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NQ Bayes	
  factors	
  for	
  comparisons	
  between	
  double`!"#$!%&!"#"$%&'(%!')$!*+'

!"#$%&'%()*!QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ!! ! !

LQ !"#$%&'()&$$"*#+,&'%(!"#$""%&'"()*%("&'"+,#-."&)'*/-0-#1!and	
  cue	
  

!"#$%&'"(!"#&$)&#&%*!QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ!! ! !
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!"#$%&'"(!"#&$)&#&%*!QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ!! 7!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

! N!

!"#$%&'()!

!"#$%&'(#!% ! !

!"#$%&'()*#)(+,-(*#.'(/-0%'1(#(!"##$!%&"'(")(*+#,+-#$.(."/$01$2$(&'(3",2(4+25$'6(+(%+7`

free	
  method	
   to	
   keep	
   your	
   treasure	
   safe.	
  Now	
   you	
  want	
   to	
   dig	
   it	
   out	
   for	
   sale	
   in	
   order	
   to	
   get	
  

through	
   a	
   financial	
   crisis.	
   It	
   seems	
   like	
   an	
   enjoyable	
   treasure`!"#$%#&'&()*+' ,"$' -."' #**/' $.'

localize	
  the	
  e!"#$%&'#"$(')%'*%+',-%$-."/,-.%0.*'-.%$1.%2(33()3%/'%$1"$%+',%4ill	
  not	
   !"#$%&'($)"(

!"#$%!&'(%)!"*&+,-&-,./)&0,.&%!#%$!1!&#2!&#%!(3.%!&4,3$#$,"5&6,.&7("&%!8!%&#,&1(%$,.3&,9:!7#3&$"&

!"#$ %&'(#)*$ +,-"$ &+$ &$ .#)-#$ &)($ /0&)!+1$ 23'$ #4&5/0#*$ 63,$!"#$%& $'()&!"#$%&' (!"#$ %&'"&(')*$

!"#$%&'()&*)$+)&!$,&-.&*))'&*/#0&'()&0!1")&'/))2&3#4&+!$&!"5#&"##6&!'&'()&0#4$'!7$&!'&,75'!$+)8&

!"#$%&'$%($)*+$ '(,&$-(.*%*("$/*%0$&1.-12%$%($*%3$!"#$%&#'&()*+#,-*#,(*./&(*#on	
   !"#!$%"!&#" '()*+"

night,	
   you	
   probably	
   needed	
   to	
   remember	
   how	
  many	
   st!"#$ %&$ '()*$ +,&-$ ($ .!,%(/0$ ,!+!,!0.!$

!"#$%&'()*+',('%+-'.-$*-'"!-$#$/0'#$'%+#('*,(-'1")'2#33'$--4'%"')(-'#$."56,%#"$'/-$-5,%-4'.5"6'

!"#$%"&'%(")!%*"+,*,'-.% !Your	
  success	
  in	
  using	
  !"#$%&$#'()%$&#*&+,*#(-.!+#,&/%!%(-+,%$&"#0&

successful	
   you	
   are	
   in	
   this	
   treasure`hunting	
   activity.	
   One	
   strategy	
   is	
   to	
   rely	
   on	
   only	
   one	
  

information	
  source,	
  which	
   !"##$probably	
  be	
  the	
  most	
  reliable	
  cue	
   in	
  your	
  estimation.	
   	
  Another	
  

strategy	
  is	
  to	
  make	
  use	
  of	
  multiple	
  information	
  sources	
  and	
  try	
  to	
  integrate	
  them.	
  Intuitively,	
  the	
  

latter	
   strategy	
   is	
  more	
   advantageous.	
   This	
   is	
   because	
   every	
   information	
   source	
   is	
   not	
   perfect	
  

!"#$%!"$&'$%(")!*+"!)'#$&,$"(+-'.$/-0!11,$)2'3'$+-$!$%2!"%'$)($#'%3'!-'$)2'$'33(3-$&,$%(11'%)+"4$

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

!"#!$"%$&'(#)"(#!"*+,!"(-$#)(*(.$&$.,.(/*.*'"(#0(#)"('*!/"&($&(#)"(1,!!"&#(+1"&*!$02(((((!

!"#$% $&'()*#+% *',*'$'(-$% )% -.,#&)/% $,)-#)/% /+&)/#0)-#+(% ,*+1/'23% *'-*#'4#(5% )% -)*5'-%

!"#$%&"'(!"#!$ %&'$ "#($!"#"$%&' ()%!"*+#,-.' /(0$"0,' ,*10,"20$"*3' $0#4#' 0)%' +5"6+"$*+#' "3' &0",-'

!"#$%#"&'!()!"#$%!"#$%&$'%(')*!!"#$%&!"#$%&$"$'()%*+(#%&,$-"#.%&,$'/%*+%&,$"&+$&"0%,"1%&,$12$13($

!"#!$%"!&'(!)$*)'+"),$'-+"*)#!(.)!"#$%!!"#$%%&'()'*+"'",$-.'&%$)()/0'1"$.'%2*")3'&4-*(5-!"#$%&'%("

!"#$%&'#%&(&)*&+*#%,-'%"$#.%/&$)!&**01%23#'#%&'#%24-%!')2)!&*%5'-+*#6$%2-%!-7$)8#'9%43&2%$5&2)&*%

!"#$%&'#%()#'#%&*+%),-%(,%+#&.%-/()%0".(/1.#`!"#$%!#&'()*%+$,-#$.*//*0)&1$)&2(*3"!2)*&$0)//$4#$

!"#$%&'()*&%*+(",-* !.*+/(-(*+0!*12(-+&!%-3*4&"-+5*6*0&!!"#$%&'()$"&!*%%(+(&*,(-.%" -+"%/*,(*!"&0$%1"

!"#$%&'&()**&)+$,-./0"&$1"&234"5)3+&366,-301&$-&0/"&)+$",30$)-+&6,-7*"8&3+.&"#6*3)+&(14&'&/5".&

!"#$%&''()&*"%#+%!",%*-((,+!%$!-./0%1#+&22/3%4%5#22%'()')$,%$',*#6#*%(,$,&(*"%7-,$!#)+$%5#!"#+%!",%



!

! L!

framework	
  of	
  Bayesian	
  theory.!

!

-.*'+*/!"#$5 !

!"#$%#&' ()*+' (#,' -*' .%/%.*.' %,$0' $10' (#$*203%*+4' 5,$*3,#&' +*&6`!"#$"%& '()*& +$,$"#-)#$'&

!"#$%& '#(#'& )*& +*,-./& -0(*'12)-*0& 3#0#'2)#,& +/& $#.(`!"#$!$%&'( )*+,( -)( #$)&./*0-1( +*$)( -%2(

proprioceptive	
   cues.	
   Navigation	
   using	
   idiothetic	
   cues	
   alone	
   is	
   called	
   dead`!"#$%&'&() %!) *+,-)

!"#$%&'#!(")*+(!"%*,'-.*#(*#/$*#&$'01&$`!"#$%#&'()*#+,%-.',*/*/0*,%#&'!-1'/+#2'($*3('+#4'$!*'

direction	
  to	
  walk	
  from	
  the	
  fence	
  opening	
  utilizes	
  self`motion	
  cues.	
  Because	
  idiothetic	
  cues	
  are	
  

!"#$ %&'()#*+$ &!,"'-.#&!"# $%&'(# )"*+̀!"#$%&"'() $') &'%*+,$%&"') "-*,$%&"') '**./) %") 0*) -*,1",2*.)
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!"#$% &'#()*"#&+',% -+*% (."/!0(1% "2#(*% "% *"#$(*% *"'3+/% +4#5+4'3% 6+4*'(71% #$(% *"#% 8"9% "50(% #+%

!!"#$%& '($!)"*+& ",& "-!& ./"-& ,$(0(%1& /2& (3& ("& 4!$!& ),%"(%#,#2*+& 5!!.(%0& (%& 6(%'& /%'& #.'/"(%0& /&

!"#$%#&' ()*$+,' "+%-$%-.' /%,)*$&0' 1#*2' $+' $3)' "#$3' +,%.%-' 4,+5' %$!' *6,,)-$' "+!%$%+-'!!"#$%%$& '&

!"##"$%&'())*!!"#$%&!"#$%&'()(*#$+*($*(,+-.)(,/$0&&*(*$+-$0+-%$.!-(1*+-.&!$-%+!$+*($*+-"$!!""#$%&

!"#$%&'#())*!"!""# !"#$%&'()*+#$,-&&./0.#$1$23!&4.5*#$6777!!!

!"#$%&'() $&*+%,&-$&#'() ./$0) 1'((,#2$#+.) ./$03) %$4$%) #,) +&5/#0) 4%,-) #2$) ,/#0+6$) 7,%(68)

!"#$%&!%'(!"&)%&*+%&"+(,-./%#"0!1%2(!"&)%#"0!%$&'0%300*%!,"+(0+%04,0*!('0)/5%6-!!(3)/%30#&"!0%

!"#$%&' ()*+' !)$,-*+' .%' /!)' ,-&" !"# $%&$'()# $)$*%+# !&,# -.$/!"# 0/%$# !(%# %!$)# *'# +!&.1/"!*%# .&#

!"#!$%&!'()*+,+-./))%-+-/(!01$%2/(%1'+13+4%)5/.+-5!)+%)+0!1&!($%-+-5!)+4)*+3!/(5$/.+-5!)+!!"#$%&'&

Newcombe,	
  2005!"A.	
  R.	
  Lew,	
  2011!"!"#$%&'(' )*"+,$-*.' /010 !.	
  Geometric	
  cues	
  refer	
   to	
  3D	
  

extended	
   surfaces,	
   such	
   as	
   room	
   shape	
   and	
   walls.	
   Featural	
   cues	
   refer	
   to	
   spatially	
   compact	
  

objects,	
  such	
  as	
   landmarks	
  and	
  beacons,	
  and	
  aspects	
  of	
  objects	
  (e.g.,	
  color).	
   If	
  we	
  project	
  the	
  

whole	
  environment	
  along	
  the	
  direction	
  of	
  gravity	
  to	
  the	
  plane,	
  landmark	
  cues	
  can	
  be	
  sketched	
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!"#$%"&!'#()*"#!+$#,-./%0!'#()*"1#2!"*$#.+#&3*%-#-*'!&%4*#$%"&!+(*"#&.#!#&!-5*&#'.(!&%.+#!!"#$%&%

!"#$%&'()***!!"#$%&'"()*+",$",-.",/.)01/. `!"#$%#&'&()*'+,*#(-%./'$!*'0*#,*',(#'1*',2(++%0%*3'(+'



!

