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successful you are in this treasure hunting activity. One strategy is to rely on only one
information source, which !"##frobably 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
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framework of Bayesian theory.!
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proprioceptive cues. Navigation using idiothetic cues alone is called dead !"#$%&'&() %!) *+,-)
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direction to walk from the fence opening utilizes self motion cues. Because idiothetic cues are
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Newcombe, 2005!"A. R. Lew, 2011!"I"#$%&' (")*"+,$-*."/010 I. Geometric cues refer to 3D
extended surfaces, such as room shape and walls. Featural cues refer to spatially compact
objects, such as landmarks and beacons, and aspects of objects (e.g., color). If we project the
whole environment along the direction of gravity to the plane, landmark cues can be sketched
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a geometric cue, the maple !"## as a featural cue, and the far away mountain as a distal!!'"#$%
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"##$%&' ()*)&' +,-$./$# ). 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,



I""# ). 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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"#$%E& ()#*+,-.[O#1&' (2!""#3$% & "% "I'$() * % #(1+% &,% -1 &.|3) /[#AW#(56% & 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
"#$%&'S(#H)* +(,,-%-#$* .(/&0* -* (#+(1&S-* $1&S$* (#$-%,-%-#!-* [1&002* "11/%'3* '$/+(-"* "#*
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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factors, such as cue type, cue distance, and navigation history. But they have not summarized

the underlying determil"l#$%& '()(*"+*-& #./& 01/& (‘#/2+"#(3!& $#LA(/P& 4(4& '3H#H& "44+/$P& #./¢
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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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*5$&7$! 2! 5.X+*/1 [$9)&+&(Q! E8$+)! )$5#/'5! WS)$! )$./+7*$=! *&=! $['$&=$=! +&! *! 5$)+$5! ,?!

! O«



5#;5$CH$E| 5'#=+$BF $(/$)K! NagB+$(/$)! j! R,))+5K! NadQ! %&! *&,'8$)! 5'#=4! 7,&=H#7'$=! W+'8!

)<51 A1 IS&TY -*&+&+! *&=1 8+51 7 [/S*(HSEK! | 7HS! 7%)=1*"+78$=1",1'8SI W*//l W*5! ), '*'$=] $+'8$)!
W8S$&! '85! )1 W*B1 8+==$&! +&! +'518,<$! 7%($! )] WBS&! '8! )*'| W*5! +&1'8$! ), 7$55! , 21 &*1+(*'+,&!
d$8TY-*&+&+1$'1*/QK! LIDMESS! 2,)<$)! 7,&=+"+,&! )$1$&'$=1"85! )*'1 ?), <! 55$+& (1 '85! 745! 7%)=!
<,1$1e8+==$&!7,&=+"+&fKIW8$)$*5! '8! /*"$)! 7,&=++ RISH! '8! )*'I" | 5$$I'8$! <, 1 +&(! T#$!
79)=1e1+5+:/$17,&=+'"+ &TQ! ESHEKI '8! 7THS! 7%)=IWH5! < )$1/+Y$/AL" 1 $!.$) 7S+ 1$=! 51 #&5"*; /B! +& '8
1+5+/$17,8=++,&1'8*&! +&!'8$I8+==$&1 7, &=+"+ QTBHHBIH=+& (158, WS=!'8*1*| <#781/*)($)!

)0 ) & 2L FTSLTSIS! 2,01 \WS=!'8$! THS! 7)=1 +&1 '8$! 8+==$&! 7,&=+"+,&! '8*&! +&! '8$! 1+5+;/$!
7,&=+"+ &IWB$&!'8$! 7#$! 7)=I W*5!), *$=Q! 6&=!*77,)=+&(/4K!'8$!)*' 5$*) 78$=! BMT+$=!
YSWH)=1/, 7%+ &1 /$55! 2'$&1+&1'8F! 1+5+:/$1 7,&=+"+ &Q! ESS5S! )$5#/'5! +<.[+$=!"8* '8! }*'1)$/+$=!,&!
'BHITHSI7*)=1/$551+ 21+ W51 7/$*)/41.$) 7$+1$=!",1; $I#&E™;/$Q!

