
 

Problem-solving governs how we process
sensory stimuli
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This image shows nerve cells in the primary somatosensory area (S1) of the
mouse's cerebral cortex. Cells dyed violet project to the secondary
somatosensory area (S2), cells dyed blue to the motor cortex (M1). The strength
of the schematic representation of the communication between the areas depends
on the tasks to be performed: Left, sandpaper differentiation; right, localization
problem. Credit: Jerry Chen, HiFo, UZH

Various areas of the brain process our sensory experiences. How the
areas of the cerebral cortex communicate with each other and process
sensory information has long puzzled neu-roscientists. Exploring the
sense of touch in mice, brain researchers from the University of Zurich
now demonstrate that the transmission of sensory information from one
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cortical area to connected areas depends on the specific task to solve and
the goal-directed behavior. These findings can serve as a basis for an
improved understanding of cognitive disorders. 

In the mammalian brain, the cerebral cortex plays a crucial role in
processing sensory inputs. The cortex can be subdivided into different
areas, each handling distinct aspects of perception, decision-making or
action. The somatosensory cortex, for instance, comprises the part of the
cerebral cortex that primarily processes haptic sensations. The different
areas of the cerebral cortex are intercon-nected and communicate with
each other. A central, unanswered question of neuroscience is how
exactly do these brain areas communicate to process sensory stimuli and
produce appropriate behav-ior. A team of researchers headed by
Professor Fritjof Helmchen at the University of Zurich's Brain Research
Institute now provides an answer: The processing of sensory information
depends on what you want to achieve. The brain researchers observed
that nerve cells in the sensory cortex that con-nect to distinct brain areas
are activated differentially depending on the task to be solved.

Goal-directed processing of sensory information

In their publication in Nature, the researchers studied how mice use their
facial whiskers to explore their environment, much like we do in the
dark with our hands and fingers. One mouse group was trained to
distinguish coarse and fine sandpapers using their whiskers in order to
obtain a reward. Another group had to work out the angle, at which an
object – a metal rod – was located relative to their snout. The
neuroscientists measured the activity of neurons in the primary
somatosensory cortex using a special microscopy technique. With
simultaneous anatomical stainings they also identified which of these
neurons sent their projections to the more remote secondary
somatosensory area and the motor cortex, respectively.
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The primary somatosensory neurons with projections to the secondary
somatosensory cortex pre-dominantly became active when the mice had
to distinguish the surface texture of the sandpaper. Neurons with
projections to the motor cortex, on the other hand, were more involved
when mice needed to localize the metal rod. These different activity
patterns were not evident when mice pas-sively touched sandpaper or
metal rods without having been set a task – in other words, when their
actions were not motivated by a reward. Thus, the sensory stimuli alone
were not sufficient to explain the different pattern of information
transfer to the remote brain areas.

Impaired communication in the brain

According to Fritjof Helmchen, the activity in a cortical area can be
transmitted to remote areas in a targeted fashion if we have to extract
('filter') specific information from the environment to solve a problem.
In cognitive disorders such Alzheimer's disease, Autism, and
Schizophrenia, this communi-cation between brain areas is often
disrupted. "A better understanding of how these long-range, inter-
connected networks in the brain operate might help to develop therapies
that re-establish this specific cortical communication," says Helmchen.
The aim would be to thereby improve the impaired cognitive abilities of
patients. 
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