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e but I niti al de cet-dier ¢ hcempr®Ramdrte alped i |
6al t ®r ation du sens de sdqiFecornpernelaldang 0l
t al ., 2017; Parnas & HandDeasnts, c2e0 0But Srmaou:
onsamumoduveau protocol e, adapt ® doune exp®@
l a 6vari aple douxepgePppbeddltddaneane temppart i
rancopdhonesmaBCapceet et al ., 2015; Kar |l in,
981; Val |l esi .NouSsh agdn sieqgns200i7mpl ement ada
endrpee rptleipemt ®t udi er | es troubl esNaocwgni tif
vonsajdourtce® composante motrice et t™Macsil e

ous sommes all ®s de surprise en surprise.
ous |l es avahars r®sel pra®s®esnt amen® ~ des qu
[ ce noO®t ait Lpeass tlroaovioajoeRcctei sfs iit M tpilauls.i eur s
uccessifs, et une |litt®rature chaque fois
es efneWm®y eluoppement . La | itt ®r atiuone est
p®cide geehaque travail pl par ca mpgluéi Ide s ggmbRl:
®vel oppement des ®tudes dans | 6ordre chr o
ur prises ~ | davance da&ns ilncil uter ddwnct ipon ng®
onnai ssances de baseetoplt us oplarss comiere pgesme

emps en psychol ogie exp®rimentale

e temps est omni pr ®sent dans notre enviroc
omport Nmedmtes. perception est cell e doéun t
nexor aGépeedhdést i pasl eecenveaawuetilise u
emporel Mamk gq&e Buonombhopadppa)t = des proc
i st(iBuwhwsi & Meck, 20009; Buonomanoett Laj e,
ertains auteurs ont propos® des m®cani s m

i ff®rentes mo(d@d ma cB®se s& nGroan ceiln,es201 @;esMi o
©ches qilvir®@meldi®O®€8es dur ®es( @ridrf diirre ndtesal” . ,e

Dans ce travail NOUS nNouaj awtoRsr eatsdairwsnils’e | a



CHAPITRE 1. INTRODUCTION GENERALE

tempesl on | esPLacoretxkeampdgeue | 6on est arr°t®

attendons que | e feunoptarss Noas. aa@ati cpponsd®r
l e moment o¥% |l e feu changera de coul eur 1
| 6acc®l ®r at eur . Une question fondamental e

savoir si l es m°mes m®cani s mersend @a'rnftoiici pat
percevoir | e feu ve(Qorerteada aatpRalmierezxzu@® | al p
Thomaschke et al ., 2011; Kol dbéagt ReJ hbeame §

6on attend un ®v®nement perceptif (l'e feu

p®dal el | déagmf mes m®cani smesLdemMp®y ell tsatqu i
nous avons obt enuts®©cahvee cd 6maa tt reen ad o reaflpioer el | e
explorer cette question chez des individus

|l es @efdes

La deuxi me partie de |l a th wseéeypodgsesinda@nce
but doéutiliser notre t©Oche pour mieux comp
pr ®paration temporel Nmter ®dnudiet isémespatclhhamlica
une conditi onuncaernascetngrlies ®ke paympt * mes compl
sens (dreersroii et al ., 2014; Martin et al ., 20
al ., , 2ma03% dassal tp@&rati ons( TAARU ®emen zr lelt e arha't,
not amment | ors de |l a planifi¢Bel eTmuorgges!|l d®q u ¢
et al ., 2007; Gi ersch et al ., 2016 Uneer alt

s®quence motrice est unmeuwmvcdmé mtesnea o oroad armm-
produire un mbaav eémemte felxW®icdid.i on de ces s®
capacit® ° oma@guwe ment d edamsoulsn ordre tempor
coh®rence temporell e pourrait compromettr
mouvements esmdl®Pékest sDmoteurs seraient do.:
d®vel oppement de | a mal adtre,s gcuhee z( HIRe)s gi @Gnd@t v
d®vellogpppeat(hDalnongei eet al .-TurOHK4l, Otl elvoye2012
et al ., 220 1&t)® sugg®r ® rqouger almensa t tpromu bmad £ n e
contribuer aux d®ficits mot eur s( Doebl seevrovy®s ¢
Turrell edt apgl.us 2@ar7t)i cul i rement, l es tro
(Giersch .Hoteak.pradoaédple nous a permis doex
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Le second objectif, déoordre clinique, ®t ai
temporelle dans | e cont rcdresinidoRreRoeesu rcaoenzmel
at ypi quleskap |@tr@&® d a3edt.Cleds odDtjiecad fum edy®@vel opp
sur | es m®cani smes qui per mettent | a pr®par

|l iens entre passage du temps et pr®diction

1. 1Li en a2asage pdu temps et pr ®di c

Le tesm@coule de mani re continue, sans I
constituent nos vies. Pourtant, | e moment p
pause dans cette continuit® temporelle. Ces
soull avequestion dé Wil eumarcmn,exk&letpde de | a
propos® par9pryanedride comprendre comment | e
temporelle concilient |l a notion déinstant p
Lorsque nous ®coutons une m®l|l odi e, l a | i gne
(dont nouwsennoonuss) ,so a note pr®sente, et | a no

sommes conscients des trois notes au m° me i
il serait impossible de reconna’tre | a m®I o
processus dynamique dqui int gre | es moment s
venir et nous procurer uneFwvemhsRdaid &7 )dlee croNn
anticiper |l es ® nements de son environneme
mani r e opti mal e. Cette pr ®parati®oean tempo
comporteimeetr ses situaRédprnesnogqusotli'ddxempelse d
arr°t®e © un feu rouge. € mesure que |l e te
vert augmentleai wewadt dceo mme®p arl at ivaooni Cd tere d ®
pr ®paration per met de '-di®aegidre pd ®nsa rrraepri dl eamevn
|l e feu passe au vert, ®vitanlta |Imanid ®&sea gd dRmte
passage du ddé&onptsi npires®gmaeit B iino v  ne meenstt pr ®d i
op®rationnali s®e en | aboratoire gr ©ce aux t

Avant dé®voquer comment | 6attente temporell
|l a question du con-t-ceinlue dfea -toant tidaorn@et ent e Pv a b
effet, quand on attend que | e feu passe au
on palrdresattente i mplicite. N®annpoon nrses sseintl e
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de | 0i mpatience. Ceci montre que | a dur ®e

Oattente. La question des m@eeani sImss ob§ ®\C:
de | a Nmusel 6®voquons bri veme mbpdredpea®s on
0

ur expliguer | a perception de dur ®e

1. 2£val udau ippans sage du t emps

L' ®valuation explicite de | a dam®e | ae meisutri
0% el | ed'reesquiineerrt expl i ci tement l a dur ®e ®c (
per mettent d'" ®valuer ces capacit®s d'" esti
perceptuell es ou motrices. Par exempl e, d s
parti compadtesunxt i ntervalles de temps d®finis
fiemt,ndi guertes dur ®es sont ®quivalehtes et,
l ongue. Ces t©ches peuvent ®gabmmentdanscl es
t ©ches de repbandschk e onp avott ir driemarnotdsu i droei vuennet
de®& ®r e nacpepauagiu r unabod®lbwt et ~ (| Br-\ddiltretde ce
2022; Kononowic.z & Penney, 2016)

Une questiecn geaelts am®cani stmersd ecn®r ®b'reautxi nsaot

temps ? Le premier mo(dl96e38dsprecpda® pa&r | Thei

gui comprend un interrupteur contr'| ® par
i mpul sions r®quli, resi, edtmme sSaccmmillt @&iumndi
i mpul si ons. Au d®but de l a dur ®e - estim
| 6accumas apulosatdi ons. € |l a fin de |l a dur ®e,

| *accumul ation. Laaddan®edsubopmbteveedpPpleadt

Cependant , de nombreuses ®tudes (dwtryc&nt es
Schlerfbe 2008br eux aut eno n&sqru @ensple refno sanfafne te

d"estimati onndgre mpometlilen vihaeulemédenel ai m®d aPat
sensoriel,l eeti mpugg@re®e | 6exi ¢tBaepte,dadbhadl oBe

al ., 2008; Gamache & Grondi n, 2010;,DeGrondi n
pl,d® nombr eusess arntr eisnipa®@ sl ERa Leailteceny csr el | e

(Coull, 2009; Coull et al., 2013, 2014, 201
Macar et al ., 2006:;;apNoaexbraglagtareg!| iassmg &Red 1174
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i mpliqu®s dans | a percmptsomauespl daintse | éGu
rythbeescortex parp®P®ahbaenttdener it édxsti mat i c
dur ®e, Mains dWPRyvial uatdodooc dersr egmnodaddln t D |

passage .das ¢empesx pari ®t al serait ®gal emen

A

| 6ordre @ emppwvalbetdiaine | esti mati dandel dur ®

s
0

coordinatetwns @puencement déai meuwmememic® sup
pourrait jouer un r!'le d&red tledaxtvrea st it ®n ae x
S

es mod | es alternati.fs ~ cel ui du mod | e

mod | e del BBw®mmmmaamwo 2000; Buonomano &

-

mar kar & Bupnomase, qR@07T)a perception d

ul ement de neurones sp®cifigqgues, mais ®ga

> wn ~

~—+
X X O o o o d® 9 O

urones au sein de r®seaux. Daansbktcreatttieonper
mpor ebhtei Wiet ®(dnesur opalkcthagqued )i nst ant ®t a |
nfiguration unique. Ce mod | e met en ava

c
notre perception temporelle, qui Ss'ajuste e
exp®riences(Hantd®r ieturGet . modZdle@& s e jdooinnt® e s

exXp®ri ngeunit ad eggger eovwt re perception explicit:
i mplicitement ( CtoruadVv ev&d bt @s 2a0clt8i)o n s

Cesmod | e®selttats concernent | amegies s e pstei on
rapportent 7 l a question initialeeamenst smnwue

m®cani smes rmwelrtcieplte H ndedl ulguempowncti onnent el

1. 3 TOGche doattenhtmatgmporsesl e | a
temporell e

Contrairement aux t©ches do®valuation de du
| dur®reo uyl ®e sd & atcttheemsp @ r e ® ¢ & spdedee rt tyj pueg edme n t .
Comme noupr ®o@de®mme n t etstecit@isdrpni ®Lei me sne nt
dooccurrenceeddumpr ®d®n e rad i o NMuarte® ppadrgama retu x
Lapr ®di ction peut °tre bas®e seusrtaitlimeossn edvG®n e m
probabilit® de sWevtearue sdd mad ®wia epnesued mb°lter e

des ®v®nements pasas®ser (lasdosturbences)r ®c e
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juste aRamtexempl e si une | pawiner d urnou ge evsetr
| 6 atdtee neteel Ifsee nEtme .r evianlch e, umi re vertsenest un

apparition ne sera padPen@&é¢entsaail uanmne mte aretrit

toujours moinsapr delux Isemionde rouge, | 6at
d®Il(&Lorrea Wt al ., 2006

ExXp®ri mental eddehetseht a etpompartelsiue | e princi
premier signal est pr ®sent® aux participan
ci blees. participants doivent r®agir | e plus r

g®n®r al ement en aprp&pyoannste . s uLre utne mpeu tdoen r ® 8
d'"indicateur comportement al pour mesurer |
b®n®f i ce du padusmareqsdaeeust e@mpaci t ®s de pr ®di ¢
se mani feste sur | es TRs sduer viipggenmmtanunr é®bai v
plus | e niveau de pr ®p grl aetsi dInR edaepsi( dpeasr It i ,c i p a
2009; Han & Proctor, 2022; Johnson et al .,
Rosent hdldunk9 @l&)s explicati onpst ep adses il bal gps oebsat
dooccurrencéandesema &i Bhadl en,. 2BN0 5e;f fNeotb,r ed ae
cadre de | a O6hazard functionbo, I y aur ai

conditionnelle qu'un ®v®nement se produi se
mod | e explicatif rend compteudesnmanidpsl!l af
Un mod | e alternatif a ®t ® d®vel opp® pour
au d®Il ai l ong qu' au d®I ai court. Sel on | e

pr ®paration temporelle (fRMTPRPRr ¢etst ¢erpr@pamn

| ai ss®es par |l es essais pr®c®dent s. Ces tr
pr®paration du syst me moteur, fac(ilLloistant ¢
et al ., 2014, 20€t7;efSfadtetr eend a®gagl M@&r2t) ¢ 0 my

en essai

Emeffedlasnss t ©ches doat tent®d ati emdPp@amp@lalre t i on
essai éetlédod®taie,deilndeé useamicepl @c®pemtf, or mance
un ph®noméeiridé ed pp lA®QLe &t iHelsd enf el d, 2005; St
Van der Lubbe et al.. ,Ce2s0 Oelf; f eWoso,d r maevh u slt9el 4 )
reposent surdéaxpe®dacsi oong@&Kwtnigf etsadont 2
Val l esi egtoalsur 20édd)effets nERMotrd red st dammp
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des probabilit®s daptdésconreesesae¢ | aed®Rhani l
sui vant est pr®dgt 8Siomme f@®baa teamemtty ahta es b
sur vplemg t 1t guengu®vuuncef et deetsrur pri se
ralseaemdst MRl us pr ®ci s®ment, un TR plus | ent
pr®c®d® doéun d®l @iourongcoOomPpau@®&nce dleoanxg d®I ai
(s®quenceu ou.reaf f ets s®quent icelrs |sbamtf | duietns «

d®Il ai pr ®c ®dent sur | e TR nbéest pr®sente (
(Capi zzi et al ., 2015; Kar lLorhs 1d&9n de0s3i
d®l ai | ong, m° me S i l e d®I ai pr ®c ®dent ®t a
apparition de |l a cible au d®I M meosrtl aceilhl
ne supad eaat d&dra®p acroautritoon lest mai ntenue | us:¢
ai nsi un TR optiinmadr viioernstque | a ci bl e

Les explications pour | es effets s®quenti e

modqlue tient compte des pr.oblaabipriitn®si pdadloec cdul

est gue | 6i mplication de | a m®moire dans |
m®c ani smes de pr®diction. Uhel didesisesbjactsi
cette th se. Nous ne mani pgckodespasbles, pt ¢
100%, et nous utilisons les infXxploces WdeEs

guesti esMm®P.Cc a hse aApEAUIce nt sp anse |fboonbt] et de notre
devons cependant reconnaitgei ubheentnf coepte
probabilit®s doésucunoeneetdavabl cibeequi n c

fregueemeaténpdr @ddei ct i ondé temporelle.

Les efbfsetrsv ®sl epse ntdGacnhtes dbéattenpeuvemtpofel ke
®gal ement obseaiv®@s esor ®uU e c t(rEcEeG) a&psh aglucegreanpgt
mesur ® dans | es paradi glne sv adrbiaattieonnt ec o netmpno
(CNYLos & Heslenfeld, 2005; Ment o, 2017, \Y
200Q0)

1.4Un i ndicateur EEG de | a pr ®di

La CNV®t ® d®crite pour | a( 1p9réednmmer eu nf opi ost epnatr
®voqu® par un gprie npipairs dsotiencudirdrsepreqecii bpeut
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°tre pr ®di t.e Hlalnes d ei nietmpasl emennhd®t ®t e mit e d ¢

pr ®paration temporelle, I mpl i Qaratndi e sa ptreu
ont utilis® des indices attentioh@Qeaulsl q&i [
Nobr e, 2008; Mémotnate2 0qlu7e) | " ampl i tude de | a
| orsque | es participants savent quand | a ci

dite m®udetete Iinformatiieni hbest &p&dlesbdespa@n
2017; Ment o &Cevtatld ema d u l2adtlieogn de | a CNV a @

mar queur de pr@®paaattiiwe, nrodfrli @tean't une ant

r®ponse ° fournir.
LELZNV ne refl te pas uniqueamenéntomen manpd @ & uu
est i nfl uenc®e par dbéautres protcemparelclogn

consiPbh®r @& xampl ¢ esdt ©ches 1 esp praedidiievsemetxplsi
®valuer consciemm&kmntnolhe wi e mp &, ®Eeemmbea®r, a n2t0 1 6
deux dur ®e&en®c eplrudndes iduarn@e m®mori s®ka Cette

dursRee tradui't par une vari(i&tiioovemandel |l Dampl iat
Macar et al ., l198B6noRPbwuUuty (&0GgaAah. RrRPOB® qgu
l a CNV refl te des processus d®ci iesnnel s
r ®s ubs t gayp 6 gue <ce potenti el ®voqu® int gre
consciente du temps, mai s aussi des proce

| 6attlemtm®mqgi re de | 0i rettear walilsee (tdeempdo@rae I t aop
al ., 2014, Brunia, 1993; Ng .et al., 2011; V

La CNV reste un indicateur EEG privil ®gi ®
temporell e, car -jlace nm®c dnissanegens osues peuven
processus moteur ( 20 audtRicliissi® nuned st.©OcMeentd b at
dans |l aquell e aucune ri®eponcwreMbhceickel ead ®Dan
t ©clhee , ®®laait constamaiddexagdiaidn emdgaei | es bl
Une CNV a ®t ® o bdsue rdv@lea it opurt® ca®d alna,n ga&d@@®acc ur r
une amplitude croissante au fil des essais
structure temporelle du bloc exp®ri ment al

m° me en | aobnsseen cneo tarel cre®pu de prise de d®ci
refl te une forme de pr ®spircotcigoens wtecmpsoircen | eet

r ®p ons e
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Léamplitude de I a CNV est ®gal elmkeondc wsrernesn bd
de | aauwc®lbdie court, |l a CNV est plus n®gati Vve
®gal emainrtt plut®t que | ong. Comme pour | es ¢
ces effets sur | a CNV sont asym®triques, C i
pas affect®e par | e Lo®l a8 Hlees |letnd sed adi, RrOWGEE
Mento et al., 2013;. Van der Lubbe et al ., 2
LaCNV est donc bien pertinente pour l es t©

rel alteisvegrocess/os metreepsi heeset pas toujour s
guestion est I mpoommat eopourd ebar @pP¥nses ¢
Cert @t nd®croin@e® r ®al i s ®edsa nasv el ce sdgeuse |tlCecsh eisl &
gulees capacit®s de pr®diction tenpbarerlda i n
et ala ,CeoOlB et al ., 2000; Lange W®RamR@iderquée
doauwtnrtessq g g ®Ir Peag nd p1 iamips ® p(aHaastbi roonu cngo terti cael

Korolczuk et al ., 2020; ThomaschkDeanest laa . ,
suite, nous d®veloppons |l es mod | es. qui ®cl
1. 5Les mod |l es du contr!l e moteur
Les mod |l es du contr®l e moteur &dirsitairgdgiu e nt
i nteragi ssent pour ajuster | a (EFlaandgamat &o
Wi ng, 1997; Mc Namee & Wol pert, 2019; Wol per
200Db¢ mod | e inverse calcule |l a commande mq

final etoudh@ti@r®miaceée i ons requi ses pour passer

Une colpaemmaende motri ce, appel ®e copi e doef
forw@elbcui pr®di't | 6 ®t at futur du corps et
mouvement (proprioceptifs, vi ess1 ep s @duit atcit o n <

mod floe wvvaornd ensuite confron®®lelpeecamernutsr etua tlarng

| 6ex®dwt mouovleaneditf f ®r ence entre | epewtr ®di ct
g®nreune ede epmr ®dAiqgeutii onondui t ” un aj ust emen
commande motrice produite par l e mod | e i
n®cessaires poudeg@n @&dee cstocneth tpea se rpreeru-rus i ns
rai son deag eca®kesy st me, tels que | a conduct
sensoriels vers | Pasyoppmsi n @éaosn edu®l naciese t er xatiuev
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au sy sltesnmes el sr ®f r ent aux contraintes t €
|l " environnement . Ces contraintes externes |
mouvement en umrt empesmppre®cilso.rsque | ' on dal
mouvements au rythme de | a musique il lustr
i nfl uence notre contr®l e moteur.

Cela soul ve |l a question( Hed® eRDictssepronsense s g u

S

P

ynchroniser | es retouetes$ @&Rd cariase | esxytpdrr @roast

our assurer une ex®cution motrice optimale

5L&E miRrhedd ct or

Poeompenser | e,s ddetliltahi sPaierngtt e®rt(uerisoaplols ®& t al . ,
Mi all & Wo.l pCeertmodl 99%5)utilise deux boucl es o

d
d
e

-~

QO

o Y G C

i

a
a
c
d

e mdaoarilyvapd ®c ®demment d®crit, et | @e second
ernier ajuste | dorpga®dli €es i oeatsamddamtod p@ur
®l ai s i nternes dea Isay ssty meehr centi spabt& sicsng it te€eonmpso
tetours sensoriels per-us. Les pr®dictions
®@glr®ue TCcompar at eur dgeuip rc@fliiccutleen nlr Ged rorue uisr s €
rrivent plusneaedr gue |pauoRnvpuecdnstejry B tse me nt

orreat ipfegrmeedtet ecnotr ri ger | e d®cal age

our vl ®rei xfiisetre nntc®Rec adhd smMmetf elde s chercheurs on

nt earrmtasfi ci el s entre un mouvement et Ses I ¢

n d®cal age tempor el dans | es retMiualsl v& s u e
ackson, 2006; .Baemaqguetceab. d®RAapRrd)artifici
ux d®l ais intrins ques r®els du syst me, i
X®cut ® et l' e reemuysr islesisoomtel colksni ¢c®r ®Bs ¢ «

nt erne palresl er &syusltt anies. de ces exp®riences

justent progressivement l eur s r®ponses m ¢
rtificiels, sans avoir recours eqiy sti®meat i g
omme |l e pr®dit | e mod | e du Smith Predicto
e d®t erminer avec pr®cision ° quel ni veau

10
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forward) ces d®l ais internes artificiels so

de | a commande motri ce.

Un ®I| ®ment de r®ponse est fouxtn2iDmars Il esrt
exp®rience, il's ont d®montr® que | ' adaptat.i
di ff®rents effecteurs muscul aires, all an

r®sultats sont surprenants,' adaptsatiioon!| @uxmo

i nternes devrait °tre sp®cifique ~ <chaque
axonale varient en fonction de | a |l ongueur
comme <c' est l e cas entr et iums abgrea setetl 'uandea pjta
d®l ai s internes artificiels peuvent s'"appl
sugg re que |l a prise en compte des d®l ai s i
commande motrice, ma®e Ppolurermsdamblte ed g ®n®n ta

La questi onondkcemeawmmd e$ ad@leasit s cexgos®ss par

|l " environnement, qui ne peuvent pas toujour
un joueur de tennis doit frapper | a balle

variations constantes de s a xvtiet,esisle deetv ideen ts
de pr®voir pr®ci s®ment quand stopper | e mou
propre temporalit®. La mani r e odcdamt! |cee smoctoen
reste encore floue. Les mod |l es inverse et

i nverse pourrait int®grer ces contraintes t
tandis que | e mod | e forwalrldesajeustteempd 1l ®@¢
adapter | e mouvement aux i mpr® us de | 6envi
Cette question rev©t un i nt®r°t fondament a
mi eux caract®riser | es sympt!mes mo-teurs o

atypi quecsel lceona@é&t.eihetse sdyempt ' mes ne sembl ent

des alt®rations dopameneo@inqalead iugwe sd edst
syst memanos epugyrradoen®sgpditetrt e ogirfafmmeer| t ®s
actions motric@Giserdants .£€tesadalempsesd0 &6) sont d®:

suidtaems cette introducti on

11
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1. 6Une popnueluartoy p:n qlueexempl e de | a
schizophr ®ni e

1. 6GRARN®ral it ®s

La SZ touche environ XY%ode eltag apgmap wi28tdihg N1 mmpc
d®passe ce chiffre. La prise en charge des
prol ong®s et un soutiéniacapacde® fa@Rqluleas e
atteintes ° mai ntenir une activit® profes
contribue © |l eur isolement, ce qui entra’ ne
|l eur participat(i@mnararcitervee€Ce = la® I, SRaBAHDMAEII® s o u |

|l es cons®quences socid@tlal Wsen sld evildau sS Z osn' c@trenn

L&S5Z2st une pathologie neurod®vel oppemental e
et encore MBalkncogmeridessfacteurs de risque g
ai ent ®t ® identifi ®s, l eur pr ®sence ne p
d®vel oppement de |l a mal adie ni(Adbéen 2Pl
Birnbaum & Weinberger, L@280diragiamada de &ah. S
|l *"i dentification de plusieurs sympt!l!mes pr @

d®t ect ®s ~ partir desli emmdderatbss e lej edcet i bfiso
sp®ci fiques. Ces sympt?!®mes sont vari ®s €
cat ® Amiegd can Psychiatric Association, 201:¢

p Symptimescpossympromeéeensodau fonctionneme
I * i ncitwiedtw,hal | uci nations et d®Iires.

p Sympt! mesca®gay mpmemeRsslrucf oncti onnement
et sonowent associ ®s ° une di minution de
| "' expression ®motionnel l e.

p Sympt!mes de d@sosgapit daeisosirgld®sengadctes
comportements d®sorgani s ®s, ,dnuo tdainsnceonutr sd,e

et du comportement moteur.
Dans | es sympt!mes positifs, on retrouve

mani festent dpamf d &eihrdd®l virceiss aht el ht smmpdes Sk

gue | eurs pens®es ou actions sont influenc

12



CHAPITRE 1. INTRODUCTION GENERALE

Certains auteurs ont sugg®r ® q-ttende pgpeud
d®f i cit des mod Il es i(fretmes 2d0W4coGti eYlIse h
Haggard et al ., 2003)

1. 6LA@hypot hl ts@rdadteilobnd d ®c harge corol |l ai

Comme d®crit &anlsed ammsdkecltdasoni nit.empés gdantcor
unecopi e doOcetfeldGirnaerec ec,opi e i nterne des commanc
aux muscles, pour pr®di rmoubeemenns ®Geenpe®d
sont compar ®es aux retours sensoriels r®e
mouvement est ajust®. Quand |l es signaux sen

(erreur sensoriiellsl ecrofmafiebrgneee ou b awt il @n , a ®t ®

sujet qui r®al i 6200dasti ba. cB8etespéEndahnce ¢
pr®di te et r®el |l e qui per.mkent odecdet £ e sSnNé mtei r
correspondance aurait des implicatiiolns pour
nNde@ats n®cessaireledse stigoganiatuexor dags pohdgat aux

just pmectteguasi gnaux (S®mer gi®lj I". Ceti @dhli .th,s t2 0o0n3 )
du etvansori el e di®cphar giedea oparl elaa ce®rat e x sen
d®charge iandoolmeailress syst nmes nattairesfuddoies] s d e
Hol st & Mittéebata®duat il®@DOst r etadgdun ceskhnso

i mportante dans | g @GRy Rksesxlempaei noss apaol
| d®charge corollaire infor(melilae&dexr& eWammg,di
M¢l-Peeruss & PGro@ge 198d)signal, |l a f ®ponse

g®n ®rs®s atCte®n e®att ®nuati on emp°che une r ®ac

voek permet de mieux se concentrer sur | es

13
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Modele Commande
Etat initial+> . » Effecteur p Etat final
y ¥ mnverse
. . Copie
Corr_ectlonbasee'_sur d’efférence
les signaux sensoriels
Prédictions "\ v
0= sensorielles Modele Senseur |
- forward
Difference Décharge e
sensorielle corollaire Reafferences
b4
Fi gurRepr ®sentation sch®matique des mod | e

pr®dictif.( Ane paerselnd egrlies point de contr?t] e
ajuste sa commande motrice en fonction de
sensoriell ecGBc)olnes tcietrucel d egrsiysst me (sCessori el
|l e contr®leur qui g®nadeetiP&edeetei nsensatiel

Dans l a SZ, une alt®ration de | a d®char ge
i nad®quate degpg®mBE@mMBad.i o@sciaug®@urrait compr c
actions commme t®tRenst eatutpoour r ai t co(MmRrmiitbluer
2004; Shergill et afPar 0O&mpl &Nanlgoes aé .| a2
composante EEG observ®e environ 100 ms apr
r®duite chez |l es individus neurotypiques,
doatt ®nuer-g®Pe®r ®® nsiClaiedwd east tienidnt s de SZ, |

|l "' onde N1 est beaucoup moins marqu®e, sugg®at
corol BaRwida -&8i erra et al ., 2024,; Ford et al
En outre, cette alt®ration de | a r®duction
exp®riences anorimadiewi dwes s¢EB ¢Rewhdatlzss il deesr 8 Z

et al.,Ce924Psul tats sugg rent que | "alt®r
contribuer aux troubles de | '"agentivit® obs
1 reste 7 de@tfdrimismier®rgd imecetltes sclgeaukesen:
i ndi vi dus eetstteidwuwes deunSeZ al t ®r ation de | a
dysfoncti caromedménte danot eur en amont de | a ge
| ors de | a planification motrice.

14
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1. 6LB8hypoth se dbéune planification mc

Del edMoyeel(20Ca6)lalexplor® | es capacit®s att

pl anification et - | 6ex®cuti on motrice ch
neurotypiques en utilislaemgs mpar piaciapamgme eff
actions de pr®hension et de d®pl acement dbo
Dans | a doubl e t ©che, |l es participants dev:
aussi r®agir ~ un signal sonore en appuyant
TRs en c®pengeal ont ®t® mesur ®s ~ trois mo
du mouvement, per mettant d' ®valuer |l e TR | c
|l a mani pul ation de | ' objet, ce qui mesur aif
pedant | " ex®cution des mouvement s, et ( 3)

| "' obj et, pospenRdvaan tuelra |pehsa skEeR dceo nrd®itniiotni adlei sc
t©che, | e TR des individus atteinltesr sdedeSZ
l a planification motrice. En revanche, ch
davantage |l orsque | a double t©che intervena
de | " ex®cution. Cebbtr®snkuabsypuguaueseht gula

-~

equiert dethoadict egunpPpdmtsepasnepmomal eset pe

| 6at tdamtsidere tcadi vi dubBbauteests®sgel S8dts sugg
une anomalie de | 6all od®cihers ddaentst ek nSEht i o
parti ael iseern,sibbi |l it® anor mal e ° des distrac
motrices chez |[(eCsarimednitv iédeussa ltarvoeuch 0SEA) att ent |
connus SZanet | pourraient i mpacter |l e contr?
exclusive) est gue | es alt®rations de | a

compensation attenti onn(eDelleeTvuooyres| Heet 6ak ®c u

Une alt®ration sp®ci fi gaueendeeofbfgeetp vRBBIgRr a mmat i
i ndividus atteints de SZ |l ors de | ' ex®cut.
pl anificationTprmelj2@0id@Deld empayre® des i ndi vi
Sz -~ des neurotypi pwuenntddgaloi ghesuOchaedesu
mouvement ®tait d®compos® en s®quences de ¢
®l ®ments (pointer et |l ever | e doigt), une
pointer, et |l ever | & rdkcoi®t®mendts Umda tE®@ que re

doi gt , puis stabi-dessus | delmadtns mip $3a0d ec)nt oanut a

15
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doi gt avec |l a surface ®tait utili P®8naremme i
anticipation de ce contact devrait tpeer mett
du etour sensori el pourEnefdfefcettu,ersil el 'roent r ati
sensori el cela prend au moins 90 ms pour

cerveau et gqu'une commande(thobhanssosaoet maéen
Toutefois, |l es individus atteints de SZ ont
prol ong® pamreurraoptpyopratqe@ssxine augmentation du
proportionnelle ™ |l a complexit® degqus®quenc
l es i ndividastendeinnt $ edee$SdDur senesoquiel a\
i ndi gqmer ait ®r ati ondade®Pfaeptanmdi ciatc e on

' 1 ®t aiqgtuepd esitlelmp s deti cdo¥h t"a cutn ep raollto®rga® iso n
retours, sensoriueml g alent.i sGempmemda mto,n islp ®z i ®:
gue | es individusagatippieabhjsetdeglSZaspe@ivieae e a
vigqee | es indiviides eTaueryreeoltly peatq@QelsaguddOddgle
Il "informatéeésnh seinkios®elde | a m°me mani re c
et attepours aeéapmtZer | eur mouvement. Le d®&fi
mouvements clempli eaxde y edmsasmhdlee Brd@anel tadnt ®r at i
des m®cani smes de .plPdminfiifd atri aumMmedues @ qoeaachtsieo n
pour r®aliser un mouvement fl uide bheRcessite
s®gquences motdroii cse setxp® cayntied ¢ Perst et de mani r
sansnd®peexcessivement du retour sensori el
de SZ, | "all ongement -d@®me ndt®sl ai ®v elnet r d e sl et
fragment ®s, s @®s$ nefofeehhattE e d®f aut de pl anif

temporell e

1.6Lé&. temps dans | a schizophr ®ni e

Dans | es t©ches d' attente temporelle, certa
de SZ et |l es neurotypiques obti ennaepnitdedes
| or squesuravapeinbtk e Lbop@®l amapporcto UICtiwn | O®leai al
2018; Marti.n Ceets al®s,ul2@@lt B)®NW®Wd g creenmtu @ues s ag
est pr®serv® chez | es personnes( 20tbthgi nt es

monggu® cette pr ®ser vdaatnison ahéeSeZsi ngasi dasf pr &

16
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troubles du sens de soil el® montt oearct | Ppaas ddie

qgui indique qu'ils ne b®n®ficient pas du pa

Des r®sultats r @dee®mMt®S i cret duu ges®@rs@ ¢opused U atr g
al tc@re®s I|i ndi vidus attein{(sode s$2r &u.Jmiove @t

Loapproche a consist® ° isoler | e b®n®fi ce
Nous avopunes Iva d®I ai de | ' essai pr ®c ®dent |
i nd®pendamment du b®n@Valclee diu & aSteaslgldiRdbdeal, t 2
au d®l ai court sont ralentis | orcsoquuret )l,e pda®l
rapport ©~ des essais 0% |l e d®| ai cpu®dc®dent
Dans une distribution 0% 50%Wntdesnes®hias oo
moiti® des essais avec un d®l ai court est p
TRs au d®l ai court seront rladse ndfifsetesn sr@&Qg use

ne sont pas pertur bt®&s deéelreSeZr seeri BdJdoeBuet at

peuvent annuler | 6alt®ration de | 6effet du

Pouwsoll erffet du passéhegs |TRssttenmpBcessaire de
des effetstas@®®Pubodeelps opls®s (RORaAHmcse rsdteer

anal yser uniquement | es essais pr® ®d®s d' u
sp®ci fiquement | es -co@q u e hetargl. odndem s saapipsl | @ aw@an
m®t hode, |l es auteurs ont d®montit® H@®e®thee
passage duled emRs s8sUPtai't pas pr ®ser va~o. Cc
neurotypiqgues, l es individus atteints de SZ
ci bl e survient apr s un d®l aCe sl om@ys ut ® mp ¢
comportementaux sugg rent que | es capacit®s
| a .GeZs r @owmltt actosh ®r ent s avec | es donn®es EEC
| " amplitude de |l a CNV chez I es individus

neurotfypogdest al ., 2010, Osborne et al ., 2

Cectteesh $@a continuation de ceds®uvelaovpppuexr eun

protocole permettant de sensibiliser | a mes
temporelle en | ien avec |(e2 (Vi ednet sdo®j.” Eant
dans | e cadre d'un protoamicor d®¢ mtOiceh el es a

alt®rations du b®n®fice du PRPaasa®e cdu nti ey

17
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Pourendre notre t©che plus s,enmadwd eavaarnxs tah
d'" utiliser deshasdtatnautl@®splaeatcitad uleis r e me n't perf

| ' ®t s sdoule et plus sp®ci fi gued&nK e rdrui seoti

al ., 2014; Thakkar et al ., 2011)

Nous avons ®gal ement propos® d'inclure une
cible. Cette ®@goarpesmearstt i desartnotre mesur e
de soi corporel. Le |lien entre | e soi corpo
contribuent ©° notre perception d'°tre | es
cor poeaelll aghers,ou@mh@) al(F®i1i ®hdar9d90Kha DeLer scl
pl us, | e moudesnentet gwms rhsaemtsi,bqguecalg s olants 16
i nf or mat i @meo ptra otcielpegd veets associ ®es ~ nos ac
est essentielle ™ 1l a const r(ukcoerosnt edrd uent saeln.s

1. 70bjectifs de | a th se

Cette th se s'est concentr ®e sur | e d®velo
doattente temporlel Idei.me@isinpodne! ¢ gingguaelede ce t
essentiel de r®sumer bri vement en quoi con

|l es objectifs des ®tudes men®es.

