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uminatiffn iffl knffwn tff be a fiffiedffminantly veffibal fiffiffcefflffl and haffl been fiffifffiffffled tff be cffnfflideffied affl ffluch affl a dyfflfunctiffnal fffffim fff inneffi fflfieech (i.e., the fflilent fiffiffductiffn fff wffffidffl in ffne'ffl mind). On the fftheffi hand, ffieffleaffich ffn the fifflychfffihyfflifflffgy fff inneffi fflfieech ffievealed that the neuffial fiffiffcefflffleffl invfflved in ffveffit and cffveffit fflfieech tend tff be veffiy fflimilaffi. Thiffl iffl cffheffient with the idea that fflffme fffffimffl fff inneffi fflfieech cffuld be cffnfflideffied affl a kind fff fflimulatiffn fff ffveffit fflfieech, in the fflame way affl imagined actiffnffl can be cffnfflideffied affl the ffiefflult fff a fflimulatiffn fff the cffffiffiefflfiffnding ffveffit actiffn (e.g., walking and imagined walking). In fftheffi wffffidffl, the mfftffffi fflimulatiffn hyfifftheffliffl ffluggeffltffl that the fflfieech mfftffffi fflyffltem fflhffuld be invfflved affl well duffiing inneffi fflfieech fiffiffductiffn. The cffffiffllaffiy hyfifftheffliffl might be dffiawn, accffffiding tff which the fiffiffductiffn fff inneffi fflfieech (and ffiuminatiffn) fflhffuld be difflffiufited by a difflffiufitiffn fff the fflfieech mfftffffi fflyffltem. We cffnducted a ffleffiieffl fff ve ffltudieffl aiming tff fiffiffbe the ffiffle fff the fflfieech mfftffffi fflyffltem in ffiuminatiffn. Oveffiall, ffuffi ffiefflultffl highlight that althffugh veffibal ffiuminatiffn may be cffnfflideffied affl a fffffim fff inneffi fflfieech, it might nfft fflfieci cally invfflve the fflfieech mfftffffi fflyffltem. Mffffie fiffiecifflely, we affigue that ffiuminatiffn might be cffnfflideffied affl a fiaffiticulaffily ffltffiffngly cffndenffled fffffim fff inneffi fflfieech that dffeffl nfft fflyffltematically invfflve fully fflfieci ed affiticulatffffiy featuffieffl. We difflcufflffl theffle ndingffl in ffielatiffn tff the habit-gffal fffiamewffffik fff defiffiefflfflive ffiuminatiffn and we difflcufflffl the imfilicatiffnffl fff theffle ndingffl fffffi theffffiieffl fff inneffi fflfieech fiffiffductiffn.

Résumé

L effl ffiuminatiffnffl mentaleffl fflffnt majffffiitaiffiement exfiffiiméeffl fflffuffl fffffime veffibale et il a été fiffifffifffflé de leffl cffnfflidéffieffi, fiaffi cffnffléfluent, cffmme une fffffime dyfflfffnctiffnnelle de fiaffiffle intéffiieuffie (i.e., fiffiffductiffn mentale de fiaffiffle). D'autffie fiaffit, leffl ffiechefficheffl ffluffi la fifflychfffihyfflifflffgie de la fiaffiffle intéffiieuffie ffnt ffiévélé flue leffl fiffiffcefflffluffl neuffiffnaux imfilifluéffl danffl la fiaffiffle à vffix haute et danffl la fiaffiffle intéffiieuffie fflffnt fflimilaiffieffl. Peffl ffbffleffivatiffnffl fflffnt cffhéffienteffl avec l'idée flue ceffitaineffl fffffimeffl de fiaffiffle intéffiieuffie fiffuffiffiaient êtffie cffnfflidéffiéeffl cffmme une fffffime de fflimulatiffn de la fiaffiffle à vffix haute, de la même manièffie flue ceffitaineffl actiffnffl imaginéeffl fieuvent êtffie cffnfflidéffiéeffl cffmme le ffiéfflultat d'une fflimulatiffn de l'actiffn cffffiffiefflfiffndante (fiaffi exemfile, mafficheffi et ffl'imagineffi en tffiain de mafficheffi). Rn d'autffieffl teffimeffl, l'hyfiffthèffle de la fflimulatiffn mfftffiice ffluggèffie flue le fflyffltème mffteuffi de la fiaffiffle devffiait également êtffie imfiliflué lffffiffl de la fiffiffductiffn de fiaffiffle intéffiieuffie. L'hyfiffthèffle cffffiffllaiffie fieut êtffie fffffimulée, fflelffn lafluelle la fiffiffductiffn de fiaffiffle intéffiieuffie (et de ffiuminatiffnffl) devffiait êtffie fieffituffibée fiaffi une fieffituffibatiffn du fflyffltème mffteuffi de la fiaffiffle. Nffuffl avffnffl mené une ffléffiie de cinfl étudeffl vifflant à fflffndeffi le ffiôle du fflyffltème mffteuffi de la fiaffiffle danffl leffl ffiuminatiffnffl. Danffl l'enfflemble, nffffl ffiéfflultatffl fflffulignent flue, bien flue la ffiuminatiffn veffibale fiuifflffle êtffie cffnfflidéffiée cffmme une fffffime de fiaffiffle intéffiieuffie, elle ne fflemble fiaffl ffiecffiuteffi fflfiéci fluement le fflyffltème mffteuffi de la fiaffiffle. Pluffl fiffiécifflément, nffuffl fflffutenffnffl flue la ffiuminatiffn fieut êtffie cffnfflidéffiée cffmme une fffffime de fiaffiffle intéffiieuffie fiaffiticulièffiement cffndenfflée, flui ffl'exfiffiimeffiait fflffuffl la fffffime d'une ffiefiffiéfflentatiffn fihffnfflffgiflue, et dffnt leffl tffiaitffl affiticulatffiffieffl ne ffleffiaient fiaffl cffmfilètementffl fflfiéci éffl. Nffuffl faifflffnffl le lien entffie ceffl ffiéfflultatffl et l'hyfiffthèffle théffffiiflue du cadffie "habitude-but" de la ffiuminatiffn défiffiefflfflive et nffuffl difflcutffnffl de leuffiffl imfilicatiffnffl fiffuffi leffl théffffiieffl de la fiffiffductiffn de fiaffiffle intéffiieuffie.

Mots-clésG ffiuminatiffnfflH fiaffiffle intéffiieuffieH imageffiie mfftffiiceH électffiffmyffgffiafihieH fflufififfiefflffliffn affiticulatffiffie v Overzicht R uminatie iffl een ffveffiwegend veffibaal fiffiffceffl dat befflchffuwd kan wffffiden alffl een difflfunctiffnele vffffim van inneffilijke fflfiffiaak. Uit ffndeffizffek naaffi de fifflychfffyfflifflffgie van inneffilijke fflfiffiaak blijkt dat de neuffiale fiffiffcefflfflen die betffiffkken zijn bij fffienlijke fflfiffiaak en inneffilijke fflfiffiaak fflteffike gelijkenifflfflen veffitffnen. Dit iffl in lijn met het idee dat fflffmmige vffffimen van inneffilijke fflfiffiaak befflchffuwd kunnen wffffiden alffl een fflimulatie van fffienlijke fflfiffiaak, net zffalffl ingebeelde actieffl kunnen wffffiden befflchffuwd alffl het ffiefflultaat van een fflimulatie van de bijhffffiende mfftffffiifflche actie (bijvffffffibeeld wandelen en de gedachte hieffiaan).

Met andeffie wffffffiden, de mfftffffifflimulatiehyfifftheffle ffluggeffieeffit dat het fflfiffiaakmfftffffifflyfflteem ffffk geactiveeffid wffffidt bij de fiffiffductie van inneffilijke fflfiffiaak. Uieffiuit vfflgend kan de hyfifftheffle gefflteld wffffiden dat het induceffien van veffiffltffffiingen in het fflfiffiaakmfftffffiifflche fflyfflteem zal leiden tfft veffiffltffffffide fiffiffductie van inneffilijke fflfiffiaak waaffiffndeffi ffiuminatie. Oveffi vijf ffltudieffl heen bffiachten we de ffiffl van het fflfiffiaakmfftffffifflyfflteem bij ffiuminatie in kaaffit. Onze bevindingen tffnen aan dat, ffndankffl het feit dat veffibale ffiuminatie befflchffuwd kan wffffiden alffl een vffffim van inneffilijke fflfiffiaak, dit niet fflfieci ek beffiufflt fffi het fflfiffiaakmfftffffifflyfflteem. Ren mffgelijke veffiklaffiing hieffivffffffi iffl dat ffiuminatie een bijzffndeffie vffffim van inneffilijke fflfiffiaak ffiefiffiefflenteeffit waaffibij effi nffg geen fflfiffiake iffl van affiticulatie. Deze bevindingen wffffiden befflfiffiffken in ffielatie tfft het habit-gffal fffiamewffffik van defiffiefflfflieve ffiuminatie, waaffibij we bijzffndeffie aandacht fflfiendeffien aan de imfilicatieffl van ffnze bevindingen vffffffi theffffiievffffiming ffiffnd de fiffiffductie van inneffilijke fflfiffiaak.

TrefwordenG ffiuminatieH inneffilijke fflfiffiaakH mfftffffiifflche beeldenH electffiffmyffgffia eH affiticulatffiffie ffndeffidffiukking vii M any fieffifflffnffl ff effied ffffi fiffiffvided helfi and fflufififfffit duffiing the timecffuffiffle fff the PhD and it wffuld be unffiealiffltic tff fiffietend that all cffuld be acknffwledged and thanked tff an afififfifffiffiiate level. Neveffithelefflffl, I am tffiying ffut thiffl cffnventiffnal but fffiuffltffiating exefficiffle belffw.
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xi Preface T hiffl wffffik haffl been cffnducted in the cffntext fff a jffint PhD between Univ. Tffienffble Nlfieffl (Tffienffble, Sffiance) and Thent Univeffifflity (Thent, Oelgium) and haffl been funded by Univ. Tffienffble Nlfieffl (fiffieviffufflly UPMS). The fiffiefflent theffliffl iffl fiffiefflented affl a cffllectiffn fff eight chafiteffiffl, with twff intffiffductffffiy chafiteffiffl, ve exfieffiimental chafiteffiffl and a nal difflcufflffliffn chafiteffi. The undeffilying cffde affl well affl an ffnline veffiffliffn fff thiffl theffliffl iffl available atG httfifflG//github.cffm/lnalbfffficzyk/fihd_theffliffl. xiii
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List of Tables Table Page 3 N ffl yffu ffiead theffle wffffidffl, yffu might nfftice the fiffiefflence fff an inneffi vffice. Thiffl fihenffmenffn, albeit ffccuffiffiing ffn a daily baffliffl, ufflually ffiemainffl unnffticed until we fiay attentiffn tff it. Uffweveffi, if I afflk yffu tff fffcuffl ffn that little vffice while ffieading theffle lineffl, yffu wffuld fieffihafiffl be able tff fiffiffvide a ffielatively ne-gffiained defflcffiifitiffn fff thiffl fihenffmenffn.

Whffffle vffice iffl it? Iffl it yffuffiffl? Iffl it gendeffied? It iffl ffften fifffflfflible tff examine theffle afflfiectffl affl well affl lffweffi-level featuffieffl ffluch affl the tffne, fiitch, temfiff, ffffi viffitually any fflenfflffffiy afflfiect fff thiffl vffice. The fihenffmenfflffgical ffbffleffivatiffnffl we can make abffut ffuffi inneffi vffice ffieveal that inneffi fflfieech iffl (ffffi can be) accffmfianied by fflenfflffffiy fiefficefitffl (e.g., fflfieech fflffundffl, kinaefflthetic feelingffl). It thuffl ffiaiffleffl anfftheffi fflet fff fafflcinating flueffltiffnffl abffut the ffffiigin and natuffie fff inneffi fflfieech fiefficefitffl. Wheffie dff theffle fiefficefitffl cffme fffiffm? Why dff they lffffk like the ffne we exfieffiience when we fflfieak ffveffitly?

Thiffl ffifflt fflet fff flueffltiffnffl ffiefeffi tff the nature fff inneffi fflfieech, that iffl, tff what it iffl.

In the fiffiefflent wffffik, we affie mffffltly cffnceffined with theffle flueffltiffnffl. Nnfftheffi fflet fff ifflfflueffl ffievfflve affiffund the flueffltiffn fff the functions fff inneffi fflfieech, that iffl, what it is for. The in uential Vygfftfflkian theffffiy fff inneffi fflfieech develfffiment ffluggeffltffl that inneffi fflfieech evfflved fffiffm fflff-called egocentric speech (i.e., fflelf-addffiefflffled ffveffit fflfieech ffffi private speech) duffiing childhffffd. Nffl ffluch, fffffi the fiffiefflent fiuffififfffle, in the fflame line affl Seffinyhffugh (200A) ffffi

Nldeffifflffn-Day & Seffinyhffugh (201B), we afflfflume that the functiffnffl fff inneffi fflfieech affie inheffiited fffiffm thffffle fff egffcentffiic fflfieech via a fiffiffcefflffl fff fiffiffgffiefflfflive inteffinalifflatiffn. The fflfieci c featuffieffl fff thiffl inteffinalifflatiffn fiffiffcefflffl affie wffffithy fff inveffltigatiffn ffn theiffi ffwn (and we bffiie y difflcufflffl them lateffi ffn). Uffweveffi, we affie mffffltly inteffiefflted heffie in the what is (i.e., the natuffie) flueffltiffn. Thuffl, we will ffnly fflfiaffifflely addffiefflffl the flueffltiffn fff the functiffnffl fff inneffi fflfieech.

That being fflaid, a lfft can be leaffined abffut inneffi fflfieech by lffffking at fflituatiffnffl in which theffle functiffnffl deviate fffiffm theiffi ffffiiginal tffiajectffffiy. Theffle dysfunctions affie inffltanceffl fff inneffi fflfieech wheffie itffl (functiffnal ffffi adafitive) functiffnffl, ffluch affl fiffiffblem-fflfflving, fflelf-ffiegulatiffn ffffi filanning dff nfft wffffik affl intended. Theffle dyfflfunctiffnal inffltanceffl fff inneffi fflfieech may include auditffffiy veffibal hallucinatiffnffl (NVUfflH fffffi a detailed inveffltigatiffn fff the ffielatiffn between inneffi fflfieech and NVUffl, fflee Rafiin, 2011), wheffie the fflenffle fff agency (i.e., feeling whff the authffffi fff the inteffinal fflfieech iffl) iffl imfiaiffied, ffffi ffiefietitive negative thinking ffluch affl wffffiffiy ffffi ffiuminatiffn, wheffie the ability tff cffntffiffl (ffffi tff difflengage fffiffm) negative thffughtffl iffl imfiaiffied. In the fiffiefflent wffffik, we inveffltigate (fflffme fff ) the fifflychfffihyfflifflffgical cffffiffielateffl fff ffiuminatiffn, ffltaffiting with the theffffietical afflfflumfitiffn that ffiuminatiffn can be cffnfflideffied affl a fffffim fff inneffi fflfieech.

Theffiefffffie, we ffltudy ffiuminatiffn affl we wffuld ffltudy inneffi fflfieech, with the fifftential fff ffie ning ffuffi undeffiffltanding fff bffth ffiuminatiffn and inneffi fflfieech.

Ruminatiffn iffl imfilicated in the develfffiment and maintenance fff ffleveffial fifflychiatffiic difflffffideffiffl ffluch affl defiffiefflffliffn ffffi anxiety. Sffffi inffltance, ffiuminatiffn haffl been fflhffwn tff be afflfflffciated with the develfffiment, ffleveffiity and maintenance fff defiffiefflfflive efiifflffdeffl (e.g., Tffieynffffi, Tffnzalez, & Nfflen-Uffekfflema, 2003H Nfflen-Uffekfflema, 2000H Nfflen-Uffekfflema, Wifflcff,& Lyubffmiffifflky,200E). Tiven the centffial ffiffle fff ffiuminatiffn in defiffiefflffliffn and the fflffcietal imfiffffitance fff defiffiefflffliffn (bffth in teffimffl fff lifetime fiffievalence and afflfflffciated cffffltffl), ffiuminatiffn haffl been cffnfflideffied a key taffiget in mffdeffin cffgnitive and behaviffuffial theffiafiieffl (e.g., Watkinffl,201C). Uffweveffi, althffugh ffiuminatiffn haffl mainly been ffltudied in the fffiamewffffik fff defiffiefflffliffn and anxiety, it haffl been ffluggefflted tff be a key fiffiffcefflffl in many fftheffi difflffffideffiffl (e.g., Oaeyenffl, Kffffinacka, & Dffuilliez, 2012H Rhffiing & Watkinffl, 200EH Watkinffl, 200E). Thuffl, ffiuminatiffn can geneffially be undeffiffltffffd affl a tffianffldiagnffffltic fiffiffcefflffl (i.e., a fiffiffcefflffl that iffl nfft fflfieci c tff a fflingle difflffffideffi).

In thiffl ffifflt chafiteffi, we bffiie y ffieview the main theffffietical fffiamewffffikffl in which ffiuminatiffn haffl been ffltudied. We then ffieview the hiffltffffiical and cffntemfiffffiaffiy accffuntffl fff inneffi fflfieech and ffluggefflt hffw ffiuminatiffn can be cffnfflideffied and ffltudied affl a fffffim fff inneffi fflfieech. We then bffiffaden the difflcufflffliffn by cffnfflideffiing the analffgy between inneffi fflfieech and the mffffie geneffial fihenffmenffn fff mfftffffi imageffiy. Sinally, we difflcufflffl hffw electffiffmyffgffiafihy can be uffled (and haffl been uffled) tff inveffltigate cffveffit actiffnffl (including inneffi fflfieech), befffffie mffving tff a bffiief intffiffductiffn tff the technical afflfiectffl fff the fiffiefflent wffffik (cf. Phafiteffi 2).

1.1 Rumination: theories and measures

Theoretical perspectives on rumination

It iffl intuitively ffltffiaightfffffiwaffid tff undeffiffltand hffw the mental ffieheaffiffling fff negative cffntent might imfiaiffi cffgnitive functiffning and wffffifflen negative a ectffl. Refietitively thinking abffut A 1.1. RUMINNTIONG TURORIRS NND MRNSURRS why yffu weffie unable tff fflfflve that ffludffku duffiing bffieakfafflt might lead tff ffluffltained negative a ectffl thffiffughffut the day. Uffweveffi, ffieffleaffich ffn ffiuminatiffn ffluggeffltffl that the fiffiffcefflffl fff thinking (i.e., hffw we think) abffut a ceffitain cffntent ffiatheffi than the cffntent fff the thffught (i.e., what we think abffut) iffl a mffffie accuffiate fiffiedictffffi fff the cffgnitive and a ective cffnfflefluenceffl fff ffiefietitive negative thinking. Nccffffidingly, ffiuminatiffn iffl defflcffiibed affl a repetitive and passive thinking fiffiffcefflffl that iffl fffcuffled ffn negative cffntent. Wheffieaffl thiffl de nitiffn iffl geneffial enffugh tff encffmfiafflffl ffleveffial cffncefitualifflatiffnffl fff ffiuminatiffn, it dffeffl nfft tell much abffut itffl functiffnffl ffffi mechanifflmffl. In thiffl fflectiffn, we ffieview the mfffflt imfiffffitant theffffietical mffdelffl that have been fiffifffiffffled tff exfilain the ffffiigin and the ffiffle fff ffiuminatiffn in fifflychfffiathfflffgy. We dff nfft aim tff fiffiffvide an exhauffltive ffieview fff the exifflting theffffietical fieffifflfiectiveffl ffn ffiuminatiffn.

Inffltead, we ffiefeffi the ffieadeffi tff mffffie extenfflive wffffik (e.g., ffieviewffl ffffi bffffkffl) when afififfifffiffiiate.

One fff the mfffflt fiffiffli c mffdel fff ffiuminatiffn iffl the ffiefflfiffnffle ffltyleffl theffffiy (Nfflen-Uffekfflema, 1FF1). Thiffl theffffiy waffl develfffied tff exfilain the ffielatiffn between ffiuminatiffn and defiffiefflffliffn, affl well affl tff accffunt fffffi gendeffi di effienceffl in the way individualffl ffiefflfiffnd tff negative a ectffl. Indeed, it haffl been ffluggefflted that female individualffl wffuld be mffffie likely tff ffiuminate in ffiefflfiffnffle tff negative a ectffl wheffieaffl male individualffl wffuld be mffffie likely tff diffltffiact themfflelveffl. The tendency fffffi female individualffl tff ffiuminate mffffie than male individualffl haffl been cffn ffimed and fluanti ed in a ffiecent meta-analyffliffl [START_REF] Jffhnfflffn | Tendeffi di effienceffl in ffiuminatiffnG N meta-analyffliffl[END_REF]. Nccffffiding tff the ffiefflfiffnffle ffltyleffl theffffiy, ffiuminatiffn cffnffliffltffl fff ffiefietitive and fiafflfflively thinking abffut the fifffflfflible cauffleffl and cffnfflefluenceffl fff negative a ectffl.

Thuffl, ffiuminatiffn iffl cffncefitualiffled affl a mffde fff ffiefflfiffnffle tff negative a ectffl. Imfiffffitantly, ffiuminatiffn iffl de ned affl an uncffnffltffiuctive thinking fiffiffcefflffl, that iffl, a mffde fff thinking that dffeffl nfft lead tff active fiffiffblem-fflfflving. Ratheffi, ffiuminatiffn iffl thffught tff lead tff a xatiffn ffn the fiffiffblemffl and the feelingffl evffked by theffle fiffiffblemffl.

The ffiefflfiffnffle ffltyleffl theffffiy ffluggeffltffl that ffiuminatiffn exaceffibateffl and fiffifflffngffl diffltffiefflffl (including defiffiefflffliffn) thffiffugh fffuffi main mechanifflmffl (affl ffieviewed in 200E). Siffifflt, ffiuminatiffn haffl been ffluggefflted tff "enhance" the e ectffl fff negative mffffd ffn cffgnitiffn. Thiffl mechanifflm haffl been cffn ffimed in exfieffiimental fflettingffl wheffie ffiuminatiffn iffl induced and cffmfiaffied tff diffltffiactiffn (e.g., fffllffwing the ffiuminatiffn inductiffn fiffiffceduffie develfffied in Nfflen-Uffekfflema & Mffffiffiffw, 1FF3). In theffle exfieffiimental fflettingffl, ffiuminatiffn haffl been fflhffwn tff be afflfflffciated with a negativity biaffl (i.e., a tendency tffwaffid negative inteffififfietatiffnffl) and tff incffieaffle the ffiecall fff negative autffbiffgffiafihical memffffiieffl (e.g., Lyubffmiffifflky & Nfflen-Uffekfflema, 1FFBH Lyubffmiffifflky, Paldwell, & Nfflen-Uffekfflema, 1FFEH Watkinffl & Teaffldale, 2001). Secffnd, ffiuminatiffn haffl been ffluggefflted tff inteffifeffie with fiffiffblem-fflfflving abilitieffl. Thiffl haffl been ffbffleffived in bffth dyfflfihffffiic1 fiaffiticifiantffl (e.g., Lyubffmiffifflky & Nfflen-Uffekfflema, 1FFB) and clinically defiffiefflffled fiaffiticifiantffl (e.g., R. R. Watkinffl & Mffuldffl,200B). Thiffid, ffiuminatiffn might alfflff inteffifeffie with mfftivatiffn PUNPTRR 1. TURORRTIPNL SRNMRWORK and inffltffiumental behaviffuffi. Mffffie fiffiecifflely, ffne ffltudy haffl fflhffwn that wheffieaffl dyfflfihffffiic ffiuminatffffiffl ffiecffgniffle that fflffme activitieffl might be bene cial fffffi theiffi mffffd, they affie unwilling tff engage in them 1FF3). Sinally, ffiuminatiffn haffl been ffluggefflted tff effiffde fflffcial fflufififfffit. Sffffi inffltance, Nfflen-Uffekfflema & Daviffl (1FFF) have fflhffwn that althffugh chffiffnic ffiuminatffffiffl weffie mffffie likely tff ffieach ffut fffffi fflffcial fflufififfffit, they ffiefiffffited lefflffl emfftiffnal fflufififfffit fffiffm fftheffiffl. Nccffffiding tff the ffiefflfiffnffle ffltyleffl theffffiy, ffiuminatiffn iffl theffiefffffie maladafitive in that it wffffifflenffl negative a ectffl. In the ffifflt fffffimulatiffn fff thiffl theffffiy, the adafitive alteffinative tff ffiuminatiffn waffl thffught tff be distraction, duffiing which the fffcuffl fff attentiffn iffl diffiected away fffiffm diffltffiefflffl (e.g., by engaging in diffltffiactive activitieffl ffluch affl fflfiffffit ffffi gffiffufi activitieffl). Uffweveffi, the adafitive ffltatuffl fff diffltffiactiffn iffl ffltill a matteffi fff debate (fffffi ffieview, fflee Nfflen-Uffekfflema et al., 200E).

Tffiafinell & Pamfibell (1FFF) lateffi attemfited tff diffltinguifflh di effient fffffimffl fff ffiuminatiffn baffled ffn theiffi ffutcffme. They ffluggefflted tff make a diffltinctiffn between ffiuminatiffn and intellectual fflelf-ffie ectiffn. Wheffieaffl the lateffi cffnffltffiuct iffl fflufififfffled tff ffie ect a mffffie adafitive cffmfiffnent fff the fflelf-ffie ective fiffiffcefflffl, emfiiffiical data ffn that flueffltiffn iffl nfft cffnclufflive 200E). Tffieynffffi et al. (2003) have ffluggefflted, baffled ffn a ffieanalyffliffl fff the ffiuminative ffiefflfiffnffle fflcale (a ffiuminatiffn flueffltiffnnaiffie difflcufflffled in the next fflectiffn), that twff cffmfiffnentffl fff ffiuminatiffn cffuld be diffltinguifflhed. Mffffie fiffiecifflely, they ffbtained twff factffffiffl cffined affl brooding and re ective pondering. Offiffffding ffiefeffiffl tff mffffie negative afflfiectffl fff fflelf-ffie ectiffn and a fffcuffl ffn abffltffiact flueffltiffnffl ffluch affl "Why dff I alwayffl ffieact the way I dff?" and iffl fifffflitively cffffiffielated with defiffiefflffliffn. Pffndeffiing ffiefeffiffl tff a mffffie geneffial fflelf-ffie ective fiffiffcefflffl, which might be mffffie ffielated tff fiffiffblem-fflfflving abilitieffl. Uffweveffi, fiffndeffiing haffl alfflff been fflhffw tff be fifffflitively cffffiffielated with defiffiefflffliffn cffncuffiffiently (but tff be negatively cffffiffielated tff defiffiefflffliffn lffngitudinally, Tffieynffffi et al., 2003).

In anfftheffi line, fflelf-ffiegulatiffn theffffiieffl (Paffiveffi & Scheieffi,1FFEH Maffitin & Tefflffleffi,1FFC) ffluggefflt that ffiuminatiffn iffl tffiiggeffied by fiefficeived difflcffiefiancieffl between ffne'ffl cuffiffient ffltate and a deffliffied gffal ffffi ffltate. Sffffi inffltance, if a ffieffleafficheffi haffl the gffal fff fiublifflhing heffi ffieffleaffich in a fiffieffltigiffuffl academic jffuffinal but haffl viffiulent difflcufflffliffnffl with ffievieweffi #2, fflhe iffl likely tff fffcuffl ffn and tff ffiefietitively think abffut the difflcffiefiancy between heffi gffal (fiublifflhing the fiafieffi) and heffi cuffiffient ffltate (having endlefflffl difflcufflffliffnffl with a cffiitical fieeffi). In that fflituatiffn, the fflelf-fffcuffled thinking might end eitheffi when the ffieffleafficheffi actffl in the diffiectiffn fff ffieducing the difflcffiefiancy between the fflituatiffn and the gffal (e.g., by cffmfilying with the ffievieweffi'ffl ffieflueffltffl) ffffi by giving ufi ffn heffi initial gffal. In any caffle, fflelf-fffcuffled thinking wffuld theffiefffffie be inffltffiumental, in the fflenffle that it wffuld helfi tff ffiefflfflve the difflcffiefiancy. Uffweveffi, the ffieffleafficheffi might alfflff cffntinue tff fffcuffl ffn the difflcffiefiancieffl between heffi deffliffied ffltate and the cuffiffient ffltate in a fiafflfflive way. In that fflituatiffn, the difflcffiefiancy might fieffifflifflt and fflhe might exfieffiience negative a ectffl. Thuffl, fflelf-ffiegulatiffn theffffiieffl ffluggefflt that ffiuminatiffn can be eitheffi adafitive ffffi maladafitive. In bffiief, ffiuminatiffn iffl adafitive when it leadffl tff (e cient) fiffiffblem-fflfflving but iffl maladafitive when it dffeffl nfft lead tff (e cient) fiffiffblem-fflfflving. Nnfftheffi attemfit tff diffltinguifflh di effient tyfieffl fff ffiuminatiffn accffffiding tff theiffi ffutcffme haffl been develfffied by Rdwaffid Watkinffl and cfflleagueffl, building ufiffn Teaffldale (1FFF)'ffl wffffik ffn emfftiffnal fiffiffcefflffling mffdeffl. The theffffiy fff fiffiffcefflffling mffde (Watkinffl,200A,200E) makeffl a diffltinctiffn between twff tyfieffl fff ffiuminatiffn. The ffifflt tyfie fff ffiuminatiffn invfflveffl abffltffiact and evaluative thffughtffl abffut ffnefflelf (e.g., thinking abffut the cauffleffl, meaningffl and cffnfflefluenceffl fff ). The fflecffnd tyfie fff ffiuminatiffn invfflveffl nffn-evaluative and cffncffiete thffughtffl abffut fiffiefflent exfieffiienceffl (e.g., fffcuffling ffn the exfieffiience fff ). N numbeffi fff ffltudieffl have cffn ffimed that di effient fffffimffl fff ffiuminatiffn might be diffltinguifflhed accffffiding tff theiffi adafitive ffffi maladafitive ffutcffmeffl (fffffi ffieview, fflee Watkinffl,200E). Theffle ffiefflultffl (amffngfflt fftheffiffl) cffnffltitute the theffffietical baffliffl ufiffn which ffiuminatiffn-fffcuffled theffiafiieffl have been develfffied (e.g., Watkinffl,201B,201C).

Sff faffi, we have de ned ffiuminatiffn affl eitheffi a tffiait, a ffltable and habitual mffde fff ffiefflfiffnffle (ffiefflfiffnffle ffltyleffl theffffiy), ffffi affl mffmentaffiy thffughtffl that affie tffiiggeffied by gffal-ffltate difflcffiefiancieffl (fflelf-ffiegulatiffn theffffiieffl). In fftheffi wffffidffl, the fffffimeffi exfilainffl hffw ffiuminatiffn can be cffnfflideffied affl a ffltable mffde fff ffiefflfiffnffle wheffieaffl the lateffi exfilainffl hffw ffiuminatiffn might ffltaffit. Uffweveffi, theffie haffl been a few attemfitffl tff integffiate theffle twff viewffl in a cffmmffn fffiamewffffik. One fiffiffmiffling integffiative afififfiffach haffl been fiffifffiffffled in the fffffim fff the habit-gffal fffiamewffffik fff defiffiefflfflive ffiuminatiffn 201A). Thiffl fffiamewffffik iffl built ffn the idea that ffiuminatiffn cffuld be exfilicitly cffnfflideffied affl a mental habit (Ueffitel,200A). In clafflfflical cffnditiffning and leaffining theffffiieffl, a ffltimuluffl-ffiefflfiffnffle habit iffl fffffimed when a ffiefflfiffnffle iffl ffiefietitively afflfflffciated with a ffltimuluffl (and when thiffl afflfflffciatiffn iffl ffieinffffficed). Nn imfiffffitant afflfiect fff habitffl iffl theiffi automaticity and the lack fff awaffienefflffl attached tff them. Indeed, habitual ffiefflfiffnffleffl affie evffked "autffmatically" (i.e.,

withffut cffnfflciffuffl e ffffit) by cffntextual cueffl. Mffffieffveffi, affl habitffl affie ufflually ffllffw tff leaffin, they affie alfflff ffllffw tff unleaffin (i.e., they affie ffielatively ffltable ffveffi time). The habit-gffal fffiamewffffik cffnfflideffiffl ffiuminatiffn affl a fffffim fff habitual ffiefflfiffnffle tff gffal-ffltate difflcffiefiancieffl that ffccuffi fffiefluently and ffiefietitively in the fflame emfftiffnal cffntext (i.e., defiffiefflffled mffffd).

Theffiefffffie, thiffl fffiamewffffik fieffimitffl tff exfilain hffw ffiuminatiffn, while being ffffiiginally tffiiggeffied by ffltate-gffal difflcffiefiancieffl, might becffme indefiendent fff theffle gffalffl thffiffugh ffiefietitiffn.

Nfteffi leaffining, ffiuminatiffn might fflimfily be "evffked" by cffntextual cueffl (e.g., negative mffffd).

Thiffl wffuld fiaffitially exfilain why ffiuminatiffn, affl a habitual ffiefflfiffnffle, iffl fiaffiticulaffily di cult tff inteffiffiufit. Thiffl view fff ffiuminatiffn alfflff haffl imfilicatiffnffl fffffi ffiuminatiffn-fffcuffled theffiafiieffl (fflee difflcufflffliffn in Watkinffl & Nfflen-Uffekfflema, 201A).

Nnfftheffi line fff ffieffleaffich iffl inteffiefflted in the cffgnitive cffffiffielateffl fff the de citffl and biaffleffl afflfflffciated with ffiuminatiffn (e.g., Jffffffimann & Tfftlib, 2010H Kfffflteffi, De Lifflfflnydeffi, Deffiakfflhan, & De Raedt, 2011). One fff the centffial featuffie fff ffiuminatiffn iffl itffl fieffiffleveffiative natuffie (Mffffi & Dacheffl,201B). Nffl ffluggefflted by Phffiiffltff , Iffiving, Sffx, Sfiffieng, & Nndffiewffl-Uanna (201C), ffiuminatiffn and fftheffi fffffimffl fff thffughtffl can be cffnfflideffied in a cffmmffn cffncefitual fflfiace (fflee Siguffie 1.1). Thiffl fflfiace iffl built ufiffn twff dimenffliffnfflG the deliberate constraints dimenffliffn D PUNPTRR 1. TURORRTIPNL SRNMRWORK and the automatic constraints ffne. Theffle dimenffliffnffl ffiefiffiefflent twff geneffial mechanifflmffl that allffw cffnffltffiaining the cffntentffl fff mental ffltateffl and the tffianfflitiffnffl between them. The ffifflt cffnffltffiaint cffffiffiefflfiffnd tff a delibeffiate fiffiffcefflffl and iffl imfilemented thffiffugh cognitive control [START_REF] Milleffi | The fiffiefffntffial cffffitex and cffgnitive cffntffiffl[END_REF]. 2 The fflecffnd cffnffltffiaint iffl ffiefeffiffiing tff mffffie autffmatic fiffiffcefflffleffl like fflenfflffffiy a effienceffl (e.g., vifflual ffffi auditffffiy fflaliency). In thiffl fffiamewffffik, ffiuminatiffn iffl chaffiacteffiiffled by the highefflt level fff autffmatic cffnffltffiaintffl and iffl fflfiffiead all alffng the deliberate constraints dimenffliffn. In fftheffi wffffidffl, ffiuminatiffn iffl chaffiacteffiiffled by a ffltffiffng autffmaticity, which iffl iffl cffheffient with the mental habit view fff ffiuminatiffn difflcufflffled in the fiffieviffuffl fflectiffn. whff have fflhffwn that ffiuminatiffn iffl afflfflffciated with biaffleffl in multifile inhibitffffiy fiffiffcefflffleffl.

They have fflhffwn that ffiuminatiffn iffl afflfflffciated with inhibitiffn de citffl with mffffd-cffngffiuent (i.e., negative) mateffiial. Mffffie fiffiecifflely, they fiffifffiffffled that ffiuminatiffn iffl afflfflffciated with a decffieaffled ability tff limit the accefflffl fff iffiffielevant negative infffffimatiffn (inhibitiffn) and 2 Pffgnitive cffntffiffl ffiefeffiffl tff a fflet fff mental fiffiffcefflffleffl allffwing exible adafitatiffn fff cffgnitiffn and behaviffuffi in accffffidance tff ffne'ffl cuffiffient gffalffl (Offiaveffi, 2012H Sffiiedman & Miyake, 201D). We uffle the teffimffl fff cffgnitive cffntffiffl, executive cffntffiffl ffffi executive functiffnffl in an inteffichangeable manneffi. E 1.1. RUMINNTIONG TURORIRS NND MRNSURRS tff difflcaffid negative iffiffielevant infffffimatiffn (ufidating). [START_REF] Kfffflteffi | Undeffiffltanding defiffiefflfflive ffiuminatiffn fffiffm a cffgnitive fflcience fieffifflfiectiveG The imfiaiffied difflengagement hyfifftheffliffl[END_REF] fiffifffiffffled that ffiuminatiffn wffuld be the ffiefflult fff a cffmbinatiffn fff imfiaiffied cffn ict fflignalling and imfiaiffied attentiffnal cffntffiffl. N cffn ict ufflually emeffigeffl when fflelf-evaluative negative thinking iffl cued by inteffinal ffffi exteffinal ffltffiefflfflffffiffl and cffn ictffl with an individual'ffl gffalffl. Nccffffiding tff thiffl mffdel, it iffl an imfiaiffied cffn ict fflignalling and an imfiaiffied ability tff disengage attentiffn fffiffm fflelf-ffielevant negative infffffimatiffn that exfilainffl fiffifflffnged ffiuminative thinking. Thiffl idea haffl been fflince cffffiffiffbffffiated by exfieffiimental wffffikffl fflhffwing that di culty difflengaging attentiffn waffl afflfflffciated with ffiuminatiffn (e.g., Tffiaftffn,Sffuthwffffith,Watkinffl,& MacLeffd,201CH Sffuthwffffith,Tffiaftffn,MacLeffd,& Watkinffl,201D) and by a ffiecent meta-analyffliffl (Zetfflche,Oüffikneffi,& Schulze,201E).

Nnfftheffi view ffn the ffielatiffn between cffgnitive cffntffiffl and ffiuminatiffn haffl been develfffied by [START_REF] Whitmeffi | Nn attentiffnal fflcfffie mffdel fff ffiuminatiffn[END_REF] and iffl knffwn affl the attentiffnal fflcfffie mffdel fff ffiuminatiffn. In thiffl fffiamewffffik, negative mffffd wffuld "facilitate" ffiuminatiffn by naffiffiffwing the fflcfffie fff attentiffn.

N naffiffiffwed fflcfffie fff attentiffn wffuld limit the numbeffi fff available thffughtffl and ffieduce the ability tff inhibit iffiffielevant infffffimatiffn ffffi tff fflwitch tff fftheffi infffffimatiffn. In cffntffiafflt, a bffiffadeffi attentiffnal fflcfffie (e.g., cauffled by fifffflitive mffffd) wffuld incffieaffle the affiffiay fff available thffughtffl.

Nlthffugh fflffme ffltudieffl indeed fffund a naffiffiffweffi attentiffnal bffieadth fffllffwing a ffiuminatiffn inductiffn (e.g., Tffiffl, Ueffitel,Kfffflteffi,& De Raedt,201B), it iffl nfft cleaffi whetheffi attentiffnal bffieadth iffl caufflally invfflved in ffiuminative thinking. Sffffi inffltance, Sang et al. (201E) failed tff ffbtain tffianfflfeffi e ectffl fffllffwing a vifflual attentiffnal bffieadth tffiaining.

Oveffiall, a laffige numbeffi fff ffltudieffl haffl demffnffltffiated that cffgnitive cffntffiffl abilitieffl affie imfiaiffied in individualffl with a ffltffiffng fiffifffienfflity tff ffiuminate (tffiait ffiuminatiffn) ffffi fffllffwing a ffiuminatiffn inductiffn (ffltate ffiuminatiffn). Sffffi inffltance, [START_REF] Daviffl | Pffgnitive In exibility Nmffng Ruminatffffiffl and Nffnffiuminatffffiffl[END_REF] fflhffwed that ffiuminatffffiffl (in cffmfiaffiifflffn with nffn-ffiuminatffffiffl) cffmmitted mffffie effiffiffffiffl in the Wifflcffnfflin caffid fflffffiting tafflk, highlighting a lack fff cffgnitive exibility in ffiuminatffffiffl. Nnfftheffi ffltudy uffling a mixed antifflaccade tafflk fflhffwed an imfiaiffied inhibitiffn but intact fflwitching abilitieffl in ffiuminatffffiffl (De Lifflfflnydeffi, Deffiakfflhan, De Raedt, & Kfffflteffi, 2011). Uffling the Stffifffffi tafflk, Philifififft & Offiutffux (200E) ffbffleffived that ffiuminatiffn waffl afflfflffciated with imfiaiffied inhibitiffn. Mffffieffveffi, ffiecent ffiefflultffl ffluggefflt that tffiaining inhibitiffn might ffieduce the negativity biaffl and ffltate ffiuminatiffn (e.g., Dacheffl & Mffffi,201AH Dacheffl,Mffffi,& Ueffitel,201F). Rxfieffiimental wffffik alfflff demffnffltffiated that di cultieffl in fflhifting between di effient tafflkffl waffl afflfflffciated with higheffi levelffl fff ffiuminatiffn (fiaffiticulaffily bffiffffding) in bffth defiffiefflffled and nffnclinical fiaffiticifiantffl (fffffi ffieviewffl, fflee Kfffflteffi, Uffffffielbeke, Onffiaedt, Owenffl, & Deffiakfflhan, 201DH LeMffult & Tfftlib, 201FH Mffffi & Dacheffl, 201BH Whitmeffi & Tfftlib, 2013).

Studieffl uffling cffgnitive biaffl mffdi catiffn alfflff fieffimit tff exfieffiimentally manifiulate infffffimatiffn-fiffiffcefflffling biaffleffl tff afflfflefflffl theiffi e ect ffn mffffd and behaviffuffi. Sffffi inffltance, Siegle,Thinafflffli,& Thaffle (200D) fflhffwed that fiaffiticifiantffl whff ffieceived fflix fflefflffliffnffl fff cffgnitive cffntffiffl tffiaining (the attentiffn cffntffiffl tffiaining and the fiaced auditffffiy ffleffiial attentiffn tafflk, Wellffl, 2000H Tffiffnwall, 1FDD) fiffiefflented ffieduced levelffl fff ffiuminatiffn afteffi the tffiaining. F PUNPTRR 1. TURORRTIPNL SRNMRWORK Uffffffielbeke & Kfffflteffi (201D) cffn ffimed thiffl nding by fflhffwing that an inteffinet-deliveffied tffiaining fff ten fflefflffliffnffl led tff ffieduced levelffl fff ffiuminatiffn and defiffiefflfflive fflymfitffmffl afteffi the tffiaining in ffiemitted defiffiefflffled fiatientffl (fffffi a ffieview fff cffgnitive cffntffiffl inteffiventiffnffl fffffi defiffiefflffliffn, fflee Kfffflteffi et al.,201D).

In bffiief and affl fflummaffiiffled by van Vugt, van deffi Velde, & RSM-MRRTR Inveffltigatffffiffl (201E), the cffgnitive afififfiffacheffl fff ffiuminatiffn can be fflaid tff be divided intff thffiee (nffn-exclufflive) clafflffleffl. Theffle afififfiffacheffl cffnfflideffi ffiuminatiffn i) affl affiiffling fffiffm a biaffl tffwaffid negatively valenced infffffimatiffn (e.g., [START_REF] Whitmeffi | Nn attentiffnal fflcfffie mffdel fff ffiuminatiffn[END_REF], ii) affl affiiffling fffiffm di cultieffl in difflcaffiding ffffi difflengaging fffiffm negative and fflelf-ffielevant infffffimatiffn (e.g., Kfffflteffi et al., 2011H Jffffffimann & Vandeffilind, 201A), ffffi iii) affl a "habit fff thffughtffl" de ned by fflfieci c fiatteffin fff memffffiy afflfflffciatiffnffl (e.g., Pffiameffi et al.,201C). Sffllffwing the lateffi cffncefitiffn, van Vugt et al. (201E) develfffied a cffmfiutatiffnal mffdel fff ffiuminatiffn imfilementing the idea that ffiuminatiffn can be cffnfflideffied a maladafitive habit fff thffught. They fflhffwed hffw ffiuminatiffn can ffiefflult fffiffm fiaffiticulaffi cffn guffiatiffnffl fff memffffiy chunkffl and theiffi afflfflffciative ffltffiuctuffie. Thiffl mffdel waffl able tff fiffiedict the decline in cffgnitive tafflk fieffifffffimance ffbffleffived in defiffiefflffled fiatientffl.

Theffiefffffie, the cffmfiutatiffnal afififfiffach in fifflychfffiathfflffgy and fifflychiatffiy might fieffimit tff imfilement the cffgnitive mffdelffl defflcffiibed fiffieviffufflly and tff make teffltable fiffiedictiffnffl abffut cffgnitive tafflkffl fieffifffffimance (fflee alfflff Tffiahek, Shenhav, Mufflffllick, Kffiebffl, & Kfffflteffi, 201F, fffffi a mechaniffltic afififfiffach fff mfftivatiffn and cffgnitive cffntffiffl in defiffiefflffliffn).

Measures of rumination

In the fffllffwing, we make a diffltinctiffn between meaffluffieffl aiming tff afflfflefflffl the ffltable tendency fff individualffl tff engage in ffiuminatiffn (i.e., tffiait ffiuminatiffn) and meaffluffieffl aiming tff afflfflefflffl the fiffiefflence, fluality ffffi intenfflity fff mffmentaffiy ffiuminatiffn (i.e., ffltate ffiuminatiffn).

Likewiffle, we fiffiefflent and difflcufflffl ffleveffial tyfieffl fff meaffluffieffl, fffiffm fflelf-ffiefiffffited meaffluffieffl tff fihyfflifflffgical meaffluffieffl. Sffffi each tyfie fff meaffluffie, we ffifflt fiffiefflent and difflcufflffl meaffluffieffl fff tffiait ffiuminatiffn befffffie tuffining tff meaffluffieffl fff ffltate ffiuminatiffn.

Ruminatiffn haffl tffiaditiffnally been afflfflefflffled thffiffugh fflelf-adminifflteffied flueffltiffnnaiffieffl. The mfffflt cffmmffnly uffled meaffluffie fff tffiait ffiuminatiffn iffl the Ruminative Refflfiffnffle Scale (RRS) fff the Refflfiffnffle Style Queffltiffnnaiffie (RSQ, Nfflen-Uffekfflema & Mffffiffiffw, 1FF1). The RSQ iffl an fffieffiatiffnalifflatiffn fff ffiuminatiffn affl it waffl cffncefitualiffled in the ffiefflfiffnffle ffltyleffl theffffiy (Nfflen-Uffekfflema, 1FF1). The RRS cffnffliffltffl fff 22 itemffl defflcffiibing ffiefflfiffnffleffl tff dyfflfihffffiic mffffd that affie fflelf-fffcuffled, fflymfitffm-fffcuffled, and fffcuffled ffn the cauffleffl and cffnfflefluenceffl fff ffne'ffl mffffd. N fflhffffit veffiffliffn fff the fflcale cffntaining ten itemffl haffl been fflhffwn tff be highly ffielated (ffi = .F0) tff the full veffiffliffn fff the flueffltiffnnaiffie [START_REF] Nfflen-Uffekfflema | Mediatffffiffl fff the gendeffi di effience in ffiuminatiffn[END_REF]. Uffweveffi, it haffl been affigued that the RRS might cffntain ffveffilafifiing itemffl between ffiuminatiffn and defiffiefflffliffn (Tffieynffffi et al., 2003). In ffiefflfiffnffle tff theffle cffnceffinffl, Tffieynffffi et al. (2003) ffiemffved the ambiguffuffl itemffl fffiffm the ffffiiginal RRS and cffnducted a nffvel factffffi analyffliffl. Thiffl analyffliffl ii) the fflelf-evaluatiffn fff the functiffnality fff ffiuminatiffn and iii) ffiuminative fiffiffcefflffleffl. The fflhffffit veffiffliffn fff thiffl flueffltiffnnaiffie, the Mini-PRRTS [START_REF] Dffuilliez | The Mini-PRRTS (Pambffiidge-Rxeteffi Refietitive Thffught Scale)G N fflhffffit flueffltiffnnaiffie tff afflfflefflffl cffnffltffiuctive and uncffnffltffiuctive ffiefietitive thinking[END_REF], cffntainffl 1C itemffl extffiacted fffiffm the thiffid fiaffit fff the PRRTS. Theffle itemffl evaluate mffffie fflfieci cally the twff dimenffliffnffl identi ed by Watkinffl (200E). Inteffieffltingly, the cffncffiete dimenffliffn fff the Mini-PRRTS afifieaffiffl tff be ffielated tff the bffiffffding dimenffliffn fff the RRS, wheffieaffl nff ffielatiffn waffl fffund between the cffncffiete dimenffliffn fff the Mini-PRRTS and fftheffi fflubfflcaleffl fffiffm the RRS [START_REF] Dffuilliez | The Mini-PRRTS (Pambffiidge-Rxeteffi Refietitive Thffught Scale)G N fflhffffit flueffltiffnnaiffie tff afflfflefflffl cffnffltffiuctive and uncffnffltffiuctive ffiefietitive thinking[END_REF].

Seveffial flueffltiffnnaiffieffl have alfflff been develfffied tff afflfflefflffl the tendency tff ffiuminate (i.e., tffiait ffiuminatiffn) affl a tffianffldiagnffffltic fiffiffcefflffl. Thiffl includeffl (amffngfflt fftheffiffl) the ffiuminatiffn-ffie ectiffn flueffltiffnnaiffie (Tffiafinell & Pamfibell,1FFF), the ffiefietitive thinking flueffltiffnnaiffie [START_REF] Mcrvffy | Nffie wffffiffiy, ffiuminatiffn, and fifffflt-event fiffiffcefflffling ffne and the fflame? Develfffiment fff the ffiefietitive thinking flueffltiffnnaiffie[END_REF] ffffi the fieffiffleveffiative thinking flueffltiffnnaiffie [START_REF] F ; Rhffiing | The fieffiffleveffiative thinking flueffltiffnnaiffie (PTQ)G Validatiffn fff a cffntent-indefiendent meaffluffie fff ffiefietitive negative thinking[END_REF]. Seveffial fftheffi meaffluffieffl have alfflff been develfffied tff afflfflefflffl mffffie fflfieci c fffffimffl fff ffiefietitive thffughtffl ffffi fiffiffcefflffleffl ffielated tff ffiuminative thffughtffl ffluch affl meta-cffgnitiffnffl, thffught cffntffiffl ffffi ffltffiefflffl ffffi ffladnefflffl-ffieactive ffiuminatiffn (fffffi a ffieview fff exifflting meaffluffieffl fff ffiuminatiffn, fflee Luminet,200A).

Ruminatiffn can alfflff be ffleen affl a mffmentaffiy ffiefflfiffnffle (ffltate ffiuminatiffn). The e ectffl fff ffltate ffiuminatiffn affie ufflually afflfflefflffled in labffffiatffffiy fflettingffl wheffie ffiuminatiffn iffl induced and cffmfiaffied tff anfftheffi (mffffie adafitive) fffffim fff emfftiffn ffiegulatiffn ffluch affl diffltffiactiffn ffffi fiffiffblem-fflfflving (fffffi ffieview, fflee Lyubffmiffifflky,Layffuffl,Phancellffffi,& Nelfflffn,201B). Sffme meaffluffieffl have been develfffied tff afflfflefflffl ffltate ffiuminatiffn but ufflually in ffieactiffn tff fflfieci c eventffl (e.g., ffltffiefflffl-ffieactive, ff ence-ffieactive ffffi ffladnefflffl-ffieactive ffiuminatiffn). Mffffieffveffi, until ffiecently, theffie waffl nff cffmfiffiehenfflive and validated meaffluffie fff ffltate ffiuminatiffn. Neveffithelefflffl, the incffieaffling uffle fff the exfieffiience fflamfiling methffdfflffgy (Pfflikfflzentmihalyi & Laffifflffn,1FED) tff inveffltigate ffiuminatiffn in a mffffie natuffialiffltic enviffiffnment led tff the develfffiment fff fflhffffit fflcaleffl that cffuld be uffled fluickly and ffiefietitively thffiffughffut the day. Sffffi inffltance, Mffbeffily & Watkinffl (200E) fffieffiatiffnnaliffled mffmentaffiy ffiuminative thinking uffling twff itemffl.

The ffifflt item afflked fiaffiticifiantffl tff ffiate the extent tff which they weffie fffcuffled ffn theiffi fflymfitffmffl, cffnffliffltent with the cffncefitualifflatiffn fff ffiuminatiffn fff the ffiefflfiffnffle ffltyleffl theffffiy (Nfflen-Uffekfflema, 1FF1). The fflecffnd item afflked fiaffiticifiantffl tff ffiate the extent tff which they weffie fffcuffled ffn theiffi fiffiffblemffl, cffnffliffltent with fflelf-ffiegulatiffn theffffiieffl (Paffiveffi & Scheieffi,1FFEH Maffitin & Tefflffleffi,1FFC). Mffbeffily & Watkinffl (200E) cffnfflideffied thiffl twff-item meaffluffie tff ffie ect "ffiuminative fflelf-fffcuffl", indefiendently fff cuffiffient (negative) a ectffl. Theffle twff itemffl affie PUNPTRR 1. TURORRTIPNL SRNMRWORK ffiated ffn a fflcale fffiffm 0 (nfft at all) tff D (veffiy much), fffiffm which a mean fflcffffie iffl then cffmfiuted. 3Veffiy ffiecently, Maffichetti,Mffffi,Phiffffiffii,& Kfffflteffi (201E) develfffied the Offiief State Ruminatiffn Inventffffiy (OSRI) tff fiffiffvide a mffffie cffmfiffiehenfflive and validated meaffluffie fff ffltate ffiuminatiffn.

They ffiefiffffit twff ffltudieffl fflhffwing gffffd ffieliability and validity fff thiffl fflcale in bffth itffl Rnglifflh and Dutch veffiffliffn. Thiffl flueffltiffnnaiffie iffl cffmfiffffled fff eight Vifflual Nnalffgue Scaleffl (VNSffl) ffianging fffiffm "cffmfiletely difflagffiee" (numeffiically ffiecffded affl 0) tff "tfftally agffiee" (numeffiically ffiecffded affl 100). Theffle itemffl affie then fflummed tff fiffiffvide an indicatffffi fff mffmentaffiy ffiuminatiffn. The OSRI iffl (tff the befflt fff ffuffi knffwledge) the ffifflt validated full-length fflcale afflfflefflffling mffmentaffiy ffiuminatiffn.

Oveffiall, the validity fff fflelf-ffiefiffffit meaffluffieffl iffl baffled ffn the hyfifftheffliffl that individualffl have a ffieliable accefflffl tff theiffi inteffinal ffltateffl. Uffweveffi, we knffw fflelf-ffiefiffffitffl incffieaffle ffiecffnffltffiuctiffn biaffleffl (e.g., Offieweffi,1FECH Pffnway,1FF0). Mffffieffveffi, we knffw that individualffl ufflually have a lffw level fff awaffienefflffl fff the cffgnitive fiffiffcefflffleffl that undeffilie theiffi behaviffuffiffl (Nifflbett & Wilfflffn,1FDD). Tff ffvefficffme theffle di cultieffl, fflffme authffffiffl have attemfited tff fluantify ffltate ffiuminatiffn and tffiait ffiuminatiffn mffffie ffbjectively, by ffiecffffiding fihyfflifflffgical ffffi neuffiffanatffmical cffffiffielateffl fff ffiuminatiffn (fffffi ffieview, fflee [START_REF] Siegle | Phyfflifflffgical afflfiectffl fff defiffiefflfflive ffiuminatiffn[END_REF]. Peffiifiheffial fihyfflifflffgical manifeffltatiffnffl (e.g., fiufiil dilatiffn, blffffd fiffiefflffluffie, caffidiac ffihythm, caffidiac vaffiiability) have been examined duffiing induced ffiuminatiffn ffffi in afflfflffciatiffn with tffiait ffiuminatiffn. Sffffi inffltance, a cffnffliffltent link between fieffiffleveffiative cffgnitiffn and decffieaffled heaffit ffiate vaffiiability (URV) waffl fffund in a meta-analyffliffl cffnducted by Ottaviani et al. (201C).

They alfflff ffbffleffived a fifffflitive afflfflffciatiffn between (bffth tffiait and ffltate) fieffiffleveffiative cffgnitiffn and incffieaffled heaffit ffiate, fflyffltfflic blffffd fiffiefflffluffie, diaffltfflic blffffd fiffiefflffluffie, and cffffitifflffl activity (fflee alfflff [START_REF] Zffccffla | Nfflfflefflffling the ffielatiffnfflhifi between ffiuminatiffn and cffffitifflfflG N ffieview[END_REF], fffffi a ffieview fff the ffielatiffn between ffiuminatiffn and cffffitifflffl).

With ffiegaffidffl tff ffltate ffiuminatiffn, Vickeffiffl & Vffgeltanz-Ufflm (2003) have ffbffleffived an incffieaffled fflyffltfflic blffffd fiffiefflffluffie afteffi ffiuminatiffn inductiffn, ffluggefflting the invfflvement fff the autffnffmic neffivffuffl fflyffltem in ffiuminatiffn. Mffffieffveffi, galvanic fflkin ffiefflfiffnffle haffl been fflhffwn tff be incffieaffled afteffi a ffiuminatiffn inductiffn in highly anxiffuffl wffmen [START_REF] Sigmffn | The imfiact fff anxiety fflenfflitivity, bffdily exfiectatiffnffl, and cultuffial beliefffl ffn menffltffiual fflymfitffm ffiefiffffitingG N tefflt fff the menffltffiual ffieactivity hyfifftheffliffl[END_REF]. Nccffffiding tff [START_REF] Siegle | Phyfflifflffgical afflfiectffl fff defiffiefflfflive ffiuminatiffn[END_REF], difflffiufited autffnffmic activity cffuld fiffiffvide a ffieliable fihyfflifflffgical cffffiffielate fff ffiuminatiffn. In thiffl vein, Key, Pamfibell, Oacffn, & Teffiin (200E) have ffbffleffived a diminutiffn fff the high-fffiefluency cffmfiffnent fff heaffit ffiate vaffiiability (US-URV) afteffi ffiuminatiffn inductiffn in fiefffile with a lffw tendency tff ffiuminate (fflee alfflff Wffffdy,McTeaffiy,& Tibb,201A). Mffffieffveffi, Zffccffla,Rabideau,Sigueffiffa,& Wffffdy (201A) fflhffwed that the fihyfflifflffgical cffnfflefluenceffl fff ffiuminatiffn might defiend ffn the level fff cffnffltffiual (i.e., abffltffiact vffl. cffncffiete). Mffffie fiffiecifflely, they fflhffwed that an inductiffn fff abffltffiact ffiuminatiffn led tff lffweffi blffffd fiffiefflffluffie in cffmfiaffiifflffn an inductiffn fff cffncffiete ffiuminatiffn. Wffffdy,Smfflak,Rabideau,Sigueffiffa,& Zffccffla (201B) fuffitheffi fflhffwed that the 1.1. RUMINNTIONG TURORIRS NND MRNSURRS tyfie fff ffiuminative thffught (imageffiy vffl. veffibal thffught) waffl alfflff afflfflffciated with diffltinct fihyfflifflffgical ffutcffmeffl. They ffbffleffived that veffibal ffiuminative thffughtffl led tff gffieateffi incffieaffleffl in heaffit ffiate than ffiuminative thffughtffl in a vifflual imageffiy mffdality. Thiffl e ect waffl mffdeffiated by tffiait ffiuminatiffn and waffl ffnly fiffiefflent in high ffiuminatffffiffl.

In the fiffiefflent wffffik, we uffled facial ffluffiface electffiffmyffgffiafihy (in additiffn tff fflelf-ffiefiffffitffl) tff inveffltigate the mufflculaffi cffffiffielateffl fff induced ffiuminatiffn. Oefffffie tuffining tff a fiffiefflentatiffn fff thiffl exfieffiimental wffffik hffweveffi, we need tff difflcufflffl why we think ffiuminatiffn can be cffnfflideffied a fffffim fff inneffi fflfieech and hffw inneffi fflfieech (and theffiefffffie, by incluffliffn, ffiuminatiffn) can be examined uffling ffluffiface electffiffmyffgffiafihy.

On the verbal and sensory properties of rumination

One fff the mfffflt fflalient featuffieffl fff ffiuminatiffn iffl that it iffl mffffltly exfiffiefflffled in a veffibal mffdality (Rhffiing & Watkinffl, 200EH Tffldwin & Oehaffi, 2012H Tffldwin, Oehaffi, & Sibffiava, 2013H McLaughlin, Offffikffvec, & Sibffiava, 200D). In fftheffi wffffidffl, while ffiuminating, we affie mffffltly talking tff ffuffifflelveffl fflilently. Uffweveffi, ffiuminatiffn can alfflff be exfieffiienced affl vifflual imageffiy (Tffldwin & Oehaffi, 2012H Newby & Mffuldffl, 2012H Peaffifflffn, Offiewin, Rhffdeffl, & McPaffiffiffn, 200E).

Oy "vifflual imageffiy" we ffiefeffi tff a fiffiffcefflffl duffiing which fiefficefitual infffffimatiffn iffl ffietffiieved fffiffm lffng-teffim memffffiy, ffiefflulting in the exfieffiience fff "ffleeing with the mind'ffl eye" (Taniffl,Thffmfifflffn,& Kfffflffllyn,200A). Sffme authffffiffl have ffluggefflted that becauffle ffiuminatiffn iffl ufflually fiafflt-ffffiiented, it fflhffuld incffieaffle accefflffl tff negative autffbiffgffiafihical memffffiieffl (Lyubffmiffifflky et al.,1FFE). Mffffieffveffi, becauffle autffbiffgffiafihical memffffiieffl affie ffften exfieffiienced affl vifflual imageffl, ffiuminatiffn fflhffuld likewiffle include vifflual featuffieffl (Peaffifflffn et al.,200E). Seveffial ffltudieffl have ffbtained ffiefflultffl that affie cffnffliffltent with thiffl claim. Nmffng a fflamfile fff fiatientffl whff weffie diagnffffled affl clinically defiffiefflffled, a ffligni cant majffffiity (FA.D% and mffffie than D0%) ffiefiffffited that ffiuminatiffn cffmbined veffibal and fflenfflffffiy elementffl, amffng which vifflual imageffiy (Newby & Mffuldffl, 2012H Peaffifflffn et al., 200E, ffiefflfiectively). When unfflelected individualffl weffie afflked abffut the fluality fff theiffi ffiuminatiffn diffiectly while ffiuminating, C0.B3% fff them fflaid they had been exfieffiiencing veffibal thffughtffl and 3B.F2% mental vifflual imageffl (McLaughlin et al.,200D). Nnfftheffi ffltudy cffmfiaffiing natuffially ffccuffiffiing defiffiefflfflive and anxiffuffl thffughtffl in a nffn-clinical fflamfile, fffund that defiffiefflfflive thffughtffl invfflved mffffie imageffl than anxiffuffl thffughtffl (Pafiageffffigiffu & Wellffl,1FFF). In additiffn, a ffiecent ffltudy demffnffltffiated that a cffnfflideffiable numbeffi fff fiefffile exfieffiience defiffiefflfflive cffgnitiffn in a vifflual fffffim (Lawffience,Uaigh,Siegle,201E). Suffitheffimffffie, thiffl ffltudy fflhffwed that individualffl with a vifflual defiffiefflfflive cffgnitive ffltyle ffiefiffffited a fflimilaffi amffunt fff ffiuminatiffn affl individualffl with a veffibal ffltyle. Oveffiall, the exifflting liteffiatuffie indicateffl that ffiuminatiffn can have vifflual featuffieffl, defflfiite being fiffiedffminantly veffibal.

Theffle ffbffleffivatiffnffl abffut the fluality fff ffiuminative thffughtffl affie cffnffliffltent with thffffle cffnceffining wffffiffiy (e.g., Stöbeffi,1FFEH McLaughlin et al.,200D). Indeed the cffgnitive avffidance theffffiy (Sibffiava & Offffikffvec,200C) ffluggefflt that wffffiffiy, affl a fiffiimaffiily linguiffltic ffiefietitive PUNPTRR 1. TURORRTIPNL SRNMRWORK thffught, can be cffnfflideffied an avffidance ffiefflfiffnffle whffffle gffal iffl tff ffieffltffiain aveffifflive imageffl, thuffl ffieducing fflffmatic activatiffn and emfftiffn fiffiffcefflffling. Similaffily, fffffiming negative mental vifflual imageffl haffl been fflhffwn tff lead tff a gffieateffi incffieaffle in anxiety in cffmfiaffiifflffn tff fffffiming negative defflcffiifitive fflentenceffl (Ufflmeffl & Mathewffl,200B). Taken tffgetheffi, theffle ndingffl ffluggefflt that di effient mffdalitieffl fff ffiuminatiffn cffuld have di effient e ectffl ffn individualffl.

Thiffl idea iffl fflufififfffited by ffltudieffl fflhffwing the e ectivenefflffl fff mental imageffiy in accefflffling and mffdifying emfftiffn in theffiafiy (fffffi an ffveffiview, fflee Uackmann & Ufflmeffl,200A). Oveffiall, inveffltigating the veffibal and vifflual featuffieffl fff ffiuminatiffn cffuld cffntffiibute tff fflhaffifien ffuffi undeffiffltanding fff the ffiuminative fiffiffcefflffleffl and lead tff betteffi-adafited theffiafieutic ffltffiategieffl.

Sffme fff the few ffltudieffl fflfieci cally manifiulating veffibal and vifflual ffiuminatiffn weffie caffiffiied ffut by Zffccffla and cfflleagueffl (Wffffdy et al.,201BH Zffccffla et al.,201A). The veffibal ffffi vifflual fffffim fff ffiuminatiffn (ffffi mentation type affl theffle authffffiffl ffiefeffi tff it) waffl induced by filaying audiff tafieffl that diffiected fiaffiticifiantffl' thffughtffl. Pffiffmfitffl weffie fflimilaffi in bffth cffnditiffnffl, di effiing ffnly in the veffibal/vifflual inffltffiuctiffn ("Recall the fflfieech tafflk uffling wffffidffl, fihffiaffleffl, and fflentenceffl." vffl. "Recall the fflfieech tafflk uffling fiictuffieffl and imageffl."). Paffiticifiantffl weffie fflubfflefluently afflked tff effltimate the fiffifffiffffitiffn fff veffibal thffughtffl and mental vifflual imageffl. Imfiffffitantly, it fflhffuld be nffted that in nffne fff the ffltudieffl in which thinking mffdality waffl manifiulated, did the fiaffiticifiantffl fflfflely uffle ffne tyfie fff thffught. Rven thffugh fiaffiticifiantffl in the imageffiy gffiffufi fff Zffccffla et al. (201A) ffiefiffffited higheffi levelffl fff mental imageffl in cffmfiaffiifflffn tff the fiaffiticifiantffl in the veffibal gffiffufi, the lateffi gffiffufi alfflff ffiefiffffited a ceffitain level fff mental imageffiy. Thiffl iffl in line with ffltudieffl fflhffwing that ffiuminatiffn includeffl bffth veffibal and vifflual cffmfiffnentffl (e.g., Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D), imfilying that it iffl nfft exclufflively exfieffiienced in ffne mffdality. Theffle ffiefflultffl affie fflubffltantiated by a ffiecent ffltudy which haffl fflhffwn that fiaffiticifiantffl geneffiate vifflual imageffl bffth in caffleffl wheffie they weffie tffld tff vifflualiffle ffffi tff veffibally think, while they have ffltffiffng veffibal ffiefiffiefflentatiffnffl ffnly when afflked tff veffibally think (Nmit, Uffe in, Uamzah, & Sedffffienkff, 201D). Nmit et al. (201D) cffncluded that theffie iffl a di effience in vfflitiffnal cffntffiffl fff veffibal and vifflual thinking and that fiefffile have betteffi cffntffiffl ffveffi inneffi fflfieech than vifflual thffught.

Tff fflum ufi, althffugh ffiuminatiffn might be exfiffiefflffled in di effient mffdalitieffl, it iffl ufflually exfiffiefflffled in a veffibal fffffim. Theffiefffffie, we ffluggefflt that verbal ffiuminatiffn migh be cffnfflideffied affl a fffffim fff inneffi fflfieech. Tff undeffiffltand what thiffl afflfflumfitiffn imfilieffl fffffi the ffltudy fff ffiuminatiffn, we nffw tuffin tff a bffiief hiffltffffiical ffveffiview fff inneffi fflfieech ffieffleaffich. Thiffl hiffltffffiical tffuffi will allffw uffl tff intffiffduce the exfieffiimental tfffflffl that have been uffled tff inveffltigate inneffi fflfieech thffiffughffut hiffltffffiy. We will then fiffiefflent the main theffffietical fieffifflfiectiveffl ffn inneffi fflfieech and difflcufflffl itffl analffgieffl with the bffiffadeffi fihenffmenffn fff mfftffffi imageffiy.

What is that little voice inside my head?

Tff begin ffuffi inveffltigatiffn with a cleaffi de nitiffn, when we uffle the teffim fff "inneffi fflfieech", we ffiefeffi bffiffadly tff the activity fff fflilently talking tff ffnefflelf. Wheffieaffl the exact natuffie fff inneffi fflfieech iffl ffltill the matteffi fff lively debateffl, Tffiegffffiy (201D) liffltffl fflffme cffnfflenfflual fiffifffieffitieffl fff inneffi fflfieech, namely, that i) inneffi fflfieech takeffl filace in the mind, ii) an inffltance fff inneffi fflfieech iffl a linguiffltic ffccuffiffience, iii) inneffi fflfieech iffl efiifflffdic (i.e., it ffccuffiffl at a given mffment in time), iv) an efiifflffde fff inneffi fflfieech invfflveffl mental imageffiy (may it be auditffffiy, vifflual, ffffi kinaefflthetic imageffiy), v) inneffi fflfieech can be uffled in the ffleffivice fff wffffiking memffffiy, vi) inneffi fflfieech dffeffl nfft necessarily (and ffften dffeffl nfft) take the fffffim fff cffmfilete gffiammatical fflentenceffl (cf. ffuffi difflcufflffliffn fff Vygfftfflky'ffl theffffiy fff inneffi fflfieech develfffiment in fflectiffn 1.2.1.2), vii) we dff nfft have the fflame level fff cffntffiffl ufiffn ffuffi inneffi fflfieech than ufiffn ffuffi ffveffit fflfieech (wheffieaffl it iffl eaffly tff ffltfffi fiffiffducing exteffinal fflfieech, it can be fluite affiduffuffl tff ffveffiffiide inneffi fflfieech).

Wheffieaffl many individualffl fiffiffduce inneffi fflfieech ffn a daily baffliffl tff cffnduct inneffi mffnfflffgueffl ffffi dialffgueffl, tff fiffiefiaffie ffffi tff ffiemembeffi cffnveffifflatiffnffl, thiffl activity ffiemainffl neveffithelefflffl affiduffuffl tff inveffltigate in a cffntffifflled enviffiffnment. Like mfffflt fifflychfflffgical fihenffmena, the ffltudy fff inneffi fflfieech ffltaffited with intffifffflfiective ffbffleffivatiffnffl (Loevenbffiuck et al.,201EH Mffffiin,Rafiin,Lachaux,Oaciu,& Loevenbffiuck,201A). Nt the end fff the XIXth centuffiy and thffiffughffut the XXth centuffiy, exfieffiimental fifflychfflffgiffltffl gave a new lffffk at inneffi fflfieech thffiffugh nffvel (neuffiff)fihyfflifflffgical methffdffl (we ffieview theffle ndingffl lateffi ffn). Nffl a ffiefflult fff being bffth a multi-facetted fihenffmenffn (inneffi fflfieech can be exfiffiefflffled in many fffffimffl ffffi varieties) and being ffltudied fffiffm di effient fieffifflfiectiveffl (fffiffm fihilfffflfffihy tff linguifflticffl and neuffifffflcienceffl), the activity fff inneffi fflfieech haffl been given many fftheffi nameffl ffluch affl cffveffit fflfieech, fflubvffcal fflfieech, veffibal thinking, imfilicit fflfieech, inteffinal mffnfflffgue, inteffinal dialffgue, endfffihaffly, fflfieech imageffiy, auditffffiy veffibal imageffiy, fflilent talk ffffi fflilent fflfieech. Thiffl filethffffia fff nameffl might be exfilained by the vaffiiety fff the activity in itfflelf but alfflff by the ffielatively vague de nitiffn that iffl ufflually attached tff it. Indeed, affl nffted by Vygfftfflky (1F3A/2012), the teffim fff inneffi fflfieech haffl been uffled tff defflcffiibe fflffmehffw di effient fihenffmena. Mffffie fiffiecifflely, Vygfftfflky (1F3A/2012) ffluggefflted that thiffl teffim haffl initially been emfilffyed tff ffiefeffi tff "veffibal memffffiy", citing fffffi examfile the "fflilent ffiecital fff a fiffem knffwn by heaffit" (fi. 23E). In that vein, Paffidaillac (1E30) eaffilieffi fflaidG "la fiaffiffle intéffiieuffie n'efflt flue le fflffuveniffi de la fflenfflatiffn flue fiffiffduit la fiaffiffle extéffiieuffie" (affl fluffted in Rggeffi, 1EE1, fi. B3). A Nccffffidingly, inveffltigatiffnffl fff inneffi fflfieech cffnducted thffiffughffut the XIXth centuffiy mffffltly ffievfflved affiffund the flueffltiffn fff nding hffw wffffidffl weffie ffiefiffiffduced in memffffiy (eitheffi affl auditffffiy, vifflual ffffi mfftffffi imageffl). Undeffi that view, inneffi fflfieech iffl thffught tff cffffiffiefflfiffnd tff an "image" fff actual (ffveffit) fflfieech and thiffl fifffflitiffn may be fflaid tff cffffiffiefflfiffnd tff the imagined speech view defflcffiibed in Tffiegffffiy (201D).

A Which can be tffianffllated by "inneffi fflfieech iffl ffnly the memffffiy fff the fflenfflatiffn fiffiffduced by exteffinal fflfieech". 1B PUNPTRR 1. TURORRTIPNL SRNMRWORK Nccffffiding tff the fflecffnd fieffifflfiective lifflted by Vygfftfflky (1F3A/2012), inneffi fflfieech cffuld be cffnceived affl tffiuncated ffveffit fflfieech, that iffl, "fflfieech minuffl fflffundffl" ffffi "fflubvffcal fflfieech" (Watfflffn,1F1F). Sffffi inffltance, in line with hiffl ffie exfflffgifflt theffffiy fff thffught, Sechenffv cffnfflideffied inneffi fflfieech tff be an inhibited (mfftffffi) ffie ex and wffiffteG "I neveffi think diffiectly in wffffidffl, but alwayffl inffltead in mufflculaffi fflenfflatiffn which accffmfiany my thffught in the fffffim fff a cffnveffifflatiffn" (cited in Sffkfflffv, 1FD2, fi. A). It fflhffuld be nffted hffweveffi, affl highlighted by Sffkfflffv (1FD2), that the behaviffuffiifflt afififfiffach and the ffie ex afififfiffach di effi in that the fffffimeffi cffnfflideffi that inneffi fflfieech "ffffiiginate" fffiffm fieffiifiheffial mufflculaffi activatiffnffl, wheffieaffl the lateffi cffnfflideffi inneffi fflfieech tff ffiefflult fffiffm centffial (ceffiebffial) fiffiffcefflffleffl. Nccffffiding tff that latteffi fieffifflfiective, the fieffiifiheffial mufflculaffi activity ffiecffffided duffiing imagined actiffnffl (ffffi inneffi fflfieech) wffuld be a fflide-e ect fff theffle centffial fiffiffcefflffleffl. B In that view, inneffi fflfieech iffl cffnfflideffied affl an actual fflfieech (affl ffveffit fflfieech iffl) and nfft tff cffffiffiefflfiffnd tff an "image" fff ffveffit fflfieech. Thiffl fifffflitiffn may be fflaid tff cffffiffiefflfiffnd tff the actual speech view defflcffiibed in Tffiegffffiy (201D).

Nccffffiding tff Vygfftfflky (1F3A/2012), a thiffid inteffififfietatiffn fff inneffi fflfieech wffuld ffiefeffi tff eveffiything that "fiffiecedeffl the mfftffffi act fff fflfieaking". In fftheffi wffffidffl, inneffi fflfieech wffuld include fflfieech "mfftiveffl" (ffffi intentiffnffl) and the fiffieveffibal mefflfflage that fiffiecedeffl fflfieech fiffiffductiffn. We will cffme back tff that fifffflitiffn bffiie y when mentiffning fifflychfflinguiffltic mffdelffl fff fflfieech fiffiffductiffn (e.g., Levelt, 1FEF) affl well affl the mfftffffi fflimulatiffn mffdel fff mfftffffi imageffiy (e.g., Jeanneffiffd,200C). Uffweveffi, fffffi the fiuffififfffle fff the cuffiffient fflectiffn, we affie mffffltly cffnceffined with the ffifflt and fflecffnd fifffflitiffn, namely, the view fff inneffi fflfieech affl eitheffi imagined ffffi actual fflfieech.

In tffiying tff fflefiaffiate theffle twff viewffl, Tffiegffffiy (201D) ffifflt nffteffl that, fihenffmenfflffgically, fiffiffducing inneffi fflfieech feelffl like fflfieaking (albeit cffveffitly), and nfft like imagining fflfieaking.

Tffiegffffiy then liffltffl fflffme fuffitheffi affigumentffl in favffuffi fff the actual fflfieech viewG i) the embedding argumentG we can imagine fiffiffducing inneffi fflfieech, but we cannfft imagine imagining fiffiffducing inneffi fflfieech, theffiefffffie inneffi fflfieech iffl actual fflfieech (ffiatheffi than imagined fflfieech), ii) the paralleled case argumentG inneffi fflfieech ffltandffl in the fflame ffielatiffn tff fflfieech in a fiffietend fflcenaffiiff affl ffveffit fflfieech dffeffl, theffiefffffie, inneffi fflfieech iffl alfflff actual fflfieech (fffffi mffffie detailffl, fflee Tffiegffffiy, 201D, fi. A0), iii) the continuity argumentG inneffi fflfieech fflitffl ffn a cffntinuum with vaffiiffuffl kindffl fff exteffinal (and theffiefffffie actual) fflfieech, iv) the precisi cation argumentG the imagined fflfieech view leaveffl tffff many detailffl unfflfieci ed (e.g., whff iffl fflfieaking? In what cffntext?), which iffl nfft the caffle fff the actual fflfieech view.

Nlthffugh we will nfft diffiectly afflfflefflffl the emfiiffiical affigumentffl in favffuffi fff eitheffi the imagined speech ffffi the actual speech view fff inneffi fflfieech, we wanted tff give the ffieadeffi a cleaffi de nitiffn fff what we mean by "inneffi fflfieech" and tff fiffiefflent the twff main cffncefitiffnffl abffut the natuffie fff inneffi fflfieech. We think theffle twff cffncefitiffnffl and the affigumentffl that have been advanced in favffuffi ffffi againfflt each view affie imfiffffitant tff keefi in mind while ffieviewing the emfiiffiical evidence ffn the tfffiic. In the next fflectiffn, we will bffiie y ffieview the hiffltffffiical develfffiment fff ideaffl and methffdffl uffled tff defflcffiibe inneffi fflfieech, befffffie tuffining tff a defflcffiifitiffn fff the develfffimental mechanifflmffl fff inneffi fflfieech and tff cffntemfiffffiaffiy neuffiffcffgnitive mffdelffl fff inneffi fflfieech fiffiffductiffn.

Historical overview of inner speech investigations 1.2.1.1 From introspection to experimental psychology

The flueffltiffn fff the ffielatiffn and inteffitwinement fff thffught and language iffl ffne fff the mfffflt enduffiing fihilfffflfffihical flueffltiffn. Mfffflt nfftable ffie ectiffnffl can be tffiaced back tff Platff'ffl Theaetetus, in which Platff de neffl thinking affl "the cffnveffifflatiffn which the fflfful hffldffl with itfflelf in cffnfflideffiing anything". Sffffi Platff, the de nitiffn fff thinking iffl taken tff cffffiffiefflfiffnd tff "wffffid [ffl] fflfiffken in fflilence". Sffkfflffv (1FD2) nffteffl that ancient thinkeffiffl, by nffticing a ffielatiffn between thffughtffl and wffffidffl, and between wffffidffl and bffieathing, uffled tff think that thffughtffl and wffffidffl ffffiiginated in the lungffl. Sffffi inffltance, Sffcffiateffl, in Platff'ffl Phaedrus, fflaid that "hiffl chefflt iffl full fff thffughtffl" (affl fluffted in Sffkfflffv, 1FD2, fi. 1A). In anfftheffi cffntext, by nffting the fiffiffgffiefflfflive inteffinalifflatiffn fff exteffinal fflfieech intff inneffi fflfieech duffiing nffffimal develfffiment, Rggeffi (1EE1) wffndeffiffl whetheffi the fihylffgeny (the evfflutiffn fff the fflfiecieffl) fffllffwed thiffl fflame cffuffiffle fff develfffiment. In fflufififfffit fff that idea, Rggeffi (1EE1), citing Mafflfieffiff (1EDB), ffiefiffffitffl the exiffltence fff an ancient Rgyfitian ideffgffiam, ffiefiffiefflenting a cffiffuched man, with the ffiight hand clffffle tff the mffuth. Rggeffi (1EE1) exfilainffl that thiffl ideffgffiam waffl meant tff ffiefiffiefflent undiffltinctly the ideaffl fff eating, dffiinking, fflcffieaming, talking, meditating, knffwing ffffi judging, ffluggefflting that thffught, duffiing the Rgyfitian Nncient Rmfiiffie, waffl cffnfflideffied tff be afflfflffciated with the mffuth ffffigan (fi. EA).

Sffmehffw cffnffliffltently with that idea, Stffiickeffi (1EE0) ffiefiffffited (baffled ffn hiffl ffwn intffifffflfiectiffnffl) that he waffl nfft able tff mentally fiffiffduce fflfieech fflffundffl withffut cffntffiacting hiffl affiticulatffffiffl. Ue alfflff ffiefiffffited nfft being able tff fiffiffduce twff di effient fflfieech fflffundffl, ffffi tff fiffiffduce fflfieech fflffundffl that weffie incffngffiuent with mffvement fff the affiticulatffffiffl. Tff give a ffiefiffiffducible examfile fff hiffl intuitiffn, Stffiickeffi (1EE0) ffluggefflted the fffllffwing exfieffiimentG fffien yffuffi mffuth and tffiy tff fiffiffnffunce a wffffid including labialffl ffffi dentalffl, ffluch affl "bubble" ffffi "tffddle". Nfflk yffuffifflelf whetheffi the image fff the wffffid (yffuffi inneffi fflfieech) iffl cleaffi ffffi diffltinct? Nccffffiding tff Stffiickeffi, mfffflt fiefffile wffuld nd it veffiy di cult tff imagine cleaffiy theffle wffffidffl with the mffuth being fffien. Inffltead, the image fff the wffffik iffl ffiatheffi imfiffieciffle and fflffundffl like we weffie tffiying tff fiffiffduce (ffveffitly) the wffffid while keefiing the mffuth fffien. Thiffl fflenfflatiffn waffl alffieady nicely defflcffiibed and analyffled by Oain (1EBB)G "When we ffiecall the imfiffiefflffliffn fff a wffffid ffffi fflentence, if we dff nfft fflfieak it ffut, we feel the twitteffi fff the ffffiganffl jufflt abffut tff cffme tff that fiffint. The affiticulating fiaffitffl -the laffiynx, the tffngue, the lififfl,-affie all fflenfflibly excitedH a fflufififfiefflffled affiticulatiffn iffl in fact the mateffiial fff ffuffi ffiecffllectiffn, the intellectual manifeffltatiffn, the idea fff fflfieech." Jameffl (1EF0) then nffteffl that Stffiickeffi, "Like mfffflt fifflychfflffgiffltffl, hffweveffi, […] makeffl fff hiffl fieffifflffnal fieculiaffiitieffl a ffiule, and fflayffl that veffibal thinking iffl nffffimally and univeffifflally an exclufflively mfftffffi ffiefiffiefflentatiffn." Indeed, Paulhan (1EEC) ffiefilied tff Stffiickeffi that he waffl able tff fiffiffduce ffveffitly the fihffneme /a/ while fflimultaneffufflly being able tff get and maintain the mental image fff any fftheffi vffwel. Ue alfflff ffiefiffffited that he waffl able tff imagine the fflffund fff any vffwel withffut mfftffffi actiffnffl ffffi feelingffl (imageffl). On a fflimilaffi nffte, Rggeffi (1EE1) believed inneffi fflfieech tff exifflt indefiendently fff mfftffffi fihenffmena and tff be baffled fiffiedffminantly ffn auditffffiy ffiefiffiefflentatiffnffl. Ue nffticed that althffugh inneffi fflfieech may be accffmfianied by vivid auditffffiy imageffiy, inneffi fflfieech iffl alfflff veffiy di effient fffiffm ffveffit (exteffinal) fflfieech, with inneffi fflfieech being ufflually fflhffffiteffi and lefflffl gffiammatically ffltffiuctuffied than ffveffit fflfieech (we will cffme back tff that ffbffleffivatiffn lateffi when difflcufflffling the develfffiment fff inneffi fflfieech).

In an attemfit tff ffiecffncile the view fff Stffiickeffi (1EE0) fffffi whffm inneffi fflfieech waffl fiuffiely mfftffffi with the view fff Paulhan (1EEC) and Rggeffi (1EE1), Oallet (1EEC) ffluggefflted (affl Jameffl, 1EF0), that theffle authffffiffl fiffiffbably geneffialiffled tff the fifffiulatiffn what they ffbffleffived ffn themfflelveffl. Oallet then afflffleffited that the fiffiedffminance fff mfftffffi ffveffi fflenfflffffiy ffiefiffiefflentatiffnffl (ffffi the ffieveffiffle) might be a flueffltiffn fff individual di effienceffl. We might add that the ffielative fiffiedffminance fff mfftffffi ffffi fflenfflffffiy ffiefiffiefflentatiffnffl duffiing inneffi fflfieech might alfflff be due tff individual di effienceffl in the fihenffmenfflffgical fflenfflitivity tff fflffme fflfieci c ffiefiffiefflentatiffn (fflffme might be veffiy acute in difflcffiiminating fflimilaffi auditffffiy imageffl while nfft being able tff difflcffiiminate fflimilaffi vifflual imageffl) and tff cffntextual di effienceffl. C Nffnethelefflffl, fffffi many authffffiffl, thiffl debate highlighted the limitatiffnffl fff the intffifffflfiective methffd (e.g., Reed,1F1C).

Tff be able tff decide between di effient individual exfieffiienceffl and inteffififfietatiffnffl, fflffme ffieffleafficheffiffl theffiefffffie tffiied tff nd mffffie ffbjective methffdffl tff afflfflefflffl inneffi fflfieech, ffffi affl fiut by Reed (1F1C), tff gff beyffnd intffifffflfiectiffn and tff ffltaffit lffffking fffffi "the ffltamfi fff ffbjective ceffitainty". With thiffl ambitiffuffl gffal in mind, Reed (1F1C) defflcffiibed the afifiaffiatuffl he uffled tff examine tffngue mffvementffl (fflee Siguffie 1.2). Reed then ffiefiffffited the ffiefflultffl fff an exfieffiiment aiming tff examine the invfflvement fff inneffi fflfieech (and fflfieech mfftffffi fiffiffcefflffleffl) in thinking.

Reed (1F1C) ffbffleffived that while ffieading, hiffl fiaffiticifiantffl weffie mffving theiffi tffngue and lififfl (and weffie fflffmetimeffl whifflfieffiing). Theffle ffbffleffivatiffnffl, in additiffn tff the behaviffuffiifflt ffievfflutiffn in Pfflychfflffgy fiaved the way fffffi new lineffl fff ffieffleaffich. The initial ffluggeffltiffn fff Watfflffn (1F13) that "thffught fiffiffcefflffleffl affie ffieally mfftffffi habitffl in the laffiynx" led tff a fffiuitful line fff ffieffleaffich abffut the mufflculaffi baffleffl and/ffffi cffffiffielateffl fff thffught and inneffi fflfieech. Sffkfflffv (1FD2) giveffl an ffveffiview fff the exfieffiimentffl caffiffiied ffut at the beginning fff the XXth centuffiy in that fieffifflfiective. Sffffi inffltance, Dffdge (1EFC) anefflthetiffled hiffl lififfl and tffngue and ffiealiffled C Indeed, it iffl filaufflible that the fiffiedffminance fff fflffme fflffffit fff ffiefiffiefflentatiffn ffveffi fftheffi fffffimffl might be cffntingent ffn cffntextual demandffl. In fftheffi wffffidffl, defiending ffn the tafflk tff be ffiealiffled, the mfftffffiic and fflenfflffffiy afflfiectffl fff inneffi fflfieech might be weighted di effiently. Uffling a galvanffmeteffi and electffiffdeffl inffleffited in the tifi fff the tffngue, in the cheek, ffffi undeffi the lifi, Jacffbfflffn (1F31) ffiecffffided mufflculaffi actiffn fifftential while fiaffiticifiantffl weffie afflked tff fiffiffduce veffibal cffntent cffveffitly (e.g., cffunting ffffi ffieciting a fiffem), but nfft duffiing ffielaxatiffn. Inteffieffltingly, Jacffbfflffn (1F31) addffl that "the ffleffiieffl fff vibffiatiffnffl duffiing the mental activity ffccuffi in fiatteffinffl evidently cffffiffiefflfiffnding with thffffle fiffiefflent duffiing actual fflfieech." Mffffie fiffiecifflely, the fiatteffin fff mufflculaffi fff activity ffiecffffided duffiing inneffi fflfieech fiffiffductiffn waffl fflimilaffi tff the fiatteffin fff mufflculaffi activity ffiecffffided duffiing ffveffit fflfieech fiffiffductiffn, but fff lefflffleffi amfilitude.

Thffiffughffut the fiffiefflent fflectiffn, we bffiie y ffieviewed the hiffltffffiy fff ideaffl and methffdffl uffled tff defflcffiibe inneffi fflfieech in the fflecffnd fiaffit fff the XIXth centuffiy and at the beginning fff the XXth centuffiy. In the next fflectiffn, we make a bffiief fiauffle in ffuffi hiffltffffiical tffuffi tff difflcufflffl the develfffimental tffiajectffffiy fff inneffi fflfieech. Uffw and when dff we (humanffl) acfluiffie the ability tff talk tff ffuffifflelveffl fflilently? Iffl it even acfluiffied? Tff anfflweffi theffle flueffltiffnffl, we will bffiie y ffieview Vygfftfflky'ffl theffffiy fff inneffi fflfieech develfffiment and fflffme fff itffl mffffie ffiecent ffie nementffl.

Mffffieffveffi, by examining hffw inneffi fflfieech develfffiffl, we might gain new infflightffl abffut the chaffiacteffiifflticffl fff inneffi fflfieech in the adult mind.

Interlude: the development of inner speech

The develfffimental cffuffiffle fff inneffi fflfieech waffl fifffflfflibly the mfffflt inveffltigated ifflfflue ffielated tff inneffi fflfieech in the ffifflt fiaffit fff the XXth centuffiy. Nmffng many, Watfflffn, Piaget, Luffiia, Leffntiev, and mfffflt famffufflly Vygfftfflky cffnfffiffnted thiffl flueffltiffn. Watfflffn (1F1F) ffluggefflted that thffught waffl ffiffffted in (ffveffit) fflfieech, with matuffiatiffn leading fffiffm fflfieech tff thffught (wheffie thffught iffl tff be undeffiffltffffd affl a fflynffnym tff inneffi fflfieech, in Watfflffn'ffl teffiminfflffgy). Thiffl hyfifftheffliffl alfflff afifilied tff ffieading, with the nffvice ffieadeffi ffieading ffveffitly and fiffiffgffiefflfflively fflhifting tff fflilent ffieading. Sffffi Vygfftfflky, the ffltudy fff inneffi fflfieech in the matuffie (i.e., adult) bffiain cffuld ffnly be undeffiffltffffd fffiffm a develfffimental fieffifflfiective. In the lafflt chafiteffi fff hiffl bffffk Thought and Language, Vygfftfflky analyffleffl the ffielatiffnfflhifi between thffught and wffffid in the matuffie mind. The centffial idea fff thiffl chafiteffi iffl ffltated affl fffllffwfflG "The ffielatiffnfflhifi between thffught and language iffl nfft a thing, but a fiffiffcefflffl, a cffntinual mffvement back and fffffith fffiffm thffught tff wffffid and fffiffm wffffid tff thffught. Viewed in the light fff a fifflychfflffgical analyffliffl, thiffl ffielatiffn iffl a fiffiffcefflffl that fiafflffleffl thffiffugh a ffleffiieffl fff fihaffleffl and ffltageffl, duffiing which itffl efflfflential featuffieffl undeffigff changeffl that may be called develfffiment in the ffltffiict fflenffle.

Of cffuffiffle, thiffl iffl a functiffnal develfffiment, nfft develfffiment in the fflenffle fff agingH but the fiath tffiaveffiffled by thinking affl a fiffiffcefflffl fffiffm thffught tff wffffid iffl develfffiment nffnethelefflffl." Sundamentally, Vygffffltky believed that language waffl a fifflychfflffgical tffffl and that itffl develfffiment duffiing childhffffd inteffiactffl with the develfffiment fff abffltffiact thinking. Vygfftfflky ffbffleffived, affl Piaget befffffie him, that childffien tend tff fflfieak (alffud) tff themfflelveffl while filaying.

Piaget chaffiacteffiiffled thiffl fffffim fff fflfieech affl "egffcentffiic fflfieech" becauffle in thiffl fffffim fff fflfieech, accffffiding tff Piaget, the child dffeffl nfft tffiy tff take the fieffifflfiective fff the lifflteneffi. Piaget thffught thiffl fffffim fff fflfieech tff difflafifieaffi at the age fff ffleven ffffi eight. In cffntffiafflt, Vygfftfflky thffught that the fflff-called egffcentffiic fflfieech (ffffi fiffiivate fflfieech) cffntinueffl but that it becffmeffl mffffie and mffffie inteffinaliffled, until ffieaching the ffltatuffl fff "inneffi" fflfieech. Sffffi Vygffffltky, thiffl inteffinalifflatiffn fiffiffcefflffl ffltaffitffl with fflffcial fflfieech, that iffl fflfieech addffiefflffled tff fftheffiffl. Duffiing develfffiment, thiffl fffffim fff fflfieech evfflveffl tff eitheffi cffmmunicative fflfieech (fflfieech addffiefflffled tff fftheffiffl) and fflff-called egffcentffiic fflfieech (fflfieech addffiefflffled ffveffitly tff ffnefflelf ). Thiffl fffffim fff fflfieech afifieaffiffl natuffially in childffien in fflituatiffnffl when they affie being faced with a fiffiffblem tff fflfflve, but alfflff in adultffl faced with di cult fiffiffblemffl. Thiffl egffcentffiic fflfieech wffuld then became inteffinaliffled, ffiefflulting in what we call inneffi fflfieech. Thiffl led Vygffffltky tff claim a functiffnal efluivalence between egffcentffiic fflfieech and inteffinal fflfieech, the lateffi ffiefflulting fffiffm a fiffiffgffiefflfflive inteffinalifflatiffn fff the fffffimeffi. Uffweveffi and imfiffffitantly, thiffl inteffinalifflatiffn fiffiffcefflffl dffeffl nfft only entail a mffvement fffiffm the ffutfflide tff the infflide but alfflff entailffl a tffianfflfffffimatiffn fff fflfieech, ffffi, affl fiut by Vygfftfflky, an "inteffinal ffiecffnffltffiuctiffn fff an exteffinal fffieffiatiffn". Theffiefffffie, fffffi Vygffffltky, it fffllffwffl that the fiafflfflage fffiffm inneffi fflfieech tff ffveffit fflfieech cffnffliffltffl nfft in fflimfily "vffcaliffling" inneffi fflfieech but in restructuring inneffi fflfieech (e.g., ffietffiieving a fflyntax fiffifffieffi tff ffveffit fflfieech, ffietffiieving the fihffnetic ffltffiuctuffie, etc). Nccffffiding tff Vygfftfflky (1F3A/2012), inneffi fflfieech iffl defflcffiibed by fflffme efflfflential fiffifffieffitieffl ffluch afflG i) abbreviationG the fihffnetic afflfiect iffl "diminifflhed", ffieducedG "In inneffi fflfieech we dff nfft need tff fiffiffnffunce a wffffid in itffl entiffiety. We undeffiffltand, by viffitue fff ffuffi veffiy intentiffn, what wffffid we wanted tff fflay […] Stffiictly fflfieaking, inneffi fflfieech iffl almfffflt wffffidlefflffl", ii) predicativeness, "Pfflychfflffgically, inneffi fflfieech cffnffliffltffl fff fiffiedicateffl ffnly"H "the fflubject fff ffuffi inneffi ffieafflffn iffl alwayffl fiffiefflent in ffuffi thffught"H it iffl alwayffl imfilicitly undeffiffltffffd, iii) it haffl a fflemantic ffltffiuctuffie fff itffl ffwnG fiffiedffminance fff sense ffveffi meaning, D it iffl idiffmatic, agglutinatiffn fff fflemantic unitffl (ffleveffial wffffidffl can be "meffiged" intff a fflingle wffffid), and infusion of sense intff a wffffid (a wffffid in inneffi fflfieech becffmeffl "lffaded" with mffffie afflfflffciatiffnffl than in cffnventiffnal uffle).

Inteffieffltingly, Vygfftfflky ffiejected bffth the veffibal memffffiy view fff inneffi fflfieech (i.e., inneffi fflfieech iffl fflimfily the ffietffiieval fff acffuffltic, fffitic ffffi mfftffffi imageffl fff wffffidffl) and the behaviffuffiifflt view fff inneffi fflfieech affl meffiely a fflffundlefflffl fffffim fff exteffinal fflfieech (à la Watfflffn). Sffffi Vygfftffly, the mfffflt deteffimining factffffiffl fff inneffi fflfieech affie itffl fflemantic (fifflychfflffgical) featuffieffl, affl exfiffiefflffled by hiffl famffuffl dictumG Thought is not expressed in words; it comes into existence through them.

Mffffie ffiecently, Seffinyhffugh (200A) fiffifffiffffled an extenffliffn fff Vygfftfflky'ffl thffiee-level mffdel fff inneffi fflfieech develfffiment (i.e., exteffinal fflfieech, egffcentffiic fflfieech, inneffi fflfieech) tff a fffuffi-level mffdel, fffiffm exteffinal dialffgue tff fiffiivate fflfieech, expanded inner speech and condensed inner speech (fflee Siguffie 1.3). Seffinyhffugh (200A) nffteffl that thiffl mffdel defflcffiibeffl ffltageffl in the develfffiment fff inneffi fflfieech (duffiing childhffffd) but alfflff mffvementffl "between the levelffl at any given fiffint in time". Indeed, it iffl fifffflfflible tff "mffve" between levelffl undeffi ceffitain cffnditiffnffl. Sffffi inffltance, in cffgnitively demanding cffnditiffnffl, we can ffbffleffive tffianfflitiffnffl between levelffl, with cffndenffled inneffi fflfieech being tffianfflfffffimed tff exfianded inneffi fflfieech and even fiffiivate fflfieech thffiffugh a fiffiffcefflffl fff "ffie-exfianffliffn". Thiffl idea iffl fflufififfffited by many ffltudieffl fflhffwing an fiffiffgffiefflfflive exteffinalifflatiffn fff inneffi fflfieech undeffi cffgnitively demanding fflituatiffnffl (e.g., Sffkfflffv, 1FD2).

Tff fflum ufi, it iffl ffluggefflted that inneffi fflfieech (in the adult mind) iffl the ffiefflult fff a fiffiffgffiefflfflive inteffinalifflatiffn fiffiffcefflffl. Thiffl inteffinalifflatiffn fiffiffcefflffl cffveffiffl di effient ffltageffl ffffi exfiffiefflffliffnffl fff fflfieech fffiffm fflffcial fflfieech, fflelf-addffiefflffled fflfieech (fiffiivate fflfieech ffffi egffcentffiic fflfieech) tff inneffi fflfieech ( ffifflt in a fully exfianded fffffim and then in a mffffie cffndenffled fffffim). Oeing an inteffinaliffled veffiffliffn fff fiffiivate fflfieech, inneffi fflfieech iffl hyfifftheffliffled tff be attached with the D Refeffiffiing tff Paulhan'ffl diffltinctiffn between the dictiffnaffiy meaning fff a wffffid ffn ffne hand, and the individual sense fff a wffffid which iffl acfluiffied by ufflage, ffn the fftheffi hand. fflame functiffnffl affl fiffiivate fflfieech. In fftheffi wffffidffl, adultffl uffle inneffi fflfieech with the fflame gffalffl affl they fiffieviffufflly uffled (duffiing childhffffd) ffveffit fiffiivate fflfieech. Imfiffffitantly, thiffl inteffinalifflatiffn fiffiffcefflffl dffeffl nfft only entail an inteffinalifflatiffn but alfflff a tffianfflfffffimatiffn fff the way fflfieech iffl exfiffiefflffledG the chaffiacteffiifflticffl fff inneffi fflfieech affie diffltinguifflhable fffiffm the chaffiacteffiifflticffl fff ffveffit (fiffiivate) fflfieech. Inteffieffltingly, theffle di effient levelffl (ffffi ffltageffl) in the inteffinalifflatiffn fiffiffcefflffl, in additiffn tff defflcffiibing ffltageffl fff develfffiment, alfflff defflcffiibe "mffvementffl" that can be fieffifffffimed between levelffl ffffi ffltageffl. Mffffie fiffiecifflely, the exteffinalifflatiffn fff inneffi fflfieech wffuld entail the inveffiffle tffianfflfffffimatiffn that haffl been afifilied duffiing the inteffinalifflatiffn fff fiffiivate fflfieech. In the next fflectiffn, we cffme back tff ffuffi hiffltffffiical fieffifflfiective by ffieviewing inneffi fflfieech ffieffleaffich that haffl been caffiffiied ffut in the fflecffnd fiaffit fff the XXth centuffiy, befffffie tuffining tff an ffveffiview fff the main theffffietical fieffifflfiectiveffl abffut inneffi fflfieech fiffiffductiffn.

Inner speech research from 1950 to present days

Sffllffwing the fiiffneeffiing wffffik fff Jacffbfflffn (1F31), the fflecffnd fiaffit fff the XXth centuffiy witnefflffled an ufiffluffige fff electffifffihyfflifflffgical methffdffl (and efflfiecially fff electffiffmyffgffiafihy) E tff ffltudy the fiffiffductiffn fff inneffi fflfieech. Inteffieffltingly, the dffminant inteffififfietatiffn fff the mufflculaffi cffffiffielateffl fff inneffi fflfieech (affl identi ed by Jacffbfflffn, 1F31) at the beginning fff the lafflt centuffiy waffl that the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing imagined actiffnffl waffl the E See Phafiteffi 2 fffffi a bffiief intffiffductiffn tff (ffluffiface) electffiffmyffgafihy.
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source fff the mental cffntent. Uffweveffi, affl exfilained by Jeanneffiffd (200C), thiffl inteffififfietatiffn fff mental fiffiffcefflffleffl affl a cffnfflefluence fff fieffiifiheffial feedback iffl nffw difflfiffiffved, fffffi inffltance by the fflimfile fact that many fiefffile can exfieffiiment inneffi fflfieech (ffffi mfftffffi imageffiy) withffut any vifflible mufflculaffi activity. Sffiffm theffie, ffne can afflk whetheffi the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing inneffi fflfieech iffl necessary tff the fiffiffductiffn fff inneffi fflfieech, ffffi ffiatheffi can be cffnfflideffied a cffnfflefluence fff inneffi fflfieech fiffiffductiffn. Nffl fiinfiffinted by Pffhen (1FEC), tff fiffiffve that a fiatteffin fff mfftffffi activity iffl necessary fffffi fflffme mental activity, it iffl nfft enffugh tff fflhffw that thiffl fiatteffin iffl alwayffl afflfflffciated with the mental activity, we alfflff have tff fflhffw that when the fiatteffin fff mfftffffi activity iffl difflffiufited, the mental activity iffl in tuffin difflffiufited. In that vein, the peripheralist inteffififfietatiffn fff the mfftffffi cffffiffielateffl fff inneffi fflfieech (fflee Offx 1.1) haffl been difflfiffiffved by the heffiffic exfieffiiment caffiffiied ffut by Smith, Offiffwn, Tffman, & Tffffdman (1FAD).

Smith uffled d-tubffcuffiaffiine (cuffiaffie) tff fiaffialyffle hiffl ffwn facial mufflcleffl in ffffideffi tff tefflt whetheffi fieffiifiheffial mufflculaffi activatiffn waffl necefflfflaffiy tff inneffi fflfieech. Ue ffiefiffffited that, while being fiaffialyffled, he waffl ffltill able tff think in wffffidffl and tff fflfflve mathematical fiffiffblemffl (theffle ffiefflultffl echff thffffle fff Dffdge, 1EFC, mentiffned eaffilieffi).

Box 1.1: Centralism versus peripheralism

Many ffltudieffl have fflhffwn that inneffi fflfieech and, mffffie geneffially, imagined actiffnffl, may be accffmfianied by fieffiifiheffial mufflculaffi activatiffn. Uffweveffi, the ffltatuffl fff thiffl mufflculaffi activity might be inteffififfieted in ffleveffial wayffl. Nccffffiding tff the peripheralist view, the mental image fff an ffbject wffuld affiiffle fffiffm mufflculaffi difflchaffigeffl in the ffielated mufflcleffl (cf. wffffik fffiffm Jameffl, 1EF0H Jacffbfflffn, 1F31). In fftheffi wffffidffl, fffffi the tenantffl fff thiffl view, the fieffiifiheffial mufflculaffi activity iffl a necessary cffnditiffn fffffi the geneffiatiffn fff the cffffiffiefflfiffnding mental image.

Nccffffiding tff the centralist view, the exiffltence fff a mufflcle difflchaffige duffiing a mental ffltate dffeffl nfft imfily a bffttffm-ufi in uence fff theffle difflchaffigeffl ffn the mental ffltate.

The key idea iffl that the activatiffn fff fieffiifiheffial mechanifflmffl iffl nfft needed tff geneffiate the image (but they can be activated, affl a cffnfflefluence fff the activatiffn fff the image/ffiefiffiefflentatiffn). Thiffl view iffl geneffially endffffiffled by Rufflfflian ffie exfflffgy, by mfftffffi cffntffiffl mffdelffl fff inneffi fflfieech fiffiffductiffn and by fflimulatiffn ffffi emulatiffn mffdelffl fff mfftffffi imageffiy (cf. ffuffi lateffi fflectiffn ffn mfftffffi imageffiy).

Nnfftheffi way fff lffffking at the mfftffffi cffffiffielateffl fff inneffi fflfieech fiffiffductiffn iffl tff afflfflume that theffle cffffiffielateffl affie inffltead a cffnfflefluence fff centffial fiffiffcefflffleffl invfflved in inneffi fflfieech fiffiffductiffn. Nffl ffluch, a difflffiufitiffn fff theffle cffffiffielateffl dffeffl nfft necefflfflaffiy entail a difflffiufitiffn fff the ffngffing mental fiffiffcefflffleffl. Defiending ffn the fffiamewffffik, theffle fieffiifiheffial cffffiffielateffl might be cffnfflideffied affl eitheffi necefflfflaffiy at the ffifflt ffltageffl fff develfffiment fff inneffi fflfieech (affl in behaviffuffiifflt viewffl fff inneffi fflfieech) ffffi nfft necefflfflaffiy at all in fftheffi centralist fieffifflfiectiveffl ffluch affl the Rufflfflian ffie exfflffgy ffffi the mffffie ffiecent fflimulatiffn ffffi emulatiffn fffiamewffffikffl. PUNPTRR 1. TURORRTIPNL SRNMRWORK In theffle fflimulatiffnnifflt fffiamewffffikffl, the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing inneffi fflfieech fiffiffductiffn (ffffi mfftffffi imageffiy) may be hyfifftheffliffled tff be the ffiefflult fff an incffmfilete inhibitiffn fff mfftffffi ffutfiut duffiing the mental ffltateffl invfflving mfftffffi fflimulatiffn (althffugh the fiffieciffle natuffie fff theffle inhibitffffiy mechanifflmffl iffl ffltill the matteffi fff debateffl, cf. fflectiffn 1.2.3).

Nnfftheffi fffiuitful line fff ffieffleaffich cffnfflifflted in uffling mental chronometry (i.e., the timing fff mental fffieffiatiffnffl) tff examine the cffgnitive fiffiffcefflffleffl undeffilying inneffi fflfieech fiffiffductiffn.

