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%(/.5&0$%.(!./!011!1%(9-!./!4+?!#0)+-!0-!%&0)+-:!$.!066.&&.20$+!
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2%//+5+(6+!.(! $*+!-3*4'&7!L(01.).,-! $.!=$,23!Z:!4+! %&#1+&+($+2!
$*%-!$0-9!%(!0!403!$*0$!$*+!>01,+!2%//+5+(6+!?+$4++(!$4.!20$0!#.%($-!
40-!?+$4++(!Q!0(2!W!,(%$-7!M.5!+06*!>01,+!2%//+5+(6+:!$*+5+!4+5+!
ZQ!$0-9-!5+-,1$%()!%(!PQ!$5%01-!/.5!$*+!*+%)*$!2%//+5+(6+!$0-97!8*+-+!
#0%5+2!#.%($-!4+5+!-+1+6$+2!?0-+2!.(!$*+!U!6.(2%$%.(-N!J%K!$*+!*+%)*$!!
2%//+5+(6+!./!$*+-+!#.%($-!-*.,12!(.$!+@6++2!W!,(%$-:!0(2!J%%K!$*+!$4.!
#.%($-!4+5+!(.$!-++(!.(!$*+!-0&+!/50&+7!
/

I.'!N'#(/I)%O1%#!-/

B%$*!0$!1+0-$!UQQQ!20$0!#.%($-!%(!.,5!-0&#1+-:!$*+!6*05$!40-!105)+!
+(.,)*!$.!5+G,%5+!$*0$!011!$*+!#05$%6%#0($-!/1%69!$*5.,)*!$.!#5.6+--!
$*+!+($%5+!)50#*7!B+!01-.!5+6.52+2!#05$%6%pants’!/1%69%()!/5+G,+(637!

Q3G! $:>NO!,B=;P4!

S05$%6%#0($-!%(!$*+!+@#+5%&+($01!6.(2%$%.(!4+5+!+@#.-+2!$.!0!-+5%+-!
./!;<=#059-:!4*%1+!#05$%6%#0($-!%(!$*+!6.($5.1!)5.,#!4+5+!+@#.-+2!
$.!0!-+5%+-!./!?0-+1%(+!)50#*-!J%7+7:!(.!6.&#5+--%.(:!M%),5+!XK7!!
A(! $*+!?0-+1%(+! 6.(2%$%.(:! $*+!(,&?+5!./! 20$0!#.%($-!#5+-+($+2!

4%$*%(! 0! /50&+! 40-! PQ7! L11! $*+! 20$0! #.%($-! 05+! #5+-+($+2!
+G,%2%-$0($13!0(2!$*+!2%-$0(6+!?+$4++(!+06*!$4.!6.(-+6,$%>+!20$0!
#.%($-!%-!W!#%@+1-!.(!$*+!43*4'&7!M.5!$*+!;<=#059:!2,+!$.!$*+!UPl!
6.&#5+--%.(!./! $*+!?0-+1%(+:! $*+!%($+5>01!?+$4++(!$*+!20$0!#.%($-!
40-! Z! #%@+1! .(! $*+! 43*4'&7! 8*,-:! 4+! *02! PQ! 20$0! #.%($-! /.5! $*+!
?0-+1%(+!%(!+06*!-65++(!JM%),5+![K7!L!_0$%(!-G,05+!2+-%)(!40-!,-+2!
$.!#5+>+($!#.--%?1+!.52+5!+//+6$7!L/$+5!$*+!%(-$5,6$%.(-!4+5+!)%>+(:!
#05$%6%#0($-!*02!0!$5%01!-+--%.(7!8*+!$0-9-!4+5+!$*+!-0&+!065.--!?.$*!
6.(2%$%.(-7!

\RWRN! H)?*$8$C)3*'!