Nous avonproodtateente tempordedvaei eon4 | eefsf epcat
un mouvement continu pendant | a p®riode doa
domi nante ®tait peos &ts url sundee vsauirefnatc ed @bluat e r
sucretstue face d s qubéune vi br atsiiogtha@t®epcatritl)e ®t

La consigne qui | eur ®tait donn®e ®tait de
vi bration tactile soit ressentie s@ipgnal un
ci bl e) .l eL ogésigjideda i t ressenti, l es participa
rapi dement possible | eur mouvement. Les mou
bo"te ferm®e pour ®viter que | es participan
Il ni ti amloaamemtvons utilis® une t ©che au cours

de directi oNouUschaone mesiae®tlae emempougquarr

mouvement, ce quli constituait leur TR, un i

18
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utilis® dans |l a |itt®r atNwrues deso nts©ovhR®ers f d '®a
cohorte de volontaires sains, si nNous pouvVvi
pr®diction temporelle, typi guement rapport
temporell e, en ce qui pronhdwlse.alvonsTRonNnda s
b®&n®f i ce du passage du temps |l es partici

plus rapidement Storsgqpei teusi d®hai ci bhg pl |
d®l ai Cepantdant , ” notre grande surprise,

s®quenti elPosuur rlagpgpethBmenti e lve et ghalr s de
pr ®c ®dent devrait i nfl uencelrdesas apr ®du icvta notn
exemple, apr s un essai |®% molarermetnta sau viain
tre pr®par® pourEnur azaW OB AELt dd®dam & il to hQtarr e
moins efficaceonPoobsanv® goaes au d®I ai co

®tait similaire, que | e d®l ai pr®c®dent ai't

Nous avons formul ® | "' hypdoehf sts &slkqRiee haaug @ ke ¢
changement de direction entre ilmpsd ugueai s.

changement de commande motrice doun essali

| "avant ou vers | "arri re sollicite |l es mus:s
| *avons discut® dans | a sectionstl. &ebur fei
®t abl it l es cdmMoapees ®otGhiachesamani , 2000;
1998)Si |l a pr®diction temporelle s'int gre
commande motrice sp®cifique. Dans ce cas,
signalf oond®ee sur son occurrence ~ | '"essai p

un mouvemenltompaque clud iccammande motrice chan

de transf ®rer cette pr®diction ~ | "'"essai su
Pour wvalider notre raisonnement, nous avon
r ®p ®t ® dans | a m°me direction ° chaque ess:
sur |l es TRs dans <cette t©che, cela indigqu
probabllameatse de | " absence d' ef deadisnssi®quen
gue rel®sxul tats omit ®linenmi@ agureesst i on de | 6i nt ®gr ¢
motrice dans | e programme moteur.
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De

o
(¢

O ©c O < O

BBOQ

re

Lo
d a
p o

Uux t Ocheésl.ost®Pe®Bt ®
p La©cthe unidirectionnelle : apr s | "arr-=°t

syst ®mati quement “etl eduerv apioksgittpiaocont bdaed nde®spi a

de d@part d®buter | eur nouveau mouvement.
partidophheéstuer | es mouvements dans | a
p La©che multidirectionnelle : apr s | "arr

attenldaigmachai n psougrn ad f fadeea tvdeRspnavretme n t
dans une directpo®c @®aéht@rxemipe e, s'"ils s
vers | a droite | ors de | '"essai pr ®c ®d e n

une des trois :dilraecgtaiuocnhse ,s ulibvaavnatnets ou | 6

plus des TRs, nous avons recueilli des
aj eNduws reypamg ide@ule®ewi moment 0% | a vitesse
mmence ° ralentir, ce g(uWWoordevfolr ttheUnll&8 9P}
uvement nodoest jamais programm® pour durer
rtie int®grant €e¢ e nphaosg rhaobmet ©aohteesur .1 " ar r
r | " okc&wr reeinglrea,l dont | e moment peut °tre
vrait influencer | a pce rnn®entatt a hegesresinmeg m t maol @ v e
a ptoiuan pgy®p aar&m®° tef fet, | e plus souvent | e
ec une surface, et il faueC®&vrteguenexpbl
i mportantai teR dudarualoemat i ssement dea | dacti
estion centrale de nos nouvelles t©ches
mment | a pr®diction temporel leet ilndFalrure®ntc el |
me un aspect qui ndbest pas cl airement ®t a

teur .

us avonlseesekamsn®®quentiels su(ri nddaiscadtnaurcs
nN®mget qi'esx®EE tli 'oamrr °t recueilli s dBhB no:
verifier | 6absencet @6Blfteitsi re@c U eondrded Il

staur at Daumedamnrseclta onnel | e
obj el iufdRddaei t de comprendre comment | a pr

ns | e contuhlepmpuéat i,oheweenutr odeg pli qapp!l i

pulsaéuvaotmyques
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CHAPITRE 1. INTRODUCTION GENERALE

Nos r®sultats ont r ev®l ® une doubl e pr®dict

D'"une part, nous avons oOobserv® une pr®di ct
mi se en ®vidence par | es effets s®quenti e
s®l ectdaesmehta t ©che wunidirectionnell e. D' a

i nd®pendante du mouvement sp®ci fique a ®t
"EEG dans I|(As radbaiex te@ohaesd o & x2p0G

soueniN®2ur o) mage

Observ®s " [

La caract®risation Ildi @@e” pFr &d c oshohuel n dveee nupebsr |

guestions sur son d®vel oppement au cours de

temporell e, |l es adultes montrent des TRs pl
l es jeunes individus, sugg®pant sdepemPeahni s
avec (IAdagne & Lambos, 1986; Eckert. &BEenohorn
gue | es jeunes et | es adultes b®n®ficient d

pr ®parer | eur r ®pon(s@r-V¥d ltuent s& iCowlla s f @2r0&d6i)d o
ces m®canismes de pr®di pr i ®pAar aempor enot e i s e
di ff®rer et °tre p(lMesnted f& cTaaca e ncthienzo,l €2s0 1asd;u
200Q7)

L6obj ecdtifziedai de comprendre comment |l es
temporelle associ ®s ~ une action motrice @
Nous avons compar® | es performances de par:t

etobserv® des ef flecismdis®guent sdelss n®mg teicq we g

i nd®meneddée | ' ©g e, sugg®r ant gue | a pr®dict
pr ®sentkEen " r@&vamscshe, des effets s®quentiels
deux tO©ches exp®ri mental es, cosn®@qguada nrteinmeelnst s’

|l e TR pour rdaeise ngr orceefslstutserde pr ®pariael lo@a mo
(pr®dictionpdeDangnhhbh tO©che multidirection
changepr ®di ct idoun stiegmmpéokersetlildebaec pas associ ®e
sp®ci fLiagupr ®sence doeffets s®quentiels S u
mul tidirectionnelle montre donc ulel anfl ue

sugg re que | '"int®gration sensorimotrice n
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adul t e, ce qui pourrait explainguecre |t'yapne®|d eo |
avec | ' ©ge (Aemopr®patatlon 2024,

Dans | e»e td®teudceest t e t h se, nous avons explor
temporell e en -poppl guesnsaf haurae mi e u X

dysfonctionnements en condition pathol ogi qu

LO®t3ad@ait pour objectif doéexaminer si la pr
motrice, pr®sente chez | es adokef$aaenssenede
adol escents ~ HR deParonaielrlse wms psgilclhet agqake
veri fier si |l a maturation des processus dbo

popul ations exp®ri mental es.

Chez | es i ndeesvdse®gsu e'n dibfdrls | a t ©che mul tidir
pl us s®smargu®apport aux ame ursoautry pliegsu eBR que s
cin®mat iPpwes rappel, des effets s®quentiels
I nt ®gration sensorimotrice iIimpr®cise. Cette
d'"int®gration sensorimotrice chez Il es indi\
pars neurotypiques. De plus, des effets s®qq
Entre | e d®I ai court et avantl al 6porc®puarrraetnicoen
| 6adeVitait ‘et renoPpemdam®@ment du .d®Naus de |
SuUgg®r omy ®gueti on sensori elelsgtl chedi 4 xcii@da
programme moteur par rapport aux neurotypic

prononc®e des pr ochersrsouuse ts eents parl ®pa r2edt2r4s n

LO®tduwdiesait ~ examiner | es processus de pr
motrice chez des dea dmaoihd usei gtuteei nts de SZ

Les r®sultats pr®l iminaires néont pas per mi
trajectoire ni l es effets s®quentiels. Cepe
r®ponses EEG ont montr ® que | esp aisnsdaigvei dduus
temps de mani re sithahai mnesatOcitesr esnt®p il ¢ @
sugg rent que | a r®alisation ddébun mouvement

r®t ablir | e b®ne®mpsc ec deuz pcaeststaeg ep odpuul at i on.
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2 . MAERI BETMETHODES

2. 1Rarticipants

Les caract®ristiques d®mographiques des par

l e tabl eau 1. Dans | ' ®tude 4, Ssi x particip
sel smexlege | ' ©ge, et | e niveau d' ® udes avec
Etu( Popul a|lNomb|Sex Lat ®r Age Ann®
H/ ldroite do®t
1 Neurotyl 25 |6/ 1 23/ 2] 22N3. {15NKN1.
2 Neur oty 10 | 3/ 9/ 1 10.5. {5. 4 1
97112 ar
Neuroty| 13 | 6/ 12/1|14. 8 9.5 |
1317 a
Neuroty| 12 | 3/ 11/1|21.9 16.0
1824 a
3 Il ndi vi d 9 3/ 8/ 1 11. 2 5.8 |
97112 ar
l ndi vi d 15 8/ 13/ 2| 14. 4 8.5 |
1317 a
4 Neurotyl 8 71 8/ 0 |41N21712KN83
I ndi vi 7 6/ 7/0 |[44N81(10N32
atteint

Tabl e@ar dct ®ri stiques d®mographi dWw©gy edes pa
l es ann®es do6®tudes sodrypedoMbh@PH®RV e MMEY & rFn e
f emmldr; hraiustque g®n®t i que de :c osncvhe rzsoipohr ®mnsi yec.

Tous | es participants (et | eur repr®sentant
consentement ®crit |l i bre et ®cl air®. Chaqu
comit® ®thique | ocal, conform®ment ~ | a D®c
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CHAPITRE2. MATERIELSET METHODES

2. 2Equi pement

Chaque ®tude sbébest d®roul ®e dans wune pi ce

De u x mot euarcst i Mielsr oP-DPecves BEnd®Iicvoai ent | es

®t ai ent f i-bxrRess sduormil marnvtandes participants : |

stimulus (signal de d®part), |l efallautre®agi

mot eurs ®taient connect ®s “Prumebd .t0i.erL'dent

des vibrations ®tait fix®e ~ 3.0 V, soit wur

|l es participants portaiuemthodes ohowamhems qadi'eo
e

ntendre | e bruit des vibrations.

Les t©ches ®taient contr!| ®e-Br pme 8nOor di na

2. 2T®ches motrices

Les participants ®Aaimaent | asd®Pbutade promnecl
pouvaient v®rifier que. |l 6ist@evaurentdeehaub
main dominante ~ | 0int®rieur de | a bo’te,

®t ait recouverte d'un ®pais tissu noir pour

| " entr®e de [ umi re.

Les mouvements | in®aires de | "index des pa
LED rouge fix®e ~ | "ongle de | '"index, et fi
positionn®e ©~ une hauteur suffisaohaempode c
vision |in®aire, avec une r®solution de 120
2. 2T®che contrtl] e

Dans cette t©O©che, |l es participants ®taient

Pri me 3.0.
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CHAPITRE2. MATERIELSET METHODES

2. 3Rroc®dur e

Avant chaque t ©che, |l es participants r®al i
nombre variait selon |l es ®tudes consi d®r ®e
| 6exp®ri mentatrice de v®rifier queilseess con:
par | es participants.

Pour maintenir | "impr®visibilit® deussda®but d
variable (I'Tl) ®tait utilis®. Le nombre tot
®t ude.

2. 3T®ches motrices

Dans | es t©ches doéint®r-°t, dites Ot ©ches m
devaient effectuer un mouvement | in®aire av
débune surface. Cette surface a®teaitt ds®Rbtuu @e -
mouvement ~ | a suite dbébune vibration tactil
de d®part) et arr°ter ce mouvement | e plus
tactile de 100 ms appliqumel awi kplod gowertv g msa il
d®l ai de 1000 ms (court) ou de 1700 ms (Il on
Les deux t©ches motrices diff®raeéhtecpu®nci
(Figure 2). Dans |l a t©che dite "multidirect
devaient changer | a direction de | eur mouve
sO0ils devaient explorer unsl| ®&bwgarenthee6Fr gl
axes X BltsYdevaient °tre effectu®s au cont a
droite, ° gauche, vers | 6avant ou vers | 6ar
né®t ai ent pas permnsdsr e®ainennal [te©c haea g t le:
participants devaient revenir ° l a m°me po
mani re ° aller dans | a m°me direction ~ c¢h
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CHAPITRE2. MATERIELSET METHODES

Tache Multidirectionnelle Tache Unidirectionnelle

Figurnenagyes des trajectoires de | 6index d'u
|l 6i nt ®r i eur de |l a bo " te, dans | es t©ches m
rouge, repr ®sent ant la lumi re de |l a LED
trajectoires emprunt ®es par l e participant
di ff®ence entre | es t©ches est claire : da
chaque essai, tandi s gue dans vliient ©c he
approxi mativement ~ |l a position de d®part a
dans | a m°me direction ° | 6dessai suivant.

2. 3T®che contrt] e

Dans | a t©che contrtl e, | * ®qui pement et | e
motrices. Seule 1l a mani re dont | es parti
di ff®r ente.

Dans cette t©Oche contr?tl] e, l a vibration aj
participant que | 'essai avait d®but®, et qu
allait arriver. Les participanes de voaciceunrtr err
du signal cible en appuyant avec | eur main

stimul ati émr iQler 8n ds E
Cette t©che est plus proche des exp®riences

utilisent plus souven@ Drd\asltestt i&nudoiu la u,di2t0i1lf6s
et al ., 2015, Martin Ee¢ttad .t OQIDA 7¢c omMtemi loe
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CHAPITRE2. MATERIELSET METHODES

veri fier gue | es performances de nos part.
l'itt®rature pour | e type de popul ation con:
classique.

2 .

2 .

Da

i n

4Anal yses des donn®es

4 T®ches motrices

ns nos deux t ©ches motrices, nous avons

di cateurs comportementaux ~ partir des in

i mport ®es aoMEslane MATMAB 2021b.

N o
®t
L E
al
S i

p e

N o
N o
do
pr

N o
p o
ut
ut
Ce
de
da

s vid®os ont ®t® segment ®es en essais de
ait marqu® par | " occurrence du signal de
D bleue © 1 '"int®rieur de |l a botteesguaits
| um®e pendant 100 ms, couvrant toute | a
gnal <c¢cible survenait, une LED verte s'al/l
ndant toute | a dur ®e de cette vibration.
us avons analys® | esditrreajdeectloa rleED)d ua wdeod
us avons ®tablii plusieurs crit res pour

arr°ts ouafpmRss.d®fesni srici res sontitd®cri-t

incipal de | 6®&tpude 1 (chapitre 3 page

.4 . latlence d' arr=°t ou TR

us avons mesur ® | es | at-edicrees Idé ad®I|I°dai dre®:
ur arr°ter | e mouvement apr s | d6doccurrenc
i l'i s®e commegr oOltRo cdoalnes. nlLoet rTeR e st | 6i ndi ca
ilis® pour ®valuer | es performances des p
TR nous a permis d"'extrapoler I es indica
pr ®di cltli @ A(-dti@espto rboe®n ®f i ce du passage du t
nNs nos deux tO©ches motrices.
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CHAPITRE2. MATERIELSET METHODES

Le TR a ®t ® d®&fini comme | 6intervalle entre
| e mouvement du participant ®tait consi d®r
extraits ° partir doéimages Vvi d®o wansontes d
®t ® ®tablis afin que | es programmes dobéanaly
Ces crit res sont d®crits damapilteraaadrupage
Chaque point doarr °t d®t ect® d cepanottea®t
participant et essai par essai, pour v®rifi
|l a validit ®a uwteo naat i ds@teectlieonpoi nt d"arr°t ®
moment 0% tous nos crit res ®taient satisf a
Si aucun point ne r®pondait © ces crit res.
pas arr°t® (erreur doéomission) et | '"essai G
mouvement ®tait arr°t® avant eou cneoti nar rd’et I

consi d®r ® comme anticip® et I(Janmaecet®tdit @

1 est important de pr®ciser gue | es essai s
ceux 0% | es participants entraient en col |
trajectoire. Bien que rare, ceeneynpte advea ncto |ll
signal cible. Dans ces <cas, |l a consigne do
cible dans |l a t©che unidirectionnell e, pui
prochain essai, ou de rest erhaiimmaoshiglneal udseq L
dans | a t©che multidirectionnell e.

2.4 . Ploi2nts de d®c®| ®r ati on

Ral entir son mouvement en anticipation de s
mouvement. Ce ralentissement refl te | e mon
est antici p®e pa(rDUceueretgralmme 2nbilecu rdW® o ul tw o

de ce ralentissement est utili s® comme i ndi
commence, que nous d®signerons par l a suit
chaque t©che motrice, deux d®l assd®pat pge ®=x
points de d®c®| ®r ati on : l e premier, qui S €
ms (d®I ai court), et que nous appellerons |
gui se situe entre 1000 msn ed®llario 0l omsg, d agnu
d®si gnerons comme | e O6deuxi me point de d®c
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ne savaient pas si | e signal <cible surviend
| 6analyse d'"un premier point de d®c®I ®r ati
d®l ai

Les <crit res wutilis®s pour identi fier | es
| "' exception de | a fen°tre d'int®r°t dans | :
d®crits en d®tail dans | e man8pcrTouprcomme
pour l es points d"arr?°t, |l es points de d®c
ralenti ssements r®pondant ~ | "'"ensemble de n

2. 4T®che contrt] e

Dans | a t©che contr?tl] e, |l es essais corresp
donn®e par | e participant), des r®ponses ir
et des r®ponses anticip®es (i .e. urse lre®pon.

d®but de |l a vibration au poignet) ont ®t® e
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Arrouet, ALar ndarque £. , Mar g®ei sSodmi,s Gi er s
Neurol mMagleerci fic Tempor al Prediction Mechai

El ectroencephal ographic I ndicators.
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3. NMai mnMpgtcr |

Hi ghl i ghts

T Different mechanisms of tempor al predict
T One tempor al prediction is intrinsically
T EE@i si ble tempor al prepar at inoonv einse nnto.t i T
T Tempor al prediction affects movement exe
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ETUDE 1

Abstract

Ti me prediction is pervasiwvw,dadn@petiafskcunc
This study aimed to investigate the role of
a movement foll owing a sensory s4 i mel us.
movement with their finger unti/ @ ntgar get
foreperiod. I n one task, participants c ha
(mul tidirectional task), while in the othe
(unidirectional taskKEG Jhgnanlos owert e a¢@mctiomy
During the foreperiod, par triefilpanttisn ¢ | prweepda
to st assess the influence of motor tempo
trial influences performance on the subse

movement changes ovsstanyisdithecsiameal nul t n t

butot i n the multidirectional task we founc
parameters. Il n contrast, sequenEG al exedlftex.t ¢
This study revealed a tempor al prediction
indicators), and a temporal preparation whi
findings hi ghlight t he i mportanceti oh con

mechani s ms.

KeywomMempor al predictions; Mot or ; Percepti

negative variation
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1.

Ti

l ntroducti on

ming I s ubiquitous in the brain, and thet

mot or action requires planning motor el emer

at

the right time. Such timing acyimotoes r

area, the parietédélCoand gr &f eioschl aRrdRR)aleso

— —n
> S =

(7]
c
T ®d® O o

Th
h a
ch
20
t h
w h
qu
mo
t h
be

O oS5 < T oo o

® < d® d® d® N O nw o

ot her mental activities. This makes it d
ferent functions of our every day |ife.

igh | evel of teeperalpt pmaekti smobor Tonach
or skill, we may repeat the samke-0omoveme
al basis has been shownertno(<Rmahlbemlceoper 19

ugel s .etl talmay 200e20usef ul especially when
ti ming of tHe emawva me.rettl nads.wca h2t@oBydi t i on
erience may help to execute a movement
ement in real |ife can be done while our
ditions change. For ee xsaanmpel en,o0 tae vbiyo | monvii snt
m right to |l eft or from left to right. S
alter dd ohmrsdbint,i dmMmMs$ 1; R,anmgeamitrhgant heday adan

ir action efficiently even when the act
h as a different body position, or the
mot or program c hwuseg etshe itsemporsali Iilnfpoorsm

eriences?

guestion is not trivial, inasmuch previ
strong influences on the current ti me
ice reacti opBettenesdmRTy Basks, 1960; Los
2, Steinbdhe etrahgt h2008) hese effects
y are ubiquitous. Whether the influence
re the movement changes remains nonet hel
stion omayt depextdent to which time predioc
ement planning. Bi omechanical, I nternal
mog¢ ®maht et al ., 199Bn ®KRastmaastt iafl .t he
compl eted in e.g. 1.2 seconds to play
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constraint, not a biomechanical one. The ex
i n the motor program itself. 't might be pt
the motor program. | f at | east barmobbdbr t he
progr am, it showda threi digfediudtti dro when t h
di fferent mot or progr am. For exampl e, I f t
muscles are involved, with a difimregt obeq
muscle cOMitahttieon Bhis d4®®B)d be the case
constraint remains the same, i.e. 1if the mo
this study, we gather behaviour al and el ecH
the expectancyy mdrtiedcd (@Emeatclean ntghd he stoppi
compare these indicators when thedtmoabkment
The investigation of temporal prediction a

foreperiod paradigm, where a first stimul uct
short or a |l ong foreperiod by ua et arhgaett .t hlet
the target is presented, (Geuflst2009heMprat
2017; Ni e mi & N22atanpen, 1981;.ANcbreéei rg tobd.
hazbaded theories, the 6évariable foreperiod
passes, the probability of the target appea
time allows for a highegr Iltaeelf oofmat eaeidn Ms :
Theory of Tempor al Preparation (fMTP) sugg:¢
foreperiod paradigm i s shaped by memory tra
optimizing the molwy estysdlem rz@dAneBscassebd
regarding these models is beyond the aim of

considers the role of the motor system.

Many aut hor s rai sed the guestion of whetl
foreperiod paradigms (faster RTs and higher
processes and/or to an enhanced motor prep
expgedi ons have been found to enhance the
(Correa et al., 2005; Correa et al .and2006a;
some experiments emphasize the role of mo 1
(Thomaschke & Dreisbach, 20.13To Ve mhem gt r&a tTe
association between tempor al prep@2@itlyn an

used a speeded choice RT where participants
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ETUDE 1

foreperiod; in the other, it has to be stop
I's no trivial repetition of a strictly 1ide
short or |l ong. I n case of an atdhderte oinsal alcsha
change in the internal biomechanical <constr
movement. Those constraints are known to th
accordingly. For exampl e, t yn e Mima Id(lell 9%e9%d3f) a Im.o t
includes a Smith Predictor, which generate
del ays that are inherent to the motor syste

the motor program in order {(®asealni 2¢ ®Bhe, a

However, usual model s of mot ofrorcwanrtd oil n vde rss
model , which helps to build a motor progr
forward model , which predicts (tWel pseants o0& y
Kawato, $0m8(|Miatll e& Jhakeosauggedbéed that c
sensory feedbacks might not necessarily ref
or not this applies to time prediction 1is

the target si gname rsth okuil de mdtfieccs Ky ei Mmbiveat i
i n anticipation of the target signal . This
stop. Accor-lWasegd tmo dhaalzsayr dand since the prob
50% at shor tl Of0O4 eaperliommdy dmd eperi od, preparz:

at |l ong foreperiod, resulting in the wusual
(Correa et al., 2006a; MartinFebomathe g0amd
o f t he f MTP, memory traces from previous t
all owing for a more effici(elnats meott oarl .r,e a2ct 1 70
al .,. 2B@2h models predict faster motor ti me
whet her the expectatoowarnd imevegseal ptogi dama
adjust the reaction to the target signal w
feefdor ward program includes the time predic
prediction from one action to the foll owi:H

i nvestigate t htitsr ibayl eefpfleoatisngi nt rtiled vari abl

I n the typical variable foreperiod task, t
current tempor al expectation has been well
foll ows: with a short current f droepeepreiradd,d R
was | ong compared to when it was short. I n
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the preceding forepétLiosd R840noNeémec®& &A?2
Woodr ow, 1914, ZaNar iedusal mec hladni3syms coul d
effects.-basedhahaodi es cannot directly acc
process( Vaddelss a&ds uamhe ,a 2mM&Oc’hani sm t hat 1 s
originating the variable foreperiod effect,
two consecutive trials wild/l be similar. Whi
t his corr espcotnadtsi otno, twheerexamse i f a short f ol
participants are not prepared to respond be
This surprise effect sédoukttsrimal sbegweenRBRES C
S herhtor tncseee.qu@®n the other hand, when the cur
a short foreperiod, predictions can be upd:
short foreperiod. This way preparation can
edi@grrea et al ., 2006a; KarThien, f MT5 9 ;

et al ., 2O0plr7o;p oSSeaelseta estl iaglh.t,| y2 0d22f)f er en

pr e
(Lo

to

C
S

~—+

he f MTP, sequenti al effects arise from
previous trial had a | ong foreperiod, an an
trial by s pmpopresdd ndgurai mge t he short foreperiod
l osport trial sequesabest coeppaepde@dD d3;shbos
Hesl enfeld, 2005; Loos & Van Den Heuvel, 200
The sequential effects are obseStveidnhbor msierp
al. 6200g&psted them to be stronger in simple
to react to the target signal without | mpos:s
hol
cho
sig
pre

true even when the mdwament, dssr epcatritar

> O o

S
se the direction for the next movement
a

|l . Whatever the precise mechanisms of

<

il ous trial can influence peérfeor manegran
in the preparation. Looking at sequenti al €

external time constraints are taken into ac

-

not enough to |l ook at tmel ue,spwhmiseh omicgimt in
processing of the stimulus rather than the

mot or parameters preceding the processing o
to

be

e associated witdadr dhhet avrags tp migo rmp etro otdh e |

® T O O

xpected to be inherwardy massocphbadi wigt
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signal s. Exploring these two types of parar
same time period allows us to contrast para
Among EEGhei gonatsngent negative variation (
it has been ass@pcicptaphbowvebbes empbealCNV st a
presentation of the first signal (Bmeaktri al
& Deouell, 2014 Gorféeane& &Abbre202603; Men
et al .Thelo9®NMVY) observed in many different t a
(Kononowi cz & Psewnsnteayi, n ed IKat)a pepntetonalt.as ka001
2024)or in the s{éApjengnat Thteo CANXObd Jai n sou

mul tiple, as both the dorsolateral prefron
pri mary motor cortex, anterior cingulated
cortex, and even parietlaveadricemast apBgereebel
et al ., 2002; Fat Moprerovtea , etitalhas DdD@24) s hc

i nfluenced by various factofsolhviekestsh& ISmané
1975)eye mgvememrmt s 1972, Weeregxspe&tleang,ewh9 T

moti v(@aBrivomi a et al ., 2011; Fr°merandadt adlt.ent?2
(Arjona et al ., 2014, IBtr uing at hd® 9I13i; k Meynttoh e
more than motor preparation. This is the ce¢
attenti on, l i ke i n oWverntmo(e2t0 LBIrd ka WVaripal
f orepearsikodand di ssociated the CNV from deci
I n their task, the foreperiod was constant
reqguired. A CNV was observed during the fo
negat heepasktr,egsedd ecting progressive | earn
of ththtouahoeutThihe itmmpslki cit | earning occur

the target was neither associatenhkwhnhgh a
suggting the posisndeperndenotfnpapamdoattdredn. s eq
effects also influence the amplitude of t h
the short foreperiod, the CNV amplitude 1is
al so short (@ampiezzit han dlong 2013; Los & Hes:s
2017; Van der Lublbne adtl ,alt.h,e 20NOV4 )i s wel | S

expectation mechani sms beyond motor prepar a

Preliminary results had been obtained i n a

their movement from tri al to trial. The res
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i n kinematic parameters or behaviour al res
trt4afrial. I n contrast, sequential effects w
same participants with a simple RT task.

movement was changed from trial to trial,
di sappeared because the program had to be |
on a | imited number of trials and required
aut omaticity and replicability of the sequer
to maximize our chance of observing sequeil
multidirectional task unchanged. I n the pr
behavioural results in the tasks in which t

Since the CNV reflects more than just mot o

amplitude should be observed regardless of
trtabrial. Such results would show that the
have been retained. Il n contrast, the seque
present or not, depending on tdeséequeé&sti alf
effects disappear when the movement change:
results and confirm that external ti me <co
movement program. Moreover, seqeemdvarmemrt fe
direction staysotrhal saBechramctomitalast bet we
i ndicate that external time constraints can

the movement stays the same)p bue ae@tnptog
(when the movement changes). Torwhirdhi ameuwms
program or the adjustment of the action af
sequenti al effects on motomalpacmamett.erisf ps e
effe

that sequential-fefivactdsi avkeese phegfaed whe

cts are observed on parameters recordec

parameters recorded adtemeamnhehatargeguesmntgina

selectively used to adjust the reaction to

40



ETUDE 1

2 . Mat esendl Met hods

2. 1.Participants

25 participants were recruitelandad tahnd leX
wo men. We calcul ated the sample size based
preliminary study using a simple RR)fask,
wler e: p hi = 3.242 (for a power of 90%), sd
di fference between short foreperiods depend
ms and 347 ms, respectively (a 32 ms diff
peceded by either a short or | ong foreperio
13 par tGi viemanthe use of a new task and EEG,

manuscripts of Mento (2017), and the need
mul tidirectional task, we multiplied the sa
onenawmnced in the document Twhe tdwer dgpe dade (

N SD) was 22.72 N 3.43 and yearolofgiedlucat

psychiatric or addiction disorders was an

used cannabis in the |l ast 2 months prior t
treat ment . Participants withsaibusnesy ©ofst
more than 15 minutes were not included.

Al | participants gave their i nformed writt

accordance with the Declaration of Hel sinki
the ethics committee of the UfRidYyersity of S

2. 2.Equi pment

Participants sat down in a dark and qui et

wide and 47 cm deep. Before the beginning c
box to the participants so they <could see
participants to put their domi nant hand in
extended, so that they could start/stop | in

Drivesfacibte motors were attachepgantos't he
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domi nant arm. They were used to apply tact
should be started or stopped. TFrhrei mmeo t30.r0s v
stimulation box. The whole task was contr ol
Al Onda progr a-Pimethe oB. . The intensity of the

with a frequency of 230 Hz. Participants we
them from hearing the vibrations. Before th
with a thick black materi al so that partic
come into the box. To record participants'

LED was attached to the parti oifpadrtedd EiDn dveas
recorded with a GoPro HERO7 black camera p

recording parameters were |inear field of v

2. 3. Procedur e

Our protocol consisted of three experiment a
I n the two motor experimental tasks of inte
movement in a straight |ine following a tac

(start signal) and to stop itatasnfast 189

applied to the wrist (target signal). The d
wrist) made it easy for the participants to
signal occurred at vatiaabl esi gomaépereiiadser af
foreperiod) or 1700 ms (long foreperiod).

shortest one (1000 ms) all ows participants

foreperiod (1700 ms)  rwas tdhel shtoed toomeb evhdil =

enough to keep participants from reaching t
The two experiment al tasks differed mainly
mul tidirectional task, participants had to
trial to another, as they might hmasrze,done

movements were restricted to the X and Y ax

uni directional t ask, participants began ea
they always moved in the same cdierxdcttiroinal
unpredictabl e, wtr iuasledi rat eeravalab(leTli )ntreangi n

4 2



ETUDE 1

I n each experi ment al task there were 240 t
foreperiod, randomly distributed.

Before starting each task, a training phas
participants with the tasks. During this p
participants initiated their mo v e nregnett wi t h
signal . The speed of their movements was a

phase to prevent them from going too fast

showing a jerky trajectory. The enxapdeer i ment
movements with similar speeds, even if tho
some participants did collide with a box
compl etely stop the movement and crtegnoani n st
all owed wus to identify these trials as ant
further analysis.

I n the third control task, participants haoda

to a target. This task allowed us to verify

i ndicators (variable foreperied amd RIsquaeaent

typical variable foreperiod protocol. As t
u

q
-Section 1.

estion, this taskdéds met hodol ogy and resul

2.4 .El ectroencephal ography

During the tasks, EEG activity was recordi
(Amster dam, Net herl ands) with 64 actives Ag
1®20 international system. El ectrodes wer e
i nrtneat i @MWalsys® e m. The ground el ectrode was
Sense (CMS) and the Driven Right Leg (DRL
ensured by keeping the electrode offset (a\
mV. -Fyeakectrodes were placed on the | eft an

No online filter was applied, and the signa

4 3
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This EEG system i s based on active el ectr of
the input i mpedance is very high (300 Mohm
(< 1 Ohm). This way, the interference curre
of the active electrode) and cannot generat

the electrode i mpedance does not affect the

2. 5Data anal yses

2. 5. Behaviour al dat a

We recorded participants6é motor trajectorie
n

coll ected video i mages o MATLAB 2021b.

We segmented our videos into 240 trials of
defined by the onset of the start signal (
was recorded by the camera thankBetonsebl ok
the forearm vibration and | asted for 100 ms
when the target signal occurred (i.e. t he
LED inside the box I|itiamp. during the entire

We analysed the trajectory of the finger (i
several criteria to enable the script to id

criteria are described bel ow.

2.5 .8lt.olpping | atency or RT

We collected participantsd stopping | atenc
movement after the target signal. The stopp
RT is the indicator commonly wused e o asse

foreperiod paradigms (see ouriSeartiroml 1t)a sakn

all owed us to extrapolate typical behaviour
our two motor tasks. I n both exipreerd nmesnttahe
first point where all/l our <criteria (see bel
criteria, the trial was excluded from furtt

4 4
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be
wa
t a
ne
0 a
w h

en

- o w 0O 0 o T o »vw 3I I
> T 9 T O o —T o9 o T o -H

=

Fo

we

pa

An
We

fore 150 ms after the target signal, this
s excluded from further analyses. As a me
rget, to make a decision andheoreaotdi anmc

cessarily delayed rébabaiete. adritaeod2bhaget
nticipatedd and subsequent!| y eixncsltuadnecde si n ¢
ere participants reached the I imits of tF
d of the trial, they were instructed to

curred, and the action was thus considere

was defined as the time difference betw
me nt participants stopped their movement
eed was never exactly zero. | f t haesi r i nde
tected and the speed, though small, was n
d to define criteria allowing us to cons
fficulty was that not all partiaoadpaet s w
|l d not define a unique speed threshold
sidered as being stopped. Therefore, we
ed values. To ensure that the cectéyia a

u

n

e

ch trial in each participant was visual/l"
e speed over ti me. We verified whether t
e

re common sense would have placed it.

r mubheéi direant iavreala gtwausif ,0Za plerOa pgaritail si pant
cluded in case of a short and |l ong forep
r participant were included for the short
rr the uni dn reevwdriaogeal obdtuwt kah L0 t@a rathilssi p a
re excluded in the short and |l ong foreper
rticipant were included for the short and

5.1. %t dpping point criteria in the multid

example of how speed varies during the

refer to each maximum and mini mum speed
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remai nder of the text, when c¢criteria refer
generic term Opeakd wild be used. Ot her wi

concerns a maximum or a minimum speed.

Speed Peaks
NS

AN

Target Signal

Speed (cm/sec)

Speed Peaks

» Time (sec)
————————— e
Reaction Time
Figum@ete is an initial acceleration due toc
speed can vary, |l eading to speed peaks. Gre
i ndicate mini mataAfewcsibgsalioed, |ihe on t he

del ay needed to stop the action represents
participants no | onger continue their movert
still detected.

