain things using his/her brain, such as solving math,
reading a book, or playing a game, while the fNIRS machine records
what happens in the brain.

HOWDOES FNIRSWORK?

In 1977, Franz Jöbsis was at dinner with his family, when he was
astonished to observe that it is possible to shine red light through a
bone 3- or 4-mm thick in his beefsteak. Why is that possible? If you
look at a rainbow, you can see that light can be broken up into its many
component colors, such as violet, blue, green, yellow or red. Each
color of light has a di�erent wavelength (Figure 2A). Have you ever
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Figure 2

Figure 2

(A) Each color of light
has a specific
wavelength. A
wavelength describes
the distance between
the highest points of
two waves. (B) Only
some wavelengths of
light are visible to
human eyes and these
wavelengths are called
visible light. The
near-infrared light that
the fNIRS machine uses
is right between
infrared light, which is
not visible to human
eyes, and red light,
which we can see.

been swimming in the ocean? A wavelength is the distance between
the peaks of two light waves, like the distance between two waves
in the ocean. The wavelengths of light are measured in nanometers.
A nanometer is so small that 1 centimeter contains 10 million of
them! Even a hair is about 80,000–100,000 nanometers thick! The red
light that Franz Jöbsis used to shine through the bone is the same
light a fNIRS machine uses. The light has a wavelength between 650
and 850 nanometers. Light of this wavelength is in what is called
the near-infrared spectrum, because it is in between infrared light,
which our eyes cannot see, and red light, which is visible to our eyes
(Figure 2B). This is where the name “near-infrared spectroscopy” came
from. Near-infrared light is harmless to the body. It can shine through
biological tissue, like Franz’s beefsteak or your brain, quite well.

When the fNIRS sensors are placed on the head, the near-infrared
light travels from the senders through several layers, including the skin,
the skull, and the protective fluid surrounding the brain, until the light
reaches the brain. The path of the light follows a banana-like shape,
back to the surface of the head where the receivers are placed (Figure
1). The receivers measure how much of the red light returns to the
surface of the head. Not all the light sent into the head returns to the
receivers. Why is that? Just like when using your flashlight in the dark
treasure chamber, some of the light falls onto objects and changes its
path, which is called scattering, while some light travels straight in the
direction that you hold the flashlight. Also, on its journey through the
di�erent layers of the head, some light is swallowed, or absorbed, by
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Figure 3

Figure 3

(A) Like all other
organs, the brain needs
oxygen to work.
Oxygen travels through
the blood vessels
attached to a protein
called hemoglobin,
which is like a backpack
carried by red blood
cells. The backpack can
be either empty or
filled with oxygen. (B)
Blood vessels widen so
that more blood can
quickly reach active
brain regions, bringing
more oxygen. (C) Since
hemoglobin attached
to oxygen absorbs
near-infrared light,
active areas of the brain
with more oxygenated
blood will cause less
near-infrared light to
arrive at the receiver
optodes (red). This tells
brain researchers that
this brain area must
be active.

the objects in its way. Light is absorbed by substances in the body such
as water, fat, or blood.

HOWDOES FNIRS TELL US ABOUT BRAIN ACTIVITY?

The brain consists of more than 100 billion cells, called neurons. Like

NEURONS

Specialized nerve cells
in the brain that
specialize in
communication.
Neurons in active parts
of the brain need
more oxygen.

all cells, neurons need oxygen to be active. When you are thinking,

OXYGEN

An element that all
living beings need to
stay alive. Oxygen
enters our bodies when
we breathe and travels
through the body with
the help
of hemoglobin.

some neurons in the brain become active. Therefore, the body sends
oxygen-containing blood to the active parts of the brain, to give
those areas more energy to help them perform better. This is similar
to what happens when you exercise: your body uses more oxygen,
so you breathe deeper and more often. Increased breathing allows
more oxygen to enter the bloodstream, and the oxygen-rich blood is
transported to your working muscles. Oxygen is carried to the places
where it is needed by a protein called hemoglobin, which is present

HEMOGLOBIN

A protein in red blood
cells that gives them
their red color and
allows oxygen to stick
to them. Hemoglobin
transports oxygen to
di�erent parts of
the body.

inside red blood cells. Hemoglobin is what makes the blood red, and it
allows oxygen to stick to red blood cells. You can imagine hemoglobin
as a backpack on the red blood cells—it can either contain oxygen
or remain empty (Figure 3A). Once the oxygen-containing red blood
cells arrive at the active brain regions, they give their oxygen to that
brain region, to help it stay active. To help the red blood cells with
oxygen-filled backpacks arrive more quickly, the blood vessels near
the active brain areas widen (Figure 3B).

