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OccipitalandlefttemporalEEGcorrelatesofphenomenalconsciousness

Abstract

Inthefirstsection,Introduction,wepresentourexperimentaldesign.

Inthesecondsection,wecharacterisethegrandaverageoccipitalandtemporal

electricalactivitycorrelatedwithacontrastinaccess.

Inthethirdsection,wecharacterisethegrandaverageoccipitalandtemporal

electricalactivitycorrelatedwithacontrastinphenomenologyandconclude

characterising thegrand averageoccipitaland temporalelectricalactivity

co-occurringwithunconsciousness.
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Introduction

Ifthereareoccipitalandtemporalcorrelatesofastimulusaboutwhichwehave

noconsciousness,ourunconsciousnesswillinvolvenotonlynothavingaccess,but

alsonothavingaphenomenalexperience(Block,2005),despitethefactthatthereis

electricalactivityintheoccipitalandtemporallobesco-occurringwiththesestimuli.

Theoccipitalandtemporalelectricalactivityco-occurringwithhumans’visual

experienceofastimuluswillneedtoco-occurwithconsciousness,butan

explanationofacontrastinaccess(e.g.,correctandincorrectresponses;namely,the

intervalbetweentheterminationofatargetandofamask),doesnotexplaina

contrastinphenomenology(e.g.,degreesofvisibility;namely,themeanrankwithin

aintervalofdegreesofvisibility),andoccipitalandtemporalelectricalactivity

co-occurringwithastimulusaboutwhichwehavenoconsciousness(ifany)will

havetobedistinguishedfromaccessandfromphenomenalconsciousness.
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Participants

 

Twenty-twoadultswithnormalvisionorcorrectedtonormalvision,without

neurologicalorpsychiatrichistory,completelyignoredtheexperimentalpurposes.

FiveparticipantswereexcludedduetoexcessiveEEGartefacts(3)orinsufficient

trials(2).

Theexperimentalprotocolwasapprovedbythedoctoralprogrammein

CognitiveScience,UniversityofLisbon.

Apparatusandstimuli

 

Therearetwotypesoftargets:square(1.98cmside)ordiamond(fora45°

rotationofthesquare).

Therearetwotypesofmasks:masksorpseudo-masks.

Thewidthofthemaskis3.05cm,anditsinnerwhiteportion(RGB255-255-255)

is8mmwiderthantheblack(RGB0-0-0)targetstimulus.

Thewidthofthepseudo-maskis3.10cm,anditsinnerwhiteportioniscircular

(2.63cmindiameter).
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Despitethedifferentsizes,thecolourblackstandsinthesamearea,bothinthe

maskandpseudo-mask,anditsluminanceisidentical.Thiswasexpectedtobe

importanttomakethemasksproducesimilarERPswhenpresentedalone.

Allstimuliarepresentedonagreybackground(RGB173–175–178).(Figs.

2.1-2.6.)

Procedure

Firsttask:torecognisewhichofthetargets–squareordiamond– is

presented.

Secondtask:toevaluatethevisibilityoftargets.

Theanswersaregivenusingthekeyboardorthemouse.
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Inthefirsttask,recognitionoftargets,participantsrespondedif"theyseemed

tohaveseensomething"bypressing"8"for"yes"and"9"for"no".Anegative

responsecompletesthetrialandstartsthenext.Anaffirmativeanswershowsthe

subjectsascreenofsixteenstimulitosignalwiththemousewhichofthesixteen

stimulitheyseemtohaveseen.Thepositiononthescreensignalwiththemouseby

theparticipantwillberecordedinformaticallyascoordinatesystem<X,Y>.

Inthesecondtask(evaluationofvisibility)weusedaLikertscalefrom"1"to"5":

"notvisibleatall"("1"key),"barelyvisible"("2"key),"visible,butobscure"("3"

key),"clearbutnotquitevisible"("4"key)and"perfectlyclearandvisible"("5"

key).

ExperimentswereheldattheFacultyofPsychologyinaslightlydarkened,silent

room.Participantswereseatedinarecliningchairatan81.28cmdistancefromthe

50.8cmmonitor.

Itisexpectedthattherunningoftheexperimentwilltrainthevolunteer.The

beginningofthebehaviouralandEEGrecordingsisunknowntothevolunteer.