! ^!

a	
  geometric	
  cue,	
  the	
  maple	
  !"##	
  as	
  a	
  featural	
  cue,	
  and	
  the	
  far	
  away	
  mountain	
  as	
  a	
  distal!!"#$%!

!

3*4$5+*&!6..),*78!',!"#$!%&'$)*7'+,&!G),;/$<!

!"# $%&# $'&()*'&`!"#$%#&' ()*#+,%-.' /-"' 0-)+0%1*' $!*' 2",%*3' )-00*)$%-#' -4' 5+0"+20*(' 2/'

!"#"!!$%&'()'(*"'#"%+",'(*"'-./0"'(!"",'(*"'-)1%(.$%,')!'2)1!')3%'/*24$+.0'-)5"-"%(6'7%')!8"!'

!"# $%&'()(# *(!!(+# ,(+-"+mance,	
   one	
   !"#$%&'%()is	
   to	
   combine	
   various	
   sources	
   of	
   spatial	
  

information	
  instead	
  of	
  simply	
  relying	
  on	
  one	
  source.	
  A	
  second	
  heuristic	
  !"#$%#&'(#)%*+#'$$+,$!%,#

!"#$%&!'&(#)*+$#)",$'-+.+-#&$#/".+#.+('&0(+1#$"#!2&!#('/'!+-#)"3,'!'4+#.+$"*.)+!"#$%"!"#$%"&'$(!)

!""#$#!%&'()*+,(!-#,%*./#%$#.'!-*0%*$1!*#%&!2/,&#0%*$,.&1/!*30&4*!"#$%&'&#%&()*'$*+'!"!

!"#$%&"'( )*$+,#( -,+.&/$%( "( %#%)$0")&1( "'/( 23"')&)")&.$( 0$)*+/( )+( &'.$%)&4")$( *+5(

different	
  cues	
  could	
  be	
  combined!!!"#$%&'("#))*#+,-)"&'./))#$*,0"#-&'1'23#4#-&'5667!!"#$%&'($)"

!"#$%&' ($)*!)' !"+!' !"#' ,-#' ,$./*0+!*$0' (%$,#))' *)' .$1-2+!#1' /&'%# !"#$%&' ()&' *&!$"+$!$#$&,-' .)&'

!"#$%&$#$'() $*) +*+%##() $,-"!!".) -!/0) *+&1"2'*3) !"*4/,*"*) %,.) $*) $,5"!*"#() !"#%'".) '/) !"*4/,*")

!"#$"%&'()#)!"#$ ! !"#$	
  !"!a	
  measurement	
  of	
  how	
  precise	
  the	
  location	
  representation	
  is	
  associated	
  

with	
   the	
   cue.	
  Cues	
  are	
   combined	
   line!"#$%&'()%()*'"%&*'+)(,%*-.!#%(/%"*#!('0*%"*#'!1'#'('*,2%3/"%

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

! !"#$%&'"()"#$*&%+$)",-+).+,/&%0"12&"3&+421"5(-"

!"#$%$&'($)! !"#! !"#$! !" B!"#"$!
! !"#$!

! !"#!
! ),	
  and	
  the	
  weight	
  for	
  cue	
  B	
  is,	
  w! !"#! !"#$! !" ! !"#"$!

! !"!! !
! !"

! !
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relative	
   to	
   single`!"#$ !%&'()(%&*+$ ,"!-$ .$ !"#$ (&)#/0.)(%&$ 10%!#**$ (*$ *.('$ )%$ 2#$ %1)(3.4$ (&$ )-#$
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!"#$"%&'()*(+,'(!"#$%&!#'(&!!"#$%"&'$"()*!"##$"%&!"#$"%#$%&'"%()$*#!)&+%,"&-"".%!"#$%&`!"#$%#&'($
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!"#$%& '($& )*""$%& +,& -*.$/0*"& 1$%2$1'0+"3& %$/$*%2($%/& 0"& 4*%0+5/& /'5#.& #+6*0"/& (*4$&

!"#$%&'()'"!* '+)'* ,"$,-"* $(* )%.#)-&* )("* )/-"* '$* 0$#/.%"* '1$* !.22"("%'* .%2$(#)'.$%* &$3(0"&*

!"#$%&''()$*)&)+&(,-$&*)!"##$%!!!"#$%&'()*+#,'(-.*/01'(2(!3$#,044'(5676!"Ernst	
  &	
  Banks,	
  2002;	
  

!"#$%&'&()*%+,--.&/001!"!"#$%&'()*+,"+'(-".,/"01$'(2(.,/"0341'(5667!"Helbig	
  &	
  Ernst,	
  2007;	
  !"#$%&'(

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

!"#$""%&'(") !!"#$#%$&'(!$"#)$""'*!!!"#$%&%'( )*&+,'( -+$.*#$'( /( -#"$$%01'(2334!!"#$%&" '()$*+)"

!"#$%&'()'&#*+#$*&+,&)-!")$.&"!/('&0*&-)'1,)$&2)%*.!)-&+0.*,3*,.&)-4&'()'&'(*&0,)!-&"!/('&0*&

!"#$%$"&'()*%+,!"#$%&'"()&*+,$-"+!&.!"#$"%&'()!!"#$%&'()*+,"#'(-"./,"01$'(2(./,"0341'(5675!"!"#$

!"#$%&'()*+*,$!"#$%(-)*.//0!"!"#$%&'(#$)"*+",#$-$./01&*#$2334!!"#$%&'&()"*+&",--./0,*/$1"$2"

!"#$%&"'( )*&'+&),$%( -.( /01"'(%)"-&",( '"2&3"-!"#$ !%$&'!!"#$%&%!"'#!!"#$%&%' ()' "*+,' -../!"!"#$%&%

!"##$%&' ()*)&' +,-$./$# ).	
   The	
   basic	
   question	
   still	
   remains	
  whether	
   navigators	
   performing	
   a	
  

spatial	
   task	
   are	
   able	
   to	
   integrate	
   different	
   sources	
   of	
   spatial	
   information	
   optimally,	
   not	
   to	
  

mention	
   some	
   further	
   questions,	
   such	
   as	
   how	
   other	
   cognitive	
   processes	
  might	
   influence	
   the	
  

implementation	
   of	
   Bayesian	
   rules	
   (Ernst,	
   Banks,	
   &	
   Bulthoff,	
   2000;	
   Talsma,	
   Doty,	
   &	
  Woldorff,	
  



!

! _!

!""# ).	
  In	
  addition,	
  we	
  speculate	
  that	
  the	
  application	
  of	
  Bayesian	
  theory	
  to	
  the	
  domain	
  of	
  spatial	
  

navigation	
  can	
  be	
  very	
  helpful	
  in	
  reconciling	
  some	
  long`lasting	
  debates	
  in	
  the	
  spatial	
  cognition	
  

literature	
  and	
  also	
  provides	
  new	
  perspectives	
  to	
  navigational	
  issues.	
  !

In	
  order	
  to	
  reveal	
  some	
  critical	
  advantages	
  of	
  the	
  Bayesian	
  approach,	
  we	
  will	
  compare	
  it	
  

to	
   some	
   other	
   commonly	
   used	
   paradigms	
   that	
   have	
   been	
   employed	
   in	
   the	
   spatial	
   cognition	
  

domain.	
  A	
  frequently	
  used	
  paradigm	
  is	
  cue	
  competition,	
  to	
  which	
  the	
  majority	
  of	
  the	
  following	
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!"#$%!	
  !!"#$%&'()*'+,%-'()./,%0()1)2,#3()4556!"!""#$%&'()(*&+,-.(/001 !"!"#$%&'()(*$+%,$-(.///!"

!"#$%&'()**+!!"#$%&'()"*'+$,-$,$'%$".$+/$$'"%0$1"231&"4255$'1"+&"6$&7$+,*%"%0$1"81!"-$2+0,23!

!"#$%&'(#)&*+,"-+&*+#&.#/0*1(#&!,23#*1*1,)&!030!1*4&,5&*+#$#&*6,&!"#&*43#$&7#3#)7$&,)&(0.1,"$&

!"#$%&'(!!"# $"# %&'(# )*++!"!"#$%&' (' )*"+,$-*.' /010 !!" #$%&" '(%" )&*%+,%+%&'%" #-." .*(/)%/"

!"#"$%%&'()#*))+'#,)!-'"."$%%&'$+'$.&!!)#/01')22)1#'32'(%3140+5'3/'36)/.,$73*0+5'*$.'23"+78'

!"#$ %&'()*+,-'.#/0"12'3*+,$ #44#(!$ '4$ ,#'5#!/*($ (6#0$ '+$ 4#1!6/1&$ (6#0$ 310$ ,/#1!#/$ !"1+$ !"#$
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! c!

