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ELECROPHYSIOLOGICAL CORRELATES OF SUBJECTIVE 

VISUAL AWARENESS: AN ERP STUDY 

Simone Grassini 

Many event-related potential (ERP) studies have tried to find out which brain processes are 

responsible for the subjective experience of seeing. The contribution of these studies has been 

crucial in order to identify the temporal and spatial dynamics of visual awareness. The negative 

difference wave named visual awareness negativity (VAN), observed around 200 ms after the 

stimulus onset, has been claimed by many as a plausible candidate for reflecting the processes 

correlating with conscious visual perception. Other studies argue instead that only the P3 wave, 

a positive wave observed around 300-400 ms, correlates with visual awareness. The aim of the 

present study was to shed light on the issue of the presence of VAN even when using an 

experimental procedure that allows to dissociate the ERP correlate of subjective awareness from 

those of unconscious perception, allowing a separate analysis. Data from 24 participants was 

collected in the present study. The experimental framework included a forced-choice 

localization task of a low-contrast stimulus, followed by the subjective rating of awareness. The 

results of the study support the idea that the VAN is the earliest electrophysiological correlate of 

subjective visual awareness and that the phenomenon of visual awareness emerges early in the 

visual area. 

 

Många händelserelaterade potential (ERP) studier har försökt att ta reda på vilka hjärnprocesser 

som ansvarar för den subjektiva upplevelsen av att se. Bidraget från dessa studier har varit 

avgörande för att identifiera den temporala och spatiala dynamiken hos visuell medvetenhet. 

Den negative difference wave benämnd visuell medvetenhetsnegativitet (VAN), observerad 

cirka 200 ms efter stimulus onset, har hävdats av många som en trolig kandidat för att reflektera 

de processer som korrelerar med medveten visuell perception. Andra studier hävdar i stället att 

endast P3 vågen, en positiv våg som observeras runt 300-400 ms, korrelerar med visuell 

medvetenhet. Syftet med denna studie var att belysa frågan om förekomsten av VAN även vid 

användning av en experimentell procedur som möjliggör att dissociera ERP korrelat för 

subjektiv medvetenhet från omedveten perception, för separat analys. Data från 24 deltagare 

samlades i denna studie. Den experimentella upplägget inkluderar en forced-choice localization 

task för låg kontrast stimuli, följt av subjektiv bedömning av medvetenhet. Resultaten av studien 

stöder tanken att VAN är det tidigaste elektrofysiologiska korrelatet av subjektiv visuell 

medvetenhet och att fenomenet visuell medvetenhet framträder i början av den visuella neurala 

processen. 

 

Visual awareness or phenomenal visual consciousness is the term that refers to 

the subjective experience of “seeing” and it is opposed to unconscious visual processes 

(Revonsuo, 2006).  Although cognitive and neural mechanisms of visual perception are 

well understood, the fundamental issue about when visual information enters 

consciousness and generate the subjective experience of seeing remains unknown. The 

analysis of visual stimuli by the human brain is known to be exceptionally rapid: 

according to the study of Thorpe, Fize, and Marlot (1996) the brain is able to categorize 

images in less than 150 ms. However, it is still not clear whether conscious perception 

can develop together with visual perception or if it needs additional cognitive processes.  
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ERP (event-related potential) is a good technique to investigate the timing of 

electrophysiological activity on the brain. ERPs describe with a temporal resolution of 

milliseconds the average electrical brain response to a specific sensory event (Luck, 

2005). The ERP waveform usually shows typical peaks of amplitudes, which are 

generally named accordingly with their polarity and the time windows they cover. The 

first positive amplitude shown on the ERP is named P1 component, the first negative 

amplitude is named N1 and so on.  

One of the main aims of the studies on visual consciousness is to identify the 

timing and the location of the electrophysiological signals by comparing the ERPs 

waves generated by conscious and unconscious visual perceptions. In this way, it can be 

possible to analyze the signals specifically responsible for generating the subjective 

visual experience. 

Two approaches are generally considered when studying consciousness. The 

first one involves focusing on the state of consciousness. Such approach is usually 

studied comparing conscious conditions with particular states of altered wakefulness or 

awareness (during sleep or under anesthesia). The second one is investigating the 

content of consciousness, considering awareness as the feature that allows the subjective 

perception of specific stimuli information 

From a neurophysiologic point of view, several studies suggest that the 

interactions between sub-cortical and cortical brain structures are responsible for the 

phenomenon of consciousness. The modulation of frontoparietal cortical network via 

brainstem and thalamic nuclei is currently believed to be the crucial network 

accountable for the state of consciousness (see Cavanna & Monaco, 2009; Llinás, 

Ribary, Contreras, & Pedroarena, 1998; Parvizi & Damasio, 2001). In the usual state of 

wakefulness, a subject can process visual information so that it can break into 

consciousness and be experienced (and then reported) by the subject as a conscious 

visual stimulus. The aim of the present investigation was to investigate the issue of the 

presence of VAN, using an experimental procedure that allows dissociating the ERP 

correlate of subjective awareness from those of unconscious perception and contributing 

to the literature on the topic. 

 

 

Experimental techniques of investigations 

Various techniques have been used to study visual awareness, for example 

binocular rivalry (Lumer & Rees, 1999), change blindness (Beck, Rees, Frith, & Lavie, 

2001), binocular fusion (Moutoussis & Zeki, 2002), various kind of techniques 

involving visual masking (Bar et al., 2001), and low-contrast stimuli (Pins & Ffytche, 

2003). 

To investigate the neural correlates of consciousness, stimuli visibility has to be 

manipulated in such way to produce a condition where they are sometimes not 

consciously perceived by the subject. It can be possible to achieve such condition, for 

example, using visual masking where a target visual stimulus is made unconscious by 
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another visual stimulus (mask stimulus), presented before (forward masking) or after 

(backward masking) the target stimulus. 

Conscious processing of visual stimuli can be impaired also by manipulating 

attentional processes, using various methodology involving well known visual 

paradigms, such as change blindness or intentional blink. Some of the above listed 

manipulations of consciousness bring with them the potential problem of making the 

two stimuli (aware and not aware) not completely identical in all their physical features. 

For such reason, eventual differences in the compared ERPs might be due to physical 

differences of the stimuli and not on the effective electrophysiological correlate of 

visual awareness. This problem can be handled using methods that do not use different 

physical stimuli on the studied conditions, and in such way to obtain aware and unaware 

physically identical trials to compare. Masked or low contrast stimuli can be presented 

close to the threshold of consciousness; in that way that they are consciously detected in 

only about half of the experimental trails.  