8.! 0>.%2! ?%0-! 4+! 5+65,%$+2! UW! (+4! #05$%6%#0($-! JM+&01+! o! ZQK!
&.-$13!/5.&!0!1.601!,(%>+5-%$3!JF0)+o!UP7\PK7!!

\RWRU! 40##&8*&F!Y)*)!

=0&+!0-!%(!=$,23!Z:!4+!6.11+6$+2!participants’ response time (RT), 

0-! 4+11! 0-! $*+! +55.5! 50$+! JghK7! M.5! $*+! /1%69%()! /5+G,+(63:!
participants’ flicking response 40-! 5+6.52+2! .(! $*+! -&05$40$6*7!
S05$%6%#0($-!6.,12!).!?069!0(2!/.5$*!0-!/5+G,+($13!0-!$*+3!(++2+27!

Q3J! &B=>?:=!

\RTRN! "3)#@'$'!

L/$+5! (.5&01%$3! 40-! +(-,5+2:! %(2+#+(2+($! -0&#1+! $<$+-$-! 4+5+!
6.(2,6$+2! $*5.,)*.,$:! +@6+#$! /.5! $*+! O+%)*$! f%//+5+(6+!
A2+($%/%60$%.(7! M.5! $*+! O+%)*$! f%//+5+(6+! A2+($%/%60$%.(:! 0!&%@+2!
?+$4++(<4%$*%(!-,?H+6$-!Li"jL-!4+5+!6.(2,6$+2:!4%$*!6.(2%$%.(!
J?0-+1%(+!>-7!;<=#059K!0-!?+$4++(!/06$.5!0(2!$*+!*+%)*$!2%//+5+(6+!
0-!0!4%$*%(!/06$.5!JQ!>-7!Z!>-7!U!>-7!V!>-7WK7!

\RTRU! 7$3$.-.!H0$3*!Y&*&8*$03!

H%&+"#&%/2'0%/=HB@/

C.(-%-$+($! 4%$*! $*+! 5+-,1$-! ./! =$,23! Z:! $*+! &+0(! h8! /.5! $*+!
#05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!40-!-%)(%/%60($13!-*.5$+5!JF!
o! ZX:WQ\&-:! EL! o! [ZY\K! $*0(! $*+! &+0(! h8! /.5! $*+! ?0-+1%(+!
6.,($+5#05$!JF!o!U\:WVU!&-:!EL!o!ZVVWVd!2UU!o!<U7ZV:!+!u!7QPK7!8*+!
+//+6$! -%'+!40-! 105)+! JŋG! o! 7Z\K:! %(2%60$%()! $*+!&0)(%$,2+! ./! $*+!
2%//+5+(6+-!%(!$*+!&+0(-!JYQUP&-K!40-!105)+!RZUT7!
/

/

/

I.'!N'#(/

S05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5!$%&+-!JF!o!ZY!
/1%69-:! EL! o! [K! 6.&#05+2! $.! $*+! #05$%6%#0($-! %(! $*+! ?0-+1%(+!
6.(2%$%.(!JF!o!WW!/1%69-:!EL!o!ZXd!2ZV7VX!o!<W7PP:!+!u!7QZK7!8*+!+//+6$!
-%'+!40-!105)+!JŋG!o7WYK!%(2%60$%()!$*+!>+53!105)+!&0)(%$,2+!./!$*+!
2%//+5+(6+-! %(! $*+! &+0(-! J&+0(! 2%//+5+(6+! o! <UP7QX:! YPl! CA! R<
V[7Y[:!<ZV7UQTK7!
!
J))")/)*2%/=JH@/