!"#$%&'()#*+,-./0#1&'(2!""!#$%&"%"!'$()'*%#(!+%&,%-!&.!$)/#%#(!+%(Wilson	
  &	
  Alexander,	
  2008).	
  

Sometimes	
   the	
   asymmetry	
   could	
   be	
   so	
   profound	
   that	
   there	
   was	
   substantial	
  

blocking/overshadowing	
   effect	
   of	
   geometric	
   cues	
   on	
   featural	
   cues	
   but	
   no	
  

blocking/overshadowing	
   effect	
   of	
   featural	
   cues	
   on	
   geometric	
   cues	
   (Cheng,	
   1986;	
   Doeller	
   &	
  

Burgess,	
  2008).	
  These	
  results	
   indicate	
  that	
  there	
  is	
  at	
   least	
  a	
  general	
  preference	
  for	
  geometric	
  

cues	
   over	
   featural	
   cues,	
   if	
   not	
   to	
   the	
   extent	
   of	
   an	
   isolated	
   geometric	
   module	
   in	
   the	
   brain	
  

(Cheng,	
  1986).	
  !

By	
  comparison,	
  relatively	
  fewer	
  studies	
  have	
  examined	
  interference	
  between	
  visual	
  cues	
  

and	
   self`motion	
   cues,	
   and	
   studies	
   that	
   have	
   were	
   conducted	
   on	
   animals.	
   Whereas	
   studies	
  

!"#$%&'$(#)* +(,,-%-#$* .('/&0* !/-'* (#+(!&$-* $1&$* (#$-%,-%-#!-* /'/&002* "!!/%'3* '$/+(-'* "#*

competition	
   between	
   path	
   integration	
   cues	
   and	
   visual	
   cues	
   suggest	
   that	
   these	
   two	
   types	
   of	
  

spatial	
  cues	
  seem	
  to	
  be	
  more	
  independent	
  of	
  each	
  other	
  and	
  that	
  their	
  interaction	
  seems	
  to	
  be	
  

more	
  complicated.	
  Such	
  discrepancy	
  makes	
  sense	
   if	
  we	
  take	
   into	
  account	
   that	
  different	
  visual	
  

cues	
  come	
  from	
  a	
  single	
  sensory	
  modality,	
  whereas	
  path	
  integration	
  cues	
  and	
  visual	
  cues	
  belong	
  

to	
   different	
   sensory	
   modalities.	
   For	
   example,	
   one	
   recent	
   animal	
   study	
   suggested	
   that	
   path	
  

integration	
  might	
  function	
  as	
  a	
  back`up	
  system	
  and	
  also	
  as	
  a	
  reference	
  system	
  (Shettleworth	
  &	
  

Sutton,	
  2005):	
  when	
  displaced	
  landmarks	
  were	
  present,	
  rats	
  followed	
  the	
  displaced	
  landmarks	
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!"#$%&'( ')*+,( '-./"+( )-#)( #00./1%2( '*34"5)'( ).( /#06( #5)17"0,( 1%( )-"( "%71$.%8"%)( $"+*5"+(

!"#$%&#"'()!*)+*,*-.'/%0$)!"1'-%')'$)##*("'0%(*&2'/%&1*-*%&3'*&1*/)-*&2'-4)-'-4"'*&-"2!)-*%&'%5'

!"#$̀!"#$"%& '!"#$ %&'($ )'*!+,-&.$ (')"("+,$ /0,1$ )0#!-*$ 2!"#$ &"#!*,"3$ 0+$ ('&"$ 4&"20#"$ #"*%`

!"#$!%&$'%"()!!"#$%&'()#$$"%'(*+,-.%'(/(0#$$'(1221!!!

!"#$%&'()*'%&'#%+)#%+(,-#&.&.($%-/0/1.*,%'/2%3##$%,)+'%,(0#%#4&#$2."#56%)2#1%&'/$%

!"#$%&#$'(!#)*+!',($-+*+.')/0$!"#1#$!2,$-+*+.')/1$/')"!$(,!$3#$#11#(!'+445$.'66#*#(!$6*,/$#+%"$

!"#$%&' (!%' !)$' "#*)+,' -.$' *)"$+%/"*!)'0*+#"'#/1$' !--.%%$2'*)' -.$' -!03$"*"*!)'4"!"#$%&' ()' *!$̀

!"#$%&'&'"()*&+,'%*-)+*+.//0)$%12"1#.(!%)3.*)("&)!"#$/%&%/0)1%,+!%,)&").)1.(,"#)/%4%/)35%()

!"#$% &'(% )#!*+(,-!.(/0'1,!2(,% *3(% 210% ,405#1$(,6% 7"% 1"!&'(/% 2!/,08% ,3/4"9% &'(% 5/(.4!30%

!"#$%&̀!"#$%$&'(#)%&*#%+,-!.#/0-1#2$*'/-3#/%!"#%'4/%&*#%+,-!.54(!"#$%&'()"*+,-./0$.1+-'2.

!"#$%&$$'%&()!%*)+,+-$.%/(0%,(1")+('%0$20$3$')")+('%"'.%1(4&+'$.%+'%3(4$%5"67%8!$'%)5(%1*$3%

!"#"$%&$'()**$+,&-*%+.$)&/$)$+,&.%&0,0'$#"'1,&'"$!)'$)**,!"/2$)&%()*'$0'0)**3$'")#+4"/$-,#$)$

!"#$%"#&'()*(+,((-)+.() /&00(%(-+) /&!+1+(') "0)+!"#$%"&'#&%(("&)*+(#!"#!$!"#$%&'()%*(+(%')(,%

!"#$%"&'()!&'#$!!"#$$%&'(')*#+*,-'.//0 !!"#$%&"'()*+%,%"-+('./&01($%23456(7/&0"(8"'9%":"($%2"

!"#$%$&'($')$*+)!,-'./)0#123&()4-'.$)5$!"#$%$)0#1$!"#$6$!&'$*#$-'7#181#7#($&2$#971#:#2$-'$73#$

!"# `!"#$%&'#!(")*("#!"++,!"#$%#"&'(")*+",-+"&'"%''&.*+/"%"0+&.$#")1"2"0$&3+"#$+")#$+4"&'"%''&.*+/!

!"#$%&'(")*"+,"-)."!/)('$."('%/&0"12$"1)34$(%(%)/"!/5"%/($&.!(%)/"4.)1$66$6"3%&'("7$"%/*82$/1$5"

!"#$%&#'()&#'&$#*+#+(,$*-'.#/%&#(!010$"#*+#*2&#,3&#$*#!1*,4#*-#*5&-'%(6*7#(2*$%&-#,3&#8!"#$#%&'

!"#"$!%&'$&()%&($)*($%(+&,))*(-.)"%&/"0102&*"3(,-(3()42&%,3("$+"2&%),-(3()45&,$!&#*('*&"6#"*("$+"%7&($&,&

!"#"$%&' (%)*' +,-' (-".,+' %!!"./-0' +1' 1/-' 23-' &-$%+"4-' +1' %/1+,-&' 23-' "/' +,-' +(1' 5%&%0".#!'

!"#$%$&'( )*!*+),( #+( -.*( ,%/*( ,*-( #0( 0%1-#",2( 3#/!%"*)(!"# !$%# "&%'($)*"+,-.# *%(,.-# "'#

!"#$%&'#!(")*$+!%",)!")#-$)./(01!"%)*$+!%",)#-$)02$3+)0(45$#!#!(")0'5'0!#6)(&)!#+)'++!%"$*)7$!%-#)

!"#$%&'(')*#"+%,-.+/,-,0#'*#$%!&%#,1$,%!,-2,"#!-#(00!+!&-#+&#(-*#&3#!+"#!-+%!-"!2#(++%!'4+,"5!

!"#$%$&'( )*$( +,$( +"-.$)/)/"0( 1),2 !"#$ %!%$ &'($ )"*++,$ *&#-")$ (."$ /0"#(!'&$ '1$ -.*($

!"#"$%&'"()*)+,"-()+.%/"#&#&.')*0&1&#2)*3*&'(#).#4"$)+,"(5)6"("*$+4"$()4*7")"8*%&'"!)7*$&.,()



!

! a!

factors,	
  such	
  as	
  cue	
  type,	
  cue	
  distance,	
  and	
  navigation	
  history.	
  But	
  they	
  have	
  not	
  summarized	
  

the	
   underlying	
   determi!"!#$%& '()(*"+*,-& #./& 01/& (!#/2+"#(3!& $#14(/$& 4(4& !3#& "44+/$$& #./&

!"#"$%&'!"#$%&'%!"#$%&'!$ '"()*+,-./*"($*)$0*1,($ /"$+*22,-,(/$ )3./*.4$ '&,)5$*($ .++*/*"($ /"$ /!,$

!"#$%$&"$%#'()*+*+,%#-./%-/-"001%1*.02.2%).$$.3%4.3!'3("+#.%$&"+%-/*+,%"%/*+,0.%#-.%"0'+.5%"+2%

! !"#$ %&'"()*#+$ ,!-,$ .!-#+*#+$ %($ -//*#+$ %#"$ .0"$ ,12"$ *#340"#."/$ ,!"$ 2"(3%(5-#."$ 0'*#+$
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In	
   addition,	
   previous	
   cue	
   competition	
   and	
   integration	
   studies	
   do	
   not	
   pay	
   attention	
   to	
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whether	
  it	
   is	
  necessary	
  for	
  people	
  to	
  acquire	
  explicit	
  knowledge	
  about	
  cue	
  reliability	
  and	
  how	
  

they	
   can	
   be	
   influenced	
   by	
   such	
   knowledge.	
   To	
   answer	
   this	
   question,	
   we	
   provided	
   distorted	
  

feedback	
   to	
  participants.	
   The	
   feedback	
  was	
   distorted	
   in	
   the	
   sense	
   that	
   it	
   never	
   reflected	
   the	
  

true	
   level	
   of	
   performance.	
   The	
   purpose	
   of	
   the	
   distorted	
   feedback	
   was	
   to	
   mislead	
   people’s	
  

beliefs	
   about	
   cue	
   reliability	
   in	
   a	
   top`down	
  manner.	
  We	
   hypothesized	
   that	
  distorted	
   feedback	
  

would	
  affect	
   the	
  cue	
  weighting	
  process,	
   in	
  addition	
   to	
   the	
   influence	
  of	
   cue	
   reliability.	
   In	
  daily	
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1+5#*/`<*'78+&(!5')*'$(4!.),;*;/4!=,$5!&,'!)$5#/'!+&!1*)+*;+/+'4̀)$=#7+&(!;$8*1+,)5!+&!<#/'+./$̀

7#$!,77*5+,&5Q!!

