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()5/.&)+$'B!3/'A#%!$!0'(<$'B!</+(5$+/'!/3!$A+(/)G!!;,#B!$.%/!'#A/*)(X#6!+,#!)#A#%%$'B!
'/.#!/3!()+#)+(/)!()!%&00'#%%()*!()5/.&)+$'B!$A+(/)!cH'#&6I!Z^Paf!=$<#%I!ZQ^Of!:?())#'I!
Z^]NdG!J/)+#<0/'$'B!'#%#$'A,#'%!,$5#!#40./'#6!+,#%#!%$<#!A/)A#0+%!$)6!,$5#!
6(%A/5#'#6!+,$+!,&<$)%!$)6!/+,#'!$)(<$.%!A$)!'#0'#%%!'#3.#4(5#!@#,$5(/'!()!3$5/'!/3!
A/'+(A$..B!<#6($+#6!$A+(/)%!cJ&'+(%!h!KgS%0/%(+/I!POONf!:(</)%I!V,<$)I!h!U$)*I!Z^a^f!
V,<$)I!Z^^PdG!!-#%#$'A,!$.%/!%,/2%!+,$+!+,#%#!'#0'#%%(5#!E&$.(+(#%!$'#!'#$6(.B!
$00$'#)+!()!$&+/)/<(A!3&)A+(/)%!c=#))()*%I!Z^^P$I!@f!>/'*#%I!Z^^Pf!C$)!K#'!C##)I!C$)!
K#'!"/.#)I!h!=#))()*%I!POOOdG!!;,#!A&''#)+!%+&6B!$++#<0+%!+/!$65$)A#!+,(%!.()#!/3!
()5#%+(*$+(/)!@B!5(#2()*!$A+(/)%!$%!A/<0/)#)+%!/3!$)!#)A/<0$%%()*!<()6Y@/6B!%B%+#<!
$)6!@B!E&$)+(+$+(5#.B!<#$%&'()*!+,#!<()6Y@/6B!%B%+#<!5($!+,#!$&+/)/<(A!)#'5/&%!
%B%+#<G!!!
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The Organism as a System 
 

:B%+#<%!+,#/'B!0'/0/%#%!$)!anti-reductionistic model!/3!0,#)/<#)$G!;,#!%+&6B!
/3!%()*.#!A/<0/)#)+%!()!$)!$A+(5#!%B%+#<!/5#'.//?%!@/+,!+,#!()+#'$A+(/)%!@#+2##)!
#.#<#)+%!$)6!+,#!A/)+#4+!2(+,()!2,(A,!+,#!%B%+#<!(%!/0#'$+()*G!;,#!@#,$5(/'!/3!$!
%B%+#<!(%!6#%A'(@#6!$%!$)!emergent propertye$!6B)$<(A!()+#'$A+(/)!@#+2##)!+,#!
%B%+#<g%!A/<0/)#)+%!c"(..#'I!Z^a`I!POO`f!5/)!1#'+$.$)33BI!Z^`QI!Z^`^dG!S<0,$%(%!(%!
%,(3+#6!3'/<!+,#!/@[#A+%!+,#<%#.5#%!+/!+,#!/)*/()*!A/<<&)(A$+(/)!@#+2##)!+,#<G!
V'*$)(%<%!A$)!+,#'#3/'#!@#!A/)%(6#'#6!A/<0.#4!)#+2/'?%!/3!@(/Y/%A(..$+/'%!+,$+!/0#'$+#!
$%!/0#)!%B%+#<%!2,(A,!$'#!A/)+()&/&%.B!#4A,$)*()*!()3/'<$+(/)!$)6!#)#'*B!2(+,!/+,#'!
%B%+#<%!cT$+.()I!Z^aPf!T.$%%I!POOZf!"(..#'I!Z^a`f!"(..#'!h!;,/<$%I!Z^aaf!L#%+!h!
T/.6@#'*#'I!Z^QadG!!!

1#,$5(/'!()!+,(%!5(#2!(%!()3.&#)A#6!@B!$)!/'*$)(%<g%!#40#'(#)A#!/5#'!+(<#G!!F(*,.B!
0'#6(A+$@.#!@#,$5(/'%I!%&A,!$%!'#3.#4(5#!$A+(/)%I!$'#!+,#!'#%&.+!/3!,(*,.B!A$)$.(X#6!
#40#'(#)A#G!!-#3.#4(5#!$A+(/)%!$../2!$)!/'*$)(%<!+/!'#$A+!E&(A?.B!+/!%0#A(3(A!$)6!*#)#'$.!
A/)6(+(/)%f!,/2#5#'I!'#3.#4#%!A$)!@#!.(<(+()*!$)6!6(%$65$)+$*#/&%G!!"&.+(0.#!'#%0/)%#%!
+/!%0#A(3(A!/'!*#)#'$.!A/)6(+(/)%!$../2!$)!/'*$)(%<!+/!'#$A+!2(+,!5$'(/&%!@#,$5(/'%!+/!
5$'(/&%!A/)6(+(/)%!cT./@&%!h!8'0$($I!Z^^_f!T/.6@#'*#'I!Z^^OdG!S5/.&+(/)$'B!0'/A#%%#%!
,$5#!*#)#'$+#6!3&'+,#'!5$'($@(.(+B!/3!'#%0/)%#!5($!+,#!0,#)/<#)$!/3!A/)%A(/&%!()+#)+G!!
C/.(+(/)!(%!+,#'#3/'#!/)#!</'#!A/<0/)#)+!A/)+'(@&+()*!+/!$)!/'*$)(%<g%!@#,$5(/'G!

7)+#)+!'#E&('#%!$)!/'*$)(%<!+/!$A+(5#.B!A,//%#!$!'#%0/)%#G!!H'/<!$!%B%+#<%!5(#2I!
+,#!@#,$5(/'%!/3!,&<$)%!c$)6!/+,#'!A/<0.#4!/'*$)(%<%d!$'#!+,#!'#A(0'/A$.!0'/6&A+!$)6!
(<0#+&%!/3!/)*/()*!5/.&)+$'B!$)6!()5/.&)+$'B!0'/A#%%#%G!!1/+,!5/.(+(/)$.!$)6!'#3.#4(5#!
5$'($@.#%!c()0&+%d!$'#!A/)%+$)+.B!A/)+'(@&+()*!+/!+,#!/'*$)(%<g%!%+$+#!/'!@#,$5(/'!c/&+0&+dG!
H&'+,#'I!@/+,!()0&+%!$)6!/&+0&+%!$'#!'#A(0'/A$..B!A/)+'(@&+()*!+/!%&@%#E&#)+!()+#)+(/)$.!
$)6!'#3.#4(5#!%+$+#%G!!;,(%!5/.&)+$'Bi'#3.#4(5#!%B%+#<!2(..!@#!'#3#''#6!+/!$%!+,#!mind-
body systemG!
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Exploring the Mind-Body System via the ANS 
 

;,#!<()6Y@/6B!%B%+#<!A/)%+'&A+%!$A+(/)%!+,'/&*,!+,#!6B)$<(A!3&)A+(/)%!/3!
5/.&)+$'B!$)6!()5/.&)+$'B!#40#'(#)A#G!!;,#!'#%&.+!/3!()+#'A/))#A+#6!$)6!'#%(6&$.!
6B)$<(A%!A'#$+#%!A/<0.#4!@#,$5(/'%I!2#..!6#3()#6!()!6B)$<(A!%B%+#<%!+,#/'(#%!cT./@&%!
h!8'0$($I!Z^^_f!U#2(%I!POO]f!"(..#'I!Z^a`I!POO`f!5/)!1#'+$.$)33BI!Z^`QI!Z^`^dG!!;,#!
0'(<#!A/<0/)#)+!/3!+,#!0'/0/%#6!<()6Y@/6B!%B%+#<!(%!+,#!$&+/)/<(A!)#'5/&%!%B%+#<!
c89:dG!!;,#!)#4+!%#A+(/)!#40./'#%!2,B!+,#!89:!0'/5(6#%!$)!#4A#..#)+!+//.!3/'!
()5#%+(*$+()*!+,#!<()6Y@/6B!%B%+#<G!
 
The Autonomic Nervous System 

;,#!89:!2$%!3('%+!6#%(*)$+#6!$%!%&A,!@B!=/,)!U$)*.#B!cZ^PZd!+/!6#%A'(@#!$)!
()+'(A$+#!)#+2/'?!/3!0#'(0,#'$.!)#'5#%I!*$)*.($!$)6!$%%/A($+#6!'#*&.$+/'B!%B%+#<%G!!F#!
0'/0/%#6!+,#%#!A'$)($.!$)6!A#'5(A$.!%+'&A+&'#%!+/!A/)+'/.!+,#!%<//+,!<&%A.#%!$)6!
*.$)6%!/3!+,#!5(%A#'$G!!S$'.B!A/)A#0+(/)%!/3!+,#!89:!$%!$)!j$&+/<$+(Ak!%B%+#<I!(<<&)#!
3'/<!A/)%A(/&%!()3(.+'$+(/)I!$'#!$00$'#)+!()!+,#!)$<#G!!L$.+#'!J$))/)!5(#2#6!+,#!89:!
$%!$!%B%+#<!'#%0/)%(@.#!3/'!%&%+$()()*!.(3#G!!J$))/)!cZ^N^d!+#'<#6!+,(%!0'/A#%%!
l,/<#/%+$%(%g!$)6!0&+!3/'+,!+,#!(6#$!+,$+!+,#!%&'5(5$.!/3!/'*$)(%<%!(%!6#0#)6#)+!&0/)!
+,#('!$@(.(+B!+/!<$()+$()!$)!/0+(<$.!3&)A+(/)$.!%+$+#G!!;,(%!3&)A+(/)$.!%+$+#!$'(%#%!3'/<!
3##6Y@$A?!'#*&.$+#6!$&+/)/<(A!'#3.#4#%!'#%0/)6()*!+/!A,$)*#!()!5(%A#'$.!6#<$)6!+,$+!
#.(A(+!$&+/<$+(A!$6[&%+<#)+%!+/!'#%+/'#!,/<#/%+$+(A!@$.$)A#G!!!

1#A$&%#!,&<$)%!$'#!)/+!$.2$B%!A/)%A(/&%!/3!5(%A#'$.!</6&.$+(/)%!/'!$&+/)/<(A!
$A+(/)%I!U$)*.#Bg%!j$&+/)/<(Ak!A/)A#0+(/)%!6/<()$+#6!%&@%#E&#)+!'#%#$'A,!$%!
%A(#)+(%+%!3/A&%#6!/)!&)A/)%A(/&%!89:!$A+(/)G!!F/2#5#'I!'#%#$'A,!%//)!#<#'*#6!+,$+!
'#A/*)(X#6!+,#!()0&+!/3!A/*)(+(5#!%+'&A+&'#%!$)6!+,#!'#A/*)(+(/)!/3!+,#!89:!$%!$!%#)%/'B!
%B%+#<G!!;,#!89:!(%!)/2!&)6#'%+//6!+/!@#!/'*$)(X#6!5($!+,#!6(#)A#0,$./)I!
<#%#)A#0,$./)I!',/<@#)A#0,$./)!$)6!%0()$.!A/'6!'#%0/)%(@.#!3/'!%(<0.(%+(A!'#3.#4#%!
$)6!+,#!+#.#)A#0,$./)!*#)#'$+()*!A/<0.#4!A/*)(+(5#!$)6!@#,$5(/'$.!0'/A#%%#%G!!;,#!
$65#)+!/3!+,#!89:!$%!%#)%/'B!%B%+#<!$.%/!$../2%!5(%A#'$.!$33#'#)+!()3/'<$+(/)!+/!
A/)+'(@&+#!+/!,(*,#'!0'/A#%%()*!A#)+#'%!cH/'!'#5(#2!%##!800#)X#..#'I!Z^^^f!1#')+%/)!h!
J$A(/00/I!POOOdG!!!
 
Autonomic Divisions  

;'$6(+(/)$..B!+,#!89:!(%!6(5(6#6!()+/!+2/!6(%A'#+#!@'$)A,#%R!+,#!%B<0$+,#+(A!
c:9:d!$)6!+,#!0$'$%B<0$+,#+(A!)#'5/&%!%B%+#<%!c>9:dG!!;,#!6(5(%(/)%!/3!+,#!89:!,$5#!
6(%+()A+!A#)+'$.!/'(*()%I!$)$+/<B!$)6!3&)A+(/)%G!!;,#!%B<0$+,#+(A!%B%+#<!*#)#'$..B!
0'#0$'#%!+,#!/'*$)(%<!+/!<#+$@/.(X#!#)#'*BG!!;,#!0$'$%B<0$+,#+(A!6(5(%(/)!*#)#'$..B!
$../2%!$)!/'*$)(%<!+/!A/)%#'5#!$)6!%+/'#!#)#'*BG!!!

The sympathetic nervous system.  8)!/'*$)(%<!<&%+!,$5#!+,#!$@(.(+B!+/!'#%0/)6!
+/!5$'(/&%!%(+&$+(/)%!()!$00'/0'($+#!2$B%!+/!#)%&'#!%&'5(5$.G!!;,#!:9:!%#'5#%!/)#!
%+'$+#*B!@B!</@(.(X()*!+,#!/'*$)(%<G!!:/<#!%0#A(3(A!A/)%#E&#)A#%!/3!%B<0$+,#+(A!
$A+(5$+(/)!()A'#$%#%!<#+$@/.(%<I!,#$'+!'$+#I!'#%0('$+(/)!$)6!%?()!A/)6&A+$)A#!
c800#)X#..#'I!Z^^^dG!!J$))/)!cZ^N^d!'#3#''#6!+/!+,(%!,#(*,+#)#6!%+$+#!/3!$A+(5$+(/)!$%!
+,#!j3(*,+e/'e3.(*,+k!'#%0/)%#I!0'#0$'()*!+,#!@/6B!+/!&%#!#)#'*B!()!$)!#33/'+!+/!$5/(6!/'!
A/)3'/)+!$!%+'#%%3&.!%(+&$+(/)G!!!



4 

 

The parasympathetic nervous system.  ;,#!>9:!(%!*#)#'$..B!5(#2#6!'#A(0'/A$..B!
+/!+,#!:9:!%#'5()*!+/!A/)%#'5#!#)#'*BI!0'/</+#!3##6()*i6(*#%+(/)!$)6!$%%(%+!()!
'#0'/6&A+(/)G!!7)!*#)#'$.I!0$'$%B<0$+,#+(A!$A+(/)%!'#.$4!%<//+,!<&%A.#I!%./2!6/2)!
,#$'+!'$+#I!#)*$*#!0#'(%+$.%(%!()!+,#!6(*#%+(5#!+'$A?I!$)6!3/%+#'!A$.<!$)6!%/A($.!
@#,$5(/'$.!%+$+#%G!!8)!()+#*'$.!A/<0/)#)+!/3!+,#!>9:!(%!+,#!5$*&%!)#'5#!2,(A,!(%!
0'/0/%#6!+/!,$5#!+2/!6(%+()A+!0$+,2$B%!/'(*()$+()*!()!+,#!&)<B#.()$+#6!K/'%$.!"/+/'!
9&A.#&%!$)6!<B#.()$+#6!9&A.#&%!8<@(*&&%!c1&#)/!#+!$.GIZ^Q^f!>/'*#%I!Z^^]@I!POONI!
POO`dG!!!!
 
Modes of Autonomic Control! 

;,(%!%(<0.#!6(%+()A+(/)!/3!+,#!$A+(5(+(#%!0'/</+#6!@#+2##)!+,#!A/<0/)#)+%!/3!+,#!
89:!@#.(#%!+,#!()A'#6(@.#!A/<0.#4(+B!/3!)#&'/+'$)%<(++#'I!)#&'/</6&.$+/'BI!$)6!
)#&'/,/'</)$.!()+#'$A+(/)%!+,$+!+,#!89:!(%!A$0$@.#!/3G!!;,#!89:!(%!$!3.#4(@.#!%B%+#<!
$../2()*!<$4(<$.!'#%0/)%#!+/!#)5('/)<#)+$.!#5#)+%!c1#')+%/)I!J$A(/00/!h!b&(*#.BI!
Z^^Nf!1#')+%/)I!J$A(/00/I!b&(*.#B!h!H$@'/I!Z^^_dG!!F/2#5#'I!+,'##!<$[/'!</6#%!/3!
@#,$5(/'!$'#!$00$'#)+!()!,/2!+,#!89:!/0#'$+#%R!!;,#!89:!A$)!#33#A+(5#.B!()A'#$%#I!
6#A'#$%#!/'!)/+!A,$)*#!$&+/)/<(A!3&)A+(/)%G!! 

Coupled reciprocal activity and coactivation.  8!A/<</)!</6#!/3!$&+/)/<(A!
$A+(5(+B!@#+2##)!+,#!>9:!$)6!:9:!(%!coupled reciprocal activation!cJ-8dG!!J-8!(%!
'#A/*)(X#6!$%!$!)#*$+(5#!A/''#.$+(/)!@#+2##)!+,#!+2/!@'$)A,#%I!$%!/)#!()A'#$%#%!()!
$A+(5(+B!+,#!/+,#'!6#A'#$%#%G!!J-8!#4,(@(+%!+,#!2(6#%+!6B)$<(A!'$)*#!/3!A/)+'/.!$)6!
B(#.6%!+,#!*'#$+#%+!+$'*#+!/'*$)!'#$A+(5(+BG!!-#A(0'/A$.!</6#%!$.%/!B(#.6!$!,(*,!6#*'##!/3!
6('#A+(/)$.!%+$@(.(+B!$%!%+$+#%!+#)6!+/!0#'%(%+!c1#')+%/)!#+!$.GI!Z^^_dG! 

7)!$66(+(/)!+/!J-8I!+,#!89:!A$)!#33#A+(5#.B!%+(<&.$+#!@/+,!%B<0$+,#+(A!$)6!
0$'$%B<0$+,#+(A!$A+(5(+B!%(<&.+$)#/&%.B!$+!$!+$'*#+!/'*$)G!!Coactivation!/3!@/+,!
$&+/)/<(A!%B%+#<%!,$%!@##)!,(%+/'(A$..B!'#A/*)(X#6!$%!$!0/%%(@(.(+B!/3!$&+/)/<(A!
$A+(5(+B!cJ$))/)I!Z^N^dG!!7+!(%!)/2!A.#$'!+,$+!$&+/)/<(A!A/$A+(5$+(/)I!$%!6#</)%+'$+#6!@B!
6('#A+!)#&'$.!%+(<&.$+(/)I!)#&'/0,B%(/./*(A$.!'#A/'6()*%I!$)6!0%BA,/0,B%(/./*(A$.!
<#$%&'#<#)+%I!A$)!@#!*#)#'$+#6!@B!@$%(A!A$'6(/5$%A&.$'!'#3.#4#%!$%!2#..!$%!@#,$5(/'$.!
$)6!A/*)(+(5#!0'/A#%%#%!c1#')+%/)I!J$A(/00/I!h!b&(*.#BI!Z^^Zf!H&?&6$I!:$+/I!:&X&?(I!
h!;'X#@%?(I!Z^Q^f!72$+$!h!U#K/&4I!Z^QQf!M/(X&<(I!M/..$(I!h!;#'&(I!Z^Q`f!U#5B!h!m(#%?#I!
Z^`^f!U#5B!Z^Q_f!V@'(%+I!L//6I!h!>#'#XY-#B#%I!Z^`]f!b&(*.#B!h!1#')+%/)I!Z^^Of!
D([+6#,$$*#!h!;,$B#'I!POOOdG!!!

;,#!89:!0'/5(6#%!$!2()6/2!/3!$AA#%%!3/'!()5#%+(*$+()*!+,#!<()6Y@/6B!%B%+#<G!!
H('%+I!+,#!/)*/()*!(<0.(A(+!$)6!#40.(A(+!0'/A#%%#%!/3!+,#!<()6Y@/6B!%B%+#<!$'#!0'#%#)+!()!
+,#!@#,$5(/'!/3!+,#!89:G!!:#A/)6I!+,#!6(%+()A+!@#,$5(/'%!/3!+,#!89:!c:9:!h!>9:d!
0'/5(6#!/00/'+&)(+B!+/!()5#%+(*$+#!+,#!%0#A(3(A!6B)$<(A%!/3!()5/.&)+$'B!$)6!5/.&)+$'B!
0'/A#%%#%G!!
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How is the Integration of Mind and Body Possible? 
 

! F&<$)!$A+(/)%!6#0#)6!/)!'#3.#4(5#!$)6!5/.&)+$'B!</+(5$+(/)%!2,(A,!*#)#'$+#!
+,#!<()6Y@/6B!%B%+#<G!!;,#!$&+/)/<(A!)#'5/&%!%B%+#<!,$%!@##)!0'/0/%#6!+/!'#0'#%#)+!
+,#!@#,$5(/'!/3!+,(%!%B%+#<G!!F/2#5#'I!+,#!E&#%+(/)!$%!+/!#4$A+.B!,/2!+,#!<()6Y@/6B!
%B%+#<!()+#*'$+#%!'#3.#4(5#!$)6!()+#)+(/)$.!</+(5$+(/)%!()+/!#40'#%%#6!@#,$5(/'!%+(..!
'#<$()%G!!;,#!)#4+!%#A+(/)%!2(..!#40./'#!+,#!0/%%(@.#!)#&'/$)$+/<(A$.!&)6#'0())()*%!/3!
+,#!<()6Y@/6B!%B%+#<G!
 
Mind-Body Integration 

:#5#'$.!</6#.%!,$5#!@##)!0'/0/%#6!+,$+!(6#)+(3B!$)$+/<(A$.!&)(+%!2,(A,!2/&.6!
$../2!()+#)+(/)$.!*/$.Y6('#A+#6!@#,$5(/'!$)6!'#3.#4(5#!</+(5$+(/)%!+/!()3.&#)A#!@#,$5(/'G!!
;,#%#!</6#.%!$'#!$..!%(<(.$'!$)6!,$5#!@##)!A$..#6!+,#!J89!cJ#)+'$.!8&+/)/<(A!
9#+2/'?R!1#)$''/A,I!Z^^NI!Z^^adI!+,#!8)+#'(/'!S4#A&+(5#!-#*(/)!cK#5()%?BI!"/''#..I!h!
C/*+I!Z^^]d!$)6!+,#!S</+(/)!A('A&(+!cK$<$%(/I!Z^^QdG!!

The central autonomic network.  ;,#!A#)+'$.!$&+/)/<(A!)#+2/'?!cJ89d!(%!/)#!
</6#.!0'/0/%#6!+/!%&00/'+!+,#!*/$.Y6('#A+#6!$A+(/)%!/3!+,#!<()6Y@/6B!%B%+#<!
c1#)$''/A,I!Z^^NI!Z^^adG!!H&)A+(/)$..BI!+,(%!%B%+#<!()+#*'$+#%!()+#')$.!'#*&.$+(/)!
c5(%A#'/</+/'I!)#&'/#)6/A'()#!$)6!@#,$5(/'$.!'#%0/)%#%dG!!:+'&A+&'$..BI!+,#!J89!(%!
<$6#!&0!/3!+,#!$)+#'(/'!A()*&.$+#I!()%&.$'I!$)6!5#)+'/<#6($.!0'#3'/)+$.!A/'+(A#%I!+,#!
A#)+'$.!)&A.#&%!/3!+,#!$<B*6$.$I!+,#!0$'$5#)+'(A&.$'!$)6!'#.$+#6!)&A.#(!/3!+,#!
,B0/+,$.$<&%I!+,#!0#'($E&$6&A+$.!*'#B!<$++#'I!+,#!0$'$@'$A,($.!)&A.#&%I!+,#!)&A.#&%!/3!
+,#!%/.(+$'B!+'$A+!c9:;dI!+,#!)&A.#&%!$<@(*&&%I!+,#!5#)+'/<#6($.!<#6&..$I!$)6!+,#!
<#6&..$'B!+#*<#)+$.!3(#.6!c1#)$''/A,I!Z^^NI!Z^^adG!!7)!$66(+(/)I!%#)%/'B!()3/'<$+(/)!
3'/<!+,#!0#'(0,#'$.!#)6!/'*$)%I!%&A,!$%!+,#!,#$'+I!(%!3#6!@$A?!+/!+,#!J89I!+,&%!+,#!J89!
(%!)/+!A/)3()#6!+/!+,#!A#)+'$.!)#'5/&%!%B%+#<!c>/'*#%I!POOad!c%##!H(*&'#!ZdG!
! ;,#!J89!(%!$!0'(<$'B!#4$<0.#!/3!+,#!0'/0/%#6!)#&'$.Y5(%A#'$.!</6#.!c;,$B#'!h!
U$)#I!POOOI!POOPf!;,$B#'!h!H'(#6<$)I!POOPI!POO_dG!!;,#!)#&'$.Y5(%A#'$.!</6#.!
#)A/<0$%%#%!,/'</)$.I!0#'(0,#'$.!$)6!A#)+'$.!)#'5/&%!%B%+#<!$A+(/)%!()+/!$)!
$''$)*#<#)+!2,(A,!$../2%!3/'!%B%+#<Y2(6#!'#%0/)%#I!/'*$)(X$+(/)I!$)6!%#.#A+(/)!
c;,$B#'!h!H'(#6<$)I!POOPdG!!;,#!)#&'$.Y5(%A#'$.!</6#.!0'/5(6#%!$!A.#$'!
)#&'/$)$+/<(A$.!%+'&A+&'#!3/'!+,#!()+#*'$+(/)!/3!'#3.#4(5#!c%&@A/'+(A$.!$)6!)/)YA#'#@'$.!
<#A,$)(%<%d!$)6!()+#)+(/)$.!cA/'+(A$.!A#)+#'%d!</+(5$+(/)%!()+/!$)!()+#'A/))#A+#6!
'#A(0'/A$.!&)(+G!!;,#!)#&'$.Y5(%A#'$.!</6#.!(%!+,#!<()6Y@/6B!%B%+#<I!)#A#%%(+$+()*!+,#!
@(6('#A+(/)$.!3./2!/3!()3/'<$+(/)I!$../2()*!'#3.#4(5#!$)6!()+#)+(/)$.!$A+(/)%!+/!@#!
#40'#%%#6!$)6!'#*&.$+#6G!!F/2#5#'I!2,(.#!+,#%#!0'/0/%#6!</6#.%!#4,(@(+!@(6('#A+(/)$.!
A$&%$.(+B!@#+2##)!()5/.&)+$'B!$)6!5/.&)+$'B!#)#'*(#%I!$!A.#$'!,(#'$'A,B!/3!</+(5$+(/)%!
$00#$'%!+/!@#!()!0.$A#G!!!!

Hierarchy of autonomic regulation.  ;,#!<()6Y@/6B!%B%+#<I!$%!(..&%+'$+#6!@B!+,#!
)#&'$.Y5(%A#'$.!</6#.I!(%!$)!#40$)%(5#!)#+2/'?!2,(A,!(%!#%%#)+($.!+/!+,#!3&)A+(/)%!/3!$!
,&<$)!/'*$)(%<G!!;,#!<()6Y@/6B!%B%+#<!(%!$!'#A(0'/A$.!%B%+#<!@&+!$!</6#.!/3!
$&+/)/<(A!$A+(5(+B!,$%!@##)!0'/0/%#6!2,(A,!6#%A'(@#%!+,#!<()6Y@/6B!%B%+#<!()!$!
,(#'$'A,(A$.!3$%,(/)!cU/5$../I!POO]dG!!7)!0$'+(A&.$'I!+,#!@/6BY<()6!%B%+#<!'#*&.$+#%!
$&+/)/<(A!%+$+#%!+,'/&*,!$!,(#'$'A,B!/3!A/)+'/.!<#A,$)(%<%G!!7)6(5(6&$.!/'*$)%!$)6!
A#..%!,$5#!+,#!$@(.(+B!+/!'#*&.$+#!+,#('!/2)!$A+(5(+B!+,'/&*,!./A$.!'#3.#4(5(+BI!@&+!./A$.!
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$A+(/)%!$'#!.(<(+#6G!!"/'#!*./@$.!@#,$5(/'%!'#.B!/)!$)!()+#*'$+#6!,(#'$'A,B!/3!A/)+'/.!
0$'$<#+#'%G!

8)!/'*$)(%<!<&%+!A/)%+$)+.B!$6[&%+!(+%!@#,$5(/'%!+/!$!6B)$<(A!#)5('/)<#)+G!!;,#!
</%+!@$%(A!$A+(/)%!$'#!6/)#!+/!'#*&.$+#!./A$.!#5#)+%G!!V'*$)%!,$5#!()+'()%(A!'#*&.$+(/)!
<#A,$)(%<%!2,(A,!$../2!$&+/)/</&%!'#3.#4(5(+B!+/!<()(<$.!#)5('/)<#)+$.!6#<$)6%G!!
F/2#5#'I!./A$.!'#3.#4#%!$'#!%#5#'#.B!.(<(+#6!$)6!<&%+!'#.B!/)!()A/<()*!()3/'<$+(/)!3'/<!
+,#!*./@$.!$&+/)/<(A!$)6!#)6/A'()#!%B%+#<%!+/!$6[&%+!+/!</'#!A/<0.#4!6#<$)6%G!
! ;,#!$&+/)/<(A!$)6!#)6/A'()#!%B%+#<%!,$5#!+,#!$@(.(+B!+/!$6[&%+!+,#!$A+(/)%!/3!
()6(5(6&$.!/'*$)%I!2,(A,!()!+&')I!*#)#'$+#!</'#!A/<0.#4!%B%+#<Y2(6#!@#,$5(/'%G!!
F/2#5#'I!+,#!89:!$)6!#)6/A'()#!%B%+#<%!A$)!@#!A/)+'/..#6!@B!%0#A(3(A!)&A.#(!()!+,#!
@'$()%+#<!c(G#!)&A.#&%!$<@(*&&%I!5#)+'$.!+#*<#)+$.!)&A.#&%dG!!;,#!)#4+!A,$()!/3!
A/<<$)6!()!+,#!$&+/)/<(A!,(#'$'A,B!@#./)*%!+/!+,#!,B0/+,$.$<&%I!2,(A,!#40/'+%!6('#A+!
$)6!()6('#A+!()%+'&A+(/)%!+/!+,#!@'$()%+#<!$)6!+,#!'#%+!+,#!@/6BG!!;,#!,B0/+,$.$<&%!A$)!
()!+&')!@#!A/)+'/..#6!@B!A/'+(A$.!c0'#3'/)+$.!A/'+#4I!.$+#'$.!6/'%$.!</+/'!A/'+#4I!<#6($.!
6/'%$.!</+/'!A/'+#4I!/'@(+/3'/)+$.!A/'+#4I!A()*&.$+#6!A/'+#4I!()%&.$'!A/'+#4I!$%%/A($+(/)!
$'#$%d!$)6!.(<@(A!%+'&A+&'#%!c$<B*6$.$!$)6!,(00/A$<0&%dG!!!
! ;,#!$&+/)/<(A!,(#'$'A,B!(%!'#0'#%#)+$+(5#!/3!%B%+#<(A!@#,$5(/'!$3/'#<#)+(/)#6G!!
S$A,!/3!+,#%#!.#5#.%!A$)!@#!5(#2#6!$%!'#5#'@#'$+()*!A('A&(+%!<$()+$()()*!5#'B!@$%(A!
c<#+$@/.(X()*!#)#'*BI!#4A'#+()*!2$%+#dI!</'#!A/<0.#4!c3()6()*!$!<$+#!/'!3//6dI!/'!5#'B!
A/<0.#4!*/$.%!c6#A(6()*!2,$+!+/!2#$'!/'!%/.5()*!$!<$+,!0'/@.#<dG!!F/2#5#'I!+,#%#!
*/$.%!/'!$A+(/)%!$'#!/'*$)(X#6!,(#'$'A,(A$..BR!A/<0.#4!*/$.%!$00#$'!+/!,$5#!*'#$+#'!
[&'(%6(A+(/)!/5#'!.#%%!A/<0.#4!*/$.%G!!n#+!+,#!$@(.(+B!3/'!./2#'!,(#'$'A,(A$.!*/$.%!+/!6('#A+!
</'#!A/<0.#4!*/$.%!(%!%+(..!'#A/*)(X#6!$%!A/)%A(/&%!$)6!)/)YA/)%A(/&%!0'/A#%%#%!
'#0'#%#)+!/5#'.$00()*!/'*$)(X$+(/)$.!0'()A(0.#%!$)6!)/+!6(A,/+/</&%!A/)%+'&A+%!c:$'+#'I!
T(5#)%I!h!1'&)/I!POOZdG!

