5
Your Gateway to the Visual World: How Your
Eyes Betray Your Thoughts

The Dutch government recently launched a safe-driving campaign
with a spot on TV that shows a man driving a car in an urban area.
We see him bobbing his head up and down to the rhythm of a reggae
song playing on his car radio. Every time his head bobs down, he
looks at the speedometer, and when it bobs up, he has his eyes on the
road. We then see him braking to allow a pedestrian to cross. The
voice-over compliments him on his driving: “Very good! The more
often you check your speed within the city limits, the less likely you
are to drive too fast.”

The aim of the campaign is to encourage drivers to check their
speed more often when driving in built-up areas. The information
accompanying the campaign reveals that at least ten pedestrians and
cyclists are killed each year as a result of cars driving up to 15
kilometers per hour (about 9 mph) faster than the speed limits in
urban areas. Another 200 people suffer serious injuries that have to
be treated in a hospital. As many of these accidents are the result of
drivers’ not knowing how fast they are driving, the government is
doing all it can to make them more aware of their speed on the road.

The campaign's website explains that a car traveling at 35
kilometers per hour (just under 22 mph) in a 30-kilometer (about
18-mile) zone needs an extra 3.2 meters (about 10 feet) to come to a
halt after applying the brakes. However, if you check your
speedometer regularly and adjust your speed accordingly, you won't
need this extra braking distance. Although the campaign is to be
applauded, it fails to take one important factor into consideration:
the time it takes you to check your speedometer. We know from



previous chapters that you cannot process the information about
your speed without moving your eyes toward the speedometer; it
can't be done out of the corner of your eye. So in order to check your
speed regularly, you have to move your eyes from the road to the
speedometer very often. This begs the question: is this safe? Given
the fact that we are unable to register any visual information when
moving our eyes, we are literally blind to the outside world when we
do so. And not only does checking your speedometer require you to
move your eyes, but it also costs you precious time to process the
information on the device. And while you are busy doing that, you
run a greater risk of missing important information outside on the
road.

Okay, let's do the math: checking your speed requires you to move
your eyes to the speedometer, take in the information, and then
move your eyes back to the road again. We know that it takes at least
120 milliseconds to make a relatively large eye movement, and you
need to make two such movements: one to the speedometer and one
back to the road. We also have to add the time needed to process the
information on the speedometer: around 110 milliseconds. So the
entire process takes around 350 milliseconds, which translates into
2.9 meters (about 9.5 feet) at a speed of 30 kilometers per hour and
3.4 meters (about 11 feet) at 35 kilometers per hour. If someone
crosses the road at the moment when you start to move your eyes
toward the speedometer, you will need an extra 2.9 meters’ braking
distance even when you are adhering to the speed limit.

The government's safety campaign could quite easily backfire
altogether. If the information provided causes drivers who normally
do not exceed the speed limit to check their speedometer more often,
it could lead to situations that are even more dangerous than when
someone is driving too fast. It would appear to be a lot safer for
drivers to keep their eyes on the road and to look at their
speedometer as little as possible. This is a good example of a
situation in which auditory information would be much more useful.
When we are driving a car, our visual system is far too busy paying
attention to what other road users are doing, and so it would be more
efficient to use one of our other senses to process other important
information. We are perfectly capable of picking up and interpreting
an auditory signal while our eyes are busy looking at something else.
This is different, however, when we are engaged in a telephone



conversation because that requires us to think, too. A simple
auditory signal that is activated when we exceed the speed limit can
be enough to make us slow down and at no expense to the visual
process.

It may seem a little odd to start a chapter about eye movements
with a story about a situation in which they represent a problem. Eye
movements are primarily a way of solving the lack of visual acuity in
the corners of our eyes. We make thousands of eye movements each
day in order to focus the sharpest part of the retina on objects in the
external visual world. Six muscles are tasked with making this
happen at an incredible speed. Eye movements are among the fastest
movements that humans can make. This speed is crucial because
visual information can become relevant in an instant. For example,
we will want to know as quickly as possible whether the blurry
moving object on the side of the road is a child about to cross over or
just a flag fluttering in the wind. And the speed is also necessary
because we are unable to process visual information when moving
our eyes.

