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Methylphenidate and Brain Activity in a Reward/Conflict Paradigm: 

 Role of the Insula in Task Performance 
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Abstract  

H=&/8*=7%G-$'(7=+"=-/8"'="G278&$F82(%<'72+"'42"78*-B87"7*"%GF4*)2"%(A*4G'7%*("F4*/2==%(B"%("G*7%)'7%*(]

42C'4<"'(<"'772(7%*(]'/7%)'7%*("(27C*45=";&"2(8'(/%(B"782"2AA2/7="*A"G*42"42$2)'(7"=%B('$="'(<"

=-FF42==%(B"78*=2"*A"$2=="42$2)'(7"*(2=b"8*C2)24"782"('7-42"*A"=-/8"42/%F4*/'$"%(A$-2(/2="42G'%(="F**4$&"

-(<24=7**<@"Q*"2VF$*42"78%="c-2=7%*(+"C2"72=72<"782"2AA2/7"*A"G278&$F82(%<'72"*("F24A*4G'(/2"'(<"

'==*/%'72<";4'%("'/7%)%7&"%("782"L(7%/%F'7%*(+"3*(A$%/7+"R2C'4<"dL3Re"7'=5@"0%V722("82'$78&"'<-$7"

)*$-(7224=+"'B2="W!]\`+"C242"=/'((2<"7C%/2"-=%(B"A-(/7%*('$"G'B(27%/"42=*('(/2"%G'B%(B"dAIR#e"'="782&"

F24A*4G2<"782"L3R"7'=5"-(<24"F$'/2;*"'(<"G278&$F82(%<'72"/*(<%7%*(=@""L"78422]C'&"42F2'72<"G2'=-42="

'('$&=%="*A")'4%'(/2+"C%78"/-2"d42C'4<")=@"(*(]42C'4<e+"7'4B27"d/*(B4-2(7")=@"%(/*(B4-2(7e"'(<"G2<%/'7%*("

/*(<%7%*("dG278&$F82(%<'72")=@"F$'/2;*e"'="782"A'/7*4=+"C'="-=2<"7*"'('$&12";28')%*4="*("782"7'=5@"K$**<"

*V&B2("$2)2$"<2F2(<2(7"dKT.?e"=%B('$=+"42A$2/7%(B"7'=5]42$'72<"(2-4'$"'/7%)%7&+"C242"2)'$-'72<"-=%(B"

$%(2'4"/*(74'=7=@"H'47%/%F'(7="2V8%;%72<"=%B(%A%/'(7$&"B42'724"'//-4'/&"%("782"G278&$F82(%<'72"/*(<%7%*("

78'("782"F$'/2;*"/*(<%7%*(@"3*GF'42<"C%78"F$'/2;*+"782"G278&$F82(%<'72"/*(<%7%*("'$=*"C'="'==*/%'72<"

C%78"$2==4"7'=5]42$'72<"'/7%)%7&"%("/*GF*(2(7="*A"'772(7%*(]'/7%)'7%*("=&=72G="%442=F2/7%)2"*A"782"42C'4<"

/-2+"'(<"$2=="7'=5]42$'72<"'/7%)%7&"%("/*GF*(2(7="*A"782"42C'4<]G*7%)'7%*("=&=72G+"F'47%/-$'4$&"782"%(=-$'+""

<-4%(B"42C'4<"74%'$="%442=F2/7%)2"*A"7'4B27"<%AA%/-$7&@"Q82=2"42=-$7="=-BB2=7"78'7"G278&$F82(%<'72"2(8'(/2="

7'=5"F24A*4G'(/2";&"%GF4*)%(B"2AA%/%2(/&"*A"%(A*4G'7%*("F4*/2==%(B"%(";*78"42C'4<]G*7%)'7%*("'(<"%("

'772(7%*(]'/7%)'7%*("=&=72G=@""

"  
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1. Introduction 

I278&$F82(%<'72"dIHDe"%="'("%(<%42/7"'B*(%=7"78'7"%(/42'=2="%(74'=&('F7%/"/*(/2(74'7%*(="*A"<*F'G%(2"

d?Le"'(<"(*4'<42('$%("dELe";&";$*/5%(B"782%4"42-F7'52"d6-/12(=5%"'(<"02B'$+"!ZZ_b"022G'("'(<"

I'<4'=+"!ZZ^e"C8%/8"%("7-4("8'=";22("F*=7-$'72<"7*"%(/42'=2"=%B('$]7*](*%=2"4'7%*"dR*;;%(="'(<"L4(=72("

WYYZ+"0/8-$1"27"'$@+"WY!We@""0F2/%A%/'$$&+"EL"%(/42'=2="=%B('$")%'"'/7%)'7%*("*A"!W']'<42(24B%/"42/2F7*4=+"

'(<"?L"<2/42'=2="(*%=2")%'"=7%G-$'7%*("*A"?!]42/2F7*4="dR*;;%(="'(<"L4(=72(+"WYYZe@"3*(=%=72(7"C%78"

782=2"A%(<%(B=+"$*C]<*=2"742'7G2(7"C%78"IHD"%(/42'=2="/'72/8*$'G%(2"(2-4*74'(=G%==%*(+"$2'<%(B"7*"

2(8'(/2<"/*B(%7%)2"F24A*4G'(/2"dI287'"27"'$@+"WYYYb"K244%<B2"27"'$@+"WYY[e@"Q82=2"2AA2/7=+"=-BB2=7%(B"

%GF4*)2<"2AA%/%2(/&"'(<"2(8'(/2<"7'=5]42$'72<"%(A*4G'7%*("F4*/2==%(B"%("42$2)'(7"(2-4*'('7*G%/'$"

(27C*45="dL4(=72("WYY[;e+"'42"42$'72<"7*"/*B(%7%)2"%GF'%4G2(7="'==*/%'72<"C%78"'772(7%*("<2A%/%7]

8&F24'/7%)%7&"<%=*4<24"dL?D?e+"<2F42==%*(+"=-;=7'(/2"-=2"<%=*4<24=+"'(<"*7824"(2-4*F=&/8%'74%/"

/*(<%7%*(=@"D*C2)24+"%GF4*)2<"7'=5"F24A*4G'(/2"C%78"IHD"8'=";22("$%(52<"7*"%(/*(=%=72(7"/8'(B2="%("

;*78"42B%*('$"/242;4'$";$**<"A$*C"'(<";$**<"*V&B2("$2)2$"<2F2(<2(7"dKT.?e"=%B('$="%("(27C*45="*A"

'772(7%*(+"C*45%(B"G2G*4&"'(<"42C'4<"F4*/2==%(B"<272/72<";&"A-(/7%*('$"G'B(27%/"42=*('(/2"%G'B%(B"

dAIR#e@""R2=2'4/8"8'="42)2'$2<";*78"IHD]%(<-/2<"%(/42'=2="d6(-7=*("27"'$@"WYY\b"?*<<=4"27"'$@"WYY^b"

I'4c-'(<"27"'$@"WY!!b"I'4c-'(<"27"'$@"WY!We"'(<"<2/42'=2="%("782=2"F'4'G2724="df'%<&'"27"'$@+"!ZZ^+"

I287'"27"'$@+"WYYY+"6(-7=*("27"'$@+"WYY\+"Ig$$24"27"'$@+"WYY`+"?*<<="27"'$@+"WYY^+"Q*G'=%"27"'$@+"WY!!e+"

*A72("C%78%("782"='G2"='GF$2+"<2F2(<%(B"*("782"7'=5="2GF$*&2<@"L="G*=7"*A"782"42$2)'(7"F4%*4"AIR#"

=7-<%2="8')2"A*/-=2<"*("%=*$'7%(B"'/7%)'7%*("F'7724(="%("F'47%/-$'4"(27C*45=+"782"2AA2/7="*A"=7%G-$'(7="*("

782"%(724'/7%*("2AA2/7=";27C22("/*GF$2G2(7'4&"(27C*45="42G'%("F**4$&"-(<24=7**<@"Q82"B*'$"*A"78%="

=7-<&+"78242A*42+"C'="7*"2)'$-'72"782"2AA2/7="*A"IHD"*("'/7%)'7%*("%(";*78"G*7%)'7%*(]42C'4<"'(<"

