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3>H>N<D>H>IPO 
 7[ed G~>D[aG VH dQHZb ? aHYHaEQHa d[edHb XHb _Hab[ZZHb `eQ [Zd QZQdQJ XHb GQMMJaHZdb da>i>ek 

`eQ b[Zd _aJbHZdJb G>Zb EHddH dPIbH ’ 9>XJal .HOa>QZ _[ea >i[Qa aJ>XQbJ XHb >E`eQbQdQ[Zb GH X~JdeGH 

bea X~JY[dQ[Z} 6JD>bdQHZ ">bb>aG Hd (>d>P 7[aEPH _[ea >i[Qa aJ>XQbJ X~JdeGH E[Y_[adHYHZd>XH 

_aJXQYQZ>QaH GH X~QZMXeHZEH GH X> _HaEH_dQ[Z Ge dHY_b bea X> G[eXHea “[e £ P[aX[OH da>MQ`eJH« Hd 

_Xeb _>adQEeXQIaHYHZd !XQEH />adQZ “GH (aJYQZiQXXH« _[ea XH da>i>QX M[eaZQ bea XHb >E`eQbQdQ[Zb £ +5/ 

a>_QGH ⁄ Hd _[ea Y~>i[Qa _>bbJ XH aHX>Q bea EHddH JdeGH\ 

 ,H dQHZb ? aHYHaEQHa d[eb XHb i[X[Zd>QaHb _[ea >i[Qa >EEH_dJ GH _>adQEQ_Ha Hd _[ea XHea 

EeaQ[bQdJ _>a a>__[ad  >ek Hk_JaQHZEHb ̃ >QZbQ `eH XHb J`eQ_Hb GH X~+5/!6} Hd HZ _>adQEeXQHa /QEPHX 

3>aHd Hd 3>bE>X />aQ>ZQ} _[ea XHea >G>_d>dQ[Z ? X~QZbd>XX>dQ[Z _>aM[Qb E[Y_XQ`eJH GHb Y>ZQ_b Hd 

XHeab E[ZbHQXb >iQbJb\ 

,H aHYHaEQH #PaQbdHXXH #aJ>E~P Hd 3PQXQ__H #[ZiHab _[ea XHeab E[ZbHQXb Hd XHea >QGH 

_[ZEdeHXXH Y>Qb QY_[ad>ZdH d[ed >e X[ZO GH EHddH dPIbH\ 

 /HaEQ ? /[ZbQHea "HaZ>aG .>eaHZd _[ea Y~>i[Qa _HaYQb XH MQZ>ZEHYHZd Hd beQiQ XH E[eab GH 

Y> dPIbH} d[eV[eab >iHE QZdJaKd\ 

 /HaEQ ? /[ZbQHea .eQb )>aEQ>§.>aaH>} `eQ Hbd eZ GQaHEdHea G~eZQdJ `eQ dQaH XHb OHZb iHab XH 

P>ed Hd XHb HZE[ea>OH} G[Zd XHb E[Y_JdHZEHb bHaiHZd X~QZdJaKd GH EP>EeZ GHb YHYDaHb GH X~J`eQ_H 

Hd b>Zb `eQ X~J`eQ_H ZH bHa>Qd _>b X? [f HXXH HZ Hbd Y>QZdHZ>Zd\ ,H aHYHaEQH JO>XHYHZd d[eb XHb 

>edaHb YHYDaHb _[ea XHeab GQbEebbQ[Zb X[ab GHb aJeZQ[Zb\ 

 ,H aHYHaEQH /HbbQHeab 5[Z -e_Hab Hd .J[Z 3X>OPWQ} >QZbQ `eH /HbbQHeab /QEPHX />OZQZ Hd 

(a>ZF[Qb />eOeQIaH _[ea >i[Qa >EEH_dJ GH VeOHa Y[Z da>i>QX Hd GH M>QaH _>adQH Ge Veal\ 

 8Z Oa>ZG YHaEQ ? +b>DHXXH (>QXXHZ[d _[ea b[Z >QGH dHEPZQ`eH Hd YJdP[G[X[OQ`eH 

QZGQb_HZb>DXH} _[ea bHb HZE[ea>OHYHZdb} _[ea d[ed EH `e~HXXH Y~> >__aQb >QZbQ `eH bHb D[Zb 

E[ZbHQXb bEQHZdQMQ`eHb\  

 %ZMQZ VH dQHZb ? aHYHaEQHa Y[Z GQaHEdHea GH dPIbH} 5[X>ZG 3Hla[Z _[ea Y~>i[Qa [MMHad 

X~[__[adeZQdJ GH da>i>QXXHa HZbHYDXH} _[ea >i[Qa GQaQOJ EHddH dPIbH >iHE _>dQHZEH Hd GQb_[ZQDQXQdJ} 

_[ea >i[Qa M>EQXQdJ DH>eE[e_ GH EP[bHb} _[ea Y~>i[Qa >__[adJ eZ Oa>ZG Z[YDaH GH E[ZZ>Qbb>ZEHb 

Hd _[ea XHb [__[adeZQdJb MedeaHb `eQ bH GHbbQZHZd\ 

 /HaEQ >ebbQ ? %bdHXXH 5>MMQZ} _[ea d[ed EH `eH X|[Z > _>ad>OJ} d>Zd >e ZQiH>e GH X> dPIbH 

`e~>e ZQiH>e _Hab[ZZHX\ 

 "QHZ bga VH Z~[eDXQH _>b YHb _>aHZdb b>Zb `eQ VH ZH bHa>Q _>b >aaQiJH X? [f V~HZ beQb 

>eV[eaG~PeQ} YHb MaIaHb `eQ [Zd _e YHddaH XHea Oa>QZ GH bHX G>Zb Y> dPIbH Hd ,[Z>dP>Z} b>Zb `eQ VH 

Z~>ea>Q _>b _e M>QaH d[ed EH EPHYQZ d>Zd HZ WQX[YIdaHb `e~HZ J_>Z[eQbbHYHZd} YHaEQ _[ea >i[Qa 

d[eV[eab JdJ _aJbHZd Hd >ddHZdQM\ 
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3>QZ Qb > E[Y_XHk >ZG YeXdQGQYHZbQ[Z>X Hk_HaQHZEH dP>d E>Z DH Y[GeX>dHG Dl Y>Zl 

M>Ed[ab\ +Z [aGHa d[ DHddHa eZGHabd>ZG dPH aHb_HEdQiH a[XH >ZG MeZEdQ[Z [M dPH Da>QZ aHOQ[Zb 

QZi[XiHG QZ dPH _a[EHbbQZO >ZG dPH Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z} dPH MQabd _>ad [M dPQb dPHbQb 

M[EebHb [Z dPH Hi>Xe>dQ[Z jQdP MeZEdQ[Z>X Y>OZHdQE aHb[Z>ZEH QY>OQZO “M/5+« [M EP>ZOHb QZ dPH 

Da>QZ aHb_[ZbH d[ _>QZ dPa[eOP dj[ Y[GeX>dQ[Zb [M _>QZ _HaEH_dQ[Z\ 7PH MQabd bdeGl Hk>YQZHb dPH 

HMMHEd [M > ZHO>dQiH HY[dQ[Z>X E[ZdHkd [Z _>QZ _HaEH_dQ[Z QZ [aGHa d[ GQbb[EQ>dH dPH Da>QZ >aH>b 

aHb_[ZGQZO d[ _>QZ Ma[Y dP>d aHX>dHG d[ dPH HY[dQ[Z>X E[ZdHkd\ 7PH bHE[ZG bdeGl M[EebHb [Z dPH 

HMMHEd [M dPH Y>ZQ_eX>dQ[Z [M _HaEHQiHG Gea>dQ[Z [M > _>QZMeX bdQYeX>dQ[Z [Z dPH _HaEH_dQ[Z [M _>QZ\ 

7PH ebH [M dPQb QXXebQ[Z >XX[jb eb d[ EP>ZOH dPH _HaEHQiHG QZdHZbQdl [M _>QZ >ZG d[ >bbHbb dPH Da>QZ 

>aH>b QZi[XiHG QZ dPQb dl_H [M Y[GeX>dQ[Z >d OQiHZ QZdHZbQdl [M dPHaY>X bdQYeX>dQ[Z\ :H beEEHHGHG 

d[ QZEaH>bH [a GHEaH>bH _HaEHQiHG _>QZ QZdHZbQdl >ZG jH [DbHaiHG dP>d HY[dQ[Z QZi[XiHb _aHOHZe>X 

_>ad [M dPH >ZdHaQ[a EQZOeX>dH E[adHk} jPQXH dPH QXXebQ[Z [M > bP[adHZHG Gea>dQ[Z QZi[XiHb >Z 

[EEQ_Qd[§_>aQHd>X >ddHZdQ[Z>X ZHdj[aW\ 7PH bHE[ZG _>ad [M dPQb dPHbQb M[EebHb [Z EP>a>EdHaQmQZO dPH 

dQYH E[eabH [M dPH PHY[GlZ>YQE aHb_[ZbH aHE[aGHG jQdP M/5+ QZ dj[ QY_[ad>Zd >aH>b _a[EHbbQZO 

_>QZ dP>d >aH dPH QZbeX> >ZG dPH EQZOeX>dH E[adHk\ 3>QZMeX bHZb>dQ[Z Qb EP>a>EdHaQmHG Dl > bP[adHZHG 

X>dHZEl [M PHY[GlZ>YQE aHb_[ZbH E[Y_>aHG d[ > Z[Z§_>QZMeX bHZb>dQ[Z QZ dPH >ZdHaQ[a QZbeX> >ZG 

dPH YQGEQZOeX>dH E[adHk} jPQXH Qd Qb _[bbQDXH d[ GQMMHaHZdQ>dH _>QZMeX >ZG Z[Z§_>QZMeX bHZb>dQ[Z Dl 

dPH >Y_XQdeGH [M dPH PHY[GlZ>YQE aHb_[ZbH QZ dPH _[bdHaQ[a QZbeX>\ 
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_>QZ̃ MeZEdQ[Z>X /5+̃ PHY[GlZ>YQE aHb_[ZbH̃ Y[GeX>dQ[Z̃ HY[dQ[Z̃ QXXebQ[Z  
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.> G[eXHea Hbd eZH Hk_JaQHZEH E[Y_XHkH Hd YeXdQGQYHZbQ[ZZHXXH} HXXH _Hed G[ZE KdaH 

Y[GeXJH _>a GH Z[YDaHek M>EdHeab\ $>Zb XH Ded GH YQHek E[Y_aHZGaH XH a]XH Hd XH 

M[ZEdQ[ZZHYHZd aHb_HEdQM GHb aJOQ[Zb EJaJDa>XHb QY_XQ`eJHb G>Zb XH da>QdHYHZd Hd X> Y[GeX>dQ[Z 

GH X> _HaEH_dQ[Z G[eX[eaHebH} X> _aHYQIaH _>adQH GH EHddH dPIbH b~QZdJaHbbH ? X~Ji>Xe>dQ[Z HZ 

QY>OHaQH _>a aJb[Z>ZEH Y>OZJdQ`eH M[ZEdQ[ZZHXXH “M/5+« GHb Y[GQMQE>dQ[Zb GH X> aJ_[ZbH 

EJaJDa>XH ? X> G[eXHea OaAEH ? GHek Y[GeX>dQ[Zb GH X> _HaEH_dQ[Z G[eX[eaHebH\ .> _aHYQIaH JdeGH 

b~QZdJaHbbH ? X~HMMHd G~eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM bea X> _HaEH_dQ[Z G[eX[eaHebH >MQZ GH 

GQbb[EQHa GHb >QaHb EJaJDa>XHb aJ_[ZG>Zd ? X> G[eXHea} XHb aJ_[ZbHb XQJHb ? X> E[Y_[b>ZdH 

JY[dQ[ZZHXXH\ .> GHekQIYH JdeGH b~QZdJaHbbH ? X~HMMHd G~eZH Y>ZQ_eX>dQ[Z GH X~>__aJEQ>dQ[Z GH X> 

GeaJH G~eZH bdQYeX>dQ[Z G[eX[eaHebH bea X> _HaEH_dQ[Z GH X> G[eXHea\ .~edQXQb>dQ[Z GH EHddH QXXebQ[Z 

_HaYHd} _[ea eZH QZdHZbQdJ GH bdQYeX>dQ[Z dPHaYQ`eH G[ZZJH} GH Y[GQMQHa X> _HaEH_dQ[Z 

G[eX[eaHebH Hd G~Ji>XeHa XHb m[ZHb EJaJDa>XHb QY_XQ`eJHb G>Zb EH dl_H GH Y[GeX>dQ[Z\ 0[eb >i[Zb 

aJebbQ ? >eOYHZdHa [e GQYQZeHa X> G[eXHea _HaFeH Hd _e [DbHaiHa `eH X~JY[dQ[Z YHd HZ VHe X> 

_>adQH _aJOJZe>XH Ge E[adHk EQZOeX>QaH >ZdJaQHea} d>ZGQb `eH X~QXXebQ[Z G~eZH GeaJH a>EE[eaEQH YHd 

HZ VHe eZ aJbH>e [EEQ_Qd[§_>aQJd>X _Xeb >ddHZdQ[ZZHX\ .> bHE[ZGH _>adQH GH EHddH dPIbH b~QZdJaHbbH ? 

X> E>a>EdJaQb>dQ[Z Ge GJE[eab dHY_[aHX GH X> aJ_[ZbH PJY[GlZ>YQ`eH HZaHOQbdaJH HZ M/5+ G>Zb 

GHek aJOQ[Zb QY_[ad>ZdHb _[ea XH da>QdHYHZd GH X~QZM[aY>dQ[Z G[eX[eaHebH `eQ b[Zd X~QZbeX> Hd XH 

E[adHk EQZOeX>QaH\ .> G[eXHea Hbd E>a>EdJaQbJH _>a eZH X>dHZEH GH X> aJ_[ZbH PJY[GlZ>YQ`eH _Xeb 

E[eadH} _>a a>__[ad ? eZH bdQYeX>dQ[Z Z[Z§G[eX[eaHebH} G>Zb X~QZbeX> >ZdJaQHeaH Hd XH E[adHk 

EQZOeX>QaH Y[lHZ} d>ZGQb `e~QX Hbd _[bbQDXH GH GQMMJaHZEQHa eZH bdQYeX>dQ[Z G[eX[eaHebH G~eZH 

bdQYeX>dQ[Z Z[Z§G[eX[eaHebH OaAEH ? X~>Y_XQdeGH GH X> aJ_[ZbH PJY[GlZ>YQ`eH G>Zb X~QZbeX> 

_[bdJaQHeaH\ 

 
 
 
 
 
 
 
 
 

/JPOg<G@O 
G[eXHea ̃ +5/ M[ZEdQ[ZZHXXH ̃ aJ_[ZbH PJY[GlZ>YQ`eH ̃ Y[GeX>dQ[Z ̃ JY[dQ[Z ̃ QXXebQ[Z 
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 .> G[eXHea Hbd eZH Hk_JaQHZEH `eH _aHb`eH d[ed XH Y[ZGH E[ZZ>Qd} G[Zd XH aHbbHZdQ Hbd 

_a[_aH ? EP>EeZ\ %XXH Hbd GJMQZQH _>a X~+!63 “)JP?NJ:PEKJ:H !OOK=E:PEKJ BKN PD? 3PQ>U KB 0:EJ« E[YYH 

eZH £ Hk_JaQHZEH bHZb[aQHXXH Hd JY[dQ[ZZHXXH GJb>OaJ>DXH XQJH ? GHb XJbQ[Zb dQbbeX>QaHb aJHXXHb [e 

_[dHZdQHXXHb} [e GJEaQdH HZ GHb dHaYHb Ji[`e>Zd GH dHXXHb XJbQ[Zb ⁄\ #HddH Hk_JaQHZEH _Hed KdaH 

Y[GeXJH _>a GH Z[YDaHek M>EdHeab} Hd b> GHbEaQ_dQ[Z _Hed QY_XQ`eHa eZH QYYHZbH i>aQJdJ 

G~>GVHEdQMb\ #~Hbd G[ZE X~>bb[EQ>dQ[Z GH M>EdHeab _PlbQ[X[OQ`eHb Hd _blEP[X[OQ`eHb `eQ _HaYHd GH 

Y[GeXHa X> bHZb>dQ[Z G[eX[eaHebH\ .> Z[EQEH_dQ[Z `e>Zd ? HXXH} Hbd XH _a[EHbbeb bHZb[aQHX ? 

Xfl[aQOQZH Ge YHbb>OH ZHaiHek `eQ _a[i[`eH X> G[eXHea\ .Hb i[QHb ZHaiHebHb E[ZGeQb>Zd 

X~QZM[aY>dQ[Z Z[EQEH_dQiH b[Zd DQHZ E[ZZeHb Hd i[Zd KdaH a>__HXJHb DaQIiHYHZd “i[Qa 39LL>GO q_p«\  

 !e ZQiH>e EJaJDa>X} X~QY>OHaQH M[ZEdQ[ZZHXXH > _HaYQb G~QGHZdQMQHa _He ? _He XHb aJOQ[Zb 

QY_XQ`eJHb G>Zb XH da>QdHYHZd EJaJDa>X GH X> G[eXHea\ $>Zb XHb >ZZJHb „¯¯‚} [Zd JdJ da[eiJHb EPHm 

X~P[YYH GHb aJOQ[Zb `eQ b~>EdQi>QHZd “E~Hbd§?§GQaH G[Zd X~>EdQiQdJ ZHea[Z>XH Jd>Qd _Xeb QZdHZbH« X[ab 

GH X~>__XQE>dQ[Z GH bdQYeX>dQ[Zb G[eX[eaHebHb\ $~>D[aG OaAEH ? X~QY>OHaQH _>a JYQbbQ[Z GH _[bQda[Z 

“3%7«} GHb aJOQ[Zb dHXXHb `eH XH E[adHk EQZOeX>QaH >ZdJaQHea Hd Y[lHZ} XH dP>X>Yeb Hd XH Z[l>e 

XHZdQEeX>QaH >QZbQ `eH XHb >QaHb b[Y>d[§bHZb[aQHXXHb _aQY>QaHb Hd bHE[ZG>QaHb “6„ Hd 6”« [Zd JdJ 

QGHZdQMQJHb E[YYH >EdQiJHb b_JEQMQ`eHYHZd _>a GHb bdQYeXQ G[eX[eaHek Y>Qb Z~Jd>QHZd _>b >EdQiJHb 

_>a GHb bdQYeX>dQ[Zb Z[Z§G[eX[eaHebHb “,[ZHb Hd >X\} „¯¯„ ̃ 7>XD[d Hd >X\} „¯¯„«\  

 3Xeb d>aG} X~QY>OHaQH _>a aJb[Z>ZEH Y>OZJdQ`eH M[ZEdQ[ZZHXXH “M/5+« > _HaYQb GH YHddaH HZ 

JiQGHZEH eZ HZbHYDXH G~>QaHb EJaJDa>XHb} _>aYQ XHb`eHXXHb X~QZbeX>} XH E[adHk _aJMa[Zd>X Hd _>aQJd>X 

_[bdJaQHea bH a>V[edHZd >ek >QaHb _aJEJGHZdHb} >EdQiJb GH Y>ZQIaH E[ZbQbd>ZdH _>a GQMMJaHZdb dl_Hb 

GH bdQYeX>dQ[Zb G[eX[eaHebHb “_[ea aHieH ’ !_W>aQ>Z Hd >X\} ”‚‚‰ ̃ 3Hla[Z Hd >X\} ”‚‚‚«\ .~HZbHYDXH 

GH EHb aJOQ[Zb E[ZbdQdeH X> £ Y>daQEH G[eXHea ⁄ G[Zd QX E[ZiQHZd GH GJdHaYQZHa XH a]XH GHb b[eb§

eZQdJb M[ZEdQ[ZZHXXHb G>Zb XH da>QdHYHZd GH X~QZM[aY>dQ[Z G[eX[eaHebH\ .> Y[GeX>dQ[Z GH 

X~>EdQi>dQ[Z GHb aJOQ[Zb E[Y_aQbHb G>Zb EH aJbH>e G~>QaHb EJaJDa>XHb Hbd eZH i[QH G~QZiHbdQO>dQ[Z 

_HaYHdd>Zd GH YQHek E[Y_aHZGaH X> M[ZEdQ[Z GH EP>EeZH GH EHb aJOQ[Zb “"QZOHX Hd 7a>EHl} ”‚‚̂ ̃ 

7a>EHl Hd />ZdlP} ”‚‚́«\  

 $H Z[b V[eab} X> GJMQZQdQ[Z _aJEQbH Ge aJbH>e >__HXJ £ Y>daQEH G[eXHea ⁄ “E~Hbd§?§GQaH 

X~QZEXebQ[Z [e Z[Z GH dHXXH [e dHXXH aJOQ[Z«} Y>Qb >ebbQ X> M>F[Z G~Ji>XeHa X~QZMXeHZEH G~eZH 

Y[GeX>dQ[Z bea XH da>QdHYHZd GH X~QZM[aY>dQ[Z G[eX[eaHebH} b[Zd beVHd ? E[Zda[iHabHb\ $H YKYH 

`e~QX Hbd QY_[ad>Zd GH DQHZ GJMQZQa EH `eH X~[Z [DbHaiH} QX Hbd QY_[ad>Zd GH _aHZGaH HZ E[Y_dH XHb 

GQMMJaHZdHb GQYHZbQ[Zb GH X> aJ_[ZbH EJaJDa>XH ? X> G[eXHea `eQ Hbd aHEeHQXXQH\ %Z HMMHd} X> aJ_[ZbH 

EJaJDa>XH ? X> G[eXHea > GQMMJaHZdb >b_HEdb ’ QZdHZbQdJ} M[aYH} GJX>Q} X[E>XQb>dQ[Z‘ EHddH GHaZQIaH 



 ”‚ 

Z~Hbd _>b eZQ`eH E>a QX b~>OQd G~eZ HZbHYDXH G~>QaHb `eQ aJ_[ZGHZd ? X> G[eXHea GH Y>ZQIaH _Xeb [e 

Y[QZb bQYeXd>ZJH\  

 .~[DVHEdQM GH EHddH dPIbH Hbd G[ZE G~JdeGQHa X> aJ_[ZbH EJaJDa>XH ? X> G[eXHea ? X~>QGH Ge M/5+ 

HZ _aHZ>Zd GHek _Hab_HEdQiHb GQMMJaHZdHb\ $>Zb eZ _aHYQHa dHY_b} Z[eb >XX[Zb Z[eb QZdJaHbbHa >e 

a]XH aHb_HEdQM GHb GQMMJaHZdHb aJOQ[Zb Ge EHaiH>e G>Zb X> _HaEH_dQ[Z GH X> G[eXHea OaAEH ? GHb 

Y[GeX>dQ[Zb E[OZQdQiHb GH X~Hk_JaQHZEH G[eX[eaHebH _HaFeH\ $Hek JdeGHb Z[eb _HaYHdda[Zd 

G~>__aJPHZGHa GHek HkHY_XHb GQMMJaHZdb GH Y[GeX>dQ[Z GH X> _HaEH_dQ[Z G[eX[eaHebH Hd GH i[Qa 

E[YYHZd Hbd Y[GeXJH X~>EdQiQdJ GH EHb aJOQ[Zb EJaJDa>XHb _>a EHb M>EdHeab\ .> _aHYQIaH JdeGH 

_[adH bea X~HMMHd G~eZ E[ZdHkdH JY[dQ[ZZHX Hd X> GHekQIYH JdeGH _[adH bea X~QZMXeHZEH GH X> 

_HaEH_dQ[Z GH X> GeaJH G~eZH bdQYeX>dQ[Z\  

 3>a>XXIXHYHZd} Jd>Zd G[ZZJ `eH XHb JdeGHb M/5+ edQXQbHZd eZ Y[GIXH GH aJ_[ZbH EJaJDa>XH 

“GQdH PJY[GlZ>YQ`eH« E[YYeZ ? d[ed XHb bdQYeXQ} QX E[ZiQHZd GH iJaQMQHa `eH X> aJ_[ZbH ? eZ 

bdQYeXeb G[eX[eaHek Hbd E[ZM[aYH >e Y[GIXH Hd G~JdeGQHa XHb i>aQ>dQ[Zb GH EHddH aJ_[ZbH 

PJY[GlZ>YQ`eH HZ M[ZEdQ[Z GHb aJOQ[Zb >Z>d[YQ`eHb Hd HZ M[ZEdQ[Z Ge E>a>EdIaH G[eX[eaHek [e 

Z[Z Ge bdQYeXeb\ .Hb >b_HEdb GlZ>YQ`eH dHY_[aHXXH Hd b_>dQ>X b[Zd QY_[ad>Zdb G>Zb X> _Hab_HEdQiH 

GH _a[_[bHa eZ Y[GIXH GH aJbH>e G~>QaHb EJaJDa>XHb QY_XQ`eJHb G>Zb X> _HaEH_dQ[Z GH X> G[eXHea 

Hd GH YQHek E[ZZ>SdaH X> M>F[Z G[Zd EHb aJOQ[Zb QZdHa>OQbbHZd\ 
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q_p 0>QNJLCUODJGJBD> => G9 =JQG>QN 

q_p_p .>O N@<>LP>QNO] G9 HJ>GG> @LDID?N>] G>O RJD>O >P Ga9NNDR@> 9Q <JNP>T 

.Hb aJEH_dHeab ? X> G[eXHea b[Zd >__HXJb Z[EQEH_dHeab} EH b[Zd GHb dHaYQZ>Qb[Zb XQDaHb 

bQdeJHb G>Zb XHb dQbbeb ? X> _JaQ_PJaQH “QX Z~l > _>b GH Z[EQEH_dHea G>Zb XH EHaiH>e«\ +X HkQbdH 

GQMMJaHZdb dl_Hb GH Z[EQEH_dHeab GJEXHZEP>Zd eZ _[dHZdQHX G~>EdQ[Z G>Zb GHb ZHea[ZHb G[Zd XH 

E[a_b EHXXeX>QaH Hbd G>Zb XH O>ZOXQ[Z b_QZ>X `eQ bH bQdeH bea X> a>EQZH G[ab>XH GH X> Y[HXXH J_QZQIaH\ +X 

HkQbdH GHb Z[EQEH_dHeab YJE>ZQ`eHb _eab Hd GHb Z[EQEH_dHeab YJE>ZQ`eHb Hd dPHaYQ`eHb ’ XHb 

Z[EQEH_dHeab GH dl_H „ aJ_[ZGHZd ? GHb dHY_Ja>deaHb be_JaQHeaHb ? ‰‚·# Hd EHek GH dl_H ” 

aJ_[ZGHZd ? GHb dHY_Ja>deaHb be_JaQHeaHb ? …»·#} EHad>QZb aJ_[ZGHZd >ebbQ >e Ma[QG} _[ea GHb 

dHY_Ja>deaHb QZMJaQHeaHb ? ‰·#\ +X HkQbdH JO>XHYHZd GHb Z[EQEH_dHeab _[XlY[G>ek aJ_[ZG>Zd ? GHb 

bdQYeX>dQ[Zb YJE>ZQ`eHb} dPHaYQ`eHb [e EPQYQ`eHb Hd GHb Z[EQEH_dHeab bQXHZEQHek `eQ ZH b[Zd 

aHEaedJb `e~>_aIb eZH bHZbQDQXQb>dQ[Z} _>a HkHY_XH X[ab G~eZH QZMX>YY>dQ[Z\ .H YHbb>OH _a[iHZ>Zd 

GHb Z[EQEH_dHeab YJE>ZQ`eHb _eab Hd YJE>ZQ`eHb Hd dPHaYQ`eHb Hbd da>ZbYQb iHab X> Y[HXXH 

J_QZQIaH iQ> GHb MQDaHb ZHaiHebHb GH dl_H !w} GH Y[lHZ E>XQDaH Hd M>QDXHYHZd YlJXQZQbJHb >l>Zd 

eZH iQdHbbH GH E[ZGeEdQ[Z GH ‰ ? »‚ Yƒb “">bD>eY Hd ,HbbHXX} ”‚‚‚ ̃ *HZbHX Hd -HZbP>X[} „¯¿¯ ̃ 

3Hla[Z} ”‚‚́«\ .H YHbb>OH HZi[lJ _>a XHb Z[EQEH_dHeab _[XlY[G>ek Hd bQXHZEQHek _>bbH _>a GHb 

MQDaHb ZHaiHebHb #} GH _HdQd E>XQDaH Hd Z[Z YlJXQZQbJHb >l>Zd eZH iQdHbbH GH E[ZGeEdQ[Z QZMJaQHeaH ? 

” Yƒb\ .~>EdQi>dQ[Z GHb MQDaHb !w Hbd aHb_[Zb>DXH G~eZH _HaEH_dQ[Z G[eX[eaHebH >QOeL} X[E>XQbJH} 

E[YYH eZH _Q`gaH DaIiH `eH X~[Z GJbQOZH b[eb XH dHaYH GH G[eXHea a>_QGH “_aQY>QaH« d>ZGQb `eH 

EHXXH GHb MQDaHb # Hbd aHb_[Zb>DXH G~eZH _HaEH_dQ[Z aHd>aGJH} _Xeb GQMMebH} ? dHZG>ZEH HkdHZbQiH} 

E[YYH eZH DagXeaH `eH X~[Z GJbQOZH b[eb XH dHaYH GH G[eXHea XHZdH [e d>aGQiH “bHE[ZG>QaH«\  

 .Hb Z[EQEH_dHeab >MMJaHZdb _aQY>QaHb bH dHaYQZHZd G>Zb X> E[aZH G[ab>XH GH X> Y[HXXH 

J_QZQIaH ’ XHb Z[EQEH_dHeab da>ZbYHdd>Zd GHb QZM[aY>dQ[Zb YJE>ZQ`eHb Hd dPHaYQ`eHb >aaQiHZd G>Zb 

XHb E[eEPHb + Hd ++\ .Hb MQDaHb !w >aaQiHZd G>Zb XHb E[eEPHb + Hd 9\ .Hb MQDaHb # G>Zb X> E[eEPH ++\ 

%ZbeQdH QX Hbd _[bbQDXH GH GQbdQZOeHa da[Qb dl_Hb GH ZHea[ZHb aHX>Qb `eQ Z>QbbHZd G>Zb X> E[aZH 

G[ab>XH GH X> Y[HXXH J_QZQIaH ’ XHb ZHea[ZHb Z[EQEH_dQMb b_JEQMQ`eHb _aQZEQ_>XHYHZd X[E>XQbJb G>Zb X> 

E[eEPH +} >EdQiJb bHeXHYHZd _>a GHb bdQYeX>dQ[Zb YJE>ZQ`eHb [e dPHaYQ`eHb Z[EQiHb ̃ XHb ZHea[ZHb 

Z[EQEH_dQMb Z[Z b_JEQMQ`eHb `eQ aJ_[ZGHZd >ebbQ DQHZ ? GHb bdQYeXQ YJE>ZQ`eHb Z[Z Z[EQEH_dQMb `e~? 

GHb bdQYeXQ YJE>ZQ`eHb [e dPHaYQ`eHb Z[EQMb Y>Qb ZH _[ei>Zd _>b E[GHa X> Y[G>XQdJ\ #H b[Zd XHb 

ZHea[ZHb SE>? >UJ:IE= N:JC? “:$5« X[E>XQbJb _aQZEQ_>XHYHZd G>Zb X> E[eEPH 9} Y>Qb >ebbQ G>Zb 

XHb E[eEPHb _Xeb be_HaMQEQHXXHb Hd HZMQZ eZH _[_eX>dQ[Z GH GJE[eiHadH _Xeb aJEHZdH} X[E>XQbJH G>Zb 

X> E[eEPH +} aHEHi>Zd XHb >MMJaHZEHb !w Hd # Hd E[G>Zd Oa>GeHXXHYHZd Hd b_JEQMQ`eHYHZd X> 



 ”… 

bHZb>dQ[Z GH Ma[QG Hd GH G[eXHea >e Ma[QG\  

 +X HkQbdH da[Qb _aQZEQ_>XHb i[QHb E[ZGeQb>Zd X~QZM[aY>dQ[Z Z[EQEH_dQiH GH X> Y[HXXH J_QZQIaH 

Veb`e~>e EHaiH>e “/QXX>Z} „¯¯¯«\ .H M>QbEH>e b_QZ[dP>X>YQ`eH Hbd XH _Xeb QY_[ad>Zd} QX E[Y_aHZG XHb 

>k[ZHb GHb ZHea[ZHb Z[EQEH_dQMb b_JEQMQ`eHb Hd :$5 _a[iHZ>Zd GHb E[eEPHb + Hd +9 ? 9+++\ #Hb 

>k[ZHb Ea[QbHZd X> XQOZH YJGQ>ZH G>Zb X> E[YYQbbeaH >ZdJaQHeaH GH X> Y[HXXH _[ea aHV[QZGaH X> 

_>adQH iHZda[X>dJa>XH GH X> beDbd>ZEH DX>ZEPH YJGeXX>QaH Hd >aaQiHa b[Qd >e dP>X>Yeb X>dJa>X} b[Qd 

>ek Z[l>ek YJGQ>Zb Ge dP>X>Yeb\ #HddH i[QH iJPQEeXH eZH QZM[aY>dQ[Z b[Y>d[d[_Q`eH Hd V[eHa>Qd 

eZ a]XH G>Zb XHb >b_HEdb bHZb[aQ§GQbEaQYQZ>dQMb Hd >MMHEdQMb GH X> G[eXHea\ .H M>QbEH>e 

b_QZ[aJdQEeX>QaH E[Y_aHZG XHb >k[ZHb GHb ZHea[ZHb _aQZEQ_>XHYHZd Z[EQEH_dQMb Hd GHb E[eEPHb 9++ 

Hd 9+++ “:QXXQb Hd :HbdXeZG} „¯¯́«\ .Hb >k[ZHb GH EHb EHXXeXHb _a[VHddHZd bea X> M[aY>dQ[Z aJdQEeXJH Hd 

XH dP>X>Yeb YJGQ>Z\ .Hb _a[VHEdQ[Zb GH X> i[QH b_QZ[aJdQEeX>QaH ZH b[Zd _>b [aO>ZQbJHb GH M>F[Z 

b[Y>d[d[_Q`eH Hd _HaYHdda>QHZd G~>XHadHa XH blbdIYH ZHaiHek EHZda>X bea X> bdQYeX>dQ[Z 

Z[EQEH_dQiH\ .H M>QbEH>e b_QZ[YJbHZEJ_P>XQ`eH E[Y_aHZG XHb >k[ZHb _a[iHZ>Zd GHb E[eEPHb + Hd 9 

Hd _a[VHddH G>Zb X> beDbd>ZEH aJdQEeXJH YJbHZEJ_P>XQ`eH Hd X> beDbd>ZEH OaQbH _JaQ§>E`eHGeE>XH 

“3!)« Hd V[eHa>Qd eZ a]XH G>Zb X~>b_HEd >MMHEdQM GH X> G[eXHea\ 

 .H dP>X>Yeb Hbd XH _aQZEQ_>X aHX>Qb HZdaH X> _JaQ_PJaQH Hd XH E[adHk _[ea XHb QZM[aY>dQ[Zb 

G[eX[eaHebHb\ 3XebQHeab Z[l>ek b[Zd QY_XQ`eJb G>Zb X> Z[EQEH_dQ[Z} HZ _>adQEeXQHa XHb _>adQHb 

YJGQ>ZH Hd X>dJa>XH\ .Hb Z[l>ek YJGQ>Zb “Z[l>ek EHZda>X X>dJa>X Hd E[Y_XHkH QZda>X>YQZ>QaH« 

aHF[QiHZd GHb QZM[aY>dQ[Zb _a[iHZ>Zd Ge M>QbEH>e b_QZ[dP>X>YQ`eH “E[eEPHb 9++ Hd 9+++« Hd 

b_QZ[aJdQEeX>QaH\ $H Z[YDaHek ZHea[ZHb Ge dP>X>Yeb YJGQ>Z aJ_[ZGHZd GH Y>ZQIaH [_dQY>XH ? 

GHb bdQYeX>dQ[Zb Z[EQEH_dQiHb Y>Qb _a[VHddHZd ? GH Z[YDaHebHb aJOQ[Zb Ge E[adHk EJaJDa>X 

QY_XQ`eJHb G>Zb XH da>QdHYHZd GHb QZM[aY>dQ[Zb Z[EQEH_dQiHb Y>Qb >ebbQ G>Zb XH blbdIYH G~JiHQX\ 

#Hb aJOQ[Zb b[Zd XHb E[adHk _aJEHZda>X} EQZOeX>QaH Hd Ma[Zd>X} XH EHaiHXHd} XH bdaQ>deY} X~Pl_[dP>X>Yeb 

Hd XH blbdIYH XQYDQ`eH “3Hla[Z} ”‚‚́«\ .Hb Z[l>ek X>dJa>ek “Z[l>e iHZda[§_[bdJaQHea X>dJa>X} 93. ̃ 

Z[l>e iHZda[§_[bdJaQHea YJGQ>Z} 93/ ̃ Z[l>e iHZda[§_[bdJaQHea QZMJaQHea} 93+« aHF[QiHZd GHb 

QZM[aY>dQ[Zb _a[iHZ>Zd Ge M>QbEH>e b_QZ[dP>X>YQ`eH `eQ b[Zd _aQZEQ_>XHYHZd Z[EQEH_dQiHb 

“E[eEPHb + Hd 9«\ .Hb EP>Y_b aJEH_dHeab GH EHb ZHea[ZHb b[Zd aHbdaHQZdb EH `eQ _HaYHd >ek Z[l>ek 

Ge dP>X>Yeb X>dJa>X GH da>ZbYHddaH _aQZEQ_>XHYHZd GHb QZM[aY>dQ[Zb bea X> X[E>XQb>dQ[Z\ .Hb 

ZHea[ZHb Ge dP>X>Yeb X>dJa>X _a[VHddHZd bea XHb E[adHk b[YHbdPJbQ`eH _aQY>QaH “6„« Hd bHE[ZG>QaH 

“6”« Hd _HaYHddHZd X~>Z>XlbH bHZb[aQ§GQbEaQYQZ>dQiH Ge bdQYeXeb Z[EQM “X[E>XQb>dQ[Z} dl_H Hd 

QZdHZbQdJ«\ .H da>ZbQd Ge YHbb>OH Z[EQEH_dQM _>a 6„ Z~Hbd d[edHM[Qb _>b QZGQb_HZb>DXH _eQb`eH GHb 

_a[VHEdQ[Zb b~HMMHEdeHZd GQaHEdHYHZd Ge dP>X>Yeb bea X~>QaH 6” Hd beMMQbHZd ? da>ZbYHddaH XHb 

QZM[aY>dQ[Zb Z[EQEH_dQiHb\ $Hb _a[VHEdQ[Zb GQaHEdHb Ge dP>X>Yeb iHab eZ E[adHk QZbeX>QaH `eQ Hbd 

b_JEQ>XQbJ G>Zb X~>Z>XlbH GQbEaQYQZ>dQiH GH X> bHZb>dQ[Z GH Ma[QG} l E[Y_aQb _[ea XH Ma[QG 

G[eX[eaHek} [Zd aJEHYYHZd JdJ QGHZdQMQJHb\ #HddH i[QH b_JEQMQ`eH >e Ma[QG} aHX>lJH G>Zb XH _>adQH 



 ”‰ 

_[bdJaQHeaH Ge Z[l>e iHZda>X YJGQ>Z “9/_[« _a[VHddH Y>bbQiHYHZd bea XH E[adHk QZbeX>QaH} ? 

_a[kQYQdJ GHb >QaHb Oebd>dQiHb “#a>QO} „¯¯‰«} G>Zb eZH _a[_[adQ[Z Y[QZGaH G>Zb 6„ Hd G>Zb XH 

E[adHk _aJY[dHea “3Hla[Z} ”‚‚́«\  

 .~QZdJOa>dQ[Z GH X> G[eXHea Hbd eZ _a[EHbbeb E[Y_XHkH} `eQ ZJEHbbQdH eZH GQbdaQDedQ[Z GH 

X~QZM[aY>dQ[Z G>Zb _XebQHeab aJOQ[Zb Ge E[adHk EJaJDa>X\ #[YYH Z[eb X~>i[Zb ie _aJEJGHYYHZd} QX 

Hbd _[bbQDXH GH GQbb[EQHa XH blbdIYH Ge da>QdHYHZd GH X> G[eXHea HZ eZ blbdIYH X>dJa>X 

_aQZEQ_>XHYHZd >bb[EQJ ? X~>b_HEd bHZb[aQ§GQbEaQYQZ>dQM Hd eZ blbdIYH YJGQ>Z _aQZEQ_>XHYHZd 

>bb[EQJ >ek >b_HEdb >MMHEdQM} Y[dQi>dQ[ZZHX Hd E[OZQdQM\ .H blbdIYH X>dJa>X E[aaHb_[ZG >e M>QbEH>e 

b_QZ[dP>X>YQ`eH G[Zd XHb ZHea[ZHb _a[VHddHZd Ge Z[l>e 93. Ge dP>X>Yeb iHab XHb E[adHk 6„} 6” Hd 

X~QZbeX>\ .H blbdIYH YJGQ>Z `e>Zd ? XeQ E[aaHb_[ZG >e M>QbEH>e b_QZ[dP>X>YQ`eH G[Zd XHb ZHea[ZHb 

_a[VHddHZd GHb Z[l>ek EHZda>X X>dJa>X Hd QZda>X>YQZ>QaH iHab XHb E[adHk EQZOeX>QaH >ZdJaQHea} 

X~>YlOG>XH} X~PQ__[E>Y_H Hd X~Pl_[dP>X>Yeb >QZbQ `eH XHb M>QbEH>ek b_QZ[aJdQEeX>QaH Hd 

b_QZ[YJbHZEH_P>XQ`eH\ $QMMJaHZdb dl_Hb GH _>a>GQOYHb Hk_JaQYHZd>ek _HaYHddHZd GH YHddaH HZ 

JiQGHZEH XH a]XH aHb_HEdQM GH EHb GQMMJaHZdHb aJOQ[Zb G>Zb XH da>QdHYHZd GH X> G[eXHea Hd XHea 

QY_XQE>dQ[Z G>Zb X> Y[GeX>dQ[Z GH X> _HaEH_dQ[Z G[eX[eaHebH\ 

 

Figure 1 : Organisation fonctionnelle des voies de la nociception.  
Le système nociceptif peut être subdivisé en deux systèmes parallèles, latéral et médian. Le système 
latéral qui assure une fonction discriminative projette sur le cortex somatosensoriel primaire (SI),
secondaire (SII) et insulaire (Ins), alors que le système médian établit des projections sur le cortex 
cingulaire antérieur (GCA) et l’amygdale (NA : noyau amygdalien). NGB : noyau de Goll et Burdach 
(gracile et cunéiforme) ; boucle TCT : boucle thalamo-cortico-thalamique (Peyron, 2007). 
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 .H aJbH>e G~>QaHb EJaJDa>XHb QGHZdQMQJ HZ QY>OHaQH M[ZEdQ[ZZHXXH _>a eZH >eOYHZd>dQ[Z GH 

b[Z >EdQiQdJ HZ aJ_[ZbH ? eZ bdQYeXeb Z[EQEH_dQM Hbd >__HXJ £ Y>daQEH G[eXHea ⁄\ +X E[Y_aHZG XHb 

>QaHb 6„} XH dP>X>Yeb} XH Olaeb EQZOeX>QaH} X~QZbeX>} 6”} XHb E[adHk G[ab[§X>dJa>X _aJ§Ma[Zd>X “$.3(«} 

_>aQJd>X _[bdJaQHea} Y[dHea _aQY>QaH “/„«} X~>QaH Y[daQEH be__XJYHZd>QaH “6/!«} XH EHaiHXHd Hd X> 

3!) “!_W>aQ>Z Hd >X\} ”‚‚‰ ̃ 3Hla[Z Hd >X\} ”‚‚‚ ̃ 7a>EHl Hd />ZdlP} ”‚‚́« “ADBQN> q«\ .~>EdQi>dQ[Z GH 

6„ Hbd QZE[Zbd>ZdH Hd GJ_HZG GHb b[YY>dQ[Zb dHY_[aHXXH Hd b_>dQ>XH} _Xeb X> bdQYeX>dQ[Z aHE[eiaH 

eZH Oa>ZGH _>adQH Ge E[a_b Hd _Xeb HXXH GeaH X[ZOdHY_b} _Xeb X~>EdQi>dQ[Z GH 6„ bHa> QY_[ad>ZdH\ 

#HddH >EdQi>dQ[Z GH 6„ _Hed JO>XHYHZd KdaH Y[GeXJH _>a X~>ddHZdQ[Z _[adJH >e bdQYeXeb “"ebPZHXX 

Hd >X\} „¯¯¯«\ .H Olaeb EQZOeX>QaH Hbd >EdQiJ G>Zb GH Z[YDaHebHb JdeGHb} X> _>adQH Y[lHZZH “"! ”…« 

E[aaHb_[ZG>Zd ? X> beDGQiQbQ[Z /## “E[adHk EQZOeX>QaH Y[lHZ} 9[Od} ”‚‚‰« Hbd _Xed]d QY_XQ`eJH 

G>Zb X~[aQHZd>dQ[Z Hd X> _aJ_>a>dQ[Z Y[daQEH ̃ d>ZGQb `eH X> _>adQH _Xeb >ZdJaQHeaH “"! »”« 

E[aaHb_[ZG>Zd ? X> beDGQiQbQ[Z !## “E[adHk EQZOeX>QaH >ZdJaQHea} 9[Od} ”‚‚‰« Hbd _Xed]d QY_XQ`eJH 

G>Zb X~JY[dQ[Z} X> E[OZQdQ[Z Hd XH E[Zda]XH GH X> G[eXHea\ .~>EdQi>dQ[Z GHb E[adHk >bb[EQ>dQMb dHXb `eH 

XH E[adHk _aJMa[Zd>X G[ab[X>dJa>X “"! ……§…¿« Hd XH E[adHk _>aQJd>X _[bdJaQHea “"! …‚« E[aaHb_[ZG ? X> 

X[E>XQb>dQ[Z Hd ? X~HZE[G>OH HZ YJY[QaH GH da>i>QX Ge bdQYeXeb G[eX[eaHek\ .~>EdQi>dQ[Z GH /„} GH 

X> 6/! Hd Ge EHaiHXHd} E[aaHb_[ZG ? X> aJ_[ZbH Y[daQEH “JiQdHYHZd« `eQ >EE[Y_>OZH X> G[eXHea [e 

? b[Z QZPQDQdQ[Z “G[eXHea Hk_JaQYHZd>XH«\ .> 3!) > eZ a]XH G>Zb XH E[Zda]XH QZPQDQdHea GHbEHZG>Zd 

GH X> G[eXHea\ .~>EdQi>dQ[Z Ge E[adHk QZbeX>QaH Hd GH 6” HZ aJ_[ZbH ? eZ bdQYeXeb G[eX[eaHek Hbd X> 

_Xeb aH_a[GeEdQDXH} G>Zb EHad>QZHb EQaE[Zbd>ZEHb >ddHZdQ[ZZHXXHb} HXXH _Hed KdaH X> bHeXH >EdQi>dQ[Z 

[DbHaiJH “3Hla[Z Hd >X\} „¯¯¯«\ #Hb >EdQi>dQ[Zb aHMXIdHZd X~>b_HEd bHZb[aQ§GQbEaQYQZ>dQM GH X> 

G[eXHea\  

 
Figure 2 : La « matrice douleur ». 
À gauche : régions de la « matrice douleur » représentées selon leur fréquence d’activation en réponse à un 
stimulus douloureux (Peyron, 2007).  
À droite : connectivité et voies afférentes des régions de la « matrice douleur » ; BG : basal ganglia, PCC : posterior 
cingulate cortex, PF : prefrontal cortex, PPC : posterior pariétal cortex (Apkarian et al., 2005). 



 ”́ 

#H aJbH>e G~>QaHb EJaJDa>XHb Hbd edQXQbJ _[ea E[ZbdaeQaH GHb Y[GIXHb GH da>QdHYHZd GH 

X~QZM[aY>dQ[Z G[eX[eaHebH >QZbQ `eH _[ea Hbb>lHa GH E[Y_aHZGaH E[YYHZd XHb _a[EHbbeb 

Z[EQEH_dQMb EJaJDa>ek _HeiHZd E[ZdaQDeHa ? X> G[eXHea EPa[ZQ`eH\ .~>EdQiQdJ GHb EHb aJOQ[Zb Hbd 

E[aaJXJH ? X> b>QXX>ZEH Ge bdQYeXeb “">XQWQ Hd >X\} ”‚‚¯ ̃ .HOa>QZ Hd >X\} ”‚„‚«} EHb >EdQiQdJb 

E[aaHb_[ZGa>QHZd ? GHb _a[EHbbeb XQJb ? X> GJdHEdQ[Z GH X> Z[eiH>edJ Hd GH X> _HadQZHZEH G~eZH 

bdQYeX>dQ[Z\ .~J`eQ_H GH +>ZZHddQ “+>ZZHddQ Hd /[ea>ek} ”‚„‚ ̃ /[ea>ek Hd >X\} ”‚„„« > dHZdJ GH 

GJY[ZdaHa Hk_JaQYHZd>XHYHZd X> b_JEQMQEQdJ GH EHddH ZHea[§Y>daQEH G>Zb X> Z[EQEH_dQ[Z} HZ 

edQXQb>Zd GHb bdQYeXQ GH GQMMJaHZdHb Y[G>XQdJb Hd HZ aHO>aG>Zd XHb >EdQi>dQ[Zb EJaJDa>XHb >bb[EQJHb\ 

#HddH JdeGH Y[ZdaH `eH X> £ Y>daQEH G[eXHea ⁄ Z~Hbd _>b >EdQiJH GH Y>ZQIaH b_JEQMQ`eH _>a GHb 

bdQYeXQ G[eX[eaHek} Y>Qb HXXH Hbd >ebbQ >EdQiJH _>a d[ed eZ _>ZHX GH bdQYeX>dQ[Zb\ 8ZH Oa>ZGH _>adQH 

GH EH aJbH>e Hbd YeXdQY[G>XH} E>a aJ_[ZG>Zd GH Y>ZQIaH Z[Z b_JEQMQ`eH ? GHb bdQYeX>dQ[Zb 

iQbeHXXHb} >eGQdQiHb} d>EdQXHb} [e Z[EQEH_dQiHb\ #Hb aJbeXd>db _[bHZd G[ZE X> `eHbdQ[Z GH X> 

_HadQZHZEH GH X> Y>ZQIaH G[Zd b[Zd edQXQbJb XHb aJbeXd>db GHb JdeGHb G~QY>OHaQH M[ZEdQ[ZZHXXH _[ea 

JdeGQHa b_JEQMQ`eHYHZd XH da>QdHYHZd EJaJDa>X GH X> G[eXHea\   

$>Zb XH Ded G~QGHZdQMQHa XHb aJOQ[Zb QY_XQ`eJHb b_JEQMQ`eHYHZd G>Zb X> G[eXHea} EHad>QZHb 

JdeGHb [Zd Hbb>lJ GH GQbb[EQHa XHb >EdQi>dQ[Zb GJ_HZG>Zd GH X~QZdHZbQdJ Ge bdQYeXeb GH EHXXHb GH X> 

_HaEH_dQ[Z GH X> G[eXHea\ .Hb aJOQ[Zb QGHZdQMQJHb G>Zb EHb JdeGHb E[aaHb_[ZGHZd >ek aJOQ[Zb GH X> 

£ Y>daQEH G[eXHea ⁄ dHXXHb `eH XH EHaiHXHd} XH _ed>YHZ} XH dP>X>Yeb} X~QZbeX>} X~!##} 6„} 6”} X> 6/! Hd 

XH E[adHk _aJY[dHea iHZda>X} G[Zd X~>EdQiQdJ Hbd E[aaJXJH ? X~QZdHZbQdJ GH X> bdQYeX>dQ[Z “"[aZP^iG Hd 

>X\} ”‚‚” ̃ "hEPHX Hd >X\} ”‚‚” ̃ #[OPQXX Hd >X\} „¯¯¯«\ %Z aJ>XQdJ} QX Hbd GQMMQEQXH GH GQbb[EQHa XHb 

>EdQi>dQ[Zb GJ_HZG>ZdHb GH X~QZdHZbQdJ GH EHXXHb XQJHb ? X> _HaEH_dQ[Z G[eX[eaHebH\ />Qb EHad>QZHb 

JdeGHb} OaAEH ? X~edQXQb>dQ[Z GH GQMMJaHZdb dl_Hb GH bdQYeX>dQ[Zb} G[eX[eaHebHb [e Z[Z} [Zd da[eiJ 

G>Zb X> £ Y>daQEH G[eXHea ⁄ GHb aJOQ[Zb G[Zd X~>EdQiQdJ Hbd E[aaJXJ ? X~QZdHZbQdJ GH X> G[eXHea _HaFeH} 

dHXXHb `eH X~!## iHZda>X _[bdJaQHea “E[aaHb_[ZG>Zd ? X> _>adQH >ZdJaQHeaH Ge /## ‹>/##› GJEaQdH 

G>Zb 9[Od} ”‚‚‰« “"hEPHX Hd >X\} ”‚‚”«̃ X~QZbeX> >ZdJaQHeaH} X~QZbeX> _[bdJaQHeaHƒ6”} X> _>adQH 

_aJOJZe>XH GH X~!## “_!##« Hd X~>YlOG>XH “"[aZP^iG Hd >X\} ”‚‚”«̃ XH Olaeb _aJEHZda>X} XH Olaeb 

_[bdEHZda>X} X~QZbeX> Y[lHZZH Hd XH _ed>YHZ “1HadHX Hd >X\} ”‚„„«\ +X Hbd G[ZE QY_[ad>Zd GH ZH _>b 

aHEeHQXXQa XHb >EdQi>dQ[Zb Z[Z§b_JEQMQ`eHb GH X> G[eXHea} _[ea EHX> QX Hbd ZJEHbb>QaH GH DQHZ GJMQZQa XHb 

EaQdIaHb G~[DbHai>dQ[Z >QZbQ `eH E[Zda>bdHa XHb >EdQi>dQ[Zb XQJHb ? X> G[eXHea ? EHXXHb Z[Z§b_JEQMQ`eHb 

GH X> G[eXHea\ 

 $~eZ >edaH E]dJ} XHb JdeGHb G~JXHEda[_PlbQ[X[OQH Hd GH XJbQ[Zb [Zd YQb HZ JiQGHZEH XH a]XH 

QY_[ad>Zd GH X~QZbeX> Hd GH 6” G>Zb XH da>QdHYHZd GHb QZM[aY>dQ[Zb dPHaYQ`eHb Hd G[eX[eaHebHb 

“(a[d Hd >X\} ”‚‚́ ̃ )>aEQ>§.>aaH> Hd >X\} ”‚„‚ ̃ )aHHZb_>Z Hd >X\} „¯¯¯ ̃ +bZ>aG Hd >X\} ”‚„„«\ .~QZbeX> 

>ZdJaQHeaH “!+#« Hbd >EdQiJH _>a GHb bdQYeXQ G[eX[eaHek E>a HXXH Hbd QY_XQ`eJH G>Zb XHb >b_HEdb 

E[OZQdQMb Ge da>QdHYHZd GH X> G[eXHea} dHXb `eH X~>ddHZdQ[Z} X~>ZdQEQ_>dQ[Z Hd X~>MMHEd\ .> _>adQH 



 ”̂ 

_[bdJaQHeaH GH X~QZbeX> “3+#« Hd 6” b[Zd QY_XQ`eJb G>Zb XH da>QdHYHZd GHb QZM[aY>dQ[Zb 

bHZb[aQY[daQEHb} dPHaYQ`eHb Hd Z[EQEH_dQiHb\ “"a[[Wb Hd 7a>EHl} ”‚‚́ ̃ %QEWP[MM Hd >X\} ”‚‚¿> ̃ 

-eadP Hd >X\} ”‚„‚D«\ 
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.H E[adHk b[YHbdPJbQ`eH bHE[ZG>QaH [e 6” Hbd bQdeJ G>Zb X~[_HaEeXH _>aQJd>X “13«} QX _Hed KdaH 

bJ_>aJ Eld[>aEPQdHEd[ZQ`eHYHZd HZ … aJOQ[Zb ’ 13„} 13”} 13» Hd 13…  `eQ b[Zd Oa>ZeX>QaHb “E~Hbd§

?§GQaH `eQ E[ZdQHZZHZd eZH Oa>ZGH E[eEPH +9} %QEWP[MM Hd >X\} ”‚‚¿>} ”‚‚¿D«\ 13„ Hd 13… b[Zd 

bQdeJHb G>Zb X> _>adQH be_JaQHeaH GH X~[_HaEeXH _>aQJd>X} d>ZGQb `eH 13” Hd 13» b[Zd bQdeJHb ? X> 

XQYQdH HZdaH X~[_HaEeXH _>aQJd>X Hd X~QZbeX> “[Z _Hed E[ZbQGJaHa `eH 13” Hd 13» b[Zd G>Zb X~QZbeX> 

_[bdJaQHeaH«\ 13„ Hd 13” bH bQdeHZd G>Zb X> _>adQH _[bdJaQHeaH Hd 13» Hd 13… G>Zb X> _>adQH 

>ZdJaQHeaH “ADBQN> r«\ 6” Hbd >EdQiJ _>a GQMMJaHZdb dl_Hb GH bdQYeX>dQ[Zb b[Y>d[bHZb[aQHXXHb dHXXHb 

`eH X> bdQYeX>dQ[Z JXHEdaQ`eH} X> iQDa>dQ[Z} XH d[eEPHa Hd X> G[eXHea\ .> G[eXHea >EdQiH 

b_JEQMQ`eHYHZd 13„} d>ZGQb `eH XHb bdQYeX>dQ[Zb Z[Z G[eX[eaHebHb >EdQiHZd X> _>adQH _Xeb 

>ZdJaQHeaH “13…«\ +X HkQbdH eZH b[Y>d[d[_QH G>Zb 6” ’ X> M>EH Hd X> Y>QZ bH bQdeHZd G>Zb X> _>adQH ? X> 

V[ZEdQ[Z HZdaH 13„ Hd 13… d>ZGQb `eH XH da[ZE Hd XHb V>YDHb b[Zd aH_aJbHZdJb GHek M[Qb ’ GH _>ad Hd 

G~>edaH GH X> aH_aJbHZd>dQ[Z GH X> M>EH Hd GH X> Y>QZ “">eYOBadZHa Hd >X\} ”‚„‚ ̃ %QEWP[MM Hd >X\} 

”‚‚́«\  

.~QZbeX>} bQdeJH G>Zb X> _>adQH QZMJaQHeaH Hd QZdHaZH Ge X[DH XQYDQ`eH} Hbd eZH aJOQ[Z 

M[ZG>YHZd>XH G>Zb X> _HaEH_dQ[Z GH X> G[eXHea\ #~Hbd eZ E[adHk b[eb XH E[adHk} HXXH > eZH M[aYH 

daQ>ZOeX>QaH “G>Zb XH _X>Z b>OQdd>X«} HXXH Hbd GJXQYQdJH ? X~HkdJaQHea _>a XH bQXX[Z EQaEeX>QaH} XH bQXX[Z 

EHZda>X `e>ZG ? XeQ bJ_>aH X> _>adQH >ZdJaQHeaH GH X> _>adQH _[bdJaQHeaH\ .~QZbeX> >ZdJaQHeaH 

E[Y_[adH da[Qb OlaQ ’ XH Olaeb E[ead >ZdJaQHea “!6)«} XH Olaeb E[ead Y[lHZ “/6)« Hd XH Olaeb _aJ§

EHZda>X “3aH#)« Hd X~QZbeX> _[bdJaQHeaH E[Y_[adH GHek OlaQ X[ZOb ’ >ZdJaQHea Hd _[bdJaQHea\ 

#ld[>aEPQdHEd[ZQ`eHYHZd QX Hbd _[bbQDXH GH GQMMJaHZEQHa da[Qb _>adQHb G>Zb X~QZbeX> ’ eZH _>adQH 

GlbOa>ZeX>QaH “+G„ ’ QZbeX> GlbOa>ZeX>QaH „«} eZH _>adQH Oa>ZeX>QaH “+O„ Hd +O” ’ QZbeX> Oa>ZeX>QaH „ Hd 

”} E[ZdQHZd eZH E[eEPH +9 QY_[ad>ZdH `eQ > eZ a]XH _Xed]d aJEH_dHea GHb QZM[aY>dQ[Zb bHZb[aQHXXHb 

_a[iHZ>Zd Ge dP>X>Yeb« ̃ X~QZbeX> >ZdJaQHeaH Hbd >Oa>ZeX>QaH “ZH E[ZdQHZd _>b X> E[eEPH +9} > eZ a]XH 

_Xed]d HMMHEdHea«} [Z GJEaQd G[ZE bHb beDGQiQbQ[Zb _>a XHb da[Qb OlaQ “!MQM Hd /HadHZb} ”‚„‚ ̃ -eadP Hd 

>X\} ”‚„‚> ̃ -eadP Hd >X\} ”‚„‚D« “ADBQN> r«\ .Hb >MMJaHZEHb dP>X>YQ`eHb >aaQiHZd G>Zb +O„ “#a>QO Hd 

=P>ZO} ”‚‚¿«\ .~QZbeX> Hbd QY_XQ`eJH G>Zb eZ Oa>ZG Z[YDaH GH M[ZEdQ[Zb} HXXH Hbd YeXdQY[G>XH 

“"a[[Wb Hd 7a>EHl} ”‚‚́ ̃ -eadP Hd >X\} ”‚„‚D« Hd EHb GQMMJaHZdHb M[ZEdQ[Zb b[Zd aH_aJbHZdJHb ? GHb 

HZGa[Qdb _aJMJaHZdQHXb GH X~QZbeX> ’ XHb >b_HEdb E[OZQdQMb} dHXb `eH X~>ddHZdQ[Z} X~>ZdQEQ_>dQ[Z [e 

X~>MMHEd b[Zd _Xed]d aH_aJbHZdJb G>Zb X~QZbeX> >ZdJaQHeaH G[ab>XH ̃ X> _HaEH_dQ[Z EPQYQ`eH G>Zb 

X~QZbeX> YJGQ>ZH iHZda>XH ̃ XHb >b_HEdb >MMHEdQMb G>Zb X~QZbeX> >ZdJaQHeaH iHZda>XH} XHb >b_HEdb 



 ”¯ 

bHZb[aQ§Y[dHeab Hd X> G[eXHea G>Zb X~QZbeX> _[bdJaQHeaH} Y>Qb EHddH _>adQH GH X~QZbeX> Hbd Y>X 

aH_aJbHZdJH G>Zb XHb JdeGHb G~QY>OHaQH M[ZEdQ[ZZHXXH\ 6[Z >EdQiQdJ GJ_HZG GH X~QZdHZbQdJ GH X> 

bdQYeX>dQ[Z} E~Hbd§?§GQaH `eH _Xeb X~QZdHZbQdJ GH X> bdQYeX>dQ[Z Hbd Oa>ZGH} _Xeb X~>EdQiQdJ GH EHddH 

_>adQH GH X~QZbeX> bHa> QY_[ad>ZdH\ %XXH Hbd G[ZE QY_XQ`eJH G>Zb X> GQbEaQYQZ>dQ[Z G~eZH bdQYeX>dQ[Z 

G[eX[eaHebH\ +X HkQbdH eZH m[ZH E[YYeZH ? d[eb EHb >b_HEdb} `eQ Hbd X~QZbeX> Y[lHZZH Hd `eQ 

E[aaHb_[ZGa>Qd ? X~QZdHa[EH_dQ[Z “_HaEH_dQ[Z `eH X~[Z > GH Z[daH Jd>d _PlbQ[X[OQ`eH Hd 

_blEP[X[OQ`eH} bHX[Z #a>QO} ”‚„‚«\ +X HkQbdH JO>XHYHZd eZH b[Y>d[d[_QH G>Zb X~QZbeX>} Y>Qb `eQ Hbd 

Y[QZb _aJEQbH `eH G>Zb XHb aJOQ[Zb b[Y>d[§bHZb[aQHXXHb _aQY>QaHb “">eYOBadZHa Hd >X\} ”‚„‚ ̃ 

"a[[Wb Hd 7a>EHl} ”‚‚‰ ̃ />mm[X> Hd >X\} ”‚‚¯«\ .Hb bHZb>dQ[Zb >bb[EQJHb ? X> M>EH b[Zd _Xed]d 

X[E>XQbJHb G>Zb X> _>adQH >ZdJaQHeaH GH X~QZbeX> _[bdJaQHeaH d>ZGQb `eH EHXXHb >bb[EQJHb ? X> Y>QZ 

“YHYDaHb be_JaQHeab« Hd >e _QHG “YHYDaHb QZMJaQHeab« b[Zd _Xed]d X[E>XQbJHb G>Zb X> _>adQH 

_[bdJaQHeaH GH X~QZbeX> _[bdJaQHeaH\ .~QZbeX> Hbd E[ZZHEdJH ? GH Z[YDaHebHb bdaeEdeaHb Hd X~>Z>XlbH 

GH b> E[ZZHEdQiQdJ E[ZMQaYH XH a]XH M[ZEdQ[ZZHX GHb GQMMJaHZdHb b[eb§_>adQHb GH X~QZbeX>\ .> _>adQH 

>ZdJaQHeaH Hd QZMJaQHeaH Hbd E[ZZHEdJH >e blbdIYH XQYDQ`eH} X> _>adQH >ZdJaQHeaH Hd be_JaQHeaH Hbd 

E[ZZHEdJH >ek aJOQ[Zb QY_XQ`eJHb G>Zb XH X>ZO>OH “"! …‰ Hd …¿« Hd >e E[adHk EQZOeX>QaH} X> _>adQH 

Y[lHZZH Hbd _Xed]d E[ZZHEdJH ? 6„ Hd >e E[adHk _aJY[dHea Hd HZMQZ X> _>adQH _[bdJaQHeaH Hbd 

E[ZZHEdJH >e E[adHk _>aQJd>X “#HaXQ>ZQ Hd >X\} ”‚„„ ̃ 3HXdm Hd >X\} ”‚„„«\ 

.Hb £ Y[GIXHb ⁄ XJbQ[ZZHXb PeY>QZb E[ZM[adHZd XH a]XH _aJ_[ZGJa>Zd GH X~QZbeX> Hd GH 6” 

G>Zb X> Z[EQEH_dQ[Z _eQb`efleZH XJbQ[Z [_HaEeX[§QZbeX>QaH HZda>SZH eZ GJMQEQd GH X> bHZb>dQ[Z 

dPHaYQ`eH Hd G[eX[eaHebH “)>aEQ>§.>aaH> Hd >X\} ”‚„‚«} [DbHai>DXH _>a eZH >eOYHZd>dQ[Z GHb bHeQXb 

bHZbQdQMb Hd Z[EQEH_dQMb Hd GHb _[dHZdQHXb Ji[`eJb X>bHa >XdJaJb\ !X[ab `e~eZH bdQYeX>dQ[Z GHb >QaHb 

bHZb[aQHXXHb _aQY>QaHb Z~Ji[`eH _>b GH bHZb>dQ[Z G[eX[eaHebH} eZH bdQYeX>dQ[Z GQaHEdH GHb aJOQ[Zb 

[_HaEeX[§QZbeX>QaHb [f X~[Z HZaHOQbdaH GHb _[dHZdQHXb Ji[`eJb Z[EQEH_dQMb >QZbQ `e~eZH J_QXH_bQH 

>l>Zd _[ea [aQOQZH X~QZbeX> _[bdJaQHeaH bH Y>ZQMHbdH _>a GHb EaQbHb G[eX[eaHebHb _eaHb “+bZ>aG Hd 

>X\} ”‚„„ ̃ />mm[X> Hd >X\} ”‚‚¯ ̃ />mm[X> Hd >X\} ”‚„„«\ "QHZ `eH X~Hk_JaQHZEH G[eX[eaHebH b[Qd 

YeXdQM[E>XH} X~QZbeX> _[bdJaQHeaH >__>a>Sd EaeEQ>XH _[ea GJEXHZEPHa X~>EdQi>dQ[Z GHb >edaHb aJOQ[Zb 

GH X> £ Y>daQEH G[eXHea ⁄ Hd M>QaH JYHaOHa X~Hk_JaQHZEH beDVHEdQiH `e~Hbd X> _HaEH_dQ[Z GH X> 

G[eXHea\ ! X~QZiHabH X> bdQYeX>dQ[Z GHb >edaHb >QaHb EJaJDa>XHb ZH b~>EE[Y_>OZH V>Y>Qb GH G[eXHea 

QZGeQdH ? X~HkEH_dQ[Z GH _>aHbdPJbQHb G>Zb 6„ “3HZMQHXG Hd (>eXW} „¯‰‰«\ 
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Figure 3 : Anatomie et subdivisions de l’insula et de S2 chez l’homme. 
1ère ligne : coupe coronale opercule pariétal (Eickhoff et al., 2006a). 
2ème ligne : gyri et vascularisation de l’insula (Afif et Mertens, 2010). 
3ème ligne : subdivisions anatomiques et cytoarchitectoniques de l’insula et de S2 utilisées comme régions 
d’intérêt en imagerie fonctionnelle (Mazzola et al., 2012). 
4ème ligne : cartes de connectivité de l’insula avec différentes régions du cerveau (Cerliani et al., 2011). 
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q_q_p .9 N@LJIO> @G><PNJLCUODJGJBDMQ>  

.Hb _[dHZdQHXb Ji[`eJb X>bHa “.%3« b[Zd XH aHMXHd GH X~>EdQiQdJ JXHEdaQ`eH HZaHOQbdaJH HZ 

aJ_[ZbH ? eZH bdQYeX>dQ[Z X>bHa Z[EQEH_dQiH\ .Hb bdQYeX>dQ[Zb G[eX[eaHebHb >e X>bHa b[Zd daIb 

DaIiHb Hd [Zd X~>i>Zd>OH GH OJZJaHa eZH aJ_[ZbH Z[EQEH_dQiH b>Zb E[Zd>Ed Eed>ZJ} >EdQi>Zd 

Y>V[aQd>QaHYHZd XHb MQDaHb !w Hd # “+>ZZHddQ Hd >X\} ”‚‚» ̃ ->WQOQ Hd >X\} ”‚‚‰ ̃ 7aHHGH Hd >X\} ”‚‚» ̃ 

7aeQZQ Hd >X\} ”‚‚́«\ .> _aJbHZEH GHb aJ_[ZbHb .%3b EJaJDa>XHb da>GeQd X~QZdJOaQdJ Ge blbdIYH 

b_QZ[dP>X>YQ`eH} XHb >Z[Y>XQHb GH EHb aJ_[ZbHb da>GeQb>Zd eZH XJbQ[Z _Xeb `e~eZ 

GlbM[ZEdQ[ZZHYHZd b_JEQMQ`eHYHZd Z[EQEH_dQM\ .Hb aJ_[ZbHb JXHEda[_PlbQ[X[OQ`eHb ? X> G[eXHea 

b[Zd DQHZ QGHZdQMQJHb Hd Y[ZdaHZd GHek aJ_[ZbHb JXHEdaQ`eHb E[ZbJEedQiHb} eZH _aHYQIaH aJ_[ZbH 

>__>a>Qbb>Zd ? HZiQa[Z „‰‚ Yb} _a[iHZ>Zd GHb >QaHb [_HaEeX[§QZbeX>QaHb Hd eZH GHekQIYH aJ_[ZbH 

>__>a>Qbb>Zd ? HZiQa[Z ”‰‚ Yb} _a[iHZ>Zd GH X~!## “"a[YY Hd #PHZ} „¯¯‰ ̃ (a[d Hd />eOeQIaH} 

”‚‚» ̃ )>aEQ>§.>aaH> Hd >X\} ”‚‚» ̃ 7>aWW> Hd 7aHHGH} „¯¯» ̃ 9>XHaQ>ZQ Hd >X\} „¯¯¿« “ADBQN> s«\ .Hb 

HZaHOQbdaHYHZdb QZda>EJaJDa>ek} OaAEH ? XHea D[ZZH aJb[XedQ[Z dHY_[aHXXH Hd b_>dQ>XH} Y[ZdaHZd 

`e~QX Hbd _[bbQDXH GH GQMMJaHZEQHa XHb aJ_[ZbHb ? X~QZdJaQHea GH X> aJOQ[Z [_HaEeX[§QZbeX>QaH “(a[d Hd 

>X\} ”‚‚́«\  

 

 

 

 

 

 

 

 

 

 

  

 

 
 
Figure 4 : Potentiels évoqués laser. 
À gauche : grande moyenne de potentiels évoqués laser du membre supérieur, enregistrés sur l’électrode 
Cz (Devos et al., 2000). 
À droite : modélisation de sources d’un potentiel évoqué laser (Luis Garcia-Larrea). 

 

.> aJ_[ZbH GH 6” > eZ _a[MQX GQMMJaHZd GH EHXXH GH X~QZbeX> _[bdJaQHeaH ’ d[ed G~>D[aG X> 

aJ_[ZbH GH 6” Hbd _Xeb _aJE[EH `eH EHXXH GH X~QZbeX> _[bdJaQHeaH} HZbeQdH X> GlZ>YQ`eH GH aJ_[ZbH 

GH 6” HZ M[ZEdQ[Z GH X~QZdHZbQdJ GH X> bdQYeX>dQ[Z Hbd GQMMJaHZdH\ 6” HZE[GH X~QZdHZbQdJ GH X> 

bdQYeX>dQ[Z Ge bHeQX GH GJdHEdQ[Z >e bHeQX Z[EQEH_dQM Hd Y[ZdaH eZH b>dea>dQ[Z GH X> aJ_[ZbH >e§

GHX?\ .~QZbeX> _[bdJaQHeaH E[GH DQHZ X~QZdHZbQdJ G[eX[eaHebH Y>Qb ZH GJdHEdH _>b XHb bdQYeX>dQ[Zb 



 »” 

HZ GHbb[eb Ge bHeQX Z[EQEH_dQM\ +X HZ Hbd GH YKYH _[ea XHb aJ_[ZbHb _a[iHZ>Zd Ge E[adHk 

EQZOeX>QaH ’ HZ _Xeb GH X> aJ_[ZbH d>aGQiH G>Zb X~!##} QX HkQbdH eZH aJ_[ZbH _aJE[EH _a[iHZ>Zd GH X> 

_>adQH _[bdJaQHeaH Ge /## “_/##« >aaQi>Zd HZ YKYH dHY_b `eH EHXXH GH 6”\ #HddH aJ_[ZbH 

_aJE[EH Ge blbdIYH YJGQ>Z E[aaHb_[ZGa>Qd ? X> _>adQH Y[daQEH Ge E[adHk EQZOeX>QaH QY_XQ`eJH G>Zb 

XH aHda>Qd Ge YHYDaH b[eYQb ? eZH bdQYeX>dQ[Z G[eX[eaHebH “(a[d Hd >X\} ”‚‚̂«\ #HX> Y[ZdaH `eH XH 

£ blbdIYH YJGQ>Z ⁄ Hd £ X>dJa>X ⁄ _HeiHZd KdaH QY_XQ`eJb HZ _>a>XXIXH} [e DQHZ `eH X> _>adQH 

_[bdJaQHeaH Ge /## M>Qd _>adQH Z[Z _>b Ge £ blbdIYH YJGQ>Z ⁄ Y>Qb Ge £ blbdIYH X>dJa>X ⁄ Ge 

da>QdHYHZd GH X> G[eXHea} QY_XQ`eJ G>Zb XHb M[ZEdQ[Zb bHZb[aQ§GQbEaQYQZ>dQiHb Hd `eH X> _>adQH 

>ZdJaQHeaH GH X~!## M>Qd _>adQH Ge £ blbdIYH YJGQ>Z ⁄ QY_XQ`eJ G>Zb XHb M[ZEdQ[Zb E[OZQdQiHb Hd 

JY[dQ[ZZHXXHb\ 

 

q_q_q .9 N@LJIO> C@HJ=UI9HDMQ>  

 8Z GHb  [DVHEdQMb GH EHddH dPIbH Hbd GH E>a>EdJaQbHa X> aJ_[ZbH PJY[GlZ>YQ`eH “*5« ? X> 

G[eXHea “ADBQN> t«} HZ _>adQEeXQHa G>Zb X~QZbeX> Hd XH E[adHk EQZOeX>QaH} GHek aJOQ[Zb `eQ V[eHZd eZ 

a]XH _aJ_[ZGJa>Zd G>Zb XH da>QdHYHZd GHb QZM[aY>dQ[Zb G[eX[eaHebHb\ +X Hbd HZ HMMHd ZJEHbb>QaH GH 

GJMQZQa XHb E>a>EdJaQbdQ`eHb GH X> *5 ? X> G[eXHea >MQZ G~KdaH E>_>DXH GH aHE[ZZ>SdaH _>a a>__[ad ? X> 

*5 ? eZH YKYH bdQYeX>dQ[Z Z[Z§G[eX[eaHebH EHXXHb `eQ XeQ b[Zd b_JEQMQ`eHb\  

 

 
 
 
 
 
 
 
 
 
 

Figure 5 : Réponse hémodynamique.  
Amplitude de la réponse hémodynamique au cours du temps, extraite à partir d’une carte d’activation, selon deux 
résolutions temporelles différentes (Ciuciu et al., 2003). 

