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            Key Points

                	
                   The large-scale integration problem refers to the series of processes whereby the nervous system coordinates activity that is distributed over distant brain regions to produce a unified cognitive moment. One of the most plausible candidate mechanisms behind large-scale integration is the formation of dynamic links among brain regions, links that are mediated by phase synchronization. Phase synchronization refers to the relation between the temporal structures of the neural signals regardless of signal amplitude. Two signals are said to be synchronous if their rhythms coincide. 

                
	
                   Neural assemblies â€” distributed networks of neurons linked by reciprocal connections â€” provide a conceptual framework for the integration of distributed neural activity. Large-scale integration commonly involves neural assemblies separated by long distances. 

                
	
                   Converging evidence indicates that phase synchrony is probably involved in brain integration. Electrophysiological analyses in cats and primates have shown that the emergence of phase synchrony over widespread cortical domain correlates with the occurrence of attentive and perceptuomotor behaviours, as well as during the execution of a learning task. Analogous findings have been made in humans using electroencephalographic and magnetoencephalographic techniques. 

                
	
                   Although the evidence for phase synchronization as a mechanism for large-scale integration is well grounded, it is only correlative. Direct proof that changes in synchronous activity can affect behaviour remains to be established in most cases. Similarly, the cellular mechanisms of synchronization, the interplay between slow and fast brain rhythms, and the role of parallel phase synchronization over different frequency bands constitute topics for future research.

                


              

Abstract
The emergence of a unified cognitive moment relies on the coordination of scattered mosaics of functionally specialized brain regions. Here we review the mechanisms of large-scale integration that counterbalance the distributed anatomical and functional organization of brain activity to enable the emergence of coherent behaviour and cognition. Although the mechanisms involved in large-scale integration are still largely unknown, we argue that the most plausible candidate is the formation of dynamic links mediated by synchrony over multiple frequency bands.
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Figure 2: Neural synchrony as a multiscale phenomenon.[image: ]


Figure 3: Long-range integration studies I.[image: ]


Figure 4: Long-range integration studies II.[image: ]


Figure 5: Interdependence between different frequency components from local field potentials recorded from the cortex of a behaving cat.[image: ]
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