The Jacksonian model of inhibition.  J/)+()&()*!$./)*!+,#!0'#%#)+!.()#I!$A+(/)%!
/'(*()$+#!3'/<!@/+,!)/)YA/)%A(/&%!'#3.#4!$)6!A/)%A(/&%!()+#)+(/)G!!F/2#5#'I!+,#!<()6Y
@/6B!%B%+#<!(%!/'*$)(X#6!()!$!A.#$'!,(#'$'A,(A$.!3$%,(/)G!!>%BA,/./*(A$.!#5#)+%!)/+!/).B!
()+#'A#6#!/)!+,#!$A+(/)%!/3!+,#!<()6Y@/6B!@&+!$'#!()!6('#A+!A/)+'/.!/3!<$)B!$A+(/)%G!!;,(%!
$@(.(+B!'#.(#%!/)!<#A,$)(%<%!+,$+!A$)!/5#''(6#!/'!$&*<#)+!,$@(+&$.!$A+(/)%!()!/'6#'!+/!
*#)#'$+#!5/.&)+$'B!$A+(/)%!c"(..#'I!POOOdG!!8%!$!'#%&.+I!+,#!<()6Y@/6B!%B%+#<!(%!
0,B./*#)#+(A$..B!$''$)*#6!+/!3$5/'!A/)%A(/&%!()+#)+(/)!/5#'!)/)YA/)%A(/&%!'#3.#4G!!;,#!
A/*)(+(5#!$)6!)/)YA/)%A(/&%!3&)A+(/)%!/3!+,#!<()6Y@/6B!%B%+#<I!$%!<#$%&'#6!@B!+,#!
89:I!'#%0/)6!+/!A,$..#)*#%!()!$!0,B./*#)#+(A$..B!6#+#'<()#6!,(#'$'A,B!c>/'*#%I!POOadG!!
;,(%!</6#.!0'/0/%#%!+,$+!+,#!/.6#'!'#3.#4(5#!3&)A+(/)%!/3!+,#!89:!A$)!@#!(),(@(+#6!/'!
<(+(*$+#6!@B!+,#!)#2#'!()+#)+(/)$.!3&)A+(/)%G!;,(%!A/)A#0+!(%!#5(6#)+!()!=$A?%/)g%!cZQ]OI!
Z^]Qd!principle of dissolution!2,(A,!%+$+#%!+,$+!0,B./*#)#+(A$..B!)#2#'!%B%+#<%I!.(?#!+,#!
)#/A/'+#4I!(),(@(+!0B./*#)#+(A$..B!/.6#'!%B%+#<%I!%&A,!$%!+,#!.(<@(A!%B%+#<G!!7)!$66(+(/)I!
,#!0'/0/%#6!+,$+!j2,#)!+,#!,(*,#'!c)#2#'d!$'#!%&66#).B!'#)6#'#6!3&)A+(/).#%%I!+,#!
./2#'!c/.6#'d!'(%#!()!$A+(5(+B!c=$A?%/)I!ZQ]OR!Z^]QdGk!!!

>&%,()*!+,(%!A/)A#0+!3&'+,#'I!()+#)+(/)$.!$A+(/)%I!$'*&#6!+/!@#!+,#!0'/6&A+!/3!
A/'+(A$.!A#)+#'%I!(),(@(+!'#3.#4(5#!$A+(/)%!@#A$&%#!+,#!'#3.#4(5#!$A+(/)%!$'#!+,#!0'/6&A+!/3!
/.6#'!'#%0/)%#!%B%+#<%!cM#%)#'I!h!V.+/)I!Z^^OdG!!D+(.(X()*!=$A?%/)($)!A/)A#0+%I!+,#!
0,B./*#)#+(A$..B!/.6#'!%+'&A+&'#%!/3!+,#!<()6Y@/6B!%B%+#<!$'#!&)6#'!+,#!(),(@(+/'B!
A/)+'/.!/3!0,B./*#)#+(A$..B!)#2#'!%+'&A+&'#%G!
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The Frontal cortex, inhibition, and parasympathetic mediation.  8AA/'6()*!+/!+,#!
0'/0/%#6!,(#'$'A,(A$.!</6#.I!+,#!&00#'!+(#'!/3!+,#!<()6Y@/6B!%B%+#<!<&%+!.(#!()!(+%!
A/)%A(/&%!A#)+#'%G!!;,#!A/'+#4!$)6!%0#A(3(A$..B!+,#!3'/)+$.!A/'+#4!cHJd!$'#!*//6!
A$)6(6$+#%!3/'!,/&%()*!+,#!A/)%A(/&%!A#)+#'%!/3!+,#!<()6Y@/6B!%B%+#<G!!9#&'/./*(A$.!
()5#%+(*$+(/)%!,$5#!A/)3('<#6!+,$+!+,#!HJ!(%!()5/.5#6!()!()+#)+(/)$.!/'!(),(@(+/'B!$A+(/)!
$)6!+,#!'#0'#%#)+$+(/)!/3!*/$.%!c1[/'?I!Z^Q^f!K#<0%+#'I!Z^^Zf!K($</)6I!Z^QQdG!!;,#!
'/.#!/3!+,#!3'/)+$.!A/'+#4!$%!$)!/'*$)(X#'!/3!A/)%A(/&%!*/$.%!(%!()+#*'$.!+/!&)6#'%+$)6()*!
+/0Y6/2)!0'/A#%%()*G!!;,#!HJ!(%!$)!()+#'A/))#A+#6!%#+!/3!)#/A/'+(A$.!$'#$%!+,$+!,$5#!$!
&)(E&#!@&+!()+#'%#A+()*!'#.$+(/)!2(+,!$.</%+!$..!%#)%/'B!)#/A/'+(A$.I!</+/'!$)6!%&@Y
A/'+(A$.!%+'&A+&'#%f!+,(%!@(6('#A+(/)$.!()+#'A/))#A+(5(+B!$33/'6%!$)!/0+(<$.!()3'$%+'&A+&'#!3/'!
%B)+,#%(X()*!+,#!6(33&%#!()3/'<$+(/)!)#A#%%$'B!3/'!A/<0.#4!@#,$5(/'!c1$'@$%!h!>$)6B$I!
Z^^Zf!H&%+#'I!Z^^af!T/.6<$)Y-$?(AI!Z^Qaf!>$)6B$!h!1$')#%I!Z^QadG!!

V)#!2$B!+,#!HJ!A//'6()$+#%!A/)%A(/&%!*/$.%!(%!5($!(),(@(+(/)G!!7),(@(+(/)!(%!+,#!
0'/A#%%!/3!6(<()(%,()*!#4A(+$+(/)R!+,#!$A+(5#!%&00'#%%(/)!/3!*/$.Y(''#.#5$)+!()3/'<$+(/)I!
$)6!()$00'/0'($+#!/'!'#3.#4(5#!'#%0/)%#%!()!+,#!0'/</+(/)!/3!./)*!'$)*#!*/$.%!c1$66#.#BI!
Z^Q`f!1&)*#I!VA,%)#'I!K#%</)6I!T./5#'I!h!T$@'(#.(I!POOZf!=$A/@%#)I!Z^N`f!M)(*,+I!
F(..B$'6I!L//6%I!h!9#5(..#I!Z^QZf!U&'($I!Z^``f!"$.</I!Z^_Pf!;,$B#'!h!H'(#6<$)I!POOPf!
;,$B#'!h!1'/%%A,/+I!POO]dG!!8!0,B./*#)(A!$'*&<#)+!0/%(+%!+,#!3'/)+$.!A/'+#4!$%!$!
</6&.$+/'!/3!+/)(A!%&@A/'+(A$.!3&)A+(/)%!c'#3.#4(5#!$A+(/)%d!+/!0'/</+#!A/)%A(/&%!*/$.Y
6('#A+#6!@#,$5(/'!c:?())#'!:GI!Z^Q]dG!!;,&%I!(3!+,#!3'/)+$.!A/'+#4!(%!6(%#)*$*#6!3'/<!+,(%!
6&+BI!%&@A/'+(A$.!3&)A+(/)%!%,/&.6!@#!#40'#%%#6G!!

;,#!(),(@(+/'B!@#,$5(/'!/3!+,#!3'/)+$.!A/'+#4!(%!%##)!()!+,#!()+#'0.$B!@#+2##)!+,#!
%B<0$+,#+(A!$)6!0$'$%B<0$+,#+(A!)#'5/&%!%B%+#<%G!!1/+,!+,#!A/'+#4!$)6!98!5$*$.!
0/'+(/)!/3!+,#!>9:!$'#!0,B./*#)#+(A$..B!B/&)*#'!+,$)!+,#!%&@A/'+(A$.!%+'&A+&'#%!/3!+,#!
@'$()!$)6!:9:!cM#%)#'!h!V.+/)I!Z^^Of!>/'*#%I!POOadG!!7)A'#$%#6!A/'+(A$.!6#5#./0<#)+!
*#)#'$+#6!()A'#$%#6!A/'+(A$.!6/<()$)A#!/5#'!+,#!@'$()%+#<!5($!6('#A+!c#G*G!
A/'+(A/@&.@$'d!$)6!()6('#A+!c#G*G!A/'+(A/'#+(A&.$'d!)#&'$.!0$+,2$B%!/'(*()$+()*!()!+,#!
</+/'A/'+#4!$)6!+#'<()$+()*!()!+,#!%/&'A#!)&A.#(!/3!+,#!<B#.()$+#6!</+/'!)#'5#%!/3!+,#!
@'$()%+#<!c8,#')!#+!$.GI!POOZf!>/'*#%I!POOaf!;#'!F/'%+I!Z^^^dG!!!

8%!$!'#%&.+I!+,#!<B#.()$+#6!5$*&%!$A+(5#.B!(),(@(+%!+,#!%B<0$+,#+(A!3&)A+(/)%!$)6!
A/)%A(/&%!()+#)+(/)!A$)!$A+(5$+#!+,(%!5$*$.!(),(@(+(/)!c>/'*#%I!POOaf!;#'!F/'%+I!Z^^^dG!!
;'&#!+/!+,#!0'/0/%#6!=$A?%/)($)!</6#.I!(3!+,#!<B#.()$+#6!0$'$%B<0$+,#+(A!3&)A+(/)%I!
<#6($+#6!@B!+,#!3'/)+$.!A/'+#4I!$'#!6(%#)*$*#6!3'/<!+,#!6&+B!/3!(),(@(+()*!%&@A/'+(A$.!
%B<0$+,#+(A!$A+(/)%I!$!'#.$+(5#!%B<0$+,#+(A!6/<()$)A#!$'(%#%!c8,#')!#+!$.GI!POOZf!
1#)$''/A,I!Z^^NI!Z^^af!J/,#)I!"$+$'I!M$0.$)I!h!M/+.#'I!Z^^^f!H'(#6<$)I!POOaf!
H'(#6<$)I!;,$B#'!h!;B''#..I!Z^^`f!h!H'(#6<$)!h!;,$B#'I!Z^^Q$I!Z^^Q@f!"$%+#'<$)!h!
J&<<()*%I!Z^^af!:0B#'!Z^Q^f!;,$B#'I!:<(+,I!-/%%BI!:/..#'%I!h!H'(#6<$)I!Z^^QdG!!
 

Vertical and horizontal orientation.  ;,#!0'#%#)+#6!</6#.!(%!5#'+(A$.!()!/'(#)+$+(/)!
@#A$&%#!,(#'$'A,(A$.!A/)+'/.!(%!6#%A#)6()*G!!V5#'$..I!+,#!<()6Y@/6B!%B%+#<!6/#%!
/0#'$+#!5#'+(A$..BG!!1&+!()+#'i()+'$!A#'#@'$.!(),(@(+(/)!#4,(@(+%!$)/+,#'!.#5#.!/3!/0#'$+(/)G!
"&A,!/3!,/2!+,#!@'$()!3&)A+(/)%!(%!$!0'/6&A+!/3!.$+#'$.!$)6!0/%+#'(/'i$)+#'(/'!
'#.$+(/)%,(0%G!!8!+'&#!</6#.!/3!(),(@(+(/)!(%!+,#'#3/'#!)/+!/).B!5#'+(A$.!()!)$+&'#!@&+!$.%/!
$''$)*#6!()!$!,/'(X/)+$.!3$%,(/)!cF&*6$,.I!POOOdG!!S</+(/)$.!'#%0/)%#%!c1$$%I!8.#<$)I!
h!M$,)I!POO_f!K$5(%I!Z^^Pf!U#K/&4I!POOOdI!(<<&)#!3&)A+(/)!c1$')#/&6I!9#5#&I!C(+(#../I!
h!U#!"/$.I!Z^QadI!)#&'/#)6/A'()#!'#%0/)%#%!cL(++.()*!h!>3.&*#'I!Z^^OdI!$)6!
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A$'6(/5$%A&.$'!3&)A+(/)!cJ'(+A,.#B!#+!$.GI!POOOf!K#<$'##!h!F$''(%/)I!Z^^af!
V00#),#(<#'I!POOZf!:$)6#'!h!M.()*#.,/3#'I!Z^^]f!m,$)*!h!V00#),#(<#'I!Z^^ad!$'#!$..!
A/)%(6#'#6!+/!#4,(@(+!.$+#'$.!(),(@(+/'B!0'/0#'+(#%G!

!8)+#'(/'!$)6!>/%+#'(/'!'#*(/)%!$.%/!%,$'#!%(<(.$'!A,$'$A+#'(%+(A%G!!7)!*#)#'$.I!+,#!
$)+#'(/'!'#*(/)!/3!+,#!A#'#@'$.!A/'+#4!(%!+,/&*,+!+/!,$5#!(),(@(+/'B!A/)+'/.!/5#'!+,#!
0/%+#'(/'!'#*(/)!c1'$5#'!#+!$.GI!Z^^af!K#5()%?BI!"/''#..I!h!C/*+I!Z^^]f!6#!m&@(A$'$BI!
8)6'#2I!m#.$B$I!L(..($<%I!h!K&<$)/('!POOO$f!6#!m&@(A$'$BI!m#.$B$I!8)6'#2I!L(..($<%I!
h!1&..</'#I!POOO@f!U&'($I!Z^``f!;&A?#'I!-/+,I!h!1$('I!Z^Q`dG!!;,#!#4+#)+!$)6!0'/A#%%#%!
/3!A#'#@'$.!()+#'i()+'$!(),(@(+(/)!#4+#)6%!@#B/)6!+,#!%A/0#!/3!+,(%!0$0#'G!!8%!3&+&'#!2/'?!
2(..!.#$6!+/!</'#!()3/'<$+(/)I!+,#!A&''#)+!%+&6B!$++#<0+%!()5#%+(*$+#!(),(@(+(/)!@B!
$00.B()*!$!</'#!%(<0.(%+(A!</6#.G!!
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Testing the Relationship between Voluntary and Involuntary Actions 
 

7+!,$%!@##)!0'/0/%#6!+,$+!+,#!'#.$+(/)%,(0!@#+2##)!A/)%A(/&%!$)6!)/)YA/)%A(/&%!
$A+(/)%!A$)!@#!/@%#'5#6!@B!#5/?()*!'#3.#4(5#!$)6!()+#)+(/)$.!$&+/)/<(A!'#%0/)%#%!
%(<&.+$)#/&%.BG!!:(<&.+$)#/&%!#.(A(+$+(/)!3/'A#%!A/<0#+(+(/)!$)6!$AA/'6()*!+/!+,#!
0'#%#)+#6!+,#/'BI!()+#)+(/)$.!$A+(/)%!,$5#!+,#!0/2#'!+/!#33#A+(5#.B!%&00'#%%!'#3.#4(5#!
$A+(/)%G!!8)!#33#A+(5#!2$B!+/!<#$%&'#!A/<0#+()*!$&+/)/<(A!3&)A+(/)%!(%!+,'/&*,!
A/$A+(5$+(/)G!!J/$A+(5$+(/)!A$)!@#!*#)#'$+#6!@B!0#'3/'<()*!$!0$'$%B<0$+,#+(A!#.(A(+()*!
+$%?!()!&)(%/)!2(+,!$!%B<0$+,#+(A!#.(A(+()*!+$%?G!!F/2#5#'I!+,#!A'&4!/3!+,(%!#40#'(<#)+!
'#.(#%!/)!()+#)+(/)$.!$)6!)/)Y()+#)+(/)$.!$&+/)/<(A!+$%?%I!%/!#$A,!+$%?!<&%+!@#!0'(<$'(.B!
#5/?#6!5($!()+#)+(/)$.!/'!()5/.&)+$'B!<#+,/6%!2,(.#!<()(<(X()*!+,#!()5/.5#<#)+!/3!(+%!
6(A,/+/</&%!0$('G!!!
 
Previous Research 

Coactivation experiments.  H#2!'#%#$'A,#'%!,$5#!()5#%+(*$+#6!A/$A+(5$+(/)!$)6!
)/)#!,$5#!&+(.(X#6!A/$A+(5$+(/)!+/!()5#%+(*$+#!+,#!0'#%#)+#6!+/0(A%G!!F/2#5#'I!
A/$A+(5$+(/)!,$%!@##)!#<0./B#6!$%!$!0%BA,/0,B%(/./*(A$.!<$)(0&.$+(/)!+/!()5#%+(*$+#!
A$'6(/5$%A&.$'!6B)$<(A%!cH'(#6<$)!h!:$)+&AA(I!POONf!H'(#6<$)!h!;,$B#'I!Z^^Q$f!
H'(#6<$)!#+!$.GI!Z^^NI!Z^^`f!-/%%B!h!;,$B#'I!Z^^Qf!D([(6#,$$*#!h!;,$B#'I!POOOdG!!7)!
+,#%#!#40#'(<#)+%I!3$A($.!A//.()*!%#'5#6!$%!$!0$'$%B<0$+,#+(A!+$%?!$)6!2$%!0$('#6!2(+,!
%,/A?!$5/(6$)A#I!$!A/<0#+(+(5#!5(6#/!*$<#I!/'!$!5(%&$.!%#$'A,!+/!#.(A(+!%B<0$+,#+(A!
'#%0/)%#G!

8!%.(*,+!+#)6#)AB!+/2$'6%!$!%B<0$+,#+(A!6/<()$)A#!/3!$&+/)/<(A!'#%0/)%#!
6&'()*!A/$A+(5$+(/)!2$%!3/&)6!$A'/%%!+,#%#!%+&6(#%G!!!L,(.#!+,#%#!#40#'(<#)+%!2#'#!)/+!
6#%(*)#6!+/!()5#%+(*$+#!5/.&)+$'B!$)6!()5/.&)+$'B!$A+(/)I!+,#B!%+(..!0'/5(6#!()3/'<$+(/)!/)!
+,#!%&@[#A+G!!F/2#5#'I!+,#!3&..!*$<&+!/3!5/.&)+$'Bi()5/.&)+$'B!A/$A+(5$+(/)!+$%?%!,$%!)/+!
@##)!#40./'#6G!!;,&%I!(+!(%!&)A.#$'!(3!+,#!%$<#!0$++#')!/3!$A+(5(+B!2(..!$.2$B%!@#!6(%0.$B#6G!! 
 

The Dynamics of Psychological and Physiological Manipulations.  ;,#!A&''#)+!
%+&6B!#40./'#%!$&+/)/<(A!()+#'$A+(/)!+,'/&*,!0%BA,/./*(A$.!$)6!0,B%(/./*(A$.!
A/<0/)#)+%G!!;,#!#33#A+%!/3!$A+(5#!c5/.&)+$'Bd!$)6!0$%%(5#!c()5/.&)+$'Bd!<$)(0&.$+(/)%!
$)6!,/2!+,#B!5$'B!(%!$)!/.6!E&#%+(/)!()!0%BA,/./*BG!!;,#!A&''#)+!+,#/'B!0'#6(A+%!+,$+!
5/.&)+$'B!+$%?%!2/&.6!,$5#!</'#!#33(A$AB!3/'!$.+#'()*!$&+/)/<(A!@#,$5(/'!+,$)!
()5/.&)+$'B!+$%?%G!!;,#!<$[/'(+B!/3!0$%+!'#%#$'A,!%&00/'+%!+,#!6/<()$)A#!/3!(%/.$+#6!
0%BA,/./*(A$.!%+'#%%/'%!/5#'!(%/.$+#6!0,B%(/./*(A$.!%+'#%%/'%I!0$'+(A&.$'.B!2,#)!
A/<0$'()*!%/<#!A/*)(+(5#!A,$..#)*#!+/!+,#!A/.6!0'#%%/'!+$%?!c1'/2)I!:X$@/I!h!
:#'$*$)($)I!Z^QQf!T/.6%+#()!h!:,$0('/I!Z^QQf!U(*,+!h!V@'(%+I!Z^QOf!"$)&A?I!F$'5#BI!
U#A,.#(+#'I!h!9#$.I!Z^aQf!V@'(%+I!Z^aQd!c%##!;$@.#!Z!3/'!$!%&<<$'B!/3!0$%+!<&.+(0.#!
%+'#%%/'!'#%#$'A,dG!!

F/2#5#'I!+,(%!%##<%!+/!@#!/).B!,$.3!+,#!%+/'BG!!"B'+#?!h!:0(+$.!cZ^Q`d!'#0/'+#6!
j%B)#'*(%+(A!#33#A+%k!3/'!%+'#%%/'!A/<@()$+(/)%!$%!A/<0$'#6!+/!+,#!%()*.#!%+'#%%/'%R!
:0#A(3(A!$&+/)/<(A!<#$%&'#%!'#$A+#6!6(33#'#)+.B!+/!%0#A(3(A!%+'#%%/'!+$%?%G!!H/'!#4$<0.#I!
#4#'A(%#!(%!?)/2)!+/!*#)#'$+#!*'#$+#'!()A'#$%#%!()!A$'6($A!/&+0&+!@&+!6(<()(%,#6!
5$%A&.$'!'#%0/)%#%G!!V+,#'%!,$5#!'#0/'+#6!$&+/)/<(A!'#$A+(5(+B!+/!$.%/!'#.B!/)!+,#!
0/%+&'#!/3!+,#!%&@[#A+!$%!2#..!cF$+A,I!M.$++I!>/'*#%I!:A,'/#6#'Y=$%,#2$BI!h!:&0(?I!
Z^Q`f!"B'+#?!h!:0(+$.I!Z^Q`f!:X$@/I!Z^^NdG!!:X$@/!6#%A'(@#6!*'#$+#'!'#$A+(5(+B!+/!
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<#)+$.!$'(+,<#+(A!()!,#$'+!'$+#!@&+!*'#$+#'!A$'6($A!%B<0$+,#+(A!'#$A+(5(+B!+/!/'+,/%+$+(A!
%+'#%%G!!8)!()A'#$%#!()!,#$'+!'$+#!6&'()*!$'(+,<#+(A!(%!6&#!+/!6#A'#$%#6!5$*$.!$A+(5(+B!$+!
+,#!,#$'+!@&+!/'+,/%+$+(A!%+'#%%!'#%&.+#6!()!()A'#$%#6!%B<0$+,#+(A!$A+(5(+B!$+!+,#!,#$'+G!!!!

;,#!'#.$+(/)%,(0!/3!0,B%(A$.!$)6!0%BA,/./*(A$.!$A+(/)!(%!3&'+,#'!#5(6#)A#6!@B!$!
%+&6B!/3!<#)+$.!$'(+,<#+(A!$)6!$#'/@(A!#4#'A(%#!c-/+,I!1$A,+.#'I!$)6!H(..()*(<I!Z^^OdG!!
9/+!/).B!6(6!%&@[#A+%!0#'3/'<()*!@/+,!0,B%(A$.!#4#'A(%#!$)6!$!A/*)(+(5#!%+'#%%/'!
*#)#'$+#!*'#$+#'!A$'6(/5$%A&.$'!'#%0/)%#!+,$)!#4#'A(%#!$./)#I!@&+!$)!$)+(Y$)4(#+B!#33#A+!
0'/6&A#6!@B!#4#'A(%#!2$%!$++#)&$+#6!@B!+,#!A/<@()$+(/)!/3!#4#'A(%#!$)6!A/*)(+(5#!
%+'#%%G!!8.+,/&*,!)/+!$..!+,#!#5(6#)A#!2$%!A/)A.&%(5#I!(+!$00#$'%!$%!(3!$A+(5#!%+'#%%/'%!
#5/?#!*'#$+#'!%B<0$+,#+(A!'#$A+(5(+B!+,$)!0$%%(5#!%+'#%%/'%!$)6!A/<@()$+(/)%!/3!
()+#)+(/)$.!$)6!'#3.#4(5#!%+'#%%/'%!#.(A(+#6!*'#$+#'!'#$A+(5(+B!+,$)!%()*.#!%+'#%%/'%G!
 
Working Memory 

7)+#)+(/)$.!$A+(/)!'#E&('#%!+,#!$*#)+!+/!<$()+$()!%0#A(3(A!A/)%A(/&%!*/$.%G!!;,#!
A/)%A(/&%!'#0'#%#)+$+(/)!/3!*/$.%!c.$)*&$*#I!0.$))()*I!$++#)+(/)I!$)6!0'/@.#<!%/.5()*d!
+,$+!$A+%!+/!+#<0/'$'(.B!<$()+$()!$)6!<$)(0&.$+#!+$%?Y'#.#5$)+!()3/'<$+(/)!$)6!
()+#)+(/)$.!@#,$5(/'%!(%!6#0#)6#)+!&0/)!$!0'/A#%%!A$..#6!2/'?()*!<#</'B!cL"d!
c1$66#.#BI!Z^Q`f!:,$..(A#I!Z^QQdG!!S40#'(<#)+%!6#</)%+'$+#!+,$+!L"!(%!$!3&)A+(/)!/3!
+,#!3'/)+$.!./@#%!c1$66#.#BI!Z^Q`f!1'$5#'!#+!$.GI!Z^^af!1&)*#I!VA,%)#'I!K#%</)6I!
T./5#'I!h!T$@'(#.(I!POOZf!KgS%0/%(+/I!>/%+.#I!h!-B0<$I!POOOf!=$A/@%#)I!Z^N`f!U&'($I!
Z^``f!"$.</I!Z^_Pf!:$'+#'I!T(5#)%I!h!1'&)/I!POOZdG!!F#)A#I!L"!(%!$!*//6!()6(A$+/'!/3!
,/2!#33(A(#)+!+,#!HJ!(%!$+!<$()+$()()*!*/$.%!$)6!(),(@(+()*!(''#.#5$)+!()3/'<$+(/)!cJ&'+(%!h!
KgS%0/%(+/I!POONf!S)*#.!h!:()*#'I!POOZf!F/03()*#'I!1&/)/A/'#I!h!"$)*&)I!POOOf!
:$'+#'!#+!$.GI!POOZdG!!8%!%&A,I!L"!%,/&.6!@#!$!*//6!0'#6(A+/'!/3!,/2!$!%&@[#A+!2(..!'#$A+!
2,#)!*(5#)!A/<0#+()*!()+#)+(/)$.!$)6!'#3.#4(5#!+$%?%!%(<&.+$)#/&%.BG!!8%!0'#6(A+#6!@B!
+,#!+/0Y6/2)!</6#.I!(3!+,#!3'/)+$.!A/'+#4!6/#%!)/+!<#6($+#!
%&@A/'+(A$.i%B<0$+,/#4A(+(+/'B!0/+#)+($.(+BI!%&@A/'+(A$.i%B<0$+,/#4A(+(+/'B!$A+(5(+B!2(..!@#!
#40'#%%#6G!!;,&%I!%&@[#A+%!2(+,!2#$?!L"!%,/&.6!6(%0.$B!$)!$&+/)/<(A!%+$+#!6/<()$+#6!
@B!+,#!'#3.#4(5#!+$%?!2,(.#!%&@[#A+%!2(+,!%+'/)*!L"!%,/&.6!6(%0.$B!+,#!/00/%(+#!6&'()*!
%(<&.+$)#/&%!#.(A(+$+(/)G!!!

Measuring WM.  V)#!2$B!+/!$%%#%%!L"!(%!+,'/&*,!+,#!Wechsler Memory Scale!
cL":e777d!cL#A,%.#'I!;,('6!#6(+(/)R!Z^_]iZ^^adG!!;,#!L":!777!,$%!+2/!%&@+#%+%!2,(A,!
$'#!6#%(*)#6!+/!*$&*#!$!%&@[#A+g%!$@(.(+B!+/!<$()+$()!%,/'+Y+#'<!*/$.%I!+,&%!$00'$(%()*!
$)!$%0#A+!/3!L"!c1/26#)I!J$'%+$('%I!h!:,/'#%I!Z^^^f!U$''$@##I!M$)#I!h!:A,&A?I!
Z^QNf!"//'#!h!1$?#'I!Z^^adG!!;,#!@$A?2$'6!6(*(+!%0$)!+#%+!'#E&('#%!+,#!%&@[#A+!+/!
'#0#$+!$!%#E&#)A#!/3!)&<@#'%!@$A?!+/!+,#!#40#'(<#)+#'!()!+,#!'#5#'%#!/'6#'!()!2,(A,!
+,#B!2#'#!*(5#)G!!;,#!@$A?2$'6!%0$+($.!%0$)!+#%+!(%!%(<(.$'!+/!+,#!6(*(+!%0$)!+#%+!#4A#0+!
+,#!#40#'(<#)+#'!0'#%#)+%!+,#!%&@[#A+!2(+,!$!0$)#.!A/)+$()()*!0,B%(A$.!@/4#%G!!;,#!
#40#'(<#)+#'!+,#)!0/()+%!+/!6(33#'#)+!@/4#%!()!$!%0#A(3(A!/'6#'G!!;,#!%&@[#A+!(%!'#E&('#6!
+/!0/()+!+/!+,#!@/4#%!()!+,#!'#5#'%#!/'6#'!()!2,(A,!+,#B!2#'#!0'#%#)+#6G!!!

;,#!2/'?()*!<#</'B!+#%+%I!$%!%+$+#6I!,#.0!6#+#'<()#!$)!()6(5(6&$.g%!$@(.(+B!+/!
<$()+$()!A/)%A(/&%!*/$.%G!!7)!$66(+(/)I!+,#!&%#!/3!@/+,!%0$+($.!$)6!6(*(+!+$%?%!$../2%!+,#!
#40#'(<#)+!+/!()6('#A+.B!$66'#%%!(%%&#%!/3!.$+#'$.(+BG!!7)!+,#!0'#%#)+!%+&6B!+,#!%0$+($.!+$%?!
2(..!@#!A/)%(6#'#6!+/!'#0'#%#)+!'(*,+!,#<(%0,#'#!$A+(5(+B!cJ/&'+)#BI!>#+(+I!"$(%/*I!
D)*#'.#(6#'I!h!F$4@BI!Z^^Qf!T'(33(+,%I!-##%I!L(++/)I!J'/%%I!h!:,$?('I!Z^^af!T&#''()(I!
1#'.&AA,(I!1'(A/./I!h!8*.(/+(I!POONf!"AJ$'+,B!#+!$.GI!Z^^`f!>/%)#'!h!>#+#'%#)I!Z^^Od!$)6!!
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+,#!6(*(+!%0$)!+$%?!2(..!@#!&%#6!+/!()6#4!.#3+!,#<(%0,#'(A!$A+(5(+B!c1$66#.#BI!Z^^Qf!
S,'%%/)I!M&,+XY1&%A,@#A?I!h!H/'%%@#'*I!POOPf!V'%()(!#+!$.GI!Z^Qaf!>/%+.#!h!KgS%0/%(+/I!
Z^^^dG!
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Present Study 
 

7)!+,#!0'/0/%#6!<()6Y@/6B!</6#.I!()+#)+(/)$.!0'/A#%%#%!,$5#!+,#!$@(.(+B!+/!
*/5#')!+,#!<()6Y@/6B!%B%+#<G!!V)#!2$B!+/!+#%+!+,(%!,B0/+,#%(%!(%!+/!<$+A,!'#3.#4(5#!$)6!
()+#)+(/)$.!$&+/)/<(A!'#%0/)%#%!&%()*!89:!%+$+#%!$%!$)!()6#4!/3!+,#!<()6Y@/6B!%B%+#<G!!
H/&'!+$%?%!2#'#!%#.#A+#6!+/!#.(A(+!%0#A(3(A!$&+/)/<(A!%+$+#%G!!S$A,!+$%?!'#0'#%#)+#6!+2/!
.#5#.%!/3!A$+#*/'(X$+(/)R!%/&'A#!c()5/.&)+$'B!/'!5/.&)+$'Bd!$)6!$&+/)/<(A!%B%+#<!
c0$'$%B<0$+,#+(A!/'!%B<0$+,#+(AdG!!9()#!)/)Y()5$%(5#!0,B%(/./*(A$.!5$'($@.#%!2#'#!&%#6!
+/!<#$%&'#!$&+/)/<(A!$A+(5(+BG!!!!
 
Involuntary Tasks 

Parasympathetic: facial cooling.!!H$A($.!A//.()*I!@B!A//.()*!+,#!+'(*#<()$.!)#'5#I!
'#%&.+%!()!5$*$..B!<#6($+#6!@'$6BA$'6($!c1'/2)I!:$)B$I!h!F(.XI!POONf!F(.X!#+!$.GI!Z^^^f!
D([(6#,$$*#!h!;,$B#'I!POOOdG!

