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1 Abstract vs. concrete in the present paper relate to the format of the representation: symbolic and amodal vs. physical and 
modal. They do not refer to the semantic content of inner language, which may be abstract or concrete whatever its format. 
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* G*

$%&%3#/5*<$,-A*a4#'*a#*,.#(U*($-0/A*a#*'##/*3-*3(U#*2"#(34*2#3a##'*,.##14*D"(8&#'3,A*(,*,.##14*
-'$)* -110",* /0"%'8* #C.%"(3%-'5*6''#"* ,.##14 A* '-3* 2#%'8*,02i#13#/* 3-* 34#, #* .4),%-$-8%1($*
1-',3"(%'3 , A*1('* 2# *(11#$#"(3#/ 5*J#1-'/$)A*_88#"*&#'3%-'# /* ,-1%($* 1-',3"(%'3,5*6'* -"/#"* 3-* 2#*
0'/#",3--/A*a#*'##/*3-*("3%10$(3#*&-"#* 1$#("$)*('/*,$-a$) *34('*%' *1-+#"3*,.##14 5*_88#"*,%&.$)*
&#('3*34(3*34#* (2,#'1#* -D* .4),%-$-8%1($*('/* ,-1%($*1-',3"(%'3,* ,4-"3#',*%''#"* ."-/013%-'5*K03*
/"(a%'8* D"-&*,%&%$("*/0"(3%-'($*-2,#"+(3%-', A* ,#+#"($* .,)14-$-8%,3,* 4(+#* 1$(%&#/* 34(3* %''#"*
,.##14*%,*#+#'*.4-'-$-8%1($$)*"#/01#/A*&(')*.4-'#&#,*2#%'8*/"-..#/* ('/*-'$)*34#*a-"/ 9%'%3%($*
,-0'/,*2#%'8*1$#("$)*."-/ 01#/*?#585*>)8-3,U)A*FNGQjFNOH@5*6'*34%,*+%#aA*1-+#"3*a-"/,*$(1U*34#*D0$$*
.4-'-$-8%1($*('/* ("3%10$(3-")*,.#1%D%1(3%-'*34#)*4(+#* -+#"3$)A*&(U%'8*34#&*&-"#* (2,3"(13*('/*
(&-/($5 *̂ 0"34#"&-"#A*(11-"/%'8*3-*_88#"A*,-&#*-D*-0"*&#'3($$)*0,#/*#C."#,,%-',* 2#("*&#('%'8,*
34(3*("#* #C.$%1%3*-'$)* 3-* -0",#$+#,5*̀ -* 2#* 0'/#",3--/ *2)* ('* (//"#,,## A* a#* a-0$/* '##/* 3-*
,0..$#&#'3 *34#&*a%34*1-'3#C30($*%'D-"&(3%-'5*̀ 4#"#D-"#A*1-'/#',(3%-'* -110", *'-3*-'$)* (3*34#*
.4-'-$-8%1($*('/ *("3%10$(3-") *$#+#$, A*203* ($,-*(3*34#*&#,,(8#*$#+#$5*>)8-3,U) *?FNGQjFNOH@*4(,*
D0"34#"* /#+#$-.#/* 34%,* '-3%-'* -D* 1-'/#',(3%-'5*:%,* 34#-")* %,* 2(,#/*-'* %'3"-,.#13%-' A* ('/* -'*
#C(&%'(3%-'*-D*14%$/"#'d,*."%+(3#*,.##14A*%'*a4%14*14%$/"#'*3($U*3-*34#&,#$+#,*($-0/A*('/*a4%14*
4#*1$(%&#/*3-*2#*(* ."#10",-"* -D*(/0$3*%''#"* ,.##14*?203*,##*!#""-'#9K#"3-$-33%*#3*($1A*XPFQA*D-"*
/#+#$-.&#'3($*/(3(*14($$#'8%'8*34%,*+%#a@5*:#* (,,#"3#/ *34(3*%&.-"3('3*a-"/,*-"*(DD%C#,*&()*2#*
/"-..#/*%'*%''#"*$('80(8# A*34#*,)'3(C*-D*%''#"*,.##14*2#%'8*e."#/%1(3#/f5*K#"8-0'%-0C*?XPPF@*
$%U#a%,#*1$(%&, *34(3*%''#"*,.##14*#'3(%$,*o(*8#'#"($%,#/*0,#*-D*(,)'/#3-'A*('(.4-"(*('/*( ' *-+#"9
"#."#,#'3(3%-'*-D*."#/%1(3%-'d*?.5FXPA*-0"*3"(',$(3%-'@5*_C(&.$#,*-D*,014*$%'80%,3%1*-.#"(3%-', *1('*
2#* D-0'/* %'*$%3#"(")* a-"U,*(,,-1%(3#/* a%34* 34#* e2.".3.45#% /"67$/#5$f*&-+#&#'3A* %'%3%(3#/* 2)*
[0i("/%'* ? FOOIA* FNGFl*J&(/i(A* %'* ."#,,@5*:#'1# A*%'3"-,.#13%+#* -2,#"+(3%-',*4(+#*$#/* 3-* 34#*
,.#10$(3%-'*34(3*%''#"* $('80(8#*%,*%&.-+#"%,4#/A*(3* 34#*,)'3(13%1A*$#C%1($A* .4-'-$-8%1($*('/*
("3%10$(3%-'*$#+#$,5*J014*1-'/#',(3%-'*%&.$%#,*34(3*&-/($%3)9,.#1%D%1*."-1#,,#,* ?#585*("3%10$(3-")*
.$(''%'8@*&()* 2# *,0.."#,,#/* %'*%''#"* $('80(8#A*&(U%'8* %3*(2,3"(13*('/* (&-/($ 5*_&.%"%1($*
#+%/#'1#*D-"*34#*1-'/#',#/* h0($%3)*-D*%''#"*$('80(8#*4(, *2##'*,#("14#/*D-"5*

<3*34#*,)'3(13%1*('/*$#C%1($*$#+#$, A*#+%/#'1#*D-"*1-'/#',(3%-' *1('*2#*D-0'/*%'*( *,30/)*-D*34#*
"(3#*-D*,.-'3('#-0,*1-+#"3*,.##14*?n-"2(A*FNNP@5*!("3%1%.('3,*a#"#*(,U#/*3-*&#'3($$)*,-$+#*,4-"3*
+#"2($* ."-2$#&,5*`4#)* "#.-"3#/* 34#* %''#"* ,.##14* 0,#/* 3-* ,-$+#* #(14* ."-2$#&A* a4%14* 8(+#* ('*
#,3%&(3%-'*-D*34#*'0&2#"*-D*#$$%.3%1($*a-"/,*0,#/5*`4#' *34#)*/#$%+#"#/ *(*D0$$*,3(3#&#'3*-D*34#%"*
,3"(3#8%#,A*a4%14*."-+%/#/*('*#C3#'/#/*a-"/*1-0'35*`4#*#h0%+($#'3*,.#(U%'8*"(3#*-D*34#*#C3#'/#/*
,3(3#&#'3*#C1##/ #/ *QPPP*a-"/,*.#"*&%'03#A*('*0'(33(%'(2$#*"(3#*%'*-+#"3*&-/#5*`4#,#*D%'/%'8,*
,088#,3*34(3*,014*%''#"*+#"2($%Y(3%-'*%,* 1-'/#',#/* (3* 34#* ,)'3(13%1* ('/* $#C%1($* $#+#$,5*<3* 34#*
.4-'-$-8%1($*$#+#$A*34#*1-'/#',(3%-'*4).-34#,%,* "#1#%+#,*,0..-"3*D"-&* #&.%"%1($*,30/%#,*,4-a%'8*
34(3*."-/013%-'*%,*D(,3#"*%'*1-+#"3*&-/# A*#+#'*a4#'* ,)'3(13%1*('/*$#C%1($*1-'3#'3, *("#*U#.3*#h0($A*
%5#5*a4#'*.("3%1%.('3,*("#*(,U#/*3-*"#1%3#*34#*,(&#*,#3,*-D*a-"/, *%'*2-34*&-/#,*?<'/#",-'A*FNOXl*
Z(1n()A*FNOFl*Z(",4($$*; *\("3a"%843A*FNIOl*Z(",4($$*; *\("3a"%843A*FNOP@5*̀ 4#,#* ,30/%#,*1-0$/*
,088#,3* 34(3* ,-&#* -D* 34#*.4-'-$-8%1($* -"* ("3%10$(3-")*."-1#,,#,* %'+-$+#/* %'* -+#"3*,.##14* ("#*
(2,#'3 *%'*1-+#"3*&-/# 5*<'*($3#"'(3%+#*%'3#"."#3(3%-'A*/#,1"%2#/*%'*F5XA*%,*34(3*%''#"*,.##14*%'+-$+#, *
34#* ,(&#* -.#"(3%-',* (,* -+#"3* ,.##14 *203*34(3A* (,* ,088#,3#/*2)*_88#"*?FOOF@A*34#*#C#103%-'*-D*
("3%10$(3-"*&-+#&#'3,*3(U#,*$-'8#"*34('*34#%"*,%&0$(3%-'5*

<*,#1-'/* ("80&#'3*D-"*34#*<2,3"(13%-'*+%#a*%,*34(3*%''#"*,.##14*a-0$/*2#*/#."%+#/*-D*,-&#*
("3%10$(3-")*,.#1%D%1(3%-'5*J.##14*#""-",*/0"%'8*%''#"*"#1%3(3%-'*-D*3-'80# 93a%,3#",*/-* /%,.$()*34#*
$#C%1($*2%(,* -2,#"+#/*%'* -+#"3* ."-/013%-'A*203*34#)* /-* '-3* ,4-a*34#* .4-'#&%1* ,%&%$("%3)*2%(,A*
a4%14*%,*2(,#/*-'*("3%10$(3-")*"#."#,#'3(3%-',*?B..#'4#%&*;*[#$$A*XPPO@5*̀ 4%,*,#1-'/*2%(,*%,*( *
3#'/#'1)*3-*#C14('8#*.4-'#&#,*a%34*1-&&-'*("3%10$(3-")*D#(30"#,*?#585*V__^*,$%.,*&-"#*-D3#'*
3-*7_<^A*a%34*j" j*('/*j$j*,4("%'8 *+-%1%'8*('/*(.."-C%&('3 *D#(30"#,A*34('*V__^*3-*K__ Â*a%34*j"j*
('/*j2j* -'$)*,4("%'8 *+-%1%'8@5*B..#'4#%&*('/*[#$$* ?XPPOA*XPFP@*("80#*34(3*"#1%."-1($*(13%+(3%-',*
2#3a##'*("3%10$(3-")*('/*.4-'-$-8%1($*$#+#$,*1('*#C.$(%'*34%,*#DD#135*̀4#)* 4(+#*-'$)*-2,#"+#/*%3*%'*
-+#"3*&-/#*-"* a%34*%''#"*,.##14*(11-&.('%#/*a%34*&-034%'8A*a4%14*4( , *$#/*34#&*3-*1$(%&*34(3*
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* Q*

($34-084* %''#"* ,.##14* %,* ,.#1%D%#/* (3* 34#* $#C%1($* $#+#$* ?2#1(0,#* -D* 34#* $#C%1($* 2%(,@A* %3* %,*
%&.-+#"%,4#/* (3* $-a#"* ?("3%10$(3-")@* $#+#$,5*<11-"/%'8* 3-* 34#&A*0'("3%10$(3#/*%''#"* ,.# #14*%,*
8"-0'/#/* -'* (2,3"(13* $%'80%,3%1* "#."#,#'3(3%-'* ('/*1('* #&#"8# * 2#D-"#*(')* ("3%10$(3-")*
%'D-"&(3%-'*%,*"#3"%#+#/ 5*

<* 34%"/*("80&#'3* D-"* 34#* <2,3"(13%-'* +%#a*%,* 34(3* 3).%1($* ("3%10$(3-")* (2%$%3%#,* ("#* '-3*
"#h0%"#/*%'*%''#"* ,.##145*! (3%#'3,* a%34*('("34"%(A* a4-* 4(+#*&-3-"* 1-"3#C*$#,%-',* /%,"0.3%'8*
("3%10$(3-")*(2%$%3%#,A*&()*,3%$$*4(+#*%'3(13*%''#"*,.##14*?K(//#$#)*;*g%$,-'A*FNO]l*>($$("*;*\(..(A*
FNOI@5*`4%,*1-0$/*,088#,3*34(3*%''#"*,.##14*/-#,*'-3*/#.#'/*-'*("3%10$(3%-' 9,.#1%D%1*."-1#,,#,5*
:-a#+#"A*(,*/%,10,,#/*%'*F5XA*('-34#"*#C.$('(3%-'*%,*34(3*,014*$#,%-',*-'$)*(DD#13*,.##14*#C#103%-'A*
$#(+%'8*#("$%#"*,3(8#,*-D*,.##14*.$(''%'8*?%'1$0/%'8*("3%10$(3-")*,.#1%D%1(3%-'@*0'($3#"#/5*

*
;<@"!,%+?*&(-"/$,"(5*"#$&#,*(*&*--" 1&4"?+0('?$410'(9" $/"'&&*,"01&%+1%*"

6'*1-'3"(,3*a%34*34#*<2,3"(13%-'*+%#aA*%3*4(,*2##'*,088#,3#/*34(3*%''#"*,.##14*%,*1-'1"#3#*%'*
'(30"# A*%5#5*#C."#,,#/*%'*(*&-/($ *D-"&(3*('/* D0$$)*,.#1%D%#/A*/-a'*3-*.4),%1($A*&-3-" *."-1#,,#, 5*
`4#*#("$%#,3*1$(%&,*-D*34#*1-'1"#3#'#,,*-D*%''#"*,.##14*."-2(2$)*/(3#*2(1U*3-*_"/&(''*?FO]F@*
('/*W#%8#"*?FOHO@A*a4-A*(,*1%3#/*2)*J3"%1U#"*?FOO]@A*%'3"-,.#13%+#$)*-2,#"+#/*34(3*%''#"*,.##14*%,*
(11-&.('%#/*2)*D##$%'8,*-D*3#',%-'*%'*34#*,.##14*&0,10$(30"#5*J3"%1U#"X*#C.$%1%3$)*(,,-1%(3#/*%''#"*
,.##14* a%34* &-3-"* "#."#,#'3(3%-',5*:#* ,.#10$(3#/*34(3*a-"/* "#."#,#'3(3%-',* 1-',%,3* %'* 34#*
(a("#'#,,* -D*%&.0$,%-',* /"%+#'*D"-&*1#"#2"($* ,.##14*1#'3"#,*3-* ,.##14*&0,1$#,5*6'*34(3*+#%'A*
g(3,-'* ?FNFN@*/#,1"%2#/*%''#"*,.##14*(,*(*a#(U#'#/* D-"&*-D*-+#"3*,.##145*:#*1-',%/#"#/*%''#"*
$('80(8# *(,*(*o4%84$)*%'3#8"(3#/*2-/%$)*(13%+%3)d*?.5GX]@5*<$34-084*B..#'4#%&*;*[#$$ *?XPFP@*4(+#*
4#$/*34(3*4#*a#'3*(,*D("*(,*1$(%&%'8*34(3*&-+#&#'3,*-D*34#*("3%10$(3-",*("#*.("3*-D*%''#"*,.##14A*
4#*&#"#$)*,088#,3#/*34(3*%''#"*,.##14*&() A*%'*,-&#*%'/%+%/0($,A*2#*(11-&.('%#/*a%34*("3%10$(3-")*
&-+#&#'3 5*g 4#34#"*4#*(130($$)*($$#8#/*34(3*&-+#&#'3,* '#1#,,("%$)* -110"*%'*%''#"* ,.##14A* -"*
a4#34#"A*2)*34#*3#"&*e%'3#8"(3#/*(13%+%3)f*4#*,%&.$)*&#('3*,%&0$(3#/*(13%-'A*%,*/#2(3(2$#5*`4#*
#C3"#&#*+%#a*34(3*%''#"* ,.##14*"#h0%"#,*(130($*&-+#&#'3*4(,*2##' *"#D03#/*2) *J&%34A*K"-a'A*
`-&('A* ;* W--8&(' *?FNQI@*a4-* ,4-a#/* 34(3 *3#&.-"(")* .("($),%, *%'/01#/ *2) *10"("#* /%/* '-3*
."#+#'3*+#"2($*34-0843A*&#&-")*,3-"(8#*('/*."#,0&(2$) *%''#"*,.##145*̀40,A*34%,*#C3"#&#*+#",%-'*
1(' '-3 *2#*0. 4#$/5*<*&-"#*'0('1#/*+%#a A*"#D#""#/*3-*(,*34#*8.6.$%&/25396/."*4).-34#,%,A*%,*34(3*
%''#"*,.##14*%,*(*&#'3($*,%&0$(3%-'*-D*("3%10$(3%-'A*a%34-03*(130($*&-+#&#'35*6'*34%,*+%#aA*%''#"*
,.##14*."-/013%-'*%,*/#,1"%2#/*(,*,%&%$("*3-*-+#"3*,.##14*."-/013%-'A*#C1#.3*34(3*&-3-"*#C#103%-'*
%,*2$-1U#/*?W"SY#,* ;* [#1#3)A*XPPFl* !-,3&(* ;*L--"/('0,A*FNNH@5*E'/#"*34#*Z-3-"*J%&0$(3%-'*
4).-34#,%,A* (* 1-'3%'00&* #C%,3,* 2#3a##'* -+#"3* ('/* 1-+#"3* ,.##14A* %'* $%'#* a%34* 34#* 1-'3%'00&*
2#3a##'*%&(8%'#/* ('/* (130($*(13%-',* ."-.-,#/ *2)* [#1#3)* ('/*p#(''#"-/*?FNNH@5*`4%,*4(,*$#/*
,-&# *(034-",* 3-* 1$(%&* 34(3* %''#"* ,.##14* ,4-0$/* ,4("#* D#(30"#,* a%34* ,.##14* &-3-"* (13%-',*
?^#%'2#"8A* FNIOl* p-'#,* ;* ^#"')4-084A* XPPI@* ('/* 34(3* %3*&()* 2#* (,,-1%(3#/* a%34* 1-'1"#3#*
.4),%-$-8%1($*1-""#$(3#,5*̀4 #%Z-3-"*J%&0$(3%-'*4).-34#,%,*%,*,0..-"3#/*2)*,#+#"($*D%'/%'8,A*a4%14*
a#*30"'*3-*'-a 5*

91! : );0/.3.4/(93%(.$$#396#0%

!4),%-$-8%1($*&#(,0"#&#'3,*,088#,3*34(3*%''#"*,.##14*%,*.4),%1($$)*.$(''#/A*%'*34#*,(&#*
a()*34(3* -+#"3* ,.##14*%,5*^%",3A*(,*1-'1#"',* "#,.%"(3-")* "(3#A* \-'"(/* ('/* J14q'$#*?FNIN@*4(+#*
,4-a#/*34(3*34#*"#,.%"(3-")*1)1$#*+("%#,*($-'8*(*1-'3%'00&5*[0"%'8 *"#,3A*2"#(34%'8*%,*,)&&#3"%1($A*
a%34*%',.%"(3%-'*('/*#C.%"(3%-'*.4(,#,*/%,.$()%'8*#h0($*/0"(3%-',5*6'*-+#"3*,.##14A*34#*1)1$#*%,*
,3"-'8$)* (,)&&#3"%1($* a%34* (* ,4-"3* %',.%"(3%-'* ('/* (* $-'8* #C.%"(3%-'* /0"%'8* a4%14* ,.##14* %,*

                                                
2 Stricker himself designed a clever introspective exercise to experience this orofacial activity: when oneÕs mouth is positioned 
into the rounded shape required to pronounce 'o', if one tries to imagine uttering the phoneme 'm', a slight contraction is felt in 
the lip muscles, as if one was actually pressing lips for ÔmÕ. 
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* ] *