 

 3XebQHeab JdeGHb [Zd Hbb>lJ GH E>a>EdJaQbHa X> aJ_[ZbH "1.$ “<HKK>bKTUC?J H?R?H >?L?J>?JP« 

? X> G[eXHea “i[Qa _>adQH /@PCJ=JGJBD> q_s_r«\ .Hb _aHYQIaHb [Zd Y[ZdaJ `eH X~>Y_XQdeGH Y>kQY>XH 

Ge bQOZ>X "1.$ G>Zb 6„ DQX>dJa>XHYHZd} XH E[adHk QZda>_>aQJd>X Hd XH _/## Jd>Qd E[aaJXJ ? X~QZdHZbQdJ 

G~eZH bdQYeX>dQ[Z X>bHa “"[aZP^iG Hd >X\} ”‚‚” ̃ "hEPHX Hd >X\} ”‚‚”«\ $H X> YKYH M>F[Z} X~>Y_XQdeGH 

Ge bQOZ>X "1.$ G>Zb 6„ DQX>dJa>XHYHZd Hd XH dP>X>Yeb Hbd E[aaJXJH ? X~QZdHZbQdJ G~eZH bdQYeX>dQ[Z 

JXHEdaQ`eH EPHm X> b[eaQb >ZHbdPJbQJH “"[bbP>aG Hd >X\} ”‚„‚«\ .~edQXQb>dQ[Z GH bdQYeX>dQ[Zb 

G[eX[eaHebHb X[ZOeHb “„¿ b« >iHE eZH dPHaY[GH _>a /[eXd[Z Hd >X\ “”‚‚‰«} > _HaYQb GH iQbe>XQbHa 



 »» 

XHb aJOQ[Zb >EdQiJHb _>a XHb E[ZGQdQ[Zb G[eX[eaHebHb Y>Qb _>b _>a XHb E[ZGQdQ[Zb Z[Z§G[eX[eaHebHb} 

dHXXHb `eH 6„ E[Zda[X>dJa>X} X> 6/!} XH Olaeb Ma[Zd>X QZMJaQHea E[Zda[X>dJa>X} X~QZbeX> _[bdJaQHeaH 

E[Zda[X>dJa>XH Hd X~!## a[bda>X\ #HddH J`eQ_H > >ebbQ Y[ZdaJ `e~QX HkQbdH eZH GQMMJaHZEH GH X>dHZEH 

HZdaH X> aJ_[ZbH "1.$ ? eZH bdQYeX>dQ[Z dPHaYQ`eH G[eX[eaHebH Hd EHXXH ? eZH bdQYeX>dQ[Z Z[Z§

G[eX[eaHebH G>Zb 6„} XH >/## Hd X> 6/!\ .> aJ_[ZbH ? X> G[eXHea >ddHQZd b[Z Y>kQYeY ¿ ? ̂ b 

>_aIb X> aJ_[ZbH ? eZH bdQYeX>dQ[Z Z[Z§G[eX[eaHebH} Y[Zda>Zd eZH GQMMJaHZEH GH da>QdHYHZd GH 

X~QZM[aY>dQ[Z Z[EQEH_dQiH G>Zb EHb aJOQ[Zb\ %Z ”‚‚¯} "HEHaa> Hd >X\ [Zd edQXQbJ eZH dHEPZQ`eH 

G~QY>OHaQH [_dQ`eH “>EBBQO? KLPE=:H PKIKCN:LDUZ $/4« `eQ E[ZbQbdH ? YHbeaHa eZ EP>ZOHYHZd GH 

E[ZEHZda>dQ[Z HZ [klPJY[OX[DQZH HZ aJ_[ZbH ? eZH bdQYeX>dQ[Z dPHaYQ`eH GH ‰ b\ )aAEH ? EHddH 

dHEPZQ`eH XHb >edHeab [Zd QGHZdQMQJ X> aJ_[ZbH PJY[GlZ>YQ`eH G>Zb 6„ Q_bQ§ Hd E[Zda[X>dJa>X ? eZ 

bdQYeXeb Z[EQEH_dQM [e Z[Z§Z[EQEH_dQM\ #HddH aJ_[ZbH Hbd _aQZEQ_>XHYHZd _aJE[EH X[ab G~eZ bdQYeXeb 

Z[Z§G[eX[eaHek “_QE ? »§̂ b« d>ZGQb `e~HXXH Hbd _aQZEQ_>XHYHZd d>aGQiH X[ab G~eZ bdQYeXeb 

G[eX[eaHek “GHekQIYH _QE ? „‚§„” b« Hd _Hed KdaH DQ_P>bQ`eH\ #Hd >b_HEd DQ_P>bQ`eH} b_JEQMQ`eH GH 

X> aJ_[ZbH PJY[GlZ>YQ`eH ? X> G[eXHea > JdJ aHda[eiJ _>a X> YKYH J`eQ_H G>Zb eZH JdeGH HZ 

bQOZ>X "1.$} G>Zb 6„ Y>Qb >ebbQ G>Zb G~>edaHb aJOQ[Zb GH X> £ Y>daQEH G[eXHea ⁄ dHXXHb `eH XH 

EHaiHXHd} XH dP>X>Yeb} XH E[adHk EQZOeX>QaH >ZdJaQHea} 6”} XH E[adHk _>aQJd>X QZMJaQHea} X~QZbeX> 

>ZdJaQHeaH Hd XH Olaeb Ma[Zd>X Y[lHZ “8_>GPl>l Hd >X\} ”‚„‚«\ .> _aQZEQ_>XH EaQdQ`eH `eH X~[Z _Hed 

>__[adHa ? EHb JdeGHb Hbd `eH XHb GHek dl_Hb GH bdQYeX>dQ[Zb edQXQbJHb ZH b[Zd _>b E[Y_>a>DXHb ’ 

eZH bdQYeX>dQ[Z d>EdQXH Z[Z§G[eX[eaHebH “Da[bbH« Hd eZH bdQYeX>dQ[Z dPHaYQ`eH G[eX[eaHebH 

“dPHaY[GH«} `eQ ZH YHddHZd _>b HZ VHe XHb YKYHb MQDaHb ZHaiHebHb} EH `eQ _[eaa>Qd G[ZE Hk_XQ`eHa 

XHb GQMMJaHZEHb [DbHaiJHb >e ZQiH>e GHb >EdQi>dQ[Zb\  

$~>edaHb JdeGHb bH b[Zd >__XQ`eJHb ? JdeGQHa X> aJ_[ZbH "1.$ ? GHb bdQYeX>dQ[Zb QY_XQ`e>Zd 

b_JEQMQ`eHYHZd b[Qd XHb MQDaHb !w b[Qd XHb MQDaHb #\ 4Qe Hd >X\ HZ ”‚‚¿ [Zd Y[ZdaJ `eH X> bdQYeX>dQ[Z 

X>bHa GHb MQDaHb !w Hd # >EdQiH 6” DQX>dJa>XHYHZd} X~QZbeX> Y[lHZZH Q_bQX>dJa>XH Hd XH _/## 

E[Zda[X>dJa>X\ 7>ZGQb `eH X~QZdHZbQdJ Hd X> X>dHZEH Ge bQOZ>X "1.$ b[Zd _Xeb QY_[ad>ZdHb _[ea XHb 

MQDaHb # `eH _[ea XHb MQDaHb ! G>Zb X~QZbeX> >ZdJaQHeaH\ $H X> YKYH Y>ZQIaH} EHddH GQMMJaHZEH G>Zb 

X~QZbeX> >ZdJaQHeaHƒ[_HaEeXH Ma[Zd>X > JdJ Y[ZdaJH G>Zb eZH JdeGH beQi>ZdH “:HQbb Hd >X\} ”‚‚̂«\ 

#Hb >edHeab [Zd JO>XHYHZd Y[ZdaJ eZH X>dHZEH Ge bQOZ>X "1.$ _Xeb QY_[ad>ZdH _[ea XHb MQDaHb # 

`eH _[ea XHb MQDaHb !w G>Zb X~QZbeX> _[bdJaQHeaHƒ[_HaEeXH _>aQJd>X Hd X~!##\ 8ZH JdeGH _Xeb aJEHZdH 

edQXQb>Zd `e>ZG ? HXXH eZH bdQYeX>dQ[Z dPHaYQ`eH >iHE eZ bdQYeX>dHea #*%3 “=KJP:=PbD?:P ?RKG?> 

LKP?JPE:H«} _HaYHdd>Zd GH M>QaH GHb bdQYeX>dQ[Zb daIb E[eadHb “`eHX`eHb EHZd>QZHb GH 

YQXXQbHE[ZGHb«} > Y[ZdaJ `eH X~QZbeX> >ZdJaQHeaH DQX>dJa>XHYHZd Hd X~QZbeX> _[bdJaQHeaH Q_bQX>dJa>XH 

b[Zd >EdQiJHb b_JEQMQ`eHYHZd _>a XHb MQDaHb !w E>a Y[Zda>Zd eZH >Y_XQdeGH GH bQOZ>X "1.$ _Xeb 

QY_[ad>ZdH Hd eZH X>dHZEH _Xeb E[eadH _[ea XHb MQDaHb !w `eH _[ea XHb MQDaHb # “/>daH Hd >X\} ”‚„‚«\ 

.H bQOZ>X "1.$ G>Zb EHb JdeGHb ZH _[bbIGH `e~eZ bHeX _QE Hd X> M[aYH Hbd _Xed]d bQYQX>QaH HZdaH XHb 



 »… 

MQDaHb !w [e # DQHZ `eH XHb bdQYeX>dQ[Zb b[QHZd _Xeb b[eiHZd G[eX[eaHebHb _[ea XHb MQDaHb !w `eH #\ 

%XXHb Y[ZdaHZd `e~QX l > eZH _>adQH E[YYeZH Hd eZH _>adQH b_JEQMQ`eH >e da>QdHYHZd GHb 

QZM[aY>dQ[Zb _a[iHZ>Zd GHb MQDaHb !w  Hd GHb MQDaHb #} E[aaHb_[ZG>Zd ? X> G[eXHea _aQY>QaH Hd ? X> 

G[eXHea bHE[ZG>QaH\ 

.Hb aJbeXd>db GH EHb JdeGHb bea XH bQOZ>X "1.$ ZH b[Zd _>b d[eV[eab E[ZE[aG>Zdb} EHX> _Hed 

KdaH Gg >e dl_H GH bdQYeX>dQ[Z edQXQbJ} >QZbQ `e~>e _>a>GQOYH} `eQ ZH _HaYHd _>b d[eV[eab eZH 

D[ZZH GQbb[EQ>dQ[Z GH X> aJ_[ZbH ? X> bdQYeX>dQ[Z GH EHXXH ? X> E[d>dQ[Z GH X~QZdHZbQdJ G[eX[eaHebH 

`eQ Hbd b[eiHZd aHEeHQXXQH QYYJGQ>dHYHZd >_aIb\ .> GeaJH GH X> bdQYeX>dQ[Z Z~Hbd _>b d[eV[eab 

>G>_dJH ? X~[DdHZdQ[Z G~eZH aJ_[ZbH _eaHYHZd bHZb[aQHXXH} b>Zb da[_ GH M>EdHeab E[OZQdQMb\ $>Zb EH 

E>GaH} X~edQXQb>dQ[Z GH bdQYeX>dQ[Zb X>bHa daIb DaIiHb Hd eZQ`eHb “>e XQHe GH da>QZb GH bdQYeXQ« Hbd 

QY_[ad>ZdH >MQZ G~QGHZdQMQHa Hd Hkda>QaH >e YQHek X> aJ_[ZbH "1.$ E[aaHb_[ZG>Zd ? X~>EdQi>dQ[Z 

ZHea[Z>XH HZ aJ_[ZbH ? eZ JiJZHYHZd eZQ`eH} G[eX[eaHek [e Z[Z\ .Hb JdeGHb _aJEJGHZdHb bea 

X~HbdQY>dQ[Z GH X> aJ_[ZbH PJY[GlZ>YQ`eH [Zd Y[ZdaJ `e~QX Hbd QY_[ad>Zd GH _[ei[Qa M>QaH X> 

GQMMJaHZEH HZdaH X> aJ_[ZbH PJY[GlZ>YQ`eH ? X> G[eXHea Hd ? eZH bdQYeX>dQ[Z Z[Z§G[eX[eaHebH 

E>a EHb aJ_[ZbHb b[Zd GQMMJaHZdHb\ .> *5 [DbHaiJH >_aIb eZH bdQYeX>dQ[Z G[eX[eaHebH E[Y_[adHa>Qd 

GHek _QEb d>ZGQb `eH EHXXH [DbHaiJH >_aIb eZH bdQYeX>dQ[Z d>EdQXH Z[Z Z[EQEH_dQiH bHa>Qd _Xeb 

_aJE[EH Hd ZH E[Y_[adHa>Qd `e~eZ bHeX _QE “"HEHaa> Hd >X\} ”‚‚¯ ̃ /[eXd[Z Hd >X\} ”‚‚‰ ̃ 8_>Pl>l Hd 

>X\} ”‚„‚«\ !iHE GHb bdQYeX>dQ[Zb _Xeb DaIiHb} XH da>QdHYHZd GHb QZM[aY>dQ[Zb _aQZEQ_>XHYHZd 

G[eX[eaHebHb “MQDaHb !w« bHa>Qd _Xeb a>_QGH `eH XH da>QdHYHZd GHb QZM[aY>dQ[Zb _aQZEQ_>XHYHZd Z[Z§

G[eX[eaHebHb “MQDaHb #« “/>daH Hd >X\} ”‚„‚ ̃ 4Qe Hd >X\} ”‚‚¿ ̃ :HQbb Hd >X\} ”‚‚̂«\ +X Hbd G[ZE 

QY_[ad>Zd GH _[ei[Qa E[aaHEdHYHZd HbdQYHa XHb X>dHZEHb} `eQ bHYDXHZd KdaH X> E>a>EdJaQbdQ`eH 

QY_[ad>ZdH _[ea GQbb[EQHa XHb QZM[aY>dQ[Zb G[eX[eaHebHb GHb QZM[aY>dQ[Zb Z[Z§G[eX[eaHebHb\  

 

.~[DVHEdQM Ge <C9LDPN> s Hbd G~[DbHaiHa GHb GQMMJaHZEHb GH X>dHZEH} G~>Y_XQdeGH Hdƒ[e GH 

M[aYH} HkQbd>Zd HZdaH X> *5 ? X> G[eXHea Hd ? EHXXH G~eZH bdQYeX>dQ[Z GH YKYH dl_H Y>Qb Z[Z§

G[eX[eaHebH} EH `eQ Z~> HZE[aH V>Y>Qb JdJ M>Qd\ .~[DVHEdQM bHE[ZG>QaH Jd>Zd G~Hbb>lHa GH aHda[eiHa 

HZ M/5+ XHb GQMMJaHZEHb [DbHaiJHb HZ JXHEda[_PlbQ[X[OQH HZdaH X~QZbeX> Hd X~!##} E[aaHb_[ZG>Zd ? X> 

GQMMJaHZEH GH da>QdHYHZd HkQbd>Zd HZdaH XH blbdIYH X>dJa>X Hd YJGQ>Z Ge da>QdHYHZd GH X> G[eXHea\ +X 

Hbd EaeEQ>X G~>i[Qa eZH D[ZZH E[ZZ>Qbb>ZEH GHb E>a>EdJaQbdQ`eHb GH X> aJ_[ZbH PJY[GlZ>YQ`eH Hd 

GH bHb E[aaJX>db ZHea[Z>ek EPHm XH beVHd b>QZ G>Zb X> _Hab_HEdQiH GH _[ei[Qa HMMHEdeHa GHb 

E[Y_>a>Qb[Zb EPHm GHb _>dQHZdb b[eMMa>Zd GH G[eXHea EPa[ZQ`eH [e G>Zb GHb E[ZGQdQ[Zb GQMMJaHZdHb 

“dHXXH `eH X> _aQbH GH YJGQE>YHZdb«\  



 »‰ 

q_r /J=QG9PDJIO => G9 =JQG>QN  

 !MQZ GH YQHek E[Y_aHZGaH XHb D>bHb _PlbQ[X[OQ`eHb Ge da>QdHYHZd EJaJDa>X GH X> G[eXHea QX 

Hbd QY_[ad>Zd G~JdeGQHa E[YYHZd X> Y[GeX>dQ[Z GH X> _HaEH_dQ[Z GH X> G[eXHea _Hed QZMXeHZEHa 

X~>EdQiQdJ GHb aJOQ[Zb QY_XQ`eJHb G>Zb XH da>QdHYHZd EJaJDa>X GHb QZM[aY>dQ[Zb G[eX[eaHebHb\ %Z 

HMMHd} X~QZdHZbQdJ GH X> G[eXHea Z~Hbd _>b d[eV[eab >bb[EQJH GH M>F[Z XQZJ>QaH ? X~QZdHZbQdJ GH X> 

bdQYeX>dQ[Z Z[EQEH_dQiH} QX _Hed G[ZE HkQbdHa eZ GJE[e_X>OH HZdaH EHb GHek QZdHZbQdJb\ $H 

Z[YDaHek M>EdHeab HkdJaQHeab dHXb `eH XHb JY[dQ[Zb Hd X> E[OZQdQ[Z} X~Jd>d _blEP[X[OQ`eH G>Zb 

XH`eHX bH da[eiH X> _Hab[ZZH >QZbQ `eH XH E[ZdHkdH OJZJa>X _HeiHZd >D[edQa ? EH GJE[e_X>OH\ "QHZ 

`eH XHb >b_HEdb JY[dQ[ZZHXb Hd E[OZQdQMb _[ei>Zd QZMXeHZEHa X> _HaEH_dQ[Z G~eZH G[eXHea bH 

EPHi>eEPHZd E[ZbQGJa>DXHYHZd} XHb Y>ZQ_eX>dQ[Zb Hk_JaQYHZd>XHb GHb M>EdHeab E[OZQdQMb b[Zd XHb 

_Xeb MaJ`eHZdHb G>Zb X> XQddJa>deaH\ .Hb JdeGHb G~QY>OHaQH M[ZEdQ[ZZHXXH [Zd >__[adJ DH>eE[e_ GH 

E[ZZ>Qbb>ZEHb bea XHb D>bHb ZHea[Z>XHb GH X> Y[GeX>dQ[Z GH X> G[eXHea} HZ _>adQEeXQHa} GH 

Z[YDaHebHb JdeGHb [Zd _[adJ bea X~HMMHd GH X~>ddHZdQ[Z} GHb >ddHZdHb} GH X~>ZdQEQ_>dQ[Z} GH 

X~Pl_Z[bH} GH X> GQbda>EdQ[Z Hd GH X~JY[dQ[Z bea X> G[eXHea\ .H Ded GH EHb JdeGHb Hbd GH b>i[Qa „ƒ 

G>Zb `eHX bHZb eZ M>EdHea _Hed Y[GeXHa X> _HaEH_dQ[Z G[eX[eaHebH} ”ƒ b~QX HkQbdH eZH QZdHa>EdQ[Z 

HZdaH XH aJbH>e >EdQiJ _>a X> G[eXHea Hd XH aJbH>e >EdQiJ _>a XH M>EdHea HZ `eHbdQ[Z} b~QX HkQbdH eZH 

aJOQ[Z E[YYeZH Y[GeXJH _>a XHb GHek} »ƒ [e DQHZ b~QX Hbd _[bbQDXH GH GQbb[EQHa E[Y_XIdHYHZd XH 

aJbH>e GH X> G[eXHea GH EHXeQ Ge M>EdHea HZ `eHbdQ[Z “EH b[Zd >X[ab GHek _a[EHbbeb HMMHEdeJb HZ 

_>a>XXIXH G>Zb XH EHaiH>e«\ 

 

 .> Y[GeX>dQ[Z X> _Xeb JdeGQJH Hbd X~HMMHd GH X~9PP>IPDJI bea X> G[eXHea ’ X[ab G~eZH bdQYeX>dQ[Z 

G[eX[eaHebH} X~>ddHZdQ[Z Hbd >ed[Y>dQ`eHYHZd [aQHZdJH iHab X> m[ZH G[eX[eaHebH Hd XH blbdIYH 

G~>XHadH HZda>SZH XH aHda>Qd QYYJGQ>d Ge YHYDaH bdQYeXJ [e DQHZ EHddH aJ>EdQ[Z bHa> aJMaJZJH bQ 

X~[Z GHY>ZGH >e beVHd GH ZH _>b D[eOHa G>Zb XH E>GaH G~eZH Hk_JaQHZEH\ .~>ddHZdQ[Z GQaQOJH iHab X> 

aJOQ[Z Ge E[a_b `eQ aHF[Qd X> bdQYeX>dQ[Z G[eX[eaHebH >Y_XQMQH GH M>F[Z bQOZQMQE>dQiH b> _HaEH_dQ[Z 

beDVHEdQiH “)>aEQ>§.>aaH> Hd >X\} „¯¯́«\ #HddH Y[GeX>dQ[Z GH X> _HaEH_dQ[Z G[eX[eaHebH Hbd 

>EE[Y_>OZJH _>a eZH i>aQ>dQ[Z GH X~>EdQiQdJ GH _XebQHeab aJOQ[Zb GH X> £ Y>daQEH G[eXHea ⁄} `eQ 

E[aaHb_[ZGHZd ? X> E[Y_[b>ZdH >ddHZdQ[ZZHXXH GH X> G[eXHea\ %XXH E[ZEHaZH XH E[adHk _>aQJd>X 

_[bdJaQHea “Olaeb be_a>Y>aOQZ>X«} XH $.3( Hd XH E[adHk EQZOeX>QaH >ZdJaQHea “3Hla[Z Hd >X\} „¯¯¯«\ 

#~Hbd X> _>adQH E[aaHb_[ZG>Zd ? X~>QaH "! »” GH EH GHaZQHa `eQ Hbd QY_XQ`eJH G>Zb X~>ddHZdQ[Z Hd X~>QaH 

"! ”… `eQ Hbd b_JEQMQ`eH GH X> G[eXHea “$>iQb Hd >X\} ”‚‚‚ ̃ (a>ZWHZbdHQZ Hd >X\} ”‚‚„«\ .~>EdQiQdJ GH 

6„ `eQ Hbd E[aaJXJH ? X~QZdHZbQdJ GH X> G[eXHea _HaFeH Hbd JO>XHYHZd Y[GeXJH _>a X~>ddHZdQ[Z 

“"ebPZHXX Hd >X\} „¯¯¯«\ .~>EdQiQdJ blZEPa[ZH GHb ZHea[ZHb GH 6” Hbd JO>XHYHZd Y[GeXJH _>a 

X~>ddHZdQ[Z “6dHQZYHdm Hd >X\} ”‚‚‚«\ .> Y[GeX>dQ[Z GH X~>EdQiQdJ GH 6„} 6” Hd GH X~QZbeX> _>a 



 »¿ 

X~>ddHZdQ[Z > JO>XHYHZd JdJ Y[ZdaJH _>a GHb HZaHOQbdaHYHZdb QZda>EJaJDa>ek “1P>a> Hd >X\} ”‚‚…«\ 

.H _a[MQX G~>EdQiQdJ Ge $.3( > >YHZJ "[aZP^iG Hd >X\ “”‚‚”« ? beOOJaHa `eH EHddH bdaeEdeaH _Hed 

>i[Qa eZ a]XH QY_[ad>Zd G>Zb XH aHEaedHYHZd GH aHbb[eaEHb >ddHZdQ[ZZHXXHb M>EH ? X> G[eXHea Y>Qb 

>ebbQ G>Zb X> YQbH HZ YJY[QaH GHb Hk_JaQHZEHb G[eX[eaHebHb\ .> G[eXHea HZda>SZH eZH 

aHGQbdaQDedQ[Z GHb aHbb[eaEHb >ddHZdQ[ZZHXXHb} `eQ b[Zd >eOYHZdJHb _[ea X> _HaEH_dQ[Z 

G[eX[eaHebH Hd GQYQZeJHb _[ea eZH dAEPH E[OZQdQiH “6HYQZ[jQEm Hd $>iQb} ”‚‚́«\ #HddH 

aHGQbdaQDedQ[Z GHb aHbb[eaEHb >ddHZdQ[ZZHXXHb _>bbHa>Qd _>a eZ blbdIYH GH Y[GeX>dQ[Z >bEHZG>Zd 

“<KPPKIbQL« GHb aHbb[eaEHb >ddHZdQ[ZZHXXHb _>a X> G[eXHea >QZbQ `e~eZ blbdIYH GHbEHZG>Zd “PKLb

>KSJ« GH Y[GeX>dQ[Z GH X> _HaEH_dQ[Z G[eX[eaHebH _>a X~>ddHZdQ[Z “.HOa>QZ Hd >X\} ”‚‚¯«\  

 .> =DOPN9<PDJI OaAEH ? eZH dAEPH E[OZQdQiH GQYQZeH X~QZdHZbQdJ GH X> G[eXHea “$>iQb Hd >X\} 

”‚‚‚ ̃ 3Hla[Z Hd >X\} „¯¯¯« Y>Qb HXXH GQYQZeH HZE[aH _Xeb XH E>a>EdIaH GJb>OaJ>DXH “">ZdQEW Hd >X\} 

”‚‚” ̃ 3Hda[iQE Hd >X\} ”‚‚‚ ̃ 9>XHd Hd >X\} ”‚‚…«\ #HddH Y[GeX>dQ[Z GH X> G[eXHea GQYQZeH X~>EdQiQdJ 

G>Zb XHb >QaHb 6”} XH Olaeb be_a>Y>aOQZ>X} 6„ Hd X> 3!) Hd >eOYHZdH X~>EdQiQdJ G>Zb XH E[adHk 

[aDQd[Ma[Zd>X Hd X~!## _aJOHZe>X _HZG>Zd X> GQbda>EdQ[Z _>a a>__[ad ? X> G[eXHea “">ZdQEW Hd >X\} 

”‚‚” ̃ 3Hda[iQE Hd >X\} ”‚‚‚ ̃ 9>XHd Hd >X\} ”‚‚…«\ #Hb Y[GeX>dQ[Zb G[eX[eaHebHb _>a X~>ddHZdQ[Z ZH 

b[Zd _>b aHbdaHQZdHb >ek aJOQ[Zb E[adQE>XHb Y>Qb b~JdHZGHZd >ebbQ ? X> 3!) [f eZH E[aaJX>dQ[Z > JdJ 

YQbH HZ JiQGHZEH HZdaH X~>EdQiQdJ "1.$ Hd X~>ddHZdQ[Z ? X> G[eXHea “Y[QZb [Z _[adH >ddHZdQ[Z ? X> 

G[eXHea} Y[QZb X> 3!) Hbd >EdQiJH} 7a>EHl Hd >X\} ”‚‚”«\  

.~9IPD<DL9PDJI GH X> bdQYeX>dQ[Z G[eX[eaHebH Y[GeXH XHb >EdQiQdJb EJaJDa>XHb XQJHb ? X> 

G[eXHea ̃ HXXH _Hed QZGeQaH eZH >eOYHZd>dQ[Z Ge E>a>EdIaH GJb>OaJ>DXH G~eZH bdQYeX>dQ[Z Z[Z 

G[eX[eaHebH “6>j>Y[d[ Hd >X\} ”‚‚‚« >QZbQ `eH GH X~QZdHZbQdJ G~eZH bdQYeX>dQ[Z G[eX[eaHebH “#X>aW 

Hd >X\} ”‚‚̂«\ $H X> YKYH M>F[Z `eH X~>ddHZdQ[Z > _e KdaH GQbb[EQJH GH X> G[eXHea} 3X[OP>eb Hd >X\ 

“„¯¯¯« [Zd aJebbQ ? GQbb[EQHa XHb >EdQiQdJb XQJHb ? X~>ZdQEQ_>dQ[Z GH EHXXHb XQJHb ? X> _HaEH_dQ[Z GH X> 

G[eXHea} Y[Zda>Zd X~QY_XQE>dQ[Z GH X> _>adQH >ZdJaQHeaH Ge E[adHk Ma[Zd>X YJGQ>X} GH X~QZbeX> 

>ZdJaQHeaH Hd GH X> _>adQH _[bdJaQHeaH Ge EHaiHXHd G>Zb X~>ZdQEQ_>dQ[Z\ .H a]XH QY_[ad>Zd GH X~!## 

G>Zb X> Y[GeX>dQ[Z GH X> G[eXHea _>a X~>ZdQEQ_>dQ[Z > JO>XHYHZd JdJ _a[eiJ _>a *bQHP Hd >X\ “„¯¯¯«} 

X~>EdQiQdJ GH X~!## Hbd E[aaJXJH ? X~QY_aJiQbQDQXQdJ GH X> bdQYeX>dQ[Z ’ _Xeb X~>aaQiJH GH X> bdQYeX>dQ[Z 

Hbd QY_aJiQbQDXH} _Xeb X~!## Hbd >EdQiJ “6>j>Y[d[ Hd >X\} ”‚‚‚«\ $H X> YKYH M>F[Z} X~>EdQiQdJ GHb 

aJOQ[Zb QY_XQ`eJHb G>Zb XH da>QdHYHZd GH X> G[eXHea} E[YYH X~!##} X~QZbeX> >ZdJaQHeaH Hd XH E[adHk 

_aJMa[Zd>X Hbd Y[GeXJH _>a X~>ZdQEQ_>dQ[Z “3[aa[ Hd >X\} ”‚‚”«\ %Z HMMHd} EHb aJOQ[Zb b~>EdQiHZd >i>Zd 

X> bdQYeX>dQ[Z G[eX[eaHebH} _HZG>Zd X~>ZdQEQ_>dQ[Z\ +X Hbd JO>XHYHZd _[bbQDXH G~[DbHaiHa `eH X[ab GH 

X~>ZdQEQ_>dQ[Z G~eZH bdQYeX>dQ[Z} X~>EdQiQdJ GHb aJOQ[Zb _aJY[daQEHb Hd _aJMa[Zd>XHb E[YYHZEH ? 

>eOYHZdHa >i>Zd X> bdQYeX>dQ[Z _[ea >ddHQZGaH b[Z Y>kQYeY _HZG>Zd X> bdQYeX>dQ[Z\ #Hb 

>EdQi>dQ[Zb b[Zd E[aaJXJHb ? X~>EdQiQdJ GH X~!## Hd ? X~QZdHZbQdJ GH X> G[eXHea _HaFeH “.[_Hm§6[X? Hd 

>X\} ”‚„‚«\   
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 .> OQBB>OPDJI CULIJPDMQ> _Hed QZMXeHZEHa XH E>a>EdIaH GJb>OaJ>DXH GH X> G[eXHea ’ _HZG>Zd 

X~Pl_Z[bH} X> GQYQZedQ[Z GH X> G[eXHea _HaFeH Hd GH b[Z E>a>EdIaH GJb>OaJ>DXH _>bbH _>a eZH 

GJb>EdQi>dQ[Z Ge >/## “(>lY[ZiQXXH Hd >X\} ”‚‚‚ ̃ 5>QZiQXXH Hd >X\} „¯¯́«\ $>Zb eZH GHekQIYH JdeGH} 

5>QZiQXXH Hd >X\ “„¯¯¯« [Zd Y[ZdaJ `e~QX Hbd _[bbQDXH} HZ [aQHZd>Zd X> beOOHbdQ[Z Pl_Z[dQ`eH} GH 

Y[GeXHa XH E>a>EdIaH >MMHEdQM “>OaJ>DXHƒGJb>OaJ>DXH« Y>Qb >ebbQ X~QZdHZbQdJ GH X> G[eXHea\ #Hb GHek 

E[Y_[b>ZdHb b[Zd GQbb[EQ>DXHb Hd YHddHZd HZ VHe X> Y[GeX>dQ[Z GH GHek aJOQ[Zb EJaJDa>XHb 

[DbHaiJHb HZ 3%7 ’ XH E>a>EdIaH GJb>OaJ>DXH GH X> G[eXHea Hbd E[GJ G>Zb XH >/## “5>QZiQXXH Hd >X\}  

„¯¯́« Hd X~QZdHZbQdJ GH X> _HaEH_dQ[Z G[eX[eaHebH Hbd E[GJH G>Zb 6„ “*[MD>eHa Hd >X\} ”‚‚„«\ +X Z~Hbd 

G~>QXXHeab _>b QY_[bbQDXH `eH XHb _a[EHbbeb Pl_Z[dQ`eHb HY_aeZdHZd GHb aJbH>ek E[YYeZb >iHE 

XHb _PJZ[YIZHb >ddHZdQ[ZZHXb _eQb`eH X> _a>dQ`eH HXXH§YKYH GH X~QZGeEdQ[Z Pl_Z[dQ`eH} 

QZGJ_HZG>YYHZd GH X> G[eXHea} aHEaedH XHb aJOQ[Zb _aJ§Ma[Zd>XHb “5>QZiQXXH Hd >X\} ”‚‚”« E[ZZeHb 

_[ea >DaQdHa >ebbQ XHb M[ZEdQ[Zb >ddHZdQ[ZZHXXHb\  

 .a9PP>IP> MQ> GaJI L>QP 9RJDN =aQI> OPDHQG9PDJI “Hk_HEd>dQ[Z« _Hed JO>XHYHZd QZMXeHZEHa 

X~QZdHZbQdJ GH X> G[eXHea _HaFeH\ .H M>Qd GH b~>ddHZGaH ? EH `eH X> G[eXHea b[Qd Y[QZb QZdHZbH} 

GQYQZeH HMMHEdQiHYHZd X~QZdHZbQdJ GH X> G[eXHea _HaFeH >QZbQ `eH X~>EdQi>dQ[Z G>Zb XH dP>X>Yeb} 6„} 

6”} X~QZbeX>} XH !##} XH E[adHk _aJMa[Zd>X Hd XH EHaiHXHd “-[l>Y> Hd >X\} ”‚‚‰«\ .~QZEHadQdeGH `e>ZG ? X> 

bdQYeX>dQ[Z E~Hbd§?§GQaH XH M>Qd GH ZH _>b b>i[Qa ? `e[Q b~>ddHZGaH >eOYHZdH X> G[eXHea _HaFeH Hd 

b~>EE[Y_>OZH GH X~>EdQi>dQ[Z Ge E[adHk _aJMa[Zd>X iHZda[YJGQ>Z} Ge /## Hd GH X~PQ__[E>Y_H 

“3X[OP>eb Hd >X\} ”‚‚»«\ 7>ZGQb `e~>i[Qa GHb E[ZZ>Qbb>ZEHb bea X> `e>XQdJ Hd XH dl_H GH bdQYeX>dQ[Z ? 

iHZQa GQYQZeH X> G[eXHea _HaFeH Hd b~>EE[Y_>OZH G~eZH >EdQi>dQ[Z Ge E[adHk EQZOeX>QaH >ZdJaQHea 

a[bda>X Hd Ge EHaiHXHd\ 

 %ZMQZ} GaD=@> MQ> GaJI 9 => LJQRJDN <JIPNKG>N JQ IJI G9 =JQG>QN _Hed >i[Qa eZH QZMXeHZEH Z[Z 

_>b bea X~QZdHZbQdJ GH X> G[eXHea _HaFeH Y>Qb bea X~>EdQiQdJ GHb aJOQ[Zb QY_XQ`eJHb G>Zb X~>b_HEd 

>MMHEdQM GH X> G[eXHea `eH b[Zd XH _!##} X~QZbeX> Hd 6” “6>X[Y[Zb Hd >X\} ”‚‚…«\ .~>EdQiQdJ GH EHb 

aJOQ[Zb Hbd E[aaJXJH ? X> GQMMJaHZEH QZGQiQGeHXXH GH E[d>dQ[Z GH X> G[eXHea HZdaH XHb E[ZGQdQ[Zb GH 

E[Zda]XH _HaFe [e GH Z[Z E[Zda]XH ̃ X> E[aaJX>dQ[Z Hbd _[bQdQiH G>Zb XH _!##} X> 3!) Hd X~QZbeX>ƒ6” Hd 

Hbd ZJO>dQiH G>Zb XH E[adHk _aJMa[Zd>X iHZda[X>dJa>X\ #Hb aJOQ[Zb V[eHZd eZ a]XH G>Zb X> Y[GeX>dQ[Z 

E[OZQdQiH GH X> _HaEH_dQ[Z G[eX[eaHebH} HXXHb Z[eb QZdJaHbbHa[Zd G[ZE _>adQEeXQIaHYHZd _[ea 

X~JdeGH GHb Y[GeX>dQ[Zb GH X> G[eXHea\  

  

 7[edHb EHb JdeGHb Y[ZdaHZd `eH Z[Z bHeXHYHZd EHb M>EdHeab E[OZQdQMb b[Zd E>_>DXHb GH 

Y[GeXHa X> _HaEH_dQ[Z GH X> G[eXHea} HZ X~>eOYHZd>Zd [e HZ X> GQYQZe>Zd} Y>Qb JO>XHYHZd `eH EHb 

Y[GeX>dQ[Zb [Zd _[ea E[ZbJ`eHZEH GHb Y[GQMQE>dQ[Zb bQOZQMQE>dQiHb GH X~>EdQiQdJ Ge EHaiH>e} G>Zb 

GHb aJOQ[Zb QY_XQ`eJHb G>Zb XH da>QdHYHZd GH X~QZdHZbQdJ G[eX[eaHebH dHXXHb `eH 6„} 6”} X~QZbeX>} X> 

3!)} XH E[adHk EQZOeX>QaH “X[E>XQb>dQ[Zb i>aQJHb« Hdƒ[e XHb aJOQ[Zb QY_XQ`eJHb G>Zb 
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X~>ddHZdQ[Z E[YYH XHb E[adHk $.3( Hd _>aQJd>X _[bdJaQHea\ #Hb Y[GeX>dQ[Zb _HaYHddHZd GH YQHek 

E[Y_aHZGaH XH a]XH aHb_HEdQM GH EP>EeZH GHb aJOQ[Zb GH X> £ Y>daQEH G[eXHea ⁄ G>Zb X> _HaEH_dQ[Z 

GH X> G[eXHea Hd b[Z da>QdHYHZd E[OZQdQM} G>Zb X> _Hab_HEdQiH GH da[eiHa GHb Y[lHZb G~>OQa bea X> 

_HaEH_dQ[Z G[eX[eaHebH Hd GH da[eiHa GHb EQDXHb EJaJDa>XHb _[ea XH da>QdHYHZd GH X> G[eXHea [e 

b[Z b[eX>OHYHZd\ .> <JHLJO9IP> @HJPDJII>GG>} d[ed E[YYH X> E[Y_[b>ZdH E[OZQdQiH} M>Qd _>adQH 

QZdJOa>ZdH GH X> _HaEH_dQ[Z G[eX[eaHebH Hd > JdJ JdeGQJH G>Zb GH Z[YDaHebHb JdeGHb 

_blEP[_PlbQ`eHb Hd _Xeb aJEHYYHZd G~QY>OHaQH M[ZEdQ[ZZHXXH} `eQ Y[ZdaHZd GH `eHXXH Y>ZQIaH XHb 

JY[dQ[Zb _HeiHZd QZMXeHZEHa X> _HaEH_dQ[Z GH X> G[eXHea Hd b[Z da>QdHYHZd EJaJDa>X\  

.> D>Z`eH G~QY>OHb GH X~+!36 “.>ZO Hd >X\} ”‚‚̂} i[Qa HZE>GaJ d +IP>NI9PDJI9G !AA><PDR> 

2D<PQN> 4UOP>H e« > DH>eE[e_ JdJ edQXQbJH _[ea QZGeQaH GHb Jd>d JY[dQ[ZZHXb ZJO>dQMb} ZHedaHb [e 

_[bQdQMb\ %Z ”‚‚„} GH :QHG Hd 9HaD>dHZ [Zd Y[ZdaJ `eH XHb QY>OHb _[bQdQiHb >eOYHZdHZd X> 

d[XJa>ZEH >e =KH>bLN?OOKN P?OP} d>ZGQb `eH XHb QY>OHb ZJO>dQiHb X> GQYQZeHZd\ .Hb beVHdb X>QbbHZd 

XHea Y>QZ G>Zb XH D>QZ G~H>e Ma[QGH Y[QZb X[ZOdHY_b `e>ZG QXb i[QHZd GHb QY>OHb ZJO>dQiHb `eH 

`e>ZG QXb i[QHZd GHb QY>OHb _[bQdQiHb} Y>Qb X~QZdHZbQdJ GH X> G[eXHea aHbbHZdQH >e Y[YHZd Ge 

aHda>Qd Hbd X> YKYH G>Zb XHb GHek bQde>dQ[Zb\ .> d[XJa>ZEH bHa> G~>ed>Zd _Xeb GQYQZeJH bQ XHb QY>OHb 

ZJO>dQiHb [Zd eZH E[ZZ[d>dQ[Z G[eX[eaHebH\ .> YKYH >ZZJH} /H>OPHa Hd >X\ [Zd JdeGQJ GHb 

dJY[QZb GHb GHek bHkHb ? da>iHab GHek Hk_JaQYHZd>dQ[Zb’ G>Zb X> _aHYQIaH} QXb [Zd [DbHaiJ `eH XHb 

QY>OHb `eQ QZGeQb>QHZd GH X> _Hea >eOYHZd>QHZd X> E[d>dQ[Z GH X~QZdHZbQdJ G[eX[eaHebH Hd GH b> 

GJ_X>Qb>ZEH} Hd GQYQZe>QHZd X> d[XJa>ZEH ? X> G[eXHea\ .Hb QY>OHb QZGeQb>Zd eZ bHZdQYHZd GH GJO[gd 

GQYQZe>QHZd JO>XHYHZd XH bHeQX GH X> G[eXHea Hd >eOYHZd>QHZd b> GJ_X>Qb>ZEH} Y>Qb b>Zb Y[GQMQHa 

X> d[XJa>ZEH\ .> GHekQIYH Hk_JaQYHZd>dQ[Z > Y[ZdaJ eZH aJGeEdQ[Z GH X> G[eXHea HkEXebQiHYHZd 

EPHm XHb P[YYHb} _>a X> _aJbHZd>dQ[Z G~QY>OHb _[bQdQiHb ? E>a>EdIaH Ja[dQ`eH\  

%ZbeQdH} :eZbEP Hd >X\ “”‚‚»« [Zd GJY[ZdaJ X> _[bbQDQXQdJ GH Y[GQMQHa X> _HaEH_dQ[Z 

bHZb[aQHXXH G~eZ bdQYeXeb dPHaYQ`eH _>a eZ _a[EHbbeb G~>__aHZdQbb>OH >MMHEdQM QZE[ZbEQHZd\ 

.~QZGeEdQ[Z G~eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM _>a X> _a[VHEdQ[Z G~QY>OHb GJb>OaJ>DXHb “bdQYeXeb 

Z[Z§E[ZGQdQ[ZZJ« Jd>Qd E>_>DXH G~>eOYHZdHa X~QZdHZbQdJ Hd X> GJ_X>Qb>ZEH GH X> bdQYeX>dQ[Z 

G[eX[eaHebH “bdQYeXeb E[ZGQdQ[ZZJ«\ 3Xeb d>aG} QX > JdJ Y[ZdaJ `eH X~>Y_XQdeGH Ge aJMXHkH GH MXHkQ[Z 

Z[EQEH_dQM “5+++« Hd X~QZdHZbQdJ G[eX[eaHebH >bb[EQJH _HeiHZd KdaH Y[GeXJb _>a X> iQbQ[Z G~QY>OHb GH 

X~+!36 _X>Qb>ZdHb} ZHedaHb [e GJ_X>Qb>ZdHb “5PeGl Hd >X\} ”‚‚‰«\ .Hb QY>OHb GJ_X>Qb>ZdHb “i>XHZEH 

>MMHEdQiH M>QDXH« >eOYHZdHZd XH aJMXHkH Hd X~QZdHZbQdJ GH X> G[eXHea} d>ZGQb `eH XHb QY>OHb _X>Qb>ZdHb 

“i>XHZEH >MMHEdQiH JXHiJH« XHb QZPQDHZd\ %ZMQZ} -HZZdZHa§/>DQ>X> Hd >X\ “”‚‚̂« [Zd GQbb[EQJ X~HMMHd GH 

X~>ddHZdQ[Z GH EHXeQ GH X~>MMHEd} Y[Zda>Zd `eH X~Jd>d JY[dQ[ZZHX QZMXeHZEH X> GJ_X>Qb>ZEH Hd 

X~QZdHZbQdJ G[eX[eaHebH d>ZGQb `eH X~>ddHZdQ[Z ZH Y[GeXH `eH X~QZdHZbQdJ G[eX[eaHebH\ .~QZdHZbQdJ 

_HaFeH Hbd >eOYHZdJH _>a XH E[ZdHkdH ZJO>dQM} _[ea GHb bdQYeX>dQ[Zb JXHEdaQ`eHb `e~HXXHb b[QHZd 

G[eX[eaHebHb [e Z[Z\  
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International Affective Picture System (IAPS) 

The International Affective Picture System is being developed to provide a set of normative emotional stimuli 
for experimental investigations of emotion and attention. The goal is to develop a large set of standardized, 
emotionally-evocative, internationally-accessible, color photographs that includes contents across a wide 
range of semantic categories. The IAPS is being developed and distributed by the NIMH Center for Emotion 
and Attention at the University of Florida. 

 

#H Z~Hbd `eH _Xeb aJEHYYHZd `eH XHb YJE>ZQbYHb ZHea[Z>ek b[eb§dHZG>Zd X> Y[GeX>dQ[Z GH 

X> _HaEH_dQ[Z G[eX[eaHebH _>a eZ E[ZdHkdH JY[dQ[ZZHX [Zd JdJ JdeGQJb >e§GHX? GHb Hk_JaQHZEHb 

_blEP[_PlbQ`eHb} b[Qd >iHE X~QY>OHaQH M[ZEdQ[ZZHXXH} b[Qd >iHE X> ZHea[_PlbQ[X[OQH “)[GQZP[ Hd >X\} 

”‚‚¿ ̃ )[GQZP[ Hd >X\} ”‚„„«\ .Hb QY>OHb _X>Qb>ZdHb} ZHedaHb Hd GJ_X>Qb>ZdHb GH X~+!36 [Zd JdJ 

edQXQbJHb _[ea Y[GeXHa X> _HaEH_dQ[Z ? GHb bdQYeX>dQ[Zb JXHEdaQ`eHb ̃ XHb QY>OHb GJ_X>Qb>ZdHb HZ 

a>__[ad >iHE XH E[a_b Jd>QHZd XHb bHeXHb ? Y[GeXHa X> _HaEH_dQ[Z G[eX[eaHebH\ .H E[ZdHkdH 

JY[dQ[ZZHX ZJO>dQM >EdQi>Zd _Xeb XH $.3(# DQX>dJa>XHYHZd} XH E[adHk _>aQJd>X _[bdJaQHea “"!́«} XH 

E[adHk _aJMa[Zd>X >ZdJaQHea “"!„‚«} XH _!##} XH bQXX[Z dHY_[a>X be_JaQHea “"! ”„ƒ””« Hd X> V[ZEdQ[Z 

dHY_[a[§_>aQJd[§[EEQ_Qd>XH “"!»¯ƒ…‚« `eH XHb E[ZdHkdHb ZHedaH [e _[bQdQM\ .Hb JY[dQ[Zb _HeiHZd 

G[ZE Y[GeXHa X> _HaEH_dQ[Z G[eX[eaHebH _>a GHb YJE>ZQbYHb Z[Z bHZb[aQHXb E>a X~>EdQiQdJ >e bHQZ 

GH X> £ Y>daQEH G[eXHea ⁄ Z~Hbd _>b Y[GQMQJH _>a XH E[ZdHkdH JY[dQ[ZZHX} Hd _[eaa>QHZd QZGeQaH eZ 

DQ>Qb G>Zb X~HZE[G>OH YZJbQ`eH GH X~QZM[aY>dQ[Z Z[EQEH_dQiH\ 

 

 3>aYQ d[edHb XHb Y[GeX>dQ[Zb `eH Z[eb iHZ[Zb GH _aJbHZdHa} eZH aJOQ[Z aHiQHZd GH Y>ZQIaH 

aJEeaaHZdH ’ XH <JNP>T <DIBQG9DN>\ %Z HMMHd} QX Hbd QY_XQ`eJ G>Zb X> _HaEH_dQ[Z GHb JY[dQ[Zb bQY_XHb 

Hd GH X> G[eXHea `eHXXH `eH b[Qd b> X[E>XQb>dQ[Z bea XH E[a_b “_[ea aHieH ’ 9[Od} ”‚‚‰« Hd EHXXHb§EQ 

QZdHa>OQbbHZd HZ GQMMJaHZdHb X[E>XQb>dQ[Zb GH EH E[adHk “ADBQN> u«\ .H E[adHk EQZOeX>QaH Hbd QY_XQ`eJ 

G>Zb da[Qb _aQZEQ_>ek >b_HEdb Ge da>QdHYHZd GH X> G[eXHea ’ X> _Hea Hd X~JiQdHYHZd HZO>OHZd XH 

>/##} Xfl[aQHZd>dQ[Z Ge E[a_b HZ aJ_[ZbH ? GHb bdQYeXQ G[eX[eaHek HZO>OH XH _/## Hd G3## `eQ 

b[Zd GHek aJOQ[Zb OJZJa>XHYHZd QY_XQ`eJHb G>Zb X> _X>ZQMQE>dQ[Z Y[daQEH Hd `eQ [Zd _He 

GflQY_XQE>dQ[Z G>Zb X> bHZb>dQ[Z\ .> _>adQH beDOJZe>XH GH X~!## “b!##« `e>Zd ? HXXH Hbd >EdQiJH _>a 

GHb bdQYeX>dQ[Zb GH X> _H>e Hd GHb iQbEIaHb >QZbQ `eH G>Zb X> daQbdHbbH} b[Z >EdQi>dQ[Z GJ_HZGa>Qd 

_Xed]d GH X~Jd>d QZdHaZH Ge beVHd\ .H GJb>OaJYHZd HZO>OH XH _!## ’ X~>eOYHZd>dQ[Z GH X> 

GJ_X>Qb>ZEH >eOYHZdH X~>EdQiQdJ G>Zb EHddH aJOQ[Z\ .H _!## Hbd JO>XHYHZd QY_XQ`eJ G>Zb X~HMMHd 

_X>EHD[} X~>Z>XOJbQH [_Q[TGH} Hd X> _HaEH_dQ[Z GH X> V[QH\ .~QY_XQE>dQ[Z Ge E[adHk EQZOeX>QaH G>Zb GH 

YeXdQ_XHb >b_HEdb GH X> G[eXHea Hd GHb JY[dQ[Zb Z[eb HZO>OH G[ZE ? JdeGQHa EHddH aJOQ[Z GH 

Y>ZQIaH _Xeb >ddHZdQiH G>Zb XHb Y[GeX>dQ[Zb `eH Z[eb >XX[Zb edQXQbHa Y>Qb >ebbQ G>Zb X~JdeGH GH b> 

aJ_[ZbH PJY[GlZ>YQ`eH ? X> G[eXHea\  

  



 …‚ 

 
Figure 6 : Représentation des émotions sur le cortex cingulaire (Vogt, 2005). 
A partir de plusieurs études, sont représentés les pics d’activation pour les 
différents types d’émotions. aMCC : anterior midcingulate cortex, dPCC : dorsal 
posterior cingulate cortex, pACC : pregenual anterior cingulate cortex, pMCC :
posterior MCC, sACC : subgenual ACC, vPCC : ventral PCC.  

 

 $>Zb XH <C9LDPN> r} Z[daH da>i>QX E[ZbQbdHa> ? HZiQb>OHa XHb Y[GeX>dQ[Zb GH X> _HaEH_dQ[Z 

G[eX[eaHebH Hd GHb E>adHb G~>EdQi>dQ[Z EJaJDa>XH _>a GHek dl_Hb GH Y[GeX>dHeab GH EHddH 

_HaEH_dQ[Z\ $>Zb X> E[ZdQZeQdJ GHb JdeGHb bea X> Y[GeX>dQ[Z JY[dQ[ZZHXXH GH X> G[eXHea Hd 

_>adQEeXQIaHYHZd GHb JdeGHb GH (\ )[GQZP[} G9 LN>HD?N> Y[GeX>dQ[Z iQbH ? JdeGQHa HZ M/5+ X~HMMHd 

G~eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM bea X~QZdHZbQdJ _HaFeH HZ aJ_[ZbH ? eZH bdQYeX>dQ[Z dPHaYQ`eH 

G[eX[eaHebH [e Z[Z\ $H X> YKYH Y>ZQIaH `eH G>Zb XHb JdeGHb _aJEJGHZdHb} Z[eb M>Qb[Zb 

X~Pl_[dPIbH `eH X> G[eXHea _HaFeH bHa> _Xeb QY_[ad>ZdH G>Zb XH E[ZdHkdH JY[dQ[ZZHX ZJO>dQM `eH 

G>Zb XH E[ZdHkdH ZHedaH Hd `e~QX bHa> _[bbQDXH GH GQbb[EQHa X~QY_XQE>dQ[Z GH X> E[Y_[b>ZdH 

JY[dQ[ZZHXXH GH EHXXH GH X> E[Y_[b>ZdH bHZb[aQHXXH\ .9 O><JI=>} dHZG ? >__a[EPHa X~HMMHd `eH _Hed 

>i[Qa X> GeaJH GH bdQYeX>dQ[Z bea X> _HaEH_dQ[Z G[eX[eaHebH\ %Z HMMHd} daIb _He G~JdeGHb _[adHZd bea 

X~QZMXeHZEH GH X> _HaEH_dQ[Z GH X> GeaJH G>Zb eZH bQde>dQ[Z G[eX[eaHebH Hd HZE[aH Y[QZb bea X> 

M>F[Z G[Zd X> _HaEH_dQ[Z GH X> G[eXHea _Hed KdaH QZMXeHZEJH _>a X> _HaEH_dQ[Z GH X> GeaJH\ 

 .> _HaEH_dQ[Z Ge dHY_b > DH>eE[e_ JdJ JdeGQJH “HZ _>adQEeXQHa _[ea GHb QZdHai>XXHb GH dHY_b 

E[eadb} GH _XebQHeab EHZd>QZHb GH YQXXQbHE[ZGHb« Hd QX > JdJ YQb HZ JiQGHZEH `eH _XebQHeab aJOQ[Zb 

E[adQE>XHb dHXXHb `eH XHb E[adHk _>aQJd>X} _aJY[dHea} _aJMa[Zd>X Hd QZbeX>QaH} Hd b[eb E[adQE>XHb dHXXHb 

`eH XHb O>ZOXQ[Zb GH X> D>bH Hd XH EHaiHXHd b[Zd QY_XQ`eJHb G>Zb XH da>QdHYHZd GHb QZM[aY>dQ[Zb 

dHY_[aHXXHb “_[ea aHieH i[Qa 5eDQ> Hd 6YQdP} ”‚‚…«\ .H a]XH GH X~QZbeX> G>Zb EH da>QdHYHZd > JdJ 

GQbEedJ ’ X~QZbeX> >ZdJaQHeaH >ea>Qd _Xed]d eZ a]XH G>Zb X> E[Y_>a>Qb[Z G~QZdHai>XXHb “-[bQXX[ Hd 

6YQdP} ”‚„‚«} d>ZGQb `eH X~QZbeX> _[bdJaQHeaH >ea>Qd eZ a]XH G>Zb X> _HaEH_dQ[Z Ge _>bb>OH Ge 

dHY_b “:QddY>Z Hd >X\} ”‚„‚«\ #[Zda>QaHYHZd ? EH `eQ Jd>Qd >GYQb QX l > `eHX`eHb >ZZJHb} [Z _>aXH 



 …„ 

Y>QZdHZ>Zd G~eZ £ aJbH>e EJaJDa>X GQbdaQDeJ ⁄ QY_XQ`eJ G>Zb X> _HaEH_dQ[Z Ge dHY_b G[Zd 

X~>EdQi>dQ[Z GJ_HZGa>Qd GH X> dAEPH} GH X> Y[G>XQdJ bHZb[aQHXXH Hd GH X> GeaJH GH X~QZdHai>XXH 

dHY_[aHX “"eHdQ} ”‚„„«\ #H `eQ QY_XQ`eHa>Qd `e~eZH GQbd[abQ[Z Ge dHY_b ZH bHa>Qd _>b X> YKYH HZ 

M[ZEdQ[Z GH X> Y[G>XQdJ G>Zb X>`eHXXH HXXH bH V[eH\ 3>a HkHY_XH} XHb JY[dQ[Zb ZJO>dQiHb “E[YYH X> 

E[XIaH [e X> _Hea« HZda>SZHZd eZH beaHbdQY>dQ[Z Ge dHY_b “QZdHai>XXH _HaFe E[YYH _Xeb X[ZO« `eH 

XHb JY[dQ[Zb _[bQdQiHb “E[YYH X> V[QH« “$a[Qd§9[XHd Hd )QX} ”‚‚¯ ̃ $a[Qd§9[XHd Hd /HEW} ”‚‚́ ̃ 

7Q__XHb Hd >X\} ”‚‚̂«\ 

 .> _HaEH_dQ[Z Ge dHY_b X[ab G~eZH bdQYeX>dQ[Z G[eX[eaHebH > _He JdJ JdeGQJH} Y>Qb eZH 

Hk_JaQHZEH GH =KH>bLN?OOKN P?OP HZ „¯¯» > Y[ZdaJ `eH XH M>Qd G~>i[Qa Y>X HZda>SZH eZH b[eb§

HbdQY>dQ[Z Ge dHY_b “XHb beVHdb _HZbHZd `eH Y[QZb GH dHY_b Hbd _>bbJ `e~HZ aJ>XQdJ} QXb b[Zd 

HZMHaYJb G>Zb eZ _aJbHZd `eQ GeaH} XH dHY_b XHea bHYDXH GeaHa _Xeb X[ZOdHY_b} *HXXbda^Y Hd 

#>aXbb[Z} „¯¯́ ̃ 7P[aZ Hd *>ZbHXX} „¯¯»«\ #Hd HMMHd _Hed KdaH GQYQZeJ X[ab`eH X~[Z G[ZZH >ek beVHdb 

eZH GeaJH EQDXH ? >ddHQZGaH\ $H _Xeb} G[ZZHa GHb QZM[aY>dQ[Zb dHY_[aHXXHb _HZG>Zd X~Hk_JaQHZEH 

G[eX[eaHebH GQYQZeH X~QZdHZbQdJ Hd X> GJ_X>Qb>ZEH GH X> G[eXHea} EHX> > JdJ Y[ZdaJ EPHm GHb 

HZM>Zdb b[eYQb >e =KH>bLN?OOKN P?OP ̃ GH X> YKYH Y>ZQIaH `eH XHb GHZdQbdHb _HeiHZd G[ZZHa GHb 

QZGQE>dQ[Zb bea XH GJDed} X> GeaJH Hd X> MQZ GHb >EdHb _[ea >QGHa XHb HZM>Zd ? be__[adHa X> G[eXHea 

“#[XGjHXX Hd >X\} ”‚‚”«\ 

 %Z _>ad>Zd Ge _aQZEQ_H `eH X> GeaJH aJHXXH G~eZH bdQYeX>dQ[Z dPHaYQ`eH > eZH QZMXeHZEH bea 

X~QZdHZbQdJ GH X> G[eXHea _HaFeH} _[ea GHb dHY_Ja>deaHb JXHiJHb “-[l>Y> Hd >X\} ”‚‚… X~[Zd Y[ZdaJ 

_[ea eZH dHY_Ja>deaH GH …¯·#«} X~[DVHEdQM GH EHddH bHE[ZGH JdeGH GH Y[GeX>dQ[Z Hbd GH dHZdHa GH 

Y[GeXHa X~QZdHZbQdJ G[eX[eaHebH HZ M>Qb>Zd i>aQHa X~HbdQY>dQ[Z GH X> GeaJH GH bdQYeX>dQ[Z OaAEH ? 

eZ XHeaaH Hd G~HZ JdeGQHa XH beDbda>d ZHea[Z>X\ 0[eb M>Qb[Zb G[ZE X~Pl_[dPIbH `eH X[ab`eH XHb 

beVHdb _HZbHZd KdaH b[eYQb ? GHb bdQYeX>dQ[Zb £ X[ZOeHb ⁄ X> _HaEH_dQ[Z G[eX[eaHebH bHa> _Xeb 

QZdHZbH `eH X[ab`eH XHb beVHdb _HZbHZd KdaH b[eYQb ? GHb bdQYeX>dQ[Zb £ E[eadHb ⁄ Hd `eH EHddH 

Y[GeX>dQ[Z bHa> be__[adJH _>a XHb aJOQ[Zb bHZb[aQHXXHb E[G>Zd X> _HaEH_dQ[Z G[eX[eaHebH\ 
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q_s /@PCJ=JGJBD> 

q_s_p .>O =DAA@N>IPO PUL>O => OPDHQG9PDJIO IJ<D<>LPDR>O QPDGDO@>O 

.H PC>NHJP>OP Hbd eZ >__>aHQX E[ea>YYHZd edQXQbJ HZ EXQZQ`eH} _HaYHdd>Zd GH EaJHa eZH 

G[eXHea dPHaYQ`eH OaAEH ? eZH dPHaY[GH “ADBQN> v«\ .> dPHaY[GH GH d>QXXH »‚ k »‚ YY Hd eZ 

JXJYHZd 3HXdQHa `eQ bH MQkH bea X> _H>e Ge beVHd\ 8Z [aGQZ>dHea _HaYHd GH E[Zda]XHa X> dHY_Ja>deaH 

GJXQiaJH} `eQ _Hed >XXHa GH ‚ ? ‰‚·#\ .Hb i>aQ>dQ[Zb GH dHY_Ja>deaH _a[Oa>YY>DXHb ZH b[Zd _>b daIb 

a>_QGHb} Y>Qb _HaYHddHZd GH M>QaH GHb bdQYeX>dQ[Zb _a[X[ZOJHb\ .~QZE[ZiJZQHZd GH EHd >__>aHQX GH 

bdQYeX>dQ[Z Hbd `e~QX >EdQiH E[ZV[QZdHYHZd >ek MQDaHb !w Hd #} XHb MQDaHb !v E>a QX ZJEHbbQdH eZ 

E[Zd>Ed Eed>ZJ\ 

 
Figure 7 : Le thermotest®, Medoc TSA-2001, Israël. 

 
.H G9O>N _HaYHd OaAEH ? X~JYQbbQ[Z G~eZ a>l[ZZHYHZd QZMa>a[eOH E[ZGeQd _>a eZH MQDaH 

[_dQ`eH} GH bdQYeXHa XHb MQDaHb !w Hd # b>Zb bdQYeXHa XHb MQDaHb !v E>a QX ZH ZJEHbbQdH _>b GH E[Zd>Ed 

Eed>ZJ “ADBQN> w«\ +X _HaYHd GH bdQYeXHa eZH aJOQ[Z aHbdaHQZdH GH X> _H>e} _[ea eZH GeaJH daIb 

DaIiH “GH X~[aGaH GH _XebQHeab YQXXQbHE[ZGHb« E>a X~JXJi>dQ[Z GH X> dHY_Ja>deaH Hbd HkdaKYHYHZd 

a>_QGH\ .> bHZb>dQ[Z Ji[`eJH Hbd eZH bHZb>dQ[Z GH _Q`gaH “E[aaHb_[ZG>Zd ? X~>EdQi>dQ[Z GHb MQDaHb 

!w« Hdƒ[e eZH bHZb>dQ[Z GH DagXeaH GQMMebH “E[aaHb_[ZG>Zd ? X~>EdQi>dQ[Z GHb MQDaHb #«\ 3Xeb X> 

X[ZOeHea G~[ZGH Ge X>bHa bHa> E[eadH} _Xeb X~>Db[a_dQ[Z GH X~JZHaOQH bH MHa> HZ _a[M[ZGHea G>Zb X> 

_H>e\ 0[eb >i[Zb edQXQbJ eZ X>bHa 0G’<!3 “0J[GlYH’<ddaQeY§!XeYQZQeY§3Ja[ibWQdH« _[bbJG>Zd eZH 

X[ZOeHea G~[ZGH GH „\»… yY} _HaYHdd>Zd GH bdQYeXHa XHb MQDaHb !w Hd # >iHE eZH M>QDXH `e>ZdQdJ 

G~JZHaOQH\ 

 
Figure 8 : Le laser Nd:YAP, ElEn Group. 
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q_s_q .>O LJP>IPD>GO @RJMQ@O >P Ga%%) 

.flJXHEda[§HZEJ_P>X[Oa>_PQH “%%)« HZaHOQbdaH X~>EdQiQdJ JXHEdaQ`eH blZEPa[ZH GH YQXXQHab [e GH 

YQXXQ[Zb GH ZHea[ZHb `eQ [Zd X> YKYH [aQHZd>dQ[Z b_>dQ>XH} HXXH Hbd HZaHOQbdaJH _>a GH YeXdQ_XHb 

JXHEda[GHb ? X> beaM>EH Ge EaAZH “ADBQN> x«\ .~%%) GH beaM>EH aH_aJbHZdH _aQZEQ_>XHYHZd X~>EdQiQdJ 

GHb ZHea[ZHb E[adQE>ek _a[EPHb GHb JXHEda[GHb} _>a E[ZbJ`eHZd XHb bdaeEdeaHb EJaJDa>XHb 

_a[M[ZGHb E[YYH X~PQ__[E>Y_H} XH dP>X>Yeb [e XH da[ZE EJaJDa>X ZH E[ZdaQDeHZd _>b GQaHEdHYHZd 

>e bQOZ>X %%)\ 

.Hb _[dHZdQHXb Ji[`eJb E[ZbQbdHZd HZ eZ Y[lHZZ>OH GH X~>EdQiQdJ %%) HZaHOQbdaJH HZ aJ_[ZbH 

? eZH bdQYeX>dQ[Z\ #H Y[lHZZ>OH bH M>Qd _>a a>__[ad >e GJDed GH EP>`eH bdQYeX>dQ[Z Hd _HaYHd 

G~>eOYHZdHa XH a>__[ad bQOZ>X bea DaeQd >MQZ GH iQbe>XQbHa X~>EdQiQdJ blZEPa[ZQbJH E[aaHb_[ZG>Zd ? X> 

bdQYeX>dQ[Z GHb MQDaHb Z[EQEH_dQiHb HZ _JaQ_PJaQH} G>Zb XH E>b GHb _[dHZdQHXb Ji[`eJb X>bHa\ 

 
Figure 9 : Casque d’EEG. 

 

q_s_r .a+3/ AJI<PDJII>GG> 

.~QY>OHaQH _>a aJb[Z>ZEH Y>OZJdQ`eH M[ZEdQ[ZZHXXH edQXQbH XHb _a[_aQJdJb Y>OZJdQ`eHb GHb 

_a[d[Zb E[ZdHZeb G>Zb XHb dQbbeb DQ[X[OQ`eHb “HZ _>adQEeXQHa X~H>e Hd X> Oa>QbbH«\ .Hb _a[d[Zb b[Zd 

b[eYQb ? eZ EP>Y_ Y>OZJdQ`eH bd>dQ`eH Hd HkEQdJb _>a eZH [ZGH a>GQ[MaJ`eHZEH\ .H bQOZ>X GJdHEdJ 

HZ +5/ Hbd EHXeQ `eQ Hbd XQDJaJ X[ab Ge aHd[ea ? X~J`eQXQDaH “_PJZ[YIZH GH aHX>k>dQ[Z«\ +X l > 

_XebQHeab _PJZ[YIZHb GH aHX>k>dQ[Z} EHXeQ edQXQbJ HZ M/5+ Hbd >__HXJ 7”fi Hd E[aaHb_[ZG ? X> 

aHX>k>dQ[Z da>ZbiHab>XH} `eQ _aHZG HZ E[Y_dH XHb QZP[Y[OJZJQdJb GH EP>Y_ EaJJHb _>a XHb 

i>aQ>dQ[Zb GH X> _HaMebQ[Z b>ZOeQZH EJaJDa>XH\  

 .> dHEPZQ`eH G~+5/ M[ZEdQ[ZZHXXH edQXQbH X> aJ_[ZbH "1.$ “<HKK>bKTUC?JbH?R?H >?L?J>?JP« 

E[YYH YHbeaH QZGQaHEdH GH X~>EdQiQdJ ZHea[Z>XH\ %Z HMMHd} QX HkQbdH eZ E[e_X>OH HZdaH XH GJDQd 

b>ZOeQZ EJaJDa>X “#"(« Hd X~>EdQiQdJ ZHea[Z>XH “_Xeb X~>EdQiQdJ ZHea[Z>XH >eOYHZdH} _Xeb XH #"( 

>eOYHZdH« Hd eZ GJE[e_X>OH HZdaH XH #"( Hd X> E[Zb[YY>dQ[Z G~[klOIZH “>__HXJ Pl_HaPJYQH 

M[ZEdQ[ZZHXXH«\ $[ZE `e>ZG X~>EdQiQdJ ZHea[Z>XH >eOYHZdH} X~>eOYHZd>dQ[Z Ge #"( >bb[EQJH Hbd 

_Xeb QY_[ad>ZdH `eH X> E[Zb[YY>dQ[Z G~[klOIZH ’ XH b>ZO Hbd da[_ [klOJZJ} EH `eQ E[aaHb_[ZG ? 

 eZH GQYQZedQ[Z GH X> E[ZEHZda>dQ[Z HZ GJb[klPJY[OX[DQZH “G*D«\ .> G*D Hbd edQXQbJH QEQ E[YYH 

da>EHea HZG[OIZH E>a HXXH Hbd _>a>Y>OZJdQ`eH} G[ZE EaJH GHb QZP[Y[OJZJQdJb X[E>XHb G>Zb XH 



 …… 

EP>Y_ Y>OZJdQ`eH\ .> GQYQZedQ[Z GH b> E[ZEHZda>dQ[Z GQYQZeH XHb QZP[Y[OJZJQdJb} G[ZE 

>eOYHZdH X~QZdHZbQdJ Ge bQOZ>X 7”fi\ .> aJ_[ZbH PJY[GlZ>YQ`eH GeH ? X~HMMHd "1.$ _aJbHZdH eZ 

aHd>aG GH ‰ ? ̂ b bea XH bdQYeXeb _aJbHZdJ Hd GeaH eZH iQZOd>QZH GH bHE[ZGHb >e d[d>X\ 

 
Figure 10 : Le scanner IRM 3T. 

 

29N9H?PN>O =a9<MQDODPDJI 

 .~?=DKbLH:J:N EI:CEJC “%3+« _HaYHd G~>E`eJaQa GHb QY>OHb GH X> GQbdaQDedQ[Z GH X> G*D G>Zb 

X~HZbHYDXH Ge EHaiH>e bea _XebQHeab E[e_Hb} HZ `eHX`eHb bHE[ZGHb\ .H a>__[ad bQOZ>X bea DaeQd 

“605« GH EHb QY>OHb _Hed KdaH Y[GQMQJ _>a _XebQHeab M>EdHeab} `eQ bHa[Zd Y>ZQ_eXJb G>Zb X~JdeGH 

Z·» “#C9LDPN> s« ’ 

§ >eOYHZd>dQ[Z Ge 605 ’ _>a X~>eOYHZd>dQ[Z GH XflJ_>QbbHea GH E[e_H} Y>Qb EHX> >eOYHZdH >ebbQ 

XHb HMMHdb GH i[XeYH _>adQHX ̃ [e _>a X> aJGeEdQ[Z GH X> d>QXXH GH X> Y>daQEH “Hb_>EH [f b[Zd 

HZaHOQbdaJb XHb G[ZZJHb« b>Zb Y[GQMQHa XH ([9 “&E?H> KB 6E?S} Hb_>EH iQbe>XQbJ«} Y>Qb EHX> 

GQYQZeH X> aJb[XedQ[Z b_>dQ>XH “d>QXXH Ge i[kHX} ADBQN> pp«} >QZbQ `eH XH dHY_b ZJEHbb>QaH ? 

X~>E`eQbQdQ[Z 

§ GQYQZedQ[Z Ge 605 ’ _>a aJGeEdQ[Z Ge ([9 b>Zb Y[GQMQHa X> d>QXXH GH X> Y>daQEH G~>E`eQbQdQ[Z} EH 

`eQ _HaYHd G~>YJXQ[aHa X> aJb[XedQ[Z b_>dQ>XH ̃ [e _>a aJGeEdQ[Z Ge ([9 Hd GH X> d>QXXH GH X> 

Y>daQEH HZ O>aG>Zd X> YKYH aJb[XedQ[Z b_>dQ>XH} EHX> _HaYHd GH GQYQZeHa XH dHY_b ZJEHbb>QaH 

? X~>E`eQbQdQ[Z} Y>Qb XH ([9 ZH G[Qd _>b KdaH _Xeb _HdQd `eH X> d>QXXH GH X> dKdH “>MQZ G~JiQdHa GHb 

HMMHdb GH aH_XQHYHZd«\ 

Figure 11 : Le voxel. 
Pixel en volume (3D). C’est le plus petit volume 
mesuré en fMRI. 
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q_s_s .> PN9DP>H>IP =>O DH9B>O AJI<PDJII>GG>O  

.> GJBD<D>G 42/ 

 #[Zda>QaHYHZd >ek QY>OHb >Z>d[YQ`eHb} XHb QY>OHb M[ZEdQ[ZZHXXHb ZJEHbbQdHZd G~KdaH 

>Z>XlbJHb >MQZ GH _[ei[Qa KdaH QZdHa_aJdJHb} E~Hbd§?§GQaH >MQZ GH _[ei[Qa GQaH `e~eZH m[ZH Hbd 

£ >EdQiJH ⁄ [e Z[Z G>Zb eZ Oa[e_H Hd _[ea eZH dAEPH G[ZZJH\ .H X[OQEQHX XH _Xeb E[ea>YYHZd 

edQXQbJ Hbd XH X[OQEQHX 63/ “3P:PEOPE=:H 0:N:I?PNE= -:LLEJC} :HXXE[YH 7aebd #HZdaH M[a 

0Hea[QY>OQZO} .[ZG[Z«} G>Zb EH dl_H G~>Z>XlbH} X> i>XHea GH EP>`eH i[kHX Hbd eZH bd>dQbdQ`eH `eQ 

Hk_aQYH X~QGJH GH X~Pl_[dPIbH ZeXXH “*‚ ’ >DbHZEH G~>EdQi>dQ[Z QZGeQdH Hk_JaQYHZd>XHYHZd« _[ea 

EP>`eH i[kHX\ .Hb E>adHb bd>dQbdQ`eHb “30-O« aJMIaHZd G[ZE ? X> E[ZbdaeEdQ[Z GH _a[EHbbeb 

bd>dQbdQ`eHb b_>dQ>XHYHZd JdHZGeb _HaYHdd>Zd GH dHbdHa GHb Pl_[dPIbHb bea GHb HMMHdb b_JEQMQ`eHb 

aJOQ[Z>ek\ 8ZH bJ`eHZEH GH _aJ§da>QdHYHZdb Hd da>QdHYHZdb EX>bbQ`eHb GH 63/} edQXQb>Zd XH Y[GIXH 

XQZJ>QaH OJZJa>X E[Y_[adH _XebQHeab Jd>_Hb `eQ i[Zd KdaH GJEaQdHb “3JXJOaQZQ§+bb>E Hd >X\} ”‚‚¿} 

ADBQN> pq«\ 

 .[ab G~eZH >E`eQbQdQ[Z M[ZEdQ[ZZHXXH} XHb GQMMJaHZdHb E[e_Hb G~eZ YKYH i[XeYH ZH b[Zd _>b 

>E`eQbHb bQYeXd>ZJYHZd} Y>Qb beEEHbbQiHYHZd “HZ Y[GH bJ`eHZdQHX [e HZ Y[GH HZdaHX>EJ« 

_HZG>Zd eZH GeaJH JO>XH >e dHY_b GH aJ_JdQdQ[Z “75«\ 3>a HkHY_XH} >iHE eZ 75 JO>X ? ” b Hd eZH 

>E`eQbQdQ[Z [f XHb E[e_Hb b[Zd >E`eQbHb Ge D>b iHab XH P>ed Ge EHaiH>e} X> E[e_H X> _Xeb P>edH Hbd 

blbdJY>dQ`eHYHZd >E`eQbH ” b >_aIb X> E[e_H X> _Xeb D>bbH\ .H OGD<> PDHDIB _HaYHd G[ZE GH 

_aHZGaH HZ E[Y_dH EH GJE>X>OH HZ M>Qb>Zd eZH QZdHa_[X>dQ[Z dHY_[aHXXH} `eQ E[ZbQbdH ? 

