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Abstract

Giventhehardproblemofconsciousness(Chalmers,1995)thereareno
brainelectrophysiologicalcorrelatesofthesubjectiveexperience(thefeltquality
ofrednessortherednessofred,theexperienceofdarkandlight,thequalityof
depthinavisualfield,thesoundofaclarinet,thesmellofmothball,bodily
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sensationsfrompainstoorgasms,mentalimagesthatareconjuredupinternally,
thefeltqualityofemotion,theexperienceofastreamofconsciousthoughtorthe
phenomenologyofthought).

However,therearebrainoccipitalandlefttemporalelectrophysiological
correlatesofthesubjectiveexperience(Pereira,2015).

Notwithstanding,asevokedsignal,thechangeinevent-relatedbrain
potentialsphase(frequencyisthechangeinphaseovertime)isinstantaneous,
thatis,thefrequencywilltransientlybeinfinite:atransientpeakinfrequency
(positiveornegative),ifany,isinstantaneousinelectroencephalogramaveraging
orfilteringthattheevent-relatedbrainpotentialsrequiredandtheunderlying
structureoftheevent-relatedbrainpotentialsinthefrequencydomaincannotbe
accounted,forexample,bytheWaveletTransform (WT)ortheFastFourier
Transform (FFT)analysis,becausetheyrequirethatfrequencyisderivedby
convolutionratherthanbydifferentiation.

However,asIshowinthecurrentoriginalresearchreport,onesuitable
methodforanalysetheinstantaneouschangeinevent-relatedbrainpotentials
phaseandaccountedforatransientpeakinfrequency(positiveornegative),ifany,
intheunderlyingstructureoftheevent-relatedbrainpotentialsistheEmpirical
ModeDecompositionwithpostprocessing(Xieetal.,2014)EnsembleEmpirical
ModeDecomposition(postEEMD)andHilbert-HuangTransform(HHT).
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Introduction

Therelevantcomputationtotheeffectoftheoccipitalandlefttemporal

correlatesofthedistinctionbetweenaccessandphenomenology(Pereira,2015)is

thecomputationofthehighdegreeofvisibility"4"and"5"assignedbythe

participantsinbothexperimentstothecorrectlyidentifiedstimuli(andwhatthere

aremoreinthesecondexperimentismoreincorrectanswersthaninthefirst

experiment),becausetodistinguish electrophysiologicallytheaccessfrom

phenomenologyweneedthataccessandphenomenologywillbecognitively

consciousnessofsomethingandweneedthataccesswillbethesameforall

participantsinthetwoexperiments(Pereira,2015:337-339).

Todistinguishelectrophysiologicallytheaccessfromphenomenologywe

needthataccessandphenomenologywillbecognitivelyconsciousnessof

somethingbecause,forinstance,painsarenotintentionalmentalstatesinthe

samesenseinwhichcognitivementalstatesasbeliefsanddoubtsareintentional:

thereisnothinginsensationotherthanbeingfelt.Thatwehaveapainandthen

getthereandlookatittotalkaboutitisalreadyourcognitiontowork,butthis

(cognitive)wayofproceedingdoesnotmakethesensationitselfanintentional

mentalstateinthesamewayaswhenwethinkabouther.Essentialtocognitive

mentalstatesisthattheyareintentionalwithoutthatmark,thatofintentionality,

theywouldn'tbethementalstatesthatinfacttheyare.Butpainisanotherthing:
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whatisessentialtothemishowwefeelthem,itistheirphenomenology-for

withoutit,withoutphenomenology,theywouldn'tbethementalstatesthatinfact

theyare.Andatall,mentalstatesaspainsarenotaboutanything,theyarenot

intentional-theydon'trepresentnothing:althoughwemayrepresentthem

cognitivelyinsomeway,thisisnotthemtobeaboutsomething,thisisustalking

aboutthem:thisisnotthemtobecognitions,thisisthemtobesensations.

Thatis,wecomputetheresultsonlyfromthosetrialsthatarethesamein

thesecondblockofthetwoexperiences.

Sayingthatphenomenologyisnotreportableisanotherwaytodefine

phenomenologydistinctlyfromaccessconsciousness,butthatwealreadyknew:

althoughconfusedlywhen,forexample,itisallegedonthebasisofthenon

reportabilitythenonmeasurabilityofphenomenologyandthusallegedlythat

therearenotelectrophysiologicalcorrelatesofphenomenologydifferentfromthe

access.

Whatweknownowiswhataretheseelectrophysiologicalcorrelatesof

phenomenology differentfrom the access(Pereira,2015:344-350):the

electrophysiologicallycorrelatedwiththedifference(statisticallysignificant)

amongthosetrialsthatarethesameinthesecondblockinbothexperimentsfor

thesamehighdegreeofvisibility"4"and"5"(theyalsoaccess).

Thedistinctelectrophysiologicalsignalcorrelatedwiththosetrialsthatare

thesameinthesecondblockinbothexperimentsisphenomenologytobe

measured(thatis,isnonreportabilitytobemeasured):despitethesamehigh

degreeofvisibility"4"and"5"(asdespitethesamecorrectanswers).