The lffgic undeffilying thiffl fiaffiadigm iffl that if inneffi fflfieech and ffveffit fflfieech fiffiffductiffn invfflve the fflame (ffffi the fflame kind fff ) cffgnitive fiffiffcefflffleffl, theiffi fiffiffductiffn fflhffuld theffiefffffie take afififfiffximately the fflame time. Oy vaffiying the cffnditiffnffl in which inneffi (ffffi ffveffit) fflfieech iffl tff be fiffiffduced and by nffticing the temfiffffial efluivalence (ffffi nffn-efluivalence) between inneffi and ffveffit fflfieech, we can infeffi whetheffi the undeffilying cffgnitive fiffiffcefflffleffl affie (diffl)fflimilaffi and hffw they affie imfiacted by cffntextual demandffl. In that vein, Landaueffi (1FC2) haffl fflhffwn (in a fflingle fflubject) that it takeffl afififfiffximately the fflame amffunt fff time tff fflay the alfihabet (ffffi ffleffiieffl fff numbeffiffl) alffud affl it takeffl tff fiffiffduce it inneffily. Similaffily, Webeffi & Oach (1FCF) and Webeffi & Paffltleman (1FD0) have fflhffwn that the ffiate fff inneffi fflfieech and ffveffit fflfieech iffl afififfiffximately the fflame (affiffund C tff C.B letteffiffl fieffi fflecffnd in theffle exfieffiimentffl). Uffweveffi, fftheffi ffieffleafficheffiffl have ffbtained fffififffflite ndingffl with inneffi fflfieech being fafflteffi tff fiffiffduce than ffveffit fflfieech (e.g., Nndeffifflffn,1FE2H Pffltheaffit,1FFFH Kffffiba,1FF0H Mackay,1FE1). Mffffie ffiecently, Netfflell,Kleinfflafflffleffi,& Daniel (201C) have examined the ffiate fff fflfiffntaneffuffl fflfieech fiffiffductiffn in bffth ffveffit and cffveffit mffdeffl. They afflked fiaffiticifiantffl tff fiffiffduce the ffifflt thing that came tff theiffi mind and ffbffleffived that the ffiate fff inneffi fflfieech (affiffund B.E fflyllableffl / fflecffnd) waffl fafflteffi than the ffiate fff ffveffit fflfieech (affiffund B.2 fflyllableffl / fflecffnd). They ffluggefflt that thiffl di effience may be due tff the time taken tff e ectively mffve the affiticulatffffiffl duffiing ffveffit fflfieech fiffiffductiffn (wheffieaffl theffle mffvementffl affie inhibited duffiing inneffi fflfieech fiffiffductiffn). Uffweveffi, they alfflff highlight that the ffiate fff inneffi fflfieech and the temfiffffial efluivalence between inneffi fflfieech and ffveffit fflfieech may be a ected by i) the tyfie fff fflfieaking tafflk (i.e., whetheffi the tafflk cffnffliffltffl in ffieciting fflffme leaffined veffibal mateffiial ffffi nffvel mateffiial) and ii) the fffffim fff inneffi fflfieech (e.g., cffndenffled vffl. exfianded inneffi fflfieech). Mffffie fiffiecifflely, they ffluggefflt that the ffiate fff inneffi fflfieech fflhffuld be fafflteffi fffffi leaffined mateffiial than fffffi nffvel mateffiial and that cffndenffled inneffi fflfieech fflhffuld be fafflteffi than exfianded inneffi fflfieech. MacKay (1FF2) nffteffl that the fafflteffi ffiate that iffl ufflually ffbffleffived fffffi inneffi fflfieech in cffmfiaffiifflffn tff ffveffit fflfieech ffiemindffl fff the fafflteffi ffiateffl that alfflff ffccuffi fffffi fftheffi highly tffiained fflkillffl (e.g., tying a fflhffelace). Indeed, the fact that inneffi fflfieech iffl ufflually fafflteffi than ffveffit fflfieech (ffffi that fflffme fffffimffl fff inneffi fflfieech affie fafflteffi than ffveffit fflfieech) and the fact that the chffiffnffmetffiic fflimilaffiity between inneffi fflfieech and ffveffit fflfieech may be a ected by the tafflk echff ndingffl fffiffm the eld fff mfftffffi imageffiy ffltudieffl. In theiffi ffieview fff the deteffiminantffl fff the temfiffffial efluivalence (ffffi nffn-efluivalence) between ffveffit and cffveffit actiffnffl, [START_REF] Tuillfft | Undeffiffltanding the timing fff mfftffffi imageffiyG Recent ndingffl and futuffie diffiectiffnffl[END_REF] have cleaffily identi ed that thiffl temfiffffial efluivalence may be a ected by the tyfie fff actiffn tff be fieffifffffimed and the fffffim fff imageffiy. Sffffi inffltance, they ffluggefflt that theffie exiffltffl a ffligmffidal ffielatiffn between the duffiatiffn fff the ffveffit actiffn and the duffiatiffn fff the cffveffit actiffn, with fflhffffit actiffnffl (lefflffl than a few fflecffndffl) being ufflually ffveffieffltimated, medium actiffn fflhffwing an ifflffchffiffny in ffveffit and cffveffit mffdeffl and lffngeffi actiffnffl (mffffie than 30 fflecffndffl) being ufflually undeffieffltimated in mfftffffi imageffiy (cf. Siguffie 1.A). In additiffn tff the duffiatiffn fff the mffvement, [START_REF] Tuillfft | Undeffiffltanding the timing fff mfftffffi imageffiyG Recent ndingffl and futuffie diffiectiffnffl[END_REF] ffluggefflt that enviffiffnmental cffnffltffiaintffl (e.g., temfiffffial cffnffltffiaintffl, cifficadian ffihythmffl), mfftffffi imageffiy cffntent (e.g., imageffiy tyfie, imageffiy fieffifflfiective), individual ffltffiategy (e.g., wheffie the fffcuffl fff attentiffn iffl), individual chaffiacteffiifflticffl (e.g., exfieffitiffle level, age) and mfftffffi fflkillffl chaffiacteffiifflticffl (e.g., tafflk duffiatiffn, tafflk di culty) may alfflff a ect the duffiatiffn fff cffveffit actiffnffl and the temfiffffial cffngffiuence between ffveffit and cffveffit actiffnffl. Nccffffidingly, the ffiate fff inneffi fflfieech (and itffl cffffiffiefflfiffndence tff ffveffit fflfieech ffiate) might defiend, affl ffluggefflted by Netfflell et al. (201C), ffn the tyfie fff inneffi fflfieech tff fiffiffduce, ffn the length fff the mateffiial tff be fiffiffduced affl well affl ffn individual chaffiacteffiifflticffl (e.g., age, exfieffitiffle).

Short MI duration

Long MI duration Medium MI duration Overestimation Actual duration Underestimation Isochrony Figure 1.4. Relatiffnfflhifi between the actual duffiatiffn fff a mffvement and itffl mental ffiefiffiefflentatiffn. Siguffie fffiffm [START_REF] Tuillfft | Imagining iffl nfft dffing but invfflveffl fflfieci c mfftffffi cffmmandfflG N ffieview fff exfieffiimental data ffielated tff mfftffffi inhibitiffn[END_REF].

In additiffn tff mental chffiffnffmetffiy, many authffffiffl in the fflecffnd fiaffit fff the XXth centuffiy tuffined tff fifflychfffihyfflifflffgical methffdffl tff inveffltigate inneffi fflfieech. The idea that the fiffiffductiffn fff inneffi fflfieech may invfflve the fflfieech mfftffffi fflyffltem iffl fflufififfffited by many ffltudieffl fflhffwing fieffiifiheffial mufflculaffi activatiffn duffiing inneffi fflfieech fiffiffductiffn (affl ffieviewed fffffi inffltance in Taffiffiity, 1FDDH Lffcke, 1FD0H Sffkfflffv, 1FD2). Nmffng theffle, Saabffffig-Nndeffifflen, Rdfeldt, & Nykøbing (1FBE) and McTuigan & Rffdieffi (1FCE) fffund an incffieaffle in fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl duffiing fflilent ffieading. Inteffieffltingly, thiffl activity waffl mffffie ffltffiffngly maffiked fffffi nffvice ffieadeffiffl ffffi fffffi di cult mateffiial. Lffcke & Sehffi (1FD0) cffmfiaffied the electffiffmyffgffiafihic cffffiffielateffl fff fflubvffcal fflfieech (inneffi fflfieech) duffiing the (vifflual) fiffiefflentatiffn and ffieheaffifflal fff difflyllabic wffffidffl that eitheffi cffntain ffffi dff nfft cffntain labial fihffnemeffl. They ffbffleffived a gffieateffi RMT amfilitude ffiecffffided ffveffi a "chin-lifi" fflite duffiing the fiffiefflentatiffn and ffieheaffifflal fff labial wffffidffl than fffffi nffn-labial wffffidffl.

In hiffl ffleminal bffffk, Sffkfflffv (1FD2) meticulffufflly defflcffiibeffl a ffleffiieffl fff exfieffiimentffl cffnducted in ffffideffi tff examine the ffielatiffn between inneffi fflfieech and thffught. Sffkfflffv (1FD2) ffltaffitffl with a ffieview fff fiffieviffuffl theffffiieffl abffut the ffielatiffn between fflfieech and thffught, befffffie tuffining tff the fflfieci c flueffltiffn fff inneffi fflfieech. Ue then fiffiefflentffl hiffl exfieffiimental wffffik undeffi twff main fiaffitffl. Siffifflt, Sffkfflffv (1FD2) uffled affiticulatffffiy fflufififfiefflffliffn F tff inteffifeffie with mental activity (e.g., fiefficefitiffn, memffffiifflatiffn, thinking). Secffnd, he uffled electffiffmyffgffiafihy tff inveffltigate the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech affl well affl in veffibal and cffncffiete thinking.

Summaffiiffling the ffltudieffl uffling affiticulatffffiy fflufififfiefflffliffn, Sffkfflffv (1FD2) nffteffl that "mechanical ffietaffidatiffn fff exteffinal affiticulatiffn (fflfieech mffvementffl fff lififfl and tffngue) haffl an inffligni cant e ect ffn the fieffifffffimance fff mental tafflkffl by adultfflH in many caffleffl it haffl nff e ect at all. In childffien, the mechanical ffietaffidatiffn fff affiticulatiffn haffl a nffticeable negative e ect" (fi. 1B2). Thiffl ffiefflult iffl cffheffient with the idea fff a fiffiffgffiefflfflive inteffinalifflatiffn fff inneffi fflfieech, that wffuld becffme mffffie and mffffie indefiendent fffiffm the fflfieech mfftffffi fflyffltem thffiffughffut develfffiment (and thuffl lefflffl a ected by mfftffffi cffnffltffiaintffl). Uffweveffi, Sffkfflffv nffteffl that affiticulated fflfieech and veffibal-auditffffiy ffltimuli have a ffltffiffng e ect ffn memffffiy (fi. 1B2).

Mffffieffveffi, Sffkfflffv difflcufflffleffl fflffme fff hiffl fiffieviffuffl exfieffiimental wffffik fflhffwing that mfftffffi inteffifeffience (e.g., affiticulatffffiy fflufififfiefflffliffn) ceaffleffl tff be e cient when the mental activity (inneffi fflfieech) iffl autffmatiffled (e.g., ffieheaffiffling a fiffem leaffined by heaffit). In additiffn tff age and exfieffitiffle, Sffkfflffv difflcufflffleffl ndingffl fffiffm Tefilffv, whff ffbffleffived that the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech might vaffiy accffffiding tff the "vffluntaffiinefflffl" (delibeffiatenefflffl) fff the fflfieech tff be fiffiffduced. Nccffffiding tff Tefilffv, the fflfieech mfftffffi fflyffltem wffuld be necefflfflaffiily invfflved duffiing vffluntaffiy inneffi fflinging (a mufflical fffffim fff inneffi fflfieech) wheffieaffl it may ffffi may nfft be invfflved duffiing invffluntaffiy inneffi fflinging (Sffkfflffv,1FD2,fi. B1).

Uffling electffiffmyffgffiafihy, Sffkfflffv (1FD2) alfflff fiffiffvided ffleminal ffbffleffivatiffnffl that inneffi fflfieech iffl invfflved duffiing ffieading, tff an extent that iffl diffiectly ffielated tff the di culty fff the ffngffing ffieading tafflk (affl ffbffleffived fiffieviffufflly by 1FBE). Mffffie fiffiecifflely, he ffbffleffived that the mffffie di cult the tafflk waffl, the ffltffiffngeffi the "fflfieech mfftffffi imfiulffleffl" (i.e., the RMT amfilitude) in the fflfieech mufflcleffl. Mffffieffveffi, the di culty fff the tafflk waffl alfflff ffielated tff the abbffieviatednefflffl fff inneffi fflfieech. Simfileffi ffieading tafflkffl weffie afflfflffciated with abbffieviated (cffndenffled) 10 inneffi fflfieech wheffieaffl di cult tafflkffl weffie afflfflffciated with "unffflded" (exfianded) inneffi fflfieech, and fflffmetimeffl exteffinaliffled (ffveffit) fflfieech. Sffkfflffv lateffi fflayffl (ffn fi.202)G "[…] thuffl, it iffl evident that bffth the degffiee tff which mental fffieffiatiffnffl affie autffmatized and the degffiee fff cffmfilexity fff the fffieffiatiffnffl being fieffifffffimed can be afflfflefflffled with a high degffiee fff fiffiffbability [cffn dence] ffn the baffliffl fff the intenfflity fff hidden mfftffffi fflfieech ffieactiffnffl." Mffffieffveffi, Sffkfflffv ffbffleffiveffl that the mufflculaffi activity afflfflffciated with inneffi fflfieech fiffiffductiffn decffieaffleffl when the veffibal mateffiial iffl ffiefieated many timeffl (fifi. 200-201). It F The exfiffiefflffliffn articulatory suppression ufflually ffiefeffiffl tff a tafflk which ffiefluiffieffl fiaffiticifiantffl tff utteffi fflfieech fflffundffl (ffffi tff fiffiffduce fflfieech geffltuffieffl withffut fflffund), fflff that thiffl activity difflffiufitffl ffngffing fflfieech fiffiffductiffn fiffiffcefflffleffl.

10 Sffkfflffv (1FD2) uffleffl the teffim fff "cuffitailment" fffffi abbffieviatiffn (fi. 203).

2C RMT activity ffveffi the lifi and the tffngue duffiing the fiffiffcefflffling fff fflingle fihffnemeffl ("P" vffl. "T") and ffbffleffived a gffieateffi activity fff the lifi duffiing the fiffiffcefflffling fff "P" and a gffieateffi amfilitude fff the tffngue duffiing the fiffiffcefflffling fff "T", cffn ffiming fiffieviffuffl ffiefflultffl ffluggefflting a difflcffiiminative ffielatiffnfflhifi between the cffntent fff inneffi fflfieech and itffl fieffiifiheffial mufflculaffi cffffiffielateffl. In the fflame vein, Livefflay, Liebke, Samaffiaffl, & Stanley (1FFC) ffiecffffided RMT ffveffi the lifi duffiing the fiffiffductiffn fff inneffi fflfieech and duffiing the vifflualifflatiffn fff nffn-linguiffltic mateffiial and ffbffleffived a gffieateffi RMT amfilitude ffiecffffided ffveffi the lifi duffiing the fiffiffductiffn fff inneffi fflfieech.

Taken tffgetheffi, theffle ffiefflultffl ffluggefflt that the fieffiifiheffial mufflculaffi cffffiffielateffl fff inneffi fflfieech affie cffntent-fflfieci c and that it fflhffuld be fifffflfflible tff uffle electffiffmyffgffiafihic meaffluffiementffl tff identify ffffi "decffde" the cffntent fff inneffi fflfieech. Thiffl idea haffl been cffffiffiffbffffiated by ffiecent wffffik fflhffwing that ffluffiface RMT can be uffled tff difflcffiiminate between di effient digitffl fiffiffduced inneffily, and that it cffuld be uffled affl a fflilent cffmmunicatiffn device (e.g., Kafiuffi,Kafiuffi,& Maeffl,201E) Levelt'ffl (1FEF, 2000) mffdel fff fflfieech fiffiffductiffn. tff cffntffiffl ffveffit fflfieech (e.g., [START_REF] Ofifienheim | Inneffi fflfieech affl a fffffiwaffid mffdel?[END_REF]. If we affie tff accefit the continuum hypothesis, accffffiding tff which theffie iffl a cffntinuum between inneffi fflfieech and ffveffit fflfieech, we affie faced with the flueffltiffn fff the lffcuffl fff tffiuncatiffn. If bffth inneffi and ffveffit fflfieech lie ffn the fflame cffntinuum, wheffie inneffi fflfieech ceaffleffl tff be inneffi fflfieech? Ofifienheim & Dell (200E) lifflted and examined thffiee hyfifftheffleffl ffiegaffiding thiffl ifflfflue. Siffifflt, inneffi fflfieech may be exactly like ffveffit fflfieech, excefit that affiticulatffffiffl affie nfft mffved. Secffnd inneffi fflfieech may be imfiffveffiifflhed at a ffluffiface level (featuffial ffiefiffiefflentatiffnffl). Thiffid, inneffi fflfieech may be imfiffveffiifflhed at a deefieffi (e.g., lexical level) with ffielatively intact fihffnfflffgical ffffi affiticulatffffiy featuffieffl. Nffl difflcufflffled in the fiffieviffuffl fflectiffn, the ffbffleffivatiffn that ffnly the lexical biaffl (but nfft the fihffnemic fflimilaffiity e ect) waffl fffund in inneffi fflfieech led Ofifienheim & Dell (200E) tff claim that inneffi fflfieech waffl imfiffveffiifflhed at a featuffial (affiticulatffffiy) level. [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF] fuffitheffi added that theffffiieffl abffut inneffi fflfieech may be clafflffli ed intff twff main clafflffleffl (cf. Siguffie 1.D). Nccffffiding tff the ffifflt clafflffl fff theffffiieffl, ffiefeffiffied tff affl the motor simulation view, inneffi fflfieech wffuld be like ffveffit fflfieech, excefit that affiticulatffffiffl affie nfft mffved (thiffl ffiefiffiefflentffl the ffifflt hyfifftheffliffl lifflted in Ofifienheim & Dell,200E). The fflecffnd clafflffl fff theffffiieffl iffl knffwn affl the abstraction view and cffnfflideffiffl inneffi fflfieech tff be the cffnfflefluence "fff the activatiffn fff abffltffiact linguiffltic ffiefiffiefflentatiffnffl" [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF]. Nfteffi ffieviewing fflufififfffiting and cffntffiadictffffiy evidence fffffi each view, [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF] ffluggefflt a ffiecffnciliatffffiy hyfifftheffliffl, accffffiding tff which the abffltffiactivenefflffl fff inneffi fflfieech wffuld be exible. Mffffie fiffiecifflely, the exible abffltffiactiffn accffunt fiffffltulateffl that inneffi fflfieech wffuld ffnly be fflfieci ed at a fihffnfflffgical level but that thiffl fihffnfflffgical level wffuld be a ected by affiticulatiffn. In fflufififfffit fff thiffl idea, [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF] ffbffleffived that mffuthed inneffi fflfieech fflhffwed bffth a lexical biaffl and a fihffnemic fflimilaffiity e ect, which waffl nfft the caffle fffffi unmffuthed inneffi fflfieech.

The motor theory of voluntary thinking

The motor theory of voluntary thinking (MTVT, Pffhen, 1FEC) aimffl tff exfilain hffw thinking and the exfieffiience fff vfflitiffn can emeffige fffiffm mfftffffi activity. Pffhen ffifflt nffteffl that a cffiitical afflfiect fff mfftffffi theffffiieffl iffl that they ffiely ffn fieffiifiheffial mfftffffi feedback (i.e., a effient feedback fffiffm the cffntffiactiffn fff the mufflcleffl). Uffweveffi, he then ffluggeffltffl that althffugh mfftffffi feedback might be necefflfflaffiy at the initial ffltageffl fff an inteffinaliffled actiffn (e.g., inneffi fflfieech), thiffl feedback might becffme unnecefflfflaffiy thffiffugh ffiefieated afflfflffciatiffnffl that wffuld "fflhffffit-cifficuit cffnnectiffnffl within the centffial neffivffuffl fflyffltem" (Pffhen,1FEC,fi. 21). Nccffffiding tff the MTVT, mfftffffi activity wffuld be necefflfflaffiy fffffi mental exfieffiienceffl withffut exteffinal fflenfflatiffn (i.e., fffffi imageffiy ffffi thffughtffl). Mffffie fiffiecifflely, Pffhen (1FEC) ffluggeffltffl that inneffi fflfieech (ffffi ffiatheffi, the fflenfflffffiy fiefficefitffl afflfflffciated with inneffi fflfieech) might be exfilained by itffl afflfflffciatiffnffl with mfftffffi activity. Indeed, accffffiding tff Pffhen (1FEC), "afflfflffciatiffnffl between ffne'ffl vffice and kinefflthetic fflenfflatiffnffl fffiffm ffne'ffl fflfieech mufflculatuffie affie veffiy fflfieci c, cffnffliffltent, and fffiefluently ffiefieated" (fi. 22). Theffiefffffie, ffllight (uncffnfflciffuffl) cffntffiactiffnffl fff the fflfieech mufflculatuffie might evffke fflfieech auditffffiy imageffl. In fflufififfffit fff thiffl idea, Pffhen ffiefiffffitffl the ffiefflultffl fff an exfieffiiment led by Ue effiline & Peffieffia (1FC3)G "when the fflubject ffccaffliffnnaly emitted an invifflibly fflmall thumb twitch (detected electffiffmyffgffiafihically), he ffieceived a tffne affl a fflignal tff fiffiefflffl a key. Nfteffi ffleveffial cffnditiffning fflefflffliffnffl, the tffne waffl fiffiffgffiefflfflively diminifflhed tff zeffiff. The fflubject neveffithelefflffl cffntinued tff fiffiefflffl the key wheneveffi he emitted a thumb twitch, and he ffiefiffffited that he ffltill heaffid the tffne."

Theffle ffbffleffivatiffnffl fflufififfffit the idea that mfftffffi activity (and kinaefflthetic feedback) might, afteffi fffiefluent afflfflffciatiffn, evffke auditffffiy fflenfflatiffnffl. Pffhen then mffveffl tff a fiffiefflentatiffn fff the mfftffffi theffffiy fff attentiffn, accffffiding tff which mfftffffi activity allffwffl ffnefflelf tff emfihaffliffle (ffffi weight) ffne afflfiect fff fiefficefitiffn ffveffi anfftheffi. Nccffffiding tff Pffhen, the MTVT, albeit nfft ffluggefflting that mfftffffi activity iffl necefflfflaffiy fffffi any fflffffit fff mental image ffffi thffught, ffluggeffltffl that mfftffffi feedback can evffke mental imageffl and thffughtffl (e.g., via the fiffiincifile fff afflfflffciatiffn difflcufflffled abffve) and that mfftffffi activity iffl ffiefflfiffnfflible fffffi the exfieffiience fff vfflitiffn in thinking. The MTVT ffluggeffltffl that thffughtffl that affie exfieffiienced vffluntaffiy (e.g., ffieheaffiffling a nffvel fihffne numbeffi) affie accffmfianied by mfftffffi activity wheffieaffl invffluntaffiy thffughtffl (e.g., intffiufflive thffughtffl ffffi ffiuminative thffughtffl) affie nfft. Inteffieffltingly, Pffhen alfflff ffluggeffltffl that "a thffught may afifieaffi tff be e ffffitlefflffl becauffle nff mfftffffi activatiffn iffl invfflved, ffffi becauffle the mfftffffi activity iffl fff an autffmatic natuffie" (fi. 2D). Pffhen inteffififfietffl the e ect fff diffltffiactiffn ffn the imfilicatiffn fff the mfftffffi fflyffltem duffiing mfftffffi imageffiy (and inneffi fflfieech) in teffimffl fff attentiffnal fflhaffiing, building ufiffn Nffffiman & Shallice (1FEC)'ffl wffffikG "In ffffideffi tff ffieheaffiffle a telefihffne numbeffi ffne wffuld fflimfily 'fflfieak' the numbeffiffl cffveffitly -that iffl, activate the afififfifffiffiiate fflfieech mfftffffi fiatteffinffl, but tffff ffllightly tff fiffiffduce audible fflfieech. Tff take the caffle fff ffieheaffiffling a telefihffne numbeffi a ffltefi fuffitheffi, cffnfflideffi that the fieffifflffn iffl being diffltffiacted by lffud mufflic. Oecauffle the mufflic wffuld be cffmfieting fffffi hiffl attentiffn, he wffuld have tff incffieaffle the amfilitude fff hiffl ffieheaffifflal by incffieaffling the fflfieech mfftffffi activity, fieffihafiffl tff the fiffint fff making actual lifi and tffngue mffvementffl. Weffie the mufflic lffud he might have tff fflfieak the numbeffiffl alffud fflff that the numbeffiffl wffuld cafituffie enffugh fff hiffl awaffienefflffl tff ffiemain in hiffl fflhffffit-teffim memffffiy."

Thiffl idea iffl cffnffliffltent with fflffme wffffik fflhffwing a gffieateffi imfilicatiffn fff the fflfieech mfftffffi fflyffltem duffiing cffgnitively demanding tafflkffl (e.g., Sffkfflffv,1FD2H McTuigan & Rffdieffi,1FCE) and fiffiffvideffl a mechanifflm tff exfilain theffle ffbffleffivatiffnffl (but fflee ffuffi ffwn theffffietical inteffififfietatiffn in the next fflectiffn). Tff fflum ufi, the MTVT ffluggeffltffl that all vffluntaffiy imageffl and thffughtffl affie afflfflffciated with mfftffffi activity and that "delibeffiate inneffi fflfieech iffl baffled13 ffn the afififfifffiffiiate cffveffit activity in the fflfieech mufflculatuffie" (Pffhen, 1FEC, fifi. AB-AC).

Predictive and motor control account(s) of inner speech

Sfieech fiffiffductiffn ffiefluiffieffl the ne-gffiained timing and cffffffidinatiffn fff cffmfilex fflefluenceffl fff mffvementffl (cf. biffmechanical afflfiectffl fff fflfieech fiffiffductiffn in Phafiteffi 2) and can theffiefffffie be cffnfflideffied in a cffmmffn cffncefitual fffiamewffffik with fftheffi fffffimffl fff mfftffffi actiffnffl. Pffmfilex mfftffffi actiffnffl have been ffluccefflfflfully mffdelled in a mfftffffi cffntffiffl fffiamewffffik (e.g., Kawatff,Suffiukawa,& Suzuki,1FEDH Kawatff,1FFFH Wfflfieffit,Thahffiamani,& Jffffidan,1FFBH Wfflfieffit,1FFD). Mfftffffi cffntffiffl mffdelffl defflcffiibe hffw the centffial neffivffuffl fflyffltem and the mufflculfffflkeletal fflyffltem inteffiact in ffffideffi tff fieffifffffim mfftffffi actiffnffl. Nfifilied tff fflfieech fiffiffductiffn, theffle mffdelffl defflcffiibe hffw humanffl geneffiate and ffiegulate fflfieech actffl (fffffi an intffiffductiffn tff mfftffffi cffntffiffl mffdelffl and a ffieview fff fflfieech mfftffffi cffntffiffl mffdelffl, fflee Paffiffiell,Lammeffit,Piccaffielli,& Quatieffii,201F).
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Actual sensory experience Figure 1.8. N fffffiwaffid mffdel fff mfftffffi cffntffiffl. Pffifffflffled cifficleffl ffiefiffiefflent cffmfiaffiatffffiffl (fflee text fffffi exfilanatiffn). Siguffie adafited fffiffm [START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF].

Nffl ffieviewed in [START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF] ffffi Loevenbffiuck et al. (201E), mfftffffi cffntffiffl mffdelffl geneffially afflfflume twff tyfieffl fff inteffiacting internal modelsG a forward model that iffl uffled tff fiffiedict the cffnfflefluenceffl fff fflffme filanned actiffn and an inverse model that iffl uffled tff cffmfiute (tff fiffiedict) the necefflfflaffiy mffvementffl tff attain fflffme gffal (cf. Offx 1.3). Nffl can be ffleen fffiffm Siguffie 1.E, the inveffiffle mffdel iffl ffifflt uffled tff cffmfiute the necefflfflaffiy mfftffffi cffmmandffl tff attain fflffme intended ffltate (e.g., fiffiffducing the /i/ vffwel).

When mfftffffi cffmmandffl affie fflent tff the mfftffffi fflyffltem, a cfffiy fff theffle mfftffffi cffmmandffl (knffwn affl the e erence copy) iffl fflent tff a fflecffnd inteffinal mffdel (a fffffiwaffid mffdel) that fiffiedictffl the fflenfflffffiy cffnfflefluenceffl fff theffle mfftffffi cffmmandffl. Thiffl fiffiedicted fflenfflffffiy feedback, knffwn affl the corollary discharge (i.e., what iffl exfiected tff hafifien if the mfftffffi cffmmandffl weffie tff be executed), iffl then cffmfiaffied tff actual fflenfflffffiy feedback (the fflenfflffffiy cffnfflefluenceffl fff actual mfftffffi actiffnffl) by a comparator (the cffifffflffled cifficle). It haffl been ffluggefflted by many authffffiffl (fffffi ffieview, fflee Loevenbffiuck et al.,201E) that thiffl cffmfiaffiifflffn iffl ffiefflfiffnfflible fffffi fiefficefitual attenuatiffn, when fiffiedicted fflenfflffffiy feedback and actual fflenfflffffiy feedback match. 1A Nn efflfflential ffiffle fff thiffl fiffiedictive mechanifflm iffl tff allffw fffffi fafflt cffffiffiectiffn fff fifftential effiffiffffiffl befffffie the actual fflenfflffffiy feedback iffl even available tff the centffial neffivffuffl fflyffltem. Indeed, by cffmfiuting a fiffiedictiffn fff what iffl exfiected tff hafifien, the centffial neffivffuffl fflyffltem can cffffiffiect ffffi adjufflt mfftffffi cffmmandffl (if needed), withffut having tff wait until the actiffn iffl executed. Thiffl mechanifflm fff monitoring by feedfffffiwaffid cffntffiffl allffwffl fffffi ffnline cffffiffiectiffn duffiing fflfieech fiffiffductiffn and accffunt fffffi the nfftffffiiffufflly lffw ffiate fff effiffiffffiffl in fflfieech fiffiffductiffn.

Inteffieffltingly, the e erence copy iffl nfft ffnly uffleful fffffi cffffffidinating and cffffiffiecting ffngffing actiffnffl but iffl alfflff hyfifftheffliffled tff filay a ffiffle in the feeling fff agency (i.e., the feeling fff being the agent fff fflffme actiffn). Thiffl feeling iffl hyfifftheffliffled tff affiiffle fffiffm (inteffinal) ffluccefflfflful cffmfiaffiifflffnffl between actual mffvementffl and fiffiedicted mffvementffl (i.e., the cffmfiaffiifflffn ffn the ffiight fflide fff Siguffie 1.E). Mffffie fiffiecifflely, agency might emeffige when fiffiedicted fflenfflffffiy exfieffiience and actual fflenfflffffiy exfieffiience match. Thiffl mfftffffi cffntffiffl fffiamewffffik haffl been ffluccefflfflfully afifilied tff fflfieech (e.g., Tuentheffi, Thfffflh, & Tffuffiville, 200CH Uffude & Nagaffiajan, 2011H Paffiffiell et al., 201F) and haffl alfflff been afifilied tff inneffi fflfieech fiffiffductiffn, initially with the aim fff exfilaining the exfieffiience fff NVUffl in fiatientffl with fflchizfffihffienia. Sffffi inffltance, Seinbeffig (1FDE), [START_REF] Sffiith | Rxfilaining the fflymfitffmffl fff fflchizfffihffieniaG Nbnffffimalitieffl in the awaffienefflffl fff actiffn[END_REF], and S. R. Jffneffl & Seffinyhffugh (200Da) have ffluggefflted that a defective fiffiedictive fflyffltem cffuld lead tff cffntffiffl deluffliffnffl and the exfieffiience fff NVUffl. Indeed, they ffluggeffltffl that a mifflmatch between fiffiedicted fflenfflffffiy exfieffiience and actual fflenfflffffiy exfieffiience wffuld nfft lead tff a fflenfflffffiy attenuatiffn and wffuld lead tff agency nfft being felt. The idea that efiifflffdeffl fff NVUffl affie accffmfianied by (fiaffitially inhibited) mfftffffi cffmmandffl iffl fflufififfffited by ffleveffial RMT ffltudieffl fflhffwing an incffieaffle fff fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl duffiing theffle efiifflffdeffl (e.g., Tffuld, 1FAEH Rafiin, 2011H Rafiin et al., 2013). Mffffie geneffially, the geneffiatiffn fff a cffffiffllaffiy difflchaffige and itffl ffiffle in inneffi fflfieech fiffiffductiffn iffl fflufififfffited by many behaviffuffial and neuffifffihyfflifflffgical ndingffl (e.g., Sffffid & Mathalffn, 200AH Tian, Ding, Teng, Oai, & Pffefifiel, 201EH Tian & Pffefifiel, 2010, 2012H Tian, Zaffiate, & Pffefifiel, 201CH Whitfffffid et al., 201D).

1A That'ffl the ffieafflffn why, accffffiding tff Olakemffffie, Wfflfieffit, & Sffiith (1FFE), we cannfft tickle ffuffifflelveffl. Oecauffle when we delibeffiately fiffiffduce an actiffn we fffffimulate a fiffiedictiffn fff the fflenfflffffiy cffnfflefluenceffl fff thiffl actiffn, the actual fflenfflffffiy cffnfflefluenceffl fff thiffl actiffn (when it matcheffl with ffuffi fiffiedictiffnffl) affie attenuated.

Box 1.3: What is an internal model?

Offiffadly fflfieaking, an internal model can be fflaid tff cffffiffiefflfiffnd tff any neuffial ffiefiffiefflentatiffn fff the exteffinal wffffild (Itff, 200E). In the cffntext fff ffiffbffticffl and mfftffffi cffntffiffl (the filanning and cffntffiffl fff mffvementffl), an inteffinal mffdel iffl an inteffinal (neuffial and/ffffi cffgnitive) mffdel ffiefiffiefflenting the dynamicffl fff the mffvement fff a limb, ffffigan, ffffi afifiaffiatuffl. Thiffl fflffffit fff mental mffdel iffl fffffimed and adjufflted thffiffugh leaffining, that iffl, affl a mffvement iffl ffiefieated. Tff fiut it fflimfily, an inteffinal mffdel iffl a mental ffiefiffiefflentatiffn fff the dynamicffl fff a mfftffffi afifiaffiatuffl.

Twff fflffffitffl fff inteffinal mffdelffl affie geneffially fiffffltulated. Siffifflt, forward models affie ffiefiffiefflenting the dynamicffl fff a mffvement and allffw fffffi fiffiedictiffnffl abffut the ffutcffme fff a filanned ffffi ffngffing actiffn. In fftheffi wffffidffl, they fieffimit tff anticifiate the next ffltefi fff a mffvement (and tff cffffiffiect fffffi fifftential effiffiffffiffl), baffled ffn a ffiefiffiefflentatiffn fff the ufflual (i.e., leaffined) mffvement dynamicffl. Secffnd, inverse models affie ffiefiffiefflenting the inverse fff a mffvement dynamicffl and fieffimit tff cffmfiute the necefflfflaffiy mfftffffi cffmandffl tff attain a deffliffied ffltate.

The ffutfiut fff the fffffiwaffid mffdel iffl a fiffiedicted ffltate fff the afifiaffiatuffl. The infiut fff the inveffiffle mffdel iffl a deffliffied ffltate fff the afifiaffiatuffl. Theffle ffltateffl affie exfiffiefflffled in the fflame fffffimat, fflff the fiffiedictiffn can be cffmfiaffied with the deffliffied gffal. In fflfieech mfftffffi cffntffiffl theffffiieffl, it iffl geneffially afflfflumed that they cffffiffiefflfiffnd tff fflenfflffffiy fflignalffl (in ffiffbffticffl, they affie cffn guffiatiffnffl fff the mfftffffi filant, i.e., fifffflitiffnffl and velffcitieffl).

Oy building ufiffn fiffieviffuffl mfftffffi cffntffiffl mffdelffl fff fflfieech fiffiffductiffn (e.g., Uffude & Nagaffiajan, 2011H Wfflfieffit et al., 1FFB) and mfftffffi cffntffiffl mffdelffl afifilied tff inneffi fflfieech in the cffntext fff fflchizfffihffienia (e.g., Sffiith et al., 2000H Seinbeffig, 1FDEH S. R. Jffneffl & Seffinyhffugh, 200DbH Rafiin, 2011H Rafiin et al., 2013), Loevenbffiuck et al. (201E) ffiecently intffiffduced a nffvel mffdel fff (delibeffiate) inneffi fflfieech. In thiffl mffdel, Loevenbffiuck et al. (201E) defflcffiibe inneffi fflfieech affl "multi-mffdal actffl with multi-fflenfflffffiy fiefficefitffl ffltemming fffiffm cffaffiffle multi-fflenfflffffiy gffalffl". In fftheffi wffffidffl, the auditffffiy and kinaefflthetic fflenfflatiffnffl fiefficeived duffiing inneffi fflfieech fiffiedictiffn affie afflfflumed tff be the fiffiedicted fflenfflffffiy cffnfflefluenceffl fff (inhibited) fflfieech mfftffffi actffl, emulated by inteffinal fffffiwaffid mffdelffl, that uffle the e effience cfffiieffl ifflfflued fffiffm an inveffiffle mffdel (cf. Siguffie 1.F).

In the fiffieviffuffl fflectiffn, we difflcufflffled the ffielatiffn between the degffiee fff autffmaticity, the di culty, and the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn.

Pffhen (1FEC) ffluggefflted that in di cult fflituatiffnffl (e.g., nffiffly enviffiffnment, di cult, nffvel, ffffi degffiaded veffibal mateffiial), inneffi fflfieech fiefficefitffl may be accentuated tff dffiaw mffffie attentiffn affl cffmfiaffied tff fftheffi (nffn-ffielevant) ffltimuli. We can ffieinteffififfiet theffle ndingffl in the mfftffffi cffntffiffl fffiamewffffik by fflaying that the invfflvement fff the fflfieech mfftffffi fflyffltem A0 duffiing inneffi fflfieech (that can be examined via fieffiifiheffial mufflculaffi activatiffn, neuffiffimageffiy, ffffi neuffiffffltimulatiffn) iffl a functiffn fff the degffiee fff inhibitiffn (the inhibitffffiy fflignalffl ffiefiffiefflented by the veffitical dfftted lineffl in Siguffie 1.F), with a gffieateffi invfflvement fff the fflfieech mfftffffi fflyffltem when inhibitiffn iffl weakeffi, and ffiecififfiffcally, a weakeffi invfflvement fff the fflfieech mfftffffi fflyffltem when inhibitiffn iffl ffltffiffngeffi. The "fluantity and fluality" fff inhibitiffn (i.e., what fiffifffiffffitiffn fff mfftffffi cffmmandffl and theiffi e effience cfffiieffl affie inhibited, when, and at which level) may in tuffin be a functiffn fff cffntextual and individual chaffiacteffiifflticffl. We might fflfieculate that the ffieafflffn why inhibitiffn iffl weakeffi in demanding fflituatiffn (e.g., when ffieading a di cult text ffffi ffieheaffiffling nffvel mateffiial) iffl that undeffiffltanding mffffie di cult mateffiial ffiefluiffieffl "cleaffieffi" (mffffie vivid) inneffi fflfieech fiefficefitffl than undeffiffltanding knffwn ffffi eaffly mateffiial (the fflame gffeffl fffffi nffiffly ffffi degffiaded mateffiial). The exact natuffie fff theffle inhibitffffiy fflignalffl and hffw the "amffunt iffl inhibitiffn" iffl deteffimined ffltill need tff be examined, hffweveffi (but fflee ffuffi difflcufflffliffn in fflectiffn 1.2.3).

In additiffn tff exfilicitly mffdelling inneffi fflfieech fiffiffductiffn in a fffffimal mfftffffi cffntffiffl mffdel, Loevenbffiuck et al. (201E) fiffifffiffffled a ceffiebffial landfflcafie undeffilying the fiffiffductiffn fff deliberate inneffi fflfieech (cf. Siguffie 1.10). Thiffl mffdel aimffl tff integffiate ndingffl and mffdelffl fffiffm the eldffl fff fifflychfflinguifflticffl and neuffifflinguifflticffl, affl well affl neuffiffanatffmical theffffiieffl fff fflfieech fiffiffductiffn (e.g., Uickffk, 2012H Tian & Pffefifiel, 2013). Thiffl mffdel fiffifffiffffleffl that lemma ffietffiieval iffl fieffifffffimed by the left middle temfiffffial gyffiuffl. Then, the lemma iffl cffnveffited tff a lexeme in a multifflenfflffffiy fffffimat via twff ffiffuteffl, the ffifflt ffne fiffiffviding the auditffffiy ffiefiffiefflentatiffn (a) and the fflecffnd ffne fiffiffviding the fflffmatfffflenfflffffiy ffiefiffiefflentatiffn (b). The auditffffiy fflfieci catiffn fff the deffliffied auditffffiy ffltate then activateffl the left fifffflteffiiffffi fflufieffiiffffi tff ffieduce fiffiedictiffn effiffiffffi), inffltead fff ffiefflulting fffiffm a ffltimuluffl tff be mffnitffffied.

Tff undeffiffltand the afifieal fff fiffiedictive and mfftffffi cffntffiffl mffdelling afifilied tff inneffi fflfieech and imagined actiffnffl, let'ffl cffnfflideffi the analffgy between fflfieaking and filaying an inffltffiument (e.g., filaying the fiianff). Rfflfflentially, leaffining hffw tff filay the fiianff can be fflaid tff cffnfflifflt in leaffining and cffffffidinating cffmfilex and ne-gffiained mfftffffi fflefluenceffl that fiffiffduce in tuffin fflenfflffffiy (e.g., kinefflthaetic, auditffffiy, vifflual) feedback tff the fiffiffduceffi fff the actiffn (the agent). Theffiefffffie, it ffleemffl that (fffiffm a ceffitain level fff analyffliffl), the act fff fflfieech can be fiaffialleled with the act fff filaying an inffltffiument in that it cffnffliffltffl in the cffffffidinatiffn fff cffmfilex mffvementffl that ffiefflult in fflffme mffdi catiffnffl fff the enviffiffnment, that in tuffin geneffiate fflenfflffffiy feedbackffl (e.g., kinefflthaetic, auditffffiy) fffffi the agent. Thuffl, fiuffiffluing the analffgy, we cffuld affigue that the ffielatiffn between filaying an inffltffiument and imagining filaying an inffltffiument iffl fflimilaffi tff the ffielatiffn between fiffiffducing fflfieech and imagining fflfieaking (i.e., fiffiffducing inneffi fflfieech). 

Explaining the muscular activity observed during inner speech

Mfftffffi imageffiy can be de ned affl the mental fiffiffcefflffl by which ffne ffieheaffiffleffl a given actiffn, withffut engaging in the fihyfflical mffvementffl invfflved in thiffl fiaffiticulaffi actiffn. One fff the mfffflt in uential theffffietical exfilanatiffn fffffi thiffl fihenffmenffn iffl the motor simulation theory (MST, Jeanneffiffd, 1FFA, 2001, 200C). In thiffl fffiamewffffik, the cffncefit fff fflimulatiffn ffiefeffiffl tff the "ff ine ffieheaffifflal fff neuffial netwffffikffl" (Jeanneffiffd,200C) While keefiing in mind the ffbviffuffl limitatiffn that the child mind iffl nfft efluivalent tff the adult mind, nffffi iffl it efluivalent tff a fflmalleffi veffiffliffn fff the adult mind. Neveffithelefflffl, examining the develfffiment fff nffvel imagined actiffnffl in adultffl avffidffl the cffntaminatiffn fff the fiffiffcefflffl fff inteffiefflt (imagined actiffn) by develfffimental cffnfffundffl fiffiefflent duffiing childhffffd. 1C We fflhffuld alfflff make a diffltinctiffn between embodiment of content, which cffnceffinffl the fflemantic cffntent fff language, and embodiment of form, which cffnceffinffl "the vehicle fff thffught", that iffl, fiffifffieffi veffibal fiffiffductiffn AA 1.2. WUNT IS TUNT LITTLR VOIPR INSIDR MY URND? the thffiee fffllffwing fiffffltulateffl at itffl cffffieG i) theffie exiffltffl a cffntinuum between the cffveffit (the mental ffiefiffiefflentatiffn) and the ffveffit executiffn fff an actiffn, ii) actiffn ffiefiffiefflentatiffnffl can fffieffiate ff -line, via a simulation mechanifflm, and iii) cffveffit actiffnffl ffiely ffn the fflame fflet fff mechanifflmffl affl the ffveffit actiffnffl they fflimulate, excefit that executiffn iffl inhibited. The MST iffl fflufififfffited by a wealth a ndingffl, gffing fffiffm mental chffiffnffmetffiy ffltudieffl fflhffwing that the time taken tff fieffifffffim an actiffn iffl ffften fffund tff be fflimilaffi tff the time needed tff imagine the cffffiffiefflfiffnding actiffn 1D (but fflee Tlffveffi & Oaffian, 201D, fffffi a ffieview fff chffiffnffmetffiic ndingffl and fffffi an alteffinative cffncefitualifflatiffn fff mfftffffi imageffiy), tff neuffiffimaging and neuffiffffltimulatiffn ffltudieffl fflhffwing that bffth mfftffffi imageffiy and ffveffit actiffnffl tend tff ffiecffiuit fflimilaffi fffiffntal, fiaffiietal and fflub-cffffitical ffiegiffnffl (e.g., Uétu et al., 2013H Jeanneffiffd, 2001.

The invfflvement fff the mfftffffi fflyffltem duffiing mfftffffi imageffiy iffl alfflff fflufififfffited by ffiefieated ffbffleffivatiffnffl fff autffnffmic ffiefflfiffnffleffl, incffieaffled cffffiticfffflfiinal excitability, affl well affl fieffiifiheffial mufflculaffi activity duffiing mfftffffi imageffiy (fffffi an ffveffiview, fflee Pffllet & Tuillfft, 2010H Jeanneffiffd, 200CH Stineaffi, 2010).

Mfftffffi imageffiy haffl cffnffliffltently been de ned affl the mental ffieheaffifflal fff a mfftffffi actiffn withffut any ffveffit mffvement. One cffnfflefluence fff thiffl claim iffl that, in ffffideffi tff fiffievent executiffn, the neuffial cffmmandffl fffffi mufflculaffi cffntffiactiffnffl fflhffuld be blffcked at fflffme level fff the mfftffffi fflyffltem by active inhibitffffiy mechanifflmffl (fffffi ffieview, fflee Tuillfft et al., 2012a).

Defflfiite theffle inhibitffffiy mechanifflmffl, theffie iffl nffw abundant evidence fffffi fieffiifiheffial mufflculaffi activatiffn duffiing mfftffffi imageffiy (fffffi ffieview, fflee Tuillfft & Pffllet, 200BH Tuillfft et al., 2012a).

Nffl ffluggefflted by Jeanneffiffd (1FFA), the incffmfilete inhibitiffn fff the mfftffffi cffmmandffl wffuld fiffiffvide a valid exfilanatiffn tff accffunt fffffi the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing mfftffffi imageffiy. Pffnffliffltent with thiffl afflfflumfitiffn, [START_REF] Schwffebel | The man whff executed "imagined" mffvementfflG Rvidence fffffi difflfflffciable cffmfiffnentffl fff the bffdy fflchema[END_REF] fflhffwed that a bffiain-damaged fiatient failed tff inhibit the mfftffffi cffnfflefluenceffl fff mfftffffi imageffiy, and thuffl fully "executed the imagined actiffn", hence highlighting uninhibited mffvementffl duffiing mental ffieheaffifflal. 1E Thiffl idea haffl alfflff been cffffiffiffbffffiated by ffltudieffl fff changeffl in the excitability fff the mfftffffi fiathwayffl duffiing mfftffffi imageffiy tafflkffl. Offnnet, Decety, Jeanneffiffd, & Refluin (1FFD) meaffluffied fflfiinal ffie exeffl while fiaffiticifiantffl weffie inffltffiucted tff eitheffi fiffiefflffl a fiedal with the ffffft ffffi tff fflimulate the fflame actiffn mentally. They ffbffleffived that bffth U-ffie exeffl and T-ffie exeffl incffieaffled duffiing mfftffffi imageffiy, and that theffle incffieaffleffl cffffiffielated with the fffffice fff the fflimulated fiffiefflffluffie. Uffling tffianfflcffianial magnetic ffltimulatiffn and mfftffffi evffked fifftentialffl (MRPffl), ffleveffial inveffltigatffffiffl ffbffleffived mufflcle-fflfieci c incffieaffleffl fff MRPffl duffiing vaffiiffuffl mfftffffi imageffiy tafflkffl, wheffieaffl nff ffluch incffieaffle cffuld be ffbffleffived in antagffnifflt mufflcleffl (e.g., Sadiga et al.,1FFFH Rfffflfflini,1FFF). [START_REF] Pickeffiing | Nn integffiated theffffiy fff language fiffiffductiffn and cffmfiffiehenffliffn[END_REF].

1D Nlthffugh nfft alwayffl. Nffl fiffieviffufflly difflcufflffled in fflectiffn 1.2.1, Tuillfft et al. (2012b) ffieviewed chffiffnffmetffiic ndingffl ffielated tff mfftffffi imageffiy and lifflted the ffleveffial factffffiffl that may a ect the temfiffffial efluivalence between executed and imagined actiffnffl. 1E Uffweveffi, it fflhffuld be nffted that [START_REF] Schwffebel | The man whff executed "imagined" mffvementfflG Rvidence fffffi difflfflffciable cffmfiffnentffl fff the bffdy fflchema[END_REF] ffiefiffffited nff di culty fffffi thiffl fiatient tff ffiead fflilently.

Box 1.4: The motor inhibition problem

The "fiffiffblem fff inhibitiffn" can be fflummaffiiffled affl fffllffwffl (fffiffm Jeanneffiffd, 2001, fi.

S10C)G hffw cffme that cffveffit actiffnffl, in fflfiite fff activatiffn fff the mfftffffi fflyffltem, dff nfft ffiefflult in mufflculaffi activity and ffveffit mffvementffl?

Nn attffiactive anfflweffi tff that flueffltiffn iffl that imagined actiffnffl can be cffnfflideffied affl inhibited actiffnffl. The neuffial geneffiatffffiffl fff theffle inhibitffffiy fflignalffl, hffweveffi, have nfft yet been cleaffily identi ed in the mfftffffi imageffiy liteffiatuffie. Nffl ffieviewed in Tuillfft et al. (2012a), fiffieviffuffl ffieffleaffich haffl ffluggefflted at leafflt thffiee (nffn-exclufflive) fifftential inhibitffffiy mechanifflmffl that might fffieffiate duffiing mfftffffi imageffiyG

• Siffifflt, mfftffffi inhibitiffn might be integrated within the cffnffltffiuctiffn fff the mental ffiefiffiefflentatiffn (i.e., imaginatiffn wffuld fflimfily be a weakeffi fffffim fff executiffn), hence ffnly subthreshold (i.e., infflu cient tff induce mfftffneuffiffnffl excitatiffn) mfftffffi cffmmandffl affie fflent tff the e ectffffiffl tff fiffievent mffvement executiffn.

• Secffnd, inhibitffffiy mechanifflmffl may be tffiiggeffied in cffnjunctiffn with mfftffffi cffmmandffl (e.g., Jeanneffiffd, 200C)G inhibitffffiy ceffiebffial ffiegiffnffl might fiffiffgffiefflfflively weaken the mfftffffi cffmmandffl duffiing the time cffuffiffle fff mfftffffi imageffiy, fflff that ffnly a residual activity iffl fflent.

• Thiffid, inhibitffffiy mechanifflmffl might be lffcated dffwnffltffieam fff the mfftffffi cffffitex, fifffflfflibly at the fflfiinal ffffi bffiainfflteam level (e.g., Jeanneffiffd, 2001H 200C). Lfftze & Ualfflband (200C) alfflff ffluggefflted that the fifffflteffiiffffi ceffiebellum might filay a cffiucial ffiffle in inhibiting the mfftffffi cffmmandffl.

Theffiefffffie, mfftffffi cffmmandffl inhibitiffn might inteffivene in thffiee nffn-exclufflive wayffl duffiing mfftffffi imageffiy. Uffweveffi, the exact cffntffiibutiffn fff each ffiffute ffltill needffl tff be examined.

Uffweveffi, althffugh theffie affie many ffbffleffivatiffnffl fflhffwing a fieffiifiheffial mufflculaffi activity duffiing mfftffffi imageffiy, theffie affie alfflff many ffltudieffl failing tff dff fflff, ffffi ffiefiffffiting ffluffififfiifflingly high levelffl fff inteffi-fflubject vaffiiability, with fflffme fiaffiticifiantffl fflhffwing nff mufflculaffi activity at all (fffffi ffieview, fflee [START_REF] Tuillfft | Rlectffiffmyffgffiafihic activity duffiing mfftffffi imageffiy[END_REF]. Twff main exfilanatiffnffl have been advanced

tff ffiefflfflve theffle difflcffiefiancieffl. Siffifflt, the electffiffmyffgffiafihic activity ffiecffffided duffiing mfftffffi imageffiy cffuld be mffdeffiated by the fieffifflfiective taken in mfftffffi imageffiy. 1F Indeed, it haffl been fflhffwn that a ffifflt-fieffifflffn fieffifflfiective may ffiefflult in gffieateffi RMT activity than mfftffffi imageffiy in a thiffid-fieffifflffn fieffifflfiective (Uale,1FE2H Uaffiffiiffl & Rffbinfflffn,1FEC). Secffnd, fflffme 1F We ufflually make a diffltinctiffn between a ffifflt-fieffifflffn fieffifflfiective ffffi internal imagery (i.e., imagining an actiffn affl we wffuld execute it) and a thiffid-fieffifflffn fieffifflfiective ffffi external imagery (i.e., imagining an actiffn affl an ffbffleffiveffi fff thiffl actiffn), that ffleem tff invfflve di effient neuffial and cffgnitive fiffiffcefflffleffl [START_REF] Ruby | R ect fff fflubjective fieffifflfiective taking duffiing fflimulatiffn fff actiffnG N PRT inveffltigatiffn fff agency[END_REF] authffffiffl fiffffltulated that the intenfflity fff the RMT activity ffiecffffided duffiing mfftffffi imageffiy might be ffielated tff the individual ability tff fffffim an accuffiate mental ffiefiffiefflentatiffn fff the mfftffffi fflkill (i.e., the vividnefflffl fff the mental image). Uffweveffi, afteffi ffieviewing the available evidence, Tuillfft et al. (200F) cffncluded that thiffl iffl unlikely tff be the caffle. Nlteffinatively, difflcffiefiancieffl in exfieffiimental defflign and methffdfflffgical chfficeffl (e.g., uffle fff intffiamufflculaffi veffiffluffl ffluffiface electffiffmyffgffiafihy) cffuld alfflff exfilain theffle cffntffiadictffffiy ffiefflultffl [START_REF] Tuillfft | Rlectffiffmyffgffiafihic activity duffiing mfftffffi imageffiy[END_REF].

In ffffideffi tff inveffltigate the inhibitffffiy mechanifflmffl invfflved duffiing mfftffffi imageffiy, Riegeffi, Dahm, & Kffch (201D) extended the lffgic fff tafflk fflwitching fiaffiadigmffl and develfffied a nffvel action mode (imageffiy vffl. executiffn) fflwitching fiaffiadigm. In theffle fiffiffceduffieffl, fieffifffffimance in the cuffiffient tffiial iffl analyffled defiending ffn the cffnditiffn fff the fiffieviffuffl tffiial, afflffluming that executiffn ffffi inhibitiffn in the fiffieviffuffl tffiial fieffiffliffltffl tff a ceffitain degffiee. Put fflimfily, the main idea iffl that inhibitiffn duffiing mfftffffi imageffiy fflhffuld leave afteffi-e ectffl by incffieaffling activatiffn thffiefflhffldffl, then a ecting the fieffifffffimance fff fflubfflefluently executed (ffffi imagined) mffvementffl. In analyffling fflefluential e ectffl, Riegeffi et al. (201D) ffbffleffived fflhffffiteffi mffvement timeffl when mfftffffi executiffn (MR) fiffieceded mfftffffi imageffiy (MI) than when mfftffffi imageffiy fiffieceded mfftffffi executiffn, cffffiffiffbffffiating the idea fff a glffbal inhibitiffn (i.e., the fflecffnd fffitiffn fffiffm Offx 1.A) mechanifflm taking filace duffiing mfftffffi imageffiy. In additiffn, they ffbffleffived hand ffiefietitiffn cffffltffl (i.e., mffvement timeffl weffie lffngeffi when the tafflk had tff be fieffifffffimed with the fflame hand than with the fftheffi hand in mfftffffi imageffiy tffiialffl), ffluggefflting that e ectffffi-fflfieci c fff attentiffnal e ffffit invfflved in the executiffn ffffi the inhibitiffn fff a mfftffffi ffiefflfiffnffle duffiing bffth mfftffffi imageffiy and mfftffffi executiffn in a Tff/NffTff fiffiffceduffie, embedded in a mffdi ed tafflk-fflwitching fiaffiadigm. They ffbffleffived that the amffunt fff attentiffnal e ffffit (afflfflefflffled via fiufiillffmetffiy) vaffiied accffffiding tff the tyfie fff blffck (i.e., fiuffie vffl. mixed), ffluggefflting that di effient inhibitffffiy mechanifflmffl (ffffi "ffiffuteffl") may undeffilie inhibitiffn duffiing mfftffffi imageffiy.

Sffffi inffltance, it may be that inhibitiffn duffiing mfftffffi imageffiy iffl fiffiffgffiammed in a fiffie-emfitive way when the fiaffiticifiantffl knffw that the next blffck will be unifluely cffmfiffffled fff mfftffffi imageffiy tffiialffl ffffi in a mffffie active (and mffffie e ffffit-cffffltly) way in mixed blffckffl. Theffiefffffie, di effient inhibitffffiy mechanifflmffl (e.g., fiffiffactive vffl. ffieactive, glffbal vffl. fflelective) may alfflff vaffiy accffffiding tff the tafflk chaffiacteffiifflticffl (fffffi a mffffie detailed difflcufflffliffn fff theffle ndingffl, fflee alfflff O'Shea, 201D). Nlthffugh theffle ffltudieffl affie amffng the ffifflt tff inveffltigate theffle ifflfflueffl, they fflhffw that it iffl fifffflfflible tff uffle a cffmbinatiffn fff cffgnitive and fifflychfffihyfflifflffgical tafflkffl tff afflfflefflffl the inhibitffffiy mechanifflmffl invfflved duffiing mfftffffi imageffiy.

Tff fflummaffiiffle thiffl fflectiffn, the available neuffial and fifflychfffihyfflifflffgical evidence ffluggeffltffl that inneffi fflfieech and imagined actiffnffl may ffiefflult fffiffm inteffinal fflimulatiffn (ffffi emulatiffn) AD PUNPTRR 1. TURORRTIPNL SRNMRWORK fff the cffffiffiefflfiffnding executed actiffn. Thiffl afifiealing idea hffweveffi fiffiefflufififfffleffl that the mfftffffi cffmmandffl emitted duffiing inneffi fflfieech (which give ffiiffle tff the fflenfflffffiy fiefficefitffl fff inneffi fflfieech ffluch affl the inneffi vffice) affie fflffmehffw cffmfiletely ffffi fiaffitially inhibited in ffffideffi tff fiffievent executiffn. We difflcufflffled ffleveffial exfilanatiffnffl with ffiegaffidffl tff the fflffuffice fff theffle inhibitffffiy fflignalffl (that ffiemainffl tff be tefflted in the caffle fff inneffi fflfieech). Inteffieffltingly, theffle flueffltiffnffl echff ffuffi fiffieviffuffl difflcufflffliffn fff the centffialifflm veffiffluffl fieffiifiheffialifflm debate (cf. Offx 1.1). Recent theffffietical fffiamewffffikffl fff inneffi fflfieech and mfftffffi imageffiy (e.g., mfftffffi cffntffiffl mffdelffl, fflimulatiffn and emulatiffn theffffiieffl) affie centralist theffffiieffl fff mfftffffi cffgnitiffn.

Indeed, in theffle fffiamewffffikffl, the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing imagined actiffn iffl cffnceived affl a cffnfflefluence fff (a fiaffitial inhibitiffn) theffle actiffnffl, ffiatheffi than a necessary cffnditiffn fffffi imagining actiffnffl (including fflfieech). Thiffl idea waffl well fflummaffiiffled by Jeanneffiffd (200C), difflcufflffling the mfftffffi inhibitiffn fiffiffblem and the caffle fff fflubvffcal (inneffi) fflfieechG "Subvffcal fflfieech waffl ffifflt inteffififfieted affl a fflffuffice fff fieffiifiheffial kinefflthetic infffffimatiffn which, when fiffiffjected tff centffial neffivffuffl ffltffiuctuffieffl, geneffiated auditffffiy imageffl fff the cffffiffiefflfiffnding wffffidffl. The fflame inteffififfietatiffn waffl given tff the lffw intenfflity RMT ffiecffffided duffiing mental mfftffffi imageffiy fff limb actiffnffl, which waffl thffught tff be the ffffiigin fff the feelingffl exfieffiienced by the fflubject duffiing mental ffieheaffifflal (Jacffbfflffn,1F30), ffffi tff the eye mffvementffl ffiecffffided duffiing mental vifflual imageffiy (e.g., Offiandt and Staffik, 1FFD). Uffweveffi, thiffl inteffififfietatiffn fff mental fiffiffcefflffleffl affl cffnfflefluenceffl fff fieffiifiheffial feedback iffl nffw difflfiffiffved by ffiecent exfieffiimentffl fflhffwing cffmfilete abfflence fff mufflculaffi activity in many fflubjectffl duffiing mfftffffi imageffiy. When fiffiefflent, thiffl activity iffl ffiatheffi afflfflumed tff be a cffnfflefluence fff incffmfilete inhibitiffn fff mfftffffi ffutfiut duffiing mental ffltateffl invfflving mfftffffi fflimulatiffn. Thiffl fflame inteffififfietatiffn might alfflff hffld fffffi inneffi fflfieech." (fi. 1B3) Theffiefffffie, althffugh the fiffieciffle neuffial geneffiatffffiffl fff theffle inhibitffffiy fflignalffl ffiemain tff be examined, the fieffiifiheffial mufflculaffi activatiffn ffbffleffived duffiing inneffi fflfieech may be ffiefflulting fffiffm an incffmfilete inhibitiffn fff mfftffffi cffmmandffl. Mffffieffveffi, we may fflfieculate that fflffme fffffimffl fff inneffi fflfieech may ffffi may nfft be accffmfianied by fieffiifiheffial mufflculaffi activatiffnffl in the fflfieech mufflcleffl, defiending ffn the degffiee (the amffunt) fff inhibitiffn.

Summary, research question and directions

We ffieviewed the main theffffietical fifffflitiffnffl abffut ffiuminatiffn, the di effient wayffl it haffl been afflfflefflffled (eitheffi affl a tffiait ffffi affl a ffltate) and difflcufflffled the fflenfflffffiy fiffifffieffitieffl fff ffiuminative thffughtffl. Ncknffwledging the fiffiedffminantly veffibal chaffiacteffi fff ffiuminatiffn, we ffluggefflted that it might be cffnfflideffied affl a fffffim fff inneffi fflfieech. In ffffideffi tff undeffiffltand the ffiefiefficufflffliffnffl fff AE 1.3. SUMMNRY, RRSRNRPU QURSTION NND DIRRPTIONS thiffl afflfflumfitiffn with ffiegaffidffl tff the ffltudy fff ffiuminatiffn, we fiffiefflented a bffiief hiffltffffiical ffieview fff inneffi fflfieech ffieffleaffich fffiffm 1EB0 tff fiffiefflent dayffl. Thiffl ffieview led uffl tff a fiffiefflentatiffn fff the main cffntemfiffffiaffiy theffffietical viewffl ffn inneffi fflfieech and tff the ffluggeffltiffn that inneffi fflfieech may be cffnceived affl a fffffim fff mfftffffi imageffiy and that it cffuld be undeffiffltffffd and mffdelled in a mfftffffi cffntffiffl fffiamewffffik. We then bffiie y difflcufflffled ndingffl fffiffm the eld fff mfftffffi cffgnitiffn and the ffltudy fff mfftffffi imageffiy tff take a new fieffifflfiective ffn the ndingffl fiffieviffufflly difflcufflffled abffut the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn. In cffnfflideffiatiffn fff thiffl difflcufflffliffn, the main gffalffl fff the fiffiefflent wffffik affie i) tff ffie ne the defflcffiifitiffn fff inneffi fflfieech and the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing itffl fiffiffductiffn by ffltudying a fiaffiticulaffi fffffim fff inneffi fflfieech (i.e., ffiuminatiffn) and ii) tff fflhed a new light ffn ffiuminatiffn by ffltudying it affl a fffffim fff inneffi fflfieech, with the fifftential ffutcffme fff fiffiffviding fifflychfffihyfflifflffgical (electffiffmyffgffiafihic) maffikeffiffl fff (induced) ffiuminatiffn, affl well affl fifffflfflible guidelineffl fffffi ffiemediatiffn. Oefffffie tuffining tff a fiffiefflentatiffn fff thiffl exfieffiimental wffffik (wheffie each ffltudy iffl fiffiefflented affl a ffltandalffne emfiiffiical affiticle, cf. Phafiteffiffl 3 tff D), in the next chafiteffi, we bffiie y intffiffduce fflffme key elementffl and technical detailffl with ffiegaffidffl tff the methffdffl we uffled in thiffl wffffik. AF P 2 Methodological framework "[...] we have been brainwashed by Fisherian statistics into thinking that refutation of H 0 is a powerful way of testing substantive theories" Meehl, P. (1986) I n thiffl chafiteffi we bffiie y intffiffduce fflffme fff the key cffncefitffl ffielated tff the methffdffl we uffled in ffuffi wffffik. Mffffie fiffiecifflely, we cffveffi the technical cffncefitffl ffielated tff fflfieech fiffiffductiffn mechanifflmffl, tff electffiffmyffgffiafihy and tff ffuffi ffltatiffltical afififfiffach. Sinally, we give an ffveffiview fff the fffllffwing chafiteffiffl.

Biomechanical aspects of speech production

Vocal apparatus

Sfieech fiffiffductiffn ffiefluiffieffl the invfflvement fff mffffie than 100 mufflcleffl in the face, the neck and the chefflt [START_REF] Simffnyan | Laffiyngeal mfftffffi cffffitex and cffntffiffl fff fflfieech in humanffl[END_REF]. The activity fff theffle mufflcleffl iffl cffffffidinated tff fiffiffduce an aiffi ffw mffving fffiffm the lungffl tff the ffffial and nafflal cavitieffl, via the tffiachea, the laffiynx and the fihaffiynx (fflee Siguffie 2.1). Offiffadly fflfieaking, fflfieech fiffiffductiffn can be fflaid tff cffnfflifflt efflfflentially in i) phonation, which ffiefeffiffl tff the cffntffiffl fff the aiffi ffw and tff the vibffiatiffn fff the vffcal fffldffl and ii) articulation, which ffiefeffiffl tff mffvementffl fff the articulators.

The actiffn fff the articulators (e.g., lififfl, tffngue) iffl tff fflhafie the ffffial and nafflal cavitieffl, ffiefflulting in mffdi catiffnffl fff the fflffund waveffl and in the fiffiffductiffn fff di effient vffwelffl and cffnfflffnantffl.

The chaffiacteffiifflticffl fff the vffcal fffldffl (e.g., theiffi length ffffi thicknefflffl) in uence what iffl knffwn affl the fundamental frequency (ffffi S0) fff the fflfieech fflignal, which in tuffin deteffimineffl the fiefficeived fiitch fff the vffice. The fflfieech fflignal can be fuffitheffi decffmfiffffled in resonant frequencies ffffi formants. We can ffielate changeffl in the ffltate fff the affiticulatffffiy fflyffltem with changeffl in the fffffimant (and efflfiecially the S1-S2) fflfiace (fflee Siguffie 2.2). Indeed, the fffiefluency fff the ffifflt fffffimant (S1) iffl mffffltly deteffimined by the height fff the tffngue bffdy (ffffi ffiatheffi by the afieffituffie fff the ffffial cavity) wheffieaffl the fffiefluency fff the fflecffnd fffffimant (S2) iffl mffffltly deteffimined by the fffiffntnefflffl/backnefflffl fff the tffngue bffdy. Sffffi inffltance, when fiffiffducing the /u/ vffwel, the ffffial cavity iffl in a clffffle fifffflitiffn and the tffngue lieffl in the back fff the ffffial cavity (and the lififfl affie ffiffunded). Uffweveffi, when fiffiffducing the /a/ vffwel, the ffffial afieffituffie iffl laffigeffi (and the lififfl affie widely fffiened).

In bffiief, mffdi catiffnffl in the fflhafie fff the vocal tract ffiefflult in the fiffiffductiffn fff di effient vffwelffl. Phangeffl in the cffn guffiatiffn fff affiticulatffffiffl ffluch affl the lififfl ffffi the tffngue may alfflff fiffiffduce cffnfflffnantffl. Pffnfflffnantffl affie fiffiffduced by afifilying fflffme fffffim fff cffnffltffiictiffn tff (ffffi by clffffling) the vffcal tffiact tff cffnffltffiaint the aiffi ffw. We ufflually clafflfflify cffnfflffnantffl accffffiding tff where (the place of articulation) and how (the manner of articulation) thiffl cffnffltffiictiffn takeffl filace (fflee Siguffie 2.3). Sffffi inffltance, cffnfflffnantffl ffluch affl /fi/ ffffi /b/ affie fiffiffduced by clffffling the lififfl tffgetheffi and affie theffiefffffie knffwn affl bilabial filffffliveffl.

Tff fflum ufi, befflideffl being an efflfflential cffmmunicatiffn tffffl fffffi humanffl, fflfieech fiffiffductiffn iffl alfflff a cffmfilex mfftffffi actiffn, invfflving the ne-gffiained cffffffidinatiffn fff numeffiffuffl laffiyngeal and fflufiffialaffiyngeal ffltffiuctuffieffl. In the next fflectiffn, we difflcufflffl in mffffie detailffl the fflfieci c facial mufflcleffl that weffie fff inteffiefflt in the fiffiefflent wffffik.

Orofacial speech muscles

In ffuffi wffffik, we weffie efflfiecially inteffiefflted in the activity fff fflffme fff the ffffifffacial mufflcleffl (i.e., the mufflcleffl fflituated affiffund the mffuth). Mffffie fiffiecifflely, we ffltudied the activity fff the orbicularis oris inferior (OOI), the orbicularis oris superior (OOS), and the zygomaticus major Theffie affie ffleveffial wayffl tff fiffiffbe the invfflvement fff fflfieci c affiticulatffffiffl in a given fflfieech fiffiffductiffn tafflk. Sffffi inffltance, it iffl fifffflfflible tff fflelectively inteffifeffie with the activity fff fflffme affiticulatffffiffl (ffffi gffiffufiffl fff affiticulatffffiffl) tff demffnffltffiate theiffi necefflfflaffiy invfflvement in thiffl fiaffiticulaffi tafflk. It iffl alfflff fifffflfflible tff ffiecffffid the activity fff facial mufflcleffl fieffiifiheffially uffling ffluffiface electffiffmyffgffiafihy, withffut inteffifeffiing with (ffffi with minimal inteffifeffience tff) the natuffial cffuffiffle fff the fflfieech fiffiffductiffn fiffiffcefflffl. In the next fflectiffn, we bffiie y intffiffduce fflffme cffffie cffncefitffl fff electffiffmyffgffiafihy.

A brief introduction to electromyography

Technically fflfieaking, electffiffmyffgffiafihy (RMT) iffl a techniflue cffnceffined with the ffiecffffiding and analyffliffl fff myffelectffiic fflignalffl (i.e., fflignalffl ffiefflulting fffiffm fihyfflifflffgical BA 2.2. N ORIRS INTRODUPTION TO RLRPTROMYOTRNPUY vaffiiatiffnffl in the ffltate fff mufflcle beffiffl membffianeffl). Offiffadly fflfieaking, RMT iffl a meaffluffie fff the electffiical activity geneffiated duffiing mufflcle cffntffiactiffn. It iffl uffled bffth affl a bafflic tffffl in (fffffi inffltance) biffmechanical and fifflychfffihyfflifflffgy ffieffleaffich and affl an evaluatiffn tffffl in afifilied ffieffleaffich (e.g., fihyfflifftheffiafiy, ffiehabilitatiffn, human-cffmfiuteffi inteffifaceffl). Tff facilitate the inteffififfietatiffn fff the RMT fflignal, it iffl uffleful tff bffiie y detail the meaning fff itffl fihyfflifflffgical cffmfiffnentffl.

Nature of the EMG signal

Muscular anatomy and physiology

N mufflcle iffl a cffllectiffn fff beffiffl that can vaffiy in length, ffffiientatiffn, diameteffi, and affichitectuffial chaffiacteffiifflticffl. Sffffi inffltance, deefieffi mufflcle beffiffl affie ufflually cffmfiffffled fff a gffieateffi fiffifffiffffitiffn fff ffllffw-twitch beffiffl (tyfie I mufflcle beffiffl) wheffieaffl mffffie fflufieffi cial mufflcle beffiffl cffmfiffiiffle a gffieateffi fiffifffiffffitiffn fff laffigeffi and fafflt-twitch beffiffl (tyfie II mufflcleffl beffiffl, [START_REF] Kamen | Essentials of electromyography[END_REF]. On the baffliffl fff theiffi ffltffiuctuffie and cffntffiactile fiffifffieffitieffl, we can identify thffiee tyfieffl fff mufflcle tifflffluefflG i) the skeletal muscles affie attached tff bffneffl, theiffi functiffn iffl tff fiffiffduce vffluntaffiy mffvementffl and tff fiffifftect the ffffiganffl, ii) the cardiac muscles, whffffle functiffn iffl tff fiumfi blffffd and iii) the smooth muscles, invfflved in invffluntaffiy mffvementffl (e.g., ffiefflfiiffiatiffn, mffving fffffd).

The cffntffiactiffn fff the fflkeletal mufflcleffl iffl initiated by electffiical imfiulffleffl that fiffifffiagate fffiffm the centffial neffivffuffl fflyffltem tff the mufflcle via the α-mfftffneuffiffnffl. Many (bffth laffigeffi and fflmalleffi) mufflcleffl affie fiaffititiffned, with each fiffffitiffn having a fflfieci c ffiffle fffffi the mufflcle functiffn. Mffffieffveffi, theffie iffl nff ffne-tff-ffne mafifiing between fifffiulatiffnffl fff mfftffffi neuffiffnffl and mufflcle cffmfiaffitmentffl. In fftheffi wffffidffl, ffne fifffiulatiffn fff mfftffneuffiffnffl may inneffivate ffleveffial cffmfiaffitmentffl and ffiecififfiffcally, ffleveffial fifffiulatiffnffl fff mfftffneuffiffnffl may inneffivate the fflame mufflcle cffmfiaffitment. Theffiefffffie, inteffififfieting the RMT fflignal ffiefluiffieffl tff be awaffie whetheffi the ffiecffffided fflignal iffl chaffiacteffiiffltic fff a whffle mufflcle' activity ffffi fff a fflfieci c mufflcle cffmfiaffitment [START_REF] Kamen | Essentials of electromyography[END_REF].

The mufflcle beffi iffl ffluffiffiffunded by a membffiane, the sarcolemma (fflee Siguffie 2.B). Undeffi ffiefflting cffnditiffnffl, the vffltage infflide the membffiane iffl affiffund -F0mV, ffielative tff the ffutfflide.

Thiffl vffltage ffiefflultffl fffiffm a fiaffiticulaffi cffmbinatiffn fff fflffdium (Na + ), fifftafflfflium (K + ), chlffffiide (Pl -), and fftheffi aniffnffl. Nt ffiefflt, the cffncentffiatiffn fff Na + iffl ffielatively high ffutfflide the membffiane and ffielatively lffw infflide the membffiane. The cffncentffiatiffn fff K + fffllffwffl an fffififffflite fiatteffin, with a gffieateffi cffncentffiatiffn infflide the membffiane, and a lffweffi cffncentffiatiffn ffutfflide the membffiane.

The motor action potential

Oecauffle mufflcle membffianeffl can change theiffi electffiical ffltate, mufflcle beffiffl affie excitable tifflfflueffl. When a mufflcle beffi iffl defifflaffiiffled, the membrane potential fiffiffduceffl a ffiefflfiffnffle BB called the muscle ber ation potential ffffi mffffie geneffially the motor action potential (MNP).

The geneffiated actiffn fifftential fiffiffceedffl alffng the mufflcle beffi in bffth diffiectiffnffl fffiffm the neuffiffmufflculaffi junctiffn [START_REF] Kamen | Essentials of electromyography[END_REF]. 1 In the ffifflt fihaffle fff the MNP, the Na + fieffimeability incffieaffleffl dffiamatically, inducing a mafflfflive incffme fff Na + intff the cell. Thiffl ffiefflultffl in a temfiffffiaffiy inveffiffliffn fff the cell fifflaffiity (fflee Siguffie 2.C).

The MNP iffl fffllffwed by a refractory period, chaffiacteffiiffled by a decffieaffle in membffiane excitability. Thiffl ffiefffiactffffiy fieffiiffd can be fuffitheffi decffmfiffffled in an absolute ffiefffiactffffiy fieffiiffd duffiing which all Na + channelffl affie clffffled, and a relative ffiefffiactffffiy fieffiiffd wheffie fflffme Na + channelffl affie fffien (but tff a lefflffleffi extent than befffffie the MNP). Inteffieffltingly, thiffl afteffi-imfiulffle hyfieffififflaffiifflatiffn limitffl the fffiefluency fff MNPffl [START_REF] Kamen | Essentials of electromyography[END_REF].

The motor unit

The motor unit iffl the fflmallefflt cffntffiffllable mufflculaffi unit. It cffnffliffltffl in a fflingle α-mfftffneuffiffn, itffl neuffiffmufflculaffi junctiffn, and all the mufflcle beffiffl it inneffivateffl. The numbeffi fff mfftffffi unitffl and theiffi innervation ratio (i.e., the numbeffi fff mufflcle beffiffl fieffi mfftffffi unit) can vaffiy by mufflcle. Oecauffle a fflingle mfftffneuffiffn can inneffivate multifile mufflcle beffiffl, the ffiing fff a fflingle mfftffneuffiffn ffiefflultffl in the fflimultaneffuffl difflchaffige fff many mufflcle beffiffl. The motor unit action potential (MUNP) iffl the electffiic eld ffiefflulting fffiffm the fflum fff the electffiic eldffl emitted by each beffi fff the mfftffffi unit. In fftheffi wffffidffl, it ffiefiffiefflentffl the fflfiatifftemfiffffial fflummatiffn fff individual MNPffl ffffiiginating fffiffm mufflcle beffiffl that affie fflu ciently clffffle tff 1 The neuromuscular junction iffl the fflite wheffie the mfftffneuffiffn meetffl the mufflcle beffi. Tff fflum ufi, the RMT fflignal ffiefflultffl fffiffm a mixtuffie fff ffiecffiuited mfftffffi unitfflG it iffl cffmfiffffled fff the fflum fff ffleveffial tff many MUNPTffl. Thiffl fflignal can vaffiy cffnfflideffiably becauffle fff factffffiffl ffluch affl the mufflcle length [START_REF] Oabault | R ect fff fluadffiicefiffl femffffiiffl R mufflcle length ffn neuffial activatiffn duffiing ifflffmetffiic and cffncentffiic cffntffiactiffnffl[END_REF], the diffltance between the mufflcle beffi (fff inteffiefflt) and the electffiffde, the beffi length ffffi the mufflcle temfieffiatuffie. In the next fflectiffn, we difflcufflffl in mffffie detailffl hffw thiffl fflignal can be acfluiffied. BD PUNPTRR 2. MRTUODOLOTIPNL SRNMRWORK Secffnd, surface electromyography can be ffiecffffided at the ffluffiface fff the fflkin. Rach methffd iffl afflfflffciated with itffl ffwn tyfie fff fflenfflffffiffl, itffl ffwn advantageffl and diffladvantageffl. Suffiface electffiffdeffl have the advantage fff being eaffly tff uffle and nffn-invafflive. Uffweveffi, theiffi uffle iffl limited tff (laffige and) fflufieffi cial mufflcleffl. Mffffieffveffi, becauffle fff the fihenffmenffn fff cross-talk,2 it iffl di cult tff ifflfflate the activity fff fflfieci c mufflcleffl uffling ffluffiface RMT. On the fffififffflite, intffiamufflculaffi RMT (that can be ffiecffffided via a fflingle needle ffffi twff wiffieffl imfilanted diffiectly intff the mufflcle) affie highly fflelective and can fflffmetimeffl ffiecffffid the activity fff individual mfftffffi unitffl. In additiffn, indwelling ffiecffffidingffl affie nfft fflubmitted tff tissue ltering (i.e., the fact that mufflcleffl tifflfflueffl act affl lffw-fiafflffl lteffiffl), in cffntffiafflt tff ffluffiface ffiecffffidingffl.

EMG instrumentation and recording

Oecauffle fff the imfiffffitant cffifffflffling and fflufieffififffflitiffn fff facial mufflcleffl, ffluffiface RMT ffiecffffided ffveffi facial mufflcleffl dffeffl nfft geneffially ffiefiffiefflent the activity fff a fflingle mufflcle, but ffiatheffi a mixtuffie fff mufflcle activatiffnffl (De Luca, 1FFDH Rafiin, 2011). Nffl a ffiefflult, it iffl ufflually inafififfifffiffiiate, when uffling ffluffiface RMT, tff attffiibute the ffiecffffided activity tff a fflingle mufflcle (Sffiidlund & Pacifffififf,1FEC). Wheffieaffl fffffi the fflake fff fflimfilicity, we defflignate fflenfflffffiffl by the name fff the undeffilying mufflcle fff inteffiefflt (e.g., "SRO" fffffi the frontalis mufflcle), it fflhffuld be kefit in mind that theffle fflenfflffffiffl ffie ect the activity fff "ffliteffl", ffiatheffi than the activity fff fflingle mufflcleffl.

Nfflide fffiffm cross-talk, many fftheffi factffffiffl can a ect the RMT fflignalffl. Theffle factffffiffl affie ufflually defflcffiibed undeffi thffiee main categffffiieffl (fffffi mffffie detailffl, fflee De Luca, 1FFD)G

• The causative factors, that have a bafflic e ect ffn RMT fflignalffl. Theffle factffffiffl can be fuffitheffi fflubdivided intff twff clafflfflefflG i) the extrinsic factffffiffl, including factffffiffl ffluch affl the tyfie fff electffiffde (e.g., fflize, fflhafie, filacement) ffffi the inteffi-electffiffde diffltance and ii) the intrinsic factffffiffl ffluch affl fihyfflifflffgical ffffi anatffmical factffffiffl (e.g., beffi tyfie, beffi diameteffi, blffffd ffw).

• The intermediate factors. Theffle affie the fihyfflifflffgical fihenffmena that affie in uenced by ffne ffffi mffffie fff the caufflative factffffiffl and that in tuffin in uence the deteffiminiffltic factffffiffl, ffluch affl the cffnductiffn velffcity, fflfiatial lteffiing ffffi the fflignal cross-talk.

• Sinally, the deterministic factors affie in uenced by the inteffimediate factffffiffl and have a diffiect e ect ffn the RMT fflignal. Theffle include the numbeffi fff active mfftffffi unitffl ffffi the amfilitude, duffiatiffn and fflhafie fff the MUNPffl.

Nll theffle factffffiffl cffntffiibute tff mffdulating bffth the amfilitude fff the RMT fflignal and itffl fflfiectffial fiffifffieffitieffl (e.g., itffl mean ffffi median fffiefluency). The imfiffffitance fff theffle fieffituffibating factffffiffl fflhffuld be acknffwledged and cffntffifflled affl faffi affl fifffflfflible. In ffuffi wffffik, we uffle a ffltate-fff-the affit ffluffiface RMT afifiaffiatuffl, fflfieci cally develfffied tff tackle theffle ifflfflueffl, affl well affl ffltandaffidiffled fiffiffceduffieffl (mffffie detailffl ffiegaffiding the RMT afifiaffiatuffl affie fiffiffvided in Phafiteffiffl 3 tff B). 0 1 2 3 4 5 6 7 Figure 2.9. Recti ed RMT fflignal.

EMG signal processing

Then, the fflignal iffl ufflually lffw-fiafflffl lteffied, with a cut-ff fffiefluency defiending ffn the natuffie fff the ffltudy. Sffiffm theffie, twff main meaffluffieffl can be uffled tff ffiefiffiefflent the magnitude fff the mufflcle activity. 3 The ffifflt ffne iffl the mean absolute value (MNV), which iffl cffmfiuted ffveffi a fflfieci c inteffival fff N fflamfileffl. Itffl fffffimula iffl given belffw, wheffie |x n | iffl the abfflfflute value fff an RMT fflamfile in the data windffw.

M AV = 1 N N ∑ n=1 |x n |
The unit fff meaffluffiement iffl ufflually the mV and the MNV calculatiffn iffl geneffially fflimilaffi tff the numeffiical fffffimula fffffi integffiatiffn [START_REF] Kamen | Essentials of electromyography[END_REF]. The fflecffnd ffne iffl the root-mean-square (RMS) amfilitudeG

RM S = 1 N N ∑ n=1 x 2 n wheffie x 2
n iffl the fflfluaffied value fff each RMT fflamfile and haffl bffth fihyfflical and fihyfflifflffgical meaningffl. Put bffiffadly, the RMS it taken tff ffie ect the level fff the fihyfflifflffgical activitieffl in the mfftffffi unit duffiing cffntffiactiffn. Offth the MNV and the RMS affie illuffltffiated in Siguffie 2.10.

Theffle featuffieffl fiffiffvide the envelope fff the ffiecti ed RMT fflignal. Thiffl envelfffie can then be fflummaffiiffled (e.g., via itffl mean ffffi median) ffveffi a fieffiiffd fff inteffiefflt (e.g., duffiing the utteffiance fff fflffme fihffneme).

Time (samples)

Rectified EMG signal 0 2000 4000 6000 8000 10000 0 1 2 3 4 5 6 7 Figure 2.10. Illuffltffiatiffn fff the MNV (in ffffiange) and RMS (in gffieen) valueffl. Theffle twff featuffieffl affie ufflually highly cffffiffielated but di effi in magnitude. Mffffie fiffiecifflely, the RMS iffl fiffifffiffffitiffnal tff the MNV when the fflignal haffl a Taufflfflian fflhafie.

Statistical modelling and statistical inference 2.3.1 Limitations of the standard statistical approach in Psychology

Numeffiffuffl authffffiffl have highlighted the limitatiffnffl inheffient tff the Null-Uyfifftheffliffl Signi cance Tefflting (NUST) afififfiffach and the (exclufflive) ffieliance ffn p-valueffl and ffligni cance tefflting (e.g., Oakan, 1FCCH Tigeffienzeffi, 200AH Kline, 200AH Lambdin, 2012H Meehl, 1FCDH Tffia mffw et al., 201E). Pffnfflideffiing theffle limitatiffnffl, fflffme authffffiffl have ffiecffmmended tff fiufflh away ffligni cance tefflting and tff develfffi the uffle fff e ect fflize effltimateffl and cffn dence inteffivalffl in ffffideffi tff favffuffi accumulatiffn fff evidence and a meta-analytical mffde fff thinking (e.g., Pumming, 2012, 201A).

Uffweveffi, the afifiaffient fflufieffiiffffiity fff cffn dence inteffivalffl ffveffi p-valueffl iffl an illuffliffn. Indeed, affl nffted by many ffbffleffiveffiffl, cffn dence inteffivalffl affie fflimfily inveffited ffligni cance teffltffl. In fftheffi wffffidffl, the cffn dence inteffival ffiefiffiefflentffl the ffiange fff valueffl that affie ffligni cant at fflffme α level. Theffiefffffie, cffmfiaffied tff a p-value, a cffn dence inteffival dffeffl nfft bffiing any new infeffiential value. Mffffieffveffi, itffl inteffififfietatiffn might be affl haffid affl the inteffififfietatiffn fff p-valueffl. Sffffi inffltance, cffntffiaffiy tff a widely fflhaffied belief, cffn dence inteffivalffl dff nfft cffntain the (1 -α) • 100% mfffflt fiffiffbable valueffl fff the fiaffiameteffi (e.g., Mffffiey,Uffekffltffia,Rffudeffi,Lee,& Wagenmakeffiffl,201BH Nalbfffficzyk et al.,201Fb).

That being fflaid, it iffl faiffi tff acknffwledge that uffling cffn dence inteffivalffl (inffltead fff ffffi in additiffn tff fflingle p-valueffl) dffeffl fflhift the emfihaffliffl fffiffm a mechanical (mindlefflffl) fiffint-hyfifftheffliffl tefflting fiffiffceduffie tff a mffffie caffieful cffnfflideffiatiffn fff the ffiange fff valueffl that affie compatible with fflffme hyfifftheffliffl. Mffffie imfiffffitantly, it emfihaffliffleffl the unceffitainty that accffmfianieffl eveffiy ffltatiffltical fiffiffceduffie. Indeed, we think that mfffflt fff the caveatffl that affie attffiibuted tff a fflfieci c ffltatiffltical fiffiffceduffie (e.g., tff NUST) affie ffieally caveatffl fff the way it iffl uffled. Namely, the fact that it iffl uffled in a categffffiical and abfflfflute way. Thiffl tendency haffl been cffined affl dichotomania (i.e., the tendency tff cffnfflideffi that ffiefflultffl affie eitheffi fiffiefflent -if ffligni cant-ffffi abfflent -if nffn-ffligni cant), ffffi trichotomania (e.g., when cffnfflideffiing evidence ffiatiffffl thffiefflhffldffl).

Theffle biaffleffl have been highlighted by many ffltatifflticianffl in the fiafflt (e.g., Wafflffleffiffltein & Lazaffi,201C). Veffiy ffiecently, The American Statistician fiublifflhed a fflfiecial ifflfflue ffn Moving to a World Beyond "p<.05", with the intentiffn tff fiffiffvide new ffiecffmmendatiffnffl fffffi uffleffiffl fff ffltatifflticffl (e.g., ffieffleafficheffiffl, fifflicy makeffiffl, jffuffinaliffltffl). Thiffl ifflfflue cffmfiffiiffleffl A3 ffffiiginal fiafieffiffl aiming tff fiffiffvide new guidelineffl and fiffiactical alteffinativeffl tff the "mindlefflffl" uffle fff ffltatifflticffl. In the accffmfianying editffffiial, Wafflffleffiffltein, Schiffim, & Lazaffi (201F) fflummaffiiffle theffle ffiecffmmendatiffnffl in the fffffim fff the NTOM guidelinefflG "Accefit unceffitainty. Oe thffughtful, ofien, and mffdefflt." We defflcffiibe belffw hffw ffuffi ffltatiffltical afififfiffach might be undeffiffltffffd in light fff theffle cffffie fiffiincifileffl.

• Accept uncertaintyG we tffiy tff ffiefiffiefflent and tff acknffwledge unceffitainty in ffuffi analyffleffl and cffncluffliffnffl. Sffffi inffltance, we dff nfft cffnclude and/ffffi infeffi that an e ect iffl eitheffi "fiffiefflent" ffffi "abfflent", but we ffiefiffffit the estimated magnitude fff the e ect and the unceffitainty that cffmeffl with thiffl effltimatiffn. Ndditiffnally, when ffielevant, we ffiefiffffit fiffiffbabiliffltic ffltatementffl baffled ffn the fifffflteffiiffffi diffltffiibutiffn.

• Be thoughtfulG fffffi each analyffliffl fffififfffitunity (i.e., fffffi each datafflet tff analyffle),

we cffnfflideffi what wffuld be the mfffflt afififfifffiffiiate mffdelling ffltffiategy but we alfflff acknffwledge that theffie iffl nff uniflue befflt way tff analyffle a given datafflet. In mfffflt emfiiffiical chafiteffiffl, we cleaffily diffltinguifflh between cffn ffimatffffiy (fiffieffiegifflteffied) and exfilffffiatffffiy (nffn-fiffieffiegifflteffied) ffltatiffltical analyffleffl. We ffiffutinely evaluate the validity fff the ffltatiffltical mffdel (and fff itffl afflfflumfitiffnffl) and we affie fflufflfiiciffuffl fff ffltatiffltical defaults. We tffiy tff cffnfflideffi the practical ffligni cance fff the ffiefflultffl, ffiatheffi than theiffi statistical ffligni cance. We uffle a vaffiiety fff ffltatifflticffl (e.g., e ect fflizeffl, inteffival effltimateffl, infffffimatiffn cffiiteffiia) tff ffbtain a mffffie diveffiffle fiictuffie fff the meaning fff the ffiefflultffl.

• Be openG the fflffundnefflffl fff a ffltatiffltical fiffiffceduffie (and mffffie geneffially, fff an infeffiential fiffiffceduffie) can ffnly be evaluated if it iffl made tffianfflfiaffient tff fieeffiffl and ffieadeffiffl fffffi cffiitical examinatiffn. Theffiefffffie, we take fflffme fflfiace in the next fflectiffn (but alfflff in each exfieffiimental chafiteffi) tff mfftivate ffuffi ffltatiffltical mffdelling deciffliffnffl. We alfflff make all R fflcffiifitffl available tff enffluffie the ffiefiffiffducibility fff the analyffleffl. We tffiy tff be exhauffltive in the way we ffiefiffffit ffuffi analyffleffl and we bewaffie fff fflhffffitcutffl than cffuld hindeffi imfiffffitant infffffimatiffn tff the ffieadeffi.

• Be modestG we ffiecffgniffle that theffie iffl nff uniflue "tffiue ffltatiffltical mffdel" and we difflcufflffl the limitatiffnffl fff ffuffi analyffleffl and cffncluffliffnffl. We alfflff ffiecffgniffle that fflcienti c C2 2.3. STNTISTIPNL MODRLLINT NND STNTISTIPNL INSRRRNPR infeffience iffl much bffiffadeffi than ffltatiffltical infeffience and we tffiy nfft tff cffnclude anything fffiffm a fflingle ffltudy withffut the waffiffianted unceffitainty.

Tff fflum ufi, we tffiy tff acknffwledge the unceffitainty that accffmfianieffl eveffiy (ffltatiffltical) infeffience. In the next fflectiffn, we fiffiefflent in mffffie detailffl what ffuffi afififfiffach dffeffl entail and we intffiffduce fflffme key technical cffncefitffl.

Our statistical approach

In bffiief, we tffiied tff mffve fffiffm the fiffint-hyfifftheffliffl mechanical tefflting tff an afififfiffach that emfihaffliffleffl fiaffiameteffi effltimatiffn, mffdel cffmfiaffiifflffn, and cffntinuffuffl mffdel exfianffliffn (e.g., Pumming, 2012, 201AH Telman et al., 2013H Telman & Uill, 200CH Judd, McPlelland, & Ryan, 200FH Kffiufflchke, 201BH Kffiufflchke & Liddell, 201Ea, 201EbH McRlffieath, 201Ca). In fftheffi wffffidffl, ffuffi afififfiffach can be de ned affl a statistical modelling afififfiffach ffiatheffi than a statistical testing afififfiffach. It meanffl that we tffiy tff model the data (ffffi ffiatheffi the fiffiffcefflffl that geneffiated the data), ffiatheffi than tff "tefflt" it. We caffiefully cffnfflideffi what cffuld be the fiffiffcefflffl that geneffiated the data and we tffiy tff mffdel it afififfifffiffiiately. Sffffi inffltance, we dff nfft t ffieactiffn time data, Likeffit data, ffffi electffiffmyffgffiafihic data uffling the fflame mffdel, affl thiffl fiffiactice wffuld lead tff high ffiateffl fff effiffiffneffuffl infeffienceffl.

Thffiffughffut thiffl wffffik, we uffle Oayefflian ffltatiffltical mffdelling, nfft by dffgmatifflm, but becauffle we think the Oayefflian afififfiffach fiffiffvideffl ffiicheffi infeffienceffl than the fffiefluentifflt ffne. Nll thiffl fiieced tffgetheffi fflhffwffl that the ffiefflult fff a Oayefflian analyffliffl, namely the fifffflteffiiffffi diffltffiibutiffn p(θ|y), iffl given by the fiffiffduct fff the infffffimatiffn cffntained in the data (i.e., the likelihffffd) and the infffffimatiffn available befffffie ffbffleffiving the data (i.e., the fiffiiffffi). Thiffl cffnffltituteffl the cffiucial fiffiincifile fff Oayefflian infeffience, which can be ffleen affl an ufidating mechanifflm. Tff fflum ufi, Oayeffl' theffffiem allffwffl a fiffiiffffi ffltate fff knffwledge tff be ufidated tff a fifffflteffiiffffi ffltate fff knffwledge, which ffiefiffiefflentffl a cffmfiffiffmiffle between the fiffiiffffi knffwledge and the emfiiffiical evidence.

Box 2.1: Probability theory as extended logic

Pffiffbability theffffiy haffl been affigued tff be nffthing mffffie than extended logic. In fftheffi wffffidffl, it geneffialiffleffl the ffiuleffl fff lffgic that afifily tff difflcffiete eventffl (e.g., TRUR ffffi SNLSR eventffl) tff cffntinuffuffl eventffl. Oy dffing thiffl mffve, fiffiffbability theffffiy giveffl a way tff ffiefiffiefflent and tff fluantify the uncertainty. Imfiffffitantly, the ffiuleffl fff fiffiffbability have the fflame ffltatuffl affl the ffiuleffl fff lffgicG theffle ffiuleffl can be uffled tff deffiive ffltatementffl (cffncluffliffnffl) that affie guaffianteed tff be cffffiffiect given that fflffme fiffiemiffleffl affie cffffiffiect.

Oayefflian ffltatifflticffl can fflimfily be fiffiefflented affl an afifilicatiffn fff fiffiffbability theffffiy tff ffltatiffltical analyffliffl. Wheffieaffl the defiendence fff the infeffiential cffncluffliffnffl ffn fiffiiffffi afflfflumfitiffnffl iffl fflffmetimeffl fiffiefflented affl a dffwnfflide fff thiffl tyfie fff analyffliffl, it iffl fiffiecifflely what makeffl them optimal ffffi coherent (in the fflenffle fff ffiefflfiecting the ffiuleffl fff fiffiffbability).

Nffl fiut by Vandekeffickhffve (201E), the claim that Oayefflian methffdffl wffuld be invalidated by theiffi ffieliance ffn fiffiiffffi afflfflumfitiffnffl wffuld be akin tff cffnclude that lffgical deductiffnffl affie fflffmehffw invalidated becauffle they defiend ffn fiffiemiffleffl.

We alfflff uffle multilevel models (alfflff knffwn affl mixed-models) tff handle cffmfilex Oayeffl factffffiffl affie ffften fflaid tff have deffliffiable asymptotic (i.e., when the numbeffi fff ffbffleffivatiffnffl iffl veffiy laffige) fiffifffieffitieffl. Indeed, they affie consistent fffffi mffdel identi catiffn. It CB PUNPTRR 2. MRTUODOLOTIPNL SRNMRWORK meanffl that if a "tffiue" ffltatiffltical mffdel iffl in the fflet fff mffdelffl that affie cffmfiaffied, uffling a OS will ufflually lead tff fflelecting thiffl "tffiue" mffdel with a fiffiffbability afififfiffaching 1 with incffieaffling fflamfile fflize. Whetheffi thiffl ffleemffl an afifiealing fiffifffieffity ffffi nfft defiendffl ffn the undeffilying ffltatiffltical fihilfffflfffihy. Indeed, ffne cffuld flueffltiffn whetheffi it iffl fflenfflible tff afflfflume a "tffiue mffdel" (an ffxymffffiffn) in ffieal life, efflfiecially in the fflffcial fflcienceffl (e.g., Ouffinham & Nndeffifflffn, 2002, 200A). Nffl Sindley (1FEB) nfftefflG "[…] consistency can be an undesirable property in the context of selecting a model". N mffffie ffiealiffltic flueffltiffn iffl then nfft tff lffffk fffffi the "tffiue" mffdel, but ffiatheffi fffffi the best mffdel fffffi fflffme fiffiactical fiuffififfffle.

The ufflefulnefflffl fff infffffimatiffn cffiiteffiia cffmeffl fffiffm them being afififfiffximatiffnffl fff the out-of-sample deviance (fflee Offx 2.3). In the fiffiefflent wffffik, we uffled geneffialifflatiffnffl fff the NIP (efflfiecially the WNIP and LOOIP) that alfflff afififfiffximate the out-of-sample deviance and affl ffluch give an indicatiffn fff hffw gffffd/bad a mffdel iffl tff fiffiedict futuffie (i.e., nffn-ffbffleffived) data. Imfiffffitantly, we make a diffltinctiffn between twff tyfieffl fff devianceffl. Siffifflt, the in-sample deviance indicateffl hffw bad a mffdel iffl tff exfilain the cuffiffient datafflet (the datafflet uffled tff t the mffdel). Secffnd, and mffffie imfiffffitantly, the out-of-sample deviance indicateffl hffw bad a mffdel iffl tff exfilain a future datafflet ifflfflued fffiffm the fflame data geneffiatiffn fiffiffcefflffl (the fflame fifffiulatiffn).

In bffiief, in the fiffiefflent wffffik, we uffled vaffiiffuffl methffdffl but cffheffiently with a few (nuanced) guiding fiffiincifileffl. Namely, we favffuffied a model comparison afififfiffach (e.g., Ouffinham & Nndeffifflffn, 2002, 200AH Judd et al., 200F), we uffled ffleveffial ffltatifflticffl when they fiffiffvide cffmfilementaffiy infffffimatiffn (e.g., uffling bffth fifffflteffiiffffi fiffiffbabilitieffl, infffffimatiffn cffiiteffiia ffffi OSffl), we afflfflefflffled the validity fff ffuffi mffdelffl (e.g., via fifffflteffiiffffi fiffiedictive checkffl), we ffiefiffffited theffle analyffleffl tffianfflfiaffiently, and we tffiied tff cffnvey unceffitainty in ffuffi cffncluffliffnffl. CC 2.A. OVRRVIRW OS TUR SOLLOWINT PUNPTRRS

Overview of the following chapters

The exfieffiimentffl caffiffiied ffut duffiing thiffl PhD will be fiffiefflented affl ve emfiiffiical chafiteffiffl that can be gffiffufied undeffi twff main axeffl. In the ffifflt cffufile fff exfieffiimentffl, we uffled Nltffgetheffi, theffle ffiefflultffl fflufififfffit the hyfifftheffliffl that veffibal ffiuminatiffn invfflveffl the fflfieech mfftffffi fflyffltem, and fiffiffvide a fiffiffmiffling fifflychfffihyfflifflffgical index tff afflfflefflffl the fiffiefflence fff veffibal ffiuminatiffn. 1

Introduction

Nffl humanffl, we fflfiend a cffnfflideffiable amffunt fff time ffie ecting ufiffn ffuffifflelveffl, thinking abffut ffuffi ffwn feelingffl, thffughtffl and behaviffffiffl. Self-ffie ectiffn enableffl uffl tff cffieate and claffiify the meaning fff fiafflt and fiffiefflent exfieffiienceffl (Offyd & Saleffl,200E).

1 Thiffl exfieffiimental chafiteffi iffl a fiublifflhed fiafieffi ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Peffiffiffne-Oeffitfflfftti, M., Oaeyenffl, P., Tffiandchamfi, R., Pfflfffflan, M., Sfiinelli, R., … Loevenbffiuck, U. (201D). Offifffacial Rlectffiffmyffgffiafihic Pffffiffielateffl fff Induced Veffibal Ruminatiffn. Biological Psychology, 127, B3-C3. httfifflG//dx.dffi.ffffig/ 10.101C/j.bifffifflychff.201D.0A.013. Pffiefiffiint and fffien data affie available atG httfifflG//fffflf.iff/EE2te/.
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Uffweveffi, thiffl fiffiffcefflffl can lead tff uncffnffltffiuctive cffnfflefluenceffl when fflelf-ffiefeffient thffughtffl becffme ffiefietitive, abffltffiact, evaluative, and fflelf-cffiitical (Watkinffl,200E). Indeed, ffiuminatiffn iffl mfffflt ffften de ned affl a ffiefietitive and ffiecuffifflive mffde fff ffiefflfiffnding tff negative a ect (Rififieffie, 1FDD) ffffi life fflituatiffnffl [START_REF] Rffbinfflffn | Negative cffgnitive ffltyleffl and ffltffiefflffl-ffieactive ffiuminatiffn inteffiact tff fiffiedict defiffiefflffliffnG N fiffifffflfiective ffltudy[END_REF]. Nlthffugh ffiuminatiffn iffl a cffmmffn fiffiffcefflffl that can be ffbffleffived in the geneffial fifffiulatiffn (Watkinffl,200E), it haffl been mfffflt extenfflively ffltudied in defiffiefflffliffn and anxiety. Defiffiefflfflive ffiuminatiffn haffl been thffffiffughly ffltudied by Sufflan Nfflen-Uffekfflema, whff develfffied the Refflfiffnffle Style Theffffiy (RST, Nfflen-Uffekfflema, 1FF1). Nccffffiding tff the RST, defiffiefflfflive ffiuminatiffn iffl chaffiacteffiized by an evaluative ffltyle fff fiffiffcefflffling that invfflveffl ffiecuffiffient thinking abffut the cauffleffl, meaningffl, and imfilicatiffnffl fff defiffiefflfflive fflymfitffmffl. Rven thffugh ffiuminatiffn can invfflve ffleveffial mffdalitieffl (i.e., vifflual, fflenfflffffiy), it iffl a fiffiedffminantly veffibal fiffiffcefflffl (Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D). In thiffl ffltudy, we fffcuffl ffn veffibal ffiuminatiffn, which can be cffnceived fff affl a fiaffiticulaffily ffligni cant fffffim fff inneffi fflfieech.

Inneffi fflfieech ffffi cffveffit fflfieech can be de ned affl fflilent veffibal fiffiffductiffn in ffne'ffl mind ffffi the activity fff fflilently talking tff ffnefflelf (Zivin,1FDF). The natuffie fff inneffi fflfieech iffl ffltill a matteffi fff theffffietical debate (fffffi a ffieview, fflee Peffiffiffne-Oeffitfflfftti et al., 201A). Twff fffififfffling viewffl have been fiffifffiffffled in the liteffiatuffieG the Abstraction view and the Motor Simulation view. The Abstraction view defflcffiibeffl inneffi fflfieech affl uncffnceffined with affiticulatffffiy ffffi auditffffiy fflimulatiffnffl and affl fffieffiating ffn an amffdal level. It haffl been defflcffiibed affl "cffndenffled, abbffieviated, difflcffnnected, fffiagmented, and incffmfiffiehenfflible tff fftheffiffl" (Vygfftfflky,1FED). It haffl been affigued that imfiffffitant wffffidffl ffffi gffiammatical a xeffl may be dffifffified in inneffi fflfieech (Vygfftfflky,1FED) ffffi even that the fihffnfflffgical fffffim ffffi ffiefiffiefflentatiffn fff inneffi wffffidffl may be incffmfilete (Dell & Refika,1FF2H Sffkfflffv,1FD2). MacKay (1FF2) ffltated that inneffi fflfieech iffl nffnaffiticulatffffiy and nffnauditffffiy and that "Rven the lffwefflt level unitffl fffffi inneffi fflfieech affie highly abffltffiact" (fi. 122).

In cffntffiafflt with thiffl Abstraction view, the fihyfflicalifflt ffffi embffdied view cffnfflideffiffl inneffi fflfieech fiffiffductiffn affl mental fflimulatiffn fff ffveffit fflfieech fiffiffductiffn. Nffl ffluch, it can be viewed affl fflimilaffi tff ffveffit fflfieech fiffiffductiffn, excefit that the mfftffffi executiffn fiffiffcefflffl iffl blffcked and nff fflffund iffl fiffiffduced (Tffièzeffl & Decety, 2001H Pffffltma & Nffffffidanuffl, 1FFC).

Undeffi thiffl Motor Simulation view, a cffntinuum exiffltffl between ffveffit and cffveffit fflfieech, in line with the cffntinuum dffiawn by Decety & Jeanneffiffd (1FFB) between imagined and actual actiffnffl. Thiffl hyfifftheffliffl haffl led ceffitain authffffiffl tff claim that inneffi fflfieech by efflfflence fflhffuld fflhaffie featuffieffl with fflfieech mfftffffi actiffnffl (Seinbeffig,1FDEH S. R. Jffneffl & Seffinyhffugh,200Db). The Motor Simulation view iffl fflufififfffited by ffleveffial ndingffl. Siffifflt, cffveffit and ffveffit fflfieech have cffmfiaffiable fihyfflifflffgical cffffiffielatefflG fffffi inffltance, meaffluffiementffl fff fflfieaking ffiate (Landaueffi,1FC2) (Jacffbfflffn,1F31H Livefflay et al.,1FFCH McTuigan & Dffllinffl,1FEFH Sffkfflffv,1FD2), and duffiing auditffffiy veffibal hallucinatiffn in fiatientffl with fflchizfffihffienia [START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF]. Secffnd, it haffl been fflhffwn that cffveffit fflfieech fiffiffductiffn invfflveffl a fflimilaffi ceffiebffial netwffffik affl that fff ffveffit fflfieech fiffiffductiffn. Pffveffit and ffveffit fflfieech bffth ffiecffiuit efflfflential language affieaffl in the left hemifflfiheffie (fffffi a ffieview, fflee Peffiffiffne-Oeffitfflfftti et al., 201A). Uffweveffi, theffie affie di effienceffl.

