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7)%=" 3%<"1)AA0&%=*<".<+%(*<4" $%"/)%=<"%="%AA%*"1%"&0.3)<%&"1)AA0&%=*<"*&.)*%'%=*<"(,>=)*)A<"'%"

+%&'%**.=*" 1%" 10*%(*%&" -=%" +&0<%=(%" ?-'.)=%" T3%" +&,'%=%-&V" 1.=<" -=%" <(B=%" =.*-&%33%"

T&,-*%5" &)/)B&%<5" /0>0*.*),=5EV5" 12)1%=*)A)%&" %*" 12)=*%&.>)&" ./%(" -=%" +%&<,==%" A.')3)B&%" T'."

/,)<)=%V5"1%"1)AA0&%=()%&"',="+&,+&%"(?.*"12-=".-*&%".=)'.3"%*"1%"&%*&,-/%&"3%"=,'"@-)"3-)"%<*"

.<<,()0"T:)')S(?.*V5"*,-*"(%3."*&B<"&.+)1%'%=*5"<.=<"'2%="&%=1&%"(,'+*%5"<.=<".-(-="%AA,&*5"

1%"'.=)B&%"*,*.3%'%=*".-*,'.*)@-%"%*")&&0+&%<<)73%4"L&.)'%=*5"8%"'20*,==%"(?.@-%"8,-&"1%<"

+&,-%<<%<"@-%"3%"(%&/%.-"%<*"(.+.73%"12.((,'+3)&"D&

_%"(%&/%.-"*&.)*%"%="+%&'.=%=(%"1%<" )=A,&'.*),=<"12-=%"A,&')1.73%"(,'+3%G)*0"+&,/%=.=*"

1-" ',=1%" %G*0&)%-&4" N%<" )=A,&'.*),=<" *&B<" 1)/%&<%<" T/)<-%33%<5" *.(*)3%<5" ,1,&.=*%<5EV" %*"

-=)@-%<" T-="'6'%",78%*"+%-*"6*&%"+&0<%=*0"<,-<"1%"=,'7&%-G"+,)=*<"1%"/-%5";"1)AA0&%=*<"

=)/%.-G"120(3.)&.>%5EV"<,=*"+,-&*.=*"*&.)*0%<"%*"&%(,==-%<"./%("7&),"+.&"=,*&%"(%&/%.-5"=,-<"

+%&'%**.=*" 12)=*%&.>)&" (,&&%(*%'%=*" ./%(" =,*&%" %=/)&,==%'%=*4" d,-&" &%(,==.j*&%5" )3" A.-*"

*,-*"12.7,&1"(,==.j*&%5"(2%<*S;S1)&%"./,)&"A,&'0"-=%"&%+&0<%=*.*),="1%"32,78%*"%="'0',)&%"%*"

"



i"
"

6*&%" (.+.73%" 129" .((01%&" %=" (.<" 1%" 7%<,)=4" _%" (%&/%.-" =%" /." +.<" *&.)*%&" (?.(-=%" 1%<" (%<"

)=A,&'.*),=<"(,''%"<)"%33%"0*.)*"-=)@-%5"(%"<%&.)*"7%.-(,-+"*&,+"(,p*%-G"s")3"/."3%<"&%>&,-+%&"

.-"<%)="1%"(.*0>,&)%<"T/)/.=*5"=,=S/)/.=*5".=)'.35EV"TF,<(?5"!ic]V4"&

"

`=%"@-%<*),="&%<*%"%="<-<+%=15EN,''%=*"',="(%&/%.-"/.S*S)3" &0.>)&"%*" *&.)*%&" (%" <*)'-3-<"

+.&*)(-3)%&" @-%" (,=<*)*-%" H"'." /,)<)=%"JX" N?.@-%" +%&<,==%" @-%" 32,=" (,==.)*" <%'73%"

(,=<*)*-%&" -=" <*)'-3-<" @-%" =,-<" *&.)*,=<" 1%"'.=)B&%" -=)@-%" TH"8%" &%(,==.)<"'." /,)<)=%5" )3"

=2%=" %G)<*%" @-2-=" <%-3" %G%'+3.)&%"JV" '6'%" <2)3" %<*" +,<<)73%" 1%" &%>&,-+%&" +3-<)%-&<"

)=A,&'.*),=<"'-3*)',1.3%<" T/,)G5" /)<.>%5" 10'.&(?%5" *&.)*<" 1%" (.&.(*B&%5EV" &%3.*)/%<";" (%**%"

+%&<,==%" 1.=<" -=%" =-*D6%"),& )$E)C)E#,00,4" _%" /)<.>%" *)%=*" -=%" +3.(%" +&)/)30>)0%" 1.=<" 3."

&%(,==.)<<.=(%" 1%<" +%&<,==%<4" _%<" /)<.>%<" /0?)(-3%=*" %=" %AA%*" 1%" =,'7&%-<%<"

12)=A,&'.*),=<"*%33%<"@-%" 32I>%5" 3%<"0',*),=<5" 3%<" )=*%=*),=<5" 3%">%=&%5" 32.**&.(*)/)*0"@-)"<,=*"

(&-().3%<"+,-&"=,<"&%3.*),=<"<,().3%<4"N2%<*"+,-&@-,)5"1.=<"32,+)=),="+-73)@-%"'.)<"0>.3%'%=*"

1.=<"3."3)**0&.*-&%"<()%=*)A)@-%5"3."(.+.()*0";"&%(,==.j*&%"%*")1%=*)A)%&"3%<"/)<.>%<"T%G"K"<.3-%&"

-=" (,33B>-%5" <.-*%&" .-" (,-" 1%" <,=" +%*)*" .')" ,-" /,)&" @-%" <,=" .(*%-&" +&0A0&0" 8,-%" 1.=<" 3%"

1%&=)%&"A)3'"1%"t,,19"Q33%=V"<%'73%=*"(,=<*)*-%&"-=%"?.7)3%*0"*&)/).3%"%G0(-*0%"1%"'.=)B&%"

%AA)(.(%5"*&B<""-3)E,/,$*"%*"<.=<"%AA,&*4""

d,-&*.=*5" 3%<" /)<.>%<" <%'73%=*" 6*&%" 1%<" <*)'-3)" 1%" A,&*%" (,'+3%G)*0" /)<-%33%"K" )3<" <,=*" *&B<"

<)')3.)&%<" %=*&%" %-G" T1%-G" 9%-G5" -=" =%R5" -=%" 7,-(?%V5" +,&*%-&<" 1%" =,'7&%-<%<"

(.&.(*0&)<*)@-%<"T1)<*.=(%"%=*&%"3%<"9%-G5"?.-*%-&"1%"3."7,-(?%5"3,=>-%-&"1-"=%R5"*%G*-&%5EV"

%*"<-8%*<";"1%"=,'7&%-G"(?.=>%'%=*<"T3-')=,<)*05"%G+&%<<),="A.().3%5"+,)=*"1%"/-%5"I>%5EV4"

F%(,==.j*&%" -=" /)<.>%" A.')3)%&" +.&')" 1%<" (%=*.)=%<" 12)=(,==-<" 1%/&.)*" 1,=(" .-" (,=*&.)&%"

=0(%<<)*%&" -=%" +-)<<.=(%" 1%" (.3(-3" +?0=,'0=.3%" @-)" 1%/&.)*" +&%=1&%" 1-" *%'+<4" Z.=<" (%"

<%=<5" 32?9+,*?B<%5" <%3,=" 3.@-%33%" -=" <9<*B'%" 1%" &%(,==.)<<.=(%" <+0()A)@-%" +%&'%**&.)*" 1%"

*&.)*%&" "-3)E,/,$*" 3%<" )=A,&'.*),=<" (,'+3%G%<" /0?)(-30%<" +.&" (%<" <*)'-3)" +.&*)(-3)%&<" @-%"

<,=*" 3%<"/)<.>%<5"."0*0"<->>0&0%4"CAA%(*)/%'%=*5"12-="+,)=*"1%"/-%"0/,3-*),==)<*%5" )3" <%'73%"

(&-().3" 1%" +,-/,)&" &.+)1%'%=*" 10*%&')=%&" <)" 3." +%&<,==%" @-)" =,-<" A.)*" A.(%" %<*" .')%" ,-"

%==%')%"+,-&".1.+*%&"<,="(,'+,&*%'%=*"%="(,=<0@-%=(%4"8,3,$E-$*A&,(*7=,&"D,00,/,$*&()&

"-3)E,&L& 4,& (,"-)*7=,& 3-(& ()/30,/,$*& #$,& )ED,& ",M#,&L& '-3)E,A& -E/,**%$(A& /-)(& N& O#,00,&

C)*,((,&L&&

& &



!a"
"

"

"

"

2%!+345(!(*!6!7#&*+5!

! Z%"+.&*" 3%-&" &M3%" A,=1.'%=*.3" 1.=<" =,<" )=*%&.(*),=<" <,().3%<5"

3%<" /)<.>%<" <,=*" <-++,<0<" 6*&%" 1%<" (*)/#0)& 3-"*)=#0),"(" &%(,==-<"

"-3)E,/,$*&,*&,JJ)=-=,/,$*4"d,-&*.=*5" 3."C)*,((,&E,&=,**,&",=%$$-)((-$=,&

",(*,&)$=%$$#,5"3%<"3.*%=(%<"3)0%<";"3."J-/)0)-")*D"0*.=*"*&B<"/.&).73%<"/,)&%"

(,=*&.1)(*,)&%<";"*&./%&<"3%<"0*-1%<4"

! Q" 32.)1%" 1%" *I(?%<" ;" A,&*%" (,=*&.)=*%" *%'+,&%33%" T*I(?%" 1%"

>,f=,S>," %*" gQh" +&,(01-&%V5" =,-<" /,-3,=<" ED*,"/)$,"& 0,(& 0-*,$=,(&

=%/3%"*,/,$*-0,(&,*&D0,=*"%3+B()%0%6)O#,(& 0,(&30#(&3"D=%=,("+%&'%**.=*"

1%"&%(,==.j*&%"-="/)<.>%"A.')3)%&4""

! q,<" &0<-3*.*<" &0/B3%=*" @-%" &%(,==.j*&%" -=" /)<.>%" A.')3)%&"

=0(%<<)*%" .-" ')=)'-'" PQR& /(& -#& $)C,-#& =%/3%"*,/,$*-0& T*%'+<" 1%"

&0.(*),="')=)'-'V"%*&SPR&/(&-#&$)C,-#&=D"D;"-0A&/,)&%"SRR&/("+,-&" 3%<"

&0+,=<%<"3%<"+3-<"&.+)1%<"T.=.39<%"'-3*)S/.&)0%"%<<.)"+.&"%<<.)V4"

! F%(,==.j*&%"-="/)<.>%".-"=)/%.-"1%"3."A.')3).&)*0"<%'73%"1,=("

30#*T*&0,$*"+.&"&.++,&*";"<."(.*0>,&)<.*),="%="*.=*"@-%"<*)'-3-<"/)<.>%"%*"

=0(%<<)*%" 3." ')<%" %=" 8%-" " 1%" 3"%=,((#(& -EE)*)%$$,0(" .-G" '0(.=)<'%<"

+-&%'%=*"A%%1A,&l.&1"+&,+,<0<"+,-&"3."(.*0>,&)<.*),=4"

! P&,)<" ',1B3%<" *?0,&)@-%<"u" T!V" -=" ',1B3%" +-&%'%=*"

A%%1A,&l.&15" T#V" 32)'+3)(.*),="1-"H"(,&%"=%*l,&n"J",-" TWV" 32.(*)/.*),="1%"

32%=<%'73%"1%" 3."/,)%"/%=*&.3%"%="+.&.33B3%"S"+%-/%=*"6*&%"+&,+,<0<5"=,<"

&0<-3*.*<" <-++,&*.=*" +3-*M*" 3%" *&,)<)B'%" ',1B3%4" q,-<" <->>0&,=<" @-%"

&%(,==.j*&%" -=" /)<.>%" A.')3)%&" =%(%<<)*%&.)*" 3." ')<%" %=" 8%-" 1%" ;%#=0,(&

"D=#"",$*,(& ,*& E,(& )$*,"-=*)%$(& N& E)(*-$=,A& )'+3)@-.=*" 0U,$(,/;0,& E,& 0-&

C%),&C)(#,00,&C,$*"-0,A"9"(,'+&)<"3%<"&0>),=<"3%<"+3-<".=*0&)%-&%<"(,''%"3%"

(,&*%G"+0&)&?)=.34"



!!"
"

!"#$%&'$(&)%*+,*-$%,'."&(*

_%"+&%')%&"(?.+)*&%"<%&."(,'+,<0"1%"1%-G"+.&*)%<"*?0,&)@-%<"K"3."+&%')B&%"+.&*)%"+,&*%&."<-&"

3%<"0*-1%<"(,'+,&*%'%=*.3%<"1%"3."&%(,==.)<<.=(%"1%<"/)<.>%<"%*"3."<%(,=1%"<-&"3%<"0*-1%<"

=%-&,+?9<),3,>)@-%<"&%3.*)/%<";"(%**%"A,=(*),=5"(?.(-=%"(,'+,&*.=*"*&,)<"<,-<S+.&*)%<"<-&"T!V"

-=%" +&0<%=*.*),=" 1%" 320*.*" 1%" 32.&*5" T#V" 3%<" ',1B3%<" *?0,&)@-%<" %*" TWV" 3." 19=.')@-%"

*%'+,&%33%4""

"

`="<%(,=1"(?.+)*&%"+&0<%=*%&." 3."'0*?,1,3,>)%"+.&*)(-3)B&%"@-%"=,-<"./,=<"-*)3)<0%"K"=,-<"

%G+3)@-%&,=<" (,''%=*" %*" +,-&@-,)5" %=" .1.+*.=*" 3%" +&,*,(,3%" 1%" (.*0>,&)<.*),=" /)<-%33%"

&.+)1%" T*I(?%" 1%" >,f=,S>,5" 10/%3,++0%" )=)*).3%'%=*" +,-&" 0*-1)%&" 3." &.+)1)*0" 1-" <9<*B'%"

/)<-%3V"%*"%="10/%3,++.=*"1%"=,-/%.-G"+&,*,(,3%<"1%"(.*0>,&)<.*),="-3*&.S&.+)1%" T"H"g+%%1"

.=1"Q((-&.(9"h,,<*)=>"+&,(%1-&%"JV5"=,-<"10*%&')=%&,=<"3%<"3.*%=(%<"(,'+,&*%'%=*.3%<"%*"

03%(*&,+?9<),3,>)@-%<" 3%<"+3-<" &.+)1%<"+,-&" &%(,==.j*&%" %G+3)()*%'%=*"1%<" /)<.>%<" (03B7&%<"

+.&')" 1%<" )=(,==-<4" q,-<" 10*.)33%&,=<" 3%<" 1)AA0&%=*%<" .=.39<%<" T0/.3-.*),=" 1-" *%'+<" 1%"

&0.(*),=" (,'+,&*%'%=*.3"')=)'-'"%*"'0*?,1%" 1%":LdQ" T:-3*)SL.&).*%" d.**%&="Q=.39<)<V"

.++3)@-0%";"1%<"1,==0%<",7*%=-%<"%="CCU"1%"<-&A.(%V4""

"

_%"(?.+)*&%"W"+&0<%=*%&."3%<"1,==0%<"(,'+,&*%'%=*.3%<"TQ&*)(3%"!5"#"%*"WV".(@-)<%<".-"(,-&<"

1%" (%**%" *?B<%" +%&'%**.=*" 1%" 10*%&')=%&" 3%" *%'+<" ')=)'.3" +,-&" &%(,==.j*&%" -=" /)<.>%"

(03B7&%4""

"

_%"(?.+)*&%"\"0*-1)%&." 3."19=.')@-%"03%(*&,+?9<),3,>)@-%"1%"(%**%"&%(,==.)<<.=(%"TCCU"1%"

<-&A.(%V";"*&./%&<"1%-G".&*)(3%<"TQ&*)(3%"\"%*"]V".)=<)"@-%"<,="+,<<)73%"3)%="./%("3."10()<),="1%"

A.')3).&)*0"3,&<"12-=%"*I(?%"1%"&%(,==.)<<.=(%"&.+)1%"1%"/)<.>%<"(03B7&%<4"

"

C=A)=5" 32%=<%'73%" 1%" (%<" *&./.-G" <%&." 1)<(-*0" 1.=<" -=" 1%&=)%&" (?.+)*&%" +%&'%**.=*"

3203.7,&.*),="12-="',1B3%5"3."+&0<%=*.*),="1%"1,==0%<"+&03)')=.)&%<"%="CCU")=*&.(0&07&.3"%*"

+&,+,<%&."1%<"+)<*%<"%*"+&,8%*<"+%&'%**.=*"12.33%&"+3-<"3,)="1.=<"32)=/%<*)>.*),=4""

" "



!#"
"

8 93%7&+'(! 8:! ;%! '(.#**%&55%*.(! ,(5! <&5%=(5!

>%$&1&('5!

N%" +&%')%&" (?.+)*&%" +,&*%" <-&" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<4" d.&" H"&%(,==.)<<.=(%"J5"

82%=*%=1<"<,="<%=<"<*&)(*5"(2%<*S;S1)&%" 3%<"+&,(%<<-<"+%&'%**.=*"1%"10*%&')=%&"@-2-="/)<.>%"

%<*" (,==-" ,-" =,=4" :6'%" <)5" >3,7.3%'%=*5" +%-" 120*-1%<" <%" <,=*" )=*0&%<<0%<" ;" 3."

&%(,==.)<<.=(%" 1%<" /)<.>%<" %=" (%<" *%&'%<5" ,=" ,7<%&/%" (%+%=1.=*" -=" )=*0&6*" >&.=1)<<.=*"

+,-&" 3%<" /)<.>%<" A.')3)%&<" 1%+-)<" 3%" 107-*" 1%<" .==0%<" ea4" _%<" +&)=()+.3%<" 0*-1%<"

(,'+,&*%'%=*.3%<"%*"=%-&,+?9<),3,>)@-%<"1%"3."&%(,==.)<<.=(%"1%<"/)<.>%<"A.')3)%&<"<%&,=*"

1,=("+&0<%=*0%<"1.=<"(%"+&%')%&"(?.+)*&%4""

1.1 ?'%&+($(*+!,(5!<&5%=(5!(+!.#$7#'+($(*+!

_%<" /)<.>%<" <%'73%=*" (,=<*)*-%&" 32-=" 1%<" <*)'-3)" /)<-%3<" 3%<" +3-<" )'+,&*.=*<" 1%" =,*&%"

%=/)&,==%'%=*4"C="%AA%*5"=,-<"*&.)*,=<"%="+%&'.=%=(%"3%"/)<.>%"1%"=,<"(,=>0=B&%<".A)="12%="

%G*&.)&%"3%<"',)=1&%"10*.)3<"%*"12,7*%=)&"1%<")=A,&'.*),=<"<-&"320*.*"0',*),==%3",-"'6'%"<-&"

(%" @-%" +%=<%" ,-" +%&Y,)*" =,*&%" )=*%&3,(-*%-&4" q,*&%" +&,+%=<),=" ;" *&.)*%&" 3%<" /)<.>%<" 1%"

'.=)B&%"(,'+-3<)/%"=,-<".'B=%"'6'%";"%="/,)&"3;",v")3"=29"%="."+.<"T+.&"%G%'+3%"K">&./-&%"

12-="&,(?%&5"*.(?%5"=-.>%<"Tm)>-&%"!V4"N%"+?0=,'B=%".++%30"+.&0)1,3)%"."1,==0"=.)<<.=(%";"

1%"=,'7&%-<%<".=%(1,*%<4"d.&"%G%'+3%5"+3-<)%-&<".++.&)*),=<"<-++,<0%<"1%"3."L)%&>%":.&)%"

,-"1%"$0<-<"1.=<"3%<"=-.>%<5"<-&"1%<"'-&<5",-"%=(,&%"<-&"1%<"*,.<*<",=*"0*0"&.++,&*0%<"T/,)&"

m)>-&%"!V4"N%**%"H",7<%<<),="J"+,-&" 3%<"/)<.>%<"=,-<"+%&'%**&.)*"12)=A0&%&";".-*&-)"1%<"0*.*<"

'%=*.-G" .A)=" 12%=" +&01)&%" 3%" (,'+,&*%'%=*" %*" 1%" +,-/,)&" .)=<)" <2.1.+*%&" %*" )=*%&.>)&"

(,&&%(*%'%=*"%="<,()0*04""



"

(%)*#"&+&,-"./0"1&2"&/3#4%250%"&615*#

4?5@*3<>&*<&%.."<1"&?%13)"&A3#A*&B

3<$D>#"&#"/#41"<>3<>&*<&2%"*&5*&*<&#

/#%1"& 1*#&.3#1&4?5@*3<>&*<&?%13)";& ,

/#5F%0&2"&?%13)"&23<1&0"1&<*3)"1;&

1.1.1  Un traitement perfor

_2)10%" <%3,=" 3.@-%33%" 3%<" /)<.>%

,7<%&/.*),=<"K"*,-*"12.7,&15"" 3%<

<,().3"%*".AA%(*)A"TQ1,3+?<5"#aaWV

T_%,+,31" %*" F?,1%<5" #a!aV4" O3<"

%*?=)@-%",-"%=(,&%" 3%<"0',*),=

/)<.>%<" <,=*" 0>.3%'%=*" 1%<" <*)'

/)<-%33%"1,=*"3%<"%G%'+3.)&%<"<,=

-=%" 7,-(?%V" @-2)3<" =0(%<<)*%=*"

T1)<*.=(%" %=*&%" 3%<" 9%-G5" ?.-*%

1)AA0&%=()0<" 3%<" -=<" 1%<" .-*&%

(?.=>%'%=*<" *%3<"@-%" 3%<" /.&).*

(,=*&.)&%'%=*" .-G" .-*&%<" ,7

12)=1)/)1-.3)<%&"s" =,-<" 1%/,=<" ,7

0%"&615*#$"7&8%9%/"2%3:;&,<&=3*>&7&G3&F303%1"&2"&H"2#3&23&I3?

"&A3#A*&B&0C5#%)%<"&2"&<5.A#"*1"1&04)"<2"1&3.4#%<2%"<<"1&

&5*&*<&#5%E&*<&#4?"%0&.3>%<&3?"$&*<"&>#%1>"&.%<"E&*<"&/=5>5

?%13)";& ,<&A31&7&K//3#%>%5<1& 1*//514"1&2"& L41*1&">&2"&!3#

performant et rapide: le débat de la spécifici

<" /)<.>%<" <%&.)%=*" 1%<" <*)'-3)" +.&*)(-3)%&<" +&,/)%=*

,&15"" 3%<"/)<.>%<"<,=*"1%<"<*)'-3)"/)<-%3<"+.&*)(-3)%&<

<5"#aaWV5"10/%3,++%'%=*.3"Td.<(.3)<"%*".345"!ii]V"@-%

!aV4" O3<" =,-<" &%=<%)>=%=*" <-&" 32)1%=*)*05" 3%" >%=&%5"

"0',*),=<"1%" 3."+%&<,==%";" &%(,==.j*&%" Tg@-)%&"%*

" 1%<" <*)'-3)" *&B<" (,'+3%G%<"K" O3<" (,=<*)*-%=*" %=" %AA%

3.)&%<"<,=*"*%33%'%=*"?,',>B=%<"T,/.3%"(,=*%=.=*"1%

(%<<)*%=*" -=" *&.)*%'%=*" +&0()<" 1%" =,'7&%-<%<" (

G5" ?.-*%-&" 1%" 3." 7,-(?%5" 3,=>-%-&" 1-" =%R5" *%G*-&%

1%<" .-*&%<4" _%<" /)<.>%<" <,=*" 0>.3%'%=*" <,-')<" ;

3%<"/.&).*),=<"1%" 3-')=,<)*0",-"1%"+,)=*"1%"/-%"+.&

*&%<" ,78%*<5" 3%<" /)<.>%<" <,=*" 1%<" <*)'-3)" @-2)3"

1%/,=<" ,73)>.*,)&%'%=*" 10*%&')=%&" @-2)3" <2.>)*" 1%"

!W"

"

3&23&I3?"3&1%>*4"&3*&J#41%0E&

<2%"<<"1&1*#&0C"-%1>"<$"&2C*<&

*<"&/=5>5)#3/=%"&2C*<&#5$="#&

& 2"&!3#%"& 1*#&2"1& >531>1& ">&

 la spécificité 

" +&,/)%=*" 1%" 1)AA0&%=*%<"

&*)(-3)%&<"*.=*"<-&"3%"+3.="

]V"@-%"+?93,>0=0*)@-%"

" >%=&%5" 32I>%5" 3%" >&,-+%"

@-)%&"%*":%l5"!ie!V4"_%<"

*" %=" %AA%*" -=%" (.*0>,&)%"

*%=.=*"1%-G"9%-G5"-="=%R5"

7&%-<%<" (.&.(*0&)<*)@-%<"

5" *%G*-&%5" %*(V" +,-&" 6*&%"

<,-')<" ;" 1%" =,'7&%-G"

" /-%"+.&"%G%'+3%4"C=A)=5"

3)" @-2)3" %<*" =0(%<<.)&%"

.>)*" 1%" H"(%"J" /)<.>%" %="



"

+.&*)(-3)%&"T*&.)*%'%=*".-"=)/%.-"

12.-*&%<"T*&.)*%'%=*".-"=)/%.-"<-

"

P,-<" (%<" A.(*%-&<" 3.)<<%=*" <-+

(%=*.)=%<" 12)=(,==-<" 1%/&.)*"

(,=<0@-%=*5"3."&%(,==.)<<.=(%"1

%*"A.<*)1)%-G4"d,-&*.=*5"3."'.8,&

1%<" /)<.>%<" <%&.)*" &.+)1%5" .-*,

TF%119"%*".345"#aa^V4""Z.=<"(%"<%=

<+0()A)@-%"+%&'%**&.)*"1%"*&.)*%&

<*)'-3)"+.&*)(-3)%&<"@-%"<,=*"3%<"/

"

(%)*#"& M& N00*1>#3>%5<& 2"1& 2%FF4#"<>1& <%

5AS">1;& G3& /=5>5)#3/=%"& 2"& )3*$="& /

1*/"#5#25<<4&6=*.3%<:E&F3.%0%"#&6T

$40UA#"&V:;& G3& /=5>5)#3/=%"& 2"& 2#5%>

A31%@*"& 6$=%"<:& 3*& *<& <%?"3*& 1*A5#25

$=%"<&V:&5*&2"&0C%2"<>%>4&6T&$C"1>&G311%

5AS">1&1"#3%"<>&$3>4)5#%141&3*&<%?"3*

<%?"3*&2"&03&F3.%0%3#%>4&5*&2"&0C%2"<>%>

-"=)/%.-"1%"3."A.')3).&)*0",-"1%"32)1%=*)*0V"%*"=,="1

"=)/%.-"<-+%&,&1,==05"/,)&"m)>-&%"#V4""

<%=*" <-++,<%&" @-%" 1)AA0&%=()%&" -=" /)<.>%" A.')3)%

1%/&.)*" =0(%<<)*%&" -=%" +-)<<.=(%" 1%" (.3(-3" +?0

)<<.=(%"1-"/)<.>%".-"=)/%.-")=1)/)1-%3"1%/&.)*"6*&%"-

3."'.8,&)*0"1%<"0*-1%<"<->>B&%=*".-"(,=*&.)&%"@-%"3.

1%5" .-*,'.*)@-%" %*" '6'%" +,<<)73%" %=" @-.<)" .7<%

=<"(%"<%=<5"32?9+,*?B<%5"<%3,="3.@-%33%"-="<9<*B'%"1%

1%"*&.)*%&""-3)E,/,$*" 3%<" )=A,&'.*),=<"(,'+3%G%<"/0

<,=*"3%<"/)<.>%<5"."0*0"<->>0&0%4""

4#"<>1& <%?"3*-& 2"& $3>4)5#%13>%5<& 323/>4"& 2"1& >#3?3*-& 2"&O

)3*$="& /"*>& D>#"& $3>4)5#%14"& B& 2%FF4#"<>1& <%?"3*-& 2C3A1>#3

%0%"#&6T&S"&$5<<3%1&$"&?%13)"&V:&5*&2"&0C%2"<>%>4&6T&%0&1C3)%>&2"&

2"& 2#5%>"& /"*>& D>#"& $3>4)5#%14"& 3*& <%?"3*& 1*/"#5#25<<4& 6

*& 1*A5#25<<4& 6$500"W:& ">& .D."& 3*& <%?"3*& 2"& 03& F3.%0%3#

"1>&G311%"&V&5*&T&$C"1>&.5<&/#5/#"&$=%"<E&Z303&V:;&["05<&03&>=

*&<%?"3*&A31%@*";&G"1&?%13)"1&=*.3%<1&@*3<>&B&"*-&<4$"11%>"

&0C%2"<>%>4&6X3<393E&MYY+:;&&

!\"

"%*"=,="12-="/)<.>%"+.&')"

" A.')3)%&" +.&*)(-3)%&" 1%"

3(-3" +?0=,'0=.3%4" d.&"

)*"6*&%"-="+&,(%<<-<"3%=*"

&%"@-%"3."&%(,==.)<<.=(%"

.<)" .7<%=(%" 12.**%=*),="

%"1%"&%(,==.)<<.=(%"

3%G%<"/0?)(-30%<"+.&"(%<"

"

3*-& 2"&O51$=& 6+PQR:& 1*#& 0"1&

& 2C3A1>#3$>%5<;& K& *<& <%?"3*&

C3)%>&2"&J#32&H%>>E&*<&3$>"*#&

#25<<4& 63<%.30:E& 3*& <%?"3*&

& F3.%0%3#%>4& 6T&S"& $5<<3%1& $"&

"05<&03&>=45#%"&2"&O51$=E&0"1&

<4$"11%>"<>&2CD>#"&>#3%>41&3*&



!]"
"

!"!"!"! #$%&'()&*+*$&%,-./)0)12*%3*,%4),(5*,%

d3-<)%-&<".&>-'%=*<"<,-*)%==%=*" 32?9+,*?B<%"1%"32%G)<*%=(%"12-=">#3%>"."<>&1/4$%F%@*""1%<"

/)<.>%<"T%4>4":,&*,="%*"$,?=<,=5"!ii!"s"Z).',=1"%*"N.&%9"s"!ie^"s"w)=5"!i^i"s"x.=l)<?%&"%*"

.345"!iicV4"d&%')B&%'%=*5")3"<%'73%&.)*"@-%"3."&%(,==.)<<.=(%"1%<"+%&<,==%<"+.&"3%-&"/)<.>%"

.++.&.)<<%" *&B<" *M*" .-" (,-&<" 1-" 10/%3,++%'%=*4" ZB<" 3." =.)<<.=(%5" 3%" =,-/%.-S=0" .-&.)*"

*%=1.=(%" ;" &%>.&1%&" +&0A0&%=*)%33%'%=*" 3%<" <*)'-3)" &%<<%'73.=*" ;" 1%<" /)<.>%<" (,'+.&0<" ;"

12.-*&%<"(.*0>,&)%<"12,78%*<"T$,?=<,=".*".345"!ii!V"Tm)>-&%"WV4""

"

"

(%)*#"&\& ,-"./0"1&2"& 1>%.*0%& *>%0%141&23<1& L5=<15<&">& 30;& 6+PP+:;&K& )3*$="E&*<& 1>%.*0*1&2"& >W/"&?%13)"E& 3*&

$"<>#"&*<&1>%.*0*1&$5./#"<3<>&0"1&404."<>1&2*&?%13)"&.3%1&25<>&03&$5<F%)*#3>%5<&3&4>4&.52%F%4"E&B&2#5%>"&*<&

1>%.*0*1&2"&F5#."&5?30"&13<1&404."<>&2*&?%13)";&G"&<5*?"3*]<4&3*#3%>&>"<23<$"&B&#")3#2"#&/0*1&05<)>"./1&

0"1&1>%.*0%&3W3<>&*<"&$5<F%)*#3>%5<&2"&>W/"&?%13)"&$5./3#4&B&2"1&?%13)"1&.403<)41&5*&24/5*#?*1&2C404."<>1;&

"

Z%"+3-<5")3"<%'73%"@-2-="=,-/%.-"=0"<,)*"'6'%"(.+.73%"1%"&%(,==.j*&%"3%"/)<.>%"1%"<."'B&%"

Td.<(.3)<"%*".345"!ii]V4"d.&"%G%'+3%5"1%<"0*-1%<"'%=0%<"(?%R"1%<"=,-/%.-S=0<"1%"\"8,-&<",=*"

',=*&0" @-2)3<" A)G.)%=*" +3-<" 3,=>*%'+<" 3%-&" 'B&%" 3,&<@-2%33%" 0*.)*" 1.=<" 3." +)B(%" %="

(,'+.&.)<,=";"-=%"+%&<,==%"0*&.=>B&%" Tm)%31"%*".345" !ie\"s"h-<?=%33" %*":-33)=5"!ieiV4"`=%"

.-*&%" 0*-1%5" -*)3)<.=*" -=%" *%(?=)@-%" .++%30%" 3." *%(?=)@-%" 1%" H"k)>?" Q'+3)*-1%" g-(n)=>"J"

+%&'%**.=*" 12%=&%>)<*&%&" 3%" =,'7&%" 1%" <-((),=<" %AA%(*-0%<" +.&" 3%" =,-/%.-S=0" A.(%" ;" -=%"

<*)'-3.*),="T3%"=,'7&%"1%"<-((),=<"%<*".->'%=*0"+.&"3%<"<*)'-3)"=,=SA.')3)%&<V"<%'73%"/%=)&"

(,=A)&'%&"(%<"&0<-3*.*<"Tt.3*,="%*".345"!ii#V4"O3"<%'73%"(%+%=1.=*"@-%"3%"=,-/%.-S=0"-*)3)<%"

1%<")=A,&'.*),=<"=,=S<+0()A)@-%<".-"/)<.>%"*%33%<"@-%"3%<"(?%/%-G",-"3."*%=-%"/%<*)'%=*.)&%"

Td.<(.3)<"%*".345"!ii]V4"

"

Z%-G)B'%'%=*5"(%&*.)=<"%AA%*<"(,'+,&*%'%=*.-G"<+0()A)@-%<".-G"/)<.>%<",=*"0*0"&.++,&*0<"

(?%R" 32.1-3*%" <->>0&.=*" @-%" (%**%" <+0()A)()*0" 1%" *&.)*%'%=*" +%&1-&%&.)*" *,-*" .-" 3,=>" 1%"

32%G)<*%=(%4"P,-*"12.7,&15" 3%<"<*)'-3)"/)<.>%<"<,=*"10*%(*0<"*&B<"&.+)1%'%=*"1.=<"-=%"<(B=%"



"

/)<-%33%4" C=" %AA%*5" -=%" 0*-1%" -*

?-'.)=<" +%-/%=*" )=)*)%&" 1%<" <

12,78%*<" T#" <*)'-3)" +&0<%=*0<" <

+&0<%=*.*),="1%"32)'.>%"TN&,-R%

<-8%*"1%"A.)&%"-=%"<.((.1%<"/%&<"

&0+,=<%<"T./.=*"!\a"'<V"<,=*"%=

/%&<"(%**%"(.*0>,&)%"1%"<*)'-3)"TN

"

(%)*#"&^&(%)*#"1&"->#3%>"1&2"&_#5*`">&

/5*#&>#5%1&$3>4)5#%"1&2C5AS">1&6?%13)"&

0"1&/0*1&#3/%2"1&15<>&"<&F3?"*#&2"&03&$

15<>& /#41"<>41& /5*#& $=3@*"& $3>4)5

/#4$%1%5<& ">& /0*1& #3/%2"."<>& @*"& 0"1

.5<>#"& @*"& 0"1& 13$$32"1& $5##"$>"1&

13$$32"1& %<$5##"$>"1&?"#1& 0"1&?4=%$*0"

?4=%$*0"1&15<>&$%A0"1E& 0"1&13$$32"1&15

a<"&F5#>"&/#5/5#>%5<&2"&13$$32"1&?"#

0"1&/0*1&#3/%2"1&>4.5%)<3<>&2C*<&A%3%1

"

0*-1%" -*)3)<.=*" -=" +&,*,(,3%" 1%" (?,)G" <.((.1)@-%" ."

&" 1%<" <.((.1%<" /%&<" 3%<" /)<.>%<" (,'+.&0<" ;" 12.-

<%=*0<" <)'-3*.=0'%=*" <-&" -=" 0(&.=V" <%-3%'%=*" !

"TN&,-R%*"%*".345"#a!aV"Tm)>-&%"\V4"Z%"+3-<5"" 3,&<@-2)3"

1%<"/%&<"3%<")'.>%<"=%"(,=*%=.=*"+.<"1%"/)<.>%5"3%<"*

V"<,=*"%="A./%-&"1%<"/)<.>%<"(,''%"<)"3%<"<-8%*<"+&0<

<*)'-3)"TN&,-R%*"%*".345"#a!a"s"N&,-R%*"%*"P?,&+%5"#a!!

_#5*`">&">&30;&6MY+Y:;&K&)3*$="&7&b%1>#%A*>%5<&2"1&>"./1&2"&#

&6?%13)"&"<&5#3<)"E&3<%.30&"<&?"#>E&?4=%$*0"&"<&A0"*:&.5<>#3

#&2"&03&$3>4)5#%"&2"1&?%13)"1;&,<&A31E&03&/#4$%1%5<&">&0"&>"./1

& $3>4)5#%";& ,<$5#"& *<"& F5%1E& 0"1& ?%13)"1& 15<>& #"$5<<*1& 3

<>& @*"& 0"1& 3*>#"1& $3>4)5#%"1& 2C5AS">1;& K& 2#5%>"&7& 0"& )#3/=%@*

5##"$>"1& ?"#1& 0"1& ?%13)"1& 6"<& 5#3<)":& 15<>& 1%)<%F%$3>%?"."

&?4=%$*0"1& 6"<&A0"*:&2U1&+YY&.1;& ,<&A31E& 0"&)#3/=%@*"&.5<

$$32"1&15<>& %<%>%4"1&/0*1&>3#2%?"."<>E&+RY&.1&3/#U1& 03&/#41"

32"1&?"#1&0"1&?%13)"1&6%$%&2%1>#3$>"*#1:&"1>&4)30"."<>&5A1"#?4

C*<&A%3%1&?"#1&0"1&?%13)"1;&&

!^"

1)@-%" ."',=*&0" @-%" 3%<"

0<" ;" 12.-*&%<" (.*0>,&)%<"

%'%=*" !aa" '<" .+&B<" 3."

3,&<@-2)3"%<*"1%'.=10".-"

5"3%<"*,-*%<"+&%')B&%<"

8%*<"+&0<%=*.)%=*"-="7).)<"

+%5"#a!!V"Tm)>-&%"\V4""

"

/1&2"&#43$>%5<&"<&13$$32"1&

*:&.5<>#3<>&@*"&0"1&#4/5<1"1&

&0"&>"./1&2"&#43$>%5<&.5W"<&

5<<*1& 3?"$& 03& /0*1& )#3<2"&

#3/=%@*"& /#41"<>4& "<& =3*>&

$3>%?"."<>& 2%FF4#"<>"1& 2"1&

@*"&.5<>#"&@*"& 05#1@*"& 0"1&

& 03&/#41"<>3>%5<&2"& 0C%.3)";&

&5A1"#?4"&/5*#&0"1&#4/5<1"1&



"

Z2.-*&%"+.&*5"32)=/%&<),="12-="<*)'

)'+,&*.=*%"1%<"+%&A,&'.=(%<"1.

(.*0>,&)%<"12,78%*<"Tw)=5"!i^i"s"

%*" .345" !iiWs" m.&.?" %*" .345" !ii]V

(,=A)>-&.3",-"?,3)<*)@-%"<+0()A)@

1%<" &%3.*),=<" <+.*).3%<" T*&.)*%'%

m.&.?5"!iiW"s"F,<<),="%*".345"#aa

<%'73%&.)%=*".-"(,=*&.)&%5"+3-*M

(%"*&.)*%'%=*"0*.=*"',)=<"+%&*-&

!iiW"s"m.&.?"%*".345"!ii]V4"`=%")3

32)33-<),=" P?.*(?%&" TP?,'+<,=5"

32%=/%&<5" 32)=/%&<),="1%"(%&*.)=<"

+%&Y-%" +.&" 32,7<%&/.*%-&" .3,&<"

3,&<@-%" 3%" /)<.>%" %<*" +&0<%=*0" ;

3,&<@-%"32,="+&0<%=*%"3%"/)<.>%";"

"

(%)*#"&R&N00*1>#3>%5<&2"&0C%00*1%5<&X=3>$

0C"<2#5%>;&K&2#5%>"E&0"1&W"*-&">&03&A5*$

?%13)"&"1>&/#41"<>4&B&0C"<?"#1&305#1&@*

"

="12-="<*)'-3-<"/)<-%3"T&,*.*),=";"!eayV"%=*&.j=%"-=%"1

.=(%<"1.=<"1%<"*I(?%<"1%"*&.)*%'%=*"1%"/)<.>%<"(,'

5"!i^i"s"Z).',=1"%*"N.&%95"!ie^"s"L.3%=*)=%"%*"h&-(%

345" !ii]V4" _%" A.)*" 12)=/%&<%&" 3%" /)<.>%" +%&*-&7%&.)*" -

"<+0()A)@-%".-G"/)<.>%<5"(2%<*S;S1)&%"-="*&.)*%'%=*">3

T*&.)*%'%=*" (,''%"-=" *,-*" )=1)<<,().73%"s"U.3*,=

*".345"#aaa"s"g(?)3*R"%*"F,<<),=5"#aa^V4"_%<".-*&%<"(.*

)&%5"+3-*M*"*&.)*0%<"1%"'.=)B&%".=.39*)@-%5"(2%<*S;S

+%&*-&70"+.&"32)=/%&<),="TZ).',=1"%*"N.&%95"!ie^

V4"`=%")33-<),="+%&'%**.=*"12)33-<*&%&"(%"*&.)*%'%=*"1

'+<,=5" !iea5" m)>-&%" ]V4" C=" %AA%*5" 3,&<@-2-=" /)<.>%

(%&*.)=<"030'%=*<"1-"/)<.>%"(,''%"3."7,-(?%",-"3%<

-&" .3,&<" @-%" (%**%" *&.=<A,&'.*),=" H"<.-*%"J" 3)**0&.3%

&0<%=*0" ;" 32%=1&,)*4" N%" *&.)*%'%=*" (,=A)>-&.3" <%'73%

"/)<.>%";"32%=/%&<4"

"

5<&X=3>$="#&6323/>4&2"&X=5./15<E&+PdY:;&K&)3*$="&0"&?%13)

>&03&A5*$="&5<>&4>4&%<?"#141E&">&$">>"&>#3<1F5#.3>%5<&/311"&%<

&305#1&@*C"00"&"1>&>#U1&?%1%A0"&05#1@*"&0"&?%13)"&"1>&/#41"<>4&B&0

!c"

j=%"-=%"10>&.1.*),="+3-<"

>%<"(,'+.&0<";"12.-*&%<"

"%*"h&-(%5"!ie^"s"F?,1%<"

&7%&.)*" -=" *&.)*%'%=*" 1)*"

*%'%=*">3,7.3"%="A,=(*),="

U.3*,=5" !eeW"s" P.=.n."%*"

-*&%<"(.*0>,&)%<"12,78%*<"

S1)&%5"*&.)*"+.&"*&.)*5"

&%95"!ie^"s"F?,1%<"%*".345"

*%'%=*"1)*"(,=A)>-&.3"%<*"

=" /)<.>%" %<*" +&0<%=*0" ;"

?%",-"3%<"9%-G"=2%<*"+.<"

J" 3)**0&.3%'%=*" .-G" 9%-G"

.3" <%'73%" 1,=(" +%&*-&70"

&0"&?%13)"&%<>3$>&%<?"#14&">&B&

<&/311"&%<3/"#c*"&05#1@*"&0"&

41"<>4&B&0C"<2#5%>;&&



!e"
"

Z%"+3-<5"-=".-*&%".&>-'%=*"1%" *.)33%"%=" A./%-&"12-=" <9<*B'%"<+0()A)@-%"1%" *&.)*%'%=*"1%<"

/)<.>%<"%<*"32%G)<*%=(%"12-="*&,-73%"<+0()A)@-%".++%30"3."+&,<,+.>=,<)%"Th,1.'%&5"!i\cV4"_."

+&,<,+.>=,<)%"+%-*"6*&%"10A)=)%"(,''%"H"3z)=(.+.()*0";"&%(,==.j*&%"3%<"/)<.>%<"A.')3)%&<5"<-&"

3."7.<%"1%"3."+%&(%+*),="/)<-%33%5"=%"+,-/.=*"6*&%"%G+3)@-0%"=)"+.&"1%<"10A)()*<"/)<-%3<"1%"7.<"

=)/%.-5" =)" +.&" -=%" .3*0&.*),=" (,>=)*)/%" *%33%" @-%" 3." (,=A-<),=" '%=*.3%5" -=%" .+?.<)%5" -=%"

.'=0<)%",-"12.-*&%<"<)>=%<"1%"10*0&),&.*),=")=*%33%(*-%33%"J"T10A)=)*),="%G*&.)*%"1%"$,-7%&*"%*"

.345" #aaeV4" Q)=<)5" 3%<" +%&<,==%<" .**%)=*%<" 1%" +&,<,+.>=,<)%" <%'73%=*" )=(.+.73%<" 1%"

&%(,==.j*&%"-=%"+%&<,==%",$&(,&;-(-$*&#$)O#,/,$*&(#"& 0,#"&C)(-6,".3,&<"@-%" 3%"*&.)*%'%=*"

1%<".-*&%<")=A,&'.*),=<"/0?)(-30%<"+.&"3%"/)<.>%"TI>%5">%=&%5"%*?=)%V"&%<*%"+&0<%&/0"Tg%&>%=*"

%*" d,=(%*5" !iiaV4" O3" %G)<*%" 1%-G" *9+%<" 1%" +&,<,+.>=,<)%<5" 3." +&,<,+.>=,<)%" .(@-)<%" ,v" 3%<"

*&,-73%<" .++.&.)<<%=*" <-)*%" ;" -=" *&.-'.*)<'%5" -=%" 30<),=" ,-" -=%" '.3.1)%" =%-&,S

10>0=0&.*)/%" TC/.=<" %*" .345" !ii]"s" $,-7%&*" %*" .345" #aaWV" %*" 3." +&,<,+.>=,<)%"

10/%3,++%'%=*.3%" .++.&.)<<.=*" .-" (,-&<" 1-" 10/%3,++%'%=*" %*" .9.=*" +,-&" ,&)>)=%" 1%<"

30<),=<" =0,=.*.3%<" ,-" 1%<" .=,'.3)%<" >0=0*)@-%<4" Z.=<" 3%" (.<" 1%" 3." +&,<,+.>=,<)%"

10/%3,++%'%=*.3%5" 3%<" +.*)%=*<" =%" &0.3)<%=*" <,-/%=*" +.<" @-z)3<" <,=*" )=(.+.73%<" 1%"

&%(,==.j*&%" 1%<" /)<.>%<" %*" '%**%=*" %=" +3.(%" 1%<" <*&.*0>)%<" 1)AA0&%=*%<" 7.<0%<" <-&" 1%<"

)=A,&'.*),=<" =,=SA.().3%<5" *%33%<" @-%" 3%<" (?%/%-G5" 3." 10'.&(?%5" 3%<" /6*%'%=*<5" 3." /,)G" ,-"

%=(,&%" -=" 10*.)3" +.&*)(-3)%&" (,''%" 1%<" 3-=%**%<" ,-" -=%" ',-<*.(?%4" Q-" (,=*&.)&%" 3."

+&,<,+.>=,<)%".(@-)<%"%<*" /0(-%"(,''%"-=" &0%3"?.=1)(.+"+.&" 3%<"+%&<,==%<" *,-(?0%<"@-)"

'%**%=*"%="+3.(%"1%"'.=)B&%"(,=<()%=*%"1%<"<*&.*0>)%<"<)')3.)&%<".-G"+%&<,==%<".**%)=*%<"1%"

+&,<,+.>=,<)%"10/%3,++%'%=*.3%4"

"

Z%" '.=)B&%" )=*0&%<<.=*%5" 1.=<" (%&*.)=<" (.<" .++%30<" +&,<,+.>=,<)%" +-&%5" 3z.+*)*-1%" +,-&"

&%(,==.j*&%"3%<",78%*<"%<*"*,*.3%'%=*"+&0<%&/0%"TF)11,(?"%*".345"#aae"s"F,<<),="%*".345"#aaW"s"

N.31.&."%*".345"#aa]"s"h-<)>=9"%*".345"#a!aV4"d.&"%G%'+3%5"h-<)>=9"%*".34"T#a!aV"+&0<%=*%"3%"(.<"

1%"UU5"-="+.*)%=*".**%)=*"1%"+&,<,+.>=,<)%".(@-)<%4"Q"32.)1%"12-="3.&>%"+.=%3"12%G+0&)%=(%<5"

(%<" .-*%-&<"',=*&%=*" @-%"UU" +&0<%=*%" -=" 10A)()*" <+0()A)@-%" 1-" *&.)*%'%=*" ?,3)<*)@-%" 1%<"

/)<.>%<" .-" =)/%.-" )=1)/)1-%34" Z.=<" 32-=%" 1%" 3%-&" %G+0&)%=(%5" )3<" ,7<%&/%=*" @-%" 3%<"

+%&A,&'.=(%<" 1%" UU" 1.=<" 1%<" *I(?%<" 1%" 1)<(&)')=.*),=" 12,78%*<" )=1)/)1-%3<" <,=*"

0@-)/.3%=*%<" .-G" +%&A,&'.=(%<" 1%<" (,=*&M3%<" .3,&<" @-2-=%" 1)')=-*),=" <)>=)A)(.*)/%" 1%" <%<"

+%&A,&'.=(%<"%<*",7<%&/0%" 3,&<@-%" 3%<" <*)'-3)"-*)3)<0<" <,=*"1%<"/)<.>%<" Tm)>-&%"^V4"Z%"+3-<5"

'6'%"<)"(%3."&%<*%""1)<(-*0"1.=<"3."3)**0&.*-&%5"32.7<%=(%"12%AA%*"12)=/%&<),="(?%R"3%<"+.*)%=*<"



"

+&,<,+.>=,<)@-%<"."0*0"&.++,&*0

%*" .34" T#a!aV"',=*&%=*5" ;" 32.)1%"

12)=/%&<),="(,=*&.)&%'%=*".-G"<-

@-2-=%" .**%)=*%" <+0()A)@-%" 1-"

.&>-'%=*"A,&*"%="A./%-&"1%"32?9+

(%)*#"& e& (%)*#"1& "->#3%>"1& 2"& J*1%)

#"/#41"<>"<>&0"1&>"./1&2"&#43$>%5<&"

/3>%"<>& II& "<& <5%#& 23<1& *<"& >g$="

1%)<%F%$3>%?"& <C"1>& 5A1"#?4"& /5*#& 0"1&

"-$"/>4&/5*#&03&$3>4)5#%"&2"1&?%13)"1;

2"1& 5AS">1& 3*& <%?"3*& %<2%?%2*"0& .3%

%<2%?%2*"0;& ,<& A31& 15<>& /#41"<>41& 0"

6/#4$%1%5<&">&>"./1&2"&#43$>%5<:&2"1&$

0C"<?"#1& 6"<& <5%#:;& G"1& 1*S">1& $5<>#f0"

"-/4#%"<$"1&15<>&2"1&3#)*."<>1&"<&F3

<%?"3*&%<2%?%2*"0&23<1&03&/#515/3)<51

"

0"&.++,&*0%"Tm.&.?"%*".345"!ii]"s"h-<)>=9"%*".345"#a!aV4"C

" ;" 32.)1%" 12-=%" *I(?%"1%"'.*(?)=>5" @-%"UU"=%" +&0<

=*".-G"<-8%*<"(,=*&M3%<"Tm)>-&%"^V4"Q)=<)5"3%"(.<"1%"(%

A)@-%" 1-" *&.)*%'%=*" )=1)/)1-%3" 1%<" /)<.>%<" +%-*"

"1%"32?9+,*?B<%"12-="',1-3%"<+0()A)@-%"1%"*&.)*%'%=

"& J*1%)<W& ">& 30;& 6MY+Y:& .5<>#3<>& "<& =3*>& 0"1& /"#F5#.3

3$>%5<&">&0"1&A3##"1&#"/#41"<>"<>&03&/#4$%1%5<:&2"1&1*S">1&$5<

*<"& >g$="& 2"& 2%1$#%.%<3>%5<& 2C5AS">1& 3*& <%?"3*& %<2%?%2*"0;

/5*#& 0"1& 2%FF4#"<>"1& $3>4)5#%"1& 2C5AS">1& 65%1"3*-E& A3>"3*-

&?%13)"1;&K%<1%E&03&/#515/3)<51%"&<"&1"#3%>&/31&2*"&B&24F%$%>&)

2*"0& .3%1& A%"<& B& *<& 2W1F5<$>%5<<"."<>& 2*& >#3%>"."<>& 2"1

1"<>41& 0"1& #41*0>3>1& 2C*<"& >g$="& 2"& .3>$=%<)& $5<>#31>3<>

5<:&2"1&$5<>#f0"1&">&2*&/3>%"<>&05#1@*"&0"1&?%13)"1&15<>&B&0C"

& $5<>#f0"1&.5<>#"<>& *<& "FF">& 2C%<?"#1%5<& $5<>#3%#"."<>& 3*&

"<>1&"<&F3?"*#&2C*<&2W1F5<$>%5<<"."<>&2*&>#3%>"."<>&=50%1>

15/3)<51%";&&

!i"

45"#a!aV4"C="%AA%*5"h-<)>=9"

" =%" +&0<%=*%" +.<" 12%AA%*"

.<"1%"(%"+.*)%=*"<->>B&%"

%<" +%-*" 6*&%" ,7<%&/0%5"

&.)*%'%=*4""

 

& /"#F5#.3<$"1& 60"1& 0513<)"1&

*S">1&$5<>#f0"1&"<&)#%1&">&2*&

2%?%2*"0;& K*$*<"& 2%FF4#"<$"&

A3>"3*-E& ?5%>*#"1E& $=3%1"1:&

&24F%$%>&)05A30&2*&>#3%>"."<>&

"<>& 2"1& ?%13)"1& 3*& <%?"3*&

<>#31>3<>& 0"1& /"#F5#.3<$"1&

5<>&B&0C"<2#5%>&6"<&)#%1:&?1&B&

."<>& 3*& /3>%"<>;& _"1& 2"*-&

50%1>%@*"&2"1&?%13)"1&3*&



#a"
"

Z%&=)%&"+,)=*5" " 32%AA%*"P?.*(?%&"."0>.3%'%=*"0*0"&%*&,-/0"(?%R"12.-*&%<"+&)'.*%<"(,''%"3%"

'.(.@-%";"@-)"32,="+&0<%=*.)*"1%<"+?,*,>&.+?)%<"1%"<%<"(,=>0=B&%<"TQ1.(?)"%*".345"#aaiV4"C="

%AA%*5"3."<+0()A)()*0"1-"*&.)*%'%=*"1%<"/)<.>%<"<%'73%"&%*&,-/0%"(?%R"1%"=,'7&%-<%<".-*&%<"

%<+B(%<".=)'.3%<4"QA)="1%"(,'+&%=1&%"(,''%=*"3."+%&(%+*),="1%<"/)<.>%<"<2%<*"10/%3,++0%"

.-"(,-&<"1%"320/,3-*),=5"-=%"&%/-%"&0(%=*%"1%"_%,+,31"%*"F?,1%<"T#a!aV"."(,'+)30"1)AA0&%=*<"

*&./.-G"0*-1).=*"3."'.=)B&%"1,=*"+3-<)%-&<"%<+B(%<".=)'.3%<"*&.)*.)%=*"3%<"/)<.>%<4"d,-&"(%3.5"

3%<" .-*%-&<" <%" <,=*" )=*0&%<<0<" .-G" 1)AA0&%=*<" .<+%(*<" 1-" *&.)*%'%=*" 1%<" /)<.>%<" T)1%=*)*05"

%G+&%<<),="0',*),==%33%5"&%>.&15".**&.(*)/)*05"10/%3,++%'%=*"%*"<+0().3)<.*),="=%-&.3%V"(?%R"

1%<" %<+B(%<" 1%" +&)'.*%<" T(?)'+.=R0<5" '.(.@-%<V" %*" 1%" =,=S+&)'.*%<" T'.'')AB&%<5"

/%&*07&0<" =,=S'.''.3)%=<" %*" )=/%&*07&0<V" .A)=" 1%" 10*%&')=%&" @-%33%<" )=A,&'.*),=<" 3%<"

.=)'.-G"0*.)%=*" (.+.73%<"12%G*&.)&%"1-"/)<.>%"1%" 3%-&<" (,=>0=B&%<5",-"1%<".-*&%<"%<+B(%<"

.=)'.3%<4" O3<" ,=*" .)=<)" .++,&*0"1%"=,'7&%-G" .&>-'%=*<" Tm)>-&%"cV" %=" A./%-&"12-=%",&)>)=%"

0/,3-*)/%" 1-" *&.)*%'%=*" 1%<" /)<.>%<5" 1,=*" 3%<" 1)AA0&%=*%<" (,'+,<.=*%<" <%" &%*&,-/.)%=*" ;"

*&./%&<"3%<"%<+B(%<4"

"

d.&" %G%'+3%5" 3%<" +%&&-(?%<" <%&.)%=*" +3-<" &.+)1%<" +,-&" 1)<(&)')=%&" -=%" +.)&%" 1%" /)<.>%<"

12.-*&%<"+%&&-(?%<" 3,&<@-2%33%<" <,=*" )=*.(*%<" (,'+.&0%<" ;"1%<"+.)&%<"1%" /)<.>%<"'03.=>0<5"

<->>0&.=*"-="&M3%" )'+,&*.=*"1%"3."(,=A)>-&.*),="+,-&"%AA%(*-%&" 3."*I(?%"Th&,l="%*"Z,,3)=>5"

!iiWV" Tm)>-&%" cV4" g)" 32,=" <2)=*0&%<<%" .-G" 0',*),=<" A.().3%<5" 3%<" ',-*,=<" <%'73%&.)%=*"

(,''-=)@-%&"%*"&%(,==.j*&%"3."+%-&"%="0(.&@-)33.=*"3%<"9%-G"%*"%="&.7.**.=*"3%-&<",&%)33%<"%="

.&&)B&%"TP.*%"%*".345"#aa^V4"Z%"+3-<"%*"1%"'.=)B&%")=*0&%<<.=*%5"3%<".**&)7-*<"A.().-G"<%'73%=*"

0>.3%'%=*")=*%&/%=)&"1.=<"3."<03%(*),="1-"+.&*%=.)&%"<%G-%34"C="%AA%*5"3%<"<)=>%<"*&,-/%&.)%=*"

+3-<" .**&.(*)A<" -=" (,=>0=B&%" .-" /)<.>%" <9'0*&)@-%" Tt.)**" %*" _)**3%5" #aa^V4" O3<" <%&.)%=*"

0>.3%'%=*" (.+.73%<" 1%" &%(,==.j*&%" 1%<" <)')3.&)*0<" A.')3).3%<" ;" +.&*)&" 1-" /)<.>%" 1%" 3%-&<"

(,=>0=B&%<" T%=*&%"-=%"'B&%"%*" <%<"+%*)*<" +.&"%G%'+3%V" Td.&&" %*" 1%"t..35" !iiiV4" C=A)=5" 1%"

'.=)B&%" <-&+&%=.=*%5" )3" <%'73%&.)*" @-%" 3%<" >&.=1<" 1.-+?)=<" T:.&)=," %*" .345" #aacV" %*" 3%<"

030+?.=*<" Td3,*=)(n"%*".345"#aa^V"<,)%=*"(.+.73%<"1%"&%(,==.j*&%" 3%-&"+&,+&%"/)<.>%"1.=<"-="

')&,)&4"



"

(%)*#"& Q& N00*1>#3>%5<& 2"& 2%FF4#"<>1& $5

2C3*>#"1&"1/U$"1&3<%.30"1&6323/>41&2"

"

!"!"!"6 7'52+*$&,%8%9:*$/;$&'*

_2%G)<*%=(%" 12-=" *&.)*%'%=*"

.&>-'%=*<"<,=*"&.++,&*0<"1.=<"3

"

`="+&%')%&".&>-'%=*"(,=*&%" 32?