You may have noticed that blood is red, but it can have slightly
di�erent red colors. The larger blood vessels that you can sometimes
see through your skin may even appear blueish. This is because red
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blood cells change color when they have oxygen in their backpacks.
Red blood cells with oxygen-filled backpacks have a bright red color,
while red blood cells with empty backpacks have a darker red/purple
color. How does all this help researchers to see inside the brain?
Well, red blood cells with oxygen-filled backpacks absorb more
near-infrared light than do non-oxygen-containing blood cells with
empty backpacks. When a brain region is active and there aremany red
blood cells with oxygen-filled backpacks, more of the near-infrared
light sent by fNIRS will be swallowed or absorbed by those cells, so
the amount of light that makes it back to the receivers will be reduced
(Figure 3C).

By subtracting the amount of light detected by the receivers from the
amount of light sent by the senders, brain researchers can calculate
how much light was absorbed as it traveled through the brain. This
tells them about changes in the amount of oxygen-rich blood in that
area of the brain. If less light arrives at the receivers, the researchers
know that more red blood cells with oxygen-filled backpacks must
be in that brain region. And more red blood cells with oxygen-filed
backpacks in a brain areameansmore brain activation in that area! This
is how fNIRS can tell researchers which areas of the brain are active.
That is a cool “trick,” do not you think? However, fNIRS does not allow
brain researchers to see everything within the brain. When you use a
flashlight in a dark room, the objects closest to you will appear most
clearly. Similarly, since the fNIRS sensors are placed on the outside of
the head, brain researchers can only see what is going on in the outer
surface of the brain.

HOWCAN FNIRS HELP CHILDREN?

Our brains support us in all our daily activities. There is no single activity
that we do not need our brains for, even sleep! Simply by reading this
article, regions of your brain are activated at this very moment. If you
were connected to a fNIRS machine, we could see which areas of
your brain are involved in reading. Similarly, fNIRS machines can be
used to monitor almost all our daily activities, to find out which brain
areas are needed for each. fNIRS can be used for research in children
and even babies. Children who have di�culties with attention, math,
speech or reading can also take part in fNIRS experiments, and we
can use fNIRS to investigate the brains of children who have trouble
hearing or making friends [2, 3]. Brain researchers are interested in
understanding why the brains of some children with di�culties react
di�erently in certain situations. This might help brain researchers to
understand certain di�culties better and to develop treatments to help
children who su�er from such di�culties in the long run.

FNIRS might even help us to train the brains of children, to help them
overcome their di�culties. This is called neurofeedback training (to

NEUROFEEDBACK

TRAINING

A training that helps
you regulate your brain
activation by showing it
to you live on a
computer screen. find out more about neurofeedback training, read this Frontiers for
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Young Minds article) [4]. It involves measuring a person’s brain activity
and showing it to him or her live, on a computer screen. The person
then tries to activate his/her brain a little more with his/her thoughts
and imagination, and he/she can see on the screen if he/she is
successful. This is like playing a gamewith the brain: youwinwhen you
activate your brain! Researchers are developing these kinds of games
for children who have di�culties with attention and concentration. In
some of these games, children might be racing a car with their brain
activity or trying to launch a rocket. By playing the games, they train
the brain areas that help them to concentrate.

ARE YOU ENLIGHTENED?

So, because active brain regions need oxygen and near-infrared light
is absorbed di�erently by red blood cells with oxygen than by red
blood cells without oxygen, researchers can use light to find out
whether a brain region is active. fNIRS o�ers many opportunities
for understanding the brain. Further research will hopefully help
researchers better understand our fascinating brains, which may allow
them to find better ways to help children who face di�culties in their
daily lives. If you would like to find out more about the advantages and
limitations of fNIRS, check out this article by Soltanlou & Artemenko
[5], which describes how fNIRS can be used to understand how the
brain works in the classroom and during many more activities. If
you would like to see a video about the way fNIRS works and someVIDEO 1

See how fNRS
works and for what we
can use it for!

examples of what we can use fNIRS for, click on the following link:
https://www.youtube.com/watch?v=UC0goboRE2k (Video 1). We are
excited to see what else researchers can find out about the brain!
Maybe you will join us 1 day?
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YOUNG REVIEWERS

THE SCHECHTMAN FAMILY, AGES: 8–13

We are Ori, Mika, Roni, and Alona—a group of cousins living in Tel-aviv and Gedera,

Israel. We enjoy meeting for Friday-night dinner at our grandma’s house. We each

have di�erent hobbies and fields of interest, but what we do have in common is our

love for both hiking and science.
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