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Neuroscience is an interdisciplinary field (psychology, biology, physics,
and chemistry), which aims to study the nervous system including the
brain. Our neuroscience research project begins with a science fiction
story: in the future, androids (robots made of flesh and bones) become
virtually identical to humans, except that they lack deep emotions, such
as empathy (the ability to understand what others are feeling). What if,
in real life, we could find a way to tell if someone was having empathic
feelings just by measuring brain activity? And, even more, what if people
could boost their feelings of love, tenderness, or affection using information
from their own brain activity? This was our goal — to make people change
their own brain function while receiving information about their brains. We
asked 24 volunteers to enter in a magnetic resonance imaging scanner
that measures brain activity. Inside the machine, they were asked to think
about important people in their lives while looking at their own brain activity
on a monitor — a process called “neurofeedback.” The volunteers receiving
this feedback were able to increase the activity of their brain activity that
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The ability to
understand and feel
what another person
is experiencing.

Techniques to either
directly or indirectly
image the structure
and function of the
nervous system.

A computer-aided
method that uses
real-time displays of
brain activity via
monitor and/or
loudspeaker. The brain
activity is shown to
participants, and
through this real-time
feedback, they can
learn to self-regulate
their brains.

A scanner that
measures brain
activity related to the
level of oxygen in the
blood.
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is associated with empathy. This evidence tells us that maybe people
can change their brain’s emotional states and increase their feelings of
empathy.

Technologies from science fiction movies and books sometimes become true
in real life. Our research project was inspired by a Sci-Fi story from a book by
Philip K. Dick called “Do Androids Dream of Electric Sheep” (1968), which
was later turned into a movie called “Blade Runner” (1982). The story takes
place in the year 2019, when androids made of artificial flesh, bones, and
brains became so similar to humans that they could hardly be recognized
as “machines.” A detection device had to be used to find the only difference
between androids and humans: the fact that only humans could have deep
emotions, truly care for someone else, and experience what the other person
is feeling — something we call empathy.

Empathic emotions such as affection are very important for humans, since
the ability to build and sustain connections to other people is critical for our
wellbeing and survival [1]. These empathic emotions are important for things
such as loving relationships, the care of a mother for her children, team spirit,
and cooperation, or even something as simple as helping a friend. These emo-
tions also lead to behaviors, such as unselfishness, that help people to live
together in society [2]. Therefore, just like in the Sci-Fi story, these empathic
emotions are an important part of what makes us human. Previous studies
have demonstrated that specific regions of the brain are important for these
emotions [3].

Neuroscience is the scientific study of the nervous system: what it does,
its structure, and how it develops. As neuroscientists who are deeply
interested in investigating brain function and its connection to human
behavior, we asked ourselves: “what if, in real life, we could find out a
way to “read” empathic feelings by measuring the activity of people’s
brains in real time?” Inspired by recent neuroscience studies in which
images of the brain were examined (called neuroimaging studies), while
people tried to change their own brain function, we further asked: “what
if a person could increase their empathic feelings using information
from their own brain activity?” This technique is called neurofeedback.
Feedback is data that tell you how well you are doing with a particular
task. In this case, we call it “neurofeedback” because the feedback is
coming from the brain and the participants are using knowledge of their
own brain signal to modify the brain’s activity.

To study this, we recruited 24 people from local universities and research
labs. These people were placed in a magnetic resonance imaging (MRI)
scanner that measures brain activity using the level of oxygen in the
blood (Figure 1). The general principle of this technique, called functional
MRI, goes like this: when we use a part of our brain to, for example,
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FIGURE 1

An MRI machine in an
experimental setting.

The image shows the
participant being prepared
by the experimenter to
enter the MRI machine,
where he will try to
modulate his own brain
activity.
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FIGURE 1

move our hand or think about a loved one, more blood with high oxygen
content is recruited to the specific part of the brain that contributes to
that function. Based on this principle, scientists can use an MRI scan-
ner to show which part of the brain is activated when a certain task is
being performed.

