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Imagine you are in your backyard, bird watching with your friends.

Your eyes look upward, scanning the trees and sky. What birds would

you expect to find?What do you think they might look like? Consider

how the environment you are searching within (your backyard) gives

you clues about where to look for birds. Your eyes are likely to scan

the trees but are unlikely to scan the ground. The environment also

gives you clues about what the birds look like. You would probably

expect them to be small and brown (like a robin) if you live in North

America, or perhaps more colorful and larger (like a parrot) if you

live in a tropical place like Central America. The local environment

provides clues that help you predict what your search “target” will

look like, and these expectations can even help you find things

more quickly!
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SEARCHING IS A CHALLENGING JOB FOR THE BRAIN

Searching for objects or animals is a challenging task for your brain to
perform.When you search for things, your brain directs themovement
of your eyes toward objects that appear similar to the thing you are
looking for. As you search for objects in everyday life, you may notice
that you sometimes accidently spot items that look similar to your
target. For example, if you are searching for your basset hound, you
may accidently look at a similar-looking dog (like a beagle) or even a
cat, because they share visual features with your dog (four legs and
a tail). The visual features of objects can direct your eye movements.
This allows you to find what you’re looking for quickly, because you
do not waste as much time looking at things that are unlike your dog,
such as a cat or other animals.

Your brain directs your eyes toward search targets with the help
of mental representations, which are memories of the thing you’reMENTAL

REPRESENTATION

The way the mind
stores information
about an object, such
as an image of the
object or knowledge of
its features.

looking for. Mental representations are created from your past
experiences with those objects in the world, and the information is
stored in your memory, like pictures stored on a phone. Because of
your past experiences seeing dogs in real life or in photos, you can
think about the shape and color of a typical dog without having one
right in front of you. If you tried this right now, it would probably
be easy to do—go ahead, picture a dog in your mind! When you
need to find objects, you use these mental representations to create
target templates, which are like pictures in your mind that guideTARGET TEMPLATE

A mental
representation of a
target object that can
be used to guide
attention during
visual search.

your eyes toward the thing you’re looking for (For more details about
target templates, see “Using Your Brain (Not Just Your Eyes) to Find
Lost Objects” [1]). Using target templates, your brain knows to direct
your eyes toward certain features of basset hounds (four legs, long
ears, brown-and-white fur) and not the wrong features (wings or
gray fur).

Sometimes we search for things that we do not have a clear target
template for, meaning we are not quite sure what those things will
look like until we find them. Imagine that you are looking for a bear.
What kind of bear could this be? Perhaps a polar bear, or a small teddy
bear? The specific features of bears can be di�erent—polar bears have
white fur, teddy bears are small. So, how are you supposed to know
the exact features of the bear you are looking for? This is where the
environment you are searching in can give you clues and provide a
mental boost that can help you find the bear faster.

USING THE CLUES IN YOUR ENVIRONMENT

Your experience with objects not only helps you get an idea of what
those objects generally look like, but also which environments they
are likely to be located in. Consider where you are more likely to
find a polar bear: in a cold, snowy place like the Arctic tundra, or
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Figure 1

Figure 1

People are faster to
identify objects if those
objects belong to the
scene they’re in. You
would be just a tiny bit
faster to identify the
object as a polar bear
when viewing the
image on the left
compared to the image
on the right. Although
you might feel like you
recognized the polar
bear very quickly in
both places, scientists
can use computerized
experiments to
measure very small
di�erences in your
identification abilities,
di�erences so small
that you probably do
not even notice them!

in a wooded forest with tall pine trees? Where would you expect to
find a grizzly bear? You would expect polar bears to be in snowy
environments, not in the forest, and grizzly bears to be in the forest, not
the tundra. People are faster at identifying objects when the objects
are in environments that they are expected to be in [2]. For example, if
you were shown a scene of a snowy landscape and asked to identify
the animal in it, you would probably find a polar bear much faster than
if the scene were of an o�ce containing a polar bear (Figure 1). The
scene gives you a mental boost that helps you notice the bear more
quickly. The mental boost you get in identifying objects quickly in their
typical environments happens with the help of memories of objects
that belong together, like polar bears and snow.

SCENES IN YOUR BRAIN

In general, scenes are made of objects that often show up together in
certain places. Think of a beach scene. You may imagine palm trees,
sand, water, seashells, and crabs. These objects are strongly associated
(that is, they belong together) and they are stored together in your
memory as a special sort of joint mental representation called a scene
schema. Over time, scene schemas are created in your brain fromSCENE SCHEMA

A mental
representation that
includes objects
expected to be in a
particular scene

seeing scenes and noticing the objects that tend to show up in those
scenes. Scene schemas allow you to understandwhich objects belong
in certain environments. When you come across scenes throughout
your life, scene schemas allow you to predict which objects are likely
to be present in those scenes.