6! '8+)=! 84.,'8$5+5! +5! */5,! )$/*'$=! ',! '8$! L:! =$5Y',.! =+5./*4Q! E8$! 5'*;/$! 57)$$&! ?)*<$!

<+(8'! 8*1$! 8$/.$=! .*)'+7+.*&'5! ',! &,'+7$! '8$! 7,&?/+7'! ;$'W$$&! /*&=<*)Y5! +&! '8$! 7,&?/+7'!

7,&=+'+,&Q!E8$4!<+(8'!8*1$!&,'+7$=! '8*'! '8$4!7,#/=!&,'!<*'78! '8$!7#))$&'!5&*.58,'!W+'8! '8$!

)$<$<;$)$=!5&*.58,'!+&!'8$!7,&?/+7'!7,&=+'+,&Q!E8+5!+&7)$*5$=!*W*)$&$55!,?!7#$!7,&?/+7'!<+(8'!

'8#5! 8*1$! =+57,#)*($=! .*)'+7+.*&'5! ?),<! +&'$()*'+&(! 7#$5! e*5! +&! ][.$)+<$&'! LK! '8$! <,'+,&!
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!
>)+$=<*&K!6QK!I#=1+(K!]QK!I$(($K!]Q!@QK!j!A#,&(K!ZQ!eLMN^fQ!3*4$5+*&!7,<;+&*'+,&!,?!'W,`=+<$&5+,&*/!

/,7*'+,&!$5'+<*'$5Q!G&;=P"4%'H&8&=%5;'W&:;468C',-eNfK!ab`NMcQ!=,+P!NMQ^cVbq5N^OLb`MNL̀MLOǸ[ !
!
@*//+5'$/K!"Q!FQ!eNaaMfQ!I;&'4%#=7"X=:"47'49'>&=%7"7#P!E8$!R%E!G)$55Q!
!



!

! bL!

@*)&$)K!TQ!FQK!j!>$/?,/=4K!@Q!IQ!eNacMfQ!%&'$()*/+'4!,?!5'+<#/#5!=+<$&5+,&5!+&!1*)+,#5!'4.$5!,?!+&?,)<*'+,&!
.),7$55+&(Q!M4#7'38A5;4>C'(e^fK!LLV`LONQ!=,+P!8''.Pqq=[Q=,+Q,)(qNMQNMN_qMMNM`MLbVecMfaMMN_`L!

!
@,,=4$*)K!6Q!SQK!j!U*<+/K!6Q!"Q!eLMMOfQ!"/*)Y~5!&#'7)*7Y$)5!e0#7+?)*(*!7,/#<;+*&*f!*&=!'8$!$??$7'5!,?!(,*/`

`/*&=<*)Y!=+5'*&7$!,&!,1$)58*=,W+&(Q!K'M4@F'38A5;4>C'((0e^fK!LVb`L_OQ!=,+P!NMQNM^cqMc^V`
cM^_QNNbQ^QLVb!

!
@,#'$#[K!-QK!E8+&#5`3/*&7K!"QK!j!A*#7/*+)K!SQ!eLMMNfQ!F8$5#5!<,&Y$45!#5$!($,<$')+7!*&=!&,&($,<$')+7!

+&?,)<*'+,&!=#)+&(!*!)$,)+$&'*'+,&!'*5YQ!K4$%7=>'49'DEF&%"@&7:=>'38A5;4>4#AL'Y&7&%=>C'(+2e^fK!
VMVQ!!

!
@#K!JQK!6&($/*Y+K!:Q!]QK!j!:$6&($/+5K!@Q!"Q!eLMMbfQ!0$#)*/!7,))$/*'$5!,?!<#/'+5$&5,)4!7#$!+&'$()*'+,&!+&!

<*7*C#$!R-E=Q!<=:$%&'7&$%485"&75&C'((eNMfK!NLMN`NLNMQ!!
!
H$/;+(K!HQ!3QK!j!])&5'K!RQ!DQ!eLMMcfQ!D.'+<*/!+&'$()*'+,&!,?!58*.$!+&?,)<*'+,&!?),<!1+5+,&!*&=!',#78Q!

DEF&%"@&7:=>'G%="7'H&8&=%5;C'(/1eOfK!VaV`_M_Q!!
!
H+//+5K!SQ!RQK!])&5'K!RQ!DQK!3*&Y5K!RQ!-QK!j!I*&=4K!RQ!-Q!eLMMLfQ!",<;+&+&(!5$&5,)4!+&?,)<*'+,&P!<*&=*',)4!

?#5+,&!W+'8+&K!;#'!&,'!;$'W$$&K!5$&5$5Q!B5"&75&C'*10eVVabfK!N_Lc`N_^MQ!=,+P!
NMQNNL_q57+$&7$QNMcV^a_!

!
U*<+&K!IQ!SQ!eNa_cfQ!G)$=+7'*;+/+'4K!5#).)+5$K!*''$&'+,&K!*&=!7,&=+'+,&+&(Q!!
!
U$*)&5K!RQ!SQK!T*))$&K!TQ!HQK!:#78,&K!6Q!GQK!j!E*))K!RQ!SQ!eLMMLfQ!G*'8!+&'$()*'+,&!?),<!,.'+7!?/,W!*&=!

;,=4!5$&5$5!+&!*!8,<+&(!'*5YQ!3&%5&F:"47C'+(e^fK!^Oa`^cOQ!=,+P!NMQNM_bq.^^NN!
!
U$//4K!SQ!TQK!R70*<*)*K!EQ!GQK!3,=$&8$+<$)K!3QK!"*))K!EQ!HQK!j!F+$5$)K!SQ!SQ!eLMMbfQ!E8$!58*.$!,?!8#<*&!

&*1+(*'+,&P!H,W!$&1+),&<$&'*/!($,<$')4!+5!#5$=!+&!<*+&'$&*&7$!,?!5.*'+*/!,)+$&'*'+,&Q!
M4#7":"47C'(21eLfK!LbN`Lb_Q!=,+P!NMQNMN_qXQ7,(&+'+,&QLMMbQMaQMMN!

!
U$//4K!SQ!TQK!R70*<*)*K!EQ!GQK!3,=$&8$+<$)K!3QK!"*))K!EQ!HQK!j!F+$5$)K!SQ!SQ!eLMMafQ!%&=+1+=#*/!=+??$)$&7$5!+&!

#5+&(!($,<$')+7!*&=!?$*'#)*/!7#$5!',!<*+&'*+&!5.*'+*/!,)+$&'*'+,&P!"#$!C#*&'+'4!*&=!7#$!
*<;+(#+'4!*)$!<,)$!+<.,)'*&'!'8*&!7#$!'4.$Q! 38A5;47'G$>>'H&PC'(.eNfK!Nc_`NbNQ!=,+P!
NMQ^cVbqG3FQN_QNQNc_!

!
U&+$)+<K!SQ!SQ!eLMMLfQ!:4&*<+7!+&'$)*7'+,&5!;$'W$$&!/,7*/!5#)?*7$!7#$5K!=+5'*/!/*&=<*)Y5K!*&=!+&')+&5+7!

7+)7#+')4!+&!8+..,7*<.*/!./*7$!7$//5Q!I;&'K4$%7=>'49'7&$%485"&75&C'**eNOfK!_LVO`_L_OQ!!
!
U&+$)+<K!SQ!SQK!U#=)+<,'+K!HQ!-QK!j!R70*#(8',&K!3Q!IQ!eNaaVfQ!G/*7$!7$//5K!8$*=!=+)$7'+,&!7$//5K!*&=!'8$!

/$*)&+&(!,?!/*&=<*)Y!5'*;+/+'4Q!I;&'K4$%7=>'49'7&$%485"&75&C'(-e^fK!N_Ob`N_VaQ!!
!
I$*)<,&'8K!6Q!]QK!0*=$/K!IQK!j!0$W7,<;$K!0Q!-Q!eLMMLfQ!"8+/=)$&~5!#5$!,?!/*&=<*)Y5P!%<./+7*'+,&5!?,)!

<,=#/*)+'4!'8$,)4Q!38A5;4>'B5"C'(+eOfK!^^c`^ONQ!!
!
I$&7Ỳ-*&'+&+K!GQ!GQK!R#//$)K!FQ!BQK!-*1$K!]QK!j!G,#7$'K!3Q!eLMMLfQ!F$/*'+,&58+.5!;$'W$$&!./*7$!7$//!?+)+&(!

?+$/=5!*&=!&*1+(*'+,&*/!=$7+5+,&5!;4!)*'5Q!K4$%7=>'49'<&$%485"&75&C'**eLMfK!aM^V`aMOcQ!!
!



!

! b^!