@-%"0,(&C)(-6,(&(%),$*&6D$D"-0

<,=*" *&.)*0<" 3%" +3-<" <,-/%=*"

+),==)B&%<"1%"F,<(?" T!ic]V"+,&

/)<-%3<" <,)%=*" (.*0>,&)<0<" ;" 1)AA

-=%".(*)/)*0"(,>=)*)/%"(,=<)<*.=*"

T:%&/)<"%*"F,<(?5"!ie!V4"_%<"(.*

+3-<"H"3.&>%<"J"<,=*".++%30%<"(.*

3%<"+3-<"A)=%<"<,=*".++%30%<"<-7,

#"<>1& $5./5#>"."<>1& "<& F3?"*#& 2C*<& >#3%>"."<>& 1/4$%F%@*"

23/>41&2"&O=52"1&">&G"5/502E&MY+Y:;&

8%9:*$/;$&'*%3:2$%&'()&*+*$&%,-./)0)12*%3*,%4),(5*,

" <+0()A)@-%" 1%<" /)<.>%<" &%<*%" (,=*&,/%&<0%4"

1.=<"3."3)**0&.*-&%4""

,=*&%" 32?9+,*?B<%"12-="*&.)*%'%=*"<+0()A)@-%"1%<"/

D$D"-0,/,$*&*"-)*D(&$,*%&/0$,*&%+&/&+,01".3,&<"@-%"

/%=*" .-" =)/%.-" 7.<)@-%4" C=" %AA%*5" 1.=<" 3%<" .==0%

ic]V"+,&*.=*" <-&" 3%" *&.)*%'%=*"1%<",78%*<5"+&,+,<%=*"

0<" ;" 1)AA0&%=*<"=)/%.-G"12.7<*&.(*),=5" (.*0>,&)<%&"-=

,=<)<*.=*";"&%>&,-+%&"1%<",78%*<"=,=")1%=*)@-%<"1.=

V4"_%<"(.*0>,&)%<"3%<"+3-<".7<*&.)*%<"(,&&%<+,=1.=*".-G

%30%<"(.*0>,&)%<"<-+%&,&1,==0%<"T.=)'.35"/)/.=*5EV"

30%<"<-7,&1,==0%<"T(,33%95"&,->%S>,&>%5EV4"C=*&%"(%<"

#!"

"

1/4$%F%@*"& 2"1& ?%13)"1& $="`&

,%4),(5*,%

/%&<0%4" P&,)<" +&)=()+.-G"

-%"1%<"/)<.>%<"%<*" 3%" A.)*"

,&<"@-%"3%<".-*&%<",78%*<"

<" .==0%<" ca5" 3%<" 0*-1%<"

+&,+,<%=*"@-%" 3%<",78%*<"

,&)<%&"-=" <*)'-3-<" 0*.=*"

@-%<"1.=<"1%<"(.*0>,&)%<"

=1.=*".-G"(.*0>,&)%<"3%<"

/)/.=*5EV"%*"3%<"(.*0>,&)%<"

=*&%"(%<"1%-G"=)/%.-G"1%"



##"
"

(.*0>,&)<.*),=5"3%"=)/%.-"7.<)@-%"T(?)%=5"3.+)=5EV"(,&&%<+,=1&.)*".-"=)/%.-"1%"(.*0>,&)<.*),="

,v" 3%<" ,78%*<" <%&.)%=*" 1)&%(*%'%=*" (.*0>,&)<0<" Tm)>-&%" #V4" g%3,=" 3." *?0,&)%" 1%" F,<(?5" (%"

=)/%.-"(,=<*)*-%&.)*"3%"+,)=*"12%=*&0%"1%"3."&%(,==.)<<.=(%"1%<",78%*<"*9+)@-%<"T$,3)(,%-&"%*"

.345"!ie^V5"3%"+,)=*"12%=*&0%"0*.=*"10A)=)"(,''%"3%"+&%')%&"+,)=*"1%"(,=*.(*"%=*&%"3%"<*)'-3-<"

/)<-%3" %*" <%<" &%+&0<%=*.*),=<" %=" '0',)&%4" _%<" /)<.>%<5" .-" (,=*&.)&%" 1%<" .-*&%<" ,78%*<"

=0(%<<)*%&.)%=*" 3%" +3-<" <,-/%=*" -=" *&.)*%'%=*" <,-<S,&1,==0" TH")3" <2.>)*" 1-" /)<.>%" 1%" '."

/,)<)=%"%*"+.<"1%"3."7,-3.=>B&%"JV"(,'+.&0<".-G".-*&%<"<*)'-3)"/)<-%3<"TH")3"<2.>)*"12-="./),="

%*" =,=" 12-=" ,)<%.-"JV4" _2.++.&%=*%" <+0()A)()*0" 1-" *&.)*%'%=*" 1%<" /)<.>%<" ;" *&./%&<" -=%"

.**%)=*%" <+0()A)@-%" 1%" (%**%" (.*0>,&)%" 12,78%*" T%G"K" 3." +&,<,+.>=,<)%V" +,-&&.)*" &%A30*%&" -="

*&,-73%" +3-<" >0=0&.3" 1%" 32)=1)/)1-.3)<.*),=" 1%<" ,78%*<4" Z.=<" (%" <%=<5"Z.'.<)," %*" .34" T!ie#V"

&.++,&*%=*" +3-<)%-&<" (.<" 1%" +.*)%=*<" +&0<%=*.=*" 1%<" *&,-73%<" 1%" 32)=1)/)1-.3)<.*),=" 1%"

+3-<)%-&<" (.*0>,&)%<"12,78%*<" 9" (,'+&)<" 1%<" /)<.>%<4"Z.'.<),"+,<*-3%"1%" (%" A.)*" 32%G)<*%=(%"

12-=" <9<*B'%" =,=S<+0()A)@-%" (,''-=" @-)" <2.(*)/%&.)*" 3,&<@-%" *,-*" *9+%" 12,78%*<"

=0(%<<)*%&.)*"126*&%")=1)/)1-.3)<04""

""

O=<+)&0%"1%<"*&./.-G"1%"Z.'.<),5"-=%".3*%&=.*)/%";"(%"+&%')%&".&>-'%=*"%<*"32?9+,*?B<%"1%"

320230"(&'0& @-)& <->>B&%" 32%G)<*%=(%" 12-=" <9<*B'%" 1%" *&.)*%'%=*" <+0()A)@-%" +,-&" *,-<" 3%<"

,78%*<"1,=*"=,-<" <,''%<"%G+%&*<& T%G+%&*<" (.=)=<5",&=)*?,3,>-%<5" 9" (,'+&)<" 3%<" /)<.>%<5EV5"

(2%<*S;S1)&%"@-%"=,-<"1%/,=<"*&.)*%&";"-="=)/%.-"<,-<S,&1,==0"TZ).',=1"%*"N.&%95"!ie^V4"C="

%AA%*5" +3-<)%-&<" .-*%-&<"+&,+,<%=*"@-%" *,-<" 3%<" <*)'-3)" 1,=*"=,-<" <,''%<"%G+%&*<" A.<<%=*"

32,78%*" 12-=" *&.)*%'%=*" &%(&-*.=*" 1%<" "%#*)$,(& 3,"=,3*)C,(& (3D=)-0)(D,(& TP.=.n." %*" P.93,&5"

!ii!"s"P.=.n.5"#aa!V4""

"

`=%"0*-1%"1%"P.=.n."%*" P.93,&" T!ii!V"',=*&%"@-%"1%<" %G+%&*<5" +.&" %G%'+3%"1%<" 03%/%-&<"

(.=)=<5" (.*0>,&)<%=*" 3%<" (?)%=<" .-<<)" <+,=*.=0'%=*" %*" &.+)1%'%=*" .-" =)/%.-" <-7,&1,==0"

T3.7&.1,&V"@-2.-"=)/%.-"7.<)@-%"T(?)%=V4"Z.=<"(%"<%=<5"P.=.n."T#aa!V"A.)*"32?9+,*?B<%"@-%"3%<"

?-'.)=<5" %=" *.=*" @-2%G+%&*<" 1%<" /)<.>%<" 1%/&.)%=*" +&0<%=*%&" 3%<" '6'%<" %AA%*<" @-%" 3%<"

%G+%&*<" (.=)=<"%*" (.*0>,&)<%&" 3%<" <*)'-3)" /)<.>%<"1)&%(*%'%=*" T%*"1,=("+3-<" &.+)1%'%=*V".-"

=)/%.-"<-7,&1,==04"_2.-*%-&"*%<*%"(%**%"?9+,*?B<%";"*&./%&<"@-.*&%"%G+0&)%=(%<"Tm)>-&%"eV4"

Z.=<"3."+&%')B&%"%G+0&)%=(%5"3%<"<-8%*<"1,)/%=*"1,==%&"3%"=,'"1%"#^"+%&<,==%<"(03B7&%<"%*"

#a" ,78%*<" =.*-&%3<" ,-" '.=-A.(*-&0<" 3%" +3-<" &.+)1%'%=*" +,<<)73%4" _%-&<" &0+,=<%<" <,=*"

(3.<<0%<" %=" <-+%&,&1,==0%<" T.=)'.35" 6*&%" /)/.=*V5" 7.<)@-%<" T?-'.)=5" +%&<,==%V" %*"



#W"
"

<-7,&1,==0%<" TA%''%5" ?,''%" ,-" =,'" +&,+&%V4" _%<" &0<-3*.*<" ',=*&%=*" -=" ./.=*.>%" 1-"

=)/%.-" 7.<)@-%" +,-&" 3%<" ,78%*<" %*" -=" ./.=*.>%" 1-" =)/%.-" <-7,&1,==0" +,-&" 3%<" /)<.>%<4"

P.=.n." <->>B&%" (%+%=1.=*"@-%" 3%<" <-8%*<" (.*0>,&)<.)%=*" 3%<" /)<.>%<" .-"=)/%.-" <-7,&1,==0"

+.&"(,=/%=*),=<"<,().3%<4""

"

Q)=<)5" )3" 10/%3,++%" -=%" <%(,=1%" 0*-1%" -*)3)<.=*" 3." *I(?%" 1%" /0&)A)(.*),=" 1%" (.*0>,&)%"

10/%3,++0%"+.&"F,<(?"T!ic]V4"Z.=<"(%**%"%G+0&)%=(%5"3."(.*0>,&)%"T7.<)@-%",-"<-7,&1,==0%V"

%<*"+&0<%=*0%".-"<-8%*"<-)/)"1%" 3."+?,*,>&.+?)%"Te" (?)%=<"%*"e"(0307&)*0<" &0+0*0<"^" A,)<V5" 3%"

<-8%*".9.=*"+,-&"(,=<)>=%"1%"&0+,=1&%"3%"+3-<"&.+)1%'%=*"+,<<)73%"<)"32)'.>%".++.&*)%=*";"3."

(.*0>,&)%"+&0<%=*0%4"`="./.=*.>%"*%'+,&%3"1-"=)/%.-"7.<)@-%"%<*",7<%&/0"+,-&" 3%<" )'.>%<"

1%"(?)%=<"*.=1)<"@-%"3%<"*%'+<"1%"&0.(*),="<,=*"<)')3.)&%<"%=*&%"3%<"(.*0>,&)%<"<-7,&1,==0%<"

%*" 7.<)@-%<" +,-&" 3%<" /)<.>%<4" P.=.n." (,=(3-*" 1,=(" @-%" 3%" +,)=*" 12%=*&0%" +,-&" 3%<" /)<.>%<"

(03B7&%<"%<*"7)%="3%"=)/%.-"<-7,&1,==0"1%"32)1%=*)*04""

"

O3"*%=*%"%=<-)*%"1%"+&0()<%&"3."=.*-&%"1%"(%<"1)AA0&%=*<"=)/%.-G"1%"(.*0>,&)<.*),=4"d,-&"(%3.5"

1.=<"-=%"*&,)<)B'%"%G+0&)%=(%" )3"<,-?.)*%"10*%&')=%&"<)5"(,''%"3%"<->>B&%"$,3)(,%-&"%*".34"

T!ie\V5"3."(.*0>,&)<.*),="<-7,&1,==0%"=0(%<<)*%"1%<"+&,(%<<-<"+%&(%+*-%3<".11)*),==%3<";"3."

(.*0>,&)%" 7.<)@-%4" d,-&" (%3.5" )3" *%<*%" 32%AA%*" 1-" '.<@-.>%" <-&" 3." *I(?%" 1%" /0&)A)(.*),=" 1%"

(.*0>,&)%4"Q)=<)5"(,''%"1.=<"32%G+0&)%=(%"+&0(01%=*%5"3."(.*0>,&)%"+&0(B1%"3."+&0<%=*.*),="

1%<"<*)'-3)"Te"(?)%=<5"e",)<%.-G5"e"(0307&)*0<"&0+0*0<"\"A,)<V"@-)"<,=*"%=<-)*%"'.<@-0<"1B<"c]"

'<".+&B<" 3."+&0<%=*.*),="1%"32)'.>%"T(,-&*%"%G+,<)*),=V",-"+3-<"*.&1)/%'%=*5".+&B<"i]a"'<"

T3,=>-%" %G+,<)*),=V4" _%<" &0<-3*.*<" ',=*&%=*" %=" %AA%*5" @-%" +,-&" 3%<" ,78%*<" 1,=*" =,-<" =%"

<,''%<" +.<" %G+%&*<" T(?)%=<5" ,)<%.-GV5" -=%" .->'%=*.*),=" 1%<" *%'+<" 1%" &0.(*),=" %*" -=%"

1)')=-*),=" 1%" 3." +&0()<),=" <,=*" ,7<%&/0%<" +,-&" 3%" =)/%.-" <-7,&1,==0" 3,&<" 12-=%" (,-&*%"

%G+,<)*),="1-"<*)'-3-<4"Z%"'.=)B&%")=*0&%<<.=*%".-(-="%AA%*"=2%<*",7<%&/0"+,-&"3%<"/)<.>%<4"

"

_2%=<%'73%"1%"(%<"*&./.-G"<-++,&*%=*"32?9+,*?B<%"<%3,="3.@-%33%"3%"*&.)*%'%=*"+%&(%+*)A"1%<"

,78%*<"12%G+%&*)<%5"%*"%="+.&*)(-3)%&"(%3-)"1%<"/)<.>%<5"&%A30*%&.)*"-="'0(.=)<'%"+%&A,&'.=*"

1%" *&.)*%'%=*" .-" =)/%.-" <-7,&1,==0" 1%<" %G%'+3.)&%<" 12-=%" (.*0>,&)%" TP.=.n." %*" N-&&.=5"

#aa!"s"F,<<),="%*".345"#aa#V"+3-*M*"@-2-="<9<*B'%"1%"*&.)*%'%=*"<+0()A)@-%"101)0".-G"/)<.>%<4""

"



"

(%)*#"&d&[W<>=U1"&2"1&#41*0>3>1&2"&X3

<%?"3*& %<2%?%2*"0& "<& F3?"*#& 2"& 0C=W/5

/#".%U#"& "-/4#%"<$"& 6"<& =3*>& B& )3*$

<%?"3*& %<2%?%2*"0& 6<5.&/#5/#":&/0*>f

/"#15<<":&3*&$5<>#3%#"&2"1&5AS">1&@*%

.5<>#"&@*"&05#1&2C*<"&>g$="&2"&?4#%F%

#3/%2"1&/5*#&#4/5<2#"&05#1@*"&03&$3>4

/5*#& 0"1& 1>%.*0%& ?%13)"1& $5<>#3%#"."<

>#5%1%U."&"-/4#%"<$"&.5<>#"&23<1&*<

PRY&.1:&<C3&/31&2C"FF">&1*#&0"1&/"#F5#.

@*C*<"&2%.%<*>%5<&2"1&/"#F5#.3<$"1&

5A1"#?4"& /5*#& 0"1& 3*>#"1& 5AS">1;& ,<F

T&.3>$=%<)&V&63//*W"#&1*#&*<"&>5*$="

">& .5<>#"& *<& "FF">& 2*& /#%.%<)& /3#

.5<>#"<>&/31&2C"FF">;&&

"

>1&2"&X3<393&6MYY+:&"<&F3?"*#&2C*<"&$3>4)5#%13>%5<&2"1&?%13

2"& 0C=W/5>=U1"& 1"05<& 03@*"00"& 0"1& =*.3%<1& 1"#3%"<>& "-/"#>

*>& B& )3*$=":&.5<>#"& @*"& 0"1& 1*S">1& 24<5.."<>& 1/5<>3<4."

#":&/0*>f>&@*C3*&<%?"3*&A31%@*"&6+Yh&25<<"& 0"&)"<#"&$5<>#"

AS">1&@*%&15<>&"<&.3S5#%>4&24<5..41&3*&<%?"3*&A31%@*";&G3&

&2"&?4#%F%$3>%5<&2"&$3>4)5#%"&$5.."&24?"05//4"&/3#&O51$=E&

*"&03&$3>4)5#%"&"1>&1*A5#25<<4"&$5./3#4"&3*&<%?"3*&1*/"#5

>#3%#"."<>& 3*-& 5AS">1& /5*#& 0"1@*"01& *<& 3?3<>3)"& A31%@*"

&23<1&*<"&>g$="&2"&?4#%F%$3>%5<&2"&$3>4)5#%"&@*"&0"&>"./1&2C"

1&/"#F5#.3<$"1&6/#4$%1%5<&">&>"./1&2"&#43$>%5<:&2"1&1*S">1&/

#.3<$"1&62%.%<*>%5<&2"&03&/#4$%1%5<&">&3*)."<>3>%5<&2"1&>".

S">1;& ,<F%<E& 03& @*3>#%U."& "-/4#%"<$"& >"1>"& 0C"FF">& 2*& /#%.%<

"&>5*$="&1%&0"1&2"*-&%.3)"1&15<>&0"1&.D."1E&*<"&3*>#"&1%&"00

%<)& /3#& 0C%2"<>%>4& /5*#& 0"1& ?%13)"1& $5<>#3%#"."<>& 3*-& 3*

#\"

"

&2"1&?%13)"1&2%#"$>"."<>&3*&

<>& "-/"#>1& 2"1& ?%13)"1;& G"*#&

5<>3<4."<>& 0"1& ?%13)"1& 3*&

<#"&$5<>#"&PYh& 0"&<5.&2"& 03&

";&G3&1"$5<2"&"-/4#%"<$"&

#&O51$=E&0"1&1*S">1&15<>&3*11%&

*&1*/"#5#25<<4&5*&A31%@*"&

& A31%@*"& "1>& 5A1"#?4;& a<"&

"./1&2C"-/51%>%5<&6QR&.1&?1&

&1*S">1&/5*#&0"1&?%13)"1&305#1&

<&2"1&>"./1&2"&#43$>%5<:&"1>&

*& /#%.%<)& 1*#& *<"& >g$="& 2"&

>#"&1%&"00"1&15<>&2%FF4#"<>"1:&

>& 3*-& 3*>#"1& 5AS">1& @*%& <"&



#]"
"

C=A)=5"-="1%&=)%&".&>-'%=*";" 32%=(,=*&%"12-="<9<*B'%"<+0()A)@-%"1%<"/)<.>%<"%<*" 3%"A.)*"@-%"

(%&*.)=<" ,78%*<5" .-*&%" @-%" 3%<" /)<.>%<5" <%'73%=*" 6*&%" *&.)*0<" 1%"-$%&4"0* .)%5&#,"$104" d.&"

%G%'+3%5";" 3."A)="1%<".==0%<"ea5"-=%"0*-1%"+&,+,<0%"+.&"Z).',=1"%*"N.&%9"T!ie^V"',=*&%"

@-%" <,-<" (%&*.)=%<" (,=1)*),=<5" 32%AA%*" 12)=/%&<),=5" <-++,<0" <+0()A)@-%" .-G" /)<.>%<5" +,-/.)*"

6*&%",7<%&/0"+,-&"1%<",78%*<"=,=S/)<.>%<"1,=*"=,-<" <,''%<"%G+%&*<" Tm)>-&%"iV4"Z.=<" 3%-&"

<%(,=1%"%G+0&)%=(%5"1%<"+?,*,>&.+?)%<"1%"(?)%=<",-"1%"/)<.>%<"<,=*"+&0<%=*0%<";" 32%=/%&<"

,-";" 32%=1&,)*"1%"'.=)B&%".30.*,)&%" T32,&1&%"0*.=*" (,=*&%7.3.=(0";" *&./%&<" 3%<" <-8%*<V";"1%<"

%G+%&*<"(.=)=<"%*"1%<"=,/)(%<".9.=*"+,-&"(,=<)>=%"1%"3%<"'0',&)<%&4"O''01).*%'%=*".+&B<"

(%**%" +?.<%" 12%=(,1.>%5" 3%<" <-8%*<" &0.3)<%=*" -=%" *I(?%" 1%" (?,)G" A,&(05" 3%<" )*%'<" 0*.=*"

+&0<%=*0<";"32%=1&,)*",-";"32%=/%&<4"_%<"&0<-3*.*<"',=*&%=*"7)%="-="%AA%*"12)=/%&<),="+,-&"3%<"

<*)'-3)" /)<.>%<" (?%R" 3%<" =,/)(%<" %*" 3%<" %G+%&*<" (.=)=<4" N%+%=1.=*" (%*" %AA%*" %<*" 0>.3%'%=*"

,7<%&/0" +,-&" 3%<" +?,*,>&.+?)%<" 1%" (?)%=<" (?%R" 3%<" %G+%&*<4" N%<" &0<-3*.*<" <-++,&*%=*" 1,=("

32?9+,*?B<%"12-="*&.)*%'%=*"(,=A)>-&.3"1%"*,-<"3%<",78%*<"/)<-%3<"1,=*"=,-<"<,''%<"%G+%&*<5"

9"(,'+&)<"3%<"/)<.>%<4"*

"

"

(%)*#"&P&(%)*#"&"->#3%>"&2"&b%3.5<2&">&_3#"W&6+Pde:&.5<>#3<>&0"1&/"#F5#.3<$"1&2C"-/"#>1&">&2"&<5?%$"1&23<1&

2"1&>g$="1&2"&$=5%-&F5#$4;&G"1&0">>#"1&[&">&G&241%)<"<>&0"&<5.A#"&2"&1>%.*0%&/#41"<>4&3*&1*S">E&[&241%)<3<>&*<&

F3%A0"&<5.A#"&2C%>".1&">&G&*<&03#)"&<5.A#"&2C%>".1;&a<&"FF">&2C%<?"#1%5<&"1>&5A1"#?4&$="`&0"1&<5?%$"1&">&0"1&

"-/"#>1&$3<%<1&/5*#& 0"1&?%13)"1&@*"00"&@*"&15%>& 03&>3%00"&2"&0C4$=3<>%005<;&_">&"FF">&2C%<?"#1%5<&"1>&4)30"."<>&

5A1"#?4&$="`&0"1&"-/"#>1&05#1@*"&0"1&5AS">1&2"&0"*#&"-/"#>%1"&6$=%"<1:&15<>&/#41"<>41;&_"1&#41*0>3>1&1*//5#>"<>&

25<$&0C=W/5>=U1"&2"&0C"-/"#>%1";&&&

"



#^"
"

! @-$(&=,**,&3",/)F",&3-"*),A&$%#(&-C%$(&3#&=%$(*-*,"&O#,&/-06"D&0,#"&=%/30,H)*DA&0,(&

C)(-6,(&(%$*&*"-)*D(&E,&/-$)F",&"-3)E,&,*&,JJ)=-=,K&V$,&3",/)F",&+B3%*+F(,&3%#"&,H30)O#,"&

=,& *"-)*,/,$*& 3,"J%"/-$*&(#66F",& 0U,H)(*,$=,& EU#$& *"-)*,/,$*& (3D=)J)O#,& E,(& (*)/#0)&

C)(-6,(K& 8,3,$E-$*A& 30#(),#"(& -"6#/,$*(& W0,& *"-)*,/,$*& )$E)C)E#,0A& 0U,H3,"*)(,& ,*& 0,&

*"-)*,/,$*&=%$J)6#"-0X+%0)(*)O#,Y&C%$*&N&0U,$=%$*",&E,&=,**,&+B3%*+F(,&,*&=%$C,"6,$*&30#*T*&

C,"(&0U,H)(*,$=,&E,&/D=-$)(/,(&=%//#$(&3,"/,**-$*&E,&*"-)*,"&*%#(&0,(&%;Z,*(&$D=,(()*-$*&

#$&*"-)*,/,$*&(%#(7%"E%$$DK&4%#(&-C%$(&D6-0,/,$*&(%#0)6$D&0U,H)(*,$=,&EU#$,&-**,)$*,&E,&

=,& (B(*F/,&-33,0D,& 0-& 3"%(%3-6$%(),K& 9$& ,JJ,*A& 30#(),#"(& D*#E,(& %$*& "-33%"*D& E,(& =-(& E,&

3-*),$*(&3"D(,$*-$*&#$,&",=%$$-)((-$=,&E,(&C)(-6,(&3,"*#";D,&N&E)JJD",$*(&$)C,-#H&E%$$-$*&

$-)((-$=,&N&E,(&(B$E"%/,(&E)(*)$=*(K&8,(&%;(,"C-*)%$(&%$*&3,"/)(&0UD0-;%"-*)%$&EU#$&/%EF0,&

=D0F;",A& 0,& /%EF0,& E,& !"#=,& ,*& [%#$6& W\]^QY& 3"%3%(-$*& #$& *"-)*,/,$*& +)D"-"=+)O#,&

(DO#,$*),0&E,(&3,"(%$$,(K&8,&/%EF0,&(,"-&3"D(,$*D&E-$(&0-&3-"*),&(#)C-$*,K&

1.1.2 Modèle cognitif de la reconnaissance des visages familiers 

d3-<)%-&<"*&./.-G".9.=*"107-*0"1.=<"3%<".==0%<"ea",=*"+%&')<"320'%&>%=(%"12-=%"?9+,*?B<%"

<%3,=" 3.@-%33%" 3." &%(,==.)<<.=(%" 12-=" /)<.>%" A.')3)%&" )'+3)@-%&.)*" +3-<)%-&<" 0*.+%<" @-)" <%"

<-((B1%&.)%=*"1%"'.=)B&%"?)0&.&(?)@-%5"-=%"0*.+%"=%"+,-/.=*"6*&%".**%)=*%"@-%"3,&<@-%"3%<"

*&.)*%'%=*<"3)0<";"320*.+%"+&0(01%=*%"0*.)%=*"*%&')=0<"Tk.9"%*"w,-=>5"!ie#"s"h&-(%"%*"w,-=>5"

!ie^V4"Q)=<)5"-="/)<.>%"=%"<%&.)*"(,'+3B*%'%=*")1%=*)A)0"@-2.+&B<"1%<"0*.+%<"1)<*)=(*%<4"

""

_%"',1B3%"1%"h&-(%"%*"w,-=>" T!ie^V5" 3.&>%'%=*" &.++,&*0"1.=<" 3." 3)**0&.*-&%5" +&,+,<%"-=%"

,&>.=)<.*),="?)0&.&(?)@-%"<0@-%=*)%33%"Tm)>-&%"!aV4""

"

`=%" +&%')B&%" 0*.+%" (,&&%<+,=1&.)*" ;" 32.=.39<%" /)<-%33%" +%&(%+*)/%" &0.3)<0%" <-&" 3%" /)<.>%"

.7,-*)<<.=*" ;" 3." A,&'.*),=" 12-=%" &%+&0<%=*.*),=" <*&-(*-&.3%4" N%**%" +&%')B&%" 0*.+%"

=0(%<<)*%&.)*" *,-*" 12.7,&15" -=%" +&%')B&%" .=.39<%" +)(*-&.3%" +%&'%**.=*" 12%G*&.)&%" 3%<"

)=A,&'.*),=<"&%3.*)/%<";" 32I>%5".-"<%G%5";" 32%*?=)%"%*";" 320',*),=".7,-*)<<.=*";" 3203.7,&.*),="

12-=%"&%+&0<%=*.*),="+)(*-&.3%"@-)" <%&.)*"10+%=1.=*%"1-"+,)=*"1%"/-%4"`=%"<%(,=1%"0*.+%"

12.=.39<%5" %G*&.)*%" 1%" 3." &%+&0<%=*.*),=" +)(*-&.3%" +%&'%**&.)*" %=<-)*%" 12.=.39<%&" 3%<"

+&,+&)0*0<"<*&-(*-&.3%<"%*")=/.&).=*%<"1-"/)<.>%5".A)="@-2)3"<,)*"&%(,==-"@-%3<"@-%"<,)%=*"<%<"

(?.=>%'%=*<" T+,)=*" 1%" /-%5" %G+&%<<),=" A.().3%5" =)/%.-" 120(3.)&%'%=*V4" Q)=<)5" (%**%" 0*.+%"

.7,-*)&.)*" ;" 3." A,&'.*),=" 12-=%" &%+&0<%=*.*),=" 1-" /)<.>%"+%&Y-" @-)" <%&.)*" (,'+.&0%" .-G"



"

/)<.>%<"<*,(n0<""%="'0',)&%5"3%<

6*&%"<*,(n0%<""1.=<""1%<"`=)*0<"1%

"

(%)*#"& +Y& K23/>3>%5<& 2*& .52U0"& 14

%<>"#?"<3<>&23<1& 0"& >#3%>"."<>&2C*<&

$5./3#4&3*-&?%13)"1&1>5$941&"<&.4.

"

_."@-%<*),="1%"32%=(,1.>%"%*"1-

C=" %AA%*5" 3%<" .-*%-&<" <2.((,&1%

&%+&0<%=*0<" 1.=<" -=" %<+.(%"

1)'%=<),="(,&&%<+,=1&.)*";"-=%"

',9%=<"<%&.)*"<)*-0<".-"(%=*&%"1

(%=*&%"TF?,1%<5"!ii^s"F?,1%<"%*

"

Z%-G" ',1B3%<" ,=*" 0*0" +&,+,<

A.')3)%&<" 1.=<" (%*" %<+.(%4" `=%"

<->>B&%" @-%" 3%<" /)<.>%<" <%&.)%

,)&%5"3%<"&%+&0<%=*.*),=<""1%"(?.@-%"/)<.>%"A.')3)%&"

"`=)*0<"1%""F%(,==.)<<.=(%"m.().3%<"T`FmV"<+0()A)@-%<

2U0"& 14@*"<>%"0& 2"& J#*$"& ">& i5*<)& 6+Pde:& /#41"<>3<>& 0"1

<>&2C*<&?%13)"&F3.%0%"#;&K/#U1& 0C"<$523)"&1>#*$>*#30E& 0"&?%13

"<&.4.5%#"&6aO(:&/*%1&%2"<>%F%4&6ZNH:&">&"<F%<&24<5..4;&

>%"%*"1-"<*,(n.>%"1%"(%<"&%+&0<%=*.*),=<"&%<*%"(%+%=

2.((,&1%=*" ;" 1)&%" @-%" (?%R" 32.1-3*%5" 3%<" /)<.>%<

%<+.(%" '-3*)1)'%=<),==%3" 1%<" /)<.>%<" T{A.(%S<+.(%

;"-=%")=A,&'.*),="(&)*)@-%"+,-&"1)<(&)')=%&"3%<"/)<

"(%=*&%"1%"(%*"%<+.(%"%*"3%<"/)<.>%<".*9+)@-%<"<%&.)%=

?,1%<"%*".345"!iecs"L.3%=*)=%5"!ii!V4""

" +&,+,<0<" +,-&" %G+3)@-%&" 32%=(,1.>%" %*" 3%" <*,(n.>

`=%" +&%')B&%" ?9+,*?B<%" +&,+,<0%" +.&" L.3%=*)=

>%<" <%&.)%=*" %=(,10<" <,-<" A,&'%" 1%" &%+&0<%=*.*),

#c"

"A.')3)%&"0*.=*"<-++,<0%<"

0()A)@-%<4"

"

>3<>& 0"1& 2%FF4#"<>"1& 4>3/"1&

0E& 0"&?%13)"&"1>& >5*>&2C3A5#2&

&

%<*%"(%+%=1.=*"107.**-%4"

/)<.>%<" A.')3)%&<" <%&.)%=*"

<+.(%|V" 1,=*" (?.@-%"

3%<"/)<.>%<4"_%<"/)<.>%<"

<%&.)%=*"03,)>=0<"1%"(%"

3%" <*,(n.>%" 1%<" /)<.>%<"

" L.3%=*)=%" T!ii!5" !iiiV5"

0<%=*.*),=<" )=1)/)1-%33%<"



#e"
"

03.7,&0%<" ;" +.&*)&" 1%<" 1)AA0&%=*%<" %G+,<)*),=<" @-%" 3%" <-8%*" .-&.)*" %-%<" ./%(" (%" /)<.>%"

+.&*)(-3)%&" TH"%G%'+3.&S7.<%1" (,1)=>JV4" Q)=<)5" <%3,=" (%**%" ?9+,*?B<%5" 3%<" /)<.>%<" <%&.)%=*"

(,10<" %=" *%&'%<" 1%" /.3%-&" .7<,3-%" 1.=<" (?.(-=%" 1%<" 1)'%=<),=<" 1%" 32%<+.(%" 1%<" /)<.>%<"

Tm)>-&%"!!V4""

"

Q-"(,=*&.)&%5"-=%"<%(,=1%"?9+,*?B<%"+&,+,<0%"+.&"F?,1%<"%*"$%AA%&9"T#aa^V"<->>B&%"@-%"3%<"

/)<.>%<" <%&.)%=*" %=(,10<" +.&" &.++,&*" ;" -=" /)<.>%"',9%=" T<*,(n" 1%" =,&'%<" +%&(%+*-%33%<V"

03.7,&0" ;" +.&*)&" 1%" *,-<" 3%<" /)<.>%<" +%&Y-<" TH"=,&'S7.<%1"" (,1)=>"JV4" N%" <%(,=1" *9+%" 1%"

<*,(n.>%" +%&'%**&.)*" .-" <9<*B'%" /)<-%3" 1%" <2.7<*&.)&%" 1%" (%" @-)" %<*" (,''-=" ;" *,-<" 3%<"

/)<.>%<".A)="1%"<%""A,(.3)<%&"<-&"(%"@-)"%<*"-=)@-%";"32)=1)/)1-4"g%3,="(%**%"?9+,*?B<%5"3%"/)<.>%"

',9%=".-&.)*"1,=("-="<*.*-*"+.&*)(-3)%&"+-)<@-%"32)1%=*)*0"1%<"/)<.>%<"<%&.)*"(,10%"%="*%&'%<"

1%"H"10/).*),="J"+.&"&.++,&*";"(%**%"=,&'%"T/%(*%-&V4"N%<"1%-G"?9+,*?B<%<"<,=*"+&0<%=*0%<"

%="m)>-&%"!!4"

"

"

(%)*#"&++&N00*1>#3>%5<&2"1&2"*-&=W/5>=U1"1&2*&$523)"&2"1&?%13)"1E&323/>4"&2"&L"FF"#W&">&30;&6MY++:E&3?"$&*<"&

#"/#41"<>3>%5<&2*&$523)"&/3#&#3//5#>&B&*<"&<5#."&6?"$>"*#:&3&)3*$="&">&0"&$523)"&B&/3#>%#&2C*<&"-"./03%#"&

6?30"*#&3A150*"&.5W"<<":&B&2#5%>";&&

"

:6'%" <)" (%<" 1%-G" ',1B3%<" 1)/%&>%=*" 12-=" +,)=*" 1%" /-%" *?0,&)@-%5" )3<" <,=*" *,-<" 1%-G"

(,'+.*)73%<" ./%(" 32)10%" 12-=%" &%+&0<%=*.*),=" 1%" (?.@-%" /)<.>%" @-)" =0(%<<)*%&.)*" 126*&%"

.(*)/0%"+,-&"@-%"3%"/)<.>%"<,)*"&%(,==-4"

"

_."<%(,=1%"0*.+%"1-"',1B3%"1%"h&-(%"%*"w,-=>"T!ie^V"(,&&%<+,=1&.)*"1,=(";"32.(*)/.*),="1%"

32`Fm" <+0()A)@-%" .-" /)<.>%" A.')3)%&" +&0<%=*04" N2%<*" 3,&<" 1%" (%**%" <%(,=1%" 0*.+%" @-%" 3."

J-/)0)-")*D&./%("3%"/)<.>%"+&0<%=*0"<%&.)*"+,<<)73%4""

Z5#.]A31"2$52%<) ,-"./03#]A31"2 $52%<)



#i"
"

`=%"*&,)<)B'%"0*.+%"12)E,$*)J)=-*)%$&(,&&%<+,=1.=*";" 32.(*)/.*),="1-"qr-1"12O1%=*)*0"1%" 3."

d%&<,==%"TqOdV5"(?.@-%"`Fm"0*.=*"&%3)0%";"-="qOd"<+0()A)@-%5"%<*"%=<-)*%"<->>0&0%4"_%<"qOd<"

<%&.)%=*" "1%<" =r-1<" 12%=*&0%" +3-&)',1.-G" .(*)/0<" +.&" *,-*%<" 3%<" ',1.3)*0<" <%=<,&)%33%<"

T/)<.>%5"/,)G5"=,'<5EV"%*"<%&.)%=*"<+0()A)@-%<";"(?.@-%"+%&<,==%4""

"

C=A)=5"-=%"0*.+%"12.(*)/.*),="%*"12.((B<".-G")=A,&'.*),=<"<0'.=*)@-%<"<-&"3."+%&<,==%"<%&.)*"

+,<<)73%5"<-)/)%"12-=%"1%&=)B&%"0*.+%"(,&&%<+,=1.=*";"3."&0(-+0&.*),="1-"=,'4"

"

N%**%" ?)0&.&(?)%" T10*%(*),="" A.')3).&)*0"" )1%=*)A)(.*),="" 10=,')=.*),=V" ." 0*0" ')<%" %="

0/)1%=(%"/)."1%"=,'7&%-<%<"0*-1%<4"C="%AA%*5"+3-<)%-&<"0*-1%<"1%"(.<"(3)=)@-%<"',=*&%=*"@-%"

(%"<9<*B'%"1%"&%(,==.)<<.=(%"+%-*"6*&%"+%&*-&70";"1)AA0&%=*<"=)/%.-G"1,==.=*"=.)<<.=(%";"

1%<" <9=1&,'%<" 1)<*)=(*<4" d.&" %G%'+3%5" 3%<" +.*)%=*<" +&,<,+.>=,<)@-%<" @-)" =2.&&)/%=*" +.<" ;"

*&.)*%&"(,&&%(*%'%=*"3%"/)<.>%"=2,=*"=)"<%=*)'%=*"1%"A.')3).&)*05"=)")=A,&'.*),=<"<0'.=*)@-%<5"

=)".((B<".-"=,'"1%" 3."+%&<,==%";" &%(,==.j*&%" 3,&<@-2)3<"1,)/%=*" &%(,==.j*&%"-=%"+%&<,==%"

-=)@-%'%=*";"+.&*)&"1%"<,="/)<.>%"Tw,-=>"%*".345"!iiaV4"Z2.-*&%<"(.<"1%"+.*)%=*<"+&0<%=*%=*"

-=%" +&0<%&/.*),=" 1-" <%=*)'%=*" 1%" A.')3).&)*0"'.)<" ./%(" .**%)=*%" 1%<"0*.+%<" <-)/.=*%<" TZ%"

k..="%*".345"!ii!V4""

"

Z%"+3-<5"-=".-*&%"*&,-73%5"32.>=,<)%"1%<"+%&<,==%<"10A)=)%"(,''%"32)=(.+.()*0";")1%=*)A)%&"3%<"

+%&<,==%<" ;" +.&*)&" 1%" *,-<" *9+%<" 12)=A,&'.*),=<" T+?9<),=,')%5" <,=" 1%" 3." /,)G5" 10*.)3<"

+?9<)@-%<5EV"."0*0"&.++,&*0%4"d3-<"+.&*)(-3)B&%'%=*5"(%"*&,-73%"%<*"(.&.(*0&)<0"+.&"-=%"+%&*%"

1-"<./,)&"<0'.=*)@-%"<-&"3."+%&<,==%"Th.&7.&,**,"%*".345"!ii]"s"C/.=<"%*".345"!ii]"s"U.)=,**)"

%*".345"#aaW"s"$,-7%&*"%*".345"#aaW5"#aa^V4"_."'0',)&%"<0'.=*)@-%"&%>&,-+%"3%<"(,==.)<<.=(%<"

>0=0&.3%<"@-%"32,="."<-&"3%"',=1%5"(,''%"3%"<./,)&"<-&"3%<",78%*<",-"<-&"3%<")*%'<"-=)@-%<"

T@-)" =2%G)<*%=*" @-2%=" -=" <%-3" %G%'+3.)&%" (,''%" 3%<" +%&<,==%<" A.')3)B&%<" ,-" 3%<" 3)%-G"

A.')3)%&<V4" _2.>=,<)%" 1%<" +%&<,==%<" =2%<*" +.<" 1-%" ;" -=" *&,-73%" +%&(%+*)A5" 3%" <-8%*" 0*.=*"

(.+.73%"1%" &0.3)<%&"1)AA0&%=*%<" *I(?%<"+%&(%+*)/%<" T.++&0().*),="1%"1)<*.=(%<5",&)%=*.*),=<5"

(,+)%" 1%" 1%<<)=5" .++.&)%'%=*" ,78%*" &0%3S,78%*" 1%<<)=05" *&.)*%'%=*" 1%<" /)<.>%<" .-" =)/%.-"

<-+%&,&1,==0V4" _2.>=,<)%" 1%<" +%&<,==%<" %<*" -=%" .>=,<)%" <0'.=*)@-%" (.&" (%" *&,-73%" %<*"

+&0<%=*" @-%33%" @-%" <,)*" 3." ',1.3)*0" %*" <%'73%" 1,=(" 6*&%" .<<,()0" ;" -=%" +%&*%" *,*.3%" 1-"

(,=(%+*"@-)"+,-&&.)*"(,&&%<+,=1&%".-G"qOd<"1-"',1B3%"1%"h&-(%"%*"w,-=>"T!ie^V4""



Wa"
"

C=A)=5"1%<"(.<"1%"+.*)%=*<".=,')@-%<"+&0<%=*.=*"<%-3%'%=*"-=%".**%)=*%"1%"32.((B<".-G"=,'<"

+&,+&%<5"1%&=)B&%"0*.+%"1-"',1B3%5",=*"0*0"&.++,&*0<"Tg%'%=R."%*"}%**)=5"!ieiV4"*

"

! @-$(&=,**,&3-"*),A&$%#(&-C%$(&-;%"ED&E)JJD",$*(& *"%#;0,(&E,& 0-& ",=%$$-)((-$=,&E,(&

3,"(%$$,(& "-33%"*D,(&E-$(& 0-& 0)**D"-*#",& W3"%(%3-6$%(),A&-6$%(),&E,(&3,"(%$$,(A&-$%/),Y&

O#)& (#66F",$*& 0U,H)(*,$=,& EU#$,& +)D"-"=+),& E-$(& 0,& *"-)*,/,$*& E,(& 3,"(%$$,(& E,3#)(& 0,#"&

ED*,=*)%$&Z#(O#UN&0-&"D=#3D"-*)%$&E#&$%/&3,"/,**-$*&0UD0-;%"-*)%$&E#&/%EF0,&E,&!"#=,&,*&

[%#$6K&&9$&,JJ,*A&0-&3"%(%3-6$%(),&(,/;0,&_*",&E#,&N&#$,&-0*D"-*)%$&E#&*"-)*,/,$*&E#&C)(-6,&

-0%"(& O#,& 0,& =%$=,3*& E,& 0-& 3,"(%$$,& ,(*& 3"D(,"CDK& G#& =%$*"-)",A& 0U-6$%(),& E,(& 3,"(%$$,(&

(,/;0,& _*",& -==%/3-6$D,& EU#$,& 3,"*,& E#& =%$=,3*K& ',=%$$-`*",& #$& C)(-6,& J-/)0),"&

)/30)O#,"-)*& E%$=& E)JJD",$*,(& D*-3,(& E)(*)$=*,(& %"6-$)(D,(& E,& /-$)F",& +)D"-"=+)O#,K&

8,3,$E-$*A& #$,& )$J%"/-*)%$& )/3%"*-$*,& O#)& $U,(*& 3-(&/)(,& ,$& -C-$*& 3-"& =,(& *"-C-#H& ,(*&

0U-(3,=*&*,/3%",0K&9$&,JJ,*A&()&0U%$&3-"*&E#&3")$=)3,&O#U#$,&D*-3,&,$&3"D=FE,&#$,&-#*",A&,00,&

E,C"-)*&D6-0,/,$*&_*",&30#(&"-3)E,K&<-&EB$-/)O#,&*,/3%",00,&E,&=,(&E)JJD",$*,(&D*-3,(&E,&

*"-)*,/,$*&-&D*D&)$C,(*)6#D,&3-"&0,&;)-)(&E,&*"-C-#H&(U)$*D",((-$*&-#&*"-)*,/,$*&E,(&C)(-6,(&

J-/)0),"(&%#&$%$&=%/3-"D(&N&E,(&C)(-6,(&$%$&J-/)0),"(&%#&EU-#*",(&=-*D6%"),(&EU%;Z,*(K&

1.1.3 Dynamique temporelle de la reconnaissance des visages 

_." (?&,=,'0*&)%"'%=*.3%" (,=<*)*-%" 32-=" 1%<" +&%')%&<" ,-*)3<" -*)3)<0<" %=" <()%=(%<" (,>=)*)/%<"

+%&'%**.=*"1%"10(,'+,<%&"%*"12)1%=*)A)%&"+&0()<0'%=*"3%<"'0(.=)<'%<"(30<" )'+3)@-0<"1.=<"

3%<"1)AA0&%=*%<"A,=(*),=<"(,>=)*)/%<"Td,<=%&5"!ice"s"Z,=1%&<5"!e^i"s"g*%&=7%&>5"!i^^V4"C*-1)%&"

3%<"3.*%=(%<"(,'+,&*%'%=*.3%<"+.&.j*"1,=("6*&%"-="7,=",-*)3"+,-&"(.&.(*0&)<%&"3%<"+&,(%<<-<"

<*&)(*%'%=*"=0(%<<.)&%<")=*%&/%=.=*"3,&<"12-=%"*I(?%"(,>=)*)/%"+.&*)(-3)B&%4""

!"!"<"! =*,% 9(&*$/*,% /;+-;'&*+*$&(9*,% 4(')(>9*,% -;2'% '*/;$$(?&'*% 2$% 4),(5*%

0(+)9)*'%

g)"32,="<2)=*0&%<<%".-G"0*-1%<"+,&*.=*"<-&"3."19=.')@-%"*%'+,&%33%"1%"3."&%(,==.)<<.=(%"1%<"

/)<.>%<"A.')3)%&<5",="(,=<*.*%"&.+)1%'%=*"@-%"3%<"*%'+<"1%"&0.(*),="(,'+,&*%'%=*.-G"<,=*"

*&B<"/.&).73%<";"*&./%&<"3%<"0*-1%<4""

"

g)" 32,=" (,=<)1B&%" <%-3%'%=*" -=%" 1%')S1,-R.)=%" 120*-1%<" -*)3)<.=*" 1%<" *I(?%<" 1%"

&%(,==.)<<.=(%" 1%" /)<.>%<" (03B7&%<" T/)<.>%<" (03B7&%<" /<" /)<.>%<" )=(,==-<V5" 3%<" *%'+<" 1%"



"

&0.(*),="/.&)%=*"12%=/)&,="\aa";

C33)<5"#aaa"s"x.'+A"%*"".345"#aa#"s

#aae"s"Q=.n)"%*"h%=*)=5"#aai"s"k%

Z%"'6'%5"-=%"3.&>%"/.&).7)3)*0"%

T\i!";"ec]"'<V"TN.?.&%3"%*".345"#a

Z%"+3-<5"(%<"3.*%=(%<"<%'73%=*"*&

1%"/)<.>%<"+.&"%G%'+3%"T!\a";"\

#aa^"s"F,-<<%3%*"%*".345"#aaWV4"_%<

+&0<%=*0<"%=".==%G%"!V4"

(%)*#"&+M&_5./%03>%5<&2"1&>"./1&2"&#

24>"$>%5<&2"1&?%13)"1&6"<&A0"*:&">&P&4

15<>& 5#)3<%14"1& "<& F5<$>%5<& 2*& /3#3

=3*>E& /*%1& 0"1&/#5>5$50"1&"<&)5j<5

6$">>"& 2"#<%U#"& $3>4)5#%"& 2C4>*2"& *

05#1@*C*<"&/"#15<<"&$40UA#"&">&/#41"

$#5$=">1&$5##"1/5<2"<>&3*-&2%FF4#"<>"

k\l&O3.5<&">&30;E&MY++&m& k^l&K<39%&">&

MYYY&m&kdl&_3=3#"0&">&30;E&MYYR&m&kPl&G3

MYYd&m& k+Ml& K<39%& ">& J"<>%<E& MYYP

/"#15<<"00"."<>&$5<<*1&#3//5#>4"&2

4>*2"1&"1>&#41*.4&23<1&0"&>3A0"3*&+&"<

,="\aa";"+3-<"1%"iaa"'<"%="',9%==%"TQ=.n)"%*".345

.345"#aa#"s"N.?.&%3"%*".345"#aa]"s"P.=.n."%*".345"#aa!"s"h

aai"s"k%&R'.=="%*".345"#aa\V"Tm)>-&%"!#V4""

&).7)3)*0"%<*".-<<)",7<%&/0%"+,-&"3%<"/)<.>%<"+%&<,==%

"%*".345"#aa]"s"F.',="%*".345"#a!!s"k%&R'.=="%*".345"#a

'73%=*"*&B<"3%=*%<"(,'+.&0%<";"1%<"*I(?%<"1)*%<"&.+)

"T!\a";"\ei"'<5"N&,-R%*"%*".345"#a!a"s"C)'%&5"#aaa

#aaWV4"_%<"&0<-3*.*<"1%"(%<"0*-1%<"<,=*"(,'+)30<"%="

./1&2"&#43$>%5<&.5W"<1&#3//5#>41&23<1&+\&4>*2"1;&n*3>#"&4>*

*:&">&P&4>*2"1&/5#>"<>&1*#&03&#"$5<<3%113<$"&2"1&?%13)"1&6"<

& 2*& /3#32%)."& *>%0%14;& G"1& /#5>5$50"1& *>%0%13<>& 2"1& 13$$32"

)5j<5])5&">& "<F%<& 0"1& 4>*2"1&*>%0%13<>&*<&3//*%&A5*>5<&3?"$

C4>*2"& *>%0%13<>& 03& >g$="& 2"& ?4#%F%$3>%5<& 2"& $3>4)5#%"& 5*

&">&/#41"<>4&">&*<&3*>#"&A5*>5<&05#1@*C%0&1C3)%>&2C*<&%<$5<<*

%FF4#"<>"1&4>*2"1&1*%?3<>"1&7&k+l&_#5*`">&">&30;E&MY+Y&m&kMl&O5

K<39%&">&30;E&MYYQ&m& kRl& G"o%1&">&,00%1E&MYYY&m& kel&p3./F&">& &3

m&kPl&G3>%<*1&">&X3W05#&E&MYYe&m&k+Yl&X3<393&">&30;E&MYY+&m&k++

E& MYYP&m& k+\l& q"#`.3<<& ">& 30;E& MYY^;& G"1& r& 1%)<30"<>& 0C*>

/5#>4"&23<1&\&4>*2"1E&0"1&3*>#"1&*>%0%13<>&2"1&?%13)"1&$40UA#

0"3*&+&"<&3<<"-";&&

W!"

n)"%*".345"#aac" s"_%l)<"%*"

"#aa!"s"h.)&1".=1"h-&*,=5"

+%&<,==%33%'%=*"(,==-<"

%*".345"#aa\V4""

)*%<"&.+)1%<"1%"10*%(*),="

"#aaa"s"_.*)=-<"%*"P.93,&5"

)30<"%="m)>-&%"!#"T10*.)3<"

"

n*3>#"&4>*2"1&/5#>"<>&1*#&03&

13)"1&6"<&#5*)":;&G"1&4>*2"1&

& 13$$32"1& 5$*03%#"1& 15<>& "<&

*>5<&3?"$&M& $=5%-&/511%A0"1&

>4)5#%"& 5*& *<& 3//*%& A5*>5<&

&%<$5<<*:;&G"1&$=%FF#"1&"<>#"&

m&kMl&O5*11"0">&">&30;E&MYY\&m&

>& & 30;E& MYYM&m& kQl&,%."#E&

m&k++l&J3%#2&3<2&J*#>5<E&

0"<>& 0C*>%0%13>%5<& 2"& ?%13)"1&

"1&$40UA#"1;&G"&24>3%0&2"&$"1&



W#"
"

N%**%" /.&).7)3)*0" +%-*" 6*&%" %G+3)@-0%" +.&" 1%" =,'7&%-G" A.(*%-&<"'0*?,1,3,>)@-%<" %*"

(,=(%+*-%3<" .7,-*)<<.=*" ;" 1%<" 1,==0%<" (,=*&.1)(*,)&%<" %*" 1)AA)()3%'%=*" )=*%&+&0*.73%<4" C="

%AA%*5" +3-<)%-&<" &.)<,=<" <%'73%=*" ;" 32,&)>)=%" 12-=%" .7<%=(%" 1%" (,=<%=<-<" .-" <-8%*" 1%" 3."

/)*%<<%"1%"3."&%(,==.)<<.=(%"1%<"/)<.>%<4"

!"!"<"6 @(')(>)9)&.%*&%0(/&*2',%/;$0;$3($&,%

6$"&$7&1&(8*+0'*'(&-,1&*0(*+0'*-)+$1&(8'*+0*"83)%'0'*

g)" 32,=" (,=<)1B&%" 3." 3)**0&.*-&%" +,&*.=*" <-&" 3." /)*%<<%" 1%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<5" 3%<"

<*)'-3)"-*)3)<0<"<,=*"*&B<"/.&)0<"K")3"<2.>)*"3%"+3-<"<,-/%=*"1%"+?,*,>&.+?)%<"(,-3%-&<",-"=,)&"%*"

73.=("@-)"+%-/%=*"6*&%"10*,-&0%<"TN.?.&%3"%*".345"#aa]V",-"=,="TQ=.n)"%*"h%=*)=45"#aaiV4""

"

_%<"+&,*,(,3%<"<,=*"1%"=.*-&%" *&B<"1)/%&<%5"(%&*.)=<"=0(%<<)*%=*" 3." &0+0*)*),="1%<"<*)'-3)" T!"