The magnitude of the eye movement and the length of time that the
eye remains still depend on the task being carried out. When we are
reading, we usually make small eye movements (approximately eight
to nine letters in length), but this can double in magnitude when we
are looking at a picture. A complicated search requires us to keep our
eyes still for longer, like when we are trying to find our bin among all
the other bins out on the street on garbage collection day. In this
scenario we may even end up fixating our eyes on our bin several
times in succession but not for long enough, resulting in our failure
to identify it.

Even though we perform an eye movement every three seconds, no
one ever complains of being exhausted as a result. We perform the
task without noticing it and without any effort. We do have some
control over how and where we move our eyes, but the majority of
our eye movements are reflex actions. This can be deduced from the
reaction time involved. In some cases it takes as little as 100
milliseconds for our eyes to move in the direction of a flash of light.
This is far too short for anyone to be able to make a conscious
decision based on objectives or intentions. You can do the math
yourself: from the moment that the flash of light falls on your retina,
it takes about 50 milliseconds for that information to reach the visual



system via the optic nerve. If you subtract 30 milliseconds for the
required muscle movement, you are left with 20 milliseconds in
which to make a decision. This kind of eye movement is an
uncontrollable reflex that is executed in the primitive regions of the
brain. The parts of the brain that are responsible for more complex
skills, like setting personal objectives, are far too slow to be able to
influence this process.

Although we have two eyes, we are only able to fixate our gaze on
one point in space at a time. This can lead to problems in many kinds
of situations, including the romantic kind. The first time | found
myself attempting to look deep into a girl's eyes, | quickly discovered
that it simply wasn't possible. We cannot look into both eyes at once,
and so we always have to choose one eye or the other. The only way
to even get close to looking at both eyes at the same time is by
switching our gaze rapidly between them. Unfortunately, the corners
of our eyes do not have the kind of sharp focus that would allow us to
concentrate our gaze on a spot between the eyes and still be able to
see both eyes clearly. “I get butterflies in my tummy every time | look
into your eye...” may not sound very romantic, but it is scientifically
accurate.

The continuous movement of the eyes presents our visual system
with all kinds of interesting problems. If we were to see the actual
images that fall on our retina, they would appear fuzzy and shaky
because of the movements that the eyes make. Each individual eye
movement is responsible for a separate part of the visual world
falling on the retina. And yet we do not experience our visual world
as a series of continuously shifting images, but rather as constant
and fluid. We never become disoriented as a result of moving our
eyes.

There is a difference between a retinal representation (the image
that falls on the retina) and a spatiotopic representation (where an
object is located in relation to your body). Consider the example in
figure 5.1. In the image on the left, the fork is next to the man's right
hand. He is looking at a spot to the left of the fork, and so the fork is
visible in his right visual field. When he moves his eyes to a different
spot in space, the image that falls on his retina changes. However, his
image of the world around him remains stable. If he moves his eyes
to the right, the fork will appear in his left visual field, but he will
know that it is still the same fork as before, despite the change.



Although the (spatiotopic) location of the fork has not changed as a
result of the eye movement, the retinal presentation (where the
image of the fork falls on the retina) has.

Eigure 5.1 Eye movement.

We usually know exactly where important objects are located after
each eye movement. We update the visual representations of an
object after each movement so that a fork, for example, is still the
same object after each subsequent eye movement. To facilitate this,
the visual system needs to know the magnitude of each eye
movement. Whenever a movement of a certain magnitude is made,
an update of the same magnitude must be carried out as well.
Various studies of monkeys’ brains have shown that an update of the
same magnitude takes place just before an eye movement. The brain
seems to possess a kind of map that helps to ensure that we know
exactly where important objects are located in relation to ourselves,
regardless of where we happen to be looking.