Thehighdegreesofvisibilityarethesame"4"and"5"but,forthosetrials

thatarethesameinthesecondblockinbothexperiments,thestatisticaldifference
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betweenthetwoexperimentsissignificant:becausethephenomenologywas

measureddistinctivelyfrom theaccess(behaviorally,thereismoreincorrect

answersinthefirsttrialofthefirstblockofthesecondexperiment,whichis

distinctfromthefirsttrialofthefirstblockofthefirstexperimentinwhichthe

masksaretobecorrectlyidentifiedbutnotthetargetsasinthecaseofthefirst

blockofthesecondexperiment.Theexperimentaldesignonlydifferinthefirst

trialofthefirstblock).

Between300and800ms,thenullhypothesisoflatencyvariabilitybetween

experimentsIandIIisnotrejected:statistically,thevariabilityofthelatencydid

notsignificantlydifferbetweentheexperimentsIandII.Howeverthenull

hypothesisofvariabilityoccipital(Oz)andlefttemporal(T5)amplitudebetween

experimentsIandIIisrejected,exceptfortheamplitudevariabilityrighttemporal

(T6)betweenexperimentsIandII:statistically,thevariabilityofOzamplitudeand

T5differsignificantlybetweenexperimentsIandII,althoughthevariabilityof

amplitudeT6betweentheexperiencesIandIIdoesnotdiffersignificantly(the

nullhypothesisoftheamplitudevariabilityT6isaccepted).

Thesecondtrialofthefirstblockandthesecondblock-inwhichthe

stimuliarepresentedinisolation-arethesameinbothexperimentsIandII,thus

itisexpectedthatthediscriminationofstimulusnotstatisticallysignificant

contrastincorrectandincorrectresponsesbetweenthetwoexperiments(Pereira,

2015).

Inisolatedpresentationsoftargets,thereisnostatisticallysignificant

contrastinstimulidiscriminationbetweenthetwoexperimentII[χ(1)=3.492,p=

.062,0cells(.0%)haveexpectedcountlessthan5.Theminimumexpectedcount

is17.47]andexperimentI[χ(1)=3.160,p=.075,0cells(.0%)haveexpected
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countlessthan5.Theminimumexpectedcountis20.38],thecontrastinstimuli

discriminationbetweenmorecorrectresponsesinexperimentII(squarecorrect

97.1%,incorrect2.9%;diamondcorrect98.5%,incorrect1.5%)thanin

experimentI(squarecorrect96.7%,incorrect3.3%;diamondcorrect98.1%,

incorrect1.9%)isnotstatisticallysignificant,andso,therearenotadifference

statisticallysignificantbetweencorrectresponsesinexperimentIIthanin

experimentI(theblockinwhichthetargetsarepresentedinisolationisthesame

secondinbothexperimentsIandII).Theaccessnotsignificantlychangebetween

experimentIIandexperimentI,theaccessremainsthesame.(Pereira,2015.)

Thedifferencebetweenthetwoexperimentsinmeanrankwithinthe

intervalofdegreesofvisibility"4"and"5"remainsstatisticallysignificantbetween

thetwoexperimentsintargetsisolatedpresentationscorrectlyidentified[H(1)=

336.045,p=0.000),withameanrankof1081.05forexperimentI,andamean

rankof1522.38forexperimentII(Kruskal-WallisTest)].(Pereira,2015.)

Targetsisolatedpresentationscorrectlyidentified,becausetodistinguish

electrophysiologicallytheaccessfromphenomenologyweneedthataccessand

phenomenologywillbecognitivelyconsciousnessofsomethingandweneedthat

accesswillbethesameforallparticipantsinthetwoexperiment.

Notwithstanding,asevokedsignal,thechangeinevent-relatedbrain

potentials(ERPs)phase(frequencyisthechangeinphaseovertime)is

instantaneous,thatis,thefrequencywilltransientlybeinfinite:atransientpeakin

frequency(positiveornegative),ifany,isinstantaneousinelectroencephalogram

(EEG)averagingorfilteringthattheERPsrequiredandtheunderlyingstructureof

theERPsinthefrequencydomaincannotbeaccounted,forexample,bythe

WaveletTransform(WT)ortheFastFourierTransform(FFT)analysis,because
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theyrequirethatfrequencyisderivedbyconvolution(frequencyarepre-defined

andconstantovertime)ratherthanbydifferentiation(withoutpredefining

frequencyandaccountedthatfrequencymayvaryovertime).

Participants,Apparatusandstimuli,Procedure,EEGrecording,Behavioraldata

AsinPereira(2015).

Twentytwoadultswithnormalvisionorcorrectedtonormal,without

neurologicalor psychiatrichistory,ignoringcompletelytheexperimental

purposes.

FiveparticipantswereexcludedduestoexcessiveEEGartifacts(3)or

insufficienttrials (2).