I$WK!6Q!FQ!eLMNNfQ!I,,Y+&(!;$4,&=!'8$!;,#&=*)+$5P!E+<$!',!.#'!/*&=<*)Y5!;*7Y!,&!'8$!7,(&+'+1$!<*.y!
38A5;4>'G$>>C'(+/e^fK!ObO`VMcQ!=,+P!NMQNM^cq*MMLL^NV!

!
I$WK!6Q!FQK!@+;;,&5K!3QK!R#).84K!"QK!j!3)$<&$)K!SQ!@Q!eLMNMfQ!B5$!,?!($,<$')4!?,)!5.*'+*/!)$,)+$&'*'+,&!+&!

78+/=)$&!*../+$5!,&/4!',!54<<$')+7!5.*7$5Q!O&P'B5"C'(+e^fK!OaM`OabQ!=,+P!NMQNNNNqXQNO_c`
c_bcQLMMaQMMaMOQ[!

!
I,,<+5K!SQ!RQK!U/*'dY4K!FQ!IQK!@,//$=($K!FQ!@QK!"+7+&$//+K!SQ!@QK!G$//$()+&,K!SQ!TQK!j!>)4K!GQ!6Q!eNaa^fQ!0,&1+5#*/!

&*1+(*'+,&!;4!;/+&=!*&=!5+(8'$=P!*55$55<$&'!,?!.*'8!+&'$()*'+,&!*;+/+'4Q!K4$%7=>'49'DEF&%"@&7:=>'
38A5;4>4#AL'Y&7&%=>C'(**eNfK!c^Q!!

!
I,,<+5K!SQ!RQK!U/*'dY4K!FQ!IQK!@,//$=($K!FQ!@QK!j!G8+/;$7YK!SQ!TQ!eNaaafQ!H#<*&!&*1+(*'+,&!;4!.*'8!

+&'$()*'+,&Q!Z=A9"76"7#'Q&;=P"4%L'M4#7":"P&'@=FF"7#'=76'4:;&%'8F=:"=>'F%45&88&8K!NLV̀NVNQ!!
!
R*K!TQ!SQK!3$7YK!SQ!RQK!I*'8*<K!GQ!]QK!j!G,#($'K!6Q!eLMM_fQ!3*4$5+*&!+&?$)$&7$!W+'8!.),;*;+/+5'+7!

.,.#/*'+,&!7,=$5Q!<=:$%&'7&$%485"&75&C'1eNNfK!NO^L`NO^bQ!!
!
R,#K!TQK!j!-.$'78K!RQ!IQ!eLMN^fQ!D;X$7'!/,7*'+,&!<$<,)4P!%&'$()*'+,&!*&=!7,<.$'+'+,&!;$'W$$&!

<#/'+./$!7,&'$['!,;X$7'5!;#'!&,'!;$'W$$&!,;5$)1$)5\!;,=4!*&=!7,&'$['!,;X$7'5Q!M4#7":"47C'
(*. eLfK!NbN`NacQ!!

!
R,d,/+7K!SQ!IQK!H#($&578<+='K!"Q!]QK!G$+??$)K!6Q!RQK!j!I*#)+$&'+K!GQ!SQ!eLMMbfQ!R,=*/+'4`5.$7+?+7!5$/$7'+1$!

*''$&'+,&!*''$&#*'$5!<#/'+5$&5,)4!+&'$()*'+,&Q!DEF&%"@&7:=>'G%="7'H&8&=%5;C'(0,eNfK!^a`VLQ!!
!
0*)=+&+K!RQK!3$=?,)=K!FQK!j!R*)$578*/K!:Q!eLMNMfQ!>#5+,&!,?!1+5#*/!7#$5!+5!&,'!<*&=*',)4!+&!78+/=)$&Q!3%45'

<=:>'?5=6'B5"'U'B'?C'(2/e^afK!NcMON`NcMO_Q!=,+P!NMQNMc^q.&*5QNMMN_aaNMc!
!
0*)=+&+K!RQK!S,&$5K!GQK!3$=?,)=K!FQK!j!3)*==+7YK!DQ!eLMMbfQ!:$1$/,.<$&'!,?!7#$!+&'$()*'+,&!+&!8#<*&!

&*1+(*'+,&Q!M$%%'G"4>C'(0eafK!_ba`_a^Q!=,+P!NMQNMN_qXQ7#;QLMMbQMOQMLN!
!
0$#&#$;$/K!SQ!GQK!J,(*&*)*5+<8*K!:QK!F*,K!@QK!j!U&+$)+<K!SQ!SQ!eLMN^fQ!",&?/+7'5!;$'W$$&!I,7*/!*&=!@/,;*/!

-.*'+*/!>)*<$W,)Y5!:+55,7+*'$!0$#)*/!F$.)$5$&'*'+,&5!,?!'8$!I*'$)*/!*&=!R$=+*/!]&',)8+&*/!
",)'$[!eR*4K!.(!aLO_K!LMN^fQ!K4$%7=>'49'<&$%485"&75&C'++e^LfK!N^LOa`N^LOaQ!=,+P!
NMQNVL^qX&$#),57+QLbac`N^QLMN^!

!
0+7,K!:QK!%5)*$/K!%QK!j!3$)'8,dK!6Q!eLMMLfQ!%&'$)*7'+,&!,?!1+5#*/!*&=!+=+,'8$'+7!+&?,)<*'+,&!+&!*!.*'8!

7,<./$'+,&!'*5YQ!DEF&%"@&7:=>'G%="7'H&8&=%5;C'(,.e^fK!^cà̂ bLQ!=,+P!NMQNMMcq5MMLLN`MML̀NNbÒ
b!

!
D)#}K!%QK!R*/,&$4K!IQ!EQK!j!I*&=4K!RQ!-Q!eLMM^fQ!T$+(8'$=!/+&$*)!7#$!7,<;+&*'+,&!W+'8!.,55+;/4!7,))$/*'$=!

$)),)Q!N"8"47'H&8C',+eL^fK!LOVN`LO_bQ!!
!
G*)+5$K!"Q!AQK!-.$&7$K!"QK!j!])&5'K!RQ!DQ!eLMNLfQ!T8$&!7,))$/*'+,&!+<./+$5!7*#5*'+,&!+&!<#/'+5$&5,)4!

+&'$()*'+,&Q!M$%%&7:'G"4>4#AC'** eNfK!O_`OaQ!!
!
G*1/,1K!%Q!GQ!eNaLcfQ!M476":"47&6'%&9>&E&8L'=7'"7P&8:"#=:"47'49':;&'F;A8"4>4#"5=>'=5:"P":A'49':;&'5&%&Q%=>'

54%:&E)'I%=78>=:&6'=76'&6":&6'QA'YN'?7%&FP!I,&=,&P!D[?,)=!B&+1$)5+'4!G)$55Q!



!

! bO!

F,;$)'5K!6Q!:QK!j!G$*)7$K!SQ!RQ!eNaaafQ!3/,7Y+&(!+&!'8$!R,))+5!5W+<<+&(!.,,/Q!K'DEF'38A5;4>'?7"@'G&;=P'
3%45&88C'*-eLfK!LLV`L^VQ!!

!
F,#=$)K!SQ!0QK!-.$7Y<*&K!GQ!IQK!-#&K!:QK!R,)$4K!FQ!:QK!j!%1$)5,&K!@Q!eLMMafQ!3*4$5+*&!'!'$5'5!?,)!*77$.'+&(!

*&=!)$X$7'+&(!'8$!&#//!84.,'8$5+5Q!38A5;474@"5'G$>>&:"7'R'H&P"&SC'(.eLfK!LLV̀L^cQ!!
!
-*1$K!]QK!j!G,#7$'K!3Q!eLMMMfQ!%&1,/1$<$&'!,?!'8$!8+..,7*<.#5!*&=!*55,7+*'+1$!.*)+$'*/!7,)'$[!+&!'8$!#5$!

,?!.),[+<*/!*&=!=+5'*/!/*&=<*)Y5!?,)!&*1+(*'+,&Q!G&;=P"4$%=>'G%="7'H&8&=%5;C'(21eLfK!NaV`LM_Q!
=,+P!NMQNMN_q5MN__`O^LbeaafMMNc^`O!

!
-8$''/$W,)' 8K!-Q!SQK!j!-#'',&K!SQ!]Q!eLMMVfQ!R#/'+./$!545'$<5!?,)!5.*'+*/!/$*)&+&(P!=$*=!)$7Y,&+&(!*&=!

;$*7,&!8,<+&(!+&!)*'5Q!K'DEF'38A5;4>'?7"@'G&;=P'3%45&88C'+(eLfK!NLV`NONQ!=,+P!NMQNM^cqMMac`
cOM^Q^NQLQNLV!

!
-.$'78K!RQ!IQ!eNaaVfQ!D1$)58*=,W+&(!+&!/*&=<*)Y!/$*)&+&(P!',#78 `57)$$&!5'#=+$5!W+'8!.+($,&5!*&=!

8#<*&5Q!K'DEF'38A5;4>'?7"@'G&;=P'3%45&88C'*(eLfK!N__`NbNQ!!
!
-.$'78K!RQ!IQK!j!R,&=/,78K!RQ!AQ!eNaa^fQ!",&'),/!,?!.+($,&5!5.*'+*/!5$*)78!;4!()*.8+7!/*&=<*)Y5!+&!*!

',#78 `57)$$&!'*5YQ!K4$%7=>'49'DEF&%"@&7:=>'38A5;4>4#AT?7"@=>'G&;=P"4%'3%45&88&8C'(1eOfK!^V^`
^cLQ!=,+P!NMQNM^cqMMac`cOM^QNaQOQ^V^!

