
 

From signal propagation to consciousness:
New findings point to a potential connection
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Researchers at New York University have discovered a novel mechanism
through which information can be effectively transmitted across many
areas in the brain—a finding that offers a potentially new way of

1/3



 

understanding how consciousness arises.

The study appears in the journal Neuron.

"For us to navigate through everyday situations, it is critical that 
electrical signals from our senses stimulated by the external world are
able to reach relevant brain areas," explains Xiao-Jing Wang, Global
Professor of Neural Science at NYU and the paper's senior author. "Our
brain, however, is a very complicated system, with billions of neurons
organized in an interconnected network with more than a hundred areas.
It is therefore not easy to understand how signals may travel from area to
area in an efficient manner."

Brain areas tend to be organized in a hierarchy, ranging from "lower"
sensory areas to "higher" cognitive areas. These areas have excitatory
and inhibitory neurons, which either stimulate or suppress activity in
other neurons.

Understanding how neural signals are transmitted across this hierarchy,
the researchers note, is still a fundamental challenge in neuroscience and
served as the focal point for the Neuron study.

Previous computer modeling of signal transmission across areas in the
brain did not take into account the complexity of brain's area-to-area
connections. By contrast, thanks to the recent advances in the field of
"Connectomics" dedicated to quantitatively analyzing the brain's
connectivity, the NYU scientists were able to build models incorporating
anatomical connectivity data of macaque monkeys.

Here they found that signal transmission in a large-scale model of the
primate brain is robust under the condition in which area-to-area
connections exhibit a "balance" between excitation and inhibition.
Specifically, stimulation provided by the excitatory neurons allows for
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signals to be transmitted, whereas suppression from inhibitory neurons
makes sure the signal activity does not grow out of control.

"Unexpectedly, our model reveals that only when the signal is strong
enough, above a threshold level, the signal reaches a large set of areas of
the brain region called the prefrontal cortex, which plays a critical role in
high-level cognition," said Madhura Joglekar, the paper's first author
who conducted the research as a postdoctoral fellow in Wang's lab and is
now an instructor at NYU's Courant Institute of Mathematical Sciences.

Notably, the global activation pattern resembles the ones previously
found in the human brain while consciously perceiving sensory
information—a parallel suggesting a potential connection between the
proposed "balanced" large-scale neural circuit mechanism for signal
transmission and understanding how conscious information processing is
achieved.
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