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Working memory is the ability to hold information in our minds for
a short time, often while we work on it. We need it for schoolwork,
solving problems, and many aspects of life. Some people can hold
more information in mind than others, and as we get older the
amount we can hold tends to decline. If we understand what limits
working memory and how working memory changes with age, we
can figure out ways to improve it. A person’s ability to focus on
relevant information and ignore distraction seems to be important.
Our research group looked at how well people can ignore different
types of distraction, which might limit their working memory. To
sample a large number of people with a range of abilities, we used
a game played by 29,631 people. The results gave us clues about
how our ability to ignore distraction affects our working memory, and
we identified a specific type of distraction that seems to particularly
affect working memory in older adults.
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WORKING MEMORY

The ability to hold
information in mind for
a short period of time.

DISTRACTORS

Stimuli or information
that is not relevant to
the task a person is
completing and should
be ignored.

ELECTROENCEPHAL-
OGRAPHY (EEG)

A way of recording the
brain’s

electrical activity.

FUNCTIONAL
MAGNETIC
RESONANCE
IMAGING (fMRI):

A way of recording
changes in blood-flow

associated with
brain activity.

PARKINSON'S
DISEASE

A condition that affects
the brain and is
associated with a
reduction in the brain
chemical dopamine.

DOPAMINE

A brain chemical
associated
with memory.

WORKING MEMORY AND OUR ABILITY TO IGNORE
DISTRACTION

In our daily lives, we constantly need to hold information in our minds
for a very short time (seconds). We must keep instructions in mind
while we follow them. When reading or listening to someone talk, we
must hold the first part of a sentence in mind while we process the
rest of it. When solving problems or making decisions, we must keep
in mind all the relevant pieces of information while we work on them.
This type of memory is known as working memory. Some people
can hold more information in working memory than others. People
also seem to be able to hold less information in working memory as
they get older [1], which can affect quality of life and independence in
older age. With our research, we are trying to understand why working
memory is limited, why it varies between people, and why it tends to
decline as people get older.

Research suggests that our ability to focus on relevant information
and ignore distractors is a limiting factor, stopping us from holding
more information in mind. There is good evidence for this. Researchers
showed people pictures of colored shapes and asked them to
hold some of the shapes in working memory but to ignore others
[2]. By measuring their brain signals using a technique called
electroencephalography (EEG), researchers estimated how many
colored squares each person was holding in mind. They found that
people who have a good working memory and could hold a large
amount of information in mind only held the colored shapes in mind
that they were asked to remember. In contrast, those with poorer
working memory seemed to hold in mind more colored shapes than
they needed to, suggesting they were failing to ignore the shapes they
did not need to remember. The researchers suggested that our ability
to hold only relevant information in working memory, while keeping
other information out, might be what limits working memory.

CONTRADICTORY RESULTS

Using a brain scanner, it is possible to measure how blood flows
in the brain, and to see how different parts of the brain become
active when we are doing certain things. We used this type of brain
scanning, known as functional magnetic resonance imaging (fMRI),
to measure brain activity while people were doing a working memory
task [3]. We identified a region of the brain that seemed to be involved
in keeping distractors out of working memory [4]. This brain region
might act as a gatekeeper, letting some information into memory
and stopping other information from getting into memory. Although
this was an exciting finding, it did not seem to fit with some other
research. For example, patients with Parkinson's disease (a disease
that affects movement and also memory) have less of the brain
chemical dopamine in this same brain region. If this brain region was
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indeed the gatekeeper, we would expect Parkinson'’s patients to be
less able to ignore distractors compared to non-patients. However,
research showed that they seemed to be better able to ignore
distractors than non-patients [5].