Methods employing ambiguous figures (e.g. the Necker cube) might be used as 

well to investigate awareness. Using binocular rivalry it is possible to present stimuli 

which produce an irregular conscious perception and compare their differences. 

Although some ERP studies compare aware vs. unaware condition of different visual 

stimuli, other studies have compared different visual perception experience keeping 

constant the visual stimulation (e.g. in the case of the presentation of ambiguous 

geometric figures). Different experimental methodology may then have emphasized 

different aspect of visual processing and produced different results when investigating 

the electrophysiological correlates of visual awareness from the generated ERPs. A 

comprehensive experimental approach is needed to investigate the problem of 

consciousness from different perspectives. 

The very first ERP component considered as a possible correlate of visual 

awareness is the P1 component. This component is shown in ERPs usually around 100 

ms from stimulus onset. In some studies, the aware perception of visual stimuli has 

shown an enhanced positivity of the P1 amplitude compared to not aware perception of 

the same stimuli (Pins & Ffytche, 2003; Roeber, Trujillo-Barreto, Hermann, O’Shea, & 

Schröger, 2008). Further ERP component accounted for visual awareness is the negative 

amplitude that arises around 200 ms after stimulus onset, the so-called visual awareness 

negativity (VAN) (Kaernbach, Schöger, Jacobsen, & Roeber, 1999; Koivisto & 

Revonsuo, 2008). 

Finally, other investigations have reported that the amplitude differences 

presented on the P3 time-window of ERP (around 300 ms or more after stimulus onset), 

so-called late positivity (LP) is as well with the other components or uniquely 

associated with visual awareness (Babiloni, Vecchio, Miriello, Romani, & Rossini, 

2006; Del Cul, Baillet, & Dehaene, 2007, Lamy, Salti & Bar-Haim, 2009; Salti, Bar-

Haim & Lamy, 2012). 

 

 

Theoretical approaches 
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ERP waves suggested as a correlate of visual awareness do not differ from each 

other only on the timing of the signal onset, but as well on the polarity and the area of 

the scalp where such activity is detected. In fact, these signals are generated from 

different brain regions with different functionalities. Some theoretical models consider 

visual consciousness as a phenomenon arising quickly as a consequence of sensory 

processes in the visual system whereas other theories consider the phenomenon of 

visual awareness as a later phase of integrative and post perceptual processing of the 

information in a later stage (for a comprehensive review see Koivisto & Revonsuo, 

2010 and Railo, Koivisto, & Revonsuo, 2011). Therefore, the identification of the 

electrophysiological correlates of visual awareness has important consequences from a 

theoretical standpoint as well as in the developing of models of the neural basis of 

visual consciousness.  

Disagreements about the ERP correlates of visual awareness arise as well from 

the theoretical background and for the definition of the consciousness phenomenon 

itself. According to the literature on the topic, two meanings of the term 

“consciousness” can be individuated: phenomenal and reflective/access consciousness 

(see Block, 2007; Damasio, 1998; Edelman, 1989; Farthing, 1992; Lamme, 2004; 

Revonsuo, 2006).  

Phenomenal consciousness refers to an immediate and nonverbal subjective 

experience. The contents of phenomenal consciousness that are selected for further 

processes by selective attention become part of the so-called “reflective consciousness”, 

an higher-order type of consciousness characterized by the manipulation of the contents 

of phenomenal consciousness. These manipulations would then allow the access to a 

wide range of cognitive output processes. The theoretical distinction for function and 

features of these two kinds of consciousness implies that they may be generated by 

different neural networks and, consequently, be reflected by different correlates on the 

ERPs. Moreover, other theoretical approaches to the present issue do not divide the 

consciousness abilities in two different kinds of consciousness (Dehaene, Changeux, 

Naccache, Sackur, & Sergent, 2006). 

 

 

Neurophysiology of visual awareness 

Most part of visual signals reaches the cortex via lateral geniculate nucleus of 

thalamus. Once in the cortex, the visual information is transmitted to dorsal and ventral 

visual areas, which process different features of the visual inputs (Milner & Goodale, 

2008). According to the two streams hypothesis, visual signals are processed by two 

different pathways, the dorsal and the ventral streams (see Goodale, & Milner, 1992 and 

Goodale, & Westwood, 2004). Dorsal visual stream converges on parietal areas and its 

specific feature is to support visuomotor functions as well as egocentric spatial coding. 

According to the theory, the ventral visual pathway is connected to temporal cortical 

area, which is responsible for allocentric spatial relations as well as object recognition. 

A number of studies have showed evidences supporting that the activity within ventral 

visual stream is associated and required for the development of visual awareness 
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(Logothetis, 1998; Sheinberg & Logothetis, 1997; Tong, Nakayama, Vaughan, & 

Kanwisher, 1998; Vanni, Revonsuo, Saarinen, & Hari, 1996).  

According to Lamme (2004, 2010), phenomenal visual awareness generates 

from the ventral visual stream by repeated communications between the higher and the 

lower visual areas. According to the model proposed by Lamme (2010), reflective 

consciousness is emerging when the communications between these early visual areas 

spread further, generating a connection between frontal and parietal areas with the 

sensory cortical areas. Feedback activity in visual awareness is supported by earlier 

studies which have showed that the neural activity occurring after feed forward signals 

do correlate with the subjective aware perception of the stimuli (Supèr, Spekreijse, & 

Lamme, 2001). 

Further studies implementing transcranial magnetic stimulation (TMS) have 

proposed that early visual areas are responsible for giving an important contribution to 

the aware perception of visual stimuli – before and after the contributions of higher 

level visual areas (see Koivisto, Railo, Revonsuo, Vanni, & Salminen-Vaparanta, 2011; 

Silvanto, Lavie, & Walsh, 2005). Although ventral cortical areas are recognized to be 

essential for visual awareness, several studies suggested that the signals processed by 

these areas, even if correlating to visual awareness, are not sufficient to generate 

awareness (Dehaene et al., 2001; Moutoussis & Zeki, 2002, 2006). Primary visual 

cortex (V1) has a controversial role in generating visual consciousness. In healthy 

humans V1 cover important functions in the visual system and damages to V1 has been 

proven to significantly impair visual consciousness (Silvanto, Cowey, Lavie, & Walsh, 

2005). However, further investigations have shown that visual awareness may be 

possible even in patients with damaged V1 area (Ffytche & Zeki, 2011, see also Peter, 

Martinez-Conde, Schlegel, & Macknik, 2005). 