£ a>YHZHa ⁄ X~QZbd>Zd G~>E`eQbQdQ[Z GH d[edHb XHb E[e_Hb ? eZ QZbd>Zd E[YYeZ “E[aaHb_[ZG>Zd ? X> 

E[e_H GH aJMJaHZEH«\ .[ab GHb >Z>XlbHb bd>dQbdQ`eHb} [Z E[ZbQGJaHa> HZbeQdH `eH d[edHb XHb E[e_Hb 

Ge i[XeYH [Zd JdJ >E`eQbHb bQYeXd>ZJYHZd\  

 .> <JNN><PDJI =>O 9NP>A9<PO =QO 9QT HJQR>H>IPO GH X> dKdH Ge beVHd} QZJiQd>DXHb _HZG>Zd 

eZH >E`eQbQdQ[Z `eQ _Hed GeaHa _XebQHeab GQm>QZHb GH YQZedHb} Hbd ZJEHbb>QaH _[ea ZH _>b >i[Qa GH 

M>ek _[bQdQMb >__>a>Qbb>Zd dl_Q`eHYHZd ? X> _JaQ_PJaQH Ge EHaiH>e\ .H _aQZEQ_H Ge aHE>X>OH E[ZbQbdH 

? EP[QbQa eZH QY>OH GH aJMJaHZEH >e bHQZ GH X> bJaQH dHY_[aHXXH >E`eQbH} Hd ? E[aaQOHa XH 

GJ_X>EHYHZd GHb >edaHb QY>OHb GH X> bJaQH _>a a>__[ad ? EHddH QY>OH GH aJMJaHZEH\ .H 

GJ_X>EHYHZd Hbd be__[bJ aQOQGH} E~Hbd§?§GQaH E[Y_[bJ eZQ`eHYHZd GH a[d>dQ[Zb Hd GH da>ZbX>dQ[Zb\ 

!iHE 63/} XHb QY>OHb M[ZEdQ[ZZHXXHb GH EP>`eH beVHd b[Zd aHE>XJHb ? GHek ZQiH>ek ’ ? X~QZdJaQHea GH 

EP>`eH bJaQH >E`eQbH Hd HZdaH XHb GQMMJaHZdHb bJaQHb >E`eQbHb _[ea EH beVHd\  

 .> O>BH>IP9PDJI _HaYHd GH EaJHa} ? _>adQa G~eZH bHeXH QY>OH} eZH QY>OH GH X> Y>dQIaH 

DX>ZEPH} eZH QY>OH GH X> Y>dQIaH OaQbH Hd eZH QY>OH Ge XQ`eQGH EJ_P>X[§a>EPQGQHZ\ +X Hbd _[bbQDXH 

G~edQXQbHa XHb _>a>YIdaHb GH EHb QY>OHb _[ea >YJXQ[aHa X> `e>XQdJ GH X> Z[aY>XQb>dQ[Z\  

 .> IJNH9GDO9PDJI OL9PD9G> _HaYHd GH YHddaH d[edHb XHb QY>OHb >Z>d[YQ`eHb Hd 

M[ZEdQ[ZZHXXHb GH d[eb XHb beVHdb G>Zb eZ Hb_>EH E[YYeZ ’ X~Hb_>EH /0+ “-KJPN?:H .?QNKHKCE=:H 



 …¿ 

 

 

 
Figure 12 : Séquence de pré-traitements et traitement des données de fMRI dans SPM 
(SPM courses oct. 2009, Wellcome Trust Centre for Neuroimaging). 
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)JOPEPQP?«\ #H `eQ _HaYHdda> GH GJdHaYQZHa XHb E[[aG[ZZJHb GHb m[ZHb >EdQiJHb G>Zb eZ aH_IaH 

E[YYeZ} Hd G[ZE GH E[Y_>aHa GHb >EdQi>dQ[Zb HZdaH XHb GQMMJaHZdb beVHdb HZ E[Zd[eaZ>Zd XHb 

_a[DXIYHb _[bJb _>a X> i>aQ>DQXQdJ >Z>d[Y[§M[ZEdQ[ZZHXXH QZdHaQZGQiQGeHXXH} ZJEHbb>QaH _[ea XHb 

JdeGHb GH Oa[e_H\ 

 .H GDOO9B> OL9PD9G GHb G[ZZJHb _HaYHd GH £ E[Zd[eaZHa ⁄ XHb _a[DXIYHb GH E[aaJX>dQ[Z 

b_>dQ>XH} Z[d>YYHZd >e Y[YHZd GH X~Jd>_H GH bHeQXX>OH GHb E>adHb G~>EdQi>dQ[Z\ %Z HMMHd} XHb 

G[ZZJHb G~+5/ M[ZEdQ[ZZHXXH _aJbHZdHZd GHb E[aaJX>dQ[Zb b_>dQ>XHb} E~Hbd§?§GQaH `eH XH bQOZ>X >E`eQb 

G>Zb eZ i[kHX G[ZZJ Z~Hbd _>b QZGJ_HZG>Zd Ge bQOZ>X >E`eQb G>Zb XHb i[kHXb i[QbQZb\ .Hb 

E>a>EdJaQbdQ`eHb GH EHb E[aaJX>dQ[Zb b_>dQ>XHb b[Zd GQMMQEQXHb ? HbdQYHa\ .Hb G[ZZJHb b[Zd XQbbJHb 

>iHE eZ MQXdaH _>bbH§D>b “`eQ E[e_H XHb P>edHb MaJ`eHZEHb« GH M>F[Z ? EH `eH} G>Zb XHb QY>OHb 

XQbbJHb} XHb E>a>EdJaQbdQ`eHb GHb E[aaJX>dQ[Zb b_>dQ>XHb b[QHZd E[ZZeHb Hd QY_[bJHb _>a XHb 

_a[_aQJdJb Ge MQXdaH edQXQbJ “)>ebbQHZ XH _Xeb b[eiHZd«\  

.H N><9G9B> => GaDH9B> 9I9PJHDMQ> 9R>< G>O DH9B>O AJI<PDJII>GG>O “=KN?CEOP?N« _HaYHd GH 

YHddaH HZ E[aaHb_[ZG>ZEH GHb QY>OHb QbbeHb G~eZH YKYH Y[G>XQdJ} [e GHb QY>OHb QbbeHb GH 

Y[G>XQdJb GQMMJaHZdHb\ 7l_Q`eHYHZd} [Z X~edQXQbH _[ea aHE>XHa XHb QY>OHb M[ZEdQ[ZZHXXHb Hd X~QY>OH 

>Z>d[YQ`eH G~eZ YKYH beVHd\ 

 

 .~9I9GUO> OP9PDOPDMQ> E[Y_aHZG _XebQHeab Jd>_Hb ’ X> b_JEQMQE>dQ[Z Ge Y[GIXH} [f [Z >bb[EQH 

? EP>`eH E[ZGQdQ[Z Hk_JaQYHZd>XH eZ “[e _XebQHeab« aJOaHbbHeab `eQ GJEaQiHZd X> M[aYH dPJ[aQ`eH 

GHb i>aQ>dQ[Zb Ge bQOZ>X M/5+ >bb[EQJ ? EHddH E[ZGQdQ[Z\ 3eQb} X~HbdQY>dQ[Z GHb _>a>YIdaHb Ge 

Y[GIXH _[ea EP>EeZ GHb aJOaHbbHeab} GH b[adH `eH XH Y[GIXH £ Y[GJXQbH >e YQHek XHb G[ZZJHb ⁄ 

[e} HZ dHaYHb Y>dPJY>dQ`eHb} `eH X> i>aQ>ZEH GH X~HaaHea aJbQGeHXXH b[Qd YQZQY>XH\ %ZbeQdH} X> 

GJMQZQdQ[Z Hd X~HbdQY>dQ[Z GH E[Zda>bdHb _HaYHddHZd} _>a GHb dHbdb bd>dQbdQ`eHb HMMHEdeJb bea XHb 

i>XHeab GHb _>a>YIdaHb v} G~JdeGQHa X~QZMXeHZEH GHb GQMMJaHZdHb E[ZGQdQ[Zb bea XHb i>aQ>dQ[Zb Ge 

bQOZ>X "1.$\  

 .Hb <JIPN9OP>O 5 _HaYHddHZd GH dHbdHa} G>Zb EP>`eH i[kHX Ge EHaiH>e “? X~QZdJaQHea Ge 

Y>b`eH G~>Z>XlbH« bQ X~>EdQi>dQ[Z >bb[EQJH ? eZH E[ZGQdQ[Z G[ZZJH Hbd _Xeb Oa>ZGH `eH EHXXH 

>bb[EQJH ? eZH >edaH E[ZGQdQ[Z ̃ [e bQ X~>EdQi>dQ[Z >bb[EQJH ? eZ Oa[e_H GH E[ZGQdQ[Zb Hbd _Xeb 

Oa>ZGH `eH EHXXH >bb[EQJH ? eZ >edaH Oa[e_H\  

 .Hb <JIPN9OP>O ( _HaYHddHZd GH dHbdHa _XebQHeab aJOaHbbHeab ? X> M[Qb} _>a HkHY_XH _[ea 

dHbdHa X~QZdHa>EdQ[Z HZdaH GQMMJaHZdb aJOaHbbHeab [e eZ HMMHd G~QZdJaKd YHdd>Zd HZ VHe _XebQHeab 

E[ZGQdQ[Zb\ .Hb E[Zda>bdHb ( _HaYHddHZd GH Y[ZdaHa `eH XHb >EdQi>dQ[Zb >bb[EQJHb ? GHek E[ZGQdQ[Zb 

“[e GHek Oa[e_Hb GH E[ZGQdQ[Zb« b[Zd GQMMJaHZdHb} Y>Qb Z~QZGQ`eHZd _>b XH bHZb GH X> GQMMJaHZEH\  

.~9I9GUO> => BNJQL> : >AA>PO 9G@9PJDN>O “N:J>KIb?BB?=PO :J:HUOEO« b~edQXQbH >_aIb >i[Qa 

HMMHEdeJ GHb >Z>XlbHb QZGQiQGeHXXHb EPHm EP>EeZ GHb beVHdb Ge Oa[e_H\ %XXH b~>__XQ`eH >ek QY>OHb 



 …̂ 

GH E[Zda>bdHb E>XEeXJHb X[ab GHb >Z>XlbHb QZGQiQGeHXXHb\ .~>Z>XlbH ? HMMHdb >XJ>d[QaHb _aHZG HZ 

E[Y_dH ? X> M[Qb X> i>aQ>DQXQdJ QZda>§QZGQiQGeHXXH _eQb`e~HXXH edQXQbH XHb aJbeXd>db Qbbeb G~>Z>XlbHb 

QZGQiQGeHXXHb} Y>Qb >ebbQ X> i>aQ>DQXQdJ QZdHa§QZGQiQGeHXXH\ %XXH _HaYHd G[ZE} HZ dPJ[aQH} G~QZMJaHa GHb 

E[ZEXebQ[Zb OJZJa>XQb>DXHb ? X~HZbHYDXH GH X> _[_eX>dQ[Z GH X>`eHXXH Hbd dQaJ XH Oa[e_H GH beVHdb bea 

XH`eHX Hbd E[ZGeQdH X~JdeGH\  

 

q_s_t .>O GJBD<D>GO 9GP>NI9PDAO LJQN >OPDH>N G9 *3 

.H EP[Qk Ge X[OQEQHX G~>Z>XlbH GHb G[ZZJHb Hbd daIb QY_[ad>Zd E>a QX GJdHaYQZH X> M>F[Z G[Zd 

bHa> Y[GJXQbJH X> aJ_[ZbH PJY[GlZ>YQ`eH\ $>Zb X~[DVHEdQM GH E>a>EdJaQbHa X> aJ_[ZbH "1.$ ? eZH 

bdQYeX>dQ[Z G[eX[eaHebH [e Z[Z} M>QaH XH Y[QZb _[bbQDXH G~: LNEKNE bea XHb G[ZZJHb Hbd XH YQHek\ 

.~edQXQb>dQ[Z GH X> Y[GJXQb>dQ[Z GH dl_H D?IK>UJ:IE= N?OLKJO? BQJ=PEKJ “*5(« E>Z[ZQ`eH Hd 

GJaQiJH dHY_[aHXXH Hbd G>Zb EH E>b X? QZGQ`eJH _[ea eZ GHbQOZ JiIZHYHZdQHX} Y>Qb XHb E[Zda>QZdHb 

bea X> *5( b[Zd daIb M[adHb\ %Z HMMHd} X> *5( E>Z[ZQ`eH `eQ Hbd X> E[YDQZ>Qb[Z GH GHek E[eaDHb 

O>ebbQHZZHb} Hbd GJMQZQH _[ea >ddHQZGaH b[Z Y>kQYeY ? ‰ b\ 0[daH Pl_[dPIbH Jd>Zd `eH X> *5( ? X> 

G[eXHea _Hed KdaH GQMMJaHZdH G~eZH *5( da>GQdQ[ZZHXXH “E>Z[ZQ`eH«} `e~HXXH _Hed E[Y_[adHa eZ [e 

_XebQHeab _QE“b« Hd `eH Z[eb ZH E[ZZ>Qbb[Zb _>b b> GeaJH} Z[eb Z~>i[Zb _>b E[ZbQGJaJ X~[_dQ[Z GH 

EHddH Y[GJXQb>dQ[Z G>Zb XH X[OQEQHX 63/ _[ea =@<NDN> X> *5(\ #~Hbd _[ea`e[Q Z[daH EP[Qk _aHYQHa 

b~Hbd _[adJ bea XH X[OQEQHX LU(2& GJiHX[__J _>a 7\ 9QZEHZd “9QZEHZd Hd >X\} ”‚„‚« OaAEH >ek da>i>ek 

_aJEJGHZdb GH 3\ #QeEQe Hd 6\ />WZQ “#QeEQe Hd >X\} ”‚‚» ̃ />WZQ Hd >X\} ”‚‚‰ ̃ />WZQ Hd >X\} ”‚‚̂«\ #H 

X[OQEQHX _HaYHd GH M>QaH eZH HbdQY>dQ[Z GH X> *5 aJOQ[Z§b_JEQMQ`eH Y>Qb `eQ Hbd QZGJ_HZG>ZdH GH X> 

E[ZGQdQ[Z} >iHE E[YYH : LNEKNE bea X> *5( XH M>Qd `e~HXXH E[YYHZEH Hd bH dHaYQZH ? mJa[ G>Zb X> 

MHZKdaH GH dHY_b EP[QbQH Hd `e~HXXH b[Qd XQbbHƒaJOeXQIaH\ #HddH YJdP[GH `eQ _HaYHd G~>i[Qa eZH daIb 

D[ZZH HbdQY>dQ[Z GH X> *5( Z~> _>b JdJ aHdHZeH E>a HXXH ZH _HaYHd _>b GH E[Y_>aHa XHb E[ZGQdQ[Zb 

G[eX[eaHebH Hd Z[Z§G[eX[eaHebH\  

3XebQHeab >edaHb YJdP[GHb HkQbdHZd _[ea HbdQYHa >e YQHek X> *5 Hd [Zd JdJ E[Y_>aJHb 

“.QZG`eQbd Hd :>OHa} ”‚‚́ ̃ .QZG`eQbd Hd >X\} ”‚‚¯«} X> YJdP[GH GJiHX[__JH _>a EH Oa[e_H “EJR?NO? 

HKCEP BQJ=PEKJO« Hbd YHQXXHeaH `eH X> YJdP[GH OIKKPD &)2 `eQ >aaQiH HZ GHekQIYH _[bQdQ[Z\ %ZbeQdH 

iQHZZHZd XHb dHEPZQ`eHb GH Y[GJXQb>dQ[Z Z[Z§XQZJ>QaH >iHE GHek M[ZEdQ[Zb O>ebbQHZZHb} _eQb X> *5( 

E>Z[ZQ`eH >iHE X> GJaQiJH dHY_[aHXXH Hd HZ GHaZQHa X> *5( E[aaHb_[ZG>Zd ? GHek M[ZEdQ[Zb 

O>ebbQHZZHb G[Zd XHb _>a>YIdaHb b[Zd MQkHb “edQXQbJH G>Zb 63/«\ .Hb GHek YHQXXHeaHb YJdP[GHb 

b[Zd G[ZE EJR?NO? HKCEP BQJ=PEKJO Hd OIKKPD &)2 E>a HXXHb b[Zd E>_>DXHb G~HbdQYHa E[aaHEdHYHZd Hd 

>iHE eZ D[Z _[ei[Qa bd>dQbdQ`eH X> X>dHZEH “PEI?bPKbL?:G«} X> GeaJH “X>aOHea« Hd X~>Y_XQdeGH 

“P>edHea« GH X> aJ_[ZbH PJY[GlZ>YQ`eH\ #Hb YJdP[GHb Z~[Zd _>b JdJ aHdHZeHb E>a HXXHb Z~Jd>QHZd 

_>b QY_XJYHZdJHb G>Zb eZH QZdHaM>EH M>EQXH G~edQXQb>dQ[Z >iHE X> Oa>ZGH `e>ZdQdJ GH G[ZZJHb G[Zd 

Z[eb GQb_[bQ[Zb “? E>ebH GH X> P>edH aJb[XedQ[Z dHY_[aHXXH G~>E`eQbQdQ[Z«\ 0[eb >i[Zb G[ZE EP[QbQ 



 …¯ 

X> YJdP[GH BEJEP? EILQHO? N?OLKJO? “(+5« QY_XJYHZdJH G>Zb 63/ `eQ _HaYHd G~HbdQYHa X> *5 

HZ £ GJE[e_>Zd ⁄ XH bQOZ>X HZ £ Y[aEH>ek ⁄ “PEI? <EJO« GH X> d>QXXH Ge 75 G>Zb eZH MHZKdaH GH 

dHY_b _aJGJMQZQH “”‰ b P>DQdeHXXHYHZd} *HZb[Z} ”‚‚»} ADBQN> pr«\ #HddH >__a[EPH G[ZZH eZH daIb 

D[ZZH HbdQY>dQ[Z GH X> *5} `eQ _Hed KdaH E[ZGQdQ[Z§b_JEQMQ`eH} HZ E[ZdaH_>adQH X> _eQbb>ZEH 

bd>dQbdQ`eH _Hed KdaH eZ _He aJGeQdH _>a XH M>Qd G~HbdQYHa eZ Oa>ZG Z[YDaH GH aJOaHbbHeab} Jd>Zd 

G[ZZJ `eH X> aJb[XedQ[Z dHY_[aHXXH `eH Z[eb >i[Zb EP[QbQH Hbd JXHiJH\  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
Figure 13 : Réponse hémodynamique (signal BOLD). 
En haut : fonction de la réponse hémodynamique canonique. 
En bas : exemple de contrast estimates pour chaque time bin 
dans une analyse finite impulse response. 
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q_s_u .a9I9GUO> => <JII><PDRDP@ >AA><PDR> 

.> E[ZZHEdQiQdJ HMMHEdQiH} [e >UJ:IE= =:QO:H IK>?HEJC “$#/« Hbd eZ blbdIYH D>lJbQHZ 

_HaYHdd>Zd GH M>QaH GHb QZMJaHZEHb bea XHb Jd>db ZHea[Z>ek ? _>adQa GH YHbeaHb 

JXHEda[_PlbQ[X[OQ`eHb [e PJY[GlZ>YQ`eHb GH Xfl>EdQiQdJ Ge EHaiH>e “(aQbd[Z Hd >X\} ”‚‚»«\ !iHE 

EHddH YJdP[GH QX Hbd _[bbQDXH G~HbdQYHa GH `eHXXH Y>ZQIaH eZH >EdQiQdJ ZHea[Z>XH “Jd>d ZHea[Z>X 

Z[Z E[ZZe« _a[i[`eH X> aJ_[ZbH PJY[GlZ>YQ`eH “Jd>d PJY[GlZ>YQ`eH Z[Z E[ZZe« `eQ ? b[Z 

d[ea QZGeQd eZ bQOZ>X "1.$ “YHbeaJ«\ .> E[ZZ>Qbb>ZEH Ge GJE[eab dHY_[aHX Ge bQOZ>X "1.$ _HaYHd} 

OaAEH ? X~QZiHabQ[Z Ge <:HHKKJ IK>?H} G~HZ HbdQYHa XHb _>a>YIdaHb “`eQ b[Zd E[Zda>QZdb _>a GHb : 

LNEKNE« Hd G[ZE X~>EdQiQdJ ZHea[Z>XH\ .H $#/ _HaYHd G[ZE GH dHbdHa GQMMJaHZdb Y[GIXHb G~QZdHa>EdQ[Z 

HZdaH GHb _[_eX>dQ[Zb ZHea[Z>XHb “aJOQ[Zb« Hd E[YYHZd EHb QZdHa>EdQ[Zb _HeiHZd KdaH QZMXeHZEJHb 

_>a GHb M>EdHeab Hk_JaQYHZd>ek\ 

.> E[ZZHEdQiQdJ HMMHEdQiH bH GJMQZQd E[YYH X~QZMXeHZEH E>eb>XH `e~> eZH _[_eX>dQ[Z ZHea[Z>XH 

bea eZH >edaH “(aQbd[Z Hd 3aQEH} ”‚‚„«\ ! _>adQa GHb bJaQHb dHY_[aHXXHb GHb G[ZZJHb “bQOZ>X "1.$« XH 

$#/ M[eaZQd GHb HbdQY>dQ[Zb QZdHa_aJd>DXHb bea X> M[aEH GHb E[ZZHkQ[Zb blZ>_dQ`eHb HZdaH GHb 

_[_eX>dQ[Zb ZHea[Z>XHb “<JII>TDJIO DIPNDIO?MQ>O« Hd X> Y[GeX>dQ[Z GH EHb M[aEHb GH E[ZZHkQ[Z 

bHX[Z X> bdQYeX>dQ[Z Hd XH E[ZdHkdH Hk_JaQYHZd>X “HJ=QG9PDJIO«\ .H $#/ _HaYHd GH dHbdHa X~HMMHd Ge 

E[ZdHkdH Hk_JaQYHZd>X} E~Hbd§?§GQaH X~QZMXeHZEH `eH _Hed >i[Qa eZ M>EdHea HkdHaZH bea X~>EdQiQdJ Ge 

aJbH>e\ .~HMMHd G~eZ M>EdHea HkdHaZH E[aaHb_[ZG ? X~HMMHd Y[GeX>dHea `eH _Hed >i[Qa XH E[ZdHkdH 

Hk_JaQYHZd>X bea X~>EdQiQdJ G~eZH [e _XebQHeab aJOQ[Z“b« [e bea eZH [e _XebQHeab E[ZZHkQ[Z“b« HZdaH 

GHek aJOQ[Zb\ .Hb E[ZZHkQ[Zb QZdaQZbI`eHb E[aaHb_[ZGHZd ? X> M[aEH GH X> aHX>dQ[Z `eQ XQH GHek 

aJOQ[Zb Ge aJbH>e\ 8Z M>EdHea Ge _>a>GQOYH Hk_JaQYHZd>X _Hed G[ZE QZMXeHZEHa X~>EdQiQdJ Ge aJbH>e 

RE: X> Y[GeX>dQ[Z GH X> M[aEH GH E[ZZHkQ[Z HZdaH GHek aJOQ[Zb [e GH X~>EdQiQdJ _a[_aH G~eZH aJOQ[Z\ 

.> M[aEH GHb E[ZZHkQ[Zb Hd X~HMMHd GHb Y[GeX>dQ[Zb E[aaHb_[ZGHZd ? eZH >EdQiQdJ HZ M[ZEdQ[Z Ge 

dHY_b} Hk_aQYJH HZ *Hadm} HZ dPJ[aQH HXXH _Hed G[ZE _aHZGaH Z~QY_[adH `eHXXH i>XHea\ 7[edHM[Qb 

EHb i>XHeab G~>EdQiQdJ b[Zd >bb[EQJHb ? GHek _a[D>DQXQdJb ’ ?TL?=P?> LKOP?NEKN LNK<:<EHEPU Hd 

?T=??>?J=? LNK<:<EHEPU¥ .> _aHYQIaH E[aaHb_[ZG ? X> d>QXXH GH X~HMMHd Hd X> GHekQIYH ? b> _a[D>DQXQdJ 

G~HkQbdHa\ 3Xeb EHddH GHaZQIaH bHa> Oa>ZGH} _Xeb X~HMMHd >ea> GHb EP>ZEHb G~HkQbdHa} `eHX`eH b[Qd b> 

d>QXXH\ #~Hbd bea EHddH _a[D>DQXQdJ `eH X~[Z bH D>bH _[ea >ddHbdHa GH X> _aJbHZEH [e Z[Z G~eZ HMMHd 

EPHm eZ QZGQiQGe} _[ea eZ Y[GIXH G[ZZJ\  

.> E>eb>XQdJ Ge $#/ Hbd D>bJH bea X> dPJ[aQH Ge E[Zda]XH `eQ _HaYHd GH GJEaQaH E[YYHZd 

X~Jd>d G~eZH _[_eX>dQ[Z ZHea[Z>XH _Hed EP>ZOHa X~Jd>d ZHea[Z>X G~eZH >edaH _[_eX>dQ[Z iQ> XHb 

E[ZZHEdQ[Zb blZ>_dQ`eHb “d>ek GH i>aQ>dQ[Z} >EdQiQdJ« Hd E[YYHZd EHb QZdHa>EdQ[Zb _HeiHZd KdaH 

Y[GQMQJHb b[eb X~QZMXeHZEH GH _HadeaD>dQ[Zb HkdHaZHb “Y>ZQ_eX>dQ[Zb Hk_JaQYHZd>XHb« [e GH 

X~>EdQiQdJ EJaJDa>XH HZG[OIZH “6dH_P>Z Hd >X\} ”‚„‚«\ 



 ‰„ 

3[ei[Qa M>QaH GHb GJGeEdQ[Zb bea XHb QZMXeHZEHb HZdaH XHb _[_eX>dQ[Zb ZHea[Z>XHb ZH ZJEHbbQdH 

_>b GflQZM[aY>dQ[Z E[ZEHaZ>Zd XHb GJX>Qb GH E[ZGeEdQ[Zb G>Zb XH E>b Ge M/5+\ $e M>Qd GH X> daIb 

Oa>ZGH i>aQ>DQXQdJ QZdHa§aJOQ[Z>XH GH X> aJ_[ZbH PJY[GlZ>YQ`eH} XH M/5+ ZH G[ZZH _>b >bbHm 

GflQZM[aY>dQ[Zb dHY_[aHXXHb _[ea HbdQYHa XH GJX>Q GH E[ZGeEdQ[Z\ $>Zb XH E>b GH G[ZZJHb M/5+ XHb 

X>dHZEHb GQMMJaHZdHb GH X> aJ_[ZbH PJY[GlZ>YQ`eHb b[Zd _aQbHb HZ E[Y_dH _>a GHb _>a>YIdaHb 

DQ[_PlbQ`eHb aJOQ[Z b_JEQMQ`eH G>Zb XH Y[GIXH PJY[GlZ>YQ`eH\  

.~QZdJaKd Ge $#/ Hbd `e~QX _HaYHd GH E[Y_>aHa GHb Y[GIXHb E[Y_aHZ>Zd _XebQHeab aJOQ[Zb 

Hd G[Zd [Z i> dHbdHa X~QZMXeHZEH GHb M>EdHeab Y>ZQ_eXJb bea GQMMJaHZdHb E[ZZHkQ[Zb Hdƒ[e aJOQ[Zb\ 

.> E[Y_>a>Qb[Z GHb Y[GIXHb bH M>Qd _>a ":U?OE:J -K>?H 3?H?=PEKJ “"/6«} YJdP[GH _HaYHdd>Zd GH 

EP[QbQa XH Y[GIXH Hk_XQ`e>Zd XH YQHek XHb G[ZZJHb} d[ed HZ _aHZ>Zd HZ E[Y_dH X> E[Y_XHkQdJ GHb 

Y[GIXHb “HZ _JZ>XQb>Zd XHb Y[GIXHb da[_ E[Y_XHkHb«\ .> YJdP[GH "/6 aHZi[QH GHek 

_a[D>DQXQdJb _[ea EP>`eH Y[GIXH GH X> E[Y_>a>Qb[Z ’  

§ %.*%#-%$ *),-%+&)+ *+)"!"&'&-/ ’ _a[D>DQXQdJ `eH XHb G[ZZJHb >QHZd JdJ _a[GeQdHb _>a XH Y[GIXH} 

HXXH _HaYHd GH GQaH `eHX Y[GIXH Hbd XH YHQXXHea ̃ 

§ %.#%%$!(#% *+)"!"&'&-/ ’ _a[D>DQXQdJ `eH XH Y[GIXH Hk_XQ`eH eZ Y>kQYeY GH _[eaEHZd>OH GHb 

G[ZZJHb} _Xeb EHddH _a[D>DQXQdJ Hbd _a[EPH GH „} _Xeb XH Y[GIXH Hbd D[Z\  

.> YJdP[GH "/6 >iHE >Z>XlbH ? HMMHdb >XJ>d[QaHb aHZi[QH GHb _a[D>DQXQdJb aHX>dQiHb bea X~HZbHYDXH 

GHb Y[GIXHb QZEXeb G>Zb X> E[Y_>a>Qb[Z “E~Hbd§?§GQaH `eH XH d[d>X GHb _a[D>DQXQdJb GHb Y[GIXHb 

bHa> JO>X ? „«\ 7>ZGQb `eH X~>Z>XlbH ? HMMHdb MQkHb aHZiHaa> GHb _a[D>DQXQdJb >Db[XeHb\  

.~QZdJaKd GHb >Z>XlbHb GH E[ZZHEdQiQdJ HMMHEdQiH dHXXHb `eH XH $#/ Hbd GH _[ei[Qa dHbdHa 

GQMMJaHZdHb Pl_[dPIbHb bea X> M>F[Z G[Zd QZdHa>OQbbHZd XHb >QaHb EJaJDa>XHb QY_XQ`eJHb G>Zb XH 

da>QdHYHZd GH X> G[eXHea\ $>Zb Z[daH E>b} XH $#/ _HaYHdda> GH b>i[Qa E[YYHZd eZH Y[GeX>dQ[Z 

E[ZZeH _[ea >i[Qa eZ HMMHd bea X~QZdHZbQdJ GH X> G[eXHea _HaFeH dHXXH `eH XHb JY[dQ[Zb ZJO>dQiHb [e 

eZH QXXebQ[Z bea X> GeaJH GH bdQYeX>dQ[Z _Hed _HadeaDHa XH M[ZEdQ[ZZHYHZd Ge aJbH>e QY_XQ`eJ G>Zb 

XH da>QdHYHZd GH X~QZM[aY>dQ[Z G[eX[eaHebH\ .H $#/ Hbd GH _Xeb HZ _Xeb edQXQbJ} QX Hbd G[ZE 

JO>XHYHZd EaQdQ`eJ bea XH M>Qd `e~QX ZH b[Qd _>b _[bbQDXH G~JE>adHa XHb Y[GIXHb `eQ b[Zd ZH b[Zd _>b 

_X>ebQDXHb _PlbQ[X[OQ`eHYHZd [e `eQ b[Zd M>ek “b>eM HZ ZH XHb aHZda>Zd _>b G>Zb X~>Z>XlbH« Hd `eH X> 

YJdP[GH G~HbdQY>dQ[Z edQXQbJH ZH _JZ>XQbH _>b beMMQb>YYHZd XHb Y[GIXHb E[Y_XQ`eJb “$>eZQmH>e 

Hd >X\} ”‚„„ ̃ .[PY>ZZ Hd >X\} ”‚„„«\ #Hb EaQdQ`eHb b[Zd _[ZGJaJHb _>a XH M>Qd `eH XH $#/ b~>iIaH 

YHQXXHea _[ea GHb G[ZZJHb GH M/5+ `eH GHb G[ZZJHb JXHEda[Y>OZJdQ`eHb “%%) [e Y>OZJd[§

HZEJ_P>X[Oa>_PQH« Hd `e~QX Hbd QY_[ad>Zd GH E[ZbdaeQaH XHb Y[GIXHb `eQ i[Zd KdaH dHbdJ bea GHb 

G[ZZJHb >Z>d[YQ`eHb} dHXXHb `eH X> da>Ed[Oa>_PQH} Hd bea GHb Pl_[dPIbHb _PlbQ[X[OQ`eHb i>X>DXHb 

_>a a>__[ad >ek E[ZZ>Qbb>ZEHb Ge G[Y>QZH “$>eZQmH>e Hd >X\} ”‚„„«\ +X Hbd JO>XHYHZd QY_[ad>Zd GH 

Z[dHa `eH X> aHX>dQ[Z HZdaH X> Y[GJXQb>dQ[Z $#/ Hd X~>EdQiQdJ ZHea[Z>XH bea GHb G[ZZJHb 

G~JXHEda[_PlbQ[X[OQH > JdJ i>XQGJH EPHm X~>ZQY>X “/[a>Z Hd >X\} ”‚‚̂« Hd EPHm X~P[YYH “$>iQG Hd >X\} 



 ‰” 

”‚‚¿} ”‚‚̂«\ 3He G~JdeGHb [Zd QZiHbdQOeJ X> E[ZZHEdQiQdJ HMMHEdQiH _>a $#/ G>Zb XH G[Y>QZH GH X> 

G[eXHea E>a X> dHEPZQ`eH ZH b~Hbd ia>QYHZd GJiHX[__JH `eH aJEHYYHZd\ .Hb Y[GIXHb GH aJbH>ek 

JdeGQJb Jd>QHZd daIb bQY_XHb ’ eZH JdeGH > Y[ZdaJ `eH X> daQbdHbbH >eOYHZdH X> _HaEH_dQ[Z GH X> 

G[eXHea Hd `eH G>Zb eZH E[ZGQdQ[Z GH daQbdHbbH G>Zb eZH bQde>dQ[Z G[eX[eaHebH X~>YlOG>XH Hd XH 

E[adHk EQZOeX>QaH >ZdJaQHea QZdHa>OQbbHZd “<[bPQZ[ Hd >X\} ”‚„‚«\ 8ZH >edaH JdeGH > Y[ZdaJ `eH XH 

da>QdHYHZd GHb QZM[aY>dQ[Zb Z[EQEH_dQiHb Hd Z[Z§Z[EQEH_dQiHb bH M>Qb>Qd HZ _>a>XXIXH G>Zb 6„ Hd 6”} 

DQHZ `eH EHb aJOQ[Zb aHF[QiHZd d[edHb XHb GHek GHb QZ_edb _a[iHZ>Zd Ge dP>X>Yeb “.Q>ZO Hd >X\} 

”‚„„«\ 

 

 

q_s_v .a9I9GUO> >I <JHLJO9IP>O DI=@L>I=9IP>O 

.~>Z>XlbH HZ E[Y_[b>ZdHb QZGJ_HZG>ZdHb “+#!« Hbd eZH YJdP[GH GH bJ_>a>dQ[Z >iHeOXH GH 

b[eaEHb GH bQOZ>X\ .~+#! b_>dQ>XH _HaYHd ? _>adQa G~eZ bQOZ>X M/5+ E[Y_XHkH} E[Y_[bJ GH YeXdQ_XHb 

b[eaEHb “aJbH>ek QZGJ_HZG>Zdb b_>dQ>XHYHZd} G[Zd [Z be__[bH `e~QXb [Zd GHb M[ZEdQ[Zb GQMMJaHZdHb« 

GH bJ_>aHa XHb GQMMJaHZdHb b[eaEHb >l>Zd E[ZdaQDeJ >e bQOZ>X YQkJ “ADBQN> ps«\ $>Zb X~>Z>XlbH +#! 

`eH Z[eb edQXQbHa[Zb G>Zb X~JdeGH Z·”} XHb b[eaEHb b[Zd Y>kQY>XHYHZd QZGJ_HZG>ZdHb b_>dQ>XHYHZd 

XHb eZHb GHb >edaHb Y>Qb XHea GJE[eab dHY_[aHX _Hed KdaH E[aaJXJ} EHb GQMMJaHZdHb b[eaEHb b[Zd 

>__HXJHb E[Y_[b>Zdb QZGJ_HZG>Zdb “+#«\ #P>`eH +# Hbd aH_aJbHZdJ _>a eZ GJE[eab dHY_[aHX “7#« 

>bb[EQJ ? eZH E>adH b_>dQ>XH} GH X> YKYH Y>ZQIaH `eH GHb G[ZZJHb G~QY>OHaQH M[ZEdQ[ZZHXXH\ .H 

_aQZEQ_H GH X~>Z>XlbH HZ E[Y_[b>ZdHb QZGJ_HZG>ZdHb Hbd D>bJ bea £ X~HMMHd E[EWd>QX ⁄ ’ G>Zb eZH 

b[QaJH [f _XebQHeab _Hab[ZZHb _>aXHZd i[eb HZdHZGHm bQYeXd>ZJYHZd _XebQHeab E[ZiHab>dQ[Zb 

“bQOZ>X YQkJ«} Y>Qb HZ i[eb E[ZEHZda>Zd} i[eb KdHb E>_>DXH GH GQaH G~[f iQHZd dHXXH [e dHXXH 

E[ZiHab>dQ[Z ’ i[eb _[eiHm aHda[eiHa XHb b[eaEHb Ge bQOZ>X YQkJ\ .~+#! i> _HaYHddaH G~HbdQYHa} GH 

aHE[ZbdaeQaH XH bQOZ>X [aQOQZ>X _a[GeQd _>a EP>EeZH GHb b[eaEHb “*liBaQZHZ Hd 1V>} ”‚‚‚«\  

3[ea XHb G[ZZJHb GH M/5+} XH X[OQEQHX )+(7 “'NKQL )#! KB B-2) 4KKH<KT} #>XP[eZ Hd >X\} ”‚‚„«   

HbdQYH eZ Z[YDaH EP[QbQ “HZ M[ZEdQ[Z G~eZH HbdQY>dQ[Z Ge Z[YDaH Y[lHZ GH E[Y_[b>Zd _>a beVHd} 

-$, =NEP?NEKJ« GH E[Y_[b>Zdb QZGJ_HZG>Zdb} `eH X~[Z _Hed EX>bbHa bHX[Z XHea E[aaJX>dQ[Z >iHE eZH 

[e _XebQHeab E[ZGQdQ[Zb Ge GHbbQZ Hk_JaQYHZd>X “ADBQN> pt«\ +X Hbd HZbeQdH _[bbQDXH GH dHbdHa bQ XH 

ZQiH>e G~>EdQiQdJ Ge E[Y_[b>Zd >e E[eab Ge dHY_b Hbd b[eYQbH ? X~QZMXeHZEH G~eZ [e _XebQHeab 

M>EdHeab\ 

 



 ‰» 

 

 
Figure 14 : Décomposition du signal observé en deux sources indépendantes. 

 

 
Figure 15 : Test de la corrélation entre les composants et le paradigme.

 

 

q_s_w .9 <JII><PDRDP@ AJI<PDJII>GG> >IPN> N@O>9QT 

.> E[ZZHEdQiQdJ M[ZEdQ[ZZHXXH HZdaH aJbH>ek “(0#« _HaYHd GH dHbdHa X> bQOZQMQE>dQiQdJ G~eZH 

aHX>dQ[Z dHY_[aHXXH HZdaH XH GJE[eab dHY_[aHX GH GQMMJaHZdb E[Y_[b>Zdb QZGJ_HZG>Zdb\ .~[DVHEdQM 

Hbd G~Hbb>lHa GH Y>kQYQbHa X> E[aaJX>dQ[Z HZdaH GHek 7# HZ dHbd>Zd XH GJE>X>OH dHY_[aHX HZdaH EHb 

GHek 7#\ %XXH _HaYHd JO>XHYHZd GH Y[ZdaHa b~QX HkQbdH eZ GJX>Q bQOZQMQE>dQM “>e YQZQYeY be_JaQHea 

[e JO>X >e 75« HZdaH XH GJE[eab dHY_[aHX G~>EdQi>dQ[Z GH EHb GHek E[Y_[b>Zdb} EH `eQ _Hed G[ZZHa 

GHb QZGQE>dQ[Zb bea eZH JiHZdeHXXH aHX>dQ[Z GH E>eb>XQdJ HZdaH XHb E[Y_[b>Zdb QZEXeb G>Zb X~>Z>XlbH 

(0# “,>MaQ Hd >X\} ”‚‚̂«\ #HX> bQOZQMQH `eH XHb GQMMJaHZdb E[Y_[b>Zdb HZdaJb G>Zb X~>Z>XlbH _HeiHZd 

KdaH >EdQiJb GH Y>ZQIaH GJE>XJH G>Zb XH dHY_b DQHZ `eH XHeab GJE[eab dHY_[aHX b[QHZd E[aaJXJb\ 



 ‰… 

.~>Z>XlbH (0# _HaYHd GH be__[bHa “Y>Qb _>b GH GJY[ZdaHa« eZ JiHZdeHXXH aHX>dQ[Z GH E>eb>XQdJ 

HZdaH XHb GQMMJaHZdb aJbH>ek} >ek`eHXb [Z >ddaQDeH GHb M[ZEdQ[Zb GQMMJaHZdHb\ 

$~eZH Y>ZQIaH OJZJa>XH} X~>Z>XlbH +#! beQiQH GH X> (0# _HaYHd _Xeb GH XQDHadJ Hd Hbd 

QZdJaHbb>ZdH HZ _>adQEeXQHa _[ea GHb GHbQOZb Z[Z§E[ZiHZdQ[ZZHXb} E>a HXXH QY_[bH Y[QZb G~: LNEKNE 

`e~eZH >Z>XlbH 63/ EX>bbQ`eH “HZ _>adQEeXQHa bea XH GHbQOZ Hk_JaQYHZd>X Hd X> M[aYH GH X> aJ_[ZbH 

PJY[GlZ>YQ`eH«\ $~eZ >edaH E]dJ XHb aJbeXd>db b[Zd b[eiHZd _Xeb GQMMQEQXHb ? QZdHa_aJdHa E>a 

E[Zda>QaHYHZd ? eZH >Z>XlbH 63/ EX>bbQ`eH `eQ _HaYHd da[eiHa XHb >QaHb EJaJDa>XHb G[Zd X~>EdQiQdJ 

Hbd _Xeb QY_[ad>ZdH G>Zb eZH E[ZGQdQ[Z `eH G>Zb eZH >edaH} QX £ aHE[ZZ>SdaH ⁄ OaAEH >e _>ddHaZ 

G~>EdQi>dQ[Z GHb GQMMJaHZdb aJbH>ek XHb aJOQ[Zb QY_XQ`eJHb G>Zb XH _a[EHbbeb [e X> M[ZEdQ[Z HZ 

`eHbdQ[Z\ +X Hbd G[ZE _Xeb GQMMQEQXH G~QZdHa_aJdHa GHb aJbeXd>db ZH E[aaHb_[ZGHZd _>b ? GHb aJbeXd>db 

>ddHZGeb\    



 ‰‰ 

 

 

 

 

 

 

#P>_QdaH » 

/J=QG9PDJIO => G9 =JQG>QN 
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 ‰́ 

r #C9LDPN> r h  /J=QG9PDJIO => G9 =JQG>QN  

r_p +IAGQ>I<> =>O @HJPDJIO I@B9PDR>O OQN G9 L>N<>LPDJI => G9 =JQG>QN 

r_p_p 3@OQH@ 

3>H9NMQ> 

 #HddH JdeGH > JdJ E[ZbdaeQdH Hd XHb G[ZZJHb M[ZEdQ[ZZHXXHb [Zd JdJ >E`eQbHb _>a 9\ .HOa>QZ Hd 

+\ (>QXXHZ[d} XH da>i>QX HMMHEdeJ G>Zb EHddH dPIbH E[aaHb_[ZG ? X~>Z>XlbH Hd ? X~QZdHa_aJd>dQ[Z GHb 

aJbeXd>db\ 

 

1;E><PDA 

$~eZ E]dJ Z[eb b>i[Zb `eH XHb JY[dQ[Zb [Zd eZH QZMXeHZEH bea X> _HaEH_dQ[Z GH X> G[eXHea Hd 

G~eZ >edaH E]dJ Z[eb E[ZZ>Qbb[Zb XHb aJOQ[Zb EJaJDa>XHb `eQ b[Zd QY_XQ`eJHb G>Zb X> _HaEH_dQ[Z 

GHb JY[dQ[Zb\ .~[DVHEdQM GH EHddH JdeGH Hbd G~Ji>XeHa HZ +5/ M[ZEdQ[ZZHXXH X~HMMHd G~eZ E[ZdHkdH 

JY[dQ[ZZHX ZJO>dQM bea X> _HaEH_dQ[Z G[eX[eaHebH Hd XHb Y[GeX>dQ[Zb GH X~>EdQiQdJ EJaJDa>XH `eQ l 

b[Zd >bb[EQJHb\  

  

/@PCJ=>O 

.~Hk_JaQHZEH E[Y_>aHa>} _[ea eZH bdQYeX>dQ[Z dPHaYQ`eH G[ZZJH “Z[EQEH_dQiH [e Z[Z«} 

X~QZMXeHZEH aHb_HEdQiH GH GHek E[ZdHkdHb JY[dQ[ZZHXb} X~eZ ZHedaH} X~>edaH GJ_X>Qb>Zd} QZGeQd ? 

_>adQa GH bEIZHb _P[d[Oa>_PQ`eHb _a[VHdJHb VebdH >i>Zd X> GJXQia>ZEH GH X> bdQYeX>dQ[Z dPHaYQ`eH 

bea X> _HaEH_dQ[Z G[eX[eaHebH Hd X~>EdQiQdJ EJaJDa>XH GH GQk i[X[Zd>QaHb b>QZb\ 

 

3@OQGP9PO k $DO<QOODJI 

.H E[ZdHkdH JY[dQ[ZZHX ZJO>dQM >eOYHZdH X~QZdHZbQdJ GH X> G[eXHea _HaFeH} Y>Qb >ebbQ 

X~QZdHZbQdJ _HaFeH HZ aJ_[ZbH ? eZH bdQYeX>dQ[Z Z[Z Z[EQEH_dQiH\ !eEeZH QZdHa>EdQ[Z HZdaH 

X~QZdHZbQdJ GH bdQYeX>dQ[Z Hd XH E[ZdHkdH JY[dQ[ZZHX Z~> JdJ GJdHEdJH\ $>Zb EHddH JdeGH} Z[eb 

>i[Zb aJ_XQ`eJ X> GQbb[EQ>dQ[Z HZdaH XHb >EdQiQdJb XQJHb ? X~QZdHZbQdJ GH X> bdQYeX>dQ[Z “QZbeX> 

>ZdJaQHeaH Q_bQX>dJa>XH} >/##} 6/! Hd +3. O>eEPH« GH EHXXHb XQJHb ? X> _HaEH_dQ[Z GH X> G[eXHea 

“QZbeX> >ZdJaQHeaH DQX>dJa>XH Hd >/##«\ #HddH JdeGH Y[ZdaH JO>XHYHZd `e~QX Hbd _[bbQDXH GH 

GQbb[EQHa XHb >EdQi>dQ[Zb XQJHb ? X> E[Y_[b>ZdH JY[dQ[ZZHXXH >bb[EQJH >ek bdQYeX>dQ[Zb iQbeHXXHb 

“>QaHb [EEQ_Qd[§dHY_[a>XHb« GH EHXXHb _HabQbd>Zd _HZG>Zd X> bdQYeX>dQ[Z dPHaYQ`eH “_!##} 

_aHEeZHeb Hd +3. Ga[Qd«\ 

 

 



 ‰̂ 

r_p_q !NPD<G> @PQ=> Ilp 

 
 
3Q<IEPP?> EJ %-/4)/. 

 

5C> >HJPDJI9G DIAGQ>I<> JI L9DI 

 

(GJN>I<> " 2JH9N>O 9] ;] <] =] +O9;>GG> (9DGG>IJP 9] ;] <] >] 79G@NU .>BN9DI A] B] 3JG9I= 2>UNJI 9] ;] <] =  
 

> #HZda>X +ZdHOa>dQ[Z [M 3>QZ} 0Hea[bEQHZEH 5HbH>aEP #HZdHa} 8„‚”̂ +06%5/} (§…”‚”»} (a>ZEH̃ 
D 8ZQiHabQdJ GH .l[Z} 6>QZd§%dQHZZH} (…”‚”»} (a>ZEH̃ 
E ,H>Z /[ZZHd 8ZQiHabQdl} 6>QZd§%dQHZZH} (§…”‚”»} (a>ZEH̃ 
G $H_>adYHZd [M 0Hea[X[Ol >ZG 3>QZ #HZdHa} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
H #/55 8ZQd} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
M $H_>adYHZd [M %k_HaQYHZd>X #XQZQE>X >ZG *H>XdP 3blEP[X[Ol} )PHZd 8ZQiHabQdl} "§¯‚‚‚ )PHZd} 

"HXOQeY 
O +ZbdQdeH [M 0Hea[bEQHZEH} 8ZQiHabQdJ E>dP[XQ`eH GH .[ei>QZ} "§„”‚‚ "aebbHXb} "HXOQeY 

 

 

!;OPN9<P 

:PQXH _>QZ >ZG HY[dQ[Z>X _a[EHbbHb P>iH DHHZ QZiHbdQO>dHG bH_>a>dHXl} dPH HMMHEd [M 

HY[dQ[Z>X E[ZdHkd [Z _>QZ Qb > aHEHZd EP>XXHZOH d[ DH bdeGQHG jQdP M/5+\ 7PH >QY [M [ea 

Hk_HaQYHZd j>b d[ QZiHbdQO>dH P[j HY[dQ[Z>XXl ZHO>dQiH QY>OHb E>Z QZMXeHZEH dPH _HaEH_dQ[Z [M 

_>QZ QZGeEHG Dl dPHaY>X PH>d bdQYeX>dQ[Zb\ "HP>iQ[a>X aHbeXdb aH_XQE>dHG dPH MQZGQZO dP>d ZHO>dQiH 

HY[dQ[Z>X _QEdeaHb aHbeXdHG QZ PQOPHa QZdHZbQdl a>dQZOb [M PH>d bdQYeXQ dP>Z ZHeda>X QY>OHb\ 8bQZO 

_>a>YHdaQE Y[GeX>dQ[Zb [Z M/5+ G>d>} jH Hkda>EdHG "1.$ bQOZ>X EP>ZOHb dP>d jHaH Y[GeX>dHG Dl 

bdQYeXeb QZdHZbQdl} _>QZ QZdHZbQdl >ZG HY[dQ[Z>X E[ZdHkd\ 9Qbe>X _aHbHZd>dQ[Z [M HY[dQ[Z>X QY>OHb 

HXQEQdHG >EdQi>dQ[Zb QZ dHY_[a[§[EEQ_Qd>X E[adHk} DQX>dHa>XXl\ +Z >OaHHYHZd jQdP _aHiQ[eb XQdHa>deaH} 

E[aaHX>dHb [M QZdHZbQdl E[GQZO >ZG _>QZ E[GQZO jHaH M[eZG QZ Q_bQX>dHa>X “XHMd« >ZdHaQ[a QZbeX> >ZG 

>ZdHaQ[a YQGEQZOeX>dH E[adHk “>/##«\ 0HO>dQiH HY[dQ[Z>X HMMHEd GeaQZO dPHaY>X bdQYeX>dQ[Z 

QZi[XiHG dPH _aHEeZHeb} dPH QZMHaQ[a _>aQHd>X X[DH “+3.« >ZG dPH _HaQOHZe>X >ZdHaQ[a EQZOeX>dH E[adHk 

“_!##«\ 7PHbH aHOQ[Zb >aH _[bbQDXl dPH _X>EH [M YeXdQY[G>X QZdHOa>dQ[Z [M bHZb[al >ZG iQbe>X 

QZM[aY>dQ[Z Ma[Y i>aQ[eb b[eaEHb} QZEXeGQZO Z[EQEH_dQiH >ZG iQbe>X} >ZG HZ>DXQZO dPH Y[GeX>dQ[Zb 

[M _>QZ QZdHZbQdQHb\ 



 ‰¯ 

+IPNJ=Q<PDJI 

7PH _HaEH_dQ[Z [M _>QZ Qb jQGHXl QZMXeHZEHG Dl E[OZQdQiH Ded >Xb[ Dl HY[dQ[Z>X M>Ed[ab\ +Z 

EXQZQE>X E[ZdHkd} dPH XQZW DHdjHHZ EPa[ZQE _>QZ >ZG ZHO>dQiH Y[[G Qb jHXX WZ[jZ “bHH ,>ZbbHZ} ”‚‚” 

M[a > aHiQHj«\ (a[Y >Z HY_QaQE>X _[QZd iQHj} dPH QbbeH [M HY[dQ[Z>X QZMXeHZEH [Z Z[EQEH_dQiH 

_a[EHbbHb j>b Y>QZXl QZiHbdQO>dHG Dl _blEP[_PlbQE>X bdeGQHb “bHH :QHEP >ZG 7a>EHl} ”‚‚¯ M[a > 

aHiQHj«\ ([a QZbd>ZEH} bdeGQHb P>iQZO ebHG +!36 “+ZdHaZ>dQ[Z>X !MMHEdQiH 3QEdeaHb 6lbdHY« QY>OHb d[ 

Y>ZQ_eX>dH HY[dQ[Z>X bd>dH [M PH>XdPl i[XeZdHHab bP[jHG dP>d ZHO>dQiH “eZ_XH>b>Zd« QY>OHb 

aHGeEHG d[XHa>ZEH >ZG QZEaH>bHG _>QZ QZdHZbQdl >ZG eZ_XH>b>ZdZHbb “GH :QHG >ZG 9HaD>dHZ} ”‚‚„̃ 

/H>OPHa Hd >X\} ”‚‚„«\ 7PH ZHO>dQiH QY_>Ed [M QY>OHb j>b aH_XQE>dHG [Z dPH >Y_XQdeGH [M dPH 

Z[EQEH_dQiH MXHkQ[Z aHMXHk} > YH>beaH [M b_QZ>X Z[EQEH_dQiH >EdQiQdl “5PeGl Hd >X\} ”‚‚‰«\ 

%XHEda[_PlbQ[X[OQE>X bdeGQHb P>iH >Xb[ bP[jHG dP>d QZGeEdQ[Z [M ZHO>dQiH HY[dQ[Zb QZEaH>bHG _>QZ 

a>dQZOb >ZG E[adQE>X HiHZd§aHX>dHG _[dHZdQ>Xb Hi[WHG Dl HXHEda[Eed>ZH[eb _>QZMeX bdQYeXQ} Hb_HEQ>XXl 

QM dPH HY[dQ[Z>X QY>OHb ebHG d[ Y>ZQ_eX>dH HY[dQ[Z>X bd>dH jHaH aHX>dHG d[ dPH D[Gl “)[GQZP[ Hd 

>X\} ”‚‚¿«\ %XHEda[_PlbQ[X[OQE>X HMMHEdb [M ZHO>dQiH HY[dQ[Zb jHaH bP[jZ [Z X>dH§X>dHZEl 

E[Y_[ZHZdb dP[eOPd d[ DH OHZHa>dHG QZ G[ab[X>dHa>X _aHMa[Zd>X >ZG dHY_[a[§[EEQ_Qd>X E[adQEHb >ZG 

QZ dHY_[a>X _[XH} jPQXH aHb_[ZbHb Ma[Y dPH _aQY>al >ZG bHE[ZG>al b[Y>d[bHZb[al E[adQEHb “6„ >ZG 

6”« jHaH eZ>MMHEdHG\  

6ea_aQbQZOXl} jPQXH ZHea[QY>OQZO bdeGQHb Y[bdXl QZiHbdQO>dHG dPH E[OZQdQiH Y[GeX>dQ[Z [M 

Z[EQEH_dQiH _a[EHbbQZO >ZG _>QZ _HaEH_dQ[Z “?¥C¥ "QZOHX Hd >X\} ”‚‚́̃ "ebPZHXX Hd >X\} „¯¯¯̃ $>iQb Hd 

>X\} ”‚‚‚̃ (a>ZWHZbdHQZ Hd >X\} ”‚‚„̃ *bQHP Hd >X\} „¯¯¯̃ 3Hla[Z Hd >X\} „¯¯¯̃ 3X[OP>eb Hd >X\} „¯¯¯̃ 

9>XHd Hd >X\} ”‚‚…«} dPH QbbeH [M dPH HY[dQ[Z>X QZMXeHZEH j>b XHbb blbdHY>dQE>XXl >ZG GQaHEdXl 

>GGaHbbHG\ +d Qb} M[a QZbd>ZEH} _a[_[bHG dP>d dPH HY[dQ[Z>X i>XHZEH [M > _>QZMeX bHZb>dQ[Z E[eXG DH 

be__[adHG Dl dPH >EdQiQdl [M dPH >ZdHaQ[a EQZOeX>dH E[adHk “!##« DHE>ebH Y[GeX>dQ[Z [M _>QZ 

eZ_XH>b>ZdZHbb QZGeEHG Dl >MMHEdQiH Pl_Z[dQE beOOHbdQ[Z “5>QZiQXXH Hd >X\} „¯¯́« [a Dl ZHO>dQiH 

[G[ab “9QXXHYeaH >ZG "ebPZHXX} ”‚‚¯« j>b M[eZG E[aaHX>dHG jQdP dPH >EdQiQdl [M dP>d >aH>\ 

!GGQdQ[Z>XXl} _>QZ QZdHZbQdl a>dQZOb d[ HXHEdaQE>X bP[EWb jHaH Y[GeX>dHG Dl HY[dQ[Z>X QY>OHb >ZG 

dPQb Y[GeX>dQ[Z j>b be__[adHG Dl dPH aQOPd “Q_bQX>dHa>X« QZbeX>} _>a>EHZda>X X[DeXH} 

_>a>PQ__[E>Y_>X Olaeb} dP>X>Yeb >ZG >YlOG>X> “5[l Hd >X\} ”‚‚¯«\ 7PH QZi[XiHYHZd [M dPH !## 

>ZG QZbeX>a E[adHk QZ dPH >MMHEdQiH E[Y_[ZHZd [M _>QZ j>b >Xb[ beOOHbdHG Dl bdeGQHb [Z _>QZ 

HY_>dPl “"[diQZQEW Hd >X\} ”‚‚‰̃ ,>EWb[Z Hd >X\} ”‚‚¿̃ 6QZOHa} ”‚‚¿̃ P[jHiHa bHH .HOa>QZ Hd >X\} ”‚„‚ 

>D[ed >Z >XdHaZ>dQiH MeZEdQ[Z [M dPHbH dj[ >aH>b«\ 7PH >YlOG>X> E[eXG >Xb[ _X>l > a[XH QZ dPH 

HY[dQ[Z>X GQYHZbQ[Z [M _>QZ “0HeOHD>eHa Hd >X\} ”‚‚…«\ 3aHMa[Zd>X E[adHk E[eXG _X>l > _Qi[d>X 

MeZEdQ[Z QZ aHOeX>dQZO dPH >MMHEd >bb[EQ>dHG jQdP dPH _>QZMeX bHZb>dQ[Z “.[aHZm Hd >X\} ”‚‚»«\ 



 ¿‚ 

7PH >QY [M dPH _aHbHZd MeZEdQ[Z>X Y>OZHdQE aHb[Z>ZEH QY>OQZO “M/5+« bdeGl j>b d[ b_HEQMl 

dPH Da>QZ E[aaHX>dHb d[ dPH _HaEH_dQ[Zb [M dPHaY>X QZdHZbQdl} [M _>QZ QZdHZbQdl >ZG [M HY[dQ[Z>X 

E[ZdHkd\ 

 

 

/9P>ND9GO 9I= H>PCJ=O  

0:NPE=EL:JPO 

7HZ aQOPd§P>ZGHG PH>XdPl i[XeZdHHab “‰ MHY>XH} ‰ Y>XH«} >OHG ”„ ± » lH>ab “YH>Z ± 6$«} 

jQdP[ed PQbd[al [M EPa[ZQE _>QZ} ZHea[X[OQE>X [a _blEPQ>daQE GQbH>bH _>adQEQ_>dHG QZ dPH Hk_HaQYHZd\ 

7PHl jHaH Z[d d>WQZO >Z>XOHbQE [a >Zl _blEP[da[_QE GaeOb GeaQZO dPH Hk_HaQYHZd>X _HaQ[G\ 7PHl 

O>iH jaQddHZ QZM[aYHG E[ZbHZd >ZG aHEHQiHG MQZ>ZEQ>X E[Y_HZb>dQ[Z M[a dPHQa _>adQEQ_>dQ[Z d[ dPH 

bdeGl dP>d j>b >__a[iHG Dl dPH X[E>X %dPQEb #[YYQddHH\ 

 

3PEIQHEZ P:OG :J> ?TL?NEI?JP:H >?OECJ 

6[Y>d[bHZb[al dPHaY>X bdQYeXQ jHaH GHXQiHaHG dPa[eOP > /5+§E[Y_>dQDXH dPHaY[GH “76!§

”‚‚„} /HG[E} 5>Y>d <QbP>Q} +ba>HX« >__XQHG [Z dPH _>adQEQ_>Zd~b XHMd P>ZG\ 7PH dHY_Ha>deaH [Z dPH 

»‚ YY” 3HXdQHa _a[DH j>b E[ZdQZe[ebXl Y>QZd>QZHG >d »» ·# >ZG a[bH QZ ” b d[ HQdPHa …” ·# “j>aY’ 

Z[Z§Z[EQEH_dQiH bdQYeX>dQ[Z dHY_Ha>deaH« [a …̂ ·# “PH>d’ Z[EQEH_dQiH bdQYeX>dQ[Z dHY_Ha>deaH«\ 

7PHZ dPH _X>dH>e dHY_Ha>deaH j>b GHXQiHaHG M[a ” bHE[ZGb >ZG MHXd G[jZ d[ D>b>X XHiHX QZ ” b\ 

:>aY >ZG PH>d bdQYeXQ jHaH GHXQiHaHG QZ > _bHeG[§a>ZG[Y [aGHa} >ZG dPH _>adQEQ_>Zdb jHaH 

eZ>j>aH [M jP>d j[eXG DH dPH ZHkd dHY_Ha>deaH\  

7PHaY>X bdQYeXQ jHaH blbdHY>dQE>XXl _aHEHGHG Dl dPH iQbe>X _aHbHZd>dQ[Z [M [ZH [M dPH „”‚ 

QY>OHb Ma[Y dPH +!36 G>d>D>bH “.>ZO Hd >X\} ”‚‚̂} bHH OQLLG>H>IP9NU P9;G>«\ *>XM [M dPH _QEdeaHb 

j>b HY[dQ[Z>XXl ZHO>dQiH “GH_QEdQZO >OOaHbbQ[Zb} YedQX>dQ[Zb} >ZQY>Xb >dd>EWb} ?P=¥̃ i>XHZEH’ ”\‚» ± 

‚\‰́} >a[eb>X’ ¿\„́ ̌ ‚\́¿« >ZG dPH [dPHa P>XM j>b bHXHEdHG M[a dPHQa ZHeda>X E[ZdHZd “GH_QEdQZO 

X>ZGbE>_Hb} X>iH} _Hab[Zb} M[[G} >Dbda>Ed MQOeaHb} ?P=¥̃ i>XHZEH’ ‰\́̂ ± ‚\¿¿} >a[eb>X’ ‰\‚́ ̌ ‚\¯«\ 

!a[eb>X j>b QZdaQZbQE>XXl GQMMHaHZd DHdjHHZ ZHO>dQiH >ZG ZHeda>X QY>OHb DHE>ebH [M >Z HkQbdQZO 

>ddHZdQ[Z>X DQ>b d[j>aG Z[Z§ZHeda>X bdQYeXQ “3[ead[Qb Hd >X\} ”‚‚…«\ 

7[ Y>QZd>QZ > bQYQX>a iQbe>X QZ_ed [iHa dPH jP[XH Hk_HaQYHZd} … bEa>YDXHG YH>ZQZOXHbb 

QY>OHb eZaHX>dHG d[ dPH +!36 G>d>D>bH jHaH _aHbHZdHG GeaQZO dPH aHbd E[ZGQdQ[Z\ +Y>OHb jHaH 

_a[VHEdHG [Zd[ > bEaHHZ “́‚ k ¯‚ EY« dP>d j>b M>EQZO dPH _>adQEQ_>Zdb >ZG dP>d j>b bHHZ >d > 

GQbd>ZEH [M …\‰ Y Dl YH>Zb [M YQaa[ab _X>EHG [Z dPH PH>GE[QX\  

+Y>OHb jHaH Hk_XQEQdXl _aHbHZdHG M[a » b} >ZG dPHQa _aHbHZd>dQ[Z bd>adHG ” b DHM[aH dPH DHOQZZQZO [M 

dPHaY>X bdQYeX>dQ[Z\ 7PQb GHbQOZ j>b EP[bHZ DHE>ebH [M > _aQ[a Hk_HaQHZEH bP[jQZO dP>d iQbe>X >ZG 

dPHaY>X bdQYeX>dQ[Z P>G d[ DH _aHbHZdHG E[ZbHEedQiHXl “a>dPHa dP>Z bQYeXd>ZH[ebXl« d[ QZGeEH > 



 ¿„ 

Y[GeX>dQ[Z [M _>QZ a>dQZOb “)[GQZP[ Hd >X\} ”‚„„«\ 5>dQZO _P>bH bd>adHG jQdP dPH HZG [M dPH _X>dH>e 

>ZG HZGHG jPHZ dPH dHY_Ha>deaH [M dPH dPHaY[GH aHdeaZHG d[ D>bHXQZH\ 3>adQEQ_>Zdb jHaH 

QZbdaeEdHG d[ a>dH dPHQa _>QZ GeaQZO dPH _aHbHZd>dQ[Z [M > OaHHZ b`e>aH be_HaQY_[bHG [Z > 

bEa>YDXHG QY>OH M[a ” b “ADBQN> p«\ 7PHl jHaH >bWHG d[ QZGQE>dH jQdP dPHQa aQOPd P>ZG} ebQZO > 

_aHGHMQZHG Y>Ze>X E[GH} dPH _HaEHQiHG QZdHZbQdl [Z > MQiH _[QZdb bE>XH’ „ ¸ Z[ bHZb>dQ[Z̃ ” ¸ j>aY 

“Z[Z§_>QZMeX« bHZb>dQ[Z} » ¸ b[Md _>QZ} … ¸ Y[GHa>dH _>QZ} ‰ ¸ dPH PQOPHbd _>QZ\ "HdjHHZ E[ZGQdQ[Zb} 

_>adQEQ_>Zdb jHaH QZbdaeEdHG d[ bd>l >d aHbd jQdP[ed d>bW M[a a>ZG[YQmHG _HaQ[Gb [M »\” d[ ¯\́ b 

“YH>Z GHX>l’ ‰\¿ ± ” b«\  

7PH Hk_HaQYHZd>X GHbQOZ QZEXeGHG > d[d>X [M „”‚ daQ>Xb GQbdaQDedHG >Ea[bb ̂ bHbbQ[Zb [M „‰ 

daQ>Xb} H>EP bHbbQ[Z X>bdQZO [ZXl … YQZedHb DHE>ebH [M YHY[al XQYQd>dQ[Z [Z dPH P>aG GQbW [M dPH 

bE>ZZHa\ 7PH d[d>X XHZOdP [M dPH Hk_HaQYHZd j>b „ P[ea\ …” ·# >ZG …̂ ·# dHY_Ha>deaHb >b jHXX >b 

ZHeda>X >ZG ZHO>dQiH QY>OHb jHaH _bHeG[§a>ZG[YQmHG [iHa dPH HZdQaH Hk_HaQYHZd\  

 

$:P: :=MQEOEPEKJ 

"a>QZ QY>OQZO j>b E[ZGeEdHG [Z > „\‰ 7 /5 bE>ZZHa “6lY_P[Zl />Hbda[ #X>bb} 6QHYHZb 
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Supplementary table 
List of the 120 IAPS  images. 
Negative and neutral IAPS (International Affective Picture 
System) images used in the experiment are listed with 
their respective valence and arousal values. 
 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 1: Experimental design. 
Time-course of trial cycles: Image presentation (negative 
or neutral) lasted for 3 s and was followed by a thermal 
stimulation (warm, 42 °C or heat, 48 °C) of the left hand. 
Thermal stimulations lasted for 6 s (plateau: 2 s). Then, 
during the return to basal temperature (33 °C), 
participants were invited by a superimposed green 
square to score the intensity of the stimulation during a 
two seconds period by using a manual rating with the 
right hand. Between cycles, variable inter-trial intervals 
(mean ± SD: 5.6 ± 2 s) were used to limit habituation and 
anticipation. 
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Figure 2: Effect of emotion and thermal 
stimulation on intensity ratings. 
Mean perceived intensity ratings (± SD) in the 
neutral (dotted line) and negative (solid line) 
emotional context, as a function of stimulation 
temperature (warm, 42 °C or heat pain, 48 °C). 
* p < 0.05 and ** p < 0.005. 
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Figure 3: BOLD signal changes during image presentation. 

(a) Group random-effects results show an increased BOLD signal (activations) elicited by viewing images 
contrasted to the rest condition (V, hot). (b) BOLD signal response modulated by emotional context (e/V, green). 
Results are thresholded at a voxel level of p < 0.001 and a cluster level of p < 0.05 FWE corrected. 
 

 
 
 
 
 
 

Table 1: Coordinates of activation peaks during 
visual stimulation. 
(a) Group random-effects results for visual 
stimulation contrast (V, visual presentation of the 
images – rest). (b) There is a modulation of BOLD 
signal by emotional context (e/V). Results are 
thresholded at a voxel level of p < 0.001 and a 
cluster level of p < 0.05 FWE corrected. BA: 
Brodmann area, DLPF: dorsolateral prefrontal 
cortex. 
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Figure 4: BOLD signal changes during thermal stimulation. 
(a) Group random-effects results show an increased BOLD signal (activations) elicited by thermal stimulations to 
rest (Th, in yellow to red color). (b) Significant activations are superior during negative than neutral contexts (e/Th, 
green), in nociceptive versus warm stimulations (t/Th, yellow) and there is a linear correlation between intensity 
rating and BOLD response to stimulation (p/Th, red). Results are thresholded at a voxel level of p < 0.001 and a 
cluster level of p < 0.05 FWE corrected. 

 
 
 
 

 
 

 
 
 
 

 
 
 
 

Table 2: Coordinates of activation peaks during 
thermal stimulation. 
Group random-effects results for thermal stimulation 
contrast (Th, thermode application on the skin – 
rest). Results are thresholded at a voxel level of p < 
0.001 and a cluster level of p < 0.05 FWE corrected. 
BA: Brodmann area, IPL: inferior parietal lobe, 
pMCC: posterior part of the midcingulate cortex, 

SMA: supplementary motor area. 
 
 

 
 
 
 
 

 
 
 
 
Table 3: Coordinates of activation peaks for 
parametric modulations during thermal stimulation. 
(a) Group random-effects results for the modulation 
of BOLD signal by perceived intensity ratings (p/Th), 
(b) by stimulation temperature (t/Th) and (c) by 
emotional context (e/Th) during thermal stimulation. 
Results are thresholded at a voxel level of p < 0.001 
and a cluster level of p < 0.05 FWE corrected. BA: 
Brodmann area, ACC: anterior cingulate cortex, IPL: 
inferior parietal lobe, MCC: midcingulate cortex, 
pACC: perigenual anterior cingulate cortex, SMA: 
supplementary motor area, SPL: superior parietal 
lobe. 
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b_>EH >ZGƒ[a >ddHZdQ[Z d[ dPH _>QZMeX D[Gl b_>EH “3HHXHZ >ZG $[jZQZO} ”‚‚́«\ 7PQb dHY_[a[§

[EEQ_Qd>X >EdQi>dQ[Z j>b QZdHa_aHdHG >b > be__[ad [M HY[dQ[Z>X _a[EHbbHb “!G[X_Pb} ”‚‚”« >ZG 
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QZdHZbQdQHb\ !Z[dPHa beDbHd [M Da>QZ >aH>b dP>d j>b Qb[X>dHG PHaH XQWHXl aHMXHEdb P[j dPH Da>QZ 

bHOaHO>dHb DHdjHHZ …” ·# >ZG …̂ ·# “Pa4D«} QZGH_HZGHZdXl [M jPHdPHa dPH bdQYeXQ jHaH E[ZbQGHaHG 

Dl dPH _>adQEQ_>Zdb >b _>QZMeX [a Z[d\ +Z dPQb aHb_HEd} Qd Qb QZdHaHbdQZO dP>d dPHbH >aH>b QZEXeGHG dPH 

Q_bQX>dHa>X “XHMd« >ZdHaQ[a QZbeX>} >ZdHaQ[a EQZOeX>dH >ZG E[Zda>X>dHa>X “aQOPd« 6„ E[adQEHb} QZ 

>OaHHYHZd jQdP > _>ddHaZ [M bHZb[al GQbEaQYQZ>dQiH MeZEdQ[Z “"[aZP^iG Hd >X\} ”‚‚”̃ "hEPHX Hd >X\} 

”‚‚”«\  



 ¿̂ 
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bdQYeX>dQ[Z QZdHZbQdl} Ded [ZXl QZ dPH _>QZMeX a>ZOH “)[GQZP[ Hd >X\} ”‚‚¿̃ 9>XHaQ>ZQ Hd >X\} ”‚‚̂«\ 

6eEP > b_HEQMQEQdl M[a _>QZ j>b Z[d aH_XQE>dHG PHaH bQZEH HY[dQ[Z>X E[ZdHkd >Xb[ QZMXeHZEHG 

QZdHZbQdl a>dQZO bE[aHb M[a …” ·# bdQYeX>dQ[Zb\ ! dPQaG bHd [M Da>QZ >aH>b dP>d j>b >bb[EQ>dHG jQdP 

GQMMHaHZdQ>X aHb_[ZbHb >EE[aGQZO d[ dPH HY[dQ[Z>X E[ZdHkd GeaQZO dPHaY>X bdQYeX>dQ[Z “?a4D« 

E[ZEHaZHG “jP>dHiHa dPH bdQYeX>dQ[Z QZdHZbQdl« dPH aQOPd +3.} dPH _aHEeZHeb >ZG dPH _!##\   

!EE[aGQZO d[ dPHbH MQZGQZOb} Qd Qb E[ZEHQi>DXH dP>d dPH HY[dQ[Z>X E[ZdHkd E[eXG QZMXeHZEH >b > 

_aQYQZO dPH >EdQiQdQHb [M [dPHa Da>QZ aHOQ[Zb aHb_[ZGQZO d[ _>QZMeX bdQYeXQ} RE: dPH _!##\ 7PH _!## 

Qb WZ[jZ d[ DH QZi[XiHG QZ >MMHEdQiH _a[EHbbQZO [M _>QZ “9[Od} ”‚‚‰«\ !b _aHiQ[ebXl bP[jZ M[a 

bHiHa>X E[ZGQdQ[Zb dP>d E[ZEea d[ aHGeEH _>QZ} dPH _!## Qb > WHl bdaeEdeaH M[a _>QZ E[Zda[X >ZG 

Y[GeX>dQ[Z “)>aEQ>§.>aaH> >ZG 3Hla[Z} ”‚‚́«\ 7PH aQOPd +3. Y>l >Xb[ _X>l > a[XH QZ dPH Y[GeX>dQ[Z 

[M QZdHZbQdl _HaEH_dQ[Z Dl ZHO>dQiH QY>OHb >b Qd Qb QZi[XiHG QZ bebd>QZQZO >ddHZdQ[Z “6QZOP§#eaal >ZG 

*eb>QZ} ”‚‚¯«\ M/5+ G>d> beOOHbd MeadPHa dP>d dPQb Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z Dl ZHO>dQiH 

HY[dQ[Z>X QY>OHb Qb _a[D>DXl YHGQ>dHG dPa[eOP _>a>XXHX _a[EHbbHb bQZEH Z[EQEH_dQiH} QZdHZbQdl 

E[GQZO >ZG HY[dQ[Z>X _a[EHbbQZO GeaQZO dPHaY>X bdQYeX>dQ[Z QZi[XiHG GQMMHaHZd Da>QZ >aH>b\ 7PH 

X>EW [M QZdHa>EdQ[Z DHdjHHZ HY[dQ[Z>X >ZG _>QZ _a[EHbbQZO _a[iQGHb >GGQdQ[Z>X >aOeYHZdb QZ M>i[a 

[M _>a>XXHX _a[EHbbHb QZ > iHal bQYQX>a Y>ZZHa >b M[a >ddHZdQ[Z>X _a[EHbbHb “3Hla[Z Hd >X\} „¯¯¯« >ZG 

_a[EHbbQZO [M E[Y_>bbQ[Z>X Pl_Ha>XOHbQ> “)[GQZP[ Hd >X\} ”‚„„«\ +d bHHYb dP>d dPH HMMHEd [M dPH 

HY[dQ[Z>X E[ZdHkd [Z bHZb[al bdQYeX>dQ[Zb E[eXG HkdHZG DHl[ZG _>QZ bHZb>dQ[Zb} HiHZ d[ dPHaY>X 

bdQYeX>dQ[Zb jQdPQZ Z[Z§Z[kQ[eb a>ZOHb\ *[jHiHa dPH QZi[XiHYHZd [M >aH>b beEP >b +3. >ZG _!## 

beOOHbdb dP>d dPH HY[dQ[Z>X Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z Qb _[bbQDXl GaQiHZ Dl YeXdQY[G>X 

QZdHOa>dQ[Z >ZG _>a>XXHX QZdHOa>dQ[Zb [M D[dP iQbe>X >ZG bHZb[al QZM[aY>dQ[Z\  

 

 

 

 

!<FIJSG>=BH>IPO 

7PQb j[aW j>b be__[adHG Dl >Z +ZbdQded 836! GH X> $[eXHea Oa>Zd “>__HX G~[MMaH ”‚‚»§”‚‚…«\ 9. Qb 

be__[adHG Dl dPH 5HbH>aEP (eZGb [M dPH (aHZEP§b_H>WQZO E[YYeZQdl [M "HXOQeY “(\5\6\§(056« >ZG 

dPH 5HbH>aEP ([eZG>dQ[Z (X>ZGHab “(:1«} "HXOQeY\ 



 ¿¯ 

r_p_r !I9GUO> <JHLG@H>IP9DN> ^ @PQ=> Ilp 

1;E><PDAO  

 .~[DVHEdQM GH X~>Z>XlbH GH E[ZZHEdQiQdJ HMMHEdQiH “>iHE X> YJdP[GH $#/« Hbd GH _[ei[Qa dHbdHa 

[f Hd E[YYHZd eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM _Hed QZMXeHZEHa X> E[YYeZQE>dQ[Z HZdaH XHb 

GQMMJaHZdHb aJOQ[Zb Ge aJbH>e EJaJDa>X QY_XQ`eJHb G>Zb X> _HaEH_dQ[Z iQbeHXXH§JY[dQ[ZZHXXH Hd 

dPHaY[§Z[EQEH_dQiH\ 0[eb >i[Zb E[ZbdaeQd eZ aJbH>e EJaJDa>X HZ >EE[aG >iHE XHb aJbeXd>db GHb 

>Z>XlbHb _aJEJGHZdHb “63/« Hd XHb Pl_[dPIbHb : LNEKNE `eH Z[eb >i[Zb bea X~HMMHd GHb JY[dQ[Zb 

ZJO>dQiHb ? GHek QZdHZbQdJb GH bdQYeX>dQ[Z GQMMJaHZdHb\ .~>Z>XlbH $#/ i> _HaYHddaH GH dHbdHa XHb 

E[ZZHkQ[Zb Hdƒ[e XHb aJOQ[Zb bea XHb`eHXXHb XH E[ZdHkdH JY[dQ[ZZHX ZJO>dQM Hd X> bdQYeX>dQ[Z 

dPHaYQ`eH _[eaa>QHZd >i[Qa eZH QZMXeHZEH} Y>Qb HXXH _HaYHdda> >ebbQ GH GJMQZQa bQ XHea QZMXeHZEH 

aHb_HEdQiH Hbd >EdQi>daQEH [e QZPQDQdaQEH\ 

 

/@PCJ=> 

%TPN:=PEKJ >?O 6/)O 

0[eb >i[Zb edQXQbJ XH GHbQOZ HZ Y[GeX>dQ[Zb _>a>YJdaQ`eHb GJMQZQ _aJEJGHYYHZd _[ea 

Hkda>QaH XHb G[ZZJHb edQXQbJHb G>Zb X~>Z>XlbH $#/̂ G>Zb 63/̂\ .H EP[Qk GH X~QZEXebQ[Z GH X> 6/!} 

Ge _!##} Ge >/## Hd GHb GHek QZbeXC G>Zb X~>Z>XlbH $#/ > JdJ OeQGJ _>a XHb aJbeXd>db [DdHZeb 

_[ea XHb Y[GeX>dQ[Zb _>a>YJdaQ`eHb G>Zb X~>Z>XlbH GH Oa[e_H\ !e ZQiH>e QZGQiQGeHX} XHb bJaQHb 

dHY_[aHXXHb GH EP>`eH i[XeYH G~QZdJaKd “91+} aJOQ[Z QZEXebH G>Zb XH Y[GIXH« [Zd JdJ Hkda>QdHb HZ 

_aHZ>Zd eZH b_PIaH GH ‰ YY GH a>l[Z} EHZdaJH bea X> E[[aG[ZZJH Y>kQY>XH E[aaHb_[ZG>Zd ? 

X~>Z>XlbH GH Oa[e_H “bHeQX ’ _ ̋ ‚\‚‚„ Z[Z§E[aaQOJ«\ .> 6/! > JdJ QGHZdQMQJH bea XH E[Zda>bdH 4D} >ek 

E[[aG[ZZJHb /0+ k ¸ »} l ¸ ̂} m ¸ ‰” ̃ XHb QZbeXC bea XH E[Zda>bdH La4D ? k ¸ §…‰} l ¸ „„} m ¸ §” _[ea 

X~QZbeX> Q_bQX>dJa>XH Hd ? k ¸ »¯} l ¸ „„} m ¸ §̂ _[ea X~QZbeX> E[Zda[X>dJa>XH ̃ XH >/## bea XH E[Zda>bdH 

Pa4D ? k ¸ §»} l ¸ „„} m ¸ »… Hd XH _!## bea XH E[Zda>bdH ?a4D ? k ¸ ‚} l ¸ …¿} m ¸ …\ 7[eb XHb beVHdb JdJ 

QZEXeb G>Zb X~>Z>XlbH $#/\ 

 

#KJOPNQ=PEKJ ?P =KIL:N:EOKJ >?O IK>@H?O  

.H Y[GIXH >Z>d[YQ`eH E[Y_[adH ‰ aJOQ[Zb aHXQJHb _>a GHb E[ZZHkQ[Zb QZdaQZbI`eHb\ 7[eb XHb 

Y[GIXHb _[bbJG>QHZd XHb YKYHb E[ZZHkQ[Zb aJEQ_a[`eHb HZdaH XHb aJOQ[Zb “ADBQN> t«\ 

0[eb >i[Zb dHbdJ XHb i>aQ>ZdHb GH Y[GIXHb beQi>ZdHb ’ 

„ƒ X~QZ_ed HkdHaZH “bdQYeX>dQ[Z dPHaYQ`eH« _[ei>Qd >i[Qa eZH QZMXeHZEH bea X~>EdQiQdJ GH X~QZbeX> 

Q_bQX>dJa>XH “+06§Q«} E[Zda[X>dJa>XH “+06§E« [e XHb GHek QZbeXC ? X> M[Qb ̃  

”ƒ Z[eb >i[Zb JYQb X~Pl_[dPIbH `eH X> dHY_Ja>deaH GH X> bdQYeX>dQ[Z QZMXe>Qd bea X~>EdQiQdJ QZbeX>QaH 

Hd Z[eb >i[Zb dHbdJ b[Z QZMXeHZEH b[Qd GQaHEdHYHZd bea X~+06§E b[Qd X~+06§Q b[Qd bea XHb ” QZbeXC Y>Qb 

>ebbQ bea XHb E[ZZHkQ[Zb HZdaH XHb GHek QZbeXC ̃ 



 ́‚ 

»ƒ Z[eb >i[Zb JYQb X~Pl_[dPIbH `eH XH E[ZdHkdH JY[dQ[ZZHX QZMXe>Qd bea X~>EdQiQdJ Ge _!## Hd Z[eb 

>i[Zb dHbdJ b[Z QZMXeHZEH bea XHb E[ZZHkQ[Zb b[Qd HZdaH XHb QZbeXC Hd XH _!##} b[Qd HZdaH 6/! Hd 

_!## [e HZE[aH HZdaH >/## Hd _!##\ 

 

 
 

 
Figure 5 : Structure de base des 
modèles. 
Tous les modèles ont été construits avec 
les mêmes régions et les mêmes 
connexions intrinsèques. Seuls l’input 
externe et les modulations étaient 
différents. 