!
E*/5<*K!:QK!:,'4K!EQ!SQK!j!T,/=,)??K!RQ!@Q!eLMMcfQ!-$/$7'+1$!*''$&'+,&!*&=!*#=+,1+5#*/!+&'$()*'+,&P!+5!

*''$&=+&(!',!;,'8!<,=*/+'+$5!*!.)$)$C#+5+'$!?,)!$*)/4!+&'$()*'+,&y!M&%&Q%=>'M4%:&EC'(/e^fK!_cà_aMQ!!
!
EW4<*&K!6Q!:QK!j!0$W7,<;$K!0Q!-Q!eLMNMfQ!>+1$!)$*5,&5!',!=,#;'!'8$!$[+5'$&7$!,?!*!($,<$')+7!<,=#/$Q!

M4#7'B5"C'+,ecfK!N^NV`N^V_Q!=,+P!NMQNNNNqXQNVVN`_cMaQLMMaQMNMbNQ[!
!
T+/5,&K!GQ!0QK!j!6/$[*&=$)K!EQ!eLMMbfQ!3/,7Y+&(!,?!5.*'+*/!/$*)&+&(!;$'W$$&!$&7/,5#)$!($,<$')4!*&=!*!

/,7*/!/*&=<*)YQ!K4$%7=>'49'DEF&%"@&7:=>'38A5;4>4#AT[&=%7"7#'W&@4%A'=76'M4#7":"47C'+,e_fK!
N^_àN^c_Q!=,+P!NMQNM^cq*MMN^MNN!

!
|8*,K!RQK!j!T*))$&K!TQ!HQ!eLMNMK!0,1$<;$)fQ!G*'8!+&'$()*'+,&!*&=!1+5#*/!/*&=<*)Y5P!D.'+<*/!

7,<;+&*'+,&!,)!<#/'+./$!545'$<5y!Q!?77$=>'W&&:"7#'49'38A5;474@"58'B45"&:AC'B:)'[4$"8C'W\)!!
!
!

!

!

!

!

!

	
  

	
  



!

! bV!

I=Q>&'()	
  3*4$5!?*7',)5!?,)!7,<.*)+5,&5!;$'W$$&!=,#;/$̀7#$!7,&=+'+,&5!*&=!<,=$/!.)$=+7'+,&5Q!
G),;*;+/+'4!1*/#$5!e.f!,?!'̀'$5'5!+&!.*)$&'8$5$5Q!

!

Exp.	
  1A	
  

models	
   condition	
   rich	
   poor	
   Pooled	
  

3*4$5+*&!
+&'$()*'+,&!

7,<;+&*'+,&! OQaL!eQ_NOf! MQ_V!eQM^cf! LQMc!eQNVcf!

7,&?/+7'! LQ_V!eQLLMf! VQ^N!eQcObf! VQLb!eQc^Vf!

3*4$5+*&!
*/'$)&*'+,&!

7,<;+&*'+,&! MQML!eQMMNf! NQMa!eQM_af! MQMb!eQMM^f!

7,&?/+7'! MQM^!eQMMNf! MQMM!eQMMMf! MQMM!eQMMMf!

! ! ! ! ! !

Exp.	
  1B	
  

!"#$%&	
   !"#$%&%"#	
   !"#$"%&%'"!	
   !"#$#%"&	
   !""#$%	
  
3*4$5+*&!

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

!"#$%&!'! !"#$%&"#'#(! !"#!$%"&'()! !"!#$%"!&'(!

3*4$5+*&!
*/'$)&*'+,&!

!"#$%&'(%"&! !"#!$%"!&'(! !"!!# !"###$! !"!!#$"!!!%!

!"#$%&!'! !"!!#$"!!!%! !"!#$%"!!&'! !"!#$%"!!!&!

! ! ! ! ! !

Exp.	
  2!

!"#$%&	
   !"#$%&%"#	
   vision	
  positive	
   motion	
  positive	
   !

3*4$5+*&!
+&'$()*'+,&!

!"#$%&'(%"&! !"!#$%"&''(! !"#$%&"!'()! !

!"#$%&!'! !"!#$%"&'()! !"#$%&"!'()! !

3*4$5+*&!
*/'$)&*'+,&!

!"#$%&'(%"&! !"!#$%"!!&'! !"!!#$"!!!%! !

!"#$%&!'! !"!#$%"!!!&! !"!!#$"!!!%! !

! ! ! ! ! !

Exp.	
  3	
  

!"#$%&	
   !"#$%&%"#	
   !"#$%&'(	
   !"#$%&	
   !

3*4$5+*&!
+&'$()*'+,&!

!"#$%&'(%"&! !"!#$%"!!&'! !"#$%&"!!'(! !

!"#$%&!'! !"!#$%"!!&'! !"#$%&"'(()! !

3*4$5+*&!
*/'$)&*'+,&!

!"#$%&'(%"&! !"#$%&"!'()! !"#$%&"!'()! !

!"#$%&!'! !"#$%&"'(()! !"#$%&"!$'(! !

! ! ! ! ! !

Exp.	
  4	
  

!"#$%&	
   !"#$%&%"#	
   !"#$%&	
   !"#$%&	
   !"#$%&'( 	
  
3*4$5+*&!

+&'$()*'+,&!
!"#$%&'(%"&! !"#$%&'"()%*! MQM_^!eQMMLf! MQMMO!eQMMMf!

!"#$%&!'! !"!#$%&"!!'(! MQMMM!eQMMMf! MQMMM!eQMMMf!

3*4$5+*&!
*/'$)&*'+,&!

!"#$%&'(%"&! !"!#$%&"!!!'! MQ^_a!eQMLMf! MQMMN!eQMMMf!

!"#$%&!'! !"#$%&'"!(()! OQ_cb!eQVL^f! NQMVc!eQMO^f!

!

	
  

	
  

	
  

	
  

	
  



!

! b_!

	
  

I=Q>&'*)	
  G$*)5,&!7,))$/*'+,&5!;$'W$$&!)$5.,&5$!)$/*'+1$!.),[+<+'4!*&=!7#$!)$/*'+1$!)$/+*;+/+'4Q!
G),;*;+/+'4!1*/#$5!e.f!+&!.*)$&'8$5$5Q!

!

Exp.	
  1A	
  
condition	
   rich	
   poor	
   pooled	
  

7,<;+&*'+,&! 0.38	
  (.122)! 0.41	
  (.091)! 0.51	
  (.029)!

7,&?/+7'! 0.72	
  (.001)! 0.67	
  (.002)! 0.80	
  (.000)!

*1$)*($=! 0.69	
  (.002)! 0.59	
  (.011)! 0.77	
  (.000)!

! ! ! ! !

Exp.	
  1B	
  
condition	
   no	
  rotation	
   rotation	
   pooled	
  

!"#$%&'(%"&! 0.64	
  !"##$%! !"#$%&"!!#'! !"#$%&"!'!(!

!"#$%&!'! !"##$%"!!&'! !"##$%"!&'(! !"##$%"!!&'!

!"#$!%#&! !"#$%&"!!'(! 0.61	
  (.008)! 0.58	
  (.012)!

! ! ! ! !

Exp.	
  2!

condition	
   vision	
  positive	
   motion	
  positive	
   !

combination! 0.590	
  (.010)! 0.508	
  (.032)! !

conflict! 0.505	
  (.032)! 0.235	
  (.348)! !

averaged! 0.611	
  (.007)! 0.402	
  (.098)! !

! ! ! ! !

Exp.	
  3	
  
condition	
   unstable	
   stable	
   !

combination! .327	
  (.147)! .564	
  (.008)! !

conflict! .551	
  (.010)! .483	
  (.027)! !

averaged! .478	
  (.029)! .594	
  (.004)! !

! ! ! ! !

Exp.	
  4	
  
condition	
   group1	
   group2	
   group1&2	
  

combination! 0.210	
  (.360)! `!MQMOO!eQbVbf! MQNMa!eQVMLf!

conflict! 0.022	
  (.924)! `!MQM^_!eQbb^f! MQMc^!eQ_V^f!

averaged! 0.217	
  (.344)! `!MQMVN!eQb^_f! MQNNa!eQO_^f!

!

!

!

!

!

!

!

!



!

! bc!

I=Q>&'+)!-/,.$5!,?!'8$!/+&$*)!)$()$55+,&5!,?!)$5.,&5$!)$/*'+1$!.),[+<+'4!,&!7#$!)$/*'+1$!)$/+*;+/+'4Q!E`!'$5'5!
7,<.*)$!'8$!5/,.$5!',!NQ! !

!

Experiment	
   condition/group	
   slope	
   t	
   P	
  

Exp.	
  1A!
)+78! MQON^! VQLNa! !!!!u!QMMN!

.,,) ! MQ^_c! VQMMM! !!!!u!QMMN!

.,,/$= ! MQ__O! LQO_L! !!!!u!QMV!

Exp.	
  1B!
&,!),'*'+,& ! MQO_^! OQb^c! !!!!u!QMMN!

),'*'+,& ! MQVVb! LQONa! !!!!u!QMV!

.,,/$= ! MQOaV! LQaMc! !!!!u!QML!

Exp.	
  2! 1+5+,&!.,5+'+1$! MQOLN! OQLVM! !!!!u!QMMN!

<,'+,&!.,5+'+1$! MQ^cM! ^QM^V! !!!!u!QMN!

Exp.	
  3! #&5'*;/$!! MQ^aO! ^Q_OV! !!!!u!QMML!

5'*;/$! ! MQ^_N! VQ_ac! !!!!u!QMMN!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

! bb!

APPENDIX!

6..$&=+[!N!

R*'8$<*'+7*/!: $<,&5')*'+,& !
-#..,5$! '8$)$! *)$! 'W,! &,+5$! /$1$/5! ,?! *! 7#$K! )+78! *&=! .,,)Q! 1N!*&=! <N!)$.)$5$&'! '8$!

