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Abstract
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The current study explored brain-wide cognitive mechanisms of humans by analyzing task-related
and resting-state functional MRI data. We found that cognitive control under perceptually uncertain
environments involved interactions between visual-related occipitotemporal regions and control-
related prefrontal regions. In particular, during response inhibition and task switching, functional
connectivity become stronger from prefrontal regions showing greater activity toward weakly
activated occipitotemporal regions, when perceptual uncertainty was increased. On the other hand,
when perceptual uncertainty was decreased, functional connectivity from strongly activated
occipitotemporal region to weakly activated prefrontal regions enhanced. The results suggest a
shift of brain-wide top-down and bottom up signaling depending on environmental uncertainty. We
also examined formation of self-control choice under decision-making situations. Participants
directly experienced small amounts of liquid rewards delayed by seconds, with one smaller amount
available immediately, and the other larger amount available after delay, and were then asked to
choose one of the two alternatives. Individuals forming strong self-control for subsequent choice
showed greater anticipatory utility effect that was predicted by behavioral economic theory in
anterior prefrontal cortex, suggesting self-control formation for decision-making in the prefrontal
cortex based on reward experiences. Finally, we examined dynamic characteristics during resting-
state by analyzing open resource data set of fMRI with large sample size. Sliding-window approach
revealed fluctuation of functional connectivity variance across the brain, and periodic depolarization
of the functional connectivity during variance peak periods involving 6 states. Interindividual
comparison with task-related and resting-state fMRI data revealed that one of the states is related
to cognitive performance, and another is related to sleep. These results suggest that temporal
fluctuations of resting-state fMRI data reflect uncontrolled mental and physiological states.
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Neuroinformatics of human cognitive functions based on non—invasive human brain imaging
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The current study explored brain—wide cognitive mechanisms of humans by analyzing task-related and resting—state functional MRI
data. We found that cognitive control under perceptually uncertain environments involved interactions between visual-related
occipitotemporal regions and control-related prefrontal regions. In particular, during response inhibition and task switching, functional
connectivity become stronger from prefrontal regions showing greater activity toward weakly activated occipitotemporal regions,
when perceptual uncertainty was increased. On the other hand, when perceptual uncertainty was decreased, functional connectivity
from strongly activated occipitotemporal region to weakly activated prefrontal regions enhanced. The results suggest a shift of brain—
wide top—down and bottom up signaling depending on environmental uncertainty. We also examined formation of self-control choice
under decision—making situations. Participants directly experienced small amounts of liquid rewards delayed by seconds, with one
smaller amount available immediately, and the other larger amount available after delay, and were then asked to choose one of the
two alternatives. Individuals forming strong self-control for subsequent choice showed greater anticipatory utility effect that was
predicted by behavioral economic theory in anterior prefrontal cortex, suggesting self—control formation for decision—making in the
prefrontal cortex based on reward experiences. Finally, we examined dynamic characteristics during resting—state by analyzing open
resource data set of fMRI with large sample size. Sliding—window approach revealed fluctuation of functional connectivity variance
across the brain, and periodic depolarization of the functional connectivity during variance peak periods involving 6 states.
Interindividual comparison with task-related and resting—state fMRI data revealed that one of the states is related to cognitive
performance, and another is related to sleep. These results suggest that temporal fluctuations of resting—state fMRI data reflect
uncontrolled mental and physiological states.
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