  

 

 

 

 

!e d[d>X} ‰́ Y[GIXHb [Zd >QZbQ JdJ GJMQZQb Hd E[Y_>aJb XHb eZb _>a a>__[ad >ek >edaHb _>a X> 

YJdP[GH "/6 “":U?OE:J -K>?H 3?H?=PEKJ} 3HZZl Hd >X\} ”‚‚… ̃ 6dH_P>Z Hd >X\} ”‚‚¯« ? HMMHdb 

>XJ>d[QaHb} HXXH aHd[eaZH GHek _a[D>DQXQdJb “?TL?=P?> LKOP?NEKN LNK<:<EHEPU Hd ?T=??>:J=? 

LNK<:<EHEPU« bea eZ Oa>_PH ̃ _Xeb EHb GHek _a[D>DQXQdJb b[Zd JXHiJHb} YHQXXHea Hbd XH Y[GIXH “ADBQN> 

u«\  

 

 
Figure 6 : Comparaison des différents modèles par BMS (DCM8).  
Le meilleur modèle est le n°36, qui a les probabilités les plus élevées par rapport à tous les autres modèles. 

 

 

 



 ́„ 

3@OQGP9PO 

.H YHQXXHea Y[GIXH Hbd XH ZeYJa[ »¿\ .H "/! “":U?OE:J -K>?H !R?N:CEJC« _HaYHd GH aHZGaH 

E[Y_dH GHb _>a>YIdaHb Y[lHZb Ge YHQXXHea Y[GIXH “ADBQN> v«\ 8Z _>a>YIdaH _[bQdQM aHZG E[Y_dH 

G~eZH >EdQi>dQ[Z d>ZGQb `e~eZ _>a>YIdaH ZJO>dQM aHZG E[Y_dH G~eZH QZPQDQdQ[Z\ .Hb GQMMJaHZdHb 

_[bbQDQXQdJb GH E[ZZHkQ[Zb QZdaQZbI`eHb Z~[Zd _>b JdJ dHbdJHb} Y>Qb EHXXHb `eQ [Zd JdJ EP[QbQHb b[Zd 

aH_aJbHZdJHb bea X> ADBQN> v\  

 
Figure 7 : Meilleur modèle moyen (BMA).  
Le meilleur modèle est représenté avec les paramètres moyens qui le caractérisent. Thermode : 
entrée externe de la stimulation thermique, Température : modulation par la température de 
stimulation, Emotion : modulation par le contexte émotionnel ; aMCC : partie antérieure du cortex 
cingulaire moyen, INS-c : insula controlatérale, INS-i : insula ipsilatérale, pACC : partie prégénuale 
du cortex cingulaire antérieur, SMA : aire motrice supplémentaire. 

 

#JI<GQODJIO 

.H YHQXXHea Y[GIXH Y[ZdaH `eH X~HZdaJH HkdHaZH >QZbQ `eH X> Y[GeX>dQ[Z GH X> dHY_Ja>deaH 

GH bdQYeX>dQ[Z [Zd eZ HMMHd M>QDXH Y>Qb HkEQd>dHea bea X~QZbeX> Q_bQX>dJa>XH\ 7>ZGQb `eH X> Y[GeX>dQ[Z 

Ge E[ZdHkdH JY[dQ[ZZHX > eZ HMMHd M>QDXH bea X> E[ZZHkQ[Z >EdQi>daQEH >XX>Zd GH X> 6/! >e _!##\ .H 

Y[GIXH dHbdJ Hbd E[Y_XHkH} Y>Qb _aHZG HZ E[Y_dH GHb aJOQ[Zb `eQ b[Zd QY_[ad>ZdHb G>Zb XH 

da>QdHYHZd EJaJDa>X Hd X> Y[GeX>dQ[Z GH X> G[eXHea _>a XH E[ZdHkdH JY[dQ[ZZHX\ #[Zda>QaHYHZd ? EH 

`eQ Jd>Qd >ddHZGe} X~HZdaJH HkdHaZH QZMXeHZEH GH _aJMJaHZEH X~QZbeX> Q_bQX>dJa>XH “Hd Z[Z _>b 

E[Zda[X>dJa>XH [e GHb GHek E]dJb«\ #[YYH [DbHaiJ G>Zb XH E[Zda>bdH ?a4D} X> Y[GeX>dQ[Z 

JY[dQ[ZZHXXH _>bbH _>a XH _!## Hd X~>Z>XlbH GH E[ZZHEdQiQdJ Z[eb _HaYHd GH GQaH `e~eZ E[ZdHkdH 

JY[dQ[ZZHX ZJO>dQM >ea> dHZG>ZEH ? aHZM[aEHa X~QZMXeHZEH >EdQi>daQEH `eH X> 6/! _Hed >i[Qa bea XH 

_!##} `eQ _>a >QXXHeab > _Xed]d eZH QZMXeHZEH QZPQDQdaQEH bea XHb >edaHb aJOQ[Zb\ .Hb aJbeXd>db GH EHddH 

>Z>XlbH GH $#/ b[Zd eZ >aOeYHZd be__XJYHZd>QaH Y[Zda>Zd X~QY_XQE>dQ[Z Ge _!## G>Zb X> 

Y[GeX>dQ[Z JY[dQ[ZZHXXH GH X> _HaEH_dQ[Z G[eX[eaHebH\  



 ́” 

r_q %AA>P =aQI G>QNN> => G9 =QN@> => OPDHQG9PDJI ^ @PQ=> LOU<CJLCUODMQ> 

 

r_q_p 3@OQH@  

 

3>H9NMQ>  

 .Hb G[ZZJHb GH X> _aHYQIaH _>adQH GH X~JdeGH E[Y_[adHYHZd>XH “P[aX[OHb HZ E[eXHea« [Zd 

JdJ >E`eQbHb >e_aIb GHb »¿ i[X[Zd>QaHb b>QZb _>a 6\ ">bb>aG Hd (\ 7[aEPH\ .~J_aHeiH GH X~>adQEXH 

_eDXQJ G>Zb 3!+0 “”‚„„« bH bQdeH HZ !II>T> p\ 

 

1;E><PDA 

.~[DVHEdQM GH EHddH JdeGH Hbd G~Ji>XeHa XHb Y[GeX>dQ[Zb GH X> _HaEH_dQ[Z G[eX[eaHebH _>a 

X~HMMHd dHY_b\  

  

/@PCJ=>O 

3[ea Y>ZQ_eXHa X~>__aJEQ>dQ[Z GH X> GeaJH Ge bdQYeXeb Z[eb >i[Zb edQXQbJ eZ >adQMQEH 

dHEPZQ`eH “P[aX[OH« _HaYHdd>Zd ? »¿ i[X[Zd>QaHb b>QZb GH b>i[Qa bQ X> GeaJH GH X> bdQYeX>dQ[Z 

dPHaYQ`eH i> KdaH X[ZOeH [e E[eadH} >X[ab `e~HZ aJ>XQdJ HXXH > d[eV[eab X> YKYH GeaJH\ 3[ea 

EP>`eH bdQYeX>dQ[Z} Z[eb >i[Zb aHEeHQXXQ X~QZdHZbQdJ GH X> G[eXHea _HaFeH _>a XHb i[X[Zd>QaHb\ 

 

3@OQGP9PO k $DO<QOODJI 

.~QXXebQ[Z G~eZH bdQYeX>dQ[Z _Xeb E[eadH “>X[ab `e~HXXH ZH X~Hbd _>b« Hbd >bb[EQJH ? eZH QZdHZbQdJ 

GH G[eXHea _HaFeH E[YYH _Xeb M>QDXH\ +X Hbd G[ZE _[bbQDXH GH Y[GeXHa X> _HaEH_dQ[Z G[eX[eaHebH 

G~eZH bdQYeX>dQ[Z G[Zd X~QZdHZbQdJ _PlbQ`eH Z~> _[ead>Zd _>b JdJ Y[GQMQJH\  

 



 ́» 

r_q_q !NPD<G> @PQ=> Ilq ^ LOU<CJLCUODMQ>  

 
 

0Q<HEOD?> EJ 0!). gkh chfggdZ LL¥ hifbhij 
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> $H_>adYHZd [M 0Hea[X[Ol} #*8} …”‚‰‰ 6>QZd§%dQHZZH} (a>ZEH  
D 3>QZ #HZdHa} #*8} …”‚‰‰ 6>QZd§%dQHZZH} (a>ZEH  
E +06%5/ 8̂́¯} 8#" .l[Z„} 8,/ 6>QZd§%dQHZZH} (a>ZEH  
G #/55 8ZQd} #*8} …”‚‰‰ 6>QZd§%dQHZZH} (a>ZEH  

 

 

 

 

!;OPN9<P 

 7PH QZdHZbQdl [M Hk_HaQYHZd>X _>QZ Qb WZ[jZ d[ DH GH_HZGHZd [Z bdQYeX>dQ[Z Gea>dQ[Z\ 

*[jHiHa} Qd aHY>QZb eZWZ[jZ jPHdPHa dPQb HMMHEd >aQbHb X>aOHXl Ma[Y dPH >Ede>X bdQYeXeb Gea>dQ[Z 

[a Qb beDbd>ZdQ>XXl QZMXeHZEHG Dl dPH beDVHEd~b _HaEH_dQ[Z [M dPH bdQYeXeb Gea>dQ[Z\ +Z dPH _aHbHZd 

bdeGl} jH `eHbdQ[ZHG dPQb QbbeH Dl YQbXH>GQZO dPH _HaEH_dQ[Z [M dPH Gea>dQ[Z [M _>QZ QZ > 

_[_eX>dQ[Z [M »¿ PH>XdPl i[XeZdHHab bdQYeX>dHG jQdP > dPHaY[GH\ 7[ dPQb >QY} dQYH j>b bQOZQMQHG Dl 

> EX[EW jQdP a[d>dQZO P>ZGb QZ jPQEP QY_HaEH_dQDXH GQMMHaHZEHb QZ b_HHG a[d>dQ[Z P>G DHHZ 

QZda[GeEHG\ 6eDVHEdb jHaH dPHaHM[aH QYYHabHG QZ ” E[Y_>a>dQiH E[ZGQdQ[Zb QZ jPQEP dQYH j>b 

Y>ZQ_eX>dHG d[ _a[iQGH dPH QXXebQ[Z [M HQdPHa X[ZO [a bP[ad Gea>dQ[Z [M dPH _>QZMeX bdQYeXeb\ +Z > 

MQabd E[ZGQdQ[Z “||MeXX§XHZOdP~~ EX[EW«} _>adQEQ_>Zdb jHaH QZbdaeEdHG dP>d _>QZ j[eXG X>bd M[a > 

E[Y_XHdH aHi[XedQ[Z [M dPH EX[EW~b P>ZGb} jPHaH>b QZ dPH bHE[ZG E[ZGQdQ[Z “||bP[adHZHG~~ EX[EW«} 

aHi[XedQ[Z j>b aHGeEHG Dl ”‰ ̈\ !XdP[eOP dPH QZdHZbQdl >ZG dPH aH>X Gea>dQ[Z [M bdQYeX>dQ[Z jHaH 

QGHZdQE>X QZ D[dP E[ZGQdQ[Zb} dPH QZdHZbQdl [M _>QZ j>b bQOZQMQE>ZdXl aHGeEHG jPHZ dPH _HaEH_dQ[Z [M 

dQYH j>b YQbXH>GQZOXl bP[adHZHG Dl dPH Y>ZQ_eX>dHG EX[EW\ 7PQb bdeGl beOOHbdb dP>d dPH _HaEHQiHG 

Gea>dQ[Z [M > Z[kQ[eb bdQYeX>dQ[Z Y>l QZMXeHZEH dPH _HaEHQiHG QZdHZbQdl [M _>QZ\  



 ́… 

+IPNJ=Q<PDJI  

 %k_HaQYHZd>X bdeGQHb [Z _>QZ OHZHa>XXl GHXQiHa >EedH _>QZMeX bdQYeXQ “Q\H\} DaQHM HiHZdb« d[ 

Z[aY>X i[XeZdHHab\ +ZdeQdQiHXl} Qd bHHYb X[OQE>X dP>d _>QZ Gea>dQ[Z E[eXG QZMXeHZEH dPH QZdHZbQdl [M 

_>QZ _HaEH_dQ[Z QZ > bHZbH dP>d dPH X[ZOHa Qb dPH _>QZ bdQYeXeb} dPH PQOPHa bP[eXG DH dPH _>QZ 

_HaEH_dQ[Z\ "l Y>ZQ_eX>dQZO dPH aH_aHbHZd>dQ[Z [M dQYH QZ Z[aY>X i[XeZdHHab GeaQZO > _>QZMeX 

bdQYeX>dQ[Z} [ea bdeGl >QYHG >d QZiHbdQO>dQZO dPH dQYH GQYHZbQ[Z >b > _>ad [M _>QZ _HaEH_dQ[Z\  

 7PH QZMXeHZEH [M i>aQ[eb E[ZdHkdb [Z _>QZ QZdHZbQdl P>b DHHZ QZiHbdQO>dHG _aHiQ[ebXl\ 

%Y[dQ[Z “E¥?¥} bHHQZO eZ_XH>b>Zd _QEdeaHb GeaQZO _>QZMeX bdQYeXQ« j>b M[eZG d[ HZP>ZEH _>QZ a>dQZOb 

“)[GQZP[ Hd >X\} ”‚‚¿« >ZG d[ GHEaH>bH _>QZ dPaHbP[XG “/H>OPHa Hd >X\} ”‚‚„«} jPHaH>b GQbda>EdQZO 

dPH beDVHEd Ma[Y _>QZ jQdP > E[OZQdQiH d>bW j>b M[eZG d[ aHGeEH _>QZ a>dQZOb “3Hda[iQE Hd >X\} ”‚‚‚̃ 

9>XHd Hd >X\} ”‚‚…«\ !ZkQHdl “3X[OP>eb Hd >X\} ”‚‚„« >ZG >ZdQEQ_>dQ[Z [M _>QZ} _>adQEeX>aXl M[a 

Hk_HEdHG bdQYeXQ “6>j>Y[d[ Hd >X\} ”‚‚‚« P>iH >Xb[ DHHZ M[eZG d[ QZEaH>bH _>QZ QZdHZbQdl\ 1ZXl > 

MHj bdeGQHb >bbHbbHG dPH aHX>dQ[ZbPQ_b DHdjHHZ _>QZ _HaEH_dQ[Z >ZG dQYH\ +d Qb OHZHa>XXl >GYQddHG 

dP>d X[ZO§Gea>dQ[Z bdQYeXQ >aH _HaEHQiHG >b Y[aH _>QZMeX dP>Z bP[ad bdQYeXQ M[a PQOP dHY_Ha>deaHb 

“-[l>Y> Hd >X\} ”‚‚…«\ :P>d P>b DHHZ bP[jZ Qb dP>d dQYH _HaEH_dQ[Z j>b eZGHaHbdQY>dHG >b dPH 

beDVHEdb Hk_HaQHZEHG _>QZ “*HXXbda^Y >ZG #>aXbb[Z} „¯¯́̃ ,[WQE§"HOQE Hd >X\} ”‚‚¯̃ 7P[aZ >ZG 

*>ZbHXX} „¯¯»« >ZG dP>d _>QZ E[_QZO bda>dHOQHb QZdHOa>dQZO dHY_[a>X QZM[aY>dQ[Z QZ EPQXGaHZ E>Z 

PHX_ d[ GHEaH>bH _>QZ a>dQZO “#[XGjHXX Hd >X\} ”‚‚”«} Ded dPH aHiHabH “E¥?¥} dPH HMMHEd [M dQYH 

_HaEH_dQ[Z [Z _>QZ QZdHZbQdl« P>b Z[d DHHZ QZiHbdQO>dHG b[ M>a\ 7QYH _HaEH_dQ[Z Qb WZ[jZ d[ QZi[XiH 

E[ZdHkde>X QZM[aY>dQ[Z} >ZG Gea>dQ[Z HbdQY>dQ[Z Qb WZ[jZ d[ aHXl} M[a Hk>Y_XH} [Z bdQYeXeb bQmH 

“;e>Z Hd >X\} ”‚‚́«} iHX[EQdl >ZG b_HHG “->Z>Q Hd >X\} ”‚‚¿«} iQbe>X QZM[aY>dQ[Z “,[PZbd[Z >ZG 

0QbPQG>} ”‚‚„̃ ,[PZbd[Z Hd >X\} ”‚‚¿«} >eGQd[al EXeHb “$a[Qd§9[XHd Hd >X\} ”‚‚…«} [a QZdHa>EdQ[Z 

DHdjHHZ Y[G>XQdQHb “9>Z :>bbHZP[iH Hd >X\} ”‚‚̂«\ 6eDVHEdQiH _HaEH_dQ[Z [M dQYH E>Z >Xb[ DH 

GQbd[adHG Dl HY[dQ[Z>X E[ZdHkd “$a[Qd§9[XHd >ZG /HEW} ”‚‚́̃ /H>OPHa Hd >X\} ”‚‚„« >ZG >ddHZdQ[Z 

“#P>bd[Z >ZG -QZObd[ZH} ”‚‚…̃ ,[WQE§"HOQE Hd >X\} ”‚‚¯̃ 7bH Hd >X\} ”‚‚…«̃ jH ebHG dPHbH _a[_HadQHb 

d[ Y[GQMl beDVHEdQiH Gea>dQ[Z [M [ea _>QZMeX bdQYeX>dQ[Zb\  

 +Z dPH _aHbHZd bdeGl} jH QZiHbdQO>dHG P[j dPH _HaEH_dQ[Z [M dQYH Y>l QZMXeHZEH dPH QZdHZbQdl 

[M _HaEHQiHG _>QZ’ Dl ebQZO > YQbXH>GQZO aH_aHbHZd>dQ[Z [M dQYH} _>adQEQ_>Zdb jHaH QYYHabHG QZ ” 

GQMMHaHZd E[ZGQdQ[Zb} aHX>dQiH d[ dPH Gea>dQ[Z [M bdQYeX>dQ[Zb dP>d jHaH GHXQiHaHG Dl > PH>d 

dPHaY[GH [Z dPH XHMd XHO [a [Z dPH XHMd P>ZG\ #[Y_>aHG jQdP > E[Zda[X E[ZdHkd QZ jPQEP beDVHEdb 

aHEHQiHG > ||MeXX§XHZOdP~~ Z[EQEH_dQiH bdQYeX>dQ[Z} > bHE[ZG E[ZdHkd QZ jPQEP dPHl jHaH E[ZiQZEHG 

dP>d dPHl P>G aHEHQiHG > ||bP[adHZHG~~ bdQYeX>dQ[Z beEEHHGHG QZ Y[GeX>dQZO “E¥?¥} YQZQYQmQZO« _>QZ 

_HaEH_dQ[Z\ *HaH jH _aHbHZd dPH GHd>QXb [M dPQb Hk_HaQYHZd bP[jQZO dP>d DHXQHiQZO l[e >aH 

beMMHaQZO M[a > bP[adHa _HaQ[G [M dQYH jQXX GHEaH>bH l[ea _>QZ QZdHZbQdl\  
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 ! d[d>X [M »¿ aQOPd§P>ZGHG beDVHEdb “„̂ Y>XH >ZG „̂ MHY>XH} >OH ‹YH>Z ̌ 6$› ”»\” ̌ ”\̂‰ 

lH>ab« jHaH QZEXeGHG QZ dPH Y>QZ bdeGl\ !XX jHaH MaHH [M daH>dYHZd >ZG GQG Z[d _a>EdQEH QZdHZbQiH 

b_[ad\ 7PHl jHaH Z[d _>QG M[a dPHQa _>adQEQ_>dQ[Z} >ZG >XX _a[iQGHG QZM[aYHG E[ZbHZd\ 7jHZdl§M[ea 

>GGQdQ[Z>X beDVHEdb jHaH QZEXeGHG QZ > E[Y_XHYHZd>al bdeGl “„” Y>XH >ZG „” MHY>XH} >OH ”” ̌ ”\¯̂ 

lH>ab«\ 7PHl jHaH _>QG M[a dPHQa _>adQEQ_>dQ[Z} >ZG >XX _a[iQGHG QZM[aYHG E[ZbHZd\ 7PH X[E>X HdPQEb 

E[YYQddHH >__a[iHG dPH Hk_HaQYHZd>X _a[d[E[Xb\  

 

4:OG :J> LNK=?>QN?  

 7PHaY>X bdQYeX>dQ[Zb jHaH GHXQiHaHG Dl > » k »§EY dPHaY>X _a[DH “76!§”‚‚„} /HG[E«\ 

0[EQEH_dQiH dPaHbP[XGb jHaH GHdHaYQZHG Dl YHdP[Gb [M XQYQdb\ ">b>X dHY_Ha>deaH} bHd >d »” ·#} 

a[bH d[ QZGQiQGe>X _>QZ dPaHbP[XG jQdP > bX[_H [M „ ·#ƒb\ 6eDVHEdb P>G d[ _aHbb > Dedd[Z >b dPH PH>d 

dHY_Ha>deaH aH>EPHG > _>QZMeX XHiHX\ 7PH YH>beaH j>b aH_H>dHG … dQYHb\ /H>Z _>QZ dPaHbP[XGb 

jHaH …‰\” ·# ̌ „\…¿ ·# QZ dPH Y>QZ bdeGl “a>ZOH …‚\” d[ …¿« >ZG ……\„ ·# ̌ ‚\¿̂ ·# QZ dPH 

E[Y_XHYHZd>al bdeGl “a>ZOH …» d[ …‰\‰«\ +Z D[dP bdeGQHb} Y>kQY>X dHY_Ha>deaH j>b bHd d[ …́ ·# d[ 

_aHiHZd bWQZ G>Y>OH\  

 6eDVHEdb aHEHQiHG > bd>ZG>aGQmHG QZbdaeEdQ[Z dP>d dPHaH j[eXG DH ” _>QZMeX E[ZGQdQ[Zb >ZG 

dP>d > EX[EW j[eXG Y>dHaQ>XQmH dPH E[eabH [M dQYH\ +Z [ZH E[ZGQdQ[Z} dPH P>ZGb [M dPH EX[EW 

GHbEaQDHG > E[Y_XHdH aHi[XedQ[Z} jPHaH>b QZ dPH bHE[ZG E[ZGQdQ[Z dPHl GHbEaQDHG [ZXl dPaHH§

M[eadPb [M dPH aHi[XedQ[Z “ADBQN> p«\ 6eDVHEdb jHaH QZbdaeEdHG dP>d QZ dPQb X>ddHa E[ZGQdQ[Z} _>QZ 

Gea>dQ[Z j[eXG dPHaHM[aH DH aHGeEHG Dl ”‰̈\ +Z dPH Y>QZ Hk_HaQYHZd} dPQb QZbdaeEdQ[Z j>b 

aHQZM[aEHG Dl dPH OaHHZ E[X[a [M dPH bP[adHZHG EX[EW >ZG Dl >GGQZO > P>__l§M>EH HY[dQE[Z} 

jPHaH>b dPH EX[EW jQdP > E[Y_XHdH aHi[XedQ[Z j>b MQXXHG jQdP > aHG E[X[a >ZG >bb[EQ>dHG jQdP > b>G§

M>EH HY[dQE[Z\ 7PH >QY [M dPQb _aHbHZd>dQ[Z j>b d[ E[ZiQZEH dPH beDVHEdb dP>d QZ dPH E[ZdHkd jQdP 

dPH bP[adHZHG EX[EW} dPH _>QZMeX bdQYeX>dQ[Z j>b bP[adHa E[Y_>aHG jQdP dPH E[ZdHkd jQdP dPH MeXX§

XHZOdP EX[EW\ 6dQYeX>dQ[Z dHY_Ha>deaH j>b bHd d[ dPH QZGQiQGe>X _>QZ dPaHbP[XG ̊ „ ·# jQdP dPH 

dPHaY[GH >__XQHG [Z dPH XHMd XHO M[a »‚ b “_X>dH>e Gea>dQ[Z} bX[_H ¿ ·#ƒb ‹e_› >ZG ̂ ·#ƒb ‹G[jZ›«\ 

6eDVHEdb jHaH WH_d DXQZGHG d[ dPH M>Ed dP>d bdQYeX>dQ[Z dHY_Ha>deaH >ZG Gea>dQ[Z jHaH WH_d 

E[Zbd>Zd QZ D[dP E[ZGQdQ[Zb\ +YYHGQ>dHXl >MdHa H>EP bdQYeX>dQ[Z} dPH beDVHEd j>b >bWHG d[ a>dH dPH 

QZdHZbQdl [M _>QZ [Z > „‚§EY 9Qbe>X !Z>X[O 6E>XH\ 7[ YQZQYQmH YHY[al DQ>b QZ dPHQa >EdQiQdl [M 

bE[aQZO _>QZ} beDVHEdb jHaH >bWHG d[ bE[aH dPHQa _>QZ QYYHGQ>dHXl >MdHa dPH dHY_Ha>deaH P>G 

aHdeaZHG d[ D>bHXQZH\ +Z > MQabd bHbbQ[Z “_>bbQiH bHbbQ[Z«} … bdQYeX>dQ[Zb “” bdQYeX>dQ[Zb jQdP dPH MeXX§

XHZOdP EX[EW >ZG ” bdQYeX>dQ[Zb jQdP dPH bP[adHZHG EX[EW« jHaH GHXQiHaHG d[ i[XeZdHHab >EE[aGQZO 

d[ > _aHGHMQZHG bH`eHZEH dP>d j>b a>ZG[YXl [aGHaHG\ 7[ YQZQYQmH dPH WZ[jZ QZMXeHZEH [M _>QZ 



 ́¿ 

_aHGQEd>DQXQdl [Z _>QZ _HaEH_dQ[Z “6>X[Y[Zb Hd >X\} ”‚‚…« >ZG d[ HkEXeGH E[ZM[eZGb dP>d Y>l aHX>dH 

d[ dPH EP[bHZ [a dPH M[aEHG >b_HEdb [M dPH GHEQbQ[Z} jH aH_XQE>dHG dPH Hk_HaQYHZd QZ > bHE[ZG 

bHbbQ[Z QZ jPQEP beDVHEdb jHaH >bWHG d[ EP[[bH “>EdQiH bHbbQ[Z« dPH bH`eHZEH “E¥?¥} dPH [aGHa [M dPH 

… bdQYeX>dQ[Zb«\ 7Peb} beDVHEdb Hk_HaQHZEHG > d[d>X [M ̂ bdQYeX>dQ[Zb\ 7PH [aGHa DHdjHHZ _>bbQiH 

>ZG >EdQiH bHbbQ[Zb j>b E[eZdHaD>X>ZEHG\   

 7PHZ} > E[Y_XHYHZd>al Hk_HaQYHZd j>b GHbQOZHG d[ HkEXeGH dPH HMMHEdb [M E[X[ab >ZG 

HY[dQE[Zb} >ZG dPHaHM[aH} D[dP MeXX§XHZOdP >ZG bP[adHZHG EX[EWb jHaH bQYQX>aXl aH_aHbHZdHG QZ Oa>l 

E[X[a\ 7PH HZbeQZO Hk_HaQYHZd j>b dPHZ bQYQX>a d[ jP>d j>b _HaM[aYHG QZ dPH M[aEHG bHbbQ[Z [M 

dPH Y>QZ bdeGl\ 7j[ GQMMHaHZd XHZOdPb [M _>QZMeX bdQYeXQ >__XQHG [Z dPH G[abeY [M dPH XHMd P>ZG 

jHaH dHbdHG “HQdPHa ”‰ [a „‰ b« >d dPH QZGQiQGe>X _>QZ dPaHbP[XG [a >d dPH QZGQiQGe>X _>QZ dPaHbP[XG ̊ 

„ ·#\ !XdP[eOP Qd E[eXG DH QZdHaHbdQZO d[ QZiHbdQO>dH dPH HMMHEdb [M dQYH aH_aHbHZd>dQ[Z [Z 

QZZ[Ee[eb bdQYeXQ} jH _aHMHaaHG Z[d d[ QZda[GeEH QZZ[Ee[eb QZdHZbQdQHb [M bdQYeX>dQ[Z “DHX[j _>QZ 

dPaHbP[XG« dP>d j[eXG P>iH aH`eQaHG >Z >GGQdQ[Z>X bE[aQZO >ZG j[eXG P>iH QZEaH>bHG dPH 

E[Y_XHkQdl [M dPH Hk_HaQYHZd\ 6eDVHEdb jHaH >bWHG d[ bE[aH dPHQa _>QZ >MdHa dPH dHY_Ha>deaH P>G 

aHdeaZHG d[ D>bHXQZH jQdP > i>aQ>DXH GHX>l “VQddHa« dP>d j>b QZda[GeEHG DHdjHHZ dPH HZG [M dPH 

bdQYeX>dQ[Z >ZG dPH bQOZ>X M[a a>dQZO’ ”\‚̂ ̌ „\»̂ b« d[ _aH_>aH dPH a>dQZO E[ZGQdQ[Zb [M dPH MedeaH 

M/5+ Hk_HaQYHZd QZ jPQEP bdQYeX>dQ[Z bP[eXG DH H>bQXl GQbb[EQ>dHG Ma[Y bE[aQZO\  

 

4EI? L?N=?LPEKJ  

 7Pa[eOP[ed dPH Y>QZ >ZG dPH E[Y_XHYHZd>al Hk_HaQYHZdb} jH GHXQDHa>dHXl [YQddHG 

QZiHbdQO>dQZO Hk_XQEQdXl dPH _HaEH_dQ[Z [M dQYH >ZG dPH _HaEH_dQ[Z [M a[d>dQ[Z b_HHG [M dPH P>ZGb [M 

dPH EX[EW Dl dPH beDVHEdb\ 6_HEQMQE>XXl} Qd j[eXG _a[D>DXl P>iH DHHZ QZdHaHbdQZO d[ >bbHbb dPHQa [jZ 

_HaEH_dQ[Z [M dQYH aH_aHbHZd>dQ[Z [a d[ E[Y_>aH jQdP > aH>X ́‰̈ aHGeEdQ[Z [M bdQYeXeb Gea>dQ[Z\ 

*[jHiHa} jH >ZdQEQ_>dHG dP>d [aQHZdQZO >ddHZdQ[Z d[j>aG dPH aH_aHbHZd>dQ[Z [M dQYH >ZG dPH 

GQbd[adQ[Zb QZda[GeEHG PHaH j[eXG P>iH Hk_[bHG dPHY d[ dPH aQbW [M OQiQZO > dHY_[a>X aHMHaHZEH} 

>ZG dPHaHM[aH _[bbQDXl dPH WHl [M dPH QXXebQ[Z\ !d dPH HZG [M dPH bHbbQ[Z} M[a dPH b>YH aH>b[Zb} jH 

blbdHY>dQE>XXl EPHEWHG jQdP > i>OeH Ded bd>ZG>aGQmHG `eHbdQ[Z “||$QG l[e Z[dQEH >ZldPQZO ja[ZO [a 

DQm>aaH jQdP dPH EX[EWb [a dPH Hk_HaQYHZd¦~~« dP>d dPHl GQG Z[d aHE[OZQmH dPH QXXebQ[Z >ZG dP>d dPHl 

jHaH aH>XXl YQbXHG\  
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3P:PEOPE=:H :J:HUO?O  

 6d>dQbdQE>X >Z>XlbHb jHaH E[ZGeEdHG [Z 6366 “iHabQ[Z „¿\‚\”} 6366} +ZE\} #PQE>O[} +.« jQdP 

_>a>YHdaQE>X dHbdb\ 3>QZ QZdHZbQdl a>dQZOb jHaH Z[aY>XXl GQbdaQDedHG QZ dPH ” k ” E[ZGQdQ[Zb >ZG 

bHbbQ[Zb “-[XY[O[a[i¤6YQaZ[i = ̋ ‚\́„} 3 ̨ \‚‰«\ 5H_H>dHG§YH>beaHb >Z>XlbQb [M i>aQ>ZEH dHbdb 

jHaH E[ZGeEdHG [Z YH>Z _>QZ a>dQZOb\ :H GHMQZHG ” jQdPQZ§beDVHEd M>Ed[ab’ E[ZGQdQ[Z “bP[adHZHG 

[a MeXX§XHZOdP« >ZG bHbbQ[Z “_>bbQiH [a >EdQiH« QZ dPH Y>QZ bdeGl} E[ZGQdQ[Z “bP[adHZHG [a MeXX§

XHZOdP« >ZG dHY_Ha>deaH “_>QZ dPaHbP[XG [a _>QZ dPaHbP[XG ̊ „ ·#« QZ dPH E[Y_XHYHZd>al bdeGl\ 

7PHbH >Z>XlbHb >XX[jHG eb d[ dHbd dPH Y>QZ HMMHEd [M E[ZGQdQ[Z} >b jHXX >b dPH E[ZGQdQ[Z Dl 

bHbbQ[ZƒdHY_Ha>deaH QZdHa>EdQ[Zb\ 6deGHZd _>QaHG d dHbdb jHaH ebHG M[a _[bd P[E >Z>XlbHb} >ZG 3 

i>XeHb jHaH E[aaHEdHG M[a YeXdQ_XH E[Y_>aQb[Zb jQdP dPH "[ZMHaa[ZQ E[aaHEdQ[Z} jPHZ >__a[_aQ>dH 

“3“E[aa««\ 7[ iHaQMl jPHdPHa dPH QXXebQ[Z j>b Y>QZd>QZHG M[a dPH bP[ad dQYH Gea>dQ[Z} dPH „‰§b bHbbQ[Z 

j>b >Z>XlmHG jQdP 6deGHZd _>QaHG d dHbd DHE>ebH dPHbH E[ZGQdQ[Zb jHaH [ZXl Y>ZQ_eX>dHG Dl dPH 

E[ZGQdQ[Z M>Ed[a “bP[adHZHG [a MeXX§XHZOdP«\  

 :PHZ ZHEHbb>al} dPH _>QZ QZdHZbQdl a>dQZO [Dd>QZHG QZ GQMMHaHZd bHbbQ[Zb QZ dPH E[ZGQdQ[Zb [M 

dPH MeXX§XHZOdP EX[EW jHaH >iHa>OHG d[OHdPHa} >b jHXX >b dPH _>QZ QZdHZbQdl a>dQZO [Dd>QZHG QZ dPH 

E[ZGQdQ[Zb [M dPH bP[adHZHG EX[EW\ 5HbeXdb >aH aH_[adHG QZ dPH dHkd >b dPH YH>Z ̌ 6$ >ZG QZ ADBQN> 

q! 9I= " >b dPH YH>Z ̌ 6%/\ 7PH bQOZQMQE>ZEH EaQdHaQ[Z j>b bHd >d 3 ̋ \‚‰\  

 

 
Figure 1: Experimental design 

In the two conditions, the clock with the smiley was first presented for 2 seconds corresponding to the delay for the 
temperature to reach the plateau; Then the first hand position on the clock was presented for 6 seconds. In the 
“shortened” green clock with a happy smiley condition the hand moved every 4 seconds whereas in the “full-length” 
red clock with a sad smiley condition the hand moved every 3 seconds. After 30 seconds, the temperature felt down 
to 35°C (baseline) and the clock was removed. 
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Figure 2A: Main study. Mean pain 
ratings from 36 subjects were 
obtained in 2 sessions by 2 
conditions. “Full-length” condition 
corresponds to a red, full clock with 
a sad smiley and “shortened” 
condition corresponds to a green, 
3/4-full clock with a happy smiley. 
During the whole experiment, 
stimulation temperature was set to 
pain threshold + 1°C and duration 
to 30 seconds. In both chosen and 
forced sessions, “shortened” 
stimulations were perceived as 
significantly less painful than “full-
length” ones. Mean pain ratings (± 
SEM) during chosen sessions did 
not differ from those recorded in 
forced sessions.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2B: Complementary study.  
Mean pain ratings from 24 subjects were obtained in 2 sessions. “Full-length” condition corresponds to a full clock 
and “shortened” condition corresponds to a 3/4-full clock, both grey. In one session, stimulation duration was set to 
25 seconds and temperature to pain threshold or pain threshold + 1°C. In the other session, stimulation duration 
was set to 15 seconds and temperature to pain threshold + 1°C (v except for 6 subjects out of 24, who would not 
support the repetition of stimulations at pain threshold + 1°C). “Shortened” stimulations were perceived as 
significantly less painful (mean pain ratings ± SEM) than “full-length” ones only for longer conditions at pain 
threshold + 1°C. Statistically significant difference: * p<0.05, ** p<0.005, *** p<0.001 and NS:  Non-Significant. 
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3>OQGPO  

-:EJ OPQ>UZ ifbO >QN:PEKJ  

 ! Y>QZ HMMHEd [M E[ZGQdQ[Z “bP[adHZHG§XHZOdP EX[EW RO¥ MeXX§XHZOdP EX[EW« j>b M[eZG “(„}»‰ ¸ 

́\́́̂} 3 ¸ \‚‚̂« “ADBQN> q!« >ZG bP[jHG dP>d dPH bP[adHa dPH bdQYeXeb bHHYHG d[ DH} dPH X[jHa j>b 

dPH QZdHZbQdl [M _>QZ “YH>Z _>QZ bE[aH ̌ 6$ M[a MeXX§XHZOdP EX[EW’ ‰\”‰ ̌ „\̂¿} bP[adHZHG EX[EW’ …\́„ 

̌ ”\„…«\ 0[ bQOZQMQE>Zd HMMHEd [M bHbbQ[Z “_>bbQiH bHbbQ[Z RO¥ >EdQiH bHbbQ[Z« j>b M[eZG “(„}»‰ ¸ ‚\”»̂} 

3 ¸ \¿”¯« >ZG bP[jHG dP>d dPH bHXHEdQ[Z Y[GH [M E[ZGQdQ[Zb P>G Z[ bQOZQMQE>Zd HMMHEd [Z _>QZ 

QZdHZbQdl bE[aHb “_>bbQiH’ ‰\‚» ̌ „\¯‚} >EdQiH’ …\¯» ̌ ”\„…«\ 0[ bQOZQMQE>Zd QZdHa>EdQ[Z j>b M[eZG 

DHdjHHZ bHXHEdQ[Z Y[GH >ZG _HaEHQiHG Gea>dQ[Z “(„}»‰ ¸ \‚‚„} 3 ¸ \¯́̂«\ $Hd>QXHG aHbeXdb bP[jHG > 

bQOZQMQE>Zd HMMHEd [M E[ZGQdQ[Z M[a D[dP _>bbQiH “MeXX§XHZOdP EX[EW’ ‰\»‚ ̌ „\̂¯} bP[adHZHG EX[EW’ …\́¿ 

̌ ”\„„̃ 7 ¸ ”\‰”…} 3 ¸ \‚„¿« >ZG >EdQiH bHbbQ[Zb “MeXX§XHZOdP EX[EW’ ‰\”‚ ̌ ”\”‰} bP[adHZHG EX[EW’ …\¿‰ 

̌ ”\”¯̃ 7 ¸ ”\„¿¯} 3 ¸ \‚»́«\ />OZQdeGH [M _>QZ Y[GeX>dQ[Z QZ dPH EP[bHZ bHbbQ[Zb j>b E[aaHX>dHG 

jQdP dP[bH [M dPH M[aEHG bHbbQ[Zb “YH>Z GQMMHaHZEHb QZ _>QZ bE[aHb’ ‚\‰‰ ̌ „\‰” >ZG ‚\‰… ̌ „\”¯} 

aHb_HEdQiHXl̃ 5 ¸ ‚\»¯…} 3 ¸ \‚„̂«\  

 

#KILH?I?JP:NU OPQ>U[ =KHKNH?OO O?OOEKJOZ hkbO >QN:PEKJ  

 5HO>aGQZO dPH Y>QZ bdeGl QZ jPQEP dPHaY>X _>QZ bdQYeX>dQ[Zb X>bdHG »‚ b} > Y>QZ HMMHEd [M 

E[ZGQdQ[Z “bP[adHZHG§XHZOdP EX[EW RO¥ MeXX§XHZOdP EX[EW« j>b M[eZG “(„}”» ¸ „”\”„…} 3 ¸ \‚‚” ‹ADBQN> 

q"›̃ YH>Z _>QZ bE[aH ̌ 6$ M[a MeXX§XHZOdP EX[EW’ ‰\”» ̌ „\́¯} bP[adHZHG EX[EW’ …\̂̂ ̌ „\¿́«\ ! 

_[bQdQiH Y>QZ HMMHEd [M dHY_Ha>deaH “_>QZ dPaHbP[XG RO¥ _>QZ dPaHbP[XG ̊ „ ·#« [Z _>QZ QZdHZbQdl 

a>dQZOb j>b M[eZG “(„}”» ¸ ́̂\̂́»} 3 ̋ \‚‚„̃ YH>Z _>QZ bE[aH ̌ 6$ M[a _>QZ dPaHbP[XG’ …\„‰ ̌ „\‰”} 

_>QZ dPaHbP[XG ̊ „ ·#’ ‰\¯¿ ̌ „\……«\  

 ! bQOZQMQE>Zd QZdHa>EdQ[Z j>b M[eZG DHdjHHZ E[ZGQdQ[Z >ZG dHY_Ha>deaH “(„}”» ¸ ‰\‚„…} 3 ¸ 

\‚»‰«\ $Hd>QXHG aHbeXdb bP[jHG dP>d _>QZ QZdHZbQdl a>dQZOb jHaH bQOZQMQE>ZdXl X[jHa QZ dPH bP[adHZHG 

dP>Z QZ dPH MeXX§XHZOdP E[ZGQdQ[Zb jPHZ dPHaY>X bdQYeX>dQ[Z j>b bHd d[ _>QZ dPaHbP[XG ̊ „ ·# “MeXX§

XHZOdP EX[EW’ ¿\”… ̌ „\…́} bP[adHZHG EX[EW’ ‰\¿̂ ̌ „\»¯̃ 7 ¸ »\„»¯} 3“E[aa« ¸ \‚„«\ +Z dPH E[ZGQdQ[Zb 

jQdP bdQYeX>dQ[Z QZdHZbQdl bHd d[ _>QZ dPaHbP[XG QZbdH>G [M _>QZ dPaHbP[XG ̊ „ ·#} _>QZ QZdHZbQdl GQG 

Z[d GQMMHa bQOZQMQE>ZdXl DHdjHHZ E[ZGQdQ[Z “MeXX§XHZOdP EX[EW’ …\”” ̌ „\‰‚} bP[adHZHG EX[EW’ …\‚¯ ̌ 

„\‰́̃ 7 ¸ „\́”¿} 3“E[aa« ¸ \„¯¿«\  

 

#KILH?I?JP:NU OPQ>U[ =KHKNH?OO O?OOEKJOZ gkbO >QN:PEKJ  

 +Z dPH E[ZGQdQ[Zb jQdP > Gea>dQ[Z [M „‰ b [M bdQYeX>dQ[Z QZbdH>G [M ”‰ b} QZ ¿ [M dPH ”… beDVHEdb 

dPH bdQYeX>dQ[Z bHd d[ _>QZ dPaHbP[XG ̊ „ ·# j>b eZDH>a>DXH >ZG dPHl jHaH dPHaHM[aH bdQYeX>dHG >d 

_>QZ dPaHbP[XG\ 3>QZ QZdHZbQdl bE[aHb jHaH Z[d GQMMHaHZd QZ dPHbH ¿ beDVHEdb >b E[Y_>aHG jQdP dPH 

„̂ beDVHEdb bdQYeX>dHG >d _>QZ dPaHbP[XG ̊ „ ·# “MeXX§XHZOdP EX[EW’ …\¯́ ̌ ”\¿̂ >ZG …\»́ ̌ „\́»} 7 



 ̂‚ 

¸ ‚\¿…} 3 ¸ \‰»̃ bP[adHZHG EX[EW’ ‰\‰̂ ̌ ”\” >ZG …\»‚ ̌ „\́”} 7 ¸ „\…¯} 3 ¸ \„‰„ QZ dPH ¿ >ZG dPH „̂ 

beDVHEdb} aHb_HEdQiHXl«\ +Z dPHbH ”… beDVHEdb} _>QZ QZdHZbQdl GQG Z[d GQMMHa DHdjHHZ dPH MeXX§XHZOdP 

EX[EW >ZG dPH bP[adHZHG EX[EW “…\‰” ̌ „\¯¿ >ZG …\¿” ̌ „\̂̂} aHb_HEdQiHXl̃ 7 ¸ ‚\¿‚̂} 3 ¸ \‰…¯«\ 7PH 

Y>OZQdeGH [M _>QZ Y[GeX>dQ[Z DHdjHHZ MeXX§XHZOdP >ZG bP[adHZHG E[ZGQdQ[Zb j>b Z[d bQOZQMQE>ZdXl 

GQMMHaHZd QZ dPH ”‰§b E[ZGQdQ[Zb >b E[Y_>aHG jQdP dPH »‚§b bHbbQ[Zb “YH>Z GQMMHaHZEHb QZ _>QZ 

bE[aHb’ »‚ b’ ‚\‰‰ ̌ „\„̂} ”‰ b’ ‚\‰¿ ̌ ‚\̂́̃ 7 ¸ „\”…¯} 3 ¸ \”„́«\ 7PHbH aHbeXdb jHaH [Dd>QZHG HiHZ 

dP[eOP E[X[a >ZG HY[dQE[Zb jHaH _aHbHZd QZ dPH »‚§b E[ZGQdQ[Zb Ded Z[d QZ dPH ”‰§b E[ZGQdQ[Zb\ 

7PH Y>OZQdeGH [M _>QZ Y[GeX>dQ[Z j>b bQOZQMQE>ZdXl PQOPHa QZ dPH ”‰§b bHbbQ[Zb “>d _>QZ dPaHbP[XG ̊ 

„ ·#« dP>Z QZ dPH „‰§b bHbbQ[Zb “YH>Z GQMMHaHZEHb QZ _>QZ bE[aHb’ ”‰ b’ ‚\‰¿ ̌ ‚\̂́} „‰ b’ ‚\‚¯̂ ̌ 

‚\́¯̃ 7 ¸ ”\»‰} 3 ¸ \‚„”«\  

 

4EI? L?N=?LPEKJ  

 7Pa[eOP[ed dPH Y>QZ >ZG dPH E[Y_XHYHZd>al Hk_HaQYHZdb} Z[ZH [M dPH beDVHEdb aH>XQmHG 

dP>d dPH GQMMHaHZEHb QZ bdQYeX>dQ[Z Gea>dQ[Z jHaH >Z QXXebQ[Z\  

 

 

$DO<QOODJI  

 +Z dPQb bdeGl} jH beEEHHGHG QZ EaH>dQZO >Z QXXebQ[Z [M bP[adHZHG _>QZMeX bdQYeX>dQ[Z Dl > 

YQbXH>GQZO Y>dHaQ>XQm>dQ[Z [M dQYH\ ([a OQiHZ dHY_Ha>deaHb >ZG MQkHG Gea>dQ[Z [M bdQYeXQ} > bQY_XH 

QXXebQ[Z [Z dPH dQYH E[eabH Y>GH dPH _>QZ _HaEH_dQ[Z XHbb QZdHZbH\ "l E[ZiHZdQ[Z} QZ jP>d M[XX[jb} 

E[ZbQbdHZd jQdP dPH QZbdaeEdQ[Zb OQiHZ d[ _>adQEQ_>Zdb} jH jQXX GQbEebb [ea aHbeXdb >b X[jHaHG _>QZ QZ 

bP[adHZHG EX[EW E[ZGQdQ[Zb a>dPHa dP>Z QZEaH>bHG _>QZ QZ MeXX§XHZOdP EX[EW E[ZGQdQ[Zb\ 7PHbH aHbeXdb 

>aH QZ >OaHHYHZd jQdP dPH MQZGQZO dP>d X[ZO bdQYeXQ “»‚ b« >aH OHZHa>XXl Y[aH _>QZMeX dP>Z bP[ad 

bdQYeXQ “‰ d[ „‰ b« “-[l>Y> Hd >X\} ”‚‚…« >d PQOP dHY_Ha>deaHb >ZG beOOHbd dP>d beDVHEdb~ _HaEH_dQ[Z 

[M dQYH P>b >Ede>XXl DHHZ YQbXHG Dl dPH E[ZdHkd [M dPH Hk_HaQYHZd\ !XdP[eOP Y>Zl [dPHa 

Y[GeX>dQ[Zb [M _>QZ [a _>QZ QXXebQ[Zb P>iH DHHZ GHY[Zbda>dHG _aHiQ[ebXl} Qd Qb >Xj>lb M>bEQZ>dQZO d[ 

[DbHaiH dP>d _aHiQ[ebXl eZHk_X[aHG >ZG Z>dea>X bQde>dQ[Zb E>Z aHGeEH _>QZ QZdHZbQdl\ !ddHZdQ[Z>X 

“$>iQb Hd >X\} ”‚‚‚̃ (a>ZWHZbdHQZ Hd >X\} ”‚‚„̃ /Qa[Z Hd >X\} „¯̂¯̃ 3Hla[Z Hd >X\} „¯¯¯̃ 9>Z $>YYH Hd 

>X\} ”‚„‚«} HY[dQ[Z>X “)[GQZP[ Hd >X\} ”‚‚¿«} GQiHabQ[Z “9>XHd Hd >X\} ”‚‚…«} >ZdQEQ_>dQ[Z “3X[OP>eb Hd 

>X\} ”‚‚„̃ 6>j>Y[d[ Hd >X\} ”‚‚‚«} YHY[aQm>dQ[Z “"QZOHX Hd >X\} ”‚‚́«} [a bHZb[al QXXebQ[Zb 

“"[eP>bbQa> Hd >X\} ”‚‚‰̃ #a>QO Hd >X\} „¯¯…« >aH Z[ZHkP>ebdQiH Hk>Y_XHb [M jP>d dPH ZHai[eb 

blbdHY E>Z G[ d[ EP>ZOH _>QZ _HaEH_dQ[Z\ *l_Z[dQE beOOHbdQ[Z P>b DHHZ aH_[adHG d[ Y[GeX>dH 

_>QZ _HaEH_dQ[Z “5>QZiQXXH Hd >X\} „¯¯¯«} >ZG bP[adHZQZO dPH _HaEH_dQ[Z [M dQYH Gea>dQ[Z jQdP 

Pl_Z[bQb E>Z >XXHiQ>dH >EedH [a EPa[ZQE _>QZ “">aDHa} „¯¯¿«\ #[ZiHabHXl d[ QZbdaeYHZd>X >ZG GaeO 

dPHa>_QHb} dPH Y>QZ QZdHaHbd [M dPHbH Y[GeX>dQ[Zb Qb dP>d dPHl aHEaeQd HZG[OHZ[eb aHb[adb\ 7PQb Qb 



 ̂„ 

_>adQEeX>aXl aHXHi>Zd M[a dPH E[Y_aHPHZbQ[Z [M dQYH >__a>Qb>X QZ _>QZMeX bQde>dQ[Zb DHE>ebH Qd Qb 

EXH>a Ma[Y dPHbH aHbeXdb dP>d dPH E[ZdHkde>X HbdQY>dQ[Z [M dQYH Y>l EP>ZOH _>QZ QZdHZbQdl\ +d bHHYb 

_[bbQDXH dP>d dPH HZP>ZEHYHZd [M _>QZ a>dQZOb dP>d Qb aH_[adHG PHaH [iHa > »‚§b Gea>dQ[Z QZ > 

E[ZGQdQ[Z dP>d Qb Hk_HEdHG d[ DH X[ZO} >b E[Y_>aHG jQdP > bP[adHZHG E[ZGQdQ[Z} j[eXG DH > 

YHEP>ZQbY [M QY_[ad>ZEH QZ P[j dPH beDVHEd~b aHX>dQ[Z jQdP dQYH GeaQZO > _>QZMeX H_Qb[GH E>Z 

QZMXeHZEH _>QZ QZdHZbQdl a>dQZOb\ !EE[aGQZO d[ dPQb QZdHa_aHd>dQ[Z} dPH Y[GeX>dQ[Z [M _>QZ QZdHZbQdl 

Dl dQYH aH_aHbHZd>dQ[Z j>b Z[d M[eZG M[a bP[adHa _>QZ E[ZGQdQ[Zb “E¥?¥} „‰ b«} E[ZbQbdHZd jQdP > X[j 

QZMXeHZEH [M dQYH HMMHEd M[a >EedH [a bP[ad _>QZMeX bdQYeXQ E[Y_>aHG jQdP X[ZOHa [ZHb\ !b beOOHbdHG 

_aHiQ[ebXl Dl [dPHab “!_W>aQ>Z Hd >X\} ”‚‚¯«} EPa[ZQE _>QZ bd>dHb E[eXG DH Hk_X>QZHG Dl _HaZQEQ[eb 

X[[_b >Y[ZO _>QZ _HaEH_dQ[Z} Gea>dQ[Z [M _>QZ} >ZG >GGQdQ[Z>X E[OZQdQiH M>Ed[ab\ !XdP[eOP [ea 

bdeGl GQG Z[d >__Xl d[ _>dQHZdb jQdP EPa[ZQE _>QZ} dPH bP[ad§dHaY Y[GeX>dQ[Zb aH_[adHG PHaH 

HY_P>bQmHG dPH QY_[ad>ZEH [M Gea>dQ[Z [Z dPH _HaEH_dQ[Z [M > _>QZMeX bd>dH\  

 .>dHa [Z} [dPHa _a[EHbbHb beEP >b HY[dQ[Z E[eXG MeadPHa >Y_XQMl dPHbH _a[EHbbHb DHE>ebH 

dQYH P>b DHHZ bP[jZ d[ DH [iHaHbdQY>dHG QZ E>bHb [M ZHO>dQiH HY[dQ[Zb >b E[Y_>aHG jQdP 

_[bQdQiH HY[dQ[Zb “$a[Qd§9[XHd >ZG /HEW} ”‚‚́̃ /H>OPHa Hd >X\} ”‚‚„̃ 7Q__XHb Hd >X\} ”‚‚̂«\ 

!XdHaZ>dQiHXl} dPH Y[GeX>dQ[Zb aH_[adHG PHaH Y>l DH iQHjHG Ma[Y dPH QZbQGH [M dPH beDVHEdb >b >Z 

H`eQi>XHZd [M dHY_[a>X beYY>dQ[Z’ jQdP dPH GQbd[adQ[Z [M dPH dHY_[a>X aHMHaHZEH} bdQYeXQ [M 

_aHbeYHG X[ZOHa Gea>dQ[Z jHaH >bb[EQ>dHG jQdP bda[ZOHa _>QZ\ 7PHbH aHbeXdb Y>l >__H>a >b > 

aH_XQE>dQ[Z [M >Z[dPHa bdeGl bP[jQZO > dHY_[a>X beYY>dQ[Z [M _P>bQE bdQYeXQ [M DHdjHHZ „‚ >ZG 

»‚ b jQdP > Y>kQY>X HMMHEd M[a PQOP dHY_Ha>deaH “-[l>Y> Hd >X\} ”‚‚…«\ +ZEaH>bHG _>QZ QZdHZbQdl 

j>b aH_[adHG PHaH M[a ”‰ b >b E[Y_>aHG jQdP „‚ b} jQdP > bQYQX>a HZP>ZEHYHZd M[a _>QZ QZdHZbQdl 

[DbHaiHG M[a dPH PQOPHbd QZdHZbQdQHb [M bdQYeX>dQ[Zb “_>QZ dPaHbP[XG ̊ „ ·#« Ded Z[d M[a X[jHa 

QZdHZbQdQHb “_>QZ dPaHbP[XG«\ *[jHiHa} E[ZiHabHXl d[ dPH bdeGl Dl -[l>Y> Hd >X\} ”‚‚…} [ea 

_>a>GQOY j>b GHbQOZHG d[ dHbd dHY_[a>X Y>ZQ_eX>dQ[Z a>dPHa dP>Z dHY_[a>X beYY>dQ[Z̃ 

dPHaHM[aH} bdQYeXQ jHaH d[ZQE a>dPHa dP>Z _P>bQE >ZG E[Zbd>Zd a>dPHa dP>Z aH_HdQdQiH\  

 ! bHE[ZG >b_HEd [M dPH bdeGl j>b dP>d _>QZ Y[GeX>dQ[Z Dl dQYH _HaEH_dQ[Z j>b Z[d 

QZMXeHZEHG Dl dPH iQbe>X >b_HEdb >bb[EQ>dHG jQdP dQYH aH_aHbHZd>dQ[Z} beEP >b E[X[ab >ZG 

HY[dQE[Zb\ +M jH E[ZbQGHa bQYQX>a Gea>dQ[Z [M _>QZ bdQYeX>dQ[Z “E¥?¥} »‚ >ZG ”‰ b« >ZG bQYQX>a 

dPHaY>X QZdHZbQdQHb “_>QZ dPaHbP[XG ̊ „ ·#«} dPH E[Y_XHYHZd>al bdeGl aH_XQE>dHG MQZGQZOb Ma[Y dPH 

Y>QZ bdeGl QZ > GQMMHaHZd _[_eX>dQ[Z [M i[XeZdHHab} beOOHbdQZO > aHXQ>DXH HMMHEd [M dQYH 

aH_aHbHZd>dQ[Z [Z _>QZ QZdHZbQdl dP>d _aHi>QXb [iHa dPHbH E[bYHdQE GHd>QXb\ +d Qb Z[d _[bbQDXH [Z dPH 

D>bQb [M dPHbH G>d> d[ E[ZEXeGH jPHdPHa dPH b_HHGb [M dPH P>ZGb [a dPH >ZOeX>a GHOaHHb 

E[Y_XHdHG “[a D[dP« >aH dPH Y[bd QY_[ad>Zd _QHEHb QZ dPH aH_aHbHZd>dQ[Z [M dQYH\ 1Z dPH D>bQb [M 

_aHiQ[eb XQdHa>deaH} dPH dHY_[a>X MaH`eHZEl [M iQbe>X bdQYeXQ _X>lb >Z QY_[ad>Zd a[XH QZ HbdQY>dQZO 

Gea>dQ[Z “->Z>Q Hd >X\} ”‚‚¿«\ +Z [dPHa j[aGb} jPHZ dHY_[a>X MaH`eHZEl “>b iHX[EQdl >ZG b_HHG« 



 ̂” 

QZEaH>bHb} dQYH [iHaHbdQY>dQ[Z QZEaH>bHb} >d XH>bd M[a bP[ad Gea>dQ[Zb [M bdQYeXQ “”‚‚ d[ „‚‚‚ Yb«\ +M 

jH Hkda>_[X>dH dPHbH G>d> d[ [ea Hk_HaQYHZd} Qd j[eXG YH>Z dP>d dPH PQOPHa dHY_[a>X MaH`eHZEl 

>ZG b_HHG [M dPH MeXX§XHZOdP EX[EW j[eXG P>iH HZP>ZEHG dPH >__>aHZd XHZOdP [M bdQYeXQ >b 

E[Y_>aHG jQdP dPH bP[adHZHG EX[EW} >ZG dPHaHM[aH j[eXG P>iH HZP>ZEHG dPH QXXebQ[Z\ "HE>ebH QZ 

D[dP Hk_HaQYHZdb “Y>QZ >ZG E[Y_XHYHZd>al bdeGQHb«} dPH E[YY[Z GHZ[YQZ>d[a j>b dPH 

aH_aHbHZd>dQ[Z [M dQYH Dl dPH EX[EW} dPHbH aHbeXdb beOOHbd > GQaHEd Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z} 

aHO>aGXHbb [M E[X[ab >ZG HY[dQE[Zb dP>d Y>l P>iH > E[ZGQdQ[ZQZO _[jHa\ +ZdHaHbdQZOXl} dPH 

E[Y_XHYHZd>al bdeGl GHY[Zbda>dHG dP>d dPQb Y[GeX>d[al HMMHEd beaiQiHG ZHQdPHa d[ bP[adHa 

Gea>dQ[Z “„‰ b« [M _>QZ bdQYeX>dQ[Z} Z[a d[ X[jHa dPHaY>X QZdHZbQdQHb “_>QZ dPaHbP[XG QZbdH>G [M _>QZ 

dPaHbP[XG ̊ „ ·#«\ 7PQb Y>l DH E>ebHG Dl > b_HEQMQE HMMHEd [M dQYH aH_aHbHZd>dQ[Z [Z PQOP _>QZ 

QZdHZbQdQHb} >b beOOHbdHG _aHiQ[ebXl Dl [dPHab “-[l>Y> Hd >X\} ”‚‚…«} Ded >Xb[ [Z aHX>dQiHXl X[ZO 

_>QZMeX bdQYeX>dQ[Zb} E[ZbQbdHZdXl jQdP jP>d P>b DHHZ bP[jZ M[a dHY_[a>X beYY>dQ[Z “-[l>Y> Hd 

>X\} ”‚‚…«\  

 ! dPQaG >b_HEd [M dPH bdeGl j>b dP>d _>QZ Y[GeX>dQ[Z Dl dQYH _HaEH_dQ[Z j>b Z[d QZMXeHZEHG 

Dl jPHdPHa dPH GHEQbQ[Z j>b M[aEHG [a EP[bHZ\ +Z > _aHiQ[eb Hk_HaQYHZd QZiHbdQO>dQZO ” E[ZdHkdb 

dP>d GQMMHa M[a dPHQa _>QZ E[Zda[XX>DQXQdl} Qd j>b >Xb[ M[eZG dP>d _>QZ QZdHZbQdl j>b Z[d GQMMHaHZd 

“6>X[Y[Zb Hd >X\} ”‚‚…«\ 7Peb} Qd bHHYb dP>d _HaEH_dQ[Z [M dQYH _aHi>QXb [iHa [dPHa >b_HEdb [M _>QZ 

_HaEH_dQ[Z} beEP >b jPHdPHa _>QZ j>b M[aEHG [a EP[bHZ} > bQde>dQ[Z dP>d Qb iHal EX[bH d[ dP>d [M 

_>QZ E[Zda[XX>DQXQdl\  

 (QZ>XXl} [ea bdeGl a>QbHb dPH `eHbdQ[Z [M > E[ZGQdQ[ZQZO HMMHEd DHE>ebH dPH _>adQEQ_>Zdb jHaH 

>Ede>XXl QZbdaeEdHG dP>d _>QZ j>b aHGeEHG M[a dPH bP[adHZHG EX[EW >b E[Y_>aHG jQdP dPH MeXX§XHZOdP 

EX[EW\ +Z >GGQdQ[Z d[ dPHbH QZbdaeEdQ[Zb} D[dP dPH E[X[a [M dPH EX[EWb >ZG dPH >bb[EQ>dHG HY[dQE[Z 

jHaH QZGHkHb dP>d Y>l dPH[aHdQE>XXl P>iH E[ZGQdQ[ZHG dPHQa aHb_[ZbH d[ _>QZ QZ dPH Y>QZ 

Hk_HaQYHZd\ #[X[a E[ZGQdQ[ZQZOƒ>ZdQEQ_>dQ[Z P>b DHHZ beEEHbbMeXXl aH_[adHG d[ Y[GeX>dH _>QZ 

QZdHZbQdl “3X[OP>eb Hd >X\} „¯¯¯̃ 3X[OP>eb Hd >X\} ”‚‚„«\ !XdP[eOP dPHbH >b_HEdb >bb[EQ>dHG jQdP 

Y>dHaQ>XQm>dQ[Z [M dQYH Y>l P>iH E[ZdaQDedHG d[ dPH _aHbHZd aHbeXdb} dPH E[Y_XHYHZd>al bdeGl 

beOOHbdb dP>d _HaEH_dQ[Z [M dQYH} HiHZ YQbXHG} _aHi>QXb [iHa [dPHa >b_HEdb beEP >b E[ZGQdQ[ZQZO [a 

>ZdQEQ_>dQ[Z\ 7PH _>ddHaZ [M Da>QZ >EdQi>dQ[Zb >bb[EQ>dHG jQdP dPH Y[GeX>dQ[Zb [M _>QZ QZdHZbQdl Dl 

dPH _HaEH_dQ[Z [M bdQYeXeb Gea>dQ[Z jQXX DH _aHEQbHG QZ >Z “[ZO[QZO« M/5+ bdeGl aH_XQE>dQZO dPQb 

Hk_HaQYHZd>X _>a>GQOY\  

 

 

!<FIJSG>=B>H>IPO  

7PH >edP[ab dP>ZW 6JD>bdQHZ ">bb>aG >ZG (>d>P 7[aEPH M[a dPHQa PHX_ jQdP G>d> E[XXHEdQ[Z\  



 ̂» 

r_r 2>QPgJI HJ=DAD>N G9 L>N<>LPDJI => G9 =JQG>QN >I HJ=DAD9IP G9 L>N<>LPDJI 
=> G9 =QN@> => OPDHQG9PDJI ¥ 'PQ=> A/3+ 

 

r_r_p 3@OQH@ 

 

1;E><PDA 

#HddH JdeGH > _[ea Ded G~Ji>XeHa XHb i>aQ>dQ[Zb G~>EdQiQdJ EJaJDa>XH HZ M[ZEdQ[Z G~eZ XHeaaH 

iQbeHX “P[aX[OH« M>Qb>Zd Ea[QaH >e beVHd `eH X> bdQYeX>dQ[Z G[eX[eaHebH i> KdaH _Xeb [e Y[QZb 

X[ZOeH\  

  

/@PCJ=>O 

.~JdeGH _[adH bea ”… i[X[Zd>QaHb b>QZb `eQ aHF[QiHZd GHb bdQYeX>dQ[Zb G[eX[eaHebHb GH ”‰ b 

Y>Qb `eQ _HZbHZd `eH EHad>QZHb b[Zd _Xeb E[eadHb `eH G~>edaHb} EHddH QXXebQ[Z Hbd >__XQ`eJH _[ea 

GHek ZQiH>ek G~QZdHZbQdJ GH bdQYeX>dQ[Z “bHeQX G[eX[eaHek [e bHeQX G[eX[eaHek ̊ „·#«\ 8ZH >Z>XlbH 

HZ E[Y_[b>ZdHb QZGJ_HZG>ZdHb “+#!« Hbd edQXQbJH _[ea dHZdHa GH GQbdQZOeHa GHb aJbH>ek G[Zd XHb 

Y[GQMQE>dQ[Zb GH X~>EdQiQdJ b[Zd XQJHb ? X~QZdHZbQdJ GH bdQYeX>dQ[Z dPHaYQ`eH G[eX[eaHebH >QZbQ `eH 

GHb aJbH>ek G[Zd X~>EdQiQdJ Hbd XQJH ? X> _HaEH_dQ[Z GH X> GeaJH GH bdQYeX>dQ[Z\  

 

 

3@OQGP9PO k $DO<QOODJI 

 .~QZdHZbQdJ GH X> G[eXHea Hbd GQYQZeJH G>Zb XHb E[ZGQdQ[Zb GH GeaJH £ E[eadHb ⁄\ %XXH Hbd 

>bb[EQJH ? eZH >EdQi>dQ[Z GHb >QaHb _>aQJd[§[EEQ_Qd>XHb Hd _>aQJd>XHb DQX>dJa>XHYHZd} d>ZGQb `e~eZH 

>eOYHZd>dQ[Z GH X~QZdHZbQdJ G[eX[eaHebH >EdQiH eZH _>adQH GH X> £ Y>daQEH G[eXHea ⁄ Hd XHb 

O>ZOXQ[Zb GH X> D>bH\ .~>Z>XlbH GH E[ZZHEdQiQdJ M[ZEdQ[ZZHXXH Y[ZdaH `eH XH aJbH>e >ddHZdQ[ZZHX 

QY_XQ`eJ G>Zb X~QXXebQ[Z QZMXeHZEH X~>EdQiQdJ GHb aJOQ[Zb QY_XQ`eJHb G>Zb XH da>QdHYHZd GH X> G[eXHea 

>MQZ GH Y[GeXHa X~QZdHZbQdJ GH X> G[eXHea _HaFeH\ 



 ̂… 

r_r_q !NPD<G> @PQ=> Ilq ^ A/3+ 
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*JS 9 <GJ<F <9I <C9IB> UJQN L9DI¥ 

 +I=>L>I=>IP <JHLJI>IP 9I9GUODO JA PC> DIAGQ>I<> JA OPDHQG9PDJI =QN9PDJI JI 

L9DI L>N<>LPDJI 

 

(GJN>I<> " 2JH9N>O 9] ;] <] =] +O9;>GG> (9DGG>IJP 9] ;] <] >] (9;ND<> )QU "9NN9G ;] <] A] 3JG9I= 2>UNJI 9] ;] <] = 
 

> #HZda>X +ZdHOa>dQ[Z [M 3>QZ} 0Hea[bEQHZEH 5HbH>aEP #HZdHa} 8„‚”̂ +06%5/} (§…”‚”»} (a>ZEH̃ 
D 8ZQiHabQdJ GH .l[Z} 6>QZd§%dQHZZH} (…”‚”»} (a>ZEH̃ 
E ,H>Z /[ZZHd 8ZQiHabQdl} 6>QZd§%dQHZZH} (§…”‚”»} (a>ZEH̃ 
G $H_>adYHZd [M 0Hea[X[Ol >ZG 3>QZ #HZdHa} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
H #/55 8ZQd} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
M $H_>adYHZd [M 5>GQ[X[Ol} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 

 

 

 

!;OPN9<P 

!d PQOP QZdHZbQdQHb [M bdQYeX>dQ[Z} Qd P>b DHHZ bP[jHG dP>d _>QZ QZdHZbQdl _HaEH_dQ[Z GH_HZGb 

[Z bdQYeXeb Gea>dQ[Z\ !d > OQiHZ QZdHZbQdl [M bdQYeX>dQ[Z} dPH _aHbHZd M/5+ bdeGl QZiHbdQO>dHG dPH 

QZMXeHZEH [M >Z QXXebQ[Z [M bdQYeX>dQ[Z Gea>dQ[Z [Z _>QZ _HaEH_dQ[Z\ 7PH MeZEdQ[Z>X >ZG dHY_[a>X 

aHX>dQ[ZbPQ_b DHdjHHZ dPH Da>QZ ZHdj[aWb be__[adQZO dPH QXXebQ[Z [M Gea>dQ[Z >ZG _>QZ QZdHZbQdl 

_HaEH_dQ[Z jHaH >Xb[ >bbHbbHG\ 6P[adHZQZO dPH _HaEHQiHG Gea>dQ[Z [M > Z[kQ[eb bdQYeX>dQ[Z 

GHEaH>bHb dPH QZdHZbQdl [M _HaEHQiHG _>QZ >ZG j>b >bb[EQ>dHG jQdP >Z >EdQi>dQ[Z [M _>aQHd>X >ZG 

[EEQ_Qd>X >aH>b\ +ZEaH>bQZO _>QZ QZdHZbQdl _HaEH_dQ[Z dPa[eOP QZdHZbQdl [M bdQYeX>dQ[Z >EdQi>dHG dPH 

‒_>QZ Y>daQk‒ >ZG D>b>X O>ZOXQ>\ !XdP[eOP jH GQG Z[d [DbHaiH QZdHa>EdQ[Z DHdjHHZ dPH dj[ M>Ed[ab 

Y[GeX>dQZO _>QZ _HaEH_dQ[Z} MeZEdQ[Z>X E[ZZHEdQiQdl >Z>XlbQb bP[j dP>d dPHaH HkQbd > dHY_[a>X 

aHX>dQ[ZbPQ_ DHdjHHZ dPH >EdQi>dQ[Zb HXQEQdHG Dl dPH QXXebQ[Z [M > X[ZOHa Gea>dQ[Z >ZG dPH 

>EdQi>dQ[Zb HXQEQdHG Dl _>QZ QZdHZbQdl _a[EHbbQZO >ZG Hi>Xe>dQ[Z\ /QbXH>GQZO dPH aH_aHbHZd>dQ[Z [M 

Gea>dQ[Z Y>l QZMXeHZEHb >EdQi>dQ[Zb QZ _>aQHd[§[EEQ_Qd>X aHOQ[Zb dP>d QZ deaZ QZMXeHZEH Da>QZ >aH>b 

_a[EHbbQZO _>QZ} aHbeXdQZO QZ dPH Y[GeX>dQ[Z [M _>QZ QZdHZbQdl\ 



 ̂‰ 

+IPNJ=Q<PDJI 

7PH _HaEH_dQ[Z [M dQYH GeaQZO > _>QZMeX bdQYeX>dQ[Z P>b Z[d YeEP DHHZ bdeGQHG\ ! E[XG§

_aHbb[a Hk_HaQYHZd bP[jHG dP>d beDVHEdb dHZGHG d[j>aG >Z eZGHaHbdQY>dQ[Z [M dQYH jPQXH DHQZO 

QZ _>QZ “*HXXbda^Y >ZG #>aXbb[Z} „¯¯́«} Ded dPQb HMMHEd E>Z DH aHGeEHG jPHZ dPH beDVHEdb >aH OQiHZ 

> dQYH d>aOHd “7P[aZ >ZG *>ZbHXX} „¯¯»«\ +Z >GGQdQ[Z} _a[iQGQZO dQYQZO QZM[aY>dQ[Z GeaQZO dPH 

_>QZMeX Hk_HaQHZEH GHEaH>bHb dPH QZdHZbQdl >ZG eZ_XH>b>ZdZHbb [M _>QZ} QZ EPQXGaHZ beDYQddHG d[ > 

E[XG§_aHbb[a dHbd “#[XGjHXX Hd >X\} ”‚‚”«\ :H WZ[j dP>d dPH >Ede>X Gea>dQ[Z [M > dPHaY>X bdQYeX>dQ[Z 

QZEaH>bHb dPH QZdHZbQdl [M _HaEHQiHG _>QZ} [ZXl >d PQOP dHY_Ha>deaHb “-[l>Y> Hd >X\} ”‚‚…«\ +Z > 

_aHiQ[eb bdeGl} jH GHY[Zbda>dHG dP>d Qd j>b _[bbQDXH d[ EaH>dH >Z QXXebQ[Z [M bdQYeX>dQ[Z Gea>dQ[Z 

dP>d Y[GeX>dHb _HaEHQiHG _>QZ QZdHZbQdl “3[Y>aHb Hd >X\} ”‚„„«} bP[jQZO dP>d dQYH >__a>Qb>X GeaQZO 

_>QZMeX bdQYeX>dQ[Z Qb QY_[ad>Zd d[ E[ZbQGHa\ 7PQb Y[GeX>dQ[Z j>b _aHbHZd [ZXl M[a X[ZO§X>bdQZO 

bdQYeX>dQ[Zb “”‰ b >ZG »‚ b} Ded Z[d „‰ b Gea>dQ[Z« >ZG M[a PQOP QZdHZbQdQHb [M bdQYeX>dQ[Z “_>QZ 

dPaHbP[XG ̊ „·#«\  

+d Qb Z[j >EWZ[jXHGOHG dP>d > ‒GQbdaQDedHG Da>QZ ZHdj[aW‒ Qb QZi[XiHG QZ dPH _HaEH_dQ[Z [M 

dQYH jPQEP >EdQi>dQ[Z GH_HZG [Z dPH d>bW} dPH bHZb[al Y[G>XQdl >ZG dPH Gea>dQ[Z [M dPH dQYH 

QZdHai>X “"eHdQ} ”‚„„«\ 7PQb ZHdj[aW QZi[XiHb dPH _>aQHd>X} _aHY[d[a} _aHMa[Zd>X >ZG QZbeX>a E[adQEHb} 

>ZG beDE[adQE>X >aH>b beEP >b D>b>X O>ZOXQ> >ZG EHaHDHXXeY “M[a aHiQHj bHH 5eDQ> >ZG 6YQdP} ”‚‚…«\ 

7PH a[XH [M dPH QZbeX> QZ dPH _a[EHbbQZO [M dQYH QZM[aY>dQ[Z P>b DHHZ GQbEebbHG’ dPH >ZdHaQ[a QZbeX> 

j[eXG a>dPHa P>iH > a[XH QZ dPH E[Y_>aQb[Z [M QZdHai>Xb “-[bQXX[ >ZG 6YQdP} ”‚„‚«} jPQXH dPH 

_[bdHaQ[a QZbeX> j[eXG P>iH > a[XH QZ dPH _HaEH_dQ[Z [M dPH _>bb>OH [M dQYH “:QddY>Z Hd >X\} ”‚„‚«\ 

7PH >QY dPH _aHbHZd bdeGl Qb d[ QZiHbdQO>dH dPH ZHea>X beDbda>dH [M dPH Y[GeX>dQ[Z [M _>QZ 

_HaEH_dQ[Z Dl >Z QXXebQ[Z [M bdQYeX>dQ[Z Gea>dQ[Z} >b [DbHaiHG QZ [ea _aHiQ[eb _blEP[_PlbQE>X bdeGl 

“3[Y>aHb Hd >X\} ”‚„„«\ 7PQb HMMHEd Qb QZiHbdQO>dHG >d dj[ GQMMHaHZd _>QZMeX QZdHZbQdQHb\ ([a dPQb 

_ea_[bH} jH E[ZbdaeEdHG >Z Hk_HaQYHZd>X GHbQOZ jPHaH dj[ EX[EWb aH_aHbHZdHG bdQYeX>dQ[Z dQYH\ 

7PHl bHHYHG d[ P>iH GQMMHaHZd XHZOdP} jPHaH>b dPH aH>X Gea>dQ[Z j>b dPH b>YH\ 6QZEH G>d> >aH 

X>EWQZO d[ _aHbeYH jPQEP _>ad [M dPH GQbdaQDedHG ZHdj[aW QZi[XiHG QZ dQYH _HaEH_dQ[Z jQXX DH 

QZi[XiHG QZ dPH Hk_HEd>dQ[Z >D[ed Gea>dQ[Z QZ dPH _>QZ Y[G>XQdl} dPQb bdeGl jQXX QZiHbdQO>dHb dPH 

ZHea>X E[aaHX>dHb [M dPQb QXXebQ[Z jQdP QZGH_HZGHZd E[Y_[ZHZd >Z>XlbQb >ZG MeZEdQ[Z>X ZHdj[aW 

E[ZZHEdQiQdl\ 

 



 ̂¿ 

/9P>ND9GO k />PCJ=O 

0:NPE=EL:JPO 

 (a[Y dPH ”… beDVHEdb “„” YHZ} „” j[YHZ« >OHG ”” ̌ ”\¯̂ lH>ab “YH>Z ̌ 6$«} ”» jHaH aQOPd§

P>ZGHG >EE[aGQZO d[ dPH %GQZDeaOP dHbd “1XGMQHXG Hd >X\} „¯́„} ́»\… ̌ ”‰\̂…} Y>k\ ¸ „‚‚«\ 7PHl 

bP[jHG Z[ dHZGHZEl d[ GH_aHbbQ[Z “"HEW `eHbdQ[ZZ>QaH} "HEW Hd >X\} „¯¿„} (aHZEP da>ZbX>dQ[Z 

3QEP[d 3\ } „\„ ̌ ”\¿„} a>ZOH ¸ ‚ ¤ „„\‰} Y>k\ ¸ »¯«} M[a b[YH XQddXH bd>dH >ZkQHdl aQOPd >MdHa dPH M/5+ 

Hk>Y “6d>dH§7a>Qd !ZkQHdl +ZiHZd[al} 6_QHXDHaOHa} „¯̂»} 67!+§6 ¸ ”̂\¯ ̌ ́\¯¯} a>ZOH ¸ ”‚ ¤ …¯} Y>k\ 

¸ ̂‚«\ 3>adQEQ_>Zdb P>G Z[ PQbd[al [M ZHea[X[OQE>X} _blEPQ>daQE [a EPa[ZQE _>QZ GQbH>bH >ZG GQG Z[d 

d>WH >Zl YHGQE>dQ[Z HkEH_d E[Zda>EH_dQiH\ 7PHl jHaH _>QG M[a dPHQa _>adQEQ_>dQ[Z} >ZG >XX _a[iQGHG 

jaQddHZ QZM[aYHG E[ZbHZd\ 7PH %dPQEb #[YYQddHH [M 6>QZd§%dQHZZH 8ZQiHabQdl *[b_Qd>X} (a>ZEH 

>__a[iHG dPH bdeGl\  

 

3PEIQHE  

7PHaY>X bdQYeX>dQ[Zb jHaH >__XQHG [Z dPH G[abeY [M dPH XHMd P>ZG >ZG M[aH>aY jQdP > » EY” 

dPHaY>X _a[DH “76!§”‚‚„} /HG[E‡«̃ X[E>dQ[Z [M dPH dPHaY[GH j>b EP>ZOHG DHdjHHZ bHbbQ[Zb\ 

0[EQEH_dQiH dPaHbP[XG j>b GHdHaYQZHG dPH jHHW DHM[aH dPH M/5+ bHbbQ[Z jQdP dPH YHdP[Gb [M 

XQYQdb QZ >GGQdQ[Z d[ > a>ZOH [M ”‰ bHE[ZGb bdQYeXQ bHd >d GQMMHaHZd dHY_Ha>deaHb >a[eZG dPHQa _>QZ 

dPaHbP[XG “„ ·# DHX[j >ZG „ ·# >D[iH« M[a DHddHa >EEea>El >ZG d[ [Dd>QZ > dHY_Ha>deaH >d jPQEP 

dPH beDVHEd OQiH > ‰ƒ„‚ bE[aH [Z > iQbe>X >Z>X[O bE>XH “9!6«\ /H>Z _>QZ dPaHbP[XG j>b ……\„ ̌ ‚\¿̂ 

·#} a>ZOH …» ¤ …‰\‰\ 7PQb _a[EHGeaH j>b >Xb[ > da>QZQZO d[ dPH a>dQZO _a[EHGeaH\ 3>adQEQ_>Zdb jHaH 

>bWHG d[ a>dH _>QZ QZdHZbQdl jQdPQZ » b >ZG >d > i>aQ>DXH GHX>l >MdHa H>EP bdQYeX>dQ[Z [Z >Z „„§

_[QZdb 9!6 “‚’ Z[ bHZb>dQ[Z} „’ Z[Z§_>QZMeX} ”§„‚’ _>QZMeX«\  

 

$?OECJ 

! ” k ” M>Ed[aQ>X GHbQOZ j>b _aHbHZdHG d[ dPH beDVHEdb} dPH MQabd M>Ed[a j>b dQYH E[ZdHkd >ZG 

dPH bHE[ZG j>b bdQYeX>dQ[Z dHY_Ha>deaH “ADBQN> p«\ 6eDVHEdb aHEHQiHG bd>ZG>aGQmHG QZbdaeEdQ[Zb 

dP>d dPHaH j[eXG DH … _>QZMeX E[ZGQdQ[Zb >ZG dP>d > EX[EW j[eXG Y>dHaQ>XQmH dPH E[eabH [M dQYH 

GeaQZO bdQYeX>dQ[Z\ +Z [ZH E[ZGQdQ[Z} dPH P>ZGb [M dPH EX[EW GHbEaQDHG > E[Y_XHdH aHi[XedQ[Z 

“X[ZO«} jPHaH>b QZ dPH bHE[ZG E[ZGQdQ[Z dPHl GHbEaQDHG [ZXl dPaHH§M[eadPb [M dPH aHi[XedQ[Z 

“bP[ad«\ 6eDVHEdb jHaH QZbdaeEdHG dP>d QZ dPQb X>ddHa E[ZGQdQ[Z} _>QZ Gea>dQ[Z j[eXG dPHaHM[aH DH 

aHGeEHG Dl ”‰ ̈\ 7PH >QY j>b d[ E[ZiQZEH dPH beDVHEdb dP>d QZ dPH E[ZdHkd jQdP dPH bP[adHZHG 

EX[EW} dPH _>QZMeX bdQYeX>dQ[Z j>b bP[adHa E[Y_>aHG jQdP dPH E[ZdHkd jQdP dPH MeXX§XHZOdP EX[EW\ 

6eDVHEdb jHaH WH_d DXQZGHG d[ dPH M>Ed dP>d bdQYeX>dQ[Z Gea>dQ[Z j>b WH_d E[Zbd>Zd QZ D[dP 

E[ZGQdQ[Zb “”‰ b} _X>dH>e Gea>dQ[Z’ ”„ b} bX[_H’ ” b e_ >ZG G[jZ«\ 6dQYeX>dQ[Z dHY_Ha>deaH j>b bHd 

>d dPH QZGQiQGe>X _>QZ dPaHbP[XG “YHGQeY« [a >d dPH QZGQiQGe>X _>QZ dPaHbP[XG ̊ „ ·# “PQOP« >ZG 



 ̂́ 

D>bHXQZH dHY_Ha>deaH j>b »́ ·#\ ([a Y[aH GHd>QXb bHH 3[Y>aHb Hd >X\ ”‚„„\ #X[EWb jHaH _aHbHZdHG 

jQdP %§3aQYH‡ ”\‚ 3a[MHbbQ[Z>X _aHbHZd>dQ[Z b[Mdj>aH “3blEP[X[Ol 6[Mdj>aH 7[[Xb +ZE\} 

jjj\_bdZHd\E[Y« E[ZZHEdHG d[ > DX>EW >ZG jPQdH iQGH[ _a[VHEd[a _[bQdQ[ZHG >d „ Y Ma[Y dPH PH>G 

[M dPH beDVHEd\ 7PH bdQYeXQ jHaH GQb_X>lHG [Z dPH _a[VHEdQ[Z bEaHHZ jQdP > …‚ k ‰‚ EY bQmH} jQdP > 

aHb[XedQ[Z [M ̂‚‚ k ¿‚‚ _QkHXb >ZG dPH beDVHEdb E[eXG bHH Qd Dl YH>Z [M YQaa[ab _[bQdQ[ZHG [Z dPH 

PH>G E[QX\  

 
Figure 1: Experimental design.  
We manipulated clocks presented during thermal 
stimulation to create an illusion of long or short 
stimulation duration, at two different painful 
intensities. 