A first criterion for the stopping point we

40% compared to the previous maxi mum speed.

speed was 10 cm/ sec, the speed at té&ecstopp
This criterion allowed us to detect a sig
determine a stopping point, as it may happe
necessarily stopping. We added antsewandnatr i
raccelerating. A stopping point was identif
were | ess than twice the speed at the stopr

i f the speed at the stoppitnd hpoitwto waxt6 sprm
had to be strictly | ower than 12 c¢cm/ sec. Th
movement was truly stopped. We needed to es

could consider the patbongepambsdngnddads E£mpy
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to tremors, the speed was never equal to ze
use t her etlraetneodr sspeed as a threshold at t he
tremelated speed, we used the medi &8n speed
seconds). The median speed -rpeelaakt ewla ss preeeldi acbhl
exhibited a I|linear wvariatiren awiedh peakwspdeals
i rregular patterns with multiple smdll peal
peaks during tremor, the mediedrmtedeedhpeal
criterion was that the speed at the stoppin
the median speed peak of this t mpieald. olff 6we
cm/ sec at the stopping point, the median s
than 9 c¢cm/ sec. The combination of these th
stopping points in an objectiaVeiasgeatconat
2.5.1.%t@pping point criteria in the unidir
The criteria for the stopping point had to
task, after having stopped their movement,
bef ore t heneoxnsettr icafl .t hTehe st op was therefor
period not as long as in the multidirection
as foll ows: at the stopping point, the spece
at | asdcomptred to the previous maxi mum s
mul tidirectional task). The second criterioa
a stopping point was identified as such on|
t wiceetdhatspéde stopping point. When the st a
t wo next speed peaks after the stop coul d n
point. As a matter of fact, when participa
stopping their movement, they wusually did i
the highest splefeda psehmkr tofsttehredgtriilall .peri od
point was identified as suchaenhy 1 fasheb56§|
the maxi mum speed of this trial. Finally, t
we added a |l ast criterion based on the spee
| ower or equal to 35% of ht hree tnuarxniinmugm tsop etehde
position. The value of 35% was verified by
been missed with a | ower percentage.
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2. 5. becRel eration points

Participants slow down their movement i n ¢
sl owing down is characteristic of the moven
the movement end i s pr egpbaurqeuce fear ailn ,t h2ed 1n7o;t
189%he start of this slowing down was tak:
preparation to stop the movement started. I
down as the O0deceleration pointd for the sa
Il each task, we were interested in the dece
signal at 1000 ms (short foreperiod) which
second decel eration point betweermtl®00 nmgs a
much more to the results, and we focus on
Ssimplicity. Resul ts related to the second
Suppl ement ASegctMadrerd2 .alBef ore 1000 wihsen part.
the target signal would occur, and for this
in all trials (short and |l ong foreperiods).
point were identical bet md esn wtelree tdaed k :n.e dF iar
|l owing down where all our criteria were me
2.5.1.Ridst decel eirladt0Oi0Oo mspoicrrti t(er5 G

For the first deceleration point, we define
|l east 150 ms are needed for the start sighne
sent (Baok et &dlence2@2@)Xl eration point bel o
an anticipation. Il f the target signal was e
before 1000 ms. As for the stopping point
criteria, eaddcerri,beédd he sual inspection, for
A first criterion was that the speed at t he
to 30% of the maximal speed in the time win
the criterion of 30% of the maxi mumi speed v
omi ssion and false alar ms. The two additio
decelerating their movement and not prepar:.i
speed peak had to be at | easdie cled% rsaltawelr pto

4 8
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and/ or the acceleration at the next speed
acceleration at the first deceleration poin

Sever al additional indicators were derived
describe the dat a, we measured the speed a
bet ween the start of the trial aedl athenc¢yrs
can be found in theSeutpipdre m&)n.t alHywehad re,r i tal e
was the deceleration slope in between the f
case of a short foreperiod),| owhiincch deovarl uiat
anticipation of the target signal. We <cal cl

to this formul a: [ ( s peiesdp eaetd tahte 9f5i0r smis )d e/c es
first deceleration poinmt] 9i5M anlsl itrsit &lag. oWe
1000 ms to avoid a potenti al effect of the

foreperiod.

2.5 .Rl.ectrophysiological dat a

The EEG analysis was performed on MATLAB
(Del orme & Makeig, 2004)

The -pproecessing steps were applied to each p
First, we referenced our signal with our bi
ears. Then we reduced the sampl i mgporratle fr
resolution while reduci ng-ptaltses drndltyeged thiemen
and JMehz o., We 1lt7hhen applied additional <cl ea
an opti mal dataset for the application of t
(Luck,. 2An2239%verage of 3 N 3 electrodes pel
maxi mum of 12 electrodes interpolated in
particularly noisy; none concerned our el ec

We segmented our trials 200 ms before the
after. The baseline was defined as the aver
of the st &r0t0 LDijgmesl. iSueéb.se[quently, we rejec:

before the onset of the starng sfiogrneap-e rainodd uin
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200 1700 ms] using a ssvngAe avétage ohr 250
trials were included for both the short an:i
vs. 113/ 120 and 112/120 trial s g nf otrheep eurniiodd s
respectivel y. For three participants, the d

was excluded from the analyses, bringing ou

2.5.St.atistical analyses

Statistical anal ysSReéSs uwdd roe Trecamr,d lAd td)d ii md iRc
worked with the median values of each part
outliers cutoff wvalues). The graphs displ a

bars represent the standard error of the me

For our statistical comparisons we perform
i nteraction eddteaxhlsi thad (Gowerwel|l kit alftaturéO
et al ., 2017 ;WhMem t @s s RAdt7i)on of nor mal di st
our datasets, we normalized them before cor
Oboxcox6 function from the ©6ébestnormali zed
conform to a ndromal& dlosxtThiil®uwtdipom oach was p:
i n the et hi cTaol kdeoecpu mee ntor mal di stribution v

~+

standard deviation different f rsocnorOesand 10 uri
dat asets before conducting the statistical
setU co00Hhe pasgiuadjedvdl ues are added as a me

(¢

3. Resul ts

3.1.Reaction ti mes

We verified whether thehmgdewinousnfadmencer men
current trial. The purpose of this analysis
of tempor al prediction abilities on RTs: as
foreperiods r efelpedtod teHd excar,i athleeg efacr t he i

previous and current foreperiods are respec
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reflects sequenti al effects. As already emp
sequenti al effects are not expected at | on
but full statistical anal ysegdg Seiacan b2. fWaind

perfor mdgdcda otrhrreeepeat ed measures ANOVA on pa
group factors '"task'’ (unidirectional VS. m L
l ong) and 6current foreperiod6éb (short vs. I

The flhceeor ANOVA on RTs revealed a main eff

0.0@=2, 0. 44] , with faster RTs in the wunidi
multidirectional task (432 ms N 82.0). Ther
[ F(1,24) = 161. 41d4= p0.=8 D] 00DMWI0OD 0DfOf0DCAL, r e f |
foreperiod effect, with RTs being faster wh

65. 9) rather than short (43&fmecN ©8. DpreV
foreperiodd [F(1,2494==0456521, wpt ki tDo@HD O 0 K1
preceded by a trial with a long (401 ms N

foreperiod.

The factor Oprevious foreperiodd interact
for epleRr(ilo,d®%4) = 2 24=040,. 4p8 |=-t @As @pOal O Befdi tmed t h
asymmetric sequential effects since RTs inc
trial was short and the previous foreperio

(421 ms N %9 .@B)= Ot.(04090)0 0=0 2 .

There was a significant i nteraction betwe
Oprevious foreperiodé and oOt[aks(kld, 24u)nidi X e&.ca
= 0. @PpH50.40] . I n the wunidirectional t ask,

bet ween the factors Opreviobgs$lfadegper 56d8 8¢
0.000dy0D0, 70] , but not IiB(Ih24)mMut tdyd70ecpi=x
0.03]. Il n the unidirecti onaflf da@atsxk:, tweerf e uma
effect of Oprevious foreperioddoFeAdl g4when

73.80, p =d@=. 000070600000RAT,s on the current trie
| onger when the previous foreperiod was | or
N 80. 4).
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700-
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Reaction Time (ms)

300-

200-

Fi
fo
s h
S
an
as
ms
t h

Th
ac
vV a
Wi
ov
be
fo
ef

%))
o
o

400-

Multidirectional Unidirectional
Previous Foreperiod
Short
\ ® Long
Short Ldng Short Ldng
Current Foreperiod
gumR&s2in ms on the current trial i n both
reperiod. Opaque shapes with error bars s
apes refl pattiicnidpiavnitdsual dat a points i n '

gni fi cance i svadeuneostlT ¢k .l @DWtle* i sfkesr bpt ween t

d long foreperiods indicate the main eff
terisks above the two |l eftmost points on
), signal an efrfegctr i ofd 6t Heaecdmmrewitou shef cu
e unidirectional task.

2.Rel ative decel eration sl ope before 1000

e trajectory reveals how the stop is ant
ross short and |l ong intervals, and here w
riable foreperiod effect, and we <comesi de
thin the short foreperiod interfvadt drsee
ariable foreperiodAswasremintdaekebhéentdecal
fore the target, and all t rsihaolrst werr ea tladk
reperiod). I f the motor prediction is 1inf
fects. In this section, we explored the ¢
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deceleration sl ope of the-faaotoentANOYAaln &
experiment al mot or task separately, as tho

conducted separat®ilnyce i nhaiptewicoudl|lockespel

relative deceleration slope differently 1in
addi ti onal awiatl lyisn sf, aavtidarh dthaeskd (utnd direct
verify whether results in the two tasks sig

I n the unidirefcadtomral AN@WA ,ont heeloantei ve decel
main effect of Oprevious f dg=ePerdilgdd Par(tli,c2
showed a shall ower relative deceleration s
0. 1630. 1) rsdtqhn.¢ 1\D 40h dnp .

I n the mul tidi rfeacdti @m aANQ@\WAs ks,h otwheed onnoe mai n
foreperiodd on the relative dg=<el.er3ajt.i on s

To compare the two experimentdlacta@®@ask ANONVAQg
on the relative decel.erAatsiiagmisfliocpaen to fi nttheer acc
factors was found [&J=1,®@4)9]= 4c.oon7f,i rpni a g0t

bet ween the two tasks.
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Relative Deceleration Slope at the Short Foreperiod

*k

0.6-

0.4- Previous Foreperiod
Short
® Long
0.2- I
0.0-
Multidirectional Unidirectional
FigurRelXative decel ecati emt s oipalss i i .ad.l r
foreperiod) in both motor tasks, depending

shows how participants decelerate from the
target signal at eshortto facrceopeirti odn e( wreo meak
onset, i n or derreltaot eadv oairdt evfiabcrtast)i.onOpaque sh
the mean relative deceleration slope N SEM,

participants'cadmradiat ponntSt atni ®taichal -si gni fi

value < .01.

3. 3.CNV

We verified whether sequenti al effects wer
tasks, despite the absence of sequenti al

mul tidirectional taskf.adbodoANOVYA wyei dpkeprtf bga m

fat ors ' task'’ (unidirectional VS. mul tidir
l ong) on the mean amplitude of the CNV on t
1000 ms) (Figure 4). I'n this ti metwisndgonwmlwe
in case of a short foreperiod. Since partic
be short or | ong we averaged data over both
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Cz and C1 electrodes which aréCapiadeti ehah
201 3,; Foerster et al., 2022; Kononowicz & P
Macar et. al ., 1999)

The -ftavot or ANOVA on CNV amplitude reveal e
foreperioddé [F(1l¢gg1)0.8319.,63wi tph =a 0.eG5,nega
when the previousl fu.rae pferd.ox) -traadt hieora gtNh(adn) .s
found no main[ Fe(ff,exlt) oFf @&t 7s,OB] =nOr. 4any i n
between [RE1fa&)oFEGIF. D201y .=Th.i &, was expect
anticipated sequential effects owmr & hteh a&tNVa i
sequential effect can indeed-flaetfooudMdONVAsbD

each task, which are avadabéeabieni . Suppl emen

Multidirectional Unidirectional

Cnset Start Signal Onset Target Signal Gnset Start Signal Onset Target Sigal

[N]

Previous Foreperiod

|
v
A \ ] oy L “Lo

2 /J"J””\/\/W W

Y

=
5

=

=

Amplitude (V)

i 200 400 600 800 1000 1200 0 200 400 800 800 1000 1200
Time (ms)

Fi gurCeNV4 amplitudesand ONi dinr exutlitdan al t as ks
respecaveredgyedd across three electrodes (FCz
regardl ess of Theishéaodedpaerecaddspamds tthe t h
O ms on the abscissa marks the onset of the
the onset of the target signal at the shor
conducted on the aver a@le0 0ONVmsa mpiln d avd.e S tne
significance iwailwmeiscated®d®5by * for p
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As a reminder, no sequenti al effect i's exp
nonetheless 11l lustratiesekcitmoB8uRp!| dmentaaray yM:
there is no difference in the CNV ashkplitude

and only a trend in the decrease of the CNV

4 . Di scussi on

The aim of this study was to understand wh

attached to the motor action. We combined t
paradi gm. I n the unidirectional t atsikgn part:
fromtoriiall, while in the multidirectional
fromtomriiall . We replicated the wusual variabl
(see SuppleméBeatyomMatlerdfioal phe econtrr clhanhge
protocol. Moreover, we collected kinematic
to typical i ndicator s o f tempor al predict
sequenti al effects. The | attaet omatei ¢ hbampho
predictidmKoalbi leitt iels. , 2015; P¥aameser set s ianh
influenced by sequenti al effects in both ta
from the specific motor program, while tho
may refleel asad edot empor al prediction.

Regarding the EEG results, sequenti al eff e

our control task (se®ecStuipgpn emenaady i Matbertif
Regardl ess of the motor di+#eatiiadn tweak e skey v
i mpact of the previous-rfedorae par ipocpam apgarnotini «
trial. The presence of sequenti al ef fects ¢
task has been extensively desklriidRridng nCNWea
an EEG indicator of ((EBmeookal & pDeduealtli,on2 Gb4
Van der Lubbe et al ..Quk0O0ésuMWabtareetccoaki s

previous findings.

Sequential effects were not expected when t
haz-aeaded theory and for the fMTP there i:
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foreperiods at | ong forepg&ecodesn(2¢e Supdpl e

what i's usually (€eeneanethall |ite@0@abbrelLos
Naatanen, 1981; Val l esi .gbhial mjgROOOBE Zaki
contradicti onmMcwaidtalm tente asHtowdy ®a6f9 )i n t hi s st u
were required to emit an explicit predicti
The authors measured the 1 mpact of this pre
recent foreperio@daj nwhitdle piclaklpaneyxpliwith
l'iterature.

Regarding the behaviour al results, we obse:]
task (see Supal &emenhitamylMabaderedi in the unidi
addi tion, in the wunidirectionalantashk paweryp
decel eration of the movement . I n the multioc
not present. I|In other words, sequential eff

repeated-tdroml tbual di sappeartiwhhmen htameg emoyv &

suggests that sequential effects on-behavio
rel ated temporal prediction. We first detai
observe a difference inmiseqaénbandl| EEGf ees PO

Sl owing down (decelerating) before the end

(WoodworthJ]t18%89)ntrinsic to the motor pro

unwanted <collision, e. gl.hebetfiomien gr eaancdh i tnlge
sl owdown occurs indicate how the end of t h
i mportant insights into the motor prepar at

characteristics of t he dteicaell eerfafteicans ,a lwho w hu

how modloated predictions are adjusted base

movemenitomicanges (multidirectional t ask)
task).

I n the unidirectional t ask, with short for
relative deceleration sl ope, l' i kely reflec

relative deceleration sl ope wans pcoalpeeldat ed
before target signal at short foreperiod)

previous foreperiod had been short, the rel
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previous foreperiod had been | ong. A steeg
wi t hout requiring additional ti me. The sl o

speed (at the deceleration point).orfthis re

foreperiod, the next foreperiod is predicte
foreperiod would be expected to |l ead to ear
i Section 2), and sl ower speed.veldhiisn walke n
uni directional task is increased decelerat:i
compared to | ong. It i s as i ft-otrhiealr elpecltpst i

optimize the decel erati on pnhgaes ed.i rlenc tcioonnt rfars
trial to the next (multidirectional task),

The change in movement appears to preclude

haviour al parameters do not seem to be s¢

~+
-

get signal, i1i.e. the sensaanrdy muildgnal ,r ewh i
kKs. |l f they were, we woul d khsa.v eOnoeb smeirgvhetc

ume t hat since deceleration occurs durinr

m!—l-
O T 0w 9 9 O

~t

O 0w u

sequential effect sreolnattehd st e mmpdoircaalt oprr erdei
ri mental i mpact of thkhd cciffectisompecisarndges:

o o

|l oser to the typical measure in variable f

—+

stems from a mot or (rFeasupgoenrsaes t& Naa csceancshoer,
t al.,A2048¢h, it should be sensitive to
sory signal and motor preparation. Espec

o u»w o
(¢]
-}

ccurred on the previous trial mi ght have |
tri.a This iIis not the case, suggesting that I
movement changes. This need may explain wh
multidirectional task than in the unidirecH
lack of sequenti al effect in the multidirec
our protocol require mot or i nhi bition (st
activation (pressing a button). Howedver seqg
across vari(Bualt®Pask taypes 2&&2Arnelio, €20 =0, ,
Wehr man et.l ampboyt 2m®mtll8y they are replicated
consistent with the |literature emphasizing

sequenti(&Llorefefaeectts al . , 2006 b; Los et al ., :
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et
t he

Our

n

d

o o
5
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eg
cr

o 9

X
he
n

~—+

mu |
mi g
sec
(Lo
be
201

res

ef f
wi t

for

Our
t h
t h
t h

wer

® O QD

of

ow

al ., 2022; Vall esil teti salt.hyus20uOn7l;i kzZeal hyn tehte
movement explains the | ack of sensitivi
behaviour al results seem especially sen
the unidirectional task, we found sequert
not on its onset (latency)laygaesgtod et o
the movement is executed and not on it

arding the Smith predictor remain to be
0SS OMbpablLol&s JackHowreryvelDO0O®UT results c¢
stence ofr al stpedcitfermpovwdlorpredi ction. | n
target signal, i t s ufgogrewsatrsd apnr oegfrfaencdt roar

t he forwarsd smacdcel ntohvetmeandj U 0 sensory f e

could be argued that, for some reason,
weenabhtiemuhii directional tasks, thus exp
the multidirectional task. difentthley lionn gt t
tidirectional task as in the wunidirectd.i
ht decrease. As a matter of fact, some
onds have shown decreasesgeaeant tfther e(pNeV | @
veless & Sanford, .1HbwevMdacAdamcéat | aln.g, f!
expected to require exec(ua®lvaen tEVwo née ttO,rooni st
l)and are clearly | onger than the | ongest
ults do not show a decrease in expectati
ortantly there was no differ enmger ibed we e
ects show consistent time expectations i
h increasing foreperiods, and the simil

eperiods (see ISexplieomet)ary Materi al

task being novel, we might discuss 1its
t our parameters are-ampli sutdei cieguieehny i st
mul tidirectional task due to wampihalsii lziet
t deceleration points were detected as ¢
e found in 95% of trials for each parti

trials for each partigciphatmanntaefeai di
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foreperiod was found to be significant in b
Mat eirSeaclt i on 2) , suggesting that the par ame
unand multidirectional tasks.

Neverthel ess, tempor al prediction is stildl

evidenced by the results related to the amg
was |l ess negative when the previous forep
observation holds true in both of our motor
prepaf®acan & Besson, 198%;t Walgthear odtf eal .i,n
more gener al preparation, Il rrespective of
prepare in time for the target signal. Ma n )
early and | ate CNV comapbpeents,atthenfioomeor b
first (sWeemutlsusé& ,L aanngd, tlhoe7 3l)at er( Ltoov enhoetsosr &pr

Sanford, 119h®m)s been made clear that the | &
preparati on (plWltreincthi adtth paig.R,)i cli®o 98t uald. t 2998
movement to be executed with i nformati on
movement . They showed that, i n contrast wi
amount of prior information. They proposed
the motor program, including any e&otneerznal i n
et al w,sed2G®AU)rce | ocalization and suggest ec
perceptual preparation, with a perceptual a
cortex. It is beyond the goal of tha preser

by the CNV. However, we can note fladtattelle s

signal preceding the target signal . This
effects in the unidirectional taass kt,h eb uG N Vn o 1
amplitude is modul ated by sequenti al ef fect
CNV is unlikely reflecting a pure motor mea
the |literature. The CNV amplionhnudé ¢tbel dar gt
preparing for the detection, deci sion and
target(@ppeaaset al ., 2005; Corr eRuteur eal . |,

studies may benefit from the present proce
mot or functions. Such future studies may al
i's the f a-atndt hmautl ttilde rercit i onad diarskest idorf fehle

bet ween trial, but also by the need to dec
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Devising intermediate experimental steps (
direction) may help to explore further t h
perceptual and motor components of time pr

semyo and mot or ti me prediction become di

mul tidirectional task.

5. Concl usi on

Our results suggest that CNV amplitude 1is
reflected in our behaviour al i ndicator s. I
di fferent mechani sms of tempor al predictio
aktted by experiment al mani pul ations, wher ¢
two types of tempor al predicti-roeml atted,hel ismhk
to the movement itself and visiblad amstkeha
and before the target onset), while the ot

from the movement and visible on the EEG
regarding how the different mechamatsaws of
prediction is embedded in a more gener al of
component of tempo(rBdndperredatctalon, ad005%ti &al

Mento & Valentawi201®r interesting to inves:c

of the prediction are established simultancte
the other. Most i mportantly, our task provi
of tempediatti on i mpairments in pathological
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3.2uppl ement ary

Mat e

of tria

asks. On
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Il s

Iy

tvmaer witbhhheat i «

t ed, and

Secti@Gontlr ol task

1. Mat er i Md tskb ad d

I n the control t ask, the number
identicaland mihlet iudniir ecti onal t
changed. I n this control task,
participant that the trial star

after a delay. Participants were

wrist vibration by pressitmglwibtuht ttome iorf
Prime 3.0 response box.

(h

ials corresponding
correct responses
0 ms)

t of

r short and | ong f
re included in the
Resul ts

veri fied

azard

. 1. Analyses of reaction ti mes

to omi ssi on

(i . e. press
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t h.
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a tfwaoct or repeated measur esgrNIPpVAf aont RTs  aGvp

foreperiodé (short vs. Il ong) and O6current f

The -ftavot or ANOVA on RTs revealed a main eff:
23.63, p d#F= 00 .090®]0.6 , This effect reflects a t
being faster when the current foreperiod wa
ms N 55.2). There was al so [aF (mai2nd)e f=f ex2. 8o7
0.000G0D,. 69], with faster RTs when the pre
N 53.9) rather than long (235t imsn Nb &t5wedn tV
two faCLopRd)[ = 40.d99, 0 p6 ZF]-tO0e P@ i0c0®Mf,itr med t h
asymmetric sequential effect since RTs were
had been long (254 ms N 52.1), rather than
foreperiod w8s,74phox*xt0Q. O @QR2@A@0Q00G0 7.

450-

400-

w
(o
o

Previous Foreperiod

Reaction Time (ms)
8
o

Short
® Long
250-
200-
150- . ,
Short Long
Current Foreperiod
Figur eRTS1.om mshe current trial in the contr
foreperiod. Opaque shapes with error bars s
shapes refl ect indi vi dual participants' d

signi fi coanecde biysviaiemnefsor< p 00 1.
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2. 2.CNV

I n the control t ask, we expected the CNV a
second tactile stimulus) to be influenced b
We perf orfmedt car oAMNOVA -gr bbhpt hacwo telrd prdedvi o u
(short wvs. l ong) on the mean CNV amplitude
and 1000 ms, as for the other tasks (see m
cannot influence the CNV ampl it Jgdaec tiomr timitso
account in our analyses and, as for the ott
(i .e. regardless of their foreperiod) (Figu
The -foancet or ANOVA on the CNV amplitude on cu

Oprevious
amplitude when t

u.a N 3.3).

ACAAAAA AR

'
[N}

'
ES

&

.
®

600 800

Time (ms)

[} 200 400

foreperi odddf Fq .14 2]1))
he

wi tlh . & 4mo rpe =i

prévbous af dlr Ep@Bi 6t hwaes

Previous Foreperiod
— Long

M shor

1000 1200

Figur eCNV1 .a2npl i tudes in OV in the control té
(FCz, Cz, and C1) in all current trials (i
around the |ines corresponds to thet &8EM. O
signal (green | ine), while 1000 ms mar ks
foreperiod (red line). Statistical anal yses
in t H&EO0OHOOANs wi ndow. Statisticavalsiiegni<f i. @&n
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3. Conclusion

We did find sequenti al effects on RTs and
These results replicate what i s observed ir
abl ebserve the usual indicators of tempor al
responses in a typical variable foreperiod

SectidMot @r t asks

1. Materials and Met hods

1.1.Second deceleria?70D0®6nmpdpint (1000

In trials with a | ong foreperiod, after 10
short f, orpeaperiicodpbants had to continue their

had to update their prediction. The criteri

identical to those used to detect the firs:
time period of interest f ebrettwheiesn stehceo nsdh odretc
|l ong foreperiod (i.e. from 1000 ms to 1700

Regarding theld¢tedl ppanmeners of this secon
interested only in its |l atency and in part.i
in the deceleration sl ope beteweerdutrhing pdien
foreperiod, there is uncertainty about the
automatically rely on information from the
anticipate the targehescgmaéntmotrrei &if fiOneat
short foreperiod has passed without target
signal wi | | occur at the |l ong foreperiod.

effects on trhelsed dpardmeetaern N it was not r e
effects on the deceleration sl ope between

signal at the | ong foreperiod. At this stac

i nfl uentiipalt iaosn amst ibcased on the current kno
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2 . Resul ts
2.1 . Reactidadtdi mesenal statistics
Effect DF F pval uel dy{
Task (1,2 19.1 0.0002 0. 4
Previous For| (1,22 45. 2 0.0000(¢C 0. 6
Current Fore (1,27 161.4{0.000000 0. 8
Task * Previoyg (1, 7 6. 89 0. 02 0. 2
Task * Curren| (1,27 12.1 0.002)| 0. 3
Previous Forep|l (1,7 22.0 0.0000f 0. 4
Foreperiod
Task * Previou (1,7 16.0 0.0005 0. 4
Current Fore

Tabl e: SRulll resuwag ARNOMAh ec otnhdruecet ed on RTs

manuscript.

Effect DF F pval uel dy{

Previous For|{ (1,22 33.6 0.0000| O. 5

Current Fore (1,272 75.0 0.00000 O. 7

Previous Forep/ (1,7 55.3 0.0000(¢C 0. 7
Foreperiod

Tabl e SRu.l2 reswdy sANM@VA hceo ntdwoc t @idd iome QRRfTs 0 h &

task in the main manuscript.

Effect DF F p-val ue| dy{
Previous For| (1, 2 4. 21 0. 05 0.1
Current Foreg (1,7 105. 0.00000| O. 8

Previous Forep|l (1, 7 0.70 0. 4 0.0

Foreperiod

Tabl e Selldul t s-wafy ANOVAwoonducted on RTs in

task in the main manuscript.
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2.2.Latency of the first deceleration point
When preparing for the end of the movement,
decel erate earlier when they expect a sighnse
should have observed sequentialasefsf acth o
efficiency of the slowing down.
As for the other tasks, the first decelerat
foreperiod was short or | ong, and we groupe
of the foreperi endy. rWep epactrefdo rmmeseads udriees WINIONIA |
factor O6previous foreperiod’ (short vs. | o1
decel eration point | atenci es.

Task Mul tidire Uni direc

Previous fo Shor Long Shor Long

Mean ( ms) 519 518 570 583

SD 94 . 1 82. 2 94. 3 84. €
Tabl e S2at4dencies of the first deceleration
the previous foreperiod, in each motor task
I n the unidirefcaadtomral AN@WAK ,ont teheonetencies
point showed no main effect of theddprevi ol
0.09].
The same analysis was conducted in the mul
effect of the éprevious foreperiodbé on the
= 0.009dd=p 0= 0M.091,] .
I n both motor tasks, the | atencies of the
the previous foreperiod.
The results show that the deceleration alw
expectation regarding the end of the action

foreper

i od.
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2.3.Latency of the second deceleration poin

As a reminder, the second deceleration poi

prediction must be updated because the tal

foreperiod. This point is, therefoMe, only
perfor nwady orneepeat ed measures ANOVAs with t
foreperiod’ (short vs. l ong) in each task ¢
decel eration point on the current trial wit
Task Mul ti dire Unidirec
Previous fo Shor Long Shor Long
Mean ( ms) 1216 1197 1232 1206
SD 56. 7 44 .1 84 . 5 56. (

Tabl e: S2atbenci es of the second decel eration

foreperiod, as a function of the previous f

I n the wunidirecftaotnarl AMNGWA otnhet heenel atenci
decel eration pointt heh dweadkva omasi f og fefpeati oadfd
0.045 0d.J27]. Participants started to sl ow dr¢
signal at the long foreperiod f=laz@&\msvhen
56) Or athlmer 1s2h302Ntm&s@ . 5) .

The fact that the | atency is |l onger when th
to the need to readjust prediction. As a ma
a short foreperiod was expecit@dnoin obde@urcuat

short foreperiod, the prediction of the sig
was initiated. I n contrast, if the previous
and the deceleration could be initiated ear

n the multidirdatcitomal ANO¥Y&ak ont idheoneatenc
decel eration pointtbbowpdembowmai hoereépect odét
O0.p¥,0dpP9]. The | ack of sequential effect s
| ack of sequential effect on the other traj
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To compare the two experi nfeancttadr tAaNsCKVSA, owme
| atencies of the second decel er at[iFAdn ,h p2odi)nt ,
= 0.90, dp= =0.00.44,. The ANOVA revealed a mai
foreperiodd [F(1dJd240. 289.. 3Bhe psec@dndO0dbecel el
earlier when the prda2i0dNms® a®d bperit bdnwasol t
msN 71.4). No significant interactlitgn pbet we
0. 7p/ @) 007].

2. 4.CNV ampiloinfeadée¢ or ANOVA anal yses

I n the main manuscftaptor wBNOV¥A fgaoirdniepdt frese cttwaoort d
"task' (unidirectional VS. mul tidirectional
did not find any interaction betwderdi nde f
sequential effects on CNV ampHiatcu da iAMN Oa/aAsh
for each task seplhaated yopwevihoudcef ovridgha i
dependent variable O6CNV amplitudg&esn the
mean CNV amplitude was <calculated over a t|

1000 ms, on electrodes FCz, Cz, and C1.

I n the unidirefcdadtomral AN@GQBA @ampdeh@ovetke a mai n
effect of O6prHd&VilgRrd)f ccrddip S®i, »BP,= Wi.t0IB,a mor
CNV amplitude when the pgr.e8Bviuouas KN odr.edp)e rriaoctdnh
(1.2 u.a N 3.7).

I n the mul tidi rfeadt ornaAN Q@Y¥WAS kamgthhest humdwes da | s o
a main effect off Far €vi)o rsd4f=BBe A @i =t D@ 0o r ¢
negative CNV amplitude when-2t He upraeWi Bu s )f «
than -0.onhgu.(a N 2.7)

2. 5.CNV amplitude before target signal: sho
We verified if the CNV amplitude decreased

trial s, we compared the CNV amplHliotOODd emsi n t
(before the onset of the target-180@nalk dur
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(before the onset of the target signal dur
factor ANOVA grobptheaecwoté&i ht ask' (uni dir ec
and '"ti me -wWwi 0@ oms -1WB.0 0IntsB 0 eornageénck ampl i t udes
FCz, Cz, and Cl1 el ectrodes.

Effect DF F p-value dd
Task (1,21) 2.32 0.14 0.10
Time Window (1,21) 3.91 0.06 0.16
Interaction (1,21) 0.30 0.59 0.01
Tabl eFS8RIl 6statistical anal ysis of CNV ampl.
el ectrodes before the target signal occurre
Multidirectional Unidirectional
d Signal Target Signal Start Signal Target Signal
2.
"\ A
2.
-4-
0 200 4060 600 8O0 1000 1200 1400 1600 15‘00T_ (c‘}) 200 400 600 800 1000 1200 1400 1600 1800
Figure GSRVlamplitudasdi onODWiracmuonal t asKk:¢
theéectrodes (FCz, Cz, and Cl1l) in trials wi
the |Iines corresponds to the SEM. 0 ms on t
(green | ine), while 1700 ms marrkesp etrhieo do n(sreetc
i ne) .
The CNV amplitude only tended to decrease

consistent with f{Meditomgeti mlthe 2I0il38r at ur e
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2.6 CNV amplitude at I ong foreperiods: comp

We tested whether the amplitude of the CNV before the onset of the target signal at the
long foreperiod differed between the two motor tasks. To do so, we performed a one
factor ANOVA with the withingroup factor 'task’ (unidirectional vs. multidirectionath

the averaged amplitudes from the FCz, Cz, and C1 electrodes within the 1500 to 1700 ms
time window. The ANOVA revealed no effect of the task factor: [F(1,21) =1.72, p = 0.2,

d d = 0.08]. This result confirms that the amplitude of the CNV before tisetoof the

target signal at the long foreperiod is equivalent across the two motor tasks.

2.7 CNV amplitude at | ong foreperiods depen

At | ongforeperiods sequenti al effects are
sequenti al effects on CNV amplitufilacaorthe
ANOVA wi t h -gtrhoeu pwiftahcitnor s 't as k' (unidirecti

previous foreperiod’ (short vs. l ong) on t
Cl electrodes within the 1500 to 1700 ms ti

Effect DF F p-value dd

Task (1,21) 1.81 0.19 0.09
Previous FP (1,21) 2.11 0.16 0.08
Interaction (1,21) 0.11 0.75 0.005

Tabl eeF8R2I1 7statistical anal ysis of CNV ampl.
el ectrodes within the 1500 to 1700 ms ti me

These results align with the |iterature, wt
only during thMeshort2bavgeperiod

81



Amplitude (pV)

ETUDE 1

Multidirectional Unidirectional

Stant Signal Target Signal Start Sianal Target Signal

Previous Foreperiod

H Long
= Short

0 200 400 800 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Time {ms)

Figure GSRV2amplitudasdi onOWiracmuonal t asKk:¢

three electrodes (FCz, Cz, and C1) in trial
the |Iines corresponds to the SEM. 0 ms on t
(green line), while 1700 ms mar ks the onset
i ne) .
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RAPPEL DES RE£SULTATS PRI NCIPAUX DE LO

Rappel des r®sultats principaux
Léobjectif de | 6®tude 1 est n® dbébune obser
| 6absence doeffetdans®quant ©ehse mBulbti eésr aRsi
i nterrogations. Nous avons envisag® que |
successifs pouvait ctre 7 | 6origine de <ce
| 6i nt ®grati on de laammsprl @diccotnitornt | tee mpootreeulrl ec
neur otypiqgues.

N o

da

TRs

ayv

ra

(p

s®qu

as

De

un
S i
en

co

En
da

| o

us avons utilis® deux t©ches motrices : |
angeaient de direction “ chaque essai, et
ns |a m°me direction. Les s@guéntitasl dns uc
ans |l a t©che multidirectionnell e. En r
on
pi
| u

observ® des effets s®quentiels : au

o v o

ement | eur mouvemenltememtsgauer Yenwsi guwm ad

~—+
[

t gudau d®I ai l ong) - | 6essai pr ®c ®d

(¢]
=]

tiels sur | es TRs dans notre paradigr
soci ®e © | a commandenthetcheegelLotsqgdespart

s effets s®quentiels ont ®gal ement ®t ® o0b
arr°t, un indicateur de |l a pr®paration
idirectionnelle, |l es participanmntsgureal ent.

g
core ces effettendemblpeant u°nter eprs®RdUu st i on

-}
QD

cible ® ait survenu au d®l ai cour't (
mmande motrice puisqudils ndonecpasn®e®l e
revanche, des effets s®quentiels indist.]

ns | es deux t ©c hes. Avant | e d®l ai court

rsqgue | e d®l ai pr ®c ®dent avaitfe®t® sonott

|l i ®s ° une pr®paration temporelle Iind®penda
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La divergence observ®e entre | 0i mpact du c
I ndi cateurs comportementaux et EEG nous a

m®cani smes de pr®diction temporelle op®rant
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Objectif de | 6®t ude 2

Dans |l es protocoles d'attente temporelle, |
temps et des effets s®quentiels sur | eurs

r®ponses sont g®n®r al ement moi nsn PriR®tswedse e
1, nous avons montr ® que |l a pr®paration

| "' ex®cution de cet arr °t ( TR) ®t ai ent opt
| " occurrence du signal <cible ®teinotirndg GRtruRdes
2 ®tait d' examiner comment s'effectue cette

|l a commande motrice chez | es enfant s, | es a
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4 . Mail mmnMpgtcr |

Abstract

The existence ofmoldwtrh treantporr adndrrean cti on

suggested in variable foreper-ieldatadktsemgdi
predictions evolve throughouti 2nde up eordfeosrerheod
stirgght ne finger movements unti.|l a target si
foreperiod. &kegwestoppiedgfbebhaviour in one
trdwkse analysed in terms of anticipatory
reaction times (motor execution) . We wused

(@)

hanged movement direction between trials

~+

hey repeated the same movement (unidirect.i

I n the wunidirectional t as k, where the moto

anticipatory decel eration wer e o0brseelravteedd ac 1

tempor al prediction is establishedcbyonge
ti mes were present in both tasks. Since res
stimuli, these effects |ikely represent ser
effects, even when participanst st hcahtangends aro
related prediction is not fully integrated

This highlights that @eruerliantge dn etuernopdoervael | oppr needn

earlier, while sensorimot.or tempor al predic
Keywar dBempoedi cti ons; Sensori motor Il nt egr
Effect s; Neurodevel opment
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1. Il ntroducti on

Ti me passes inexorably and influences all m
humans to implicitly adjust their behaviour
in a game of musical chairs, phaaritrisc iupnatnitls t
musi c stops. The |l onger the music plays, t
all owing them to quickly prepare to halt t
earlier than expected, theaerdées tesstopmant
chair. Anticipating the end of a sensory ev
(stopping movement) requires both the abili
sensory prediction (tBi entbaedrinmhayn nm t Zoa c hbaerhya,v i 109u
al ,. 10®eé )or several of tioese mabiliintichs | anre
mot or performance is sl|lower (Addm$e&slLambas
1986 ; Eckert & Eichorn, Neu7r7o;,delceH mngpane ndtal a
may concern sensory temporal prediction, mo
i . e. t he i ncorerpdraateidont eafposams rryedi cti ons
children grow ol der. iHems bwe adkdil g ea tnmootsoer
a wendown tempor al prediction task.

