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Did you know that we can study the brain in the classroom?
Many people think that studying the brain is only possible in
complex laboratories with huge, complicated devices. Functional
near-infrared spectroscopy (fNIRS) is a new technique that uses light
to monitor how active the brain is. fNIRS has several advantages
that make it particularly good for observing the brains of babies and
children. Also, it is one of the best techniques to study brain function
in daily life and real situations, such as in the classroom or during a
conversation. However, like all other brain measurement techniques,
it cannot be used for everything, meaning that it has limitations. In
this article, we discuss how fNIRS works and how it can be used,
its advantages, and its limitations. We conclude that, when used in
the field of Educational Neuroscience, fNIRS can help scientists to
understand how children learn.
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Figure 1
(A) fNIRS uses light to
look at brain function.
(B) Sources (red) and
detectors (blue) of the
light in fNIRS. The light
passing through the
brain is shown as
yellow banana shapes.
(C) An fNIRS cap on the
head of a baby.
Figure 1

FUNCTIONAL
NEAR-INFRARED
SPECTROSCOPY
(FNIRS)
A new technique that
can help scientists
easily monitor how the
brain works by using a
special type of light
called
near-infrared light.

NEAR-INFRARED
LIGHT
A special type of light
that can go through
skin, bone, and brain
and be used to
measure what is going
on in the brain.

WHAT IS FUNCTIONAL NEAR-INFRARED SPECTROSCOPY
(FNIRS)?
Functional near-infrared spectroscopy (fNIRS) is a new technique
that helps researchers easily monitor how the brain works. fNIRS
uses a special type of light called near-infrared light (Figure 1A).
Near-infrared light is special because it can go through skin, bone, and
brain. The light is sent into the brain from a light source (red in Figure
1B) and then received by a detector when it comes back out (blue in
Figure 1B). The difference in the amount of light sent into the brain and
the amount of light received shows how active the brain is. But why
there is a difference between the sent and received light? Is a part of
the light lost on its way through the brain?
To answer these questions, we need to understand how the brain
works. The brain works by using oxygen. Oxygen is brought to the
brain by the blood. When the brain is active, there is more blood ﬂow
and that means there is more oxygen in the brain. Blood absorbs
near-infrared light, so when we send this light into the active brain,
less light comes back, because some was absorbed by the blood. So:
the more light absorbed, the less light we get back out, and the more
active the brain is.

WHAT ARE THE ADVANTAGES, USES, AND LIMITATIONS OF
FNIRS?
fNIRS has several advantages including:
•
•
•
•
•
•
•
•

it allows testing while participants are sitting or standing
it is easy to carry around and can be used almost anywhere
it is easy and only takes minutes to set up
it is cheap to use
it measures brain function several times per second
it neither hurts nor makes noise
it can be used together with other brain measurement techniques
it tolerates body movements, like talking, writing, or walking.
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Figure 2
fNIRS can be used in
many different
situations in daily life,
such as during eating,
conversation, dancing,
and playing music. It
can be used to see
what happens in the
brains of a mother and
her baby when they
communicate with
each other.

Figure 2

These advantages make fNIRS good for several uses (Figure 2). For one,
we can study the brain in a natural environment and daily-life situations
rather than only in laboratories. This is possible because some fNIRS
devices are small enough that they can be carried to wherever the
study will be performed. Furthermore, during measurements, the
participants do not have to be lying down. They can sit behind a
desk and do some homework or work on the computer. fNIRS can be
used to study more complicated mental tasks than some other brain
measurement techniques can and not just multiple choice tasks. Also,
fNIRS is pretty comfortable for the participant. This means that we can
study the brain even in babies and children (Figure 1C). It is usually
difficult to study the brain in these young populations because they
move a lot, making other brain measurement techniques impossible to
use. Additionally, it is possible to measure brain function for a long time
(up to 1 h), and in many participants at the same time. Most of these
advantages make fNIRS a unique technique for studying the brain in
situations and people that are usually difficult or sometimes impossible
to access with other techniques.
These advantages and uses, however, come with a price. We need to
be aware of the limitations of fNIRS. First, fNIRS measures around 3 cm
of the brain at one time. When we are talking about the brain this is
a big area, because different parts within the brain are so small. So,
an fNIRS measurement might include parts of the brain with different
functions and therefore will not be as precise as measurements done
with some other techniques [1]. Additionally, fNIRS can only measure
the activation of areas around 1.5–2 cm deep into the brain. Therefore,
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Figure 3
While a child solves a
mathematics problem,
her brain function is
recorded by fNIRS.

