
 

What your cell phone camera tells you about
your brain
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Your brain is structured to make the best possible decision given its limited
resources, according to new research that unites cognitive science and
information theory - the branch of mathematics that underlies modern
communications technology. Credit: Rensselaer

Driving down a dark country road at night, you see a shape ahead on the
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roadside. Is it a deer or a mailbox? Your brain is structured to make the
best possible decision given its limited resources, according to new
research that unites cognitive science and information theory—the
branch of mathematics that underlies modern communications
technology.

The finding, which was published in the journal Science, is an outgrowth
of National Science Foundation-supported research into improving
pedagogy in STEM fields, which often rely heavily on perceptual
abilities and perceptual expertise, said Chris Sims, a Rensselaer
Polytechnic Institute assistant professor of cognitive science.

"Take for example geology, where students have to learn to differentiate
between rocks or geologic formations that may have a highly similar
appearance," said Sims. "The way it's typically done is through
repetition—you look at lots of rocks until it sinks in. But understanding
how the brain works can help us build better classroom training exercises
that teach those abilities more efficiently."

A canonical law of cognitive science—the Universal Law of
Generalization, introduced in a 1987 article also published in 
Science—tells us that your brain makes perceptual decisions based on
how similar the new stimulus is to previous experience. Specifically, the
law states that the probability you will extend a past experience to new
stimulus depends on the similarity between the two experiences, with an
exponential decay in probability as similarity decreases. This empirical
pattern has proven correct in hundreds of experiments across species
including humans, pigeons, and even honeybees.

"This is a fundamental equation that is universal in nature, and it's held
up very well," said Sims. "But while the law describes the empirical
pattern, it doesn't adequately explain why this pattern should appear in
nature. And that's what I set out to do."
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In his research, Sims turned to information theory, a branch of
mathematics founded at Bell Labs in the 1940s that makes it possible to
predict the best possible performance of a communication system given
the limits of the system. For example, information theory makes it
possible to predict the best possible voice accuracy that a telephone wire
could transmit given a specific level of noise in the signal.

Building on the evident parallels between noisy telephone wires and
noisy neurons, Sims has been using information theory to understand the
biological communication systems of perception and memory.

"The idea is that visual perception is a communication channel: there is
information in the world, and you need to transmit that information from
your eyes to your brain," said Sims.

Just as there are limits on a mechanical system like a telephone line,
there are limits on a biological system, and Sims looked to information
theory to describe and predict the optimal performance that could be
achieved from the human visual system.

And that led to a serendipitous connection between the Universal Law of
Generalization long studied in cognitive science, and the mathematical
framework of information theory.

When Sims described the visual system using the information theory
framework, he found that a well-known aspect of information theory
known as efficient coding predicted the same exponential generalization
gradient as that predicted by the Universal Law of Generalization. His
work connected the dots between two foundational laws within disparate
fields, and suggests that evolution has given us a perceptual system that
approaches the optimum predicted by the mathematical laws of
information theory.
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"I set out to explain why this pattern appears in nature, and the answer
according to information theory is that nature has given us perceptual
systems that are as efficient as possible, given the constraints and limits
they have to work with. It's a simple explanation for why this pattern
exists everywhere and that's promising."

The finding might be used to help develop more accurate measurement
of perceptual expertise and progression, but Sims said at heart, he's
pleased to have advanced the foundational science.

"I'm excited that now we have mathematical laws we can use to better
describe and understand information processing in the brain, and the
nature of intelligence in general," said Sims.

"Efficient coding explains the universal law of generalization in human
perception" was published in Science.

  More information: Chris R. Sims, Efficient coding explains the
universal law of generalization in human perception, Science (2018). 
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