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We all make mistakes—and when we do, it is a great opportunity for
the brain to adjust what it is doing and to learn. To study how the brain
detects and deals with errors, researchers have used caps equipped
with sensors that can measure brain activity. One thing researchers
have found using this method is that the brain creates a speci�c kind
of brain activity when a person makes a mistake. This activity, ca lled
the error-related negativity or ERN, happens almost at the same time
that the error is made. It is as if the brain already knows we are making
a mistake within fractions of a second, before we are even aware
of it. Where in the brain does this ERN come from? How does it
help us learn? And how does it change as we develop from children
to adults?
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MAKING MISTAKES

Making a mistake feels bad. That sudden annoying jolt you feel when
the dart misses the dartboard or the sinking feeling you get when
you get an F on a test. These feelings can be annoying or painful,
but they are part of what your brain does to make you succeed in
the future.

Making a mistake could have meant injury or death for our distant
ancestors who lived in the wild, hunting game and avoiding predator s.
The brains of our ancestors had to help them learn from their mistak es,
so that the human race could survive. An important function of
the brain is to try to predict the future. This includes how we can
change our actions in the future, to avoid making the same mistakes.
Understanding how the brain detects and copes with mistakes is
therefore important for understanding how the brain works and how
we learn.

We can think of a mistake like this: you start out with a goal you
want to achieve. Perhaps you are playing soccer and you are abou t
to make a free kick. Your goal is literally to score a goal. You ass ess the
situation and choose a plan of action. Say the opposing team has set
up a wall, so you decide to curve the ball around the players and into
the goal. But you put too little spin on the ball, and it hits a goal pos t
and de�ects.

In this example, the mistake was caused by an incorrect prediction . You
predicted that the way you kicked the ball would result in you scorin g
a goal but, to your surprise, it hit the goal post instead! In other wo rds,
what you thought would happen did not actually happen. Although
you might be disappointed for not scoring a goal, this event tell s you
something very important. It tells you that your ideas about how the
world works and how you can a�ect it are not completely correct.
Now you know that, next time, you will need to kick the ball with
more spin. Thanks to such learning experiences, you will �ne-tu ne
your kicking until you ultimately score.

HOW DOES THE BRAIN DEAL WITH ERRORS?

Brain cells communicate with each other using electricity. Some of
this electrical activity travels away from the brain cells to the outsid e
of the head. It passes through brain tissue, the skull, and your sk in
along the way. By using caps with special sensors called electrode s, we
can record this activity; this method is called electroencephalography
(EEG). EEG allows us to study brain activity while people perform

ELECTRO
ENCEPHALOGRAPHY
(EEG)

A method to record
electrical activity of
the brain.

di�erent tasks. The brain never stops working, even when you slee p,
and thus constantly produces this electrical activity. By looking a t
patterns in these electrical “brain waves,” it is possible to see a lo t
about what is going on in the brain. We can see if people are awake
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Figure 1

Figure 1

The error-related
negativity (ERN) and
the error positivity. A
speci�c pattern of brain
activity can be
observed when we
make an error. In the
graph, the wavy line
shows the brain activity
over time. The vertical
line represents the time
at which the error was
made. You can see that
the ERN (blue), happens
almost immediately
after the error is made
and is strongest at the
top of the head, while
the error positivity (red),
comes a bit later.

or sleeping, if they are relaxed or focused, or if they just made
an error.

In the laboratory, we study brain activity related to errors by giving
someone a very di�cult task, in which he or she is bound to make
a lot of errors. For example, the person might be asked to quickl y
press a certain key on a keyboard when a left or right arrow is
shown at the center of the screen, but the arrow is surrounded by
many distracting arrows pointing in the other direction. Whenever th e
person makes an error, a special pattern of brain activity shows up :
a sharp, negative electrical activity that is strongest at the top of th e
head. Since this electrical activity is negatively charged and as sociated

ERROR RELATED
NEGATIVITY (ERN)

Negatively charged
electrical brain activity
which happens very
quickly after an error
and which signals
detection and
processing of the error.

with making errors, it is called the error-related negativity , or ERN
[1] (Figure 1).

The ERN is thought to come from a brain region deep inside the fron t

CINGULATE
CORTEX

A part of the brain deep
inside in the middle of
the brain.

part of the brain called the cingulate cortex [2] (Figure 2). The ERN is
likely the result of the cingulate cortex detecting an error and sen ding
an alert signal to other parts of the brain, through connections cal led
the cingulum bundle , focusing the person's attention to decrease the

CINGULUM BUNDLE

A nerve tract
containing a collection
of �bers that connect
many di�erent parts
of the brain.

likelihood of making new mistakes.