Theexperimentalprotocolwasapprovedbythedoctoralprogram in

CognitiveScience, UniversityofLisbon.

Twotypesoftargets:square(1.98cmside)ordiamond(for45°rotationof

thesquare).

Twotypesofmasks:maskorpseudo-mask.

Thewidthofthemaskis3.05cmanditsinnerwhiteportion(RGB255-255-

255)is8 mmwiderthantheblack(RGB0-0-0)targetstimulus.
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Thewidthofthepseudo-maskis3.10cmanditsinnerwhiteportionis

circular(2.63cmdiameter).

Despitethedifferentsizes,thecolorblackstandsinthesamearea,bothin

maskand pseudo-mask,anditsluminanceisidentical.Thiswasexpectedtobe

importanttomake themasksproducesimilarERPswhenpresentedalone.

Allstimuliarepresentedonagraybackground(RGB173-175-178).

Firsttask:torecognizewhichofthetargets– squareordiamond– is

presented.

Secondtask:toevaluatethevisibilityoftargets.

Theanswersaregivenusingthekeyboardorthemouse.

Inthefirsttask,recognitionoftargets,participantsrespondif"theyseemed

tohaveseensomething"bypressing"8"to"yes”and"9"to"no".Anegative

responsecompletesthe trialandstartsthenext.Anaffirmativeanswer

conducesthesubjectstoascreenof sixteenstimulitosignalwiththemouse

whatseemstheyhavebeenidentified.The positiononthescreenindicated

bytheparticipantwillberecordedinformaticallyas coordinatesystem<X,Y>.

Inthesecondtask(evaluationofvisibility)weusedaLikertscalefrom"1"

to"5":"not visibleatall"("1"key),"barelyvisible"("2"key),"visible,but

obscure"(key"3"),"clearbutnotquitevisible"(key"4")and"perfectlyclearand

visible"("5"key).

ExperimentswereheldattheFacultyofPsychologyinaslightlydarkened

silentroom.Participantswereseatedinarecliningchairat81.28centimeters

distancefromthe50.8 centimetersmonitor.

Itisexpectedthattherunningofexperimenttrainthevolunteer.The

beginningofthe behavioralandEEGrecordingisunknowntothevolunteer.
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TheSuperLabprogram forWindowsfrom Cedrus,PC-compatible,

connectedtoa SVGAcolormonitor,managesthepresentationofstimuli,

randomizestheirsequence(thetrialsineachblock),theexposuretimes,the

recordoftheresponse,triggersthe triggersynchronizewiththesystem

acquisitionofphysiologicalsignals,MP100and EEG amplifiers, program

AcqKnowledge,bothofBiopac.

ExperimentI.

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

Thetargetandthemaskswillbepresentedfor17ms.Themask(orpseudo-

mask)appears1msafterthepresentationofthetarget(inter-stimulusinterval,

ISI,theinterval betweentheterminationofthetargetandtheonsetofthe

mask).TheseISI(1ms) correspondto18msstimulus-onsetasynchrony(SOA,

theintervalbetweentheonsetofthetargetandthemask)(roundedvalues).

Answersweresignaledbymouseonascreen ofsixteenstimuli,amongwhich

arethemaskandpseudo-mask.Notethatthesubject notperformedaforced-

choicetask,forexample,readinganyquestioneither‘‘Diamond orSquare?’’

or‘‘SquareorDiamond?’’,evenifcounterbalancedacrossparticipants(contrast

with,forexample,LauandPassingham2006).

Inthesecondtrial,maskswerepresentedfor17ms,andanswerswere

signaledby mouseonascreenofsixteenstimuli,amongwhicharethemaskand

pseudo-mask.

Secondblock.Trial:targetswillbepresentedfor17ms,andanswerswere

signaledby mouseonscreenofsixteenstimuli,amongwhicharethetargets.

ExperimentII.

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



ThismanuscriptversionismadeavailableundertheCCBY4.0license
https://creativecommons.org/licenses/by/4.0/

11

Thetargetwillbepresentedfor17ms(likeexperimentI),butthemask(or

pseudo- mask)willbepresentedfor167ms(unlikeexperimentI).Notethat

inallexperiments, targetsarealwaysshownfor17msandisneverreplaced,for

example,byablankscreenwiththesamedurationof17ms(contrast,for

example,withDelCuletal.2007).

UnlikeexperimentI,thetargetisintercalatedbetweentwopresentationsof

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

aftertarget,metacontrast.

Themask(orpseudo-mask)appears0msbefore(forwardmasking)and1

msafter (backwardmasking)thepresentationofthetarget(inter-stimulus

interval,ISI,the intervalbetweentheterminationofthetargetandtheonset

ofthemask).TheseISI(1 ms)correspondto18msstimulus-onsetasynchrony

(SOA,theintervalbetweenthe onsetofthetargetandthemask)andto168ms

stimulus-terminationasynchrony(STA, theintervalbetweentheterminationof

thetargetandofthemask)(roundedvalues). UnlikeexperimentI,theanswer

weresignaledbymouseonscreenofsixteenstimuli, among which are the

targets.