The study of temporal prediction capabiliti
I n these tasks, a first signal marks the on
a target occur s. Parti ci paartgsetr,e sanodn dt haesi rf
recorded. Aceboarsdeidn gt hteoo rhiaezsa,r das ti me passes
occuring increases, as does(Cdhel Ilpbar20@9 pah
1991; Niemi &. NFRitS ngmowil®@ lpreparedness oV
after a |l ong foreperiod compared to a short
(though other expl abhasi ens adre <20Wdges tSad el
| mportantly, i n these tasks, participants
consciously wusing 1t (tNoobirmepreavealt.hei2rOOp/er f\V
2012)The variable foreperi-olddvefnfteoc t& eTnaerragnetsi
2015; Vallesi. & rbdealddtcaehl i200e9, both chil d
tidmased influences on performance, i ndicat.
across ad¢gd Ilgroaups 1970, ®Suaombnresulat s, su@GO3t
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sensory prediction is present early on duri
motor action and how well thigdtinteagidadti dbr
guestisamalkel eedul ts exhibit better perfor man:
tasks, with faster réApamsesx drmadnbgse atldr86a
Ei chorn, 1977, JoMheer eetsalts 204d&é¢ést t ha

tempor al preparation evolve with age. Our
foreperiod tasks, predicting the timing of
to the motAor opreeégimntag €di s rai ses the quest
gap i n motor performance between children &
i n motor precision with age, or whether it
sensori mot awheirret s@matbiegn t emporal predictior
i ncorporated into motor programs as childre

Olivier (0D ARievsdli gated whether motor prepa

di fferent age groups in a variable foreperi
10 years) and adults were required to resj|
forepereosi my eorl ever. I n some trials, par
response in advance of the target onset the
or right) and the direction of the response
age al | participants benefited from this ex|
trials without the cue. This result shows t
response to improve their RTs whear r etsipoend

authors observed that the time needed to a
from 2000 ms in y8uwyegar spatoi &0Ppamssi 60l de
agreel ated i mprovement in motordiprregtalryatdamt L
how motor preparation is implemented, as t
movement rat her than the preparatory proce
sensitivity to distingui-sél dted deesé ind ffimentataari
preparation. Motor planning typically invol
actf{wml pert et lal remaPadS) thus wunclear whet
sensorimotor abilities are the primary cont
children c¢compRoakdr tt 0& aHiudhbosr ni,n slit \a/m7c)e , when
are asked to reproduce -taapr hiyntthenr,v atl hse dveacrrieaal

(Drewing et al ., 2.0 0/c; h i Movniinegr geoto da lp.e,r f 20 I
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requires precise motor control, which impl:i
from each tap, as wel | as (ae | atvaowrealt le @tr &l
2012)Similarly, young children show greater
sound, particularly f or( Mohnoiretr ientt ieanld.ia,¢t 32 0 1594
that both time precision and the ability 1t
I mprove with devel opment . Research has fu
|l earning, especially in infants, msWapes ti
mot or s k(iMadnsi earl oente Saeln.s,or2 0moX)or abilities al
cognitive (deevretlRspzme&ntHonlkempyhas) z206B3) heir ¢
neurodevel opment . Consequentl vy, di fference
explain the RT differences observed bet wee
di fficulty in sensori mosamggestedghati amei mpr
sensory consequienacesasfsthei qaktt i @amwar d as

recently developed procedure to test this i
We previously developed a variable foreper
performed a movement during the foreperiod.
strdiighlret fi nger movement on a surpasei @lfe er
upon the target signal, which occurred afte
ki nematic indicators to assess how partici
(Duque et al : 201 7TTwoWomdtworr t has kKlS9@ger e u
participants consistently moved in the same
and anot her where they had to change direc:
the wunidirecti oenaslameasnko v erneepnetatdiinrge ctthh on al
mai ntain their motor program across trials,
specifically, we found that neurotypical é
previous tri abehaviadymualt pdareioAmaocet i @t t &le
subm)tted

I n the unidiretcdronbal ethskfsthertsegbenti al
participants sl owed down more efficiently Db
foreperiod was al so short, comwpwaocmrsied ot whe n
short foreperiods was also reflected in the
faster at the short foreperiod when the pre
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it was l ong. Abaeasedindebni éia,zat Hese effec
mechani sm than the \aardi cdabrileeenf olrye ptelme odx pé ¢

consecutive tr(iGapsi zwiil letbeals.i,mi2logles;r yCo& r e a
Yuv@deenberg, 2022, WWMWeowdaoswshod®1#49oreperiod i
short f or espheorrito ds e(qsuheonrcte ) , the expectation

foreperiod is fol lschwed bsye qau esnhcoer)t, otnhee (tlaorngg

expected, | eageidngnot or upoepiamiati on and sl ow
effects were not observed at the |l ong for ej
reported in the I|literature.

I n the multidirectional t ask, where partic
seqguenti al effects di sappeared. Thi s sugg

preparation and execution rely on ttempor al

movement bei Mgi perésumedi s not surprising

movement, as it is part of the motor proces
in the program, t hen it cannot i nédeute.nce t
However, RT occur after the sensory stimulu

typical Gpvenhotbls. the sensory target signal
given the belief that sequen(tvadll eefif eedt salar,
it was surprising not to find sequenti al e
suggesting that the prediction of the targ:
mot or pragrcamnting for both the ddmeladrlat i o

the results suggested that sensori motor i n
precise motor action in neurotypicals adul't
Sequenti al effects are already (pMeensteont & on
Granzi ol , 2020; Ment o & Tarantino, 2015; P
However, given the sl ow dey€hbpmene ef akn
Gor eMur er et al ., 202 2; iVki ed geute satli.o,n 2whOeSt)h e
be as selective i n wycecdmg eadhiplrderdd nc.t ilofn tilse ss
to the motor program, both kinematic indic

sequenti al enf ftehcet su,nibdutr eccriliypribht edshredfct
not selectively attached to the motor prog

sequenti al effects in both tasks. Trajectorl
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attached to thwemekopecpbeedgsteanesmathidve t o sequ

only in the unidirectional task. Our indica
|l itedantuwuer hypotheses, by atkebwtaead warit ab imk
the childrends gestures.

2 . Mat saendl M@t hod

2. 1.Participants

Groupg N Sex Handedn Age Educa
(mal e/ | (right/
9112 y| 10 3/ 7 9/ 1 10. 5 5.4 |
1317 y| 13 6/ 7 12/ 1 14.8 9.5 |
1824 y| 12 3/ 9 11/ 1 21. 9 16.0
Tabl.Panticipantsd sociodemographic informat

given as mean N standard deviation.

Neurol ogi cal or psychiatric disorders were
o f head injury resulting in |l oss of consci
excluded. Additionally, the use dntmediamt i

exclusion criterion.

All participants (and | egal representatives
The study was conducted in accordance with
approval from the ethics committee of t he
Neurosciences and Ment al Health from the I

Services Center (QObUSS8H| ef (2F0n0eDj, € aNbS Mt A 0. & 2
2.2 .Equi pment
The experi ment was conducted in a dar k, S

experimenter being present. Participants sé¢
high, 65 cm wide, and 48 c¢cm deep. They wer
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i nside the box, with their fist closed an
movements in response t oDrtiavcetsifl aw itshtti@anurha t. o rl

were attached to the upper forearmviade wri s

tactile stimuld.i indicating when to start a
connected tPr iameCh¥.ohosst iEmul ati on box, set t
with a frequency of 230 Hz. Partithpants

vi brations. The task was managed using an |

E-Pri me 3. 0. Before beginning the tasks, the
to block any | ight and prevent peaectiocigant ¢
of participants' index fingers inside the ¢
fingernail, and the movements were captur ec
at 45 cm of height. The vi deo awarse sroelcuotridoend
120 Hz, and in 16:9 full HD for mat .

2. 3.Procedur e

The protocol consisted of three variable fc
t a,skwhi shmiwhar to those commonly found in t
I n the two motor tasks, partidiimantnso vveemeenti
foll owing a 100 ms tactile vibration on the
as possible following a 100 nesl )t.acltn |beotvh btr
the target signal could occur either 1000
foreperiod) after the start stirgnaal .i nBaecrhv atlr

ranging from 2000 to 220t0r imsl. s Eawiht i a%& tcroir

short foreperiod and 96 having a long forep

The main difference between the two tasks v

mul tidirectional t ask, participants changed
as I f exploring a maze. Li ke i n avemratziegalmoyv
directions (X and Y axes). I n the "wunidirec

the same position and performed the movemen
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t h
Si
a

fore starting each task, participants we.|
miliar with the task. During this trainin
arted their movement with thegnaltarThei gpa
their movements was also checked to ens
e edge of the box, or too slowly, causin
sured that al/l participantac moderdt altl ys i mi
de of the box, they were instructed to s
i al . This instruction helped identify th
cluded from the anal ystéi sl meamsuwe banam
t ween true anticipations and too | ong mov
the third control t ask, participants pr
e target signal. This task was used to v
ediction effects (the vari abRTe fSoirnecpee rtihoic
ntrol task was not directly related to c
thodol ogy and results areSeatclilamded. i n Sup

.4 .Data anal ysi s

anal ysed the trajectory of the finger (
tablished sever al criteria to enable the
|l l owing. The criteria, dé&texitlieod sidmatrlee t
those validatedsahbhh) used in Arrouet et a

captured the participants' mot or traject
havioural indicators from the recorded vi
i al s, each | asting 3000 ms. Eathet fiaktbe
ctile vibration on the upper forearm. Thi
e box that was I|lit for 100 ms, correspond
milarly, when the targetl signbtabiccnroedt
green LED inside the box was I|it for the
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4 Slt.opping Latency (1. e. RT)

measured participants' stopping | atencie
vement following the onset of the target
eated as the RT. RT is a commoind yv aursieadb Imee
reperiod paradigms. This measure enabl ed
tempor al prediction abilities (variabl e
tor tasks.

was measured as the time between the ons
rticipants stopped their movement. At t he
S never exactly zero. | f t heir fiilnlger we
tected, and the speed, while small, was n
set criteria for what counted as 'stopp
ved at different speeds, s o fwien ec owhl edn ntohte
vement had stopped. |l nstead, we used perc
eed values. To ensure the stopping point
ch trial for every particippandt owsirng i ane ¢
nfirmed that the stopping point pl aced b
uld have placed it.

both motor tasks, the stopping point we
edefined criteria (deti@aSdecetdi am 2)h eweSruep pnhee
er e no points me t the stopping criteri e
ditionally, i f the movement was stopped b
rget signal, it was considered an antici
om further analysis. Trials Iluaded |beodt ha st r'
ticipations and cases where participants
x edge before the trial ended, they were
d this was considered an anticipated stop
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Speed Peaks

[N
[\

AN

Target Signal

Speed (cm/sec)

Speed Peaks

TN

» Time (sec)

Reaction Time

FigurTehel .st arti gsgegrnsal an initial accel eratic
fluctuates, resulting in peaks. Green arrow
show the minimum points. After 1000 ms (sho

l i ne on arhee tgheapthime taken to stop the move
called RT in our protocol. Although partici

caused by tremors can stil!]l be detected.

2. 4. @eceleration Points

Participants began to slow their movement I
this deceleration was used as an (Dugeeator

et al ., 2017;. Vgiondcweo rtthhe,r el 8a9r9%) t wo f oreper i ¢
sl owing downs measured before the short for
|l ong foreperiod (i.e. before 1700 ms). For

as thecolferastti e pointd and 'second decel er
decel eration point i denti fied between 1000
l i mited additional i nsights into the resu

decelnerm@maii rot for clarity and conci seness.
pertaining to the second deceleration point

Section 2.

Because participants <could not predict wh

decel eration point was expected in all tori
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criteria for i1dentifying both deceleration
window of interest) and consistent across t
i Section 2, and are the samesubsm)tithtodsdet hv al i
decel eration points were defined as the ini
that met all our specified criteria.

We =evaluated the efficiency of sl owing do

o

i ndependent of the movement speed by measul

first deceleration point. To that aim we c:

the first deceleration point and 50 ms pri

foreperiod, using the foll owing -Epemd!| at [ (

950 ms) / speed at the firstadegbOematwas p

instead of the speed at 1000 ms to avoid a
gnal in short foreperiod trials.

By calculating these relative deceleration
i n adjusting their movements and facilitaf
i nfluence of individual speed wvariations.
participants decrease their speed between t

target signal

2.5.Sequential effects index

Sequenti al effects refer to the observed sl
preceded by a |l ong foreperiod, as compared
i sol ate the sequential effect, wethabhcshate

foreperiod preceded -dlyorat )| oanngd ftohroespee rp roac g

foreperisbodr¢(shomhi s difference was then nol

of the RTs t d naddcova uwnuta(lf ovikae iiesballedddsryssit.. 2024
The formula was as foll ows:

Y'Y Y'Y

Y'Y Y'Y
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A | arger positive index indicates more pron

2.6Statistical anal ysis

Experi ment al
Group Condi t Mul tidir Uni di rec
9112 vye Short 85 77
Long 69 61
Short 86 93
1317 ye Long 77 8 7
1824 ye Short 92 91
Long 87 87
Tabl MumBber of trials included in the behavi
group, condition and experimental task (tot

Statistical anal yses (wWeorse tp etrefdono,meZad 2u3s)i mdi &
we worked with the median values of each p
values of each participant, averaged at t he
error of the mean (SEM).

For our statistical compari sons, we condu
assumption was not me t in our dataset s, we
ANOVA. We wutilized the 6éorder Normd functior
ensur eavetrs dfaal | owed &aGPebemsabdbn d&sCaviaona ugh,
mai ntain a nor mal di stribution while preser
from O and 1, wsec oa pepsl iteod oiunrv ed ssteaszet s bef o
statistical analysis.

The significatice Pavbisgwadqieslef | aes are prov

a measure of effect si ze.

10
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3. Resul ts

3.1.Response phase

3.1 . Mariance of reaction ti mes

The |l iterature suggests that youUrEg&kreritnd vi
Eichorn, 1977; . TaMene® ed@tedalt.o, k2a@Ww2Y)Yx o whi ch
the variability of RTs, because this then r
effects. Her e, we wused variance of RT to

examined RT dicsht rp aruttii minpsanftorateaboth f or ep:¢
tasks. We | ooked at variability independent
(i . eantniomi pat ed) responses would be | ess p

participanbs$deomparesd t o

We perfor meady ami txlerde ANOVA on participantso
bet weremup f acitlo2r y'eaagresl 7v(sPe a2 4v sy.eal &) and
wit-ff aup factors 'task' (unidirectional VS.
(short vs. long) (Figure 2).

The ANOVA revealed a main effecdp=0f0.'48ge'’ [
Il ndepetnaeting wi t-dio Brosadadeleweosn ir evdaPlPRedgehgt oupe
had significantly morse wesri &n Qel i51R74t) & g éhra nR T
groupl@la,ms] N 11 460), t(4928)age3g@8Bupp (%2

ms|] N 12 325), t(52.3) = 4.11, p = .00042.
other, t(95.8) = 0.63, p ='"1] FTheB)was 481
.00000Q@ E3,0.59], wi t h participants showin

multidirectional task (25 621 ms|] N 19 578
ms | N 8 412). Additionally, a main effect o
33.18, 0Op28p=.00060], with participants being
the current foreperiod was short (22 655 ms
062) .

10
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We found a significant interaction between
. g43,0. 1&nalyssles showed a main effect of

hoc Tukey HSD test reveal ed an effect of é
uni directional t ask. I ni 1theyeat $i diigree cgtri oou
signi fmocantvlay i @889 e mBTs N( 22 9471y FTBAnmbdpt h 1
N 12 86124 agnddg InBs] N 15 484) age @OOWPGEQA, p =
respectivel y.

Finally, the interaction between the 'task'’
[F(1,32) = 18Jpad60. Pp7F-hoW&TLUkeyt HSD test st
participants were more variable in their RT

compared to the | ong foreperiod (16 961 ms|]
task, p = .0000045.

Unidirectional Multidirectional

75000-

Age Group
® 9-12 years
13 - 17 years
18 - 24 years-old

50000~

25000-

Variance of Reaction Time (ms?)

> Short Lolng Short Lo'ng
Current Foreperiod
Fi gurevaz i ance of RTs in ms] shown by the cu
and three age groups. Opaque shapes with e
N SEM, while transparent shapes reflect ir
contdion. Statistical sigal besarceOD4.ddhet s
bar i1 ndicates the interaction effect betwee

10
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showing greater RT variability at the shor:
mul tidirectional task.

3.1 .Reaction ti mes

We examined how previadd exznedc RMTsemtcrossep
age groups in two motor tasks. The aim of t
o f tempor al prediction abilities on RTs,
foreperiods (the wadi abhleei horepsei od &T§ewh
is followed by a short one (sequential effe
di fferently influenced by key neurwayvel opn
mi xed ANOVA on wiatrhithe9abhepweéeFd4adr yeags' vE9
1317 yeari24vsy.eal&) amobuphdé awit bhisn 't ask'’ (1
mul tidirectional), "previous foreperiod’ (s
l ong) (Figure 3).

The waowrANOVA on RTs revealed a main effect
dp= 0.29]. To determine which age group di
i ndepetnaletnd d@and appli ed B-waf eesoensilthse orterveecatlie

thatil*head®e group had significantly sl ower

t heill73 age group (389 ms N 73).,i24( h3®. @) o® p3
(386 ms N 55), t(108.3) = 3. 709iffper= f. ro0mM 7eda
ot her , t(190.6) = 0.31, p = 1. Additionall"

. 0000 @Q@P*H66M®B.,60] was observed, with faster RT
N 61) vs. the multidirectional task (438 ms
of "current foreperiod’ [ F(dp=3DP) 84] 16R2e8BT gc
the typical variable foreperiod effect, whe
ms N 58) compared t0)a NMbooeoveme 4 4m&2i mse i
foreperiod’ [ F(1, 3Qp= H.83%#.140 ,ndp cat.edd0 d Q2

trial with a long foreperiod (412 ms N 90)
Finally,-watyhei nttherreaect i on bet ween t he fact o

foreperioddé was signi fdbxa.t2 J]F.( 24 BRe 3 ewdile tHt3
Bonf ecoromevcdlewep revddRedgehgtoupehd sl owe

10
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1824 age group in the multidirectional t ask

N

un
ma
t h

114 fidre gheu® vs. 438B24sgmow®) ,f otr( 24h.e8)18
0027, and at the longifdregpeup dds3.143F B mms
el 2148 group), t(57.2)Y12 &8gesbgreopup alb8®&. hdad
an itlhive alg®e group (450 ms N 72) in the mult
reperiod, t(30.4) = 4.47, p = .0012.

significant interaction was found between
reperiod’ [ F(1, ¥YR3 G. BPR] & CAs tpad=o refd 0tOred2 g ,t
creased only when the foreperiod in the

ng foreperiod (462 ms N 89.0) -9a6herpthhan
0000000 @EO OteHe jitnygpi cal asymmetriealy seque
teraction between the ‘'etnats kf'o,r e pperreivoido u sf af
t significant [dF€103R2P20F. 0OTBIlS Puggedtls

fects on RTs are not significantly differ

wever, the variability of RTs especially
me effects. We conducted an additional an
e characteristic RT sl owing atf otrheep esrhioordt
ee Methods section 2.5) to minimize the |
y mi xed ANOVA -grbobbpthactbet wé-ggedbp ahdct dr
asko revealed a main effect defx:t & (tlgs3kR)f
.91, = 0.0D2R]0., The sequenti al effect 1 nc
idirectional task (0.06 N 0.04) compared
in effect of the O0aged f adpt=0r0.WBD]f, owmmad |

ere an interaction bet wedygr tOh e 0f6addt.or s [ F

10
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Unidirectional Multidirectional

800-
‘g Age Group
= ® 9-12years
%’600' 13- 17 years
= 18 - 24 years
c
2 Previous Foreperiod
@ h\ Short
& ® Long

400- \\.‘

Short Lo'ng Short Lo'ng
Current Foreperiod
FiguRds3in ms on the current trial for bot |
the previous foreperiod. Opaque shapes wit!
while transparent shapes reflect individua

Statical significancealisesdesnot@@l1 .byl M *Botflp

significance bar indicates the main effect
on the far |l eft of the grapheshows &ahd coat E
foreperiod factors, demonstrating that the
the current foreperiod is short.

3.2.Kinematic parameters preceding the resp

The relative deceleration slope indicates
movement . This anticipation differs betwee
foreperiod, the onset of the targelthissi gnal
di fference in uncertainty | ed us to anal yse
trials with short and | ong foreperiods. Res

in the Suppl eéB8erctaoyn KMateri al

10



ETUDE 2

3.2.Rel ative deceleration slope at the shor

Preparing to stop involves predicting when
may or may not be <closely l inked to the
mul tidirectional t ask, where the motor pro

inf ormation from the previous motor program

However, in the wunidirectional t ask, dur i n.
one trial to the next, sequentialakeféerss a
this mowdmdrtd t emporal prediction different
the presence of sequential effects on the r

across age groups and both motor tasks.

We conduct-wady amitxherde eANOVA on t he depender
decel eration slopéswathth@rchbptfiveadtbt®Rrep'ea g @
year silvis .yela3i 34 viseans8) -gndupheeawi ohsn' task'

vs. multidirectional) and previous foreper
The wlhayed&dNOVA on relative deceleration sl op
main effect of "task'dpF FO1132) wi 6h 728t e@p
decel erati on sl opes i n t he uni directional
multidirectional task (0.161 N 0.09). Addi 't
foreperioddé [F(1dp82D. 34U, 66howi g . 9B8eper r
sl opes following a short previous efrdroaperi o
(0.172 N 0.10). We found no madpr €f0D86O1 .of

The interaction between the O0taské and O&pr
[ F(1,32) =db= 8. 1®] & eAsGplati,arefdi tmed t he pr ese
effects on relative deceleration sl opes at

task with steeper slope when the previous f

|l ong RO01B2), t(34) = 3.58, p = .0010.
We also found a significant I nteraction be
6. 12, p dgF= . M.0588], . To compare the &effect o

decel eration slopes within €&a&ch age hgrBowg e

10
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correction. Accordinh2 ta@agd hgrsoupsshowed ys tt.
decel eration sl opes at the short foreperioc
compared to the multidirectional task (0.
Adli tionall y,-tesntdsepwindentBonf erroni correcti

uni directiblnZalagesgkr,oupheha®d steeper relati ve
to tih2ed4 1a88ge group (0.150 N O0.14, it 4nlo.r8) =
t hei 2148 age groups differidd siggnigffioapntlpy =f r
.85, respectively).

o
o

*k *k *k

0.4-
Age Group
@® 9-12years
13- 17 years
i 18 - 24 years
0.2 i A Previous Foreperiod

I ¢ 78 s

Relative Deceleration Slope at the Short Foreperiod
o
)

Unidirectional Multidirectional

Figur eRell ative decel erati on asrleo psehso vwne ffoare R
mot or tasks, across age groups, and dependi
with error bars represent the mean rel ati ve
shapes show individual mpariti oinparrsta'tidat & ap
is denotedabuvwes*<fof®apuand *0borlp the wunid

upper significance bar indicates the age di
The three small drowsiigwdiifciadeaencdenebarnst edreacti o
foreperiod and task factors, showing a sequ

10
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4 . Di scussi on

This study investigates whether the predic
(senrseolryt ed tempor al prediction) influences
neurodevel opment . Specificabkl gteweperegdmt e
selectively |Iinked to a specific motor prog

(Arrouedulem) tat Weg tested a group of neurotypi

t wo motor tasks: a unidirectional task, wh
from trial to trial, and a multidirectional
recorndeenda tkiic i ndi cators (relative decel erat]
to stop, -ramldatred piomdiecat ors (RTs), which re

I n both cases the prediction of t he moment
performance (deceleration and response to
was bound to requireDeaoekersaetnismmg yb efrmrcee s s
movement is an i nher emtndp arctc uafs telve nmatnort h
any taMgetwor tihn, t1h8eQ 9Mmul t i di recti onal t ask,
were expected to reset along with the motor

changed. The question was to what extent t
within the pemngirmend iitsedefermwmdent of it, whic
result i n s elpuemnndearlsteafnfdechtassw t empor al pr e
measures, we examined seguédntsieagueeaftfiemdt sefd

observed onlryecitn onlae dmraisk, t-hehati ¢é¢dspggeisd:
is selectively attached to the motor progra
in both tasks, i ir eil mpleide prteldatctt e s &sn @Oty

prga am

We observed sequential effects on RTs in bo
i n t he uni directional t ask compared to th
decel eration sl opes, we replicat eld efufre optr ev
at the short foreperiod Asroloeuleyts udntm)tahtee dun i

Sequential effects on our indicat-oebatwede n
di fferences in RT speed and cvaroinaabi Itiatsyk . sT
resul ts align wi t h t he l i terature suggest
comparable across age groups, but mot or e

10
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compa
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to younger ones, especially when a

Chi2?2 dragre @9 oup) al so show | ess ef
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Acr os

effec
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s al

t's o

the prece

forep
was s

contr

erio
t ron

ast

RTs wer e

ctional task compared to tdhe wuni d

decel eration S| dpSeesct | @e 2% u p pllhe ns

e was not obseir2vde da gien gtrhoeu posl)d e rT hier
ce for the mMu2tagerg@groupnmay tlekex
of children to rely on the 1 mmedi
o the multidirectional task, where
e on the i mmediate pritaoareexparitdem
foreperiod task, both the history
e can influence performance, but

on based on distributlioommgse,r Iip.eg. o0

t et al., 2012; Del Popol . &asCri st al
devel op, their mot or preparation
s based on i mmediate prior exper.i

for more prec(iBendard dtasdler, mdl ®5;
k. eTtheasle. ,ef2f0e2c3t)s do not explain th

the multidirectional task, though
I participants, regardl ess of the
n RTs: participants were sl ower toc

di ng f orshpcrrti ogde gwaesn cleo)n,g schobnophagr e d
ds f ol lsohwoerdt esaecghu eontchee)r. (Esvheonr tt howu gl
ger in the wunidirectional task com
with our previous dsdaoquédamtgisali ne fnfeeuc
sol ely obser vArdr oune tstuheem)uentiéddi roewrt i

previous experiment, we interpreted the ab:
mot or program changes as an indication that
(senrseolrggt ed tempor al predicticom) csenoe otri pelo
being executed. The current resudrtes asbdw t
temporal predicti ofnylidnoteesg rnaotte d/ eitn tsce ean proe die
These findings suggest that sensori motor t
support the Iiterature on sensorimotor i nt e
t he contingent negatni vervelndat edt ipoont e  CN¥) ,

10
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sensori motor te(MmMpeondcddr extpealt ati 08685, FIl or e s
Val enza, 2016; Menhaove svladoWwmrssi grRiOfli6gant di
structures generating CNV between young i nd
of age, CNV primarily originates from the
precentr al regt iownist,y woli hhernvoed over t he mot
i nterpret these findings as indicative of d
mot or systems throughout childhood. The asy
systems magrtndlcdiesacpation between these
suggesting that sensori motof GonMwemgeaeratatonali.s
2021; Viel. eRuratlh.er 2s0u0p9)ort for the ongoi ng
i ntegration unti|l | ate adol escendqe 99@mes f
where participants aged 5 to 30 years were
see heir arm. During the test phase, the p
feedback. The absence of visual feedback
participants, with a significantly more ma
results suggest that i mproved motor control
of sensory information into the motor progr
There were stildl sequential 71e2f4f ecdd rsi nogn tRhTe
multidirectional t ask. This result could b
sensori motor integration within this group,
ithegration while others, being younger, hav

effects are (Koghhgl yeta uwatlo ma t2i0elbd wWay | gsi siest ¢
sensori motor integration is fully matured.
1824 age group would be sufficient to mask

age groups in the multidirectional task.

Nevertheless, the older groups demonstrated
observations on RT v air2id4a keixlhii tby :t eidn d iewisd RA| &
thoseihgdedp®@rticularly in the imabitlidiyercef lo
more precise sdxe@utngd amat car werldgr am. Thi s
i n tih2ed 1laBge group is further supported by t
foreperiod. I n the multildiveereet sbopawkrt askst .
movement comparidd maddBd8het geolPps. The 50%

11
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the target signal at the short foreperiod
preparation more difficult, especially for
hi ndered by i mmature sensorimotor i ntegrat
sesmri motor integration may facilitate the
trial, ensuring efficient execution.

't i s unlikely that the RT r ersaillldatse d bckiefrfvesrd
i n processing speed betwekkai t hel?dhlecesmxpaes
al ., . 208B&) only task where we observe a de
multidirectional task. I n the unidirectiona
faster RTs than children. This indicates tF
pr ocessed, and motor commands are executed
groups.

5. Concl usi on

To conclude, our results showed that i n o
ki nematic indicators (relative deceleratior
di stinct processes, both influencednby tem

rel ative decel eration before the short fore
n the multidirectional #treaedla.t eldhdsanproasadl tpy

s establishgdabg theegqgat ede tthaer gperte p(airmtti a

ecel ermtcomfr ast , sequenti al effects on RT
nd mul ti didrtehcotuigchn ane atkeesk si n t he mul tidirec
nidirectional t ask. Such sequenti al effect

vien by sensorimotor tempor al preparation,

O O < 9 o

dol esThheamscenat ur ati on may specifically conc

according to the sen$etweeingsahnhsor yeanan mioh

The differences in motor performance acros
performance with age is |inked to the matur
may help to study neurodevel opment al di sor ¢

pr edi cti o(nFoeaelrisitietri e€& Jodhhegt ral seg POR4)guest

sensori motor tempor al prediction, gi ven it

11
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abnor mal nNeufbearveld opmdali s, a23Db0) eads to t
whet her alterations in tempor al predicti or
i ntegration, or whether they affect al |l S

execution.
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4. Quppl ementary Mat er

SectiGontlr ol t ask

1. Materials and Met hods

The aim of the control task was to verify t
The control task was built exactly | ike the
and number of trial s, but t.heThpeayr tdiicd pnaontt sh

perform a movement during the waiting perio

Li ke in the other tasks, the vibration ap
beginning of the trial. After either a shor
the wrist (target signal). Parpascs ipbalng st ow etr

onset of the target signal byrpmess8i O9grtls@o
box with their dominant hand.

1.1.Analyses of reaction ti mes
Trials that involved omission errors (no

responses (pressing the wrong button), and

excluded from further anal ysi s.
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Group Conditio ContTaslk
9112 vyear Short 5
Long 14
Short 3
1317 yea Long 13
1824 yea Short 3
Long 9
Tabl eM8&anlnumber of trials excluded in the
age group, condition and experimental task

2. Resul ts

2.1 .Reaction ti mes

We examined whet hereftfheec tvaan d bd eq U eomrteipeelr i eofd
control task were influenced by-wtalye maxe dgr o
ANOVA on RTs wigtrtoutph d altidlt®@w eyeermgiel'7v(y® alt 3 v s.
1824 years) amadupthodreswidphrienvi ous f oreperi od:

6current foreperiodé (short vs. Il ong) (Figu
The whyeeANOVA on RTs indicated a signific
foreperiodd [F(1,d32)0=356.9TZhip £#indodoagoeali
vari able foreperiod effect, showing faster

ms N 50) compared to short (239 ms N 62).
Oprevious forep2gBjopgodj=FOeMEBAL, wi2zdh faster
previous foreperiod was short (222 ms N 55)

a significant i nteraction between tdhe two f

0.70] -tA painrfed nted the asymmetrical seque
RTs at the short foreperiod only when it wa
rather than a shot€7t. 5bne p( 223 0 060M)0,0 0t9(13 4 )T h=

of twieops ef oreperi od when the current one w

There was no main effect of doyheOO@8EDP,faado

ot her significant interactions were found.
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500-

Age Group

@ 9- 12 years
13- 17 years
18 - 24 years

N
o
o

Previous Foreperiod
Short

300- %\ ® Long
200-

Short Lo'ng
Current Foreperiod

Reaction Time (ms)

Figure 8Isliinn trhe <contr ol task as a funct.i
depending on age groups and previous forepe
the mean RT N SEM, while transparent shapes
in each tandstioal §igni f i evaan cuee si s< d eOn0olt. e dT

significance bar indicates the main effect
on the far | eft of the graph shows the sequ
foreperiod influences RT only when the curre

2.2 . Anticipations

We investigated whether anticipated respons
task were influenced by age (Figure S1.2).
the short foreperiod because therl o weeset onl
this, we pearafyoANOVYAaoobnnehe number of antici
foreperiod, usi-qurgo wmgfed2 tape all D e weads8 vs. 1
24 years).

The ANOVA revealed a main effedg= od. 204ag e o
I ndepemeleindg wi t h B o nvfaelrureosn ic ocnofir2rdencatdecdt gpa © u fi
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made | ess anticipated ik2pagsegr ¢uup N( B [Nhh
3.25, p = .i01277 ,ageendgrtohuep 1316 N 14), t(13.2)
two did not differ, t(20.2) = 0.31, p = 1 (

A Pearson correlation indicahedmothat antieciyj

response®. 3 ( 3B(387%) p = .0011) (Figure S1. 2.

the number of anticipated responses i s sighn
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v
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Number of Anticipated Responses at Long Foreperiod >
i
o

() ®
fo ..e °
o
9- 12'years 13-17 years 18- 24 years
Age Group
B
.S R(33)=-053, p < .01
™
o
o
2
o
(1
g
o 50-
|
-
(1]
" . ¢
[
w
c
] .
o .
0
[
o o5-
°
]
©
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12 16 20 24
Age (years)
Figure BdmBer of anticipated responses at t
di splayed by group (A) and correlated with
anticipated responses across age groups. o)
mean number of anticipated responses N SEM,
participant data points for each condition.

number of anticipated responses andamarsti ci
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tend to make fewer anticipated responses.

on the graph, and statistivcaaluessi gcni.fOi5c.anc e
3. Concl usi on

I n the control t ask, we oObserved variable
consistently across all age groups, suggest
(Johnson et al ., 2015)

However, we f cawrd eédnfstihigen infuncbaenrt of antici pa
|l ong foreperiod: the older group made signi

to both the middle amobtyaduarddest sgrgaupgs,.cawmhil
Additionally, the number of anticipated res
motor tasks of the mai nsdax @mef ir menn(tMeeiTthai ¢ en e
& Granziol, 2020; \VaadhcedsfiurtiSdral duggegest2D 0t71)
is still developCogstianobiuni giast&ciLpaat s2019

SectidMot @r t asks

1. Materials and Met hods

1.1 Stopping point

1.1.Sltopping point criteria in the multidir

The first rule to define a stopping point w
from the previous maxi mum speed. For exampl
the speed at the stopping point ehdad dteonthief y6
a significant reduction in speed, It was n
truly stopped, since their speed coul d de:
i ntroduced a second rule to easnreAparoppi |
point was recognized only if the next two ¢

the stopping point. Il n the previous exampl

12



ETUDE 2

cm/ sec, the next two peaks had to be bel ow

w e
tr
we
us
re
p e
ma
t h
s p
of

p o

Th
t a
t h
To
by
mu
on
st
st
t h

ac

at
to
c h

re not sufficient to confirm a complete
emble slightly, the speed never hroeladc,hed z
set the stopping threshold based on the
ed the median speed peak for each trial
presented t he -rterleamoerd sppeeaekds. wlerrmegmoisrmrad d ul a

aks, which made the median peak a good
nuscript). The third rule required that t
an 1.5 times the median speed pealbihor t
eed was 6 cm/sec, the median peak had to
these three rules allowed the program tc
ints, which we verified through visual <ch
. 1.2t opping point criteria in the unidirec

e criteria for determining stopping point

sk. In this task, participants moved back
e stop | ess obvious and t hedisrteadtiiommaly tpa
address this, we modified the rules: at
at | east 30% from the previous ma x i mu
l tidirectional task). The seasndecogei wad
l'y if the next two speed peaks were | ess
ationary period was too short, the follo

opping point speed, as papotiincti pgaunitcsk loyf,t ecr
e next peak to be the highest of the tri
cepted i f the speed at the next peak was
ial. Finally, to conf wemaddedmavémeat hadt
the stopping point had to be no more tha
the starting position. We confirmed that

ecks, as a | ower peroaensagppwagl gohave. mi
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1.2 First decel eirladt0i0o Mmspoicmrti t(ers (a

For the first decel eration point, we set a
mi ni mum dfs Ihe@Cemsary for the brain to proce

commanidana et. aAny, d2e0c2e0l)er ati on poi nt occur

considered an anticipation. |l f the target
should start before reaching this time. As
the consistreney iaf tthheo®sug hc vi sual checks f or

The first criterion was that the speed at t
of the maximum speed within the specified
this 30% threshold was a good bapasctei bestswe
Two additional criteria ensured that partic
not preparing to speed up again. The speed
than the speed at the f i r satt dtehcee Ineerxatt ipoema kp d

30% | ower than the acceleration at the firs

1.3 Second decelerna70D6nmpdioti (&0D8a

I n trials with a I ong foreperiod, i f the te
(after 1000 ms), participants had to cont.
updating their prediction. Theporntewenefbh

same as those for detecting the first decel

the time period of interest for the second
1700 ms.