 

! d[d>X [M »¿ iQbe>X§_>QZMeX bdQYeX>dQ[Zb a>ZG[YQmHG [iHa dPH HZdQaH Hk_HaQYHZd GQbdaQDedHG 

[iHa » bHbbQ[Zb [M „” bdQYeX>dQ[Zb “̂ >d YHGQeY dHY_Ha>deaH >ZG … >d PQOP dHY_Ha>deaH«\ 7PH d[d>X 

XHZOdP [M > bHbbQ[Z j>b ̂~ ‰„~~ QZ [aGHa d[ _aHiHZd beDVHEdb Ma[Y bWQZ G>Y>OH\ 6eDVHEdb jHaH >bWHG 

d[ bE[aH dPHQa _>QZ jQdP > i>aQ>DXH GHX>l >MdHa dPH HZG [M dPH bdQYeX>dQ[Z\ 7PH GHX>l DHdjHHZ 

bdQYeX>dQ[Z >ZG a>dQZO bQOZ>X >b jHXX >b dPH GHX>l DHdjHHZ a>dQZO bQOZ>X >ZG ZHkd bdQYeX>dQ[Z jHaH 

a>ZG[YXl b_>EHG >ZG VQddHaHG d[ GHE[aaHX>dH >ZG b>Y_XH _a[_HaXl PHY[GlZ>YQE aHb_[ZbH [M D[dP 

dl_Hb “”\‚̂ ̌ „\»̂ b} a>ZOH’ „ ¤ ‰ b >ZG „”\¯ ̌ …\‚„ b} a>ZOH’ ¯ ¤ ”‚ b aHb_HEdQiHXl«\ 

 

$:P: :=MQEOEPEKJ 

"X[[G [klOHZ>dQ[Z XHiHX GH_HZGHZd “"1.$« aHb_[ZbH d[ _>QZMeX bdQYeX>dQ[Zb j>b aHE[aGHG 

[Z > » 7 Y>OZHdQE aHb[Z>ZEH bE>ZZHa “9HaQ[} 6QHYHZb« H`eQ__HG jQdP > „”§EP>ZZHX PH>G E[QX\ 7PH 

beDVHEd~b PH>G j>b QYY[DQXQmHG ebQZO M[>Y _>Gb\ *QOP§aHb[XedQ[Z “i[kHX bQmH ‚\¯ k ‚\¯ k ‚\¯ YY« 

7„§jHQOPdHG >Z>d[YQE>X QY>OHb jHaH >E`eQaHG M[a H>EP beDVHEd ebQZO > dPaHH§GQYHZbQ[Z>X “»$« 

Y>OZHdQm>dQ[Z _aH_>aHG a>_QG Oa>GQHZd HEP[ “/3§5!)%« bH`eHZEH\ 8bQZO > 7”fi§jHQOPdHG HEP[ 

_X>Z>a QY>OQZO “%3+« bH`eHZEH “_>a>XXHX QY>OQZO YHdP[G’ )5!33! ‹aHGeEdQ[Z M>Ed[a 5 ¸ ”›«} 

aH_HdQdQ[Z dQYH “75« ”‰¿‚ Yb} HEP[ dQYH “7%« …‰ Yb} MXQ_ >ZOXH ¯‚·} ([9 ¸ „¯” YY} i[kHX bQmH » k » k 



 ̂̂ 

» YY«} ”‚‰ QY>OQZO i[XeYHb “»” >kQ>X bXQEHb ‹GQbd>ZEH M>Ed[a ”‚ ̈ ¸ ‚\¿ YY›} E[iHaQZO „„‰ YY ¸ 

jP[XH Da>QZ« jHaH >E`eQaHG QZ E[ZdQZe[eb Ea[Qbb>Zd [aGHa\  

 

0N?LNK=?OOEJC 

 M/5+ G>d> jHaH _aH_a[EHbbHG jQdP 63/̂ “:HXXE[YH 7aebd #HZdaH M[a 0Hea[QY>OQZO«\ 7PH 

Nabd » MeZEdQ[Z>X bE>Zb Ma[Y H>EP bHbbQ[Z jHaH GQbE>aGHG >ZG dPHZ %3+ QY>OHb jHaH aH>XQOZHG d[ 

dPH YH>Z MeZEdQ[Z>X QY>OH [M dPH MQabd bHbbQ[Z\ !Z>d[YQE>X QY>OHb jHaH MQabd E[aHOQbdHaHG d[ dPH 

YH>Z MeZEdQ[Z>X QY>OH >ZG dPHZ bHOYHZdHG QZ [aGHa d[ HbdQY>dH dPH Z[aY>XQm>dQ[Z _>a>YHdHab QZ 

dPH /[ZdaH>X 0Hea[X[OQE>X +ZbdQdedH “/0+« b_>EH\ 7PHbH _>a>YHdHab jHaH >__XQHG d[ dPH %3+ jPQEP 

jHaH aHb>Y_XHG >d ” k ” k ” YY >ZG bY[[dPHG jQdP > ̂ k ̂ k ̂ YY MeXX§jQGdP P>XM§Y>kQYeY 

)>ebbQ>Z WHaZHX\ 0[aY>XQmHG >Z>d[YQE>X QY>OHb [M >XX beDVHEdb jHaH >iHa>OHG M[a beDbH`eHZd 

MebQ[Z jQdP bd>dQbdQE>X aHbeXdb\ 

 

)J>?L?J>?JP =KILKJ?JP :J:HUOEO 

 !Z QZGH_HZGHZd E[Y_[ZHZd >Z>XlbQb “+#!« ebQZO Oa[e_ +#! M[a M/5+ d[[XD[k “)+(7 iHabQ[Z 

„\»P̃ Pdd_’ƒƒQE>dD\b[eaEHM[aOH\ZHd« Hbd>DXQbPHG M[a dPH >Z>XlbQb [M M/5+ G>d> “#>XP[eZ Hd >X\} ”‚‚„« 

j>b _HaM[aYHG\ 7PQb YHdP[G >QYb >d MQZGQZO QZGH_HZGHZd ZHdj[aWb [M Da>QZb >aH>b “QZGH_HZGHZd 

E[Y_[ZHZdb ‹+#›« [M jPQEP i[kHXb P>iH blZEPa[Z[eb dQYH E[eabHb [iHa dPH Hk_HaQYHZd\ 

!GGQdQ[Z>XXl} Qd Qb _[bbQDXH d[ QZiHbdQO>dH +#b E[aaHX>dQ[Z d[ dPH _>a>GQOY\ 7PH +#! >__a[>EP 

_a[iQGHb > DHddHa bHZbQdQiQdl dP>Z EX>bbQE>X 63/ >Z>XlbQb DHE>ebH [M Y[aH MXHkQDQXQdl QZ dQYH E[eabH 

>Z>XlbQb “6EPYQdP[abd >ZG "a[jZ} ”‚‚…̃ -QY Hd >X\} ”‚„„«\ 3aQ[a d[ dPH +#!} > 63/ GHbQOZ Y>daQk j>b 

E[ZbdaeEdHG QZ 63/̂ QZ jPQEP [ZbHdb jHaH HZdHaHG d[ E[Zi[XiH E>Z[ZQE>X PHY[GlZ>YQE aHb_[ZbH 

MeZEdQ[Z “*5(« jQdP Hk_HaQYHZd>X _>a>GQOY\  

 7PH ZeYDHa [M +# j>b MQabd HbdQY>dHG M[a H>EP bHbbQ[Z [M dPH ”… beDVHEdb ebQZO dPH YQZQYeY 

GHbEaQ_dQ[Z XHZOdP “/$.« EaQdHaQ[Z̃ dPH ZeYDHa [M +# EP[bHZ M[a dPH +#! j>b »‚ >EE[aGQZO d[ dPH 

YH>Z /$. “»”\‚» ̌ …\…„«\ +ZdHZbQdl Z[aY>XQm>dQ[Z} jPQEP QZi[XiHb i[kHX§jQbH GQiQbQ[Z [M dPH dQYH 

bHaQHb YH>Z} j>b >__XQHG QZ [aGHa d[ Y>kQYQmH dPH aHXQ>DQXQdl >ZG aH_a[GeEQDQXQdl [M dPH 

E[Y_[ZHZdb “!XXHZ Hd >X\} ”‚„‚«\ !MdHa E[ZE>dHZ>dQ[Z [M ́” bHbbQ[Zb >Ea[bb dQYH} dPH d[[XD[k 

_HaM[aYHG dPH >Z>XlbQb QZ dPaHH bd>OHb\ (Qabd} > G>d> aHGeEdQ[Z bdH_ j>b _HaM[aYHG d[ X[jHa 

E[Y_ed>dQ[Z>X E[Y_XHkQdl ebQZO ” beEEHbbQiH dHY_[a>X _aQZEQ_>X E[Y_[ZHZd >Z>XlbQb “3#!« bdH_b\ 

+Z dPH bHE[ZG bd>OH} dPH +#! >XO[aQdPY +ZM[Y>k j>b ebHG d[ aeZ dPH _a[_Ha +# >Z>XlbQb “"HXX >ZG 

6HVZ[jbWQ} „¯¯‰«\ 7PH bd>DQXQdl >ZG aHXQ>DQXQdl [M dPH HbdQY>dHG E[Y_[ZHZdb j>b HZbeaHG ebQZO „‚ 

+#!661 QdHa>dQ[Zb “*QYDHaO Hd >X\} ”‚‚…} bd>DQXQdl QZGHk jHaH >XX ̶ ‚\¯‰«\ +#!661 j>b >Xb[ ebHG d[ 

MQZG dPH EHZda[QG E[Y_[ZHZdb} jPQEP jHaH ebHG QZ dPH D>EW§aHE[ZbdaeEdQ[Z bdH_\ +Z dPH MQZ>X bd>OH 

[M D>EW§aHE[ZbdaeEdQ[Z} dQYH E[eabHb “7#« >ZG b_>dQ>X Y>_b jHaH E[Y_edHG M[a H>EP bHbbQ[Z >ZG 



 ̂¯ 

M[a H>EP E[Y_[ZHZd “#>XP[eZ Hd >X\} ”‚‚¯«\  

 7PH »‚ E[Y_[ZHZdb jHaH b[adHG >EE[aGQZO d[ dPH QZMXeHZEH [M E[ZGQdQ[Zb [Z dPHQa dQYH 

E[eabH’ +# dQYH E[eabH j>b E[Y_>aHG jQdP dPH aHOaHbb[a E[aaHb_[ZGQZO d[ H>EP [M dPH … 

bdQYeX>dQ[Zb E[Zi[XiHG jQdP dPH E>Z[ZQE>X *5(\ /eXdQ_XH XQZH>a aHOaHbbQ[Z b[adQZO EaQdHaQ> jHaH 

ebHG d[ aHX>dH Y[GHX 7# d[ E[Y_[ZHZd 7#\ 7PQb _a[EHGeaH XHG d[ > bHd [M DHd>§jHQOPdb >bb[EQ>dHG 

jQdP aHOaHbb[ab M[a H>EP beDVHEd\ 7PH bHXHEdHG E[Y_[ZHZdb jHaH dP[bH dP>d >d XH>bd [ZH E[ZGQdQ[Z 

Y[GeX>dHb dPHQa dQYH E[eabH “[ZH b>Y_XH d§dHbd [Z DHd>§jHQOPdb} _ ̋ ‚\„«\ 9Qbe>X QZb_HEdQ[Z [M 

b_>dQ>X Y>_b >XX[jHG aHY[iQZO dPH E[Y_[ZHZdb bP[jQZO Z[QbH _>ddHaZ\ 7[ Hk_X[aH dPH QZMXeHZEH [M 

dPH GQMMHaHZd dl_Hb [M bdQYeX>dQ[Z [Z dPH aHY>QZQZO +#b} > dj[§j>l !Z[i> j>b E[ZGeEdHG [Z DHd>§

jHQOPdb “( dHbd’ _ ̋ ‚\„«\ +ZGQiQGe>X beDVHEd Y>_b [M +#b bP[jQZO > bQOZQMQE>Zd HMMHEd [M [ZH M>Ed[a 

jHaH HZdHaHG QZd[ a>ZG[Y HMMHEdb >Z>XlbHb “[ZH b>Y_XH d§dHbd M[a dPH Oa[e_ [M ”… beDVHEdb« QZ 

63/‰ >MdHa >iHa>OQZO dPH Y>_b Ma[Y » bHbbQ[Zb [M H>EP beDVHEd\ 5HbeXdb jHaH dPaHbP[XGHG >d _ ̋ 

‚\‚‰} E[aaHEdHG M[a YeXdQ_XH E[Y_>aQb[Zb “(:%«\ 7PQb _a[EHGeaH Qb E[Y_>a>DXH d[ dPH )./ 

>__a[>EP ebHG QZ ZHea[QY>OQZO bdeGQHb’ ZHdj[aWb >aH GHMQZHG >EE[aGQZO d[ dPHQa MeZEdQ[Z>X 

E[ZZHEdQiQdl >ZG dPH Y[GeX>dQ[Z [M dPHQa dQYH E[eabHb Dl dPH bdQYeX>dQ[Zb\  

 :H >Xb[ E[Y_edHG dPH HiHZd§aHX>dHG >iHa>OHb Ma[Y H>EP E[Y_[ZHZd dQYH E[eabH} [iHa > 

dQYH jQZG[j [M …‚ b} >MdHa >GVebdQZO M[a H>EP E[ZGQdQ[Z\ %>EP HiHZd§aHX>dHG >iHa>OH GH_QEdb dPH 

XHiHX [M >EdQi>dQ[Z M[a dP>d _>adQEeX>a E[Y_[ZHZd GeaQZO > _>adQEeX>a E[ZGQdQ[Z >Ea[bb dQYH\  

      

&QJ=PEKJ:H J?PSKNG =KJJ?=PEREPU :J:HUOEO 

 (eZEdQ[Z>X ZHdj[aW E[ZZHEdQiQdl “(0#« >Z>XlbQb j>b _HaM[aYHG [Z ¿ bHXHEdHG E[Y_[ZHZdb 

jQdP (0# d[[XD[k “Pdd_’ƒƒYQ>X>D\YaZ\[aOƒb[Mdj>aHƒMZE«\ 7PH +#! >XO[aQdPY >bbeYHb dP>d dPH dQYH 

E[eabHb [M dPH aHb_[ZbHb QZ E[adQE>X >aH>b jQdPQZ [ZH E[Y_[ZHZd >aH blZEPa[Z[eb “#>XP[eZ Hd >X\} 

”‚‚…«\ %iHZ dP[eOP dPH E[Y_[ZHZdb >aH b_>dQ>XXl QZGH_HZGHZd} bQOZQMQE>Zd dHY_[a>X 

GH_HZGHZEQHbƒE[aaHX>dQ[Zb E>Z HkQbd DHdjHHZ dPHY\ :H Hk>YQZHG dPQb _[bbQDQXQdl GQaHEdXl Dl 

E[Y_edQZO > E[Zbda>QZHG Y>kQY>X X>OOHG E[aaHX>dQ[Z\ 8bQZO dPQb >__a[>EP} jH E[Y_edHG > 

E[aaHX>dQ[Z >ZG > X>O i>XeH M[a H>EP beDVHEd “,>MaQ Hd >X\} ”‚‚̂«\ +Z [dPHa j[aGb} jH Hk>YQZHG dPH 

E[aaHX>dQ[Z DHdjHHZ dj[ dQYH E[eabHb} ; >ZG <} jPHZ < Qb EQaEeX>aXl bPQMdHG Ma[Y §» d[ ̊» b >a[eZG 

;\ 3aQ[a d[ E[Y_edQZO E[aaHX>dQ[Zb} E[Y_[ZHZd dQYH E[eabHb jHaH MQXdHaHG dPa[eOP > D>ZG§_>bb 

MQXdHa} jQdP Eed§[MM MaH`eHZEQHb bHd >d ‚\‚‚̂ *m >ZG ‚\„¯‰ *m\ 7PHZ} dPH dQYH E[eabHb Ma[Y dPH bQk 

E[Y_[ZHZdb M[a >XX beDVHEdb jHaH QZdHa_[X>dHG d[ HZ>DXH GHdHEdQ[Z [M beD§75 PHY[GlZ>YQE GHX>l 

GQMMHaHZEHb DHdjHHZ beDVHEdb\ (QZ>XXl} dPH Y>kQY>X E[aaHX>dQ[Z i>XeH >ZG E[aaHb_[ZGQZO X>O jHaH 

b>iHG M[a H>EP dQYH E[eabH _>Qa >ZG H>EP beDVHEd\ 7PH Oa[e_ bQOZQMQE>ZEH M[a dPHbH E[ZZHEdQ[Zb 

j>b dHbdHG Dl ebQZO [ZH b>Y_XH d§dHbd jQdP > 3§i>XeH dPaHbP[XG [M ‚\‚‰ ($5 E[aaHEdHG\ 

 



 ¯‚ 

3>OQGPO 

0OU=DKLDUOE=O 

:H beEEHHGHG QZ Y[GeX>dQZO _>QZ QZdHZbQdl Dl Y>ZQ_eX>dQZO dQYH E[ZdHkd >ZG >GGQdQ[Z>XXl 

jH GHY[Zbda>dHG >Z HMMHEd [M bdQYeX>dQ[Z QZdHZbQdl [Z _>QZ _HaEH_dQ[Z} GHd>QXHG _blEP[_PlbQE>X 

aHbeXdb >aH aH_[adHG QZ 3[Y>aHb Hd >X\} ”‚„„\ 7PHaH j>b >Z HMMHEd [M dHY_Ha>deaH >ZG >Z HMMHEd [M 

dPH QXXebQ[Z [Z _>QZ _HaEH_dQ[Z} bQOZQMQE>Zd >d PQOP dHY_Ha>deaH [ZXl\ 

 

)J>?L?J>?JP =KILKJ?JP :J:HUOEO 

(a[Y dPH »‚ +#b} „‚ jHaH aHY[iHG DHE>ebH [M > b_>dQ>X Y>_ bP[jQZO Z[Qbl _>ddHaZ “?¥C¥} DHXd 

[M iHZdaQEXHb >EdQi>dQ[Z« [a Z[Qbl 7# “?¥C¥} [ZXl [ZH bE>Z Hk_X>QZQZO dPH bQOZ>X«\ (a[Y dPH „¿ 

aHY>QZQZO +#b} … GQG Z[d bP[j >Zl E[aaHX>dQ[Z jQdP Hk_HaQYHZd>X E[ZGQdQ[Zb\ !Y[ZO dPH „¿ 

bHXHEdHG +#b} ‰ jHaH Y[GeX>dHG Dl >d XH>bd [ZH M>Ed[a’ Gea>dQ[Z QXXebQ[Z >ZGƒ[a bdQYeX>dQ[Z 

QZdHZbQdl “dj[§j>lb !019!b [Z DHd>§jHQOPdb} GM ¸ »} ¯”} _ ̋ ‚\„«\ 7PaHH +#b jHaH Y[GeX>dHG Dl > 

Y>QZ HMMHEd [M bdQYeX>dQ[Z QZdHZbQdl} [ZH j>b Y[GeX>dHG Dl > Y>QZ HMMHEd [M dQYH E[ZdHkd >ZG 

>Z[dPHa [ZH j>b Y[GeX>dHG Dl D[dP [M dPH M>Ed[ab “_[bd§P[E dHbdb [Z DHd>§jHQOPdb«\ 

7PH >EdQiQdl [M +# ”‚ j>b ZHO>dQiH >ZG j>b Y[GeX>dHG Dl bdQYeX>dQ[Z QZdHZbQdl “7 ¸ §»\‚‰} _ ¸ 

‚\‚‚»«} dPH >EdQiQdl QZ _aHEeZHeb} _[bdHaQ[a _>aQHd>X E[adHk >ZG _aHMa[Zd>X E[adHk DQX>dHa>XXl j>b 

Y[aH ZHO>dQiH >d PQOP dP>Z YHGQeY dHY_Ha>deaH\ %iHZd§aHX>dHG >iHa>OH [M +# ”‚ >EdQiQdl _a[MQXH 

E[aaHb_[ZGHG jQdP dPH dPHaY>X bdQYeX>dQ[Z _HaQ[G >ZG bP[jHG GQbb[EQ>dQ[Z DHdjHHZ XHiHXb [M 

>EdQiQdl >bb[EQ>dHG jQdP YHGQeY >ZG PQOP E[ZGQdQ[Zb >d dPH DHOQZZQZO [M dPH dPHaY>X bdQYeX>dQ[Z 

“ADBQN> q«\  

7PH dQYH E[eabH [M +# »‚ j>b Y[GeX>dHG Dl bdQYeX>dQ[Z QZdHZbQdl “7 ¸ ”\¿”} _ ¸ ‚\‚„‚«} 

>EdQiQdl QZ D>b>X O>ZOXQ> DQX>dHa>XXl} >ZdHaQ[a EQZOeX>dH E[adHk} G[ab[X>dHa>X _aHMa[Zd>X E[adHk >ZG 

dP>X>Yeb j>b PQOPHa >d PQOP dP>Z YHGQeY dHY_Ha>deaH\ %iHZd§aHX>dHG >iHa>OH [M +# »‚ bP[jHG 

GQbb[EQ>dQ[Z DHdjHHZ dPH XHiHXb [M >EdQiQdl >bb[EQ>dHG jQdP PQOP >ZG YHGQeY E[ZGQdQ[Zb\ 7PH 

>EdQiQdl _a[MQXH j>b aQbQZO E[ZdQZe[ebXl eZdQX dPH HZG [M dPH dPHaY>X bdQYeX>dQ[Z “ADBQN> r«\  

7PH dQYH E[eabH [M +# ”́ j>b Y[GeX>dHG Dl bdQYeX>dQ[Z QZdHZbQdl “7 ¸ ”\́‰} _ ¸ ‚\‚‚́«} 

>EdQiQdl QZ DQX>dHa>X >ZdHaQ[a QZbeX>} >ZdHaQ[a YQGEQZOeX>dH E[adHk} be__XHYHZd>al Y[d[a >aH> “6/!« 

>ZG _aHMa[Zd>X E[adQEHb DQX>dHa>XXl j>b PQOPHa >d PQOP dP>Z YHGQeY dHY_Ha>deaH\ %iHZd§aHX>dHG 

>iHa>OH [M +# ”́ bP[jHG GQbb[EQ>dQ[Z DHdjHHZ dPH XHiHXb [M >EdQiQdl >bb[EQ>dHG jQdP PQOP >ZG 

YHGQeY E[ZGQdQ[Zb\ 7PH _a[MQXH bP[jHG >Z >EdQi>dQ[Z _H>W >d dPH HZG [M dPH dPHaY>X bdQYeX>dQ[Z 

“ADBQN> s«\  

7PH >EdQiQdl [M +# ”» j>b Y[GeX>dHG Dl Gea>dQ[Z QXXebQ[Z “7 ¸ §„\̂} _ ¸ ‚\‚́¿«} >EdQiQdl QZ "! ́ 

DQX>dHa>XXl j>b PQOPHa GeaQZO bP[ad dP>Z X[ZO E[ZGQdQ[Zb\ %iHZd§aHX>dHG >iHa>OH [M +# ”» >EdQiQdl 

_a[MQXH E[aaHb_[ZGHG jQdP dPH dPHaY>X bdQYeX>dQ[Z >ZG bP[jHG GQbb[EQ>dQ[Z DHdjHHZ XHiHXb [M 



 ¯„ 

>EdQiQdl >bb[EQ>dHG jQdP bP[ad >ZG X[ZO E[ZGQdQ[Zb Hb_HEQ>XXl >d dPH DHOQZZQZO [M dPH dPHaY>X 

bdQYeX>dQ[Z “ADBQN> t«\  

7PH >EdQiQdl [M +# qx j>b Y[GeX>dHG Dl Gea>dQ[Z QXXebQ[Z >ZG bdQYeX>dQ[Z QZdHZbQdl “Gea>dQ[Z 

QXXebQ[Z’ 7 ¸ §…\‰»} _ ̋ ‚\‚‚„̃ bdQYeX>dQ[Z QZdHZbQdl’ 7 ¸ §»\̂‰} _ ̋ ‚\‚‚„«} >EdQiQdl QZ Hkda>bdaQ>dH 

E[adHk DQX>dHa>XXl j>b PQOPHa QZ bP[ad YHGQeY dP>Z X[ZO PQOP E[ZGQdQ[Zb\ %iHZd§aHX>dHG >iHa>OH [M 

+# ”¯ >EdQiQdl _a[MQXH E[aaHb_[ZGHG jQdP dPH dPHaY>X bdQYeX>dQ[Z _HaQ[G >ZG bP[jHG GQbb[EQ>dQ[Z 

DHdjHHZ XHiHXb [M >EdQiQdl >bb[EQ>dHG jQdP bP[ad >ZG X[ZO E[ZGQdQ[Zb >d YHGQeY dHY_Ha>deaH >b 

jHXX >b >d PQOP dHY_Ha>deaH\ 7PH GQbb[EQ>dQ[Z DHdjHHZ YHGQeY >ZG PQOP dHY_Ha>deaH j>b XHbb 

Y>aWHG dP>Z dPH GQbb[EQ>dQ[Z DHdjHHZ QXXeb[al Gea>dQ[Zb “ADBQN> u«\ 

!GGQdQ[Z>XXl} dj[ QZGH_HZGHZd E[Y_[ZHZdb dP>d jHaH E[aaHX>dHG jQdP dPH … E[ZGQdQ[Zb jHaH 

[M [ea QZdHaHbd\ 1ZH} +# „‚ “[ZH§b>Y_XH d§dHbdb [Z DHd>§jHQOPdb M[a H>EP E[ZGQdQ[Z} 7 ̨ …\„„} _ ̋ 

‰\„‚§…« aH_aHbHZdHG D[dP MeXX QZbeX>a E[adQEHb “ADBQN> v9«\ 7PH [dPHa} +# „» “[ZH§b>Y_XH d§dHbdb [Z 

DHd>§jHQOPdb M[a H>EP E[ZGQdQ[Z} 7 ̨ ‰\”»} _ ̋ ‰\„‚§…« aH_aHbHZdHG dPH E[Zda>X>dHa>X “XHMd« Y[d[a 

E[adHk “ADBQN> v;«\  

 

 
 
Figure 2: Independent component 20 showing an effect of stimulation intensity (medium > high).  
(a) Activation map (thresholded at p < 0.001 FWE), (b) event-related averages of the time course adjusted for each 
condition, level of activation in arbitrary units over a 40 s period, the grey bar corresponds with the painful 
stimulation and (c) mean beta-weights (± SEM) for each condition (* p < 0.1). Slices representing axial and sagittal 
positions are in MNI space. Light/dashed: medium temperature; dark/solid: high temperature. Green: short duration; 
red: long duration.   
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Figure 3: Independent component 30 showing an effect of stimulation intensity (high > medium).  
(a) Activation map (thresholded at p < 0.001 FWE), (b) event-related averages of the time course adjusted for each 
condition, level of activation in arbitrary units over a 40 s period, the grey bar corresponds with the painful 
stimulation and (c) mean beta-weights (± SEM) for each condition (* p < 0.1). Slices representing axial and sagittal 
positions are in MNI space. Light/dashed: medium temperature; dark/solid: high temperature. Green: short duration; 
red: long duration.   

 

 

 

 
Figure 4: Independent component 27 showing an effect of stimulation intensity (high > medium).  
(a) Activation map (thresholded at p < 0.001 FWE), (b) event-related averages of the time course adjusted for each 
condition, level of activation in arbitrary units over a 40 s period, the grey bar corresponds with the painful 
stimulation and (c) mean beta-weights (± SEM) for each condition (* p < 0.1). Slices representing axial and sagittal 
positions are in MNI space. Light/dashed: medium temperature; dark/solid: high temperature. Green: short duration; 
red: long duration.  
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Figure 5: Independent component 23 showing an effect of duration illusion (short > long).  
(a) Activation map (thresholded at p < 0.001 FWE), (b) event-related averages of the time course adjusted for each 
condition, level of activation in arbitrary units over a 40 s period, the grey bar corresponds with the painful 
stimulation and (c) mean beta-weights (± SEM) for each condition (* p < 0.1). Slices representing axial and sagittal 
positions are in MNI space. Light/dashed: medium temperature; dark/solid: high temperature. Green: short duration; 
red: long duration.   

 

 

 

 

Figure 6: Independent component 29 showing an effect of duration illusion (short > long) and of stimulation intensity 
(medium > high).  
(a) Activation map (thresholded at p < 0.001 FWE), (b) event-related averages of the time course adjusted for each 
condition, level of activation in arbitrary units over a 40 s period, the grey bar corresponds with the painful 
stimulation and (c) mean beta-weights (± SEM) for each condition (* p < 0.1). Slices representing axial and sagittal 
positions are in MNI space. Light/dashed: medium temperature; dark/solid: high temperature. Green: short duration; 
red: long duration.  
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Figure 7: Independent components 10 and 13 activation maps.  
(a) IC10, (b) IC 13 activation maps (thresholded at p < 0.001 FWE). Time courses of the two components were 
correlated to each of the 4 conditions, but did no show an effect of stimulation intensity or duration illusion factor. 
Slices representing axial and sagittal positions are in MNI space.  
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j>b E[aaHX>dHG >ZG >EdQi>dHG DHM[aH +# „» >ZG +# ”́\ +# ”» j>b E[aaHX>dHG >ZG >EdQi>dHG DHM[aH +# 

„» >ZG +# ”́\ +# »‚ j>b E[aaHX>dHG >ZG >EdQi>dHG DHM[aH +# ”́\ +# „‚ j>b E[aaHX>dHG >ZG >EdQi>dHG 

DHM[aH +# ”́\

(eZEdQ[Z>X ZHdj[aW E[ZZHEdQiQdl bP[jHG dP>d >XY[bd >XX dPH E[Y_[ZHZdb P>G dPHQa dQYH 

E[eabHb E[aaHX>dHG “HkEH_d +#b ”¯§„‚ >ZG +#b „‚§»‚« >Y[ZO jPQEP >D[ed P>XM [M dPH E[aaHX>dQ[Zb 

>Xb[ _aHbHZdHG > GHX>l DHdjHHZ dQYH E[eabHb} bHH ADBQN> w >ZG P9;G> p\ 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
Figure 8: Functional network 
connectivity analysis.  
6 independent components (IC) 
were chosen and the 
correlation and the delay 
between their time courses 
were evaluated with the 
functional network connectivity 
toolbox (thresholded at p < 
0.05 FDR).   
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  IC 10 IC 13 IC 23 IC 27 IC 29 

IC 10     

IC 13 0.208 (0.22)     

IC 23 0.295 (0.17) 0.401 (0.12) *    

IC 27 0.393 (0.12) * 0.406 (0.17) 0.308 (0.15) *   

IC 29 0.160 (0.21) 0.336 (0.12) * 0.507 (0.11) 0.208 (0.16) *  

IC 30 0.480 (0.19) 0.254 (0.24) 0.382 (0.18) 0.597 (0.18) * 0.005 (0.22) 
 
Table 1: FNC correlation and lag values.  
Correlation values are represented (± SD). Bold values are significant correlations 
(p < 0.05 FDR corrected) and * corresponds with significant lag between time 
courses of independent components (IC). 
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7PH ¡dQYH¢ QXXebQ[Z beEEHbbMeXXl GHEaH>bHG _>QZ _HaEH_dQ[Z QZ ¡bP[ad¢ >b E[Y_>aHG d[ ¡X[ZO¢ 

bdQYeX>dQ[Zb\ 7PH QZGH_HZGHZd E[Y_[ZHZdb >Z>XlbQb PQOPXQOPdHG E[Y_[ZHZdb} jPQEP >EdQiQdl j>b 

Y[GeX>dHG Dl dPH QXXebQ[Z [M Gea>dQ[Z >ZGƒ[a Dl QZdHZbQdl [M dPH bdQYeXeb} Ded Z[ QZdHa>EdQ[Z j>b 

M[eZG DHdjHHZ Gea>dQ[Z QXXebQ[Z >ZG bdQYeXeb QZdHZbQdl\ 7PQb j>b [DbHaiHG M[a _>QZ QZdHZbQdl 

a>dQZOb >ZG M[a MeZEdQ[Z>X ZHdj[aWb\ 

!Y[ZO dPH bHiHZ QZGH_HZGHZd E[Y_[ZHZdb QZiHbdQO>dHG >ZG dP>d 7# E[aaHX>dHG jQdP dPH 

Hk_HaQYHZd>X _>a>GQOY} dj[ +#b [M QZdHaHbd GQG Z[d bP[j >Zl HMMHEd [M dPH bdQYeXeb QZdHZbQdl [a 

Gea>dQ[Z QXXebQ[Z M>Ed[ab\ 1ZH E[aaHb_[ZGHG jQdP dPH DQX>dHa>X >EdQi>dQ[Z [M dPH HZdQaH QZbeX>a 

E[adHk “+# „‚« dP>d Qb WZ[jZ d[ DH QZi[XiHG QZ _>QZMeX dPHaY[bHZb[al _a[EHbbQZO\ !Z[dPHa j>b dPH 

_aQY>al Y[d[a E[adHk} >EdQi>dHG E[Zda>X>dHa>XXl d[ dPH P>ZG dP>d a>dHG _HaEHQiHG _>QZ QZdHZbQdl\ 

7PHbH dj[ +#b _HaYQddHG eb d[ iHaQMl dP>d dP[bH dj[ bHZb[al§Y[d[a _a[EHbbQZO ZHdj[aWb jHaH 

QZi[XiHG >b Hk_HEdHG jQdP [ea _>a>GQOY\ 7PHl >aH E[ZbQbdHZd jQdP dPH M>Ed dP>d QZ >Zl ElEXH [M dPH 

Hk_HaQYHZd>X _>a>GQOY} dPHaH j>b > E[YY[Z GHZ[YQZ>d[a QZEXeGQZO _HaEH_dQ[Z [M dPHaY[bHZb[al 

bdQYeXQ [Z dPH XHMd P>ZG >ZG _>QZ QZdHZbQdl a>dQZO jQdP dPH aQOPd P>ZG\  

+ZEaH>bQZO _>QZ QZdHZbQdl _HaEH_dQ[Z dPa[eOP QZdHZbQdl [M dPH bdQYeXeb aHEaeQdb dPH GHM>eXd 

Y[GH ZHdj[aW “+# ”‚« jQdP jQGHb_aH>G >ZG iHal QZdHZbH GH>EdQi>dQ[Z [M _[bdHaQ[a _>aQHd>X >ZG 

_[bdHaQ[a EQZOeX>dH >aH>b GeaQZO >__XQE>dQ[Z [M dPH _>QZMeX bdQYeXeb\ 3>QZ P>b DHHZ QZGHHG 

aH_H>dHGXl M[eZG d[ bda[ZOXl >ZG E[ZbQbdHZdXl GH>EdQi>dH dPHbH aHOQ[Zb̃ Qd Qb dPHaHM[aH > a[Debd d>bW 

d[ PQOPXQOPd dPH GHM>eXd Y[GH ZHdj[aW “?¥C¥ 3Hla[Z Hd >X\} „¯¯¯«\ 7PH QZEaH>bH [M _>QZ QZdHZbQdl 

_HaEH_dQ[Z dPa[eOP QZdHZbQdl [M dPH bdQYeXeb >Xb[ >EdQi>dHG dj[ QZGH_HZGHZd E[Y_[ZHZdb 

QZi[XiQZO dPH E[OZQdQiH _>ad [M dPH _>QZ _a[EHbbQZO ZHdj[aW} E¥?¥ D>b>X O>ZOXQ>} G[ab[X>dHa>X 

_aHMa[Zd>X E[adQEHb DQX>dHa>XXl} >ZdHaQ[a EQZOeX>dH >ZG YQGEQZOeX>dH E[adQEHb} 6/! >ZG DQX>dHa>X 

>ZdHaQ[a QZbeX>\ 7PQb j>b >Z Hk_HEdHG aHbeXd bQZEH bdQYeX>dQ[Z QZdHZbQdl >ZG _>QZ QZdHZbQdl >aH 

HZE[GHG QZ dPH ¡_>QZ§Y>daQk¢ ZHdj[aW “!_W>aQ>Z Hd >X\} ”‚‚‰̃ 3Hla[Z Hd >X\} ”‚‚‚̃ 7a>EHl >ZG 

/>ZdlP} ”‚‚́«\ 7PH dPHaY>X bdQYeX>dQ[Z ebHG QZ [ea bdeGl j>b _a[X[ZOHG “”‰ b« >ZG dPH QZEaH>bH [M 
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>EdQiQdl jQdP dQYH E>Z DH QZdHa_aHdHG >b > bHZbQdQm>dQ[Z [M dPH blbdHY\ 6QZEH D>b>X O>ZOXQ> >aH 

QZi[XiHG QZ _>QZ _a[EHbbQZO “"[ab[[W Hd >X\} ”‚„‚« >b jHXX >b QZ dQYH HbdQY>dQ[Z >ZG Y[d[a dQYQZO 

“5eDQ> >ZG 6YQdP} ”‚‚…«} jH E>Z >Xb[ be__[bH dP>d dPH QZEaH>bH [M >EdQiQdl [iHa dQYH E>Z DH XQZWHG 

d[ dPH >EEeYeX>dQ[Z [M _>QZ jQdP dQYH\ 7PH >EdQi>dQ[Z _H>W >__H>aQZO >d dPH HZG [M dPH bdQYeX>dQ[Z 

_HaQ[G E>Z DH QZdHa_aHdHG HQdPHa >b >Z [MMbHd bQOZ>X QZGQE>dQZO dPH HZG [M dPH bdQYeX>dQ[Z _HaQ[G 

“E[aaHb_[ZGQZO jQdP aHXQHM M[a dPH beDVHEd« [a >b} QZ dPH E>bH [M +# ”́} dPH beDVHEd~b YHZd>X 

_aH_>a>dQ[Z d[ _>QZ QZdHZbQdl bE[aQZO\  

6P[adHZQZO dPH QXXeb[al Gea>dQ[Z [M bdQYeX>dQ[Z >EdQi>dHG _>aQHd[§[EEQ_Qd>X “+# ”»« >ZG [EEQ_d>X 

aHOQ[Zb “+# ”¯«} dj[ ZHdj[aWb QZi[XiHG QZ >bb[EQ>dQiH iQbe>X _a[EHbbQZO\ 7PH _>aQHd[§[EEQ_Qd>X >aH>b 

“"! ́« >aH QZi[XiHG QZ b_>dQ>X >ddHZdQ[Z “#[eXX >ZG (aQdP} „¯¯̂«} beOOHbdQZO dP>d Y[aH >ddHZdQ[Z>X 

aHb[eaEHb >aH >XX[E>dHG GeaQZO bP[ad E[ZGQdQ[Zb dP>Z GeaQZO X[ZO E[ZGQdQ[Zb\ "! ́ Qb > 

b[Y>d[bHZb[al >bb[EQ>dQ[Z E[adHk “6>_Ha Hd >X\} ”‚‚‚«} jPQEP Qb QZi[XiHG “>Y[ZO [dPHa aHOQ[Zb« QZ 

DaebP >XX[GlZQ> “:QddQZO Hd >X\} ”‚‚„«} >ZG Qb E[ZZHEdHG d[ dP>X>Yeb} !##} QZbeX> >ZG _aHMa[Zd>X 

E[adHk QZ Y[ZWHl “.HjQb >ZG 9>Z %bbHZ} ”‚‚‚«\ 7PH [EEQ_Qd>X Hkda>bdaQ>dH >aH> QZEXeGHG dPH X>dHa>X 

[EEQ_Qd>X E[adHk “.1#« jPQEP Qb QZi[XiHG QZ [DVHEdb aHE[OZQdQ[Z “)aQXX§6_HEd[a Hd >X\} ”‚‚„« >ZG jPQEP 

>EdQiQdl Qb Y[GeX>dHG Dl _>QZ “"QZOHX Hd >X\} ”‚‚́«\ 7PH ZHO>dQiH Y[GeX>dQ[Z [M +#b ”» † ”¯ Dl dQYH 

aH_aHbHZd>dQ[Z bP[eXG DH E[ZbQGHaHG jQdP aHb_HEd d[ GQMMHaHZdQ>X >ddHZdQ[Z>X X[>G QZ bP[ad >ZG X[ZO 

E[ZGQdQ[Zb dP>d E[eXG QZ _>ad DH QZi[XiHG QZ dPH Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z\ 

+M jH E[ZbQGHa dPH dj[ +#b bP[jQZO >Z HMMHEd [M QZdHZbQdl [M bdQYeX>dQ[Z} dPHl [iHa>XX GHbEaQDH 

dPH E[OZQdQiH _>ad [M dPH ¡_>QZ Y>daQk¢\ :P>d >__H>ab Ma[Y dPQb bdeGl Qb dP>d dPQb ZHdj[aW E>Z DH 

beDGQiQGHG QZd[ dj[ E[Y_[ZHZdb jQdP dj[ dQYH E[eabH _a[MQXHb\ ! MQabd [ZH jQdP QZEaH>bHG bQOZ>X 

Y>kQY>X >d dPH HZG [M dPH Hk_[beaH d[ dHY_Ha>deaHb} >ZG > bHE[ZG [ZH jQdP _a[OaHbbQiHXl 

QZEaH>bHG bQOZ>X M[a dPH Gea>dQ[Z [M dPHaY>X Hk_[beaH\ +d j>b Z[d dPH >QY [M dPH bdeGl d[ 

QZiHbdQO>dH dPH aHb_HEdQiH GQMMHaHZEHb [M dPQb dQYH GlZ>YQEb} >ZG dPHaHM[aH Qd Qb Z[d _[bbQDXH d[ 

MeadPHa QZdHa_aHd dPHbH aHbeXdb\ *[jHiHa} Qd bHHYb QZdHaHbdQZO d[ E[ZbQGHa dP>d dPHaH Y>l DH 

bHiHa>X Da>QZ GlZ>YQEb [M dPH aHb_[ZbH HZE[GQZO _>QZ QZdHZbQdl\ #[ZiHabHXl} dPH +#b GHbEaQDQZO dPH 

HMMHEd [M dQYH QXXebQ[Z P>iH > GQMMHaHZd “DX[EW« _a[MQXH\ 7PH _aHbHZEH [M dj[ _H>Wb QZ dPQb bHE[ZG 

_a[MQXH} [ZH >d dPH DHOQZZQZO >ZG >Z[dPHa >d dPH HZG [M dPH bdQYeX>dQ[Z} E[eXG DH Hk_X>QZHG Dl dPH 

[Zƒ[MM HMMHEd [M dPH bdQYeX>dQ[Z QZi[XiQZO > EP>ZOH QZ b>XQHZEH “$[jZ>a Hd >X\} ”‚‚»«\ 

(QZ>XXl} dPH MeZEdQ[Z>X ZHdj[aW E[ZZHEdQiQdl >Z>XlbQb aHiH>XHG dP>d dPHaH HkQbdb > dHY_[a>X 

aHX>dQ[ZbPQ_ DHdjHHZ >XX dPH E[Y_[ZHZdb QZEXeGHG QZ dPH >Z>XlbQb >ZG dP>d dPH >EdQi>dQ[Z [M 

¡bE[aQZO¢ E[Y_[ZHZdb Qb GHX>lHG E[Y_>aHG d[ ¡_aQY>al bHZb[al¢ E[Y_[ZHZdb\ 7PH >EdQi>dQ[Zb 

HXQEQdHG Dl dPH QXXebQ[Z [M > bP[adHa Gea>dQ[Z >ZG dPH >EdQi>dQ[Zb HXQEQdHG Dl bdQYeX>dQ[Z QZdHZbQdl 

_a[EHbbQZO jHaH bQYeXd>ZH[eb >ZG >aaQiHG DHM[aH dPH Hi>Xe>dQ[Z [M _>QZ QZdHZbQdl >ZG Y[d[a 

HkHEedQ[Z GeaQZO dPH a>dQZO d>bW\ "HE>ebH "! „¯ Qb Y[GeX>dHG Dl dQYH QXXebQ[Z} Ded >Xb[ Dl 
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bdQYeX>dQ[Z QZdHZbQdl} dPQb E[eXG DH > WHl aHOQ[Z QZ dPH Y[GeX>dQ[Z [M _>QZ _HaEH_dQ[Z Dl dPH dQYH 

QXXebQ[Z} _[bbQDXl Dl Y[GeX>dQZO dPH >EdQiQdl QZ dPH ZHdj[aW QZi[XiQZO >ZdHaQ[a QZbeX> >ZG >ZdHaQ[a 

YQGEQZOeX>dH E[adHk “+# ”́«\ /QbXH>GQZO dPH aH_aHbHZd>dQ[Z [M bdQYeX>dQ[Z Gea>dQ[Z Y>l QZMXeHZEH 

>EdQi>dQ[Zb QZ dPH _a[EHbbQZO [M iQbe>X QZM[aY>dQ[Z “_>aQHd[§[EEQ_Qd>X aHOQ[Zb«} Ded >Xb[ QZ dPH 

_a[EHbbQZO [M _>QZ >ZG dPHaY>X bHZb>dQ[Z “D>b>X O>ZOXQ> >ZG QZbeX>a E[adHk«\ +Z deaZ} dPHbH dHY_[a>X 

GlZ>YQEb >ZG dPHbH E[Y_[ZHZdb dP>d Y>l beDbHaiH _>QZ Y[GeX>dQ[Zb E[eXG QZMXeHZEH Da>QZ >aH>b 

_a[EHbbQZO _>QZ “+# ”́«} aHbeXdQZO QZ dPH Y[GeX>dQ[Z [M _HaEHQiHG _>QZ QZdHZbQdl\ 7PHbH aHbeXdb YH>Z 

dP>d dPH QXXebQ[Z HMMHEd [Z _>QZ _HaEH_dQ[Z E[eXG DH be__[adHG >d > PQOP E[OZQdQiH XHiHX Dl +# ”́} 

GeaQZO dPH _P>bH [M YHZd>X bE[aQZO QZ jPQEP dPH beDVHEdb >GVebd dPHQa _>QZ bE[aHb d[ jP>d dPHl 

Hk_HEdHG QZ dHaYb [M bdQYeX>dQ[Z Gea>dQ[Z >ZG _>QZ XHiHX >bb[EQ>dHG\  

7[ E[ZEXeGH} dPH _aHbHZd bdeGl OQiHb QZM[aY>dQ[Z [Z P[j dPH blbdHYb [M _>QZ Y[GeX>dQ[Z 

Y>l DH E[Y_XHk jQdP bHiHa>X QZdHaGH_HZGHZd Y>_b >ZG QZdHaE[ZZHEdQ[Zb\ :QdP dPH blbdHY 

YQbXH>GQZO dPH _HaEH_dQ[Z [M bdQYeX>dQ[Z Gea>dQ[Z} Qd j>b _[bbQDXH d[ Y[GQMl _>QZ QZdHZbQdl 

_HaEH_dQ[Z} >ZG} E[ZE[YQd>ZdXl} dPH Da>QZ aHb_[ZbHb\ +Z _>adQEeX>a dPH iQbe>X QZ_edb [M dQYH 

aH_aHbHZd>dQ[Z HZdHa QZ dPH Da>QZ RE: >Z [EEQ_Qd[§_>aQHd>X G[[a dP>d HkHadb > Y[GeX>dQ[Z [Z dPH 

E[Y_[ZHZdb _a[EHbbQZO _>QZ QZdHZbQdl E[GQZO dPa[eOP >Z [EEQ_Qd>X d[ Z[EQEH_dQiH ZHdj[aW\ 7PHbH 

E[ZZHEdQ[Zb jHaH >EE[Y_>ZQHG Dl MeZEdQ[Z>X b_HEQMQEQdQHb dP>d QZdHOa>dH dHY_[a>X GlZ>YQEb [M dPH 

aHb_[ZbHb\   
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7PQb j[aW j>b be__[adHG Dl > Oa>Zd Ma[Y +ZbdQded 836! GH X> $[eXHea “>__HX G~[MMaH ”‚„‚§”‚„„«\ 



 ¯̂ 

r_r_r !I9GUO> <JHLG@H>IP9DN> ^ @PQ=> Ilq 

1;E><PDA 

 .~[DVHEdQM GH X~>Z>XlbH GH E[ZZHEdQiQdJ HMMHEdQiH Hbd GH _[ei[Qa dHbdHa [f Hd E[YYHZd 

X~QXXebQ[Z G~eZH GeaJH _Xeb X[ZOeH QZMXeHZEH XH aJbH>e E[ZbdaeQd HZ >EE[aG >iHE XHb aJbeXd>db GHb 

>Z>XlbHb _aJEJGHZdHb Hd XHb Pl_[dPIbHb : LNEKNE `eH Z[eb >i[Zb bea X> _HaEH_dQ[Z Ge dHY_b G>Zb 

eZH bQde>dQ[Z G[eX[eaHebH\  

 

/@PCJ=> 

 3[ea EHX> Z[eb >i[Zb E[ZbdaeQd eZ GHbQOZ HZ Y[GeX>dQ[Zb _>a>YJdaQ`eHb} HZ GJMQZQbb>Zd eZH 

E[ZGQdQ[Z GH bdQYeX>dQ[Z Hd eZH E[ZGQdQ[Z GH E[d>dQ[Z\ .> _aHYQIaH Jd>Zd Y[GeXJH _>a XH XHeaaH GH 

X> GeaJH “E[eadH [e X[ZOeH« Hd _>a X~QZdHZbQdJ GH X> bdQYeX>dQ[Z G[eX[eaHebH “Y[GJaJH [e M[adH«\ 

 

!J:HUO? ',- 

$>Zb XH Ded GH M>QaH eZH >Z>XlbH $#/„‚ “`eQ _HaYHd GH EP[QbQa _Xeb G~[_dQ[Zb `eH XH $#/̂ 

Hd `eQ Hbd _Xeb a[DebdH«} Z[eb >i[Zb E[ZbdaeQd eZ GHbQOZ b_JEQMQ`eH G>Zb 63/̂ “(aQbd[Z Hd >X\} ”‚‚» ̃ 

->bHbb Hd >X\} ”‚„‚ ̃ 6dH_P>Z Hd >X\} ”‚‚¯«\ 3[ea Hk_X[aHa XHb M>EdHeab QZdHZbQdJ GH bdQYeX>dQ[Z Hd 

QXXebQ[Z GH X> GeaJH} Z[eb >i[Zb GJMQZQ GHb Y[GeX>dQ[Zb _>a>YJdaQ`eHb GH _aHYQHa ZQiH>e 

“XQZJ>QaHb« GH X> E[ZGQdQ[Z GH bdQYeX>dQ[Z DQY[G>XH “iQbeHXXH Hd dPHaYQ`eH«\ .> E[d>dQ[Z Z~> _>b GH 

Y[GeX>dQ[Z _>a>YJdaQ`eH\ 0[eb >i[Zb EP[QbQ eZ GHbQOZ HZ Y[GeX>dQ[Zb _>a>YJdaQ`eHb _[ea 

X~>Z>XlbH GH $#/ E>a X~>Z>XlbH GH X~HMMHd GH EP>`eH M>EdHea Hbd _Xeb bQY_XH `e~>iHE eZ GHbQOZ 

M>Ed[aQHX\ .Hb » bHbbQ[Zb GH EP>`eH beVHd [Z JdJ HZdaJHb G>Zb X> YKYH Y>daQEH GH GHbbQZ b>Zb 

E[ZE>dJZ>dQ[Z} eZ MQXdaH _>bbH§P>ed > JdJ >__XQ`eJ _[ea HkEXeaH GHb >adJM>Edb GH D>bbH MaJ`eHZEH\ 

.Hb E[aaJX>dQ[Zb dHY_[aHXXHb [Zd JdJ HbdQYJHb HZ edQXQb>Zd eZ Y[GIXH >ed[aJOaHbbQM GH _aHYQHa 

[aGaH “!5„«\ .Hb >Z>XlbHb QZGQiQGeHXXHb GH _aHYQHa ZQiH>e E[Y_aHZ>QHZd … E[Zda>bdHb 7 Hd eZ 

E[Zda>bdH (} `eQ [Zd HZbeQdH _HaYQb G~HMMHEdeHa eZH >Z>XlbH GH GHekQIYH ZQiH>e > HMMHdb >XJ>d[QaHb\ 

9[Qa !II>T> q _[ea XHb aJbeXd>db GH X~>Z>XlbH a>ZG[Y )./\ 

 

%TPN:=PEKJ >?O 6/)O 

.H EP[Qk GHb aJOQ[Zb QZEXebHb G>Zb X~>Z>XlbH $#/ > JdJ OeQGJ _>a XHb aJbeXd>db GH X~>Z>XlbH 

+#! Hd _>a XHb : LNEKNE M[adb _Hb>Zd bea XH $.3( Ga[Qd} XH >/## Hd X~QZbeX> >ZdJaQHeaH Q_bQX>dJa>XH “+06§

Q« Hd E[Zda[X>dJa>XH “+06§E«\ .> X[E>XQb>dQ[Z GH EHb … aJOQ[Zb > JdJ HMMHEdeJH bea X~>Z>XlbH GH Oa[e_H 

)./ “ADBQN> x«\ !e ZQiH>e QZGQiQGeHX XHb bJaQHb dHY_[aHXXHb GH EP>`eH 91+ [Zd JdJ Hkda>QdHb HZ 

GHek dHY_b\ $~>D[aG} Z[eb >i[Zb E[ZbdaeQd GHb Y>b`eHb E[aaHb_[ZG>Zd ? X~QZdHabHEdQ[Z HZdaH XH 

=HQOP?N G~>EdQi>dQ[Z GH X> E[ZGQdQ[Z GH bdQYeX>dQ[Z _a[iHZ>Zd GH X~>Z>XlbH GH Oa[e_H “bHeQX ’ _ ̋ 

‚\‚‚„ Z[Z§E[aaQOJ« Hd X> aJOQ[Z >Z>d[YQ`eH E[aaHb_[ZG>ZdH G>Zb X> PKKH<KT 3QEW!dX>b Hd G>Zb 



 ¯¯ 

X~>dX>b !!. “/>XGVQ>Z Hd >X\} ”‚‚» ̃ 7m[eaQ[§/>m[lHa Hd >X\} ”‚‚”«\ .H E[adHk $.3( Ga[Qd > JdJ GJMQZQ 

E[YYH XH Olaeb Ma[Zd>X Y[lHZ Hd XH EXebdHa G~>EdQi>dQ[Z GH E[[aG[ZZJHb /0+ ’ k ¸ »} l ¸ ……} m ¸ ¿\ 

.H >/## > JdJ E[ZbdaeQd bHX[Z X> GJMQZQdQ[Z GH "\!\ 9[Od “_>adQH _[bdJaQHeaH GH "! »” Hd »» Hd _>adQH 

Y[lHZZH GH "! ”…} 9[Od Hd >X\} ”‚‚»« Hd XH EXebdHa G~>EdQi>dQ[Z k ¸ „”} l ¸ ”…} m ¸ »¿\ .Hb aJOQ[Zb 

QZbeX>QaHb >ZdJaQHeaHb [Zd JdJ GJMQZQHb E[YYH X> aJOQ[Z QZbeX>QaH GH !!. aJGeQdH ? b> _>adQH 

>ZdJaQHeaH >e bQXX[Z EHZda>X GH X~QZbeX> “GJMQZQH bea X~QY>OH >Z>d[YQ`eH Y[lHZZH« Hd X~>EdQi>dQ[Z 

+06§Q ’ k ¸ §»̂} l ¸ „…} m ¸ §… Hd +06§E ’ k ¸ »̂} l ¸ „‚} m ¸ „¿\ $>Zb eZ GHekQIYH dHY_b} XHb bJaQHb 

dHY_[aHXXHb GHb 91+b [Zd JdJ Hkda>QdHb bea XH E[Zda>bdH ( “bHeQX ’ _ ̋ ‚\‚‰ Z[Z§E[aaQOJ«} ? _>adQa GH 

b_PIaHb GH ‰ YY GH a>l[Z EHZdaJHb bea XH _QE G~>EdQi>dQ[Z QZGQiQGeHX ? X~QZdJaQHea Ge Y>b`eH GH X> 

aJOQ[Z “GJMQZQ G>Zb X~Jd>_H _aJEJGHZdH«\ .~Hkda>EdQ[Z GHb bJaQHb dHY_[aHXXHb GHb 91+b > JdJ M>QdH 

_[ea EP>`eH bHbbQ[Z GH EP>`eH beVHd\ .Hb beVHdb ZH Y[Zda>Zd _>b G~>EdQi>dQ[Z _[ea >e Y[QZb eZH 

GHb … aJOQ[Zb G>Zb EHb E[ZGQdQ[Zb [Zd JdJ HkEXeb GH X~>Z>XlbH} „‰ beVHdb [Zd G[ZE JdJ QZEXeb G>Zb 

X~>Z>XlbH $#/\ 

 

 
Figure 9 : VOIs individuels pris en compte dans l’analyse DCM. 
Les VOIs de chaque sujet sont représentés sur l’image anatomique moyenne et correspondent à des sphères de 5 
mm de rayon incluses dans le masque de l’intersection entre la région anatomique et le cluster d’activation du 
groupe (seuil : p < 0.05 non-corrigé). En bleu : cortex dorsolatéral préfrontal froit (DLPF), en rouge : partie 
antérieure du cortex cingulaire moyen (aMCC), en vert : insula ipsilatérale (gauche, INS-i) et en mauve : insula 
controlatérale (droite, INS-c). 

 

#KJOPNQ=PEKJ >?O IK>@H?O ?P >ABEJEPEKJ >?O B:IEHH?O >? IK>@H?O  

„̂” Y[GIXHb [Zd JdJ E[ZbdaeQdb} E[Y_aHZ>Zd » HZdaJHb _[ei>Zd >i[Qa eZH QZMXeHZEH “” 

HZdaJHb HkdHaZHb k „» HZdaJHb Y[GeX>d[QaHb GH X~QXXebQ[Z GH X> GeaJH k ́ HZdaJHb Y[GeX>d[QaHb GH X> 

dHY_Ja>deaH GH bdQYeX>dQ[Z«\ .> E[ZGQdQ[Z GH E[d>dQ[Z Z~> _>b JdJ _aQbH HZ E[Y_dH G>Zb XHb 

Y[GIXHb\ 0[eb >i[Zb M>Qd X~Pl_[dPIbH `eH XHb GHek QZbeXC aHEHi>QHZd X~HZdaJH HkdHaZH GH X> 

bdQYeX>dQ[Z DQY[G>XH “-eadP Hd >X\} ”‚„‚D ̃ 3Hla[Z Hd >X\} ”‚‚‚«} `eQ >bb[EQH eZH bdQYeX>dQ[Z iQbeHXXH 

“P[aX[OH« Hd dPHaYQ`eH “G[eX[eaHebH« “ADBQN> po9«\ .~QZdHZbQdJ GH bdQYeX>dQ[Z Hbd be__[bJH >i[Qa 

eZH QZMXeHZEH bea XHb QZbeX>} bea XHb E[ZZHkQ[Zb HZdaH XHb GHek QZbeXC Hdƒ[e bea XHb E[ZZHkQ[Zb 

HZdaH X~QZbeX> Hd XH >/## “-eadP Hd >X\} ”‚„‚D ̃ 3Hla[Z Hd >X\} ”‚‚‚« “ADBQN> po;«\ .~HMMHd Ge XHeaaH GH 

X> GeaJH GH bdQYeX>dQ[Z > JdJ dHbdJ bea EP>EeZH GHb … aJOQ[Zb Hd bea GQMMJaHZdHb E[ZZHkQ[Zb Jd>Zd 



 „‚‚ 

G[ZZJ `eH XHb JdeGHb _aJEJGHZdHb Y[ZdaHZd `e~QX Z~HkQbdH _>b `e~eZH bHeXH aJOQ[Z QY_XQ`eJH G>Zb 

XH da>QdHYHZd GHb QZM[aY>dQ[Zb dHY_[aHXXHb Hd `eH G>Zb Z[daH JdeGH QX b~>OQd G~eZH QXXebQ[Z “QZbeX> ’ 

-[bQXX[ Hd 6YQdP} ”‚„‚ ̃ :QddY>ZZ Hd >X\} ”‚„‚} $.3( ’ 5>[ Hd >X\} ”‚‚„ ̃ .QiHbHl Hd >X\} ”‚‚́ ̃ .HjQb 

Hd /Q>XX} ”‚‚»} >/## ’ .HjQb Hd /Q>XX} ”‚‚» ̃ :QddY>ZZ Hd >X\} ”‚„‚} ADBQN> po<«\ 0[eb >i[Zb EP[QbQ 

GH ZH _>b dHbdHa XHb GQMMJaHZdHb _[bbQDQXQdJb GH E[ZZHkQ[Zb QZdaQZbI`eHb} E~Hbd _[ea`e[Q Z[eb >i[Zb 

E[ZbdaeQd GHb Y[GIXHb E[ZZHEdJb HZdQIaHYHZd\  

0[eb >i[Zb >__XQ`eJ XH OHE=? PEIEJC Ge $#/„‚ E>a XHb E[e_Hb [Zd JdJ >E`eQbHb G>Zb eZ [aGaH 

bJ`eHZdQHX\ .> Y>V[aQdJ GHb aJOQ[Zb Jd>QHZd bQdeJHb G>Zb X> _>adQH Y[lHZZH Ge EHaiH>e Hd X> 

E[aaHEdQ[Z >__XQ`eJH Jd>Qd GH „\”̂ b “„\́́ b _[ea XH >/##«\ 0[eb >i[Zb EP[QbQ GH ZH E[ZbdaeQaH `eH 

GHb Y[GIXHb DQXQZJ>QaHb “XHb Y[GIXHb Z[Z§XQZJ>QaHb _[ei>Zd _[bbJGHa eZH aJOQ[Zb Y[GeX>Zd eZH 

E[ZZHkQ[Z« `eQ [Zd JdJ HbdQYJb >iHE GHek Jd>db E>a EHek§EQ b[Zd _Xeb MXHkQDXHb “G>Zb EP>`eH aJOQ[Z} 

eZH _[_eX>dQ[Z GH ZHea[ZHb HkEQd>dHeab Hd eZH _[_eX>dQ[Z GH ZHea[ZHb QZPQDQdHeab Hbd Y[GJXQbJH} 

/>aaHQa[b Hd >X\} ”‚‚̂« Hd bea eZ Y[GH GJdHaYQZQbdH “6HOPQHa Hd >X\} ”‚„‚«\ 

 

 
Figure 10 : Construction des modèles. 
Au total 182 modèles ont été construits, tous ayant les 4 régions entièrement connectées, incluant : la partie 
antérieure du cortex cingulaire moyen (aMCC), le cortex dorsolatéral préfrontal droit (DLPF), l’insula ipsilatérale et 
controlatérale (INS-i et INS-c). 2 familles correspondent aux alternatives de l’entrée externe de la stimulation 
bimodale (visuelle et thermique) x 7 modèles correspondant aux alternatives de la modulation  de la température 
(modérée ou forte) x 13 familles correspondent aux alternatives de la modulation du leurre de la durée de 
stimulation (courte ou longue). 
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#KIL:N:EOKJ >?O IK>@H?O 

.Hb Y[GIXHb [Zd JdJ E[Y_>aJb _>a X> YJdP[GH "/6 “6dH_P>Z Hd >X\} ”‚‚¯« HZ M>Qb>Zd GHb 

QZMJaHZEHb >e ZQiH>e GHb M>YQXXHb GH Y[GIXHb HZ » Jd>_Hb G>Zb Z[daH JdeGH\ 8ZH >Z>XlbH ? HMMHdb 

>XJ>d[QaHb > JdJ EP[QbQH “6dH_P>Z Hd >X\} ”‚‚¯ ̃ ->bHbb Hd >X\} ”‚„‚« _[ea E[Y_>aHa „ƒ XHb ” M>YQXXHb 

GH ¯„ Y[GIXHb D>bJHb bea X~HZdaJH HkdHaZH GH X> bdQYeX>dQ[Z DQY[G>XH} ”ƒ XHb „» M>YQXXHb GH ́ 

Y[GIXHb D>bJHb bea X> Y[GeX>dQ[Z GH X~QXXebQ[Z GH X> GeaJH GH bdQYeX>dQ[Z Hd »ƒ XHb ́ Y[GIXHb 

aHbd>Zd D>bJb bea X> Y[GeX>dQ[Z GH X~QZdHZbQdJ GH bdQYeX>dQ[Z\ +X M>ed Z[dHa `eH X> YJdP[GH "/6 

_aHZG HZ E[Y_dH XHb HMMHdb >XJ>d[QaHb “5(;« >e ZQiH>e Ge Oa[e_H Hd XHb HMMHdb MQkHb “((;« >e ZQiH>e 

GHb bHbbQ[Zb\ ! EP>`eH E[Y_>a>Qb[Z} X> "/6 aHd[eaZH GHek _a[D>DQXQdJb “?TL?=P?> LKOP?NEKN 

LNK<:<EHEPU Hd ?T=??>:J=? LNK<:<EHEPU« bea eZ Oa>_PH ̃ _Xeb X> _a[D>DQXQdJ Hbd JXHiJH} _Xeb XH Y[GIXH 

[e X> M>YQXXH Hbd YHQXXHea“H«\ %ZMQZ} XH "/! _HaYHd GH aHZGaH E[Y_dH GHb _>a>YIdaHb G~eZ Y[GIXH 

Y[lHZ GH X> YHQXXHeaH M>YQXXH\ +X Hbd >X[ab _[bbQDXH GH dHbdHa X> bQOZQMQE>dQiQdJ GHb _>a>YIdaHb GH EH 

Y[GIXH Y[lHZ OaAEH ? GHb d§dHbdb “bHeQX ’ _ ̋ ‚\‚‰ Z[Z§E[aaQOJ«\ 8Z _>a>YIdaH _[bQdQM aHZG E[Y_dH 

G~eZH HkEQd>dQ[Z d>ZGQb `e~eZ _>a>YIdaH ZJO>dQM aHZG E[Y_dH G~eZH QZPQDQdQ[Z\  

 

 

3@OQGP9PO 

.> bJXHEdQ[Z _>a "/6 Y[ZdaH `eH XH YHQXXHea Y[GIXH Hbd XH „\‰\́} E[aaHb_[ZG>Zd ? eZH 

HZdaJH HkdHaZH GH X> bdQYeX>dQ[Z >aaQi>Zd bea X~QZbeX> Q_bQX>dJa>XH} eZH Y[GeX>dQ[Z Ge XHeaaH GH X> 

GeaJH >OQbb>Zd bea XHb E[ZZHkQ[Zb aJEQ_a[`eHb HZdaH XH $.3( Hd XHb GHek QZbeXC Hd eZH Y[GeX>dQ[Z 

GH X~QZdHZbQdJ GH bdQYeX>dQ[Z >OQbb>Zd bea XHb E[ZZHkQ[Zb aJEQ_a[`eHb HZdaH XHb GHek QZbeXC “ADBQN> 

pp«\ 

.H "/! Hd XHb YeXdQ_XHb d§dHbdb edQXQbJb _[ea dHbdHa X> bQOZQMQE>dQiQdJ GHb _>a>YIdaHb Ge 

Y[GIXH Y[lHZ GH X> M>YQXXH „\‰ Y[ZdaHZd `eH d[edHb “b>eM eZH« XHb E[ZZHkQ[Zb QZdaQZbI`eHb Ge 

Y[GIXH b[Zd bQOZQMQE>dQiHb Hd HkEQd>daQEHb\ .~HZdaJH HkdHaZH GH X> bdQYeX>dQ[Z DQY[G>XH bea X~QZbeX> 

Q_bQX>dJa>XH Hbd QZPQDQdaQEH DQHZ `eH daIb M>QDXH Y>Qb HkdaKYHYHZd bQOZQMQE>dQiH\ .> Y[GeX>dQ[Z 

HkEQd>daQEH GH X~QZdHZbQdJ GH bdQYeX>dQ[Z Z~Hbd bQOZQMQE>dQiH `eH bea X> E[ZZHkQ[Z >XX>Zd GH X~QZbeX> 

Q_bQX>dJa>XH iHab X~QZbeX> E[Zda[X>dJa>XH\ %d HZMQZ X> Y[GeX>dQ[Z GH X~QXXebQ[Z G~eZH GeaJH _Xeb X[ZOeH 

Hbd QZPQDQdaQEH bea XHb E[ZZHkQ[Zb HZdaH XH $.3( Ga[Qd Hd XHb QZbeX> Y>Qb HXXHb ZH b[Zd _>b 

bQOZQMQE>dQiHb “ADBQN> pq«\  
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Figure 11 : Sélection du meilleur modèle par BMS (DCM10). 
La sélection par BMS a été faite en 3 étapes : 2 étapes de sélection de 
famille, l’entrée externe puis la modulation du leurre de la durée, et enfin la 
sélection du meilleur parmi les 7 alternatives de modulation par l’intensité de 
la stimulation. Le meilleur modèle qui ressort grâce à cette analyse est le 
1.5.7. 
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Figure 12 : Meilleur modèle moyen (BMA). 
Le Bayesian model averaging permet de rendre compte des paramètres moyens 
parmi la meilleure famille. En rouge sont les paramètres significatifs et en noir sont 
les paramètre non significatifs (t-tests, p < 0.05 non-corrigé). 

