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$EVWUDFW�33 

/HDUQLQJ� WKH� VWUXFWXUH� RI� WKH� HQYLURQPHQW� LV� FULWLFDO� IRU� LQWHUSUHWLQJ� WKH� FXUUHQW� VFHQH� DQG�34 

SUHGLFWLQJ� XSFRPLQJ� HYHQWV�� +RZHYHU�� WKH� EUDLQ� PHFKDQLVPV� WKDW� VXSSRUW� RXU� DELOLW\� WR�35 

WUDQVODWH� NQRZOHGJH� DERXW� VFHQH� VWDWLVWLFV� WR� VHQVRU\� SUHGLFWLRQV� UHPDLQ� ODUJHO\� XQNQRZQ��36 

+HUH�� ZH� SURYLGH� HYLGHQFH� WKDW� OHDUQLQJ� RI� WHPSRUDO� UHJXODULWLHV� VKDSHV� UHSUHVHQWDWLRQV� LQ�37 

HDUO\� YLVXDO� FRUWH[� WKDW� UHODWH� WR� RXU� DELOLW\� WR� SUHGLFW� VHQVRU\� HYHQWV�� :H� WHVWHG� WKH�38 

SDUWLFLSDQWV¶� DELOLW\� WR� SUHGLFW� WKH� RULHQWDWLRQ� RI� D� WHVW� VWLPXOXV� IROORZLQJ� H[SRVXUH� WR�39 

VHTXHQFHV�RI�OHIWZDUGV�RU�ULJKWZDUGV�RULHQWDWHG�JUDWLQJV��8VLQJ�I05,�GHFRGLQJ��ZH�LGHQWLILHG�40 

EUDLQ�SDWWHUQV�UHODWHG�WR�WKH�REVHUYHUV¶�YLVXDO�SUHGLFWLRQV�UDWKHU�WKDQ�VWLPXOXV�GULYHQ�DFWLYLW\��41 

'HFRGLQJ� RI� SUHGLFWHG� RULHQWDWLRQV� IROORZLQJ� VWUXFWXUHG� VHTXHQFHV� ZDV� HQKDQFHG� DIWHU�42 

WUDLQLQJ��ZKLOH� GHFRGLQJ� RI� FXHG� RULHQWDWLRQV� IROORZLQJ� H[SRVXUH� WR� UDQGRP� VHTXHQFHV� GLG�43 

QRW� FKDQJH�� 7KHVH� SUHGLFWLYH� UHSUHVHQWDWLRQV� DSSHDU� WR� EH� GULYHQ� E\� WKH� VDPH� ODUJH�VFDOH�44 

QHXUDO�SRSXODWLRQV� WKDW� HQFRGH� DFWXDO� VWLPXOXV� RULHQWDWLRQ� DQG� WR�EH� VSHFLILF� WR� WKH� OHDUQHG�45 

VHTXHQFH� VWUXFWXUH�� 7KXV�� RXU� ILQGLQJV� SURYLGH� HYLGHQFH� WKDW� OHDUQLQJ� WHPSRUDO� VWUXFWXUHV�46 

VXSSRUWV�RXU�DELOLW\�WR�SUHGLFW�IXWXUH�HYHQWV�E\�UHDFWLYDWLQJ�VHOHFWLYH�VHQVRU\�UHSUHVHQWDWLRQV�47 

DV�HDUO\�DV�LQ�SULPDU\�YLVXDO�FRUWH[���48 

�49 
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,QWURGXFWLRQ�50 

6XFFHVVIXO�HYHU\GD\�LQWHUDFWLRQV�HQWDLO�WKDW�ZH�H[SORLW�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�WKH�51 

HQYLURQPHQW� WR� LQWHUSUHW� WKH� FXUUHQW� VFHQH� DQG�SUHGLFW� XSFRPLQJ� HYHQWV��5HFHQW� WKHRUHWLFDO�52 

ZRUN� �*HLVOHU� ������ 3HWURY� HW� DO�� ������ VXJJHVWV� WKDW� WKH� EUDLQ� DFKLHYHV� WKLV� FKDOOHQJH� E\�53 

OHDUQLQJ� WKURXJK� H[SRVXUH� WR� WKH� HQYLURQPHQW¶V� VWDWLVWLFV�� 7KHUH� LV� DFFXPXODWLQJ� HYLGHQFH�54 

