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%DFNJURXQG��1HXURSV\FKRORJLFDO� DQG� QHXURLPDJLQJ� VWXGLHV� VXJJHVW� WKDW�ZKHUHDV�

WKH� OHIW� WHPSRUDO� QHRFRUWH[� SOD\V� D� FUXFLDO� UROH� LQ� DOO� WDVNV� LQYROYLQJ� OH[LFDO

VHPDQWLF� SURFHVVLQJ�� VRPH� UHJLRQV� RI� WKH� OHIW� SUHIURQWDO� FRQYH[LW\� DUH� VHOHFWLYHO\�

UHFUXLWHG�GXULQJ�YHUE�SURFHVVLQJ��

2EMHFWLYH��7R� GHWHUPLQH� LI� WKHUH� DUH� GLIIHUHQW� QHXUDO� FRUUHODWHV� IRU� QRXQ�DQG� YHUE�

SURFHVVLQJ�LQ�WKH�KXPDQ�EUDLQ��



���������	��

��5HSHWLWLYH� WUDQVFUDQLDO�PDJQHWLF� VWLPXODWLRQ� �U706��� ���+]�DW� ����RI� WKH�

PRWRU� WKUHVKROG�� ZDV� DSSOLHG� WR� OHIW� RU� ULJKW� SUHIURQWDO� EUDLQ� GXULQJ� REMHFW�� DQG�

DFWLRQ�QDPLQJ�WDVNV�LQ�QLQH�KHDOWK\�VXEMHFWV��

����
�
	� � 

�� $� VKRUWHQLQJ� RI� QDPLQJ� ODWHQF\� IRU� DFWLRQV� ZDV� REVHUYHG� RQO\� DIWHU�

VWLPXODWLRQ�RI�OHIW�SUHIURQWDO�FRUWH[��

&RQFOXVLRQ��7KH�LQYROYHPHQW�RI�WKH�OHIW�GRUVRODWHUDO�IURQWDO�FRUWH[�LQ�DFWLRQ�QDPLQJ�

ZDV�GHPRQVWUDWHG�XVLQJ�U706��
 

 
 

