NEUROSCIENCE
Published: 18 December 2018
doi: 10.3389/frym.2018.00071

Jessica Madrid and Michael C. Hout*

Psychology Department, New Mexico State University, Las Cruces, NM, United States

GONI
AGE: 10

You probably think about whatyou see all the time. But have you ever
stopped to think about how you see? In order to see objects in the
environment, the brain first needs information from the eyes. Once
this information is available, the brain can use it to create a mental
picture of the world. For the most part, we feel as if we see the details
of our surroundings very clearly, and our visual experience appears to
be smooth and continuous. However, because we have such a smooth,
clear view of the world, it can be easy to overlook how much hard
work our eyes and brain have to do to create this experience. Actually,
our eyes are constantly moving in order to provide the brain with new
information about the world around us. But why is this necessary? In
this article, we will explore how and why our eyes move, and how the
brain creates a visual experience from all the little snapshots of the
world brought in through the eyes.
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The area of the retina
that is outside of the
fovea. There are fewer
cones in this region
compared with the
fovea, so vision is
blurrier here.

The small region in the
center of the retina that
supports very clear
vision due to the large
number of cones in this
area.

Figure 1

Visual clarity is not the
same in all parts of the
eye. Hold the page at a
normal reading
distance. When you
look at the purple circle
directly, you can easily
read the numbers and
letters that surround it.
When you look at the
blue square, you can
still see the purple circle
in the corner of your
eye, but you can no
longer read the
numbers and letters.
When you look at
something out of the
corner of your eye, you
are using your
periphery. Your vision is
best when you look
directly at an object; this
is because your fovea,
which is in the very
center of the eye, allows
you to see most clearly.
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WHY DO WE NEED TO MOVE OUR EYES?

One surprising fact about human vision is that, although the world
appears uniformly clear to us, the clarity of the visual information we
gather is not the same in all the parts of the eye. You can observe this
yourself. First, stare at the purple circle in Figure 1. It is easy to read
both the letters and the numbers surrounding the circle without mov-
ing your eyes. Now stare at the blue square. You can see the purple
circle in the corner of your vision, but you can probably no longer
read the numbers and letters around it. The blurry parts of your vision,
where you can only gather limited information, are called the periphery
(per-IF-er-ee). The clearest spot at the very center of your visual field
is called the fovea (FO-vee-uh). The fovea is located at the center of
an important inner layer of the eyes called the retina. One reason that
the retina is so important to vision is because it is made up of special
cells called photoreceptors.

When light enters the eyes, it first passes through the cornea, which
is the clear dome at the front of the eyes (see Figure 2). The light then
enters the pupil—the dark opening in the center of the eye—and travels
into the lens, a part of the eye that helps focus the light properly. Finally,
light passes through the main part of the inner eye, which is called
the vitreous chamber. This chamber is filled with a gel-like substance
called vitreous humor. Light that passes through the vitreous chamber is
focused on the retina as a clear image. The photoreceptors located on
the retina turn the lightinto neural messages that the brain understands.

Photoreceptors come in two varieties. Rods are photoreceptors that
are sensitive to low levels of light and allow us to see our surroundings
even when the environment is relatively dark. Cones are photorecep-
tors that carry information about color and support very clear vision in
brightly lit environments. The fovea is a small space on the center of
the retina where there are many cones packed closely together. The
areas further away from the fovea have fewer cones. The way that
cones are arranged in the fovea explains why the center of our vision
is the clearest. But there is a problem with this arrangement! Because
the fovea is very small, it can only send the brain information about
a limited area of the world. The problem is that our attention is often
caught by something in our periphery, and the fovea cannot be focused
on more than one area at a time.
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Figure 1
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Figure 2

The parts of the eye are
shown here, viewed
from the side. Light first
passes through the
cornea—the clear
dome at the front of
your eye—and then
goes through the pupil,
a dark opening in the
middle of the iris. The
lens then focuses the
light on the retina as it
passes through the
inner section of the eye
called the vitreous
chamber. The fovea is a
small area at the center
of the retina where
there are many special
cells called cones that
help you see clearly.

A short, jerky
movement made by
both eyes that moves
the gaze from one
location to another.

The combination of
where the eyes are
pointed and where the
head is positioned in
space.

The period of time
between saccades
when the eyes are at
rest.
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To compensate for the limited size of the fovea, we make many fast
eye movements called saccades [1]. Saccades (suh-KODS) are short,
jerky movements made by both eyes, which change the direction of
the gaze from one location to another. Gaze refers to the combina-
tion of where your eyes are pointed and how your head is positioned.
When you redirect your gaze, your fovea can focus on a new location
and provide the brain with clear information about what is in the visual
environment. For example, as you look at this page, the word you are
currently reading (and a few around it) falls in the clear area provided by
the fovea. In order to keep reading further along the article, your eyes
need to make small saccades to bring new areas (words) into focus.
Because you constantly need to move the location of your foveae to
clearly see what you want to look at, your eyes have to make about
three saccades per second. That means your eyes move more often
than your heart beats!