 

#JI<GQODJIO 

!iHE EHddH >Z>XlbH} Z[eb >i[Zb M>Qd X~Pl_[dPIbH `eH XH $#/ Z[eb _HaYHdda>Qd GH aJiJXHa 

X~HMMHd GH X~QXXebQ[Z G~eZH GeaJH GH bdQYeX>dQ[Z Y[GQMQJH bea GHb aJOQ[Zb Z[Z§QY_XQ`eJHb G>Zb XH 

da>QdHYHZd GHb QZM[aY>dQ[Zb _eaHYHZd iQbeHXXHb “>Z>XlbH a>ZG[Y )./} !II>T> q« Y>Qb _Xeb 

QZdJOa>dQiHb GHb QZM[aY>dQ[Zb dPHaY[§Z[EQEH_dQiHb\ #[Zda>QaHYHZd ? EH `eQ Jd>Qd >ddHZGe} X~HZdaJH 

HkdHaZH >aaQiH GH _aJMJaHZEH bea X~QZbeX> Q_bQX>dJa>XH “Hd Z[Z _>b E[Zda[X>dJa>XH [e GHb GHek E]dJb«} 

X~>DbHZEH G~QZMXeHZEH M[adH Hbd Jd[ZZ>ZdH Y>Qb _[eaa>Qd KdaH Hk_XQ`eJH _>a XH M>Qd `eH EHddH HZdaJH 

_aHZG HZ E[Y_dH XHb … dl_Hb GH E[ZGQdQ[Zb >iHE GHb i>XHeab GQMMJaHZdHb “M[adHb [e Y[GJaJHb} 

X[ZOeHb [e E[eadHb«} `eQ _[eaa>QHZd bH E[ZdaHD>X>ZEHa\ .~HMMHd G~eZH bdQYeX>dQ[Z G~QZdHZbQdJ _Xeb 

JXHiJH aHZM[aEH X~QZMXeHZEH HkEQd>daQEH GH X~QZbeX> Q_bQX>dJa>XH bea X~QZbeX> E[Zda[X>dJa>XH\ %ZMQZ} 

X~QXXebQ[Z G~eZH GeaJH LGQO GJIBQ> >OQd GH _aJMJaHZEH bea X> E[YYeZQE>dQ[Z HZdaH XH $.3( Hd XHb 

QZbeX>} Y>Qb b[Z HMMHd daIb M>QDXHYHZd QZPQDQdHea Z~Hbd _>b bQOZQMQE>dQM\ #HddH >DbHZEH G|HMMHd beOOIaH 

`eH EHd HMMHd Hbd da[_ M>QDXH _[ea KdaH GJdHEdJ “EPHm XHb „‰ beVHdb QZEXeb G>Zb X~>Z>XlbH«} [e DQHZ `eH 

X~QXXebQ[Z GH X> GeaJH GH bdQYeX>dQ[Z Z~> eZH QZMXeHZEH `eH bea XHb aJOQ[Zb [EEQ_Qd[§_>aQJd>XHb 

E[YYH Z[eb X~>i[Zb ie _aJEJGHYYHZd Hd _>b bea XH E[adHk _aJMa[Zd>X [e XH aHbdH Ge aJbH>e 

E[YYH EHX> Jd>Qd >ddHZGe E>a X~QXXebQ[Z GH X> GeaJH Y[GeXH HMMHEdQiHYHZd X> G[eXHea _HaFeH\  
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#9N9<P@NDO9PDJI => G9 N@LJIO> 

C@HJ=UI9HDMQ> : G9 =JQG>QN 
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s #C9LDPN> s h #9N9<P@NDO9PDJI => G9 N@LJIO> "1.$ : G9 =JQG>QN  

 

$>Zb XH EP>_QdaH _aJEJGHZd} Z[eb >i[Zb _e [DbHaiHa OaAEH ? X~>Z>XlbH +#! `eH X> M[aYH GH X> 

aJ_[ZbH PJY[GlZ>YQ`eH G>Zb GHb E[ZGQdQ[Zb G[eX[eaHebH Hbd i>aQ>DXH} GQMMJaHZdH bHX[Z XHb 

aJOQ[Zb EJaJDa>XHb Hd `e~HXXH ZH aHbbHYDXH _>b ? eZH *5 E>Z[ZQ`eH EH `eQ > >ebbQ JdJ da[eiJ _>a 

G~>edaHb JdeGHb “/[eXd[Z Hd >X\} ”‚‚‰ ̃ 8_>GPl>l Hd >X\} ”‚„‚«\ +X Z[eb >__>a>Sd G[ZE G~>ed>Zd _Xeb 

QY_[ad>Zd G~JdeGQHa XHb E>a>EdJaQbdQ`eHb _aQZEQ_>XHb GH EHb aJ_[ZbHb HZ M[ZEdQ[Z GH XHea dl_H} GH 

XHea X[E>XQb>dQ[Z} GH XHea GeaJH} >MQZ GH aHEeHQXXQa XH YQHek _[bbQDXH XH bQOZ>X E[aaHb_[ZG>Zd >e 

da>QdHYHZd GHb QZM[aY>dQ[Zb EJaJDa>XHb\ 0[eb M>Qb[Zb G[ZE X~Pl_[dPIbH `e~>iHE eZ GHbQOZ 

Hk_JaQYHZd>X GH dl_H JiIZHYHZdQHX Hd eZH bJ`eHZEH M[ZEdQ[ZZHXXH _HaYHdd>Zd G~>E`eJaQa >iHE eZH 

daIb D[ZZH aJb[XedQ[Z dHY_[aHXXH XHb i>aQ>dQ[Zb GH bQOZ>X "1.$} QX Z[eb bHa> _[bbQDXH GH 

E>a>EdJaQbHa >e YQHek X> aJ_[ZbH PJY[GlZ>YQ`eH ? X> G[eXHea Hd GH X> E[Y_>aHa ? X> *5 ? eZH 

bdQYeX>dQ[Z Z[Z§G[eX[eaHebH\ 

.~JdeGH GH M>Qb>DQXQdJ E[ZGeQdH _>a !\ GH (aJYQZiQXXH “/>adQZ« G>Zb Z[daH J`eQ_H > Y[ZdaJ 

`eH _[ea >YJXQ[aHa E[ZbQGJa>DXHYHZd X> aJb[XedQ[Z dHY_[aHXXH} QX Hbd _[bbQDXH GH aJGeQaH XH dHY_b 

GH aJ_JdQdQ[Z ? „‚‚ Yb bQ X~[Z bH XQYQdH ? eZH bHeXH E[e_H GH EHaiH>e _>bb>Zd _>a XHb aJOQ[Zb 

G~QZdJaKd\ />Qb EH dl_H G~>E`eQbQdQ[Z > _XebQHeab QZE[ZiJZQHZdb} XH _aQZEQ_>X Jd>Zd `eH X~edQXQb>dQ[Z 

G~eZH E[e_H eZQ`eH ZH _HaYHd _>b G~>__XQ`eHa XHb _aJ§da>QdHYHZdb EX>bbQ`eHb edQXQbJb _[ea XHb 

G[ZZJHb GH M/5+} HZ _>adQEeXQHa XH aJ>XQOZHYHZd _HaYHdd>Zd G~JXQYQZHa XHb HMMHdb GHb Y[eiHYHZdb 

GH X> dKdH\ 8Z >edaH QZE[ZiJZQHZd Hbd `eH XH bQOZ>X E[aaHb_[ZG>Zd ? eZH aJOQ[Z G[ZZJH Hbd _Xeb 

M>QDXH E>a ZH _a[iHZ>Zd `eH G~eZH bHeXH E[e_H\ #HddH JdeGH _aJXQYQZ>QaH > Y[ZdaJ `e~QX Hbd 

_[bbQDXH G~>E`eJaQa GHb G[ZZJHb GH M/5+ >iHE eZH YHQXXHeaH aJb[XedQ[Z Hd G~Hkda>QaH X> aJ_[ZbH 

PJY[GlZ>YQ`eH E[aaHb_[ZG>Zd >ek aJOQ[Zb QZbeX>QaHb Hd EQZOeX>QaH\  

8ZH GQm>QZH G~Hk_JaQHZEHb _QX[dHb [Zd JdJ aJ>XQbJHb bea eZ bE>ZZHa +5/ »7 6QHYHZb} >MQZ GH 

EP[QbQa >e YQHek XHb _>a>YIdaHb GH X> bJ`eHZEH M[ZEdQ[ZZHXXH} Ge GHbbQZ Hk_JaQYHZd>X} Ge dQYQZO 

Ge _>a>GQOYH JiIZHYHZdQHX} GH X> X[E>XQb>dQ[Z GHb bdQYeX>dQ[Zb Hd Ge da>QdHYHZd GHb G[ZZJHb 

M[ZEdQ[ZZHXXHb\ 7[ed G~>D[aG} X> b[XedQ[Z GH X~>E`eQbQdQ[Z G~eZH E[e_H eZQ`eH Z~> _>b JdJ aHdHZeH 

E>a DQHZ `eH XH _aQZEQ_>X >i>Zd>OH b[Qd X> daIb D[ZZH aJb[XedQ[Z dHY_[aHXXH “75 ¸ ̂„ Yb«} EHddH 

E[ZMQOea>dQ[Z ZH _HaYHd _>b G~>E`eJaQa GHb G[ZZJHb G>Zb eZH bHbbQ[Z GH _Xeb GH ‰ YQZedHb Jd>Zd 

G[ZZJ `eH XH Z[YDaH GH i[XeYHb Y>kQYeY Hbd XQYQdJ bea XHb QY>OHeab 6QHYHZb ? …‚¯¿\ #H 

Z[YDaH QY_[ad>Zd GH i[XeYHb “E[Y_>aJ >ek ”‚‚ P>DQdeHXb« Hbd daIb XQYQd>Zd E>a QX ZJEHbbQdH d[edH 

X> YJY[QaH GH X~[aGQZ>dHea bea XH`eHX b[Zd M>QdHb XHb >Z>XlbHb\ +X ZH Z[eb Hbd G[ZE _>b _[bbQDXH GH 

da>QdHa XHb GQMMJaHZdHb bHbbQ[Zb G~eZ YKYH beVHd HZbHYDXH} EH `eQ XQYQdH XH _[ei[Qa bd>dQbdQ`eH\ 

#[YYH QX > JdJ GQd _aJEJGHYYHZd} XH _aJ§da>QdHYHZd GH E[e_Hb eZQ`eHb Z~Hbd _>b _[bbQDXH Hd QX HZ 



 „‚̂ 

i> GH YKYH _[ea XHb X[OQEQHXb GH da>QdHYHZd `eQ b[Zd E[ZFeb _[ea da>QdHa eZ i[XeYH GH EHaiH>e 

HZdQHa\  

0[eb >i[Zb [_dJ _[ea eZ E[Y_a[YQb HZdaH XH Z[YDaH GH E[e_Hb} X~>E`eQbQdQ[Z GHb aJOQ[Zb 

G~QZdJaKd Hd X> aJb[XedQ[Z dHY_[aHXXH HZ edQXQb>Zd eZH bJ`eHZEH E[ZdHZ>Zd „‚ E[e_Hb >E`eQbHb HZ 

¿…„ Yb} _[bQdQ[ZZJHb G>Zb X~>kH !#§3# ̊ »‚· Hd EHZdaJHb bea X~QZbeX> Hd X~!##\ .H GHbbQZ 

Hk_JaQYHZd>X > JO>XHYHZd JdJ dHbdJ\ 0[eb >i[Zb GHY>ZGJ >e beVHd GH E[dHa XH E>a>EdIaH 

G[eX[eaHek [e Z[Z GH EP>`eH bdQYeX>dQ[Z “aJ_[ZbH DQZ>QaH« E>a EHX> ZH GHY>ZGH _>b GH da[_ 

Oa>ZGHb aHbb[eaEHb E[OZQdQiHb Hd >ddHZdQ[ZZHXXHb >e i[X[Zd>QaH\ %Z HMMHd} X~edQXQb>dQ[Z G~eZH 9!6 

“REOQ:H :J:HKC O=:H?« _[ea E[dHa X~QZdHZbQdJ GH X> G[eXHea _HZG>Zd X> bdQYeX>dQ[Z >V[edH eZ M>EdHea 

E[ZM[ZG>Zd E>a QX QY_XQ`eH XHb aJOQ[Zb GH X> £ Y>daQEH G[eXHea ⁄ GH Y>ZQIaH _Xeb QY_[ad>ZdH 

“6EP[HGHX Hd >X\} ”‚‚̂«\ #[Zda>QaHYHZd >e M>Qd GH bQY_XHYHZd GHY>ZGHa >e beVHd G~KdaH >ddHZdQM >ek 

bdQYeX>dQ[Zb [e GH XHb E[Y_dHa} QX Z[eb Hbd _[bbQDXH >iHE eZH aJ_[ZbH DQZ>QaH GH bJ_>aHa XHb 

bdQYeX>dQ[Zb G[eX[eaHebHb GH EHXXHb `eQ ZH XH b[Zd _>b\ +X Hbd >QZbQ _[bbQDXH GH E[Y_>aHa X> aJ_[ZbH 

PJY[GlZ>YQ`eH ? GHb bdQYeX>dQ[Zb X>bHa G[eX[eaHebHb Hd Z[Z G[eX[eaHebHb\ .> X[E>XQb>dQ[Z GH X> 

bdQYeX>dQ[Z X>bHa > JdJ EP[QbQH bea X> Y>QZ E>a EHXXH§EQ Hbd YQHek aH_aJbHZdJH G>Zb XH E[adHk bHZb[aQ§

Y[dHea Hd XHb bHZb>dQ[Zb G[eX[eaHebHb b[Zd _Xeb aH_a[GeEdQDXHb `eH bea XH _QHG\ !MQZ G~>eOYHZdHa 

XH _[ei[Qa bd>dQbdQ`eH Z[eb >i[Zb EP[QbQ GH aJ_JdHa XHb bHbbQ[Zb\ $>Zb XH Ded GH E[aaHEdHYHZd 

HbdQYHa X> aJ_[ZbH "1.$ ? X> bdQYeX>dQ[Z Hd GH _[ei[Qa X> GJE[aaJXHa GH X> E[d>dQ[Z} XH GJX>Q HZdaH 

XHb bdQYeX>dQ[Zb > JdJ EP[QbQ HZdaH ¯ Hd ”‰ b Hd X~[aGaH a>ZG[YQbJ bea X> GeaJH GH X> bHbbQ[Z >MQZ GH 

YQHek JEP>ZdQXX[ZZHa X> *5 Hd GH XQYQdHa X~P>DQde>dQ[Z Hd X~>ZdQEQ_>dQ[Z Ge beVHd ? X> bdQYeX>dQ[Z ̃ 

d[ed HZ O>aG>Zd eZ Z[YDaH GH aJ_JdQdQ[Zb “bdQYeX>dQ[Zb« beMMQb>Zd _[ea >i[Qa eZH D[ZZH `e>ZdQdJ 

GH bQOZ>X Y>Qb _>b da[_ QY_[ad>Zd _[ea JiQdHa d[ed aQb`eH GH XJbQ[Z GH X> _H>e\ 
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s_p #9N9<P@NDO9PDJI => G9 N@LJIO> C@HJ=UI9HDMQ> : =>O OPDHQGD G9O>N 
=JQGJQN>QT JQ IJI =JQGJQN>QT 

 

s_p_p 3@OQH@ 

 

1;E><PDA 

.~[DVHEdQM GH EHddH JdeGH Hbd GH E>a>EdJaQbHa >iHE eZH P>edH aJb[XedQ[Z dHY_[aHXXH Hd 

b_>dQ>XH} XH GJE[eab dHY_[aHX GH X> aJ_[ZbH PJY[GlZ>YQ`eH G>Zb GHek aJOQ[Zb QY_[ad>ZdHb _[ea 

XH da>QdHYHZd GHb QZM[aY>dQ[Zb G[eX[eaHebHb} `eQ b[Zd X~QZbeX> Hd XH E[adHk EQZOeX>QaH\ 

  

/@PCJ=>O 

3[ea EHX>} ”„ i[X[Zd>QaHb b>QZb i[Zd KdaH b[eYQb ? GHb bdQYeX>dQ[Zb X>bHa GH YKYH QZdHZbQdJ 

“bHeQX Z[EQEH_dQM GHb MQDaHb !w« Hd GHia[Zd GJEQGHa >_aIb EP>`eH bdQYeX>dQ[Z bQ X> bdQYeX>dQ[Z > JdJ 

_HaFeH E[YYH G[eX[eaHebH [e Z[Z\ %ZbeQdH X> aJ_[ZbH PJY[GlZ>YQ`eH E[aaHb_[ZG>Zd >ek GHek 

_HaEH_dQ[Zb bHa> Hkda>QdH >iHE GHek YJdP[GHb GQMMJaHZdHb “(+5 Hd *5( E>Z[ZQ`eH« Hd XHeab 

E>a>EdJaQbdQ`eHb bHa[Zd E[Y_>aJHb G>Zb XHb GHek aJOQ[Zb G~QZdJaKd\ 

 

3@OQGP9PO k $DO<QOODJI 

.~>Y_XQdeGH GH X> aJ_[ZbH PJY[GlZ>YQ`eH “*5« _HaYHd GH GQbEaQYQZHa XHb E[ZGQdQ[Zb 

G[eX[eaHebHb GHb E[ZGQdQ[Zb Z[Z§G[eX[eaHebHb G>Zb X~QZbeX> Y[lHZZH Hd _[bdJaQHeaH\ .Hb 

E[ZGQdQ[Zb GH G[eXHea b[Zd E>a>EdJaQbJHb _>a aJGeEdQ[Z GH X> X>dHZEH GH X> *5 “_>a a>__[ad >ek 

E[ZGQdQ[Zb Z[Z§G[eX[eaHebHb« G>Zb XflQZbeX> >ZdJaQHeaH Hd G>Zb X> _>adQH Y[lHZZH Ge E[adHk 

EQZOeX>QaH >ZdJaQHea\ #Hb aJbeXd>db beOOIaHZd G[ZE eZH G[eDXH GQbb[EQ>dQ[Z G>Zb X~[aO>ZQb>dQ[Z 

M[ZEdQ[ZZHXXH GH X~QZbeX> _[ea XH da>QdHYHZd GH X> G[eXHea\  
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s_p_q !NPD<G> @PQ=> Ilr 

 

3Q<IEPP?> EJ #%2%"2!, #/24%8 

 

5C> bSC>N>c 9I= PC> bSC>Ic JA PC> "1.$ N>OLJIO> PJ L9DI DI PC> DIOQG9N 
<JNP>T_ $DO<QOODJI JI 9HLGDPQ=>O 9I= G9P>I<D>O_ 

 

!DDaHiQ>dHG dQdXH’ !HLGDPQ=>fG9P>I<U JA DIOQG9N "1.$ 9O L9DI H9NF>NO 

(GJN>I<> " 2JH9N>O 9] ;] <] =] +O9;>GG> (9DGG>IJP 9] ;] <] >] (9;ND<> )QU "9NN9G ;] <] A] 3JG9I= 2>UNJI 9] ;] <] = 
 

> #HZda>X +ZdHOa>dQ[Z [M 3>QZ} 0Hea[bEQHZEH 5HbH>aEP #HZdHa} 8„‚”̂ +06%5/} (§…”‚”»} (a>ZEH̃ 
D 8ZQiHabQdJ GH .l[Z} 6>QZd§%dQHZZH} (…”‚”»} (a>ZEH̃ 
E ,H>Z /[ZZHd 8ZQiHabQdl} 6>QZd§%dQHZZH} (§…”‚”»} (a>ZEH̃ 
G $H_>adYHZd [M 0Hea[X[Ol >ZG 3>QZ #HZdHa} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
H #/55 8ZQd} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 
M $H_>adYHZd [M 5>GQ[X[Ol} 8ZQiHabQdl *[b_Qd>X} 6>QZd§%dQHZZH} (§…”‚‰‰} (a>ZEH̃ 

 

 

!;OPN9<P  

7PH [_HaEeX[§QZbeX>a E[adHk P>b DHHZ aHEHZdXl _[QZdHG [ed >b dPH Y>QZ >aH> [M dPH _>QZ 

Y>daQk d[ DH QZi[XiHG QZ dPH QZdHOa>dQ[Z [M _>QZ QZdHZbQdl\ 7PQb M/5+ bdeGl b_HEQMQHG dPH _>ddHaZ [M 

aHb_[ZbH d[ X>bHa bdQYeXQ Dl M[EebQZO [Z dPQb E[adQE>X >aH>} Dl [_dQYQmQZO dPH dHY_[a>X b>Y_XQZO >ZG 

Dl QZiHbdQO>dQZO _>QZ§b_HEQMQE GQMMHaHZEHb QZ dPH >Y_XQdeGHb >ZG X>dHZEQHb [M dPH "1.$ aHb_[ZbHb\ 

#>Z[ZQE>X >ZG dHY_[a>X GHaQi>dQiH PHY[GlZ>YQE aHb_[ZbH MeZEdQ[Z “*5(« >ZG MQZQdH QY_eXbH 

aHb_[ZbH “(+5« Y[GHXQZO _a[iQGHG E[ZbQbdHZd aHbeXdb\ !Y_XQdeGH [M "1.$ aHb_[ZbH GQbEaQYQZ>dHG 

_>QZMeX Ma[Y Z[Z§_>QZMeX E[ZGQdQ[Zb QZ _[bdHaQ[a >ZG YQG§QZbeX>a E[adHk} DQX>dHa>XXl\ 3>QZ E[ZGQdQ[Zb 

jHaH EP>a>EdHaQmHG Dl > bP[adHZHG X>dHZEl “>b E[Y_>aHG d[ Z[Z§_>QZMeX E[ZGQdQ[Zb« QZ dPH >ZdHaQ[a 

QZbeX> >ZG QZ dPH >ZdHaQ[a YQGEQZOeX>dH E[adHk\ +Z dPH MeZEdQ[Z>X [aO>ZQm>dQ[Z [M dPH QZbeX>} dPHbH 

aHbeXdb beOOHbd > G[eDXH GQbb[EQ>dQ[Z dP>d E>Z DH beYY>aQmHG >b dPH |jPHaH~ >ZG dPH |jPHZ~ [M dPH 

"1.$ aHb_[ZbH d[ _>QZ\ :PQXH GQbEaQYQZ>dQiH _a[EHbbHb [Z dPH >Y_XQdeGH [M dPH "1.$ aHb_[ZbH 

E[ZEHaZ dPH _[bdHaQ[a >ZG dPH YQG§QZbeX>a E[adHk} bP[adHZHG X>dHZEl [M dPH aHb_[ZbH Qb [DbHaiHG QZ 

dPH >ZdHaQ[a QZbeX> b_HEQMQE>XXl GeaQZO _>QZMeX E[ZGQdQ[Zb\ 



 „„„ 

+IPNJ=Q<PDJI  

1iHa dPH X>bd dj[ GHE>GHb} > GQbEaHdH ZeYDHa [M Da>QZ aHOQ[Zb P>iH DHHZ bP[jZ d[ aHb_[ZG} 

Y[aH [a XHbb E[ZbQbdHZdXl} d[ _>QZMeX bHZb>dQ[Zb “!_W>aQ>Z Hd >X\} ”‚‚‰̃ 3Hla[Z Hd >X\} ”‚‚‚̃ 7a>EHl 

>ZG />ZdlP} ”‚‚́«} XH>GQZO d[ dPH E[ZEH_d [M _>QZ Y>daQk\ 7PHbH aHOQ[Zb QZEXeGH EHaHDHXXeY} 

_ed>YHZ} dP>X>Yeb} QZbeX>a E[adHk “+#«} >ZdHaQ[a EQZOeX>dH E[adHk “!##«} bHE[ZG>al b[Y>d[bHZb[al 

E[adHk “6”«} _aQY>al b[Y>d[bHZb[al E[adHk “6„«} be__XHYHZd>al Y[d[a >aH> “6/!« >ZG _aHY[d[a 

>aH> “"[aZP^iG Hd >X\} ”‚‚”̃ "hEPHX Hd >X\} ”‚‚”̃ #[OPQXX Hd >X\} „¯¯¯«} b[YH [M dPHbH Da>QZ >aH>b 

DHQZO >EdQi>dHG >b > MeZEdQ[Z [M _HaEHQiHG _>QZ “"hEPHX Hd >X\} ”‚‚”̃ "[aZP^iG Hd >X\} ”‚‚”̃ 1HadHX 

Hd >X\} ”‚„„«\ !Y[ZO dPQb ZHdj[aW} dPH [_HaEeX[§QZbeX>a >ZG dPH >ZdHaQ[a EQZOeX>dH aHOQ[Zb >aH 

E[ZbQGHaHG >b P>iQZO dPH Y[bd E[ZbQbdHZd >EdQi>dQ[Zb >ZG >b DHQZO [M EaeEQ>X QY_[ad>ZEH M[a 

dPHaY[bHZb[al >ZG _>QZ _a[EHbbQZO “)>aEQ>§.>aaH> Hd >X\} ”‚„‚̃ 3Hla[Z Hd >X\} ”‚‚‚̃ 7a>EHl >ZG 

/>ZdlP} ”‚‚́«\          

 *[jHiHa} jQdPQZ dPHbH aHOQ[Zb} dPHaH >aH bdQXX Y>V[a eZEHad>QZdQHb [Z dPH dHY_[a>X 

GlZ>YQEb [M _>QZ aHb_[ZbHb aHb_[ZbHb} dPH >__a[>EP [M jPQEP Qb OHZHa>XXl QZiHbdQO>dHG jQdP X>bHa§

Hi[WHG _[dHZdQ>Xb “.%3b« >ZG dPHQa X[j b_>dQ>X aHb[XedQ[Z >ZG dPHQa X[j Da>QZ b>Y_XQZO “(a[d Hd >X\} 

”‚‚́̃ )>aEQ>§.>aaH> Hd >X\} ”‚„‚̃ +bZ>aG Hd >X\} ”‚„„«\ +Z > MQabd >ddHY_d d[ >ZbjHa dPQb QbbeH} #>bHl 

>ZG E[XXH>OeHb “”‚‚„« GHMQZHG H>aXl >ZG X>dH Z[EQEH_dQiH aHb_[ZbHb jQdP dHEPZQE>X XQYQd>dQ[Zb GeH 

d[ dPH _[[a dHY_[a>X aHb[XedQ[Z [M _[bQda[Z HYQbbQ[Z d[Y[Oa>_Pl “3%7«\ 7PHaH>MdHa} MeZEdQ[Z>X 

Y>OZHdQE aHb[Z>ZEH QY>OQZO “M/5+« P>b QY_a[iHG > X[d dPH dHY_[a>X aHb[XedQ[Z} Ded [ZXl aHEHZdXl > 

MHj M/5+ bdeGQHb QZiHbdQO>dHG dPHbH EPa[Z[X[OQE>X >b_HEdb\ 7PHl bP[jHG dP>d DX[[G§[klOHZ§XHiHX 

GH_HZGHZd “"1.$« aHb_[ZbHb jQdPQZ dPH _>QZ Y>daQk jHaH Z[d blZEPa[Z[eb “/[eXd[Z Hd >X\} ”‚‚‰« 

>ZG dP>d dPH bP>_H [M dPH "1.$ aHb_[ZbH d[ _>QZ j>b GQMMHaHZd [M > E>Z[ZQE>X aHb_[ZbH “#PHZ Hd 

>X\} ”‚„„̃ .¥_Hm§6[X? Hd >X\} ”‚„‚̃ 8_>GPl>l Hd >X\} ”‚„‚«\ +Z >GGQdQ[Z} jQdPQZ dPH _>QZ Y>daQk} dPH 

b_HEQMQEQdl [M dPH >EdQi>dQ[Zb M[a _>QZ P>b DHHZ aHEHZdXl Da[eOPd d[ E[Zda[iHabl\ +d P>b DHHZ 

_a[_[bHG dP>d bHZb[aQ>X iQbe>X >ZG >eGQd[al _a[EHbbHb E[eXG bP>aH jQdP _>QZ _a[EHbbHb > E[YY[Z 

>ZG eZb_HEQMQE _>ddHaZ [M >EdQi>dQ[Zb “/[ea>ek >ZG +>ZZHddQ} ”‚‚¯̃ /[ea>ek Hd >X\} ”‚„„«} 

E[ZbQGHaHG >b DHQZO aHX>dHG d[ dPH b>XQHZEH [M bdQYeXQ “">XQWQ Hd >X\} ”‚‚¯̃ .HOa>QZ Hd >X\} ”‚„‚«\ 

 +Z dPH _aHbHZd bdeGl} jH E[ZEHZda>dHG [Z dPH [_HaEeX[§QZbeX>a >ZG >ZdHaQ[a EQZOeX>dH 

E[adQEHb d[ QZiHbdQO>dH jQdP [_dQYQmHG dHY_[a>X aHb[XedQ[Z dPH bP>_H >ZG GlZ>YQEb [M dPH "1.$ 

aHb_[ZbH d[ _>QZMeX >ZG Z[Z§_>QZMeX HiHZdb\ 7[ dPQb >QY} jH Hk_X[QdHG dPH MQZGQZO dP>d M[a > OQiHZ 

QZdHZbQdl [M X>bHa bdQYeX>dQ[Z} _HaEH_dQ[Z Y>l DH iHal GQMMHaHZd} dPH Y>QZ >Gi>Zd>OH [M beEP > 

GQbb[EQ>dQ[Z DHdjHHZ bdQYeXeb§QZdHZbQdl >ZG _>QZ _HaEH_dQ[Z DHQZO dP>d dPH Da>QZ QZdHa_aHdb >b 

_>QZMeX [a Z[d} bdQYeX>dQ[Zb [M QGHZdQE>X HZHaOl\ #[Y_>aQb[Zb [M "1.$ aHb_[ZbHb d[ bdQYeXQ 

_HaEHQiHG >b _>QZMeX d[ dP[bH _HaEHQiHG >b Z[Z§_>QZMeX jQdP dj[ GQMMHaHZd YHdP[Gb _a[iQGH dPH 

[__[adeZQdl d[ GQaHEdXl >bbHbb b_HEQMQEQdQHb [M _>QZ aHb_[ZbHb\  



 „„” 

/9P>ND9GO 9I= />PCJ=O  
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7jHZdl§[ZH PH>XdPl beDVHEdb _>adQEQ_>dHG QZ dPH bdeGl “„‚ MHY>XHb} „„ Y>XHb̃ YH>Z >OH’ ”…\¯ 

lH>ab ‹6$ …\”‰›«\ 6HiHZdHHZ jHaH aQOPd§P>ZGHG >EE[aGQZO d[ dPH %GQZDeaOP QZiHZd[al “1XGMQHXG Hd 

>X\} „¯́„«\ 3>adQEQ_>Zdb P>G Z[ PQbd[al [M ZHea[X[OQE>X} _blEPQ>daQE [a EPa[ZQE _>QZ GQbH>bH >ZG GQG 

Z[d d>WH >Zl YHGQE>dQ[Z HkEH_d E[Zda>EH_dQiH\ 7PHl jHaH _>QG M[a dPHQa _>adQEQ_>dQ[Z} >ZG >XX 

_a[iQGHG jaQddHZ QZM[aYHG E[ZbHZd\ 7PH %dPQEb #[YYQddHH [M 6>QZd§%dQHZZH 8ZQiHabQdl *[b_Qd>X} 

(a>ZEH >__a[iHG dPH bdeGl\  

 

3PEIQHE  

3HaEH_dQ[Z >ZG Z[EQEH_dQiH dPaHbP[XGb jHaH GHdHaYQZHG dPH jHHW DHM[aH dPH M/5+ bHbbQ[Z 

Dl GHXQiHaQZO dPaHH E[ZbHEedQiH bdQYeXQ >d QZEaH>bQZO >ZG GHEaH>bQZO QZdHZbQdQHb\ 7PHl jHaH GHMQZHG 

>b dPH X[jHbd QZdHZbQdQHb >d jPQEP dPH beDVHEdb E[ZbQGHaHG >d XH>bd ‰‚ ̈ [M dPH bdQYeXQ >b _HaEHQiHG 

[a _>QZMeX} aHb_HEdQiHXl\ .>bHa bdQYeX>dQ[Zb jHaH >__XQHG jQdP > 0G’<!3 X>bHa GHiQEH “x ¸ „\»… yY} 

Gea>dQ[Z’ ‰ Yb} GQ>YHdHa’ ¿ YY} >G>_dHG d[ !w MQDHab« [Z dPH a>GQ>X G[abeY [M dPH XHMd P>ZG\ 

6dQYeX>dQ[Z QZdHZbQdl j>b bHd d[ > beDVHEd~b a>dQZO bE[aH [M …§‰ [Z > „‚§_[QZdb _>QZ bE>XH\ .>bHa b_[d 

j>b Y[iHG >MdHa H>EP bdQYeX>dQ[Z d[ _aHiHZd bHZbQdQm>dQ[Z [a P>DQde>dQ[Z [M bWQZ aHEH_d[ab\ 7[ 

>GVebd dPH HkdaHYQdl [M dPH X>bHa MQDHa [adP[O[Z>XXl d[ dPH bWQZ >ZG d[ HZbeaH > E[Zbd>Zd GQbd>ZEH d[ 

dPH bWQZ} dPH HkdaHYQdl [M dPH X>bHa DH>Y j>b MQkHG QZ > P[YH§Y>GH be__[ad >aY} >XX[jQZO 

Y[iHYHZdb QZ dPH P[aQm[Zd>X _X>ZH >ZG _aHiHZdQZO Ma[Y Y[iHYHZd [M dPH Hk_HaQYHZdHa\ +Z dPQb 

bdeGl} jH ebHG [ea Hk_HaQHZEH >ZG dPH [DbHai>dQ[Z dP>d} M[a > OQiHZ QZdHZbQdl [M bdQYeX>dQ[Z “X[j 

a>ZOH [M !w MQDHab dPaHbP[XG«} QZ dPH E[ZGQdQ[Zb GHbEaQDHG >D[iH} bdQYeXQ Y>l DH HQdPHa _HaEHQiHG 

>b _>QZMeX [a Z[d _>QZMeX\ 

 

$?OECJ  

7PH _>a>GQOY j>b _aHbHZdHG jQdP %§3aQYH‡ ”\‚ 3a[MHbbQ[Z>X _aHbHZd>dQ[Z b[Mdj>aH 

“3blEP[X[Ol 6[Mdj>aH 7[[Xb +ZE\} jjj\_bdZHd\E[Y« E[ZZHEdHG d[ > „…‚‚ k „‚‰‚ _QkHXb iQGH[ 

_a[VHEd[a _[bQdQ[ZHG >d dPH MHHd [M dPH beDVHEd\ 9Qbe>X EeH M[a a>dQZO j>b GQb_X>lHG [Z dPH 

_a[VHEdQ[Z bEaHHZ jQdP > …‚ k ‰‚ EY bQmH >ZG dPH beDVHEdb E[eXG bHH Qd Dl YH>Z [M YQaa[ab 

_[bQdQ[ZHG [Z dPH PH>G E[QX\  

! d[d>X [M „̂… X>bHa bdQYeX>dQ[Zb jHaH GQbdaQDedHG [iHa … GQMMHaHZd bHbbQ[Zb [M …¿ 

bdQYeX>dQ[Zb\ 7PH XHZOdP [M H>EP bHbbQ[Z j>b „”~ ‚‰~~\ !MdHa H>EP bdQYeX>dQ[Z} jPHZ iQbe>X EeH 

>__H>aHG QZ dPHQa iQbe>X MQHXG} beDVHEdb jHaH >bWHG d[ QZGQE>dH jPHdPHa dPH bdQYeX>dQ[Z j>b _>QZMeX 

“3« [a Z[Z§_>QZMeX “03« Dl _aHbbQZO > 5ƒ. Dedd[Z jQdP dPH QZGHk >ZG YQGGXH MQZOHa [M dPH aQOPd P>ZG\ 

:H _aHMHaaHG Z[d d[ ebH > iQbe>X >Z>X[O bE>XH d[ bE[aH _>QZ QZdHZbQdl GeaQZO bE>ZZQZO d[ YQZQYQmH 

dPH E[OZQdQiH _a[EHbbQZO >bb[EQ>dHG jQdP dPH beDVHEd~b aHb_[ZbH “6EP[HGHX Hd >X\} ”‚‚̂«\ +Z dPH 



 „„» 

>DbHZEH [M aHb_[ZbH} bdQYeXeb j>b E[ZbQGHaHG >b Z[d MHXd\ 7PH GHX>l DHdjHHZ bdQYeX>dQ[Z >ZG 

a>dQZO bQOZ>X >b jHXX >b dPH GHX>l DHdjHHZ a>dQZO bQOZ>X >ZG ZHkd bdQYeX>dQ[Z jHaH VQddHaHG d[ 

GHE[aaHX>dH >ZG _a[_HaXl b>Y_XH PHY[GlZ>YQE aHb_[ZbH [M D[dP dl_Hb “YH>Z’ ”\¯ b} a>ZOH’ „\”‰ 

d[ ́\‰ b >ZG „„\́ b} a>ZOH’ …\̂ d[ ”‚ b aHb_HEdQiHXl« >EE[aGQZO d[ $>XH Hd >X\} „¯¯¯\ 7PH [_dbH` 

b[Mdj>aH “Pdd_’ƒƒbeaMHa\ZYa\YOP\P>ai>aG\HGeƒ[_dbH`« j>b ebHG d[ OHZHa>dH M[ea GQMMHaHZd dQYQZOb 

[M HiHZdb} jPQEP jHaH a>ZG[YXl _aHbHZdHG d[ dPH beDVHEdb QZ M[ea bHbbQ[Zb\ 

 

$:P: :=MQEOEPEKJ  

"X[[G [klOHZ>dQ[Z XHiHX GH_HZGHZd “"1.$« aHb_[ZbH j>b aHE[aGHG [Z > »7 Y>OZHdQE 

aHb[Z>ZEH bE>ZZHa “9HaQ[} 6QHYHZb« H`eQ__HG jQdP > „”§EP>ZZHX PH>G E[QX\ 7PH beDVHEd~b PH>G j>b 

QYY[DQXQmHG ebQZO M[>Y _>Gb\ *QOP§aHb[XedQ[Z “75’ „̂‚‚ Yb} 7%’ ”\… Yb} ””… bXQEHb} i[kHX bQmH’ ‚\¯ k 

‚\¯ k ‚\¯ YY« 7„§jHQOPdHG >Z>d[YQE>X QY>OHb jHaH >E`eQaHG QZ dPH b>OQdd>X _X>ZH M[a H>EP beDVHEd\ 

8bQZO > 7”fi§jHQOPdHG %3+ “75’ ¿…„ Yb} 7%’ »‚ Yb} MXQ_ >ZOXH ¯‚·} ([9 ¸ ””… YY} i[kHX bQmH’ »\‰ k »\‰ 

k ́ YY«} „„”» QY>OQZO i[XeYHb _Ha bHbbQ[Z jHaH >E`eQaHG\ )a>GQHZd b_[QXQZO} E[ZbQbdQZO QZ » 

GQMMebQ[Z Oa>GQHZdb QZ [__[bQdH _P>bH} j>b ebHG d[ aHGeEH aHbQGe>X Y>OZHdQm>dQ[Z GeH d[ dPH bP[ad§

75 >E`eQbQdQ[Z\ 7PH bH`eHZEH P>G dPaHH Oa>GQHZd b_[QXHab d[ GH>X jQdP E>aal§[iHa HMMHEdb GeH d[ dPH 

ebH [M > bP[ad 75\ 7PH >E`eQbQdQ[Z [M „‚ E[ZdQZe[eb bXQEHb “Y>daQk ¸ ¿… k ¿…« j>b EHZdHaHG [Z dPH 

QZbeX> “[aQHZd>dQ[Z’ !#§3# ̊ »‚·} ADBQN> p«\ 3aQY>al bHZb[al Y[d[a E[adQEHb >b jHXX >b [EEQ_Qd>X 

E[adQEHb jHaH dPHaHM[aH Z[d bE>ZZHG\ 

 
Figure 1: Acquisition field of one representative 
subject. 
10 contiguous slices, 7 mm thick were acquired in AC-
PC + 30° plane, centered on the insular cortex.  
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 M/5+ G>d> jHaH _aH_a[EHbbHG >ZG >Z>XlmHG jQdP 63/̂ “:HXXE[YH 7aebd #HZdaH M[a 

0Hea[QY>OQZO«\ 7PH Nabd ́ MeZEdQ[Z>X bE>Zb Ma[Y H>EP bHbbQ[Z jHaH GQbE>aGHG _aQ[a d[ dPH 

beDbH`eHZd >Z>XlbHb\ %3+ QY>OHb jHaH aH>XQOZHG >ZG >iHa>OHG\ !Z>d[YQE>X QY>OHb jHaH 



 „„… 

E[aHOQbdHaHG d[ dPH YH>Z MeZEdQ[Z>X QY>OH >ZG dPHZ dPHl jHaH _>bbHG dPa[eOP dPH |bHOYHZd~ 

MeZEdQ[Z jPQEP bHOYHZdb} DQ>b E[aaHEdb >ZG b_>dQ>XXl Z[aY>XQmHb dPH G>d>} >XX QZ dPH b>YH Y[GHX 

“!bPDeaZHa >ZG (aQbd[Z} ”‚‚‰«\ 7PH Z[aY>XQm>dQ[Z _>a>YHdHab jHaH dPHZ >__XQHG d[ dPH 7„ >ZG %3+ 

QY>OHb\ %3+ jHaH aHb>Y_XHG >d ” k ” k ” YY M[a dPH E>Z[ZQE>X >ZG dHY_[a>X GHaQi>dQiH *5( >Z>XlbQb 

>ZG >d … k … k … YY M[a dPH MQZQdH QY_eXbH aHb_[ZbH >Z>XlbQb “bHH DHX[j«\ 7PHZ} D[dP G>d> bHdb jHaH 

bY[[dPHG jQdP > ́ k ́ k ́ YY MeXX§jQGdP >d P>XM§Y>kQYeY )>ebbQ>Z WHaZHX QZ [aGHa d[ aHGeEH 

aHbQGe>X QZdHabeDVHEd i>aQ>DQXQdl} jPQEP Qb >D[ed ‰YY “#aQZQ[Z Hd >X\} ”‚‚́«\ 0[aY>XQmHG >Z>d[YQE>X 

QY>OHb [M >XX beDVHEdb jHaH >iHa>OHG M[a beDbH`eHZd X[E>XQm>dQ[Z [M bd>dQbdQE>X aHbeXdb\ *QOP§_>bb 

MQXdHaQZO “Eed[MM _HaQ[G [M „”̂ b« j>b >__XQHG d[ aHGeEH dPH HMMHEd [M bX[j bQOZ>X GaQMdb >ZG dPH bHaQ>X 

E[aaHX>dQ[Z j>b E[Y_HZb>dHG Dl ||_aHjPQdHZQZO~~ dPH G>d> jQdP > MQabd§[aGHa >ed[aHOaHbbQiH Y[GHX\ 
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 6d>dQbdQE>X >Z>XlbHb >d dPH MQabd XHiHX jHaH E>XEeX>dHG ebQZO >Z HiHZd§aHX>dHG GHbQOZ} jQdP M[ea 

dl_Hb [M HiHZdb “3} 03} iQbe>X EeH} a>dQZO« >ZG M[ea aeZb\ 8ZGHdHEdHG bdQYeXQ jHaH Z[d Y[GHXHG\ 

6HbbQ[Zb E[Y_aQbQZO [ZXl 3 [a [ZXl 03 HiHZdb jHaH GQbE>aGHG Ma[Y dPH >Z>XlbQb “„ bHbbQ[Z M[a » 

beDVHEdb«\ 7PH bQk Y[dQ[Z _>a>YHdHa iHEd[ab Ma[Y dPH aH>XQOZYHZd _a[EHGeaH jHaH QZEXeGHG >b 

aHOaHbb[ab [M Z[ QZdHaHbd d[ >EE[eZd M[a >adQM>Edb E>ebHG Dl PH>G Y[dQ[Z\ 
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 +Z [aGHa d[ EP>a>EdHaQmH dPH PHY[GlZ>YQE aHb_[ZbH “*5« d[ X>bHa bdQYeXQ QZ aHOQ[Zb WZ[jZ d[ 

aHb_[ZG d[ _>QZMeX HiHZdb} >ZG dPeb d[ GQMMHaHZdQ>dH Qdb bP>_H >EE[aGQZO d[ dPH `e>XQdl [M dPH 

_HaEH_dQ[Z “3 [a 03«} > MQZQdH QY_eXbH aHb_[ZbH “(+5« >Z>XlbQb j>b ebHG d[ Hkda>Ed E[ZGQdQ[Z§b_HEQMQE 

*5 dQYH E[eabH} jQdP[ed : LNEKNE [Z Qdb bP>_H “*HZb[Z} ”‚‚»«\ 3 >ZG 03 HiHZdb jHaH Y[GHXHG jQdP 

(+5 jPQXH iQbe>X EeH >ZG Y[d[a aHb_[ZbH jHaH Y[GHXHG jQdP E>Z[ZQE>X *5(\ 7QYH jQZG[j j>b bHd 

d[ ”‰ b E[aaHb_[ZGQZO d[ dPH QZGH_HZGHZd Hi>Xe>dQ[Z [M dPH "1.$ aHb_[ZbH QZ »¯ dQYH bHOYHZdb 

“E>XXHG |dQYH DQZb~« [M ¿…„ Yb XHZOdP H>EP\ 7PQb YHdP[G >Xb[ _HaYQddHG d[ Hkda>Ed >EEea>dH X>dHZEl 

“dQYH§d[§_H>W« i>XeHb Ma[Y dPH EeaiHb >ZG d[ Y>WH O[[G HbdQY>dHb [M 3 RO¥ 03 X>dHZEl GQMMHaHZEHb\ 

!Y_XQdeGH >ZG jQGdP dP>d >aH Z[d QZGH_HZGHZd _>a>YHdHab “.QZG`eQbd >ZG :>OHa} ”‚‚́« jHaH Z[d 

HbdQY>dHG jQdP (+5\ 

 6eDVHEd§b_HEQMQE (§E[Zda>bdb jHaH E[Y_edHG d[ Hi>Xe>dH dPH HZdQaH dQYH jQZG[j QZ 3 >ZG 03 

E[ZGQdQ[Zb\ 7PHZ} jH Hkda>EdHG *5 [M 3 >ZG 03 E[ZGQdQ[Zb Ma[Y dPH MQabd HQOHZi>XeH QZ „„ D[kHb 

E[iHaQZO dPH QZbeX>} [Z D[dP bQGHb\ 6QZEH dPH HMMHEdQiH aHb[XedQ[Z [M [ea QY>OHb Qb >D[ed »\‰ k »\‰ k 

́ YY} D[kHb jHaH GHMQZHG >b EeDHb „” YY [Z > bQGH\ 7PH MQabd M[ea D[kHb jHaH _[bQdQ[ZHG >X[ZO 

dPH Y>V[a >ZdHaQ[a§_[bdHaQ[a >kQb [M dPH QZbeX>\ 7PHZ [dPHa D[kHb jHaH _[bQdQ[ZHG >D[iH >ZG DHX[j 

_a[iQGQZO „„ D[kHb Z>YHG >EE[aGQZO d[ dPHQa _[bQdQ[Z’ !„ d[ !» QZ dPH >ZdHaQ[a} /„ d[ /… QZ dPH 

YHGQ>Z >ZG 3„ d[ 3… QZ dPH _[bdHaQ[a _>adb [M dPH QZbeX>} jQdP > §E beMMQk M[a dPH bQGH E[Zda>X>dHa>X 



 „„‰ 

d[ bdQYeX>dQ[Z >ZG > §Q beMMQk M[a Q_bQX>dHa>X D[kHb\ 9[kHXb X[E>dHG [edbQGH dPH i[XeYH >E`eQaHG QZ >XX 

beDVHEdb [a [edbQGH dPH YH>Z >Z>d[YQE>X i[XeYH [M dPH QZbeX> jHaH HkEXeGHG\ !GGQdQ[Z>XXl} 3 >ZG 

03 *5b jHaH Hkda>EdHG QZ >ZdHaQ[a YQGEQZOeX>dH E[adHk “>/##«} GHMQZHG >b dPH QZdHabHEdQ[Z 

DHdjHHZ >E`eQbQdQ[Z i[XeYH E[YY[Z d[ >XX beDVHEdb >ZG >/## aHOQ[Z\ 7PH beDaHOQ[Zb [M dPH 

EQZOeX>dH E[adHk jHaH GHMQZHG >b dPH QZdHabHEdQ[Z DHdjHHZ dPH EQZOeX>dH E[adHk Ma[Y !!. d[[XD[k 

“!ed[Y>dQE !Z>d[YQE>X .>DHXXQZO} />XGVQ>Z Hd >X\} ”‚‚»̃ 7m[eaQ[§/>m[lHa Hd >X\} ”‚‚”« >ZG dPH 

beDaHOQ[Zb Ma[Y dPH 9[Od Z[YHZEX>deaH “9[Od Hd >X\} ”‚‚»̃ 9[Od} ”‚‚‰«\  
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 +Z [aGHa d[ Y>_ E[ZGQdQ[Z§b_HEQMQE GQMMHaHZEHb QZ >Y_XQdeGH [M *5(} > Y[aH EX>bbQE>X 63/ 

>Z>XlbQb j>b G[ZH\ 7PH M[ea HiHZd dl_Hb jHaH Y[GHXHG ebQZO > E>Z[ZQE>X *5( >ZG Qdb dQYH 

GHaQi>dQiH d[ E[ZbQGHa dQYH i>aQ>dQ[Z QZ dPH *5( _H>W\ 7PQb >Z>XlbQb jQXX DH E>XXHG |*5( >Z>XlbQb~ QZ 

dPQb _>_Ha\ !MdHa E[Y_edQZO beDVHEd§b_HEQMQE 7§E[Zda>bdb} > a>ZG[Y§HMMHEdb >Z>XlbQb >Ea[bb dPH 

Oa[e_ QZEXeGHG >XX ”„ beDVHEdb E[Zda>bdb >ZG j>b _HaM[aYHG ebQZO [ZH§b>Y_XH d dHbdb “(aQbd[Z Hd >X\} 

”‚‚‰«\ 5HbeXdb >aH aH_[adHG >d > _ ̋ ‚\‚‰ M>YQXl§jQbH Haa[a “(:%« E[aaHEdHG dPaHbP[XG} [Z dPH YH>Z 

>Z>d[YQE>X QY>OH\  
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 $QMMHaHZEHb QZ X>dHZEQHb [M "1.$ aHb_[ZbHb jHaH E[Y_edHG Ma[Y D[dP (+5 >ZG E>Z[ZQE>X >ZG 

dQYH GHaQi>dQiH *5( >Z>XlbHb\ (QabdXl} Ma[Y EeaiHb HbdQY>dHG jQdP dPH |(+5 >Z>XlbQb~ M[a H>EP 

_>adQEQ_>Zd >ZG H>EP E[ZGQdQ[Z} dQYH§d[§_H>W j>b YH>beaHG\ 7PH _H>W j>b bH>aEPHG QZbQGH > dQYH 

jQZG[j Ma[Y »\‰ b d[ ́ b QZ [aGHa d[ >i[QG _PlbQ[X[OQE>XXl QY_X>ebQDXH aHbeXdb “#>XP[eZ Hd >X\} ”‚‚…̃ 

6dHMMHZHa Hd >X\} ”‚„‚«\ 6d>dQbdQE>X bQOZQMQE>ZEH [M X>dHZEl GQMMHaHZEHb DHdjHHZ E[ZGQdQ[Zb jHaH 

E[ZGeEdHG [Z 5 “Pdd_’ƒƒjjj\a§_a[VHEd\[aO« jQdP Z[Z§_>a>YHdaQE _>QaHG :QXE[k[Z dHbdb “GM ¸ „« 

DHE>ebH [M dPH [aGQZ>X EX>bb [M dPH G>d>\ 6_H>aY>Z aP[ “z« j>b E[Y_edHG d[ dHbd dPH E[aaHX>dQ[Z 

DHdjHHZ >ZdHaQ[a§_[bdHaQ[a _[bQdQ[Z >ZG dQYH§d[§_H>W i>XeHb\ 5HbeXdb jHaH aH_[adHG bQOZQMQE>Zd >d 

> _ ̋ ‚\‚‰ >MdHa M>XbH GQbE[iHal a>dH “($5« E[aaHEdQ[Z M[a YeXdQ_XH E[Y_>aQb[Zb “Z¸…̂…«\  

 6HE[ZGXl} ebQZO G>d> [M dPH |*5( >Z>XlbQb~} i[kHX§jQbH dQYH§d[§_H>W Y>_b jHaH DeQXd 

>EE[aGQZO d[ dPH YHdP[G GHiHX[_HG Dl 6dHMMHZHa Hd >X\ “”‚„‚«\ +d d>WHb QZd[ >EE[eZd QZM[aY>dQ[Z 

Ma[Y D[dP E>Z[ZQE>X >ZG dHY_[a>X GHaQi>dQiH *5(b d[ DH b_HEQMQE>XXl bHZbQdQiH d[ dHY_[a>X bPQMdb\ 

!MdHa E[Y_edQZO bQZOXH§beDVHEd dQYH§d[§_H>W QY>OHb M[a D[dP 3 >ZG 03 E[ZGQdQ[Zb} _>QaHG Z[Z§

_>a>YHdaQE dHbdb “‰‚‚‚ _HaYed>dQ[Zb« jHaH _HaM[aYHG d[ E[Y_>aH 3 d[ 03 >d Oa[e_ XHiHX} ebQZO 

6Z3/̂\ 7PQb XH>GHG d[ Oa[e_ Y>_b [M bQOZQMQE>Zd 3 ib\ 03 X>dHZEl GQMMHaHZEHb\ 5HbeXdb >aH aH_[adHG 

>d > _ ̋ ‚\‚‰ M>YQXl§jQbH Haa[a “(:%« E[aaHEdHG dPaHbP[XG} [Z dPH YH>Z >Z>d[YQE>X QY>OH\  
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.>bHa bdQYeX>dQ[Zb jHaH _HaEHQiHG >b _>QZMeX “3« QZ “YH>Z ‹6$›« ‰”\́ ̈ “”‚\»« [M E>bHb >ZG >b 
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Figure 2: Psychophysical results. 
(a) Percentage of painful (P), non-painful (NP) and undetected laser stimulations per session in chronological 
order represented as mean ± SD of 21 subjects. The proportion of P and NP sensations evoked by laser 
stimuli was equivalent. For the intensities of stimulation that were used, the percentage of undetected stimuli 
was rare and differed significantly from the percentage of perceived (painful or not) stimuli. The order of the 
four different sessions was randomized across subjects. Trends to sensitization for P conditions and to 
habituation for NP conditions across sessions were not significant. Proportions of NP and P stimuli were not 
different, whatever the session.  (b) Mean pain rating ± SD for painful condition recorded at the end of each 
session. Please note that sessions did not statistically differ in terms of pain intensity.
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Figure 3: Shape and differences in latency of BOLD response in the insula.
Hemodynamic responses extracted from ‘FIR analysis’ (finite impulse response), without a priori information on 
latency. Mean ± SEM was calculated from subject-specific eigenvalue of 11 boxes (33 voxels) on both (a) 
contralateral and (b) ipsilateral insula. Time course of the hemodynamic response is represented as percent of 
signal change on a 25 s time window starting at the onset of laser stimuli, with a temporal resolution of 641 ms. 
Significant differences of latency between painful and non-painful conditions are represented (Paired Wilcoxon 
tests, ** p < 0.05, * p < 0.1 FDR corrected). There was no time-to-peak difference between ipsi- and contralateral 
insula except in M1 box: M1-c response peaking before M1-i response for both painful and non-painful conditions 
(paired Wilcoxon tests, p < 0.05 FDR corrected). Please note that M2-M4 and P1 boxes displayed differences of 
amplitude in BOLD response as shown in figure 5. 
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Figure 4: Shape and differences in latency 
of BOLD response in aMCC. 
Hemodynamic responses extracted from ‘FIR 
analysis’ (finite impulse response), without a 
priori information on latency. Mean ± SEM 
was calculated from subject-specific 
eigenvalue of anterior midcingulate cortex 
(aMCC) on both (a) contralateral and (b) 
ipsilateral side. Time course of the 
hemodynamic response is represented as 
percent of signal change on a 25 s time 
window starting at the onset of laser stimuli. 
The hemodynamic response to painful 
condition peaks significantly earlier than the 
response to non-painful condition in the 
contralateral aMCC (Paired Wilcoxon tests, 
** p < 0.05 FDR corrected). 
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Figure 5: Differences in amplitude of BOLD 
responses. 
Activation maps of painful – non-painful (canonical 
HRF) contrast from group random-effects ‘HRF 
analysis’ (p < 0.05 FWE corrected) superimposed on 
the 11 boxes for (a) contralateral and (b) ipsilateral 
insula (voxel size: 4 x 4 x 4 mm); and superimposed 
on anatomical (c) anterior midcingulate cortex 
(aMCC, voxel size: 2 x 2 x 2 mm). Please note that in 
the insula, the only subdivisions to be more activated 
in painful than in non-painful condition are the 
posterior and the mid parts bilaterally.  
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Figure 6: Correlation between latencies 
and anterior-posterior position. 
Median latency (time-to-peak) in seconds in 
contralateral insula for painful condition, 
represented as a function of y-axis in MNI 
coordinates (negative value: posterior, 
positive value: anterior). Only contralateral 
insula showed a significant correlation 
between latency and Y coordinates at p < 
0.05 (Spearman correlation test, ρ = 0.87, p 
= 0.00046). In other words, the 
hemodynamic response to painful stimuli 
peaks earlier in the posterior insula than in 
the anterior insula on the side contralateral 
to laser stimulation. 
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Figure 7: Map of latency differences. 
Map of latency differences between non-painful and painful conditions for the group (latencies for painful conditions 
are shorter than for non-painful conditions) superimposed on the 11 boxes in (a) contralateral, (b) ipsilateral insula, 
(c) contralateral and (d) ipsilateral anterior midcingulate cortex (aMCC). Please note that only the anterior part of 
the insula as well as a small cluster in aMCC are concerned by this latency difference (non-parametric tests on 
individual voxel-wise time-to-peak maps, p < 0.05 FWE, Steffener et al., 2010). 
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Table 1: Coordinates in MNI space of activation peaks for canonical HRF. 
(a) Non-painful contrast, (b) painful contrast, (c) painful – non-painful contrast from group random-effects analysis 
(p < 0.05 FWE corrected at voxel level). T score and P value of the voxel corresponding to the peak of clusters; 
voxels represents number of voxels in the cluster. aMCC: anterior midcingulate cortex, S2: secondary 
somatosensory cortex, DLPF: dorsolateral prefrontal cortex, I: ipsilateral (left), C: contralateral (right). 
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Table 2: Median latencies in seconds. 
Median latency of activation (in seconds) for each subdivision of the ipsilateral and 
contralateral insula in both painful and non-painful conditions, obtained with ‘FIR analysis’. 
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“/>mm[X> Hd >X\} ”‚„„«\  

7PQb bdeGl GHY[Zbda>dHb > b_HEQMQE >bb[EQ>dQ[Z [M _>QZMeX bHZb>dQ[Zb >ZG QZEaH>bHG >Y_XQdeGH 

[M dPH "1.$ aHb_[ZbH QZ dPH YQGGXH >ZG _[bdHaQ[a _>adb [M dPH QZbeX>a E[adHk\ 7PQb aHOQ[Z>X 

GQbdQZEdQ[Z P>b DHHZ Y>GH _[bbQDXH Dl aHEHZd >Gi>ZEHb QZ dPH WZ[jXHGOH [M dPH MeZEdQ[Z>X 

>Z>d[Yl [M dPH QZbeX>a E[adHk bP[jQZO GQMMHaHZd bdaeEdea>X >ZG MeZEdQ[Z>X a[XH [M bHiHa>X 

beDGQiQbQ[Zb “%QEWP[MM Hd >X\} ”‚‚¿>̃ "a[[Wb >ZG 7a>EHl} ”‚‚́̃ -eadP Hd >X\} ”‚„‚D«\ +Z _aHiQ[eb 

MeZEdQ[Z>X QY>OQZO bdeGQHb} [_HaEeX[§QZbeX>a aHb_[ZbHb jHaH [MdHZ E[ZbQGHaHG >b > jP[XH >ZG dPQb 

aHOQ[Z j>b >EdQi>dHG Dl i>aQ[eb WQZGb [M dPHaY>X bdQYeXQ} HiHZ >d > Z[Z§Z[kQ[eb QZdHZbQdl [M 

bdQYeX>dQ[Z “"[aZP^iG Hd >X\} ”‚‚”̃ "hEPHX Hd >X\} ”‚‚”̃ #[OPQXX Hd >X\} „¯¯¯̃ #a>QO Hd >X\} ”‚‚‚«\ 7Peb} 

GQbb[EQ>dQZO j>aY aHb_[ZbHb Ma[Y _>QZ aHb_[ZbHb QZ > Da>QZ aHOQ[Z jPQEP >Z>d[YQE>X beDGQiQbQ[Zb 

>ZG b_HEQMQEQdQHb jHaH Z[d d>WHZ QZd[ >EE[eZd Y>l P>iH Hk_X>QZHG dP>d} HkEH_d QZ aHEHZd bdeGQHb 

“1HadHX Hd >X\} ”‚„„«} aHbH>aEPHab P>iH M>QXHG d[ QGHZdQMl b_HEQMQE Da>QZ aHOQ[Zb aHb_[ZGQZO d[ _>QZ 

>ZG a>dPHa QGHZdQMQHG Z[Z b_HEQMQE >aH>b aHb_[ZGQZO d[ YeXdQ§bHZb[aQ>X QZ_edb [a b>XQHZEH [M dPH 

QZ_edb “.HOa>QZ Hd >X\} ”‚„‚̃ /[ea>ek Hd >X\} ”‚„„«\  

#[ZbQGHaQZO dPH aHEHZd E[Zda[iHabl Da[eOPd Dl +>ZZHddQ >ZG /[ea>ek “”‚„‚̃ /[ea>ek Hd >X\} 

”‚„„« >aOeQZO QZ M>i[a [M dPH >DbHZEH [M b_HEQMQE E[adQE>X >aH>b} [ea G>d> >d XH>bd GHY[Zbda>dH dPH 

_aHbHZEH [M b_HEQMQE >aH>b >EdQi>dHG Dl _>QZ\ 7PHbH aHbeXdb >aH QZ >OaHHYHZd jQdP > aHEHZd YHd>§

>Z>XlbQb Dl -eadP Hd >X\ “”‚„‚D« _aHbHZdQZO dPH YQGGXH >ZG _[bdHaQ[a _>ad [M dPH QZbeX> >b QZi[XiHG 

QZ bHZb[aQY[d[a _a[EHbbQZO jPHaH>b dPH >ZdHaQ[a _>ad [M dPH QZbeX> Qb GHGQE>dHG d[ dPH HY[dQ[Z>X 

>ZG >MMHEdQiH “E[OZQdQiH« _a[EHbbQZO [M _>QZ “%QEWP[MM Hd >X\} ”‚‚¿>̃ />mm[X> Hd >X\} ”‚„„«\ /[aH 

_aHEQbHXl} [ea aHbeXdb MQd dP[bH [M 1HadHX Hd >X\ “”‚„„« bP[jQZO dP>d [ZXl > bY>XX _>ad [M dPH _[bdHaQ[a 

QZbeX> Qb b_HEQMQE>XXl QZi[XiHG QZ _>QZ _a[EHbbQZO\ 7PH bPQMd d[j>aG > bXQOPdXl Y[aH _[bdHaQ[a 

>EdQi>dQ[Z QZ [ea bdeGl E[eXG DH >ddaQDedHG d[ dPH b[Y>d[d[_QE [aO>ZQm>dQ[Z [M dPH QZbeX> jQdP dPH 

aH_aHbHZd>dQ[Z [M dPH M>EH dP>d Qb >ZdHaQ[a d[ dP[bH [M dPH e__Ha XQYD “">eYOBadZHa Hd >X\} ”‚„‚̃ 

"a[[Wb >ZG 7a>EHl} ”‚‚‰̃ />mm[X> Hd >X\} ”‚‚¯«\  

:QdP > MeZEdQ[Z>X QY>OQZO bdeGl EHZdHaQZO >E`eQbQdQ[Z [Z dPH Y>QZ aHOQ[Z [M QZdHaHbd >ZG 

ebQZO >Z [_dQYQmHG dHY_[a>X aHb[XedQ[Z} dPH _[bdHaQ[a§YQG QZbeX> j>b QGHZdQMQHG >b _aHMHaHZdQ>XXl 



 „”» 

aHb_[ZGQZO d[ _>QZ\ 7PQb >Y_XQdeGH GQMMHaHZEH DHdjHHZ _>QZMeX >ZG Z[Z§_>QZMeX E[ZGQdQ[Zb j>b Z[d 

[DbHaiHG QZ dPH >ZdHaQ[a QZbeX>} E[Zda>al d[ [dPHa bdeGQHb ebQZO X[ZOHa Gea>dQ[Z [M dPHaY>X bdQYeXQ 

“.Q>ZO Hd >X\} ”‚„„̃ "aQZWYHlHa Hd >X\} ”‚„‚̃ /[D>bEPHa Hd >X\} ”‚‚¯} ”‚„‚«\ !EE[aGQZO d[ dPH dPH[al 

[M b>XQHZEl >ZG Qdb HZE[GQZO QZ dPH >ZdHaQ[a QZbeX> “.HOa>QZ Hd >X\} ”‚„‚«} dPH Y[aH dPH >ZdHaQ[a 

QZbeX> Qb >EdQi>dHG DHM[aH dPH bdQYeX>dQ[Z dPH Y[aH dPH Z>deaH [M > bdQYeXeb jQXX DH QZdHa_aHdHG >b 

_>QZMeX “"[Xl Hd >X\} ”‚‚́̃ 3X[ZHa Hd >X\} ”‚„‚̃ :QHEP Hd >X\} ”‚„‚«\ 7PQb GQbEaH_>ZEl DHdjHHZ [ea 

aHbeXdb >ZG dP[bH [Dd>QZHG jQdP bQYQX>a X>bHa bdQYeXQ E>Z DH Hk_X>QZHG HQdPHa Dl > GQMMHaHZEH QZ 

>Y_XQdeGH dP>d Qb _aHbHZd QZ dPH >ZdHaQ[a QZbeX> DHM[aH dPH bdQYeX>dQ[Z [ZbHd [a DHE>ebH > bd>ZG>aG 

>Z>XlbQb >Xb[ QZEXeGHb aHb_[ZbHb jQdP GQMMHaHZd X>dHZEQHb “bHH DHX[j«\ !XdHaZ>dQiHXl} XHbb aHbdaQEdQiH 

dPaHbP[XGb dP>Z [eab “eZE[aaHEdHG RO¥ (:%« E>Z >Xb[ >EE[eZd M[a GQbEaH_>ZEQHb QZ dPH >ZdHaQ[a 

QZbeX>a aHb_[ZbHb\  

+ZdHaHbdQZOXl} b_HEQMQE >EdQi>dQ[Z M[a _>QZ bHZb>dQ[Z d[ X>bHa bdQYeXQ QZ dPH YQG§_[bdHaQ[a QZbeX> 

P>G > X[E>XQm>dQ[Z dP>d j>b iHal E[ZbQbdHZd jQdP [dPHa dHEPZQ`eHb ebHG M[a QZiHbdQO>dQ[Z [M _>QZ QZ 

PeY>Zb} Z>YHXl} .%3b aHE[aGHG jQdP QZda> EHaHDa>X HXHEda[GHb bP[jQZO dPH HZE[GQZO [M dPH _>QZ 

bHZb>dQ[Z “(a[d Hd >X\} ”‚‚́«} >b jHXX >b > b_HEQMQE _>QZ§Hi[WHG bHZb>dQ[Z >MdHa HXHEdaQE>X bdQYeX>dQ[Z 

[M dPH Da>QZ “/>mm[X> Hd >X\} ”‚„„«\ 7PHbH G>d> beOOHbd dP>d dPH QZbeX>a E[adHk E>Z aHb_[ZG D[dP d[ 

3 >ZG 03 bdQYeXQ QZ Qdb >ZdHaQ[a _[adQ[Z} “_[bbQDXl jQdP > E[OZQdQiH} >ddHZdQ[Z>X} >ZdQEQ_>d[al [a 

>MMHEdQiH MeZEdQ[Z«} Ded dP>d dPH YQGGXH >ZG _[bdHaQ[a beDGQiQbQ[Zb E[eXG GQbdQZOeQbP DHdjHHZ Z[Z§

_>QZMeX >ZG _>QZMeX bHZb>dQ[Zb\ 7PHbH aHbeXdb} >b [dPHab jQdP QZda>§Ea>ZQ>X .%3b [a bdQYeX>dQ[Z >aH QZ 

M>i[a [M > _aQY>al GQbEaQYQZ>dQiH E[adHk M[a Z[kQ[eb HiHZdb} QZ dPH YQGGXH >ZG _[bdHaQ[a _>ad [M dPH 

QZbeX>\ +M jH E[ZbQGHa dPH aHEHZd bdeGl [M QZbeX>a >EdQi>dQ[Zb GeaQZO dPHaY>X bdQYeX>dQ[Zb “/>mm[X> 

Hd >X\} ”‚„”« >ZG QM dPHaH Qb [ZH QZbeX>a beD§GQiQbQ[Z beDbHaiQZO _>QZ§b_HEQMQE bHZb>dQ[Zb} aHO>aGXHbb 

dPH QZdHZbQdl [M dPH _PlbQE>X bdQYeXeb} dPHZ +O” Qb dPH DHbd E>ZGQG>dH d[ YHGQ>dH beEP b_HEQMQE _>QZ 

_a[EHbbHb\ !EE[aGQZOXl} dPH ZHQOPD[aQZO +O„ beDGQiQbQ[Z Qb dPH aHOQ[Z dP>d aHEHQiHb b_HEQMQE 

Z[EQEH_dQiH >MMHaHZEHb Ma[Y dPH _[bdHaQ[a _>ad [M dPH iHZda>X YHGQ>X dP>X>YQE ZeEXHeb “9/_[} #a>QO 

>ZG =P>ZO} ”‚‚¿«\ 

#[Y_>a>dQiHXl d[ dPH aHbeXdb [M bd>ZG>aG M/5+ >Z>XlbHb dP>d jH >ZG [dPHab P>iH aH_[adHG QZ 

_>QZ E[ZGQdQ[Zb} dPH (+5 >Z>XlbQb >XX[jHG d[ Hkda>Ed > dHY_[a>XXl jHXX b>Y_XHG QZbeX>a *5\ 8ZXQWH 

_aHiQ[eb bdeGQHb [M "1.$ aHb_[ZbH d[ _>QZMeX bdQYeXQ “#PHZ Hd >X\} ”‚„„̃ .¥_Hm§6[X? Hd >X\} ”‚„‚̃ 

8_>GPl>l Hd >X\} ”‚„‚«} dPH *5 bP>_H QZ dPH QZbeX> j>b M[eZG d[ DH bQYQX>a d[ > E>Z[ZQE>X *5 bP>_H\ 

7PQb GQMMHaHZEH [M aHbeXdb E[eXG DH Hk_X>QZHG HQdPHa Dl > GQMMHaHZEH QZ Gea>dQ[Z [M bdQYeXQ “bHiHa>X 

bHE[ZGb iHabeb ‰ Yb« bQZEH X[ZO Gea>dQ[Z Qb Z[d [_dQY>X M[a dPH >Z>XlbQb [M bQZOXH “HiHZd§aHX>dHG« 

aHb_[ZbH} [a Dl > GQMMHaHZEH QZ dHY_[a>X b>Y_XQZO\ "l aHGeEQZO dPH Gea>dQ[Z [M dPH aHE[aGQZO M[a 

[ZH Da>QZ i[XeYH d[ >__a[kQY>dHXl ¿‚‚ Yb} [ZH Y>l Hk_HEd d[ b_HEQMl dPH dHY_[a>X GlZ>YQEb [M 

dPH "1.$ aHb_[ZbHb jQdPQZ dPH _>QZ Y>daQk\ 7PQb EP>XXHZOH P>b DHHZ QZQdQ>dHG QZ H>aXl 3%7 bdeGQHb 



 „”… 

Dl #>bHl >ZG E[XXH>OeHb “”‚‚„« Ded Qd E[eXG Z[d DH HkdHZGHG Y[aH QZ GHd>QXb DHE>ebH [M dPH _[[a 

dHY_[a>X aHb[XedQ[Z [M dPH 3%7\ 0HiHadPHXHbb} dPHbH >edP[ab GQbb[EQ>dHG dj[ WQZGb [M aHb_[ZbHb 

“H>aXl >ZG X>dH« >ZG [dPHab >Xb[ beEEHHGHG QZ GHY[Zbda>dQZO dP>d Z[d >XX aHb_[ZbHb [M dPH _>QZ 

Y>daQk [EEeaaHG >d dPH b>YH dQYH “/[eXd[Z Hd >X\} ”‚‚‰«\  

.>dHZEl GQMMHaHZEHb [DbHaiHG QZ dPQb bdeGl >aH [aQOQZ>X [DbHai>dQ[Zb dP>d aHYQZGb [M jP>d jH 

WZ[j Ma[Y ZHea[_PlbQ[X[OQE>X aHE[aGQZOb [Z dPH dHY_[a>X GlZ>YQEb [M Da>QZ aHb_[ZbHb\ 6eEP 

QZiHbdQO>dQ[Zb E[eXG Z[d DH Y>GH jQdP bd>ZG>aG M/5+ >Z>XlbHb DHE>ebH [M dPH dHY_[a>X aHb[XedQ[Z 

[M >E`eQbQdQ[Zb\ ([a dPH MQabd dQYH} jH QXXebda>dH dP>d dPH >ZdHaQ[a _>ad [M dPH QZbeX> aHb_[ZGb H>aXQHa 

QZ _>QZMeX dP>Z QZ Z[Z§_>QZMeX E[ZGQdQ[Zb\ +d YH>Zb dP>d dPH >ZdHaQ[a QZbeX>} dP>d Qb WZ[jZ d[ E[GH 

HY[dQ[Z >ZG >MMHEd [M _>QZ} Qb daH>dQZO M>bdHa Z[EQEH_dQiH dP>Z Z[Z§Z[EQEH_dQiH QZM[aY>dQ[Z\ 

5HEHZdXl} Qd j>b aH_[adHG dP>d GQMMHaHZEHb QZ ZHea>X >EdQi>dQ[Z E[eXG aHbeXd QZ EP>ZOHb QZ dPH 

>Y_XQdeGH} QZ dPH X>dHZEl} [a QZ D[dP >Y_XQdeGH >ZG X>dHZEl [M dPH *5 “*HZb[Z Hd >X\} ”‚‚”«\ 7PH 

_aHbHZd bdeGl aH_[adb _eaH GQMMHaHZEHb HQdPHa QZ >Y_XQdeGH [a QZ X>dHZEl\ +Z [dPHa j[aGb} _[bdHaQ[a 

QZbeX>a aHb_[ZbHb GQMMHa QZ dHaYb [M >Y_XQdeGH [ZXl jPQXH >ZdHaQ[a QZbeX>a aHb_[ZbHb GQMMHa QZ dHaYb 

[M X>dHZEl [ZXl\ +Z dPH MQHXG [M b[Y>d[bHZb[al >ZG _>QZ aHb_[ZbHb} Qd P>b DHHZ aH_[adHG dP>d dPH 

dQYH E[eabH [M dPH aHb_[ZbH E[eXG DH GQMMHaHZd >ZG P>iH > DQ_P>bQE bP>_H M[a PH>d _>QZ >b 

E[Y_>aHG d[ DaebP “8_>GPl>l Hd >X\} ”‚„‚«} >ZG dPHaHM[aH} dPH >Y_XQdeGH} dPH bP>_H} Ded >Xb[ dPH 

X>dHZEl [M "1.$ aHb_[ZbHb d[ bdQYeXQ Y>l P>iH >Z QY_[ad>ZEH QZ P[j dPH Da>QZ QZdHa_aHdb dPH 

QZ_edb} QZEXeGQZO dPH Z[EQEH_dQiH [ZHb\ +Z dPH _aHbHZd bdeGl} jQdP dj[ GQMMHaHZd YHdP[Gb _a[iQGQZO 

iHal E[ZbQbdHZd aHbeXdb} jH [DbHaiHG dj[ dQYH§GQbb[EQ>dQ[Zb} [ZH QZ !+# >b E[Y_>aHG d[ 3+# M[a 

_>QZMeX bdQYeXQ [ZXl} >ZG dPH [dPHa DHdjHHZ E[Zda>X>dHa>X “aQOPd« >ZG Q_bQX>dHa>X “XHMd« +#b\ !MdHa > 

Z[kQ[eb X>bHa QZ_ed} dPH "1.$ aHb_[ZbH Qb GQbb[EQ>dHG QZ dQYH bQZEH Qd _H>Wb H>aXQHa dP>Z M[a >Z 

QZZ[Ee[eb X>bHa QZ_ed QZ dPH !+#\ +M jH E[ZbQGHa dP>d dPH "1.$ aHb_[ZbH QZ dPH YQG >ZG _[bdHaQ[a 

QZbeX>a E[adHk Qb GHdHaYQZ>Zd d[ GHMQZH dPH _>QZMeX Z>deaH [M bdQYeXQ “dPa[eOP > E[GQZO [M 

>Y_XQdeGH«} dPHZ jH P>iH >Xb[ d[ E[ZbQGHa dP>d jPHZ Qd Qb QZdHa_aHdHG >b _>QZMeX} bdQYeXQ§Hi[WHG 

"1.$ aHb_[ZbHb P>iH > bP[adHZHG X>dHZEl QZ dPH >ZdHaQ[a QZbeX>a E[adHk\ .>aOHa >Y_XQdeGH [M dPH 

aHb_[ZbH QZ dPH _[bdHaQ[a QZbeX> Y>l E[ZGQdQ[Z dPH iHX[EQdl [M dPH _a[_>O>dQ[Z d[ dPH >ZdHaQ[a 

QZbeX> DHE>ebH [M > _[dHZdQ>XXl dPaH>dHZQZO [a G>ZOHa[eb Z>deaH\ +Z [dPHa j[aGb} dPHaH Qb >Z >aH> 

“YQG§_[bdHaQ[a QZbeX>« aHb_[ZGQZO MQabd} dPQb >aH> Qb >DXH d[ daH>d b_HEQMQE>XXl _>QZMeX QZM[aY>dQ[Z} 

>ZG dPH QZM[aY>dQ[Z [M P[j M>bd Qb dPH bQOZ>X da>ZbYQddHG d[ >Z[dPHa >aH> “>ZdHaQ[a QZbeX>« Qb 

YH>ZQZOMeX aHO>aGQZO dPH >ZdHaQ[a QZbeX>a aHb_[ZbH be__[bHG d[ YHGQ>dH >Z [Z§dQYH >MMHEdQiH [a 

HY[dQ[Z>X aH>EdQ[Z\ 7PQb iQHj Qb be__[adHG Dl dPH E[aaHX>dQ[Z DHdjHHZ dPH >ZdHaQ[a§_[bdHaQ[a 

_[bQdQ[Z jQdPQZ dPH +# >ZG dPH X>dHZEl [M aHb_[ZbH\ $QMMHaHZEHb QZ i>bEeX>deaH E>Z QZMXeHZEH "1.$ 

aHb_[ZbH dP>d Qb WZ[jZ d[ DH i>aQ>DXH >Ea[bb Da>QZ aHOQ[Zb “!OeQaaH Hd >X\} „¯¯̂̃ *>ZGjHaWHa Hd >X\} 

”‚‚…« >ZG dPH QZbeX>a E[adHk Qb EX[bH d[ X>aOH DX[[G iHbbHXb “!MQM >ZG /HadHZb} ”‚„‚̃ 7haH Hd >X\} 



 „”‰ 

”‚‚‚«\ *[jHiHa} beEP > i>bEeX>a Hk_X>Z>dQ[Z G[Hb Z[d >__Xl d[ [ea aHbeXdb bQZEH dPH GQMMHaHZEHb 

aH_[adHG PHaH jHaH aHX>dQiH d[ E[ZGQdQ[Zb “E¥?¥ 3 [a 03 bdQYeXQ« >ZG E[ZEHaZHG dPH b>YH aHOQ[Zb\ 

6QYQX>aXl} GQMMHaHZEHb [M X>dHZEQHb DHdjHHZ E[Zda>X>dHa>X “H>aXl« >ZG Q_bQX>dHa>X “X>dH« QZbeX> 

aHb_[ZbHb “/„ D[k« Y>l Z[d DH Hk_X>QZHG Dl GQMMHaHZEHb QZ i>bEeX>deaH} Ded a>dPHa Dl dHY_[a>X 

GlZ>YQEb [M dPH aHb_[ZbH} QZ >OaHHYHZd jQdP jP>d Qb WZ[jZ Ma[Y ZHea[_PlbQ[X[OQE>X aHb_[ZbH 

MQabdXl E[Zda>X>dHa>X d[ bdQYeX>dQ[Z >ZG bHE[ZGXl Q_bQX>dHa>X jQdP > E>XX[b>X da>ZbMHa [M „‰ Yb “(a[d 

>ZG />eOeQIaH} ”‚‚»«\  

 "HE>ebH [M _[bbQDXH GQMMHaHZEHb QZ i>bEeX>deaH} X>dHZEQHb QZ >/## E>ZZ[d DH GQaHEdXl 

E[Y_>aHG d[ dPH "1.$ aHb_[ZbH QZ dPH QZbeX>} HiHZ dP[eOP dPH X>dHZEl Qb be_HaQ[a d[ ‰ b QZ >/## 

>ZG QZMHaQ[a d[ ‰ b QZ _[bdHaQ[a QZbeX>\ *[jHiHa} dPH GQMMHaHZEHb DHdjHHZ 3 >ZG 03 E[ZGQdQ[Zb 

beOOHbdb} >b M[a !+#} dP>d dPH |>Z>XldQE~ aHb_[ZbH QZ _[bdHaQ[aƒYQG QZbeX>a E[adHk E>Z OHZHa>dH > 

"1.$ aHb_[ZbH _a[_>O>dHG Y[aH [a XHbb a>_QGXl d[ [dPHa >aH>b [M dPH _>QZ Y>daQk} _>adQEeX>aXl QZ 

dPH YHGQ>X _>QZ blbdHY “!+# >ZG >/##«} dPH _a[EHbbQZO DHQZO >DXH d[ >XHad Y[aH a>_QGXl dPHbH 

aHOQ[Zb QM bdQYeXQ aH_aHbHZd > dPaH>d M[a dPH beDVHEd\ 

!b > _Hab_HEdQiH Qd j[eXG DH QZdHaHbdQZO d[ bdeGl HMMHEdQiH E[ZZHEdQiQdl} M[a Hk>Y_XH jQdP 

$#/} d[ E[ZMQaY [a Z[d dPH bH`eHZdQ>X >EdQi>dQ[Z [M dPH GQMMHaHZd _>adb [M dPH QZbeX>a >ZG EQZOeX>dH 