Of course, we do not update the representation of every object
around us after each eye movement. It would cost far too much time
and energy to carry out such complicated calculations. We do this
only for the most important objects—a maximum of three or four.
This is primarily because we use the visual world as a kind of
external hard drive. Given that we can only represent a few objects in
our internal world at any given moment, it is only these objects that
we take into consideration when we move our eyes. For example, it is
impossible for us to know the exact location of each knife on a table
set for eight people after each eye movement that we make.



A similar updating process occurs in the case of memory signals. In
order to know where you have already searched when you are
looking for something, you need to remember those locations. If you
don't do this, you will only end up searching the same places over
and over again. We have already seen that we suppress attention to
prevent us from searching the same place twice. With each eye
movement, the locations that have already been searched are
projected onto a different part of the retina. So if you want to
remember where you have already searched, you have to update
these parts, too. This process has its limits, however, as you are only
capable of recalling a handful of places you have previously searched.
One solution is to add some structure to your search. If you know
that you always search your bookcase, for example, from top left to
bottom right, then all you need to do is to remember this strategy.
This is why searching in a haphazard manner is so inefficient: you
are never able to recall all of the individual locations that you have
already searched.

Another limit of the eye-movement system is the number of
movements that can be carried out at any given time: only one. This
means that the decision-making process that determines the
direction of each eye movement is constant and continuous. The
process is very similar to the competition between the internal and
external worlds in the battle for our attention. Visual information in
the external world can force us to make an eye movement on the
basis of that information. If we see a flash of light out of the corner of
our eye, we will automatically make an eye movement in its
direction. However, there are also many situations in which we are
able to suppress this automatic eye movement. The most basic
experiment used to demonstrate this is the antisaccade task. In this
experiment, test subjects are asked to look at a fixed point in the
middle of a computer screen. The rest of the screen is empty. After a
short interval, an object (e.g., a ball) appears on the right- or left-
hand side of the fixed point. There are two possible tasks in this
experiment, and the color of the fixed point tells the test subject
which task to perform. When the fixed point is green, the test subject
must make an eye movement as quickly as possible in the direction
of the ball. This generally does not present any problems.

However, a problem does arise when the fixed point turns red. In
this task, the test subject is required to make an eye movement to the



other side, that is, in the opposite direction to where the ball appears
(a so-called antisaccade). Test subjects often get this wrong by
making an eye movement toward the ball instead. It is important to
know that no visual information at all is displayed on the opposite
side. The test subject is being asked, therefore, to make an eye
movement toward an empty spot. This eye movement is directed
entirely by the internal world—the instructions for the task in this
case. Generally speaking, we are pretty good at executing this kind of
eye movement, except in this situation where there is competition
between the voluntary eye movement and the reflexive movement in
the direction of the ball. The ball is a very salient object because it is
a new object that appears at a spot where no visual information was
previously present. This will result in a strong attentional shift
toward the ball, which in turn elicits a reflexive eye movement in the
direction of the ball. And given that we are only capable of making
one eye movement at a time, the competition between the two kinds
of movements has to be resolved. The movement toward the ball
must be inhibited, and to do this successfully, we need to be able to
exercise a certain amount of control over our eye movements.
However, this is not always possible. A young and healthy test
subject will get it wrong around 15 percent of the time when
performing this antisaccade task. In those cases, the eye movement
toward the ball will not be inhibited sufficiently and the reflexive eye
movement will emerge as the winner.

The reflexive character of these mistakes is also evident in the eye's
reaction time. Whenever a mistake is made, the reaction time for the
eye movement is often so short that we assume that it has to be a
reflex action. On the other hand, the reaction time is considerably
longer when a correct eye movement is made toward the empty spot.
Inhibiting a reflexive eye movement takes time, and movements that
are carried out on the basis of cognitive factors, such as instructions
for a task, are initiated more slowly, as the cognitive control systems
In our brain are a lot slower than our reflexive systems.