<%-3"<*)'-3-<"+%&<,==%33%'%=*"(,==-"&0+0*0"!aa"A,)<"1.=<"N.?.&%3"%*".34"T#aa]V"(,=*&%"!\\"

/)<.>%<"A.')3)%&<"1)AA0&%=*<"1.=<"x.'+A"%*".34"T#aa#VV4"C="%AA%*5"+3-<)%-&<"0*-1%<"-*)3)<.=*"1%<"

+&,*,(,3%<"1%"+&)')=>"T_%l)<"%*"C33)<5"#aaaV".)=<)"@-2-=%"0*-1%"&0(%=*%"TF.',="%*".345"#a!!V"

,=*" ',=*&0" @-%" 3%<" *%'+<" 1%" &0.(*),=" 0*.)%=*" A,&*%'%=*" 1)')=-0<" 1B<" 3." +&%')B&%"

&0+0*)*),=4" C=A)=5" (,''%" +&0<%=*0" %=" m)>-&%" !#5" (%&*.)=<" +.&.1)>'%<" =0(%<<)*%=*" -=%"

&0+,=<%"',*&)(%" T.++-9%&" <-&" -=" 7,-*,=" ,-" &%3%/%&" 3%" 1,)>*V" %*" 12.-*&%<" -=%" &0+,=<%" %="

<.((.1%<4"

"

90.)%%$&''$%.0*$'.0%+$%(0*),*+0'.0%+$%(0*+0'*/&'$#0'**

`=" <%(,=1" +,)=*5" 3-)5" (,=(%+*-%35" <,-/%=*" ,((-3*0" 1.=<" 3." '.8,&)*0" 1%<" 0*-1%<" <-&" 3."

&%(,==.)<<.=(%"1%<"/)<.>%<"%<*"3%"*9+%"1%"&%(,==.)<<.=(%"K"&%(,==.)<<.=(%"1%"*9+%"*,+S1,l="

T1%<(%=1.=*%V"/<"&%(,==.)<<.=(%"1%"*9+%"7,**,'S-+"T.<(%=1.=*%V4"*

C=" %AA%*5" )3" %G)<*%" 1%<" *&.)*%'%=*<" (,>=)*)A<" 1%" *9+%" H"7,**,'S-+"J" T,-" H"1.*.S1&)/%="JV5"

3)**0&.3%'%=*" H"1-" 7.<" /%&<" 3%" ?.-*"J4" N%" *9+%" 1%" *&.)*%'%=*" %<*" .)=<)" )=10+%=1.=*" 1%<"

?9+,*?B<%<" ,-" 1%<" .**%=*%<" 1-" <-8%*5" )3" %<*" +-&%'%=*" +%&(%+*)A4" Q" 32)=/%&<%5" )3" %G)<*%&.)*"

0>.3%'%=*" 1%<" *&.)*%'%=*<" (,>=)*)A<" 1%" *9+%" H"*,+S1,l="J" ,-" H"P?%,&9S1&)/%="J" T1-& ?.-*"

/%&<" 3%"7.<Y5"@-)"<%"&0AB&%=*".-G"*&.)*%'%=*<"7.<0<"<-&" 3%<"(,==.)<<.=(%<",-"3%<".**%=*%<"1-"

<-8%*" %*" +.<" <%-3%'%=*" <-&" 32)=A,&'.*),=" +%&Y-%4" N%<" .**%=*%<" /)%=1&.)%=*" ',1-3%&"
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1).>=,<*)@-%<"<-&"(%**%"+%&<,==%

"

(%)*#"&+\&N00*1>#3>%5<&2"1&2"*-&/#5$"1

03&#"$5<<3%113<$"&>5/]25o<;&

"

:("$(8#&0'*;*<$-&1&$"&(8*/'*&+0%(&5&.

:6'%" <)" (%3." %<*" %=(,&%"107.**

:.9%<5" #a!a"s" t)G*%1" %*" g@-)&%5

,78%*<"<%&.)*"7.<0%"<-&"1%-G"'0(

(.1&%5" 3." A.')3).&)*0" +%-*" 6*&%" 1

.-(-=%" .-*&%" )=A,&'.*),=" (,=*

12)=A,&'.*),=<" (,=*%G*-%33%<" <+.

&'%<"1%"7,**,'S-+"%*"*,+S1,l=5")3"%<*"+,<<)73%"1%"1

4"`=%"&%(,==.)<<.=(%"*,+S1,l="%<*"&0.3)<0%"3,&<@-%

<,==%" %=" +.&*)(-3)%&" %*" ." .)=<)" +-" +&0S.(*)/%&" 1%<" )

*&.)&%"3,&<"12-=%"&%(,==.)<<.=(%"7,**,'S-+5"3%"<-8%*"

0" %*" 1,)*" 1,=(" &%(,==.j*&%" 3." +%&<,==%" <.=<" +,-

)%=*"+-".((030&%&"<%<"+%&A,&'.=(%<4"N,''%"3%"',=*&

-+"+,-&&.)*"6*&%" (,'+.&0%";" 3." <)*-.*),="12-=" <-8%

7)*%'%=*"32-="1%"<%<"(,33B>-%<4"Q-"(,=*&.)&%5"3."&%(,

+.&0%";"3."<)*-.*),="12-="<-8%*"@-)"(?%&(?%&.)*".(*)/

"<.33%"+3%)=%"12)=(,==-<4"P&B<"(3.)&%'%=*5"3%"+&,*,(,3

-G"+%&<,==%<"(03B7&%<"+.&"P.=.n." T#aa!V" T0*-1%"10(

"(.1&%"12-=%"&%(,==.)<<.=(%"*,+S1,l=5"3%"=,'"H"h&.

)%" +%&'%**.=*" 12.(*)/%&" A,&*%'%=*" 1%<" )=A,&'

+%&<,==%4"

-&/#5$"11*1&2"&#"$5<<3%113<$";&K&)3*$="&03&#"$5<<3%113<$"&

*/'*&+0%(&5&.$(&)%*

&%"107.**-"1.=<" 3." 3)**0&.*-&%" Tg@-)&%"%*"t)G*%15"#a

%*" g@-)&%5" #a!!"s":,=*.31)" %*" :.9%<5" #a!!V5" 3." &%(,

1%-G"'0(.=)<'%<"1)<*)=(*<"K" 3."A.')3).&)*0"%*" 3."&%(,3

-*" 6*&%" 10A)=)%" +.&" 3%" <%=*)'%=*" 12./,)&" 108;" /-" -=

),=" (,=*%G*-%33%" .-" (,=*&.)&%" 1%" 3." &%(,33%(*),=5" @-)

*-%33%<" <+.*),S*%'+,&%33%<" ;" +&,+,<" 1-" <*)'-3-<4" `

WW"

)73%"1%"1)AA0&%=()%&"1%-G"

"3,&<@-%"3%"<-8%*"%AA%(*-%"

/%&" 1%<" )=A,&'.*),=<" <-&"

-+5"3%"<-8%*"=%"<.)*"+.<"@-%3"

" <.=<" +,-/,)&" +&0S.(*)/%&"

,=*&%"3."m)>-&%"!W5"3."

2-=" <-8%*"@-)5" 3,&<"12-=%"

%5"3."&%(,==.)<<.=(%"*,+S

&.)*".(*)/%'%=*"(%"'6'%"

"+&,*,(,3%"1%"/0&)A)(.*),="

0*-1%"10(&)*%"%="<%(*),="

h&.1"d)**"J"+&0<%=*0"

" )=A,&'.*),=<" /)<-%33%<"

"

%113<$"&A5>>5.]*/E&B&2#5%>"&

5" #aac"s":,=*.31)"%*"

V5" 3." &%(,==.)<<.=(%" 1%<"

%*" 3."&%(,33%(*),=4"Z.=<"(%"

/-" -=" <*)'-3-<5" <.=<"

(*),=5" @-)" <2.((,'+.>=%"

-3-<4" `=" %G%'+3%" *&B<"
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(,=(&%*"1%" (%**%"1)<*)=(*),=5" 10(&)*"+.&" w,/%3" %*"d.33%&" " T#aa\V5" %<*" 3%" H"7-*(?%&S,=S*?%S7-<"

+?%=,'%=,'"J" T+?0=,'B=%"1-"7,-(?%&"1.=<" 3%"7-<V" @-)" A.)*" &0A0&%=(%";" 32%G+0&)%=(%"1%"

&%<<%=*)&"-="A,&*"<%=*)'%=*"1%"A.')3).&)*0"+,-&"-=%"+%&<,==%"<.=<"+,-&".-*.=*"<./,)&"1%"@-)")3"

<2.>)*",-"%=(,&%",v",="32."&%=(,=*&04"N%"+?0=,'B=%"<%"+&,1-)*"3%"+3-<"A&0@-%''%=*"3,&<@-%"

32,="(&,)<%"-=%"+%&<,==%"1.=<"-="(,=*%G*%")=?.7)*-%34"_%"<%=*)'%=*"0+&,-/0"%<*"*&B<"A,&*"T3%"

<-8%*" <%'73%" <p&"1%" (,==.j*&%" (%**%"+%&<,==%V" <.=<"+,-&" .-*.=*" .((01%&" .-G" )=A,&'.*),=<"

(,=(%&=.=*"3."+%&<,==%"T<.=<"32)1%=*)A)%&V4""

"

Z.=<"3%<"0*-1%<"<-&"3."&%(,==.)<<.=(%"1%<"/)<.>%<5")3"=2%<*"+.<"*,-8,-&<"(3.)&%'%=*"'%=*),==0"

<)" 3." *I(?%" 1%" &%(,==.)<<.=(%" &%@-)%&*" 32.((B<" ;" 32)1%=*)*0" 1%" 3." +%&<,==%" ,-" -=" <)'+3%"

<%=*)'%=*"1%" A.')3).&)*04"N%+%=1.=*5" 3%<" &0+,=<%<"7.<0%<" <-&" 3." A.')3).&)*0" <,=*" <-++,<0%<"

6*&%"+3-<" &.+)1%<"@-%" 3%<" &0+,=<%<"7.<0%<" <-&" 32)1%=*)*0",-" 3." &%(,33%(*),=" Tw,/%3" %*" d.33%&5"

#aaW"s" h&-(%" %*" w,-=>5" !ie^"s" h%<<,=" %*" .345" <,-<" +&%<<%V4" _2.7<%=(%" 1%" (,=*&.)=*%<"

*%'+,&%33%<" +%&'%**&.)*" .)=<)" .-G" <-8%*<" 12-*)3)<%&" 1)AA0&%=*%<" <*&.*0>)%<" +,-&" &0+,=1&%"

%=*&.)=.=*"-=%"3.&>%"/.&).7)3)*0"1.=<"3%<"*%'+<"1%"&0.(*),="&.++,&*0<4""

"

`=%"<,3-*),="+,-&"(,=*&.)=1&%"3%<"<-8%*<";"&0+,=1&%"&.+)1%'%=*"<%&.)*"12-*)3)<%&"-="+&,*,(,3%"

1%"(.*0>,&)<.*),="/)<-%33%"&.+)1%4"N%"+&,*,(,3%"."0*0"10/%3,++0")=)*).3%'%=*"+,-&"0*-1)%&"3."

&.+)1)*0"1-"<9<*B'%"/)<-%3"TP?,&+%"%*".345"!ii^V4"Z%"'.=)B&%"<-&+&%=.=*%5")3"<%'73%&.)*"@-2%="

-*)3)<.=*" (%" *9+%" 1%" (,=*&.)=*%" 1.=<" 1%<" *I(?%<" +-&%'%=*" /)<-%33%<5" 1%<" &0<-3*.*<"

(,=*&.1)(*,)&%<";"3."*?0,&)%"1%"F,<(?"T!ic]V"%*";"32?9+,*?B<%"12%G+%&*)<%"1%"P.=.n."%*"P.93,&"

T!ii!V"<,)%=*"&.++,&*0<"+,-&"3%"*&.)*%'%=*"1%<",78%*<4"

"

C=" %AA%*5" 1.=<" +3-<)%-&<" 0*-1%<" .-" (,-&<" 1%<@-%33%<" 3%<" <-8%*<" 1%/.)%=*" &0+,=1&%" 3%" +3-<"

&.+)1%'%=*"+,<<)73%";"-=%"(.*0>,&)%"12,78%*<"3,&<"12-=%"*I(?%"1%">,f=,S>,"T/,)&"1%<(&)+*),="

10*.)330%"1-"+&,*,(,3%"1.=<"3."<%(*),="#4!V5""3%<"&0<-3*.*<"',=*&%=*"@-%"3%<"?-'.)=<"<,=*"%="

A.)*"(.+.73%<"1%"(.*0>,&)<%&"1%<",78%*<".-"=)/%.-"<-+%&,&1,==0"T.=)'.3"/<"=,=S.=)'.35"W\aS

Wea"'<"%="',9%==%V"+3-<"&.+)1%'%=*"@-2.-"=)/%.-"7.<)@-%"T(?)%="/<".-*&%<".=)'.-G5"\]#"

'<"%="',9%==%V"T:.(0"%*".345"#aai"s"F,-<<%3%*"%*".345"#aaWV4""

"

Q"=,*&%"(,==.)<<.=(%5".-(-=%"0*-1%"=2."(,'+.&0"3%"=)/%.-"<-+%&,&1,==0"%*"3%"=)/%.-"1%"3."

A.')3).&)*0" Tm)>-&%"!\V"%="-*)3)<.=*"-="+&,*,(,3%"1%"(.*0>,&)<.*),="/)<-%33%"&.+)1%"1%"/)<.>%<"
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(03B7&%<4"g%-3%'%=*"-=%"0*-1%"

1%<" <-8%*<" +,-&" &%(,==.j*&%" 1%

A.')3)%&<4" _%<" 3.*%=(%<" &.++,&*0

TF.',="%*".345"#a!!V4""

"

O3" <%'73%&.)*" 1,=(" )=*0&%<<.=*" 1

+&,*,(,3%" 1%" (.*0>,&)<.*),=" /)<

.++3)@-0" ;" 3." (.*0>,&)<.*),=" 1%
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"

(%)*#"& +^& K23/>3>%5<& 2*&.52U0"& 2"&

$3>4)5#%141& 3*& <%?"3*& A31%@*"& >3<2%
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&

-=%"0*-1%"-*)3)<.=*"(%"*9+%"1%"+&,*,(,3%"."0*-1)0"3%"*%
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" TWca" '<" .-" ')=)'-'V"
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.8"87"$1*D* E* ("$/0"'* 1$* +0'."&3(&)%* +0'* +&558"0%(0'* "8#&)%'* &+0%(&5&80'* +$%'* 1$*
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+@%$-&>,0* (0-3)"0110*+0* .0'*$.(&/$(&)%'F* 1$* '0.)%+0*3$"(&0*$7)"+0"$* 1$*>,0'(&)%*+0* 1$*
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* *
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1.2 @'=%*&5%+&#*!.0'0A'%1(!(+!7('.(7+&#*!,(5!<&5%=(5!

_20*-1%" 1%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<" ." +&)=()+.3%'%=*" 0*0" .7,&10%" ;" +.&*)&" 1%" 3."

',1.3)*0" /)<-%33%5" 32-*)3)<.*),=" 1%" +?,*,>&.+?)%<" +%&'%**.=*" 1%" *%<*%&" A.()3%'%=*" (%**%"

A,=(*),="(,>=)*)/%4""

Z.=<" (%" (?.+)*&%5" =,-<" 10(&)&,=<" 32,&>.=)<.*),=" 1-" <9<*B'%" /)<-%3" .)=<)" @-%" 3%<" 1)AA0&%=*<"

',1B3%<" (,'+-*.*),==%3<" @-)" ,=*" 0*0"+&,+,<0<"+,-&" &%=1&%" (,'+*%"1%" 3." &%(,==.)<<.=(%"

1%<",78%*<"/)<-%3<"%=">0=0&.34"N%&*.)=<"',1B3%<".=.*,',SA,=(*),==%3<"1%"3."&%(,==.)<<.=(%"

1%<"/)<.>%<5"7.<0%<"<-&"3%<"1,==0%<")<<-%<"1%"3."=%-&,S)'.>%&)%5"<%&,=*"%=<-)*%"+&0<%=*0<4""

C=A)=5"=,-<"/%&&,=<"(,''%=*"3%<"1,==0%<"03%(*&,+?9<),3,>)@-%<"+%&'%**%=*"12.++&0?%=1%&"

3."19=.')@-%"=%-&,+?9<),3,>)@-%"1%"3."&%(,==.)<<.=(%"1%<"/)<.>%<4"

1.2.1 Régions cérébrales impliquées dans la reconnaissance des visages 

!"6"!"! A*%,B,&C+*%4),2*9%

d%&(%/,)&"-="<*)'-3-<"/)<-%3"107-*%"+.&"32.&&)/0%"1%<""+?,*,=<5"&0A30(?)<"+.&"3%"<*)'-3-<5"<-&"

3."&0*)=%"@-)".+&B<"./,)&"*&./%&<0"3."(,&=0%5"32?-'%-&".@-%-<%5"3%"(&)<*.33)="%*"32?-'%-&"/)*&0%5"

/)%==%=*".(*)/%&"3%<"(%33-3%<"+?,*,&0(%+*&)(%<"1%"3."&0*)=%".<<-&.=*".)=<)"3.""*&.=<1-(*),="1%"

32)=A,&'.*),=" 3-')=%-<%"%="'%<<.>%<"=%&/%-G4"_."&0*)=%"%<*"(,'+,<0%<"1%"1)AA0&%=*<"*9+%<"

(%33-3.)&%<"K"1%<"(%33-3%<"+?,*,&0(%+*&)(%<",-"+?,*,&0(%+*%-&<".++%30%<"(M=%<"%*"7I*,==%*<5"

1%<" (%33-3%<" 1%" &%3.)<" .++%30%<" (%33-3%<" 7)+,3.)&%<5" 1%<" (%33-3%<" 1%" +&,8%(*),=<" .++%30%<"

(%33-3%<" >.=>3),==.)&%<" T1)/)<0%<" %=" 1%-G" (3.<<%<" d" %*" :V" %*" 1%<" )=*%&=%-&,=%<" .++%30<"

(%33-3%<".'.(&)=%<"%*"?,&)R,=*.3%<4"

"

_%<"+?,*,&0(%+*%-&<",=*"(?.(-="-=%"<%=<)7)3)*0"+&,+&%";"3."3-')B&%4"_%<"7I*,==%*<5"3%<"+3-<"

=,'7&%-G" T%=/)&,=" !#a"')33),=<V5" <,=*" *&B<" <%=<)73%<4" _%-&" .(*)/)*0" %<*" <,-/%=*" <.*-&0%" %="

(,=1)*),="120(3.)&%'%=*"=,&'.34"Z-"A.)*"1%"(%**%")'+,&*.=*%"<%=<)7)3)*05")3<"+.&*)()+%=*"+3-*M*"

;"3."/)<),="(&0+-<(-3.)&%"%*"=,(*-&=%4"Q-"(,=*&.)&%5"3%<"(M=%<5"',)=<"=,'7&%-G"T]"')33),=<"1%"

(%33-3%<"%=/)&,=V",=*"-=%"<%=<)7)3)*0"+3-<"A.)73%"%*"+.&*)()+%=*"1,=("+3-*M*";"3."/)<),="1)-&=%5"

3,&<@-%" 3." 3-')=,<)*0" %<*" =,&'.3%4" _%<" (M=%<" ,=*" -=%" <%=<)7)3)*0" <+%(*&.3%" 1)AA0&%=*%" 1%<"

7I*,==%*<5"3%-&"+%&'%**.=*"1%"+.&*)()+%&";"3."/)<),="1%<"(,-3%-&<"*.=1)<"@-%"3%<"7I*,==%*<"=%"

+%&'%**%=*"@-2-=%"/)<),=".(?&,'.*)@-%5"%="=,)&"%*"73.=(4"_."&0+.&*)*),="1%<"+?,*,&0(%+*%-&<"

=2%<*"+.<"-=)A,&'%4"_."(,=(%=*&.*),="1%<"(M=%<"%<*"'.G)'.3%".-"(%=*&%"1%"3."&0*)=%5".++%30%"

A,/0.5"+%&'%**.=*".)=<)"-=%".(-)*0"/)<-%33%" )'+,&*.=*%".-"(%=*&%"1-"(?.'+"/)<-%34"d3-<",="



We"
"

<203,)>=%" 1%" 3." A,/0.5" +3-<" 3%" =,'7&%" 1%" (M=%<" 1)')=-%5" %*5" +.&" (,=<0@-%=*5" +3-<" 32.(-)*0"

/)<-%33%"<%&."A.)73%4"

"

N?.@-%"+?,*,&0(%+*%-&"/." (,1%&"-="+,)=*"+&0()<"1-"(?.'+"/)<-%3"%*" 32)=A,&'.*),="/)<-%33%"

<%&." *&.=<')<%" .-G" (%33-3%<" >.=>3),==.)&%<4" _%<" (%33-3%<" >.=>3),==.)&%<5" @-.=*" ;" %33%<5"

&%(%/.=*"1%<" )=+-*<" 1%"+3-<)%-&<" (%33-3%<"=%&/%-<%<5" /,=*" )=*0>&%&" 32)=A,&'.*),=" +&,/%=.=*"

1%<"+?,*,&0(%+*%-&<4"Q"(%"<*.1%5")3"%<*")'+,&*.=*"12)=*&,1-)&%"3."=,*),="1%"(?.'+"&0(%+*%-&"

12-=" =%-&,=%5" @-)" (,=<*)*-%" 3." &0>),=" 1-" (?.'+" /)<-%3" @-)" 3,&<@-2%33%" %<*" <*)'-30%" /."

',1-3%&" 3." &0+,=<%"1-"=%-&,=%4"Q)=<)" 3%"+?,*,&0(%+*%-&"."-="(?.'+"&0(%+*%-&"+3-<"+%*)*5"

*.=1)<" @-%" 3%<" (%33-3%<" >.=>3),==.)&%<" @-)" /,=*" 6*&%" .(*)/0%<" +.&" -=" >&.=1" =,'7&%" 1%"

+?,*,&0(%+*%-&<" .-&,=*" -=" (?.'+" &0(%+*%-&" -=" +%-" +3-<" >&.=1" %*" .)=<)" 1%" <-)*%4" d3-<"

32)=A,&'.*),="+&,>&%<<%"1.=<" 3."?)0&.&(?)%"/)<-%33%5"+3-<" 3%<" (?.'+<" &0(%+*%-&<"1%<" (%33-3%<"

/,=*"6*&%"1%">&.=1%"*.)33%4"

"

_%<"(%33-3%<">.=>3),==.)&%<"1,=*"3%<".G,=%<"(,=<*)*-%=*"3%"=%&A",+*)@-%5"/,=*"%=<-)*%">0=0&%&"

1%<" " +,*%=*)%3<" " 12.(*),=" <%" +&,+.>%.=*" /%&<" 3%" (,&+<" >%=,-)330" 3.*0&.3" TNU_5" =,9.-" 1-"

*?.3.'-<V4" Q-" <%)=" 1-" NU_5" 1%-G" *9+%<" 1%" (,-(?%<" (%33-3.)&%<" ,=*" 0*0" )1%=*)A)0%<"K" @-.*&%"

(,-(?%<" +.&/,(%33-3.)&%<" @-)" &%Y,)/%=*" 1%<" )=+-*<" 1%<" (%33-3%<" >.=>3),==.)&%<" 1%" *9+%" d" %*"

1%-G"(,-(?%<"'.>=,(%33-3.)&%<"&%(%/.=*"1%<")=A,&'.*),=<"*&.=<')<%<"+.&"3%<"(%33-3%<":4"b="

&%*&,-/%" .-<<)" 1%<" (%33-3%<" 1)*%<" n,=),(%33-3.)&%<" ',)=<" =,'7&%-<%<" %=*&%" (%<" 1)AA0&%=*%<"

(,-(?%<4" _%" <9<*B'%"+.&/,(%33-3.)&%"%<*" )'+3)@-0"1.=<" 3."1)<(&)')=.*),="1%<" A,&'%<"%*"1%<"

(,-3%-&<"%*" 3%" <9<*B'%"'.>=,(%33-3.)&%"%<*" )'+3)@-0"1.=<" 3."10*%(*),="1-"',-/%'%=*4" _%<"

)=A,&'.*),=<" *&.)*0%<" .-" =)/%.-" 1-" NU_" /,=*" %=<-)*%" 6*&%" *&.=<')<%<" /%&<" 3%" (,&*%G" /)<-%3"

+&)'.)&%"TL!V4"L!"T.)&%"!c"<%3,="32.&(?)*%(*-&%"(0&07&.3%"10(&)*%"+.&"h&,1'.==V"%<*"<)*-0"<-&"

3."A.(%")=*%&=%"1-"3,7%",(()+)*.3"1%"(?.@-%"?0')<+?B&%5";"3z)=*0&)%-&"1%"3."<()<<-&%"(.3(.&)=%4"

O3"%<*".++%30"(,&*%G"<*&)0"%="&.)<,="1%"<,=".&(?)*%(*-&%"(%33-3.)&%"+.&*)(-3)B&%4"C="%AA%*5"L!"%<*"

A,&'0"1%"^"(,-(?%<"(%33-3.)&%<4"_."(,-(?%">&.=-3.)&%"%G*%&=%"T(,-(?%"\V"%<*"*&B<"10/%3,++0%"

%*"&%Y,)*" 3%<" )=+-*<"%="+&,/%=.=(%"1-"NU_4"C="%AA%*5" 3%<"(,-(?%<"+.&/,(%33-3.)&%<"+&,8%**%=*"

<-&" 3." (,-(?%"\N"7%*."%*" 3%<" (,-(?%<"'.>=,(%33-3.)&%<" <-&" 3%<" (,-(?%<"\N".3+?."%*"\h4" _%<"

(%33-3%<"1%"3."(,-(?%"\N5",&>.=)<0%<"%="(,3,==%<"1%"1,')=.=(%",(-3.)&%5"12,&)%=*.*),="%*"1%"

(,-3%-&5"/,=*"@-.=*";"%33%<5""+&,8%*%&"<-&"3%<"(,-(?%<"#"%*"W"1,=*"32,&>.=)<.*),="%="<*&.*%<"A.)*"



Wi"
"

.3*%&=%&" 1%<" (%33-3%<" <03%(*)/%<" ;" 32,&)%=*.*),=" T)=*%&73,7<V" %*" 1%<" (%33-3%<" =,=S<03%(*)/%<" ;"

32,&)%=*.*),="T73,7<V4""

"

Z2.-*&%" +.&*5" L!" %<*" ,&>.=)<0" 1%" '.=)B&%" &0*)=,*,+)@-%5" (2%<*S;S1)&%" @-%" (%**%" &0>),="

&%(,=<*&-)*" -=%" H"(.&*%" *,+,>&.+?)@-%"J5" +,)=*" +.&" +,)=*5" 1-" (?.'+" /)<-%3" ;" +.&*)&" 1%<"

)=A,&'.*),=<" %=" +&,/%=.=(%" 1%<" (%33-3%<" >.=>3),==.)&%<4" `=%" 10(-<<.*),=" " +.&*)%33%" " 1%<""

A)7&%<""<%=<,&)%33%<".-"=)/%.-"1-"(?).<'.",+*)@-%"."3)%-"%=*&%"3."&0*)=%"%*"3%"NU_4"Z%"(%"A.)*5"

3%<")=A,&'.*),=<"+&,/%=.=*"1%<"(%33-3%<">.=>3),==.)&%<"1%"32?0')(?.'+"1&,)*5"(.+*0%<"+.&"3%<"

+?,*,&0(%+*%-&<"1%"32?0')S&0*)=%"*%'+,&.3%"1%"32r)3">.-(?%"%*"32?0')S&0*)=%"=.<.3%"1%"32r)3"

1&,)*5"<%&,=*"%=/,90%<"/%&<"3%"(,&*%G"/)<-%3"+&)'.)&%">.-(?%"%*""/)(%"/%&<.4"

!"6"!"6 D+-9)/(&);$% 3*% 9(% 4;)*% 4),2*99*% 4*$&'(9*% 3($,% 9(% '*/;$$(),,($/*%3*,% ;>E*&,%

4),2*9,%

G0,2*/)&0'*/&',0110'*.)"(&.$10'*

_%<")=A,&'.*),=<"/)<-%33%<"+&0<%=*%<"1.=<"L!"/,=*"%=<-)*%"6*&%"%=/,90%<";"1)AA0&%=*%<".)&%<"

/)<-%33%<" .<<,().*)/%<" )=*%&(,==%(*0%<" T*&./.-G" +),==)%&<" (?%R" 3%" <)=>%"K" m%33%'.=" %*" L.="

C<<%=5"!ii!"s"L.="C<<%=""%*"".345""!ii#V"@-)"/,=*"%G*&.)&%";"(?.@-%"0*.+%"3%<"1)AA0&%=*<")=1)(%<"

1%"3."<(B=%"/)<-%33%"+%&'%**.=*"12%="12.=.39<%&"(?.(-=%"1%<"(.&.(*0&)<*)@-%<"Tm)>-&%"!]V4""



\a"
"

"

(%)*#"&+R&O"/#41"<>3>%5<&1$=4.3>%@*"&2"&0C5#)3<%13>%5<&2"&03&?5%"&?%1*"00"&?"<>#30"&$="`&0"&1%<)"&6"<&=3*>:&">&&

0C=5.."&6"<&A31:;&6K:&!52U0"&2"&03&?5%"&?%1*"00"&?"<>#30"&"->#3%>&2"&b%$3#05&">&30;E&MY+M;&a<"&#"/#41"<>3>%5<&

1$=4.3>%@*"&2"1&3%#"1&%./0%@*4"1&23<1&03&?5%"&?%1*"00"&?"<>#30"&$="`&0"&1%<)"&.3$3@*"&#="1*1&2"/*%1&03&#4>%<"&

S*1@*C3*& $5#>"-& %<F4#5]>"./5#30& 6NX:& "1>& #"/#41"<>4"& B& )3*$=";& _=3@*"& 3%#"& "1>& "<1*%>"& 24$#%>"& /0*1&

/#4$%14."<>& ">& #"/#41"<>4"& /3#& 2"1& #"$>3<)0"1& 25<>& 03& >3%00"& "1>& /#5/5#>%5<<"00"& B& 03& 1*#F3$"& $5#>%$30"&

6("00".3<& ">& s3<& ,11"<E& +PP+:;& G"& <5.A#"& 3//#5-%.3>%F& 2"& <"*#5<"1&/#41"<>1& 23<1& 0"1& 2"*-& =4.%1/=U#"1&

$4#4A#3*-& "1>& /#41"<>4& 23<1& 0"& $5%<& 2#5%>& 2"& $=3@*"& #"$>3<)0"& 6"<&.%00%5<:& ">& 0"& <5.A#"& 2"& <"*#5<"1& 2"&

/#5S"$>%5<&"1>&/#41"<>4&15*1&$=3@*"&#"$>3<)0"&6_500%<1&">&30;E&MY+Y:;&,<F%<&0"1&03>"<$"1&.42%3<"1&2"1&#4/5<1"1&

<"*#5<30"& 15<>& /#41"<>4"1& B& 2#5%>"& 6Z5o39& ">& J*00%"#E& +PPQm& [$=.50"19W& ">& 30;E& +PPd:;& 6J:& O"/#41"<>3>%5<&

1$=4.3>%@*"E&2"1&2"*-&?5%"1&?%1*"00"1&$="`&0C=5.."E&/#5/514"&/3#&I55230"&">&8"1>o552&6MYY^:;&K&)3*$="&

"1>& #"/#41"<>4"& 03& 05$30%13>%5<& 3//#5-%.3>%?"& 2"1& ?5%"1E& A314"& 1*#& *<"& #"$5<1>#*$>%5<& \b& B& /3#>%#& 2CNO!&

3<3>5.%@*"1;& G"1& F0U$="1& %<2%@*"<>& 0C%./0%$3>%5<& 2C%<>"#$5<<"$>%5<1& $5./0"-"1;& G"1& 3%#"1& 15<>& "<1*%>"&

24$#%>"1& /0*1& /#4$%14."<>& B& 2#5%>"&7& b"/*%1& 03& #4>%<"E& 0C%<F5#.3>%5<& "1>& "<?5W4"& ?"#1& 03& /3#>%"& 25#130"& 2*&

<5W3*& )4<%$*04& 03>4#30& 2*& >=303.*1& 6GIZ2:& @*%& ?3& "<1*%>"& "<?5W"#& 2"1& /#5S"$>%5<1& ?"#1& 0"& $5#>"-& ?%1*"0&

/#%.3%#";&G3&?5%"&?"<>#30"&&6%$%&"<&#5*)":&/#5S">>"&2"/*%1&0"1&3%#"1&?%1*"00"1&/#%.3%#"1&2"&A31&<%?"3*&6s+:&?"#1&

0"&$5#>"-&5$$%/%>5]>"./5#30;&G3&?5%"&25#130"&6#"/#41"<>4"&"<&A0"*:&/#5S">>"&?"#1&0"&$5#>"-&/3#%4>30&/51>4#%"*#;&

G"&$5#>"-&/3#%4>30&#"c5%>&4)30"."<>&2"1&%<F5#.3>%5<1&"<&/#5?"<3<$"&2*&$500%$*0*1&1*/4#%"*#&?%3&0"&/*0?%<3#;&&

"



\!"
"

N%&*.)=%<" )=A,&'.*),=<" <%&,=*" *&.=<')<%<" <-&" 3%<".)&%<"L#" TQ)&%"1%"h&,1'.=="!eV"+-)<" /%&<"

1%<"&0>),=<"1%"+3-<"%="+3-<".=*0&)%-&%<5"<%3,="1%-G"/,)%<"+&)=()+.3%<"')<%<"%="0/)1%=(%"1.=<"

3%"(%&/%.-"1-"<)=>%"+.&":)<?n)="%*".34"T!ieWV4""

"

_."+&%')B&%"%<*"3."/,)%"/)<-%33%"1,&<.3%"T/%&<"3%"3,7%"+.&)0*.3V",-"/,)%"1-"H",v"J"@-)"(,1%"3%<"

)=A,&'.*),=<" &%3.*)/%<" .-" ',-/%'%=*5" ;" 3." +,<)*),=" 1.=<" 32%<+.(%" +%&'%**.=*" .)=<)" 3."

3,(.3)<.*),="1%<",78%*<"1.=<"=,*&%"%=/)&,==%'%=*4"N%**%"/,)%" )=(3-*" 32.)&%":P" T.)&%"'01).3%"

*%'+,&.3%V4""

"

_."<%(,=1%"/,)%"%<*"3."/,)%"/)<-%33%"/%=*&.3%"T/%&<"3%"3,7%"*%'+,&.3V",-"/,)%"1-"H"@-,)"J"@-)"

1%+-)<"3%"3,7%",(()+)*.35"<%"+&,3,=>%";"3."<-&A.(%"/%=*&.3%"1-"(%&/%.-"8-<@-2.-"3,7%"*%'+,&.34"

N%**%" /,)%" +%&'%*" 3." +%&(%+*),=" 1%<" A,&'%<" %*" 1%<" (,-3%-&<5" 3." &%(,==.)<<.=(%" %*"

32)1%=*)A)(.*),=" 1%<" ,78%*<" TZ)N.&3," %*" .345" #a!#V4" _2)=A,&'.*),=" %=*&%" 3%<" 1)AA0&%=*%<" .)&%<"

()&(-3%"1%"'.=)B&%"7)%="10A)=)%"K"_%"<)>=.3".<(%=1.=*"TA%%1A,&l.&1V"%=*&.=*"%<*"&%Y-"1.=<"3."

(,-(?%"\"%*"*&.=<')<"+.&" 3%<"(,-(?%<"<-+0&)%-&%<"TWS!V".-G".)&%<"+3-<".=*0&)%-&%<4"_%"<)>=.3"

1%<(%=1.=*" TA%%17.(nV" 3-)"%<*"+&,1-)*"+.&" 3%<" (,-(?%<" )=A0&)%-&%<"%*" &%Y-"1.=<" 3%<" (,-(?%<"

<-+0&)%-&%<"%*" )=A0&)%-&%<"1%<".)&%<"+3-<"+,<*0&)%-&%<"Tm%33%'.="%*"L.="C<<%=5"!ii!V4"N%**%"

,&>.=)<.*),=" 1%<" .)&%<" %*" 3." ()&(-3.*),=" 1%" 32)=A,&'.*),=" 1.=<" 32.G%" +,<*0&,S.=*0&)%-&"

T,(()+)*.3"/%&<"*%'+,&.3V"<-++,&*%=*"32)10%"12-=%",&>.=)<.*),="?)0&.&(?)@-%"1%"3."/,)%"/)<-%33%"

/%=*&.3%4"d3-<" 32,="+&,>&%<<%"1.=<" 3." /,)%"/%=*&.3%5"+3-<" 3%<"=%-&,=%<"+&0<%=*%=*"-=%" A,&*%"

)=/.&).=(%" 8-<@-2;" 3." &%+&0<%=*.*),=" 1-" (,=(%+*" 1.=<" 3%<" &0>),=<" 3%<" +3-<" .=*0&)%-&%<5" 1-"

(,&*%G"+%&)&?)=.3".-"+M3%"*%'+,&.34""

"

N%**%"1)<<,().*),="/,)%"/%=*&.3%f/,)%"1,&<.3%"."0>.3%'%=*"0*0"10(&)*%" (?%R" 32?,''%5">&I(%"

.-G"0*-1%<" 30<),==%33%<",-" ;" 32)'.>%&)%" (0&07&.3%" (?%R" 3%<" <-8%*<" <.)=<" Tk.G79"%*" .345" !ii!s"

k.G79"%*".345"!ii\V4"N%+%=1.=*5"1%"=,'7&%-<%<")=*%&.(*),=<"<%'73%=*"%=*&%&"%="8%-"%=*&%"3%<"

&0>),=<"1%"(%<"1%-G"/,)%<"=,*.''%=*"1%+-)<" 3%<".)&%<"+.&)0*.3%<"1%"3."/,)%"/)<-%33%"1,&<.3%"

/%&<"3%<"&0>),=<".++.&*%=.=*";"3."/,)%"/)<-%33%"/%=*&.3%"Th-33)%&5"#aa!"s"U,,1.3%"%*"t%<*l,,15"

#aa\V4"

*

*

*



\#"
"

E&"0'*.8"87"$10'*&-31&>,80'*+$%'*1$*"0.)%%$&''$%.0*+0'*/&'$#0'*

_%<"+&%')B&%<"?9+,*?B<%<"(,=(%&=.=*" 3." 3,(.3)<.*),="1%<"&0>),=<"(0&07&.3%<"<+0()A)@-%'%=*"

.(*)/0%<" 1.=<" 3%" *&.)*%'%=*" 1%<" /)<.>%<" 0'.=%=*" 1%<" 0*-1%<" 1%" (.<" 1%" +.*)%=*<" (0&07&,S

30<0<4""

"

d.&" %G%'+3%5" 3%<" 1,==0%<" )<<-%<" 1%" 3." =%-&,+<9(?,3,>)%" ,=*" ',=*&0" @-%" 3%<" +.*)%=*<"

+&,<,+.>=,<)@-%<" T/,)&" +.&*)%" !4!4!4!V5" )=(.+.73%<" 1%" &%(,==.j*&%" 3%<" /)<.>%<" .-" =)/%.-"

)=1)/)1-%35" +&0<%=*%=*" 1%<" 30<),=<" 1%<" &0>),=<" +,<*0&)%-&%<" T&0>),=<" ,(()+)*,S*%'+,&.3%<"

/%=*&.3%<" (,'+&%=.=*" =,*.''%=*" 3%" >9&-<" 3)=>-.35" 3%" >9&-<" A-<)A,&'%" %*" 3%" (,&*%G"

+.&.?)++,(.'+)@-%"TZ%"F%=R)"%*".345"!ii\V4"Q-"(,=*&.)&%5"32.>=,<)%"1%<"+%&<,==%<"T/,)&"+.&*)%"

!4!4#V5" +%&*%" 1-" (,=(%+*" 1%" 3." +%&<,==%5" <%&.)*" +3-*M*" 1-%" ;" 1%<" 30<),=<" +3-<" .=*0&)%-&%<"

=,*.''%=*" 1-" +M3%" *%'+,&.3" %*" 1%<" <*&-(*-&%<" *%'+,&.3%<" )=*%&=%<" T$,-7%&*" %*" .345" #aaW5"

#aa^"s"U.)=,**)"%*".345"#aaWV4"*

"

_%<" *%(?=)@-%<" 12)'.>%&)%" (0&07&.3%" *%33%<" @-%" 32)'.>%&)%" +.&" &0<,==.=(%" '.>=0*)@-%"

A,=(*),==%33%" TOF:AV",-" 3."*,',>&.+?)%";"0')<<),=<"1%"+,<)*,=<"TPCdV",=*"+%&')<"1%"')%-G"

()&(,=<(&)&%" (%<" 1)AA0&%=*%<" &0>),=<" (0&07&.3%<" &.++,&*.=*" -=" 0-"6,& "D(,-#" 1%" &0>),=<"

(0&07&.3%<" .(*)/0" <+0()A)@-%'%=*" %=" &0+,=<%" .-G" /)<.>%<" (,'+.&0<" ;" 12.-*&%<" (.*0>,&)%<"

12,78%*<"Tg%&>%=*"%*".345"!ii#s"k.3>&%="%*".345"!iiis"k.G79"%*".345"!iiis"U.-*?)%&"%*".345"#aaas"

F,<<),="%*".345"#aaaV4""

"

_2?9+,*?B<%" 1%" 32%G)<*%=(%" 12-=" 3.&>%" &0<%.-" 12.)&%<" (0&07&.3%<" ." 0*0" (,=A)&'0%" +.&" 1%<"

0*-1%<" %=" OF:A" '%=0%<" (?%R" 3%" <)=>%4" C=" %AA%*5" P<.," %*" .34" T#aaeV" ,=*" )1%=*)A)0" -=" 3.&>%"

&0<%.-"12.)&%<"(0&07&.3%<"<+0().3)<0%<"1.=<"3%"*&.)*%'%=*"1%<"/)<.>%<"1)/)<0"%="^"+.*(?<"<)*-0<"

1.=<" 3%" 3,7%" *%'+,&.3"1-"'.(.@-%" Tm)>-&%"!^V4" O3" <%'73%&.)*"'6'%"@-%"(%<" &0>),=<"<,)%=*"

3.&>%'%=*")=*%&(,==%(*0<"A,&'.=*"-="&0<%.-",&>.=)<0"1%"'.=)B&%"?)0&.&(?)@-%"T:,%33%&"%*"

.345"#aaeV4"

""



"

(%)*#"&+e&(%)*#"&"->#3%>"&2"&(#"%o302

%2"<>%F%41&23<1&0"&05A"&>"./5#30&2*&.

"

N?%R"32?,''%5"*&,)<"&0>),=<"+&)=

<)*-0%" ;" 3." 8,=(*),=" 1-" 3,7%" ,(

A-<)A,&'%5" T#V" 3." b(()+)*.3" m.(%

U.-*?)%&"%*".345"#aaaV"3,(.3)<0%".

1-" <)33,=" *%'+,&.3" <-+0&)%-&" T+g

Tm)>-&%"!cV4""

"

(%)*#"&+Q&(%)*#"&"->#3%>"&2C*<&$=3/%>#"

"<& NO!F;&G"1&?%13)"1&3$>%?"<>&2"&.3<

)W#*1&5$$%/%>30& %<F4#%"*#& 6t(K:E& 0"& )W#

1*/4#%"*#;&

"

N%&*.)=<" .-*%-&<" <%" <,=*" )=*%&

1%'.=10<" <)" 3%<" '0(.=)<'%<" )

'.=)B&%" +-&%'%=*" A%%1A,&l.&1

/)<-%33%"/%=*&.3%4"d,-&"*%<*%&"(%

"

(#"%o302&">&X135&6MY+Y:&.5<>#3<>& 0"1&1%-&2%FF4#"<>1&/3>$=1&1

#30&2*&.3$3@*"&"<&NO!F;&&

),=<"+&)=()+.3%<",=*"0*0"&.++,&*0%<"K"T!V"3."m-<)A,&'

" 3,7%" ,(()+)*.3" %*" 1-" 3,7%" *%'+,&.3" )=A0&)%-&5" .-"

+)*.3" m.(%" Q&%." TbmQV" Tx.=l)<?%&" %*" .345" !iics" d-(

(.3)<0%".-"=)/%.-",(()+)*.3")=A0&)%-&"1&,)*"%*"TWV"3."+.

0&)%-&" T+gPgV" Tk.G79" %*" .345" !iii"s" t%)=%&" %*" U&)3

&$=3/%>#"&2"&0%?#"&2"&O511%5<&6MYYP:;&G"1&3%#"1&1/4$%F%@*"1&2"

>&2"&.3<%U#"&/#4F4#"<>%"00"&">&A%03>4#30"& 6.D."&1%&/0*1& %./

:E& 0"& )W#*1& F*1%F5#."&.5W"<& 6((K:E&">& 03&/3#>%"&/51>4#%"*#"

)=*%&&,>0<" <-&" 32,&>.=)<.*),=" 1%" (%<" *&,)<" &0>

=)<'%<" )'+3)@-0<" 1.=<" 3%" *&.)*%'%=*" 1%<" /)<.>%<"

1A,&l.&1" (,''%" 3%" <->>B&%" 32,&>.=)<.*),=" ?)0&.(?

%<*%&"(%**%"?9+,*?B<%5"F,<<),="%*".34"T#aaWV"&.++,&*

\W"

&/3>$=1&140"$>%F1&3*-&?%13)"1&

m-<)A,&'"m.(%"Q&%."TmmQV"

%-&5" .-" =)/%.-" 1-" >9&-<"

!iics" d-(%" %*" .345" !ii]"s"

TWV"3."+.&*)%"+,<*0&)%-&%"

&" %*" U&)33Sg+%(*,&5" #a!aV"

"

%@*"1&2"1&?%13)"1&%2"<>%F%4"1&

/0*1& %./5#>3<>"&B&2#5%>":& 0"&

51>4#%"*#"&2*&1%005<& >"./5#30&&

&0>),=<" %*" <%" <,=*"

>%<" 0*.)*" &0.3)<0" 1%"

" ?)0&.(?)@-%" 1%" 3." /,)%"

V"&.++,&*%=*"3%"(.<"12-=%"



\\"
"

+.*)%=*%"+&,<,+.>=,<)@-%5"dg5"+&0<%=*.=*"-=%"30<),="1%"3."bmQ"'.)<"./%("-=%"mmQ"+&0<%&/0%4"

C="&0.3)<.=*"-=%"0*-1%"%="OF:A5" 3%<".-*%-&<"',=*&%=*"@-%"3."mmQ"1%"3."+.*)%=*%"%<*".(*)/0%"

3,&<" 1%" 3." +&0<%=*.*),=" 1%" <*)'-3)" /)<.>%<" %*" (%5" %=" 32.7<%=(%" 1%" *,-*%<" )=A,&'.*),=<" %="

+&,/%=.=(%"1%"3."bmQ4"N%**%"0*-1%"<->>B&%"@-%"32)=*0>&)*0"1%"3."bmQ"%<*"=0(%<<.)&%"+,-&"-="

*&.)*%'%=*"=,&'.3"1%<"/)<.>%<"%*"@-%"1%<"(,==%(*),=<"A%%17.(n"1%+-)<"3."mmQ"8-<@-;"3."bmQ"

+%&'%**&.)*"1%"*&.)*%&"(,&&%(*%'%=*"3%<"/)<.>%<4""

"

Z.=<"(%"<%=<5"-=%"&0(%=*%"'0*.S.=.39<%"&0.3)<0%"+.&"h,-/)%&"%*"C=>%3"%="#aa^"&.++,&*%"i#"

(.<"1%"+.*)%=*<"+&0<%=*.=*"-=%".(?&,'.*,+<)%5"@-)"<%"*&.1-)*"+.&"-=%".7<%=(%"1%"/)<),="1%<"

(,-3%-&<5".(@-)<%"<-)*%";"1%<"30<),=<"1-"(,&*%G",(()+)*.3"/%=*&.34"_%<".-*%-&<"-*)3)<%=*"(,''%"

(,=*&M3%"3%<"30<),=<"1%"+.*)%=*<"+&,+,+.>=,<)@-%<"&.++,&*0<"1.=<"3."3)**0&.*-&%4"Z%"'.=)B&%"

)=*0&%<<.=*%" %*" *,*.3%'%=*" )=10+%=1.=*%" 1%" F,<<),=" %*" .34" T#aaWV5" 3%<" .-*%-&<" &.++,&*%=*"

@-%"3%<"&0>),=<"30<0%<"(,''-=%<"(?%R"*,-<"3%<"+.*)%=*<"+&,<,+.>=,<)@-%<"<,=*"3,(.3)<0%<".-"

=)/%.-"1%"3."bmQ"%*"=,="1%"3."mmQ"Tm)>-&%"!eV4""

"

"

"

(%)*#"&+d&(%)*#"&"->#3%>"&2"&J5*?%"#&">&,<)"0&6MYYe:&.5<>#3<>&03&/#5/5#>%5<&2"&$="?3*$="."<>&2"1&041%5<1;&

G"1&F5#."1&<5%#"1&$5##"1/5<2"<>&B&03&((KE&0"1&F5#."1&#5*)"1&$5##"1/5<2"<>&B&03&t(K&">&0"1&?%50">>"1&3*&[X[;&

G3&#4)%5<&/#41"<>3<>&0"&$="?3*$="."<>&0"&/0*1&%./5#>3<>&B&>#3?"#1&0"1&/3>%"<>1&/#515/3)<51%@*"1&"1>&03&t(K;&

"

Q-S1%3;" 1%" 3." (,'+.&.)<,=" 1%" 3." (.*0>,&)%" 1%<" /)<.>%<" ./%(" 12.-*&%<" (.*0>,&)%<" 12,78%*<5"

(%&*.)=<" *&./.-G" %=" OF:A" <%" <,=*" )=*0&%<<0<" ;" 3." &%+&0<%=*.*),=" 1%<" 1)AA0&%=*%<"

(.&.(*0&)<*)@-%<"1-"/)<.>%"%*"%="+.&*)(-3)%&".-"=%E-6,&E,&0U)E,$*)*D4"`=%"0*-1%"1%"F,*<?*%)="

%*" .34" T#aa]V" ',=*&%" %=" %AA%*" @-%" (%&*.)=%<" &0>),=<" (0&07&.3%<" <,=*" )'+3)@-0%<" 1.=<" 3%"



\]"
"

*&.)*%'%=*"1%<"(.&.(*0&)<*)@-%<"+?9<)@-%<"1%"32)'.>%"*.=1)<"@-%"12.-*&%<"<%'73%=*"<03%(*)/%<"

;"32)1%=*)*04"C="<%"7.<.=*"<-&"1%<"+.)&%<"1%"+?,*,>&.+?)%<"1%"+%&<,==%<"(03B7&%<5"")3<",=*"(&00"

+3-<)%-&<"(,=*)=-."<9'0*&)@-%<"1%"!!")'.>%<"1%+-)<"-=%")1%=*)*0"T%G"K":.&>.*%"P?.*(?%&V";"

-=%".-*&%"T%G"K":.&)39=":,=&,%V"%=".->'%=*.=*">&.1-%33%'%=*"1%"!a~"3%<"(.&.(*0&)<*)@-%<"

+?9<)@-%<";"(?.@-%"0*.+%4"_%<"&0<-3*.*<"<,=*"%=<-)*%".=.39<0<"<%3,="*&,)<"(,=1)*),=<"K"T!V"-=%"

(,=1)*),=",v"1%<"/)<.>%<" )1%=*)@-%<"T(.&.(*0&)<*)@-%<"+?9<)@-%<"%*" )1%=*)*0<"<)')3.)&%<V"<,=*"

+&0<%=*0<5" T#V" -=%" (,=1)*),=" ,v" 3%<" <*)'-3)" +&0<%=*%=*" -=%" /.&).*),=" 1%" Wa~" 1%<"

(.&.(*0&)<*)@-%<"+?9<)@-%<"'.)<"+&0<%=*%=*"3."'6'%")1%=*)*0"%*"TWV"-=%"*&,)<)B'%"(,=1)*),="

,v" 3%<" 1%-G" )'.>%<" 1)AA0&%=*" 1%" Wa~" 0>.3%'%=*" .-" =)/%.-" 1%<" (.&.(*0&)<*)@-%<" +?9<)@-%<"

'.)<";"-=%"0*.+%"1-"(,=*)=--'",v"3%<"1%-G")'.>%<"=%"+&0<%=*%=*"+3-<"3."'6'%")1%=*)*04""

_2.=.39<%" 1-" <)>=.3" hb_Z" ',=*&%" @-%" 3%" >9&-<" ,(()+)*.3" )=A0&)%-&" %<*" <03%(*)A" .-G"

(.&.(*0&)<*)@-%<" +?9<)@-%<" 1%" 32)'.>%" T',1-3.*),=" 1%" 32.(*)/)*0" 1.=<" 3." (,=1)*),=" ,v" 3%<"

(.&.(*0&)<*)@-%<"+?9<)@-%<"1)AAB&%=*"@-%33%"@-%"<,)*"32)1%=*)*05"32%AA%*"0*.=*"<)>=)A)(.*)/%'%=*"

+3-<"A.)73%"3,&<@-%"3%<"1%-G")'.>%<"+&0<%=*%=*"3%<"'6'%<"(.&.(*0&)<*)@-%<V4"Q-"(,=*&.)&%5"3%"

>9&-<"A-<)A,&'%"',9%="%<*"<03%(*)A";" 32)1%=*)*05"<."&0+,=<%"?0',19=.')@-%"0*.=*"',1-30%"

<%-3%'%=*"3,&<@-%"32)1%=*)*0"%<*"1)AA0&%=*%5")=10+%=1.''%=*"1%<"(.&.(*0&)<*)@-%<"+?9<)@-%<"

1%" 32)'.>%4" _%<" .-*%-&<" ,7<%&/%=*" 1%<" &0<-3*.*<" <)')3.)&%<" (?%R" (%&*.)=<" <-8%*<" 3,&<@-2)3"

(,=<)1B&%"<%-3%'%=*"3."bmQ"%*"3."mmQ"Tm)>-&%"!iV4"

"

Z%"+3-<5" 3%<"<-8%*<".9.=*".-"+&0.3.73%"&0.3)<0"-="8->%'%=*"1%"A.')3).&)*0"<-&" 3%<"1)AA0&%=*%<"

+%&<,==.3)*0<" +&0<%=*0%<5" 3%<" .-*%-&<" )=/%<*)>-%=*" 3." +,<<)73%" (,&&03.*),=" %=*&%" 32.(*)/)*0"

hb_Z"<-&" 32%=<%'73%"1-"(%&/%.-"%*" 3." A,&(%"1%" 3." A.')3).&)*04" O3<"'%**%=*".)=<)"%="0/)1%=(%"

-=%"A,&*%"(,&&03.*),="%=*&%"3%"=)/%.-"1%"A.')3).&)*0"%*" 32.(*)/)*0"1.=<"3%<"&0>),=<"*%'+,&.3%<"

.=*0&)%-&%<"T?)++,(.'+%".=*0&)%-&"%*"+M3%"*%'+,&.3V4""

"

N%**%"0*-1%"<->>B&%"1,=("-="*&.)*%'%=*"?)0&.&(?)@-%"1%<"/)<.>%<",v"@-%" 3%">9&-<",(()+)*.3"

)=A0&)%-&"<%&.)*")'+3)@-0"1.=<"3%"*&.)*%'%=*"1%<"+&,+&)0*0<"+?9<)@-%<"1%"32)'.>%5"3."mmQ"1.=<"

3%" *&.)*%'%=*" 1%" 32)1%=*)*0" %*" %=A)=5" 3%<" &%+&0<%=*.*),=<" <)*-0%<" 1.=<" 3%<" &0>),=<" 3%<" +3-<"

.=*0&)%-&%<"1-"3,7%"*%'+,&.3"<%&.)%=*")'+3)@-0%<"1.=<"3%"*&.)*%'%=*"1%"3."A.')3).&)*0";"3,=>"

*%&'%4"

"



\^"
"

"

(%)*#"& +P& (%)*#"& "->#3%>"& 2"&O5>1=>"%<& ">& 30;& 6MYY^:&.5<>#3<>& 03&.52*03>%5<& 2*& 1%)<30& JtGb&/5*#& 0"1& >#5%1&

$5<2%>%5<1& 6o%>=%<u.D."& %2"<>%>4& .3%1& $3#3$>4#%1>%@*"1& 2%FF4#"<>"1E& %2"<>%$30u.D."& %2"<>%>4& ">& .D."&

$3#3$>4#%1>%@*"1&/=W1%@*"1E&A">o""<u%2"<>%>4&2%FF4#"<>"1& ">& $3#3$>4#%1>%@*"1&/=W1%@*"1&2%FF4#"<>"1:&23<1& 03&

t(K&B&)3*$="&">& 03&((K&B&2#5%>";&G3&t(K&1".A0"& 140"$>%?"&3*-&$3#3$>4#%1>%@*"1&/=W1%@*"1&2"& 0C%.3)"&>3<2%1&

@*"&03&((K&1".A0"&/0*>f>&1"0"$>%?"&B&0C%2"<>%>4;&

"

N%+%=1.=*5" (%" &0<-3*.*" %<*" <-8%*" ;" (,=*&,/%&<%4" d.&" %G%'+3%5" -=%" .-*&%" 0*-1%" &0.3)<0%"

0>.3%'%=*"%=" OF:A"+.&"x&)%>%<n,&*%"%*".34" T#aacV" <->>B&%"+3-*M*"@-%" 32)=1)/)1-.3)<.*),="1-"

/)<.>%" <%&.)*" &0.3)<0%" ;" 3." A,)<" .-" =)/%.-" 1%" 3." mmQ" %*" 1.=<" 3." +.&*)%" .=*0&)%-&%" 1-" (,&*%G"

)=A0&,S*%'+,&.3" T.OP5" &0>),=" ?,',3,>-%" 1%" +.*(?" .=*0&)%-&" *%'+,&.3" (?%R" 3%" '.(.@-%"

