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2 Abstract

Subliminal stimuli can be deeply processed andaigisimilarbrain areas as consciously [
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stimuli. This raises thquestion which signatures of neural activity catig differentiatecons
processing. Transient synchronizatadmeural activity has been proposed as a neuredleb
Here we test this proposal by comparihg electrophysiological responses related to thee
invisible words in a delayed matching to santpkk. Both perceived and nonperceived wi
of local (gamma) oscillations in the EEG, but opérceived words induced a transient lahg-
widely separated regions of thein. After this transient period of temporal adioation,the
unconscious processesntinue to diverge. Only words reported as pesstimducedl) enh:
maintenance interval, (2) an increase of the P8d@ponenbf the eventelated potential, ar
gamma oscillations before the anticipapeesentation of the test word. We propose thatt
perception is thearly transient global increase of phase synchobmgcillatoryactivity in the

Key words: visual awar eness; electr oencephalography; event-related potentials, gamma-b
oscillatory neural synchrony

2 I ntroduction

Stimuli that are masked and presented so brieél/ttiey canndbe reported can still be hig|
activatemotor responses (Marcel, 1%33 ; Dehaene et al. BB , 200& Naccache et
patients suffering frorblindsight (Goebel et al., 20@1 ), hemineglect (Mwmier etal., 2002
Cipolotti, 2006 ), or prosopagnogenault et al., 19&) supports the notion that uncons
activate high-level cortical areas. This implieat complex cognition can proceed in the a

raising the question how the neuronal substratesméciousnd nonconscious processes |
perception associates with enhanced sensory resg@rill-Spector et al., 20@) Bar et al.,

processing hierarchy (Beck et al., 280Dehaene et al., 2061 ; Kleinschmidt et al., 2802
other studies suggest thiais may not be a sufficient condition, becausésible stimuliactivi
andZeki, 200% , 200® ).

Alternatively, it has been proposed that conscpperseptiordepends on the transient sync
(Engel et al., 1999 ; Engel and Singer, 280[hompson and Varela, 2021 ; Singer, 2802
would be local coordination of neusadtivity and propagation along sensory processatgw
global coordinatiorof widely distributed neural activity by long-disiae synchronizatio(Delt
band phase synchrony is enhanced for conscioustgiped stimul{Meador et al., 2002, Gr
20051 ) and correlates with conscious percegtidiinocular rivalry (Fries et al., 19817 , 2002
However, these studies haweestigated synchronization in spatially restiicteeurabssemt
globalcoordination. The purpose of this study was tordesegle theole of local processing
perception and to determine the nature andinte course of electrophysiological events tl

We recorded electroencephalographic (EEG) signadsibjectengaged in a delayed matct
was manipulated such that the word waler consciously perceived or remained inviskali
processing (Varelat al., 200& ), we measured over a wide frequenoygadl) time-resolved
synchronizatioracross recording sites. We found that visible aesibleconditions differed
local neural processing. In addition, only consslgperceived stimuli gave rise to a casce
associated with perception stabilizatiomgintenance in working memory, and generation
synchronization ithe critical event that triggers these subsequertigsseby enhancing the
permit access to consciousn
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4 Materials and Methods

Experiment 1

SubjectsFifteen normal healthy subjects gave written infed consertb participate in the st
age, 20.6 yearsAll were native Spanish speakers, right handed,nmauwhal orcorrected-taac
naive to the purpose tifie experiment.

Stimuli and taskParticipants were engaged in a two-alternativeeid-choice-delayeatatching
trials), in which the sample stimwould be either visible or invisible. The subjetdsk wagc
briefly presented 33 ms "sample word" was the same orelifféroma second "test word" |
participants responded by pressing one of two miffbuttons mounted on a response pac
participants, the same response aiahe right button, whereas in eight participaittsias atl
followed bymasking stimuli (67 ms each), which changed in hance betweetnials renderi
conditions). To assess the responses to the mastkem itselfsample words were replace
constant (control conditions). To render contrialls perceptually similar to experimental ti
after the mask streaamd before test word presentation (Beg 1a). This desigrenabled us-
subtractinghe response elicited by the masking stimuli.

