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u � k8 � 

¯J8T8 k n  MK@A@ 4|7 � i MK*M@K qJwU T8z4ew§| wU §5e4w|87 5� HUw|: eJ8 §5U8T®4ew§|?@ eJ4e 
MK?*a 1wzzw§| |8HT§|U 4T8 9§H|7 58|84eJ 4 USH4T8 1wzzw18eT8 §9 s? UHT9468 w| RTw14e8U EeJ8 
®4zH8 wU 6§TT86e87 9§T ?dQ UJTw|y4:8FI 4|7 eJ8 ̄ 84y R§¯8T z4¯ 78R8|78|68 §9 s? eJw6y|8UU 
B §| 6§Tew64z UHT9468 4T84 z 78U6Tw587?@I?d 5�g 

B � M�d@az M�?Md 

tJ8| 8 4|7 X 4T8 6§|®8Te87 e§ u 4|7 F ¯weJ eJ8 8SH4ew§|U 45§®8I 4 R§¯8T z4¯ T8UHzeU 
E(w:K ?F ¯weJ 4| 8±R§|8|e �W 

� � ���� � ?�a` l M�Mc@ 

o868w®87 c &868158T @MMMg 4668Re87 A? ,4|H4T� @MM?K 

?K	 (w|z4�I PK .K C &4Tzw|:e§|I oK PK .w|y87 T8:Hz4Twew8U w| eJ8 78®8z§R18|e 4|7 8®§zHew§| §9 14114zw4| 
5T4w|UK z'�GF'G cgiS ?acd-?ad` E?**aFK 

@K	 P4Te§|I oK mK C Ð4T®8�I 2K ÐK �§U4w6 8®§zHew§| §9 5T4w| UeTH6eHT8 w| 14114zUK uCBWJG eafS ?Maa-
?Mad E@MMMFK 

AK	 m|7T8¯UI qK ,KI Ð4zR8T|I pK &K C 2HT®8UI &K %§TT8z4e87 Uw³8 ®4Tw4ew§|U w| JH14| ®wUH4z 6§Te8±I z4e8T4z 
:8|w6Hz4e8 |H6z8HUI 4|7 §Rew6 eT46eK g� uGWJQ�'�� bhS @da*-@dbd E?**cFK 

`K	 pe8RJ4|I ÐKI (T4J1I ÐK &K C P4T§|I )K 08¯ 4|7 T8®wU87 74e4 §| ®§zH18U 4|7 5T4w| UeTH6eHT8U w| 
w|U86ew®§T8U 4|7 RTw14e8UK (QN�C HJ�1CBQN� dfS ?-@* E?*d?FK 

aK	 p6J8w|I pK ,K C 78 �§|4Ue8Tw§I (K �K �4RRw|: §9 T8ew|4z 4|7 :8|w6Hz4e8 |8HT§|U §|e§ UeTw4e8 6§Te8± §9 
1464SH8K g� uGWJQ�'�� hS **b-?MM* E?*dcFK 

bK	 mJ147I mK C pR84TI 2K &K '9986eU §9 4:w|: §| eJ8 Uw³8I 78|Uwe�I 4|7 |H158T §9 TJ8UHU 1§|y8� z4e8T4z 
:8|w6Hz4e8 |8HT§|UK g� tQ1H� uGWJQN� ddeS bA?-b`A E?**AFK 

cK	 ÐH58zI &K ÐK C tw8U8zI qK 0K o868Rew®8 u8z7U 4|7 9H|6ew§|4z 4T6Jwe86eHT8 §9 1§|y8� UeTw4e8 6§Te8±K 
g� w63��QN� O.QF2�P b`fS @?a-@`A E?*bdFK 

dK	 P§|J§8998TI qK C )Tw|®4z7I mK fU§Y§Tw8|e4ew§| 7§14w|U w| 64e ®wUH4z 6§Te8± 4T8 4TT4|:87 w| Rw|¯J88zY 
zwy8 R4ee8T|UK uCBWJG dfdS `@*-`A? E?**?FK 

*K	 p¯w|74z8I 0K sK Ð§¯ 14|� 14RU 4T8 eJ8T8 w| ®wUH4z 6§Te8±k tGJGD� tQJBGd baS bAA-b`A E@MMMFK 
?MK fUU4I 0K 2KI qT8R8zI %K C peT�y8TI �K 2K pR4ew4z 9T8SH8|6� 14RU w| 64e ®wUH4z 6§Te8±K g� uGWJQ�'�� caS daM`-

da?` E@MMMFK 
??K (T4J1I ÐK &KI pe8RJ4|I ÐK C pe8RJ4|I �K %§1R4TwU§| §9 5T4w| UeTH6eHT8 ®§zH18U w| f|U86ew®§T4 4|7 

2Tw14e8UK fK 08§6§Te8±K g� o�JF4QJ�'6� cdS Aca-Ad* E?*d@FK 

?@K o§6y8zI mK ,KI Ðw§T|UI oK tK C 2§¯8zzI qK 2K qJ8 54Uw6 H|w9§T1we� w| UeTH6eHT8 §9 eJ8 |8§6§Te8±K sJC�F 
badS @@?-@`` E?*dMFK 

?AK mT1UeT§|:I 'K m SH4|ewe4ew®8 6§1R4TwU§| §9 eJ8 J§1w|§w7 eJ4z41HUK fsK 2§Ue8Tw§T 4UU§6w4ew§| 
|H6z8wVeJ8 RHz®w|4T 4|7 z4e8T4z R§Ue8Tw§T |H6z8HUK h1� g� w63�� hFB6JQHQN� ffS Ab*-AdA E?*d?FK 

?`K mT1UeT§|:I 'K m SH4|ewe4ew®8 6§1R4TwU§| §9 eJ8 J§1w|§w7 eJ4z41HUW ffK .w15w6 |H6z8w 4|e8Tw§T 
RTw|6wR4zwU 4|7 z4e8T4zwU 7§TU4zwUK h1� g� w63�� hFB6JQHQN� fcS `A-a` E?*dMFK 