<03%(*)A" ;" 32)1%=*)*05" F.8)'%?&" %*" .345" #aaeV5" (%**%" 1%&=)B&%" &0>),=" +&,1-)<.=*" -=" +.**%&="

1)AA0&%=*"<%3,="32)1%=*)*04"_%<".-*%-&<"<->>B&%=*"+3-*M*"@-%"3."mmQ"+%&'%**&.)*"3."10*%(*),="1-"

(?.=>%'%=*"1%"32)1%=*)*0"+&0+.&.=*".)=<)"32)=1%=*)A)(.*),="1.=<".OP4""

"

C=A)=5" -=%" <%(,=1%"0*-1%"%=" OF:A"+&,+,<0%"+.&" O<?.)" %*" .34" T#aa#V" .1&%<<%" 3."@-%<*),="1%"

32)'.>%&)%" '%=*.3%" 1%<" /)<.>%<4" _%<" .-*%-&<" ',=*&%=*" @-2-=" 3.&>%" +.=%3" 1%" &0>),=<"

(0&07&.3%<5" )=(3-.=*" 3." mmQ5" 3." bmQ5" 3%" gPg" %*" 32.'9>1.3%5" %<*" .(*)/0" 3,&<@-%" 1%<" /)<.>%<"

(03B7&%<" <,=*" +&0<%=*0<4" Z%" '.=)B&%" *&B<" )=*0&%<<.=*%5" 3,&<@-2)3" %<*" 1%'.=10" .-" <-8%*"

12)'.>)=%&"3%<"/)<.>%<"(03B7&%<5"12.-*&%<"&0>),=<5"%="+3-<"1%<"&0>),=<"+&0()*0<5"<,=*".(*)/0%<4"

C=" %AA%*5" 3%<" .-*%-&<" &.++,&*%=*" -=%" .(*)/.*),=" 1%" 32?)++,(.'+%5" 1-" +&0(-=%-<5" 1-" <)33,="

)=*&.S+.&)0*.3"%*"1-">9&-<"A&,=*.3")=A0&)%-&"TOmUV"+%=1.=*"(%**%"*I(?%"12)'.>%&)%4"""

"

m)=.3%'%=*5" '6'%" <)" 3%" &M3%" 1%" (%<" 1)AA0&%=*%<" &0>),=<" =2%<*" +.<" %=(,&%" *&B<" (3.)&5" )3"

<%'73%&.)*"@-%"3%"*&.)*%'%=*"1%<"/)<.>%<"A.')3)%&<"<,)*"<,-<S*%=1-"+.&"-="3.&>%"&0<%.-"12.)&%<"

(0&07&.3%<" Tk.G79" %*" .345" #aaa"s" O<?.)5" #aaeV4" C=" %AA%*5" 1%<" 0*-1%<" -*)3)<.=*" 1%<"

%=&%>)<*&%'%=*<" )=*&.(&.=)%=<" <,=*" /%=-%<" (,=A)&'%&" 3%" (.&.(*B&%" 1)<*&)7-0" 1%<" &0>),=<"



\c"
"

(0&07&.3%<")'+3)@-0%<"+%&'%**.=*"0>.3%'%=*"12.++,&*%&"1%<"030'%=*<"1%"&0+,=<%"<-&"3%"&M3%"

1%"(%<"&0>),=<"1.=<"3%"*&.)*%'%=*"1%<"/)<.>%<4"

"

_%<"*&./.-G"12Q33)<,="%*".34"T!ii\5"!iiiV5"&0.3)<0<";"32.)1%"12%=&%>)<*&%'%=*<";"+.&*)&"1%">&)33%<"

1203%(*&,1%<" )'+3.=*0%<" 1.=<" 3%" (,&*%G" ,(()+)*,S*%'+,&.3" /%=*&.3" %*" 3.*0&.3" 1%" +.*)%=*<"

0+)3%+*)@-%<" T1.=<" 3%"(.1&%"1-"1).>=,<*)("1%" 3%-&"0+)3%+<)%"+?.&'.(,&0<)<*.=*%"<0/B&%V",=*"

(,=A)&'0" 32)'+3)(.*),=" 1-" (,&*%G" ,(()+)*,S*%'+,&.3" 1.=<" 3%" *&.)*%'%=*" 1%<" /)<.>%<" %="

&.++,&*.=*"1%<".(*)/)*0<"<+0()A)@-%<".-G"/)<.>%<"(,'+.&0<";"12.-*&%<"(.*0>,&)%<"12,78%*<4""

"

Z%"'6'%5"1.=<"-=%"0*-1%"&0(%=*%5"d.&/)R)"%*".34" T#a!#V",=*".1&%<<0" 3."@-%<*),="1-"&M3%"1-"

>9&-<"A-<)A,&'%"1.=<"3."+%&(%+*),="1%<"/)<.>%<"(?%R"1%<"+.*)%=*<"0+)3%+*)@-%<")'+3.=*0<"./%("

1%<"03%(*&,1%<"<,-<S1-&.3%<"1.=<"3%"3,7%"*%'+,&.34"Z.=<"(%**%"0*-1%5"3%<".-*%-&<".33)%=*"*&,)<"

*%(?=)@-%<" 1%" =%-&,S)'.>%&)%"s" 3203%(*&,(,&*)(,>&.+?)%5" 32OF:A" %*" 3." <*)'-3.*),=" 03%(*&)@-%"

(0&07&.3%4"Q"32.)1%"1%"32OF:A5")3<")1%=*)A)%=*"1%-G"+.*(?<"<03%(*)A<".-G"/)<.>%<""+&0(01%''%=*"

&.++,&*0<"@-%"<,=*"3."mmQ"%*"3."bmQ4"_2%=&%>)<*&%'%=*"1-"<)>=.3"03%(*&,+?9<),3,>)@-%"1.=<"3."

mmQ5"',=*&%"%="%AA%*5"-=%".(*)/)*0"<03%(*)/%".-G"/)<.>%<4"Z%"+3-<5"3,&<@-2-=%"<*)'-3.*),="1%<"

03%(*&,1%<"<)*-0%<"1.=<"(%<"&0>),=<"%<*".++3)@-0%5"3%<"+.*)%=*<"&.++,&*%=*"@-%"3%<"/)<.>%<"1%<"

+%&<,==%<" +&0<%=*%<" 1.=<" 3." +)B(%" <,=*" H"'0*.',&+?,<0<"J4" N%**%" <*)'-3.*),=" <%'73%5" .-"

(,=*&.)&%5" =%" +.<" +%&*-&7%&" 3." +%&(%+*),=" 1%<" ,78%*<" ,-" 3." 10=,')=.*),=" 1%" +%&<,==%<"

(03B7&%<4" N%**%" 0*-1%" -*)3)<.=*" -=%" .++&,(?%" '-3*)',1.3%" .++,&*%" 1,=(" 1%<" 1,==0%<"

(,=/%&>%=*%<"<-&"3."<+0()A)()*0"1-">9&-<"A-<)A,&'%"1.=<"3."+%&(%+*),="1%<"/)<.>%<4"

"

Z2.-*&%<" 0*-1%<" -*)3)<.=*" 1%<" 03%(*&,1%<" (0&07&.3%<" +&,A,=1%<" ,=*"',=*&0" -=%" )'+3)(.*),="

1%<" &0>),=<" ?)++,(.'+)@-%" %*" <,-<S?)++,(.'+)@-%" 1.=<" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<"

A.')3)%&<4"d.&"%G%'+3%5"3%<"*&./.-G"1%"Z)%*3"%*".34"T#aa]V"%*"1%"P&.-*=%&"%*".34"T#aa\V"',=*&%=*"

-=%".(*)/.*),="1%<" (,&*%G" &?)=.-G" T(,&*%G"+0&)&?)=.3" %*"%=*,&?)=.3V" %*"1%" 32?)++,(.'+%" 3,&<"

12-=%" *I(?%" 1%" &%(,==.)<<.=(%" 1%" /)<.>%<" (03B7&%<" (,'+.&0<" ;" 1%<" /)<.>%<" )=(,==-<4" N%<"

*&./.-G",=*"0*0"(,=A)&'0<"+.&"-=%"0*-1%"1%"h.&7%.-"%*".34"T#aaeV"@-)"',=*&%"0>.3%'%=*"-=%"

.(*)/.*),=" <+0()A)@-%"1%<" &0>),=<"?)++,(.'+)@-%<"%*" <,-<S?)++,(.'+)@-%<"1.=<"-=%" *I(?%"

1%" &%(,==.)<<.=(%" 1%" /)<.>%<" (03B7&%<4"Z%" +3-<5" 3%<" .-*%-&<"',=*&%=*"@-%" 3."+&0<%=*.*),="

1%<" /)<.>%<" (03B7&%<" %*" )=(,==-<" .(*)/%=*" 1%" '.=)B&%" <)'-3*.=0%" -=" 3.&>%" &0<%.-" 12.)&%<"



\e"
"

(0&07&.3%<" )=(3-.=*" 3%" 3."bmQ5" 3."mmQ5" 32OmU"%*" 3%"+M3%"*%'+,&.3"/%=.=*"(,=A)&'%&" 32%G)<*%=(%"

12-="3.&>%"&0<%.-"12.)&%<"(0&07&.3%<")'+3)@-0"1.=<"3%"*&.)*%'%=*"1%<"/)<.>%<4""

"

:6'%"<)"32OF:A"%*"3%<"0*-1%<"%="+,*%=*)%3<"1%"(?.'+")=*&.(0&07&.-G",=*"+%&')<"12)1%=*)A)%&"

3%<" 1)AA0&%=*%<" &0>),=<" )'+3)@-0%<" 1.=<" 3%" *&.)*%'%=*" 1%<" /)<.>%<5" (%<" *%(?=)@-%<" =%"

+%&'%**%=*"+.<"12.=.39<%&" 3."=.*-&%"1-"(,1.>%"1%"32)=A,&'.*),="/)<-%33%"%*"(.*0>,&)%33%"1%<"

&%+&0<%=*.*),=<4"Z.=<"(%"<%=<5"+3-<)%-&<"0*-1%<5";"3."A,)<"(?%R"32?,''%"%*"(?%R"32.=)'.35",=*"

%-" 32,++,&*-=)*0" 12%=&%>)<*&%&" 32.(*)/)*0" 1%" =%-&,=%<" -=)*.)&%<" <)*-0<" 1%<" 3%<" &0>),=<"

)1%=*)A)0%<"%="OF:A4""

"

_20@-)+%" 1%" m&)%15" 1.=<" +3-<)%-&<" 0*-1%<" (?%R" 32?,''%" Tm&)%1" %*" .34" !iics" x&%)'.=" %*" .345"

#aaaV"."&.++,&*0"@-%"(%&*.)=<"=%-&,=%<"<)*-0<"1.=<"3%"3,7%"*%'+,&.3"'01).="&0+,=1.)%=*"1%"

'.=)B&%"<03%(*)/%";" 3."+&0<%=*.*),="12)'.>%<"1%"/)<.>%<5"12.=)'.-G5"12,78%*<",-"1%"<(B=%<4"

N%<" 1,==0%<" (,&&,7,&%=*" 3%<" &0<-3*.*<" ,7*%=-<" ;" 32.)1%" 12%=&%>)<*&%'%=*<" 1%" =%-&,=%<"

-=)*.)&%<" (?%R" 3%" <)=>%" &.++,&*.=*" @-%" 3%<" =%-&,=%<" <)*-0<" %=" ./.=*" 1.=<" 3." /,)%" /)<-%33%"

/%=*&.3%"TOP5"gPgV"&0+,=1.)%=*";"1%<")'.>%<"(,'+3%G%<"(,''%"1%<"/)<.>%<",-"1%<",78%*<"%*"

+&0<%=*.)%=*" -=" (%&*.)="1%>&0" 12)=/.&).=(%" ;" 1%<" +&,+&)0*0<"'0*&)@-%<" (,''%" 3." *.)33%" 1-"

<*)'-3-<5"3."+,<)*),=",-"32.=>3%"1%"/-%"TU&,<<"%*".345"!ic#"s"_,>,*?%*)<"%*"g?%)=7%&>5"!ii^V4""

"

d,-&".33%&"+3-<"3,)=5"320@-)+%"1%"P<.,"."+-73)0"-=%"0*-1%"1.=<"3.@-%33%"3%<".-*%-&<",=*"*%=*0"

1%"(,'+&%=1&%"(,''%=*"3%<"1)AA0&%=*<"+.*(?<")1%=*)A)0<"%="OF:A""Tm)>-&%"!^V"+.&*)()+.)%=*";"

3."&%+&0<%=*.*),="1%<"/)<.>%<"Tm&%)l.31"%*"P<.,5"#a!aV4"Z%-G"<%*<"1%"<*)'-3)"0*.)%=*"+&0<%=*0<"

.-G"<)=>%<"K"-="+&%')%&"<%*"(,'+,<0"12-=%"(%=*.)=%"1%"<*)'-3)".++.&*%=.=*";"*&,)<"(.*0>,&)%<"

12)*%'<" T/)<.>%<5",78%*<"%*" (,&+<V5"-=" <%(,=1"<%*"1%"#aa"/)<.>%<"+&,/%=.=*"1%"#]" )=1)/)1-<"

1)AA0&%=*<" +&0<%=*0<" <%3,=" ?-)*" ,&)%=*.*),=<" 1)<*)=(*%<4" _2.(*)/)*0" 03%(*&,+?9<),3,>)@-%"

-=)*.)&%"1%<"=%-&,=%<"0*.)*"%=&%>)<*&0%"1.=<"3%<"1%-G"+.*(?<"+,<*0&)%-&<"'01).=<"%*"3%<"1%-G"

+.*(?<".=*0&)%-&<"1%"'.=)B&%"(,=(,')*.=*%4"_%<"&0<-3*.*<"1%"(%**%"0*-1%"',=*&%=*"@-%"3%<"

=%-&,=%<"<)*-0<"1.=<"3."+.&*)%"3.*0&.3%"'01).=%"0*.)%=*"<+0()A)@-%<";"32.=>3%"1%"/-%"T&0+,=<%"

<+0()A)@-%";"-=%"<%-3%",&)%=*.*),=V"*.=1)<"@-%"3%<"=%-&,=%<"<)*-0<"1.=<"3."+.&*)%".=*0&)%-&%"

3.*0&.3%"0*.)%=*" <+0()A)@-%<";" 3." <9'0*&)%"%="')&,)&"1%"(?.@-%" )1%=*)*0" T1%-G",&)%=*.*),=<V4"

C=A)=5"3%<"=%-&,=%<"1-"+.*(?"3%"+3-<".=*0&)%-&"',=*&.)%=*"-=%")=/.&).=(%"+&%<@-%"(,'+3B*%"

.-G"1)AA0&%=*%<"/-%<"<->>0&.=*"<,=")'+3)(.*),="1.=<"3%"(,1.>%"1%"32)1%=*)*04""



\i"
"

"

Z2.-*&%<"0*-1%<5"(?%R"32?,''%5"<%"<,=*"0>.3%'%=*")=*0&%<<0%<".-"(,1.>%"1%"32)1%=*)*05"+3-<"

+.&*)(-3)B&%'%=*".-"(,1.>%"1-"(,=(%+*4"Z%"'.=)B&%"<-&+&%=.=*%5"320@-)+%"1%"m&)%1"&.++,&*%"

32%G)<*%=(%"1%"=%-&,=%<"&0+,=1.=*"<+0()A)@-%'%=*";"32)1%=*)*0"1%"3."+%&<,==%"To-)&,>."%*".345"

#aa]V4" Z.=<" (%**%" 0*-1%5" 1%<" +.*)%=*<" 0+)3%+*)@-%<5" 1.=<" 3%" (.1&%" 1-" 1).>=,<*)(" 12-=%"

0+)3%+<)%" +?.&'.(,S&0<)<*.=*%" >&./%5" 0*.)%=*" )'+3.=*0<" ;" 32.)1%" 1%" '.(&,S03%(*&,1%<"

+&,A,=1%<"'-=)<"1%"')(&,SA)3<"+%&'%**.=*"12%=&%>)<*&%&"32.(*)/)*0"-=)*.)&%"1%<"=%-&,=%<"1.=<"

1)AA0&%=*%<" &0>),=<" *%'+,&.3%<" T?)++,(.'+%5" .'9>1.3%5" (,&*%G" %=*,&?)=.35" >9&-<"

+.&.?)++,(.'+)@-%V4"_%"+&,*,(,3%"<%"10&,-3.)*"%="1%-G"+?.<%<4"_,&<"12-=%"+&%')B&%"+?.<%"

1%"+&0S*%<*5" 32%G+0&)'%=*.*%-&"+&0<%=*.)*"1%"'.=)B&%".30.*,)&%"1%"=,'7&%-<%<" )'.>%<".-G"

+.*)%=*<5" (,'+,<0%<" 1%" 1)AA0&%=*%<" (.*0>,&)%<" 12,78%*<" *%33%<" @-%" 1%<" (0307&)*0<5" 1%<"

.=)'.-G5" 1%<" 7I*)'%=*<5" 1%<" +.9<.>%<" %*" 1%<" ,78%*<4" N%**%" +&%')B&%" +?.<%" +%&'%**.)*" 1%"

<03%(*),==%&" -=)@-%'%=*" 3%<" )'.>%<" @-)" %=>%=1&.)%=*" -=%" &0+,=<%" 1%<" =%-&,=%<4" Q)=<)5"

%=/)&,="ia")'.>%<"(,&&%<+,=1.=*";"!\"(0307&)*0<",-",78%*<"1)AA0&%=*<",=*"0*0"+&0<%=*0%<".-"

+.*)%=*4"QA)="1%"'.)=*%=)&"32.**%=*),="1-"+.*)%=*5"-=%"*I(?%"1%"10*%(*),="1%"/)<.>%<"?-'.)=<"

3-)"0*.)*"+&,+,<0%5" *I(?%"<2./0&.=*" *&B<" A.()3%"+-)<@-%" 3%<"+%&A,&'.=(%<"0*.)%=*"+&,(?%<"1%"

!aa~4"_%<" &0<-3*.*<",7*%=-<"',=*&%=*"-=%"&0+,=<%"<03%(*)/%"1%"(%&*.)=<"=%-&,=%<" ".(*)/0<"

<+0()A)@-%'%=*" 3,&<" 1%" 3." +&0<%=*.*),=" 12)'.>%<" (,&&%<+,=1.=*" ;" (%&*.)=%<" (0307&)*0<5"

+.9<.>%<",-",78%*<"%*"+.&A,)<"'6'%";"3%-&"=,'"0(&)*4"C="%AA%*5"(%&*.)=<"=%-&,=%<"&0+,=1%=*"

1%"'.=)B&%"<+0()A)@-%";"1%<"+?,*,>&.+?)%<"1%"$%==)A%&"Q==)<*,="@-%3<"@-%"<,)*" 3%"+,)=*"1%"

/-%",-" 3." *.)33%"1-"/)<.>%5" <->>0&.=*"@-2)3<"+,<<B1%=*"-="(%&*.)="1%>&0"12)=/.&).=(%" Tm)>-&%"

#aV4" Z%" +3-<5" (%<" =%-&,=%<" =%" <%'73%=*" +.<" &0+,=1&%" 3,&<@-%" (%**%" (0307&)*0" %<*"

.((,'+.>=0%"1%"h&.1"d)**4"Z2.-*&%<"=%-&,=%<"&0+,=1%=*"+3-*M*";"-=%".-*&%"(0307&)*05"k.33%"

h%&&95" '6'%" 3,&<@-2%33%" %<*" 10>-)<0%" %=" N.*l,'.=4" C=A)=5" (%<" =%-&,=%<" <2.(*)/%=*"

0>.3%'%=*"3,&<@-%"3%"=,'"0(&)*"%<*"+&0<%=*04"_%"A.)*"@-%"(%<"=%-&,=%<"&0+,=1%=*"0>.3%'%=*"

.-"=,'"<->>B&%"@-2)3<"=%"&0+,=1%=*"+.<"<%-3%'%=*".-G"(.&.(*0&)<*)@-%<"/)<-%33%<"(,''-=%<"

.-G" 1)AA0&%=*<" %G%'+3.)&%<" 1-" /)<.>%" 12k.33%" h%&&9" '.)<" <-++,&*%" +3-*M*" 32?9+,*?B<%" 12-="

&0%3"(,1.>%"1-"(,=(%+*"1%"3."+%&<,==%4"N%**%"?9+,*?B<%"%<*"(,=A,&*0%"+.&"-=%".-*&%"0*-1%"

1%" 3." '6'%" 0@-)+%" &0/03.=*" @-2%=" +3-<" 1%" 3." ',1.3)*0" /)<-%33%5" (%<" =%-&,=%<" 1-" 3,7%"

*%'+,&.3" '01).=" &0+,=1&.)%=*" 0>.3%'%=*" 3,&<@-%" 3%" =,'" 1%" 3." +%&<,==%" %<*" %=*%=1-"

To-)&,>."%*".345"#aaiV4"N%**%".(*)/)*0"+3-&)',1.3%"+,-&&.)*"(,&&%<+,=1&%";"32.(*)/.*),="1-"qOd"

+&,+,<0"+.&"h&-(%"%*"w,-=>"T/,)&"+.&*)%"!4!4#V4""



"

(%)*#"&MY&(%)*#"&323/>4"&2"&n*%#5)3&

/#41"<>4"1;&H5*#&$=3@*"&%.3)"E&&0"&T

?"#1& 0"& A31& ">& 0C=%1>5)#3.."&2"1& #4/

$5##"1/5<2"<>&B&03&/#41"<>3>%5<&">&B&0

"

! G& *"-C,"(& 0UD*#E,& E,& =-(

$,#"%7)/-6,"),A& $%#(& -C%$(& /

=,"C,-#& E,(& 3")/-*,(K& ?_/,&

(,/;0,$*& -=*)CD,(& 0%"(& E,& 0-&

3%(*D"),#",&E#&121K&@,&30#(A&

0U+)33%=-/3,A& 0,(& "D6)%$(& (%#(

n*%#5)3&">&30;&6MYYR:;&G"1&#4/5<1"1&/5*#&eY&%.3)"1&6\Y&"<&=

)"E&&0"&T&#31>"#&/05>&V&2"1&#4/5<1"1&$03114"1&/3#&5#2#"&2"&/#

& 2"1& #4/5<1"1& 6"<&2"115*1:& 15<>& /#41"<>41;& G"1& A3##"1& ?"#

%5<&">&B&03&2%1/3#%>%5<&2*&1>%.*0*1&6+&1&2"&/#41"<>3>%5<:;&

E,& E,& =-(& E,& 3-*),$*(& =D"D;"%70D(D(& ,*& E,& E)JJD",$*,(

& -C%$(& /%$*"D& O#,& 0,(& C)(-6,(& (%$*& 0-"6,/,$*& ",3"D

?_/,& ()& 0,#"(& "T0,(& ",(*,$*& E)(=#*D(A& *"%)(& "D6)

"(& E,& 0-& 3"D(,$*-*)%$& EU#$& C)(-6,&c& 0-& ::GA& 0-& d:

@,&30#(A&E,(& "D6)%$(&()*#D,(&30#(&,$&-C-$*&E-$(& 0-&C%),

)%$(& (%#(7+)33%=-/3)O#,(& ,*& 0,& 3T0,& *,/3%"-0& (,/;0

]a"

&

6\Y&"<&=3*>E&\Y&"<&A31:&15<>&

#"&2"&/#41"<>3>%5<&2*&=3*>&

##"1& ?"#>%$30"1& "<& /5%<>%0041&

)JJD",$*,(& *,=+$)O#,(& E,&

,$*& ",3"D(,$*D(& E-$(& 0,&

*"%)(& "D6)%$(& 3")$=)3-0,(&

GA& 0-& d:G& ,*& 0-& 3-"*),&

$(& 0-&C%),&C,$*"-0,&*,00,(&

"-0& (,/;0,$*& )/30)O#D,(&



]!"
"

E-$(& 0,& =%E-6,& E,& 0U)E,$*)*D& C%)",& /_/,& E#& =%$=,3*& E,& 0-& 3,"(%$$,K& 8,**,& %"6-$)(-*)%$&

+)D"-"=+)O#,&E,&0-&",3"D(,$*-*)%$&E,(&C)(-6,(&O#)&E,C),$*&E,&30#(&,$&30#(&)$C-")-$*,&0%"(O#,&

0U%$&3"%6",((,&E-$(&=,**,&+)D"-"=+),&-&E%$$D&0),#&N&E)JJD",$*(&/%EF0,(&*+D%")O#,(&O#,&$%#(&

3"D(,$*%$(&E-$(&0-&3-"*),&(#)C-$*,K&

1.2.2 Modèles de la reconnaissance des visages 

N,''%" +&0<%=*0" 1.=<" 3." <%(*),=" !4#4!4!5" 32)=A,&'.*),=" =%-&,=.3%" +%-*" 6*&%" /0?)(-30%" 1%"

'.=)B&%".<(%=1.=*%"1%+-)<" 3%<"&0>),=<" 3%<"+3-<"+,<*0&)%-&%<"/%&<" 3%<".)&%<"+3-<".=*0&)%-&%<"

T)=A,&'.*),=" A%%1A,l.&1V",-".-"(,=*&.)&%"1%"'.=)B&%"1%<(%=1.=*%" T)=A,&'.*),=" A%%17.(nV"

@-)5"%="*?0,&)%5"+%&'%**&.)*".-G"&0>),=<"+3-<".=*0&)%-&%<"1%"',1-3%&"32.(*)/)*0"1%<"&0>),=<"1%"

+3-<"7.<"=)/%.-4"""

:6'%" <)" 3." +3-+.&*" 1%<" .-*%-&<" <2.((,&1%=*" <-&" 3%" A.)*" @-%" 1%<" '0(.=)<'%<" ;" 3." A,)<"

A%%1A,&l.&1"%*"A%%17.(n")=*%&/)%==%=*"1.=<"3."+3-+.&*"1%<"A,=(*),=<"(,>=)*)/%<5"3."@-%<*),="

1%" <./,)&" <)" (%&*.)=%<" A,=(*),=<" +%-/%=*" 6*&%" %AA%(*-0%<" %=" <%" 7.<.=*" -=)@-%'%=*" <-&"

32)=A,&'.*),="A%%1A,&l.&1"1,==%"3)%-";"1%"=,'7&%-G"107.*<4""

Q)=<)5" )=<+)&0<" 1%<" *&./.-G" )<<-<" 1%" 3." =%-&,S)'.>%&)%" %*" 1%" 32%=&%>)<*&%'%=*"1%"=%-&,=%<5"

1%<"',1B3%<"(,'+-*.*),==%3<"%*".=.*,',SA,=(*),==%3<",=*"0*0"+&,+,<0<"+,-&"%G+3)@-%&" 3%"

A,=(*),==%'%=*"1%"3."/,)%"/)<-%33%"/%=*&.3%"1.=<"3."&%(,==.)<<.=(%"1%<",78%*<"/)<-%3<"12-=%"

+.&*5"%*"1%<"',1B3%<"+,&*.=*"<-&"3."&%(,==.)<<.=(%"1%<"/)<.>%<"12.-*&%"+.&*4"

!"6"6"! F;3C9*%3*%9(%4;)*%4),2*99*%4*$&'(9*%%

H)+410'*500+5)I$"+*

Z.=<" -=%" &%/-%" &0(%=*%5" Z)N.&3," T#a!#V" +&,+,<%" -=" ',1B3%" +-&%'%=*" -(=,$E-$*&

TA%%1A,l.&1V5" 7.<0" <-&" 32,&>.=)<.*),=" ?)0&.&(?)@-%" 1-" <9<*B'%" /)<-%35" 1.=<" 3%@-%3" (?.@-%"

.)&%"/)<-%33%5"%="+&,>&%<<.=*"1.=<"3."?)0&.&(?)%5".++,&*%"<-((%<<)/%'%=*"-="+,-/,)&"1%"(.3(-3"

<-+0&)%-&";"3."+&0(01%=*%"+%&'%**.=*".)=<)"1%"&0<,-1&%"1%<"*I(?%<"1%"(,'+3%G)*0"(&,)<<.=*%"

T:.&&5" !ie#"s" F)%<%=?-7%&" %*" d,>>),5" !iii"s" Z)(.&3," %*" .345" #a!#V4" `=" %G%'+3%" (,=(&%*"

+%&'%**.=*"12)33-<*&%&"(%**%"?9+,*?B<%"%<*"3%"',=*.>%"%="(?.j=%"12-=%"/,)*-&%4"Q"*&./%&<"3%<"

1)AA0&%=*%<" <*.*),=<"1%" *&./.)3" 12-=%"-<)=%" .-*,',7)3%5"%="+.&*.=*"1%" 3."'.*)B&%"+&%')B&%5"

1%<"+)B(%<"<)'+3%<"<,=*"03.7,&0%<"+-)<".<<,()0%<5"+,-&"A,&'%&"1%<"<*&-(*-&%<"1%"+3-<"%="+3-<"

(,'+3%G%<"8-<@-2;"3."(,=<*&-(*),="A)=.3%"1%"3."/,)*-&%"%=*)B&%4"N%"',1B3%"%<*"(,=A,&*0"+.&"3%<"

3.*%=(%<"12.(*)/.*),="1%<"=%-&,=%<"1.=<"(%<"1)AA0&%=*%<".)&%<"10(.30%<"12%=/)&,="!a"'<"+.&"



]#"
"

.)&%"%="+&,>&%<<.=*"1.=<" 3."?)0&.&(?)%" Tq,l.n"%*"h-33)%&5"!iicV"%*"-=" *&.)*%'%=*"1%<" *&.)*<"

/)<-%3<"1%"(,'+3%G)*0" (&,)<<.=*%"1%+-)<"L!" 8-<@-2;" OP" Tx,7.*.n%"%*"P.=.n.5"!ii\"s" g%&&%"%*"

.345"#aacV4"Q)=<)"%=/)&,="!aa"'<".+&B<"@-%"32)'.>%".)*"0*0"+&,8%*0%"<-&"3."&0*)=%5"-=%"+&%')B&%"

/.>-%"1%"<03%(*)/)*0"=%-&,=.3%"<%'73%",7<%&/0%"1.=<"OP"TZ%<)',=%"%*".345"!ie\"s"_,>,*?%*)<"

%*" g?%)=7%&>5" !ii^5" P.=.n.45" !ii^V" (?%R" 3%" <)=>%" *.=1)<" @-%" (?%R" 32?,''%" (%**%" .(*)/)*0"

1)AA0&%=*)%33%" 3)0%" ;" 3." &%(,==.)<<.=(%" 12,78%*<" %<*" ,7<%&/0%" 1B<" !aaS!]a" '<" .+&B<" 3."

+&0<%=*.*),="1-"<*)'-3-<"T_)-"%*".345"#aa#"s"P?,&+%"%*".345"!ii^"s"k.3>&%="%*".345"#aaaV4"

"

H)+410*%)%?J&8"$".J&>,0*

N%&*.)=<" +?0=,'B=%<" /)<-%3<" /,=*" (%+%=1.=*" ;" 32%=(,=*&%" 12-=%" ?9+,*?B<%" +-&%'%=*"

?)0&.&(?)@-%4"d.&"%G%'+3%5"3,&<@-%"1%<"<(B=%<",-"1%<",78%*<"<,=*"+&0<%=*0<"&.+)1%'%=*5"3%<"

?-'.)=<" <,=*" (.+.73%<"12%=" %G*&.)&%" 3%<" (.&.(*0&)<*)@-%<" >3,7.3%<" Tb3)/." %*" P,&&.37.5" #aa^V"

'.)<" <,=*" )=(.+.73%<" 12%=" %G*&.)&%" &.+)1%'%=*" 3%<" 10*.)3<" Th.&" %*" .345" #aa^V4" N%"(,=*&.<*%"

%=*&%" -=" *&.)*%'%=*" >3,7.3" &.+)1%" %*" -=" *&.)*%'%=*" %=" 10*.)3<" +3-<" *.&1)A5" <2,++,<%" ;" -="

*&.)*%'%=*"+-&%'%=*"H"A%%1A,&l.&1"J4""

"

Z.=<" (%" <%=<5" 32?9+,*?B<%" .3*%&=.*)/%" 12-=" =%E-6,& 3-"& )$*,"-=*)%$& -(=,$E-$*,& ,*&

E,(=,$E-$*,""."0*0"+&,+,<0%4"C33%"<->>B&%"@-%"3."&%(,==.)<<.=(%"10+%=1&.)*"1%"32)=A,&'.*),="

/0?)(-30%" /)." 1%<" 7,-(3%<" (,&*)(,S(,&*)(.3%<" 1)*%<" &0(-&&%=*%<" +%&'%**.=*" 1%" +&0()<%&" 3%<"

&%+&0<%=*.*),=<";"3."A,)<"1.=<"3%<".)&%<"/)<-%33%<"1%"7.<"=)/%.-"%*"1%"?.-*"=)/%.-"%="+.&.33B3%"

T_%%" %*" :-'A,&15" #aaWV4" N%<" )=*%&.(*),=<" %=*&%" 3%<" 1)AA0&%=*%<" (,-(?%<" <%&.)%=*" -="

.3>,&)*?'%"(30"1%"3."(,=<*&-(*),="1-""+%&(%+*"/)<-%3"T_%%"%*":-'A,&15"#aaW"s"h-33)%&5"#aa!V4"

Z2.-*&%<" .-*%-&<" +&,+,<%=*" +3-*M*" -=%" ?)0&.&(?)%" )=/%&<%" (,''%" k,(?<*%)=" %*" Q?)<<.&"

T#aa#"s"m)>-&%"#!V4"Z.=<"3%-&<"',1B3%<5"(%<".-*%-&<"<->>B&%=*"@-2)3"%G)<*%&.)*"1%-G"0*.+%<"1%"

*&.)*%'%=*" 1%" 32)=A,&'.*),=" T!V" `=%" +%&(%+*),=" >3,7.3%" )=)*).3%" 7.<0%" <-&" -=%" .**%=*),="

0*%=1-%"T;"3.&>%"(?.'+"&0(%+*%-&V"+%&'%**.=*"12%G*&.)&%"3%<"(.&.(*0&)<*)@-%<">3,7.3%<"12-=%"

<(B=%" T>)<*" 1%" 3." <(B=%5" +3.>%5" ',=*.>=%V4" T#V" -=" <%(,=1" *&.)*%'%=*" 1%" 32)=A,&'.*),="

)=(,&+,&.=*"3%"*&.)*%'%=*"1-"10*.)34"_%"+&%')%&"*&.)*%'%=*"1%"32)=A,&'.*),="<%&.)*"<,-<S*%=1-"

+.&"-=%"+&%')B&%"/.>-%"12)=A,&'.*),="+-&%'%=*"A%%1A,&l.&1"*.=1)<"@-%"3."+%&(%+*),="A)=%"

1%<" 10*.)3<" <%&.)*" <,-<S*%=1-%" +.&" -=%" <%(,=1%" /.>-%" 12)=A,&'.*),=" A%%17.(n5" 1%<" .)&%<"

/)<-%33%<"1%"?.-*"=)/%.-"TOP",-"(,&*%G"+&0A&,=*.3"TdmNV"+.&"%G%'+3%V".-G".)&%<"12)=*0>&.*),="

1%" +3-<" %=" +3-<" 7.<" =)/%.-" <)" =0(%<<.)&%4" `=%" )33-<*&.*),=" (,=(&B*%" 1%" (%**%" ?9+,*?B<%"



]W"
"

+,-&&.)*" 6*&%" (%33%" 12-=%" .&'0%" ,v" 3%<" A.=*.<<)=<" T=%-&,=%" 1%" L!V" *&.=<'%**&.)%=*" -=%"

)=A,&'.*),=")=(%&*.)=%"TH"8%"/,)<"+%-*S6*&%"-="(,=*,-&"JV".-"<%&>%=*"TL#V5"@-)"*&.=<'%**&.)*";"

<,=" *,-&" 32%=<%'73%" 1%<" )=A,&'.*),=<" &%Y-%<" .-" 3)%-*%=.=*" TL\V" %*" .)=<)" 1%" <-)*%4" _%<"

>0=0&.-G";"3."*6*%"1%"32.&'0%"TOP5"dmNV",7*)%=1&.)%=*"-=%")10%">&,<<)B&%""1%"3."<(B=%"/)<-%33%"

TH"*?%">)<*"JV"@-)"+%&'%**&.)*"+.&"1%<"+&,(%<<-<"1%<(%=1.=*<"1%"+&0()<%&" 3%"*&./.)3" 3,(.3"1%<"

A.=*.<<)=<"Th.&"%*".345"#aa^"s"k,(?<*%)="%*"Q?)<<.&5"#aa#V4"

"

"

"

"

(%)*#"& M+& O"/#41"<>3>%5<& 1$=4.3>%@*"& 2*& .52U0"& 2"& =%4#3#$=%"& %<?"#1"& "->#3%>"& 2"& q5$=1>"%<& v& K=%113#&

6MYYM:;&G3& F0U$="&#5*)"&#"/#41"<>"& 0"& >#3%>"."<>&=%4#3#$=%@*"&$0311%@*"&A314&1*#& 0C%<F5#.3>%5<&F""2F5#o3#2&

6b%_3#05E&MY+M:;&_"/"<23<>E&$5<1%24#3<>&0"&F3%>&@*C%0&"-%1>"&3<3>5.%@*"."<>&2"1&$5<<"$>%5<1&F""2A3$9&25<>&

03& F5<$>%5<& #"1>"& %<$5<<*"E& 03& F0U$="& ?"#>"& #"/#41"<>"& 0C=W/5>=U1"& 2"& =%4#3#$=%"& %<?"#1"& @*%& & 1*))U#"& @*"&

0C%<F5#.3>%5<&F""2F5#o3#2&15*1]>"<2#3%>&2"1&/#5$"11*1&%./0%$%>"1&>3<2%1&03&/"#$"/>%5<&"-/0%$%>"&$5.."<$"#3%>&

23<1&0"1&3%#"1&$5#>%$30"1&2"&=3*>&<%?"3*&2C%<>4)#3>%5<;&K%<1%E&0"&T&)%1>&V&2C*<"&1$U<"&1"#3%>&15*1]>"<2*&/3#&*<"&

/#".%U#"& ?3)*"& 2C%<F5#.3>%5<& F""2F5#o3#2& 1*%?%& /0*1& >3#2%?"."<>& /3#& *<& #">5*#& 2"& 0C%<F5#.3>%5<& ?"#1& 0"1&

3%#"1&2"&A31&<%?"3*&?%3&2"1&$5<<"$>%5<1&F""2A3$9&/"#.">>3<>&*<&>#3%>"."<>&24>3%004&2"&0C%<F5#.3>%5<;&&

"

N%+%=1.=*5" %=" <*,++.=*" 32)=/%<*)>.*),=" .-" =)/%.-" 1%<" .)&%<" /)<-%33%<5" (%<" ',1B3%<5"

=2%G+3)@-%=*" +.<" 3." &%(,==.)<<.=(%" 12,78%*<" +.&*)(-3)%&<5" (2%<*S;S1)&%" 1%<" ,78%*<" @-%" 32,="

.-&.)*"'0',&)<0<"%*"@-)"=0(%<<)*%&.)%=*"126*&%"&%(,==-<".-"=)/%.-")=1)/)1-%34"C="%AA%*5"<%3,="



]\"
"

32?9+,*?B<%"12-=%",&>.=)<.*),="?)0&.&(?)@-%"1%"3."/,)%"/%=*&.3%5"3%<"&%+&0<%=*.*),=<"<%&.)%=*"

1%"+3-<"%="+3-<")=/.&).=*%<"*,-*".-"3,=>"1%"3."/,)%"8-<@-2;"3203.7,&.*),="12-=%"&%+&0<%=*.*),="

1-"(,=(%+*"1.=<"3%<"<*&-(*-&%<"*%'+,&.3%<4"CAA%(*)/%'%=*5"+,-&"&%(,==.j*&%"-=",78%*5")3"A.-*"

*,-*"12.7,&1"3%"(,==.j*&%"(2%<*S;S1)&%"32./,)&"%=(,10"%*"'0',&)<04""

!"6"6"6 F;3C9*%3*%'*/;$$(),,($/*%3*,%4),(5*,%

_%<"*&./.-G")<<-<"1%"3."=%-&,S)'.>%&)%"%*"1%<"(.<"1%"+.*)%=*<"(0&07&,S30<0<"<->>B&%=*"@-%"3%"

>9&-<" A-<)A,&'%" <%&.)*" )'+3)@-0" 1.=<" 3." +%&(%+*),=" 1%<" /)<.>%<" *.=1)<" @-%" 32.(*)/.*),=" 1%<"

)=A,&'.*),=<"7),>&.+?)@-%<"&%3.*)/%<";"32)1%=*)*0"1%"3."+%&<,==%"<%&.)%=*"+3-*M*"<,-<S*%=1-%"

+.&"3%"+M3%"*%'+,&.3"T$,-7%&*"%*".345"#aa\V4"C3.7,&0<";"+.&*)&"1%<"(%<",7<%&/.*),=<5""+3-<)%-&<"

',1B3%<" .G0<" <-&" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<" %=" +.&*)(-3)%&5" ,=*" 0*0" +&,+,<0<4" N%<"

',1B3%<"*%=*%=*"12%G+3)@-%&"(,''%=*"-="/)<.>%"%<*"&%(,==-"+.&"&.++,&*";"-=".-*&%"/)<.>%5"

(2%<*S;S1)&%"(,''%=*")3"%<*")=1)/)1-.3)<04""

"

`="+&%')%&"',1B3%"+&,+,<0"+.&"k.G79"%*".34"T#aaaV"<9=*?0*)<%"3%<"?9+,*?B<%<"(,=(%&=.=*"3%"

*&.)*%'%=*"/)<-%3"1%<"/)<.>%<"Tm)>-&%"##V4"N%"',1B3%"<->>B&%"@-%"3%"*&.)*%'%=*"1%<"/)<.>%<"

<%&.)%=*"<,-<S*%=1-"+.&"-="&0<%.-"1)<*&)7-0".-"<%)="1%"1)AA0&%=*%<".)&%<"(0&07&.3%<"1)/)<0"%="

1%-G">&.=1<"<9<*B'%<"K" T!V"`="<9<*B'%"+&)=()+.3"TH"(,&%"<9<*%'"JV5"(,=<*)*-0"12-=%"+.&*"1-"

>9&-<" A-<)A,&'%" TmmQV" %*" 1-" (,&*%G" ,(()+)*.3" )=A0&)%-&" TbmQV" +.&*)()+.=*" .-" " *&.)*%'%=*"1%<"

.<+%(*<")=/.&).=*<"1-"/)<.>%5"%*"12.-*&%"+.&*"1%"3."+.&*)%"+,<*0&)%-&%"1-"gPg"T+gPgV"<+0().3)<0%"

1.=<" 32.=.39<%" 1%<" *&.)*<" /.&).=*<4" T#V" Q+&B<" *&.)*%'%=*" +.&" 3%" <9<*B'%" +&)=()+.35" -=" .-*&%"

<9<*B'%"&%(%/&.)*"(%<" )=A,&'.*),=<"%*"'%**&.)*"%="8%-"-="%=<%'73%"1%"'0(.=)<'%<"*&.)*.=*"

(?.(-=%" 1%<" (.&.(*0&)<*)@-%<" 1-" /)<.>%" T)=A,&'.*),=<" 3)0%<" ;" 3." +%&<,==%5" )=A,&'.*),="

0',*),==%33%" 1-" /)<.>%5" %*(V4" Q)=<)5" (%" ',1B3%" +&,+,<%" -=" *&.)*%'%=*" ?)0&.&(?)@-%" 1%<"

/)<.>%<"1%+-)<"3%<"&0>),=<"3%<"+3-<"+,<*0&)%-&%<"/%&<"3%<"&0>),=<".=*0&)%-&%<"1%"3."/,)%"/)<-%33%"

/%=*&.3%"8-<@-2.-"+M3%"*%'+,&.34"N%+%=1.=*5"<%3,="(%"',1B3%5"32)=1)/)1-.3)<.*),="1%<"/)<.>%<"

<%&.)*" 3)0%";" 32.(*)/.*),="1-">9&-<"A-<)A,&'%"%*"=,=".-G"<*&-(*-&%<"'=0<)@-%<5"(%<"1%&=)B&%<"

0*.=*"-=)@-%'%=*" .<<,()0%<" ;" 32.((B<" ;" 32)1%=*)*0" %*" .-G" )=A,&'.*),=<"7),>&.+?)@-%<" <-&" 3."

+%&<,==%4"

"



]]"
"

" "

(%)*#"& MM& K23/>3>%5<& 2*&.52U0"& 3<3>5.5]F5<$>%5<<"0& 1*))4#4& /3#& q3-AW& 6MYYY:;& X#5%1& #4)%5<1& $4#4A#30"1&

6)W#*1&5$$%/%>30&%<F4#%"*#&5*&t(KE&)W#*1&F*1%F5#.&03>4#30&5*&((K&">&/[X[:&F5#."#3%"<>&0"&&1W1>U."&/#%<$%/30&2"&&

>#3%>"."<>&&/"#$"/>%F&&2"1&&?%13)"1;&_"&1W1>U."&1"#3%>&"<1*%>"&$5<<"$>4&B&*<&/3<"0&2C3*>#"1&#4)%5<1&$4#4A#30"1&

/3#>%$%/3<>& /0*>f>& B& 0C%2"<>%F%$3>%5<& 2"& 03& /"#15<<"& ">& 2"& 1"1& 3>>#%A*>1;& _"& .52U0"& 1*%>& /3#F3%>"."<>&

0C=W/5>=U1"&=%4#3#$=%@*"&2*&>#3%>"."<>&2"1&?%13)"1;&

*

`=" <%(,=1" ',1B3%5" <->>0&0" +.&" F,<<),=" T#aaeV5" +&,+,<%" -=%" &0/)<),=" 1-" ',1B3%"

?)0&.&(?)@-%" 12k.G79" T#aaaV4" N%" @-)" 3%" 1)AA0&%=()%" '.8,&)*.)&%'%=*" 1-" ',1B3%" 12k.G79"

(,=(%&=%"32,&>.=)<.*),="1-"H"(,&%"<9<*%'"J"Tm)>-&%"#WV4"C="%AA%*"1.=<"<,="',1B3%5"3%"<9<*B'%"

+&)=()+.3"/0?)(-3%&.)*"32)=A,&'.*),="/)<-%33%"<%3,="#"/,)%<"K"T!V"-=%""/,)%"1)&%(*%"/0?)(-3.=*"1%"

32)=A,&'.*),="A%%1A,&l.&1"1%+-)<" 3%<".)&%<"/)<-%33%<"+&)'.)&%<"1)&%(*%'%=*"/%&<" 3."mmQ5"<.=<"

+.<<%&"+.&"3."bmQ"%*"T#V"-=%"<%(,=1%"7,-(3%"12)=A,&'.*),="A%%17.(n"T&0%=*&.=*%V""%=*&%""3.""

mmQ" " %*" " 3."bmQ4" N%" *&.)*%'%=*" +3-<" A)=" /)." 1%<" H".33%&<S&%*,-&<"J" %=*&%" 3." bmQ" %*" 3." mmQ"

+%&'%**&.)*" 1%" &%(,=<*&-)&%" -=%" &%+&0<%=*.*),=" 1-" /)<.>%" .-" =)/%.-" )=1)/)1-%3" Tg(?)3*R" %*"

F,<<),=5"#aa^"s"F,<<),=5"#aaiV4"

"

_.""/,)%"1)&%(*%"+%&'%**&.)*""1%"10*%(*%&""%*""1%"(.*0>,&)<%&""&.+)1%'%=*"-="<*)'-3-<"/)<.>%""

<-&" 3." 7.<%" 12-=%" &%+&0<%=*.*),=" ?,3)<*)@-%" *.=1)<" @-%" 3." <%(,=1%" 7,-(3%" 12)=A,&'.*),="

&%(&-*.=*"1%<" &0>),=<"1%"+3-<"7.<"=)/%.-"@-)"+&0<%=*%=*"1%<"(?.'+<"&0(%+*%-&"+3-<"+%*)*<5"

N<F"#%5#t$$%/%>30&IW#%
9-"0B 3,"=,3*)%$&%J&J-=)-0&

J,-*#",(

[*/"#%5#&X"./5#30&[*0$*1
8+-$6,-;0,&-(3,=*(&%J&&J-=,&

3,"=,3*)%$&%J&,B, 6-e,A&,H3",(()%$&

-$E&0)3 /%C,/,$*

G3>"#30 (*1%F5#.IW#*1
f$C-")-$*&-(3,=*(&%J&J-=,&3,"=,3*)%$&

#$)O#,&)E,$*)*B

N<>#3/3#%">30 [*0$*1
13-*)-00B E)",=*,E -**,$*)%$

K*2%>5#W_5#>"-
b",0,H)=-0 (3,,=+&3,"=,3*)%$

K<>"#%5# X"./5#30
b,"(%$-0 )E,$*)*BA&$-/,A&;)%6"3+)=-0

)$J%"/-*)%$&

K.W)2303E&N<1*03E&G%.A%$

[W1>".
9/%*)%$&3"%=,(()$6A&,/%*)%$-0

",(3%$(,

=)"0 '@'(0-*

>)(#-0&G$-0B()(

K2(0%+0+ '@'(0-;*

:#"*+," 3"%=,(()$6 )$&=%$=,"*&

a)*+ %*+," 4,#"-0&1B(*,/(&



]^"
"

(,''%"3."bmQ5"+%&'%**&.)*">&I(%";"-="*&.)*%'%=*"+3-<"A)="1%"&0.3)<%&"-=%".=.39<%"10*.)330%"

1-"/)<.>%"T*&.)*"+.&"*&.)*V"@-)"(,=*&)7-%&.)*";"32)=1)/)1-.3)<%&4""

"

"

(%)*#"&M\&!52U0"&<"*#5]F5<$>%5<<"0&2*&>#3%>"."<>&2"1&?%13)"1&/#5/514&/3#&O511%5<&6MYYdE&MYYP:;&_"&.52U0"&

/#5/51"&*<"&?5%"&2"&>#3%>"."<>&&2%#"$>&&2"1&&3%#"1&&?%1*"00"1&&2"&A31&<%?"3*&?"#1&&03&&((K&E& &/"#.">>3<>&&*<"&

24>"$>%5<& #3/%2"&2*&1>%.*0*1&?%13)"&2C3/#U1&2%?"#1"1&/=5>5)#3/=%"1& 6!55<"W& & F3$"E&?%13)"1&2CK#$%.A5025:;&

_">>"& %<F5#.3>%5<& )05A30"& 1C3FF%<"#3%>& )#g$"& B& *<"& A5*$0"& 2C3$>%?%>4& "<>#"& 03& & ((K& ">& 03& t(K& /"#.">>3<>&

2C5A>"<%#&*<"&#"/#41"<>3>%5<&2*&?%13)"&3*&<%?"3*&%<2%?%2*"0&3115$%4"&B&2"1&%<F5#.3>%5<1&14.3<>%@*"1&1*#&03&

/"#15<<"&23<1&0"1&#4)%5<1&>"./5#30"1&3<>4#%"*#"1;&&&

"

N%"',1B3%"=%"<-++,&*%"1,=("+.<"-=%"?9+,*?B<%"<*&)(*%'%=*"?)0&.&(?)@-%"1%"*&.)*%'%=*"1%<"

,78%*<" /)<-%3<" '.)<" +&,+,<%" @-%" 1%<" .33%&<S&%*,-&<" %=*&%" 3." mmQ" %*" 3." bmQ" +%&'%**%=*"

12.((01%&";"3."A.')3).&)*0"./%("3%"/)<.>%4"_2.((B<";"32)1%=*)*0"<%&.)*"%=<-)*%"+,<<)73%">&I(%";"1%<"

0(?.=>%<"%=*&%"3."mmQ"%*"3%<"&0>),=<"*%'+,&.3%<4""

*

`=" 1%&=)%&" ',1B3%5" <->>0&0" +.&" 3%<" *&./.-G" 1%" h.&7%.-" %*" .34" T#aaeV" &0.3)<0<" (?%R" 1%<"

+.*)%=*<" 0+)3%+*)@-%<5" +&,+,<%" -=" *&.)*%'%=*" '.<<)/%'%=*" +.&.33B3%" 1%<" /)<.>%<4" C="

%=&%>)<*&.=*" 3%<"+,*%=*)%3<"1%"(?.'+" )=*&.(&I=)%=<"1%"+.*)%=*<"%=>.>0<"1.=<"-=%" *I(?%"1%"

&%(,==.)<<.=(%" %G+3)()*%" 1%" /)<.>%<" (03B7&%<5" 3%<" .-*%-&<"',=*&%=*" -=%" .(*)/.*),="'.<<)/%"

1.=<"+3-<)%-&<"&0>),=<"1%"3."/,)%"/%=*&.3%"1%"'.=)B&%"<)'-3*.=0%"1.=<"3%">9&-<"A-<)A,&'%5"3%"

>9&-<"A&,=*.3"%*"3%"(,&*%G"+0&)&?)=.3"3,&<"1%"3."+&0<%=*.*),="1%"/)<.>%<"Tm)>-&%"#\V4""

"

_%<".-*%-&<"+&,+,<%=*"@-2.-"(,=*&.)&%"12-="*&.)*%'%=*"+-&%'%=*"<0&)%3",-"?)0&.&(?)@-%"1%"

32)=A,&'.*),="(,''%"+&,+,<0"+.&"k.G79"%*".34" T#aaaV5" 32)=A,&'.*),="&%3.*)/%";" 3."A.')3).&)*0"



]c"
"

./%(" 3%" /)<.>%" <%&.)*" *&.)*0%" %=" +.&.33B3%" T.(*)/.*),=" <)'-3*.=0%" 1%" 1)AA0&%=*%<" &0>),=<"

(0&07&.3%<V4""

"

Z%"+3-<5"(,=*&.)&%'%=*"".-"',1B3%"1%"F,<<),="T#aaeV5"1%<"&0>),=<"<)*-0%<"+3-<"%="./.=*"1.=<"

3." /,)%" /%=*&.3%5" *%33%<" @-%" 3%" (,&*%G" +0&)&?)=.35" <%&.)%=*" 0>.3%'%=*" )'+3)@-0%<" 1.=<"

32)=1)/)1-.3)<.*),="%*"3."A.')3).&)*0"./%("3%"/)<.>%4"

"

"

(%)*#"&M^&O"/#41"<>3>%5<&1$=4.3>%@*"&2"1&2%FF4#"<>"1&#4)%5<1&3$>%?4"1&23<1&0C4>*2"&2"&J3#A"3*&">&30;&6MYYd:;&

H0*1%"*#1&#4)%5<1&1".A0"<>&3$>%?4"1&1%.*0>3<4."<>&1*//513<>&0C%./0%$3>%5<&2"&0C"<1".A0"&2"1&#4)%5<1&2"&03&

?5%"&?%1*"00"&?"<>#30"&"<&/3#300U0"&/5*#&#"$5<<3w>#"&*<&?%13)";&&

"

! @-$(&=,**,&3-"*),A&$%#(&-C%$(&3"D(,$*D&E,#H&/%EF0,(&E,&0-&C%),&C)(#,00,&C,$*"-0,&,*&

*"%)(&/%EF0,(&E,& 0-&",=%$$-)((-$=,&E,(&C)(-6,(&J-/)0),"(K&<,&/%EF0,&+)D"-"=+)O#,&EUg-H;B&

WSRRRY& (#66F",& 0U)/30)=-*)%$& (3D=)J)O#,& E#& h=%",& (B(*,/&i& W::GA& d:GA& 3121Y& E-$(&

0U)$E)C)E#-0)(-*)%$&E,(&C)(-6,(K&8,&/%EF0,&",C)()*D&3-"&'%(()%$&WSRR^Y&3"%3%(,&-#&=%$*"-)",&

O#,& 0U)$J%"/-*)%$&$,&(%)*&3-(&CD+)=#0D,&E,&/-$)F",&(*")=*,/,$*&+)D"-"=+)O#,&/-)(&6"j=,&N&

E,(&;%#=0,(&"D=#"",$*,(&-#&(,)$&E#&h&=%",&(B(*,/&i&3,"/,**-$*&EU-JJ)$,"& 0U)$J%"/-*)%$K&V$&

*"%)()F/,&/%EF0,&3"%3%(D&3-"&!-";,-#&,*&-0K& WSRR^Y& (#66F",&30#*T*& 0U)/30)=-*)%$&3-"-00F0,&

E,&0U,$(,/;0,&E,&0-&C%),&C,$*"-0,&)$=0#-$*&0,&=%"*,H&3D")"+)$-0K&

! 8,(& /%EF0,(& (%$*& ,$& -==%"E& -C,=& 0,(& E%$$D,(& -$-*%/)O#,(& ,*X%#& J%$=*)%$$,00,(&

3,"/,**-$*& EU-33%"*,"& E,(& )$J%"/-*)%$(& )/3%"*-$*,(& (#"& 0,(& /D=-$)(/,(& /)(& ,$& Z,#&



]e"
"