- — Z Figure 1. Design and behavioral results of experin
- " .| abriefly presented word (sample word) with a sqt
If!j | i | I ' \ was controlled by changing the luminance of thek
P brain response to the mask stream. The left tiraei

View larger version (18K);  timeline shows the cumulative time. Behavioral pe

lin this window] detectability for all conditions, expressed as cletil
[in & new window] rate. The right plot shows the reaction time fbrcaht

The stimulus set consisted of 40 disyllabic Spanishds. Syllablesvere consonantewel. A
(S. Sadowsky and R. Martinez, unpublisbedervation) and presented in Howard light fo
color (luminance changehn a black background, rendering the sample weidie orinvisibl:
wereset in a previous control experiment and were kepstanthroughout the subjects. M
and diamonds drawn with identical line thicknasghe font used for the sample words. Al
enhanced graphic adapter mode (150éfesh rate), located in the central area of theen,
participant rara training block of 20 trials. Experimental and tohtrialswere pseudsando
with a variable rest pause. All conditions weggially presented within a block. The intertr
ms. The experiment waerformed in a silent, dimly lit, and electricatijfieldedroom. Speci
contaminatiorof the EEG signal by the 50 Hz AC component, beedlns gammaand respc
artifactwas reduced by recording inside a completely heekeiradaycage. All of the electt
the only exception of the monitor, which was elieelty shielded.

Experiment 2

Twenty subjects took part in an unconscious semanitmingexperiment (11 males; mean
used in the previous experiment. All subjegase written informed consent, were native £
normal vision, andvere naive of the purpose of the experiment. Rpétits performed simp
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left or right index finger (response pattern was rewefee halfof the subjects) to indicate w
respectively. Unknown to them, another word, widobld be either semantically congruer
dog) with the target wordias presented for 33 ms before the target andwsniea byforwarc
durationof the prime and mask were the same as in thequs\axperimenfmask — prime
word was presented for 300 nasid the third mask remained on the screen untjestgresp
was 100 ms (33 nm@ime + 67 ms forward mask).

Electrophysiological recording and analysis
EEG activity was recorded from a 64-electrode gemdgensonet referenced to the vertex.
and the initial bandpass recording filter wasat€1.01-100 Hz.

For the event-related potential (ERP) analysisctrinuousEEG signal was bandpass filt
filter (Kaiser type), which has a lineginase response [passband gain, 99% (50-99.9%lE-0.1
Hz (0.3-10 Hz)]. Then, the filtered signal was segtedn a series of 1100-misng epochs.
first mask. Trials that contained voltaigctuations exceeding=200 |V, transients exceedi
+70 pV were rejected. Artifact free trials weneeraged in synchrony with first mask prese
and baseline correcteder a 100 ms window. The EEGLAB Matlab toolbox wasd fowist
Makeig, 2004 ).

For the analysis of time-frequency distributionsl @hase synchrong,filter was designed t
component but kept the biological 50 Hz signal. &mplitude and phase of the AC signal
This eliminated selectively the periogiart of the 50 Hz component (line frequency). Tre
(10-100 Hz) waspplied, and the filtered signal was analyzed wigtiding-windowfast Fou
window overlap, 90%). For every time window andjfrency binamplitude and phase wer
were zero-padded to complete 1024 points and-astier transformed to get an interpolat
Instantaneous amplitude was ttoemputed by taking the real and imaginary Fouraafficie

and takinghe square root (sqrt) (i.e., for a given time vawd andfrequency birf), as follow

Amp( fi)=sqri(C(£i1),+C(£i0),?).

This amplitude corresponds to the length of thearegpecifiedoy the real and imaginary F
equivalent to the magnitude of the observed osiafiat a given time and frequency point.

During the same time window and frequency bin, phaas computeds the arc tangent (ar
real one, as follows:

Phi( fit)=arctg(C( fit) /C( fit),).

Phi is thus the angle of the vector specified lgyrtral andmaginary Fourier coefficient. Fol
position inside the oscillation cyd{peak, valley, rising, or falling slope).