#&%33#/5* \-'"(/* ('/* J14q'$#* 4(+#* ,4-a'* 34 (3* %''#"* ,.##14*/%,.$(), * (* ,$%843$)*."-$-'8#/ *
#C.%"(3-")*.4(,#5*`4#)*1-'1$0/#/*34(3*&-3-"*."-1#,,#,*("#*(3*.$()* /0"%'8*%''#"*,.##14*?,##*($,-*
\4(.#$$A*FNNQ@5*

J.#(U%'8*"(3#*D%'/%'8,*("#*&-"#*/#2(3#/5*<,*&#'3%-'#/* %'*F5FA*,%$#'3*"#1%3(3%-'*4(,*2##'*
D-0'/*3-* 2#*D(,3#"*34('*-+#"3*"#1%3(3%-'*2)*&(')*"#,#("14#",5*J-&#*,30/%#,*4(+#*D-0'/*,%&%$("*
"(3#,*D-"*1-+#"3*('/*-+#"3*"#1%3(3%-'A*4-a#+#"*?7('/(0#"A*FNHXl*g#2#"*;*K(14A*FNHNl*g#2#"*;*
\(,3$#&('A*FNIP@5*`4%,* ,088#,3, *34(3*34#* /%DD#"#'1#*&%843*2#*3#'0-0,5�R*L#3,#$$*('/*1-$$#(80#,*
4(+#* #C(&%'#/* ,.-'3('#-0,* ,#'3#'1#* ."-/013%-' *%'* 2-34* 1-+#"3* ('/* -+#"3* &-/#,*?L#3,#$$A*
n$#%',(,,#"A*;*[('%#$A*XPFH@5*!("3%1%.('3,*8#'#"(3#/*D0$$*,#'3#'1#,*2)*,()%'8*34#*D%",3*34%'8*34(3*
1(&#*3-*34#%"*&%'/5*`4#*"(3#*-D*%''#"*."-/013%-',*a(,*D-0'/*3-*2#*,$%843$)*D(,3#"*34('*34(3*-D*-+#"3*
,.##145*̀ 4#*D(13*34(3*34#*/%DD#"#'1#*a( ,*,&($$*,088#,3, *34(3*,.#(U%'8*($-0/*-'$)*/%DD#",*D"-&*%''#"*
,.##14*2)*34#*$-'8#" *3%&#*'##/#/*3-*-+#"3$)*("3%10$(3#A*-'1#*34#*&-3-"*.$(' *%,*/#,%8'#/A*1-&.("#/*
a%34*,%&0$(3#/*("3%10$(3%-'*?,##*J#13%-'*G@5**

\-'1#"'%'8 *&0,10$("* (13%+%3)A*J3"%1U#"d,* %'3"-,.#13%+#* -2,#"+(3%-'* 34(3* %''#"* ,.##14* %,*
(11-&.('%#/*a%34*&0,10$(" *,#',(3%-' *D%'/,*,0..-"3*D"-& *(*D#a*#$#13"-&)-8"(.4%1* ?_ZW@*,30/%#,*
-D*%''#"* ,.##145*E,%'8*#$#13"- /#,* %',#"3#/* %'*34#* 3-'80#* -"* $%.,* -D* D%+#*.("3%1%.('3,A* p(1-2,-'*
?FNGF@*a(,*(2$#*3-*/#3#13*_ZW*(13%+%3)*/0"%'8*,#+#"($*3(,U,* "#h0%"%'8*%''#"* ,.##14A*%'1$0/%'8*
,%$#'3*"#1%3(3%-'5*J-U-$-+*?FNIX@*1(""%#/*-03*_ZW*&#(,0"#&#'3,*-D*$%.*('/*3-'80#*&0,1$#,*/0"%'8*
3(,U,*"#h0%"%'8*/%DD#"#'3* /#8"##,*-D*%''#"*+#"2($%,(3%-'5* :#*"#1-"/#/*%'3#',#*&0,1$#*(13%+(3%-'*
/0"%'8* 1-&.$#C* 3(,U,* "#h0%"%'8* ,02,3('3%($*%''#"* ,.##14* ."-/013%-' * ?."-2$#&* ,-$+%'8@5*
\-'+#",#$)A*( */#1"#(,#*%'*&0,1$#*(13%+%3)*a(,*-2,#"+#/*D-"*(03-&(3%Y#/*3(,U,A*a%34*$#,,#"*'##/*
D-"* %''#"* +#"2($%,(3%-'5* J0"D(1#* _ZW* "#1-"/%'8,* 1(""%#/* -03* 2)* Z1W0%8('*;* [-$$%', *?FNON@*
%'/%1(3#/*34(3*34#*$%.,*a#"#*,%8'%D%1('3$)*(13%+#*a4#'*,%$#'3$)*"#(/%'8*34#*$#33#"*e!f*?('*%',3('1#*-D*
2%$(2%($*("3%10$(3%-'@A*203*'-3*a4#'*"#(/%'8*e`f*?($+#-$("*("3%10$(3%-'@*-"*(*'-'$%'80%,3%1*1-'3"-$*
,3%&0$0,5*B'*34#*-..-,%3#A*34#*3-'80#*a(,* ,%8'%D%1('3$)*(13%+#*a4#'*"#(/%'8*e`fA*203* '-3*a4#'*
"#(/%'8*e!f*-"*34#*1-'3"-$5*̀4# *(034-",*1-'1$0/#/*34(3*34#*,.##14*&0,10$(30"#*0,#/*D-"*34#*-+#"3*
."-/013%-'* -D* ,.#1%D%1* .4-'#&#,* %,* ($,-*,#$#13%+#$)*(13%+#* a4#'* 1-+#"3$)* "#(/%'8* 34#* ,(&#*
.4-'#&# , 5*7%+#,()A*7%#2U#A*J(&("(,A*;*J3('$#)*?FNNH@*&#(,0"#/*$(2%($*_ZW*(13%+%3)*%'*3a#'3) *
.("3%1%.('3,*/0"%'8*"#,3*('/*&#'3($*3(,U, 5*`4#)*D-0'/*(*,%8'%D%1('3*%'1"#(,#*%'*_ZW*(13%+%3)*/0"%'8*
,%$#'3*"#1%3(3%-'*1-&.("#/*3-*"#,3A*203*'-*%'1"#(,#*/0"%'8*34#*'-'9$%'80%,3%1*+%,0($%,(3%-'*3(,U5*<*
,30/)*/0"%'8*/"#(&#/*,.##14 A*0,%'8*%',#"3#/*#$#13"-/#,A*,088#,3,*34(3*34#*,%$#'3*?'-'9.4-'(3#/@*
,.##14* 34(3* -110",*%'* /"#(& *%,* (,,-1%(3#/* a%34* _ZW* (13%+%3)* %'*.$</(539$/0% .$/0*('/* 2#"693/0*
&0,1$#,*?J4%&%Y0*;*6'-0#A*FNOH@5*J0"D(1#*_ZW*(13%+%3)*4(,*($,-*2##'*/#3#13#/*%'*.$</(539$/0%.$/0%
/"=#$/.$*/0"%'8*(0/%3-")*+#"2($*4($$01%'(3%-'*?a4%14*4(,*2##'*/#,1"%2#/*(,*%''#"*,.##14*(33"%203#/*
3-* ('* #C3#"'($* ,-0"1#A* ,##* J#13%-'* G@*%'* .(3%#'3,* a%34* ,14%Y-.4"#'%(* ?V(.%'A* [-4#'A* !-$-,('A*
!#""%#"A*;*7T+#'2"01UA*XPFG@5*<*,30/)*2)* L($2-" 1Y)U*#3*($1*?XPFI @*-'*%'/01#/*&#'3($*"0&%'(3%-'A*
a4%14*1('*2#*+%#a#/*(,*(*D-"&*-D*#C1#,,%+#*'#8(3%+#*%''#"*,.##14A*($,-*,4-a,*('*%'1"#(,#*%'*$(2%($*
_ZW*(13%+%3)*/0"%'8*"0&%'(3%-'*1-&.("#/*a%34*"#$(C(3%-'5*<,*1-'1#"',*%''#"* ,%8'*$('80(8#A*Z(C*
?FNGI@* %'+#,3%8(3#/* (13%+%3)* %'* 34#*=3#>.$#0% ?/4/6.$52A* (* &0,1$#* %'* 34#* D-"#("&* 34(3* D$#C#,* 34#*
D%'8#",A* %'*#%843##'*/#(D* .("3%1%.('3,* /0"%'8*,%$#'3* "#(/%'8* ('/*&#'3($* +#"2($*"#.#3%3%-'5*:# *
-2,#"+#/* 34(3A* 1-&.("#/*3-* (* 2(,#$%'#A*34#,#* 3(,U,* a#"#* (11-&.('%#/* 2)* ('*%'1"#(,#* %'* _ZW*
(13%+%3)*%'*34#*=3#>.$#0%?/4/6.$52*%'*OQr *-D*34#*1(,#,5*_ZW*(13%+%3)*%'*(*1-'3"-$*&0,1$#*/%/*'-3*+(")*
(,* &0145*B+#"($$A*34#,#* "#,0$3,* ,088#,3* 34(3*%',3('1#,* -D*%''#"* ,.##14*-"* %''#"* ,%8'*&()* 2#*
(11-&.('%#/*2)* (13%+%3)*%'*34#*-"-D(1%($*-"*&('0($*&0,10$(30"#5*
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* H*

<1! @#$#<$93%(.$$#396#0%

J#+#"($* ,30/%#,* ,4-a* 34(3* 1-+#"3* ('/* -+#"3*,.##14* ."-/013%-'* 2-34* "#1"0%3* #,,#'3%($*
$('80(8#*("#(,*%'*34#*$#D3*4#&%,.4#"#A*%5#5*"#8%-',*3"(/%3%-'($$)*(,,-1%(3#/*a%34*,.##14*."-/013%-'A*
,014*(,*&-3-"*('/*."#&-3-"*1-"3#C*%'*34#*D"-'3($*$-2#*%'1$0/%'8*K"-1(k,*("#(*?-"*34#*$#D3*%'D#"%-"*
D"-'3($*8)"0,A*76^W@A*"#8%-',*3).%1($$)*(,,-1%(3#/*a%34*,.##14*.#"1#.3%-'A*%5#5*2%$(3#"($*(0/%3-")*
( "#(,*('/*g#"'%1U#k,*("#(*%'*,0.#"%-"*3#&.-"($*8)"0,*?J`W@A*('/*('*(,,-1%(3%+#*"#8%-'A*34#*$#D3*
%'D#"%-"*.("%#3($*$-20$#A*%'1$0/%'8*34#*$#D3*,0."(&("8%'($*8)"0,*?7JZW@*?D-"*(*"#+%#aA*,##*!#""-'#9
K#"3-$-33%* #3* ($1A* XPFQA* XPFH@5* :-a#+#"A* 34#"#* ("#* /%DD#"#'1#,5* \-',%,3#'3* a%34* 34#* Z-3-"*
J%&0$(3%-'*4).-34#,%,* ('/*34#* '-3%-'* -D* (*1-'3%'00&*2#3a##'*1-+#"3* ('/* -+#"3*,.##14A* -+#"3*
,.##14*%,*(,,-1%(3#/*a%34*,3"-'8#" *(13%+%3)*%'*&-3-"*('/*."#&-3-"*1-"3%1#,*34('*%''#"*,.##14*?#585A*
!($&#"* #3*($1A*XPPF@5*`4%,*1('*2#*"#$(3#/*3-*34#*,0.."#,,%-' *-D*("3%10$(3-")*&-+#&#'3,* /0"%'8*
%''#"*+#"2($*."-/013%-'5*Z-"#-+#"A*-+#"3*,.##14*"#1"0%3,*,#',-")*("#(,*&-"#*,3"-'8$)*34('*1-+#"3*
,.##14 *?J40,3#"*;*7#&%#0CA*XPP]@5*B+#"3*,.##14*%,*34#"#D-"#*'-3*i0,3*%''#"*,.# #14*a%34*(//#/*
&-3-"*."-1#,,#,A*203*%3*%'+-$+#,*8"#(3#"*,#',-")* (13%+(3%-'A*(,,-1%(3#/*a%34*34#*."-1#,,%'8 *-D*-'#d,*
,.##145*V#1%."-1($$)A*%''#"* ,.##14*%'+-$+#,*1#"#2"($* ("#(,*34(3* ("#* '-3*"#1"0%3#/*/0"%'8* -+#"3*
,.##14*?K(,4- A*!($&#"A*V02%-A*g0$D#1UA*;*Zm$$#"A*XPPI@A*,014*(,*34-,#*0'/#"$)%'8*34#*%'4%2%3%-'*
-D*-+#"3*"#,.-',#* ?1%'80$(3#*8)"0,A*$#D3*&%//$#*D"-'3($*8)"0, @5*B+#"($$A*34#,#*D%'/%'8,*,0..-"3*34#*
1$(%&*34(3*%''#"*,.##14*%,*(*&-3-"*,%&0$(3%-'*-D*,.##14A*%'1$0/%'8*&-3-"*.$(''%'8A*203*#C1$0/%'8*
&-3-"*#C#103%-'5*` 4#* ."-1#,,#,*%'+-$+#/*%'*-+#"3*,.##14*34#"#D-"#*%'1$0/#*34-,#* "#h0%"#/*D-"*
%''#"* ,.##14* ?#C1#.3* D-"* %'4%2%3%-'@5*7#,%-'* ,30/%#,* 1-""-2-"(3#* 34%,* 1-'1$0,%-'M* a4#'* -+#"3*
,.##14*%,*%&.(%"#/A*%''#"*,.##14*%,*#%34#"*%'3(13*-"*($3#"#/A*/#.#'/%'8*-'*34#*."-1#,,#, *%&.(13#/5*
J#+#"($*,30/%#,*-D*2"(%'9$#,%-'#/*.(3%#'3,*a%34*(.4(,%(*4(+#*,4-a'*34(3*34#*-+#"3*,.##14*$-,,*1('*
2#*(,,-1 %( 3#/*a%34*('*%&.(%"&#'3*%'*%''#"*,.##14*?#585A*7#+%'#A*\($+('%-*;*!-.-+%1,A*FNOXl*Z("3%'*
;*\("(&(YY(A*FNOX@5*, 5**

W#+(A*K#''#33A*g("20"3-'A*;*!(33#",-'*?XPFF( @*4(+#*"#.-"3#/* ( */%,,-1%(3%-'*34(3*14($$#'8#,*
34%,* +%#aA*4-a#+#"5* 6'*34"##*.(3%#'3,* a%34* 14"-'%1* .-,39,3"-U#* (.4(,%(*?-03* -D*3a#'3) 9,#+#' *
.(3%#'3,*3#,3#/@GA*.--"#"* 4-&-.4-'#*('/*"4)&#*i0/8#&#'3* .#"D-"&('1#* a(,* -2,#"+#/*%'*1-+#"3*
1-&.("#/*a%34* -+#"3*&-/# 5*["(a%'8* -'* (11-0'3,* -D* ,.##14* ."-/013%-' *34(3*%'1$0/#* (* ,.##14*
1-&."#4#',%-'* ,),3#&A *,014* (,*7#+#$3A* V-#$-D,* ;*Z#)#"d,*?FNNN@*&-/#$ A* W#+(*('/* 1-$$#(80#, *
,088#,3#/ *34(3*%''#"*,.##14*"#$%#,*-'* (*1-''#13%-'*2#3a##'* 34#*."-/013%-'*('/*1-&."#4#',%-'*
,),3#&, A*34#*$(33#"*2#%'8*0,#/*3-*&-'%3-"*%'3#"'($*"#."#,#'3(3%-',5*<*/(&(8#*%'*34%,*1-''#13%-'*
1-0$/*,#$#13%+#$)*%&.(13*%''#"*,.##14*a4%$#*."#,#"+%'8*-+#"3*,.##145*<*$%&%3(3%-'*-D*34%,*,30/ ) A*
4-a#+#"A*%,*34(3*34#*3(,U*a(,*3-* /#3#13* "4)&#,*%'*a"%33#'*a-"/,5*`4#* /#D%1%3*1-0$/*4(+#*2##' *
%'/01#/* 2)* ,%$#'3*"#(/%'8* /%DD%10$3%#,5* `-* -+#"1-&#* 34%,* $%&%3(3%-'A* 7('8$('/9:(,,(' A* ^("%#,A*
V%14("/,-'A*;*[%#3Y*?XPF]@*4(+#*3#,3#/*(.4(,%(*.(3%#'3,*a%34*(*"4)&%'8*3(,U*0,%'8*.%130"#,*"(34#"*
34('*a"%33#'*a-"/,5*` 4#* .#"D-"&('1#* -D* .(3%#'3,*-'* 1-+#"3* "4)&%'8*a(,* .--"#"* 34('*34(3* -D*
1-'3"-$, A*203*&(') *.(3%#'3,*a#"#*0'%&.(%"#/*(3*-+#"3$)*'(&%'8*-2i#13,5*̀ 4#*(034-",*34#"#D-"#*
,088#,3#/*34#*/#D%1%3*1-0$/*2#*/0#*3-*(*,.#1%D%1*%'(2%$%3)*3-*8#'#"(3#*a-"/,*%'*%''#"*&-/# 5*J%'1#*
34#*/#D%1%3*a(,*'-3*/0#*3-*('*%&.(%"&#'3*%'*"4)&#*i0/8&#'3*?.(3%#'3,*1-0$/*i0/8#*a4#34#"*a-"/,*
,.-U#'*3-*34#&*"4)&#/ @*('/*,%'1#*.(3%#'3,*a#"#*($,-*%&.(%"#/*%'*(*8#'#"(3%+#*'(&%'8*3(,UA*34#*

                                                
3 The other patients were similarly impaired in both inner and overt speech, or had an impairment with overt speech only, 
resulting from motor deficits or from articulatory encoding difficulties. 
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* I *