Sympathetic: hand cold pressor.  !!;,#!A/.6!0'#%%/'!()A'#$%#%!$.0,$Y$6'#)#'*(A!
c%B<0$+,#+(Ad!$A+(5(+B!$+!+,#!5$%A&.$'!.#5#.I!2,(A,!()!+&')!'$(%#%!@.//6!0'#%%&'#!c8)+/)BI!
80+#A$'I!U#'#@/&'%I!h!9(+#)@#'*I!Z^^_f!H'$)?!h!-$[$I!Z^^_f!M$)$B$<$I!;%&[(<&'$I!:,#I!
"$#,$'$I!h!;#'$/I!Z^^af!L('A,I!L/.3#I!L#(%%*#'@#'I!h!K$5(#%I!POO`dG!!
Voluntary Tasks 

Parasympathetic: guided mental relaxation.  "#)+$.!'#.$4$+(/)!,$%!@##)!%,/2)!
+/!#.(A(+!0$'$%B<0$+,#+(A!$A+(5(+B!c8'$?$2$I!Z^Q^f!1#)%/)I!Z^^af!=$A/@I!M'$#<#'I!h!
8*'$%I!Z^aaf!M$&%,(?I!"$,$[$)I!h!-$[#%,I!POO`f!:#@$%+($)(I!:(</)(I!T#<(*)$)(I!
T,#.$'6&AA(I!h!:$)+$'A$)*#./I!POO]f!;#'$+,/)*?&<!h!>(A?.#'!POO_f!D([(6#,$$*#!h!
;,$B#'I!POOOf!5$)!K(4,//')!h!L,(+#I!POO]dG!!!

Sympathetic: mental arithmetic.  "#)+$.!$'(+,<#+(A!'#E&('#%!$!%&@[#A+!+/!6#5/+#!
%(*)(3(A$)+!0'/A#%%()*!'#%/&'A#%!$)6!0'/6&A#%!()A'#$%#%!()!%B<0$+,#+(A!$A+(5(+B!
cF#6<$)!h!9/'6.$)6#'I!Z^QQf!:,$'0.#B!#+!$.GI!POOOf!>(?#I!:<(+,I!F$&*#'I!h!9(A$%%(/I!
Z^^af!L(..#<%#)I!-()*I!"AM##5#'I!h!J$''/..I!POOOdG!
Combined Tasks 
 H/&'!A/<@()$+(/)!+'($.%!2#'#!A'#$+#6!3'/<!+,#!%#.#A+#6!+$%?%R!!H$A($.!J//.()*!4!
"#)+$.!-#.$4$+(/)f!F$)6!J/.6!>'#%%/'!4!"#)+$.!8'(+,<#+(Af!F$)6!J/.6!>'#%%/'!4!"#)+$.!
-#.$4$+(/)f!H$A($.!J//.()*!4!"#)+$.!8'(+,<#+(A 
 
Autonomic Measurements 
! Heart rate variability.  ;,#!A$'6(/5$%A&.$'!%B%+#<!(%!())#'5$+#6!@B!@/+,!
$&+/)/<(A!@'$)A,#%I!2,(A,!*#)#'$+#!6(%A'#+#!A$'6(/5$%A&.$'!@#,$5(/'%G!!;,#!'#%&.+!/3!
+,(%!/)*/()*!()+#'0.$B!/3!%B<0$+,#+(A!$)6!0$'$%B<0$+,#+(A!$A+(5(+B!A'#$+#%!6(%+()A+!
+#<0/'$.!0$++#')%!()!+,#!,#$'+!'$+#!'#3#''#6!+/!$%!,#$'+!'$+#!5$'($@(.(+B!cF-CdG!!;,#!
/%A(..$+(/)!/3!,#$'+!0#'(/6%!$'#!0'/6&A#6!@B!$&+/)/<(A!%/&'A#%!*#)#'$+#6!5($!
0%BA,/./*(A$.!$)6!0,B%(/./*(A$.!3$A+/'%!c1#')+%/)!#+!$.GI!Z^^af!:$&.I!Z^^OdG!!;,#%#!
0$++#')%!/3!A$'6($A!$A+(5(+B!$'#!<#6($+#6!+,'/&*,!%B<0$+,#+(A!c@#+$Y$6'#)#'*(Ad!$)6!
0$'$%B<0$+,#+(A!c)(A/+()(Ad!)#&'/)%!+,$+!())#'5$+#!+,#!,#$'+!$+!+,#!%()/Y$'+'($.!)/6#G!!7+!(%!
+,#!()+#'0.$B!@#+2##)!+,#!+2/!$&+/)/<(A!6(5(%(/)%!2,(A,!A'#$+#%!+,#!A/<0.#4!0$++#')%!
/3!+,#!,#$'+!'$+#!+(<#!%#'(#%!c:$&.I!Z^^OdG!!

!
!
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F-C!(%!#5(6#)+!()!@/+,!+#<0/'$.!$)6!3'#E&#)AB!6/<$()%G!!;,#!<#$)!()+#'e
@#$+e()+#'5$.!c717d!/'!+,#!+(<#!@#+2##)!,#$+!@#$+%!(%!$!+#<0/'$.!<#$%&'#!$)6!$!0'/6&A+!
/3!@/+,!%B<0$+,#+(A!$)6!0$'$%B<0$+,#+(A!3&)A+(/)%!cH'(#6<$)!#+!$.GI!POOPdG!!F-C!A$)!
$.%/!@#!()5#%+(*$+#6!@B!A$.A&.$+()*!+,#!'//+!<#$)!%E&$'#!/3!%&AA#%%(5#!717!6(33#'#)A#%!
c-"::KdG!!-"::K!(%!$!<#$%&'#!/3!+,#!5$'($@(.(+B!()!+,#!A$'6($A!ABA.#!$)6!$++'(@&+#6!+/!
5$*$.!$A+(5(+B!c1#'+%/)!#+!$.GI!Z^^adG!!>'#5(/&%!()5#%+(*$+(/)%!,$5#!$.%/!#<0./B#6!
%0#A+'$.!$)$.B%(%!+/!F-CG!!-#%#$'A,#'%!6(5(6#!+,#!0#'(/6(A!A/<0/)#)+%!/3!,#$'+!'$+#!
5$'($@(.(+B!()+/!+,'##!<$()!3'#E&#)AB!@$)6%R!F(*,!H'#E&#)AB!cFHdf!U/2!H'#E&#)AB!cUHdf!
$)6!C#'B!U/2!H'#E&#)AB!cCUHdG!!8!3/&'+,!3'#E&#)AB!@$)6I!'#3#''#6!+/!$%!D.+'$!U/2!
H'#E&#)AB!cDUHd!/'!()3'$6($)!',B+,<%!$.%/!#4(%+%G!!V).B!./2!$)6!,(*,!3'#E&#)AB!@$)6%!
$'#!A/)%(6#'#6G!!

F(*,!H'#E&#)ABI!(%!*#)#'$..B!A/)%(6#'#6!+,#!'#%0('$+/'B!A/<0/)#)+!/3!F-C!$)6!
+B0(A$..B!%0$)%!3'/<!OGZ]!FX!+/!OG_!FX!@&+!<$B!#4+#)6!@#./2!+,#!OGZ]!FX!$)6!$@/5#!
ZFX!()!6#5#./0<#)+$.!%+$*#%!$)6!5$'(/&%!@#,$5(/'%!c#4#'A(%#I!%.##0I!<#6(+$+(/)!dc>#)*!
#+!$.GI!Z^^^I!>#)*!#+!$.GI!POO_f!:$&.!Z^^OdG!!F(*,!3'#E&#)AB!/%A(..$+(/)%!$'#!+,/&*,+!+/!
'#3.#A+!-#%0('$+/'B!:()&%!8'',B+,<($!c-:8dG!!L,#)!B/&)*!,#$.+,B!$6&.+%!()%0('#I!,#$'+!
'$+#!+#)6%!+/!()A'#$%#!$)6!#40('$+(/)!%./2%!+,#!,#$'+!6/2)G!!-:8!(%!*#)#'$..B!$++'(@&+#6!
+/!0$'$%B<0$+,#+(A!$A+(5(+BG!!7)%0('$+(/)!6#A'#$%#%!5$*$.!$A+(5(+B!$+!+,#!,#$'+I!2,(A,!
A$&%#%!+,#!$AA#.#'$+(/)!c1#'+%/)!#+!$.GI!Z^^af!9#33I!POONf!>/'*#%I!Z^^]f!:$&.I!Z^^OdG!

UH!c$.%/!'#3#''#6!+/!$%!<(6!3'#E&#)ABd!(%!+B0(A$..B!.$@#.#6!$%!3'#E&#)A(#%!
/AA&''()*!@#+2##)!OGO_!$)6!OGZ]!FXG!!;,#!</%+!0'/<()#)+!/%A(..$+(/)!(%!A$..#6!+,#!
"$B#'!2$5#!$)6!(%!6('#A+#6!@B!1$'/'#3.#4!F-!</6&.$+(/)!/AA&''()*!$00'/4(<$+#.B!#5#'B!
ZO!%#A/)6%!cJ/,#)!h!;$B./'I!POOPf!"$B#'I!ZQaaf!>#)oXI!F/)X(?/5$I!h!H(%#'I!Z^aQdG!!
UH!(%!%/<#+(<#%!$++'(@&+#6!+/!%B<0$+,#+(A!$A+(5(+B!$%!#5#)+%!+,$+!()A'#$%#!%B<0$+,#+(A!
$A+(5(+B!+#)6!+/!()A'#$%#!UH!c#G*G!H'(#6<$)I!;,$B#'I!h!;B''#..I!Z^^`dG!!F/2#5#'I!6#@$+#!
A/)+()&#%!$%!#5(6#)A#!3/'!@/+,!%B<0$+,#+(A!$)6!0$'$%B<0$+,#+(A!$A+(5(+B!()!+,#!UH!,$%!
@##)!3/&)6!$)6!+,#!(%%&#!'#<$()%!&)'#%/.5#6!cK#..()*#'I!;$B./'I!h!>/'*#%I!Z^Qaf!
SA?@#'*I!Z^^af!>$*$)(!#+!$.GI!Z^^af!>/'*#%I!POO`dG!!!

Impedance cardiogram.  7<0#6$)A#!A$'6(/*'$0,B!c7JTd!(%!<#$%&'#6!@B!0$%%()*!
$)!#.#A+'(A$.!A&''#)+!+,'/&*,!+,#!+,/'$A(A!'#*(/)G!!;,#!#.#A+'(A$.!A&''#)+!+'$5#.%!$./)*!+,#!
$/'+$!$)6!(%!(<0#6#6!@B!@.//6!5/.&<#G!!7JT!*#)#'$+#%!<#$%&'#%!/3!%B%+/.(A!+(<#!
()+#'5$.%!$)6!A$'6($A!/&+0&+G!!7JT!2$%!&%#6!+/!#4$<()#!+,#!0'#Y#[#A+(/)!0#'(/6!c>S>d!/3!
+,#!A$'6($A!ABA.#G!>S>!(%!+,#!$</&)+!/3!+(<#!c<(..(%#A/)6%d!@#+2##)!+,#!#.#A+'(A$.!%(*)$.!
+/!+,#!5#)+'(A.#%!()(+($+()*!A/)+'$A+(/)!$)6!+,#!#[#A+(/)!/3!@.//6!3'/<!+,#!.#3+!5#)+'(A.#!()+/!
+,#!$/'+$I!2,(A,!(%!%B<0$+,#+(A$..B!<#6($+#6!5($!@#+$Y$6'#)#'*(A!$A+(5(+BG!!!!

Blood pressure.  1.//6!0'#%%&'#!c1>d!<#$%&'#%!+,#!6#*'##!/3!0'#%%&'#!c<<F*d!
#4#'+#6!/)!+,#!5$%A&.$'!2$..%!@B!+,#!@.//6G!!:B%+/.(A!@.//6!0'#%%&'#!c:1>d!(%!6#3()#6!$%!
+,#!0#$?!0'#%%&'#!/3!+,#!A$'6($A!ABA.#!$%!(+!<#$%&'#%!+,#!A/)+'$A+(/)!/3!+,#!5#)+'(A.#%G!!
K($%+/.(A!@.//6!0'#%%&'#!cK1>d!(%!6#3()#6!$%!+,#!)$6('!/3!+,#!A$'6($A!ABA.#!$)6!
<#$%&'#%!+,#!6#*'##!/3!0'#%%&'#!2,(.#!+,#!5#)+'(A.#%!$'#!3(..()*!2(+,!@.//6!c1'/2).#BI!
F&'2(+XI!h!:A,)#(6#'<$)I!POOOdG!!1.//6!0'#%%&'#!(%!$)!$&+/)/<(A!()6#4!$%!5#%%#.!
0'/0#'+(#%!$'#!&)6#'!+,#!A/)+'/.!/3!%B<0$+,#+(A!c$.0,$Y$6'#)#'*(AR!5$%/A/)%+'(A+(/)I!
@#+$Y$6'#)#'*(AR!5$%/6(.$+(/)I!<&%A$'()(AR!5$%/6(.$+(/)d!$)6!'#6&A#6!0$'$%B<0$+,#+(A!
c<&%A$'()(AR!5$%/6(.$+(/)d!<#A,$)(%<%!c8?%#.'/6!#+!$.GI!Z^Q]f!1$%#..(!#+!$.GI!Z^Q`dG!!!

Skin conductance.  !;,#!%?()!,$%!$!)$+&'$.!6#*'##!/3!A/)6&A+$)A#!c<,/%d!
<#6($+#6!@B!+,#!(/)(A!0'/0#'+(#%!/3!%2#$+G!!8%!%2#$+!6&A+%!$'#!#4A(+#6I!%?()!
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A/)6&A+$)A#!(%!()A'#$%#6f!+,(%!(%!'#3#''#6!+/!$%!%?()!A/)6&A+$)A#!.#5#.G!!;,#!%2#$+!
6&A+%!$'#!&)6#'!+,#!6('#A+!A/)+'/.!/3!%B<0$+,#+(A!A,/.()#'*(A!0$+,2$B%G!!:JU!(%!
*#)#'$..B!&%#6!$%!$)!()6#4!/3!$'/&%$.!cK$2%/)I!:A,#..!h!H(.(/)I!POOOdG!!!

Respiratory rate.  -#%0('$+(/)!(%!'#*&.$+#6!@B!A/<0.#4!3##6@$A?!.//0%!$)6!
'#0'#%#)+%!<(4#6!$&+/)/<(A!()3.&#)A#G!!1/+,!+,#!5$*&%!$)6!*./%%/0,$'B)*#$.!A'$)($.!
)#'5#%!0.$B!'/.#%!()!'#%0('$+/'B!'#*&.$+(/)!cF.$%+$.$!h!1#'*#'I!Z^^`dG!7)!$66(+(/)I!
'#%0('$+/'B!A/)+'/.!A$)!@#!@/+,!5/.&)+$'B!$)6!()5/.&)+$'BG!
 
Hypotheses 

D%()*!+,#!+,#/'(X#6!<()6Y@/6B!</6#.!$)6!$%%&<()*!+,$+!$!%&@[#A+!,$%!$)!
#33(A(#)+!(),(@(+/'B!A('A&(+!c3'/)+$.!A/'+#4dI!0'#6(A+(/)%!3/'!A/<@()#6!$&+/)/<(A!+$%?%!A$)!
@#!3/'<&.$+#6G!!S$A,!+$%?!(%!0'/0/%#6!+/!#.(A(+!#(+,#'!%B<0$+,#+(A!/'!0$'$%B<0$+,#+(A!
6/<()$)A#G!!8!0$'$%B<0$+,#+(A$..B!6/<()$+#6!$&+/)/<(A!%+$+#!*#)#'$+#%!6#A'#$%#%!()!
@.//6!0'#%%&'#I!%?()!A/)6&A+$)A#I!$)6!./2!3'#E&#)AB!%0#A+'$.!0/2#'!$)6!()A'#$%#%!()!
0'#Y#[#A+(/)!0#'(/6I!()+#'e@#$+e()+#'5$.I!+,#!'//+!<#$)!%E&$'#!/3!%&AA#%%(5#!
6(33#'#)A#%I!$)6!,(*,!3'#E&#)AB!%0#A+'$.!0/2#'G!!8!%B<0$+,#+(A$..B!6/<()$+#6!
$&+/)/<(A!%+$+#!(%!#5(6#)A#6!@B!()A'#$%#%!()!@.//6!0'#%%&'#I!%?()!A/)6&A+$)A#I!$)6!
./2!3'#E&#)AB!%0#A+'$.!0/2#'!$)6!6#A'#$%#%!()!0'#Y#[#A+(/)!0#'(/6I!()+#'e@#$+e
()+#'5$.I!+,#!'//+!<#$)!%E&$'#!/3!%&AA#%%(5#!6(33#'#)A#%I!$)6!,(*,!3'#E&#)AB!%0#A+'$.!
0/2#'G!

Facial Cooling x Mental Relaxation!(FCA).!!>$('()*!$!'#3.#4(5#!0$'$%B<0$+,#+(A!
+$%?!2(+,!$)!()+#)+(/)$.!0$'$%B<0$+,#+(A!+$%?!(%!0'#6(A+#6!+/!0'/6&A#!$!%+'/)*!
0$'$%B<0$+,#+(A!%+$+#!@#A$&%#!+,#!0$'$%B<0$+,#+(A!(),(@(+/'B!A('A&(+!,$%!@##)!
#40'#%%#6G!!!

Hand Cold Pressor x Mental Arithmetic (CPA).  ;,#!A/)A/'6$)+!0$('()*!/3!$!
'#3.#4(5#!%B<0$+,#+(A!+$%?!2(+,!$)!()+#)+(/)$.!%B<0$+,#+(A!+$%?!%,/&.6!6(%#)*$*#!+,#!
0$'$%B<0$+,#+(A!(),(@(+/'B!A('A&(+!'#%&.+()*!()!$!%B<0$+,#+(A!6/<()$)A#!/3!+,#!89:G!!!

Hand Cold Pressor x Mental Relaxation (CPR). !J/<@()()*!$!'#3.#4(5#!
%B<0$+,#+(A!+$%?!2(+,!$)!()+#)+(/)$.!0$'$%B<0$+,#+(A!+$%?!(%!,B0/+,#%(X#6!+/!B(#.6!
0$'$%B<0$+,#+(A!(),(@(+(/)!$)6!#5/?#!$!0$'$%B<0$+,#+(A$..B!6/<()$+#6!89:G!

Facial Cooling x Mental Arithmetic (FCR).   !>$('()*!$!'#3.#4(5#!0$'$%B<0$+,#+(A!
+$%?!2(+,!$)!()+#)+(/)$.!%B<0$+,#+(A!+$%?!(%!0'#6(A+#6!+/!$++#)&$+#!0$'$%B<0$+,#+(A!
(),(@(+(/)I!$../2()*!%B<0$+,#+(A!3&)A+(/)%!+/!6/<()$+#!$&+/)/<(A!$A+(/)%G!!

!
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J,$0+#'!P!
!

"#+,/6%!
!

Subjects 
! ZZZ!'(*,+Y,$)6#6I!)/)Y%</?()*!<#)!c_^pd!$)6!2/<#)!c]Zpd!2#'#!'#A'&(+#6!5($!
+,#!>%BA,/./*B!K#0$'+<#)+!/).()#!#40#'(<#)+!<$)$*#<#)+!%B%+#<!$+!+,#!C('*()($!
>/.B+#A,)(A!7)%+(+&+#!$)6!:+$+#!D)(5#'%(+BG!!8..!0'/A#6&'#%!2#'#!$00'/5#6!@B!+,#!C('*()($!
;#A,!7)%+(+&+#!-#5(#2!1/$'6G!!!
! :</?#'%I!.#3+Y,$)6#'%I!$)6!()6(5(6&$.%!2(+,!%#5#'#!0,B%(A$.!$)6!<#)+$.!0'/@.#<%!
2#'#!#4A.&6#6!+/!A/)+'/.!3/'!0/%%(@.#!A/)3/&)6%!c1$'&+A&!#+!$.GI!POO]f!K#<$'##!h!
F$''(%/)I!Z^^af!S'B/)&A&I!1(.*#I!h!T&.#'I!POOOf!T$..$*,#'!h!F/..$)6I!Z^^Pf!>/0#!#+!$.GI!
POOZf!;,$B#'!h!H'(#6<$)I!POOPI!POO_f!;/?*qX/*.&!#+!$.GI!Z^^^f!L(++.()*I!Z^^]d!$%!
$%%#%%#6!@B!+,#!j"()6Y1/6B!U$@!F#$.+,!b&#%+(/))$('#k!$)6!+,#!K#0'#%%(/)!8)4(#+B!
:+'#%%!:A$.#!cK8::dG!!!
 
Apparatus and Materials 
! S.#A+'/A$'6(/*'$<!cSJTd!$)6!(<0#6$)A#!A$'6(/*'$<!c7JTd!2#'#!'#A/'6#6!&%()*!
+,#!17V>8J!">ZOO!%B%+#<!c17V>8J!:B%+#<%!7)AI!T/.#+$I!J8dI!2(+,!+2/!+,/'$A(A!
#.#A+'/6#%!3/'!SJT!'#A/'6()*!$)6!$!3/&'!%0/+!(<0#6$)A#!#.#A+'/6#!$''$BG!>,B%(/./*(A$.!
%(*)$.%!2#'#!$AE&('#6!+,'/&*,!%(4!6(%0/%$@.#I!0'#Y*#..#6!%+'#%%Y+#%+()*!#.#A+'/6#%G!!;,#!
$++$A,<#)+!%(+#%!2#'#!0'#0$'#6!&%()*!aOp!(%/0'/0B.!$.A/,/.G!!S.#A+'/6#%!2#'#!0.$A#6!
$AA/'6()*!+/!'#A/<<#)6$+(/)%!()!+,#!17V>8J!D%#'!"$)&$.G!!:&@[#A+%!2/'#!$!
'#%0('$+(/)!%+'$()!*$*#!cJ/&.@/&')!-#%(%+(5#!1'(6*#!:+'$()!T$*#!"/6#.!CaPYP]d!$+!+,#!
+,/'$A(A!.#5#.!+/!'#A/'6!'#%0('$+/'B!0$++#')%!6&'()*!+$%?%G!!:B%+/.(A!@.//6!0'#%%&'#!c:1>!
<<F*d!$)6!6($%+/.(A!@.//6!0'#%%&'#!cK1>!<<F*d!2#'#!'#A/'6#6!&%()*!$!"#6L$5#!
H&%(/)!)/)Y()5$%(5#!1>!</)(+/'()*!%B%+#<!c"#6L$5#!7)AGI!K$)5#'%I!"8dG!!:(*)$.%!3'/<!
#$A,!6#5(A#!2#'#!6(*(+(X#6!$+!ZIOOO!FX!cZ`!@(+d!$)6!$)$.BX#6!@B!+,#!17V>8J!
8AEM)/2.#6*#!%/3+2$'#!c17V>8J!:B%+#<%!7)AI!T/.#+$I!J8dG!!:&@[#A+%!<$()+$()#6!+,#!
0/%(+(/)!/3!+,#!1>!</)(+/'!$+!+,#!,#(*,+!/3!+,#!_+,!()+#'A/%+$.!%0$A#!@B!'#%+()*!+,#('!$'<!
/)!$6[&%+$@.#!3/$<!0$66()*G!!:?()!J/)6&A+$)A#!2$%!<#$%&'#6!2(+,!$!J/&.@/&')!
7%/.$+#6!:?()!J/)6&A+$)A#!J/&0.#'!"/6#.!CaZYPN!cJ/&.@/&')!7)%+'&<#)+%I!8..#)+/2)I!
>8d!$)6!<#$%&'#6!()!<(A'/!:(#<#)%!c!:dG!!;2/!6(%0/%$@.#I!0'#Y*#..#6!%+'#%%Y+#%+()*!
#.#A+'/6#%!2#'#!0.$A#6!/)!+,#!+,#)$'!$)6!,B0/+,#)$'!$'#$%!/3!+,#!0$.<!/)!+,#!.#3+!,$)6G!!
>$.<!%&'3$A#!2$%!3('%+!0'#00#6!2(+,!aOp!(%/0'/0B.!$.A/,/.G!!!

Health questionnaireG!!!8!E&#%+(/))$('#I!6#%(*)#6!@B!+,#!"()6Y1/6B!U$@I!+/!
*$&*#!+,#!3$A#!5$.&#!/3!$!%&@[#A+g%!,#$.+,!,(%+/'BI!,$)6#6)#%%!$)6!,#$.+,!0'$A+(A#%!2$%!
*(5#)!6&'()*!+,#!%A'##)()*!0'/A#%%!c800#)6(4!8dG!

University of Houston Non-Exercise TestG!!"#$%&'#%!3&)A+(/)$.!$#'/@(A!A$0$A(+B!
cCVP0#$?d!2(+,/&+!#4#'A(%#!+#%+()*!c800#)6(4!1dG!!8#'/@(A!3(+)#%%!.#5#.%!,$5#!@##)!
%,/2)!+/!$33#A+!A$'6(/5$%A&.$'!<#$%&'#%!c-/%%B!h!;,$B#'I!Z^^QdG!

Depression Anxiety Stress ScaleG!!;,#!K8::!(%!$!%#+!/3!+,'##!%#.3Y'#0/'+!%A$.#%!
6#%(*)#6!+/!<#$%&'#!+,#!)#*$+(5#!#</+(/)$.!%+$+#%!/3!6#0'#%%(/)I!$)4(#+B!$)6!%+'#%%!
c800#)6(4!JdG!!K#0'#%%(/)I!$)4(#+B!$)6!%+'#%%!,$5#!@##)!%,/2)!+/!$.+#'!A$'6(/5$%A&.$'!
$A+(5(+B!cUB/)3(#.6%I!1/'?/5#AI!h!;,$B#'I!Z^^]f!;,$B#'I!H'(#6<$)I!h!1/'?/5#AI!Z^^`f!
;,$B#'!h!U$)#I!POOO@d!!
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Barratt Impulsivity Scale.  ;,#!$@@'#5($+#6!cZ]!(+#<!5#'%(/)d!1$''$++!7<0&.%(5(+B!
:A$.#!c1$''$++I!Z^QNf!:0()#..$I!POOad!<#$%&'#%!(<0&.%(5#)#%%I!$!3/&)6$+(/)$.!A/)A#0+!
()!0%BA,/./*BG!!7<0&.%(5(+B!(%!$!<#$%&'#!/3!/)#g%!$@(.(+B!+/!6#.$B!*'$+(3(A$+(/)!()!+,#!
%#'5(A#!/3!./)*Y+#'<!*/$.%!c1$''$++I!Z^QNd!c800#)6(4!KdG!

Wechsler Working Memory SubtestsG!!;,#!2/'?()*!<#</'B!0/'+(/)%!/3!+,#!
L#A,%.#' "#</'B!:A$.#!cL":!777d!$'#!6#%(*)#6!+/!*$&*#!$!%&@[#A+g%!$@(.(+B!+/!<$()+$()!
%,/'+Y+#'<!*/$.%!c800#)6(4!SdG!!S40#'(<#)+#'%!$6<()(%+#'#6!@/+,!@$A?2$'6!%0$+($.!%0$)!
$)6!@$A?2$'6!6(*(+!%0$)!+#%+%!()!$AA/'6!2(+,!%+$)6$'6!L":!777!0'/+/A/.G!!!

Valence and Activation ScaleG!!"#$%&'#<#)+%!/3!5$.#)A#!$)6!$A+(5$+(/)!.#5#.%!
2#'#!$%%#%%#6!5($!$!%#.3!'#0/'+!+,('+##)!(+#<!E&#%+(/))$('#!cJ,'(%+(#I!POO]d!c800#)6(4!HdG!!!

Task Awareness and Mental Concentration ScalesR!!"#$%&'#%!/3!%&@[#A+g%!
$2$'#)#%%!/3!'#3.#4(5#!+$%?%!cA/.6!0'#%%/'!/'!3$A($.!A//.()*d!c800#)6(4!Td!$)6!<#$%&'#%!
/3!<#)+$.!A/)A#)+'$+(/)!+/2$'6%!()+#)+(/)$.!+$%?%!c'#.$4$+(/)!/'!$'(+,<#+(Ad!c800#)6(4!FdG!!
"#)+$.!A/)A#)+'$+(/)!$)6!+$%?!$2$'#)#%%!%A$.#%!2#'#!6#5#./0#6!@B!+,#!#40#'(<#)+#'!
@$%#6!/)!3$A#!5$.(6!A'(+#'($G!! 
Autonomic Variables 
 HRV measurements.  F-C!2$%!6#'(5#6!3'/<!SJT!<#$%&'#<#)+%I!@/+,!spectral 
$)6!temporal!<#+,/6%!2#'#!&%#6!c1($)A,(!#+!$.G!Z^^Zf!M.#(*#'I!:+#()I!1/%)#'I!h!
-/++<$)I!Z^^]dG!!717!$)6!-"::K!2#'#!$5#'$*#6!$A'/%%!#$A,!+'($.G!!:0#A+'$.!$)$.B%(%!
2$%!6#'(5#6!3'/<!$&+/'#*'#%%(5#!c8-d!+#A,)(E&#%G!8-!$)$.B%(%!2$%!&%#6!+/!*#)#'$+#!
+2/!<#$%&'#%R!)/'<$.(X#6!UH!$)6!FH!0/2#'G!!9/'<$.(X#6!&)(+%!2#'#!6#3()#6!$%!+,#!
$@%/.&+#!0/2#'!c+/+$.!0/2#'!%0#A+'$.!6#)%(+B!A/)+$()#6!2(+,()!%0#A(3(#6!3'#E&#)AB!@$)6d!
/3!#(+,#'!UH!/'!FH!3'#E&#)AB!@$)6%!6(5(6#6!@B!+,#!+/+$.!$@%/.&+#!0/2#'!/3!@/+,!FH!$)6!
UH!@$)6%I!2,(A,!2$%!+,#)!<&.+(0.(#6!@B!ZOO!cr!icUrsFrdZOOdG!9/'<$.(X#6!0/2#'%!2#'#!
$5#'$*#6!$A'/%%!#$A,!+'($.G!!

PEP.  >S>!2$%!<#$%&'#6!$%!+,#!+(<#!@#+2##)!+,#!b!2$5#!/)%#+!$)6!+,#!1!0/()+!
()3.#A+(/)!/3!+,#!6mi6+!2$5#3/'<!c7JTd!$)6!$5#'$*#6!$A'/%%!#$A,!+'($.!c:,#'2//6!#+!$.G!
Z^^OdG!

SBP & DBP.!!1>!'#$6()*%!2#'#!+$?#)!%#<(YA/)+()&/&%.B!c#5#'B!3(3+##)Y%#A/)6%d!
$)6!$5#'$*#6!$A'/%%!+,#!+'($.G 

SCL.  !:?()!A/)6&A+$)A#!.#5#.%!2#'#!$5#'$*#6!$A'/%%!#$A,!+'($.!+/!*#)#'$+#!+,#!
$5#'$*#!%?()!A/)6&A+$)A#!'#%0/)%#G! 

Respiratory rate.  -#%0('$+(/)!'$+#!c--d!2$%!A$.A&.$+#6!$%!+,#!$5#'$*#!
@'#$+,%i<()&+#!2,(A,!2$%!()!+&')!$5#'$*#6!$A'/%%!#$A,!+'($.G!!
 
Procedure 
 ;,#!3('%+!0,$%#!/3!+,#!#40#'(<#)+!&%#6!+,#!C('*()($!;#A,!>%BA,/./*B!:V98!
S40#'(<#)+!"$)$*#<#)+!:B%+#<!+/!'#A'&(+!0'/%0#A+(5#!%&@[#A+%G!!:&@[#A+%!'#A#(5#6!/)#!
0/()+!/3!#4+'$!A'#6(+!+/!A/<0.#+#!+,#!,#$.+,!,(%+/'B!E&#%+(/))$('#!$)6!K8::!/).()#G!
S.(*(@.#!%&@[#A+%!2#'#!()5(+#6!+/!0$'+(A(0$+#!()!+,#!.$@/'$+/'B!0,$%#G!!8..!.$@/'$+/'B!
%#%%(/)%!2#'#!,#.6!$+!+,#!"()6Y1/6B!U$@/'$+/'BI!K#0$'+<#)+!/3!>%BA,/./*B!$+!C('*()($!
>/.B+#A,)(A!7)%+(+&+#!$)6!:+$+#!D)(5#'%(+BG!:&@[#A+%!'#3'$()#6!3'/<!A$33#()#!$)6!$.A/,/.!
$+!.#$%+!+2#.5#!,/&'%!0'(/'!+/!#40#'(<#)+!$)6!$5/(6#6!#$+()*!$)6!'(*/'/&%!#4#'A(%#!$+!
.#$%+!/)#!,/&'!@#3/'#!+,#!#40#'(<#)+G!!!
! D0/)!$''(5$.I!%&@[#A+%!2#'#!()%+'&A+#6!+/!'#$6!$)6!%(*)!$)!7)3/'<#6!J/)%#)+!
H/'<!c800#)6(4!7dG!!:&@[#A+%!2#'#!+,#)!A/))#A+#6!+/!+,#!0,B%(/./*(A$.!'#A/'6()*!
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#E&(0<#)+G!!9#4+I!%&@[#A+%!2#'#!'#E&('#6!+/!A/<0.#+#!+,#!K#0'#%%(/)I!8)4(#+BI!$)6!
:+'#%%!:A$.#!cK8::dI!+,#!D)(5#'%(+B!/3!F/&%+/)!9/)YS4#'A(%#!;#%+!$)6!+,#!1$''$++!
7<0&.%(5(+B!%A$.#G!!b&#%+(/))$('#%!2#'#!$6<()(%+#'#6!5($!"#6($U$@!%/3+2$'#G!!83+#'!
A/<0.#+()*!+,#!E&#%+(/))$('#%I!%&@[#A+%!0#'3/'<#6!+,#!L":!777!2/'?()*!<#</'B!
%&@+#%+%!$6<()(%+#'#6!<$)&$..B!@B!+,#!#40#'(<#)+#'G!!D0/)!A/<0.#+(/)I!%&@[#A+%!
&)6#'2#)+!3/&'!89:!#5/?()*!+$%?%!2,(.#!89:!'#%0/)%#%!2#'#!</)(+/'#6G!!8..!
0'/A#6&'#%!/AA&''#6!()!+,#!%(++()*!0/%(+(/)G 
 
Design 

S$A,!%&@[#A+!A/<0.#+#6!_!)()#Y<()&+#!'#A/'6#6!+$%?%G!!S$A,!+$%?!A/)%(%+#6!/3!N!
+,'##Y<()&+#!%&@+$%?%R!0'#Y+$%?I!A/<@()$+(/)!+$%?I!$)6!0/%+Y+$%?G!!S5#)+!<$'?#'%!2#'#!
&%#6!+/!6#<$'A$+#!#$A,!+$%?G!!J/<@()$+(/)!+$%?!/'6#'!2$%!'$)6/<(X#6!+,'/&*,!
"#6($U$@!%/3+2$'#!+/!A/&)+#'$A+!$)B!0/%%(@.#!/'6#'()*!#33#A+%G!!H/../2()*!+,#!
#40#'(<#)+I!%&@[#A+%!2#'#!6#@'(#3#6!/)!+,#!0&'0/%#!/3!+,#!#40#'(<#)+I!$)6!$)B!
E&#%+(/)%!/'!A/)A#')%!2#'#!$)%2#'#6G!;,#!#40#'(<#)+!+//?!$00'/4(<$+#.B!3/'+BY3(5#!
<()&+#%!+/!A/<0.#+#G!