The role played by the extrasensory area in contributing to visual awareness 

represents a complex issue. According to several studies (Beck, Rees, Frith, & Lavie, 

2001; Genetti, Khateb, Heinzer, Michel, & Pegna, 2009; Haynes, Driver, & Rees, 2005; 

Kouider, Dehaene, Jobert, & Le Bihan, 2007), visual awareness correlates not only by 

visual stream system activity but a widespread activity that involves parietal regions, 

prefontal cingulate and anterior cingulate (see Beck, Rees, Frith, & Lavie, 2001; 

Genetti, Khateb, Heinzer, Michel, & Pegna, 2009; Haynes, Driver, & Rees, 2005; 

Kouider, Dehaene, Jobert, & Le Bihan, 2007).  Early theory about visual consciousness 

stated that the activity between cortex and thalamus would generate conscious 

perception (Llinás et al., 1998). Some more recent studies argue that awareness is an 

emerging quality that arises from the synchronous activity of widespread cortical 

networks (Crick & Koch, 1990; Dehaene et al., 2006; Edelman, Gally, & Baars, 2011; 

Engel & Singer, 2001). According to the “global neuronal workspace model” (Dehaene 

& Naccache, 2001; Dehaene et al., 2006) a fine tuned, synchronized and global 

interaction of separate individual brain processes has a key function in generating 

conscious perception. 

The relationship between attention and awareness has been investigated in 

several studies. According to the current research, the information in the visual cortex 

only reaches conscious level after it has been selected into a widespread neural network. 
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The top-down attention has a crucial role for consciousness; attention seems to be a 

necessary but not sufficient requirement for aware perception (Dehaene & Naccache, 

2001; Dehaene et al., 2006; Mack & Rock, 1998; Merikle & Joordens, 1997). Other 

studies tried to differentiate attention from consciousness individuating specific features 

(Koivisto & Revonsuo, 2008; Lamme, 2003). These studies proposed that even if 

attention is closely related to consciousness, some of the features of consciousness are 

independent from attention. According to more recent investigations, voluntary top-

down attention is not necessary for visual awareness (van Boxtel, Tsuchiya, & Koch, 

2010). At the current state of research, the relationship between attention and 

consciousness remains complex. The studies listed above often described different types 

of attention and awareness. Therefore, these investigations may have used similar 

terminology to describe phenomena that, actually, have different functions and are 

originated from different brain activations. 

Current studies on the topic of visual awareness disagree – often substantially – 

about the brain activities which are responsible to generate visual awareness. These 

studies will be systematically reviewed on the following paragraph. 

 

 

ERP correlates of visual awareness 

Some of the studies using low-contrast stimuli (Pins & Ffytche, 2003), binocular 

rivalry (Roeber, Trujillo-Barreto, Hermann, O’Shea, & Schröger, 2008), metacontrast 

masking (Mathewson, Gratton, Fabiani, Beck, & Ro, 2009) and other kind of 

experimental techniques (Kornmeier & Bach, 2005) reported that an enhanced positivity 

in P1 correlates with aware visual perception. Neurophysiological studies suggested that 

the P1 wave origins in extrastriate visual areas (Di Russo, Martínez, & Hillyard, 2003).  

These studies that reported the P1 wave to correlate with aware visual perception 

have to manage with the problem of possible interferences from attention and arousal, 

because their manipulations of awareness are susceptible to be confounded with 

attentional processes. It is important to point out that an enhancement of P1 has been 

reported to correlate with spatial attention (Hillyard & Anllo-Vento, 1998), arousal level 

(Vogel & Luck, 2000) and attention based on stimuli specific features (Zhang & Luck, 

2009). 

Pins and Ffytche (2003) reported enhanced P1 positivity as correlating with 

subjective visibility of visual stimuli but it is not clear in this study if the P1 wave 

correlates with awareness or with attentional selection of the target presented in the 

experiment. However, a later study (Koivisto et al., 2008) using a similar experimental 

approach of Pins and Ffycte (2003) failed to replicate the results of the study, as no P1 

enhancement was statistically relevant on the reported data. 

Wilenius and Revonsuo (2007) in an experimental framework involving low 

contrast stimuli, reported P1 to correlate with visual awareness but at the same time that 

the P1 amplitude difference can be due by the level of attention.  

The neural processes generating P1 may be not directly associated with the ones 

generating visual awareness, but they may reflect, instead, the attentional processes that 
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affect the selection of stimuli before entering into consciousness. Different processes as 

well may influence the early P1 signal. Haynes, Roth, Stadler, and Heinze (2003) 

reported that P1 correlates with the perceived contrast of the presented stimuli.  

Therefore, it is possible that the P1 correlates of consciousness come from 

preconscious top-down attentional gain control (Hillyard, Vogel, & Luck, 1998) or 

other related factor (e.g. Marzi et al., 2000). The latest researches on the topic do not 

support the claim that the P1 amplitude is produced by the same processes producing 

visual awareness. Previous research on the topic indicated that attentional processes 

amplify the P1 wave and many studies who claimed P1 to be correlated with awareness 

used methods sensitive to attentions. Other studies, using similar experimental 

paradigms did not find P1 to correlate with awareness (e.g. Koivisto & Revonsuo, 

2008a; Lamy, Salti, & Bar-Haim, 2009; Salti, Bar-Haim & Lamy 2012; Sergent et al., 

2005). 

Many of studies that failed to find awareness correlates in the P1 time window 

of the ERPs have proposed that visual awareness correlate with an increase of negativity 

at around 200ms after the stimulus over occipital and temporal area. This kind of early 

correlate showed around the N2 time window of ERPs, named VAN, has been observed 

in several different studies, using different research paradigms and instruments.. Studies 

about binocular rivalry (Kaernbach, Schröger, Jacobsen, & Roeber, 1999), conscious 

change detection (Koivisto & Revonsuo, 2003), contrast manipulation (Ojanen, 

Revonsuo, & Sams, 2003) and experiments using visual masking paradigms (Koivisto 

et al., 2006, Koivisto et al., 2005 and Wilenius-Emet et al., 2004) reinforced the 

hypothesis that VAN may be the first electrophysiological correlates of visual 

awareness.  