The cognitive control systems responsible for performing voluntary
eye movements are situated primarily in the frontal cortex. Patients
who have suffered damage to this region are known to make a
greater number of mistakes when performing the antisaccade task.
Elderly people and young children also make more mistakes in this
task because they have a lower level of cognitive control. This is why



the antisaccade task is often used to establish the level of cognitive
control of patients who suffer from mental disorders. It is, after all, a
relatively simple task, the results of which can be easily translated
into levels of cognitive control. For example, children with attention
deficit hyperactivity disorder (ADHD) make more mistakes during
this task than children of the same age who do not suffer from the
disorder. They tend to be driven more by their impulses, and this
manifests itself in the form of reflexive eye movements. This also
tells us something about how these children experience their visual
world: when they are asked to perform a task, they are more likely to
be distracted by an unexpected event in the visual external world.

Training can have a positive effect on people's ability to restrict
unwanted eye movements. Test subjects who were given a few days’
training in how to perform the antisaccade task became less prone to
error. It is unclear, however, whether the improvement shown also
leads to an improvement in the ability to control one's eye
movements in normal, everyday situations. Experiments like this
often result in improvements in areas that have little to do with life
outside the lab. For example, you might get better at remembering
whether you need to perform a normal saccade or an antisaccade,
but that knowledge won't be of much use to you in the outside world.
One experiment involved an attempt to find out whether gamers
perform better than average at the antisaccade task. They don't, as it
turns out. Professional athletes were also shown to make just as
many mistakes as normal test subjects. Although they appear to have
a shorter reaction time for the antisaccade task, they do not possess a
greater level of control over their reflexes.

One possible way of achieving more control over your reflexes is by
creating situations in which your body produces more dopamine.
Dopamine plays an important role in strengthening the cognitive
control you can exercise over your reflexes. If you get a group of test
subjects to watch a funny movie, they will subsequently perform
better at the antisaccade task. The idea behind this is that a positive
frame of mind boosts the production of dopamine in the brain, which
leads to greater cognitive control. This hypothesis appears to be
correct. Studies have shown that schizophrenics make more mistakes
when performing the antisaccade task, and schizophrenia is known
to arise because of problems with the balance of dopamine in the
brain.



Of course, the best way to stop making the wrong eye movements is
not to make any eye movements at all. This might seem like a
frivolous remark, but studies have shown that there is an important
difference between attention and eye movements. It is often
suggested that you can pinpoint the focus of people's attention by
following their eye movements. After all, their attention must be
focused on whatever it is they are looking at. This is not necessarily
so. People are quite capable of shifting their attention without
making any eye movements at all. This can come in very handy when
you find yourself talking to someone at a party but are actually more
interested in someone else across the room. You will be able to
continue to look your conversation partner in the eye while at the
same time focusing your attention on the other person. A funny
evolutionary explanation for this human quality can be found in the
hierarchy that prevails among gorillas, where you will find yourself
in serious trouble if you look the alpha male directly in the eye.
However, although a gorilla that is lower in rank will avoid eye
contact with the alpha male, he will still want to be able to keep an
eye on him, so to speak. Similarly, in the human world it is
sometimes wiser not to look someone in the eye when they pose a
threat to your safety. This can help prevent possible escalation (at
least | hope it does the next time | run into a stranger in a dark
alleyway).

If 1 were to announce that you will hear a loud explosion ten
seconds from now and that it is important not to look in the direction
of the sound, you will be able to keep your eyes still. Reflexive eye
movements only occur when test subjects find themselves in a
situation where they are required to make eye movements. If no eye
movement is made in the direction of a salient object, this does not
necessarily mean that no attention has been paid to the object.
Drawing attention and eliciting an eye movement are two different
things. When a pop-out object appears on a screen during a search
assignment, your gaze is not always attracted to that spot. The
reaction time for the search does slow down, however. The reason
that extra time is required to carry out your search is that your
attention has to move to the salient object. And although an eye
movement toward the salient object is programmed to occur, it does
not take place. The movement is inhibited, but the time that it takes
to do this contributes to the slower reaction time for the search.