?aK mT1UeT§|:I 'K nH4|ewe4ew®8 6§1R4TwU§| §9 eJ8 J§1w|§w7 eJ4z41HUK fK pR86wu6 U8|U§T� T8z4� |H6z8wK 
h1� g� w63�� hFB6JQHQN� fbS Aba-Ad@ E?*c*FK 

?bK (T4J1I ÐK &KI pe8RJ4|I ÐK C P4T§|I )K %§1R4TwU§| §9 5T4w| UeTH6eHT8 ®§zH18U w| w|U86ew®§T4 4|7 
RTw14e8UK sK mT84 UeTw4e4 EmpFK g� o�JF4QJ�'6� cfS aAc-aac E?*d`FK 

?cK pJHz³I ÐKY&K /GBJ��'6G -FBGJ�W'6C5GF CF 2GF z'6�'6BGF 2G� tQJHW� )GF�'WNCBW1 .CBGJCNG BC5T WF2 
uC'6BCMB�XGF wJ�1CBGF� qJ8UwUI ,§J4|| t§z9:4|: )§8eJ8Yr|w®8TUwe48e (T4|y9HTe E?*bcFFK 

?dK (TweU6J�I ,K �K C )4T8�I .K ,K nH4|ewe4ew®8 6J4|:8U w| 1§TRJ§z§:w64z R4T418e8TU w| eJ8 78®8z§Rw|: 
®wUH4z 6§Te8± §9 eJ8 14T1§U8e 1§|y8�K sJC�F yG�� d`eS ?cA-ddd E?*dbFK 

hlt2n1kdwzdvd2B� 
�H6J §9 eJ8 ¯§Ty 78U6Tw587 J8T8 ¯4U 7§|8 4e eJ8 p4|e4 (8 f|UeweHe8 4|7 eJ8 mUR8| %8|e8T 
9§T 2J�Uw6UI 4|7 f eJ4|y eJ§U8 w|UeweHew§|U 9§T eJ8wT UHRR§TeK f 4zU§ eJ4|y qK mz5Tw:JeI 
pK )4|7Jw 4|7 fK PTw®4|z§H 9§T 6§118|eU §| 4| 84Tzw8T 7T49eK 

%§TT8UR§|78|68 4|7 T8SH8UeU 9§T 14e8Tw4zU UJ§Hz7 58 477T8UU87 e§ eJ8 4HeJ§T 
E8Y14wzW 69UNU4zyK87HFK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
yFBPJdlW&CJ J�DC&Jn JPDPC&Pm �F B,P 
,WvCF ldJB�lC& u&�FmT�odB 
JPoJP�PFBCB�dF 
EJCFM qdFpG a RBPo,PF h� bFpP&x 

G kGHCJB1GFB Q4 w�3'6QNQ53I wJ�F'GBQF -F�XGJ��B3I wJ�F'GBQFI uGc gGJ�G3 aifeeI 
-zh 
x kGHCJB1GFB Q4 w�3'6QNQ53I -F�XGJ��B3 Q4 tCN�4QJF�C .Q� hF5GNG�I .Q� hF5GNG�I 
tCN�4QJF�C VaaVfI -zh 

���������������������������������������������������������������������������������������������������������������������������������������������� 

q3 W±(x6�V9±( ̄ 3±�¯�3W� D���3±S �¯�x±V��V� OW�V xNW¯�(9Vx ,3E V,x 
®69�± �xNx¯V� �4x¯�k¯ D��W9N ��5±9N� y36 9E96x±x��� t,x± (�yyx6x±V 
O3±3¯WN96 49VVx6±� 96x 46x�x±Vx( V3 V,x VE3 x)x�S V,x) 6�D9N y36 
¯3±�¯�3W� xP46x���3± �W¯, V,9V 3±N) 3±x O3±3¯WN96 �O95x �� 
4x6¯x�Dx( 9V 9 V�OxbSc� j3±V63Dx6�) �W663W±(� E,xV,x6 V,�� ®�±T 
3¯WN96 6�D9N6) 6xvx¯V� ±xW69N ¯3O4xV�V�3± 9O3±5 49VVx6± 6x46xT 
�x±V9V�3±� 36 O3±3¯WN96 ¯,9±±xN�dSe� ox6x Ex �,3E V,9V 6�D9N6) 
96��x� y63O �±Vx63¯WN96 ¯3O4xV�V�3±S W��±5 yW±¯V�3±9N O95±xV�¯ 
6x�3±9±¯x �O95�±5 3y 9¯V�D�V) �± 9 O3±3¯WN96 6x5�3± 3y 46�O96) 
D��W9N ̄ 36VxP ̄ 366x�43±(�±5 V3 V,x ®N�±( �43V� q,�� ̄ 36V�¯9N 6x5�3± 
56x9VN) 46xyx6� �V�OWN9V�3± 3y V,x �4��N9Vx69N x)x V3 V,9V 3y V,x 
®N�±(T�43V x)x� zW®Lx¯V� 6x436Vx( V,x�6 (3O�±9±V 4x6¯x4V E,�Nx 
D�xE�±5 6�D9N63W� 36V,353±9N 569V�±5� �± V,x D��W9N N3¯9V�3± 
¯366x�43±(�±5 V3 V,x ®N�±( �43V 9±( �V� �W663W±(� r� 46x(�¯Vx( 
®) �±Vx63¯WN96 6�D9N6)S V,x O3±3¯WN96 ®N�±(T�43V 6x46x�x±V9V�3± 
E9� 9¯V�D9Vx( E,x± V,x �4��N9Vx69N 569V�±5 ®x¯9Ox 4x6¯x4VW9NN) 
(3O�±9±V 9±( �W446x��x( E,x± V,x ®N�±(T�43V 569V�±5 ®x¯9Ox 
(3O�±9±V� q,x�x 6x�43±�x� Ex6x 9� N965x 9� V,3�x 3®�x6Dx( (W6�±5 
9¯VW9N 9NVx6±9V�3±� ®xVExx± V,x 569V�±5�S �±(�¯9V�±5 V,9V 6�D9N6) 
O9) ®x yWNN) 6x�3NDx( �± O3±3¯WN96 D��W9N ¯36VxP� 1W6 k±(�±5� 
463D�(x V,x k6�V 4,)��3N35�¯9N xD�(x±¯xS V3 3W6 C±3ENx(5xS V,9V 
�±Vx63¯WN96 ¯3O4xV�V�3± Ox(�9Vx� ®�±3¯WN96 6�D9N6)S 9±( �±(�¯9Vx 
V,9V 8b O9) ®x �O436V9±V �± V,x �xNx¯V�3± 9±( xP46x���3± 3y 
¯3±�¯�3W� D��W9N �±y36O9V�3±� 
&8URwe8 8±e8|Uw®8 T8U84T6JI eJ8 |8HT4z 54UwU §9 5w|§6Hz4T Tw®4zT� 