Pre-task.  8!0'#Y+$%?!0'#A#6#6!#$A,!A/<@()$+(/)!+$%?!t>'#Y+$%?!0,$%#%!'#E&('#6!
%&@[#A+%!+/!5(#2!$!)#&+'$.!</5(#!A.(0!cPowaqqatsiI!T/63'#B!-#**(/I!Z^QQd!()!$)!$++#<0+!
+/!%+$)6$'6(X#!$&+/)/<(A!.#5#.%!0'/5(6()*!$AA&'$+#!'#$A+(5(+B!.#5#.%!cjC$)(..$!1$%#.()#fk!
%##!=#))()*%I!M$<$'A?I!:+#2$'+I!S66B!h!=/,)%/)I!Z^^PAduG!!8)!()(+($.!+2/Y<()&+#!'#%+!
0#'(/6I!3/'!$AA.(<$+(/)I!0'#A#6#6!+,#!3('%+!0'#Y+$%?!@&+!2$%!)/+!()A.&6#6!()!+,#!$)$.B%(%G!

Combination tasksG!!H/&'!A/<@()$+(/)!+$%?%!2#'#!#<0./B#6R!H$A($.!J//.()*!4!
"#)+$.!-#.$4$+(/)f!F$)6!J/.6!>'#%%/'!4!"#)+$.!8'(+,<#+(Af!F$)6!J/.6!>'#%%/'!4!"#)+$.!
-#.$4$+(/)f!H$A($.!J//.()*!4!"#)+$.!8'(+,<#+(AG!

Facial cooling.  :&@[#A+%!2/'#!$!A,(..#6!*#.!<$%?!A/5#'()*!+,#!3/'#,#$6!$)6!
A,##?%!c1(/3'##X#f!S40/'+I!>8dG!!;,#!<$%?!2$%!?#0+!$+!+#<0#'$+&'#%!/3!OvY!Zv!JG!!!

Hand cold pressor.  :&@[#A+%!2#'#!()%+'&A+#6!+/!(<<#'%#!+,#('!'(*,+!,$)6!()!$!+&@!
/3!A/.6!2$+#'G!!7)!$)!#33/'+!+/!<()(<(X#!+,#!0$()!#40#'(#)A#6!2,(.#!#.(A(+()*!$!%$.(#)+!
%B<0$+,#+(A!'#%0/)%#I!2$+#'!+#<0#'$+&'#!2$%!?#0+!$+!ZOvY!Z]v!J!cU#1$'/)I!m#.+X#'I!h!
H$)&'(?I!Z^Q^f!"$#?$2$I!M&@/?(I!J.$'?I!:,()/6$I!h!n$<$%,(+$I!Z^^Qf!>#A?#'<$)!#+!$.GI!
Z^^_f!m#.+X#'I!H$)&'(?I!h!U#1$'/)I!Z^Q^dG!!!

Guided mental relaxation.  :&@[#A+%!2#'#!()%+'&A+#6!+/!'#.$4!+,'/&*,!$!*&(6#6!
'#.$4$+(/)!#4#'A(%#G!!:&@[#A+%!.(%+#)#6!+/!$)!$&6(/!'#A/6()*!2,(A,!()A.&6#6!%//+,()*!
%/&)6%!$)6!$!5/(A#!A/)5#B()*!'#.$4$+(/)!+#A,)(E&#%!c=/,)!V'+(XI!j;,#!://+,()*!>&.%#k!
;,('6!#6(+(/)I!Z^^QdG!!8!*&(6#6!'#.$4$+(/)!0$'$6(*<!2$%!%#.#A+#6!+/!<$?#!+,#!+$%?!</'#!
%$.(#)+!3/'!+,#!%&@[#A+%!$)6!+/!0'/5(6#!+,#<!2(+,!$!A/)%(%+#)+!5/.&)+$'B!*/$.G!!!!!

Mental arithmetic.  :&@[#A+%!2#'#!()%+'&A+#6!+/!5#'@$..B!A/&)+!@$A?2$'6%!3'/<!
NIOOO!@B!()+#'5$.%!/3!%#5#)!2(+,/&+!2'(+()*!$)B+,()*!6/2)G!!!

Post-Task.  S$A,!+$%?!2$%!%&AA##6#6!@B!$!0/%+Y+$%?!'#A/5#'B!0#'(/6!$)6!
(<<#6($+#.B!3/../2#6!@B!$!PYN!<()&+#!E&#%+(/))$('#!0#'(/6G!!K&'()*!+,#!E&#%+(/))$('#!
0#'(/6!%&@[#A+%!A/<0.#+#6!+,#!Valance and ActivationI!Mental Concentration $)6!Task 
Awareness ScalesG!!:A$.#%!2#'#!$6<()(%+#'#6!/)!"#6($U$@!%/3+2$'#G!!>/%+Y+$%?!
'#A/5#'B!6$+$!2#'#!$AE&('#6!3/'!&%#!()!3&+&'#!$)$.B%#%G!!
Ethical Considerations 
! 8..!%A/'#%!2#'#!%$5#6!@B!%&@[#A+!)&<@#'!()!6$+$!$)$.B%(%!$)6!%+/'$*#G!!;,#!
%&@[#A+%!2#'#!$../2#6!+/!6(%A/)+()&#!+,#!#40#'(<#)+!$+!$)B!+(<#f!+,(%!3$A+!2$%!%+$+#6!$+!
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+,#!@#*())()*!/3!+,#!#40#'(<#)+G!!:&@[#A+%!2#'#!()3/'<#6!+,$+!+,#!'#%&.+%!2#'#!3/'!
'#%#$'A,!0&'0/%#%!/).B!$)6!+,$+!$)B!A/)A#')%!+,#B!,$6!%,/&.6!@#!$66'#%%#6!@B!$!
<#6(A$.!0'/3#%%(/)$.G!!8+!+,#!#)6!/3!+,#!#40#'(<#)+!+,#!%&@[#A+%!2#'#!$*$()!<$6#!
$2$'#!+,$+!(3!%,#!/'!,#!2/&.6!.(?#!+,#('!6$+$!2(+,6'$2)!3'/<!+,#!#40#'(<#)+!3/'!$)B!
'#$%/)I!+,#B!,$6!+,$+!/0+(/)!$5$(.$@.#G!!:&@[#A+%!A/&.6!2(+,6'$2!$+!+,#!+(<#!/3!+,#!%+&6B!
/'!@B!#<$(.()*!+,#!#40#'(<#)+#'!$+!$!.$+#'!6$+#I!)/+()*!+,$+!+,#'#!2$%!)/!0#)$.+B!$)6!
+,$+!+,#B!2/&.6!'#A#(5#!+,#('!#4+'$!A'#6(+!()!#(+,#'!A$%#G!9/!%&@[#A+%!#4#'A(%#6!$)B!/3!
+,#%#!'(*,+%G!



19 

 

J,$0+#'!N!
!

-#%&.+%!
!

:+$+(%+(A%!2#'#!A/)6&A+#6!/)!@/+,!'$2!+$%?!<#$%&'#<#)+%!$)6!j'#$A+(5(+Bk!!
c+$%?!w!@$%#.()#d!<#$%&'#%G!!"#$%&'#%!#4,(@(+()*!.#5#.%!*'#$+#'!+,$)!+,'##!%+$)6$'6!
6#5($+(/)%!2#'#!#4A.&6#6!3'/<!+,#!%+$+(%+(A$.!$)$.B%#%!+/!#.(<()$+#!/&+.(#'%G!!9()#!
$&+/)/<(A!5$'($@.#%!t>'#Y#[#A+(/)!0#'(/6!c>S>dI!:B%+/.(A!1.//6!>'#%%&'#!c:1>dI!
K($%+/.(A!1.//6!>'#%%&'#!cK1>dI!-#%0('$+(/)!-$+#!c--dI!:?()!J/)6&A+$)A#!-#%0/)%#!
c:JUdI!7)+#'e@#$+e()+#'5$.!c717dI!-//+!"#$)!:E&$'#!/3!:&AA#%%(5#!K(33#'#)A#%!
c-"::KdI!8&+/'#*'#%%(5#!U/2!H'#E&#)AB!cUHdI!$)6!8&+/'#*'#%%(5#!F(*,!H'#E&#)AB!
cFHdu!2#'#!&%#6!3/'!$)$.B%#%!c:##!;$@.#!P!3/'!$!.(%+!/3!5$'($@.#!$@@'#5($+(/)%dG!!8..!
%+$+(%+(A$.!$)$.B%#%!&%#6!$)!$.0,$!.#5#.!/3!GO]!+/!6#+#A+!%(*)(3(A$)+!6(33#'#)A#%G!!

"&.+(5$'($+#!+#%+%!&%()*!#$A,!$&+/)/<(A!5$'($@.#!$%!+,#!6#0#)6#)+!5$'($@.#!cKCd!
2(+,!0'#Y+$%?!$)6!*#)6#'!$%!+,#!()6#0#)6#)+!5$'($@.#%!c7Cd!'#5#$.#6!)/!%(*)(3(A$)+!
6(33#'#)A#%!$</)*!+,#!0'#Y+$%?!@$%#.()#%G!!!;2/!5$'($@.#%!c:JU!$)6!UHd!2#'#!
%(*)(3(A$)+.B!6(33#'#)+!@#+2##)!*#)6#'%!$+!0'#Y+$%?G!!9/!%(*)(3(A$)+!()+#'$A+(/)!#33#A+%!
2#'#!6#+#A+#6!c;$@.#%!N!h!_dG!!-#0#$+#6!<#$%&'#%!<&.+(0.#!'#*'#%%(/)!$)$.B%(%!2$%!
/'(*()$..B!0'/0/%#6!+/!+#%+!+,#!'#.$+(/)%,(0%!@#+2##)!2/'?()*!<#</'BI!+$%?I!*#)6#'!$)6!
$&+/)/<(A!'#$A+(5(+BG!!8!%()*.#!.()#$'!'#*'#%%(/)!2$%!0#'3/'<#6!&%()*!2/'?()*!<#</'B!
+/+$.!$%!+,#!7C!$)6!+,#!$&+/)/<(A!'#$A+(5(+B!3/'!#$A,!+$%?!$%!+,#!KCG!!-#*'#%%(/)!
$)$.B%(%!6#</)%+'$+#6!+,$+!2/'?()*!<#</'B!6(6!)/+!%(*)(3(A$)+.B!'#*'#%%!/)+/!$)B!KC!
3/'!$)B!+$%?!#4A#0+!./2!$)6!,(*,!3'#E&#)A(#%!6&'()*!J>-!c;$@.#!]dG!!;,#!'#.$+(/)%,(0!
@#+2##)!2/'?()*!<#</'B!$)6!J>-!2(..!@#!()5#%+(*$+#6!()!$!%&@%#E&#)+!%#A+(/)G!!;/!
%(<0.(3B!+,#!$)$.B%(%I!<&.+(5$'($+#!+#%+%!2#'#!0#'3/'<#6!#4A.&6()*!2/'?()*!<#</'B!
%A/'#%G!!!!!!
 
Variance Tests 

8!P4_!<&.+(5$'($+#!+#%+!2$%!0#'3/'<#6!2(+,!'#$A+(5(+B!%A/'#%!$%!+,#!KCI!*#)6#'!$%!
$!@#+2##)Y%&@[#A+%!7C!$)6!+$%?!$%!$!2(+,()Y%&@[#A+%!7CG!!"&.+(5$'($+#!+#%+%!2#'#!&%#6!
@#A$&%#!c$d!+,#'#!(%!)/!6#0#)6#)A#!/)!%0,#'(A(+BI!c@d!+,#B!,$5#!</'#!%#)%(+(5(+B!+/!
+'#$+<#)+!#33#A+%!+,$)!$6[&%+#6!6#*'##!/3!3'##6/<!&)(5$'($+#!+#%+%I!cAd!+,#B!$'#!
*#)#'$..B!,#.6!+/!@#!$00'/0'($+#!3/'!'#0#$+#6!<#$%&'#%!6#%(*)%!()!0%BA,/0,B%(/./*B!
cM#%#.<$)I!Z^^Qf!C$%#B!h!;,$B#'I!Z^QadG!!

Main effects.  "&.+(5$'($+#!+#%+%!6(%0.$B#6!%(*)(3(A$)+!6(33#'#)A#%!3/'!+$%?!A/)6(+(/)!
$A'/%%!#$A,!KC!c;$@.#!`dG!!>/%+!,/A!+#%+%!2#'#!0#'3/'<#6!+/!6#+#A+!2,(A,!$&+/)/<(A!
5$'($@.#%!5$'(#6!$A'/%%!+$%?G!!F/A,@#'*g%!cZ^QQd!%+#0Y&0!1/)3#''/)(!6(%0.$B#6!+,$+!
%(*)(3(A$)+!#33#A+%!5$'B!$A'/%%!+$%?!$)6!$&+/)/<(A!5$'($@.#!c;$@.#!a!h!;$@.#!QdG!!:JU!
6#</)%+'$+#6!+,#!*'#$+#%+!5$'($@(.(+B!$A'/%%!+$%?%!2(+,!#5#'B!+$%?!6(33#'()*!3'/<!#$A,!
/+,#'!#4A#0+!J>-!$)6!HJ-!cH(*&'#!PdG!!>S>!$)6!-"::K!6(%0.$B#6!+,#!%<$..#%+!6#*'##!
/3!5$'($)A#!2(+,!J>8!5$'B()*!/).B!$+!J>-!$)6!HJ-!$)6!UH!%,/2#6!/).B!HJ-!+/!5$'B!
3'/<!$..!+,#!/+,#'!+$%?%!cH(*&'#%!N!h!_dG!!F/2#5#'I!$..!/+,#'!5$'($@.#%!c:1>I!K1>!$)6!
--d!%,/2#6!+,#!%$<#!6(%+'(@&+(/)!/3!5$'($)A#!cH(*&'#%!]I!`!h!adG!!J>8!6(33#'#6!3'/<!
@/+,!J>-!$)6!HJ-G!!J>-!6(33#'#6!3'/<!HJ8!$)6!HJ8!6(33#'#6!3'/<!HJ-G!!8!/)#Y2$B!
89VC8!3/'!#$A,!+$%?!@#+2##)!*#)6#'%!c;$@.#!^!h!;$@.#!ZOd!'#5#$.#6!%(*)(3(A$)+!<$()!
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#33#A+%!3/'!*#)6#'!6&'()*!J>8!c717I!UH!h!FHdI!HJ8!cUH!h!FHd!h!HJ-!c>S>d!cH(*&'#%!QY
ZNdG!

Interaction effects.  "&.+(5$'($+#!+#%+%!6(%0.$B#6!%(*)(3(A$)+!*#)6#'!+$%?!()+#'$A+(/)!
#33#A+%!3/'!@/+,!717!$)6!FH!<#$%&'#%G!!!!8!%#'(#%!/3!P!W!P!<&.+(5$'($+#!+#%+%!cT#)6#'!W!
;$%?d!2#'#!A/)6&A+#6!/)!717!$)6!FH!'#$A+(/)!%A/'#%!+/!6#+#A+!+,#!%0#A(3(A!A/)+'$%+!
6(33#'#)A#%!3/'!()+#'$A+(/)!+#'<%!c;$@.#!ZZdG!!V).B!J>8!$)6!HJ-!5$'(#6!3/'!@/+,!717!$)6!
FHG!!!!
 
Task Discriminant Function Analysis  

K(%A'(<()$)+!3&)A+(/)!$)$.B%(%!cKH8d!2$%!$.%/!0#'3/'<#6!$A'/%%!+$%?%!&%()*!>S>I!
:1>I!K1>I!:JUI!717I!-"::KI!UHI!$)6!FH!'#$A+(5(+B!%A/'#%G!!KH8!2$%!&%#6!+/!0'#6(A+!
*'/&0!<#<@#'%,(0!3'/<!$!%#+!/3!0'#6(A+/'%!cJ/,#)I!=GI!J/,#)I!>GI!L#%+I!h!8(?#)I!POONd!
$)6!%(*)(3(A$)+.B!0'#6(A+#6!*'/&0!<#<@#'%,(0!/3!+$%?!$+!`PG^p!c2/<#)dI!`PG]p!c<#)dI!
$)6!`OG`p!c@/+,!*#)6#'%d!c;$@.#%!ZPI!ZN!h!Z_dG!!!!
 
Combination of tasks: Voluntary vs. Involuntary 

;$%?%!2#'#!6(5(6#6!()+/!+2/!<#+$YA$+#*/'(#%R!Reflex!$)6!MentalG!!;,#!'#3.#4!
A$+#*/'B!A/<@()#6!+,#!'#$A+(5(+B!%A/'#%!3'/<!+,#!A/.6!0'#%%/'!+$%?%!()+/!/)#!*'/&0!$)6!
@/+,!3$A($.!A//.()*!+$%?%!()+/!$)/+,#'G!!;,#!<#)+$.!6(5(%(/)!A/<@()#6!+,#!'#$A+(5(+B!
%A/'#%!3'/<!+,#!$'(+,<#+(A!+$%?%!+/*#+,#'!2,(.#!*'/&0()*!'#.$4$+(/)!+/*#+,#'G!!

"&.+(5$'($+#!+#%+%!2#'#!$*$()!&%#6!+/!#4+'$A+!+,#!<$()!$)6!()+#'$A+(/)!#33#A+%!/3!
+$%?!$)6!*#)6#'G!!8!'#3.#4(5#!*'/&0()*!6(6!)/+!%,/2!$!%(*)(3(A$)+!<$()!#33#A+!3/'!*#)6#'!
/'!$)B!()+#'$A+(/)!@#+2##)!*#)6#'!$)6!+$%?!@&+!'#5#$.#6!$!%(*)(3(A$)+!<$()!#33#A+!3/'!+,#!
'#3.#4(5#!+$%?!c;$@.#!Z]dG!!>/%+!,/A!&)(5$'($+#!A/)+'$%+!+#%+%!6#</)%+'$+#6!+,$+!+,#!:JU!
$)6!UH!5$'($@.#%!2#'#!'#%0/)%(@.#!3/'!+,(%!<$()!#33#A+!c;$@.#!Z`!h!ZadG!!7)A'#$%#!()!:JU!
2$%!*'#$+#'!6&'()*!3$A($.!A//.()*!+,$)!A/.6!0'#%%/'G!!UH!6#A'#$%#6!6&'()*!3$A($.!A//.()*!
+$%?%!$)6!()A'#$%#6!6&'()*!+,#!A/.6!0'#%%/'G!!T'/&0()*!+,#!6$+$!$./)*!$!<#)+$.!
A$+#*/'(X$+(/)!6(%0.$B#6!$!%(*)(3(A$)+!#33#A+!3/'!@/+,!*#)6#'!$)6!+$%?!3/'!@&+!)/+!3/'!+,#('!
()+#'$A+(/)!c;$@.#!ZQdG!!>/%+!,/A!&)(5$'($+#!A/)+'$%+!+#%+%!'#5#$.#6!$..!+,#!KC%!+/!@#!
%(*)(3(A$)+.B!6(33#'#)+!$A'/%%!+$%?%!c;$@.#!Z^!h!POdG!!8!/)#Y2$B!89VC8!2$%!0#'3/'<#6!
+/!()5#%+(*$+#!+,#!()+#'$A+(/)!/3!*#)6#'!$)6!<#)+$.!+$%?G!!8)$.B%(%!'#5#$.%!+,$+!/).B!717I!
UH!$)6!FH!5$'(#6!@#+2##)!*#)6#'%!6&'()*!$'(+,<#+(A!+$%?%!c;$@.#!PZ!h!PPdG!!!

KH8!2$%!0#'3/'<#6!3/'!<#)+$.!$)6!'#3.#4(5#!*'/&0()*%!c;$@.#%!P]YPQdG!!8..!
*'/&0()*%!()A.&6()*!6(5(%(/)%!/3!*#)6#'!2#'#!%(*)(3(A$)+!3/'!KH8G!!-#3.#4(5#!*'/&0()*!
B(#.6#6!`Np!c+/+$.dI!``G]p!c2/<#)dI!$)6!`_GPp!c<#)d!0'#6(A+(/)!'$+#%G!!"#)+$.!
*'/&0()*%!B(#.6#6!0'#6(A+(/)!'$+()*%!/3!QQG]p!c$A'/%%!*#)6#'dI!Q^GNp!c2/<#)dI!$)6!
^OGNp!c<#)dG!!;/+$.!0#'A#)+$*#%!/3!<#)+$.!$)6!'#3.#4(5#!0'#6(A+(/)!'$+#%!2#'#!3/&)6!+/!
@#!%(*)(3(A$)+.B!6(33#'#)+!c;$@.#!P^dG!!!!!!!!
 
WM and Autonomic reactivity  

L/'?()*!<#</'B!%A/'#%!2#'#!#4A.&6#6!3'/<!0'#5(/&%!$)$.B%#%!+/!%(<0.(3B!
%+$+(%+(A$.!</6#.%G!!n#+I!2/'?()*!<#</'B!6(6!,$5#!$)!()3.&#)A#!/)!+,#!#40'#%%(/)!/3!
$A+(/)G!!;,#!6$+$!%,/2!+,$+!UH!$)6!FH!%0#A+'$.!0/2#'%!$'#!+,#!</%+!()3/'<$+(5#!
5$'($@.#%!+/!&%#!2,#)!#40./'()*!+,#!'#.$+(/)%,(0!@#+2##)!L"!$)6!$&+/)/<(A!'#$A+(5(+BG!!!
:A$++#'!0./+%!&%()*!L"!+/+$.!$)6!FH!/'!UH!'#$A+(5(+B!$%!A//'6()$+#%!2#'#!*#)#'$+#6!3/'!
#$A,!+$%?G!!U()#$'!'#*'#%%(/)!$)$.B%#%!0'#6(A+()*!$&+/)/<(A!'#$A+(5(+B!3'/<!L"!%A/'#%!
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2#'#!*#)#'$+#6G!!:A$++#'!0./+%!$)6!'#*'#%%(5#!$)$.B%#%!2#'#!'&)!/)!<#)!$)6!2/<#)!
*'/&0()*%!cH(*&'#%!Z_YPZf!;$@.#!NOR!*#)6#'!0./+%!$'#!#4A.&6#6!3'/<!3(*&'#%dG!!!L/<#)!
6(%0.$B#6!%(*)(3(A$)+!'#*'#%%(5#!0'#6(A+(/)%!3/'!FH!$)6!UH!6&'()*!J>-!$)6!FH!6&'()*!
HJ-G!!"#)!%,/2#6!%(*)(3(A$)+!0'#6(A+(/)%!3/'!UH!6&'()*!J>-G!!U()#$'!'#*'#%%(5#!
$)$.B%#%!0'#6(A+()*!$&+/)/<(A!'#$A+(5(+B!3'/<!%0$+($.!%0$)!L"!$)6!6(*(+!%0$)!%A/'#%!
2#'#!$.%/!A'#$+#6!c;$@.#!NZdG!!:0$+($.!%A/'#%!%(*)(3(A$)+.B!0'#6(A+#6!UH!$)6!FH!6&'()*!
J>-!$A'/%%!*#)6#'%G!!;,#!%0$+($.!%A/'#%!/3!2/<#)!0'#6(A+#6!UH!6&'()*!J>-!@&+!<#)!
6#</)%+'$+#6!)/!%(*)(3(A$)+!'#.$+(/)%,(0%G!!!!!!
 
BMI, DASS, Impulsivity, and Exercise   

-#*'#%%(/)!$)$.B%#%!2#'#!0#'3/'<#6!0'#6(A+()*!$&+/)/<(A!'#$A+(5(+B!/3!@/+,!
*#)6#'%!3'/<I!1"7I!K8::I!7<0&.%(5(+B!$)6!F/&%+/)!)/)Y#4#'A(%#!%A/'#%!$..!#)+#'#6!$+!
+,#!@#*())()*!/3!$)$.B%(%!c;$@.#!NPdG!!!8)B!'#*'#%%(/)%!3/&)6!+/!@#!%(*)(3(A$)+!2#'#!
#)+#'#6!()+/!$!'#*'#%%(/)!$)$.B%(%!()!(%/.$+(/)G!!:()*.#!'#*'#%%(/)!$)$.B%(%!'#5#$.%!+,#!
3/../2()*!%(*)(3(A$)+!'#.$+(/)%,(0%G!!HJ8!2$%!+,#!</%+!#33#A+#6!@B!+,#!()6#0#)6#)+!
5$'($@.#%G!!K#0'#%%(/)!%(*)(3(A$)+.B!'#*'#%%#6!/)+/!:1>!c:+$)6$'6(X#6!"xGP_NI!-yxGO]^dI!
K1>!c:+$)6$'6(X#6!"xGPNaI!-yxGO]`dI!$)6!:JU!c:+$)6$'6(X#6!"xGPN]I!-yxGO]]dG!!;/+$.!
(<0&.%(5(+B!$.%/!%(*)(3(A$)+.B!'#*'#%%#6!/)+/!HJ8!UH!c:+$)6$'6(X#6!"xYGPZ]I!-yxGO_`dG!!
1"7!6&'()*!J>-!'#*'#%%#%!/)+/!>S>!'#$A+(5(+B!c:+$)6$'6(X#6!"xGZ^NI!-yxGONadG!!
T#)6#'!6(33#'#)A#%!2#'#!)/+!A/)%(6#'#6G!
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J,$0+#'!_!
!

K(%A&%%(/)!
!

! ;,#!0&'0/%#!/3!+,(%!%+&6B!2$%!+/!#40./'#!+,#!'#.$+(/)%,(0!@#+2##)!5/.&)+$'B!$)6!
()5/.&)+$'B!$A+(/)%G!!D%()*!+,#!89:!$%!+,#!5#,(A.#!/3!()5#%+(*$+(/)I!+,#!'#%&.+%!*#)#'$..B!
%&00/'+#6!+,#!0'#6(A+#6!,B0/+,#%#%!/3!+,#!<()6Y@/6B!</6#.R!S$A,!+$%?!#5/?#6!%0#A(3(A!
$&+/)/<(A!%+$+#%f!C/.&)+$'B!+$%?%!()3.&#)A#6!$&+/)/<(A!$A+(/)%!</'#!+,$)!()5/.&)+$'B!
+$%?%f!L/'?()*!<#</'B!A$0$A(+B!<#6($+#6!5/.&)+$'B!A/)+'/.G!
 
Behavior of the ANS 

Descriptive analyses & variance tests. !8%!0'#6(A+#6I!$&+/)/<(A!'#$A+(5(+B!
6#</)%+'$+#6!$!%B)#'*(%+(A!'#.$+(/)%,(0!@#+2##)!%B<0$+,#+(A!$)6!0$'$%B<0$+,#+(A!
()3.&#)A#%R!J>8!$)6!HJ8!+$%?%!$00#$'#6!+/!@#!</'#!%B<0$+,#+(A$..B!<#6($+#6f!HJ-!
$)6!J>-!+$%?%!$00#$'#6!</'#!0$'$%B<0$+,#+(A$..B!<#6($+#6G!!K#%A'(0+(5#!$)$.B%#%!
$)6!5$'($)A#!+#%+%!0'/5(6#6!$!A.#$'!0(A+&'#!/3!,/2!#$A,!$&+/)/<(A!5$'($@.#!@#,$5#6!
6&'()*!+,#!+$%?%G!!1.//6!0'#%%&'#!3()6()*%!(..&%+'$+#!%+'/)*!$.0,$Y$6'#)#'*(A!#33#A+%!3/'!
HJ8!$)6!J>8!$)6!%(*)(3(A$)+.B!6#A'#$%#6!$.0,$Y$6'#)#'*(A!#33#A+%!3/'!J>-!$)6!HJ-G!!!
1#+$Y$6'#)#'*(A!'#$A+(5(+B!$%!<#$%&'#6!@B!>S>I!6#</)%+'$+#%!$!6#A'#$%#!6&'()*!J>8!
$)6!%(*)(3(A$)+!()A'#$%#%!6&'()*!J>-!$)6!HJ-!c2/<#)!%,/2#6!$!%(*)(3(A$)+.B!6(33#'#)+!
6#A'#$%#!6&'()*!HJ-dG!!C$*$.!$A+(5(+B!$%!<#$%&'#6!@B!-"::KI!%,/2%!6#A'#$%#%!
6&'()*!J>8!$)6!%(*)(3(A$)+!()A'#$%#%!6&'()*!HJ-!$)6!J>-G!!-#%0('$+(/)!$)6!T$.5$)(A!
'#%0/)%#%!$.%/!6(%0.$B#6!$!%(<(.$'!0$++#')!/3!'#$A+(5(+BG!!-#%0('$+(/)!'$+#!%,/2#6!
6#A'#$%#%!6&'()*!J>-!$)6!HJ-!2,(.#!HJ8!$)6!J>8!+$%?%!()A'#$%#6!--G!!8.+,/&*,!$!
0/'+(/)!/3!+,#!()A'#$%#!/3!--!6&'()*!HJ8!$)6!J>8!2$%!</%+!.(?#.B!6&#!+/!+,#!5#'@$.!
'#E&('#<#)+%!/3!+,#!$'(+,<#+(A!+$%?I!'#%0('$+(/)!%(*)(3(A$)+.B!6#A'#$%#6!6&'()*!@/+,!
'#.$4$+(/)!+$%?%G!>$%+!%+&6(#%!,$5#!%,/2)!+,$+!'#.$4$+(/)!./2#'%!--!$)6!A/)+'(@&+#%!+/!
6#A'#$%#%!()!%B<0$+,#+(A!$'/&%$.!$)6!()A'#$%#6!0$'$%B<0$+,#+(A!$A+(5$+(/)!c5$)!
K(4,//')I!Z^^QdG!!:?()!A/)6&A+$)A#!'#%0/)%#I!$!*#)#'$.!()6#4!/3!%B<0$+,#+(A!$'/&%$.I!
6#</)%+'$+#%!%(*)(3(A$)+!()A'#$%#%!6&'()*!@/+,!J>8!$)6!HJ8!$)6!.(++.#!'#$A+(/)!+/!#(+,#'!
J>-!/'!HJ-!+$%?%G!!:0#A+'$.!$)$.B%#%!6#</)%+'$+#!()A'#$%#%!/3!FH!0/2#'!6&'()*!HJ-!
$)6!J>-!@&+!6#A'#$%#%!6&'()*!J>8!$)6!HJ8G!!UH!0/2#'!/).B!%,/2#6!()A'#$%#%!6&'()*!
J>8I!)/!6(33#'#)A#!@#+2##)!J>-!/'!HJ8!+$%?%!$)6!$!%(*)(3(A$)+!6#A'#$%#!6&'()*!HJ-G!!
7)+#'#%+()*.BI!@/+,!6(%A/'6$)+!0$('()*%!%,/2#6!<()(<$.!'#$A+(/)%!()!+,#!UH!@$)6I!
#5(6#)A#!+,$+!+,#!UH!@$)6!(%!%#)%(+(5#!+/!@/+,!0$'$%B<0$+,#+(A!$)6!%B<0$+,#+(A!
()3.&#)A#%!6&'()*!A/$A+(5$+#6!%+$+#%G!!!!!