Ocular phenomena such as attentional blink and change blindness phenomena 

have been as well used in order to investigate neurological correlates of visual 

awareness (Shapiro, Arnell, & Raymond, 1997). Using attentional blink has been found 

that the P3 component of ERPs is suppressed in relation to control condition, according 

to several studies (Kranczioch et al., 2003, McArthur et al., 1999 and Vogel et al., 

1998). In change blindness, as well as in attentional blink, has been commonly found a 

reduced P3 amplitude related to change detection (Fernandez-Duque et al., 2003, 

Niedeggen et al., 2001 and Turatto et al., 2002), but as well a reduced negativity around 

200 ms from the stimulus onset, followed by a successive reduced amplitude of the P3 

component, have been reported in some studies (Eimer and Mazza, 2005 and Koivisto 

and Revonsuo, 2003). Attentional blink and change blindness are techniques that both 

share a strong dependence on the level of attention and in working memory load 

(Shapiro et al., 1997 and Simons and Levin, 1997). For that reason, a failure in memory 

or some other cognitive deficits on post-perception of the stimuli could have caused the 

participant not to report the awareness at the stimuli on these paradigms even when they 

had been effectively aware of them. Such interpretation of these studies would fit with 

the analysis of the P3 ERPs component being part of post-perceptual processes and 

working memory carried out by Donchin & Coles (1988) as well as in the study of 

Eimer and Mazza (2005) where the P3 wave were shown to correlate with the 

confidence of the observer during response trials, in a study of change blindness.  
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The present reviewed studies make the VAN component a perfect candidate to 

be the very first electrophysiological correlate of visual awareness. This is because the 

earlier P1 component reported, for example, in the study of Pins and Ffytche (2003) 

failed to be replicated by further investigations or the P1 component seems to be related 

to attention processes more than to awareness. Furthermore, the later P3 component is 

shown, time-wise, after the VAN component. Some studies showing the early visual 

negativity have hypothesize that the VAN may be correlated to low-level processing of 

the visual stimuli such item and letters categorizations or evaluation (Ojanen et al., 

2003; Wilenius-Emet et al., 2004 and Koivisto et al., 2005) or line orientation (Koivisto 

et al., 2006). It has been as well proposed that VAN may reflect phenomenal 

consciousness while P3 reflects consciousness or confidence. Koivisto et al., (2008) 

described the ERPs produced by the conscious detection of the presence of as stimulus 

compared to trials where the same stimulus was not detected. They used the simplest 

perceptual detection task possible in order to require the minimal effort on working 

memory and without calling for any need of higher-level categorization of the presented 

stimulus by the observer. They described 2 experiments: in first the stimulus was 

presented between two masks (forward and backward mask), while in the second a low-

contrast stimulus was presented and kept near the subjective detection threshold 

manipulating its duration. These experiments showed that even in absence of 

categorization or other high level tasks, the awareness to the stimuli produced a VAN 

with higher amplitude compared to the unaware condition. In the studies carried on by 

Lamy et al., (2009) and Salti et al., (2012) the P3 component of ERPs was found to be 

correlated to visual awareness. In their experimental designs small targets constituted by 

oblique lines were shortly presented in one of the four quadrants of the screen and then 

masked with a combination of similar stimuli. The novelty of these studies is that for 

the first time stimulus type, position and correctness of report were kept exactly 

identical in both aware and unaware condition analyses. Only the variable of 

“awareness” - as subjectively reported by the participants - was different on the 

compared ERPs. Such methodology allowed the investigation of the 

electrophysiological correlates of consciousness avoiding to run into the problems of 

presenting different stimuli. These developments on the topic call for further 

investigation on the subject.  

The goal of the present investigation is to use a similar experimental paradigm of 

the one used by the studies of Lamy et al., (2008) and Salti et al., (2012), in order to 

investigate which ERPs component is the first electrophysiological correlate of visual 

awareness and try to replicate their results. For this experimental design, a larger, low 

contrast stimulus (Gabor stimulus) was used. This kind of stimulus avoidsthe use of 

masks, permitting a more sensitive experiment, in order to detect smaller amplitude 

variations, which may have been hidden in the Lamy et al., (2008) and Salti et al., 

(2012) experimental designs. 

 

 

Methods 
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Participants 

Twenty-four students (2 men, range 19-38 years old, average 22 years) 

participate in the experiment as a partial mandatory requirement for a bachelor level 

university course. 

All of them reported normal or corrected to normal visual acuity, no history of 

neurological or psychiatric condition and no current intake of psychotropic substances. 

Furthermore the participants declared to be right handed. Hand preference was further 

investigated using the Edinburgh Handedness Inventory (Oldfield, 1971). The inventory 

confirmed a main right hand preference for all the participants. The study was approved 

by the ethics committee of the University of Turku and it was conducted in accordance 

with the Declaration of Helsinki. All the participants read and signed the informed 

consent before the beginning of the experiment. The experimental methodologies 

employed in the present study were not invasive for the participants. 

 

 

Stimuli and procedure 

A CRT screen (19”) was used for the present experiment. The stimuli were 

presented on a gray background (~21,5 cd/m2)`. The fixation point was a black dot (0,7 

cd/m2) of 2 mm/0.1  diameter located at the center of the screen. The target was a low 

contrast Gabor stimulus (Michelson contrast of 0.07; 3.8 degrees in diameter). On trials 

were the target was presented it was randomly shown at one of four possible location of 

the screen (upper-left, upper-right, lower-left, lower-right) and the border of the 

stimulus was positioned at the distance of 0,8 cm/0.3 degrees  from the fixation point 

(Figure 1).  

The subjects were asked to focus on the fixation point displayed on the screen 

and to avoid as much as possible, blinks and eye movements during the experimental 

trials, especially during the stimulus visualization. 

At the beginning of each trial, a fixation point was shown for ~1200 ms. Then 

the actual visual stimulus was presented for the calibrated duration in the critical trials, 

for 118 ms in the control trials or a blank screen was presented (catch trials). Firstly 

they were asked to make a speeded forced-choice response about the position of the 

stimulus on the screen using one of the intended four buttons on the posterior side of a 

joystick. A three choice option was shown immediately after the first response, asking 

to rate the awareness of the stimulus (In English: I did not see anything, I saw it weakly, 

I saw it clearly. Iin the original Finnish version: “En nähnyt mitään”, “Näin heikosti”, 

“Näin selvästi”).  