J4U T814w|87 Jw:Jz� 6§|eT§®8TUw4zK pR86wu64zz�I we wU 7854e87 ̄ J8eJ8T 
7wU6T8R4|e 1§|§6Hz4T R4ee8T|U Tw®4z 5864HU8 §9 w|e8T§6Hz4T 6§1R8Y 
ewew§| §T R4ee8T| 6§1R8ewew§|K ÐH14| RU�6J§RJ�Uw64z UeH7w8U J4®8 
RT§®w787 8®w78|68 eJ4e Tw®4zT� T8UHzeU 9T§1 w|e8T§6Hz4T 6§1R8ewew§| 
41§|: 1§|§6Hz4T |8HT§|U w| RTw14T� ®wUH4z 6§Te8± Es?FAK Ð§¯Y  
8®8TI Uw|:z8YH|we T86§T7w|:U w| 4¯4y8I 58J4®w|: 1§|y8�U J4®8 

0mqro' O sl. `?? O ?M �mv @MM? O ¯¯ K̄|4eHT8K6§1 © 2001 Macmillan Magazines Ltd	 asn 



0 

3 

6 

c 

9l��lo� �1 u8�tol


�w8z787 |8:zw:w5z8 8®w78|68 §9 Tw®4zT�YT8z4e87 46ew®we� w| s?I w|6§|Y 
UwUe8|e 89986eU w| ®wUH4z 4T84U s` 4|7 �qI 4|7 UeT§|: 89986eU w| 
w|98T§e81R§T4z 6§Te8±`-bK qJ8U8 |8HT§RJ�Uw§z§:w64z u|7w|:U w|Ue847 
w|7w64e8 eJ4e Tw®4zT� 14� T8UHze 9T§1 6§1R8ewew§| 41§|: w|6§1Y 
R4ew5z8 R4ee8T| T8RT8U8|e4ew§|U 4e Jw:J8T z8®8zU §9 eJ8 ®wUH4z R4eJ¯4�I 
¯8zz 49e8T w|RHeU 9T§1 eJ8 e¯§ 8�8U J4®8 6§|®8T:87 w| s?K 
q§ T8U§z®8 eJwU wUUH8I ¯8 HU87 9H|6ew§|4z 14:|8ew6 T8U§|4|68 

w14:w|: E9�ofF e§ 1§|we§T Tw®4zT�YT8z4e87 46ew®we� w| 4 1§|§6Hz4T 
T8:w§| §9 JH14| s? 6§TT8UR§|7w|: e§ eJ8 5zw|7 UR§eK qJ8 5zw|7 
UR§e wU 4 R4Te §9 eJ8 T8ew|4 eJ4e J4U |§ RJ§e§T868Re§TUg weU Uw³8 wU 
4T§H|7 ` � b� 4|7 we wU 45§He ?a� 187w4z e§ eJ8 9§®84 E(w:K ?4FK f| 
JH14| RTw14T� ®wUH4z 6§Te8±I eJ8 5zw|7 UR§e wU T8RT8U8|e87 4U 4 
T8z4ew®8z� z4T:8 1§|§6Hz4T T8:w§| E4T§H|7 ?M 11 � a 11g ,K %K 
Ð§Te§|I R8TU§|4z 6§11H|w64ew§|F eJ4e T868w®8U 7wT86e w|RHe 
U§z8z� 9T§1 eJ8 wRUwz4e8T4z 8�8 4|7 |§e 9T§1 eJ8 E6§|eT4z4e8T4zF 

a Ipsilateral eye Blind-spot eye 
stimulation stimulation 

Fovea Fovea 
Blind 
spot 

5zw|7YUR§e 8�8K qJ8 1§|§6Hz4T s? 5zw|7YUR§e T8RT8U8|e4ew§| wU z4T:8 
8|§H:J 9§T 9H|6ew§|4z w14:w|:cK 
(H|6ew§|4z �of J4U UH9u6w8|e U8|Uwew®we� 4|7 e81R§T4z T8U§zHew§| 

e§ 78e86e Tw®4zT�YT8z4e87 T8UR§|U8U w| Uew1HzHUYU8z86ew®8 8±eT4UeTw4e8 
4T84UdK t8 RT87w6e87 eJ4e w9 Tw®4zT� 4TwU8U 9T§1 w|e8T§6Hz4T 6§1R8ewY 
ew§|I eJ8| eJ8 wRUwz4e8T4zYT8UR§|Uw®8 |8HT§|U w| eJ8 s? 5zw|7YUR§e 
T8RT8U8|e4ew§| UJ§Hz7 UJ§¯ w|6T84U87 46ew®we� ¯J8| UH5=86eU 
R8T68w®8 4 :T4ew|: R4ee8T| RT8U8|e87 e§ eJ8 wRUwz4e8T4z 8�8 4|7 
UHRRT8UU87 46ew®we� ¯J8| UH5=86eU R8T68w®8 4 Tw®4zT§HU :T4ew|: 
RT8U8|e87 e§ eJ8 5zw|7YUR§e 8�8K pH6J 8±6we4ew§| 4|7 UHRRT8UUw§| 
UJ§Hz7 §66HT 8®8| eJ§H:J 5§eJ :T4ew|:U 4T8 6§|Ue4|ez� RT8U8|eK 
(HTeJ8T1§T8I w9 Tw®4zT� wU 9Hzz� T8U§z®87 eJT§H:J w|e8T§6Hz4T 
6§1R8ewew§|I eJ8| eJ8U8 |8HT4z T8UR§|U8U 7HTw|: Tw®4zT� UJ§Hz7 58 
w78|ew64z e§ eJ§U8 8®§y87 5� 46eH4z Uew1HzHU 4ze8T|4ew§|U 58e¯88| 
eJ8 wRUwz4e8T4z :T4ew|: 4|7 eJ8 5zw|7YUR§e :T4ew|:K 
t8 R8T9§T187 eJT88 e�R8U §9 9�of U64|W s? 5zw|7YUR§e z§64zw³4Y 