Inthesecondtrial,likeexperimentI:maskswerepresentedfor17ms,and

answers weresignaledbymouseonascreenofsixteenstimuli,amongwhich

arethemaskand pseudo-mask.

Secondblock,likeexperimentI.Trial:targetswillbepresentedfor17ms,

andanswersweresignaledbymouseonscreenofsixteenstimuli,amongwhich

arethetargets.
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TheEmpiricalModeDecomposition(EMD)withpostprocessing(Xieetal.2014)

andHilbert-HuangTransform(HHT)

Now,wemovefromthefeaturesoftheERP(suchastheamplitudeandlatencyof

peaks)ofthePereira(2015)towardsthedecompositionofamplitudeandtothe

instantaneousfrequencyresultingfrom thisdecomposition:theinstantaneous

amplitudeandtheinstantaneousfrequencyofevent-relatedchangescorrelated

withacontrastinaccessandwithacontrastinphenomenology.

DespitethattheWaveletortheFourierTransformarethemethodsmost

widelyusedforanalysingthelinear(proportionalityoradditivity)andstationary

(thesignal,andsothetimeseriesrepresentingthissignal,hasthesamemeanand

variancethroughout)propertiesoftheEEGsignal,theEEGsignalhavenonlinear

(nonproportionalityornonadditivity)andnonstationary(signal'sstatistical

characteristicschangewithtime)properties.

However,onesuitablemethodforanalysetheinstantaneouschangein

event-relatedbrainpotentials(ERPs)phaseandaccountedforatransientpeakin

frequency(positiveornegative),ifany,intheunderlyingstructureoftheERPsis

theEmpiricalModeDecomposition(EMD)withpostprocessing(Xieetal.,2014)

Ensemble EmpiricalMode Decomposition (postEEMD)and Hilbert-Huang

Transform(HHT).

TheWaveletortheFourierTransformanalysethesignalintime-frequency-

energy(Wavelet)andinfrequency-energy(Fourier)domainwithoutdiscrete

featureextraction(Wavelet,withcontinuousfeatureextraction)orwithout

discreteorcontinuousfeatureextraction(Fourier).

However,theHilbert-HuangTransform(HHT)analysethesignalintime-
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frequency-energydomainforfeatureextraction.

Forexample,eithertheFourierfunctionsortheEMDfunctionsare

oscillationswithzeromeanderivedfrom thedecompositionofasignal(for

example,ERPs)thatwhensummedtogetherreconstitutetheoriginalsignal.

However,whereastheFourierfunctionsarecalledharmonicfunctions

meaningthattheyamplitudeandfrequencyareconstantovertime,theEMD

functionsarecalledIntrinsicModeFunctions(IMFs)meaningthattheyamplitude

andfrequencymayvaryovertime.

OncetheIntrinsicModeFunctionshavebeenextractedandpostprocessing

(Xieetal.,2014),theHilbert-HuangTransform canbeusedtodisplaythe

underlyingstructureintheamplitudeandfrequencydomainofthegrandaverage

occipitalandlefttemporalelectricalactivitycharacterizedinPereira(2015).

Theseinsightsmayprovetobeausefulaguideinhelpingusmovefroma

focusonthefeaturesoftheERP,suchastheamplitudeandlatencyofpeaks

(Pereira2015),towardsastudyoftheamplitude,instantaneousfrequencyand

energystructureofevent-relatedchangesovertimeintheEEG.

GiventheEEGrecordinginPereira(2015)withadurationof1150ms,

definedas150msbeforethestimulus(baseline)and1000msafteritsoccurrence,

thereare16ERPscorrelatedwithcombinedtarget-maskpresentationsandwith

isolatedpresentationsofsquareordiamondandofmaskorpseudo-mask:8by

eachchannels,occipitalandlefttemporal.

TheEmpiricalModeDecomposition(EMD)withpostprocessing(Xieetal.,

2014)resultedin56occipitaland56lefttemporalvariables(7postIMFsbyeach

ofthe8ERPs)inamplitudedomainandresultedin56occipitaland56left

temporalvariablesinfrequencydomainwith460observationseach:230
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observations(theEEGrecordsdurationof1150ms)byeachoftwoexperiments.

Intheenergydomain,theresultedis8occipitaland8lefttemporalvariables

(ERPs)with14observationseach(7postIMFsbyeachoftwoexperiments).

Calculatedthevarianceinflationfactor(VIF)

Toevaluatethepresumedexcessivecorrelationamongvariables(i.e.,colinearity),

wecalculatedthevarianceinflationfactor(VIF)foreachvariablebyvif_fun.r

(beckmw2013,February5).

IftheVIFcalculatedforeachvariableismorethan10(valuesintherange

of5-10arecommonlyusedasthreshold),colinearityisstronglysuggested,andthe

variableremoved.