These amplitude and phase values are evaluatbd itO10(Hz frequency range and in the
presentation. Phase information was thsed to compute a time-varying phdseking value
1999+ ; Rodriguez &l., 199% ). In brief, the method involves computihg phaséifference
the stability of such phase difference throughrals. I, andii?j are unitary vectors repres

phase difference between sulctrodes is a unitary vector obtained by multiythe firstvi

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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The PLV is thus the length of the vector resulfiregn thevector sum of difference vectors

PLVij=abs(1/NXZdy),
with the sum operating throughout all of thials and wher& is the number of trials. The F
synchronizatiorfphase difference is perfectly constant througtiogtrials)and value 0 repr
Time-frequency charts of both phase synchronysaedtral power were normalized to a b
involves subtractinghe baseline average and dividing by the baselihersa frequency-byr
average of the signal during the baseline perindgais theSD of the same baseline perioc

Su=(S—ple,

In another analysis aiming to analyze the thetaifcassociatedvith the retention interval (
transform was computed over a 467wmsdow, on the raw unfiltered EEG signal. Afterwg
showedksignificantly (p < 0.05) higher amplitude (5-6 Haere added over trials and subje

Statistical analysis

Because we were interested in long-range coordimati neurahctivity, we included all elec
synchronization across a large frequency raBgbavioral and EEG data were analyzed w
for all tests.

The statistical analyses of the time-frequencyrithstionsand phase synchrony were all pe
electrophysiological responsesall sensors during the entire segment (-50M@Dins after
frequency and phase-synchrony chart per experitemtaitionper subject. Then, those ct
permutation test in search of time-frequenéydows showing significant effects (Burgess
frequency windowsvere analyzed with a two-tailed, within-subject AN® The « level was

In the permutation test, the time-frequency chiaelengingto different conditions are mixet
statistical significance dghe results. The permutation test assumes thdtah&' differenced
permutation test has advantages over the Bonfecanectiorfor multiple comparisons, be:
independent, an assumption tisaioo strong and weakens the power of the stzistestin ¢
all of the measures.

For the topographical analysis of phase synchraeycontrolledor the statistical effects of
threshold (p < 0.00005)This threshold was set as a function of the distiiim of synchrony
probability smaller than 0.00005. This thresholdw@mputed by counting the number of «
This fraction should giva value smaller than 0.00005. By choosing thisiBggmcelevel, on
the fact that there were 64 electrodes with 201&ibtecombinations (64« 63/2 = 2016).

4 Results

Behavioral measures of visibility
Behavioral results showed that, in the experimergaditionin which sample words could t

904.5;p < 0.001), themeand' being 3.85, which implies a highly significantfdiiencefrom cl

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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experimental condition that rendered sample wamdssible,performance dropped to chanc
F(l 14)= 2.097p = 0.170), and the meahvalue did not differ from zeral(= 0.16;F(1 14)= :

0.129) €ig. 1b). In control conditionghe success rates were 92.50 and 86.17%, andgbe
were 3.27 and 2.50, indicating that participantsaable to detect the control words.

Reaction times were significantly shorter in theibie comparedbith the invisible condition
ms, respectivel;d;:(l 14)= 76.139;p = 0.000018), despite the fact that spekesponse was

betweerthe two control conditions did not differ (1269 al2P6 msF(1 14)= 0.361;p=0.55

To determine to which extent the invisible wordshia experimentalondition were still proc
processingf the invisible words in an unconscious primingktéMarcel 1983s), using the s
word—mask-targeword), and determined priming effects with a re@ctime taskThis contre
effects of thenvisible word. That is, subjects responded sigatfitly fastein the congruent
to the same semantic category) compared with the groemt conditior{prime and target w:
categoriesfeffect size was 15 ms difference between congraedtincongruerttials; n = 20

Thereforemasked words, although invisible, were still presss

Activity patternsrelated to perceptual awareness

The analyses described below have all been pertbatfter eliminatingffects caused by dit
tracesobtained after presentation of the high and lowihamce masklone (control conditio
corresponding experimental condition for an analygndowextending from 500 ms before
mask. The subtracted conditions are referred &fgisible" and "invisible," respectively.

The first significant difference between visibledanvisiblewords was observed from 80 tc
During this period, the mean phase synchrony abBbkz over all electrode pairs was sign
invisible condition F(1,14): 5.041;p = 0.044)Fig. 20). During the same interval, neither t

oscillations (50-57 Hzl;:(1 14)= 0.616;p = 0.448) nor the mean ERPs calculated over aile
between conditions (ERP effemter all electrodesﬁ(1 14)= 0.005,p =0.774, 0.0245 p\diffe
eIectrodesF(lym): 1.036,p = 0.329, 0.3350 pV differencef}i@s. &, 3).

