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Have there been times when you just couldn’t focus on homework or
wait for your turn to speak? We all have these experiences! But for some
3 CHAMPIONS children and adults, focusing, sitting, or waiting is extra hard, and that

OF SCIENCE, gets them into trouble all the time. They may have something called,
CHABOT
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attention deficit hyperactivity disorder (ADHD). But why is it harder for

ZZ;;EC:ND them to do these things? We thought that perhaps a part of their brains
CENTER might work a little differently. So, we looked inside the brains of college

12-15 YEARS OLD students to see their brain activity. We found that, for the students who
had ADHD, one brain area was not very active when they were waiting
for good things. When the brain sends signals that “good things are
coming soon!” this helps us wait or focus, even during boring tasks! For
those with ADHD, these signals might be weaker, making it harder to
wait and focus.
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A disorder characterized
by persistent and
developmentally
inappropriate levels of
inattention, hyperactivity,
and impulsivity that impair
daily functioning. For
children and adults with
the disorder, focusing,
sitting, or waiting is extra
hard, and that gets them
into trouble more often
than other people. Some
scientists think that some
parts of the brain may
work a little differently for
those with ADHD.

It is thought as a
“pleasure center” of the
brain that helps evaluate
whether something is
good and allows us to
experience joy and
happiness. It is also able
to learn to predict when
rewards are coming, i.e.,
good things that may be
happening soon.

Nerve cells with the
special function of
carrying messages
throughout our brain and
body. For examples, the
neurons in the striatum
send out signals to other
parts of the brain when
anticipating or
experiencing something
that is rewarding.
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Have there been times when you just couldnt stop wiggling in your seat,
playing with your pencil, or looking out the windows instead of doing your
homework? Your mom or teacher called out your name because you were not
paying attention? You want to tell your stories at dinner and waiting for your
sister to finish her story first is hard, isn't it? We all have these experiences,
but for some children and adults, this happens very often and gets them into
trouble more than other people. Some of these children and adults may have
ADHD, which makes it really hard for them to focus on things (especially
boring things!) for as long as they need to.

Scientists haven’t figured out exactly why some people struggle to focus or
to stay still more than others. Many things, like the genes we got from our
parents or the environment we grew up in, make us each unique and cause
us to behave differently [1]. While our brains are all built the same way, each
person’s brain works a little bit different. Some scientists think that the way
chemical messages are sent in some parts of the brain makes it harder for
some people to focus or wait, like children and adults with ADHD [2]. They
don’t mean to bother their friends or make their teachers or parents mad by
not focusing or waiting, but it is just so much harder for them.

Scientists think that several parts of the brain may be associated with the
symptoms of ADHD. Right in the center of the brain, there is a part called
the striatum—say it like “strai-ay-tuhm.” This part of the brain becomes more
active in response to experiences that are fun, tasty, or new. The striatum is
made up of many neurons—neurons are nerve cells with the special func-
tion of carrying messages throughout our brain and body. So, when we see,
hear, taste, or feel things that we enjoy, the neurons in the striatum become
excited! The striatum is an important part of the brain that helps evaluate
whether something is good and allows us to experience joy and happiness.
Some people say it’s the “pleasure center” of the brain. The striatum is also
able to learn to predict when good things will soon be happening [3]. Have
you seen a dog drooling and wagging his tail before you put down the bowl
of food in front of him? That’s the striatum sending the signals, “The food is
coming! Sit there and wait!” (Figure 1).

When you are working on a math worksheet, a similar thing may be happening
in the striatum. The worksheet may not be fun, but the last time you worked
hard on your math problems, your teacher smiled at you, you got an A, and
your mom gave you a huge hug and told you that she was proud of you. The next
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FIGURE 1

A dog drooling while
waiting to eat the bowl of
food.

FIGURE 2

Study participants slide
into the magnetic
resonance imaging (MRI)
machine. The MRI
machine uses a large
magnet, radio waves, and
a computer to produce
detailed images of organs
and structures within the
body, including the brain.

