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We constantly link di�erent things together: new kids and their

names, faces and voices, green eggs and ham. How does our brain

achieve this? The purpose of this study was to understand how the

brain creates these links. What happens in brain cells when we learn

that two things (e.g., a new kid and her name) go together? In an

experiment we asked human participants to learn to link di�erent

items together. As the participants learned these links, we found

that nerve cells in their brains also linked these items together.

These nerve cells were found in a region of the brain called the

hippocampus. In this article, we will first explain how it is possible

to listen to nerve cells in the human brain. Then we will show some

examples of the responses of these nerve cells, and finally, how the

cells can link di�erent items together.

kids.frontiersin.org January 2020 | Volume 07 | Article 144 | 1

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2019.00144
https://kids.frontiersin.org/article/10.3389/frym.2019.00144
https://doi.org/10.3389/frym.2019.00144
https://kids.frontiersin.org/article/10.3389/frym.2019.00144
https://loop.frontiersin.org/people/513085/overview
https://loop.frontiersin.org/people/8037/overview
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2019.00144
https://kids.frontiersin.org/article/10.3389/frym.2019.00144
https://kids.frontiersin.org/article/10.3389/frym.2019.00144


Reddy et al. How Does the Brain Link Items?

HOWDOES THE BRAIN LINK RELATED OBJECTS?

The purpose of our study was to understand how the brain links
di�erent things together. Imagine your friend gets a new dog. Your
brain quickly learns this new link between your friend and the dog.
Every time you see this dog, you know it belongs to your friend. We
wanted to understand how nerve cells in the brain store these links. As
we explain below, when you look at di�erent things, some nerve cells
in your brain get powered on. Our hypothesis was that, when you learn
the link between your friend and his dog, the same nerve cells would
get powered on for both your friend and his dog.

HOWCANWE LISTEN TO NERVE CELLS?

Nerve cells are special cells in our brains. There are billions of nerve
cells in the brain, and they are responsible for all that we think and
do. For example, every time you look at something, a bunch of nerve
cells in your brain get powered on and pass on messages to other
nerve cells about what you are looking at. So, if we want to know if
a nerve cell has been powered on by something (e.g., your friend or
his dog), we need to be able to listen to these messages. When nerve
cells get powered on, they send their messages to one another in the
form of small electric currents. To listen to nerve cells, we need to be
able to measure these small electric currents. Electric currents can be
measured with tiny wires that are called electrodes. Each nerve cell

ELECTRODE

A small wire that is
inserted into the brain
that allows us to listen
to brain activity.

has a very small voice (the electric current is very small). So, to listen
to individual nerve cells, we need to get our electrodes really close
to them. This means that the electrodes need to be inserted into the
brain, up close to the nerve cells that we want to listen to.

HOWCANWE INSERT ELECTRODES INTO THE HUMAN

BRAIN?

Inserting electrodes into the human brain is unusual. However, in some
situations, doctors have to insert electrodes into the brains of their
patients to listen to the electrical activity in their brains. For example,
in patients with epilepsy, groups of nerve cells start talking to each

EPILEPSY

Epilepsy is a brain
disorder which can
result in a patient
having seizures. To find
out more here is a great
article: What Is Epilepsy
and How Can You Help
Someone With It? [1]).

other in abnormal ways, and the messages they send to each other
get all mixed up for a few minutes. In many cases the patients lose
consciousness and fall on the ground. In this condition, doctors often
need to find out where this abnormal chatter is coming from. In
extreme cases of epilepsy, doctors insert electrodes into the patient’s
brain to listen to this chatter. One brain area that is almost always
investigated with electrodes is the hippocampus. The hippocampus

HIPPOCAMPUS

A structure deep in the
brain that plays an
important role in
learning and memory.

is a structure deep in the brain that looks a little like a seahorse, and
that plays an important role in learning and memory.
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Most patients who have electrodes inserted into their brains do not
mind also performing a few experiments that are not for curing their
disease, but that can help scientists like us understand how the brain
works. In a typical experiment, patients sit in their hospital beds, or
on a chair in their hospital rooms. The electrodes in their brains are
connected to computers that record the electrical activity of their
nerve cells.

NERVE CELLS IN THE BRAIN GET POWERED ONWHENWE

LOOK AT THINGS

Before we show you what nerve cells do when you learn to link items
together, it is important to first understand what nerve cells do when
you look at something. As we said above, di�erent nerve cells get
powered on. How do scientists understand the response of these
nerve cells? Very simply, we just count the number of times the nerve
cells turn on. This response of nerve cells is also known as firing
a spike, and this response is measured in units of Hertz.

FIRING A SPIKE

Nerve cells in the brain
are said to “fire a spike”
when they send
information to other
nerve cells. The “spikes”
are tiny
electric currents.

HERTZ

A unit of measure for
the frequency of an
event. Hertz measures
how often an event
occurs in 1 s. In this
article we measure
how many spikes a
nerve cell fires in 1 s,
and express the firing
response in units
of Hertz.

In early experiments we showed patients pictures on a computer
screen. We were interested in finding out whether the nerve cells
responded to one or more of the pictures that we showed the
patient. Eight patients participated in our first experiment [2]. We
showed the patients about 100 di�erent pictures of famous people,
like the actresses Jennifer Aniston or Halle Berry, famous places like
the Sydney Opera House, or the Leaning Tower of Pisa, as well as
photographs of non-famous people and places, animals, vehicles, and
so on.