Combination of tasks: Voluntary vs. Involuntary.  ;,#!'#%&.+%!/3!$..!3/&'!+$%?%!
%&**#%+!+,$+!'#$A+(5(+B!2$%!6/<()$+#6!@B!+,#!5/.&)+$'B!+$%?%G!!;,(%!A/)A#0+!2$%!3&'+,#'!
+#%+#6!@B!*#)#'$+()*!<#)+$.!$)6!'#3.#4!*'/&0()*%G!!"#)+$.!$)6!'#3.#4(5#!*'/&0()*%!
0'/5(6#6!+,#!A.#$'#%+!(..&%+'$+(/)!/3!+,#!,/2!+,#!<()6Y@/6B!(%!/0#'$+()*G!!;,#!
A/<@()$+(/)!/3!5$'($)A#!$../2#6!$!A/<0$'(%/)!/3!'#3.#4(5#!/'!<#)+$.!+$%?%!$A'/%%!@/+,!
6(A,/+/</&%!0$('%G!!S40./'()*!+,#%#!*'/&0()*%!5($!6#%A'(0+(5#!$)$.B%#%I!KH8!$)6!
<&.+(5$'($+#!+#%+%!6#</)%+'$+#6!+/0Y6/2)!A/)+'/.R!;,#!*'#$+#%+!A/)+'/.!/3!$&+/)/<(A!
%+$+#%!A$<#!3'/<!5/.&)+$'B!$A+(/)%!'$+,#'!+,$)!()5/.&)+$'B!/)#%G!!KH8!'#5#$.#6!+,$+!
@/+,!*'/&0()*%!6#</)%+'$+#6!%(*)(3(A$)+!6(33#'#)A#%!@#+2##)!+$%?%!@&+!<#)+$.!*'/&0%!
%A/'#6!$!%(*)(3(A$)+.B!,(*,#'!0'#6(A+(/)!'$+()*!+,$)!6(6!'#3.#4(5#!*'/&0%G!!"&.+(5$'($+#!
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+#%+%!6#</)%+'$+#6!+,$+!'#3.#4(5#!*'/&0%!2#'#!%(*)(3(A$)+.B!6(33#'#)+!/).B!3/'!717!$)6!UF!
<#$%&'#%!@&+!<#)+$.!*'/&0%!2#'#!%(*)(3(A$)+.B!6(33#'#)+!$A'/%%!#5#'B!5$'($@.#G!!8.+,/&*,!
5/.&)+$'B!*'/&0()*%!6#</)%+'$+#6!$!*'#$+#'!#33#A+!/)!+,#!$&+/)/<(A!/&+A/<#%I!
$)$.B%#%!$.%/!6(%0.$B#6!$!%(*)(3(A$)+!()3.&#)A#!/3!'#3.#4(5#!$A+(/)%I!$!A.#$'!6#%A'(0+(/)!/3!
+,#!A/<0'#,#)%(5#!B#+!,(#'$'A,(A$.!)$+&'#!/3!$A+(/)%!(),#'#)+!()!+,#!<()6Y@/6B!%B%+#<G!

Past research.!!;,#!#5(6#)A#!/3!+/0Y6/2)!6/<()$)A#!()!A/$A+(5$+#6!%+$+#%!(%!()!
$*'##<#)+!2(+,!0'#5(/&%!A/$A+(5$+(/)!%+&6(#%G!!>$%+!%+&6(#%!/).B!A/<@()#6!$!5/.&)+$'B!
%B<0$+,#+(A!+$%?!2(+,!$)!()5/.&)+$'B!0$'$%B<0$+,#+(A!+$%?G!!HJ8!(%!+,#!#E&(5$.#)+!$)6!
6#</)%+'$+#%!,(*,!$&+/)/<(A!'#$A+(5(+B!c1>I!717I!h!:JUd!%&**#%+()*!$!'#.$+(5#!
%B<0$+,#+(A!*/5#')$)A#G!!F/2#5#'I!HJ8!(..&%+'$+#%!6#A'#$%#%!()!@/+,!UH!$)6!FHG!!
H'(#6<$)!#+!$.G!cZ^^`d!'#0/'+#6!+,#('!A/<@/!+$%?!+/!</'#!A./%#.B!'#3.#A+!+,#!%,/A?!
$5/(6$)A#!+$%?!()!(%/.$+(/)!+,#)!+,#!3$A($.!A//.()*!+$%?!()!(%/.$+(/)G!!HJ8!()!+,#!A&''#)+!
%+&6B!%&**#%+%!@/+,!0$'$%B<0$+,#+(A!$)6!%B<0$+,#+(A!2(+,6'$2$.I!2,(A,!0'/6&A#6!$)!
()+#'<#6($+#!$33#A+!/)!%0#A+'$.!$)$.B%(%G!!!

;,#!%B)#'*(%+(A!'#%0/)%#%!/3!+$%?%I!$AA/'6()*!+/!%+$+(%+(A$.!$)$.B%#%I!$'#!
*#)#'$..B!</'#!%#)%(+(5#!+/!5/.&)+$'B!$A+(/)%!+,$)!()5/.&)+$'BG!!;,(%!3()6()*!%&00/'+%!+,#!
A/)A#0+!+,$+!0%BA,/./*(A$.!+$%?%!,$5#!*'#$+#'!A/)+'/.!/5#'!$&+/)/<(A!'#$A+(5(+B!+,$)!
'#3.#4(5#!+$%?%!$)6!+,$+!5/.(+(/)!A$)!$A+(5#.B!(),(@(+!/'!%+(<&.$+#!$&+/)/<(A!'#%0/)%#%G!!
;,#!2/'?!/3!=/%#0,!L/.0#!cZ^`Zd!(%!$.%/!A./%#.B!.()?#6!+/!+,#%#!'#%&.+%G!!L/.0#!
6#5#./0#6!+,#!A/)A#0+!/3!reciprocal inhibition!+/!+'#$+!)#&'/%(%G!!L/.0#!%,/2#6!+,$+!/)#!
A$)!(),(@(+!$!'#3.#4(5#!'#%0/)%#!c$)4(#+Bd!@B!#5/?()*!$!<&+&$..B!()A/<0$+(@.#!'#%0/)%#!
c'#.$4$+(/)d!%(<&.+$)#/&%.BG!!;,(%!(%!0'#A(%#.B!2,$+!,$%!@##)!6#</)%+'$+#6!()!+,#!
A&''#)+!%+&6BG  
 
Working Memory 
 ;,#!'#.$+(/)%,(0!@#+2##)!2/'?()*!<#</'B!%A/'#%!$)6!%0#A+'$.!0/2#'!(%!/)#!/3!
+,#!</%+!()+'(*&()*!3()6()*%!/3!+,#!%+&6BG!!L,(.#!/).B!J>-!$)6!HJ-!%,/2#6!$)B!
%(*)(3(A$)+!'#.$+(/)I!#5#'B!'#*'#%%(/)!%./0#!@#,$5#6!$%!0'#6(A+#6G!!;,&%I!/)#g%!$@(.(+B!+/!
()A'#$%#!/'!6#A'#$%#!0$'$%B<0$+,#+(A!$)6!%B<0$+,#+(A!$A+(5(+B!$00#$'%!+/!,$5#!%/<#!
'#.$+(/)!+/!/)#g%!#33(A$AB!3/'!<$()+$()()*!A/)%A(/&%!*/$.%G!!;,(%!%+&6B!(%!.(<(+#6!()!
()5#%+(*$+()*!+,#!#33#A+%!/3!L"!/)!5/.&)+$'B!$)6!()5/.&)+$'B!$A+(/)%G!!U$+#'$.!
A/)+'(@&+(/)%!/3!2/'?()*!<#</'B!$'#!'#0/'+#6!@&+!)/!3&'+,#'!A/)%(6#'$+(/)!2(..!@#!*(5#)G!!
H&+&'#!%+&6(#%!A$)!3&'+,#'!A.$'(3B!+,#!'#.$+(/)%,(0!@B!&%()*!</'#!6#+$(.#6!$)$.B%#%!/3!
L"G!!!
 
Gender Differences 

:+&6(#%!,$5#!6#</)%+'$+#6!*#)6#'!6(33#'#)A#%!()!$&+/)/<(A!A$'6(/5$%A&.$'!
'#*&.$+(/)!cJ/)5#'+()/I!CGI!Z^^Qf!S5$)%I!="G!#+!$.GI!POOZf!-/%%B!#+!$.GI!Z^^QdG!!L/<#)!
,$5#!@##)!3/&)6!+/!6(%0.$B!</'#!5$*$.!<#6($+(/)!$)6!<#)!+/!6(%0.$B!</'#!%B<0$+,#+(A!
6/<()$+(/)!$+!@$%#.()#!$)6!6&'()*!$!3$A($.!A//.()*i'#$A+(/)!+(<#!+$%?G!!;,#!A&''#)+!6$+$!
%,/2#6!2/<#)!+/!,$5#!%(*)(3(A$)+.B!.#%%!UH!0/2#'!$)6!%?()!A/)6&A+$)A#!6&'()*!
@$%#.()#!#5(6#)A#!/3!+,#!'#0/'+#6!6(33#'#)A#%G!!"#)!$)6!2/<#)!$.%/!6(%0.$B#6!
%(*)(3(A$)+!6(33#'#)A#%!3/'!J>8I!HJ8I!$)6!HJ-G!!K&'()*!J>8I!2/<#)!%,/2#6!*'#$+#'!
6#A'#$%#%!()!717!h!FH!$)6!$!*'#$+#'!()A'#$%#!()!UH!A/<0$'#6!+/!<#)G!!;,#!*'#$+#'!
6#A'#$%#%!/3!717!$)6!FH!$)6!+,#!*'#$+#'!()A'#$%#!/3!UH!(..&%+'$+#!()A'#$%#6!%B<0$+,#+(A!
$A+(5(+B!()!2/<#)!6&'()*!$!%(<&.+$)#/&%!A/.6!0'#%%/'!$)6!<#)+$.!$'(+,<#+(A!+'($.G!!K&'()*!
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HJ8I!2/<#)!$*$()!6(%0.$B#6!$!%B<0$+,#+(A!6/<()$)A#!()!'#%0/)%#!+/!%(<&.+$)#/&%!
3$A($.!A//.()*!$)6!<#)+$.!$'(+,<#+(A!+$%?%!$%!2/<#)!%,/2#6!$!*'#$+#'!'#6&A+(/)!!!()!FH!
$)6!*'#$+#'!()A'#$%#!/3!UHG!K&'()*!HJ-!2/<#)!6(%0.$B#6!6#A'#$%#%!()!>S>!2,(.#!<#)!
6(%0.$B#6!()A'#$%#%G!!HJ-!>S>!%A/'#%!$.%/!%&**#%+!2/<#)!+/!,$5#!*'#$+#'!
%B<0$+,#+(A!'#$A+(5(+B!+/!+,#!+$%?!+,$)!<#)G!!;$%?%!'#$A+(5(+B!6/#%!)/+!%&**#%+!*'#$+#'!
5$*$.!<#6($+(/)!()!2/<#)!+,$)!<#)!6&'()*!A/$A+(5$+(/)!#.(A(+$+(/)G!!;,#!A&''#)+!6$+$!
%&**#%+!+,#!/00/%(+#G!!J>8I!$!%+'#%%3&.!+$%?I!*#)#'$+#6!</'#!%B<0$+,#+(A!$A+(5(+B!$+!+,#!
,#$'+!3/'!2/<#)G!!HJ8I!$!%+'#%%3&.!+$%?!@&+!2(+,!$!'#3.#4(5#!0$'$%B<0$+,#+(A!()3.&#)A#I!
$.%/!0'/6&A#6!</'#!%B<0$+,#+(A!A$'6($A!'#%0/)%#%!()!2/<#)G!!8)6!HJ-I!+,#!</%+!
'#.$4()*!+$%?I!*#)#'$+#6!*'#$+#'!%B<0$+,#+(A!$A+(5(+B!()!2/<#)G!!1B!+,(%!A/)A.&%(/)I!<#)!
$00#$'#6!+/!,$5#!</'#!5$*$.!'#%0/)%#%!$)6!.#%%!%B<0$+,#+(A!'#%0/)%#%!+/!+,#%#!
A/$A+(5$+(/)!+$%?%!+,$)!6(6!2/<#)G!!!!
 
The influence of BMI, Fitness, Psychological health 
! 1"7I!3(+)#%%I!$)6!0%BA,/./*(A$.!,#$.+,!,$5#!$..!@##)!3/&)6!+/!%,$'#!$!'#.$+(/)%,(0!
2(+,!$&+/)/<(A!$A+(5(+BG!!7)!*#)#'$.I!+,#%#!3$A+/'%!%##<!+/!$33#A+!5$*$.!<#6($+(/)!/3!+,#!
A$'6(/5$%A&.$'!%B%+#<!c-/%%B!#+!$.GI!Z^^Qf!;,$B#'!h!H'(#6<$)I!POOPI!POO_dG!!8.+,/&*,!
)/)#!/3!+,#!5$'($@.#%!+,$+!%,/2#6!$&+/)/<(A!#33#A+%!c>S>I!:1>I!K1>I!$)6!:JUd!$'#!
0$'$%B<0$+,#+(A!()6#4#%I!+,#B!'#0'#%#)+!$&+/)/<(A!%+$+#%G!!1"7!$)6!>S>!6(%0.$B#6!$!
%(*)(3(A$)+!0/%(+(5#!$%%/A($+(/)!6&'()*!J>-G!!;,#'#3/'#I!6&'()*!$!+$%?!2,(A,!A/)%(%+#)+.B!
6#A'#$%#6!%B<0$+,#+(A!$)6!()A'#$%#6!0$'$%B<0$+,#+(A!'#%0/)%#%I!*'#$+#'!1"7!%A/'#%!
'#6&A#6!@#+$Y$6'#)#'*(A!'#%0/)%#%!+/!+,#!A/.6!0'#%%/'G!!L,$+!(%!*#)#'$+()*!+,#!
'#.$+(/)%,(0!@#+2##)!1"7!$)6!>S>!(%!&)A.#$'G!!;,#!()3.&#)A#!/3!6#0'#%%(/)!/)!:1>I!
K1>!$)6!:JU!6&'()*!HJ8!(%!()!$AA/'6!+/!0$%+!%+&6(#%G!!K&'()*!$!,(*,.B!%B<0$+,#+(A!+$%?I!
()A'#$%#6!6#0'#%%(/)!%A/'#%!3&'+,#'!()A'#$%#!$.0,$Y$6'#)#'*(A!$)6!%B<0$+,#+(A!
<&%A$'()(A!'#%0/)%#%G!!!!!!
 
Limitations 

;,#!0'/0/%#6!,B0/+,#%#%!,$5#!@##)!*#)#'$..B!%&00/'+#6G!!F/2#5#'I!+,#'#!$'#!
%/<#!0/%%(@.#!.(<(+$+(/)%!+/!+,#!%+&6BR!!Zd!:$.(#)AB!/3!0,B%(A$.!%+'#%%/'%f!Pd!U$A?!/3!
(%/.$+#6!+$%?%f!Nd!#E&(5$.#)AB!/3!+,#!$&+/)/<(A!'#%0/)%#!+/!+,#!+$%?%G!
! ;,#!5/.&)+$'B!6/<()$)A#!/3!+,#!$&+/)/<(A!'#$A+(/)%!E&#%+(/)%!+,#!'#.$+(5#!
#33(A$AB!/3!+,#!()5/.&)+$'B!+$%?%G!!8..!+,#!+$%?%!&%#6!$'#!2#..!#%+$@.(%,#6!
0%BA,/0,B%(/./*(A$.!<$)(0&.$+(/)%!$)6!0'/6&A#6!+,#!#40#A+#6!$33#A+G!!L,(.#!+,#!A/.6!
0'#%%/'!+$%?!&%#6!2$+#'!+#<0#'$+&'#!2#..!$@/5#!2,$+!(%!)/'<$..B!&%#6!cZOYZ]vJ!$%!
/00/%#6!+/!OY]vJdG!!>$%+!$)6!+,#!0'#%#)+!'#%&.+%!A/)3('<#6!+,$+!+,#!#.#5$+#6!
+#<0#'$+&'#!%+(..!0'/6&A#6!+,#!6#%('#6!0'#%%/'!'#%0/)%#G!!!!!!

U$A?!/3!(%/.$+#6!+$%?!'#$A+(/)%!E&#%+(/)!+,#!$@(.(+B!+/!.//?!$+!+,#!0#'A#(5#6!#33#A+%!
/3!+,#!+$%?%!()!+$)6#<G!!H('%+I!+,#!()A.&%(/)!/3!(%/.$+#6!+$%?%!2/&.6!,$5#!*'#$+.B!
#4+#)6#6!+,#!.#)*+,!/3!+,#!#40#'(<#)+G!!:#A/)6I!#$A,!+$%?!(%!2#..!#%+$@.(%,#6!()!+,#!
$'#$!/3!0%BA,/0,B%(/./*(A$.!'#%#$'A,!$)6!()A.&6#6!()!+,#!)/'<$.!@$++#'B!/3!
0%BA,/0,B%(/./*(A$.!+//.%G!!H()$..BI!+,#!#4A.&%(/)!/3!(%/.$+#6!+$%?%!'#%&.+%!3'/<!+,#!
()$@(.(+B!+/!A/)+'/.!<#)+$.!%+$+#%!6&'()*!'#3.#4(5#!+$%?%G!!H&+&'#!%+&6(#%!A/&.6!$66'#%%!
%/<#!/3!+,#!(%%&#%!@B!&%()*!@#+2##)Y%&@[#A+!*'/&0()*%G!!!

;,#!89:!(%!A/<0.#4I!$)6!+,#!#33#A+!/3!#$A,!+$%?!/)!+,#!$&+/)/<(A!$A+(5(+B!(%!
A.#$'.B!)/+!#E&(5$.#)+G!!H$A($.!A//.()*!(%!)/+!$&+/)/<(A$..B!#E&(5$.#)+!+/!+,#!A/.6!0'#%%/'I!
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)/'!(%!$'(+,<#+(A!#E&(5$.#)+!+/!'#.$4$+(/)G!!F/2#5#'I!+,#!A&''#)+!%+&6B!0'/5(6#%!5$.&$@.#!
()3/'<$+(/)!/)!$&+/)/<(A!$A+(5(+B!5($!KH8G!!KH8!0'/5(6#%!$!2$B!+/!.//?!$+!+,#!A/<0.#4!
%B)#'*(%+(A!#33#A+%!/3!+,#!+$%?%!$A'/%%!<&.+(0.#!$&+/)/<(A!5$'($@.#%!@B!*#)#'$+()*!$!
.()#$'!0'/@$@(.(+B!</6#.G!!KH8!#<0./B%!<&.+(0.#!'#*'#%%(/)!</6#.%!+/!0'#6(A+!+,#!
0'/@$@(.(+B!/3!*'/&0!<#<@#'%,(0!@$%#6!/)!+,#%#!.()#$'!'#.$+(/)%G!!KH8!$)6!/+,#'!
<&.+(0.#!5$'($@.#!+#%+%!c%&A,!$%!"89VC8d!0'/5(6#!+,#!)#A#%%$'B!+//.%!3/'!#40./'()*!
A/<0.#4!<&.+(3$A#+#6!%B%+#<%!.(?#!+,#!89:G!!
 
Future directions 
! ;,#!A&''#)+!%+&6B!.#)6%!%&00/'+!+/!+,#!0'/0/%#6!<()6Y@/6B!%B%+#<!$)6!,/2!+,#!
89:!()+#*'$+#%!5/.&)+$'B!$)6!()5/.&)+$'B!$A+(/)%G!!8AA/'6()*!+/!+,(%!'#%#$'A,I!,&<$)%!
$'#!0,B./*#)#+(A$..B!/'*$)(X#6!+/!3$5/'!5/.&)+$'B!$A+(/)!/5#'!()5/.&)+$'B!$A+(/)G!!;,#!
$@(.(+B!3/'!,&<$)%!+/!3$5/'!()+#)+(/)!/5#'!'#3.#4!(%!3&'+,#'!%&00/'+#6!+/!@#!$!0'/6&A+!/3!
A/'+(A$.!(),(@(+(/)!$)6!(%!'#$6(.B!0'#%#)+!()!$&+/)/<(A!%+$+#%G!!7)!A/)%(6#'$+(/)!/3!3&+&'#!
'#%#$'A,R!Zd!;,#!'#0.(A$+(/)!/3!+,#!A&''#)+!%+&6B!<&%+!3('%+!@#!$A,(#5#6!+/!%+'#)*+,#)!+,#!
0'/0/%#6!<()6Y@/6B!%B%+#<!</6#.f!Pd!9&<#'/&%!$&+/)/<(A!+$%?%I!%&A,!$%!/'+,/%+$+(A!
%+'#%%I!%,/&.6!@#!()5#%+(*$+#6!()!+,#('!'#.$+(/)!+/!5$'B()*!$&+/)/<(A!@#,$5(/'%f!Nd!8!
@#+2##)Y%&@[#A+%!6#%(*)!%,/&.6!@#!#<0./B#6!+/!5#'(3B!+,#!%B)#'*(%+(A!A,$'$A+#'!/3!
<&.+(0.#!+$%?%!()!A/<0$'(%/)!+/!(%/.$+#6!+$%?%f!_d!8!</'#!6#+$(.#6!()5#%+(*$+(/)!c%&A,!$%!
+,#!&%#!/3!A.()(A$.!0/0&.$+(/)%!2(+,!(<0$('#6!3'/)+$.!3&)A+(/)d!/3!+,#!'#.$+(/)%,(0!@#+2##)!
2/'?()*!<#</'B!$)6!$&+/)/<(A!(),(@(+(/)!2/&.6!3&'+,#'!+,#!A&''#)+!A/)A#0+(/)!/3!+,#!
)#&'/$)$+/<(A$.!/'*$)(X$+(/)!/3!+,#!<()6Y@/6B!%B%+#<f!]d!73!+,#!0'/0/%#6!</6#.!(%!
A/''#A+I!/)#!(<0/'+$)+!E&#%+(/)!#<#'*#%G!!;/!2,$+!#4+#)+!A$)!A/'+(A$.!(),(@(+(/)!.(<(+!
'#3.#4(5#!$A+(/)%\!!V)#!$00'/$A,!+/!$)%2#'()*!+,(%!E&#%+(/)!()5/.5#%!%+#00()*!/&+%(6#!
)/'<$+(5#!A('A&<%+$)A#%G!!8)!()A'#$%#!()!+,#!%+'#)*+,!/3!+,#!()5/.&)+$'B!+$%?%!$)6!+,#!
&+(.(X$+(/)!/3!%&@[#A+%!2(+,!#4#<0.$'B!A/)A#)+'$+(/)!$)6!(),(@(+/'B!%?(..%!c#40#'(#)A#6!
<#6(+$+/'%!A/&.6!@#!A/)%(6#'#6!#40#'+%!()!(),(@(+(/)d!2/&.6!*'#$+.B!@#)#3(+!3&+&'#!
&)6#'%+$)6()*!/3!+,#!<()6Y@/6B!%B%+#<G!!!
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J,$0+#'!]!
!

J/)A.&%(/)!
!

1/+,!()+#)+(/)$.!$)6!'#3.#4(5#!<#A,$)(%<%!#5/?#!<()6Y@/6B!%+$+#%G!!F/2#5#'I!
A/<0.#4!/'*$)(%<%!$'#!0'/0/%#6!+/!,$5#!#5/.5#6!+/!3$5/'!5/.&)+$'B!/5#'!()5/.&)+$'B!
$A+(/)G!!;,(%!0'/A#%%!(%!/'*$)(X#6!$)6!3$A(.(+$+#6!@B!+,#!$&+/)/<(A!)#'5/&%!%B%+#<I!+,#!
)#&'/./*(A$.!@$%(%!/3!+,#!0'/0/%#6!<()6Y@/6B!%B%+#<G!!D%()*!+,#!89:!$%!$)!()6#4!/3!
+,#!<()6Y@/6B!%B%+#<I!+,#!A&''#)+!%+&6B!6#</)%+'$+#%!+,$+!5/.&)+$'B!+$%?%I!6&'()*!
A/$A+(5$+(/)!+'($.%I!6/<()$+#!$&+/)/<(A!'#%0/)%#%G!!;,(%!3()6()*!(%!()!%&00/'+!/3!$)6!
#4+#)6%!'#%#$'A,!()5#%+(*$+()*!)#&'/Y5(%#'$.!()+#*'$+(/)!</6#.%I!(),(@(+/'B!0'/A#%%#%I!
<&.+(0.#!%+'#%%/'%!$)6!A/$A+(5$+(/)G!!!



27 

 

-#3#'#)A#%!
!
8,#')I!TG!UGI!:/..#'%I!=G!=GI!U$)#I!-G!KGI!U$@()#'I!KG!"GI!F#''()*I!8G!"GI!L#()$)6I!"G!SGI!

#+!$.G!cPOOZdG!F#$'+!'$+#!$)6!,#$'+!'$+#!5$'($@(.(+B!A,$)*#%!()!+,#!()+'$A$'/+(6!

%/6(&<!$</@$'@(+$.!+#%+G!Epilepsia, 42I!^ZPY^PZG!

8?%#.'/6I!:GI!T/'6/)I!KGI!"$62#6I!=G!1GI!:)(6<$)I!9G!JGI!:,$))/)I!KG!JGI!h!J/,#)I!-G!

=G!cZ^Q]dG!F#</6B)$<(A!'#*&.$+(/)R!()5#%+(*$+(/)!@B!%0#A+'$.!$)$.B%(%G!American 

Journal of Physiology, 249c_!>+!PdI!FQ`aYQa]G!

8)%A/<@#I!TG!SG!"G!cZ^`^dG!Intention!cP)6!#6GdG!7+,$A$R!J/')#..!D)(5#'%(+B!>'#%%G!

8)+/)BI!7GI!80+#A$'I!SGI!U#'#@/&'%I!TGI!h!9(+#)@#'*I!8G!cZ^^_dG!J/'/)$'B!$'+#'B!

A/)%+'(A+(/)!A$&%#6!@B!+,#!A/.6!0'#%%/'!+#%+!()!,&<$)!,B0#'+#)%(/)G!

Hypertension, 24cPdI!PZPYPZ^G!

800#)X#..#'I!VG!cZ^^^dG!The Autonomic nervous system!cC/.G!ZdG!9#2!n/'?R!S.%#5(#'G!

8'$?$2$I!MG!cZ^Q^dG!9/)Y0,$'<$A/./*(A!<#$%&'#%!3/'!./2#'()*!@.//6!0'#%%&'#G!

Cardiovascular Drugs and Therapy, 3I!Q_aYQ]PG!

1$$%I!KGI!8.#<$)I!8GI!h!M$,)I!-G!:G!cPOO_dG!U$+#'$.(X$+(/)!/3!$<B*6$.$!$A+(5$+(/)R!8!

%B%+#<$+(A!'#5(#2!/3!3&)A+(/)$.!)#&'/(<$*()*!%+&6(#%G!Brain Research Reviews, 

45I!^`YZONG!

1$66#.#BI!8G!cZ^Q`dG!Working memoryG!9#2!n/'?I!9nR!J.$'#)6/)!>'#%%iV43/'6!

D)(5#'%(+B!>'#%%G!

1$'@$%I!FGI!h!>$)6B$I!KG!9G!cZ^^ZdG!>$++#')%!/3!A/))#A+(/)%!/3!+,#!0'#3'/)+$.!A/'+#4!()!

+,#!',#%&%!</)?#B!$%%/A($+#6!2(+,!A/'+(A$.!$'A,(+#A+&'#G!7)!FG!:G!U#5()I!FG!"G!

S(%#)@#'*!h!8G!UG!1#)+/)!cS6%GdI!Frontal lobe function and dysfunction!c00G!N]Y

]QdG!9#2!n/'?I!9nR!V43/'6!D)(5#'%(+B!>'#%%G!

1$')#/&6I!>GI!9#5#&I!>G!=GI!C(+(#../I!:GI!h!U#!"/$.I!"G!cZ^QadG!H&)A+(/)$.!,#+#'/*#)#(+B!

/3!+,#!'(*,+!$)6!.#3+!A#'#@'$.!)#/A/'+#4!()!+,#!</6&.$+(/)!/3!+,#!(<<&)#!%B%+#<G!

Physiology and Behavior, 41I!]P]Y]NOG!

1$''$++I!SG!:G!cZ^QNdG!;,#!@(/./*(A$.!@$%(%!/3!(<0&.%(5#)#%%R!;,#!%(*)(3(A$)A#!/3!+(<()*!

$)6!',B+,<!6(%/'6#'%G!Personality and Individual Differences, 4I!NQaYN^ZG!

1$'&+A&I!7GI!S%#)I!8G!"GI!M$B$I!KGI!;&'?<#)I!"GI!M$'$?$B$I!VGI!"#.#?I!"GI!#+!$.G!cPOO]dG!

J(*$'#++#!%</?()*!$)6!,#$'+!'$+#!5$'($@(.(+BR!6B)$<(A!()3.&#)A#!/3!
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0$'$%B<0$+,#+(A!$)6!%B<0$+,#+(A!<$)#&5#'%G!Annals of Noninvasive 

Electrocardiology, 10I!NP_YNP^G!

1$%#..(I!TGI!J#'&++(I!:GI!J(5$'6(I!:GI!U(@#'$+(I!KGI!U/<@$'6(I!HGI!"$..($)(I!8GI!#+!$.G!cZ^Q`dG!

:0#A+'$.!$)6!A'/%%Y%0#A+'$.!$)$.B%(%!/3!,#$'+!'$+#!$)6!$'+#'($.!@.//6!0'#%%&'#!

5$'($@(.(+B!%(*)$.%G!Computers and Biomedical Research, 19I!]POY]N_G!

1#)$''/A,I!SG!SG!cZ^^NdG!;,#!A#)+'$.!$&+/)/<(A!)#+2/'?R!3&)A+(/)$.!/'*$)(X$+(/)I!

6B%3&)A+(/)I!$)6!0#'%0#A+(5#G!Mayo Clinic Proceedings, 68I!^QQYZOOZG!

1#)$''/A,I!SG!SG!cS6GdG!cZ^^adG!The Central autonomic network!cP)6!#6GdG!>,(.$6#.0,($R!

U(00()A/++Y-$5#)G!

1#)%/)I!FG!cZ^^adG!;,#!'#.$4$+(/)!'#%0/)%#R!+,#'$0#&+(A!#33#A+G!Science, 278I!Z`^_Y

Z`^]G!

1#')+%/)I!TG!TGI!1(**#'I!=G!;GI!='GI!SA?@#'*I!KG!UGI!T'/%%<$)I!>GI!M$&3<$))I!>G!TGI!"$.(?I!

"GI!#+!$.G!cZ^^adG!F#$'+!'$+#!5$'($@(.(+BR!V'(*()%I!<#+,/6%I!$)6!()+#'0'#+(5#!A$5#$+%G!

Psychophysiology, 34I!`PNY`_QG!

1#')+%/)I!TG!TGI!h!J$A(/00/I!=G!;G!cPOOOdG!H'/<!,/<#/%+$%(%!+/!$../6B)$<(A!'#*&.$+(/)G!

7)!=G!;G!J$A(/00/I!UG!TG!;$%%()$'B!h!TG!TG!1#')+%/)!cS6%GdI!Handbook of 

psychophysiology!cP)6!#6GI!00G!_]^Y_QZdG!9#2!n/'?I!9nR!J$<@'(6*#!D)(5#'%(+B!

>'#%%G!

1#')+%/)I!TG!TGI!J$A(/00/I!=G!;GI!h!b&(*.#BI!MG!:G!cZ^^ZdG!8&+/)/<(A!6#+#'<()(%<R!+,#!

</6#%!/3!$&+/)/<(A!A/)+'/.I!+,#!6/A+'()#!/3!$&+/)/<(A!%0$A#I!$)6!+,#!.$2%!/3!

$&+/)/<(A!A/)%+'$()+G!Psychological Review, 98I!_]^Y_QaG!

1#')+%/)I!TG!TGI!J$A(/00/I!=G!;GI!h!b&(*.#BI!MG!:G!cZ^^NdG!-#%0('$+/'B!%()&%!$'',B+,<($R!

8&+/)/<(A!/'(*()%I!0,B%(/./*(A$.!<#A,$)(%<%I!$)6!0%BA,/0,B%(/./*(A$.!

(<0.(A$+(/)%G!Psychophysiology, 30cPdI!ZQNYZ^`G!

1#')+%/)I!TG!TGI!J$A(/00/I!=G!;GI!b&(*.#BI!MG!:GI!h!H$@'/I!CG!;G!cZ^^_dG!8&+/)/<(A!

%0$A#!$)6!0%BA,/0,B%(/./*(A$.!'#%0/)%#G!Psychophysiology, 31cZdI!__Y`ZG!

1($)A,(I!8G!"GI!UGf!:(*)/'()(I!"GTGf!J#'&++(I!:Gf!U/<@$'6(I!HGf!"/)+#3&%A/I!8Gf!"$..($)(I!

8GI!G!cZ^^ZdG!;(<#Y5$'($)+!%0#A+'$.!#%+(<$+(/)!/3!,#$'+!'$+#!5$'($@(.(+B!%(*)$.G!