As with the first deceleration point, we c
with a |l ong foreperiod. To ensure consi ste

|l ogic for the relative decel erpatiindan sulsa mey rt
following formul a: [ (speesipaed tdote B@&T @ nmhs ) ¢
at the second deceleration point].
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2 . Resul ts

2.1 Anticipations

Accordihgteoathbhee and our findings from th

exhibit me dree sgpmtnisceisp aitn t empor al wai ting
i ndi viMaumtls & Granziol, 20.20We VWwmdnteesd t&0 Shat
if this would also be the case in our motor
with a | ong foreperiod.

We conducweyl mi xemb ANOVA on participantso a
foreperiod wyrtohupt hfea doflet rwekeangj 8 7vg6ad84vs. 18
year s) andgrobhp fWwathon 'task'’ (uniglirmrecti on
S2.1. A).

The wawo ANOVA on anticipated responses reve,;
19.63, p dh=.0086D27trede e mwde-thd Bto e dele at eom |
showed tihatagbdegOoup made significantly mor
compared tbolbodde tdhreoud@ (10 N 7), t(27.7) =
i24 age (@foN 9), t(33.4) = 5.98, p = .00000
from each other, t (43. 3) = YPrd@u,p @gazrtobdr 54t
[F(1,32) =g I7,01R]=was55,0bserved.

We found a significant interactiondbetween
= 0.18]tePasreedveal eidl haade oql yup hehaodwed a
di fference in anticipated responses betweer

responses in the multidirectionaN 6t)as kt ((182)N
=-2.46, p .030. I n contrastil?2t higse dyirfofuepr, e nt
= 1.88, p . 093, and2«eagnoupsi ghilfl)cand.

APearson correlation showed that the younge
h®y 6rdg k-&.(6®B()6@®)==. 000000011) (Fi

correlation was not task specific.

—+

responses

12
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*
*
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*
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Number of Anticipated Responses at Long Foreperiod

Number of Anticipated Responses at Long Foreperiod ™

B
o

Age Group

@® 9-12years
M 13-17 years
A 18-24 years

N
(=)
|

Sl &

| 7Yy [) I

i ‘r A
0- A
Multidirectional Unidirectional
80- R(33)=-06,p<.001
R(33)=-0.7,p < .001
R(68)=-0.62,p < .001
60-
40- *
. . Task
y = Unidirectional
= Multidirectional
20-
0.
¥ .
12 16 20 24
Age (years)

Figure S8S2Zmber o f anticipated responses act
foreperiod, shown as a function of age gr ol
A, opaque shapes with error bars represent
the Ircemperfiod N SEM, while transparent shap
points in each condition. I n panel B, Peat
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uni directional task, blue for the multidire
Ol der participants tend to make fewer anti
Statistical significaalceed s< de®Oilwepdarypanée
significance bar indicates the age differe
while the bar below indicates the differenc

age group.

2.2 Relative deceleration sl ope at the | ong

We examined whether the deceleration diffe
uni directional and multidirectional tasks

sl ope at the I ong foreperipordo.b albm dtantirya leosf cwei t
of the tatggt whiigrmpd hiesah lag@@g preparation. As

i nfluence of the previous foreperiod i s neg
probability of the target occurrence is pr
should be similar in both tasks.

We conduewaeyd ma xtewdlo ANOVA on the dependent va
sl opes at the londglPoyepiEtsvogéadBdvpweamage'
as the-gbeotuwedmct or and 'task' 6ubhiheéd wedtecthi ot

group factor (Figure S2.2).

The wawo ANOVA on relative deceleration sl op
significant main effect odp=" &gH0][Fd D dED)e n=

tests wit-hoBroad&ledeomir eveal ed shall ower r el
in tih2ed la8ge group (0. 244712 Oa ¢0e6)g rcoourpp a(rOe.d3 7
t(36.7) = 4.38, p = .ia0oxRPe @maum o(mMp.ax % N o
= 2.74, p = .026, whil®2tdareddlla fgerroeunpcse tbheentdv
to be significant, t(33.3) = 2.34, p = .076
[ F(1, 32) = 22d84,0.p4179 ,. OWiIOtOM4 45t eeper rel at
observed in the wunidirectional task (0.319
(0.256 N 0.06). The interaction between th
1.03, dgpr==0.0680] .
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]
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0.2-

Relative Deceleration Slope at the Long Foreperiod
I ]
J

Multidirectional Unidirectional

Figure Bl 2tive decel eration sl opes before

mot or tasks, across age groups. Opaque shap
deceleration slopes N SEM, while transpar el
pobnts in each condition. St at kvsatliuceasl <s i.gOn0i 1
and *vdloue p< . 05.
3. Di scussion
I n both motor tasks, ol der participants ext

with a | onlgt froirgelpte r btehdasr gaureadl ytshiast al so i ncl
participants reachad the ué dNaddee tohden behsegdkb ot x
ef filessctcomdbisetreyretd across our two motor task:¢
control task anMdoaeasitanitmgi di s8e &atLwme , 2019
2020; Vall esi & Shal.Mocepv2007t hdarcasets avlh.e
reached the edgeds hwadr & hri ardee,& iewdgd easteidngg o a
responses, even if ot herl nt yameg/s cafs et r it diles re

subopti mal .motor contr ol

13
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Regarding the relative deceleration sl ope i
becoming |l ess steep as participants age. T
relative deceleration sl opes dpannhg ¢$hged €
i12) demonstrated steeperi2sl.opAaes ocssmmdrl e ¢ atr

rel ative decel eration sl opes wer e steeper

multidirectional task. This dalcknagft roipali ani i
mul tidirectional t ask may suggest t hat mo
participants, even among the ol der ones,

opti mi zed.

13



ETUDE 2

Ref erences

Constantinidis, C., & Luna, B. (2019). Neur
i n Adol edcemnds. i n Ned@®rsci enécOeds 616 .
https://doi.org/10.1016/j.tins.2019.07.0

Jana, S. , Hannah, R. , Mur al i dhar an, V. , &
frontal, mot or and muscl espopeéesPes unde
e50371. https://doi.org/ 10. 7554/ elLife. 50

Johnson, K. A., Burrowes, E. , & Coul I , J.
Vol untarily, DirecPLOS t ODNE4SL DN e012Bi6MAS.
https://doi.org/10. 1371/ journal.pone. 012

Ment o, G. , & Granziol, uU. (2020) . The dev
tempor al expectancy i nduced by | ocal a
preparati on acrDeesvse | dpmenh o Bn@ nStc.i ed 2865 4.
https://doi.org/10.1111/desc. 12954

Val l esi, A., & Shallice, T. (2007). Develop
Deconstructing the varJdoawrlralf oafepExpedi
Psychol ogy: Hu man Perc,edB86bphn 23d7 BRB8BEt

https://doi .-b523.13®3.1®37Y3DDI96

Var a, A. S. , Pang, E. W. Vi dal , J ., Anagn
mechani sms of i nhi bitory contr ol cont
Devel opment al Cogni,ti veo NeE290%589en

https://doi.org/10.1016/j.dcn. 2014.08.00

13



RAPPEL #f£5HJI TRTS PRI NCIEPBUDEK DE LO

Rappel des r®sultats principaux

Léobjectif de | 6®tude 2 p@tRaliitct d'o@ax dmimperr el
i nt®®gration dans | a pr®diction motrice au
avons utilis® nos deux t©ches motrices, | a
une population neurofymi go®vaA@y@®erdé el ef2ét
des indicateurs | i®s “ |l a pr®paration (rale
|l 6arr°t du mouvement .

Dans | a t©che unidirectionnell e, nous avons
|l es enfants, | es adolescents et | es adultes
gui sugg re que |l a pr®dictioen denpoard.l e mo
Des effets s®quentiels ®quivalents entre |
sur |l es TRsi, omai sRtcReuoxo ser v®s dans | es deux
dans | es t©ches multidirectionntedthse atr utn®
| eur mouvement plus rapidement au d®l ai <cou
plut!t que | ong. Le fait que ces effets s®qg
gu'ils soient de moindre ampé¢litedesdagosr d ¢
pr®di cti on de | " occurrence du signal ci bl
programme moteur pr ®ci s chez nos particip
doi nt®gration sensorimotrice neesoantpastee
groupe | e plus ©g®, |l a persistance des eff
mul tidirectionnelle pourrait refl ®ter une
sensori moteurs au sein de c e rgorbouusptee.s Leets
automatiques, pourraient persister chez cer
®ventuel |l e di ff®rence significative entr
mul tidirectionnelll e.

En examinant | es ralentissements anticipatoc
nous avons observ® qu'avant | "occurrence dt
participants ralentissaient pl usl af otr@ehme nt
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uni directionnell e par rapport ~ |l a toOche mt
mot eur doun essai ~ | 6autre semble | eur per
plus efficace dans | a t©che uni dtiartesc tn ' 'oenste |
pas oOobserv® chez |l es participants plus ©Og®@
mouvement pour assurer une pr®paration ° |0
Concernant | 6ex®cution de | darr=°t, |l es part
efficaces que | es plus jeunes : dans | a t O
rapidit® et l a pr®cision de | eur ¢ ar ®pons e
corroborent |l es donn®es de |l a |itt®rature,

| * ©ge, possi bl ement en | ien avec | a matur at
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Objectif de | 6®t ude 3

La | itt®rature sugg re que des troubles du
HR de <conversion psychotique. Chez |l es

chroni que, ces troubles ont ®t® associ ®s

L'"int®gration des i nf or mati onsc 6séedntsroer i el |

| 6i nt ®grati onpaensaciipmotfril@ae construction di

SOi corporel

LOobjectif de cette ®tude 3 est d'explorer
| 6occurrence doéun signal sensori el sur | e:
recherche vise ° exjamc@aers | @agx pamott ® 5 BBISO B
observ®es dans | a |litt®rature et ~ approfor
|l a psychose dans cette population.
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Arrouet, -Barndarqgquek. , Giersch, A., Mar qguet
Reveal Sensorimotor Alterations in Childrer
Psychosi s. En pr®paration.
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5.NMai mnMpgtcr i

Abstract

We investigated sensori motor I ntegration,
prediction is integrated in t-thieskmotlMWR) pfreor
psychotic conversion.l iPme tfiicn gerntmo \wsd negmted
tatgeignal presented after either short or
of the target is predicted based on past ev
conditions. Participants changedt adaskeandon
repeated their movement on each tri al i n th

When the direction of the movement <changes

this case, response execution should not be
but it was in individuals at HR, thus sugoc
sensory prediction remai ning i ndependent

decel eration was also affected by previous
program should be optimized whatever t he

priedti ons are more dissociated from the mol

neurotypicals, highlighting greater i mmatur
Keywar dissmpor al Predictions;-RiSekhsbor mPsgrc hbo
Mot or; Sequenti al Ef fect
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1. l ntroducti on

Chil dren of Il ndividual s with major psychi a
bi pol ar di sorder, and recurrent maj or depr
devel oping these conditions. Their rmailsk is
popul(attei oent al ., 202Whi Mazti aide, r 29K 7)s si gni
Currently, there are no markers to differe

devel op a psychiatric disorder and those v

I mprove (PEPKwlgharsa set al ., 2008; Max, mot eits al
essential to identify objective markers of
di stinguish between individuals at HR who
and those who wil/ remain unaffected.

Set €l ated disturbances obserVvedernemajadr , p

Martin et al ., 2018; Parnas &redarmpdhaedti,cu2 @fd
noteworthy, as they may mani fest even befor
HR( Hart mann et al ., 1984, Koren et al ., 202
Parnas etHoavlever20i1hlese disturbances are of 1
serve as objective mar ker s . One possibili
di sturbances have been |inked to temporal p
ma j r padychif@ecks, 2007; Martin et al ., 201

0
2020; Vogel ey. & rKau p&kcey, a 2t0bged i s that tempor
be quantitatively assessed through experi me
in particular on the passage of t(iGneuyl Iwhi ch
et al., 2018; Foerster & Joos et asl .wel2024;

as in bipdéNMageHdHisbrdbrs 2018; Weiner et al

The perception of the passage of time can
variabl e f orMapgdriinodett aaslk.s, 2017; Ni e mi & N?
2007; Vangki.TdHesettabkks 20%¢¥P) ve presenting
by a target after either a sikarstedort hlemnrg efsc
time progresses, the probability of the tar
prepare tkhBsponses more effectively. This | ¢

13
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|l ong foreperiod compared to the short forerg

foreper{(€€dretheet'" al., 2006; Luce, 1991; Me
but see Los et al ., 2017; Sal et Retsealrch 2@
shown that iindividuarlesl awietdh dS Zs twhrob aenxcheisb idto
the passage of time in (Feesamer m&ndeonsasgt

Martin et Mdtagbl2¥p,17t)he previously mentioned

with SZ did not demonstrate faster RTs when

compared to a short one. As already emphas
abilitmeaeisniwerebserved in individuals with d
group |l evel, i mpair mentCs uwdroe eriotal al, wa2y0sl 8q
20L7)and it may be necessary to adapt the
i ndividual s at HR. The literature indeed s
i ndi vidual s at HR, but mainly with tasks wi

toodoi 'y boundari es.

Pi
t h
ol

neering workl®»y7 ,Badlgid2)grhé&lieahesde | di st ur bal
earliest months of | ife amongmocrhtin dr en
child at HR who systematically inspect

- O ®d® O

reflection. This behaavi puir miwaisy eisntftwerrippar nect ee, c
suggestinglefliemesd weddi |y boundari es i n c hi
urotypicdgllop€&osnoFesdhthat children at H

attend to objects they held in their hand

ne
counterparts, although t hey demonstrated

environment . Whenadtoiulcehi agd awni obglecper dept |
with proprioceptive information derived frc
and proprioceptive information is <closely

i ntegration i nhtaredttl gualsisrog i tahesolhjhect wi't
to the establishment of bo(dRdrynabsoueatdaal e5s
Potenti al dysfunctions in multisensory inte
may hi nder t he devel opment of b-oeli &tyedobour

di sturbances.

Gamma E@20bAyestigated multisensory integrat

object handling as indicators of the risk

14
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mont hs. The aut hor s observed that chil dren
children when reaching for a cube or transi

Reaching for an object necessitates toordin

build a coherent motor program tEdawhi @ve t
et al.,Se2@mlBarl vy, transferring an object f
i ntegration of tactile and proprioceptive i
actions bet ween the two hands. These behe
i nt egruatt i @alnsob t he ability +to use sensory
accordingly, which is referWoddetrdt @&t @énsc
Literature indicates that sensorimotor i nte
potentially contributing to the motor behay
( Damme et al ., 2021; Pol et ti et. aThese2017
di sturbances include delays in acquiring e
without support), deficits in movement <co0oO
gross mo(tBur tsokni ldts al ., 2 0.1 6WhiKees kti meea na estti o
sensori motor and motor i mpairments in psyc

di sturbanceéDammecetral ated02Rot &bt yaliedia
at HR who experienced delays in early motor
psychotic experiences and deprDeasmsmieveets yarp.t
2022)Furthermore, models that incorporate bc
sensori motor alterations of fer a mor e CO:
experiences in adolescence than moatet &l tétat
al . ,. 2024)

Damme (e20Ayesti gated these motor disturban

To do so, they employed a task requiring p
vertically moving symbol on a computer scr.
chall ethgreequwisred participants to time their
the symbol aligned with the target. Respo
measured by the distance between the symbc
i ndi vi dRuaelxshiabti tHed | ess precise responses t
beginning of the task. However, with practi
of neurotypical s. Notabl vy, a negative corr

resppneei sion and the severity of positive

14
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psychotic symptoms, the | ess motor precisio
t hat deficits in motor precision could set
psychotic conversion. However, wh at Opreci
i nvestigation. I n Dammeds task, mot or prec
i ntegration capacities, as accurately respo
requires the ability to predict wdmred this \
ti me t he mot or response accordingly. Sens
neurodevEeChipmeinnhe et al . ,. 1@ Xv2e;n Mihealt epts yalh
neurodevel opment al di sorders, we investigat
responses and sensorimotor integration in i
i nvestigat e t he under |l yinsgengroaod enDsd @S ad s @
suggested by the I|literature and to deepen
psychosis in individuals at HR.

We previously developed a motor Wersiuen of

et saullbm)ttked this task, particip-bnhse Wenger:Ht

movement on a surface following a start si
possi ble upon the target signal, which app
Kinematic indicators were collected to eval
their moDemeatet al ., 201T7Two Wihiogsltwiomd th, mdt8 @M
empl oyed: the unidirectional t ask, where p
direction for each trial, and the multidir

each trial

I n the wunidirectional t ask, the repetitiol
participants to mai nt ain a consistent mo t
experiments i nvol ving nseulbrng tt yWpeidcoad est  (eAtr r a U
preparation) -demoabtratredetqguiealt i al ) effect
specifically in this task: participants exfF

foreperiod when the preceding foreperiod wa

Accordingbasedhazlredri es, these sequenti al e
t hat consecutive trials wild@l be similar, d i
effeCdapi zzi et al ., 2015; CoiPreeayetd &uLyval

Greenberg, 2022; | Womdhmosohao rs2@lue)nc e, the exp

14
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however ,shorta $@qQwence, the target appears
Ssubopti mal motor preparation.
There were no sequential effects on kinemat

may have seemed surprising given the suppo
(Val |l esi & .Shthd we wcer,, 2i0t07i)s the first wvarie

participants performed a motor action duri |

trial to trial. The results suggest-that s
based tpermmplorcdli ons, which are activated when
acrossastrsieaelns,in the wunidirectional t ask. |
observed t-hatatbdst emmporal prediction beconm
the aodf 9 (Arrouet et al., in preparation).
effects on kinematic indicators between ne

effects are -rreodoatteedd itne mpot @i predictions t

Furthermore, the preservation o(fDeslienvpolyee mo
Turrell endatate200Fhpt this may also hold t
Shal(l20éiyd Dobet &2CaGpbwed both wvariable f
sequential effects, at |l east after 9 years
to be executed during the foreperiod. We an
pl an their stoprpeadigtoespowomesteyspicoanpsa. SI owi n
of the sensory signal is a <cruci al compon
particularly affected by ineffective senso.
progr am. | f sl owioguldbwhead tad featedti ons
bet ween the two groups, as evidenced by dif
I n terms of sequenti al effects on RTs, our
exhibited these effects in both motor task:
direction or not: participant sepeoppeddwhleai
the previous foreperiod was al so short c¢omjp
preparation). This effect di ffered from th
showed sequenti al effects on RiUset orty aln,
subm)tnheddul t s, the prediction of the targ
program, reflecting precise sensorimotor i
may not have fully integrated sensory pre

14
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i ndicating that their sensorimotor integrat
observe similar immaturity in sensorimotor
HR.

2 . Mat saendl M@t hod

2. 1.Participants

Popul a Age|N Sex Handeq Age |[Educad
group gr oy (mal e/ | (riagh
Neur ot} 9i12|1( 3/ 7 9/ 1 |10.5 |5.4 1
yealtl
1317183 6/ 7 12/ 1/14. 8 9.5 |
yeatl
Il ndi vi| 971129 3/ 6 8/ 1 |11. 2 5.8 |
HR yeal
131715 8/ 7 13/ 2/14. 4 8.5 |
yeatl

Tabl 8odi.odemographic characteristics of par

presented as mean N standard deviati on

The inclusion criteria for neurotypical I N

fi-rosrt selegmeée relatives (parents;degirlkli ngs

relatives (grandparents, uncl es, aubhhese) h a
DSW(American Psychiateli at Adsboiaheo88Z 20481
di sorders. Additionally, any neurological

criteria for neurotypicals. Furthermore, th

i mpact brain furctviadn dwassacomsifder edkcl usi or

The inclusion criteria for individuals at
degree relative with a major psychiatric di
depression). However, they must mpdcthrawm hae

or affective disorders at the time of their

14
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Some individuals in the HR group had diag
however, these were not relevant to the col
one participant who developed depression be
testing. A summary of these disorders and t

tabl e bel ow.

To ensure that the medications taken by in
t heir performance differences compared to
analyses comparing neurotypicals to HR ind
confeidr mhat similar effects were observed w
medi cated and unmedicated) to neurotypical s
section of the main manuscript and suppl e me

wiittn the HR group to verify that the medi ca:

9112 yeas 1317 ye
Attentional def i ( 1/ 8 4/ 11
without hyper ac]
Anxi ety (yes]| 0/ 9 1/ 14
Specific |l earnin 0/ 9 1/ 14
Autism spectrum 0/ 9 1/ 14
Depression (vy 0/ 9 1/ 14
Unspeci fied mood 1/ 8 0/ 15
Stimulant treat 3/ 6 6/ 9
Al phaadrenergic t 1/ 8 0/ 15
Anti depressant t 0/ 9 1/ 14
Atypical antipsycl 1/ 8 0/ 15
Tabl@l i2ni cal conditions in individuals at H
Finally, al | participants wh o had experi e

consciousness for more than one minute wer e

Al | participants, including | egal guardians

The study was conducted in accordance with

14
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approval from the ethics commi ttee of t he
Neurosciences and Ment al Heal th at the I nte
Center (ClUSSSNatofontahlee G2Pr00dj,aelcdstS M 20 2 2

2.2 .Equi pment

The experiment took place in a dark and qu
experi menter present. Participants were sea
cm in height, 65 cm in width, andn 4t8heimr i n
domi nant hand inside the box, with their fi
|l i near movements in responsDeritve stfaacctitibliee st

mot ors were attached to the upper dfedrn e@&mrmta
signals indicating when to initiate and hal
a Chreé&emosmeE 3.0 stimulation box, calibrated

frequency of 230 Hz. Parhecispamtds pworde c bda

vi brations. The task was administered usin
oper at tPrg men 3E O. Prior to starting the tas
bl ack materi al to eliminatemamsyel nght nande

capture the trajectories of the participant
was affixed to their index fingernail|, anoc
HERO7 camera positioned at mee dhenighht ao fl idn5 ac
of view, at a resolution of 120 Hz, and in

2. 3.Procedur e

The protocol involved three variable forepe
similar to those typically found in the | it
I n the two motor tasks, parti dii maentmovweaenreati
following a 100 ms tactile vibration on th

guickly as possible upon receivgeg ai 068l ms
I n both tasks, the target signal could appe

(long foreperiod) after the start -tsriiganlal . |

14



ETUDE

i nterval (I TlI') ranging from 2000 to 2200 ms
for the short foreperiod and 96 for the | on

The primary distinction between the two tas

mul tidirectional task, participants altered
l' i mited to horizont al and verti aal ddirreedt oo
task, participants began each trial from tF

the same direction.

Prior to each task, participants completed
familiarize themselves with the procedure.

t hat participants initiated thetilr tmbes etmerng e

signal. The speed of their movements was m
moving too quickly, which could |l ead to re
which might result i n unstabl e fmede meératts .al
participants maintained similar speeds. | f
t he box, they were instructed to cease mo
i nstruction facilitated theiodentalflicaitnonf
exclusion from the analysi s. 't is i mportat
i stinguishing between true anticipations a

I n the third control t ask, participants pr e
to the target signal. This task was empl oye
the expected temporal predictiond efefgaectng i(ail
effects) observed in RTs. As this control t
guesti on, t he met hodol ogy and resu-l ts ar e

Section 1.

2. 4.Data analysi s

Weutilized MATLAB 2021b to analyse the tra
LED) . Sever al criteria were established t
i ndicators, which are déBactedni @ 8odphemert

wiht t hose validated assdbr)ptpt ecd i n Arrouet e

14
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Participants' motor trajectories were reco
extract behavioural Il ndicators from the vi
into 192 trial s, each | asting 3000 ms. Eac
vi sually represented in the video by a blue
ms , corresponding to the duration of the f
signal occurred, a green LED insiaeishe bo:

vi bration.

2.4 . Slt.opping |l atency (i .e. RT)

We assessed participants' stopping | atencie
after the target signal has occurred. I n ou
iI's the widely used measure forievdalpaatidng mg
RT all owed us to observe typical behavi our a

such as variable foreperiod and sequenti al

RT was determined as the time interval bet

mo me nt participants halted their movement.

movement rarely reached zero. I f t hiel If i nger
recorded, resulzteirrmg sipreea {malel Fimame 1) . C
establish criteria for what constituted 's
varying speeds at which participamitfSomuaved
speed threshold to define when movement ha:i
of deceleration rather than fixed speed va
stopping point, we vVvisually insgeat eggd a@ac h
di splaying their speed over time. We confir
script aligned with where it would be reaso
I n both motor tasks, the stopping point W a

predefined criteria (detadbketdion 2hew&Suepst:i

Trial s i n which none of the points me t t !
subsequent analysis. Additionally, i f movem
onset of the target signal, it was <c¢cl assi f

al so excluded from further analysns!lyTrial

14



ETUDE

excluded included both true anticipations a
with the edges of the box. I f they hit the
were instructed to stop moving predrano t

anticipated stop.

Speed Peaks
s

1 . Target Signal
B
X
£
S
=
o
& Speed Peaks
PN
» Time (sec)
————————— e
Reaction Time
Figuilfbelstart signal causes an initial acce
| eading to fluctuations in peak values. Gre
bl ue arrows represent the mini mum @rgeatt s. A
signal appears (represented by the red | ince
movement i's referred to as the stopping de
participants stop moving, minor tsepceteedd.peaks

2. 4. @Recel eration points

Participants began to decelerate their move
of this deceleration indicated the beginni
(Duqgue et al ., 2.01Gi;v eMo otdlwantr tthherle88 9&®r)e t wo |
we measured sl owdowns occurring before the
before the | ong foreperiod (i .e., prior to
as the oO0tiost podeocelbennad O0second decel eratio

As participants could not predict the exac

observing a first deceleration point in al/l

14
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criteria for identifying both deceleration
the temporal window of interesti,Sexsideat &i | ¢
and were the same as #&hsowbém)viatl @ ddtal teidle o enl eArr
points were defined as the initial sl owing
met all specified criteria.

We assessed the effectiveness of sl owing
i ndependent of movement speed, by measuri n
decel eration point. We calcul ated the relat
points and the onset of the target signal l
decel erasperdpatn®950 ms) / speed at the fir
The speed at 950 ms was chosem niantset eaandy ofo tte
i nfluence from the onset of the target S i
consistency in the calculation of the relat
to the second deceleraspeedpaintheusengndth
poi-speed at 1650 ms) / speed at the second
foreperiod.

By calculating these relative deceleratiol
participant adjust their movements and comg
i ndi vidual speed differences. Rel atitve dece
sl ows down between two specific points in t
2. 5. Tempor al prediction abilities indices
When our descriptive or statistical analyse
prediction abilities (variable foreperiod &
better i sol(akRcee rtshteesre & f.Jfoeeas set al . | 2024)
2.5.Mariable foreperiod index

The variable foreperiod effect refers to
compared to the |l ong foreperiod. However, 1
effects, which specifically increasa RTs at
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tr
t h
tr
cu

ac

A

Fo
AcC

fo

t h

A

To
t h
fi
p a
Th

ef

i al with a |l ong foreperiod. To isol ate tI
e RT difference between short and | ong co
ials with the samestparetcedimch gl dimg upp ea n @ d
rrent trials respectively). This differei
count-i hdrviduefFheatrtomamul atwas as foll ows:
Y'Y Y'Y
Y'Y Y'Y
| arger positive index indicates a greater
. 5. 2equential effect i1index
. 5.Realc.ti on ti mes

r the sequential effects index, we applie
cording to sequenti al effects, RTs at sh
reperiod was |l ong rather thandsHdretrenkEer
RT between trials with short -dfhoaretp)era mnd
ose preceded by -sahosrhto)r;t ofuorr efpoerrmuol da (wsahso:r t

YUY YUY
YUY YUY
| arger positive index indicates more pron

.5.Rel2ative decel eration sl ope at the shor

calcul ate an index of sequenti al effects
e same approach as for the sequential eff
rst decel eration point i's eanfocepatedd,r

rticipants are unaware of whet her t he f
erefore, the current foreperiod was not <c

fect i ndex for this indioadotheFdi féacdlnj
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relative deceleration sl ope when the previ:

l ong. Our formula was as foll ows:

YQa ORQLQA QI 6d NOEYQA GOQLQA QI o PR
YQa w@QwQa Qi @dHMOEYQU ORVWDLQA Qi ©d MO E

A | arger positive index indicates greater

preceded by a short foreperiod compared to

2. 5.Rel3ative decel eration sl ope at the |l ong

For each participant, we calculated the dif
|l ong foreperiod for trials whetoegtbBeqgqpeaue
compared to whe+t ointy waguemhecrt) . ( Owor f or mul a

YQa ORQOL QA Qi HdHMOE YQUOOQLQA Qi wé RN
YQaw@QwQa Qi @dHMOE YQaoRQWQU BRI ©d MO

A | arger positive index indicates greater
preceded by a |l ong foreperiod compared to w
2.6.Statistical analysis
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Experi ment al
Popul a Age grl Condi ttMultidi | Unidire
group
Neuroty) 9712 vyé¢ Short 8 12
Long 23 30
Short 4 2
1317y Long 12 8
I ndi vi 9112 vy ¢ Short 12 8
HR Long 31 35
Short 3 7
1317y Long 17 21
Tabl.e MBean number of trials excluded in ¢t
responses + reaching the edge of t he box)
condition, and experimental task (total tri
Statistical anal yses (wWeorse tc a.reddtne, it e2ald A3s)i mdyi &
we utilized the median values from each pa
medi an values at the group Il evel, with err
mean ( SEM).

Fo
as
We

r statistical comparisons, we performed n
sumption was not satisfied, we normalized
empl oyed the 6order Normé function from t

dat asets confor med( Reot ear mom ma | Ca\vlart anagphm,t adb O

a
1,

Th

we

nor mal di stribution while allowing for me

we applsiceodr eisn vteor sceurz dat asets prior to t

e significance tWresdmd8p avsmatsu ads)e enbdli usehse d

re reported as measures of effect size.

15
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3. Resul ts

The resul ts of the control t ask are det ail
di fference between groups in this task on
The main effects are observed in the motor

3.1.Response phase

3.1.Reaction ti mes

We examined how previous and current forep:
within our two experiment al groups. The goc
typi cal indicators of tempor al pr eRdTisct i on

with | onger foreperiods (variable foreperic
foreperiod is followed by a short one (sequ

neurodevel opmental stages in experimental

A fwaeg mi xed ANOVA was conducted -enbpeactici
factor $12 agearr§Bvygeal8) and o6groupbd (neurot
HR) and ®shéjecthifactors 'task' ( pmiedii roaucst i
foreperiod’ (short wvs. Il ong), and "current

The waweANOVA on RTs revealed a main effect
dp= 0.22], with isll2owege RjTrshdfiolr8 X h&omMpared t o
il7 age group (394 ms N 82). Additionally,
[ F(1,43) = 96.98¢dd=p 0= 6.90000M X hO QpGaOr1t4di,ci pant
in the wunidirectional task (363 ms N 75) co
94). The analysis also revealed a main effe
= .00000O0O0O0OKGO0OODOB@0 13 ldqustrating the typi
where RTs were spheorited fd65 amd odg70prtehan f
(458 ms N 101). Al so, a main effect of "pr
28. 14, p l=. 00@d@P37,showing that RTs were |

15
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|l ong foreperiod (421 ms N 101) compared to
No main effect of the o6groupd dijac®dod0wak. fo

A significant interaction was observed bet
foreperiod’ factors [ Hf=l,H®.396 ]=.-t & .tp9ali e ema e.
that RTs increased only when the current tr

|l ong foreperiod (477 ms N 96.6) compared tc
=8.64, p = .000000€000pPp0DLELA]|] @e@emmmemmr ngat hse

The analysis also showed a trend suggesting

of o6task,®6 O6previous foreperiod, 6 dqnd Ooécurr

0.073]. Drawi ng f r onme uoruort yepa rclail esy u (of A ntdbienelg s €
Arrouet et al ., i n pr emaayr atnitoenr)a ca n do ntsh eo bssieg
the O0taskd factor and the O6currfeomrtegerriepdd |
factor, we proceeded withhenseaqgudrntiioanlal e fafr
utilized an index to quantify the character
follows a | ong foreperiod, as opposed to a
2.5.2.1). This approach soemallfed eggureante apr e
tasks, while minimizing the influence of mo

task. -Wag ANOGVA, wi-ghoupef avdttcri nof 0t ask, 6
significant effect oftitahe etfdelctf aantdex:onf FdL
.0000,50.8¥]. The sequential effect index v
task (0.07 N 0.05) compared to the multidir

The factors age and group also affected per

conducted on RTs.

A significant interaction was observed betw
p = dd&E1D,. 14]. To examine the differential (
tt ests were conducted with Bwaf aestoenslthse ot r €
indicatedl2hagetiheo@Qp exhibited significant
comped tdl7Pheag&3group (432 ms N 75), t (12

specifically in the multidirectional t ask.
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We also found a significant interaction bet
[F(1,43) = dg=30,19] =~ avdeaysi qniefriacdntonf den

factors group’' , age', "task',ddand. 08udfren
To verifreltahedagle fferences in the variable
sequenti al effects, we calculated the vari
di fference in RTs betwewmemnhpreceded |[boyngt I
foreperiod (see the Matyh ANOVAewtnson h2n5cbhn.
this i ndex wsiubh etchte fbdeditdweneand@ aigle’y sy.Qal F ) . Th
analysis revealed a sighificagaldqmpDnOosDgeant
i ndicatinid 2t lyeetartsheag® group exhibited a gr
(0.11 N O0.08) iclofmpaagee dgrtooupt h(e0.1037 N 0. 06) .
graph this effect age ufndri kled nyg dfucer & poe raino dasd,v

by sl owed RTs at short foreperiodd.evWd t hus

i nteraction in the ANOVA on raw RTs. Based
di fferential effeftorepengedonstbbseuwvednspe
during the multidirectional task.

We analysed the effect of the 'age' and 'cu
task on RTs. An interaction between 'age' a

i n neurotypicals during the muldyerdDr2@ii on:
Suédnalyses showed a main effect of age for

hoc test conifli2r meggde tghreotu pt head9 sl ower RTs (57
t hei 1173 age group (450 ms N 72),d,s pecifiodadloIC

The age difference was not significant at t
All statistical results aréSeavai babPRPe in th
Finally, we found a t-wamwdi howandtaosi gmbdbha(g

Otask, 6 and o6previous forempmgx i0.d0d8 F]Ja.ctTohriss [1

suggested a differing effect of the previo

experi ment al tasks. However, previous resul
young i n(dArvrioduveatl set al . , in preparation; Ec
20129 understand this effect independently
its significance, we focused on the skewnes
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Reaction Time (ms)

did not do it for the | ong foreperiods, as
foreperiods, t(93) = 0.34, p = . 71.
Unidirectional Multidirectional
800- —— =3 =
(1))
c
o
600- o
=
()
400- ..\ . :,_’ Age Group
ol @ 9- 12 years
B 13-17 years
200-
= __ Previous Foreperiod
800- —1 — - Short
2': ® Long
e
600- S
‘IQ o
= 2
400 Q‘\.. e T
s
200- . : . .
Short Long Short Long
Current Foreperiod
FigumRd@s2ion mshe current trial i n both motor
previous foreperiod. Opaque shapes with err
transparent shapes reflect individual part:.
sigriafnce i s dewnaltees by *01folrnpall four pan

bar represents the main effect of the curre
il lustrate the sequential effést RTsboWwynghe
the current foreperiod is short. Il n the pa
mul tidirectional task, the significant bar
t hat only neurotypicals exoirki tf oarepageéeoef f

mul ti directional t ask.