Figure 3

it is not good for measuring functions that are located deep inside
the brain. Next, fNIRS provides information only about functions and
not structures [1]. That means we can understand how the brain
works, but not what the brain looks like. Furthermore, because it
measures the amount of blood, fNIRS is sensitive to the heartbeat,
blood pressure, and veins in the skin. So, some non-brain changes
might be mixed up with brain function measurements. Finally, because
fNIRS is a new technique, not everyone uses the same method of
data analysis. Data analysis is a procedure to combine and transform
the collected brain data of different people to show it in a way that
everybody understands. In summary, when scientists want to measure
brain function with fNIRS, they need to be aware of both its advantages
and its limitations.

HOW IS FNIRS PERFORMED AND HOW IS ITS DATA
USED?
Depending on the study and research question, participants can be
measured individually or in groups. To perform fNIRS, we need to
follow a few steps. First, we measure the head of the participant to
ﬁnd some important points, like the center of the head. By using these
points, we can estimate which part of the brain is measured by each
sensor. Second, we attach the light sources and detectors on the head,
using an elastic cap. Third, we ask our participant to perform a task
while his/her brain function is measured by fNIRS (Figure 3). The task
can be anything, for example, mathematical problems. Fourth, after
the participant has ﬁnished the task, we turn off the fNIRS machine
and take the cap off the participant’s head, and the experiment
is ﬁnished.
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We usually repeat the same experiment with many participants (about
40 children). Then we can analyze the data of all participants. But
what does that mean? Let us imagine that our research question is
“Which parts of the brain are active during calculation?” To answer
this question, we measure brain function in two situations: when
participants are solving mathematical problems and when they are just
resting. Using computer software, we can read and combine the data
of all participants. We then calculate the brain function levels during
calculation and rest for all participants. Then we compare these brain
function levels. We observe a huge difference between brain function
levels during calculation and rest in some parts of the brain, but not
in others. Therefore, we can conclude that only those parts of the
brain that showed a huge difference between calculation and rest are
important for calculation.

CONCLUSION

EDUCATIONAL
NEUROSCIENCE
A ﬁeld of brain study
that aims to make
education better
in schools.

fNIRS is a technique that allows the measurement of brain function,
even in special groups, such as babies and children [2], and in real-life
situations, such as the classroom [3]. These capabilities make fNIRS
very good for Educational Neuroscience research [4]. Educational
Neuroscience uses techniques, such as fNIRS to study the brain and
uses the results of brain studies to make education better in schools.
While most of the commonly used brain techniques are great for
studies in adults, they have several limitations when used in children,
which is why we still do not know much about how the brain changes
as we grow from babies to adults. Fortunately, fNIRS allows us to
monitor brain changes and learning in children [5, 6]. We believe that
using fNIRS in Educational Neuroscience will eventually help us to
understand how children learn to read, write and calculate.
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YOUNG REVIEWERS
ISTITUTO EUROPEO LEOPARDI, AGES: 11-12
We are a group of students from the Istituto Europeo Leopardi and we are in 1st year
of middle school. Our names are Lucrezia, Soﬁa, Benedetta, Eleonora, Francesco,
Matteo, Marco, Emma, Greta e Lidia. We live in Milan (Italy) and we are 11–12 years
old. We are a funny, nice, creative class, and we like Science and Sport. Good Bye
from the 1st A!
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