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Abstract

Functional magnetic resonance imaging (fMRI) has become a prevailing human
brain mapping tool in cognitive neuroscience. When brain functions are represented
by brain activity at focal and spatially segregated locations, we may infer external stim-
uli and subjective experience based on spatial distributions of fMRI activity. However,
waveforms at activated brain regions and their dynamics are seldom used as to decode
conscious experiences or the exogenous input. One reason for not using fMRI temporal
information is related to the common belief that hemodynamic responses measured by
fMRI are temporally smooth. The other reason is related to the relatively low data
sampling rate ( 0.5 Hz) in conventional fMRI measurements. We hypothesize that
the relationship between stimuli, behaviors, and brain responses can be encoded in
fMRI waveforms features delineated in the sub-second range. To test this hypothesis,
we used magnetic resonance inverse imaging (InI) method, a fast fMRI acquisition
strategy enabled by massively parallel detection allowing up to 10 Hz sampling rate,
to investigate the causal relationships between areas subserving a two-choice reaction
time visuomotor task at frequiencies up to 5 Hz. Specifically, the spectral decompo-
sition of Granger causality revealed that the fMRI signal at frequency up to 3Hz can
still be used to estimate significant dominant directions of information flow consistent
with results from the time-domain causality analysis. Our data suggest that hemody-
namic responses carry physiological information related to inter-regional modulation
at frequency higher than what has been commonly considered. This result has impli-
cation that high sampling rate fMRI may provide extra information for human brain
decoding.
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