'772(7%*(]'/7%)'7%*("=&=72G="%("*4<24"7*"/$'4%A&"782"F*==%;$2"G2/8'(%=G=";&"C8%/8"IHD"G'&"%GF4*)2"

F24A*4G'(/2@"O(<24=7'(<%(B"782"2AA2/7="*A"=7%G-$'(7="'(<"=%G%$'4"/*GF*-(<="*("782"%(724'/7%*(="*A"

(2-4*('$"=&=72G="G'&"B-%<2"782"<2)2$*FG2(7"*A"A-7-42"742'7G2(7="A*4"'772(7%*('$"'(<"G**<"=&(<4*G2=@""

Q82"%(=-$'4"/*472V"%="%()*$)2<"%("782"'==2==G2(7"*A"782"G*7%)'7%*('$"'(<"42C'4<%(B"'=F2/7="*A"

7'=5="'="C2$$"'="%("G*(%7*4%(B"*A"7'=5"<%AA%/-$7&"'(<"F24A*4G'(/2""d34'%B+"WYYZ+".%(52"27"'$@+"WY!Y+"34'%B+"



\"
"

WY!!e@"":-47824+"'/7%)%7&"%(";*78"782"*4;%7*A4*(7'$"'(<"782"%(=-$'4"/*47%/2="8'=";22("'==*/%'72<"C%78"

2)'$-'7%(B"782"42C'4<%(B"'(<"')24=%)2"'=F2/7="*A"2()%4*(G2(7'$"=7%G-$%"d.*(<*("27"'$@+"WYYYb"R*$$=+"WYY^+"

U4';2(8*4=7"'(<"R*$$=+"WY!!e@""L("2V72(=%)2"$%724'7-42"<*/-G2(7="782"4*$2"*A"782=2";4'%("42B%*(="%("

42=F*(=2=";*78"7*"-(2VF2/72<"=7%G-$%"'(<"7*"F24/2%)2<"244*4"d0/8C'471"'(<"K2B$2&"WYYWe+"'(<"'$=*"%("782"

F'%(]'$$2)%'7%(B"2AA2/7="*A"F$'/2;*"'(<")24;'$"=-BB2=7%*("dH4%/2"27"'$@+"WYY^e@"Q82"%(=-$'"'(<"782"

*4;%7*A4*(7'$"/*472V"'42"78-="C2$$"F*=%7%*(2<"7*"F'47%/%F'72"%("%(72B4'7%(B"782";28')%*4'$"'(<"F8&=%*$*B%/'$"

'=F2/7="*A"'772(7%*('$+"G*7%)'7%*('$"'(<"42C'4<"A-(/7%*(="%(";*78"(*4G'$"'(<"F'78*$*B%/'$"=277%(B=@"

Q82"L(7%/%F'7%*(+"3*(A$%/7+"R2C'4<"dL3Re"7'=5+"C8%/8"8'=";22("-=2<"7*"=7-<&"/8%$<42("'(<"'<-$7="

d#)'(*)"27"'$@+"WY!Wb"#)'(*)"27"'$@+"WY!We+""2$%/%7="'/7%)'7%*("%("782"%(=-$'"'(<"*47;%7*A4*(7'$"/*472V"d42B%*(="

C%78%("782"G*7%)'7%*(]42C'4<"(27C*45e"'(<"%("782"G%<<$2"A4*(7'$"/*472V+";'='$"B'(B$%'"'(<"78'$'G-="

d42B%*(="C%78%("782"'772(7%*(]'/7%)'7%*("(27C*45=e@"#7"78242A*42"%="C2$$]=-%72<"A*4"'==2==%(B"%(724'/7%*(="

;27C22("42=F*(=2="7*"42C'4<"'(<"/*B(%7%)2"/*(74*$"=7%G-$%@"D242+"C2"=7-<%2<"!["82'$78&")*$-(7224="C%78"

782"L3R"7'=5"7*"'==2=="782"%(A$-2(/2"*A"IHD"*("782"'/7%)'7%*("*A"782=2"7C*";4'%("=&=72G=@"K'=2<"*("

42=-$7="A4*G"*7824"(2-4*%G'B%(B"=7-<%2="C%78"IHD"/8'$$2(B2"df'%<&'"27"'$@+"!ZZ^+"I287'"27"'$@+"WYYY+"

6(-7=*("27"'$@+"WYY\+"Ig$$24"27"'$@+"WYY`+"?*<<="27"'$@+"WYY^+"Q*G'=%"27"'$@+"WY!!e+"C2""2VF2/72<"$2==";4'%("

'/7%)'7%*("C%78"IHD"742'7G2(7"78'("C%78""F$'/2;*@"P2"8&F*782=%12<"78'7"78%="<%AA242(/2"C*-$<";2"2)%<2(7"

%(";4'%("42B%*(="%(<2V2<";&"782"42C'4<"=7%G-$%"d2@B@+"%(=-$'"'(<"*47;%7*A4*(7'$"/*472Ve"'(<";&"782"/*(A$%/7"

=7%G-$%"*A"782"L3R"7'=5"d2@B@+"78'$'G-=+"G%<<$2"A4*(7'$"B&4-="'(<";'='$"B'(B$%'e@"3*(=%<24%(B"782")'4%'7%*("

%("IHD"2AA2/7="%("F4%*4"=7-<%2=+"%7"%="F$'-=%;$2"78'7"42/%F4*/'$"2AA2/7=";27C22("782"G*7%)'7%*(]42C'4<"'(<"

'772(7%*(]'/7%)'7%*("(27C*45="'42"(*7"'<2c-'72$&"<2=/4%;2<"C82("782"'/7%)'7%*("*A"782=2"(27C*45="%="

'==2==2<"%(<2F2(<2(7$&@"P2"=-BB2=7"78'7"782"';%$%7&"*A"782"L3R"7'=5"7*"42)2'$"%(724'/7%*(=";27C22(";4'%("

42=F*(=2="7*"42C'4<"%(/2(7%)2="'(<"/*(A$%/7"7'4B27="C%$$"A'/%$%7'72"782"-(<24=7'(<%(B"*A"8*C"=7%G-$'(7="

%(A$-2(/2"782"%(724'/7%*("2AA2/7="*A"782=2"7C*"/*GF$2G2(7'4&"=&=72G=@""
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    2. Experimental Procedures 

2.1. Participants 

0%V722("82'$78&"4%B87]8'(<2<"'<-$7=+"'B2="W!"7*"\`"&2'4=+"F'47%/%F'72<"%("78%="=7-<&"dQ';$2"!e@"R2=-$7="A4*G"

782"='G2"/*8*47+"F24A*4G%(B"782"L3R"7'=5"%("782"F$'/2;*"/*(<%7%*(+"8')2";22("F-;$%=82<"d#)'(*)"27"'$@+"

WY!W;e@"Q82"=7-<&"F4*7*/*$"%(/$-<2<"'("%(%7%'$")%=%7"'(<"7C*"=-;=2c-2(7"=/'((%(B"=2==%*(=@"L7"782"%(%7%'$"

)%=%7+"'$$"F'47%/%F'(7="42/2%)2<"'"78*4*-B8"2VF$'('7%*("*A"782"=7-<&+"'(<"B')2"C4%772("%(A*4G2<"/*(=2(7+"'="

'FF4*)2<";&"782"I*-(7"0%('%"#(=7%7-7%*('$"R2)%2C"K*'4<@"H'47%/%F'(7="C242"%(724)%2C2<";&"'";*'4<]

/247%A%2<"F=&/8%'74%=7+"'(<"C242"=/422(2<"A*4"/-442(7hF'=7"F=&/8%'74%/"<%'B(*=2="-=%(B"782"074-/7-42<"

3$%(%/'$"#(724)%2C"A*4"?0I]#f"d0F%7124="27"'$@+"!ZZWe@"Q8*=2"C%78"G'M*4"F=&/8*7%/"'(<h*4"G**<h'(V%27&"

<%=*4<24=+"L?D?"'(<"/-442(7"=-;=7'(/2"-=2"<%=*4<24d=e"C242"2V/$-<2<@"H'47%/%F'(7="'$=*"-(<24C2(7"'"