ew§| U64|UI Tw®4zT� U64|U 4|7 Uew1HzHU 4ze8T|4ew§| U64|UK P89§T8 �of 
U64||w|:I UH5=86eU 14RR87 eJ8 ®wUH4z u8z7 z§64ew§| §9 eJ8 Tw:Je 8�8DU 
5zw|7 UR§e 5� 14|wRHz4ew|: eJ8 z§64ew§| 4|7 Uw³8 §9 4 5z46y ;w6y8Tw|: 
6wT6Hz4T RT§58K &HTw|: s? 5zw|7YUR§e z§64zw³4ew§| U64|UI UH5=86eU 
14w|e4w|87 u±4ew§| ¯Jwz8 ®w8¯w|: §|�§99 U8SH8|68U §9 4 ;w6y8Tw|: 
6J86y8T5§4T7 R4ee8T| HUw|: 8weJ8T eJ8wT z89e wRUwz4e8T4z 8�8 §T Tw:Je 
5zw|7YUR§e 8�8 E(w:K ?4FK qJ8 6J86y8T5§4T7 ¯4U RT8U8|e87 w| eJ8 
T8:w§| §9 ®wUH4z UR468 6§TT8UR§|7w|: e§ eJ8 5zw|7 UR§e 4|7 weU 
w1187w4e8 UHTT§H|7 ¯weJ 4 7w418e8T §9 d�I 4z1§Ue e¯w68 eJ8 Uw³8 
§9 eJ8 5zw|7 UR§eK mzeJ§H:J eJ8 5zw|7 UR§e 6§Hz7 |§e T8:wUe8T eJ8 
68|eT4z R§Tew§| §9 eJ8 6J86y8T5§4T7I eJ8 Uew1HzHU ¯4U R8T68ReH4zz� 

*uzz87 w| §¯w|: e§ Uew1Hz4ew§| §9 eJ8 5zw|7 UR§eDU UHTT§H|7 K 
qJ8 s? 5zw|7YUR§e T8RT8U8|e4ew§| ¯4U T8zw45z� w78|ewu87 §| eJ8 

54UwU §9 eJ8 ®§±8zU w| eJ8 z89e 64z64Tw|8 UHz6HU eJ4e UJ§¯87 4 :T84e8T 
T8UR§|U8 e§ Uew1Hz4ew§| §9 eJ8 wRUwz4e8T4z 8�8 eJ4| §9 eJ8 5zw|7YUR§e 
8�8 EU88 �8eJ§7UFK (w:HT8 ? UJ§¯U eJ8 9�of T8UR§|U8 4|7 4|4e§Y 
1w64z z§6HU §9 eJwU T8:w§| w| §|8 UH5=86eK qJ8 s? 5zw|7YUR§e 
T8RT8U8|e4ew§| ¯4U Jw:Jz� 1§|§6Hz4TI T8UR§|7w|: ®w:§T§HUz� e§ b Ipsilateral eye Blind-spot eye 

&HTw|: Tw®4zT� U64|UI 4 T87 ®8Tew64z :T4ew|: ¯4U RT8U8|e87 e§ §|8 

Uew1Hz4ew§| §9 eJ8 wRUwz4e8T4z 8�8 E(w:K ?5I z89eF 4|7 |8:zw:w5z� e§ 6 

M
R

 s
ig

na
l c

ha
ng

e 
(%

) M
R

 signal change (%
) 

Uew1Hz4ew§| §9 eJ8 5zw|7YUR§e 8�8 E(w:K ?5I Tw:JeFK f| 4zz UH5=86eUI eJwU 
1§|§6Hz4T T8:w§| ¯4U z§64e87 w| eJ8 78ReJ §9 eJ8 64z64Tw|8 UHz6HU 3 

E(w:K ?6FI 4 z§64ew§| eJ4e wU 4z¯4�U 6§|e4w|87 ¯weJw| RTw14T� ®wUH4z 
6§Te8±?MK0 

–3 8�8 4|7 4 :T88| J§Tw³§|e4z :T4ew|: ¯4U RT8U8|e87 e§ eJ8 §eJ8T 8�8 w| 
eJ8 ®wUH4z z§64ew§| 6§TT8UR§|7w|: e§ eJ8 5zw|7 UR§e 4|7 weU UHTT§H|7 

–3 

–6–6 
0 15 30 0 15 30 

Time (s) Time (s) 