(034-",*(33"%203#/*34#*/#D%1%3*%'*1-+#"3*"4)&%'8*3-*(*/%DD%10$3)*%'*8#'#"(3%'8*&0$3%.$#*'(&#,*D-"*
34#*,(&#*-2i#13*3-*D%'/*(*a-"/*"4)&%'8*a%34*34#*1-&.('%-'*.%130"#5*` 4#*(034-",*$#D3*-.#'*34#*
.-,,%2%$%3)*34(3*8#'#"(3%'8*,.##14*&()*2#*&-"#*1-8'%3%+#$)*('/*$%'80%,3%1($$)*/#&('/%'8*%'*1-+#"3*
&-/#A*('/*34(3*%''#"*,.##14*&()*2#*(*/%,3%'13*(2%$%3)A*a%34*,.#1%D%1*'#0"($*,02,3"(3#,5*

g#* ,088#,3* ('* ($3#"'(3%+#* %'3#"."#3(3%-'*-D*34%,*/%,,-1%(3%-'5*̂ %",3A* 34#* /%,1-''#13%-'*
2#3a##'* ."-/013%-'* ('/* 1-&."#4#',%-'* ,),3#&, *%'+-U#/*2)* W#+(* ('/* 1-$$#(80#,*a-0$/* ($,-*
%&.(%"* -+#"3* ,.##14A*,%'1#*34#*&-'%3-"%'8*$--.*%,* "#1"0%3#/*D-"* -+#"3* ,.##14A*($$-a%'8*D-"*34#*
"#.(%"*-D*,.##14*#""-", 5*̀ 4#"#D-"#A*,014*(*/%,1-''#13%-'*1(''-3*#C.$(%'*34#,#*D%'/%'8,5*J#1-'/$)A*
34#*,.#1%D%1%3)*-D*%''#"*,.##14*/#D#'/#/* 2)*7('8$('/ 9:(,,('*('/*1-$$#(80#,*%,* 4("/*3-*"#1-'1%$#*
a%34* 34#* D(13* 34(3*%'* W#+(* #3* ($5d,* ,30/)A*1-""#$(3%-',* 2#3a##'* %''#"* ('/* -+#"3* ,.##14* a#"#*
,%8'%D%1('35*̀ 4#*$(1U*-D*(*1-&.("(2$# *3(,U*%'*-+#"3*&-/#*%'*7('8$('/ 9:(,,('*#3*($5d,*,30/)*&(U#,*
%3*/%DD%10$3*3-*1-'1$0/#*($-'8*34(3*$%'#5*<11-"/%'8*3-*-0"*+%#aA*"4)&#*i0/8#&#'3*"#$%#,*-'*(0/%3-")*
"#."#,#'3(3%-',*-D*34#*,3%&0$%*?#585*!(0$#,0A*^"%34A*;*^"(1U-a%(UA*FNNG@5*B+#"3*,.##14*8#'#"(3#,*( *
,3"-'8 *(1-0,3%1*-03.03A*34"-084*34#*#("*(,*a#$$*(,*34"-084*2-'#*1-'/013%-'A*a4%14*%,*D#/*2(1U*3-*
34#* (0/%3-")* 1-"3#C* ('/* 1('* 2#* 0,#/* 3-*&-'%3-"* ,.##14 5* 6'* 34#*1-+#"3*&-/#A* 34#*(0/%3-")*
%'D-"&(3%-'*%,*34#*&#'3($$)*,%&0$(3#/*,%8'($*a4%14*%,*'-3*(,*,($%#'35*g4%3#*'-%,#*4(,*2##'*"#.-"3#/*
3-*%'3#"D#"#*a%34*"4)&#*i0/8&#'3,*?g%$/%'8*;*g4%3#A*FNO]@A*a4%14*1-'D%"&,*34(3*%''#"*(0/%3-")*
,#',(3%-',*("#*a#(U5*`4#*D(13*34(3*#+#'*34#*1-'3"-$*.("3%1%.('3,*%'*7('8$('/9:(,,(' *#3*($5d,*,30/)*
/%/*'-3*"#(14*.#"D#13*,1-"#,*%'*34#*,%$#'3*"4)&%'8*3(,U*,0..-"3,*34%,*%'3#"."#3(3%-'5*6'*.(3%#'3,*
a%34* (.4(,%(A*34#*a#(U'#,,* -D* (0/%3-")* ,#',(3%-',*&()* 2#* (11#'30(3#/* D-"*3a-* "#(,-',M*D%",3A*
2#1(0,#*-D*('*%&.(%"&#'3*%'*34#*D%'($*,3(8#,*-D*("3%10$(3-")*,%&0$(3%-'A*('/*,#1-'/A*2#1(0,#*-D*
(,,-1%(3#/* (0/%3-")* /#D%1%3,5* 6'3#"#,3%'8$)A* -'#* -D* 34#* 34"##* .(3%#'3,* %'* W#+(* #3* ($d,* ,30/)* 4(/*
(0/%3-")* 1-&."#4#',%-'* /#D%1%3,5* `4#"#D-"#A*a#* ,.#10$(3#* 34(3*34#*/%,,-1%(3%-'*%,* /0#*3-* ('*
(&.$%D%#/*$-a#"*,($%#'1)*-D*34#*(0/%3-")*,#',(3%-',*#+-U#/*/0"%'8*%''#"*,.##14 5**

(1! A$6/(5396.$;%0'#(/=/(96/."%

<'-34#"*("80&#'3*D-"*34#*1-'1"#3#'#,,*-D*%''#"*,.##14*1-&#,*D"-&*2#4(+%-0"($*#+%/#'1#*
-D* ("3%10$(3-")* #DD#13,5*</+-1(3#,* -D* 34#* <2,3"(13%-'* +%#a* 4(+#* ,088#,3#/*34(3* %''#"* ,.##14* %,*
%&.-+#"%,4#/* (3* 34#* ("3%10$(3-")* $#+#$5* `4%,* 1$(%&* %,* ,3%$$* /#2(3#/* 4-a#+#"A* ,%'1#* (* .4-'#&%1*
,%&%$("%3)*2%(,*4(,*%'*D(13*2##'*D-0'/*2)*\-"$#)A*K"-1U$#40",3*;*Z-(3*?XPFF@*/0"%'8*3-'80#3a%,3#"*
."-/013%-'A*#+#'*%'*(*1-+#"3*&-/#5*Z-"#-+#"A*J1-33A*s#0'8A*W%1U*;*g#"U#"*?XPFG@*4(+#*#C(&%'#/*
34#*%'D$0#'1#*-D*1-'10""#'3*%''#"*,.##14*."-/013%-'*-'*,.##14*.#"1#.3%-'5*`4#)*,4-a#/*34(3*34#*
1-'3#'3* -D* %''#"* ,.##14* -"%#'3,* 34#* .#"1#.3%-'* -D* (&2%80-0,* ,)$$(2$#,5* `4#)* D-0'/* 34(3* 34%,*
%'D$0#'1#* #+#'* -.#"(3#,* (3* 34#*("3%10$(3-")*$#+#$M* 34#* %''#"* ."-/013%-'* -D* jtdDtj*+,5*jtd.tj*
,.#1%D%1($$)*2%(,#/* .#"1#.3%-'* 3-a("/,* jtd+tj* +,5*jtd2tjA* "#,.#13%+#$)5* <* "#1#'3* DZV6* ,30/)*
,088#,3,*34(3*%''#"*,.##14*/0"%'8*"#(/%'8*1-/#,*/ #3(%$*(,*D%'#*(,*+-%1%'8*?n#$$*#3*($5A*XPFI@5*6'*34%,*
,30/)A* 34#* '0&2#"* -D* +-%1#$#,,* ('/* +-%1#/* 1-',-'('3,* %'* 34#* ,%$#'3$)* "#(/* ,#'3#'1#,* a(,*
,),3#&(3%1($$)* +("%#/5* 6'1"#(,#/* +-%1%'8* &-/0$(3#/* +-%1#9,#$#13%+#* "#8%-',* %'* (0/%3-")* 1-"3#C5*
B+#"($$A*34#,#*/(3(*,088#,3*34(3*%''#"*,.##14*&() *%'/##/*2#*,.#1%D%#/*(3*34#*("3%10$(3-")*$#+#$5*

Z-"#-+#"A* ,30/%#,* -'* ("3%10$(3-")* /%DD%10$3)* ($,-* "#+#($*("3%10$(3-")*#DD#13,* /0"%'8* %''#"*
,.##145*J&%34A*:%$$#'2"('/A*g(,-a%1YA*;*!"#,3-'*?FNOH@*4(/*.("3%1%.('3,*"#.#(3*2%,)$$(2%1*,3%&0$%*
%'* 2-34* -+#"3* ('/* 1-+#"3* &-/#, 5* `4#* ,3%&0$%*1-+#"#/* (* "('8#* -D* e."-/013%-'* /%DD%10$3)f5* <'*
%&.-"3('3*/0"(3%-'($*"('8#* a(,*D-0'/* (1"-,,*,3%&0$%A*%'*2-34*&-/#,5*g -"/,*a4%14*3--U*$-'8#"*3-*
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* O*

2#*?1-+#"3$)*('/ *-+#"3$)@*."-/01#/*%'+-$+#/*($3#"'(3%-',*%'*,%&%$("*.4-'#&#,*%'*34#*,(&#*,)$$(2$#*
.-,%3%-'5*̀4#)*1-'1$0/#/*34(3*."-/013%-'* /%DD%10$3)*?"#D$#13#/*2)* /0"(3%-'@*%,* '-3* ,-$#$)* /0#*3-*
#C#103%-'* 203* ($,-* 3-* .$(''%'85*g#* (// *34(3* 34#*D%'/%'8*34(3* oa"%,3a(314d* 3(U#,* $-'8#"*34('*
oa"%,32('/d*%'*2-34*&-/#,*,088#,3,*34(3*("3%10$(3-")*,.#1%D%1(3%-'*/-#,*-110"*%'*%''#"*,.##145*` 4#*
$(2%-9+#$("*8$%/#*jaj*%,*("3%10$(3#/*a%34*$%.*"-0'/%'8*('/*."-3"0,%-'A*('/*,-*%,*34#*"#3"-D$#C*j"j*
?p-4',-'A*FNNI@5*K-34*"#h0%"#*."#1%,#*1-'3"-$*-D*34#*$%.*1-'D%80"(3%-'5*`4%,*%,*/%DD#"#'3*D"-&*j2j*
a4%14* %'+-$+#,* (* 2($$%,3%1*$%.* 1$-,%'8*8#,30"#5* `4#* .4-'#&#,* %'* 34#* j"j9jaj* ($3#"'(3%-'* ("#*
34#"#D-"#*&-"#* ,%&%$("* ("3%10$(3-"%$)* 34('* 34-,#* %'* j"j9j2j5* Z-3-"* 1-'3"-$* ,30/%#,*,4-a *34(3*
($3#"'(3%'8*2#3a##'*34#*&-+#&#'3,*-D*3a-*#DD#13-",*%,*D(,3#"*34('*"#.#3%3%-'*-D*(*,%'8$#*#DD#13-"*
&-+#&#'3 A*2#1(0,#*%'*34#*D%",3*1(,#A*34#*&-3%-'* -D* -'#*#DD#13-"*1('*2#* ('3%1%.(3#/* /0"%'8*34#*
&-+#&#'3*-D*34#*-34#"*-'#*?V-14#39\(.#$$('*;*J14a("3YA*XPPI@5*`4%,*#C.$(%',*a4)*oa"%,3a(314d*
%,*$-'8#"*3-*."-'-0'1#*-+#"3$)*34('*oa"%,32('/d5*`4#*D(13*34(3*%3*%,*($,-*$-'8#"*1-+#"3$)*,088#,3,*
34(3*("3%10$(3-")*1--"/%'(3%-'*/-#,* 3(U#*.$(1#*%'*%''#"*,.##145*

?1! B#065$93%$#'$#0#"696/."%/"%(.C#$6%0/4"%39"4594#%

<'-34#"* $%'#* -D* "#(,-'%'8* D-"* 34#* &-/($* '(30"#* -D* %''#"* $('80(8#* 1-&#,* D"-&* 34#*
#C(&%'(3%-'*-D*%''#"*$('80(8#*%'*/#(D*,%8'#",5*K#4(+%-0"($*,30/%#,*4(+#*,4-a'*34(3*34#*#h0%+($#'3*
-D* %''#"* ,.##14* %'* /#(D* ,%8'#",* %'+-$+#,* %'3#"'($* "#."#,#'3(3%-',* -D* ,%8',* %',3#(/* -D* (0/%3-")*
"#."#,#'3(3%-',5*6'*(*+#"2($*,4-"3*3#"&*&#&-")*3(,UA*K#$$08%A*n$%&(A*;*J%.$#*?FNI]@*,4-a#/*34(3 *
#""-",*&(/#*2)*4#("%'8*,02i#13,*a#"#*&(%'$)*,-0'/*2(,#/A*('/*1-'D-"&*3-*."#+%-0,*#C.#"%&#'3,*
?#585* o+-3#d* &%,"#1($$#/* (,* o2-(3d@5* `4%,* ,088#,3,* 34(3* 4#("%'8* ,02i#13,* a#"#* 1-/%'8* ('/*
"#&#&2#"%'8* a-"/,* %'* 3#"&,* -D* 34#%"* .4-'-$-8%1($* ."-.#"3%#,5* 6'* /#(D* ,%8'%'8* ,02i#13,A*
,02,3%303%-'*#""-",*"#D$#13#/ *34#*+%,0($*1-'D%80"(3%-'($*."-.#"3%#,*-D*34#*,%8',*?#585*o'--'d*"#.$(1#/*
2)*o3"##dA*2-34*D#(30"%'8*34#*,(&#*("&*.-,%3%-'*%'*<&#"%1('*J%8'*7('80(8#@5*B34#"*,30/%#,*-D*34#*
."-.#"3%#,*-D*+#"2($*a-"U%'8*&#&-")*%'*/#(D*,%8'#",*"#D$#13*( *3"(',D#"*D"-&*34#*(0/%3-")*3-*34#*
+%,0($*&-/($%3)A*a%34*(* ,%8'*$#'834*#DD#13*%',3#(/* -D*34#* (0/%3-")*a-"/9$#'834*#DD#13*%'* ,.-U#'*
$('80(8#A*-"*(*&('0($*,0.."#,,%-'*#DD#13*"#.$(1%'8*("3%10$(3-")*,0.."#,,%-'*?g%$,-'*;*_&&-"#)A*
FNNO@5*J014*,30/%#,* ,088#,3*34(3*, %8'*$('80(8#*%,*,3-"#/*%'*3#"&,*-D*+%,0($*.#"1#.3,*(,*a#$$*(,*
&('0- 9("3%10$(3-")*"#."#,#'3(3%-',A*i0,3*$%U#*,.##14*%,*."#,0&(2$)*,3-"#/*%'*2-34*(0/%3-")*('/*
-"- 9("3%10$(3-")* D-"&(3,Q5* `4#"#D-"#A* %''#"* $('80(8#* %'* /#(D* ,%8'#",*."#,0&(2$) *%'+-$+#, *('*
%'3#"'($*"#."#,#'3(3%-'* -D*,%8',5*<,*"#+%#a#/*%'*Z(1Ja##'#)A*\(.#UA*\(&.2#$$*;*g-$$*?XPPO@A*
$#,%-'*('/*'#0"-%&(8%'8*,30/%#,*1-""-2-"(3#*34#,#*/(3(M*$%U#*%''#"*,.##14A*%''#"*,%8'%'8*%'+-$+#,*
(* ."#/-&%'('3$)* $#D39$(3#"($%Y#/* .#"%,)$+%('* '#3a-"U5* [%DD#"#'1#,* #C%,3* 2#3a##'* 34#* '#3a-"U,*
,0..-"3%'8* ,%8'#/* ('/* ,.-U#'*$('80(8#,A* "#D$#13%'8* ,.#1%D%1%3%#,*%'*34#*#("$)* ,3(8#,* -D* ,#',-")*
."-1#,,%'8*?(0/%3-")*+,5*+%,0($@*-"*%'*4%84#"9$#+#$*$('80(8#*14("(13#"%,3%1,*?#585*"#D#"#'3%($*0,#*-D*
,.(1#*%'*,%8'*$('80(8#@5*s#3A*%''#"*$('80(8#*"#1"0%3,*(*1-&&-'*1-"#*-D*"#8%-',A*%'/#.#'/#'3*-D*34#*
&-/($%3)*%'*a4%14*%3*%,*#C."#,,#/5**

<,*&#'3%-'#/* (2-+# A*('/*(,* /#3(%$#/*%'*J#13%-'*GA*( 0/%3-")*+#"2($*4($$01%'(3%-'*?<>:@*1('*
2#*1-' ,%/#"#/*(,*(*D-"&*-D*%''#"*,.##14A*a4%14*%,*(33"%203#/*3-*('*#C3#"'($*,-0"1#5*</&%33#/$)A*
2#1(0,#*34#)*-D3#'*-110"*%'*/#$0,%-'($*,%30(3%-',A*<>:*1(''-3*2#*3(U#'*3-*2#*D0$$)*"#."#,#'3(3%+#*
-D*%''#"*,.##145*s#3*34#)*1('*2#*+%#a#/*(,*(*,.#1%D%1*1(,#*-D*%''#"*,.##14A*a-"34*1-',%/#"%'85*`4#*
/#,1"%.3%-',* -D*<>:*%'* /#(D*.(3%#'3,*D0"34#"*%$$0,3"(3#,*34#*&-/($%3)9,.#1%D%1*h0($%3%#,*-D*%''#"*

                                                
4 More precisely, signs are expressed through movements of the arms, hands and also face; speech is expressed through 
movements of the larynx, tongue, mouth, face and is often accompanied with hand gestures; so both modalities are presumably 
stored in a bracchio-manuo-oro-facial articulatory format (see 2.2). 
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* N*

$('80(8# 5*<3U%',-'A* W$##,-'A* \"-&a#$$A* ;* BdV-0"U#*?XPPI@*,4-a#/ * 34(3* 34#* 4($$01%'(3-")*
.4#'-&#'-'* %'*/#(D*,14%Y-.4"#'%(*.(3%#'3,*/#.#'/#/ *-'*34#%"*(0/%3-")*#C.#"%#'1#5*!(3%#'3,*2-"'*
."-D-0'/$)*/#(D* "#.-"3#/* 34(3*34#*e+-%1#,f*34#)*#C.#"%#'1#/*a#"#* '-'(0/%3-") 5*̀ 4#)*"#.-"3#/*
,##%'8*(*&-+%'8*%&(8#*1-&&0'%1(3%'8*a%34*34#&*34"-084*,%8'A*$%.*&-3%-'*-"*D%'8#",.#$$%'85*[#(D*
.(3%#'3,*a%34*#C.#"%#'1#*-D*4#("%'8*,.##14A*/0#*3-*"#,%/0($*4#("%'8*-"*."#/#(D'#,,*#C.#"%#'1#A*
"#.-"3#/*(0/%3-")*D#(30"#,*-"*0'1#"3(%'3)*(2-03*&-/#*-D*.#"1#.3%-'5**

`-* ,0&&("%Y #A*2#4(+%-0"($*&#(,0"#&#'3,* ,##&*3-*%'/%1(3#*34(3*.4-'(3-")9("3%10$(3-")9
8#,30"($*.$(''%'8*%,*(3*.$()*/0"%'8*%''#"*$('80(8# *('/*34(3*%''#"*$('80(8#* &()*2#*(11-&.('%#/*
a%34* (13%+%3)* %'*34#* ,.##14* ('/* ,%8'* &0,10$(30"#5* 6'* 3#"&,* -D* 2"(%'* (13%+%3)A* -+#"3* ('/* 1-+#"3*
$('80(8#*,##&*3-*,4("#*1-&&-'*1-"#*'#0"($*1-""#$(3#,A*a%34*-+#"3*$('80(8#*"#1"0%3%'8*&-3-"*('/*
,#',-")*("#(,*&-"#*34('*%''#"*$('80(8#A*('/*%'' #"*$('80(8#*"#1"0%3%'8*%'4%2%3%-'*1%"10%3,*&-"#*
34('* -+#"3* $('80(8#5* `4#"#D-"#A* 1-'3"(")* 3-* 34#* <2,3"(13%-'* +%#aA* ,-&#* %',3('1#,* -D* %''#"*
$('80(8#*,##&*D0$$)*.4),%1($$)*.$(''#/A*%'1$0/%'8*1-'1"#3#*("3%10$(3-")*?$(")'8#($A*-"-D(1%($*('/*
&('0($@*,.#1%D%1(3%-',*34(3*("#*1--"/%'(3#/ A*i0,3*$%U#*%'*-+#"3*$('80(8#A*203*34(3*("#*%'4%2%3#/*('/*
'-3*#C#103#/5*

;<A!B$*C'-(*&#*"$/"17-(,1#( >1?$41 0"1&4"#$&#,*(*>?+0('?$410"/$,?- "

