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4 VISION AND ILLUSIONS

M ost of our knowledge about the surrounding world comes from the 
sense of vision. This seemingly miraculous sense transforms signals 

produced by light energy entering the eye into perceptions of movement, 
color and form. The abilities to recognize a face, identify an object under 
different conditions of light or interpret the components of a landscape 
result from complex processes that take place in many areas of the cere-
brum. The strategies used by the brain in vision cannot be duplicated, 
even by the most sophisticated existing computers and software.

We only are beginning to under-
stand how the visual system in the 
brain works. While it was once 
believed that vision worked like a  
simple camera, we now know that it  
is a much more complex process.  
Light enters the eye through the pupil 
and is focused by the lens on the  
retina, where it activates special 
light-sensitive cells (rods and cones). 
These cells convert light energy into 
electrical signals that travel along the 
optic nerve to the visual centers of  
the brain. The primary visual  
cortex, where signals are first processed, is located at the back of the head. 
However, there are at least 20 other areas of the cerebral cortex devoted to 
processing visual information. Cells in different areas of the visual cortex 
respond to different characteristics of objects (for example, motion, form, 
color). Each of these areas receives special information carried over separate 
pathways. This information is assembled along parallel routes, not yet  
fully understood, to form a three dimensional mental perception of the 
world.

Optical illusions provide clues about the ways in which the brain  
processes visual information. The brain appears to make certain assump-
tions about what is to be seen in the world. When insufficient information 
is provided or the information is conflicting, the brain can be “tricked.” 

In this activity, students will explore 
several well-known illusions. They are 
based upon the following principles.
 • Inverted image. Light enters our  

eyes in the same way that it enters a 
pinhole camera or passes through 

Images are inverted when they are 
focused on the retina.

Unit 
Links

THE COOKIE CRUMBLES 
Story, Chapters 8-9
Science box, p. 16

EXPLORATIONS
“Is Seeing Believing?” p. 3 
“The Eyes Have It!” p. 4 
“Camouflage!” p. 8

OVERVIEW
Students learn about the brain’s role 
in vision by experiencing well-known 
optical illusions.

CONCEPTS
● Some optical illusions provide clues 

about how the brain processes  
visual information.

● The brain can be fooled by  
insufficient or conflicting visual input.

SCIENCE AND MATH SKILLS
Observing, identifying variables,  
identifying relationships and  
measuring

TIME
Preparation: 10 minutes
Class: 30-45 minutes

MATERIALS (See Setup)
Per Student
● White index card, 3 in. x 5 in.
● Hand lens
● Copy of “The Vanishing Spot” and 

“Brain Illusions” pages
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  a simple lens (such as a hand magnifier). As a result, the light that 
becomes focused on the retina presents an image that is upside down 
relative to the outside world. Higher levels of the brain adjust for this, 
so that we “see” the 
world in its correct 
orientation. 

 • Filling in. 
Sometimes, when 
the brain receives 
incomplete informa-
tion about the phys-
ical world, it tries to 
fill in the gaps. For 
example, there is a 
“blind spot” in our 
field of vision, where 
the optic nerve con-
nects the eyeball to 
the brain. The blind 
spot contains no receptor cells and cannot react to incoming light. 
However, we do not “see” a blank space in our field of vision, because 
the brain fills in the missing area with an estimate of what should 
be there. This astonishing process can be experienced in the illusion 
presented on the student page, The Vanishing Spot. This illusion is 
constructed so that a black circle or a gap in a line falls exactly on the 
blind spot of the eye. When the brain “fills in” the blind spot, the 
image of the circle disappears and the line appears unbroken!

 • Grouping. Light coming into the eye is detected as tiny points by the 
individual receptors in the retina. This information must be processed 
through many levels in the brain before it becomes useful. In fact, 
one of the primary tasks of the visual cortex is to process and combine 
separate points of light into more meaningful mental images. One 
way the brain organizes visual information is by clustering objects that 
are close together. Because of this tendency, the groups of dots (right) 
appear to be arranged either in columns or in rows, depending upon 
the spacing.

 • Figure vs. ground. The visual system works on a “winner takes all” 
basis. The eye and brain can focus intently on only one object at a 
time. Everything else is reduced to background. When a figure is  
ambiguous, as in psychologist Edgar Rubin’s famous vase example (to 

Blind Spot
(note absence
of receptors)

Lens

Pupil

Cornea

Iris
Retina
(light receptors)

Optic Nerve

Blind Spot. The blind spot has no receptors for light, 
yet we do not see a blank space in our field of vision.

Grouping
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  the right), the brain jumps from one  
interpretation to another. Thus, the figure 
can appear as either two faces in profile or a 
symmetrical vase, but not as both at the same 
time.