m�zMgd b .3'%®�R%L�3F 34 L,) 8b 0®�F2T�H3L 6)H6)�)FL%L�3F� jS 8�)O�F+ '3F2�L�3F�� 5W0B)'L� 
¯%�FL%�F)2 k±%L�3F 3F % 6)4)6)F') H3�FL O,�®) D�)O�F+ % v�'M)6�F+ ',)'M)603%62 H%LL)6F 
c�L�¯W®W� ��R) i�S ',)'M ��R) b�S L)¯H36%® 46)IW)F'= h�f oRS '3FL6%�L baaVd O�L, )�L,)6 
L,) �H��®%L)6%® )=) 36 0®�F2T�H3L )=)� q,) ')FL6) 34 L,) ',)'M)603%62 4)®® 3F L,) 0®�F2 �H3L 
c3HL�' F)6D) ,)%2S ��R) �e� � g�d 34 L,) 6�+,L )=) 0WL F3L L,) ®)4L )=)� aS rD)6%+) 4jyz 
6)�H3F�)� �F L,) 8b 0®�F2T�H3L 6)H6)�)FL%L�3F 34 3F) �W0B)'L 2W6�F+ �L�¯W®%L�3F 34 L,) 
�H��®%L)6%® 36 0®�F2T�H3L )=)� u%L% 6)H6)�)FL ¯)%F l ��)� 34 )�+,L �L�¯W®W� H)6�32� c3F 
bf �S 344 bf �d %F2 %6) )±H6)��)2 �F H)6 ')FL ��+F%® ',%F+) 6)®%L�D) L3 L,) ¯)%F jy ®)D)® 
L,63W+,3WL L,) �'%F� q,�� 6)+�3F �� %'L�D%L)2 0= �H��®%L)6%® �L�¯W®%L�3F 3F®=� lS 8b  
6)H6)�)FL%L�3F 34 L,) 6�+,L )=)l� 0®�F2 �H3L �F L,) ®)4L '%®'%6�F) �W®'W� cL,6)) D3±)®� 
,�+,®�+,L)2 �F O,�L)S D3±)® ��R) n�b � n�b � e ¯¯S �®�') H®%F) H)6H)F2�'W®%6 L3 '%®'%6�F)d� 
wWF'L�3F%® 2%L% %6) �WH)6�¯H3�)2 3F ,�+,T6)�3®WL�3F %F%L3¯�'%® qmTO)�+,L)2 �¯%+)�� 

a Rivalry 

Stimulus 

Percept 

b Stimulus alternation 

Yoked

stimulus


Time (s) 

m�zMgd c s�F3'W®%6 6�D%®6= %F2 �L�¯W®W� %®L)6F%L�3F L%�M�� jS y�D%®63W� 3�'�®®%L�F+ ��F)T 
O%D) +6%L�F+� O)6) H6)�)FL)2 L3 L,) 0®�F2T�H3L )=) %F2 �H��®%L)6%® )=) c��R) i�d� t,)F 
D�)O)2 L,63W+, 6)2 %F2 +6))F k®L)6 +®%��)�S 3F®= L,) +6))F ,36�R3FL%® +6%L�F+ '3W®2 0) 
�))F L,63W+, 3F) )=) %F2 3F®= L,) 6)2 D)6L�'%® +6%L�F+ L,63W+, L,) 3L,)6 )=) c�H%L�%® 
46)IW)F'= a�gh '='®)� H)6 2)+6))S �H))2 m oRS 2�6)'L�3F 6)D)6�%® )D)6= faa ̄ �S '3FL6%�L 
hfVS ¯)%F ®W¯�F%F') L,63W+, ¯%L',�F+ k®L)6 n�e '2 ̄ �md� r®L,3W+, 03L, +6%L�F+� O)6) 
'3F�L%FL®= H6)�)FLS �W0B)'L� 6)H36L)2 %®L)6F%L)®= H)6')�D�F+ )�L,)6 L,) 6)2 36 +6))F 
+6%L�F+� aS 1F �L�¯W®W� %®L)6F%L�3F �'%F�S L,) H,=��'%® �L�¯W®W� %®L)6F%L)2 0)LO))F L,) 
6)2 +6%L�F+ %F2 +6))F +6%L�F+ W��F+ L,) �)IW)F') 34 6)H36L)2 %®L)6F%L�3F� 463¯ % H6)D�3W� 
6�D%®6= �'%F� 5W0B)'L� 6)H36L)2 O,)F L,) �L�¯W®W� ',%F+)2 L3 L,) 6)2 36 +6))F +6%L�F+� 

ase © 2001 Macmillan Magazines Ltd 0mqro' O sl. `?? O ?M �mv @MM? O ¯¯ K̄|4eHT8K6§1 



9l��lo� �1 u8�tol


E(w:K @4FK )T4ew|:U 1§®87 546y 4|7 9§TeJ ̄ weJw| 4 Ue4ew§|4T� 6wT6Hz4T 
4R8TeHT8 e§ 8|UHT8 6§|ew|H§HU ®wUH4z Uew1Hz4ew§|K pH5=86eU HU87 4 
5Hee§| 5§± e§ T8R§Te ¯J8|8®8T eJ8wT 7§1w|4|e R8T68Re 6J4|:87 e§ 
eJ8 ®8Tew64z :T4ew|: §T J§Tw³§|e4z :T4ew|:I §T w9 4 5z8|7 §9 eJ8 e¯§ 
:T4ew|:U R8TUwUe87K 
l| UH5U8SH8|e Uew1HzHU 4ze8T|4ew§| U64|UI eJ8 RJ�Uw64z Uew1HzHU 

4ze8T|4e87 58e¯88| |§|YTw®4zT§HU 1§|§6Hz4T RT8U8|e4ew§|U §9 8weJ8T 
eJ8 T87 ®8Tew64z :T4ew|: §T eJ8 :T88| J§Tw³§|e4z :T4ew|: HUw|: eJ8 
U418 U8SH8|68 §9 4ze8T|4ew§|U T8R§Te87 w| 4 RT8®w§HU Tw®4zT� U64| 
E(w:K @5FK q§ 1w1w6 eJ8 RJ8|§18|4z 4ze8T|4ew§|U §9 Tw®4zT�I §|8 
1§|§6Hz4T Uew1HzHU ¯§Hz7 :T47H4zz� 9478 9T§1 14±w1H1 e§ ³8T§ 
6§|eT4Ue ¯Jwz8 eJ8 §eJ8T 1§|§6Hz4T :T4ew|: ¯§Hz7 :T47H4zz� 4RR84T 
E³8T§ e§ 14±w1H1 6§|eT4UeF §®8T @aM 1UK pH5=86eU ¯8T8 w|UeTH6e87 
e§ T8R§Te ¯J8| eJ8 Uew1HzHU U¯we6J87 e§ eJ8 ®8Tew64z :T4ew|:I 
J§Tw³§|e4z :T4ew|: §T 4 5z8|7 §9 eJ8 e¯§ Uew1HzwK 
pH5=86eU T8R§Te87 |§T14z Tw®4zT� 4ze8T|4ew§|U 58e¯88| eJ8 wRUwY 