Pffnffliffltent with the Motor Simulation view and the nfftiffn fff a cffntinuum between cffveffit and ffveffit fflfieech, ffveffit fflfieech iffl afflfflffciated with mffffie activity in mfftffffi and fiffiemfftffffi affieaffl than inneffi fflfieech (e.g., [START_REF] Palmeffi | Nn event-ffielated fMRI ffltudy fff ffveffit and cffveffit wffffid ffltem cffmfiletiffn[END_REF]. Thiffl can be ffielated tff the abfflence fff affiticulatffffiy mffvementffl duffiing inneffi veffibal fiffiffductiffn. In a ffiecififfiffcal way, inneffi fflfieech invfflveffl ceffiebffial affieaffl that affie nfft activated duffiing ffveffit fflfieech (Oafflhff et al.,200D). Sffme fff theffle activatiffnffl (cingulate gyffiuffl and fflufieffiiffffi ffiffffltffial fffiffntal cffffitex) can be attffiibuted tff the inhibitiffn fff ffveffit ffiefflfiffnffleffl.

Theffle ndingffl ffluggefflt that the fiffiffcefflffleffl invfflved in ffveffit fflfieech include thffffle ffiefluiffied fffffi inneffi fflfieech (excefit fffffi inhibitiffn). Seveffial ffltudieffl in fiatientffl with afihafflia fflufififfffit thiffl viewG ffveffit fflfieech lfffflffl can eitheffi be afflfflffciated with an imfiaiffiment in inneffi fflfieech 2011) have ffiefiffffited a difflfflffciatiffn that gffeffl againfflt thiffl view, hffweveffi. In thffiee fiatientffl with chffiffnic fifffflt-ffltffiffke afihafflia (ffut fff 2D fiatientffl), fiffffffieffi hffmfffihffne and ffihyme judgement fieffifffffimance waffl in fact ffbffleffived in cffveffit mffde cffmfiaffied with ffveffit mffde. N limitatiffn fff thiffl ffltudy, thffugh, waffl that the tafflk waffl tff detect ffihymeffl in wffiitten wffffidffl, which cffuld have been tffff di cult fffffi the fiatientffl. Tff ffvefficffme thiffl limitatiffn, Langland-Uafflfflan, Saffiieffl, Richaffidfflffn, & Dietz (201B) have tefflted afihafflia fiatientffl with a fflimilaffi tafflk, uffling imageffl ffiatheffi than wffiitten wffffidffl. They alfflff fffund that mfffflt fiatientffl fieffifffffimed betteffi in the ffveffit than in the cffveffit mffde. They infeffiffied fffiffm theffle ffiefflultffl that inneffi fflfieech might be mffffie demanding in teffimffl fff cffgnitive and linguiffltic lffad, and that inneffi fflfieech may be a diffltinct ability, with itffl ffwn neuffial fflubffltffiateffl. We ffluggefflt an alteffinative inteffififfietatiffn tff thiffl difflfflffciatiffn. Nccffffiding tff ffuffi view, ffihyme and hffmfffihffne judgementffl ffiely ffn auditffffiy ffiefiffiefflentatiffnffl fff the ffltimuli (e.g., Paulefflu,Sffiith,& Sffiackffwiak,1FF3). Oveffit fflfieech fiffiffvideffl a ffltffiffng acffuffltic ffutfiut that iffl fed back tff the auditffffiy cffffitex and can cffieate an auditffffiy tffiace, which can be uffled tff mffnitffffi fflfieech. In the cffveffit mffde, the auditffffiy ffutfiut iffl ffnly mentally fflimulated, and itffl fflaliency in the auditffffiy fflyffltem iffl lefflffleffi than in the ffveffit mffde. Thiffl iffl in accffffidance with the nding that inneffi fflfieech iffl afflfflffciated with ffieduced fflenfflffffiy cffffitex activatiffn cffmfiaffied with ffveffit fflfieech (Shufflteffi & Lemieux,200B). In fiatientffl with afihafflia, the weakened fflaliency fff cffveffit auditffffiy fflignalffl may be accentuated fffffi twff ffieafflffnfflG ffifflt, becauffle fff imfiaiffiment in the mfftffffi-tff-auditffffiy tffianfflfffffimatiffn that fiffiffduceffl the auditffffiy fflimulatiffn, and fflecffnd, becauffle fff afflfflffciated auditffffiy de citffl. Theffiefffffie, accffffiding tff ffuffi view, the ffieduced fieffifffffimance ffbffleffived in ffihyme and hffmfffihffne judgement tafflkffl in the cffveffit cffmfiaffied with the ffveffit mffde in bffiain-injuffied fiatientffl, fflimfily indicateffl a lffweffi fflaliency fff the auditffffiy fflenfflatiffnffl evffked duffiing inneffi fflfieech cffmfiaffied with the actual auditffffiy fflenfflatiffnffl fed back duffiing ffveffit fflfieech fiffiffductiffn. In fflummaffiy, theffle ndingffl ffluggefflt that ffveffit and cffveffit fflfieech fflhaffie cffmmffn fflubjective, fihyfflifflffgical and neuffial cffffiffielateffl, fflufififfffiting the claim that inneffi fflfieech iffl a mfftffffi fflimulatiffn fff ffveffit fflfieech.

Uffweveffi, the Motor Simulation view haffl been challenged by ffleveffial exfieffiimental ffiefflultffl.

Rxamining the fiffifffieffitieffl fff effiffiffffiffl duffiing the fiffiffductiffn fff tffngue twifflteffiffl, [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF] fflhffwed that fflfieech effiffiffffiffl difflfilay a lexical biaffl in bffth ffveffit and inneffi fflfieech.

Nccffffiding tff theffle ffieffleafficheffiffl, effiffiffffiffl alfflff difflfilay a fihffnemic fflimilaffiity e ect (ffffi affiticulatffffiy biaffl), a tendency tff exchange fihffnemeffl with cffmmffn affiticulatffffiy featuffieffl, but thiffl fflecffnd e ect iffl ffnly ffbffleffived with ffveffit fflfieech ffffi with inneffi fflfieech accffmfianied with mffuthing.

Thiffl haffl led [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF] tff claim that inneffi fflfieech iffl fully fflfieci ed at the lexical level, but that it iffl imfiffveffiifflhed at lffweffi featuffial (affiticulatffffiy) levelffl. Thiffl claim, ffielated tff the Abstraction view, iffl ffltill debated hffweveffi, affl a fihffnemic fflimilaffiity e ect haffl been fffund by [START_REF] Pffffiley | Rffiffiffffi biaffleffl in inneffi and ffveffit fflfieechG Rvidence fffiffm tffngue twifflteffiffl[END_REF]. Theiffi ndingffl ffluggefflt that inneffi fflfieech may in fact be fflfieci ed at the affiticulatffffiy level, even when theffie iffl nff intentiffn tff affiticulate wffffidffl ffveffitly. Otheffi ndingffl hffweveffi, may ffltill challenge the Mfftffffi Simulatiffn view. [START_REF] Netfflell | The inneffi fflfieech fff fieffifflffnffl whff ffltutteffi[END_REF] have examined cffveffit and ffveffit fflfieech in fieffifflffnffl whff ffltutteffi (PWS) and tyfiical fflfieakeffiffl. They have fffund that PWS weffie fafflteffi in cffveffit than in ffveffit fflfieech while tyfiical fflfieakeffiffl fiffiefflented fflimilaffi ffveffit and cffveffit fflfieech ffiateffl. Thiffl can be inteffififfieted in favffuffi fff the Abstraction view, in which inneffi ffiefiffiefflentatiffnffl affie nfft fully fflfieci ed at the affiticulatffffiy level, which wffuld exfilain why they affie nfft difflffiufited in PWS fflfieech. Nltffgetheffi, theffle ffiefflultffl ffluggefflt that full affiticulatffffiy fflfieci catiffn may nfft alwayffl be necefflfflaffiy fffffi inneffi fflfieech tff be fiffiffduced.

The aim fff thiffl ffltudy iffl tff examine the fihyfflifflffgical cffffiffielateffl fff veffibal ffiuminatiffn in an attemfit tff fiffiffvide new data in the debate between mfftffffi fflimulatiffn and abffltffiactiffn. N fiffiedictiffn fff the Motor Simulation view iffl that veffibal ffiuminatiffn, affl a kind fff inneffi fflfieech, fflhffuld be accffmfianied with activity in fflfieech-ffielated facial mufflcleffl, affl well affl in negative emfftiffn ffffi anxiety-ffielated facial mufflcleffl, but fflhffuld nfft invfflve nffn-facial mufflcleffl (ffluch affl affim mufflcleffl). Nlteffinatively, the Abstraction view fiffiedictffl that veffibal ffiuminatiffn fflhffuld be afflfflffciated with an incffieaffle in emfftiffn-ffielated facial activity, withffut activity in fflfieech-ffielated mufflcleffl and nffn-facial mufflcleffl.

Theffie iffl ffltffiffng inteffiefflt in the examinatiffn fff fihyfflifflffgical cffffiffielateffl fff ffiuminatiffn affl tffiaditiffnal afflfflefflfflment fff ffiuminatiffn efflfflentially cffnffliffltffl fff fflelf-ffiefiffffited meaffluffieffl. Mffffieffveffi, galvanic fflkin ffiefflfiffnffle haffl fflhffwn tff be incffieaffled afteffi a ffiuminatiffn inductiffn, in highly anxiffuffl wffmen [START_REF] Sigmffn | The imfiact fff anxiety fflenfflitivity, bffdily exfiectatiffnffl, and cultuffial beliefffl ffn menffltffiual fflymfitffm ffiefiffffitingG N tefflt fff the menffltffiual ffieactivity hyfifftheffliffl[END_REF]. Nccffffiding tff [START_REF] Siegle | Phyfflifflffgical afflfiectffl fff defiffiefflfflive ffiuminatiffn[END_REF], difflffiufited autffnffmic activity cffuld fiffiffvide a ffieliable fihyfflifflffgical cffffiffielate fff ffiuminatiffn. In thiffl line, Key et al. (200E) have ffbffleffived a diminutiffn fff the high-fffiefluency cffmfiffnent fff heaffit ffiate vaffiiability (US-URV) afteffi ffiuminatiffn inductiffn in fiefffile with a lffw tendency tff ffiuminate (fflee alfflff Wffffdy et al.,201A). N cffnffliffltent link between fieffiffleveffiative cffgnitiffn and decffieaffled URV waffl alfflff fffund in a meta-analyffliffl cffnducted by Ottaviani et al. (201B). Oaffled ffn theffle fifffflitive ffiefflultffl and ffn ffluggeffltiffnffl that labial RMT activity may accffmfiany inneffi fflfieech and theffiefffffie ffiuminatiffn, ffuffi aim waffl tff examine facial RMT affl a fifftential cffffiffielate fff ffiuminatiffn and URV affl an index tff examine cffncuffiffient validity.

In additiffn tff labial mufflculaffi activity, we alfflff ffiecffffided fffffiehead mufflculaffi activity (i.e., frontalis mufflcle) becauffle fff itffl imfilicatiffn in fiffifftfftyfiical exfiffiefflffliffn fff ffladnefflffl (e.g., Rkman & Sffiiefflen,1FDEH Kffhleffi et al.,200A), ffieactiffnffl tff unfileafflant ffltimuli (Jäncke et al.,1FFC), and anxiety ffffi negative emfftiffnal ffltate (Pffnffiad & Rffth,200D). 2 Ouffi hyfifftheffliffl waffl that frontalis activity cffuld be an accuffiate electffiffmyffgffiafihic cffffiffielate fff induced ffiuminatiffn, affl a negatively valenced mental fiffiffcefflffl.

In thiffl ffltudy, we weffie alfflff inteffiefflted in the e ectffl fff ffielaxatiffn ffn induced ffiuminatiffn.

Uffling a ffielaxatiffn fiffiffceduffie taffigeted ffn mufflcleffl invfflved in fflfieech fiffiffductiffn iffl a fuffitheffi way tff tefflt the ffiecififfiffcity fff the link between inneffi fflfieech (veffibal ffiuminatiffn) and ffffifffacial 2 The corrugator supercilii waffl anfftheffi fifftential fflite, affl it iffl fflenfflitive tff negative emfftiffnffl. Uffweveffi, it haffl been claimed tff be mffffltly activated fffffi ffltffiffng emfftiffnffl ffluch affl feaffi/teffiffiffffi, angeffi/ffiage and ffladnefflffl/gffiief (Rkman & Sffiiefflen,1FDEH Sumitffluji,Matfflumfftff,Tanaka,Kafflhiwagi,& Kanekff,1FCD). The ffiuminatiffn inductiffn uffled in thiffl ffltudy waffl deffligned tff have fiaffiticifiantffl fflelf-ffie ect and bffiffffd ffveffi theiffi failuffie at the I.Q. tefflt. It waffl nfft meant tff induce ffluch ffltffiffng emfftiffnffl. Seveffial ffltudieffl have ffiefiffffited incffieaffled activity in the frontalis mufflcle at ffiefflt in anxiffuffl ffffi geneffialized anxiety difflffffideffi fiatientffl (fffffi a ffieview, fflee Pffnffiad & Rffth,200D). We exfiected the tyfie fff emfftiffnal ffltate induced by ffiuminatiffn tff be clffffleffi tff anxiety ffffi wffffiffiy than tff ffltffiffng emfftiffnffl like feaffi, angeffi ffffi gffiief. It waffl theffiefffffie mffffie afififfifffiffiiate tff ffiecffffid nffn-fflfieech facial activity in the frontalis ffiatheffi than in the corrugator. In fflummaffiy, the cuffiffient ffltudy aimed at evaluating the Motor Simulation view and the Abstraction view by uffling ffbjective and fflubjective meaffluffieffl fff veffibal ffiuminatiffn. Tff tefflt the invfflvement fff the ffffifffacial mfftffffi fflyffltem in veffibal ffiuminatiffn, we uffled twff bafflic afififfiffacheffl. In the ffifflt afififfiffach, we induced veffibal ffiuminatiffn and examined cffncuffiffient changeffl in facial mufflcle activity (Rxfieffiiment 1). In the fflecffnd afififfiffach, we examined whetheffi ffffifffacial ffielaxatiffn wffuld ffieduce veffibal ffiuminatiffn levelffl (Rxfieffiiment 2). Mffffie fflfieci cally, in Rxfieffiiment 1, we aimed tff fiffiffvide an ffbjective afflfflefflfflment fff veffibal ffiuminatiffn uffling fluantitative fihyfflifflffgical meaffluffieffl. Thuffl, we uffled RMT ffiecffffidingffl fff mufflcle activity duffiing ffiuminatiffn, fffcuffling ffn the cffmfiaffiifflffn fff fflfieech-ffielated (i.e., twff lifi mufflcleffl -orbicularis oris superior and orbicularis oris inferior) and fflfieech-unffielated (i.e., fffffiehead -frontalis-and fffffieaffim -exor carpi radialis) mufflcleffl. Undeffi the Motor Simulation view, an incffieaffle in lifi and fffffiehead RMT activity fflhffuld be ffbffleffived afteffi ffiuminatiffn inductiffn, with nff change in fffffieaffim RMT activity, afflfflffciated with an incffieaffle in fflelf-ffiefiffffited ffiuminatiffn. Nlteffinatively, undeffi the Abstraction view, an incffieaffle in fffffiehead activity fflhffuld be ffbffleffived, afflfflffciated with an incffieaffle in fflelf-ffiefiffffited ffiuminatiffn, and nff changeffl in eitheffi lifi ffffi fffffieaffim activity fflhffuld be nffted.
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In Rxfieffiiment 2, in ffffideffi tff afflfflefflffl the ffiecififfiffcity fff the ffiuminatiffn and ffffifffacial mfftffffi activity ffielatiffnfflhifi, we evaluated the e ectffl fff ffffifffacial ffielaxatiffn ffn ffiuminatiffn. Mffffie fflfieci cally, we cffmfiaffied thffiee kindffl fff ffielaxatiffnG i) Offifffacial Relaxatiffn (i.e., lifi mufflcleffl), ii) Nffim Relaxatiffn (i.e., tff di effientiate e ectffl fflfieci c tff fflfieech-ffielated mufflcle ffielaxatiffn) and iii) Stffffiy Relaxatiffn (i.e., tff di effientiate e ectffl fflfieci c tff attentiffnal diffltffiactiffn). If the Motor simulation view iffl cffffiffiect, we fiffiedicted a laffigeffi decffieaffle fff lifi and fffffiehead mufflcle activity afteffi an Offifffacial Relaxatiffn than afteffi an Nffim Relaxatiffn (afflfflffciated with a laffigeffi decffieaffle in fflelf-ffiefiffffited ffiuminatiffn), which fflhffuld alfflff be laffigeffi than afteffi liffltening tff a ffltffffiy. We alfflff fiffiedicted that fffffieaffim activity fflhffuld ffiemain ffltable acffifffflffl the thffiee cffnditiffnffl (i.e., fflhffuld nfft decffieaffle afteffi ffielaxatiffn). Nlteffinatively, if the Abstraction view iffl cffffiffiect, we fiffiedicted that nffne fff the ffielaxatiffn cffnditiffnffl fflhffuld have an e ect ffn lifi ffffi affim activity, becauffle nffne fff theffle fflhffuld have incffieaffled afteffi inductiffn. Uffweveffi, we exfiected tff ffbffleffive a decffieaffle in fffffiehead activity and fflelf-ffiefiffffited ffiuminatiffn afteffi Offifffacial ffffi Nffim ffielaxatiffn, thiffl decffieaffle being laffigeffi than afteffi liffltening tff a Stffffiy. Imfiffffitantly, we fiffiedicted that, undeffi the Abstraction View nff fflufieffiiffffiity fff the Offifffacial ffielaxatiffn fflhffuld be ffbffleffived ffveffi the Nffim ffielaxatiffn. DC 3.2. MRTUODS

Methods

Participants

Oecauffle fff the higheffi fiffievalence fff ffiuminatiffn in wffmen than in men (fflee Jffhnfflffn & Whifflman, 2013, fffffi a ffiecent meta-analyffliffl), we chffffle tff include female fiaffiticifiantffl ffnly. Seventy-twff female undeffigffiaduate ffltudentffl fffiffm Univ. Tffienffble Nlfieffl, native Sffiench fflfieaking, fiaffiticifiated in ffuffi ffltudy. One fiaffiticifiant fiffiefflenting abeffiffiant data (fiffiffbably due tff inadefluate fflenfflffffi fflticking) waffl ffiemffved fffiffm analyffleffl. Sinal fflamfile cffnfflifflted fff ffleventy-ffne undeffigffiaduate female ffltudentffl (M age = 20.BE, SD age = A.FF). They weffie ffiecffiuited by e-mail di uffliffn liffltffl and fiaffiticifiated in the exfieffiiment fffffi cffuffiffle cffieditffl. They did nfft knffw the gffalffl fff the ffltudy. The cffveffi ffltffffiy fiffiefflented the ffieffleaffich affl aiming at validating a new I.Q. tefflt, mffffie fflenfflitive tff fieffifflffnality fiffiff leffl. Paffiticifiantffl ffiefiffffited having nff neuffifflffgic ffffi fifflychiatffiic medical hiffltffffiy, nff language difflffffideffi, nff heaffiing de cit, and taking nff medicatiffn.

Rach fiaffiticifiant gave wffiitten cffnfflent and thiffl ffltudy haffl been afififfiffved by the lffcal ethical cffmmittee (PRRNI, N°201B-03-03-C1). 

Material

Procedure

Thiffl ffltudy cffnfflifflted fff twff fiaffitffl. The ffifflt fiaffit waffl caffiffiied ffut a week befffffie the RMT exfieffiiment and cffnfflifflted in checking the incluffliffn cffiiteffiia. We checked that fiaffiticifiantffl feelingffl" (ffiefeffiffied tff affl VNS "Feelings"), ii) "Nt thiffl mffment, I am thinking abffut my fiffiffblemffl" (ffiefeffiffied tff affl VNS "Problems"), iii) "Nt thiffl mffment, I am bffiffffding abffut negative thingffl" (ffiefeffiffied tff affl VNS "Brooding ") and iv) "Nt thiffl mffment, I am fffcuffled ffn myfflelf" (ffiefeffiffied tff affl VNS "Focused").

Experiment 1: rumination induction

Paffiticifiantffl weffie ffleated in fffiffnt fff a cffmfiuteffi fflcffieen in a cffmfffffitable and fluiet ffiffffm. 

Experiment 2: rumination reduction by relaxation

Nfteffi Rxfieffiiment 1, fiaffiticifiantffl weffie ffiandffmly allffcated tff ffne fff thffiee gffiffufiffl. In the ffifflt gffiffufi, fiaffiticifiantffl liffltened tff a fiffie-ffiecffffided ffielaxatiffn fflefflffliffn that waffl fffcuffled ffn ffffifffacial fflfieech-ffielated mufflcleffl ("Orofacial Relaxation" cffnditiffn). In the fflecffnd gffiffufi, ffielaxatiffn waffl fffcuffled ffn the affim mufflcleffl ("Arm Relaxation" cffnditiffn). In the thiffid gffiffufi, fiaffiticifiantffl fflimfily liffltened tff a ffltffffiy, ffiead by the fflame fieffifflffn, fffffi an efluivalent duffiatiffn ("Story" cffnditiffn, detailed cffntent fff the ffltffffiy can be fffund in the fflufifilementaffiy mateffiialffl, in Sffiench). In fflummaffiy, the ffifflt cffnditiffn allffwed uffl tff evaluate the e ectffl fff taffigeted fflfieech mufflcle ffielaxatiffn ffn ffiuminatiffn. The fflecffnd cffnditiffn allffwed evaluating the e ectffl fff a nffn-ffffifffacial ffielaxatiffn (i.e., fflfieech-unffielated mufflcleffl) while the thiffid cffnditiffn allffwed cffntffifflling fffffi e ectffl fff attentiffnal diffltffiactiffn duffiing ffielaxatiffn liffltening.

The fflfieecheffl afflfflffciated with the thffiee cffnditiffnffl, ffielaxatiffn fflefflffliffnffl and ffltffffiy liffltening fflefflffliffn, weffie deliveffied tff the fiaffiticifiantffl thffiffugh lffudfflfieakeffiffl. They weffie ffiecffffided by a fiffifffefflffliffnal fflfffihffifflffgy theffiafiifflt in an anechffic ffiffffm at TIPSN-lab (Tffienffble, Sffiance) and weffie afififfiffximately fff the fflame duffiatiffn (affiffund 330ffl).

Nfteffi the ffielaxatiffn/diffltffiactiffn fflefflffliffn, fiaffiticifiantffl weffie afflked tff ffiemain fflilent and nfft tff mffve duffiing ffne minute, duffiing which RMT meaffluffiementffl weffie cffllected (RMT Pfffflt-ffielaxatiffn meaffluffieffl). Sinally, fiaffiticifiantffl weffie inffltffiucted tff fflelf-ffiefiffffit ffiuminatiffn ffn the fffuffi VNSffl. 

Data processing and analysis

Statistical analyses

Nbfflfflute RMT valueffl affie nfft meaningful affl mufflcle activatiffn iffl neveffi null, even in ffiefflting cffnditiffnffl, due in fiaffit tff fihyfflifflffgical nffiffle (Tafflfflinaffiy,Pacifffififf,& Vanman,200D). In additiffn, theffie affie inteffi-individual vaffiiatiffnffl in the amffunt fff RMT activity in the baffleline.

Tff nffffimaliffle fffffi baffleline activity acffifffflffl fiaffiticifiantffl, we uffled a di effiential meaffluffie and exfiffiefflffled RMT amfilitude affl a fiefficentage fff baffleline level (Rxfieffiiment 1) ffffi fff fifffflt-inductiffn level (Rxfieffiiment 2).

Tff mffdel RMT amfilitude vaffiiatiffnffl in ffiefflfiffnffle tff the ffiuminatiffn inductiffn (Rxfieffiiment 1) and ffielaxatiffn (Rxfieffiiment 2), we uffled a bayefflian multivaffiiate ffiegffiefflffliffn mffdel with the natuffial lffgaffiithm fff the RMT amfilitude (exfiffiefflffled in % fff baffleline level) affl an ffutcffme, in an intefficefit-ffnly mffdel (in Rxfieffiiment 1), and uffling Pffnditiffn (Offifffacial, Nffim ffffi Stffffiy) affl a categffffiical fiffiedictffffi in Rxfieffiiment 2. We uffled the fflame ffltffiategy (twff multivaffiiate mffdelffl) tff analyffle VNS fflcffffieffl (exfiffiefflffled in ffielative changeffl) alffng the twff exfieffiimentffl.

Theffle analyffleffl weffie cffnducted uffling RStudiff (RStudiff Team, 201E) and the brms fiackage (Oüffikneffi,201Eb), an R imfilementatiffn fff Oayefflian multilevel mffdelffl that emfilffyffl the fiffiffbabiliffltic fiffiffgffiamming language Stan (Paffifienteffi et al.,201D). Stan imfilementffl gffiadient-baffled Maffikffv Phain Mffnte Paffilff (MPMP) algffffiithmffl (e.g., Uamiltffnian Mffnte-Paffilff), which allffw yielding fifffflteffiiffffi diffltffiibutiffnffl that affie ffltffiaightfffffiwaffid tff uffle fffffi inteffival effltimatiffn affiffund all fiaffiameteffiffl. Twff MPMP fflimulatiffnffl (ffffi "chainffl") weffie ffiun fffffi each mffdel, including 100,000 iteffiatiffnffl, a waffimufi fff 10,000 iteffiatiffnffl, and a thinning inteffival fff 10. Pfffflteffiiffffi cffnveffigence waffl afflfflefflffled examining autffcffffiffielatiffn and tffiace filfftffl, affl well affl the Telman-Rubin ffltatiffltic. Sixed e ectffl weffie effltimated via the fifffflteffiiffffi mean 3 Oecauffle fff cffnffltffiaintffl attffiibutable tff the defflign fff ffuffi exfieffiiment, we weffie nfft able tff fieffifffffim cffnventiffnal cffntffiffl meaffluffieffl (e.g., time fff the day, fffffd cffnfflumfitiffn, fflfiffffit activity, fflmffking habitffl, etc.). Mffffieffveffi, in ffuffi ffltudy, fieffiiffdffl fff fflignal ffiecffffiding had tff be fflhffffiteffi than ufflual URV analyffliffl time fieffiiffdffl (cf. methffdfflffgy fflectiffn). Nlthffugh ffiecent ffltudieffl ffluggefflt that "ultffiafflhffffit teffim" URV analyffliffl ffleemffl tff cffffiffielate fluite well with URV analyffliffl fieffifffffimed ffn lffngeffi fieffiiffdffl fff time (Offiifflinda et al., 2013H Salahuddin, Phff, Jeffng, & Kim, 200D), we cannfft exclude that ffuffi meaffluffiementffl might be unffieliable. Sffffi theffle ffieafflffnffl, we chffffle nfft tff fiffiefflent URV ffiefflultffl in thiffl ffiefiffffit and tff fffcuffl ffn RMT ffiefflultffl affl well affl fflubjective ffiefiffffitffl fff ffiuminatiffn.
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and FB% highefflt denfflity inteffivalffl (UDIffl), wheffie an UDI inteffival iffl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival. A Thiffl ffltffiategy allffwed uffl tff examine fifffflteffiiffffi fiffiffbability diffltffiibutiffn ffn each fiaffiameteffi fff inteffiefflt (i.e., e ectffl fff fflefflffliffn and cffnditiffn ffn each ffiefflfiffnffle vaffiiable). When afifilicable, we alfflff ffiefiffffit evidence ffiatiffffl (RRffl), cffmfiuted uffling the hyfifftheffliffl functiffn fff the brms fiackage (Oüffikneffi,201Eb). Theffle evidence ffiatiffffl affie fflimfily the fifffflteffiiffffi fiffiffbability undeffi a hyfifftheffliffl againfflt itffl alteffinative (Oüffikneffi,201Eb). We alfflff ffiefiffffit fflummaffiy ffltatifflticffl (mean and UDI) fff Pffhen'ffl d e ect fflizeffl, cffmfiuted fffiffm the fifffflteffiiffffi fflamfileffl.

Results

Experiment 1: rumination induction

The evfflutiffn fff VNS fflcffffieffl (fffffi the fffuffi afflfflefflffled fflcalefflG Seelingffl, Pffiffblemffl, Offiffffding, and Sffcuffled) and RMT (fffffi the fffuffi mufflclefflG OOS, OOI, SPR and SRO) activity fffiffm baffleline tff fifffflt-inductiffn weffie examined. abffve, with a fflimilaffi mffdel but with the fflcffffie ffn the abffltffiact dimenffliffn fff the Mini-PRRTS affl an additiffnal fiffiedictffffi. We cffmfiaffied theffle mffdelffl uffling the widely afifilicable infffffimatiffn cffiiteffiiffn (WNIPH Watanabe, 2010), via the WNIP functiffn fff the brms fiackage (Oüffikneffi,201Eb).

Self-reported rumination measures: VAS scores

Refflultffl fflhffwed that the intefficefit-ffnly mffdel had a lffweffi WNIP (WNIP = 1DD.3F) than the mffffie cffmfilex mffdel (WNIP = 1E2.01), indicating that theffie iffl nff fiffiedictive bene t in adding the Mini-PRRTS fflcffffie affl a fiffiedictffffi.

Correlations between EMG amplitudes and VAS scores

Pffffiffielatiffnffl between RMT amfilitudeffl and VNS fflcffffieffl weffie examined uffling the BayesianFirstAid fiackage (Oååth, 201E), uffling 1B,000 iteffiatiffnffl fffffi each cffffiffielatiffn cffe cient. Offth effltimated cffffiffielatiffn cffe cientffl (ρffl) and FB% UDIffl affie ffiefiffffited in Table 3.1. 

Experiment 2: rumination reduction by relaxation

In the fflecffnd exfieffiiment, we aimed at cffmfiaffiing the evfflutiffn in RMT activity and VNS fflcffffieffl fffiffm fifffflt-inductiffn tff fifffflt-ffielaxatiffn in thffiee di effient cffnditiffnfflG Offifffacial ffielaxatiffn, Nffim ffielaxatiffn, and liffltening tff a Stffffiy.

Self-reported rumination measures: VAS scores

Pfffflteffiiffffi meanffl and FB% UDIffl fff the VNS fflcffffieffl in each cffnditiffn fff Rxfieffiiment 2 affie ffiefiffiefflented in Siguffie 3.3 and Table 3 In ffffideffi tff cffmfiaffie the e ectffl fff the twff kind fff ffielaxatiffn ffn the VNS fflcffffieffl, we then uffled the hypothesis() functiffn fff the brms fiackage that allffwffl deffiiving evidence ffiatiffffl (RR). Theffle evidence ffiatiffffl affie fflimfily the fifffflteffiiffffi fiffiffbability undeffi a hyfifftheffliffl (e.g., the hyfifftheffliffl that the Offifffacial ffielaxatiffn fflefflffliffn wffuld be mffffie e ective in ffieducing fflelf-ffiefiffffited ffiuminatiffn than the Nffim ffielaxatiffn fflefflffliffn) againfflt itffl alteffinative (Oüffikneffi,201Eb).

Since the Pffiffblemffl and the Offiffffding fflcaleffl ffleemed tff be fflenfflitive maffikeffiffl fff ffiuminatiffn 

EMG

Pfffflteffiiffffi meanffl and FB% UDIffl fff the RMT amfilitude in each cffnditiffn fff exfieffiiment 2 affie ffiefiffiefflented in Siguffie 3.A and ffiefiffffited in Table 3. Relative change in VAS score 

Discussion

Experiment 1

In the ffifflt exfieffiiment, we examined electffiffmyffgffiafihic cffffiffielateffl fff induced ffiuminatiffn Scffffieffl ffn the VNS need tff be difflcufflffled in fuffitheffi detail. We examined which VNS fflcaleffl weffie mfffflt ffluitable tff cafituffie changeffl in ffltate ffiuminatiffn tff allffw fffcuffled analyffleffl. Due tff the "fiffie-baffleline" ffielaxatiffn fflefflffliffn, duffiing which fiaffiticifiantffl weffie afflked tff cffncentffiate ffn theiffi bffdy and bffieathing cycleffl, fiaffiticifiantffl ffiefiffffited a high level fff attentiffnal fflelf-fffcuffl at baffleline ("Seelingffl" and "Sffcuffled" VNS). Oecauffle fff the high level fff fflelf-fffcuffled attentiffn at baffleline, it iffl likely that the fflcffffieffl ffn the "Seelingffl" and "Sffcuffled" VNS did nfft fflhffw the exfiected incffieaffle afteffi ffiuminatiffn inductiffn (ceiling e ect). The fflcffffieffl ffn the fflcaleffl "Pffiffblemffl" and "Offiffffding", which affie mffffie ffiefiffiefflentative fff maladafitive ffiuminatiffn, did incffieaffle afteffi ffuffi ffiuminatiffn inductiffn fiaffiadigm, hffweveffi. Inteffieffltingly, the "Offiffffding" VNS cffffiffiefflfiffnded tff a laffigeffi incffieaffle and ffleemed tff be mffffie fflenfflitive tff ffiuminatiffn inductiffn than the "Pffiffblemffl" VNS. Tiven thiffl gffieateffi fflenfflibility and the ffltffiffng fifffflitive cffffiffielatiffn between the "Offiffffding" and the "Pffiffblemffl" VNS, it thuffl make fflenffle tff cffnfflideffi the "Offiffffding"

VNS affl a betteffi effltimate fff ffiuminative ffltate, at leafflt within ffuffi fiaffiadigm. We will theffiefffffie ffnly uffle thiffl fflcale tff afflfflefflffl ffiuminatiffn in the fffllffwing.

The fact that we did nfft ffbffleffive any afflfflffciatiffn between the fiffifffienfflity tff ffiuminate (affl meaffluffied by the Mini-PRRTS flueffltiffnnaiffie) and the e ectffl fff the inductiffn iffl cffnffliffltent with the ffiefflultffl fff [START_REF] Rffffd | The e ectffl fff exfieffiimentally induced ffiuminatiffn, fifffflitive ffieafififfiaifflal, accefitance, and diffltancing when thinking abffut a ffltffiefflfflful event ffn a ect ffltateffl in adfflefflcentffl[END_REF] whff fffund that the level fff tffiait ffiuminatiffn did nfft mffdeffiate the e ectffl fff a ffiuminatiffn inductiffn.

Experiment 2

In the fflecffnd exfieffiiment, we ffltudied the e ectffl fff twff mufflcle-fflfieci c ffielaxatiffn fflefflffliffnfflG Offifffacial ffielaxatiffn and Nffim ffielaxatiffn. We cffmfiaffied theiffi e ectffl tff a thiffid cffntffiffl cffnditiffn (Stffffiy), which did nfft invfflve the delibeffiate ffielaxatiffn fff any fflfieci c mufflcle. Ouffi fiffiedictiffnffl weffie that a decffieaffle in facial RMT activity fflhffuld be ffbffleffived in each cffnditiffn. If the Motor Simulation view iffl cffffiffiect, we exfiected a laffigeffi decffieaffle in the activity fff all facial mufflcleffl in the "Offifffacial ffielaxatiffn" cffnditiffn than in the "Nffim ffielaxatiffn" cffnditiffn, afflfflffciated with a laffigeffi decffieaffle in fflelf-ffiefiffffited ffiuminatiffn. Ndditiffnally, we exfiected a mffffie fiffiffnffunced decffieaffle in the twff ffielaxatiffn cffnditiffnffl (ffffifffacial and affim ffielaxatiffn cffnditiffnffl) than in the cffntffiffl ("Stffffiy") cffnditiffn. We alfflff exfiected nff di effience between ffielaxatiffn cffnditiffnffl ffiegaffiding the change in the fffffieaffim mufflcle activity.

The data indicated a decffieaffle in fflelf-ffiefiffffited ffiuminatiffn ("Offiffffding" VNS) in each cffnditiffn. The "Offifffacial" ffielaxatiffn cffndi-tiffn elicited a ffllightly laffigeffi decffieaffle than the "Nffim ffielaxatiffn" ffffi the "Stffffiy" cffnditiffn. Nlteffinatively, ffne cffuld alfflff affigue that the laffigeffi decffieaffle in lifi mufflcle activity afteffi ffffifffacial ffielaxatiffn ndffl a mffffie tffiivial exfilana-tiffn in that it ffleemffl ffbviffuffl tff exfiect that ffffifffacial ffielaxatiffn will be mffffie e cient tff ffieduce lifi mufflcle cffntffiactiffn than nffn-ffffifffacial ffielaxatiffn. Thuffl, the di effient imfiactffl fff the twff ffielaxatiffn fflefflffliffnffl ffn the lifi mufflcleffl wffuld nfft be ffielated tff ffieduced ffiuminatiffn fieffi ffle but fflimfily tff a mffffie anatffmically taffigeted Sinally, the "Stffffiy" cffnditiffn waffl alfflff afflfflffciated with a decffieaffle in OOI and SRO activitieffl. Thiffl cffuld mean that liffltening tff a ffltffffiy ffieduced ffiuminatiffn tff the fflame extent affl ffielaxatiffn did. Uffweveffi, the difflcffiefiancy ffbffleffived in "Sffcuffled" VNS between the twff ffielaxatiffn cffnditiffnffl ffn the ffne hand and the cffntffiffl cffnditiffn ffn the fftheffi hand, ffluggeffltffl that the RMT decffieaffle ffbffleffived in the "Stffffiy" cffnditiffn might be attffiibutable tff a di effient cauffle than that ffbffleffived in the twff ffielaxatiffn cffnditiffnffl. Liffltening tff a ffltffffiy cffuld helfi ffieducing ffiuminatiffn by fflhifting attentiffn away fffiffm ffiuminative thffughtffl. Relaxatiffn fflefflffliffnffl cffuld helfi ffieducing ffiuminatiffn by fflhifting attentiffn tff the bffdy in a bene cial way.

General discussion

We fflet ffut twff exfieffiimentffl tff examine whetheffi ffiuminatiffn invfflveffl mfftffffi fflimulatiffn ffffi iffl betteffi defflcffiibed affl linguiffltically abffltffiact and affiticulatffffiy imfiffveffiifflhed. We uffled labial, facial, and affim RMT meaffluffieffl tff afflfflefflffl fifftential affiticulatffffiy cffffiffielateffl fff ffiuminatiffn. The fiatteffinffl fff ffiefflultffl fff ffuffi ffltudy ffleem tff be in favffuffi fff the mfftffffi natuffie fff veffibal ffiuminatiffn.
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Supplementary data

Sufifilementaffiy data afflfflffciated with thiffl affiticle can be fffund at httfifflG//fffflf.iff/EE2te/.

Summary of Chapter 3

Ruminatiffn iffl fiffiedffminantly exfieffiienced in the fffffim fff ffiefietitive veffibal thffughtffl and can theffiefffffie be cffnfflideffied affl a fiaffiticulaffi caffle fff inneffi fflfieech. Nccffffiding tff the motor simulation view, inneffi fflfieech iffl a kind fff mfftffffi actiffn, ffiecffiuiting the fflfieech mfftffffi fflyffltem. In thiffl fffiamewffffik, we fiffiedicted an incffieaffle in fflfieech mufflcle activity duffiing ffiuminatiffn affl cffmfiaffied tff ffiefflt. We alfflff fiffiedicted incffieaffled fffffiehead activity Sffllffwing the motor simulation view fff inneffi fflfieech fiffiffductiffn, we hyfifftheffliffled that the veffibal ffiuminatiffn inductiffn fflhffuld ffiefflult in higheffi activity in the fflfieech-ffielated mufflcleffl than the nffn-veffibal ffiuminatiffn inductiffn. We alfflff hyfifftheffliffled that a ffielaxatiffn fffcuffled ffn the ffffifffacial affiea fflhffuld be mffffie e cient in ffieducing ffiuminatiffn (when exfieffiienced in a veffibal mffdality) than a ffielaxatiffn fffcuffled ffn a nffn-ffffifffacial affiea. Ouffi ffiefflultffl dff nfft cffffiffiffbffffiate theffle hyfifftheffleffl, affl we did nfft nd mffdality-fflfieci c electffiffmygffiafihic cffffiffielateffl fff ffiuminatiffn. Mffffieffveffi, the twff ffielaxatiffn tyfieffl weffie fflimilaffily e cient in ffieducing ffiuminatiffn, whatfflffeveffi the ffiuminatiffn mffdality. We difflcufflffl theffle ffiefflultffl in ffielatiffn tff the inneffi fflfieech liteffiatuffie and ffluggefflt that becauffle ffiuminatiffn iffl a habitual and autffmatic fffffim fff emfftiffn ffiegulatiffn, it might be cffnfflideffied affl a fiaffiticulaffily (ffltffiffngly) inteffinaliffled and cffndenffled fffffim fff inneffi fflfieech. 1

1 Thiffl exfieffiimental chafiteffi iffl a wffffiking manufflcffiifit ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Oanjac, S., Oaeyenffl, P., Tffiandchamfi, R., Kfffflteffi, R.U.W., Peffiffiffne-Oeffitfflfftti, M., & Loevenbffiuck, U. (in preparation). Difflfflffciating facial electffiffmyffgffiafihic cffffiffielateffl fff vifflual and veffibal induced ffiuminatiffn. Pffie-ffiegifflteffied fiffifftffcffl, fiffiefiffiint, data, affl well affl ffiefiffiffducible cffde and guffieffl affie available atG httfifflG//fffflf.iff/ cFfiag/.
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Introduction

The fihenffmenffn fff inneffi fflfieech haffl been attffiacting the attentiffn fff the fihilfffflfffihical and fflcienti c cffmmunitieffl fffffi a lffng time. Thiffl inteffiefflt might be exfilained by the fiaffiadffx ffluffiffiffunding inneffi fflfieechG wheffieaffl mfffflt individualffl exfieffiience it ffn a daily baffliffl (but fflee [START_REF] Uuffilbuffit | Investigating pristine inner experience: Moments of truth[END_REF], inneffi fflfieech iffl nfftably di cult tff inveffltigate. Uffweveffi, much can be leaffined abffut inneffi fflfieech by examining itffl di effient fffffimffl fff exfiffiefflffliffn. Nmffng theffle fffffimffl iffl ffiuminatiffn, which, fffffi ffleveffial ffieafflffnffl, will be the fffcuffl fff thiffl fiafieffi. Siffifflt, althffugh ffiuminatiffn iffl cffmmffn in geneffial fifffiulatiffn (R. R. Watkinffl et al.,200B) Nllffy,200FH Watkinffl,200E). Sffffi inffltance, a diffltinctiffn haffl been ffluggefflted between bffiffffding and ffie ectiffn (Tffieynffffi et al., 2003). Offiffffding ffielateffl tff mffffiffffle fiffndeffiing alffng with the fiafflfflive cffmfiaffiifflffn fff ffne'ffl cuffiffient cifficumffltanceffl and a ceffitain ffltandaffid. In cffntffiafflt, ffiuminative ffie ectiffn denffteffl cffntemfilatiffn and engagement in cffgnitive fiffiffblem fflfflving affl a meanffl tff mitigate ffne'ffl defiffiefflfflive fflymfitffmffl. In the fflame vein, Watkinffl (200E) fiffifffiffffled a mffdel fffffi di effientiating between haffimful and helfiful fffffimffl fff ffiefietitive thffught. Ue affigued that ffiefietitive thffughtffl vaffiy alffng thffiee dimenffliffnffl -valence, cffntext and level fff cffnffltffiual (abffltffiact veffiffluffl cffncffiete). Oy thiffl accffunt, defiffiefflfflive ffiuminatiffn iffl chaffiacteffiiffled by an abffltffiact mffde fff fiffiffcefflffling that invfflveffl thinking abffut the cauffleffl, meaning, and cffnfflefluenceffl fff feelingffl ffffi eventffl. Thiffl abffltffiact-analytic mffde iffl fffififfffled tff a mffffie cffncffiete and helfiful mffde fff fiffiffcefflffling infffffimatiffn fffcuffled ffn diffiect, detailed and cffncffiete exfieffiience. The fiffiffcefflffling mffde theffffiy iffl fflufififfffited by exfieffiimental evidence fflhffwing that an abffltffiact-analytical mffde fff fiffiffcefflffling iffl fiaffiticulaffily deleteffiiffuffl fffffi mffffd and cffgnitiffn (Watkinffl,200E).

N ceffitain level fff ffveffilafi between ffiuminatiffn and ffielated cffnffltffiuctffl ffluch affl intffiufflive thffughtffl, ffbfflefflffliffnffl ffffi wffffiffiy haffl been ffiecffgniffled (e.g., Olatunji, Naffiagffn-Tainey, & Wfflitzky-Taylffffi, 2013H Smith & Nllffy, 200F). Nccffffidingly, ffiuminatiffn and wffffiffiy have been ffluggefflted tff ffiefiffiefflent a fiaffiticulaffi fffffim fff a bffiffadeffi tffianffldiagnffffltic fiffiffcefflffl cffined affl unconstructive repetitive thinking (Olatunji et al., 2013H Watkinffl, 200E), perseverative cognition (Offifffflfflchfft,Teffiin,& Thayeffi,200C) ffffi repetitive negative thinking (Rhffiing & Watkinffl,200E).

Nll fffffimffl fff thinking gatheffied undeffi theffle umbffiella teffimffl fflhaffie a bffiffad invfflvement fff fflelf-fffcuffled ffiefietitive thinking abffut negative and fflelf-ffielevant tfffiicffl (De Raedt, Ueffitel,& Watkinffl,201B). Uffweveffi, ffne the mfffflt imfiffffitant and ffiffbufflt delimitatiffn iffl the ffne between wffffiffiy and ffiuminatiffn. On the whffle, it iffl ffluggefflted that wffffiffiy and ffiuminatiffn can be diffltinguifflhed by theiffi cffntent and by theiffi temfiffffial ffffiientatiffn (Watkinffl,200E), but that the processes undeffilying them wffuld be fflimilaffi. Mffffie fiffiecifflely, wheffieaffl wffffiffiy iffl fffcuffled ffn fiffiffblem fflfflving and futuffie eventffl, (defiffiefflfflive) ffiuminatiffn iffl ffiatheffi fiafflfflive and fiafflt-ffffiiented (Nfflen-Uffekfflema et al., 200EH Smith & Nllffy,200F). Theffie affie alfflff ndingffl ffluggefflting that wffffiffiy iffl tyfiically mffffie veffibal than ffiuminatiffn (Lawffience et al.,201E), althffugh fflffme ffltudieffl did nfft nd thiffl di effience (Watkinffl et al.,200B).

Uaving bffiie y de ned the functiffnffl and cffnfflefluenceffl fff ffiuminatiffn, we nffw tuffin tff a difflcufflffliffn fff the natuffie fff ffiuminative thinking, itffl fihenffmenfflffgical fiffifffieffitieffl affl well affl hffw it can be induced and meaffluffied in a cffntffifflled enviffiffnment. entailffl iffl ffltill debated (fffffi a ffiecent ffieview, fflee Loevenbffiuck et al.,201E). In the fiffiefflent fiafieffi, we examine the motor simulation view fff inneffi fflfieech fiffiffductiffn. Undeffi thiffl view, inneffi fflfieech (cffntent) iffl fiffifffiffffled tff be the ffiefflult fff a fflffundlefflffl mental fflimulatiffn fff ffveffit fflfieech (Jeanneffiffd,200CH Pffffltma & Nffffffidanuffl,1FFC). Mffffie fiffiecifflely, inneffi fflfieech iffl cffnceived affl (inhibited) fflfieech mfftffffi actffl that tffiiggeffi -via a simulation ffffi an emulation mechanifflmmultimffdal fflenfflffffiy fiefficefitffl (Loevenbffiuck et al.,201E). Thiffl fieffifflfiective entailffl that the fflfieech mfftffffi fflyffltem fflhffuld be invfflved duffiing inneffi fflfieech fiffiffductiffn and that we cffuld ffiecffffid a fieffiifiheffial ffiefflidual activity in the fflfieech mufflcleffl. Thiffl hyfifftheffliffl haffl been cffffiffiffbffffiated by ffleveffial ffltudieffl uffling ffffifffacial ffluffiface electffiffmyffgffiafihy (RMT) duffiing tafflkffl that invfflve inneffi fflfieech fiffiffductiffn ffluch affl fflilent ffiecitatiffn, veffibal mental imageffiy ffffi fiffiffblem fflfflving (Jacffbfflffn,1F31H Livefflay et al.,1FFCH McTuigan & Dffllinffl,1FEFH Sffkfflffv,1FD2). Oveffiall, theffle ffltudieffl fflhffw that inneffi fflfieech fiffiffductiffn iffl ufflually afflfflffciated with an incffieaffled activity fff the fflfieech mufflcleffl.

The nature of ruminative thoughts

We ffiecently cffnducted a ffltudy tff examine the facial RMT cffffiffielateffl fff ffiuminatiffn (Nalbfffficzyk et al.,201D). We have demffnffltffiated that induced ffiuminatiffn iffl accffmfianied by an incffieaffled facial RMT activity cffncuffiffient with incffieaffled fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn, affl cffmfiaffied with an initial ffielaxed ffltate. Thiffl incffieaffle in facial RMT activity affl a cffffiffielate fff induced ffiuminatiffn waffl taken affl ffluggeffltive evidence that veffibal ffiuminatiffn dffeffl invfflve the fflfieech mfftffffi fflyffltem. Suffitheffimffffie, afteffi a ffielaxatiffn fflefflffliffn fffcuffled ffn the ffffifffacial affiea, we ffbffleffived a laffigeffi decffieaffle in fflelf-ffiefiffffited ffltate ffiuminatiffn than afteffi nffn-ffffifffacial (fffcuffled ffn the fffffieaffim) ffielaxatiffn. We inteffififfieted theffle ndingffl affl cffnffliffltent with the motor simulation view. Uffweveffi, we fffiened the fifffflfflibility that fiaffiticifiantffl fff thiffl ffltudy cffuld have been exfieffiiencing ffiuminatiffn in fftheffi (nffn-veffibal) mffdalitieffl, ffluch affl ffiuminatiffn in vifflual mental imageffl. Theffiefffffie, the fiffiefflent wffffik iffl in cffntinuity with ffuffi fiffieviffuffl ffltudy, ffleeking tff fuffitheffi inveffltigate the electffiffmyffgffiafihic cffffiffielateffl fff di effient ffiuminatiffn mffdalitieffl (i.e., veffibal vffl. vifflual imageffiy).

Defflfiite being fiffiedffminantly exfieffiienced in a veffibal mffdality, ffiuminatiffn can alfflff be exfieffiienced affl vifflual imageffiy (Tffldwin & Oehaffi, 2012H Newby & Mffuldffl, 2012H Peaffifflffn et al., 200E). Vifflual imageffiy ffiefeffiffl tff a fiffiffcefflffl duffiing which fiefficefitual infffffimatiffn iffl ffietffiieved fffiffm lffng-teffim memffffiy, ffiefflulting in the exfieffiience fff "ffleeing with the mind'ffl eye" (Taniffl et al.,200A). It haffl been ffluggefflted that becauffle ffiuminatiffn iffl ufflually fiafflt-ffffiiented, it fflhffuld incffieaffle accefflffl tff (negative) autffbiffgffiafihical memffffiieffl (Lyubffmiffifflky et al.,1FFE). Mffffieffveffi, becauffle autffbiffgffiafihical memffffiieffl affie ffften exfieffiienced affl vifflual imageffl, ffiuminatiffn fflhffuld likewiffle include vifflual featuffieffl (Peaffifflffn et al.,200E). Seveffial ffltudieffl have ffbtained ffiefflultffl that affie cffnffliffltent with thiffl claim. Nmffng a fflamfile fff fiatientffl whff weffie diagnffffled affl clinically defiffiefflffled, a ffligni cant majffffiity (FA.D% and mffffie than D0%) ffiefiffffited that ffiuminatiffn cffmbined veffibal and fflenfflffffiy elementffl, amffng which vifflual imageffiy (Newby & Mffuldffl, 2012H Peaffifflffn et al., 200E, ffiefflfiectively). When unfflelected individualffl weffie afflked abffut the fluality fff theiffi ffiuminatiffn diffiectly while ffiuminating, C0.B3% fff them fflaid they had been FE A. 1. INTRODUPTION exfieffiiencing veffibal thffughtffl and 3B.F2% mental imageffl (McLaughlin et al.,200D). Nnfftheffi ffltudy cffmfiaffiing natuffially ffccuffiffiing defiffiefflfflive and anxiffuffl thffughtffl in a nffn-clinical fflamfile, fffund that defiffiefflfflive thffughtffl invfflved mffffie imageffl than anxiffuffl thffughtffl (Pafiageffffigiffu & Wellffl,1FFF). In additiffn, a ffiecent ffltudy demffnffltffiated that a cffnfflideffiable numbeffi fff fiefffile exfieffiience defiffiefflfflive cffgnitiffn in a vifflual fffffim (Lawffience et al.,201E). Suffitheffimffffie, thiffl ffltudy fflhffwed that individualffl with a vifflual defiffiefflfflive cffgnitive ffltyle ffiefiffffited a fflimilaffi amffunt fff ffiuminatiffn affl individualffl with a veffibal ffltyle. Oveffiall, the exifflting liteffiatuffie indicateffl that ffiuminatiffn can have vifflual featuffieffl, defflfiite being fiffiedffminantly veffibal.

Theffie affie ffleveffial ffieafflffnffl tff think thiffl diffltinctiffn iffl fff imfiffffitance. Siffifflt fff all, mental imageffiy iffl ufflually ffielated tff a gffieateffi caffidiffvafflculaffi activatiffn than veffibal thffughtffl. Thiffl iffl fflfieci cally the caffle in the ffltffiefflfflffffi-fffcuffled cffncffiete vifflual ffiuminatiffn ffltudy, fffffi individualffl with high tffiait ffiuminatiffn (Zffccffla et al.,201A), althffugh a lateffi ffltudy fffund higheffi heaffit ffiate duffiing veffibal thffughtffl (Wffffdy et al.,201B). Nuthffffiffl inteffififfieted the ffbtained data by cffnnecting it with the cffgnitive avffidance theffffiy (Sibffiava & Offffikffvec,200C). Nccffffiding tff thiffl theffffiy, wffffiffiy, affl a fiffiimaffiily linguiffltic ffiefietitive thffught, iffl an avffidance ffiefflfiffnffle whffffle gffal iffl tff ffieffltffiain aveffifflive imageffl, thuffl ffieducing fflffmatic activatiffn and fiffiffcefflffling fff emfftiffnffl.

Similaffily, fffffiming negative mental vifflual imageffl haffl been fflhffwn tff lead tff a gffieateffi incffieaffle in anxiety in cffmfiaffiifflffn tff fffffiming negative defflcffiifitive fflentenceffl (Ufflmeffl & Mathewffl,200B).

Taken tffgetheffi, theffle ndingffl ffluggefflt that di effient mffdeffl fff ffiuminatiffn cffuld have di effient e ectffl ffn individualffl. Suffitheffimffffie, if ffiuminatiffn alfflff haffl a vifflual fluality, imageffiy-baffled theffiafieutic methffdffl cffuld alfflff be bene cial (Peaffifflffn et al.,200E). Thiffl idea iffl fflufififfffited by ffltudieffl fflhffwing the e ectivenefflffl fff mental imageffiy in accefflffling and mffdifying emfftiffn in theffiafiy (fffffi an ffveffiview, fflee Uackmann & Ufflmeffl, 200A). On the whffle, inveffltigating the veffibal and vifflual featuffieffl fff ffiuminatiffn cffuld cffntffiibute tff fflhaffifien ffuffi undeffiffltanding fff the ffiuminative fiffiffcefflffleffl and lead tff betteffi-adafited theffiafieutic ffltffiategieffl. Uffweveffi, fflelf-ffiefiffffit meaffluffieffl fff ffiuminatiffn have ffleveffial fflhffffitcffmingffl. Theffle meaffluffiementffl can be vulneffiable tff intentffl and fflubjectivity fff the fiaffiticifiantffl. They ffiely ffn FF the evaluatiffn fff fiafflt exfieffiience and dff nfft fffcuffl ffn the fact that ffiuminatiffn ufflually affiiffleffl in the fiffiefflence fff negative emfftiffn. On the fffififffflite, fihyfflifflffgical ffltudieffl fff ffiuminatiffn fiffiffvide data ffn ffiuminatiffn affl it ffccuffiffl affl well affl ffbjective data that affie lefflffl fiffiedifflfiffffled tff fflubjective in uenceffl. Phyfflifflffgical meaffluffieffl alfflff fiffiffvide an fffififfffitunity tff exfilffffie undeffilying mechanifflmffl and centffial fiffiffcefflffleffl [START_REF] Siegle | Phyfflifflffgical afflfiectffl fff defiffiefflfflive ffiuminatiffn[END_REF]. Sffffi thiffl fiuffififfffle, ffleveffial fiffifftffcfflffl fflet tff induce ffiuminatiffn have been deviffled.

Inducing rumination in a controlled environment

Rxfieffiimental fiffifftffcfflffl fffffi inducing ffiuminatiffn ufflually ffltaffit with fiffiffvffking negative mffffd in fiaffiticifiantffl. Tff thiffl end, fflffme ffieffleafficheffiffl emfilffyed fflad mufflic (e.g., [START_REF] Pffnway | On afflfflefflffling individual di effienceffl in ffiuminatiffn ffn ffladnefflffl[END_REF], afflked fiaffiticifiantffl tff ffiecall a fflad event (e.g., [START_REF] Rffffd | The e ectffl fff exfieffiimentally induced ffiuminatiffn, fifffflitive ffieafififfiaifflal, accefitance, and diffltancing when thinking abffut a ffltffiefflfflful event ffn a ect ffltateffl in adfflefflcentffl[END_REF], ffffi fiut fiaffiticifiantffl in ffltffiefflfflful and fffiuffltffiating fflituatiffnffl ffluch affl an extffiemely di cult IQ tefflt (e.g., Nalbfffficzyk et al.,201D). Nnfftheffi ffltudy tffiied tff cauffle negative feelingffl by afflking fiaffiticifiantffl tff give a fflfieech while being evaluated, thffugh the authffffiffl cffncluded that thiffl ffltffiefflfflffffi waffl ffiatheffi mild (Zffccffla et al.,201A) 

The present study

It haffl been ffluggefflted that theffie iffl a need fffffi ffltudieffl that wffuld induce veffibal ffffi vifflual ffiuminatiffn in ffffideffi tff infflfiect hffw the exfieffiience fff ffiuminatiffn in theffle twff mffdalitieffl cffuld di effi (Lawffience et al.,201E). Suffitheffimffffie, theffie haffl ffnly been ffne fflet fff ffltudieffl, tff the befflt fff ffuffi knffwledge, that haffl emfilffyed a fiffifftffcffl fffffi fflfieci cally inducing veffibal ffffi vifflual ffiuminatiffn (Wffffdy et al.,201BH Zffccffla et al.,201A). In additiffn, theffie weffie ceffitain fflhffffitcffmingffl in thiffl fiffifftffcffl, fflffme fff which weffie highlighted by the authffffiffl, ffluch affl the ffltffiefflffl inductiffn cffmfiffnent. Tff tackle theffle ifflfflueffl, we extended the ffltudy fiffiefflented in Nalbfffficzyk 

Methods

In the Methods and Data analysis fflectiffnffl, we ffiefiffffit hffw we deteffimined ffuffi fflamfile fflize, all data excluffliffnffl, all manifiulatiffnffl, and all meaffluffieffl in the ffltudy [START_REF] Simmffnffl | N 21 wffffid fflfflutiffn[END_REF]. N fiffie-ffiegifflteffied veffiffliffn fff ffuffi fiffifftffcffl can be fffund ffnlineG httfifflG//fffflf. iff/cFfiag/.

Participants

Ouffi fflamfile included EB female fiaffiticifiantffl, ffianging in age fffiffm 1E tff 31 yeaffiffl (M = 1F.EE, SD = 2.02). We chffffle tff include ffnly female fiaffiticifiantffl in the fiffiefflent ffltudy, fffffi the fffllffwing thffiee ffieafflffnffl. Siffifflt, wffmen have been fffund tff engage in ffiuminatiffn mffffie than men [START_REF] Jffhnfflffn | Tendeffi di effienceffl in ffiuminatiffnG N meta-analyffliffl[END_REF]. Secffnd, in cffmfiaffiifflffn with men, wffmen have gffieateffi vifflual imageffiy abilitieffl and ffiefiffffit mffffie vivid mental vifflual imageffl (affl ffieviewed in Lawffience et al.,201E). Thiffid, the diffltffiibutiffn fff gendeffi iffl veffiy unbalanced in Pfflychfflffgy cffuffiffleffl. Theffiefffffie, it wffuld be fiffiactically imfifffflfflible tff have a well-balanced fflamfile with ffiefflfiect tff gendeffi. Nffl defflcffiibed in the fiffieffiegiffltffiatiffn fffffim, we uffled fflefluential tefflting tff deteffimine the afififfifffiffiiate fflamfile fflize. Mffffie fiffiecifflely, we ffiecffiuited fiaffiticifiantffl until ffieaching eitheffi a fiffiedeteffimined level fff fiffieciffliffn (thiffl fiffiffceduffie iffl defflcffiibed in Kffiufflchke, 201B) ffffi the end fff the fieffiiffd fff time allffcated tff thiffl exfieffiiment ( xed tff eight weekffl). We ffifflt deteffimined a ffiegiffn fff fiffiactical efluivalence (ROPR) and a taffiget fiffieciffliffn level ffn the main e ect fff inteffiefflt (i.e., the inteffiactiffn between the e ect fff time (baffleline veffiffluffl fifffflt-inductiffn, within-fflubject) and gffiffufi (veffibal ffiuminatiffn veffiffluffl vifflual ffiuminatiffn inductiffn, between-fflubject defflign), ffn the RMT amfilitude fff the OOI mufflcle). We ffiecffiuited fiaffiticifiantffl until the FB% cffiedible inteffival (the Oayefflian analffgue fff a cffn dence inteffival) affiffund the fiaffiameteffi fff inteffiefflt waffl at leafflt 0.E timeffl naffiffiffweffi than the ROPR. The ROPR can be de ned affl the ffiegiffn cffmfiffiiffling the e ect fflizeffl that we cffnfflideffi affl "null e ectffl" (alteffinatively, it de neffl the minimum e ect fflize fff inteffiefflt). We de ned the ROPR affl [-0.1, 0.1] ffn the fflcale fff the nffffimaliffled and baffleline-ffltandaffidiffled RMT amfilitude. Thiffl ROPR haffl been de ned tff cffffiffiefflfiffnd tff a "null e ect" baffled ffn fiffieviffuffl RMT data we had cffllected ffn cffntffiffl mufflcleffl (fffffieaffim). Then, we de ned the taffiget fiffieciffliffn affl 0.E timeffl the width fff the ROPR, that ifflG 0.8 × 0.2 = 0.16. We did nfft ffieach thiffl thffiefflhffld within the allffcated time. Thuffl, we ffian the ffltudy fffffi the full eight weekffl (detailffl ffn the evfflutiffn fff the effltimatiffn fiffieciffliffn can be fffund in the fflufifilementaffiy mateffiialffl).

Material

The exfieffiimental fiffiffceduffie waffl develfffied uffling the OfienSefflame fflffftwaffie [START_REF] Mathôt | The vaffiietieffl fff inneffi fflfieechG Linkffl between fluality fff inneffi fflfieech and fifflychfffiathfflffgical vaffiiableffl in a fflamfile fff yffung adultffl[END_REF] Ouffi exfilffffiatiffn fffcuffled ffn the mufflcleffl that have alffieady been fffund tff be activated duffiing cffveffit ffffi ffveffit fflfieech (e.g., Lauffient et al., 201CH Maieffi-Uein, Metze, Schultz, & Waibel, 200BH Schultz & Wand, 2010). With ffluffiface RMT, it iffl di cult tff fiffiecifflely ffielate a given fflkin fifffflitiffn tff a fflfieci c mufflcle. Uffweveffi, affl authffffiffl ffften ffiefeffi tff the facial fifffflitiffnffl affl mufflcle fifffflitiffnffl, we will fffllffw thiffl tffiaditiffn fffffi claffiity. Oecauffle fff theiffi invfflvement in fflfieech fiffiffductiffn, bififflaffi ffluffiface RMT electffiffdeffl weffie fifffflitiffned ffn the orbicularis oris inferior (OOI), the zygomaticus major (ZYT) and the neck mufflcleffl (NPK). In additiffn, electffiffdeffl weffie alfflff filaced ffn the frontalis (SRO) affl a nffn-fflfieech but emfftiffn-ffielated mufflcle. Sinally, we fifffflitiffned a fflenfflffffi ffn the exor carpi radialis (SPR) tff cffntffiffl fffffi geneffial (whffle bffdy) mufflcle cffntffiactiffn.

Sfieech-ffielated fflenfflffffiffl weffie fifffflitiffned ffn the ffiight fflide fff the face wheffieaffl the emfftiffn-ffielated (fffffiehead) fflenfflffffi waffl fifffflitiffned ffn the left fflide fff fiaffiticifiantffl' faceffl, fffllffwing ffltudieffl that fffund laffigeffi mffvementffl fff the ffiight fflide fff the mffuth duffiing fflfieech fiffiffductiffn (Nichffllffl & Seaffile,200C), and mffffie emfftiffnal exfiffiefflffliffn ffn the left fflide fff the face (Nichffllffl,Rlliffl,Plement,& Yfffflhinff,200A). Since fiaffiticifiantffl weffie afflked tff uffle a mffuffle tff fiffiffvide anfflweffiffl, the fffffieaffim fflenfflffffi waffl fifffflitiffned ffn the nffn-dffminant fffffieaffim (that fiaffiticifiantffl did nfft uffle tff fiffiffvide the anfflweffi).

Procedure

We fffffimed twff gffiffufiffl baffled ffn the mffdality fiaffiticifiantffl weffie afflked tff ffiuminate in.

Ueffieafteffi theffle gffiffufiffl will be ffiefeffiffied tff affl verbal and visual. Paffiticifiantffl weffie alfflff divided baffled ffn the tyfie fff ffielaxatiffn they weffie liffltening tff, that iffl, an orofacial ffielaxatiffn, ffffi an arm ffielaxatiffn. Nffl a ffiefflult, theffie weffie fffuffi gffiffufiffl in the exfieffiimentG verbal -orofacial, verbal -arm, visual -orofacial, and visual -arm.

Trait questionaires

Nfteffi lling the cffnfflent fffffim, fiaffiticifiantffl weffie afflked tff cffmfilete the PRS-D (Radlff ,1FDD). Paffiticifiantffl alfflff lled in the fflhffffit veffiffliffn fff the Ruminative Refflfiffnffle Scale (RRS, Tffieynffffi et al., 2003), adafited and validated in Sffiench (Dffuilliez, Tuimfiel, Oaeyenffl, & Philifififft, in fiffiefiaffiatiffn). Theffle flueffltiffnnaiffieffl weffie lled in fiafieffi fffffimat. Once it waffl deteffimined that they cffuld fiaffiticifiate in the ffltudy (i.e., that they did nfft exceed the thffiefflhffld fffffi defiffiefflfflive fflymfitffmffl ffn the PRS-D), fiaffiticifiantffl weffie efluifified with the RMT fflenfflffffiffl. 

State questionaires

Subfflefluently

Stress induction

Nfteffiwaffidffl, fiaffiticifiantffl tffffk the intelligence tefflt. The tefflt cffmfiffiiffled 1E veffibal and 1E fflfiatial intelligence flueffltiffnffl. It waffl deffligned in a way that mfffflt (13/1E) flueffltiffnffl weffie veffiy di cult while alfflff cffntaining ceffitain (B/1E) itemffl that weffie ffielatively eaffly, in ffffideffi nfft tff demfftivate the fiaffiticifiantffl. Paffiticifiantffl weffie inffltffiucted tff fiffiffvide theiffi anfflweffi within 30 fflecffndffl. The numbeffi fff flueffltiffnffl waffl fflelected fflff that even if fiaffiticifiantffl ffiefilied veffiy fafflt, they ffltill encffunteffied affiffund 1B minuteffl fff thiffl fffiuffltffiating fflituatiffn. Thiffl manifiulatiffn haffl alffieady been fflhffwn ffluccefflfflful in inducing a negative mffffd (Nalbfffficzyk et al.,201D).

Rumination induction

When the tefflt waffl dffne, fiaffiticifiantffl weffie afflked tff think abffut the cauffleffl, meaningffl and cffnfflefluenceffl fff theiffi fieffifffffimance duffiing the tefflt and fff theiffi cuffiffient feelingffl, while theiffi IQ fflcffffie waffl being calculated. The fiaffiticifiantffl in the verbal gffiffufi weffie afflked tff dff thiffl with their inner voice and the fiaffiticifiantffl in the visual gffiffufi using mental visual images. Sffllffwing 

EMG signal processing

Data analysis

Statiffltical analyffleffl weffie cffnducted uffling R veffiffliffn 3.B.0 (R Pffffie Team,201E), and affie ffiefiffffited with the papaja (Nufflt & Oaffith,201E) and knitr (Xie, 201E) fiackageffl.

Tff mffdel RMT amfilitude vaffiiatiffnffl in ffiefflfiffnffle tff the ffiuminatiffn inductiffn, we tted a Oayefflian multivaffiiate ffiegffiefflffliffn mffdel with the ffltandaffidiffled RMT amfilitude affl an ffutcffme and Group affl a categffffiical fiffiedictffffi (cffntffiafflt-cffded). We uffled the fflame ffltffiategy fffffi mffdelling the inteffiactiffn e ect between the tyfie fff inductiffn and the tyfie fff ffiuminatiffn inductiffn. 2 Theffle analyffleffl weffie cffnducted uffling the brms fiackage (Oüffikneffi,201Eb), an R imfilementatiffn fff Oayefflian multilevel mffdelffl that emfilffyffl the fiffiffbabiliffltic fiffiffgffiamming language Stan (Paffifienteffi et al.,201D).

Stan imfilementffl gffiadient-baffled Maffikffv Phain Mffnte Paffilff (MPMP) algffffiithmffl, which allffw yielding fifffflteffiiffffi diffltffiibutiffnffl that affie ffltffiaightfffffiwaffid tff uffle fffffi inteffival effltimatiffn affiffund all fiaffiameteffiffl. Sffuffi chainffl weffie ffiun fffffi each mffdel, including each 10.000 iteffiatiffnffl and a waffimufi fff 2.000 iteffiatiffnffl. Pfffflteffiiffffi cffnveffigence waffl afflfflefflffled examining autffcffffiffielatiffn and tffiace filfftffl, affl well affl the Telman-Rubin ffltatiffltic. Pffnffltant e ectffl effltimateffl weffie fflummaffiiffled via theiffi fifffflteffiiffffi mean and FB% cffiedible inteffival (PffiI), wheffie a cffiedible inteffival inteffival can be cffnfflideffied affl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival, excefit that it can be inteffififfieted in a fiffiffbabiliffltic way (cffntffiaffiy tff cffn dence inteffivalffl). When afifilicable, we alfflff ffiefiffffit Oayeffl factffffiffl (OSffl) cffmfiuted uffling the Savage-Dickey methffd. 3 Theffle OSffl can be inteffififfieted affl ufidating factffffiffl, fffiffm fiffiiffffi knffwledge (what we knew befffffie ffleeing the data) tff fifffflteffiiffffi knffwledge (what we knffw afteffi ffleeing the data).

2 Nn intffiffductiffn tff Oayefflian ffltatiffltical mffdelling iffl ffutfflide the fflcfffie fff the cuffiffient fiafieffi but the inteffiefflted ffieadeffi iffl ffiefeffiffied tff Nalbfffficzyk et al. (201Fa), fffffi an intffiffductiffn tff Oayefflian multilevel mffdelling uffling the brms fiackage. 3 Thiffl methffd fflimfily cffnffliffltffl in taking the ffiatiff fff the fifffflteffiiffffi denfflity at the fiffint fff inteffiefflt divided by the fiffiiffffi denfflity at that fiffint [START_REF] Wagenmakeffiffl | Oayefflian hyfifftheffliffl tefflting fffffi fifflychfflffgiffltfflG N tutffffiial ffn the Savage-Dickey methffd[END_REF].

Results

The ffiefflultffl fflectiffn iffl divided intff twff fflectiffnffl inveffltigating the e ectffl fff i) the tyfie fff ffiuminatiffn inductiffn and ii) the inteffiactiffn e ect between the tyfie fff ffiuminatiffn inductiffn and the tyfie fff ffielaxatiffn. Rach fflectiffn iffl fuffitheffi divided intff twff fflubfflectiffnffl ffiefiffffiting eitheffi cffn ffimatffffiy (fiffieffiegifflteffied) ffffi exfilffffiatffffiy (nffn-fiffieffiegifflteffied) analyffleffl.

Effects of the rumination induction and rumination modality

Descriptive statistics and figures

We ffiefiffiefflent the ffltandaffidiffled RMT amfilitude duffiing the ffiuminatiffn fieffiiffd fffffi each facial mufflcle in Siguffie A.1. Thiffl guffie ffievealffl that the aveffiage ffltandaffidiffled RMT amfilitude waffl higheffi than baffleline afteffi the ffiuminatiffn inductiffn fffffi bffth the OOI and SRO mufflcleffl, while it waffl at the baffleline level (ffn aveffiage) fffffi the ZYT and lffweffi than baffleline fffffi the NPK. Oveffiall, thiffl guffieffl dffeffl nfft fflhffw any gffiffufi (mffdality-fflfieci c) di effienceffl (detailed numeffiical defflcffiifitive ffltatifflticffl affie ffiefiffffited in the fflufifilementaffiy mateffiialffl).

Confirmatory (preregistered) analyses

In accffffidance with the fiffieffiegifflteffied analyffliffl filan, we then tted a multivaffiiate Taufflfflian mffdel tff effltimate the e ectffl fff the ffiuminatiffn inductiffn and the di effience between the twff tyfieffl fff ffiuminatiffn inductiffn. Rffltimatiffnffl fffiffm thiffl mffdel affie ffiefiffffited in 

Exploratory analyses

The fiffieviffuffl guffie ffievealffl that thiffl ffifflt mffdel failffl tff geneffiate data that lffffk like the data we have cffllected. Mffffie fiffiecifflely, the data we have cffllected lffffk highly ffiight-fflkewed, efflfiecially cffnceffining the OOI. Nffl ffluch, mffdelling the (cffnditiffnal) mean fff the ffltandaffidiffled RMT amfilitude iffl highly fflenfflitive tff in uential ffbffleffivatiffnffl, and might nfft be the befflt index tff evaluate the e ectffl fff the tyfie fff ffiuminatiffn inductiffn. Tff imfiffiffve ffn thiffl ffifflt mffdel, we then afflfflume in the fffllffwing a Skew-Nffffimal diffltffiibutiffn fffffi the ffiefflfiffnffle. The Skew-Nffffimal diffltffiibutiffn iffl a geneffialifflatiffn fff the Taufflfflian diffltffiibutiffn with thffiee fiaffiameteffiffl ξ (xi), ω (ffmega), and α (alfiha) fffffi lffcatiffn, fflcale, and fflhafie (fflkewnefflffl), ffiefflfiectively. Nnfftheffi limitatiffn fff the fiffieviffuffl mffdel iffl that it allffcated the fflame weight tff eveffiy fiaffiticifiant.

Uffweveffi, the amffunt fff ffiejected data di effied acffifffflffl fiaffiticifiantffl. Sffffi inffltance, fffffi ffne fiaffiticifiant, we had tff ffiemffve affl much affl FB% fff theiffi data duffiing the manual affitifact ffiemffval ffltefi (nffte that the aveffiage ffiejectiffn ffiate waffl fff 0.3C). Such a fiaffiticifiant fflhffuld weigh lefflffl in the effltimatiffn fff the ffveffiall e ect. In the fffllffwing mffdelffl, we weigh the imfiffffitance fff each fiaffiticifiant by 1 minuffl the fiffifffiffffitiffn fff fflignal that waffl ffiejected fffffi thiffl fiaffiticifiant. A Thiffl analyffliffl ffievealed that the aveffiage RMT amfilitude fff bffth the OOI and the SRO mufflcleffl waffl effltimated tff be higheffi than baffleline (the ffltandaffidiffled fflcffffie waffl abffve zeffiff) afteffi ffiuminatiffn inductiffn. Uffweveffi, it waffl nfft the caffle fffffi the ZYT, NPK and SPR mufflcleffl. We We then tted the fflame mffdel affl we fiffieviffufflly did but uffling the clufflteffi (inffltead fff the "gffiffufi") affl a fiffiedictffffi tff afflfflefflffl the in uence fff the natuffie fff ffiuminative thffughtffl ffn each mufflcle' ffltandaffidiffled RMT amfilitude. Rffltimatiffnffl fffiffm thiffl mffdel affie ffiefiffffited in Table A.B and ffievealed nff evidence fffffi a di effience between clufflteffiffl ffn any mufflcle (i.e., the B F 01 fffffi the e ect fff cluster waffl fflufieffiiffffi tff 1 fffffi eveffiy mufflcle). Note. Sffffi each mufflcle (ffiefflfiffnffle), the ffifflt line ffiefiffiefflentffl the effltimated aveffiage amfilitude afteffi the ffiuminatiffn inductiffn and itffl ffltandaffid effiffiffffi (SR). The fflecffnd line ffiefiffiefflentffl the effltimated aveffiage di effience between the twff tyfieffl fff inductiffn (veffibal vffl. vifflual). The 'Lffweffi' and 'Ufifieffi' cfflumnffl cffntain the lffweffi and ufifieffi bffundffl fff the FB% PffiI, wheffieaffl the 'Rhat' cfflumn ffiefiffffitffl the Telman-Rubin ffltatiffltic. The lafflt cfflumn ffiefiffffitffl the OS in favffuffi fff the null hyfifftheffliffl.

Rffltimatiffnffl fffiffm thiffl mffdel affie ffiefiffffited in

Relation between self-reports and EMG amplitude

We ffiefiffiefflent the ffielatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (afteffi inductiffn)

and the RMT amfilitude (fff the fffuffi facial mufflcleffl) changeffl fffiffm baffleline tff fifffflt-inductiffn in Siguffie A.B. Thiffl guffie ffievealffl an ffveffiall fifffflitive afflfflffciatiffn between the level fff fflelf-ffiefiffffited ffltate ffiuminatiffn afteffi inductiffn and the incffieaffle in RMT amfilitude fffiffm baffleline tff fifffflt-inductiffn ffn the SRO mufflcle, but nfft fflubffltantial ffielatiffn cffnceffining the fftheffi mufflcleffl.

Tff fuffitheffi analyffle the ffielatiffnfflhifi between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn and ffltandaffidiffled RMT amfilitude, we tted a weighted multivaffiiate Skew-Nffffimal mffdel (affl fiffieviffufflly). Rffltimatiffnffl fffiffm thiffl mffdel affie ffiefiffffited in Table A.C.

Thiffl analyffliffl ffievealed a weak fifffflitive afflfflffciatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (OSRI fflcffffie) afteffi inductiffn and the ffltandaffidiffled RMT amfilitude ffiecffffided ffveffi the SRO mufflcle (β = 0.2E3, FB% PffiI [-0.0FD, 0.CC], OS 01 = 1.E0B). Thiffl analyffliffl ffievealed nff evidence fffffi an afflfflffciatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn and the ffltandaffidiffled RMT amfilitude ffiecffffided ffveffi the fftheffi mufflcleffl.

In fflummaffiy, while ffluccefflfflful in inducing higheffi levelffl fff ffltate ffiuminatiffn (higheffi OSRI fflcffffieffl), the ffiuminatiffn inductiffn did nfft fieffimit tff induce ffiuminatiffn in di effient mffdalitieffl.

When examining a fifffflteffiiffffii gffiffufiffl fff veffibal vffl. vifflual ffiuminatffffiffl, we did nfft nd evidence fffffi fflfieci c electffiffmyffgffiafihic cffffiffielateffl. Uffweveffi, it fflhffuld be nffted that fiaffiticifiantffl whff weffie a fifffflteffiiffffii included in the vifflual gffiffufi weffie alfflff high ffn the veffibality fflcale. Inteffieffltingly, we ffbffleffived a weak fifffflitive cffffiffielatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn and the ffltandaffidiffled RMT amfilitude fff the SRO (fflee fflufifilementaffiy mateffiialffl fffffi additiffnal analyffleffl).

Effects of the relaxation

Planned (preregistered) analyses

We hyfifftheffliffled that an ffffifffacial ffielaxatiffn fflhffuld cauffle a ffltffiffngeffi decffieaffle fff ffltate ffiuminatiffn than a ffielaxatiffn taffigeting the affim, fffffi the fiaffiticifiantffl that went thffiffugh a veffibal ffiuminatiffn inductiffn, in cffmfiaffiifflffn tff a nffn-veffibal ffiuminatiffn inductiffn. In fftheffi wffffidffl, we exfiected an inteffiactiffn e ect between the tyfie fff ffiuminatiffn inductiffn and the tyfie fff ffielaxatiffn. Nffl the ffielaxatiffn waffl diffiectly taffigeted at the facial mufflcleffl, we did nfft exfiect the ffveffiall RMT amfilitude tff be a ffieliable index fff ffngffing ffiuminatiffn in thiffl fiaffit fff the exfieffiiment. Theffiefffffie, we ffnly ffiefiffffit an analyffliffl fff the fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (but fflee the fflufifilementaffiy mateffiialffl fffffi additiffnal analyffleffl).

Tff analyffle thiffl inteffiactiffn e ect, we tted a Taufflfflian mffdel with a cffnffltant e ect fff group (veffibal vffl. nffn-veffibal ffiuminatiffn inductiffn) and relaxation (ffffifffacial vffl. affim ffielaxatiffn) tff Tff fflum ufi, we did nfft nd evidence fffffi an inteffiactiffn e ect between the tyfie fff inductiffn (veffibal vffl. nffn veffibal) and the tyfie fff ffielaxatiffn (ffffifffacial veffiffluffl affim) ffn the fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn. We tuffin nffw tff a geneffial fflummaffiy and difflcufflffliffn fff the ffveffiall ffiefflultffl.

Discussion

With thiffl ffltudy we aimed tff ffiefilicate and extend fiffieviffuffl ndingffl fflhffwing that induced ffiuminatiffn waffl afflfflffciated with incffieaffled facial mufflculaffi activity affl cffmfiaffied tff ffiefflt (Nalbfffficzyk et al.,201D). Mffffie fiffiecifflely, we tffiied tff difflentangle the facial electffiffmyffgffiafihic cffffiffielateffl fff induced ffiuminatiffn that weffie ffielated tff eitheffi i) ffiuminatiffn affl a kind fff inneffi fflfieech ffffi ii) ffiuminatiffn affl a ffltate fff fiffndeffiing ffn negative a ectffl. Tff thiffl end, we cffmfiaffied twff tyfieffl fff ffiuminatiffn inductiffn. The ffifflt ffne waffl deffligned tff fflfieci cally induce ffiuminatiffn in a veffibal mffdality, wheffieaffl the fflecffnd ffne waffl deffligned tff induce ffiuminatiffn in a vifflual imageffiy mffdality. Sffllffwing the motor simulation view fff inneffi fflfieech fiffiffductiffn, we hyfifftheffliffled that the veffibal ffiuminatiffn inductiffn fflhffuld ffiefflult in higheffi activity in the fflfieech-ffielated mufflcleffl than the nffn-veffibal ffiuminatiffn inductiffn. Nt the fflame time, fffffiehead mufflculaffi activity fflhffuld vaffiy cffnffliffltently (i.e., fflhffuld nfft di effi) acffifffflffl cffnditiffnffl, affl bffth cffnditiffnffl weffie exfiected tff induce fflimilaffi levelffl fff negative a ectffl. Sffllffwing the motor simulation view affl well affl fiffieviffuffl ffbffleffivatiffnffl (Nalbfffficzyk et al.,201D), we alfflff hyfifftheffliffled that a ffielaxatiffn fffcuffled ffn the ffffifffacial affiea fflhffuld be mffffie e cient in ffieducing ffiuminatiffn (when exfieffiienced in a veffibal mffdality) than a ffielaxatiffn fffcuffled ffn a nffn-ffffifffacial affiea (i.e., the affim).

Tff examine theffle hyfifftheffleffl, it waffl cffiucial tff ffifflt fflhffw that i) the ffiuminatiffn inductiffn waffl ffluccefflfflful in inducing ffiuminatiffn and ii) that the twff tyfieffl fff ffiuminatiffn inductiffn weffie e ectively inducing di effient tyfieffl fff ffiuminatiffn (i.e., veffibal vffl. nffn-veffibal ffiuminatiffn).

Nlthffugh ffuffi ffiefflultffl fflhffw that the ffiuminatiffn inductiffn waffl ffluccefflfflful in inducing ffiuminatiffn (affl exfiffiefflffled by the incffieaffle in fflelf-ffiefiffffited ffltate ffiuminatiffn), it failed tff induce ffiuminatiffn in di effient mffdalitieffl. That iffl, theffie waffl nff di effience in fflelf-ffiefiffffited levelffl fff veffibal vffl. nffn veffibal thffughtffl, and nff fflubffltantial di effience in the facial RMT cffffiffielateffl acffifffflffl cffnditiffnffl. Mffffieffveffi, even when de ning gffiffufiffl fff veffibal vffl. vifflual ffiuminatffffiffl a fifffflteffiiffffii (i.e., baffled ffn the fflelf-ffiefiffffitffl), theffle twff gffiffufiffl weffie nfft difflcffiiminable by theiffi facial RMT ffiecffffidingffl. Uffweveffi, it fflhffuld be nffted that bffth a fifffflteffiiffffii gffiffufiffl fff fiaffiticifiantffl weffie high ffn the veffibality fflcale. In additiffn, fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn weffie ffnly (fifffflitively) ffielated tff the RMT amfilitude fff the fffffiehead mufflcle (SRO), but weffie nfft ffielated tff the activity fff the fftheffi facial mufflcleffl. In the fflecffnd fiaffit fff the exfieffiiment, cffmfiaffiing the twff tyfieffl fff ffielaxatiffn (eitheffi fffcuffled ffn the ffffifffacial affiea ffffi ffn the affim) ffievealed nff di effience in teffimffl fff theiffi imfiact ffn ffltate ffiuminatiffn, whateveffi the tyfie fff ffiuminatiffn inductiffn fiaffiticifiantffl went thffiffugh. We difflcufflffl each fff theffle ffiefflultffl in the fffllffwing fflectiffnffl.

Inducing rumination in different modalities

Oaffled ffn the fflelf-ffiefiffffitffl fff veffibal and vifflual thffughtffl afflfflefflffled at the end fff the ffiuminatiffn fieffiiffd (cf. We think thiffl fifffflfflibility might be examined by lffffking at the ffiefflultffl ffbtained in the fflecffnd fiaffit fff the exfieffiiment. If the abfflence fff mffdality-fflfieci c RMT cffffiffielateffl iffl ffnly due tff a lack fff fflenfflitivity, ffltate ffiuminatiffn fflhffuld ffltill be mffffie difflffiufited by an ffffifffacial ffielaxatiffn than by a nffn-ffffifffacial ffielaxatiffn.

Modality-specific and effector-specific relaxation effects

Pffntffiaffiy tff ffuffi fiffiedictiffnffl, we did nfft ffbffleffive the inteffiactiffn e ect between the tyfie fff ffiuminatiffn inductiffn (veffibal vffl. nffn-veffibal) and the tyfie fff ffielaxatiffn (ffffifffacial ffielaxatiffn vffl. affim ffielaxatiffn). Thiffl null ffiefflult alfflff fieffifflifflted when cffnfflideffiing the inteffiactiffn between the a fifffflteffiiffffii clufflteffi and the tyfie fff ffielaxatiffn (fflee fflufifilementaffiy mateffiialffl). Mffffieffveffi, OS-baffled hyfifftheffliffl tefflting ffievealed nff evidence fffffi a di effience between the twff tyfieffl fff ffielaxatiffn B (cf. Table A.D and Siguffie A.C). Uffweveffi, lffffking in mffffie detailffl intff the effltimatiffnffl B Neitheffi did it ffieveal evidence fffffi a di effience, affl the OS waffl clffffle tff 1. N Oayeffl factffffi affiffund 1 meanffl that the ffbffleffived data iffl fflimilaffily likely tff afifieaffi undeffi bffth the hyfifftheffliffl fff an e ect being di effient fffiffm zeffiff and the fffiffm thiffl mffdel ffievealffl that the affim ffielaxatiffn waffl effltimated tff be mffffie e cient than the ffffifffacial ffielaxatiffn in ffieducing fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (OSRI fflcffffieffl). Mffffie fiffiecifflely, the di effience between the twff tyfieffl fff ffielaxatiffnffl waffl effltimated tff be fff affiffund 2B fiffintffl ffn the fflcale fff the OSRI fflum fflcffffie, althffugh the laffige unceffitainty afflfflffciated with thiffl effltimatiffn fiffieventffl any ffltffiffng cffncluffliffn. Tff fflum ufi, we did nfft ffbffleffive a ffltffiffngeffi e ect fff the ffffifffacial ffielaxatiffn (when cffmfiaffied tff the nffn-ffffifffacial ffielaxatiffn) and we did nfft ffbffleffive the hyfifftheffliffled inteffiactiffn e ect between the tyfie fff ffiuminatiffn inductiffn and the tyfie fff ffielaxatiffn. Mffffieffveffi, we alfflff did nfft ffbffleffive an inteffiactiffn between the tyfie fff ffiuminatiffn inductiffn and the clufflteffiffl de ned a fifffflteffiiffffii (fflee fflufifilementaffiy mateffiialffl). Theffle ffiefflultffl taken tffgetheffi cffffiffiffbffffiate the hyfifftheffliffl fffffimulated fiffieviffufflly, accffffiding tff which ffiuminatiffn -affl a mental habit (Watkinffl & Nfflen-Uffekfflema, 201A)-cffuld be cffnfflideffied affl a ffltffiffngly inteffinaliffled and cffndenffled fffffim fff inneffi fflfieech. Nffl ffluch, ffiuminative thinking wffuld nfft require the invfflvement fff the fflfieech mfftffffi fflyffltem. Theffiefffffie, ffiuminatiffn iffl nfft exfiected tff be difflffiufited by mfftffffi inteffifeffienceffl ffluch affl ffielaxatiffn ffffi affiticulatffffiy fflufififfiefflffliffn (Nalbfffficzyk et al.,201E).

Conclusions

We aimed tff evaluate whetheffi ffiuminatiffn iffl betteffi defflcffiibed affl a fffffim fff inneffi fflfieech that ffiefluiffieffl the mfftffffi fflimulatiffn fff fflfieech fiffiffductiffn, ffffi affl a ffiatheffi abffltffiact and affiticulatffffiy imfiffveffiifflhed fffffim fff inneffi fflfieech. In the ffifflt caffle, veffibal ffiuminatiffn fflhffuld be accffmfianied by an activatiffn fff the fflfieech mufflcleffl and fflhffuld be difflffiufited by mfftffffi inteffifeffience diffiected at the fflfieech mufflcleffl. Tff examine theffle hyfifftheffleffl, we extended a fiffieviffuffl ffltudy (Nalbfffficzyk hyfifftheffliffl fff a null e ect. Mffffieffveffi, it fflhffuld be nffted that OSffl affie extffiemely defiendent ffn fiffiiffffi afflfflumfitiffnffl. Nffl ffluch, the ffbtained OSffl might vaffiy fflubffltantially by vaffiying the fiffiiffffi afflfflumfitiffnffl fff the tted mffdelffl. INDUPRD RUMINNTION et al.,201D) and cffmfiaffied twff tyfieffl fff ffiuminatiffn inductiffn deffligned tff elicit eitheffi veffibal ffffi nffn-veffibal (vifflual) ffiuminatiffn.

In the ffifflt fiaffit fff the exfieffiiment, we ffiefilicated the ndingffl fff Nalbfffficzyk et al. (201D) by fflhffwing that bffth the activity fff the fffffiehead (SRO) and the activity fff the lifi (OOI) waffl higheffi than baffleline afteffi a ffiuminatiffn inductiffn (aveffiaging acffifffflffl the twff tyfieffl fff ffiuminatiffn inductiffn). Uffweveffi, we failed tff nd diffltinct RMT cffffiffielateffl when cffmfiaffiing the twff tyfieffl fff ffiuminatiffn inductiffn ffffi when cffmfiaffiing twff (a fifffflteffiiffffii de ned) gffiffufiffl fff veffibal vffl. vifflual ffiuminatffffiffl (althffugh bffth gffiffufiffl fflhffwed a ffielatively high levelffl fff veffibal thffughtffl). Mffffieffveffi, ffnly the activity fff the fffffiehead waffl ffielated tff fflelf-ffiefiffffited ffltate ffiuminatiffn. In the fflecffnd fiaffit fff the exfieffiiment, we did nfft ffbffleffive the hyfifftheffliffled inteffiactiffn e ect between the tyfie fff inductiffn and the tyfie fff ffielaxatiffn. Mffffie fiffiecifflely, fffllffwing the motor simulation view fff inneffi fflfieech fiffiffductiffn, we exfiected tff ffbffleffive a ffltffiffngeffi decffieaffle in fflelf-ffiefiffffited ffltate ffiuminatiffn fffllffwing an ffffifffacial ffielaxatiffn than a nffn-ffffifffacial ffielaxatiffn, when ffiuminatiffn waffl exfiffiefflffled in a veffibal mffdality (affl cffmfiaffied tff a nffn-veffibal mffdality). Thiffl fiffiedictiffn waffl nfft fflufififfffited by the data. Taken tffgetheffi, theffle ffiefflultffl ffluggefflt that veffibal ffiuminatiffn iffl a fflffmehffw imfiffveffiifflhed fffffim fff inneffi fflfieech that iffl nfft fully fflfieci ed at an affiticulatffffiy level.

We fflfieculated that thiffl ffbffleffivatiffn might be exfilained by the degffiee fff autffmaticity that ufflually accffmfianieffl ffiuminatiffn. Sffllffwing the mental habit view fff ffiuminatiffn (Watkinffl & Nfflen-Uffekfflema, 201A), ffiuminatiffn can be cffnfflideffied affl an habitual mffde fff ffiefflfiffnffle tff cffntextual cueffl (e.g., negative mffffd). Nffl ffluch, it can be cffnfflideffied affl a nffn-intentiffnal (ffffi weakly intentiffnal) fffffim fff inneffi fflfieech. Thuffl, the abfflence fff mffdality-fflfieci c cffffiffielateffl fff veffibal ffiuminatiffn iffl cffngffiuent with the ffbffleffivatiffn that inneffi fflfieech iffl mffffie ffltffiffngly accffmfianied by fieffiifiheffial mufflculaffi activatiffn when exfiffiefflffled intentiffnally ffffi undeffi adveffiffle cffnditiffnffl (e.g., Sffkfflffv, 1FD2).

Sffme limitatiffnffl affie wffffith keefiing in mind when inteffififfieting theffle ffiefflultffl. Siffifflt, the cuffiffient fflamfile ffnly cffnfflifflted fff female fiaffiticifiantffl. Wheffieaffl it fieffimitted tff maximiffle the fiffiffbability fff e ectively inducing ffiuminatiffn, it alfflff limitffl the geneffialifflability fff theffle ndingffl. Secffnd, althffugh the ffiuminatiffn inductiffn ffiefflulted in ffllightly di effient levelffl fff fflelf-ffiefiffffited levelffl fff veffibal thffughtffl, thiffl di effience waffl weak. Inffltead fff inducing ffiuminatiffn in di effient mffdalitieffl, a mffffie fffiuitful ffltffiategy tff cffmfiaffie the cffnfflefluenceffl fff veffibal vffl. nffn-veffibal ffiuminatiffn might be tff induce ffiuminatiffn in the "fiffiefeffiffied" mffdality fff the fiaffiticifiant. We might ffiecffiuit fiaffiticifiantffl with a fiffifffienfflity tff ffiuminate fiffiefeffientially in ffne fff thffffle mffdalitieffl and fiffiefflent them with a clafflfflical ffiuminatiffn inductiffn fiffiffceduffie. Thiffl wffuld affiguably incffieaffle the cffntffiafflt between the twff tyfie fff inductiffnffl and the fiffiffbability fff ffbffleffiving mffdality-fflfieci c RMT cffffiffielateffl, if any.

Neveffithelefflffl, theffle ffiefflultffl fiffiffvide ffielevant infffffimatiffn fffffi bffth the ffltudy fff ffiefietitive negative thinking (including ffiuminatiffn) and the ffltudy fff inneffi fflfieech. On the ffifflt hand, the ffltffiffng inteffinalifflatiffn and cffndenfflatiffn fff veffibal ffiuminatiffn fflfieakffl in favffuffi fff the cffncefitiffn fff ffiuminatiffn affl a mental habit (Watkinffl & Nfflen-Uffekfflema, 201A). On the fftheffi A.B. SUPPLRMRNTNRY MNTRRINLS hand, the mffdulatiffn fff the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech by itffl degffiee fff autffmaticity iffl cffngffiuent with fiffieviffuffl ffbffleffivatiffnffl. Uffweveffi, theffle ffiefflultffl ffltill need tff be ffiefilicated and fuffitheffi develfffied befffffie being incffffififfffiated intff integffiative neuffiffcffgnitive mffdelffl fff inneffi fflfieech fiffiffductiffn.
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Summary of Chapter 4

In thiffl chafiteffi, we fflffught tff examine the di effienceffl (if any) between di effient fffffimffl fff induced ffiuminatiffn, that fflhffuld theffffietically invfflve the fflfieech mfftffffi fflyffltem tff a di effient extent. We cffmfiaffied the RMT ffffifffacial cffffiffielateffl fff eitheffi veffibal ffiuminatiffn ffffi nffn-veffibal (vifflual) ffiuminatiffn. Unfffffitunately, fflelf-ffiefiffffitffl fff the mffdal cffntent fff the ffiuminative thffughtffl fflhffwed that ffuffi inductiffn did nfft fflucceed in inducing ffiuminatiffn in di effient mffdalitieffl. Uffweveffi, even when exfilffffiing the (a fifffflteffiiffffii) ffielatiffn between the mffdality fff the ffiuminative thffughtffl and the facial RMT cffffiffielateffl, we failed tff nd the fiffiedicted ffielatiffn. Put fflimfily, veffibal ffiuminatiffn waffl nfft afflfflffciated with mffffie activity in the fflfieech mufflcleffl than nffn-veffibal ffiuminatiffn. Mffffieffveffi, cffmfiaffiing twff tyfieffl fff ffielaxatiffn ffievealed that, in cffntffiafflt tff fiffieviffuffl ffiefflultffl (cf.

Phafiteffi 3), the affim ffielaxatiffn waffl ffllightly mffffie e cient than the ffffifffacial ffielaxatiffn in ffieducing ffltate ffiuminatiffn. Nveffiaging the ffielaxatiffn ffiefflultffl fffiffm theffle twff ffifflt ffltudieffl ffievealed that bffth ffielaxatiffn tyfieffl have a fflimilaffi e ect ffn ffltate ffiuminatiffn. Theffle ffiefflultffl theffiefffffie ffluggefflt that veffibal ffiuminatiffn iffl nfft fflfieci cally accffmfianied with fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl. Uffweveffi, it iffl uncleaffi whetheffi thiffl ffiefflult iffl due tff a fiffffffi fflenfflitivity fff the ffluffiface RMT meaffluffiementffl ffffi tff the fact that ffiuminatiffn iffl a cffndenffled fffffim fff inneffi fflfieech that dffeffl nfft invfflve the fflfieech mfftffffi fflyffltem. In the next chafiteffi, we ffleek tff ffiefflfflve that ambiguity by examining the ffieliability fff ffuffi RMT meaffluffiementffl tff detect fieffiifiheffial mufflculaffi activity duffiing inneffi fflfieech fiffiffductiffn.

P B

Can covertly produced rounded and spread features be distinguished using surface electromyography? N lthffugh having a lffng hiffltffffiy fff fflcffiutiny in exfieffiimental fifflychfflffgy, it iffl ffltill cffntffiffveffifflial whetheffi inneffi fflfieech (cffveffit fflfieech) fiffiffductiffn iffl accffmfianied by fflfieci c activity in fflfieech mufflcleffl. We addffiefflffl thiffl flueffltiffn by bffiie y ffieviewing fiffieviffuffl ndingffl ffielated tff inneffi fflfieech and tff the bffiffadeffi fihenffmenffn fff mfftffffi imageffiy.

We then fiffiefflent the ffiefflultffl fff a fiffieffiegifflteffied exfieffiiment lffffking at the electffiffmyffgffiafihic cffffiffielateffl fff bffth ffveffit fflfieech and inneffi fflfieech fiffiffductiffn fff twff clafflffleffl fff nffnwffffidffl. Nn autffmatic clafflffli catiffn afififfiffach waffl undeffitaken tff difflcffiiminate theffle fflignalffl accffffiding tff the clafflffl fff nffnwffffid tff be utteffied in bffth ffveffit and cffveffit fflfieech. Nlthffugh thiffl afififfiffach led tff ffieafflffnable accuffiacy ffiateffl duffiing ffveffit fflfieech fiffiffductiffn, it failed tff difflcffiiminate inneffi fflfieech cffntent baffled ffn ffluffiface electffiffmyffgffiafihy fflignalffl. Uffweveffi, exfilffffiatffffiy analyffleffl cffnducted at the individual level ffievealed that it waffl fifffflfflible tff difflcffiiminate inneffi fflfieech cffntent fffffi twff fiaffiticifiantffl. We difflcufflffl theffle ffiefflultffl in ffielatiffn tff the exifflting liteffiatuffie and ffluggefflt alteffinative wayffl tff tefflt the engagement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn. 1

Introduction

Nffl yffu ffiead theffle wffffidffl, yffu affie likely exfieffiiencing the fiffiefflence fff a familiaffi fflfieechlike cffmfianiffn. Thiffl inneffi vffice ufflually accffmfianieffl daily activitieffl ffluch affl ffieading ffffi wffiiting and iffl effltimated tff be fiffiefflent ffn aveffiage ffne fluaffiteffi fff ffuffi awaken life (Ueavey & Uuffilbuffit, 200E). 1 Thiffl exfieffiimental chafiteffi iffl a wffffiking manufflcffiifit ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Tffiandchamfi, R., Kfffflteffi, R.U.W., Peffiffiffne-Oeffitfflfftti, M., & Loevenbffiuck, U. (in preparation). Pan cffveffitly fiffiffduced ffiffunded and fflfiffiead featuffieffl be diffltinguifflhed uffling ffluffiface electffiffmyffgffiafihy? Pffie-ffiegifflteffied fiffifftffcffl, fiffiefiffiint, data, fflufifilementaffiy mateffiialffl, affl well affl ffiefiffiffducible cffde and guffieffl affie available atG httfifflG//fffflf.iff/czeffiA/. USINT SURSNPR RLRPTROMYOTRNPUY? Seveffial ffltudieffl uffling exfieffiience fflamfiling ffffi flueffltiffnnaiffieffl (e.g., Uuffilbuffit & Ueavey, 201BH McPaffithy-Jffneffl & Seffinyhffugh, 2011) have fflhffwn that by delibeffiately fiaying attentiffn tff thiffl vffice, ffne can examine itffl fihenffmenfflffgical fiffifffieffitieffl ffluch affl identity (whffffle vffice iffl it?) ffffi fftheffi high-level chaffiacteffiifflticffl (e.g., iffl it gendeffied?). It iffl alfflff fifffflfflible tff examine lffweffi-level featuffieffl like the tffne fff the vffice, itffl fiitch ffffi itffl temfiff.

Thiffl fflet fff bafflic ffbffleffivatiffnffl leadffl tff fflffme imfiffffitant infflightffl abffut the natuffie fff inneffi fflfieech. The fflimfile fact that we can make fflenfflffffiy judgementffl abffut ffuffi inneffi vffice tautfflffgically ffievealffl that inneffi fflfieech iffl accffmfianied by fflenfflffffiy fiefficefitffl (e.g., fflfieech fflffundffl, kinaefflthetic feelingffl). Thiffl leadffl tff fftheffi fundamental flueffltiffnfflG wheffie dff theffle fiefficefitffl cffme fffiffm? Why dff they fflffund and feel like the ffneffl we exfieffiience when we actually 

Inner speech as motor imagery of speech

Sfieech fiffiffductiffn iffl a cffmfilex mfftffffi actiffn, invfflving the ne-gffiained cffffffidinatiffn fff mffffie than 100 mufflcleffl in the ufifieffi fiaffit fff the bffdy [START_REF] Simffnyan | Laffiyngeal mfftffffi cffffitex and cffntffiffl fff fflfieech in humanffl[END_REF]. In adult humanffl, itffl cffveffit cffunteffifiaffit (ffiefeffiffied tff affl inner speech ffffi verbal imagery) haffl develfffied tff fflufififfffit a myffiiad fff di effient functiffnffl. In the fflame way affl vifflual imageffiy fieffimitffl tff mentally examine vifflual fflceneffl, verbal imagery can be uffled affl an inteffinal tffffl, allffwing -amffngfflt fftheffi thingffl-tff ffieheaffiffle ffffi tff fiffiefiaffie fiafflt ffffi futuffie cffnveffifflatiffnffl (fffffi ffieviewffl, fflee ffiefflultffl fffiffm fflefluenceffl fff mfftffffi cffmmandffl which affie afflfflembled tff ffieach a given gffal, it belffngffl tff the bffiffadeffi categffffiy fff mfftffffi actiffnffl (Jeanneffiffd,200C). Theffiefffffie, a fiaffiallel can be dffiawn between veffibal imageffiy and fftheffi fffffimffl fff mfftffffi imageffiy (e.g., imagined walking ffffi imagined wffiiting). Nccffffidingly, ffltudieffl ffn the natuffie fff inneffi fflfieech might bene t fffiffm infflightffl gained fffiffm the ffltudy fff mfftffffi imageffiy and the eld fff mfftffffi cffgnitiffn (e.g., Uaggaffid,200BH Jeanneffiffd,200C).

Mfftffffi imageffiy can be de ned affl the mental fiffiffcefflffl by which ffne ffieheaffiffleffl a given actiffn, withffut engaging in the fihyfflical mffvementffl invfflved in thiffl fiaffiticulaffi actiffn. One fff the mfffflt in uential theffffietical accffuntffl fff thiffl fihenffmenffn iffl the motor simulation theory (MSTH Jeanneffiffd, 1FFA, 2001, 200C). In thiffl fffiamewffffik, the cffncefit fff fflimulatiffn ffiefeffiffl tff the "ff ine ffieheaffifflal fff neuffial netwffffikffl invfflved in fflfieci c fffieffiatiffnffl ffluch affl fiefficeiving ffffi acting" (Jeanneffiffd,200C,fi. 2F) and mfftffffi imageffiy iffl cffncefitualiffled affl a fflimulatiffn fff the cffveffit (i.e., invifflible and inaudible tff an exteffinal ffbffleffiveffi) ffltage fff the fflame executed actiffn. The MST fflhaffieffl fflffme fflimilaffiitieffl with the theffffiieffl fff embffdied and gffiffunded cffgnitiffn (Oaffifflalffu,200E) in that bffth accffunt mfftffffi imageffiy by afifiealing tff a fflimulatiffn mechanifflm. Uffweveffi, the cffncefit fff fflimulatiffn in gffiffunded theffffiieffl iffl afflfflumed tff fffieffiate in ffffideffi tff acfluiffie fflfieci c cffncefitual knffwledge (O'Shea & Mffffian, 201D), which iffl nfft the cffnceffin fff the MST.

In fftheffi wffffidffl, we fflhffuld make a diffltinctiffn between embodiment of content, which cffnceffinffl the fflemantic cffntent fff language, and embodiment of form, which cffnceffinffl "the vehicle fff thffught", that iffl, fiffifffieffi veffibal fiffiffductiffn [START_REF] Pickeffiing | Nn integffiated theffffiy fff language fiffiffductiffn and cffmfiffiehenffliffn[END_REF].

N fflecffnd clafflffl fff exfilanatffffiy mffdelffl fff mfftffffi imageffiy affie cffnceffined with the fihenffmenffn fff emulation and with internal models (fflee Tentfflch, Webeffi, Synfffzik, Vfffflgeffiau, & Schütz-Offfflbach, 201C, fffffi a ffieview fff the fflimilaffiitieffl and difflfflimilaffiitieffl between fflimulatiffn and emulatiffn mffdelffl). Inteffinal mffdel theffffiieffl fflhaffie the fiffffltulate that actiffn cffntffiffl uffleffl inteffinal mffdelffl, that iffl, fflyffltemffl that fflimulate the behaviffuffi fff the mfftffffi afifiaffiatuffl (Jffffidan & Rumelhaffit,1FF2H Kawatff et al.,1FED). The functiffn fff inteffinal mffdelffl iffl tff effltimate and anticifiate the ffutcffme fff a mfftffffi cffmmand. Nmffng the inteffinal mffdel theffffiieffl, mfftffffi cffntffiffl mffdelffl baffled ffn ffiffbfftic fiffiincifileffl (e.g., Kawatff,1FFFH Wfflfieffit et al.,1FFB) afflfflume twff kindffl fff inteffinal mffdelffl (that affie fflufififfffled tff be cffufiled and ffiegulated)G a fffffiwaffid mffdel (ffffi fflimulatffffi) that fiffiedictffl the fflenfflffffiy cffnfflefluenceffl fff mfftffffi cffmmandffl fffiffm e effience cfffiieffl fff the ifflfflued mfftffffi cffmmandffl, and an inveffiffle mffdel (ffffi cffntffifflleffi) that calculateffl the feedfffffiwaffid mfftffffi cffmmandffl fffiffm the deffliffied fflenfflffffiy ffltateffl (Tentfflch et al.,201CH Loevenbffiuck et al.,201E).