`4#* ,##&%'8$)* -..-,%3#* +%#a,* -D* <2,3"(13%-'* ('/* Z-3-"* J%&0$(3%-'* ("#* '-3* &030($$)*
#C1$0,%+#A*4-a#+#"5*<,*#C.$(%'#/*%'*^#"')4-084*?XPPQ@A*<$/#",-'9[()*('/*^#"')4-084*?XPF]@*-"*
W#+(* #3* ($5* ?XPFF2@A* (3* $#(,3* 3a-* $#+#$,* -D* %''#"* ,.##14* 1('* 2#* /%,3%'80%,4#/5* `4#* D%",3* -'#A*
1-'/#',#/*%''#"*,.##14A*%,*("80#/*3-*1-""#,.-'/*3-*>)8-3,U)d,*?FNGQ@*/#,1"%.3%-'M*e%''#"*,.##14*
%,*3-*(*$("8#*#C3#'3*34%'U%'8*%'*.0"#*&#('%'8,f*?.5XQN@5*6'*>)8-3,U)d,*+%#aA*%''#"*,.##14*4(,*$-,3*
&-,3* -D* 34#* (1-0,3%1* ('/* ,3"0130"($* h0($%3%#,* -D*#C3#"'($* ,.##145* <,* >)8-3,U)* a"-3#A* eu`4v#*
/#+#$-.&#'3*-D*+#"2($*34-0843*3(U#,*34#*uD-$$-a%'8v*1-0",#M*D"-&*34#*&-3%+#*34(3*#'8#'/#",*(*
34-0843*3-*34#*,4(.%'8*-D*34#*34-0843A*D%",3*%'*%''#"*,.##14A*34#'*%'*&#('%'8,*-D*a-"/,A*('/*D%'($$)*
%'* a-"/, f*?.5X]G@5*̀ 4%,*$#+#$* -D* %''#"* ,.##14* 1('* %'/##/* 2#* 1-',%/#"#/* (,* (2,3"(13* %'* D-"&(35*
_C.('/#/*%''#"*,.##14A*-'*34#*-34#"*4('/A*"#3(%',*&(')*-D*34#*.4-'-$-8%1($*."-.#"3%#,*-D*#C3#"'($*
/%($-80#A*('/*1('*2#*+%#a#/*(,*1-'1"#3#*%'*D-"&(35*^#"')4-084*?XPPQ@*4(,*,088#,3#/*34(3*%''#"*
,.##14*+("%#,*a%34*1-8'%3%+#*('/*#&-3%-'($*1-'/%3%-',*2#3a##'*34#,#*3a-*?-"*&-"#@*D-"&,5*g#*
1-',%/#"* 34#*#C.('/#/* D-"&* ( ,* ('* -031-&#* -D* 34#* 1-'/#',#/* D-"&5* `4#* 1-'/ #',#/* D-"&A* a#*
1-'i#130"#A*%,*34#*1-'1#.30($*&#,,(8#*1(,3*%'*(*."#$%&%'(")*$%'80%,3%1*D-"&A*34(3*%'+-$+#,*$#&&(,] A*
$%'#("$)*-"/#"#/A*203*34(3*/-#,*'-3*)#3*4(+#*34#*D0$$*.4-'-$-8%1($*?("3%10$(3-")A*8#,30"($A*(1-0,3%1@*
,.#1%D%1(3%-'*34(3*#C.('/#/*%''#"*$('80(8#*4(, 5*<*,%&%$("*.-,%3%-'*%,*3(U#'*('/*/#D#'/#/*%'*/#3(%$*
%'* >%1#'3#* ;* Z("3='#Y9Z('"%h0#* ?XPFH@5*6''#"* $('80(8#* 1('* 2#* /#D%'#/*(,* 3"0'1(3#/* -+#"3*
+#"2($%,(3%-'A*203*34#*$#+#$* (3*a4%14*34#* ."-/013%-'* ."-1#,,*%,*%'3#""0.3#/*?(2,3"(13*$%'80%,3%1*
"#."#,#'3(3%-'* +,5* ("3%10$(3-")j8#,30"($* "#."#,#'3(3%-'@* /#.#'/,* -'* a4%14* +("%('3* -D* %''#"*
$('80(8#*%,*(3*.$()5*6'*34#*"#,3*-D*34%,*14(.3#"A*a#*a%$$*D-10,*-'*#C.('/#/*%''#"*$('80(8#5*

@<! =5*"- *&-$,9 >? $($, "4'?*&-'$&" $/"'&&*,"01&%+1%*"

6D*a#*(11#.3*34#*1-'1"#3#*'(30"# *-D*%''#"*$('80(8# A*(3*$#(,3*%'*%3,*#C.('/#/*+#",%-'A*34#'*a#*
( "#*,3%$$*D(1#/*a%34*('-34#"*h0#,3%-'*"#$(3#/*3-*%3,*'(30"# M*%,*%''#"*$('80(8#*&-3-"*-"*,#',-")w*<"#*

                                                
5 The term lemma in Levelt and colleaguesÕ terminology refers to the wordÕs syntax, see Levelt et al. (1999). It is different 
from the lexeme which denotes the wordÕs phonological features and from the lexical concept which refers to the wordÕs 
semantics. 
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* FP*

%''#"*,.#(U%'8*?-"*,%8'%'8@*('/*%''#"*4#("%'8 *?-"*+%#a%'8@*/%DD#"#'3*.4#'-&#'(*-"*("#*34#)*3a-*
,%/#,*-D*34#*,(&#*1-%'w*

*
@<;"!,%+?*&(-"/$,"1"?$($,"$,"*&1#(') *"&1(+,* "

<,*#C.$(%'#/*%'*F5XA*34#*Z-3-"*J%&0$(3%-'*+%#aA*($,-*"#D#""#/*3-*(,*34#*o<13%-'d*+%#a*?p-'#,*
;*^#"')4-084A*XPPI@*-"*34#*o<13%+%3)d*+%#a*?Z("3%'#Y9Z('"%h0#*;*>%1#'3#A*XPF]@*4-$/,*34(3*%''#"*
$('80(8#*%,*('*(13A*a%34*(*."%-"*%'3#'3%-'*3-*#C."#,,*(*1#"3(%'*34-0843A*a4%14*%,*3"(',D-"&#/*%'3-*
-"-D(1%($* ('/j-"* &('0($* &-3-"* 1-&&('/,5* `4%,* +%#a* %,* 8"-0'/#/* 2-34* -'* %'3"-,.#13%+# *
#C.#"%&#'3,* ('/* #&.%"%1($* /(3(* ?.4),%-$-8%1($*"#1-"/%'8,A* 2#4(+%-0"($* &#(,0"#,* (,*a#$$* (,*
'#0"-%&(8%'8*('/*2"(%'*$#,%-'*/(3(@*/#,1"%2#/*(2-+#5**

6''#"* $('80(8#* 34#"#D-"#* ,##&,* 3-* %'+-$+#* &-3-"* (13,* 34(3* ("#* %'4%2%3#/5* 6D* %'4%2%3%-'*
."#+#'3,*&-3-"*(13,*D"-&*(130($$)*2#%'8*#C#103#/A*34#'*34#*'#0"-.4),%-$-8%1($*(13%+%3)*&#(,0"#/*
%'* .#"%.4#"($*&0,1$#,*&0,3*2#*#C.$(%'#/5*g#*,088#,3*34(3*&-3-"*1-&&('/,*&%843*2#*#&%33#/A*
3-8#34#"*a%34*%'4%2%3-")*,%8'($,*2$-1U%'8*("3%10$(3-")*&-+#&#'35*`4%,*,.#10$(3%-'*%,*%'*$%'#*a%34*
p#(''#"-/* ;* [#1#3) d,*?FNN]@*/#,1"%.3%-'* -D* (13%-'*%&(8#")5*<11-"/%'8*3-*34#&A* /0"%'8*&#'3($*
,%&0$(3%-'*-D*('*(13%-'A*e%3*%,*$%U#$)*34(3*34#*#C1%3(3-")*&-3-"*-03.03*8#'#"(3#/*D-"*#C#103%'8*34#*
(13%-'*%,*1-0'3#"2($('1#/*2)*('-34#"* .("($$#$*%'4%2%3-")*-03.035*`4#*1-&.#3%3%-'*2#3a##'*3a-*
-..-,%3#*-03.03,*a-0$/*(11-0'3*D-"*34#*.("3%($*2$-1U*-D*34#*&-3-'#0"-',A*(,*,4-a'*2)*"#,%/0($*
_ZW*"#1-"/%'8,*('/*%'1"#(,#/*"#D$#C*#C1%3(2%$%3)f*?.5IXO@5**

6''#"*$('80(8#* 34#"#D-"#*,##&,*3-*%'+-$+#*34#*."-/013%-'*-D*%&(8%'(")*&-3-"*(13,l*2#*34#)*
("3%10$(3-")A*D(1%($*-"*&('0($5*6'*(*."#/%13%+#*1-'3"-$*(11-0'3A*34#,#*%&(8%'(")*&-3-"*(13,*1('*2#*
+%#a#/*(,*34#*."#/%13#/*(13%-',*34(3*"#,0$3*D"-&*(*1-.)*-D*%'4%2%3#/*&-3-"*1-&&('/,*?,##*J#13%-'*
G@5*`4#)*1('*2#*.-,%3#/*3-*1-""#,.-'/*3-*34#*(13%+(3%-',*-2,#"+#/*%'*."#&-3-"*1-"3 #C*('/*%'D#"%-"*
D"-'3($*"#8%-',5*`4#)*,##&*3-*4(+#*.4),%-$-8%1($*,#h0#$,*%'*-"-D(1%($*&0,1$#,*('/*%'*"#,.%"(3-")*
.(33#"',5*63*1-0$/*34#"#D-"#*2#*1-'1$0/#/ *D"-&*#&.%"%1($*/(3(*34(3*%''#"*$('80(8#*%,*D0'/(&#'3($$)*
-D*(*&-3-"*-"*#'(13%+#*'(30"#5*

s#3A*(,*#C.$(%'#/*%'*34#*."#1#/%'8*,#13%-'A*34#,#*%&(8%'(")*&-3-"*(13,*8%+#*"%,#*3-*,#',-")*
.#"1#.3,A*D##$%'8,*%'* -0"*&0,1$#,*?J3"%1U#"A*FOO]@*203* ($,-* ,-0'/,*%'* -0"*4#(/,5* `(%'#*?FOIP@*
4%&,#$D*a(,*(*."#10",-"*a4#'*4#*"#1-8'%Y#/*34#*&-3-"*('/*,#',-")*h0($% 3%#,*-D*+#"2($*34-0843M*
o6'*'-"&($*,3(3#A*a#*,%$#'3$)*34%'U*a%34*a-"/,*34(3*("#*&#'3($$)*4#("/A*"#(/*-"*033#"#/A*('/*a4(3*
%,*%',%/#*-D*0,*%,*34#*%&(8#*-D*,014*,-0'/,A*$#33#",A*-"*-D*,014*&0,10$("*('/*3(13%$#*,#',(3%-',*%'*34#*
34"-(3A*3-'80#*('/*$%.,d*?.5X]9XHA*-0"*3"(',$(3%-'@5*`4#*,#',-")*h0($%3%#,*-D*%''#"*$('80(8#*("#*
#C(&%'#/*%'*34#*D-$$-a%'8*,#13%-'5**

@<@"!,%+?*&(-"/$,"1"-*&-$,9"&1(+,* "

*
_("$)* %'3"-,.#13%+#* a-"U,* 4(+#* 1$(%&#/* 34(3* %''#"* ,.##14* %,* #'/-a#/* a%34* (0/%3-")*

h0($%3%#,5*_88#"*?FOOF@*('/*K($$#3*?FOOH@*1$(%&#/*34(3*"4)34&A*.%314A*%'3#',%3)*('/*#+#'*3%&2"#*
1('*2#*D-0'/*%'*%''#"*,.##145*̀4#*1-'1#.3*-D*('*%''#"*#("*?-"*&%'/d,*#("@*D%'/,*,0..-"3*%'*"#1#'3*
/(3(5**

`4#*o>#"2($*`"(',D-"&(3%-'*_DD#13d*?>`_@*"#D#",*3-*34#*.#"1#.30($*.4#'-&#'-'*%'*a4%14*
$%,3#'#",*"#.-"3*4#("%'8*(*'#a*.#"1#.3*a4#'*('*(&2%80-0,*,3%&0$0,*%,*"#.#(3#/*"(.%/$)*?g(""#'A*
FNHF@5* V(.%/* "#.#3%3%-',* -D* 34#* a-"/* o$%D#dA* D-"* #C(&.$#A* ."-/01#* (* ,-0'/,3"#(&* 34(3* %,* D0$$)*
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* FF*

1-&.(3%2$#*a%34*,#8&#'3(3%-',*%'3-*o$%D#d*-"*oD$)d5*V#%,2#"8A*J&%34A*K(C3#"A*;*J-'#',4%'#*?FNON@*
#C(&%'#/*34#*%&(8#")*('($-80#* -D*34#*>`_5*!("3%1%.('3,*a#"#*%',3"013#/*3-*%&(8%'#*34#*a-"/*
e,3"#,,f* 2#%'8* "#.#(3#/* 2)* (* D"%#'/k,* +-%1#5* `4#* >`_* a(,* -2,#"+#/* ?,02i#13,* /#3#13#/* 34#*
1-&.(3%2$#*a-"/*e/"#,,f@*,4-a%'8*34(3*,02i#13,*("#*(2$#*3-*%&(8%'#*('*(&2%80-0,*,-0'/,3"#(&A*
3-*.(",#*%3*('/*D%'/*($3#"'(3%+#*1-',3"0($*-D*%35*J&%34A*g%$,-'A*;*V#%,2#"8*?FNN]@*D0"34#"*,30/%#/*
34#* >`_* %'* (* 1-+#"3* &-/#A* 0,%'8* K(//#$#)d,* /%,3%'13%-'* 2#3a##'* 3a-* 1-&.-'#'3,* -D* 34#*
.4-'-$-8%1($*$--.*%'+-$+#/*%'*+#"2($*,4-"393#"&*&#&-")5*<11-"/%'8*3-*K(//#$#)A*34#*.4-'-$-8%1($*
$--.*"#$%#,*-'*34#*e%''#"*#("f*x*34#*.4-'-$-8%1($*,3-"#*xA*('/*-'*34#*e%''#"*+-%1#f*H*x*34#*("3%10$(3-")*
"#4#(",($*."-1#,,5*J&%34*('/*1-$$#(80#,*#C(&%'#/*34#*>`_*%'*(*1-+#"3*&-/#A*(,U%'8*a4#34#"*34#*
%&(8#")*i0/8#&#'3*('/*"#1-',3"0($*%,*2(,#/*-'*34#*%''#"*+-%1#A*34#*%''#"*#("*-"*2-345*!("3%1%.('3,*
a#"#*%',3"013#/*3-*%&(8%'#*(*D"%#'/*"#.#(3%'8*34#*a-"/*e,3"#,,f*('/*3-*"#.-"3*(')*3"(',D-"&(3%-'5*
V#.#3%3%-'*%&(8#")*a(,*#C#103#/*%'*34"##*1-'/%3%-',M*'- 9%'3#"D#"#'1#A*("3%10$(3-")*,0.."#,,%-'*
('/* %""#$#+('3* ,.##14*.#"1#.3%-'5*<*&-"#* %&.-"3('3* >`_* a(,* D-0'/* %'* 34#* '-9%'3#"D#"#'1#*
1-'/%3%-'* 34('* %'* 34#* ,0.."#,,%-'* ('/* %""#$#+('39,.##14* 1-'/%3%-',5* `4#* /%,"0.3%+#*%&.(13*-D*
("3%10$(3-")*,0.."#,,%-'*a(,*%'3#"."#3#/*(,*(*"-$#*D-"*34#*%''#"*+-%1#*%'*34#*>`_M*3-*/%,1#"'*34#*
3"(',D-"&(3%-',A* ,02i#13,* '##/* 3-*,02+-1($$)*"#4#(",#* 34#* &(3#"%($5* `4#*%&.(13*-D* %""#$#+('3*
,.##14*a(,*3(U#'*3-*,088#,3*34(3*34#*>`_*($,-*/#.#'/,*-'*34#*%''#"*#("5* 63*a(,*1-' 1$0/#/*34(3*
,02i#13,* ,##&* 3-* "#%'3#"."#3* (&2%80-0,* +#"2($* %&(8#,* 2)* 0,%'8* 2-34* 1-&.-'#'3,* -D* 34#*
.4-'-$-8%1($*$--.A*34#*%''#"*+-%1#*('/*#("5**

`4#* '#0"($*1-""#$(3#,*-D*34#*>`_*4(+#*2##'*#C(&%'#/*2)*J(3-*#3*($5*?XPPQ@5*!("3%1%.('3,*
a#"#*(,U#/*3-*,%$#'3$)*"#.#(3*.,#0/-9a-"/,*,014*(,*j.,y j 5*6'*34#*2(,#$%'#*1-'/%3%-'A*.("3%1%.('3,*
a#"#* (,U#/* 3-* 1-+#"3$)* "#.#(3* (* .,#0/- 9a-"/* -+#"* ('/* -+#"5* 6'* 34#* +#"2($* 3"(',D-"&(3%-'*
1-'/%3%-'A*34#)*(//%3%-'($$)*4(/*3-*(13%+#$)*,#("14*D-"*(*3"(',D-"&(3%-'*?D"-&*j.,yj*3-*j,y.j*D-"*
%',3('1#@5*g4#'*1-&.("#/*a%34*34#*2(,#$%'#*1-'/%3%-'A*(13%+#*,#("14*D-"*+#"2($*3"(',D-"&(3%-'*
1-""#$(3#/*a%34* ,3"-'8#"* (13%+(3%-'*%'*34#*$#D3*%'D#"%-"*D"-'3($*8)"0,A*$#D3* ,0."(&("8%'($*8)"0,A*
2%$(3#"($* 1#"#2#$$0&* (,* a#$$* (,* $#D3* ,0.#"%-"* 3#&.-"($* 8)"0,M*a4#'* %''#"* ,.##14* %'+-$+#,*
1-',1%-0,$)*(33#'/%'8*3-*&#'3($*."-/013%-'A*,.##14*."-/013%-'*(,*a#$$*(,*.#"1#.3%-'*"#8%-',*("#*
&-"#*,3"-'8$)*(13%+(3#/5*`4#,#*"#,0$3,*34#"#D-"#*1-""-2-"(3# *34#*4).-34#,%,*-D*(*1$-,#*.("3'#",4%.*
2#3a##'*%''#"*."-/013%-' *('/* .#"1#.3%-'*%'*34#*>`_5*

^%'/%'8,*-D*#""-"*/#3#13%-'*/0"%'8*1-+#"3*3-'80#3a%,3#"*"#.#3%3%-'*($,-*,##&*3-*%'/%1(3#*34(3*
%''#"*+#"2($*."-/013%-'*4(,*,#',-")*h0($%3%#,*34(3*1('*2#*(33#'/#/*3-5*<,*&#'3%-'#/ *%'*J#13%-'*FA*
,#+#"($*,30/%#,*?"#+%#a#/*%'*[#$$*;*B..#'4#%&A*XPF]@*,4-a*34(3*.("3%1%.('3,*("#*(2$#*3-*"#.-"3*
34#*#""-",*34(3*34#)*&#'3($$)*4#(" 5*̀4%,*1('* 2#*%'3#"."#3#/*(,*(*"-$#*D-"*34#*&%'/d,*#("*%'*%''#"*
,.##14* &-'%3-"%'85* <* "#1#'3* DZV6* ,30/)* -D*,$%.*/#3#13%-'* ."-+%/#,* 1-'3"(/%13-")* D%'/%'8,A*
4-a#+#" 5* W(0+%'A* K(#'#A* K"(,,A* ;* :("3,0%U#"* ?XPFH@* %'+#,3%8(3#/* a4#34#"* %'3#"'($* +#"2($*
&-'%3-"%'8*3(U#,*.$(1#*34"-084*34#*,.##14*.#"1#.3%-'*,),3#&5*6'*( *."-/013%-'*1-'/%3%-'A*34#)*4(/*
. ("3%1%.('3,*."-/01#*3-'80# 93a%,3#",*-+#"3$)*('/*i0/8#*a4#34#"*34#%"*."-/013%-'*a(,*1-""#13*-"*
%'1-""#13A*a4%$#*a4%3#*'-%,#*a(,*."#,#'3#/*+%(*4#(/.4-'#,*3-*&(,U*(0/%3-")*D##/2(1U5*<//%'8*
'-%,#* a(,* &#('3* 3-* %'/01#* %'3#"'($* +#"2($* &-'%3-"%'8A* (,* .("3%1%.('3,*1-0$/* '-3* 4#("* 34#%"*
(0/%3-")*D##/2(1UA*a4%$#*#',0"%'8*34(3*34#*#C.#"%&#'3#"*1-0$/*i0/8# *"#.#3%3%-'*1-""#13'#,,5*6'*( *
.#"1#.3%-'* 1-'/%3%-'A* .("3%1%.('3,* ,%&.$)* 4#("/* 34#* 3-'80#3a%,3#"* ('/* &(/#* (* 1-""#13'#,,*
i0/8&#'35*`4# *,0.#"%-"*3#&.-"($*("#(, *a#"#*D-0'/* 3-*2#*(13%+(3#/*2)*#""-"*/#3#13%-'*/0"%'8*34#*
.#"1#.3%-'*1-'/%3%-'*203*'-3*/0"%'8*."-/013%-'5*`4#*(034-", *1-'1$0/#/*34(3*%'3#"'($*&-'%3-"%'8*