1+5+,&!*&=!5$/?`<,'+,&!7,&=+'+,&5!+&!'8$!)+78!7#$!7,&=+'+,&K!*&=!1L!*&=!<L!)$.)$5$&'!'8$!1+5+,&!

*&=!5$/?̀<,'+,&!7,&=+'+,&5!+&!.,,)!7#$!7,&=+'+,&Q!7N!)$.)$5$&'5!7,<;+&*'+,&!7,&=+'+,&!=$)+1$=!

?),<!1N!*&=!<NK!*&=!7L!)$.)$5$&'5!7,<;+&*'+,&!7,&=+'+,&!=$)+1$=!?),<!1L!*&=!!<LQ!%?!.$,./$!*)$!

,.'+<*/!+&'$()*',)!*'!;,'8!&,+5$!/$1$/5K!)$5.,&5$!1*)+*;+/+'4!,?!7,<;+&*'+,&!7,&=+'+,&!W+//!;$K!

!

! !!
! = !!!

! ! ! !!
!

!!!
! !!!!

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eNf!

𝜎!!
! = !!!

! ×!!!
!

! ! !
! ! ! ! !

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eLf!

!

T$!'8$&!7,//*.5$!7N!*&=!7LQ!E8+5!+5!$C#+1*/$&'!',!*!<+['#)$!,?!7N!*&=!7L!=+5')+;#'+,&5!

e*55#<$!7N!*&=!7L!*)$!+&=$.$&=$&'!,?!$*78!,'8$)fQ!-+&7$!'8$)$!*)$!$C#*/!&#<;$)!,?!)$5.,&5$5!

+&!7N!*&=!7LK!'8$!<+['#)$!)*'+,!+5!•Q!E8$!7,//*.5$=!1*)+*&7$!+5!$[.)$55$=!*5K!!

!

!!! ! ! !!
! !

!

!
! ! ! !

! !
!

!
! ! ! !

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀e^f!

!

F$./*7$!*&=!+&!$C#*'+,&!e^f!W+'8!$C#*'+,&5!eNf!*&=!eLfK!*&=!W$!($'K!

!

! ! ! !!
! !

! ! !
! ! ! !

! ! ! !
! ! ! ! !

! ! ! ! !
! ! ! !

! ! ! !
! ! ! !!

!

!×(!!!
! !!!!

! )×(!!!
! !!!!

! )
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eOf!

!

T$!*/5,!7,//*.5$!1N!*&=!1LK!5N!*&=!5LK!*55#<+&(! '8$4!*)$!+&=$.$&=$&'! ,?!$*78! ,'8$)Q!

-+&7$!'8$)$!*)$!$C#*/!&#<;$)5!,?!)$5.,&5$5!+&!1N!*&=!1LK!5N!*&=!5LK!'8$!<+['#)$!)*'+,5!*)$!*/5,!

•Q!

!

! ! ! !!
! !

!

!
! ! ! !

! + !
!
×𝜎!!

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eVf!



!

! ba!

𝜎!!,!
! = !

!
×𝜎!!

! + !
!
×𝜎!!

!                                                                                                               !!!!!!!!!!!̀ `!e_f!

!

%&!,)=$)!',!($'!'8$!3*4$5+*&!+&'$()*'+,&!.)$=+7'+,&!?,)!'8$!7,//*.5$=!7,<;+&*'+,&!

=+5')+;#'+,&K!W$!*../4!'8$!3*4$5+*&!$C#*'+,&5!',!7,//*.5$=!1+5+,&!=+5')+;#'+,&!*&=!7,//*.5$=!5$/?̀

<,'+,&! =+5')+;#'+,&Q!

!

! ! !"#$
! !

! ! !,!
! ×! ! ! !!

!

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

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀ecf!

!

T$!'8$&!)$./*7$!𝜎!!,!
!   *&=!𝜎!!,!

! !+&!$C#*'+,&!ecf!W+'8!$C#*'+,&5!eVf!*&=!e_fK!

!

𝜎!!"#$
! = (!!!

! !!!!
! )×(!!!

! !!!!
! )

!! (! ! !
! ! ! ! !

! ! ! ! !
! ! ! ! !

! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀ebf!

!

D#)!84.,'8$5+5!+5! '8*'!+?! .$,./$! *)$! ,.'+<*/! *'! ;,'8!&,+5$! /$1$/5K!W8$&! )$5.,&5$5! *)$!

7,//*.5$=K!'8$!*7'#*/!1*)+*&7$!,?!'8$!7,<;+&*'+,&!=+5')+;#'+,&!W,#/=!;$!5<*//$)! '8*&!W8*'!W$!

.)$=+7'!?),<!'8$!'W,!7,//*.5$=!5+&(/$̀7#$!=+5')+;#'+,&5Q!E8+5!+5!$C#+1*/$&'!',!=$<,&5')*'+&(K!

!

𝜎!!,!
! ! ! ! !"#$

! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eaf!

!

F$./*7+&(!𝜎!! !!
! !*&=!! ! !"#$

! !+&!$C#*'+,&!eaf!W+'8!$C#*'+,&5!eOf!*&=!ebfK!W$!*7'#*//4!&$$=!',!

=$<,&5')*'$K!

!

! ! !
! ! ! !

! ! ! !
! ! ! ! !

! ! ! ! !
! ! ! !

! ! ! !
! ! !!!

!

! ! ! ! ! !
! ! ! ! !

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

! !
!! ! !

! ! ! !
! ! ! ! !

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

! !

! ! ! ! ! !
! ! ! ! !

! ! ! ! !
! ! ! ! !

! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eNMf!

!

E,!$[.*&=!$C#*'+,&!eNMfK!W+'8,#'!78*&(+&(! '8$!5+(&! ,?! '8$!+&$C#*/+'4K!W$!<#/'+./4! '8$!

&#<$)*',)!,&!'8$!/$?'!W+'8!'8$!=$&,<+&*',)!,&!'8$!)+(8'K!*&=!*/5,!<#/'+./4!'8$!&#<$)*',)!,&!

'8$!/$?'!W+'8! '8$!=$&,<+&*',)! ,&! '8$!/$?'Q!6?'$)!7*&7$//+&(!,#'!+'$<5!58*)$=!;4! '8$! 'W,!5+=$5Q!

]C#*'+,&!eNMf!+5!?+&*//4!)$=#7$=!',K!



!

! aM!

!

! ! ! ! !
! ! !!

! ! ! !
! ! ! !

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

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

! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eNNf!

!

I$'! ! !5'*&=!?,)!! ! !
! ! !!

! K!*&=!! !5'*&=!?,)!! ! !
! ! ! !

! K!W$!7*&!5+<./+?4!$C#*'+,&!eNNf!*5K!

! ! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eNLf!

!

%'!+5!C#+'$!,;1+,#5!&,W!'8*'K!*5!/,&(!*5!*!+5!&,'!$C#*/!',!;K!$C#*'+,&!eNLf!8,/=5!')#$Q!

T8*'!=,$5!+'!<$*&!W8$&!𝑎!$C#*/5!',!𝑏y!!%'!<$*&5!! ! !
! ! ! !

! ! ! ! !
! ! ! !

! K!W8+78!7*&!;$!')*&5?,)<$=!

',K!

! ! !
! ! ! ! !

!

! ! !
! !

! ! !
! ! ! ! !

!

! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!` !̀eN^f!

!

E8$! /$?'! .*)'!+5!$C#*/! ',! '8$!+&1$)5$! ,?!7#$! )$/*'+1$! )$/+*;+/+'4!*'!&,+5$! /$1$/!NK!*&=! '8$!

)+(8'!.*) '!+5!$C#*/!',!'8$!+&1$)5$!,?!7#$!)$/*'+1$!)$/+*;+/+'4!*'!&,+5$!/$1$/!LQ!E,($'8$)K!'8$!$&'+)$!

<*'8$<*'+7*/! =$<,&5')*'+,&! 58,W5! '8*'K! *5! /,&(! *5! '8$! 7#$! )$/*'+1$! )$/+*;+/+'4! +5! &,'! $C#*/!

;$'W$$&!'8$!'W,!&,+5$!/$1$/5K!'8$!*7'#*/!1*)+*&7$!,?!7,//*.5$=!7,<;+&*'+,&!=+5')+;#'+,&!W,#/=!

;$! 5<*//$)! '8*&! .)$=+7'$=! ?),<! 3*4$5+*&! +&'$()*'+,&! '8$,)4K! /$*=+&(! ',! 5#.)*`,.'+<*/!

.$)?,)<*&7$! *'! '8$! 7,//*.5$=! /$1$/Q! T8$&! '8$! 'W,! &,+5$! /$1$/5! 8*1$! '8$! 5*<$! 7#$! )$/*'+1$!

)$/+*;+/+'4K!.$,./$!7*&!;$!,.'+<*/!;,'8!*'!+&=+1+=#*/!&,+5$!/$1$/5!*&=!*'!'8$!,1$)*//!/$1$/Q!%&!,#)!

$[.$)+<$&'5K! '8$! <*&+.#/*'+,&! ,?! 1+5#*/! 7#$5! *&=! 5$/?`<,'+,&! 7#$5! W*5! 5+(&+?+7*&'! *&=! 7#$!

)$/+*;+/+'4!=+??$)$=!;$'W$$&!&,+5$!/$1$/5!,?!'8$!<*&+.#/*'$=!7#$Q!E8$)$?,)$K!'8$!?,)<$)!7*5$!?+'5!

,#)!5+'#*'+,&Q!

	
  
-+<#/*'+,&5!,?!%&'$)?$)$&7$!;$'W$$&!0,+5$!I$1$/5!