E[adQEHb\ 7PH G[eDXH GQbb[EQ>dQ[Z DHdjHHZ Qƒ >Y_XQdeGH >ZG X>dHZEQHb [M dPH aHb_[ZbHb >ZG QQƒ 

beDGQiQbQ[Zb [M QZbeX>a E[adHk bP[eXG _a[Y_d M/5+ QZiHbdQO>dQ[Zb d>WQZO QZd[ >EE[eZd dPHbH 

b_HEQMQEQdQHb [M "1.$ aHb_[ZbHb QZ [dPHa _>adb [M dPH _>QZ Y>daQk\  
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7PQb j[aW j>b be__[adHG Dl > Oa>Zd Ma[Y +ZbdQded 836! GH X> G[eXHea “>__HX G~[MMaH „¯¯̂§

„¯¯¯« >ZG +ZbdQded GH (a>ZEH § ([ZG>dQ[Z 05, ”‚„‚\ :H jQbP d[ dP>ZW !XQEH GH (aJYQZiQXXH “/>adQZ« 

M[a _aHXQYQZ>al _QX[d bdeGQHb [Z dPQb _a[VHEd\ 
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s_p_r (DBQN> <JHLG@H>IP9DN> 

 

 
Supplementary figure: Random-effects activation maps. 
Activation maps of the two main conditions from random-effects analysis (p < 0.05 FWE 
corrected) at the group level: regions responding with a canonical HRF to non-painful 
stimuli (purple) or to painful stimuli (red). There is a great overlap between the two 
conditions. Please note that P condition is associated with a larger (more extended) 
activation in the posterior insula. Coordinates are in MNI space. AIC: anterior insular 
cortex, aMCC: anterior midcingulate cortex, Caudate: caudate nucleus, Fmid: mid frontal 
cortex, PIC: posterior insular cortex, S2: secondary somatosensory cortex, Thal: 
thalamus, L: left (ipsilateral), R: right (contralateral). 
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t #C9LDPN> t h $DO<QOODJI  

t_p .>O HJ=QG9PDJIO >P G9 <JII><PDRDP@ >AA><PDR> 

+X Hbd _[bbQDXH} ? X~>QGH eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM [e eZH QXXebQ[Z GH GeaJH GH 

bdQYeX>dQ[Z _Xeb X[ZOeH} G~>eOYHZdHa X~QZdHZbQdJ GH X> G[eXHea _HaFeH _[ea GHb bdQYeX>dQ[Zb 

dPHaYQ`eHb EPHm GHb beVHdb b>QZb\ #Hd HMMHd _HabQbdH beMMQb>YYHZd G>Zb XH dHY_b _[ea >__>a>SdaH 

G>Zb XHb bE[aHb GH G[eXHea a>__[adJb _>a XHb beVHdb} HZ >EE[aG >iHE XH M>Qd `eH X> E[Y_[b>ZdH 

JY[dQ[ZZHXXH Hd >MMHEdQiH GH X> G[eXHea > eZ a]XH Y>VHea G>Zb X> Y[GeX>dQ[Z GH X~Hk_JaQHZEH 

G[eX[eaHebH “5PeGl Hd >X\} ”‚‚̂«\  

3[ead>Zd} E[Zda>QaHYHZd ? )[GQZP[ Hd >X\} ”‚‚¿} Z[b aJbeXd>db ZH Y[ZdaHZd _>b G~QZdHa>EdQ[Z 

HZdaH X> HJ=QG9PDJI @HJPDJII>GG> Hd X> _HaEH_dQ[Z GH X~QZdHZbQdJ\ %Z HMMHd} Z[eb >i[Zb aHda[eiJ XH 

YKYH HMMHd GHb JY[dQ[Zb ZJO>dQiHb `eH EH b[Qd ? eZH dHY_Ja>deaH Z[EQEH_dQiH [e Z[Z§

Z[EQEH_dQiH} EH `eQ beOOIaH eZH QZMXeHZEH Z[Z§b_JEQMQ`eH GHb JY[dQ[Zb\ #HddH GQbb[EQ>dQ[Z HZdaH X> 

E[Y_[b>ZdH bHZb[aQHXXH Hd X> E[Y_[b>ZdH >MMHEdQiH > JO>XHYHZd JdJ aHda[eiJH >e ZQiH>e GHb 

>EdQi>dQ[Zb EJaJDa>XHb G>Zb Z[daH JdeGH ’ X~QZbeX> >ZdJaQHeaH `eQ bHYDXH >i[Qa eZ a]XH G>Zb X> 

E[Y_[b>ZdH >MMHEdQiH GH X> G[eXHea “5>QZiQXXH} ”‚‚”« Hbd Y[GeXJH _>a X~QZdHZbQdJ GH X> bdQYeX>dQ[Z 

Hd GH X> G[eXHea _HaFeH} Y>Qb _>b _>a X~JY[dQ[Z\ $H X> YKYH M>F[Z `eH G>Zb X~JdeGH GH )[GQZP[ Hd 

>X\ “”‚„„«} Z[eb >i[Zb [DbHaiJ GHek da>QdHYHZdb _>a>XXIXHb _[ea X~JY[dQ[Z Hd X> G[eXHea\ 0[eb 

>i[Zb Y[ZdaJ `eH E~Hbd XH _!## HZ _>adQEeXQHa `eQ bHYDXH V[eHa eZ a]XH QY_[ad>Zd G>Zb 

X~>eOYHZd>dQ[Z GH X~QZdHZbQdJ _HaFeH G>Zb XH E[ZdHkdH JY[dQ[ZZHX ZJO>dQM} E>a E~Hbd eZH aJOQ[Z EXJ 

Ge E[Zda]XH GHbEHZG>Zd GH X> G[eXHea} HZ _>adQEeXQHa E>a QX Hbd E[ZZHEdJ ? X> 3!)} `eQ Hbd aHEaedJH 

X[ab GH bdQYeX>dQ[Zb G[eX[eaHebHb _HaFeHb E[YYH QZE[Zda]X>DXHb “6>X[Y[Zb Hd >X\} ”‚‚́« [e GH 

X~>Z>XOJbQH _X>EHD[ “"QZOHX Hd >X\} ”‚‚¿«\ .~>Z>XlbH GH E[ZZHEdQiQdJ HMMHEdQiH beOOIaH JO>XHYHZd `eH 

XH _!## > eZ a]XH QY_[ad>Zd G>Zb X> Y[GeX>dQ[Z _>a XHb JY[dQ[Zb ZJO>dQiHb Hd Z[eb QZM[aYH `eH 

X~>eOYHZd>dQ[Z GH b[Z >EdQiQdJ > eZH QZMXeHZEH QZPQDQdaQEH bea XH aHbdH Ge aJbH>e\ #H `eQ 

beOOIaH `eH} G>Zb eZ E[ZdHkdH JY[dQ[ZZHX ZJO>dQM} XH _!## > eZH QZMXeHZEH _Xeb QZPQDQdaQEH `eH 

G>Zb eZ E[ZdHkdH ZHedaH} EH `eQ _HaYHd eZH >eOYHZd>dQ[Z GH X~QZdHZbQdJ _HaFeH\  

0[eb >i[Zb Y[GeXJ X> _HaEH_dQ[Z G[eX[eaHebH >iHE eZ >edaH dl_H GH Y[GeX>dQ[Z E[OZQdQiH} 

`eQ Hbd GaDGGQODJI OQN G9 =QN@> =aQI OPDHQGQO\ .Hb aJbeXd>db Y[ZdaHZd `eH X~QXXebQ[Z YHd HZ VHe eZ 

aJbH>e G~>QaHb EJaJDa>XHb GQbdQZEdHb GH X> _HaEH_dQ[Z GH X> G[eXHea} EH `eQ Hbd JO>XHYHZd XH E>b 

_[ea X~HMMHd GH X~JY[dQ[Z\ 3[ead>Zd XHb GHek aJbH>ek QY_XQ`eJb G>Zb XHb Y[GeX>dQ[Zb ZH b[Zd _>b 

XHb YKYHb\ .> _HaEH_dQ[Z G[eX[eaHebH Hbd Y[QZb QZdHZbH `e>ZG XHb bdQYeX>dQ[Zb b[Zd _HaFeHb 

E[YYH _Xeb E[eadHb Hd XHb aJOQ[Zb G[Zd X~>EdQiQdJ Hbd >eOYHZdJH G>Zb EHb E[ZGQdQ[Zb b[Zd XHb >QaHb 

[EEQ_Qd>XHb “"! „¯« Hd _>aQJd>XHb “"! ́«\ #~Hbd G[ZE RE: eZH Y[GQMQE>dQ[Z GH X~>EdQi>dQ[Z G~eZ aJbH>e 



 „»‚ 

QY_XQ`eJ G>Zb X~>ddHZdQ[Z iQbeHXXH Hd b_>dQ>XH `eH bH M>Qd X> Y[GeX>dQ[Z GH X~>EdQi>dQ[Z G>Zb X~QZbeX> 

>ZdJaQHeaH Hd XH E[adHk EQZOeX>QaH Y[lHZ _HaYHdd>Zd X> Y[GeX>dQ[Z GH X~>__aJEQ>dQ[Z beDVHEdQiH GH 

X~QZdHZbQdJ GH X> G[eXHea\ .~>Z>XlbH GH E[ZZHEdQiQdJ HMMHEdQiH >i>ZEH GHb >aOeYHZdb >XX>Zd 

JO>XHYHZd G>Zb XH bHZb G~eZH Y[GeX>dQ[Z GH X~>EdQiQdJ Ge blbdIYH iQbe[§>ddHZdQ[ZZHX HZ _Xeb Ge 

blbdIYH bHZb[aQHX\ .~QZdJOa>dQ[Z GH X> Y[GeX>dQ[Z GH EHb GHek blbdIYHb bH MHa>Qd G[ZE G>Zb X> 

_>adQH >ZdJaQHeaH GH X~QZbeX> Hd G>Zb XH >/## Hd _HaYHdda>Qd X> aJ§Ji>Xe>dQ[Z GH X> G[eXHea HZ ieH 

GH X> E[d>dQ[Z\  

.Hb i[X[Zd>QaHb Z~[Zd _>b JdJ E[ZGQdQ[ZZJb _>a X~>bb[EQ>dQ[Z GH bdQYeX>dQ[Zb _Xeb QZdHZbHb 

_[ea XHb GeaJHb £ X[ZOeHb ⁄ `eH _[ea XHb GeaJHb £ E[eadHb ⁄ Y>Qb QX XHea > JdJ QZGQ`eJ X> 

bQOZQMQE>dQ[Z HZ dHaYH GH GeaJH GHb P[aX[OHb _aJbHZdJHb _HZG>Zd XHb bdQYeX>dQ[Zb G[eX[eaHebHb\ .> 

GQYQZedQ[Z GH X> G[eXHea G>Zb XHb E[ZGQdQ[Zb £ E[eadHb ⁄ _>a a>__[ad >ek E[ZGQdQ[Zb £ X[ZOeHb ⁄ 

[DbHaiJH X[ab GH X~QXXebQ[Z _[eaa>Qd KdaH >__>aHZdJH ? GH X~>Z>XOJbQH _X>EHD[} G~>ed>Zd _Xeb `eH 

X~>EdQiQdJ GHb aJOQ[Zb E[ZEHaZJHb Hbd _Xeb QY_[ad>ZdH _[ea XHb E[ZGQdQ[Zb £ E[eadHb ⁄\ 3[ead>Zd XHb 

aJOQ[Zb EJaJDa>XHb QY_XQ`eJHb G>Zb EHb Y[GeX>dQ[Zb ZH b[Zd _>b EHXXHb E[ZZeHb _[ea KdaH 

QY_XQ`eJHb G>Zb X~>Z>XOJbQH _X>EHD[ “HZ _>adQEeXQHa XH _!##«\ 

 

.Hb Y[GeX>dQ[Zb JdeGQJHb YHddHZd d[edHb GHek HZ VHe GHb YJE>ZQbYHb GH P>ed ZQiH>e 

E[OZQdQM _>a XH DQ>Qb GHb`eHXb Hbd Y[GeXJH X> M>F[Z G[Zd b[Zd QZdHa_aJdJHb XHb QZM[aY>dQ[Zb 

bHZb[aQHXXHb Hd HZbeQdH X> _HaEH_dQ[Z G[eX[eaHebH\ .Hb >Z>XlbHb GH E[ZZHEdQiQdJ HMMHEdQiH GHb GHek 

JdeGHb Y[ZdaHZd `eH XHb QZM[aY>dQ[Zb dPHaYQ`eHb [Zd eZH QZMXeHZEH GQaHEdHYHZd bea X~QZbeX> 

Q_bQX>dJa>XH} DQHZ `eH XHb >EdQi>dQ[Zb [DbHaiJHb b[QHZd d[eV[eab DQX>dJa>XHb Hd `eH X~QZbeX> 

Q_bQX>dJa>XH b[Qd M[adHYHZd E[ZZHEdJH ? X~QZbeX> E[Zda[X>dJa>XH >QZbQ `e~>e >/##\ +X Hbd Jd[ZZ>Zd GH 

aHda[eiHa X~QZ_ed bHZb[aQHX >aaQi>Zd _aQ[aQd>QaHYHZd bea X~QZbeX> Q_bQX>dJa>XH Hd Z[Z bea X~QZbeX> 

E[Zda[X>dJa>XH E[YYH QX > JdJ Y[ZdaJ >iHE XHb HZaHOQbdaHYHZdb QZda>EJaJDa>ek ’ XH _[dHZdQHX Hbd 

HZaHOQbdaJ G>Zb X~QZbeX> Q_bQX>dJa>XH >iHE eZ aHd>aG GH „‰ Yb _>a a>__[ad ? X~QZbeX> E[Zda[X>dJa>XH} 

E[aaHb_[ZG>Zd >e da>ZbMHad RE: XH E[a_b E>XXHek “(a[d Hd />eOeQIaH} ”‚‚»«\ #HEQ _Hed KdaH Gg >e M>Qd 

`eH XH X[ab Ge EP[Qk GHb Y[GIXHb GH $#/} XH _Xeb bQY_XH Hbd EP[QbQ} E~Hbd§?§GQaH EHXeQ `eQ E[Y_[adH 

eZ QZ_ed HkdHaZH Z~>aaQi>Zd `eH bea eZH bHeXH aJOQ[Z Hd _>b GHek\ 8ZH >edaH Hk_XQE>dQ[Z 

E[aaHb_[ZG >e M>Qd `eH G>Zb Z[b GHek JdeGHb GH Y[GeX>dQ[Z} X~QZbeX> Q_bQX>dJa>XH Hbd >EdQiJH GH 

Y>ZQIaH _Xeb QY_[ad>ZdH `eH X~QZbeX> E[Zda[X>dJa>XH G>Zb _[ea XHb E[Zda>bdHb aHZG>Zd E[Y_dH G~eZ 

HMMHd GH dHY_Ja>deaH _Xeb JXHiJH\ +X > JdJ JO>XHYHZd JdJ Y[ZdaJ G>Zb G~>edaHb JdeGHb `eH X~QZbeX> 

Q_bQX>dJa>XH Hbd >EdQiJH >i>Zd XH aHbdH GH X> Y>daQEH G[eXHea _[ea GHb bdQYeX>dQ[Zb X>bHa 

G[eX[eaHebHb _>a a>__[ad ? GHb bdQYeX>dQ[Z X>bHa Z[Z§G[eX[eaHebH “3X[ZHa Hd >X\} ”‚„‚« >QZbQ 

`e~eZH QZdHZbQdJ G~>EdQi>dQ[Z _Xeb QY_[ad>ZdH G>Zb X> _>adQH >ZdJaQHeaH GH X~QZbeX> Q_bQX>dJa>XH _>a 

a>__[ad ? X~QZbeX> E[Zda[X>dJa>XH HZ aJ_[ZbH ? GHb bdQYeX>dQ[Zb #*%36 Z[EQEH_dQiHb “#PHZ Hd >X\} 



 „»„ 

”‚„”«\ #H aJbeXd>d GH X~QZbeX> Q_bQX>dJa>XH bHYDXH d[edHM[Qb QZHk>Ed E>a GQMMQEQXH ? QZdHa_aJdHa} Hd QX Hbd 

_[bbQDXH `eH G>Zb Z[daH E>b} X> Y[GJXQb>dQ[Z $#/ Z~>Qd _>b JdJ E>_>DXH G~HkEXeaH EHb Y[GIXHb `eQ 

ZH Z[eb bHYDXHZd _>b _X>ebQDXHb} EH `eQ Z[eb >YIZH ? E[ZbQGJaHa XHb aJbeXd>db GH E[ZZHEdQiQdJ 

HMMHEdQiH >iHE _aeGHZEH\ %Z HMMHd} XHb GHek Y[GeX>dQ[Zb JdeGQJHb Y[ZdaHZd eZ HMMHd daIb M>QDXH} `eQ 

_Hed KdaH Gg b[Qd ? eZ GJM>ed GH GJdHEdQ[Z GH X> Y[GeX>dQ[Z _>a XH $#/} b[Qd ? GHb >XdHaZ>dQiHb GH 

Y[GIXHb da[_ E[Y_XHkHb} b[Qd ? eZ Y>ei>Qb EP[Qk GH YHQXXHea Y[GIXH} ZH E[aaHb_[ZG>Zd _>b ? X> 

aJ>XQdJ _PlbQ[X[OQ`eH\ 8ZH b[XedQ[Z bHa>Qd _Hed§KdaH GH E[ZbQGJaHa GHb Y[GIXHb _Xeb bQY_XHb `eH 

EHek `eQ [Zd JdJ _a[_[bJb QEQ} E>a _Xeb M>EQXHYHZd Hkda>_[X>DXHb ? G~>edaH JdeGHb “$>eZQmH>e Hd >X\} 

”‚„„ ̃ .[PY>ZZ Hd >X\} ”‚„„«} [e `eQ _[eaa>Qd KdaH eZ YKYH Y[GIXH ? dHbdHa G>Zb XHb GQMMJaHZdHb 

JdeGHb\ +X Hbd G[ZE ZJEHbb>QaH G~HMMHEdeHa GHb Hk_JaQHZEHb E[Y_XJYHZd>QaHb Hd G~>YJXQ[aHa XHb 

_>a>GQOYHb Hk_JaQYHZd>ek Hd XHb Y[GIXHb edQXQbJb >MQZ GH _[ei[Qa JEX>QaEQa XHb aJbeXd>db 

_aJEJGHYYHZd [DdHZeb\ 

 

t_q .9 N@LJIO> C@HJ=UI9HDMQ> : G9 =JQG>QN 

0[eb >i[Zb _e _aJEQbHa X> aJ_[ZbH "1.$ ? X> bdQYeX>dQ[Z X>bHa Hd E[Y_>aHa XHb bdQYeX>dQ[Z 

Ji[`e>Zd [e Z[Z GH X> G[eXHea\ .> _>adQH _[bdJaQHeaH Hd Y[lHZZH GH X~QZbeX> “3[bd#) Hd +O”« 

aJ_[ZG GH M>F[Z LGQO DIP>IO> ? X> G[eXHea} >X[ab `eH X> _>adQH >ZdJaQHeaH “!6) Hd /6)« aJ_[ZG LGQO 

RDP>\ +X HkQbdH G[ZE eZH G[eDXH GQbb[EQ>dQ[Z HZdaH XH E[G>OH HZ QZdHZbQdJ Hd XH E[G>OH HZ X>dHZEH GH 

X~QZM[aY>dQ[Z G[eX[eaHebH G>Zb XHb GQMMJaHZdHb _>adQHb GH X~QZbeX>\ 0[eb Z~>i[Zb _>b aHda[eiJ EHddH 

G[eDXH GQbb[EQ>dQ[Z G>Zb XH E[adHk EQZOeX>QaH E>a X> _>adQH >ZdJaQHeaH Ge E[adHk EQZOeX>QaH Y[lHZ 

_aJbHZdH ? X> M[Qb eZH *5 ? X> G[eXHea >iHE eZH QZdHZbQdJ _Xeb QY_[ad>ZdH Hd eZH X>dHZEH _Xeb 

E[eadH `eH X> *5 HZ aJ_[ZbH ? GHb bdQYeX>dQ[Zb Z[Z§G[eX[eaHebHb\  

#Hb aJbeXd>db b[Zd HZ >EE[aG >iHE X~JdeGH GH />mm[X> Hd >X\} ”‚„„ Y[Zda>Zd `eH} G>Zb XH 

EHaiH>e} bHeXH X> bdQYeX>dQ[Z GH 6” Hd X~QZbeX> _[bdJaQHeaH “+O„§+O”« Hbd E>_>DXH G~QZGeQaH eZH 

bHZb>dQ[Z G[eX[eaHebH Hd >iHE X~JdeGH GH />mm[X> Hd >X\ “”‚„”«} Y[Zda>Zd `eH X> _>adQH >ZdJaQHeaH 

GH 6” “13…« Hd X> _>adQH _[bdJaQHeaHƒY[lHZZH GH X~QZbeX> “+O„§+O”« b[Zd >EdQiJHb b_JEQMQ`eHYHZd _>a 

GHb bdQYeXQ G[eX[eaHek\ "QHZ `e~QX bHYDXH >i[Qa eZ a]XH >e Y[QZb >ebbQ QY_[ad>Zd `eH X~QZbeX> G>Zb 

X~QZdJOa>dQ[Z bHZb[aQ§GQbEaQYQZ>dQiH GH X> G[eXHea} Z[eb Z~>i[Zb _>b aHda[eiJ G~>EdQi>dQ[Z 

b_JEQMQ`eH GH 6” _[ea X> G[eXHea\ %d>Zd G[ZZJ `eH X~>E`eQbQdQ[Z Jd>Qd EHZdaJH bea X~QZbeX>} QX Hbd 

_[bbQDXH `eH X> aJOQ[Z 6” Z~>Qd _>b JdJ bE>ZZJH GH X> YKYH Y>ZQIaH EPHm d[eb XHb beVHdb} EH `eQ 

_[eaa>Qd aJbeXdHa HZ eZ JEP>ZdQXX[ZZ>OH QZE[Y_XHd GH X> aJOQ[Z} `eQ ZH bH aHda[eiH G[ZE _>b G>Zb XH 

Y>b`eH GH X~>Z>XlbH GH Oa[e_H\ 



 „»” 

 
Figure résumé: Double dissociation dans le cortex insulaire. 
L’information douloureuse est codée de manière différente dans la partie 
postérieure de l’insula (codage en amplitude) et dans la partie antérieure de 
l’insula (codage en latence). 

  

 "QHZ `e~QX ZH b[Qd _>b _[bbQDXH GH E[Y_>aHa GQaHEdHYHZd GHb X>dHZEHb G~>EdQi>dQ[Zb >iHE XH 

bQOZ>X "1.$ G>Zb GHb aJOQ[Zb EJaJDa>XHb GQMMJaHZdHb} Z[eb >i[Zb da[eiJ eZH E[aaJX>dQ[Z HZdaH X> 

X>dHZEH Hd X> _[bQdQ[Z bea X~>kH >ZdJa[§_[bdJaQHea GH X~QZbeX> E[Zda[X>dJa>XH `eQ HkQbdH bHeXHYHZd 

G>Zb XHb E[ZGQdQ[Zb [f XHb bdQYeXQ X>bHa b[Zd G[eX[eaHek “`eQ Z~HkQbdH G[ZE _>b _[ea GHb 

bdQYeX>dQ[Zb Z[Z§G[eX[eaHebHb«\ #H aJbeXd>d >YIZH eZ >aOeYHZd GH _Xeb ? X~Pl_[dPIbH bHX[Z 

X>`eHXXH X~QZbeX> _[bdJaQHeaH aJ_[ZGa>Qd GH Y>ZQIaH b_JEQMQ`eH Hd _aJMJaHZdQHXXH ? X> G[eXHea Hd `eH 

EHddH aJ_[ZbH _[eaa>Qd >i[Qa GHb E[ZbJ`eHZEHb bea X> iQdHbbH GH da>QdHYHZd GH X~QZM[aXY>dQ[Z G>Zb 

X~QZbeX> >ZdJaQHeaH\ %Z HMMHd} QX bHYDXH X[OQ`eH `e~eZ bdQYeXeb YHZ>F>Zd Hd _[dHZdQHXXHYHZd 

G>ZOHaHek b[Qd da>QdJ GH Y>ZQIaH _aQ[aQd>QaH _>a XH EHaiH>e E[Zda>QaHYHZd ? eZ bdQYeXeb `eQ ZH XH 

bHa>Qd _>b\ 

 .Hb JdeGHb aJEHZdHb bea X~QZbeX> Hd 6”} `e~HXXHb b[QHZd Eld[>aEPQdHEd[ZQ`eHb} M[ZEdQ[ZZHXXHb [e 

GH E[ZZHEdQiQdJ} Y[ZdaHZd `e~QX Hbd QY_[ad>Zd GH _[ei[Qa GQMMJaHZEQHa XHeab b[eb§aJOQ[Zb >MQZ GH 

_[ei[Qa XHea >ddaQDeHa eZ a]XH M[ZEdQ[ZZHX\ .Hb GQMMJaHZEHb GH *5 [DbHaiJHb G>Zb Z[daH JdeGH 

beOOIaHZd `eH X~QZbeX> _[bdJaQHeaHƒY[lHZZH Hbd E>_>DXH G~>Z>XlbHa XHb QZM[aY>dQ[Zb dPHaY[§

Z[EQEH_dQiHb _[ea _a[_>OHa X~QZM[aY>dQ[Z _Xeb [e Y[QZb iQdH iHab XH aHbdH GH X> £ Y>daQEH G[eXHea ⁄ 

Hd _Xeb _>adQEeXQIaHYHZd X~QZbeX> >ZdJaQHeaH Hd XH E[adHk EQZOeX>QaH Y[lHZ `eQ XeQ Hbd E[ZZHEdJ “3HXdm 

Hd >X\} ”‚„„«} bHX[Z XH E>a>EdIaH G[eX[eaHek [e Z[Z Ge bdQYeXeb\  

#H Y[GIXH Hbd >__elJ _>a XHb E>a>EdJaQbdQ`eHb Eld[>aEPQdHEd[ZQ`eHb GH X~QZbeX> Hd Ge E[adHk 

EQZOeX>QaH} `eQ Y[ZdaHZd d[eb GHek eZ E[adHk Oa>ZeX>QaH G>Zb XHea _>adQH _[bdJaQHeaH Hd >Oa>ZeX>QaH 

G>Zb XHea _>adQH >ZdJaQHeaH “-eadP Hd >X\} ”‚„‚> ̃ 9[Od Hd >X\} ”‚‚»«\ 7[eb EHb aJbeXd>db aHZM[aEHZd 

X~Pl_[dPIbH bHX[Z X>`eHXXH X~QZbeX> _[bdJaQHeaH aHEHia>Qd _aQ[aQd>QaHYHZd XHb QZM[aY>dQ[Zb HZ 



 „»» 

_a[iHZ>ZEH Ge dP>X>Yeb Hd `eH X~QZbeX> >ZdJaQHeaH Hd XH E[adHk EQZOeX>QaH Y[lHZ >ea>QHZd eZ a]XH 

G>Zb X~QZdJOa>dQ[Z £ bHE[ZG>QaH ⁄ GHb QZM[aY>dQ[Zb JY[dQ[ZZHXXHb Hd >ddHZdQ[ZZHXXHb GH X> G[eXHea\ 

 

 3[ead>Zd} EH Z~Hbd _>b GQaHEdHYHZd bea X~QZbeX> >ZdJaQHeaH [e XH E[adHk EQZOeX>QaH 

`e~QZdHaiQHZZHZd XHb Y[GeX>dQ[Zb `eH Z[eb >i[Zb JdeGQJ} Y>Qb Z[eb >i[Zb _e [DbHaiHa GHb 

GQMMJaHZEHb bea X> M[aEH GH EHb E[ZZHkQ[Zb\ 0[d>YYHZd} Z[eb >i[Zb _e [DbHaiHa `eH X> M[aEH GHb 

E[ZZHkQ[Zb HZdaH X~QZbeX> Hd XH $.3( Hd HZdaH XH _!## Hd X> 6/! `eQ b[Zd Y[GeXJHb _>a X~>ddHZdQ[Z 

Hd X~JY[dQ[Z} aHb_HEdQiHYHZd\ +X b~>OQd QEQ G~eZ EP>ZOHYHZd G>Zb X> M[aEH GH X> E[YYeZQE>dQ[Z 

HZdaH XHb aJOQ[Zb `eQ Hbd YQbH HZ VHe} _Xed]d `eH X~>EdQiQdJ GHb aJOQ[Zb HXXHb§YKYHb\  

+X bHYDXH G[ZE QZdJaHbb>Zd G~JdeGQHa X> E[YYeZQE>dQ[Z HZdaH XHb b[eb§aJOQ[Zb GH X~QZbeX> Hd 

Ge E[adHk EQZOeX>QaH G>Zb eZH >Z>XlbH GH E[ZZHEdQiQdJ bea XHb G[ZZJHb M[ZEdQ[ZZHXXHb >E`eQbHb >iHE 

eZH D[ZZH aJb[XedQ[Z dHY_[aHXXH} >MQZ GH _[ei[Qa dHbdHa X> E>eb>XQdJ G[Zd Z[eb M>Qb[Zb X~Pl_[dPIbH 

GH X~QZbeX> _[bdJaQHeaH iHab X~QZbeX> >ZdJaQHeaH Hd XH E[adHk EQZOeX>QaH Y[lHZ\ .> E>eb>XQdJ G[Zd QX Hbd 

`eHbdQ[Z G>Zb XHb >Z>XlbHb GH dl_H $#/ Hbd be__[bJH KdaH b[eb§dHZGeH _>a GHb QZM[aY>dQ[Zb 

dHY_[aHXXHb ZHea[Z>XHb “(aQbd[Z Hd >X\} ”‚‚»« Hd >i[Qa >EEIb ? EH dl_H G~QZM[aY>dQ[Z _[eaa>Qd KdaH 

daIb edQXH _[ea GQbEedHa XHb aJbeXd>db [DdHZeb bea XHb E>a>EdJaQbdQ`eHb GH X> aJ_[ZbH 

PJY[GlZ>YQ`eH ? X> G[eXHea\ 6>EP>Zd `eH Z[eb Z~>i[Zb _>b dHbdJ >iHE X> E[ZZHEdQiQdJ HMMHEdQiH 

XHb GQMMJaHZdHb >XdHaZ>dQiHb GH E[ZZHkQ[Zb HZdaH XHb aJOQ[Zb} Z[eb ZH _[ei[Zb _>b M>QaH G~QZMJaHZEH 

bea X> _aJbHZEH [e X~>DbHZEH GH dHXXH [e dHXXH E[ZZHkQ[Z} aJEQ_a[`eH [e Z[Z} HZdaH GHek aJOQ[Zb\ 

3[ead>Zd QX bHa>Qd JO>XHYHZd QZdJaHbb>Zd GH dHbdHa EHX>} HZ OeQG>Zd X~>Z>XlbH >iHE GHb G[ZZJHb 

>Z>d[YQ`eHb GH da>Ed[Oa>_PQH\ 
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t_r 2>NOL><PDR>O 

 .H EP>_QdaH … > _HaYQb GH aJ_[ZGaH ? X~[DVHEdQM _aQZEQ_>X `eQ Jd>Qd G~[DbHaiHa GHb GQMMJaHZEHb 

GH X>dHZEH} G~>Y_XQdeGH Hdƒ[e GH M[aYH} HkQbd>Zd HZdaH X> *5 ? X> G[eXHea Hd ? EHXXH ? eZH 

bdQYeX>dQ[Z GH YKYH dl_H Y>Qb Z[Z§G[eX[eaHebH\ />Qb} >MQZ G~>ddHQZGaH X~[DVHEdQM bHE[ZG>QaH `eQ 

Hbd G~Hbb>lHa GH aHda[eiHa HZ M/5+ XHb GQMMJaHZEHb [DbHaiJHb HZ JXHEda[_PlbQ[X[OQH HZdaH X~QZbeX> Hd 

X~!##} QX Hbd ZJEHbb>QaH GH aHEeHQXXQa _Xeb G~QZM[aY>dQ[Zb\ %Z HMMHd} Z[eb >i[Zb ie `eH XHb X>dHZEHb 

G~>EdQi>dQ[Z b[Zd GQMMJaHZdHb HZdaH X~QZbeX> _[bdJaQHeaH Hd >ZdJaQHeaH} Y>Qb HZ M/5+ QX Z~Hbd _>b 

_[bbQDXH GH E[Y_>aHa GQaHEdHYHZd XHb *5b GH GQMMJaHZdHb aJOQ[Zb E>a GHb GQMMJaHZEHb GH 

i>bEeX>aQb>dQ[Z HZda>SZHZd GHb GQMMJaHZEHb G>Zb XHb *5b “!OeQaaH Hd >X\} „¯¯̂ ̃ *>ZGjHaWHa Hd >X\} 

”‚‚…«} G[ZE bHeXH X~QZdHa>EdQ[Z HZdaH X> E[ZGQdQ[Z Hd X> aJOQ[Z _[eaa> Z[eb QZM[aYHa bea X~HkQbdHZEH 

HZ M/5+ GH X> GQbb[EQ>dQ[Z dHY_[aHXXH [DbHaiJH HZ .%3 HZdaH X~QZbeX> Hd XH Olaeb EQZOeX>QaH\ 

 0[eb >i[Zb HZ HMMHd [DbHaiJ EHddH QZdHa>EdQ[Z} E~Hbd§?§GQaH X> _aJbHZEH G~eZH GQMMJaHZEH GH 

X>dHZEH HZdaH XHb aJ_[ZbHb Ji[`eJHb _>a GHb bdQYeX>dQ[Zb G[eX[eaHebHb Hd EHXXHb Ji[`eJHb _>a GHb 

bdQYeX>dQ[Zb Z[Z G[eX[eaHebHb G>Zb XH E[adHk EQZOeX>QaH Y[lHZ “Hd X~QZbeX> >ZdJaQHeaH«} `eQ Z~HkQbdH 

_>b G>Zb X~QZbeX> _[bdJaQHeaH\ />Qb X~QZdHa>EdQ[Z ZH Z[eb aHZbHQOZH _>b bea X> bJ`eHZEH dHY_[aHXXH 

HZdaH X~>EdQi>dQ[Z GH EHb GQMMJaHZdHb aJOQ[Zb G>Zb X> bHeXH E[ZGQdQ[Z GH G[eXHea\ 

 8ZH GHb _Hab_HEdQiHb GH EH da>i>QX Hbd G[ZE G~>bb[EQHa bQYeXd>ZJYHZd X~%%) ? X~>E`eQbQdQ[Z 

GHb QY>OHb GH M/5+ G>Zb XH Ded GH GQbb[EQHa} ? _>adQa GH XflQZM[aY>dQ[Zb YeXdQY[G>XHb} „ƒ XHb 

aJ_[ZbHb _aJE[EHb Hd d>aGQiHb ? X> G[eXHea Hd ”ƒ XflQY_XQE>dQ[Z aHb_HEdQiH GHb QZ_edb _a[iHZ>Zd GHb 

MQDaHb !w Hd # G>Zb da>QdHYHZd GH X> G[eXHea\ %Z HMMHd X~>bb[EQ>dQ[Z GH X~%%) >e M/5+ _HaYHd 

G~QZM[aYHa XH M/5+ >iHE eZH _Xeb Oa>ZGH aJb[XedQ[Z dHY_[aHXXH Hd G~QZM[aYHa X~%%) >iHE eZH _Xeb 

Oa>ZGH aJb[XedQ[Z b_>dQ>XH\ 0[eb b>i[Zb `eH XHb _[dHZdQHXb Ji[`eJb >bb[EQJb >ek MQDaHb # b[Zd _Xeb 

d>aGQMb `eH EHek >bb[EQJb >ek MQDaHb !w “->WQOQ Hd >X\} ”‚‚»« Y>Qb XHea b_JEQMQEQdJ _>a a>__[ad ? X> 

G[eXHea Hbd HZE[aH GQbEedJH “/[ea>ek Hd +>ZZHddQ} ”‚‚¯«\ .~>bb[EQ>dQ[Z GH G[ZZJHb GH 

da>Ed[Oa>_PQH Hd eZH >Z>XlbH $#/ GH E[ZZHEdQiQdJ HMMHEdQiH _HaYHdda[Zd GH aJ_[ZGaH ? EHb 

`eHbdQ[Zb Hd GH _a[_[bHa eZ Y[GIXH GH M[ZEdQ[ZZHYHZd Ge aJbH>e `eH M[aYHZd 6”} XH E[adHk 

EQZOeX>QaH >ZdJaQHea Hd Y[lHZ Hd XHb GQMMJaHZdHb b[eb§_>adQHb GH X~QZbeX> G>Zb eZH bQde>dQ[Z GH 

G[eXHea _>a a>__[ad ? eZH bQde>dQ[Z Z[Z G[eX[eaHebH\ 

+X bHa>Qd JO>XHYHZd QZdJaHbb>Zd} eZH M[Qb E>a>EdJaQbJ XH M[ZEdQ[ZZHYHZd Ge aJbH>e EPHm XH 

beVHd b>QZ} GH E[Y_>aHa EH M[ZEdQ[ZZHYHZd EPHm GHb _>dQHZdb b[eMMa>Zdb GH G[eXHeab 

ZHea[_>dPQ`eHb _[bd§[_Ja>d[QaHb\  

 

 



 „»‰ 

 

 

 

 

 

 

"D;GDJBN9LCD> 



 „»¿ 



 „»́ 

u "D;GDJBN9LCD> 

!G[X_Pb} 5\ “”‚‚”«\ 0Hea>X blbdHYb M[a aHE[OZQmQZO HY[dQ[Z\ #QNN?JP /LEJEKJ EJ .?QNK<EKHKCUZ gh 
“”«} „¿¯§́́\ 
 
!MQM} !\} † /HadHZb} 3\ “”‚„‚«\ $HbEaQ_dQ[Z [M beXE>X [aO>ZQm>dQ[Z [M dPH QZbeX>a E[adHk\ 3QNCE=:H :J>  
2:>EKHKCE= !J:PKIUZ ih “‰«} …¯„§̂\ 
 
!OeQaaH} )\} =>a>PZ} %\} † $flHb_[bQd[} /\ “„¯¯̂«\ 7PH i>aQ>DQXQdl [M PeY>Z} "1.$ PHY[GlZ>YQE 
aHb_[ZbHb\ .?QNK)I:C?Z n “…«} »¿‚§¯\ 
 
!XXHZ} %\} %aP>aGd} %\} %QEPHXH} 7\} />lHa} !\} † #>XP[eZ} 9\ “”‚„‚«\ #[Y_>aQb[Z [M dPH _aH§
Z[aY>XQm>dQ[Z YHdP[Gb [Z dPH >EEea>El [M Oa[e_ +#! aHbeXdb\ 0NK=¥ ("-Z ":N=?HKJ:Z 3L:EJ\ 
 
!_W>aQ>Z} !\} "ebPZHXX} /\} 7aHHGH} 5\§$\} † =eDQHd>} ,\§-\ “”‚‚‰«\ *eY>Z Da>QZ YHEP>ZQbYb [M _>QZ 
_HaEH_dQ[Z >ZG aHOeX>dQ[Z QZ PH>XdP >ZG GQbH>bH\ %QNKL?:J FKQNJ:H KB L:EJZ o “…«} …¿»§̂…\ 
 
!_W>aQ>Z} !\} ">XQWQ} /\} † )HP>} 3\ “”‚‚¯«\ 7[j>aGb > dPH[al [M EPa[ZQE _>QZ\ 0NKCN?OO EJ 
J?QNK<EKHKCUZ nm “”«} ̂„§¯́\ 
 
!bPDeaZHa} ,\} † (aQbd[Z} -\ ,\ “”‚‚‰«\ 8ZQMQHG bHOYHZd>dQ[Z\ .?QNK)I:C?Z hl “»«} ̂»¯¤̂‰„\  
 
">XQWQ} /\} )HP>} 3\} † !_W>aQ>Z} !\ “”‚‚¯«\ 3>abQZO _>QZ _HaEH_dQ[Z DHdjHHZ Z[EQEH_dQiH 
aH_aHbHZd>dQ[Z >ZG Y>OZQdeGH HbdQY>dQ[Z\ *KQNJ:H KB .?QNKLDUOEKHKCUZ gfg “”«} ̂́‰§̂́\ 
 
">ZdQEW} 6\} :QbH} 5\} 3X[OP>eb} !\} #X>aH} 6\} 6YQdP} 6\} † 7a>EHl} +\ “”‚‚”«\ +Y>OQZO P[j >ddHZdQ[Z 
Y[GeX>dHb _>QZ QZ PeY>Zb ebQZO MeZEdQ[Z>X /5+\ "N:EJZ ghk “3d ”«} »„‚§¯\ 
 
">aDHa} ,\ “„¯¯¿«\ *l_Z[bQb >ZG beOOHbdQ[Z QZ dPH daH>dYHZd [M _>QZ\ ! EXQZQE>X OeQGH\ 7 7¥ .KNPKJ 
e #KIL:JU\ 
 
">bD>eY} !\} † ,HbbHXX} 7\ “”‚‚‚«\ 7PH _HaEH_dQ[Z [M _>QZ\ )J %2 +:J>?HZ *( 3=DS:NPVZ 4- *?OO?HH 
c%>¥d 0NEJ=ELH?O KB J?QN:H O=E?J=?Z jPD ?>J¥Z -='N:Sb(EHHZ .?Sb9KNG} …́”§…¯„\ 
 
">eYOBadZHa} 8\} +>ZZHddQ} )\} =>YDaH>Ze} .\} 6d[HdHa} 3\} 7aHHGH} 5\§$\} † 7a>EHl} +\ “”‚„‚«\ 
/eXdQ_XH b[Y>d[d[_QE aH_aHbHZd>dQ[Zb [M PH>d >ZG YHEP>ZQE>X _>QZ QZ dPH [_HaEeX[§QZbeX>a E[adHk’ 
> PQOP§aHb[XedQ[Z M/5+ bdeGl\ *KQNJ:H KB .?QNKLDUOEKHKCUZ gfj “‰«} ”̂¿»§́”\ 
 
"HEHaa>} .\} *>aaQb} :\} )a>Zd} /\} )H[aOH} %\} "[>b} $\} † "[ab[[W} $\ “”‚‚¯«\ $QMMebH [_dQE>X 
d[Y[Oa>_Pl >EdQi>dQ[Z QZ dPH b[Y>d[bHZb[al E[adHk’ b_HEQMQE >EdQi>dQ[Z Dl _>QZMeX ib\ Z[Z§_>QZMeX 
dPHaY>X bdQYeXQ\ 0,K3 /.%Z j “„„«} Ĥ‚„¿\ 
 
"HEW} !\} :>aG} #\} /HZGHXb[Z} /\} /[EW} ,\} † %aD>eOP} ,\ “„¯¿„«\ !Z QZiHZd[al M[a YH>beaQZO 
GH_aHbbQ[Z\ !N=DER?O KB C?J?N:H LOU=DE:PNUZ j} ‰¿„§́„\ 
 
"HXX} !\} † 6HVZ[jbWQ} 7\ “„¯¯‰«\ !Z QZM[aY>dQ[Z§Y>kQYQm>dQ[Z >__a[>EP d[ DXQZG bH_>a>dQ[Z >ZG 
DXQZG GHE[Zi[XedQ[Z\ .?QN:H =KILQP:PEKJZ m “¿«} „„”¯§‰¯\ 
 
"QZOHX} 8\} .[aHZm} ,\} 6EP[HXX} %\} :HQXXHa} #\} † "hEPHX} #\ “”‚‚¿«\ /HEP>ZQbYb [M _X>EHD[ >Z>XOHbQ>’ 
a!## aHEaeQdYHZd [M > beDE[adQE>X >ZdQZ[EQEH_dQiH ZHdj[aW\ 0:EJZ ghf “„§”«} ̂¤„‰\  
 



 „»̂ 

"QZOHX} 8\} 5[bH} /\} )XBbEPHa} ,\} † "hEPHX} #\ “”‚‚́«\ M/5+ aHiH>Xb P[j _>QZ Y[GeX>dHb iQbe>X 
[DVHEd _a[EHbbQZO QZ dPH iHZda>X iQbe>X bdaH>Y\ .?QNKJZ kk “„«} „‰́§¿́\ 
 
"QZOHX} 8\} 6EP[HXX} %\} *HaWHZ} :\} "hEPHX} #\} † />l} !\ “”‚‚́«\ *>DQde>dQ[Z d[ _>QZMeX bdQYeX>dQ[Z 
QZi[XiHb dPH >ZdQZ[EQEH_dQiH blbdHY\ 0:EJZ gig “„§”«} ”„§»‚\ 
 
"QZOHX} 8\} † 7a>EHl} +\ “”‚‚̂«\ +Y>OQZO #06 Y[GeX>dQ[Z [M _>QZ QZ PeY>Zb\ 0DUOEKHKCUZ hi} »́„§̂‚\ 
 
"[Xl} /\} ">XdH>e} %\} 6EPZ>WHab} #\} $HOeHXGaH} #\} /[[ZHZ} )\} .ekHZ} !\} 3PQXQ_b} #\} 3HQOZHek} 3\} 
/>`eHd} 3\ † .>eaHlb} 6\ “”‚‚́«\ ">bHXQZH Da>QZ >EdQiQdl MXeEde>dQ[Zb _aHGQEd b[Y>d[bHZb[al 
_HaEH_dQ[Z QZ PeY>Zb\ 0NK=??>EJCO KB PD? .:PEKJ:H !=:>?IU KB 3=E?J=?OZ gfj “”¯«} „”„̂́§¯”\ 
 
"[aZP^iG} -\} 4e>ZdH} /\} )X>eEPH} 9\} "a[YY} "\} :HQXXHa} #\} † "hEPHX} #\ “”‚‚”«\ 3>QZMeX bdQYeXQ 
Hi[WH GQMMHaHZd bdQYeXeb§aHb_[ZbH MeZEdQ[Zb QZ dPH >YlOG>X>} _aHMa[Zd>X} QZbeX> >ZG 
b[Y>d[bHZb[al E[adHk’ > bQZOXH§daQ>X M/5+ bdeGl\ "N:EJZ ghk “3d ¿«} „»”¿§»¿\ 
 
"[ab[[W} $\} 8_>GPl>l} ,\} #PeGXHa} %\} † "HEHaa>} .\ “”‚„‚«\ ! WHl a[XH [M dPH D>b>X O>ZOXQ> QZ _>QZ 
>ZG >Z>XOHbQ>§§QZbQOPdb O>QZHG dPa[eOP PeY>Z MeZEdQ[Z>X QY>OQZO\ -KH?=QH:N 0:EJZ l} ”́\ 
 
"[bbP>aG} 6\} ">XdHb} #\} :lbb} /\} /eHOOXHa} 7\} :HDHa} "\} † 5eGQZ} /\ “”‚„‚«\ !bbHbbYHZd [M 
Da>QZ aHb_[ZbHb d[ QZZ[Ee[eb >ZG Z[kQ[eb HXHEdaQE>X M[aH_>j bdQYeX>dQ[Z QZ YQEH ebQZO "1.$ M/5+\ 
0:EJZ gkg “»«} ¿‰‰§¿»\ 
 
"[diQZQEW} /\} ,P>} !\} "lXbY>} .\} (>DQ>Z} 6\} 6[X[Y[Z} 3\} † 3aW>EPQZ} -\ “”‚‚‰«\ 9QHjQZO M>EQ>X 
Hk_aHbbQ[Zb [M _>QZ HZO>OHb E[adQE>X >aH>b QZi[XiHG QZ dPH GQaHEd Hk_HaQHZEH [M _>QZ\ .?QNK)I:C?Z 
hk “„«} »„”§¯\ 
 
"[eP>bbQa>} $\} -HaZ} $\} 5[e>eG} ,\} 3HXXH§.>ZEQHZ} %\} † /[a>QZ} (\ “”‚‚‰«\ +ZiHbdQO>dQ[Z [M dPH 
_>a>G[kQE>X _>QZMeX bHZb>dQ[Z “flQXXebQ[Z [M _>QZfl« _a[GeEHG Dl > dPHaY>X OaQXX\ 0:EJZ ggj “„§”«} „¿‚§́\ 
 
"aQZWYHlHa} ,\} /[D>bEPHa} !\} :>aDaQEW} 7\} /ebb[} (\} :Qddb>EW} *\§,\} 6>XHP} !\} 6EPZQdmXHa} !\} Hd 
>X\ “”‚„‚«\ $lZ>YQE %%)§QZM[aYHG M/5+ Y[GHXQZO [M dPH _>QZ Y>daQk ebQZO ”‚§Yb a[[d YH>Z b`e>aH 
bHOYHZdb\ (QI:J "N:EJ -:LLEJC} ig “„„«} „́‚”¤„́„”\  
 
"a[YY} "\} † #PHZ} !\ “„¯¯‰«\ "a>QZ HXHEdaQE>X b[eaEH >Z>XlbQb [M X>bHa Hi[WHG _[dHZdQ>Xb QZ 
aHb_[ZbH d[ _>QZMeX daQOHYQZ>X ZHaiH bdQYeX>dQ[Z\ %H?=PNK?J=?LD:HKCN:LDU :J> =HEJE=:H 
J?QNKLDUOEKHKCUZ ok “„«} „…§”¿\ 
 
"a[[Wb} ,\} † 7a>EHl} +\ “”‚‚‰«\ (a[Y Z[EQEH_dQ[Z d[ _>QZ _HaEH_dQ[Z’ QY>OQZO dPH b_QZ>X >ZG 
be_a>b_QZ>X _>dPj>lb\ *KQNJ:H KB :J:PKIUZ hfm “„«} „¯§»»\ 
 
"a[[Wb} ,\} † 7a>EHl} +\ “”‚‚́«\ 7PH QZbeX>’ > YeXdQGQYHZbQ[Z>X QZdHOa>dQ[Z bQdH M[a _>QZ\ 0:EJZ ghn “„§
”«} „§”\ 
 
"hEPHX} #\} "[aZP[iG} -\} 4e>ZdH} /\} )X>eEPH} 9\} "a[YY} "\} † :HQXXHa} #\ “”‚‚”«\ $Qbb[EQ>DXH 
ZHea>X aHb_[ZbHb aHX>dHG d[ _>QZ QZdHZbQdl} bdQYeXeb QZdHZbQdl} >ZG bdQYeXeb >j>aHZHbb jQdPQZ dPH 
>ZdHaQ[a EQZOeX>dH E[adHk’ > _>a>YHdaQE bQZOXH§daQ>X X>bHa MeZEdQ[Z>X Y>OZHdQE aHb[Z>ZEH QY>OQZO 
bdeGl\ *KQNJ:H KB .?QNKO=E?J=?Z hh “»«} ¯́‚§¿\ 
 
"eHdQ} $\ “”‚„„«\ 7PH bHZb[al aH_aHbHZd>dQ[Z [M dQYH\ &NKJPE?NO EJ )JP?CN:PER? .?QNKO=E?J=?Z k} »…\ 
 



 „»¯ 

"ebPZHXX} /\} $eZE>Z} )\} *[MD>eHa} 5\} *>} "\} #PHZ} ,\} † #>aaQHa} "\ “„¯¯¯«\ 3>QZ _HaEH_dQ[Z’ Qb 
dPHaH > a[XH M[a _aQY>al b[Y>d[bHZb[al E[adHk¦ 0NK=??>EJCO KB PD? .:PEKJ:H !=:>?IU KB 3=E?J=?O 
KB PD? 5JEP?> 3P:P?O KB !I?NE=:Z ol “„…«} ́́‚‰§¯\ 
 
#>XP[eZ} 9\} !G>XQ} 7\} 3H>aXb[Z} )\} † 3HW>a} ,\ “”‚‚„«\ ! YHdP[G M[a Y>WQZO Oa[e_ QZMHaHZEHb Ma[Y 
MeZEdQ[Z>X /5+ G>d> ebQZO QZGH_HZGHZd E[Y_[ZHZd >Z>XlbQb\ (QI:J "N:EJ -:LLEJCZ gj “»«} „…‚§
‰„\ 
 
#>XP[eZ} 9\} 6dHiHZb} /\} 3H>aXb[Z} )\} † -QHPX} -\ “”‚‚…«\ M/5+ >Z>XlbQb jQdP dPH OHZHa>X XQZH>a 
Y[GHX’ aHY[i>X [M X>dHZEl§QZGeEHG >Y_XQdeGH DQ>b Dl QZE[a_[a>dQ[Z [M PHY[GlZ>YQE GHaQi>dQiH 
dHaYb\ .?QNK)I:C?Z hh “„«} ”‰”§́\ 
 
#>XP[eZ} 9\} .Qe} ,\} † !G>XQ} 7\ “”‚‚¯«\ ! aHiQHj [M Oa[e_ +#! M[a M/5+ G>d> >ZG +#! M[a V[QZd 
QZMHaHZEH [M QY>OQZO} OHZHdQE} >ZG %53 G>d>\ .?QNK)I:C?Z jk “„ 6e__X«} 6„¿»§́”\ 
 
#>bHl} -\} /[aa[j} 7\} .[aHZm} ,\} † /QZ[bPQY>} 6\ “”‚‚„«\ 7HY_[a>X >ZG b_>dQ>X GlZ>YQEb [M PeY>Z 
M[aHDa>QZ >EdQiQdl GeaQZO PH>d _>QZ’ >Z>XlbQb Dl _[bQda[Z HYQbbQ[Z d[Y[Oa>_Pl\ *KQNJ:H KB 
.?QNKLDUOEKHKCUZ nk “”«} ¯‰„§¯\ 
 
#>i>ZZ>} !\} † 7aQYDXH} /\ “”‚‚¿«\ 7PH _aHEeZHeb’ > aHiQHj [M Qdb MeZEdQ[Z>X >Z>d[Yl >ZG 
DHP>iQ[ea>X E[aaHX>dHb\ "N:EJZ gho “3d »«} ‰¿…§̂»\ 
 
#HaXQ>ZQ} .\} 7P[Y>b} 5\} ,D>DGQ} 6\} 6QHa[} ,\} 0>ZHddQ} .\} #aQ__>} !\} Hd >X\ “”‚„„«\ 3a[D>DQXQbdQE 
da>Ed[Oa>_Pl aHE[iHab > a[bda[E>eG>X da>VHEd[al [M E[ZZHEdQiQdl i>aQ>DQXQdl QZ dPH PeY>Z QZbeX>a 
E[adHk\ (QI:J "N:EJ -:LLEJC “%_eD« $1+’ „‚\„‚‚”ƒPDY\”„»»̂\ 
 
#P>bd[Z} !\} † -QZObd[ZH} !\ “”‚‚…«\ 7QYH HbdQY>dQ[Z’ dPH HMMHEd [M E[adQE>XXl YHGQ>dHG >ddHZdQ[Z\ 
"N:EJ :J> =KCJEPEKJZ kk “”«} ”̂¿§¯\ 
 
#PHZ} .\} $QXXHZDeaOHa} "\} :>ZO} (\} (aQHGY>Z} 5\} † !iQb[Z} /\ “”‚„„«\ *QOP§aHb[XedQ[Z MeZEdQ[Z>X 
Y>OZHdQE aHb[Z>ZEH QY>OQZO Y>__QZO [M Z[kQ[eb PH>d >ZG d>EdQXH >EdQi>dQ[Zb >X[ZO dPH EHZda>X 
beXEeb QZ 0Hj :[aXG Y[ZWHlb\ 0:EJZ gkh “»«} ‰””§»”\ 
 
#PHZ} .\ /\} $QXXHZDeaOHa} "\ #\} :>ZO} (\} † 7>ZO} #\ *\ “”‚„”«\ $QMMHaHZdQ>X M/5+ >EdQi>dQ[Z d[ 
Z[kQ[eb PH>d >ZG d>EdQXH bdQYeXQ QZ _>a>blXiQ>Z >aH>b [M ZHj j[aXG Y[ZWHlb\ 0:EJZ gki “„«} „‰̂¤
„¿¯\  
 
#QeEQe} 3\} 3[XQZH} ,\§"\} />aaHXHE} )\} +GQHa} ,\} 3>XXQHa} #\} † "HZ>XQ} *\ “”‚‚»«\ 8Zbe_HaiQbHG a[Debd 
Z[Z_>a>YHdaQE HbdQY>dQ[Z [M dPH PHY[GlZ>YQE aHb_[ZbH MeZEdQ[Z M[a >Zl M/5+ Hk_HaQYHZd\ )%%% 
PN:JO:=PEKJO KJ I?>E=:H EI:CEJCZ hh “„‚«} „”»‰§‰„\ 
 
#X>aW} ,\} "a[jZ} #\} ,[ZHb} !\} † %X§$HaHGl} :\ “”‚‚̂«\ $Qbb[EQ>dQZO Z[EQEH_dQiH Y[GeX>dQ[Z Dl dPH 
Gea>dQ[Z [M _>QZ >ZdQEQ_>dQ[Z Ma[Y eZ_aHGQEd>DQXQdl QZ dPH dQYQZO [M _>QZ\ #HEJE=:H J?QNKLDUOEKHKCUZ 
ggo “„”«} ”̂́‚§̂\ 
 
#[OPQXX} 5\} 6>ZO} #\} />Qb[O} ,\} † +>G>a[X>} /\ “„¯¯¯«\ 3>QZ QZdHZbQdl _a[EHbbQZO jQdPQZ dPH PeY>Z 
Da>QZ’ > DQX>dHa>X} GQbdaQDedHG YHEP>ZQbY\ *KQNJ:H KB .?QNKLDUOEKHKCUZ nh “…«} „¯»…§…»\ 
 
#[XGjHXX} 6\} ->>WW[} 7\} )BadZHa§/>WQP>a>} !\} :QXXQ>Yb} 7\} /QXOa[Y} 3\} :HQZbdHQZ} 3\} Hd >X\ 
“”‚‚”«\ 7HY_[a>X QZM[aY>dQ[Z aHGeEHb EPQXGaHZflb _>QZ aH_[adb GeaQZO > YeXdQ_XH§daQ>X E[XG _aHbb[a 
_a[EHGeaH\ "?D:REKN 4D?N:LUZ ii “„«} …‰§¿»\ 
 



 „…‚ 

#[eXX} ,\} † (aQdP} #\ “„¯¯̂«\ $QMMHaHZdQ>X >EdQi>dQ[Z [M aQOPd be_HaQ[a _>aQHd>X E[adHk >ZG QZda>_>aQHd>X 
beXEeb Dl b_>dQ>X >ZG Z[Zb_>dQ>X >ddHZdQ[Z\ .?QNK)I:C?Z n “”«} „́¿§̂́\ 
 
#a>QO} !\} "ebPZHXX} /\} =P>ZO} %\} † "X[Y`iQbd} !\ “„¯¯…«\ ! dP>X>YQE ZeEXHeb b_HEQMQE M[a _>QZ >ZG 
dHY_Ha>deaH bHZb>dQ[Z\ .:PQN?Z imh “¿‰‚̂«} ́́‚§»\ 
 
#a>QO} !\ “„¯¯‰«\ 6e_a>b_QZ>X _a[VHEdQ[Zb [M X>YQZ> + ZHea[Zb\ )J &KN?<N:EJ :N?:O EJRKHR?> EJ L:EJ 
LNK=?OOEJCZ *- 'QEH<:Q>Z ' /HH:PZ ?>¥ -KJPNKQC?[ *KDJ ,E<<?U %QNKP?TP} „»§”¿\ 
 
#a>QO} !\} #PHZ} -\} ">ZGl} $\} † 5HQY>Z} %\ “”‚‚‚«\ 7PHaY[bHZb[al >EdQi>dQ[Z [M QZbeX>a E[adHk\ 
.:PQN? .?QNKO=E?J=?Z i “”«} „̂…§¯‚\ 
 
#a>QO} !\} † =P>ZO} %\§7\ “”‚‚¿«\ 5Hda[Oa>GH >Z>XlbHb [M b_QZ[dP>X>YQE _a[VHEdQ[Zb QZ dPH Y>E>`eH 
Y[ZWHl’ QZ_ed d[ _[bdHa[X>dHa>X dP>X>Yeb\ 4D? *KQNJ:H KB =KIL:N:PER? J?QNKHKCUZ joo “¿«} ¯‰»§¿…\ 
 
#a>QO} !\ “”‚„‚«\ 7PH bHZdQHZd bHXM\ "N:EJ 3PNQ=PQN? :J> &QJ=PEKJZ hgj “‰§¿«} ‰¿»§́́\ 
 
#aQZQ[Z} ,\} !bPDeaZHa} ,\} .HMM} !\} "aHdd} /\} 3aQEH} #\} † (aQbd[Z} -\ “”‚‚́«\ 6_>dQ>X Z[aY>XQm>dQ[Z [M 
XHbQ[ZHG Da>QZb’ _HaM[aY>ZEH Hi>Xe>dQ[Z >ZG QY_>Ed [Z M/5+ >Z>XlbHb\ .?QNK)I:C?Z im “»«} ̂¿¿¤
̂́‰\  
 
$>XH} !\ /\ “„¯¯¯«\ 1_dQY>X Hk_HaQYHZd>X GHbQOZ M[a HiHZd§aHX>dHG M/5+\ (QI:J "a>QZ />__QZO} ̂ 
“”§»«} „‚¯¤„„…\ 
 
$>eZQmH>e} ,\} $>iQG} 1\} † 6dH_P>Z} -\%\ “”‚„„«\ $lZ>YQE E>eb>X Y[GHXXQZO’ > EaQdQE>X aHiQHj [M dPH 
DQ[_PlbQE>X >ZG bd>dQbdQE>X M[eZG>dQ[Zb\ .?QNK)I:C?Z kn “”«} »„”§””\ 
 
$>iQb} -\} *edEPQb[Z} :\} .[m>Z[} !\} 7>bWHa} 5\} † $[bda[ibWl} ,\ “”‚‚‚«\ *eY>Z >ZdHaQ[a EQZOeX>dH 
E[adHk ZHea[Zb Y[GeX>dHG Dl >ddHZdQ[Z§GHY>ZGQZO d>bWb\ *KQNJ:H KB .?QNKLDUOEKHKCUZ ni “¿«} 
»‰́‰§́\ 
 
$>iQG} 1\} -QHDHX} 6\} *>aaQb[Z} .\} />dd[ed} ,\} -QXZHa} ,\/\} † (aQbd[Z} -\,\ “”‚‚¿«\ $lZ>YQE E>eb>X 
Y[GHXQZO [M Hi[WHG aHb_[ZbHb QZ %%) >ZG /%)\ .?QNK)I:C?Z if “…«} „”‰‰§́”\ 
 
$>iQG} 1\} )eQXXHY>QZ} +\} 6>QXXHd} 6\} 5Hld} 6\} $Ha>Zb>ad} #\} 6HOHD>adP} #\} † $H_>eXQb} !\ “”‚‚̂«\ 
+GHZdQMlQZO ZHea>X GaQiHab jQdP MeZEdQ[Z>X /5+’ >Z HXHEda[_PlbQ[X[OQE>X i>XQG>dQ[Z\ 0HKO "EKHKCUZ l 
“„”«} ”¿̂»§¯́\ 
 
GH :QHG} /\} † 9HaD>dHZ} /\ “”‚‚„«\ !MMHEdQiH _QEdeaHb _a[EHbbQZO} >ddHZdQ[Z} >ZG _>QZ d[XHa>ZEH\ 
0:EJZ of “„§”«} „¿»§́”\ 
 
$Hi[b} $\} #aH>EflP} #\} .>eaH>e} %\} "[eaaQHm} ,\} † )eQHe} ,\ “”‚‚‚«\ 7PeXQeY X>bHa Hi[WHG _[dHZdQ>Xb\ 
0[aY>dQiH i>XeHb M[a dPH >aYb >ZG XHOb\ #HEJE=:H J?QNKLDUOEKHKCUZ if “‰«} »„»§””\ 
 
$[jZ>a} ,\} /QWeXQb} $\} † $>iQb} -\ “”‚‚»«\ 0Hea>X E[aaHX>dHb [M dPH _a[X[ZOHG b>XQHZEH [M _>QZMeX 
bdQYeX>dQ[Z\ .?QNK)I:C?Z hf “»«} „‰…‚§‰„\ 
 
$a[Qd§9[XHd} 6\} 7[eaaHd} 6\} † :H>aGHZ} ,\ “”‚‚…«\ 3HaEH_dQ[Z [M dPH Gea>dQ[Z [M >eGQd[al >ZG iQbe>X 
bdQYeXQ QZ EPQXGaHZ >ZG >GeXdb\ 4D? 1Q:NP?NHU FKQNJ:H KB ?TL?NEI?JP:H LOU=DKHKCUZ km “‰«} ́¯́§̂„̂\ 
 
$a[Qd§9[XHd} 6\} † /HEW} :\ “”‚‚́«\ *[j HY[dQ[Zb E[X[ea [ea _HaEH_dQ[Z [M dQYH\ 4N?J>O EJ 
#KCJEPER? 3=E?J=?Z gg “„”«} ‰‚…§„»\ 



 „…„ 

$a[Qd§9[XHd} 6\} † )QX} 6\ “”‚‚¯«\ 7PH dQYH§HY[dQ[Z _>a>G[k\ 0DEHKOKLDE=:H PN:JO:=PEKJO KB PD? 2KU:H 
3K=E?PU KB ,KJ>KJ 3?NE?O "Z "EKHKCE=:H O=E?J=?OZ ilj “„‰”‰«} „¯…»§‰»\ 
 
%QEWP[MM} 6\} 6EPXHQEPHa} !\} =QXXHb} -\} † !YeZdb} -\ “”‚‚¿>«\ 7PH PeY>Z _>aQHd>X [_HaEeXeY\ +\ 
#ld[>aEPQdHEd[ZQE Y>__QZO [M beDGQiQbQ[Zb\ #?N?<N:H #KNP?TZ gl “”«} ”‰…§¿́\ 
 
%QEWP[MM} 6\} !YeZdb} -\} /[PXDHaO} *\} † =QXXHb} -\ “”‚‚¿D«\ 7PH PeY>Z _>aQHd>X [_HaEeXeY\ ++\ 
6dHaH[d>kQE Y>_b >ZG E[aaHX>dQ[Z jQdP MeZEdQ[Z>X QY>OQZO aHbeXdb\ #?N?<N:H #KNP?TZ gl “”«} ”¿̂§́¯\ 
 
%QEWP[MM} 6\} )aHMWHb} #\} =QXXHb} -\} † (QZW} )\ “”‚‚́«\ 7PH b[Y>d[d[_QE [aO>ZQm>dQ[Z [M 
Eld[>aEPQdHEd[ZQE >aH>b [Z dPH PeY>Z _>aQHd>X [_HaEeXeY\ #?N?<N:H #KNP?TZ gm “̂«} „̂‚‚§„„\ 
 
(>lY[ZiQXXH} /\} .>eaHlb} 6\} $HOeHXGaH} #\} $HX(Q[aH} )\} .ekHZ} !\} (a>ZEW} )\} Hd >X\ “”‚‚‚«\ 0Hea>X 
YHEP>ZQbYb [M >ZdQZ[EQEH_dQiH HMMHEdb [M Pl_Z[bQb\ !J?OPD?OEKHKCUZ oh “‰«} „”‰́§¿́\ 
 
(a>ZWHZbdHQZ} 8\} 5QEPdHa} :\} /E+ZdlaH} /\} † 5HYl} (\ “”‚‚„«\ $Qbda>EdQ[Z Y[GeX>dHb >ZdHaQ[a 
EQZOeX>dH Olaeb >EdQi>dQ[Zb GeaQZO dPH E[XG _aHbb[a dHbd\ .?QNK)I:C?Z gj “…«} ̂”́§»¿\ 
 
(aQbd[Z} -\,\} † 3aQEH} #\,\ “”‚‚„«\ $lZ>YQE aH_aHbHZd>dQ[Zb >ZG OHZHa>dQiH Y[GHXb [M Da>QZ 
MeZEdQ[Z\ "N:EJ 2?O?:N=D "QHH?PEJZ kj “»«} ”́‰§̂‰\ 
 
(aQbd[Z} -\,\} *>aaQb[Z} .\} † 3HZZl} :\ “”‚‚»«\ $lZ>YQE E>eb>X Y[GHXXQZO\ .?QNK)I:C?Z go “…«} 
„”́»§»‚”\ 
 
(aQbd[Z} -\} 6dH_P>Z} -\} .eZG} 7\} /[aE[Y} !\} † -QHDHX} 6\ “”‚‚‰«\ /QkHG§HMMHEdb >ZG M/5+ bdeGQHb\ 
.?QNK)I:C?Z hj “„«} ”……§‰”\ 
 
(a[d} /\} † />eOeQIaH} (\ “”‚‚»«\ $e>X aH_aHbHZd>dQ[Z [M _>QZ QZ dPH [_HaEeX[§QZbeX>a E[adHk QZ 
PeY>Zb\ "N:EJZ ghl “3d ”«} …»̂§‰‚\ 
 
(a[d} /\} />OZQZ} /\} />eOeQIaH} (\} † )>aEQ>§.>aaH>} .\ “”‚‚́«\ *eY>Z 6++ >ZG _[bdHaQ[a QZbeX> 
GQMMHaHZdXl HZE[GH dPHaY>X X>bHa bdQYeXQ\ #?N?<N:H #KNP?TZ gm “»«} ¿„‚§”‚\ 
 
(a[d} /\} />eOeQIaH} (\} />OZQZ} /\} † )>aEQ>§.>aaH>} .\ “”‚‚̂«\ 3>a>XXHX _a[EHbbQZO [M Z[EQEH_dQiH 
!§GHXd> QZ_edb QZ 6++ >ZG YQGEQZOeX>dH E[adHk QZ PeY>Zb\ *KQNJ:H KB .?QNKO=E?J=?Z hn “…«} ¯……§‰”\ 
 
)>aER>§.>aaH>} .\} 3Hla[Z} 5\} .>eaHZd} "\} † />eOeQIaH} (\ “„¯¯́«\ !bb[EQ>dQ[Z >ZG GQbb[EQ>dQ[Z 
DHdjHHZ X>bHa§Hi[WHG _[dHZdQ>Xb >ZG _>QZ _HaEH_dQ[Z\ .?QNKN?LKNPZ n “„́«} »́̂‰§¯\ 
 
)>aEQ>§.>aaH>} .\} (a[d} /\} † 9>XHaQ>ZQ} /\ “”‚‚»«\ "a>QZ OHZHa>d[ab [M X>bHa§Hi[WHG _[dHZdQ>Xb’ 
Ma[Y GQ_[XHb d[ MeZEdQ[Z>X bQOZQMQE>ZEH\ #HEJE=:H J?QNKLDUOEKHKCUZ ii “¿«} ”́¯§¯”\ 
 
)>aEQ>§.>aaH>} .\} † 3Hla[Z} 5\ “”‚‚́«\ /[d[a E[adHk bdQYeX>dQ[Z M[a ZHea[_>dPQE _>QZ’ (a[Y 
_PHZ[YHZ[X[Ol d[ YHEP>ZQbYb\ .?QNK)I:C?Z im 3QLLH g} 6́„§¯\ 
 
)>aEQ>§.>aaH>} .\} 3HaEPHd} #\} #aH>EflP} #\} #[ZiHab} 3\} 3Hla[Z} 5\} .>eaHZd} "\} Hd >X\ “”‚„‚«\ 
1_HaEeX[§QZbeX>a _>QZ “_>a>blXiQ>Z _>QZ«’ > GQbdQZEd EHZda>X _>QZ blZGa[YH\ "N:EJZ gii “¯«} ”‰”̂§»¯\ 
 
)[GQZP[} (\} />OZQZ} /\} (a[d} /\} 3HaEPHd} #\} † )>aEQ>§.>aaH>} .\ “”‚‚¿«\ %Y[dQ[Z>X Y[GeX>dQ[Z [M 
_>QZ’ Qb Qd dPH bHZb>dQ[Z [a jP>d jH aHE>XX¦ *KQNJ:H KB .?QNKO=E?J=?Z hl “……«} „„…‰…§¿„\ 
 



 „…” 

)[GQZP[} (\} (>QXXHZ[d} +\} 3HaEPHd} #\} (a[d} /\} />OZQZ} /\} † )>aEQ>§.>aaH>} .\ “”‚„„«\ *[j dPH _>QZ 
[M [dPHab HZP>ZEHb [ea _>QZ’ 6H>aEPQZO dPH EHaHDa>X E[aaHX>dHb [M ¡E[Y_>bbQ[Z>X Pl_Ha>XOHbQ>\¢ 
%QNKL?:J *KQNJ:H KB 0:EJ} #HaHDa>X E[aaHX>dHb [M #*} „¤„”\ G[Q’„‚\„‚‚”ƒV\„‰»”§”„…¯\”‚„„\‚‚‚»¯\k 
 
)aHHZb_>Z} ,\} .HH} 5\} † .HZm} (\ “„¯¯¯«\ 3>QZ bHZbQdQiQdl >XdHa>dQ[Zb >b > MeZEdQ[Z [M XHbQ[Z X[E>dQ[Z 
QZ dPH _>a>blXiQ>Z E[adHk\ 0:EJZ ng “»«} ”́»§̂”\ 
 
)aQXX§6_HEd[a} -\} -[eadmQ} =\} † ->ZjQbPHa} 0\ “”‚„„«\ 7PH X>dHa>X [EEQ_Qd>X E[Y_XHk >ZG Qdb a[XH QZ 
[DVHEd aHE[OZQdQ[Z\ 6EOEKJ 2?O?:N=DZ jg “„‚§„„«} „…‚¯§””\ 
 
*>ZGjHaWHa} $\} 1XXQZOHa} ,\} † $fl%b_[bQd[} /\ “”‚‚…«\ 9>aQ>dQ[Z [M "1.$ PHY[GlZ>YQE aHb_[ZbHb 
>Ea[bb beDVHEdb >ZG Da>QZ aHOQ[Zb >ZG dPHQa HMMHEdb [Z bd>dQbdQE>X >Z>XlbHb\ .?QNK)I:C?Z hg “…«} 
„¿»¯§‰„\ 
 
*HXXbda^Y} #\} † #>aXbb[Z} 6\ “„¯¯́«\ "ebl jQdP _>QZ’ GQb[aO>ZQm>dQ[Z QZ beDVHEdQiH dQYH QZ 
Hk_HaQYHZd>X _>QZ\ %QNKL?:J FKQNJ:H KB L:EJZ g “”«} „»»§¯\ 
 
*HZbHX} *\} † -HZbP>X[} $\ “„¯¿¯«\ :>aY aHEH_d[ab QZ dPH Z>b>X aHOQ[Z [M E>db\ 4D? *KQNJ:H KB 
LDUOEKHKCUZ hfj “„«} ¯¯§„„”\ 
 
*HZb[Z} 5\} 3aQEH} #\} 5eOO} /\} 7eaZHa} 5\} † (aQbd[Z} -\ “”‚‚”«\ $HdHEdQZO X>dHZEl GQMMHaHZEHb QZ  
HiHZd§aHX>dHG "1.$ aHb_[ZbHb’ >__XQE>dQ[Z d[ j[aGb iHabeb Z[Zj[aGb >ZG QZQdQ>X iHabeb aH_H>dHG 
M>EH _aHbHZd>dQ[Zb\ .?QNK)I:C?Z gk “„«} ̂»§¯́\ 
 
*HZb[Z} 5\ “”‚‚»«\ !Z>XlbQb [M M/5+ dQYH bHaQHb’ .QZH>a dQYH§QZi>aQ>Zd Y[GHXb} HiHZd§aHX>dHG M/5+} 
>ZG [_dQY>X Hk_HaQYHZd>X GHbQOZ\ )J 2 &N:=GKSE:=G c%>¥dZ (QI:J "N:EJ &QJ=PEKJZ hJ> ?>J¥ %HO?RE?NZ 
3:J $E?CK} ́¯»§̂”»\ 
 
*HZb[Z} 5\} )[bPHZ§)[ddbdHQZ} <\} )>ZHX} 7\} 1ddHZ} .\} 4e>lXH} !\} † 5eOO} /\ “”‚‚»«\ 
%XHEda[_PlbQ[X[OQE>X >ZG P>HY[GlZ>YQE E[aaHX>dHb [M M>EH _HaEH_dQ[Z} aHE[OZQdQ[Z >ZG _aQYQZO\ 
#?N?<N:H #KNP?TZ gi “́«} ́¯»§̂‚‰\ 
 
*QYDHaO} ,\} *liBaQZHZ} !\} † %b_[bQd[} (\ “”‚‚…«\ 9>XQG>dQZO dPH QZGH_HZGHZd E[Y_[ZHZdb [M 
ZHea[QY>OQZO dQYH bHaQHb iQ> EXebdHaQZO >ZG iQbe>XQm>dQ[Z\ .?QNK)I:C?Z hh “»«} „”„…§””\ 
 
*[MD>eHa} 5\} 5>QZiQXXH} 3\} $eZE>Z} )\} † "ebPZHXX} /\ “”‚‚„«\ #[adQE>X aH_aHbHZd>dQ[Z [M dPH 
bHZb[al GQYHZbQ[Z [M _>QZ\ *KQNJ:H KB .?QNKLDUOEKHKCUZ nl “„«} …‚”§„„\ 
 
*bQHP} ,\} 6d[ZH§%X>ZGHa} 6\} † +ZOi>a} /\ “„¯¯¯«\ !ZdQEQ_>d[al E[_QZO [M _>QZ Hk_aHbbHG QZ dPH 
PeY>Z >ZdHaQ[a EQZOeX>dH E[adHk’ > _[bQda[Z HYQbbQ[Z d[Y[Oa>_Pl bdeGl\ .?QNKO=E?J=? ,?PP?NOZ hlh 
“„«} ¿„§…\ 
 
*liBaQZHZ} !\ † 1V>} %\ “”‚‚‚«\ +ZGH_HZGHZd E[Y_[ZHZd >Z>XlbQb’ >XO[aQdPYb >ZG >__XQE>dQ[Zb\ 
.?QN:H J?PSKNGOZ gi “…§‰«} …„„§»‚\ 
 
+>ZZHddQ} )\} 7aeQZQ} !\} 5[Y>ZQHXX[} !\} )>XH[ddQ} (\} 5Qmm[} #\} />ZMaHGQ} /\} Hd >X\ “”‚‚»«\ %iQGHZEH [M 
> b_HEQMQE b_QZ>X _>dPj>l M[a dPH bHZbH [M j>aYdP QZ PeY>Zb\ *KQNJ:H KB .?QNKLDUOEKHKCUZ no “„«} 
‰¿”§́‚\ 
 
+>ZZHddQ} )\} † /[ea>ek} !\ “”‚„‚«\ (a[Y dPH ZHea[Y>daQk d[ dPH _>QZ Y>daQk “>ZG D>EW«\ 
%TL?NEI?JP:H "N:EJ 2?O?:N=DZ hfk “„«} „§„”\ 
 



 „…» 

+bZ>aG} ,\} />OZQZ} /\} ,eZO} ,\} />eOeQIaH} (\} † )>aEQ>§.>aaH>} .\ “”‚„„«\ $[Hb dPH QZbeX> dHXX [ea 
Da>QZ dP>d jH >aH QZ _>QZ¦ 0:EJZ gkh “…«} ¯…¿§‰„\ 
 
,>EWb[Z} 3\} 5>QZiQXXH} 3\} † $HEHdl} ,\ “”‚‚¿«\ 7[ jP>d HkdHZd G[ jH bP>aH dPH _>QZ [M [dPHab¦ 
+ZbQOPd Ma[Y dPH ZHea>X D>bHb [M _>QZ HY_>dPl\ 0:EJZ ghk “„§”«} ‰§¯\ 
 