                                                
6 ÔInner voiceÕ is taken here as the imaginary motor act (articulation and phonation). In the rest of the chapter, it refers to the 
result of that act, i.e. the auditory stimulus heard in the mindÕs ear. 
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* FX*

-110",* %'/#.#'/#'3$)* -D* ,.##14* .#"1#.3%-'* ,),3#&,5* `4#* D(13* 34(3* '-* (13%+(3%-'*a(,* D-0'/* %'*
,.##14*.#"1#.3%-'*("#(, */0"%'8*34#*."-/013%-'*1-'/%3%-'*1-0$/*2#*/0#*3-*34#*0,#*-D*'-%,#*&(,U%'8A*
4-a#+#" 5* <//%'8* '-%,#* ,(30"(3#,* 34#* (0/%3-")* ,),3#&A* a4%14* 1-0$/* &(,U* ,023$#* /%DD#"#'1#,*
2#3a##' * 1-'3"(,3, 5* `4#*#C(&%'#/* 1-'3"(,3,* a#"#* 2#3a##'* #""-'#-0,* ('/* 1-""#13* 3"%($,5*
_""-'#-0,*3"%($,*a#"#*%',3('1#,*%'*a4%14*('*#""-"*a(,*/#3#13#/ A*a4%14*1-0$/*%'/##/*(08&#'3*34#*
(13%+(3%-'*-D*34#*(0/%3-")*,),3#&A*"#$(3%+#*3-*(*1-""#13*3"%($A*203*h0%3#*,023$) 5*J%'1#*%'*2-34*3).#,*-D*
3"%($,A*34#*'-%,#*$#+#$*a(,*4%84A*34%,*,023$#*/%DD#"#'1#*&%843*4(+#*2##'*0'/#3#13(2$#5*`4#"#D-"#A*a#*
/-*'-3*34%'U*34(3*34#,#*"#,0$3,*("#*1-'1$0,%+#5*

L#0"-%&(8%'8*,30/%#,*-D*1-+#"3*,.##14*."-/013%-'*34#&,#$+#,*"#+#($*(0/%3-")*1-"3#CA*('/*
,.#1%D%1($$)* ,0.#"%-"* 3#&.-"($* 8)"0,A* (13%+(3%-'* ?!#""-'#9K#"3-$-33%*#3* ($5A* XPFQ* D-"* (* "#+%#a@5*
<$34-084*34%,*(13%+(3%-'*%,*$#,,#"*34('*34#*-'#*-2,#"+#/*%'*-+#"3*,.##14A*%3*#'3(%$,*34(3*('*(0/%3-")*
#C.#"%#'1#* (11-&.('%#,*%''#"* ,.##145*<'*%'3#"#,3%'8* ,30/)* ,088#,3,*34(3*%''#"* ,.##14*1('*2#*
/%,"0.3#/*/0"%'8*(2'-"&($*(13%+%3)*%'*34#*3#&.-"($*$-2#5*>#"10#%$*;* !#""-'#9K#"3-$-33%*?XPFG@*
/#,1"%2#/ *34#*1(,#*-D*(*a-&('*a4-*"#.-"3#/*#C.#"%#'1%'8*%''#"*,.##14*i("8-'*?%'1-&."#4#',%-'*
-D*4#"*-a'*%''#"*$('80(8#@*/0"%'8*4#"*#.%$#.3%1*,#%Y0"#,*a4%14*%'+-$+#/*,4(".*34#3(*a(+#,*%'*34#*
$#D3*3#&.-"($*"#8%-',5*

_+%/#'1#* D-"*(0/%3-")* ,#',(3%-', */0"%'8* "#(/%'8* 4(,* 2##'* ."-+%/#/* 2)* #C.#"%&#'3($*
.,)14-$-8)5* J#+#"($* ,30/%#,* ,088#,3* 34(3* ,%$#'3* "#(/%'8* %,* &-/0$(3#/* 2)*34#* U'-a$#/8#* -D* 34#*
(034-"d,* ,.#(U%'8* ,.##/* ?<$#C('/#"* ;* L)8(("/A* XPPO@A* 34#* 3($U#"d,* +-%1#* D(&%$%("%3)* ?n0"2)A*
Z(8$%('-A*;*V(..A*XPPN@*-"*34#*"#(/#"d,*"#8%-'($*(11#'3*?^%$%U*;*K("2#"A*XPFF@5*`4#*%'+-$+#&#'3*
-D*34#*&%'/d,*#("*/0"%'8*,%$#'3*"#(/%'8*4(,*2##'*"#1#'3$)*1-'D%"&#/*2)*DZV6*#C.#"%&#'3,*?s(-A*
K#$%'A*;*J14##.#",A*XPFFA*XPFX@5*J#+#"($*("#(,*%'*34#*(0/%3-")*1-"3#CA*1($$#/*3#&.-"($*+-%1#*("#(*
?`><@A*("#*,#$#13%+#$)*%'+-$+#/*/0"%'8*40&('*+-%1#*.#"1#.3%-'*?K#$%'A*z(3-""#A*7(D(%$$#A*<4(/A*;*
!%U#A*XPPP@5*s(-*('/*1-$$#(80#,*1-'3"(,3#/*,%$#'3*"#(/%'8*-D*/%"#13*?#585A*Z(")*,(%/M*e6d&*40'8")f@*
('/*%'/%"#13*,.##14*?#585A*Z(")*,(%/*34(3*,4#*a(,*40'8")@*,#'3#'1#, 5*`4#*/%"#13*,.##14*1-'/%3%-'*
%'/01#/*8"#(3#"*(13%+(3%-'*-D*34#*"%843*`><*34('*34#*%'/%"#13*,.##14*1-'/%3%-'A*a4%14*,088#,3*34(3*
+-%1#9"#$(3#/*.#"1#.30($*"#."#,#'3(3%-',*("#*&-"# *#'8(8 #/*a4#'*,%$#'3$)*"#(/%'8*/%"#13*,.##14*
,3(3#&#'3,5*̂ 0"34#"*,0..-"3*D-"*34#*(,,0&.3%-'*34(3*,%$#'3*"#(/%'8*%'+-$+#,*34#*&%'/d,*#("*1-&#,*
D"-&*('*DZV6*,30/)*2)*7T+#'2"01UA*K(1%0A*J#8#2("34*;*<2")*?XPP]@5*6'*34#*2(,#$%'#*1-'/%3%-'A*
.("3%1%.('3,*,%$#'3$)*"#(/* (* ,#'3#'1#* %'* ^"#'14A* a%34* (* '#03"($* ."-,-/)* ?89?#3#/"#% 2D92#"9A*
eZ(/#$#%'#*2"-0843*&#* ("-0'/f@5*6'*34#* ."-,-/%1*D-10,*1-'/%3%-'A*34#)*,%$#'3$)*"#(/*34#* ,(&#*
,#'3#'1# A*(//%'8* 1-'3"(,3%+#*D-10,*-'*34#*,02i#135*6'* ('* -+#"3*&-/#A*34%,*a-0$/*1-""#,.-'/*3-*
4%84#"*.%314*('/*$-'8#"*/0"(3%-'*-'*34#*D-10,#/*,02i#13A*D-$$-a#/*2)*.%314*1-&."#,,%-'*-'*34#*
.-,3 9D-1($* 1-',3%30#'3,* ?8AEFGF!+FH%2D92#"9@5* g4#'* 1-&.("#/* a%34* 34#* 2(,#$%'#A* 34#* ,%$#'3*
."-,-/%1* D-10,* 1-'/%3%-'* )%#$/#/* 8"#(3#"* (13%+%3)* %'* 34#* $#D3* %'D#"%-"* D"-'3($* 8)"0,A* %',0$(A*
,0."(&("8%'($*8)"0,*(,*a#$$*(,* %'*g#"'%1U#d,*("#(5*`4#,#*"#,0$3,*,088#,3*34(3*a 4#'*a#*,%$#'3$)*
"#(/A*a#*1('*0,#*,.# 1%D%1*."-,-/%1*1-'3-0",A*a%34*/%,3%'13%+#*(0/%3-")*h0($%3%#,5*`4#,#*(0/%3-")*
+("%(3%-',*1-""#,.-'/*3-*-2i#13%+#$)*&#(,0"(2$#*1#"#2"($*1-""#$(3#,5*̂ 0"34#"*#+%/#'1#*D-"*̀ ><*
(13%+(3%-'*/0"%'8*,%$#'3*"#(/%'8*1-&#,*D"-&*%'3"(1"('%($*__W*"#1-"/%'8*-D*`><*%'*D-0"*#.%$#.3%1*
.(3%#'3,* ?!#""-'# 9K#"3-$-33%A* n0i($(A* >%/($*#3* ($5A* XPFX@5* !(3%#'3,*a#"#* %',3"013#/*3-* .#"D-"&* (*
,%$#'3*"#(/%'8*3(,U*%'*a4%14*(33#'3%-'*a(,*&('%.0$(3#/M*34#)*a#"#*(,U#/*3-*-'$)*(33#'/*3-*34#*
a-"/,*a"%33#'*%'*8"#)A*%8'-"%'8*34#*a4%3#*a-"/,5*\-',#103%+#*8"#)*a-"/,*D-"&#/*(*,3-")A*(2-03*
a4%14*34#)*a#"#*h0#,3%-'#/*(D3#"*34#*#C.#"%&#'35*`4#*"#,0$3,*'-3*-'$)*,4-a#/*34(3*,%$#'3*"#(/%'8*
(13%+(3#* 34#* `><A* 203* ($,-A* 34(3* 34#* '#0"($* "#,.-',#* 3-* a"%33#'* a-"/,* a(,* %'1"#(,#/* /0"%'8*
(33#'/#/*1-&.("#/*3-*0'(33#'/#/*a-"/,5* `4%,*,088#,3*34(3*`><*(13%+%3)*%'1"#(,#*%,*0'/#" *3-. 9
/-a'*(33#'3%-'($*1-'3"-$5*63*&0,3*2#*'-3#/*4-a#+#"A*34(3*"#(/%'8*%,*'-3*,),3#&(3%1($$)*(,,-1%(3#/*
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* FG*

a%34*%''#"* ,.##14A*#+#'*a4#'* (33#'3%-'*%,*4%845*<*D#a*(.4(,%(*1(,#*"#.-"3,* ,088#,3*34(3*,-&#*
"#(/%'8*(2%$%3%#,*&()*2#*&(%'3(%'#/*#+#'*a4#'*%''#"* ,.##14*%,*%&.(%"#/*?7#+%'#*#3*($5A*FNOXl*
J(DD"('*;*Z("%'A*FNII@5*`4%,*1('*2#*#C.$(%'#/*2)*34#*D(13*34(3*,%$#'3*"#(/%'8*-D*D"#h0#'3*a-"/,*
&()*3(U#* (* /%"#13* "-03#*D"-&* -"34-8"(.4)*3-*&#('%'8A*a%34-03* '#1#,,("%$)* "#10""%'8*3-*%''#"*
,.##14*?\-$34#("3A*XPP]@5*`-*,0&*0.A*2#4(+%-0"($*('/*'#0"-%&(8%'8*/(3(*,088#,3*34(3*(0/%3-")*
,#',(3%-', *("#*-D3#'*."#,#'3*/0"%'8*,%$#'3*"#(/%'85**

`4#*1-'1#.3*-D*(*&%'/d,*#("*%,*(.."-."%(3#A*203*%3*%,*%',0DD%1%#'35*<,*a#*4(+#*("80#/ A*34#*
%&(8%'(")*,#',-")*1-',#h0#'1#, *-D*%&(8%'(")*&-3-"*(13,*&()*2#*&0$3%&-/($M*34#)*&()*$#(/*3-*
,-0'/,* %'* -0"* 4#(/,* ('/A* (,* 4%'3#/* 2)* `(%'#* ?FOIP@* -"* J3"%1U#"* ?FOO]@A* 3-* %&(8%'(")*
."-."%-1#.3%+#*('/*3(13%$#*,#',(3%-',5*!(0$4('*?FOOH@*1$(%&#/*34(3*%''#"*,.##14*%'+-$+#,*+%,0($A*
(0/%3-")*('/*&-3-"*%&(8#,5*K)*+%,0($*%&(8#,*4#*&#('3*34#*D-"&A*,4(.#*('/*1-$-0"*-D*34#*$#33#",*
34(3* 1-&.-,#* a"%33#'* a-"/,5* :#* ,3(3#/* 34(3*34#,#* a#"#* "("#5* :#* h0($%D%#/* (0/%3-")* %&(8#,* (,*
/-&%'('3*%' *%''#"*,.##145*:#*/#D%'#/*&-3-"*%&(8#,*(,*34#*,#',(3%-',*%'*34#*,.##14*-"8(',*34(3*
,-&#3%&#,*(11-&.(')*%''#"*,.##145* \ -'3"(")*3-*J3"%1U#"*a4-*1-',%/#"#/*%''#"*,.##14*(,*.0"#$)*
&-3-"A* 4#* 1$(%&#/* 34(3* &-3-"* %&(8#,* 1(''-3* 2#* %,-$(3#/* D"-&* (0/%3-")* %&(8#,A* a4#"#(,* 34#*
"#+#",#*%,*.-,,%2$#5**

<*D#a*3#"&%'-$-8)*."#1(03%-',*("#*'#1#,,(")*4#"#5 *63*%,*'-3*($a(),*1$#("*a4(3*34#*'%'#3##'34*
1#'30")* (034-",* &#(' 3* 2)* e&-3-"f * ('/* e("3%10$(3-")f* "#."#,#'3(3%-', 5*_+#'* '-a(/(),A*
e("3%10$(3-")f*%,*-D3#'*-..-,#/*3-*e(0/%3-")f *-"*e(1-0,3%1fA*a%34*,-&#*1-'D0,%-' 5*J-&#3%&#,A*34#*
."-1#,,*%,*3("8#3#/M*a4(3*%,*&#('3*2)*e("3%10$(3-")f*%,*&-3%-'*?(13%-'@A*%'*1-'3"(,3*3-*(0/%3%-'*
?.#"1#.3%-'@5*J-&#3%&#,A*&-/($%3)*%,*(3*.$()M*e("3%10$(3-")f*"#D#", *3-*,-&(3-,#',-") *,#',(3%-', A*
%'*1-'3"(,3*3-*(0/%3-")*.#"1#.3, 5*K#("%'8*%'*&%'/*34%,*1-'D0,%-'A*a#*0,#*34#*3#"&*e&-3-"f*3-*"#D#"*
3-*(13%-'*('/*e,-&(3-,#',-")f*3-*/#,1"%2#*2-/%$)*,#',(3%-',5* <$34-084*J3"%1U#"*1$#("$)*1$(%&#/*
34(3*%''#"*,.##14*1-',%,3#/*-D*%&(8%'#/*(13%-',A*!(0$4('d,*%'30%3%+#*'-3%-'*-D*e&-3-"*%&(8#,f*("#*
"#$(3#/*3-*,-&(3-,#',-")*.#"1#.3, A*%5#5*3-*34#*#+-1(3%-'*-D*,#',(3%-',A*"(34#"*34('*3-*34#*,%&0$(3%-'*
-D*(130($*,.##14*&-+#&#'3,5**

L#+#"34#$#,,A* %''#"* ,.##14*,##&, *%'/##/ *3-* %'+-$+#*,-&(3-,#',-")* ,#',(3%-', A*a4%14*
%'1$0/#* ."-."%-1#.3%-'* ('/* 3(13%$#* ,#',(3%-',5* !"-."%-1#.3%-'* ."-+%/#,* %'D-"&(3%-'* (2-03*
("3%10$(3-"*$-1(3%-'*('/*&-+#&#'3*('/ *%,*,#'3*2)*"#1#.3-",*%'*34#*&0,1$#,A*i-%'3,*('/*,U%'5*`(13%$#*
%'D-"&(3%-'* 1-""#,.-'/,* 3-* 34#* 3-014* ,#',#* D"-&* &#14(' -"#1#. 3-",* 34(3* "#.-"3* 1-'3(13* ?#585*
2#3a##'*3-'80#*('/*.($(3# @5*<11-"/%'8*3-*7(1U'#"*;*`0$$#"*?FNIN@A*,.##14*#""-",*1('*2#*/#3#13#/*
2)*&#(',*-D*."-."%-1#.3%+#*('/*3(13%$#*%'D-"&(3%-'*('/*%3*4(,*2##'*1$(%&#/*34(3*."-."%-1#.3%+#*
('/*3(13%$#*D##/2(1U*.$()*(*"-$#*%'*,.##14*&-3-"*1-'3"-$*?7#+#$3A*FNONl*!-,3&(A*XPPPl*W%1UA*XPF]@5*
g#* ,.#10$(3#*34(3* %&(8%'#/* ."-."%-1#.3%+#* ('/* 3(13%$#* D##/2(1U* ("#* .("3* -D* %''#"* ,.##14M* %'*
(//%3%-'*3-*34#*&%'/d,*#("A*34#*&%'/d,*o3(13d*,4-0$/*($,-*2#*1-',%/#"#/5*Z-"#-+#"A*34#*D(13*34(3A*(,*
#C.$(%'#/*(2-+#A*&-3-"*1-&&('/,*&()* "#(14*&0,1$#,* /0"%'8*%''#"* ,.##14A*1-0$/*#C.$(%'*34#*
(130($*?'-3*%&(8%'#/@*,#',(3%-',*%'*34#*,.##14*&0,1$#,*%'3"-,.#13%+#$)*"#.-"3#/*2)*J3"%1U#"*('/*
!(0$4('5* g#* a%$$* D0"34#"* (//"#,,* 34#* 1-9#C%,3#'1#* -D*&-3-"A*(0/%3-")* ('/* ."- ."%-1#.3%+#*
"#."#,#'3(3%-',*%'*J#13%-'*G5*

^%'($$)A*34#*o&%'/d,*#)#d*1#"3(%'$)*.$(),*(*"-$#*%'*%''#"*$('80(8#5*<,*&#'3%-'#/* #("$%#"A*%''#"*
$('80(8#*"#."#,#'3(3%-',*%'*/#(D*,%8'#",*%'1$0/#*+%,0($*%'D-"&(3%-'5*W#,30"#,*("#*'-3*-'$)*0,#/*%'*
34#*/#(D*.-.0$(3%-'5*`4#)* (11-&.(')*,.##14*%'*'-"&($* 4#(" #",*('/ *.$()* (*D0'/(&# '3($*"-$#*%'*
34-0843* ('/* ,.##14 *?[#* V0%3#"A* XPPI@5* Z-"#-+#"A* ,.##14* %,* (0/%-+%,0($M*$%.* "#(/%'8* #'4('1#,*
,.##14*1-&."#4#',%-'*a4#'*34#*(1-0,3%1*,%8'($*%,*/#8"(/#/*2)*'-%,#*?J0&2)*;*!-$$(1UA*FN]Q@5*
7%.*"#(/%'8*-110",*#+#'*a%34*'-'/#8"(/#/*(1-0, 3%1*,%8'($, A*(,*34#*Z1W0"U*#DD#13*,4-a,*?Z1W0"U*
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* FQ*

