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Comment 

Prestimulus alpha phase, not only power, modulates conscious 
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In the target article [1], Northoff and co-authors examine how prestimulus oscillatory power and variability—with focus on the 
alpha frequency band (8–13 Hz)—interact with stimulus-elicited activity to support conscious visual experiences (pre-post-stimulus 
interaction). They argue further that the pre-post-stimulus interaction in neural activity is a candidate neural correlate of consciousness 
(NCC). 

In response, we make three points. First, we argue that prestimulus alpha phase-selectivity, along with alpha power, is important 
for supporting perceptually accurate conscious vision. We then argue that the effect of prestimulus alpha activity is better described as 
a facilitator or modulator of conscious perception rather than a candidate NCC per se. Finally, we note that both the Integrated In
formation Theory (IIT) and Global Neuronal Workspace Theory (GNW) already make predictions about prestimulus activity, which 
resonate with—but are different from—the ideas described in the target paper. 

As the authors describe, numerous studies have indeed shown a negative relationship between prestimulus alpha power and the 
subjective features of conscious visual content [2-15]. Yet, several studies showed no co-occurring benefit to perceptual accuracy [3,4, 
9,10,13,14]. Moreover, spontaneous alpha power has been associated with idling [16] or inhibition [17-20], and thus lower levels are 
thought to reflect a more innervated brain state where sensory neurons have higher excitability and tonic firing [18,21-24]. Critically, 
although this increased cortical innervation has been linked to greater stimulus-elicited event-related potential (ERP) responses by our 
group [25] and others [26-27], we also showed that this effect did not boost perceptual accuracy [25, also see 27]. 

One explanation we have proposed is that the general cortical excitability reflected by reduced spontaneous prestimulus alpha 
power does not afford the temporally selective stimulus-elicited neural response required for discerning discrete or brief visual inputs 
[25]. In contrast, lower alpha power might boost perceptual accuracy if the visual input is presented for a longer duration of time, such 
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as across multiple oscillatory cycles, when temporal discrimination is less critical for perceptual accuracy [28]. 
Instead, for enabling temporally precise and accurate conscious perception, the phase of the alpha oscillation at stimulus onset may 

play a more substantial role. The phase of the alpha oscillation reflects rhythmic fluctuations between maximal excitability and 
maximal inhibition [18]. Prestimulus alpha phase has been shown to modulate early-latency [29] and intermediate-latency [25] 
stimulus-elicited ERP responses, with those responses being larger if the stimulus occurred at a maximally excitatory prestimulus alpha 
phase. In our work, we further showed that this effect was also associated with better perceptual accuracy [25], which is consistent 
with other accounts showing that conscious perception was associated with a preferred prestimulus alpha phase [5,11,12,30-35]. 

We put forth that when the task-relevant stimulus appears at the preferred, excitatory phase of the alpha oscillation, neural pro
cessing of that stimulus will be more resilient to feedforward processing of any subsequent sensory input, increasing the likelihood of 
its conscious perception [25]. A second, not mutually exclusive, possibility is that conscious perception occurs in discrete temporal 
integration windows that determine whether two visual inputs will become integrated and perceived as one input or as two distinct 
inputs [36-41]. Specifically, two inputs will be perceptually integrated when they both occur during the same alpha oscillation cycle, 
and perceptually segregated when they occur during different cycles. Key to this idea, though, is that such phase effects will occur only 
when prestimulus alpha power is higher (not lower), such that sensory neurons are entrained maximally to the rhythmic fluctuations 
between excitability and inhibition, thereby selectively enhancing versus attenuating the stimulus inputs [25]. 

Considering the findings on prestimulus alpha power and phase together, the nonadditive pre-post-stimulus interaction that the 
authors describe seems more likely to lead to accurate conscious perception when: (1) prestimulus alpha power is elevated, with 
sensory neurons firing in a maximally phase-selective way with the alpha oscillations, (2) the relevant stimulus onsets at an optimal 
phase of the alpha oscillations for enhanced processing, and (3) the stimulus-elicited neural activity facilitates the likelihood of a 
separable visual percept. 

Given this empirical evidence, we hold that the pre-post-stimulus interaction the authors describe is not a candidate NCC, as this 
interaction is not minimally sufficient for conscious perception. To start, while lower prestimulus alpha power has been linked to 
conscious perception [2-15], so too has higher prestimulus alpha power at a preferred, maximally excitatory phase [5,11,12,25,30-35]. 
Further, the role of the pre-post-stimulus interaction on conscious perception is probabilistic, such that certain prestimulus alpha 
power and phase characteristics make it more likely to perceive a stimulus, but they do not guarantee it [25]. Lastly, the modulating 
effects of prestimulus alpha power and phase seem to depend also on the perceptual demands for temporal selectivity and/or accuracy 
of the task [42]. Thus, we suggest that prestimulus alpha activity is better viewed as a facilitating or modulating factor, increasing or 
decreasing the chance of conscious perception. 

Finally, the authors state in Box 1 that the ITT and the GNW theories ought to expand their predictive timescales to also include the 
prestimulus period. We note here that both theories have already made such as part of the Cogitate adversarial collaboration [43,44]. 
GNW predicts that if the global workspace is occupied with another content prior to a stimulus occurrence, that stimulus should be less 
likely to be perceived [45-47]. This preoccupation should be reflected both by elevated activity in prefrontal areas and greater in
hibition towards new, distracting, information in posterior areas, indexed by increased alpha power [48,49]. IIT predicts that 
increased excitability or facilitated synchronization in posterior areas prior to a stimulus should correlate with its greater visibility. 
This is because such excitability should favor synchronous activation and phase locked activity post-stimulus, thereby increasing the 
chances for strong relational bindings held by the theory to underlie conscious perception and stimulus vividness (see again [44]). 

Despite these points, we share the authors’ position that explaining conscious perception of a stimulus does not start with the 
presentation of that stimulus; the ongoing brain state just before is a crucial part of the story, and one that has yet to be fully 
understood. 
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