F8&=%/'$"2V'G%('7%*(+"%(/$-<%(B"'("2$2/74*/'4<%*B4'G"'(<"82'47"4'72h;$**<"F42==-42"42'<%(B=+"7*"2V/$-<2"

'(&"G2<%/'$"/*(74'%(<%/'7%*(="A*4"782"'<G%(%=74'7%*("*A"IHD@"L<<%7%*('$"G2'=-42="%(/$-<2<"782"0&GF7*G"

382/5$%=7]ZY]R"d03.]ZY]Red3&4"27"'$@+"!Z^^e+"782"I%/8%B'("L==2==G2(7]0/422(%(B"Q2=7hL$/*8*$]?4-B"

dIL0Q]L?edP2=724G2&24"27"'$@+"WYY\e+"'(<"3*((24=i"L<-$7"L?D?"R'7%(B"0/'$2j02$A]R2F*47S".*(B"

f24=%*("d3LLR0e"d3*((24=+"WYYYe@"Q82"I'74%V"R2'=*(%(B"'(<"f*/';-$'4&"=-;72=7="*A"782"P2/8=$24"

L;;42)%'72<"0/'$2"*A"#(72$$%B2(/2"dPL0#e"dR&'("27"'$@+"WYYXe"C242"'<G%(%=7242<"7*"2=7%G'72":-$$"0/'$2"

#N@">V/$-=%*("/4%724%'"%(/$-<2<"Q]=/*42="*A"!@`"0?"';*)2"'B2"'(<"B2(<24"G2'(="d%@2@+"k"[`e"*("782"

3LLR0"Q*7'$"L?D?"0&GF7*G="%(<2V"d%(<%/'7%(B"782"F*==%;%$%7&"*A"L?D?e"'(<"782"03.]ZY"Q*7'$"

02)24%7&"#(<2V"d%(<%/'7%(B"782"F*==%;%$%7&"*A"*7824"F=&/8*F'78*$*B&e+"*4"'("2=7%G'72<"#N"l"^Y"d%(<%/'7%(B"

$*C"/*B(%7%)2"/'F'/%7&e@"0-=F2/72<"/-442(7"<4-B"';-=2+"%(<%/'72<";&"'"IL0Q]L?"=/*42"k"`+"C'="'$=*"

2V/$-=%*('4&@""

2.2. Anticipation, Conflict, Reward (ACR) Paradigm 

Q82"L3R"7'=5"8'=";22("<2=/4%;2<"2$=2C8242"d#)'(*)"27"'$+"WY!W;b"'$=*"=22":%B-42"X"%("=-FF$2G2(7'$"

G'724%'$=e@""#("=8*47+"78%="7'=5""=2F'4'72$&"F4*;2="42C'4<"'(7%/%F'7%*(+"/*(A$%/7"42=*$-7%*(+"'(<"42C'4<"

*-7/*G2+"-=%(B"'"A%V2<"'(<"'"42$'7%)2$&"=8*47"/-2]7'4B27"%(724)'$""7*"G%(%G%12"782"$2(B78"*A"2'/8"74%'$"'(<"



["
"

G'V%G%12"<2=%B("2AA%/%2(/&"d:'("27"'$@+"WYY`e@"Q82"7'=5"%="<2=%B(2<"7*"'==2==""%(724'/7%*(=";27C22("42C'4<"

/-2="'(<"7'4B27"<%AA%/-$7&+"C8%/8"'42"782"F4%G'4&"A'/7*4="*A"%(7242=7"%("78%="42F*47@"#("78'7"42=F2/7+"782"A%V2<"

/-2]7'4B27"%(724)'$"%="G*=7"'FF4*F4%'72"A*4"782"B*'$"*A"782"/-442(7"2VF24%G2(7"=%(/2"782"-=2"*A"A%V2<"%(724)'$"

')*%<="'==-GF7%*(="';*-7"<2$'&"F24%*<"'/7%)%7&"*4"=-=7'%(2<"(2-4*('$"42=F*(=2=+"'(<"F4%*4"C*45""8'="

=8*C("78'7"'"A%V2<"WW`Y"G="/-2]7'4B27"%(724)'$"F4*)%<2="=-AA%/%2(7"2=7%G'72="*A"/-2"'(<"7'4B27]42$'72<"

42=F*(=2="d3$245%("27"'$@+"WYYZb"0/8-$1"27"'$@+"WY!!e@""

Q82"L3R"/*(7'%(="A*-4"XW]74%'$";$*/5="d2'/8"$'=7%(B"[]G%("WY]=2/e+"C%78"XY]=2/*(<"A%V'7%*("/*(<%7%*(="'7"

782";2B%((%(B"'(<"782"2(<"*A"2'/8";$*/5@"Q82"7'=5"/*(7'%(="(*(]42C'4<"'(<"42C'4<"74%'$="/*-(724;'$'(/2<"

%("2'/8";$*/5@""E*(]42C'4<"74%'$=";2B%("C%78"782"F42=2(7'7%*("*A"'"&2$$*C"/%4/$2+"'(<"42C'4<"74%'$=";2B%("

C%78"F42=2(7'7%*("*A"'";$-2"/%4/$2@"Q8%="/-2"%="A*$$*C2<";&"'"7'4B27+"C8%/8"%="'"/2(74'$"'44*C82'<+"A$'(52<"

;&"7C*"'44*C82'<="*("2'/8"=%<2"78'7"G'&"F*%(7"%("782"='G2"<%42/7%*("d/*(B4-2(7e"*4"%("782"782"*FF*=%72"

<%42/7%*("d%(/*(B4-2(7e"*A"782"/2(724"'44*C82'<b"782"7C*"7&F2="*A"7'4B27="'42"/*-(724;'$'(/2<"C%78%("2'/8"

;$*/5@"H'47%/%F'(7="'42"%(=74-/72<"7*"42=F*(<"%("782"<%42/7%*("*A"782"/2(74'$"'44*C82'<"'="=**("'="F*==%;$2+"

C8%$2"%B(*4%(B"782"A$'(524=+";&"F42==%(B"'";-77*("C%78"782%4"4%B87"*4"$2A7"%(<2V"A%(B24+"C8%/8"/*442=F*(<="7*"

782"<%42/7%*("*A"782"/2(74'$"'44*C82'<@"Q82"F*72(7%'$"*-7/*G2="'42S"%e"/*442/7"42=F*(=2"%("'"(*(]42C'4<"

74%'$+"&%2$<%(B"mY+"'="%(<%/'72<"%("'"$%B87];$-2"=c-'42+"%%e""/*442/7"42=F*(=2"%("'"42C'4<"74%'$+"&%2$<%(B"nm!+"

'="%(<%/'72<"%("'"B422("=c-'42b"%%%e"%(/*442/7"*4"<2$'&2<"42=F*(=2"*(";*78"42C'4<"'(<"(*(]42C'4<"74%'$=+"

42=-$7%(B"%("]m!"<%=F$'&2<+"'="%(<%/'72<"%("'"42<"=c-'42@"Q82"4-((%(B"7*7'$"*A"C%(=h$*==2="%="F42=2(72<"'7"782"

2(<"*A"2'/8";$*/5@"H'47%/%F'(7="G-=7"42=F*(<"7*"2'/8"7'4B27"42B'4<$2=="*A"782"F42/2<%(B"/-2"7*"')*%<"

F-(%=8G2(7"d%@2@"$*=%(B"m!e@"0$*C"42=F*(=2="'42"<2A%(2<"'=";-77*("F42==2="$*(B24"78'("_`Y"G=2/@"L="=7'72<"

%("782"%(=74-/7%*(="B%)2("7*"782"F'47%/%F'(7=+""dQ';$2"\"%("=-FF$2G2(7'$"G'724%'$=e+""*($&"`Yo""*A"782"/*442/7"

42=F*(=2="'42"42C'4<2<b"78242A*42+"782"G'V%G-G"C%(""%="m^"A*4"2'/8";$*/5"+"'(<""mXW"A*4"782"C8*$2"7'=5@"