@+1$&!'8*'| THS! 5% +/+'41 *22$7'51 8 WI 5% +%/| T#$5! )$! #5$=K! 8,W! =1 &*1+(*,)5! Y&, W!
W8S'8$)!'8$! 7THSI+515";/$! ) I#&E™;/$1+&1'8$! 2+)5'L/*7SyID&S!5,#)7$!,21)$2$)$& 7! +5!,'8F)! 1+5#+/!
THE5! )$5$&'| +@B! 5*<$! $&1+),&<$&'K! 5#78! *51 $[R*d$! *&=<*)Y5Q! 6&,'8$)! 5,#)7$! ,?!
)$2$)$87$!1+51+&'$)&*15$&5$!, 21=+)$7'+,&KIWSE+78!7,))$5.,&=5!",'8$! *81+&'$()*'+,&! 545'$<Q1%&
SH#=41W+'8! )*51 7, &=H#T'$=:41 U&+$)+<! *&=1 8+5! 7 [I$*HESK! *51*1 )+ )1 ')*+8+&(K! 83181, 21'8$
W$)$! =+5,)+$&'$=! $1$)4! '+<$! :$?,)$! ‘854! $&'$)$=! '8$! *7'+1+'4] *)$&*K! 5,1 '8 *| 5'$*=4]
)$/5'+,&58+.1 $WSS&! +&'$)&*/! =+)$7'+,&! 5$&5$! *&=! '8! $['$)&*/! 1+5#*/1 T#$5! 7 #/=! &' ;$!
$5%;/+58$=d&+$)+<!$'1*/QK! KAHEBS!,'8$)!18*/21,21'8$)*51)$<*+8&$=! ) +$&'$=!:$?,)$! $&'$)+&(!
'B1%)$&*Q!1%&! ¥ 5#;5$CHSE1'$5'15$55+, &KI'8$!=+5,)+$&'$=1)*'5!? /|, W= BEHDL'8S! 1+54*/1
TH$I<))$!, 2'$&I'B*&IBS+)!,)+$&'S=1. $$)5K!:,'BIS1+=$&TS=1+&!'8$I 2+)+&(IF 7'+ 1+'41 21 F7$17$//51*&=!
8$*=1=+)$7"+,&! 7$//5Q!-#781)$54#/'5I5#(($5')*'51)$/+$=1<,)$! &I 1 +5#*/1 T#$5!'8*'1'8$418*=/$*) &$=!
| L$I5 /1 )$1+ #5/4Q1%&!17, &XHETWRBI*; 15 <$&'+ &$=15H#=+$5K|+5$$<5!'8*'1&, ', &/4I*&!

H&E™: I THSI=$T)$*5$=1"8B1&*1+(* \5I)B/+*&7$! &I+'KI#'15/5 11 THSIB*B!" I:$1/$*)&$=I*515";/$!
' IB[$)'15#;5& +*/1+ & 2H$&TS! &I&*1+(*'+,&*1=$7+5# &5Q!

THI& WY& WI'8*I THSI 5*:+/+'41*22$7'1 8 \BBI &*1+(*' ) W$+(85! '8$! 7HSK! ;#' +&! W8*'!
WHA1+51'8+5! +&?2/H#$& TSI *77,<./+58$=y! ES+5! +51*| CH$5'+, & &$1$)! *==)$55%=! +&1 )1+ #5! 5'H=+¢
'BSI2)*<BW,)Y1,213*4$5+*&1'8$,)4KI'8$)$!1*)$!I'W, 1. 55+:/$IW*A5QI65!+//#5)*$=I+&I>+(#)$aK!+&!'8S!
+&=H)$T HBWHAI THERE 4+ M T8+ &($BI THS)S/+%,+H+ AK &I THENS/++: 1+ M+ &I'H#) 817 &), 15I'8$1 T#$