WKDW�PHUH�H[SRVXUH�WR�VWLPXOL�WKDW�FR�RFFXU�LQ�WKH�HQYLURQPHQW�IDFLOLWDWHV�RXU�DELOLW\�WR�H[WUDFW�55 

VSDWLDO�DQG�WHPSRUDO�UHJXODULWLHV��IRU�UHYLHZV��$VOLQ�DQG�1HZSRUW�������3HUUXFKHW�DQG�3DFWRQ�56 

�������+RZHYHU�� WKH�EUDLQ�PHFKDQLVPV� WKDW�PHGLDWH�RXU�DELOLW\� WR�SUHGLFW�XSFRPLQJ�HYHQWV�57 

EDVHG�RQ�SUHYLRXV�NQRZOHGJH�DERXW�WKH�HQYLURQPHQW¶V�VWDWLVWLFV�UHPDLQ�ODUJHO\�XQNQRZQ��58 

3UHYLRXV�QHXURLPDJLQJ�ZRUN�KDV�LPSOLFDWHG�VXEFRUWLFDO�DQG�PHGLDO�WHPSRUDO�OREH�UHJLRQV�LQ�59 

WKH� OHDUQLQJ� RI� WHPSRUDO� VWDWLVWLFV�� ,Q� SDUWLFXODU�� WKH� VWULDWXP� DQG� KLSSRFDPSXV� KDYH� EHHQ�60 

LPSOLFDWHG� LQ� OHDUQLQJ� RI� SUREDELOLVWLF� DVVRFLDWLRQV� �3ROGUDFN� HW� DO�� ������ 6KRKDP\� DQG�61 

:DJQHU�������DQG�WHPSRUDO�VHTXHQFHV��*KH\VHQ�HW�DO��������+VLHK�HW�DO��������5DXFK�HW�DO��62 

������5RVH�HW�DO��������6FKDSLUR�HW�DO��������6FKDSLUR�HW�DO��������6FKHQGDQ�HW�DO������D���63 

:KLOH�WKHVH�EUDLQ�UHJLRQV�DUH�WKRXJKW�WR�EH�LQYROYHG�DW�WKH�LQLWLDO�VWDJHV�RI�WUDLQLQJ��SUHIURQWDO�64 

UHJLRQV�KDYH�EHHQ�VKRZQ�WR�HQJDJH�DW�ODWHU�OHDUQLQJ�VWDJHV��/HDYHU�HW�DO��������3DVXSDWK\�DQG�65 

0LOOHU��������'HVSLWH�DFFXPXODWLQJ�HYLGHQFH�IRU�QHXUDO�FLUFXLWV�LQYROYHG�LQ�OHDUQLQJ�WHPSRUDO�66 

UHJXODULWLHV�� LW� UHPDLQV� XQNQRZQ� ZKHWKHU� WKLV� NQRZOHGJH� RI� WHPSRUDO� VWDWLVWLFV� IDFLOLWDWHV�67 

VHQVRU\�SUHGLFWLRQV��+HUH��ZH�WHVW�ZKHWKHU�OHDUQLQJ�RI�WHPSRUDO�UHJXODULWLHV�VKDSHV�SURFHVVLQJ�68 

LQ�SULPDU\�YLVXDO�FRUWH[�DQG�PHGLDWHV�RXU�DELOLW\� WR�SUHGLFW� WKH� LGHQWLW\�RI�XSFRPLQJ�YLVXDO�69 

VWLPXOL���70 

:H�GHYLVHG�D�QRYHO�SDUDGLJP�WR�PHDVXUH�EHKDYLRUDO�SHUIRUPDQFH�DQG�EUDLQ�DFWLYLW\�UHODWHG�WR�71 

YLVXDO�SUHGLFWLRQV��)LUVW��ZH�WHVWHG�WKH�SDUWLFLSDQWV¶�DELOLW\�WR�SUHGLFW�WKH�LGHQWLW\�RI�D�YLVXDO�72 

VWLPXOXV� �L�H��JUDWLQJ�RULHQWDWLRQ�� IROORZLQJ� OHDUQLQJ�RI� WHPSRUDO� VHTXHQFHV��2XU�EHKDYLRUDO�73 

UHVXOWV� GHPRQVWUDWH� WKDW� REVHUYHUV� OHDUQ� WR� H[SORLW� WHPSRUDO� UHJXODULWLHV� DQG� LPSURYH� WKHLU�74 
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DELOLW\� WR� SUHGLFW� WKH� LGHQWLW\� RI� XSFRPLQJ� VWLPXOL�� 6HFRQG�� XVLQJ� I05,�ZH� WHVWHG�ZKHWKHU�75 

