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Visual constancy is the crucial mental ability by which we recognize
an object as the same even when it may look different. If we did not
have visual constancy, we would not recognize the objects around
us if we saw them from a different angle, in different lighting, or from
a distance. Because of visual constancy, we know an animal is an
elephant whether we see it from the front or from the side. Do you
think a computer could do the same? Many types of smart computers,
such as smartphones and self-driving cars, also use a version of visual
constancy to function in the real world. Many cybersecurity tools, like
CAPTCHA, take advantage of the fact that humans are much better
than robots are at tasks requiring visual constancy. Visual constancy
is a learned skill, and understanding it better helps us create smarter
machines, including cell phones.

WHAT IS VISUAL CONSTANCY?

Look at Figure 1A. Which two images are of the same apple, viewed
from two different angles, and which one is a different apple? Your
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VISUAL CONSTANCY

The mental ability to
recognize a visual
object as the same
even when it looks
different. Visual
constancy is a type of
perceptual constancy
(see below).

Figure 1

Examples of visual
constancy. (A) Which
apple is different? If you
guessed the middle
apple, you are correct!
(B) People can
recognize that the
same person is shown
in these three images,
even though the
images are from
different points of view.
(C) When an object is
far from the eye (top), it
makes a tiny image in
the eye. When the
same object is closer
(bottom), it makes a
larger image in the eye
limage credits: (A)
Amazing Design:
https://www.
thingiverse.com/thing:
347623 (B) Charles Van
gestel: https://www.
myminifactory.com/
object/3d-print-albert-
einstein-bust-142808
(C) Brittney Truong].

VISUAL CUES

Specific features that
people use to visually
identify objects.

brain can identify which is which even though the shape, lighting, and
position of the apple are slightly different from one image to the next
[1]. This is due to a brain ability called visual constancy. We use visual
constancy to recognize objects from various viewpoints and angles
(Figures 1B, C). Visual constancy also applies to changes in the size,
lighting, and distance of an object.

A
B
C
Figure 1
TYPES OF CONSTANCY

Visual constancy can be divided into various types depending on the
visual cues and the differences involved, such as size, brightness, and
shape (see here). Size constancy involves recognizing two objects as
the same even when they are different sizes, based on perspective.
For instance, a dog walking down the street toward you (Figure 2A)
looks like it is growing in size. But, thanks to size constancy, your brain
knows the dog is just getting closer. Brighthess constancy, also known
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Figure 2

Types of perceptual
constancy. (A) Size
constancy: the dog on
the left is the same as,
but smaller than, the
dog on the right. (B)
Brightness constancy
(or lighting constancy):
the rotation of the light
casts a growing
shadow on the same
statue of Beethoven.
(C) Shape constancy:
when the Statue of
Liberty is rotated at
various angles, its
shape appears to
change drastically, but
we can still recognize it
limage credits: (A)
Minneapolis Institute of
Art: https://www.
myminifactory.com/
object/3d- print-dog-
84520 (B) Oliver Laric:
https://www.
myminifactory.com/
object/3d- print-
beethoven-at-the-
usher-gallery-lincoln-
uk-2971 (C) Scan The
World: https://www.
myminifactory.com/
object/3d- print-
statue-of-liberty-in-
manhatten-new-york-
20771.

PERCEPTUAL
CONSTANCY

The mental ability to
recognize an object
using one or more
senses as the same
even when it may
appear different.

as illumination constancy, is when the lighting changes, but you know
that the object did not change. For example, when telling ghost stories,
the storyteller may shine a flashlight on his face from underneath
(Figure 2B), but you can still recognize him. Shape constancy is when
you understand that the object is the same even if it appears to change
shape—for instance, when it is seen from a different point of view
(Figure 2C).
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Figure 2

Visual constancy has many names depending on the field of
science and who is studying it. In computer science, researchers
call it object invariance. Other scientists call it object constancy or
perceptual constancy [2]. Perceptual constancy applies to all our
senses (including vision, hearing, and touch), whereas visual constancy
applies only to the sense of vision. Perceptual constancy helps us
recognize that objects continue to exist even when they cannot be
seen, heard, or felt [3].