WE+(8'+&(1.), 7$55Q! %&!'8S1=+)$7'1 *BW*AK! TH$! 5;+/+'41 =+)$7'/41*=X#5'5! '8! THS!W$+(8'5!;$4,8
'BSI+&PHSETS!, 1 THS!)S/+*:++AIW+'S #178*&(+&(I THS)S/+*;+/+'AQ EBPE4)B IS5 ., &=5!
LIBSL)+ ) I+&2,)<H+, &), 213K A$5++&I2)F<BW, ) Y IF&=1+51)$2$))$="", I*51'8$18$#)+5'+71) #'$1+&I5, <!
5'#=+$884)&$!j!")*W?,)=KILMNXM%&I][.$)+<$& ILKIWS!=+57#55$) 5. 2518!'8$!+ & 2/H$&T$!
PUTHISIFB& + & &I'BSI THSIWS+(8'+&(1.), 7$55Q! - <! 5 H=+$51? #&=1'8% *4+&(1*"$&'+,&!",!
, &$!5$85,)4! 78*&&S$/1 +&7)$*5$=1'8%! 78*&&SN5! WBHH(B)! j! 32/'8,27K! LMMQ! EF6$)$5#/'5!
7*&);$I*¥TBHS1$=! 1+*1'8S!'W, 1 =+22$)$&' *8W*45Q! H,W$1$)! &, | 5'#=+$5! 8*1$! :$$&! 7,8=H7'$=!",!
=+278)$& +SIBS<NS(*)=+&(I'8S!), /B!, 2T+ 1B $&'+,&Q

R,5',2I'8$!%,,1$ <$&'+,&$=! 5'H=+$5! 7, #H&=1'8%1 W5l #5H#*//41)$/+FH & #E&5'%;/$!
THS5EH)($55! $'1 */QK! LIGMEF$)+<! $'1 */QK! IHB-7 Y-*&'+&+! $'1 */QK! LIQMIBA)$! #85"*:/$!
THEEN)S/F+1$/41+(&,)$=y THI5.STHGY! '8$)SI%)SI'W,1=+22$)$&'1.,55+; +/+ EEEIB4.,'8$5+5!
+51'8*1#85™:/$! THS5! WH)$! =, W&./*4$=! . $7*#5$! '8$4! +<.*+)$=! .$)?,)<*&7$! +'5$/7g! '8*'1 +5!'83!
+&PIHSETS! WHS! $[$)'$=! 1+*1 '8$! +&=+)$7'1 FBW*AK! W+'8! THS! )$/+*:+/+'41 *51 '8$! <$=+*)Q! E8
84.,'8$5+5!1 +5!5#.. )'$=!:415 <$I*: 1$ "<$&'+ &$=! 5H=+$5! W8+78! 58 W\EBLT#$! +&5'%;+/+'4!
*=1$)5$/41 *2?$7'$=! )*5\! .$)?,)<*&TEB+$(/$)K! NagB+$(/$)! j! R,))+5K! NadNaa Q! B&5™:/$!
THEE! <+(8' +<.* 1)1 $)?,)<*&7$! :$T#5$! '8%4! +<., 53! $[)*! :#)=$&! ,&! '8%! <$<,)4! 545'$<K!
$5.$57+*//4I'83IW,) Y +&(1<$<,)41545'$<QI%&!,)=$)!", I S[./, +'1#&5™;/$! 5 *+*/| THSEKI'8$I &*1+(*",)!
), 1A &$$=51" 17, 85841 #.=%$! $&1+),&<$&™/1)$.)$5$& '+ &5! *&=1"17,)=+&*'$! '8$!
5.54%/17 ))$5. ,8=$87$!: ' WSS&!'8SI THS\51+872,) <+ &I*&=1 '83)!5 #) 7$5!, 215 *+¥/1+&7, )<+ &K
5#78! *51 *81 +&'$()*'+,&! *&=! '83)! 1+5#*/! +& #5Q! 6//1 7! '8IEBI)5! 7 #/=! +&7)$*5$! *5Y!
=+22+7#/'4Q) 6&,'8$)! 84.,'835+5! +5! '8+ #&5™:/$ THS5! <+(8'l ;$! 5+<./4! 7, &SSEGHBS?#/!
)$(*)=/$558,W1.)$7+55!'8544 1:SQIES+5!. 55+:+/+'417,))$5.,&=5!",'8$I=+)$7'| *SW*4QIB5#+//4!
7H#$5!'8%'18*1$! <,1$=! &,1/,&($)! ., +&'1 ", '8$! )SW*)=1 /, 7%+ &KI WB+78! +5! #54#*//41 *554#<$=1 ;41
&*L+(* )51 L;$I5%/$N)$++1$!" 1'8$I$&1+), &<$&'Q! B&=S)| 5#TB!) 7T#<5*&T$5K! +715$*)78$5!5'+//1
2,01, WS=I"8$!<, 1$=17HSKI'8SAIW #/=1;$1 7$&'$)$=1*1*) SWH:5$&'1/, 7%+ &KI$1$&!'8 #(8!'8$!
)$7+5+,&! 2! 5$¥)78$5! <+(8')$< +&! #&TB*&($=Q! %&! *==+'+ &K &*1+(*')5! <+(8'l */)$*=41 8*1$!
HESHTTSE524/1S[.$)+$&TS5IW-+BIH& S BBEAS*+/415+#+'+ &5I*&=I5+< [M=$T+=$1&," ) $/41 &!
B!, |<HTBI*I'8$I<,<$&'QI'8+5!+//#5)*'$5! "8I +&2/HS&TH!,21.)+,)1$[.$)+$8&7$5Q! T8I <*Y$5!
'BHI5+H+ &I< )17, <[+ TH$=I+5'8* I'BF5SI'W, | 55+ +/++$5!<+(8'L:$I+&'S)<+&(/$=!>)!