3.1.2kewness of the responses at the short

This analysi s i ncludes all responses at t
anticipated responses < 150 ms. Correct re:
after the target signal, whil e anitd cacpcaured

15
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before this tempor al threshol d. As noted i

nclude both true anticipations and trials

However, such trials were rare, particular/l

We
short foreperig@doupi flactloe shétgweamp' (neur o

HR)

conducwey mi Xe@dirANOVA on the skewness of

and Tda&geybe a(rs1 A& sy e alr3s) agmrd utph e awit tolmisn

(unidirectional vs. multidirectional) and 6

Mo st effects were trivial and can be attrib

participants, with some participants respo

statistical results regarding thatsevrainall ysi

Section 2.

The

purpose of this analysis was to deter mi

effects. As a matter of fact the analysis

6groupd and O6éprevious forepedjondd. T@Glct pas

r
I

f
1.

~+

emi nder this analysis is conducted selecti
ndependens wi t-boBroavd eedeomi showed that when

oreperiod was | ong, i ndi vieddu arl &se pact 6 OH R0 9e x\h
4), in contrast to neurotypic@lgp WNhad.Sho
(902285 p = .0031. This result suggests I
ave sl ower responses foll oowiympg callsorng nfdo rt

heir movement faster under the same condi f
ask factor [F(1dd43pD.9860020Pp90supggestbBg the

n

the unidirectional and multidirectional

15
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Skewness all responses (short foreperiod)

Unidirectional Multidirectional
4_
2_
+ Age Group
® 9- 12 years
§ B 13-17 years
0
i % + Previous Foreperiod
é Short
® Long
-2-
-4-
Neurotypicals Individuals at HR ~ Neurotypicals Individuals at HR
Group
FiguiS&ke®ness of RTs, including al/l trials (
at the current short foreperiod for both m
foreperiod. Opaque shapes with error bars r
short foreperiod N SEM, while transparent
points.

3.2.Kinematic parameters

We coll ected kinematic parameters during th
into the underlying motor processes invol ve
determine whether t hese motor processes d
neatrypi cals, particularly in how they cope
to develop a new motor program for each tri

the multidirectional t ask.

3.2.Rel ative decel eration sl opes

The relative decel eration slope indicates h
This preparation varies between short and |

15



ETUDE

onset of the target signal I's uncertain, w
|l ong foreperiods, its onset I's guaranteed.

analyse the relative deceleratiadms.sl opes se

3.2.Sholr.t forelpkdd omds)( 150

Anticipating when to stop involves predict
prediction may be integrated into the plan
during the mudwhearieetche omat ot apkog®am chan
tempor al i nformation from the previous moto
movement . Converselyowheréehéeéhanimdit oectpiroma

consistentdsaguends i ati &alf§ ects arer obatted ed.

ekttt was observed in neurotypicals: younger
reqguirement to change direction, as indicat
mul tidirectional task compared tonst,heweni di

aimed to determine howesaqeentdiid|/f eefeheetss i

preparation vary across experimental groups
of sequenti al effects on the rela@gtrioves ddaeel
t wo motor tasks and investigated how these
experimental groups.

We conducway mi XedirANOVA on the relative de
foreperiod, -wiohpthactbet svse'egroup'’ (neur ot yrg
and Oklg2e 6y g Di 7 vysearns8) -gndup heawido merc'tti oaxnla’'l

vs. multidirectional) and previous foreper

Statistics on raw data can Skeetfionn®,i rcodudp

the steepness of deceleration in the unidir
The analysis also showed that individual s
neur otypi ciall7s yiemmrtshe gle3 gr oup, regardl ess o
results related the sequential effects.

An interaction between the 6previous forepe

= 6.0, od= 0..01128],.t eBasr edntf i rmed that t he

16
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influenced the relative deceleration sl ope

slopes following a short foreperiod (0.25 I
0.10), t(46) = 4.50, p = .000047.
These effects did not interact with the gro

by conducwiaggmaxedr ABBOVA on the index of tf
relative deceleration slopes (ge@uMathodsse
6groupd6 (neurotypicals vidl.2 iyredirmdi7d/uaelast 3at, F
and thgrwuphfactors '"task' (unidirectional

We found a tendency towards apgro@p 08101 ec twi
a | arger sequential effects in individuals
N 0.29). Addi tional statisticalManegulatls ar
Section 2.

Unidirectional Multidirectional
0_6_ ﬂ ﬂ ﬂ**ﬂ ok
04- Age Group
® 9- 12 years
M 13- 17 years
Previous Foreperiod
+ i Short
0.2- * * * ® Long

0.0-

Neurotypicals Individuals at HR ~ Neurotypicals Individuals at HR
Group

FiguRel @ative deceleration sl opes at the sho
tasks, across groups and age, depending on
error bars represent the mean rel atM,ve dece

while transparent shapes depict individual
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both panel s, the highest significance bar i
age factor s, showing a difference between
t heil 1173 age group. The significancfeerbeanrc ej ust
arising from the interaction betweein group
12 amtl718ge groups among individuals at HR.
the unidirectional panel Itl uetdatel ehat Beg
across all participants in this task.

3.2.lon2g forepeirli7o0d0 (nms0)0 0 ms

I n individuals at HR, the skewness of RTs
during the multidirection&kectaskh Q3esufgpeppt
di fficulties when motor pl anning nieeds to
di fficulty is related to challenges in adj.!
capture the adjustment i n motor preparatio
seqguenti al effects index for the2.l3dng Tfha rse
approach helps us understand how participa
target signal does not occur at the short f
trial seqguences wit hl oindye nsteiqcuas n ofaojtr ret pa ir t Ho@lss ¢
f oreper iHloodnsg (ssehgouretnc e) .

We conduciwayg ami xededNOVA, gwoup fhetbeswégn
6ageb, angr obhe Wwacthom ' task', on the sequ
decel eration sl opes at the | ong foreperiod.
The analysis did not reveal any main effect
factor influenced the relative decelerati ol
1.98, p==0.0%4]1, [F(1ld¥3)V0.H0®.033, amd=1[ .Fg4,, ¢
= . 34,0d021], respectivel y.

Yet , a significant i nteraction between o6gr
11. 45, pdd= 00R2D, Hredd pe nwdietroto rBroerd el d @ i
showed that i ndividual s at HR di spl ayed se
slope (0.10 N 0.23) in the multidirectional

16
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0.04 N O0.224)49,t (®B8=4)03%5. This indicates tF
more at the | ong foreperiod when the previ

when it was short, a pattern not seen in ne

We al so observedvay timdred afcoi oa { Fdj&e 43) =
0.080]. The graphical data indicated a di ff
at HR 1iinl12t ha&ge9 group during the multidire
observation, we ctoemdtus tweidt-dionBlospddatedieasti T h e

analyses supported the graphical findings,
individuals at HR (0.-0418 N.Q1)l6antaninéehbeom
task fidr talge QYr o3 p0lt (A4=8)03F5.

Unidirectional Multidirectional
g :
< 06-
o
2
]
w
o
c
]
-
o Age Group
S04 * ® 9-12years
o W 13-17 years
o
5] . .
7] i % * Previous Foreperiod
c

Short

]
5 + * * ® Long
1™
2
3 0.2-
@
]
o
2
©
(]
1

Neurot'ypicals Individuals at HR Neurot'ypicals Individuals at HR
Group

FigureRedl ati ve decel eratiame spropseesntadad tfher |k
tasks across groups and ages, depending on
error bars represent the mean relative decce
whil e transparent Shiaperst g'efda&tcda poidntvs dua!
The significant bar in the multidirection:

neurotypicals and ilhdiagaugprileum.t HR in the

4 . Di scussi on
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Our results allowed us to replicate the ty
seqguenti al effect usually observed in the
preserved in individuals at HR irmatchedcodmt |
the target signal by pressing a response |
|l iterature showed preserved variable forepe
in individCalus |l wi teh @Z ., 201L18B;i Maall ntlee md
that i mpairments were observed in the task
i .e. -ameé wme mul tidirectional t asks, i n whi
acti n while waiting(floe taetisleaswvoirlyr atairge}

require a-mopttomulresgdbneeti bhal unhasks

0
s

i ntegrate a prediction of the sensory signe
e

whi | waitingekpecthei bargétth€&€hearget sign
down of the action in advance of the target
signal does not occur after the short fore
actionlaanebeip advance, but is executed or
signal . I n ceanmd ansut iwditrhe dthieoruanli t asks, the
motor action in the control task doenot r e
target signal. The fact that individual s a
tasks but not in the control task, suggest s
but rather the integration obtrtaeeceewsBbdDhinNnj
motor progr am. Such results are consisten
mul tisensory integr@bamme deitr i @mlg. mMmo2©®@21,ac202
2017, 2019; Pol et Hbw&v &apabhe,c@0Rk&)argue t
simply | ess sensitive than the motor t as ks
observed only in +{ahned moutlotri dtiarsekcst.i oThhad umis k
more preciselwndx ploovwr s ewls®trlyerpredi ction i s
program, and additional results helped us t
We replicated the results showing that resp
by the previous trial when participants al w
trial to trial (unidirectionalug atski)alwhewlea

thdd rection of the motor movement changed be

task) (Arsrwhure)tt tedtd ealmot or program i s reset
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Il ning that the tempor al characteri sti

ence the execution of the motor acti on

, the sensory prediction is ihemeinéntly
rtinent, i.e. when the motor task does
ration, inasmuch only sensory predict.i
guent actions, whereas smONDOr pr e dimc t
ut effect. Conversely the existence of
sts suboptimal sensorimotor integratio

e multidirectionalouteas kest ian .y, 0 U mg preeupr:

ction changes direction, the motor pl e
mpor al constr a(i Miteasl lo n& tJhac knsoa notrh i208r Col6ger a:
ral predictions cannot be derived fron

however possible that the time of occu

ependently of the motorowedgbafmor Ast hatm

n

y
a

t

> O O c

seqguenti al effects disappeared on mot
were stil]l obser veudb m)nt ttéghdempboE G | ( Aprrreodu
ding sensory signal s ipsr ocgordaend. i Tnhdiesp emea
i f there are sequenti al effects in 1t
ences originate from outside the mot ol
ry predictions ar & omotprhbogirmgn,i ntnedg rcaatt e
ri motor integration. This i s why sequ:
as an index of poor sensorimotor inte

ts suggestiagrpbbonsensori motor int

mo s t important resul ts concern sequent

e

e

nti al effects in the multidirectional
nt study | i ke t hesyubaejrtet Bl diweavdeurl,t st h(eA rai

he skewness of RTs suggestedthhat i nd

(0]

h
e
I

typicals to show sequenti al effects, [
a short foreperiod and theqgpeevialuset t
e relative deceleration slope recorde
d to be | arger I n I ndi vidual s at HR
opment , our previous resumust hddr sdiw

mai nly ondeRdlesl erbautti omot( Aomouet et al
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enl argement and generalization of ttfese ef
sensorimotor I ntegration i s associated Wi
sensori motor i ntegration can be expected
Nonetheless it was surprising to see an eff
have rbeeseet when the action direction change
better understand what may happen in neurot
mot ors sakiel I BB pai oedet al ., 2016; Keskinen et
Al l young individuals showed sl owed respon:
neurotypicals were especially sl owed down

neur ot ypi ciall7s aigre tghreo ulp3 It might sHRem surp
were not slowed down in the multidirection
requir-pbamoarmmotor action on each trial, [
prediction on each trial. Thi s iinntceegrtaltd on
probability of target occurrence on this f
young neurotypicals may reflect this wuncer:
effect on deceleration, i ndi catoirngprtolgatamy o
without integrating the tempor al I nfor mati c
already discussed, in young neurotypical s,
stage of the response (al beini dwirtehcta osimd | It
Such sequenti al effects at the stage of t
i ntegration and may further sl owdown respon
at HR, who integrate the i1idyl| wdncteheofstmrgi
decel eration. The action plan is necessar.i
instruction and changed direction. However,
suggests that tempor al p raentkit cetriso no f a ft fheec taicntc
i ntegrated in the motor program and origina
cannot be efficient, and |ikely implies i mp
One |l imitation of this reasoning is that t|
not clearly increased at the deceleration s
a tendency. However, sequential tefakst svi wh
|l ong foreperiods. This was the most surpri:
are not wusually observed at | ong foreperiod
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In all the results confirm the |iterature s
in indivi(dDhamme adt H&RI . , 2021, 2024; Pol ett
Raballo, TBE6g22pnll owed us to specul ate furth
tempor al prediction into the motor program
fundament al guestions on the integration o
guestioean haddrbessed by pr dmp sildg ett hwh iSenh t1D 9
i mplies that a motor program is planned acc

muscle shoul d be contracted Hwhvenwetrg adhiieyv

al ways clear, how external constraints are

di ssociated tempor al predictions at t he m
subm)fturetdher complicates this question. Il t s
i nsights in neurodevel opment and i mpair ment
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5.uppl ementary Mater
Secti@ontlr ol Task

1. Materials and Met hods

The purpose of this control task was to con
prediction abilities observed in standard v
This control task was designedngothe siamil
foreperiods, stimuli, and number of trial ¢
respond only to the target signal by pressi
during the foreperiod.

As in the motor task, the trial began with
foreperiod, the target signal occurred. Par
as possible to the onset of tnheoft aar gChtr osniogsn
Prime 3.0 response box with their dominant
1.1 Participants

A data recording error resulted 7ilnwm talgee | os
group for the control t ask. Bringing the s
(compared to 15 in the motor tasks of the n
The sample sizes for the other groups ren
manuscriopt.
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1.2 Analyses of Reaction Ti mes

Trials that included omission errors (no
responses (pressing an incorrect button), &

removed from further analysis.

Experi ment
Popul atio Age gr Condi Control
Neurotyp 9112 ye Shor i 5
Long 14
Shor{ 3
1317 ye Long 13
|l ndi vidual] 9712 ye Short 12
Long 19
Shor{ 6
1317 ye Long 11
Tabl e SMealn number of trials excluded in th
the population group, age grouptandl copdrt
condition = 96)
2 . Resul ts

2.1 Reaction Ti mes

We investigated the influence effagt agmaou
sequenti al effects onwRys mixedhANOVAtwas ¢a
on RTs, i ncor pgrauipnffacherlseoiveégroupd (neu
at HR) ainld2 'vaeggéel 3 ,(W&38r s) -gno wphoéraswiotfhidnpr ev |
foreperioddé (short vs. |l ong) and o6écurrent f

The analysis revealed a significant mai n e

15. 98, pdy= 00@@25, consistent with the typi
i ndicated by faster RTs for the | ong curre
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short current foreperiod (249 ms N 66). Add
foreperioddé was found [ FdpE, 02)503 ,4WwWid4h, fms

recorded when the previous foreperiod was ¢

ms N 63). A significant interaction between
= 43.80, pdp= .0.09010]6.c0HBa8,reanfti r med the asymn
effects on RTs, showing sl oweenRpsedededghby

|l ong foreperiod (266 ms N 64) compa+ted to
8.14, p = .00000000021. There was no i mpact
one was |Ondg8,t p45) .389.

There was a significant main effedqp= of the
0.16], with fials’t eargeRTgsr oiunp t(h2e2 21 3misl 2N a3g8e) c o1
group (266 ms N 77). However, no significart
factor [F(1, 4@8p= 0.10.2064,, pnd ndl,ot her signi
found (all ps > .05).

500' z
©
=
400- o
<
2,
—~300 Q
Y
: t— 3 2 ® ohiom
° | el = @ 9-12years
£ 200 W 13-17 years
|_
_E L Previous Foreperiod
C . S5 Short
> °00 S @ Long
o s
400- g-
‘ =1
n
300- 5\ =
b - ﬂ %
200- - ._
Short Lo'ng
Current Foreperiod
Fi gur eRTS1.ilmt mshe current foreperiod in the

popul ation group (one per panel), age group

with error bars represent t he mean RT N s
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transparent shapes il lustrate individual d e
conditions. Statistical -salgmesi<anC@l.i sl nnl
the upper significance bar dpeenroitoeds ftahcet omma i r
the | eftmost bar in the graph indicates the

foreperiod affects RT only when the current

3. Concl usi on

Neurotypicals and individuals at HR showec
including intact variable foreperiod and se
no difference in RT speed between The two ¢
effect of the age factor on RTs aligns wi

i ndividuals have facAedamfRT& Lamboypopuh§®6; 0
2015)

SectidMot @r Tasks

1. Mat er i Md tskb adh d

1.1 Stopping point

1.1.Sltopping point criteria in the multidir

To define a stopping pointdedheade rby atrilte
from the previous maxi mum speed. For exampl
the speed at the stopping point needed to
i ndicated a significant reducompheta spepd
participants could stil]l decel erate without
added: a stopping point was confirmed only
the speed at the stopmpheg, poifnthelsatophpi pg
cm/ sec, the subsequent peaks had to be belo

18



ETUDE

Th
pa
us
to
as
ma
t h
me
me

ac

Th
St
s h
de
mu

ac

| f
st
re
w a
t h
po
po
pe

Fo
mi

co

ese two criteria alone were not sufficie

rticipant's finger might trembl e, preveni
ing zero as the threshold, we esdwadl i shec
tremors. We calcul ated the median speed
It effectively reprmrelsetheckedpdalkanowersep eef
king the median peak a reliabliepti)ndi Tlae or

ird criterion required that the speed at
di an speed peak for that trial. For inst
di an peak had to be 9 ¢ m/ stehcr ecer rluolweesr .alTll
curate identification of stopping points,

1. 22X opping poiwmni cirn @ etrii@analn tasek
criteria for the wunidirectional task we

ting point after stopping, making the ¢

rter. Therefor e, we modi fi edneehdeedcrtia er

o o 9 o
-

-

ease by at |l east 30% from the previous
' tidirectional task). The second criteric

cepted only if the next two speient perp&dkesd w

the standstil/ period was too brief, s u
opping point speed since participants of
sulting in the next peak beingnghpohnghes
s accepted i f the speed of the next peak
at trial. Finally, to ensure a complete s

i nt mu st be no more than 359% ooft htehestmaxii
sition. Vi sual checks confirmed that t hi

rcentage would have missed some true stop

.2 First decel eirladt0i0Oo mspoicmrti t(ers5

rr  the first decel eration point, we estab
ni mum of 150 ms is necessary for the brai

mmandana et. aAny, d2e0c20)er ati on point occur
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classified as an anticipation. Il f the targ
should start sl owing down before this ti me

confirmed these criteria through visual <che

The first criterion stated that the speed a
of the maxi mum speed within the designated
that this 30% threshold effectivensy BOwabanc
addi tional criteria ensured that particip.
preparing to accelerate again. The speed at
than the speed at the first dWexel peakilbadpD

30% | ower than the acceleration at the firs

1.3 Second decelerra?7DObnmpdiati (&0DAa

I n trials with a |l ong foreperiod, if the ta
had to continue moving until 1700 ms, which
The criteria for identifying et haes stehcoosned fdoerc
first deceleration point, with the only dif

extended from 1000 ms to 1700 ms.

2 . Resul ts

2.1 Reaction times statistics

Effect DF F p-val ue dd
Group (1, 0.04 . 84 0.0
Age (1,1 12.0 . 0010 0.2
Task (1,4 96.9 .0000000Q O. 6
Previous (1,4{ 28.1 . 000003 0. 4
Current H (1, 196.|. 000000000 0. 8
Group * Al(1,] 0.21 .61 0.0
Group * Tq(21,4{ 1.2]1 . 28
Age * Tas|(1,] 6.91 . 012 0.1
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Group * Pre (1 0. 4( . 53 0.0
Age * Prev| (1 1. 475 . 23 . 0
Group * Curn(1 0. 1¢( . 75 0.0
Age * Curr| (1 6. 31 . 016 0.1
Task * Prev(1 10. 1 . 0030 0.1
Task * Cur| (1 3. 3¢ . 0073 0.0
Previous FP | (1 36. 9 . 0000007 0. 4
Group * Ag¢dq (1 1. 3( . 26 0.0
Group * Age (1 0. 07 . 81 0.0
Group * Age (1 0. 53 .47 0.0
Group * Tach (1 3. 8¢ . 056 0.0
FP
Age * Tache (1 0.07 . 78 0.0
Group * Tach| (1 1. 58 .22 0.0
Age * Tache | (1 1. 88 .18 0.0
Group * Pre|(1 1. 18 . 28 0.0
Current H
Age * Previo| (1 2. 64 .11 0.0
FP
Tache * Pre|(1 3. 34 . 073 0.0
Current H
Group * Agel (1 0. 2¢ . 60 0.0
Previous
Group * Agel (1 4. 11 . 050 0.0
Current F
Group * Age (1 0. 5¢ . 46 0. 01
Current H
Group * Task]| (1 0. 2¢ . 60 0.0
* Current
Age * Task *| (1 0. 37 . 55 0.0
Current H
Group * Agel (1 0. 14 .71 0.0
Previous FP
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Tabl e CEMptehensi ve

ncl
HR)

udi ng

foregeér ( short

V'S .

long),

t he-gfromlulpo wiarcg olr est: wedbegmmr ou p 6

6current

st at twsatyi cnailx erde SAANNOVA @ fn

(neur o

andibageéa(i97vy.eatd3), -gamd pt Heacwiotrtsi:n 06 p

foreperio

vs. mul tiKarr eachthbroenvaildt.i on, FP = foreperiod.
Effect DF F pval ue dd
Age (1, 9. 64 . 0050
Previous |(1, 12. 8 . 0020
Current H(R1 59.6 . 000000 0.7
Age * Prev|(1, 0.05 . 82 0.00¢C
Age * Curr|(1, 7. 8( . 011 0. 2
Previous FP|(1, 12.7 . 0020 0.3
Age * Previo| (1, 2. 3( .14 0.0
FP
Tabl eTBRs&msalbysi s presents the comprehensiv
way mi xed ANOVA on RTs of the neurotypical
includes -gheupef avédeddr yéagked ve®darlsd) and t he
groaptérs o6previous foreperiodbé (short vs.
| ongbbreviati on: FP = foreperiod.
2.2 Skewness statistics
Effect DF F pval ue dd
Group (1, 0. 9/ . 34 0. 01
Age (1, 8. 54 . 0050 0.1
Task (1, 23. 1 . 000019 O0. 3
Previous (1, 0. 02 . 89 0.00
Group * A/ (1, 1. 94 .17 0. 04
Group * T|(1, 10. 4 .0020 0.2
Age * Tas| (1, . 6 3 . 43 0.0
Group * Preg (1, 4 . 7 ( . 036 0.1
Age * Prev| (1, .72 . 40 0.0
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TasRré&vioug (1, 0.03 . 86 0.00
Group * Ag¢q (1, 0. 53 .47 0.0
Group * Age (1, 0.03 . 86 0.00
Group * Tach (1, 0.00 . 93 0.00
FP
Age * Tache (1,1 0. 53 .47 0.0
Group *TaAge (1,{ 0. 7¢ . 38 0.0
Previous
Tabl eC&8tpBehensive stat-way imiaxed eSNDOYA oonf rte
skewness, i ncorpor atgirmg pt feacft @lrisowiérmgg oluetdw ¢
i ndividual s dtl2HRpadbdvegagasd) (Yamwmdpt heacwiotr Is
Oprevious foreperiodé (short vs. | &p0pg) and
abbreviation, FP = foreperiod.
2.3 Rel ative deceleration sl opes at the sho
2. 3.Raw dat a
Effect DF F pval ue dd
Group (1, 0.00 .94 0.00
Age (1, 2. 6° .11 0. 085
Task (1, 14.1 .00050 0. 21
Previous | (1, 6. 3¢ . 015 0. 1]
Group * A (1, 4. 74 . 035 0.0¢
Group * T|(1, 0. 91 . 35 0. 0172
Age * Tas (1, 0. 81 . 36 0. 02
Group * Prq(1, 0. 14 .71 0.00
AgePrrevioug (1, 0.00 .97 0.00
Task * Prej(1, 6. 0] . 018 0. 17
Group * Ag¢dq (1, 1. 6¢ . 20 0. 3]
Group * Age (1, 0. 2( . 66 0.00
Group * Tach (1, 0. 1F°% . 70 0.00
FP
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Age * Tache (1, 0.03 . 86 0.00
Group * Age(1,] 0. 617 .42 0.01
Previous

Tabl eC8hphdehensive stat-wayi makedeANOVA o

decel eration sl opes at the short -gfrooweperio

factors: O6groupd (neurotypiicla2l sy evasi.4 7ivrsd i Vv1i3d

y gas) and -gtrhoeu pwiftahcitnor s : Oprevious foreperi
(unidirectional vs. multidirectional). For
To investigate the significant i nteraction

conducted itredepenvdeae-mmb Boaernd teledeom.i The results
that individuals at HR had steeper0.sll9pes (
N 0.09) orlly iymatbea$® -grddp, pt E1082D) Fur
among individiaVrsyaar iRagehgr @8p exhibited
il2 years age group3.(3,15p K= 0..00BHQ. t (57.7)

2.3.2equential effect index
Effect DF F p-val ue dd
Group (1, 3. 26 . 078 0. 0]
Age (1, 0.02 . 88 0.00
Task (1, 7. 87 . 008 0.1
Group * A (1, 3.11 . 085 0. O
Group * T| (1, 0. 8¢ . 36 0. 01
Age * Tas/(1,{ 3.65F% . 063 0. 0]
Group * Agdq(1,{ 0.00 . 94 0.00
Tabl e C&EMMpbsehensive stati-waycml xe@sANOYA odn

sequenti al effect on relative decel-eration
group factors: O6groupb6 (neurotlyiyedrss vws . i

il7eygrs) andgrtolue wiatchiom o6tasko (unidirectio

18



ETUDE

2.4 Variability of the travelled distance

By examining the variability of the travel
trajectories and whether stable motor prepa
trajectory variability may rel ate t o mo v e
foreperiods, as longer foreperiods typicall/l
the previous foreperiod to evaluate how r el

affect trajectory stability in each group.

We conduecewayd mi xfeedv eANOVA on the variability

the bgrweenfactors group’ (neur otiyl@i cal s

years 1ivk7 13y ears) gamdp wiftakit mr s "task' (u
mutli di rectional ),

l ong) (Figure S2.1).

"previous foreperiod’ (sh

The analysis revealed a significant main e
.0@3s 0.21], indicating greater WVla iyaebarlsi ty
group (4.80 cm N 13173)y ecaornsp agrreodu pt o( 2.h%8 1c3m N
of the 'task' factor was aldpo Obse}fyvedi { F(
participants showing greater variability 1ir
in the unidirectional task (3.30 cm N 2.38)
foreperiod’ was found [R@UpFF4B) 65]80demonpt 1
increased variability in the travelled dis
compared to the short foreperiod (3.11 cm K
[F(1,43) = dPp0o850. pODIrleydmust Horeperi odd [ F
= .dp4,0.0001] factors.

A significant interaction between '"task' ar
13.40, pdp= 00DAOYPptoe Ftasg riedditcated that wvariab
was higher at the | ong foreperiod (4.95 cm

cm N 2.0) specifically i4n 1t2he pmud t.iodoilr.ect i ©

Finally, an interaction between
= .drp3,0.12]. dtedeéepewdéhnht Bonferroni correcti

group' and
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greater variability of t he travell ed di s
multidirectional task (4.65 cm N 2.7) compa
t (1842.3)3,= p = .068. This pattern Wwag8not ot
p = 16. These findings suggest that for in
at each trial affects the consistency of tt
significant (all ps > 05) .

Unidirectional Multidirectional
20-
— S Z
515- o

=

® o
e 10- <
I T,
£ 5- +_,_,—-§ —® & Age Group
T - ..’:__...-—‘. ?  @9-12years
o 0 = W 13-17 years
Ezo . .
= _ Previous Foreperiod
2 s a Short
- 15- = ©® long
2 g
- =
= 10- o
0 (7]
©
> 5 -8 T

—0% — %
0- . . : .

Short Long Short Long

Current Foreperiod

Figurea$2ability in the traveledforsbanbe (
mot or tasks, categorized by group, age, an
error bars indicate the mean traveled dist a
i ndividual participants' datiaf poamdces fDrden
by ***vaflawresp < .00kl aed x*  D4ar pn the mul ti
significant bars i ndicate the interaction
showing greater variabitiitgl s ncompareéedt dils
both neurotypicals and individuals at HR.
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RAPPEL #f£5HJI TRTS PRI NCIEPBUDE DE LO

Rappel des r®sultats principaux

L' ®tude 3 wvisait ” observer la mani re d
| 6occurrence dbéun signal sensori el i nfl uen:
déindividus ° HR de conversion psychotique.
t ©ches motrices, ~ savoir | a multidipaatson
©g®s de 9 © 17 ans. L'objectif ®tait de VG
i ndicateurs associ ®s ° | a pr®paration (rale
de r®action, TR) de | 6arr-°t.

Les neurotypiques et | es individus ° HR ont
dans | es deux t©ches motrices. Comme i ndig
pr®diction temporelle |i ®e - | " occruerrence
commande motrice pr®ci se, ce qui explique

direction entre | es essais. Ainsi, l a pr ®s
consi d®r ®e comme un signe d'une intl&grati ol

di stribution des TRs a r®v® ® que | es indi

s®quentiels dans |l a t©che multidirectionne
particulier, au d®l ai court, | eurex TWRs mon
r®ponses plus |l entes | orsque | e d®l ai pr ®c
sugg re une int®gration sensorimotrice encc

HR comparativement aux neurotypiques.

Concernant l es ralentissements anticipatoi
s®quentiels chez |l es i ndi vidus "’ HR dar
multidirectionnell e. Dans |l a t ©che mul tid
tendad®kaBucourt, mais se sont r®v® ®s sign

effets s®quentiels ne devraient pas appara’

change d'un essai It autre. La pedrasnisst anc e
l "i nt®gration de | a pr®diction temporelle 1
Ainsi , |l a planification pourrait °tre dava
externe, qui ne s'int gre pas eco rirnedc tve ndeunst
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HR. Nous avons propos® que | a pr®sence d'ef
pr®diction temporelle concernant | doccurrer
|l ors de | a d®c® ®r ati on. Dans | pug©eheumal
action motrice pourrait fragiliser davantag
effets s®quentiels anormaux sur | a d®c®l ®r
d®l ai court chez |l es individus ~ HR.
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Objectif de | 6®t ude 4

L' objectif initial de cette ®tude ®tait de

de stimuli tactiles © un protocole dobéattent
alt®rations de | a pr®di cti odhe tEZnpolrred nieq weh.
effet, | es troubles de |l a pr®diction tempor
l a SZ, et Il i nt®gration de |l a motricit® et

pertinente dans ce contexte.

es r®sultats obtenus dans nos trois pr ®c®d
e cette ®tude de wWarii fpieearmedit rlae auprs®di ct i o
l a planification (pr®diction temporelle mo:
e

nsorimotrice) doOune action motrice sont a

Cette ®tude est toujours en cours et | es r @
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6. Manudcirmcei pal

1.

nNtroducti on

Depuis plus d'un si ©cl e, ph®&nom®nol ogues e

trou

(S2)

2007

ne
®v

t emp

S e

pe
mo

ur
®n

nt
rc

rc

i mag

De

un

S

bles de | a perception du temps, observ®
, et |l es perturbations du senfffFuaddssoi (
; Martin et al ., 2017, 2018, MhekoWwebki
otypiques, |l e passage du temps est e X |
ement s di scontinus qgui se succ dent S
orell e permet de se sentir i mmeung® dans
i ment de coh®rence de soi. Certains i
voir |Ie temps comme |l e fl uxdeompteitmud squ

e

eaux, seOCobuv@duiet dé | Spiutrz ecre,s 1.ion8d8 )vi dus
e de soi uni fi ®e et coh®r ecnotmeme™n tt rpaavr evres
e

perception comPimeuedestBdpiassicoheéi nemp

approches exp®ri mentales ont tent® dobo

rapport®s par l es individus atteints de S:

| a
| 6
ma
p |
ma
Sy
co
Sy
tr

as

pa

bo
il

i n

ratoire |l es | imites corporelorsl deasvear
| usi on de |(aBontaviinnienk c& oe cahnoe:l @ @8 )i | |

r®el |l e des participants est cach®e de

ac®e devant eux. Les exp®rimentateurs st

i n

nc

mme S

en caoutchouc ) | "'atdetdmpspi deead X .mu

hrone, |l es participants commencent ~ r €

i s'agissait de l eur propr e ma i

nchroni sation des stimul atatomyn WMudauelsleas

ompe |l es fronti res corporelles. Les stim

soci ®e s " |l a vision de <ces stimul ations

rt

i cipant ° percevoiCGhezetltees manidn vad admme alt
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cette i I'lusi on s e mani feste pl us rapi deme
neur otypiqgues. Ces r®sultats sugg rent gue
atteintes de SZ sont pl us (fHaorudeusf qeute acle.l,l
Sandsten et al., 2020; Thakkar et al ., 2011

Des donn®es exp®rimentales ont montr ® que

tactile pouvait suffire ™ induire I "illusio
du pinceau est interrompu avadntidendaluaher
stimulation tactile noest pas per-ue et n e

mani feste (fetrdeeméamber ®sa@bDad@a)s montrent gt

per met ddéactiver |l es cortex pari ®t aux mu |

-

ception d'une .stDenudlaus ,onc dtatce idct irv®etl® e
|l a force (Ferlrdi lelt Ceilsoyr ®BZW13)ats sugg rent gt
ne se construit pas seulement ° partir de |

©
(¢
—

| *anticipation des signaux somesth®siqgues.

plut!t quepsiuonl|l a®epklre des stimuli, elle es:
gue chez |l es indFerdus eaéatCebtitnet 20dsde)rSyZat i on
l es individus atteints de SZ ndéanticipent i
|l es neurotypiques, et que des alt®rations d
aux troubles du sodas ciom@pioviedu.bser v®s <chez
Les recherches( d®@da3ar avr@auwml iegn®ll.e | ien entr
m®cani smes de |1 06illusion de | a main en cao
recherches font ®cho aux observations clini

exp®ri mentaleseonhresallt ®Pga®i loa ldiesncapacit @
et du sens déFeeistdams& | Ao dBLZ et al .LLes2024;

capacit®s de pr®diction temporelle peuvent
temporell e. Dans ce type de t ©che, un pr emi
apr s un d®I ai court ou long¢ttw@aratwme giulkel g
cible est pr®sent ®e tardivement, plus |l a r®
par un temps de r &aCeotuildn (2TOR)9 ; p INiise md¢ 0 U& t N*¢
Woodr ow,. IC®14ph®nom ne est expliqu® par I
déoccurrence de |l a cible : au fur et ° mesu
de |l a cible et |l e niveau de pr®paration a

19



ETUDE

protocol e, | e passage du temps est util i s
n''am®l i orent pas consciemment | eur perfor meé
cela se fait (hosomatiague mel7; Nobre et a
interpr®tation voir Salet et al., 2022; Van
Dans | es t©ches d' attente temporelle, l e b
pr ®serv® chez certa( @isuliInd i et GeupsédMmadt & feth S ts d
al ., omn20Imo)nt r ® que ce n'est pas | e cas pour
troubles du sens de soi, | es TRs ne di minue

r®cents ont permis de mieux quantifier ce
que tous |l es individus atteints de SZ pr ®se
du temps sur |I(dwresy sgernrf & naorccgensee ddns RORHY
Martin etcealt.e, a(l2Z2®r7)ti on est corr ® ®e aux |

Foerster (e20@mwlosoleseraM® une alt®ration du b
chez | es individus at tceii ngesuweai eSrZt, pm°@mpea rleorr

motrice avant | *apparition de |l a cible. | a
| " ®t ude Mianittiinale¢ aé&sr | ec2@hT)Yicipants devai
du c*'t® d' apparition de |l a cible (droite o
|l orsque | a r®ponse motrice peut °tre pr ®pal
b®n®f i ci ent paemps passa@em®UHuorer l eurs T
neurotypigues . TRTewttefumi s ndi cateur mesur ® ap
et ne permet pas de capturer | a mise en pl a
Dans notre r®t udEPplagleclhsapatons montr® que ch
ex®cut er un mouvement pemrd®@ditctli'bdtet einmml id
pr®diction temporelle intrins quement Il i ®e
soul ve des questions sur | '®tat de cette j

de SZ. La pr®sente ®t udwen emgpu wea me rcto npreemad a n t'
influence | a capacit® des individus atteint
pr®dictibrant enf mas uf oi s | a r®ponse compoc
®l ectroenc®phal ographique (EEG).