There is a lot of evidence to suggest that attention and eye
movements are parts of the same system. The regions in the brain
that are responsible for these two functions overlap to a significant
degree, and shifts in attention and eye movements co-occur in many
situations. For example, while it is possible to refrain from making
an eye movement toward an attention-seeking object, this does not
apply the other way around: you cannot make an eye movement
without your attention first going to the end point of that movement.
Attention can be said to precede eye movement. You will react
quicker to an object when it appears at the spot to where the eye
movement travels. This probably sounds quite logical. Moving
attention takes less time to complete than the more sluggish
movement of the eye, which also requires the use of the eye muscles.
But because eye movements always travel to the most important spot
in the visual world, it is at its most efficient when visual attention
precedes it in the same direction. This always makes me think of the
speedy, little red car that travels ahead of the larger, more
cumbersome fire truck when responding to an emergency.

Okay, that was all rather theoretical, but what happens when you
put this into practice? If, as an advertiser, you want people to be able
to identify your logo, you will need them to make an eye movement
toward that logo. In the case of a small logo, a shift in attention is not
sufficient to fully facilitate identification because of the limited visual
acuity in the corner of the eye. A useful trick for ensuring that a
person's eyes are drawn to a logo is to locate it along the line of an
advertisement's logical direction of view. As an example, my
colleague, Ignace Hooge, often refers to the Benetton advertisement
in which the logo is located at the end of a short line of text. The text
itself is so salient that the viewer cannot help but read it. Given that
the logo is located to the right of the text and is itself also very
salient, the viewer's eyes will more than likely take in the logo as
well. This is a good example of a visually effective advertisement. It is
one thing to get people to look at your advertisement, but if they
don't remember the name of your company, then it will not have had
the desired effect. An advertisement that shows a large group of
people staring straight at the viewer and in which the logo is very
small and tucked away in a corner is unlikely to be very effective.
Viewers will spend so much time moving their eyes from one face to
the next that they might not even get around to noticing the logo.



The same Ignace Hooge has been using this kind of information for
many years to advise businesses on the visual effectiveness of their
advertisements. It is possible to measure the eye movements of
consumers to determine what they have seen. An advertisement in
which consumers do not look at the logo or the name of the company
in question will not achieve the goal that the attention architect has
in mind. The location of the advertisement also plays a role. When a
page in a magazine contains information that, for whatever reason, is
visually very attractive, the reader is less likely to make eye
movements to the advertisement (even if the logo has been
positioned very cleverly). In any case, not many people buy
magazines to look at the ads. So, as an attention architect, you have a
very small window of opportunity in which to elicit eye movements.
An advertisement is unlikely to be effective when there is a lot of
other visually attractive information competing for attention. A good,
full-color advertisement in the stocks and shares section might be
the most effective option, although in that case you run the risk of
the reader's skipping the page altogether.

The location of an advertisement determines to a large extent
whether or not the viewer's eyes will be drawn to it. Our previous
experiences also play a significant role. We usually know where we
can expect to find the ads in a magazine or newspaper and also what
they look like. Most of us do not read a magazine for the ads it
contains and will try to ignore the places where they are likely to
appear. | am always unpleasantly surprised every time | find an
advertisement taking up a whole right-hand page in a newspaper
because | never expect to see an ad there. My eyes will automatically
fall on the advertisement. This is why the cost of placing an ad on the
right-hand page is a lot higher than placing one on the left. An
advertisement on the right is far more visually effective.