cue instability

~\

d51aipIioN; cue reliability

e

cue weighting

1"4$96&' LEW,! . 55+;/$! FBW*A5!1 2.)1 THS! +&5™:+/+'41" | *22$7'1 T#$! W$+(8'5Q! ES$! )$=! *)),W5! 58, W! '8$!
+&=+)$7'1. ¥BWHAKI+&IWS+T8I THS)$/+*;+/+'415$) 1$51*51+I<$=+* )QIESS!:/#$!*)), WI58,W5!'8$1=+)$7'1. *SW*4
+&IWB+TBITHSI+ &5 +/+'A1=+)$ 7' [41*P2$ 7' 5ITHSIWS+(8'+&G(I*5!*1.)+,)

|
S[*<./$ K+ THSI+E1)$=+7'S=1: AU BSI&*L+(* )", | T8*&(SI/, 7%+, &I+&I 24 #)$!')+*/5KI'8$I &*1+(*')!
<H(B'1&, 1FYSI2#/1*=1*&($!, 21" 8S! THSKIWB+TBIW, #/=!/$*=!" |=$7)$*5$=1.$)?,) <*& TSI *&=1 TH#$!
)$/+*+/+AQ! E8+5! ., +&'1 8*51 :$$&! 5#(($5'$=! +&! #)1|[.$)+<$&'| LK! HYVNIBHFB=!'8*"1 (+1+&(!
2$$= 7Y 1 &*L+(* )51 '8 1 +&=+T*$=1"8% 1 *| THS$! +5] #5$24/1 *7'#*// 41 $&T #)*($=1'8%$<!" | <*Y $!
$"$) #5$!, ?1'8$1 7H$ D!