0%"(O#U%$& ",=%$$-)*& #$& C)(-6,K& 8,"*-)$(& /%EF0,(& 3"%3%(,$*& #$& *"-)*,/,$*& 3#",/,$*&

J,,EJ%a-"E&*-$E)(&O#,&EU-#*",(&(#66F",$*&-#&=%$*"-)",&0U)/30)=-*)%$&E,&;%#=0,(&"D,$*"-$*,(&

3,"/,**-$*& EU-JJ)$,"& 0U)$J%"/-*)%$& %#& 0U-=*)C-*)%$& E,& "D6)%$(& D0%)6$D,(& ,$& 3-"-00F0,K& <-&

O#,(*)%$& E,& (-C%)"& O#,0(& *B3,(& EU)$J%"/-*)%$(& WJ,,EJ%a-"E& %#& J,,E;-=IY& ,(*& (*")=*,/,$*&

$D=,((-)",& 3%#"& ",=%$$-`*",& #$& C)(-6,& ",(*,& $%$& "D(%0#,A& 0,(& D*#E,(& E,& =-(& %#& 0Uf'?J& $,&

3,"/,**-$*&3-(&C"-)/,$*&EUD/,**",&EU+B3%*+F(,&(#"&0-&EB$-/)O#,&E,(&/D=-$)(/,(&/)(&,$&

Z,#K&8U,(*&3%#"O#%)A& 0-&EB$-/)O#,&$,#"%3+B()%0%6)O#,&E,& 0-& ",=%$$-)((-$=,&E,(&C)(-6,(&-&

D*D& 0-"6,/,$*& )$C,(*)6#D,& N& 0U-)E,& E,& 0UD0,=*"%,$=D3+-0%6"-3+),& W995Y& ,*& ,$& 3-"*)=#0),"&

0U-$-0B(,& ,$& 3%*,$*),0(& DC%O#D(K& 9$& ,JJ,*A& #$&/%B,$&E,& *,(*,"& 0-& & C-0)E)*D&E,& =,(&/%EF0,(&

(,"-)*&E,&ED*,"/)$,"&0,(&0-*,$=,(&=D"D;"-0,(&-((%=)D,(&-#H&E)JJD",$*,(&D*-3,(&E,&*"-)*,/,$*A&

E,3#)(& 0-& ED*,=*)%$& Z#(O#UN& 0-& J-/)0)-")*D& -J)$& E,& =%$J"%$*,"& $%(& 0-*,$=,(& -#H& /%EF0,(&

*+D%")O#,(K&&

1.2.3 Potentiels évoqués et dynamique de la reconnaissance des visages 

Z%" =,'7&%-<%<" 0*-1%<" -*)3)<.=*" 3." *%(?=)@-%" 1%<" +,*%=*)%3<" 0/,@-0<" /)<-%3<" ,=*" +%&')<"

12)1%=*)A)%&" 1%<" (,'+,<.=*%<" 0/,@-0%<" T/.&).*),=<" 1-" /,3*.>%" ,7*%=-%<" .+&B<"',9%==.>%"

12-=">&.=1"=,'7&%"12%<<.)<V"3)0%<".-"*&.)*%'%=*"1%<"/)<.>%<4""

!"6"<"! A*,%/;+-;,($&*,%9).*,%8%9(%3.&*/&);$%*&%8%9(%/(&.5;'),(&);$%3*,%4),(5*,%

_."+&0<%=*.*),="1%"<*)'-3)"/)<.>%<"(,'+.&0%";" 3."+&0<%=*.*),="12.-*&%<"(.*0>,&)%<"12,78%*<5"

<%'73%".<<,()0%";"-=%".->'%=*.*),="1%"32.'+3)*-1%5"%*"-="+)("+3-<"+&0(,(%"1%"3."d!aa"%*"1%"

3." q!ca" Tm)>-&%" #]V4" _." d!aa5" ,=1%" +,<)*)/%5" 107-*%&.)*" ./.=*" !aa" '<" <-&" 3%<" 03%(*&,1%<"

+,<*0&)%-&%<"(%=*&.3%<"%*"3.*0&.3%<4"N%**%"(,'+,<.=*%"<%'73%&.)*"*&,-/%&"<."<,-&(%"1.=<"3%<"

&0>),=<" /)<-%33%<" %G*&.<*&)0%<" /%=*&.3%<" %*" 1,&<.3%<" TO*)%&" %*" P.93,&5" #aa\"s" _)-" %*" .345" #aa#V4"

N%+%=1.=*5"<."<+0()A)()*0"+,-&"3%<"/)<.>%<"&%<*%"(,=*&,/%&<0%4""

"

N%&*.)=%<"0*-1%<"(,''%"3%<"0*-1%<"1%"P?)%&&9"%*".34" T#aac.5"#aac7V"%*"1%"_)-"%*".34" T#aa#V"

<->>B&%=*"@-%"3."(.*0>,&)%"1%<"/)<.>%<"<%&.)*".((%<<)73%"1B<"!aa"'<".+&B<"3."+&0<%=*.*),="1-"

<*)'-3-<4" Z%" &0(%=*%<" 0*-1%<" %=" OF:A" ',=*&%=*" %=" %AA%*5" @-2)3" %G)<*%&.)*" -=%" (,&&03.*),="

%=*&%" (%**%" ,=1%" %*" 32.(*)/)*0"1%<" &0>),=<" <%=<)73%<" .-G" /)<.>%<" .-" <%)="1-" (,&*%G" ,(()+)*.3"

)=A0&)%-&" 3.*0&.3" 1&,)*" Tg.1%?" %*" .345" #a!aV4" Z%" +3-<5" 32.++3)(.*),=" +&0(,(%" T./.=*" !aa" '<V"

12-=%"<*)'-3.*),="'.>=0*)@-%"*&.=<(&.=)%==%"TP:gV"1.=<"(%<"&0>),=<"%=*&.)=%&.)*"-="10A)()*"



]i"
"

1.=<" 3%" *&.)*%'%=*"1%<"/)<.>%<" Td)*(?%&" %*" .345" #aacV4"Z%<" *&./.-G" )<<-%<"12%=&%>)<*&%'%=*<"

)=*&.(0&07&.-G" (?%R" 3%" +.*)%=*" 0+)3%+*)@-%<" ,=*" 0>.3%'%=*" ',=*&0" @-%" 1%<" )=A,&'.*),=<"

&%3.*)/%<" ;" 3." (.*0>,&)%"1%<" /)<.>%<" (,'+.&0%";" 3." (.*0>,&)%"1%<",78%*<"0*.)%=*"1)<+,=)73%<"

1.=<" 3%<".)&%<".++.&*%=.=*";" 3." /,)%"/)<-%33%"/%=*&.3%"1B<"!aa"'<".+&B<" 3."+&0<%=*.*),="1-"

<*)'-3-<"T_)-"%*".345"#aaiV4"

""

N%+%=1.=*5"3."+3-+.&*"1%<"*&./.-G"<->>B&%=*"@-%"3."<%=<)7)3)*0"1%"3."d!aa"<%&.)*"%="A.)*"1-%";"

1%<" %AA%*<" 7.<" =)/%.-" TF,<<),=" %*" .34" !iiiV" %=" +.&*)(-3)%&" ;" 3." 1)AA0&%=(%" 1%" <+%(*&%"

12.'+3)*-1%" %=*&%" 3%<" /)<.>%<" %*" 3%<" .-*&%<" (.*0>,&)%<" 12,78%*<" TP.=<n.=%=" %*" .345" #aa]"s"

F,<<),="%*"N.?.&%35"#a!!"s"k,=%9"%*".345"#aaeV4"C="%AA%*5"-=%"',1-3.*),="<+0()A)@-%"+.&" 3%<"

<*)'-3)"/)<.>%<"<%&.)*"&%*&,-/0%"<%-3%'%=*"3,&<@-%"3%<"<*)'-3)"<%&.)%=*"1%<"+?,*,>&.+?)%<"%*"

=%"<%&.)*"+.<"&.++,&*0%"1.=<"*,-*%<"3%<"0*-1%<"TF,<<),="%*"$.(@-%<5"#aaeV4"

"

"

(%)*#"&MR&,-"./0"&2"&/5>"<>%"01&4?5@*41&.5<>#3<>& 0"1& $5./513<>"1&H+YY&">&Z+QY& 6"->#3%>"&2"&O511%5<&">&

_3=3#"0E&MY++:;&&

"

_." q!ca" %<*"-=%",=1%" =0>.*)/%5" .**%)>=.=*" <,=" .'+3)*-1%"'.G)'.3%" %=*&%" !]a" %*" !ea"'<"

Th%=*)="%*".35"!ii^"s"U%,&>%"%*".345"!ii^V"<-&"3%<"03%(*&,1%<",(()+)*,S*%'+,&.3%<",-",(()+)*.3%<"

3.*0&.3%<4" N%**%",=1%" %<*" .<<,()0%" ;"-=%" ,=1%"+,<)*)/%5" 3."Ldd" TL%&*%G" "d,<)*)/%"d,*%=*).3V5"

.++.&.)<<.=*" %="'6'%" *%'+<" <-&" 3%<" 03%(*&,1%<" (%=*&.3%<" T$%AA&%9<5" !iei"s" F,<<),=" %*" .345"

!iii"s"/,)&"m)>-&%"#^V4"N,=*&.)&%'%=*";"3."(,'+,<.=*%"d!aa5"-=%".->'%=*.*),="12.'+3)*-1%"

%*"-="+)("+3-<"+&0(,(%"1%"3."q!ca"<%&.)%=*"&.++,&*0<"@-%"32,="+&0<%=*%"1%<"/)<.>%<"1%<<)=0<5"



^a"
"

1%<" (.&)(.*-&%<" TU%,&>%" %*" .345" #aa]s" $%AA&%9<5" !ii^"s" _.*)=-<" %*" P.93,&5" #aa]V5" 1%<" /)<.>%<"

12Q&()'7,31," Tm)>-&%" #^" ;" >.-(?%V" ,-" 1%<":,,=%9" A.(%<" TU%,&>%" %*" .345" #aa]"s" _.*)=-<" %*"

P.93,&5"#aa]V5" 3%<":,,=%9"A.(%<"0*.=*"1%<"+?,*,>&.+?)%<"1%"/)<.>%<"A,&*%'%=*"(,=*&.<*0%<"

Tm)>-&%"#^V4"Q)=<)5"(%&*.)=<".-*%-&<"+&,+,<%=*"@-%"(%**%",=1%"&%A3B*%"32.((B<".-"&0%3"+%&(%+*"

1-" /)<.>%" T&%+&0<%=*.*),=" ?.-*" =)/%.-V" .(*)/0" 3,&<" 1%" 320*.+%" 12%=(,1.>%" <*&-(*-&.3" 1-"

',1B3%"1%"h&-(%"%*"w,-=>"T!ie^V"TC)'%&5"#aaaV4""

"

&

(%)*#"&Me&,->#3%>&2C*<"&4>*2"&"<&$5*#1&2"&O511%5<&">&L3$@*"1&6/3)"&o"AE&X="&Z+QY7&*<2"#1>3<2%<)&>="&>%."&

$5*#1"& 5F& F3$"& /"#$"/>%5<E& =>>/7jjooo;<"FW;*$0;3$;A"jF3$"$3>03Aj#"1H#5S"$>jZ+QY;=>.:&.5<>#3<>& *<& "FF">&

1*#& 1*"& 03& Z+QY& 23<1& 03& /"#$"/>%5<& 2"1& ?%13)"1& "<& *>%0%13<>& 2"1& ?%13)"1& 2CK#$%.A5025& 6B& )3*$=":& ">& 2"1&

!55<"W&F3$"1&6B&2#5%>":;&G"1&?%13)"1&2CK#$%.A5025&15<>&2"1&?%13)"1&1*))4#41&/3#&2"1&F#*%>1E&2"1&04)*."1&5*&

2"1&3<%.3*-;&G"1&!55<"W&F3$"1&15<>&2"1&/=5>5)#3/=%"1&2"&?%13)"1&"<&<5%#&">&A03<$&F5#>"."<>&$5<>#31>4"1;&

"

C=" %AA%*5" -=%" 0*-1%" &0(%=*%" 1%" F,<<),=" %*" N.?.&%3" T#a!!V" ." 10/%3,++0" -=%" %G+0&)%=(%"

+%&'%**.=*"1%"(3.&)A)%&"3%"&M3%"1%"(%<"1%-G"(,'+,<.=*%<"1.=<"3%"*&.)*%'%=*"1%<"/)<.>%<4"N%<"

.-*%-&<"',=*&%=*"-=%"',1-3.*),="1%" 3."d!aa"+.&" 3%"<+%(*&%"12.'+3)*-1%"T%AA%*"7.<"=)/%.-V""

.((,'+.>=0%" 12-=%" ',1-3.*),=" 1%" 3." q!ca" +.&" 3." +?.<%" T&%+&0<%=*.*),=" ?.-*" =)/%.-" 1-"

<*)'-3-<"/)<.>%V"Tm)>-&%"#cV4"Z.=<"3%-&"%G+0&)%=(%5"!c#"<*)'-3)"<,=*"+&0<%=*0<";"!]"<-8%*<"@-)"

,=*"+,-&"(,=<)>=%"12.++-9%&"<-&"-=%"*,-(?%"3,&<@-2-=",78%*"T/)<.>%",-"/,)*-&%V"%<*"+&0<%=*05"

%*"<-&"-=%".-*&%"*,-(?%"3,&<@-2)3"<2.>)*"12-=%"*%G*-&%5"3%-&".(*)/)*0"CCU"0*.=*"%=&%>)<*&0%"1%"

'.=)B&%" (,=(,')*.=*%4" _." <-7*)3)*0" 1%" (%**%" 0*-1%" &0<)1%" 1.=<" 3%" (,=*&M3%" 1%<" <*)'-3)4" C="

%AA%*5" 3%" +&%')%&" <%*" 1%" <*)'-3)" %;Z,*(" %<*" (,=<*)*-0" 1%" /)<.>%<" %*" 1%" /,)*-&%<" 1)*<" )=*.(*<"

0>.3)<0<"%="3-')=.=(%"%*"(,=*&.<*%"'.)<"=,="%="<+%(*&%"12.'+3)*-1%4"_%"<%(,=1"<%*"1%"<*)'-3)"

*,H*#",("%<*"(,=<*)*-0"@-.=*";"3-)"1%<"'6'%<"<*)'-3)"1,=*"3."+?.<%"."0*0"&%'+3.(0%"+.&"1%<"

/.3%-&<" .30.*,)&%<4" Q)=<)5" 3%<" 1%-G" <%*<" 1%" <*)'-3)" 1)/%&>%=*" -=)@-%'%=*" +.&" 3%-&" +?.<%5"



^!"
"

+%&'%**.=*".)=<)"12,7*%=)&"1.=<"3%"+&%')%&"(.<5"-=",78%*".-@-%3")3"%<*"+,<<)73%"12.**&)7-%&"-="

<%=<"%*"1.=<"3%"<%(,=1"(.<"-=",78%*"10+,-&/-"1%"<%=<"T.-(-=%"(.*0>,&)%"=%"+,-/.=*"3-)"6*&%"

.**&)7-0%"s"m)>-&%"#cV4""

"

Q)=<)5"3%<".-*%-&<"&.++,&*%=*"-=%".->'%=*.*),="1%"32.'+3)*-1%"1%"3."d!aa"%*"1%"3."q!ca"3,&<"

1%"3."+&0<%=*.*),="1%<"/)<.>%<"(,'+.&0<".-G"/0?)(-3%<4"N%+%=1.=*5"3."',1-3.*),="1%"3."d!aa"

+%&<)<*%"@-%33%"@-%"<,)*"3."+?.<%"1%"32)'.>%"T,78%*",-"*%G*-&%V"<->>0&.=*"@-%"32%AA%*",7<%&/0"

<%&.)*"1p".-"<+%(*&%"12.'+3)*-1%4"Q-"(,=*&.)&%5"(%*"%AA%*"7.<"=)/%.-"=2%<*"+.<"&%*&,-/0"<-&"3."

q!ca"+-)<@-2-=%".->'%=*.*),="1%"<,=".'+3)*-1%"%<*",7<%&/0%"<%-3%'%=*"3,&<@-%"3%"/)<.>%"

%<*")=*.(*4"_%<".-*%-&<"(,=(3-%=*"@-2)3"%G)<*%"-=%"1)AA0&%=(%"A,=(*),==%33%"%=*&%"3."d!aa"%*"3."

q!ca"K"T!V"3."',1-3.*),="1%"3."d!aa"+.&"3%<"/)<.>%<"&%A3B*%&.)*"1%<"%AA%*<"7.<"=)/%.-"T<+%(*&%"

12.'+3)*-1%V" )=?0&%=*<" .-G" /)<.>%<" @-)" +,-&&.)*" &%=1&%" (,'+*%" 1%<" <.((.1%<" *&B<" &.+)1%<"

&.++,&*0%<" 1.=<" 3." 3)**0&.*-&%" TN&,-R%*" %*" .345" #a!aV5" (%&*.)=<" *&./.-G" <->>0&.=*" @-%" 3%<"

<.((.1%<" /%&<" 3%<" /)<.>%<" <%&.)%=*" %G+3)@-0%<" +.&" 3%" <+%(*&%" 12.'+3)*-1%" 1%" 32)'.>%"

TL.=F-33%=5" " #aa^s" k,=%9" %*" .345" #aae"s" N&,-R%*" %*" P?,&+%5" #a!!V4" T#V" " _."q!ca" )=1%G%&.)*"

+3-*M*" 32.((B<" ;" -=%" &0%33%" &%+&0<%=*.*),=" ?.-*" =)/%.-" 1-" /)<.>%" )=10+%=1.''%=*" 1%<"

(.&.(*0&)<*)@-%<"7.<"=)/%.-G"1%"32)'.>%4""



"

(%)*#"&MQ&H#%<$%/3*-&#41*0>3>1&"->#3%>1

$5./513<>"1&H+YY&">&Z+QY;&b"1&"-".

/=31"&3&4>4&#3<25.%14"&3//"04"&>"->

63*&$"<>#":&/5*#&$=3@*"&$3>4)5#%"&2"

<5%#1E& ?5%>*#"& %<>3$>"& "<& >#3%>& /0"%<&

2%FF4#"<>%"00"& 1/4$%F%@*"& 2"1& ?%13)"1&

)#3/=%@*"&6"<&A31:&/#41"<>"&0C3$>%?%>4

2C3*>#"& /3#>& "<& $5<>#31>3<>& 0"*#& 3$>%

6KZtsK:E& 25<>& 03& 1%)<%F%$3>%?%>4& "1>& 1

.52*03>%5<& 2"& 03& Z+QY& "1>& 5A1"#?4

1*))4#3<>&15<&#f0"&23<1&03&/"#$"/>%5<

"

1&"->#3%>1&2"&O511%5<&">&_3=3#"0&6MY++:&%00*1>#3<>&0"&#f0"&F5<$>

b"1&"-"./0"1&2"&1>%.*0%&15<>&/#41"<>41&"<&=3*>&65AS">1&%<>3$

"04"&>"->*#":;&GC3$>%?%>4&4?5@*4"&5A>"<*"&/3#&.5W"<<3)"&"1

)5#%"&2"&1>%.*0%& 6?%13)"& %<>3$>"&"<&>#3%>&/0"%<&<5%#E& >"->*#"

#3%>& /0"%<& )#%1& ">& >"->*#"]?5%>*#"& "<& /5%<>%0041& )#%1:& ">&

?%13)"1& 23<1& 0"1& F"<D>#"1& >"./5#"00"1& 2"& 03& H+YY& ">& 2"& 03&

0C3$>%?%>4&4?5@*4"&1/4$%F%@*"&3*-&?%13)"1&%<>3$>1&2C*<"&/3#>&"

0"*#& 3$>%?%>4& 4?5@*4"& 3?"$& $"00"& 2"1& ?4=%$*0"1;& _">>"& 3<30

%>4& "1>& 1%)<304"& /3#& 03& A3##"& =5#%`5<>30"& <5%#"& 1*#& 0C3-"& 2

5A1"#?4"& *<%@*"."<>& 05#1@*"& 0"& ?%13)"& "1>& %<>3$>& $5<>#3

#$"/>%5<&$5<1$%"<>"&2*&1>%.*0*1&?%13)";&&

^#"

"

f0"&F5<$>%5<<"0&2%FF4#"<>&2"1&

S">1&%<>3$>1&?1&5AS">1&25<>&03&

<<3)"&"1>&"<1*%>"&/#41"<>4"&

& >"->*#"]?%13)"&"<&/5%<>%0041&

%1:& ">& .5<>#"& *<"& 3$>%?%>4&

">& 2"& 03& Z+QY;& G"& >#5%1%U."&

<"&/3#>&">&2*&?%13)"&>"->*#"&

>>"& 3<30W1"& /5%<>& /3#& /5%<>&

#& 0C3-"& 2"1& -E& #4?U0"& @*C*<"&

>& $5<>#3%#"."<>& B& 03& H+YYE&



^W"
"

!"6"<"6 A*,%/;+-;,($&*,%9).*,%8%9(%'*/;$$(),,($/*%3*,%4),(5*,%0(+)9)*',%%

_2.(*)/)*0"1)AA0&%=*)%33%" 3."+3-<"+&0(,(%" 3)0%".-" *&.)*%'%=*"1%<"/)<.>%<" A.')3)%&<" (,'+.&0<";"

1%<" /)<.>%<" )=(,==-<" ;"0*0" &.++,&*0%"%=*&%"!\aS#aa"'<".+&B<" 3."+&0<%=*.*),="1-" <*)'-3-<"

<,)*5"+%=1.=*"3."A%=6*&%"1%"3."q!ca"TN.?.&%3"%*".345"#aa#5"#aa]5"#aacs"t)31St.33"%*".345"#aae5"

.->'%=*.*),=" 1%" 32.'+3)*-1%" %=" A./%-&" 1%<" /)<.>%<" A.')3)%&<V4" N%+%=1.=*5" (%*" %AA%*" =%"

<%'73%"+.<" &%*&,-/0"1.=<" 3."+3-+.&*"1%<"0*-1%<4"d3-<)%-&<"*&./.-G"&.++,&*%=*"%="%AA%*"-=%"

',1-3.*),="1%"32.'+3)*-1%"1.=<"3%"<%=<")=/%&<%"T1)')=-*),="1%"32.'+3)*-1%"+,-&" 3%<"/)<.>%<"

A.')3)%&<"s"$%'%3"%*".345"#aaWs"P,11"%*".345"#aaeV4"Z%"+3-<5"3."+3-+.&*"1%<"0*-1%<"&.++,&*.=*"-="

%AA%*";"(%**%"3.*%=(%"-*)3)<%"-="A.)73%"=,'7&%"1%"<*)'-3)"1)AA0&%=*<"@-)"<,=*"1%"A.)*5"&0+0*0<4""

"

C=" &0.3)*05" 3." '.8,&)*0" 1%<" 0*-1%<" =%" &.++,&*%=*" +.<" 1%" ',1-3.*),=" 1%" 3." q!ca" +.&" 3."

A.')3).&)*0"%="+.&*)(-3)%&"3,&<@-%"1%<"*I(?%<"1%"&%(,==.)<<.=(%",H30)=)*,"<,=*"-*)3)<0%<"TQ=.n)"

%*".345"#aacs"h%=*)="%*"Z%,-%335"#aaas"C)'%&5"#aaas"g(?l%)=7%&>%&"%*".345"#aa\s"}?%=>"%*".345"

#a!#s"C)'%&"%*".345"#a!#V4""

"

Z%"'.=)B&%">0=0&.3%5"1%-G",+)=),=<"1)/%&>%=*%<"<,=*"&%*&,-/0%<"1.=<"3."3)**0&.*-&%";"+&,+,<"

1-" &M3%"1%" 3."q!ca"1.=<" 3." A.')3).&)*04" N%&*.)=<" .-*%-&<"+&,+,<%=*"@-%" 3."q!ca" &%A3B*%" 3%<"

'0(.=)<'%<" =0(%<<.)&%<" ;" 32)=1)/)1-.3)<.*),=" 1-" /)<.>%" T$%'%3" %*" .35" #aai"s" F,<<),=5" #aaeV5"

.3,&<"@-%"12.-*&%<"<->>B&%=*"+3-*M*"@-%"3."q!ca"<%&.)*"-=)@-%'%=*"3)0%";"3."(,=<*&-(*),="1%"

3." &%+&0<%=*.*),=" ?,3)<*)@-%" 1-" /)<.>%" TU,<3)=>" %*" C)'%&5" #a!!V4" Z.=<" 3%" +&%')%&" (.<5" 3."

A.')3).&)*0"<%&.)*".((%<<)73%"1B<"3."A%=6*&%"1%"3."q!ca",-"+&,(?%"1%"(%**%"3.*%=(%"*.=1)<"@-%"

1.=<"3%"<%(,=1"(.<5"3."A.')3).&)*0"<%&.)*"1)<+,=)73%";"-=%"0*.+%"-3*0&)%-&%4""

"

_." q!ca" %<*" %=" %AA%*" <-)/)%" 12-=%" .-*&%" (,'+,<.=*%" =0>.*)/%5" 3." q#]a5" @-)" " <%'73%" 1%"

'.=)B&%" &,7-<*%5" )=1%G%&" 3." A.')3).&)*04" " N%**%" (,'+,<.=*%" +3-<" *.&1)/%" %<*" &.++,&*0%" %="

&0+,=<%" .-G" /)<.>%<" A.')3)%&<" (,'+.&0<" .-G" /)<.>%<" )=(,==-<" <-&" 3%<" 03%(*&,1%<" ,(()+)*,S

*%'+,&.3%<" %*" %<*" 1)AA0&%=*%" 1%" 3." q#]a&" @-)" %<*" -=%" .-*&%" (,'+,<.=*%" ',1-30%" +.&" 3."

&0+0*)*),="1%"<*)'-3)"/)<.>%<4":6'%"<)"(%**%"(,'+,<.=*%"%<*".++%30%"3."q#]a5"<->>0&.=*"@-%"

<,=".'+3)*-1%"'.G)'.3%"%<*".-G".3%=*,-&<"1%"#]a"'<5" 3."+3-+.&*"1%<"0*-1%<"%="+,*%=*)%3<"

0/,@-0<5"&.++,&*%"-=%"3.*%=(%"1%"+)("1.=<"-=%"A%=6*&%"*&B<"/.&).73%".+&B<"#]a"'<"T#caSWWa"

'<")="}?%=>"%*".345"#a!#s"#WaS\aa"'<")="U,<3)=>"%*"C)'%&5"#a!!s"#\aSWaa"'<")="$%'%3"%*".35"



^\"
"

#aaiV4" Q)=<)5" (%<" 0*-1%<" <->>B&%=*" @-%" 32.(*)/)*0" 03%(*&,+?9<),3,>)@-%" 3)0%" ;" 3." A.')3).&)*0"

./%("3%<"/)<.>%<"<%&.)*"1)<+,=)73%"!aa"'<"+3-<"*.&1)/%'%=*"@-%"3."q!ca4""

"

N%+%=1.=*5" 3." '.8,&)*0" 1%<" 0*-1%<" <2%<*" A,(.3)<0%" <-&" 320*-1%" 1%" 3." ',9%==%" 1%" (%**%"

(,'+,<.=*%"T3.*%=(%"1-"+)(V"+3-*M*"@-%"<-&"3%"107-*"1%"32.(*)/)*0"1)AA0&%=*)%33%4"C="%AA%*5"-=%"

&0(%=*%"0*-1%"1%"}?%=>"%*".34"T#a!!V5"-*)3)<.=*"-="(,=*)=--'"1%"/)<.>%<"T1-"'6'%"*9+%"@-%"

(%3-)"-*)3)<0"1.=<"3%<"0*-1%<"%="OF:AV"+,-&"1)AA0&%=*<")=1)/)1-<"T;"+.&*)&"12-=%")1%=*)*0"8-<@-2;"

-="/)<.>%"',9%=V5"."+&,+,<0"-=%"*I(?%"12)1%=*)A)(.*),=";"1%<"<-8%*<"*,-*"%="%=&%>)<*&.=*"3%-&"

.(*)/)*0"CCU"1%"<-&A.(%4"_%<".-*%-&<"&0.3)<%=*"-=%".=.39<%"%="+,*%=*)%3<"0/,@-0<"%*"',=*&%=*"

@-%" 3%<"+&%')%&<"%AA%*<"1%"A.')3).&)*0"<,=*"&%*&,-/0<"1B<"#aaS#]a"'<".+&B<" 3."+&0<%=*.*),="

1-" <*)'-3-<" %*" ,7<%&/%=*" -=%" .->'%=*.*),=" 1%" 32.'+3)*-1%" 1%" 3." q#]a" %=" A,=(*),=" 1%" 3."

A,&(%"1%" 32)1%=*)*04"Q-" (,=*&.)&%5" .-(-=%"',1-3.*),="=2%<*" ,7<%&/0%"+,-&" 3%<" (,'+,<.=*%<"

+&0(,(%<"(,''%"3."d!aa"%*"3."q!ca4""

"

Z%"'6'%5"-=%"0*-1%"&0(%=*%"1%"U,<3)=>"%*"C)'%&"T#a!!V5"+&,+,<.=*"-=%"*I(?%"%G+3)()*%"1%"

&%(,==.)<<.=(%"1%"/)<.>%<"(03B7&%<"+.&')"1%<")=(,==-<";"1%<"<-8%*<"1,=*"32.(*)/)*0"CCU"0*.)*"

%=&%>)<*&0%" 1%"'.=)B&%" (,=(,')*.=*%5"',=*&%" @-%" 3." +&%')B&%" 1)AA0&%=*)%33%" ,7<%&/0%" %="

CCU" %<*" &.++,&*0%" 1B<" #Wa" '<" %*" =,=" +3-<" +&0(,(%'%=*4" Z%" '.=)B&%" )=*0&%<<.=*%5" (%<"

.-*%-&<"&.++,&*%=*"-=%".(*)/)*0"+,<)*)/%"1B<"#aa"'<"3.&>%'%=*"1)<*&)7-0%"<-&"3%<"03%(*&,1%<"

.=*0&)%-&%<4""

"

Z%"+3-<5"-=%"0*-1%" &0(%=*%"1%" $%'%3"%*".34" T#a!aV5" <2%<*" )=*0&%<<0%";" 3."19=.')@-%" <+.*),S

*%'+,&%33%" 1%" 3." &%(,==.)<<.=(%" )'+3)()*%" %*" %G+3)()*%" 1%<" /)<.>%<" (03B7&%<4" d,-&" (%3.5" 3%<"

.-*%-&<" -*)3)<%=*" -=%" *I(?%" 1%" &%(,==.)<<.=(%" %G+3)()*%" 1%" <*)'-3)"'.=)+-30<" (,''%"1.=<"

(%&*.)=%<"0*-1%<"%="OF:A"TF,*<?*%)="%*".345"#aa\"s"F,<<),="%*".345"#aa!"%="PCdV4"Q"+.&*)&"1%"]a"

+?,*,>&.+?)%<"1%"+%&<,==%<"(03B7&%<"%*"#]"/)<.>%<" )=(,==-<5" 3%<".-*%-&<" (,=<*)*-%=*"+,-&"

(?.@-%")=1)/)1-"-="(,=*)=--'"1%"c")'.>%<"(,=*%=.=*"1-"7&-)*5"1%+-)<"-=%"1%<")'.>%<"*&B<"

7&-)*0%<"T=)/%.-"c"=%"(,=*%=.=*"@-%"1-"7&-)*V";"1%<")'.>%<"(,=*%=.=*"1%"',)=<"%="',)=<"1%"

7&-)*" T=)/%.-" ^" ;" !V" Tm)>-&%" #eV4" O3" %<*" 1%'.=10" .-" <-8%*" 12.++-9%&" <-&" -=" 7,-*,=" <2)3"

(,=<)1B&%" @-2)3" <2.>)*" 12-=" /)<.>%" (03B7&%5" <-&" -=" .-*&%" 7,-*,=" 3,&<@-2)3" <2.>)*" 12-=" /)<.>%"

)=(,==-"*.=1)<"@-%"<,=".(*)/)*0"03%(*&,+?9<),3,>)@-%"%<*"%=&%>)<*&0%4"

"



^]"
"

C="-*)3)<.=*"(%"+&,*,(,3%5" 3%<".-*%-&<"(?%&(?%=*";"',=*&%&"<)" 3." &%(,==.)<<.=(%"1%<"/)<.>%<"

(03B7&%<" %<*" -="+&,(%<<-<" (,=*)=-",-"1)<(&%*4" C="%AA%*5" 32-*)3)<.*),="1%" (,=*)=-."+%&'%*"1%"

(,'+.&%&"3%<"%<<.)<",v"3%"<-8%*"."%G+3)()*%'%=*"&%(,==-"3%"/)<.>%"T&0+,=<%"(,'+,&*%'%=*.3%"

1%" *9+%" H",-)"JV" ./%(" 3%<" %<<.)<" +&0(01%=*<" 3." &%(,==.)<<.=(%" T*&,+" 7&-)*0<" +,-&" 6*&%"

%G+3)()*%'%=*"&%(,==-<V4""

"

"

(%)*#"&Md&b"1%)<&"-/4#%."<>30&2"&0C4>*2"&2"&L"."0&">&30;&6MY+Y:&.5<>#3<>&*<&"-"./0"&2"&$5<>%<**.&/5*#&03&

/"#15<<30%>4&2"& L3$@*"1&_=%#3$&2"/*%1& 0"& 0"&<%?"3*&<"&$5<>"<3<>&@*"&2*&A#*%>& 6J#*%>&Q:&3*&<%?"3*& 0"&.5%<1&

A#*%>4& 6A#*%>& +:;& H5*#& $=3@*"& "113%& 0"& A#*%>& "1>& /#41"<>4& /"<23<>& \\& .1& 1*%?%& 2C*<& 4$#3<& <5%#& /5*#& *<&

%<>"#?300"&#3<25.%14&?3#%3<>&2"&ddY&B&++YY&.1;&_">&4$#3<&"1>&"<1*%>"&1*%?%&2C*<"&$#5%-&2"& F%-3>%5<&/"<23<>&

*<"&/4#%52"&3043>5%#"&2"&+MRY&B&+\MR&.1&5x&0"&1*S">&25%>&25<<"#&13&#4/5<1";&_">>"&.4>=52"&/"#.">&2C4>*2%"#&

03&#"$5<<3%113<$"&"-/0%$%>"&">&%./0%$%>"&2"1&?%13)"1&$40UA#"1;&

"

_%<" .-*%-&<" &0.3)<%=*" .)=<)" -=%" .=.39<%" %=" +,*%=*)%3<" 0/,@-0<" (,'+.&.=*" 32.'+3)*-1%" 1-"

<)>=.3" %=*&%" 3%<" &%(,==.)<<.=(%<" (,&&%(*%<" %*" 3%<" %<<.)<" +&0(01%=*<" 3." &%(,==.)<<.=(%" +,-&"

(?.@-%"(.*0>,&)%"12)'.>%<"T(03B7&%<"%*")=(,==-<V"12-=%"+.&*"%*"%=*&%"3%<"/)<.>%<"(03B7&%<"%*"

)=(,==-<" 12.-*&%<" +.&*5" <-&" 3%<" 1)AA0&%=*%<" (,'+,<.=*%<" 0/,@-0%<" &.++,&*0%<" 1.=<" 3."

3)**0&.*-&%"@-%"<,=*"3."d!aa5"3."q!ca5"3."q#]a4"O3<"0*-1)%=*"0>.3%'%=*"1%<"(,'+,<.=*%<"+3-<"

*.&1)/%<"s" 3."q\aa" Th%=*)=" %*"Z%,-%335" #aaa"s" C)'%&5" #aaa"s" O*)%&"%*"P.93,&5" #aa\"s" h,%?'"%*"

d.33%&5"#aa^"s"g(?l%)=7%&>%&"%*".345"#aa#"s"x-*.<"%*"m%1%&'%)%&5"#a!!"+,-&"&%/-%V"%*"3."d^aa"

Tw,/%3"%*"d.33%&5"#aa\"s"g-="%*".345"#a!#"s"h%=*)="%*"Z%,-%335"#aaa"s"C)'%&5"#aaaV4"C="%AA%*5"3."

q\aa" <%'73%" 6*&%" -=%" (,'+,<.=*%" .<<,()0%" ;" 32.(*)/.*),=" 12)=A,&'.*),=<" <0'.=*)@-%<"



^^"
"

/%&7.3%<",-"=,=5"3)0%".-G"*&.)*%'%=*<"1%<"/)<.>%<"T$%'%3"%*".345"!iii"s"h.&&%*"%*"F->>5"!ieiV"

,-"1%<",78%*<"Tx-*.<"%*"m%1%&'%)%&5"#a!!"+,-&"&%/-%V"%*"3."d^aa"<%'73%")=1%G0%"32.((B<".-G"

)=A,&'.*),=<" (,=*%G*-%33%<" <-&" 32,78%*" Tw,/%3" %*" d.33%&5" #aa\"s" g-=" %*" .345" #a!#"s" h%=*)=" %*"

Z%,-%335"#aaa"s"C)'%&5"#aaaV4"

"

_%-&<"&0<-3*.*<"',=*&%=*"@-%"3."&%(,==.)<<.=(%"1%<"/)<.>%<"(03B7&%<"%<*"&0.3)<0%";"3."A,)<"1%"

'.=)B&%">&.1-%33%"T',1-3.*),="1B<"32%<<.)"+&0(01%=*"3."&%(,==.)<<.=(%V"%*"1%"'.=)B&%"*,-*S

,-S&)%=" T-=%"',1-3.*),=" <%-3%'%=*" <-&" 3%<" %<<.)<" ,v" 3%" /)<.>%" %<*" &%(,==-V4" " O3<"',=*&%=*"

@-2.3,&<" @-2.-(-=" %AA%*" =2%<*" ,7<%&/0" +,-&" 3%<" /)<.>%<" )=(,==-<5" 3." q!ca" %*" 3." q#]a"

+&0<%=*%=*" -=%" .'+3)*-1%" +3-<" )'+,&*.=*%" 3,&<" 1%" 3." &%(,==.)<<.=(%" %G+3)()*%" 1%<" /)<.>%<"

(03B7&%<" (,'+.&0<" .-G" %<<.)<" +&0(01%=*<" (%**%" &%(,==.)<<.=(%4" Q-" (,=*&.)&%" 3%<"

(,'+,<.=*%<"+3-<"*.&1)/%<"@-%"<,=*" 3."q\aa"%*" 3."d^aa"<%'73%=*"6*&%"',1-30%<"1B<"32%<<.)"

+&0(01%=*"3."&%(,==.)<<.=(%"T=S!V"(,'+.&0";"32%<<.)"+&0(01%=*"T=S#V"T(2%<*S;S1)&%"1%-G"%<<.)<"

./.=*" 3." &%(,==.)<<.=(%V4"N%**%"0*-1%"<->>B&%"@-%" 3."19=.')@-%"1%" 3." &%(,==.)<<.=(%"1%<"

/)<.>%<" <%&.)*" <,-<S*%=1-%" +.&" 1%<" +&,(%<<-<" (,'+3%G%<5"'%**.=*" %=" 8%-" 1%<" .(*)/)*0<" 1B<"

!ca" '<" T'.)<" 0>.3%'%=*" ;" #]a" '<V" .+&B<" 3." +&0<%=*.*),=" 1%" 32)'.>%5" )'+3)@-0%<" 1.=<"

32.(*)/.*),="1%"3."*&.(%"'=0<)@-%"1-"/)<.>%"(03B7&%"+%&'%**.=*"-=%"&%(,==.)<<.=(%"%G+3)()*%4"

_%<".(*)/)*0<"+3-<"*.&1)/%<5"+&0<%=*.=*"@-.=*";"%33%<"-="%AA%*"./.=*"3."&%(,==.)<<.=(%"%G+3)()*%"

1%"32)'.>%5"+,-&&.)%=*"6*&%";"32,&)>)=%"1%"+&,(%<<-<"1%"*9+%"*,+S1,l="+%&'%**.=*"1%">-)1%&"

%*"1%"A.()3)*%&" 32.((B<".-G"*&.(%<"'=0<)@-%<"&%+&0<%=*0%<"%="'0',)&%4"N%**%"0*-1%"<->>B&%"

1,=(" @-%" 3." A.')3).&)*0" <%&.)*" .((%<<)73%" 1B<" !ca" '<" '.)<" 10+%=1&.)*" 1%" '0(.=)<'%<"

(,'+3%G%<"')<"%=""8%-"1%"'.=)B&%")=*%&.(*)/%"%*"%="+.&.33B3%4"

"

Z.=<" (%" <%=<5" 3%<" *&./.-G"1%"h.&7%.-"%*".34" T#aaeV" &.++,&*%=*"-=%".(*)/.*),="'.<<)/%'%=*"

+.&.33B3%" 1%" 32)=A,&'.*),=" 1.=<" 1)AA0&%=*%<" &0>),=<" 1%" 3." /,)%" /)<-%33%" /%=*&.3%" T+.&*)%"

!4#4#4#V4"_2.=.39<%"%="+,*%=*)%3<"0/,@-0<"1-"<)>=.3" )=*&.(0&07&.3"',=*&%"@-%"3%<"1)AA0&%=*%<"

(,'+,<.=*%<" <%'73%=*" 6*&%" &%*&,-/0%<" <)'-3*.=0'%=*" 1.=<" 1%<" &0>),=<" (0&07&.3%<"

1)<*)=(*%<" T;" 3." A,)<" 1.=<" 3%" 3,7%" *%'+,&.3" '.)<" 0>.3%'%=*" 1.=<" 3%<" &0>),=<" A&,=*.3%<"

)=A0&)%-&%<V4"_."<9=*?B<%"1%<".(*)/)*0<"03%(*&,+?9<),3,>)@-%<"&.++,&*0%<"1.=<"3%-&"0*-1%"%<*""

+&0<%=*0%"%="m)>-&%"#i4""

"



^c"
"

d3-<"+.&*)(-3)B&%'%=*5" )3" <%'73%&.)*" @-2-="%AA%*"1%" A.')3).&)*0" <,)*" &.++,&*0"1B<"#\a"'<"%="

+.&.33B3%"1.=<"3%">9&-<"+.&.?)++,(.'+)@-%""%*"3%"(,&*%G"+0&)&?)=.3"%*"+3-<"*.&1)/%'%=*"1.=<"

32?)++,(.'+%4"Z%<".(*)/)*0<"+3-<"*.&1)/%<"&.++,&*0%<".+&B<"\aa"'<"1.=<"3%<"(,&*%G"&?)=.-G"%*"

;" ^aa"'<" 1.=<" 32?)++,(.'+%" <,=*" 0>.3%'%=*" &.++,&*0%<" /%=.=*" (,=A)&'%&" 3%<" +&0(01%=*<"

*&./.-G"1%"Z)%*3"%*".34"T#aa]V"%*"1%"P&.-*=%&"%*".34"T#aa\V4"

""

"

(%)*#"& MP& O"/#41"<>3>%5<& 1$=4.3>%@*"& 2"1& 3$>%?%>41& 40"$>#5/=W1%505)%@*"1& #3//5#>4"1& 23<1& 0C4>*2"& 2"&

J3#A"3*&">&30;&6MYYd:&23<1&2%FF4#"<>"1&#4)%5<1&$4#4A#30"1;&G"1&2%FF4#"<>"1&$5./513<>"1&40"$>#5/=W1%505)%@*"1&

15<>& %<2%@*4"1& "<& 3A1$%11";& G"1& #4$>3<)0"1& #"/#41"<>"<>& 0"1& /#%<$%/3*-& /%$1& 2"1& $5./513<>"1& 23<1& $=3@*"&

#4)%5<&3?"$&"<&A0"*&F5<$4E& 0"1&2%FF4#"<>%"00"1&1%)<%F%$3>%?"."<>&2%FF4#"<>"1&"<>#"&?%13)"1&$40UA#"1&">&?%13)"1&

%<$5<<*1;&&&&&

"

C=" &0<-'05" )3" =2%G)<*%" +.<" 1%" &0%3" (,=<%=<-<" <-&" 3%<" (,&&03.*<" 03%(*&,+?9<),3,>)@-%<" 1%" 3."

A.')3).&)*04" C=" +.&*)(-3)%&5" 3." 3.*%=(%" ')=)'.3%" 03%(*&,+?9<),3,>)@-%" 3)0%" ;" 3." A.')3).&)*0"

+,-&&.)*"107-*0%"1B<"!]a"'<" T+%=1.=*" 3." A%=6*&%"1%" 3."q!caV" 8-<@-2;"Waa"'<" T+%=1.=*" 3."

A%=6*&%"1%"3."q#]aV".+&B<"3."+&0<%=*.*),="1-"<*)'-3-<4"Z%"+3-<5"3."3,(.3)<.*),="1%"(%<".(*)/)*0<"

3)0%<";"3."A.')3).&)*0"T03%(*&,1%<"12)=*0&6*V"=%"<%'73%"+.<"=,="+3-<"*&B<"7)%="(.&.(*0&)<0%5"1%<"

.(*)/)*0<"1)AA0&%=*)%33%<"0*.=*"&.++,&*0%<";"3."A,)<"<-&"3%<"03%(*&,1%<",(()+)*,S*%'+,&.3%<"'.)<"

0>.3%'%=*"<-&"3%<"03%(*&,1%<"+3-<".=*0&)%-&%<"TU,<3)=>"%*"C)'%&5"#a!#V4"

"



^e"
"

! <-& EB$-/)O#,& E#& *"-)*,/,$*& E,(& C)(-6,(& -& E%$=& D*D& 0-"6,/,$*& D*#E)D,& C)-&

0U#*)0)(-*)%$&E,&0U-$-0B(,&,$&3%*,$*),0(&DC%O#D(K&G)$()A&30#(),#"(&=%/3%(-$*,(&DC%O#D,(&%$*&

D*D& "-33%"*D,(&c& 0-& b\RR& (,"-)*& 0)D,&-#& *"-)*,/,$*& E,(& )$J%"/-*)%$(&;-(& $)C,-#& =%$*,$#,(&

E-$(&0,&C)(-6,&O#)&3,"/,**"-)*&(-&ED*,=*)%$&E-$(&#$,&(=F$,&3%#"&3-"&,H,/30,&,JJ,=*#,"&E,(&

(-==-E,(& "-3)E,(& C,"(& #$& C)(-6,K& <,& "T0,& E,& 0-& 4\kR& (,/;0,& O#-$*& N& 0#)& 30#(& =%$*"%C,"(D&

=,"*-)$(&-#*,#"(&3"%3%(-$*&#$&"T0,&E-$(&0U-==F(&N&#$,&",3"D(,$*-*)%$&+%0)(*)O#,&+-#*&$)C,-#&

E#&C)(-6,&#$)O#,/,$*A&*-$E)(&O#,&EU-#*",(&*"-C-#H&(#66F",$*&D6-0,/,$*&O#U,00,& Z%#,$"-)*&

#$& "T0,& E-$(& 0U)$E)C)E#-0)(-*)%$& ,*& 0-& J-/)0)-")*D& -C,=& 0,& C)(-6,K& <,(& =%/3%(-$*,(& 30#(&

*-"E)C,(& O#,& (%$*& 0-& 4SlRA& 0-& 4mRR& ,*& 0-& bQRR& (,/;0,$*& *%#*,(& )/30)O#D,(& E-$(& 0-&

",=%$$-)((-$=,&E,(&C)(-6,(&J-/)0),"(K&G)$()A& 0-& 0-*,$=,&/)$)/-0,&E,& 0-& J-/)0)-")*D&E,/,#",&

*%#Z%#"(&)$=%$$#,&,*&3%#""-)*&_*",&",*"%#CD,&E-$(&#$,&J,$_*",&C-")-$*A&(,0%$&0,(&D*#E,(A&E,&

\lR& /(& W4\kRY& N& E,& PRR& /(& W4SlRY& -3"F(& 0-& 3"D(,$*-*)%$& E#& (*)/#0#(K& @,& 30#(A& 0,(&

D0,=*"%E,(&/%$*"-$*&#$&,JJ,*&E,&0-&J-/)0)-")*D&(,/;0,$*&D6-0,/,$*&C-")-;0,(K&:)$-0,/,$*A&0-&

EB$-/)O#,&E,&0-&",=%$$-)((-$=,&E,(&C)(-6,(&J-/)0),"(&",(*,&#$,&O#,(*)%$&$%$&"D(%0#,&N&=,&

Z%#"K&

* &



^i"
"

* *



ca"
"

L")718-$(&>,0*#8%8"$10*

Z.=<" (%" +&%')%&" (?.+)*&%5" =,-<" ./,=<" +&0<%=*0" 1)AA0&%=*%<" 0*-1%<" <->>0&.=*" @-%" 3."
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TA.')3).&)*0"/<")1%=*)A)(.*),=5"3."A.')3).&)*0"0*.=*"<%=<0%"6*&%"+3-<"&.+)1%"@-%"32)1%=*)A)(.*),=V"
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$)C,-#&=%/3%"*,/,$*-0K"

_20*.*" 1%" 32.&*" &%=1" 7)%=" (,'+*%" 1%" 3." =0(%<<)*0" 1%" '%**&%" #$& =+)JJ",& <-&" 3%" *%'+<" 1%"
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2.1.2 Utilisation de stimuli naturels en contexte : optimisation des performances 
comportementales 
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2.2.2 A la recherche de l’activité electrophysiologique la plus précoce : 
Moyennage vs essai par essai  
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3."'.&>%4"_%"+&,73B'%"%<*"1%"*&,-/%&"(%**%"A&,=*)B&%"<0+.&.*&)(%",+*)'.3%5";"+.&*)&"1%"3."<0&)%"

12%=*&.j=%'%=*4"N%()"%<*"A.)*"%="A,&'-3.=*"3%"+&,73B'%"(,''%"-="+&,73B'%"1z,+*)')<.*),="

@-.1&.*)@-%5"+,-&"3%@-%3")3"%G)<*%"1%<".3>,&)*?'%<"(,==-<"Tm.="%*".34"#aaeV4"

"

b="1)&."@-%"32,="%<*"(.+.73%"1%"ED=%E,"&0,&()6$-0&=-*D6%"),0"<)5";"-=")=<*.=*"*5",="%<*"(.+.73%"

1%" +&01)&%" 320*.*" (,>=)*)A" 12-=" <-8%*" T(%" @-2)3" /,)*5" (%" @-2)3" )'.>)=%EV4" `=" gL:5" <2)3" ." 0*0"

%=*&.j=0" ;" (3.<<%&" 1%<" 0*.*<" (,>=)*)A<" 1.=<" -=" %<+.(%" 12.(*)/)*0" =%-&.3%" +%&'%**.=*" -=%"

<0+.&.*),="1%<"(3.<<%<5"<%&."(.+.73%5"<)",="3-)"A,-&=)*"3%"<)>=.3"=%-&.3";"-="=,-/%3")=<*.=*"*5"1%"

+&01)&%"320*.*"(,>=)*)A"1-"<-8%*4"b="+.&3%&."1%"H"10(,1.>%"J"1-"<)>=.34"

" !
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2.3 H'05(*+%+&#*!,(5!0+-,(5&

`=%"+&%')B&%"0*.+%"."(,=<)<*0";"10/%3,++%&"-="+&,*,(,3%"+%&'%**.=*"1%"(,=*&.)=1&%"3%"<-8%*"

;"%AA%(*-%&" 3."*I(?%"1%"&%(,==.)<<.=(%"1%"/)<.>%"(03B7&%" 3%"+3-<"&.+)1%'%=*"+,<<)73%4"d,-&"

(%3.5"=,-<"./,=<".1.+*0" 3%"+&,*,(,3%"1%"(.*0>,&)<.*),="/)<-%33%" &.+)1%" T*I(?%"1%">,"=,>,V5"

*&B<" -*)3)<0" 1.=<" =,*&%" 3.7,&.*,)&%" 1.=<" 1%<" 0*-1%<" +,&*.=*" <-&" 3%" *&.)*%'%=*" 1%<" ,78%*<"

/)<-%3<"%=">0=0&.3"TP?,&+%"%*".345"!ii^"s"F,-<<%3%*"%*".345"#aaWV4"q,-<"./,=<"10/%3,++0"-=%"

*I(?%"1%"(.*0>,&)<.*),="1%"/)<.>%<"(03B7&%<"+.&')"1%<"/)<.>%<")=(,==-<4"q,-<"./,=<"+&)<"<,)="

1%"(.&.(*0&)<%&"<)" 3%"/)<.>%"=0(%<<)*.)*"126*&%")1%=*)A)0",-"=,="+,-&"%AA%(*-%&"3."*I(?%4"Q)=<)5"

+,-&" %AA%(*-%&" (%**%" *I(?%5" -=" <)'+3%" <%=*)'%=*" 1%" A.')3).&)*0" ./%(" 3%" /)<.>%" <%'73.)*"

=0(%<<.)&%4"C="%AA%*5"(2%<*" 320*.+%"1%"A.')3).&)*0"./%(" 3%"/)<.>%"@-%"=,-<"<,-?.)*,=<"0*-1)%&"

1.=<"(%"*&./.)3"(.&"<%3,="3."+3-+.&*"1%<"0*-1%<5"3."A.')3).&)*0"<%&.)*"+3-<"&.+)1%"@-%"32.((B<";"

32)1%=*)*0"Th&-(%"�"w,-=>5"!ie^V4"Z2.-*&%"+.&*5"=,-<"./,=<"-*)3)<0"-="3.&>%"<%*"1%"+%&<,==%<"

(03B7&%<"1)AA0&%=*%<"T<-+0&)%-&<";"#aa"(0307&)*0<V";"+&,+,<"1%<@-%33%<"3%"<-8%*"=2./.)*".-(-=%"

)=A,&'.*),=" .-" +&0.3.73%5" =,-<" +3.Y.=*" .)=<)" 1.=<" 3%" (.1&%" 12-=%" &%(,==.)<<.=(%" 1%" *9+%"

H"7,**,'S-+"J4""

"

d.&*.=*" 1%" 32?9+,*?B<%" @-%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<" A.')3)%&<" <%&.)*" -=" +&,(%<<-<"

&.+)1%5")3"=,-<"<%'73.)*"(&-().3"1%"(,'+.&%&"(%**%"*I(?%";"1%<"*I(?%<"108;"(,==-%<"+,-&"6*&%"

&.+)1%<4"g)" 32,="(,=<)1B&%"3%"',1B3%"<0@-%=*)%3"1%"h&-(%"%*"w,-=>"T!ie^V",-"3%<"*&./.-G"1%"

:.(0"%*".34"T#aaiV5"-=%"*I(?%"1%"(.*0>,&)<.*),="12-="/)<.>%".-"=)/%.-"<-+%&,&1,==0"T/)<.>%<"

?-'.)=<"/<".=)'.-GV"<%'73.)*"6*&%"-=%"7,==%".3*%&=.*)/%4"N%**%"+&%')B&%"0*-1%"+%&'%**&."

1%"&0+,=1&%";"3."+&%')B&%"@-%<*),="H"3."&%(,==.)<<.=(%"7,**,'S-+"1%<"/)<.>%<"A.')3)%&<"%<*S

%33%" &.+)1%"X"J5" %=" 3%" (,'+.&.=*" ;" -=%" *I(?%" (,==-%" +,-&" 6*&%" &.+)1%" T(.*0>,&)<.*),=" .-"

=)/%.-"<-+%&,&1,==0%5"(.*0>,&)<.*),="1-">%=&%5"Q&*)(3%"!V4""

"

C=<-)*%" %=" -*)3)<.=*" =,*&%" +&,*,(,3%" (,=*&.)>=.=*" A,&*%'%=*" 3%<" <-8%*<" ;" &0+,=1&%"

&.+)1%'%=*" TgQhV5"=,-<"+,-&&,=<"'%**&%"-="(?)AA&%"<-&"(%**%"/)*%<<%"1%"*&.)*%'%=*"(?%R" 3%"

<-8%*"<.)="8%-=%"1.=<"1%<"(,=1)*),=<"7,**,'S-+"TQ&*)(3%"#V",-"*,+S1,l="TQ&*)(3%"WV4""

"

`=%" <%(,=1%" 0*.+%" ." (,=<)<*0" ;" 10*%&')=%&" 3." 19=.')@-%" 1-" <)>=.3" 03%(*&,+?9<),3,>)@-%"

1.=<" (%<" '6'%<" *I(?%<" 1%" 10*%(*),=" %*" 1%" &%(,==.)<<.=(%" 1%<" /)<.>%<" A.')3)%&<4" q,-<"

+,-&&,=<".)=<)"(,=A&,=*%&"=,<" 3.*%=(%<"03%(*&,+?9<),3,>)@-%<",7*%=-%<" 3,&<@-%" 3%"<-8%*"%<*"
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"

(,=*&.)=*" 1%" &0+,=1&%" &.+)1%'%=*" ./%(" 3%<" 3.*%=(%<" &.++,&*0%<" 1.=<" 3." 3)**0&.*-&%4" C="

-*)3)<.=*"-=%"*%(?=)@-%",&)>)=.3%"1%"*&.)*%'%=*"1-"<)>=.3"T:LdQV5"=,-<"+,-&&,=<")1%=*)A)%&"3%"

*%'+<" 1%" &0.(*),=" ')=)'.3" +%&'%**.=*" 1%" &%(,==.j*&%" 3%" +3-<" &.+)1%'%=*" +,<<)73%" 1%<"

/)<.>%<" A.')3)%&<" +.&')" 1%<" )=(,==-<4" q,-<" +,-&&,=<" .)=<)"'%**&%" %=" &%3.*),=" 3%<" 3.*%=(%<"

(,'+,&*%'%=*.3%<5" ,7*%=-%<" 3,&<" 1%" 3." 10*%(*),=" %*" 1%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<"

A.')3)%&<5"./%("3%<" 3.*%=(%<"03%(*&,+?9<),3,>)@-%<"')=)'.3%<"%*".)=<)".++,&*%&"1%<"030'%=*<"

1%" &0+,=<%<" @-.=*" ;" 3." 19=.')@-%" %*" 3." &%3.*),=" 1%<" .(*)/)*0<" 03%(*&,+?9<),3,>)@-%<"

&.++,&*0%<"./%("3%"(,'+,&*%'%=*"1-"<-8%*4"

"

C=A)=5"=,-<"1)<(-*%&,=<"=,<"&0<-3*.*<"%*"(,=A&,=*%&,=<"=,<"3.*%=(%<".-G"',1B3%<"*?0,&)@-%<"

.A)="1%"+&,+,<%&"1%<"?9+,*?B<%<"<-&"3%<"'0(.=)<'%<"')<"%="8%-"3,&<"1%"3."&%(,==.)<<.=(%"1%<"

/)<.>%<".-"=)/%.-"1%"3."A.')3).&)*04"

" "



i^"
"
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<&5%=(!.014A'(L!