WITHOUT CONSTANCY, WE COULD NOT FUNCTION

Perceptual constancy is important for daily living. This is because
even when the objects around us stay the same, the information
our brains receive about them keeps changing (see here). If we did
not have perceptual constancy, every aspect of our lives would be
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OBJECT
PERMANENCE

The learned mental
faculty by which we
recognize an object
does not go away when
it disappears from view.

FUSIFORM GYRUS

The brain region that
specializes in the
perception of faces
located near the jaw on
either side.

affected: we would fail to recognize our loved ones if we saw them
from another angle, or we would not recognize them if they had a
cold and sounded different. We would still be able to see, feel, and
listen to objects or sounds, but we would not be able to understand
them. The visual world around us would have no meaning because we
could not recognize a chair or an apple if these objects moved within
the room or if the lighting in the room changed. Therefore, without
perceptual constancy, we would not be able to function in the real
world at all!

VISUAL CONSTANCY IS A LEARNED SKILL

If you are reading this, you have visual constancy. But it is not a skill
we are born with—it must be learned. How do we know we are not
born with fully developed visual constancy? We know in part from
people who are born blind and gain sight later in life through surgery.
In his book An Anthropologist on Mars, the famous brain doctor Oliver
Sacks tells the story of many such people (see here). After gaining sight,
these people had functioning eyes but could not understand what
they were seeing. They had learned to read, recognize objects, and
navigate using their other senses. Their other senses, such as hearing
and touch, had perceptual constancy, but these people lacked visual
constancy. Once their vision was restored, they had to learn visual
constancy because their brains had not developed this skill. They could
not recognize things if they moved or were seen in different conditions
because they relied on touch instead of sight.

Studies on healthy babies have also helped prove that perceptual
constancy is not inborn, but learned. When you play peekaboo with a
newborn infant, they think you disappear when you hide behind your
hands. The famous Swiss psychologist Jean Piaget (1896-1980) first
showed that by the time babies are about 2 years old, they have a
fully developed concept of object permanence, or the concept that
objects continue to exist even when they disappear from view (see
here). Subsequent research has shown that babies start developing
object permanence about 3-5 months after birth.

We do not yet fully understand how the brain learns or implements
visual constancy (see here). We know that brain regions near the
temples, called the fusiform gyrus, help us recognize faces from many
different angles, but we know that the fusiform gyrus does this by
working with other regions in many parts of the brain.

Computer scientists have some ideas about how the brain can learn
visual constancy. One such idea is that the brain observes how the
image of a given object in the eye changes over time. Imagine that
each time you blink, you are taking a picture. Your brain stores these
images and matches what you are currently seeing to what you saw
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SMART COMPUTERS

Technology that can
use experience to learn
and

improve performance.

MACHINE
LEARNING

The science of creating
and using smart
computers. Sometimes
called

artificial intelligence.

Figure 3

Examples of machine
learning. (A) A
self-driving car with
cameras and sensors
mounted on the roof,
to take in images from
its environment. (B) A
smart car's view of the
road. The red boxes
recognize pedestrians,
and the blue boxes
recognize objects, such
as cars and light posts.
The car's computer
creates a digital model
of the world that the
car can use to make
driving decisions. (C)
An example of
CAPTCHA. The prompt
asks the viewer to
choose the people who
are wearing glasses
[image credits: (A) Dllu:
https://commons.
wikimedia.org/wiki/File:
Self[dolmath]_driving_
Uber_prototype_in_
San_Francisco.jpg (B)
Eschenzweig: https://
commons.wikimedia.
org/wiki/File:
Autonomous-driving-
Barcelona.jpg (C) Pau
Giner: https://
commons.wikimedia.
org/wiki/File:Find-all-
captcha-idea.png].

just a moment ago. Your brain can make many such comparisons to
understand how objects are changing in your field of view.