;* Z(1[-'($/A* FNIH@5* <0/%3-")* ('/* +%,0($* ,.##14* %'D-"&(3%-'*%'1$0/#* 1-&&-'* ,3(8# , * -D*
."-1#,,%'8* ?L(4-"'( A* K#"34-&&%#"A* ;* J14a("3YA*XPF]@5* `4#,#* D%'/%'8,* ,088#,3* 34(3*+%,0($*
%'D-"&(3%-'*?D(1%($*('/*&('0($@*1-0$/*2#*%'+-$+#/*%'*%''#"*,.##14A*#+#'*%'*4#("%'8*,02i#13,5*<*
. "#$%&%'(")* a-"U*2)* <"'(0/ A* J14a("3YA* 7T+#'2"01UA* ;* J(+("%(0C*?XPPO@* ."-+%/#,* 3#'3(3%+#*
,088#,3%-',* 34(3* ,.#(U#",* 1('* 4(+#* +%,0($* "#."#,#'3(3%-', * -D* 34#%"* -a'* $%.* &-+#&#'3,5*
^0"34#"&-"#A*(,* ,088#,3#/*2)* !(0$4(' A*+%,0($*a"%33#'*"#."#,#'3(3%-',*&()*-110"* /0"%'8*%''#"*
,.##145*Z -"#* "#,#("14* %,* '##/#/*3-*1-'D%"&*34(3* %''#"* $('80(8#* %'+-$+#,* +%,0($*?$(2%($A*D(1%($A*
&('0($ A*a"%33#'@*"#."#,#'3(3%-', A*#+#'*%'*34#*4#("%'8*.-.0$(3%-'5*

6''#"* +#"2($%Y%'8*34#"#D-"#*%'+-$+#,*34#*"#1#.3%-'*-D*%&(8%'(")*,#',-")* ,%8'($,A*."#,0&(2$) *
%'1$0/%'8*(0/%3-")A*."-."%-1#.3%+#A*3(13%$#*('/*+%,0($*#$#&#'3,A*4('/$#/* 2)*34#*&%'/d,*#("A*3(13*('/*
#)#5*

`-*a"(.*0.A*34#*'(30"#*-D*%''#"*$('80(8#*%,*2-34*&-3-"*('/*,#',-")5* B'#*1('*1-'1#%+#*34(3*
%&(8%'(")*(13,*8%+#*"%,#*3-*&0$3%,#',-")*.#"1#.3,5*K03*34#,#*(13,*34#&,#$+#,*1-0$/*,3#&*D"-&*."%-"*
,#',-")* 8-($, A*(,*!(0$4('*4%'3#/*%'*FOOH5*̀ 4#*."#1#/#'1#*-D*,-&#* ,#',-")*"#."#,#'3(3%-',*-+#"*
&-3-"*-'#, *%'*a%$D0$*%''#"*+#"2($%Y(3%-'*a%$$*'-a*2#*/%,10,,#/A*%'*(*&-3-"*1-'3"-$*D"(&#a-"U5*

*
A<! :&(*%,1('&%" (5*" -*&-$,9>?$($, " &1(+,*" $/" '&&*," 01&%+1%*"'&($" (5*" DE,*4'#(')*"

B$&(,$0F"1##$+&("

`4# *o,#',-") 9&-3-"d*'(30"#*-D*%''#"*+#"2($%Y(3%-'*1('*2#*(11-0'3#/*D-"*%'*(*&-3-"*1-'3"-$*
.#",.#13%+#*%'* a4%14*%'3#'/#/* ,#',-")* 8-($, *1('* 8%+#* "%,#* 3-*&-3-"* (13,* a4%14* 34#&,#$+#,*
8#'#"(3#* ,#',-")* .#"1#.3,5* ` 4#* o."#/%13%+#* 1-'3"-$d* (11-0'3* -D* %''#"* ,.##14A* ($,-* 1($$#/*
o1-&.("(3-"*&-/#$d A*.#"3(%',*3-*34%,*.#",.#13%+#5*`4%,*(11-0'3* %,*2(,#/* -'*34#*4).-34#,%,*34(3*
(13%-'*1-'3"-$*0,#,*%'3#"'($*&-/#$,A*%5#5*,),3#&,*34(3*,%&0$(3#*34#*2#4(+%-0"*-D*(*'(30"($*."-1#,,*
?n(a(3- A*^0"0U(a(A*;*J0Y0U%A*FNOIl*p-"/('*;*V0&#$4("3A*FNNX@5*̀a-*U%'/,*-D*%'3#"'($*&-/#$,A*
D-"a("/* ('/* %'+#",#* &-/#$ , A* ("#* ,0..-,#/* 3-* 2#* 1-0.$#/ * ('/ * "#80$(3#/*34"-084* ,#+#"($*
1-&.("(3-", 5*<*D-"a("/*&-/#$*%,*('*%'3#"'($*"#."#,#'3(3%-'*-D*34#*,),3#& *?2-/)A*$%&2A*-"8('@*34(3*
1(.30"#, *34#*D-"a("/*-"*1(0,($*"#$(3%-',4%.*2#3a##'*34#*%'.03,*3-*34#*,),3#&*?&-3-"*1-&&('/,@*
('/*34#*-03.03, *?g-$.#"3*;*n(a(3-A*FNNO@5*<'*%'+#",#*&-/#$*.#"D-"&,*34#*%'+#",#*1-&.03(3%-'A*
%5#5*."-+%/#,*&-3-"*1-&&('/,* D"-&*/#,%"#/*,#',-")*,3(3# , 5*[ 0"%'8*34#*#C#103%-'*-D*(*8-($9/%"#13#/*
&-3-"* 3(,UA*('* %'+#",#* &-/#$* 1-&.03#,* &-3-"* 1-&&('/, *D"-&* 34#* ,.#1%D%1(3%-'* -D* /#,%"#/*
14('8#,* %'* 34#* ,#',-")* ,3(3#* -D* 34#* &-3-"* (..("(30, 5* <* 1-.)* -D* 34#* &-3-"* 1-&&('/,A* 1($$#/*
e#DD#"#'1#*1-.)fA*%,*D#/*3-*(*D-"a("/*&-/#$*34(3A*8%+#'*34#*10""#'3*,3(3#*-D*34#*(..("(30,A*8#'#"(3#,*
(*."#/%13%-'*-D*34#*0.1-&%'8*,#',-")*1-',#h0#'1#,*-D*34#*(13%-'5*`4('U,*3-*%3,*'#8$%8%2$#*/#$()A*
34%,* ,#',-")* ."#/%13%-'A* ($,-* 1($$#/* e/"6#$"93*D##/2(1UfA* #',0"#, *(* ,3(2$#* D##/2(1U* 1-'3"-$* -D*
(13%-',*?Z%($$A*g#%"A*g-$.#"3A*;*J3#%'A*FNNGl*Z%($$*;*g-$.#"3A*FNNHl*g-$.#"3*;*n(a(3- A*FNNO@5*̀ 4#*
."-.(8(3%-'*-D*34#*9(6593*D##/2(1U*3-*34#*1#'3"($*'#"+-0,*,),3#&*%,*%'/##/*/#$()#/ A*/0#*3-*(C-'*
3"(',&%,,%-'* ('/* ,)'(.3%1* /#$(),* ? /0"%'8* ,.##14* ."-/013%-'A* 34#* /#$()* 2#3a##'* (0/%3-")*
D##/2(1U*.#"30"2(3%-'*('/*&-3-"*1-&&('/*(/(.3(3%-'*%,*(2-03*XPP*&,A*/1#1*34#*/0"(3%-'*-D*-'#*
,)$$(2$#A*:-0/#A*L(8("(i('A*J#U%4("(A*;*Z#"Y#'%14A*XPPX@5*K#1(0,#*-D*34#,#*/#$(),A*(*1-'3"-$*2(,#/*
-'* (130($*D##/2(1U*a-0$/*#%34#"*"#h0%"#*+#")*,$-a*#C#103%-'*-"*2#*0',3(2$#5*̂ -"a("/*&-/#$, A*2)*
."-+%/%'8*('*%'3#"'($*D##/2(1U*34(3*-110",*#("$%#"*34('*34#*(130($*#C.#"%#'1#A*1('*3"%88#"*#("$)*
#""-"*1-""#13%-'*('/* ($$-a*D-"*,3(2$#*(13%-'*1-'3"-$5**

`4#* #DD#"#'1#* 1-.)*&#14('%,&* %,*'-3* -'$)* 1"01%($* 3-* ,&--34* &-3-"* 1-'3"-$5*63*%,*($,-*
1-',%/#"#/*3-* .$()*(*"-$#*%'*34#*(a("#'#,,*-D*(13%-'5*63*4(,*2##'*4).-34#,%Y#/*34(3*/%,"0.3%-',*%'*
34#*."#/%13%+#*&#14('%,&*1-0$/*$#(/*3-*/#$0,%-',*-D*1-'3"-$*('/A*%'*34#*1(,#*-D*,.##14A*3-*(0/%3-")*
4($$01%'(3%-'*?#585A*̂ "%34A*FNNXl*^"%34A*K$(U#&-"#A*;*g-$.#"3A*XPPP@5*<*&-/#$*%,*."#,#'3#/*%'*^%80"#*
FA*34(3*#C.$(%',*34%,*4).-34#,%,*%'*34#*1-'3#C3*-D*-+#"3*,.##14*?('/*34(3*%'1$0/#,*('*(/(.3(3%-'*3-*
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* F] *

%''#"*,.##14A*/#3(%$#/*2#$-a@5*`-*&(U#*34%'8,*1$#("A*a#*3(U#*(,*#C(&.$#*34#*8-($*-D*o033#"%'8*+-a#$*
j%jdA*($34-084*%3*%,*/#2(3(2$#*a4#34#"*,014*(*&#14('%,& *%,*'#1#,,(") *%'*%,-$(3#/*+-a#$*."-/013%-'5*
6'*^"%34*('/*1-$$#(80#,d*+%#aA*34#*8-($*%,*(,,-1%(3#/*a%34*(*/#,%"#/I *&0$3%,#',-")*,3(3# A*a4%14*1('*
2#*#C."#,,#/*%'*3#"&,*-D*("3%10$(3-")*."-.#"3%#,*?('3#"%-"*#$#+(3#/*3-'80#*.-,%3%-'A*$%.*,."#(/%'8A*
.4-'(3%-' @*(,*a#$$*(,*(1-0,3%1*."-.#"3%#,*?D%",3*3a-*,.#13"($*D-"&('3,*,."#(/*(.("3@5 *<'*%'+#",#*
&-/#$* 3"(',D-"&,* 34#* /#,%"#/* ,#',-")* ,3(3#* %'3-* &-3-"* 1-&&('/,A* a4%14* ("#* ,#'3* 3-* 34#*
("3%10$(3-") 9.4-'(3-")*&-3-"*,),3#& 5*`4%,*$#(/,*3-*34#*."-/013%-'*-D*$(2%($A*$%'80($A*('/*$(")'8#($*
&-+#&#'3,A*('/*3-* (' *(1-0,3%1*,%8'($5*6'*30"'A*34#,#*&-+#&#'3,*('/*,-0'/* 8#'#"(3#*$-'8 9/#$()*
,-&(3-,#',-") *('/*(0/%3-")* D##/2(1U,A*34#*(130($*,#',-")*#C.#"%#'1#5*<' *#DD#"#'1#*1-.)*-D*34#*
&-3-"*1-&&('/,* %,*($,-*,#'3*3-*( *D-"a("/*&-/#$A*a4%14*8#'#"(3#,*."#/%13#/*,-&(3-,#',-")*('/*
(0/%3-")*D##/2(1U,5*<* /#$()* %,* (..$%#/* 3-* 34#*%'3#"'($* D##/2(1U*,%8'($,*?a4%14* 2#1-&#* 34#*
e1-"-$$(")*/%,14("8#f@*,-*34(3*34#)*("#*,)'14"-'%Y#/ *a%34*34#*(130($*D##/2(1U,5*`4#*#DD#"#'1#*1-.)*
&#14('%,&* %,* /#.%13#/* %'* /(,4#/* $%'#* %'* ^%80"#* F5*`4#* ."#/%13%+#* &-/#$* %'1$0/#,* 34"##*,3(3#*
1-&.("%,-',*a4%14*4(+#*#(14*(*,.#1%D%1*"-$#*%'*-+#"3*,.##14*."-/013%-'5*

*

*
6',#"3*^%80"#*F*(2-03*4#"#*

*

*
`4#*D%",3*1-&.("%,-'*?"#D#""#/*3-*(,*\F*%'*^%80"#*F@*3(U#,*.$(1#*2#3a##'*34#*(130($*,#',-")*

D##/2(1U* ('/* 34#* /#,%"#/* ,#',-")* ,3(3#5*6D*(* /%,1"#.('1)* "#,0$3,* D"-&* \FA* 34#* %'+#",#* &-/#$*
"#1#%+#,*('*#""-"*,%8'($*('/*34#*&-3-"*1-&&('/,* ("# *(/i0,3#/5*\F*%,*%""#$#+('3*%'*-'8-%'8*(13%-',A*
(,*34#*3%&#*'#1#,,(")*D-"*34#*(130($*D##/2(1U*3-*"#(14*34#*1#'3"($*'#"+-0,*,),3#&*%,*-D*(2-03*-'#*
,)$$(2$#5*`4%,*a-0$/*$#(/*3-*033#"$)*,$-a*,.##14*."-/013%-'5*\F *%,*%',3#(/*,0..-,#/*3-*.$() *(*"-$#*
%'*,.##14 *$#("'%'8A*2)*30'%'8*34#*%'+#",#*&-/#$*3-*."-/01#* &-3-"*1-&&('/,*34(3*("#* 2#,3*(/(.3#/*
3-*'#a* 8-($, 5*Z-"#-+#"A*%3*4(,*2##'*,088#,3#/*34(3*\F *1-'3"%203#,*3-*34#*,#',#*-D*2-/)*-a'#",4%. A*
34#*."#9"#D$#13%+#*#C.#"%#'1#*34(3*%3*%,*-0"*-a'*2-/)*34(3*%,*10""#'3$)*&-+%'8A*+-$0'3("%$)*-"*'-3*
?W($$(84#"A*XPPPl*^"('1U*;*`4%2(03A*XPPGl*`,(U%"%,A*J14m3Y9K-,2(14A*;*W($$(84#"A*XPPI@5**

`4#* ,#1-'/* 1-&.("%,-'* ?\X@* %,* 34#* -'#* %'+-$+#/* %'* 34#* ,3(2$#* 1-'3"-$* -D* (13%-',A*0,%'8*
%'3#"'($*%',3#(/*-D*(130($*D##/2(1U, 5*63*1-&.("#, */#,%"#/*('/*."#/%13#/*,3(3#,5*>%(*\XA*#""-",*1('*
2#*/#3#13#/*%'*34#*&-3-"*1-&&('/,A*('/*2#*1-""#13#/A*2#D-"#*(130($*D##/2(1U*"#(14#,*34#*1#'3"($*
'#"+-0,*,),3#& O5**

<* 34%"/* 1-&.("%,-'* ?\G@* %,* %'+-$+#/A* 2#3a##'* 34#* (130($* ,#',-")*,3(3#*('/* 34#* /#$()#/*
."#/%13%-'*?1-"-$$(")*/%,14("8#@5*6D*34#*(DD#"#'3*,#',-")*D##/2(1U*('/*34#*1-"-$$(")*/%,14("8#*/-*
'-3*&(314A*34#*D-"a("/*&-/#$*%,*(/i0,3#/5*`4%,*D-"a("/*&-/#$*0./(3%'8A*3-8#34#"*a%34*34#*%'+#",#*
&-/#$* 30'%'8* +%(* \FA* ("#* 1$(%&#/* 3-* %&."-+#* .#"D-"&('1#* a4#'* $#("'%'8* '#a* (13%-',A* 2)*
8#'#"($%Y%'8*34#*30'%'8*D-"*D030"#*."-/013%-',*?203*,##*`"#&2$() A*:-0$#A*;*B,3")A*XPPOl*V-14#39
\(.#$$(' A*V%14#"A*;*B,3") A*XPFXA*a4-*4(+#*-'$)*-2,#"+#/*$%&%3#/*8#'#"($%Y(3%-'*3-*D030"#*(13%-',@5*
63*4(,* 2##'*,088#,3#/*34(3*\G*1-0$/ *($,- *.$() *(*"-$#*%'*,#$D9&-'%3-"%'8*?g-$.#"3 A*W4(4"(&('%A*;*
p-"/('A*FNN]l*g-$.#"3A*FNNI@5*6D*34#*(130($*,#',-")*D##/2(1U* &(314#,*34#*."#/%13#/*,#',-")* ,%8'($A*
34#'*34#*,#',-")* 1-"3#C*1-0$/*2#*%'D-"&#/*34(3*34#*.#"1#%+#/*,3%&0$%*("#*,#$D98#'#"(3#/A*a4%14*
a-0$/*."-+%/# *(*,#',#*-D*(8#'1)5*̂ "%34*?FNNX@*.-,%3#/*34(3*(*/#D#13%+#*."#/%13%+#*,),3#&*1-0$/*
                                                
7 We use the term Ç desired È rather than Ç intended È, to allow for unintended action to be monitored via this mechanism 
(see below, on unbidden thoughts). 

8 Discrepancies between desired and predicted feedbacks could also be due to an inaccurate forward model. C2 could 
therefore also contribute to adjust the forward model, not just the inverse model. But this would require an additional mechanism 
by which the discrepancy would be sent either to the inverse or the forward model. In the absence of evidence for such a 
mechanism, we stick to the classical view, with C2 only affecting the inverse model. 
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* FH*

#C.$(%'*a4)*(* ,#$D9%'%3%(3#/*(13%-'*&()*2#*#C.#"%#'1#/*(,*#C3#"'($$)*1-'3"-$$#/*%'*/#$0,%-', *-D*
1-'3"-$M*%D*34#*."#/%13#/*('/ *(130($*,#',-")*D##/2(1U,*/-*'-3*&(314 A*34#'*,-&#*#C3#"'($*%'D$0#'1#*
&0,3*4(+#*3(U#'*.$(1#5**

6'* $%'#* a%34*(8#'1) A* ('-34#"*(/+('3(8#* -D* 34#* ."#/%13%+#* &-/#$* %,* 34(3*%3*#C.$(%',*34#*
-2,#"+#/*&-/0$(3%-'*-D*,#',-")*1-"3#C*(13%+%3)*/0"%'8*,#$D9%'%3%(3#/*(13%-',5*6D*,02i#13,*1('*."#/%13*
34#*,#',(3%-',*34#)*("#*8-%'8*3-*D##$A*34#'*34#,#*("#*'-3*%'D-"&(3%+#*('/*1('*2#*(33#'0(3#/A*"#$(3%+#*
3-*#C3#"'($$)*1(0,#/*,#',(3%-',*a4%14*'##/*3-*2#*(33#'/#/ 5*g4#'*(130($*('/*."#/%13#/*D##/2(1U,*
&(314A*34#*,#',-")*1-',#h0#'1# *-D*34#*&-3-"*(13*%,*340,*(33#'0(3#/A*1-&.("#/*a%34*34#*,(&# *
,3%&0$(3%-'*."-/01#/*2)*('*#C3#"'($*(8#'3*?K$(U#&-"#A*XPPGl*K$(U#&-"#A*^"%34A*;*g-$.#"3A*FNNNl*
^"%34A* XPPX@5* `4%,*&#14('%,&* 4(,* 2##'* %'+-U#/*3-*#C.$(%'* a4)* a#* 1(''-3* 3%1U$#* -0",#$+#,*
?K$(U#&-"#A*g-$.#"3A*;*^"%34A*XPPP@5*

<11-"/%'8*3-*,-&#*(034-",A*34#*&#"#*."#,#'1#*-D*(*."#/%13#/*,%8'($*?#+#'*2#D-"#*\G*3(U#,*
.$(1#@* 1-0$/* %3,#$D*1-'3"%203#* 3-*34#*(a("#'#,,* -D* %'%3%(3%'8* (* &-+#&#'3A*3-* D##$%'8* %'* 1-'3"-$*
?K$(U#&-"#A* g-$.#"3A* ;* ^"%34A*XPPXl* ^"%34A* XPPX@5*`#&.-"($* &#(,0"#&#'3,* 2)* 7%2#3A* W$#(,-'A*
g"%843A*;*!#("$*?FNOG@*-"*:(88("/A*L#a&('A*;*Z(8'-* ?FNNN@*%'/##/*%'/%1(3#*34(3*,02i#13,*("#*
(a("#*-D*%'%3%(3%'8*(*&-+#&#'3*(2-03*OP*&,*2#D-"#*34#*(130($*&-+#&#'3*-110",5*