6HYHUDO� UHSRUWV� � � KDYH� HVWDEOLVKHG� WKH� H[LVWHQFH� RI� SDWLHQWV� ZLWK� VHOHFWLYH�� RU�

UHODWLYHO\� VHOHFWLYH�� GLVRUGHUV� LQ� QDPLQJ� DQG� FRPSUHKHQVLRQ� RI� QRXQV� DQG� YHUEV��

0RVW� RI� WKH� SDWLHQWV� ZLWK� VHOHFWLYH� GLVRUGHUV� RI� QRXQ� SURFHVVLQJ� KDG� SRVWHULRU�

OHVLRQV�� LQ�SDUWLFXODU� LQYROYLQJ� WKH� OHIW� WHPSRUDO� OREH��YHUE� LPSDLUPHQW�� FRQYHUVHO\��

ZDV�DVVRFLDWHG�ZLWK�GDPDJH�H[WHQGLQJ�RU� OLPLWHG� WR� WKH� OHIW�SUHIURQWDO� FRUWH[�� � �$�

UHFHQW� ODUJH�VFDOH� OHVLRQ� VWXG\� KDV� FRQILUPHG� WKH� DVVRFLDWLRQ� EHWZHHQ� DFWLRQ�

QDPLQJ� LPSDLUPHQW� DQG� OHVLRQV� LQYROYLQJ� WKH� OHIW� SUHPRWRU�SUHIURQWDO� DUHDV�� ,Q�

DGGLWLRQ�� WKH� DXWKRUV� REVHUYHG� GLVSURSRUWLRQDWH� DFWLRQ�QDPLQJ� GHIHFWV� LQ�

DVVRFLDWLRQ�ZLWK�GDPDJH�WR�WKH�OHIW�PHVLDO�RFFLSLWDO�FRUWH[�DQG�WR�WKH�SDUDYHQWULFXODU�

ZKLWH� PDWWHU� XQGHUQHDWK� WKH� VXSUDPDUJLQDO� DQG� SRVWHULRU� WHPSRUDO� UHJLRQV�� � �

1RXQ YHUE� GLVVRFLDWLRQV� KDYH� EHHQ� REVHUYHG� DOVR� LQ� SDWLHQWV�ZLWK� GHJHQHUDWLYH�

FRQGLWLRQV�� ��� � �,Q�D�SUHYLRXV�VWXG\��ZH�UHSRUWHG�WKDW�ZKHUHDV�SDWLHQWV�ZLWK�SUREDEOH�

$'�ZHUH�PRUH� LPSDLUHG� LQ� DFWLRQ� QDPLQJ� WKDQ� LQ� REMHFW� QDPLQJ�� WKH�GLVFUHSDQF\�

ZDV�PXFK� ODUJHU� LQ�SDWLHQWV�ZLWK�D�FOLQLFDO�GLDJQRVLV�RI�IURQWRWHPSRUDO�GHPHQWLD�� � �

7DNHQ� WRJHWKHU�� WKHVH� QHXURSV\FKRORJLFDO� ILQGLQJV� LQGLFDWH� D� OLQN� EHWZHHQ� OHIW�

IURQWDO�FRUWH[�DQG�DFWLRQ�QDPLQJ��)XQFWLRQDO�QHXURLPDJLQJ�KDV�DOVR�EHHQ�XVHG� WR�

LQYHVWLJDWH�WKH�QHXUDO�FRUUHODWHV�RI�QRXQ�DQG�YHUE�SURFHVVLQJ� LQ� WKH�QRUPDO�EUDLQ��

0DQ\�LPDJLQJ�VWXGLHV�RI�WKH� YHUE�JHQHUDWLRQ �WDVN��LQ�ZKLFK�VXEMHFWV�SURGXFH�D�

YHUE� LQ� UHVSRQVH� WR� D� WDUJHW� QRXQ�� KDYH� VKRZQ� H[WHQVLYH� DFWLYDWLRQV� RI� WKH� OHIW�

SUHIURQWDO� FRUWH[�� ��� � � ,Q� D� YHUVLRQ� RI� WKH� YHUE� JHQHUDWH � WDVN�� D� VHOHFWLYH�

DFWLYDWLRQ� RI� WKH� OHIW� IURQWRSDULHWDO� FRUWH[�� WKH� PLGGOH� WHPSRUDO� J\UXV�� DQG� WKH�

FHUHEHOOXP�KDV�EHHQ� UHSRUWHG�GXULQJ�DFWLRQ�QDPLQJ�� � �)LQDOO\��D�3(7�VWXG\�XVLQJ�

OH[LFDO� GHFLVLRQ� KDV� VKRZQ� WKH� SUHVHQFH� RI� YHUE�VSHFLILF � DUHDV� LQ� WKH� OHIW�

KHPLVSKHUH��%URFD V��OHIW�PLGGOH�WHPSRUDO�J\UXV��� ��� �(YRNHG�SRWHQWLDO�VWXGLHV� ����� �!� �

KDYH�JLYHQ�VLPLODU�UHVXOWV��



7UDQVFUDQLDO� PDJQHWLF� VWLPXODWLRQ� �706�� LV� DQ� H[FHOOHQW� WRRO� IRU� WKH� GLUHFW�

LQYHVWLJDWLRQ�RI� WKH� IXQFWLRQDO� SDUWLFLSDWLRQ� RI� D� EUDLQ� DUHD� LQ� D� FRJQLWLYH� SURFHVV��

����� ��� �DV�LW�GRHV�QRW�GHSHQG�RQ�WKH�PHDVXUHPHQW�RI�WKH�PHWDEROLF�RU�KHPRG\QDPLF�

UHVSRQVH� WR� FRJQLWLYH� FKDOOHQJH�� EXW� LW� FDQ�GLUHFWO\� LQWHUDFW�ZLWK� WKH� IXQFWLRQLQJ�RI�

WKH� QHXUDO� FLUFXLWU\� UHVSRQVLEOH� IRU� D� WDVN�� 5HSHWLWLYH� 706� �U706�� FDQ� PRGXODWH�

FRUWLFDO� H[FLWDELOLW\�� LPSURYLQJ� RU� LPSDLULQJ� FRJQLWLYH� SHUIRUPDQFH� LQ� QRUPDO�

VXEMHFWV��7KH�DLP�RI�WKLV�U706�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�WKH�OHIW�GRUVRODWHUDO�

SUHIURQWDO� FRUWH[� �'/3)&��KDV�D� VSHFLILF� UROH� RI� LQ� DFWLRQ� QDPLQJ��7R� GR� WKLV��ZH�

SHUIRUPHG�D�QDPLQJ�H[SHULPHQW�LQ�ZKLFK�KLJK�IUHTXHQF\�U706�ZDV�DSSOLHG�WR�HLWKHU�

WKH�ULJKW�RU�WKH�OHIW�'/3)&�DQG�FRPSDUHG�ZLWK�D�VKDP�VWLPXODWLRQ�FRQGLWLRQ��

6XEMHFWV�DQG�PHWKRGV� �
Subjects.  
1LQH�KHDOWK\� YROXQWHHUV� �WKUHH�PHQ� DQG� VL[�ZRPHQ��� DJHG���� WR� ��� \HDUV� �PHDQ�

DJH����\HDUV���JDYH�WKHLU�ZULWWHQ�LQIRUPHG�FRQVHQW�SULRU�WR�WKH�H[SHULPHQW��7KH�ORFDO�

+XPDQ� (WKLFV� &RPPLWWHH� DSSURYHG� WKH� SURWRFRO�� 7KH� VXEMHFWV� KDG� QR� KLVWRU\� RI�

LPSODQWHG� PHWDO� REMHFWV�� VHL]XUHV�� RU� RWKHU� QHXURORJLF� GLVHDVHV�� $OO� ZHUH� ULJKW�

KDQGHG� �PHDQ� VFRUH� RQ� WKH� (GLQEXUJK� +DQGHGQHVV� ,QYHQWRU\�  � ������ DQG� KDG�

QRUPDO�RU�FRUUHFWHG�WR�QRUPDO�YLVLRQ��$OO�ZHUH�QDWLYH�,WDOLDQ�VSHDNHUV��

Experimental conditions.  
7KH� H[SHULPHQW� LQFOXGHG� WKUHH� EORFNV�� FRXQWHUEDODQFHG� EHWZHHQ� VXEMHFWV� DV� WR�

RUGHU�RI�SUHVHQWDWLRQ��VWLPXODWLRQ�ZLWK�U706�WR�WKH�ULJKW�DQG�OHIW�'/3)&�DQG�VKDP�

VWLPXODWLRQ���)RU�HDFK�EORFN�����SLFWXUHV� ���� UHSUHVHQWLQJ�REMHFWV�DQG����DFWLRQV��

ZHUH�SUHVHQWHG�LQ�D�SVHXGR�UDQGRP�RUGHU�RQ�WKH�PRQLWRU�IRU�����PV�DW�WZR�LQWHUWULDO�

LQWHUYDOV��������DQG�������PV���$�IL[DWLRQ�SRLQW�SUHFHGHG�LPDJHV�IRU�������PV��DQG�

VXEMHFWV�ZHUH�LQVWUXFWHG�WR�QDPH�WKH�SLFWXUH�DV�TXLFNO\�DV�SRVVLEOH�� "$# % 
�& � � ���$�WRWDO�

RI� ��� SLFWXUHV� ZHUH� XVHG�� 7KH� REMHFWV� EHORQJHG� WR� GLIIHUHQW� VHPDQWLF� FDWHJRULHV�

�ERWK� QDWXUDO� DQG� DUWLIDFWV��� WKH� DFWLRQV� LQYROYHG� ODUJHO\�� EXW� QRW� H[FOXVLYHO\�� WRRO�

XWLOL]DWLRQ��1RXQV�DQG�YHUEV�ZHUH�PDWFKHG� IRU� OH[LFDO� IUHTXHQF\�RQ� WKH�EDVLV�RI� D�

OH[LFRQ�RI�ZULWWHQ�,WDOLDQ� �!� ��PHDQ�IUHTXHQF\��REMHFWV�������DFWLRQV��������GLIIHUHQFH�

16��� ,W� PXVW� EH� XQGHUVFRUHG� WKDW� WKH� UHVSRQVHV� FRXOG� DOZD\V� EH� XQDPELJXRXVO\�

DVVLJQHG�WR�WKH�QRXQ YHUE�FDWHJRU\��9HUEV�LQ�,WDOLDQ�DUH�FKDUDFWHUL]HG�E\�WKH�ILQDO�

VXIIL[�� IRU� H[DPSOH�� WHOHSKRQH� DV� DQ� REMHFW� QDPH� �WHOHIRQR�� LV� GLIIHUHQW� IURP� WKH�

FRUUHVSRQGLQJ� DFWLRQ� QDPH� �WHOHIRQDUH��� 7KH� YLVXDO� VWLPXOL�ZHUH� WKH� VDPH��ZKLFK�

ZH� KDYH� HPSOR\HG� LQ� SDWLHQW� VWXGLHV� VKRZLQJ� QRXQ YHUE� GLIIHUHQFHV�� �'� ��� � DQG�



ZHUH�SUHVHQWHG�XVLQJ�6XSHUODE�VRIWZDUH��&HGUXV�&RUS���&$��UXQQLQJ�RQ�D�SHUVRQDO�

FRPSXWHU� ZLWK� D� ���LQFK�PRQLWRU�� 6XEMHFWV� ZHUH� VLWWLQJ� FRPIRUWDEO\� LQ� D� UHFOLQLQJ�

FKDLU� DW� WKH� GLVWDQFH� RI� ��� FP� IURP� WKH� VFUHHQ�� 7KH� UHFRUGLQJ� VHVVLRQ� ODVWHG�

DSSUR[LPDWHO\����PLQXWHV���

 