We are usually able to recognize an advertisement or a banner on a
website out of the corner of our eye, as they often have a distinctive
design. On the one hand, this can help to attract our attention, but on
the other hand, because we know from its design that we are dealing
with an advertisement, we are also able to disengage our attention
very quickly and so prevent our eyes from being drawn to the ad.
Thanks to our previous experience with advertisements and banners,
one of our main tasks when looking at a magazine or a website is to
avoid the ads. From the advertiser's point of view, it would be better



to design advertisements that look more like the information on the
page on which they are printed. Sometimes | find myself reading an
article only to stop halfway when | realize that it is actually an ad.
Whenever an advertisement is almost indistinguishable from the
normal articles in a newspaper, the paper's complaints desk usually
gets very busy.

The above may be a little confusing. What is the most effective
method: creating an advertisement that stands out like a sore thumb
or one that blends in perfectly with its surroundings? The answer lies
Iin the size of the attentional spotlight. When we visit a website with
which we are familiar, we make our spotlight small and focus only on
those parts of the website that we recognize as actually belonging to
the website. A very striking advertisement located on the side of the
page will have little impact in this case. Advertisements that fall
outside the spotlight do not attract attention. It would be wiser to
place a less salient ad on this kind of website because that would
increase the chances of the viewer's regarding the advertisement as a
genuine part of the site. The situation is different in the case of a
website where we do not have a clear-cut task to perform or are
searching for something without knowing exactly what it looks like.
Our spotlight is then larger, and our attention is not guided by our
knowledge of the characteristics of the object we are searching for. In
that case, a nonsalient advertisement is useless because we will not
confuse it with the content of the rest of the website due to our lack
of knowledge about the site. A salient advertisement would be much
more effective.

Websites are often prone to “banner blindness”: users do not look
at the ads despite all the flashing and flickering. In fact, all that
flashing actually makes us better at suppressing our eye movements
toward an ad. Pop-up screens are similarly ineffective: we know
exactly what to expect and immediately close all pop-ups without
even looking at their content. Using a small spotlight, we guide our
mouse toward the little x as soon as the pop-up appears.
Measurements of the eye movements of people visiting online news
sites have shown that users make significantly more eye movements
toward advertisements that are placed between news items than
those located on the sidebar. The effectiveness of an ad is therefore
directly related to the task being performed by the user: if the task



requires a large spotlight, a pop-out ad will work well, but it is better
to use a less salient ad when the spotlight being used is small.

To perform a task efficiently, it is very important that your eye
movements are made in the right direction. So can you train yourself
to do this? We have already seen that studying medical scans is a
very complicated task in which it is crucial that the diagnostician's
eyes be focused on the right spots. Experts are good at developing
strategies for their work, but they are often unaware of how they do
what they do. It can be compared to riding a bicycle: it is almost
impossible to explain to a child how to ride a bike. It just doesn't
involve conscious competencies.

By way of instruction, you could show a student what an expert
looks at when he or she is scrutinizing a scan. This appears to be very
effective, and not only for radiologists but also for all kinds of people
who perform complicated tasks where looking in the right places is
required. Take, for example, the practice of inspecting an airplane for
mechanical faults before it embarks on its next flight. Part of this job
involves a visual check of the exterior of the airplane. When students
are shown a video in which the most effective eye movements are
projected on the screen, they learn faster and more effectively how to
perform this kind of inspection.

Demonstrating the eye movements of experts can also help when
trying to solve a difficult puzzle or when learning how to drive.
Everyone who has had driving lessons knows just how much
emphasis is placed on looking at the right places. You have to look in
your wing mirrors and your rearview mirror while at the same time
keeping your eyes on the road. Your examiner will watch your eye
movements very closely. When | failed my first driving test, it was
because | hadn't looked at the right places at the most critical
moments. | tried to tell my examiner that there is a difference
between where you look and where your attention is focused, but he
was having none of it. | still believe that I have enough visual
resolution in the corner of my eye to be able to know when a cyclist is
approaching just by moving my attention, while at the same time
keeping my eyes on the middle of the road. Okay, | might not be able
to tell the color of the cyclist's eyes, but what does that matter? That
said, you could be forgiven for thinking that the main reason | wrote
this book was to be able to explain all of this to my driving test
examiner...