A(2+#+(2+($!-0&#1+!$<$+-$-!%(2%60$+2!-%)(%/%60($13!*%)*+5!+55.5!50$+!
%(!$*+!?0-+1%(+!6.(2%$%.(!JF!o!7UP:!EL!o!7Z[K!$*0(!4%$*!;<=#059-!
JF!o!7Q[:!EL!o!7QXd!2UU!o!<V7\W:!+!u!7QZ!<!$4.<$0%1+2K7!8*+!&0)(%$,2+!
./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!J7UQK!40-!0)0%(:!>+53!105)+!ŋG!o7WQ7!
M.5!&%(%&,&!#.%($!2+$+6$%.(:!$*+5+/.5+:!#05$%6%#0($-!%(!$*+!;<=#059!
6.(2%$%.(!/1%69+2!/+4+5!$%&+-!0(2!6.&#1+$+2!$*+!$0-9-!/0-$+5!4%$*!
/+4+5!+55.5-!$*0(!$*+!#05$%6%#0($-!%(!$*+!?0-+1%(+!6.(2%$%.(7!

\RTRW! 7)S$.-.!H0$3*!Y&*&8*$03!

H%&+"#&%/2'0%/=HB@/

=%&%105!$.!&%(%&,&!2+$+6$%.(:!$*+!&+0(!h8!/.5!#05$%6%#0($-!4%$*!
;<=#059-!/.5!&0@%&,&!2+$+6$%.(:!40-!-*.5$+5!JF!o!ZXPVV&-:!EL!
o![QQP7YZK!$*0(!$*+!?0-+1%(+!JF!o!UX[V[&-:!EL!o!XY[Qd!2UU!o!<V7Z[:!
+!u!7QZd!$4.<$0%1+2K7!8*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!
JYXUY&-K!40-!105)+:!ŋG!o7VZ7!
/

I.'!N'#(/

L)0%(:!0(01.).,-!$.!$*+!&%(%&,&!2+$+6$%.(:!#05$%6%#0($-!%(!$*+!;<
=#059-!6.(2%$%.(! /1%69+2! /+4+5! $%&+-! JF!o!UQ! /1%69-:!EL!o!\7UWK!
6.&#05+2!$.!#05$%6%#0($-!%(!$*+!?0-+1%(+!JF!o!W[!/1%69-:!EL!o!ZW7UWd!
2Z[7VV! o! <P7[[:! +! u! 7QQZd! $4.<$0%1+2K7! 8*+! &0)(%$,2+! ./! $*+!
2%//+5+(6+-!%(!$*+!&+0(-!JU[K!40-!>+53!01-.!105)+!ŋG!o7PY7!
!
J))")/)*2%/=JH@/

B+!.?-+5>+2!0!*%)*+5!+55.5!50$+!%(!$*+!?0-+1%(+!6.(2%$%.(!JF!o!7UX:!
EL!o!7ZQK!$*0(!4%$*!;<=#059-!6.(2%$%.(!JF!o7Q[:!EL!o!7Q[d!2UU!o!<
7[7V:!+!u!7QQZd!$4.<$0%1+2K7!M,5$*+5:!$*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!
%(!$*+!&+0(-!J7UZK!40-!>+53!105)+!ŋG!o!7[P7!"(6+!0)0%(:!#05$%6%#0($-!
%(! $*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5! $%&+-!0(2!6.&#1+$+2! $*+!
$0-9-!/0-$+5!4%$*!/+4+5!+55.5-!$*0(!$*+!#05$%6%#0($-!%(!$*+!?0-+1%(+7!

\RTRT! 1#0C&!L'*$.)*$03!

H%&+"#&%/2'0%/=HB@/

C.(-%-$+($! 4%$*! $*+! 5+-,1$-! ./! &%(%&,&! 0(2! &0@%&,&! #.%($-!
2+$+6$%.(:! $*+! &+0(! h8! /.5! $*+! #05$%6%#0($-! %(! $*+! ;<=#059-!
6.(2%$%.(!40-!-*.5$+5!JF!o!Z\UZU&-:!EL!o![QWYK!$*0(!$*+!&+0(!
h8!/.5!$*+!?0-+1%(+!6.,($+5#05$-!JF!o!U[YYX&-:!EL!o![PXUd!2UU!o!<
V7\Y:!+!u!7QZd!$4.<$0%1+2K7!8*+!.?-+5>+2!&+0(!2%//+5+(6+!40-!105)+!
JŋG!o7WQK!JY\X[&-K7!