Q82"G*(27'4&"42C'4<="'==*/%'72<"C%78"782"L3R"'42")%47-'$"d(*7"'/7-'$"G*(2&eb"=-;M2/7="C242"7*$<"%("

'<)'(/2"78'7"782&"C*-$<"42/2%)2"'"A%V2<"42%G;-4=2G2(7"-F*("/*GF$27%*("*A"782"7'=5@"Q82"L3R"/*(7'%(="

78422"/*GF*(2(7=S"'(7%/%F'7%*("d42C'4<")=@"(*"42C'4<"/-2e+"/*(A$%/7"d/*(B4-2(7")=@"%(/*(B4-2(7"A$'(524=e"



_"
"

'(<"*-7/*G2"dF*=%7%)2+"(2-74'$"*4"(2B'7%)2e+"'(<"%(/*4F*4'72="'"(2=72<"A'/7*4%'$"<2=%B("d%@2@"*($&"

'(7%/%F'7%*("'(<"/*(A$%/7"/*GF*(2(7="'42"A-$$&";'$'(/2<e"@ 

2.3. fMRI Procedures 

Q82"A%4=7"AIR#"=/'("C'="F24A*4G2<"<-4%(B"782"=2/*(<"=7-<&")%=%7b"782"=2/*(<"=/'("C'="F24A*4G2<"

'FF4*V%G'72$&"W"C225="$'724@"H'47%/%F'(7="F4'/7%/2<"*(2";$*/5"*A"782"7'=5"*("'"<2=57*F"/*GF-724";2A*42"

2'/8"=/'(@"Q82"=/'((%(B"F4*/2<-42"$'=72<"X`]\Y"G%(@"H'47%/%F'(7="42/2%)2<"*(2"/'F=-$2"*A"IHD"*4"

F$'/2;*"*4'$$&"%("'"4'(<*G%12<"*4<24"!"8*-4";2A*42"72=7%(B"*("2'/8"*A"7C*"=2F'4'72"=/'("<'&=@"Q82"<*=2"*A"

IHD"C'="Y@`"GBh5B+"C8%/8"')24'B2<"XY"GB"A*4"G'$2"'(<"WY"GB"A*4"A2G'$2"F'47%/%F'(7=@""

2.4. Image Acquisition 

L$$"%G'B2"<'7'"C242"'/c-%42<"*("'"X@Y]Q"0%2G2(="L$$2B4'"d0%2G2(="I2<%/'$"0&=72G=e"82'<]<2<%/'72<"

IR#"=/'((24"-=%(B"'"8%B8]F24A*4G'(/2"82'<"B4'<%2(7"=&=72G@""07%G-$%"C242"F4*M2/72<")%'"'("0fUL"

=&=72G"*(7*"'"42'4]F4*M2/7%*("=/422("G*-(72<"'7"782"82'<"*A"782"G'B(27";*42@""0/'("=2==%*(=";2B'("C%78"

=8%GG%(B"'(<"='B%77'$"$*/'$%1'7%*(@""L"8%B8]42=*$-7%*(+"QW]C2%B872<+"'('7*G%/'$")*$-G2"*A"782";4'%("C'="

'/c-%42<"C%78"'"7-4;*"=F%(]2/8*"dQ0>e"F-$=2"=2c-2(/2"C%78"'"42F27%7%*("7%G2"dQRe"*A"\Y`Y"G=+"2/8*"7%G2"

dQ>e"*A"ZZ"G=+"A$%F"'(B$2"*A"!_Yp+"W\Y"GG"A%2$<"*A")%2C"d:Tfe+"'(<"`!W"V"XX["G'74%V@"":*47&"'V%'$"=$%/2="

C242"'/c-%42<"C%78"'"78%/5(2=="*A"\"GG"d(*"B'Fe"'(<"'("%(]F$'(2"42=*$-7%*("*A"Y@\_"V"Y@\_"GG@"

:-(/7%*('$"QWq]C2%B872<+"2/8*]F$'('4"%G'B2=+"%(<%/'7%(B";$**<"*V&B2('7%*("$2)2$]<2F2(<2(7"dKT.?e"

=%B('$=+"C242"'/c-%42<"'7"782"='G2"\Y"=$%/2"$*/'7%*(=+"C%78"'"QR"*A"W`YY"G=+"Q>"*A"W_"G=+"A$%F"'(B$2"*A"

^Wp+":Tf"*A"W\Y"GG+"'(<"'("'/c-%=%7%*("G'74%V"*A"[\"V"[\@"">'/8"A-(/7%*('$"%G'B2"/*GF4%=2<"'";4'%("

)*$-G2"*A"\Y"'V%'$"=$%/2="C%78"\]GG"78%/5(2=="d(*"B'Fe"'(<"'("%(]F$'(2"42=*$-7%*("*A"X@_`"V"X@_`"GGW@""

L$$"%G'B2="C242"'/c-%42<"C%78"=$%/2="F*=%7%*(2<"F'4'$$2$"7*"782"'(724%*4"/*GG%==-42"j"F*=724%*4"

/*GG%==-42"$%(2@"L$$"F'47%/%F'(7="/*GF$272<"A*-4"4-(="*A"X^Y"=2/*(<="2'/8+"&%2$<%(B"!`W"7%G2"F*%(7="F24"

4-(@"""

2.5. Statistical Analysis 

2.5.a. Behavioral Analyses"Q82"F4%G'4&"G2'=-42="*A"F24A*4G'(/2"C242"42'/7%*("7%G2"dRQe"'(<"'//-4'/&"

*A"42=F*(=2="*)24"782"A*-4"/*(<%7%*(=S"d%e"/*(B4-2(7"A$'(524"A*$$*C%(B"(*(]42C'4<"/-2b"d%%e"/*(B4-2(7"



^"
"

A$'(524"A*$$*C%(B"42C'4<"/-2b"d%%%e"%(/*(B4-2(7"A$'(524"A*$$*C%(B"(*(]42C'4<"/-2b"'(<"d%)e"%(/*(B4-2(7"

A$'(524"A*$$*C%(B"42C'4<"/-2@"L"78422]C'&"42F2'72<"G2'=-42="'('$&=%="*A")'4%'(/2"dLETfLe+"C%78"/-2"

d42C'4<")=@"(*(]42C'4<e+"7'4B27"d/*(B4-2(7")=@"%(/*(B4-2(7e"'(<"<4-B"/*(<%7%*("dF$'/2;*")=@"IHDe"'="782"

A'/7*4=+"C'="-=2<"7*"72=7"A*4"G'%("2AA2/7="'(<"782%4"%(724'/7%*(="*("RQ"'(<"'//-4'/&@"Q82"(*G%('$"A'$=2]

F*=%7%)2"4'72"A*4"782=2"'('$&=2="C'="=27"'7"p"l"@Y`@"K28')%*4'$"'('$&=2="C242"F24A4*G2<"-=%(B"0H00"

)24=%*("WY@"

2.5.b. fMRI Analyses #G'B2"F4*/2==%(B"C'="/*(<-/72<"-=%(B"=7'7%=7%/'$"F'4'G274%/"G'FF%(B"d0HI`b"

P2$$/*G2"?2F'47G2(7"*A"#G'B%(B"E2-4*=/%2(/2+".*(<*(+"O@6@e@"H42]F4*/2==%(B"*A"782"A-(/7%*('$"7%G2"

=24%2="C'="F24A*4G2<"%(<%)%<-'$$&"A*4"2'/8"=-;M2/7@""Q82"A-(/7%*('$"=/'(="C242"=$%/2"7%G2]/*442/72<+"

42'$%B(2<"7*"782"A%4=7")*$-G2"7*"/*442/7"A*4"%(724]=/'("G*7%*(+"/*]42B%=7242<"7*"782"QW"%G'B2+"(*4G'$%12<"7*"

'"=7'(<'4<"72GF$'72"dI*(742'$"E2-4*$*B%/'$"#(=7%7-72e+"'(<"=F'7%'$$&"=G**782<"C%78"'("^"V"^"V"^"GGX"A-$$]

C%<78"'7"8'$A]G'V%G-G"U'-==%'("524(2$@"E2-4*%G'B%(B"42=-$7="'42";'=2<"*("C8*$2];4'%("'('$&=2=@"