The experiment included a practice (demo) phase, followed by a calibration 

phase and by an experimental phase. In the demo phase the subjects, after detailed 

explanation of the task, were asked to demonstrate to the experimenter to be properly 

able to see the stimulus and accurately follow the instructions for the individuation and 

the evaluation responses. In this preliminary phase the stimulus was presented for 118 

ms. 
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The calibration phase was needed in order to find an appropriate duration for the 

stimulus presentation in order to obtain around 50% of “aware” and 50% “unaware” 

trials – the range level considered valid was from 30 to 70% of aware. During the 

calibration phase the subjects were required to generate the two responses. After that the 

appropriate stimulus duration was found, the trial was repeated with the same refresh 

rate, in order to control it for random effects. The calibration trials began from 4 screen 

refreshes (47 ms), and it was decreased or increased according to the subject 

performance. In rare cases (2) where appropriate stimulus duration was not found in 

order to obtain the 30-70% aware range, the refresh rate setting producing the closest 

results was used. During the experimental phase, the stimuli were presented in five 

identical blocks, each of that presented 116 total trials. In the total experiment the trials 

registered were 580: 80 (13,8%) control trials, 100 (17,2%) blank trials and 400 (69%) 

critical trials, where the stimulus was presented for the calibrated duration. Between 

each block the subjects had 2-3 minutes rest period, in order to decrease eye and 

concentration fatigue.  

 

 
Figure 1. Example of the procedure in the experimental trials. 

 

 

EEG recording and analysis 

EEG data were recorded from 19 scalp sites (Fp1, Fp2, F3, F4, F7, F8, Fz, P3, 

P4, Pz, C3, C4, Cz, T3, T4, T5, T6, O1, O2) while the participants were performing the 

behavioral tasks. A ground electrode was positioned as well. Fig 2. reports the scheme 

of the electrodes disposition. Eye movements were detected from the left eye-corner and 

below the left eye. The reference electrode was located on the left side of the nose. EEG 

data were recorded using tin electrodes attached to a cap of synthetic material 

(EASYCAP GmbH, Herrsching-Breitbrunn, Germany), which features 23 equidistant 

electrode positions (Int. 10/20-System). Electrode impedances were kept below the 

value of 5Ω. EEG signal was amplified (SynAmps) using a band pass of 0.05–100 Hz, 

with the sampling rate of 500 Hz. A 50-Hz notch filter was used. Offline analysis of the 
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EEG data was conducted using the software Brain Vision Analyzer 2.0 (Brain Products 

GmbH, Gilching, Germany). Baseline was corrected according to the activity in −100 to 

0 msec preceding the stimuli onset. Trials showing artifacts (> 80 μV) in any of the 

electrodes were rejected in the off-line analysis, and eye movements were corrected 

using the Gratton and Coles algorithm (Gratton, Coles, & Donchin, 1983). The data 

were filtered using 0.1-Hz high-pass and 30-Hz low-pass filters. 

ERP waveforms were computed for each participant, by averaging the trials of 

each experimental condition of interest (aware correct, Unaware Correct, Unaware 

Incorrect). The waveforms were analyzed from 100 ms before the presentation of the 

stimulus to 700 ms after it. Based on visual inspection of grand-averages of the ERPs, 

the mean amplitudes of the signals (µV) for each channel were computed on the 

following time windows: N2 (180-280 ms), P3 (350-550 ms). 

Statistical analyses were performed using IBM SPSS v.21.0 (IBM Corporation, 

New York, USA). 

 

 
Figure 2. Electrodes disposition on the cap (easycap, 21-Channel Electrode Arrangement of 

EC20). Ground electrode was placed on AFz position (between Fp1 and Fp2) and reference 

electrode was placed on the nose. 

 

 

Results 

 

Behavioral data 

Data for 4 subjects were excluded because there were not enough valid trials 

after artifact rejection of ERPs analyses (limit that was fixed at 30 valid trials) on the 

examined variables (Aware correct, Unaware Correct, Unaware Incorrect). Having such 

few trials would have impaired an appropriate statistical comparison among the trials. 

Finally, data from one subject was excluded as it showed high missing or unaware rate 

on control trials detection (4.03 standard deviations from the average). Therefore, the 

data from 19 participants were analyzed. 
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As some of the subjects did not rate any trial or very few as “I saw it clearly”, 

during the data analysis it was decided to analyze the reports “I saw it clearly” and “I 

saw it weakly” as a unique variable “aware” in the ERPs analyses. Aware reports for 

critical trials (and control) mean percentage of “aware” reports for blank trials (false 

alarm) were 13.4% (SD = 10.9). The mean percentage of not aware or aware but wrong 

reports on longer control trials was 3.9% (SD = 8.16). These analyses confirmed the 

reliability of participant reports.  

Overall, on the total 19 participants analyzed, among the experimental trials (no 

catch trials and control trials), the 60.3% were correct. Of those, the 7.3% were reported 

as clearly seen, the 36.8% weakly seen and the 16.2% as not seen. The corrected but not 

seen trials were the 35.3% of the total not seen trials, well above the chance level of 

25%. Statistical difference from the chance level was analyzed using paired sample t-

test:  t(18) = 3.97, p = .001. 

Paired sample t-test analyses were conducted to investigate differences on 

localization reaction time and awareness levels (clearly aware, weakly aware, unaware) 

for correct stimulus individualization. The average response time in the three conditions 

were 763 ms, 841 ms and 1152 ms respectively. From the analysis 10 of the 19 subjects 

were excluded as they did not show enough trials evaluated as “clearly aware” (< 30 

trials). The analyses showed statistical differences among all the combinations of the 

three response times. Weakly seen vs. Clearly seen response time shown statistically 

relevant differences, t(8) = 2.64, p = .030, as well as Clearly seen and Unaware , t(8) = 

3.52, p = .008 and Weakly seen and Unaware , t(8) = 3.54, p = .008. 

Further analysis for reaction time was conducted on the total 19 subjects, 

gathering together the “clearly aware” and the “weakly aware” answers in an unique 

variable (aware) as in the ERPs analysis, calculating weighted averages (depending on 

the respective trials) from the original two variables for every subject. A paired sample 

t-test was conducted in order to investigate possible differences from the total correct 

and aware responses (aware) vs. the correct and unaware (not). The average response 

time for the new variable “aware” was 888 ms. This analysis showed a greater statistical 

difference than the previous ones: Unaware vs Aware, t(18) = 4.65, p < .001. 

 

 

Event-related Potentials 

The mean amplitudes for N2 were analyzed in frontal (F3, F4), Central (C3, C4), 

Parietal (P3, P4), posterior temporal (T5, T6), and occipital electrodes (O1, O2). 

Average rejection rate after artifact rejections was 9.1% of the trials (7.3% aware 

correct, 11.92% Unaware Correct, 10.17% Unaware Incorrect). Figure 3 shows the 

grand-averages of the ERPs waveforms for the condition aware-correct, unaware-

correct, unaware-incorrect and the computed chance-free unaware-correct. 