A curious thing about the ERN is how quickly it happens after you m ake
an error. So quickly, in fact, that it happens before you are awar e of
your mistake. The ERN usually occurs no later than 100 ms (1/1,00 0 of
a second) after an error has been made. The ERN can even occur at
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Figure 2

Figure 2

The cingulate cortex
and the cingulum
bundle. Left: The
cingulate cortex,
shown in green, is a
region deep inside in
the middle of the brain,
and is the source of the
ERN.Right: The
cingulum bundle, the
�ber connections that
lie underneath the
cingulum cortex,
connects di�erent
brain regions (made by
Sila Genc). almost the exact same time as the error itself. In contrast, you will n ot

have a feeling of making an error until at least 200 ms later. It i s like your
brain knows you have made a mistake before “you” do! And indeed,
scientists think that this is exactly what happens. The cingulate cor tex
compares our actual actions to what we would like to do or should
achieve, and the ERN then signals to our conscious self that the actu al
action and the outcome we expected do not match. The ERN thus
brings this error or mismatch to our attention. The actual awareness
of making an error happens at the same time as a later brain signal ,
called the error positivity , which is an electrical signal that scientists

ERROR POSITIVITY
(PE)

Positively charged
electrical brain activity
which happens from
200 ms after an error
and is involved in our
awareness of making
the error.

believe to be involved in our awareness of making an error.

HOW DO ERRORS HELP US ADJUST OUR BEHAVIOR AND
LEARN?

Many scienti�c studies have found that, after making a mistake, we
respond more slowly in the next round. This might be because the
brain is trying to give itself more time, to avoid making the same
mistake again. The stronger the ERN is after an error, the slower the
response in the next round tends to be [3].

Some people have a larger ERN than others. Does this mean that these
people are more sensitive to making errors and learn more from th eir
mistakes? Some studies seem to support this idea. For instance, Hi rsh
and Inzlicht [4] found that a stronger ERN was associated with better
school performance. In their study, the researchers measured th e brain
activity of university students and found that the students who had a
larger ERN also tended to have better grades.

Having a strong ERN is not necessarily always a good thing, howeve r.
People who are more anxious tend to have stronger ERNs [5], and
very strong brain responses to errors are associated with increas ed
distractibility rather than improved focus. If the ERN shows the brai n
reacting and responding to errors, then a really strong ERN might be
the brain overreacting, being more upset and alarmed by making a
mistake than is necessary.
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HOW DO ERROR SIGNALS CHANGE AS WE GROW UP?

In childhood and adolescence, the body goes through many physi cal
changes, but there are also many changes in how we think, feel,
and behave, and in our motivations. These changes, along with
the ever-greater responsibilities and expectations we face in lif e,
require repeated trial-and-error in order for us to learn the soc ial and
academic skills we need to thrive as adults.

Studies show that the ERN changes with age, with adults and older
teenagers having stronger ERN signals compared to children [3] . That
the ERN increases in strength through childhood and adolescence is
probably related to the way the brain develops. Di�erent parts of the
brain develop at di�erent speeds. Some brain regions are ful ly mature
by late childhood, while others continue to develop into adulthood
[6]. The cingulate cortex, which produces the ERN, does not stop
developing until the late 20s. In other words, a part of the brain that
is important for learning from our mistakes takes a really long ti me to
develop compared to many other parts of the brain.

CONCLUSION

Making mistakes can be annoying and frustrating at times. However ,
it is also very important for us to learn from our mistakes, so we
can correct our responses and do things di�erently the next time
we are in the same situation. The brain is very sensitive to mistakes
and it produces a speci�c type of electrical activity when we make
errors, called the ERN. This error signal: (1) occurs before we are
aware of our mistake; (2) becomes more powerful as we get older;
and (3) can predict how well we perform at school or university.
There is still much we do not know about how the brain reacts to
mistakes. Doing more research on the ERN might help us solve some
of these mysteries.
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YOUNG REVIEWERS

ASHLEY, AGE: 12
Hi I am Ashley!! I like to dance �amenco everyday because it is fun a nd is a great
physical activity. Flamenco and acting class are my favorite cla sses this year. I go to
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a school that focuses not just on normal classes, but on performin g arts as well. In
my spare time I like making jokes and playing card games with my family.

JULIA, AGE: 14
My name is Julia and I am a ninth grader from Berlin. I am a student who is very
interested in math, chemistry, and sciences, especially neuro - and space sciences or
quantum mechanics, but I enjoy learning languages too. At home I a m talking with
my parents in Ukrainian because originally we come from Ukraine a nd in addition
I am studying German, English, and French at school. In my free ti me I really like
playing the piano, dancing, and reading books.

SAMANTHA, AGE: 15
Hi my name is Samantha! I like to read and write, and I am working on writing
a long story right now. My favorite classes are Chemistry and E nglish. In my free
time I enjoy contemplating the mysteries of the universe, starin g o� into space, and
writing stories.
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