Dans | es t©ches dbéattente temporelle, l es i

automatiquement wutilis®es pour ajuster | a
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s®quentiels. Quelle que soit | a th®orie pro
ces effets, |l es participants soOattendent alt
soient similaires. Par exempbée, ast omatcgbete
pr ®di t guod”™ | dessali sui vant l a cibl-e survi
court). Si tel est | e cas, | a pr®paration e
Si |l a cible survient avan®] ael l engur eit e mtu ¢
(s®querccoaurlitong el l e arrive plus t!'t que pr®
ralentit l eur TR parcouarptpor@es dfaf est &q use@iqcue

asym®triques pui snmpodoae del a®l laongpr o®deint ,

toujours optimal es. 1 a ®t ® montr® dans |
i nd®pendants de |l a capacit® " b®n®ficier dt
mesures compoE® €mnenteaal «es a@atl .E 2006; Los &
2017; Vall esi et al., 2014; Vallesi & Shal/l
1914)

La mani re dont |l es effets s®quentiels inf
semble similaire entre indi(vC@idwlsl catdtei alt s,
Martin et dbuteRR®1lY,) une sensibilit® exces
essai s pr®c®dents a ® ® observ®e chez | es i
(Foerster. ebamd .cet0 1®t ude, l es participatl
pointage ©~ | 0aide do6éun stylet connect® ~ u
retour tactile doun contact avec une surfac
l e reRaptuirque ®t ai't retard®. M° me | orsque ¢
individus atteints de SZ adaptaient l eur |
pr ®c ®dent . La planification doébun mouvement

atdegmMcNamee & Wol pemgtuel 2CDN9)t ri bue au senti
participants (Wairbelleuet aklktdrisonwed1b5¢ retour

| ®g r ement retard® par rapport N la pr ®vi
g®n ®r al ement ignor ®e . C' est ce qui est obs
retard, n''ajustent pascoeurnwpémrmtni d e cd®c ®h ®
similaire ™ chaque essai. A |l d6inverse | es i
ignorer un retard infime du retour sensorie
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Débautres ®t udes ont montr® que |l es individu
des d®l ais tr s courts. Par exemple | e s
vi suels | ®g rement asynchrones (d®cah®s de

l es individus atteint(sMadefaRdheqgue leda€adeyr o2
r®sul tats ont conduit ° | '"hypoth se que, d
pourrait °tre rompue par des pé6Gterbahi &ns
Mi shara, Nd@s7@vons voulu savoir si | 6att ent

dans des t©ches avec une composante motrice

via |l es propri®t ®s cin®matiques du mouvemen
Les t©ches utilis®es dans ce travail repose
alt ® ®e chez | es (iMedriavlitdau setatale.i,nt 30 1dCk; SWal
Cependant , sel on l es r®sul tats du |l abor at
concerner des mouvements gui n®cessitent

mouvement(sDesliagfwpdyeee | | etL@adsqueOlogg i ndividu
r®al i sent un mouvement en une seule ®tape,
®] ®ments, | eurs performances sont ®qui valen
Dans cette ®tude, nous explorons comment |
pendant | ' attente d'un stimulus pr®dicti bl e
SZ © vy r®agir. Nous avons demand®lawgmepart.
droit e, ce qui devrait donc ' i mi Peus | es

pr ®ci s®ment , |l es participants devaient init
| 6arr°ter aussi rapi dement que possible apr
Nous avons utilis® deux t©ches motrices : u
se d®placent toujours dans |l a m°me direct.i

changent de dirPahsoha’"t©ebhgquenedbsranéectionne

des effets sI®yituemdce el ddadsmumr°tl eCou TR). Au dB@e
rapides |l orsque | e signal cible ®tait ®g al
pr ®c ®dent , plut®t qusaumietl ad f fl eotn gs & gAu er motuied
observ® dans | a t©che multidirectionnell e,
Dans | a t©che wunidirectionnelle | a r®p®tit
per met de maintenir | esaio,gralmmes mpu Giulr ddie
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dans | a t ©c he mul tidirectionnell e. Léoexi st
unidirectionnell e uniquement sugg re que |

associ ®e au programme moteur.

Si | 6ex®cution de mouvements simples est pr
peut sbattendre 7 ce que <cette pr®diction
®gal ement . Dans ce cas, nous fai sons Il 6 h
®qailentes entre | es individus atteints de ¢
Dans notre t©che, nous recueill ons ®gal emen
i nt ®r essant particuli rement "’ l a variatic

c ®r ®brale est associ ® aux capaci tprs sde pr

l e premier stimulus et (Bereskaté& pPpaegabhbhy 8¢

et al ., 2005;. Wadst etrr seevMa X .pr @O®@Hdent s chez |
ont montr® que | es effets s®quentiels sur |
mul tidirectionnell e. Cedinda gtuec qhu@r erets &V da

un type de pr®diction temp(Arerndlestomg®palnd,a:t
Capizzi et al ., 201 3, Ment o, 2017; Mesto et
®t udes ant®rieures ont montr@®&mpluet bde dadCHW
r®dui te par rapport a@0gbomme v edtu f.d inéiulr2s® 2 ¢

b®n®f i ci ent pas des informations issues de:
de | eufFCrNov et. abans 20d9 )t ©c hes, la CNV r
temporelle davantage | i ®e ~ | dattente du st

donn® que <cette pr®diction est alt ®r ®e ¢ h
attendons ° repneduwibrseer V¥ ®es abda®satlia | itt G

amplitudes de CNV chez ces individus.

Notons que | e petit nombre denpardid'i®wualtse
mani re fiable |l es trajectoires motrices. f
une ®ventuelle dissociation entre | es pr ®d
associ ®es aux r®ponses apensrbassidomal uvuai Iyl

|l es pr®dictions | i®es ~ |l a r®ponse au signa
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2 . Mat ®r M®t Bso d &

2. 1.Participants

Les caract®ristiques d®mographiques des par
m®t hodol ogi e gPRPM®PREB! eCOd¢nbapnane Res caract G

el l es sont vi si bWHlessodisns | e tableau 1 <ci
l ndi vi dus a Neurotypi
Traitement k2 2/ 4/ 1 -

(typiquel/l at

Traitement a 1/ 6 -

(oui / non

Traitement a 1/ 6 -

(oui / non

Traitement | 2/ 5 -

(oui/ non

Traitement 1/ 6 -

(oui / non

Traitement [ 1/ 6 -
(oui/ non
Lithium (a9 2/ 4 -
Score tot g 34 N 13 -
Score tot g 15 N 13 -
Score QI 104 N 9 108 N 5
Score tot al 10 N 2 3 N 2

Tabl eeauCalr act ®r i stp agruteiscicdamtiggues des

SANS £chell e d' ®val uat(ifAmdrdess. esngAmpPIEIcame)d | e®g
d'" ®valuation deCAsymMmepdsend NARASGY | e | ect ur ¢
nati ona(Macknrnaos & .MukEdhaglalne®vkRrddl®dmst i on des
neur ol ogi uerse brsi regurad . |, 2000)
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To
di

As
ne

co

Le

- 0
(@]

@D 5 o

S | es i ndi vi dus atteints de SZ ont ®t ®

gnostique et statistiqueAmees cdmorPBlyedi

u
a

soci at.i olnes 2@dr3t)i ci pants atteints de SZ r
ur ol ogigues ni dobéautres troubles psychi at
n

sommer de substance psychoactive autre (¢

s individus neurotypigues ne devaient S0

vai ent avoir aucun ant ®c ®dent de mal adi e

ur tous |l es participants, l a consommati c
exp®rience ou |l a consommation de toute suU
clusion. Les participants ayant des ant ®c

connai ssance de plus de 15 minutes noéont

us | es participants ont donn® | eur consen

onf or m®Pment - | a D®cl arati on d' Hel si nki

- T O
w @

- Q
ja}] c (@)

®t
br

mo

Le
Al

®t hi qgue r®gional de | 6"l e de France (CPP

2.£qui pement

(7]

participants ®taient assis dans une pi
cm de hauteur, 60 cm de | argeur et 47 c

acer l eur mai n dominant e, poing ferm® et

nt ®r i eur de | a bo"te. Un ®pais tissu no

(¢

pendant toute | a dur ®e des t ©ches, | es
bo " te ni | eurs mouvementes cB-Beagvem&EruUME
aient fi-bB®as sdomildavtande cébaguenpaBauicide:
as, sous | e coude-bratdedsdsawst rdeu emo ibgarse td.e G
urni ssaient l es stimuli tadt®mhes er hdr gbtna

uvements | in®aires 7 | 6i nt ®r i eur de | a bo

s t©ches et |l es moteurs ®taient contrt!] ®e
O branch® un bo t-Peirmee3 s®i mudianti ems iCth®
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®tait r®gl ®e °~ 3,0 V, avec une fr®quence de
®t ai ent fournis aux participants pour ®vite
Une GoPro HERO7 ®tai't positionn®e ~ | 060int®
capturer toute | a surface de | a bo"te. EIIle
rendues visibles gr ©c e ) une LED souge f
d'"enregi strembamp®tdai ensi on | in®aire, r ®s o

pl ein ®cran HD 16: 9.

2. 3. Proc®dur e

Notre protocole comprenaitl etsr odeuxt Ctceelse se

déint®r°t, et une t©che contrtle.

Dans | es deux t©ches motrices, |l es particip
au contact de | a surface de |l a bo"te avec |
au coude (signal de d®part) edtoclcaarrre®ntceer dloa
vi bration au poignet (signal <cible) apr s u
Pour rappel, | es deux t©ches motrices diff
Dans | a t©che unidirectionnell e, l es partic
|l e d®but de | 6essai suivant , det us®sr tdka ngsu el
m° me direction. Dans | a t©che multidirectic

toujours °tre effectuer un mouvement dans u

Les mouvements ®taient restirzeoinntad eawex axagd |

Dans | a t©che contr?tl e, l es m°mes stimuld.i

mai s | es consignes ®taient similaires aux
participants devaient rester i mmo Ipil uss pen
rapi dement possible © | édoccurrence du sighne
sur | e bouton central dRruinmebo3.t0i.er de r ®pon

Chaque t©che exp®ri mentale comprenai-t un

condi:t ilo2ZnM0s essai s avec un d®Il ai court et 12
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S essais ®taient pr®sent®s aux participan
sai I mpr ®vi si bl e, nous avons utilis® un I
ant de commencer chaque t ©che, une phase
ur familiariser | es participants avec

exp®ri mentateur profitait de cette phas
rtisciimant ai ent | eur mouvement avec | e sig
bl e (et pas | 6inverse). La vitesse de |
suell ement afin d'®viter qu'ils ,n'aull ent
op |l entement, ce qui aur ait pu entra’ nei
rticipants heurtaient un c¢c!t® de | a bo’ "t
mpl tement et de rester i mmo btiileen jrusuwsu ' &
rmettait d'identifier ces essais comme d
clure de | "analyse ult®rieure.

e phase ddéentra nement de 10 essais a aus
tte phase, | 6exp®r i mentateur soO0est assur
structions de |l a t©che et netdwmmengnagludci
ur appuyeaq ponslkee bout on

.4 . EEG

ndant | a r®alisation des t©ches exp®ri mer

syst me ActiveTwo d@BaBiosamiec( Ams t®d reccd m,

/| AgCl di spos®es sel od0.l eL's®Isdctmred d entt kg na
nstitu®e des ®l ectrodes Common Mode Sensce
alit® d'acquisition a ®t® garantie en ma
pport ° | " ® ectrode de r ®f ®rence & CMS) e
ac®es sur |l es |l obes d' on®fIRIrengawmeme atu
cun filtre n'a ®t ® appliqu® pendant | dacc
hantillonn® °~ 2048 Hz.

syst me EEG utilise des ®l ectrodes acti\

i mp®dance d'entr ®e est tr s ® ev®e (300 N
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ble (< 1 Ohm). Cela permet aux courants
tensions d'interf®rence i mportantes.

.Vi d®o s

s |les deux t©ches motrices, nous avons f

vi d®os coll ect®es avec MATLAB 2021b.

pr emi
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t ©c

cri

t

"re ®tape consistait segmenter | e
de chaque essai ®t ait d®f i ni par

sous | e coude), enr egi sttr® epuarr dlea |«
[ s'"allumait au d®but de Il a vibrat
n. De m° me, pour rendre | 6occurren
visible, une LED ivterpendant itnotuBtre e
bration.

ns analys® |l a trajectoire du doigt

s crit res pour permettre ° notre s
ants arr°taient | eur t®ntdajocdotl @ign e. dl

t principal 3. | 6® ude 1 (chapitre

déarr°t nous permettait ddical cul e

n®cessaire pour arr°ter | eur mouv
d'arr °t a ®t ® wutili s®e icnodmnncteatTeRir d e
nt utilis® pour ®valuer l es perf ol
e temporelle et nous a permis d' e

des capacit®s de pr ®di ctdamsn Itesmpor
hes exp®ri mental es, l e point d'arr -

"res (d®crits dans | a m®&thlagpddlraegile

® ®t aient remplis.
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2. 6. Analydesn®es comportementales

Dans |l es deux t©ches motrices, S i aucun po
consi d®r ® que | es participants ne sO0O®taient
exclu des analyses ult®rieures.
Dans | a t©che contr?tl e, |l es essais avec de:
Pour toutes |l es t©ches, une r®ponse (arr-°t
sur | er &poountsoen pour | a t©che contd®be}) €durve
signal cible ®tait consi d®r ®e c¢comme
TOches exp®ri men
Group¢g Condi tfMul ti dir{Unidirec Contnr
I ndi vi Court 9 17 4
atteint Long 25 34 8
Neur oty Court 4 4 4
Long 15 10 19
Tabl eeauN2mbr e moyen dbéessais exclus des ana
de | a condition et de | a tO©che exp®ri ment e
neurotypiques. Pour rappel, chalaecot®adihtti co
courte et 120 pour | a condition | ongue.
La t©che unidirectionnelle est | a seule 0%
|l e nombre d' essais entre | es groupes exp®ri
di ff ®r ence est due un nombre moyYewi glbas
atteints de SzZ (9 N 11) en comparaison des
< .001, r = 0.50).
2. 6.I1lIndi ces des capacit®s de pr®diction tem
Notre ®chantillon ®tant petit, pour rendre
marqueurs de capacit®s de pr®diction tempor
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s®quentiels), dans nos anal ysdeess shdeunssr atvem s
& Joos et plut*R2P@4es| esomRe variable d®pen

Un effet de surprise ral-eotit ¢$p®ciTRisqgquamen

entra’"ne un ralentissement du TR dans | a ¢
cons®quent , accro’ tre de mani r e iatritoinfsi ci e
courte et | ongue. Pour neutraliser | 6influe

Foerster éRrO0O@2ddPs censatd®r ® uni quement des e
d®l ai s identiques. Dans ce cas, ils ont obs
TRs (l a diminution des TRs dans | a conditio

per si steai tl eppas nodh vi dus atteints de SZ.

Pour v®rifier si |l es TRs ®taient plus rapic
passage du temps), nous avons suivi l a m®t
(20.24Nous avons calcul ® | a diff®rence de TEF
chaque participant, en anal ysant uni quemen:
pr ®c ®de-aobui t deotntgl)ongensui t e, nous avons div
somme des TRs pour tenidndompdeedeéel aesalMiRatk
®t ai t

Y'Y Y'Y

Y'Y Y'Y
Plus |1 6indice positif est grand plus il ind
Pour v®rifier | a pr®sence doeffets s®quent.
|l ogi que. Pour rappel, |l es effets s®quenti el
l ents |l orsque | e d®l ai de | 6esaadonpdpr®zlPdeIn®
pour chaque participant, |l a di ff®rence de T
d'"un d®I ai | ecnogu r(ts)® geute ncceeu Xl opmrg® c ®d ®s d' un d

court). Cette diff®rence sa TeRissudds dddg X ds &q

Notre formule ®tait

Y'Y Y'Y
Y'Y Y'Y
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Plus |1 6indice positif est grand plus | es ef

2. 7.Analyse de donn®es EEG

Les analyses EEG ont ®t ® r ®ali s®es sur MA®
(Del or me & Makleeisg,®t2a0p04s) de pdre®stsroauist eonetnt ®1

appliqu®es ° chaque participant et pour c¢h.
r ®f ®r enc® notre signal avec des ®l ectrodes
gauche. Enssit®duinbulsaavo®quence d' ®chantil
mai ntenir une bonne r®solution temporelle
donn®es ont ®t® fi(lMern®eos, dmbtdrge) al/,ohls etn sdul tt
des ®tapes suppl ®mentaires de nettoyage et
pour | "algorithme | CA(druecki.cad&EHnh2@noypeorsm®e pa
®l ectrodes ont ®t® interpol ®es pour | es neil
de SZ. La segmentation des essais a ® ® r ®

avant | éapparition du sitg2h®0 2@0W]®prag.t La 2IC
base a ® ® d®finie comme | a moyenne du sig
signal de d®part 26 q0Pp mMsonLe®bassais®i toifp:
(signaV HNahS501-200 eh?00]® rx)c|aurst d@ts anal yses

TOches exp®ri men

Group¢ Condi ttMul tidir{Unidirec Contr

I ndi vi Court 13 23 10

atteint Long 14 24 11

I ndi vi Court 9 10 6

neur oty Long 9 9 8
Tabl eauNo3nbr e moyen dbéessais exclus des anal
et de |l a t©che exp®ri mentale chez | es indi\
rappel, cchoanqgtueen ati@c h2e4 0 es s ai s, dont 120 pou
|l a condition | ongue.
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Pour 1 participant neurotypique, |l es donn®e
transpiration et ont ®t® exclues des analys

participants pour | es donn®es EEG.

La premi re ®tape de nos analyses consistai

et 1000 ms, juste avant | "apparition du si
temporelle, | es participants ne, scaevegnuti pnaosu
a permis de moyenner tous | es essais sans d
centr® notre analyse sur | es ®l ectrodes FCz:

observe(Kbao@NWi cz & Penney, 2016; Kononowi
et al., 2013)

Nous ne pr®sentons pas |l es r®sultats concer
nombre de participants par groupe, et | e no
analyse (le nombre dbéessais empgs). vis® par

3. R®sul tat s

3.1.Comportementaux
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Unidirectionnelle Multidirectionnelle

500-

z
o
e
-
=4
400- E\ E
T e B
4 ©
£ 300- @
c
i)
g Délai Précédent
2 Court
% _ ®Long
© =
@ e
£ 500- E_-
2 c
w
>
400- o
=
w
300- &
n
N
Court Lolng Court Lolng
Delai Actuel
Fi gureLeds TRs en ms en fonction du d®I ai d

motrices sont pr®sent®s en fonction du grou

avec barres d'erreur repr ®sentent |l es TRs
t ranspnaornetnrteenst | es donn®es individuell es de
3.1. TM@che multidirectionnell e

Les anal ysesdedessocursi ppt@fvesencti © |l a figure 1.
Les individus atteints de SZ ont un TR gl o

neurotypiqgues (388 ms N 61.0).

Nous avons v®rifi® |l e b®n®fice du passage d
temporell e. Pour rappel, l es TRs sont ©pl us
ce qui a ®t® observ® chez tou$Z,l esntpaurn iTcR p
378 ms N 39.9 au d®l ai | ong, contre 480 ms
Chez | es

au do®l ai court (diff ®rencepass adgle msy .t eJnp si
calcul ®, afin d'®viter doébobserver un ralent

neurotypiques, l e TR est de 361 ms
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pr ®c®d® doun d®I ai |l ong, d% ° | 6effet de su
i ndice est positif chez nos deux groupes e
chez |l es individus atteints deypZgetsde 0.0

Nous avons ®galement v®rifi® | es effets s®q
plus Il ents |l orsqudun d®I| ai court suit un
suivent. Au d®Il ai court, l es indauwvid®kaiatt

long (499 ms N 50.6) qudapr s un d®l ai cour

l es individus neurotypiques, l e TR au d®Il a
pr®c®dent ®tait |long (424 ms 6N 58&d.i5)f ®fueen csed
ms ) . Cet effet s®quenti el est pr®sent uni gl
un indice doéeffets s®quentiels positif (0.0
3.1.”2€Qche wunidirectionnell e

Les anal ysesdedessocursi pptRfvesencti © |l a figure 1.
Les individus atteints de SZ ont un TR moy
que |l es individus neurotypiques (386 ms N 7
Concernant | e b®n ®f i ce du passage du t e mj
mouvement plus rapidement aux d®l ais | ongs
Sz, le TR est de 321 ms N 64.0 au d®I ai |
(di fcfe®rdeen 95 ms) . Pour | es neurotypiques, I
contre 425 ms N 77.9 au d®Il ai court (diff®r
deux groupes exp®ri ment aux, avec une val eur

de SZ et de 0.07 N 0.06 chez les individus

Concernant | es effets s®quentiels, cette tO
au d®l ai court est plus |l ent |l orsque | e d®l
individus atteints de SZ, |l e | DRsgued®laid®d
pr ®c ®dent ®tai't |l ong, compar® ° 401 ms N 7
neurotypiques, ces chiffres sont respective
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s®quenti el est posi tif dans | es deux group
individus atteints de SZ et de 0.05 N 0.04

3.1.T3@che contrll e

Tache Contrdle

400-

350-

=
D
=
300- -%
3,
— - :
Ezso- \I s
§ 200-
s Délai Précédent
b Court
o ® Long
© 400-
(] =
o =
E e z
© 350 =
= g
o
o
3
]
¥
200-
Court Long
Délai Actuel
FigureLesnThs en fonction du d®l ai de | 6ess

pr ®sent ®s en fonction du groupe et du d®I a

d'erreur repr ®sentent l es TRs moyens N SE
montrenn®d ®si dibinvi duel |l es des participants
Les anal ysesdedessocursi pptRfvesencti ©~ |l a figure 2.

Les individus atteints de SZ ont un TR gl ob
neurotypiques (242 ms N 69.2) dans |l a t©ch:¢

de |l a |litt®rature selon | esqueld®rsallensennitnd
plus |l ents que |l es individus neurotypiques
(Ciullo et al., 2018)

En accord avec | e principe du b®n®fice du
r®agi ssent plus rapidement au d®l ai l ong
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i ndividus atteints de SZ, |l es TRs sont de
75.4 au d®l ai court (diff®rence 24 ms). Che
234 ms N 73.7 au d®l ai long et dég .250 ms N
Concernant |l es effets s®quentiels, chez tou
l ent | orsque | e d®I ai pr ®c ®dent ®tait | ong,
SZ, le TR au d®l ai court estntde®t2A293 rsonly,7 4.
254 ms N 74.3 lorsquoil ®t ait court. Ch ez
respectivement de 267 ms N 68.7 et 233 ms |
deux groupes, avec un iinnddiivcied udse aOt.t0e9 nN sO .dOet
N 0.01 chez les neurotypigques.
3.2.EEG

Unidirectionnelle Multidirectionnelle

6-
Debut Signal de Départ Debut Signal Cible Debut Signal de Depart Début Signal Gible

Groupe

— Neurotypigues
- Individus Atteints de SZ

0 200 400 800 200 1000 1200 0 200 400 800 800 1000 1200
Temps (ms)

Figurmenp3itudes de |l a CNV en OV dans les de

groupe et moyenn®es sur trois ®lectrodes (°

(ind®pendamment du d®I ai auquel l e signal C
courwdresegspond © | '"erreur standard de | a moy
abscisses marque | e d®but du signal de d®p:
marque | doccurrence du signal cible pour | e
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3.2 .TM@crhwel ti directionnell e

Les individus atteints de53% Nr®sendamg lua ef
t empor €eloloeD 80 ( Fi gure 3) .

Chez les individus neurotypd.gMeN, 4]l Ddaddphst |
fen°tre tempodCG®I|Imse, dee 8PUWI est moins n®gat.
|l es individus atteints de SZ (Figure 3).

3.2.T”2©che unidirectionnell e

Dans | a t©che unidirectionnk00@, msdanlsd dmp If ie
de |l a CNV des individus -2ats¥VelNn#s 4)deqB8E est
neurotypsvgWes.(B9. I Figure 3).

3.2.T3@che contrll e

Téache Contréle

Debut Signal de Départ Début Signal Cible

Groupe

— Neurotypiques
= Individus Atteints de SZ

0 200 400 800 800 1000 1200
Temps (ms)

FiguAenp4i tudes de | a CNV en OV dans |l a to©ct

moyenn®es sur trois ®l ectrodes (FCz, FC1
(ind®pendamment du d®l ai auquel | e signal ¢
courbesnadaorrle'seproreur standard de | a moyenne
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abscisses marque | e d®but du signal de d®p:

marque | 6occurrence du signal <cible pour | e

Chez |l es individus atteints de -BZQO |l dampdtt
de0.e¥ N 2. 73 .e8% oMmt2.e4 chez |l es neurotypiqgues

4 . Di scussi on

Léobjectif de | 6® ude pr®sente ®tait de vOr

|l i ®e " wune action motrice est pr®serv®e ou

débattente temporelle dans | esquwel Ineosu vieams np
continu et | darr°ter | e plus rapidement pos
utili s®es : l a t©che multidirectionnell e,

chaque essai, et | a t ©ctheeujumurds rdeacnts olnan enh®l ne
Dans cette derni re, aller dans | a m°me dir
moteur et de tirer part. des informations t

pour ajuster son mowweamerntons |IAgead anenactuu e
classique dbéattente temporelle, 0% |l es part
appuyaient -rs@pomnsne boult@apparition de | a ci
comme conditi on rceocsmtorntdl ea ucxarp reoltloec od eers ut i |
(Kl emmer, 1956; Los, 2010; Ni emi & N22atanen

Dans | es trois t©ches exp®ri mentales, nous
( TRs) et EEG (CNV) des participants. Dans
b®&n®f i ce du passage du temps similaire dan:¢
plus, nous avons observ® une CNV plut®t plu
chez | es neurotypiques. Dans | a t©che contr
sur | es r®ponses comportemental enscleussti odnésa mp
Cependant , |l es r®sultats EEG ont r®v®l ® | a

l es i ndividus neurot y@ishhwe heetetBréar ,gROLIDYt
i nterpr®tation doive rester prudente en ra
sugg rent que |l a r®alisation d'un mouvement

du passage du temps obserdwasbliendd wr dlus G@QNVY ed
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ce qui constitue une observation nouvell e d
Loune des explications possibles est qgue |
r®t ablir | a continuit® du passage ednenttemps
conti nu. Une alternative est que | a t©che
pr®dire | eur action etdi'ren vww@riiffiieer |Il0e Xr®e
Dans | es t©ches doébattente temporelle, | a CI
®vogqu® par un premier stimulus qui persi st

(Wal ter et Lalrsqu®k9&4) sti mulus cible n®cess

propos® que |l a CNV refl te wune pr®paratio
perceptuel s et moteurs, tous deux chronom®t
et il f ayti dye(nre®st g& r Hes |l enf el d, 2005; Macar
2013,. 204 7NV se distingue d'autres potenti
une pr ®paration motrice initi®e par un sti

sensori moteurs plut?®t (qBreu mdieas, p2 ®©k3FE;s sBursu moa
Une di ff®rence dobéamplitude de CNV entre | es
refl ®&t er une diff®rence doéint®gration senso
de t ©ches.

L'"int®gration sensorimotrice est | e process
du corps et de | 6environnement sont ut il
(Wol pert etCalprodd®9s8ys est ®troitement | i@
essenti el de conna“tre | e moment pr ®ci s 0%

pour permettre une adaptat{({ onetfetaaée. du?2b

et al. ,Le&91i8nf ormations sensorielles sont u
et de | 6ex®cution motrice. Pendant | a pl an
actuell e du corps (®tat de r ®f ®r ene e) et

mouvement . La comparai son entre ces deux ®
motrices n®cessaires pour atteindre | 6®tat

l ong du mouvement (Apcherajebetar RP80BpsDesm
2000; Drewing & Aschersleben, 2088it La®ueges
[ em® me , soit |l es v®rifications sensorielles

temps chez | es individus atteints de SZ.
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|l a t©che contrtl e ° | 6i nverse, l es pa
nt pr ®parer | eur r®ponse ° | 6occurren
mations temporelles i ssues dad eessai ¢
mati on disponible pour actualiser | a i
ment ) est | e passage du temps. Sel on
nue des cibles, | a probabillei tp@sd@gec dn
, et |l e niveau de pr®paration des par
ea et al ., 2006 ; Ment o, 2017.; QOwitetnei &
ration temporelle influence | 6amplitud
pas chez | es individus atteints de SZ
t a(tFso err®scteenrt s& .J oCobse sett daoln.c, bi0eBrdnleéact i o

ermettrait de compenser | es difficultQ@

gue cette interpr®tation soit coh®rent

ce stade, de distinguer |l e rtle de |
ce dans |l a restaurationpenuf o®em®hic¢exe. dd
i smes pourront °tre distingu®s avec Ul
sant | es caract®ristiques de leat trajec
directionnel-mtme HSHedbhfi Pat@Preuayrecilrle edal |
2009 )effets s®quentiels pourraient no°-
, Mmai s pasm°smer. |Ge ctir asjuegcgt ®rierreaietl luen pr ¢
X OoObserv®s chez | es enfantsLatS24 eesstadoa

oubl e neurod®vel oppemental , rendant ce

concl usi on, cette ®tude a examin® | es n

ion motrice chez |l es i1individus attein
rell e. Les r®sultats indiquents que, (

rtement al es et EEG des individus attei

mani re similaire aux neurotypiques. Cel

nu pendant | dattente pourrait IS®&tablir
supposons qQque cette restauration est
de | "' ex®cution du mouvememtme.ouCeposs

h ses pourront °tre explor®es dans un
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RAPPEL DES RE£SULTATS PRNCI PAUX DE LOET

Rappel des r®sultats principaux
L6O®t ude 4 avait pour objectif d'examiner | e
|l a planification et ° | 6ex®cution dbébun mo
cel a, nous avons utilis® deux & ©ehebamb©ch
uni directionnelle, en recueillant | es TRs e
comprenant des individus atteints de SZ et

empl oy® une t ©c he contrtl] e d Ovad nteang ee a exmp
protocoles de |l a |litt®rature, car ell e n'"i
d'"attent e, et | a r®ponse au signal cible c¢

rponse.

Dans nos deux t©ches motrices, nous avons o0
l es TRs, avec des arr°ts du mouvement pl us
court, et ce pour tous | es particispana s, q
t ©c he contr?tl] e, | e b®n ®f i ce du passage

comportemental es ®tait d'"une amplitude troc

significatives.

Concernant l es r®sultats EEG, nous avons

gudavant | 6occurrence du signal cible au o
®qui valentes entre | es individus atteints d
muvelle dans |l a |itt®rature. A | 6inverse d
amplitude de CNV plus n®gative chez | es neu
de SZ, ce qui reproduit | es alt®rations d®c
Ces r®sultats sugg rent que | a r®alisation
pourrait permettre de r®tablir | e b®n®fice
comportementaux que EEG, chez |l es individus
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{ .Dl SCUSSENERAGE

Notre travail nous a conduit ) guestionne
sensorimotrice, “ savoir | o6int®gration de |
sensori el dans |l e programme moteur, chez

d®veppement, chez des individus °~ HR, et at
Nous avons con-u de nouvelles t©ches bas®
temporelle, 0% |l es participants devaient ir
d®part et | "arr°ter d s qudun signal Ci bl e
doattente temporelle, nous avons mesur ® un
l a cible. Cette mesure a permis d' ®valuer

des TRs plus rapides |l orsque |l a cd®lIl i suryv
court. Nous avons ®gal ement ®valu® | es eff
d®Il ai de | 6essai pr ®c ®dent sur | 0essai act
survient 7 un d®I ai plus couwrtti sgud”™ | 6essai
Léajout de | a composante motrice pendant | 6
|l a pr®paration en anticipation de | 6arr°t d

des pentes relatives de d®c®l rant onsemergibdmn
celle juste avant | e signal teiskBleeavahvtvi i e

cible) / vitesse au point de d®c®l ®r ati on.

temporelle est int®gr ®e arua lpyrso® rlaammee fnfod tesu r
sur | 6indicateur de pr®paration de | 6arr*°t
d®vel opp®s : dans |l a t©che wunidirectionnell
tandi s que dans | aesOpletmel paditsechiaogreal le
Nous commencerons patr pr ®senter l es princi

di scussion sur deux gquestions ®mergentes d
di ssociation des m®canismes de pr®diction

tempdree tandis que | a seconde porte sur | "
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CHAPI TRE 7. DI SCUSSI ON GENERALE
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lLa pr®diction temporelle motr.i

l£iudceéhelz | es neurotypiques adultes

rs de notre ®tude 1, des effets s®quentie
nt es relatives de d®c ®l ®r ati on ont ®t R
idirectionnel |l e. Lorsque | a ci bl e sur ve
lisstai ent plus efficacement | orsque | e d®
e | ong ils partaient dobébune vitesse plu
rupt . Ces r®sultats sugg rent gaert s dans
ticipaient mieux | "arr°t du mouvement au

-on plus ef fui csaicgebdle | apapdokéded®!| ai pr ®c @

urt. Nous nbéavons observ® aucun effet s®q
produi sant ainsi | 6asym®tri e ddgfLoegfrfeat s s
, abbDOBos et al ., 2014; Ment o, 2017; Ni en
13)

di chotomie observ®e concernant | es effet
est ®gal ement mani fest ®e sur |l es TRs. D&
serv® des effets s®quentiels, sed@®Ilraadui s a
urt | orsque | e d®I ai pr ®c ®dent ®tait | ong¢
nction du d®l ai pr®c®dent ®tait asym®triq
it |l e d®I ai pr ®c ®dent . Cas dbtemens®guda;
Ittt ®ratur e, constituent wun indicateur robt
mp o(rBerlulle® et al ., 2021; Kong et al ., 2015;

al. ,EROrlegdyanche, de mani re inattendue,
arr°t au d®l ai court n'a ®t ® observ®e dan

absence doeffets s®quentiels dans | a t ©ch
ague essai, contrastait avec | eur persi s
rection est similaire déun e®sacoimmé damntr
gument sel on l equel | es effets s®quen
mportementaux ®taient dus ° une pr ®di cti
mmande motrice sp®cifique. Ces r®sultats
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mai s ces derni ers seront abor d®s en fin de
pr ®l i minaires obtenus chez I es individus at

7. 1£2udelse?2 | es neurotypiques, de | 6e

Dans | 6®t ude 2, men®e sur une population de
reproduit | es r®sultats observ®s chez | es

d ®c ®| @&rxectliusn.vement dans | a t ©chrev ® nuind ierfefcett|
s®quenti el sur |l es pentes relatives de d®cd(
plus rapide | orsque | e d®Il ai de | 6essai pr G
r®pl i cati on de ces r®sul t ated | endeisqguei ngukeg I
programme moteur chez | 6individu neurotypioc
concerne | e programme moteur planifi® en al
ci bl e.

Cependant, sur | es TRs, nous avons observ®
r®sul tats de | ' ®tude 1. Chez | es jeunes par
dan |l es deux t©ches motricese darsn lqaet e

mo t

e
u
S

unidirectionnel |l e. La pr®sence de ces eff e
eur varie dbébun essai " Il autre indique
g

programme moteur sp®cifique, du moins chez
Dans nos t©ches, | "arr°t du mouvement est ¢
gui sugg re que |l es effets s®quentiels chez
|l a pr®diction de ce signal . E£itbham®@s duwmingRu emes

une pr®diction temporelle associ ® ~ | a c
sensorielle isol ®e (®tude 1), nNnous proposon
sensorimotrice, | aguel | eelsoepnpbél @b N@wd Inee re ta va
1992; -Bordonet al ., 20 2Clh;ezVileladeutl tael,. ,n o2u0sO 9
|l a persistance des effets s®quentiels | ors
dans | a condition multidirectionnell e comme
pr®di ction sensoumeplegrsamnieai o tdeawnr pr ®ci s
association ne semble pas aussi pr®cise che

| eur faut prendre en compte | e retour senso

22



CHAPI TRE 7. DI SCUSSI ON GENERALE

Avant d'"approfondir notre discussion sur I
n®cessaire de poursuivre notre discussion ¢
motrice, en particulier |l es ef®le®satsiPgmu.enl e
r®sul tats obtenus chez |l es individus ° HR
seul ement renforc® notre questionnement sur
notre protocol e, mai s ont ®&®&gdlemegence®ulary

mat uration de ce processus enhtgpigsepopul a

7. 1£8ude 3 chez Il es individus ° HR de
Dans | 6®tude 3, nous avons observ® un eff
d®c ® ®r ati on avant | e d®l ai court qui ®tait
l a t©che multidirectionnelle. CEtEPeredaaes,dbae

| " expression des effets s®quentiels entre |

a sugg®r® un effet s®quenti el pl us prononc
neurotypiqgues, sans interactawai eanvte c®g aal etng@
tendance ° pr ®senter un effet s®quenti el

d®c® ®r ati on avant | e d®l ai court, guel gu
observations pourraient i ndgrg®&circ tgiucen tcehmepzo
observ®e durant |l a pr ®paration motrice ser
sensorielle externe, qui n' est pas | i ®e a
conduire ° une inefficacit® @tr i ceunceheizmpcre

popul ati on.