MAGNETIC
RESONANCE
IMAGING (MRI)

An MRI machine uses a
large magnet, radio
waves, and a computer to
produce detailed images
of organs and structures
within the body, including
the brain. An MRI
machine can keep track
of where there is more
oxygen in the brain. More
oxygen comes in through
the blood to the parts of
the brain that are more
active. So, using an MRI
machine, we can see
which parts of the brain
are more active at a given
time.
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FIGURE 1

FIGURE 2

time you sit down to do a math worksheet, your striatum might start sending
signals to tell you good things are coming. In fact, to your brain, it’s almost
like you are getting those rewards already, because the striatum is becoming
active just by expecting the rewards that are coming soon. This action of your
striatum helps you keep your focus on the worksheet. The striatum is helping
you to behave in a way that got you the positive comments and rewards in the
past, so that you can get them again!

DOES THE STRIATUM WORK DPIFFERENTLY IN ADHD?

We wanted to find out if the striatum works differently in people who have
trouble focusing or staying still, and in those who are good at focusing [3]. We
asked college students (average age = 23 years) in Brazil to help us answer our
question. Some of them had ADHD (14 students, 8 males and 6 females) and
some of them didn't (15 students, 8 males and 7 females). One by one, they
went into a machine called a magnetic resonance imaging (MRI) scanner
so that we could look inside their brains (Figure 2).
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A. Students saw a series
of images on the
computer screen in the
MRI machine. The square
shape was never followed
by a reward outcome (the
jar of coins). The diamond
shape was followed by a
reward outcome 66% of
the time. B. These are the
pictures of the brain when
you slice it from the top to
the bottom, dividing the
brain into front and back
parts. For students who
didn’t have ADHD, you
see places in the striatum
(where the red circle is)
lighting up (colored areas)
during the period of
waiting, but not during
reward. C. For students
who had ADHD, you see
places in the striatum
(where the red circle is)
lighting up when they
actually saw the jar of
coins, but not while they
were waiting for it. In both
panels (B,C), the lighter
yellow color shows
greater activation. Figures
adapted from Furukawa
et al. [4].
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The students lay down in the machine for about 30 min, and they watched a
series of images on a computer screen. The screen repeatedly showed a square
shape and a diamond shape (Figure 3A). After the diamond shape was shown,
sometimes a glass jar with coins appeared. We told them that this meant
they would get some money on a gift card each time they saw the coins (they
received a gift card at the end of the experiment). But, every time after the
square shape was shown, a big X on the glass jar would appear, showing that
they wouldn’t get any money that time. After a while, most people started liking
the diamond shape better than the square shape. That makes sense, doesn't it?

When using an MRI machine, we can make it so that the parts of the brain
that are active light up in the image of brain that we see. How? In the brain,
there are billions of neurons that send and receive messages. Neurons in the

Outcome

Shape Waiting

100 %
—
33 %
66%
—)

Non-ADHD

ADHD
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different parts of the brain become more active in response to certain things.
For example, the neurons in the striatum respond to things that are reward-
ing (e.g., food, money, a smile) or when waiting for good things, remember?
When neurons become active, they need a lot more oxygen! It’s a little bit like
when you run, you breathe harder to get more oxygen. More oxygen comes
in through the blood to the parts of the brain that are more active. An MRI
machine can keep track of where there is more oxygen at a given time. So,
when the college students saw different shapes and outcomes, we could see
when there was more oxygen in the striatum—the MRI machine could show us
this by making the active parts of the brain light up in the image we observed.

For the students who did NOT have ADHD, the striatum lit up (became more
active) when they saw the diamond shape and waited for the coins to appear
(Figure 3B; showing average activation of the students who didn’t have ADHD).
This meant that the striatum was becoming more active when they saw a cue
that signaled “good things are coming soon!”

On the other hand, in the students who had ADHD, the striatum didn’t light up
as much when they saw the diamond shape, even though it was showing that
coins (reward) might be coming soon (Figure 3C; showing average activation
of the students who had ADHD). But the striatum became active whenever
they actually saw the jar with the coins. So, the striatum responded when they
actually received the reward, but not while they were waiting for the reward.

We also noticed that, toward the back of the brain, an area called the insular
cortex also lit up (outside the red circle, on the far left, in Figure 3) when the
students saw the picture of the coins. This occurred for those who had ADHD
and for those who did not have ADHD. The activity in this area is thought to
be related to remembering rewards. Perhaps seeing the picture of the coins
reminded the students of receiving money in the past. We do want to be little
careful interpreting this activation, because we didn’t think about this before
the study. But, it is interesting that some brain activations are similar between
the people with ADHD and those without it, while some activations are dif-
ferent, isn't it?