Thiscalculationsreducethe56variablesto32inoccipitalamplitude

domain,reducethe56variablesto28inlefttemporalamplitudedomain,reduce

the56variablesto51inoccipitalfrequencydomainandreducethe56variablesto

51inlefttemporalfrequencydomain.Inenergydomain,thecalculatedvariance

inflationfactor(VIF)removed4variablesexcessivecorrelated.

Figures1-2showtheunderlyingstructureintheamplitudedomainofthe

grandaverageoccipitalandlefttemporalelectricalactivitycorrelatedwitha

contrastinaccess(characterizedinPereira2015:340-344),afterthecalculated

varianceinflationfactor(VIF)removedrespectively11(Ozcombinedtarget-mask

presentations)and 14 (T5 combined target-maskpresentations)variables

excessivecorrelated.The11Ozcombinedtarget-maskvariablesexcessive

correlatedarepostIMF4(SquarePseudo,DiamondPseudo),postIMF5(SquareMask,

SquarePseudo),postIMF6(SquareMask,DiamondMask,DiamondPseudo)and
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postIMF7(SquareMask,SquarePseudo,DiamondMaskandDiamondPseudo).The

14T5combinedtarget-maskvariablesexcessivecorrelatedarepostIMF3

(SquareMask, DiamondMask), postIMF 4 (SquereMask,

DiamondMask,DiamondPseudo), postIMF5 (SquareMask, SquarePseudo,

DiamondMask,DiamondPseudo),postIMF 6 (SquareMask,SquarePseudo,

DiamondMask,DiamondPseudo)andpostIMF7(DiamondMask).

Figures3-6showtheunderlyingstructureintheamplitudedomainofthe

grandaverageoccipitalandlefttemporalelectricalactivitycorrelatedwitha

contrastinphenomenology(characterizedinPereira2015:344-350),afterthe

calculatedvarianceinflationfactor(VIF)removedrespectively4(Ozsqua),4

(Ozdiamo),3(T5squa)and5(T5diamo)variablesexcessivecorrelated.The4

OzsquaisolatedtargetvariableexcessivecorrelatedarepostIMF4,5,6and7.The

4OzdiamoisolatedtargetvariableexcessivecorrelatedarepostIMF3,4,5and6.

The3T5squaisolatedtargetvariableexcessivecorrelatedarepostIMF4,5and7.

The5T5diamoisolatedtargetvariableexcessivecorrelatedarepostIMF3,4,5,6

and7.
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Figures7-8showtheunderlyingstructureinthefrequencydomainofthe

grandaverageoccipitalandlefttemporalelectricalactivitycorrelatedwitha

contrastinaccess(characterizedinPereira2015:340-344),afterthecalculated

varianceinflationfactor(VIF)removedrespectively4(Ozcombinedtarget-mask

presentations)and4(T5combinedtarget-maskpresentations)variablesexcessive

correlated.The4Ozcombinedtarget-maskvariablesexcessivecorrelatedare

postIMF7(SquareMask,SquareMask,DiamondMaskandDiamondPseudo).The4

T5 combined target-mask variables excessive correlated are postIMF 6

(SquareMask),postIMF 7 (SquareMask),postIMF 7 (DiamondMask and

DiamondPseudo).
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Figures9-12showtheunderlyingstructureinthefrequencydomainofthe

grandaverageoccipitalandlefttemporalelectricalactivitycorrelatedwitha

contrastinphenomenology(characterizedinPereira2015:344-350),afterthe

calculatedvarianceinflationfactor(VIF)removed1(postIMF6T5squa)variables

excessivecorrelated:anyOzSquare,OzdiamoorT5diamovariablesisremoved

becauseneithervariableisexcessivecorrelated.

Partialleastsquaresregression(PLSR):theminimalrootmeansquarederrorof



ThismanuscriptversionismadeavailableundertheCCBY4.0license
https://creativecommons.org/licenses/by/4.0/

18

prediction(RMSEP)

Ifweset59astheseed,thepartialleastsquaresregression(PLSR)(Wold2001,

Martens2001,MevikandWehrens2007),cross-validatedusing10random

segments,returnedthepostIMF3(combinexpOzDiamondPseudo)astheminimal

rootmeansquarederrorofprediction(RMSEP)forOzinstantaneousamplitude

(23variables)andthepostIMF2(combinexpT5DiamondPseudo)astheminimal

rootmeansquarederrorofprediction(RMSEP)forT5instantaneousamplitude

(19variables).