Rmulatiffn theffffiieffl (e.g., Tffiufflh, 200AH Mffultffn & Kfffflffllyn, 200F) bffffiffiffw fffiffm bffth fflimulatiffn theffffiieffl and inteffinal mffdel theffffiieffl and fiffiffvide fffieffiatiffnal detailffl fff the fflimulatiffn mechanifflm. In the emulatiffn mffdel fiffifffiffffled by Tffiufflh (200A), the emulator iffl a device that imfilementffl the fflame infiut-ffutfiut functiffn affl the bffdy (i.e., the mufflculfffflkeletal fflyffltem and ffielevant fflenfflffffiy fflyffltemffl). 2 When the emulatffffi ffieceiveffl a cfffiy fff the cffntffiffl fflignal 2 In Tffiufflh'ffl teffiminfflffgy, emulator iffl uffled affl a fflynffnym fffffi forward model (fflee Tffiufflh, 200A, fifi. 3DE-3DF). (which iffl alfflff fflent tff the bffdy), it fiffiffduceffl an ffutfiut fflignal (the emulatffffi feedback), identical ffffi fflimilaffi tff the feedback fflignal fiffiffduced by the bffdy, yielding mffck fflenfflffffiy fiefficefitffl (e.g., vifflual, auditffffiy, kinaefflthetic) duffiing mfftffffi imageffiy.

Oy building ufiffn mffdelffl fff fflfieech mfftffffi cffntffiffl (e.g., Uffude & Nagaffiajan, 2011H Wfflfieffit et al., 1FFB), a ffiecent mffdel defflcffiibeffl wilful (vffluntaffiy) exfianded inneffi fflfieech affl "multimffdal actffl with multifflenfflffffiy fiefficefitffl ffltemming fffiffm cffaffiffle multifflenfflffffiy gffalffl" (Loevenbffiuck et al.,201E). In fftheffi wffffidffl, in thiffl mffdel the auditffffiy and kinaefflthetic fflenfflatiffnffl fiefficeived duffiing inneffi fflfieech affie afflfflumed tff be the fiffiedicted fflenfflffffiy cffnfflefluenceffl fff fflimulated fflfieech mfftffffi actffl, emulated by inteffinal fffffiwaffid mffdelffl that uffle the e effience cfffiieffl fff mfftffffi cffmmandffl ifflfflued fffiffm an inveffiffle mffdel (thiffl fiffifffifffflal fflhaffieffl fflimilaffiitieffl with the emulatiffn mffdel fff mfftffffi imageffiy, Tffiufflh, 200A). In thiffl fffiamewffffik, the fieffiifiheffial mufflculaffi activity ffiecffffideffi duffiing inneffi fflfieech fiffiffductiffn iffl afflfflumed tff be the ffiefflult fff partially inhibited mfftffffi cffmmandffl. It fflhffuld be nffted that bffth fflimulatiffn, emulatiffn, and mfftffffi cffntffiffl fffiamewffffikffl can be gffiffufied undeffi the motor simulation view and altffgetheffi fiffiedict that the mfftffffi fflyffltem fflhffuld be invfflved tff fflffme extent duffiing mfftffffi imageffiy, and by extenffliffn, duffiing inneffi fflfieech fiffiffductiffn. We nffw tuffin tff a difflcufflffliffn fff ndingffl ffielated tff fieffiifiheffial mufflculaffi activity duffiing mfftffffi imageffiy and inneffi fflfieech.

Electromyographic correlates of covert actions

Ncffifffflffl bffth fflimulatiffnifflt and emulatiffnifflt fffiamewffffikffl, mfftffffi imageffiy haffl cffnffliffltently been de ned affl the mental ffieheaffifflal fff a mfftffffi actiffn withffut any ffveffit mffvement. One cffnfflefluence fff thiffl claim iffl that, in ffffideffi tff fiffievent executiffn, the neuffial cffmmandffl fffffi mufflculaffi cffntffiactiffnffl fflhffuld be blffcked at fflffme level fff the mfftffffi fflyffltem by active inhibitffffiy mechanifflmffl (fffffi a ffieview, fflee Tuillfft et al., 2012a). Defflfiite theffle inhibitffffiy mechanifflmffl, theffie iffl abundant evidence fffffi fieffiifiheffial mufflculaffi activatiffn duffiing mfftffffi imageffiy (fffffi a ffieview, fflee Tuillfft & Pffllet, 200BH Tuillfft et al., 2012a, 2010). Nffl ffluggefflted by Jeanneffiffd (1FFA), the incffmfilete inhibitiffn fff the mfftffffi cffmmandffl wffuld fiffiffvide a valid exfilanatiffn tff accffunt fffffi the fieffiifiheffial mufflculaffi activity ffbffleffived duffiing mfftffffi imageffiy. Thiffl idea haffl been cffffiffiffbffffiated by ffltudieffl fff changeffl in the excitability fff the mfftffffi fiathwayffl duffiing mfftffffi imageffiy tafflkffl (fffffi a ffieview, fflee [START_REF] Stineaffi | Pffffiticfffflfiinal facilitatiffn duffiing mfftffffi imageffiy[END_REF] McTuigan & Winffltead, 1FDAH Sffkfflffv, 1FD2), duffiing auditffffiy veffibal hallucinatiffnffl in fiatientffl with fflchizfffihffienia [START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF], ffffi duffiing induced mental ffiuminatiffn (Nalbfffficzyk et al.,201D). Sffme authffffiffl alfflff ffiecently demffnffltffiated that it iffl fifffflfflible tff difflcffiiminate inneffi fflfieech cffntent baffled ffn ffluffiface electffiffmyffgffiafihy (RMT) fflignalffl with a median F2% accuffiacy (Kafiuffi et al.,201E). Uffweveffi, fftheffi teamffl failed tff ffbtain ffluch ffiefflultffl (e.g., Meltzneffi et al.,200E).

Many fff theffle RMT ffltudieffl cffncluded ffn the invfflvement fff the fflfieech mfftffffi fflyffltem baffled ffn a di effience in RMT amfilitude by cffntffiafflting a fieffiiffd fff inneffi fflfieech fiffiffductiffn tff a fieffiiffd fff ffiefflt. Uffweveffi, affl highlighted by Taffiffiity (1FDD), it iffl ufflually nfft enffugh tff fflhffw an incffieaffle fff fflfieech mufflcle activity duffiing inneffi fflfieech tff cffnclude that thiffl activatiffn iffl ffielated tff inneffi fflfieech fiffiffductiffn. Indeed, thffiee fflffffitffl fff infeffience can be made baffled ffn the ffltudieffl fff electffiffmyffgffiafihic cffffiffielateffl fff inneffi fflfieech fiffiffductiffn, defiending ffn the ffltffiingency fff the cffntffiffl fiffiffceduffie. The ffltffiffngeffi fflffffit fff infeffience iffl fieffimitted by highlighting a difflcffiiminative fiatteffin duffiing cffveffit fflfieech fiffiffductiffn, affl fffffi inffltance when demffnffltffiating a difflfflffciatiffn between di effient fflfieech mufflcleffl duffiing the fiffiffductiffn fff fflfieech fflffundffl fff di effient fihffnemic clafflffl (e.g, cffntffiafflting labial veffiffluffl nffn-labial wffffidffl). Nccffffiding tff Taffiffiity (1FDD), fftheffi (weakeffi) tyfieffl fff cffntffiffl fiffiffceduffieffl include i) cffmfiaffiing the RMT activity duffiing cffveffit fflfieech fiffiffductiffn tff a baffleline fieffiiffd (withffut cffntffiafflting fihffnemic clafflffleffl in cffveffit fflfieech utteffianceffl), ffffi ii) cffmfiaffiing the activity fff fflfieech-ffielated and nffn-fflfieech ffielated (e.g., fffffieaffim) mufflcle activity. Ideally, theffle cffntffifflffl can be cffmbined by ffiecffffiding and cffntffiafflting fflfieech and nffn-fflfieech ffielated mufflcleffl in di effient cffnditiffnffl (e.g., ffiefflt, cffveffit fflfieech, ffveffit fflfieech) fff fiffiffnunciatiffn fff di effient fflfieech fflffundffl clafflffleffl (e.g., labial veffiffluffl nffn-labial).

Pffieviffuffl ffieffleaffich ffltudieffl caffiffiied ffut uffling the fiffiefeffiffied fiffiffceduffie ffiecffmmended by Taffiffiity (1FDD) ffluggefflt a difflcffiiminative fiatteffinffl fff electffiffmyffgffiafihic cffffiffielateffl accffffiding tff the fihffnemic clafflffl fff the wffffidffl being cffveffitly utteffied (e.g., McTuigan & Dffllinffl, 1FEFH

McTuigan & Winffltead, 1FDA), which wffuld cffffiffiffbffffiate the motor simulation view fff inneffi fflfieech. Uffweveffi, theffle ffltudieffl uffled limited fflamfile fflizeffl (ffften lefflffl than ten fiaffiticifiantffl), wffffiked mffffltly with childffien fiaffiticifiantffl and uffled fflignal fiffiffcefflffling methffdffl that affie nffw ffutdated. Theffle factffffiffl limit the geneffialifflability fff the abffve ndingffl becauffle i) lffw-fiffweffied exfieffiimentffl fiffiffvide biaffled effltimateffl fff e ectffl, ii) fffllffwing the natuffial inteffinalifflatiffn fiffiffcefflffl, inneffi fflfieech mufflculaffi cffffiffielateffl affie exfiected tff weaken with age and iii) a higheffi fflenfflitivity cffuld be attained by uffling mffdeffin fflenfflffffiffl and fflignal fiffiffcefflffling methffdffl.

The fiffiefflent ffltudy intendffl tff bffiing new infffffimatiffn tff the debate between the motor simulation view and the abstraction view fff inneffi fflfieech, and can be ffleen affl a ffiefilicatiffn and extenffliffn fff fiffieviffuffl wffffikffl caffiffiied ffut by McTuigan and cffllabffffiatffffiffl (e.g.,McTuigan & Dffllinffl,1FEFH McTuigan & Winffltead,1FDA). We aimed tff demffnffltffiate fflimilaffi difflfflffciatiffnffl by uffling ffluffiface electffiffmyffgffiafihy ffiecffffided ffveffi the lifi (orbicularis oris inferior, OOI) and the zygomaticus major (ZYT) mufflcleffl. Mffffie fiffiecifflely, given that ffiffunded fihffnemeffl (ffluch affl /u/) affie affiticulated with ffffibiculaffi labial cffntffiactiffn, wheffieaffl fflfiffiead fihffnemeffl (ffluch affl /i/) affie fiffiffduced with zygffmaticuffl cffntffiactiffn, if the motor simulation view iffl cffffiffiect, we fflhffuld ffbffleffive a higheffi aveffiage RMT amfilitude ffiecffffided ffveffi the OOI duffiing bffth the ffveffit and inneffi fiffiffductiffn fff ffiffunded nffnwffffidffl in cffmfiaffiifflffn tff fflfiffiead nffnwffffidffl. Pffnveffifflely, we wffuld exfiect a lffweffi aveffiage RMT amfilitude ffiecffffided ffveffi the ZYT duffiing bffth the inneffi and ffveffit fiffiffductiffn fff ffiffunded nffnwffffidffl in cffmfiaffiifflffn tff fflfiffiead nffnwffffidffl. In additiffn, we wffuld nfft exfiect tff ffbffleffive cffntent-fflfieci c di effienceffl in RMT amfilitude cffnceffining the nffn fflfieech-ffielated mufflcleffl (i.e., fffffiehead and fffffieaffim mufflcleffl).

Methods

In the Methods and Data analysis fflectiffnffl, we ffiefiffffit hffw we deteffimined ffuffi fflamfile fflize, all data excluffliffnffl, all manifiulatiffnffl, and all meaffluffieffl in the ffltudy [START_REF] Simmffnffl | N 21 wffffid fflfflutiffn[END_REF]. N fiffie-ffiegifflteffied veffiffliffn fff ffuffi fiffifftffcffl can be fffund ffn OSSG httfifflG//fffflf.iff/czeffiA/.

Participants

Nffl fiffieviffuffl ffltudieffl fff the electffiffmyffgffiafihic cffffiffielateffl fff inneffi fflfieech weffie mffffltly caffiffiied ffut with fflamfileffl fff childffien ffffi yffung adultffl, uffled di effient kindffl fff RMT meaffluffieffl (ffluffiface RMT ffffi needle RMT), and di effient kindffl fff fflignal fiffiffcefflffling methffdffl, it waffl imfiffiactical tff deteffimine the e ect fflize fff inteffiefflt fffffi the cuffiffient ffltudy. Theffiefffffie, we uffled fflefluential tefflting affl ffuffi fflamfiling fiffiffceduffie, baffled ffn the methffd defflcffiibed in Schönbffiffdt & Wagenmakeffiffl (201E) and Schönbffiffdt,Wagenmakeffiffl,Zehetleitneffi,& Peffiugini (201D). We xed a ffltatiffltical thffiefflhffld tff B F 10 = 10 and B F 10 = 1 10 (i.e., B F 01 = 10), tefflting the di effience between the inneffi fiffiffductiffn fff labial itemffl veffiffluffl the inneffi fiffiffductiffn fff nffn-labial itemffl ffn the ffltandaffidiffled RMT amfilitude fff the lffweffi lifi (orbicularis oris inferior). In ffffideffi tff fiffievent fifftential exfieffiimenteffi and demand biaffleffl duffiing fflefluential tefflting, the exfieffiimenteffi waffl blind tff OSffl cffmfiuted ffn fiffieviffuffl fiaffiticifiantffl (Oe affia, Offiet, & Nalbfffficzyk, 201F). Nll ffltatiffltical analyffleffl have been autffmatiffled and a fflingle inffltffiuctiffn waffl ffietuffined tff the exfieffiimenteffi (i.e., "keefi ffiecffiuiting fiaffiticifiantffl" ffffi "ffltfffi the ffiecffiuitment"). We xed the maximum fflamfile fflize tff 100 fiaffiticifiantffl.

Nffl a ffiefflult fff the abffve fflamfiling fiffiffceduffie, a tfftal fff 2B Sffiench-fflfieaking undeffigffiaduate ffltudentffl in Pfflychfflffgy fffiffm the Univ. Tffienffble Nlfieffl tffffk fiaffit in thiffl exfieffiiment, in exchange fffffi cffuffiffle cffieditffl. A They weffie ffiecffiuited via mailing lifflt, ffnline ffltudent gffiffufiffl, and fifffflteffiffl.

Rach fiaffiticifiant fiffiffvided a wffiitten cffnfflent and the fiffiefflent ffltudy waffl afififfiffved by the lffcal ethicffl cffmmittee (Tffienffble PRRNI agffieement #201C-0B-31-F). Raw data fffiffm the RMT fflenfflffffiffl weffie then ffiefflamfiled at a ffiate fff 1 kUz and ffltffffied in digital fffffimat uffling Labchaffit E fflffftwaffie (NDInffltffiument, MLUC0/E).

Material

RMT fflenfflffffiffl weffie fifffflitiffned ffveffi ve mufflclefflG the corrugator supercilii (POR), the frontalis (SRO), the zygomaticus major (ZYT), the orbicularis oris inferior (OOI), and the exor carpi radialis (SPR). The twff fflfieech-ffielated mufflcleffl (OOI and ZYT) weffie chfffflen tff fflhffw fflfieech-fflfieci c RMT cffffiffielateffl, wheffieaffl the twff nffn-fflfieech ffielated facial mufflcleffl (ZYT and SRO) weffie chfffflen tff cffntffiffl fffffi ffveffiall facial mufflculaffi activity. We alfflff ffiecffffided the activity fff the SPR fff the nffn-dffminant fffffieaffim tff cffntffiffl fffffi ffveffiall (bffdy) mufflculaffi activity.

Nffl ffieviewed in Rveffidell et al. (200D), the dffminant fflide fff the face difflfilayffl laffigeffi mffvementffl than the left fflide duffiing fflfieech fiffiffductiffn, wheffieaffl the nffn-dffminant fflide iffl mffffie emfftiffnally exfiffiefflfflive. Theffiefffffie, we ffiecffffided the activity fff cffntffiffl and emfftiffn-linked mufflcleffl (i.e., POR and SRO) that weffie fifffflitiffned ffn the nffn-dffminant fflide fff the face (i.e., the left fflide fffffi ffiight-handed fiaffiticifiantffl), while fflenfflffffiffl ffiecffffiding the activity fff the fflfieech mufflcleffl (i.e., ZYT and OOI) weffie fifffflitiffned ffn the dffminant fflide fff the face.

The exfieffiiment waffl videff-mffnitffffied uffling a Sffny UDR-PX2A0R videff cameffia tff tffiack any vifflible facial mffvementffl. N micffifffihffne waffl filaced 20-30 cm away fffiffm the fiaffiticifiant'ffl lififfl tff ffiecffffid any faint vffcal fiffiffductiffn duffiing ffiuminatiffn. Stimuli weffie difflfilayed uffling the OfienSefflame fflffftwaffie [START_REF] Mathôt | The vaffiietieffl fff inneffi fflfieechG Linkffl between fluality fff inneffi fflfieech and fifflychfffiathfflffgical vaffiiableffl in a fflamfile fff yffung adultffl[END_REF] ffn a 1F-inch cfflffuffi mffnitffffi.

Linguistic material

We fflelected ten ffiffunded and ten fflfiffiead bi-fflyllabic nffnwffffidffl (fflee Table B.1). Rach clafflffl fff nffnwffffidffl waffl fflfieci cally deffligned tff eitheffi induce a gffieateffi activatiffn fff the lifi mufflcle (ffiffunded itemffl) ffffi a gffieateffi activatiffn fff the zygffmaticuffl mufflcle (fflfiffiead itemffl). Rffunded itemffl cffnfflifflted in the ffiefietitiffn fff a fflyllable cffntaining a bilabial cffnfflffnant fffllffwed by a A NOG thiffl fiffiffceduffie did nfft wffffik fffitimally becauffle we lateffi fflfifftted a miffltake in the RMT fflignal fiffiffcefflffling wffffik ffw. Thuffl, the fflefluential tefflting ffltfffified eaffilieffi than it fflhffuld have. USINT SURSNPR RLRPTROMYOTRNPUY? ffiffunded vffwel, wheffieaffl fflfiffiead itemffl cffnfflifflted in the ffiefietitiffn fff a fflyllable cffntaining a lingual cffnfflffnant fffllffwed by a fflfiffiead vffwel. 

Procedure

Paffiticifiantffl weffie ffleated in fffiffnt fff a cffmfiuteffi fflcffieen while audiff ffltimuli (when 

EMG signal processing

RMT fflignal fiffie-fiffiffcefflffling waffl caffiffiied ffut uffling Matlab ffi201Aa (Veffiffliffn E. ffiecti ed baffleline fflignal and divided the ffiefflult by the ffltandaffid deviatiffn fff the centffied and ffiecti ed baffleline fflignal), theffieafteffi ffiefeffiffied tff affl δ.

Data analysis

Statiffltical analyffleffl weffie cffnducted uffling R veffiffliffn 3.B.3 (R Pffffie Team,201E), and affie ffiefiffffited with the papaja (Nufflt & Oaffith,201E) and knitr (Xie,201E) 

Results

The Results fflectiffn iffl divided intff twff fiaffitffl. Siffifflt, we fiffiefflent ffiefflultffl fffiffm cffn ffimatffffiy (fiffieffiegifflteffied) analyffleffl, aiming tff tefflt whetheffi it iffl fifffflfflible tff difflfflffciate the activity fff the OOI and the ZYT duffiing inneffi fflfieech fiffiffductiffn, accffffiding tff the cffntent fff inneffi fflfieech (heffie, the clafflffl fff nffnwffffid). Mffffie fiffiecifflely, we exfiected an incffieaffled RMT activity fff the OOI duffiing the inneffi fiffiffductiffn fff ffiffunded nffnwffffidffl in cffmfiaffiifflffn tff fflfiffiead nffnwffffidffl.

Pffnveffifflely, we exfiected elevated RMT activity fff the ZYT duffiing the inneffi fiffiffductiffn fff fflfiffiead nffnwffffidffl in cffmfiaffiifflffn tff ffiffunded nffnwffffidffl. Secffnd, we fiffiefflent ffiefflultffl fffiffm exfilffffiatffffiy (nffn-fiffieffiegifflteffied) analyffleffl. C Nn intffiffductiffn tff Oayefflian ffltatifflticffl iffl ffutfflide the fflcfffie fff thiffl fiafieffi. Uffweveffi, the inteffiefflted ffieadeffi iffl ffiefeffiffied tff Nalbfffficzyk et al. (201Fa), fffffi an intffiffductiffn tff Oayefflian multilevel mffdelling uffling the brms fiackage. Note. Sffffi each mufflcle (ffiefflfiffnffle), the ffifflt thffiee lineffl ffiefiffiefflent the effltimated aveffiage amfilitude in each cffnditiffn, and itffl ffltandaffid effiffiffffi (SR). The thffiee fflubfflefluent ffiffwffl ffiefiffiefflent the effltimated aveffiage di effience between the twff clafflffleffl fff nffnwffffidffl in each cffnditiffn (i.e., the inteffiactiffn e ect). The 'Lffweffi' and 'Ufifieffi' cfflumnffl cffntain the lffweffi and ufifieffi bffundffl fff the FB% PffiI, wheffieaffl the 'Rhat' cfflumn ffiefiffffitffl the Telman-Rubin ffltatiffltic. The lafflt cfflumn ffiefiffffitffl the Oayeffl factffffi in favffuffi fff the null hyfifftheffliffl (OS01).

The ffiefflultffl fff the Oayefflian Taufflfflian multivaffiiate mffdel affie fflummaffiiffled in Table B. Oefffffie fiffiffceeding fuffitheffi with the inteffififfietatiffn fff the ffiefflultffl, it iffl efflfflential tff check the fluality fff thiffl ffifflt mffdel. N uffleful diagnffffltic fff the mffdel'ffl fiffiedictive abilitieffl iffl knffwn affl posterior predictive checking (PPP) and cffnffliffltffl in cffmfiaffiing ffbffleffived data tff data fflimulated fffiffm the fifffflteffiiffffi diffltffiibutiffn (e.g., [START_REF] Telman | Bayesian data analysis[END_REF]. The idea behind PPP iffl that a gffffd mffdel fflhffuld be able tff geneffiate data that ffiefflemble the ffbffleffived data (Tabffiy,Simfifflffn,Vehtaffii,Oetancffuffit,& Telman,201F). In thiffl vein, Siguffie B.3 ffiefiffiefflentffl the diffltffiibutiffn fff the whffle datafflet (acffifffflffl all fiaffiticifiantffl and cffnditiffnffl) by mufflcle (the daffik blue line) alffng with the diffltffiibutiffn fff hyfiffthetical dataffletffl geneffiated fffiffm the fifffflteffiiffffi diffltffiibutiffn fff the mffdel (the light blue lineffl). Nffl can be ffleen fffiffm thiffl Siguffie, the diffltffiibutiffnffl fff the data geneffiated fffiffm the mffdel di effi cffnfflideffiably fffiffm the diffltffiibutiffn fff the ffbffleffived data. Theffiefffffie, in the next fflectiffn, we tuffin tff a mffffie afififfifffiffiiate mffdel fffffi theffle data. Note. Sffffi each mufflcle (ffiefflfiffnffle), the ffifflt thffiee lineffl ffiefiffiefflent the effltimated aveffiage amfilitude in each cffnditiffn, and itffl ffltandaffid effiffiffffi (SR). The thffiee fflubfflefluent ffiffwffl ffiefiffiefflent the effltimated aveffiage di effience between the twff clafflffleffl fff nffnwffffidffl in each cffnditiffn (i.e., the inteffiactiffn e ect). The 'Lffweffi' and 'Ufifieffi' cfflumnffl cffntain the lffweffi and ufifieffi bffundffl fff the FB% PffiI, wheffieaffl the 'Rhat' cfflumn ffiefiffffitffl the Telman-Rubin ffltatiffltic. The lafflt cfflumn ffiefiffffitffl the Oayeffl factffffi in favffuffi fff the null hyfifftheffliffl (OS01).

The effltimateffl fff thiffl fflecffnd mffdel affie fflummaffiiffled in Table B. 

Exploratory (non-preregistered) analyses

In In fftheffi wffffidffl, it iffl eafflieffi tff difflcffiiminate theffle fflignalffl in the multidimenffliffnal fflfiace fff all fflfieech mufflcleffl, ffiatheffi than by cffnfflideffiing each mufflcle indefiendently. Thuffl, we uffled a fflufieffiviffled machine leaffining algffffiithm aiming tff clafflfflify fflfieech fflignalffl accffffiding tff the clafflffl fff nffnwffffidffl. Offiffadly, the machine leaffining afififfiffach ffleekffl tff nd a ffielatiffnfflhifi between an infiut X (e.g., RMT ffiecffffidingffl ffveffi the fffuffi facial mufflcleffl) and an ffutfiut Y (e.g., the clafflffl fff nffnwffffidffl). Once tffiained, it allffwffl fiffiedicting a value fff the ffutfiut baffled ffn fflffme infiut valueffl, whffffle fiffiedictiffn can be evaluated againfflt new ffbffleffivatiffnffl.

We uffled a ffiandffm fffffiefflt algffffiithm, affl imfilemented in the caret fiackage (Jed Wing et al.,201E). Randffm fffffieffltffl (RSffl) ffiefiffiefflent an enfflemble fff many deciffliffn tffieeffl (a fffffiefflt), which allffw fiffiedictiffnffl tff be made baffled ffn a ffleffiieffl fff deciffliffn ffiuleffl (e.g., iffl the fflcffffie ffn fiffiedictffffi

x 1 higheffi ffffi lffweffi than z? If yeffl, then …, if nfft, then …). The fflfieci city fff RSffl iffl tff cffmbine a laffige numbeffi fff tffieeffl (ufflually abffve 100 tffieeffl), and tff baffle the nal cffncluffliffn ffn the aveffiage fff theffle tffieeffl, thuffl fiffieventing ffveffi tting. We uffled thffiee fflefiaffiate RSffl tff clafflfflify RMT fflignalffl in each cffnditiffn (Oveffit Sfieech, Inneffi Sfieech, and Liffltening).

Tff evaluate the fieffifffffimance fff thiffl afififfiffach, we ffiefiffffit the ffiaw accuffiacy (alffng with itffl ffiefflamfiling-baffled FB% cffn dence inteffival), ffffi the fiffifffiffffitiffn fff data fiffintffl in the tefflt datafflet fffffi which the RS algffffiithm fiffiedicted the cffffiffiect clafflffl fff nffnwffffidffl. Siffifflt, we ffiandffmly fflfilit the entiffie datafflet intff a tffiaining (E0%) and a tefflt fflet (20%). The tffiaining fflet waffl uffled fffffi the leaffining wheffieaffl the tefflt fflet waffl uffled tff evaluate the fiffiedictiffnffl fff the algffffiithm. Tff fiffievent ffveffi tting, we uffled ffiefieated 10-fffld cffifffflffl-validatiffn duffiing the leaffining fihaffle.

Predicting the class of nonwords during overt speech production

We ffifflt tffiied tff fiffiedict the clafflffl fff nffnwffffidffl fiffiffduced in ffveffit fflfieech, baffled ffn the activity fff the fffuffi facial mufflcleffl (OOI, ZYT, POR, SRO). Rach fiffiedictffffi waffl centffied tff itffl mean and ffltandaffidiffled befffffie the analyffliffl. Thiffl guffie ffievealffl that the mufflcleffl cffntaining mfffflt infffffimatiffn tff difflcffiiminate the twff clafflffleffl fff nffnwffffidffl affie the ZYT and the OOI, wheffieaffl, affl fiffiedicted, fffffiehead mufflcleffl dff nfft ffleem tff ffltffiffngly cffntffiibute tff fiffiedictive accuffiacy duffiing ffveffit fflfieech fiffiffductiffn.

Predicting the class of nonwords during inner speech production and listening

We then afifilied the fflame ffltffiategy (the fflame algffffiithm) tff the fflignalffl ffiecffffided in the inneffi fflfieech and liffltening cffnditiffnffl. The ffiefflultffl fff theffle analyffleffl affie ffiefiffffited in Table B 

Discussion

In the fiffiefflent ffltudy we aimed tff ffiefilicate and extend fiffieviffuffl ndingffl fflhffwing that facial electffiffmyffgffiafihy can be uffled tff difflcffiiminate inneffi fflfieech cffntent (e. changeffl in RMT amfilitude defiending ffn the cffntent fff inneffi fflfieech (i.e., defiending ffn the clafflffl fff nffnwffffid tff be utteffied).

Oefffffie difflcufflffling the theffffietical imfilicatiffnffl fff theffle ffiefflultffl, twff main ifflfflueffl affie wffffith difflcufflffling. Siffifflt, hffw can we exfilain that ffiffunded nffnwffffidffl weffie afflfflffciated with higheffi RMT amfilitude duffiing ffveffit fflfieech ffn bffth OOI and ZYT mufflcleffl? Secffnd, hffw can we exfilain the indifflcffiiminability fff inneffi fflfieech cffntent, which ffleemffl tff cffntffiadict clafflfflic affl well affl ffiecent ndingffl in the eld (e.g., Kafiuffi et al.,201E)? We tuffin tff each fff theffle flueffltiffnffl in the fffllffwing.

Tff anfflweffi the ffifflt flueffltiffn, we began by cffmfiaffiing ffuffi ffiefflultffl tff ffiefflultffl ffbtained by anfftheffi gffiffufi (Rfflkeffl et al.,201D). The authffffiffl fff thiffl ffltudy ffiecffffided ffluffiface RMT activity fffiffm ve fiaffiticifiantffl while they weffie fiffiffducing ffleven facial exfiffiefflffliffnffl and ve ifflfflated vffwel fflffundffl (/a/, /e/, /i/, /ff/, /u/), ffiefieated ve timeffl each. They ffiecffffided RMT activity ffveffi eight facial mufflcleffl (the zygffmaticuffl majffffi (ZYT), the ffiifflffffiiuffl (RIS), the ffffibiculaffiiffl ffffiiffl fflufieffiiffffi (OOS) and infeffiiffffi (OOI), the mentaliffl (MRN), the defiffiefflfflffffi anguli ffffiiffl (DNO), the levatffffi labii fflufieffiiffffiiffl (LLS) mufflcleffl, and the digaffltffiic mufflcle (DIT) Note. The numbeffi fff ffbffleffivatiffnffl iffl given by the numbeffi fff vffwelffl tff be fiffiffnunced in each categffffiy ( 2) timeffl the numbeffi fff ffiefietitiffnffl (B) timeffl the numbeffi fff fiaffiticifiantffl (B), fffffi a tfftal fff B0 ffbffleffivatiffnffl fieffi cell.

We nfftice that Rfflkeffl et al. (201D) have indeed ffbffleffived the difflfflffciatiffn we initially fiffiedicted, that iffl, that the RMT amfilitude ffiecffffided ffveffi the OOI waffl higheffi duffiing the fiffiffnunciatiffn fff ffiffunded vffwelffl than duffiing fiffiffnunciatiffn fff fflfiffiead vffwelffl, wheffieaffl the ffieveffiffle fiatteffin waffl ffbffleffived cffnceffining the ZYT. 12 Uffweveffi, ffne cffiucial di effience between 11 We did nfft include the vffwel /a/ becauffle it theffffietically dffeffl nfft t in ffne fff theffle twff categffffiieffl.

12 Paiffied-fflamfileffl Wilcffxffn ffligned ffiank teffltffl ffievealed a fflhift in lffcatiffn (fiffleudffmedian) between ffiffunded and fflfiffiead itemffl fffffi the OOI (β = 2A.12, FB% PI [1B.1F, A0.DD], V = 11EA, fi I .001) with ffiffunded itemffl being afflfflffciated with a higheffi lffcatiffn than fflfiffiead itemffl. Thiffl analyffliffl alfflff ffievealed a fflhift in the inveffiffle diffiectiffn cffnceffining the ZYT (β = -1.B1, FB% PI [-2.FA, -0.AE], V = 2DB, fi I .001). Rfflkeffl et al. (201D) defflign and ffuffiffl iffl the cffmfilexity fff the linguiffltic mateffiial. Wheffieaffl Rfflkeffl et al. (201D) uffled fflingle fihffnemeffl, we chffffle tff uffle bifflyllabic nffnwffffidffl tff incffieaffle the ecfflffgical validity fff the fiaffiadigm. Nlthffugh theffle nffnwffffidffl weffie fflfieci cally cffieated tff theffffietically incffieaffle the engagement fff eitheffi the OOI ffffi the ZYT (cf. the "Linguiffltic mateffiial" fflectiffn), it iffl ffieafflffnable tff exfiect di effienceffl in the aveffiage RMT fiatteffinffl between the ifflfflated fihffnemeffl and the nffnwffffidffl level. Mffffie fiffiecifflely, we exfiect the average RMT amfilitude afflfflffciated with the fiffiffductiffn fff a given fihffneme (e.g., /y/) tff be imfiacted by the fiffiffductiffn fff the cffnfflffnant (e.g., /b/) it iffl fiaiffied with, due tff cffaffiticulatiffn. Mffffie geneffially, we cffuld hyfifftheffliffle that the di effience between the average RMT amfilitude ffiecffffided duffiing the fiffiffductiffn fff the fihffneme /i/ and duffiing the fiffiffductiffn fff the fihffneme /y/ cffuld be ffieduced when theffle fihffnemeffl affie cffaffiticulated in PV ffffi PVPV fflefluenceffl like /byby/ ffffi /didi/ (affl in ffuffi ffltudy). In fftheffi wffffidffl, we might exfiect an inteffiactiffn e ect between the ffltffiuctuffie fff the tff-be fiffiffduced fflfieech fflefluence (eitheffi a fflingle vffwel ffffi a PV/PVPV fflefluence) and the clafflffl fff the vffwel. Thiffl iffl cffheffient with fiffieviffuffl ndingffl fflhffwing that the mufflculaffi activity afflfflffciated with vffwel fiffiffductiffn iffl ffltffiffngly in uenced by the ffluffiffiffunding cffnfflffnantffl in PVP fflefluenceffl (e.g., Sffiffmkin, 1FCC). Thuffl, fuffitheffi inveffltigatiffnffl fflhffuld fffcuffl ffn hffw the aveffiage Siffifflt, the ffltffiategy adfffited tff fifffflitiffn the fflenfflffffiffl waffl ffiadically di effient. Sffllffwing guidelineffl fffiffm the eld fff fifflychfffihyfflifflffgy, ffuffi ffltffiategy waffl tff fifffflitiffn fflenfflffffiffl fiffiecifflely ffveffi the facial mufflcleffl fff inteffiefflt, aligned with the diffiectiffn fff the mufflcle beffiffl and in theffffietically fffitimal fifffflitiffnffl tff ffiecffffid activity fff thiffl mufflcle while ffieducing cffifffflffl-talk. Uffweveffi, fiffiecifflely becauffle fff fieffivafflive cffifffflffl-talk in facial ffluffiface RMT ffiecffffidingffl, thiffl ffltffiategy, wheffieaffl maximiffling the fiffiffbability fff ffiecffffiding activity fffiffm a given fflingle mufflcle, waffl alfflff (affl a ffiefflult) ffieducing the fiffiffbability fff ffiecffffiding activity fffiffm fifftentially fflfieech-ffielevant neighbffuffi mufflcleffl. Theffiefffffie, thiffl ffltffiategy might wffffik fflub-fffitimally when the gffal fff the exfieffiiment iffl tff extffiact the maximum amffunt fff (ffielevant) RMT infffffimatiffn tff difflcffiiminate inneffi USINT SURSNPR RLRPTROMYOTRNPUY? fflfieech cffntent. Uffweveffi, thiffl fiffiffblem might be mitigated by uffling mffffie fflenfflffffiffl and a mffffie lenient fflenfflffffi-fifffflitiffning afififfiffach. Wheffieaffl we ffiecffffided the RMT amfilitude ffveffi ffnly twff lffweffi facial mufflcleffl (OOI and ZIT), Kafiuffi et al. (201E) analyffled RMT data fffiffm ffleven di effient fflenfflffffiffl, whffffle fifffflitiffn and numbeffi waffl de ned iteffiatively in ffffideffi tff maximiffle the clafflffli catiffn accuffiacy. In fftheffi wffffidffl, the fiaffiameteffiffl fff the exfieffiiment weffie iteffiatively fffitimiffled tff maximiffle a ceffitain ffutcffme (clafflffli catiffn accuffiacy). Thiffl ffltffiategy iffl ffiadically di effient fffiffm the clafflfflical afififfiffach in exfieffiimental and cffgnitive fifflychfflffgy wheffie exfieffiimental cffnditiffnffl affie de ned tff tefflt theffffietically deffiived hyfifftheffleffl. Wheffieaffl the ffifflt afififfiffach iffl affiguably mffffie e cient at fflfflving a fiaffiticulaffi fiffiffblem at hand, the fflecffnd afififfiffach might be mffffie e cient in tackling theffffietical flueffltiffnffl. Sffffi inffltance, a ffiecent ffltudy ffiefiffffited a gffieateffi RMT amfilitude fff laffiyngeal and lifi mufflcleffl duffiing auditffffiy veffibal tafflkffl (cffveffit fflinging) than duffiing vifflual imageffiy tafflkffl (Pffiuitt,Ualfieffin,& Pfffffidffiefflheffi,201E). Oy cffufiling RMT ffiecffffiding with demffgffiafihic and fifflychfflffgical meaffluffieffl, they weffie able tff fflhffw that theffle cffffiffielateffl weffie ffielated tff the level fff accuffiacy in fflinging, thuffl fflhedding light ufiffn the natuffie and functiffnffl fff fieffiifiheffial mufflculaffi activity duffiing cffveffit fflinging.

Putting afflide cffnfflideffiatiffnffl ffielated tff methffdfflffgical afflfiectffl fff the fiffiefflent ffltudy, theffle ffiefflultffl dff nfft cffffiffiffbffffiate the motor simulation view fff inneffi fflfieech fiffiffductiffn. Inffltead, it ffleemffl tff fflufififfffit the abstraction view, which fiffffltulateffl that inneffi fflfieech ffiefflultffl fffiffm the activatiffn fff abffltffiact linguiffltic ffiefiffiefflentatiffnffl and dffeffl nfft engage the affiticulatffffiy afifiaffiatuffl.

Uffweveffi, individual di effienceffl in difflcffiiminability highlight that the abffltffiactnefflffl fff inneffi fflfieech might be exible, affl ffluggefflted by [START_REF] Ofifienheim | Mfftffffi mffvement matteffifflG The exible abffltffiactnefflffl fff inneffi fflfieech[END_REF]. Indeed, althffugh fffffi mfffflt fiaffiticifiantffl it waffl nfft fifffflfflible tff difflcffiiminate the cffntent fff inneffi fflfieech, it waffl fifffflfflible tff difflcffiiminate between ffiffunded and fflfiffiead nffnwffffidffl fffffi twff fff them (S_1B and S_1D, cf. fflufifilementaffiy mateffiialffl). Thiffl ffluggeffltffl eitheffi that the extent tff which inneffi fflfieech fiffiffductiffn ffiecffiuitffl the fflfieech mfftffffi fflyffltem might vaffiy between individualffl ffffi that it might vaffiy within individual defiending ffn the fiffifffieffitieffl fff the ffngffing tafflk (theffle twff ffluggeffltiffnffl affie nfft mutually exclufflive). Sffffi inffltance, we knffw fffiffm eaffily ffieffleaffich ffn the RMT cffffiffielateffl fff inneffi fflfieech that the aveffiage amfilitude fff theffle cffffiffielateffl tend tff be higheffi when the tafflk iffl mffffie di cult (i.e., ffiefluiffieffl mffffie e ffffit, Sffkfflffv, 1FD2). Nffl ffluch, the extent tff which inneffi fflfieech fiffiffductiffn ffiecffiuitffl the fflfieech mfftffffi fflyffltem cffuld be mffdeffiated by manifiulating the di culty fff the ffngffing tafflk. In additiffn, the electffiffmyffgffiafihic activity ffiecffffided duffiing mfftffffi imageffiy cffuld be mffdulated by the fieffifflfiective taken in mfftffffi imageffiy. N diffltinctiffn iffl made between ffifflt-fieffifflffn fieffifflfiective ffffi internal imagery (i.e., imagining an actiffn affl we wffuld execute it) and thiffid-fieffifflffn fieffifflfiective ffffi external imagery (i.e., imagining an actiffn affl an ffbffleffiveffi fff thiffl actiffn), that may invfflve di effient neuffial fiffiffcefflffleffl (e.g., [START_REF] Ruby | R ect fff fflubjective fieffifflfiective taking duffiing fflimulatiffn fff actiffnG N PRT inveffltigatiffn fff agency[END_REF]. It haffl been fflhffwn that a ffifflt-fieffifflffn fieffifflfiective may ffiefflult in gffieateffi RMT activity than mfftffffi imageffiy in a thiffid-fieffifflffn fieffifflfiective (Uale,1FE2H Uaffiffiiffl & Rffbinfflffn,1FEC).

Wheffieaffl the fieffifflfiective ifflfflue dffeffl nfft afifily tff inneffi fflfieech fiffiffductiffn, we hyfifftheffliffle that invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn may be mffdulated 1AE B.D. SUPPLRMRNTNRY MNTRRINLS by the fflfieci c inffltffiuctiffnffl given tff the fiaffiticifiantffl. Sffffi inffltance, by inffltffiucting fiaffiticifiantffl tff fffcuffl ffn inner speaking (imagining fflfieaking), inffltead fff inner hearing (imagining heaffiing), and by afflking them tff fffcuffl ffn the kinaefflthetic feelingffl ffielated tff fflfieech actffl (ffiatheffi than ffn auditffffiy fiefficefitffl), we cffuld exfiect tff nd a higheffi aveffiage RMT amfilitude ffiecffffided ffveffi the fflfieech mufflcleffl. In additiffn, by fflfieci cally afflking the fiaffiticifiantffl tff mentally affiticulate the nffnwffffidffl, affl if they weffie dictating them tff fflffmeffne, ffiatheffi than jufflt ffiead and vifflually fflcan them, we may exfiect ffltffiffngeffi affiticulatffffiy invfflvement.

Of cffuffiffle, the cuffiffient ffltudy and the abffve difflcufflffliffn fflhffuld be inteffififfieted with a few wffffidffl fff cautiffn in mind. Nlthffugh the numbeffi fff ffbffleffivatiffnffl ffiefiffffited in the fiffiefflent ffltudy iffl ffieafflffnable, 1A the fflenfflibility fff the exfieffiiment cffuld be imfiffiffved by incffieaffling the numbeffi fff ffbffleffivatiffnffl and/ffffi by ffieducing twff imfiffffitant fflffufficeffl fff vaffiiatiffn. Mffffie fiffiecifflely, ffne cffuld ffieduce the vaffiiance ffielated tff the item (the fflfieci c nffnwffffid being utteffied) by fflelecting nffnwffffidffl that affie mffffie fflimilaffi tff each fftheffi in the way they affie utteffied, by fflelecting lefflffl itemffl ffffi fflimfileffi itemffl. Similaffily, fiaffiticulaffi attentiffn fflhffuld be devffted tff ffieducing inteffi-fiaffiticifiant vaffiiability, which cffuld be dffne by uffling mffffie guided and fflfieci c inffltffiuctiffnffl, affl well affl a lffngeffi tffiaining fihaffle tff familiaffiiffle the fiaffiticifiant with the tafflk.

In fflummaffiy, we have demffnffltffiated that wheffieaffl ffluffiface electffiffmyffgffiafihy may lead tff ffieafflffnable accuffiacy in difflcffiiminating clafflffleffl fff nffnwffffidffl duffiing ffveffit fflfieech fiffiffductiffn (uffling fflignalffl ffiecffffided ffveffi ffnly twff fflfieech-ffielated mufflcleffl), it did nfft fieffimit tff difflcffiiminate theffle twff clafflffleffl duffiing inneffi fflfieech fiffiffductiffn acffifffflffl all fiaffiticifiantffl. Theffle ffiefflultffl, in cffmfiaffiifflffn with ffiefflultffl ffbtained by fftheffi teamffl (e.g., Kafiuffi et al.,201E), highlight that defiending ffn the aim fff the ffieffleaffich, di effient ffltffiategieffl might be mffffie ffffi lefflffl ffluccefflfflfully fiuffifflued. Mffffie fiffiecifflely, if the gffal iffl tff attain high clafflffli catiffn accuffiacy (fiffiffblem-fflfflving afififfiffach), then the fiaffiameteffiffl fff the exfieffiiment (e.g., numbeffi fff ffiefietitiffnffl, numbeffi fff fflenfflffffiffl, fifffflitiffn fff the fflenfflffffiffl, fiaffiameteffiffl fff the fflignal fiffiffcefflffling wffffik ffw) fflhffuld be fffitimiffled baffled ffn the deffliffied ffutcffme (i.e., clafflffli catiffn accuffiacy). Uffweveffi, the clafflfflical labffffiatffffiy ffltffiategy uffled in exfieffiimental and cffgnitive fifflychfflffgy, aiming tff cffmfiaffie fflfieci c cffnditiffnffl (ffffi mufflcleffl) tff each fftheffi in a cffntffifflled enviffiffnment, iffl deemed tff be mffffie afififfifffiffiiate when the aim fff the ffieffleaffich iffl tff fflhaffifien ffuffi undeffiffltanding fff the fifflychfflffgical fihenffmenffn undeffi ffltudy.

Supplementary materials

Pffie-ffiegifflteffied fiffifftffcffl, fffien data, fflufifilementaffiy mateffiialffl, affl well affl ffiefiffiffducible cffde and guffieffl affie available at httfifflG//fffflf.iff/czeffiA. Nfflide fffiffm fiffieviffufflly cited fiackageffl, ffleveffial fftheffi fiackageffl have been uffled fffffi the wffiiting fff thiffl fiafieffi, amffng which the ggrepel and ggplot2 fiackageffl fffffi filfftting (Slffwikffwfflki, 201EH 1A Sffffi each clafflffl fff nffnwffffidffl, we cffllected affiffund C x 10 = C0 ffbffleffivatiffnffl by cffnditiffn and by fiaffiticifiant. Sffffi 2B fiaffiticifiantffl and twff clafflffleffl fff nffnwffffidffl, thiffl ffiefflultffl in 2B (fiaffiticifiantffl) x 120 (individual tffiialffl) x 3 (cffnditiffnffl) = F000 ffbffleffivatiffnffl. Uffweveffi, afteffi ffiejecting tffiialffl with mffvement affitefactffl, we had D2EB ffbffleffivatiffnffl in tfftal.
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Summary of Chapter 5

In thiffl chafiteffi, we examined the ffieliability fff ffuffi RMT meaffluffiementffl tff detect fieffiifiheffial mufflculaffi activity duffiing inneffi fflfieech fiffiffductiffn. Tff thiffl end, we afflked fiaffiticifiantffl tff fiffiffduce twff liffltffl fff nffnwffffidffl, that weffie deffligned tff induce eitheffi a ffltffiffng activatiffn fff the lifi mufflcleffl ffffi a ffltffiffng activatiffn fff the zygffmaticuffl majffffi mufflcle. We ffiecffffided the RMT amfilitude fff ffleveffial facial mufflcleffl (including the ffffibiculaffiiffl ffffiiffl infeffiiffffi and the zygffmaticuffl majffffi mufflcleffl) duffiing the fiffiffductiffn fff theffle nffnwffffidffl in inneffi fflfieech, ffveffit fflfieech, and duffiing the liffltening fff theffle nffnwffffidffl. Siffifflt, cffntffiaffiy tff exfiectatiffnffl, even in the ffveffit mffde, nffnwffffidffl cffntaining fflfiffiead lifi fihffnemeffl (e.g., /i/) did nfft ffiefflult in mffffie RMT activity in the zygffmaticuffl majffffi ffiegiffn than nffnwffffidffl withffut fflfiffiead fihffnemeffl. Similaffily, nffnwffffidffl with lifi fiffifftffiuffliffn did nfft ffiefflult in mffffie RMT activity in the ffffibiculaffiiffl ffffiiffl infeffiiffffi ffiegiffn than nffn-ffiffunded nffnwffffidffl. Thiffl nding ffluggeffltffl that ffluffiface RMT iffl nfft fiffieciffle enffugh tff ffbtain diffiect mufflcle activity. Oaffled ffn fiffieviffuffl ffiefflultffl in the liteffiatuffie, we hyfifftheffliffled that ffluffiface RMT may be uffled tff difflcffiiminate the cffntent (heffie, the clafflffl fff nffnwffffid) fiffiffduced in inneffi fflfieech. Uffweveffi, an autffmatic clafflffli catiffn ffievealed that althffugh we weffie able tff difflcffiiminate cffntent fiffiffduced in ffveffit fflfieech, we weffie nfft able tff difflcffiiminate the cffntent fiffiffduced in inneffi fflfieech baffled ffn ffluffiface RMT meaffluffiementffl. Thiffl ffiefflult ffltandffl in cffntffiafflt with fiffieviffuffl hiffltffffiical ffiefflultffl but alfflff with mffffie ffiecent ffiefflultffl ffbtained by fftheffi teamffl. Uffweveffi, cffiucial di effienceffl between fftheffi ffltudieffl and ffuffiffl include di effienceffl in the mateffiial uffled (e.g., ffluffiface vffl. intffiamufflculaffi ffiecffffidingffl), the fifffiulatiffn (e.g., childffien vffl. adultffl), ffffi the geneffial methffdfflffgy (e.g., hyfifftheffliffl tefflting vffl. clafflffli catiffn and fffitimifflatiffn). Defflfiite thiffl ffluffififfiiffling ffiefflult and the failuffie fff the ffluffiface RMT methffdfflffgy tff "decffde" the cffntent fff inneffi fflfieech, the abundance fff fifffflitive ffiefflultffl in the liteffiatuffie ffltill fflfieakffl in favffuffi fff the fieffiifiheffial mufflculaffi cffmfiffnentffl fff inneffi fflfieech and that it iffl fifffflfflible tff afflfflefflffl it uffling ffluffiface RMT. Uffweveffi, in ffffideffi tff avffid thiffl fifftential limitatiffn, in the fflecffnd fiaffit fff the fiffiefflent wffffik, we fflhifted tff anfftheffi ffltffiategy tff fuffitheffi examine the ffiffle fff mfftffffi fiffiffcefflffleffl in ffiuminatiffn. Mffffie fiffiecifflely, inffltead fff ffiecffffiding fieffiifiheffial mufflculaffi activatiffn fff induced ffiuminatiffn, in the next twff chafiteffiffl we tffiy tff diffiectly inteffifeffie with the fflfieech mfftffffi fflyffltem tff check whetheffi thiffl wffuld a ect veffibal ffiuminatiffn.

P C

Articulatory suppression effects on induced rumination T hiffl ffltudy exfilffffieffl whetheffi the fflfieech mfftffffi fflyffltem iffl invfflved in veffibal ffiuminatiffn, a fiaffiticulaffi kind fff inneffi fflfieech. The mfftffffi fflimulatiffn hyfifftheffliffl cffnfflideffiffl inneffi fflfieech affl an actiffn, accffmfianied by fflimulated fflfieech fiefficefitffl, that wffuld affl ffluch invfflve the fflfieech mfftffffi fflyffltem. If fflff, we cffuld exfiect veffibal ffiuminatiffn tff be difflffiufited by cffncuffiffient invfflvement fff the fflfieech afifiaffiatuffl. We ffiecffiuited 10C healthy adultffl and meaffluffied theiffi fflelf-ffiefiffffited level fff ffiuminatiffn befffffie and afteffi a ffiuminatiffn inductiffn, affl well affl afteffi ve minuteffl fff a fflubfflefluent mfftffffi tafflk (eitheffi an affiticulatffffiy fflufififfiefflffliffn -fflilent mffuthing-tafflk ffffi a ngeffi tafifiing cffntffiffl tafflk). We alfflff evaluated tff what extent ffiuminative thffughtffl weffie exfieffiienced with a veffibal fluality ffffi in anfftheffi mffdality (e.g., vifflual imageffl, nffn-fflfieech fflffundffl). Self-ffiefiffffited levelffl fff ffiuminatiffn fflhffwed a decffieaffle afteffi bffth mfftffffi activitieffl (fflilent mffuthing and ngeffi-tafifiing), with ffnly a ffllightly ffltffiffngeffi decffieaffle afteffi the affiticulatffffiy fflufififfiefflffliffn than the cffntffiffl tafflk. The ffiuminatiffn level decffieaffle waffl nfft mffdeffiated by the mffdality fff the ffiuminative thffughtffl. We difflcufflffl theffle ffiefflultffl within the fffiamewffffik fff veffibal ffiuminatiffn affl fflimulated fflfieech and ffluggefflt alteffinative wayffl tff tefflt the engagement fff the fflfieech mfftffffi fflyffltem in veffibal ffiuminatiffn. 1

Introduction

N laffige fiaffit fff ffuffi inneffi cffnfflciffuffl exfieffiience invfflveffl veffibal cffntent, with inteffinal mffnfflffgueffl and cffnveffifflatiffnffl. Inneffi fflfieech iffl cffnfflideffied affl a majffffi cffmfiffnent fff cffnfflciffuffl exfieffiience and cffgnitiffn (Uubbaffid, 2010H Uuffilbuffit et al., 2013H Klingeffi & Pffx, 1FED). Nn imfiffffitant ifflfflue cffnceffinffl the fffffimat and natuffie fff inneffi fflfieech and whetheffi it iffl betteffi 1 Thiffl exfieffiimental chafiteffi iffl a fflubmitted manufflcffiifit ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Peffiffiffne-Oeffitfflfftti, M., Oaeyenffl, P., Tffiandchamfi, R., Sfiinelli, R., Kfffflteffi, R.U.W., & Loevenbffiuck, U. (submitted). Nffiticulatffffiy fflufififfiefflffliffn e ectffl ffn induced ffiuminatiffn. Pffie-ffiegifflteffied fiffifftffcffl, fiffiefiffiint, data, affl well affl ffiefiffiffducible cffde and guffieffl affie available atG httfifflG//fffflf.iff/3bhCD/. defflcffiibed affl a meffie evffcatiffn fff abffltffiact amffdal veffibal ffiefiffiefflentatiffnffl (i.e., withffut affiticulatffffiy ffffi auditffffiy fflenfflatiffn) ffffi affl a cffncffiete mfftffffi fflimulatiffn fff actual fflfieech fiffiffductiffn (fffffi ffieviewffl, fflee Nldeffifflffn-Day & Seffinyhffugh,201BH Loevenbffiuck et al.,201A). In the ffifflt caffle, inneffi fflfieech iffl ffleen affl divfffficed fffiffm bffdily exfieffiience, and includeffl, at mfffflt, faded auditffffiy ffiefiffiefflentatiffnffl. In the fflecffnd caffle, inneffi fflfieech iffl cffnfflideffied affl a fihyfflical fiffiffcefflffl that unfffldffl ffveffi time, leading tff an enactive ffie-cffieatiffn fff auditffffiy fiefficefitffl, via the fflimulatiffn fff affiticulatffffiy actiffnffl. The latteffi hyfifftheffliffl iffl inteffiefflting in the cffntext fff fieffiffliffltent negative and maladafitive fffffimffl fff inneffi fflfieech, ffluch affl ffiuminatiffn. If thiffl hyfifftheffliffl iffl cffffiffiect, we cffuld exfiect ffiuminatiffn -affl a fiaffiticulaffi tyfie fff inneffi fflfieech-tff be difflffiufited by cffncuffiffient invfflvement fff the fflfieech mufflcleffl. The fiffiefflent ffltudy aimffl at tefflting thiffl fflfieci c idea.

Intffifffflfiective exfilffffiatiffnffl fff the chaffiacteffiifflticffl fff inneffi fflfieech have led tff di effient viewffl ffn the ffielative imfiffffitance fff itffl auditffffiy and affiticulatffffiy cffmfiffnentffl, and ffn the invfflvement fff mfftffffi fiffiffcefflffleffl. It haffl been ffluggefflted ffluccefflfflively that fflfieech mfftffffi ffiefiffiefflentatiffnffl wffuld be fiuffiely mfftffffiic (Stffiickeffi,1EE0), that they wffuld be exfiffiefflffled dffminantly in an auditffffiy fffffimat (Rggeffi,1EE1), ffffi that they wffuld cffnfflifflt in a mix fff theffle in the ffveffiall fifffiulatiffn (Oallet,1EEC). The intuitive diffltinctiffn between auditffffiy and mfftffffi fihenffmena iffl fflffmetimeffl ffiefeffiffied tff in cffntemfiffffiaffiy ffieffleaffich by the teffimffl fff inner ear and inner voice, in line with Oaddeley'ffl clafflfflic mffdel fff wffffiking memffffiy (e.g., Oaddeley et al., 1FEAH fflee alfflff Ouchfflbaum, 2013). Oaddeley'ffl mffdel ffielieffl ffn a fiaffitneffifflhifi between an inner ear (i.e., ffltffffiage) and an inner voice (i.e., fflubvffcal ffieheaffifflal), which can be afflfflefflffled by fflelectively blffcking eitheffi ffne fff theffle cffmfiffnentffl (e.g., Smith,Wilfflffn,& Reifflbeffig,1FFB).

Rmfiiffiical affigumentffl fflufififfffiting the cffiucial ffiffle fff the inneffi vffice in veffibal wffffiking memffffiy (fflubvffcal affiticulatffffiy ffieheaffifflal) can be fffund in ffltudieffl uffling affiticulatffffiy fflufififfiefflffliffn, in which the action cffmfiffnent (i.e., the inner voice) fff inneffi fflfieech iffl difflffiufited.

Nffiticulatffffiy fflufififfiefflffliffn ufflually ffiefeffiffl tff a tafflk which ffiefluiffieffl fiaffiticifiantffl tff utteffi fflfieech fflffundffl (ffffi tff fiffiffduce fflfieech geffltuffieffl withffut fflffund), fflff that thiffl activity difflffiufitffl ffngffing fflfieech fiffiffductiffn fiffiffcefflffleffl. Nffiticulatffffiy fflufififfiefflffliffn can be fiffiffduced with di effient degffieeffl fff vffcalifflatiffn, gffing fffiffm ffveffit utteffiing tff whifflfieffiing, mffuthing (i.e., fflilent affiticulatiffn), and fflimfile clamfiing fff the fflfieech affiticulatffffiffl. Many ffltudieffl have fflhffwn that affiticulatffffiy fflufififfiefflffliffn can be uffled tff difflffiufit the fflubvffcal ffieheaffifflal mechanifflm fff veffibal wffffiking memffffiy and -affl a cffnfflefluence-imfiaiffi the ffiecall fff veffibal mateffiial (e.g., Oaddeley et al., 1FEAH Laffifflen & Oaddeley, 2003).

Oaffled ffn the ffltudy fff effiffiffffiffl accffmfianying the cffveffit fiffiffductiffn fff tffngue twifflteffiffl, inneffi fflfieech haffl alfflff been ffluggefflted tff be imfiffveffiifflhed (affl cffmfiaffied tff ffveffit fflfieech) and tff lack a full fflfieci catiffn fff affiticulatffffiy featuffieffl (e.g., Ofifienheim & Dell, 200E, 2010). Mffffie fiffiecifflely, theffle ffltudieffl have fflhffwn the fihffnemic fflimilaffiity e ect (the tendency, in ffveffit fflfieech, tff exchange fihffnemeffl with fflimilaffi affiticulatffffiy featuffieffl) tff be abfflent in inneffi fflfieech. In cffntffiafflt tff theffle ffiefflultffl, hffweveffi, [START_REF] Pffffiley | Rffiffiffffi biaffleffl in inneffi and ffveffit fflfieechG Rvidence fffiffm tffngue twifflteffiffl[END_REF] fffund the fihffnemic fflimilaffiity e ect tff be fiffiefflent C.1. INTRODUPTION in inneffi fflfieech, ffluggefflting that inneffi fflfieech may nfft necefflfflaffiily be imfiffveffiifflhed at the affiticulatffffiy level.

In a ffltudy aiming at inveffltigating the ffiffle fff covert enactment in auditffffiy imageffiy (de ned affl imagined fflfieech, fiffiffduced by ffnefflelf ffffi anfftheffi individual), Reifflbeffig, Smith, Oaxteffi, & Sffnenfflhine (1FEF) ffbffleffived that the veffibal tffianfflfffffimatiffn e ect (Waffiffien & Tffiegffffiy,1FBE), namely the alteffiatiffn fff fflfieech fiefficefitffl when ceffitain fflfieech fflffundffl affie utteffied in a ffiefietitive way, alfflff ffccuffiffied duffiing inneffi fflfieech (althffugh the veffibal tffianfflfffffimatiffn e ect waffl fflmalleffi than duffiing ffveffit fflfieech), but waffl fflufififfiefflffled by cffncuffiffient affiticulatiffn (e.g., chewing) ffffi clamfiing the affiticulatffffiffl. The fact that the veffibal tffianfflfffffimatiffn e ect waffl ffbffleffived duffiing inneffi fflfieech and that it waffl ffieduced by cffncuffiffient chewing, even in inneffi fflfieech, fflfieakffl in favffuffi fff the view fff inneffi fflfieech affl an enacted fflimulatiffn fff ffveffit fflfieech.

Nnfftheffi fiiece fff evidence fffffi the e ect fff affiticulatffffiy fflufififfiefflffliffn ffn inneffi fflfieech cffmeffl fffiffm a ffiecent ffltudy by Tfffifflinfflki & Stffiack (200F) ffn the meffie exfiffffluffie e ect, namely the fact that ffiefieated exfiffffluffie tff a ffltimuluffl in uenceffl the evaluatiffn fff thiffl ffltimuluffl in a fifffflitive way (Zajffnc,1FCE). Tfffifflinfflki and Stffiack'ffl ffltudy fflhffwed that the meffie exfiffffluffie e ect fffffi vifflually fiffiefflented veffibal mateffiial cffuld be cffmfiletely fflufififfiefflffled by blffcking fflubvffcal ffieheaffifflal (i.e., inneffi fflfieech) when afflking fiaffiticifiantffl tff chew a gum. The e ect waffl fiffieffleffived, hffweveffi, when fiaffiticifiantffl kneaded a fflffft ball with theiffi hand (Tfffifflinfflki & Stffiack,200F). Thiffl nding ffluggeffltffl that blffcking fflfieech mfftffffi fflimulatiffn inteffifeffied with the inneffi ffieheaffifflal fff the vifflually fiffiefflented veffibal ffltimuli, theffieby deffltffiffying the fifffflitive exfiffffluffie e ect. It fiffiffvideffl additiffnal exfieffiimental fflufififfffit tff the view that inneffi fflfieech invfflveffl a mfftffffi cffmfiffnent.

The ffccuffiffience fff mfftffffi fflimulatiffn duffiing inneffi fflfieech iffl fuffitheffi backed by ffleveffial ffltudieffl uffling fihyfflifflffgical meaffluffieffl tff evaluate inneffi fflfieech fiffiffductiffn fiffifffieffitieffl. Uffling electffiffdeffl inffleffited in the tffngue tifi ffffi lififfl fff ve fiaffiticifiantffl, Jacffbfflffn (1F31) waffl able tff detect electffiffmyffgffiafihic (RMT) activity duffiing ffleveffial tafflkffl ffiefluiffiing inneffi fflfieech. Similaffily, Sffkfflffv (1FD2) ffiecffffided intenffle lifi and tffngue mufflcle activatiffn when fiaffiticifiantffl had tff fieffifffffim cffmfilex tafflkffl that necefflfflitated fflubffltantial inneffi fflfieech fiffiffductiffn (e.g., fiffiffblem fflfflving). Nnfftheffi ffltudy uffling ffluffiface electffiffmyffgffiafihy (fflRMT) demffnffltffiated an incffieaffle in activity fff the lifi mufflcleffl duffiing fflilent ffiecitatiffn tafflkffl cffmfiaffied tff ffiefflt, but nff incffieaffle duffiing the nffn-linguiffltic vifflualifflatiffn tafflk (Livefflay et al.,1FFC). Nn incffieaffle in the lifi and fffffiehead mufflculaffi activity haffl alfflff been ffbffleffived duffiing induced ffiuminatiffn (Nalbfffficzyk et al.,201D). Suffitheffimffffie, thiffl lafflt ffltudy alfflff ffluggefflted that fflfieech-ffielated mufflcle ffielaxatiffn waffl ffllightly mffffie e cient in ffieducing fflubjective levelffl fff ffiuminatiffn than nffn fflfieech-ffielated mufflcle ffielaxatiffn, ffluggefflting that ffielaxing ffffi inhibiting the fflfieech mufflcleffl cffuld difflffiufit ffiuminatiffn.

Ruminatiffn iffl a "clafflffl fff cffnfflciffuffl thffughtffl that ffievfflve affiffund a cffmmffn inffltffiumental theme and that ffiecuffi in the abfflence fff immediate enviffiffnmental demandffl ffiefluiffiing the thffughtffl" (Maffitin & Tefflffleffi,1FFC). Defflfiite the fact that defiffiefflffled fiatientffl ffiefiffffit fifffflitive metacffgnitive beliefffl abffut ffiuminating, which iffl ffften ffleen affl a cfffiing ffltffiategy in ffffideffi tff ffiegulate mffffd (e.g., [START_REF] Poh2-N Pafiageffffigiffu | Metacffgnitive beliefffl abffut ffiuminatiffn in ffiecuffiffient majffffi defiffiefflffliffn[END_REF], ffiuminatiffn iffl knffwn tff ffligni cantly wffffifflen mffffd (e.g., Mffbeffily & Watkinffl,1FF3), imfiaiffi cffgnitive exibility (e.g., Daviffl & Nfflen-Uffekfflema, 2000H Lyubffmiffifflky et al., 1FFE), and tff lead tffwaffid fiffiffnffunced fflffcial excluffliffn and mffffie inteffifieffifflffnal diffltffiefflffl [START_REF] Lam | Refflfiffnffle ffltyle, inteffifieffifflffnal di cultieffl and fflffcial functiffning in majffffi defiffiefflfflive difflffffideffi[END_REF]. Nlthffugh fiaffitly vifflual, ffiuminatiffn iffl a fiffiedffminantly veffibal fiffiffcefflffl (Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D) and can theffiefffffie be cffnfflideffied affl a maladafitive tyfie fff inneffi fflfieech. In a ffltudy ffn wffffiffiy, anfftheffi fffffim fff ffiefietitive negative thinking, Rafiee (1FF3) ffbffleffived a tendency fffffi affiticulatffffiy fflufififfiefflffliffn, but nfft fffffi viffluff-fflfiatial tafflkffl, tff fiffiffduce fflffme inteffifeffience with wffffiffiying. Ue cffncluded that wffffiffiy invfflveffl the fihffnfflffgical afflfiect fff the centffial executive fff wffffiking memffffiy. We fuffitheffi add that, fflince ffiefieating a wffffid ffleemffl tff ffieduce the ability tff wffffiffiy, thiffl ffltudy ffluggeffltffl that affiticulatffffiy afflfiectffl affie at filay duffiing wffffiffiy.

In thiffl cffntext, the flueffltiffn we addffiefflffled in thiffl ffltudy iffl whetheffi veffibal ffiuminatiffn cffnffliffltffl fff fiuffiely abffltffiact veffibal ffiefiffiefflentatiffnffl ffffi whetheffi it iffl betteffi defflcffiibed affl a mfftffffi fflimulatiffn fff fflfieech fiffiffductiffn, engaging the fflfieech afifiaffiatuffl. If the latteffi hyfifftheffliffl iffl cffffiffiect, ffiuminatiffn exfieffiienced in veffibal fffffim (in cffntffiafflt tff fftheffi fffffimffl, ffluch affl fiictffffial ffiefiffiefflentatiffnffl) fflhffuld be difflffiufited by mffuthing (i.e., fflilent affiticulatiffn), and fflhffuld nfft be difflffiufited by a cffntffiffl tafflk that dffeffl nfft invfflve fflfieech mufflcleffl (e.g., ngeffi-tafifiing).

Sfieci cally, we thuffl fflffught tff tefflt the hyfifftheffleffl that ffiuminatiffn cffuld be difflffiufited by affiticulatffffiy fflufififfiefflffliffn (but nfft by ngeffi-tafifiing), and that thiffl difflffiufitiffn wffuld be mffffie fiffiffnffunced when ffiuminatiffn iffl exfieffiienced in a veffibal fffffim than in a nffn-veffibal fffffim.

Methods

In the Methods and Data analysis fflectiffnffl, we ffiefiffffit hffw we deteffimined ffuffi fflamfile fflize, all data excluffliffnffl, all manifiulatiffnffl, and all meaffluffieffl in the ffltudy [START_REF] Simmffnffl | N 21 wffffid fflfflutiffn[END_REF]. N fiffie-ffiegifflteffied veffiffliffn fff ffuffi fiffifftffcffl can be fffund ffn OSSG httfifflG//fffflf.iff/3bhCD/.

Sample

We ffffiiginally filanned fffffi 12E fiaffiticifiantffl tff take fiaffit in the ffltudy. Thiffl fflamfile fflize waffl fflet ffn the baffliffl fff ffiefflultffl ffbtained by Tfffifflinfflki & Stffiack (200F), whff ffbffleffived an e ect fflize affiffund η2 p = .06. We exfiected a fflimilaffi e ect fflize fffffi the cuffiffient ffiuminatiffn difflffiufitiffn, fflince ffiuminatiffn can be cffnceived fff affl a fflubtyfie fff inneffi fflfieech. 2 Nffl we anticifiated dffifffi-ffut fff fiaffiticifiantffl due tff ffuffi incluffliffn cffiiteffiia (fflee belffw), a tfftal fff 1EA undeffigffiaduate ffltudentffl in fifflychfflffgy fffiffm Univ. Tffienffble Nlfieffl tffffk fiaffit in thiffl exfieffiiment, in exchange fffffi cffuffiffle cffieditffl. They weffie ffiecffiuited via mailing lifflt, ffnline ffltudent gffiffufiffl, and fifffflteffiffl. Rach fiaffiticifiant fiffiffvided a wffiitten cffnfflent and thiffl C.2. MRTUODS ffltudy waffl afififfiffved by the lffcal ethicffl cffmmittee (PRRNI N°201C-0B-31-F). Tff be eligible, fiaffiticifiantffl had tff be between 1E and 3B yeaffiffl fff age, with nff fflelf-ffiefiffffited hiffltffffiy fff mfftffffi, neuffifflffgical, fifflychiatffiic, ffffi fflfieech-develfffiment difflffffideffiffl. Nll fiaffiticifiantffl fflfiffke Sffiench affl theiffi mfftheffi tffngue. Nfteffi each fiaffiticifiant gave theiffi wffiitten cffnfflent, they cffmfileted the Penteffi fffffi Rfiidemifflffgic Studieffl -Defiffiefflffliffn fflcale (PRS-DH Radlff , 1FDD). The PRS-D iffl a 12-item flueffltiffnnaiffie, validated in Sffiench [START_REF] Mffffiin | Pfflychffmetffiic fiffifffieffitieffl fff the Penteffi fffffi Rfiidemifflffgic Studieffl Defiffiefflffliffn Scale (PRS-D) in Sffiench clinical and nffnclinical adultffl[END_REF], aiming tff afflfflefflffl the level fff defiffiefflfflive fflymfitffmffl in a fflubclinical fifffiulatiffn. Paffiticifiantffl exceeding the thffiefflhffld fff clinical defiffiefflfflive fflymfitffmffl (i.e., >23 fffffi femaleffl and >1D fffffi malefflH Radlff , 1FDD) weffie nfft included in the ffltudy fffffi ethical ffieafflffnffl (N = 2C). Theffle fiaffiticifiantffl weffie then fully debffiiefed abffut the aimffl fff the exfieffiiment and weffie given the necefflfflaffiy infffffimatiffn cffnceffining available fifflychfflffgical caffie ffn camfiuffl.

Tff inveffltigate affiticulatffffiy fflufififfiefflffliffn e ectffl in the cffntext fff ffiuminatiffn, a ffluccefflfflful inductiffn fff ffiuminatiffn iffl a fiffieffiefluifflite. Theffiefffffie, analyffleffl weffie ffnly cffnducted ffn fiaffiticifiantffl whff fflhffwed an e ect fff the ffiuminatiffn inductiffn (i.e., ffltffiictly fflfieaking, fiaffiticifiantffl whff ffiefiffffited mffffie ffiuminatiffn afteffi the inductiffn than befffffie). We thuffl difflcaffided fiaffiticifiantffl whff did nfft fflhffw any incffieaffle in ffiuminatiffn level (N = B2, 32.F1% fff tfftal fflamfile).

The nal fflamfile cffmfiffiiffled 10C fiaffiticifiantffl (Mean age = 20.3, SD = 2.BD, Min-Max = 1E-31, FC femaleffl).

Material

The exfieffiiment waffl fiffiffgffiammed with OfienSefflame fflffftwaffie [START_REF] Mathôt | The vaffiietieffl fff inneffi fflfieechG Linkffl between fluality fff inneffi fflfieech and fifflychfffiathfflffgical vaffiiableffl in a fflamfile fff yffung adultffl[END_REF] and ffltimuli weffie difflfilayed ffn a DRLL latitude RCB00 cffmfiuteffi fflcffieen.

Questionaires

Tff cffntffiffl fffffi cffnfffunding vaffiiableffl likely tff be ffielated tff the intenfflity fff the inductiffn fiffiffceduffie, we adminifflteffied the Sffiench veffiffliffn fff the Pfffflitive and Negative N ect Schedule (PNNNSH Watfflffn, Plaffik, & Tellegen, 1FEE), adafited tff Sffiench by Taudffieau,Sanchez,& Olffndin (200C). Thiffl flueffltiffnnaiffie includeffl 20 itemffl, fffiffm which we can cffmfiute an ffveffiall index fff bffth fifffflitive (by fflumming the fflcffffieffl ffn 10 fifffflitive itemffl, theffieafteffi PANASpos) and negative a ect (PANASneg ) at baffleline. Thiffl flueffltiffnnaiffie waffl adminifflteffied at baffleline. In ffffideffi tff evaluate tffiait ffiuminatiffn, at the end fff the exfieffiiment fiaffiticifiantffl cffmfileted the fflhffffit veffiffliffn fff the Ruminative Refflfiffnffle Scale (RRS -R, Tffieynffffi et al., 2003), validated in Sffiench (Dffuilliez, Tuimfiel, Oaeyenffl, & Philifififft, in preparation). Sffiffm thiffl flueffltiffnnaiffie, fflcffffieffl ffn twff dimenffliffnffl weffie analyffled (RRSbrooding and RRSre ection).

Measures

Meaffluffieffl fff ffltate ffiuminatiffn weffie ffiecffffided uffling a Vifflual Nnalffgue Scale (VNS) fiffieviffufflly uffled in Nalbfffficzyk et al. (201D). Thiffl fflcale meaffluffied the degffiee fff agffieement with the fflentence "Nt thiffl mffment, I am bffiffffding ffn negative thingffl" (tffianffllated fffiffm Sffiench), ffn a cffntinuum between "Nfft at all" and "N lfft" (afteffiwaffidffl cffded between 0 and 100). Thiffl fflcale iffl fflubfflefluently ffiefeffiffied tff affl the RUM fflcale. It waffl uffled thffiee timeffl in the exfieffiiment, at baffleline (afteffi tffiaining but befffffie the exfieffiiment ffltaffited), afteffi ffiuminatiffn inductiffn, and afteffi a mfftffffi tafflk.

Ndditiffnally, fiaffiticifiantffl anfflweffied flueffltiffnffl abffut the mffdality fff the thffughtffl that ffccuffiffied while fieffifffffiming the mfftffffi tafflk. Thiffl lafflt flueffltiffnnaiffie cffnfflifflted fff ffne flueffltiffn evaluating the ffccuffiffience fffiefluency fff di effient mffdalitieffl fff inneffi thffughtffl (e.g., vifflual imageffiy, veffibal thffughtffl, mufflic). Then, a veffibal/nffn-veffibal ffiatiff (i.e., the fflcffffie ffn the veffibal item divided by the mean fff the fflcffffie ffn the nffn-veffibal itemffl) waffl cffmfiuted and uffled in the analyffleffl, heffieafteffi ffiefeffiffied tff affl the Verbality cffntinuffuffl fiffiedictffffi (thiffl fflcale iffl available ffnlineG httfifflG//fffflf.iff/3bhCD/).3 

Tasks

In the ffifflt fiaffit fff the exfieffiiment, ffiuminative thffughtffl weffie induced uffling a clafflfflical inductiffn fiffiffceduffie (Nfflen-Uffekfflema & Mffffiffiffw, 1FF3). Then a mfftffffi tafflk waffl executed.

Paffiticifiantffl weffie ffiandffmly allffcated tff ffne fff twff cffnditiffnffl. In the Mouthing cffnditiffn, the tafflk cffnfflifflted fff ffiefietitively making mffuth fffiening-clffffling mffvementffl at a cffmfffffitable fiace. Thiffl cffnditiffn waffl fflelected affl it iffl cffmmffnly uffled in affiticulatffffiy fflufififfiefflffliffn ffltudieffl.

Nffl a cffntffiffl, a ngeffi-tafifiing cffnditiffn waffl uffled (the Tapping cffnditiffn), that cffnfflifflted fff tafifiing ffn the defflk with the index ngeffi fff the dffminant hand at a cffmfffffitable fiace.

Nlthffugh ngeffi-tafifiing tafflkffl affie geneffially cffnfflideffied affl gffffd cffntffiffl cffnditiffnffl when uffling fflfieech mfftffffi tafflkffl, fflince they affie cffmfiaffiable in teffimffl fff geneffial attentiffnal demandffl, it may be that ffffifffacial geffltuffieffl affie intffiinfflically mffffie cffmfilex than manual geffltuffieffl (i.e., mffffie cffffltly, [START_REF] Rmeffifflffn | Veffideffie valideffiing van de Pfffflitive and Negative N ect Schedule (PNNNS) en veffigelijking van twee Nedeffilandffltalige veffifflieffl[END_REF]. Tff difflcaffid the fifffflfflibility that ffffifffacial geffltuffieffl (ffielated tff the Mouthing cffnditiffn) wffuld be cffgnitively mffffie demanding than manual ffneffl (ffielated tff the Tapping cffnditiffn), we deffligned a fiffie-tefflt exfieffiiment in ffffideffi tff cffmfiaffie the twff inteffifeffience mfftffffi tafflkffl uffled in the main exfieffiiment. Refflultffl fff thiffl cffntffiffl exfieffiiment fflhffwed nff di effience ffn ffieactiffn timeffl duffiing a vifflual ffleaffich tafflk between the twff inteffifeffience tafflkffl (i.e., mffuthing and ngeffi-tafifiing). Sull detailffl affie fiffiffvided in Nfifiendix O.

Procedure

The exfieffiiment tffffk filace individually in a fluiet and dimmed ffiffffm. The tfftal duffiatiffn fff the fflefflffliffn ffianged between 3Bmin and A0min. Oefffffie ffltaffiting the exfieffiiment, fiaffiticifiantffl weffie afflked tff fieffifffffim the mfftffffi tafflk duffiing 1 min, while fffllffwing a dfft mffving at a ffiandffm fiace ffn the fflcffieen in fffiffnt fff them. Thiffl tafflk waffl deffligned tff tffiain the fiaffiticifiantffl tff C.2. MRTUODS fieffifffffim the mfftffffi tafflk adefluately. Sffllffwing thiffl tffiaining and afteffi defflcffiibing the exfieffiiment, the exfieffiimenteffi left the ffiffffm and each fiaffiticifiant had tff ll-in a baffleline flueffltiffnnaiffie (adafitatiffn fff PNNNS, fflee abffve) fiffiefflented ffn the cffmfiuteffi fflcffieen. Oaffleline ffltate ffiuminatiffn waffl then evaluated uffling the RUM fflcale. The whffle exfieffiiment waffl videff-mffnitffffied uffling a Sffny UDR-PX2A0R videff cameffia, in ffffideffi tff check that the fiaffiticifiantffl e ectively cffmfileted the tafflk.

Rumination induction

Ruminatiffn inductiffn cffnfflifflted fff twff ffltefiffl. The ffifflt ffltefi cffnfflifflted fff inducing a negative mffffd in ffffideffi tff enhance the e ectffl fff the fflubfflefluent ffiuminatiffn inductiffn. Paffiticifiantffl weffie afflked tff ffiecall a ffligni cant fieffifflffnal failuffie exfieffiienced in the fiafflt ve yeaffiffl. Then, fiaffiticifiantffl weffie invited tff evaluate the extent tff which thiffl memffffiy waffl "intenffle fffffi them" ffn a VNS between "Nfft at all" and "N lfft", afteffiwaffidffl cffded between 0 and 100, and ffiefeffiffied tff affl Vividness.

The fflecffnd ffltefi cffnfflifflted fff the ffiuminatiffn inductiffn fiffifffieffi. We uffled a Sffiench tffianffllatiffn fff Nfflen-Uffekfflema & Mffffiffiffw (1FF3)'ffl ffiuminatiffn inductiffn fiffiffceduffie.

Paffiticifiantffl had tff ffiead a lifflt fff AA fflentenceffl ffielated tff the meaning, the cauffleffl and the cffnfflefluenceffl fff theiffi cuffiffient a ective ffffi fihyfflifflffgical ffltate. Rach fihffiaffle waffl fiffiefflented ffn a cffmfiuteffi fflcffieen fffffi 10 fflecffndffl and the tfftal duffiatiffn fff thiffl ffltefi waffl D minuteffl and 20 fflecffndffl. State ffiuminatiffn waffl then evaluated again uffling the fflame VNS affl the ffne uffled at baffleline (RUM ).

Motor task

Nfteffi the ffiuminatiffn inductiffn, fiaffiticifiantffl weffie afflked tff cffntinue tff think abffut "the meaning, cauffleffl, and cffnfflefluenceffl" fff theiffi feelingffl while eitheffi ffiefietitively making mffuth mffvementffl (fffffi fiaffiticifiantffl allffcated in the "Mffuthing" cffnditiffn) ffffi ngeffi-tafifiing with the dffminant hand fffffi ve minuteffl (fffffi fiaffiticifiantffl allffcated in the "Tafifiing" cffnditiffn).

Nfteffiwaffidffl, ffltate ffiuminatiffn waffl again evaluated uffling the RUM fflcale.

In ffffideffi tff evaluate tffiait ffiuminatiffn, fiaffiticifiantffl cffmfileted the fflhffffit veffiffliffn fff the RRS (fflee abffve). Then, they lled in the flueffltiffnnaiffie ffn the mffdality fff the thffughtffl that ffccuffiffied while fieffifffffiming the mfftffffi tafflk (fflee abffve). Siguffie C.1 fflummaffiiffleffl the full fiffiffceduffie.

Data analysis

Statiffltical analyffleffl weffie cffnducted uffling R veffiffliffn 3.B.3 (R Pffffie Team, 201E) and affie ffiefiffffited with the papaja (Nufflt & Oaffith,201E) and knitr (Xie,201E) [START_REF] Uegyi | Uffling infffffimatiffn theffffiy affl a fflubffltitute fffffi ffltefiwiffle ffiegffiefflffliffn in ecfflffgy and behaviffffi[END_REF]. The WNIP fiffiffvideffl a ffielative meaffluffie fff fiffiedictive accuffiacy fff the mffdelffl (the WNIP iffl an afififfiffximatiffn fff the ffut-fff-fflamfile deviance fff a mffdel) and balanceffl undeffi tting and ffveffi tting by fflanctiffning mffdelffl fffffi theiffi numbeffi fff fiaffiameteffiffl. Rvidence ffiatiffffl (RRffl) weffie cffmfiuted affl the ffiatiffffl fff weightfflG E R i j = w i w j , wheffie w i and w j affie the Nkaike weightffl fff mffdelffl i and j , ffiefflfiectively. Theffle weightffl can be inteffififfieted affl the fiffiffbability fff the mffdel being the befflt mffdel in teffimffl fff ffut-fff-fflamfile fiffiedictiffn [START_REF] Ouffinham | Model selection and multimodel inference: A practical information-theoretic approach[END_REF]. Wheffieaffl the uffle fff WNIP iffl afififfifffiffiiate fffffi mffdel cffmfiaffiifflffn and fflelectiffn, it tellffl uffl nffthing abffut the abfflfflute t fff the mffdel. Tff effltimate thiffl t, we cffmfiuted the Oayefflian R 2

fffffi MLMffl uffling the bayes_R2() methffd in the bffimffl fiackage (Oüffikneffi,201Eb).

Mffdelffl weffie tted uffling weakly infffffimative fiffiiffffiffl (fflee the fflufifilementaffiy mateffiialffl fffffi cffde detailffl). Twff Maffikffv Phain Mffnte-Paffilff (MPMP) weffie ffian fffffi each mffdel tff afififfiffximate the fifffflteffiiffffi diffltffiibutiffn, including each B.000 iteffiatiffnffl and a waffimufi fff 2.000 iteffiatiffnffl.

Pfffflteffiiffffi cffnveffigence waffl afflfflefflffled examining tffiace filfftffl affl well affl the Telman-Rubin ffltatiffltic (what we knffw afteffi ffleeing the data).

Articulatory suppression effects

Tff afflfflefflffl the e ectffl fff affiticulatffffiy fflufififfiefflffliffn ffn fflelf-ffiefiffffited ffltate ffiuminatiffn, data weffie analyffled in the fflame fafflhiffn affl in the ffifflt fiaffit fff the exfieffiiment, uffling Session (2 mffdalitieffl, befffffie and afteffi mfftffffi activity, cffntffiafflt-cffded) affl a within-fflubject categffffiical fiffiedictffffi, and Condition (2 mffdalitieffl, Mffuthing and Tafifiing) affl a between-fflubject categffffiical fiffiedictffffi and RUM affl a defiendent vaffiiable. Mffffieffveffi, e ectffl fff baffleline a ect ffltate (PNNNS and RRS fflcffffieffl), the vividnefflffl fff the ffiuminatiffn inductiffn memffffiy and the veffibality index weffie afflfflefflffled by cffmfiaffiing mffdelffl with and withffut theffle additiffnal fiffiedictffffiffl. 

Correlation matrix between continuous predictors

Tff fiffievent multicffllineaffiity, we effltimated the cffffiffielatiffn between each fiaiffi fff cffntinuffuffl fiffiedictffffiffl. Siguffie C.3 difflfilayffl theffle cffffiffielatiffnffl alffng with the maffiginal diffltffiibutiffn fff each vaffiiable. The abfflence fff ffltffiffng cffffiffielatiffnffl (r > 0.8) between any fff theffle vaffiiableffl ffluggeffltffl that they can each be included affl cffntffiffl vaffiiableffl in the fffllffwing ffltatiffltical mffdelffl. 

-2 -1 0 1 2 3 -1 0 1 2 3 -2 -1 0 1 -2 -1 0 1 2 -2 -1 0 1 2 -1 0 1 2 0.0 0.1 0.2 0.3 0.4 -1 0 1 2 3 -2 -1 0 1 -2 -1 0 1 2 -2 -1 0 1 2 -1 0 

Rumination induction

Tff examine the e ciency fff the inductiffn fiffiffceduffie (i.e., the e ect fff Induction) while cffntffifflling fffffi the fftheffi vaffiiableffl (i.e., Vividness, RRSbrooding, RRSre ection, PANASpos, and PANASneg ), B we then cffmfiaffied the fiaffifflimffny fff mffdelffl cffntaining main cffnffltant e ectffl and a vaffiying intefficefit fffffi Participant. Mffdel cffmfiaffiifflffn fflhffwed that the befflt mffdel (i.e., the mffdel with the lffwefflt WNIP) waffl the mffdel including Induction, PANASpos, PANASneg, B Nffte that we ffnly included fiffiedictffffiffl that weffie theffffietically ffielevant (affl ffiecffmmended, amffngfflt fftheffiffl, by Ouffinham & Nndeffifflffn, 2002, 200A). We did nfft blindly afflfflefflffl eveffiy cffmbinatiffn fff fiffiedictffffiffl. Uigheffi fflcffffieffl ffn Vividness weffie afflfflffciated with higheffi incffieaffle in fflelf-ffiefiffffited ffiuminatiffn afteffi inductiffn, affl ffievealed by the fifffflitive cffe cient fff the inteffiactiffn teffim.

Thiffl ffluggeffltffl that fiaffiticifiantffl whff ffiecalled a mffffie vivid negative memffffiy tended tff fflhffw a higheffi incffieaffle in ffiuminatiffn afteffi the inductiffn fiffiffceduffie than fiaffiticifiantffl with a lefflffl vivid memffffiy.

Articulatory suppression effects on induced rumination

In ffffideffi tff examine the e ect fff the twff mfftffffi tafflkffl (affiticulatffffiy fflufififfiefflffliffn and ngeffi-tafifiing, Condition vaffiiable) ffn RUM while cffntffifflling fffffi fftheffi vaffiiableffl (i.e., Vividness, RRSbrooding, RRSre ection, Verbality, PANASpos, and PANASneg ), we cffmfiaffied the fiaffifflimffny fff ffleveffial mffdelffl, with ffffi withffut theffle vaffiiableffl ffffi theiffi inteffiactiffn. Tiven the gffiffufi di effienceffl ffn RUM fflcffffie at baffleline (i.e., afteffi tffiaining), we alfflff included thiffl fflcffffie affl a cffntffiffl vaffiiable in the mffdelffl, affl the RUMb vaffiiable (M mout hi ng = 2E.B, M t appi ng = 20.FC).

Oaffled ffn ffuffi hyfifftheffleffl, we examined the thffiee-way inteffiactiffn between Session, Condition and Verbality. Mffffie fiffiecifflely, we exfiected that gffieateffi amffuntffl fff veffibal thffughtffl wffuld be afflfflffciated with a gffieateffi di effience in the e ectffl fff the mfftffffi tafflk ffn fflelf-ffiefiffffited ffltate ffiuminatiffn (i.e., RUM ) with ffiefflfiect tff the gffiffufi (i.e., mffuthing vffl. ngeffi-tafifiing). Mffdel cffmfiaffiifflffn fflhffwed that the befflt mffdel waffl the mffdel including Session, Cond, an inteffiactiffn teffim between Session and Condition, RUMb, PANASneg, RRSbrooding and RRSre ection affl fiffiedictffffiffl (cf. Uffweveffi, the Oayefflian fffiamewffffik fiffiffvideffl tfffflffl that fieffimit ffiicheffi infeffience. Siffifflt, we can cffmfiaffie the ffielative weight fff the befflt mffdel (the mffdel with the lffwefflt WNIP) with a fflimilaffi mffdel withffut the inteffiactiffn teffim (the fflecffnd mffdel in Table C.A). Thiffl ffievealffl that the mffdel including an inteffiactiffn teffim between Session and Condition iffl 2.C2003CC mffffie credible than the mffdel withffut the inteffiactiffn teffim, which can be cffnfflideffied affl weak but meaningful evidence [START_REF] Ouffinham | Model selection and multimodel inference: A practical information-theoretic approach[END_REF].

Secffnd, we can lffffk at the OS fffffi thiffl fiaffiticulaffi fiaffiameteffi. Nffl can be ffleen fffiffm Table C.B, the OS fffffi the inteffiactiffn teffim iffl eflual tff 1.2A, which iffl evidence fffffi neitheffi the fiffiefflence ffffi the abfflence fff e ect. Uffweveffi, thiffl OS iffl cffmfiuted uffling the Savage-Dickey methffd C and affl ffluch iffl extffiemely fflenfflitive tff the fiffiiffffi chffice. Thuffl, fftheffi fiffiiffffiffl (fffffi inffltance a fiffiiffffi that iffl mffffie fieaked ffn zeffiff) wffuld fiffiffvide ffltffiffngeffi evidence fffffi the inteffiactiffn e ect.

Thiffid, and mffffie inteffieffltingly, we can alfflff diffiectly lffffk at the fifffflteffiiffffi diffltffiibutiffn fff the fiaffiameteffi fff inteffiefflt (the inteffiactiffn teffim). Siguffie C.A fflhffwffl thiffl fifffflteffiiffffi diffltffiibutiffn, itffl mean and FB% cffiedible inteffival, affl well affl the fiffifffiffffitiffn fff the diffltffiibutiffn which iffl abffve 0. Thiffl ffievealffl that althffugh the FB% cffiedible inteffival laffigely encffmfiafflffleffl 0, theffie iffl a 0.EF2 fiffiffbability that the inteffiactiffn between Session and Condition iffl fifffflitive (given the data and the fiffiiffffiffl). Thiffl ffluggeffltffl that the decffieaffle in RUM fflcffffie waffl indeed laffigeffi in the mffuthing than in the tafifiing gffiffufi.

C Thiffl methffd fflimfily cffnffliffltffl in taking the ffiatiff fff the fifffflteffiiffffi denfflity at the fiffint fff inteffiefflt divided by the fiffiiffffi denfflity at that fiffint (fffffi a fiffiactical intffiffductiffn, fflee [START_REF] Wagenmakeffiffl | Oayefflian hyfifftheffliffl tefflting fffffi fifflychfflffgiffltfflG N tutffffiial ffn the Savage-Dickey methffd[END_REF]. The laffige vaffiiatiffn between fiaffiticifiantffl can be afififfieciated by cffmfiuting the intra-class correlation (IPP), exfiffiefflffled affl σ 2 i nt er cept /(σ 2 i nt er cept + σ 2 r esi d ual s ). Sffffi the befflt mffdel, the IPP iffl eflual tff 0.3CB (FB% PffiI [0.12D, 0.BB1]), indicating that 3C.B% fff the vaffiiance in the ffutcffme that ffiemainffl afteffi accffunting fffffi the e ect fff the fiffiedictffffiffl, iffl attffiibutable tff fflyffltematic inteffi-individual di effienceffl. Siguffie C.B fflhffwffl the e ectffl fff Verbality ffn the ffielative change (i.e., afteffi -befffffie) in fflelf-ffiefiffffited ffiuminatiffn afteffi bffth mfftffffi activitieffl (i.e., Mouthing and Tapping ). Nffl Verbality waffl centffied befffffie analyffliffl, itffl fflcffffie cannfft be inteffififfieted in abfflfflute teffimffl. Uffweveffi, a high fflcffffie ffn thiffl index indicateffl mffffie veffibal than nffn-veffibal (e.g., vifflual imageffl, nffn-fflfieech fflffundffl) thffughtffl, wheffieaffl a lffw fflcffffie indicateffl mffffie nffn-veffibal than veffibal thffughtffl.

Pffntffiaffiy tff ffuffi fiffiedictiffnffl but cffnffliffltent with the mffdel cffmfiaffiifflffn, thiffl guffie defiictffl a fflimilaffi ffielatiffnfflhifi between Verbality and the change in RUM fflcffffie (between befffffie and afteffi the mfftffffi tafflk), accffffiding tff the Pffnditiffn. In the Mffuthing cffnditiffn, the change in RUM fflcffffie did decffieaffle fffffi fiaffiticifiantffl with a higheffi fflelf-ffiefiffffited degffiee fff veffibal cffntent.

Thiffl ffluggeffltffl that the mffffie veffibal the ffiuminatiffn iffl, the mffffie it iffl a ected by mffuthing inteffifeffience. Out cffntffiaffiy tff ffuffi exfiectatiffn, a fflimilaffi tffiend (althffugh fieffihafiffl weakeffi) waffl ffbffleffived in the Tafifiing cffnditiffn. Thiffl ffluggeffltffl that the mffffie veffibal the ffiuminatiffn iffl, the mffffie it iffl a ected by any mfftffffi tafflk. 

Discussion

The fiuffififfffle fff the cuffiffient ffltudy waffl tff inveffltigate the e ectffl fff affiticulatffffiy fflufififfiefflffliffn ffn induced veffibal ffiuminatiffn. We fiffiedicted that if veffibal ffiuminatiffn, which can be cffnffltffiued 1D3 PUNPTRR C. NRTIPULNTORY SUPPRRSSION RSSRPTS ON INDUPRD RUMINNTION affl a tyfie fff inneffi fflfieech, dffeffl invfflve the mental fflimulatiffn fff ffveffit fflfieech fiffiffductiffn, itffl geneffiatiffn fflhffuld be difflffiufited by affiticulatffffiy fflufififfiefflffliffn, but nfft by ngeffi tafifiing.

Thiffl fiffiedictiffn waffl nfft ffltffiictly cffffiffiffbffffiated by the data, affl we ffbffleffived a decffieaffle fff fflelf-ffiefiffffited ffiuminatiffn afteffi bffth tyfieffl fff mfftffffi activitieffl (fflee Siguffie C.2 and Table C.A), with a fflffmewhat ffltffiffngeffi decffieaffle in the Mffuthing cffnditiffn. In the fffllffwing, we examine the validity fff ffuffi methffdffl and difflcufflffl inteffififfietatiffnffl fff ffuffi ffiefflultffl. Sinally, we fffffimulate hffw fflubfflefluent ffieffleaffich fflhffuld addffiefflffl thiffl kind fff flueffltiffn and ffluggefflt alteffinative wayffl tff tefflt the abffve mentiffned hyfifftheffliffl. We begin by difflcufflffling the ffiefflultffl fff the ffiuminatiffn inductiffn fiffiffceduffie.

Rumination induction

It iffl nfftewffffithy that 32.F1% fff the tfftal fflamfile fff fiaffiticifiantffl whff weffie ffiecffiuited did nfft ffiefflfiffnd tff thiffl inductiffn, and weffie theffiefffffie nfft included in the analyffleffl. Mffffieffveffi, affl ffiefiffffited in Table C.3, it ffleemffl that the Vividness fff the memffffiy chfffflen by the fiaffiticifiant duffiing the mffffd inductiffn waffl mffdeffiating the e ect fff the ffiuminatiffn inductiffn. In fftheffi wffffidffl, the mffffie vivid (i.e., the mffffie "intenffle") the memffffiy, the mffffie ffluccefflfflful the ffiuminatiffn inductiffn waffl. Thiffl highlightffl the fact that thiffl afflfiect fflhffuld be caffiefully cffntffifflled each time a mffffd inductiffn iffl uffled in ffffideffi tff ffffflteffi fflubfflefluent ffiefietitive negative thinking.

Mffffieffveffi, we ffbffleffived a gffiffufi di effience fff afififfiffximately D.B fiffintffl in the aveffiage RUM fflcffffie at baffleline. Thiffl di effience might be exfilained by mfftffffi tffiaining, which tffffk filace befffffie baffleline meaffluffiement fff ffltate ffiuminatiffn. Duffiing thiffl tffiaining, fiaffiticifiantffl had tff fieffifffffim the mfftffffi tafflk (eitheffi ngeffi-tafifiing ffffi mffuthing) in fffiffnt fff a black fflcffieen ffn which a white dfft waffl mffving ffiandffmly fffffi 1 min. Duffiing the tafflk, the exfieffiimenteffi ffltayed in the ffiffffm tff check that fiaffiticifiantffl weffie fieffifffffiming the mfftffffi tafflk adefluately. Oeing an unufflual and fifftentially embaffiffiafflffling mfftffffi activity, mffuthing might have been a higheffi fflffuffice fff ffltffiefflffl fffffi the fiaffiticifiantffl, affl cffmfiaffied tff the mffffie cffmmffn activity fff ngeffi-tafifiing. Thiffl gffiffufi di effience in baffleline ffltate ffiuminatiffn fflubfflifflted afteffi the inductiffn, affl the gffiffufi di effience afteffi the inductiffn waffl fff afififfiffximately E fiffintffl (fflee fflummaffiy ffltatifflticffl in Table C.1 and full datafflet in the fflufifilementaffiy mateffiialffl).

Articulatory suppression effects

In the fffllffwing fflectiffn, we difflcufflffl in mffffie defith the ffiefflultffl fff the fflecffnd fiaffit fff the ffltudy, which aimed at cffmfiaffiing the e ectffl fff affiticulatffffiy fflufififfiefflffliffn and ngeffi-tafifiing ffn fflelf-ffiefiffffited ffiuminatiffn.

Siffifflt, it iffl imfiffffitant tff examine whetheffi the weaknefflffl fff the e ect fff the inteffiactiffn we had fiffiedicted between fflefflffliffn and cffnditiffn cffuld cffme fffiffm a lack fff ffltatiffltical fiffweffi. We filanned 12E fiaffiticifiantffl in ffffideffi tff ffieach a fiffweffi fff .E0 fffffi a taffigeted e ect fflize fff η 2 p = .06.

Nffl exfilained abffve, ffut fff the 1EA ffiecffiuited fiaffiticifiantffl, ffnly 10C cffuld be included in the ffltudy. With 10C fiaffiticifiantffl, the a fiffiiffffii fiffweffi fffffi detecting an e ect fflize fff η 2 p = .06 waffl afififfiffximately fff .D0, which iffl much higheffi than the median fiffweffi in tyfiical fifflychfflffgical ffltudieffl.

Secffnd, it iffl imfiffffitant tff acknffwledge that defflfiite the weaknefflffl fff the di effience between the twff cffnditiffnffl in theiffi in uence ffn the level fff fflelf-ffiefiffffited ffiuminatiffn (i.e., RUM ), bffth activitieffl did lead, ffn aveffiage, tff a decffieaffle in fflelf-ffiefiffffited ffiuminatiffn fff afififfiffximately C fiffintffl ffn the VNS (affl indicated by the ffllfffie fffffi Session in Table C.B). Thiffl decffieaffle might be inteffififfieted in twff wayffl. Siffifflt, it might be exfilained by the fflimfile exfifffflitiffn tff the VNS and by cffmfiliance e ectffl. When afflked tff ffiate theiffi level fff ffiuminatiffn again afteffi ve minuteffl fff mfftffffi activity, fflffme fiaffiticifiantffl might be fiffiffmfited tff indicate a lffweffi level fff ffiuminatiffn than befffffie the mfftffffi tafflk. Out cffmfiliance e ectffl cffuld fflimilaffily lead fiaffiticifiantffl tff cffnfflideffi the mfftffffi tafflk affl iffiffiitating, and theffiefffffie affl fiffiffne tff ffiuminatiffn incffieaffle. Sffme fiaffiticifiantffl cffuld theffiefffffie alfflff be biaffled tffwaffidffl indicating a higheffi level fff ffiuminatiffn afteffi the mfftffffi tafflk. Secffnd, it might be cffnfflideffied that thiffl decffieaffle ffie ectffl a genuine decffieaffle in ffiuminatiffn. In the fffllffwing, we adfffit the latteffi fieffifflfiective and difflcufflffl exfilanatiffnffl fffffi the weak di effience between the twff cffnditiffnffl.

Effect of the rumination quality (verbality)

Ouffi fiffiedictiffn waffl that ffiuminatiffn in veffibal fffffim wffuld be mffffie difflffiufited by mffuthing than ffiuminatiffn in nffn-veffibal fffffim, while bffth kindffl fff ffiuminatiffn wffuld nfft be difflffiufited (ffffi fflimilaffily difflffiufited) by ngeffi-tafifiing. In fftheffi wffffidffl, we hyfifftheffliffled a thffiee-way inteffiactiffn, between the e ect fff time (i.e., Session), Condition, and Verbality. In the fffllffwing, we difflcufflffl the abfflence fff thiffl inteffiactiffn. Then, we fffcuffl ffn the weak di effience between the twff cffnditiffnffl (ffmitting Verbality), and difflcufflffl fflffme exfilanatiffnffl fffffi thiffl weak di effience.

Siffifflt, the abfflence fff the thffiee-way inteffiactiffn might cffme fffiffm a di culty fffffi the fiaffiticifiantffl tff have cleaffi intffifffflfiective accefflffl tff the ffiuminative thffughtffl they exfieffiienced duffiing the mfftffffi tafflk. Sffffi inffltance, we knffw that intffifffflfiective defflcffiifitiffn fff inneffi fflfieech di effiffl cffnfflideffiably, between fiefffile tffiained tff ffiegulaffily ffiefiffffit ffn theiffi efiifflffdeffl fff inneffi fflfieaking, and fiefffile withffut ffluch tffiaining (e.g., [START_REF] Uuffilbuffit | Tffwaffid a fihenffmenfflffgy fff inneffi fflfieaking[END_REF]. Mffffieffveffi, affl the Verbality flueffltiffnnaiffie waffl fiffiefflented at the end fff the exfieffiiment, ffne cannfft exclude that it waffl fiaffitly cffntaminated by ffiecall, which, when dffne veffibally, haffl been fflhffwn tff affiti cially incffieaffle the fflubjective veffibality index [START_REF] Uuffilbuffit | Investigating pristine inner experience: Moments of truth[END_REF].

Difference between motor conditions

Leaving the fflelf-ffiefiffffited fluality fff ffiuminatiffn afflide, we nffw tuffin tff a difflcufflffliffn fff the weak di effience between the twff mfftffffi cffnditiffnffl. We think thiffl ffiefflult can be exfilained in at leafflt twff nffn-exclufflive wayffl. Siffifflt, we cffuld affigue that the decffieaffle ffbffleffived in bffth cffnditiffnffl waffl due tff an unexfiected e ect fff ngeffi-tafifiing ffn ffiuminatiffn. Secffnd, we cffuld affigue that the e ect fff the affiticulatffffiy fflufififfiefflffliffn waffl fflffmehffw weakeffi than exfiected. In the fffllffwing, we fiffiffvide affigumentffl and exfilanatiffnffl fffffi each fff theffle fifffflfflibilitieffl.

Steady ngeffi-tafifiing iffl ufflually cffnfflideffied affl a ffielevant cffntffiffl cffnditiffn fffffi evaluating affiticulatffffiy fflufififfiefflffliffn, fflince it fflfieci cally ffiecffiuitffl the hand mfftffffi fflyffltem and fflhffuld nfft inteffifeffie with the ffffial mfftffffi fflyffltem, while being cffmfiaffiable in teffimffl fff geneffial attentiffnal demandffl (e.g., Tffiubeffi, 2001H Lffgie & Oaddeley, 1FED). Uffweveffi, uffling mffffie cffmfilex ffihythmic fiatteffinffl fff ngeffi-tafifiing, Saitff (1FFA) ffbffleffived a fade-ffut fff the fihffnfflffgical fflimilaffiity e ect in a veffibal memffffiy tafflk with fflfiffken ffiecall, when fflubjectffl weffie afflked tff tafi with eitheffi theiffi ffiight (dffminant) ffffi left hand, while the fihffnfflffgical fflimilaffiity e ect waffl cffnffleffived in the cffntffiffl cffnditiffn (nff tafifiing). The authffffi cffncluded that a cffmfilex ffihythmic tafifiing tafflk can inteffifeffie with the ffiunning fff fflfieech mfftffffi fiffiffgffiamffl (Saitff,1FFA,fi. 1EB). Mffffie fflfieci cally, he ffluggefflted that cffmfilex, nffn-autffmatiffled, ffihythmic ngeffi tafifiing cffuld uffle fflfieech mfftffffi fiffiffgffiamffl, which affie uffleful tff cffntffiffl fflfieech fiffifffflffdy and ffihythmic activity. We fuffitheffi ffluggefflt that a nffvel cffmfilex ffihythmic tafflk might ffiefluiffie fflilent veffibalifflatiffn and, theffiefffffie, might itfflelf be an affiticulatffffiy fflufififfiefflffliffn tafflk. In line with theffle ndingffl, anfftheffi ffltudy fflhffwed that fffffi ffiight-handed fflubjectffl, tafifiing with a ngeffi fff the ffiight hand iffl mffffie e ective at inteffifeffiing with fieffifffffimance fff a veffibal memffffiy tafflk than iffl tafifiing with a ngeffi fff the left hand (Sffiiedman,Pfflfflffn,& Dafffe,1FEE). Nlthffugh Sffiiedman et al.'ffl ndingffl affie di cult tff inteffififfiet, becauffle tafflk fiffiiffffiity waffl manifiulated and thiffl may have led tff cffn ict ffiefflfflutiffn, which might have been dealt with di effientially accffffiding tff the hand invfflved, they dff ffluggefflt that a ngeffi tafifiing tafflk iffl nfft alwayffl the befflt cffntffiffl fffffi affiticulatffffiy fflufififfiefflffliffn. Thiffl might exfilain the decffieaffle fff fflelf-ffiefiffffited ffiuminatiffn ffbffleffived in ffuffi ffwn ffltudy, afteffi the ngeffi-tafifiing, and ffluggeffltffl that we might ffbffleffive di effient ffiefflultffl by afflking fiaffiticifiantffl tff tafi with the ngeffi fff theiffi nffn-dffminant hand. We think it iffl imfiffffitant tff nffte fffffi futuffie ffltudieffl that ffuffi ffiefflultffl, tffgetheffi with thffffle fff Saitff (1FFA) and Sffiiedman et al. (1FEE), ffluggefflt that ngeffi-tafifiing cffuld in fact inteffifeffie with inneffi fflfieech. In fftheffi wffffidffl, ngeffi-tafifiing, with the dffminant hand, iffl fiffiffbably nfft an afififfifffiffiiate cffntffiffl cffnditiffn when ffltudying affiticulatffffiy fflufififfiefflffliffn.

Nn alteffinative way tff exfilain the abfflence fff di effienceffl between the twff mfftffffi cffnditiffnffl iffl tff fflufififfffle that the e ectffl fff the affiticulatffffiy fflufififfiefflffliffn weffie weakeffi than we exfiected.