_2)10%"<%3,="3.@-%33%"3."&%(,==.)<<.=(%"1%<"/)<.>%<"A.')3)%&<"%<*"-="+&,(%<<-<"&.+)1%"<%'73%"

0/)1%=*%"1.=<" 3." 3)**0&.*-&%"<()%=*)A)@-%"%*"1.=<"32,+)=),="+-73)@-%4"N%+%=1.=*" 3%<"1,==0%<"

&.++,&*0%<"1.=<"3."3)**0&.*-&%"=%"<%'73%=*"+.<"(,=/%&>%&"/%&<"-="(,=<%=<-<"<-&"(%**%"/)*%<<%"

1%"*&.)*%'%=*4"N,==.j*&%"+&0()<0'%=*"(%**%"/)*%<<%"<%'73%"+,-&*.=*"(&-().3"+,-&"(,=*&.)=1&%"

3%<"',1B3%<".(*-%3<"1.=<"3%"1,'.)=%"1%"3."/)<),="%*"1%"3."'0',)&%4"C="%AA%*5"(2%<*";"32.)1%"1%"

+&,*,(,3%<"-*)3)<.=*"1%<"(,=*&.)=*%<"*%'+,&%33%<"@-%"(%&*.)=%<"A,=(*),=<"(,>=)*)/%<5"(,''%"

3."&%(,==.)<<.=(%"1%<",78%*<5",=*"0*0"+3-*M*"7)%="(.&.(*0&)<0%<4""

"

q,-<"./,=<"1,=("10/%3,++0"1)AA0&%=*%<"%G+0&)%=(%<"+%&'%**.=*"120*-1)%&"3."&%(,==.)<<.=(%"

&.+)1%"1%<"/)<.>%<" A.')3)%&<4"q,-<"(,'+.&%&,=<"(%<" 3.*%=(%<"./%("1%<" *I(?%<"1)*%<" &.+)1%<"

(,''%" 3." (.*0>,&)<.*),=" <-+%&,&1,==0%" 1%<" /)<.>%<" T10*%(*),=V" ,-" 3." (.*0>,&)<.*),=" 1-"

>%=&%" TQ&*)(3%" !" %*" Q&*)(3%" #V4" q,-<" =,-<" )=*0&%<<%&,=<" %=<-)*%" ;" -=" A.(*%-&" (,=(%+*-%3"

)'+,&*.=*5" <,-/%=*" ,-73)0" 1.=<" 3." 3)**0&.*-&%" @-)" %<*" 3%" *9+%" 1%" &%(,==.)<<.=(%"K" 3."

&%(,==.)<<.=(%" H"7,**,'S-+"J" %*" 3." &%(,==.)<<.=(%" H"*,+S1,l="J4" _." &%(,==.)<<.=(%"

7,**,'S-+" (,&&%<+,=1" ;" 3." &%(?%&(?%" 12-=" /)<.>%" 10*%&')=0" T%G"K" &%(?%&(?%&" q)(,3.<"

g.&n,R9V"%*" 3." &%(,==.)<<.=(%" *,+S1,l="(,&&%<+,=1";" 3." &%(?%&(?%"1%"+3-<)%-&<"+%&<,==%<"

A.')3)B&%<" 1)AA0&%=*%<" T<.=<" <./,)&" ;" 32./.=(%" 1%" @-)" )3" <2.>)*V" +.&')" 1%<" )=(,==-<4" Z%" "*%3<"

+.&.1)>'%<" "+%-/%=*" 6*&%" (,'+.&0<" ;" 1%<" <)*-.*),=<" 1%" 3." /)%" (,-&.=*%5" 3." &%(?%&(?%"

{7,**,'S-+|"+,-/.=*"6*&%"(,'+.&0%";"3."<)*-.*),="0(,3,>)@-%"1%"{*,'7%&|"+.&"?.<.&1"%*"1%"

'.=)B&%" )=.**%=1-%" <-&" -=%" +%&<,==%" A.')3)B&%" 1.=<" 3." &-%" %*" 3." &%(?%&(?%" *,+S1,l="

+,-/.=*" (,&&%<+,=1&%";" 32.(*)/)*0"1%" &%(?%&(?%" "1z-=%" "+%&<,==%" "(,==-%" "1.=<" "-=">&,-+%"

,-"1.=<"-=%"A,-3%4"q,-<"(,'+.&%&,=<"(%<"1%-G"*9+%<"1%"&%(,==.)<<.=(%"1.=<"32Q&*)(3%"W"%*"

10*%&')=%&,=<".)=<)"3%"(,p*"*%'+,&%3"12-=%"&%(,==.)<<.=(%"7,**,'S-+4""
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ARTICLE 1 : How fast is famous face recognition?
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3.1 C'+&.1(!8M!N#O!>%5+!&5!>%$#-5!>%.(!'(.#=*&+&#*L!P7-A1&0Q!

f$*"%E#=*)%$"K" F%(,==.j*&%" &.+)1%'%=*" -=" /)<.>%" A.')3)%&" %<*" (&-().3" 1.=<" =,<" )=*%&.(*),=<"

<,().3%<4" N%+%=1.=*" 3." /)*%<<%" 1%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<" A.')3)%&<" &%<*%" )=(,==-%4"

d3-<)%-&<"+.&.1)>'%<"%*"10A)=)*),=<",=*"'%=0";"1%<"(,=(3-<),=<"(,=*&.1)(*,)&%<5"3."/)*%<<%"1%"

&%(,==.)<<.=(%"=2.9.=*"8.'.)<"0*0"(,'+.&0%";"1%<"*I(?%"1)*%<"&.+)1%<4"Z.=<"(%**%"+&%')B&%"

0*-1%5"=,-<" *%=*%&,=<"1%"10*%&')=%&" 3%" (,p*" *%'+,&%3"%=*&%" 3." &%(,==.)<<.=(%"1%" /)<.>%<"

(03B7&%<".-"=)/%.-"1%"3."A.')3).&)*0"%*"1%-G".-*&%<"*I(?%<"<-++,<0%<"&.+)1%<"T(.*0>,&)<.*),="

<-+%&,&1,==0%"%*"(.*0>,&)<.*),="1-">%=&%V4""

"

?D*+%E,&K" !e" <-8%*<" <.)=<" 1,)/%=*" (.*0>,&)<%&" 3%" +3-<" &.+)1%'%=*" +,<<)73%" #\a" /)<.>%<"

(03B7&%<" +.&')" 1%<" /)<.>%<" )=(,==-<" %=" <%" 7.<.=*" <-&" 3%-&" A.')3).&)*0" ./%(" 3%" <*)'-3-<"

+&0<%=*04"q,-<"(,'+.&%&,=<" 3%<"+%&A,&'.=(%<"%*" 3%<" *%'+<"1%" &0.(*),=",7*%=-<"./%("-=%"

*I(?%" (,=*&M3%" 1)*%" 1%" (.*0>,&)<.*),=" <-+%&,&1,==0%" T10*%(*),=V" 1%" #\a" /)<.>%<" )=(,==-<"

+.&')" 1%<" /)<.>%<" .=)'.-G4" _%<" *I(?%<" 1%" 10*%(*),=" %*" 1%" &%(,==.)<<.=(%" )'+3)@-.=*"

32-*)3)<.*),=" 1%" <*)'-3)" 12?,',>0=0)*0" 1)AA0&%=*%" T32-=%" =%" '%*" %=" 8%-" @-%" 1%<" /)<.>%<"

?-'.)=<" (,=*&.)&%'%=*" ;" 32.-*&%V5" 3%<" <-8%*<" %AA%(*-%=*" 0>.3%'%=*" -=%" *I(?%" 1%"

(.*0>,&)<.*),=" 1-" >%=&%" TL)<.>%<" '.<(-3)=<" /<" /)<.>%<" A0')=)=<" %*" /)(%" /%&<.V" -*)3)<.=*"

%G.(*%'%=*" 3%<" '6'%<" <*)'-3)" @-%" 1.=<" 3." *I(?%" 1%" &%(,==.)<<.=(%" T/)<.>%<" (03B7&%<" %*"

)=(,==-<V"+%&'%**.=*"120/.3-%&"32)'+.(*"1%"(%"A.(*%-&"<-&"3%<"*%'+<"1%"&0.(*),=4"q,-<"./,=<"

%=<-)*%" &0.3)<0" -=%" %G+0&)%=(%" (,'+30'%=*.)&%" .-" (,-&<" 1%" 3.@-%33%" c" <-8%*<" 1%/.)%=*"

.++&%=1&%"3%<"<*)'-3)"()73%<"+-)<"&0.3)<%&"1%"=,-/%.-"3."*I(?%"1%"&%(,==.)<<.=(%";"\"&%+&)<%<4"

N%**%" *I(?%" +%&'%**.)*" 12-=%" +.&*" 12.->'%=*%&" 3." +&0()<),=" 1%<" <-8%*<" .A)=" 12,7*%=)&" 1%<"

%G+0&)%=(%<" 1%" 1)AA)(-3*0" (,'+.&.73%" %*" 1%" /0&)A)%&" <)" 3%<" <-8%*<" +,-/.)%=*" 1)')=-%&" 3%-&"

*%'+<"1%"&0.(*),=".-"(,-&<"1%<"<%<<),=<"12.-*&%"+.&*4""

"

'D(#0*-*("K" F%(,==.j*&%" -=" /)<.>%" (03B7&%" =0(%<<)*%" .-" ')=)'-'" \^c" '<" ;" 320(?%33%" 1-"

>&,-+%5"<,)*"%=/)&,="!]aS!ea"'<"1%"+3-<"@-%"3."10*%(*),=",-"3."(.*0>,&)<.*),="1-">%=&%4"Z%-G"

<-8%*<"<%'73%=*"(%+%=1.=*"-*)3)<%&"-=%"<*&.*0>)%"+3-<"%AA)(.(%"%*".&&)/%=*";"%AA%(*-%&"3."*I(?%"

1%"&%(,==.)<<.=(%"%="Wia"'<4"g%+*"<-8%*<"1,=*"3%<"1%-G"<-8%*<"&.+)1%<",=*"%=<-)*%"%AA%(*-0"3."

*I(?%"12.++&%=*)<<.>%4"_%<"&0<-3*.*<"',=*&%=*"@-%"K""
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"

T!V" 3%<" <-8%*<" 3%=*<" +%-/%=*" .**%)=1&%" -=" *%'+<" 1%" &0.(*),=" ')=)'-'" +&,(?%" 1%" \aa" '<"

(,''%"3%<"<-8%*<"&.+)1%<""

T#V"3%<"<-8%*<"&.+)1%<"=%"+%-/%=*"+.<".'03),&%&"3%-&"*%'+<"1%"&0.(*),="'.)<".**%)=>=%=*"-="

*%'+<"3)')*%";"W^aSWia"'<")=(,'+&%<<)73%""

TWV"-="(,p*"*%'+,&%3"1%"+3-<"1%"!]a"'<"%<*",7<%&/0"%=*&%"&%(,==.)<<.=(%"%*"(.*0>,&)<.*),="

T\V"(%"(,p*"*%'+,&%3"=%"+%-*"+.<"6*&%"<%-3%'%=*"%G+3)@-0"=)"+.&"3."<)')3.&)*0"1%<"<*)'-3)"T-="

103.)" <)')3.)&%"0*.=*",7<%&/0"%=*&%" 3." (.*0>,&)<.*),="1-">%=&%"%*" &%(,==.)<<.=(%V5"=)"+.&" 3."

1)AA)(-3*0" 1%" 3." *I(?%"T32.++&%=*)<<.>%" +%&'%*" .-G" <-8%*<" 12.**%)=1&%" -=%" +&0()<),=" %="

&%(,==.)<<.=(%"(,'+.&.73%".-G"*I(?%<"1%"10*%(*),="%*"1%"(.*0>,&)<.*),="1-">%=&%V4""

"

@)(=#(()%$"K" N%<" &0<-3*.*<" <->>B&%=*" 3." &%(,==.)<<.=(%" 12-=" /)<.>%" A.')3)%&" )'+3)@-%" 1%<"

'0(.=)<'%<" .11)*),==%3<" ;" 3." (.*0>,&)<.*),=" <-+%&,&1,==0%" %*" 1-" >%=&%" @-)" +&%==%=*" 1-"
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=)/%.-"<-+%&,&1,==0"8-<@-2.-"=)/%.-"1%"3."A.')3).&)*04"
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The rapid recognition of familiar faces is crucial for social interactions. However the actual

speed with which recognition can be achieved remains largely unknown as most studies

have been carried out without any speed constraints. Different paradigms have been used,

leading to conflicting results, and although many authors suggest that face recognition is

fast, the speed of face recognition has not been directly compared to “fast” visual tasks.

In this study, we sought to overcome these limitations. Subjects performed three tasks,

a familiarity categorization task (famous faces among unknown faces), a superordinate

categorization task (human faces among animal ones), and a gender categorization task.

All tasks were performed under speed constraints. The results show that, despite the

use of speed constraints, subjects were slow when they had to categorize famous faces:

minimum reaction time was 467 ms, which is 180 ms more than during superordinate cat-

egorization and 160 ms more than in the gender condition. Our results are compatible

with a hierarchy of face processing from the superordinate level to the familiarity level.

The processes taking place between detection and recognition need to be investigated in

detail.

Keywords: face detection, face recognition, gender categorization, familiarity, famous faces

INTRODUCTION

Consider the picture of a face. It can potentially be processed at

the superordinate level (this is a face, not an animal), at the famil-

iarity level (I know this face), or at the identification level (this

is the face of Brad Pitt). These different levels of processing, and

related concepts, are presented in Figure 1, following an adapta-

tion of Rosch’s hierarchical model of object recognition (Rosch,

1975). Most researchers in the field would probably agree that

these different levels of processing are organized hierarchically.

For example, most prosopagnosic patients have difficulty recog-

nizing whether a face is familiar or not, but perform well on face

detection tasks (e.g., Busigny et al., 2010). However, the reverse

dissociation has not been reported. Such reasoning has led to the

classic model of face processing proposed by Bruce and Young

(1986), which in essence is a hierarchical, or sequential, model.

Comparisons of reaction times (RT) between superordinate

and familiarity/identification levels support this idea of a hier-

archy. It has been robustly shown that superordinate tasks (e.g.,

detecting human faces among other stimuli) can be performed

quickly (Thorpe et al., 1996), with minimum RT around 250–

290 ms (reviewed in Fabre-Thorpe, 2011). The minimum reaction

time reflects the speed of the processes that are strictly necessary

to make the first accurate behavioral responses (Rousselet et al.,

2003). This 250–290 ms limit is now regarded as a reference when

discussing the speed of the visual system and has been useful

in attempts to identify the brain mechanisms underlying visual

processes at the superordinate level (e.g., Liu et al., 2009; Mack

and Palmeri, 2011; DiCarlo et al., 2012). In contrast, recognizing

famous faces among unknown ones appears to take much longer

(from 431 to 875 ms, Kampf et al., 2002; Herzmann et al., 2004;

Caharel et al., 2005; Boehm and Paller, 2006; Paller et al., 2007;

Baird and Burton, 2008). Even studies relying on priming, which

should enhance speed, report rather lengthy RTs. For example, an

influential study by Ellis et al. (1990) reported that recognizing

famous faces yielded mean RTs of 862 ms when unprimed and

709 ms when primed, despite explicitly asking subjects to answer

as fast as possible. Furthermore when subjects were required to

answer before 600 ms, and only very famous faces were presented,

mean RTs were still 598 ms when unprimed and 519 ms when

primed. Although mean RTs were reported rather than minimum

RTs, they still reflect much more time than when faces have to be

processed at the superordinate level.

However, the evidence that faces are processed hierarchically

from the superordinate to the identification level (Figure 1) is not

that clear. The“entry point,” i.e., the“particular level of abstraction

at which contact is first made with semantic memory” (Jolicoeur

et al., 1984), is supposed to shift from the basic level of abstraction

to the subordinate level (Figure 1) with increasing expertise (e.g.,

from “dog” to “poodle,” Rosch, 1975; Tanaka and Taylor, 1991;

Tanaka and Curran, 2001). Experts develop efficient routines to

recognize domain-specific objects and consequently humans, as

face experts, could be expected to recognize faces very rapidly. In

agreement with such a theory, some studies have reported that sub-

jects are faster at identifying familiar faces at the level of the identity

than they are at the superordinate level (Tanaka and Curran, 2001;

Anaki and Bentin, 2009). In such tasks however, a category verifica-

tion label procedure is used (e.g.,“answer if the next picture is that

of Brad Pitt”). Presenting such labels before the stimuli could allow

subjects to rely on top-down processes (e.g., pre-activating features

characteristic of Brad Pitt) that could speed up the recognition

of stimuli for which such features are highly diagnostic. There-

fore, such tasks are rather different from the tasks discussed above,
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FIGURE 1 | Adaptation of Rosch’s model (Rosch, 1975). Different levels

of processing. The picture on the right can be recognized (1) as an “animal,”

(2) as a “dog” (basic level, which is usually the entry point), (3) as a “collie,”

and even (4) as your own dog or a famous dog such as “Lassie.” The picture

on the left can categorized (1) as a “(human) face” (superordinate level), (2)

as known or not (familiarity level), or (3) as “Brad Pitt” (identity level).

where subjects recognized famous faces among unknown ones

without any clue as to what was going to be presented. However,

the possibility remains that humans, as face experts, process faces

directly at the level of familiarity/identity, or else with only a mar-

ginal delay between the superordinate and the familiarity/identity

level. In line with this idea, it is worth emphasizing that while

superordinate tasks are usually run under speed constraints (i.e.,

subjects are asked to answer as fast as they can), this has usu-

ally not been the case for face recognition tasks. Therefore, the

delay between superordinate and identity recognition tasks may

be smaller than thought. In addition, the use of speed constraints

appears critical in the present case since famous faces can, in prin-

ciple, be recognized based on familiarity (known/unknown) or

on identification (“this is Brad Pitt”), with identification probably

taking more time than familiarity. Consequently, the time differ-

ence observed between the superordinate and the recognition tasks

may occur because the subjects perform the recognition task at the

identification level. This delay could be reduced if subjects were

constrained to answer faster, based on familiarity.

In summary, there is some agreement on the speed at which

faces can be categorized at the superordinate level, which provides

a useful reference for time-limits since it imposes constraints on

models of vision by limiting the number of plausible computa-

tional steps (Liu et al., 2009). We are not convinced that the speed

with which famous faces can be recognized has been accurately

measured, in particular using speed constraints. The main aim of

the present study is to identify this speed. A secondary aim of the

study is to assess the delay, if any, between the superordinate and

familiarity/identity levels. The system allowing faces to be cate-

gorized at the superordinate level is indeed considered “fast” and

its mechanisms are beginning to be understood. The comparison

of face categorization at the superordinate and at the familiarity

level could help to assess whether familiarity level categorization

is “fast” or “slow” and whether it relies on mechanisms similar to

those used in superordinate level categorization.

However, comparing superordinate and familiarity level cate-

gorization tasks raises a potential problem relating to diagnostic

information. Diagnostic information is that deemed necessary

and sufficient to perform a categorization task, and is defined

by the interaction between task demand and stimulus availabil-

ity (Schyns, 1998). Hence, task performance will not only vary

according to task demands, but also according to the composition

of the image set, including physical similarities between targets

and non-targets. By definition, the exemplars within a superordi-

nate category are less similar than the members of a subordinate

category (Rosch, 1975), and so any difference found between the

superordinate and familiarity levels could be related to the dif-

ference in the stimulus sets that were used. In order to overcome

this problem, we therefore ran a control task in which subjects

had to perform a gender categorization task using the same set of

stimuli as in the familiarity task. All subjects therefore underwent

three tasks (superordinate – familiarity – gender) under speed

constraints.

MATERIALS AND METHODS

PARTICIPANTS

Eighteen young subjects (10 females, median age: 24, range: 20–

31 years, 1 left-handed), all Caucasian, with normal or corrected-

to-normal vision participated in the main experiment. Seven other

subjects (2 females, median age: 24, range: 21–31 years, all right-

handed and Caucasian) performed a Control experiment. All

subjects volunteered and gave their written informed consent to

participate in the experiments.

STIMULI

Stimuli consisted of 360 grayscale photographs of animal faces

from different subcategories (mammals, birds, reptiles. . .) used in

a previous study (Rousselet et al., 2003), 540 photographs of non-

famous human faces and 270 photographs of famous faces (Brad

Pitt, Bill Gates. . .). Examples of the stimuli are presented in the

supplementary methods (Figure A1 in Appendix). All faces were

presented in their natural context (i.e., they were not cropped and

some background could be seen) as natural scenes are processed

efficiently by the visual system (Vinje and Gallant, 2000; Simon-

celli and Olshausen, 2001). They were as varied as possible. Faces

were presented at different scales and in different views. Pho-

tographs were randomly assigned to conditions across subjects

(see below). We took care that the photographs of famous faces

did not contain “obvious” specific information (e.g., like a Golden

Globe statuette from the Hollywood Foreign Press Association).

Photographs of unknown faces were chosen to look like those

of famous people in terms of quality (professional photographs),

attractiveness (most of the photographs were of models), and emo-

tion so that subjects could not base their answers on these criteria.

Each image was 320 × 480 pixels. In order to verify that the stimu-

lus sets reached a satisfactory level of homogeneity, we performed

statistics on the whole image including the background and we

verified that the three sets had comparable mean gray-level values

[luminance: F(2, 1167) = 0.489, p = 0.61] and standard deviation

of gray-values [contrast: F(2, 1167) = 1.005, p = 0.37]. We also
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verified that animal faces, non-famous human faces, and famous

faces did not differed in term of luminance [F(2, 1167) = 1.288,

p = 0.28], contrast [F(2, 1167) = 1.667, p = 0.19], and size [num-

ber of pixels: F(2, 1167) = 0.927, p = 0.39] after having cropped

them from the background manually. We controlled that male and

female faces did not differ in size [F(1, 808) = 0.01, p = 0.94]. Fur-

thermore, we also verified other variables such as head orientation,

paraphernalia, race, and face expression between male and female

faces on the one hand and famous and unknown faces on the other

hand using post hoc analyses. Details are provided in Figure A2

and Table A1 in Appendix.

EXPERIMENTAL SETTING

Subjects sat in a dimly lit room, 90 cm from a 19�� CRT com-

puter screen (resolution: 1024 × 768; vertical refresh rate: 100 Hz)

controlled by a PC computer. Stimuli subtended a visual angle of

∼7.2 × 10.7˚. Photographs were displayed on a black background

using Eprime®software. Participants responded by raising their

fingers from an infrared response pad (e.g., Rousselet et al., 2003)

as quickly as possible.

EXPERIMENTAL DESIGN

Main experiment

The experiment consisted of a go/no-go task divided into six blocks

of 120 photographs (60 targets and 60 distractors). Two blocks

were used in each condition (Human/non-Human; Male/Female

or Female/Male; Famous/non-Famous). Importantly, half of the

stimuli in the gender condition were famous and half non-

famous faces chosen randomly from the same initial set of stimuli

that were used in the Famous/non-Famous condition. Stimuli

were randomly displayed within each condition. Famous faces

were randomly distributed between Gender and Famous/non-

Famous conditions across subjects. Unknown faces were randomly

distributed across the three conditions across subjects.

Subjects were trained before each condition with a separate set

of stimuli. These stimuli were used only in the training session in

order to familiarize subjects with the go no-go task and the rapid

presentation of the stimuli. These stimuli were never used again

in any experiment. All subjects performed one training session

except one subject who performed two. Subjects were instructed to

raise their fingers from a response pad as quickly as possible when

a target (human face in the Human/non-Human categorization

task, famous face in the Famous/non-Famous categorization task)

was presented (go response). Because some studies suggest that

humans categorized same-sex targets more quickly (e.g., Zárate

and Smith, 1990) and better (e.g., Wright and Sladden, 2003) than

opposite-sex targets, subjects were instructed to answer as fast as

possible when a male (for male subjects) or a female (for female

subjects) was presented during the Gender categorization task. At

the beginning of each trial, a fixation cross appeared for a ran-

dom interval (300–600 ms), followed by a photograph flashed for

100 ms and a black screen for 900 ms. Stimuli were trial-unique

in order to avoid repetition effect known to accelerate RTs (e.g.,

Ramon et al., 2011).

Control experiment

To determine whether reaction time in the Famous/non-Famous

task was related to the ability to accurately identify the Famous

faces, seven other subjects did another experiment in which they

learned all famous faces. They first performed a Famous/non-

Famous go/no-go task as described above [except that the task was

divided into three blocks of 180 photographs (90 famous and 90

non-famous faces)].

Then, these subjects performed four additional sessions of the

Famous/non-Famous task. They performed two additional ses-

sions per week for 2 weeks. Each go/no-go session was preceded by

a learning phase that consisted of learning all the target stimuli (the

270 famous faces), which remained the same over all five sessions.

Subjects were explicitly instructed to learn all stimuli. Famous

and unknown faces (which were different from non-famous face

distractors used in the following Famous/non-Famous go/no-

go task) were presented to the subject. Stimuli remained on the

screen until subjects pressed one button if the face was famous, or

another if the face was from the unknown set. After each response,

feed-back appeared on the screen to enhance accuracy.

In summary, famous face targets were presented a total of nine

times (four times during the explicit learning sessions, five times

during the test sessions). Non-famous face distractors were not

presented during the learning phase and were presented five times

during test sessions.

SPEED CONSTRAINTS

Stimuli were flashed quickly (100 ms) and subjects had to answer

within 1000 ms post-stimulus. Subjects performed training ses-

sions with a separate set of stimuli before each task and could

repeat the training if they wanted. Subjects were motivated to per-

form as quickly as possible by displaying median RT and false

alarm rates after each block. Furthermore, they received strong

encouragement before and between blocks to answer as fast as

possible. In particular, after each block, they were asked to “beat”

their RT score.

BEHAVIORAL PERFORMANCE ANALYSIS

Performance (accuracy) was the percentage of correct go and no-

go responses over the total number of stimuli. RTs under 200 ms

(considered as anticipation, Rousselet et al., 2003; 2 go-responses

out of 5848 analyzed in the present study) or above 1000 ms (38

responses) were discarded. RT latency analyses were performed

over all data and across subjects (e.g., Rousselet et al., 2003). To

obtain an estimation of the minimum processing time required

to recognize targets, the latency at which correct go-responses

started to significantly outnumber incorrect go-responses was

determined. The minimum processing time required to recognize

targets was calculated for the entire group as well as for each indi-

vidual subject. At the group level, a Chi-square test on 10 ms time

bins was used across trials (p < 0.001; Rousselet et al., 2003). In

order to calculate the minimum processing time for each individ-

ual, a Fisher’s exact test on 30 ms time bins was used (p < 0.05). To

correct for multiple comparisons, significance had to last 60 ms at

least and the beginning of the first significant bin was considered

as the minimum RT (Liu et al., 2009). A Kolmogorov–Smirnov test

showed that minimum, median, and mean RTs calculated for each

participant and for each image were not normally distributed.

Therefore, a Wilcoxon test was applied to compare minimum,

mean, and median RTs across conditions.

www.frontiersin.org October 2012 | Volume 3 | Article 454 | 3

http://www.frontiersin.org
http://www.frontiersin.org/Perception_Science/archive


Barragan-Jason et al. Famous face recognition

RESULTS

In the current experiment, we were interested in determining the

minimum reaction time needed to either detect (Human/non-

Human condition) or recognize (Famous/non-Famous condition)

a face. Because these two conditions involved the use of different

stimuli, subjects also performed a Gender categorization task on

the same set of stimuli to those used in the Famous/Non-Famous

condition.

MAIN EXPERIMENT

Figure 2A shows subjects’ performances. Subjects were more

accurate in the Human/non-Human (97.8%, SD = 1.4) than

in both Famous/non-Famous [74.9%, SD = 7.7; Z (17) = −5.11,

p < 0.0001] or Gender [93.6%, SD = 4.5; Z (17) = 4.85, p < 0.001]

conditions. Subjects were also more accurate in the Gender condi-

tion than in the Famous/non-Famous condition [Z (17) = −4.03,

p < 0.001].

We compared RT values between conditions. Participants were

slower in the Famous/non-Famous condition than they were in

the Human/non-Human condition whether computing minimum

[Z (13) = −5.17, p < 0.0001], mean [Z (17) = −5.11, p < 0.0001]

or median [Z (17) = −5.11, p < 0.0001] RTs (Figures 2B,C).

RTs in the Famous/non-Famous condition were also sig-

nificantly slower than in the Gender condition [minimum:

Z (13) = −5.14; p < 0.0001; mean: Z (17) = −5.11; p < 0.0001;

median: Z (17) = −5.11; p < 0.0001]. RTs in the Gender condition

were slower than in the Human/non-Human condition [mini-

mum: Z (17) = −2.21; p < 0.02; mean: Z (17) = −2.99; p < 0.003;

median: Z (17) = −2.20; p < 0.02]. The minimum RT in the

Famous/non-Famous condition could not be calculated for four

subjects because the ratio of correct/incorrect go-responses was

not large enough.

In order to verify that the slow RTs reported in the Famous/non-

Famous condition were not the result of a smaller number of

responses (accuracy was lower in the Famous/non-Famous con-

dition than in the two others), we conducted a bootstrap analysis

by computing the surrogate distribution of the median, based on

3000 resampling of n randomly picked RTs (n corresponding to

the number of trials obtained in the familiarity condition for each

subject). We then computed the difference between conditions

and estimated the 95% CI (confidence interval) of the distribu-

tion of mean difference across subjects. This analysis also showed

a significant difference between the three conditions (p < 0.001)

and confirmed that the significant time difference between the

Famous/non-Famous task and the two others was not due to the

smaller number of responses.

To determine if the time difference between conditions was

observed in each subject, intra-subject differences between condi-

tions were computed (Figure 2D). The average difference between

the Famous/non-Famous and the Human/non-Human condi-

tions across subjects was 182 (range: 120–300 ms) and 199 ms

(range: 103–315 ms) for minimum and median RTs respectively.

The average difference between the Famous/non-Famous and

gender tasks was 158 (range: 120–240 ms) and 170 ms (range:

94–262 ms) for minimum and median RTs respectively.

We also performed a RT analysis across trials (Figure 4) in

order to increase statistical power and again, a minimum dif-

ference of 190 ms was reported (250 vs. 440 ms) between the

Human/non-Human and the Famous/non-Famous conditions

and of 160 ms (280 vs. 440 ms) between the Famous/non-Famous

and the Gender condition.

We investigated whether there was a relationship between

famous faces RTs and accuracy, i.e., some faces could have been rec-

ognized faster with high accuracy and others slower with low accu-

racy. We computed the accuracy and median RTs for each famous

face individually but no relationship was identified (R2
= 0.09).

We also verified whether there was a relationship between accu-

racy and RTs across subjects. Again, no correlation was found in

the Famous/non-Famous condition between accuracy and mini-

mum or median RTs (R2
= 0.038/0.035 for minimum and median

respectively). Individual results are presented in Figure 3.

To identify whether strategies differed across tasks, we deter-

mined the C index (bias index; Snodgrass and Corwin, 1988)

and d � for each subject in each condition. Details of these results

are given in Table 1. Results showed that the C index was

different in the Famous/non-Famous condition from each of

FIGURE 2 | Results across subjects in the three conditions. Accuracy across subjects (A), minimum RTs (B), median RTs (C), and intra-subject difference

between median RTs (D) in the Famous/non-Famous and Human/non-Human conditions (left) and the Gender and Human/non-Human conditions (right).

Positive score indicates that the participants are slower on the Famous/non-Famous task vs. Gender or Human/non-Human. “+” signs indicate outliers.
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the two other conditions [Famous/non-Famous vs. Human/non-

Human: Z (17) = −4.83, p < 0.001; Famous/non-Famous vs. Gen-

der: Z (17) = −4.41, p < 0.001], indicating that subjects were

more conservative. d � in the Famous/non-Famous condition

was also significantly different from the two other conditions

[Famous/non-Famous vs. Human/non-Human: Z (17) = −5.11,

p < 0.001; Famous/non-Famous vs. Gender Z (17) = −4.63,

p < 0.001].

FIGURE 3 | Results for each participant. Each point represents the

performance of each subject (accuracy in functions of minimum in (A) and

median reaction times in (B)).Circles represent the mean group

performance. Vertical and horizontal lines represent SD. Minimum RTs

could not be calculated for four subjects in the Famous/non-Famous task.

As some authors have argued that familiarity could have

an effect on gender categorization (Rossion, 2002), we ana-

lyzed whether famous faces were categorized as male or female

faster than unknown faces. We found no significant difference

whether considering minimum [Z (16) = 0.054; p = 0.96], mean

[Z (17) = 0; p = 1], median RTs [Z (17) = −0.16; p = 0.87], or

accuracy [Z (17) = −1.57; p = 0.1]. The minimum RT of one

subject could not be calculated because of too many false alarms.

CONTROL EXPERIMENT

Participants were less accurate in the Famous/non-Famous condi-

tion (74.9%) than in both other conditions (>93%). We therefore

tried to enhance accuracy in the Famous/non-Famous condi-

tion by having subjects learn all famous faces over five sessions

(see Control Experiment in the Materials and Methods). Subjects’

accuracy rose from 72.8 to 89.6% [Z (6) = −3.08, p = 0.002; see

Table 2 for details], which appears comparable to what subjects

obtained in the main experiment during the Human/non-Human

and the Gender conditions (Table 1). However, even if RTs across

subjects decreased significantly (∼100 ms) from the first to the last

session [minimum: Z (6) = 2.19, p = 0.02; median: Z (6) = 2.04,

p = 0.04], RTs in the final session were still much slower (∼120 ms)

than in the Human/non-Human condition.

DISCUSSION

To some extent, our Human/non-Human categorization task can

be compared to the case of detecting the presence of a human

in a scene (e.g., the face of a hiker in the mountains). On the

other hand, our Famous/non-Famous task can be compared with

the ecological situation of walking in the street and unexpectedly

bumping into an acquaintance. In this study, we show that sub-

jects are, in general, slow when they have to recognize faces, even

under speed constraints. Their minimum RT was 467 vs. 285 ms in

the Human/non-Human categorization task. Analyses of median

RTs between the two conditions revealed a similar difference. Even

when data were analyzed across trials to increase statistical power,

a 190 ms time cost was observed between the two conditions (see

Figure 4). In other words, once a face has been detected, processes

lasting around ∼190 ms are needed to decide whether it is familiar

or not. This is a huge (50%) increase.

Table 1 | Average results across participants.

Human/non-human Famous/non-famous Gender

ACCURACY (%)

Mean 97.8 (1.4) [93.7–99.6] 74.9 (7.7) [61.2–89.6] 93.6 (4.1) [78.3–97.9]

Correct go 98.7 (1.9) [94.2–100] 58.1 (13.9) [34.2–81.71] 94.9 (3.6) [87.5–99.21]

Correct no-go 96.9 (2.1) [92.5–99.2] 91.7 (8.5) [73.3–99.2] 92.4 (7.4) [67.5–99.2]

d � 4.5 (0.60) [3.1–5.51] 1.8 (0.69) [0.78–2.9] 3.4 (0.67) [1.7–4.4]

C −0.32 (0.37) [−0.82–0.41] 0.70 (0.35) [−0.04–1.23] −0.06 (0.36) [−0.64–0.90]

RT (ms)

Mean 359 (34) [310–439] 581 (66) [479–710] 397 (34) [336–446]

Median 350 (31) [303–413] 549 (58) [460–667] 379 (34) [314–426]

Minimum 285 (23) [240–3301] 467 (48) [390–5701] 308 (33) [240–3601]

SD is indicated in round brackets. Range of individual responses (minimum and maximum) is indicated in square brackets.
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Table 2 | Average results from control experiment.

Session number Minimum RT (ms) Median RT (ms) Accuracy (%)

1 500 (199) [390–600] 597 (218) [474–709] 72.8 (2.3) [68.3–92.4]

2 471 (159) [390–570] 570 (195) [468–639] 86.5 (5.3) [77.4–93.7]

3 437 (141) [360–510] 524 (175) [440–610] 88.8 (4.1) [83.1–94.6]

4 416 (135) [360–510] 497 (161) [442–557] 89.9 (4.8) [79.4–93.1]

5 402 (45) [360–450] 488 (54) [393–541] 89.6 (4.7) [83.9–95.6]

Data from seven subjects except for session 5, which concerned only six subjects. SD is indicated in round brackets. Range of individual responses (minimum and

maximum) is indicated in square brackets.

FIGURE 4 | Reaction time distribution across trials. The vertical lines

show minimum RTs for each condition.

The rationale for choosing the Human/non-Human catego-

rization task as a reference was that it is widely agreed that such

a task can be performed “fast.” Furthermore, different theories

have been proposed to account for the efficiency with which

humans categorize objects (Fabre-Thorpe, 2011). However, this

raises an issue since both the tasks and stimuli were modified

between conditions (Schyns, 1998), although the tasks were based

on exactly the same paradigm. Furthermore, stimuli were obvi-

ously more similar in the Famous/non-Famous task (all were

human faces) than in the Human/non-Human categorization task

(human faces vs. animal faces). The time cost that we report

between the two conditions can therefore, in principle, come either

from the task or from visual similarity in the Famous/non-Famous

condition.

This issue was addressed in the Gender categorization task.

To the best of our knowledge, it is the first time that a gender

task has been run under speed constraints and for which min-

imum RT are provided. Stimuli were the same as those in the

Famous/non-Famous condition (unknown and famous human

faces intermixed), and the paradigm was also the same (fast go/no-

go on either males or females). The fast gender categorization task

was performed with a minimum RT of 280 ms across trials (308 ms

across participants). This is much less than the 440 ms (or 467

across participants) that we found in the Famous/non-Famous

condition, even for the fastest subjects. In contrary to previous

work (Rossion, 2002), no effect of famousness on gender cate-

gorization was observed. These results support the idea that the

time cost observed between the two conditions in our study was

not simply due to visual similarity in the Famous/non-Famous

condition. As mentioned previously, the set of stimuli and the

paradigm were the same in both the Famous/non-Famous and

Gender conditions. RTs differed largely however, suggesting that

subjects did not perform the same task. It is possible that sub-

jects were fast in the Gender condition because they could base

their answer on simple features (haircut for example), i.e., the

task was a feature detection task. In contrast, this implies that

face familiarity, when subjects have no clue about which person

is going to be presented next, cannot rely on such simple visual

mechanisms.

A second issue is related to the fact that accuracies in

the Human/non-Human and gender conditions were signifi-

cantly higher than in the Famous/non-Famous condition. This

suggests that task difficulty could account for the time delay

observed between conditions. A difference in accuracy was how-

ever expected. Since we used famous faces, we were also simulta-

neously probing each subject’s cultural knowledge, which varies

greatly in a population. There are some arguments against the

idea that task difficulty alone can account for the delay that

was observed. First, we performed a correlation analysis between

accuracy and mean RT computed for each famous face and no

correlation was found. This result indicates that famous faces that

were easily recognized by most subjects were not recognized faster.

Second, subjects who performed well on the familiarity condi-

tion (e.g., accuracy above 1 SD, see Figure 3) did not appear to

perform either slower or faster than the rest of the group. In accor-

dance, no correlation between accuracy and median or minimum

RTs was found across subjects. In a control experiment, subjects

were familiarized with all famous faces on five occasions before

being tested. Their accuracy rose to ∼90% but their minimum

RT was still 402 ms (median: 488 ms, see Table 2), that is about

120 ms more than in the Human/non-Human condition. Over-

all, this argues in favor of the idea that the time cost observed

between the Famous/non-Famous condition and the two other

conditions is not simply due to task difficulty but to the fact that

subjects, despite the paradigm being the same, performed the task

differently.

The analysis of the bias indicated that subjects were signifi-

cantly more conservative when they categorized faces as familiar

than when they performed the Human/non-Human or gender

categorization tasks (see Table 1). In our view, this result is in

agreement with the idea that subjects perform a different task and

could be explained by the fact that subjects access a person-related

knowledge system during the Famous/non-Famous condition.
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This person-related knowledge system is strongly related to

the social cognition system (both share largely overlapping

neural substrate, e.g., Olson et al., 2007; Zahn et al., 2009)

and would change the subjects’ bias (i.e., subject want to min-

imize false alarm, e.g., the probability to wrongly recognize a

person).

Categorization at the Human/non-Human level has been sug-

gested to rely on the first feed-forward sweep of activity through

occipito-temporal areas (Thorpe et al., 1996). Recently, it has been

proposed that rapid categorization could rely on the magnocellu-

lar pathway, i.e., on coarse but fast representations of objects that

could guide slower parvocellular processing (Fabre-Thorpe et al.,

2001; Macé et al., 2009; Fabre-Thorpe, 2011). Here, we find that

recognizing faces takes around 190 ms in addition. What happens

during this additional time?

Three main hypotheses can be formulated. First, the ability

to rapidly recognize familiar faces could rely on the same feed-

forward mechanisms that have been posited for superordinate

categorization. However, more areas would need to be recruited

in the so-called face-area network, hence taking more time. In

a recent review, DiCarlo et al. (2012) suggested that the ventral

stream can achieve fast feed-forward object recognition through

a cascade of local circuits basically applying the same process-

ing rule. These local circuits would progressively achieve image

invariance through a cascade of “identity-preserving image trans-

formations.” Although this model was mainly intended to explain

object recognition at the superordinate or basic level, it can also

be extrapolated to recognition at the individual level. In this case,

more time would be needed simply because more local circuits

(down the ventral stream) would need to be recruited. Whereas

superordinate categorization probably involves posterior areas

along the visual ventral stream, face recognition involves areas

up to the most anterior part of the visual ventral stream (i.e.,

the temporal poles). Convergent evidence implicates the ante-

rior temporal lobes in person processing, including studies of

brain-lesioned patients showing person agnosia (Joubert et al.,

2004, 2006), fMRI studies (Haxby et al., 2000), or single neu-

ron recordings in macaque monkeys (Freiwald and Tsao, 2010). It

is also in these areas that “person-specific” neurons of the sort

needed to identify famous persons are found (Quiroga et al.,

2005).

An alternative has been put forward by Hochstein and Ahissar

(2002), who distinguish vision-at-a-glance, based on implicit

and automatic processes along the feed-forward hierarchy, from

vision-with-scrutiny, based on conscious processes beginning at

the top of the hierarchy and “gradually returning as needed” to

the ventral stream (Hochstein and Ahissar, 2002; Hegdé, 2008)

in order to refine perceptual processes (Bullier et al., 2001). Gof-

faux et al. (2011) found that face-selective anterior infero-temporal

regions responded to brief presentation of faces filtered at low spa-

tial frequencies, suggesting that these areas could indeed receive

a first-pass of coarse information. Likewise, using intracerebral

recordings in epileptic patients, we found evidence of an early

period of activity (∼130 ms post-stimulus) in the inferior frontal

gyrus during a famous face recognition task. However, it was

followed by a period of massive parallel processes in the whole

visual ventral stream at 240 ms, during which vision-with-scrutiny

could take place (Barbeau et al., 2008). Interestingly, Sugase et al.

(1999) recorded neurons from the macaque temporal cortex and

found that category information was conveyed in the first part

of the neuronal firing rate, while fine information about iden-

tity was conveyed at a slower rate with a delay of about 50 ms.

They hypothesized that this time delay could allow inter-area and

feed-back communication. Within this framework, the delay we

identified from the Human/non-Human to Famous/non-Famous

condition could be related to such processes, which are specif-

ically needed to refine visual information when faces have to

be recognized. In this case, face recognition would not rely on

feed-forward mechanisms alone. Face recognition could to some

extent be considered as a type of categorization (known/unknown)

at a subordinate level, as suggested by the time cost observed

between the Human/non-Human and Famous/non-Famous con-

ditions. However, it is not any kind of subordinate level. It is the

most refined level of subordinate processing, where stimuli are

processed at the specific and single exemplar level. It could there-

fore be discussed whether subjects at this level perform a“category”

since there is only one exemplar of its kind. In our view, subjects

clearly go beyond categorization to focus on the exemplar level

(i.e., try to retrieve as much information as possible about the

face they attempt to recognize). Furthermore, face recognition has

the particularity to be accompanied by a sense of familiarity when

faces are known (e.g., the butcher-in-the-bus phenomenon, which

corresponds to the situation of recognizing someone as familiar,

while at the same time being unable to remember the circum-

stances of any previous meeting or anything else about the person,

e.g., Yovel and Paller, 2004). Because of these particularities, face

recognition probably relies on more complex visual mechanisms

than suggested in the feed-forward model, implying that it also

relies on different mechanisms than those used for superordinate

processing.

The third possibility is that subjects activate additional neural

systems, notably those related to person-knowledge, on top of, and

after, the visual processes. These systems are thought to rely on the

temporal poles (Gainotti et al., 2008) and could be accessed only

after familiarity with the face has been assessed.

These three possibilities do not contradict each other. Two sub-

jects were able to answer very fast in the Famous/non-Famous

condition at ∼390 ms (outliers in Figure 2B, see also Figure 3).

We suggest that these fast subjects can perform based on famil-

iarity only and that their performance may rely on a first-pass

through the whole visual ventral stream up to the highest areas

in the perirhinal cortex. However, most subjects cannot refrain

from accessing the person-knowledge system before answering

(as suggested by a different bias level). For example, Bruce and

Young (1986) suggested that trying to identify a person was com-

pulsory since we are “generally not satisfied that we know a

face until more than a sense of familiarity is achieved.” There-

fore in these subjects, both a period of feed-back processing to

refine visual information and simultaneous access to person-

knowledge stores would be necessary before they can answer,

which could account for the 190 ms time cost between the condi-

tions we found in most subjects. The 100–190 ms delay found

www.frontiersin.org October 2012 | Volume 3 | Article 454 | 7

http://www.frontiersin.org
http://www.frontiersin.org/Perception_Science/archive


Barragan-Jason et al. Famous face recognition

in this study imposes constraints on neural models of vision,

not by limiting the number of plausible computational steps,

but rather because models have to account for such lengthy

delays.

In conclusion, we show that subjects are relatively slow at rec-

ognizing famous faces despite the use of speed constraints. In

particular, they are slower than when they have to process faces in

Human/non-Human or Gender categorization tasks. These results

may appear to be at odds with previous studies that have contrasted

face processing at the superordinate and identity levels (Tanaka,

2001; Anaki and Bentin, 2009), which found exactly the opposite

pattern of results: faster RTs at the identity level than at the super-

ordinate level. However, a category verification label procedure

was used in these tasks which could have resulted in “top-down”

recognition. Our task relied on “bottom-up” recognition: we used

a large pool of faces, thus preventing subjects from pre-setting the

visual system for some specific diagnostic cues. It could be that the

visual hierarchy is always respected in bottom-up (purely visual)

recognition (Macé et al., 2009), but that it can be disrupted when

verbal/visual paradigms are used.
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APPENDIX

Table A1 | Comparison of visual characteristics across groups of photographs: head orientation (horizontal, vertical, slope, see Figure A2); race;

other [paraphernalia, teeth being visible or not, presence of an expression (here limited to the presence of a smile or not since it was the only

expression shown)].

Rate/category Male Female p Famous Non-famous(%) p

HORIZONTAL

1 1.0 5.0 0.007* 2.9 3.1 0.1

2 15.0 16.7 0.84 17.1 16.1 0.61

3 61.7 59.7 0.35 56.7 62.2 0.67

4 18.3 17.0 0.47 21.3 15.3 0.052

5 4.0 1.7 0.067 2.1 3.3 0.42

VERTICAL

1 0.3 1.0 0.35 0.8 0.6 0.65

2 7.7 4.7 0.093 3.8 8.1 0.054

3 88.7 90.3 0.59 90.4 88.9 0.47

4 3.3 4.0 0.78 5.0 2.5 0.089

5 0.0 0.0 No > value 0.0 0.0 No > value

SLOPE

1 0.7 1.0 0.71 0.4 1.1 0.38

2 7.3 10.0 0.38 2.9 11.4 0.0006*

3 85.3 80.7 0.18 88.3 81.1 0.16

4 6.7 7.7 0.81 8.3 5.8 0.19

5 0.0 0.7 0.17 0.0 0.6 0.26

RACE

Caucasian 92.7 91.7 0.37 94.2 92.5 0.46

Black 5.3 4.0 0.35 5.4 3.3 0.18

Asian 2.0 4.3 014 0.4 4.2 0.007*

OTHER

Paraphernalia 29.3 36.3 0.30 34.6 31.7 0.35

Smile 48.7 59.3 0.23 49.2 57.2 0.36

Teeth 37.3 50.0 0.068 40.8 45.6 0.62

A chi-square test was applied (between male and female face on the one hand and famous vs. non-famous face on the other hand) for statistical comparisons. Values

are reported in proportion (%) and the * sign corresponds to a significant p value. The ps here were uncorrected for multiple comparisons. Three comparisons were

found to be significant. Please note however that they are related to small percentage of photographs.
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FIGURE A1 | Examples of animal (A), unknown (B), and famous (C) faces used in the Human/non-Human and the Famous/non-Famous categorization

tasks.

FIGURE A2 | Description of horizontal (A), vertical (B), and slope (C) orientations, with number 1 used when the face was orientated between the first

and second position, 2 between position 2 and 3, 3 when the full-face was presented etc. Details of the results are provided inTable A1.
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Face recognition is supposed to be fast. However, the actual speed at which faces can

be recognized remains unknown. To address this issue, we report two experiments run

with speed constraints. In both experiments, famous faces had to be recognized among

unknown ones using a large set of stimuli to prevent pre-activation of features which would

speed up recognition. In the first experiment (31 participants), recognition of famous faces

was investigated using a rapid go/no-go task. In the second experiment, 101 participants

performed a highly time constrained recognition task using the Speed and Accuracy Boost-

ing procedure. Results indicate that the fastest speed at which a face can be recognized is

around 360–390 ms. Such latencies are about 100 ms longer than the latencies recorded

in similar tasks in which subjects have to detect faces among other stimuli. We discuss

which model of activation of the visual ventral stream could account for such latencies.

These latencies are not consistent with a purely feed-forward pass of activity throughout

the visual ventral stream. An alternative is that face recognition relies on the core network

underlying face processing identified in fMRI studies (OFA, FFA, and pSTS) and reentrant

loops to refine face representation. However, the model of activation favored is that of an

activation of the whole visual ventral stream up to anterior areas, such as the perirhinal

cortex, combined with parallel and feed-back processes. Further studies are needed to

assess which of these three models of activation can best account for face recognition.

Keywords: face recognition, familiarity, famous faces, go/no-go, SAB, speed constraints, memory

INTRODUCTION

The idea that face recognition is fast appears appealing (e.g.,

Bruce and Young, 1986; Jemel et al., 2010; Zheng et al., 2012).

So what is the fastest speed at which a face can be recognized?

Highly variable reaction times (RTs) have actually been reported

in studies of face recognition, ranging from 400 to 900 ms (mean

or median RTs, e.g., Kampf et al., 2002; Herzmann et al., 2004;

Caharel et al., 2005; Anaki et al., 2007; Baird and Burton, 2008;

Anaki and Bentin, 2009; Ramon et al., 2011; Barragan-Jason et al.,

2012). Such variability can be accounted for by numerous factors,

such as the number of stimuli (only one to hundreds), the use

of repeated or trial-unique stimuli, and the nature of the stim-

uli (photographs or drawings). Moreover, the variety of protocols

probably also accounts for some of this variability: yes/no (Caharel

et al., 2007) but also priming (Lewis and Ellis, 2000) or category-

verification (Rosch, 1975; Anaki and Bentin, 2009) tasks have been

used. Intriguingly, whereas it is common to use challenging tasks

in the field of object recognition, with the aim to address the fastest

speed at which objects can be recognized (e.g., go/no-go task in

Thorpe et al., 1996), this appears less common in the field of face

recognition.

“Face recognition”is an ambiguous term however, as it can refer

to either “top-down” or “bottom-up face recognition.” Top-down

recognition corresponds to the situation of looking for someone

in particular and involves the pre-activation of some diagnostic

features about the person to be recognized (e.g., Lewis and Ellis,

2000; Tanaka, 2001). Such a paradigm can presumably be per-

formed on the basis of a search for a few visual features and is

expected to be fast. In contrast, bottom-up recognition corre-

sponds to the situation of suddenly bumping into an acquaintance.

This implies that subjects do not have any expectation about

the face that will be presented, as in experiments where a large

number of photographs with different identities are used. We

can hypothesize that bottom-up recognition involves activation

of representations in memory and thus would be rather slow. For

example, in Lewis and Ellis (2000), different photographs of the

same famous person (vs. another person) were presented and sub-

jects had to press a different button for each identity. Authors

reported that under such condition, face recognition was possible

in 250 ms on average (after several repetitions) with an accuracy

that could reach 100%. Even if this was not explicit, this task is

clearly based on top-down face recognition processes. In contrast,

subjects performed in an experiment by Kampf et al. (2002) a

manual yes/no task on 144 famous faces presented among 244

unknown ones. Mean RT was 431 ms with an accuracy that varied

between 67 and 91%. In this case, the task is based on bottom-up

face recognition and RTs are much longer than in the previous

study that relied on top-down face recognition. The fastest speed

at which a face can be recognized thus clearly depends on the type

of paradigm (top-down or bottom-up) used.
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The speed at which a face can be recognized also depends on the

strategy used by subjects (Bentin and Deouell, 2000). In particular,

recognizing a familiar face in a bottom-up manner can be based

either on familiarity only or on identification, familiarity being

faster than identification (Yovel and Paller, 2004) in accordance

with hierarchical models of face recognition (Bruce and Young,

1986). Furthermore, it has been hypothesized that participants

may have difficulties preventing identification, that is, it is not

enough to find a face familiar, one has to retrieve some knowledge

about the identity of the person to behave appropriately (Bruce

and Young, 1986; Valentine, 2001). Hence, most RTs reported to

date may be rather long. This suggests that the speed of the fastest

answers in face recognition tasks cannot be properly assessed if

time constraints are not used to try to prevent participants from

accessing the identification level.

Overall, no clear picture has emerged about the real speed of

face recognition, mainly because no speed constraints have been

used to our knowledge. However, the fastest RTs reported to date

are around 400 ms. In Anaki et al. (2007), subjects had to cate-

gorize a large number of faces (180 famous and 180 unknown

faces) using a yes/no paradigm. Mean RT was 411 ms. In a recent

study by Ramon et al. (2011), minimum (not mean) RTs were

around 370 ms in a task in which subjects had to recognize per-

sonally known faces (28 classmates) among unknown matched

faces. It can thus be hypothesized that face familiarity should be at

least as fast as 400 ms, and probably faster if speed constraints are

used. Here, we report two experiments run with speed constraints

and concentrate on bottom-up recognition. In the first experi-

ment, participants had to recognize famous faces among unknown

ones during a rapid go/no-go task. In the second experiment, we

applied a new paradigm adding additional time constraints on

responses.

GENERAL METHODS

EXPERIMENTAL SETTING

Participants sat in a dimly lit room, 90 cm from a CRT com-

puter screen. Stimuli were presented using Eprime 2.0 software

and subtended a visual angle of ∼7.2 × 10.7. The photographs

were displayed on a black background. To answer, participants

had to raise their fingers from an infrared response pad as quickly

as possible (e.g., Rousselet et al., 2003).

BEHAVIORAL PERFORMANCE ANALYSES

Performance (accuracy) and bias were computed using d � and

C measures (Snodgrass and Corwin, 1988). Based on the Sig-

nal Detection Theory, these measures reflect respectively the dis-

crimination performance between targets and distractors and the

strategy used (positive if conservative, negative if liberal). As 0

and 100% cannot be Z -transformed, a correction was applied

where appropriate following Snodgrass and Corwin (1988). As

some participants failed to do the task [χ2-test between hits

and false alarms (FA), p < 0.05], their data were discarded from

further analyses (see Table 1 for details). RTs <200 ms were consid-

ered as anticipation and were discarded from analyses (Rousselet

et al., 2003; Barragan-Jason et al., 2012). To obtain an estima-

tion of the minimal processing time required to recognize targets,

the minimal behavioral reaction time (minRT) was computed

by determining the latency at which correct go-responses (hits)

started to significantly outnumber incorrect go-responses (FA;

Rousselet et al., 2003; Bacon-Macé et al., 2007). For each condi-

tion, the analyses were performed either across trials (by pooling

all trials from all participants for a given condition) and across

participants (mean of all participants’ individual mean perfor-

mances). Across-trial analyses have been used in previous studies

(Rousselet et al., 2003; Barragan-Jason et al., 2012; Besson et al.,

Table 1 | Results for each experiment.