TheminimalpostIMFthatleasterroneouslyexplainsthevariability

betweenthetwoexperimentsinOzinstantaneousamplitudeispredictablythe

postIMF3combinedDiamondPseudo.Thatis,theminimalpostIMFinstantaneous

amplitudeassociated(withlesserrorofprediction)tothevariabilitybetweenthe

twoexperimentsinOzinstantaneousamplitudeis,afterpartialleastsquares

regressionvalidation,postIMF3combinedDiamondPseudo.ThepostIMF3

combinedDiamondPseudoistheOzinstantaneousamplitudeminimalvaluethat

wecanusetomeasurewithlesserrorofpredictionthepropagationofthe

remainingOzinstantaneousamplitudevaluesaroundthevariabilitybetweenthe

twoexperiments.(Fig.13.)
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Anindependent-samplet-testwasconductedtocomparepostIMF3

combinedDiamondPseudo(Ozp3cDP)betweenthetwoexperimentsinOz

instantaneousamplitude.Equalvariancesnotassumed,therewasasignificant

differenceinthepostIMF3combinedDiamondPseudoOzinstantaneous

amplitudeforexperimentII(M=250.08,SD=221.24)andexperimentI(M=141.85,

SD=116.99),t(347.796)=6.559,p<0.001,95%CI[75.78,140.69],g[95%CI]=

0.61[0.42,0.8].TheCommonLanguageEffectSize(CLES)indicatesthatthe

chancethatforarandomlyselectedpairofOzp3cDPinstantaneousamplitude

valuestheOzp3cDPinstantaneousamplitudevaluesfromexperimentIIishigher

thantheOzp3cDPinstantaneousamplitudevaluesfromexperimentIis66.7%(Del

Re,2013).

TheminimalpostIMFthatleasterroneouslyexplainsthevariability

betweenthetwoexperimentsinT5instantaneousamplitudeispredictablythe

postIMF2combinedDiamondPseudo.Thatis,theminimalpostIMFinstantaneous

amplitudeassociated(withlesserrorofprediction)tothevariabilitybetweenthe

twoexperimentsinT5instantaneousamplitudeis,afterpartialleastsquares

regressionvalidation,postIMF2combinedDiamondPseudo.ThepostIMF2
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combinedDiamondPseudoistheT5instantaneousamplitudeminimalvaluethat

wecanusetomeasurewithlesserrorofpredictionthepropagationofthe

remainingT5instantaneousamplitudevaluesaroundthevariabilitybetweenthe

twoexperiments.(Fig.14.)

Anindependent-samplet-testwasconductedtocomparepostIMF2

combinedDiamondPseudo(T5p2cDP)betweenthetwoexperimentsinT5

instantaneousamplitude.Equalvariancesnotassumed,therewasasignificant

differenceinthepostIMF2combinedDiamondPseudoT5instantaneous

amplitudeforexperimentII(M=231.50SD=193.05)andexperimentI(M=148.88,

SD=116.23),t(375,748)=5,561,p<0.001,95%CI[53.40,111.84],g[95%CI]=

0.52[0.33,0.7].TheCommonLanguageEffectSize(CLES)indicatesthatthe

chancethatforarandomlyselectedpairofT5p2cDPinstantaneousamplitude

valuestheT5p2cDPinstantaneousamplitudevaluesfromexperimentIIishigher

thantheT5p2cDPinstantaneousamplitudevaluesfromexperimentIis64.28%

(DelRe,2013).

Ifweset59astheseed,thepartialleastsquaresregression(PLSR),cross-

validatedusing10randomsegments,returnedthepostEEMD1(OzMask)asthe
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minimalrootmeansquarederrorofprediction(RMSEP)forOzinstantaneous

frequency(40variables)andthepostIMF5(T5Mask)astheminimalrootmean

squarederrorofprediction(RMSEP)forT5instantaneousfrequency(43

variables).

TheminimalpostIMFthatleasterroneouslyexplainsthevariability

betweenthetwoexperimentsinOzinstantaneousfrequencyispredictablythe

postIMF1Mask.Thatis,theminimalpostIMFinstantaneousfrequencyassociated

(withlesserrorofprediction)tothevariabilitybetweenthetwoexperimentsinOz

instantaneousfrequencyis,afterpartialleastsquaresregressionvalidation,

postIMF1Mask.ThepostIMF1MaskistheOzinstantaneousfrequencyminimal

valuethatwecanusetomeasurewithlesserrorofpredictionthepropagationof

theremainingOzinstantaneousfrequencyvaluesaroundthevariabilitybetween

thetwoexperiments.(Fig.15.)

Anindependent-samplet-testwasconductedtocomparepostIMF1Mask

(Ozp1M)betweenthetwoexperimentsinOzinstantaneousfrequency.Equal

variancesnotassumed,therewasasignificantdifferenceinthepostIMF1MaskOz

instantaneousfrequencyforexperimentII(M=0.29,SD=0.14)andexperimentI
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(M=0.23,SD=0.15),t(457.061)=4.737,p<0.001,95%CI[0.03,0.09],g[95%CI]

=0.44[0.26,0.63].TheCommonLanguageEffectSize(CLES)indicatesthatthe

chancethatforarandomlyselectedpairofOzp1Minstantaneousfrequencyvalues

theOzp1MinstantaneousfrequencyvaluesfromexperimentIIishigherthanthe

Ozp1M instantaneousfrequencyvaluesfrom experimentIis62.24% (DelRe,

2013).