Computers in Cardiology proceedingsI!P`]YP`QG!

1[/'?I!-G!8G!cZ^Q^dG!-#+'(#5$.!(),(@(+(/)!$%!$)!$6$0+(5#!<#A,$)(%<!()!,&<$)!<#</'BG!7)!

FG!UG!-/#6(*#'I!777!h!HG!7G!"G!J'$(?!cS6%GdI!Varieties of memory and 
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consciousness: Essays in honour of Endel Tulving.!c00G!NO^YNNOdG!F(..%6$.#I!9=I!

S)*.$)6R!U$2'#)A#!S'.@$&<!8%%/A($+#%!7)AG!

1/&'6(#&I!>G!cZ^aadG!Outline of a Theory of PracticeG!J$<@'(6*#!J$<@'(6*#!D)(5#'%(+B!

>'#%%G!

1/26#)I!:G!JGI!1/26#)I!:G!JGI!J$'%+$('%I!=G!-GI!h!:,/'#%I!SG!8G!cZ^^^dG!J/)3('<$+/'B!

3$A+/'!$)$.B%(%!/3!A/<@()#6!L#A,%.#'!86&.+!7)+#..(*#)A#!:A$.#YY-#5(%#6!$)6!

L#A,%.#'!"#</'B!:A$.#YY-#5(%#6!%A/'#%!()!$!,#$.+,B!A/<<&)(+B!%$<0.#G!

Psychological Assessment, 11cNdI!NN^YN__G!

1'$+<$)I!"G!cZ^^^dG!Faces of intention : selected essays on intention and agencyG!

J$<@'(6*#I!DGMG!9#2!n/'?R!J$<@'(6*#!D)(5#'%(+B!>'#%%G!

1'$5#'I!;G!:GI!J/,#)I!=G!KGI!9B%+'/<I!UG!SGI!=/)(6#%I!=GI!:<(+,I!SG!SGI!h!9/..I!KG!JG!

cZ^^adG!8!0$'$<#+'(A!%+&6B!/3!0'#3'/)+$.!A/'+#4!()5/.5#<#)+!()!,&<$)!2/'?()*!

<#</'BG!NeuroImage, 5cZdI!_^Y`PG!

1'/2)I!JG!"GI!:$)B$I!SG!VGI!h!F(.XI!"G!=G!cPOONdG!S33#A+!/3!A/.6!3$A#!%+(<&.$+(/)!/)!

A#'#@'$.!@.//6!3./2!()!,&<$)%G!Brain Research Bulletin, 61cZdI!QZYQ`G!

1'/2)I!;G!TGI!:X$@/I!8GI!h!:#'$*$)($)I!>G!cZ^QQdG!>,B%(A$.!5#'%&%!0%BA,/./*(A$.!

6#+#'<()$)+%!/3!,#$'+!'$+#!'#$A+(5(+B!+/!<#)+$.!$'(+,<#+(AG!Psychophysiology, 

25c]dI!]NPY]NaG!

1'/2).#BI!MG!8GI!F&'2(+XI!1G!SGI!h!:A,)#(6#'<$)I!9G!cPOOOdG!J$'6(/5$%A&.$'!

0%BA,/0,B%(/./*BG!7)!=G!;G!J$A(/00/I!UG!TG!;$%%()$'B!h!TG!TG!1#')+%/)!cS6%GdI!

Handbook of psychophysiology!cP)6!#6GI!00G!PP_YP`_dG!9#2!n/'?I!9nR!

J$<@'(6*#!D)(5#'%(+B!>'#%%G!

1&#)/I!UGI!T&#I!"GI!H$'*#$%I!"G!=GI!8.5()#'(#I!"GI!=&)(#)I!=G!UGI!h!H(/'$</)+(I!=G!cZ^Q^dG!

C$*$..B!<#6($+#6!(),(@(+(/)!/3!$A/&%+(A!%+'#%%Y()6&A#6!A/'+(%/.!'#.#$%#!@B!/'$..B!

$6<()(%+#'#6!?$00$Y/0(/(6!%&@%+$)A#%!()!6/*%G!Endocrinology, 124c_dI!ZaQQY

Za^NG!

1&)*#I!:G!8GI!VA,%)#'I!MG!9GI!K#%</)6I!=G!SGI!T./5#'I!TG!FGI!h!T$@'(#.(I!=G!KG!SG!cPOOZdG!

>'#3'/)+$.!'#*(/)%!()5/.5#6!()!?##0()*!()3/'<$+(/)!()!$)6!/&+!/3!<()6G!Brain: A 

Journal of Neurology, 124cZOdI!POa_YPOQ`G!

J$A(/00/I!=G!;GI!;$%%()$'BI!UG!TGI!h!1#')+%/)I!TG!TG!cPOOOdG!Handbook of 

psychophysiology!cP)6!#6GdG!9#2!n/'?I!9nR!J$<@'(6*#!D)(5#'%(+B!>'#%%G!
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J$))/)I!LG!1G!cZ^N^dG!The wisdom of the body!cP)6!#6GdG!V43/'6I!S)*.$)6R!9/'+/)!h!J/G!

J,'(%+(#I!7G!cPOO]dG!1#,$5(/'$.!7),(@(+(/)i8A+(5$+(/)!$)6!8&+/)/<(A!J/)+'/.!/3!+,#!F#$'+R!

S4+#)6()*!+,#!8&+/)/<(A!H.#4(@(.(+B!"/6#.G!&)0&@.(%,#6I!C('*()($!;#A,!!

J/,#)I!FGI!"$+$'I!"G!8GI!M$0.$)I!mGI!h!M/+.#'I!"G!cZ^^^dG!>/2#'!%0#A+'$.!$)$.B%(%!/3!

,#$'+!'$+#!5$'($@(.(+B!()!0%BA,($+'BG!Psychotherapy and Psychosomatics, 68cPdI!

]^Y``G!

J/,#)I!=GI!J/,#)I!>GI!L#%+I!:G!TGI!h!8(?#)I!UG!:G!cPOONdG!Applied multiple 

regression/correlation analysis for the behavioral sciences!cN'6!#6GdG!"$,2$,I!

9=R!U$2'#)A#!S'.@$&<!8%%/A($+#%!>&@.(%,#'%G!

J/,#)I!"G!8GI!h!;$B./'I!=G!8G!cPOOPdG!:,/'+Y+#'<!A$'6(/5$%A&.$'!/%A(..$+(/)%!()!<$)R!

<#$%&'()*!$)6!</6#..()*!+,#!0,B%(/./*(#%G!Journal of Physiology, 542c>+!NdI!``^Y

`QNG!

J/)5#'+()/I!CG!8G!cZ^^QdG!T#)6#'!6(33#'#)A#%!()!$&+/)/<(A!3&)A+(/)%!$%%/A($+#6!2(+,!

@.//6!0'#%%&'#!'#*&.$+(/)G!American Journal of Physiology, 275c`!>+!PdI!-Z^O^Y

Z^POG!

J/&'+)#BI!:G!"GI!J/&'+)#BI!:G!"GI!>#+(+I!UGI!"$(%/*I!=G!"GI!D)*#'.#(6#'I!UG!TGI!h!F$4@BI!=G!

CG!cZ^^QdG!8)!$'#$!%0#A($.(X#6!3/'!%0$+($.!2/'?()*!<#</'B!()!,&<$)!3'/)+$.!

A/'+#4G!Science, 279c]N]]dI!ZN_aYZN]ZG!

J'(+A,.#BI!FGI!K$.BI!SGI!>,(..(0%I!"GI!1'$<<#'I!"GI!1&..</'#I!SGI!L(..($<%I!:GI!#+!$.G!cPOOOdG!

S40.(A(+!$)6!(<0.(A(+!)#&'$.!<#A,$)(%<%!3/'!0'/A#%%()*!/3!%/A($.!()3/'<$+(/)!3'/<!

3$A($.!#40'#%%(/)%R!8!3&)A+(/)$.!<$*)#+(A!'#%/)$)A#!(<$*()*!%+&6BG!Human Brain 

Mapping, 9cPdI!^NYZO]G!

J&'+(%I!JG!SGI!h!KzS%0/%(+/I!"G!cPOONdG!>#'%(%+#)+!$A+(5(+B!()!+,#!0'#3'/)+$.!A/'+#4!6&'()*!

2/'?()*!<#</'BG!Trends in Cognitive Sciences, 7c^dI!_Z]Y_PNG!

K$<$%(/I!8G!-G!cZ^^QdG!S</+(/)!()!+,#!0#'%0#A+(5#!/3!$)!()+#*'$+#6!)#'5/&%!%B%+#<G!

Brain Research. Brain Research Reviews, 26cPYNdI!QNYQ`G!

K$5(6%/)I!KG!cZ^QOdG!Essays on actions and eventsG!V43/'6!9#2!n/'?R!J.$'#)6/)!

>'#%%f!V43/'6!D)(5#'%(+B!>'#%%G!

K$5(%I!"G!cZ^^PdG!;,#!'/.#!/3!+,#!$<B*6$.$!()!A/)6(+(/)#6!3#$'G!7)!=G!>G!8**.#+/)!cS6GdI!

The amygdala: Neurobiological aspects of emotion, memory, and mental 

dysfunction.!c00G!P]]YNO`dG!9#2!n/'?I!9nR!L(.#BYU(%%G!



31 

 

K$2%/)I!"G!SGI!:A,#..I!8G!"GI!h!H(.(/)I!KG!UG!cPOOOdG!;,#!S.#A+'/6#'<$.!:B%+#<G!7)!=G!;G!

J$A(/00/I!UG!TG!;$%%()$'B!h!TG!TG!1#')+%/)!cS6%GdI!Handbook of 

psychophysiology!cP!#6GI!C/.G!^`I!00G!POOYPPNdG!9#2!n/'?I!9nR!J$<@'(6*#!

D)(5#'%(+B!>'#%%G!

6#!m&@(A$'$BI!TG!7GI!8)6'#2I!JGI!m#.$B$I!HG!VGI!L(..($<%I!:G!JG!-GI!h!K&<$)/('I!JG!

cPOOO$dG!"/+/'!'#%0/)%#!%&00'#%%(/)!$)6!+,#!0'#0/+#)+!+#)6#)AB!+/!'#%0/)6R!8!

0$'$<#+'(A!3"-7!%+&6BG!Neuropsychologia, 38c^dI!ZPQOYZP^ZG!

6#!m&@(A$'$BI!TG!7GI!m#.$B$I!HG!VGI!8)6'#2I!JGI!L(..($<%I!:G!JG!-GI!h!1&..</'#I!SG!;G!

cPOOO@dG!J#'#@'$.!'#*(/)%!$%%/A($+#6!2(+,!5#'@$.!'#%0/)%#!()(+($+(/)I!%&00'#%%(/)!

$)6!%+'$+#*B!&%#G!Neuropsychologia, 38c^dI!ZP^PYZNO_G!

K#..()*#'I!=G!8GI!;$B./'I!FG!UGI!h!>/'*#%I!:G!LG!cZ^QadG!8+'/0()#!%&.3$+#!#33#A+%!/)!$5($+/'!

0#'3/'<$)A#!$)6!/)!'#%0('$+/'BY,#$'+!0#'(/6!()+#'$A+(/)%G!Aviation, Space, and 

Environmental Medicine, 58c_dI!NNNYNNQG!

K#<$'##I!FG!8GI!h!F$''(%/)I!KG!LG!cZ^^adG!>,B%(/./*(A$.!$)6!)#&'/0%BA,/./*(A$.!

A/''#.$+#%!/3!,/%+(.(+BG!Neuropsychologia, 35cZOdI!Z_O]YZ_ZZG!

K#<0%+#'I!HG!9G!cZ^^ZdG!7),(@(+/'B!0'/A#%%#%R!8!)#*.#A+#6!6(<#)%(/)!/3!()+#..(*#)A#G!

Intelligence, 15cPdI!Z]aYZaNG!

KzS%0/%(+/I!"GI!>/%+.#I!1G!-GI!h!-B0<$I!1G!cPOOOdG!>'#3'/)+$.!A/'+(A$.!A/)+'(@&+(/)%!+/!

2/'?()*!<#</'BR!#5(6#)A#!3'/<!#5#)+Y'#.$+#6!3"-7!%+&6(#%G!Experimental Brain 

Research, 133cZdI!NYZZG!

K#5()%?BI!VGI!"/''#..I!"G!=GI!h!C/*+I!1G!8G!cZ^^]dG!J/)+'(@&+(/)%!/3!$)+#'(/'!A()*&.$+#!

A/'+#4!+/!@#,$5(/&'G!Brain: A Journal of Neurology, 118cZdI!Pa^YNO`G!

K($</)6I!8G!cZ^QQdG!8@(.(+(#%!$)6!)#&'$.!<#A,$)(%<%!&)6#'.B()*!81!0#'3/'<$)A#G!Child 

Development, 59cPdI!]PNY]PaG!

SA?@#'*I!KG!UG!cZ^^adG!:B<0$+,/5$*$.!@$.$)A#R!$!A'(+(A$.!$00'$(%$.G!Circulation, 96c^dI!

NPP_YNPNPG!

S,'%%/)I!FG!FGI!M&,+XY1&%A,@#A?I!=G!>GI!h!H/'%%@#'*I!FG!cPOOPdG!1'$()!'#*(/)%!

A/)+'/..()*!)/)%B)#'*(%+(A!5#'%&%!%B)#'*(%+(A!</5#<#)+!/3!+,#!6(*(+%R!$!3&)A+(/)$.!

<$*)#+(A!'#%/)$)A#!(<$*()*!%+&6BG!Journal of Neuroscience, 22cZPdI!]Oa_Y]OQOG!

S)*#.I!8G!MGI!h!:()*#'I!LG!cPOOZdG!;#<0/'$.!@()6()*!$)6!+,#!)#&'$.!A/''#.$+#%!/3!

%#)%/'B!$2$'#)#%%G!Trends in Cognitive Sciences, 5cZdI!Z`YP]G!
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S'B/)&A&I!1GI!1(.*#I!"GI!h!T&.#'I!9G!cPOOOdG!>'/*)/%+(A!5$.&#!/3!,#$'+!'$+#!5$'($@(.(+B!()!

(6(/0$+,(A!6(.$+#6!A$'6(/<B/0$+,BG!Journal of the American College of Cardiology, 

35c]dI!ZN`NG!

S5$)%I!=G!"GI!m(#*.#'I!"G!TGI!>$+2$'6,$)I!8G!-GI!V++I!=G!1GI!M(<I!JG!:GI!U#/)#..(I!HG!"GI!#+!

$.G!cPOOZdG!T#)6#'!6(33#'#)A#%!()!$&+/)/<(A!A$'6(/5$%A&.$'!'#*&.$+(/)R!%0#A+'$.I!

,/'</)$.I!$)6!,#</6B)$<(A!()6#4#%G!Journal of Applied Physiology, 91c`dI!

P`ZZYP`ZQG!

H'$)?I!:G!"GI!h!-$[$I!:G!9G!cZ^^_dG!-#3.#4!A&+$)#/&%!5$%/A/)%+'(A+(/)!6&'()*!A/.6!

0'#%%/'!+#%+!(%!<#6($+#6!+,'/&*,!$.0,$Y$6'#)/A#0+/'%G!Clinical Autonomic 

Research, 4c]dI!P]aYP`ZG!

H'#&6I!:GI!h!-(5(#'#I!=G!cZ^PadG!The ego and the idG!U/)6/)R!F/*$'+,!0'#%%I!$)6!+,#!

7)%+(+&+#!/3!0%BA,/Y$)$.B%(%G!

H'(#6<$)I!1G!FG!cPOOadG!8)!$&+/)/<(A!3.#4(@(.(+BY)#&'/5(%A#'$.!()+#*'$+(/)!</6#.!/3!

$)4(#+B!$)6!A$'6($A!5$*$.!+/)#G!Biological Psychology, 74cPdI!ZQ]YZ^^G!

H'(#6<$)I!1G!FGI!h!:$)+&AA(I!8G!MG!cPOONdG!76(/6B)$<(A!0'/3(.#%!/3!A$'6(/5$%A&.$'!

$A+(5(+BR!$!>Y+#A,)(E&#!$00'/$A,G!Integrative Physiological & Behavioral Science, 

38c_dI!P^]YNZ]G!

H'(#6<$)I!1G!FGI!h!;,$B#'I!=G!HG!cZ^^Q$dG!8)4(#+B!$)6!$&+/<$+(A!3.#4(@(.(+BR!8!

A$'6(/5$%A&.$'!$00'/$A,G!Biological Psychology, 47cNdI!P_NYP`NG!

H'(#6<$)I!1G!FGI!h!;,$B#'I!=G!HG!cZ^^Q@dG!8&+/)/<(A!@$.$)A#!'#5(%(+#6R!0$)(A!$)4(#+B!

$)6!,#$'+!'$+#!5$'($@(.(+BG!Journal of Psychosomatic Research, 44cZdI!ZNNYZ]ZG!

H'(#6<$)I!1G!FGI!;,$B#'I!=G!HGI!1/'?/5#AI!;G!KGI!;B''#..I!-G!8GI!=/,)%/)I!1GYFGI!h!

J/.&<@/I!-G!cZ^^NdG!8&+/)/<(A!A,$'$A+#'(%+(A%!/3!)/)A.()(A$.!0$)(A!$)6!@.//6!

0,/@($G!Biological Psychiatry, 34c]dI!P^QYNZOG!

H'(#6<$)I!1G!FGI!;,$B#'I!=G!HGI!h!;B''#..I!-G!8G!cZ^^`dG!:0#A+'$.!A,$'$A+#'(%+(A%!/3!,#$'+!

0#'(/6!5$'($@(.(+B!6&'()*!A/.6!3$A#!%+'#%%!$)6!%,/A?!$5/(6$)A#!()!)/'<$.!%&@[#A+%G!

Clinical Autonomic Research, 6cNdI!Z_aYZ]PG!

H&?&6$I!nGI!:$+/I!8GI!:&X&?(I!8GI!h!;'X#@%?(I!8G!cZ^Q^dG!8&+/)/<(A!)#'5#!$)6!

A$'6(/5$%A&.$'!'#%0/)%#%!+/!A,$)*()*!@.//6!/4B*#)!$)6!A$'@/)!6(/4(6#!.#5#.%!()!

+,#!'$+G!Journal of the Autonomic Nervous System, 28I!`ZYa_G!
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H&%+#'I!=G!"G!cZ^^adG!;,#!>'#3'/)+$.!J/'+#4R!$)$+/<BI!0,B%(/./*BI!$)6!)#&'/0%BA,/./*B!

/3!+,#!3'/)+$.!./@#G!7)!cN!#6GdG!9#2!n/'?I!9nR!U(00()A/++Y'$5#)G!

T$..$*,#'I!"GI!T$..$*,#'I!"GI!h!F/..$)6I!>G!JG!cZ^^PdG!D)6#'%+$)6()*!+,#!3&)A+(/)!/3!+,#!

A#)+'$.!)&A.#&%R!7%!%(<0.#!A/)6(+(/)()*!#)/&*,\!7)!=G!>G!8**.#+/)!cS6GdI!The 

amygdala: Neurobiological aspects of emotion, memory, and mental dysfunction.!

c00G!NOaYNPZdG!9#2!n/'?I!9nR!L(.#BYU(%%G!

T$+.()I!UGI!UG!cZ^aPdG!Information Theory and the Living SystemG!9#2!n/'?R!J/.&<@($!

D)(5#'%(+B!>'#%%G!

T.$%%I!UG!cPOOZdG!:B)A,'/)(X$+(/)!$)6!',B+,<(A!0'/A#%%#%!()!>,B%(/./*BG!Nautre, 410cQdI!

PaaYPQ_G!

T./@&%I!TG!TGI!h!8'0$($I!=G!>G!cZ^^_dG!>%BA,($+'B!$)6!+,#!)#2!6B)$<(A%G!Biological 

Psychiatry, 35I!N]PYN`_G!

T/.6@#'*#'I!8G!UG!cZ^^OdG!H'$A+$.!#.#A+'/6B)$<(A%!/3!+,#!,#$'+@#$+G!Annals Of The New 

York Academy Of Sciences, 591I!_ONY_O^G!

T/.6<$)Y-$?(AI!>G!:G!cZ^QadG!K#5#./0<#)+!/3!A/'+(A$.!A('A&(+'B!$)6!A/*)(+(5#!3&)A+(/)G!

Child Development, 58cNdI!`OZY`PPG!

T/.6%+#()I!7G!1GI!h!:,$0('/I!KG!cZ^QQdG!J$'6(/5$%A&.$'!'#%0/)%#%!+/!<#)+$.!$'(+,<#+(A!

$)6!,$)6*'(0!6&'()*!6(33#'#)+!A/)6(+(/)%!/3!0/%+&'$.!A,$)*#G!Psychophysiology, 

25cPdI!ZPaYZN`G!

T'(33(+,%I!;G!KGI!T'(33(+,%I!;G!KGI!-##%I!8GI!L(++/)I!JGI!J'/%%I!>G!"GI!:,$?('I!-G!8GI!#+!$.G!

cZ^^adG!:0$+($.!$)6!+#<0/'$.!$&6(+/'B!0'/A#%%()*!6#3(A(+%!3/../2()*!'(*,+!

,#<(%0,#'#!()3$'A+(/)R!8!0%BA,/0,B%(A$.!%+&6BG!Brain: A Journal of Neurology, 

120c]dI!aQ]Ya^_G!

T&#''()(I!JGI!T&#''()(I!JGI!1#'.&AA,(I!TGI!1'(A/./I!SGI!h!8*.(/+(I!:G!"G!cPOONdG!;#<0/'$.!

</6&.$+(/)!/3!%0$+($.!+$A+(.#!#4+()A+(/)!()!'(*,+Y@'$()Y6$<$*#6!0$+(#)+%G!Journal of 

Cognitive Neuroscience, 15c_dI!]PNY]N`G!

F$+A,I!=G!>GI!M.$++I!MGI!>/'*#%I!:G!LGI!:A,'/#6#'Y=$%,#2$BI!UGI!h!:&0(?I!=G!KG!cZ^Q`dG!

;,#!'#.$+(/)!@#+2##)!',B+,<(A!A$'6(/5$%A&.$'!5$'($@(.(+B!$)6!'#$A+(5(+B!+/!

/'+,/%+$+(AI!A/*)(+(5#I!$)6!A/.6!0'#%%/'!%+'#%%G!Psychophysiology, 23cZdI!_QY]`G!
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F#6<$)I!8GI!h!9/'6.$)6#'I!-G!cZ^QQdG!J,$)*#%!()!b;!$)6!bY$;!()+#'5$.%!()6&A#6!@B!

<#)+$.!$)6!0,B%(A$.!%+'#%%!2(+,!3(4#6!'$+#!$)6!$+'($.!+'(**#'#6!5#)+'(A&.$'!(),(@(+#6!

A$'6($A!0$A()*G!Pacing and Clinical Electrophysiology, 11cZOdI!Z_P`YZ_NZG!

F(.XI!"G!=GI!:+#<0#'I!1GI!:$&#'I!>GI!F$#'+.I!DGI!:()*#'I!LGI!h!84#.'/6I!HG!1G!cZ^^^dG!J/.6!

3$A#!+#%+!6#</)%+'$+#%!0$'$%B<0$+,#+(A!A$'6($A!6B%3&)A+(/)!()!3$<(.($.!

6B%$&+/)/<($G!American Journal of Physiology, 276c`!>+!PdI!-ZQNNYZQN^G!

F.$%+$.$I!"GI!h!1#'*#'I!8G!cZ^^`dG!Physiology of RespirationG!9#2!n/'?R!V43/'6!

D)(5#'%(+B!>'#%%G!

F/A,@#'*I!nG!cZ^QQdG!8!%,$0#'!1/)3#''/)(!0'/A#6&'#!3/'!<&.+(0.#!+#%+!/3!%(*)(3(A$)A#G!

Biometrika, 75I!QOOYQOPG!

F/03()*#'I!=G!1GI!1&/)/A/'#I!"G!FGI!h!"$)*&)I!TG!-G!cPOOOdG!;,#!)#&'$.!<#A,$)(%<%!/3!
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$5$%"*>K'(&**"1K'.#'1","%0#'0&#.-"$'0$("="(5G'
!
_!-&)!/'!#E&(5$.#)+!$A+(5(+B!�!NO!<()&+#%!0#'!2##?G!
!
]!-&)!/'!#E&(5$.#)+!$A+(5(+B!NOY`O!<()&+#%!0#'!2##?G!
!
`!-&)!/'!#E&(5$.#)+!$A+(5(+B!ZYN!,/&'%!0#'!2##?G!
!
a!-&)!/'!#E&(5$.#)+!$A+(5(+B!�!N!,/&'%!0#'!2##?G!
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8>>S9K7W!J!

 

K#0'#%%(/)!8)4(#+B!:+'#%%!:A$.#!
!

K8:!:!PZ  !

>.#$%#!'#$6!#$A,!%+$+#<#)+!$)6!A('A.#!$!)&<@#'!OI!ZI!P!/'!N!+,$+!()6(A$+#%!,/2!<&A,!+,#!
%+$+#<#)+!$00.(#6!+/!B/&!over the past weekG!!;,#'#!$'#!)/!'(*,+!/'!2'/)*!$)%2#'%G!!K/!)/+!
%0#)6!+//!<&A,!+(<#!/)!$)B!%+$+#<#)+G!

The rating scale is as follows:!

O!!K(6!)/+!$00.B!+/!<#!$+!$..!
Z!!800.(#6!+/!<#!+/!%/<#!6#*'##I!/'!%/<#!/3!+,#!+(<#!
P!!800.(#6!+/!<#!+/!$!A/)%(6#'$@.#!6#*'##I!/'!$!*//6!0$'+!/3!+(<#!
N!!800.(#6!+/!<#!5#'B!<&A,I!/'!</%+!/3!+,#!+(<#!
!

Z! 7!3/&)6!(+!,$'6!+/!2()6!6/2)! O!!!!!!Z!!!!!!P!!!!!!N!

P! 7!2$%!$2$'#!/3!6'B)#%%!/3!<B!</&+,! O!!!!!!Z!!!!!!P!!!!!!N!

N! 7!A/&.6)z+!%##<!+/!#40#'(#)A#!$)B!0/%(+(5#!3##.()*!$+!$..! O!!!!!!Z!!!!!!P!!!!!!N!

_! 7!#40#'(#)A#6!@'#$+,()*!6(33(A&.+B!c#*I!#4A#%%(5#.B!'$0(6!@'#$+,()*I!
@'#$+,.#%%)#%%!()!+,#!$@%#)A#!/3!0,B%(A$.!#4#'+(/)d!

O!!!!!!Z!!!!!!P!!!!!!N!

]! 7!3/&)6!(+!6(33(A&.+!+/!2/'?!&0!+,#!()(+($+(5#!+/!6/!+,()*%! O!!!!!!Z!!!!!!P!!!!!!N!

`! 7!+#)6#6!+/!/5#'Y'#$A+!+/!%(+&$+(/)%! O!!!!!!Z!!!!!!P!!!!!!N!

a! 7!#40#'(#)A#6!+'#<@.()*!c#*I!()!+,#!,$)6%d! O!!!!!!Z!!!!!!P!!!!!!N!

Q! 7!3#.+!+,$+!7!2$%!&%()*!$!./+!/3!)#'5/&%!#)#'*B! O!!!!!!Z!!!!!!P!!!!!!N!

^! 7!2$%!2/''(#6!$@/&+!%(+&$+(/)%!()!2,(A,!7!<(*,+!0$)(A!$)6!<$?#!$!
3//.!/3!<B%#.3!

O!!!!!!Z!!!!!!P!!!!!!N!

ZO! 7!3#.+!+,$+!7!,$6!)/+,()*!+/!.//?!3/'2$'6!+/! O!!!!!!Z!!!!!!P!!!!!!N!

ZZ! 7!3/&)6!<B%#.3!*#++()*!$*(+$+#6! O!!!!!!Z!!!!!!P!!!!!!N!

ZP! 7!3/&)6!(+!6(33(A&.+!+/!'#.$4! O!!!!!!Z!!!!!!P!!!!!!N!

ZN! 7!3#.+!6/2)Y,#$'+#6!$)6!@.&#! O!!!!!!Z!!!!!!P!!!!!!N!

Z_! 7!2$%!()+/.#'$)+!/3!$)B+,()*!+,$+!?#0+!<#!3'/<!*#++()*!/)!2(+,!
2,$+!7!2$%!6/()*!

O!!!!!!Z!!!!!!P!!!!!!N!

Z]! 7!3#.+!7!2$%!A./%#!+/!0$)(A! O!!!!!!Z!!!!!!P!!!!!!N!

Z`! 7!2$%!&)$@.#!+/!@#A/<#!#)+,&%($%+(A!$@/&+!$)B+,()*! O!!!!!!Z!!!!!!P!!!!!!N!
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Za! 7!3#.+!7!2$%)z+!2/'+,!<&A,!$%!$!0#'%/)! O!!!!!!Z!!!!!!P!!!!!!N!

ZQ! 7!3#.+!+,$+!7!2$%!'$+,#'!+/&A,B! O!!!!!!Z!!!!!!P!!!!!!N!

Z^! 7!2$%!$2$'#!/3!+,#!$A+(/)!/3!<B!,#$'+!()!+,#!$@%#)A#!/3!0,B%(A$.!
#4#'+(/)!c#*I!%#)%#!/3!,#$'+!'$+#!()A'#$%#I!,#$'+!<(%%()*!$!@#$+d!

O!!!!!!Z!!!!!!P!!!!!!N!

PO! 7!3#.+!%A$'#6!2(+,/&+!$)B!*//6!'#$%/)! O!!!!!!Z!!!!!!P!!!!!!N!

PZ! 7!3#.+!+,$+!.(3#!2$%!<#$)()*.#%%! O!!!!!!Z!!!!!!P!!!!!!N!

!
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8>>S9K7W!K!
!

1$''$++!7<0&.%(5(+B!:A$.#!cZ]!(+#<!5#'%(/)d!
!

>.#$%#!'#$6!#$A,!%+$+#<#)+!$)6!A,//%#!+,#!)&<@#'!OI!ZI!P!/'!N!+,$+!()6(A$+#%!
,/2!<&A,!+,#!%+$+#<#)+!$00.(#6!+/!B/&G!!;,#'#!$'#!)/!'(*,+!/'!2'/)*!$)%2#'%G!!!
!
;,#!'$+()*!%A$.#!(%!$%!3/../2%R!
!
O!!-$'#.Bi9#5#'!
Z!!VA$%(/)$..B!
P!!V3+#)!
N!!8.2$B%i8.</%+!8.2$B%!
!
!
b&#%+(/)%R!
!
ZG! 7!$A+!/)!(<0&.%#!
PG! 7!$A+!/)!+,#!%0&'!/3!+,#!</<#)+!!
NG! 7!6/!+,()*%!2(+,/&+!+,()?()*!!
_G! 7!%$B!+,()*%!2(+,/&+!+,()?()*!
]G! 7!@&B!+,()*%!/)!(<0&.%#!
`G! 7!0.$)!3/'![/@!%#A&'(+B!
aG! 7!0.$)!3/'!+,#!3&+&'#!
QG! 7!%$5#!'#*&.$'.B!!
^G! 7!0.$)!+$%?%!A$'#3&..B!
ZOG! 7!$<!$!A$'#3&.!+,()?#'!
ZZG! 7!$<!'#%+.#%%!$+!.#A+&'#%!/'!+$.?%!
ZPG! 7!%E&('<!$+!0.$B%!/'!.#A+&'#%!
ZNG! 7!A/)A#)+'$+#!#$%(.B!
Z_G! 7!6/)g+!0$B!$++#)+(/)!
Z]G! S$%(.B!@/'#6!%/.5()*!+,/&*,+!0'/@.#<%!
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8>>S9K7W!S!
!

L#A,%.#'!"#</'B!:A$.#!777!cL/'?()*!"#</'B!%&@+#%+%d!
!
K(*(+!:0$)!;#%+!

 

Item  

 

Trial 

 

Response/(Correct Response) 

Score 

0 or 1 

Trial 1 2-4     (4-2) 

 

 1.     

      

        Trial 2 5-7     (7-5) 

 

 

Trial 1 6-2-9     (9-2-6) 

 

 2.     

 

        Trial 2 4-1-5     (5-1-4) 

 

 

Trial 1 3-2-7-9     (9-7-2-3) 

 

 3.     

 

        Trial 2 4-9-6-8     (8-6-9-4) 

 

 

Trial 1 1-5-2-8-6     (6-8-2-5-1) 

 

 4.     

 

        Trial 2 6-1-8-4-3     (3-4-8-1-6) 

 

 

Trial 1 5-3-9-4-1-8     (8-1-4-9-3-5) 

 

 5.     

 

        Trial 2 7-2-4-8-5-6     (6-5-8-4-2-7) 

 

 

Trial 1 8-1-2-9-3-6-5     (5-6-3-9-2-1-8) 

 

 6.     