Experiment 1:

speeded go/no-go

Experiment 2: SAB

Succeeded on the task/underwent the task N (%) 31/31 (100%) 87/101 (86.1%)

Accuracy (d �) Median 1.27 0.98

First and third quartiles [0.94; 1.51] [0.59; 1.32]

Range [0.38; 1.82] [0.33; 2.22]

Across trials 1.11 0.90

Bias (C ) Median 0.55 0.07

1st and 3rd quartiles [0.34; 0.85] [−0.13; 0.39]

Range [−0.13; 1.95] [−1.00; 1.78]

Across trials 0.54 0.09

Obtained a minRT N 30/31 (96.8%) 57/87 (65.5%)

Minimum RTs Median 555 420

First and Third quartiles [510; 600] [390; 480]

Range [390; 780] [360; 540]

Obtained a minRT at or before 420 ms N 2/31 (6.5%) 32/87 (36.8%)

Across trials 450 350

M, mean; N, number of participants; RT, reaction time; SD, standard deviation; minRT, minimal RT.
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2012) and are like building a “meta-participant,” reflecting the

performance over all the population. MinRTs across trials were

computed using 10 ms time bins and determined as the middle

of the first bin that was significant, χ
2-test, p < 0.05, followed by

at least three significant consecutive bins. Across participants, in

order to allow for the lower statistical power than with across-trial

data since there were fewer trials, we used 30 ms time bins and

a Fisher’s exact test (p < 0.05), followed by at least two signifi-

cant consecutive bins. Because of the non-normality of the data,

Wilcoxon non-parametric tests (to compare bias of participants

to 0) and non-parametric Spearman’s rank correlation coefficient

were used.

EXPERIMENT 1: RAPID GO/NO-GO CATEGORIZATION TASK

PARTICIPANTS

Thirty-one participants [17 female, median age: 24, (range: [19–

37]), 27 right-handers] with normal or corrected-to-normal vision

volunteered and gave their written informed consent to participate

in the experiment.

STIMULI

Stimuli consisted of 540 photographs of unknown human faces

and 270 photographs of famous faces (Brad Pitt, Bill Gates, etc.)

chosen in a previous experiment as being recognized by people

between 20 and 40 years old. All faces were presented in their nat-

ural context (i.e., they were not cropped and some background

could be seen). Photographs of unknown faces were chosen to

look like those of famous people in terms of quality (professional

photographs), attractiveness (most of the photographs were of

models) and emotion so that participants could not base their

answers on these criteria. Each image was 320 × 480 pixels. Both

series were comparable in luminance, contrast, number of pixels

of the face in the image (manually cropped from their back-

ground). We also controlled other factors such as head orientation,

emotion, and gaze (see supplementary Table 1 of Barragan-Jason

et al., 2012). Examples of stimuli are provided in Figure A1A in

Appendix.

PROTOCOL

Experiment 1 consisted of a go/no-go recognition task

(Famous/non-Famous recognition task) divided into three blocks

of 180 (90 targets randomly chosen from the famous face face stim-

ulus set and 90 distractors randomly chosen from the unknown

face stimulus set. Random selection of images was done individ-

ually for each participant). Participants were trained before each

condition with a specific set of stimuli. Participants were instructed

to raise their fingers from an infrared response pad (go response)

as quickly as possible when a target (a famous face) was presented.

At the beginning of each trial, a fixation cross appeared for a ran-

dom interval (300–600 ms), followed by a photograph flashed for

100 ms and a black screen for 1000 ms (Figure 1A). Stimuli were

randomly displayed in blocks and among participants.

SPEED CONSTRAINTS

Stimuli were flashed quickly (100 ms) and participants had to

answer before 1000 ms post-stimulus. Participants performed

training sessions with dedicated stimuli before each task and they

could repeat training if they wanted. After each block, includ-

ing the training session, mean RTs, and false-alarm rates were

displayed so that participants could monitor their performance.

Lastly, they received strong encouragement before and between

blocks to answer as fast as possible. In particular, after each block,

they were asked to “beat” their RT score.

RESULTS

Results across participants and across trials are presented in

Table 1. Individual results are presented in Figures 2A,B. No

participants failed to do the task and most of the participants

performed it well (d �: median = 1.27). Participants used a rather

conservative strategy, with a bias significantly different from

0 [Wilcoxon test, Z (31) = 488, p < 0.0001; C : median = 0.55;

Figure 2C]. The median of minRTs across participants was 555 ms

(range = [390–780]). Intriguingly, focusing on the fastest minRTs,

2 participants out of 31 (6.5%) had a minRT at 390 ms (with

the following bin at 420 ms being empty, Figure 2D). No cor-

relation was found between d � values and minRTs (ρ = −0.18,

p = 0.33; Figure 2A). Across trials, median RT was 626 ms and

minimal RT was 450 ms. The RT distribution is presented in

Figure 3.

DISCUSSION

This experiment is in agreement with a previous study (Barragan-

Jason et al., 2012) and suggests that participants were rather slow

overall since the median of minimal RTs was 555 ms, despite the

use of speed constraints. However, the variability of RTs across par-

ticipants was high. Intriguingly, two participants appeared much

faster than the rest of the group, yet showed comparable accuracy.

They appeared even faster than the across-trial minRT. This sug-

gests that the speed constraints we used in this experiment may not

have been optimal. We therefore tried to constrain participants to

use an even faster strategy in Experiment 2.

EXPERIMENT 2: THE SAB PROCEDURE: EXTREME SPEED

CONSTRAINTS

A recent study introduced the Speed and Accuracy Boosting (SAB)

procedure (Besson et al., 2012). This novel protocol is assumed to

constrain participants to use their fastest strategy and could thus

allow assessing whether speed constraints in Experiment 1 were

optimal or not. Basically, the SAB relies on a response deadline and

audio-feedbacks to constrain subjects to answer both quickly and

accurately (Figure 1B). We also increased the number of subjects

(N = 101) in order to determine a robust minimal RT.

PARTICIPANTS

A total of 101 participants (67 females) were included in this study

(median age: 25, range: [18–30],all right-handers). All participants

had normal or corrected-to-normal vision, volunteered, and gave

their written informed consent to participate in the experiment.

STIMULI

Stimuli consisted of 140 grayscale photographs of famous faces

(corresponding to the images that were recognized with the best

accuracy in experiment 1) and 140 unknown faces chosen ran-

domly in the set of 540 unknown faces that remained the same
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FIGURE 1 | Experimental designs. Example of one trial in the go/no-go

task (A) used in experiment 1 and the SAB procedure (B) used in

experiment 2. During the go/no-go task, a fixation cross appeared for a

random interval of 300–600 ms followed by the stimulus for 100 ms and a

black screen which remained for 1000 ms. In the SAB procedure, a fixation

cross appeared for a random interval of 300–600 ms followed by the

stimulus presentation. A gray screen remained for 600 ms, which

corresponded to the response deadline. If a go response was made before

this response deadline, audio-feedback was played: positive if it was a

target and negative if it was a distractor. In contrast, if a no-go response

was made, positive audio-feedback was given at the response deadline if it

was a distractor, negative if it was a target.

for all participants. Because a previous study had shown that the

SAB paradigm was highly demanding, all faces were cut out with

the same size (208 × 279 pixels, visual angle: ∼4.7 × 6.3˚) from

their context. Stimuli were presented one by one, in the center of

a gray screen. Examples of stimuli are provided in Figure A1B in

Appendix.

THE SAB PROCEDURE

Based on a classical go/no-go task, the SAB constrains participants

to answer before a response deadline following stimulus onset

(Figure 1B). Here, based on earlier results (Besson et al., 2012),

we used a response deadline of 600 ms (almost no subject can

perform the task with a deadline at 500 ms). If a go response was

made before this response deadline, an audio-feedback was played,

positive if the item was a target (hit), negative if the item was

a distractor (false-alarm). If a no-go response was made, audio-

feedback was given at the response deadline, positive if the item

was a distractor (correct no-go), or negative if the item was a tar-

get (omission). Before presentation of each item, a fixation cross

was displayed for a pseudo-random time between 300 and 600 ms.

Items were presented for 100 ms (included in the response dead-

line). Each experiment was preceded by two training blocks (for

each training block: 10 target stimuli, to be recognized among

10 distractor stimuli). The task was made of one block but a

self-paced pause was proposed every 20 items. A pause of min-

imum 30 s was provided in the middle of the experiment (after

140 items).

RESULTS

The results across participants and across trials are presented

in Table 1. Individual results are presented in Figures 2A,B.

Some participants (N = 14, i.e., 13.9%) failed to do the task, and

their results were discarded. Participants used a slightly conser-

vative strategy [C : median = 0.07; Wilcoxon test, Z (101) = 1403,

p = 0.02; Figure 2C]. Median d � for the other 87 participants was

0.98. A minRT could be calculated for 57 of the 87 participants. The

median of minRTs across participants was 420 ms (range = [360–

540]). A significant negative correlation was found between d �

values and minimal RTs (ρ = −0.52, p < 0.0001; Figure 2A).

Across trials, median RT was 439 ms and minRT was 350 ms. RT

distribution is presented in Figure 3.

Compared to Experiment 1, minRTs were clearly shifted to

the left (i.e., proportionally more participants performed at opti-

mal speed, Figure 2D). Additionally, a significantly different
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FIGURE 2 | Results from experiments 1 (dark gray) and 2 (light

gray). (A) Minimal RTs for each participant according to d � and their

correlation. Each point represents a participant. (B) p-Value of the

Fisher exact test computed between the number of hits and the

number of false alarms within each bin of 30 ms. Lines represent

individual participants, sorted by minRTs. (C) Boxplot of the bias (C )

for both experiments. (D) Distribution of minimal RTs for both

experiments.

bias was observed between the two experiments, participants

being more conservative in Experiment 1 than in Experiment 2

[U (31) = 2555, p < 0.0001; Figure 2C].

DISCUSSION

The main aim of this experiment was to determine the mini-

mum RT needed to recognize a face. With a large population,

this experiment showed that (1) a large proportion of participants

showed individual minRTs faster than 400 ms; (2) 360 ms was

the fastest individual minRT (350 ms across trials). Overall, this

experiment brings strong evidence that face recognition is possi-

ble in ∼360 ms and probably not faster than this. However, and

importantly, the fastest RTs were not much modified compared to

Experiment 1.

GENERAL DISCUSSION

The present study investigates the minimal time strictly necessary

to recognize a face. A large number of famous faces were used

in both experiments, preventing subjects from relying on arbi-

trary or idiosyncratic visual clues (i.e., specific hair styles) that

would have facilitated recognition. Our experiments thus clearly

assess the speed of bottom-up recognition. In Experiment 1, we

showed that participants could spontaneously recognize famous

faces in as little as 390 ms during a challenging go/no-go cate-

gorization task (range: [390–780]). A large variability in RTs was

observed among participants however. Fast participants (6.5%)

could recognize faces in only 390 ms, whereas slow participants

needed roughly 165 ms more to perform the same task. In Exper-

iment 2, we therefore employed the SAB procedure, which adds a

response deadline (here at 600 ms post-stimulus onset) to speed

up responses and an audio-feedback (i.e., positive or negative)

to optimize accuracy in order to encourage participants to use

their fastest strategy. This highly demanding task was efficient

since participants recognized famous faces faster, with a smaller

time range [360–540 ms], and without any speed/accuracy trade-

off. Across-trial minRTs shifted from 450 to 350 ms. However, the

gain in individual fastest minRTs was relatively small as it shifted

by only 30 ms, from 390 to 360 ms, suggesting that the fastest

participants in Experiment 1 were already (and spontaneously)

close to optimum performance. Across the two experiments, and

despite different conditions, it thus appears that human partici-

pants can recognize famous faces in as little as 360–390 ms and

that they cannot perform faster. This is much longer than the time

needed to detect faces in natural scenes (250–290 ms, reviewed

in Fabre-Thorpe, 2011) using similar behavioral paradigms. This

lower behavioral bound at 360 ms is also an upper bound for
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FIGURE 3 | RT distribution across trials with correct go-responses and

false alarms for experiment 1 (top) and experiment 2 (bottom). Vertical

lines indicate the minimal RT across trials.

neuronal processing. Given that about 100–130 ms are needed

for decision and motor responses (Kalaska and Crammond, 1992;

VanRullen and Thorpe, 2001b), this suggests that the fastest neural

processes underlying face familiarity have occurred by 260 ms.

This is clearly not in the time-window of the well-known com-

ponent peaking at 170 ms in M /EEG studies and thought to

index access to face representation. All in all, this suggests that

face familiarity requires specific processes beyond face detection

or access to face representation. These implications are discussed

below.

Recognition memory has been largely described as being sup-

ported by two processes, familiarity and recollection (Mandler,

1980; Yonelinas and Levy, 2002; Yonelinas et al., 2010). The for-

mer (mere feeling that an item has been experienced previously)

would be automatic and rapid, the latter (retrieval of specific

contextual details) would be more effortful and time consum-

ing (Juola et al., 1971; Brown and Aggleton, 2001; Rugg and

Curran, 2007; Besson et al., 2012; Staresina et al., 2012). There-

fore, we can hypothesize that a fast strategy relies merely on a

feeling of familiarity, whereas a slow strategy involves the rec-

ollection of information about the person, which takes time.

Most of the participants in Experiment 1 appeared to take some

time to produce their responses compared to two “fast” par-

ticipants. This appears to be in agreement with the idea that

most are not satisfied by a mere feeling of familiarity but also

need to identify the face (Bruce and Young, 1986; Valentine,

2001).

The SAB procedure was apparently successful at constraining

participants to rely on a faster, familiarity-based, procedure since

minRTs were clearly shifted toward a minimal boundary around

360–390 ms. Participants were found to be much less conservative

in Experiment 2 than in Experiment 1 (Figure 2C), supporting

the idea that participants used a different strategy. A conservative

strategy would be expected if participants were allowed some time

(even under speed constraints but without a response deadline)

so that they could optimize the hit rate and diminish FA, which

are socially inadequate. However, because stimuli were different

between experiment 1 and 2, it is possible that just using stimuli

of experiment 2 in experiment 1 would have generated the results

observed with the SAB procedure. It could be interesting to verify

this point in another study. Overall, both studies converge to a

minimal boundary at 360–390 ms.

What can this 360–390 ms time limit tell us about underlying

neural mechanisms? Considering the literature on rapid object

categorization, it seems that about 250–290 ms are needed to

produce reliable behavioral responses when categorizing visual

objects (Fabre-Thorpe et al., 2001; VanRullen and Thorpe, 2001a;

Rousselet et al., 2003; Joubert et al., 2007; Macé et al., 2009; Fabre-

Thorpe, 2011). Knowing that the time to trigger a manual response

is around 100–130 ms (Kalaska and Crammond, 1992; VanRullen

and Thorpe, 2001b), object categorization would rely on neural

activity starting at about 120 ms. Within this framework, Dicarlo

et al. (2012) suggest that object recognition is consistent with

feed-forward inter-area processing involving about 10 synapses

from the retina to high level visual areas [infero-temporal cortex

(IT)]. Considering that 10 ms are needed to transfer informa-

tion between each of these different areas, Dicarlo et al. (2012)

proposed that a first high level representation of the object can

be available around 100 ms after its presentation (e.g., Desimone

et al., 1984; Logothetis and Sheinberg, 1996; Liu et al., 2009). This

feed-forward hypothesis is consistent with recent behavioral stud-

ies showing that participants can initiate saccades toward visual

objects (faces, animals) in as little as 100–120 ms after stimulus

onset (Kirchner and Thorpe, 2006; Crouzet et al., 2010).

Here, we find that recognizing faces takes ∼100 ms longer

than object categorization. It could be proposed that face recog-

nition relies on the same feed-forward mechanisms that have

been posited for object categorization but with the recruitment

of additional areas higher up in the visual stream. Visual recogni-

tion has traditionally been considered as a hierarchical process

where visual representations become gradually more invariant

and specific along the pathway. Familiarity with a face requir-

ing the highest level of specificity, visual areas in the highest area

of the visual ventral pathway, such as the perirhinal cortex or

even the temporal pole, could be recruited for such a process.

Evidence in favor of the implication of the anterior temporal

lobes in person processing are numerous, including studies of

brain-lesioned patients suffering from person agnosia (Joubert

et al., 2004, 2006) and fMRI studies (e.g., Haxby et al., 2000).

Furthermore, medial temporal lobe structures such as perirhi-

nal and entorhinal cortex or hippocampus could be involved in

these processes, as their role in recognition memory tasks has

often been underlined (Bowles et al., 2007; Diana et al., 2007;

Montaldi and Mayes, 2010; Staresina et al., 2012) and as it is also

in these areas that “person-specific” neurons are found (Quiroga

et al., 2005). The perirhinal cortex, in particular, is the highest

area in the visual pathway and is thought to be a critical node

for familiarity (Barbeau et al., 2005, 2011; Aggleton and Brown,

2006).
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If face recognition is only feed-forward, roughly 10 addi-

tional synapses should be activated. However, direct projections

have been reported from IT to the perirhinal and temporal pole

(Suzuki and Amaral, 1994a,b) so that the additional time necessary

should be 20–30 ms at the very most. Thus, it appears implausi-

ble that face recognition should rely on a purely feed-forward

process.

Another possibility, proposed by Hochstein and Ahissar (2002),

distinguishes vision-at-a-glance based on feed-forward activity,

from vision-with-scrutiny, based on processes beginning at the

top of the hierarchy and “gradually returning as needed” to the

ventral stream (Hochstein and Ahissar, 2002; Hegdé, 2008) in

order to refine perceptual representations (Bullier et al., 2001).

In line with this idea, an early activity in response to faces

was observed at 130 ms in the anterior frontal gyrus, which

could signal to areas at the top of the hierarchy that a face

has been detected (Bar et al., 2006; Barbeau et al., 2008). Fur-

thermore, a period of massively parallel processing has been

identified in the whole visual ventral stream at 240 ms dur-

ing a famous/unknown recognition task in intracerebral record-

ings in epileptic patients (Barbeau et al., 2008). Additionally,

such latency could correspond to a differential activity between

famous and unknown faces in the perirhinal cortex (Trautner

et al., 2004). It is noteworthy that latencies in the hippocam-

pus are delayed by about 80–100 ms compared to those of the

perirhinal cortex (Trautner et al., 2004; Barbeau et al., 2008; Mor-

mann et al., 2008). Considering the 100–130 ms necessary to

trigger a manual response, this neural activity at 240 ms could

be the basis for the first reliable behavioral responses at 360 ms

observed in this study. Hence, face recognition would not rely

on a first pass of feed-forward activity, but would more plausi-

bly involve parallel processes implying both local and inter-area

feed-back communication within and among the whole ventral

stream.

An alternative can be formulated, however. A core network

for face processing involving the Occipital Face Area (OFA), the

Fusiform Face Area (FFA), and the posterior superior temporal

sulcus has been identified and studied extensively (Haxby et al.,

2000, 2001; Gobbini and Haxby, 2006). Because these areas, the

FFA and OFA in particular, show an adaptation effect for identity,

it has been proposed that this core network could be involved

in representing individual faces (Rossion, 2008, 2009). Conse-

quently, this core network could be sufficient to support face

recognition. Furthermore, based on the study of patients with

brain lesions, it has been proposed that this core network does

not rely on feed-forward processing (from posterior occipital

areas to the OFA to the FFA) but on connections from pos-

terior areas to the FFA, then back to the OFA using reentrant

loops (Rossion, 2008, 2009). Hence, the latency we observe for

familiarity-based recognition could be due to the time needed

for this reentrant processing to take place, for instance to refine

visual information. We believe this is a reasonable alternative to

the idea put forward above that face familiarity would require

the whole visual ventral stream and, to our mind, this alterna-

tive merits further investigation. At this stage however, we note

that the activity of this core network is probably reflected in the

component peaking around 170 ms recorded using M /EEG. This

component is supposed to reflect configural/holistic processes

(e.g., Gosling and Eimer, 2011) but some studies suggest that it

may also reflect individuation/recognition processes (e.g., Jemel

et al., 2010). Behavioral latencies reported in the current study

appear incompatible with this early component. Furthermore,

such a scheme would discard the role of the perirhinal cortex in

face recognition whereas, as already mentioned, this area appears

to be a key node in familiarity, and faces elicit prominent activity

in this region (Trautner et al., 2004; Dietl et al., 2005; Barbeau

et al., 2008).

It should be noted that a potential limit to our study is that

stimuli were different in Experiments 1 and 2, implying that per-

formance of the two tasks cannot be directly compared. However,

this is not a major problem since results in Experiments 1 and

2 are actually congruent on the idea that the fastest individ-

ual RTs occur around 360–390 ms, which is the main emphasis

of this study. Although more subjects performed around 360–

390 ms in Experiment 2, the use of easier stimuli and stronger

speed constraints did not allow them to be much faster than in

Experiment 1. Additionally, previous studies that used different

paradigms or type of stimuli reported behavioral latencies that

seem consistent with our results (418 ms in Anaki et al., 2007;

380 ms in Ramon et al., 2011; 431 ms in Kampf et al., 2002). Anaki

et al. (2007) and Kampf et al. (2002) studies were quite similar to

our experiments: they used similar categories of faces (famous vs.

unknown) and a comparable number of stimuli (180 targets vs.

180 distractors in Anaki et al. and 144 vs. 288 in Kampf et al.),

i.e., subjects were in a bottom-up recognition situation. However,

these authors used yes/no tasks rather than a go/no-go task as

here; they didn’t use any speed constraints and they focused on

mean rather than minimal RTs. In contrast, Ramon et al. (2011)

reported minimum RTs but a small set of faces was used (28

faces of classmates). The impact of this restricted set of faces on

speed remains to be determined. These previous studies suggest

that the lower bound for the fastest RTs were reached indepen-

dently of the conditions and stimuli used, confirming our current

results performed under speed constraints and in a bottom-up

situation.

In conclusion, the current study has determined that the very

minimal RT to recognize famous faces among unknown ones

is around 360–390 ms after stimulus onset. It seems that such

latencies are consistent with the speed of recognition memory

in general (i.e., objects and abstract patterns, Besson et al., 2012),

raising the question of whether the familiarity processes used to

recognize faces are face-specific or are related to a general famil-

iarity system. The SAB procedure seems an efficient method to

determine the minimal time needed to perform a cognitive task.

Such a method could be used to study other kinds of famil-

iar faces, such as personally known faces (Ramon et al., 2011)

or newly learned faces (Tanaka et al., 2006). We have discussed

which model of activation of the visual ventral stream could

account for such latencies. Three models were proposed and

the one favored to date is that of an activation of the whole

visual ventral stream up to anterior areas such as the perirhinal

cortex, combined with parallel and feed-back processes. Further

studies are needed to assess these three models of activation

better.
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APPENDIX

FIGURE A1 | Example of famous faces (green) and unknown faces (red) for experiment 1 in (A) and experiment 2 in (B).
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Upright TDFR-

NS    

Inverted 

TDFR-NS    

Upright 

TDFR-JH    

Inverted 

TDFR-JH

Succeeded to do the task/ 

underwent the task
N 5/5 10/10 10/10 5/5

Kept for analysis N 5 10 10 5

Accuracy (d') Mean 4.04 2.34 3.96 2.11

SD 0.96 0.23 0.26 0.50

range [2.64; 4.91] [2.04; 2.75] [3.56; 4.49] [1.75; 2.98]

Across trials 3.82 2.34 4.13 2.05
    

Bias (C) Median -0.00 -0.12 -0.23 -0.22

1st  and 3rd quartiles [-0.26; -0.00] [-0.35; -0.05] [-0.40; -0.11] [-0.28; 0.11]

range [-0.40; -0.00] [-0.42; 0.10] [-0.46; 0.11] [-0.41; 0.16]

Across trials -0.17 -0.18 -0.29 -0.16
    

Obtained a minRT N 5/5 10/10 10/10 5/5

    
Minimal RTs Median 300 345 300 360

1st  and 3rd quartiles [270; 330] [330; 360] [270; 300] [330; 360]

range [270; 330] [300; 390] [270; 330] [330; 360]

Across trials 310 300 260 330

Upright BUFR 

task    

Inverted BUFR 

task    

Upright TDFR 

task      

Inverted TDFR 

task        

Uprighted CAT 

task       

Inverted CAT 

task

Succeeded / 

underwent the 

task

N 15/18 (83.33%) 3/18 (16.67%) 18/18 18/18 18/18 18/18

Kept for analysis N 15 15 15 15 15 15

Accuracy (d') Mean 1.13 0.17 3.99 2.26 4.18 3.90

SD 0.48 0.27 0.55 0.34 0.52 0.47

range [0.50; 2.16] [-0.21; 0.61] [2.64; 4.91] [1.75; 2.98] [2.78; 4.91] [3.05; 4.91]

Across trials 1.08 0.16 4.03 2.24 4.20 3.99
      

Bias (C) Median 0.21 0.27 -0.21 -0.16 -0.19 -0.11

1st  and 3rd quartiles [0.02; 0.42] [-0.18; 0.69] [-0.40; -0.00] [-0.33; -0.01] [-0.30; -0.00] [-0.28; -0.00]

range [-0.10; 1.13] [-0.62; 2.46] [-0.46; 0.11] [-0.42; 0.16] [-0.52; 0.32] [-0.40; 0.00]

Across trials 0.25 0.27 -0.25 -0.17 -0.13 -0.16
      

Obtained a minRT N 11/15 (73.33%) 4/15 (26.66%) 15/15 15/15 15/15 15/15

      
Minimal RTs Median 420 510 300 360 270 270

1st  and 3rd quartiles [390; 442.5] [465; 555] [270; 322.5] [330; 360] [270; 270] [270; 300]

range [330; 540] [450; 570] [270; 330] [300; 390] [240; 300] [240; 330]

Across trials 380 520 260 300 240 250
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ARTICLE 4 : The neural dynamics of human face detection 

in the wild

Maxime Cauchoix *, Gladys Barragan-Jason*, Thomas Serre, Emmanuel Barbeau
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*?%" 1%(&%.<%1"',1-3.*),=" ,A" *?%" q!ca" )<" *?%" ?)>?" /.&).7)3)*9" ,A" *?%" A.(%" <*)'-3)" -<%1" T)="

*%&'<",A"%((%=*&)()*95"<)R%".=1"<?.+%V"(,'+.&%1"*,"+&%/),-<"<*-1)%<5"l?)(?"')>?*"1%(&%.<%"

*?%"*)'%S3,(n)=>"*,"<*)'-3-<",=<%*".=1"*?-<"1%(&%.<%"*?%"q!ca"./%&.>%".'+3)*-1%4"

P,"*?%"7%<*",A",-&"n=,l3%1>%5"*?%"&%<-3*<"+&%<%=*%1"?%&%".&%"*?%"A)&<*"*,"1%',=<*&.*%".*"*?%"

<)=3>%S*&).3"3%/%3"*?%"./.)3.7)3)*9",A"7%?./),&.339S&%3%/.=*")=A,&'.*),="A&,'"CCU"<)>=.3"1-&)=>"."

1)AA)(-3*"1%*%(*),="*.<n4"t?)3%":LdQ"?.<"7%%="%G*%=<)/%39"-<%1")="*?%"(,=*%G*",A"A:FO"<*-1)%<"

T<%%"P,=>"�"d&.**%5"#a!#" A,&" ." &%(%=*" &%/)%lV5" *?%"-<%",A" 1%(,1)=>" *%(?=)@-%<" A,&":fCCU"

.=.39<)<" ?.<" 7%%=" '.)=39" 3)')*%1" *," *?%" A)%31" ,A" 7&.)=" (,'+-*%&" )=*%&A.(%" TdWaa" <+%33%&5"

m.&l%33".=1"Z,=(?)=5"!ieeV4"L%&9"A%l"<*-1)%<"?./%")=/%<*)>.*%1"*?%"+,<<)7)3)*9"*,"&%.1"/)<-.3"

(.*%>,&9")=A,&'.*),="A&,'"=,=")=/.<)/%"?-'.="%3%(*&,+?9<),3,>)(.3"<)>=.3<4"Q',=>"*?%'5"."

:CU"<*-19"?.<"1%',=<*&.*%1"*?%"+,<<)73%"&%.1,-*",A"*?%"+,<)*),=",A",78%(*<"l)*?"&%3.*)/%39"

3,l" .((-&.(9" .=1" 3.*%" 3.*%=()%<" T)=(,'+.*)73%"l)*?" 7%?./),&.3" &%<-3*<" A&,'" N&,-R%*" %*" .345"

#a!aV"-<)=>".&*)A)().3"(&,++%1"<*)'-3)",A"A.(%<"/<4"*%G*-&%<".=1"?,-<%<"TN.&3<,="%*".345"#a!!V4"

Q=,*?%&" CCU" <*-19" &%.(?%1" ?)>?%&" 1%(,1)=>" .((-&.(9" *," 1%(,1%" 3)=%" 1&.l)=>" ,A" .=)'.3<"

/%&<-<" *,,3<" Tg)'.=,/."%*".345"#a!aV4"k,l%/%&5" *?%"/%&9" A%l"=-'7%&",A"%G%'+3.&<"-<%1"79"

(.*%>,&95" *?%" %/)1%=*" 3,l" 3%/%3" /)<-.3" 1)AA%&%=(%<" 7%*l%%=" *?%" *l," (.*%>,&9" .=1" *?%" ?)>?"

=-'7%&",A"+&%<%=*.*),="A,&"%.(?"<*)'-3)"-<%1"A,&"1%(,1)=>5"l.<")=(,=(3-<)/%"&%>.&1)=>"*?%"

&%.3" =.*-&%",A" *?%"1%(,1%1" )=A,&'.*),=4"b=" *?%" (,=*&.&9"?%&%"l%"-<%" ." 3.&>%"1.*.7.<%",A"

<*)'-3)"+&%<%=*%1",=39",=(%"*,"%.(?"<-78%(*4"

O="(,=(3-<),=5"1%*%(*),=",A"A.(%<" )="(,'+3%G"=.*-&.3"<*)'-3)" &%3)%<",="*l,"%.&39"(,=<%(-*)/%"

<*.>%<5"%.(?"l)*?"*?%)&",l="+&,+%&*)%<".=1"<*.&*)=>".<"%.&39".<"ea"'<4"

"
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1#330,/,$*-"B&J)6#",&\K&@,(=")3*)%$&%J&+%")e%$*-0&WGYA&C,"*)=-0&W!Y&-$E&(0%3,&W8Y&%"),$*-*)%$(&

"-*)$6&J"%/&\&*%&l&a)*+&$#/;,"&\&#(,E&a+,$&*+,&J-=,&a-(&%"),$*-*,E&;,*a,,$&*+,&J)"(*&-$E&

(,=%$E&3%()*)%$A&S&;,*a,,$&3%()*)%$&S&-$E&PA&P&a+,$&*+,&J#007J-=,&a-(&3",(,$*,E&,*=z&@,*-)0(&

%J&*+,&",(#0*(&-",&3"%C)E,E&)$&(#330,/,$*-"B&2-;0,&\K&

"

1#330,/,$*-"B&2-;0,&\K&>)(#-0&=+-"-=*,")(*)=(&%J&+#/-$&J-=,&(*)/#0)&(+%a)$6&*+,&3"%3%"*)%$&

%J& *+,&E)JJ,",$*&+,-E&%"),$*-*)%$(& W+%")e%$*-0A& C,"*)=-0A& (0%3,A& (,,& 1#330,/,$*-"B& :)6#",&\Yr&

/-0,A&"-=,r&%*+,"&W3-"-3+,"$-0)-A&*,,*+&;,)$6&C)();0,&%"&$%*A&3",(,$=,&%J&-$&,H3",(()%$&W+,",&

0)/)*,E&*%&*+,&3",(,$=,&%J&-&(/)0,&%"&$%*&()$=,& )*&a-(&*+,&%$0B&,H3",(()%$&(+%a$YA&-$E&6-e,&

E)",=*)%$&W)J&*+,&J-=,&)(&0%%I)$6&)$&*+,&,B,(&%"&$%*YK&

 Rate/Category Proportion (%) 

Horizontal 

1 4.2 

2 15.7 

3 61.2 

4 14.5 

5 4.4 

Vertical 

1 0.8 

2 7.4 

3 88.9 

4 2.7 

5 0.2 

Slope 

1 0.9 

2 2.3 

3 90.5 

4 5.9 

5 0.4 

Sex Male 47.1 

Race 
 

Caucasian 91.9 

Black 4.1 

Asian 4.0 

Other 
 

Paraphernalia 34.4 

Gaze 62.4 

Smile 61.7 

Teeth 53.7 

 "
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h%=*)="g5"Q33)<,="P5"d-(%"Q5"d%&%R"C5":(N.&*?9"U"T!ii^V"C3%(*&,+?9<),3,>)(.3"g*-1)%<",A"m.(%"

d%&(%+*),=")="k-'.=<4"$,-&=.3",A"(,>=)*)/%"=%-&,<()%=(%"eK]]!u]^]4"

h%=*)="g5"P.93,&":$5"F,-<<%3%*"UQ5"O*)%&"F$5"N.31.&."F5"g(?9=<"dU5"$.(@-%<"N5"F,<<),="h"T#aacV"

N,=*&,33)=>" )=*%&<*)'-3-<" +%&(%+*-.3" /.&).=(%" 1,%<" =,*" .7,3)<?" q!ca" A.(%" <%=<)*)/)*94"

q.*-&%"q%-&,<()%=(%"!aKea!uea#4"

h�*R%3"x5"g(?-3R%"g5"g*,1)%(n"gF"T!ii]V"g(.3+"*,+,>&.+?9".=1".=.39<)<",A")=*&.(&.=).3"<,-&(%<"

,A"A.(%S%/,n%1"+,*%=*).3<4"CG+"h&.)="F%<"!a\K!W]u!\W4"

N.&3<,=" PQ5" k,>%=1,,&=" k5" x.=.)" F5" :%<)n" $5" P-&&%*" $" T#a!!V" k)>?" *%'+,&.3" &%<,3-*),="

1%(,1)=>" ,A" ,78%(*" +,<)*),=" .=1" (.*%>,&94" $" L)<" !!" Q/.)3.73%" .*K"

?**+Kfflll4=(7)4=3'4=)?4>,/f+-7'%1f#!i#ae]!"�Q((%<<%1"g%+*%'7%&"#^5"#a!#�4"

N&,-R%*"g:5"x)&(?=%&"k5"P?,&+%"g$"T#a!aV"m.<*"<.((.1%<"*,l.&1"A.(%<K"A.(%"1%*%(*),=")="8-<*"

!aa"'<4"$"L)<"!aK!^4!u!c4"

Z%<)',=%5" F45" Z-=(.=5" $45" !ii]4" q%-&.3" '%(?.=)<'<" ,A" <%3%(*)/%" /)<-.3" .**%=*),=4" Q==-.3"

&%/)%l",A"=%-&,<()%=(%"!e5"!iWu###4"

Z)N.&3," $$5"},((,3.="Z5"F-<*"qN" T#a!#V"k,l"1,%<" *?%"7&.)="<,3/%"/)<-.3",78%(*"&%(,>=)*),=X"

q%-&,="cWK\!]u\W\4"

C)'%&":5"k,3'%<"Q" T#aa#V"Q="CFd"<*-19",=" *?%" *)'%"(,-&<%",A"%',*),=.3" A.(%"+&,(%<<)=>4"

q%-&,&%+,&*"!WK\#cu\W!4"

m.7&%SP?,&+%":" T#a!!V" P?%" (?.&.(*%&)<*)(<" .=1" 3)')*<" ,A" &.+)1" /)<-.3" (.*%>,&)R.*),=4" m&,=*"

d<9(?,3"#K#\W4"

m.="FSC5"N?%="dSk5"_)="NS$"T#aa]V"t,&n)=>"g%*"g%3%(*),="`<)=>"g%(,=1"b&1%&"O=A,&'.*),="A,&"

P&.)=)=>"g-++,&*"L%(*,&":.(?)=%<4"$":.(?"_%.&="F%<"^K!eeiu!i!e4"

m.&l%33" _Q5"Z,=(?)="C" T!ieeV"P.3n)=>",AA" *?%"*,+",A"9,-&"?%.1K"*,l.&1"."'%=*.3"+&,<*?%<)<"

-*)3)R)=>" %/%=*S&%3.*%1"7&.)=" +,*%=*).3<4" C3%(*&,%=(%+?.3,>&" N3)="q%-&,+?9<),3" caK]!au

]#W4"

k.3>&%="C5"F.)8"P5":.&)=n,/)("x5"$,-<'�n)"L5"k.&)"F"T#aaaV"N,>=)*)/%"&%<+,=<%"+&,A)3%",A"*?%"
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x)&(?=%&" k5" P?,&+%" g$" T#aa^V" `3*&.S&.+)1" ,78%(*" 1%*%(*),=" l)*?" <.((.1)(" %9%" ',/%'%=*<K"

/)<-.3"+&,(%<<)=>"<+%%1"&%/)<)*%14"L)<),="F%<"\^K!c^#u!cc^4"

"

_)-"k5"Q>.'"w5":.1<%="$F5"x&%)'.="U"T#aaiV"P)')=>5"*)')=>5"*)')=>K"A.<*"1%(,1)=>",A",78%(*"

)=A,&'.*),=" A&,'" )=*&.(&.=).3" A)%31"+,*%=*).3<" )="?-'.="/)<-.3" (,&*%G4"q%-&,="^#K#e!u

#ia4"
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_)-" $5"k.&&)<"Q5"x.=l)<?%&"q" T#aa#V"g*.>%<",A"+&,(%<<)=>" )=" A.(%"+%&(%+*),=K".=":CU"<*-194"

q.*"q%-&,<()"]Ki!aui!^4"
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<*-194"h),3"d<9(?,3"]aK!cWu!ei4"
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"

g+)&)1,=":5" x.=l)<?%&"q" T#aa#V" k,l" 1)<*&)7-*%1" )<" /)<-.3" (.*%>,&9" )=A,&'.*),=" )=" ?-'.="
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,&" *," <%/%&.3" )=*%&*l)=%1" +%&(%+*-.3" .=1" (,=(%+*-.3" A.(*,&<X" q.*-&%" q%-&,<()%=(%"

!aKea#ueaW4"
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We!K]#au]##4"
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^WK\eWu]ai4"
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ARTICLE 5 : The speed of face recognition: relating EEG to 

behaviour using MVPA

Gladys Barragan-Jason*, Maxime Cauchoix *, Emmanuel Barbeau

Soumis dans NeuroImage
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4.2 C'+&.1(!6M!?3(!57((,!#>!>%.(!'(.#=*&+&#*!P5#-$&5Q!

f$*"%E#=*)%$"K"_."19=.')@-%"03%(*&,+?9<),3,>)@-%"1%"3."&%(,==.)<<.=(%"%G+3)()*%"1%<"/)<.>%<"

&%<*%" *,-8,-&<" )=(,==-%" ;" (%" 8,-&5" 3%<" 1,==0%<" 1%" 3." 3)**0&.*-&%" &.++,&*.=*" 1%<" 3.*%=(%<"

/.&).=*" 1%" !]a" ;" +3-<" 1%" \aa" '<4" Z%" +3-<5" .-(-=" (,=<%=<-<" (,=(%&=.=*" 3%<" 03%(*&,1%<" ;"

(,=<)10&%&" =%" <%'73%" &0%33%'%=*" 0'%&>%&4" QA)=" 1%" 10*%&')=%&" 3." 3.*%=(%"

03%(*&,+?9<),3,>)@-%" ')=)'.3%" +,-&" &%(,==.j*&%" -=" /)<.>%" A.')3)%&" 1.=<" 1%<" (,=1)*),=<"

7,**,'S-+5" =,-<" ./,=<" 10()10" 12.++3)@-%&" =,*&%" '0*?,1%" 1%" :LdQ" +%&'%**.=*" 1%"

<2.7<*&.)&%" 1%" 3." <03%(*),=" 1%<" 03%(*&,1%<" 12-=%" +.&*" %*" 120*-1)%&" 3." &%(,==.)<<.=(%" 1%<"

/)<.>%<" 1.=<" 1%<" (,=1)*),=<" 0(,3,>)@-%<" 12.-*&%" +.&*" T(2%<*S;S1)&%" +&0<%=*0<" 1.=<" -="

(,=*%G*%"=.*-&%35"/,)&"Q&*)(3%"\V4"Z%"+3-<5".A)="12)1%=*)A)%&" 3%<" 3.*%=(%<"')=)'.3%<5" 3%<"<-8%*<"

<,=*"(,=*&.)=*<";"&0+,=1&%"3%"+3-<"&.+)1%'%=*"+,<<)73%4"

"

?D*+%E,"K"`=%".=.39<%":LdQ"."0*0"&0.3)<0%"<-&"3%"<)>=.3"CCU"W#"1%"#e"<-8%*<"%=>.>0<"1.=<"

-=%"*I(?%"1%"&%(,==.)<<.=(%"&.+)1%"1%"/)<.>%<"(03B7&%<"+.&')"1%<")=(,==-<4""

"

'D(#0*-*("K"_%<"/)<.>%<"(03B7&%<"+%-/%=*"6*&%"10(,10<"1%<"/)<.>%<")=(,==-<"1B<"#Wa"'<".+&B<"

3."+&0<%=*.*),="1-"<*)'-3-<4"N%**%" 3.*%=(%"%="10(,1.>%"%<*"*&B<"+&01)(*)/%"1%" 3."/)*%<<%"1%"

&%(,==.)<<.=(%"1-"<-8%*4"C="%AA%*5"3%<"%<<.)<"3%<"+3-<"&.+)1%<"T)=A0&)%-&<".-"*%'+<"1%"&0.(*),="

'01).=<V"<,=*"10(,10<"ia"'<"+3-<"&.+)1%'%=*"T;"#aW"'<V"@-%"3%<"%<<.)<"3%=*<"T<-+0&)%-&<".-"

*%'+<" 1%" &0.(*),="'01).=" 10(,10<" ;" #ei"'<V" 12-=%" +.&*" %*" 3%<" 3.*%=(%<" )=1)/)1-%33%<" %="
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Rate/ 

Category 

Famous 

(%) 

Non-Famous 

(%) 
p  

Horizontal 

1 3.0 4.2 0.5 

2 15.3 15.7 0.9 

3 59.2 61.2 0.8 

4 20.7 14.5 0.02* 

5 1.8 4.4 0.08 

Vertical 

1 0.7 0.8 0.9 

2 3.4 7.4 0.04* 

3 91.5 88.9 0.3 

4 4.4 2.7 0.2 

5 0.0 0.2 0.5 

Slope 

1 0.4 0.9 0.4 

2 3.3 2.3 0.3 

3 88.9 90.5 0.7 

4 7.4 5.9 0.3 

5 0.0 0.4 0.3 

Race 
 

Caucasian 93.3 91.9 0.4 

Black 6.3 4.1 0.1 

Asian 0.4 4.0 0.004* 

Other 
 

Paraphernalia 35.2 34.4 0.5 

Gaze 51.8 62.4 0.2 

Smile 52.2 61.7 0.3 

Teeth 41.5 53.7 0.06 
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d-(%5" Q45" Q33)<,=5" P45" :(N.&*?95" U45" !iii4" C3%(*&,+?9<),3,>)(.3" <*-1)%<" ,A" ?-'.=" A.(%"

+%&(%+*),=4" OOOK" CAA%(*<",A" *,+S1,l="+&,(%<<)=>",=" A.(%S<+%()A)("+,*%=*).3<4"N%&%74"N,&*%G"i5"

\\]u\]e4"

"

o-)&,>.5"F4o45"F%1195"_45"x&%)'.=5"U45"x,(?5"N45"m&)%15"O45"#aa]4"O=/.&).=*"/)<-.3"&%+&%<%=*.*),="

79"<)=>3%"=%-&,=<")="*?%"?-'.="7&.)=4"q.*-&%"\W]5"!!a#u!!ac4"

"

F.',=5":45" N.?.&%35" g45" F,<<),=5" h45" #a!!4" P?%" <+%%1" ,A" &%(,>=)*),=" ,A" +%&<,=.339" A.')3).&"

A.(%<4"d%&(%+*),="\a5"\Wcu\\i4"

"

F,<<),=5" h45" N.?.&%35" g45" #a!!4" CFd" %/)1%=(%" A,&" *?%" <+%%1" ,A" A.(%" (.*%>,&)R.*),=" )=" *?%"

?-'.="7&.)=K"Z)<%=*.=>3)=>" *?%"(,=*&)7-*),=",A" 3,lS3%/%3"/)<-.3"(-%<" A&,'"A.(%"+%&(%+*),=4"

L)<),="F%<4"]!5"!#icu!W!!4"

"

F,<<),=5" h45" $.(@-%<5" N45" #aae4" Z,%<" +?9<)(.3" )=*%&<*)'-3-<" /.&).=(%" .((,-=*" A,&" %.&39"

%3%(*&,+?9<),3,>)(.3"A.(%"<%=<)*)/%"&%<+,=<%<")="*?%"?-'.="7&.)=X"P%="3%<<,=<",="*?%"q!ca4"

q%-&,)'.>%"Wi5"!i]iu!ici4"

"

F,-<<%3%*5" U4Q45" k-<n5" $4g45" h%==%**5" d4$45" g%n-3%&5" Q4h45" #aac4" g)=>3%S*&).3" CCU" 19=.')(<" ,A"

,78%(*".=1"A.(%"/)<-.3"+&,(%<<)=>4"q%-&,)'.>%"W^5"e\Wue^#4"

"

F,-<<%3%*5"U4Q45":.(05":4$4S:45"m.7&%SP?,&+%5":45"#aaW4"O<")*".=".=)'.3X"O<")*"."?-'.="A.(%X"

m.<*"+&,(%<<)=>")="-+&)>?*".=1")=/%&*%1"=.*-&.3"<(%=%<4"$"L)<"W5"\\au\]]4"

"



!c#"
"

F,-<<%3%*5"U4Q45"d%&=%*5"N4F45"#a!!4"o-.=*)A9)=>"*?%"P)'%"N,-&<%",A"L)<-.3"b78%(*"d&,(%<<)=>"

`<)=>"CFd<K"O*2<"P)'%"*,"`+"*?%"U.'%4"m&,=*"d<9(?,3"#5"!ac4"

"

g.>.=5"N45" !ii]4" P?%"Z%',=Sk.-=*%1"t,&31" S" g()%=(%" .<" ."N.=13%" )=" *?%"Z.&n4"q%l"w,&nK"

F.=1,'"k,-<%4"Oghq"aSWi\S]W]!#S�4"

"

g(?,3*%5" k4g45" U?%7&%.75" g45" t.31,&+5" _45" g'%-31%&<5" Q4t4:45" _.''%5" L4Q4m45" #aai4" h&.)="

&%<+,=<%<"<*&,=>39"(,&&%3.*%"l)*?"t%)7-33")'.>%"<*.*)<*)(<"l?%="+&,(%<<)=>"=.*-&.3")'.>%<4"$"

L)<"i5"#i4!u!]4"

"

g(?l%)=7%&>%&5"g4F45"k-1195"L45"h-&*,=5"Q4:45"#aa\4"q#]a&K"."A.(%S<%3%(*)/%"7&.)="&%<+,=<%"*,"

<*)'-3-<"&%+%*)*),=<4"q%-&,&%+,&*"!]5"!]a!u!]a]4"

"

g(?l%)=7%&>%&5" g4F45" d)(n%&)=>5" C4N45" h-&*,=5" Q4:45" x.-A'.==5" $4:45" #aa#.4" k-'.=" 7&.)="

+,*%=*).3" (,&&%3.*%<",A" &%+%*)*),="+&)')=>" )=" A.(%" .=1"=.'%" &%(,>=)*),=4"q%-&,+<9(?,3,>)."

\a5"#a]cu#acW4"

"

g(?l%)=7%&>%&5"g4F45"d)(n%&)=>5"C4N45"$%=*R<(?5"O45"h-&*,=5"Q4:45"x.-A'.==5"$4:45"#aa#74"C/%=*S

&%3.*%1"7&.)="+,*%=*).3"%/)1%=(%"A,&"."&%<+,=<%",A" )=A%&),&" *%'+,&.3"(,&*%G" *," A.')3).&" A.(%"

&%+%*)*),=<4"h&.)="F%<"N,>="h&.)="F%<"!\5"Wieu\ai4"

"

P.=.n.5" $4t45" N-&&.=5" P45" d,&*%&A)%315" Q4_45" N,33)=<5" Z45" #aa^4" Q(*)/.*),=" ,A" +&%%G)<*)=>" .=1"

.(@-)&%1" A.(%" &%+&%<%=*.*),=<K" *?%" q#]a" %/%=*S&%3.*%1" +,*%=*).3" .<" .=" )=1%G" ,A" A.(%"

A.')3).&)*94"$"N,>="q%-&,<()"!e5"!\eeu!\ic4"

"

P?,&+%5"g45"m)R%5"Z45":.&3,*5"N45"!ii^4"g+%%1",A"+&,(%<<)=>")="*?%"?-'.="/)<-.3"<9<*%'4"q.*-&%"

We!5"]#au]##4"

"

P,115" F4:45" _%l)<5" :4Z45" :%-<%35" _4SQ45" }%3.R,5" d4Z45" #aae4" P?%" *)'%" (,-&<%" ,A" <,().3S

%',*),=.3" +&,(%<<)=>" )=" %.&39" (?)31?,,1K" CFd" &%<+,=<%<" *," A.().3" .AA%(*" .=1" +%&<,=.3"

A.')3).&)*9")="."U,Sq,>,"*.<n4"q%-&,+<9(?,3,>)."\^5"]i]u^!W4"

"

P,&&.37.5"Q45"b3)/.5"Q45"#aaW4"g*.*)<*)(<",A"=.*-&.3")'.>%"(.*%>,&)%<4"q%*l,&n"!\5"Wi!u\!#4"

"

P&.-*=%&5"d45"Z)%*35"P45"g*.%1*>%=5":45":%(n3)=>%&5"Q45"U&-=l.315"P45"C3>%&5"N4C45"x-&*?%=5":45"

#aa\4" F%(,>=)*),=" ,A" A.',-<" A.(%<" )=" *?%" '%1).3" *%'+,&.3" 3,7%K" .=" )=/.<)/%" CFd" <*-194"

q%-&,3,>9"^W5"!#aWu!#ae4"

"

P-3/)=>5"C45"!ie]4":%',&9".=1"(,=<(),-<=%<<4"N.=.1).="d<9(?,3,>9fd<9(?,3,>)%"N.=.1)%==%"

#^5"!4"

"



!cW"
"

L.=F-33%=5"F45"P?,&+%5"g4$45"#aa!4"O<")*"."7)&1X"O<")*"."+3.=%X"`3*&.S&.+)1"/)<-.3"(.*%>,&)<.*),=",A"

=.*-&.3".=1".&*)A.(*-.3",78%(*<4"d%&(%+*),="Wa5"^]]u^^e4"

"

t)31St.335" q45" Z)')>%=5" b45" g,''%&5" t45" #aae4" O=*%&.(*),=" ,A" A.().3" %G+&%<<),=<" .=1"

A.')3).&)*9K"CFd"%/)1%=(%4"h),3"d<9(?,3"cc5"!Weu!\i4"

"

w,/%35"U45"d.33%&5"x4Q45"#aa\4"P?%"=%-&.3"7.<)<",A"*?%"7-*(?%&S,=S*?%S7-<"+?%=,'%=,=K"l?%="

."A.(%"<%%'<"A.')3).&"7-*")<"=,*"&%'%'7%&%14"q%-&,)'.>%"#!5"ceiueaa4"

"

}?%=>5"�45":,=13,(?5"N4$45"g%>.3,l)*R5"g4$45"#a!#4"P?%"*)')=>",A")=1)/)1-.3"A.(%"&%(,>=)*),=")="

*?%"7&.)=4"q%-&,+<9(?,3,>)."]a5"!\]!u!\^!4"

&&

&&

& &



!c\"
"

6 D&5.-55&#*!=0*0'%1(!(+!7('57(.+&<(5!

5.1 ;%!'(.#**%&55%*.(!,(5!<&5%=(5!>%$&1&('5W!-*!+'%&+($(*+!'%7&,(!L!

Q"32I>%".1-3*%5"(?.(-="1%"=,-<"(,==.j*"1%<"(%=*.)=%<5"<)"(%"=2%<*"1%<"')33)%&<"1%"+%&<,==%<"

1)AA0&%=*%<5" (%<" (?)AA&%<"=%" *%=.=*"'6'%"+.<" (,'+*%"1%" 32./B=%'%=*"1%<" &0<%.-G" <,().-G"

/)&*-%3<" *%3<" @-%" m.(%7,,n" ,-":gq4" _%" /)<.>%" 12-=%" +%&<,==%" 8,-%" -=" &M3%" (30" 1.=<" (%**%"

&%(,==.)<<.=(%4""

"

:.3>&0" <,=" .++.&%=*%" (,'+3%G)*05" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<" %<*" <-++,<0%" 6*&%" -="

+&,(%<<-<" &.+)1%" %*" %AA)(.(%4" N%+%=1.=*5" 3." /)*%<<%" 1%" &%(,==.)<<.=(%" 12-=" /)<.>%" A.')3)%&"

&%<*.)*")=(,==-%5"3%<"1,==0%<"1%"3."3)**0&.*-&%"0*.=*"*&B<"/.&).73%<4""

"

_2,78%(*)A" +&)=()+.3" 1%" (%**%" *?B<%" 0*.)*" 1%" 10*%&')=%&" (%**%" /)*%<<%" .-" =)/%.-"

(,'+,&*%'%=*.3"%*"03%(*&,+?9<),3,>)@-%".A)="1%"<2%="<%&/)&"+,-&"(,=*&.)=1&%"3%<"',1B3%<"1%"

&%(,==.)<<.=(%" 1%<" /)<.>%<4" `=" <%(,=1" ,78%(*)A" 0*.)*" 1%" (,'+.&%&" (%**%" /)*%<<%" 1%"

&%(,==.)<<.=(%".-G"3.*%=(%<",7*%=-%<"1.=<"1%<"*I(?%<"1%"(.*0>,&)<.*),=5"*I(?%<"<-++,<0%<"

&.+)1%<5"=,-<"+%&'%**.=*".)=<)"12.AA)=%&"=,<"?9+,*?B<%<"<-&"3%<"'0(.=)<'%<"(0&07&.-G"<,-<S

8.(%=*<4""

5.1.1 A quelle vitesse reconnaît-on un visage familier ? 

Q"!"!"! #$%&*+-,%3*%'.(/&);$%)$/;+-'*,,)>9*%3*%<RS%+,%

_2,78%(*)A"+&)=()+.3"1%"=,<"*&./.-G"0*.)*"1%"10*%&')=%&"3."/)*%<<%"1%"3."&%(,==.)<<.=(%"1%"*9+%"

7,**,'S-+"1%<"/)<.>%<"A.')3)%&<" T/)<.>%<"(03B7&%<"/<"/)<.>%<" )=(,==-<VK"_."/)*%<<%"')=)'.3%"

1%"3."&%(,==.)<<.=(%"1%<"/)<.>%<"A.')3)%&<"%<*"1%"PQR7P]R&/(4""

"

N,''%=*" ./,=<S=,-<" 10*%&')=0" (%**%" /.3%-&"X" _%<" &0<-3*.*<" 1%" 3." *I(?%" 1%" >,f=,S>,"

',=*&%=*" -=" *%'+<"')=)'-'"12%=/)&,=" \ca"'<" ;" *&./%&<" 3%<" <-8%*<" T\\a"'<" ;" *&./%&<" 3%<"

%<<.)<V"1.=<"32Q&*)(3%"!"%*"1%"]]]"'<"T\^a"'<";"*&./%&<"3%<"%<<.)<V"1.=<"32Q&*)(3%"#4""N%+%=1.=*5"

32.=.39<%")=1)/)1-%33%"1%<"*%'+<"1%"&0.(*),="')=)'.-G"&0/B3%"@-%"@-.*&%"<-8%*<"<-&"]i"T1%-G"

<-8%*<"1.=<"32Q&*)(3%"!"%*"1%-G"1.=<"32Q&*)(3%"#V"<,=*"(.+.73%<"1%"&0.3)<%&"3."*I(?%"1B<"W^aSWia"

'<4" Q)=<)5" .A)=" 1%" /0&)A)%&" <)" (%<" *%'+<" 1%" &0.(*),=" +3-<" &.+)1%<" <,=*" .=%(1,*)@-%<" ,-"

&0%33%'%=*"&%+&0<%=*.*)A<5"=,-<"./,=<"10/%3,++0"-=%"*I(?%"12.++&%=*)<<.>%"TQ&*)(3%"!V"%*"-="



"

=,-/%.-"+.&.1)>'%"Tg+%%1".=1"

1%"+,-<<%&"3%<"<-8%*<";"&0+,=1&%

_." *I(?%"12.++&%=*)<<.>%"(,=<)<

<%+*"<-8%*<"T()=@"<-8%*<"1)*<"=,&'

!V" @-)" &0.3)<.)%=*" %=<-)*%" @-.*

&0<-3*.*<"1%"(%**%"+&%')B&%"%G+

(.+.73%<"1%" &0+,=1&%"%="Wia"'

0*.)%=*"<+,=*.=0'%=*"&.+)1%<"<

&0.(*),=5" -=%" 1)')=-*),=" 1%" <%

1%&=)B&%"<0.=(%"T<,)*"-="PF"')=)

=%"+-)<<%"+.<"6*&%"%AA%(*-0%"./.

"

(%)*#"&\P&O41*0>3>1&2"&03&>g$="&2C3//#

2*& >"./1&2"& #43$>%5<&.42%3<&5A>"<*1

$3>4)5#%13>%5<&1*/"#5#25<<4"&"<&A0"

<5#.3*-:E& 0"1& $3##41E& $"00"1& 2"1& 1

$5##"1/5<23<>&B&03&/#".%U#"&1"11%5<&

2"&#"$5<<3%113<$"E&*<"&3.40%5#3>%5<&

2"1& 1"11%5<1;& _"/"<23<>E& 1"*01& 0"1& 1

1*S">1&#3/%2"1&<C3.40%5#3<>& 0"*#&>"./1

2"1& >"./1& 2"& #43$>%5<& <C"1>& 5A1"#?

>"./5#"0&2"&dY&.1&3*&.%<%.*.&"1>&5

%%1".=1"Q((-&.(9"h,,<*)=>"+&,(%1-&%5"gQh"5"/,)&"#4!