 
Figure 1. Time course of the experimental condition with respect to visual stimulation and repetitive transcranial magnetic 
stimulation (rTMS). A fixation point preceded images for 1,000 ms, and subjects were instructed to name the picture as 
quickly as possible. The picture was present on the monitor for 500 ms. Trains of rTMS (500 ms, 20 Hz, 10% 
subthreshold) were delivered simultaneously with the picture presentation. A representative sample of verbal reaction time 
for an action is reported. Verbal responses were recorded with a microphone and transformed into speech wave envelopes 
that allowed the exact determination of naming latency.  

 

Recording and stimulating procedures.  
$�PLFURSKRQH� UHFRUGHG� YHUEDO� UHVSRQVHV��:H� GLJLWL]HG� DFRXVWLF� LQIRUPDWLRQ� ZLWK�

WKH� SURJUDP�*ROG:DYH� Y������ �6KDUHZDUH�� DW� D� ���ELW� UHVROXWLRQ� DQG� D� VDPSOLQJ�

UDWH� RI� ��� N+]��:H�PHDVXUHG� WKH� ODWHQF\� RI� WKH� YHUEDO� UHVSRQVHV�RQ� WKH� VFUHHQ�

XVLQJ� WKH�VSHHFK�ZDYH�HQYHORSHV�DQG�FKHFNHG� WKH�VHPDQWLF�FRUUHFWQHVV�RI�HDFK�

YHUEDO� UHVSRQVH� RII�OLQH�� 6HPDQWLFDOO\� LQFRUUHFW� UHVSRQVHV� DV� ZHOO� DV� UHVSRQVHV�

SURFHHGHG� E\� YHUEDO� VHDUFKLQJ� � WLS�RI�WKH�WRQJXH � SKHQRPHQRQ��ZHUH�PDUNHG�

DQG� H[FOXGHG� IURP� IXUWKHU� VWDWLVWLFDO� DQDO\VLV�� 9HUEDO� VHDUFKLQJ� FDQ� EH� VHHQ� LQ�

SDXVHV� ILOOHG�E\� LQWHUMHFWLRQV�VXFK�DV� HKP �RU� E\� VHOI�FRPPHQWLQJ�SKUDVHV� DV�

ZHOO� DV�E\�SURORQJHG�HPSW\�SDXVHV��6XFK� WLS�RI�WKH�WRQJXH�SKHQRPHQD�FDQ�KDYH�

DQ� LPSDFW� RQ� SLFWXUH�QDPLQJ� ODWHQFLHV� DQG� PD\� REVFXUH� VSHFLILF� IDFLOLWDWRU\� RU�

LQKLELWRU\�HIIHFWV�RI�706��7KUHH�GLIIHUHQW�FDWHJRULHV�RI�H[FOXVLRQV�ZHUH�GHILQHG�����

VHPDQWLFDOO\� LQFRUUHFW� UHVSRQVHV�� ��� UHVSRQVHV� ZLWK�PXOWLSOH� RQVHW� GXH� WR� YHUEDO�

VHDUFKLQJ��DQG����QR�UHVSRQVHV��5706�ZDV�DSSOLHG�XVLQJ�D�0DJVWLP�6XSHU�5DSLG�

ZLWK� D� ILJXUH�RI�HLJKW� �GRXEOH� ���PP�� FRLO� ZLWK� VWLPXODWLRQ� SURFHGXUH� LGHQWLFDO� WR�



SUHYLRXV�VWXGLHV� IURP� WKLV� ODERUDWRU\�� �(� �7KH�VXEMHFWV�ZRUH�D�/\FUD�FDS�RQ�ZKLFK�

WKH� SRVLWLRQV� RI� DOO� WKH� HOHFWURGHV� IURP� WKH� ,QWHUQDWLRQDO� ������((*� V\VWHP�ZHUH�

UHSURGXFHG�� %HIRUH� U706�ZDV� DSSOLHG�� LQGLYLGXDO� UHVWLQJ� H[FLWDELOLW\� WKUHVKROGV� RI�

VWLPXODWLRQ� ZHUH� GHWHUPLQHG� IRU� ERWK� KHPLVSKHUHV�� E\� PHDVXULQJ� WKH� LQWHQVLW\� RI�

706�DEOH�WR�HOLFLW�UHSURGXFLEOH�PRWRU�WZLWFKHV�HYRNHG�E\�VLQJOH�706�VWLPXOL�LQ�WKH�

FRQWUDODWHUDO� ILUVW�GRUVDOLV� LQWHURVVHRXV�PXVFOH��ZLWK�D� UDWH�RI�RFFXUUHQFH�RI�DERXW�

���� LQ� D� FDVFDGH� RI� ��� VWLPXOL�� �!� � 7KH� VWLPXODWLQJ� ILJXUH�RI�HLJKW� FRLO� UHVWHG�

WDQJHQWLDO� WR� WKH�VFDOS�VXUIDFH�RYHU� WKH�SULPDU\�PRWRU�FRUWH[� �L�H���SRVLWLRQV�&��RU�

&��RI�WKH�������((*�,QWHUQDWLRQDO�6\VWHP���ZLWK�WKH�KDQGOH�GLUHFWHG�SRVWHULRUO\�DQG�

DQJOHG�DW�DERXW���¡�WR�WKH�PLGOLQH��2QFH�LQGLYLGXDO�WKUHVKROG�KDG�EHHQ�GHWHUPLQHG��

WKH� LQWHQVLW\�RI�VWLPXODWLRQ�ZDV�UHGXFHG�E\������7KHQ�� OHIW�DQG�ULJKW�'/3)&�ZHUH�

VWLPXODWHG�E\�SODFLQJ�WKH�DQWHULRU�HQG�RI�WKH�MXQFWLRQ�RI�WKH�WZR�FRLO�ZLQJV�EHWZHHQ�

) ) ) * � �OHIW�� DQG� ) + ) , � �ULJKW��� 7KH� FRLO� SRVLWLRQ� RQ� WKH� VFDOS� ZDV� DOVR� GHWHUPLQHG� LQ�

UHODWLRQ� WR� WKH� RSWLPDO� ORFDWLRQ� IRU� ILUVW� GRUVDOLV� LQWHURVVHRXV� PXVFOH� UHVSRQVHV�

�DSSUR[LPDWHO\���FP�DQWHULRU��KHDG�VL]H�DQG�VKDSH�ZHUH�WDNHQ�LQWR�DFFRXQW���7KHVH�

SRLQWV�ZHUH�HVWLPDWHG�WR�EH�RYHUO\LQJ�WKH�'/3)&�LQ�WKH�WZR�KHPLVSKHUHV��XVLQJ�D�

VWDQGDUG�EUDLQ�DWODV�� �!� �7UDLQV�RI�U706������PV�����+]��ZHUH�GHOLYHUHG�DFFRUGLQJ�WR�

WKH�H[SHULPHQWDO�GHVLJQ�VLPXOWDQHRXVO\�WR�SLFWXUH�SUHVHQWDWLRQ��7KH�VDPH�LQWHQVLW\�

DQG� WLPLQJ� RI� U706� ZHUH� XVHG� IRU� VKDP� VWLPXODWLRQ�� ,Q� WKLV� FDVH�� WKH� FRLO� ZDV�

FHQWHUHG� RQ� & - � EXW� ZDV� SHUSHQGLFXODU� WR� WKH� VFDOS� VXUIDFH�� %\� DGRSWLQJ� WKLV�

SURFHGXUH�� QR�PDJQHWLF� VWLPXODWLRQ� UHDFKHG� WKH� EUDLQ� GXULQJ� WKH� VKDP� FRQGLWLRQ��

ZKLOH�VXEMHFWLYH� IHHOLQJ�RI�FRLO VFDOS�FRQWDFW�DQG�GLVFKDUJH�QRLVH�ZHUH�VLPLODU� WR�

WKH�UHDO�VLPXODWLRQ��

5HVXOWV� �

&RUUHFW� YHUEDO� UHDFWLRQ� WLPH� �957�� RQO\� FRQWULEXWHG� WR� WKH� DQDO\VLV�� 957� WKDW� IHOO�

EHORZ�RU�DERYH���6'� IURP�HDFK� LQGLYLGXDO V�DYHUDJH�957�ZHUH�HOLPLQDWHG��7KLV�

SURFHGXUH�HOLPLQDWHG������RI�UHVSRQVHV�IRU�DFWLRQV�DQG������IRU�REMHFWV��2YHUDOO��

VXEMHFWV� VKRZHG� KLJK� OHYHOV� RI� DFFXUDF\� LQ� WDVN� SHUIRUPDQFH�� DQG� WKH� HUURU� UDWH�

ZDV��������REMHFW�QDPLQJ�������� OHIW��������VKDP������ ULJKW������DFWLRQ�QDPLQJ�

������� OHIW��������VKDP�������� ULJKW���������1R�FRQVLVWHQW�GLIIHUHQFHV�ZHUH�IRXQG�

EHWZHHQ� HUURU� UDWHV� DQG� VLWH� RI� VWLPXODWLRQ� �OHIW� '/3)&�� VKDP�� ULJKW� '/3)&���

'LIIHUHQFHV� RQ� 957� ZHUH� DVVHVVHG� E\� UHSHDWHG�PHDVXUHV� DQDO\VLV� RI� YDULDQFH��

XVLQJ� WKH�*UHHQKRXVH *HLVVHU� HSVLORQ� FRUUHFWLRQ�ZKHUH� DSSURSULDWH��7KH� WHVWHG�

IDFWRUV�ZHUH�FDWHJRU\� �DFWLRQV�YHUVXV�REMHFWV��DQG�VLWH� RI�VWLPXODWLRQ� �OHIW�'/3)&�



YHUVXV� VKDP� YHUVXV� ULJKW� '/3)&��� 7KH� PDLQ� HIIHFW� RI� FDWHJRU\� ZDV� VLJQLILFDQW�

�)>����������@� ��������S����������LQGLFDWLQJ�WKDW�RYHUDOO�QDPLQJ�ODWHQF\�ZDV�VKRUWHU�

IRU�REMHFWV� WKDQ�IRU�DFWLRQV��7KH�PDLQ�HIIHFW�RI�VLWH�RI�VWLPXODWLRQ��)>�����������@� �

������ S� �� ������ ZDV� DOVR� VLJQLILFDQW�� ZLWK� OHIW� VLWH� HOLFLWLQJ� WKH� IDVWHVW� 957�� ,Q�

DGGLWLRQ��WKH� LQWHUDFWLRQ�EHWZHHQ�FDWHJRU\�DQG�VLWH�RI�VWLPXODWLRQ��)>�����������@� �

�������S���������ZDV�VLJQLILFDQW��

'LUHFWHG� SRVW� KRF� FRPSDULVRQV� �W�WHVWV�� VKRZHG� WKDW� RQO\� LQ� DFWLRQ� QDPLQJ� ZHUH�

957�DIWHU�OHIW�VWLPXODWLRQ������PV��IDVWHU�WKDQ�957�WR�ERWK�VKDP������PV��DQG�ULJKW�

�����PV��VWLPXODWLRQ��S���������� ,QVSHFWLRQ�RI� LQGLYLGXDO�957�VKRZHG� WKDW�DOO� QLQH�

VXEMHFWV� KDG� D� VLJQLILFDQW� WDVN� IDFLOLWDWLRQ� HIIHFW� �QDPHO\�� IDVWHU� 957�� ZKHQ�

VWLPXODWLRQ�ZDV� JLYHQ� RYHU� OHIW�'/3)&� FRPSDUHG�ZLWK� VKDP�RU� ULJKW�'/3)&��:H�

IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� ODWHQF\� ZKHQ� VWLPXODWLRQ� ZDV� JLYHQ� RYHU� ULJKW�

'/3)&�FRPSDUHG�ZLWK� VKDP��3RVW� KRF�FRPSDULVRQV� IRU� REMHFW�QDPLQJ�FRQGLWLRQV�

UHYHDOHG�QR�GLIIHUHQFHV�EHWZHHQ�VWLPXODWLRQ�VLWHV��S�!��������OHIW�����PV��VKDP�����

PV��ULJKW�����PV���VHH� "�# % 
	&�� � ����
 

 
Figure 2. Hemispheric interaction of repetitive transcranial magnetic stimulation effects on action (filled columns) and 
object (open columns) naming. Verbal reaction times (VRT) for actions were consistently faster after left dorsolateral 
prefrontal cortex stimulation compared with the other two conditions. No significant differences were present for object 
naming. Errors bars indicate SEM.  
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