        

Trial 2 4-7-3-9-1-2-8     (8-2-1-9-3-7-4) 

 

 

Trial 1 9-4-3-7-6-2-5-8     (8-5-2-6-7-3-4-9) 

 

 7.     

 

        Trial 2 7-2-8-1-9-6-5-3     (3-5-6-9-1-8-2-7) 

 

 

! ! !
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:0$+($.!:0$)!;#%+ 

 

Item 

 

Trial 

 

Response/(Correct Response) 

Score

0 to 1

Trial 

1 

 

7-4     (4 – 7) 

 

 1.      

 

         

 Trial 

2 

3-10     (10 – 3) 

 

 

Trial 

1 

 

8-2-7     (7-2-8) 

 

 2.      

 

         

 Trial 

2 

1-9-3     (3-9-1)  

Trial 

1 

 

10-6-2-7     (7-2-6-10) 

 

 3.      

 

         

 Trail 

2 

4-9-1-6     (6-1-9-4)  

Trial 

1 

 

5-7-9-8-2     (2-8-9-7-5) 

 

 4.      

 

         

 Trail 

2 

6-5-1-4-8     (8-4-1-5-6)  

Trail 

1 

 

9-2-6-7-3-5     (5-3-7-6-2-9) 

 

 5.      

 

         

 Trail 

2 

4-1-9-3-8-10     (10-8-3-9-1-4)  

Trail 

1 

 

2-6-3-8-2-10-1    (1-10-2-8-3-6-2) 

 

 6.      

 

         

 Trail 

2 

10-1-6-4-8-5-7    (7-5-8-4-6-1-10)  

Trail 

1 

 

6-9-3-2-1-7-10-5     (5-10-7-1-2-3-9-6) 

 

 7.      

 

         

 Trail 

2 

7-3-10-5-7-8-4-9     (9-4-8-7-5-10-3-7)  

Trail 

1 

 

8-2-6-1-10-3-7-4-9     (9-4-7-3-10-1-6-2-8) 

 

 8.      

 

 

Trail 

2 

5-8-4-10-7-3-1-9-6' (6-9-1-3-7-10-4-8-5) 

 

 

!
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8>>S9K7W!H!
!

C$.$)A#!$)6!8A+(5$+(/)!:#.3Y-#0/'+!:A$.#!
!
!"#$%&'()&'*+,-&#'.*'()&'1$0%&'()0('-&1('3&1$#"-&1')./'5.+'4&%('3+#"*>'()&'(01IG'@4'
()&'/.#3'3.&1'*.('0('0%%'3&1$#"-&')./'5.+'4&%('3+#"*>'()&'(01IK'$"#$%&'MG'@4'()&'/.#3'
=&#5'0$$+#0(&%5'3&1$#"-&1')./'5.+'4&%(K'$"#$%&'NK'.#'0*'"*(&#,&3"0(&'0,.+*(K'$"#$%&'
OK'&($G'
!
T//6!Z!P!N!_!]!`!a!
J$.<!Z!P!N!_!]!`!a!
8A+(5#!Z!P!N!_!]!`!a!
D)0.#$%$)+!Z!P!N!_!]!`!a!
9#&+'$.!Z!P!N!_!]!`!a!
S4A(+#6!Z!P!N!_!]!`!a!
9#*$+(5#!Z!P!N!_!]!`!a!
-#.$4#6!Z!P!N!_!]!`!a!
>$%%(5#!Z!P!N!_!]!`!a!
>/%(+(5#!Z!P!N!_!]!`!a!
8*(+$+#6!Z!P!N!_!]!`!a!
1$6!Z!P!N!_!]!`!a!
>.#$%$)+!Z!P!N!_!]!`!a!
!
-$+#!+,#!()+#)%(+B!/3!2,$+!B/&!3#.+\!Z!P!N!_!]!`!a!
!
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8>>S9K7W!T!
'

;$%?!82$'#)#%%!:A$.#!
'

A*'0=&#0>&K')./'0/0#&'.#'4.$+1&3'/&#&'5.+'.4'()&'2)51"$0%'(01I'
P$.%32#&11.#'.#'40$"0%'$..%"*>Q'3+#"*>'()&'&L2&#",&*(R'
!
O!)/!$2$'#)#%%!!
Z!5#'B!.(++.#!$2$'#)#%%!
P!!
N!</'#!)/)Y$2$'#)#%%!+,$)!$2$'#)#%%!
_!</'#!$2$'#)#%%!+,$)!)/)Y$2$'#)#%%!
]!!
`!$.</%+!+/+$.!$2$'#)#%%!!
a!+/+$.!$2$'#)#%%'
'
'
'
'
'
'
'
'
'
'
'
'
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8>>S9K7W!F!
!

"#)+$.!J/)A#)+'$+(/)!:A$.#!
!

A*'0=&#0>&K')./'/&%%'/&#&'5.+'0-%&'(.',0"*(0"*',&*(0%'$.*$&*(#0(".*'
P0#"(),&("$'.#'#&%0L0(".*Q'3+#"*>'()&'(01IR'
!
O!)/!A/)A#)+'$+(/)!
Z!5#'B!<()(<$.!A/)A#)+'$+(/)!
P!!
N!</'#!)/)YA/)A#)+'$+(/)!+,$)!A/)A#)+'$+(/)!
_!</'#!A/)A#)+'$+(/)!+,$)!)/)YA/)A#)+'$+(/)!
]!
`!$.</%+!$@%/.&+#!A/)A#)+'$+(/)!2(+,!.(++.#!6#5($+(/)!!
a!+/+$.!&)2$5#'()*!A/)A#)+'$+(/)!
!
'
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8>>S9K7W!7!
!

79HV-"SK!JV9:S9;!cU$@/'$+/'B!:#%%(/)d!
!

<@96@8@:'?A;SE7!F8@!'@8CE@EBE7':8T'CE:E7'B8@<79C@ES'
@*4.#,&3'!.*1&*('4.#'C+-U&$(1'"*'9&1&0#$)'?#.U&$(1'@*=.%="*>'F+,0*'C+-U&$(1'
E"(%&'.4'?#.U&$(V'"#$%&'()*!-#3.#4(5#!$)6!7)+#)+(/)$.!8&+/)/<(A!-#%0/)%#%     '
@*=&1(">0(.#V';,/<$%!=G!>$'6(?#%I'K'G!1'&A#!FG!H'(#6<$)'
@G'?+#2.1&'.4'()"1'9&1&0#$)V';,#!0&'0/%#!/3!+,(%!'#%#$'A,!(%!+/!#4$<()#!$&+/)/<(A!)#'5/&%!%B%+#<!c89:d!$A+(5(+B!
2,(.#!#)*$*#6!()!'#3.#4(5#!$)6!()+#)+(/)$.!'#%0/)%#%G!!!
800'/4(<$+#.B!Z]O!<$.#!$)6!3#<$.#!%&@[#A+%!2(..!@#!'#A'&(+#6!3/'!0$'+(A(0$+(/)!()!+,#!%+&6BG!
@@G'?#.$&3+#&1V';,#!%+&6B!#4(%+%!()!+2/!0,$%#%G!7)6(5(6&$.%!0$'+(A(0$+()*!()!+,#!3('%+!%+$*#!<$B!/'!<$B!)/+!@#!()5(+#6!+/!
0$'+(A(0$+#!()!+,#!%#A/)6!%+$*#G!;,#!3('%+!0,$%#!/3!+,#!%+&6B!(%!$)!/).()#!%A'##)()*!0'/A#%%!+,$+!A/)%(%+%!/3!$!0,B%(A$.!
,#$.+,!,(%+/'B!%A'##)()*I!#4#'A(%#!,$@(+%I!$)6!<#)+$.!,#$.+,!%A'##)()*f!+,(%!0,$%#!%,/&.6!+$?#!.#%%!+,$)!/)#Y,$.3!,/&'!
+/!A/<0.#+#G!V).B!)/)%</?()*I!'(*,+Y,$)6#6!()6(5(6&$.%I!2(+,/&+!<$[/'!<#6(A$.!0'/@.#<%I!2(..!@#!()A.&6#6!()!+,#!%+&6BG!
:&@[#A+%!()!+,#!%#A/)6!0,$%#!/3!+,#!%+&6B!2(..!@#*()!2(+,!+,#!0.$A#<#)+!/3!#.#A+'/6#%G!:(4!A,#%+!$)6!@$A?!#.#A+'/6#%!
$)6!+2/!0$.<!#.#A+'/6#%!2(..!@#!0.$A#6!/)!+,#!%&@[#A+!@B!$!*#)6#'Y<$+A,#6!'#%#$'A,!$%%(%+$)+!+/!<#$%&'#!$&+/)/<(A!
A$'6(/5$%A&.$'!$A+(5(+B!$)6!%?()!A/)6&A+$)A#G!:&@[#A+%!2(..!+,#)!3(..!/&+!+,#!,#$.+,!$)6!#4#'A(%#!E&#%+(/))$('#%G!!9#4+I!
+,#B!2(..!0#'3/'<!$!2/'?()*!<#</'B!+$%?!$6<()(%+#'#6!@B!+,#!#40#'(<#)+#'G!>,B%(/./*(A$.!<#$%&'#%!2(..!@#*()!6&'()*!
+,#!@$%#.()#!0#'(/6!$)6!A/)+()&#!+,'/&*,/&+!+,#!#40#'(<#)+G!;,#!%#A/)6!%+$*#!/3!+,#!%+&6B!2(..!+$?#!$00'/4(<$+#.B!
/)#!,/&'!+/!A/<0.#+#!$)6!2(..!@#!A$''(#6!/&+!()!$!@#,$5(/'$.!'#%#$'A,!.$@!/)!A$<0&%G!!S40#'(<#)+$.!0'/A#6&'#!2(..!
'#E&('#!%&@[#A+%!+/!0#'3/'<!0,B%(A$..B!#5/?#6!$&+/)/<(A!+$%?%!2(+,!0%BA,/./*(A$..B!#5/?#6!+$%?%!%(<&.+$)#/&%.BG!!
@@@G'9"1I1V';,#!'(%?%!/3!+,(%!%+&6B!$'#!<()(<$.G!8+!+(<#%!+,#!'#</5$.!/3!+,#!6(%0/%$@.#!#.#A+'/6#%!'#%&.+%!()!(''(+$+(/)!/'!
'#6)#%%!/3!+,#!%?()G!:&@<#'%(/)!/3!,$)6!()!A/.6!2$+#'!A$)!@#!0$()3&.!@&+!%&@[#A+%!2(..!@#!()%+'&A+#6!+,$+!+,#B!A$)!
'#</5#!+,#('!,$)6!$+!$)B!+(<#G!
@<G'H&*&4"(1'.4'()"1'?#.U&$(V';$?()*!0$'+!()!+,(%!%+&6B!2(..!A/)+'(@&+#!+/!+,#!*#)#'$.!%A(#)+(3(A!?)/2.#6*#!'#*$'6()*!+,#!
'#.$+(/)%,(0!@#+2##)!3'/)+$.!A/'+(A$.!$A+(5(+B!$)6!$&+/)/<(A!%+$+#%G!:&@[#A+%!<$B!'#E&#%+!3&'+,#'!()3/'<$+(/)!'#*$'6()*!
+,#!%+&6Bg%!3()6()*%!@B!*(5()*!+,#!#40#'(<#)+#'!$)!#<$(.!$66'#%%!/'!/+,#'!A/)+$A+!()3/'<$+(/)G!
<G'7L(&*('.4':*.*5,"(5'0*3'!.*4"3&*("0%"(5V'8)B!()3/'<$+(/)!$AE&('#6!@B!E&#%+(/))$('#!/'!
0,B%(/./*(A$.!'#A/'6()*!2(..!@#!?#0+!%+'(A+.B!A/)3(6#)+($.!$)6!2(..!@#!$AA#%%#6!/).B!@B!+'$()#6!'#%#$'A,!0#'%/))#.G!
:&@[#A+%!2(..!@#!(6#)+(3(#6!/).B!@B!<#$)%!/3!$)!$%%(*)#6!)&<@#'!6&'()*!%&@%#E&#)+!$)$.B%(%!$)6!2'(++#)!'#0/'+%G!8!
0$'+(A(0$)+g%!()6(A$+(/)!/3!()+#)+!+/!,$'<!/+,#'%!/'!+,#<%#.5#%!/@.(*$+#%!+,#!'#%#$'A,#'!+/!@'#$?!A/)3(6#)+($.(+B!$)6!
)/+(3B!+,#!$00'/0'($+#!$*#)ABG!
<@G'!.,2&*10(".*V':&@[#A+%!2(..!'#A#(5#!/)#!0/()+!/3!#4+'$!A'#6(+!3/'!+,#('!0$'+(A(0$+(/)!()!+,#!/).()#!%A'##)()*G!;,/%#!
2,/!0$'+(A(0$+#!()!+,#!%#A/)6!%+$*#!/3!+,#!%+&6B!2(..!'#A#(5#!$)!$66(+(/)$.!+2/!0/()+%!/3!#4+'$!A'#6(+G!85$(.$@(.(+B!/3!
#4+'$!A'#6(+!3/'!$!*(5#)!A/&'%#!(%!6#0#)6#)+!&0/)!+,#('!()%+'&A+/'g%!0#'<(%%(/)G!
<@@G'W#&&3.,'(.'X"()3#0/V':&@[#A+%!<$B!2(+,6'$2!3'/<!+,#!%+&6B!$+!$)B!+(<#!2(+,/&+!0#)$.+BG!73!$!0$'+(A(0$)+!
A,//%#%!+/!2(+,6'$2I!,#i%,#!2(..!@#!A/<0#)%$+#6!3/'!+,#!0/'+(/)!/3!+(<#!%0#)+!+$?()*!0$'+!()!+,#!%+&6BG!
<@@@G':22#.=0%'.4'9&1&0#$)V';,(%!'#%#$'A,!0'/[#A+!(%!0#)6()*!@B!+,#!K#0$'+<#)+!/3!>%BA,/./*Bg%!F&<$)!:&@[#A+%!
J/<<(++##!$)6!@B!+,#!7)%+(+&+(/)$.!-#5(#2!1/$'6!3/'!-#%#$'A,!7)5/.5()*!F&<$)!:&@[#A+%!$+!C('*()($!;#A,G!
@YG'?0#("$"20*(Z1'9&12.*1"-"%"("&1V'7!5/.&)+$'(.B!$*'##!+/!0$'+(A(0$+#!()!+,(%!%+&6B!$)6!$*'##!+/!+$?#!0$'+!()!+,#!
0'/A#6&'#%!6#%A'(@#6!$@/5#G!
YG'C+-U&$(1'?&#,"11".*V'7!,$5#!'#$6!$)6!&)6#'%+$)6!+,#!7)3/'<#6!J/)%#)+!$)6!A/)6(+(/)%!/3!+,(%!0'/[#A+G!7!,$5#!,$6!
$..!<B!E&#%+(/)%!$)%2#'#6G!7!,#'#@B!$A?)/2.#6*#!+,#!$@/5#!$)6!*(5#!<B!5/.&)+$'B!A/)%#)+R!
!
}}}}}}}}}}}}}}}}}}}}}}}! }}}}}}}}}}}}}}}}}}}}}}}! }}}}}}}}}}!
9$<#!c0.#$%#!>-79;!A.#$'.Bd! :(*)$+&'#! ! ! K$+#!
:,/&.6!7!,$5#!$)B!E&#%+(/)%!$@/&+!+,(%!'#%#$'A,!/'!(+%!A/)6&A+I!7!<$B!A/)+$A+R!
;,/<$%!=G!>$'6(?#%I!"$()!7)5#%+(*$+/'I!K#0$'+<#)+!/3!>%BA,/./*B!PNZYN`NO!
0$'6(?#%�5+G#6&!
K'G!1'&A#!FG!H'(#6<$)I!>'()A(0$.!7)5#%+(*$+/'I!K#0$'+<#)+!/3!>%BA,/./*B!PNZY^`ZZ!
@,3'(#6<�5+G#6&!
K'G!K$5(6!F$''(%/)I!F:J!J,$('I!K#0$'+<#)+!/3!>%BA,/./*B!PNZY__PP!
62,�5+G#6&!
K'G!-/@#'+!:+#0,#)%I!J,$('I!K#0$'+<#)+!/3!>%BA,/./*B!PNZY`NO_!
%+#0,#)%�5+G#6&!
K'G!K$5(6!"//'#I!J,$('!7-1!PNZY_^^Z!
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;$@.#!Z!
!
Previous Multiple Stressor Studies 
C(+35' D0*"2+%0(".*'E01I1' ?.1(+#&' :+(.*.,"$'D&01+#&1' 9&1+%(1'

:X$@/I!Z^^N! "#)+$.!8'(+,<#+(A! :(++()*! F#$'+!-$+#! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!()!F#$'+!-$+#!!

!! V'+,/%+$+(A!:+'#%%! :+$)6()*! >&.%#!;(<#!;'$)%(+! V'+,/%+$+(A!:+'#%%!0'/6&A#6!*'#$+#'!'#$A+(5+B!()!A$'6($AY%B<0$+,#+(A!'#$A+(5(+B!!

!! !! !! ;Y2$5#!8<0.(+&6#! !!

-/+,!#+!$.GI!Z^^O! L/'?()*!"#</'B!;$%?! !! F#$'+!-$+#! S4#'A(%#!()!(%/.$+(/)!#.(A(+#6!*'#$+!'#$A+(5(+B!!

!! S4#'A(%#! !! >&.%#!;(<#!;'$)%(+! S4#'A(%#!()!A/<@()$+(/)!2(+,!A/*)(+(5#!+$%?!*#)#'$+#6!+,#!*'#$+#%+!'#$A+(5(+B!

1'/2)!#+!$.GI!Z^QQ! "#)+$.!8'(+,<#+(A! :(++()*! F#$'+!-$+#! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

!! :0##A,!"(<(A?()*!;$%?! !! !! !!

!! !! !! !! !!

!! !! !! !! !!

T/.6%+#()!h!:,$0('/I! V'+,/%+$+(A!:+'#%%! :(++()*! F#$'+!-$+#! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

Z^QQ! "#)+$.!8'(+,<#+(A! :+$)6()*! :B%+/.(A!1>! !!

!! F$)6!T'(0!;$%?! :(+i:+$)6! K($%+/.(A!1>! !!

!! !! :+$)6i:(+! :?()!J/)6&A+$)A#! !!

M.$++!#+!$.GI!Z^Q`! "#)+$.!8'(+,<#+(A! F/'(X/)+$.!! FH!:0#A+'$.!>/2#'! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

!! J/.6!>'#%%/'!! aOv!+(.+! UH!%0#A+'$.!! -#$A+(5(+B!6#0#)6#)+!&0/)!0/%+&'#!

!! !! :(++()*! F#$'+!>#'(/6! !!

!! !! !! :B%+/.(A!1>! !!

!! !! !! K($%+/.(A!1>! !!

!! !! !! -#%0('$+(/)! !!

"B'+#?!h!:0(+$.I!! J/.6!>'#%%/'!! :(++()*! F#$'+!-$+#! J/<@()$+(/)!/3!:+'#%%/'%!0'/6&A#6!$!:B)#'*(%+(A!#33#A+R!!

Z^Q`! S4#'A(%#! !! K($%+/.(A!1>! 8'(+,<#+(A!*#)#'$+#6!,(*,!--I!'#.$+(5#.B!,(*,!K1>!$)6!'#.$+(5#.B!./2!F-f!!

!! "#)+$.!8'(+,<#+(A! !! -#%0('$+(/)! J/.6!0'#%%/'!6#</)%+'$+#6!+,#!*'#$+#%+!()A'#$%#%!()!K1>f!!!

!! !! !! !! S4#'A(%#!0'/6&A#6!+,#!*'#$+#%+!F-!()A'#$%#!

U(*,+!h!V@'(%+I!! :,/A?!85/(6$)A#! :(++()*! F#$'+!-$+#! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

Z^QO! !! !! :B%+/.(A!1>! !!

!! !! !! K($%+/.(A!1>! !!

!! !! !! J$'/+(6!6>i6+! !!

!! !! !! >&.%#!;(<#!;'$)%(+! !!

"$)&A?!#+!$.GI!Z^aQ! 85#'%(5#!:,/A?! :(++()*! :B%+/.(A!1>! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

!! !! !! K($%+/.(A!1>! !!

V@'(%+!#+!$.GI!Z^aQ! :,/A?!85/(6$)A#! :(++()*! F#$'+!-$+#! J/*)(+(5#!J,$..#)*#!#.(A(+#6!*'#$+#'!'#$A+(5(+B!

!! J/.6!>'#%%/'!! !! :B%+/.(A!1>! !!

!! >/')/*'$0,(A!H(.<! !! J$'/+(6!6>i6+! !!
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;$@.#!P!
!
Variable and Task Abbreviations  
:--#&="0(".*1'E0-%&'

! !

Autonomic Variables  

TH?' K($%+/.(A!1.//6!>'#%%&'#!

FW' F(*,!H'#E&#)AB!

@H@' 7)+#'Y1#$+Y7)+#'5$.!

;W' U/2!H'#E&#)AB!

?7?' >'#Y#[#A+(/)!>#'(/6!

99' -#%0('$+(/)!-$+#!

9DCCT' -//+!"#$)!:E&$'#!/3!:&AA#%%(5#!K(33#'#)A#%!

C!;' :?()!J/)6&A+$)A#!-#%0/)%#!

CH?' :B%+/.(A!1.//6!>'#%%&'#!

Combination Tasks 

!?:' J/.6!>'#%%/'i8'(+,<#+(A!

!?9' J/.6!>'#%%/'i-#.$4$+(/)!

W!:' H$A($.!J//.()*i8'(+,<#+(A!

W!9' H$A($.!J//.()*i-#.$4$+(/)!

!
!
;$@.#!N!
 
Pre-Task Multivariate Tests   

?#&[E01I'90/'C$.#&1' !! !! !! !! !! !! !! !! !! !!

!! ! ! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ;W' FW'

"&.+(5$'($+#!;#%+! E:C\' 63! N! N! N! N! N! N! N! N! N!

L(.?z%!#! ! H!5$.&#!! OG__`! PGO^^! OG^N]! OGN^_! PG`N]! ZG`ON! OGN]`! ZG^QQ! PGPZO!

!! ! 0!5$.&#! OGaPZ! OGZO`! OG_Pa! OGa]Q! OGO]_! OGZ^N! OGaQ]! OGZPO! OGO^Z!

!! E:C\]678T79' 63! N! N! N! N! N! N! N! N! N!

!! ' H!5$.&#!! ZGOa]! OGaOO! OG^a_! ZGQQZ! ZG__P! ZG__O! OGZQQ! ZGQPN! ZGOZZ!

!! ' 0!5$.&#! OGN`N! OG]]]! OG_O^! OGZNQ! OGPN]! OGPN]! OG^O_! OGZ_a! OGN^Z!

!! 678T79' 63! Z! Z! Z! Z! Z! Z! Z! Z! Z!

1#+2##)Y:&@[#A+%!S33#A+%! H!5$.&#!! NGO]O! OGOPZ! NGNaP! OG^OQ! ^GZQ^! OGZZZ! PGO_N! `GZ^Z! ZGaP]!

!! !! 0!5$.&#! OGOQ_! OGQQ`! OGO`^! OGN_N! OGOON! OGa_O! ZG]`O! OGOZ_! OGZ^P!

!
!
!
!
!
!
!
!
!
!
!
!
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;$@.#!_!
!
Pre-Task Raw Means 

?#&[E01I'90/'
C$.#&1!! 8' D&0*' CET'

H#<$.#! ]`! ]`G^`! PZGZ^

"$.#! ]]! `aG_Q! PNGN]

;W' ;/+$.! ZZZ! `PGZa! PPGQO

H#<$.#! ]_! Z`G_O! aG__

"$.#! ]N! PPG`]! ZNGZa

C!;' ;/+$.! ZOa! Z^G]O! ZZGOa

!
!
;$@.#!]!
!
WM Reactivity Regression Analysis 

-#*'#%%(/)!! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ;W' 'FW'

L/'?()*!"#</'B!4!-#$A+(5(+B!! ! ! ! ! ! ! ! ! !!

!?:' :+$)6$'6(X#6!"!J/#33(A(#)+! OGO_! YOGZOa! OGOZ]! YOGZ]_! YOGZP]! OGOaN! OGZZ]! OGZZN! YOGO_]!

'' 0!5$.&#! OG`Q_! OGP^P! OGQQ]! OGZZa! OGPO]! OG_]Q! OGP_O! OGP_`! OG`_N!

!?9' :+$)6$'6(X#6!"!J/#33(A(#)+! YOGZOa! OGZ`_! OGZ`Z! OGOZ]! YOGOPa! OGZNN! OGO^`! YOGNNZ! OGP^_!

'' 0!5$.&#! OGPaN! OGZON! OGZO^! OGQQZ! OGaQ_! OGZaZ! OGNP]! OGOOZ! OGOOP!

W!:' :+$)6$'6(X#6!"!J/#33(A(#)+! YOGOZQ! YOGZ`_! YOGZ`P! YOGOQ`! YOGZNN! YOGZOP! YOGO^^! OGZ_P! YOGZ`Q!

'' 0!5$.&#! OGQ]P! OGZON! OGZOQ! OGNQZ! OGZaQ! OGP^a! OGNZ]! OGZ_^! OGOQ`!

W!9' :+$)6$'6(X#6!"!J/#33(A(#)+! OGO^Z! YOGO^N! YOGONQ! OGZO`! OGOaa! OGON^! OGON`! YOGZZQ! OGZPN!

!! 0!5$.&#! OGN]P! OGN`P! OGaZP! OGPQN! OG__Z! OG`^`! OGaPO! OGPNN! OGPZZ!

!
!
;$@.#!`!
!
Task Multivariate Tests 

D+%("=0#"0(&'E&1('' !! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ';W' 'FW'

X"%IZ1'!' E:C\' 63! N! N! N! N! N! N! N! N! N!

'' ' H!!! aGOa^! ]_GN]O! `^GQ^O! P`G`QO! ``GO`O! QOGa^O! QG_]`! ZZGZOO! Z^GPPa!

'' ' 0!! OGOOO! !!OGOOO! !!OGOOO! !!OGOOO! !!OGOOO! !!OGOOO! !!!!OGOOO! !!OGOOO! !!OGOOO!

'' E:C\]678T79' 63! N! N! N! N! N! N! N! N! N!

'' ' H!!! OGaOZ! PG_N! PG`]! ZGZaZ! PG`Pa! PG`^`! OGQ_N! OGaaN! ZG]N]!

'' ' 0!! OG]]_! OGOaO! OGO]_! OGNP]! OGO]_! OGO]! OG_a_! OG]ZP! OGOPZ!

'' 678T79' 63! Z! Z! Z! Z! Z! Z! Z! Z! Z!

H&(/&&*[C+-U&$(1'744&$(1' H!!! PGOa`! OGO^^! OGO^_! OG__N! OGZZZ! aGOOQ! ZGZ]Q! NGP^! ZOGNQN!

!! !! 0!! OGZ]N! OGa]_! OGa`O! OG]Oa! OGaN^! OGOO^! OGPQ_! OG]N! OGOOP!

!
!
!
!
!
!



60 

 

;$@.#!a!
!
Task Main Effect Post Hoc Tests 
E01I'D0"*'744&$(1' !! !! !! !!

?.1('F.$'E&1(1' ! ! ! ! !!

F.$)-&#>'?'=0%+&1' ! ! ! !!

!! ?7?' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' OGZ^^! OGPQ`! !!

!! '' W!9' OGOOP! ZGOOO! OG_^Q!

!! CH?' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' OG^^O! OGOOO! !!

!! '' W!9' OGOOO! OG^OO! OGOOO!

!! TH?' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' ZGOOO! OGOOO! !!

!! '' W!9' OGOOO! OG`PP! OGOOO!

!! 99' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' ZGOOO! OGOOO! !!

!! '' W!9' OGOOO! OG^ZP! OGOOO!

!! C!;' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' OGOPZ! OGOOO! !!

!! '' W!9' OGOOO! OGN]a! OGOOO!

!! @H@' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOOO! ! !!

!! '' W!:' OG^ZO! OGOOO! !!

!! '' W!9' OGOOO! OG^PQ! OGOOO!

!! 9DCCT' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOZN! ! !!

!! '' W!:' OG^O_! OGPOO! !!

!! '' W!9' OGOON! OG^^_! OGO]^!

!! ;W' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGNP`! ! !!

!! '' W!:' OG^aQ! OGQNN! !!

!! '' W!9' OGOOO! OGOZ_! OGOOO!

!! FW' '' !?:' !?9' W!:'

!! '' !?:' ! ! !!

!! '' !?9' OGOZZ! ! !!

!! '' W!:' OG^^^! OGONQ! !!

!! '' W!9' OGOOO! OGZ^Z! OGOOO!

!
!
!
!
!
!
!
!
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;$@.#!Q!
 
Task Mean Reactivity  

!! !?:' !! !! !?9' !! !! W!:' !! !! W!9' !! !!

!! 9! "#$)! :;K! 9! "#$)! :;K! 9! "#$)! :;K! 9! "#$)! :;K!

?7?' ZOa! YNGQ^Z ZOGZ_! ZOa ZGNaa `G^] ZOa YZGN`` ZOG``! ZOa! ZGO_N `GQ]_

CH?' ^^! ZNGZZ` ZQG]Z! ZOO PGPQa ZNGOZ ZOO Z_GaP] Z`GP]! ^^! YOGNZ] PZG`

TH?' ^^! ZOG]Oa ZZG^`! ZOO ZGa__ QGZaQ ZOO ZOG`_] ZOG]a! ^^! OGN^P Z`GaQ

99' ZO]! OGQQ` PG`N`! ZO` YOG` ZG]P_ ZO` ZGONN PGZP_! ZO]! YOGa]` ZG`^`

C!;' ZO_! NG`_P QG]`N! ZO` YOGQQ NGOQQ ZO] ]GO`O _GNa]! ZOP! OGNZ^ PGZaP

@H@' ZOa! YOGO`Q OGO`^! ZOa OGOP_ OGO]] ZOa YOGO`` OGO`]! ZO]! OGONP OGON

9DCCT' ZOa! YZG`_ ZaG`P! ZOa _G^]] Z_GZP ZO` OG]N` ZaGO_! ZO_! `GPZ^ QGaOP

';W' ZOa! _GQ^Z Z^G^a! ZOa YOG]P PPGa_ ZO] ZGaZ_ P]GO]! ZO]! YZPGZP P]GN^

'FW' ZOa! Y`GZa_ ZQG_`! ZOa PGZO^ ZQGa_ ZO] Y]GaP] Z^GQa! ZO]! QG^`^ POGa`

 
 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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;$@.#!^!
!
1-way ANOVA DV x Gender 
T<'L''6&*3&#' !

! ! ! ! !

!! !?:' !?9' W!:' W!9'

?7?' !! !! !! !!

H! OGOP`! OGZaa! OGQZ_ _GOP`

0! OGQaZ! OG`a]! OGN`^ OGO_a

CH?' !! !! !! !!

H! OGa^Q! ZG]`P! OGQQZ OGOOa

0! OGNa_! OGPZ_! OGN]O OG^NZ

TH?' !! !! !! !!

H! OGO]^! PGO_Q! OG`ZN OGPPP

0! OGQO^! OGZ]`! OG_N` OG`N^

99' !! !! !! !!

H! OGN]_! ZG_PO! ZG_O] OGPZQ

0! OG]]N! OGPN`! OGPN^ OG`_P

C!;' !! !! !! !!

H! ZG^QQ! ZG^Z]! ZGZ_Z OG_^^

0! OGZ`P! OGZ`^! OGPQQ OG_QP

@H@' !! !! !! !!

H! aG`aP! PG^_Q! PGP_] OGZO`

0! OGOOa! OGOQ^! OGZNa OGa_`

9DCCT' !! !! !! !!

H! PG_ZZ! OGQO]! OGP`a OGOO^

0! OGZP_! OGNaP! OG`Oa OG^PN

;W' !! !! !! !!

H! _GZ]O! OGO_a! _G]_O OGN^a

0! OGO__! OGQPQ! OGON] OG]NO

FW' !! !! !! !!

H! aGOOO! OG_aN! ]G]Z] OGOa_

0! OGOO^! OG_^N! OGOPZ OGaQa

!
!
!
!
!
!
!
!
!
!
!
!
!
!
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;$@.#!ZO!
!
Task and Gender Mean Reactivity 

!! !?:' !! !! !?9' !! !! W!:' !! !! W!9' !! !!

!! 9! "#$)! :;K! 9! "#$)! :;K! 9! "#$)! :;K! 9! "#$)! :;K!