J)5#&!UO!7&)3'!A0?!.$3_.)S!F&*&8*$03!)3F!'*&&C&?!'#0C&!F&*&8*$03!
A0?!961C)?/!)3F!5)'&#$3&!803F$*$03'!03!?&'C03'&!*$.&E!A#$8/$3DE!)3F!
&??0?!?)*&'R!403F$*$03!&AA&8*'!:&?&!'$D3$A$8)3*!:$*(!#)?D&!&AA&8*!'$P&'!
across all the tasks (ps < .05; ŋ2≥ .17).!

! h8!J&-K! M1%69-! g55.5!h0$+!

! B, 9, ;! 9, B, 9,

`%(!! ZX:WQ\! U\:WVU! ZY7UU! WW7VQ! Q7Q[! Q7UP!
`0@! ZX:PVV! UX:[V[! UQ7QU! W[7ZU! Q7Q[! Q7UX!
=1.#+! Z\:UZU! U[:YYX! ZV7QV! VU7YP! Q7Q\! Q7VU!

/

I.'!N'#(/

S05$%6%#0($-!%(!$*+!;<=#059-!6.(2%$%.(!/1%69+2!/+4+5!$%&+-!JF!o!ZV!
/1%69-:! EL! o! WK! 6.&#05+2! $.! $*+! #05$%6%#0($-! %(! $*+! ?0-+1%(+!
6.(2%$%.(!JF!o!VU!/1%69-:!EL!o!Pd!2UU!o!<Y7ZY:!+!u!7QQZd!$4.<$0%1+2K7!
8*+!&0)(%$,2+!./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!JZY!/1%69-K!40-!>+53!
105)+!ŋG!o7\Y7!
!



J))")/)*2%/=JH@/

M.5!$*+!-$++#+5!-1.#+!2+$+6$%.(!0-!4+11:!$*+!gh!40-!*%)*+5!/.5!$*+!
?0-+1%(+!6.(2%$%.(!JF!o!7VU:!EL!o!7ZWK!$*0(!/.5!;<=#059-!JF!o!7Q\:!
EL!o!7QPd!2UU!o!<P7XU:!+!u!7QQZ!<!$4.<$0%1+2K7!M,5$*+5:!$*+!&0)(%$,2+!
./!$*+!2%//+5+(6+-!%(!$*+!&+0(-!J7UPK!40-!105)+!ŋG!o!7[Z7!

\RTR\! b&$D(*!F$AA&?&38&!IF&3*$A$8)*$03!

H%&+"#&%/2'0%/=HB@/

8*+5+!40-!0!-%)(%/%60($!%($+506$%.(!+//+6$!?+$4++(!*+%)*$!2%//+5+(6+!
0(2!6.(2%$%.(:!IW:ZY!o!Y7Z\:!+!u!7QQZ:!4%$*!0!105)+!+//+6$d!ŋG!o!7[[7!
B+! $*,-! %(>+-$%)0$+2! $*+! -%&#1+! +//+6$-! ./! *+%)*$! 2%//+5+(6+! /.5!
+06*! 6.(2%$%.(7! M.5! ;<=#059-:! participants’ RT was the longest 

4*+(!$*+5+!40-!(.!*+%)*$!2%//+5+(6+!JF!o!UUVXZ&-:!EL!o!WXP\K!.5!
4*+(! $*+5+! 40-! /.,5! J%7+7:! &0@%&,&K! ,(%$! 2%//+5+(6+-! JF! o!
ZYPP[&-:! EL! o! P\YV:! +&/ u! .05). Participants’ RT were equally 

-*.5$+5!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!.(+:!$4.:!.5!$*5++7!M.5!$*+!
baseline condition as well, participants’ RTs were the longest when 