TheSuperLabprogrammeforWindowsfromCedrus,PC-compatible,connectedto

aSVGAcolourmonitor,managesthepresentationofstimuli,randomisestheir

sequence(thetrialsineachblock),theexposuretimes,therecordoftheresponse,

triggersthetrigger,andsynchroniseswiththesystemacquisitionofphysiological

signals,MP100andEEGamplifiers,andAcqKnowledgeprogramme,bothofBiopac.
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Statisticalanalysisofneuroelectricsignalsandbehaviouraldataisperformed

usingSPSSStatisticsPASW18.

EEGrecording

Electrodesofsilverchloride,wereplacedonthescalp,accordingtothe

InternationalSystem10/20.Datawererecordedwithreferentialmontage,with

threechannelsofEEG,occipital(Oz),lefttemporal(T5),andrighttemporal(T6),

referredtoleftmastoid.

Theimpedanceofallelectrodeswaskeptbelow5kOhm.TheEEGrecordshave

adurationof1150ms,definedas150msbeforethestimulus(baseline)and1000

msafteritsoccurrence.

IftheERPisanevokedsignal(i.e.,asignalsuperimposeduponandindependent

oftheongoingnoiseEEG)andnotaphasealignmentoftheongoingsignalEEGor

somecombinationofthetwo(aclearconceptualexpositionofthedifferenceis

provided,forexample,byPfurtschellerandLopesdaSilva,1999),itmakesperfect

sense,aftervisualinspectionandrejectionofartefactsinEEGsamplesforeachtype

ofstimulisequence,tocalculatetheaverageandmaketheregressionforthe150ms
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baseline,measuringtheamplitudeandlatencyofthewaveformsthuscollected.

ExperimentI

Eightvolunteers(aged18–46years,M=22.50,SD=9.562,7females).

Thetargetandthemaskswillbepresentedfor17ms.Themask(or

pseudo-mask)appears1msafterthepresentationofthetarget(inter-stimulus

interval,ISI,theintervalbetweentheterminationofthetargetandtheonsetofthe

mask).TheseISI(1ms)correspondto18msofstimulus-onsetasynchrony(SOA,

theintervalbetweentheonsetofthetargetandthemask)(roundedvalues).

Answersweresignalledbythemouseonascreenofsixteenstimuli,amongwhich

arethemaskandpseudo-mask.Notethatthesubjectdidnotperform a

forced-choicetask,forexample,readinganyquestioneither‘‘DiamondorSquare?’’

or‘‘SquareorDiamond?’’,evenifcounterbalancedacrossparticipants(contrastwith,

forexample,LauandPassingham,2006).

Inthesecondtrial,maskswerepresentedfor17ms,andanswersweresignalled

bythemouseonascreenofsixteenstimuli,amongwhichwerethemaskand

pseudo-mask.

Secondblock.Trial:targetswillbepresentedfor17ms,andanswerswere

signalledbythemouseonscreenofsixteenstimuli,amongwhicharethetargets.
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(Figs.2.2-2.4.)

ExperimentII

Ninevolunteers(aged20–26years,M=21.22,SD=2.224,5females).

Thetargetwillbepresentedfor17ms(likeexperimentI),butthemask(or

pseudo-mask)willbepresentedfor167ms(unlikeexperimentI).Notethatinall

experiments,targetsarealwaysshownfor17msandareneverreplaced,for

example,byablankscreenwiththesamedurationof17ms(contrast,forexample,

withDelCuletal.2007).
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UnlikeexperimentI,thetargetisintercalatedbetweentwopresentationsofthe

mask/pseudo-mask(each,167ms):oneearlier,paracontrast;theotherafterthe

target,metacontrast.

Themask(orpseudo-mask)appears0msbefore(forwardmasking)and1ms

after(backwardmasking)thepresentationofthetarget(inter-stimulusinterval,ISI,

theintervalbetweentheterminationofthetargetandtheonsetofthemask).These

ISI(1ms)correspondto18msofstimulus-onsetasynchrony(SOA,theinterval

betweentheonsetofthetargetandthemask)and168msofstimulus-termination

asynchrony(STA,theintervalbetweentheterminationofthetargetandthemask)

(roundedvalues).UnlikeexperimentI,theanswersweresignalledbythemouseon

ascreenofsixteenstimuli,amongwhicharethetargets.