Figure 2. Spectral power and phase synchrony to visi
(visible —control_visible) and invisible condition (invis
frequency plot shows the grand average of all eddes.
average for all of the electrode pairs. The cobtatesindic
ms baseline. Zero corresponds to first mask ohsgtica
presentationa, Time —frequency plot. Two increments
is only present in the visible condition, and teeand is
synchrony. There are three statistically signiftdaursts «
peaks occur only in the visible condition. No sfgraint d

View larger version (26K):
[in this window]
[in a new window]

Figure 3. ERPs elicited by visible and invisible words.

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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T invisible words at different electrodes. Theaxis shows

1 | = 'i & S = color scale is expressed in microvolts. Zero regmesthe

~ B sample-word and testord presentation. Small lines at

E *_llh O & | windows corresponding to the voltage scalp mas i’

- = indicated for visible and invisible conditions. Tt diff

presentation, as a P300a-like component. Then;l&k®1

word presentation, for both conditiorts.Time course of
F3.

View larger version (27K):
[in this window]
[in a new window]

To obtain more detailed information about activagpatternselated to the visible and invis
spectral power and phase synchrony were computedeanterval from 260 ms before to @
(frequency, 50-57 Hz; 150 ms sliding windowlthough the patterns of gamma activity w
two conditions, the patterns of phase synchrese markedly differentHig. 4). In the invisit
exhibited significant phase synchronizatibmthe visible condition, in contrast, numerous
hemispheres, showed significant phase-lockisigveen occipital, parietal, and frontal sites
word presentation. In the winddyetween 180 and 330 ms, the pattern of phase symgche:
restricted to occipito-parietalectrodes, which agrees with the fact that thie itagolveslangt

. . — Figure4. Scalp topography of induced gamma power

- O ¢ @"J &“I condition. Top row, Visible condition. Bottom rowmyisil
. ] indicates induced gamma power averaged in &bz f
average of a 150 ms time window. Time 0O indicatesa
of electrodes displaying significant synchronizat{g < (
i “ ' [} p‘ statistically differ between visible and invisitdenditions
the visible condition during the 4080 ms time window

View larger version (35K);  electrodes, with intrahemispheric and interhemisipfe
lin this window] 330 ms, the pattern of phase synchrony lateratizes th

[in a new window] parietal electrodes.

The finding that phase-locking in the visible cdimti increasewithout a concomitant incre
comparison was restricted to individual electrodesgigestthat the main difference betwee
period, is the coherence of activity among cortieglons rather than the amount of local r

Electrophysiological signatures of further processing of visible stimuli

A second significant difference between perceptoablitionswas apparent in the ERP fror
In this interval, the mean amplitude of a frontacal positivity, peaking at 240 ms after sa
higher in the visible than in the invisitdendition F(1,14): 37.766;p = 0.00002; 2.3394yi di

P3-like component starts diverge at a point in time when the differeniceghasesynchrony
been relatetb the updating of contents kept in working mem@wpnchin,1981). In additio
Hz) increased significantly over frontal electrodte¢he visiblecondition during the interval
memory (time interval, 67-520 ms) (see supplemédpll, available atvww.jneurosci.orga
oscillations have been assigned a role imtaatenance of shoterm memories (Jensen at
Although it would have been interest to see whether the theta enhancement started tie

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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necessity to use long windovies the assessment of the low-frequency oscillatiorecluded
enhanced theta.

A third and more delayed difference between thilsandinvisible conditions was observ
presentation. Here, both phase synchrony and ggmomer weresignificantly higher during
The increase in synchrony, averaged over all eldess, occurreth the high gamma range (67
ms after test-word presentation (visible vs in\lésiE(l’M): 11.803;p = 0.005). Interestingl’

was also enhanced and in exactly the smetgiency range (visible vs invisibIE(l 14)= 8.00

latency, these effects migtgflect anticipatory processes that occur only witensubjectiay
and Lamarre, 20@G> This anticipation was possible because the intdsg@bleersample-anc
significantlyshorter reaction times observed in the visible d@rdsupporthis interpretation.

Finally, there were two significant effects relatedest-worgpresentation that did not differ
conditions. First, there was a significant incraagghase synchrony in the frequency banc
ms after test-word presentation (visila!zabasc—:‘linet:(l 14)= 22.869p < 0.001; invisible vs b

visible vs invisible conditionsﬁ(l,m): 0.199,p=0.663)

Second, there was a significant increase in pofvgamma oscillations a broad frequency
155-230 ms after test-word presentation (visibllaafsa‘,‘lineF(1 14)= 63.524p < 0.001; invis

0.001; visible vs invisible conditionPF:(l 14)= 2.030,p = 0.180).