For each picture, we counted the number of times the nerve cell fired
a spike each time that picture was shown. A nerve cell that does not
respond to a given picture will fire the same number of times before
the picture is shown and during the time when the picture is shown.
On the other hand, if a nerve cell gets powered on in response to
a given picture, it will fire a lot of spikes when the patient sees the
picture (Figure 1). In the example shown in Figure 1, one particular
nerve cell in a given patient fired a lot of spikes in response to a
photograph of the actress Jennifer Aniston, and to a photograph of
an elephant, but this same nerve cell did not respond to the picture of
the basketball player.

We next asked if a nerve cell that responds to a given picture would
also respond to related pictures. For example, would a nerve cell
that responds to Jennifer Aniston also respond to di�erent pictures
of the actress? What about her name written down? To answer this
question, we showed the patient many pictures again, but this time
we included seven new pictures of Jennifer Aniston. The pictures were
quite di�erent from each other—for example, some pictures showed
her from the front, in some she was smiling, she was standing in
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Figure 1

Figure 1

(A) The
hippocampus is a
structure located deep
in the brain. (B) Some
nerve cells respond to
pictures. Here you see
the response of one
nerve cell to three
pictures. The blue
dotted lines show you
the time during which
the image was
presented. Before and
after this period, no
picture was shown. If a
nerve cell responds to a
particular picture, it
increases its response
when this picture is
shown compared with
the period before the
picture is shown. For
the first two pictures,
you can see that the
nerve cell sharply
increased its response,
but it did not respond
to the third picture.

di�erent surroundings in all the pictures, etc. However, we found that
the same nerve cell fired to all the di�erent pictures of the actress,
and not verymuch to pictures without Jennifer Aniston. Another nerve
cell in another patient responded to the actress Halle Berry (Figure 2).
In other words, these nerve cells linked together di�erent pictures,
despite the di�erences between the pictures! The two nerve cells in
Figure 2 are from two di�erent patients, and we found similar cells in
all other patients too.

DOHUMANHIPPOCAMPAL NERVE CELLS LINK RELATED

OBJECTS?

These examples show that related pictures were linked together by
these nerve cells. This finding led us to our hypothesis—that when you
learn to link two items together (e.g., your friend and his dog), the same
nerve cells get powered on for both items [3].

To test this hypothesis, we ran another experiment in which a new
group of eight patients had to learn that two objects were linked
together [4]. We tested whether nerve cells in the hippocampus would
also link these two objects together.
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Figure 2

Figure 2

Two nerve cells in two
di�erent patients that
responded to related
images. The first row
shows the response of
a nerve cell in the
hippocampus that
responded to seven
di�erent pictures of the
actress Jennifer
Aniston. This nerve cell
did not respond to
pictures of a famous
basketball player, as
you can see in
Figure 1B. The height of
the bars tells you how
strong the response of
the nerve cell was—the
higher the bar, the
stronger the response.
The second row shows
the response of
another hippocampal
nerve cell, in another
patient, that responded
to di�erent views of the
actress Halle Berry. This
nerve cell responded to
photographs, a line
drawing of the actress,
Halle Berry dressed up
as Catwoman, and also
to her name. In both
examples, the nerve
cells seem to be linking
the di�erent
pictures together.

In the example in Figure 3, one patient learned that the red car was
linked to the actor Brad Pitt. We then asked whether a nerve cell that
responded to Brad Pitt would also respond to the picture of the red
car. Would the nerve cell learn to link the red car with Brad Pitt? We
counted the number of times the nerve cell fired in response to the
red car before the patients learned the link and compared this with the
number of times the nerve cell fired to the red car after the patients
learned the link. If the nerve cell learned the link, then it should fire
more often to the red car after the patients started linking the two
items together.

The response of one nerve cell before and after learning is shown
in Figure 3. As you can see, before the patient learned the link, the
nerve cell did not respond to the red car. However, after the patient
learned to link the picture of the red car with the picture of Brad Pitt,
the nerve cells that at first only responded to Brad Pitt also started
responding to the picture of the red car. In other words, as the patient
linked these two pictures together, the nerve cell also linked them
together. Again, the nerve cell shown in Figure 3 is an example from
one patient. We found similar results in 36 other nerve cells in this
group of eight patients.

CONCLUSIONS

We discovered that nerve cells in the hippocampus link together items
that occur together. In other words, as we go about our daily lives
constantly linking together all sorts of new items (like your friend
and her name), nerve cells in the hippocampus are busily engaged in
creating these new associations in our brains.

How long do hippocampal nerve cells store these links? Suppose you
change schools and no longer link the old, familiar faces, and names.
How often do you need to bring those faces and names to mind,
for those links to remain? Many studies now show that, after some
time, the hippocampus ships old information to other brain regions
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Figure 3

Figure 3

(A) Our patients were
asked to make links
between di�erent
pictures, for example,
the image of the red
car with the image of
the actor Brad Pitt. (B)
The response of one
example nerve cell in
the hippocampus is
shown. On the left,
before the patient
learned the link
between the two
pictures, the nerve cell
only increased its firing
activity in response to
the picture of Brad Pitt.
On the right, after the
patient learned to link
the red car with Brad
Pitt, the nerve cell
increased its firing
activity in response to
the red car and the
actor. In other words,
the nerve cell
responded to both of
the objects that had
been linked together.

for long-term storage, but it is not clear howmuch time passes before
this occurs. These critical questions of howmemories arise, where and
how they are stored, and what factors determine whether they are
preserved are all open ones. Further research will continue to show
how our brains make memories.
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YOUNG REVIEWERS

MT. ROSE ELEMENTARY, AGES: 13–14

We are Mt. Rose! We are a group of eighth grade students at an honors academy

attending Mt. Rose Elementary. Our free time is spent gaming, skating, drawing,

boxing, eating, and sleeping. We work hard and are not afraid of a challenge, both

inside the classroom and out. We are looking forward to next year as we begin our

High School career.
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