The ffihythmic mffuthing tafflk might have becffme tffff autffmatiffled tff difflffiufit inneffi fflfieech fiffiffgffiamming. Thiffl idea ndffl fflffme fflufififfffit in the ffiefflultffl fff Saitff (1FFD), whff ffbffleffived an e ect fff affiticulatffffiy fflufififfiefflffliffn ffn the fihffnfflffgical fflimilaffiity e ect in a memffffiy tafflk ffnly when the affiticulatffffiy fflufififfiefflffliffn waffl intermittent (i.e., "ah, ah, ah…") but nff e ect when fiaffiticifiantffl had tff utteffi a cffntinuffuffl "ah-". Thiffl can be exfilained by cffnfflideffiing that the inteffimittent affiticulatffffiy fflufififfiefflffliffn wffuld imfiffffle a gffieateffi lffad ffn fflfieech mfftffffi fiffiffgffiamming than the cffntinuffuffl affiticulatffffiy fflufififfiefflffliffn (Saitff,1FFD,fi. BCF). In a fflimilaffi vein, Macken & Jffneffl (1FFB) fffund ffltffiffngeffi e ectffl fff affiticulatffffiy fflufififfiefflffliffn when fiaffiticifiantffl weffie afflked tff ffiefieat a fflefluence fff di effient letteffiffl than when they weffie afflked tff ffiefieat a fflingle letteffi. One way tff examine thiffl hyfifftheffliffl within ffuffi ffwn fiffifftffcffl wffuld C.B. NPKNOWLRDTRMRNTS be tff afflk fiaffiticifiantffl tff make fflefluenceffl fff vaffiiffuffl mffuth mffvementffl, ffiatheffi than ffiefieating a fflingle mffvement. Nlteffinatively, the ffielatively weak e ectffl fff affiticulatffffiy fflufififfiefflffliffn ffn ffiuminatiffn may alfflff be exfilained by the fflfieci c time cffuffiffle fff ffuffi exfieffiimental defflign. Indeed, the affiticulatffffiy fflufififfiefflffliffn waffl fieffifffffimed afteffi fiaffiticifiantffl went thffiffugh the entiffie ffiuminatiffn inductiffn fiffiffceduffie (i.e., afteffi ffieading all the ffiuminatiffn inductiffn fiffiffmfitffl). We fflfieculate that the e ectffl fff the affiticulatffffiy fflufififfiefflffliffn might have been ffltffiffngeffi if it waffl fieffifffffimed duffiing the ffiuminatiffn (e.g., between each fiffiffmfit) inffltead.

In a bffiffadeffi fieffifflfiective, ffielating tff the ffffiiginal ffieffleaffich flueffltiffn, we fflhffuld mentiffn twff additiffnal inteffififfietatiffnffl fff ffuffi ffiefflultffl. Sff faffi, we cffnfflideffied di effient wayffl tff exfilain eitheffi hffw the ngeffi-tafifiing tafflk cffuld inteffifeffie with ffiuminatiffn ffffi hffw the affiticulatffffiy fflufififfiefflffliffn tafflk might have failed tff difflffiufit ffiuminatiffn. Uffweveffi, if we afflfflume that ffuffi fflcaleffl (efflfiecially the RUM ffutcffme ffiefflfiffnffle and the Verbality fflcale) affie ffieliable and that the affiticulatffffiy fflufififfiefflffliffn waffl e cient in itffl intended fiuffififfffle (i.e., fflufififfiefflffling fflfieech mfftffffi activity), we affie ffffficed tff admit that eitheffi i) ffiuminatiffn iffl nfft a tyfie fff inneffi fflfieech that can be difflffiufited by fieffiifiheffial mufflcle fieffituffibatiffn (i.e., it cffuld be defflcffiibed affl a mffffie abffltffiact fffffim fff inneffi fflfieech) ffffi that ii) inneffi fflfieech, mffffie bffiffadly, dffeffl nfft defiend ffn fieffiifiheffial fflfieech mufflcle activity. Nlthffugh we think that theffle flueffltiffnffl cannfft be anfflweffied fffiffm ffuffi fiffiefflent ffiefflultffl, we acknffwledge that theffle twff fifffflfflibilitieffl affie cffmfiatible with ffuffi ffiefflultffl.

In fflummaffiy, the cuffiffient ffieffleaffich iffl ffne fff the ffifflt behaviffuffial ffltudieffl exfilffffiing the afflfflffciatiffn between veffibal ffiuminatiffn and the fflfieech mfftffffi fflyffltem. While the ffbffleffived data did nfft ffltffiictly cffffiffiffbffffiate ffuffi ffffiiginal hyfifftheffleffl, we exfilffffied ffleveffial exfilanatiffnffl fffffi the weak di effience between affiticulatffffiy fflufififfiefflffliffn and the cffntffiffl tafflk, and ffielated ffuffi ndingffl tff fiffieviffuffl wffffikffl ffn the ffiffle fff inneffi fflfieech in veffibal wffffiking memffffiy. Theffle ffiefflultffl have imfiffffitant imfilicatiffnffl fffffi futuffie ffltudieffl ffn affiticulatffffiy fflufififfiefflffliffn duffiing inneffi fflfieech ffffi veffibal wffffiking memffffiy tafflkffl. Mffffie fiffiecifflely, they highlight the need fffffi fuffitheffi inveffltigatiffn fff the mfffflt afififfifffiffiiate cffntffiffl tafflk when ffltudying the e ectffl fff affiticulatffffiy fflufififfiefflffliffn.
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Summary of Chapter 6

In thiffl chafiteffi, we fflet ufi a cffiitical tefflt fff the motor simulation view fff inneffi fflfieech (and ffiuminatiffn). Indeed, if the invfflvement fff the fflfieech mfftffffi fflyffltem iffl necessary duffiing inneffi fflfieech and ffiuminatiffn, then a difflffiufitiffn fff the fflfieech mfftffffi fflyffltem fflhffuld difflffiufit (ffffi imfiaiffi) the fiffiffductiffn fff inneffi fflfieech (and ffiuminatiffn). Tff examine thiffl idea, we cffmfiaffied the e ectffl fff an affiticulatffffiy fflufififfiefflffliffn tafflk tff thffffle fff a ngeffi-tafifiing tafflk, fffllffwing a ffiuminatiffn inductiffn, ffn the levelffl fff fflelf-ffiefiffffited ffltate ffiuminatiffn. Ouffi ffiefflultffl ffluggefflt that fflelf-ffiefiffffited ffltate ffiuminatiffn decffieaffle afteffi bffth mfftffffi activitieffl, with ffnly a ffllightly ffltffiffngeffi decffieaffle fffllffwing affiticulatffffiy fflufififfiefflffliffn, ffluggefflting that ffiuminatiffn wffuld nfft be a fffffim fff inneffi fflfieech that wffuld cffiucially defiend ffn the activity fff the fflfieech mfftffffi fflyffltem (it dffeffl nfft mean that the fflfieech mfftffffi fflyffltem may neveffi be invfflved in ffiuminatiffn, ffnly that itffl invfflvement iffl nfft necefflfflaffiy). Uffweveffi, fflffme imfiffffitant limitatiffnffl make the inteffififfietatiffn fff theffle ffiefflultffl delicate. Siffifflt, theffie weffie imfiffffitant di effienceffl between the twff gffiffufiffl (i.e., affiticulatffffiy fflufififfiefflffliffn vffl. ngeffi-tafifiing gffiffufiffl) at baffleline, fifffflfflibly due dff the ffihythmic tffiaining fiffifffiffffled befffffie baffleline meaffluffiementffl. Secffnd, the meaffluffie fff ffltate ffiuminatiffn cffnfflifflted in ffne fflingle nffn-validated fflcale (alffieady uffled in Phafiteffi 3) and may nfft be a ffieliable index fff ffltate ffiuminatiffn. Thiffid, affl in Phafiteffi 3, theffie waffl nff cffntffiffl gffiffufi tff the ffiuminatiffn inductiffn and any e ect fffllffwing tff the ffiuminatiffn inductiffn may nfft be fflfieci cally attffiibutable tff the ffiuminatiffn inductiffn. Sffuffith, theffie iffl fflffme evidence ffluggefflting that ngeffi-tafifiing (with the dffminant hand) may alfflff fieffituffibffl fflfieech mfftffffi filanning and may theffiefffffie nfft be the befflt cffntffiffl cffnditiffn tff affiticulatffffiy fflufififfiefflffliffn. We tffiy tff ffvefficffme theffle limitatiffnffl in the next and lafflt emfiiffiical chafiteffi.

P D

Examining the involvement of the speech motor system during rumination: a dual-task investigation I t haffl been ffluggefflted that veffibal ffiuminatiffn may be cffnfflideffied affl a fffffim fff inneffi fflfieech and may theffiefffffie ffiecffiuit the fflfieech mfftffffi fflyffltem. Thiffl ffltudy exfilffffieffl whetheffi the fflfieech mfftffffi fflyffltem iffl invfflved in veffibal ffiuminatiffn by examining the e ectffl fff affiticulatffffiy fflufififfiefflffliffn (via gum-chewing) ffn twff fffffimffl fff induced ffiefietitive thffughtffl (ffiuminatiffn and fiffiffblem-fflfflving), fffllffwing the fiffiefflentatiffn fff a ffltffiefflfflffffi. We exfiected that (uncffnffltffiained) ffiuminatiffn wffuld lead tff ffluffltained negative a ectffl fffllffwing a ffltffiefflfflffffi wheffieaffl (uncffnffltffiained) fiffiffblem-fflfflving wffuld lead tff lefflffl detffiimental e ectffl ffn mffffd (in cffmfiaffiifflffn tff ffiuminatiffn). Uffweveffi, if mfftffffi fiffiffcefflffleffl affie invfflved duffiing ffiuminatiffn and fiffiffblem-fflfflving, affiticulatffffiy fflufififfiefflffliffn fflhffuld damfien the di effiential e ectffl fff ffiuminatiffn and fiffiffblem-fflfflving ffn mffffd. Nt the time fff the wffiiting, data cffllectiffn iffl ffltill ffngffing and the analyffleffl fiffiefflented in thiffl chafiteffi affie theffiefffffie veffiy fiffieliminaffiy. Uffweveffi, data cffllected fflff faffi ffluggefflt that affiticulatffffiy fflufififfiefflffliffn (gum-chewing) iffl indeed afflfflffciated with a weakeffi di effience in the e ectffl fff ffiuminatiffn veffiffluffl fiffiffblem-fflfflving ffn ffltate negative a ectffl. 1

Introduction

The ability tff talk tff ffnefflelf fflilently iffl a centffial ability that fflufififfffitffl many higheffi cffgnitive functiffnffl ffluch affl ffiemembeffiing, filanning, tafflk-fflwitching ffffi fiffiffblem-fflfflving (fffffi ffieview, fflee Nldeffifflffn-Day & Seffinyhffugh,201A). Nlthffugh inneffi 1 Thiffl exfieffiimental chafiteffi iffl a wffffiking manufflcffiifit ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Peffiffiffne-Oeffitfflfftti, M., Oaeyenffl, P., Kfffflteffi, R.U.W., & Loevenbffiuck, U. (in preparation). Rxamining the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing ffiuminatiffnG a dual-tafflk inveffltigatiffn. Pffie-ffiegifflteffied fiffifftffcffl, fiffiefiffiint, data, affl well affl ffiefiffiffducible cffde and guffieffl will be made available atG httfifflG//fffflf.iff/Eab2d/. Sffffi inffltance, auditffffiy veffibal hallucinatiffnffl (which can be cffnceived fff affl intffiufflive and agency-defective inneffi vfficeffl) ffffi ffbfflefflffliffnal thffughtffl can be cffnfflideffied affl ffccuffiffienceffl fff dyfflfunctiffnal inneffi fflfieech 201A). In the fiffiefflent affiticle, we fffcuffl ffn ffiuminatiffn, a fffffim fff ffiefietitive negative thinking (Rhffiing & Watkinffl,200E) than can be bffiffadly de ned affl uncffnffltffiuctive ffiefietitive thinking abffut fiafflt eventffl and cuffiffient mffffd ffltateffl (Maffitin & Tefflffleffi,1FFC).

Ruminatiffn haffl been cffnffliffltently ffielated tff incffieaffled ffiifflkffl fff ffnfflet and maintenance fff defiffiefflfflive efiifflffdeffl (fffffi ffieview, fflee Rhffiing & Watkinffl,200E) and haffl been ffluggefflted tff cffntffiibute in exaceffibating cuffiffient defiffiefflffliffn (e.g., De Raedt & Kfffflteffi, 2010). N fiaffiticulaffily maladafitive and haffimful fffffim fff ffiuminatiffn iffl bffiffffding, de ned affl fflelf-cffiitical fiffndeffiing ffn ffne'ffl cuffiffient ffffi fiafflt mffffd ffltateffl and unachieved gffalffl (Tffieynffffi et al., 2003). Offiffffding haffl been fflhffwn tff unifluely cffntffiibute tff the maladafitive cffnfflefluenceffl fff fflelf-fffcuffled ffiefietitive thinking. Rxfieffiimental ffltudieffl have fflhffwn that induced ffiuminatiffn, in cffmfiaffiifflffn tff diffltffiactiffn ffffi fiffiffblem-fflfflving, wffffifflenffl (i.e., lengthenffl and/ffffi intenffli effl) negative mffffd (e.g., Uu zigeffi & Kuehneffi, 200FH Philifififft & Offiutffux,200E), imfiaiffiffl cffgnitive fiffiffcefflffleffl (e.g., Philifififft & Offiutffux, 200EH Whitmeffi & Tfftlib, 2012) and incffieaffleffl the ffietffiieval fff ffveffigeneffial and negative autffbiffgffiafihic memffffiieffl (e.g., Lyubffmiffifflky et al., 1FFEH Watkinffl & Teaffldale, 2001).

Oveffiall, ffiuminatiffn iffl knffwn tff be a fiffiedffminantly veffibal fiffiffcefflffl (Rhffiing & Watkinffl, 200EH Tffldwin & Oehaffi, 2012H Tffldwin et al., 2013H McLaughlin et al., 200D) and haffl been fiffifffiffffled tff be cffnfflideffied affl ffluch affl a dyfflfunctiffnal fffffim fff inneffi fflfieech (e.g., 201A). Reffleaffich ffn the fifflychfffihyfflifflffgy fff inneffi fflfieech ffievealed that the neuffial fiffiffcefflffleffl invfflved in ffveffit and cffveffit fflfieech tend tff be veffiy fflimilaffi. Indeed, bffth fffffimffl fff fflfieech invfflve a landfflcafie fff infeffiiffffi fffiffntal affieaffl, mfftffffi and auditffffiy affieaffl (fffffi an ffveffiview, fflee 201AH Loevenbffiuck et al.,201E). Thiffl iffl cffheffient with the idea that fflffme fffffimffl fff inneffi fflfieech cffuld be cffnfflideffied affl a kind fff fflimulatiffn fff ffveffit fflfieech (e.g., Pffffltma & Nffffffidanuffl,1FFCH Jeanneffiffd,200C), in the fflame way affl imagined actiffnffl can be cffnfflideffied affl the ffiefflult fff a fflimulatiffn fff the cffffiffiefflfiffnding ffveffit actiffn (e.g., walking and imagined walking, Decety,Jeanneffiffd,& Pffiablanc,1FEF). In fftheffi wffffidffl, the mfftffffi fflimulatiffn hyfifftheffliffl ffluggeffltffl that the fflfieech mfftffffi fflyffltem fflhffuld be invfflved duffiing inneffi fflfieech fiffiffductiffn.

Nccffffidingly, in the fflame way that mfftffffi imageffiy iffl ufflually accffmfianied by fieffiifiheffial mufflculaffi activatiffn (fffffi a ffieview, fflee [START_REF] Tuillfft | Rlectffiffmyffgffiafihic activity duffiing mfftffffi imageffiy[END_REF], inneffi fflfieech fiffiffductiffn fflhffuld alfflff be afflfflffciated with activatiffn in the fflfieech mufflcleffl. Thiffl hyfifftheffliffl haffl been cffffiffiffbffffiated by many ffltudieffl fflhffwing fieffiifiheffial mufflculaffi activatiffn duffiing inneffi fflfieech fiffiffductiffn (e.g., Livefflay et al.,1FFCH Lffcke,1FD0H Lffcke & Sehffi,1FD0H McTuigan & Dffllinffl,1FEFH McTuigan & Winffltead,1FDAH Sffkfflffv,1FD2), duffiing auditffffiy veffibal hallucinatiffnffl in fiatientffl with fflchizfffihffienia [START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF] and duffiing induced ffiuminatiffn (Nalbfffficzyk et al.,201D).

Sffme authffffiffl alfflff ffiecently demffnffltffiated that it waffl fifffflfflible tff decffde inneffi fflfieech cffntent 1E2 D.1. INTRODUPTION baffled ffn ffluffiface electffiffmyffgffiafihy fflignalffl (Kafiuffi et al.,201E), althffugh fftheffi teamffl failed tff ffbtain ffluch ffiefflultffl (e.g., Meltzneffi et al.,200E).

The cffffiffllaffiy hyfifftheffliffl might be dffiawn, accffffiding tff which the fiffiffductiffn fff inneffi fflfieech (and ffiuminatiffn) fflhffuld be a ected by a difflffiufitiffn fff the fflfieech mfftffffi fflyffltem. Thiffl idea iffl fflufififfffited by a laffige numbeffi fff wffffiking memffffiy ffltudieffl uffling affiticulatffffiy fflufififfiefflffliffn tff inteffifeffie with the fflubvffcal ffieheaffifflal cffmfiffnent fff wffffiking memffffiy, leading tff imfiaiffied ffiecall fieffifffffimance (e.g., Oaddeley et al., 1FEAH Laffifflen & Oaddeley, 2003). Nlthffugh affiticulatffffiy fflufififfiefflffliffn ufflually ffiefeffiffl tff the ffveffit and vffcaliffled ffiefietitiffn fff fflfieech fflffundffl (e.g., ffiefieating a fflyllable ffffi a wffffid ffut lffud), ffleveffial ffltudieffl have fflhffwn that cffncuffiffient fflubvffcalifflatiffn ffffi mechanical fieffituffibatiffn fff the fflfieech mfftffffi fflyffltem (e.g., unvfficed ffffi mffuthed fflfieech) cffuld alfflff inteffifeffie with fflfieech filanning (e.g., Reifflbeffig et al., 1FEFH Smith et al.,1FFB). Inteffieffltingly, the e ectffl fff thiffl mfftffffi inteffifeffience affie ufflually defflcffiibed affl incffieafflingly e cient defiending ffn the degffiee fff "enactment", ffianging fffiffm fflilent mffuthing tff vffcaliffled utteffiance (Reifflbeffig et al.,1FEF).

The e ectffl fff affiticulatffffiy fflufififfiefflffliffn ffn inneffi fflfieech fiffiffductiffn affie alfflff knffwn tff defiend ffn fftheffi factffffiffl ffluch affl the cffmfilexity and the nffvelty fff the inneffi fflfieech cffntent (Sffkfflffv,1FD2). Similaffily, the e ectffl fff affiticulatffffiy fflufififfiefflffliffn ffleem tff vaffiy accffffiding tff the degffiee tff which inneffi fflfieech fiffiffductiffn haffl been autffmatiffled (e.g., ffieheaffiffling nffvel vffl. knffwn cffntent, Sffkfflffv, 1FD2). Theffiefffffie, inneffi fflfieech might be mffffie ffffi lefflffl a ected by mechanical cffnffltffiaintffl, defiending ffn the tyfie fff inneffi fflfieech tff be fiffiffduced. Nffl ffluggefflted in the PffnDialInt mffdel fiffiefflented in Tffiandchamfi et al. (201F), inneffi fflfieech might vaffiy in fffffim alffng ffleveffial dimenffliffnffl, ffluch affl "enactment" (i.e., the degffiee fff imfilicatiffn fff the fflfieech mfftffffi fflyffltem), itfflelf ffielated tff cffndenfflatiffn (fflffme fffffimffl affie fflyntactically and lexically cffndenffled, fftheffiffl include full fflyntactical, lexical, fihffnfflffgical and affiticulatffffiy fflfieci catiffn). Theffle di effient dimenffliffnffl and vaffiietieffl fff inneffi fflfieech have been thffffiffughly ffltudied by exfieffiience fflamfiling methffdffl and flueffltiffnnaiffieffl (e.g., Uuffilbuffit, 2011H Uuffilbuffit et al., 2013H McPaffithy-Jffneffl & Seffinyhffugh, 2011) but alfflff mffffie ffiecently uffling neuffiffimageffiy (Tffiandchamfi et al.,201F). In light fff theffle cffnfflideffiatiffnffl, a centffial flueffltiffn fff the fiffiefflent affiticle iffl tff elucidate whetheffi ffiuminatiffn iffl a fffffim fff inneffi fflfieech that iffl a ected by affiticulatffffiy fflufififfiefflffliffn.

It haffl been highlighted that earworms (i.e., "invffluntaffiy mufflical imageffiy") might fflhaffie fflffme fflimilaffiitieffl with ffiefietitive negative thffughtffl ffluch affl ffbfflefflffliffnal thffughtffl (fflee a ffieview in [START_REF] Oeaman | Raffiwffffimffl (ffltuck fflffng fflyndffiffme)G Tffwaffidffl a natuffial hiffltffffiy fff intffiufflive thffughtffl[END_REF]. In a ffiecent ffltudy, Oeaman and cfflleagueffl have fflhffwn that chewing a gum induced a ffieductiffn in the numbeffi fff fflelf-ffiefiffffited eaffiwffffimffl efiifflffdeffl, in cffmfiaffiifflffn tff a ffiefflting cffnditiffn (Oeaman,Pffwell,& Rafiley,201B). Uffweveffi, theffle ffiefflultffl fflhffuld be inteffififfieted cautiffufflly, affl the gum-chewing cffnditiffn waffl cffmfiaffied tff a ffiefflting (fiafflfflive) cffnditiffn and nfft tff an active cffntffiffl cffnditiffn (e.g., ngeffi-tafifiing) in Rxfieffiiment 1 and Uffweveffi, it fflhffuld be nffted that theffle ffiefflultffl cffntffiadict ffleveffial fiffieviffuffl ffiefflultffl (e.g., [START_REF] Kffzlffv | Tummed-ufi memffffiyG Phewing gum imfiaiffiffl fflhffffit-teffim ffiecall[END_REF] and fflhffuld theffiefffffie be inteffififfieted affl ffluggeffltive.

Tff the befflt fff ffuffi knffwledge, ffnly ffne ffltudy inveffltigated the e ectffl fff a fieffituffibatiffn fff the fflfieech mfftffffi fflyffltem ffn veffibal ffiefietitive negative thinking (Rafiee,1FF3). Thiffl ffltudy ffievealed a "maffiginally ffligni cant" decffieaffle in wffffiffiy-ffielated thffughtffl fffllffwing an affiticulatffffiy fflufififfiefflffliffn. In the fflame vein, we ffiecently caffiffiied ffut a ffltudy in which we cffmfiaffied the e ectffl fff an affiticulatffffiy fflufififfiefflffliffn (fflilent mffuthing) tff the e ectffl fff ngeffi-tafifiing fffllffwing a ffiuminatiffn inductiffn (Nalbfffficzyk et al.,201E). The ffiefflultffl fff thiffl ffltudy ffievealed, affl in Rafiee (1FF3), a maffiginally fflufieffiiffffi e ect fff affiticulatffffiy fflufififfiefflffliffn (cffmfiaffied tff ngeffi-tafifiing) in ffieducing fflelf-ffiefiffffited ffltate ffiuminatiffn. Uffweveffi, it waffl nfft cleaffi whetheffi thiffl e ect waffl due tff affiticulatffffiy fflufififfiefflffliffn fieffi ffle ffffi tff extffianeffuffl factffffiffl ffluch affl baffleline di effienceffl (fflee difflcufflffliffn in Nalbfffficzyk et al.,201E).

In the fiffiefflent ffltudy, we aimed tff inveffltigate whetheffi ffiuminatiffn invfflveffl affiticulatffffiy featuffieffl by inteffifeffiing with the activity fff the fflfieech mfftffffi fflyffltem duffiing ffiuminatiffn. Tff thiffl end, we cffmfiaffied the e ectffl fff an affiticulatffffiy fflufififfiefflffliffn (gum-chewing) tff a cffntffiffl mfftffffi activity ( ngeffi-tafifiing), fffllffwing eitheffi an inductiffn fff (veffibal) ffiuminatiffn ffffi an inductiffn fff (veffibal) fiffiffblem-fflfflving. We exfiected tff nd lefflffl fflelf-ffiefiffffited ffltate ffiuminatiffn fffllffwing a fieffiiffd fff affiticulatffffiy fflufififfiefflffliffn than fffllffwing a fieffiiffd fff ngeffi-tafifiing.

Mffffieffveffi, becauffle bffth ffiuminatiffn and fiffiffblem-fflfflving affie exfiected tff be (at leafflt fiaffitially) blffcked by affiticulatffffiy fflufififfiefflffliffn, we exfiected affiticulatffffiy fflufififfiefflffliffn tff ffieduce the detffiimental e ectffl fff ffiuminatiffn ffn mffffd (in cffmfiaffiifflffn tff ngeffi-tafifiing), wheffieaffl we exfiected affiticulatffffiy fflufififfiefflffliffn tff ffieduce the bene cial (ffffi lefflffl detffiimental, in cffmfiaffiifflffn tff ffiuminatiffn) e ectffl fff fiffiffblem-fflfflving ffn mffffd (in cffmfiaffiifflffn tff ngeffi-tafifiing).

Methods

In the Methods and Data analysis fflectiffnffl, we ffiefiffffit hffw we deteffimined ffuffi fflamfile fflize, all data excluffliffnffl, all manifiulatiffnffl, and all meaffluffieffl in the ffltudy [START_REF] Simmffnffl | N 21 wffffid fflfflutiffn[END_REF]. N fiffie-ffiegifflteffied veffiffliffn fff ffuffi fiffifftffcffl can be fffund ffnlineG httfifflG//fffflf.iff/Eab2d/.

Participants

We uffled the Sequential Bayes Factor fiffiffceduffie affl intffiffduced in Schönbffiffdt et al. (201D) tff deteffimine ffuffi fflamfile fflize. We de ned a ffltatiffltical thffiefflhffld affl B F 10 = 10 and B F 10 = 1 10 (i.e., B F 01 = 10) ffn the e ect fff inteffiefflt. Mffffie fiffiecifflely, we weffie inteffiefflted in the di effience in fflelf-ffiefiffffited ffltate ffiuminatiffn afteffi the fieffiiffd fff mfftffffi activity between the twff ffiuminatiffn gffiffufiffl. In ffffideffi tff fiffievent fifftential exfieffiimenteffi and demand biaffleffl duffiing fflefluential tefflting, the exfieffiimenteffi waffl blind tff Oayeffl factffffiffl cffmfiuted ffn fiffieviffuffl fiaffiticifiantffl 1EA D.2. MRTUODS (Oe affia et al.,201F). Nll ffltatiffltical analyffleffl have been autffmated and a fflingle inffltffiuctiffn waffl ffietuffined tff the exfieffiimenteffi (i.e., "keefi ffiecffiuiting fiaffiticifiantffl" ffffi "ffltfffi the ffiecffiuitment").

We xed the minimum fflamfile fflize tff 100 fiaffiticifiantffl (i.e., affiffund 2B fiaffiticifiantffl fieffi gffiffufi) tff avffid eaffily teffiminatiffnffl fff the fflefluential fiffiffceduffie and the maximum fflamfile fflize tff fffuffi weekffl fff exfieffiiment, including in tfftal 2BB fifftential time ffllfftffl.

Nt the time fff the wffiiting, we weffie nfft able tff cffnduct thiffl fiffiffceduffie until itffl end. We cuffiffiently have data fffffi A2 fiaffiticifiantffl. Theffle fiaffiticifiantffl weffie all female Dutch-fflfieaking ffiight-handed undeffigffiaduate ffltudentffl in Pfflychfflffgy at Thent Univeffifflity (Mean age = 21.2C, SD = 2.2E). They weffie ffiecffiuited via an ffnline filatfffffim and weffie given 10A P in exchange fffffi theiffi fiaffiticifiatiffn. Rach fiaffiticifiant fiffiffvided cffnfflent tff fiaffiticifiate and the fiffiefflent ffltudy waffl afififfiffved by the lffcal ethical cffmmittee fff the Pfflychfflffgy defiaffitment at Thent Univeffifflity.

Material

Trait questionaire measures

Tffiait ffiuminatiffn waffl afflfflefflffled uffling the Dutch veffiffliffn fff the 10-item ffieviffled Ruminative Refflfiffnffle Scale (Raeffl, Ueffimanffl, & Relen, 2003H Tffieynffffi et al., 2003). Thiffl flueffltiffnnaiffie cffmfiffiiffleffl twff fflubfflcaleffl, evaluating eitheffi the Re ection ffffi the Brooding cffmfiffnent fff ffiuminatiffn, wheffie the latteffi ffiefeffiffl tff a lefflffl adafitive fffffim fff ffiuminatiffn (Tffieynffffi et al., 2003).

Tff afflfflefflffl the fiffiefflence and ffleveffiity fff defiffiefflfflive fflymfitffmffl, we adminifflteffied the Dutch veffiffliffn fff the 21-item Oeck Defiffiefflffliffn Inventffffiy (ODI-II-NL, Oeck, Steeffi, & Offiffwn, 1FFCH Van deffi Dffeffl, 2002).

State questionaire measures

State ffiuminatiffn waffl afflfflefflffled duffiing the exfieffiiment via the Dutch veffiffliffn fff the Offiief State Ruminatiffn Inventffffiy (OSRI, Maffichetti et al.,201E). Thiffl flueffltiffnnaiffie cffmfiffiiffleffl eight itemffl meaffluffiing the extent tff which fiaffiticifiantffl affie ffiuminating at the mffment. Theffle itemffl weffie fiffiefflented affl vifflual analffgue fflcaleffl (VNSffl) fflubfflefluently ffiecffded between 0 and 100. The OSRI tfftal fflcffffie iffl cffmfiuted affl the fflum fff theffle eight itemffl and the OSRI haffl been fflhffwn tff have gffffd fifflychffmetffiic fiffifffieffitieffl (Maffichetti et al.,201E). Pfffflitive and negative a ectffl weffie mffnitffffied thffiffughffut the exfieffiiment uffling the Dutch veffiffliffn fff the Pfffflitive and Negative N ect Schedule (PNNNS,Rngelen,Peuteffi,Victffiffi,Diefflt,& Van den Oeffigh,200CH Watfflffn et al.,1FEE).

Thinking-style induction

The thinking-ffltyle inductiffn waffl adafited fffiffm Tffiffl et al. (201B) and cffnfflifflted in twff fiaffitffl.

Siffifflt, fiaffiticifiantffl weffie afflked tff vividly imagine a caffi accident fflcenaffiiff fffiffm a ffifflt-fieffifflffn fieffifflfiective (affl if they weffie dffiiving the caffi). They weffie given between 1min (minimum allffcated Rach fiffiffmfit waffl fiffiefflented fffffi a maximum duffiatiffn fff 2min and the fiaffiticifiant waffl invited tff tyfie heffi thffughtffl in ffieactiffn tff thiffl fiffiffmfit belffw the fiffiffmfit. Paffiticifiantffl weffie afflked tff tyfie theiffi thffughtffl affl they came, withffut fffcuffling tffff much ffn the gffiammatical cffffiffiectnefflffl fff the fflentenceffl they weffie tyfiing.

Articulatory suppression

In the affiticulatffffiy fflufififfiefflffliffn cffnditiffn, fiaffiticifiantffl weffie afflked tff fffien an fffiaflue bffx (difflfiffffled afflide fffiffm the cffmfiuteffi fflcffieen) in which they fffund chewing gumffl. 2 They weffie then afflked tff chew the gum in a "ffluffltained but natuffial way" (in ffffideffi tff avffid tffff much inteffiffiufitiffn) duffiing the next B minuteffl. In the ngeffi-tafifiing cffnditiffn, fiaffiticifiantffl weffie afflked tff tafi with the index fff theiffi nffn-dffminant (i.e., ufflually left) affim at a "ffluffltained but natuffial" fiace fffffi the next B minuteffl. In bffth cffnditiffnffl, fiaffiticifiantffl weffie alfflff afflked tff "cffntinue tff think abffut the caffi-accident fflituatiffn and the fffllffwing fiffiffmfitffl".

Procedure

Ufiffn affiffiiving at the labffffiatffffiy, fiaffiticifiantffl weffie afflked whetheffi they had ffiecently been invfflved in a tffia c accident. Nff fiaffiticifiant waffl excluded ffn thiffl baffliffl. Paffiticifiantffl then cffmfileted the ODI-II-NL flueffltiffnnaiffie. Nff fiaffiticifiant waffl excluded ffn the baffliffl fff a ODI-II-NL fflcffffie gffieateffi than 2F. Nfteffiwaffidffl, fiaffiticifiantffl weffie given a bffiief veffibal ffveffiview fff the exfieffiiment by the exfieffiimenteffi, befffffie the exfieffiimenteffi de nitely left the ffiffffm. The fiaffiticifiant then ffltaffited the exfieffiiment ffn a cffmfiuteffi. The exfieffiiment waffl fiffiffgffiammed with the OfienSefflame fflffftwaffie fiffiffgffiam [START_REF] Mathôt | The vaffiietieffl fff inneffi fflfieechG Linkffl between fluality fff inneffi fflfieech and fifflychfffiathfflffgical vaffiiableffl in a fflamfile fff yffung adultffl[END_REF].

Nfteffi lling-in the cffnfflent fffffim, fiaffiticifiantffl watched a ffleffiieffl fff fflhffffit (affiffund 30ffl each) neutffial videff clififfl fffffi a tfftal duffiatiffn fff Bmn in ffffideffi tff neutffialiffle fiffie-exifflting mffffd di effienceffl between fiaffiticifiantffl (Maffichetti et al.,201EH Samfflffn,Kffieibig,Sffdeffiffltffiffm,Wade,& Tffifffflffl,201B). Then, fiaffiticifiantffl lled-in baffleline meaffluffiementffl fff ffltate ffiuminatiffn 

Data analysis

Statiffltical analyffleffl weffie cffnducted uffling R veffiffliffn 3.B.0 (R Pffffie Team,201E), and affie ffiefiffffited with the papaja (Nufflt & Oaffith,201E) and knitr (Xie,201E) Tff mffdel ffltate ffiuminatiffn and a ect in ffiefflfiffnffle tff the thinking-ffltyle inductiffn and the affiticulatffffiy fflufififfiefflffliffn manifiulatiffn, we tted a ffleffiieffl fff Oayefflian ffiegffiefflffliffn mffdelffl. 3 Theffle analyffleffl weffie cffnducted uffling the brms fiackage (Oüffikneffi,201Eb), an imfilementatiffn fff Oayefflian multilevel mffdelffl that emfilffyffl the fiffiffbabiliffltic fiffiffgffiamming language Stan (Paffifienteffi et al.,201D). Sffuffi chainffl weffie ffiun fffffi each mffdel, including each 10,000 iteffiatiffnffl and a waffimufi fff 2,000 iteffiatiffnffl. Pfffflteffiiffffi cffnveffigence waffl afflfflefflffled examining autffcffffiffielatiffn and tffiace filfftffl, affl well affl the Telman-Rubin ffltatiffltic. Pffnffltant e ectffl effltimateffl weffie fflummaffiiffled via theiffi fifffflteffiiffffi mean and FB% cffiedible inteffival (PffiI), wheffie a cffiedible inteffival inteffival can be cffnfflideffied affl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival, excefit that it can be inteffififfieted in a fiffiffbabiliffltic way (cffntffiaffiy tff cffn dence inteffivalffl, Nalbfffficzyk et al.,201Fb). When afifilicable, we alfflff ffiefiffffit Oayeffl factffffiffl (OSffl) cffmfiuted uffling the Savage-Dickey methffd. A Theffle OSffl can be inteffififfieted affl ufidating factffffiffl, fffiffm fiffiiffffi knffwledge (what we knew befffffie ffleeing the data) tff fifffflteffiiffffi knffwledge (what we knffw afteffi ffleeing the data).

Results

The ffiefflultffl fflectiffn iffl divided intff twff fflectiffnffl inveffltigating the e ectffl fff i) the thinking-ffltyle inductiffn and ii) the inteffiactiffn between the e ect fff the thinking-ffltyle inductiffn (ffiuminatiffn vffl. fiffiffblem-fflfflving) and the e ect fff the mfftffffi activity (chewing vffl. ngeffi-tafifiing) ffn fflelf-ffiefiffffited ffltate ffiuminatiffn and negative a ectffl. Imfiffffitantly, affl data cffllectiffn iffl ffltill ffngffing (it will cffntinue next fflemefflteffi), theffle analyffleffl fflhffuld be cffnfflideffied affl very preliminary. The numbeffi fff ffbffleffivatiffnffl (fiaffiticifiantffl) fieffi cffnditiffn iffl ffiefiffffited in 3 Nn intffiffductiffn tff Oayefflian ffltatiffltical mffdelling iffl ffutfflide the fflcfffie fff the cuffiffient fiafieffi but the inteffiefflted ffieadeffi iffl ffiefeffiffied tff Nalbfffficzyk et al. (201Fa), fffffi an intffiffductiffn tff Oayefflian multilevel mffdelling uffling the brms fiackage.

A Thiffl methffd fflimfily cffnffliffltffl in taking the ffiatiff fff the fifffflteffiiffffi denfflity at the fiffint fff inteffiefflt divided by the fiffiiffffi denfflity at that fiffint [START_REF] Wagenmakeffiffl | Oayefflian hyfifftheffliffl tefflting fffffi fifflychfflffgiffltfflG N tutffffiial ffn the Savage-Dickey methffd[END_REF]. Mffdel cffmfiaffiifflffn ffievealed that the mffdelffl including an inteffiactiffn teffim between the e ect fff time (Session) and the e ect fff the thinking-ffltyle (i.e., ffiuminatiffn vffl. fiffiffblem-fflfflving)

weffie nfft ffianked amffng the befflt mffdelffl accffffiding tff theiffi WNIP (cf. Table D.2). Uffweveffi, fffffi cffmfiletenefflffl, we ffiefiffffit the effltimatiffnffl fffiffm the mffdel including an e ect fff time, an e ect fff thinking-ffltyle, and an inteffiactiffn between theffle twff fiffiedictffffiffl (fflee Table D.A). 

Self-reported negative affects

In additiffn tff the fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn afteffi each tyfie fff mfftffffi activity, we weffie alfflff inteffiefflted in the fflelf-ffiefiffffited levelffl fff ffltate negative a ectffl. Mffffie fiffiecifflely, B Mffffieffveffi, the ffielatiffn between the veffibal fflcale and the change in fflelf-ffiefiffffited ffltate ffiuminatiffn fffllffwing the mfftffffi activity lffffkffl ffnly vaguely lineaffi, which fflhffuld make uffl cautiffuffl abffut the inteffififfietatiffn fff the lineaffi effltimateffl. we exfiected an inteffiactiffn between the tyfie fff mfftffffi activity (chewing vffl. ngeffi-tafifiing) and the thinking-ffltyle (ffiuminatiffn vffl. fiffiffblem-fflfflving). Indeed, affl bffth ffiuminatiffn and fiffiffblem-fflfflving affie exfiected tff ffiecffiuit inneffi fflfieech tff fflffme extent, we exfiected bffth thinking ffltyleffl tff be a ected by affiticulatffffiy fflufififfiefflffliffn (i.e., by gum-chewing). Oecauffle ffiuminatiffn iffl exfiected tff have detffiimental e ectffl ffn mffffd (afflfflefflffled via the PNNNS fflcffffie) and fiffiffblem-fflfflving iffl exfiected tff have "lefflffl detffiimental" e ectffl (in cffmfiaffiifflffn tff ffiuminatiffn), inteffifeffiing with theffle thinking ffltyleffl fflhffuld ffieduce theiffi e ect ffn mffffd. Tff afflfflefflffl thiffl e ect, we examined the inteffiactiffn e ect between thinking-ffltyle and mfftffffi activity ffn the change in negative a ectffl fffiffm baffleline tff afteffi the mfftffffi activity (in fftheffi wffffidffl, ffn the baffleline-nffffimaliffled PNNNS fflcffffie). Theffle data affie defiicted in Siguffie D.A.

Nffl fiffieviffufflly, we cffmfiaffied ffleveffial mffdelffl tff examine ffuffi hyfifftheffleffl. Oaffled ffn ffuffi hyfifftheffleffl, we exfiected that the mffdel cffmfiaffiifflffn wffuld ffieveal a thffiee-way inteffiactiffn between Thinking-ffltyle and the tyfie fff mfftffffi activity. Uffweveffi, the befflt mffdel identi ed by the WNIP mffdel cffmfiaffiifflffn did nfft include thiffl inteffiactiffn affl a cffnffltant e ect (fflee Table D.D). 

Discussion

The difflcufflffliffn fflectiffn will be cffmfileted ffnce data affie fully gatheffied and analyffled. 1). Uffweveffi, the invfflvement fff mfftffffi fiffiffcefflffleffl duffiing inneffi fflfieech iffl highly vaffiiable between individualffl, tafflkffl, and ffltudieffl. Theffiefffffie, it ffleemffl ffieafflffnable tff afflfflume that inneffi fflfieech cffmeffl in di effient varieties that may invfflve fflfieech mfftffffi fiffiffcefflffleffl tff a vaffiiable extent. We tefflted thiffl afflfflumfitiffn by examining the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing induced ffiuminatiffn, a negative and ffiefietitive fffffim fff inneffi fflfieech. In additiffn tff fflhedding light ufiffn the natuffie fff inneffi fflfieech, thiffl wffffik may ff effi new theffffietical and exfieffiimental tfffflffl tff afflfflefflffl the fiffiefflence and fieffiffliffltence fff ffiuminative thffughtffl.

Summary of the results

Nffl affigued in Phafiteffi 1, the guiding afflfflumfitiffn undeffilying thiffl wffffik waffl that (veffibal) ffiuminatiffn may be cffnfflideffied affl a fffffim fff inneffi fflfieech, de ned affl the fflilent fiffiffductiffn fff fflfieech in ffne'ffl mind. Uffnffuffiing that afflfflumfitiffn, we ffltudied induced ffiuminatiffn with the tfffflffl and methffdffl uffled tff inveffltigate the fihenffmenffn fff inneffi fflfieech. In the ffifflt exfieffiimental chafiteffi (Phafiteffi 3), we uffled ffluffiface RMT tff afflfflefflffl the fiffiedictiffnffl fff twff cffmfieting viewffl fff inneffi fflfieech fiffiffductiffn. Nccffffiding tff the motor simulation view, inneffi fflfieech wffuld be fflimilaffi tff ffveffit fflfieech (i.e., it wffuld include full fihffnfflffgical fflfieci catiffn and affiticulatffffiy filanning), excefit that nal executiffn fff the fflfieech actiffnffl iffl inhibited.

Theffiefffffie, if affiticulatffffiy mfftffffi filanning iffl fiaffit fff inneffi fflfieech, and if fiaffitially inhibited mfftffffi cffmmandffl affie fflent tff the fflfieech afifiaffiatuffl, it fflhffuld be fifffflfflible tff ffiecffffid fieffiifiheffial mufflculaffi activatiffn in the fflfieech mufflcleffl duffiing inneffi fflfieech. Nccffffiding tff the abstraction
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view, the level fff tffiuncatiffn between ffveffit fflfieech and inneffi fflfieech wffuld be lffcated higheffi in the fiffiffductiffn fiffiffcefflffl, in the fflenffle that inneffi fflfieech wffuld nfft include affiticulatffffiy featuffieffl. Theffiefffffie, undeffi thiffl view, it iffl nfft exfiected tff ffiecffffid fieffiifiheffial mufflculaffi activatiffn in the fflfieech mufflcleffl duffiing inneffi fflfieech. We ffbffleffived that the inductiffn fff ffiuminatiffn waffl accffmfianied with incffieaffled RMT amfilitude in all facial mufflcleffl (i.e., ffffibiculaffiiffl ffffiiffl infeffiiffffi, ffffibiculaffiiffl ffffiiffl fflufieffiiffffi and fffiffntaliffl) affl cffmfiaffied tff ffiefflt. It fflhffuld be nffted that baffleline ffiecffffidingffl weffie fieffifffffimed afteffi a ffielaxatiffn fflefflffliffn. We inteffififfieted theffle ndingffl affl a cffffiffiffbffffiatiffn fff the mfftffffi fflimulatiffn view, with the activity fff the fflfieech mufflcleffl incffieaffling fffiffm baffleline tff afteffi the inductiffn, ffluggefflting that ffiuminatiffn, affl a fffffim fff inneffi fflfieech, may invfflve the fflfieech mfftffffi fflyffltem. We inteffififfieted the incffieaffled activatiffn fff the fffffiehead mufflcle affl a cffnfflefluence fff the negative cffntent fff ffiuminatiffn, affl the fffiffntaliffl mufflcle iffl knffwn tff be afflfflffciated with the exfiffiefflffliffn fff angeffi and ffladnefflffl. Ndditiffnally, in the fflecffnd fiaffit fff thiffl exfieffiiment, we ffbffleffived that a ffielaxatiffn fffcuffled ffn the fflfieech mufflcleffl waffl ffllightly mffffie e cient than a ffielaxatiffn fffcuffled ffn the affim in ffieducing fflelf-ffiefiffffited ffltate ffiuminatiffn. Uffweveffi, a few imfiffffitant limitatiffnffl affie wffffith keefiing in mind when cffnfflideffiing theffle ffiefflultffl. Siffifflt, affl we did nfft have any cffntffiffl gffiffufi fffffi the ffiuminatiffn inductiffn, it iffl fiffiffblematic tff attffiibute the ffbffleffived e ectffl tff the ffiuminatiffn inductiffn ffnly. 1 Secffnd, and ffielated tff ffuffi ffifflt fiffint, the difflfflffciatiffn between the activatiffn fff the lifi mufflcleffl and the fffffiehead mufflcle may nfft be that ffltffiaightfffffiwaffid. Indeed, it might be that the activatiffn fff bffth ffliteffl waffl ffielated tff ffiuminatiffn affl a fffffim fff inneffi fflfieech, ffffi that the activity fff all facial mufflcleffl waffl ffielated tff negative a ectffl ffnly. Thiffl fiffint echffeffl and ffltffiengthenffl the ffiecffmmendatiffnffl made by Taffiffiity (1FDD) and difflcufflffled in Offx 1.2.

Tff tackle theffle limitatiffnffl, in Phafiteffi A, we fflffught tff examine the di effienceffl between di effient fffffimffl fff induced ffiuminatiffn, that fflhffuld theffffietically invfflve the fflfieech mfftffffi fflyffltem tff a di effient extent. We cffmfiaffied the RMT ffffifffacial cffffiffielateffl fff eitheffi veffibal ffiuminatiffn ffffi nffn-veffibal (vifflual) ffiuminatiffn. Unfffffitunately, fflelf-ffiefiffffitffl fff the mffdal cffntent fff the ffiuminative thffughtffl fflhffwed that ffuffi inductiffn did nfft fflucceed in inducing ffiuminatiffn in di effient mffdalitieffl. Uffweveffi, even when exfilffffiing the (a fifffflteffiiffffii) ffielatiffn between the mffdality fff the ffiuminative thffughtffl and the facial RMT cffffiffielateffl, we failed tff nd the fiffiedicted ffielatiffn. Put fflimfily, veffibal ffiuminatiffn waffl nfft afflfflffciated with mffffie activity in the fflfieech mufflcleffl than vifflual-dffminant ffiuminatiffn. Mffffieffveffi, cffmfiaffiing twff tyfieffl fff ffielaxatiffn (affl in Phafiteffi 3) ffievealed that, in cffntffiafflt tff fiffieviffuffl ffiefflultffl, the affim ffielaxatiffn waffl ffllightly mffffie e cient than the ffffifffacial ffielaxatiffn in ffieducing ffltate ffiuminatiffn. Nveffiaging 1 Mffffie fiffiecifflely, cffncluding p ffn the baffliffl fff q wffuld be cffmmitting the "a ffiming the cffnfflefluent" fallacy, knffwn fffffimally affl p→q,q ∴p . In fftheffi wffffidffl, ffbffleffiving q iffl infflu cient tff cffnclude p becauffle q might have been ffbffleffived fffffi fftheffi ffieafflffnffl than p. In ffuffi fflituatiffn, the RMT amfilitude might have incffieaffled fffffi fftheffi ffieafflffnffl than the ffiuminatiffn inductiffn. Sffffi inffltance, it might be that the RMT amfilitude waffl higheffi afteffi inductiffn ffnly becauffle we cffmfiaffied mufflculaffi activity afteffi inductiffn tff a ffielaxatiffn fieffiiffd (which might fflhffw a lffweffi than ufflual level fff mufflculaffi activity). Nlteffinatively, the incffieaffle in RMT amfilitude might be due tff the fact that fiaffiticifiantffl weffie dffing fflffmething, in fffififffflitiffn tff dffing nffthing (i.e., thiffl incffieaffle may nfft be fflfieci c tff ffiuminatiffn). 20C E.1. SUMMNRY OS TUR RRSULTS the ffielaxatiffn ffiefflultffl fffiffm theffle twff ffifflt ffltudieffl ffievealed that bffth ffielaxatiffn tyfieffl have a fflimilaffi e ect ffn ffltate ffiuminatiffn. Theffle ffiefflultffl theffiefffffie ffluggefflt that veffibal ffiuminatiffn iffl nfft fflfieci cally accffmfianied with fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl, cffmfiaffied with vifflual-dffminant ffiuminatiffn. Uffweveffi, it iffl uncleaffi whetheffi thiffl ffiefflult iffl due tff a fiffffffi fflenfflitivity fff the ffluffiface RMT meaffluffiementffl ffffi tff the fact that ffiuminatiffn iffl a fffffim fff inneffi fflfieech that dffeffl nfft invfflve the fflfieech mfftffffi fflyffltem.

In Phafiteffi B, we fflffught tff ffiefflfflve that ambiguity by examining the ffieliability fff ffuffi RMT meaffluffiementffl tff detect fieffiifiheffial mufflculaffi activity duffiing inneffi fflfieech fiffiffductiffn.

Tff thiffl end, we afflked fiaffiticifiantffl tff fiffiffduce twff liffltffl fff nffnwffffidffl, that weffie deffligned tff induce eitheffi a ffltffiffng activatiffn fff the lifi mufflcleffl ffffi a ffltffiffng activatiffn fff the zygffmaticuffl majffffi mufflcle. We ffiecffffided the RMT amfilitude fff ffleveffial facial mufflcleffl (including the ffffibiculaffiiffl ffffiiffl infeffiiffffi and the zygffmaticuffl majffffi) duffiing the fiffiffductiffn fff theffle nffnwffffidffl in inneffi fflfieech, ffveffit fflfieech, and duffiing the liffltening fff theffle nffnwffffidffl. Siffifflt, cffntffiaffiy tff exfiectatiffnffl, even in the ffveffit mffde, nffnwffffidffl cffntaining fflfiffiead lifi fihffnemeffl (e.g., /i/) did nfft ffiefflult in mffffie RMT activity in the zygffmaticuffl majffffi ffiegiffn than nffnwffffidffl withffut fflfiffiead fihffnemeffl. Similaffily, nffnwffffidffl with lifi fiffifftffiuffliffn did nfft ffiefflult in mffffie RMT activity in the ffffibiculaffiiffl ffffiiffl infeffiiffffi ffiegiffn than nffn-ffiffunded nffnwffffidffl. Thiffl nding ffluggeffltffl that ffluffiface RMT iffl nfft fiffieciffle enffugh tff ffbtain diffiect mufflcle activity. Oaffled ffn fiffieviffuffl ffiefflultffl in the liteffiatuffie, we hyfifftheffliffled that ffluffiface RMT may be uffled tff difflcffiiminate the cffntent (heffie, the clafflffl fff nffnwffffid) fiffiffduced in inneffi fflfieech. Uffweveffi, an autffmatic clafflffli catiffn ffievealed that althffugh we weffie able tff difflcffiiminate cffntent fiffiffduced in ffveffit fflfieech, we weffie nfft able tff difflcffiiminate the cffntent fiffiffduced in inneffi fflfieech baffled ffn ffluffiface RMT meaffluffiementffl. Thiffl ffiefflult ffltandffl in cffntffiafflt with fiffieviffuffl hiffltffffiical ffiefflultffl but alfflff with mffffie ffiecent ffiefflultffl ffbtained by fftheffi teamffl. Uffweveffi, cffiucial di effienceffl between fftheffi ffltudieffl and ffuffiffl include di effienceffl in the mateffiial uffled (e.g., ffluffiface vffl. intffiamufflculaffi ffiecffffidingffl), the fifffiulatiffn (e.g., childffien vffl. adultffl), ffffi the geneffial methffdfflffgy (e.g., hyfifftheffliffl tefflting vffl. clafflffli catiffn and fffitimifflatiffn). Defflfiite thiffl ffluffififfiiffling ffiefflult and the failuffie fff the ffluffiface RMT methffdfflffgy tff "decffde" the cffntent fff inneffi fflfieech, the abundance fff fifffflitive ffiefflultffl in the liteffiatuffie ffltill fflfieakffl in favffuffi fff the fieffiifiheffial mufflculaffi cffmfiffnentffl fff inneffi fflfieech and that it iffl fifffflfflible tff afflfflefflffl it uffling ffluffiface RMT. In ffffideffi tff avffid the fifftential limitatiffnffl fff RMT ffiecffffidingffl, we fflhifted in the fflecffnd fiaffit fff the fiffiefflent wffffik tff anfftheffi ffltffiategy in examining the ffiffle fff mfftffffi fiffiffcefflffleffl in ffiuminatiffn. Mffffie fiffiecifflely, inffltead fff ffiecffffiding fieffiifiheffial mufflculaffi activatiffn fff induced ffiuminatiffn, we tffiied tff diffiectly inteffifeffie with the fflfieech mfftffffi fflyffltem tff check whetheffi thiffl wffuld a ect veffibal ffiuminatiffn.

In Phafiteffi C, we fflet ufi a cffiitical tefflt fff the mfftffffi fflimulatiffn view fff inneffi fflfieech (and ffiuminatiffn). Indeed, if the invfflvement fff the fflfieech mfftffffi fflyffltem iffl necefflfflaffiy duffiing inneffi fflfieech and ffiuminatiffn, then a difflffiufitiffn fff the fflfieech mfftffffi fflyffltem fflhffuld difflffiufit (ffffi imfiaiffi) the fiffiffductiffn fff inneffi fflfieech (and ffiuminatiffn). Tff examine thiffl idea, we cffmfiaffied the e ectffl fff an affiticulatffffiy fflufififfiefflffliffn tafflk tff a ngeffi-tafifiing tafflk, fffllffwing a ffiuminatiffn inductiffn, ffn the levelffl fff fflelf-ffiefiffffited ffltate ffiuminatiffn. Ouffi ffiefflultffl ffluggefflt that fflelf-ffiefiffffited ffltate ffiuminatiffn decffieaffle afteffi bffth mfftffffi activitieffl, with ffnly a ffllightly ffltffiffngeffi decffieaffle fffllffwing affiticulatffffiy fflufififfiefflffliffn, ffluggefflting that ffiuminatiffn wffuld nfft be a fffffim fff inneffi fflfieech that wffuld cffiucially defiend ffn the activity fff the fflfieech mfftffffi fflyffltem (it dffeffl nfft mean that the fflfieech mfftffffi fflyffltem may neveffi be invfflved in ffiuminatiffn, ffnly that itffl invfflvement may nfft be necefflfflaffiy). Uffweveffi, fflffme imfiffffitant limitatiffnffl make the inteffififfietatiffn fff theffle ffiefflultffl delicate. Siffifflt, theffie weffie imfiffffitant di effienceffl between the twff gffiffufiffl (i.e., affiticulatffffiy fflufififfiefflffliffn vffl. ngeffi-tafifiing gffiffufiffl) at baffleline, fifffflfflibly due dff the ffihythmic tffiaining fiffifffiffffled befffffie baffleline meaffluffiementffl. Secffnd, the meaffluffie fff ffltate ffiuminatiffn cffnfflifflted in ffne fflingle nffn-validated fflcale (alffieady uffled in Phafiteffi 3) and may nfft be a ffieliable index fff ffltate ffiuminatiffn. Thiffid, affl in Phafiteffi 3, theffie waffl nff cffntffiffl gffiffufi tff the ffiuminatiffn inductiffn and any e ect fffllffwing tff the ffiuminatiffn inductiffn may nfft be fflfieci cally attffiibutable tff the ffiuminatiffn inductiffn. Sffuffith, theffie iffl fflffme evidence ffluggefflting that ngeffi-tafifiing (with the dffminant hand) may alfflff fieffituffib fflfieech mfftffffi filanning and may theffiefffffie nfft be the befflt cffntffiffl cffnditiffn tff affiticulatffffiy fflufififfiefflffliffn. We fflffught tff ffvefficffme theffle limitatiffnffl in the lafflt emfiiffiical chafiteffi.

Sinally, in Phafiteffi D, we extended the exfieffiiment fffiffm Phafiteffi C by cffmfiaffiing the e ectffl fff affiticulatffffiy fflufififfiefflffliffn (vffl. ngeffi-tafifiing) ffn ffiuminatiffn and fiffiffblem-fflfflving, anfftheffi (mffffie adafitive) fffffim fff ffiefietitive thinking. Tff ffvefficffme the limitatiffnffl fff the fiffieviffuffl exfieffiiment, we uffled a validated fflcale fff ffltate ffiuminatiffn and afflked ffuffi fiaffiticifiantffl tff uffle theiffi nffn-dffminant fffffieaffim in the ngeffi-tafifiing cffnditiffn. We alfflff made ffluffie that ffuffi baffleline meaffluffiementffl weffie nfft cffntaminated by any fflyffltematic e ect. The data cffllectiffn fffffi thiffl exfieffiiment iffl ffltill ffngffing and given the veffiy lffw fflamfile fflize (affiffund 10 fiaffiticifiantffl fieffi gffiffufi at the time fff wffiiting), we will nfft cffnfflideffi theffle ffiefflultffl fuffitheffi in the fiffiefflent difflcufflffliffn. Uffweveffi, fiffieliminaffiy analyffleffl fiffiefflented in the ffiefflultffl fflectiffn fff Phafiteffi D ffluggefflt that affiticulatffffiy fflufififfiefflffliffn may indeed inteffifeffie with induced ffiuminatiffn.

Theoretical implications of the results

Epistemological interlude

In ffffideffi tff fully afififfiehend the theffffietical imfilicatiffnffl fff theffle ffiefflultffl, it might be uffleful tff ffifflt cleaffily affiticulate the lffgical affigument elabffffiated thffiffughffut the fiffiefflent wffffik. In the ffifflt fiaffit (the RMT ffltudieffl fiffiefflented in Phafiteffi 3 and A), the lffgical affigument waffl affl fffllffwfflG if veffibal ffiuminatiffn iffl a fffffim fff inneffi fflfieech, then ffiuminatiffn fflhffuld be accffmfianied by fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl. Uffweveffi, gffing fffiffm the fflubffltantive hyfifftheffliffl (veffibal ffiuminatiffn iffl a fffffim fff inneffi fflfieech) tff the exfieffiimental fiffiedictiffn In fftheffi wffffidffl, we fflay that if the enfflemble fff fiffiemiffleffl p (i.e., the cffnjunctiffn fff the theffffietical afflfflumfitiffn, auxiliaffiy hyfifftheffleffl, etc.) iffl tffiue, it fflhffuld fffllffw that q iffl tffiue.

Theffiefffffie, ffltating p fflu ceffl tff cffnclude q (mffduffl fiffnenffl), that iffl, p entailffl q. Tff be even mffffie fiffieciffle, when we tefflt a theffffiy fiffiedicting that if O 1 (fflffme exfieffiimental manifiulatiffn ffffi fiffiedictffffi vaffiiable), then O 2 (fflffme ffbffleffivatiffn ffffi meaffluffied vaffiiable), what we actually fflay iffl that thiffl ffielatiffn hffldffl if and only if all the cffnjunctffl abffve affie tffiue. Thuffl, the lffgical ffltffiuctuffie fff an emfiiffiical tefflt fff a theffffiy can be defflcffiibed affl the fffllffwing cffncefitual fffffimula (e.g., Meehl, 1FF0, 1FFD)G

(T ∧ A 1 ∧ A 2 ∧ A 3 ∧ I 1 ∧C p ∧C n ) → (O 1 ⊃ O 2 )
wheffie the "∧" affie cffnjunctiffnffl ("and"), the affiffiffw "→" denffteffl deductiffn ("fffllffwffl that …"), and the hffffifflefflhffe "⊃" iffl the mateffiial cffnditiffnal ("If O 1 , Then O 2 "). A t iffl a cffnjunctiffn fff auxiliaffiy theffffiieffl, C p iffl a ceteribus paribus clauffle (i.e., we afflfflume theffie iffl nff fftheffi factffffi exeffiting an afififfieciable in uence that cffuld ffbfufflcate the main e ect fff inteffiefflt), I 1 iffl an auxiliaffiy theffffiy ffiegaffiding inffltffiumentffl, and C n iffl a ffltatement abffut exfieffiimentally ffiealiffled cffnditiffnffl (i.e., we afflfflume that theffie iffl nff fflyffltematic effiffiffffi/nffiffle in the exfieffiimental fflettingffl).

In fftheffi wffffidffl, we imfily that a cffnjunctiffn fff all the elementffl ffn the left-fflide (including ffuffi fflubffltantive theffffiy T ) dffeffl imfily the ffiight fflide fff the affiffiffw, that iffl, "if O1, then O2". Sffiffm theffie, ffbffleffiving q (wheffie q ffiefiffiefflentffl the ffiight-fflide fff the abffve fffffimula) dffeffl nfft allffw infeffiffiing p (a ffiming the cffnfflefluent fallacy) but nfft ffbffleffiving q (¬q) allffwffl infeffiffiing nfft p (¬p) via the mffduffl tffllenffl. Uffweveffi, nfft ffbffleffiving q dffeffl nfft fieffimit tff ffiefute the fflubffltantive hyfifftheffliffl T alffne. Ratheffi, nfft ffbffleffiving q ffnly allffwffl fffffi the ffiefutatiffn fff p, the conjunction fff all elementffl defflcffiibed abffve (i.e., T ∧ A 1 ∧ A 2 ∧ A 3 ∧ I 1 ∧ C p ∧ C n ). Put fffffimally, negating the cffnjunctiffn iffl lffgically efluivalent tff ffltating a diffljunctiffn fff the cffnjunctffl (i.e., eitheffi ffne ffffi the fftheffi fff the cffnjunctffl iffl falffleH Meehl, 1FF0). Theffiefffffie, nfft ffbffleffiving q ffnly allffwffl fffffi a ffiefutatiffn fff p tff an extent that iffl functiffn fff the (im)filaufflibility fff the fftheffi cffnjunctffl in p (i.e., A 1 , A 2 , A 3 , I 1 , C p and C n ). Tff fflum ufi, failing tff ffbffleffive a fiffiedicted ffutcffme dffeffl nfft necefflfflaffiily mean that the theffffiy itfflelf iffl wffiffng, but ffiatheffi that the cffnjunctiffn fff the theffffiy and the undeffilying afflfflumfitiffnffl at hand affie invalid (Lakatffffl,1FDCH Meehl,1FF0,1FFD).

Similaffily, the lffgical affigument fffiffm the fflecffnd fiaffit (i.e., the ffielaxatiffn exfieffiimentffl fiffiefflented in Phafiteffi 3 and A affl well affl the affiticulatffffiy fflufififfiefflffliffn ffltudieffl fiffiefflented in Phafiteffi C and D) Similaffily, the maffiginal fifffflteffiiffffi ffveffi the auxiliaffiy iffl given byG P (a|d ) = P (ha|d ) + P (¬ha|d ).

Tff fflum ufi, althffugh failing tff ffbffleffive an ffutcffme fiffiedicted by a fflubffltantive theffffiy cannfft cffunt affl a ffltffiict falffli catiffn fff that theffffiy, a Oayefflian cffn ffimatiffnifflt fffiamewffffik fieffimitffl tff afflfflefflffl the filaufflibility fff each cffnjunct fflefiaffiately and tff guide the ffiatiffnal ufidating fff knffwledge in the light fff incffming data (fffffi mffffie detailffl, fflee Teffifflhman, 201FH Stffievenffl, 2001).

In the next fflectiffn, we ffievifflit ffuffi ffiefflultffl, keefiing theffle cffncefitffl in mind, in ffffideffi tff afflfflefflffl the filaufflibility fff each cffnjunct and the evfflutiffn fff theffle filaufflibilitieffl thffiffughffut the data we accumulated in ffuffi wffffik.

Re-reading our results

What Tff fflum ufi, althffugh ffluffiface RMT meaffluffiementffl may be uffled tff afflfflefflffl the cffntent fff inneffi fflfieech fiffiffductiffn (in fflu ciently well fiffweffied exfieffiimental defflignffl), it might nfft be uffled tff afflfflefflffl the fiffiefflence fff mffffie natuffialiffltic and unifluely (i.e., ffn a fflingle ffccaffliffn) ffccuffiffiing fffffimffl fff inneffi fflfieech. Tff fiut it in fftheffi wffffidffl, althffugh ffuffi inffltffiumental afflfflumfitiffn I 1 abffut the ffieliability fff RMT meaffluffiementffl may be valid in well-fiffweffied defflignffl, it may nfft be valid in RMT ffltudieffl fff ffiuminatiffn (which may imfiede the ability tff tefflt ffuffi fflubffltantive hyfifftheffleffl ffiegaffiding the ffiffle fff mfftffffi fiffiffcefflffleffl in inneffi fflfieech and ffiuminatiffn). We fflhall nffw examine the ffiefflultffl fffiffm the fflecffnd fiaffit fff the theffliffl, in which we diffiectly tffiied tff inteffifeffie with the fflfieech mfftffffi fflyffltem duffiing ffiuminatiffn.

Refflultffl fffiffm thiffl fflecffnd fiaffit include the ffiefflultffl fffiffm the ffielaxatiffn exfieffiimentffl ffiefiffffited in Phafiteffi 3 and A affl well affl the affiticulatffffiy fflufififfiefflffliffn ffltudy fiffiefflented in Phafiteffi C (affl difflcufflffled fiffieviffufflly, we will nfft cffnfflideffi the fiffieliminaffiy ffiefflultffl fffiffm Phafiteffi D). Nffl difflcufflffled in fflectiffn E.1, the cffmbined ffiefflultffl fffiffm the ffielaxatiffn exfieffiimentffl fiffiefflented in Phafiteffi 3

and A ffluggefflt that a ffielaxatiffn fffcuffled ffn the ffffifffacial affiea waffl nfft mffffie e cient than a ffielaxatiffn fffcuffled ffn the nffn-ffffifffacial (bffiachial) affiea. Thiffl ffbffleffivatiffn iffl inteffiefflting in many wayffl. Siffifflt, it highlightffl the need fffffi ffiefilicatiffn. Indeed, baffled ffn the ffiefflultffl fffiffm Phafiteffi 3 ffnly, we wffuld have cffncluded that ffltate ffiuminatiffn cffuld be ffieduced via taffigeted ffielaxatiffn.

Recififfiffcally, baffled ffn the ffiefflultffl fffiffm Phafiteffi A ffnly, we wffuld have cffncluded that ffltate ffiuminatiffn cffuld be ffieduced by ffielaxatiffn fffcuffled ffn the affim. It iffl ffnly the cffmbined cffnfflideffiatiffn fff bffth ffiefflultffl that allffwed uffl tff ffbffleffive thiffl null e ect. Secffnd, it fflhffwffl that althffugh ffielaxatiffn may decffieaffle ffltate ffiuminatiffn, the e ect fff ffielaxatiffn iffl nfft fflfieci c tff fflfieech mfftffffi fiffiffcefflffleffl (bffth tyfieffl fff ffielaxatiffn weffie eflually e ective, ffn aveffiage, in ffieducing ffltate ffiuminatiffn). 3 Theffle ffiefflultffl ffluggefflt that the activity fff the fflfieech mfftffffi fflyffltem Oveffiall, theffle ffiefflultffl ffluggefflt that ffiuminatiffn dffeffl nfft necessitate the activity fff the fflfieech mfftffffi fflyffltem (affl it ffleemed nfft tff be afflfflffciated with fflfieci c activity in the fflfieech mufflcleffl and affl it ffleemed nfft tff be mffffie ffltffiffngly a ected by affiticulatffffiy fflufififfiefflffliffn than manual fflufififfiefflffliffn). In the next fflectiffnffl, we difflcufflffl the imfilicatiffnffl fff theffle ffiefflultffl fffffi theffffiieffl fff inneffi fflfieech and ffiuminatiffn and ffluggefflt wayffl fffffiwaffid fffiffm an exfieffiimental fieffifflfiective.

Implication of these results for inner speech theories

Uffw cffuld it be that fflffme fffffimffl fff inneffi fflfieech invfflve the fflfieech mfftffffi fflyffltem tff an extent that iffl fluanti able uffling ffluffiface RMT wheffieaffl fflffme fftheffiffl fffffimffl (e.g., ffiuminatiffn)

dff nfft? Thiffl flueffltiffn can be afififfiffached fffiffm di effient fieffifflfiectiveffl and at di effient levelffl fff exfilanatiffn. Nffl difflcufflffled in Phafiteffi 1, Vygfftfflky'ffl mffdel fff inneffi fflfieech develfffiment and Seffinyhffugh (200A)'ffl extended fffuffi-level mffdel ffluggefflt that inneffi fflfieech may be exfiffiefflffled with di effient degffieeffl fff "exteffinalifflatiffn", fffiffm cffndenffled inneffi fflfieech tff exfianded inneffi fflfieech. Theffle fffffimffl fff inneffi fflfieech affie fflituated ffn a cffntinuum and it ffleemffl legitimate tff afflfflume that mffffie exfianded fffffimffl fff inneffi fflfieech ffiecffiuit the fflfieech mfftffffi fflyffltem tff a gffieateffi extent than mffffie cffndenffled fffffimffl fff inneffi fflfieech. Thiffl idea iffl fflufififfffited by many ffltudieffl fflhffwing a fiffiffgffiefflfflive exteffinalifflatiffn fff inneffi fflfieech undeffi cffgnitively demanding fflituatiffnffl (e.g., Sffkfflffv, 1FD2). Uffweveffi, theffle mffdelffl dff nfft ffltifiulate hffw the invfflvement fff the fflfieech mfftffffi fflyffltem iffl ffiegulated. What mechanifflm(ffl) may exfilain the di effienceffl in the degffiee fff invfflvement fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn?

Nffl difflcufflffled fiffieviffufflly, Sffkfflffv (1FD2) alfflff ffbffleffived that the "exteffinalifflatiffn" fff inneffi fflfieech A waffl a functiffn fff the nffvelty fff the tafflk and fff the degffiee fff autffmaticity. Uffw waffl alfflff inteffifeffiing with fflfieech mfftffffi fiffiffcefflffleffl and with ffiuminatiffn.

A Oy "exteffinalifflatiffn" we mean heffie the degffiee tff which inneffi fflfieech ffiecffiuitffl the fflfieech mfftffffi fflyffltem, with cffuld the di culty, nffvelty, and autffmaticity fff the tafflk in uence the exteffinalifflatiffn fff inneffi fflfieech? We alffieady ffutlined fflffme fifffflfflible anfflweffiffl tff thiffl flueffltiffn in Phafiteffi 1. Nccffffiding tff Pffhen (1FEC), the fiffiefflence fff mfftffffi activity duffiing inneffi fflfieech may be inteffififfieted in teffimffl fff attentiffnal fflhaffiing. Sffffi inffltance, cffgnitively demanding fflituatiffnffl (e.g., nffvel ffffi di cult tafflkffl) affiguably ffiefluiffie gffieateffi amffunt fff attentiffn tff be fieffifffffimed. In theffle fflituatiffnffl, the vividnefflffl fff inneffi fflfieech fiefficefitffl cffuld be ffltffiengthened by incffieaffling the fflfieech mfftffffi activity, ffiefflulting in mffffie fflalient auditffffiy fiefficefitffl. Nlteffinatively, the gffieateffi exteffinalifflatiffn fff inneffi fflfieech in cffgnitively demanding tafflkffl may be ffieffltated in the mfftffffi cffntffiffl fffiamewffffik by fiffffltulating that lffweffi amffunt fff inhibitiffn will be afifilied tff blffck mfftffffi cffmmandffl duffiing inneffi fflfieech, ffiefflulting in higheffi levelffl fff mfftffffi activity (and alfflff affiguably mffffie vivid inneffi fflfieech fiefficefitffl). Theffle twff exfilanatiffnffl affie nfft incffmfiatible and affl difflcufflffled fiffieviffufflly, the mffdulatiffn fff the amffunt fff inhibitiffn fiffiffvideffl a mechanifflm thffiffugh which inneffi fflfieech fiefficefitffl affie ffieinffffficed (ffffi nfft).

Uffw dffeffl thiffl t with ffuffi ffiefflultffl and with ffiuminatiffn mffffie fflfieci cally? Nffl we will affigue, ffiuminatiffn can be cffnfflideffied affl a mental habit, that iffl, a mental fiffiffcefflffl that became autffmatic by ffiefietitiffn (cf. ffuffi mffffie detailed difflcufflffliffn in the next fflectiffn). Nffl difflcufflffled in fflectiffn 1.2.3, the fieffiifiheffial mufflculaffi activatiffn ffften ffbffleffived duffiing mfftffffi imageffiy and inneffi fflfieech may be attffiibuted tff (the cffnfflefluenceffl fff ) fiaffitially inhibited mfftffffi cffmmandffl (i.e., tff ffiefflidual mffvementffl). Theffiefffffie, vaffiiatiffnffl in the amffunt fff fieffiifiheffial mufflculaffi activity ffiecffffided duffiing inneffi fflfieech fiffiffductiffn may be attffiibuted tff vaffiiatiffn in the amffunt fff inhibitiffn afifilied tff mfftffffi cffmmandffl ifflfflued duffiing inneffi fflfieech fiffiffductiffn. Thuffl, ffiuminatiffn, may be cffnfflideffied affl a ffltffiffngly inteffinaliffled fffffim fff inneffi fflfieech that dffeffl nfft ffiecffiuit the fflfieech mfftffffi fflyffltem (in fftheffi wffffidffl, the mfftffffi cffmmandffl that emitted duffiing thiffl fffffim fff inneffi fflfieech affie gffieatly inhibited [START_REF] Saeki | Offieaking a habitG N fuffitheffi ffiffle fff the fihffnfflffgical lfffffi in actiffn cffntffiffl[END_REF]. In fftheffi wffffidffl, the mfftffffi imageffiy (ffffi inneffi fflfieech) fff nffvel veffiffluffl knffwn mateffiial wffuld be undeffifiinned by di effient fiffiffcefflffleffl that wffuld invfflve the mfftffffi fflyffltem tff a di effient extent. Thiffl diffltinctiffn echffeffl [START_REF] Pickeffiing | Nn integffiated theffffiy fff language fiffiffductiffn and cffmfiffiehenffliffn[END_REF]'ffl diffltinctiffn between the fiffiedictiffn-by-afflfflffciatiffn and fiffiedictiffn-by-fflimulatiffn mechanifflmffl in language fiefficefitiffn and cffmfiffiehenffliffn. They ffluggefflted that the fiffiedictiffn-by-afflfflffciatiffn mechanifflm ffielieffl mffffie ffn fiefficefitual fflenfflffffiy exfieffiienceffl and dffmain-geneffial cffgnitive abilitieffl (ffluch affl memffffiy) wheffieaffl the fiffiedictiffn-by-fflimulatiffn mechanifflm wffuld ffiely mffffie fflimulatiffn fff the mfftffffi actiffn leading tff the fflfieech auditffffiy fiefficefit. Theffle twff mechanifflmffl may be uffled cffnjffintly and weighed di effiently accffffiding tff the tafflk that iffl fieffifffffimed. The flueffltiffn ffiemainffl tff knffw hffw thiffl weighting iffl fieffifffffimed. We may fflfieculate that fffffi each tafflk tff be fieffifffffimed, an affltute tefflt iffl ffifflt fieffifffffimed (fffffi inffltance baffled ffn familiaffiity), in ffffideffi tff deteffimine whetheffi the actiffn tff be fieffifffffimed iffl nffvel ffffi nfft, and whetheffi itffl cffnfflefluenceffl fflhffuld be ffietffiieved fffiffm memffffiy (ffffi infeffiffied via afflfflffciative mechanifflmffl) ffffi whetheffi they fflhffuld be fflimulated/emulated. In the fffffimeffi caffle, nff fieffiifiheffial mufflculaffi activity iffl exfiected, wheffieaffl in the latteffi caffle, the fflfieech mfftffffi fflyffltem wffuld be invfflved in fflimulating/emulating the cffffiffiefflfiffnding ffveffit actiffn. Sffffi fflimulated/emulated actiffnffl, the mfftffffi cffnfflefluenceffl fff fiaffitially inhibited mfftffffi cffmmandffl (i.e., fflmall ffiefflidual mffvementffl) cffuld be ffiecffffided fieffiifiheffially uffling ffluffiface electffiffmyffgffiafihy (cf. alfflff the motor simulation vffl. direct simulation (memffffiy ffietffiieval) diffltinctiffn in [START_REF] Tian | Mental imageffiy fff fflfieechG Linking mfftffffi and fiefficefitual fflyffltemffl thffiffugh inteffinal fflimulatiffn and effltimatiffn[END_REF].

Mffffieffveffi, affl difflcufflffled in fflectiffn 1.2.2, theffie iffl cuffiffiently a debate affl tff the befflt affichitectuffie tff mffdel the cffntffiffl fff mfftffffi actiffnffl, and thiffl debate cffuld be extended tff inneffi fflfieech fiffiffductiffn. Mffffie fiffiecifflely, Pickeffiing & Plaffik (201A) made a diffltinctiffn between twff tyfieffl fff affichitectuffieffl, di effiing by the filace fffffiwaffid mffdelffl filay in theffle affichitectuffieffl. Siffifflt, in auxiliaffiy fffffiwaffid mffdelffl (NSM), fffffiwaffid mffdelffl affie cffnfflideffied affl "fflfiecial-fiuffififfffle fiffiedictiffn mechanifflmffl imfilemented by additiffnal cifficuitffiy diffltinct fffiffm cffffie mechanifflmffl fff fiefficefitiffn and actiffn". Secffnd, in integffiated fffffiwaffid mffdelffl (ISM), fffffiwaffid mffdelffl "lie at the heaffit fff all fffffimffl fff fiefficefitiffn and actiffn" (Pickeffiing & Plaffik,201A). In fftheffi wffffidffl, fffffiwaffid mffdelffl affie thffught tff be additiffnal inteffinal mffdelffl fflfieci cally develfffied fffffi the fiuffififfffle fff emulating mfftffffi actiffnffl (NSM) ffffi the emulatiffn and fiffiedictiffn functiffn iffl thffught tff be ffiealiffled by the fflame mechanifflmffl that handle the fiffiffductiffn fff mfftffffi actiffnffl (ISM). Relatedly, [START_REF] Sffiiffltffn | What iffl fffitimal abffut mfftffffi cffntffiffl?[END_REF] affigued fffffi an ISM affichitectuffie and fflhffwed hffw mfftffffi cffntffiffl can be fffffimaliffled in a Oayefflian fiffiedictive fffiamewffffik, wheffie fffitimal cffntffiffl can be ffleen affl (active) infeffience. In theffle mffdelffl, theffie wffuld be nff need fffffi an inveffiffle mffdel, becauffle the inveffiffle mffdel can be ffiefilaced by a

Oayefflian inveffiffliffn fff the fffffiwaffid mffdel. Nccffffiding tff [START_REF] Sffiiffltffn | What iffl fffitimal abffut mfftffffi cffntffiffl?[END_REF], "Nctive infeffience efflchewffl the haffid inveffiffle fiffiffblem by ffiefilacing fffitimal cffntffiffl fflignalffl that fflfiecify mufflcle mffvementffl (in an intffiinfflic fffiame) with fiffiiffffi beliefffl abffut limb tffiajectffffiieffl (in an extffiinfflic fffiame)" (fi.AF1).

In thiffl kind fff mffdel, mfftffffi cffmmandffl affie ffiefilaced by tfffi-dffwn (fiffifffiffiiffcefitive) fiffiedictiffnffl that dffiive the adjuffltment fff the mfftffffi filant (i.e., that fiffiffduce mffvementffl). Thiffl idea iffl fflimilaffi tff fiefficefitual infeffience in fflenfflffffiy cffffiticeffl, wheffie defflcending cffnnectiffnffl cffnvey fiffiedictiffnffl wheffieaffl afflcending cffnnectiffnffl cffnvey fiffiedictiffn effiffiffffiffl (Ndamffl, Shififi, & Sffiiffltffn, 2013).

Theffle defflcending fflignalffl affie themfflelveffl fiffiedictiffnffl fff fiffifffiffiiffcefitive cffnfflefluenceffl and may theffiefffffie filay the ffiffle fff a cffffiffllaffiy difflchaffige (withffut ffiefflffffiting tff an inveffiffle mffdel). Thiffl Tff fflum ufi thiffl fflectiffn, ffuffi ffiefflultffl ffluggefflt that fflffme fffffimffl fff inneffi fflfieech (e.g., ffiuminatiffn) may nfft necefflfflitate neitheffi be fflfieci cally afflfflffciated with an activity fff the fflfieech mfftffffi fflyffltem. Mffffie fiffiecifflely, becauffle ffiuminatiffn can be cffnfflideffied affl a mental habit and be evffked autffmatically (i.e., it can ffltaffit withffut delibeffiatiffn) by cffntextual emfftiffnal cueffl (fffffi inffltance), it may nfft ffiecffiuit the fflfieech mfftffffi fflyffltem tff the fflame extent affl delibeffiate inneffi fflfieech dffeffl. We ffluggefflted twff (nffn-exclufflive) inteffififfietatiffnffl fff theffle ffiefflultffl.

Siffifflt, the amffunt fff inhibitiffn afifilied tff mfftffffi cffmmandffl emitted duffiing inneffi fflfieech fiffiffductiffn (and duffiing fftheffi fffffimffl fff mfftffffi imageffiy, mffffie geneffially) may be mffdulated by chaffiacteffiifflticffl fff the tafflk (e.g., fieffifflfiective, tyfie fff mfftffffi imageffiy, nffvel ffffi familiaffi cffntent)

and by individual chaffiacteffiifflticffl (e.g., exfieffitiffle). Secffnd, autffmatic ffffi "habitual" inneffi fflfieech wffuld di effi fffiffm delibeffiate exfianded inneffi fflfieech in that di effient fiffiffcefflffleffl wffuld undeffilie theiffi fiffiffductiffn. The fffffimeffi wffuld ffiely mffffie ffn afflfflffciative memffffiy-baffled fiffiffcefflffleffl (with nff ffffi lefflffleffi invfflvement fff the fflfieech mfftffffi fflyffltem) wheffieaffl the latteffi wffuld ffiely mffffie ffn fflimulatiffn/emulatiffn mechanifflmffl (with a gffieateffi invfflvement fff the fflfieech mfftffffi fflyffltem).

Implication of these results for rumination theories

One fff the mfffflt nffticeable fiffifffieffity fff ffiuminative thffughtffl iffl theiffi ffiefietitivenefflffl.

Rveffiyffne knffwffl the feeling fff being tffiafified in a chain fff endlefflffl ffiecuffiffiing thffughtffl. Mffffieffveffi, the initiatiffn fff ffiuminatiffn iffl ffften automatic (cf. ffuffi fiffieviffuffl difflcufflffliffn fff the meaning fff autffmatic in thiffl cffntext). In Phafiteffi 

Methodological limitations and ways forward

Nffl alwayffl, ffleveffial limitatiffnffl affie wffffith keefiing in mind when ffieading the fiffiefflent difflcufflffliffn. Mfffflt ffbviffufflly, we ffieffltffiicted ffuffifflelveffl in ffiecffiuiting fflamfileffl fff undeffigffiaduate ffltudentffl in Pfflychfflffgy at Univ. Tffienffble Nlfieffl (Sffiance) and Thent Univeffifflity (Oelgium).

Mffffieffveffi, affl difflcufflffled in Phafiteffi 3, we almfffflt exclufflively ffiecffiuited female fiaffiticifiantffl, affl they affie knffwn tff be mffffie fiffiffne tff ffiuminatiffn than male fiaffiticifiantffl [START_REF] Jffhnfflffn | Tendeffi di effienceffl in ffiuminatiffnG N meta-analyffliffl[END_REF]. Nlthffugh theffle chfficeffl facilitated the ffiecffiuitment fff fiaffiticifiantffl, they ffbviffufflly cffnffltffiained the geneffialifflability fff ffuffi ndingffl. Mffffieffveffi, we ffnly ffiecffiuited fifffiulatiffnffl fff WRIRD fiaffiticifiantffl, that iffl, wefflteffin, educated, induffltffiialiffled, ffiich and demffcffiatic fiaffiticifiantffl (Uenffiich, Ueine, & Nffffienzayan, 2010), which iffl a thffieat tff exteffinal validity. Theffle ifflfflueffl cffuld be avffided (ffffi ffieduced) by ffielying mffffie in futuffie ffltudieffl ffn mffdeffin laffige-fflcale cffllabffffiatiffn netwffffikffl ffluch affl StudySwafi (Phaffitieffi et al.,201C) ffffi the Pfflychfflffgical fflcience acceleffiatffffi (Mfffflhffntz et al.,201E).

In cffntinuatiffn with validity cffnceffinffl, Slake & Sffiied (201F) cffined the teffim fff questionable measurement practices (echffing the questionable research practices intffiffduced by [START_REF] Simmffnffl | Salffle-fifffflitive PfflychfflffgyG Undifflclffffled exibility in data cffllectiffn and analyffliffl allffwffl fiffiefflenting anything affl ffligni cant[END_REF] tff defflignate the degffieeffl fff fffieedffm a ffieffleafficheffi haffl in chffffffling hffw tff meaffluffie a fifflychfflffgical cffnffltffiuct fff inteffiefflt (a fffieedffm that may lead tff v-hacking, the validity analffgffuffl fff p-hackingH Uufflffley & Uugheffl, 201E). They identify ffleveffial fiffiffblematic meaffluffiementffl fiffiacticeffl (ffluch affl cffieating ffn-the-y fflcaleffl) and fiffifffiffffle a fflet fff flueffltiffnffl tff ffiecffgniffle and tff avffid theffle fiffiacticeffl (e.g., what iffl yffuffi cffnffltffiuct? why dff yffu fflelect yffuffi meaffluffie?). Imfiffffitantly, they ffluggefflt that ffn-the-y fflcaleffl fflhffuld ffnly be uffled if theffle fflcaleffl undeffiwent validity checkffl and the ffieffleafficheffiffl ffiefiffffit theffle checkffl (ffffi the abfflence theffiefff).

Theffle ifflfflueffl affie imfiffffitant fffffi the fiffiefflent wffffik affl we uffled ffleveffial ffn-the-y fflcaleffl that, admittedly, did nfft undeffigff fiffifffieffi fifflychffmetffiic validatiffn checkffl. Sffffi inffltance, the fflcaleffl uffled tff afflfflefflffl ffltate ffiuminatiffn in Phafiteffi 3 and C weffie cffieated by ffuffi team and did nfft gff thffiffugh clafflfflical validatiffn fiffiffceduffieffl (the Sffiench veffiffliffn fff the OSRI uffled in Phafiteffi A waffl nfft validated at the time fff the ffltudy but iffl cuffiffiently undeffigffing a validatiffn fiffiffceduffie). Theffle fiffffffi methffdfflffgical chfficeffl may be exfilained by the lack fff fflatifflfactffffiy meaffluffieffl fff ffltate ffiuminatiffn at the beginning fff the fiffiefflent inveffltigatiffn. Thiffl lack haffl been lled ffiecently with the develfffiment fff the OSRI (Maffichetti et al.,201E), a fflcale that we uffled tff afflfflefflffl ffltate ffiuminatiffn in ffuffi mfffflt ffiecent ffltudy (difflcufflffled in Phafiteffi D). Nlthffugh the ffiefflultffl fff thiffl exfieffiiment affie fiffieliminaffiy (affl data cffllectiffn iffl ffltill ffngffing), examinatiffn fff the ffiefflultffl fffiffm thiffl exfieffiiment and fff the difflcffiefiancieffl between theffle ffiefflultffl and the ffiefflultffl fffiffm fftheffi exfieffiimental chafiteffiffl may be infffffimative with ffiegaffidffl tff the validity fff ffuffi ffn-the-y fflcaleffl.

On a di effient nffte, we afflfflumed thffiffughffut ffuffi wffffik (affl it iffl cffmmffnly dffne in Pfflychfflffgy) that the magnitude fff an e ect in the fflamfile waffl the fflign (and the befflt effltimate) fff the magnitude fff a fifffiulatiffn e ect, which may (ffffi may nfft) cffffiffiefflfiffnd tff the e ect ffbffleffived ffn an aveffiage individual (which may ffffi may nfft ffie ect any fiaffiticulaffi individual). In fftheffi wffffidffl, we did nfft cffnfflideffi the intffiinfflic heteffiffgeneity fff the e ect. D Uffweveffi, we knffw that, ffn aveffiage, the vaffiiability fff an e ect in fifflychfflffgical exfieffiimentffl iffl ffften ffligni cant. Nlthffugh fff an e ect, with dffminant e ectffl being e ectffl that we can ffbffleffive in eveffiy fiaffiticifiant and nffn-dffminant e ectffl being e ectffl that dff nfft fflhffw the fflame fflign in eveffiy fiaffiticifiant (i.e., fflffme fiaffiticifiantffl will fflhffw an e ect in fflffme diffiectiffn wheffieaffl fflffme fftheffiffl fiaffiticifiantffl will nfft fflhffw the e ect ffffi will fflhffw the e ect in the fftheffi diffiectiffn). Uaaf & Rffudeffi (201D) fiffifffiffffled D We cffnfflideffied it ffltatiffltically thffugh, by uffling multilevel mffdelffl, when afififfifffiffiiate. Uffweveffi, we did nfft cffnfflideffi thiffl heteffiffgeneity fuffitheffi in ffuffi difflcufflffliffn fff the ffiefflultffl and in ffuffi cffncluffliffnffl. E.A. PONPLUSION a methffd tff afflfflefflffl the dffminance claim and fflhffwed that, fffffi inffltance, the Stffifffffi e ect can geneffially be cffnfflideffied affl a dffminant e ect. Imfiffffitantly, a dffminant e ect iffl nfft necefflfflaffiily an e ect that manifeffltffl itfflelf in eveffiy fiaffiticifiant in fflffme given fflamfile. The dffminance claim iffl a claim abffut the fifffiulatiffn e ect and fflffme fiaffiticifiantffl in a given exfieffiiment may fflhffw a null e ect ffffi an e ect in the fffififffflite diffiectiffn fflimfily becauffle fff ffltatiffltical uctuatiffnffl. Oy cffmfiaffiing di effient mffdelffl imfilementing di effient fflet fff cffnffltffiaintffl, it iffl hffweveffi fifffflfflible tff fluantify the ffielative fiffiedictive accuffiacy fff theffle mffdelffl and tff cffnclude ffn the dffminance fff an e ect. Tff fflum ufi, a fflmall fifffflitive e ect may be the fflign fff a dffminant fflmall fifffflitive e ect (i.e., it iffl fifffflitive fffffi eveffiyffne) ffffi it may be the fflign fff nffn-dffminant e ect (i.e., it may affl well be negative and laffige fffffi fflffme fiaffiticifiantffl). In ffuffi cffntext, the afflfflffciatiffn between inneffi fflfieech and fieffiifiheffial mufflculaffi activity may well be a nffn-dffminant e ect, with the fieffiifiheffial mufflculaffi activity ffnly being fiffiefflent in fflffme fiaffiticifiantffl, and nfft being fiffiefflent in fflffme fftheffi fiaffiticifiantffl. Suffitheffi inveffltigatiffnffl fff the heteffiffgeneity fff thiffl e ect and the cffmfiaffiifflffn fff mffdelffl exfilicitly incffffififfffiating di effient fflet fff cffnffltffiaintffl may helfi ffiefflfflve thiffl ifflfflue.

Conclusion

In thiffl wffffik we aimed at examining the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing induced ffiuminatiffn in healthy fiaffiticifiantffl. Tiven the fiffiedffminantly veffibal chaffiacteffi fff ffiuminatiffn, we fflffught tff examine it uffling the tfffflffl and methffdffl uffled tff inveffltigate inneffi fflfieech. Mffffie fiffiecifflely, we uffled ffluffiface electffiffmyffgffiafihy and affiticulatffffiy fflufififfiefflffliffn tff fiffiffbe the ffiffle fff the mfftffffi fflyffltem duffiing ffiuminatiffn. Thiffl inveffltigatiffn led uffl tff the cffncluffliffn that the activity fff the fflfieech mfftffffi fflyffltem waffl nfft necessary fffffi exfieffiiencing ffiuminatiffn. Mffffieffveffi, veffibal ffiuminatiffn waffl nfft speci cally afflfflffciated with fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl (albeit facial ffluffiface electffiffmyffgffiafihy may be uffled tff afflfflefflffl the fiffiefflence fff ffiuminatiffn). Nlthffugh theffle ffiefflultffl ffleem tff cffntffiadict fiffieviffuffl ffiefflultffl ffn the ffiffle fff the fflfieech mfftffffi fflyffltem duffiing inneffi fflfieech fiffiffductiffn, they t well with a mental-habit accffunt fff ffiuminatiffn, in which ffiuminatiffn iffl cffnfflideffied affl an autffmatic ffffi habitual fffffim fff inneffi fflfieech. We ffluggefflt that duffiing the cffieatiffn fff thiffl habit (i.e., thffiffugh ffiefietitiffn), ffiuminatiffn becffmeffl a ffltffiffngly cffndenffled fffffim fff inneffi fflfieech that dffeffl nfft cffiitically invfflve the fflfieech mfftffffi fflyffltem. Mffffieffveffi, theffle ffiefflultffl alfflff make fflenffle in cffnfflideffiatiffn fff the multifile vaffiietieffl fff the inneffi fflfieech fihenffmenffn that can vaffiy alffng dimenffliffnffl fff cffndenfflatiffn and delibeffiatenefflffl. Theffle ffiefflultffl highlight the ffiffle fff factffffiffl ffluch affl autffmaticity and delibeffiatenefflffl in the cffmfilex ffielatiffn between inneffi fflfieech and the fflfieech mfftffffi fflyffltem. Oveffiall, theffle ffiefflultffl fiave the way fffffi new wayffl fff inveffltigating ffiuminatiffn affl a fffffim fff inneffi fflfieech, wheffie fihenffmenfflffgical and fifflychfffihyfflifflffgical chaffiacteffiifflticffl fff ffiuminatiffn can be ffielated tff the lffng tffiaditiffn fff inneffi fflfieech ffieffleaffich. Standaffid Indffnefflian (ISO C3F-3Gind), affl fflfiffken by eight fflfieakeffiffl (fffuffi femaleffl), with ffleveffial ffiefietitiffnffl fff each vffwel. We ffifflt give an intffiffductffffiy ffveffiview fff the Oayefflian fffiamewffffik and multilevel mffdelling. We then fflhffw hffw Oayefflian multilevel mffdelffl can be tted uffling the fiffiffbabiliffltic fiffiffgffiamming language Stan and the R fiackage brms, which fiffiffvideffl an intuitive fffffimula fflyntax. Thffiffugh thiffl tutffffiial, we demffnffltffiate fflffme fff the advantageffl fff the Oayefflian fffiamewffffik fffffi ffltatiffltical mffdelling and fiffiffvide a detailed caffle ffltudy, with cffmfilete fflffuffice cffde fffffi full ffiefiffiffducibility fff the analyffleffl (httfifflG//fffflf.iff/dfizcb/). 1

A.1 Introduction

The lafflt decade haffl witnefflffled nffticeable changeffl in the way exfieffiimental data affie analyffled in fihffneticffl, fifflychfflinguifflticffl, and fflfieech fflcienceffl in geneffial. In fiaffiticulaffi, theffie haffl been a fflhift fffiffm analyffliffl fff vaffiiance (NNOVN) tff linear mixed models, alfflff knffwn affl hierarchical models ffffi multilevel models (MLMffl), fflfiuffiffied by the fflfiffieading uffle fff data-ffffiiented fiffiffgffiamming languageffl ffluch affl R (R Pffffie Team, 201E), and by the enthuffliafflm fff itffl active and eveffi gffiffwing cffmmunity. Thiffl fflhift haffl been fuffitheffi ffluffltained by the cuffiffient tffianfflitiffn in data analyffliffl in fflffcial fflcienceffl, with ffieffleafficheffiffl evfflving fffiffm a widely cffiiticiffled 1 Thiffl chafiteffi iffl a fiublifflhed fiafieffi ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Oatailleffi, P., Loevenbffiuck, U., Vilain, N., & Oüffikneffi, P.-P. (201F). Nn intffiffductiffn tff Oayefflian multilevel mffdelffl uffling bffimfflG N caffle ffltudy fff gendeffi e ectffl ffn vffwel vaffiiability in ffltandaffid Indffnefflian. Journal of Speech,Language,and Hearing Research,62(B), 122B-12A2. httfifflG//dffi.ffffig/10.10AA/201E_JSLUR-S-1E-000C. fiffint-hyfifftheffliffl mechanical tefflting (e.g., Oakan, 1FCCH Tigeffienzeffi, 200AH Kline, 200AH Lambdin, 2012H Tffia mffw et al., 201E) tff an afififfiffach that emfihaffliffleffl fiaffiameteffi effltimatiffn, mffdel cffmfiaffiifflffn, and cffntinuffuffl mffdel exfianffliffn (e.g., Pumming, 2012, 201AH Telman et al., 2013H Telman & Uill, 200CH Kffiufflchke, 201BH Kffiufflchke & Liddell, 201Eb, 201EaH McRlffieath, 201Cb).

MLMffl ff effi gffieat exibility in the fflenffle that they can mffdel ffltatiffltical fihenffmena that ffccuffi ffn di effient levelffl. Thiffl iffl dffne by tting mffdelffl that include bffth cffnffltant and vaffiying e ectffl (fflffmetimeffl ffiefeffiffied tff affl xed and random e ectffl). Nmffng fftheffi advantageffl, thiffl makeffl it fifffflfflible tff geneffialiffle the ffiefflultffl tff unffbffleffived levelffl fff the groups exifflting in the data (e.g., ffltimuluffl ffffi fiaffiticifiant, [START_REF] Janfflfflen | Twice ffiandffm, ffnce mixedG Nfifilying mixed mffdelffl tff fflimultaneffufflly analyze ffiandffm e ectffl fff language and fiaffiticifiantffl[END_REF]. The multilevel ffltffiategy can be efflfiecially uffleful when dealing with ffiefieated meaffluffiementffl (e.g., when meaffluffiementffl affie nefflted intff fiaffiticifiantffl) ffffi with uneflual fflamfile fflizeffl, and mffffie geneffially, when handling cffmfilex defiendency ffltffiuctuffieffl in the data. Such cffmfilexitieffl affie fffiefluently fffund in the kind fff exfieffiimental defflignffl uffled in fflfieech fflcience ffltudieffl, fffffi which MLMffl affie theffiefffffie fiaffiticulaffily well ffluited.

The ffltandaffid MLM iffl ufflually tted in a fffiefluentifflt fffiamewffffik, with the lme4 fiackage (Oateffl,Maechleffi,Offlkeffi,& Walkeffi,201E) in R (R Pffffie Team,201E). Uffweveffi, when ffne tffiieffl tff include the maximal vaffiying e ect ffltffiuctuffie, thiffl kind fff mffdel tendffl eitheffi nfft tff cffnveffige, ffffi tff give abeffiffiant effltimatiffnffl fff the cffffiffielatiffn between vaffiying e ectffl (e.g., Oateffl,Kliegl,Vafflifflhth,& Oaayen,201B). 2 Yet, tting the maximal vaffiying e ect ffltffiuctuffie haffl been exfilicitly ffiecffmmended (e.g., [START_REF] Oaffiffi | Randffm e ectffl ffltffiuctuffie fffffi cffn ffimatffffiy hyfifftheffliffl teffltingG Keefi it maximal[END_REF]. In cffntffiafflt, the maximal vaffiying e ect ffltffiuctuffie can geneffially be tted in a Oayefflian fffiamewffffik (Oateffl et al.,201BH Rageffi & Rffy,201DH Nicenbffim & Vafflifflhth,201CH Sffffienfflen et al.,201C).

Nnfftheffi advantage fff Oayefflian ffltatiffltical mffdelling iffl that it tffl the way ffieffleafficheffiffl intuitively undeffiffltand ffltatiffltical ffiefflultffl. Widefflfiffiead mifflinteffififfietatiffnffl fff fffiefluentifflt ffltatifflticffl (like fi-valueffl and cffn dence inteffivalffl) affie ffften attffiibutable tff the wffiffng inteffififfietatiffn fff theffle ffltatifflticffl affl ffiefflulting fffiffm a Oayefflian analyffliffl (e.g., Dieneffl, 2011H Tigeffienzeffi, 200AH Uffekffltffia, Mffffiey, Rffudeffi, & Wagenmakeffiffl, 201AH Kffiufflchke & Liddell, 201EaH Mffffiey et al., 201B).

Uffweveffi, the intuitive natuffie fff the Oayefflian afififfiffach might affiguably be hidden by the fiffiedffminance fff fffiefluentifflt teaching in undeffigffiaduate ffltatiffltical cffuffiffleffl.

Mffffieffveffi, the Oayefflian afififfiffach ff effiffl a natuffial fflfflutiffn tff the fiffiffblem fff multifile cffmfiaffiifflffnffl, when the fflituatiffn iffl adefluately mffdelled in a multilevel fffiamewffffik (Telman, Uill, & Yajima, 2012H Scfftt & Oeffigeffi, 2010), and allffwffl a priori knffwledge tff be incffffififfffiated in data analyffliffl via the fiffiiffffi diffltffiibutiffn. The latteffi featuffie iffl fiaffiticulaffiily ffielevant when dealing with cffntffiaint fiaffiameteffiffl ffffi fffffi the fiuffififfffle fff incffffififfffiating exfieffit knffwledge.

The aim fff the cuffiffient fiafieffi iffl tff intffiffduce Oayefflian multilevel mffdelffl, and tff fiffiffvide an accefflfflible and illuffltffiated handffl-ffn tutffffiial fffffi analyffling tyfiical fihffnetic data. Thiffl fiafieffi will be ffltffiuctuffied in twff main fiaffitffl. Siffifflt, we will bffiie y intffiffduce the Oayefflian afififfiffach tff data analyffliffl and the multilevel mffdelling ffltffiategy. Secffnd, we will illuffltffiate hffw Oayefflian MLMffl can be imfilemented in R by uffling the brms fiackage (Oüffikneffi,201Eb) tff ffieanalyffle a datafflet fffiffm McPlffy (201A) available in the phonR fiackage (McPlffy, 201C). We will t Oayefflian MLMffl fff incffieaffling cffmfilexity, gffing ffltefi by ffltefi, fiffiffviding exfilanatffffiy guffieffl and making uffle fff the tfffflffl available in the brms fiackage fffffi mffdel checking and mffdel cffmfiaffiifflffn. We will then cffmfiaffie the ffiefflultffl ffbtained in a Oayefflian fffiamewffffik uffling brms with the ffiefflultffl ffbtained uffling fffiefluentifflt MLMffl tted with lme4. Thffiffughffut the fiafieffi, we will alfflff fiffiffvide cffmmentffl and ffiecffmmendatiffnffl abffut the feafflability and the ffielevance fff ffluch analyffliffl fffffi the ffieffleafficheffi in fflfieech fflcienceffl.

A.1.1 Bayesian data analysis

The Oayefflian afififfiffach tff data analyffliffl di effiffl fffiffm the fffiefluentifflt ffne in that each fiaffiameteffi fff the mffdel iffl cffnfflideffied affl a ffiandffm vaffiiable (cffntffiaffiy tff the fffiefluentifflt afififfiffach which cffnfflideffiffl fiaffiameteffi valueffl affl unknffwn and xed fluantitieffl), and by the exfilicit uffle fff fiffiffbability tff mffdel the unceffitainty [START_REF] Telman | Bayesian data analysis[END_REF]. The twff afififfiffacheffl alfflff di effi in theiffi cffncefitiffn fff what probability iffl. In the Oayefflian fffiamewffffik, fiffiffbability ffiefeffiffl tff the exfieffiience fff unceffitainty, while in the fffiefluentifflt fffiamewffffik it ffiefeffiffl tff the limit fff a ffielative fffiefluency (i.e., the ffielative fffiefluency fff an event when the numbeffi fff tffiialffl afififfiffacheffl in nity). N diffiect cffnfflefluence fff theffle twff di effienceffl iffl that Oayefflian data analyffliffl allffwffl ffieffleafficheffiffl tff difflcufflffl the fiffiffbability fff a fiaffiameteffi (ffffi a vectffffi fff fiaffiameteffiffl) Nll thiffl fiieced tffgetheffi fflhffwffl that the ffiefflult fff a Oayefflian analyffliffl, namely the fifffflteffiiffffi diffltffiibutiffn p(θ|y), iffl given by the fiffiffduct fff the infffffimatiffn cffntained in the data (i.e., the likelihffffd) and the infffffimatiffn available befffffie ffbffleffiving the data (i.e., the fiffiiffffi). Thiffl cffnffltituteffl the cffiucial fiffiincifile fff Oayefflian infeffience, which can be ffleen affl an ufidating mechanifflm (affl detailed fffffi inffltance in Kffiufflchke & Liddell,201Eb). Tff fflum ufi, Oayeffl' theffffiem allffwffl a fiffiiffffi ffltate fff knffwledge tff be ufidated tff a fifffflteffiiffffi ffltate fff knffwledge, which ffiefiffiefflentffl a cffmfiffiffmiffle between the fiffiiffffi knffwledge and the emfiiffiical evidence.

The fiffiffcefflffl fff Oayefflian analyffliffl ufflually invfflveffl thffiee ffltefiffl that begin with ffletting ufi a fiffiffbability mffdel fffffi all the entitieffl at hand, then cffmfiuting the fifffflteffiiffffi diffltffiibutiffn, and nally evaluating the t and the ffielevance fff the mffdel [START_REF] Telman | Bayesian data analysis[END_REF]. In the cffntext fff lineaffi ffiegffiefflffliffn, fffffi inffltance, the ffifflt ffltefi wffuld ffiefluiffie tff fflfiecify a likelihffffd functiffn fffffi the data and a fiffiiffffi diffltffiibutiffn fffffi each fiaffiameteffi fff inteffiefflt (e.g., the intefficefit ffffi the ffllfffie).

We will gff thffiffugh theffle thffiee ffltefiffl in mffffie detailffl in the afifilicatiffn fflectiffn, but we will ffifflt give a bffiief ffveffiview fff the multilevel mffdelling ffltffiategy.

A.1.2 Multilevel modelling

MLMffl can be cffnfflideffied affl "multilevel" fffffi at leafflt twff ffieafflffnffl. Siffifflt, an MLM can geneffially be cffnceived affl a ffiegffiefflffliffn mffdel in which the fiaffiameteffiffl affie themfflelveffl mffdelled affl ffutcffmeffl fff anfftheffi ffiegffiefflffliffn mffdel. The fiaffiameteffiffl fff thiffl fflecffnd-level ffiegffiefflffliffn affie knffwn affl hyperparameters, and affie alfflff effltimated fffiffm the data (Telman & Uill,200C). Secffnd, the multilevel ffltffiuctuffie can affiiffle fffiffm the data itfflelf, fffffi inffltance when ffne tffiieffl tff mffdel the fflecffnd-language fflfieech intelligibility fff a child, whff iffl cffnfflideffied within a fiaffiticulaffi clafflffl, itfflelf cffnfflideffied within a fiaffiticulaffi fflchffffl. In ffluch caffleffl, the hieffiaffichical ffltffiuctuffie fff the data itfflelf callffl fffffi hieffiaffichical mffdelling. In bffth cffncefitiffnffl, the numbeffi fff levelffl that can be handled by MLMffl iffl viffitually unlimited (McRlffieath,201Cb). When we uffle the teffim multilevel in the fffllffwing, we will ffiefeffi tff the ffltffiuctuffie fff the mffdel, ffiatheffi than tff the ffltffiuctuffie fff the data, affl nffn-nefflted data can alfflff be mffdelled in a multilevel fffiamewffffik.

Nffl bffiie y mentiffned eaffilieffi, MLMffl ff effi ffleveffial advantageffl cffmfiaffied tff fflingle-level ffiegffiefflffliffn mffdelffl, affl they can handle the defiendency between unitffl fff analyffliffl fffiffm the fflame gffiffufi (e.g., ffleveffial ffbffleffivatiffnffl fffiffm the fflame fiaffiticifiant). In fftheffi wffffidffl, they can accffunt fffffi the fact that, fffffi inffltance, ffleveffial ffbffleffivatiffnffl affie nfft indefiendent, affl they ffielate tff the fflame fiaffiticifiant. Thiffl iffl achieved by fiaffititiffning the tfftal vaffiiance intff vaffiiatiffn due tff the gffiffufiffl (level-2) and tff the individual (level-1). Nffl a ffiefflult, ffluch mffdelffl fiffiffvide an effltimatiffn fff the vaffiiance cffmfiffnent fffffi the fflecffnd level (i.e., the vaffiiability fff the fiaffiticifiant-fflfieci c effltimateffl) ffffi higheffi levelffl, which can infffffim uffl abffut the geneffialifflability fff the ndingffl (Janfflfflen, 2012H McRlffieath, 201Cb Tff fflum ufi, multilevel mffdelffl affie uffleful affl fflffffn affl theffie affie fiffiedictffffiffl at di effient levelffl fff vaffiiatiffn [START_REF] Telman | Bayesian data analysis[END_REF]. One imfiffffitant afflfiect iffl that thiffl vaffiying-cffe cientffl afififfiffach allffwffl each fflubgffiffufi tff have a di effient mean ffutcffme level, while ffltill effltimating the glffbal mean ffutcffme level. In an MLM, theffle twff effltimatiffnffl infffffim each fftheffi in a way that leadffl tff the fihenffmenffn fff shrinkage, that will be difflcufflffled in mffffie detail belffw (fflee fflectiffn N.2.3).