Scene schemas are created by connections between di�erent parts of
the brain. An important brain area associated with scene schemas is
called the parahippocampal cortex (PHC). If you see two objects thatPARAHIPPOCAMPAL

CORTEX

A brain structure
involved in processing
associations between
scenes and objects.

belong together, meaning they are expected to be in the same scene,
then brain cells in your PHC are more active compared to when you
see two objects that do not belong together [3]. For example, when
you look at a palm tree and a coconut, the PHC is very active, and the
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Figure 2

Figure 2

The parahippocampal
cortex (PHC) is active
when processing
scenes and associated
objects. The person on
top sees two items
(palm tree and
basketball) that do not
belong together, and
the brain cells in the
PHC have little activity.
Imagine the brain cells
as “cold,” as indicated
by the color blue.
When the person views
two objects that belong
together (palm tree and
coconut), the brain
cells in the PHC are
much more active and
use more energy, as
indicated in red,
suggesting they are
“hot.”

brain cells there use lots of energy (think of them as “hot”); but those
brain cells are less active when you view two unrelated things, like a
palm tree and a basketball (think of them as “cold”) (Figure 2).

When you look at a beach scene, the PHC cells representing your
scene schema for a beach are active in your brain. This includes brain
cells representing the objects expected to be present on a beach, even
if those objects are not actually present in front of you. For example,
even if there are no seashells in your beach scene, the idea of seashells
is still active in thememory parts of your brain. This is because seashells
are linked together with other beach scene objects in the brain by the
scene schema. It’s as if your brain is anticipating what it will see and
preparing the parts of the brain needed to notice those objects if they
happen to show up.

USING SCENE SCHEMAS FOR UNCLEAR TARGETS

When an object you are viewing belongs in the scene, you get amental
boost that allows you to identify it faster. It’s likely that the samemental
boost you get from a scene schema helps you find related objects
more quickly in the scene. When searching for something like a bear,
when you do not know the bear’s exact appearance the scene might
give you clues about what that bear looks like. Clues like snow on the
ground (rather than a bed on a floor) tell you that the bear is more
likely to be large and have white fur and is less likely to be small and
cuddly. Clues from the scene help you to find what you’re looking for
more quickly.
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Figure 3

Figure 3

(A) In our study,
participants were first
given a search
category, in this case
“bear.” For <1 s, the
computer flashed a
scene that was either
related to the search
target or unrelated.
Then, participants
searched for the target
object among other
objects. (B) By
measuring the speed of
eye movements, we
discovered that
participants found
targets more quickly
when the targets were
related to the scenes
they saw. This example
shows bears, but the
targets participants
searched for changed
frequently.

In our experiments, we asked whether scenes could help us find
ambiguous (unclear) targets faster. We wondered if scenes could help
us look for items when we do not know precisely what they look like.
To answer this question, we had people use a computer to perform
the following experiment (Figure 3). First, participants were told that
they would be looking for a picture from a certain category (trees, for
example). Then they saw a picture of a scene for <1 s (that’s quick!).
After the picture, they searched for the object among other, unrelated
objects. Sometimes the scene was related to the objects they found,
and sometimes it was not related. For example, when looking for a
tree, subjects may view a mountain scene and would later find a pine
tree (a picture that belongs to the scene). In other cases, people would
search for a tree, see a mountain scene, and then find a palm tree (a
picture that does not belong to the scene).

Wewere interested in how the clues in the environment quicklymoved
people’s eyes toward the object they were looking for. If people
are using a useful target template, their eyes would move to the
object more quickly than if they did not have a useful target template.
Eye tracking technology allowed us to examine eye movements by
measuring how quickly people’s eyes moved toward objects they are
looking for (More info can be found in “Eye spy: why we need to move
our eyes to gather information about the world” [4]). We predicted
that people would have faster eye movements to the object they were
looking for if the object belonged to the scene they saw—and that
is precisely what we found! People were faster to put their eyes on
target objects when those objects were related to the scene they saw
for <1 s, compared to targets that were unrelated to the scenes they
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viewed. When the target picture and the scene were related, people
were faster to find the object [5]!

FAST SEARCH IS USEFUL!

The results of our study show that the environment you search within
can supply important clues that give you a mental boost that improves
your search behavior. This boost helps you to predict what the object
you are searching for looks like. Prediction of the object’s appearance
helps your brain to create a very useful target template that directs your
eyes more quickly to what you’re looking for. This process is important
because it makes sure that your everyday searches are e�cient, so you
do not waste your time. Imagine, for instance, you and your friend
are playing a game of soccer at a soccer field and your friend says,
“Go grab the ball.” You certainly would not waste your time looking
for something small and green (a tennis ball) or large and orange (a
basketball). You would expect to find a soccer ball, because of the
environment you’re in, and I am sure all the players would be grateful
that you could quickly find what you’re looking for!
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YOUNG REVIEWERS

NOVA, AGE: 9

My name is Nova and I am in 4th grade. My favorite subjects are writing, science,

social studies, and reading. When I grow up, I’d like to be an architect, because I like

art and I also like building. I think it’s important for kids to be curious so they can

learn. Albert Einstein said that he did not have a special brain, but he wondered how

the universe worked, so he went out and learned, so he could figure it out.

SOPHIA, AGE: 9

I live in Tucson, Arizona. My favorite sports are swimming and fencing. I play the violin

and love to bake. My best friends are my two little brothers. I love to climb trees and

indoor rock climbing. My favorite pastime is spending time with my friends. I love to

read, my favorite book series is “Diary of a Wimpy Kid.” I am really enjoying being an

editor for Frontiers for Young Minds.
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Psychophysics. My research examines many di�erent things, but I primarily study

visual search (how people find things) and eyemovements (where and why wemove

our eyes). In my limited spare time, I like to play with my dogs, go on motorcycle

rides, hike, travel, and play hockey.
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