z4e8T4z 4|7 5zw|7YUR§e :T4ew|:U ¯weJ 8±e8|Uw®8 R8Tw§7U §9 8±6zHUw®8 
7§1w|4|68 4|7 1w|w14z R8T68ReH4z 5z8|7w|: Eq45z8 ?FK qJ8 45wzwe� 
§9 eJ8 5zw|7YUR§e UHTT§H|7w|: :T4ew|: e§ UHRRT8UU eJ8 8|ewT8 
wRUwz4e8T4z :T4ew|:I w|6zH7w|: weU 68|eT4z BH|R4wT87D T8:w§|I wU 6§|Y 
UwUe8|e ¯weJ eJ8 u|7w|: eJ4e 5w|§6Hz4T Tw®4zT� 64| §66HT 41§|: 
|§|§®8Tz4RRw|: Uew1Hzw@K f| U8R4T4e8 RU�6J§RJ�Uw64z UeH7w8UI ¯8 
J4®8 6§|uT187 eJ8 Tw®4zT§HU |4eHT8 §9 eJ8U8 w|e8T46ew§|U 8|6§1Y 
R4UUw|: eJ8 5zw|7 UR§eVw|6T84Uw|: eJ8 6§|eT4Ue §9 8weJ8T :T4ew|: 
786T84U87 eJ8 7§1w|4|68 7HT4ew§| §9 eJ8 §RR§Uw|: :T4ew|:I 4U wU 
9§H|7 w| 9§®84z ®wUw§|??K 
qJT88 §He §9 9§HT UH5=86eU UJ§¯87 Uw:|wu64|ez� z§|:8T 7§1w|4|68 

7HT4ew§|U 9§T eJ8 wRUwz4e8T4z :T4ew|: eJ4| 9§T eJ8 5zw|7YUR§e :T4ew|: 

yitaP b 1PplPe�sia cdv�mimlP cspi��dm� pPedp�Pc csp�mo p�uiapn 

tn%2 ()1�2%2vn (9,%8�)2 ;�w on0%8�Dn 4,n()1�2%2vn ;Bw 

p9u.nv8 f4��0%8n,%0 s0�2(6�4)8 s0n2( f4��0%8n,%0 s0�2(6�4)8 s0n2( 

pb e�i d�S M�M Ri ec M 
pc c�j c�d M�h RR eb e 
pd e�e e�b c�c eR ec bd 
pe S�b c�i b�e SR cj S 
tn%2 e�S d�c b�b RS di S 
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
a)1�2%2vn (9,%8�)2� y), n%vg 5,%8�25 y)00)mn( % 5%11%6�g%4n( (��8,�u98�)2 vg%,%v8n,��8�v )y 
u�2)v90%, ,�D%0,3cl 1n%2 ()1�2%2vn (9,%8�)2� %,n �g)m2� on0%8�Dn 4,n()1�2%2vn �� 8gn 4n,vn28%5n 
)y 8)8%0 D�nm�25 8�1n 8g%8 8gn �9u.nv8 ,n4),8n( 4n,vn�D�25 8gn �4��0%8n,%0 5,%8�25 )203I 8gn u0�2(6�4)8 
5,%8�25 )203 ), % 4n,vn489%0 u0n2( )y u)8g 5,%8�25�� 

a S1 S2 

Ep?I p@I p`I B � @KMI w . MKMaFK qJ8U8 58J4®w§HT4z u|7w|:UI eJ§H:J 
RT8zw1w|4T�I 4T8 6§|UwUe8|e ¯weJ eJ8 J�R§eJ8UwU eJ4e Tw®4zT� 7§1wY 
|4|68 78R8|7U HR§| eJ8 T4ew§ §9 1§|§6Hz4T |8HT§|U 46ew®4e87 5� 
846J 8�8AK 
t8 64z6Hz4e87 9�of T8UR§|U8U 5� 4®8T4:w|: eJ8 9�of ew18 6§HTU8 

UHTT§H|7w|: 4zz §66HTT8|68U §9 4 T8R§Te87 U¯we6J e§ eJ8 wRUwz4e8T4z 
:T4ew|: §T 5zw|7YUR§e :T4ew|:I ew18Yz§6y87 e§ 846J T8R§Te87 U¯we6JK 
(w:HT8 A UJ§¯U eJ8 4®8T4:8 9�of T8UR§|U8U §9 846J UH5=86e 9§T Tw®4zT� 
®8TUHU Uew1HzHU 4ze8T|4ew§|K qJ8 ®8Tew64z 54T 4e ew18 ³8T§ w|7w64e8U 
eJ8 ew18 §9 eJ8 T8R§Te87 U¯we6JK 
mzeJ§H:J 5§eJ :T4ew|:U ¯8T8 6§|Ue4|ez� RT8U8|e 7HTw|: Tw®4zT�I 

eJ8 1§|§6Hz4T 5zw|7YUR§e T8RT8U8|e4ew§| UJ§¯87 4 UJ4TR w|6T84U8 w| 
9�of 46ew®we� U§§| 49e8T UH5=86eU T8R§Te87 eJ4e eJ8 wRUwz4e8T4z :T4ew|: 
J47 586§18 R8T68ReH4zz� 7§1w|4|e E(w:K A4I :T88| U§zw7 zw|8FK qJwU 
TwU8 w| 46ew®we� T8;86eU eJ8 w|6T84U87 uTw|: §9 eJ8 1§|§6Hz4T |8HT§|U 
eJ4e T868w®8 w|RHe 9T§1 eJ8 wRUwz4e8T4z 8�8K %§|®8TU8z�I ¯J8| eJ8 
5zw|7YUR§e :T4ew|: 586418 7§1w|4|eI 46ew®we� w| eJwU 1§|§6Hz4T 
T8:w§| UJ§¯87 4 UJ4TR 786T84U8 E(w:K A4I T87 7§ee87 zw|8FK qJHUI eJ8 
Uw:|4zU 9T§1 eJ8 wRUwz4e8T4z 8�8 e§ eJ8 s? 5zw|7YUR§e T8RT8U8|e4ew§| 
¯8T8 UHRRT8UU87 ¯J8| eJ8 Uew1HzHU 8|e8Tw|: eJ8 §eJ8T 8�8 586418 
R8T68ReH4zz� 7§1w|4|eK 
mzz 9§HT UH5=86eU UJ§¯87 eJ8 U418 SH4zwe4ew®8 R4ee8T| §9 4¯4T8Y 

