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Abstract

Perception and cognition in the brain are naturally characterized as spatiotemporal pro-
cesses. Decision-making, for example depends on coordinated patterns of neural activity
cascading across the brain, running in time from stimulus to response and in space from
primary sensory regions to the frontal lobe. Measuring this cascade is key to developing
an understanding of brain function. Here we report on a novel methodology that employs
multi-modal imaging for inferring this cascade in humans at unprecedented spatiotempo-
ral resolution. Specifically we develop an encoding model to link simultaneously measured
electroencephalography (EEG) and functional magnetic resonance imaging (fMRI) signals
to infer high-resolution spatiotemporal brain dynamics during a perceptual decision. After
demonstrating replication of results from the literature, we report previously unobserved
sequential reactivation of a substantial fraction of the pre-response network whose magni-
tude correlates with a proxy for decision confidence. Our encoding model, which temporally
tags BOLD activations using time localized EEG variability, identifies a coordinated and
spatially distributed neural cascade that is associated with a perceptual decision-making.
In general the methodology illuminates complex brain dynamics that would otherwise be
unobservable using fMRI or EEG acquired separately.
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Introduction1

The detailed spatiotemporal brain dynamics that underlie human perception and cogni-2

tion are difficult to measure. Invasive techniques with sufficient temporal or spatial resolu-3

tion, such as depth electrodes or cortical arrays used with epilepsy patients, are only feasible4
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