6'*,0&A*."#/%13%+#*1-'3"-$*,##&,*3-*.$() *('*%&.-"3('3*"-$#*%'*,#$D9&-'%3-"%'85*63*%,*1$(%&#/*
34(3*%3*."-+%/#,*,#',#,*-D*-a'#",4%.*('/*(8#'1)A*34(3*("#*#,,#'3%($*1-&.-'#'3,*-D*,#$D9(a("#'#,, A*
+%(*\F*('/*\G*1-&.("%,-', A*%'+-$+%'8*/#,%"#/A*."#/%13#/*('/*(130($*,3(3#,5*

`4# *."#/%13%+#*1-'3"-$ *D"(&#a-"U *4(,*2##' *D"0%3D0$*%'*34#*,.##14*/-&(%'*?W0#'34#"A*W4-,4A*
;*`-0"+%$$#A*XPPHl*:-0/#*;*L(8("(i('A*XPFF l*!-,3&(A*XPPP@5*63*4(,*#+#'*2##'* (..$%#/*3-*1-+#"3*
,.##14* ."-/013%-'* ?^#%'2#"8A* FNIOl* ^"%34A* FNNX@5*J#+#"($* "#,#("14#",A* %'1$0/%'8* ^"%34* ?FNNX@A*
p-'#,*;*^#"')4-084*?XPPI@A*J#($A*<$#&('A*;*Z1W0%"#*?XPPQ@A*4(+#*1$(%&#/*34(3*/%,"0.3%-', *%'*34#*
."#/%13%+#* 1-'3"-$* &#14('%,&*#C.$(%'*(0/%3-")* +#"2($* 4($$01%'(3%-'* ?<>:@5*<11-"/%'8* 3-* 34#%"*
+%#aA*%D*34#*."#/%13%-'*%,* D(0$3)A* 34#* (130($* ,#',-")* 1-',#h0#'1#,* -D* %''#"* ,.##14* ("#* '-3*
(33#'0(3#/ *('/*(8#'1)*%,*'-3*D#$35*_%34#"*2#1(0,#*-D*(33"%203%-'($*2%(,#,*?J#($*#3*($1A*XPPQ@*-"*,%&.$)*
2#1(0,#* ,#$D9(034-",4%.* %,* '-3* D#$3* ?p-'#,* ;* ^#"')4-084A* XPPI@A* %''#"* ,.##14*a-0$/ *34#'*2#*
#C.#"%#'1#/*(,*-34#"98#'#"(3#/ 5**

`4#*%'+-$+#&#'3*-D*(*1-"-$$(")*/%,14("8#*%'*%''#"*,.##14*1-'3"-$*%,*,0..-"3#/*2)*,#+#"($*
,30/%#,5*[(&.#'%'8 *-"*/#$()%'8*-D*(0/%3-")*1-"3#C*"#,.-',%+%3)*4(,*2##'*-2,#"+#/ */0"%'8*%''#"*
,.##14*?a%34*__WM*^-"/*;* Z(34($-'A*XPPQl*a%34*Z_WM*L0&&%'#'*;*\0"%-A*FNNN@*('/*%'3#"."#3#/*
(,*(*&-/0$( 3-")*%'D$0#'1#*-D*D"-'3($*,.##14*."-/013%-'*("#(,*-'*3#&.-"($*,.##14*"#1#.3%-'*("#(,5*
`4%,*D%'/%'8*,4-0$/*2#*%'3#"."#3#/*a%34*1(03%-'A*4-a#+#"5*6'*^-"/*;*Z(34($-'d,*__W*,30/)A*34#*
%''#"* ."-/013%-'* a(,* ."#1#/#/* 2)* ('* (0/%3-")* ,3%&0$0,A* a4%14* 1-0$/* 4(+#*/(&.#'#/* 34#*
,02,#h0#'3*(0/%3-")*"#,.-',# *?+%(*(0/%3-")*,0.."#,,%-'@5*L#+#"34#$#,,A*%'*(' *DZV6*,30/)A*J4#"8%$$*
#3*($1*?XPPX@*/%/*D%'/*%'1"#(,#/*D"-'3-93#&.-"($*1-''#13%+%3)*/0"%'8*%''#"*,.##14A*(,,-1%(3#/*a%34*
34#*%'1"#(,#*%'*%''#"*,.#(U%'8*"(3#5*`%('A*z("(3#A*;*!-#..#$*?XPFH@*($,-*D-0'/*3#&.-"($*1-"3#C*
(13%+(3%-'*/0"%'8*%''#"*,.##14A*a4%14*34#)*"#$(3#/*3-*34#*."#,#'1#*-D*(*1-"-$$(")*/%,14("8#5*J1-33*
?XPFG@*."-+%/#/ *2#4(+%-0"($*#+%/#'1#*D-"*(0/%3-")*(33#'0(3%-'*%'*%''#"*,.##145*`4#*eZ(''*#DD#13f*
"#D#",* 3-* 34#* %'D$0#'1#* -D* 1-'3#C30($* ,.##14* ,-0'/,* -'* 34#* .#"1#.3%-'* -D* ,02,#h0#'3* ,.##14*
,-0'/,5*J1-33 *,4-a#/*34(3*34%,*#DD#13*a(,*,.#1%D%1($$)*a#(U#'#/* a4#' *34#*1-'3#C30($*,-0'/ *a(,*
.$()#/*/0"%'8*&(314%'8*,.##14*%&(8#")A*,088#,3%'8*34(3*34#*%&.(13*-D*34#*(0/%3-")*,3%&0$%*a(,*
-'$)* (33#'0(3#/ *a4#'*%''#"*,.##14*&(314#/ 5**

J-&#*"#,#("14#",*4(+#*h0#,3%-'#/*34#*D0'13%-'($*"#$#+('1#*-D*(*&-'%3-"%'8*,),3#&*%'*%''#"*
,.##14 A*4-a#+#"5*Z(1n()*?FNNX@*,.#1%D%1($$)*(,U#/*e,);%0'#9I#$0%2506%/"?#'#"?#"63;%J3/06#"%6.D%
6)#%2#9"/"4%9"?%0.5"?%.=%,)96%6)#;%9$#%09;/"4%/"6#$"933;%,)#"%6)#;%I".,%933%93."4%6)#%2#9"/"4%
9" ?%0.5"?%.=%,)96%6)#;%9$#%09;/"4K%?.5FQP@5*J3#.4#',* ;*W"(4(&*?XPPP@A*W($$(84#"*?XPPQ@*('/*
7('8$('/ 9:(,,('*?XPPO@*($,-*("80#*34(3*34#*."#/%13%+#*&#14('%,&*%,*"#/0'/('3 *%'*%''#"*,.##145*
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`4%,*1"%3%h0#*4(,*2##'*(//"#,,#/*2)*p-'#,*;*^#"')4-084*?XPPI@*a4-*%',1"%2#*34#*'#1#,,%3)*D-"*
,#$D9&-'%3-"%'8*%'*(*>)8-3,U)('* /#+#$-.&#'3($*.#",.#13%+#5*<11-"/%'8*3-*34#&A*14%$/"#'*,3("3*-DD*
2)* -+#"3*e."%+(3#*,.##14f A* ,%&0$(3%'8*/%($-80#,*a%34*%'3#"$-103-",5*>#"2($*34-0843*a-0$/* -'$)*
2#1-&#* 1-+#"3*(D3#"* ,#+#"($* )#(",A* 34"-084* (* 8"(/0($* ."-1#,,* -D* %'3#"'($%Y(3%-'5* [0"%'8* 34%,*
."-1#,,A*%3*%,*1"01%($*D-"*14%$/"#' *3-*2#*(2$#*3-*$(2#$*34#*"#1#%+#/*(0/%3-")*,3%&0$%*(,*,#$D9*-"*-34#"9
8#'#"(3#/5*`4%,* &#(',* 34(3*34#*#DD#"#'1#* 1-.)*%,* '-3* ('*9?% ).(*&#14('%,&* ,-$#$)* %'+-U#/* 3-*
#C.$(%'* /#$0,%-',* -D*34-0843* %',#"3%-'A* 203*%3*%,*-'3-8#'#3%1($$)*'#1#,,(")* D-"* %''#"* ,.##14* 3-*
/#+#$-. *D"-&* ."%+(3#* ,.##145*g#* D0"34#"* 1$(%&* 34(3* /%,3%'80%,4%'8* ,#$D98#'#"(3#/* D"-&* -34#"9
8#'#"(3#/*+-%1#,*"#&(%', *1-&.#$$%'8*%'*(/0$3*%''#"*,.##145*<,*("80#/*%'*J#13%-'*XA*a#*1('*4#("*
-0"*%''#"*+-%1#A*%3,*3%&2"#A*('/*%3,*%'3-'(3%-'($*+("%(3%-',A*a#*1('*#+#'*/#3#13*%''#"*,.##14*#""-",5*
g#* 1('* 4(+#* %&(8%'(")* /%($-80#,A*%'+-$+%'8*+("%-0,*+-%1#,5* g#* 1$(%&* 34(3* %3* %,* 34"-084* ,#$D9
&-'%3-"%'8*34(3*a#*/-*'-3*&%,3(U#*34#,#*%'3#"'($*+-%1#,*D-"*#C3#"'($*+-%1#,A*('/*34(3*a#*("#*(a("# *
34(3*a#*4(+#*%&(8%'#/*34#&5*<*2"-(/#" *"-$#*D-"*34#*."#/%13%+#*&#14('%,&*a%$$*2#*/%,10,,#/*2#$-aA*
"#$(3#/*3-*(a("#'#,,*('/* /%,3%'80%,4%'8*a%$D0$*%''#"*,.##14*D"-&*0'2%//#'*34-0843, 5*K03*2#D-"#*
34%,A*a#*'##/*3-*(//"#,,*(*D0"34#"*1"%3%h0#A*,3#&&%'8*D"-&*34#*/%"#13*(..$%1(3%-'*-D*34#*."#/%13%+#*
1-'3"-$*&-/#$*3-*%''#"*,.##14 5*<$34-084*^"%34*?FNNXA*,##*($,-*̂ #%'2#"8A*FNIO@*a(,*-'#*-D*34#*D%",3*
3-*,088#,3*34(3*%''#"*,.##14*1-'3"-$*1-0$/*"#$)*-'*,014*(*&-/#$A*4#*4%&,#$D*h0#,3%-'#/*34#*'-3%-'*
-D*(130($*,#',-")*D##/2(1U*/0"%'8*%''#"*,.##14A*a4%14*2)*#,,#'1#*%,*,%$#'3*('/*&-3%-'$#,,*?^"%34A*
XPFX@5*6'*34#*1(,#*-D*%''#"*,.##14A*\G*%,*%""#$#+('3A*(,*%3*a-0$/* 1-&.("# *(*."#/%13#/*,#',-")* ,%8'($*
a%34*('*(2,#'3 *(130($*D##/2(1U5*V(.%'*#3*($1%?XPFG@*4(+#*-DD#"#/*3a-*($3#"'(3%+#*(11-0'3,*?,##*($,-*
V(.%' A*[-4#' A*;* 7T+#'2"01UA*XPFH@5*

`4#*D%",3*(11-0'3*"#$%#,*-'*34#*4).-34#,%,*34(3A*( ,*("80#/*%'*X5FA*%'4%2%3-")*,%8'($,*&()*2#*
,#'3* 3-* ."#+#'3* &-3-"* 1-&&('/* (&.$%30/# *D"-&* "#(14%'8* (* ,0DD%1%#'3* 34"#,4-$/* D-"*,.##14 *
&- +#&#'3*3-*-110"5*K03*#+#'*34-084*34#*,.##14*(..("(30,*&()*'-3*&-+#A*34#*&-3-"*1-&&('/,*
1-0$/*,$%843$)*%'1"#(,#*&0,1$#*3#',%-'5*` 4#*(130($*,#',-")*D##/2(1U*/0"%'8*%''#"*,.##14*a-0$/*
340,*1-',%,3*-D*,-&#*"#,%/0($*."-."%-1#.3%+#*D##/2(1U*?"(34#"*34('*(0/%3-")@5*[0"%'8*<>:,A*34%,*
"#,%/0($*,%8'($*1-0$/*2#*34#*,#',-")*D##/2(1U*34(3*/-#,*'-3*&(314*34#*D(0$3)*."#/%13%-'*('/*34(3*
$#(/,*3-*,#$D98#'#"(3#/*,%8'($,*2#%'8*%'3#"."#3#/*(,*#C3#"'($5**

6'*34#*,#1-'/* (11-0'3 A*34#*"#$#+('3*1-&.("%,-'*D-"*(8#'1) 9&-'%3-"%'8*/0"%'8*%''#"*,.##14*
%,*'-3*\G*2#1(0,#*34#*(130($*D##/2(1U*%,*,%$#'3*('/* &-3%-'$#,,5*<8#'1)*/0"%'8*%''#"*,.##14A*a4%14*
%,*D(0$3)* /0"%'8*<>:A*1(''-3*1-&#*#%34#"*D"-&*34#*&#"#* ."#,#'1#* -D* (* ."#/%13%-'*?,##* (2-+#@A*
2#1(0,#*a#*1$(%&*34(3*34#*."#/%13#/*,%8'($*%,*."#1%,#$)*a4(3 *2#1-&#,* %/#'3%D%#/*(,*('*#C3#"'($*
+-%1#*?-"*&('0($jD(1%($*8#,30"#,*%'*/#(D*,02i#13,@5*6',3#(/A*a#*,088#,3*34(3*(8#'1)*1-&#, *D"-&*\XA*
34#*1-&.("%,-'* 2#3a##'*/#,%"#/*('/ *."#/%13#/*,3(3#,*?( */%,3%'13%-'*2#3a##'*."#/%13#/*,3(3#*('/*
."#/%13#/*#C.#"%#'1#*%,*&(/# *2#$-a@5*̀ 4#*<>:*,)&.3-&,*1-0$/*2#*#C.$(%'#/*(,*D-$$-a,M*%D*34#*
."#/%13%-'*%,*/#D#13%+#A*34#'*34#"#*%,*'-*&(314*2#3a##'*."#/%13#/*('/*/#,%"#/*,3(3#,A*(8#'1)*%,*'-3*
D#$3*('/*34#*%''#"*+-%1#*-"*8#,30"#*?."#/%13#/*#C.#"%#'1#@*1-0$/*D##$*($%#'5*6'*(//%3%-'A*\X*a-0$/*
,%8'($*(*/%,1"#.('1)A*a4%14*a-0$/*(2-"3 *34#*.#"1#.30($*(33#'0(3%-'*('/*a4%14*a-0$/*"#%'D-"1#*
34#*,($%#'1)*-D*34#*%''#"*+-%1#*?-"*8#,30"#@A*(11#'30(3%'8*%3,*($%#'*14("(13#"5*63*&0,3*2#*"#&%'/#/*
34(3*\X*a(,*-"%8%'($$)*%'3"-/01#/*3-*#C.$(%'*,3(2$#*D##/2(1U*1-'3"-$*-D*(13%-'A*2)*#("$)*30'%'8*-D*
34#*&-3-"*1-&&('/,* a4#'*34#*."#/%13#/*,3(3#*/-#,*'-3*&(314*34#*8-($5*\X*,4-0$/*34#"#D-"#*,3%$$*
%,,0#*(*,#',#*-D*(8#'1)*%'*1(,#*-D*8-($*0'(33(%'&#'3A*%5#5*a4#'*34#*."#/%13%-'*('/*34#*8-($*("#*-'$)*
,$%843$)*/%,1"#.('35*

`4#* D%",3*(11-0'3 A* a4%14* #'3(%$,* 34(3* ,-&#* ."-."%-1#.3%+#* ,#',(3%-',* 1-0$/* ,02,%,3* %'*
&0,1$#,* /0"%'8*%''#"* ,.##14A*%,* ,0..-"3#/*2)*%'3"-,.#13%+#*#C.#"%&#'3,*?J3"%1U#"A*FOO]@5*`4#*
,#1-'/*(11-0'3 *4(,*2##'* 1-'10""#'3$)* D-"&0$(3#/*2)*`%('*;*!-#..#$*?XPFX@*(,*a#$$*(,*Ja%'#) *;*
J-0,(*?XPFQ@*a4-*4(+#* ,%&%$("$)* ."-.-,#/*34(3*\X*%,*34#* ,0%3(2$#*1-&.("%,-'*D-"*(8#'1)*('/*
.#"1#.30($*(33#'0(3%-'*%'*%''#"*,.##145*̀4%,*a(,*#+#'*."-.-,#/*2)*^"%34*?XPP]@*4%&,#$D5*63*1('*
($,-* 2#* D-0'/A* %'1%/#'3($$)A* %'* W($$(84#"* ?XPPP@5*`4#,#* 3a-* (11-0'3,* ("#* 1-&.(3%2$#* ('/* ("#*
%'3#8"(3#/*%'*^%80"#*F5*`4#*$%'#,*('/*2-C#,*,4(/#/*%'*$%843*8"#)*("#*%""#$#+('3*%'*%''#"*,.##14*('/*
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FHI5*6JKLM*NIOPFNOINHHQP*
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!
 