|8UUYT8z4e87 T8UR§|U8U 7HTw|: Tw®4zT�K qJwU ew:Je 6§TT8UR§|78|68 
58e¯88| ®wUH4z 4¯4T8|8UU 4|7 |8HT4z 46ew®we� w| 1§|§6Hz4T ®wUH4z 
6§Te8± 6§|uT1U eJ8 RT87w6ew§|U §9 w|e8T§6Hz4T Tw®4zT�K 
(H|6ew§|4z �of T8UR§|U8U 8®§y87 5� Uew1HzHU 4ze8T|4ew§| 

E(w:K A5F ¯8T8 T814Ty45z� Uw1wz4T e§ eJ§U8 §5U8T®87 7HTw|: Tw®4zT� 
w| eJ8wT R4ee8T|I 14:|weH78 4|7 ew1w|:K qJ8 w|wew4z R84y §T eT§H:J §9 
eJ8 T8UR§|U8 4z¯4�U §66HTT87 9T§1 M e§ @ U 49e8T eJ8 T8R§Te87 U¯we6J 
4|7 eJ8 u|4z R84y §T eT§H:J 4z¯4�U §66HTT87 58e¯88| A 4|7 b U 49e8T 
eJ8 U¯we6JK qJ8U8 R84yYe§YeT§H:J 7w998T8|68U ¯8T8 Jw:Jz� T8zw45z8I 
�w8z7w|: Ue4ewUew64zz� Uw:|wu64|e zw|84T §T SH47T4ew6 eT8|7U w| 9�of 
T8UR§|U8U ¯weJw| eJwU ew18 ¯w|7§¯ EM e§ b UF 9§T 4zz UH5=86eUI U¯we6J 
e�R8U 4|7 6§|7wew§|U E( � ̀ K?I w . MKMaFK 
q§ 4UU8UU ¯J8eJ8T Tw®4zT� ¯4U 9Hzz� T8U§z®87 w| eJ8 1§|§6Hz4T s? 

5zw|7YUR§e T8RT8U8|e4ew§|I ¯8 6§1R4T87 eJ8 41RzweH78 §9 9�of 
T8UR§|U8U Eu|4z 1w|HU w|wew4z R84yYe§YeT§H:J 7w998T8|68F 9§T Tw®4zT� 
®8TUHU Uew1HzHU 4ze8T|4ew§|K (w:HT8 ` UJ§¯U eJ8 |§T14zw³87 9�of 
T8UR§|U8 41RzweH78 §9 846J UH5=86eI U¯we6J e�R8 4|7 6§|7wew§|K 
pe4ewUew64z 4|4z�U8U T8®84z87 eJ4e 9�of T8UR§|U8U 7w7 |§e 7w998T 9§T 

S3 S4 

Rivalry 

b 

Stimulus 
alternation 

M
R

 s
ig

na
l c

ha
ng

e 
(%

) 
M

R
 s

ig
na

l c
ha

ng
e 

(%
)

1 

0 

–1 

–2 

1

0 

–1 

–2 

–3 0 3 6 9 –3 0 3 6 9
–2 

–1 

0 

1 

–2 

–1 

0 

1 

–3 0 3 6 9 

–1 

0 

1 

–1 

0 

1 

–3 0 3 6 9 

–2 

0 

2 

–2 

0 

2 

–3 0 3 6 9 –3 0 3 6 9 –3 0 3 6 9 –3 0 3 6 9 

Time (s) Time (s) Time (s) Time (s) 

m�zMgd F 4jyz %'L�D�L= 2W6�F+ 6�D%®6= %F2 �L�¯W®W� %®L)6F%L�3F� rD)6%+) 4jyz %'L�D�L= �F L,) �,%6H®= �33F %4L)6 L,) �H��®%L)6%® +6%L�F+ 0)'3¯)� 23¯�F%FL �F %O%6)F)�� %F2 2)'6)%�)� 
8b 0®�F2T�H3L 6)H6)�)FL%L�3F 2W6�F+ H)6')HLW%® �O�L',)� L3 L,) �H��®%L)6%® +6%L�F+ c+6))F O,)F L,) 0®�F2T�H3L +6%L�F+ 0)'3¯)� 23¯�F%FLS '3F���L)FL O�L, L,) H6)2�'L�3F� 34 
�3®�2 ®�F)d 36 0®�F2T�H3L +6%L�F+ c6)2 23LL)2 ®�F)d 436 6�D%®6= cjd D)6�W� �L�¯W®W� %®L)6F%L�3F �FL)63'W®%6 '3¯H)L�L�3F� aS 8)6= ��¯�®%6 4jyz 6)�H3F�)� 3''W6 2W6�F+ �L�¯W®W� %®L)6F%L�3F� 
cad� u%L% 34 %®® 43W6 �W0B)'L� %6) H®3LL)2 3F �F2�D�2W%®®= �'%®)2 =T%±)�� 8)6L�'%® ®�F)� %L L�¯) 0)LO))F L,) LO3 ̄ 3F3'W®%6 +6%L�F+�� c4jyz 6)�H3F�)� L=H�'%®®= H)%M m(g � %4L)6 �L�¯W®W� 
R)63 �F2�'%L) L,) L�¯) 34 L,) �W0B)'Ll� 6)�H3F�)� jS uW6�F+ 6�D%®6=S 4jyz %'L�D�L= �F'6)%�)� 3F�)L 0)'%W�) 34 ,%)¯32=F%¯�' ®%+�d 

0mqro' O sl. `?? O ?M �mv @MM? O ¯¯ K̄|4eHT8K6§1 © 2001 Macmillan Magazines Ltd as5 