%&! '8! =,<*+&! 21 5.5 +¥[1 &*1+(*+,&K1 '8$5$! 'W,! ?,)<5! 2! +&?2/#$&7$! 8*13! &$1$)! ;$$&!
=+27$)$&'+*$=g! <,)$,1$)K! ‘83! $27BITHS! +&5'*;+/+'4] 8*5! &$1$)! ;$$&! S[*<+8&$=! +&! '8$! THS!
+&'S()*+,&1 XY =+(<QI EBS! 7#))$&' $[.$)+<$&'| W*5! =$5+(&$=!",'$5' '8! +&2/HS&TS! , 71 [&=<*)Y!
5%+ +' 41 H#5+&(1'8S! THS! +&'S(*'+,&) ¥ *=+(<QI TSI WE'$=1" 1 Y&, WIWBS'8S)! THS! 5% +/+'41 W #/=!
*29$7' '85! *55-H&&' ,?! 7THS! WS+(8'5! *&=1 W8$'8$)! +'| W, #/=1 =,1 5| =+)$7'/41 )| +&=+)$7'/4Q! E,!

1,7+ ,&5!+&1 =+22$)$&1 [*4 #'5] e#&5™*;/$! (), #.fKIWBS)$*5! '8! ,'8$)! 8*/?1 $[.$)+$&7$=! /*&t<*)Y
5'%;/$1%7),55! '85! W8, /$! $[.$)+<$&'| €5™%;/$! (), #.fQ! 65! *&! +&+'+*/1 )$=+7"+ &KI W$! $[.$7'$=!'8*"
B +<*$/ A1 BSIH&S"™:/$! (), #.IW #/=1*55+(&I5<*//$)W$+(8'5!" | 1+5#*/1 /*&=<*) Y 51'8*&!'8$!5'*:/$!
0,#.K!I 1+%1 $+'83)1'8$! =+)$7' *BW*4! )1 '8$! +&=+)$7'l *BW*AQBEFGN )$=+7'$:8*1 .$, ./$!

W /=1 +&'S()*'$! 1+5#*/1 *&=1 5[ &! THS5K! 5,1 1%)+*:+/+'41 )$=#7'+ & W #/=1 ;$! )$=#7$=! +&!
= #:/$ THSIT &=+"+ &5N$/F+ 13!, |5+ &I 7, &=++&5Q



R$'8,= !

G*)+7+.*&%5

> )4 W, 1S, /$1?),<I A*&=$);+/' B&+1$)5+ 41 * &S| 058 1+§1 7, <<H#&+'4] *)'+ 7+ *$=
+&1'8+51$[.$)+<$&'QIEBSAI*//18*=1&,)<*/1 )17,))$7"$2&,)<*/1 1 +5+,&Q! ESB&U$=!+&!*($P) <!
Nb!',ILb14$*)5! /=KIW+8I*I<$*&!, 2INbQaQ
!
R*$)+*/1*&=13,7$=#)3!