:%4=7]$2)2$"dC%78%("=-;M2/7e"'('$&=2="C242"/*(<-/72<"-=%(B"'"B2(24'$"$%(2'4"G*<2$"7*"c-'(7%A&"782"

42$'7%*(=8%F";27C22("2)2(7]42$'72<"KT.?"42=F*(=2="'(<"42B42==*4="2(/*<%(B"(2-4'$"42=F*(=2="'="

<2=/4%;2<";2$*C@""R2B42==*4="C242"/42'72<";&"/*()*$)%(B"'"74'%("*A"<2$7'"A-(/7%*(="j"78'7"2(/*<2<"

%(<%)%<-'$"74%'$"7&F2="j"C%78"782"/'(*(%/'$"82G*<&('G%/"42=F*(=2"A-(/7%*(+"/*GF*=2<"*A"7C*"B'GG'"

A-(/7%*(="d:4%=7*("27"'$@+"!ZZ^e"@"Q82"=%V"G*)2G2(7"2=7%G'72="A4*G"782"42'$%B(G2(7"F4*/2<-42"C242"

2(7242<"'="/*)'4%'72="*A"(*"%(7242=7@"Q82"<2=%B("G'74%V"/*GF4%=2<"(%(2"42B42==*4="*A"%(7242=7S"7C*"

42B42==*4="2'/8"G*<2$%(B"782"G'%("2AA2/7"*A"42C'4<")=@"(*(]42C'4<"/-2"*)24"'$$"74%'$="d%@2@+"'(7%/%F'7%*(e+"

A*-4"42B42==*4="7*"G*<2$"782"2AA2/7="*A"42C'4<"/-2"'(<"7'4B27"/*(B4-2(/2"d'(<"782%4"%(724'/7%*(e"+"*($&"A*4"

/*442/7"74%'$="d(*72"78'7"782"F42=2(7'7%*("*A"42C'4<"/-2="'(<"A$'(524="C'="A-$$&"*478*B*('$e@"Q82"A%('$"78422"

42B42==*4="G*<2$2<"*-7/*G2"2AA2/7="d42C'4<"A*$$*C%(B"42C'4<"/-2+"(*(]42C'4<"A*$$*C%(B"42C'4<"/-2+"'(<"

(*(]42C'4<"A*$$*C%(B"(*(]42C'4<"/-2e@""

Q82"G'%("2AA2/7="*A"782"L3R"/*GF*(2(7="C242"c-'(7%A%2<"C%78"782"A*$$*C%(B"/*(74'=7=S"'(7%/%F'7%*("

d42C'4<"/-2"G%(-="(*(]42C'4<"/-2e+"/*(A$%/7"d%(/*(B4-2(7"G%(-="/*(B4-2(7"7'4B27=e""d%@2@+"782"G'%("2AA2/7"

*A"/*(B4-2(/&"%("/*442/7"74%'$=e"'(<"42C'4<"*-7/*G2="d'(7%/%F'72<"42C'4<"G%(-="'(7%/%F'72<"(*(]42C'4<"



Z"
"

'(<"=-4F4%=%(B"(*(]42C'4<"G%(-="'(7%/%F'72<"(*(]42C'4<e@"#("'<<%7%*(+"782"%(724'/7%*(";27C22("42C'4<"

'(7%/%F'7%*("'(<"/*(B4-2(/&"d%("/*442/7"74%'$=e"C'="'==2==2<";&"/*(74'=7%(B"%(/*(B4-2(7"G%(-="/*(B4-2(7"

7'4B27="-(<24"42C'4<"/-2=")24=-="782"2c-%)'$2(7"/*(74'=7"-(<24"(*(]42C'4<"/-2=+"%(";*78"F$'/2;*"'(<"IHD"

/*(<%7%*(="dQ';$2"`"%("=-FF$2G2(7'$"G'724%'$=e@""Q82"2(=-%(B"/*(74'=7"%G'B2="A*4"2'/8"F'47%/%F'(7"C242"

2(7242<"%(7*"=2/*(<]$2)2$"d;27C22(]=-;M2/7=e"4'(<*G]2AA2/7="B4*-F"'('$&=2=+"-=%(B"7C*"='GF$2"t]72=7="7*"

F4*<-/2"=7'7%=7%/'$"F'4'G274%/"t]G'F="72=7%(B"A*4"42B%*('$$&"=F2/%A%/"2AA2/7="*A"<4-B"dF$'/2;*")24=-="IHDe"

*("42=F*(=2="7*"<%AA242(7"$2)2$="*A"782"L3R"A'/7*4=@"P2"/*GF'42<"/*(74'=7="*A"782"G'%("2AA2/7"*A"42C'4<+"

782"G'%("2AA2/7"*A"/*(A$%/7"'(<"'"/*(74'=7"72=7%(B"A*4"/*(A$%/7";&"42C'4<"%(724'/7%*(+"-(<24"IHD")24=-="

F$'/2;*@"P2"42=74%/72<"*-4"=2'4/8"A*4"<4-B"2AA2/7="7*"42B%*(="=8*C%(B"G'%("2AA2/7="*A"42C'4<+"/*(A$%/7"'(<"

782%4"%(724'/7%*("d')24'B2<"*)24";*78"<4-B"/*(<%7%*(=e@"P2"782("c-'(7%A%2<"782"2AA2/7="*A"IHD")=@"F$'/2;*"

;&"2V'G%(%(B"782"'/7%)'7%*("/8'(B2="<-4%(B"42C'4<"/-2="'(<"*-7/*G2="'(<"7'4B27="-=%(B"782"'FF4*F4%'72"

/*(74'=7="*A"F'4'G2724"2=7%G'72=@"Q82"G'B(%7-<2"*A"'/7%)'7%*("/8'(B2="%("42B%*(="=8*C%(B"=%B(%A%/'(7"

%(724'/7%*(="C242"782("F$*772<"7*"c-'(7%A&"782"-(<24$&%(B"d-(=7'(<'4<%12<e"2AA2/7"=%12=@"#(724'/7%*(="

;27C22("42C'4<"'(7%/%F'7%*("'(<"/*(B4-2(/&"C242"72=72<"C%78%(")*$-G2="<2A%(2<";&"782"d*478*B*('$e"

G'%("2AA2/7="*A"42C'4<"'(7%/%F'7%*(@"Q82"AIR#"42=-$7="'42"42F*472<"'7"'"/*442/72<"=%B(%A%/'(/2"$2)2$"*A"p"l"

@Y`"-=%(B"'"4'(<*G"A%2$<"/*442/7%*("dE%/8*$=+"WY!We"C%78"/$-=724"2V72(7"7842=8*$<"*A"^`")*V2$="dWVWVW"

GGXe@"



!Y"
"

3. Results 

3.1. Behavioral Results 

Q8242"C'="'"=%B(%A%/'(7"G'%("2AA2/7"*A"42C'4<"/-2"*("42'/7%*("7%G2"dRQe"d:d!+!`er^@_`+"F"lY@Y`e"'(<"'"

=%B(%A%/'(7"42C'4<"/-2";&"7'4B27"%(724'/7%*("A*4"RQ"d:d!+!`r_@\^+"F"lY@Y`e"d:%B"\L"%("0-FF$2G2(7'$"

G'724%'$=e@"RQ="C242"=%B(%A%/'(7$&"=8*4724"%("42=F*(=2"7*"42C'4<"78'("(*(]42C'4<"/-2="A*4";*78"/*(B4-2(7"

'(<"%(/*(B4-2(7"7'4B27="<-4%(B"F$'/2;*"'(<"A*4"%(/*(B4-2(7"7'4B27="<-4%(B"782"IHD"/*(<%7%*(b"RQ"<%<"(*7"

/8'(B2"=%B(%A%/'(7$&"A*4"42C'4<")=@"(*(]42C'4<"/-2="A*4"/*(B4-2(7"7'4B27="<-4%(B"782"IHD"/*(<%7%*(@""

Q8242"C'="'"G'%("2AA2/7"*A"7'4B27"C%78"=%B(%A%/'(7$&"=8*4724"RQ"A*4"/*(B4-2(7")=@"%(/*(B4-2(7"7'4B27="%("