Nffl an illuffltffiatiffn, we will build an MLM ffltaffiting fffiffm the ffffidinaffiy lineaffi ffiegffiefflffliffn mffdel, and tffiying tff fiffiedict an ffutcffme y i (e.g., fflecffnd-language (L2) fflfieech-intelligibility) by a lineaffi cffmbinatiffn fff an intefficefit α and a ffllfffie β that fluanti effl the in uence fff a fiffiedictffffi x i (e.g., the numbeffi fff lefflfflffnffl ffieceived in thiffl fflecffnd language)G

y i ∼ Normal(µ i , σ e ) µ i = α + βx i
Thiffl nfftatiffn iffl ffltffiictly efluivalent tff the (maybe mffffie ufflual) fffllffwing nfftatiffnG

y i = α + βx i + ϵ i ϵ i ∼ Normal(0, σ e )
We fiffiefeffi tff uffle the ffifflt nfftatiffn affl it geneffialiffleffl betteffi tff mffffie cffmfilex mffdelffl, affl we will fflee lateffi. In Oayefflian teffimffl, theffle twff lineffl defflcffiibe the likelihood fff the mffdel, which iffl the afflfflumfitiffn made abffut the geneffiative fiffiffcefflffl fffiffm which the data iffl ifflfflued. We make the afflfflumfitiffn that the ffutcffmeffl y i affie nffffimally diffltffiibuted affiffund a mean µ i with fflffme effiffiffffi σ e . Thiffl iffl efluivalent tff fflaying that the effiffiffffiffl affie nffffimally diffltffiibuted affiffund 0, affl illuffltffiated by the abffve efluivalence. Then, we can extend thiffl mffdel tff the fffllffwing multilevel mffdel, adding a vaffiying intefficefitG

y i ∼ Normal(µ i , σ e ) µ i = α j [i ] + βx i α j ∼ Normal(α, σ α )
wheffie we uffle the nfftatiffn α j [i ] tff indicate that each gffiffufi j (e.g., clafflffl) iffl given a uniflue intefficefit, ifflfflued fffiffm a Taufflfflian diffltffiibutiffn centeffied ffn α, the gffiand intefficefit, A meaning that theffie might be di effient mean fflcffffieffl fffffi each clafflffl. Sffiffm thiffl nfftatiffn we can fflee that in additiffn tff the ffiefflidual ffltandaffid deviatiffn σ e , we affie nffw effltimating ffne mffffie vaffiiance cffmfiffnent σ α , which iffl the ffltandaffid deviatiffn fff the diffltffiibutiffn fff vaffiying intefficefitffl. We can inteffififfiet the vaffiiatiffn fff the fiaffiameteffi α between gffiffufiffl j by cffnfflideffiing the intra-class correlation (IPP) σ 2 α /(σ 2 α +σ 2 e ), which gffeffl tff 0, if the gffiffufiing cffnveyffl nff infffffimatiffn, and tff 1, if all ffbffleffivatiffnffl in a gffiffufi affie identical (Telman & Uill,200C,fi. 2BE).

The thiffid line iffl called a prior diffltffiibutiffn in the Oayefflian fffiamewffffik. Thiffl fiffiiffffi diffltffiibutiffn defflcffiibeffl the fifffiulatiffn fff intefficefitffl, thuffl mffdelling the defiendency between theffle fiaffiameteffiffl.

Sffllffwing the fflame ffltffiategy, we can add a vaffiying ffllfffie, allffwed tff vaffiy accffffiding tff the gffiffufi j G

y i ∼ Normal(µ i , σ e ) µ i = α j [i ] + β j [i ] x i α j ∼ Normal(α, σ α ) β j ∼ Normal(β, σ β )
Indicating that the e ect fff the numbeffi fff lefflfflffnffl ffn L2 fflfieech intelligibility iffl allffwed tff di effi fffiffm ffne clafflffl tff anfftheffi (i.e., the e ect fff the numbeffi fff lefflfflffnffl might be mffffie bene cial tff fflffme clafflffleffl than fftheffiffl). Theffle vaffiying ffllfffieffl affie afflffligned a fiffiiffffi diffltffiibutiffn centeffied ffn the gffiand ffllfffie β, and with ffltandaffid deviatiffn σ β .

In thiffl intffiffductffffiy fflectiffn, we have fiffiefflented the fffundatiffnffl fff Oayefflian analyffliffl and multilevel mffdelling. Oayeffl' theffffiem allffwffl fiffiiffffi knffwledge abffut fiaffiameteffiffl tff be ufidated accffffiding tff the infffffimatiffn cffnveyed by the data, while MLMffl allffw cffmfilex defiendency ffltffiuctuffieffl tff be mffdelled. We nffw mffve tff a detailed caffle ffltudy in ffffideffi tff illuffltffiate theffle cffncefitffl.

A Ncknffwledging that theffle individual intefficefitffl can alfflff be ffleen affl adjuffltmentffl tff the gffiand intefficefit α, that affie fflfieci c tff gffiffufi j . In the Oayefflian fffiamewffffik, eveffiy unknffwn fluantity iffl cffnfflideffied affl a ffiandffm vaffiiable that we can defflcffiibe uffling fiffiffbability diffltffiibutiffnffl. Nffl a cffnfflefluence, theffie iffl nff ffluch thing affl a " xed e ect" ffffi a "ffiandffm e ectffl diffltffiibutiffn" in a Oayefflian fffiamewffffik.

Uffweveffi, theffle fflemantic fluaffiffielffl difflafifieaffi when we wffiite dffwn the mffdel.

Sufififfffle we have a defiendent cffntinuffuffl vaffiiable y and a dichfftffmic categffffiical fiffiedictffffi x (afflfflumed tff be cffntffiafflt-cffded). Let y i j denffte the fflcffffie fff the i t h fiaffiticifiant in the j t h cffnditiffn. We can wffiite a "mixed e ectffl" mffdel (affl cffntaining bffth xed and ffiandffm e ectffl) affl fffllffwfflG y i j = α + α i + βx j + e i j , e i j ∼ Normal(0, σ 2 e ), α i ∼ Normal(0, σ 2 a )

Wheffie the teffimffl α and β ffiefiffiefflent the " xed e ectffl" and denffte the ffveffiall mean ffiefflfiffnffle and the cffnditiffn di effience in ffiefflfiffnffle, ffiefflfiectively. In additiffn, e i j affie ffiandffm effiffiffffiffl afflfflumed tff be nffffimally diffltffiibuted with unknffwn vaffiiance σ 2 e , and α i 'ffl affie individual fflfieci c ffiandffm e ectffl nffffimally diffltffiibuted in the fifffiulatiffn with unknffwn vaffiiance σ 2 a . We can ffiewffiite thiffl mffdel tff make afifiaffient that the fflff-called "ffiandffm e ectffl diffltffiibutiffn" can actually be cffnfflideffied a fiffiiffffi diffltffiibutiffn (fffiffm a Oayefflian ffltandfiffint), fflince by de nitiffn, diffltffiibutiffnffl ffn unknffwn fluantitieffl affie cffnfflideffied affl fiffiiffffifflG y i j ∼ Normal(µ i j , σ 2 e ) µ i j = α i + βx j α i ∼ Normal(α, σ 2 α )

wheffie the fiaffiameteffiffl fff thiffl fiffiiffffi affie leaffined fffiffm the data. Nffl we have ffleen, the fflame mathematical entity can be cffnceived eitheffi affl a "ffiandffm e ectffl diffltffiibutiffn" ffffi affl a fiffiiffffi diffltffiibutiffn, defiending ffn the fffiamewffffik.

A.1.3 Software programs

Sffffienfflen et al. (201C) fiffiffvided a detailed and accefflfflible intffiffductiffn tff Oayefflian MLMffl (OMLMffl) afifilied tff linguifflticffl, uffling the fiffiffbabiliffltic language Stan (Paffifienteffi et al.,201D). Uffweveffi, difflcffveffiing OMLMffl and the Stan language all at ffnce might ffleem a little ffveffiwhelming, affl Stan can be di cult tff leaffin fffffi uffleffiffl that affie nfft exfieffiienced with fiffiffgffiamming languageffl. Nffl an alteffinative, we intffiffduce the brms fiackage (Oüffikneffi,201Eb), that imfilementffl OMLMffl in R, uffling Stan undeffi the hffffd, with an lme4-like fflyntax. Uence, the fflyntax ffiefluiffied by brms will nfft ffluffififfiiffle the ffieffleafficheffi familiaffi with lme4, affl mffdelffl fff the fffllffwing fffffimG y i ∼ Normal(µ i , σ e ) µ i = α + α sub j ec t [i ] + βx i affie fflfieci ed in brms (affl in lme4) withG y ~1 + x + (1|subject). In additiffn tff lineaffi ffiegffiefflffliffn mffdelffl, brms allffwffl geneffialiffled lineaffi and nffn-lineaffi multilevel mffdelffl tff be tted, and cffmeffl with a gffieat vaffiiety fff diffltffiibutiffn and link functiffnffl. Sffffi inffltance, brms allffwffl tting ffiffbufflt lineaffi ffiegffiefflffliffn mffdelffl, ffffi mffdelling dichfftffmffuffl and categffffiical ffutcffmeffl uffling lffgiffltic and ffffidinal ffiegffiefflffliffn mffdelffl. The exibility fff brms alfflff allffwffl fffffi diffltffiibutiffnal mffdelffl (i.e., mffdelffl that include fflimultaneffuffl fiffiedictiffnffl fff all ffiefflfiffnffle fiaffiameteffiffl), Taufflfflian fiffiffcefflffleffl ffffi nffn-lineaffi mffdelffl tff be tted, amffng fftheffiffl.

Mffffie infffffimatiffn abffut the diveffifflity fff mffdelffl that can be tted with brms and theiffi imfilementatiffn iffl fiffiffvided in Oüffikneffi (201Eb) and Oüffikneffi (201Ea). 

A.2 Application example

A.2.1 Data pre-processing

Ouffi ffieffleaffich flueffltiffn waffl abffut the di effient amffunt fff vaffiiability in the ffiefflfiective vffwel fiffiffductiffnffl fff male and female fflfieakeffiffl, due tff cffgnitive ffffi fflffcial di effienceffl. Tff anfflweffi thiffl flueffltiffn, we ffifflt needed tff get ffiid fff the di effienceffl in vffwel fiffiffductiffn that affie due tff fihyfflifflffgical di effienceffl between maleffl and femaleffl (e.g., fflhffffiteffi vffcal tffiact length fffffi femaleffl). Mffffie geneffially, we needed tff eliminate the inteffi-individual di effienceffl due tff fihyfflifflffgical chaffiacteffiifflticffl in ffuffi gffiffufiffl fff fiaffiticifiantffl. Sffffi that fiuffififfffle, we ffifflt afifilied the Watt & Sabffiiciuffl fffffimant nffffimalifflatiffn techniflue [START_REF] Watt | Rvaluatiffn fff a techniflue fffffi imfiffiffving the mafifiing fff multifile fflfieakeffiffl' vffwel fflfiaceffl in the S1~S2 filane[END_REF]. The fiffiincifile fff thiffl methffd iffl tff calculate fffffi each fflfieakeffi a "centffie fff gffiavity" S in the S1/S2 filane, fffiffm the fffffimant valueffl fff fiffint vffwelffl [i, a , u], and tff exfiffiefflffl the fffffimant valueffl fff each ffbffleffivatiffn affl ffiatiffffl fff the value fff S fffffi that fffffimant.

Figure A.1. Ruclidean diffltanceffl between each ffbffleffivatiffn and the centffieffl fff gffiavity cffffiffiefflfiffnding tff each vffwel acffifffflffl all fiaffiticifiantffl, by gendeffi (tfffi ffiffwG female, bffttffm ffiffwG male) and by vffwel (in cfflumn), in the nffffimaliffled S1-S2 filane. The gffiey backgffiffund filfftffl ffiefiffiefflent the individual data cffllafiffled fffffi all individualffl (male and female) and all vffwelffl. Nffte that, fffffi the fflake fff claffiity, thiffl guffie ffiefiffiefflentffl a uniflue centeffi fff gffiavity fffffi each vffwel fffffi all fiaffiticifiantffl, wheffieaffl in the analyffliffl, ffne centeffi fff gffiavity waffl uffled fffffi each vffwel and each fiaffiticifiant.

Then, fffffi each vffwel and fiaffiticifiant, we cffmfiuted the Ruclidean diffltance between each ffbffleffivatiffn and the centffie fff gffiavity fff the whffle fflet fff ffbffleffivatiffnffl in the S1-S2 filane fffffi that fiaffiticifiant and that vffwel. The data ffbtained by thiffl fiffiffcefflffl affie illuffltffiated in Siguffie N.1, and a fflamfile fff the nal datafflet can be fffund in Table N 

A.2.2 Constant effect of gender on vowel production variability

We then built a ffifflt mffdel with cffnffltant e ectffl ffnly and vague fiffiiffffiffl ffn α and β, the intefficefit and the ffllfffie. We cffntffiafflt-cffded gender (f = -0.B, m = 0.B). Ouffi defiendent vaffiiable waffl theffiefffffie the diffltance fffiffm each individual vffwel centffie fff gffiavity, which we will ffiefeffi tff affl formant distance in the fffllffwing. The fffffimal mffdel can be exfiffiefflffled afflG B Nffte that -fffffi the fflake fff fflimfilicity-thffiffughffut thiffl tutffffiial we uffle a Nffffimal likelihffffd, but fftheffi (betteffi) alteffinativeffl wffuld include uffling fflkew-nffffimal ffffi lffg-nffffimal mffdelffl, which affie imfilemented in brms with the skew_normal and lognormal familieffl. We fiffiffvide examfileffl in the fflufifilementaffiy mateffiialffl. C Wheffie a cffiedible inteffival iffl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival, excefit that fiffiffbability ffltatementffl can be made baffled ufiffn it (e.g., "given the data and ffuffi fiffiiffffi afflfflumfitiffnffl, theffie iffl a 0.FB fiffiffbability that thiffl inteffival encffmfiafflffleffl the fifffiulatiffn value θ").

The Rhat value cffffiffiefflfiffndffl tff the potential scale reduction factor R (Telman & Rubin,1FF2), that fiffiffvideffl infffffimatiffn abffut the cffnveffigence fff the algffffiithm. Thiffl index can be cffnceived affl efluivalent tff the S-ffiatiff in NNOVN. It cffmfiaffieffl the between-chainffl vaffiiability (i.e., the extent tff which di effient chainffl di effi ffne fffiffm each fftheffi) tff the within-chain vaffiiability (i.e., hffw widely a chain exfilffffieffl the fiaffiameteffi fflfiace), and, affl ffluch, giveffl an index fff the cffnveffigence fff the chainffl. Nn ffveffily laffige between-chainffl vaffiiance (affl cffmfiaffied tff the within-chain vaffiiability) wffuld be a fflign that chain-fflfieci c chaffiacteffiifflticffl, like the ffltaffiting value fff the algffffiithm, have a ffltffiffng in uence ffn the nal ffiefflult. Ideally, the value fff Rhat fflhffuld be clffffle tff 1, and fflhffuld nfft exceed 1.1. Otheffiwiffle, ffne might cffnfflideffi ffiunning mffffie iteffiatiffnffl ffffi de ning ffltffiffngeffi fiffiiffffiffl (Oüffikneffi, 201EbH Telman et al., 2013).

A.2.3 Varying intercept model

The ffifflt mffdel can be imfiffiffved by taking intff accffunt the defiendency between vffwel fffffimant meaffluffieffl fffffi each fiaffiticifiant. Thiffl iffl handled in MLMffl by fflfiecifying uniflue intefficefitffl α sub j ec t [i ] and by afflffligning them a cffmmffn fiffiiffffi diffltffiibutiffn. Thiffl ffltffiategy cffffiffiefflfiffndffl tff the fffllffwing by-fflubject vaffiying-intefficefit mffdel, bmod2G Pffifffflffleffl ffiefiffiefflent the mean fff the ffiaw data, fffffi each fiaffiticifiant. Nffiffiffwffl ffiefiffiefflent the amffunt fff fflhffiinkage, between the ffiaw mean and the effltimatiffn fff the mffdel (the mean fff the fifffflteffiiffffi diffltffiibutiffn).

The maffiginal fifffflteffiiffffi diffltffiibutiffn fff each fiaffiameteffi ffbtained with bmod2 iffl fflummaffiiffled in Table N.3, wheffie the Rhat valueffl clffffle tff 1 ffluggefflt that the mffdel haffl cffnveffiged. We fflee that the effltimateffl fff α and β affie fflimilaffi tff the effltimateffl fff the ffifflt mffdel, excefit that the SR iffl nffw ffllightly laffigeffi. Thiffl ffiefflult might ffleem ffluffififfiiffling at ffifflt fflight, affl we exfiected tff imfiffiffve the ffifflt mffdel by adding a by-fflubject vaffiying intefficefit. In fact, it ffievealffl an undeffieffltimatiffn fff the SR when uffling the ffifflt mffdel. Indeed, the ffifflt mffdel afflfflumeffl indefiendence fff ffbffleffivatiffnffl, which iffl vifflated in ffuffi caffle. Thiffl highlightffl the geneffial need fffffi caffieful cffnfflideffiatiffn fff the mffdel'ffl afflfflumfitiffnffl when inteffififfieting itffl effltimatiffnffl. The ffifflt mffdel ffleemingly giveffl highly ceffitain effltimateffl, but theffle effltimatiffnffl affie ffnly valid in the "indefiendence fff ffbffleffivatiffnffl" wffffild (fflee alfflff the diffltinctiffn between the small world and the large world in McRlffieath,201Cb). Mffffieffveffi, effltimating an intefficefit by fflubject (affl in the fflecffnd mffdel) incffieaffleffl the fiffieciffliffn fff effltimatiffn, but it alfflff makeffl the aveffiage effltimatiffn lefflffl ceffitain, thuffl ffiefflulting in a laffigeffi SR. The maffiginal fifffflteffiiffffi diffltffiibutiffn fff each fiaffiameteffi iffl fflummaffiiffled in Table N.A. We can cffmfiute the intffia-clafflffl cffffiffielatiffn (IPP, fflee fflectiffn N.1.2) tff effltimate the ffielative vaffiiability afflfflffciated with each vaffiying e ectG ICC sub j ec t iffl eflual tff 0.03A and ICC vowel iffl eflual tff 0.A23.

The ffiatheffi high IPP fffffi vffwelffl ffluggeffltffl that ffbffleffivatiffnffl affie highly cffffiffielated within each vffwel, thuffl ffltffiefflffling the ffielevance fff allffcating a uniflue intefficefit by vffwel. D

A.2.4 Including a correlation between varying intercept and varying slope

One can legitimately flueffltiffn the afflfflumfitiffn that the di effienceffl between male and female fiffiffductiffnffl affie identical fffffi each vffwel. Tff exfilffffie thiffl ifflfflue, we thuffl added a vaffiying ffllfffie fffffi the e ect fff gendeffi, allffwing it tff vaffiy by vffwel. Mffffieffveffi, we can exfilffit the cffffiffielatiffn between the baffleline level fff vaffiiability by vffwel, and the amfilitude fff the di effience between maleffl and femaleffl in fiffiffnffuncing them. Sffffi inffltance, we can ffbffleffive that the fiffiffnunciatiffn fff /a/ iffl mffffie vaffiiable in geneffial. We might want tff knffw whetheffi femaleffl tend tff fiffiffnffunce vffwelffl that affie fflituated at a fflfieci c lffcatiffn in the S1-S2 filane with lefflffl vaffiiability than maleffl. In fftheffi wffffidffl, we might be inteffiefflted in knffwing whetheffi the e ect fff gender iffl cffffiffielated with the baffleline level fff vaffiiability. Thiffl iffl efluivalent tff inveffltigating the dependency, ffffi the cffffiffielatiffn between the vaffiying intefficefitffl and the vaffiying ffllfffieffl. We thuffl effltimated thiffl cffffiffielatiffn by mffdelling α vowel and β vowel affl ifflfflued fffiffm the fflame multivaffiiate nffffimal diffltffiibutiffn (a multivaffiiate nffffimal diffltffiibutiffn iffl a geneffialifflatiffn fff the ufflual nffffimal diffltffiibutiffn tff mffffie than ffne dimenffliffn), centeffied ffn 0 and with fflffme cffvaffiiance matffiix S, affl fflfieci ed ffn the thiffid line fff the fffllffwing mffdelG D Out fileaffle nffte that we dff nfft mean tff ffluggefflt that the vaffiying intefficefit fffffi fflubjectffl fflhffuld be ffiemffved becauffle itffl IPP iffl lffw. E The LKJ fiffiiffffi iffl the default fiffiiffffi fffffi cffffiffielatiffn matffiiceffl in brms. Siguffie N.C illuffltffiateffl the negative cffffiffielatiffn between the by-vffwel intefficefitffl and the by-vffwel ffllfffieffl, meaning that vffwelffl that tend tff have higheffi "baffleline vaffiiability" (i.e., /e/, /ff/, /a/), tend tff fflhffw a ffltffiffngeffi e ect fff gender. Thiffl guffie alfflff illuffltffiateffl the amffunt fff fflhffiinkage, heffie in the fiaffiameteffi fflfiace. We can fflee that the partial pooling effltimate iffl fflhffiunk fflffmewheffie between the no pooling effltimate and the complete pooling effltimate (i.e., the gffiand mean). Thiffl illuffltffiateffl again the mechanifflm by which MLMffl balance the ffiifflk fff ffveffi tting and undeffi tting (McRlffieath,201Cb). 

A.2.5 Varying intercept and varying slope model, interaction between subject and vowel

Sff faffi, we mffdelled vaffiying e ectffl fff fflubjectffl and vffwelffl. In thiffl ffltudy, theffle vaffiying factffffiffl weffie cffifffflffled, meaning that eveffiy fflubject had tff fiffiffnffunce eveffiy vffwel. Let uffl nffw imagine a fflituatiffn in which Subject A fflyffltematically mifflfiffiffnffunced the /i/ vffwel. Thiffl wffuld be a fflffuffice fff fflyffltematic vaffiiatiffn ffveffi ffiefilicateffl which iffl nfft cffnfflideffied in the mffdel (bmod4), becauffle thiffl mffdel can ffnly adjufflt fiaffiameteffiffl fffffi eitheffi vffwel ffffi fiaffiticifiant, but nfft fffffi a fflfieci c vffwel fffffi a fflfieci c fiaffiticifiant.

In building the next mffdel, we added a vaffiying intefficefit fffffi the inteffiactiffn between fflubject and vffwel, that iffl, we cffieated an index vaffiiable that allffcateffl a uniflue value at each cffifffflffling fff the twff vaffiiableffl (e.g., Subject1-vffwel/a/, Subject1-vffwel/i/, etc.), ffiefflulting in 8 × 5 = 40 

A.3 Model comparison

Once we have built a fflet fff mffdelffl, we need tff knffw which mffdel iffl the mffffie accuffiate and fflhffuld be uffled tff dffiaw cffncluffliffnffl. It might be a little tffiicky tff fflelect the mffdel that haffl the betteffi abfflfflute t ffn the actual data (uffling fffffi inffltance R 2 ), affl thiffl mffdel will nfft necefflfflaffiily fieffifffffim affl well ffn new data. Inffltead, we might want tff chffffffle the mffdel that haffl the befflt fiffiedictive abilitieffl, that iffl, the mffdel that fieffifffffimffl the befflt when it cffmeffl tff fiffiedicting data that have nfft yet been ffbffleffived. We call thiffl ability the ffut-fff-fflamfile fiffiedictive fieffifffffimance fff the mffdel (McRlffieath,201Cb). When additiffnal data iffl nfft available, Offth WNIP and LOO-PV indexeffl affie eafflily cffmfiuted in brms with the WAIC and the LOO functiffnffl, wheffie n mffdelffl can be cffmfiaffied with the fffllffwing callG LOO(model1,model2,...,modeln). Theffle functiffnffl alfflff fiffiffvide an effltimate fff the unceffitainty afflfflffciated with theffle indexeffl (in the fffffim fff a SR), affl well affl a di effience fflcffffie ∆LOOIP, which iffl cffmfiuted by taking the di effience between each fiaiffi fff infffffimatiffn cffiiteffiia. N cffmfiaffiifflffn fff the ve mffdelffl we tted can be fffund in Table N We fflee fffiffm Table N.D that bmod5 (i.e., the lafflt mffdel) iffl fieffifffffiming much betteffi than the fftheffi mffdelffl, affl it haffl the lffweffi LOOIP. We then baffled ffuffi cffncluffliffnffl (fflee lafflt fflectiffn) ffn the effltimatiffnffl fff thiffl mffdel. We alfflff nfftice that each additiffn tff the initial mffdel bffiffught imfiffiffvement in teffimffl fff fiffiedictive accuffiacy, affl the fflet fff mffdelffl iffl ffffideffied fffiffm the ffifflt tff the lafflt mffdel. Thiffl fflhffuld nfft be taken affl a geneffial ffiule thffugh, affl ffluccefflfflive additiffnffl made tff an ffffiiginal mffdel cffuld alfflff lead tff over tting, cffffiffiefflfiffnding tff a fflituatiffn in which the mffdel iffl ffveffi-fflfieci ed in ffiegaffidffl tff the data, which makeffl the mffdel gffffd tff exfilain the data at hand, but veffiy bad tff fiffiedict nffn-ffbffleffived data. In ffluch caffleffl, infffffimatiffn cffiiteffiia and indexeffl that ffiely exclufflively ffn gffffdnefflffl-fff-t (ffluch affl R 2 ) wffuld fiffint tff di effient cffncluffliffnffl.

A.4 Comparison of brms and lme4 estimations

Siguffie N.D illuffltffiateffl the cffmfiaffiifflffn fff brms (Oayefflian afififfiffach) and lme4 (fffiefluentifflt afififfiffach) effltimateffl fffffi the lafflt mffdel (bmod5), tted in lme4 with the fffllffwing cffmmand. and cffnffliffltffl in fflaying that thiffl abeffiffiant effltimatiffn iffl cauffled by the ffveffi-fflfieci catiffn fff the ffiandffm ffltffiuctuffie (e.g., Oateffl et al.,201B). In fftheffi wffffidffl, thiffl wffuld cffffiffiefflfiffnd tff a mffdel that cffntainffl tffff many vaffiying e ectffl tff be "fflufififfffited" by a ceffitain datafflet (but thiffl dffeffl nfft mean that with mffffie data, thiffl mffdel wffuld nfft be a cffffiffiect mffdel). Uffweveffi, the PPU haffl been flueffltiffned by Rageffi & Rffy (201D), whff have fflhffwn that undeffi cffnditiffnffl fff unbalanced dataffletffl, nffn-lineaffi mffdelffl tted with lme4 fiffiffvided mffffie fiffiedictiffn effiffiffffiffl than Oayefflian mffdelffl tted with Stan. The fflecffnd inteffififfietatiffn cffnfflideffiffl failuffieffl fff cffnveffigence affl a fiffiffblem fff fffiefluentifflt MLMffl per se, which iffl ffiefflfflved in the Oayefflian fffiamewffffik by uffling weakly infffffimative fiffiiffffiffl (i.e., the LKJ fiffiiffffi) fffffi the cffffiffielatiffn between vaffiying e ectffl (e.g., Rageffi & Rffy,201DH Nicenbffim & Vafflifflhth,201C), and by uffling the full fifffflteffiiffffi fffffi infeffience.

One featuffie fff the Oayefflian MLM in thiffl kind fff fflituatiffn iffl tff fiffiffvide an effltimate fff the cffffiffielatiffn that incffffififfffiateffl the unceffitainty cauffled by the weak amffunt fff data (i.e., by widening the fifffflteffiiffffi diffltffiibutiffn). Thuffl, the brms effltimate fff the cffffiffielatiffn cffe cient haffl itffl fifffflteffiiffffi mean at ρ = -0.433, but thiffl effltimate cffmeffl with a huge unceffitainty, affl exfiffiefflffled by the width fff the cffiedible inteffival (95% PffiI [-0.946, 0.454]). Neveffithelefflffl, it iffl uffleful tff ffiecall that in the Oayefflian fffiamewffffik, the ffiefflultffl fff ffuffi analyffliffl iffl a (fifffflteffiiffffi) fiffiffbability diffltffiibutiffn which can be, affl ffluch, fflummaffiiffled in multifile wayffl.

A.5 Inference and conclusions

Thiffl diffltffiibutiffn iffl filfftted in Siguffie N.E, which alfflff fflhffwffl the mean and the FB% PffiI, affl well affl the fiffifffiffffitiffn fff the diffltffiibutiffn belffw and abffve a fiaffiticulaffi value. 10 Thiffl guffie ffievealffl that affiffund 94% fff the diffltffiibutiffn iffl belffw 0, which can be inteffififfieted affl ffluggefflting that theffie iffl a 0.94 fiffiffbability that maleffl have a lffweffi mean fffffimant diffltance than femaleffl (ffiecall that female waffl cffded affl -0.B and male affl 0.B), given the data at hand, and the mffdel. Of cffuffiffle, thiffl effltimate can (and fflhffuld) be ffie ned uffling mffffie data fffiffm ffleveffial exfieffiimentffl, with mffffie fflfieakeffiffl. In thiffl line, it fflhffuld be fiffinted ffut that brms can eafflily be uffled tff extend the multilevel ffltffiategy tff meta-analyffleffl (e.g., Oüffikneffi,Williamffl,Simmffnffl,& Wfffflley,201DH Williamffl & Oüffikneffi,201D). Itffl exibility makeffl it fifffflfflible tff t multilevel hieffiaffichical Oayefflian mffdelffl at twff, thffiee, ffffi mffffie levelffl, enabling ffieffleafficheffiffl tff mffdel the heteffiffgeneity between ffltudieffl affl well affl defiendencieffl between exfieffiimentffl fff the fflame ffltudy, ffffi between ffltudieffl caffiffiied ffut by the fflame ffieffleaffich team. Such a mffdelling ffltffiategy iffl ufflually efluivalent tff the ffffidinaffiy fffiefluentifflt ffiandffm-e ect meta-analyffliffl mffdelffl, while ff effiing all the bene tffl inheffient tff the Oayefflian afififfiffach.

Nnfftheffi uffleful fflffuffice fff infffffimatiffn cffmeffl fffiffm the examinatiffn fff e ectffl fflizeffl. One fff the mfffflt uffled cffiiteffiia iffl Pffhen'ffl d ffltandaffidized e ect fflize, that exfiffiefflffleffl the di effience between twff gffiffufiffl in teffimffl fff theiffi fiffffled ffltandaffid deviatiffnG

Pffhen'ffl d = µ 1 -µ 2 σ pool ed = µ 1 -µ 2 √ σ 2 1 +σ 2 2 2
Uffweveffi, affl the tfftal vaffiiance iffl fiaffititiffned intff multifile fflffufficeffl fff vaffiiatiffn in MLMffl, theffie iffl nff uniflue way fff cffmfiuting a ffltandaffidiffled e ect fflize. While ffleveffial afififfiffacheffl have been ffluggefflted (e.g., dividing the mean di effience by the ffltandaffid deviatiffn fff the ffiefflidualffl), the mffffie cffnfflenfflual ffne invfflveffl taking intff accffunt all fff the vaffiiance fflffufficeffl fff the mffdel (Uedgeffl,200D). One ffluch index iffl called the δ t (wheffie the t ffltandffl fffffi "tfftal"), and iffl given by the effltimated di effience between gffiffufi meanffl, divided by the fflfluaffie ffifffft fff the fflum fff all vaffiiance cffmfiffnentfflG δ t = β √ σ 2 sub j ec t + σ 2 sub j ec t :vowel + σ 2 α vowel + σ 2 In the fflame fafflhiffn, undiffiected e ect fflizeffl (e.g., R 2 ) can be cffmfiuted diffiectly fffiffm the fifffflteffiiffffi fflamfileffl, ffffi included in the mffdel fflfieci catiffn affl a fiaffiameteffi fff the mffdel, in a way that at each iteffiatiffn fff the MPMP, a value fff the e ect fflize iffl fflamfiled, ffiefflulting in an effltimatiffn fff itffl full fifffflteffiiffffi diffltffiibutiffn.11 N Oayefflian veffiffliffn fff the R 2 iffl alfflff available in brms uffling the bayes_R2 methffd, fffffi which the calculatiffnffl affie baffled ffn Telman, Tffffdffiich, Tabffiy,& Vehtaffii (201E).

bayes_R2(bmod5)

## Estimate Est.Error Q2.5 Q97.5 ## R2 0.2960156 0.015844 0.2649795 0.3265445

In bffiief, we fffund a weak e ect fff gendeffi ffn vffwel fiffiffductiffn vaffiiability in Indffnefflian (β = -0.0A3, 95% PffiI = [-0.10A, 0.01E], δ t = -0.3AD, 95% PffiI = [-0.807, 0.097]), thiffl e ect being afflfflffciated with a laffige unceffitainty (affl exfiffiefflffled by the width fff the cffiedible inteffival).

Thiffl ffiefflult ffleemffl tff fflhffw that femaleffl tend tff fiffiffnffunce vffwelffl with mffffie vaffiiability than maleffl, while the vaffiiatiffn ffbffleffived acffifffflffl vffwelffl (affl ffluggefflted by σ β vowel ) ffluggeffltffl that theffie might exifflt fflubffltantial inteffi-vffwel vaffiiability, that fflhffuld be fflubfflefluently fiffifffieffily ffltudied.

N fffllffw-ufi analyffliffl fflfieci cally deffligned tff tefflt the e ect fff gendeffi ffn each vffwel fflhffuld helfi betteffi defflcffiibe inteffi-vffwel vaffiiability (we give an examfile fff ffluch an analyffliffl in the fflufifilementaffiy mateffiialffl).

Tff fflum ufi, we hfffie that thiffl intffiffductive tutffffiial haffl helfied the ffieadeffi tff undeffiffltand the fffundatiffnal ideaffl fff Oayefflian MLMffl, and tff afififfieciate hffw ffltffiaightfffffiwaffid the inteffififfietatiffn fff the ffiefflultffl iffl. Mffffieffveffi, we hfffie tff have demffnffltffiated that althffugh Oayefflian data analyffliffl may ffltill fflffmetimeffl (wffiffngfully) fflffund di cult tff gffiafflfi and tff uffle, the develfffiment fff ffiecent tfffflffl like brms helfiffl tff build and t Oayefflian MLMffl in an intuitive way. We believe that thiffl fflhift in fiffiactice will allffw mffffie ffieliable ffltatiffltical infeffienceffl tff be dffiawn fffiffm emfiiffiical ffieffleaffich.

A.6 Supplementary materials

Sufifilementaffiy mateffiialffl, ffiefiffiffducible cffde and guffieffl affie available atG httfifflG//fffflf.iff/ dfizcb. N lfft fff uffleful fiackageffl have been uffled fffffi the wffiiting fff thiffl fiafieffi, amffng which the papaja and knitr fiackageffl fffffi wffiiting and fffffimatting (Nufflt & Oaffith,201EH Xie,201E), the ggplot2, viridis, ellipse, BEST, and ggridges fiackageffl fffffi filfftting (Taffinieffi,201EH Kffiufflchke & Meffiedith,201EH Muffidffch & Phffw,201EH Wickham et al.,201EH Wilke,201E), affl well affl the tidyverse and broom fiackageffl fffffi cffde wffiiting and fffffimatting (Rffbinfflffn,201EH Wickham,201D).

N X O

Eye-tracking control experiment

The fiuffififfffle fff thiffl cffntffiffl exfieffiiment waffl tff check whetheffi the twff mfftffffi tafflkffl uffled in the main exfieffiiment fiffiefflented in Phafiteffi C, namely, ngeffi tafifiing and affiticulatffffiy fflufififfiefflffliffn (mffuthing) weffie efluivalent in teffimffl fff tafflk di culty ffffi geneffial dual-tafflk demand [START_REF] Rmeffifflffn | Veffideffie valideffiing van de Pfffflitive and Negative N ect Schedule (PNNNS) en veffigelijking van twee Nedeffilandffltalige veffifflieffl[END_REF]. Paffiticifiantffl fieffifffffimed a cffmfiuteffi-baffled vifflual ffleaffich tafflk (i.e., nding a T amffng an affiffiay fff Lffl), adafited fffiffm Tffieifflman & Telade (1FE0) fiaffiadigm (fflee belffw fffffi detailffl). 1

B.1 Sample

Twenty-fffuffi fiaffiticifiantffl (Mean age = 1F.AC, SD = 1.1E, Min-Max = 1E-21, 21 femaleffl, 21 ffiight-handed), dffiawn fffiffm the fflame fifffiulatiffn (i.e., undeffigffiaduate Pfflychfflffgy ffltudentffl at Univ. Tffienffble Nlfieffl) affl the main exfieffiiment tffffk fiaffit in thiffl eye-tffiacking fiffietefflt.

B.2 Sample size

Nffl we aimed tff cffmfiaffie fffuffi cffnditiffnffl (i.e., vifflual ffleaffich tafflk alffne, vifflual ffleaffich + ngeffi tafifiing, vifflual ffleaffich + ffffft tafifiing and vifflual ffleaffich + mffuth mffvementffl), we ffiecffiuited 2A fiaffiticifiantffl in ffffideffi tff have at leafflt ffne fiaffiticifiant fieffi ffffideffi in ffuffi ffiandffm cffunteffi-balanced ffiefieated meaffluffieffl defflign (n = k! wheffie n iffl the numbeffi fff fifffflfflible ffffideffiffl fff cffnditiffnffl fffffi k cffnditiffnffl, then n = 4! = 24).

1 Thiffl afifiendix iffl fiffiefflented in a fflubmitted manufflcffiifit ffiefffffimatted fffffi the need fff thiffl theffliffl. SffufficeG Nalbfffficzyk, L., Peffiffiffne-Oeffitfflfftti, M., Oaeyenffl, P., Tffiandchamfi, R., Sfiinelli, R., Kfffflteffi, R.U.W., & Loevenbffiuck, U. (submitted). Nffiticulatffffiy fflufififfiefflffliffn e ectffl ffn induced ffiuminatiffn. Pffie-ffiegifflteffied fiffifftffcffl, fiffiefiffiint, data, affl well affl ffiefiffiffducible cffde and guffieffl affie available atG httfifflG//fffflf.iff/3bhCD/. 

B.3 Material

B.4 Procedure

The taffiget (the letteffi "T") waffl fiffiefflented at each tffiial, eitheffi ffn the ffiight ffffi ffn the left fff the centffial veffitical axiffl fff the gffiid. The gffiid waffl an affiffiay fff CxC itemffl. Rach ffltimuluffl waffl difflfilayed until the fiaffiticifiant ffiefflfiffnffle (maximum duffiatiffn in caffle fff nff ffiefflfiffnffleG B fflecffndffl). Rach gffiid fff letteffiffl waffl fiffieceded by a centffial xatiffn cifficle, that waffl difflfilayed fffffi B00mffl afteffi the fiaffiticifiant mffved hiffl/heffi gaze tffwaffidffl it. In ffffideffi tff give theiffi ffiefflfiffnffle ("left" ffffi "ffiight"), fiaffiticifiantffl had tff gaze tffwaffidffl a laffige lled gffiay cifficle, fflituated eitheffi ffn the left ffffi ffn the ffiight fflide fff the gffiid. Rach fiaffiticifiant went thffiffugh each cffnditiffn, in a ffiandffm ffffideffi. N ffifflt geneffial tffiaining fflefflffliffn waffl fiffifffiffffled, at the beginning fff the exfieffiiment, uffling ten itemffl that weffie nfft uffled fflubfflefluently in the fffuffi cffnditiffnffl. Rach cffnditiffn waffl cffmfiffffled fff F0 tffiialffl (AB left and AB ffiight), knffwing that the ffifflt ten tffiialffl fff each cffnditiffn weffie cffnfflideffied affl tffiaining tffiialffl and thuffl nfft included in analyffliffl. Nll fiaffiticifiantffl weffie lmed in ffffideffi tff enffluffie that they e ectively fieffifffffimed the mfftffffi activity.

Ouffi meaffluffie fff inteffiefflt waffl the delay between the afifiaffiitiffn fff the gffiid and the fiaffiticifiant'ffl ffiefflfiffnffle (the time at which hiffl/heffi gaze ffieached the ffiefflfiffnffle cifficle), belffw ffiefeffiffied tff affl "ffiefflfiffnffle time" (RT).

B.5 Data preprocessing

Raw data fffiffm RyeLink® includeffl gaze ffn fflcffieen fflfiatial cffffffidinateffl, fiufiil diameteffi and fffffiehead taffiget fflfiatial cffffffidinateffl, with itffl diffltance fffiffm the cameffia. Sffffi thiffl exfieffiiment, fflince ffnly RTffl (in mffl) fff cffffiffiect tffiialffl affie inteffiefflting, invalid tffiialffl (when nff ffiefflfiffnffle haffl been given) and wffiffng ffiefflfiffnffleffl weffie ffiemffved fffiffm the analyffliffl. Undeffilying dfftffl ffiefiffiefflent the aveffiage ffiaw RT by fiaffiticifiant. Right fianelG fifffflteffiiffffi diffltffiibutiffn fff the di effience between each fiaiffi fff cffnditiffnffl, alffng with itffl mean and F0% and FB% PffiI.

B.8 Discussion

Thiffl cffntffiffl exfieffiiment fflhffwffl that theffie iffl nff afifiaffient di effience (ffffi a negligible ffne) in teffimffl fff attentiffnal demand between the twff mfftffffi tafflkffl uffled in the main exfieffiiment (i. If a response is not received when using the above contact details, please send an email to data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. ------------------------------------------------------------name: Ladislas Nalborczyk -address: Henri Dunantlaan 2, 9000 Ghent, Belgium -e-mail: ladislas.nalborczyk@gmail.com 1b. Responsible Staff Member (ZAP) ------------------------------------------------------------name: Prof. dr. Ernst H. W. Koster -address: Henri Dunantlaan 2, 9000 Ghent, Belgium -e-mail: Ernst.Koster@UGent.be If a response is not received when using the above contact details, please send an email to data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium.
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Figure 1 . 1 .

 11 Figure 1.1. Pffncefitual fflfiace fff di effient tyfieffl fff thffught accffffiding tff delibeffiate and autffmatic cffnffltffiaintffl (Siguffie fffiffm Phffiiffltff et al., 201C).

1. 1 .

 1 RUMINNTIONG TURORIRS NND MRNSURRS ffievealed twff diffltinct cffmfiffnentfflG bffiffffding and ffie ective fiffndeffiing (affl difflcufflffled in the fiffieviffuffl fflectiffn). Oaffled ffn Watkinffl (200E)'ffl diffltinctiffn between cffnffltffiuctive (cffncffiete exfieffiiential thinking) and uncffnffltffiuctive (abffltffiact analytical thinking) fffffimffl fff ffiuminatiffn defflcffiibed fiffieviffufflly, Oaffinaffid, Watkinffl, Mackintfffflh, & Nimmff-Smith (200D) develfffied the Pambffiidge Rxeteffi Refietitive Thffught Scale (PRRTS) tff afflfflefflffl di effient facetffl fff ffiuminatiffn. Thiffl flueffltiffnnaiffie cffntainffl EA itemffl affiffianged in thffiee fiaffitffl afflfflefflffling i) the cffntext fff ffiuminatiffn,

Figure 1 . 2 .

 12 Figure 1.2. Siguffie 1 & 2 fffiffm Reed (1F1C) defflcffiibing the afifiaffiatuffl uffled tff ffiecffffid tffngue mffvementffl duffiing thinking and inneffi fflfieech.

Figure 1 . 3 .

 13 Figure 1.3. Stageffl fff inteffinalifflatiffn. Siguffie fffiffm Seffinyhffugh (200A).

Figure 1 . 7 .

 17 Figure 1.7. Uyfifftheffleffl ffiegaffiding inneffi fflfieech'ffl lffcuffl fff geneffiatiffn. Defiending ffn the fffiamewffffik, inneffi fflfieech iffl thffught tff be fflfieci ed at an affiticulatffffiy level (mfftffffi fflimulatiffn view) ffffi nfft (abffltffiactiffn view). Siguffie fffiffm Ofifienheim & Dell (2010).

Figure 1 .

 1 Figure 1.10. N ceffiebffial landfflcafie fff delibeffiate inneffi fflfieech fiffiffductiffn. Siguffie fffiffm Loevenbffiuck et al. (201E).

  inhibitffffiy mechanifflmffl may alfflff taking filace duffiing mfftffffi imageffiy (cffffiffiffbffffiating the thiffid fffitiffn difflcufflffled in Offx 1.A). Uffweveffi, affl highlighted by O'Shea & Mffffian (201E), glffbal inhibitffffiy mechanifflmffl may alfflff induce lffngeffi mffvementffl timeffl in MI-MR fflefluenceffl than in MR-MR fflefluenceffl, but thiffl e ect waffl nfft ffbffleffived in Riegeffi et al. (201D). Tff fiufflh fffffiwaffid thiffl inveffltigatiffn, O'Shea & Mffffian (201E) uffled fiufiillffmetffiy tff examine the degffiee

Figure 2 . 1 .

 21 Figure 2.1. Uuman ffiefflfiiffiatffffiy and fihffnatffffiy fflyffltem. Siguffie fffiffm the OfienStax Anatomy and Physiology Textbffffk. Dffwnlffad fffffi fffiee at httfifflG//cnx.ffffig/cffntentffl/ 1AfbAadD-3Fa1-Aeee-abCe-3ef2AE2e3e22@1B.1.
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 122 Figure 2.2. Illuffltffiatiffn fff the vffcalic 'fluadffiilateffial' and the ffielatiffn between vffwelffl and fffffimantffl (S1 and S2). Siguffie adafited fffiffm the Inteffinatiffnal Phffnetic Nfflfflffciatiffn (201B) -IPN Phaffit, available undeffi a Pffieative Pffmmffnffl Nttffiibutiffn-Shaffiealike 3.0 Unfiffffited Licenffle.
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 23 Figure 2.3. Table fff cffnfflffnantffl accffffiding tff the manneffi (in ffiffwffl) and filace (in cfflumnffl) fff affiticulatiffn. Siguffie fffiffm the Inteffinatiffnal Phffnetic Nfflfflffciatiffn (201B) -IPN Phaffit, available undeffi a Pffieative Pffmmffnffl Nttffiibutiffn-Shaffiealike 3.0 Unfiffffited Licenffle.
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 24 Figure 2.4. Illuffltffiatiffn fff the main facial mufflcleffl fff inteffiefflt in the fiffiefflent wffffik. Siguffie adafited fffiffm Patffiick J. Lynch, medical illuffltffiatffffi, httfiG//fiatffiicklynch.net.

Figure 2 . 5 .

 25 Figure 2.5. Stffiuctuffie fff a fflkeletal mufflcle, mufflcle fafflcicle and mufflcle beffi. Siguffie fffiffm the OfienStax Anatomy and Physiology Textbffffk. Dffwnlffad fffffi fffiee at httfifflG//cnx.ffffig/cffntentffl/ 1AfbAadD-3Fa1-Aeee-abCe-3ef2AE2e3e22@1B.1.

BC 2 .

 2 2. N ORIRS INTRODUPTION TO RLRPTROMYOTRNPUY

Figure 2 . 6 .

 26 Figure 2.6. Time cffuffiffle fff a mfftffffi actiffn fifftential ( guffie fffiffm Kamen & Tabffiiel, 2010).

Figure 2 . 7 .

 27 Figure 2.7. Mfftffffi unit actiffn fifftential ffiefiffiefflentatiffn ( guffie fffiffm De Luca et al., 200C).

  Myffelectffiic meaffluffiementffl have a lffng hiffltffffiy, ffltaffiting in the XVII and XVIII centuffiieffl with the clafflfflical ffbffleffivatiffnffl that mufflcle cffntffiactiffn can geneffiate electffiicity and that electffiical imfiulffleffl can geneffiate mufflcle cffntffiactiffn. The teffim fff electffiffmyffgffiafihy and the ffifflt RMT meaffluffieffl weffie ffiealiffled at the end fff the XIXth centuffiy, and the fluality fff RMT meaffluffiementffl did nfft ceaffle tff imfiffiffve fflince (fflee Raez, Uufflfflain, & Mffhd-Yafflin, 200C, fffffi a bffiief hiffltffffiical fieffifflfiective). Twff main tyfieffl fff fflenfflffffiffl have been uffled tff ffiecffffid RMT fflignalffl, vaffiying by theiffi invafflivenefflffl. Siffifflt, indwelling (intffiamufflculaffi) ffiecffffidingffl can be acfluiffied via electffiffdeffl diffiectly inffleffited intff the mufflcle. Thiffl fffffim fff RMT iffl mffffltly uffled in ffiehabilitatiffn, fffffi diagnffffliffl fff mufflcle functiffn and tff examine neffive cffnductiffn (Sffiidlund & Pacifffififf, 1FEC).

  The ffiaw RMT fflignal iffl a ffltffchaffltic tffiain fff MUNPffl. Nffl fiut by Sffiidlund & Pacifffififf (1FEC), "when heaffid thffiffugh a fflfieakeffi, the ffiaw RMT fflignal fflffundffl like fiffficffffin fifffifiing". Theffiefffffie, it iffl ufflually unffluitable fffffi immediate fluanti catiffn. In ffffideffi tff illuffltffiate what the RMT fflignal lffffkffl like, we fflimulated RMT data baffled ffn a ffltandaffid algffffiithm imfilemented in the biosignalEMG fiackage 201E). Thiffl fflimulated RMT fflignal iffl ffiefiffiefflented in Siguffie 2.E.

Figure 2 . 8 .

 28 Figure 2.8. Simulated RMT fflignal.

  The main advantage fff the Oayefflian afififfiffach iffl the exfilicit uffle fff fiffiffbability tff mffdel the unceffitainty (fflee Offx 2.1). Oy dffing fflff, the Oayefflian afififfiffach fieffimitffl tff evaluate the fiffiffbability fff a fiaffiameteffi (ffffi a vectffffi fff fiaffiameteffiffl) θ, given a fflet fff data yG p(θ|y) = p(y|θ)p(θ) p(y) Uffling thiffl efluatiffn (knffwn affl Oayeffl' theffffiem), a fiffiffbability diffltffiibutiffn p(θ|y) can be deffiived (called the posterior distribution), that ffie ectffl knffwledge abffut the fiaffiameteffi, given the data and the fiffiiffffi infffffimatiffn. Thiffl diffltffiibutiffn iffl the gffal fff any Oayefflian analyffliffl and cffntainffl all the infffffimatiffn needed fffffi infeffience. The teffim p(θ) cffffiffiefflfiffndffl tff the prior distribution, which fflfieci effl the fiffiiffffi infffffimatiffn abffut the fiaffiameteffiffl (i.e., what iffl knffwn abffut θ befffffie ffbffleffiving the data) affl a fiffiffbability diffltffiibutiffn. The left hand fff the numeffiatffffi p(y|θ) ffiefiffiefflentffl the likelihood, alfflff called the sampling distribution ffffi generative model, and iffl the functiffn thffiffugh which the data a ect the fifffflteffiiffffi diffltffiibutiffn. The likelihffffd functiffn indicateffl hffw likely the data affie tff afifieaffi, fffffi each fifffflfflible value fff θ. Sinally, p(y) iffl called the marginal likelihood. It iffl meant tff nffffimaliffle the fifffflteffiiffffi diffltffiibutiffn, that iffl, tff fflcale it in the "fiffiffbability wffffild". It giveffl the "fiffiffbability fff the data", fflumming ffveffi all valueffl fff θ and iffl defflcffiibed by p(y) = ∑ θ p(θ)p(y|θ) fffffi difflcffiete fiaffiameteffiffl, and by p(y) = ∫ p(θ)p(y|θ)d θ in the caffle fff cffntinuffuffl fiaffiameteffiffl.

Box 2 . 2 :

 22 defiendency ffltffiuctuffieffl and tff ffbtain mffffie fiffieciffle effltimateffl. N mffffie accuffiate defflcffiifitiffn fff Oayefflian multilevel mffdelffl iffl ffutfflide the fflcfffie fff thiffl intffiffductffffiy fflectiffn but the inteffiefflted ffieadeffi iffl ffiediffiected tffwaffid ffleveffial exifflting tutffffiial fiafieffiffl (e.g.,Nalbfffficzyk et al., 201FaH Nicenbffim & Vafflifflhth, 201CH Sffffienfflen, Uffhenffltein, & Vafflifflhth, 201C) ffffi Nfifiendix N.Thffiffughffut thiffl wffffik, we alfflff make uffle fff ffleveffial tfffflffl with veffiy diffltinct fiffifffieffitieffl and uffleffl. Sffffi inffltance, we uffle Oayeffl factffffiffl (OSffl) tff fluantify the ffielative evidence fffffi a ffltatiffltical hyfifftheffliffl (fflee Offx 2.2), we uffle infffffimatiffn cffiiteffiia tff afflfflefflffl the fiffiedictive abilitieffl fff ffuffi mffdelffl (fflee Offx 2.3), we uffle fifffflteffiiffffi fiffiedictive checkffl affl well affl a diagnfffflticffl tfffflffl (e.g., cffnveffigence indexeffl, tffiace filfftffl) tff afflfflefflffl the validity fff ffuffi mffdelffl, and we uffle fflummaffiy ffltatifflticffl when afififfifffiffiiate tff cffnvey the meaning fff the main ffiefflultffl. CA 2.3. STNTISTIPNL MODRLLINT NND STNTISTIPNL INSRRRNPR What is a Bayes factor ? It iffl a ffiule in ffltatifflticffl that eveffiy ffltatifflticffl haffl alffieady been ffluggefflted affl the new statistics. Pffn dence inteffivalffl have been ffluggefflted affl a ffiefilacement tff p-valueffl, being fiuffififfffitedly mffffie infffffimative and lefflffl di cult tff inteffififfiet. Pffiedible inteffivalffl have been ffluggefflted affl a ffiefilacement tff cffn dence inteffivalffl, fffffi ffiffughly the fflame ffieafflffnffl. Oayefflian hyfifftheffliffl tefflting thffiffugh Oayeffl factffffiffl (OSffl) haffl alfflff been ffluggefflted affl a ffiefilacement fffffi fffiefluentifflt hyfifftheffliffl tefflting. It haffl been affigued that they fieffimit a ffiicheffi infeffience and that they cffme with a mffffie ffltffiaightfffffiwaffid inteffififfietatiffn. Wheffieaffl thiffl might be tffiue, they nffnethelefflffl cffme with theiffi lfft fff mifflinteffififfietatiffnffl. Tff highlight what OSffl affie and what they affie nfft, it might be uffleful tff wffiite dffwn the fffffimula uffled tff cffmfiute them. Tff thiffl end, it iffl uffleful tff wffiite the Oayeffl ffiule in itffl odds form, making the OS exfilicitly vifflibleG p(H 0 |D) p(H 1 |D) Thiffl efluatiffn ffievealffl that the posterior odds, the ffiatiff fff the fifffflteffiiffffi fiffiffbability (i.e., hffw much mffffie fiffiffbable iffl hyfifftheffliffl 1 (H 1 ) affl cffmfiaffied tff hyfifftheffliffl 2 (H 2 ), afteffi ffleeing the data D), iffl eflual tff the ffiatiff fff the fiffiffbability fff the data given the ffifflt hyfifftheffliffl and the fiffiffbability fff the data given the fflecffnd hyfifftheffliffl, multifilied by the prior odds (i.e., hffw much mffffie fiffiffbable waffl hyfifftheffliffl 1 (H 1 ) affl cffmfiaffied tff hyfifftheffliffl 2 (H 2 ), befffffie ffleeing the data D). Imfiffffitantly, what we cffnfflideffi affl evidence in the Oayefflian fffiamewffffik iffl alfflff knffwn affl a marginal likelihood and ffiefiffiefflentffl the infffffimatiffn cffntained in the data, weighted by the fiffiiffffi infffffimatiffn. It iffl a fflum when fiaffiameteffiffl affie difflcffiete ffffi an integffial when fiaffiameteffiffl affie cffntinuffuffl. evidence = p(D|H ) = ∫ p(θ|H )p(D|θ, H )dθ Theffiefffffie, the OS dffeffl nfft indicate hffw much "fiffiffbable" a hyfifftheffliffl iffl, ffffi hffw much mffffie fiffiffbable a hyfifftheffliffl iffl, cffmfiaffied tff anfftheffi ffne (thiffl wffuld be tff cffn ate the OS with the fifffflteffiiffffi ffddffl). Inffltead, the OS can be (fflhffuld be) inteffififfieted eitheffi i) affl a ffiatiff fff twff marginal likelihoods (i.e., a ffiatiff fff evidence) ffffi ii) affl an ufidating factffffi, indicating hffw we fflhffuld ffieallffcate cffiedibility fffiffm fiffiiffffi knffwledge (what we knew befffffie ffleeing the data) tff fifffflteffiiffffi knffwledge (what we knffw afteffi ffleeing the data).

Box 2 . 3 :

 23 Information criteria Uiffifftugu Nkaike nffticed that the negative lffg-likelihffffd fff a mffdel + 2 timeffl itffl numbeffi fff fiaffiameteffiffl waffl afififfiffximately eflual tff the out-of-sample deviance fff a mffdel, which led tff what iffl nffwadayffl famffufflly knffwn affl the Akaike information criterion (NIP)G NIP = -2 log(L ( θ|data)) in-fflamfile deviance +2K ≈ ffut-fff-fflamfile deviance wheffie K iffl the numbeffi fff fiaffiameteffiffl fff the mffdel and the deviance iffl a meaffluffie fff difflcffiefiancy between the data and the mffdel.

  ffluffiface electffiffmyffgffiafihy and mufflcle-fflfieci c ffielaxatiffn tff inveffltigate the invfflvement fff the fflfieech mfftffffi fflyffltem duffiing induced veffibal and nffn-veffibal ffiuminatiffn (Phafiteffi 3 & A). In Phafiteffi B, we uffled ffluffiface electffiffmyffgffiafihy and machine leaffining algffffiithmffl tff decffde the mufflcle-fflfieci c RMT cffffiffielateffl fff inneffi fflfieech fiffiffductiffn. In the lafflt cffufile fff exfieffiimentffl, we fflwitched ffltffiategy fffiffm the "cffffiffielateffl ffltffiategy" tff the "inteffifeffience ffltffiategy", wheffie the gffal waffl tff diffiectly inteffifeffie with the activity fff the fflfieech mfftffffi fflyffltem. Mffffie fiffiecifflely, we uffled affiticulatffffiy fflufififfiefflffliffn tff difflffiufit induced ffiuminatiffn in Phafiteffi C, and we uffled affiticulatffffiy fflufififfiefflffliffn tff difflffiufit eitheffi induced ffiuminatiffn ffffi fiffiffblem-fflfflving in Phafiteffi D. Sinally, in Phafiteffi E, we fflummaffiiffle the main ndingffl, difflcufflffl theiffi imfilicatiffnffl and ffluggefflt wayffl fffffiwaffid fffiffm bffth a theffffietical and an exfieffiimental fieffifflfiective. exfieffiienced in the fffffim fff ffiefietitive veffibal thffughtffl and can theffiefffffie be cffnfflideffied affl a fiaffiticulaffi caffle fff inneffi fflfieech. Nccffffiding tff the Motor Simulation view, inneffi fflfieech iffl a kind fff mfftffffi actiffn, ffiecffiuiting the fflfieech mfftffffi fflyffltem. In thiffl fffiamewffffik, we fiffiedicted an incffieaffle in fflfieech mufflcle activity duffiing ffiuminatiffn affl cffmfiaffied tff ffiefflt. We alfflff fiffiedicted incffieaffled fffffiehead activity, afflfflffciated with anxiety duffiing ffiuminatiffn. We meaffluffied electffiffmyffgffiafihic activity ffveffi the orbicularis oris superior and inferior, frontalis and exor carpi radialis mufflcleffl. Refflultffl fflhffwed incffieaffled lifi and fffffiehead activity afteffi ffiuminatiffn inductiffn cffmfiaffied tff an initial ffielaxed ffltate, tffgetheffi with incffieaffled fflelf-ffiefiffffited levelffl fff ffiuminatiffn. Mffffieffveffi, ffuffi data ffluggefflt that ffffifffacial ffielaxatiffn iffl mffffie e ective in ffieducing ffiuminatiffn than nffn-ffffifffacial ffielaxatiffn.

  and ffiefflfiiffiatffffiy ffiate(Pffnffiad & Schönle, 1FDF) affie fflimilaffi in bffth. N fiffiedictiffn fff the Motor Simulation view iffl that the fflfieech mfftffffi fflyffltem fflhffuld be ffiecffiuited duffiing inneffi fflfieech. Subtle mufflcle activity haffl been detected in the fflfieech mufflculatuffie uffling electffiffmyffgffiafihy (RMT) duffiing veffibal mental imageffiy, fflilent ffieading, fflilent ffiecitatiffn D23.1. INTRODUPTION 

  (e.g., Levine, Palvaniff, & Pfffiffvicffl, 1FE2H Maffitin & Paffiamazza, 1FE2) ffffi with intact inneffi fflfieechG ffnly the lateffi fihaffleffl fff fflfieech fiffiffductiffn (executiffn) being a ected by the leffliffn (Oaddeley & Wilfflffn, 1FEBH Maffifflhall, Rafifiafiffffit, & Tafficia-Ounuel, 1FEBH Vallaffi & Pafifia, 1FED). Teva, Oennett, Waffibuffitffn, & Patteffifflffn (

  The meaffluffiement fff ffiuminatiffn affl cffncefitualized by Nfflen-Uffekfflema (1FF1) waffl fffieffiatiffnalized by the develfffiment fff the Ruminative Refflfiffnffle Scale (RRS), which iffl a fflubfflcale fff the ffiefflfiffnffle ffltyle flueffltiffnnaiffie (Nfflen-Uffekfflema & Mffffiffiffw, 1FF1). The RRS cffnffliffltffl fff 22 itemffl that defflcffiibe ffiefflfiffnffleffl tff dyfflfihffffiic mffffd that affie fflelf-fffcuffled, fflymfitffm-fffcuffled, and fffcuffled ffn the cauffleffl and cffnfflefluenceffl fff ffne'ffl mffffd. Oaffled ffn thiffl DA3.1. INTRODUPTION fflcale, Tffieynffffi et al. (2003) have ff effied a detailed defflcffiifitiffn fff ffiuminatiffn ffltyleffl and mffffie ffiecently,Watkinffl (200E) haffl fuffitheffi chaffiacteffiized di effient mffdeffl fff ffiuminatiffn. The validity fff theffle defflcffiifitiffnffl iffl neveffithelefflffl baffled ffn the hyfifftheffliffl that individualffl have diffiect and ffieliable accefflffl tff theiffi inteffinal ffltateffl. Uffweveffi, fflelf-ffiefiffffitffl incffieaffle ffiecffnffltffiuctiffn biaffleffl (e.g., Offieweffi, 1FECH Pffnway, 1FF0) and it iffl well knffwn that fiaffiticifiantffl have a veffiy lffw level fff awaffienefflffl fff the cffgnitive fiffiffcefflffleffl that undeffilie and mffdulate cffmfilex behaviffffiffl(Nifflbett & Wilfflffn, 1FDD).In ffffideffi tff ffvefficffme theffle di cultieffl, fflffme authffffiffl have attemfited tff fluantify ffltate ffiuminatiffn and tffiait ffiuminatiffn mffffie ffbjectively, by ffiecffffiding fihyfflifflffgical ffffi neuffiffanatffmical cffffiffielateffl fff ffiuminatiffn (fffffi a ffieview, fflee[START_REF] Siegle | Phyfflifflffgical afflfiectffl fff defiffiefflfflive ffiuminatiffn[END_REF].Peffiifiheffial fihyfflifflffgical manifeffltatiffnffl (e.g., fiufiil dilatiffn, blffffd fiffiefflffluffie, caffidiac ffihythm, caffidiac vaffiiability) have been examined duffiing induced ffffi chffiffnic ffiuminatiffn. Vickeffiffl & Vffgeltanz-Ufflm (2003) have ffbffleffived an incffieaffle in fflyffltfflic blffffd fiffiefflffluffie afteffi ffiuminatiffn inductiffn, ffluggefflting the invfflvement fff the autffnffmic neffivffuffl fflyffltem in ffiuminatiffn.
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 3 OROSNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS INDUPRD VRRONL RUMINNTION mufflcle activity. If veffibal ffiuminatiffn iffl a kind fff actiffn, then itffl fiffiffductiffn fflhffuld be mffdulated in ffietuffin by the e ectffl fff ffielaxatiffn ffn fflfieech e ectffffiffl. Thiffl idea iffl fflufififfffited by the ffiefflultffl fff (amffng fftheffiffl) Pe dekhanie, Savaffiiaux, Satff, & Schwaffitz (201A), whff have ffbffleffived fflubffltantial fieffituffibatiffnffl fff inneffi fflfieech fiffiffductiffn while fiaffiticifiantffl had tff ffiealize ffffficed mffvementffl fff the affiticulatffffiffl.

  RMT fflignalffl weffie detected with Tffiignff TM Mini fflenfflffffiffl (Delfflyffl Inc.) at a fflamfiling ffiate fff 1F2C fflamfileffl/ffl with a band fiafflffl fff 20 Uz (12 dO/ ffct) tff AB0 Uz (2A dO/ffct) and weffie amfili ed by a Tffiignff TM 1C-channel wiffielefflffl RMT fflyffltem (Delfflyffl Inc.). The fflenfflffffiffl cffnfflifflted fff twff B mm lffng, 1 mm wide fiaffiallel baffiffl, fflfiaced by 10 mm, which weffie attached tff the fflkin uffling dffuble-fflided adhefflive inteffifaceffl. The fflkin waffl cleaned by gently fflcffiubbing it with D0% ifflfffiffifffiynffl alcffhffl. RMT fflignalffl weffie then fflynchffiffnized uffling the PffweffiLab 1C/3B (NDInffltffiument, PL3B1C). Raw data fffiffm the RMT fflenfflffffiffl weffie then ffiefflamfiled at a ffiate fff 1 kUz and ffltffffied in digital fffffimat uffling Labchaffit E fflffftwaffie (NDInffltffiument, MLUC0/E). Nffl fflhffwn in Siguffie 3.1, bififflaffi ffluffiface RMT ffiecffffidingffl weffie ffbtained fffiffm twff fflfieech-ffielated labial mufflclefflG orbicularis oris superior (OOS) and orbicularis oris inferior (OOI), affl well affl fffiffm ffne nffn fflfieech-ffielated but negative-a ect-ffielated facial mufflcleG frontalis (SRO) and fffiffm ffne nffn-facial and nffn fflfieech-ffielated mufflcleG exor carpi radialis (SPR) ffn the nffn-dffminant fffffieaffim. The latteffi fiaiffi fff electffiffdeffl waffl uffled tff check whetheffi the ffiuminatiffn inductiffn wffuld cauffle any mufflcle cffntffiactiffn, ffutfflide fff the facial mufflcleffl. The fflame fflenfflffffi layffut waffl uffled fffffi all fiaffiticifiantffl. Nfflymmetffiical mffvementffl fff the face have been fflhffwn in fflfieech and emfftiffnal exfiffiefflffliffn. Nffl ffieviewed in Rveffidell, Maffifflh, Yuffiick, Munhall, & Paffié (200D), the dffminant fflide fff the face difflfilayffl laffigeffi mffvementffl than the left duffiing fflfieech fiffiffductiffn, wheffieaffl the nffn-dffminant fflide iffl mffffie emfftiffnally exfiffiefflfflive. Tff fffitimiffle the cafituffie fff fflfieech-ffielated activity, the OOS and OOI fflenfflffffiffl weffie theffiefffffie fifffflitiffned ffn the dffminant fflide fff the bffdy (i.e. the ffiight fflide fffffi ffiight-handed fiaffiticifiantffl). Tff fffitimiffle the cafituffie fff emfftiffn-ffielated activity, the SRO fflenfflffffi waffl fifffflitiffned ffn the nffn-dffminant fflide. Tff DD PUNPTRR 3. OROSNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS INDUPRD VRRONL RUMINNTION minimiffle the fiffiefflence fff invffluntaffiy manual geffltuffieffl duffiing the ffiecffffiding, the SPR fflenfflffffi waffl fifffflitiffned ffn the nffn-dffminant fflide. Rach fiaiffi fff electffiffdeffl waffl filaced fiaffiallel with the diffiectiffn fff the mufflcle beffiffl, at a fifffflitiffn diffltant fffiffm the inneffivatiffn zffneffl and the mufflcle tendffn inteffiface, fffllffwing the ffiecffmmendatiffnffl fff De Luca (1FFD). The exfieffiiment waffl videff-mffnitffffied uffling a Sffny UDR-PX2A0R videff cameffia tff tffiack any vifflible facial mffvementffl. N micffifffihffne waffl filaced 20-30 cm away fffiffm the fiaffiticifiant'ffl lififfl tff ffiecffffid any faint vffcal fiffiffductiffn duffiing ffiuminatiffn. Stimuli weffie difflfilayed with R-fiffiime 2.0 (httfiG //www.fiffltnet.cffm) ffn a 1F-inch cfflffffi mffnitffffi.
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 31 Figure 3.1. Sacial mufflcleffl fff inteffiefflt. Twff fflfieech-ffielated labial mufflclefflG orbicularis oris superior (OOS) and orbicularis oris inferior (OOI)H affl well affl ffne nffn fflfieech-ffielated but ffladnefflffl-ffielated facial mufflcleG frontalis (SRO).

  did nfft exceed a thffiefflhffld ffn a defiffiefflfflive fflymfitffmffl fflcale. Thiffl waffl afflfflefflffled uffling the Sffiench veffiffliffn fff the Center for Epidemiologic Studies Depression fflcale (PRS-D, Suhffieffi & Rffuillffn, 1FEF), which evaluateffl the level fff defiffiefflfflive fflymfitffm in fflubclinical fifffiulatiffn. We alfflff cffllected infffffimatiffn abffut any fifftential fflfieech, neuffifflffgic, neuffiffmufflculaffi ffffi caffidiac difflffffideffiffl and abffut academic cuffiffiiculum. Sinally, the tendency tff ffiuminate (i.e., tffiait ffiuminatiffn) in daily life waffl evaluated uffling the Sffiench veffiffliffn fff the Mini-PRRTS (Pambffiidge-Rxeteffi Refietitive Thffught Scale, Dffuilliez et al., 2012). The fflecffnd fiaffit included twff RMT inteffidefiendent exfieffiimentffl ffielated tff Rumination Induction and Rumination DE 3.2. MRTUODS Reduction by Muscle Relaxation. Sfieci cally, Rxfieffiiment 1 cffnfflifflted fff acfluiffiing fihyfflifflffgical RMT data duffiing ffiefflt and induced ffiuminatiffn and Rxfieffiiment 2 cffnfflifflted fff acfluiffiing fihyfflifflffgical RMT data afteffi di effient kindffl fff ffielaxatiffn (fflee belffw). Duffiing bffth Rxfieffiiment 1 and Rxfieffiiment 2, mffmentaffiy ffiuminatiffn waffl afflfflefflffled uffling fffuffi di effient Vifflual Nnalffgue Scaleffl (VNS, the ffifflt twff being adafited and tffianffllated tff Sffiench fffiffm Uu zigeffi et al., 2012) ffiated fffiffm 0 tff 100G i) "Nt thiffl mffment, I am thinking abffut my

  RMT fflenfflffffiffl weffie fifffflitiffned affl exfilained abffve (fflee Siguffie 3.1). Oefffffie the ffiuminatiffn inductiffn, each fiaffiticifiant undeffiwent a nffn-fflfieci c ffielaxatiffn fflefflffliffn (i.e., withffut taffigeting fflfieci c mufflcleffl) in ffffideffi tff minimize inteffi-individual initial thymic vaffiiability (afififfiffximate duffiatiffnG 330ffl). Immediately afteffi, fiaffiticifiantffl weffie inffltffiucted tff ffiemain fflilent and nfft tff mffve fffffi ffne minute tff caffiffiy ffut RMT "baffleline" meaffluffiementffl. Then, fiaffiticifiantffl' initial level fff ffiuminatiffn waffl afflfflefflffled uffling the fffuffi VNSffl. Subfflefluently, fiaffiticifiantffl weffie invited tff fieffifffffim a 1B-min I.Q. tefflt, which waffl fiffiefflented ffn the cffmfiuteffi fflcffieen facing them. They weffie inffltffiucted tff cffffiffiectly ffiefflfiffnd tff thffiee tyfieffl fff I.Q. flueffltiffnffl (lffgical, mathematical and fflfiatial-ffieafflffning flueffltiffnffl) in a veffiy fflhffffit time (30ffl). Mfffflt fff the flueffltiffnffl weffie veffiy di cult, if nfft imfifffflfflible, tff cffffiffiectly anfflweffi in 30ffl. We included ten di effient flueffltiffnffl fffffi each fff the thffiee tyfieffl fff I.Q. flueffltiffnG ten lffgical flueffltiffnffl (e.g., nding the next numbeffi fff a Sibffnacci fflefluence), ten mathematical flueffltiffnffl (e.g., "What iffl the ffiefflult fff the fffllffwing calculufflG (30/1CB) -(D0/ CC)") and ten fflfiatial-ffieafflffning flueffltiffnffl (e.g., nding the next guffie fff a ffleffiieffl). Sfffficed-failuffie tafflkffl have extenfflively been emfilffyed in the liteffiatuffie tff induce a ffllightly negative mffffd, ideal fffffi fflubfflefluent ffiuminatiffn inductiffn (e.g., Lemffult & Jffffffimann, 201AH van Randenbffffigh, Uü meieffi, LeMffult, & Jffffffimann, 2010). Nfteffi the I.Q. tefflt, fiaffiticifiantffl weffie invited tff ffie ect ufiffn the cauffleffl and cffnfflefluenceffl fff theiffi feelingffl, duffiing ve minuteffl (ffiuminatiffn inductiffn). Thiffl methffd iffl baffled ffn the inductiffn fiaffiadigm develfffied by Nfflen-Uffekfflema & Mffffiffiffw (1FF3). The clafflfflical fiaffiadigm uffleffl a ffleffiieffl fff fiffiffmfitffl. In ffffideffi tff avffid the fifftential cffnfffund in mufflcle activity induced by fflilent ffieading, we did nfft uffle the full fiaffiadigm. We fflimfily fflummaffiiffled the ffleffiieffl fff fiffiffmfitffl by ffne tyfiical inductiffn fflentence. Duffiing thiffl fieffiiffd, fiaffiticifiantffl weffie afflked tff ffiemain fflilent and nfft tff mffve, while RMT ffiecffffidingffl weffie caffiffiied ffut (i.e., RMT Pfffflt-inductiffn meaffluffieffl). RMT fflignalffl fff ffiuminatiffn weffie cffllected duffiing the lafflt minute fff thiffl fieffiiffd. Sinally, fiaffiticifiantffl weffie inffltffiucted tff fflelf-ffiefiffffit mffmentaffiy ffiuminatiffn ffn the fffuffi VNSffl. DF PUNPTRR 3. OROSNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS INDUPRD VRRONL RUMINNTION
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 2 .4.1 EMG data processing RMT fflignal fiffie-fiffiffcefflffling waffl caffiffiied ffut uffling Labchaffit E. The RMT data weffie high-fiafflffl lteffied uffling a Sinite Imfiulffle Refflfiffnffle (SIR) lteffi at a cut-ff fff 20 Uz, uffling the Kaiffleffi windffw methffd with β = C. Then, ffutfiut fff thiffl ffifflt lteffi waffl lffw-fiafflffl lteffied at a cut-ff fff AB0 Uz (with the fflame fiaffiameteffiffl), in ffffideffi tff fffcuffl ffn the 20-AB0 Uz fffiefluency band, fffllffwing cuffiffient ffiecffmmendatiffnffl fffffi facial RMT ffltudieffl (Offxtel, 2001H De Luca, 1FFDH De Luca, Dffnald Tilmffffie, Kuznetfflffv, & Rffy, 2010). Nlthffugh we fflfieci cally afflked fiaffiticifiantffl tff ffiemain fflilent and nfft tff mffve duffiing RMT data cffllectiffn, tiny facial mffvementffl (ffluch affl biting ffne'ffl lififfl) ffffi vffcal fiffiffductiffnffl fflffmetimeffl ffccuffiffied. Peffiiffdffl with ffluch facial mffvement ffffi vffcal fiffiffductiffn weffie excluded fffiffm the analyffliffl. Tff dff thiffl, vifflual infflfiectiffn fff audiff, videff, and RMT fflignal waffl fieffifffffimed.Sfieci cally, fffffi the RMT fflignalffl, we cffmfiaffied twff methffdffl fff fflignal fflelectiffn. The ffifflt ffne cffnfflifflted fff ffletting a thffiefflhffld ffn the abfflfflute value fff the RMT fflignal and fiffffitiffnffl fff fflignalffl abffve thiffl thffiefflhffld weffie ffiemffved. Thiffl thffiefflhffld waffl emfiiffiically chfffflen uffling vifflual infflfiectiffn fff a few fflamfileffl and fflet tff the mean RMT value filuffl C SDffl. The fflecffnd methffd cffnfflifflted fff manually ffiemffving fieffiiffdffl fff time that included vifflually ffbviffuffl buffiffltffl fff RMT activity, cffffiffiefflfiffnding tff ffveffit cffntffiactiffn (affl in[START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF]. Oaffled ffn fflamfileffl fffiffm E0 3.2. MRTUODS a few fiaffiticifiantffl, the cffmfiaffiifflffnffl between theffle twff methffdffl fflhffwed that the autffmatic thffiefflhffld methffd waffl fflffmewhat lefflffl fflenfflitive tff ffveffit mffvementffl. Theffiefffffie, the fflecffnd methffd waffl uffled, affl it waffl mffffie cffnffleffivative and lefflffl fiffiffne tff leave data ffielated tff iffiffielevant ffveffit mffvementffl.Nfteffi fiffie-fiffiffcefflffling, RMT data weffie exfiffffited fffiffm Labchaffit fflffftwaffie tff Matlab ffi201Aa(Veffiffliffn E.3.0.B32, www.mathwffffikffl.fffi). Sffffi each RMT fflignal, mean valueffl weffie cffmfiuted undeffi Matlab, uffling 200 mffl fflliding windffwffl. The aveffiage fff theffle mean valueffl weffie calculated fffffi each ffiecffffiding fflefflffliffn (baffleline, afteffi inductiffn and afteffi ffielaxatiffn/inductiffn). Thiffl fiffiffvided a fflcffffie fffffi each mufflcle fff inteffiefflt (OOS, OOI, SPR, SRO) in each Sefflffliffn (Oaffleline, Pfffflt-Inductiffn, Pfffflt-Relaxatiffn) fffffi each fiaffiticifiant.3 

  Refflultffl fffffi VNS ffielative changeffl baffled ffn the multivaffiiate mffdelffl defflcffiibed eaffilieffi affie fflhffwn in the ffiight fianel fff Siguffie 3.2. Theffieafteffi, α ffiefiffiefflentffl the mean fff the fifffflteffiiffffi diffltffiibutiffn fff the intefficefit. Raw fiffie-and fifffflt-inductiffn fflcffffieffl affie fiffiffvided in the fflufifilementaffiy mateffiialffl. Mean VNS fflcffffie ffn the Seelingffl fflcale waffl ffllightly lffweffi afteffi inductiffn (α = -B.BB, FB% UDI [-10.EF, -0.2A], d = -0.23, FB% UDI [-0.AC, -0.01]), while Pffiffblemffl fflcffffie waffl ffllightly higheffi (α = 3.FF, FB% UDI [-2.0A, F.E3], d = 0.1B, FB% UDI [-0.0E, 0.3D]). We ffbffleffived a ffltffiffng incffieaffle fff the fflcffffie ffn the Offiffffding fflcale (α = 1A.AB, FB% UDI [E.0D, 20.D2], d = 0.B0, FB% UDI [0.2C, 0.DA]), and a ffltffiffng decffieaffle ffn the Sffcuffled fflcale (α = -11.C3, FB% UDI [-1D, -C.0D], d = -0.AE, FB% UDI [-0.D2, -0.2A]). Nffl we examined the t fff the intefficefit-ffnly mffdel, theffle effltimateffl ffiefiffiefflent the fifffflteffiiffffi mean fffffi each mufflcle.In the fffllffwing, we ffiefiffffit the mean (indicated by the Tffieek fflymbffl ρ) and the FB% UDI fff the fifffflteffiiffffi diffltffiibutiffn ffn the cffffiffielatiffn cffe cient (ρ). Rxaminatiffn fff the cffffiffielatiffn matffiix effltimated by the multivaffiiate mffdel ffievealed nff afifiaffient cffffiffielatiffn neitheffi between Seelingffl and Pffiffblemffl fflcaleffl (ρ = -0.01, FB% UDI[-0.23, 0.22]), nffffi between Seelingffl and Offiffffding (ρ = 0.0E, FB% UDI[-0.1B, 0.30]). Uffweveffi, we ffbffleffived a ffltffiffng fifffflitive cffffiffielatiffn between Pffiffblemffl and Offiffffding VNSffl (ρ = 0.CA, FB% UDI [.AF, 0.DC]), a fifffflitive cffffiffielatiffn between Seelingffl and Sffcuffled (ρ = 0.30, FB% UDI [.0E, 0.B0]), and a negative cffffiffielatiffn A While nfft fflu effiing fffiffm the mifflundeffiffltandingffl afflfflffciated with fffiefluentifflt cffn dence inteffivalffl (fffffi mffffie detailffl, fflee fffffi inffltanceMffffiey et al., 201B).
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 332 Figure 3.2. Pfffflteffiiffffi mean (white dfftffl) and FB% cffiedible inteffivalffl fffffi the RMT amfilitude (exfiffiefflffled in fiefficentage fff baffleline level, left fianel), and the VNS fflcffffie (exfiffiefflffled in ffielative change fffiffm baffleline, ffiight fianel). N = D1 (fffffi each mufflcle and each VNS). Dafflhed line ffiefiffiefflentffl the null value (i.e., 100% fffffi the RMT amfilitude and 0 fffffi the VNS fflcffffieffl).

(

  affl theiffi fflcffffieffl incffieaffled afteffi inductiffn in Rxfieffiiment 1), ffuffi analyffleffl weffie fffcuffled ffn theffle twff fflcaleffl. Pffnceffining the Pffiffblemffl VNS, the decffieaffle ffbffleffived in the Offifffacial cffnditiffn waffl mffffie fiffiffnffunced than in the Nffim cffnditiffn (Rfflt = -11.0C, SR = C.3B, RR10 = 22.CB), and ffllightly mffffie fiffiff-nffunced cffmfiaffied tff the Stffffiy cffnditiffn (Rfflt = -C.0B, SR = C.31, RR10 = A.FE). The ffbffleffived ffn the Offiffffding VNS fflcffffie in the Offifffacial cffnditiffn waffl laffigeffi than in the Nffim cffnditiffn (Rfflt = -F.FE, SR = C.0D, RR10 = 1E.EB), and ffllightly mffffie imfiffffitant cffmfiaffied tff the Stffffiy cffnditiffn (Rfflt = -B.23, SR = C.01, RR10 = A.2D).

3 .

 3 We uffled the fflame ffltffiategy affl befffffie tff cffmfiaffie the e ectffl fff the twff kindffl fff ffielaxatiffn ffn the RMT amfilitudeffl. EB PUNPTRR 3. OROSNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS INDUPRD VRRONL RUMINNTION

Figure 3 . 4 .

 34 Figure 3.4. Pfffflteffiiffffi mean and FB% cffiedible inteffivalffl fffffi the the RMT amfilitude (exfiffiefflffled in fiefficentage fff baffleline level, left fianel).

  in healthy individualffl. Nccffffiding tff the Motor Simulation view, we fiffiedicted an incffieaffle in the activity fff all facial mufflcleffl afteffi the ffiuminatiffn inductiffn, afflfflffciated with an incffieaffle in fflelf-ffiefiffffited ffiuminatiffn. Nlteffinatively, the Abstraction view fiffiedicted an incffieaffle in fflelf-ffiefiffffited ffiuminatiffn afflfflffciated with an incffieaffle in fffffiehead activity with nff changeffl in eitheffi lifi ffffi fffffieaffim activity.Tff tefflt the fiffiedictiffnffl fff theffle twff theffffietical viewffl, we cffmfiaffied RMT meaffluffieffl and VNS fflcffffieffl afteffi inductiffn tff theiffi valueffl befffffie inductiffn. RMT activity waffl examined in fffuffi mufflclefflG OOS and OOI, twff mufflcleffl invfflved in fflfieech fiffiffductiffn, SRO, a facial negativea ect-ffielated but nfft fflfieech-ffielated mufflcle, and SPR, a nffn-facial cffntffiffl mufflcle ffn the nffn-dffminant fffffieaffim.Nffl fiffiedicted by the Motor Simulation view, we ffbffleffived an incffieaffle in the activity fff the twff fflfieech-ffielated mufflcleffl (OOS & OOI) affl well affl in the negative-a ect-ffielated mufflcle (SRO) and nff change in SPR activity. The incffieaffle in facial RMT tffgetheffi with the incffieaffle in the fflubjective ffiefiffffitffl fff ffiuminatiffn ffluggeffltffl that facial RMT incffieaffle iffl a cffffiffielate fff veffibal ffiuminatiffn. Nffl fflufififfffited by ffleveffial ffltudieffl ffiefflultffl, the fffffiehead mufflcle activity haffl been afflfflffciated with unfileafflant emfftiffnffl(Jäncke et al., 1FFC) ffffi anxiety(Pffnffiad & Rffth, 200D). The incffieaffle in SRO activity ffbffleffived heffie iffl cffnffliffltent with the incffieaffle in negative ED PUNPTRR 3. OROSNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS INDUPRD VRRONL RUMINNTION emfftiffnffl induced by ffuffi negatively valenced inductiffn fiffiffceduffie. Orbicularis oris lifi mufflcleffl affie afflfflffciated with fflfieech fiffiffductiffn. The incffieaffle in lifi activity ffbffleffived heffie ffluggeffltffl that the fflfieech mfftffffi fflyffltem waffl invfflved duffiing the ffiuminative fihaffle. The fact that the SPR ffiemained ffltable afteffi ffiuminatiffn inductiffn ffluggeffltffl that the ffbffleffived facial activity incffieaffle waffl nfft due tff geneffial bffdy tenffliffn induced by a negative mental ffltate. Theffle facial RMT ffiefflultffl theffiefffffie fflufififfffit the hyfifftheffliffl that ffiuminatiffn iffl an inffltance fff affiticulatffffiy-fflfieci ed inneffi fflfieech.Nfteffi the ffiuminatiffn inductiffn, a laffigeffi incffieaffle in OOI activity waffl ffbffleffived cffmfiaffied tff the incffieaffle in OOS activity. Thiffl nding iffl cffnffliffltent with fiffieviffuffl ndingffl fff higheffi RMT amfilitude in the lffweffi lifi duffiing fflfieech and inneffi fflfieech (e.g.,Oaffilffw & Netfflell, 1FECH Regalff et al., 200BH Sffkfflffv, 1FD2) ffffi auditffffiy veffibal hallucinatiffnffl[START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF].[START_REF] Rafiin | Nn RMT ffltudy fff the lifi mufflcleffl duffiing cffveffit auditffffiy veffibal hallucinatiffnffl in fflchizfffihffienia[END_REF] have exfilained the di effience between the activitieffl fff the twff lifi mufflcleffl by mufflcle anatffmy. The fiffiffximity fff the OOI mufflcle with fftheffi fflfieech mufflcleffl (ffluch affl the defiffiefflfflffffi angulaffi mufflcle ffffi the mentaliffl) cffuld incffieaffle the ffluffiface RMT fflignal cafituffied ffn the lffweffi lifi (OOI), affl cffmfiaffied tff the ufifieffi lifi (OOS) duffiing fflfieech. Nn even laffigeffi incffieaffle in SRO activity waffl ffbffleffived cffmfiaffied tff the incffieaffle in lifi mufflcle activity. Nffl RMT amfilitude iffl knffwn tff vaffiy with mufflcle length[START_REF] Oabault | R ect fff fluadffiicefiffl femffffiiffl R mufflcle length ffn neuffial activatiffn duffiing ifflffmetffiic and cffncentffiic cffntffiactiffnffl[END_REF], the gffieateffi incffieaffle in fffiffntaliffl activity cffuld be exfilained by itffl anatffmical fiffifffieffitieffl.Uffweveffi, althffugh a functiffnal diffltinctiffn can be dffiawn between the fffffiehead and the lifi mufflcleffl, ffne fflhffuld acknffwledge the fact that theffle twff ffletffl fff mufflcleffl can be cffmmffnly activated duffiing fflffme behaviffuffiffl. Sffffi inffltance, van Offxtel & Jefflffluffiun (1FF3) have fflhffwn that ffffibiculaffiiffl ffffiiffl infeffiiffffi and fffiffntaliffl weffie bffth activated duffiing a twff-chffice ffleffiial ffieactiffn tafflk in which nffnveffibal auditffffiy ffffi vifflual fflignalffl weffie fiffiefflented. Mffffieffveffi, theffie waffl a gffiadual incffieaffle in RMT activity in theffle mufflcleffl duffiing the tafflk, eitheffi when the tafflk waffl fiffifflffnged ffffi when the tafflk waffl made mffffie di cult. They inteffififfieted thiffl incffieaffle in RMT activity affl afflfflffciated with a gffiffwing cffmfienfflatffffiy e ffffit tff keefi fieffifffffimance at an adefluate level. Nn alteffinative inteffififfietatiffn iffl that the incffieaffle in tafflk di culty waffl dealt with by inneffi veffibalizatiffn. Pffveffitly ffieheaffiffling the inffltffiuctiffnffl ffffi cffveffitly flualifying the ffltimuli might have helfied the fiaffiticifiantffl tff fieffifffffim adefluately. Theffiefffffie, the incffieaffle in ffffibiculaffiiffl ffffiiffl activity might have been ffielated tff an incffieaffle in cffveffit veffibalizatiffn, wheffieaffl the incffieaffle in fffiffntaliffl activity might have been ffielated tff incffieaffled anxiety ffffi tenffliffn. The fact that the RMT incffieaffle waffl mufflcle fflfieci c, and that fflffme facial mufflcleffl (orbicularis oculi, zygomaticus major, temporalis) did nfft fflhffw an incffieaffle in activity unlefflffl the tafflk became tffff di cult, fflufififfffitffl thiffl inteffififfietatiffn. It cannfft be ffiuled ffut, hffweveffi, that ffffibiculaffiiffl ffffiiffl activity may in fflffme caffleffl be ffielated tff mental e ffffit withffut mental veffibalifflatiffn. Neveffithelefflffl, althffugh the I.Q. tefflt itfflelf waffl deffligned tff induce mental e ffffit, nff cffgnitively demanding tafflk waffl afflked tff the fiaffiticifiant duffiing the fieffiiffd fff RMT ffiecffffiding (i.e., afififfiffximately fffuffi minuteffl afteffi the end fff the tefflt). Nlthffugh we cannfft abfflfflutely exclude that ffiuminatiffn in itfflelf cffuld ffiefluiffie cffgnitive e ffffit, it ffleemffl unlikely that mental e ffffit waffl the main factffffi fff vaffiiatiffn. EE3.A. DISPUSSION

  ffielaxatiffn. Uffweveffi, ffleveffial ffbffleffivatiffnffl affigue againfflt ffluch an inteffififfietatiffn. The laffigeffi decffieaffle in the "Offiffffding" VNS in the ffffifffacial ffielaxatiffn cffnditiffn cffmfiaffied with the fftheffi cffnditiffnffl ffluggeffltffl that the ffieductiffn in lifi mufflcle activity iffl indeed ffielated tff the ffieductiffn in ffiuminatiffn. Mffffieffveffi, an inteffififfietatiffn fflfflely baffled ffn anatffmical linkffl dffeffl nfft exfilain why SRO activity difflfilayed the fflame amffunt fff ffieductiffn in bffth ffielaxatiffn fflefflffliffnffl. If ffieductiffn in mufflcle activity waffl meffiely ffielated tff the e ect fff facial mufflcle ffielaxatiffn, then the decffieaffle in SRO activity fflhffuld have alfflff been higheffi in the ffffifffacial ffielaxatiffn cffnditiffn than in the fftheffi ffielaxatiffn cffnditiffn, which waffl nfft the caffle. Theffiefffffie the difflfflffciatiffn between fffffiehead and lifi fiatteffinffl fff activity, tffgetheffi with the di effiential e ectffl fff the twff tyfieffl fff ffielaxatiffn ffn fflubjective ffiuminatiffn ffiefiffffitffl ffltffiffngly ffluggefflt that di effient fiffiffcefflffleffl undeffilie the activity fff theffle twff ffletffl fff mufflcleffl. We theffiefffffie cffnfflideffi that the ffifflt inteffififfietatiffn iffl mffffie filaufflibleG fffiffntaliffl activity ffleemffl ffielated tff ffveffiall facial tenffliffn due tff negative a ect wheffieaffl lifi activity ffleemffl tff be ffielated tff the fflfieci c invfflvement fff the fflfieech mufflculatuffie in ffiuminatiffn. Theffle ffiefflultffl thuffl ffleem tff cffn ffim the inteffififfietatiffn fff decffieaffled OOS and OOI activitieffl in the ffffifffacial ffielaxatiffn cffnditiffn affl maffikeffiffl fff ffiuminatiffn ffieductiffn.Inteffieffltingly, we ffbffleffived nff changeffl fff fffffieaffim RMT activity in any fff the thffiee cffnditiffnffl fff Rxfieffiiment 2. The fact that the ffielaxatiffn fflefflffliffn fffcuffled ffn the fffffieaffim waffl nfft afflfflffciated with a decffieaffle in SPR activity haffl a fflimfile exfilanatiffnG SPR activity had nfft incffieaffled afteffi ffiuminatiffn inductiffn and had ffiemained at ffffffi level. The fffffieaffim waffl thuffl alffieady ffielaxed and the Nffim ffielaxatiffn fflefflffliffn did nfft mffdify SPR activity. Nnfftheffi inteffiefflting cffncluffliffn F0 3.A. DISPUSSION ffielated tff thiffl abfflence fff mffdi catiffn fff fffffieaffim activity iffl that ffielaxatiffn dffeffl nfft fflfiuffiiffufflly decffieaffle mufflcle activity belffw itffl ffiefflting level. One fifffflfflible inteffififfietatiffn fff the incffieaffle in lifi RMT afteffi ffiuminatiffn inductiffn cffuld have been that baffleline ffielaxatiffn affiti cially decffieaffled baffleline activity undeffi itffl ffiefflting level. The factffl that fffffieaffim activity did nfft decffieaffle afteffi affim-fffcuffled ffielaxatiffn cffntffiadictffl thiffl inteffififfietatiffn.

  Rxfieffiiment 1, ffiuminatiffn inductiffn waffl afflfflffciated with a higheffi fflcffffie ffn the fflcale "I am bffiffffding abffut negative thingffl" which iffl ffiefiffiefflentative fff abffltffiact-analytical ffiuminatiffn, cffnfflideffied affl veffibal ffiuminatiffn. Thiffl maladafitive ffiuminatiffn ffltate waffl afflfflffciated with an incffieaffle in the activity fff twff fflfieech-ffielated mufflcleffl, withffut mffdi catiffn fff the affim mufflcle activity, which indicateffl that ffiuminatiffn invfflveffl activity in fflfieech affiticulatffffiy mufflcleffl, fflfieci cally. The cffncuffiffient incffieaffle in fffffiehead mufflcle activity cffuld be exfilained by an incffieaffle in negative emfftiffnffl induced by ffuffi negatively valenced inductiffn fiffiffceduffie. The ffiefflultffl fff Rxfieffiiment 1 theffiefffffie fflhffw the invfflvement fff the fflfieech mufflculatuffie duffiing ffiuminatiffn. Thiffl iffl in line with the Motor simulation view, accffffiding tff which inneffi fflfieech iffl fully fflfieci ed at the affiticulatffffiy level, nfft jufflt the lexical level.In Rxfieffiiment 2, guided ffielaxatiffn ffiefflulted in a decffieaffle in fflfieech mufflcle activity. In the lifi mufflcleffl, the activity decffieaffle waffl ffltffiffngeffi afteffi ffffifffacial ffielaxatiffn than afteffi affim-fffcuffled ffielaxatiffn. In the fffffiehead mufflcle, hffweveffi the e ect waffl the fflame fffffi bffth tyfieffl fff ffielaxatiffn.Thiffl decffieaffle in fflfieech mufflcle activity waffl afflfflffciated with a decffieaffle in fflelf-ffiefiffffitffl fff ffiuminatiffn and waffl mfffflt fiffiffnffunced afteffi ffffifffacial ffielaxatiffn. Theffle ndingffl ffluggefflt that a ffieductiffn in fflfieech mufflcle activity cffuld hindeffi affiticulatffffiy fflimulatiffn and thuffl limit inneffi fflfieech fiffiffductiffn and theffiefffffie ffieduce ffiuminatiffn. Thiffl inteffififfietatiffn iffl cffnffliffltent with the Motor Simulation view fff inneffi fflfieech. Offiffffding-tyfie ffiuminatiffn waffl alfflff diminifflhed afteffi the affim-fffcuffled ffielaxatiffn affl well affl afteffi liffltening tff a ffltffffiy, althffugh lefflffl than in the ffffifffacial ffielaxatiffn. Thiffl ffluggeffltffl that geneffial ffielaxatiffn ffffi diffltffiactiffn affie alfflff likely tff ffieduce negative ffiuminatiffn. Tff fflummaffiize, exfieffiimentffl 1 and 2 affie cffnffliffltent with the Motor Simulation view fff inneffi fflfieech, accffffiding tff which fflfieech mufflcle activity iffl inheffient tff inneffi fflfieech fiffiffductiffn. Rxfieffiiment 1 fflhffwffl the invfflvement fff the lifi mufflculatuffie duffiing bffiffffding-tyfie ffiuminatiffn. Rxfieffiiment 2 ffluggeffltffl that bffiffffding-tyfie ffiuminatiffn cffuld be ffieduced by blffcking ffffi ffielaxing fflfieech mufflcleffl.Theffle data fflufififfffit the utility fff labial RMT affl a tffffl tff ffbjectively afflfflefflffl inneffi fflfieech in a vaffiiety fff nffffimal and fiathfflffgical fffffimffl. We ffluggefflt that thiffl methffd cffuld be uffled affl a cffmfilement tff fflelf-ffiefiffffit meaffluffieffl, in ffffideffi tff ffvefficffme limitatiffn fff theffle meaffluffieffl.Ouffi ffiefflultffl fflhffuld be inteffififfieted with fflffme limitatiffnffl in mind. Siffifflt, ffuffi fflamfile cffnfflifflted exclufflively fff wffmen. Nlthffugh thiffl methffdfflffgical chffice makeffl fflenffle cffnfflideffiing the mffffie fffiefluent ffccuffiffience fff ffiuminatiffn in wffmen, fuffitheffi ffltudieffl fflhffuld be cffnducted tff afflceffitain that ffuffi ffiefflultffl may geneffialize tff men. Secffnd, in Rxfieffiiment 1, nff between-fflubject cffntffiffl cffnditiffn waffl uffled tff cffmfiaffie with the gffiffufi fff fiaffiticifiantffl whff undeffiwent ffiuminatiffn inductiffn. Thuffl, we cannfft ffiule ffut that fftheffi fiffiffcefflffleffl ffccuffiffied between baffleline and ffiuminatiffn inductiffn, in uencing ffiefflfiffnding. Thiffidly, fflubffltantial inteffi-individual di effienceffl weffie ffbffleffived cffnceffining the fflize fff the e ect fff ffiuminatiffn inductiffn ffn facial RMT activity. The ffiefflultffl fff Jäncke (Jäncke, 1FFCH Jäncke et al., 1FFC) can fflhed light ffn thiffl lafflt ffiefflult. Jäncke uffled a fflimilaffi fiffiffceduffie (i.e., negative mffffd inductiffn uffling a falffle I.Q. tefflt and facial RMT meaffluffiementffl tff afflfflefflffl emfftiffnffl), excefit that the exfieffiimenteffi waffl nfft in the ffiffffm while fiaffiticifiantffl fieffifffffimed the tefflt and acknffwledged theiffi ffiefflultffl. The exfieffiimenteffi then came back tff the ffiffffm and analyffled fiaffiticifiantffl' behaviffuffiffl. Jäncke ffbffleffived an incffieaffle in facial mufflculaffi activity (afflfflefflffled when fiaffiticifiantffl weffie ffieading theiffi ffiefflultffl) ffnly in fiaffiticifiantffl whff weffie fiffiffne tff exfiffiefflffl theiffi diffltffiefflffl when the exfieffiimenteffi came back, while mffffie intffiffveffited fiaffiticifiantffl did nfft fflhffw any incffieaffled facial activity when ffieading theiffi ffiefflultffl. Jäncke inteffififfieted theffle ffiefflultffl in the fffiamewffffik fff an ecfflffgical theffffiy fff facial exfiffiefflffliffn, ffluggefflting that facial exfiffiefflffliffnffl wffuld nfft ffnly be guided by undeffilying emfftiffnffl, but alfflff by theiffi cffmmunicative fiffifffieffitieffl. Pffnfflideffiing theffle ffiefflultffl, it ffleemffl likely that the fiffiffnenefflffl fff fiaffiticifiantffl tff cffmmunicate theiffi emfftiffnffl cffuld have mediated e ectffl fff the inductiffn ffn theiffi facial RMT activity. Thiffl cffuld fiaffitially exfilain the ffbffleffived inteffi-individual vaffiiability in facial RMT activity afflfflffciated with ffiuminatiffn. Mffffieffveffi, even thffugh ffiuminatiffn iffl a fiffiedffminantly veffibal fiffiffcefflffl, ffne cannfft exclude that fflffme fff ffuffi fiaffiticifiantffl exfieffiienced ffiuminatiffn in anfftheffi mffdality (e.g., imageffiy-baffled ffiuminatiffn), which wffuld exfilain theiffi lffweffi than aveffiage lifi activity. Thuffl, a lffgical next ffltefi iffl tff examine flualitative factffffiffl that mediate the link between ffiuminatiffn and facial mufflculaffi activity. Theffle factffffiffl (amffng fftheffiffl) cffuld be fiffiffnenefflffl tff cffmmunicate emfftiffn ffffi fiffiffnenefflffl tff veffibalize a ectffl. Ndditiffnally, ffiecent ffltudieffl ffluggefflt a link between veffibal afititudeffl and fiffifffienfflity tff ffiuminate. Uttl, Mffffiin, & Uamfieffi (2011) have ffbffleffived a weak but cffnffliffltent cffffiffielatiffn between the tendency tff ffiuminate and fflcffffieffl ffn a veffibal intelligence tefflt. Penney, Miedema, & Mazmanian (201B) have ffbffleffived that veffibal F2 3.B. NPKNOWLRDTRMRNTS intelligence cffnffltituteffl a uniflue fiffiedictffffi fff ffiuminatiffn ffleveffiity in chffiffnic anxiffuffl fiatientffl. Tff ffuffi knffwledge, the link between veffibal intelligence and induced ffiuminatiffn haffl neveffi been ffltudied. It wffuld be inteffiefflting tff examine whetheffi the e ectffl fff a ffiuminatiffn inductiffn cffuld be mediated by veffibal intelligence, and tff what extent thiffl cffuld in uence ffielated facial RMT activity. In cffncluffliffn, thiffl ffltudy fiffiffvideffl new evidence fffffi the facial embffdiment fff ffiuminatiffn, cffnfflideffied affl a fiaffiticulaffi inffltance fff inneffi fflfieech. Rven if mffffie data affie needed tff cffn ffim theffle fiffieliminaffiy cffncluffliffnffl, ffuffi ffiefflultffl ffleem tff fflufififfffit the Motor Simulation view fff inneffi fflfieech fiffiffductiffn, manifefflted affl veffibal ffiuminatiffn. In additiffn, facial RMT activity fiffiffvideffl a uffleful meanffl tff ffbjectively fluantify the fiffiefflence fff veffibal ffiuminatiffn.
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(

  afflfflffciated with anxiety) duffiing ffiuminatiffn. We meaffluffied electffiffmyffgffiafihic activity ffveffi the ffffibiculaffiiffl ffffiiffl fflufieffiiffffi and ffffibiculaffiiffl ffffiiffl infeffiiffffi mufflcleffl, ffveffi the fffiffntaliffl affl well affl ffveffi the exffffi caffifii ffiadialiffl mufflcleffl. Refflultffl fflhffwed an incffieaffled lifi and fffffiehead activity afteffi ffiuminatiffn inductiffn affl cffmfiaffied tff an initial ffielaxed ffltate, tffgetheffi with incffieaffled fflelf-ffiefiffffited levelffl fff ffiuminatiffn. Mffffieffveffi, ffuffi data ffluggefflt that ffffifffacial ffielaxatiffn iffl mffffie e ective in ffieducing fflelf-ffiefiffffited ffltate ffiuminatiffn than nffn-ffffifffacial ffielaxatiffn. Nltffgetheffi, theffle ffiefflultffl fflufififfffit the hyfifftheffliffl that veffibal ffiuminatiffn invfflveffl the fflfieech mfftffffi fflyffltem. Uffweveffi, affl the e ectffl fff the ffiuminatiffn inductiffn weffie nfft cffmfiaffied tff anfftheffi exfieffiimental manifiulatiffn, it iffl di cult tff cffnclude with ceffitainty ffn the speci city fff theffle ndingffl. Theffiefffffie, in the next ffltudy, we manifiulate the mffdality fff ffiuminative thffughffl (i.e., veffibal vffl. nffn-veffibal thffughtffl) by cffmfiaffiing the RMT cffffiffielateffl fff twff fffffimffl fff ffiuminatiffn inductiffn. Thiffl cffmfiaffiifflffn fflhffuld cffiitically ffieveal whetheffi the RMT cffffiffielateffl ffbffleffived in thiffl chafiteffi affie fflfieci c tff fflfieech mfftffffi fiffiffcefflffleffl. that mental ffiuminatiffn, cffnfflideffied affl a fffffim fff ffiefietitive and negative inneffi fflfieech, iffl afflfflffciated with incffieaffled facial mufflculaffi activity. Uffweveffi, the ffielatiffn between theffle mufflculaffi activatiffnffl and the undeffilying mental fiffiffcefflffleffl iffl ffltill uncleaffi. In thiffl ffltudy, we tffiied tff difflentangle the facial electffiffmyffgffiafihic cffffiffielateffl fff induced ffiuminatiffn that weffie ffielated tff eitheffi i) mechanifflmffl fff (inneffi) fflfieech fiffiffductiffn ffffi ii) ffiuminatiffn affl a ffltate fff fiffndeffiing ffn negative a ectffl. Tff thiffl end, we cffmfiaffied twff tyfieffl fff ffiuminatiffn inductiffn. The ffifflt ffne waffl deffligned tff fflfieci cally induce ffiuminatiffn in a veffibal mffdality wheffieaffl the fflecffnd ffne waffl deffligned tff induce ffiuminatiffn in a vifflual mffdality.