$*+5+!40-!(.!2%//+5+(6+!JF!o!VPZQZ&-:!EL!o!P\QWK:!/.11.4+2!?3!
$*+!W!,(%$:!&0@%&,&!2%//+5+(6+!JF!o!UYUWV&-:!EL!o![UWVK7!L)0%(:!
participants’ RT 40-!-*.5$+5!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!Z:!U:!.5!
3. Further and importantly, participants’ mean RT was consistently

-*.5$+5!%(!$*+!;<=#059!6.(2%$%.(!J+&!u!7QQPK7!!!
/

I.'!N'#(/

L! &%@+2! ?+$4++(<4%$*%(! -,?H+6$-! 0(013-%-! ./! >05%0(6+! 40-!
6.(2,6$+2!$.!0--+--!$*+!%&#06$!./!2%//+5+($!$3#+-!./!)50#*-!J?0-+1%(+!
>-7! ;<Spark) on participants’ flicking frequency, across five

2%//+5+($! *+%)*$! 2%//+5+(6+! 1+>+1-! JQ:Z:U:V:WK7! M%5-$:! 4+! /.,(2! 0(!
%($+506$%.(!+//+6$!?+$4++(!$*+!#5+-+($0$%.(!6.(2%$%.(!0(2!$*+!*+%)*$!
2%//+5+(6+:!IW:ZY!o!V7ZQ:!+!u!7QP:!4%$*!0!105)+!+//+6$:!ŋG!o!WQ7!i+@$:!
4+! %(>+-$%)0$+2! $*+! -%&#1+! +//+6$-! ./! *+%)*$! 2%//+5+(6+! 1+>+1! /.5!
+06*! 6.(2%$%.(7! 8*+5+! 40-! (.! *+%)*$! 2%//+5+(6+! +//+6$! %(! $*+! ;<
=#059-! 6.(2%$%.(:! %(2%60$%()! $*+! /1%69%()! /5+G,+(63! 2%2! (.$! >053!
?0-+2!.(!$*+!*+%)*$!2%//+5+(6+-!4%$*!$*+!;<=#059-!6.(2%$%.(!J+&!t!
7QP). For the baseline condition, however, participants’ mean

/1%69%()! /5+G,+(6%+-! 40-! $*+! *%)*+-$! 4*+(! $*+5+! 40-! (.! *+%)*$!
2%//+5+(6+! JF! o! VY! /1%69-:! EL! o! [7YQK! .5! 4*+(! $*+5+! 40-! W!
,(%$k&0@%&,&! 2%//+5+(6+! JF! o! V[7UQ:! EL! = 6.89). Participants’

/1%69%()!/5+G,+(6%+-!4+5+!$*+!1.4+-$!4*+(!$*+!,(%$!2%//+5+(6+-!4+5+!
Z:!U:!.5!V7!M,5$*+5!0(2!,(2+5-$0(20?13:!/.5!+06*!*+%)*$!2%//+5+(6+:!
;<=#059-!6.(-$0($13!+@*%?%$+2!0!-&011+5!/1%69%()!/5+G,+(63!JF!o!ZV!
/1%69-:!EL!o!W7W[K!$*0(!$*+!?0-+1%(+!JF!o!VV!/1%69-:!EL!o!P7WWd!IZ:!
UU!o!Z[W7X\:!+!u!7QQZK:!4%$*!0!>+53!105)+!+//+6$!ŋG!o!7XX7!
!
J))")/)*2%/=JH@/