In the ERP, test-word presentation evoked P1-N1pooentsihe latency, amplitude, and ¢
the visible and invisible conditionE((1 14)= 2.896;p = 0.115; 1.205 pV difference).

Because word visibility was manipulated by changimask luminancet could be argued th.
invisible conditions are attributable to luminavegiations.To control for this possibility, w
which visible trials were subtracted from invisililials (visible plus light effect) and contra
visible and control invisible trials (referréal as light effect). This contrast should remove
persisting effects should only reflgabcesses related to conscious perception of thelsaw
described above. There wéwe episodes of enhanced phase synchrony. Onessasiatech
80 ms after sample-womptesentation; frequency range, 50-57 FE;’ 14)= 5.806;p = 0.033)

(starting10ms after test-word presentation, frequency rang&8UHz (F(1 19 =8.811p=0.

oscillations was enhanced in association with tiesgntatiorof the test word (starting 20
range, 60-75 Hzl;:(1 14)= 6.875;p = 0.022)see supplemental Fig. 2, availablevatw.jneurc

Enhanced synchronization can be mimicked by voloamuctionf it occurs with zero phas
be considered that a single generator oscillatirtiga respective frequency increases its pt
the signals measured on the scalp. Conversalyction in the activity of other oscillators ¢
source, producing again stronger synchronizaiiothe scalp. We consider it unlikely that
for the following reasons. First,the observed synchronization were attributabladtivation
generators, it should shawp as a difference in the induced gamma activitip the ERP$et\
not the case in owxperiment. During the interval of enhanced phas&thg, neithethe ERF
differed betweeronditions, suggesting that the activity of thetcbatinggenerators was u

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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Second, synchronization caused by volume conduatiast occuwith zero phase differenc
angles at which synchronization occurred wereceatered on zero and exhibited conside
atwww.jneurosci.orgassupplemental materjalThis means that the most prominent sync
from volume conductiorf-urthermore, the scatter in phase lag impliesttr@bbservedynch
to trial, which is incompatible with instantaneouswole conductionThird, phase synchron
distance-dependent gradient on the scalp (i.esgdyachrony should decay with interelec
for a distance-dependent gradienPLVs. In fact, the scalp topography shows tlyatkroniz
electrodes.

4 Discussion

The first electrographic difference between conssiand nonconsciossimulus processing
locking of induced gammascillations across widely distributed corticalimets. Thissuggest
synchronization could be tlewent that triggers ignition of the global workspad conscious
Dehaene and Naccache (2@®1) and Dehaegle(2006}= .

Local and long-range neural synchrony and their putative rolein conscious and unconsci
Our results show similar activation patterns atvitlial electrodes the visible and invisibl
generators are activated in both cases. In conptaase synchronization across electrodes
enhanced long-range coordinatimioscillatory activity only in the visible condin. Severat
should be relatetb coordinated dynamical states of the corticalvoet, ratheithan to the ac
2002¢ ; Engel et al., 196D ; Engel and Singer, ED0honipsorand Varela, 200%; Singer, :
support for this notion. In addition, our resultelghe results from a previous study investi
somatosensory stimuli (Palvaatt, 200% ) are in line with a recent proposal (Deteaet al.2
information with locakoordination of neural activity in resonant loopsreediumrange and
of distant neural activity by long-range synchrauian. Interestinglythe global longdistance
very transient and the earliest event differentgtionscious from nonconscious processin
P3a and theta oscillations, continue to differd¢ati@tween consciously and nonconscious
synchronization plays a role tnggering the cognitive processes associated egtisciousw
to beclarified through which mechanism long-distancecéyonizatiorexerts an impact on ¢

The transient character of the long-distance syorghationis not entirely compatible with n
Changeux, 2005 ; Dehaene et al., 2906 ) and reemictnity (Lamme, 200&) because the
perceived stimuli. Our results shanereased neural synchrony for the visible conditighicl
short timewindow (~50 ms), suggesting that neural synchrommatouldlast longer but is n

The discrepancy between sustained and transienityaébundin different studies could als
paradigms. Most of the experiments that have regstistained activity used either the att
al., 200 ) or inattentionalindness (Dehaene and Changeux, 8005 ). It iscstiitroversial
conscious perceptiar memory processes. It has been argued that ssioi@aldhave consci
presentationyet simply forget it when they are asked to refiqitVolfe, 1999). In fact, expe
blindness show that unattended objects could le¢irilgly representeand reported but that
is presented or if the eyes move to a new locdtiandmann et al., 2068. Thus, the sustail
paradigms could reflect thensfer or maintenance of a stable representatiaorkingmem
perceptiontself.