0%&! '8+5! $[.$)+<$&'K! '8$! 5*<$! Al *&=<*)Y5! W)$! =+5./*4$=! '8),#(8,#'1 VES/$!
), 7$=#)$Q! E8$5$! /&=<*)Y5! W$)$!'8$! 5*<$!1*5!'8 51 #5$=! +&!'8$!)+7817 &=++,&!, 21 ][.$)+<$&']
NBQ! G*)+7+.%&'5! WS)$! )*&=, </4! *55+(&$=1 " | '8! #&5™:/$! [*&=<*)Y5! () #.1 )! ", '85! 5'*;/$!
[*&=<*)Y5! (), #.Q! %&! '8$! #8&5™;/$! () #.KI $¥781 ¥)'+7+.*&' $[.5)+$&7IMI N+ ?2$)$&'| /+&=<*)Y!
7,&2+(#)*'+,&51*&=1"8$!,)=$)!, 21'8$IN /*&=<*) Y51+&1'8$1 7, &2+ (#)*'+ &IW*5I=$'$) <+&$=1)*&=, </4!
&I$*781")++/QI>+(#)$INM!I 58, W5!'8$I NM! =+22$)$&'1 7,&?+(#)*'+,&51*&=1"8$ O1"%)($'1 .,5'/, 7*'+,&5Q
E8$!5*<$!0!7,&=+"+,&5!W$)$!+&7/#=$=K! $#B< &JRIK! 7,<;+&*'+ &KI*&=17,&?/+7'1 7, &=+"+,&5Q)!
F7817,&=+"+ 817, &*+&$=INM!")+*/5KI*&=1$*781")+*/1#5$=! &$!,?2!'8SINM! #&=<*)Y17,&2+(#)*'+,&5C
H$&7$KI'8$I0!7,8=++ &5IWS)$I<+78$=1+&1'$)<5!, 21/*&=<*)Y17,&2+(#)*'+ &5Q!%&!'8$!5™;/$!(), #.K!
WSIS$/$7'$=!, &RI'SSINMI/H*&=<*) Y17, &2+(#)*'+,&512,)1$*78I5#; X$7'1*&=I"8$I5+<$! 7, &2+ (#)*'+,&!
WH51)$5$8'$=!"8),#(8,#''8BIS[.$)+<$&'Q!

TI¥/5,11%)+$=1"8$1 =+5*&7$!, 21'8$! &=<*)Y5!?) <I'83!/,7++,&5!,21'8%! ., 5'5! :$' WS$S&!
F)+T+ & BKETHHESIWS! 8*=1,;5$) 1$=!'8*1 /*&=<*)Y5!' 1 7/,5$!',1'8$!*)($'1/, 7+ &5 <+(8'!
)S5H/'1+&1 TS+/+&(1$27$7'1+&1'8$! 1+5+ &17 &=++ QOIS HJHBS! 7/,53)! /*&=<*) Y5Q! > FS$!
24)'8$)1/*&=<*)Y5KI +&=<*)Y5IWS)S! .4 7S=1"W+TSI*51 2%)1%/, & (1'8$! ) *=+*/1=+)$ 7'+, &QIESS! *"$) &5!
21)$5#/'5] WS)ST#+'$! 5+<+/%)! 2,)1 7/,5$)! *&=! 7%)'8$)! /*&=<*)Y5K! 5, W$! 7,<;+&$=! 7/,5$)! *&=!
2%)8$)! 4&=<*)Y5! " ($'8)K! *&=1'8$&! 7,<.%)$=1 5'*;/$! *&=1 #8&5™;/$! (),#.5Q! |*78! ,?! '8$6H
(), #.514+&7H=$=ILNL*)'+7+*&I5Q




landmark configurations

I"H#$%& (2)*&=<*)Y!17,&2+(#H)*+ 851 #5$=! +&! |[.$)+<$&'1 Q! E8$! '8)$$! =, 5! WREWS7'$=! W+'8! /+&$5!
)$.)$5$&1 M [*&=<+)Y B! +&IME&=<H)Y1 7,&2+(#) '+ &QIEW,! 7,&2+(#)*'+ &5! W$)$! 54<<$')+ 7*/1 ¥) #&='8$!
<H+=/+&$e/+(8':/HB!+&S$5!*&=14$//,W!;), W&! /+&S5TQIEB$!,'8$)! B+(BY T85! WS)$! *54<<$') + 7T*/K! ']
$*78I WHBI*1 <)) ) +<H($!, 21 *&,'8$)! 7,&2+(#)*'+,&Q! F$=! =+*<,&=51)$.)$5$&'1 *)($'1/, 7*'+,&5! W+'8 #'1
X+"$)QI*7815CH#*)$!,21'8$!()+=1)$.)$5$& 5IN<![IN<Q!