Les pentes relatives de d®c®| ®r ati on jouen

pentes rr®v | ent | 6efficacit® d(eWoload wplrd i, f i
1899)El 1l es permettent ai nsi de comparer | e
motrice. Les variations observ®es pourraien

mot eur entrex pl®Rs memd BUS Nous d®veloppons

sui vant .
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7. 2Analyse de | a planification mc
neuatoypi ques

Avant |l e d®I ai court, dans | a t©che unidire

ans ont montr® des pentes relatives de d®c

du m°me ©ge (®tude 3). Ces pent ews prhaursqu® r u
dans un m°me | aps de temps. Pour rappel, e
partent dodébune vitesse ® ev®e, mais parvienn
vitesse ®quivalente " celle desvemenoty mBr @c

ce ralentissement, l es individus -~ HR r
efficacement que | eurs homologues neurotypi

r®p®t i tion du programme moteupbptdiamiss dra Itedu

d®c ®l ®r ati on et ai nsi bien ex®cuter |l 6arr °t

Ce ph®nom ne est ®gal ement observ® chez | e
(®tude 2). Ces derniers ont montr® des pent
|l es neurotypiques ©g®s de 18 ~ 24 idm®s. Ces
ans doarr°ter | eur mouvement avec autant d

pentes abruptes sont un signe dobéefficacit®

Dans | a t©che multidirectionnell e, | e chan:q
devrait |imiter | 6optimisation de | a pr®par
jeunes neurotypiques, dont |l es mpmehaesesela
cell es des participants pl us ©g ®s dans (-
| 6ex®cution de | 6arr°t chez | es jeunes nobe
comme en t®moignent | eurs TRs gfleasudeer)s @&
signe une difficult® ° r®agir au signal sen
l es i ndividus ° HR ©g®s de 13 ° 17 ans, I
mul tidirectionnelle ne | es emm°® cdhee dpRacs®| d®a a
plus abruptes que celles des neurotypiques.

per met pas d'optimiser | ' ex®cution de | " arr

TRs plus I ents observ®sorcthemzuX erse d mat wpidawse
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Chez |l es individus ~ HR, une d®c®l ®r ati on
pourrait r v ®l er un d®fici't g®n ®r al de | 0a
excessive pendant | 6ex®cution du mouvement
d@&d ®r ati on. On pourrait sdinterroger sur I
| 6i mpul sivit® motrice obBFEeRwim®kehame zetl easl .i,n:
Lee et ,almai s20cle3t)t e question n®cessitera dbo
Dans notre protocol e, des anomalies ont ® 1
neurotypiques. Lbéarr°t du mouvement est d®c
bien pr®parer cet arr”°t requiert de pouvoi
guand 1| survient. L6int®gration sensori molf
per mettant au syst me nerveux <central de «
motrices pour g®no®M&rn athed® rOEpamses 28RaApPpt &als
Wol pert et Lal d,j veIPY®)hce observ®e dans | es ¢
entre | es groupes pourrait refl ®t er une d
sensorimotrice. En grandi ssant , | es neur c
déoi nt®griati enr permet de ne plus d®pendre ¢
bien ex®cuter | d6arr°t. €& | '"inverse, chez | e
une trajectoire diff®rente, |l es obligeant
déainpati on.

7. 3LOIi nt ®grati on sensorimotrice
Les capacit®s doéint®gration sensorimotrice
|l " enfance et de | ' adol escence, ce qui peut
pl anification et | 6ex®cution dd<Lhi®pomee 21«
al , 19 9Mu;r eGoredonmal .-Yat2ddx2 1et Qala.t maz0 PPA;r Vi el
exempl e, une i nt®gration inad®quate de | a p
| 6arr°t pourrait entra ner une ex®cution mo
Loensembl e de nos r®sul tats nous a amen®
sensorimotrice, sujet que nous abordons dan
premi res ®tudes.
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s®quiemdii edtsesus deud&K p

7. 3Leés effets
| e sensorimotrice

tempor el

Pour rappel , dans | 6®t ude 1, une dichotom
s®quentiels sur |l es TRs. Comme pour | es pe
s®quentiels ®taient pr ®s ents dans | a t©che
multidirectionnelle. Leur disparition avec
qgu'ils pourraient °tre | i®s “ une pr®dictio
Nous | davons ®voqu®, |l es r®sultats de | 6®t
pr ®sentai ent des effets s®quentiels sur | e
motrices. Ces r®sultats ont soul ew®r d@lelse que
associ ®e aux effets s®quentiels sur |l es TEF
|l *"i nt®gration de | a pr®diction temporelle s
de | 6i nt®gration sensorimotrice) | ors de I

7. 3.Matlur ation des capacit®s doéoint®gration

La maturation des capacit®s d'int®gration
| " enf ance et de | " adol escence. La | itt®rat
syst mes sensoriels et moteurs poderaest °tr
processus dur ant (IBeenndeeurr cedd®vad |.o p ROmMe&nt FI or €

Murer et al ., 2.0 2Aluy; fMilelduwe tt eamhp s, 21009 )i nf or
progressivement i nt ®gr ®e s au contrtl e mo t
l "i nt®grati on sensori motrice. Ce d®vel opp

performances motricaebemhent agduusepr ®onseg®act
des j(eAwdmerss & Lambos, 1986; Eckert.& Eichor |

Dans notre ®tude 2, l e jeune ©ge des part.i
effets s®quentiels sur |l es TRs dans | a t©
pr®diction de | '"occur+demee paiss sing @gld ®ei bl a
motrice pr ®ci se, ce qui pourrait expliquer

mouvement change.
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Attribuer | a persistance de ces effets ~ un

sensorimotrice n®cessite une discussion plu

dans | e groupe ©g® de 18 ° 24 ares.deGett e
participants de | 6® ude 1, on pourrait sobat
chez |l es adul tes neur otypiques. Toutefois
®chantill ons doivent °tre prises en compte.
Tout doéabord, | e groupe de jeunes adultes d
dans | 60®t ude 1, ce qui pourrai-gr enpge adars
| 6®t ude 2, en particulier concerimcant Elna erhdte
|l es participants ©g®s de 18 © 20 ans repr®
33% dans | 0® ude 2. Comme | es capacit®s doi

d®vel opper j usg(u®h'i ceon wviier ,oentc d0la. a3 I A) t ac

di ff®rences observ®es entre nos deux ®tudes

De plus, bien que |l a proportion doéohommes s«
di ff® ence de performances entre | es sexes
effet, des ®carts de maturati on spepnosrotr®@smot r
( Nol an et al ., 20partVcel i etemént R2O0O6BMINC®:
an(sLargo et al ., 2001)

Enfin, i est I mportant de noter que | es p
gue ceux de | 6®tude 2 ®taient canadiens. L €

sensori moteurs peuvent °tre duebe " syets Mmac
®ducatif. Ce dernier est associ ® au d®vel oj
mat uration 6Kaesb®s mot&r iHooen bCoel ydger,ni2e0r2 3poi nt
| 6i mportance ddune repr ®sentation di versi f

reproductibi.lit® des r®sultats
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7. 3.1la 2pr®diction temporelle sensorimotrice

psychotique

Léexamen des TRs bruts a montr® que | es ind

montr® des effets s®quentiels uniquement d.

r®sul tat ®tait surprenant, car ®t athds donn®
effets s®quentiels dans |l es deux t ©c hes
neurotypiques (®tude 2). Pour mieux comprer

|l a distribution des TRs afin de v®rifier S
dif ®rence dans | a r®partition des r®ponses

neurotypiqgues.

Les analyses de | 6asym®trie de | a distribu
i ndividus ° HR pr®sentaient une asym®trie \
pr ®c ®dent ®t ai t | ong. Cette asymRdg.i eCen' ®t
rsul tat sugg re que | es individus ° HR pr®
neurotypiques dans | es deux t ©ches, mai s me

pourrait sugg®rer que | es carpdicviitdiuiss d'6i HR ®s

moi ns matures que celles des neurotypiqgues
s®quentiels, notamment dans | a t©che multid
La |l itt®rature sugg re d® " des troubles de

HR. DeUrevely(le2 Oet2}al®t udi ® cette popul ati ot
poi ntage manuel s®quentiel, 0% | es partici|
rythmique avec | eur doigt sur un ®cran tact

de dur ®e spa@ditfatgueontLemo Nt ®® que | es indiv

similaire ™ celui des neurotypiques, mais a
Bien que | es auteurs nbaient pas observ®
i nstabi |l ig®urrryaihtmiigmuei quer une fragilit® da
sensorielles et motrices au fil du temps. I
coordination efficace des informations vVvi st

cetctoerdinati on pourrait °tr(eDapnemet uertb ®el .c,h e2
2024; Pol et ti et al., 2019, Pol et t i & Rabal
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Cette hypoth se dodébune alt®ration des proce:
semble °tre confirm®e par des effets s®que

d®c ® ®r ati on aux essais | ongs dansldsa t ©Och
individus °© HR pr®sentaient une d®c®| ®r ati o
au do®l ai |l ong, |l orsque | e d®I ai pr ®c ®dent

i nattendus pour deux raisons.

Premi rement, chaque &essai i mpliquai't une
autres donn®es concernant | es ralentissemert
emp°chait | o6utilisation des informations t e
Deuxi mement, au d®I ai |l ong, l e d®I ai pr ®c @

|l 6arr°t dans | 6essai actuel (®tude 1 et =
opti male quel gue soit | e mod( Cereré¢esgnlli.cat i
2066 Los et al ., 2014, 2017; Mento, 2017; N
et al., 2014; Val lPasi c&nS®agluleince, i20®Tai t ¢
effets dans notre ®tude. Nous ndavions pas

| ong, -ceit mceeuxont pas non plus observ®s dan

( Dr-¥altet & Coull , 2016)

La pr®sence doéun effet s®quenti el dans cett
l eur pr ®paraanonmdl dnermrrtr °it nfelsuenc ®e par | e
pr ®c ®dent s. En consi d®r ant |l es t h®ori es |
déboccurrence de | a cible, |l a persistance d:

|l es enfants § H&um' @i @ditenitomaen temps r ®el

| "' absence d'occurrence de | a cible au d®I ai

Ce pattern de r®sultats diff re consi d®rabl
du m° me ©ge. En effet, des ®tudes ont montr
12 ans r®agissent-optusréonceéeecent guel hlemaoau
adulltMesnt o & Val Cestge 2@®p6Hnse accentu®e ~° |

sui vi e, chez |l es enfants, d'"une augment at |
associ ®es ©~ | a pr®paration temporelle. Cel &
au d®lIl ai ctosu rnte,u rloetsy peingfuaens act ual i sent aut ol
se pr®parent de mani re significative ° | 6
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pr®diction de | doccurrence de | a cible au
motrice che@EDecbhersabeamftanets al ., 2012CeMe@Lt O

i nterpr®tation pourrait sugg®rer un d®&ficit

de |l a cible. Cependant | es effets habituel :
rapport aux d®Il ais courts, S enmb lgau ec d rtarbesckin
doeffet s®quentiels aux d®l ais | ongs chez |

Pour ces raisons nous avons sugg®r ® que che

l "i nt®gration de | a pr®diction temporelle
doeffets s®quentiels au d®I ai |l ong snnéest pl
Ceci pourrait sugg®rer gqubdben grandissant,
finit par soéint®grer ° |l a commande motrice
neurotypiqueégEdder doueéet ©gk. , 2019; Rasman e
1995)Ceci pourrait sugg®rer un d®faut de |8
HR, coh®rent avec |l a |itt®rature qui sugg
mot r(iTuerell .et al ., 2001)

7. 4La pr®di ction temporelle sensc

atteints de SZ

£tant donn® que cette ®tude est toujours en
®chantill on est restreint. Nous n'avons dor
trajectoire chez |l es i ndividus ag t siumt s d
| * ®valuation du b®n®fice du passage du tem
comme ®tant alt®r ® chez (dFeretrasitres i&n dliowisd uest
Martin et al ., 201 7NouBdahanv osmts &Ixami A®6 3o n
performances habituell ement mesur ®es dans |
TRs et |l es potentiels ®voqu®s (CNV).

Dans | e contexte des t©ches d'attente tempoc
|l a pr®sentation du premier stimulus et cel
pr®paration des participants auggmemtre.s Qel ¢
l ong d®I ai par r(aCpopertretze0l'd; 6,uMi odm®il adt cealur,t 201
Naatanen, 1981; Val lSestion&l 8Bath®oej e200a@}y ®ce
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probabilit®s dbéoccurrence de | a cible, cett
t emps, auquel est associ ® une augmentation
l a cible. Avoir un TR plus rapidel asza d®I a
participants sont capables de percevoir i mp
| eurs pr®dictions concernant | ' occurrence ¢

du temps.

Des r®sultats r®cents indiquent que | es i nc
ceux qui pr ®sentent des troubles du sens dc¢
de |l a m°me mani re que | es neur o(tFope rqsuteesr p ¢
& Joos et al ., 202Bn Marti aouleitera,l .i,l 20d& )pr
rapides |l orsque |l a cible appara’t apr s un
Dans nos deux t©ches motrices, nous avons O
l es TRs similaire entre | es individus att
participants, guel gue soi't l eur groupe,

ramjement apr s un d®l ai |l ong qudapr s un d¢
Pour ve®rifier si ce b®n®fice du passage du
t ©ches motrices, il sera essentiel d'examin

dans notre t©che contrtle. Cétatte em®ehe empuwir

de |l a |itt®rature, n®cessite que | es partic
premier stimulus et | 6occurrence du signal
un bouton r®ponse. Actatl tempntpet ndot mou®C h
di ff ®rence significative entre | es TRs au d
m° me chez | es neurotypiques. Un ®chantill or
S i nous reprodui sonsdalness |al tl@rtatt®roantsu r ce® ccroin
i ndividus atteints de SZ. Si tel est | e cas
sur | es TRs dans nos t©ches motrices est |
Les r®sultats concernant | a CNV pourraient
section de |l a discussion est consacr® ~ ce
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/7. 5La CNYV

La CNV est un potentiel ®voqu® souvent altg®e
|l a CNV pr®sente une amplitude moins n®gat.i
neur ot yPpshoese et Dahs, n@0R6) premi re ®tude
pr ®sence d'une CNV dans nos t©ches motrices
aux capacit®s de pr®diction temporelle. En

sur | "ampli tawdhentdd 'loz c@QMVY ence du signal ci |

de | a CNV ®tait plus n®gative |l orsque | e d¢

pl ut?®t gue |l ong. Ces r®sultats reprodui sai
t ©chesuecsl adagt en(tleost ednpdesll leaf el d.,. 2005;
Cependant , |l ors de | 6®tude 1, et contraire
r®sultats comportementaux, des effets s®que
CNV, et ceci de mani re indistincecaeidansonose
a conduits ° sugg®rer gue | es effets s®qu
pr®diction temporelle ind®pendante du progr

Notre ®@ehadtiimilnanre de | 6® ude 4 (chez | es

pas permis de v®rifier pour | 6instant | a pr
de I a CNV chez nos participants. Cependant,
uneestauration de | 6amplitude de | a CNV ct
amplitude ®tait comparabl e, voire plus n®g
deux t©ches motrices. En revanche, dans not
i mmobiles entre | e signal de d®part et | e

classiqgue de | a CNV chez |l es individus att
moi ns n®gatives que celles des neurotypiqque
Bien que ces r®sultats doivent °tre interpr
doun mouvement pendant | dattente pourrait r
l es individus atteints de SZ. Noue PDProyposo
déinformations sensorielles g®n®r ® | ors du
moteur de |l a progression du mouvement, p ol
tangi ble. Toutefois, ces hypoth ses demeure
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Concl uReiresmeett i ves

Comme n
®vol u®
une t ©c
l es tro
r®sul t a
f ondame
pr ®di ct

neur oty

Dans | e
apr s u
composa
ci n®mat
nous av
TRs et
Il 6i nfl u
t ©ches
chaque
Léobjec
mouveme

®gal eme

Les ®tu
|l 6acti o
du neur
i nt ®r es
sugg re

m° me ®°c

ous | 6avons ®voqu® dans | 6introduct
au fil des ®tudes. Il nitial ement, i
he doéattente temporelle imt ®Qtr @ditede
ubl es cognitifs | i ®s au sens de soi
ts de notre ®tude pr®liminaire ont
nt al es . Nos travaux sdeess oom&c aanliosrnse so |
ion temporelle au cours de | daction

pi qwe y pGg el erseur o

paradigme d®velopp®, |l es participa
n signal de d®part, puis | "arr°ter
nte motrice pendant | 6attente nous
l ques, refl ®tant | "anticipation de |
ons recueill:i |l es mesures classiqgques
|l a CNV. Les effets s®EUWsntaifalns ds uBrv ac
ence de |l a pr®diction temporelle sut
ont ®t ® d®vel opp®es | Gune wunidire
essai, et | dautrenmaoahandeaettdobéonets
tif ®t ait do®valuer S i | a pr ®di cti
nt ex®cut ® ou si ell e influence pl u

nt dbéexaminer a@aamme rstel et tl e sp rp@diud tait

des 1 et 2 ont permis dbéexplorer | es
n motrice chez des individus neur oty
od®vel oppement typique. Leod om®euUul t a
sante : |l es effets s®quentiels obser
nt | 6exi stence de diff®rents m®cani
hell e temporelle. L'un deementm@dani
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se manifeste par des indicateurs comporteme
du mouvement, est d®t ect ® ° | 6 EEG. Ces rd

|l i nteraction de ces processus et | eur ®vol

Les r®sultats de | 6®tude 2 ont permis de f:
gue | es indicateurs comportementaux mesur ®s
apr s (TR) |l a r®ponse, rev | ent pas pbaoce:s

pr ®paration temporelle. Les pentes relati ve

motrice est pr®sente d s | 60ge de 9 ans,

sensorimotrice qui ®volue tout au olrommaghcce |
entre |l es groupes d6©ge dans | es t©ches doa

mat u

-

ation de ces processus sensorimoteurs.

Nos r®sultats obtenus chez |l es individus
consi d®r er plusieurs m®cani smes de pr ®di ct
protocoles exp®ri mentaux. Il 1 s ont aussi S 0L
ces m®canismes de pr®dictionatyempepued | ec xmre
pour des alt®rations des capacit®s de pr ®di
Les r®sultats de | 6®tude 3 montrent que | e
sembl ent pr®serv®es chez |l es individus ~ HF
i ndividus rencontrent des difficallta®st ©c hag ,u
sbappuyant davantage sur | eurs exp®riences
TRs ont montr® que |l es individus 7 HR cons:e
déoccurrence de |l a cible. Pourr ®&ceitstieo nr adies ol
pr ®paration motrice est plut!t | i ®e ~ une
dans | a planification du mouvement chez | es
motrice observ®es chez | ed |l iesdidwisdunse uTr oHR ]
pourraient viser © compenser une maturati on
seul ement expliquer certains troubles du ¢
aussi fournir des indi ove®s <chre z| d £ sd ®fnidad ivti d |
SZ, en |l ien avec |l e caract re neurod®velopp
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Les
pend
TRs
d®co
pl us
notr

asso

r®sul tats pr® i minaires de | 0®t ude 4 n
ant | dattente pourrait permettre de r1 es
et sur | a CNV chez des individwmse attei:r
uverte in®dite dans | a SZ, et nous pr ®

| arge afin de confirmer ces r®sultats.
e compr ®hension des alt®r ®Mfiiengdg sdenolt & u
ci ®s dans |l a SZ.
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Abstract

Ordering events in time is essential for the understanding of causal relationships between succes-
sive events. Incorrect causal links can lead to false beliefs and an altered perception of reality. These
symptoms belong to psychosis, which is present in schizophrenia (SZ) spectrum and bipolar (BP)
disorder. Experimental results show that patients with SZ have an altered perception of temporal
order, while there are no data in patients with BP. We investigated the ability of patients with SZ, BP,
and controls to judge the order of stimuli with a 100-ms Stimulus Onset Asynchrony (SOA), and how
such large asynchronies facilitate temporal order judgments for small asynchronies. Explicit tempo-
ral order effects suggest that patients with SZ perform worse at a long SOA (100 ms) as compared to
controls, whereas patients with BP show no difference compared to controls or to patients with SZ.
Implicit order effects reveal improved performances in case of identical as compared to different
relative order between two successive trials for all groups, with no differences between the groups.
We replicated explicit order impairments in patients with SZ compared to controls, while implicit
effects appear to be preserved. This difficulty for patients to consciously order stimuli in time might
be understood under the light of the loosening-of-associations phenomenon well described in SZ.
Further, we showed that patients with BP do not reveal such an explicit order impairment which
is consistent with phenomenological descriptions, suggesting a difference in time experience in
patients with SZ and BP.
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1. Introduction

“I heard a scream followed by a car crash.” — Sentence 1
“I heard a car crash followed by a scream.” — Sentence 2

In Sentence 1, the scream may have caused the accident. In Sentence 2, the
accident may have caused the scream. The conclusions we draw from external
events strongly depend on the order of those events. For example, Bedard and
Barnett-Cowan (2016) have shown an impact of temporal order judgments on the
interpretation of colliding figures as either bouncing or streaming. More gener-
ally, impaired temporal order judgments may affect our understanding of causal
relationships of successive events. As a result of this, we may conclude incoherent
interpretations from our surroundings, leading to an altered contact with the real-
ity of the outer world. This is a key aspect of psychosis which can be manifested,
for example, by delusions in patients (American Psychiatric Association, 2013). In
the present study, we explore temporal order judgments in patients with schizo-
phrenia spectrum disorder (SZ) and with bipolar disorders (BP).

Since the second half of the 20th century, psychiatric diagnoses have relied on
the presence of several symptoms that are present for a certain period (American
Psychiatric Association, 1952). Nevertheless, symptoms are usually not specific
for a certain disease and can be shared between disorders. Some psychiatric dis-
orders, like SZ and BP, can have psychotic, negative, and cognitive symptoms
in common. These pathologies share even neurobiological and genetic risk fac-
tors (Yamada et al., 2020). In these cases, it may be difficult to make a diagnosis:
around 30% of patients will have their diagnosis changed from BP to SZ (Chen
et al,, 1998). In order to provide better care for patients it is proposed to update
current diagnostic tools (Hyman, 2007; Insel et al., 2010) since there is no reliable
endophenotype or biomarker to distinguish BP and SZ.

The symptoms used to diagnose these two pathologies, and especially percep-
tual symptoms such as hallucinations, are quantified according to patients’ sub-
jective reports in clinical practice. Phenomenology has been used to deepen the
understanding of the subjective reports of patients, i.e., their ‘lived’ experience.
It is the study of the lived experience through phenomenology that highlighted
the importance of the experience of time in psychosis. Both patients with SZ and
patients with BP report a disturbed experience of time which could be related
to an altered contact with reality (Fuchs, 2007; Gallagher, 2004; Minkowski,
2013; Moskalewicz & Schwartz, 2020; Uhlhaas & Mishara, 2007; Vogeley &
Kupke, 2007). Interestingly, subjective reports suggest that the way the experi-
ence of time is disturbed in the two diseases differs. Specifically, what emanates
from the reports of patients suffering from SZ, is a disturbed relationship to time
that reflects the inability of patients to follow events in time in a continuous and
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orderly way (Martin et al,, 2014): “Time has disappeared. Not that it is longer or
shorter, it’s just not there; you could say there are bits of time, small pieces, shaken
and mingled, or you could also say that there is no time at all” (quote in Spitzer,
1988, p. 167). For patients with BP in the manic phase, time has not disappeared
but is limited to a permanent and timeless present: “It’s like having this aware-
ness, an almost physical sense of just having something that is not changing, that
is just present. I mean it sounds maybe overly blunt to describe it as some sense
of eternity, but that feels accurate. So, there is no past, there is no future, you are
just in the nowness, and that's so terrifying because I think it's so rare as most
of us aren’t in that most of the time” (quote in Moskalewicz & Schwartz, 2020,
p. 295). For patients with SZ, time is scrambled, which may result in a loss of con-
tact with reality, while for patients with BP, the contact with reality is still pres-
ent but altered (Minkowski, 2013). These phenomenological descriptions suggest
that the way these two groups of patients process the structure of time is different.
Whether the altered subjective experiences related to the structure of time, or
their underlying mechanisms are a cause or a consequence of clinical symptoms
is still an open question, and, in this work, we do not seek to take a stand in this
question. Nonetheless, the experiences of time in patients with SZ and BP seem to
be qualitatively different, which motivates our work to better elucidate potential
underlying time processing deficits.

Experimentally, the processing of ‘temporal structure’ can be assessed using
the simultaneity judgment (SJ) task and the temporal order judgment (TOJ) task
(Thoenes & Oberfeld, 2017). In these tasks, we collect explicit behavioral mea-
sures, i.e., the participant’s response to the explicit question asked on each trial:
“were the two stimuli synchronous or asynchronous?” (in SJ tasks), or “which stim-
ulus appeared first?” (in TOJ tasks). To the best of our knowledge there are no data
on the processing of ‘temporal structure’ in patients with BP, while performance
in visual TOJ and other sensory modalities in S] tasks were found to be impaired
in patients with SZ (Capa et al., 2014; De Boer-Schellekens et al., 2014; Giersch et
al., 2009; Lalanne et al., 2012a, b; Stevenson et al., 2017), and these impairments
increase with the level of schizotypy (Di Cosmo et al., 2021). In detail, the studies
mentioned above show that patients with SZ require a longer delay between two
successive visual stimuli (or Stimulus Onset Asynchrony, ‘SOA’) (1) to correctly
judge them as asynchronous (as opposed to simultaneous) and (2) to correctly
determine their order compared to healthy controls (HC). Moreover, previous
results have shown that even when patients with SZ are able to perceive two stim-
uli as asynchronous, they have difficulties in judging which of the two appeared
first (Capa et al., 2014). Being able to perceive two stimuli as asynchronous (SJ)
and being able to tell which of the two came first (TOJ) are two different tasks,
even though this is discussed in the literature (Garcia-Pérez & Alcala-Quintana,
2012; Vatakis et al., 2008). Asynchrony detection is a logical prerequisite for order
perception, but TOJ may require additional mechanisms. The two-stage model of
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Jaskowski (1991) was applied to experimental TOJ data (Ulrich, 1987), and seems
to support the hypothesis that S] and TOJ tasks indeed involve different cogni-
tive processes. Moreover, psychophysical studies comparing performances in the
two tasks showed that participants’ point of subjective simultaneity in S] and TOJ
tasks do not correlate, further suggesting that asynchrony and order detection
rely on different processes (Love et al., 2013; Recio et al., 2019). Finally, EEG and
fMRI correlates also support the idea that order processing requires an additional
step to that of asynchrony processing (Basharat et al., 2018; Miyazaki et al., 2016;
Binder, 2015).

As a matter of fact, in TO]J tasks participants have to choose between two pos-
sibilities: ‘right stimulus appeared first’ or ‘left stimulus appeared first, on top of
detecting that there is an asynchrony in both cases. The difficulties of patients
with SZ to perceive which stimulus came first even when they can perceive that
they are asynchronous could be based on a specific difficulty at consciously order-
ing stimuli and at making a decision about the order. Ordering implies comparing
the onsets of two distinct stimuli, and may involve mechanisms that are closely
related to consciousness (Gauthier et al., 2019; Grabot & van Wassenhove, 2017).
The role of consciousness-related mechanisms is shown, e.g, in cases where the
perceived order of events is reversed to match the perceived causality or sequence
of events (Bechlivanidis et al., 2022; Capozzi et al., 2016; Geldard & Sherrick,
1972). Alternatively, patients with SZ may have difficulties already with the pro-
cessing of a sequence of information (Giersch et al., 2016). In SJ tasks, healthy
subjects have been shown to automatically plan for the perceptual processing
of sequences of information, on the basis of previous trials (Marques-Carneiro
et al., 2020): participants prepared to process stimuli in the same temporal order
as in the previous trial. Such mechanisms imply a sequential processing of stimuli
but do not necessitate an explicit comparison of stimulus onsets, or the forma-
tion of a conscious representation of order (Marques-Carneiro et al.,, 2020). We
recently showed that not only asynchrony, but also temporal order may be pro-
cessed at least partially implicitly (Chassignolle et al., 2021a). If patients with SZ
are impaired at implicitly planning sequences or processing order, this might also
explain their impairment in TO]J. In the current study, we use a TO]J task to test
these two possibilities, since this task allows to analyze explicit as well as implicit
effects. To test the possibility of an impairment at the implicit level, we used trial-
to-trial effects.

Trial-to-trial effects are based on the principle that perceptual processing on
a current trial (trial N) is influenced by information collected on a previous trial
(trial N - 1) (Recio et al., 2019; Roseboom, 2019). The response participants give
on each trial is called ‘explicit, because this measure is directly related to the
instructions of the task. Conversely, trial-to-trial effects are considered ‘implicit,
since participants are not asked to judge what happened on the previous trial. In
fact, the information from trial N - 1 is not necessary to execute the task correctly
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on a trial N. Nonetheless, information processed on trial N - 1 can alter the per-
ception of trial N and thus also the respective responses given by the participants.
Trial-to-trial effects can facilitate asynchrony/order detection and thus improve
performance at shorter SOAs. For example, in a SJ task, the asynchrony between
two stimuli (ordered right-left or left-right) is more easily detected on trial N if
the order of stimulus onsets is the same as on trial N - 1, at least when the asyn-
chrony on trial N - 1 is large enough (Marques-Cameiro et al., 2020). Similarly,
in TOJ tasks, when the asynchrony on trial N - 1 is large and therefore the order
is easily perceived, the perception of the order on trial N for small asynchronies
(when perceptual evidence is weak) could be facilitated.

To investigate explicit and implicit measures of order discrimination in this
study, we use a TO]J task (Sternberg & Knoll, 1973) with three different SOAs:
Oms (synchrony, i.e., control condition), 17 ms (subthreshold asynchrony, i..,
condition of interest), and 100 ms (suprathreshold asynchrony, i.e., condition of
interest) (Lalanne et al.,, 2012a). We aim to (1) replicate previous temporal order
findings in patients with SZ, i.e., impaired performances in explicit measures
(Capa et al., 2014; De Boer-Schellekens et al., 2014). As stated above, our explicit
measure represents the mechanisms associated with consciousness, whereas our
implicit measure represents the mechanisms that allow to optimize the process-
ing of successive stimuli, without necessarily involving the explicit comparison
of stimulus onsets. If patients with SZ benefit from trial-to-trial effects (implicit
measures) but are still impaired at judging temporal order, it would suggest that
they are mainly impaired in the mechanisms associated with conscious order-
ing. In order to examine the reverse hypothesis, i.e., altered mechanisms associ-
ated with the implicit processing of order, we have to examine implicit effects
when explicit judgments are preserved. As a matter of fact, altered temporal
order judgments might involve mechanisms associated with both implicit and
explicit mechanisms. If patients with SZ have impaired trial-to-trial effects even
when they correctly perceive the order on trial N - 1, then these results would
suggest that the implicit mechanisms allowing them to prepare to process order
are (also) impaired. Given the lack of basic knowledge in patients with BP, we
aim to (2) investigate temporal order processing in these patients for the first
time. Further, we aim to (3) compare temporal order processing between our
two patient groups because of the differential subjective reports of time experi-
ences between patients with SZ and BP (e.g,, time is ‘mingled’ for patients with
SZ whereas for patients with BP there is a permanent present, or ‘nowness’). The
phenomenological accounts of patients with BP of a feeling of permanent pres-
ent are reminiscent of cognitive models that consider time processing via discrete
temporal windows, or ‘moments’ (Pppel, 1997; Stroud, 1956; Wittmann, 2011).
In light of these models, extended temporal windows may explain patients’ feel-
ings of extended ‘nowness) as if they were stuck in the present moment. However,
the temporal scale of the windows which potentially relate to these altered ‘now’
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experiences (i.e., suprasecond scale) is not the same as the subsecond scale of the
asynchronies used in the current study. Based on phenomenological reports, we
may expect different patterns of results in the TOJ task between patients with SZ
and BP, with either preserved performances in the TO]J task in patients with BP
at the level of explicit measures and implicit measures, or different patterns of
impairments at the two levels between the groups.

2. Material and Methods
2.1 Participants

Twenty four patients with SZ, 20 patients with BP and 31 HC were recruited for this
study. All patients with SZ and BP were diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders IV-TR (DSM-IV-TR, American Psychiatric
Association, 2000) criteria. Patients did not suffer from neurological disorders or
any other psychiatric disorder other than SZ or BP, respectively. They had to be
free of psychoactive substances other than their treatment. Patients taking ben-
zodiazepines were not included. Participants of the HC group did not suffer from
any neurological disorders, nor did they have any history of psychiatric disease.
None of the participants used cannabis in the last two months prior to the experi-
ment, nor did they use any psychotropic substances for a duration equivalent to
five half-lives of the drug. The visual acuity of all participants was tested with the
Freiburg Visual Acuity Test (Bach, 1996). In case the test showed a visual acu-
ity of less than 0.8, the participant could participate once her or his vision had
been effectively corrected and verified. All participants gave their informed writ-
ten consent, and the study was conducted in accordance with the Declaration of
Helsinki. The project was approved by the regional ethics committee of the East
of France (CPP EST1V).

In order to identify potential outliers in our participants we looked at per-
formances in the condition with suprathreshold order. It is known, for HC, that
an asynchrony of 100 ms is suprathreshold (Lalanne et al., 2012a). Thus, order
should be easily perceivable with this SOA and we expected participants to per-
form close to 100% correct responses. Whether this high percentage of correct
response rates was expectable for patients with SZ and BP was unclear. In order to
still check for possible outliers (e.g., participants that did not understand the task
or performed much worse than their group peers), we excluded all participant
whose correct responses rate in the SOA = 100 ms condition was less than three
standard deviations (SD) from the mean of the respective group. We detected one
HC participant who had a correct response rate of only 46% (HC — mean: 94.63%,
3 * SD: 34.78). In order to check for a possible influence of our outlier criterion
on the main results, we conducted the analysis with and without this participant
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and found the same differences/similarities between the groups. Knowing this,
we decided to exclude this participant in order to reduce uninformative vari-
ance within the HC group. For further analyses we used 30 HC. No outliers were
detected in our two patient groups. Participants’ demographic and clinical charac-
teristics can be found in Table 1

During data acquisition, each patient (BP or SZ) was matched on age, sex, and
education level with one HC participant. This resulted in two HC groups: one HC
group matched to the SZ group and another HC group matched to the BP group.
Due to difficulties in recruiting patients, equal sex representation across patient
groups was unfortunately not possible.

Conducting statistical analyses using two HC groups leads to a decrease of sta-
tistical power along with a higher complexity of the analysis. To address this issue,
we pooled our two HC groups into one HC group. We verified that the existence
of differences/similarities between our groups on our measure of interest was
not affected by this pooling of HC participants together. To do so, we compared
results with either (a) two HC groups (one HC group for each patient group) or
(b) one HC group (pooling all HC participants into one group). In detail, we per-
formed four two-factor mixed analyses of variance (ANOVAs) that were identical
regarding the dependent variable ‘correct response rate’ (i.e., ‘right first' response
when the stimuli’s order of presentation was right-left and vice versa for ‘left first’
response) and regarding the within-factor ‘SOA’ (17 ms vs 100 ms). The separate
ANOVAs differed in the composition of the between factor ‘group’: on the one
hand, (a) we compared patients with SZ to their respective matched HC group
and patients with BP to their respective HC group. On the other hand, (b) we com-
pared each patient group to the pooled HC group. The ANOVAs showed the same
group differences/similarities, irrespective of the HC group composition. This jus-
tifies using the pooled HC group in the following analyses.

To check whether our three groups significantly differ in age or in education
level, we performed two one-factor ANOVAs with the between factor ‘group.
The three groups: SZ, BP and HC, did not significantly differ in age (F,-, = 0.69,
p > 0.05, )7% = 0.02). However, a significant difference between groups was found
on their education level (F,-, = 12.98, p < 0.001, )7% = 0.27). According to Tukey
HSD post hoc the SZ group had a lower mean education level (12.42 years) com-
pared to the BP (15.70 years) (p < 0.001) and HC groups (14.37 years) (p < 0.01)
while the education levels of patients with BP and the HC group did not signifi-
cantly differ from each other (p > 0.05). The above presented analyses showed that
we found the same differences/similarities between groups, regardless of whether
we were comparing equivalent groups on education level (comparison between
patients to their respective matched HC group) or not (comparison between
patients to one pooled HC group). Thus, the factor education level cannot explain
possible differences between groups in our results.
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