We investigated the main effect of condition. Participants’ mean

gh! 40-! *%)*+5! %(! $*+! ?0-+1%(+! 6.(2%$%.(! JF! o! 7PU:! EL! o! UQK!
6.&#05+2! $.! $*+!;<=#059-!6.(2%$%.(!JF!o! 7PU:!EL!o!7Z\d!IZ:!UU!o!
ZY7VP:! +! u! 7QQZK:! 4%$*! 0! >+53! 105)+! +//+6$! ŋG! o! 7W\7! M.5! ?.$*!
6.(2%$%.(-:!4*+(!$*+!*+%)*$!2%//+5+(6+!2%2!(.$!+@%-$!J%7+7:!QK!.5!.(+:!
gh!40-!-&011+5!J+&/u!7QPK:!?,$!0-!$*+!*+%)*$!2%//+5+(6+!%(65+0-+2:!
$*+!gh!01-.!%(65+0-+27!8*+5+!40-!(.!-%)(%/%60($!%($+506$%.(!+//+6$!
J+!t!7QPK7!

R! ,)$'-$$)+*!

L-!+@#+6$+2:!5+10$%>+!$.!'+5.<6.&#5+--+2!)50#*-:!;<=#059-!1+2!$.!
?+$$+5! .>+5011! .,$6.&+-7! C.&#05+2! $.! $*+! ?0-+1%(+! )50#*-:! ;<
=#059-!3%+12+2!-*.5$+5!5+-#.(-+!$%&+-:!4%$*!/+4+5!/1%69!.#+50$%.(-7!
M,5$*+5:!.>+5011! +55.5!50$+!40-! 1.4+5!4%$*!;<=#059-!6.&#05+2! $.!
$*+!?0-+1%(+7!L1$.)+$*+5:!$*+-+!5+-,1$-!%(2%60$+!$*0$!;<=#059:!0!1%(+!
)50#*!$.!#5+-+($!+06*!-0&#1+!#.%($! %(!.(+!#%@+1:!*0-!#.$+($%01!/.5!
2%-#103%()!1%(+!)50#*-!.(!-&011!2%-#103-7!

! !
M$D-?&! cO! 961C)?/! )CC#$8)*$03'R! )V! "FF$3D! .0?&! F&*)$#'! )3F!
$3A0?.)*$03E!5V!-'$3D!961C)?/'!A0?!.0?&!80.C#&S!#$3&!D?)C('!$3!?0-3F!
A)8&F! '.)?*:)*8(&'E! )3F! 8V! 8)3! 5&! &.5&FF&F! $3! F$AA&?&3*!
)CC#$8)*$03'E!(&#C$3D!-'&?'!:$*(!F&8$'$036.)/$3D!*)'/'R!!

!

B+! ,-+2! $*+! &.-$! /,(20&+($01! $0-9-! 5+10$+2! $.! 5+02%()! 0(2!
,(2+5-$0(2%()! 1%(+!)50#*-:! 5+#5+-+($%()!*+05$! 50$+!20$0:!0-!.(+!./!
$*+! 6.&&.(! $%&+<-+5%+-! 20$0! 6.11+6$+2! ?3! -&05$40$6*+-! -+(-.5-7!
=%(6+! 011! $%&+<-+5%+-! 20$0! 05+! -%&%105! $.! +06*! .$*+5! 0(2! 60(! ?+!
5+#5+-+($+2! ?3! 1%(+! )50#*-:! $*+! 5+-,1$! ./! $*%-! -$,23! 60(! ?+!
)+(+501%'+2! $.! .$*+5! $%&+<-+5%+-! 20$07! M.5! %(-$0(6+:! 0! -%&%105!
0##5.06*! 60(! ?+! ,-+2! /.5! 5+#5+-+($%()! ?,5(+2! 601.5%+:! 4019%()!
-#++2:!)01>0(%6!-9%(! 5+-#.(-+:!0(2!?.23! $+&#+50$,5+!./! $*+!,-+5:!
/.5!0!-#+6%/%6!#+5%.27!!

R3(! &B=>?:!$>8897O!

B+!,-+2!0!*%)*13!0))5+--%>+!6.&#5+--%.(!-$31+:!4*+5+!+06*!#%@+1!
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