Inthesecondtrial,likeinexperimentI:maskswerepresentedfor17ms,and

answersweresignalledbythemouseonascreenofsixteenstimuli,amongwhich

arethemaskandpseudo-mask.

Secondblock,likeinexperimentI.Trial:targetswillbepresentedfor17ms,and

answerswillbesignalledbythemouseonscreenofsixteenstimuli,amongwhich

arethetargets.(Figs.2.3-2.4.)
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Thegrandaverageoccipitalandtemporalelectricalactivitycorrelatedwitha

contrastinaccess

ERPsdata

TheOzandT5maximum positiveamplitude300-800msoftheERPsfor

experimentIIaregreatercomparedtothoseofexperimentIforcombined

target-maskpresentationsthanforisolatedpresentations.
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TherepeatedmeasuresANOVA(figs.2.5-2.8)withexperimentI/experimentII

asbetween-subjectfactorsandelectrophysiologicalmaximumpositiveamplitude

300-800msrelatedtoeventscombinedtarget-mask/isolatedpresentationsas

within-subject factors gave the following significant (Greenhouse/Geisser

Correctionforviolationsofthesphericity)resultsforOz[F(2.557,38.349)=3.348,

p<0.035]andT5[F(3.700,55.507)=4.066p<0.007],butnosignificantresultsfor

T6[F(1.223,18.342)=0.774p<0.416].
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ComputationofSSE0,deltaBIC,theBayesfactor,andtheposteriorprobabilities

forthenullandalternativehypothesesfrom inputconsistingofn(numberof

independentobservations),k1–k0(thedifferencebetweenthetwomodelswith

respecttonumberoffreeparameters),sumofsquaresfortheeffectofinterest,and

sumofsquaresfortheerrortermassociatedwiththeeffectofinterest(SSE1)1,as

implementedinExcelbyMasson(2011),fromtherepeatedmeasuresANOVAfor

theERPscollectedinourexperimentsIandII,forOzisn=119,df_effect=2.557,

SSeffect=27.716,SSerror=124.195,SSE1=124.1954,SSE0=151.9119,deltaBIC=

-11.7536,BF01=0.002804,p(H0|D)=0.002796,p(H1|D)=0.997204.

ForT5isn=119,df_effect=3.700,SSeffect=12.735,SSerror=46.98398,SSE1

1NotethatthetermSSE1/SSE0isjustthecomplementofpartialeta-squared(ηp²),

ameasureofeffectsizecorrespondingtotheproportionofvariabilityaccountedfor

bytheindependentvariable(i.e.,SSE1/SSE0=1-ηp²).
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=124.1954,SSE0=59.71874,deltaBIC=-10.8557,BF01=0.004392,p(H0|D)=

0.004373,p(H1|D)=0.995627.

ForT6isn=119,df_effect=1.223,SSeffect=36.397,SSerror=705.457,SSE1=

705.4575,SSE0=741.8546,deltaBIC=-0.1427,BF01=0.931137,p(H0|D)=

0.48217,p(H1|D)=0.51783.

Behaviouraldata

 

Thesubjectsgavemorecorrectresponsesthanincorrectresponses(firsttask,

seeProcedure)intarget-maskexperimentI(theanswerissignalledbythemouse

onascreenofsixteenstimuli,amongwhicharethemaskandpseudo-mask:correct

responses94.47%,incorrect5.52%)(fig.2.9)thanintarget-maskexperimentII(the

answerissignalledbythemouseonthescreenofsixteenstimuli,amongwhichare

thetargets:correctresponses33.67%,incorrect66.32%)(fig.2.10).
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Thetarget-maskpresentationshinderthetaskofstimulirecognitionin

target-maskexperimentIIfrom 5.52% (when,atexperimentI,thecorrect

discriminationwouldbemaskorpseudo-mask,dependentonifhadbeenshowna

maskorapseudo-mask)to66.32%ofincorrectresponses(when,atexperimentII,

thecorrectdiscriminationwouldbesquareordiamond,dependentonifhadbeen

shownasquareoradiamond).