But back to the science. When, after taking their first three driving
lessons, a group of new test subjects was shown a video in which the
eye movements of an experienced driver were projected on the
screen in the form of a moving ball, they subsequently made larger
eye movements than the group that had not been shown the video.
They also looked more often and longer at the right places, like the
mirrors, when driving. Even after six months, the effect of this
intervention was still apparent in the experimental group.

There is a new technique that uses the eye movements of experts to
directly influence students. It uses subtle changes in the corner of
your eye that cause your eyes to be drawn to the place where the
change is taking place. The technique is called “subtle gaze
manipulation.” It can involve something like a brief change in color
that disappears as soon as your eye has been drawn to the spot in
guestion. You are not aware of the change, but you still allow it to
guide you. This technigue makes it possible to guide a student's gaze
toward a place where an expert would look if he or she were
performing the task. The expert serves as a model, and the aim is to
try to get the student to act as the expert would. The idea is that by
the end of the training the student will have acquired the same
behavior as the expert. This training has been seen to have a positive
effect on the ability to spot malignant tissue in a mammography.

Given all these new discoveries, it is no wonder that the future
seems bright for applications that make use of eye tracking. Devices
that measure eye movements—so-called eye trackers—are becoming
more and more advanced. Eye trackers use infrared cameras to
monitor the movements of the eyes. They are quickly becoming
cheaper and smaller: ten years ago they required a hefty investment
—a good eye tracker would set you back a few thousand dollars. Now,
however, a reasonably good one will cost you no more than $200 or
so. At that price it might not be accurate right down to the last
millimeter, but that is not always necessary. If you only need to know
which object someone is looking at, a margin of error of one
centimeter on a computer screen is usually not a major problem.

Thanks to their falling cost and the many possibilities they offer, it
Is expected that eye trackers will soon become a feature of
communication tools like mobile phones, tablets, and laptops. When
you know what a user likes to look at, it is very easy to offer that user
information in a way that you know he or she will notice. And eye



trackers will also tell you which information the user has not looked
at. Imagine a car that has been fitted with an eye tracker. It will be
able to warn a driver if the driver takes his or her eyes off the road.
And a system like this could even be programmed to wake up a
driver who has fallen asleep at the wheel.

A person's eye movements can even reveal what they are doing.
The eye movements of a person who is reading are very different
from those of someone who is searching for something. Think back
to the description of the ideal advertisement that was given earlier. If
advertisers can establish whether a consumer tends to use a small or
a large spotlight on the basis of that consumer's eye movements, they
can adjust their ads accordingly.

Inexpensive eye trackers also offer the possibility of operating
computers through eye movements. Imagine you are baking a cake
and your fingers have become all sticky. A system that would allow
you to navigate a web page using your eyes instead of your hands
would no doubt come in very handy; blink twice for double-click, and
so on. This kind of system would not only be useful when you have
sticky fingers, of course. It could also be of great benefit to people
who are no longer able to operate a mouse or touch a screen.

When we have to activate a system using a button, there is always a
delay between the time it takes you to decide to press the button and
the act of pressing it. A built-in eye tracker can allow a system to
prepare for a certain task before the button is actually pressed. Let's
say it takes 500 milliseconds for an airplane to start its descent after
the button for the landing procedure has been pressed. The pilot's
eyes will already be on the button before it is pressed 200
milliseconds later. Based on the pilot's eye movements, it would be
possible to shorten the 500-millisecond delay by activating the
landing procedure before the pilot actually presses the button. Of
course, it would also have to be possible to abort the procedure
should the pilot decide not to press the button, but such a system
could certainly help to save time.