SMART COMPUTERS NEED CONSTANCY TOO

Just as humans need constancy to operate in the real world, smart
computers—such as smartphones or self-driving cars—also need
constancy. Before they are trained to be smart, smart computers
are like people who have regained their sight: they have functioning
visual systems but cannot make sense of what they see. Computer
scientists must teach these computers how to recognize the sameness
of objects in the real world.

To train these computers to recognize an object, computer scientists
give the computers many example pictures or videos of the object.
For instance, to help a self-driving car recognize a stop sign, scientists
provide the car's computer with a large number of pictures of stop
signs from many angles or distances, and under various lighting
conditions. Thus, the car learns what a stop sign looks like in as
many real-world conditions as possible. That is, the car acquires visual
constancy for a stop sign. This process of machine learning is repeated
to teach the car about the many other objects it is likely to encounter,
such as other road signs, traffic lights, pedestrians, or other vehicles
(Figures 3A, B; see here). Learning the constancy of various objects
also helps the computer tell objects apart from each other, such as a
stop sign vs. a traffic light.

C Create your account

Username
Password

Security check

ures bellow al

ARER
£ Ll

Figure 3

Like our example of people taking snapshots in their minds, computers
look for the important features of an object to identify it. The more
points of view a computer has, the better it can identify objects.
The same is true for humans. If we saw a statue, we would have
an easier time recognizing it if we could walk around it and observe
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all its features. This seems obvious, but it was not until computer
scientists began developing smart computers that brain scientists
made this connection.

USING PERCEPTUAL CONSTANCY TO OUTSMART
ROBOTS

Criminals can sometimes use smart computers to overwhelm a
website. Computer scientists take advantage of perceptual constancy
to outsmart such misuse of smart computers. If you have ever tried
to access a website but received a barrier asking you to prove you
are not a robot, you have encountered this defense. Such barriers
are called CAPTCHA (Figure 3C). CAPTCHA stands for “completely
automated public Turing test to tell computers and humans apart.”
CAPTCHA works because every time you prove you are human—either
by identifying the picture it asks you to select, or by spelling out blurred,
jumbled up words with letters and numbers—you are demonstrating
that you have better perceptual constancy than a computer!

Human responses to CAPTCHA tests are in turn used to train smart
computers to better recognize images and text. As smart computers
get better at recognizing images and text, the CAPTCHA tests must get
harder, so that only humans can pass the tests (see here). So, the next
time CAPTCHA gives you street signs or roads to identify, you may be
helping to improve self-driving cars. How cool is that?!

WHAT DOES IT ALL MEAN?

Scientists study the brain to learn more about how humans function
and behave. Understanding how we use visual constancy helps us
explain the ways that our brains make sense of the world around
us. Without visual constancy, we would be unable to recognize and
interact with the world, we would have to relearn every face and object
we encounter. Further, understanding visual constancy could help to
make computers smarter and more helpful, because they can better
process what they see to help them make decisions. We can use what
we know about the brain to make more intuitive computers that can
work for and alongside humans. Having computers that can learn and
operate without the constant supervision of human operators allows
for computers to supplant human tasks like driving, reading images,
and monitoring.

The brain and computers have similarities. When scientists attempt to
create better computers, they ask important questions about how our
own brains work. Learning more about how our brains interact with the
world teaches us about ourselves and how we can engineer systems
that are almost as good as us at certain tasks!
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YOUNG REVIEWERS

DANIELLE, AGE: 13
Hello! My name is Danielle. | am most interested in clinical and computational
neuroscience. In addition to these areas of neuroscience, | am also extremely
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interested in the overlap between coding and the brain (e.g., deep neural networks).
My favorite movie is “The Imitation Game” because | greatly admire Alan Turing for his
contributions to early computer science and the way he introduced the concept of
brain/computer parallels, thus paving the way for brain-computer interfaces.
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a sense of humor. On the one hand, this discovery is surprising, because one has to
be smart in order to have a sense of humor. On the other hand, one has to have a
well-developed sense of humor in order to be a fan of the Red Sox. Jay intends to
spend some of his spare time trying to resolve this conundrum.
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