Although you can make hundreds of thousands of saccades in a day,
saccades are not the only kind of behavior the eyes perform. In between
each saccade is a short period of rest, called a fixation. Fixations give
your eyes a chance to focus on what you are looking at so that you
can see clearly. During a fixation, the eyes send information to the brain
about the fine details of the environment. Bit by bit, the brain can use
this information to put together a full picture of what is in the world
around you. To observe fixations and saccades yourself, you can try the
following activity: grab a partner and stand in front of a mirror. First, look
at your own reflection. When your eyes are at rest, you can see your
own face. Now move your eyes around to different parts of your face.
You cannot see your own eyes moving! However, if you look at your
partner’s reflection while he/she moves his/her eyes, you will be able
to observe that your friend’s eyes make many quick and jerky saccades.
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If your eyes constantly make fast movements, why do not you notice
it happening? Should not the world look blurry during saccades? Even
though your eyes are constantly making short, rapid movements,
your brain constructs a smooth and stable representation of the
environment. When your eyes are moving, you do not consciously
recognize the visual information coming into the brain. This allows you
to see the world clearly and stably, but it does not mean that no infor-
mation is present. Even though this process is not well understood yet,
scientists think that the visual information collected during saccades is
present in the brain in a region called the cerebral cortex. The cerebral
cortex may store information gathered during saccades, but it is not
the only area of the brain involved in eye movements.

NEURAL CONTROL OF SACCADES

Saccades and fixations work together to supply the brain with the infor-
mation it needs to create a mental picture of the world, but the brain is
involved in controlling where the eyes will move next. The brain needs
to tell the eyes how far and in which direction they should move. When
something attracts your attention and you direct your foveae toward
it, two brain structures are important in telling the eyes when and how
to move: the superior colliculus and the frontal eye fields.

The region of the brain called the superior colliculus takes information
from your eyes, ears, and other senses and uses that information to
move your eyes toward things that catch your attention [2]. For exam-
ple, if you are at school and hear the fire alarm go off in the corner of
the room, your eyes will likely move toward the direction of that sound
without you even thinking about it. The superior colliculus tells your
eyes when and where to move, but it also helps control how you turn
your head and shoulders. This is important because sometimes what
you want to look at is out of the range of your eye movements. If a
noise grabs your attention from behind you, for instance, you would
need to move more of your body than just your eyes to be able to see
what was causing the noise.

Another area of the brain, called the frontal eye fields, is important
in helping you move your eyes toward an area that you deliberately
choose to look at [3]. This part of the brain makes a plan for the eyes
so that they know how and where to move, based on your goals and
the visual features of objects in your environment. A visual feature is
something that describes an object, such as shape, size, or color. You
can think of the frontal eye fields as a mapmaker. This area of the brain
maps out the visual features of your environment and how important
or noticeable they are. If you are looking for a round clock, the frontal
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Eye tracking: (A) In an
eye tracking
experiment, the
participant sits with his
head in a chin rest and
looks at the computer
screen. An eye-tracking
device, consisting of a
camera and an infrared
illuminator, sits
between the screen
and the participant and
records eye
movements. (B) An
example of the path a
participant’s eyes might
take around the screen
during a visual search
experiment that
required the participant
to look for a bell.
Circles represent
fixations and lines
represent saccades.
Knowing where a
person looks during a
visual search tells
scientists where the
person’s attention is
directed.
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eye fields mark round shapes as important. It might also mark an area
as important if it is very attention grabbing, such as a hot pink coffee
mug on a bland, brown table. The area of the map that is deemed most
important overall is where your eyes will move next. Now that you know
a little bit about how eye movements work, let us take a look at how
and why scientists study eye movements.

Eye tracking is a type of technology that allows a computer to calculate
where your eyes are pointed. This lets scientists measure the saccades
and fixations that your eyes make. There are several different types of eye
trackers. Some eye trackers require you to sit in front of a computer screen
with your head in a chin rest (see Figure 3A), while others can be attached
to glasses frames or goggles so that you can walk around. Eye trackers
typically use a small device that projects infrared light (a type of light that
cannot be seen by humans) toward your eye. The infrared light causes a
small reflection on the cornea. A camera positioned in front of the eye
can detect this corneal reflection and use it to measure eye movements.

Eye movements are interesting to scientists because there is a strong
relationship between what a person is looking at and what that person
is thinking [4]. Generally, when you look at an object in your environ-
ment, your attention is also directed toward that object. For example,
let us say that you look out the window because you hear a bird singing
and you want to see what it looks like. Your attention is focused on the
bird, and you are probably also thinking about how pleasant the bird’s
song is, or that its feathers are a nice shade of blue. Although gaze and
attention are not always linked it this way, it is generally accepted that
you pay attention to the objects you look at.

(b)
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Because of the close relationship between eye movements and atten-
tion, people who want to study how attention works often use eye
tracking. For example, a storeowner who wants to know where to place
products might use eye tracking to determine which areas people
look at most often when shopping. Another use for eye tracking is to
explore how people look for specific objects in their environment—this
area of research is called visual search. In visual search experiments,
participants are given a target (a specific picture or image) to look for
among other distracting images or pictures. If you have ever done
Where is Waldo, looked for a missing toy in your room, or helped
your parents find their keys, you have performed visual search. Using
eye trackers to study visual search allows scientists to investigate how
people choose what to pay attention to when they look for a target
(see Figure 3B).

The study of eye movements has taught scientists not only about how
the eyes and brain work together to see the world, but has also brought
us closer to understanding how mental activities like attention operate.
The eyes (and the movements they make) help people gather the visual
information they need to make sense of the environment. Every time
we move our eyes, we supply our brains with important new informa-
tion about things in the world; in short, we get a new “snapshot” about
what is going on in each region of space around us. Information like
the shapes, colors, textures, and edges of objects. The brain uses this
information to help us understand the world around us. For instance,
that the fluffy orange texture in front of us belongs to a cat that we
need to avoid stepping on, and the sharp edge we see is a table corner
we need to avoid bumping into. By studying eye movements, we can
see that even the smallest and simplest of movements can have a big
impact on our lives.
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| like reading, video games, and playing sports. | play soccer and baseball. My favorite
food is pizza. | recently moved to Israel and we are staying here for 1 year.
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