Looking closely at the different experiments, we found there was a
small difference in when the distracting images were shown. In our
study, the distractors appeared at the same time as the information
the volunteers were asked to hold in mind. This would be like hearing
a dog bark just as you are trying to put a phone number into your
working memory, before you enter it into the phone. In the Parkinson’s
disease study, the patients were first shown the images they were
asked to put in mind, and then, while they were holding those images
in mind, the distractors appeared. This would be like hearing the dog
bark when you have already put the phone number in your working
memory, and you are just about to enter it. We needed to find out
whether this difference in timing of the distractors could explain the
differing findings. Could it be that the brain deals with these two types
of distractors in different ways? If there are separate brain mechanisms
for ignoring these two types of distractors, how are they affected by
aging and do they each limit working memory?

THE SMARTPHONE GAME

To investigate this possibility we needed to measure how well different
people can ignore each type of distraction, to understand how these
abilities might limit the amount of information a person can hold in
mind. A large number of volunteers were needed, of different ages
and with a wide range of abilities. The standard approach of inviting
people to the laboratory is time consuming and expensive, so instead
we used a smartphone game. We asked people to remember the
positions of red circles and ignore yellow circles, which could appear
with the red circles or after the red circles (Figure 1). As participants
played the game, the number of red circles increased, making the
game more challenging (and exciting!), until they eventually could not
hold any more red circles in mind, and we had found the limit of
their working memory. From this information we could estimate how
well participants could ignore the two types of distraction. With this
approach, we collected data from 29,631 people aged 18-69.

As we expected, performance was affected by the distractors, as
players could hold fewer red circles in mind when yellow circles
were present. Older people seemed to be particularly affected by the
distractors, which we also predicted. However, the new finding was
a striking difference between the two types of distraction. Although
older adults were affected by the yellow circles shown at the same
time as the red circles, they were much more affected by the yellow
circles presented after the red circles, when the red circles were
already in working memory (Figure 2). This suggests that there are
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Figure 1

The smartphone game.
Red circles were
shown for 1s and then
disappeared. Aftera 1-s
delay, the player was
asked to tap where the
red circles had been.
(A) Sometimes only red
circles were shown.
Other times, yellow
circles (distractors)
appeared. The yellow
circles could appear (B)
at the same time as the
red circles, or (C)
during the 1-s delay
before the players were
asked to tap their
response. This allowed
us to estimate how
many red circles the
player could remember
and how much their
performance was
affected by the two
different types of
distraction.

Figure 2

The average maximum
number of red circles
the players could
remember is shown for
each condition: no
distractors, when the
player was only shown
red circles; encoding
distractors, when the
yellow circles appeared
while the player was
encoding the red
circles into working
memory; and delay
distractors, when the
yellow circles appeared
during the delay before
the player was asked to
make their response.
For each condition,
performance declines
as age increases, but
there is more rapid
decline for the delay
distraction condition
compared to the other
two conditions.
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indeed separate mechanisms involved in ignoring the two types of
distraction, and that age affects these mechanisms differently.
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AN AGE-RELATED CHANGE IN THE WAY INFORMATION IN
HELD IN MIND

As we had so many people in our study, we could also explore other
patterns in the data. We found that we could predict how much
information a person could hold in mind by looking at the person’s
ability to ignore each type of distraction. However, as people got
older, the relationship between these abilities changed. For older
people, the ability to ignore distractors shown at the same time as
the information to remember seemed to be much more important
in predicting their working memory, and to have a greater limiting
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effect on their working memory. This suggests that, as we get older,
we adapt how we hold information in working memory and rely more
on mechanisms involved in ignoring distraction that occurs together
with the relevant information.

There is a lot we still need to find out, but this work showed us that
people seem to use separate mechanisms to ignore different types
of distractors and, as we get older, these mechanisms limit working
memory in different ways. It seems that aging does not just involve
a decline in working memory, but a change in the way different
brain mechanisms work to shape working memory. A simple working
memory game made this discovery possible!
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FAIRVIEW INTERNATIONAL SCHOOL—BOfA, AGE: 14
We are a group of year 10 students studying in Fairview BofA, who share common
interests in neuroscience and psychology

GABRIEL, AGE: 10
Gabirielis in fifth grade. He is a swimmer and ultimate Frisbee player. He is interested
in computers and science, and wants to help stop climate change and make the
world more clean.
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