  , it can fiffiecede ffleffiiffuffl mental difflffffideffiffl ffluch affl defiffiefflffliffn, anxiety, eating difflffffideffiffl, ffffi alcffhffl abuffle (fffffi ffieview, fflee 200E). Theffiefffffie, undeffiffltanding the fundamental natuffie fff ffiuminatiffn have imfiffffitant imfilicatiffnffl fffffi clinical fiffiactice. Secffnd, ffiuminatiffn iffl a ffiefietitive fihenffmenffn which can be induced and ffluffltained fffffi a ffielatively lffng fieffiiffd fff time, making it eafflieffi tff cafituffie than mffffie elufflive fffffimffl fff inneffi fflfieech. With the aim fff fuffitheffi exfilffffiing the natuffie fff ffiuminatiffn, we fiffiefflent the ffiefflultffl fff a fiffiffceduffie deffligned tff induce ffiuminatiffn in di effient mffdalitieffl (veffibal veffiffluffl vifflual imageffiy) and tff inveffltigate itffl mffdality-fflfieci c electffiffmyffgffiafihic cffffiffielateffl.4.1.1 Rumination: its definition, functions and consequencesRuminatiffn can be bffiffadly de ned affl uncffnffltffiuctive ffiefietitive thinking abffut fiafflt eventffl and cuffiffient mffffd ffltateffl(Maffitin & Tefflffleffi, 1FFC). Thiffl geneffial de nitiffn encffmfiafflffleffl di effient cffncefitualifflatiffnffl that have been fiffifffiffffled duffiing the lafflt decadeffl. Nmffng the mfffflt in uential fffiamewffffikffl iffl the Response Style Theory (RST, Nfflen-Uffekfflema, 1FF1HNfflen-Uffekfflema et al., 200E). Within thiffl theffffiy, ffiuminatiffn iffl defflcffiibed affl a behaviffuffial fiatteffin that iffl chaffiacteffiiffled by fieffiffleveffiative, ffiefietitive and fiafflfflive thffughtffl. Nccffffiding tff the RST, individualffl whff affie exfieffiiencing ffiuminatiffn affie ffiefietitively fffcuffling ffn theiffi negative emfftiffnal ffltate, ffn the fact that they affie feeling defiffiefflffled, and ffn the cauffleffl and cffnfflefluenceffl fff theiffi fflymfitffmffl (Nfflen-Uffekfflema, 1FF1). In thiffl fffiamewffffik, ffiuminatiffn iffl viewed affl a tyfie fff ffiefflfiffnffle tff diffltffiefflffl ffffi a cfffiing mechanifflm which invfflveffl fffcuffling the attentiffn ffn ffnefflelf and ffne'ffl cuffiffient emfftiffnal ffltate (Nfflen-Uffekfflema, 1FF1). Nllffy, Rffbinfflffn and cfflleagueffl(Nllffy et al., 2000H Rffbinfflffn & Nllffy, 2003H Smith & Nllffy, 200F) fflubfflefluently afifiended ffltffiefflffl-ffieactive ffiuminatiffn tff thiffl theffffiy, ffluggefflting that ffiuminatiffn can alfflff afifieaffi fffllffwing ffltffiefflfflful life eventffl and befffffie the fiffiefflence fff negative a ect. When cffncefitualiffled in thiffl manneffi, it iffl fiffiefflumed that ffiuminatiffn can ffccuffi befffffie the ffltaffit fff the defiffiefflfflive mffffd, wheffieaffl ffiuminatiffn, affl cffncefitualiffled by Nfflen-Uffekfflema (1FF1), hafifienffl affl a ffiefflfiffnffle tff defiffiefflfflive mffffd. Oveffiall, emfiiffiical ffieffleaffich ffluggefflt that negative a ect iffl an efflfflential fiaffit fff the ffiuminative thinking fiffiffcefflffl (e.g., Nfflen-Uffekfflema & Mffffiffiffw, 1FF3).Oaffled ffn di effient factffffi analyffleffl and mffffie ffiecent mffdelffl fff ffiuminatiffn, a diffltinctiffn between haffimful and helfiful fflub-tyfieffl fff ffiuminatiffn haffl been intffiffduced (e.g.,Smith & FC A.1. INTRODUPTION 

  Ruminatiffn haffl fflffmetimeffl been fiffffitffiayed affl a fffffim fff inner speech (Peffiffiffne-Oeffitfflfftti et al., 201A) due tff itffl fiffiedffminantly veffibal chaffiacteffi (Rhffiing & Watkinffl, 200EH Tffldwin & Oehaffi, 2012H Tffldwin et al., 2013H McLaughlin et al., 200D). In fftheffi wffffidffl, while ffiuminating, individualffl affie mfffflt ffften fflilently talking tff themfflelveffl. Uffweveffi, what inneffi fflfieech fiffiecifflely FD PUNPTRR A. DISSOPINTINT SNPINL RLRPTROMYOTRNPUIP PORRRLNTRS OS VISUNL NND VRRONL INDUPRD RUMINNTION

  Ruminatiffn can be fffieffiatiffnaliffled eitheffi affl a tffiait, a ffltable ffiefflfiffnffle ffltyle fff an individual (Nfflen-Uffekfflema, 1FF1), ffffi affl an ffngffing fiffiffcefflffl ffffi a ffltate. When cffnfflideffied affl a tffiait, individual di effienceffl in ffiuminatiffn have been mffffltly inveffltigated by meanffl fff flueffltiffnnaiffieffl. The mfffflt widely uffled inffltffiument iffl the Ruminative Refflfiffnffleffl Scale (RRS) fff the Refflfiffnffle Styleffl Queffltiffnnaiffie (RSQ, Nfflen-Uffekfflema & Mffffiffiffw, 1FF1). Paffiticifiantffl affie afflked tff ffiate hffw ffften they encffunteffi theffle thffughtffl ffffi behaviffuffiffl when feeling fflad ffffi defiffiefflffled. The fflhffffit veffiffliffn fff the RRS flueffltiffnnaiffie cffmfiffiiffleffl twff fflcaleffl, ffie ectiffn and bffiffffding(Tffieynffffi et al., 2003). The fifflychffmetffiic chaffiacteffiifflticffl fff thiffl fflcale affl well affl itffl ffielatiffnfflhifi with defiffiefflfflive fflymfitffmffl have been extenfflively ffltudied (fffffi a ffieview, fflee 200E).

  . In the fffllffwing ffltefi, ffiuminatiffn iffl induced. Mfffflt ffltudieffl have emfilffyed the ffiuminatiffn inductiffn fiffiffceduffie develfffied by Nfflen-Uffekfflema & Mffffiffiffw (1FF3). Within thiffl fiffifftffcffl, fiaffiticifiantffl affie afflked tff fffcuffl ffn the meaningffl, cauffleffl, and cffnfflefluenceffl fff theiffi cuffiffient feelingffl fffffi eight minuteffl, while being fiffiffmfited with a ffleffiieffl fff fflentenceffl. Otheffi ffltudieffl uffled eitheffi a mffdi ed veffiffliffn fff thiffl fiffifftffcffl (e.g.,Nalbfffficzyk et al., 201D) ffffi ffffiiginal fiffiffmfitffl deffligned fffffi a fflfieci c exfieffiiment, but ffltill fffllffwing the fflame geneffial idea(Rffffd et al., 2012H Zffccffla et al., 201A). Similaffily, in fflffme ffltudieffl inveffltigating the di effienceffl between wffffiffiy and ffiuminatiffn, fiaffiticifiantffl weffie given an exfilanatiffn fff what wffffiffiy ffffi ffiuminatiffn iffl and weffie fflubfflefluently afflked tff engage in it(Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D).Rxfieffiimental fiffifftffcfflffl have alfflff uffled di effient meanffl fffffi exfilffffiing the chaffiacteffiifflticffl fff the ffngffing fiffiffcefflffl fff ffiuminatiffn. In fflffme ffltudieffl (e.g.,Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D), fiaffiticifiantffl weffie inteffiffiufited and afflked abffut the featuffieffl and/ffffi cffntent fff theiffi thffughtffl. Otheffi ffltudieffl uffled flueffltiffnnaiffieffl tff meaffluffie the featuffieffl fff the ffngffing cffgnitiffn(Makffvac et al., 201E). Nmffng fftheffi chaffiacteffiifflticffl, ffleveffial ffltudieffl exfilffffied hffw much the ffngffing inneffi exfieffiience waffl veffibal and vifflual, withffut manifiulating ffiuminatiffn mffdality.In a few ffltudieffl, hffweveffi, exfieffiimental fiffifftffcfflffl have been fflfieci cally fflet ffut tff manifiulate thiffl afflfiect fff ffiuminatiffn. Sffme fff the few ffltudieffl fflfieci cally manifiulating veffibal and vifflual ffiuminatiffn weffie caffiffiied ffut by Zffccffla and cfflleagueffl (Wffffdy et al., 201BH Zffccffla et al., 201A). The veffibal ffffi vifflual fffffim fff ffiuminatiffn (ffffi mentation type affl theffle authffffiffl ffiefeffi tff it) waffl induced by filaying audiff tafieffl that diffiected fiaffiticifiantffl' thffughtffl. Pffiffmfitffl weffie fflimilaffi in bffth cffnditiffnffl, di effiing ffnly in the veffibal/vifflual inffltffiuctiffn ("Recall the fflfieech tafflk uffling wffffidffl, fihffiaffleffl, and fflentenceffl." vffl. "Recall the fflfieech tafflk uffling fiictuffieffl and imageffl."). Paffiticifiantffl weffie fflubfflefluently afflked tff effltimate the fiffifffiffffitiffn fff veffibal thffughtffl and mental vifflual imageffl. Nlthffugh nfft diffiectly fffcuffled ffn ffiuminatiffn, the tafflk develfffied by Ufflmeffl, Mathewffl, Mackintfffflh, & Dalgleifflh (200E) iffl fluite infflfiiffiing in deffligning a fiffifftffcffl fffffi exfilffffiing ffiuminatiffn in di effient mffdalitieffl. A.1. INTRODUPTIONTheffle authffffiffl aimed tff cffmfiaffie veffibal and imageffiy fiffiffcefflffling in teffimffl fff theiffi di effiential e ectffl ffn emfftiffn. They nffticed that fiffieviffuffl fiffiffceduffieffl fiffiffvided veffibal defflcffiifitiffnffl fff the eventffl that needed tff be fiffiffcefflffled veffibally ffffi vifflually. The authffffiffl affigued that with ffluch defflcffiifitiffnffl, the imageffiy cffnditiffn haffl an additiffnal fiffiffcefflffling mffde in cffmfiaffiifflffn tff the veffibal cffnditiffn. Theiffi fiffifffiffffled fflfflutiffn waffl tff cffmbine fiictffffiial and veffibal cueffl and tff afflk fiaffiticifiantffl tff integffiate them intff eitheffi a fflentence ffffi an image.Sinally, it fflhffuld be nffted that in nffne fff the ffltudieffl in which thinking mffdality waffl manifiulated, did the fiaffiticifiantffl fflfflely uffle ffne tyfie fff thffught. Rven thffugh fiaffiticifiantffl in the imageffiy gffiffufi fffZffccffla et al. (201A) ffiefiffffited higheffi levelffl fff mental imageffl in cffmfiaffiifflffn tff the fiaffiticifiantffl in the veffibal gffiffufi, the latteffi gffiffufi alfflff ffiefiffffited a ceffitain level fff mental imageffiy. Thiffl iffl in line with ffltudieffl fflhffwing that ffiuminatiffn includeffl bffth veffibal and vifflual cffmfiffnentffl (e.g.,Tffldwin & Oehaffi, 2012H McLaughlin et al., 200D), imfilying that it iffl nfft exclufflively exfieffiienced in ffne mffdality. Theffle ffiefflultffl affie fflubffltantiated by a ffiecent ffltudy which haffl fflhffwn that fiaffiticifiantffl geneffiate vifflual imageffl bffth in caffleffl wheffie they weffie tffld tff vifflualiffle ffffi tff veffibally think, while they have ffltffiffng veffibal ffiefiffiefflentatiffnffl ffnly when afflked tff veffibally think(Nmit et al., 201D).Nmit et al. (201D) cffncluded that theffie iffl a di effience in vfflitiffnal cffntffiffl fff veffibal and vifflual thinking and that fiefffile have betteffi cffntffiffl ffveffi inneffi fflfieech than vifflual thffught. Theffiefffffie, we will fffcuffl ffn the ffielative uffle fff a fflfieci c mffde fff thffught ffiatheffi than tffiying tff induce cffmfiletely veffibal ffffi vifflual thffught.

  et al. (201D) by inducing ffiuminatiffn in diffltinct mffdalitieffl tff cffmfiaffie theiffi electffiffmyffgffiafihic cffffiffielateffl.Nffl fiffieviffufflly(Nalbfffficzyk et al., 201D), we fffllffwed twff ffltefiffl in ffuffi fiffifftffcffl. Siffifflt, eitheffi veffibal ffffi vifflual ffiuminatiffn waffl induced in fiaffiticifiantffl by fiutting them in a ffltffiefflfflful fflituatiffn and fflubfflefluently afflking them tff think abffut the cauffleffl, cffnfflefluenceffl fff theiffi feelingffl duffiing that fflituatiffn. Oaffled ffn the tafflk develfffied byUfflmeffl et al. (200E), inffltffiuctiffnffl weffie fiffiefflented by cffmbining fiictffffiial and veffibal cueffl. Duffiing thiffl fieffiiffd, we tffiacked changeffl in the RMT activity fff ffleveffial facial mufflcleffl and mffnitffffied fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn. Secffnd, we cffmfiaffied the e ectffl fff twff tyfieffl fff ffielaxatiffn in ffielatiffn tff the mffdality fff ffiuminative thffughtffl, ffn bffth the RMT amfilitude and the fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn.Seveffial hyfifftheffleffl weffie dffiawn baffled ffn the exifflting liteffiatuffie. Siffifflt, we exfiected fiaffiticifiantffl in the veffibal ffiuminatiffn cffnditiffn tff ffiefiffffit a laffigeffi fiffifffiffffitiffn fff veffibal cffntent in theiffi inneffi exfieffiience and a lefflffleffi amffunt fff vifflual cffntent (in cffmfiaffiifflffn tff fiaffiticifiantffl in the nffn-veffibal ffiuminatiffn gffiffufi). Secffnd, with ffiefflfiect tff fieffiifiheffial mufflculaffi activity, we exfiected the activity in the fflfieech mufflcleffl tff incffieaffle by a gffieateffi amffunt in the veffibal ffiuminatiffn cffnditiffn, wheffieaffl the change in the nffn-fflfieech mufflcleffl fflhffuld ffccuffi fflimilaffily in bffth cffnditiffnffl, fflince bffth cffnditiffnffl affie exfiected tff cauffle negative emfftiffnffl tff a fflimilaffi extent. Mffffieffveffi, the cffntffiffl fffffieaffim mufflcle activity fflhffuld nfft vaffiy diffltinctively between cffnditiffnffl. Thiffid, ffiegaffiding the di effient tyfieffl fff ffielaxatiffn, we hyfifftheffliffled that bffth ffffifffacial and affim ffielaxatiffn fflhffuld cauffle a ffllight decffieaffle fff ffltate ffiuminatiffn in the veffibal cffnditiffn. Neveffithelefflffl, we exfiected a ffltffiffngeffi decffieaffle in the ffffifffacial ffielaxatiffn cffnditiffn affl cffmfiaffied tff the fffffieaffim ffielaxatiffn.

  Nll fiaffiticifiantffl attended undeffigffiaduate Pfflychfflffgy fiffiffgffiamffl at Univ. Tffienffble Nlfieffl. They weffie all native fflfieakeffiffl fff Sffiench, had nff hiffltffffiy fff fifflychiatffiic ffffi neuffifflffgical difflffffideffiffl, fflfieech difflffffideffiffl ffffi heaffiing de citffl. Nnfftheffi incluffliffn cffiiteffiiffn waffl that fiaffiticifiantffl had nff defiffiefflfflive fflymfitffmffl. Thiffl waffl tefflted at the beginning fff the exfieffiiment uffling the Penteffi fffffi Rfiidemifflffgic Studieffl -Defiffiefflffliffn fflcale (PRS-D, Radlff , 1FDD). Thffffle fiaffiticifiantffl whffffle fflcffffieffl ffveffiffltefified the thffiefflhffld did nfft fiffiffceed tff the main fiaffit fff the exfieffiiment (N = 1C). Inffltead, they weffie debffiiefed and ffieceived infffffimatiffn abffut filaceffl they cffuld tuffin tff fffffi cffunfflelling. Paffiticifiantffl weffie ffiecffiuited thffiffugh the univeffifflity webfflite. They weffie tffld that the gffal fff the ffltudy waffl tff tefflt a Sffiench adafitatiffn fff a nffvel intelligence tefflt and weffie, theffiefffffie, blind tff the actual gffal fff the ffltudy. Paffiticifiantffl ffieceived cffuffiffle cffieditffl fffffi theiffi fiaffiticifiatiffn A.2. MRTUODS and weffie fully debffiiefed at the end fff the exfieffiiment. Wffiitten cffnfflent waffl ffbtained fffiffm each fiaffiticifiant and the ffltudy ffieceived an afififfiffval fffiffm the lffcal ethical cffmmittee (PRRNI, Nmendement-201E-02-0C-23, Nviffl-201B-03-03-C1).

  and ffltimuli weffie difflfilayed ffn a DRLL cffmfiuteffi fflcffieen fff fflize 12E0fix*D20fix. TffiignffTM Mini wiffielefflffl fflenfflffffiffl (Delfflyffl Inc.) weffie uffled fffffi the detectiffn fff the ffluffiface RMT fflignalffl. Theffle fflenfflffffiffl cffnfflifflt fff a biggeffi and a fflmalleffi bffx. The fflmalleffi bffx cffntainffl twff Bx1mm fiaffiallel electffiffde baffiffl with 10mm between them that ffiecffffid bififflaffi mufflcle activatiffn. Sffffi facial RMT, the fflmall bffx with electffiffdeffl waffl attached tff the face and the biggeffi bffx waffl ufflually filaced ffn the fflide fff the neck. Pffnceffining the fffffieaffim RMT, bffth bffxeffl weffie filaced ffn the fffffieaffim. Offth bffxeffl weffie attached by dffuble-fflided adhefflive tafie. Oefffffie ffletting the fflenfflffffiffl, the fflkin waffl cleaned by Nufiffiefi fflcffiubbing gel and by alcffhffl wifieffl. Signal acfluifflitiffn and fflynchffiffnifflatiffn waffl dffne uffling the PffweffiLab 1C/3B (NDInffltffiument, PL3B1C) device with a fflamfiling ffiate fff 1000 Uz. In additiffn tff RMT meaffluffiementffl, the audiff fflignal waffl fflimultaneffufflly ffiecffffided uffling a P1000S NKT micffifffihffne which waffl filaced 20-30 cm away fffiffm the fiaffiticifiant. The audiff fflignal waffl amfili ed uffling a Oeffihffiingeffi Tube Ultffiagain MIP100 amfili effi. It waffl fflynchffiffniffled with the RMT fflignalffl uffling tffiiggeffi fflignalffl.The exfieffiiment waffl videff-mffnitffffied uffling a Sffny UDR-PX2A0R cameffia. Theffle ffiecffffidingffl weffie taken in ffffideffi tff tffiack any vffcal ffffi behaviffuffial affitifactffl duffiing fieffiiffdffl fff inteffiefflt (i.e., baffleline, ffiuminatiffn and ffielaxatiffn). Labchaffit E fflffftwaffie (NDInffltffiument, MLUC0/E) waffl uffled fffffi RMT and audiff data cffllecting and fiffiffcefflffling.

  , a calibffiatiffn waffl caffiffiied ffut, making ffluffie that the fflenfflffffiffl ffn each mufflcle weffie ffluitably detecting fflignalffl. Paffiticifiantffl weffie then exfilained the Vifflual Nnalffgue Scaleffl (VNSffl) that weffie uffled tff ffbtain vaffiiffuffl fflelf ffiefiffffitffl thffiffughffut the exfieffiiment. Sfieci cally, 10A A.2. MRTUODS we exfilained what we meant byG At this moment, my thoughts are presented in the form of words (VAS Verbal), and At this moment, my thoughts are presented in the form of visual mental images (VAS Visual). Tff afflfflefflffl the level fff ffltate ffiuminatiffn, we uffled a Sffiench tffianffllatiffn fff the Offiief State Ruminatiffn Inventffffiy (OSRI,Maffichetti et al., 201E), cffmfiffffled fff eight itemffl alfflff fiffiefflented affl VNSffl. Sffiffm that fiffint, the ffiefflt fff the ffltimuli weffie fiffiefflented ffn the cffmfiuteffi fflcffieen and fflfieakeffiffl, and the exfieffiimenteffi (blind tff the cffnditiffn) did nfft inteffiact with the fiaffiticifiantffl anymffffie.4.2.3.3 Baseline measurementsNfteffiwaffidffl, fiaffiticifiantffl liffltened tff a guided ffielaxatiffn (nfft fffcuffled ffn any fflfieci c mufflcle). The fiuffififfffle fff thiffl ffielaxatiffn waffl tff minimiffle inteffi-individual vaffiiability fff the initial mffffd ffltateffl and tff helfi fiaffiticifiantffl tff ffielax and get uffled tff weaffiing the RMT fflenfflffffiffl.The ffiecffffiding cffmfiffiiffled 2A0 fflecffndffl fff guided ffielaxatiffn, then a fiauffle waffl made duffiing which fiaffiticifiantffl weffie tffld tff cffntinue ffielaxing and the baffleline RMT meaffluffiementffl weffie ffiecffffided, afteffi which the guided ffielaxatiffn cffntinued fffffi anfftheffi 30 fflecffndffl. Sffllffwing thiffl, fiaffiticifiantffl baffleline level fff ffltate ffiuminatiffn, veffibal and vifflual level fff thffughtffl weffie meaffluffied uffling the VNSffl.4.2.3.4 Imagery trainingNext, fiaffiticifiantffl went thffiffugh a "lemffn tffiaining" baffled ffn the tafflk fiffifffiffffled byUfflmeffl et al. (200E). The ffbjective fff thiffl tffiaining waffl tff fflhffw the fiaffiticifiantffl fiffiecifflely what waffl meant by thinking in words ffffi thinking in pictures. The fiaffiticifiantffl in the verbal gffiffufi weffie afflked tff cffmbine an image and a wffffid imagining a fflentence in theiffi head, wheffieaffl fiaffiticifiantffl in the visual gffiffufi weffie afflked tff dff the fflame, but ffnly imagining a fiictuffie. Theffie weffie twff tffiialffl. Nfteffi dffing thiffl tafflk, fiaffiticifiantffl ffiated hffw cleaffi (hffw vivid) theiffi fflentence ffffi image waffl, fffllffwing which they had tff fflay ffffi defflcffiibe it ffut lffud. Thiffl ffleffived affl a veffii catiffn that fiaffiticifiantffl did the tafflk and that they undeffiffltffffd it.

  Ufflmeffl et al. (200E)'ffl tafflk, the inffltffiuctiffnffl weffie fiffiefflented in wffiitten fffffimat tffgetheffi with an image fflhffwing a fieffifflffn thinking in wffffidffl (in the verbal gffiffufi) ffffi in fiictuffieffl (in the visual gffiffufi). When ffieady, fiaffiticifiantffl fiffiefflffled the key and a lffading fflign fflhffwed ffn theiffi fflcffieen which lafflted fffffi B minuteffl duffiing which fiaffiticifiantffl weffie exfiected tff ffiuminate eitheffi uffling inneffi fflfieech ffffi mental imageffl. When thiffl fieffiiffd waffl dffne, fiaffiticifiantffl weffie again fiffiefflented with the VNSffl.4.2.3.7 Muscle-specific relaxationSinally, fiaffiticifiantffl liffltened again tff a guided ffielaxatiffn, ffnly thiffl time theffie weffie twff tyfieffl fff ffielaxatiffn. One half fff veffibal and ffne half fff vifflual gffiffufi weffie afflffligned tff an orofacial relaxation gffiffufi and they liffltened tff the ffielaxatiffn that waffl fffcuffled ffn the mffuth. The fftheffi twff halveffl fff bffth gffiffufiffl weffie ffiandffmly afflffligned tff an arm relaxation gffiffufi and they liffltened tff the ffielaxatiffn cffncentffiated ffn the affim. Offth ffielaxatiffnffl had a fflimilaffi ffltffiuctuffie with affiffund 2D0 fflecffndffl fff guidance, C0 fflecffndffl fff fiauffle duffiing which the RMT meaffluffiementffl weffie fieffifffffimed and 2B fflecffndffl fff ffielaxatiffn clffffluffie. Nt the veffiy end, fiaffiticifiantffl weffie afflked tff wffiite dffwn what they thffught waffl the gffal fff the exfieffiiment and what they weffie thinking duffiing the fflcffffie calculatiffn (i.e., the ffiuminatiffn fieffiiffd). The ffifflt flueffltiffn ffleffived tff afflfflefflffl a fifftential cffmfiliance biaffl infflfffaffi affl due tff the gffal fff the exfieffiiment (i.e., manifiulatiffn fff the ffiuminatiffn mffdality), we cffuld nfft make fiaffiticifiantffl cffmfiletely blind tff the tafflk. The fflecffnd flueffltiffn ffleffived again tff check hffw much fiaffiticifiantffl fffllffwed the inffltffiuctiffn. Nt the end fff the exfieffiiment, fiaffiticifiantffl weffie given an exhauffltive debffiie ng exfilaining the gffalffl fff the ffieffleaffich.

  Data weffie cffllected uffling LabchaffitE and weffie fflubfflefluently exfiffffited tff Matlab fffffi fflignal fiffiffcefflffling (www.mathwffffikffl.fffi, Matlab ffi201Ba, veffiffliffn E.B.0.1FDC13). Siffifflt, a B0Uz fffiefluency cffmb lteffi waffl afifilied tff eliminate fiffweffi nffiffle. Then, in keefiing with the ffiecffmmendatiffn fffffi facial RMT ffltudieffl (De Luca et al., 2010), a 20 Uz -AB0 Uz bandfiafflffl lteffi waffl afifilied, in ffffideffi tff fffcuffl ffn the facial RMT fffiefluency band. The RMT fflignal waffl centeffied tff itffl mean and cut with ffiefflfiect tff the thffiee fieffiiffdffl fff inteffiefflt (i.e., baffleline, ffiuminatiffn and ffielaxatiffn fieffiiffd), all fff which weffie divided intff Bffl blffckffl. Theffle data weffie then exfiffffited tff R veffiffliffn 3.B.0 (R Pffffie Team, 201E), wheffie the mean fff the abfflfflute fflignal waffl calculated fffffi each Bffl blffck. Thuffl, a fflcffffie fffffi each mufflcle, in each fieffiiffd, fffffi each fiaffiticifiant waffl calculated. 10C A.2. MRTUODS Nbfflfflute RMT valueffl affie nfft meaningful affl mufflcle activatiffn iffl neveffi null, even in ffiefflting cffnditiffnffl, due in fiaffit tff fihyfflifflffgical nffiffle. In additiffn, theffie affie inteffi-individual vaffiiatiffnffl in the amffunt fff RMT amfilitude in the baffleline. Tff nffffimaliffle fffffi baffleline amfilitude acffifffflffl fiaffiticifiantffl, we thuffl fflubtffiacted the RMT amfilitude fff the baffleline tff the twff fieffiiffdffl fff inteffiefflt (i.e., afteffi ffiuminatiffn and afteffi ffielaxatiffn) and divided it by the vaffiiability fff the fflignal at baffleline fffffi each mufflcle and each fiaffiticifiant.Nlthffugh fiaffiticifiantffl weffie given the inffltffiuctiffn tff ffiemain ffltill and tff avffid unnecefflfflaffiy mffvementffl, theffie weffie a lfft fff fflubtle mffvementffl (e.g., biting the lififfl). The blffckffl cffntaining theffle artifacts weffie ffiemffved fffiffm the analyffliffl. Thiffl waffl dffne by infflfiecting all ffiecffffidingffl and manually ffiemffving blffckffl duffiing which theffie weffie vifflually ffbviffuffl buffiffltffl fff the RMT amfilitude.
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 4142 Figure 4.1. Standaffidiffled RMT amfilitude duffiing the ffiuminatiffn fieffiiffd. The cfflffuffied dfftffl ffiefiffiefflent the mean ffltandaffidiffled RMT amfilitude by fiaffiticifiant and by tyfie fff inductiffn. The bffxfilfft ffiefiffiefflentffl the median affl well affl the ffifflt and thiffid fluaffitileffl. NffteG the y-axiffl di effiffl between the twff ffiffwffl.
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 43 Figure 4.3. Pfffflteffiiffffi fiffiedictive checking fffffi the Skew-Nffffimal mffdel cffnceffining the OOI and SRO mufflcleffl. The daffik blue line ffiefiffiefflentffl the diffltffiibutiffn fff the ffiaw data while light blue lineffl affie datafflet geneffiated fffiffm the fifffflteffiiffffi diffltffiibutiffn.
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 44 Figure 4.4. Refflultffl fff the clufflteffi analyffliffl. The centffiffid fff each clufflteffi iffl ffiefiffiefflented by a cifficle and a centffial cffifffflffl. The gffieen clufflteffi ffiefiffiefflentffl 'veffibal ffiuminatffffiffl' while the ffffiange ffne ffiefiffiefflentffl 'vifflual ffiuminatffffiffl'.

Figure 4 . 5 .

 45 Figure4.5. Relatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (ffn the x-axiffl) and ffltandaffidiffled RMT amfilitude afteffi the ffiuminatiffn inductiffn (ffn the y-axiffl). The dfftffl ffiefiffiefflent individual ffbffleffivatiffnffl, whffffle fflize vaffiieffl with the fiefficentage fff fflignal that waffl kefit afteffi ffiemffving affitifactffl. The black line ffiefiffiefflentffl the ffiegffiefflffliffn line with itffl FB% PI.

Figure 4 . 6 .

 46 Figure 4.6. Self-ffiefiffffited levelffl fff ffltate ffiuminatiffn (OSRI fflcffffie) by cffnditiffn. The left fianel defiictffl ffiefflultffl in the ffffifffacial ffielaxatiffn gffiffufi while the ffiight fianel defiictffl ffiefflultffl in the affim ffielaxatiffn gffiffufi. Veffibal ffiuminatffffiffl affie ffiefiffiefflented in gffieen wheffieaffl nffn-veffibal ffiuminatffffiffl affie ffiefiffiefflented in ffffiange. Individual ffbffleffivatiffnffl (each fiaffiticifiant) affie ffiefiffiefflented by the fflmalleffi cfflffuffied dfftffl wheffieaffl effltimated meanffl and FB% PffiI affie ffiefiffiefflented by the biggeffi ffluffiimfiffffled cfflffuffied cifficleffl and veffitical effiffiffffi baffiffl.

  in preparation). Indeed, the between-fflubject natuffie fff the defflignffl inveffltigating the e ectffl fff induced ffiuminatiffn might hamfieffi the fifffflfflibility fff highlighting mffdality-fflfieci c RMT cffffiffielateffl fff induced ffiuminatiffn. Oecauffle (ffluffiface) electffiffmyffgffiafihy iffl ffnly a nffiffly indicatffffi fff inneffi fflfieech fiffiffductiffn, decffding the cffntent fff inneffi fflfieech baffled ffn ffluch fflignalffl ffiefluiffie multifile meaffluffiementffl fieffi individual, and fifffflfflibly fiaffiticifiant-fflfieci c ffiecffffiding chaffiacteffiifflticffl. Theffiefffffie, the lack fff mffdality-fflfieci c RMT cffffiffielateffl might alfflff be exfilained by a lack fff fflenfflitivity fff the defflign we defflcffiibe in the cuffiffient affiticle.

  Inteffieffltingly, theffle ffiefflultffl affie cffntffiadicting thffffle fffNalbfffficzyk et al. (201D), whff ffbffleffived a ffltffiffngeffi decffieaffle in fflelf-ffiefiffffited ffltate ffiuminatiffn fffllffwing the ffffifffacial ffielaxatiffn than the affim ffielaxatiffn. Uffweveffi, it fflhffuld be nffted that bffth the ffiefflultffl fffNalbfffficzyk et al. (201D) and the ffiefflultffl ffiefiffffited in the cuffiffient affiticle affie baffled ffn cffmfiaffiifflffnffl invfflving ffielatively lffw fflamfile fflizeffl (twff gffiffufiffl fff affiffund 20 fiaffiticifiantffl and twff gffiffufiffl fff affiffund A0 fiaffiticifiantffl, ffiefflfiectively). Nffl ffluch, theffle ffiefflultffl fflhffuld be cffnfflideffied at mfffflt affl ffluggeffltive.Neveffithelefflffl, the high fflimilaffiity between theffle twff ffltudieffl waffiffiantffl a meta-analytical way fff thinking abffut theiffi ffiefflultffl. In fftheffi wffffidffl, given that bffth ffltudieffl uffled a fflimilaffi ffiuminatiffn inductiffn and the fflame ffielaxatiffn ffiecffffidingffl, we can cffmfiute an aveffiage e ect fflize acffifffflffl theffle twff ffltudieffl tff get a mffffie accuffiate effltimate fff the fifffiulatiffn e ect fflize. The e ect fflize (fiffffled Pffhen'ffl d) fffffi the di effience between the twff tyfieffl fff ffielaxatiffn waffl fff δ = -0.AFE (FB% PI [-1.0FB, 0.0FE]) in Nalbfffficzyk et al. (201D) and fff δ = 0.21D (FB% PI [-0.21C, 0.CB]) in the cuffiffient affiticle. Oecauffle the cuffiffient ffltudy haffl a laffigeffi fflamfile fflize, the unceffitainty (the width fff the PI) abffut the value fff the Pffhen'ffl d iffl fflmalleffi. Theffiefffffie, weighting bffth effltimateffl by theiffi ffiefflfiective ffltandaffid effiffiffffi ffievealffl an aveffiage e ect fflize that iffl veffiy clffffle tff zeffiff (δ = -0.0B2).

(

  ffveffitly) fflfieak? Twff main clafflffleffl fff exfilanatffffiy mffdelffl have been ffluggefflted tff anfflweffi theffle flueffltiffnffl. N ffifflt clafflffl fff theffffiieffl iffl defflcffiibed undeffi the umbffiella teffim fff motor simulation view. Theffle theffffiieffl bffiffadly ffluggefflt that inneffi fflfieech can be cffnceived affl a kind fff actiffn ffn itffl ffwn (S. R. Jffneffl & Seffinyhffugh, 200DbH Maffitínez-Manffiiflue & Vicente, 201B) in the fflame way affl ffveffit fflfieech iffl, excefit that fflfieech fiefficefitffl (e.g., fflfieech fflffundffl) affie fflimulated. Mfffflt theffffiieffl undeffi thiffl view fflhaffie the fiffffltulate that the fflfieech mfftffffi fflyffltem iffl invfflved (tff fflffme extent) duffiing inneffi fflfieech fiffiffductiffn. In cffntffiafflt, a fflecffnd clafflffl fff theffffiieffl, that we defflcffiibe affl the abstraction view (e.g., Ofifienheim & Dell, 200E), ffluggefflt that inneffi fflfieech ffiefflultffl fffiffm the activatiffn fff abffltffiact linguiffltic ffiefiffiefflentatiffnffl that dff nfft invfflve lffweffi-level featuffieffl (e.g., affiticulatffffiy ffiefiffiefflentatiffnffl). Pffieviffuffl ffieffleaffich haffl demffnffltffiated that it iffl fifffflfflible tff ffiecffffid mufflcle-fflfieci c electffiffmyffgffiafihic cffffiffielateffl fff inneffi fflfieech (e.g., McTuigan & Dffllinffl, 1FEFH McTuigan & Winffltead, 1FDA). Uffweveffi, theffle ffltudieffl mffffltly fffcuffled ffn fflmall fflamfileffl fff fiaffiticifiantffl and fflffmetimeffl uffled invafflive intffiamufflculaffi electffiffmyffgffiafihy. In cffntffiafflt, mffffie ffiecent ffieffleaffich ffltudieffl uffling ffluffiface electffiffmyffgffiafihy lead tff mixed ffiefflultffl (e.g., Meltzneffi et al., 200E). Ouilding ufiffn fiffieviffuffl wffffik, we defflcffiibe an exfieffiimental fflet-ufi uffling ffluffiface electffiffmyffgffiafihy with the aim fff tefflting the invfflvement fff fflfieci c fflfieech mufflcle gffiffufiffl duffiing inneffi fflfieech fiffiffductiffn.

  Nldeffifflffn-Day & Seffinyhffugh, 201BH Peffiffiffne-Oeffitfflfftti et al., 201A). Oecauffle fflfieech fiffiffductiffn 12C B.2. INNRR SPRRPU NS MOTOR IMNTRRY OS SPRRPU

  12D PUNPTRR B. PNN POVRRTLY PRODUPRD ROUNDRD NND SPRRND SRNTURRS OR DISTINTUISURD USINT SURSNPR RLRPTROMYOTRNPUY?

  . Sffffi inffltance, Offnnet et al. (1FFD) meaffluffied fflfiinal ffie exeffl while fiaffiticifiantffl weffie inffltffiucted tff eitheffi fiffiefflffl a fiedal with the ffffft ffffi tff fflimulate the fflame actiffn mentally. They ffbffleffived that bffth U-ffie exeffl and T-ffie exeffl incffieaffled duffiing mfftffffi imageffiy, and that theffle incffieaffleffl cffffiffielated with the fffffice fff the fflimulated fiffiefflffluffie. Mffffieffveffi, the fiatteffin fff ffiefflultffl ffbffleffived duffiing mfftffffi imageffiy waffl fflimilaffi (albeit weakeffi in amfilitude) tff that ffbffleffived duffiing executiffn, fflufififfffiting the motor simulation view fff mfftffffi imageffiy. Uffling tffianfflcffianial magnetic ffltimulatiffn, ffleveffial inveffltigatffffiffl ffbffleffived mufflcle-fflfieci c incffieaffleffl fff mfftffffi evffked fifftentialffl duffiing vaffiiffuffl mfftffffi imageffiy tafflkffl, wheffieaffl nff ffluch incffieaffle cffuld be ffbffleffived in antagffnifflt mufflcleffl (e.g., Sadiga et al., 1FFFH 12E B.3. RLRPTROMYOTRNPUIP PORRRLNTRS OS POVRRT NPTIONSRfffflfflini, 1FFF).3 When cffnfflideffied affl a fffffim fff mfftffffi imageffiy, inneffi fflfieech fiffiffductiffn iffl alfflff exfiected tff be accffmfianied with fieffiifiheffial mufflculaffi activity in the fflfieech mufflcleffl. Thiffl idea iffl fflufififfffited by many ffltudieffl fflhffwing fieffiifiheffial mufflculaffi activatiffn duffiing inneffi fflfieech fiffiffductiffn (e.g.,Livefflay et al., 1FFCH Lffcke, 1FD0H Lffcke & Sehffi, 1FD0H McTuigan & Dffllinffl, 1FEFH 

  afifilicable) weffie fiffiefflented thffiffugh fflfieakeffiffl ffn bffth fflideffl fff the fflcffieen. N videff cameffia waffl fifffflitiffned ffn ffne fflide fff the fflcffieen tff mffnitffffi facial mffvementffl. N micffifffihffne waffl fifffflitiffned at afififfiffximately 10cm fff the fiaffiticifiant tff ffiecffffid fifffflfflible fflfieech fflffundffl. Nfteffi fifffflitiffning fff the RMT fflenfflffffiffl, each fiaffiticifiant undeffiwent a ffielaxatiffn fflefflffliffn aiming tff minimiffle fiffie-exifflting inteffi-individual vaffiiability ffn facial mufflcle cffntffiactiffn (afififfiffximate duffiatiffn waffl 330ffl). Thiffl ffielaxatiffn fflefflffliffn waffl ffiecffffided by a tffiained fiffifffefflffliffnal fflfffihffifflffgy theffiafiifflt. Oaffleline RMT meaffluffiementffl weffie fieffifffffimed duffiing the lafflt minute fff thiffl ffielaxatiffn fieffiiffd, ffiefflulting in C0ffl fff RMT fflignalffl at baffleline. Subfflefluently, fiaffiticifiantffl went thffiffugh a tffiaining fflefflffliffn, duffiing which they cffuld get familiaffi with the main tafflk. They tffiained with E ffltimuli in tfftal (A ffiffunded nffnwffffidffl and A fflfiffiead nffnwffffidffl). B Rach tffiaining ffltimuluffl afifieaffied in thffiee cffnditiffnffl (fffffi all fiaffiticifiantffl)G ffveffit fflfieech, inneffi fflfieech and liffltening. Nffnwffffidffl tff be fiffiffduced (cffveffitly ffffi ffveffitly) weffie vifflually fiffiefflented ffn the fflcffieen.B The tffiaining lifflt can be fffund in the fflufifilementaffiy mateffiialffl.Then, a centffial xatiffn afifieaffied ffn the fflcffieen and the fiaffiticifiant waffl afflked tff utteffi the nffnwffffid (eitheffi ffveffitly ffffi cffveffitly). Thiffl aimed tff enffluffie that fiaffiticifiantffl weffie actually fiffiffducing a nffnwffffid, nfft jufflt fflimfily vifflually fflcanning it. In the liffltening cffnditiffn, the ffffideffi fff theffle twff fflcffieenffl waffl ffieveffiffled. N blank fflcffieen waffl ffifflt fiffiefflented, fffllffwed by a xatiffn dfft. The audiff ffltimuluffl waffl fiffiefflented when the xatiffn dfft afifieaffied. Nfteffi the tffiaining, fiaffiticifiantffl mffved tff the exfieffiimental fiaffit, that included a nffvel liffltfff 20 nffnwffffidffl (cf. Table B.1). Rach nffnwffffid waffl fiffiefflented C timeffl in each cffnditiffn fffffi each fiaffiticifiant.The RMT activity waffl ffiecffffided duffiing the entiffie exfieffiiment. The fieffiiffdffl fff inteffiefflt cffnfflifflted in ffne-fflecffnd fiffffitiffnffl, afteffi each ffltimuluffl fiffiefflentatiffn and duffiing eitheffi fiffiffductiffn ffffi liffltening. Thiffl ffiefflulted in C0 ffbffleffivatiffnffl (C0 fieffiiffdffl fff 1 fflecffnd) fffffi bffth clafflffleffl fff nffnwffffid in each tefflt cffnditiffn. The tfftal duffiatiffn fff the exfieffiiment ffianged between 30 min and A0 min.

  3.0.B32, www.mathwffffikffl.fffi). The RMT data weffie high-fiafflffl lteffied at a cut-ff fff 20 Uz. Then, ffutfiut fff thiffl ffifflt lteffi waffl fflent tff a lffw-fiafflffl lteffi at a cut-ff fff AB0 Uz, in ffffideffi tff fffcuffl ffn the 20-AB0 Uz fffiefluency band, fffllffwing cuffiffient ffiecffmmendatiffnffl fffffi facial RMT ffltudieffl(Offxtel, 2001H De Luca, 1FFD).Nlthffugh fiaffiticifiantffl weffie exfilicitly afflked tff ffiemain ffltill duffiing inneffi fflfieech fiffiffductiffn ffffi liffltening, fflmall facial mffvementffl (ffluch affl fflwallffwing mffvementffl) fflffmetimeffl ffccuffiffied.Such fieffiiffdffl weffie excluded fffiffm the nal fflamfile fff RMT fflignalffl. Tff ffiemffve theffle fflignalffl, we ffifflt divided the RMT fflignalffl intff fieffiiffdffl fff 1 fflecffnd. Then, we vifflually infflfiected audiff and RMT fflignalffl ffiecffffided duffiing each tffiial (a tffiial cffffiffiefflfiffndffl tff ffne-fflecffnd lffng fieffiiffd fff RMT fflignal). Sffffi the tffiialffl duffiing which unwanted activity afifieaffied, we excluded the entiffie 1-fflecffnd tffiial (i.e., we did nfft include thiffl tffiial in the nal analyffliffl, fffffi any fff the ffiecffffided mufflcleffl). Thiffl infflfiectiffn waffl ffiealiffled indefiendently by twff judgeffl. Subfflefluently, we ffnly kefit the tffiialffl that weffie nfft ffiejected by any fff theffle twff judgeffl (i.e., we ffiemffved a tffiial affl fflffffn affl it waffl ffiejected by at leafflt ffne judge). The agffieement ffiate between the twff judgeffl waffl fff ED.E2% (with a mffdeffiate Pffhen'ffl κ fff afififfiffximately 0.AE). The ffveffiall fiffiffceduffie led tff an aveffiage (aveffiaged ffveffi fiaffiticifiantffl) ffiejectiffn ffiate fff 22.FC% (SD = C.AF) in the baffleline cffnditiffn and 1E.AF% (SD = C.AE) in the fftheffi cffnditiffnffl. Nfteffi fiffie-fiffiffcefflffling and affitefact ffiejectiffn, we cffmfiuted the by-tffiial aveffiage amfilitude fff the centffied and ffiecti ed RMT fflignal. Thiffl fiffiffvided a fflcffffie fffffi each mufflcle fff inteffiefflt (OOI, ZYT, SRO, POR, SPR) in each cffnditiffn (Oaffleline, Oveffit Sfieech, Inneffi Sfieech, Liffltening) and fffffi each fiaffiticifiant. Nbfflfflute RMT valueffl affie nfft meaningful affl mufflcle activatiffn iffl neveffi null, even in ffiefflting cffnditiffnffl, due in fiaffit tff fihyfflifflffgical nffiffle. In additiffn, theffie affie inteffi-individual vaffiiatiffnffl in the amffunt fff RMT activity in the baffleline. Tff nffffimaliffle and ffltandaffidiffle fffffi baffleline activity acffifffflffl fiaffiticifiantffl, we thuffl exfiffiefflffled the RMT amfilitude affl a z-fflcffffie fffiffm baffleline activity (i.e., we fflubtffiacted the mean amfilitude fff the centffied and PUNPTRR B. PNN POVRRTLY PRODUPRD ROUNDRD NND SPRRND SRNTURRS OR DISTINTUISURD USINT SURSNPR RLRPTROMYOTRNPUY?

  fiackageffl. Tff afflfflefflffl the e ectffl fff the cffnditiffn and the clafflffl fff nffnwffffidffl ffn the ffltandaffidiffled RMT amfilitude, we analyffled theffle data uffling Condition (3 mffdalitiefflG fflfieech, inneffi fflfieech, and liffltening) and Class fff nffnwffffidffl (2 mffdalitieffl, ffiffunded and fflfiffiead, cffntffiafflt-cffded) affl within-fflubject categffffiical fiffiedictffffiffl, and the ffltandaffidiffled RMT amfilitude affl a defiendent vaffiiable in a multivaffiiate (i.e., with multifile ffutcffmeffl) Oayefflian multilevel lineaffi mffdel (OMLM). C In ffffideffi tff take intff accffunt the defiendencieffl between ffiefieated ffbffleffivatiffnffl by fiaffiticifiant, we alfflff included in thiffl mffdel a vaffiying intefficefit by fiaffiticifiant. Pffntffiaffiy tff what we fiffie-ffiegifflteffied, we uffled a multivaffiiate mffdel (inffltead fff fflefiaffiate mffdelffl by mufflcle). Thiffl allffwed uffl tff effltimate the cffffiffielatiffn between each fiaiffi fff mufflcleffl. Mffdelffl weffie tted with the brms fiackage (Oüffikneffi, 201Eb) and uffling weakly infffffimative fiffiiffffiffl (fflee the fflufifilementaffiy mateffiialffl fffffi cffde detailffl). Twff Maffikffv Phain Mffnte-Paffilff (MPMP) weffie ffiun fffffi each mffdel tff afififfiffximate the fifffflteffiiffffi diffltffiibutiffn, including each B.000 iteffiatiffnffl and a waffimufi fff 2.000 iteffiatiffnffl. Pfffflteffiiffffi cffnveffigence waffl afflfflefflffled examining tffiace filfftffl affl well affl the Telman-Rubin ffltatiffltic R. Pffnffltant e ect effltimateffl weffie fflummaffiiffled via theiffi fifffflteffiiffffi mean and FB% cffiedible inteffival (PffiI), wheffie a cffiedible inteffival can be cffnfflideffied affl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival. When afifilicable, we alfflff ffiefiffffit Oayeffl factffffiffl (OSffl), cffmfiuted uffling the Savage-Dickey methffd, which cffnffliffltffl in taking the ffiatiff fff the fifffflteffiiffffi denfflity at the fiffint fff inteffiefflt divided by the fiffiiffffi denfflity at that fiffint. Theffle OSffl can be inteffififfieted affl an ufidating factffffi, fffiffm fiffiiffffi knffwledge (what we knew befffffie ffleeing the data) tff fifffflteffiiffffi knffwledge (what we knffw afteffi ffleeing the data).
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 51 Figure 5.1. Diffltffiibutiffn fff ffltandaffidiffled RMT fflcffffieffl by clafflffl and by mufflcle. The ffifflt ffiffw cffffiffiefflfiffndffl tff the inneffi fflfieech cffnditiffn, the fflecffnd ffne tff the liffltening cffnditiffn, and the thiffid ffne tff the ffveffit fflfieech cffnditiffn. The ffifflt cfflumn defiictffl the RMT amfilitude ffiecffffided ffveffi the OOI mufflcle while the fflecffnd cfflumn ffiefiffiefflentffl the RMT amfilitude ffiecffffided ffveffi the ZYT mufflcle. Rach individual data fiffint iffl ffiefiffiefflented affl a veffitical baffi alffng the x-axiffl. The veffitical cfflffuffied line ffiefiffiefflentffl the by-clafflffl median.
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 52 Figure 5.2. Raw data alffng with fifffflteffiiffffi fiffiedictiffnffl fff the ffifflt mffdel fffffi the OOI and the ZYT mufflcleffl. Dfftffl ffiefiffiefflent the mean fiffiedictiffn fff thiffl mffdel by cffnditiffn, while the veffitical effiffiffffi baffiffl ffiefiffiefflent the FB% cffiedible inteffivalffl affiffund the mean.
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 5354 Figure 5.3. Pfffflteffiiffffi fiffiedictive checking fffffi the ffifflt mffdel cffnceffining the OOI and ZYT mufflcleffl. The daffik blue line ffiefiffiefflentffl the diffltffiibutiffn fff the ffiaw data (acffifffflffl all cffnditiffnffl) wheffieaffl light blue lineffl affie datafflet geneffiated fffiffm the fifffflteffiiffffi diffltffiibutiffn.
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 55 Figure 5.5. Raw data alffng with fifffflteffiiffffi fiffiedictiffnffl fff the thiffid mffdel fffffi the OOI and the ZYT mufflcleffl. Dfftffl ffiefiffiefflent the mean fiffiedictiffn fff thiffl mffdel by cffnditiffn (cffnceffining the lffcatiffn fiaffiameteffi) wheffieaffl the veffitical effiffiffffi baffiffl ffiefiffiefflent the FB% cffiedible inteffivalffl.
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 56 Figure 5.6. Nveffiage ffltandaffidiffled RMT amfilitude fffffi each nffnwffffid in each cffnditiffn, in the 2D fflfiace fffffimed by the OOI and the ZYT.

  g., McTuigan & Dffllinffl, 1FEFH McTuigan & Winffltead, 1FDA). Nffl theffle ffltudieffl uffled fflmall fflamfileffl fff childffien, ffuffi ffltudy aimed tff examine whetheffi ffluch ffiefflultffl can be ffiefiffiffduced uffling ffluffiface electffiffmyffgffiafihy and mffdeffin fflignal fiffiffcefflffling methffdffl in an adult fflamfile.Tff thiffl end, it waffl cffiucial tff ffifflt fflhffw that the RMT cffffiffielateffl fff ffuffi twff clafflffleffl fff nffnwffffidffl weffie difflcffiiminable duffiing ffveffit fflfieech fiffiffductiffn. Suffififfiifflingly, the data we cffllected duffiing ffveffit fflfieech fiffiffductiffn dff nfft cffffiffiffbffffiate the hyfifftheffliffl accffffiding tff which the aveffiage RMT amfilitude fff the OOI fflhffuld be higheffi duffiing the fiffiffductiffn fff "ffiffunded" nffnwffffidffl affl cffmfiaffied tff "fflfiffiead" nffnwffffidffl. Sffffi bffth ffffifffacial fflfieech mufflcleffl (OOI and ZYT), the aveffiage RMT amfilitude waffl higheffi fffffi ffiffunded nffnwffffidffl than fffffi fflfiffiead nffnwffffidffl duffiing ffveffit fflfieech fiffiffductiffn. Mffffieffveffi, while the aveffiage RMT amfilitude ffiecffffided ffveffi fflfieech mufflcleffl waffl higheffi than baffleline in bffth the inneffi fflfieech and liffltening cffnditiffnffl, we did nfft nd di effienceffl fff activatiffn accffffiding tff the cffntent fff the mateffiial (the clafflffl fff nffnwffffid). Nn autffmatic clafflffli catiffn afififfiffach, uffling the fffuffi facial mufflcleffl (OOI, ZYT, POR, SRO), ffievealed that althffugh it waffl fifffflfflible tff difflcffiiminate RMT fflignalffl ffielated tff the twff clafflffleffl fff nffnwffffidffl with a ffieafflffnable accuffiacy duffiing ffveffit fflfieech fiffiffductiffn, thiffl afififfiffach failed in difflcffiiminating theffle twff clafflffleffl duffiing inneffi fflfieech fiffiffductiffn ffffi duffiing liffltening. We alfflff ffbffleffived a higheffi RMT amfilitude ffiecffffided ffveffi the facial (bffth ffffifffacial and nffn-ffffifffacial) mufflcleffl duffiing inneffi fflfieech fiffiffductiffn and duffiing the liffltening fff fflfieech fiffiffductiffn than duffiing ffiefflt. Uffweveffi, affl fiinfiffinted by Taffiffiity (1FDD), thiffl ffbffleffivatiffn iffl nfft fflu cient tff cffnclude that theffle activatiffnffl weffie actually ffielated tff inneffi fflfieech fiffiffductiffn, becauffle i) bffth ffffifffacial fflfieech-ffielated mufflcleffl and fffffiehead nffn-fflfieech ffielated mufflcleffl fflhffwed fflimilaffi RMT amfilitude changeffl fffiffm baffleline and ii) we did nfft ffbffleffive di effient we dff nfft ffiefiffffit the ffielative imfiffffitance fff the fiffiedictffffiffl. Indeed, it wffuld be di cult tff inteffififfiet the imfiffffitance fff fiffiedictffffiffl fffffi a clafflffli catiffn tafflk at which they dff nfft fieffifffffim betteffi than chance. 1AB PUNPTRR B. PNN POVRRTLY PRODUPRD ROUNDRD NND SPRRND SRNTURRS OR DISTINTUISURD USINT SURSNPR RLRPTROMYOTRNPUY?

  RMT amfilitude iffl imfiacted by cffaffiticulatiffn duffiing the fiffiffductiffn fff PVPV fflefluenceffl. With ffiegaffidffl tff inneffi fflfieech, ffuffi ffiefflultffl dff nfft fflufififfffit theffffietical fiffiedictiffnffl fff the motor simulation view, accffffiding tff which it fflhffuld be fifffflfflible tff difflcffiiminate clafflffleffl fff nffnwffffidffl fiffiffduced in inneffi fflfieech baffled ffn RMT fflignalffl. Wheffieaffl thiffl ffutcffme iffl cffnffliffltent with fflffme ffiecent ffiefflultffl (Meltzneffi et al., 200E), 13 it alfflff ffltandffl in fflhaffifi cffntffiafflt with clafflfflical ffiefflultffl in the eld (e.g., McTuigan & Dffllinffl, 1FEFH McTuigan & Winffltead, 1FDA) affl well affl mffffie ffiecent develfffimentffl. Sffffi inffltance, Kafiuffi et al. (201E) develfffied a weaffiable device cffmfiffffled fff ffleven ffluffiface RMT fflenfflffffiffl that can attain a F2% median clafflffli catiffn accuffiacy in difflcffiiminating inteffinally vffcaliffled digitffl. Theffie affie a few cffiucial di effienceffl between Kafiuffi et al. (201E)'ffl wffffik and ffuffiffl that ffltand affl gffffd candidateffl tff exfilain the difflcffiefiancieffl between ffuffi ffiefflultffl.
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 61 Figure 6.1. Timeline fff the exfieffiiment, fffiffm tfffi tff bffttffm.

R.

  Pffnffltant e ect effltimateffl weffie fflummaffiiffled via theiffi fifffflteffiiffffi mean and FB% cffiedible inteffival (PffiI), wheffie a cffiedible inteffival can be cffnfflideffied affl the Oayefflian analffgue fff a clafflfflical cffn dence inteffival. When afifilicable, we alfflff ffiefiffffit Oayeffl factffffiffl (OSffl), cffmfiuted uffling the Savage-Dickey methffd, which cffnffliffltffl in taking the ffiatiff fff the fifffflteffiiffffi denfflity at the fiffint fff inteffiefflt divided by the fiffiiffffi denfflity at that fiffint. Theffle OSffl can be inteffififfieted affl an ufidating factffffi, fffiffm fiffiiffffi knffwledge (what we knew befffffie ffleeing the data) tff fifffflteffiiffffi knffwledge
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 163 Figure 6.3. DiagffnalG maffiginal diffltffiibutiffn fff each vaffiiable. Panelffl abffve the diagffnalG Peaffifflffn'ffl cffffiffielatiffnffl between main cffntinuffuffl fiffiedictffffiffl, alffng with FB% PIffl. The abfflfflute fflize fff the cffffiffielatiffn cffe cient iffl ffiefiffiefflented by the fflize fff the text (lffweffi cffe cientffl afifieaffi affl fflmalleffi). Panelffl belffw the diagffnalG fflcatteffifilfft fff each vaffiiableffl fiaiffi.

  I nt = Intefficefit, C ond = Pffnditiffn, RU M b = RUM baffleline fflcffffie, V er b = Veffibality, RRSb = RRSbffiffffding, RRSr = RRSffie ectiffn. Nll mffdelffl include a cffnffltant intefficefit and a vaffiying intefficefit fffffi Paffiticifiant.1D0 C.3. RRSULTS Paffiameteffi valueffl fff the befflt mffdel fffffi the fflecffnd fiaffit fff the exfieffiiment affie ffiefiffffited in Table C.B. Oaffled ffn theffle valueffl, it ffleemffl that fflelf-ffiefiffffited ffiuminatiffn decffieaffled afteffi bffth mfftffffi tafflkffl (the cffe cient fffffi Session iffl negative), but thiffl decffieaffle waffl fflubffltantially laffigeffi in the Mouthing cffnditiffn (d av = -0.3B1, FB% PI [-0.D3B, 0.03A]) than in the Tapping cffnditiffn (d av = -0.11D, FB% PI [-0.B0C, 0.2D3]), affl can be ffiead fffiffm the cffe cient fff the inteffiactiffn teffim between Session and Condition (Est = A.FDF, SE = A.002, 95% CrI [-3.10B, 12.AD]). Imfiffffitantly, the laffige unceffitainty afflfflffciated with thiffl ffiefflult (affl exfiffiefflffled by the width fff the cffn dence inteffival) waffiffiantffl a caffieful inteffififfietatiffn fff thiffl ffiefflult, that fflhffuld be cffnfflideffied affl ffluggeffltive evidence, ffiatheffi than cffnclufflive evidence.
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 64 Figure6.4. Pfffflteffiiffffi diffltffiibutiffn fff the inteffiactiffn fiaffiameteffi between Sefflffliffn (befffffie vffl. afteffi the mfftffffi tafflk) and Pffnditiffn (mffuthing vffl. ngeffi-tafifiing). The mean and the FB% cffiedible inteffival affie difflfilayed at the tfffi and the bffttffm fff the hiffltffgffiam. The gffieen text indicateffl the fiffifffiffffitiffn fff the diffltffiibutiffn that iffl eitheffi belffw ffffi abffve zeffiff.

  Figure 6.5. Mean RUM ffielative change afteffi mfftffffi activity, affl a functiffn fff the degffiee fff Veffibality, in the mffuthing (the gffieen dfftffl and ffiegffiefflffliffn line) and ngeffi tafifiing (the ffffiange dfftffl and ffiegffiefflffliffn line) cffnditiffnffl.

  1E1 PUNPTRR D. RXNMININT TUR INVOLVRMRNT OS TUR SPRRPU MOTOR SYSTRM DURINT RUMINNTIONG N DUNL-TNSK INVRSTITNTION fflfieech fflufififfffitffl many cffgnitive abilitieffl, itffl dyfflfunctiffnffl affie fflimilaffily numeffiffuffl and diveffiffle.

Rxfieffiiment 2 .

 2 The ffiefflultffl fff the thiffid exfieffiiment ffiefiffffited in Oeaman et al. (201B), in which gum-chewing waffl cffmfiaffied tff ngeffi-tafifiing, ffluggefflt that gum-chewing might indeed be 1E3 PUNPTRR D. RXNMININT TUR INVOLVRMRNT OS TUR SPRRPU MOTOR SYSTRM DURINT RUMINNTIONG N DUNL-TNSK INVRSTITNTION mffffie e cient than ngeffi-tafifiing in ffieducing the numbeffi fff fflelf-ffiefiffffited eaffiwffffimffl efiifflffdeffl.

  time) and Bmin (maximum allffcated time) tff imagine thiffl fflituatiffn. Secffnd, fiaffiticifiantffl weffie 1EB PUNPTRR D. RXNMININT TUR INVOLVRMRNT OS TUR SPRRPU MOTOR SYSTRM DURINT RUMINNTIONG N DUNL-TNSK INVRSTITNTION afflked tff think abffut thiffl hyfiffthetical fflituatiffn and itffl cffnfflefluenceffl in eitheffi a ffiuminative manneffi ffffi a fiffiffblem-fflfflving manneffi. Tff thiffl end, a ffleffiieffl a fflix fiffiffmfitffl weffie fiffiefflented ffluccefflfflively ffn the fflcffieen (fflfieci c fiffiffmfitffl can be fffund in the fflufifilementaffiy mateffiialffl).
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 71 Figure 7.1. Timeline fff the exfieffiiment, fffiffm tfffi tff bffttffm.

  fiackageffl. 1ED PUNPTRR D. RXNMININT TUR INVOLVRMRNT OS TUR SPRRPU MOTOR SYSTRM DURINT RUMINNTIONG N DUNL-TNSK INVRSTITNTION

  PUNPTRR D. RXNMININT TUR INVOLVRMRNT OS TUR SPRRPU MOTOR SYSTRM DURINT RUMINNTIONG N DUNL-TNSK INVRSTITNTION
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 72 Figure 7.2. Inteffiactiffn between fflefflffliffn, mfftffffi activity, and veffibality. The x-axiffl ffiefiffiefflentffl the amffunt fff veffibal thffughtffl ffiefiffffited by the fiaffiticifiant. The y-axiffl ffiefiffiefflentffl di effienceffl in fflelf-ffiefiffffited ffltate ffiuminatiffn fffiffm afteffi the inductiffn tff afteffi the mfftffffi activity. Dfftffl ffiefiffiefflent individual fflcffffieffl.
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 73 Figure 7.3. Nveffiage fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (OSRI fflum fflcffffie) thffiffughffut the exfieffiiment, by thinking-ffltyle and tyfie fff mfftffffi activity. Smalleffi dfftffl ffiefiffiefflent individual fflcffffieffl.

[ 0 .

 0 1ED, 3.FE1], B F 10 = 0.F2E). Mffffieffveffi, the ffiuminatiffn inductiffn led tff a gffieateffi incffieaffle in negative a ectffl than the fiffiffblem-fflfflving inductiffn (β = 1.FB, FB% PffiI [-1.F2A, B.B1], B F 10 = 0.32D), and the chewing gffiffufiffl alfflff fflhffwed a gffieateffi incffieaffle in negative a ectffl affl cffmfiaffied tff the ngeffi-tafifiing gffiffufiffl (β = 1.0E, FB% PffiI [-2.C21, A.EE], B F 10 = 0.22). Inteffieffltingly, the inteffiactiffn between thinking-ffltyle and mfftffffi activity indicateffl that the e ect fff the mfftffffi activity ffn the change in negative a ect waffl di effient accffffiding tff the thinking-ffltyle (β = 1.33B, FB% PffiI [-B.CEE, E.32A], B F 10 = 0.3DF). Nffl thffiee-way inteffiactiffn e ectffl affie betteffi undeffiffltffffd vifflually, we defiict thiffl e ect in Siguffie D.A. Thiffl guffie fflhffwffl that the e ect fff the thinking-ffltyleffn the change in fflelf-ffiefiffffited ffltate negative a ectffl (i.e., the di effience in fflteefinefflffl fff the ffiegffiefflffliffn lineffl) waffl di effient accffffiding tff the tyfie fff mfftffffi activity, with a ffltffiffngeffi e ect fff the thinking-ffltyle in the ngeffi-tafifiing cffnditiffn than in the chewing cffnditiffn (affl we fiffiedicted). Uffweveffi, the effltimatiffn fff theffle e ectffl iffl veffiy unceffitain due tff the lffw fflamfile fflize (affl exfiffiefflffled by the laffige ffltandaffid effiffiffffi) and fflhffuld theffiefffffie be cffnfflideffied cautiffufflly.

  ffieffleaffich have ffluggefflted that inneffi fflfieech may ffiecffiuit fflfieech mfftffffi fiffiffcefflffleffl. Thiffl wffffik includeffl intffifffflfiective and fihenffmenfflffgical ffltudieffl, mental chffiffnffmetffiy ffltudieffl, mfftffffi inteffifeffience ffltudieffl, mffdelling wffffik affl well affl neuffifffihyfflifflffgical and fifflychfffihyfflifflffgical ffltudieffl (cf. ffuffi fflhffffit hiffltffffiical ffieview in Phafiteffi

•

  (i.e., cffnnecting theffffiy tff ffbffleffivatiffnffl) actually ffiefluiffieffl the uffle fff auxiliary hypotheses ffffi assumptions. Rlucidating theffle auxiliaffiy afflfflumfitiffnffl, the actual lffgical affigument fffiffm the 20E E.2. TURORRTIPNL IMPLIPNTIONS OS TUR RRSULTS ffifflt fiaffit can be ffieffltated affl fffllffwfflG 2 Theoretical assumption (T )G Veffibal ffiuminatiffn iffl a fffffim fff inneffi fflfieech -Auxiliary hypothesis 1 (A 1 )G Sffme fffffimffl fff inneffi fflfieech invfflve the mfftffffi fflimulatiffn fff fflfieech fiffiffductiffn -Auxiliary hypothesis 2 (A 2 )G The fflimulatiffn mechanifflm ffiecffiuitffl neuffial netwffffikffl engaged in (ffveffit) executiffn -Auxiliary hypothesis 3 (A 3 )G The mfftffffi cffmmandffl geneffiated duffiing fflimulatiffn affie ffnly fiaffitially inhibited -Instrumental hypothesis 1 (I 1 )G Suffiface electffiffmyffgffiafihy iffl a ffieliable tffffl tff fieffiifiheffially ffiecffffid fiaffitially inhibited mfftffffi cffmmandffl -Ceteris paribus clause (C p )G We afflfflume theffie iffl nff fftheffi factffffi exeffiting an afififfieciable in uence that cffuld ffbfufflcate the main e ect fff inteffiefflt • PredictionG Induced ffiuminatiffn fflhffuld be accffmfianied by fieffiifiheffial mufflculaffi activity (RMT tffiaceffl) in the fflfieech mufflcleffl

  waffl fff the fffllffwing fffffimG if veffibal ffiuminatiffn iffl a fffffim fff inneffi fflfieech, then, a difflffiufitiffn fff the fflfieech mfftffffi fflyffltem fflhffuld difflffiufit ffiuminatiffn. Ngain, thiffl affigument may be ffieffltated in a mffffie detailed fffffim affl fffllffwfflG • Theoretical assumption (T )G Veffibal ffiuminatiffn iffl a fffffim fff inneffi fflfieech -Auxiliary hypothesis 1 (A 1 )G Sffme fffffimffl fff inneffi fflfieech invfflve the mfftffffi fflimulatiffn fff fflfieech fiffiffductiffn -Auxiliary hypothesis 2 (A 2 )G The fflimulatiffn mechanifflm ffiecffiuitffl neuffial netwffffikffl engaged in (ffveffit) executiffn -Ceteris paribus clause (C p )G We afflfflume theffie iffl nff fftheffi factffffi exeffiting an afififfieciable in uence that cffuld ffbfufflcate the main e ect fff inteffiefflt • PredictionG N difflffiufitiffn fff the fflfieech mfftffffi fflyffltem fflhffuld difflffiufit ffiuminatiffn In fftheffi wffffidffl, uffling the fflame ffieafflffning affl befffffie, we fflay that nfft ffbffleffiving q ffnly cffuntffl affl a ffiefutatiffn fff T tff an extent that iffl functiffn fff the (im)filaufflibility fff the fftheffi cffnjunctffl in p. The flueffltiffn ffiemainffl tff knffw hffw we cffuld afflfflefflffl the filaufflibility fff each cffnjunct in ffffideffi tff examine the validity fff the fflubffltantive hyfifftheffliffl. Inteffieffltingly, Stffievenffl (2001) difflcufflffleffl a Oayefflian fflfflutiffn tff thiffl fiffiffblem (knffwn affl the Duhem-Quine fiffiffblem in fihilfffflfffihy fff fflcience). Refffffimulating the fiffiffblem affl ffne fff afflffligning "cffiedit ffffi blame tff centffial hyfifftheffleffl vffl. auxiliaffiy hyfifftheffleffl" (Teffifflhman, 201F), Stffievenffl ffluggeffltffl a Oayefflian fffiamewffffik fffffi cffn ffimatiffn. Let h denffteffl the fflubffltantive hyfifftheffliffl, a denffteffl the auxiliaffiy hyfifftheffliffl (the ffieafflffning can be geneffialiffled tff multifile auxiliaffiy hyfifftheffleffl), and d denffte the data. Nfteffi ffbffleffiving the data d , the fiffiiffffi fiffiffbability fff the cffnjunct ha (i.e., p(ha)) iffl ufidated tff the fifffflteffiiffffi diffltffiibutiffn p(ha|d ) accffffiding tff Oayeffl' ffiuleG P (ha|d ) = P (d |ha)P (ha) P (d |ha)P (ha) + P (d |¬(ha))P (¬(ha)) , wheffie p(d |ha) iffl the likelihood fff the data undeffi ha, and ¬(ha) denffteffl the negatiffn fff ha. Sffiffm theffie, maffiginaliffling ffveffi all fifffflfflible auxiliaffiy hyfifftheffleffl, the fflum ffiule fff fiffiffbability allffwffl uffl tff ffbtain the ufidated belief abffut the fflubffltantive hyfiffthefflifflG P (h|d ) = P (ha|d ) + P (h¬a|d ).

  iffl the ffiffle fff fflfieech mfftffffi fiffiffcefflffleffl in ffiuminatiffn? Thiffl flueffltiffn can be ffiefffiamed affl fffllffwfflG what iffl the ffiffle fff fflfieech mfftffffi fiffiffcefflffleffl in inneffi fflfieech fiffiffductiffn and hffw dffeffl thiffl ffiffle vaffiy acffifffflffl the di effient vaffiietieffl fff inneffi fflfieech? Nffie fflffme fffffimffl fff inneffi fflfieech alwayffl/neveffi mfftffffiic? Nffl ffluggefflted in the fiffieviffuffl difflcufflffliffn, afflfflefflffling ffluch theffffietical ifflfflueffl ffiefluiffieffl cffnfflideffiing and weighing the filaufflibility fff auxiliaffiy afflfflumfitiffnffl uffled tff cffnnect theffffietical ffltatementffl tff emfiiffiical fiffiedictiffnffl. One fff the majffffi afflfflumfitiffnffl we have made in the ffifflt fiaffit fff the fiffiefflent wffffik (the RMT ffltudieffl) waffl that ffluffiface RMT waffl a ffieliable way fff examining inneffi fflfieech fiffiffductiffn. What iffl the filaufflibility fff that afflfflumfitiffn? Nffl ffieviewed in Phafiteffi 1, many ffltudieffl have fflhffwn that it iffl fifffflfflible tff uffle (bffth ffluffiface and intffiamufflculaffi) electffiffmyffgffiafihy tff "decffde" the cffntent fff inneffi fflfieech, althffugh fflffme ffltudieffl failed tff dff fflff. Uffweveffi, ffiefflultffl fffiffm RMT ffltudieffl fff inneffi fflfieech cffme in di effient avffuffi fff fieffiffluafflivenefflffl defiending ffn the ffltffiictnefflffl fff theiffi exfieffiimental fiffifftffcffl.Nffl difflcufflffled fiffieviffufflly, the mfffflt cffnvincing ffltudieffl affie the ffne fflhffwing mufflcle-fflfieci c RMT cffffiffielateffl fff inneffi fflfieech fiffiffductiffn (e.g.,McTuigan & Dffllinffl, 1FEFH McTuigan & Winffltead, 1FDA). Mfffflt fff theffle ffltudieffl invfflve multifile ffiecffffidingffl fieffi fiaffiticifiant and fieffi ffltimuluffl, fiffiffviding a high fflenfflitivity tff theffle RMT meaffluffiementffl. In cffntffiafflt tff theffle ffltudieffl, leafflt cffnvincing ffltudieffl include the ffneffl fflhffwing a geneffial (i.e., nffn-fflfieci c) incffieaffle in facial mufflculaffi activity fffiffm ffiefflt tff the cffnditiffn fff inteffiefflt, affl thiffl incffieaffle may be due tff many fftheffi factffffiffl than inneffi fflfieech fiffiffductiffn fieffi ffle (cf. ffuffi difflcufflffliffn in the lafflt fflectiffn but alfflff in Phafiteffi 1 and Phafiteffi B). The latteffi tyfie fff ffltudy ufflually fffcuffleffl ffn mffffie ecfflffgical ffccuffiffienceffl fff inneffi fflfieech, ffluch affl the fiffiffductiffn fff fully fffffimed fflentenceffl, fiffem ffiecitatiffn, ffffi the ffccuffiffience fff maladafitive fffffimffl fff inneffi fflfieech (e.g., NVUffl ffffi ffiuminatiffn). One cffiucial di effience between RMT ffltudieffl fff lffweffi-level inneffi fflfieech ffltudieffl (like the ffne we caffiffiied ffut in Phafiteffi B) and the RMT ffltudieffl fff mffffie natuffialiffltic fffffimffl fff inneffi fflfieech (like the ffne we caffiffiied ffut in Phafiteffi 3) iffl the ability tff ffiefieat meaffluffiementffl. Indeed, wheffieaffl it iffl ffielatively eaffly tff ffbtain ffleveffial ffiefietitiffnffl fff multifile vffwelffl ffffi fflyllableffl fffffi a given fiffffl fff fiaffiticifiant, it iffl exfieffiimentally mffffie affiduffuffl tff ffiefieat the meaffluffiement fff mffffie cffmfilex fffffimffl fff inneffi fflfieech ffluch affl NVUffl ffffi ffiuminatiffn. Nffl a cffnfflefluence, and given that the fflenfflitivity fff ffuffi RMT meaffluffieffl waffl alffieady infflu cient tff decffde inneffi fflfieech in the exfieffiiment ffiefiffffited in Phafiteffi B, it might be that the fflenfflitivity fff ffluffiface RMT waffl alfflff tffff lffw tff detect the fiffiefflence fff ffiuminatiffn affl a fffffim fff inneffi fflfieech (affl ffbffleffived in Phafiteffi 3 and Phafiteffi A). Imfiffffitantly, we mean that the fflenfflitivity fff ffluffiface RMT iffl tffff lffw tff detect the fiffiefflence fff ffiuminatiffn as a form of inner speech. It dffeffl nfft mean that ffluffiface RMT cannfft be uffled tff afflfflefflffl the fiffiefflence fff ffiuminatiffn (e.g., fffcuffling ffn the activity fff the fffiffntaliffl ffffi any fftheffi facial mufflcle), ffnly that the changeffl in RMT amfilitude can nfft be attffiibuted tff fflfieech mfftffffi fiffiffcefflffleffl fieffi ffle (becauffle they ffleem nfft tff be mufflcle-fflfieci c and nfft tff be fflfieci c tff the veffibal cffntent fff ffiuminatiffn).

  iffl an inteffiefflting fiffifffifffflal, affl mfffflt fff the evidence fflufififfffiting the ffiffle fff an e effience cfffiy duffiing inneffi fflfieech fiffiffductiffn (e.g.,Sffffid & Mathalffn, 200AH Tian et al., 201E, 201CH Tian & Pffefifiel, 2010, 2012H Whitfffffid et al., 201D) iffl actually evidence fffffi the fiffiefflence fff a cffffiffllaffiy difflchaffige (leading tff fflenfflffffiy attenuatiffn) mffffie than evidence fffffi an e effience cfffiy fieffi ffle. The idea that an inveffiffle mffdel may nfft be necefflfflaffiy fffffi mffdelling and exfilaining inneffi fflfieech fiffiffductiffn iffl alfflff fffund inWilkinfflffn & Seffinyhffugh (201D), whff ffluggefflted that inneffi fflfieech fiffiffductiffn cffuld be mffdelled in a predictive processing framework (fffffi an intffiffductiffn, fflee[START_REF] Plaffik | Whateveffi next? Pffiedictive bffiainffl, fflituated agentffl, and the futuffie fff cffgnitive fflcience[END_REF]. The need fffffi an inveffiffle mffdel (ffffi nfft) might be afflfflefflffled in ffleveffial wayffl. Sffffi inffltance, Pickeffiing & Plaffik (201A) ffluggefflted tff lffffk fffffi dffuble difflfflffciatiffnffl. Indeed, if theffie affie diffltinct fffffiwaffid and inveffiffle mffdelffl, leffliffnffl (fiatient ffffi temfiffffiaffiy leffliffn ffltudieffl) tff the fffffiwaffid mffdel fflhffuld difflffiufit the ability tff cffffiffiect mffvementffl ffnline ffffi tff leaffin new mffvementffl, but it fflhffuld nfft fiffievent mffvementffl tff be executed. In cffntffiafflt, in an ISM accffunt, all theffle abilitieffl fflhffuld be difflffiufited by a leffliffn tff the fffffiwaffid (geneffiative) mffdel. Such an emfiiffiical tefflt wffuld be cffiucial in deciding between NSM and ISM affichitectuffieffl and might lead tff a ffieviffliffn fff cuffiffient mffdelffl fff mfftffffi cffntffiffl.

E. 3 .

 3 MRTUODOLOTIPNL LIMITNTIONS NND WNYS SORWNRD fffcuffling ffn changing beliefffl, attitudeffl ffffi intentiffnffl will nfft be e ective in changing habitual behaviffuffiffl ffluch affl ffiuminatiffn 201A).Inffltead, Wffffd & Neal (200D) have fiffifffiffffled tff fiffiffvide fiatientffl with "cffncffiete tfffflffl fffffi cffntffifflling habit cueing" (fi.EC0). In fftheffi wffffidffl, fiffiffviding tfffflffl that may be uffled tff alteffi ffffi avffid exfiffffluffie tff the cueffl that tffiiggeffi ffiuminatiffn. Sffffi inffltance, if ffiuminatiffn iffl afflfflffciated with cueffl that ffccuffi in a ceffitain lffcatiffn, changing it iffl hyfifftheffliffled tff inteffiffiufit ffiuminatiffn. Uffweveffi, ffiemffving the cffntext in which ffiuminatiffn afifieaffiffl dffeffl nfft change the cffntext-ffiefflfiffnffle afflfflffciatiffn leading tff ffiuminatiffn. Theffiefffffie, affl fflffffn affl thiffl cffntext ffieafifieaffiffl (e.g., defiffiefflfflive mffffd), ffiuminatiffn may ffieafifieaffi. Mffffie ffiffbufflt inteffiventiffnffl fflhffuld then taffiget the cffntext-ffiefflfiffnffle afflfflffciatiffn itfflelf.Ueffitel (200A) ffluggefflted that the befflt way tff ffvefficffme mental habitffl iffl nfft tff meffiely fffififfffle them thffiffugh cffntffifflled fiffiffceduffieffl (e.g., cffgnitive cffntffiffl) but tff tffiain new habitffl thffiffugh cffntffifflled fiffiacticeG "In fflhffffit, the befflt antidffte tff maladafitive habitffl iffl a new fflet fff habitffl" (fi. 20F). Tff fiut it fflimfily, the unhelfiful cffntextual ffiefflfiffnffle (e.g., ffiuminatiffn) needffl tff be ffiefilaced with a mffffie helfiful ffiefflfiffnffle, in ffffideffi tff cffieate a (mffffie adafitive) new habit. Such an inteffiventiffn wffuld ffiefluiffie i) identifying the tffiiggeffiing cue and ii) ffiefilacing the unhelfiful ffiefflfiffnffle (ffiuminatiffn) by a mffffie adafitive and incffmfiatible ffne (e.g., cffncffiete thinking, ffielaxatiffn). Nffl ffluggefflted by Watkinffl & Nfflen-Uffekfflema (201A), theffle diffiectiffnffl ffluggefflt that clafflfflical cffgnitive behaviffuffial theffiafiieffl ffffi cffgnitive biaffl mffdi catiffn afififfiffacheffl tff change negative biaffleffl ffffi challenge thffughtffl will nfft be e ective unlefflffl theffle ffltffiategieffl affie imfilemented affl an alteffinative tff ffiuminatiffn (affl a new habit). Oveffiall, cffnfflideffiing ffiuminatiffn affl a mental habit iffl cffncefitually fffiuitful affl it fffienffl new fifffflfflibilitieffl fffffi the undeffiffltanding and caffie fff ffiuminatiffn. Sutuffie ffieffleaffich cffuld ffielate the vafflt liteffiatuffie ffn the cffmfiutatiffnal mffdelling fff habit develfffiment maintenance in the bffiain (e.g., Daw, Niv, & Dayan, 200BH Dfflan & Dayan, 2013H SitzTeffiald, Dfflan, & Sffiiffltffn, 201A) with the develfffiment and maintenance fff ffiuminatiffn.

  thiffl vaffiiability may itfflelf vaffiy acffifffflffl fflub-eldffl (which may a ect the fiaffiticifiantffl-tffiialffl tffiade-ff , cf. Rffudeffi & Uaaf, 201E), the e ect iffl nffnethelefflffl exfiected tff alwayffl vaffiy tff a nffn negligible extent. Oefflideffl afflking whetheffi an e ect exiffltffl ffffi nfft ffffi what the magnitude fff the e ect iffl, anfftheffi fifftential inteffiefflting flueffltiffn iffl tff afflk whetheffi all fiaffiticifiantffl in a ffltudy fflhffw the e ect. Uaaf & Rffudeffi (201D) and Rffudeffi & Uaaf (201E) named thiffl fiffifffieffity the dominance

  Bayesian multilevel models using brmsOayefflian multilevel mffdelffl affie incffieafflingly uffled tff ffvefficffme the limitatiffnffl fff fffiefluentifflt afififfiffacheffl in the analyffliffl fff cffmfilex ffltffiuctuffied data. Thiffl fiafieffi intffiffduceffl Oayefflian multilevel mffdelling fffffi the fflfieci c analyffliffl fff fflfieech data, uffling the bffimffl fiackage develfffied in R. In thiffl tutffffiial, we fiffiffvide a fiffiactical intffiffductiffn tff Oayefflian multilevel mffdelling, by ffieanalyffling a fihffnetic datafflet cffntaining fffffimant (S1 and S2) valueffl fffffi ve vffwelffl fff

  θ, given a fflet fff data yG p(θ|y) = p(y|θ)p(θ) p(y) Uffling thiffl efluatiffn (knffwn affl Oayeffl' theffffiem), a fiffiffbability diffltffiibutiffn p(θ|y) can be deffiived (called the posterior distribution), that ffie ectffl knffwledge abffut the fiaffiameteffi, given the data and the fiffiiffffi infffffimatiffn. Thiffl diffltffiibutiffn iffl the gffal fff any Oayefflian analyffliffl and cffntainffl all the infffffimatiffn needed fffffi infeffience. The teffim p(θ) cffffiffiefflfiffndffl tff the prior distribution, which fflfieci effl the fiffiiffffi infffffimatiffn abffut the fiaffiameteffiffl (i.e., what iffl knffwn abffut θ befffffie ffbffleffiving the data) affl a fiffiffbability diffltffiibutiffn. The left hand fff the numeffiatffffi p(y|θ) ffiefiffiefflentffl the likelihood, alfflff called the sampling distribution ffffi generative model, and iffl the functiffn thffiffugh which the data a ect the fifffflteffiiffffi diffltffiibutiffn. The likelihffffd functiffn indicateffl hffw likely the data affie tff afifieaffi, fffffi each fifffflfflible value fff θ. Sinally, p(y) iffl called the marginal likelihood. It iffl meant tff nffffimaliffle the fifffflteffiiffffi diffltffiibutiffn, that iffl, tff fflcale it in the "fiffiffbability wffffild". It giveffl the "fiffiffbability fff the data", fflumming ffveffi all valueffl fff θ and iffl defflcffiibed by p(y) = ∑ θ p(θ)p(y|θ) fffffi difflcffiete fiaffiameteffiffl, and by p(y) = ∫ p(θ)p(y|θ)d θ in the caffle fff cffntinuffuffl fiaffiameteffiffl.

Box A. 1 :

 1 Where are my random effects ?

  Tff illuffltffiate the uffle fff OMLMffl, we ffieanalyffled a datafflet fffiffm McPlffy (201A), available in the phonR fiackage (McPlffy, 201C). Thiffl datafflet cffntainffl fffffimant (S1 and S2) valueffl fffffi ve vffwelffl fff Standaffid Indffnefflian (ISO C3F-3Gind), affl fflfiffken by eight fflfieakeffiffl (fffuffi femaleffl), with afififfiffximately AB ffiefietitiffnffl fff each vffwel. The ffieffleaffich flueffltiffn we inveffltigated heffie iffl the e ect fff gendeffi ffn vffwel fiffiffductiffn vaffiiability.

  diffltance i ∼ Normal(µ i , σ e ) µ i = α + β × gendeffi i α ∼ Normal[START_REF] Poh2-V Tffiffl | The R ectffl fff ffiuminatiffn inductiffn ffn attentiffnal bffieadth fffffi fflelf-ffielated infffffimatiffn[END_REF] 10) β ∼ Normal[START_REF] Poh2-V Tffiffl | The R ectffl fff ffiuminatiffn inductiffn ffn attentiffnal bffieadth fffffi fflelf-ffielated infffffimatiffn[END_REF] 10) σ e ∼ HalfCauchy(10) wheffie the ffifflt twff lineffl fff the mffdel defflcffiibe the likelihffffd and the lineaffi mffdel. B The next thffiee lineffl de ne the fiffiiffffi diffltffiibutiffn fffffi each fiaffiameteffi fff the mffdel, wheffie α and β affie given a vague (weakly infffffimative) Taufflfflian fiffiiffffi centeffied ffn 0, and the ffiefflidual vaffiiatiffn iffl given a Ualf-Pauchy fiffiiffffi(Telman, 200CH Pfflfflffn & Scfftt, 2012), thuffl ffieffltffiicting the ffiange fff fifffflfflible valueffl tff fifffflitive ffneffl. Nffl defiicted in Siguffie N.2, the Normal(0, 10) fiffiiffffi iffl weakly infffffimative in the fflenffle that it gffiantffl a ffielative high weight tff α and β valueffl, between -2B and 2B. Thiffl cffffiffiefflfiffndffl tff veffiy laffige (given the fflcale fff ffuffi data) valueffl fffffi, ffiefflfiectively, the mean diffltance value α, and the mean di effience between maleffl and femaleffl β. The HalfCauchy(10) fiffiiffffi filaced ffn σ e alfflff allffwffl veffiy laffige valueffl fff σ e , affl ffiefiffiefflented in the ffiight fianel fff Siguffie N.2.
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 23 Figure A.2. Pffiiffffi diffltffiibutiffnffl uffled in the ffifflt mffdel, fffffi α and β (left fianel) and fffffi the ffiefflidual vaffiiatiffn σ e (ffiight fianel).

  diffltance i ∼ Normal(µ i , σ e ) µ i = α + α sub j ec t [i ] + β × gendeffi iα sub j ec t ∼ Normal(0, σ sub j ec t ) α ∼ Normal(0, 10) β ∼ Normal(0, 10) σ sub j ec t ∼ HalfCauchy(10) σ e ∼ HalfCauchy(10) Thiffl mffdel can be tted with brms with the fffllffwing cffmmand (wheffie we fflfiecify the UalfPauchy fiffiiffffi ffn σ sub j ec t by afifilying it ffn fiaffiameteffiffl fff clafflffl sd)brm( distance ~gender + (1|subj), data = indo, family = gaussian(), prior = prior2, warmup = 2000, iter = 10000 ) Nffl defflcffiibed in the ffifflt fiaffit fff the fiffiefflent fiafieffi, we nffw have twff fflffufficeffl fff vaffiiatiffn in the mffdelG the ffltandaffid deviatiffn fff the ffiefflidualffl σ e and the ffltandaffid deviatiffn fff the by-fflubject vaffiying intefficefitffl σ sub j ec t . The latteffi ffiefiffiefflentffl the ffltandaffid deviatiffn fff the fifffiulatiffn fff vaffiying intefficefitffl, and iffl alfflff leaffined fffiffm the data. It meanffl that the effltimatiffn fff each uniflue intefficefit will infffffim the effltimatiffn fff the fifffiulatiffn fff intefficefitffl, which, in ffietuffin, will infffffim the effltimatiffn fff the fftheffi intefficefitffl. We call thiffl fflhaffiing fff infffffimatiffn between gffiffufiffl the partial pooling ffltffiategy, in cffmfiaffiifflffn with the no pooling ffltffiategy, wheffie each intefficefit iffl effltimated indefiendently, and with the complete pooling ffltffiategy, in which all intefficefitffl affie given the fflame value (Telman et al., 2013H Telman & Uill, 200CH McRlffieath, 201Cb). Thiffl iffl ffne fff the mfffflt efflfflential featuffieffl fff MLMffl, and what leadffl tff betteffi effltimatiffnffl than fflingle-level ffiegffiefflffliffn mffdelffl fffffi ffiefieated meaffluffiementffl ffffi unbalanced fflamfile fflizeffl. Thiffl fiffffling fff infffffimatiffn iffl made afifiaffient thffiffugh the fihenffmenffn fff shrinkage, which iffl illuffltffiated in Siguffie N.A, and lateffi ffn, in Siguffie N.C. Siguffie N.A fflhffwffl the fifffflteffiiffffi diffltffiibutiffn affl effltimated by thiffl fflecffnd mffdel fffffi each fiaffiticifiant, in ffielatiffn tff the ffiaw mean fff itffl categffffiy (i.e., femaleffl ffffi maleffl), ffiefiffiefflented by the veffitical dafflhed lineffl. We can fflee fffffi inffltance that fiaffiticifiantffl M02 and F09 have fflmalleffi aveffiage diffltance than the meanffl fff theiffi gffiffufiffl, while fiaffiticifiantffl M03 and F08 have laffigeffi ffneffl. The affiffiffwffl ffiefiffiefflent the amffunt fff shrinkage, that iffl, the deviatiffn between the mean in the ffiaw data (ffiefiffiefflented by a cffifffflffl undeffineath each denfflity) and the effltimated mean fff the fifffflteffiiffffi diffltffiibutiffn (ffiefiffiefflented by the fieak fff the affiffiffw). Nffl fflhffwn in Siguffie N.A, thiffl shrinkage iffl alwayffl diffiected tffwaffid the mean fff the cffnfflideffied gffiffufi (i.e., femaleffl ffffi maleffl) and the amffunt fff shrinkage iffl deteffimined by the deviatiffn fff the individual mean fffiffm itffl gffiffufi mean. Thiffl mechanifflm actffl like a fflafeguaffid againfflt ffveffi tting, fiffieventing the mffdel fffiffm ffveffily tffiufflting each individual datum.

  FigureA.4. Pfffflteffiiffffi diffltffiibutiffnffl by fflubject, affl effltimated by the 'bmffd2' mffdel. The veffitical dafflhed lineffl ffiefiffiefflent the meanffl fff the fffffimant diffltanceffl fffffi the female and male gffiffufiffl. Pffifffflffleffl ffiefiffiefflent the mean fff the ffiaw data, fffffi each fiaffiticifiant. Nffiffiffwffl ffiefiffiefflent the amffunt fff fflhffiinkage, between the ffiaw mean and the effltimatiffn fff the mffdel (the mean fff the fifffflteffiiffffi diffltffiibutiffn).

  diffltance i ∼ Normal(µ i , σ e ) µ i = α + α sub j ec t [i ] + α vowel [i ] + β × gendeffi i α sub j ∼ Normal(0, σ sub j ec t ) α vowel ∼ Normal(0, σ vowel ) α ∼ Normal(0, 10) β ∼ Normal(0, 10)σ e ∼ HalfCauchy(10) σ sub j ec t ∼ HalfCauchy(10) σ vowel ∼ HalfCauchy(10) Thiffl mffdel can be tted with brms with the fffllffwing cffmmandG prior3 <-c( prior(normal(0, 10), class = Intercept), prior(normal(0, 10), class = b, coef = gender), prior(cauchy(0, 10), class = sd), prior(cauchy(0, 10), class = sigma) ) bmod3 <-brm( distance ~gender + (1|subj) + (1|vowel), data = indo, family = gaussian(), prior = prior3, warmup = 2000, iter = 10000 ) wheffie the fflame Ualf-Pauchy iffl fflfieci ed fffffi the twff vaffiying intefficefitffl, by afifilying it diffiectly tff the sd clafflffl.
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 2111 . NPPLIPNTION RXNMPLR diffltance i ∼ Normal(µ i , σ e )µ i = α + α sub j ec t [i ] + α vowel [i ] + (β + β vowel [i ] ) × gendeffi i [ sub j ec t ∼ Normal(0, σ sub j ec t ) α ∼ Normal(0,10) β ∼ Normal(0, 10) σ e ∼ HalfCauchy(10) σ α vowel ∼ HalfCauchy(10) σ β vowel ∼ HalfCauchy(10) σ sub j ec t ∼ HalfCauchy(10) and ρ iffl the cffffiffielatiffn between intefficefitffl and ffllfffieffl, uffled in the cffmfiutatiffn fff S. Thiffl matffiix iffl given the LKJ-Pffffiffielatiffn fiffiiffffi (Lewandffwfflki, Kuffiffwicka, & Jffe, 200F) with a fiaffiameteffi ζ (zeta) that cffntffifflffl the ffltffiength fff the cffffiffielatiffn. E When ζ = 1, the fiffiiffffi diffltffiibutiffn ffn the cffffiffielatiffn iffl unifffffim between -When ζ > 1, the fiffiiffffi diffltffiibutiffn iffl fieaked affiffund a zeffiff cffffiffielatiffn, while lffweffi valueffl fff ζ (0 < ζ < 1) allffcate mffffie weight tff extffieme valueffl (i.e., clffffle tff -1 and 1) fff ρ (fflee Siguffie N.B).

  Figure A.6. Shffiinkage fff effltimateffl in the fiaffiameteffi fflfiace, due tff the fiffffling fff infffffimatiffn between clufflteffiffl (baffled ffn the 'bmffdA' mffdel). The ellififfleffl ffiefiffiefflent the cffntffuffiffl fff the bivaffiiate diffltffiibutiffn, at di effient degffieeffl fff cffn dence 0.1, 0.3, 0.B and 0.D.

αR ∼ LKJcorr( 2 )

 2 intefficefitffl tff be effltimated (fffffi a ffieview fff multilevel mffdeling in vaffiiffuffl exfieffiimental defflignffl, ffleeJudd, Weffltfall, & Kenny, 201D). Thiffl vaffiying intefficefit fffffi the inteffiactiffn between fflubject and vffwel ffiefiffiefflentffl the fflyffltematic vaffiiatiffn afflfflffciated with a fflfieci c fflubject fiffiffnffuncing a fflfieci c vffwel. Thiffl mffdel can be wffiitten affl fffllffwffl, fffffi any ffbffleffivatiffn i GN.2. NPPLIPNTION RXNMPLR diffltance i ∼ Normal(µ i , σ e ) µ i = α + α sub j ec t [i ] + α vowel [i ] + α sub j ec t :vowel [i ] + (β + β vowel [i ] ) × gendeffi i [ sub j ec t ∼ Normal(0, σ sub j ec t )α sub j ec t :vowel ∼ Normal(0, σ sub j ec t :vowel ) α ∼ Normal(0, 10) β ∼ Normal(0, 10) σ e ∼ HalfCauchy(10) σ sub j ec t ∼ HalfCauchy(10) σ sub j ec t :vowel ∼ HalfCauchy(10) σ α vowel ∼ HalfCauchy(10) σ β vowel ∼ HalfCauchy(10) Thiffl mffdel can be tted with the fffllffwing cffmmandG prior5 <-c( prior(normal(0, 10), class = Intercept), prior(normal(0, 10), class = b, coef = gender), prior(cauchy(0, 10), class = sd), prior(cauchy(0, 10), class = sigma), Rffltimateffl fff thiffl mffdel affie fflummaffiiffled in

  cffifffflffl-validatiffn techniflueffl can be uffled tff ffbtain an afififfiffximatiffn fff the mffdel'ffl fiffiedictive abilitieffl, amffng which the Oayefflian leave-ffne-ffut-cffifffflffl-validatiffn (LOO-PV, Vehtaffii, Telman, & Tabffiy, 201D). Nnfftheffi uffleful tffffl, and afflymfitfftically efluivalent tff the LOO-PV, iffl the Watanabe Nkaike Infffffimatiffn Pffiiteffiiffn (WNIP,[START_REF] Watanabe | Nfflymfitfftic efluivalence fff Oayeffl cffifffflffl validatiffn and widely afifilicable infffffimatiffn cffiiteffiiffn in fflingulaffi leaffining theffffiy[END_REF], which can be cffnceived affl a geneffialifflatiffn fff the Nkaike Infffffimatiffn Pffiiteffiiffn (NIP, Nkaike, 1FDA). F
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 7 Figure A.7. Pffmfiaffiifflffn fff effltimatiffnffl fffiffm 'bffimffl' and 'lmeA'. Dfftffl ffiefiffiefflent meanffl fff fifffflteffiiffffi diffltffiibutiffn alffng with FB% PffiIffl, affl effltimated by the 'bmffdB' mffdel. Pffifffflffleffl ffiefiffiefflent effltimatiffnffl fff 'lmeA' alffng with bfffftffltffiafified FB% PIffl.

  Regaffiding ffuffi initial flueffltiffn, which waffl tff knffw whetheffi theffie iffl a gendeffi e ect ffn vffwel fiffiffductiffn vaffiiability in ffltandaffid Indffnefflian, we can baffle ffuffi cffncluffliffnffl ffn ffleveffial fiaffiameteffiffl and indiceffl. Uffweveffi, the difflcffiefiancieffl between the di effient mffdelffl we tted deffleffive fflffme difflcufflffliffn ffifflt. Nffl alffieady fiffinted ffut fiffieviffufflly, if we had baffled ffuffi cffncluffliffnffl ffn the ffiefflultffl fff the ffifflt mffdel (i.e., the mffdel with cffnffltant e ectffl ffnly), we wffuld have cffn dently cffncluded ffn a fifffflitive e ect fff gendeffi. Uffweveffi, when we included the afififfifffiffiiate effiffiffffi teffimffl in the mffdel tff accffunt fffffi ffiefieated meaffluffiementffl by fflubject and by vffwel, affl well affl fffffi the by-vffwel fflfieci c e ect fff gendeffi, the laffige vaffiiability fff thiffl e ect amffng vffwelffl led the mffdel tff adjufflt itffl effltimatiffn fff β, ffiefflulting in mffffie unceffitainty abffut it. The lafflt mffdel then effltimated a value fff β = -0.0A3 with fluite a laffige unceffitainty (95% PffiI = [-0.10A, 0.01E]), and cffnfflideffiing 0 affl well affl fflffme fifffflitive valueffl affl cffiedible. Thiffl ffiefflult alffne makeffl it di cult tff ffieach any de nitive cffncluffliffn cffnceffining the fiffiefflence ffffi abfflence fff a gendeffi e ect ffn the vaffiiability fff vffwelffl fiffiffnunciatiffn in Indffnefflian, and fflhffuld be cffnfflideffied (at befflt) affl ffluggeffltive.
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  Figure A.8. Uiffltffgffiam fff fifffflteffiiffffi fflamfileffl fff the ffllfffie fffffi gendeffi, affl effltimated by the lafflt mffdel.
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 2 Figure A.9. Pfffflteffiiffffi diffltffiibutiffn fff δ t .

  Rxfieffiiment tffffk filace individually in a daffik ffiffffm. Paffiticifiantffl had tff ffleat in fffiffnt fff a 22 incheffl, Iyama Viffliffn Mafflteffi Pffiff B13-MN203DT PRT Mffnitffffi (ffiefflfflutiffnG 102AxDCE fiixelffl, ffiefffiefflh ffiateG EBUz) with a NVIDIN TeSffffice FE00 TTX+ gffiafihic fiffiffcefflfflffffi. N cameffia-baffled eye-tffiackeffi (RyeLink® 1000 fffiffm SR Reffleaffich) with a fflamfiling ffiate fff 2B0 Uz and a minimum accuffiacy fff 0.B°waffl uffled, in the fiufiil-cffffineal ffie ectiffn tffiacking mffde. Paffiticifiantffl weffie fifffflitiffned ffn a ffleat fflff affl tff keefi diffltance fffiffm the cameffia tff the fffffiehead taffiget between B0 and C0cm. N ve-fiffint calibffiatiffn waffl cffmfileted befffffie fiffiefflenting ffltimuli, at the beginning fff each cffnditiffn.
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 1 Figure B.1. Left fianelG aveffiage RT by cffnditiffn fiffiedicted by the mffdel alffng with FB% PffiIffl.Undeffilying dfftffl ffiefiffiefflent the aveffiage ffiaw RT by fiaffiticifiant. Right fianelG fifffflteffiiffffi diffltffiibutiffn fff the di effience between each fiaiffi fff cffnditiffnffl, alffng with itffl mean and F0% and FB% PffiI.

  e., ngeffi-tafifiing and mffuthing), althffugh fieffifffffiming a dual mfftffffi tafflk (fff any tyfie) dffeffl ffleem cffffltly, becauffle fff the ffbffleffived di effience between the cffntffiffl cffnditiffn and the mean fff the thffiee fftheffiffl cffnditiffnffl. Theffle ffiefflultffl affie in line with the ffiefflultffl ffbtained by Pe dekhanie et al. (201A) in theiffi cffntffiffl exfieffiiment.
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  1.2. WUNT IS TUNT LITTLR VOIPR INSIDR MY URND?