0+,=1&%"3%"+3-<"&.+)1%'%=*"+,<<)73%4""

%" (,=<)<*.)*" ;" A.)&%".++&%=1&%" 3%<" <*)'-3)" ()73%<" T/)<

1)*<"=,&'.-G"(?,)<)<".30.*,)&%'%=*"%*"3%<"1%-G"<-8%*

)*%" @-.*&%" <%<<),=<" .11)*),==%33%<" 1%" 3." *I(?%" 1%"

')B&%"%G+0&)%=(%"(,'+30'%=*.)&%"',=*&%=*"@-%"*,-

="Wia"'<" Tm)>-&%"WiV4"Z%"'.=)B&%" )=*0&%<<.=*%5" 3%<

.+)1%<"<%'73%=*"@-.=1";"%-G")=(.+.73%<"12.'03),&%

,=" 1%" <%-3%'%=*" Wa" '<" 0*.=*" ,7<%&/0%" %=*&%" 3."

-="PF"')=)'-'"1%"W^a"'<V4"Q)=<)5")3"<%'73%&.)*""@-%"3.

*-0%"./.=*"W^aSWia"'<4"

"&2C3//#"<>%113)"&#430%14"&23<1&0CK#>%$0"&+&#"/#41"<>3<>&03&/

<&5A>"<*1&23<1& 03& >g$="&2"& #"$5<<3%113<$"&"<&A0"*& F5<$4&

"&"<&A0"*&$03%#;&G"1&$"#$0"1&#"/#41"<>"<>&0"1&/"#F5#.3<$"1&2

1& 2"1& 1*S">1& #3/%2"1;& _=3@*"& $=%FF#"& #4FU#"& B& *<"& 1"1

&1"11%5<&2"&03&>g$="&2"&)5j<5])5&2"&0C"-/4#%"<$"&+&2"&0CK#>%$

%5#3>%5<&1%)<%F%$3>%?"&2"&03&/#4$%1%5<&"1>&5A1"#?4"&/5*#&0"1&2"*

*01& 0"1& 1*S">1& 0"<>1& 3.40%5#"<>& 1%)<%F%$3>%?"."<>& 0"*#1& >".

"*#&>"./1&@*"&2"&\Y&.1;&K*&$5<>#3%#"E&3*$*<"&3.40%5#3>%5<

>& 5A1"#?4"& /5*#& 03& >g$="& 2"& $3>4)5#%13>%5<& 1*/"#5#25<<

*.&"1>&5A1"#?4&"<>#"&0"1&2"*-&$5<2%>%5<1&.D."&3/#U1&*<&3//

!c]"

#4!4!4#V"1.=<"3%"7-*"

)73%<" T/)<.>%<" (03B7&%<V";"

%-G"<-8%*<"&.+)1%<5"Q&*)(3%"

*I(?%" 1%" >,f=,S>,4" _%<"

"@-%" *,-<" 3%<" <-8%*<" <,=*"

.=*%5" 3%<"1%-G" <-8%*<"@-)"

12.'03),&%&" 3%-&"*%'+<"1%"

=*&%" 3." +&%')B&%" %<*" 3."

)*""@-%"3."&%(,==.)<<.=(%"

"

>3<>&03&/#4$%1%5<&"<&F5<$>%5<&

"*& F5<$4&">&23<1& 03& >g$="&2"&

3<$"1&2"1&1*S">1&0"<>1&62%>1&

*<"& 1"11%5<& 603& 1"11%5<& +&

2"&0CK#>%$0"&+:;&b3<1&03&>g$="&

*#&0"1&2"*-&)#5*/"1&3*&$5*#1&

*#1& >"./1& 2"& #43$>%5<E& 0"1&

40%5#3>%5<&2"&03&/#4$%1%5<&5*&

"#5#25<<4";& K%<1%E& *<& $5y>&

#U1&*<&3//#"<>%113)"&%<>"<1%F;&



!c^"
"

N%+%=1.=*5"+-)<@-%"3."&0+0*)*),="1%<"<*)'-3)"T\"A,)<"3,&<"1%"32.++&%=*)<<.>%"%*"]"A,)<"3,&<"1%"3."

*I(?%"1%">,"=,S>,V"&%'%**.)*"%="@-%<*),="=,*&%"<)*-.*),="7,**,'S-+"T+&0S.(*)/.*),="12)=1)(%<"

(,=*%=-<" 1.=<" 3." +?,*,>&.+?)%" @-)" +,-&&.)%=*" .)1%&" ;" 3." &%(,==.)<<.=(%V5" =,-<" ./,=<"

10/%3,++0"-="<%(,=1"+&,*,(,3%"+%&'%**.=*"1%"(,=*&.)=1&%"A,&*%'%=*"3%<"<-8%*<";"&0+,=1&%"

&.+)1%'%=*"12%'730%4""

"

_." gQh" ." 1,=(" 0*0" -*)3)<0%4" QA)=" 1%" 10*%&')=%&" -=%" 3)')*%" *%'+,&%33%" &,7-<*%" ;" 3."

&%(,==.)<<.=(%"1%<"/)<.>%<"(03B7&%<5"-="3.&>%"=,'7&%"1%"<-8%*<"T=�!a!V"."0*0"*%<*04"C=(,&%"

-=%"A,)<5"'.3>&0"3%<"?.-*%<"(,=*&.)=*%<"*%'+,&%33%"%*"3%"3.&>%"=,'7&%"1%"<-8%*<5"3%<"&0<-3*.*<"

&0/B3%=*"@-%" 3%<"<-8%*<"=%"+%-/%=*"+.<".33%&"+3-<"/)*%"@-%"W^aSWia"'<"+,-&"&%(,==.j*&%"-="

/)<.>%"A.')3)%&4"Z%"+3-<5"3."+&,(01-&%"1%"gQh"<%'73%"*&B<"%AA)(.(%"+,-&"(,=*&.)=1&%"3%<"<-8%*<"

;"&0+,=1&%"&.+)1%'%=*"(.&"(%**%"A,)<S()5"%=/)&,="Wc"~"1%<"<-8%*<"TW#"<-8%*<"<-&"ecV"&0+,=1%=*"

./.=*"\#a"'<"(,=*&%"c"~"T\"<-8%*<"<-&"]iV"1.=<"3."*I(?%"1%">,f=,S>,4""

"

_2%=<%'73%"1%"(%<"*&./.-G"(,'+,&*%'%=*.-G"+%&'%*"1,=("1%"(,=(3-&%"1%"'.=)B&%"&,7-<*%"

@-2-=" *%'+<" )=(,'+&%<<)73%" 1%" PQR7P]R& /(" %<*" =0(%<<.)&%" +,-&" &%(,==.j*&%" -=" /)<.>%"

A.')3)%&"1.=<"-=%"<)*-.*),="1%"&%(,==.)<<.=(%"7,**,'S-+5"(%()"1.=<"3%"(.1&%"1%<"(,=1)*),=<"

@-%"=,-<"./,=<"-*)3)<0%<"7)%="%=*%=1-4""

Q"!"!"6 T>,*'4(&);$% 3*% 3*2U% ,&'(&.5)*,% /;+-;'&*+*$&(9*,%V% 0(+)9)(')&.% 4,%

)3*$&)0)/(&);$%

Q%0*'("$(8#&0*"$3&+0F*1C$,("0*10%(0*

`=" 1%-G)B'%" +,)=*" )'+,&*.=*" <->>0&0" +.&" =,<" *&./.-G" %<*" 32-*)3)<.*),=" 1%" 1%-G" <*&.*0>)%<"

(,'+,&*%'%=*.3%<" 1)AA0&%=*%<5" 32-=%" &.+)1%5" 32.-*&%" 3%=*%4" C=" %AA%*5" 3%<" 1%-G" +&%')B&%<"

0*-1%<"&0.3)<0%<"%=">,f=,S>,"%*"%="gQh"TQ&*)(3%"!"%*"#V"',=*&%=*"@-%"3%<"<-8%*<"<,=*"(.+.73%<"

1%" &%(,==.j*&%" 3%<" /)<.>%<" A.')3)%&<" %=" W^aSWia"'<" .-"')=)'-'" .+&B<" 3." +&0<%=*.*),=" 1-"

<*)'-3-<4" N%+%=1.=*5" <)" 32,=" (,=<)1B&%" 3%<" &0<-3*.*<" ,7*%=-<" %=" >,f=,S>,5" 3."'.8,&)*0" 1%<"

<-8%*<"T+3-<"1%"ia~V"-*)3)<%"-=%"<*&.*0>)%"7%.-(,-+"+3-<"3%=*%"T!aa"'<"1%"+3-<"%="',9%==%V4"

O3"%<*")'+,&*.=*"1%"=,*%&"@-2)3"=%"<2.>)*"%=".-(-="(.<"12-="<+%%1".((-&.(9"*&.1%S,AA"+-)<@-%"

3%<" <-8%*<" &.+)1%<" ,=*" -=%" +&0()<),=" (,'+.&.73%" .-G" .-*&%<" <-8%*<4" N%**%" <*&.*0>)%" 3%=*%5"

@-,)@-%"12%AA)(.()*0"<)')3).)&%5"<%'73%".1,+*0%"<+,=*.=0'%=*"+.&"=,<"<-8%*<" 3,&<@-2,="3%-&"

1%'.=1%"1%"&%(,==.j*&%"1%<"/)<.>%<"A.')3)%&<4""



!cc"
"

"

O3" <%'73%" (%+%=1.=*" @-%" =,*&%" +&,(01-&%" gQh" +%&'%**%" 1%" A,&(%&" =,<" <-8%*<" ;" -*)3)<%&" 3."

<*&.*0>)%" 1)*%" &.+)1%4" Z%" +3-<5" )3" %<*" 0>.3%'%=*" )=*0&%<<.=*" 1%" (,=<*.*%&" @-%" 32.=.39<%" 1%<"

&0<-3*.*<")=1)/)1-%3<",7*%=-<"1.=<"3."*I(?%"1%"&%(,==.)<<.=(%"%="gQh"',=*&%"-=%"(,&&03.*),="

)=/%&<%" .-" <+%%1" .((-&.(9" *&.1%S,AA5" (2%<*S;S1)&%" -=%" +&0()<),=" +3-<" )'+,&*.=*%" +,-&" 3%<"

<-8%*<"@-)"&0+,=1%=*"&.+)1%'%=*"(,=*&%"-=%"+&0()<),="',)=1&%"+,-&"3%<"<-8%*<"+3-<"3%=*<4"N%"

1%&=)%&" &0<-3.*" <->>B&%" @-%" 3%<" <-8%*<" 0*.=*" (.+.73%<" 12-*)3)<%&" 3." <*&.*0>)%" 3." +3-<" &.+)1%"

&0-<<)<<%=*" 0>.3%'%=*"')%-G" 3." *I(?%4"N,''%=*"+%-*S,=" )=*%&+&0*%&" (%<"1%-G" <*&.*0>)%<"X"

o-%"=,-<".++&%==%=*S%33%<"<-&"3%<"'0(.=)<'%<"<,-<S8.(%=*<"X"

*

<$-&1&$"&(8*/'*&+0%(&5&.$(&)%*

q,-<",7<%&/,=<"@-%" =,<" <-8%*<" +%-/%=*"-*)3)<%&" -=%" <*&.*0>)%" &.+)1%" %*" -=%" <*&.*0>)%" +3-<"

3%=*%4" N,''%"10(&)*" 1.=<" 3."+.&*)%" !4!4W4#5" 3."'0',)&%" 1%" &%(,==.)<<.=(%" +,-&" 3%<",78%*<"

/)<-%3<"<%&.)*"<-++,&*0%"+.&"1%-G"+&,(%<<-<"K"3."A.')3).&)*0"%*"3."&%(,33%(*),="T:.=13%&5"!ieas"

w,=%3)=.<" %*" _%/95" #aa#s" w,=%3)=.<" %*" .345" #a!aV5" 3%<" &0+,=<%<" 7.<0%<" <-&" 3." A.')3).&)*0"

<-++,<0%<"6*&%".-*,'.*)@-%<"%*"&.+)1%<5"(%33%<"7.<0%<"<-&"3."&%(,33%(*),="1)AA)()3%<"%*"3%=*%<"

T$-,3." %*" .345" !ic!s"h&,l="%*"Q>>3%*,=5" #aa!s"F->>"%*"N-&&.=5"#aacs"g*.&%<)=."%*" .345" #a!#s"

h%<<,=" %*" .345" <,-<" +&%<<%V4" Q)=<)5" =,-<" +,-/,=<" <->>0&%&5" 7)%=" @-%" =,-<" =%" 32.9,=<" +.<"

10',=*&0"A,&'%33%'%=*5"@-%"3."<*&.*0>)%"&.+)1%"<%&.)*"7.<0%"<-&"32.((B<";"3."A.')3).&)*0"./%("

3%" /)<.>%" *.=1)<" @-%" 3." <%(,=1%" <*&.*0>)%" <%&.)*" 3%" &0<-3*.*" 1%" +&,(%<<-<"1%" /0&)A)(.*),=",-"

12)1%=*)A)(.*),="+%&'%**.=*"12.((01%&".-G")=A,&'.*),=<"&%3.*)/%<";"3."(0307&)*0";"&%(,==.j*&%"

T'0*)%&5"=,'EV4"C="%AA%*5"3%<"*&./.-G"1%"h&-(%"%*"w,-=>"T!ie^V"<->>B&%=*"@-%"3%<"<-8%*<"=%"

<%&.)%=*" +.<" <.*)<A.)*<" 12-=%" &%(,==.)<<.=(%" .((,'+.>=0%" 12-=" <)'+3%" <%=*)'%=*" 1%"

A.')3).&)*0" +,-&" 3." +%&<,==%" '.)<" .-&.)%=*" 7%<,)=" 12.((01%&" ;" <,=" )1%=*)*04" Q)=<)5" =,*&%"

3.*%=(%"')=)'.3%"1%"W^a"'<"<%&.)*"3%"&%A3%*"1%"&0+,=<%<"7.<0%<"<-&"3."A.')3).&)*0"*.=1)<"@-%"

=,<" &0+,=<%<" +3-<" *.&1)/%<" <%&.)%=*" +3-*M*" 3%" &0<-3*.*<" 1%" +&,(%<<-<" 3)0<" ;" 32)1%=*)A)(.*),="

%*f,-";"32.(*)/.*),="12)=A,&'.*),=<"&%3.*)/%<";"3."+%&<,==%4""

"

Z.=<" -=%" (%&*.)=%" '%<-&%5" ,=" +%-*" <-++,<%&" @-%" +,-&" &0-<<)&" ;" &%(,==.j*&%" 1%<" /)<.>%<"

A.')3)%&<"<,-<"3%<"(,=*&.)=*%<")'+,<0%<"+.&"3."+&,(01-&%"gQh5"3%<"<-8%*<"<,=*",73)>0<"1%"7.<%&"

3%-&<"&0+,=<%<"<-&"3."A.')3).&)*0"+3-*M*"@-%"32)1%=*)*04"_%<"<-8%*<"0(?,-.=*";"(%**%"*I(?%"T(.&"

*&,+" 3%=*<V"=%"+.&/)%=1&.)%=*" <.=<"1,-*%"+.<";" &0+,=1&%" <.=<".((01%&";" 32)1%=*)*04" O3" <%&.)*"



!ce"
"

)=*%&%<<.=*" 12)=/%<*)>-%&" (%**%" ?9+,*?B<%" +3-<" %=" 10*.)3<" 1.=<" 1%" A-*-&%<" &%(?%&(?%<" %="

1%'.=1.=*"+.&" %G%'+3%" .-" <-8%*"12)=1)@-%&".+&B<" (?.(-=%"1%" <%<" &0+,=<%<" <2)3" .((B1.)*" ;"

32)1%=*)*0"1%"3."+%&<,==%",-"=,=4"N%**%"1,==0%5"7)%="@-%"<-78%(*)/%5"=,-<"+%&'%**&.)*"+%-*S

6*&%"1%"(3.&)A)%&"(%"+,)=*4"

"

! @-$(& =,& 3",/),"& 3%)$*& E,& E)(=#(()%$A& $%#(& -C%$(& ED*,"/)$D& O#,& ",=%$$-`*",& #$&

C)(-6,&J-/)0),"&E-$(&E,(&=%$E)*)%$(&;%**%/7#3&$D=,(()*-)*&PQR7P]R&/(&-#&/)$)/#/A&*,/3(&

)$=%/3",(();0,&/-06"D&#$&-33",$*)((-6,&)$*,$()J&%#&E,&*"F(&J%"*,(&=%$*"-)$*,(&*,/3%",00,(K&

8,3,$E-$*A&)0&(,/;0,&O#,&E,#H&(*"-*D6),(&E)JJD",$*,(&3#)((,$*&_*",&-E%3*D,(&3-"&$%(&(#Z,*(A&

#$,& (*"-*D6),& "-3)E,& 3"%;-;0,/,$*& ;-(D,& (#"& 0-& J-/)0)-")*DA& #$,& 30#(& 0,$*,& )/30)O#-$*&

3"%;-;0,/,$*&0U-==F(&N&0U)E,$*)*D&,*&-#H&)$J%"/-*)%$(&(#"&0-&3,"(%$$,K&n#U,$&,(*7)0&-#&$)C,-#&

=D"D;"-0&L&G&O#,00,&0-*,$=,&$%*",&=,"C,-#&,(*7)0&=-3-;0,&E,&",=%$$-`*",&E,(&C)(-6,(&=D0F;",(&

3-"/)&E,(&C)(-6,(&)$=%$$#(&L&&<,&(,=%$E&3%)$*&E,&=,**,&E)(=#(()%$&3%"*,"-&(#"&$%(&0-*,$=,(&

E,& ED=%E-6,& E#& ()6$-0& 995& ,$",6)(*"D& 3,$E-$*& 0-& *j=+,& E,& ",=%$$-)((-$=,& "-3)E,& ,*& (#"&

0,#"(&0),$(&-C,=&0-&ED=)()%$K&4%#(&=%$J"%$*,"%$(&D6-0,/,$*&$%(&0-*,$=,(&-C,=&0-&0)**D"-*#",&

(#"&0,(&C)(-6,(&,$&D0,=*"%3+B()%0%6),K&&

5.1.2 A quelle latence notre cerveau reconnaît-il un visage familier ?  

Q"!"6"! #$*%9(&*$/*%.9*/&';-IB,);9;5)12*%+)$)+(9*%3*%9(%'*/;$$(),,($/*%3*,%4),(5*,%

0(+)9)*',%3C,%6SS%+,%

q,<".=.39<%<"1-"<)>=.3"CCU"%=":LdQ"1.=<"3."*I(?%"1%"&%(,==.)<<.=(%"1%"/)<.>%<"A.')3)%&<"1%"

*9+%"7,**,'S-+"%=">,f=,S>,"',=*&%=*"@-%"3%<"/)<.>%<"(03B7&%<"+%-/%=*"6*&%"10(,10<";"#Wa"

'<"%="',9%==%5"/,)&%"#aa"'<"<)"32,="(,=<)1B&%"3%<"&0+,=<%<"3%<"+3-<"&.+)1%<"TQ&*)(3%"]V4""

"

N%<"3.*%=(%<"1%"10(,1.>%"(,=(,&1%=*"+.&A.)*%'%=*"./%("=,<"3.*%=(%<"(,'+,&*%'%=*.3%<4"C="

%AA%*5"<)"32,="(,=<)1B&%"@-%"!aaS!Wa"'<"<,=*"=0(%<<.)&%<"+,-&"+&,1-)&%"-=%"&0+,=<%"',*&)(%"

Tx.3.<n."%*"N&.'',=15"!ii#"s"L.=F-33%="%*"P?,&+%5"#aa!V5",="+%-*"A.)&%"32?9+,*?B<%"@-%"(%"

(,'+,&*%'%=*" ;" W^a" '<" TQ&*)(3%" !5" #" %*" WV" <,)*" <,-<S*%=1-" +.&" -=%" .(*)/)*0"

=%-&,+?9<),3,>)@-%"@-)"<%"10&,-3%&.)*";"#WaS#^a"'<".+&B<"3."+&0<%=*.*),="1-"<*)'-3-<5"<,)*"

%G.(*%'%=*".-G"3.*%=(%<"1%"#Wa"'<"&.++,&*0%<"1.=<"32Q&*)(3%"]4""



!ci"
"

Q"!"6"6 =*,%9(&*$/*,%*$%3./;3(5*%-'.3)/&)4*,%32%/;+-;'&*+*$&%

C=(,&%" +3-<" (,=/.)=(.=*5" .-S1%3;" 12-=%" <)'+3%" (,=(,&1.=(%5" =,-<" ./,=<" ',=*&0" 1.=<"

32Q&*)(3%" ]" -=%" &0%33%" (,&&03.*),=" %=*&%" (,'+,&*%'%=*" %*" .(*)/)*0" =%-&.3%"K" -=%" A,&*%"

(,&&03.*),="%<*",7<%&/0%"%=*&%"3%<"*%'+<"1%"&0.(*),="')=)'.-G"%*"3%"107-*"1-"10(,1.>%4"N%<"

,7<%&/.*),=<" <->>B&%=*" 12-=%" +.&*" @-%" 32.(*)/)*0" (0&07&.3%" 10(,10%" ;" (%<" 3.*%=(%<" <,=*" ;"

32,&>)=%"1-"(,'+,&*%'%=*"1%<"<-8%*<"%*"12.-*&%"+.&*"@-%"3%<"&0+,=<%<"&.+)1%<"1%<"<-8%*<"<,=*"

10(,10%<" ia" '<" +3-<" *M*" T1B<" #aa" '<" %=/)&,=V" +.&" &.++,&*" .-G" &0+,=<%<" 3%=*%<" T#ia"'<"

%=/)&,=V4" N%()" .8,-*%" -=" .&>-'%=*" A,&*" %=" A./%-&" 1%" 32%G)<*%=(%" 1%" 1%-G" <*&.*0>)%<5" -=%"

&.+)1%"%*"-=%"3%=*%5"1,=*"32.(*)/)*0"(0&07&.3%".<<,()0%"%<*"10(,10%";"1%<"3.*%=(%<"1)AA0&%=*%<4"*

Q"!"6"< W2*%$;2,%(--'*$$*$&%/*,%9(&*$/*,%.9*/&';-IB,);9;5)12*,%X%%

d3-<)%-&<" ?9+,*?B<%<" +%-/%=*" 6*&%" A,&'-30%<" ;" +&,+,<" 1%" (%<" 3.*%=(%<"

03%(*&,+?9<),3,>)@-%<5" =,*.''%=*" 12.+&B<" 3%<" 0*-1%<" CCU" -*)3)<.=*" 3." '0*?,1%" 1%<"

+,*%=*)%3<"0/,@-0<4""

"

d&%')B&%'%=*5" (%**%" 3.*%=(%" 03%(*&,+?9<),3,>)@-%" ')=)'.3%" ;" #aaS#Wa" '<" =2%<*" +.<"

(,'+.*)73%"./%("32?9+,*?B<%"12-="*&.)*%'%=*"+&0(,(%"1%"3."A.')3).&)*0".<<,()0";"3."q!ca",-";"

1%<"(,'+,<.=*%<"%=(,&%"+3-<"+&0(,(%<" T/,)&"+.&*)%"!4#4WV4"C="%AA%*5"(%**%"1)<(,&1.=(%"+%-*"

6*&%"%G+3)@-0%"+.&" 3%" A.)*" @-%"=,<" <*)'-3)"=%" <,=*" 8.'.)<" &0+0*0<" %*" @-%"=,-<"=2./,=<"+.<"

-*)3)<0"1%" *I(?%"+.<<)/%"'.)<"-=%" *I(?%"=0(%<<)*.=*"1%" &%(,==.j*&%" %G+3)()*%'%=*" 3%" /)<.>%"

+&0<%=*04"C="%AA%*5" )3" <%'73%&.)*"@-2.-(-=%"',1-3.*),="+&0(01%=*"#aa"'<"=%"<,)*",7<%&/0%"

3,&<"12-=%"*I(?%"%G+3)()*%"1%"&%(,==.)<<.=(%"TU,<3)=>"%*"C)'%&5"#a!!V4"

"

Q-" (,=*&.)&%5" =,<" 3.*%=(%<" 03%(*&,+?9<),3,>)@-%<" 3%<" +3-<" +&0(,(%<" &.++,&*0%<" )()" <,=*" %="

.((,&1" ./%(" 1)AA0&%=*%<" .(*)/)*0<" 0/,@-0%<" &.++,&*0%<" ;" #aaS#]a" '<4" `=%" +&%')B&%"

?9+,*?B<%" <%&.)*" @-%" (%**%" 3.*%=(%" (,&&%<+,=1&.)*" .-" 107-*" 1%" 3." (,'+,<.=*%" q#]a"

&%*&,-/0%"1.=<"1%<"*I(?%<"1%"&%(,==.)<<.=(%"%G+3)()*%"1%"/)<.>%<"(03B7&%<"%*">0=0&.3%'%=*"

.<<,()0%".-"+&,(%<<-<"1%"A.')3).&)*0"./%("3%"/)<.>%"Tq#]a5"/,)&"!4#4WV4""

"

C=" %AA%*5" (,''%"'%=*),==0" +&0(01%''%=*"5" =,-<" ./,=<" A.)*" 32?9+,*?B<%" @-%" 3." <*&.*0>)%"

&.+)1%"<,)*"%="A.)*"7.<0%"<-&"3."A.')3).&)*05".3,&<"@-%"3."<*&.*0>)%"3%=*%"<%&.)*"3%"&0<-3*.*"12-="

.((B<";"32)1%=*)*04"O3"<%'73%&.)*"7)%="@-%"3%<"&0+,=<%<"3%<"+3-<"&.+)1%<"1%"(?.@-%"<-8%*"<,)%=*"



!ea"
"

0>.3%'%=*" 10(,10%<" +3-<" *M*" @-%" (%33%<" 1%<" <-8%*<" 3%=*<4" _%" 10(,1.>%" +3-<" *.&1)A" 1%<"

&0+,=<%<" ;" #ia" '<" +,-&&.)*" @-.=*" ;" 3-)" 6*&%" 3%" &0<-3*.*" 12.(*)/)*0<" 3)0%<" ;" 32.(*)/.*),="

12)=A,&'.*),=<"<0'.=*)@-%<"<-&"3."+%&<,==%"T(,''%"3."q\aa"+.&"%G%'+3%5"h%=*)="%*"Z%,-%33"

T#aaaVV4" O3" <%&.)*" *&B<" )=*0&%<<.=*" 1%" *%<*%&" (%**%" ?9+,*?B<%" %=" -*)3)<.=*" 1%" '.=)B&%"

(,=(,'')*.=*%"gQh"%*"CCU4"Q)=<)5" (,''%"(%**%" *I(?%"%<*" <-++,<0%" A./,&)<%&" 3%<" &0+,=<%<"

7.<0%<"<-&"3."A.')3).&)*05"3%"10(,1.>%"1-"<)>=.3"CCU"&0.3)<0";"*&./%&<"3%<"<-8%*<"+,-&&.)*"+%-*S

6*&%".**%)=1&%"3%<"#aa"'<"";"*&./%&<"3%<"<-8%*<"T(,=*&%"#Wa"'<"1.=<"3%<"+&0<%=*<"*&./.-GV4"

"

`=%" <%(,=1%" )=*%&+&0*.*),=" <%&.)*" @-%" (%**%" .(*)/)*0" 10(,10%" ;" #aa" '<" <,)*" 3%" &%A3%*" 1%"

+&,(%<<-<"1%"1)<(&)')=.*),="=0(%<<.)&%<"+,-&" &0.3)<%&"-=%" *I(?%"=0(%<<)*.=*"1%" *&.)*%&"1%<"

%G%'+3.)&%<"*&B<"<)')3.)&%<"%=*&%"%-G4"C="%AA%*5"12.-*&%<"0*-1%<",=*"',=*&0"@-%"3,&<@-%"1%<"

,78%*<" /)<-%3<" 1%/.)%=*" 6*&%" &%(,==-<" .-"=)/%.-" <-7,&1,==0" T%G"K" (,33%9" .-" 3)%-"1%" (?)%=V5"

-=%"',1-3.*),="1%" 3."q#]a"0*.)*",7<%&/0%" Tg(,**" " %*".345" #aa^s" P.=.n."%*" .345" #aa^V4" N%**%"

',1-3.*),="."0*0")=*%&+&0*0%"+.&"3%"A.)*"@-%"(%"*9+%"1%"*I(?%"=0(%<<)*.)*"-=%".->'%=*.*),="

1%" 3." 1)<(&)')=.*),=" @-)" .>)&.)*" 1)&%(*%'%=*" <-&" 3." q#]a4" " Q)=<)5" =,*&%" .(*)/)*0" ;" #aa" '<"

+,-&&.)*"0>.3%'%=*"&%A30*%&"-=%"1)<(&)')=.*),="+3-<"A)=%"1%<"/)<.>%<5";"-="=)/%.-")=1)/)1-%34""

"

C=A)=5" -=%" 1%&=)B&%" ?9+,*?B<%" <%&.)*" @-%" =,*&%" *I(?%" 1%" &%(,==.)<<.=(%" %G+3)()*%"

=0(%<<)*%&.)*"-=".((B<";"1%<"+&,(%<<-<"1%"'0*.S'0',)&%"TH"8%"<.)<"@-%"8%"(,==.)<"(%"/)<.>%"J5"

P-3/)=>5"!ie]V""@-)"=0(%<<)*%&.)*"-=".((B<";"3."(,=<()%=(%4""C="%AA%*5"-=%"(,'+,<.=*%"=0>.*)/%"

.++%30%" 3."LQq"TL)<-.3"Ql.&%=%<<"q%>.*)/)*9V"%<*" &.++,&*0%";"%=/)&,="#aa"'<" 3,&<@-%" 32,="

(,'+.&%"%=*&%"%-G"1%<"<*)'-3)"/)<-%3<"+%&Y-<"(,=<()%''%=*",-"=,=" T&%/-%"1%"F.)3,"%*".345"

#a!!V4" N%**%" ?9+,*?B<%<" =2%<*" +.<" %=" (,=*&.1)(*),=" ./%(" 3%<" .-*&%<" %*" <%&.)*" 0>.3%'%=*"

)=*0&%<<.=*%";"*%<*%&"1.=<"1%"A-*-&%<"&%(?%&(?%<4"

"

! @-$(& =,**,& 3-"*),A& $%#(& -C%$(& "-33,0D& O#,& 0,(& C)(-6,(& =D0F;",(& 3%#C-),$*& _*",&

ED=%ED(&E,(&C)(-6,(&)$=%$$#(&EF(&SRR&/(&-3"F(&0-&3"D(,$*-*)%$&E,&0U)/-6,&E-$(&#$,&*j=+,&

E,& 6%X$%76%K& & 8,**,& -=*)C)*D& D0,=*"%3+B()%0%6)O#,& N& SRR& /(& 3%#""-)*& _*",& 0,& "D(#0*-*& E,&

30#(),#"(&3"%=,((#(& WJ-/)0)-")*DA& E)(=")/)$-*)%$A&/D*-7=%$(=),$=,Y& 3,"/,**-$*& 0UD/,"6,$=,&

EU#$,& ",3"D(,$*-*)%$& =%$(=),$*,& E#& C)(-6,& J-/)0),"& *-$E)(& O#,& 0U-=*)C)*D& 30#(& *-"E)C,&

"-33%"*D,&N&S]R&/(&(,"-)*&0,&",J0,*&E,&0U-==F(&-#H&)$J%"/-*)%$(&(D/-$*)O#,(&&",0-*)C,(&N&0-&

3,"(%$$,K&n#,00,(&+B3%*+F(,(&3,#*7%$& J%"/#0,"&N&3"%3%(&E,(&/D=-$)(/,(& )/30)O#D(&L& & <-&



!e!"
"

3-"*),& (#)C-$*,& =%/3-","-& $%(& 0-*,$=,(& =%/3%"*,/,$*-0,(& ,*& D0,=*"%3+B()%0%6)O#,(& ,$&

",=%$$-)((-$=,& N& E,(& *j=+,(& E)*,& "-3)E,(& 30#*T*& ;),$& =-"-=*D")(D,(K& 8,**,& =%/3-"-)(%$&

3,"/,**"-&E,&E)(=#*,"&E,(&E)JJD",$*,(&-0*,"$-*)C,(&,$&=%$J"%$*-$*&$%(&0-*,$=,(&-#H&/%EF0,(&

*+D%")O#,(K& 4%#(& 3%#""%$(& -)$()& 3"D(,$*,"& $%(& +B3%*+F(,(& (#"& 0,(&/D=-$)(/,(& )/30)O#D(&

E-$(&0-&",=%$$-)((-$=,&E,(&C)(-6,(&J-/)0),"(K&&

5.2 X(.#**%&55%*.(!<5!.%+0=#'&5%+&#*!M!-*!.#Y+!+($7#'(1!'0<01%+(-'!

5.2.1 La reconnaissance d’un visage familier nécessite 100-200 ms de plus que sa 

catégorisation 

Q" 3."@-%<*),=5" 3." &%(,==.)<<.=(%"1%<"/)<.>%<" A.')3)%&<"%<*S%33%" &.+)1%"X"_." &0+,=<%"%<*"=,=5"

+.<" /&.)'%=*"D" _2%=<%'73%" 1%<" &0<-3*.*<" (,'+,&*%'%=*.-G" TQ&*)(3%" !5" #" %*" WV"',=*&%=*" %="

%AA%*"@-%" &%(,==.j*&%" <+,=*.=0'%=*"1%<" /)<.>%<" (03B7&%<"+.&')"1%<" )=(,==-<"%=" <)*-.*),="

7,**,'S-+"=0(%<<)*%"%="',9%==%"!ea"'<"T&.=>%"K"!!cS#ca";"*&./%&<"3%<"0*-1%<V"1%"+3-<"@-%"

1%<" *I(?%<" 1)*%<" &.+)1%<" 1%" (.*0>,&)<.*),=" <-+%&,&1,==0%" T',9%==%"1%<"')=)'-'<"K" #cc5""

#]a"'<";"*&./%&<"3%<"%<<.)<V",-"1%"(.*0>,&)<.*),="1-">%=&%"T',9%==%"1%<"')=)'-'<"K"Wae"'<5"

#ea" '<" ;" *&./%&<" 3%<" %<<.)<V" Tm)>-&%" \aV4" Z%" +3-<5" 3." (,'+.&.)<,=" 1%<" *%'+<" 1%" &0.(*),="

')=)'.-G" %=*&%" -=%" &%(,==.)<<.=(%" *,+S1,l=" T+3-<)%-&<" +?,*,>&.+?)%<" 12-=%" <%-3%"

(0307&)*0" +.&')" 1%<" )=(,==-<V" %*" -=%" &%(,==.)<<.=(%" 7,**,'S-+" T+3-<)%-&<" (0307&)*0<"

1)AA0&%=*%<" +.&')" 1%<" )=(,==-<V"',=*&%" -=%" 1)AA0&%=(%" 1-"'6'%" ,&1&%" T!]a"'<" %=/)&,=5"

Q&*)(3%"WV4""

"

O3" <%'73%" )'+,&*.=*"1%"<,-3)>=%&"@-%"=,<"*I(?%<"(,=*&M3%<"1%" &%(,==.)<<.=(%" *,+S1,l="%*"

1%"(.*0>,&)<.*),="1-">%=&%"=%"1)AAB&%=*"+.<"%="3.*%=(%<"TWaa"(,=*&%"Wae"'<V5"<,)*"<%-3%'%=*"

Wa"'<"1%"+3-<"@-%"3."(.*0>,&)<.*),="<-+%&,&1,==0%"T/)<.>%<"?-'.)=<"/<"/)<.>%<".=)'.-GV4"N%"

1%&=)%&"+,)=*"<->>B&%"A,&*%'%=*"@-%"3."&%(,==.)<<.=(%"*,+S1,l="+,-&&.)*"6*&%"-=%"A,&'%"1%"

(.*0>,&)<.*),="7.<0%"<-&"1%<"'0(.=)<'%<"1%"+&0S.(*)/.*),="<)')3.)&%<";"(%-G")'+3)@-0<"1.=<"

3."(.*0>,&)<.*),="T.(*)/.*),="12-="*%'+3.*%5"P<.,"%*"_)=/)=><*,=%5"#aaiV4"C="12.-*&%<"*%&'%<5"

3." &%(,==.)<<.=(%" *,+S1,l=" <%&.)*" -=" *9+%" 1%" (.*0>,&)<.*),=" (,=*&.)&%'%=*" ;" 3."

&%(,==.)<<.=(%"7,**,'S-+4"

"



!e#"
"

"

(%)*#"& ^Y& X3A0"3*& #4$3/%>*30%F& 2"1& 03>"<$"1& .%<%.30"1& $5./5#>"."<>30"1& 6.42%3<"& 2"1& XO& .%<%.*.:& ">&

40"$>#5/=W1%505)%@*"1&624A*>&2*&24$523)"&.5W"<:&#3//5#>4"1&23<1&0"1&2%FF4#"<>"1&4>*2"1&23<1&0"1&>g$="1&2"&

24>"$>%5<& ">& 2"& #"$5<<3%113<$";& G"& $5y>& >"./5#"0& $5##"1/5<2& B& 03& 2%FF4#"<$"& "<>#"& 0"1& 03>"<$"1& "<&

#"$5<<3%113<$"& ">& 0"1& 03>"<$"1& "<& 24>"$>%5<;& _"& $5y>& >"./5#"0& $5./5#>"."<>30& ?3#%"& 2"& ++Q& B& MQY&.1& ">&

/#41"<>"& *<"& .5W"<<"& 2"& +QQ& .1;& b"& /0*1E& %0& "1>& %./5#>3<>& 2"& <5>"#& @*"& 03& 03>"<$"& 5A>"<*"& "<&

#"$5<<3%113<$"&>5/]25o<&"1>&2"&\YY&.1&>3<2%1&@*"& 03& 03>"<$"&.%<%.*.&"<&$3>4)5#%13>%5<&2*&)"<#"&"1>&2"&

\Yd&.1E&03>"<$"1&$5./3#3A0"1&3*-&03>"<$"1&5A>"<*"1&"<&24>"$>%5<;&

"

N%**%" +&%')B&%" .=.39<%" (,'+,&*%'%=*.3%" <->>B&%" @-%" 3." &%(,==.)<<.=(%" 1%<" /)<.>%<"

A.')3)%&<" )'+3)@-%&.)*" 1%<" '0(.=)<'%<" .11)*),==%3<" ;" 3." (.*0>,&)<.*),=" T>%=&%" ,-"

<-+%&,&1,==0%V",-";"3."&%(,==.)<<.=(%"*,+S1,l="@-)"=0(%<<)*%"%=/)&,="!aaS!]a"'<"1%"+3-<4"

o-2%="%<*S)3".-"=)/%.-"(0&07&.3"X"

5.2.2 Une différence électrophysiologique de 120-150 ms entre la catégorisation 
et la reconnaissance  

_2.=.39<%" %<<.)" +.&" %<<.)" %=" :LdQ" ',=*&%" @-%" 3%" <)>=.3" 03%(*&,+?9<),3,>)@-%" 1%<" %<<.)<"

(,&&%<+,=1.=*" ;" 3." (.*0>,&)%" 1%<" /)<.>%<" ?-'.)=<" +%-*" 6*&%" (,&&%(*%'%=*" 1)AA0&%=()0" 1%<"

%<<.)<"(,&&%<+,=1.=*";"3."(.*0>,&)%"1%<"/)<.>%<".=)'.-G"1B<"ea"'<".+&B<"3."+&0<%=*.*),="1-"

<*)'-3-<" 1.=<" -=%" *I(?%" 1%" (.*0>,&)<.*),=" <-+%&,&1,==0%" TQ&*)(3%" \V4" Q-" (,=*&.)&%5" 3,&<"

12-=%" *I(?%" 1%" &%(,==.)<<.=(%" 1%" /)<.>%<" A.')3)%&<" 1%" *9+%" 7,**,'S-+5" 3%" <)>=.3"

03%(*&,+?9<),3,>)@-%" 1%<" %<<.)<" (,&&%<+,=1.=*" .-G" /)<.>%<" (03B7&%<" %<*" (,&&%(*%'%=*"

1)AA0&%=()0"1%<"%<<.)<"(,&&%<+,=1.=*".-G"/)<.>%<" )=(,==-<"<%-3%'%=*".+&B<"#Wa"'<"TQ&*)(3%"

]V5"<,)*"!]a"'<"+3-<"*.&1)/%'%=*"@-%"3."(.*0>,&)<.*),="<-+%&,&1,==0%4"N%**%"1)AA0&%=(%"%=*&%"

3%<"3.*%=(%<"1%"10(,1.>%"(,=(,&1%"+.&A.)*%'%=*"./%("=,*&%"1)AA0&%=(%"&.++,&*0%".-"=)/%.-"

(,'+,&*%'%=*.3"Tm)>-&%"\aV4"

"

b4>"$>%5< O"$5<<3%113<$" _5y>&>"./5#"0

C*-1%"!K"CG+4! #e] \^c !e#

C*-1%"!K"CG+4# \a# !!c

C*-1%"#K"CG+4! ]]] #ca

_5./5#>"."<> C*-1%"#K"CG+4# \#a !W]

XO&.%<%.*. C*-1%"W #ca \]a !ea

?%B,$$, Skk ml] \kk

?)$ SkR mRS \\k

?-H S^l lll SkR

1@ \\ l] l]

,,I&1*#F3$" C*-1%"\" ea
!]a

b4$523)"&.%<%.30 C*-1%"] #Wa



!eW"
"

Q-S1%3;" 12-=%" <)'+3%" (,=(,&1.=(%5" =,-<" ./,=<" 0>.3%'%=*" )=/%<*)>-0" <2)3" %G)<*.)*" -=%"

(,&&03.*),=" %=*&%" 3%<" &0<-3*.*<" (,'+,&*%'%=*.-G" 1%<" <-8%*<" %*" 3%<" 3.*%=(%<"

(,'+,&*%'%=*.3%<4"Z.=<" 3." *I(?%"1%"(.*0>,&)<.*),=" <-+%&,&1,==0%5" 3%<" *%'+<"1%" &0.(*),="

')=)'.-G" %*" 3%" 107-*" 1-" 10(,1.>%" =%" <,=*" +.<" (,&&030%<4" d.&" (,=*&%5" -=%" .=.39<%" +.&"

@-.&*)3%<"+%&'%**.=*"1%"10(,1%&" 3%"<)>=.3"03%(*&,+?9<),3,>)@-%";"(?.@-%"')33)<%(,=1%"+,-&"

3%<"&0+,=<%<"1,=*"3%"*%'+<"1%"&0.(*),=".++.&*)%=*".-"+&%')%&5"<%(,=15"*&,)<)B'%",-"1%&=)%&"

@-.&*)3%5"',=*&%" -=%" &%3.*),=" ./%(" 3%" (,'+,&*%'%=*" .+&B<" !^a"'<" TQ&*)(3%" \V4" N%" &0<-3*.*"

<->>B&%"@-%" 32.(*)/)*0"10(,10%";"ea"'<"=2%<*"+.<"+&01)(*)/%"1-" (,'+,&*%'%=*"1-" <-8%*" %*"

@-%" <%-3%" 32.(*)/)*0" 03%(*&,+?9<),3,>)@-%" 1)<+,=)73%" .+&B<" !^a" '<" %<*" 3)0%" ./%(" 3%"

(,'+,&*%'%=*"1%"(.*0>,&)<.*),="&.+)1%4"

"

C=" (%" @-)" (,=(%&=%" 3." *I(?%" 1%" &%(,==.)<<.=(%" 1%<" /)<.>%<" A.')3)%&<5" -=%" (,&&03.*),=" %<*"

,7<%&/0%" %=*&%" (,'+,&*%'%=*" %*" .(*)/)*0" =%-&,=.3%4" N,''%" '%=*),==0" +&0(01%''%=*"

1.=<"3."1)<(-<<),="T+.&*)%"]4!4#V5"3%<"3.*%=(%<"%="10(,1.>%"<,=*"+&01)(*)/%<"1%"3."/)*%<<%"1%"3."

&%(,==.)<<.=(%""1%"(?.(-="1%<"<-8%*<"%*"',1-30%<"+.&"3."<*&.*0>)%"-*)3)<0%4"

"

! 4%#(&-C%$(&E%$=&/%$*"D&O#U#$&=%o*&*,/3%",0&E,&\RR7\lR&/(&D*-)*&%;(,"CD&,$*",&0-&

",=%$$-)((-$=,&,*&0-&=-*D6%")(-*)%$&-#&$)C,-#&=%/3%"*,/,$*-0&,*&D0,=*"%3+B()%0%6)O#,K&8,(&

"D(#0*-*(& (#66F",$*& 0U)/30)=-*)%$& E,& /D=-$)(/,(& -EE)*)%$$,0(K& @U-#*",& 3-"*A& 0U-=*)C)*D&

ED=%ED,& E-$(& 0-& *j=+,& E,& ",=%$$-)((-$=,& ,(*& E)",=*,/,$*& 0)D,& -#& =%/3%"*,/,$*A&

=%$*"-)",/,$*&N& 0-& *j=+,&E,&ED*,=*)%$&(#66D"-$*&#$,&E)JJD",$=,&O#-0)*-*)C,&E,(&3"%=,((#(&

(%#(7Z-=,$*(K& @-$(& 0-& 3"%=+-)$,& 3-"*),A& $%#(& -00%$(& EDC,0%33,"& $%(& -"6#/,$*(& (#"&

0U)/30)=-*)%$& E,& /D=-$)(/,(& E)(*)$=*(& ,*& 3"%3%(,"%$(& #$,& )$*,"3"D*-*)%$& 3%(();0,& -#H&

"D(#0*-*(&"-33%"*D(&E-$(&=,**,&*+F(,&N&*"-C,"(&0UD0-;%"-*)%$&EU#$&/%EF0,&*+D%")O#,K&&&

&

&

&

&

&
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5.3 Z('5!1E3F7#+345(!,E-*!+'%&+($(*+!$%55&<($(*+!7%'%1141(!

Q-S1%3;"12-="*%'+<".11)*),==%3")'+,&*.=*5"32%=<%'73%"1%"=,<"&0<-3*.*<"<->>B&%=*"A,&*%'%=*"

@-%"3."&%(,==.)<<.=(%"%*"3."10*%(*),="1%<"/)<.>%<"<,=*"7.<0%<"<-&"1%<"'0(.=)<'%<"(0&07&.-G"

1)<*)=(*<4""

5.3.1 Reconnaissance vs catégorisation : des mécanismes distincts ?  

d3-<)%-&<" .&>-'%=*<" <,-*)%==%=*" 32?9+,*?B<%" <%3,=" 3.@-%33%" 3." &%(,==.)<<.=(%" %*" 3."

(.*0>,&)<.*),="<%&.)%=*"<,-<S*%=1-%<"+.&"1%<"'0(.=)<'%<"1)AA0&%=*<4"

"

N,''%"3%"<->>B&%"3%<"1,==0%<"1%"3." 3)**0&.*-&%"T+,-&"&%/-%5"/,)&"m.7&%SP?,&+%5"#a!!V5"=,<"

3.*%=(%<" %=" (.*0>,&)<.*),=" <,=*" *&B<" &%+&,1-(*)73%<" ;" *&./%&<" 3%<" <-8%*<" %*" ;" *&./%&<" =,<"

0*-1%<"T%=*&%"#\aS#ia"'<5"Q&*)(3%"!5"#"%*"WV4"Z%"+3-<5"(%<"3.*%=(%<"=%"<%'73%=*"+.<"+,-/,)&"

6*&%".'03),&0%<"+.&" 32.++&%=*)<<.>%4"C="%AA%*5"'6'%"<)" (%<" &0<-3*.*<"=%"<,=*"+.<"+&0<%=*0<"

1.=<" 32Q&*)(3%" !5" 3,&<" 1%" 3." *I(?%" 12.++&%=*)<<.>%" +&0<%=*0%" +&0(01%''%=*5" 3%<" <-8%*<"

.++&%=.)%=*"0>.3%'%=*" 3%<" )'.>%<"()73%<"1%" 3."(,=1)*),="<-+%&,&1,==0%"T/)<.>%<" )=(,==-<V"

+-)<" &0.3)<.)%=*" @-.*&%" <%<<),=<" <-++30'%=*.)&%<" 1%" 3." *I(?%" 1%" >,f=,S>," Tm)>-&%" WiV4" _%<"

&0<-3*.*<"',=*&%=*"@-%" 3%<"<-8%*<"=2.'03),&%=*"=)" 3%-&"+&0()<),=5"=)" 3%-&" *%'+<"1%"&0.(*),=4"

N%<" *%'+<" 1%" &0.(*),=" ')=)'.-G" =%" <%'73%=*" +.<" =,=" +3-<" .'03),&0<" ./%(" -=%" A,&*%"

(,=*&.)=*%" *%'+,&%33%" TgQhV" (,=A)&'.=*" .)=<)" 32?9+,*?B<%" 12-=" '0(.=)<'%" -3*&.S&.+)1%" %*"

%AA)(.(%"12%'730%"TP?,&+%"%*".345"#aa^V4""

"

Z%"+3-<5"(,''%"'%=*),==0"+&0(01%''%=*5"3."3.*%=(%"1%"10(,1.>%";"ea"'<"=2%<*"+.<"3)0%".-"

(,'+,&*%'%=*"1-"<-8%*5"-=%"&%3.*),="0*.=*",7<%&/0%"<%-3%'%=*".+&B<"!^a"'<4"N%**%"3.*%=(%"

%<*"%=".((,&1"1%"=,'7&%-G"*&./.-G"@-)"<->>B&%=*"@-2-=%"0*.+%"(&-().3%"1%"*&.)*%'%=*"1%<"

/)<.>%"(2%<*S;S1)&%"32.((B<";"-=%"&%+&0<%=*.*),="?.-*"=)/%.-"1%"3."(.*0>,&)%"<%&.)*"+,<<)73%";"

(%**%" 3.*%=(%" Tq!ca5" F,<<),=" %*" N.?.&%35" #a!!"s" /,)&" L.=F-33%=" %*" P?,&+%5" #aa!" +,-&" 3."

(.*0>,&)%"1%<",78%*<5",-"+3-<"&0(%''%=*"$,?=<,="%*"b3<?.-<%=5"#aaWV4""

"

Q-"(,=*&.)&%5"3%<"3.*%=(%<"%="&%(,==.)<<.=(%"<%'73%=*"/.&).73%<";"*&./%&<"3%<"<-8%*<4"C="%AA%*"

(%&*.)=<"<-8%*<"-*)3)<%=*"-=%"<*&.*0>)%"3%=*%".3,&<"@-%"12.-*&%<"<,=*"+3-<"&.+)1%<"TQ&*)(3%"!"%*"

#V4" _%<" *%'+<" 1%" &0.(*),=" +%-/%=*" 6*&%" .'03),&0%<" 1%" '.=)B&%" <)>=)A)(.*)/%" +.&"
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"

32.++&%=*)<<.>%" Tm)>-&%" WiV" ,-" 1%" A,&*%<" (,=*&.)=*%<" *%'+,&%33%<" TgQh5" Q&*)(3%" #V4" C=A)=5"

32.(*)/)*0"10(,10%"%=":LdQ"%<*"1)&%(*%'%=*"(,&&030%".-"(,'+,&*%'%=*"1-"<-8%*4""

"

Z%"+3-<5" 3%<"&0<-3*.*<"1-"(.3(-3"1-"7).)<"Tg=,>&.<<"%*"N,&l)=5"!iee"s"Q&*)(3%"!V"',=*&%=*"@-%"

3%<" <-8%*<" <,=*" +3-<" (,=<%&/.*%-&<" 3,&<@-2)3" <2.>)*" 1%" &%(,==.j*&%" -=" /)<.>%5" (,'+.&0" .-G"

*I(?%<"1%"(.*0>,&)<.*),=",v")3<"<%'73%=*".-"(,=*&.)&%"+3-<"3)70&.-G4""

"

C="+3-<"126*&%"7%.-(,-+"+3-<"3%=*%5"3."&%(,==.)<<.=(%"7,**,'S-+"<%&.)*"1,=("@-.3)*.*)/%'%=*"

1)AA0&%=*%"1%"3."(.*0>,&)<.*),=4""

5.3.2 Qu’est-ce qui différencie la catégorisation de la reconnaissance bottom-

up ?  

5.3.2.1 A*,%+./($),+*,%)+-9)12.,%3($,%9(%/(&.5;'),(&);$%4),2*99*" 

N.*0>,&)<%&"-=",78%*"/)<-%3".-"=)/%.-"<-+%&,&1,==0"%<*"+,<<)73%"*&B<"&.+)1%'%=*5"1B<"#\aS

#ia"'<".+&B<"3."+&0<%=*.*),="1-"<*)'-3-<"%="&0+,=<%"'.=-%33%"Tm.7&%SP?,&+%"%*".345"#aa!"s"

m.7&%SP?,&+%5" #a!!"s" :.(0" %*" .345" #aai"s" $,-7%&*" %*" .345" #aac"s" F,-<<%3%*" %*" .345" #aaW"s"

L.=F-33%="%*"P?,&+%5"#aa!V"%*"'6'%"1B<"!aa"'<" 3,&<@-2-="+&,*,(,3%"1%"(?,)G" <.((.1)@-%"

%<*"-*)3)<0"TN&,-R%*"%*".345"#a!aV4"N%**%"&.+)1)*0"1%"*&.)*%'%=*".33)0%";"3."&,7-<*%<<%"1%<"*%'+<"

1%" &0.(*),=" &.++,&*0%" ;" *&./%&<" 3%<" 0*-1%<" ." '%=0" ;" 32?9+,*?B<%" @-%" 3." (.*0>,&)<.*),="

+,-&&.)*"6*&%"%AA%(*-0%"%="-*)3)<.=*"-="*&.)*%'%=*"+-&%'%=*"A%%1A,&l.&14"C="%AA%*5"<.(?.=*"

@-2%=/)&,="!aaS!Wa"'<"<,=*"=0(%<<.)&%<"+,-&"+&,1-)&%"-=%"&0+,=<%"',*&)(%"T#a"'<"<2)3"<2.>)*"

1%"<.((.1%<V"Tx.3.<n."%*"N&.'',=15"!ii#"s"L.=F-33%="%*"P?,&+%5"#aa!V"5"32.(*)/)*0"=%-&,=.3%"

;"32,&)>)=%"1%<"&0+,=<%<"1%/&.)%=*"1,=("6*&%"%=&%>)<*&0%<";"%=/)&,="eaS!Wa"'<4"Z.=<"(%"<%=<5"

3%"',1B3%"1%"Z)N.&3," %*" .34" T#a!#V"+&,+,<%"-="',1B3%"+-&%'%=*" A%%1A,&l.&1"1.=<" 3%@-%3"

%=/)&,=" !a" .)&%<" T!a" '<" %=*&%" (?.@-%" .)&%V" <%&.)%=*" &%(&-*0%<" .A)=" 12.**%)=1&%" -=%"

&%+&0<%=*.*),="?.-*"=)/%.-"1%"32,78%*"1.=<"OP"1B<"!aa"'<4"N%"',1B3%"(,=(,&1%"+.&A.)*%'%=*"

./%(" =,<" 3.*%=(%<" ;" ea" '<" ,7*%=-%<" %=" 10(,1.>%" 1.=<" 3." *I(?%" 1%" (.*0>,&)<.*),="

<-+%&,&1,==0%"TQ&*)(3%"\V4"

"

Q-" (,=*&.)&%5" '6'%" .+&B<" -=" .++&%=*)<<.>%" )=*%=<)A" ,-" 32-*)3)<.*),=" 1%" A,&*%<" (,=*&.)=*%<"

*%'+,&%33%<5"3%"*%'+<"1%"&0.(*),="')=)'-'"%="&%(,==.)<<.=(%"%<*"*,-8,-&<"1%"W^aSWia"'<"

<,)*" .-" ',)=<" eaS!!a" '<" 1%" +3-<" @-%" 3." (.*0>,&)<.*),=" TQ&*)(3%" !V4" q,<" 1,==0%<"
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"

03%(*&,+?9<),3>)@-%<" ,7*%=-%<" 1.=<" 3%<" Q&*)(3%<" \" %*" ]" " &0/B3%=*" %=" %AA%*" @-%" 3%" 107-*" 1-"

10(,1.>%"1.=<"3."*I(?%"1%"10*%(*),="%<*"<)>=)A)(.*)A"1B<"ea"'<5"<,)*"!#aS!]a"'<"+3-<"*M*"@-%"
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5.3.3 Le modèle d’ « emerging familiarity » 
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@-%" 3%"'.=@-%"1-"',*"+-)<<%"6*&%"+&,/,@-0"+.&" 32.(*)/.*),=".(()1%=*%33%"12-="',*"+&,(?%"
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5.5.2 Etudier la personnes sous tous ces aspects : décodage du concept  

Z.=<" 3%<" 1)AA0&%=*%<" 0*-1%<" +&0<%=*0%<" )()5" =,-<" ./,=<" *,-8,-&<" -*)3)<0" 1%<" +?,*,>&.+?)%<"
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+%&<,==%4""

PbP
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0        2 000    4 000     6 000     8 000
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0        2 000    4 000     6 000     8 000

100

90

80

70

60

50

40

30

20

10

100

90

80

70

60

50

40

30

20

10

g-8%* ]

g-8%*"i



#a#"
"

"

N2%<*" +,-&@-,)5" 32)10%" 12-=" 1%&=)%&" +&,*,(,3%" @-%" =,-<" ./,=<" 10/%3,++0" %=" (,33.7,&.*),="
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(0307&)*0<",-"12.-*&%<"(.*0>,&)%<"12,78%*<"T/0?)(-3%<5".=)'.3V",=*"0*0"+&0+.&0<4"
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&%+&0<%=*.*),="T)'.>%&)%"'%=*.3%V4"

5.5.3 Conclusion 
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