?7?' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! Y_GO]O! ZPG_`O! ]_! ZGO^` aGPO] ]_ YPGPQQ ZPG^QQ! ]_ YOGP]` aGPaZ

"#)! ]N! YNGaP^! aGZ`]! ]N! ZG``N `GaNQ ]N YOG_Pa aG`ZN! ]N PGN`` `GZ^P

CH?' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]Z! ZZG]OP! ^G_Z`! ]Z! NGQa` aG_^a ]Z ZNGPP^ ZZGZ]N! ]Z YOGZNP POGa_P

"#)! _Q! Z_GQNZ! P_GaQ^! _^! OG`NP Z`GQQN _^ Z`GPQZ POGP_]! _Q YOG]O^ PPGaON

TH?' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]Z! ZOGa^Z! ZPGN]P! ]Z! PGQQ] _Ga`P ]Z ^GQNP QGZPP! ]Z YOGNQZ ZPG^N^

"#)! _Q! ZOGPO`! ZZG``P! _^! OG]]` ZOG]]^ _^ ZZG_^O ZPG`]]! _Q ZGPZN POGZ^Z

99' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! OGaNa! NGZ^Z! ]_! YOG_P] ZGN]_ ]_ ZGPaN ZGQ^`! ]_ YOGQNZ ZG__`

"#)! ]Z! ZGO__! ZG^OO! ]P! YOGaaa ZG`a` ]P OGaQ_ PGNNO! ]Z YOG`a` ZG^Na

C!;' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! PG]OQ! PG^Q_! ]_! YOG_aO NG]PZ ]N _G`O^ NGNZZ! ]N OG_`] ZGQZ^

"#)! ]O! _GQ``! ZZGQ^Q! ]P! YZGP^a PG]PQ ]P ]G]PO ]GPN`! _^ OGZ`O PG]O^

@H@' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! YOGOQ`! OGOaP! ]_! OGOZ` OGONQ ]_ YOGOa] OGOaP! ]N OGONZ OGOPQ

"#)! ]N! YOGO]O! OGO`P! ]N! OGON_ OGO`a ]N YOGO]a OGO]]! ]P OGONN OGONN

9DCCT' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! Y_GP_P! PZGNNN! ]_! NGa_Z ZNGZ`Z ]N ZGN^N ZQGaN]! ]P `GZN` QGZO_

"#)! ]N! ZGOZP! ZPG_N]! ]N! `GZ^P Z]GO]Z ]N YOGNPP Z]GP^P! ]P `GNON ^GN_Z

';W' !! !! !! !! !! !! !! !! !! !! !! !!

L/<#)! ]_! QGaNO! Z^G]_O! ]_! YOGO_P PPG]N` ]P `GQQ] P^GZ^Z! ]_ YZOG]^` P_G_PN

"#)! ]N! OG^a^! Z^GQZa! ]N! YZGOON PNGZ_Q ]N YNGN]^ Z^GZNP! ]Z YZNGaPQ P`G]PP

'FW' !! ! !! !! ! !! !! ! !! ! ! !!

L/<#)! ]_! YZOGaP]! Z^G_Z]! ]_! OGQaZ Z^G`]_ ]P YZOGPP PZGaPZ! ]_ ^G]O` Z^G]N^

"#)! ]N! YZG]Na! Z`GN_P! ]N! NGNaO ZaGQaO ]N YZGNO^ Z`G^N]! ]Z QG_OZ PPGZ`Q

 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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;$@.#!ZZ!
!
Gender Task Interaction Post Hoc Tests 

6&*3&#]E01I' !! !! !! !! !! !! !!

"&.+(5$'($+#! !! !?9' '' W!:' '' W!9' !!

L(.?z%!#! !?:' @H@' 63! Z 63! Z 63! Z

!! '' ' H! ZGPQ H! PG_QQ H! `GQO_

!! '' ' 0!5$.&#! OGP` 0!5$.&#! OGZP 0!5$.&#! OGOZ

!! '' FW' 63! Z 63! Z 63! Z

!! '' ' H! ZG^P^ H! O H! _GOO`

!! '' '' 0!5$.&#! OGZ`Q 0!5$.&#! OG^^N 0!5$.&#! OGO_Q

!! !?9' @H@' !! !! 63! Z 63! Z

!! '' ' !! !! H! OGOOP H! ZG]^a

!! '' ' !! !! 0!5$.&#! OG^`^ 0!5$.&#! OGPO^

!! '' FW' !! !! 63! Z 63! Z

!! '' ' !! !! H! ZGaZ` H! OG`Z_

!! '' '' !! !! 0!5$.&#! OGZ^N 0!5$.&#! OG_N]

!! W!:' @H@' !! !! !! !! 63! Z

!! '' ' !! !! !! !! H! ZGN`_

!! '' ' !! !! !! !! 0!5$.&#! OGP_`

!! '' FW' !! !! !! !! 63! Z

!! '' ' !! !! !! !! H! NGZa^

!! !! !! !! !! !! !! 0!5$.&#! OGOaQ

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



65 

 

;$@.#!ZP!
!
DFA Task Total 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'E01I1' !!

E01I' 8' A-1&#=&3' 7L2&$(&3' ^' ?'

J>8! ^_! ]]! PNG] aG]ON OGOOOZ

J>-! ^Q! `N! P_G] QG^QZ OGOOOZ

HJ8! ^_! ]O! PNG] `GNZP OGOOOZ

HJ-! Qa! ]Q! PZGa] QG^a] OGOOOZ

!! ! ! ! ! !!

A=&#0%%' ONO' __`' aOG_b MbGcNd eGeeeM

E:C\' EAE:;' `OG`Op! ! ! !

!
'
'
;$@.#!ZN!
!
DFA Task Women 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'E01I1' !!

E01I' 8' A-1&#=&3' 7L2&$(&3 ^' ?'

J>8! ]Z! PQ! ZPGa] _G^NP OGOOOZ

J>-! ]Z! NN! ZPGa] `G]_Q OGOOOZ

HJ8! _a! NP! ZZGa] `GQPZ OGOOOZ

HJ-! _Q! NZ! ZP `GNNN OGOOOZ

!! ! ! ! ! !!

A=&#0%%' MaN' M_d' daG_b M_G_aa eGeeeM

E:C\' XAD78' `PG^Op! ! ! !

!
!
!
;$@.#!Z_!
!
DFA Task Men 
C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'
E01I1' !!

E01I' 8' A-1&#=&3' 7L2&$(&3' ^' ?'

J>8! _N! PQ! ZOGa] `GOa] OGOOOZ

J>-! _a! PQ! ZZGa] ]G_a_ OGOOOZ

HJ8! _a! P]! ZZGa] _G_`N OGOOOZ

HJ-! N^! P^! ^Ga] aGZZ^ OGOOOZ

!! ! ! ! ! !!

A=&#0%%' MN`' MMe' dd MMGdca eGeeeM

E:C\' D78' `PG]Op! ! ! !
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!;$@.#!Z]!
!
Reflex Multivariate Tests  

97W;7Y' !! !! !!

"&.+(5$'($+#!! ! !!

!! 678T79' 63! ^

L(.?z%!#! ' H!%+$+(%+(A! ZG]aP

!! ' 0!5$.&#! OGZPP

!! 97W;7Y' 63! ^

!! ' H!%+$+(%+(A! PGa_]

!! ' 0!5$.&#! OGOO_

678T79]97W;7Y' 63! ^

!! ! H!%+$+(%+(A! ZGZPa

!! !! 0!5$.&#! OGN_P

!
!
!
;$@.#!Z`!
!
Reflex Post Hoc Tests 

97W;7Y' !! !! !! !! !! !! !! !! !! !!

!! ! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ;W' FW'

J/)+'$%+!D)(5$'($+#! ! ! ! ! ! ! ! ! !!

!! H!%+$+(%+(A! ZG]PQ! O OGN_` OGZ] ZOGa__ OGNNP OGa_P! `GP__! PGZ^`

!! >!5$.&#! OGPZa! OG^QN OG]]a OG`^^ OGOOZ OG]aZ OGN^! OGOZN! OGZN^

!
!
!
;$@.#!Za!
!
Reflex Mean Reactivity  

!! !! 8' D&0*' CET'

J/.6!>'#%%! PZO! ZGN`P! `GaQ`

H$A#!J//.! POa! PGaP_! _GZ^Q

C!;'

;/+$.! _Za! PGONQ! ]G`Q`

J/.6!>'#%%! PZ_! PGZQ`! PZG]Z^

H$A#!J//.! PZO! Y]GPOP! P`GO^`

;W'

;/+$.! _P_! YZG_aN! P_GZ]P

J/.6!>'#%%! PZ_! YPGONN! Z^GOZQ

H$A#!J//.! PZO! ZG`PP! PZG]`^

FW'

;/+$.! _P_! YOGPPP! POGNQO

!
!
!
!
!
!
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;$@.#!ZQ!
!
Mental Multivariate Tests 

D78E:;' !! !! !!

"&.+(5$'($+#!! ! !!

!! 678T79' 63! ^

L(.?z%!#! ' H!%+$+(%+(A! PGOP`

!! ' 0!5$.&#! OGON`

!! D78E:;' 63! ^

!! ' H!%+$+(%+(A! _]G^]a

!! ' 0!5$.&#! OGOOO

678T79]D78E:;' 63! ^

!! ! H!%+$+(%+(A! ZGNaQ

!! !! 0!5$.&#! OGZ^`

!
!
!
;$@.#!Z^!
!
Mental Post Hoc Tests 

D78E:;' !! !! !! !! !! !! !! !! !! !!

!! ! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ';W' 'FW'

J/)+'$%+!D)(5$'($+#! ! ! ! ! ! ! ! ! !!

!! H!%+$+(%+(A! Z`GP_Q! _^G]]N aOG`]^ ]]G]_P ^OGPOZ P]QGaP Z`GOOa Z`GP``! P^GPN^

!! >!5$.&#! OGOOO! OGOOO OGOOO OGOOO OGOOO OGOOO OGOOO OGOOO! OGOOO

!!
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;$@.#!PO!
!
Mental Mean Reactivity 

!! !! 8' D&0*' CET'

8'(+,<#+(A! PZ_! YPG`P^! ZOG_]`

-#.$4$+(/)! PZ_! ZGPZO! `GQQQ

?7?'

;/+$.! _PQ! YOGaZO! ^GO]O

8'(+,<#+(A! Z^^! ZNG^P_! ZaGNQ]

-#.$4$+(/)! Z^^! OG^^P! ZaGQZ_

CH?'

;/+$.! N^Q! aG_]Q! ZQGaNN

8'(+,<#+(A! Z^^! ZOG]a`! ZZGP]]

-#.$4$+(/)! Z^^! ZGOaZ! ZNGZ`N

TH?'

;/+$.! N^Q! ]GQP_! ZNGZP_

8'(+,<#+(A! PZZ! OG^`O! PGNQQ

-#.$4$+(/)! PZZ! YOG`a`! ZG`ZO

99'

;/+$.! _PP! OGZ_P! PGZ^N

8'(+,<#+(A! PO^! _GN]_! `GQZZ

-#.$4$+(/)! POQ! YOGP^O! PGaNQ

C!;'

;/+$.! _Za! PGONQ! ]G`Q`

8'(+,<#+(A! PZ_! YOGO`a! OGO`a

-#.$4$+(/)! PZP! OGOPQ! OGO_]

:<7@H@'

;/+$.! _P`! YOGOPO! OGOa_

8'(+,<#+(A! PZN! YOG]]a! ZaGNP`

-#.$4$+(/)! PZZ! ]G]aQ! ZZGa]P

9DCCT'

;/+$.! _P_! PG_^`! Z]GZZ]

8'(+,<#+(A! PZP! NGNZa! PPG`P^

-#.$4$+(/)! PZP! Y`GP`N! P_GaP_

;W'

;/+$.! _P_! YZG_aN! P_GZ]P

8'(+,<#+(A! PZP! Y]G^]P! Z^GZPa

-#.$4$+(/)! PZP! ]G]Oa! POGOPZ

FW'

;/+$.! _P_! YOGPPP! POGNQO

!
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;$@.#!PZ!
!
Mental x Gender 1-way ANOVA 

!! !! :#"(),&("$' 9&%0L0(".*

"#)+$.!4!T#)6#'! !!

!! !! !! !!

?7?' 63! Z! Z

!! H! OG]QZ! PGQ^P

!! 0! OG__a! OGO^

CH?' 63! Z! Z

!! H! ZG`QQ! OG]O^

!! 0! OGZ^]! OG_a`

TH?' 63! Z! Z

!! H! OGZZ]! OGON^

!! 0! OGaN]! OGQ_N

99' 63! Z! Z

!! H! OGOaa! OGZ^^

!! 0! OGaQZ! OG`]`

C!;' 63! Z! Z

!! H! NGZOO! PGNaZ

!! 0! OGOQO! OGZP]

@H@' 63! Z! Z

!! H! ^GP]a! PGaNQ

!! 0! OGOON! OGO^^

9DCCT' 63! Z! Z

!! H! OG]aZ! OG`a]

!! 0! OG_]Z! OG_ZP

;W' 63! Z! Z

!! H! QGaZ^! OGNP

!! 0! OGOO_! OG]aP

FW' 63! Z! Z

!! H! ZPG]NP! OGO]]

!! 0! OGOOO! OGQZ_

 
 
 
;$@.#!PP!
!
Arithmetic Mean Reactivity x Gender 

Arithmetic "#$)!-#$A+(5(+B! !! !! !! !!

!! X.,&*' ! !! D&*' ! !!

!! 9! "#$)! :;K! 9! "#$)! :;K!

@H@' ZOQ! YOGOQZ! OGOaP ZO` YOGO]N OGO]Q

;W' ZO`! aGQP]! P_G`_a ZO` YZGZ^O Z^G]Oa

FW' ZO`! YZOG_QO! POG_QZ ZO` YZG_PN Z`G]`P
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;$@.#!PN!
!
DFA Reflex Total 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'9&4%&L'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3' ^' ?'

J/.6!>'#%%! Z^P! ZPN! ^` NGQ^a OGOOOZ

H$A#!J//.! ZQZ! ZZP! ^OG] NGZ^` OGOOZ_

!! ! ! ! ! !!

A=&#0%%' ONO' _Ob' Mc`Gb bGe__ eGeeeM

97W;7Y' ;V;8U! `NGOOp! ! ! !

!
!
;$@.#!P_!
!
DFA Reflex Women 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'9&4%&L'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3 ^' ?'

J/.6!
>'#%%! ZOP! `a! ]Z NGZ`Q OGOOZ_

H$A#!J//.! ^]! `_! _aG] NGNQ` OGOOOZ

!! ! ! ! ! !!

A=&#0%%' MaN' MOM' acGb dG`OM eGeeeM

97W;7Y' LV"S9! ``G]Op! ! ! !

!
!
;$@.#!P]!
!
DFA Reflex Men 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'9&4%&L'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3' ^' ?'

J/.6!>'#%%! ^O! ]a! _] PG]NO OGOZZ_

H$A#!J//.! Q`! ]`! _N PGQO_ OGOO]Z

!! ! ! ! ! !!

A=&#0%%' MN`' MMO' cc OGN`a eGeeeM

97W;7Y' "S9! `_GPOp! ! ! !

!
!
!
!
!
!
!
!
!
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;$@.#!P`!
!
DFA Mental Total 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'D&*(0%'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3 ^' ?'

8'(+,<#+(A! ZQQ! Z]]! ^_ QGQ^Q OGOOOZ

-#.$4$+(/)! ZQ]! Za]! ^PG] ZPGZNZ OGOOOZ

!! ! ! ! ! !!

A=&#0%%' ONO' OOe' Mc`Gb MdGc`e eGeeeM

D78E:;' ;V;8U! QQG]Op! ! ! !

!
!
!
;$@.#!Pa!
!
DFA Mental Women 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'D&*(0%'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3 ^' ?'

8'(+,<#+(A! ^Q! QO! _^ `GP`N OGOOOZ

-#.$4$+(/)! ^^! ^`! _^G] ^GN_a OGOOOZ

!! ! ! ! ! !!

A=&#0%%' MaN' MN`' acGb MMGedO eGeeeM

D78E:;' LV"S9! Q^GNOp! ! ! !

!
!
!
;$@.#!PQ!
!
DFA Mental Men 

C">*"4"$0*$&'(&1('4.#'$%011"4"$0(".*'0$#.11'D&*(0%'(01I'

E01I' 8' A-1&#=&3' 7L2&$(&3' ^' ?'

8'(+,<#+(A! ^O! aQ! _] `G^]a OGOOOZ

-#.$4$+(/)! Q`! QZ! _N QGZ^] OGOOOZ

!! ! ! ! ! !!

A=&#0%%' MN`' Mba' cc MeGNed eGeeeM

D78E:;' "S9! ^OGNOp! ! ! !

!
!
!
!
!
!
!
!
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;$@.#!P^!
!
Significance of Proportion Test 
C">*"4"$0*$&'.4'
?#.2.#(".*'E&1('

;/+$.!'#3.#4!p! `N!

;/+$.!<#)+$.!p! QQG]!

K(33#'#)A#!/3!p! P]G]!

:+$)6$'6!S''/'! PG^^`!

mxA,$)*#!pi:S! QG]ZO]!

>!5$.&#! OGOOO!

!
!
!
;$@.#!NO!
!
WM Regression Scores 

E.(0%' !! ;W' FW'

J>8! 9f' OGOZN! OGOOP!

!! '"'' OGZZN! YOGO_]!

J>-! 9f' OGZO^! OGOQ`!

!! '"'' YOGNN! OGP^_!

HJ8! 9f' OGOP! OGOPQ!

!! '"'' OGZ_P! YOGZ`Q!

HJ-! 9f' OGOZ_! OGOZ]!

!! '"'' YOGZP! OGZPN!

! ! ! !

W&,0%&' ;W' FW'

J>8! 9f' OGOOO! OGOO`!

!! '"'' OGOZP! YOGOaa!

J>-! 9f' OGZ]Z! OGZN_!

!! '"'' YOGNQQ! OGN``!

HJ8! 9f' OGO]N! OGO]N!

!! '"'' OGP^^! YOGPNZ!

HJ-! 9f' OGO]_! OGOaP!

!! '"'' YOGPN! OGP`^!

! ! ! !

D0%&' !! ;W' FW'

J>8! 9f' OGO]]! OGOO]!

!! '"'' OGPN_! YOGO`a!

J>-! 9f' OGOQP! OGO]P!

!! '"'' YOGPQ`! OGPPQ!

HJ8! 9f' OGOZZ! OGONO!

!! '"'' OGZO`! YOGZaN!

HJ-! 9f' OGOOO! OGOOO!

!! '"'' YOGOZ^! OGOZ^!
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;$@.#!NZ!
!
Spatial and Digit Working Memory Regression Scores 

E.(0%!!?9' ;W' FW'

:0$+($.! 2' OGOOQ! OGO_`

!! '"'' YOGP`! OGZ^Q

K(*(+! 2' OGZZ`! OGOQQ

!! '"'' YOGZ]N! OGZ`^

! ' ! !

W&,0%&' !! ;W' FW'

!?9' ! ! !!

:0$+($.! 2' OGOPQ! OGO`_

!! '"'' YOGP^]! OGP]

K(*(+! 2' OGZO^! OGOQa

!! '"'' YOGPZN! OGPN

W!9' ' ! !!

:0$+($.! 2' !! OGPZQ

!! '"'' !! OGZa

K(*(+! 2' !! OGZQ_

!! '"'' !! OGZQ_

! ! ! !

D0%&'!?9' !;W' FW'

:0$+($.! 2' !! OGPQ^

!! '"'' !! OGZ`P

K(*(+! 2' !! OG_aZ

!! '"'' !! OGZZ



74 

 

;$@.#!NP!
!
BMI, Houston, DASS, Impulsivity and Reactivity Regression  

9&>#&11".*!' !! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ;W' 'FW'

1"7!F/&%+/)!K8::!7<0&.%(5(+B!4!-#$A+(5(+B!! ' ' ' ' ' ' ' ' ''

!?:' K#0'#%%(/)! :+$)6$'6(X#6!"! YOGOZa! OGON]! YOGO_Q! OGO`N! OGPP_! YOGZZ]! YOGOP`! YOGON_! OGZZZ!

!! !! 0!5$.&#! OGQQ`! OGaaP! OG`^Z! OG]^Z! OGO]Q! OGNPQ! OGQP]! OGaaP! OGN_N!

!! 8)4(#+B! :+$)6$'6(X#6!"! YOGOa]! OGOP^! YOGOaa! OGOaN! OGO_Q! OGOOP! OGOQ_! OGOP]! OGO_N!

!! !! 0!5$.&#! OG`OP! OGQ_N! OG`OZ! OG`Za! OGaN]! OG^Qa! OG]`O! OGQ`O! OGa`N!

!! :+'#%%! :+$)6$'6(X#6!"! OGOQ]! YOGONN! OGO]Z! OGO]N! YOGPQZ! OGZ]a! YOGOZN! YOGOO_! YOGZQ]!

!! !! 0!5$.&#! OG]aO! OGQP^! OGa_Z! OGaPa! OGO]Q! OGP^]! OG^NN! OG^aQ! OGPZ_!

!! 7<0&.%(5(+B! :+$)6$'6(X#6!"! YOGZ_`! YOGOO^! YOGONa! YOGOQ_! YOGO_N! YOGOOZ! OGZPN! YOGO^O! OGON^!

!! !! 0!5$.&#! OGZ^P! OG^N^! OGa]P! OG_]`! OG`^]! OG^^O! OGPaO! OG_PP! OGaPN!

!! F/&%+/)! :+$)6$'6(X#6!"! YOGO``! YOGO_`! OGON`! YOGZPQ! YOGZOO! YOGON]! YOGO`N! YOGZ]Z! OGZO_!

!! !! 0!5$.&#! OG]P`! OG`a^! OGa__! OGPPP! OGNNZ! OGaN_! OG]_O! OGZ_Q! OGNZN!

!! 1"7! :+$)6$'6(X#6!"! OGZPP! OGZP_! OGZOZ! OGO`_! OGO^a! OGOPZ! YOGZON! OGO^Q! YOGO^_!

!! ! 0!5$.&#! OGPNQ! OGP]Q! OGN]N! OG]_O! OGN_]! OGQNa! OGNZQ! OGN_a! OGN`O!

!?9' K#0'#%%(/)! :+$)6$'6(X#6!"! YOGOaZ! YOGOa_! YOGO_a! OGO`]! OGOOP! OGZP`! YOGOPN! OGONO! YOGOOZ!

!! !! 0!5$.&#! OG]N`! OG]_Z! OG`^]! OG]QO! OG^QQ! OGPQ]! OGQ_a! OGa^`! OG^^N!

!! 8)4(#+B! :+$)6$'6(X#6!"! YOGZ^Q! YOGOaQ! YOGO^N! YOGOQ_! YOGON`! OGO]]! YOGO_P! OGO`Q! OGO`_!

!! !! 0!5$.&#! OGZ`P! OG]^_! OG]Pa! OG]`a! OGQOO! OGaO]! OGaaZ! OG`N_! OG`_^!

!! :+'#%%! :+$)6$'6(X#6!"! OGO_P! OGOZ]! OGOZa! OGO`Q! YOGOPN! OGOOQ! OGZ_]! YOGZQP! OGZ_^!

!! !! 0!5$.&#! OGaaN! OG^PO! OG^O^! OG`]`! OGQa]! OG^]]! OGNNa! OGPPN! OGNZO!

!! 7<0&.%(5(+B! :+$)6$'6(X#6!"! OGOaZ! YOGONN! YOGOa_! OGZN_! YOGZ``! YOGOZQ! YOGO``! YOGO^_! OGO_]!

!! !! 0!5$.&#! OG]Z^! OGaa^! OG]P`! OGPNO! OGZ_Z! OGQa]! OG]`Z! OG_OO! OG`Q_!

!! F/&%+/)! :+$)6$'6(X#6!"! OGO]a! YOGO__! YOGOZ]! OGO]`! YOGZO`! YOGOP]! OGO_Z! YOGZ]^! ZG]aN!

!! !! 0!5$.&#! OG]aa! OG`Q`! OGQ^O! OG]Q^! OGNZO! OGQZ_! OG`^_! OGZP]! OGZZ^!

!! 1"7! :+$)6$'6(X#6!"! OGPZN! OGO^O! OGOa]! YOGZPN! OGOPZ! YOGO`a! YOGOON! OGOZ^! OGO_Q!

!! ! 0!5$.&#! OGONa! OG_OO! OG_Q_! OGPNQ! OGQN^! OG]PZ! OGa_^! OGQ]P! OG`N]!

W!:' K#0'#%%(/)! :+$)6$'6(X#6!"! YOGO^N! OGPQN! OGP]P! OGO^a! OGP`P! YOGZOO! OGO^`! OGON`! OGOP_!

!! !! 0!5$.&#! OG_P`! OGOZa! OGON_! OG_ON! OGOP_! OGNQa! OG_Za! OGa]P! OGQNa!

!! 8)4(#+B! :+$)6$'6(X#6!"! YOGONQ! OGZNQ! OGO]^! YOGON_! OGZQa! YOGZZN! OGO_Z! YOGZZ`! OGZa^!

!! !! 0!5$.&#! OGa^P! OGNPQ! OG`a`! OGQZ_! OGZQa! OG_Pa! OGaa^! OG_ZZ! OGPZ`!

!! :+'#%%! :+$)6$'6(X#6!"! OGZN_! YOGZZ`! YOGO_]! YOGOPN! YOGPO_! OGPNQ! YOGO^Z! OGZ]`! YOGZ_`!

!! !! 0!5$.&#! OGNaO! OG_P^! OGa`N! OGQaa! OGZ`a! OGZZO! OG]_a! OGPQQ! OGNPQ!

!! 7<0&.%(5(+B! :+$)6$'6(X#6!"! OGOaO! YOGOaZ! YOGOOa! YOGZQZ! OGOP_! OGZZ_! YOGOPN! YOGP`P! OGO^a!

!! !! 0!5$.&#! OG]NP! OG]P`! OG^]P! OGZON! OGQP_! OGNON! OGQNQ! OGOZ^! OGNQ`!

!! F/&%+/)! :+$)6$'6(X#6!"! YOGOO]! YOGO`P! YOGO__! YOGZ^_! YOGOaN! OGOPN! OGONQ! YOGZ_P! OGZa`!

!! !! 0!5$.&#! OG^]^! OG]]a! OG`QO! OGO`P! OG_`^! OGQPO! OGaZa! OGZ`a! OGO^O!

!! 1"7! :+$)6$'6(X#6!"! OGZNO! YOGZOZ! YOGZOQ! OGOOP! YOGZZZ! OGZO^! YOGZO]! OGOOa! YOGOZP!

!! !! 0!5$.&#! OGPOQ! OGNNP! OGNON! OG^QZ! OGPaN! OGPQa! OGNZa! OG^_Q! OG^O^!
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9&>#&11".*!' !! ?7?' CH?' TH?' 99' C!;' @H@' 9DCCT' ;W' 'FW'

1"7!F/&%+/)!K8::!7<0&.%(5(+B!4!-#$A+(5(+B!! ! ! ! ! ! ! ! ! !!

W!9' K#0'#%%(/)! :+$)6$'6(X#6!"! OGZ^`! OGO_^! YOGOO_! OGZ`^! YOGO^^! YOGZQQ! YOGZ`O! YOGZOO! YOGOOQ!

!! !! 0!5$.&#! OGOQQ! OG`QO! OG^aZ! OGZ_]! OG_ZZ! OGZZO! OGZaa! OGN^Q! OG^_P!

!! 8)4(#+B! :+$)6$'6(X#6!"! OGZQQ! YOGZOO! YOGOa]! YOGPPa! YOGO]`! OGZZZ! OGPZN! OGZ^a! YOGZ_N!

!! !! 0!5$.&#! OGZQZ! OG_Q`! OG`OQ! OGZZN! OGaOZ! OG_NQ! OGZN^! OGZa]! OGNPZ!

!! :+'#%%! :+$)6$'6(X#6!"! YOGPZ`! OGOa^! YOGOZ]! OGPPO! OGOZP! YOGZZ_! YOGZ`Q! OGOPZ! YOGOO_!

!! !! 0!5$.&#! OGZN^! OG]^^! OG^PN! OGZ_Z! OG^_O! OG___! OGP`Z! OGQ^O! OG^QO!

!! 7<0&.%(5(+B! :+$)6$'6(X#6!"! OGOZQ! OGZ`_! OGZZa! YOGZNa! YOGON^! YOGOZO! OGO]_! OGOZa! YOGZNQ!

!! !! 0!5$.&#! OGQ`Q! OGZ]a! OGNZN! OGPZ]! OGaN]! OG^P^! OG`NO! OGQaa! OGPZ`!

!! F/&%+/)! :+$)6$'6(X#6!"! OGZQa! YOGZOZ! YOGZZa! YOGO`Z! YOGZPZ! YOGOaZ! OGON^! OGOPa! YOGO``!

!! !! 0!5$.&#! OGO``! OGN]Z! OGPQ]! OG]]_! OGP]_! OG_^N! OGaO^! OGa^Q! OG]Pa!

!! 1"7! :+$)6$'6(X#6!"! YOGOa`! YOGO_N! YOGONO! OGONQ! YOGOQ_! YOGON`! OGOON! YOGONQ! OGOOa!

!! !! 0!5$.&#! OG_]P! OG`Qa! OGaa^! OGaZP! OG_P^! OGaPa! OG^a`! OGaZN! OG^_`!
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H(*&'#!J$0+(/)%!
 
Figure 1.!!!!9#&'/$)$+/<(A$.!%+'&A+&'#%!/3!+,#!)#&'/Y!5(%A#'$.!</6#.!'#0'()+#6!3'/<!
;,$B#'!h!H'(#6<$)I!POO_!2(+,!0#'<(%%(/)!/3!$&+,/'%G!
Figure 2.   !"#$)!:JU!'#$A+(5(+B 
Figure 3G!!!!"#$)!>S>!'#$A+(5(+B 
Figure 4.!!!!"#$)!-"::K!'#$A+(5(+B 
Figure 5.    "#$)!:1>!'#$A+(5(+B!
Figure 6.!!!!"#$)!K1>!'#$A+(5(+B!
Figure 7.!!!!"#$)!--!'#$A+(5(+B!
Figure 8.   !J>8!<#$)!717!'#$A+(5(+B!4!*#)6#'!
Figure 9G!!!!J>8!<#$)!UH!'#$A+(5(+B!4!*#)6#'!
Figure 10.  J>8!<#$)!FH!'#$A+(5(+B!4!*#)6#'!
Figure 11. !HJ8!<#$)!UH!'#$A+(5(+B!4!*#)6#' 
Figure 12. !HJ8!<#$)!FH!'#$A+(5(+B!4!*#)6#'!
Figure 13.  HJ-!<#$)!>S>!'#$A+(5(+B!4!*#)6#'!
Figure 14.  :A$++#'!0./+R!J>8R!L"!W!UH!
Figure 15.  :A$++#'!0./+R!J>8R!L"!W!FH!
Figure 16.  :A$++#'!0./+R!J>-R!L"!W!UH!
Figure 17   :A$++#'!0./+R!J>-R!L"!W!FH!!
Figure 18.  :A$++#'!0./+R!HJ8R!L"!W!UH!
Figure 19.  :A$++#'!0./+R!HJ8R!L"!W!FH!!
Figure 20.  :A$++#'!0./+R!HJ-R!L"!W!UH!
Figure 21.  :A$++#'!0./+R!HJ-R!L"!W!FH!
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!
H(*&'#!ZG!!
!
Neuroanatomical Structures of the Neuro-Visceral Model reprinted from Thayer & 
Friedman, 2004 with permission of authors. 
!
!
!
!
!
!
!
!
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H(*&'#!PG!
!
Mean SCL Reactivity 

YPGOO

YZGOO

OGOO

ZGOO

PGOO

NGOO

_GOO

]GOO

`GOO

J>8 J>- HJ8 HJ-

E01I

9
&
0
$
("
=
"(
5 J>8

J>-

HJ8

HJ-



79 

 

H(*&'#!NG!
!
Mean PEP Reactivity 
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H(*&'#!_G!
!
Mean RMSSD Reactivity 
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H(*&'#!]G!
!
Mean SBP Reactivity 
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H(*&'#!`G!
!
Mean DBP Reactivity 
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H(*&'#!aG!!!
!
Mean RR Reactivity 
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H(*&'#!QG!
!
CPA Mean IBI Reactivity x Gender 

YOGZO

YOGO^

YOGOQ

YOGOa

YOGO`

YOGO]

YOGO_

YOGON

YOGOP

YOGOZ

OGOO

6&*3&#

9
&
0
$
("
=
"(
5

H#<$.#

"$.#



85 

 

H(*&'#!^G!
!
CPA Mean LF Reactivity x Gender 
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H(*&'#!ZOG!
!
CPA Mean HF Reactivity x Gender 
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H(*&'#!ZZG!
!
FCA Mean LF Reactivity x Gender 
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H(*&'#!ZPG!
!
FCA Mean HF Reactivity x Gender 
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H(*&'#!ZNG!
!
FCR Mean PEP Reactivity x Gender 
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H(*&'#!Z_G!
 
CPA LF WM Regression 

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!Z]G!
!
CPA HF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!Z`G!
!
CPR LF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!ZaG!
!
CPR HF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!ZQG!
 
FCA LF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!Z^G!
!
FCA HF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!POG!
!
FCR LF WM Regression!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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H(*&'#!PZG!
!
FCR HF WM Regression!
!

U()#$'!-#*'#%%(/)!2 (+,

^]GOOp!"#$)!>'#6(A+(/)!7)+#'5$.
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