Inside the MRI machine, participants were told to think about happy memo-
ries involving people they love (family or friends) and to feel warm feelings
such as affection and tenderness. The experiment was divided in training
and feedback sessions: during training, participants should only think about
their loved ones; after training session, the participants did the same thing,
but this time, while they thought about happy, loving memories and warm
feelings, they also looked at a computer screen that gave the participants
neurofeedback - the screen showed them pictures that represented their
brain activity. These pictures told them whether or not their brain activity
was the same as it was the training session. In this experiment, the neuro-
teedback pictures consisted of ring-like shapes that varied in smoothness,
from smooth rings to jagged/bumpy rings (see Figure 2). The smoother
the ring shape the participants saw as they felt the empathic feelings, the
closer their brain activity matched the activity they had the first time they
were in the MRI, without neurofeedback. If the ring was “bumpy,” it meant
that they were not feeling these warm feelings as clearly as they did first
time. So, if they saw a bumpy ring, the participants could try harder to feel
the warm feelings, and if they were successful in doing so, the ring would
smooth out.

In case you are wondering the reason we choose a ring shape was to avoid using
images that could influence brain activity all by themselves. For instance, if
we showed feedback images of people, complex scenes, or even basic colors,
these pictures alone could activate emotional areas of the brain, complicating
the experiment.

kids.frontiersin.org September 2016 | Volume 4 | Article 21 | 3


http://journal.frontiersin.org/article/10.3389/frym.2016.00021
http://kids.frontiersin.org/

Visual cues used as
feedback. The image
shows feedback rings
with different amounts of

“bumpiness” according to

the measured brain
activity. A perfect ring
shape (bottom right)
represents the clearest

brain pattern achieved by

the participant, while the
bumpiest ring shape
(upper left) represents a
less clear brain pattern

associated with empathic

feelings.

Participants not
affected by
experimental
manipulation (in this
case, the
neurofeedback),
thereby serving only as
a comparison group.
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Less clear brain patterns associated with empathy

Intermediate patterns

Clearer brain patterns associated with empathy

In scientific research, we always need what we call a “control group” to make
sure that the effects we are measuring are really caused by the experiment we
are doing and are not just random. To make sure our results were not just
random, we assigned our participants to one of two different groups: one
group that received the real neurofeedback on their brain activity described
above (the neurofeedback group) and the other that was shown pictures of
randomly changing rings that actually had nothing to do with their brain
activity (the control group). These control participants did not know that
there was a separate neurofeedback group, and they were told that the rings
were displayed on the screen just to help them focus on the screen and keep
their eyes open.

We had another control group, too. In this control, the participants were asked
to think about memories in which they felt strong positive feelings of achieve-
ment and pride in the presence of other people (e.g., winning a swimming
competition). This control was important to check whether our results were
actually specific for the empathic emotions or whether they were true for
positive emotions in general.

So far so good. But what finally happened to the participants’ brains at
the end of their “brain training”? Those who saw their own brain activ-
ity reflected by the shapes of the rings displayed on the screen and then
changed this activity by working to increase their empathic feelings (neu-
rofeedback group) were able to actually increase these feelings, show-
ing more consistent brain patterns associated with these emotions than
the control group. More precisely, the feedback group increased brain
activity patterns associated with empathy. The brain regions that these
participants were able to activate when feeling these empathic emotions
included two areas with complicated names: the frontopolar cortex and
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Brain regions with
increased activation after
feedback training. The
image demonstrates that
two areas of the brain, the
septohypothalamic area
and the frontopolar cortex
(orange-black arrows)
have increased activation
after brain training. This
increase in activation was
only observed in the
feedback group, not in the
control groups.
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Septohypothalamic Frontopolar
area cortex

the septohypothalamic area (Figure 3). These regions have been previously
linked to positive, empathic emotions. Participants in the control group,
on the other hand, failed to improve their brain patterns associated with
empathy. We also found that the increased activation in these two brain
regions was specific for the empathic emotions and did not happen in
the pride memories.

Besides, just by using the brain activation patterns on the computer screen, we
were also able to tell how the emotional states they were imagining (tenderness/
empathy or pride) at any given time point. This sounds very much like the
“brain reading” that is seen in some science fiction movies! But, in this case,
we are able to “brain read” a very specific and complex emotional state, ten-
der/empathic feeling. Because we had two emotional conditions to choose
from - empathy and pride — a blind guess of the correct brain state would be
equivalent to the chance of guessing whether a flipped coin would turn up
heads or tails, giving us a one in two chances of getting it right (50%). Our
result in this experiment was a 75% rate of correctly classifying the brain state,
meaning whether the participants were feeling tenderness or pride. This is an
awesome result, we think!

In summary, our study demonstrates that people can use information about
their own brain activity related to empathy to change their own brain’s emo-
tional states, which has important applications in real life. Perhaps in the
near future, it will be possible to train people to feel empathy in order to
improve human relationships and to promote more kindness among people.
Who knows?
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