E8$!=+*()*<!58,W5! '8$! .),7$=#)$! ,?! '8$!5+<#/*'+,&5Q!>+)5'K!W$!*55#<$! '8$)$! *)$! 'W,!

+&=$.$&=$&'!5,#)7$5!,?!5.*'+*/!+&?,)<*'+,&K!%N!*&=!%LQ!%N!+5!<*&+.#/*'$=!+&!)$/+*;+/+'4K!5,!%NK!)+78!

5'*&=5!?,)!'8$!<,)$!)$/+*;/$!+&?,)<*'+,&!*&=!%NK!.,,)!5'*&=5!?,)!'8$!/$55!)$/+*;/$!+&?,)<*'+,&Q!%L!

+5! &,'! <*&+.#/*'$=Q! >,)! )+78! *&=! .,,)! 7,&=+'+,&5K! %N!*&=! %L!*)$! 7,<;+&$=! +&! 1*)+,#5! W*45! ',!

($&$)*'$! 7,<;+&$=`7#$! =+5')+;#'+,&5! ")+78! *&=! ".,,) ! )$5.$7'+1$/4Q! E,! ($'! '8$! *7'#*/! 7,//*.5$=!



!

! aN!

1*)+*&7$! "7,//.*5$=K! W$! 7,//*.5$=! ")+78! *&=! ".,,) Q! E,! ($'! '8$! .)$=+7'$=! 7,//*.5$=! 1*)+*&7$! ;4!

3*4$5+*&!+&'$()*'+,&!'8$,)4K!W$!?+)5'!7,//*.5$=!%NK)+78!*&=!%NK.,,)K!! '8$&!*../4!3*4$5+*&!$C#*'+,&5!

',!%NK!7,//*.5$=!*&=!%L!*&=!($'! .)$=+7'$=!1*)+*&7$!?,)!7,<;+&$=`7#$!=+5')+;#'+,&Q!!E,!<$*5#)$!

.)$=+7'+,&!$)),)K!W$! '*Y$! '8$! )*'+,! ,?! .)$=+7'$=! "7,//*.5$=!,1$)! *7'#*/! " 7,//*.5$=Q!G)$=+7'+,&!$)),)!

/$55! '8*&! N! <$*&5! 5#;`,.'+<*/! +&'$()*'+,&g! ()$*'$)! '8*&! N! <$*&5! 5#.)*̀ ,.'+<*/! +&'$()*'+,&g!

$C#*/!',!N!<$*&5!,.'+<*/!+&'$()*'+,&Q!

	
  
	
  
!

!!

!

!

!

!

!

!

!

!

!

!

%&! '8$! ?+)5'! 5+<#/*'+,&K! ?,)! )+78! 7,&=+'+,&K! 'W,! 7#$5! *)$! +&'$()*'$=! ,.'+<*//4g! ?,)! .,,)!

7,&=+'+,&K! '8$)$!+5!*!<+['#)$! ,?! ,.'+<*/!7#$!+&'$()*'+,&!*&=!7#$!*/'$)&*'+,&K!*&=! '8$!<+['#)$!

)*'+,!7,))$5.,&=5! ',! '8$!+&'$)?$)$&7$!?*7',)!e%>fQ!%&! '8$!5$7,&=!5+<#/*'+,&K!?,)! )+78!7,&=+'+,&K!

'W,!7#$5!*)$!+&'$()*'$=!/+&$*)/4K!;#'!W+'8!W$+(8'5!'8*'!7,#/=!=$1+*'$!?),<!3*4$5+*&!.)$=+7'+,&5Q!

E8+5!=$1+*'+,&!+5!$[.)$55$=!*5!'8$!+&'$)?$)$&7$!?*7',)!e%>fK!W8+78!57*/$5!'8$!W$+(8'5g!%>!$C#*/!',!N!

<$*&5!&,!=$1+*'+,&!*&=!,.'+<*/!+&'$()*'+,&g!%>!=+??$)$&'!?),<!N!<$*&5!=$1+*'+,&!?),<!3*4$5+*&!

+&'$()*'+,&!)#/$5Q!>,)!'8$!.,,)!7,&=+'+,&K!'W,!7#$5!*)$!+&'$()*'$=!,.'+<*//4Q!",&7$.'#*//4K!'8$!

%L!

%NK!)+78! %NK!.,,) ! %L! %L!

" )+78! " .,,) !

67'#*/!
" 7,//.*5$=!

G)$=+7'$=!
" 7,//*.5$=!

%NK!7,//*.5$=!

Simulation	
  1P!<+['#)$!
,?!+&'$()*'+,&!*&=!
*/'$)&*'+,&g!<+['#)$!
)*'+,!*5!+&'$)?$)$&7$!
?*7',)Q!

Simulation	
  2P!,.'+<*/!
+&'$()*'+,&Q!

Simulation	
  1P!
,.'+<*/!+&'$()*'+,&Q!

Simulation	
  2P!I+&$*)!
7,<;+&*'+,&K!57*/$=!
;4!+&'$)?$)$&7$!
?*7',)Q!



!

! aL!

MQO!

MQ_!

MQb!

N!

NQL!

M! MQL! MQO! MQ_! MQb! N!

)*
€,

!

%>!

simula?on	
  1	
  

MQO!

MQ_!

MQb!

N!

NQL!

M! MQV! N! NQV!

)*
€,

!

%>!

simula?on	
  2	
  

?+)5'!5+<#/*'+,&!7,))$5.,&=5!',! ,#)!$[.$)+<$&'!N!*&=!'8$!5$7,&=!7,&7$.'#*//4!7,))$5.,&=5!',!

,#)!$[.$ )+<$&'!LQ!T$!'8$&!./,'!.)$=+7'+,&!$)),)!*(*+&5'!%>!*5!+&!?+(#)$5!;$/,WQ!

!

!

!

!

!

!

!

3/#$!7#)1$!)$.)$5$&'5!.)$=+7'+,&!$)),)Q!F$=!/+&$!)$.)$5$&'5!,.'+<*/!+&'$()*'+,&Q!%>!,?!N!

<$*&5!&,!+&'$)?$)$&7$!$[+5'5!*&=!7#$5!*)$!+&'$()*'$=!,.'+<*//4!*'!;,'8!+&=+1+=#*/!&,+5$!/$1$/5Q!

D&$! ,;5$)1*'+,&! +5! '8*'! ,.'+<*/! +&'$()*'+,&! *'! '8$! 7,//*.5$=! /$1$/! =,$5! &,'! 8*..$&! W8$&! %>!

$C#*/5! ',! NQ! F*'8$)K! +'! 8*..$&5! W8$&! %>! =$1+*'$5! ?),<! NQ! H,W$1$)K! 5#;`,.'+<*/! +&'$()*'+,&!

8*..$&5!5,<$'+<$5!W8$&!%>!=$1+*'$5! ',,!<#78!?),<!NQ!T8$&!%>!+5!$C#*/! ',!NK!5#.)*̀,.'+<*/!

+&'$()*'+,&! ,77#)5Q!E8$5$!5+<#/*'+,&5!5#(($5'! .$,./$!8*1$! ',!7,<.),<+5$! ',!5,<$!=$()$$!*'!

+&=+1+=#*/!&,+5$!/$1$/5!+&!,)=$)!',!;$!X#5'!,.'+<*/!*'!'8$!7,//*.5$=!/$1$/Q!H,W$1$)K!'8$4!*/5,!8*1$!

',! 78,,5$! '8$! 7,))$7'! .*)*<$'$)5K! 5+&7$! ',,! <#78! 7,<.),<+5$! W,#/=! /$*=! ',! 5#; `,.'+<*/!

+&'$()*'+,&!*'!'8$!7,//*.5$=!/$1$/Q!!



!

! a^!

6..$&=+[!L!

%&!'8$!.+,&$$)+&(!5'#=4!7,&=#7'$=!;4!0*)=+&+!*&=!8+5!7,//$*(#$5!e0*)=+&+K!S,&$5K!3$=?,)=K!

j!3)*==+7YK!LMMbfK!,&/4!O!')+*/5!W$)$!+&7/#=$=!+&!$*78!7,&=+'+,&Q!T$!5.$7#/*'$!'8*'!8*1+&(!,&/4!

O!')+*/5!?,)!$*78!7,&=+'+,&!*&=!7*/7#/*'+&(!1*)+*&7$!;*5$=!,&!'8$!O!')+*/5!<+(8'!;$!.),;/$<*'+7Q!

E8$!.),;/$<!7,#/=!;$!$+'8$)!<*Y+&(!=*'*! ',,!&,+54!,)!$1$&!+&'),=#7+&(!5,<$!+&')+&5+7!;+*5$5K!

'8$!/*''$)!,?!W8+78!<+(8'!&,'!;$!7,))$7'$=!;4!5+<./4!+&7)$*5+&(!'8$!&#<;$)!,?!5#;X$7'5Q!-,!W$!

7,&=#7'$=! '8$!?,//,W+&(!5+<#/*'+,&5! ',!$[*<+&$!8,W!'8$!&#<;$)! ,?! ,;5$)1*'+,&5!.$)!5#;X$7'!

*&=! '8$!5*<./$!5+d$!W,#/=!+&?/#$&7$! '8$! ,;5$)1$=!=*'*K!*&=!*/5,!8,W! '8$!W*4!W$!?)*<$! '8$!

C#$5'+,&!W,#/=!*??$7'!'8$!)$5#/'5Q!

E8$)$! *)$! O! 5+<#/*'+,&5! =$.$&=+&(! ,&! =+??$)$&'! *55#<.'+,&5! *&=! '8$! <,=$/! ?+''+&(!
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