;*78"F$'/2;*"'(<"IHD"/*(<%7%*(=+"A*$$*C%(B";*78"42C'4<"'(<"(*(]42C'4<"/-2="d:d!+!`er^^@Y`+"F"lY@Y`e@"

Q8242"C'="'"=%B(%A%/'(7"G'%("2AA2/7"*A"<4-B"/*(<%7%*("*("'//-4'/&"d:d!+!`er\@\_+"F"lY@Y`e"'(<"'"=%B(%A%/'(7"

42C'4<"/-2";&"G2<%/'7%*("%(724'/7%*("A*4"'//-4'/&"d:d!+!`r\@`Y+"F"lY@Y`e"d:%B"\K"%("0-FF$2G2(7'$"

G'724%'$=e@"Q82=2"A%(<%(B="C242"'==*/%'72<"C%78"8%B824"'//-4'/&"<-4%(B"IHD"*)24"F$'/2;*"/*(<%7%*(="%("

42C'4<"/-2h/*(B4-2(7+"42C'4<"/-2h%(/*(B4-2(7"'(<"(*(]42C'4<"/-2h/*(B4-2(7"74%'$="d=22"Q';$2"We+"

C8242'="782"'//-4'/&"C'="782"='G2"dZ_@`Woe"<-4%(B"(*(]42C'4<"/-2h%(/*(B4-2(7"74%'$="A*4";*78"IHD"'(<"

F$'/2;*"/*(<%7%*(=@".'=7$&"78242"C'="'"G'%("2AA2/7"*A"7'4B27"*("'//-4'/&"d:d!+!`erZ@WY+"F"lY@Y`e+"=-/8""78'7"

/*(B4-2(7"7'4B27="2$%/%72<"G*42"'//-4'72"42=F*(=2="%(";*78"42C'4<h(*(]42C'4<"/-2"74%'$=@"K28')%*4'$"<'7'"

C242"(*4G'$$&"<%=74%;-72<@"

3.2. Neuroimaging Results  

3*GF'42<"C%78"F$'/2;*+"IHD"/*(=%=72(7$&"$*C242<"'/7%)'7%*("%("(2-4*('$"=&=72G="'==*/%'72<"C%78"42C'4<"

F4*/2==%(B"'(<"2V2/-7%)2"/*(74*$+"'="A*$$*C=@""

3.2.a. Reward Anticipation 3*(74'=7="A*4"42C'4<"G%(-= (*(]42C'4<"/-2="=8*C2<"=%B(%A%/'(7$&"$*C24"

'/7%)'7%*("%("782"$2A7"%(=-$'+"$2A7"/'-<'72+"$2A7"78'$'G-=+"'(<"4%B87"/242;2$$-G"%("782"IHD"/*(<%7%*("'="

/*GF'42<"C%78"F$'/2;*""dQ';$2"X"'(<":%B-42!L+"Ke@" "  

3.2.b. Cognitive Conflict Q82"%(/*(B4-2(7"G%(-="/*(B4-2(7"7'4B27"/*(74'=7"=8*C2<"=%B(%A%/'(7$&"$2=="

'/7%)%7&"%("'"C%<2$&"<%=74%;-72<"(27C*45+"%(/$-<%(B"782"$2A7"=-FF$2G2(7'$"G*7*4"B&4-=+"782"$2A7"F42/-(2-=+"

782"F*=7/2(74'$"B&4-=";%$'724'$$&"'(<"782"4%B87"/242;2$$-G+"%("782"IHD")=@"F$'/2;*"/*(<%7%*("dQ';$2"Xe@"
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3.2.c. Anticipated Reward""Q82"'(7%/%F'72<"42C'4<"d%@2@+"42C'4<"*-7/*G2"78'7"A*$$*C2<"'"42C'4<"/-2"'(<"

/*442/7"7'4B27"42=F*(=2e"G%(-="'(7%/%F'72<"(*(]42C'4<"d%@2@+"(2-74'$"*-7/*G2"78'7"A*$$*C2<"'"(*(]42C'4<"

/-2"'(<"/*442/7"7'4B27"42=F*(=2e"/*(74'=7"%("782"IHD"/*(<%7%*("C'="'==*/%'72<"C%78"$2=="'/7%)'7%*("%("782"

G%<]*//%F%7'$"'(<"%(A24%*4"F'4%27'$"/*472V"*("782"$2A7"78'("%("782"F$'/2;*"/*(<%7%*("dQ';$2"Xe@"

3.2.d. Surprising Non-Reward "3*(74'=7="*A"=-4F4%=%(B"(*(]42C'4<"d%@2@"(*(]42C'4<"*-7/*G2"A*$$*C%(B"'"

42C'4<"/-2"'(<"'"/*442/7"7'4B27"42=F*(=2e"G%(-="'(7%/%F'72<"(*(]42C'4<"2$%/%72<"=%B(%A%/'(7$&"$2=="'/7%)%7&"

%("782"$2A7"%(=-$'"'(<"782"$2A7"F'$$%<-G"%("782"IHD"/*(<%7%*("d)=@"F$'/2;*e"dQ';$2"X+":%B-42"!3+"?e@"" "

3.2.e. Reward Anticipation by Conflict Interaction 0%B(%A%/'(7"%(724'/7%*(=";27C22("'(7%/%F'7%*("d42C'4<"

)=@"(*(]42C'4<"/-2e"'(<"/*(A$%/7"d"%(/*(B4-2(7")=@"/*(B4-2(7"7'4B27=e"C242"G'FF2<"'7"782"=%(B$2]=-;M2/7"

$2)2$b"782("782"2AA2/7="*A"782"7C*"G2<%/'7%*("/*(<%7%*(="dF$'/2;*")=@"IHDe"C242"/*GF'42<";&"'"='G2]

='GF$2"7]72=7@"Q*"/8'4'/724%12"782"2AA2/7"*A"<4-B"*("782"42C'4<"/-2]<2F2(<2(7"/*(A$%/7"2AA2/7=+"C2"<2=/4%;2"

782"d78422]C'&e"%(724'/7%*(";27C22("42C'4<"/-2+"/*(A$%/7"'(<"<4-B"/*(<%7%*("%("724G="*A"782"<%AA242(/2"

;27C22("782"7C*]C'&"%(724'/7%*(="d%@2@"42C'4<"/-2"'(<"/*(A$%/7e"A*4"782"7C*"<4-B"/*(<%7%*(="d%@2@"F$'/2;*"

'(<"IHDe"d:%B-42"W"L+"K+"3+"?e@"

0%B(%A%/'(7"%(724'/7%*(="C242"<272/72<"%("782"4%B87"78'$'G-=+"4%B87"%(=-$'+"4%B87"F-7'G2(+"'(<"782"$2A7"

%(A24%*4"A4*(7'$"/*472V"dQ';$2"We@"IHD"C'="'==*/%'72<"C%78"$2=="'/7%)'7%*("d)=@"F$'/2;*e"%("782=2"42B%*(="%("

'$$"A*-4"/*(<%7%*(="d%@2@"(*(]42C'4<"/-2h/*(B4-2(7"7'4B27+"(*(]42C'4<"/-2h%(/*(B4-2(7"7'4B27+"42C'4<"

/-2h/*(B4-2(7"7'4B27+"42C'4<"/-2h%(/*(B4-2(7"7'4B27e+";-7"78%="<%AA242(/2";27C22("IHD"'(<"F$'/2;*"

)'4%2<"C%78"C827824"'/7%)'7%*("C'="G2'=-42<"%("782"'772(7%*(]'/7%)'7%*("=&=72G"*4"782"G*7%)'7%*(]42C'4<"

=&=72G@"E*7';$&+"IHD"C'="'==*/%'72<"C%78"$2=="'/7%)'7%*("78'("F$'/2;*"%("/*GF*(2(7="*A"782"'772(7%*(]

'/7%)'7%*("=&=72G"%("42=F*(=2"7*";*78"/*(B4-2(7"'(<"%(/*(B4-2(7"7'4B27=+"'(<"78%="<%AA242(/2"C'="B42'72=7"

