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Regulation of global brain states: Orienting oscillatory trajectories

Autonomy, the hallmark of advanced living systems, depends on how the brain and extended nervous system are self-
regulated to accommodate the multiplicity of tasks and temporal sequencing that comprises cognitive operation. Directed
to the good of the whole organism, self-regulation reveals both the need for and existence of global brain mechanisms that
modulate local neural events and oversee their spatiotemporal organization. Hence, there is an implicit coupling between global
and local scales that characterize large-scale, systemic operation, requiring that oversight mechanisms be regionally distributed
for local activation. Existing evidence indicates that mediating control depends on a distribution of oscillatory, electropotential
activity, that is, brain dynamical elements that exhibit repetitive and cyclical profiling. There is a broad consensus that
oscillations detectable in EEG patterns, for example, can be grouped in frequency bands denoting different brain states. Because
of their significance for human health, this paper considers underlying processes that activate and disengage such oscillatory
mechanisms, and that is, therefore, responsible for modulating these states. Controlling such oscillatory networks globally is
thought to be achieved through modulation of their frequency patterning, which may, for example, include synchronization,
desynchronization, or cross-frequency coupling. Synchronization entails oscillatory overlap, which is thought to bind together
various feature elements in cognitive representations, like those of emotions and sensory events; desynchronization, by contrast,
entails oscillatory disengagement. Accordingly, the capacity for selectively engaging and disengaging oscillator activity is key to
directing different brain states, that is, to mediating the orientation of bifurcations to different dynamical elements. This paper
will explore the roles of two processes likely to be critical to inducing regulatory directionality, neural pulsing and neural noise.
The two will be considered in the special case of memory circuits, which will be used here as a general model for achieving
global brain regulation.
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