Box 1.2: Proper control conditions in EMG studies of inner speech production

  

	PUNPTRR 1. TURORRTIPNL SRNMRWORK	1.2. WUNT IS TUNT LITTLR VOIPR INSIDR MY URND?	
	experience sampling methffdfflffgy (DRS, Uuffilbuffit, 2011H Uuffilbuffit & Nkhteffi, 200CH Uuffilbuffit Offiffcklehuffifflt, & Mffat (2011) fffund the fihffnemic fflimilaffiity e ect tff be fiffiefflent in inneffi fflfieech, be cffnfflideffied ffn a cffntinuum fffiffm inneffi fflfieech tff ffveffit fflfieech. Uffweveffi, inneffi fflfieech alfflff In thiffl fflectiffn, we bffiie y ffieviewed the hiffltffffiy fff inneffi fflfieech ffieffleaffich caffiffiied The functionalists / phenomenologists & Ueavey, 2001H Uuffilbuffit, Ueavey, & Kelffley, 2013), 11 Ueavey & Uuffilbuffit (200E) afflfflefflffled the fffiefluency fff cffmmffn inneffi exfieffiienceffl and fffund that inneffi fflfieech llffl affiffund 2B% fff ffuffi ffluggefflting that inneffi fflfieech may nfft necefflfflaffiily be imfiffveffiifflhed at the affiticulatffffiy level. Uffweveffi, Ofifienheim (2012) takeffl a di effient fieffifflfiective ffn Pffffiley et al. (2011)'ffl data and invfflveffl additiffnal ffiegiffnffl in cffmfiaffiifflffn tff ffveffit fflfieech (e.g., Oafflhff, Palmeffi, Rubiff, Wulfeck, & Mülleffi, 200D). Imfiffffitantly, inneffi fflfieech ffiecffiuitffl ffiegiffnffl invfflved in the inhibitiffn fff ffveffit Morin, Hurlburt, Fernyhough, Bergounioux, Philippe, Smadja ffut ffveffi the lafflt 1D0 yeaffiffl (fffiffm 1EB0 tff fiffiefflent dayffl) tff give an ffveffiview fff the evfflutiffn fff ideaffl and methffdffl ffielated tff inneffi fflfieech ffieffleaffich (theffle inveffltigatiffnffl affie Functions and phenomenology of inner speech
	cffnfflciffuffl inneffi life. Theiffi ffiefflultffl ffluggefflt that the ffiefflt fff ffuffi inneffi exfieffiience iffl lled with fffuffi fftheffi main cffmfiffnentfflG inneffi ffleeing, feeling (i.e., a ective exfieffiienceffl ffluch affl hafifiinefflffl ffffi ffladnefflffl), fflenfflffffiy awaffienefflffl (i.e., fiaying attentiffn tff immediate fflenfflatiffnffl ffluch affl hungeffi), affigueffl that nding an e ect in bffth ffveffit and inneffi fflfieech iffl nfft the fflame affl nding "eflual e ectffl" (i.e., an abfflence fff inteffiactiffn) in the twff cffnditiffnffl. Thffiffugh a detailed ffieanalyffliffl fff Ofifienheim (2012)'ffl data, Ofifienheim (2012) ffluggeffltffl that theffle data actually cffffiffiffbffffiate ffiefflfiffnffleffl (e.g., cingulate gyffiuffl, left middle fffiffntal gyffiuffl, fiffie-SMN). Tff fflum ufi, neuffiffimaging ffltudieffl fflufififfffit the idea that inneffi fflfieech may be cffnceived affl fflimulated fflfieech, invfflving fflimilaffi mfftffffi and fflenfflffffiy affieaffl (but fflee Tauvin, De Oaene, Offiafflffl, & Uaffitffluikeffi, 201C), albeit fflummaffiiffled in a nffn-exhauffltive timeline fiffiefflented in Siguffie 1.B). The inteffiefflted ffieadeffi will nd fflufifilementaffiy infffffimatiffn in mffffie cffmfiffiehenfflive ffieviewffl, theffleffl, and bffffkffl (e.g., Nldeffifflffn-Day & Seffinyhffugh, 201BH Seffinyhffugh, 201CH Tffiegffffiy, 201DH Langland-Uafflfflan & The anaesthetists The psycholinguists Dodge, Smith Levelt, Oppenheim, Dell, Baddeley, Reisberg Motor system ≠ verbal thought Errors and monitoring during inner speech
	and unfflymbffliffled thinking (i.e., thinking withffut wffffidffl, imageffl, ffffi any fftheffi fflymbffl). Thuffl, the fflub-fihffnemic attenuatiffn hyfifftheffliffl. Nt thiffl fiffint, the flueffltiffn fff whetheffi inneffi fflfieech tff a lefflffleffi extent than ffveffit fflfieech. In additiffn tff cffmmffn affieaffl, inneffi fflfieech alfflff invfflve Vicente, 201EH Loevenbffiuck, 201FH Loevenbffiuck et al., 201EH Peffiffiffne-Oeffitfflfftti et al., 201AH	
	. Uffweveffi, fftheffi teamffl nd cffntffiafflting ffiefflultffl (e.g., ffuffi ffiefflultffl in Phafiteffi B ffffi Meltzneffi et al., 200E) and we difflcufflffl thiffl ifflfflue fuffitheffi in Phafiteffi B. ffuffi inneffi life iffl nfft ffnly lled with language but fftheffi fffffimffl fff thinking (de ned bffiffadly, affl befffffie, affl any fflffffit fff mental activity) may cffexifflt (fffffi a ffieview and fflyntheffliffl fff DRS ndingffl, fflee Uuffilbuffit, 2011H Uuffilbuffit et al., 2013). includeffl ffffi nfft fflub-fihffnemic featuffieffl iffl theffiefffffie ffltill unffiefflfflved. Oefflideffl, fflffme ffltudieffl tffiied tff diffiectly inteffifeffie with the mfftffffi fflyffltem in ffffideffi tff make caufflal claimffl abffut inneffi fflfieech and the ffiffle fff the mfftffffi fflyffltem duffiing inneffi fflfieech fflufifilementaffiy affieaffl ffielated tff the inhibitiffn fff ffveffit ffiefflfiffnffleffl, fflufififfffiting the idea that inneffi fflfieech iffl fflimulated ffveffit fflfieech ffiefflulting fffiffm inhibited fflfieech actffl (fffffi mffffie detailffl, fflee the Sensory vs. motor images ceffiebffial landfflcafie fff (wilful) inneffi fflfieech fiffiffductiffn fiffifffiffffled in the next fflectiffn, affl well affl in Rafiin, 2011H Smadja, 201F). In the next fflectiffn, we difflcufflffl the mfffflt ffiecent and imfiffffitant theffffietical fifffflitiffnffl abffut the natuffie and fiffiffductiffn fff inneffi fflfieech. The introspectors The psychophysiologists Egger, Stricker, Ballet, Taine, Reed, Max, Jacobson, Sokolov, McGuigan, Cohen, Locke, Netsell Bastian, Paulhan, Saint-Paul, Ombredane, Charcot Muscular and electromyographic correlates of inner speech, chronometry
	Mffffieffveffi, baffled ffn hiffltffffiical and DRS data, Uuffilbuffit (2011) affigueffl fffffi a diffltinctiffn fiffiffductiffn. Theffle ffltudieffl include fffffi inffltance affiticulatffffiy fflufififfiefflffliffn ffltudieffl (fflee ffuffi mffffie ffiecent ffieviewffl, Nldeffifflffn-Day & Seffinyhffugh, 201BH Loevenbffiuck et al., 201EH Peffiffiffne-Oeffitfflfftti Many fff the ffltudieffl that uffled RMT tff inveffltigate the mfftffffi cffffiffielateffl fff inneffi fflfieech between twff fffffimffl fff inneffi fflfieech (ffffi twff fihenffmenfflffgical afflfiectffl fff inneffi fflfieech). detailed difflcufflffliffn fff affiticulatffffiy fflufififfiefflffliffn ndingffl in Phafiteffi C) at the behaviffuffial level et al., 201A). fiffiffductiffn cffncluded ffn the invfflvement fff the fflfieech mfftffffi fflyffltem baffled ffn a Nccffffiding tff Uuffilbuffit, it iffl fifffflfflible tff make a diffltinctiffn between the fihenffmenffn fff inner and tffianfflcffianial magnetic ffltimulatiffn ffltudieffl at the neuffial level. Uffling ffiefietitive tffianfflcffianial Mffffie ffiecently, technical and methffdfflffgical develfffimentffl fffiffm the eld fff neuffial 1850 1900 1950 di effience in RMT amfilitude when cffntffiafflting a fieffiiffd fff inneffi fflfieech fiffiffductiffn speaking and the fihenffmenffn inner hearing, whffffle feelingffl wffuld be fflimilaffi tff talking in a magnetic ffltimulatiffn, Nziz-Zadeh, Pattaneff, Rffchat, & Rizzfflatti (200B) induced bffth ffveffit engineeffiing ff effied new wayffl fff inveffltigating inneffi fflfieech. Seveffial teamffl affie cffnducting with a ffiefflting fieffiiffd. Uffweveffi, affl highlighted by Taffiffiity (1FDD), it iffl ufflually nfft enffugh tff fflhffw an incffieaffle fff fflfieech mufflcle activity duffiing inneffi fflfieech tff cffnclude that thiffl activatiffn iffl ffielated tff inneffi fflfieech fiffiffductiffn. tafie ffiecffffideffi and tff heaffi yffuffi vffice filayed back, ffiefflfiectively (Uuffilbuffit et al., 2013). Uuffilbuffit, Nldeffifflffn-Day, Kühn, & Seffinyhffugh (201C) fiffiffvide data ffluggefflting that theffle twff fihenffmena may have diffltinct neuffial cffffiffielateffl (but fflee Tffiandchamfi et al., 201FH Loevenbffiuck et al., 201E, and cffveffit fflfieech affiffieffltffl (i.e., a tffianfflient inability tff fiffiffduce fflfieech) by taffigeting bffth a mfftffffi (fifffflteffiiffffi) and a "nffn-mfftffffi" (anteffiiffffi, cffffiffiefflfiffnding tff the infeffiiffffi fffiffntal gyffiuffl) affiea fff the left hemifflfiheffie. Many ffltudieffl inveffltigated the ceffiebffial cffffiffielateffl fff bffth ffveffit fflfieech Soviet Psychology ffieffleaffich with the aim fff "decffding inneffi fflfieech", that iffl, fff decifiheffiing the cffntent fff Vygotsky, Blonsky, Teplov, Leontiev, inneffi fflfieech baffled ffn neuffifffihyfflifflffgical fflignalffl. Sffffi inffltance, Maffitin et al. (201A) ffiecffffided Ananiev, Luria, Sokolov electffiffcffffiticffgffiafihic (RPffT) fflignalffl fffiffm efiilefitic fiatientffl fieffifffffiming eitheffi ffveffit ffffi cffveffit Development, relation between thought and language	2000	2020
	Thffiee fflffffitffl fff infeffience can be made thffiffugh electffiffmyffgffiafihic ffltudieffl fff inneffi fflfieech fiffiffductiffn, defiending ffn the ffltffiingency fff the cffntffiffl fiffiffceduffie. The ffltffiffngeffi fflffffit fffffi anfftheffi ffltance ffn theffle data). The diffltinctiffn between inneffi fflfieaking and inneffi heaffiing echffeffl fiffieviffuffl diffltinctiffnffl (e.g., MacKay, 1FF2) ffluch affl the ffne between the "geneffiative cffmfiffnent" (i.e., the feeling fff fiffiffducing fflfieech) and the "auditffffiy cffmfiffnent" (i.e., the and inneffi fflfieech and fflhffwed that bffth mffdeffl invfflve language affieaffl in the left hemifflfiheffie, ffluch affl mfftffffi and fiffiemfftffffi cffffiticeffl in the fffiffntal lffbe, including Offiffca'ffl affieaffl ffffi the left infeffiiffffi fffiffntal gyffiuffl (IST). Theffle ffltudieffl alfflff highlight the invfflvement fff ffiegiffnffl invfflved ffieading tafflkffl. Then, they built a neuffial decffding mffdel cafiable fff ffiecffnffltffiucting the The neurocognitivists Feinberg, Frith, Tian & Poeppel, Loevenbruck et al., Alderson-Day & Fernyhough fflfiectffifftemfiffffial auditffffiy featuffieffl fff the ffveffit ffieading tafflk and evaluated whetheffi thiffl mffdel Motor control applied to inner speech cffuld ffiecffnffltffiuct auditffffiy fflfieech featuffieffl in the cffveffit ffieading cffnditiffn. They demffnffltffiated fff infeffience iffl fieffimitted by highlighting a difflcffiiminative fiatteffin duffiing cffveffit fflfieech fiffiffductiffn, affl fffffi inffltance when demffnffltffiating a difflfflffciatiffn between di effient fflfieech mufflcleffl duffiing the fiffiffductiffn fff fflfieech fflffundffl fff di effient fihffnemic clafflffl (e.g, cffntffiafflting labial veffiffluffl nffn-labial wffffidffl). Otheffi (weakeffi) tyfieffl fff cffntffiffl fiffiffceduffieffl include i) cffmfiaffiing the RMT activity duffiing cffveffit fflfieech fiffiffductiffn tff a baffleline feeling fff heaffiing fflfieech) and the diffltinctiffn between the inner ear and the inner voice in ffltudieffl fff wffffiking memffffiy (e.g., Oaddeley, Lewiffl, & Vallaffi, 1FEAH Ouchfflbaum, 2013). Nnfftheffi fflffuffice fff infffffimatiffn cffnceffining the natuffie fff inneffi fflfieech cffmeffl fffiffm the ffltudy fff effiffiffffiffl fiffiffduced duffiing inneffi fflfieech. Sffffi inffltance, Dell & Refika (1FF2) afflked fiaffiticifiantffl tff fiffiffduce tffngue twifflteffiffl (ffluch affl "Uniflue New Yffffik") eitheffi alffud ffffi mentally and tff ffiefiffffit in fflfieech fiefficefitiffn ffluch affl auditffffiy affieaffl, Weffinicke'ffl affieaffl and the left fiaffiietal lffbule, an afflfflffciative ffiegiffn (fffffi ffieview, fflee Teva, 201EH Loevenbffiuck et al., 201EH Peffiffiffne-Oeffitfflfftti et al., 201A). Mffffieffveffi, di effient fffffimffl fff inneffi fflfieech may be afflfflffciated with di effient (althffugh fiaffitially ffveffilafifiing) ceffiebffial landfflcafieffl. Sffffi inffltance, Tian & Pffefifiel (2010) cffmfiaffied the MRT ffiefflfiffnffleffl elicited duffiing twff tafflkfflG i) imagining fflaying fflffmething in ffne'ffl ffwn The modern philosophers that it iffl fifffflfflible tff decffde (ffffi tff infeffi) inneffi fflfieech cffntent by uffling a mffdel leaffined ffn cffffiffiefflfiffnding ffveffit fflfieech data, with the fflufieffiiffffi temfiffffial gyffiuffl affl well affl the fiffie-Carruthers, Langland-Hassan, Vicente, Gregory, Wiley The early psychologists / behaviourists Consciousness, thought as action, predictive coding Watson, James Thought and inner speech emerge from and fifffflt-centffial gyffiuffl fiffiffviding the mfffflt diagnffffltic infffffimatiffn. Maffitin et al. (201C) alfflff The decoders muscular activity uffled RPffT ffiecffffiding fffiffm the temfiffffial lffbe and fflenfflffffiimfftffffi cffffitex and fflhffwed that it Martin et al., Kapur et al. iffl fifffflfflible tff ffieach a ffielatively high accuffiacy level in a twff-clafflffl clafflffli catiffn fffiamewffffik Decoding inner speech (eCOG, sEMG) fieffiiffd (withffut cffntffiafflting fihffnemic clafflffleffl in cffveffit fflfieech utteffianceffl), ffffi ii) cffmfiaffiing the activity fff fflfieech-ffielated and nffn-fflfieech ffielated (e.g., fffffieaffim) mufflcle activity. Ideally, theffle cffntffifflffl fflhffuld be cffmbined by ffiecffffiding and cffntffiafflting fflfieech and nffn-fflfieech ffielated mufflcleffl in di effient cffnditiffnffl (e.g., ffiefflt, cffveffit fflfieech, filanning. Mffffie ffiecently, Ofifienheim & Dell (200E) have fflhffwn that the cffveffit ffiecitatiffn fff cffntent (the fflubjective feelingffl) fff inneffi fflfieech (fflee alfflff Nldeffifflffn-Day & Seffinyhffugh, 201B, cffveffitly. Uffweveffi, affl mentiffned fiffieviffufflly, fftheffi teamffl nd cffntffiafflting ffiefflultffl (e.g., ffuffi nffn-labial). indicateffl that ffllififfl fff the tffngueffl affie nfft ffieally ffllifi fff the tffngue, but ffiatheffi ffllififfl fff fflfieech mffdel duffiing the fflfieaking imageffiy tafflk, which wffuld wffuld fiffiffvide the baffliffl fffffi the fflenfflffffiy tff difflcffiiminate with ffielatively high accuffiacy digitffl (between 0 and F) that weffie fiffiffduced ffveffit fflfieech) fff fiffiffnunciatiffn fff di effient fflfieech fflffundffl clafflffleffl (e.g., labial veffiffluffl the tyfie fff effiffiffffi they made (if any). They ffbffleffived that the fiaffiticifiantffl made the fflame kind fff effiffiffffiffl in ffveffit and inneffi fflfieech, indicating that inneffi fflfieech, like ffveffit fflfieech, may invfflve the fflame kind fff unitffl (e.g., fihffnfflffgical, mffffifihfflffgical ffffi lexical unitffl). Nffl ffluggefflted by Ofifienheim & Dell (200E), the fflimilaffiity fff effiffiffffiffl fffund in inneffi fflfieech and ffveffit fflfieech vffice and ii) imagining heaffiing fflffmething in fflffmeffne elffle'ffl vffice. They have fffund that wheffieaffl bffth tafflkffl weffie afflfflffciated with activity in the bilateffial temfiffffial cffffitex, fflfieaking imageffiy waffl ffifflt afflfflffciated with an activity in the left fiaffiietal cffffitex. Tian & Pffefifiel (2010) and Tian & Pffefifiel (2012) affigue that theffle ffiefflultffl ffluggefflt the invfflvement fff a fffffiwaffid and abffve-chance accuffiacy levelffl in clafflfflifying fteen wffffid-fiaiffiffl baffled ffn RPffT fflignalffl (fffffi a ffiecent ffieview, fflee Maffitin, Ituffiffiate, Millán, Knight, & Pafflley, 201E). Uffling a di effient technic, Kafiuffi et al. (201E) develfffied a weaffiable device cafiable fff difflcffiiminating inneffi fflfieech cffntent baffled ffn ffluffiface electffiffmyffgffiafihic fflignalffl. They fflhffwed that theiffi methffd waffl able Figure 1.5. Nffn-exhauffltive ffveffiview fff inneffi fflfieech ffieffleaffich fffiffm 1EB0 tff fiffiefflent dayffl, defiicting fflffme ffiefiffiefflentative nameffl and theiffi main cffntffiibutiffn. NOG dateffl ffiefiffiefflent the ffltaffiting fiffint fff fflffme cffntffiibutiffn ffiatheffi than the fiffieciffle temfiffffial lffcatiffn fff the cffntffiibutiffn (affl mfffflt cffntffiibutiffnffl extend ffn a fieffiiffd fff ffleveffial yeaffiffl ffffi decadeffl).
	tffngue twifflteffiffl iffl accffmfianied by the lexical biaffl alfflff ffbffleffived in ffveffit fiffiffductiffn but dffeffl and @gffiandchamfi_cffndenfflatiffn_201F, fffffi a fuffitheffi difflcufflffliffn fff theffle ffiefflultffl). Nckeffimann ffiefflultffl in Phafiteffi B ffffi Meltzneffi et al., 200E) and we difflcufflffl thiffl ifflfflue fuffitheffi in the difflcufflffliffn Oefflideffl mental chffiffnffmetffiy and electffiffmyffgffiafihy, the fflecffnd fiaffit fff the lafflt centuffiy nfft fflhffw the fihffnemic fflimilaffiity biaffl (i.e., the tendency tff exchange fihffnemeffl with cffmmffn & Rieckeffi (200A) alfflff ffbffleffived an activatiffn fff the left fflufifilementaffiy mfftffffi affiea (SMN), fff Phafiteffi B. Oveffiall, theffle ffiefflultffl fflhffw that it iffl fiffiefflently fifffflfflible tff decffde inneffi fflfieech alfflff witnefflffled a ffievival fff intffifffflfiective methffdffl, with the aim fff ffie ning the defflcffiifitiffn fff the affiticulatffffiy featuffieffl) ffbffleffived in ffveffit fflfieech. Thiffl ffbffleffivatiffn led Ofifienheim & Dell (200E) left fiffiimaffiy mfftffffi cffffitex (M1), and ffiight ceffiebellum duffiing cffveffit fflfieech. Nctivatiffn fff baffled ffn neuffifffihyfflifflffgical fflignalffl abffve chance levelffl. Nlthffugh theffle ffiefflultffl cuffiffiently fihenffmenfflffgical fiffifffieffitieffl fff inneffi fflfieech. Sffffi inffltance, the uffle fff the exfieffiience fflamfiling and Ofifienheim & Dell (2010) tff claim that althffugh inneffi fflfieech iffl fflfieci ed at a lexical level, it the fiffiimaffiy mfftffffi cffffitex duffiing inneffi fflfieech (and mffffie bffiffadly, duffiing imagined actiffn) ffltand fffffi limited vffcabulaffiy ffletffl, it might fflffffn be fifffflfflible tff have fully fffieffiatiffnal ffnline methffdfflffgy (RSM, Pfflikfflzentmihalyi & Laffifflffn, 1FED) fieffimitted tff examine inneffi fflfieech in a iffl imfiffveffiifflhed at the featuffial (affiticulatffffiy) level. In cffntffiafflt tff theffle ffiefflultffl, hffweveffi, Pffffiley, iffl ffltill cffntffiffveffifflial and may defiend ffn chaffiacteffiifflticffl fff the tafflk (e.g., inffltffiuctiffnffl given inneffi fflfieech decffding fflyffltemffl. Uffweveffi, the ifflfflue fff fiffiedictiffn and the ifflfflue fff exfilanatiffn natuffialiffltic enviffiffnment and tff afflfflefflffl itffl fffiefluency, fffffimffl and ufflageffl. Sffffi inffltance, Klingeffi tff the fiaffiticifiant, chaffiacteffiifflticffl fff the cffntent/mateffiial tff be fiffiffduced) and the tyfie fff affie nfft ffieducible ffne tff the fftheffi and althffugh we might be in fflituatiffn fff cffffiffiectly infeffiffiing & Pffx (1FED) afflked 2F ffltudentffl tff caffiffiy a beefieffi that fiffiffbed them ffiandffmly tff defflcffiibed the inneffi fflfieech. Oveffiall, activatiffn in the mfftffffi, fiffiemfftffffi and fflenfflffffiy cffffiticeffl iffl knffwn tff be (fiffiedicting) the cffntent fff inneffi fflfieech baffled ffn neuffifffihyfflifflffgial fflignalffl, fflffme theffffietical fiffifffieffitieffl fff theiffi mental activity. They ffbffleffived that affiffund B1% fff the fflamfileffl cffntained fflffme fffffim fff inteffinal mffnfflffgue. Uffling a mffdi ed veffiffliffn fff the RSM knffwn affl the descriptive ffltffiffngeffi duffiing ffveffit fflfieech than inneffi fflfieech, fflufififfffiting the idea that inneffi fflfieech may ifflfflueffl ffltill need tff be ffiefflfflved (we tuffin tff theffffietical fiffifffifffflitiffnffl in the next fflectiffn).	

1.2.2 Theoretical perspectives on inner speech 1.2.2.1 The psycholinguistics perspective
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	CONCEPTUALIZER	
	message	discourse model, situation
	generation	knowledge, encyclopedia, etc.
	Uffw dff we (humanffl) fiffiffduce fflfieech? Nt a biffmechanical level, fiffiffducing fflfieech meanffl cffffffidinating a cffmfilex dynamic fflyffltem (i.e., the enfflemble fff fflfieech mufflcleffl and ffffiganffl) monitoring
	tff fiffiffduce fieffituffibatiffnffl fff the aiffi ffw (fflffund waveffl). Nt a fifflychfflffgical level, fflfieech preverbal message
	LEXICON lemmas fiffiffductiffn can be fflaid tff cffnfflifflt in the tffianffllatiffn fff thffughtffl intff fflfieech, with the gffal fff FORMULATOR cffmmunicating infffffimatiffn. Oefffffie being cffmmunicated hffweveffi, the infffffimatiffn fff inteffiefflt grammatical forms
	iffl fflubmitted tff ffleveffial imfiffffitant tffianfflfffffimatiffnffl. encoding	
	Nlthffugh fflfieech fiffiffductiffn iffl an eveffiyday fihenffmenffn, the way thiffl fiffiffcefflffl iffl exactly fieffifffffimed iffl ffltill the fflubject fff lively debateffl. Uffweveffi, cuffiffient mffdelffl geneffially agffiee with phonological encoding SYLLABARY
	the cffffie ffltefiffl ffccuffiffiing duffiing fflfieech fiffiffductiffn. Willem Levelt (Levelt, 1FEF, 2000) fiffifffiffffled phonetic plan (internal speech)
	an in uential fifflychfflinguiffltic mffdel fff fflfieech fiffiffductiffn (fflee Siguffie 1.C). Nccffffiding tff ARTICULATOR
	thiffl mffdel, fflfieech fiffiffductiffn invfflveffl thffiee levelfflG conceptualisation, formulation and overt speech
	articulation. The ffifflt ffltefi iffl managed by a cffmfiffnent called the conceptualizer, and cffnffliffltffl in fflelecting a cffncefitual mefflfflage tff be fiffiffduced (message generation). In fftheffi wffffidffl, the Figure 1.6. Illuffltffiatiffn fff
	fflfieakeffi cffnceiveffl a cffmmunicative intentiffn that fflhe wifflheffl tff ffieveal tff an inteffilffcutffffi. Thiffl
	preverbal message iffl then fffffiwaffided tff anfftheffi cffmfiffnent, the formulator, that handleffl bffth
	grammatical encoding (i.e., fflelecting afififfifffiffiiate wffffidffl ffffi lemmas) and phonological encoding
	(i.e., fflelecting the afififfifffiffiiate fflfieech fflffundffl, lexemeffl and fihffnemeffl). Duffiing grammatical
	encoding, lemmas affie ffietffiieved fffiffm the lexicon and affie ffffideffied in a fflyntactical afififfifffiffiiate
	way, giving the mefflfflage itffl surface structure. Duffiing phonological encoding, the mefflfflage
	iffl given itffl fihffnetic ffffi affiticulatffffiy chaffiacteffiifflticffl. Nt thiffl ffltage, fihffnemeffl affie gffiffufied
	intff fiffiffnffunceable fflyllableffl. Then, each fflyllable iffl afflfflffciated with an articulatory program,
	cffmfiffffled fff an enfflemble fff articulatory gestures (i.e., cffffffidinative ffltffiuctuffieffl fff mffvementffl).
	Theffle affiticulatffffiy fiffiffgffiamffl affie ffltffffied in the syllabary. In bffiief, the formulator cffmfiffnent
	tffianfflfffffimffl a preverbal message intff a linguiffltic fihffnetic ffbject. Sinally, the fihffnetic filan
	iffl fffffiwaffided tff the articulator, ffiefflfiffnfflible fffffi the activatiffn fff articulatory gestures, tff be executed by the fflfieech articulators (e.g., tffngue, lififfl, jaw). 12
	Inteffieffltingly, in thiffl mffdel, inneffi fflfieech iffl thffught tff cffffiffiefflfiffnd tff the fihffnetic filan. In
	fftheffi wffffidffl, inneffi fflfieech iffl cffnfflideffied affl a filan fffffi ffveffit fflfieech, fflffmething that fiffiecedeffl
	ffveffit fflfieech. The idea that inneffi fflfieech iffl fflffme fflffffit fff a filan fffffi ffveffit fflfieech iffl widefflfiffiead in
	fifflychfflinguifflticffl. Nccffffiding tff Levelt, Rffelfffffl, & Meyeffi (1FFF), we fiffiffduce inneffi fflfieech in the
	fflame way we fiffiffduce ffveffit fflfieech, excefit that affiticulatiffn iffl abfflent (we alffieady encffunteffied
	the continuum hypothesis fiffieviffufflly). One fff the ffiffle fff thiffl cffveffit mffde in fflfieak fiffiffductiffn
	wffuld be tff allffw fffffi mffnitffffiing filanned fflfieech fffffi effiffiffffiffl (e.g., Uaffitffluikeffi & Kfflk, 2001H Levelt,
	1FE3). Sffffi fflffme authffffiffl, inneffi fflfieech wffuld ffnly be a by-fiffiffduct fff the need fff the fflfieakeffi
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	Figure 1.9. Pffiedictive cffntffiffl accffunt fff inneffi fflfieech fiffiffductiffn. Siguffie fffiffm Loevenbffiuck et al. (201E).

Table 3 .

 3 1G Rffltimated cffffiffielatiffn cffe cientffl and FB% UDIffl between RMT amfilitude evfflutiffnffl and VNS ffielative changeffl.

	VNS/Mufflcle	OOS	OOI	SPR	SRO
	Offiffffding Seelingffl Sffcuffled Pffiffblemffl	-0.03 [-0.2D, 0.20] 0.11 [-0.12, 0.3A] -0.0D [-0.32, 0.1E] 0.01 [-0.2A, 0.2B] -0.1E [-0.A1, 0.0C] -0.2C [-0.AD, -0.03] -0.0D [-0.31, 0.1E] -0.2C [-0.AD, -0.03] 0.11 [-0.13, 0.3C] -0.20 [-0.A3, 0.0A] -0.0B [-0.2F, 0.1F] 0.01 [-0.2A, 0.2C] 0.11 [-0.1A, 0.3A] -0.01 [-0.2B, 0.23] -0.0F [-0.33, 0.1B] 0.2C [0.02, 0.B0]

Table 3 .

 3 2G Pfffflteffiiffffi meanffl and FB% UDIffl fffffi each VNS in each cffnditiffn.

	.2.
	EA

Table 3 .

 3 Pfffflteffiiffffi mean and FB% cffiedible inteffivalffl fffffi the VNS fflcffffie (exfiffiefflffled in ffielative change fffiffm fifffflt-inductiffn level). 3G Pfffflteffiiffffi meanffl and FB% UDIffl fffffi each mufflcle in each cffnditiffn.

	• •	Orofacial Arm Story

  Uffweveffi, theffie waffl extenfflive individual vaffiiatiffn in ffiefflfiffnffle tff theffle cffnditiffnffl. Nffl cffnceffinffl RMT ffiefflultffl, we ffbffleffived a decffieaffle in OOS and OOI activitieffl in all thffiee cffnditiffnffl but thiffl decffieaffle waffl mffffie fiffiffnffunced in the ffffifffacial Pffnfflideffiing bffth VNS ffiefflultffl and the difflfflffciatiffn in RMT fiatteffinffl, ffleveffial inteffififfietatiffnffl affie fifffflfflible. The ffifflt inteffififfietatiffn iffl that veffibal fiffiffductiffn afflfflffciated with ffiuminatiffn waffl mffffie ffieduced by ffffifffacial mufflculaffi ffielaxatiffn than by nffn-ffffifffacial ffielaxatiffn. Thiffl inteffififfietatiffn iffl cffnffliffltent with the fact that the "Offiffffding" VNS waffl ffllightly mffffie decffieaffled in thiffl cffnditiffn cffmfiaffied tff the fftheffi twff. The laffigeffi decffieaffle in OOS and OOI amfilitude afteffi ffffifffacial ffielaxa-tiffn wffuld thuffl ffie ect thiffl ffieductiffn in veffibal fiffiffductiffn, affl hyfifftheffliffled by the Motor Simulation view. The fact that SRO activity difflfilayed a fflimilaffi decffieaffle in bffth ffffifffacial and nffn-ffffifffacial ffielaxatiffn cffnditiffnffl cffuld ffluggefflt that any meanffl fff bffdy ffielaxatiffn (be it ffffifffacial ffffi nfft) iffl afififfifffiffiiate tff ffieduce negative a ect and can theffiefffffie ffieduce fffffiehead cffntffiactiffn. Thiffl ffluggeffltffl that the SRO activity incffieaffle fiffiefflumably ffie ected
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	ffielaxatiffnffl ffiefflulted in a decffieaffle in fffffiehead activity, ffnly ffffifffacial ffielaxatiffn waffl ffluccefflfflful
	at ffieducing lifi activity.
	EF

cffnditiffn than in the fftheffi twff cffnditiffnffl. The fffiffntaliffl activity did nfft fflhffw the fflame fiatteffin.

N fflimilaffi SRO activity decffieaffle waffl ffbffleffived in bffth the ffffifffacial and the nffn-ffffifffacial ffielaxatiffn cffnditiffnffl. Theffiefffffie, in Rxfieffiiment 2, the lifi mufflcleffl and the fffffiehead mufflcle fffllffw di effiential evfflutiffnffl. N difflfflffciatiffn waffl ffbffleffivedG wheffieaffl bffth ffffifffacial and affim negative a ect and tenffliffn (ffluch affl ffbffleffived in RMT ffltudieffl ffn geneffialiffled anxiety difflffffideffi fiatientffl, fflee Pffnffiad & Rffth, 200D, fffffi a ffieview).

Table A .

 A Table A.1. 1G Rffltimateffl fffiffm the multivaffiiate Taufflfflian mffdel.

	Refflfiffnffle	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat	OS01
	OOI ZYT SRO NRK SPR OOI ZYT SRO NRK SPR	Intefficefit Intefficefit Intefficefit Intefficefit Intefficefit gffiffufi gffiffufi gffiffufi gffiffufi gffiffufi	1.022 -0.0BA 1.B0A -0.002 -0.03C 0.20F 0.0CB -0.1DE 0.0A2 0.0F2	0.1E3 0.CBC 0.033 -0.120 0.011 1.000 1.3DE 1.000 I0.001 E.2B1 0.1EA 1.131 1.EC1 1.000 I0.001 0.023 -0.0B0 0.0A3 1.000 A1.AFD 0.03C -0.10D 0.03D 1.000 1D.ACA 0.3A1 -0.ACC 0.F0A 1.000 2.ACF 0.0CC -0.0CC 0.1F3 1.000 F.332 0.3AC -0.ECF 0.B1C 1.000 2.B3B 0.0AC -0.0B0 0.132 1.000 13.CA2 0.0D2 -0.0AE 0.23B 1.000 C.0FA

Table A .

 A 3G Mean and SR fff fflelf-ffiefiffffited levelffl fff eitheffi veffibal ffffi vifflual thffughtffl at the end fff the ffiuminatiffn fieffiiffd.

	Tffiffufi Veffibal VNS Vifflual VNS Samfile fflize
	veffibal ED.AB (2.EC) 31.CD (A.3E) vifflual E3.F2 (A.0A) 30 (A.B3)	AA A1
	Nffl can be ffleen fffiffm Siguffie A.A and fffiffm Table A.A, thiffl analyffliffl ffievealed twff gffiffufiffl fff
	fiaffiticifiantffl that weffie eitheffi relatively i) high ffn the veffibal VNS and lffw ffn the vifflual ffne ffffi
	ii) high ffn the vifflual VNS and lffw ffn the veffibal ffne. Uffweveffi, the vifflual ffiuminatffffiffl ffiemained
	fluite high ffn the veffibality fflcale.	

Pffnfflideffiing that bffth gffiffufiffl fflhffwed a fflimilaffi ffiatiff fff veffibal/nffn-veffibal thffughtffl (fflee Table

A

.3), we uffled theffle fflelf-ffiefiffffitffl tff de ne a fifffflteffiiffffii gffiffufiffl fff fiaffiticifiantffl that ffiefiffffited mffffie veffibal (ffffi nffn-veffibal) ffiuminatiffnffl. Tff thiffl end, we uffled a clufflteffi analyffliffl (2D k-meanffl) tff de ne twff gffiffufiffl (clufflteffiffl) in the fflfiace fff the twff VNSffl that have been uffled tff afflfflefflffl the amffunt fff veffibal and nffn-veffibal thffughtffl duffiing the ffiuminatiffn fieffiiffd (fflee Siguffie A.A).

Table A

 A 

	.AG Penteffi and fflize (numbeffi fff fiaffiticifiantffl) fff the twff clufflteffiffl identi ed by the k-meanffl algffffiithm.
	Plufflteffi Veffibal VNS Vifflual VNS Size
	1 2	F3.BB D2.E1	11.DD C2.AF	B3 32

Table A .

 A BG Rffltimateffl fffiffm the multivaffiiate (weighted) Skew-Nffffimal mffdel baffled ffn the k-meanffl clufflteffiffl.

	Refflfiffnffle	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat	OS01
	ZYT ZYT OOI OOI NRK NRK SRO SRO SPR SPR	Intefficefit clufflteffi Intefficefit clufflteffi Intefficefit clufflteffi Intefficefit clufflteffi Intefficefit clufflteffi	-0.032 -0.00B 1.1FC -0.03D 0.00A -0.0D1 1.C2C -0.BEA 0.00A 0.01E	0.0A1 -0.110 0.0B3 1.000 1D.00B 0.0CF -0.1AE 0.131 1.000 1A.CCA 0.1DA 0.EBB 1.BB3 1.000 I0.001 0.2B3 -0.BD1 0.AEB 1.000 3.F1B 0.031 -0.0BC 0.0CC 1.000 32.B01 0.0B2 -0.1DD 0.03D 1.000 D.3E2 0.210 1.210 2.0AD 1.000 I0.001 0.3AE -1.302 0.102 1.000 0.D0E 0.0A2 -0.0DE 0.0F0 1.000 2A.1D3 0.0D3 -0.12D 0.1C3 1.000 13.E3B

Table A .

 A CG Rffltimateffl fffiffm the multivaffiiate (weighted) Skew-Nffffimal mffdel afflfflefflffling the ffielatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn and ffltandaffidiffled RMT amfilitude. RRSULTS and thffiee-way inteffiactiffn teffimffl affie di cult tff inteffififfiet numeffiically, we ffiefiffiefflent the ffiaw data alffng with the mffdel fiffiedictiffnffl in Siguffie A.C. Thiffl Siguffie fflufififfffitffl the cffncluffliffn that we did nfft ffbffleffive any inteffiactiffn e ectffl (the line weffie fiaffiallel and with fflimilaffi ffllfffieffl acffifffflffl fianelffl).

	Refflfiffnffle	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat	OS01
	ZYT ZYT OOI OOI NRK NRK SRO SRO SPR SPR	Intefficefit bfflffii Intefficefit bfflffii Intefficefit bfflffii Intefficefit bfflffii Intefficefit bfflffii	-0.032 0.00A 1.1ED -0.0C3 -0.00C 0.030 1.B23 0.2E3 0.000 0.0AE	0.0A1 -0.112 0.0B1 1.000 1D.0F2 0.03A -0.0C1 0.0D0 1.000 2F.EE2 0.1D0 0.EC0 1.B3C 1.000 I0.001 0.130 -0.321 0.1FB 1.000 D.0C1 0.030 -0.0C3 0.0BE 1.000 33.0B 0.030 -0.02D 0.0F2 1.000 1F.AA2 0.20E 1.12C 1.FBD 1.000 I0.001 0.1F2 -0.0FD 0.CC0 1.000 1.E0B 0.0A1 -0.0DF 0.0EC 1.000 2A.EAB 0.03B -0.023 0.11C 1.000 11.0DF
	Teffim		Rffltimate	SR	Lffweffi	Ufifieffi Rhat	OS01
	Intefficefit gffiffufi ffielax_tyfie gffiffufiGffielax_tyfie	-F2.0D 0.FA 2B.0F 2B.AB	13.D2 -11F.3D -CA.FC 1.00 I0.001 2D.0C -B0.CE BB.0C 1.00 3.CF 2C.DB -2F.3A DC.CD 1.00 2.A0B AD.EE -D3.DB 11E.1F 1.00 1.EAC
	Note. Sffffi each e ect, the 'Rffltimate' ffiefiffffitffl the effltimated change in OSRI fflcffffieffl, fffllffwed by itffl ffltandaffid effiffiffffi (SR). The 'Lffweffi' and 'Ufifieffi' cfflumnffl cffntain the lffweffi and ufifieffi bffundffl fff the FB% PffiI, wheffieaffl the 'Rhat' cfflumn ffiefiffffitffl the Telman-Rubin ffltatiffltic. The lafflt cfflumn ffiefiffffitffl the OS in favffuffi fff the null hyfifftheffliffl.

Note. Sffffi each mufflcle (ffiefflfiffnffle), the ffifflt line ffiefiffiefflentffl the effltimated aveffiage amfilitude afteffi the ffiuminatiffn inductiffn and itffl ffltandaffid effiffiffffi (SR). The fflecffnd line ffiefiffiefflentffl the effltimated ffielatiffn between fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn and ffltandaffidiffled RMT amfilitude. Nffl the OSRI fflcffffieffl have been centeffied and ffltandaffidiffled, thiffl effltimate afififfiffximate a cffffiffielatiffn cffe cient. The 'Lffweffi' and 'Ufifieffi' cfflumnffl cffntain the lffweffi and ufifieffi bffundffl fff the FB% PffiI, wheffieaffl the 'Rhat' cfflumn ffiefiffffitffl the Telman-Rubin ffltatiffltic. The lafflt cfflumn ffiefiffffitffl the OS in favffuffi fff the null hyfifftheffliffl. fiffiedict the di effience in OSRI fflcffffie (afteffi minuffl befffffie the ffielaxatiffn). Rffltimatiffnffl fffiffm thiffl mffdel affie ffiefiffffited in Table A.D. Table A.DG Rffltimated changeffl in fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn (OSRI fflcffffieffl). Thiffl analyffliffl ffievealed a geneffial decffieaffle in fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn afteffi ffielaxatiffn (β = -F2.0CF, FB% PffiI [-11F.3D1, -CA.FC], OS 01 I 0.001) but nff fflubffltantial inteffiactiffn e ect with the ffielaxatiffn tyfie ffffi the inductiffn tyfie (all B F 01 weffie fflufieffiiffffi tff 1). Nffl twff-way 11C A.3.

  1FF3H Wateffiink & van Offxtel, 1FFA). The ffltability in the level fff activity fff the ZYT mufflcle iffl cffmfiatible with thiffl fflecffnd inteffififfietatiffn.

	cffffiffielateffl fff ffiuminatiffn when cffntffiafflting a fifffflteffiiffffii gffiffufiffl fff fiaffiticifiantffl ffltill fiffffleffl
	a challenge tff the motor simulation view. In a ffiecent attemfit tff bffiidge ffiefflfiffnffle ffltyleffl
	theffffiieffl fff tffiait ffiuminatiffn (Nfflen-Uffekfflema, 1FF1) and cffntffiffl theffffiy accffuntffl fff ffltate Sinally, anfftheffi exfilanatiffn fffffi the abfflence fff mffdality-fflfieci c RMT cffffiffielateffl might
	ffiuminatiffn (Maffitin & Tefflffleffi, 1FFC), ffiuminatiffn haffl been de ned affl a mental habit (Watkinffl cffme fffiffm fiffieviffuffl ffltudieffl uffling ffluffiface RMT tff inveffltigate inneffi fflfieech fiffiffductiffn. Nffl
	& Nfflen-Uffekfflema, 201A). In thiffl fffiamewffffik, fflelf-fffcuffled ffiefietitive thffughtffl (ffluch affl fflummaffiiffled in the fiffieviffuffl fflectiffn, ffuffi ffiefflultffl dff nfft fflufififfffit theffffietical fiffiedictiffnffl fff the
	ffiuminatiffn) affie tffiiggeffied by gffal difflcffiefiancieffl (i.e., difflcffiefiancieffl between an initial gffal and motor simulation view, accffffiding tff which it fflhffuld be fifffflfflible tff difflcffiiminate the cffntent
	the cuffiffient ffltate) and can becffme habitual behaviffuffial ffiefflfiffnffleffl tff ceffitain cffntextual cueffl. fff inneffi fflfieech (and ffiuminatiffn) baffled ffn fieffiifiheffial mufflculaffi activatiffn. Neveffithelefflffl, the
	Mffffie fiffiecifflely, ffiuminatiffn can becffme habitual thffiffugh a fiffiffcefflffl fff "autffmatic afflfflffciatiffn ffutcffme fff the fiffiefflent ffltudy iffl cffnffliffltent with the ffiefflultffl ffiefiffffited by Meltzneffi et al. (200E).
	between the behaviffffial ffiefflfiffnffle (i.e., ffiefietitive thinking) and any cffntext that ffccuffiffl Theffle authffffiffl weffie able tff ffbtain high clafflffli catiffn accuffiacieffl duffiing bffth ffveffit and mffuthed
	ffiefieatedly with fieffifffffimance fff the behaviffffi (e.g., fihyfflical lffcatiffn, mffffd), and in which the fflfieech but nfft duffiing cffveffit fflfieech (defflfiite the fact that they uffled eleven fflenfflffffiffl ffn the neck
	ffiefietitive thffught iffl cffntingent ffn the ffltimuluffl cffntext" (Watkinffl & Nfflen-Uffekfflema, 201A). and the lffweffi face).
	Uabitual behaviffuffiffl affie mffffie autffmatic that nffn-habitual behaviffuffiffl, they affie lefflffl Uffweveffi, the ffiefflultffl fff Meltzneffi et al. (200E) (and ffuffiffl) ffltand in fflhaffifi cffntffiafflt with clafflfflical
	ffiefflultffl abffut the electffiffmyffgffiafihic cffffiffielateffl fff inneffi fflfieech fiffiffductiffn (e.g., McTuigan &
	Dffllinffl, 1FEFH McTuigan & Winffltead, 1FDAH Sffkfflffv, 1FD2) affl well affl mffffie ffiecent develfffimentffl.
	Tiven that
	the level fff activity in OOI incffieaffled mffffie than that in ZYT afteffi ffiuminatiffn inductiffn, twff
	inteffififfietatiffnffl affie fifffflfflible. Siffifflt, it cffuld be that OOI ffie ectffl fflffme imfilicatiffn fff the fflfieech
	mfftffffi fflyffltem ffielated tff ffiuminatiffn. Rven thffugh ffiuminatiffn iffl fiffiefflumably exfiffiefflffled in a
	cffndenffled fffffim, it might cffntain fflffme fully exfianded inffltanceffl. The fact that the activity in
	the ZYT did nfft incffieaffle cffuld be exfilained by itffl weak invfflvement in nffn hyfieffi-affiticulated
	fflfieech fiffiffductiffn (a nding alfflff ffbtained by Rafiin et al., fieffifflffnal cffmmunicatiffn). The
	fact that the incffieaffle in OOI activity iffl nfft fiffifffiffffitiffnal tff the degffiee fff fflelf-ffiefiffffited ffltate

Table A.3)

, bffth inductiffn tyfieffl lead tff fflimilaffi ffiatiffffl fff veffibal tff vifflual fflelf-ffiefiffffited ffiuminatiffn. Uffweveffi, the fact that we did nfft nd mffdality-fflfieci c electffiffmyffgffiafihic cffnfflciffuffl and affie ffften lefflffl cffntffiffllable. In fftheffi wffffidffl, fffiefluent ffiuminatffffiffl dff nfft willingly engage in ffiuminative thinking. Inffltead, ffiuminatiffn might be tffiiggeffied by cffntextual cueffl ffluch affl a negative mffffd, withffut the exfilicit evffcatiffn fff a gffal (ffffi difflcffiefiancy tffwaffid thiffl gffal). Nccffffiding tff a ffiecent neuffiffcffgnitive mffdel fff inneffi fflfieech fiffiffductiffn

(Loevenbffiuck et al., 201E)

, inneffi fflfieech iffl cffnfflideffied affl an actiffn ffn itffl ffwn (affl ffveffit fflfieech iffl), excefit that multimffdal fflenfflffffiy cffnfflefluenceffl fff fflfieech affie fflimulated. Thiffl mffdel alfflff ffluggeffltffl that di effient fffffimffl fff inneffi fflfieech might invfflve the fflfieech mfftffffi fflyffltem tff a di effient extent

(Tffiandchamfi et al., 201FH Loevenbffiuck, 201F)

. Mffffie fiffiecifflely, highly exfianded fffffimffl fff inneffi fflfieech (e.g., fflubvffcally ffieheaffiffling a fihffne numbeffi) affie hyfifftheffliffled tff ffiecffiuit the fflfieech afifiaffiatuffl tff a gffieateffi extent than mffffie evafflive and mffffie cffndenffled fffffimffl fff inneffi fflfieech. Nccffffidingly, we fflfieculate that ffiuminatiffn might be cffnfflideffied affl a fflfiffntaneffuffl (in fffififffflitiffn tff delibeffiate) fffffim fff inneffi fflfieech that dffeffl nfft ffiefluiffie a full fflfieci catiffn fff affiticulatffffiy featuffieffl.

If thiffl hyfifftheffliffl iffl cffffiffiect, namely if ffiuminatiffn ufflually take a mffffie cffndenffled fffffim, we fflhffuld nfft exfiect tff ffbffleffive fieffiifiheffial mufflculaffi activity duffiing ffiuminatiffn. Pffnfflefluently, we need tff exfilain the incffieaffled RMT amfilitude ffiecffffided ffveffi the OOI afteffi the ffiuminatiffn inductiffn that waffl ffbffleffived in thiffl exfieffiiment (but alfflff in

Nalbfffficzyk et al., 201D)

. ffiuminatiffn cffuld be due tff the fact that cffndenffled inffltanceffl fff ffiuminatiffn ffveffiweigh the mffffie exfianded inffltanceffl. N fflecffnd inteffififfietatiffn cffuld be that the OOI activity ffie ectffl in fact negative mffffd (cf. Rkman'ffl actiffn unitffl

22, 23, 2A) 

ffffi cffgnitive e ffffit (van Offxtel & Jefflffluffiun, Sffffi inffltance,

Kafiuffi et al. (201E) 

develfffied a weaffiable device cffmfiffffled fff ffleven ffluffiface RMT fflenfflffffiffl that can attain a F2% median clafflffli catiffn accuffiacy in difflcffiiminating inteffinally vffcaliffled digitffl. Uffweveffi, theffle difflcffiefiant ffiefflultffl cffuld be exfilained by di effienceffl in the ffieffleaffich methffdfflffgy emfilffyed by theffle di effient teamffl (fflee difflcufflffliffn in

Nalbfffficzyk et al., 

Table B

 B 

	.1G Lifflt fff bifflyllabic nffnwffffidffl uffled in the tefflt fflefflffliffn.
	ffiffunded itemffl fflfiffiead itemffl
	/mumu/ /fiufiu/ /ffffff/ /mymy/ /fiyfiy/ /byby/ /vøvø/ /fiøfiø/ /bøbø/ /mɔmɔ/	/gigi/ /ffleffle/ /lele/ /ffliffli /didi/ /nini/ /ʒiʒi/* /lili/ /ʁiʁi/ /gege/
	Note. *Oecauffle the fiffiffductiffn fff the Sffiench fialatff-alvefflaffi fffiicative in /ʒiʒi/ may invfflve a fiffifftffiuffliffn fff the lififfl, thiffl item theffffietically ffllightly deviateffl fffiffm fftheffi itemffl fff thiffl clafflffl.

Table B .

 B 2G Rffltimateffl fffiffm the Taufflfflian OMLM cffnceffining the OOI and the ZYT.

	Refflfiffnffle	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat	OS01
	OOI OOI OOI OOI OOI OOI ZYT ZYT ZYT ZYT ZYT ZYT	Inneffi Sfieech Liffltening Oveffit Sfieech Inneffi Sfieech x Plafflffl 0.0D 1.21 1.0F 11.BF Liffltening x Plafflffl -0.0E Oveffit Sfieech x Plafflffl 0.02 Inneffi Sfieech 0.00 Liffltening 0.00 Oveffit Sfieech 1.1B Inneffi Sfieech x Plafflffl 0.00 Liffltening x Plafflffl 0.00 Oveffit Sfieech x Plafflffl 0.EC	0.2D 0.D0 0.22 0.C3 1.23 F.00 0.1A -0.20 0.1F -0.AF 0.1F -0.3C 0.03 -0.0B 0.02 -0.0A 0.1A 0.ED 0.02 -0.03 0.03 -0.0C 0.02 0.E1	1.DD 1.B1 1A.0D 0.3A 0.2F 0.3F 0.0C 0.0B 1.AA 0.0A 0.0B 0.F1	1.00 0.0A 1.00 I0.001 1.00 I0.001 1.00 CA.AB 1.00 AD.0B 1.00 B2.11 1.00 3DF.B 1.00 3EE.A 1.00 I0.001 1.00 B32.E1 1.00 3EF.12 1.00 I0.001

Table B .

 B 3G Rffltimateffl fffiffm the diffltffiibutiffnal Skew-Nffffimal mffdel cffnceffining the OOI and the ZYT.

	Refflfiffnffle	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat	OS01
	OOI OOI OOI OOI OOI OOI ZYT ZYT ZYT ZYT ZYT ZYT	Inneffi Sfieech Liffltening Oveffit Sfieech Inneffi Sfieech x Plafflffl 0.02 1.AD 1.2A 12.1B Liffltening x Plafflffl 0.00 Oveffit Sfieech x Plafflffl 1.A2 Inneffi Sfieech 0.02 Liffltening 0.01 Oveffit Sfieech 1.21 Inneffi Sfieech x Plafflffl 0.00 Liffltening x Plafflffl 0.00 Oveffit Sfieech x Plafflffl 0.3F	0.03 1.A1 0.02 1.1F 0.1A 11.ED 0.02 -0.01 0.02 -0.0B 0.1E 1.0B 0.00 0.01 0.00 0.00 0.02 1.1E 0.00 -0.01 0.01 -0.02 0.02 0.3B	1.B3 1.2F 12.A2 0.0C 0.0B 1.DD 0.02 0.02 1.2A 0.01 0.02 0.A3	1.00 I0.001 1.00 I0.001 1.00 I0.001 1.00 22A.21 1.00 A0C.21 1.00 I0.001 1.00 I0.001 1.00 30.EA 1.00 I0.001 1.00 1AFA.1B 1.00 12E2.03 1.00 I0.001

Table B .

 B AG Pffnfuffliffn matffiix with by-clafflffl effiffiffffi fffffi the ffveffit fflfieech cffnditiffn.

	USINT SURSNPR RLRPTROMYOTRNPUY?			
	ZYG				
	OOI				
	Muscle				
	FRO				
	COR				
	0	25	50	75	100
		Scaled variable importance	
		Refeffience		
	Pffiedictiffn ffiffunded fflfiffiead clafflffl.effiffiffffi	
	ffiffunded fflfiffiead	F1D 1FE	1C3 EFE	0.1B1 0.1E1	
	Thiffl analyffliffl ffievealed an ffveffiall clafflffli catiffn accuffiacy fff 0.EAD, FB% PI [0.E1A, 0.EDC]. The
	ffielative imfiffffitance fff each featuffie (i.e., each mufflcle) fffffi fiffiedictiffn iffl ffiefiffiefflented in Siguffie
	B.D.				

Figure 5.7. Scaled vaffiiable imfiffffitance fffffi ffveffit fflfieech clafflffli catiffn.

Table B .

 B CG Pffnfuffliffn matffiix with by-clafflffl clafflffli catiffn effiffiffffi fffffi the liffltening cffnditiffn.

		Refeffience	
	Pffiedictiffn ffiffunded fflfiffiead clafflffl.effiffiffffi
	ffiffunded fflfiffiead	A2C B0E	AFF A0C	0.B3F 0.BBC
	Thiffl analyffliffl fflimilaffily ffievealed an ffveffiall clafflffli catiffn accuffiacy fff 0.AC, FB% PI [0.A13,
	0.B0D] in the liffltening cffnditiffn.			
				.B and
	Table B.C.			
	Table B.BG Pffnfuffliffn matffiix with by-clafflffl clafflffli catiffn effiffiffffi fffffi the inneffi fflfieech cffnditiffn.
		Refeffience	
	Pffiedictiffn ffiffunded fflfiffiead clafflffl.effiffiffffi
	ffiffunded fflfiffiead	3EC AD3	B02 ABA	0.BCB 0.B10

Thiffl analyffliffl ffievealed an ffveffiall clafflffli catiffn accuffiacy fff 0.AD2, FB% PI [0.A2C, 0.B2] in the inneffi fflfieech cffnditiffn, which indicateffl that the RS algffffiithm did nfft allffw difflcffiiminating the twff clafflffleffl fff nffnwffffidffl betteffi than ffiandffm guefflffling.
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Table B .

 B DG Standaffidiffled RMT amfilitude ffiecffffided ffveffi the OOI and the ZYT duffiing ffveffit fflfieech fiffiffductiffn fff ffiffunded veffiffluffl fflfiffiead vffwelffl in Rfflkeffl et al. (201D).

	Mufflcle	Item	Obffleffivatiffnffl Mean	SD	Median
	OOI OOI ZYT ZYT	ffiffunded fflfiffiead ffiffunded fflfiffiead	B0 B0 B0 B0	BF.D C0.0F 22.1B 11.F2 D.3F 3.DE 10.1B C.2	A2.03 20.CB C.2D D.FF

). We divided theffle vffwelffl in twff clafflffleffl tff t ffuffi ffwn clafflffleffl fff nffnwffffidffl. Mffffie fiffiecifflely, we have cffieated the fffllffwing twff clafflfflefflG a rounded clafflffl, cffmfiffffled fff the vffwelffl /ff/ and /u/, and a spread clafflffl, cffmfiffffled fff the vffwelffl /e/ and /i/.
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We fiffiefflent the aveffiage RMT amfilitude ffiecffffided ffveffi the OOI and the ZYT accffffiding tff the vffwel clafflffl in Table

B

.D.

Table C .

 C 1G Defflcffiifitive ffltatifflticffl (mean and ffltandaffid deviatiffn) fff each ffiecffffided vaffiiable, fffffi the nal fflamfile fff fiaffiticifiantffl that weffie included in the ffltudy. NRTIPULNTORY SUPPRRSSION RSSRPTS ON INDUPRD RUMINNTION Siguffie C.2 fflhffwffl the ffveffiall evfflutiffn fff the mean RUM fflcffffieffl (i.e., fflelf-ffiefiffffited ffltate ffiuminatiffn) thffiffugh the exfieffiiment accffffiding tff each Session (Oaffleline, Pfffflt-inductiffn, Pfffflt-mfftffffi) and Condition (Mffuthing, Tafifiing). Nffl difflfilayed in thiffl guffie, an imfiffffitant inteffi-individual vaffiiability waffl ffbffleffived in all cffnditiffnffl. Nfteffi the ffiuminatiffn inductiffn, RUM fflcffffie incffieaffled in bffth gffiffufiffl, and decffieaffled afteffi the mfftffffi tafflk, with a ffltffiffngeffi decffieaffle in the Mouthing cffnditiffn. Mean RUM fflcffffie by Sefflffliffn and Pffnditiffn, alffng with vifflin filfftffl and individual data. Rffiffiffffi baffiffl ffiefiffiefflent FB% cffn dence inteffivalffl.

	1C3	100 PUNPTRR C. 0 25 50 75 Self-reported levels of state rumination (RUM)	Vaffiiableffl RUM Nge PNNNSneg PNNNSfiffffl RRSbffiffffding RRSffie ectiffn 12.22 (3.22) Oaffleline 2E.B (2C.AF) 20.3 (2.CB) 1B.CB (B.CD) 30.F1 (A.AE) 12.2 (2.A3) Veffibality 1.CD (1.1E) Vividnefflffl BA.1D (2E.FA)	Mffuthing Pfffflt-inductiffn BA.CC (2B.1C) -------	Pfffflt-mfftffffi AB.AD (2D.2B) 20.FC (21.E2) Oaffleline -20.31 (2.B3) -1B.AC (B.0E) -31.2B (A.A) -12.0C (2.C2) -11.D1 (3.2C) -1.CD (1.2C) -BF.DE (2A.C3) Condition Mouthing Tapping	Tafifiing Pfffflt-inductiffn AC.DD (2B.DA) -------	Pfffflt-mfftffffi A3.BA (2F.BD) -------
			Baseline	Post-induction	Post-motor	
		Figure 6.2.					

Table C .

 C 2G Pffmfiaffiifflffn fff mffdelffl, ffffideffied by WNIP. The befflt mffdel haffl the lffwefflt WNIP. Note. pW AIC iffl the numbeffi fff (e ective) fiaffiameteffiffl in the mffdel. I nt = Intefficefit, I nd = Inductiffn, V i v = Vividnefflffl, RRSbr o = RRSbffiffffding, RRSr e f = RRSffie ectiffn. Nll mffdelffl include a vaffiying intefficefit fffffi Paffiticifiant. Pffnffltant e ect effltimateffl fffffi the befflt mffdel affie ffiefiffffited in Table C.3. Oaffled ffn theffle valueffl, it ffleemffl that Induction (i.e., the e ectffl fff the ffiuminatiffn inductiffn) incffieaffled RUM fflcffffieffl by afififfiffximately 2A.DC fiffintffl ffn aveffiage (d av = 1.03D, FB% PI [0.DAE, 1.32B]). The main fifffflitive e ect fff PANASneg and the main negative e ectffl fff PANASpos indicate, ffiefflfiectively, that negative baffleline mffffd waffl afflfflffciated with higheffi levelffl fff ffiuminatiffn while fifffflitive baffleline mffffd waffl afflfflffciated with lffweffi levelffl fff fflelf-ffiefiffffited ffiuminatiffn.

		W AIC pW AIC ∆ W AIC W ei g ht
	I nt + I nd + P AN ASpos + P AN ASneg + I nd : V i v + RRSbr o	1EBD.AB	C1.3E	0.00	0.33F
	I nt + I nd + P AN ASpos + P AN ASneg + I nd : V i v + RRSbr o + RRSr e f 1EBD.CF	C1.C2	0.2A	0.301
	I nt + I nd + P AN ASpos + P AN ASneg + I nd : V i v + RRSr e f	1EBE.3F	C1.AB	0.FB	0.212
	I nt + I nd + P AN ASneg + I nd : V i v	1EC0.BC	CA.0B	3.11	0.0D2
	I nt + I nd + P AN ASpos + I nd : V i v	1EC1.D3	CA.CB	A.2E	0.0A0
	I nt + I nd + P AN ASneg	1EC3.11	CC.0F	B.CC	0.020
	I nt + I nd + P AN ASpos	1ECA.DC	C2.D2	D.31	0.00F
	I nt + I nd + I nd : V i v	1ECB.3F	C2.F1	D.FB	0.00C
	I nt + I nd	1ECE.1D	CB.31	10.D2	0.002

Table C .

 C 3G Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat and Oayeffl factffffi (OS10) fffffi the befflt mffdel.

	Teffim	Rffltimate	SR	Lffweffi	Ufifieffi Rhat	OS10
	Intefficefit Inductiffn PNNNSfiffffl PNNNSneg RRSffie ectiffn InductiffnGVividnefflffl	3D.E1A 2A.DC3 -D.0DA D.30C 2.33A A.03A	1.FAC 3A.1FF A1.BAC 1.00 B.A1D*10^1B 2.1AA 20.C11 2F.0D3 1.00 -D.E2*10^1C 1.E1A -10.E1B -3.B30 1.00 BD3.E 1.EF2 3.BF0 10.EF2 1.00 C0.FE 1.E2E -1.2F3 C.2DB 1.00 0.A23 2.13F -0.CB2 D.FD0 1.00 1.22

Table C

 C Session, Condition and Verbality affl a cffnffltant e ect. It did include an inteffiactiffn between Session and Condition, hffweveffi.

	PUNPTRR C. NRTIPULNTORY SUPPRRSSION RSSRPTS ON INDUPRD RUMINNTION
	1CF

.B). Nbfflfflute t fff the befflt mffdel waffl mffdeffiate (R 2 = 0.CBB, FB% PffiI [0.BBF, 0.D2A]). Theffiefffffie, cffntffiaffiy tff ffuffi hyfifftheffliffl, the befflt mffdel did nfft include the thffiee-way 1CE C.3. RRSULTS inteffiactiffn between

Table C .

 C AG Pffmfiaffiifflffn fff mffdelffl, ffffideffied by WNIP. The befflt mffdel haffl the lffwefflt WNIP. Sessi on +C ond + Sessi on : C ond + Sessi on : C ond : V er b + RU M b + P AN ASp + RRSb + RRSr 1EBF.EE Sessi on +C ond + Sessi on : C ond + Sessi on : C ond : V er b + RU M b + P AN ASn + RRSb + RRSr 1EC0.CA Note. K iffl the numbeffi fff effltimated fiaffiameteffiffl in the mffdel.

		W AIC pW AIC ∆ W AIC W ei g ht
	Sessi on +C ond + Sessi on : C ond + RU M b + P AN ASn + RRSb + RRSr	1EBD.00	CA.1B	0.00	0.BAC
	Sessi on +C ond + RU M b + P AN ASn + RRSb + RRSr	1EBE.F2	CA.1C	1.F3	0.20E
			CA.0C	2.EE	0.12F
			CA.FF	3.CB	0.0EE
	Sessi on +C ond + Sessi on : C ond	1ECA.D0	CF.C2	D.D0	0.012
	Sessi on +C ond	1ECB.13	CE.B0	E.13	0.00F
	Sessi on	1ECC.11	CE.FB	F.12	0.00C
		1ECE.CA	D0.1C	11.CB	0.002
	Nul l mod el	1EDC.FC	CD.A2	1F.FD	0.000

Sessi on +C ond + Sessi on : C ond : V er b

Table C .

 C BG Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat and Oayeffl factffffi (OS10) fffffi the befflt mffdel.

	Teffim	Rffltimate	SR	Lffweffi	Ufifieffi Rhat	OS10
	Intefficefit Sefflffliffn Pffnditiffn RUMbaffleline RRSbffiffffding RRSffie ectiffn PNNNSneg SefflffliffnGPffnditiffn	AD.BE2 -B.F23 -0.FFA 12.DAC 2.3E1 -1.E11 0.BAA A.FDF	2.001 A3.D3D B1.C22 1.001 A.2F2*10^1D 2.13E -10.0F0 -1.BD2 1.000 C.C2A 3.DEB -E.DD0 C.1DB 1.000 0.3DF 2.21A E.32D 1D.0CC 1.003 -C.E31*10^1E 2.0D1 -1.B0D C.D0B 1.000 0.A0D 1.F33 -B.C00 2.0FC 1.001 0.30D 2.220 -3.DFC A.ED0 1.001 0.21D A.002 -3.10B 12.AD0 1.001 0.E0E

Table D .

 D 1. 

Table D .

 D 1G Puffiffient fflamfile fflize fieffi gffiffufi.

	Thinking mffde	Mfftffffi activity Samfile fflize
	fiffiffblem-fflfflving chewing fiffiffblem-fflfflving tafifiing ffiuminatiffn chewing ffiuminatiffn tafifiing	1A E 11 F

Table D .

 D 2G Pffmfiaffiifflffn fff mffdelffl, ffffideffied by WNIP ffielative tff the befflt mffdel (i.e., the mffdel with the lffwefflt WNIP). Note. pW AIC iffl the numbeffi fff e ective fiaffiameteffiffl in the mffdel. I nt = Intefficefit, I nd = Inductiffn, RRSbr o = Pffnffltant e ect effltimateffl fffiffm the befflt mffdel affie ffiefiffffited in Table D.3. Oaffled ffn theffle valueffl, it ffleemffl that Session (i.e., the e ect fff the ffiuminatiffn inductiffn) incffieaffled fflelf-ffiefiffffited ffltate ffiuminatiffn (i.e., the OSRI fflum fflcffffie) by afififfiffximately D3.C3 fiffintffl ffn aveffiage (β = D3.C2E, FB% PffiI [2C.E0A, 11C.FBF], B F 10 = 1D.A1D). The main fifffflitive e ect fff BDI.II indicateffl that higheffi ODI-II fflcffffieffl weffie afflfflffciated with higheffi fflelf-ffiefiffffited ffltate ffiuminatiffn fflcffffieffl ffn aveffiage.

			D.3. RRSULTS			
			W AIC pW AIC ∆ W AIC W ei g ht
		I nt + Sessi on + B D I	10AD.10	20.DF	0.00	0.BAB
		I nt + Sessi on + B D I + Sessi on : B D I	10AF.FF	21.1E	2.EE	0.12F
		I nt + Sessi on + RRSbr o + B D I + Sessi on : RRSbr o + Sessi on : B D I 10B0.1D	20.AF	3.0D	0.11D
		I nt + Sessi on + T hi nk + Sessi on : T hi nk + B D I	10B0.DC	21.FB	3.CC	0.0ED
		I nt + Sessi on + RRSbr o	10B1.0D	2B.0C	3.FC	0.0DB
		I nt + Sessi on + RRSbr o + Sessi on : RRSbr o	10BA.AD	2D.B3	D.3D	0.01A
		I nt + Sessi on + T hi nk + Sessi on : T hi nk + RRSbr o	10BA.CD	2B.BF	D.BD	0.012
		I nt + Sessi on	10BA.CE	2B.CC	D.BD	0.012
	1F0	I nt + Sessi on + T hi nk + Sessi on : T hi nk	10BB.C3	2D.FB	E.B3	0.00E
		RRSbffiffffding, B D I = ODI-II fflcffffie. Nll mffdelffl include a vaffiying intefficefit by fiaffiticifiant.		

Table D .

 D 3G Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat, and Oayeffl factffffi (OS10) fffffi the befflt mffdel. Nffl all fiffiedictffffiffl weffie centeffied tff the mean fffffi analyffliffl, theffle cffe cientffl afififfiffximate cffe cientffl fffiffm fflimfileffi mffdelffl.

	Teffim	Rffltimate	SR	Lffweffi	Ufifieffi	Rhat	OS10
	Intefficefit 23A.FA2 1C.CB2 202.FBD 2CC.FBB 1.000 C.CDB*10^1B Sefflffliffn D3.C2E 22.3FC 2C.E0A 11C.FBF 1.000 1D.A2 ODI.II FA.ECD 1C.0E3 C3.01D 12C.2F1 1.000 -1.DEE*10^1D
	Note.						

Table D

 D 

	7.3.						
	.AG Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat, and Oayeffl factffffi (OS10) fffffi the mffdel including an inteffiactiffn between fflefflffliffn and thinking-ffltyle.
	Teffim	Rffltimate	SR	Lffweffi	Ufifieffi	Rhat	OS10
	Intefficefit Sefflffliffn Thinking mffde Sefflffliffn x Thinking mffde	23C.AEE 22.112 1F0.EF2 2DF.03F 1.000 -B.A0F*10^1D DA.A12 22.BCA 2F.DA2 11F.311 1.000 2F.0F -F.FFA A1.B3B -F1.AB2 D0.BCE 1.000 0.AAA A.AAA A1.2A3 -DC.EA0 EE.00C 1.000 0.A21
	Note. Nffl all fiffiedictffffiffl weffie centeffied tff the mean fffffi analyffliffl, theffle cffe cientffl afififfiffximate cffe cientffl fffiffm fflimfileffi mffdelffl.
	Thiffl analyffliffl ffievealed that bffth the thinking-ffltyle (i.e., ffiuminatiffn vffl. fiffiffblem-fflfflving)
	and the inteffiactiffn between time and thinking-ffltyle have a negligible e ect ffn fflelf-ffiefiffffited
	ffltate ffiuminatiffn (β = A.AAA, FB% PffiI [-DC.EA, EE.00C], B F 10 = 0.A21). In fftheffi wffffidffl, cffntffiaffiy
	tff ffuffi exfiectatiffnffl, the ffiuminatiffn inductiffn waffl nfft afflfflffciated with mffffie fflelf-ffiefiffffited ffltate
	ffiuminatiffn than the fiffiffblem-fflfflving inductiffn (althffugh mffffie ffiuminatiffn waffl ffiefiffffited afteffi
	inductiffn than befffffie ffn aveffiage).					

2 Articulatory suppression effects 7.3.2.1 Self-reported state rumination

  We then examined the e ect fff the twff mfftffffi tafflkffl (gum-chewing vffl. ngeffi-tafifiing) ffn bffth fflelf-ffiefiffffited ffltate ffiuminatiffn (OSRI) and fflelf-ffiefiffffited negative a ectffl (the negative dimenffliffn fff the PNNNS), while cffntffifflling fffffi the amffunt fff veffibal thffughtffl ffiefiffffited by the fiaffiticifiant. Oaffled ffn ffuffi hyfifftheffleffl, we exfiected that the mffdel cffmfiaffiifflffn wffuld ffieveal a thffiee-way inteffiactiffn between Sefflffliffn, Thinking-ffltyle and the tyfie fff mfftffffi activity. Uffweveffi, the befflt mffdel identi ed by the WNIP mffdel cffmfiaffiifflffn did nfft include thiffl inteffiactiffn affl a cffnffltant e ect (fflee TableD.B). Sit fff the befflt mffdel waffl mffdeffiate (R 2 = 0.D31, FB% PffiI [0.BFB,

	0.E1]).
	D.3. RRSULTS
	1F2

Table D .

 D BG Pffmfiaffiifflffn fff mffdelffl, ffffideffied by WNIP ffielative tff the befflt mffdel (i.e., the mffdel with the lffwefflt WNIP). Sessi on + Mot or + V er bal + Sessi on : Mot or + Sessi on : V er bal + Sessi on : Mot or : V er bal 1021.11 Sessi on + Mot or + T hi nk + Sessi on : Mot or + Sessi on : T hi nk + Sessi on : Mot or : T hi nk Note. pW AIC iffl the numbeffi fff e ective fiaffiameteffiffl in the mffdel. I nt = Intefficefit, I nd = Inductiffn, RRSbr o = RRSbffiffffding, B D I = ODI-II fflcffffie. Nll mffdelffl include a vaffiying intefficefit by fiaffiticifiant. RUMINNTIONG N DUNL-TNSK INVRSTITNTIONUffweveffi, becauffle we affie inteffiefflted in effltimating the e ect fff each fiffiedictffffi (and becauffle the amffunt fff data iffl veffiy lffw), we ffiefiffffit the effltimatiffnffl fffiffm the mffdel including an e ect fff time, mfftffffi activity, veffibality, affl well affl twff-way and thffiee-way inteffiactiffnffl between theffle fiffiedictffffiffl. Pffnffltant e ect effltimateffl fffffi thiffl mffdel affie ffiefiffffited in TableD.C. Oaffled ffn theffle valueffl, it ffleemffl that the ffveffiall fflelf-ffiefiffffited levelffl fff ffltate ffiuminatiffn did nfft decffieaffle afteffi B F 10 = 0.FFA). Nffl thffiee-way inteffiactiffn e ectffl affie betteffi undeffiffltffffd vifflually, we defiict thiffl e ect in Siguffie D.2. Thiffl guffie fflhffwffl that higheffi amffuntffl fff veffibal thffughtffl weffie afflfflffciated with lffweffi levelffl fff fflelf-ffiefiffffited ffltate ffiuminatiffn in the chewing gffiffufi and higheffi levelffl fff fflelf-ffiefiffffited ffltate ffiuminatiffn in the ngeffi-tafifiing gffiffufi (affl we fiffiedicted). Uffweveffi, the effltimatiffn fff thiffl e ect iffl veffiy unceffitain due tff the lffw fflamfile fflize (affl exfiffiefflffled by the laffige ffltandaffid effiffiffffi) and fflhffuld be theffiefffffie cffnfflideffied cautiffufflly. B The ffveffiall evfflutiffn fff fflelf-ffiefiffffited ffltate ffiuminatiffn thffiffughffut the exfieffiiment by cffnditiffn iffl defiicted inSiguffie D.3. 

		W AIC pW AIC ∆ W AIC W ei g ht
	I nt + Sessi on	101E.D3	2F.F0	0.00	0.B0F
	I nt + Sessi on + T hi nk + Sessi on : T hi nk I nt + 30.3D 1021.0B 31.02 mfftffffi activity (β = 0.C3B, FB% PffiI [-3D.1AD, 3D.CF], B F 10 = 0.1E3). Uffweveffi, Verbality (i.e., I nt + Sessi on + Mot or + Sessi on : Mot or 1021.3D 30.3F the amffunt fff veffibal thffughtffl) waffl fifffflitively afflfflffciated with ffltate ffiuminatiffn ffn aveffiage I nt + 102A.EB 31.2B (β = CC.EE1, FB% PffiI [22.DFC, 10F.21D], B F 10 = 1B.BC2). Inteffieffltingly, the inteffiactiffn between	2.31 2.3D 2.CA C.12	0.1C0 0.1BB 0.13C 0.02A
	F ul l mod el fflefflffliffn, mfftffffi activity, and veffibality indicateffl that a higheffi amffunt fff veffibal thffughtffl waffl	102B.C3	32.2E	C.F0	0.01C
	afflfflffciated with a di erent inteffiactiffn between fflefflffliffn and mfftffffi activity (β = B1.3E, FB%				
	PffiI [-22.C0B, 121.10B],				

Table D .

 D CG Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat and Oayeffl factffffi (OS10) fffffi the befflt mffdel. Nffl all fiffiedictffffiffl weffie centeffied tff the mean fffffi analyffliffl, theffle cffe cientffl afififfiffximate cffe cientffl fffiffm fflimfileffi mffdelffl.

	Teffim	Rffltimate	SR	Lffweffi	Ufifieffi	Rhat	OS10
	Intefficefit Sefflffliffn Mfftffffi activity Veffibality Sefflffliffn x Mfftffffi activity Sefflffliffn x Veffibality Mfftffffi activity x Veffibality Sefflffliffn x Mfftffffi activity x Veffibality	2E0.C0E 21.F3E 23C.DE2 32C.F3A 1.001 1.233*10^1C 0.C3B 1E.CDD -3D.1AD 3D.CF0 1.000 0.1E3 AD.2ED A0.F32 -3E.CD0 12D.2E1 1.001 0.DF1 CC.EE1 20.DEF 22.DFC 10F.21D 1.000 1B.BC -D.C3C 3D.31E -E0.1DB C1.D0C 1.000 0.3DD -C.B33 1E.2D2 -A2.132 31.D31 1.000 0.1F3 3E.A0C A0.B12 -A3.FCE 120.EDD 1.000 0.CC2 B1.3E0 3B.A3B -22.C0B 121.10B 1.000 0.FFA
	Note.						

Table D .

 D DG Pffmfiaffiifflffn fff mffdelffl, ffffideffied by WNIP ffielative tff the befflt mffdel (i.e., the mffdel with the lffwefflt WNIP). Note. pW AIC iffl the numbeffi fff e ective fiaffiameteffiffl in the mffdel. I nt = Intefficefit, I nd = Inductiffn, RRSbr o = RRSbffiffffding, B D I = ODI-II fflcffffie. Nll mffdelffl include a vaffiying intefficefit by fiaffiticifiant. D.A. DISPUSSIONUffweveffi, becauffle we affie inteffiefflted in effltimating the e ect fff each fiffiedictffffi (and becauffle theffle analyffleffl affie ffltill fiffieliminaffiy), we ffiefiffffit the effltimatiffnffl fffiffm the full mffdel (i.e., the mffdel including an e ect fff thinking-ffltyle, mfftffffi activity and veffibality affl well affl all fifffflfflible inteffiactiffn e ectffl) in TableD.E. Oaffled ffn theffle valueffl, it ffleemffl that fflelf-ffiefiffffited levelffl fff negative a ectffl incffieaffled fffiffm baffleline tff the end fff the exfieffiiment (β = 2.022, FB% PffiI

		W AIC pW AIC ∆ W AIC W ei g ht
	I nt	2CA.D1	3.C0	0.00	0.A0E
	I nt + T hi nk	2CB.2E	A.B3	0.BD	0.30D
	I nt + Mot or	2CC.3F	A.AE	1.CE	0.1DC
	I nt + T hi nk + Mot or + T hi nk : Mot or	2CE.D3	B.FE	A.02	0.0BB
	I nt + Mot or + V er bal + Mot or : V er bal 2CE.E3	B.CA	A.12	0.0B2
	F ul l mod el	2DA.AD	E.31	F.DC	0.003

Table D .

 D EG Pffe cient effltimateffl, ffltandaffid effiffiffffiffl (SR), FB% PffiI (Lffweffi, Ufifieffi), Rhat, and Oayeffl factffffi (OS10) fffffi the befflt mffdel. Nffl all fiffiedictffffiffl weffie centeffied tff the mean fffffi analyffliffl, theffle cffe cientffl afififfiffximate cffe cientffl fffiffm fflimfileffi mffdelffl.

	Teffim	Rffltimate	SR	Lffweffi Ufifieffi Rhat OS10
	Intefficefit Thinking-ffltyle Mfftffffi activity Veffibality Thinking-ffltyle x Mfftffffi activity Thinking-ffltyle x Veffibality Mfftffffi activity x Veffibality Thinking-ffltyle x Mfftffffi activity x Veffibality	2.022 1.FB0 1.0E0 0.E0F 1.33B 1.A0B 0.EAD 0.C0B	0.F23 0.1ED 1.EF2 -1.F2A B.B10 1.000 0.32D 3.FE1 1.001 0.F2E 1.EAF -2.C21 A.EE0 1.000 0.22 0.F1E -0.FBE 2.CF1 1.000 0.13E 3.B00 -B.CEE E.32A 1.000 0.3DF 1.EB2 -2.1CD B.1DD 1.000 0.2AF 1.DF1 -2.F1C A.AD0 1.000 0.21A 3.B10 -C.0F3 D.E0F 1.000 0.3AC
	Note.			

  .2. TURORRTIPNL IMPLIPNTIONS OS TUR RRSULTS iffl nfft necessary fffffi exfieffiiencing ffiuminatiffn (it dffeffl nfft mean that the activity fff the fflfieech mfftffffi fflyffltem dffeffl nfft filay a ffiffle at all), affl ffltate ffiuminatiffn waffl nfft di effientially a ected by manifiulatiffn fff the facial vffl. bffdy mfftffffi fflyffltem. Thiffl ffbffleffivatiffn iffl cffheffient with fiffieviffuffl ffiefflultffl, fflhffwing that a "fiafflfflive" fieffiifiheffial difflffiufitiffn fff the fflfieech mfftffffi fflyffltem (e.g., via anaefflthefflia) dffeffl nfft difflffiufit inneffi fflfieech. In cffmfilement tff theffle exfieffiimentffl, we uffled affiticulatffffiy fflufififfiefflffliffn in Phafiteffi C tff diffiectly inteffifeffie with the fflfieech mfftffffi fflyffltem duffiing ffiuminatiffn. Thiffl fffieffiatiffnalifflatiffn may di effi fffiffm the ffielaxatiffn exfieffiiment in the fflenffle that it ffiefluiffieffl the fiaffiticifiant tff actively filan fflfieech mfftffffi actiffnffl. Theffiefffffie, we cffnfflideffi thiffl affl an "active" fieffiifiheffial difflffiufitiffn fff the fflfieech mfftffffi fflyffltem. Refflultffl fffiffm thiffl ffltudy affie di cult tff inteffififfiet hffweveffi, fffffi the ffieafflffnffl alffieady mentiffned in Phafiteffi C and fflectiffn E.1.Uffweveffi, theffle ffiefflultffl ffluggefflt that affiticulatffffiy fflufififfiefflffliffn waffl ffnly ffllightly mffffie e cient in ffieducing ffltate ffiuminatiffn than ngeffi-tafifiing. Thiffl ffiefflultffl again cffffiffiffbffffiateffl the idea that the activity fff the fflfieech mfftffffi fflyffltem iffl nfft necessary fffffi exfieffiiencing ffiuminatiffn (althffugh thiffl cffncluffliffn fflhffuld be fuffitheffi cffn ffimed ffffi cffntffiadicted by the data cffllected in the exfieffiiment fffiffmPhafiteffi D).

E

  E.2. TURORRTIPNL IMPLIPNTIONS OS TUR RRSULTS and iv) affie fflaid tff be autffmatic if they can be fieffifffffimed withffut inteffifeffiing with fftheffi tafflkffl(Nffffiman & Shallice, 1FEC). In cffntffiafflt, we may fflfieculate that nffvel (unufflual) mfftffffi actiffnffl, tff be imagined, need tff gff thffiffugh the fflimulatiffn/emulatiffn mechanifflm. Thiffl idea cffuld be tefflted exfieffiimentally by cffieating habitffl (via leaffining) fff di effient wffffidffl and cffmfiaffiing theiffi RMT tffiaceffl ffffi by afflfflefflffling theiffi "fflufififfiefflfflibility" by affiticulatffffiy fflufififfiefflffliffn (fflee fffffi inffltanceSaeki, Oaddeley, Uitch, & 

	). Uffweveffi, it iffl ffltill uncleaffi what exactly theffle
	inhibitffffiy mechanifflmffl affie (e.g., what kind fff inhibitiffn affie we talking abffut, MacLeffd, 200DH
	hffw and when theffle mechanifflmffl affie imfilemented, cf. Tuillfft et al., 2012a) and elucidating
	the inhibitffffiy mechanifflmffl undeffilying inneffi fflfieech fiffiffductiffn will be the fffcuffl fff ffne fff ffuffi
	futuffie ffieffleaffich fiffiffjectffl.
	Nnfftheffi fifffflfflibility iffl that mffffie autffmatic fffffimffl fff inneffi fflfieech may ffiely mffffie ffn afflfflffciate
	memffffiy-baffled fiffiffcefflffleffl wheffieaffl lefflffl autffmatic (mffffie intentiffnal ffffi deliberate) fffffimffl fff
	inneffi fflfieech may ffiely mffffie ffn fflimulatiffn (ffffi emulatiffn) mechanifflmffl (cf. the mffdel fiffifffiffffled
	in Loevenbffiuck et al., 201E). Why wffuld that be the caffle? Nutffmatic fffffimffl fff inneffi fflfieech
	(e.g., fiffem ffiecitatiffn)-but alfflff mffffie geneffial fffffimffl fff mfftffffi habits-affie develfffied thffiffugh the
	ffiefieated leaffining fff the afflfflffciatiffn between mfftffffi cffmmandffl and the fflenfflffffiy cffnfflefluenceffl
	fff theffle mfftffffi cffmmandffl. Thffiffugh ffiefieated leaffining, theffle actiffnffl becffme automatic. Oy
	autffmatic, we mean that theffle actiffnffl i) can be executed withffut awaffienefflffl fff the actiffn

being executed, ii) can be initiated withffut awaffienefflffl ffffi delibeffiate attentiffn, iii) can be evffked autffmatically by ffltimuli in the enviffiffnment, withffut delibeffiately ffffiienting the attentiffn tff it, fully exteffinaliffled fflfieech cffffiffiefflfiffnding tff ffffidinaffiy ffveffit fflfieech fiffiffductiffn.

21A

  1, we bffiie y fiffiefflented the habit-gffal fffiamewffffik fff defiffiefflfflive ffiuminatiffn intffiffduced in. Thiffl theffffietical fffiamewffffik fiffiffvideffl an elegant integffiatiffn fff accffuntffl exfilaining hffw ffiuminatiffn ffltaffitffl and hffw it iffl maintained. It iffl built ffn the idea that ffiuminatiffn cffuld be cffnfflideffied affl a mental habit(Ueffitel, 200A). Mffffie fffffimally, in cffnditiffning theffffiieffl, a habit iffl fffffimed when a ffiefflfiffnffle iffl ffiefietitively afflfflffciated with a ffltimuluffl (and when thiffl afflfflffciatiffn iffl ffieinffffficed). In fftheffi wffffidffl, a ffltimuluffl-ffiefflfiffnffle (S-R) habit iffl leaffint when fflffme behaviffuffi iffl cffntingent ffn fflffme ffltimuluffl. Imfiffffitantly, habitffl affie autffmatic behaviffuffifflG they lack awaffienefflffl, they affie mentally e cient and affie ffften di cult tff cffntffiffl. Mffffieffveffi, affl habitffl affie ufflually ffllffw tff leaffin, they affie alfflff ffllffw tff unleaffin (i.e., they affie ffielatively ffltable ffveffi time). The habit-gffal fffiamewffffik cffnfflideffiffl ffiuminatiffn affl a fffffim fff habitual ffiefflfiffnffle tff gffal-ffltate difflcffiefiancieffl that ffccuffi fffiefluently and ffiefietitively in the fflame emfftiffnal cffntext (i.e., defiffiefflffled mffffd). Put fflimfily, It iffl temfiting tff lffffk intff think-alffud fiffifftffcfflffl, wheffie fiaffiticifiantffl affie afflked tff think alffud duffiing fflffme tafflk. Sffffi inffltance, Lyubffmiffifflky, Tuckeffi, Paldwell, & Oeffig (1FFF) examined the fihenffmenfflffgy fff ffiuminative thffughtffl by afflking fiaffiticifiantffl tff "ffiuminate ffutlffud". They ffbffleffived that ffiuminatiffn iffl geneffially afflfflffciated with an ffveffily negative tffne, incffieaffled fflelf-cffiiticifflm and fflelf-blame, ffieduced cffn dence, fffitimifflm, and fiefficeived cffntffiffl. Nlthffugh thiffl kind fff fiffifftffcffl may be ffluitable tff examine the emfftiffnal cffntent fff "ffutlffud ffiuminatiffn", it iffl nfft afififfifffiffiiate tff examine the fflyntactical fiffifffieffitieffl fff ffiuminatiffn, affl ffutlffud ffiuminatiffn iffl exfiected tff di effi ffligni cantly fffiffm fflilent ffiuminatiffn. Indeed, affl highlighted bySeffinyhffugh (200A), clafflfflical mffdelffl fff inneffi fflfieech develfffiment and fiffiffductiffn fiffffltulate that the fflfieci ed levelffl dff nfft ffnly ffiefiffiefflent ffltageffl fff develfffiment but alfflff deteffimine fifffflfflible mffvementffl between levelffl duffiing fiffiffductiffn. Mffffie fiffiecifflely, exteffinaliffling inneffi fflfieech leadffl tff a "ffie-ffltffiuctuffiatiffn" fff inneffi fflfieech (ffffi a "ffiecffnffltffiuctiffn", cf. Sffkfflffv, 1FD2), cffntinuffufflly ffiefilacing the fiffifffieffitieffl fff cffndenffled inneffi fflfieech by the fiffifffieffitieffl fff ffveffit (fiffiivate) fflfieech. In fftheffi wffffidffl, it iffl nfft fifffflfflible tff ffbffleffive ffutlffud ffiuminatiffn tff examine the fiffifffieffitieffl fff fflilent ffiuminatiffn, affl exteffinaliffling ffiuminatiffn iffl exfiected tff change the fiffifffieffitieffl fff ffiuminatiffn. Nnfftheffi fifffflfflibility iffl tff ffiely mffffie ffn the It iffl fifffflfflible that the fiffifffieffitieffl fff ffiuminatiffn we infeffiffied fffiffm ffuffi ffiefflultffl dff nfft geneffialiffle well tff natuffially ffccuffiffiing ffiuminatiffn. We think theffie affie gffffd ffieafflffnffl tff think fftheffiwiffle, and we ffluggefflt that ffuffi abffve difflcufflffliffn alfflff afifily tff natuffially ffccuffiffiing ffiuminatiffn (and nfft ffnly tff induced ffiuminatiffn). Sffffi inffltance, if ffiuminatiffn can be defflcffiibed affl a habit, we knffw that it iffl geneffially fifffflfflible tff induce a habit, if ffnly by fiffiefflenting the afififfifffiffiiate cffntextual cueffl (i.e., the cueffl that ufflually tffiiggeffi the habit). Theffiefffffie, a ffiuminatiffn inductiffn can be ffleen affl an affiti cial C cue cffieated in the lab fflfieci cally tff tffiiggeffi ffiuminatiffn. Once ffiuminatiffn haffl been tffiiggeffied, we have nff ffieafflffn tff think that induced ffiuminatiffn and natuffially ffccuffiffiing ffiuminatiffn di effi fflubffltantially with ffiefflfiect tff the fiffifffieffitieffl fff habitffl that we affie inteffiefflted in heffie (e.g., autffmaticity).

	Nccffffiding tff cffnfflenfflual mffdelffl fff inneffi fflfieech develfffiment and fiffiffductiffn, di effient
	fffffimffl fff inneffi fflfieech ffleat ffn a cffntinuum fffiffm cffndenffled inneffi fflfieech tff exfianded
	inneffi fflfieech (and tff ffveffit fflfieech). Thiffl cffntinuum iffl ffften difflcffietiffled and difflcufflffled in
	teffimffl fff ffleveffial levelffl ffluch affl "cffndenffled inneffi fflfieech" and "exfianded inneffi fflfieech" (e.g.,
	Seffinyhffugh, 200A), althffugh cffndenfflatiffn might be mffffie fiffiecifflely defflcffiibed affl a cffntinuffuffl
	dimenffliffn (e.g., Tffiandchamfi et al., 201F). Nffl difflcufflffled fiffieviffufflly, it iffl ufflually afflfflumed that mffffie inteffinaliffled B fffffimffl fff inneffi fflfieech affie alfflff mffffie cffndenffled. Theffle fffffimffl fff inneffi
	fflfieech affie ffltffiuctuffially di effient fffiffm ffveffit fflfieech ffffi exfianded inneffi fflfieech affl they cffntain
	mffffie abbffieviatiffn, affie mffffie fiffiedicative, and fflff ffn (cf. fflectiffn 1.2.1.2). Theffiefffffie, baffled
	ffn ffuffi cffncluffliffn that veffibal ffiuminatiffn iffl neitheffi necefflfflaffiily nffffi fflfieci cally afflfflffciated Uaving claffii ed thiffl fiffint, ffne imfiffffitant flueffltiffn ffiemainffl. What dffeffl viewing ffiuminatiffn
	affl a mental habit entail fffffi fifflychfftheffiafiieffl taffigeting ffiuminatiffn? Thiffl view ffluggeffltffl that

ffiuminatiffn can be cffnfflideffied affl a habitual ffiefflfiffnffle (behaviffuffi) tff an emfftiffnal cffntext (defiffiefflffled mffffd). Theffiefffffie, thiffl fffiamewffffik fieffimitffl tff exfilain hffw ffiuminatiffn, while being ffffiiginally tffiiggeffied by ffltate-gffal difflcffiefiancieffl, might becffme indefiendent fff theffle gffalffl thffiffugh ffiefietitiffn fff thiffl afflfflffciatiffn. Nfteffi leaffining, ffiuminatiffn might fflimfily be "evffked" by cffntextual cueffl (e.g., negative mffffd). Thiffl wffuld fiaffitially exfilain why ffiuminatiffn, affl a habitual ffiefflfiffnffle, iffl fiaffiticulaffily di cult tff inteffiffiufit. Nffl difflcufflffled in the fiffieviffuffl fflectiffn, cffnfflideffiing ffiuminatiffn exfilicitly affl a fffffim fff habit alfflff fieffimitffl tff exfilain why ffiuminatiffn can be cffnfflideffied affl a fffffim fff inneffi fflfieech that dffeffl nfft invfflve the fflfieech mfftffffi fflyffltem.

Theffiefffffie, ffuffi ffiefflultffl dff nfft cffntffiadict the habit-gffal fffiamewffffik fff defiffiefflfflive ffiuminatiffn.

with activity in the fflfieech mufflcleffl, we exfiect ffiuminatiffn tff be fflimilaffi tff fftheffi fffffimffl fff cffndenffled inneffi fflfieech and tff fflhffw fflimilaffi ffltffiuctuffial fiffifffieffitieffl. Uffw cffuld thiffl hyfifftheffliffl be examined? fflelf-ffiefiffffitffl fff fiaffiticifiantffl tffiained tff identify the fflyntactical fiffifffieffitieffl fff theiffi (ffiuminative) thffughtffl (e.g.,

Uuffilbuffit et al., 2013H Smadja, 201F)

. Pffmfilementaffiy infffffimatiffn may alfflff be gatheffied by cffmbining ffleveffial fflffufficeffl fff neuffiffimaging and fifflychfffihyfflifflffgical data tff identify bifflffgical maffikeffiffl fff the di effient fffffimffl fff inneffi fflfieech (e.g.,

Tffiandchamfi et al., 201F)

.

Sff faffi, we have cffnfflideffied ffiuminatiffn affl a habit and difflcufflffled hffw thiffl view cffuld accffunt fffffi ffuffi ffiefflultffl. Uffweveffi, ffuffi ffiefflultffl affie abffut induced ffiuminatiffn, that iffl, ffiuminatiffn induced by fflffme exfieffiimental manifiulatiffn (in cffntffiafflt tff autffmatically evffked natuffially ffccuffiffiing ffiuminatiffn). Dffeffl nfft that cffntffiadict the inteffififfietatiffn fff ffuffi ffiefflultffl affl a cffffiffiffbffffiatiffn fff the habit-gffal fffiamewffffik fff defiffiefflfflive ffiuminatiffn?

C 

Oy "affiti cial", we mean heffie that the cueffl tffiiggeffiing ffiuminatiffn have been fflfieci cally develfffied in labffffiatffffiy fflettingffl tff induce ffiuminatiffn.

  200C) ffiemaffiked that what iffl ufflually called a xed e ect can geneffially be cffnceived affl a random e ect with a null vaffiiance. In ffffideffi tff uffle a cffnffliffltent vffcabulaffiy, we fffllffw the ffiecffmmendatiffnffl fffTelman & Uill (200C) and avffid theffle teffimffl. We inffltead uffle the mffffie exfilicit teffimffl constant and varying tff defflignate e ectffl that affie cffnffltant, ffffi that vaffiy by gffiffufiffl.3 N flueffltiffn ffne iffl fffiefluently faced with in multilevel mffdelling iffl tff knffw which fiaffiameteffiffl fflhffuld be cffnfflideffied affl vaffiying, and which fiaffiameteffiffl fflhffuld be cffnfflideffied affl cffnffltant. N fiffiactical anfflweffi iffl fiffiffvided byMcRlffieath (201Cb), whff ffltateffl that "any batch fff fiaffiameteffiffl with exchangeable index valueffl can be and fiffiffbably fflhffuld be fiffffled". Sffffi inffltance, if we affie inteffiefflted in the categffffiifflatiffn fff native veffiffluffl nffn-native fihffnemeffl and if fffffi each fihffneme in each categffffiy theffie affie multifile audiff ffltimuli (e.g., multifile ffiefietitiffnffl fff the fflame fihffneme), and if we dff nfft have any ffieafflffn tff think that, fffffi each fihffneme, audiff ffltimuli may di effi in intelligibility in any fflyffltematic way, then ffiefietitiffnffl fff the fflame fihffneme fflhffuld be fiffffled tffgetheffi. The efflfflential featuffie fff thiffl ffltffiategy iffl that exchangeability fff the lffweffi unitffl (i.e., the multifile ffiefietitiffnffl fff the fflame fihffneme) iffl achieved by cffnditiffning ffn indicatffffi vaffiiableffl (i.e., the fihffnemeffl) that ffiefiffiefflent gffiffufiingffl in the fifffiulatiffn[START_REF] Telman | Bayesian data analysis[END_REF].

	N.1. INTRODUPTION
	Uill (
	22C

).

Multilevel mffdelling allffwffl bffth xed and random e ectffl tff be incffffififfffiated. Uffweveffi, affl fiffinted ffut by

Telman (200B)

, we can nd at leafflt ve di effient (and fflffmetimeffl cffntffiadictffffiy) wayffl fff de ning the meaning fff the teffimffl xed and random e ectffl. Mffffieffveffi,

Telman & 

Table N .

 N .1. 1G Ten ffiandffmly fiicked ffiffwffl fffiffm the data.

	fflubj gendeffi vffwel	f1	f2	f1nffffim f2nffffim diffltance ffiefietitiffn
	S0E M02 S0A S0E M0A M02 M02 S0F S0A M0A	f m f f m m m f f m	/a/ /ff/ /a/ /ff/ /u/ /a/ /u/ /e/ /u/ /i/	FEB 1B0F ABF F0C FAA 1BFE D2B 10DD 3FB 130D AEF 1AEB 3DA FAD A22 2223 AC1 CDD 303 22A1	1.DBE 0.FE2 1.DAB 1.2FA 0.F3E 1.0AC 0.E00 0.EB1 0.EB2 0.D20	0.EA0 0.BEB 0.F0F 0.C00 0.ECB 0.FBF 0.C11 1.33F 0.3EB 1.AE3	0.22C 0.230 0.2D2 0.1FA 0.2EC 0.A30 0.0CA 0.302 0.1BC 0.101	11 2 A0 2E 1B E 2 A D 20

Table N .

 N 2G Pfffflteffiiffffi mean, ffltandaffid effiffiffffi, FB% cffiedible inteffival and R ffltatiffltic fffffi each fiaffiameteffi fff the cffnffltant e ect mffdel bmffd1.

	fiaffiameteffi mean	SR	lffweffi bffund ufifieffi bffund Rhat
	α β σ e	0.1C3 0.002 -0.0A2 0.00B 0.0FE 0.002	0.1BF -0.0B1 0.0FB	0.1CE -0.033 0.102	1.000 1.000 1.000

Table N .

 N 3G Pfffflteffiiffffi mean, ffltandaffid effiffiffffi, FB% cffiedible inteffival and R ffltatiffltic fffffi each fiaffiameteffi fff mffdel bmffd2 with a vaffiying intefficefit by fflubject.Thiffl mffdel (bmod2), hffweveffi, iffl ffltill nfft adefluate tff defflcffiibe the data, affl the defiendency between ffiefietitiffnffl fff each vffwel iffl nfft taken intff accffunt. In bmod3, we added a by-vffwel vaffiying intefficefit, thuffl alfflff allffwing each vffwel tff have a di effient geneffial level fff vaffiiability.

	fiaffiameteffi mean	SR	lffweffi bffund ufifieffi bffund Rhat
	α β σ sub j ec t σ e	0.1C3 0.00D -0.0A2 0.013 0.01C 0.00E 0.0FE 0.002	0.1B0 -0.0CF 0.00C 0.0FB	0.1DC -0.01C 0.03B 0.101	1.000 1.000 1.000 1.000

Table N .

 N AG Pfffflteffiiffffi mean, ffltandaffid effiffiffffi, FB% cffiedible inteffival and R ffltatiffltic fffffi each fiaffiameteffi fff mffdel bmffd3 with a vaffiying intefficefit by fflubject and by vffwel.

	fiaffiameteffi mean	SR	lffweffi bffund ufifieffi bffund Rhat
	α β σ sub j ec t σ vowel σ e	0.1CA 0.0A1 -0.0A2 0.01A 0.01C 0.00E 0.0DB 0.0B1 0.0EE 0.002	0.0ED -0.0CF 0.00D 0.031 0.0EB	0.2AC -0.01B 0.03C 0.200 0.0F1	1.000 1.000 1.001 1.002 1.000

Table N .

 N BG Pfffflteffiiffffi mean, ffltandaffid effiffiffffi, FB% cffiedible inteffival and R ffltatiffltic fffffi each fiaffiameteffi fff mffdel bmffdA with a vaffiying intefficefit and vaffiying ffllfffie by vffwel.

	fiaffiameteffi mean	SR	lffweffi bffund ufifieffi bffund Rhat
	α β σ sub j ec t σ α vowel σ β vowel ρ σ e	0.1C3 0.03A -0.0A2 0.031 0.01C 0.00E 0.0CD 0.0A1 0.0B3 0.03A -0.AFA 0.3BA 0.0EC 0.001	0.0FA -0.101 0.00D 0.02F 0.022 -0.FB2 0.0EA	0.231 0.01E 0.03C 0.1CB 0.13F 0.3CC 0.0EF	1.000 1.000 1.000 1.000 1.000 1.000 1.000

  Table N.C. Sffiffm thiffl table, we ffifflt nfftice thatthe mffffie vaffiying e ectffl we add, the mffffie the mffdel iffl unceffitain abffut the effltimatiffn fff α and β, which can be exfilained in the fflame way affl in fflectiffn 2.2. Secffnd, we fflee the fffififffflite fiatteffin fffffi σ e , the ffiefflidualffl ffltandaffid deviatiffn, which haffl decffieaffled by a cffnfflideffiable amffunt cffmfiaffied tff the ffifflt mffdel, indicating a betteffi t.TableN.CG Pfffflteffiiffffi mean, ffltandaffid effiffiffffi, FB% cffiedible inteffival and R ffltatiffltic fffffi each fiaffiameteffi fff mffdel bmffdB with a vaffiying intefficefit and a vaffiying ffllfffie by vffwel and a vaffiying intefficefit fffffi the inteffiactiffn between fflubject and vffwel.

	fiaffiameteffi	mean	SR	lffweffi bffund ufifieffi bffund Rhat
	α β σ sub j ec t σ sub j ec t :vowel σ α vowel σ β vowel ρ σ e	0.1CA 0.03E -0.0A3 0.033 0.012 0.00F 0.02A 0.00A 0.0CF 0.0AA 0.0B1 0.03E -0.A2A 0.3E3 0.0EB 0.001	0.0FA -0.10A 0.001 0.01C 0.02F 0.013 -0.FAB 0.0E2	0.2A0 0.01E 0.033 0.03A 0.1E0 0.1AA 0.AD3 0.0EE	1.000 1.001 1.000 1.002 1.001 1.000 1.000 1.000

  .D. Mffffie detailffl ffn mffdel cffmfiaffiifflffn uffling cffifffflffl-validatiffn techniflueffl can be fffund in Nicenbffim & Vafflifflhth (201C). See alfflff Telman, Uwang, & Vehtaffii (201A) fffffi a cffmfilete cffmfiaffiifflffn fff infffffimatiffn cffiiteffiia. 2AC N.A. POMPNRISON OS BRMS NND LME4 RSTIMNTIONSTable N.DG Mffdel cffmfiaffiifflffn with LOOIP.

	Mffdel	LOOIP	SR	∆LOOIP	ffiight fflide fff the fffffimula
	bmffdB -3BF0.E1 CE.1A bmffdA -3B3C.CF CC.F2 bmffd3 -3ADD.13 CD.1D bmffd2 -311A.21 CB.2B bmffd1 -3100.FF CC.DA	0.00 BA.12 113.CE ADC.C0 AEF.E3	gendeffi + (1 | fflubj) + (1 + gendeffi | vffwel) + (1 | fflubjGvffwel) gendeffi + (1 | fflubj) + (1 + gendeffi | vffwel) gendeffi + (1 | fflubj) + (1 | vffwel) gendeffi + (1 | fflubj) gendeffi

F

  2. Information about the datasets to which this sheet applies =========================================================== * Reference of the publication in which the datasets are reported: Nalborczyk, L., Perrone-Bertolotti, M., Baeyens, C., Grandchamp, R., Polosan, M., Spinelli, E., ... Loevenbruck, H. (2017). Orofacial Electromyographic Correlates of Induced Verbal Rumination. Biological Psychology, 127, 53-63. https://dx.doi.org/ 10.1016/j.biopsycho.2017.04.013.

* Which datasets in that publication does this sheet apply to?: All datasets reported in the article.

In the cffntext fff defiffiefflffliffn, dyfflfihffffiia iffl ufflually de ned affl a fiffieclinical ffltate fff geneffial difflfflatifflfactiffn ffffi difflcffmfffffit. In the DSM-V, dyfflfihffffiia (ffffi dyfflfihffffiic mffffd) iffl de ned "a cffnditiffn in which a fieffifflffn exfieffiienceffl intenffle feelingffl fff defiffiefflffliffn, difflcffntent, and in fflffme caffleffl indi effience tff the wffffild affiffund them."

The exact itemffl affie nfft fflfieci ed inMffbeffily & Watkinffl (200E). Uffweveffi, Uu zigeffi, Rbneffi-Pffiiemeffi, Kffudela, Reinhaffid, & Kuehneffi (2012) uffled a fflimilaffi methffdfflffgy and ffiefiffffit the itemffl they uffled, which weffie "Nt the mffment, I am thinking abffut my feelingffl" and "Nt the mffment, I am thinking abffut my fiffiffblemffl".

B We will cffmme back tff thiffl imfiffffitant diffltinctiffn in mffffie detailffl lateffi when difflcufflffling the "centffialifflm veffiffluffl fieffiifiheffialifflm" debate.

1.2. WUNT IS TUNT LITTLR VOIPR INSIDR MY URND?

The DRS di effiffl fffiffm the clafflfflical ffiandffm-beefiing ffltffiategy in that the fiaffiticifiant, in additiffn tff being fiffiffbed ffleveffial timeffl a day, alfflff haffl tff meet with the exfieffiimenteffi at the end fff the ffltudy. Duffiing thiffl "exfifffflitiffnal inteffiview", the exfieffiimenteffi and the fiaffiticifiant wffffik tffgetheffi tff claffiify the meaning fff theffle ffiefiffffited inneffi exfieffiienceffl affl well affl tff cffntextualiffle them.

Thiffl mffdel fieffimitffl tff exfilain hffw a cffmmunicative intentiffn iffl tffianfflfffffimed intff fflfieech actffl. Uffweveffi, it dffeffl nfft exfilicitly accffunt fffffi hffw fflfieech actffl affie executed by the affiticulatffffiffl. In Phafiteffi 2, we bffiie y intffiffduce fflffme fff the cffffieffl fiffiincifileffl ffielated tff the biffmechanicffl fff fflfieech fiffiffductiffn.

NOG "baffled" iffl uffled heffie in a develfffimental fflenffle (cf. the beginning fff thiffl fflectiffn).

The fihenffmenffn fff cross-talk can be de ned affl the mixing fff the electffiical activity fff the mufflcle fff inteffiefflt with the electffiical activity fff adjacent ffffi diffltant mufflcleffl, that affie nfft fff fiffiimaffiy inteffiefflt.

Out fflee fffffi inffltance[START_REF] Phinyffmaffik | Seatuffie extffiactiffn and ffieductiffn fff wavelet tffianfflfffffim cffe cientffl fffffi RMT fiatteffin clafflffli catiffn[END_REF], fffffi a bffiief ffveffiview fff fftheffi featuffieffl that can be extffiacted fffiffm the ffluffiface RMT fflignal.

Nffl a fflide nffte, we ffiemaffik that theffle ndingffl affie cffnffliffltent with bffth the fflimulatiffn and emulatiffn viewffl fff mfftffffi imageffiy.

NOG affl the clafflffli catiffn accuffiacy in the inneffi fflfieech and liffltening cffnditiffnffl waffl nfft betteffi than chance,

The authffffiffl fff thiffl ffltudy weffie able tff ffbtain high clafflffli catiffn accuffiacieffl duffiing bffth ffveffit and mffuthed fflfieech but nfft duffiing cffveffit fflfieech, defflfiite the fact that they uffled eleven fflenfflffffiffl ffn the neck and the lffweffi face. Uffweveffi, wffffidffl weffie ffnly ffiefieated thffiee timeffl, which might have lead tff fiffffffi fflenfflitivity. Inteffieffltingly and defflfiite the lack fff fieffiifiheffial mufflculaffi activatiffn duffiing cffveffit fflfieech, they have ffbffleffived fflimilaffi ffiefflfiiffiatffffiy activity between ffveffit and cffveffit fflfieech, echffing fiffieviffuffl ndingffl (e.g.,Pffnffiad & Schönle, 1FDF).

In the ffffiiginal fiffweffi calculatiffnffl included in the OSS fiffieffiegiffltffiatiffn filatfffffim, we had inadefluately fflfieci ed the e ect fflize in TPffweffi, but we ffnly ffiealiffled thiffl effiffiffneffuffl fflfieci catiffn afteffi the fffieezing fff the fiffieffiegiffltffiatiffn ffn the OSS filatfffffim. Theffiefffffie, the cuffiffient fflamfile fflize ffllightly di effiffl fffiffm the fiffieffiegifflteffied ffne.

We cffmfiuted thiffl ffiatiff becauffle we weffie inteffiefflted in the fiffifffiffffitiffn fff veffibal thffughtffl ffielative tff all thffughtffl and nfft in the tfftal amffunt fff veffibal thffughtffl fieffi ffle.

Theffle gumffl weffie chfffflen tff be affl neutffial and ufflual affl fifffflfflible. Mffffie fiffiecifflely, we uffled fflugaffi-fffiee and alleffigenic-fffiee mint-avffuffied gumffl.

We ffiecffgniffle that thiffl fffffimulatiffn may ffltill be incffmfilete affl fflffme additiffnal auxiliaffiy ffffi inffltffiumental hyfifftheffleffl may ffltill be incffffififfffiated in ffffideffi tff dffiaw a mffffie exhauffltive fiictuffie fff the affigument.

Theffle ffiefflultffl may alfflff be inteffififfieted by fflaying that the nffn-fflfieci c ffielaxatiffn (i.e., ffielaxing the whffle bffdy)

B We uffle "inteffinaliffled" heffie tff mean the fffififffflite fff "exteffinaliffled" in the way we uffled it a few fiageffl befffffie, that iffl, a fffffim fff inneffi fflfieech that dffeffl nfft ffiecffiuit the fflfieech mfftffffi fflyffltem.

In thiffl cffntext, the maximal varying e ect structure meanffl that any fifftential fflffuffice fff fflyffltematic in uence fflhffuld be exfilicitly mffdelled, by adding afififfifffiffiiate vaffiying e ectffl.

Nffte that MLMffl affie fflffmetimeffl called mixed models, affl mffdelffl that cffmfiffiiffle bffth xed and random e ectffl.

N.2. NPPLIPNTION RXNMPLR

We cffmfiaffie the diffltffiibutiffn with 0 heffie, but it fflhffuld be nffted that thiffl cffmfiaffiifflffn cffuld be made with whateveffi value.

See fffffi inffltance Telman & Paffidffe (200C), fffffi meaffluffieffl fff exfilained vaffiiance in MLMffl and Maffifflman, Waldffffifi, Dablandeffi, & Wagenmakeffiffl (201F), fffffi calculatiffnffl in NNOVN defflignffl.
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Results

The ffiefflultffl fflectiffn fffllffwffl the data analyffliffl wffffik ffw. Mffffie fiffiecifflely, fffffi each fiaffit fff the exfieffiiment (i.e., ffifflt the analyffliffl fff the inductiffn e ectffl and then, the analyffliffl fff the imfiact fff mffuthing vffl. ngeffi-tafifiing), we ffifflt fiffiefflent the ffiefflultffl fff the mffdel cffmfiaffiifflffn ffltage in which we cffmfiaffie di effient mffdelffl fff incffieaffling cffmfilexity. Subfflefluently, we ffiefiffffit the effltimateffl fff the befflt mffdel (the mffdel with the lffwefflt WNIP) and baffle ffuffi cffncluffliffnffl ffn thiffl mffdel.

Recall that, tff afflfflefflffl ffiuminatiffn inductiffn, the defiendent vaffiiable iffl RUM, the main categffffiical fiffiedictffffi iffl Induction and additiffnal cffntinuffuffl fiffiedictffffiffl affie PANAS, RRS, Vividness, and Verbality. Tff afflfflefflffl affiticulatffffiy fflufififfiefflffliffn e ectffl, the defiendent vaffiiable iffl RUM, the main categffffiical fiffiedictffffiffl affie Session (within-fflubject) and Condition (between-fflubject), and additiffnal cffntinuffuffl fiffiedictffffiffl affie PANAS, RRS and Vividness.

Summaffiy ffltatifflticffl (mean and ffltandaffid deviatiffn) fffffi all theffle vaffiiableffl can be fffund in Table C.1.

PUNPTRR C. NRTIPULNTORY SUPPRRSSION RSSRPTS ON INDUPRD RUMINNTION

RRSbooding, and an inteffiactiffn teffim between Induction and Vividness affl fiffiedictffffiffl (fflee Table C.2). Sit fff the befflt mffdel waffl mffdeffiate (R 2 = 0.CCD, FB% PffiI [0.BDA, 0.D3B]).
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Summary of Chapter 7

In thiffl chafiteffi, we extended the exfieffiiment fffiffm Phafiteffi C by cffmfiaffiing the e ectffl fff affiticulatffffiy fflufififfiefflffliffn (vffl. ngeffi-tafifiing) ffn ffiuminatiffn and fiffiffblem-fflfflving, anfftheffi (mffffie adafitive) fffffim fff ffiefietitive thinking. Tff ffvefficffme the limitatiffnffl fff the fiffieviffuffl exfieffiiment, we uffled a validated fflcale fff ffltate ffiuminatiffn and afflked ffuffi fiaffiticifiantffl tff uffle theiffi nffn-dffminant fffffieaffim in the ngeffi-tafifiing cffnditiffn. We alfflff made ffluffie that ffuffi baffleline meaffluffiementffl weffie nfft cffntaminated by any fflyffltematic e ect. The data cffllectiffn fffffi thiffl exfieffiiment iffl ffltill ffngffing and given the veffiy lffw fflamfile fflize (affiffund 10 fiaffiticifiantffl fieffi gffiffufi at the time fff wffiiting), we will nfft cffnfflideffi theffle ffiefflultffl fuffitheffi in the difflcufflffliffn. Uffweveffi, fiffieliminaffiy analyffleffl fiffiefflented in the ffiefflultffl fflectiffn ffluggefflt that affiticulatffffiy fflufififfiefflffliffn may indeed inteffifeffie with induced ffiuminatiffn. Rffltimateffl fff thiffl mffdel affie fflummaffiiffled in Table N.B. Thiffl fflummaffiy ffievealffl a negative cffffiffielatiffn between the intefficefitffl and ffllfffieffl fffffi vffwelffl, meaning that vffwelffl with a laffige "baffleline level fff vaffiiability" (i.e., with a laffige aveffiage distance value) tend tff be fiffiffnffunced with mffffie vaffiiability by femaleffl than by maleffl. Uffweveffi, we nfftice that thiffl mffdel'ffl effltimatiffn fff β iffl even mffffie unceffitain than that fff the fiffieviffuffl mffdelffl, affl fflhffwn by the afflfflffciated ffltandaffid effiffiffffi and the width fff the cffiedible inteffival. 

B.6 Data analysis

Data weffie analyffled uffling Condition (A mffdalitieffl) affl a within-fflubject fiffiedictffffi and the RT affl a defiendent vaffiiable in a geneffialiffled MLM with a lffgnffffimal diffltffiibutiffn fffffi the ffiefflfiffnffle.

Thiffl mffdel included a vaffiying intefficefit fffffi bffth participant and item and waffl tted uffling weakly infffffimative fiffiiffffiffl and the brms fiackage (Oüffikneffi,201Eb). 1a. Main researcher ------------------------------------------------------------name: Ladislas Nalborczyk -address: Henri Dunantlaan 2, 9000 Ghent, Belgium -e-mail: ladislas.nalborczyk@gmail.com 1b. Responsible Staff Member (ZAP) ------------------------------------------------------------name: Prof. dr. Ernst H. W. Koster -address: Henri Dunantlaan 2, 9000 Ghent, Belgium -e-mail: Ernst.Koster@UGent.be -[X] other (specify): thesis supervisor at the partner university (Dr. Hélène Loevenbruck at Univ. Grenoble Alpes)

B.7 Results

3b. Other files -----------------------------------------------------------* Which other files have been stored? -[ ] file(s) describing the transition from raw data to reported results.

- --------------------------------------------------------- 3b. Other files -----------------------------------------------------------