Giventhatintarget-maskexperimentII,thetarget(presentedfor17ms)is

paracontrastandmetacontrastbythemask/pseudo-mask(presentedfor167ms),it

isthe168ms(roundedvalues)intervalbetweentheterminationofthetargetandof

themaskthatexplainwhy(atleastwithIandIIexperimentaldesigns)thesubject

responseisveryoften"noneofthefifteenstimulipresented"(thedotintheright

bottomoftheanswersscreen)(fig.2.11),noneofthetargets,despitethatinall

experiments,targetsarealwaysshown.
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Inotherwords,informationaboutifthetargetisparacontrastandmetacontrast

bythemask/pseudo-mask,18msSOA,and168msSTAhelpedusimproveour

predictionofthestimulusdiscriminationby43.9%inexperimentII(thelambda

asymmetricmeasureofassociationis.439)andinformationaboutifthetargetis

metacontrastbythemask/pseudo-maskand18msSOAhelpedusimproveour

predictionofthestimulusdiscriminationby0% inexperimentI(thelambda

asymmetricmeasureofassociationis.000).Thatis,theproportionofrelativeerror

inpredictingstimulusdiscriminationthatcanbeeliminatedbyknowledgeofthe

waystimulusaredisplayedis.439forexperimentIIandis.000forexperimentI.

And information aboutstimulusdiscrimination helped usimproveour

prediction that the target is paracontrast and metacontrast by the

mask/pseudo-mask,18msSOA,and168msSTAby9.3% inexperimentII(the

lambdaasymmetricmeasureofassociationis.093)andinformationaboutstimulus
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discriminationhelpedusimproveourpredictionthatthetargetismetacontrastby

themask/pseudo-mask,18msSOA,by0.5% inexperimentI(thelambda

asymmetricmeasureofassociationis.005).Thatis,theproportionofrelativeerror

inpredictingthewaystimulusaredisplayedthatcanbeeliminatedbyknowledgeof

stimulusdiscriminationis.093forexperimentIIandis.005forexperimentI.

Thus,thecontrastinOzandT5betweenmorehighpositiveamplitude300-800

msincombinedstimulipresentationsforexperimentIIthanforexperimentI

correlateswiththestatisticallysignificantcontrastinstimulidiscrimination

betweenmoreincorrectresponsesinexperimentII[χ(7)=2370.368,p=.000,0

cells(.0%)haveanexpectedcountlessthan5.Theminimumexpectedcountis

293.80]thaninexperimentI[χ(7)=27.029,p=.006,0cells(.0%)haveanexpected

countlessthan5.Theminimumexpectedcountis29.83]andsocorrelatewith

contrastinaccess(thegrandaverageERPscorrelatedwithcorrectlyidentified

stimuliwouldbethecorrelateoftheaccess).(TheChisquaretestχ2iscarriedout

ontheactualnumbersofcorrectandincorrectresponses,notonpercentages,

proportions,means,orotherderivedstatisticsofcorrectandincorrectresponses.)

(Figs.2.12-2.13.)
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ThegrandaverageOzERPspositiveamplitude300-800msforcombined

presentationsis3.678µVforexperimentIIand2.5145µVforexperimentI.

AndthegrandaverageT5ERPspositiveamplitude300-800msforcombined

presentationsis3.139µVforexperimentIIand2.582µVforexperimentI.

Thegrandaverageoccipitalandtemporalelectricalactivitycorrelatedwitha

contrastinphenomenology
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Notwithstanding,intarget-maskpresentationsoftheexperimentII,thedegree

ofvisibility(secondtask,seeProcedure)rangefrom19.27%"clearbutnotquite

visible"("4"key) to 62.22%"perfectlyclearandvisible"("5"key).(Fig.2.14.)

However,intarget-maskpresentationsoftheexperimentI,rangefrom31.05%

"clearbutnotquitevisible"("4"key) to 32.52%"perfectlyclearandvisible"("5"

key).(Fig.2.15.)
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Theaveragereactiontimeappearsnottobethebetterexplanation:experiment

I(RTforcorrectresponses,1055ms;RTforincorrectresponses,1129ms);

experimentII(RTforcorrectresponses,1338ms;RTforincorrectresponses,1715

ms).

Onehypothesisshouldbethatthesubjectstakeonaveragelesstimetorespond

incorrectlyinexperimentIIthaninexperimentI.However,thesubjectstakeon

averagelongertorespondincorrectlyinexperimentIIthaninexperimentI.
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Evenifwelooktokeys“4”and“5”meanreactionstimes,averagereactiontime

notappearstobethebetterexplanation.(Fig.2.17.)

