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ABSTRACT 
An assumption nearly all researchers in cognitive neuroscience tacitly adhere to is that of 
space-time separability. Historically, it forms the basis of Donders’  difference method. 
To date, it underwrites all difference imaging and trial-averaging of cortical activity, 
including the customary techniques for analysing fMRI and EEG/MEG data. I describe 
the assumption and how it licenses common methods in cognitive neuroscience; in 
particular the critical role it plays in signal differencing and averaging.  
I argue that this assumption overemphasizes static activity sources in the cortex. As well 
as being functionally localized, domains of cortical activity move from moment to 
moment. I illustrate this claim via recent research on traveling waves of activation in the 
cortex. Traveling waves have been described at a range of different spatial scales in the 
cortex; they explain a large proportion of the variance in phase measurements of EEG, 
MEG and ECoG, and are important for understanding cortical function. Critically, 
traveling waves are not space-time separable. Their prominence suggests that the correct 
frame of reference for analyzing cortical activity is the dynamical trajectory of the system, 
rather than directly in the time and space coordinates of measurements.  
I illustrate what a lack of space-time separability implies for cortical activity, and what 
consequences this should have for cognitive neuroscience. I provide a number of 
examples from Psychology to suggest the same issues apply to the analysis of behaviour 
in terms of events at times. 
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