TheminimalpostIMFthatleasterroneouslyexplainsthevariability

betweenthetwoexperimentsinT5instantaneousfrequencyispredictablythe

postIMF5Mask.Thatis,theminimalpostIMFinstantaneousfrequencyassociated

(withlesserrorofprediction)tothevariabilitybetweenthetwoexperimentsinT5

instantaneousfrequencyis,afterpartialleastsquaresregressionvalidation,

postIMF5Mask.ThepostIMF5MaskistheT5instantaneousfrequencyminimal

valuethatwecanusetomeasurewithlesserrorofpredictionthepropagationof

theremainingT5instantaneousfrequencyvaluesaroundthevariabilitybetween

thetwoexperiments.(Fig.16.)

Anindependent-samplet-testwasconductedtocomparepostIMF5Mask

(T5p5M)betweenthetwoexperimentsinT5instantaneousfrequency.Equal
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variancesnotassumed,therewasasignificantdifferenceinthepostIMF5MaskT5

instantaneousfrequencyforexperimentI(M=0.017,SD=0.007)andexperimentII

(M=0.0129,SD=0.0046),t(440.573)=9.011p<0.001,95%CI[0.0034,0.0053],g

[95%CI]=0.84[0.65,1.03].TheCommonLanguageEffectSize(CLES)indicates

thatthechancethatforarandomlyselectedpairofT5p5M instantaneous

frequencyvaluestheT5p5MinstantaneousfrequencyvaluesfromexperimentIis

higherthantheT5p5Minstantaneousfrequencyvaluesfrom experimentIIis

72.35%(DelRe,2013).

Thecalculatedminimalvaluethatwecanusetomeasurewithlesserrorof

predictionthepropagationoftheremainingvaluesaroundthevariabilitybetween

thetwoexperimentsreducedthenumberofvariablesininstantaneousamplitude

from32(of56,aftervarianceinflationfactorcalculations)to23(Oz)andfrom28

(of56,aftervarianceinflationfactorcalculations)to19(T5)andreducedthe

numberofvariablesininstantaneousfrequencyfrom51(of56,aftervariance

inflationfactorcalculations)to40(Oz)andfrom51(of56,aftervarianceinflation

factorcalculations)to43(T5).

Notwithstanding,whatvariablesareimportantforthevariabilitybetween

thetwoexperimentsremainedtobeassessed.

Partialleastsquaresregression(PLSR):significancemultivariatecorrelation(sMC)

statistic

Giventhecalculatedminimalvaluethatwecanusetomeasurewithless

errorofprediction(namely,23variablesinOzinstantaneousamplitude,19

variablesinT5instantaneousamplitude,40variablesinOzinstantaneous



ThismanuscriptversionismadeavailableundertheCCBY4.0license
https://creativecommons.org/licenses/by/4.0/

24

frequencyand43variablesinT5instantaneousfrequency)thepropagationofthe

remainingvaluesaroundthevariabilitybetweenthetwoexperiments,which

variablesareimportantforthevariabilitybetweenthetwoexperimentsare

assessedbysignificancemultivariatecorrelation(sMC)statistic(Afanadoretal.,

2016and,e.g.,Thanhetal.,2014)ofthepartialleastsquaresregression(PLSR)

results(figs.13-16),cross-validatedusing10randomsegments(setting59asthe

seed).

Inotherwords,whichvariablesareimportantforthevariabilitybetween

thetwoexperimentsareassessedbycomparingtheratiosbetweenthevariable-

wiseMeanSquaredErrors(MSE)andthemeansquaredofitsresidualstoanF-test

with1andN-2degreesoffreedom(thecut-offisbasedontheF-test,because

appearedthatthecut-offbasedonthemeanwasinfluencingnegativelythe

predictions):thevariablesthatexceedtheF-testthresholdareselected.

Ifweset59astheseed,thesignificancemultivariatecorrelation(sMC)

statistic,withacorrectionof1storderauto-correlationintheresiduals,"out-of-

bag"(OOB)validationandwith1000cross-validationbootstrapsamples,selected

thefollowingvariablesasimportantforthevariabilitybetweenthetwo

experimentsinOzandT5instantaneousamplitudeandinOzandT5instantaneous

frequency.

RelatedtoOzinstantaneousamplitude,the4variablespostIMF6

SquarePseudo,postIMF7diamo,postIMF4SquareMask,postIMF4DiamondMask,

empiricaldecomposedandpostprocessing(Xieetal.,2014)fromOzevent-related

changes(Pereira,2015),areselectedasimportantforthevariabilitybetweenthe

twoexperimentsininstantaneousamplitude.

RelatedtoT5instantaneousamplitude,the2variablespostIMF7
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DiamondPseudoandpostIMF7SquarePseudo,empiricaldecomposedandpost

processing(Xieetal.2014)fromT5event-relatedchanges(Pereira,2015),are

selectedasimportantforthevariabilitybetweenthetwoexperimentsin

instantaneousamplitude.

Related toOzinstantaneousfrequency,the6 variablespostIMF7

Pseudomask,postIMF6SquarePseudo,postIMF5SquarePseudo,postIMF5

SquareMask,postIMF 6 DiamondPseudo and postIMF 7 diamo,empirical

decomposedandpostprocessing(Xieetal.2014)fromOzevent-relatedchanges

(Pereira,2015),areselectedasimportantforthevariabilitybetweenthetwo

experimentsininstantaneousfrequency.