Otherhypothesisshouldbethatthesubjectstakeonaveragelesstimetopress

thekeys“4”or“5”inexperimentIIthaninexperimentI.However,thesubjectstake

onaveragelongertopressthekeys“4”or“5”inexperimentIIthaninexperimentI.

Meanwhile,thedifferencebetweenthetwoexperimentsinmeanrankwithin

theintervalofdegreesofvisibility"4"and"5"isstatisticallysignificanteitherifthe

targetscombinedwithmasksorwithpseudo-maskswereincorrectlyorcorrectly

identified[H(1)=290.908,p=0.000,withameanrankof1848.19forexperimentI,

andameanrankof2393.18forexperimentII(Kruskal-WallisTest)]orifthetargets

combinedwithmasksorpseudo-maskswerecorrectlyidentified[H(1)=294.905,p

=0.000,withameanrankof1825.70forexperimentI,andameanrankof2372.96

forexperimentII(Kruskal-WallisTest)].Ifthetargetscombinedwithmasksor

pseudo-maskswereincorrectlyidentified,thedifferencebetween thetwo

experimentsinmeanrankwithintheintervalofdegreesofvisibility"4"and"5"is
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statisticallysignificant[H(1)=291.513,p=0.000,withameanrankof1837.76for

experimentI,andameanrankof2382.65forexperimentII(Kruskal-WallisTest)].

NotethatwhileinexperimentIIthehighdegreesofvisibilitywerenotassigned

tothetargetthattheparticipantswereaskedtoidentifyincombinedtarget-mask

presentations(buttothemask/pseudo-masktheysaw),inexperimentIthehigh

degreesofvisibilitywereassignedtothemask/pseudo-maskthattheparticipants

wereaskedtoidentifyincombinedtarget-maskpresentations.

InbothexperimentsIandII,thehighdegreesofvisibilitywereassignedtothe

mask/pseudo-masktheysawincombinedtarget-maskpresentations.Incorrectly,in

experimentIIcombinedtarget-maskpresentations:atexperimentIIcombined

target-maskpresentations,thecorrectdiscriminationwouldbesquareordiamond,

dependingonifhadbeenshownasquareoradiamond.Correctly,inexperimentI

combinedtarget-maskpresentations:atexperimentIcombinedtarget-mask

presentations,thecorrectdiscrimination would bemask orpseudo-mask,

dependingonifhadbeenshownamaskorapseudo-mask.

Ifthedifferencebetweenthetwoexperimentsinmeanrankwithintheinterval

ofdegreesofvisibility"4"and"5"remainsstatisticallysignificantbetweenthetwo

experimentsintargetisolatedpresentationscorrectlyidentified,theinterval

betweentheterminationofthetargetandthatofthemaskdoesnotexplainthe

contrastinmeanrankwithintheintervalofdegreesofvisibility"4"and"5".
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Thesecondtrialofthefirstblockandthesecondblock-inwhichthestimuliare

presentedinisolation-arethesameinbothexperimentsIandII;thus,itisexpected

thatthediscriminationofstimulusdoesnotstatisticallysignificantcontrastin

correctandincorrectresponsesbetweenthetwoexperiments.

Inisolatedpresentationsoftargets,thereisnostatisticallysignificantcontrast

instimulidiscriminationbetweenexperimentII[χ(1)=3.492,p=.062,0cells(.0%)

haveanexpectedcountlessthan5.Theminimumexpectedcountis17.47]and

experimentI[χ(1)=3.160,p=.075,0cells(.0%)haveanexpectedcountlessthan5.

Theminimum expectedcountis20.38],thecontrastinstimulidiscrimination

betweenmorecorrectresponsesinexperimentII(squarecorrect97.1%,incorrect

2.9%;diamondcorrect98.5%,incorrect1.5%)thaninexperimentI(squarecorrect

96.7%,incorrect3.3%;diamondcorrect98.1%,incorrect1.9%)isnotstatistically

significant,andsothereisnotadifferencestatisticallysignificantbetweencorrect

responsesinexperimentIIthaninexperimentI(theblockinwhichthetargetsare

presentedinisolationisthesamesecondinbothexperimentsIandII).Theaccess

doesnotsignificantlychangebetweenexperimentIIandexperimentI;theaccess

remainsthesame.