 

 

N2 component 
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With ANOVA analyses the factors were: scalp region (frontal, central, posterior 

temporal, parietal, occipital), subjective report (Aware Correct vs. Unaware Correct) 

and hemisphere (left vs. right). Greenhouse–Geisser correction was applied to the 

obtained p-values for degrees of freedom greater than 1.  

Average amplitudes in the N2 time window (180-280 ms) did show differences 

for conditions and for conditions x brain regions for Aware Correct vs. Unaware 

Correct. In the analysis for the N2 wave comparing Unaware-correct and Unaware-

incorrect trials, a statistically significant difference was shown on condition x brain 

regions and for condition x side, demonstrating that in this case the average signal for 

the N2 time window differs both depending on the region and depending on the 

hemisphere. Finally, aware correct vs. Unaware Incorrect analysis underlined the 

differences revealed in the first analysis, showing a stronger effect (Table 1). 

Further analyses shown  that for the N2 component, statistically relevant 

differences were shown, for Aware correct vs. Unaware Correct, in temporal, parietal 

and occipital. For Unaware Correct vs. Unaware Incorrect relevant differences were 

shown only in occipital region. Figure 4 shows the amplitudes detected in O1. On the 

right side are presented scalp distribution of electrical activities on the selected time-

window, for the differences among the studied conditions (Aware correct minus 

Unaware Correct and Unaware Correct minus Unaware Incorrect). 

 

 

P3 component 

Following similar methods as previously, ANOVA analyses were performed in 

order to investigate possible differences in the P3 wave (350-550 ms) in different 

conditions. Aware correct and Unaware incorrect trials shown statistical significant 

differences for condition and Condition x Region. No statistical significant differences 

have been found in the comparison between Unaware Correct and Unaware Incorrect 

trials for P3. For this set of analyses as well, Aware correct vs. Unaware Incorrect 

comparison underlined the differences revealed in the first analysis (Table 1).  

Analyses x regions for the P3 component evidenced clear statistically relevant 

differences, for Aware correct vs. Unaware Correct in all the analyzed scalp regions 

(frontal, temporal, central, parietal and occipital). For Unaware Correct vs. Unaware 

Incorrect none of the regions shown statistical significance for P3 (Table 4). 

Figure 5 shows the amplitudes detected in Pz. On the right side are presented 

scalp distribution of electrical activities on the selected time-window, for the differences 

among the studied conditions (Aware correct minus Unaware Correct and Unaware 

Correct minus Unaware Incorrect). 

 

 

Chance-Free estimated components 

In the present experimental design there were four different alternative responses 

for the subjects, to localize the presented target. In such design an important portion of 

the trials considered unaware-correct may have be trials in which participants responded 
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correctly just by chance. For such reason the ERPs representing the unaware-correct 

condition may be considered a mixture of the neural activity of unaware trials were the 

correct response was due to a sufficient perceptual processing and of completely 

unaware trials where the correct response was due by chance. Such issue does not affect 

significantly the aware-correct trials in which accuracy was high. The portion of ERPs 

which represent the chance performance can be investigated taking into account the 

ERPs produced by unaware-incorrect trials, in which theoretically the amplitude of both 

N2 and P3 components represent the 25% of the total amplitude of the unaware-correct 

trials. The calculation used to compute the estimated chance-free waveform is the same 

described by Lamy, Salti and Bar-Haim (2009)
i
. The estimated waveforms was used to 

perform additional statistical analyses for N2 and P3 time windows, as described 

previously. Even if the estimated waveform for the chance-free unaware-correct 

waveform do not represent any kind of real neural processes it should provide a good 

approximation in order to reject the argument that chance response alone justify the 

statistical differences in the examined ERPs time-windows on the comparisons of aware 

vs. unaware conditions.  

Using similar procedure of the one described above, ANOVA analyses were 

performed on the computed Chance-Free (CF) for N2 and P3. 

For the N2 time window, statistically relevant interaction are shown, in Aware 

correct vs. Unaware Correct (cf) for Condition, Condition x Region and Condition x 

Sid. In Temporal, Parietal and Occipital region, these differences were shown as 

statistically significant. 

For the P3 time window, the same statistical analyses shown significance for 

Condition and Condition x Region. In all the brain areas there were statistically 

significant differences between the two conditions. 

In the comparison Unaware Correct (CF) vs. Unaware Incorrect conditions, N2 

shown statistical differences for Condition x Region and Condition x Side. These 

differences were revealed only in Occipital region F(1, 18) = 8.7,  p = .009, similarly 

from the previous analyses using the original N2 Unaware Correct waveform (see Table 

3 and 4. for statistics).  
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Table 1. F-values (df), Significance values and effect sizes of the effects of reported awareness (condition aware correct vs. Unaware Correct) and performance on 

localization trials (Unaware Correct vs. Unaware Incorrect) and the interaction with the mean amplitude of the N2 component of ERPs.  

 
 Condition  Condition x Region  Condition x Side Condition x Region x Side  

ERP Component F (df) p η
2
   F (df) p  η

2
 F (df) p  η

2
 F (df) p   η

2 

 
Aware correct vs. Unaware Correct 

 

N2 8.32 (1.18)    .010* .316  8.33 (4.72)    .003* .316 3.64 (1.18) .072 .168 .569 (4.72) .688 .031 

P3 64.17 (1.18)   < .001* .781  7.63 (4.72)    .003* .298 1.79 (1.18) .197 .091 .521 (1.18) .598 .028 

 

Unaware Correct vs. Unaware Incorrect 

 

N2 2.74 (1.18)   .115 .132  4.54 (4.72)    .021* .201 10.91 (1.18) .004* .377 2.55 (4.72) .460 .124 

P3 .05 (1.18)  .834 .003  .13 (4.72)    .832 .007 1.30 (1.18) .269 .067 .32 (1.18) .815 .018 

 

Aware correct vs. Unaware Incorrect 

 

N2 21.24 (1.18)  < .001* .541  25.68 (4.72)   < .001*   .634 0.98 (1.18) .335 .052 1.77 (4.72) .180 .089 

P3 59.41 (1.18)  < .001* .767  11.88 (4.72)   < .001*   .398 0.001 (1.18) .972 < .001 1.24 (4.72) .302 .064 

 

 

Table 2. F-values (df), Significance values and effect sizes of the main effects of reported of awareness (condition aware correct vs. Unaware Correct) and 

performance on localization trials (Unaware Correct vs. Unaware Incorrect) in the N2 component of ERPs for each scalp region. Df are (1,18) in every condition. 