A*4"782"(*(]42C'4<h%(/*(B4-2(7"74%'$=@"Q8%="A%(<%(B"%="2V2GF$%A%2<";&"(*"%(724'/7%*("2AA2/7="%("782"F$'/2;*"

/*(<%7%*("'(<"=%B(%A%/'(7"42C'4<"/-2h%(/*(B4-2(7"7'4B27")=@"(*(]42C'4<"/-2h%(/*(B4-2(7"7'4B27"

%(724'/7%*(="%("782"IHD"/*(<%7%*("%("782"78'$'G-=+"782"F-7'G2("'(<"782"%(A24%*4"A4*(7'$"B&4-="d:%B-42"W"

L+K+3e@"Q82=2"2AA2/7="C242"'==*/%'72<"C%78"'"4*;-=7"<2/42'=2"*A"'/7%)'7%*("%("(*(]42C'4<h"%(/*(B4-2(7"

74%'$="C%78"IHD@"K&"/*(74'=7+"<%AA242(/2="%("'/7%)'7%*("%("782"4%B87"%(=-$'"dF'47"*A"782"G*7%)'7%*(]42C'4<"
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=&=72Ge"A*$$*C2<"'"<%AA242(7"F'7724(@"H'4'G2724"2=7%G'72="=8*C2<"78'7"782"<2/42'=2"%("%(=-$'"'/7%)'7%*("

C%78"IHD"/*GF'42<"7*"F$'/2;*"C'="G*42"F4*(*-(/2<"%("42C'4<")=@"(*(]42C'4<"74%'$=+"42B'4<$2=="*A"782"

7'4B27"7&F2@"Q8%="A%(<%(B"%="%$$-=74'72<";&"'"=%B(%A%/'(7"(*(]42C'4<h/*(B4-2(7")=@"(*(]42C'4<h%(/*(B4-2(7"

7'4B27"%(724'/7%*("<-4%(B"782"F$'/2;*"'(<"(*"%(724'/7%*("2AA2/7="<-4%(B"782"IHD"/*(<%7%*(@"Q82=2"2AA2/7="

C242"'==*/%'72<"C%78"'"4*;-=7"<2/42'=2"*A"'/7%)'7%*("A*4";*78"/*(B4-2(7"'(<"%(/*(B4-2(7"42C'4<"74%'$="C%78"

IHD"d:%B-42"W"?e@""

" "
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4. Discussion 

4.1. General Considerations  "

#("78%="=7-<&"C2"2VF'(<2<"*-4"F42)%*-="42=2'4/8"'="C2"2V'G%(2<"/8'(B2="%("F24A*4G'(/2"*("782"L3R"

7'=5"%("42$'7%*("7*"IHD"'<G%(%=74'7%*("'(<"'==2==2<"IHD"2AA2/7="*("782"'/7%)'7%*("*A"782"'772(7%*(]"

'/7%)'7%*("'(<"G*7%)'7%*(]42C'4<"=&=72G=@"Q82"42=-$7="A4*G"78%="2VF24%G2(7"=-BB2=7"782"A*$$*C%(B"

/*(=%<24'7%*(=@":%4=7+"782";28')%*4'$"42=-$7="=8*C"78'7"IHD"'<G%(%=74'7%*("%GF4*)2<"'//-4'/&"F*==%;$&"

<-2"7*"%GF4*)2<"'772(7%*("%(<2F2(<2(7"*A"42C'4<"/-2=b"%("7-4("42C'4<"74%'$="C242"'==*/%'72<"C%78"=8*4724"

RQ"F*==%;$&"<-2"7*"%(/42'=2<"G*7%)'7%*("%(<2F2(<2(7"*A"IHD"'<G%(%=74'7%*(@"E2-4*%G'B%(B"42=-$7="

<2G*(=74'72<"78'7"IHD"C'="'==*/%'72<"C%78"$*C24"'/7%)'7%*("%("42B%*(="78'7";2$*(B"7*";*78"782"'772(7%*(]

'/7%)'7%*("d:%B-42"W"L+"K+"3+e"'(<"G*7%)'7%*(]42C'4<"d:%B-42"W"?e"=&=72G="*)24"F$'/2;*"=-BB2=7%(B"

%GF4*)2<"%(A*4G'7%*("F4*/2==%(B@"Q82"F'7724(="*A"'/7%)'7%*("/8'(B2"A*4"782=2"7C*"=&=72G="C242+"8*C2)24+"

<%=7%(/7$&"<%AA242(7@"Q82"/8'(B2="*A"'/7%)'7%*("A4*G"F$'/2;*"7*"IHD"%("782"'772(7%*(]'/7%)'7%*("=&=72G"

F*==%;$&"42A$2/72<"%GF4*)2<"F4*/2==%(B"*A"/*(A$%/7"'(<"%(724A242(/2"F'47%/-$'4$&"%("%(/*(B4-2(7"d<%AA%/-$7e"

7'4B27=+"'(<"C242"%(<2F2(<2(7"*A"42C'4<"%(/2(7%)2=@"Q82"$*C24"'/7%)'7%*("C%78"IHD"%("782"G*7%)'7%*(]

42C'4<"=&=72G"<-4%(B"42C'4<"74%'$="A*4";*78"2'=&"'(<"<%AA%/-$7"7'4B27="=-BB2=7="78'7"%("782"IHD"/*(<%7%*("

'$$"74%'$="G'&"8')2";22("2VF24%2(/2<"'="2c-'$$&"42C'4<%(B"42B'4<$2=="*A"782"$2)2$"*A"<%AA%/-$7&@""

H42)%*-="(2-4*%G'B%(B"=7-<%2="8')2"F4*)%<2<"/*(A$%/7%(B"42=-$7="42B'4<%(B"782"2AA2/7="*A"IHD+"C%78"'"

=%(B$2]<*=2"IHD"/8'$$2(B2"2%7824"%(/42'=%(B"*4"<2/42'=%(B"7'=5]42$'72<"'/7%)%7&"%(";4'%("42B%*(="

'==*/%'72<"C%78"2V2/-7%)2"A-(/7%*(="'(<"%(8%;%7*4&"/*(74*$+"<2F2(<%(B"*("782"=-;M2/7"B4*-F"'(<"782"

'/7%)'7%*("F'4'<%BG"df'%<&'"27"'$@+"!ZZ^b"6(-7=*("27"'$@+"WYY\e@"P2"8')2"*;=24)2<"78'7"IHD"742'7G2(7""

d\]["C225"<'%$&"'<G%(%=74'7%*(e"<2/42'=2<"7'=5]42$'72<"'/7%)%7&"%("782"L33"'(<"%(A24%*4"A4*(7'$"B&4-="

C8%$2"%(/42'=%(B"7'=5]42$'72<"'/7%)%7&"%("42B%*(="C%78%("782"<2A'-$7"(27C*45"d2@B@+"F*=724%*4"/%(B-$'72"

/*472Ve"%("/8%$<42("'(<"'<*$2=/2(7="C%78"L?D?+"=-BB2=7%(B"78'7"782";2(2A%/%'$"2AA2/7="*A"IHD"G'&";2"

42$'72<"7*"2(8'(/2<"2AA%/%2(/&"*A"%(A*4G'7%*("F4*/2==%(B"d0/8-$1"27"'$@+"WY!We@"#("78%="42=F2/7+"78%="42F*47"

F4*)%<2="'<<%7%*('$"2)%<2(/2"78'7"'/-72"d=%G%$'4"7*"/84*(%/e"IHD"'<G%(%=74'7%*("%="'==*/%'72<"C%78"
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<2/42'=2<"'/7%)'7%*("%(";4'%("42B%*(="$%(52<"7*"42C'4<"F4*/2==%(B"d2@B@"%(=-$'e"'(<"2V2/-7%)2"/*(74*$"d2@B@"

L33+"78'$'G-="'G*(B"*7824=e@"

Q82"2AA2/7"*A"IHD"7*"$*C24"'/7%)'7%*("%("42B%*(="*A"782"'772(7%*(]'/7%)'7%*("=&=72G")=@"F$'/2;*"G'&"

42A$2/7"'-BG2(7'7%*("*A"/'72/8*$'G%(2"2AA2/7="7*"'GF$%A&"42=F*(=2"7*"='$%2(7"=%B('$="C%78"/*(/*G%7'(7"