The first tablets with eye trackers are already being introduced to
the market. In 2015, Apple was granted a patent for a system that
will enable users to move the cursor with their eyes. And it probably
won't be long before Apple starts using the high-quality cameras in
its telephones and tablets to monitor our eye movements. Why use
your finger to turn the page on your e-book when an eye tracker can



do it for you automatically after you have reached the end of the
page?

Eye trackers can be extremely useful reading aids. Research has
shown that people who experience difficulty with reading have
significantly different eye-movement patterns compared to people
who have no such problems. They tend to jump back to words they
have already read and focus on the wrong parts of words, and they
also display longer fixation periods (the length of time that the eye
remains fixed on a word). Although eye movements are still not
being used much in the diagnosis of reading problems, the
availability of inexpensive eye trackers is sure to accelerate their
introduction into clinical practice. Many of those who suffer reading
problems find it difficult to maintain a good pace when reading
because they cannot “anchor” their eyes to the words. Eye trackers
may offer a solution. We (Westerners) read horizontally and from
left to right, but when we reach the end of a line of text, we have to go
all the way back to the left to continue reading. A less able reader will
find it difficult to make the required eye movement to the correct
position. An eye tracker could help by monitoring the reader's eye
movements and activating a brief flash of light at the start of the next
line when the reader reaches the end of the previous one. The eyes
are drawn automatically to the correct spot, thus improving the
person's reading ability. Monitoring the eye movements of good
readers can help less able readers to determine which parts of a
sentence they should look at to make their reading ability more
efficient.

Eye movements can also be used to detect neurological disorders.
Studies have shown that certain eye-movement patterns are
characteristic of disorders like ADHD, Parkinson's disease, and fetal
alcohol spectrum disorder, a condition that causes mental problems
(such as poor memory) among children whose mothers consume
excessive amounts of alcohol during pregnancy. Researchers use the
eye movements made during a 20-minute period of watching
television as a biomarker for these kinds of disorders. As with saliva
and neuropsychological tests or MRI (magnetic resonance imaging)
scans, an eye-movement pattern also possesses a biometric signature
that can be identified using an algorithm. The advantage of tracking
eye movements, compared to other biomarkers, is that it is both easy
and inexpensive. Watching television is a task that doesn't take much



explaining and is less likely to be misinterpreted, unlike many other
behavioral activities. This is primarily of benefit to young children
and the elderly. The less you need to explain, the better. A
computational model of visual attention was able to identify 224
guantitative characteristics from eye movements, which smart
algorithms then used to determine the critical characteristics of
certain disorders.

In the future we will use eye movements a lot more often when
Interacting with our surroundings, as well as in the diagnosis of
neurological disorders and the treatment of related problems. Eye
movements are very suitable because they represent our gateway to
the visual world. If we want to know how someone experiences the
world, all we need to do is look at how the person moves his or her
eyes. A child with ADHD makes very different eye movements than a
child who does not suffer from the condition. All kinds of higher-
order cognitive problems can influence a person's decision on where
to move his or her eyes. That decision also has a bearing on
subsequent decisions because those decisions are based on the visual
information that the brain takes on board. So while our cognition can
be said to determine our eye movements, the reverse also holds true.

The guidance of our eye movements is part of a fantastic system,
one that has a lot to teach us. Indeed, the system often seems like a
metaphor for our “real” lives. The decision to make an eye movement
toward a certain point happens very fast, but it can also be corrected
rapidly if so required. At the moment that the eye begins to move, all
that is known is the initial direction; the precise end point is
determined during the course of the eye movement. The eye-
movement system monitors the difference between the desired end
point of the eye movement and its initial direction. So if the eye
movement ends up somewhere other than where it was intended to
go—for example, because of the interference of a distractor—a new
eye movement can be programmed extremely quickly. The distractor
Is fixated only very briefly, and the eyes can move on to the correct
location almost immediately. The eye-movement system does not
deliberate extensively, therefore, on its decisions but focuses instead
on the fastest possible course of action, one in which errors can be
corrected along the way. Just like we often do in real life.