 

Brain Region 

 Frontal  Temporal Central Parietal Occipital 

ERP Component F   p η
2
   F  p  η

2
 F  p  η

2
 F  p  η

2 
F  p  η

2
 

 
Aware correct vs. Unaware Correct 

N2 .01  .929 < .001  8.93 .008* .332 1.70  .209 .086 12.39 .002* .408 14.09 .001* .439 

P3 30.41 < .001* .628  28.68  < .001*  .614 65.04 < .001* .783 63.51  < .001* .779 42.28 < .001* .701 

 

Unaware Correct vs. Unaware Incorrect 

N2 .34  .569 .018  3.39 .082 .158 .49 .493 .027 3.07  .097 .146 8.11 .011* .310 

P3 .438    .557 .019  .41   .206 .011 .09 .771 .005 .71  .410 .038 .31  .582 .017 

 

Aware correct vs. Unaware Incorrect 

N2 .22  .648 .012  25.07 < .001* .582 4.37 .051 .195 25.94  < .001* .590 50.04 < .001* .735 

P3 39.2    < .001* .685  39.24 < .001* .686 44.81  < .001* .713 55.86 < .001* .756 43.06  < .001* .705 
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Table 3. F-values (df), Significance values and effect sizes of the effects of reported awareness (condition aware correct vs. Unaware Correct) and performance on 

localization trials (Unaware Correct vs. Unaware Incorrect) and the interaction with the mean amplitude of  the computed chance-free N2 and P3 components of 

ERPs.  

 
 Condition  Condition x Region  Condition x Side Condition x Region x Side  

ERP Component F (df) p η
2
   F (df) p  η

2
 F (df) p  η

2
 F (df) p   η

2
 

 
Aware correct vs. Unaware Correct 

N2
cf

 6.52 (1.18)    .020* .266  10.08 (4.72)    .010* .241 7.46 (1.18) .014* .293 2.66 (4.72) .076 .123 

P3
cf
 63.15 (1.18) < .001* .778  6.31(4.72)    .007*  259 .179 (1.18) .124 .127 .235 (1.18) .846 .01  

 

Unaware Correct vs. Unaware Incorrect 

N2
cf

 2.50 (1.18)  .131 .122  4.55 (4.72)     .020* .202 14.15 (1.18) .001* .440 2.98 (4.72) .055 .142 

P3
cf
 .033 (1.18)   .858 .002  .08 (4.72)   .888 .005 1.33 (1.18) .265 .069 .170 (1.18) .953 .009 

 

 

 

Table 4. F-values (df), Significance values and effect sizes of the main effects of reported of awareness (condition aware correct vs. Unaware Correct) and 

performance on localization trials (Unaware Correct vs. Unaware Incorrect) in the computed N2 and P3 components of ERPs for each scalp region. Df are (1,18) in 

every condition. 

 

 Brain Region 

 Frontal  Temporal Central Parietal Occipital 

ERP Component F   p η
2
   F  p  η

2
 F  p  η

2
 F  p  η

2 
F  p  η

2
 

 
Aware correct vs. Unaware Correct 

N2
cf

 .27   .871  .002  5.95  .025* .248 1.17  .294 .061 16.84  .001* .483 8.70  .009* .326 

P3
cf
 30.07   < .001* .626  30.45  < .001* .628 61.48  < .001* .774 59.23  < .001* .767 38.00  <.001* .679 

  

Unaware Correct vs. Unaware Incorrect 

N2
cf

 .34  .569 .018  3.39  .082 .158 .49   .493 .027 1.84  .191 .093 8.7  .009* .326 

P3
cf
 .001   .977 < .001  .130   .723 .007 .002   .968 < .001 .263  .614 .014 .01 .992 < .001 

 

Aware correct vs. Unaware Incorrect 

N2
cf

 0.22  .648 .012  25.07  < .001* .582 4.37  .051 .195 25.94  < .001* .590 50.04  < .001* .735 

P3
cf
 39.2    < .001* .685  39.24  < .001* .686 44.81  < .001* .713 55.86  < .001* .756 43.06  < .001* .705 
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Figure 3. Grand averages of the event-related potentials (ERPs) unaware-correct (blue), unaware-correct (red), unaware-incorrect (green) and chance free 

unaware-correct (purple trials). The ERPs are calculated relatively to a -100 msec baseline. The scale of the amplitude is different in each image and the pictures 

serve as comparison among the different waveforms. 
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Figure 4. ERP waveform at O1, for aware-correct, unaware-correct, and unaware-incorrect conditions. The time window used for N2 analyses (180-280 ms) is 

underlined in light blue. On the right are presented the scalp distribution maps for Aware Correct minus Unaware Correct (top) and Unaware Correct minus 

Unaware Incorrect (bottom) conditions. 
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Figure 5. ERP waveform at Pz, for aware-correct, unaware-correct, and unaware-incorrect conditions. The time window used for P3 analyses (350-550 ms) is 

underlined in light blue. On the right are presented the scalp distribution maps for Aware Correct minus Unaware Correct (top) and Unaware Correct minus 

Unaware Incorrect (bottom) conditions.
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Discussion 
 

The main goal of the present study was to examine the components N2 and P3 of ERPs in 

order to evaluate which of these represents the earliest electrophysiological correlates of visual 

awareness. At the same time, the same experimental approach used by Lamy et al., (2009) and Salti 

et al., (2012) was used. Furthermore, a low contrast stimulus was used in order to isolate the ERP 

correlates of subjective awareness in a way where the conditions did not differ in the objective 

features of the presented stimulus. Using such experimental procedure, it was possible to 

discriminate the ERP correlates of visual awareness from those reflecting unconscious perception, 

behaviorally reflected in the above-chance localization of the target when the participants 

subjectively reported being not aware of it. 

The comparison of subjective and objective measures of perception is a well explored 

method used for investigations in healthy subjects (see i.e. Merikle et al., 2001; Draine & 

Greenwald, 1998; Merikle & Reingold, 1998; Marcel, 1983) as well in subjects with impaired 

visual awareness, e.g. in pathological cases as neglet or blindsight, both in humans (Driver & 

Vuilleumier, 2001; Lamme, 2001) as well as in animals (Cowey & Stoerig, 1995; Stoerig & Covey, 

1997). Such method is the same used by Lamy et al., (2009), in which N2 enhanced negativity was 

not found to correlate with visual consciousness and the P3 component (Late positivity) showed 

such correlation. 