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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Early wave of activation that distinguishes conscious from unconscious processing

In contrast to previous experiments, the resultsluth suggesa late wave of activation as
al., 2004 ; Sergent et al., 2@5 ), our results mgithat access to consciousness is trigg:
(synchronization) of widely distributed neuronas@smbliesstarting as early as 80 ms after
(2005}= and Fries et al. (20@&1) for a simfiading]. This difference might be explained
stimuli used in our experiment mighdéve imposed pressure on the perceptual procésadt
devoted to each stimuluSecond, in contrast to previous experiments, instwaty theneural |
segregated in timieom those related to decision making and execufanotorresponses. 1
describereviously might thus reflect a mixture of cognitigrocesse®.g., perception anc
the brief and early episode of phase-locking. Hsponsesbserved after testord presenta
presentation of the test word also triggered a eecpof cognitive processes, but these col
perception, decision making, and actirig)this case, the induced synchronization occumk
was in the range described in previedperiments. The present finding that the firstietr:
has a short latency is agreement with the evidence that areas at the $tidgneelof the proce
active agarly as 100 ms after stimulation (Nowak and Bulli®97# )and that high cognitiv
categorizationgan be accomplished within 120 ms (Thorpe et 8Bg#; Kirchnerand Thorp
with a serie®f studies showing that conscious and unconscieuseptioncan be rapidly dis
(Dehaenet al., 200& ; Pins and Ffytche, 26D3 ; Palva €2@05= ). Additionallyjn the san
synchronization episod80-120 ms), Walsh and Cowey (19418) found thatyapgh TMS |
circumstriate areas campair visual perception of a briefly presentednstius, suggestinthai
conscious perceptioin accordance with the present data, these resudigest thahe brain «
and that thelivergence of conscious and unconscious processity's withinL00 ms after <
earlywave of activation might be an essential corretdteonsciouperception (Pins and Ff

L ate correlates of conscious processing

Previous studies investigating electrographic dates ofconscious and unconscious proce
ERPs (Sergent et al., 205 ) or dynamic measurdsagispectrglower or phase synchror
2004= ; Doesburg et al., 2085 ; Palva et al., 3005hg dombinatioof the different methoc
temporal characterization of the putative EEG evelifterentiatingoetween conscious and
suggest that only consciously perceived stimulegigeto a cascade of processes that hay
summary, these consisted of (1) an earlyglatdal phasdecking of gamma oscillations, (2
of the ERP and of sustained theta oscillatover frontal areas that are likely to reflect tia
stimuli in working memory, and (3) an enhancenwmower and phaskecking of gamma o
presentation that may be a correlate of the auwtiicipof the matching between shaetrm me
results on ERPs agree with the data of Sergeait €005, which suggests that ERPS evc
start to diverge around 270 ms. Interestintiigse ERP differences occur only after the er
synchrony. Thus, it seems as if the fast adsient largescale synchronization enhances
sufficiently to permit access tmnsciousness and thereby triggers a sequencec#gses st
maintenance in working memomnd generation of expectancies that are associatie@ons
clarified whether the early large-scalechronization is already the neuronal correléigher
emerges only from the entiredy the processes following this coordinated state.

L ong-range synchronization, conscious per ception, and the depth of processing

It can be argued that the electrophysiological atigres associatetth conscious perceptior
processing rather than reflecting mechanisms gpeltyf associatewith awareness. We col
The finding that visible and invisible words inddogamma oscillationgf similar power and

http://lwww.jneurosci.org/cgi/content/full/27/11/28 2009/09/1!
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were thoroughly processed. In addition, in the c@@xperimentvith the subliminal priming
unperceived word using the same protocahdke main experiment. Prime words, althou
that the unconsciousferceived words are processed. Therefore, we cemisiikely that the
early long-distance synchronization of neural asges, rathethan the mere depth of proc
word processing.
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