F$5#/'%

F$5.,&55A)+*:+/+'4

65! 58,W&! +&! >+(#)$! NN*K! 1+5#%/1 +&5.$7'+,&!,21'8$! :*)! ()*.85! +&=+7*$5! '8*1'8$)$! W*5!
T 4% 441 $=HT'+ &1 +& = AT8B$! 7, 8=+"+,85!7,<. ) $=!" 15+ & (JB#$! 7,8&=+"+,&5Q! H, WS1$)K! +&!
'8P #85™:/$! () 4.K1 '8! 1)+ +/+'41 Y$=H#T'+ &) =+21 &, )$*78! 5+(8+7+7*&BBH +31 '85!
7,<.%)+5,&5'e1+5+,&!15Q!7,<;+&*+,&K!'eLMfIKINQCNVK! .'TkIMQNMLg!<,'+,&!15Q! 7,<;+&*'+,&K!'e
NQ"MVK!LIKIMQLMcg!1+5+,&!15Q!7,&?/+7'K!"eLMfIKINQL"bK!.IKIMQL*"Mg!<,'+,&!15Q!7,&?/+7'K!'¢
k! MQVANMEI'SS! 5%:/$! () #.K! = #:/$ “THS$! 7,82+ ,&5! 58,WS=! 5+(&+P+7*&' 1¥)+*:+/+'41 )$=H#T'+,&!
)3/ +1$!'1'88!15%/X,'+,&! 7,&=+'+,&'e<,'+,&!15Q!7,<;+&*'+,&K!'e LMflk! LQaMbK!.!klMQMMag!<,'+,&
15Q! 7,&?/+7'K! 't eLMfl k! LQOMNK! .!' kKl MQML_fK! ;#1 &, )$/*'+1$! ', '8$! 1+5+,&! 7,&=+"+,&! e1+E
7,<;+&*'+,&K!"eLMk!NQOVDLK!.IkIMQN_Mg!1+5+,&!15Q!7,&?/+7'K!"leLMf'KINQ_VaK!.'lkKIMQNN"MQ
N$&=51+&1'8$!5:/$! (), #.1W$)$! 7,&5+5'S&' W+'8!'8$N)$5#/'5! :58)1$=1+&! )$1+ #5! $[.$)+<$&'5Q!
ES$I5*:/$1(),#.158, WS=1<*)(+&*//41/ W$)1)$5.,&5$! 14)++:+/+'41 +&1'8$! 1 +5-8 &I 7+ &'8*88$!




#8&5™:/$! (), 1.1 e'eOMf kI NQCVNK! .| k! QMbbfQ! T8$&! *1$)*(+&(1)$5.,&5$! 1%)+*:+/+'41*7) 55! *//1 2 #)!
7,8=++ &5KI'8$I5™*:/$1(),#.158, WS=15+(&+2+7*&' 41 W) 1¥)+*: +/+'41'8*&I'8SI#&5"*:/$1()  #.1e'e OMF!
KILQONDK!.!IKIQMLMfQ

65!58, W&!+&!E*;/$INK!BHH&S™;/$! (), #.K!;,'8!=#,/$ "T#$!7,&=+'+&5!W$)$!=+?73)$&'!
?),<! '8$! 3*A$5+*&! +&'$()*'+,&! <,=$/1€7,<;+&*'+,&! 15Q! 3*4$5+*&! +&'$()*'+,&K! 'eLMfI K1 "\QbMVK! .1 k
MQMMNKI!I3>kIMQMALG! 7,&?/+7'1 15Q! 3*4$5+*&! +&'$()*'+,&K! 'e LM k! "QOcLK! .| KB$QMMLK! 3>
3*4F5+*&I*/'P)&*'+,&!<,=$A/5,! =+=1&,'1?+'1'8PI=*e 7, <;+&*'+,&!15Q!3*4$5+*&!*/'$) &*'+,&K!"e LMT!
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I"#$%& #3989 I"H"%&%™  I"H$HW"& I"#$%
B*4$5+* R  I'HS%&'(%"E  I"HHSW"I&R' AU HAM'  I"#$Y%"&'H(