RelatedtoT5instantaneousfrequency,the8variablespostIMF7squa,

postIMF7Mask,postIMF5SquarePseudo,postIMF5diamo,postIMF5

SquareMask,postIMF 4 diamo,postIMF 4 SquarePseudo and postIMF 5

DiamondMask,empiricaldecomposedandpostprocessing(Xieetal.,2014)from

T5event-relatedchanges(Pereira,2015),areselectedasimportantforthe

variabilitybetweenthetwoexperimentsininstantaneousfrequency.

Therepeatedmeasuresanalysisofvariance(ANOVA)withtheexperimentI

andexperimentII(Pereira,2015)asabetween-subjectsfactorsandthepostIMF

variablesselectedasimportantbysignificancemultivariatecorrelation(sMC)

statisticasawithin-subjectfactorsgavethefollowingsignificant(Greenhouse-

Geissercorrectionforviolationsofthesphericity)resultsforOzinstantaneous

amplitude[F(1.197,548.082)=146.612,p<0.001,ηp²=0.24249,90%CI[0.96,

1.29],ηG²=0.14940]andforT5instantaneousamplitude[F(1,458)=3710.346,p

<0.001,ηp²=0.89012,90% CI[5.33,6.02],ηG²=0.51299].ForOzandT5

instantaneousfrequency,therepeatedmeasuresANOVAresultsarerespectively
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[F(3.111,1424.755)=73.586,p<0.001,ηp²=0.13843,90%CI[0.64,0.96],ηG²=

0.08082](Oz)and[F(2.493,1141.681)=441.582,p<0.001,ηp²=0.49087,90%CI

[1.77,2.14],ηG²=0.42934](T5)(Lakens,2013).

Thestatisticallysignificantcontrastinthevariabilityofintrinsicmode

functions,empiricaldecomposedandpostprocessing(Xieetal.,2014)fromevent-

relatedchanges(Pereira2015),betweenthetwoexperimentscorrelatedwitha

contrastinaccessisfortheinstantaneousamplitudewithinthe3variables

postIMF6SquarePseudo,postIMF4SquareMask,postIMF4DiamondMask(Oz)

(fig.17)andwithinthe2variablespostIMF7DiamondPseudoandpostIMF7

SquarePseudo(T5)(fig.18).

Relatedtoinstantaneousfrequency,thestatisticallysignificantcontrastin

thevariabilityofintrinsicmodefunctionsbetweenthetwoexperimentscorrelated

withacontrastinaccessiswithinthe4variablespostIMF6SquarePseudo,

postIMF5SquarePseudo,postIMF5SquareMaskandpostIMF6DiamondPseudo

(Oz)(fig.19)andwithinthe4variablespostIMF5SquarePseudo,postIMF5

SquareMask,postIMF4SquarePseudoandpostIMF5DiamondMask(T5)(fig.20).
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Thestatisticallysignificantvariabilitybetweenthetwoexperiments

correlatedwithacontrastinphenomenologyisfortheinstantaneousamplitude

withinthe1variablespostIMF7diamo(Oz)(fig.21).

However,nonevariable,empiricaldecomposedandpostprocessing(Xieet

al.,2014)fromT5event-relatedchanges(Pereira,2015),iswithinselectedas

importantforthevariabilityininstantaneousamplitudebetweenthetwo

experimentscorrelatedwithacontrastinphenomenology,asitisselectedas

importantforthevariabilityinT5instantaneousfrequency(belowafterthenext

paragraph,the2ndnextparagraph).

Remind thatthetrialsthatarethesameinthesecondblockinboth

experimentsforthesamehighdegreeofvisibility"4"and"5"(theyalsoaccess)

andforthesamecorrectanswers(stimulus’sdiscriminationdon’tcontrastin
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correctandincorrectresponsesbetweenthetwoexperiments)aretheisolated

presentationsofsquareordiamondandofmaskorpseudo-mask.

Relatedtoinstantaneousfrequency,thestatisticallysignificantcontrastin

thevariabilityofintrinsicmodefunctionsbetweenthetwoexperimentscorrelated

withacontrastinphenomenologyiswithinthe1variablespostIMF7diamo(Oz)

(fig.22)andwithinthe3variablespostIMF7squa,postIMF5diamo,postIMF4

diamo(T5)(fig.23).

Theseintrinsicmodefunctionsexplainthevariabilityoftheoccipitaland

lefttemporalelectricalactivityco-occurringwithacontrastinaccessdistinctly

from thevariabilityoftheoccipitalandlefttemporalelectricalactivityco-

occurringwithacontrastinphenomenology(Pereira,2015)withtheaccuracy

that,relatedto thelefttemporal(T5)electricalactivityco-occurringwitha

contrastinphenomenology,thedistinct electrophysiologicalsignalisinthe

instantaneousfrequencydomainbutdon’tinT5instantaneousamplitudedomain.
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