* FO*

-'$)*(..$ )*3-*-+#"3*,.##145*`4#*"#/ *(""-a*1-""#,.-'/,*3-*%'4%2%3-")*,%8'($,*,#'3*%'*.("($$#$*a%34*
34#*8-($*-D*%''#"*,.#(U%'8*?34%,*(""-a*%,*%""#$#+('3*%'*-+#"3*,.##14@5*

g#*4(+#* (//#/*3-*^%80"#*F*34#*1-'1#.3* -D*e%''#"*$('80(8#* .#"1#.3,fA* (3*34#*$#+#$* -D*34#*
."#/%13#/*#C.#"%#'1#5*`%('*;* !-#..#$A*Ja%'#)* ;*J-0,( A*(,*a#$$*(,*J1-33*?XPFG@*('/*J1-33*#3*($1*
?XPFG@A*("80#A* $%U#* 0,A*34(3* 34#* +-%1#* .#"1#%+#/* /0"%'8* %''#"* ,.##14*."#1%,#$)* 1-',%,3* -D*34#*
."#/%13#/*,%8'($5*6'* -34#"* /-&(%',A*"#,#("14#",*4(+#*1$(%&#/*34(3*34#*D-"a("/*&-/#$*1-0$/*2#*
0,#/*/0"%'8*&#'3($*3"(%'%'8A*3-*."#/%13*34#*,#',-")*1-',#h0#'1#,*-D*('*(13%-'*a%34-03*4(+%'8*3-*
#C#103#*%35* `4%,*1-0$/*30'#*34#*%'+#",#*&-/#$*D-"*D030"#* (13%-',*?p#(''#"-/* ;* !(14#"%#A*XPPQl*
!(14#"%#A*XPPO@5*`4#*."#/%13#/*,%8'($*a-0$/*340,*1-""#,.-'/*3-* 34#*,02i#13%+#*D##$%'8*%'*&#'3($*
%&(8#")*?W"0,4A*XPPQ@5*[0"%'8*%''#"*,.##14 A*34#*."#/%13#/*,%8'($*a-0$/* 340,*#h0(3#*3-*34#*+-%1#*
&#'3($$)*4#("/ *?('/*34#*,-&(3-,#',-")*,#',(3%-', *D#$3@A*-"*34#*,%8'j$%.*8#,30"#*%'3#"'($$)*,##'5*
<,*#C.$(%'#/*(2-+#A*34%,*,%&0$(3#/*,%8'($*-110",*#("$%#"*34('*34#*(130($*#C.#"%#'1#*a-0$/A*a4%14*
#C.$(%',*a4)*%''#"*,.##14*&()*2#*,4-"3#"*34('*-+#"3*,.##145*

g#*($,-*%'1$0/#*%'*^%80"#*F*3a-*.#"1#.30($*(33#'0(3%-' *&#14('%,&,A*(3*34#*$#+#$*-D*\G*D-"*
#C3#"'($*,#',-")*,%8'($,*('/*(3*\X*D-"*%'3#"'($$)*8#'#"(3#/*,%8'($,5*[0"%'8*-+#"3*,.##14*1-'3"-$A*
a#*,.#10$(3#*34(3*(8#'1)*1-0$/*"#,0$3*D"-&*2-34*\X*('/*\G*('/*a-0$/*34#"#D-"#*2#*,3"-'8#"*34(3*
/0"%'8*%''#"*,.##145*\ X*a-0$/*(33#'0(3#*34#*."#/%13#/*,#',-")*,%8'($*?34#*%''#"*+-%1#@*('/*\G*
a-0$/*/(&.#'*34#* #C3#"'($*D##/2(1U5**

<11-"/%'8*3-*-0"*+%#aA*34#*#DD#"#'1#*1-.)*%,*34#"#D-"#*&-"#*34('*(*&#14('%,&*34(3*%/#'3%D%#,*
,#$D*+,5*-34#"98#'#"(3#/*+-%1#,5*63*%,*a4(3*&(U#,* -0"*-a'*+#"2($*34-0843,*1-&#*3-* (a("#'#,, *
?^"%34A*XPFP@5*<,*&#'3%-'#/*(2-+#A*%3*4(,* 2##' *("80#/*34(3*34#*/#,%"#/*,3(3#A*0,#/*2)*34#*%'+#",#*
&-/#$*3-*/#"%+#*34#*#DD#"#'1#*1-.)A*1-0$/*%3,#$D*2#*34#*%''#"*+-%1#*1-',1%-0,$)*4#("/ *('/*D#$3*(,*
-0"*-a'A*a%34*'-*'##/*D-"*(*."#/%13%-'*?W($$(84#"A*XPPQl*7('8$('/9:(,,('A*XPPO@5*6'*7('8$('/ 9
:(,,('d , *oD%$3#"*&-/#$dA*34#*&#"#*#C%,3#'1#*-D*('*#DD#"#'1#*1-.)A*a%34-03*1-&.03%'8*(*."#/%13%-'A*
('/*a%34-03*0,%'8*(*1-&.("(3-"A*1-0$/*(13*(,*(*D%$3#"*/0"%'8*%''#"*,.##145*`4%,*D%$3#"*a-0$/*%3,#$D*
#'/-a*-0"*(13%-',*a%34*(* ,#',#*-D*(8#'1)5*6'*34%,*($3#"'(3%+#*&-/#$A*4-a#+#"A*34#*1-&.("(3-"*
&#14('%,&*%,*("80#/*3-*2#*'#1#,,(")*D-"*-34#"*,-&(3-,#',-")*&-/($%3%#,*34('*34-,#*%'+-$+#/*%'*
%''#"* ,.##145* `4%,* #'3(%$,* 34(3* /%DD#"#'3* &#14('%,&,* a-0$/* 2#* "#h0%"#/*/#.#'/%'8* -' *34#*
&-/($%3)A* a4%14* /-#,* '-3* ,##&* .(",%&-'%-0,5*g#* (//* 34(3* 34#* /#,%"#/* ,3(3#*%3,#$D*1(''-3* 2#*
#C.#"%#'1#/*(,*(*+-%1#5*6'* &(')* &-3-"*1-'3"-$*34#-"%#,A*34#*1-&.("%,-',*3(U#*.$(1#*2#3a##'*#'/*
,#',-")* ,3(3#,A* '-3* 2#3a##'* -'8-%'8* #C.#"%#'1#, 5*g#* ,.#10$(3#* 34(3* 34#* /#,%"#/* ,3(3#A*2#%'8*
#C."#,,#/*%'*3#"&,*-D*8-($,*%'*(1-0,3%1*('/*("3%10$(3-")*,.(1#,A*%,*(*1-(",#*.$('A*'-3*( *D0$$*,.##14*
#C.#"%#'1#A*a%34*34#*0'D-$/%'8*-D*,.##14*&0,1$#*&-+#&#'3,*('/*,-0'/,* -+#"*3%&#5*6'*^%80"#*FA*
a #*4(+#*%'1$0/#/*-0"* ,.#10$(3#/ */%,3%'13%-'*2#3a##'* ."#/%13#/*#C.#"%#'1#* ('/* ."#/%13#/*#'/*
,3(3#5*`4#*."#/%13#/*#C.#"%#'1#A*/#+#$-.%'8*-+#"*3%&#A*%,*34#*%''#"*+-%1#5*`4#*."#/%13#/*,3(3#*%,*34#*
#'/*,#',-")*."-/013A* 1-&.("#/* a%34*34#*/#,%"#/*8-($5*̀ 4#*%''#"*+-%1#*%,*'-3*34-"-084$)*D#$3*0'3%$*
%3*%,*D0$$)*,%&0$(3#/*-+#"*3%&#A*34"-084*34#*#DD#"#'1#*1-.)5*<'/*%3*%,*'-3*D#$3*(,*,#$D9%'3#'/#/*2#D-"#*
%3,*#'/*."-/013A*34#*."#/%13#/*,3(3#A*%,*1-&.("#/*a%34*34#*/#,%"#/*,3(3#5*g#*D0"34#"*,.# 10$(3#*34(3*
3-. 9/-a'*#C#103%+#*,%8'($,*."#,0&(2$)*1-'3"-$*D-"*34#*8#'#"(3%-'*-D*(*."#/%13%-'5*`4"##*3).#,*-D*
+#"2($*34-0843*1('*34#'*2#*#C.$(%'#/5*^%",3A*0'2%//#'*34-0843,A*%5#5*+#"2($*34-0843,*a%34-03*(*
D##$%'8* -D* (8#'1)* ?W($$(84#"A* XPPQ@A* 1('* 2#* +%#a#/* (,* /#,%"#/* ,3(3#,* a%34* '-* 1-""#,.-'/%'8*
."#/%13#/*,3(3#,5*`4#)*,-0'/*#+('#,1#'3*('/*&0DD$#/A*2#1(0,#*34#)*("#*'-3*D0$$)*,.#1%D%#/*-+#"*
3%&#5*`4#)*/-*'-3*D##$*($%#'A*2#1(0,#*'-*1-&.("%,-'*%,*&(/#*(3*($$A*."#,0&(2$)*2#1(0,#*'-*3-.9
/-a'*,%8'($*4(,*$(0'14#/*34#*8#'#"( 3%-'*-D*(*."#/%13%-'5*6'*^%80"#*FA*a#*4(+#*(//#/*e0'2%//#'*
34-0843,fA*(3*34#*$#+#$*-D*34#*/#,%"#/*,3(3#5*<*,#1-'/*3).#*%,*a%$D0$*%''#"*,.##14A*%'*a4%14*3-.9/-a'*
,%8'($,*%'%3%(3#*34#*8#'#"(3%-'*-D*(*."#/%13%-'5*<*,#',-")*#C.#"%#'1#*0'D-$/,*-+#"*3%&#*('/*('*%''#"*
+-%1#*%,*/%,3%'13$)*4#("/5*`4#*/#,%"#/*('/*."#/%13#/*,3(3#,*&(314*?#+#'*-'$)*,$%843$)@M*(8#'1)*%,*
D#$35*<*34%"/*3).#*%,*<>:A*%'*a4%14*3-.9/-a'*,%8'($,*%'%3%(3#*34#*8#'#"(3%-'*-D*(*."#/%13%-'A*203A*/0#*
3-*(*/),D0'13%-'A*34#*/#,%"#/*('/*."#/%13#/*,3(3#,*/-*'-3*&(314 *(3*($$*('/ *34#*."#/%13%-'*D##$,*($%#'5*
`4#*($%#'*+-%1#*%,*+%+%/$)*4#("/A*(,*34#*(2,#'1#*-D*.#"1#.30($*(33#'0(3%-'*?/0#*3-*34#*/%,1"#.('3*
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* FN*

1-&.("%,-'@* &(U#,* 34#* ."#/%13#/* #C.#"%#'1#*&-"#* ,($%#'3* 34('*('* -"/%'(")* %''#"* +-%1#5*`4#*
#DD#"#'1#*1-.)*&#14('%,&*34#"#D-"#*1-'3"%203#,*3-*1"#(3%'8*34#*"%14*,#',-")*h0($%3%#,*-D*%''#"*
,.##14A*(,*a#$$*(,*34#*D##$%'8*-D*(8#'1)A*-D*(a("#'#,, *-D*-0"*34-0843,5*

6'*,0&&(")A*%'*-0" *(/(.3#/*+#",% -'*-D*34#*."#/%13%+#*1-'3"-$*(11-0'3A*a%$D0$*%''#"*$('80(8#*
%,*,##' "(,* (* ."-1#,,* %'* a4%14*+#"2($*8-($, *("#* 1-'+#"3#/* 3-* &-3-"* 1-&&('/,5* `4#,#* &-3-"*
1-&&('/,*("#*%'4%2%3#/*203*,3%$$*3"(',&%33#/*3-*34#*-"-D(1%($*('/*&('0($*,),3#&, A*8%+%'8*"%,#*3-*
"#,%/0($*."-."%-1#.3%+#*D##/2(1U5*`4%,*"#,%/0($*D##/2(1U*&()*."-+%/#*(*,#',#*-D*-a'#",4%.*('/*
%,*."-2(2$)*D#$3*2)*,-&#*%'/%+%/0($,5*6'*.("($$#$A*(*1-.)*-D*34#*&-3-"*1-&&('/,*%, *,#'3*3-*(*D-"a("/*
&-/#$*a4%14*1-&.03#,*&0$3%,#',-")*%''#"*$('80(8#*.#"1#.3, *(,,-1%(3#/*a%34*34#*,%&0$(3#/*(13,M*
,-0'/, *x*34#*%''#"*+-%1#*4#("/*2)*-0"*&%'/d,*#(" *xA*."-."%-1#.3%+#*,#',(3%-',*%'*34#*-"-D(1%($*('/*
&('0($* &0,10$(30"#*x*34#*%''#"*&-+#&#'3,*.#"1#%+#/*2)*-0"*&%'/d,*3(13*xA*('/* +%,%2$#*&('0($j$ %.*
8#,30"#,*x*34#*%''#"*,%8', *.-3#'3%($$)*,##'*2)*-0"*&%'/d,*#)#5**

g#*'-3#*4#"#*34(3*34%,*(11-0'3*/-#,*'-3*#C.$(%'*4-a*+%,0($*%'D-"&(3%-'*(2-03*-'#d,*&('0($*
('/*D(1%($*&-+#&#'3,*&()*2#*/#"%+#/*D"-&*&-3-"*1-&&('/,5* `4#*"-$#*-D*D-"a("/ *&-/#$ ,*%,*3-*
&(.*&-3-"*1-&&('/,*-'3-* "#,0$3%'8*,#',-")*.#"1#.3, A*34"-084*(*,%&0$(3%-'*-D*34#*&-3-"*('/*
,#',-")*,),3#& , 5*[0"%'8*-+#"3*,.##14A*34#*,#',-")*.#"1#.3,* "#,0$3%'8*D"-&*34#*&-3-"*1-&&('/,*
,#'3*3-*34#*,.##14*&0,10$(30"#*3-*."-'-0'1#*('*j%jA*D-"*%',3('1#A*1-""#,.-'/*3- *34#*(0/%3%-'*-D*
34#* j%j* ,-0'/* ('/* 34#* (,,-1%(3#/* ."-."%-1#.3%+#* ,#',(3%-'5* K03*("#* 34#)* $%'U#/* a%34*+%,0($*
%'D-"&(3%-'* (2-03* 34#*(,,-1%(3#/*D(1%($* 1-'D%80"(3%-'w* 6'* ,%8'* $('80(8#A*34#* ,#',-")* .#"1#.3,*
(,,-1%(3#/*a%34*34#*&-3-"*1-&&('/,*,#'3*3-*D-"&*34#*,%8'*D-"*o3"##dA*D-"*%',3('1#A*1-""#,.-'/*3- *
34#*."-."%-1#.3%+#*,#',(3%-'*-D*(*"(%,#/*("&*('/*4('/* (,*a#$$*(,*3-*34#*+%,%-'*-D*(*,3"(%843*("&*
('/*#C3#'/#/*4('/ A*%'*(' *#8-1#'3"%1*.#",.#13%+#5*7%.9"#(/%'8*2#%'8*,-*%&.-"3('3*%'*/#(D'#,,A*%,*
+%,0($*%'D-"&(3%-'* (2-03*-'#d, *("&* $%'U#/*a%34*%'D-"&(3%-'* (2-03*-'#d,* $%.,A*%'* ('* ($$-1#'3"%1*
.#",.#13%+#w*6D*D030"#*"#,#("14*,4-a,*34(3*+%,0($*%'D-"&(3%-'*(2-03*-'#d,*D(1#*%'/##/*.$(),*(*"-$#*
%'*$('80(8#*."-/013%-'A*#+#'*%'*4#("%'8*,02i#13,*?(,*,088#,3#/*%'*J#13%-'*X@A*34#'*('*(//%3%-'($*
&#14('%,&* '##/,* 3-* 2#* %'1$0/#/*3-* 4('/$#* 34#* ."#,#'1#* -D*."#/%13#/*($$-1#'3"%1*D(1%($* +%,0($*
%'D-"&(3%-'*%'*(//%3%-'*3-*34#*."#/%13#/*#8-1#'3"%1*+%,0($*D##/2(1U*(2-03*34#*("&*('/*4('/5**

*
G<! !" #*,*7,10" 01&4-#13*"

g #*a%$$*'-a* ,U#314*(*$('/,1(.#*-D*34#*1#"#2"($*"#8%-',*%'+-$+#/*%'*a%$D0$*%''#"*$('80(8#*
."-/013%-'5* B0"* ,U#314*%,* 2(,#/* -' * D%'/%'8,* ('/* 34#-"#3%1($* (,,0&.3%-',* %'* $%'80%,3%1,A*
.,)14-$%'80%,3%1,A*('/*'#0"-$%'80%,3%1,*/#,1"%2#/*%'*34#*."#+%-0,*,#13%-',5*63*,4("#,*,-&#*-D*34#*
4).-34#,#,*/#,1"%2#/*%'*34#*D0'13%-'($*('(3-&%1*&-/#$,*-D*-+#"3*,.##14*."-/013%-'*2)*W0#'34#"*
;*>$(/0,%14*?XPFX@A*:%1U-U*?XPFX@*-"*̀ %('*;*!-#..#$*?XPFG@A*203*%3*/%DD#",*%'*,.#1%D%1*.-%'3,5*63*%,*
/%,.$()#/* %'*^%80"#*X5*`4#*/%(8"(&*%'*̂ %80"#*F*%,*($,-*1-&.$#&#'3#/*a%34*('(3-&%1($*$-1(3%-',*
1-""#,.-'/%'8 *a%34*34%,*,U#3145*6'* 2-34* D%80"#,A* 34#* #DD#"#'1#* 1-.)* &#14('%,&* %,* /#.%13#/* %'*
/(,4#/*$%'#,5*

*
<*D#a*a-"/ ,* -D*1(03%-'* ("#*D%",3*'##/#/5* `4#* D0'13%-'($*('(3-&%1*,U#314* ."-.-,# / *4#"#*

,.#1%D%1($$)*/#,1"%2#,*+-$%3%-'($*%''#"* $('80(8#* ."-/013%-'5* <//%3%-'($*"#8%-',A*-"* .#"4(.,* (*
/%DD#"#'3*'#3a-"U*($3-8#34#"A*&()*2#*(3*.$()*D-"*34#*&-"#*#+('#,1#'3*('/*$#,,*a%$D0$*D-"&*-D*%''#"*
,.##14*34(3*1-""#,.-'/ , *3-*+#"2($*&%'/*a('/#"%'8 *?,##*6'3"-/013%-'@5*Z-"#-+#"A*:0"$20"3*?XPFF@%
&(U#,*(*.4#'-&#'-$-8%1($*/%,3%'13%-'*2#3a##'*e%''#"*4#("%'8f*('/* e%''#"*,.#(U%'8fA*a4%14*/-#,*
'-3* 1-%'1%/#*a%34*-0"*+%#a*-D*%''#"*4#("%'8*(, *34#*,#',-")*."#/%13%-'*#$%1%3#/*2)*34#*(13*-D*%''#"*
,.#(U%'85*:0"$20"3*1$(%&,*34(3*('-34#"*D-"&*-D*%''#"*4#("%'8*#C%,3, A*%'*a4%14*,02i#13,*D##$*(,*34#*
"#1%.%#'3* -D* 34#*+-%1#A*'-3 *34#%"* 1"#(3-"5*<*/%DD#"#'3* '#3a-"U* &%843* &#/%(3#* 34%,*.("3%10$("*
.4#'-&#'-'*-D*e%''#"*4#("%'8f 5*<*'#0"-%&(8%'8*,30/)*,##&,*3-*1-'D%"&*34%,*%'30%3%-'*?:0"$20"3A*
<$/#",-' 9[()A*nm4'A* ;* ^#"') 4-084A*XPFH@A*($34-084*a#*34%'U*34#*%''#"*4#("%'8* .4#'-&#'-'*
#$%1%3#/*a( ,*%'*D(13*"#$(3#/*3-*+#"2($*&%'/*a('/#"%'85*:0"$20"3d,*%''#"*4#("%'8*1-0$/*2#*1$-,#*3-*
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!
 

* XP*

+#"2($* &%'/* a('/#"%'8 A* -"* %3* 1-0$/* 2#*(U%'* 3-* (0/%3-")* +#"2($* 4($$01%'(3%-'5*B0"* ,U#314* %,*
"#,3"%13#/*3-*:0"$20"3d,*e%''#"*,.#(U%'8f5*Z-"#-+#"A*a#*-'$)* 1-',%/#" *34#*+#")*$(,3*1-'1"#3#*,3(8#,*
-D*%''#"*$('80(8#*."-/013%-'A*,-&#3%&#,*"#D#""#/*3-*(,*e#C.('/#/*%''#"*,.##14f5*<,*("80#/ *%'*F5GA*
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'-3 5* 6'* ^%80"#* XA* 34#,#* 3a-*.(34a() ,* ("#* ,%&.$)* $(2#$$#/* (,* o(d* ('/* o2dA* D-"* (0/%3-")* ('/*
,-&(3-,#',-")A*"#,.#13%+#$)5* -̂$$-a%'8*,088#,3%-',*2)*6'/#D"#)*;*7#+#$3*?XPPQ@A*W0#'34#"*#3*($1*
?XPPH@A*:%1U-U*?XPFX@*(,*a#$$*(,*`%('*;*!-#..#$*?XPFG@A*a#*.-,%3*34(3*34#*(0/%3-")*,.#1%D%1(3%-'*
(13%+(3#,*34#* $#D3* .-,3#"%-"* ,0.#"%-"* 3#&.-"($* 8)"0,* ?.J`W@*('/* 34#* ,0.#"%-"* 3#&.-"($* ,0$10,*
?J`J@A*(""-a*F(5*̂-$$-a%'8*W0#'34#"*#3*($1*?XPPH@*-"*:%1U-U*?XPFX@*a#*D0"34#"*,088#,3*34(3*34#*
.("($$#$*,-&(3-,#',-")* .(34a() *(13%+(3#,* 34#*('3#"%-"*,0."(&("8%'($* 8)"0,* ?( JZW@*('/* 34#*
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`4#* '#C3* ,3(8#* %'* 7#+#$3* ('/* 1-$$#(80#,d* &-/#$* %,* ,)$$(2%D%1(3%-'A* a4%14* %,* ,0..-,#/* 3-*
-.#"(3# */%"#13$)*D"-&*34#*.4-'-$-8%1($*1-/#*?34#*/#,%"#/* ,3(3#@*('/*3-*2#*&#/%(3#/*2)*34#*$#D3*
%'D#"%-"*D"-'3($*8)"0,*?6'/#D"#)A*XPFF@5*6'*$%'#*a%34*34#*."#/%13%+#*1-'3"-$*(11-0'3A*a#*,088#,3*34(3*
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D"-&*34#*-'#,*0,#/*%'*34#*3"(',D-"&(3%-'*D"-&*,#',-")*,3(3#,*3-*&-3-"*1-&&('/,5* <*,%&%$("*,3#.*
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