If you have ADHD, the striatum may not be as good at helping you focus or
wait. Without those brain signals telling you that good things are coming, it’s
hard to keep doing things that are challenging or not so much fun.

If you have ADHD, the striatum may also be reacting more to actual rewards
around you instead of rewards coming in the future. This could be another
reason why it is hard to focus. For example, you might see a fire truck go by
outside your window, and that’s exciting—at least more exciting than your
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math worksheet! You might hear your little brother playing and laughing and
think that you could be missing out on some fun things. Maybe you poke a
friend next to you and she jumps in her seat, which makes you laugh. When
you skip ahead in a line, you get your favorite food more quickly.

The results of our experiment suggest that, for children and adults with ADHD,
these fun and exciting events activate the striatum more. Actual rewards get
the striatum excited. But, for people who don’t have ADHD, the striatum
becomes more active in response to signals that rewards are coming in the
future. Anticipating rewards gets their striatum more excited, even before the
actual rewards arrive!

This difference in how the striatum works is important, because all of us,
humans and other animals, tend to repeat behaviors that are rewarding.
If the striatum sends chemical signals that “good things are coming,” even
tasks that aren’t very enjoyable can be experienced as rewarding. Then, you
are more likely to do the same thing again! For example, you work hard
to finish a worksheet and the teacher gives you a big smile. The next day,
your striatum may already start becoming active during the time you are
completing your worksheet, because your brain is expecting that smile, and
this helps you keep your focus on the worksheet. But people with ADHD
may be more likely to repeat the behaviors that got them actual rewards
right away, like getting a good laugh from their classmates or getting a slice
of pizza quickly by skipping the line. The problem is that these may be seen
as not-so-good behaviors at times.

It’s also important to remember that several brain parts are connected to each
other and some of these parts, in addition to the striatum, may play a role in
ADHD. One part of the brain that some scientists focus on is the prefrontal cor-
tex. This area of the brain is thought to act like a conductor in an orchestra—it
helps coordinate the activities of the different parts of the brain, which makes
it easier for you to plan and organize things. There has been some research
suggesting that the prefrontal cortex may also work differently in people with
and without ADHD. This may explain why some people with ADHD have
difficulty following through with tasks they are supposed to do! But, in our
study, we wanted to focus on how people with ADHD respond to rewards. So,
we chose to look at the striatum, because we know from other research, this
part of the brain is very involved in the processing of rewards. We think that
our study shows one important aspect of ADHD, although there are many
other aspects also worth studying.

As we said in the beginning of this article, we still need to do a lot more
research to figure out exactly why some people have ADHD. What we found
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in the striatum could be only one of many reasons that some people have
more difficulty focusing or waiting. It is not that the striatum is not working.
It just seems to work a bit differently in people with ADHD. So, that means
that people with ADHD should do things differently in order to accomplish
what needs to be done at home or at school!

If you have trouble focusing, try talking to your parents and teachers about
it, to see if they can help you create conditions that make it easier for you
to focus, such as finding a quiet spot to do your homework, turning off the
TV and cell phone, and keeping your brother out of your room! Also, look
for ways to build in opportunities to get actual rewards quickly and often.
For example, you can break up your work into small chunks, like five math
problems at a time. Then, stop to show your work to your dad, congratulate
yourself for doing a good job, stretch, and walk around, and then try the next
five problems. Ask your teacher to give you a pat on your back when you are
doing a good job focusing [5]. Ask the grown-ups around you to be a bit more
patient and remind you what you are supposed to be doing, if they find you
distracted by other fun or more immediately rewarding things.

Sometimes things are hard when you have ADHD. But managing the rewards
around you might help the striatum to become more active in ways that could
help you accomplish what you want! It is also hard sometimes when someone
you know has ADHD—you may like the person, but he or she can be annoying
at times. It’s ok to say how you feel and gently remind the person of a good
way of behaving. And when the person is doing a good job focusing or wait-
ing, let him or her know that!

You should know that there are a lot of people who are not good at focusing
and have ADHD, but are successful and have done amazing things in their
lives, like becoming scientists, doctors, chefs, actresses, business owners, and
even Olympic swimmers!
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