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Abstract

The Visual Awareness Negativity (VAN), an event related difference wave, has been proposed as a neural correlate of 

consciousness (NCC) (Koivisto & Revonsuo, 2010). The Perceptual Awareness Scale (PAS) was created by subjects who were 

instructed to develop a scale to rate visual experiences where each point reflected an experience qualitatively different from 

any other point on the scale (Ramsøy & Overgaard, 2004).  It contains four points: NE = no experience, WG = weak glimpse, 

ACE = almost clear experience, CE = clear experience. PAS has since been used in several experiments (Melloni et al. 2011; 

Overgaard et al. 2006; Ruzzoli et al. 2010). Some of these experiments suggest that PAS is a more sensitive measure of 

consciousness than other current methods (Sandberg et al. 2010). We tested the hypothesis that VANs would be found 

between PAS-ratings, which would corroborate that VAN is a candidate for an NCC. To investigate this hypothesis, we ran 

an experiment using magnetoencephalography (MEG) to obtain event-related fields (ERFs) for each of the PAS-ratings. 

Based on the sensor space data, we successfully trained a classifier to discern between the four PAS-ratings. VANs were 

found for the planned contrasts, and we found suggestive evidence for differences between ratings in source activity and 

source localization. In conclusion, we found evidence for VANs between the different ratings, and thus evidence for VAN 

being an NCC that does not only correlate with whether the subject is aware or unaware, but also with experienced 

differences in conscious content.

Introduction
The search for neural correlates of consciousness (NCC) has been extensive, but mostly these endeavors have assumed that 

visual experiences are dichotomous – either you see something or you don't. Visual Awareness Negativity (VAN: Figure 2 ) 

has been a solid candidate for an NCC for almost 10 years now (Koivisto & Revonsuo 2003). It has however only been tested 

with a dichotomous scale. Here, we investigated whether it is sensitive to even small changes in conscious experience using 

the Perceptual Awareness Scale (PAS: Figure 1). A recurring debate is whether occipital or frontal regions (see for example: 

Lamme & Roelfsema 2000 or Sandberg et al. 2013 for the “occipital” view and Dehaene et al. 2006 for the “frontal” view) 

are best for explaining conscious experience. We used classification analyses to investigate which region best explains 

differences in conscious experience .

Figure 1: The Perceptual Awareness Scale: 
Each point represents a subjectively felt 
difference in experience

Figure 2: The Visual Awareness Negativity is a difference 
wave between aware and unaware conditions detectable 
around 130-330 ms in occipital (shown here (Koivisto & 
Revonsuo 2010)), parietal, and temporal sensors.

Koivisto & 
Revonsuo (2010)

Sensor Space Analyses

Figure 5: Gradiometer analyses in the time window from 100 ms to 600 ms. Voxel Peak Threshold = 0.001 (uncorrected). Cluster Threshold = 0.05 
(corrected). Differences in VAN amplitudes (~260 ms) were found on temporal sensors for PAS 4 > PAS 3 and PAS 3 > PAS 2. For PAS 3 > PAS 2, 
further effects were found that may correspond to the Late Positivity (~380 ms) (see also: Figure 2). No statistically significant effects, however, 
were found for PAS 2 > PAS 1. Importantly, no statistically significant effects were found the other way around, e.g. for PAS 1 > PAS 2.
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Summary of behavioral results and sensor space analyses
➢ Accuracy increases and reaction times decrease with increasing PAS-scores

➢ Performance is at chance level when subjects report no experience

➢ VAN-effects (~260 ms) are found for PAS 3 > PAS 2 and PAS 4 > PAS 3

➢ Possibly, also evidence for the Late Positivity (~390 ms) in PAS 3 > PAS 2

Multivariate Classifier Analyses: 0.1 ms – 0.4 ms

Figure 6: Linear Discriminant Analyses: The classifier was trained on 90 % of the trials, which were labeled, and was then to attach labels to the 
remaining unlabeled 10 %, (A) Average proportions of correctly attached labels by the classifier over all subjects. Error bars are 95 % confidence 
intervals. (B) No. of (normalized) significant features per sensor group.
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Summary of multivariate classifier analyses
➢ Classification accuracy and no. of significant classifications increase with the distance between PAS-ratings

➢ Occipital sensors are best for successful classification, i.e. accuracy and no. of significant classifications are both higher 

than for the other types of sensors, including “all” sensors

➢ Of the sensor groups, occipital sensors have the most significant features

➢  For the occipital sensors, the number of significant features peak around the VAN time window

Conclusions
➢There is good evidence for VAN being a robust NCC, i.e. it is sensitive to small differences in conscious experience

➢Occipital sensors seem to be the most important sensors for explaining small differences in conscious experience

➢Furthermore, there seems to be a tendency of classification accuracy decreasing the more frontal the sensors used for 

classifying  are

➢The fact that the classifier can find differences between the PAS-scores, which we do not find in the sensor space 

analyses, points towards that the signals that encode information about differences in conscious experience are not 

localized, but rather distributed over the brain and especially over the occipital regions

Figure 4: Behavioral Results: Accuracy 
increased with increasing PAS-scores, while 
reaction times decreased. Errors bars are 
confidence intervals.
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Figure 3: The Task Procedure: One of two targets (33 ms) 
followed a fixation cross, which was followed by a static noise 
mask (2000 ms). During this period subjects had to identify the 
target. Finally, they were to rate the clearness of their experience 
on the PAS-scale. The contrast of the target varied following a 
staircase – one step down for a wrong identification, and one 
step up for two correct identifications after one another.
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