 • Context clues. One of the brain’s most  
difficult tasks is building a three-dimensional 
perception of the world from the two-dimen-
sional image received on the retina. The brain 
uses several context clues to estimate depth 
and distance. One clue is shading. Look at the rows of circles below 
right. The circles will appear as spheres or cavities, depending upon 
where you assume the light is coming from. 
It is virtually impossible to see both rows of 
spheres as concave or convex*. Another clue 
is perspective. Objects that appear small or 
nearby can be interpreted as being far away, 
depending upon the relative size or distance 
of surrounding objects. Examples include 
railroad tracks that converge in the distance, 
or an automobile that gradually increases in 
size as it approaches. The brain uses clues 
about the relative size of nearby objects to 
interpret these examples correctly. 

  When provided with insufficient or  
conflicting information, the brain can be 
fooled. The open cube to the left is a good example of this. Since there 
are no clues about which surface is closest to the viewer, the brain will 
switch among different interpretations of the cube. (This illusion was 
first devised by L.A. Necker in 1832.)

SETUP
Conduct the following explorations in one longer or several short sessions, 
depending on the ages of your students and the time available. Students 
may work individually or in pairs.

PROCEDURE
1. Inverted image. Give a hand  

magnifier and a note card to each student. Direct the students to stand 

*Adapted from Ramachandran, V. 1988. Perceiving Shape from 
Shading. Scientific American 259(2):76-83).

Figure vs. Ground

Context Clues: Shading

Context Clues: Perspective
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 with their backs to a window as they hold the hand lenses a few inches 
in front of the note cards. The students should observe an image pro-
jected onto the card. (If the image is not sharp, have them move the 
magnifier forward or backward until it becomes focused.) Ask, What 
do you see? Is it right side up? The image will be upside down. Help the 
students understand that the image projected onto the retina of the eye 
also is inverted. The brain “flips” the image to its correct orientation as 
it builds a mental picture of the physical world.

2. Filling in. Distribute copies of “The Vanishing Spot” student sheet 
and direct each student to follow the instructions. Ask, What  
happens to the black circle? To the space in the black line? What do you 
think is happening? Lead the students to conclude that the brain is fill-
ing in the space corresponding to the “blind spot” on the retina.

3. Grouping. Give each student a copy of the “Brain Illusions” page. 
Have students focus their attention on the dot patterns in example 1. 
Students should count the number of dots in each group to establish 
that both groups contain the same number of dots. Ask, Are the dots 
in the first group arranged cross-wise or up-and-down? Why do you think 
so? What about the dots in the second group? Lead the students in a dis-
cussion about the role of spacing in altering their perceptions of the 
arrangement of the dots.

4. Figure vs. ground. Let the students look at example 2. Ask them to 
describe what they are seeing. (Some will see a vase, others a pair of 
faces, and others may mention that the image switches between the 
faces and the vase.) Encourage the students to think about what might 
be happening. Explain that the eye and brain can be busy with only 
one object or image at a time and that everything else becomes back-
ground. In the case of this illusion, the brain jumps from one inter-
pretation of the figure to the other. Follow by asking whether it is ever 
possible to watch two different things closely at the same time. 

5. Context clues. Direct students’ attention to example 3. Ask them to 
imagine that the light illuminating the spheres is coming from above. 
Have them identify which row of spheres looks like it is concave and 
which row looks convex. Next, ask them to imagine that the light 
source is below the figure. Which row is concave and which is convex 
now? Challenge the students to establish whether it is possible to see 
both rows simultaneously as concave or convex. Discuss why or why 
not.

6. Challenge students to identify which side of the open cube in example 
4 is facing forward. Ask, Is it possible to tell which side is facing forward? 
What kinds of clues would we need to determine which side is closest?  
Students also may notice that their attention will flip between two (or
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 more) different interpretations of the cube, much as their interpreta-
tion of example 2 switched between the vase and the two faces. 

7. Ask each student to write a paragraph describing what he or she 
observed and experienced with one of the optical illusions explained in 
class.

BRAIN JOGGING
Here are more ideas for you and your students to explore.
• Try using different tricks of perspective to create drawings that represent 

three-dimensional objects or scenes. Possible techniques include using 
shading, making background objects smaller, and letting linear objects 
converge in the background.

• Find other examples of illusions, and ask students to describe what  
they think the brain is doing (filling in, using context clues, etc.). Be 
aware that the brain mechanisms behind some illusions still are not 
understood.

4. Visions and Illusions 
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4THE VANISHING SPOT

1. Hold this sheet about 18 inches from your face. Close your right eye. Stare at the x using your left eye. Move 
the sheet back and forth slightly. What happens to the black circle?

2. Close your right eye and try again, this time focusing on the triangle. What happens?

4. Visions and Illusions 
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4 BRAIN ILLUSIONS

1. 2.

3. 4.
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