However,inmaskorpseudo-maskisolatedpresentations,thereisastatistically

significantcontrastinstimulidiscriminationinexperimentII[χ(1)=6.256,p=.012,

0cells(.0%)haveanexpectedcountlessthan5.Theminimumexpectedcountis
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112.36],contrarytoanostatisticallysignificantcontrastinstimulidiscriminationin

experimentI[χ(1)=3.682,p=.055,0cells(.0%)haveanexpectedcountlessthan5.

Theminimumexpectedcountis33.35].

Inmaskorpseudo-maskisolatedpresentations,theincorrectresponsesare

significantlygreaterinexperimentII(maskincorrect16.6%,pseudo-maskincorrect

12.2%)thaninexperimentI(maskincorrect3.9%,pseudo-maskincorrect6.2%),

andthecorrectresponsesarenotsignificantlygreaterinexperimentI(maskcorrect

96.1%,pseudo-maskcorrect93.6%)thaninexperimentII(maskcorrect83.4%,

pseudo-maskcorrect87.8%).

Arguably,becausethesecondtrialisrandomisedinthefirstblockwiththefirst

trialwherethecorrectidentificationofstimuliistargetsincombinedpresentations

inexperimentII(dependingonifhadwereshownasquareoradiamond)and

masksincombinedpresentationsinexperimentI(dependingonifhadwereshown

amaskorapseudo-mask).

Thedifferencebetweenthetwoexperimentsinmeanrankwithintheintervalof

degreesofvisibility"4"and"5"remainsstatisticallysignificantbetweenthetwo

experimentsintargetisolatedpresentationscorrectlyidentified[H(1)=336.045,p

=0.000),withameanrankof1081.05forexperimentI,andameanrankof1522.38

forexperimentII(Kruskal-WallisTest)].
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Theintervalbetweentheterminationofthetargetandofthemaskdoesnot

explainthecontrastinmeanrankwithintheintervalofdegreesofvisibility"4"and

"5".Thebetterexplanationisthephenomenology.If,asitis,theaccessisthesame

(fig.2.18)andif,asthereis,thereisastatisticallysignificantdifferenceinmeanrank

withintheintervalofdegreesofvisibility"4"and"5",thebetterexplanationisa

differenceinphenomenology.

Thus,thecontrastbetweenmorehighpositiveamplitude300-800msintargets

isolatedpresentationsforexperimentIIthanforexperimentI(Oz,square/diamond

andT5,diamond)andinT5betweenmorehighpositiveamplitude300-800msin

squaretargetsisolatedpresentationsforexperimentIthanforexperimentII

(targets,becausetherearemoreincorrectresponsesinmaskorpseudo-mask

isolatedpresentationforIIthanI)correlatewiththecontrastbetweenhighmean

rankwithintheintervalofdegreesofvisibility"4"and"5"intargetsisolated

presentationsforexperimentIIthanforexperimentIandsocorrelatewiththe
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contrastinphenomenology(inisolatedpresentationsoftargets,thereisno

statisticallysignificantcontrastincorrectresponsesbetweenthetwoexperiments).

(Figs.2.19-2.22.)
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Thegrandaverageoccipitalandtemporalelectricalactivityco-occurringwith

unconsciousness

Giventhatthesubjectresponse,intarget-maskexperimentII,isveryoften

“noneofthefifteenstimulipresented”,theyhavenoaccesstothetargetsandgiven

thattheyassignedahighdegreeofvisibilitytothemask/pseudo-masktheysaw,

theyhavenovisualexperienceofthetargets,thecontrastinOzandT5between

morehighpositiveamplitude300-800msincombinedstimulipresentationsfor

experimentIIthanforexperimentIisnotacontrastbetweenaccessand

phenomenalconsciousnessofthetargets,itisacontrastinaccess,namelyifthe

mask/pseudo-maskexperimentIIEEGsignalissubtractedtothetarget-mask

experimentIIEEGsignal,theresultis(atleastarguably)theoccipitalandleft

temporalelectricalactivityco-occurringwiththetargetsaboutwhichwehaveno

consciousness.(Figs.2.23-2.24.)
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