Exp. 1B &S0 HE HG%A!  I"HS%&"HH( I"HIS%'&'()  MHS%"I&(
3*4$5+*R  I'HSU&'(%"E  I"HIS% & M 'S 1MI#S 0!
E&F & us%ll  IMIESIN!  MIHS%UIE  1MHS%"INE

! [ [ ! ! [
"#$%& 1"#$%&%"? vision positive motion positive !
3*4$5+*8  I"HS%&'(%"E  I"HS%"&"(  1"#$%&"!'() [

Exp. 2! H&BO) & usndl  IMHS%'&'()  !"#$%E&"'() [
3*4$5+*8  I"HS%&'(%"E "SI IMIH#$1110%! [
HEHE& 1'HE0e&!  1MH#S%"IIG  MIHS %! !

! [ [ ! ! [
I"#$%& I"H$%8%"  I"H$%&( "#$%& [
3*4$5+*8  I'HS%&'(%"E  I"HS%"I&  1"#$%&"!!'( [

Exp. 3 H&BOH 8 usndl  IMES%NE  1"#$%&™(() [
3*4$5+*8  I"HS%&'(%"E  I"HS%&'()  1"#$%E&"!'() [
FE&F & 1H%&!  I'HS%&™(()  "H$%&"ISI( [

! [ [ ! ! [
I"#$%& I"#$%8%"  "#$%& I"#$%8& 1"#$%&(
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G),;*;+/+'411*/#$5d1+&1.*)$&'8$5$5Q

condition rich poor pooled
Exp. 1A 7,<;+&*+,&! 0.38(.122)! 0.41 (.091)! 0.51 (.029)!
7,82/+7 0.72 (.001)! 0.67 (.002)! 0.80 (.000)!
*1$)*($=! 0.69 (.002)! 0.59 (.011)! 0.77 (.000)!
! ! ! ! !
condition no rotation rotation pooled
Exp. 1B I"#$%&'(%"& 0.64 "##$% "#$%&" 14 "#$%&"!'I(
1"#$%&!" "##$%" &' 1"##$%"1&I( "##$%"11&'
"H#$196#& "#$%&"!'( 0.61 (.008)! 0.58 (.012)!
! ! ! ! !
condition vision positive motion positive !
Exp. 2! combination! 0.590 (.010)! 0.508 (.032)! !
conflict! 0.505 (.032)! 0.235 (.348)! ]
averaged! 0.611 (.007)! 0.402 (.098)! !
! ! ! ! !
condition unstable stable !
Exp. 3 combination! .327 (.147)! .564 (.008)! !
conflict! .551 (.010)! .483 (.027)! !
averaged! .478 (.029)! .594 (.004)! !
! ! ! ! !
condition groupl group?2 groupl&2
Exp. 4 combination! 0.210 (.360)! 'MQMOO!'eQkt MQNMaleQ\
conflict! 0.022 (.924)! 'MQM”_leQbt MQMcMleQ! !
averaged! 0.217 (.344)! 'MQMVN!e®b MQNNa!eQC
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Experiment condition/group slope t P
)+78 MQONA VQLNa  '"LIQMMN
EXpT ) ! MQA I¢ VOMMM  ILUIQMMN
%=1 MQ_!10 LQOIL  MuIQMV
&)+ & | MQO! 7 OQbc  MUIQMMN
Exp. 1B! )+ & | MQVVb LQONa  MulQMV
%=1 MQORV LQaMc  MUIQML
Exp. 2! 1+5+ &1, 5+41¢ MQOLN OQLVM  UIQMMN
< +,&1,5++18! MQAEM AQMAV  IILIQNIN
Exp. 3! 485 /31! MQ"a0 AQ_QV  MLIQMML
5%:/$1 1 MQA~ IN VQ dc  MUIQMMN
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