9l��lo� �1 u8�tol


Tw®4zT� ®8TUHU Uew1HzHU 4ze8T|4ew§| E( . ?FK 2§Uwew®8 T8UR§|U8U 9§T 
eJ8 wRUwz4e8T4z :T4ew|: ¯8T8 z4T:8T eJ4| |8:4ew®8 T8UR§|U8U 9§T eJ8 
5zw|7YUR§e :T4ew|: E( i ?M@I w . MKMMaF 5He Tw®4zT� 4|7 Uew1HzHU 
4ze8T|4ew§| T814w|87 8SHw®4z8|e 46T§UU 5§eJ e�R8U §9 |8HT4z 
T8UR§|U8K 
qJ8 8SHw®4z8|68 58e¯88| 9�of T8UR§|U8U 9§T Tw®4zT� 4|7 Uew1HzHU 

4ze8T|4ew§| w|7w64e8U eJ4e we wU zwy8z� eJ4e Tw®4zT� J4U 588| 8|ewT8z� 
T8U§z®87 41§|: 1§|§6Hz4T |8HT§|U w| eJ8 s? 5zw|7YUR§e T8RT8U8|Y 
e4ew§|I UH6J eJ4e |8HT4z 46ew®we� 8|ewT8z� T8;86eU eJ8 UH5=86eDU 
R8T68ReH4z Ue4e8K qJHUI 9H|6ew§|4zz� 8SHw®4z8|e |8HT4z T8UR§|U8U 
4T8 §5U8T®87 ¯J8| eJ8 UH5=86eDU 6§|U6w§HU Ue4e8 4ze8T|4e8U 58e¯88| 
eJ8 wRUwz4e8T4z :T4ew|: 4|7 5zw|7YUR§e :T4ew|: 7HTw|: 6§|Ue4|e 
Tw®4zT§HU Uew1Hz4ew§| 4|7 ¯J8| eJ8 RJ�Uw64z Uew1HzHU weU8z9 4ze8TY 
|4e8U 58e¯88| 846J :T4ew|: UJ§¯| 4z§|8K 
lHT T8UHzeU UJ§¯ eJ4e 5w|§6Hz4T Tw®4zT� wU T8U§z®87 w| 1§|§6Hz4T 

®wUH4z 6§Te8± 4|7 RT§®w78 RJ�Uw§z§:w64z 8®w78|68 e§ UHRR§Te w|e8TY 
§6Hz4T 6§1R8ewew§|K qJ8U8 eJ8§Tw8U RT87w6e eJ4e z89eY8�8 ®8TUHU Tw:JeY 
8�8 w|RHeU 4T8 4ze8T|4e8z� UHRRT8UU87 7HTw|: Tw®4zT� 5864HU8 §9 z4e8T4z 
w|Jw5wew§| 41§|: 1§|§6Hz4T s? |8HT§|UA §T 9887546y w|Jw5wew§| 
9T§1 s? e§ 1§|§6Hz4T z4�8TU §9 eJ8 z4e8T4z :8|w6Hz4e8 |H6z8HU?@K f|  
6§|eT4UeI eJ8§Tw8U §9 R4ee8T| 6§1R8ewew§| RT§R§U8 eJ4e Tw®4zT� §66HTU 
41§|: 5w|§6Hz4T R4ee8T| |8HT§|U 4e 1H6J Jw:J8T z8®8zU §9 eJ8 ®wUH4z 

` R4eJ¯4� 4|7 |§e 41§|: 1§|§6Hz4T |8HT§|U K lHT u|7w|:U eJ8T8Y 
9§T8 J8zR e§ T8U§z®8 eJ8 |8HT4z 54UwU §9 5w|§6Hz4T Tw®4zT�K 
2T8®w§HU UeH7w8U J4®8 9§H|7 8®w78|68 §9 Tw®4zT�YT8z4e87 |8HT4z 

46ew®we� 5He |§|8 J4U 8Ue45zwUJ87 eJ8 w|®§z®818|e §9 1§|§6Hz4T 
|8HT§|U`-bIdI?A-?dK f| 4 Uw|:z8YH|we UeH7� w| 1§|y8�UI §|z� A §He §9 AA 
s? |8HT§|U UJ§¯87 Uw:|wu64|e T8UR§|U8U 6§TT8UR§|7w|: e§ 6§|Y 
U6w§HU R8T68Rew§|I UH::8Uew|: eJ4e Tw®4zT� e4y8U Rz468 4e Jw:J8T z8®8zU 

` §9 eJ8 ®wUH4z R4eJ¯4� K Ð§¯8®8TI T84|4z�UwU T8®84z87 eJ4e 46T§UU eJwU 
s? R§RHz4ew§|I T8UR§|U8U 7HTw|: Tw®4zT� 8SH4zz87 §|8YeJwT7 §9 eJ8 
14:|weH78 §9 Uew1HzHU 4ze8T|4ew§| T8UR§|U8U?AK qJ8U8 T8UHzeU 4T8 
1§T8 6§|UwUe8|e ¯weJ 4| 9�of UeH7� UJ§¯w|: T8zw45z8 Tw®4zT� 
T8UR§|U8U w| JH14| s? eJ4e ¯8T8 45§He J4z9 eJ8 14:|weH78 §9 
Uew1HzHU 4ze8T|4ew§| T8UR§|U8U?AK Er|9§TeH|4e8z�I eJwU UeH7� 6§Hz7 
|§e wU§z4e8 1§|§6Hz4T T8UR§|U8UKF qJ8 4HeJ§TU UH::8Ue87 14|� 
946e§TU eJ4e 1w:Je 466§H|e 9§T eJ8 UeT§|:8T Tw®4zT� 89986eU w| JH14| 
s?I w|6zH7w|: w|e8TUR86w8U 7w998T8|68UI eJ8 w|7wT86e |4eHT8 §9 9�of w| 
8Uew14ew|: |8HT4z 46ew®we�I 4|7 eJ8 89986eU §9 8�8 1§®818|eU §| 
Uw|:z8YH|we T86§T7w|:UK 
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