
 

Seeing is believing: How brains make sense
of the visual world
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If your eyes deceive you, blame your brain. Many optical illusions work
because what we see clashes with what we expect to see.

That 3D movie? Give credit to filmmakers who exploit binocular vision,
or the way the brain merges the slightly different images from the two
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eyes to create depth.

These are examples of the brain making sense of the information coming
from the eyes in order to produce what we "see." The brain combines
signals that reach your retina with the models your brain has learned to
predict what to expect when you move through the world. Your brain
solves problems by inferring what is the most likely cause of any given
image on your retina, based on knowledge or experience.

Individual tuning

Scientists have explored the complex puzzle of visual perception with
increasing precision, discovering that individual neurons are tuned to
detect very specific motions: up, but not down; right, but not left; and in
all directions. These same neurons, which live in the brain's middle
temporal visual area, are also sensitive to relative depth.

Now a Harvard Medical School team led by Richard Born has uncovered
key principles about the way those neurons work, explaining how the
brain uses sensory information to guide the decisions that underlie
behaviors. Their findings, reported in Neuron, illuminate the nature and
origin of the neural signals used to solve perceptual tasks.

Based on their previous work, the researchers knew that they could
selectively interfere with signals concerning depth, while leaving the
signals for direction of motion intact. They wanted to learn what
happened next, after the visual information was received and used to
make a judgment about the visual stimulus.

Was the next step based on "bottom-up" information coming from the
retina as sensory evidence? Or, as in optical illusions, did top-down
information originating in the brain's decision centers influence what
happened in response to a visual stimulus?
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"We were able to show that there's a direct bottom-up contribution to
these signals," said Born, HMS professor of neurobiology and senior
author of the paper. "It's told us some very interesting things about how
the brain makes calculations and combines information from different
sources, and how that information influences behaviors."

Selective blocking

In their experiments with nonhuman primates, the researchers cooled
specific neurons to temporarily block their signals, in the same way that
ice makes a sprained ankle feel better because it prevents pain neurons
from firing.

The team selectively blocked pathways that provide information about
visual depth—how far something is from the viewer—but not the
direction of motion. The animals were trained to watch flickering dots
on a screen, something like "snow" on an old television, and detect when
the dots suddenly lined up and moved in one direction or changed in
depth.

If the animal detected motion or a change in depth, making an eye
movement to look at the changed stimulus would result in delivery of a
reward.

When the neurons were inactivated, the animals were less likely to detect
depth, but their ability to detect motion was not affected. This told the
scientists that feed-forward information, not feedback, was being used
by the animal to make its decision. Their findings help explain how
relative motion and depth work together.

Two pathways
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"Combining two pathways that compute two different things in the same 
neurons is essential for vision, we think," Born said. "But for these two
particular calculations, first you have to compute them separately before
you can put them together."

Born believes there are other implications of their work.

"We think that the same operations that are happening in the visual
system are happening at higher levels of the brain, so that by
understanding these circuits that are easier to study we think we will gain
traction on those higher level questions," Born said.
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