=-FF42==%*("*A";'/5B4*-(<"(*%=2"d:**72"27"'$@+"!Z_`e"C%78"42=-$7'(7"%GF4*)2G2(7"*A"F24A*4G'(/2@"D242"

C2"=8*C"78'7"'/7%)'7%*("%("782"'772(7%*(]'/7%)'7%*("=&=72G"C'="$*C24"C%78"IHD"<-4%(B"42=F*(=2="7*";*78"

/*(B4-2(7"'(<"%(/*(B4-2(7"7'4B27=+"%442=F2/7%)2"*A"782"F42/2<%(B"42C'4<"/-2@"Q82"/8'(B2"*A"'/7%)'7%*("

<-4%(B"%(/*(B4-2(7"7'4B27="%("(*(]42C'4<"74%'$="A4*G"8%B82=7"C%78"F$'/2;*"7*"$*C2=7"C%78"IHD"d:%B-42"X"

L+"K+"3e"=-BB2=7="78'7"782"F'47%/%F'(7="C242"2(B'B2<"%("782"7'=5"'(<"G*7%)'72<"7*"2V247"2AA*47"7*"')*%<"

G*(27'4&"$*==@"Q82=2"(2-4*%G'B%(B"42=-$7="7*B27824"C%78"782"F'47%/%F'(7=i"%GF4*)2<"'//-4'/&"C%78"IHD"

'(<"=%B(%A%/'(7"IHD];&]42C'4<"/-2"%(724'/7%*("d%@2@+"B42'724"'//-4'/&"*("<%AA%/-$7"42C'4<"74%'$="C%78"

IHDe"=-BB2=7"78'7"782"<4-B"G'&"42(<24"782"2VF24%2(/2"*A"782"7'=5"'="s2'=%24t+"'(<"'$=*"G'&"*F7%G%12"

%(A*4G'7%*("F4*/2==%(B"<-4%(B"/*(A$%/7+"78242;&+"%GF4*)%(B"F24A*4G'(/2@""

4.2. Effects of MPH on Executive Control""Q82"G'%("2AA2/7="*A"782"/*(A$%/7"/*GF*(2(7"*A"782"L3R"7'=5"

<-4%(B"782"F$'/2;*"/*(<%7%*("=-BB2=7"78'7"782"7'=5"2(B'B2<""42B%*(="78'7"8')2";22(""'==*/%'72<"C%78"

2V2/-7%)2"/*(74*$"*A"'772(7%*("d%@2@"4%B87"78'$'G-=+"4%B87"F-7'G2("'(<"$2A7"%(A24%*4"A4*(7'$"B&4-=":%B-42"W"L+"

K+"3e@"Q82"IHD]<2F2(<2(7"<2/42'=2"*A"42=F*(=2="%("782=2"42B%*(="%="/*(=%=72(7"C%78"F42)%*-="42F*47="78'7"

<-4%(B"42=F*(=2"%(8%;%7%*("7'=5="82'$78&")*$-(7224="2V8%;%7"<%G%(%=82<"'/7%)'7%*("%(";4'%("42B%*(="=-/8"'="

%(A24%*4"A4*(7'$"B&4-=+"%(=-$'"'(<"F-7'G2("d3*=7'$"27"'$@+"WY!Wb"H'-$="27"'$@+"WY!We@"D*C2)24+"78%="IHD"

2AA2/7"*("'/7%)'7%*("C'="(*7"$%(52<"7*"/8'(B2="%("RQ+"'="78242"C'="(*"G'%("2AA2/7"*A"IHD"*("RQ@"#("*7824"

C*4<=+"c-%/524"42=F*(=2="C242"(*7"'==*/%'72<"C%78";27724"F24A*4G'(/2b"%7"'FF2'4="78'7"'"/8'(B2"*A"=74'72B&"

j"A4*G"G%(%G%1%(B"$*==2="<-4%(B"F$'/2;*"7*"G'V%G%1%(B"G*(2&"C%(="C%78"IHD"j"C'="G*=7"$%52$&"42$'72<"

7*"%GF4*)2<"'//-4'/&"C%78"IHD"'<G%(%=74'7%*(@""

4.3. Effects of MPH on Reward Processing  Q82"G'%("2AA2/7="*A"IHD"<-4%(B"42C'4<"/-2="'(<"*-7/*G2="

C242"*;=24)2<"%(";4'%("42B%*(="'==*/%'72<"C%78";*78"'772(7%*("'(<"42C'4<]F4*/2==%(B@"#("F'47%/-$'4+"

=%B(%A%/'(7"/8'(B2="%("'/7%)'7%*("<-4%(B"42=F*(=2="7*"42C'4<"/-2="C242"*;=24)2<"%("782"%(=-$'"'(<"782"$2A7"



!`"
"

/'-<'72"d:%B"!e@"U%)2("'"$%724'7-42"78'7"=-FF*47="'"4*$2"*A"782"%(=-$'"%("42C'4<"F4*/2==%(B"dH'-$-="27"'$@+"

WYYXb".%(52"27"'$@+"WY!Ye"'(<"*A"782"/'-<'72"(-/$2-="%("F42F'4'7%*("7*"'/7"dTF4%="27"'$@"WY!Xe+"782"/-2"

/*GF*(2(7"*A"782"L3R"7'=5"G'&"8')2";22("2VF24%2(/2<"F'47%'$$&"'="'"F42F'4'7%*("A*4"42=F*(=2"7*"

=-;=2c-2(7"7'4B27=@""

0-4F4%=%(B"(*(]42C'4<"*-7/*G2"d%@2@+"(*(]42C'4<"A*$$*C%(B"'"F42)%*-=$&"%(<%/'72<"42C'4<"/-2"'(<"/*442/7"

F24A*4G'(/2+"'$=*"=22"Q';$2"`"0-FF$2G2(7'$"G'724%'$=e+"/*(=%=72(7$&"2(B'B2<"782"%(=-$'"dQ';$2"Xe@"L="78%="

42B%*("%="%()*$)2<"%("G*(%7*4%(B"*A"42C'4<"*-7/*G2="dH'-$-="27"'$@+"WYYXb".%(52"27"'$@+"WY!Ye+"*-4"42=-$7="

=-FF*47"782"(*7%*("*A"'"4*$2"*A"782"%(=-$'"%("782"'==2==G2(7"*A"42C'4<]42$'72<"A22<;'/5"d#)'(*)"27"'$@+"

WY!W'e@"L$=*"*A"%(7242=7"%="782"42C'4<];&]/*(A$%/7"%(724'/7%*("%("782"%(=-$'"'A724"IHD"d:%B-42"W"Ke+"C8%/8"

=-BB2=7="%(/42'=2<"2AA%/%2(/&"%("782"F4*/2==%(B"*A";*78"/*(B4-2(7"'(<"%(/*(B4-2(7"7'4B27="78'7"A*$$*C2<"

42C'4<"/-2=@"Q8242A*42+"<2/42'=2<"42C'4<]42$'72<"'/7%)'7%*("%("782"%(=-$'"C%78"IHD"G'&"42A$2/7"%GF4*)2<"

%(A*4G'7%*("F4*/2==%(B"'(<"82%B872(2<"=2(=%7%)%7&"7*"G*(27'4&"C%(=+"C8%/8"%("7-4("G'&"8')2";**=72<"

G*7%)'7%*("'(<"2AA*47@"#("/*(74'=7+"782"%(=-$'"'/7%)'7%*("<-4%(B"F$'/2;*"C'="B42'724"C%78"<%AA%/-$7"7'4B27="

78'7"A*$$*C2<"(*(]42C'4<"/-2=+"F*==%;$&";2/'-=2"782=2"7'4B27="C242"2VF24%2(/2<"'="$2=="42C'4<%(B@"L="

'/7%)'7%*("*A"782"%(=-$'"8'=";22("$%(52<"7*"G*(%7*4%(B"*A"F24A*4G'(/2"'(<"244*4"<272/7%*("d6$2%("27"'$@+"
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4.4. The Role of the Insula in Reward Processing and Executive Control 
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