,>MaQ} /\} 3H>aXb[Z} )\} 6dHiHZb} /\} † #>XP[eZ} 9\ “”‚‚̂«\ ! YHdP[G M[a MeZEdQ[Z>X ZHdj[aW 
E[ZZHEdQiQdl >Y[ZO b_>dQ>XXl QZGH_HZGHZd aHbdQZO§bd>dH E[Y_[ZHZdb QZ bEPQm[_PaHZQ>\ 
.?QNK)I:C?Z io “…«} „¿¿¿§̂„\ 
 
,>ZbbHZ} 6\!\ “”‚‚”«\ 0HO>dQiH >MMHEd >ZG bHZbQdQm>dQ[Z d[ _>QZ\ 3=:J>EJ:RE:J *KQNJ:H KB 0OU=DKHKCUZ 
ji “”«} „»„§́\ 
 
,[PZbd[Z} !\} † 0QbPQG>} 6\ “”‚‚„«\ 7QYH _HaEH_dQ[Z’ Da>QZ dQYH [a HiHZd dQYH¦ #QNN?JP "EKHKCUZ gg 
“„„«} 5…”́§»‚\ 
 
,[PZbd[Z} !\} !aZ[XG} $\} † 0QbPQG>} 6\ “”‚‚¿«\ 6_>dQ>XXl X[E>XQmHG GQbd[adQ[Zb [M HiHZd dQYH\ #QNN?JP 
"EKHKCUZ gl “‰«} …́”§¯\ 
 
,[WQE§"HOQE} 0\} +i>ZHE} $\} † />aW>Z[iQE} $\ “”‚‚¯«\ %MMHEdb [M E[OZQdQiH _>QZ E[_QZO bda>dHOQHb >ZG 
X[Eeb [M E[Zda[X [Z _HaEH_dQ[Z [M E[XG _aHbb[a _>QZ QZ PH>XdPl QZGQiQGe>Xb’ %k_HaQYHZd>X bdeGl\ 
!=QP? 0:EJZ gg} „„»§„”‚\ 
 
,[ZHb} !\} "a[jZ} :\} (aQbd[Z} -\} 4Q} .\} † (a>EW[jQ>W} 5\ “„¯¯„«\ #[adQE>X >ZG beDE[adQE>X 
X[E>XQm>dQ[Z [M aHb_[ZbH d[ _>QZ QZ Y>Z ebQZO _[bQda[Z HYQbbQ[Z d[Y[Oa>_Pl\ 0NK=??>EJCO 
"EKHKCE=:H O=E?J=?O a 4D? 2KU:H 3K=E?PUZ hjj “„»‚¯«} »¯§……\ 
 
->WQOQ} 5\} 7a>Z} 7\ $\} 4Qe} <\} :>ZO} ;\} 0OelHZ} 7\ "\} +ZeQ} -\} :>d>Z>DH} 6\} Hd >X\ “”‚‚»«\ #HaHDa>X 
aHb_[ZbHb M[XX[jQZO bdQYeX>dQ[Z [M eZYlHXQZ>dHG #§MQDHab QZ PeY>Zb’ HXHEda[§ >ZG Y>OZHd[§
HZEH_P>X[Oa>_PQE bdeGl\ .?QNKO=E?J=? 2?O?:N=DZ jk “»«} ”‰‰¤”́‰\ 
 
->WQOQ} 5\} +ZeQ} -\} † 7>Yea>} <\ “”‚‚‰«\ %XHEda[_PlbQ[X[OQE>X bdeGQHb [Z PeY>Z _>QZ _HaEH_dQ[Z\ 
#HEJE=:H J?QNKLDUOEKHKCUZ ggl “…«} ́…»§¿»\ 
 
->Z>Q} 5\} 3>MMHZ} #\} *[OHZG[[aZ} *\} † 9Habda>dHZ} (\ “”‚‚¿«\ 7QYH GQX>dQ[Z QZ GlZ>YQE iQbe>X 
GQb_X>l\ *KQNJ:H KB REOEKJZ l “„”«} „…”„§»‚\ 
 
->bHbb} #\*\} 6dH_P>Z} -\%\} :HQbbHZD>EPHa} !\} 3HmHj>b} .\} /[bHa} %\} † :QZGQbEPDHaOHa} #\ 
“”‚„‚«\ /eXdQ§beDVHEd >Z>XlbHb jQdP GlZ>YQE E>eb>X Y[GHXQZO\ .?QNK)I:C? jo} »‚¿‰§́…\  
 
-HZZdZHa§/>DQ>X>} 5\} !ZGaH>dd>} /\} :QHbHa} /\} /hPXDHaOHa} !\} † 3>eXQ} 3\ “”‚‚̂«\ $QbdQZEd 
HMMHEdb [M >ddHZdQ[Z >ZG >MMHEd [Z _>QZ _HaEH_dQ[Z >ZG b[Y>d[bHZb[al Hi[WHG _[dHZdQ>Xb\ "EKHKCE=:H 
LOU=DKHKCUZ mn “„«} „„…§””\ 
 
-QY} -\} ->aeZ>Z>l>W>} 3\} 3aQiQdHa>} /\} *[XX>ZG} 6\} † 6m>MX>abWQ} ,\ “”‚„„«\ 6HY>ZdQE >bb[EQ>dQ[Z 
QZiHbdQO>dHG jQdP MeZEdQ[Z>X /5+ >ZG QZGH_HZGHZd E[Y_[ZHZd >Z>XlbQb\ %LEH?LOU e <?D:REKN\ 
 
-[bQXX[} 3\} † 6YQdP} !\ “”‚„‚«\ 7PH a[XH [M dPH PeY>Z >ZdHaQ[a QZbeX>a E[adHk QZ dQYH _a[EHbbQZO\ 
"N:EJ 3PNQ=PQN? :J> &QJ=PEKJ} „§¿\ 
 



 „…… 

-[l>Y>} <\} -[l>Y>} 7\} -a[ZEWH} !\} † #[OPQXX} 5\ “”‚‚…«\ %MMHEdb [M bdQYeXeb Gea>dQ[Z [Z PH>d 
QZGeEHG _>QZ’ dPH aHX>dQ[ZbPQ_ DHdjHHZ aH>X§dQYH >ZG _[bd§bdQYeXeb _>QZ a>dQZOb\ 0:EJZ gfm “»«} 
”‰¿§¿¿\ 
 
-[l>Y>} 7\} /E*>MMQH} ,\} .>eaQHZdQ} 3\} † #[OPQXX} 5\ “”‚‚‰«\ 7PH beDVHEdQiH Hk_HaQHZEH [M _>QZ’ 
jPHaH Hk_HEd>dQ[Zb DHE[YH aH>XQdl\ 0NK=??>EJCO KB PD? .:PEKJ:H !=:>?IU KB 3=E?J=?O KB PD? 5JEP?> 
3P:P?O KB !I?NE=:Z gfh “»¿«} „”¯‰‚§‰\ 
 
-eadP} (\} %QEWP[MM} 6\} 6EPXHQEPHa} !\} *[HYWH} .\} =QXXHb} -\} † !YeZdb} -\ “”‚„‚>«\ #ld[>aEPQdHEdeaH 
>ZG _a[D>DQXQbdQE Y>_b [M dPH PeY>Z _[bdHaQ[a QZbeX>a E[adHk\ #?N?<N:H #KNP?TZ hf “¿«} „……̂§¿„\ 
 
-eadP} (\} =QXXHb} -\} ([k} 3\} .>QaG} !\} † %QEWP[MM} 6\ “”‚„‚D«\ ! XQZW DHdjHHZ dPH blbdHYb’ MeZEdQ[Z>X 
GQMMHaHZdQ>dQ[Z >ZG QZdHOa>dQ[Z jQdPQZ dPH PeY>Z QZbeX> aHiH>XHG Dl YHd>§>Z>XlbQb\ "N:EJ 3PNQ=PQN? 
:J> &QJ=PEKJZ hgj “‰§¿«} ‰„¯§»…\ 
 
.>ZH} 5\} (QZW} )\} #P>e} 3\} † $[X>Z} 5\ “„¯¯́«\ 0Hea>X >EdQi>dQ[Z GeaQZO bHXHEdQiH >ddHZdQ[Z d[ 
beDVHEdQiH HY[dQ[Z>X aHb_[ZbHb\ .?QNKN?LKNPZ n “„̂«} »¯¿¯§́”\ 
 
.>ZO} 3\} "a>GXHl} /\} † #edPDHad} "\ “”‚‚̂«\ +ZdHaZ>dQ[Z>X >MMHEdQiH _QEdeaH blbdHY “+!36«’ !MMHEdQiH 
a>dQZOb [M _QEdeaHb >ZG QZbdaeEdQ[Z Y>Ze>X\ 4?=DJE=:H 2?LKNP !bn¥ 5JER?NOEPU KB &HKNE>:Z ':EJ?OREHH?Z 
&, \ 
 
.HOa>QZ} 9\} $>YYH} 6\} %EEXHbd[Z} #\} $>iQb} -\} 6HYQZ[jQEm} $\} † #a[YDHm} )\ “”‚‚¯«\ ! 
ZHea[E[OZQdQiH Y[GHX [M >ddHZdQ[Z d[ _>QZ’ DHP>iQ[a>X >ZG ZHea[QY>OQZO HiQGHZEH\ 0:EJZ gjj “»«} 
”»‚§”\ 
 
.HOa>QZ} 9\} +>ZZHddQ} )\} 3X>OPWQ} .\} † /[ea>ek} !\ “”‚„‚«\ 7PH _>QZ Y>daQk aHX[>GHG ! b>XQHZEH 
GHdHEdQ[Z blbdHY M[a dPH D[Gl\ 0NKCN?OO EJ J?QNK<EKHKCUZ oi} „„„§”…\ 
 
.HjQb} ,\:\ † 9>Z %bbHZ} $\#\ “”‚‚‚«\ #[adQE[E[adQE>X E[ZZHEdQ[Zb [M iQbe>X} bHZb[aQY[d[a} >ZG 
YeXdQY[G>X _a[EHbbQZO >aH>b QZ dPH _>aQHd>X X[DH [M dPH Y>E>`eH Y[ZWHl\ *KQNJ:H KB #KIL:N:PER? 
.?QNKHKCUZ jhn “„«} „„”§»́\ 
 
.HjQb} 3\!\} † /Q>XX} 5\#\ “”‚‚»«\ $QbdQZEd blbdHYb M[a >ed[Y>dQE >ZG E[OZQdQiHXl E[Zda[XXHG dQYH 
YH>beaHYHZd’ HiQGHZEH Ma[Y ZHea[QY>OQZO\ #QNN?JP /LEJEKJ EJ .?QNK<EKHKCUZ gi “”«} ”‰‚§‰\ 
 
.Q>ZO} /\} /[ea>ek} !\} † +>ZZHddQ} )\$\ “”‚„„«\ 3>a>XXHX 3a[EHbbQZO [M 0[EQEH_dQiH >ZG 0[Z§
Z[EQEH_dQiH 6[Y>d[bHZb[al +ZM[aY>dQ[Z QZ dPH *eY>Z 3aQY>al >ZG 6HE[ZG>al 6[Y>d[bHZb[al 
#[adQEHb’ %iQGHZEH Ma[Y $lZ>YQE #>eb>X /[GHXQZO [M (eZEdQ[Z>X />OZHdQE 5Hb[Z>ZEH +Y>OQZO 
$>d>\ *KQNJ:H KB .?QNKO=E?J=?Z ig “”…«} ̂¯́¿§̂‰\ 
 
.QZG`eQbd} /\} † :>OHa} 7\ “”‚‚́«\ 9>XQGQdl >ZG _[jHa QZ PHY[GlZ>YQE aHb_[ZbH Y[GHXQZO’ > 
E[Y_>aQb[Z bdeGl >ZG > ZHj >__a[>EP\ (QI:J "N:EJ -:LLEJCZ hn “̂«} ́¿…§̂…\ 
 
.QZG`eQbd} /\} /HZO .[P} ,\} !dX>b} .\} † :>OHa} 7\ “”‚‚¯«\ /[GHXQZO dPH PHY[GlZ>YQE aHb_[ZbH 
MeZEdQ[Z QZ M/5+’ HMMQEQHZEl} DQ>b >ZG YQb§Y[GHXQZO\ .?QNK)I:C?Z jk “„ 6e__X«} 6„̂́§¯̂\ 
 
.QiHbHl} !\#\} :>XX} /\"\} † 6YQdP} !\7\ “”‚‚́«\ 7QYH _HaEH_dQ[Z’ Y>ZQ_eX>dQ[Z [M d>bW GQMMQEeXdl 
GQbb[EQ>dHb EX[EW MeZEdQ[Zb Ma[Y [dPHa E[OZQdQiH GHY>ZGb\ .?QNKLOU=DKHKCE:Z jk “”«} »”„§»„\ 
 
.X[lG} $\} /[aaQb[Z} +\} † 5[DHadb} 0\ “”‚‚¿«\ 5[XH M[a PeY>Z _[bdHaQ[a _>aQHd>X E[adHk QZ iQbe>X 
_a[EHbbQZO [M >iHabQiH [DVHEdb QZ _HaQ_Hab[Z>X b_>EH\ *KQNJ:H KB .?QNKLDUOEKHKCUZ ok “„«} ”‚‰§„…\ 



 „…‰ 

.[PY>ZZ} )\} %aMeadP} -\} /hXXHa} -\} † 7eaZHa} 5\ “”‚„„«\ #aQdQE>X E[YYHZdb [Z GlZ>YQE E>eb>X 
Y[GHXXQZO\ .?QNK)I:C?Z  „§„¿\ 
 
.¥_Hm§6[X?} /\} 3eV[X} ,\} *HaZ@ZGHm§5QD>b} 5\} *>aaQb[Z} "\} 1adQm} *\} 6[aQ>Z[§/>b} #\} Hd >X\ “”‚„‚«\ 
$lZ>YQE >bbHbbYHZd [M dPH aQOPd X>dHa>X Ma[Zd>X E[adHk aHb_[ZbH d[ _>QZMeX bdQYeX>dQ[Z\ 
.?QNK)I:C?Z kf “»«} „„́́§̂́\ 
 
.[aHZm} ,\} /QZ[bPQY>} 6\} † #>bHl} -\.\ “”‚‚»«\ -HH_QZO _>QZ [ed [M YQZG’ dPH a[XH [M dPH 
G[ab[X>dHa>X _aHMa[Zd>X E[adHk QZ _>QZ Y[GeX>dQ[Z\ "N:EJZ ghl “‰«} „‚́¯§¯„\ 
 
/>WZQ} 6\} #QeEQe} 3\} +GQHa} ,\} † 3[XQZH} ,\§"\ “”‚‚‰«\ ,[QZd GHdHEdQ[Z§HbdQY>dQ[Z [M Da>QZ >EdQiQdl QZ 
MeZEdQ[Z>X /5+’ > YeXdQEP>ZZHX GHE[Zi[XedQ[Z b[XedQ[Z\ )%%% PN:JO:=PEKJO KJ OECJ:H LNK=?OOEJCZ ki 
“¯«} „§„‰\ 
 
/>WZQ} 6\} +GQHa} ,\} 9QZEHZd} 7\} 7PQaQ[Z} "\} $HP>HZH§.>YDHadm} )\} † #QeEQe} 3\ “”‚‚̂«\ ! MeXXl 
">lHbQ>Z >__a[>EP d[ dPH _>aEHX§D>bHG GHdHEdQ[Z§HbdQY>dQ[Z [M Da>QZ >EdQiQdl QZ M/5+\ .?QNK)I:C?Z 
jg “»«} ¯…„§¿¯\ 
 
/>XGVQ>Z} ,\!\} .>eaQHZdQ} 3\,\} -a>Md} 5\!\} † "eaGHddH} ,\*\ “”‚‚»«\ !Z >ed[Y>dHG YHdP[G M[a 
ZHea[>Z>d[YQE >ZG Eld[>aEPQdHEd[ZQE >dX>b§D>bHG QZdHaa[O>dQ[Z [M M/5+ G>d> bHdb\ .?QNK)I:C?Z go 
“»«} „”»»§¯\ 
 
/>aaHQa[b} !\#\} -QHDHX} 6\,\} † (aQbd[Z} -\,\ “”‚‚̂«\ $lZ>YQE E>eb>X Y[GHXXQZO M[a M/5+’ > dj[§bd>dH 
Y[GHX\ .?QNK)I:C?Z io “„«} ”¿¯§́̂\ 
 
/>daH} $\} *HaZ>ZGHm§)>aEQ>} .\} 7a>Z} 7\} † #>bHl} -\ “”‚„‚«\ ‒(Qabd _>QZ‒ QZ PeY>Zb’ E[ZiHaOHZd 
>ZG b_HEQMQE M[aHDa>QZ aHb_[ZbHb\ -KH?=QH:N 0:EJZ l} ̂„\ 
 
/>mm[X>} .\} +bZ>aG} ,\} 3Hla[Z} 5\} )eJZ[d} /\} † />eOeQIaH} (\ “”‚‚¯«\ 6[Y>d[d[_QE [aO>ZQm>dQ[Z [M 
_>QZ aHb_[ZbHb d[ GQaHEd HXHEdaQE>X bdQYeX>dQ[Z [M dPH PeY>Z QZbeX>a E[adHk\ 0:EJZ gjl “„§”«} ¯¯§„‚…\ 
 
/>mm[X>} .\} +bZ>aG} ,\} 3Hla[Z} 5\ >ZG />eOeQIaH} (\ “”‚„„«\ 6dQYeX>dQ[Z [M dPH PeY>Z E[adHk >ZG 
dPH Hk_HaQHZEH [M 3>QZ’ :QXGHa 3HZMQHXG~b [DbHai>dQ[Zb aHiQbQdHG\ "N:EJ “%_eD«} G[Q’ 
„‚\„‚¯»ƒDa>QZƒ>ja”¿‰ „§„‚\ 
 
/>mm[X>} .\} (>QXXHZ[d} +\} ">aa>X} (\§)\} />eOeQIaH} (\} † 3Hla[Z} 5\ “”‚„”«\ 6_>dQ>X bHOaHO>dQ[Z [M 
b[Y>d[§bHZb[al >ZG _>QZ >EdQi>dQ[Zb QZ dPH PeY>Z [_HaEeX[§QZbeX>a E[adHk\ .?QNK)I:C?Z lf} …‚¯¤
…„̂\ %XbHiQHa +ZE\ G[Q’„‚\„‚„¿ƒV\ZHea[QY>OH\”‚„„\„”\‚́”  
 
/H>OPHa} /\} !aZ>e} 5\} † 5PeGl} ,\ “”‚‚„«\ 3>QZ >ZG HY[dQ[Z’ HMMHEdb [M >MMHEdQiH _QEdeaH 
Y[GeX>dQ[Z\ 0OU=DKOKI:PE= -?>E=EJ?Z li “„«} ́¯§¯‚\ 
 
/QXX>Z} /\ “„¯¯¯«\ 7PH QZGeEdQ[Z [M _>QZ’ >Z QZdHOa>dQiH aHiQHj\ 0NKCN?OO EJ J?QNK<EKHKCUZ km “„«} „§
„¿…\ 
 
/Qa[Z} $\} $eZE>Z} )\} † "ebPZHXX} /\ “„¯̂¯«\ %MMHEdb [M >ddHZdQ[Z [Z dPH QZdHZbQdl >ZG 
eZ_XH>b>ZdZHbb [M dPHaY>X _>QZ\ 0:EJZ io “»«} »…‰§‰”\ 
 
/[D>bEPHa} !\} "aQZWYHlHa} ,\} :>aDaQEW} 7\} /ebb[} (\} :Qddb>EW} *\ ,\} 6>XHP} !\} 6EPZQdmXHa} !\} Hd 
>X\ “”‚‚¯«\ .>bHa§Hi[WHG _[dHZdQ>X 3” bQZOXH§daQ>X >Y_XQdeGHb E[i>al jQdP dPH M/5+ "1.$ aHb_[ZbH 
QZ dPH YHGQ>X _>QZ blbdHY >ZG QZdHaE[ZZHEdHG beDE[adQE>X bdaeEdeaHb\ .?QNK)I:C?} …‰“»«} ¯„́¤¯”¿\ 
 



 „…¿ 

/[D>bEPHa} !\} "aQZWYHlHa} ,\} :>aDaQEW} 7\} /ebb[} (\} 6EPXHY_Ha} 9\} :Qddb>EW} *\ ,\} 6>XHP} !\} Hd 
>X\ “”‚„‚«\ "a>QZ >EdQi>dQ[Z _>ddHaZb eZGHaXlQZO M>bd P>DQde>dQ[Z d[ _>QZMeX X>bHa bdQYeXQ\ 
)JP?NJ:PEKJ:H FKQNJ:H KB LOU=DKLDUOEKHKCU } ́‰ “„«} „¿¤”…\  
 
/[a>Z} 5\,\} 6dH_P>Z} -\%\} -QHDHX} 6\,\} 5[YD>EP} 0\} 1~#[ZZ[a} :\7\} /ea_Pl} -\,\} 5HQXXl} 5\"\} † 
(aQbd[Z} -\,\ “”‚‚̂«\ ">lHbQ>Z HbdQY>dQ[Z [M blZ>_dQE _PlbQ[X[Ol Ma[Y dPH b_HEda>X aHb_[ZbHb [M 
ZHea>X Y>bbHb\ .?QNK)I:C?Z jh “„«} ”́”§̂…\ 
 
/[eXd[Z} %\} -H>bHa} /\} )eXX>_>XXQ} 5\} † )aHHZb_>Z} ,\ “”‚‚‰«\ 5HOQ[Z>X QZdHZbQiH >ZG dHY_[a>X 
_>ddHaZb [M MeZEdQ[Z>X /5+ >EdQi>dQ[Z GQbdQZOeQbPQZO Z[kQ[eb >ZG QZZ[Ee[eb E[Zd>Ed PH>d\ *KQNJ:H KB 
.?QNKLDUOEKHKCUZ oi “…«} ”„̂»§¯»\ 
 
/[ea>ek} !\} † +>ZZHddQ} )\ “”‚‚¯«\ 0[EQEH_dQiH X>bHa§Hi[WHG Da>QZ _[dHZdQ>Xb G[ Z[d aHMXHEd 
Z[EQEH_dQiH§b_HEQMQE ZHea>X >EdQiQdl\ *KQNJ:H KB .?QNKLDUOEKHKCUZ gfg “¿«} »”‰̂§¿¯\ 
 
/[ea>ek} !\} $QeW[i>} !\} .HH} /\} :QbH} 5\} † +>ZZHddQ} )\ “”‚„„«\ ! YeXdQbHZb[al QZiHbdQO>dQ[Z [M 
dPH MeZEdQ[Z>X bQOZQMQE>ZEH [M dPH ‒_>QZ Y>daQk‒\ .?QNK)I:C?Z kj “»«} ””»́§…¯\ 
 
0HeOHD>eHa} 9\} .Q} :\} "QaG} )\#\} † *>Z} ,\6\ “”‚‚…«\ 7PH >YlOG>X> >ZG _HabQbdHZd _>QZ\ 
.?QNKO=E?JPEOPZ gf “»«} ””„§»…\ 
 
1HadHX} "\} 3aHQDQbEP} #\} />adQZ} 7\} :>XdHa} #\} )>YHa} /\} $HQEPY>ZZ} 5\} Hd >X\ “”‚„„«\ 6H_>a>dQZO 
Da>QZ _a[EHbbQZO [M _>QZ Ma[YdP>d [M bdQYeXeb QZdHZbQdl\ (QI:J "N:EJ -:LLEJC\ 
 
1P>a>} 6\} #a[ZH} 0\} :HQbb} 0\} † .HZm} (\ “”‚‚…«\ !ddHZdQ[Z d[ > _>QZMeX Eed>ZH[eb X>bHa bdQYeXeb 
Y[GeX>dHb HXHEda[E[adQE[Oa>_PQE HiHZd§aHX>dHG GHblZEPa[ZQm>dQ[Z QZ PeY>Zb\ #HEJE=:H 
J?QNKLDUOEKHKCUZ ggk “́«} „¿…„§‰”\ 
 
1XGMQHXG} 5\ “„¯́„«\ 7PH >bbHbbYHZd >ZG >Z>XlbQb [M P>ZGHGZHbb’ dPH %GQZDeaOP QZiHZd[al\ 
.?QNKLOU=DKHKCE:Z o “„«} ¯́§„„»\ 
 
3HHXHZ} /\} † $[jZQZO} 3\ “”‚‚́«\ 7PH ZHea>X D>bQb [M iQbe>X D[Gl _HaEH_dQ[Z\ .:PQN? 2?RE?SO 
.?QNKO=E?J=?Z n “̂«} ¿»¿§¿…̂\ 
 
3JXJOaQZQ§+bb>E} /\} $>eEP[d} -\} † !Zd[Z} ,\§.\ “”‚‚¿«\ 63/¯¯ ’ )eQGH _a>dQ`eH _[ea edQXQb>dHea 
Z[iQEH\ DPPL[aaENIBINO¥BN??¥BNaOLEL¥LDLY:NPE=H?gio\ 
 
3HXdm} %\} 6HQMHad} (\} $HE[X} 5\} $^aMXHa} !\} 6EPj>D} 6\} † />QP^MZHa} #\ “”‚„„«\ (eZEdQ[Z>X 
E[ZZHEdQiQdl [M dPH PeY>Z QZbeX>a E[adHk GeaQZO Z[kQ[eb >ZG QZZ[Ee[eb dPHaY>X bdQYeX>dQ[Z\ 
.?QNK)I:C?Z kj “”« „»”…§»‰\ 
 
3HZMQHXG} :\} † (>eXW} /\ “„¯‰‰«\ 7PH QZbeX>̃ MeadPHa [DbHai>dQ[Zb [Z Qdb MeZEdQ[Z\ "N:EJZ mn “…«} 
……‰§́‚\ 
 
3HZZl} :\$\} 6dH_P>Z} -\%\} /HEPHXXQ} !\} † (aQbd[Z} -\,\ “”‚‚…«\ #[Y_>aQZO GlZ>YQE E>eb>X Y[GHXb\ 
.?QNK)I:C?Z hh “»«} „„‰́§́”\ 
 
3Hda[iQE} 3\} 3HdHabb[Z} -\} )P>d>Z} 3\} 6d[ZH§%X>ZGHa} 6\} † +ZOi>a} /\ “”‚‚‚«\ 3>QZ§aHX>dHG EHaHDa>X 
>EdQi>dQ[Z Qb >XdHaHG Dl > GQbda>EdQZO E[OZQdQiH d>bW\ 0:EJZ nk “„§”«} „¯§»‚\ 
 



 „…́ 

3Hla[Z} 5\} )>aER>§.>aaH>} .\} )aJO[QaH} /\} #[bdHb} 0\} #[ZiHab} 3\} .>iHZZH} (\} Hd >X\ “„¯¯¯«\ 
*>HY[GlZ>YQE Da>QZ aHb_[ZbHb d[ >EedH _>QZ QZ PeY>Zb’ bHZb[al >ZG >ddHZdQ[Z>X ZHdj[aWb\ "N:EJZ 
ghh “¯«} „́¿‰§̂‚\ 
 
3Hla[Z} 5\} .>eaHZd} "\} † )>aEQ>§.>aaH>} .\ “”‚‚‚«\ (eZEdQ[Z>X QY>OQZO [M Da>QZ aHb_[ZbHb d[ _>QZ\ ! 
aHiQHj >ZG YHd>§>Z>XlbQb “”‚‚‚«\ #HEJE=:H J?QNKLDUOEKHKCUZ if “‰«} ”¿»§̂̂\ 
 
3Hla[Z} 5\ “”‚‚́«\ 3PlbQ[X[OQH GH X> G[eXHea\ %-# c%HO?RE?N -:OOKJ 3!3Z 0:NEOdZ .?QNKHKCE?Z gmbffib
&bgf } „§„…\ 
 
3Hla[Z} 5\} (>QXXHZ[d} +\} /HadHZb} 3\} .>eaHZd} "\} † )>aEQ>§.>aaH>} .\ “”‚‚́«\ /[d[a E[adHk 
bdQYeX>dQ[Z QZ ZHea[_>dPQE _>QZ\ #[aaHX>dQ[Zb DHdjHHZ >Z>XOHbQE HMMHEd >ZG PHY[GlZ>YQE EP>ZOHb 
QZ dPH Da>QZ\ ! 3%7 bdeGl\ .?QNK)I:C?Z ij “„«} »„‚§”„\ 
 
3Hla[Z} 5\} -e_Hab} 5\} ,HPX} ,\} )>aEQ>§.>aaH>} .\} #[ZiHab} 3\} ">aa>X} (\} Hd >X\ “”‚‚́«\ #HZda>X 
aH_aHbHZd>dQ[Z [M dPH 5+++ MXHkQ[Z aHMXHk >bb[EQ>dHG jQdP [iHad Y[d[a aH>EdQ[Z’ >Z M/5+ bdeGl\ 
#HEJE=:H J?QNKLDUOEKHKCUZ im “…«} ”…¯§‰¯\ 
 
3X[OP>eb} !\} 7a>EHl} +\} )>dQ} ,\} #X>aH} 6\} /HZ[Z} 5\} />ddPHjb} 3\} Hd >X\ “„¯¯¯«\ $Qbb[EQ>dQZO _>QZ 
Ma[Y Qdb >ZdQEQ_>dQ[Z QZ dPH PeY>Z Da>QZ\ 3=E?J=?Z hnj “‰…””«} „¯́¯§̂„\ 
 
3X[OP>eb} !\} 0>a>QZ} #\} "HEWY>ZZ} #\} #X>aH} 6\} ">ZdQEW} 6\} :QbH} 5\} Hd >X\ “”‚‚„«\ %k>EHaD>dQ[Z [M 
_>QZ Dl >ZkQHdl Qb >bb[EQ>dHG jQdP >EdQiQdl QZ > PQ__[E>Y_>X ZHdj[aW\ *KQNJ:H KB .?QNKO=E?J=?Z hg 
“”…«} ¯̂¯¿§¯‚»\ 
 
3X[OP>eb} !\} "HEHaa>} .\} "[aa>b} #\} † "[ab[[W} $\ “”‚‚»«\ 0Hea>X EQaEeQdal eZGHaXlQZO _>QZ 
Y[GeX>dQ[Z’ Hk_HEd>dQ[Z} Pl_Z[bQb} _X>EHD[\ 4N?J>O EJ =KCJEPER? O=E?J=?OZ m “‰«} „¯́§”‚‚\ 
 
3X[ZHa} /\} .HH} /\ #\} :QHEP} -\} "QZOHX} 8\} † 7a>EHl} +\ “”‚„‚«\ 3aHbdQYeXeb MeZEdQ[Z>X E[ZZHEdQiQdl 
GHdHaYQZHb _>QZ _HaEH_dQ[Z QZ PeY>Zb\ 0.!3} „‚́“„«} »‰‰¤»¿‚\  
 
3[Y>aHb} (\} #aH>EflP} #\} (>QXXHZ[d} +\} #[ZiHab} 3\} † 3Hla[Z} 5\ “”‚„„«\ *[j > EX[EW E>Z EP>ZOH l[ea 
_>QZ¦ 7PH QXXebQ[Z [M Gea>dQ[Z >ZG _>QZ _HaEH_dQ[Z\ 0:EJZ gkh “„«} ”»‚§…\ 
 
3[aa[} #\} ">a>XGQ} 3\} 3>OZ[ZQ} )\} 6Ha>MQZQ} /\} (>EEPQZ} 3\} />QHa[Z} /\} Hd >X\ “”‚‚”«\ $[Hb 
>ZdQEQ_>dQ[Z [M _>QZ >MMHEd E[adQE>X Z[EQEH_dQiH blbdHYb¦ *KQNJ:H KB .?QNKO=E?J=?Z hh “̂«} »”‚¿§„…\ 
 
3[ead[Qb} )\} )a>ZGVH>Z} $\} 6>ZGHa} $\} † 9eQXXHeYQHa} 3\ “”‚‚…«\ %XHEda[_PlbQ[X[OQE>X E[aaHX>dHb [M 
a>_QG b_>dQ>X [aQHZdQZO d[j>aGb MH>aMeX M>EHb\ #?N?<N:H #KNP?TZ gj “¿«} ¿„¯§»»\ 
 
4Qe} <\} 0[OeEPQ} <\} *[ZG>} /\} 0>W>d>} *\} 7>Yea>} <\} 7>Z>W>} 6\} Hd >X\ “”‚‚¿«\ "a>QZ _a[EHbbQZO [M 
dPH bQOZ>Xb >bEHZGQZO dPa[eOP eZYlHXQZ>dHG # MQDHab QZ PeY>Zb’ >Z HiHZd§aHX>dHG MeZEdQ[Z>X 
Y>OZHdQE aHb[Z>ZEH QY>OQZO bdeGl\ #?N?<N:H #KNP?TZ gl “¯«} „”̂¯§¯‰\ 
 
5>QZiQXXH} 3\} $eZE>Z} )\} 3aQEH} $\} #>aaQHa} "\} † "ebPZHXX} /\ “„¯¯́«\ 3>QZ >MMHEd HZE[GHG QZ PeY>Z 
>ZdHaQ[a EQZOeX>dH Ded Z[d b[Y>d[bHZb[al E[adHk\ 3=E?J=?Z hmm “‰»”̂«} ¯¿̂§́„\ 
 
5>QZiQXXH} 3\} #>aaQHa} "\} *[MD>eHa} 5\} "ebPZHXX} /\} † $eZE>Z} )\ “„¯¯¯«\ $Qbb[EQ>dQ[Z [M bHZb[al 
>ZG >MMHEdQiH GQYHZbQ[Zb [M _>QZ ebQZO Pl_Z[dQE Y[GeX>dQ[Z\ 0:EJZ nh “”«} „‰¯§́„\ 
 
5>QZiQXXH} 3\ “”‚‚”«\ "a>QZ YHEP>ZQbYb [M _>QZ >MMHEd >ZG _>QZ Y[GeX>dQ[Z\ #QNN?JP /LEJEKJ EJ 
.?QNK<EKHKCUZ gh “”«} „¯‰§”‚…\ 



 „…̂ 

5>QZiQXXH} 3\} *[MD>eHa} 5\-\} "ebPZHXX} /\#\} $eZE>Z} )\*\} † 3aQEH} $\$\ “”‚‚”«\ *l_Z[bQb 
Y[GeX>dHb >EdQiQdl QZ Da>QZ bdaeEdeaHb QZi[XiHG QZ dPH aHOeX>dQ[Z [M E[ZbEQ[ebZHbb\ *KQNJ:H KB 
=KCJEPER? J?QNKO=E?J=?Z gj “¿«} ̂̂́§¯‚„\ 
 
5>[} 6\/\} />lHa} !\5\} † *>aaQZOd[Z} $\.\ “”‚‚„«\ 7PH Hi[XedQ[Z [M Da>QZ >EdQi>dQ[Z GeaQZO 
dHY_[a>X _a[EHbbQZO\ .:PQN? .?QNKO=E?J=?Z j “»«} »„́§”»\ 
 
5PeGl} ,\} :QXXQ>Yb} !\} /E#>DH} -\} 0OelHZ} /\} † 5>YD[} 3\ “”‚‚‰«\ !MMHEdQiH Y[GeX>dQ[Z [M 
Z[EQEH_dQ[Z >d b_QZ>X >ZG be_a>b_QZ>X XHiHXb\ 0OU=DKLDUOEKHKCUZ jh “‰«} ‰́¯§̂́\ 
 
5PeGl} ,\ .\} :QXXQ>Yb} !\ %\} /E#>DH} -\ /\} 5ebbHXX} ,\ .\} † />lZ>aG} .\ ,\ “”‚‚̂«\ %Y[dQ[Z>X E[Zda[X 
[M Z[EQEH_dQiH aH>EdQ[Zb “%#10«’ G[ >MMHEdQiH i>XHZEH >ZG >a[eb>X _X>l > a[XH¦ 0:EJZ gil “»«} ”‰‚¤
”¿„\ 
 
5[l} /\} 3QEPJ} /\} #PHZ} ,\§+\} 3HaHdm} +\} † 5>QZiQXXH} 3\ “”‚‚¯«\ #HaHDa>X >ZG b_QZ>X Y[GeX>dQ[Z [M 
_>QZ Dl HY[dQ[Zb\ 0.!3} „‚¿“…¯«} ”‚¯‚‚¤”‚¯‚‰\  
 
5eDQ>} -\} † 6YQdP} !\ “”‚‚…«\ 7PH ZHea>X E[aaHX>dHb [M E[OZQdQiH dQYH Y>Z>OHYHZd’ > aHiQHj\ !=P: 
J?QNK<EKHKCE:? ?TL?NEI?JP:HEOZ lj “»«} »”¯§…‚\ 
 
6>X[Y[Zb} 7\} ,[PZbd[ZH} 7\} ">EW[ZV>} /\} † $>iQGb[Z} 5\ “”‚‚…«\ 3HaEHQiHG E[Zda[XX>DQXQdl 
Y[GeX>dHb dPH ZHea>X aHb_[ZbH d[ _>QZ\ *KQNJ:H KB .?QNKO=E?J=?Z hj “»”«} ́„¯¯§”‚»\ 
 
6>X[Y[Zb} 7\ 9\} ,[PZbd[ZH} 7\} ">EW[ZV>} /\§/\} 6P>EWY>Z} !\ ,\} † $>iQGb[Z} 5\ ,\ “”‚‚́«\ 
+ZGQiQGe>X GQMMHaHZEHb QZ dPH HMMHEdb [M _HaEHQiHG E[Zda[XX>DQXQdl [Z _>QZ _HaEH_dQ[Z’ EaQdQE>X a[XH [M 
dPH _aHMa[Zd>X E[adHk\ *KQNJ:H KB =KCJEPER? J?QNKO=E?J=?Z go “¿«} ¯¯»¤„‚‚»\ 
 
6>_Ha} #\"\} +iHabHZ} 6\$\ † (a>EW[jQ>W} 5\ “”‚‚‚«\ +ZdHOa>dQ[Z [M bHZb[al >ZG Y[d[a MeZEdQ[Z’ 7PH 
>bb[EQ>dQ[Z >aH>b [M dPH EHaHDa>X E[adHk >ZG dPH E[OZQdQiH E>_>DQXQdQHb [M dPH Da>QZ\ )J %2 +:J>?HZ *( 
3=DS:NPVZ 4- *?OO?HH c%>¥d 0NEJ=ELH?O KB J?QN:H O=E?J=?Z jPD ?>J¥Z -='N:Sb(EHHZ .?Sb9KNG} »…¯§»̂‚\ 
 
6>j>Y[d[} 0\} *[ZG>} /\} 1W>G>} 7\} *>Z>W>j>} 7\} ->ZG>} /\} (eWel>Y>} *\} Hd >X\ “”‚‚‚«\ 
%k_HEd>dQ[Z [M _>QZ HZP>ZEHb aHb_[ZbHb d[ Z[Z_>QZMeX b[Y>d[bHZb[al bdQYeX>dQ[Z QZ dPH >ZdHaQ[a 
EQZOeX>dH E[adHk >ZG _>aQHd>X [_HaEeXeYƒ_[bdHaQ[a QZbeX>’ >Z HiHZd§aHX>dHG MeZEdQ[Z>X Y>OZHdQE 
aHb[Z>ZEH QY>OQZO bdeGl\ *KQNJ:H KB .?QNKO=E?J=?Z hf “„¯«} ́…»̂§…‰\ 
 
6EPQHZXH} !\} 6EPBMHa} !\} *HaY>ZZ} !\} :>XdHa} "\} 6d>aW} 5\} † 9>QdX} $\ “”‚‚¿«\ M/5+ aHb_[ZbHb d[ 
_QEdeaHb [M YedQX>dQ[Z >ZG E[Zd>YQZ>dQ[Z\ .?QNKO=E?J=? ,?PP?NOZ ioi “”§»«} „́…§̂\ 
 
6EPYQdP[abd} 9\} † "a[jZ} 5\ “”‚‚…«\ %Y_QaQE>X i>XQG>dQ[Z [M dPH daQ_XH§E[GH Y[GHX [M ZeYHaQE>X 
_a[EHbbQZO M[a E[Y_XHk Y>dP [_Ha>dQ[Zb ebQZO MeZEdQ[Z>X /5+ >ZG Oa[e_ +ZGH_HZGHZd #[Y_[ZHZd 
!Z>XlbQb [M dPH YHZd>X >GGQdQ[Z >ZG beDda>EdQ[Z [M Ma>EdQ[Zb\ .?QNK)I:C?Z hh “»«} „…„…§”‚\ 
 
6EP[HGHX} !\} =QYYHaY>ZZ} -\} *>ZGjHaWHa} *\} † ([abdHa} #\ “”‚‚̂«\ 7PH QZMXeHZEH [M bQYeXd>ZH[eb 
a>dQZOb [Z E[adQE>X "1.$ HMMHEdb GeaQZO _>QZMeX >ZG Z[Z§_>QZMeX bdQYeX>dQ[Z\ 0:EJZ gik “„§”«} „»„§…„\ 
 
6HOPQHa} /\ .\} =HQGY>Z} 3\} 0HeMHXG} 0\ *\} .HMM} !\ 3\} † 3aQEH} #\ ,\ “”‚„‚«\ +GHZdQMlQZO >DZ[aY>X 
E[ZZHEdQiQdl QZ _>dQHZdb ebQZO GlZ>YQE E>eb>X Y[GHXQZO [M (/5+ aHb_[ZbHb\ (a[ZdQHab QZ 6lbdHYb 
0Hea[bEQHZEH} …\  
 
6HYQZ[jQEm} $\} † $>iQb} -\ “”‚‚́«\ 3>QZ HZP>ZEHb MeZEdQ[Z>X E[ZZHEdQiQdl [M > Da>QZ ZHdj[aW 
Hi[WHG Dl _HaM[aY>ZEH [M > E[OZQdQiH d>bW\ *KQNJ:H KB .?QNKLDUOEKHKCUZ om “‰«} »¿‰„§¯\ 



 „…¯ 

6QZOHa} 7\ “”‚‚¿«\ 7PH ZHea[Z>X D>bQb >ZG [Zd[OHZl [M HY_>dPl >ZG YQZG aH>GQZO’ aHiQHj [M 
XQdHa>deaH >ZG QY_XQE>dQ[Zb M[a MedeaH aHbH>aEP\ .?QNKO=E?J=? :J> <EK<?D:REKN:H N?RE?SOZ if “¿«} 
̂‰‰§¿»\ 
 
6QZOP§#eaal} 9\} † *eb>QZ} /\ “”‚‚¯«\ 7PH MeZEdQ[Z>X a[XH [M dPH QZMHaQ[a _>aQHd>X X[DH QZ dPH G[ab>X 
>ZG iHZda>X bdaH>Y GQEP[d[Yl\ .?QNKLOU=DKHKCE:Z jm “¿«} „…»…§…̂\ 
 
6_QHXDHaOHa} #\$\ “„¯̂»«\ 7a>GeEdQ[Z Ma>ZF>QbH 6EPjHQdmHa /\"\ Hd 3>eXP>Z +\} „¯¯‚ 
 
63/ E[eabHb “[Ed[DHa ”‚‚¯«\ DPPL[aaSSS¥BEH¥EKJ¥Q=H¥:=¥QGaOLI¥ 
 
6dHMMHZHa} ,\} 7>DHad} /\} 5HeDHZ} !\} † 6dHaZ} <\ “”‚„‚«\ +ZiHbdQO>dQZO PHY[GlZ>YQE aHb_[ZbH 
i>aQ>DQXQdl >d dPH Oa[e_ XHiHX ebQZO D>bQb MeZEdQ[Zb\ .?QNK)I:C?Z jo “»«} ”„„»§””\ 
 
6dHQZYHdm} 3\} 5[l} !\} (QdmOHa>XG} 3\} *bQ>[} 6\} ,[PZb[Z} -\} † 0QHDea} %\ “”‚‚‚«\ !ddHZdQ[Z 
Y[GeX>dHb blZEPa[ZQmHG ZHea[Z>X MQaQZO QZ _aQY>dH b[Y>d[bHZb[al E[adHk\ .:PQN?Z jfj “¿́́…«} 
„̂́§¯‚\ 
 
6dH_P>Z} -\%\} 3HZZl} :\$\} $>eZQmH>e} ,\} /[a>Z} 5\,\} † (aQbd[Z} -\,\ “”‚‚¯«\ ">lHbQ>Z Y[GHX 
bHXHEdQ[Z M[a Oa[e_ bdeGQHb\ .?QNK)I:C?} jl “…«} „‚‚…§„‚„́\ 
 
6dH_P>Z} -\ %\} 3HZZl} :\ $\} /[a>Z} 5\ ,\} 1eGHZ} GHZ} *\ %\ /\} $>eZQmH>e} ,\} † (aQbd[Z} -\ ,\ 
“”‚„‚«\ 7HZ bQY_XH aeXHb M[a GlZ>YQE E>eb>X Y[GHXQZO\ .?QNK)I:C?Z jo} »‚¯¯¤»„‚¯\  
 
7haH} 8\} <>c>aOQX} /\} !X§/HMdl} 1\} † <>c>aOQX} $\ “”‚‚‚«\ !adHaQHb [M dPH QZbeX>\ *KQNJ:H KB 
J?QNKOQNC?NUZ oh “…«} ¿́¿§̂́\ 
 
7>XD[d} ,\} />aaHdd} 6\} %i>Zb} !\} /HlHa} %\} "ebPZHXX} /\} † $eZE>Z} )\ “„¯¯„«\ /eXdQ_XH 
aH_aHbHZd>dQ[Zb [M _>QZ QZ PeY>Z EHaHDa>X E[adHk\ 3=E?J=?Z hkg “…¯¯¯«} „»‰‰§̂\ 
 
7>aWW>} +\} † 7aHHGH} 5\ “„¯¯»«\ %`eQi>XHZd HXHEdaQE>X b[eaEH >Z>XlbQb [M _>QZ§aHX>dHG b[Y>d[bHZb[al 
Hi[WHG _[dHZdQ>Xb HXQEQdHG Dl > #1” X>bHa\ *KQNJ:H KB #HEJE=:H .?QNKLDUOEKHKCUZ gf “…«} ‰„»§¯\ 
 
7P[aZ} "\} † *>ZbHXX} 3\ “„¯¯»«\ )[>Xb M[a E[_QZO jQdP _>QZ YQdQO>dH dQYH GQbd[adQ[Z\ 4D? !I?NE=:J 
FKQNJ:H KB LOU=DKHKCUZ gfl “”«} ”„„§”‰\ 
 
7Q__XHb} ,\ “”‚‚̂«\ 0HO>dQiH HY[dQ[Z>XQdl QZMXeHZEHb dPH HMMHEdb [M HY[dQ[Z [Z dQYH _HaEH_dQ[Z\ 
%IKPEKJ c7:ODEJCPKJZ $#dZ n “„«} „”́§»„\ 
 
7a>EHl} +\} 3X[OP>eb} !\} )>dQ} ,\} #X>aH} 6\} 6YQdP} 6\} /HZ[Z} 5\} Hd >X\ “”‚‚”«\ +Y>OQZO >ddHZdQ[Z>X 
Y[GeX>dQ[Z [M _>QZ QZ dPH _HaQ>`eHGeEd>X Oa>l QZ PeY>Zb\ *KQNJ:H KB .?QNKO=E?J=?Z hh “́«} ”́…̂§‰”\ 
 
7a>EHl} +\} † />ZdlP} 3\ “”‚‚́«\ 7PH EHaHDa>X bQOZ>deaH M[a _>QZ _HaEH_dQ[Z >ZG Qdb Y[GeX>dQ[Z\ 
.?QNKJZ kk “»«} »́́§¯„\ 
 
7aHHGH} 5\§$\} .[aHZm} ,\} † ">eYOBadZHa} 8\ “”‚‚»«\ #XQZQE>X ebHMeXZHbb [M X>bHa§Hi[WHG _[dHZdQ>Xb\ 
#HEJE=:H J?QNKLDUOEKHKCUZ ii “¿«} »‚»§„…\ 
 
7aeQZQ} !\} )>XH[ddQ} (\} #aeEEe} )\} † )>aEQ>§.>aaH>} .\ “”‚‚́«\ +ZPQDQdQ[Z [M E[adQE>X aHb_[ZbHb d[ 
!GHXd> QZ_edb Dl > _aHEHGQZO #§aHX>dHG aHb_[ZbH’ dHbdQZO dPH ‒MQabd E[YH} MQabd bHaiHG‒ Pl_[dPHbQb [M 
E[adQE>X X>bHa Hi[WHG _[dHZdQ>Xb\ 0:EJZ gig “»«} »…„§́\ 
 



 „‰‚ 

7bH} 3\} +ZdaQXQO>d[a} ,\} 5QiHbd} ,\} † #>i>Z>OP} 3\ “”‚‚…«\ !ddHZdQ[Z >ZG dPH beDVHEdQiH Hk_>ZbQ[Z [M 
dQYH\ 0?N=?LPEKJ e LOU=DKLDUOE=OZ ll “́«} „„́„§̂¯\ 
 
7m[eaQ[§/>m[lHa} 0\} .>ZGH>e} "\} 3>_>dP>Z>bbQ[e} $\} #aQiHXX[} (\} %d>aG} 1\} $HXEa[Qk} 0\} />m[lHa} 
"\} † ,[XQ[d} /\ “”‚‚”«\ !ed[Y>dHG >Z>d[YQE>X X>DHXQZO [M >EdQi>dQ[Zb QZ 63/ ebQZO > Y>Ea[bE[_QE 
>Z>d[YQE>X _>aEHXX>dQ[Z [M dPH /0+ /5+ bQZOXH§beDVHEd Da>QZ\ .?QNK)I:C?Z gk “„«} ”́»§̂¯\ 
 
8_>GPl>l} ,\} 3HZGbH} )\} !ZGHab[Z} ,\} 6EPj>am} !\} ">eYO>adZHa} 5\} #[QYDa>} !\} Hd >X\ “”‚„‚«\ 
+Y_a[iHG EP>a>EdHaQm>dQ[Z [M "1.$ aHb_[ZbHb M[a Hi[WHG bHZb[al bdQYeXQ\ .?QNK)I:C?Z jo “»«} 
””́‰§””̂¿\ 
 
9>XHaQ>ZQ} /\} "HddQ} 9\} .H 3Ha>} $\} $H !aY>b} .\} /QXQeEEQ} 5\} 5HbdeEEQ>} $\} Hd >X\ “”‚‚̂«\ 6HHQZO dPH 
_>QZ [M [dPHab jPQXH DHQZO QZ _>QZ’ > X>bHa§Hi[WHG _[dHZdQ>Xb bdeGl\ .?QNK)I:C?Z jf “»«} „…„¯§”̂\ 
 
9>XHaQ>ZQ} /\} 5>YD>eG} .\} † />eOeQIaH} (\ “„¯¯¿«\ 6E>X_ d[_[Oa>_Pl >ZG GQ_[X>a b[eaEH Y[GHXXQZO 
[M _[dHZdQ>Xb Hi[WHG Dl #1” X>bHa bdQYeX>dQ[Z [M dPH P>ZG\ %H?=PNK?J=?LD:HKCN:LDU :J> =HEJE=:H 
J?QNKLDUOEKHKCUZ gff “…«} »…»§‰»\ 
 
9>XHd} /\} 6_aHZOHa} 7\} "[HEWHa} *\} :QXX[EP} (\} 5eYYHZl} %\} #[Za>G} "\} Hd >X\ “”‚‚…«\ $Qbda>EdQ[Z 
Y[GeX>dHb E[ZZHEdQiQdl [M dPH EQZOeX[§Ma[Zd>X E[adHk >ZG dPH YQGDa>QZ GeaQZO _>QZ § >Z M/5+ 
>Z>XlbQb\ 0:EJZ gfo “»«} »¯¯§…‚̂\ 
 
9>Z $>YYH} 6\} .HOa>QZ} 9\} 9[Od} ,\} † #a[YDHm} )\ “”‚„‚«\ -HH_QZO _>QZ QZ YQZG’ > Y[dQi>dQ[Z>X 
>EE[eZd [M >ddHZdQ[Z d[ _>QZ\ .?QNKO=E?J=? :J> <EK<?D:REKN:H N?RE?SOZ ij “”«} ”‚…§„»\ 
 
9>Z :>bbHZP[iH} 9\} "e[Z[Y>Z[} $\} 6PQY[V[} 6\} † 6P>Yb} .\ “”‚‚̂«\ $Qbd[adQ[Zb [M 6eDVHEdQiH 
7QYH 3HaEH_dQ[Z :QdPQZ >ZG !Ea[bb 6HZbHb\ 0,K3 /.%Z i “„«} H„…»́\ 
 
9QXXHYeaH} #\} † "ebPZHXX} /\#\ “”‚‚”«\ #[OZQdQiH Y[GeX>dQ[Z [M _>QZ’ P[j G[ >ddHZdQ[Z >ZG 
HY[dQ[Z QZMXeHZEH _>QZ _a[EHbbQZO¦\ 0:EJZ ok “»«} „¯‰§¯\ 
 
9QXXHYeaH} #} † "ebPZHXX} /\#\ “”‚‚¯«\ /[[G QZMXeHZEHb be_a>b_QZ>X _>QZ _a[EHbbQZO bH_>a>dHXl 
Ma[Y >ddHZdQ[Z\ *KQNJ:H KB .?QNKO=E?J=?Z ho “»«} ́‚‰§„‰\ 
 
9QZEHZd} 7\} 5QbbHa} .\} † #QeEQe} 3\ “”‚„‚«\ 6_>dQ>XXl !G>_dQiH /QkdeaH /[GHXQZO M[a !Z>XlbQb [M M/5+ 
7QYH 6HaQHb\ )%%% PN:JO:=PEKJO KJ I?>E=:H EI:CEJCZ ho “…«} „‚‰¯§́…\ 
 
9[Od} "\} "HaOHa} )\} † $HaDlbPQaH} 6\ “”‚‚»«\ 6daeEdea>X >ZG MeZEdQ[Z>X GQEP[d[Yl [M PeY>Z 
YQGEQZOeX>dH E[adHk\ 4D? %QNKL?:J FKQNJ:H KB J?QNKO=E?J=?Z gn “„„«} »„»…§……\ 
 
9[Od} "\ “”‚‚‰«\ 3>QZ >ZG HY[dQ[Z QZdHa>EdQ[Zb QZ beDaHOQ[Zb [M dPH EQZOeX>dH Olaeb\ .:PQN? 
2?RE?SO .?QNKO=EHZEHZ l “́«} ‰»»§……\ 
 
:HQbb} 7\} 6da>eDH} 7\} "[HddEPHa} ,\} *HEPd} *\} 6_[PZ} $\} † /QXdZHa} :\ “”‚‚̂«\ "a>QZ >EdQi>dQ[Z 
e_[Z bHXHEdQiH bdQYeX>dQ[Z [M Eed>ZH[eb #§ >ZG !GHXd>§MQDHab\ .?QNK)I:C?Z jg “…«} „»́”§̂„\ 
 
:QHEP} -\} † 7a>EHl} +\ “”‚‚¯«\ 7PH QZMXeHZEH [M ZHO>dQiH HY[dQ[Zb [Z _>QZ’ DHP>iQ[a>X HMMHEdb >ZG 
ZHea>X YHEP>ZQbYb\ .?QNK)I:C?Z jm “»«} ¯̂́§¯…\ 
 
:QHEP} -\} .QZ} #\§6\} "a[GHabHZ} -\ *\} "QZOHX} 8\} 3X[ZHa} /\} † 7a>EHl} +\ “”‚„‚«\ !ZdHaQ[a QZbeX> 
QZdHOa>dHb QZM[aY>dQ[Z >D[ed b>XQHZEH QZd[ _HaEH_de>X GHEQbQ[Zb >D[ed _>QZ\ * .?QNKO=EZ if “…̂«} 
„¿»”…¤„¿»»„\  



 „‰„ 

:QXXQb} :\} † :HbdXeZG} -\ “„¯¯́«\ 0Hea[>Z>d[Yl [M dPH _>QZ blbdHY >ZG [M dPH _>dPj>lb dP>d 
Y[GeX>dH _>QZ\ *KQNJ:H KB #HEJE=:H .?QNKLDUOEKHKCUZ gj “„«} ”§»„\ 
 
:QddQZO} 0\} -e_Hab} 5\#} 6iHZbb[Z} 3\} !aHZGd§0QHXbHZ} .\} )VHGGH} !\} † ,HZbHZ} 7\6\ “”‚‚„«\ 
%k_HaQYHZd>X DaebP§Hi[WHG >XX[GlZQ> >EdQi>dHb _[bdHaQ[a _>aQHd>X E[adHk\ .?QNKHKCUZ km “„‚«} „̂„́§
”…\ 
 
:QddY>ZZ} /\} 6QYY[Zb} !\} !a[Z} ,\} † 3>eXeb} /\ “”‚„‚«\ !EEeYeX>dQ[Z [M ZHea>X >EdQiQdl QZ dPH 
_[bdHaQ[a QZbeX> HZE[GHb dPH _>bb>OH [M dQYH\ .?QNKLOU=DKHKCE:Z jn “„‚«} »„„‚§”‚\ 
 
:eZbEP} !\} 3PQXQ__[d} 3\} † 3X>OPWQ} .\ “”‚‚»«\ !MMHEdQiH >bb[EQ>dQiH XH>aZQZO Y[GQMQHb dPH bHZb[al 
_HaEH_dQ[Z [M Z[EQEH_dQiH bdQYeXQ jQdP[ed _>adQEQ_>Zdflb >j>aHZHbb\ 0:EJZ gfh “„§”«} ”́§»̂\ 
 
;e>Z} "\} =P>ZO} $\} *H} 6\} † #PHZ} ;\ “”‚‚́«\ .>aOHa bdQYeXQ >aH VeGOHG d[ X>bd X[ZOHa\ *KQNJ:H KB 
REOEKJZ m “„‚«} ”\„§‰\ 
 
<[bPQZ[} !\} 1W>Y[d[} <\} 1Z[G>} -\} <[bPQYea>} 6\} -eZQb>d[} <\} $HY[d[} <\} 1W>G>} )\} † 
<>Y>j>WQ 6\ “”‚„‚«\ 6>GZHbb HZP>ZEHb dPH Hk_HaQHZEH [M _>QZ iQ> ZHea>X >EdQi>dQ[Z QZ dPH >ZdHaQ[a 
EQZOeX>dH E[adHk >ZG >YlOG>X>’ >Z M/5+ bdeGl\ .?QNK)I:C?Z kf “»«} „„¯…§”‚„\ 
 



 „‰” 



 „‰» 

 

 

 

 

 

 

!II>T>O 

v !II>T>O 



 „‰… 

v_p !II>T> p h %LN>QR> 9NPD<G> LQ;GD@ =9IO 2!+0 
 



How a clock can change your pain? The illusion of duration and pain perception

Florence B. Pomares a,b,c,⇑, Christelle Creac’h a,b,c, Isabelle Faillenot c,d, Philippe Convers a,c, Roland Peyron a,b,c

aDepartment of Neurology, CHU, 42055 Saint-Etienne, France
b Pain Center, CHU, 42055 Saint-Etienne, France
c INSERM U879, UCB Lyon1, UJM Saint-Etienne, France
dCMRR Unit, CHU, 42055 Saint-Etienne, France

a r t i c l e i n f o

Article history:

Received 11 February 2010

Received in revised form 26 October 2010

Accepted 29 October 2010

Keywords:

Pain

Time perception

Illusion

Thermal stimulation

a b s t r a c t

The intensity of experimental pain is known to be dependent on stimulation duration. However, it

remains unknown whether this effect arises largely from the actual stimulus duration or is substantially

influenced by the subject’s perception of the stimulus duration. In the present study, we questioned this

issue by misleading the perception of the duration of pain in a population of 36 healthy volunteers stim-

ulated with a thermode. To this aim, time was signified by a clock with rotating hands in which imper-

ceptible differences in speed rotation had been introduced. Subjects were therefore immersed in 2

comparative conditions in which time was manipulated to provide the illusion of either long or short

duration of the painful stimulus. In a first condition (‘‘full-length’’ clock), participants were instructed

that pain would last for a complete revolution of the clock’s hands, whereas in the second condition

(‘‘shortened’’ clock), revolution was reduced by 25%. Although the intensity and the real duration of stim-

ulation were identical in both conditions, the intensity of pain was significantly reduced when the per-

ception of time was misleadingly shortened by the manipulated clock. This study suggests that the

perceived duration of a noxious stimulation may influence the perceived intensity of pain.

� 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Experimental studies on pain generally deliver acute painful

stimuli (i.e., brief events) to normal volunteers. Intuitively, it seems

logical that pain duration could influence the intensity of pain per-

ception in a sense that the longer is the pain stimulus, the higher

should be the pain perception. By manipulating the representation

of time in normal volunteers during a painful stimulation, our study

aimed at investigating the time dimension as a part of pain

perception.

The influence of various contexts on pain intensity has been

investigated previously. Emotion (i.e., seeing unpleasant pictures

during painful stimuli) was found to enhance pain ratings [12]

and to decrease pain threshold [19], whereas distracting the sub-

ject from pain with a cognitive task was found to reduce pain rat-

ings [21,31]. Anxiety [24] and anticipation of pain, particularly for

expected stimuli [27] have also been found to increase pain inten-

sity. Only a few studies assessed the relationships between pain

perception and time. It is generally admitted that long-duration

stimuli are perceived as more painful than short stimuli for high

temperatures [18]. What has been shown is that time perception

was underestimated as the subjects experienced pain [13,16,28]

and that pain coping strategies integrating temporal information

in children can help to decrease pain rating [6], but the reverse

(i.e., the effect of time perception on pain intensity) has not been

investigated so far. Time perception is known to involve contextual

information, and duration estimation is known to rely, for

example, on stimulus size [34], velocity and speed [17], visual

information [14,15], auditory clues [9], or interaction between

modalities [33]. Subjective perception of time can also be distorted

by emotional context [10,19] and attention [5,16,30]; we used

these properties to modify subjective duration of our painful

stimulations.

In the present study, we investigated how the perception of

time may influence the intensity of perceived pain: by using a mis-

leading representation of time, participants were immersed in 2

different conditions, relative to the duration of stimulations that

were delivered by a heat thermode on the left leg or on the left

hand. Compared with a control context in which subjects received

a ‘‘full-length’’ nociceptive stimulation, a second context in which

they were convinced that they had received a ‘‘shortened’’ stimula-

tion succeeded in modulating (i.e., minimizing) pain perception.

Here we present the details of this experiment showing that

believing you are suffering for a shorter period of time will

decrease your pain intensity.

0304-3959/$36.00 � 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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2. Methods

2.1. Participants

A total of 36 right-handed subjects (18 male and 18 female, age

[mean ± SD] 23.2 ± 2.85 years) were included in the main study. All

were free of treatment and did not practice intensive sport. They

were not paid for their participation, and all provided informed

consent. Twenty-four additional subjects were included in a com-

plementary study (12 male and 12 female, age 22 ± 2.98 years).

They were paid for their participation, and all provided informed

consent. The local ethics committee approved the experimental

protocols.

2.2. Task and procedure

Thermal stimulations were delivered by a 3 � 3-cm thermal

probe (TSA-2001, Medoc). Nociceptive thresholds were deter-

mined by methods of limits. Basal temperature, set at 32 �C, rose

to individual pain threshold with a slope of 1 �C/s. Subjects had

to press a button as the heat temperature reached a painful level.

The measure was repeated 4 times. Mean pain thresholds were

45.2 �C ± 1.46 �C in the main study (range 40.2 to 46) and

44.1 �C ± 0.68 �C in the complementary study (range 43 to 45.5).

In both studies, maximal temperature was set to 47 �C to prevent

skin damage.

Subjects received a standardized instruction that there would

be 2 painful conditions and that a clock would materialize the

course of time. In one condition, the hands of the clock described

a complete revolution, whereas in the second condition they de-

scribed only three-fourths of the revolution (Fig. 1). Subjects were

instructed that in this latter condition, pain duration would there-

fore be reduced by 25%. In the main experiment, this instruction

was reinforced by the green colour of the shortened clock and by

adding a happy-face emoticon, whereas the clock with a complete

revolution was filled with a red colour and associated with a sad-

face emoticon. The aim of this presentation was to convince the

subjects that in the context with the shortened clock, the painful

stimulation was shorter compared with the context with the full-

length clock. Stimulation temperature was set to the individual

pain threshold +1 �C with the thermode applied on the left leg

for 30 s (plateau duration, slope 6 �C/s [up] and 8 �C/s [down]).

Subjects were kept blinded to the fact that stimulation tempera-

ture and duration were kept constant in both conditions. Immedi-

ately after each stimulation, the subject was asked to rate the

intensity of pain on a 10-cm Visual Analog Scale. To minimize

memory bias in their activity of scoring pain, subjects were asked

to score their pain immediately after the temperature had returned

to baseline. In a first session (passive session), 4 stimulations (2

stimulations with the full-length clock and 2 stimulations with

the shortened clock) were delivered to volunteers according to a

predefined sequence that was randomly ordered. To minimize

the known influence of pain predictability on pain perception

[26] and to exclude confounds that may relate to the chosen or

the forced aspects of the decision, we replicated the experiment

in a second session in which subjects were asked to choose (active

session) the sequence (i.e., the order of the 4 stimulations). Thus,

subjects experienced a total of 8 stimulations. The order between

passive and active sessions was counterbalanced.

Then, a complementary experiment was designed to exclude the

effects of colours and emoticons, and therefore, both full-length and

shortened clocks were similarly represented in gray colour. The

ensuing experiment was then similar to what was performed in

the forced session of themain study. Twodifferent lengths of painful

stimuli applied on the dorsumof the left handwere tested (either 25

or 15 s) at the individual pain threshold or at the individual pain

threshold +1 �C. Although it could be interesting to investigate the

effects of time representation on innocuous stimuli, we preferred

not to introduce innocuous intensities of stimulation (below pain

threshold) that would have required an additional scoring and

would have increased the complexity of the experiment. Subjects

were asked to score their pain after the temperature had returned

to baseline with a variable delay (jitter) that was introduced be-

tween the end of the stimulation and the signal for rating:

2.08 ± 1.38 s) to prepare the rating conditions of the future fMRI

experiment in which stimulation should be easily dissociated from

scoring.

2.3. Time perception

Throughout the main and the complementary experiments, we

deliberately omitted investigating explicitly the perception of time

and the perception of rotation speed of the hands of the clock by

the subjects. Specifically, it would probably have been interesting

to assess their own perception of time representation or to com-

pare with a real 75% reduction of stimulus duration. However,

we anticipated that orienting attention toward the representation

of time and the distortions introduced here would have exposed

them to the risk of giving a temporal reference, and therefore pos-

sibly the key of the illusion. At the end of the session, for the same

reasons, we systematically checked with a vague but standardized

question (‘‘Did you notice anything wrong or bizarre with the

Fig. 1. Experimental design. In the 2 conditions, the clock with the emoticon was first presented for 2 s corresponding to the delay for the temperature to reach the plateau,

then the first hand position on the clock was presented for 6 s. In the shortened-length condition, green clock with a happy-face emoticon, the hand moved every 4 s, in the

full-length condition, red clock with a sad-face emoticon, the hand moved every 3 s. After 30 s, the temperature decreased to 35 �C (baseline) and the clock was removed.
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clocks or the experiment?’’) that they did not recognize the illusion

and that they were really misled.

2.4. Statistical analyses

Statistical analyses were conducted on SPSS (version 16.0.2,

SPSS, Inc., Chicago, IL) with parametrical tests. Pain intensity

ratings were normally distributed in the 2 � 2 conditions and ses-

sions (Kolmogorov–Smirnov Z < 0.71, P > .05). Repeated-measures

analysis of variance tests were conducted on mean pain ratings.

We defined 2 within-subject factors: condition (shortened or

full-length) and session (passive or active) in the main study, con-

dition (shortened or full-length) and temperature (pain threshold

or pain threshold +1 �C) in the complementary study. These

analyses allowed us to test the main effect of condition, as well

as the condition by session/temperature interactions. Student

paired t tests were used for post hoc analyses, and P values were

corrected for multiple comparisons with the Bonferroni correc-

tion, when appropriate (P(corr)). To verify whether the illusion

was maintained for the short time duration, the 15-s session

was analyzed with Student paired t test because these conditions

were only manipulated by the condition factor (shortened or full

length).

When necessary, the pain intensity rating obtained in different

sessions in the conditions of the full-length clock were averaged

together, as well as the pain intensity rating obtained in the condi-

tions of the shortened clock. Results are reported in the text as the

mean ± SD and in Fig. 2A and B as the mean ± SEM. The significance

criterion was set at P < .05.

3. Results

3.1. Main study, 30-s duration

Amain effect of condition (shortened-length clock vs. full-length

clock) was found (F1,35 = 7.778, P = .008) (Fig. 2A) and showed that

the shorter the stimulus seemed to be, the lower was the intensity

of pain (mean pain score ± SD for full-length clock: 5.25 ± 1.86,

shortened clock: 4.71 ± 2.14). No significant effect of session (pas-

sive session vs. active session) was found (F1,35 = 0.238, P = .629)

and showed that the selectionmode of conditions had no significant

effect on pain intensity scores (passive: 5.03 ± 1.90, active:

4.93 ± 2.14). No significant interactionwas found between selection

mode and perceived duration (F1,35 = .001, P = .978). Detailed results

showed a significant effect of condition for both passive (full-length

clock: 5.30 ± 1.89, shortened clock: 4.76 ± 2.11; T = 2.524, P = .016)

and active sessions (full-length clock: 5.20 ± 2.25, shortened clock:

4.65 ± 2.29; T = 2.169, P = .037). Magnitude of pain modulation in

the chosen sessionswas correlatedwith those of the forced sessions

(mean differences in pain scores: 0.55 ± 1.52 and 0.54 ± 1.29,

respectively; R = 0.394, P = .018).

3.2. Complementary study: colourless sessions, 25-s duration

Regarding the main study in which thermal pain stimulations

lasted 30 s, a main effect of condition (shortened-length clock vs.

full-length clock) was found (F1,23 = 12.214, P = .002 [Fig. 2B]; mean

pain score ± SD for full-length clock: 5.23 ± 1.79, shortened clock:

4.88 ± 1.67). A positive main effect of temperature (pain threshold

vs. pain threshold +1 �C) on pain intensity ratings was found

(F1,23 = 78.873, P < .001; mean pain score ± SD for pain threshold:

4.15 ± 1.52, pain threshold +1 �C: 5.96 ± 1.44).

A significant interaction was found between condition and tem-

perature (F1,23 = 5.014, P = .035). Detailed results showed that pain

intensity ratings were significantly lower in the shortened than in

the full-length conditions when thermal stimulation was set to

pain threshold +1 �C (full-length clock: 6.24 ± 1.47, shortened

clock: 5.68 ± 1.39; T = 3.139, P(corr) = .01). In the conditions with

stimulation intensity set to pain threshold instead of pain thresh-

old +1 �C, pain intensity did not differ significantly between condi-

tion (full-length clock: 4.22 ± 1.50, shortened clock: 4.09 ± 1.57;

T = 1.726, P(corr) = .196).

Fig. 2. (A) Main study. Mean pain ratings from 36 subjects were obtained in 2 sessions by 2 conditions. Full-length condition corresponds to a red, full-length clock with a

sad-face emoticon, and shortened condition corresponds to a green, three-fourths-full clock with a happy-face emoticon. During the whole experiment, stimulation

temperature was set to pain threshold +1 �C and duration was set to 30 s. In both the chosen and the forced sessions, shortened stimulations were perceived as significantly

less painful than full-length ones. Mean pain ratings (±SEM) during chosen sessions did not differ from those recorded in forced sessions. (B) Complementary study. Mean

pain ratings from 24 subjects were obtained in 2 sessions. Full-length condition corresponds to a full-length clock, and shortened condition corresponds to a three-fourths-full

clock, both gray. In one session, stimulation duration was set to 25 s and temperature to pain threshold or pain threshold +1 �C. In the other session, stimulation duration was

set to 15 s and temperature to pain threshold +1 �C ( except for 6 of 24 subjects, who would not support the repetition of stimulations at pain threshold +1 �C). Shortened

stimulations were perceived as significantly less painful (mean pain ratings ± SEM) than full-length ones only for longer conditions at pain threshold +1 �C. Statistically

significant difference: *P < .05, **P < .005, and ***P < .001. NS = nonsignificant.
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3.3. Complementary study: colourless sessions, 15-s duration

In the conditions with a duration of 15 s of stimulation instead

of 25 s, in 6 of the 24 subjects the stimulation set to pain thresh-

old +1 �C was unbearable and they were therefore stimulated at

pain threshold. Pain intensity scores were not different in these 6

subjects as compared with the 18 subjects stimulated at pain

threshold +1 �C (full-length clock: 4.97 ± 2.68 and 4.37 ± 1.73,

T = �0.64, P = .53; shortened clock: 5.58 ± 2.2 and 4.30 ± 1.72,

T = �1.49, P = .151 in the 6 and the 18 subjects, respectively). In

these 24 subjects, pain intensity did not differ between the full-

length clock and the shortened clock (4.52 ± 1.96 and 4.62 ± 1.88,

respectively; T = 0.608, P = .549).

The magnitude of pain modulation between full-length and

shortened conditions were not significantly different in the 25-s

conditions as compared with the 30-s sessions (mean differences

in pain scores: 30 s: 0.55 ± 1.18, 25 s: 0.56 ± 0.87; T = �1.249,

P = .217). These resultswere obtained even though colour and emot-

icons were present in the 30-s conditions but not in the 25-s condi-

tions. Themagnitude of painmodulationwas significantly higher in

the 25-s sessions (at pain threshold +1 �C) than in the 15-s sessions

(mean differences in pain scores: 25 s: 0.56 ± 0.87, 15 s:

�0.098 ± 0.79; T = 2.35, P = .012).

3.4. Time perception

Throughout the main and the complementary experiments,

none of the subjects realized that the differences in stimulation

duration were an illusion.

4. Discussion

In this study, we succeeded in creating an illusion of shortened

painful stimulation by a misleading materialization of time. For gi-

ven temperatures and fixed duration of stimuli, a simple illusion on

the time course made the pain perception less intense. By conven-

tion, in what follows, consistent with the instructions given to par-

ticipants, we will discuss our results as lowered pain in shortened

clock conditions rather than increased pain in full-length clock

conditions. These results are in agreement with the finding that

long stimuli (30 s) are generally more painful than short stimuli

(5 to 15 s) [18] at high temperatures and suggest that subjects’ per-

ception of time has actually been misled by the context of the

experiment. Although many other modulations of pain or pain illu-

sions have been demonstrated previously, it is always fascinating

to observe that previously unexplored and natural situations can

reduce pain intensity. Attentional [8,11,20,22,32], emotional [12],

diversion [31], anticipation [24,27], memorization [3], or sensory

illusions [4,7] are nonexhaustive examples of what the nervous

system can do to change pain perception. Hypnotic suggestion

has been reported to modulate pain perception [25], and shorten-

ing the perception of time duration with hypnosis can alleviate

acute or chronic pain [2]. Conversely to instrumental and drug

therapies, the main interest of these modulations is that they re-

cruit endogenous resorts. This is particularly relevant for the com-

prehension of time appraisal in painful situations because it is clear

from these results that the contextual estimation of time may

change pain intensity. It seems possible that the enhancement of

pain ratings that is reported here over a 30-s duration in a condi-

tion that is expected to be long, as compared with a shortened con-

dition, would be a mechanism of importance in how the subject’s

relation with time during a painful episode can influence pain

intensity ratings. According to this interpretation, the modulation

of pain intensity by time representation was not found for shorter

pain conditions (i.e., 15 s), consistent with a low influence of time

effect for acute or short painful stimuli compared with longer ones.

As suggested previously by others [1], chronic pain states could be

explained by pernicious loops among pain perception, duration of

pain, and additional cognitive factors. Although our study did not

apply to patients with chronic pain, the short-term modulations

reported here emphasized the importance of duration on the per-

ception of a painful state. Later on, other processes such as emotion

could further amplify these processes because time has been

shown to be overestimated in cases of negative emotions as com-

pared with positive emotions [10,19,29]. Alternatively, the modu-

lations reported here may be viewed from the inside of the

subjects as an equivalent of temporal summation: with the distor-

tion of the temporal reference, stimuli of presumed longer duration

were associated with stronger pain. These results may appear as a

replication of another study showing a temporal summation of

phasic stimuli of between 10 and 30 s with a maximal effect for

high temperature [18]. Increased pain intensity was reported here

for 25 s as compared with 10 s, with a similar enhancement for

pain intensity observed for the highest intensities of stimulations

(pain threshold +1 �C) but not for lower intensities (pain thresh-

old). However, conversely to the study by Koyama et al. [18], our

paradigm was designed to test temporal manipulation rather than

temporal summation; therefore, stimuli were tonic rather than

phasic and constant rather than repetitive.

A second aspect of the study was that pain modulation by time

perception was not influenced by the visual aspects associated

with time representation, such as colours and emoticons. If we

consider similar duration of pain stimulation (i.e., 30 and 25 s)

and similar thermal intensities (pain threshold +1 �C), the comple-

mentary study replicated findings from the main study in a differ-

ent population of volunteers, suggesting a reliable effect of time

representation on pain intensity that prevails over these cosmetic

details. It is not possible on the basis of these data to conclude

whether the speeds of the hands or the angular degrees completed

(or both) are the most important pieces in the representation of

time. On the basis of previous literature, the temporal frequency

of visual stimuli plays an important role in estimating duration

[17]. In other words, when temporal frequency (as velocity and

speed) increases, time overestimation increases, at least for short

durations of stimuli (200 to 1000 ms). If we extrapolate these data

to our experiment, it would mean that the higher temporal fre-

quency and speed of the full-length clock would have enhanced

the apparent length of stimuli as compared with the shortened

clock, and therefore would have enhanced the illusion. Because

in both experiments (main and complementary studies), the com-

mon denominator was the representation of time by the clock,

these results suggest a direct modulation of pain perception,

regardless of colours and emoticons that may have a conditioning

power. Interestingly, the complementary study demonstrated that

this modulatory effect survived neither to shorter duration (15 s)

of pain stimulation, nor to lower thermal intensities (pain thresh-

old instead of pain threshold +1 �C). This may be caused by a spe-

cific effect of time representation on high pain intensities, as

suggested previously by others [18], but also on relatively long

painful stimulations, consistently with what has been shown for

temporal summation [18].

A third aspect of the study was that pain modulation by time

perception was not influenced by whether the decision was forced

or chosen. In a previous experiment investigating 2 contexts that

differ for their pain controllability, it was also found that pain

intensity was not different [26]. Thus, it seems that perception of

time prevails over other aspects of pain perception, such as

whether pain was forced or chosen, a situation that is very close

to that of pain controllability.

Finally, our study raises the question of a conditioning effect be-

cause the participants were actually instructed that pain was re-

duced for the shortened clock as compared with the full-length
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clock. In addition to these instructions, both the colour of the

clocks and the associated emoticon were indexes that may theoret-

ically have conditioned their response to pain in the main experi-

ment. Colour conditioning/anticipation has been successfully

reported to modulate pain intensity [23,24]. Although these as-

pects associated with materialization of time may have contrib-

uted to the present results, the complementary study suggests

that perception of time, even misled, prevails over other aspects

such as conditioning or anticipation. The pattern of brain activa-

tions associated with the modulations of pain intensity by the per-

ception of stimulus duration will be precised in an (ongoing) fMRI

study replicating this experimental paradigm.
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