In the present study both the N2 and the P3 components amplitude were enhanced in the 

aware condition, when compared to unaware condition. The N2 negativity enhancement is localized 

on the occipital and posterior temporal areas, mainly replicating previous studies on VAN 

localization and timing (see Koivisto & Revonsuo, 2010). P3 positivity, instead, has been found to 

be widely distributed over all the scalp electrodes. 

Using the present experimental approach it is possible to claim that these activations 

reflected confidently subjective awareness of the target, as aware and unaware targets were shown 

in an identical physical way, were displayed for the same time and provoked the same localization 

response of the subject. The N2 component showed a larger effect when a not aware target was 

correctly localized compared to when was localized incorrectly. The amplitudes of early ERP 

components were not found of statistical interest (P1) and they seemed not to be affected by 

subjective awareness. 

Therefore, the present study achieved partially to replicate the results reported by Lamy et 

al., (2009) and Salti et al., (2012). In fact, in these studies, while an enhanced P3 was shown, no 

effect was found on N2. In the present investigation a statistically relevant association of aware 

condition with an enhanced negativity around the N2 time-window of ERPs in occipital area was 

found. 

Whether the results of the previous studies have not been in agreement with the obtained 

outcomes of the present investigation can be due to various factors. One possibility may be that in 

the previous studies masked stimuli were used and the stimuli themselves were very small. The 

dimensions of the stimuli may have negatively affected the possibility to reveal any crucial 

differences on the N2 time-window. Furthermore, the dimensions of the stimuli were very small 

compared to the dimensions of the masks that were used. That may have as well decreased the 

signal-to-noise ratio and thus impaired the possibility to record the small amplitude differences that 
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are usually reported in N2. Using a Gabor (low contrast) stimulus the possible problem of having a 

too small stimulus to produce a physically detectable effect was greatly reduced. 

The present investigation suggests that the first ERP correlate of subjective visual awareness 

is the negativity which is mainly shown in the occipital and temporal area around 200 ms after the 

stimulus onset (VAN). Such electrophysiological negativity is followed by an enhanced widespread 

positivity (LP), around 400 ms from the stimulus onset. At this stage of research it seems unlikely 

that both the activations – which are produced by different neurological networks - would perform 

the same task and equally contribute in generating phenomenal visual consciousness. As VAN 

correlates come timely before than LP it is likely that such element alone would be responsible for 

visual awareness. The role of LP may be to perform post-perceptual tasks which are possible only 

in case of aware perception, as higher conscious cognitive processes. Those processes may involve 

reflective consciousness as hypothesize by previous investigations (Farthing, 1992 and Revonsuo, 

2006) and correspond to globally accessible information of the global workspace or the neuronal 

workspace models (Baars, 1988; Dehaene et al., 2006). 

This study faces the limitation of substantial loss of data. These problems mainly arise from 

the difficulties in exploring a complex topic as the subjective visual awareness. The answers “I saw 

it weakly” and “I saw it clearly” as reported by the participants, had to be examined as a unique 

variable “aware” in the final analyses, because of the lack of valid trials on the single variables. 

Analyzing the two variables separately would have allowed for the possibility to detect effects of 

graded awareness on VAN as well as the influence of rating confidence on the ERPs. Such 

limitation may be addressed by future studies increasing the experimental trials or changing the 

experimental design (e.g. using stimuli of various visibility levels). The exclusion rate of around the 

20% of the subjects from the final data analysis, although relevant for the overall statistical power 

of the study, is similar to the ones reported on previous studies on the same topic. 

Overall, the present study represents a further contribution that cognitive neuroscience 

studies have provided to the complex field of consciousness. The timing of VAN onset and duration 

as revealed in the present study (180-280 ms) argue in favor to the hypothesis of Koivisto & 

Revonsuo, 2010. They argued that the early part of VAN (120-200 ms) may reflect local 

interactions in the visual area, while the later part of VAN (after 200 ms) may reflect global 

interactions with output areas related to phenomenal reflective/access awareness (Block, 2001, 

Farthing, 1992 and Revonsuo, 2006). 

The present investigation confirmed the Visual Awareness Negativity (VAN) as the best candidate 

to represent the electrophysiological correlates of visual awareness. The study failed to replicate the 

results of the investigations of Lamy et al., (2009) and Salti et al., (2012) conducted using a similar 

experimental methodology. These studies, did not show any electrophysiological correlates of 

visual awareness around 200 ms. 

Although the Late Positivity (LP) was confirmed to correlate with awareness in this study as 

in the previous findings, it is improbable that such later amplitude may correlate with visual 

awareness together with VAN. The role of LP is still mainly unknown but the present findings 

strength the hypothesis that such amplitude may correlate with high cognitive processes, which 

require subjective awareness to be performed. Latency and duration of the VAN amplitude support 

the idea that the visual awareness negativity may reflect local interaction in the visual area as well 

as phenomenal reflective/access awareness. 
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Notes 
 

                                                           
i
 For the calculation of Chance Free (CF) Unaware Correct: 
Firstly the proportion Unaware Correct / Unaware Incorrect, for each participant (%Unaware-Correct-chance) was calculated. In the 

experiment the possible responses were four, than the chance to guess right just by chance was 25%, while the 75% of unaware 

responses were expected to be incorrect. It was considered that all Unaware Incorrect trials were chance trials and were representing 

the 75% of all the chance trials in the unaware condition. Therefore the remaining 25% of the trials were considered Unaware-

Correct-chance trials.  

 For each participant was then calculated. 

 

 %Unaware Chance-Trials = (%Unaware Incorrect trials)/100*75 

 and: 

 %Unaware-Correct-chance= %Unaware Chance-Trials/100*25 

  

 Then, was computed the estimated waveforms corresponding to the chance-free Unaware Correct trials. the estimation 

based on the assumption that the observed wave corresponding to the unaware-correct condition includes a number of trials 

(%Unaware-Correct-Chance), and thus 1-%Unaware-Correct-Chance reflects perceptual processing. For each time point, the 

amplitude of the wave corresponding to chance-free Unaware Correct trials was estimated using these formulas. 

 

 A=Amplitude 

 A(Unaware-correct-chancefree) = [A/Unaware-correct-raw) - %Unaware-correct-chance X A(Unaware-correct-raw)] / (1-

%Unaware-correct-chance) 

 

 In such way it is expected to eliminate from the wave corresponding to Unaware Correct condition, the amplitude 

corresponding to perceptual processing 

 