SURFHVVLQJ� LQ� YLVXDO� FRUWH[� LV� DOWHUHG� DIWHU� OHDUQLQJ� RI� WHPSRUDO� VHTXHQFHV� DQG� UHIOHFWV� WKH�76 

REVHUYHUV¶� LPSURYHG� DELOLW\� WR� SUHGLFW� WKH� LGHQWLW\� RI� XSFRPLQJ� VWLPXOL�� 7R� HQVXUH� WKDW�ZH�77 

PHDVXUHG�DFWLYLW\�UHODWHG� WR� WKH�REVHUYHUV¶�SUHGLFWLRQV�UDWKHU� WKDQ� WKH�SUHVHQWHG�VWLPXOL��ZH�78 

LQWURGXFHG�D�ORQJ�EODQN�LQWHUYDO�EHWZHHQ�WKH�SUHVHQWDWLRQ�RI�WHPSRUDO�VHTXHQFHV�DQG�WKH�WHVW�79 

VWLPXOXV��)LJXUH��D���'HVSLWH�WKH�ORZ�%2/'�VLJQDO�GXULQJ�WKLV�SHULRG�RI�QR�VWLPXODWLRQ��ZH�80 

ZHUH� DEOH� WR� GHFRGH� WKH� RULHQWDWLRQ� SUHGLFWHG� E\� WKH� REVHUYHUV� LQ� HDFK� WULDO� DIWHU� WUDLQLQJ�81 

XVLQJ�PXOWL�YR[HO�SDWWHUQ�FODVVLILFDWLRQ�PHWKRGV��)XUWKHU��WR�WHVW�ZKHWKHU�GHFRGLQJ�DFFXUDF\�82 

UHIOHFWHG�NQRZOHGJH�RI� WHPSRUDO�VWUXFWXUH��ZH�WHVWHG�EUDLQ�DFWLYLW\�EHIRUH�DQG�DIWHU� WUDLQLQJ�83 

ZKHQ�REVHUYHUV�ZHUH�SUHVHQWHG�ZLWK�D�UDQGRP�VHTXHQFH�DQG�DVNHG�ZKHWKHU�D�FXHG�RULHQWDWLRQ�84 

DW�WKH�HQG�RI�WKH�VHTXHQFH�PDWFKHG�WKH�WHVW�VWLPXOXV��'HFRGLQJ�RI�FXHG�RULHQWDWLRQV�IROORZLQJ�85 

D�UDQGRP�VHTXHQFH�GLG�QRW�FKDQJH�DIWHU�WUDLQLQJ�DQG�ZDV�ZHDNHU�WKDQ�GHFRGLQJ�RI�SUHGLFWHG�86 

RULHQWDWLRQV� IROORZLQJ� VWUXFWXUHG� VHTXHQFHV�� VXJJHVWLQJ� WKDW� OHDUQLQJ� RI� WHPSRUDO� VWUXFWXUH�87 

VKDSHV�SUHGLFWLYH�UHSUHVHQWDWLRQV�LQ�SULPDU\�YLVXDO�FRUWH[��88 

0DWHULDOV�DQG�0HWKRGV�89 

3DUWLFLSDQWV���90 

6L[WHHQ�KHDOWK\�VWXGHQWV�IURP�WKH�8QLYHUVLW\�RI�%LUPLQJKDP��PHDQ�DJH ��������WRRN�SDUW�LQ�91 

WKH�VWXG\��$OO�SDUWLFLSDQWV�ZHUH�QDwYH�WR�WKH�DLPV�RI�WKH�VWXG\��ZHUH�ULJKW�KDQGHG��KDG�QRUPDO�92 

RU� FRUUHFWHG�WR�QRUPDO� YLVLRQ�� KDG� QR� KLVWRU\� RI� QHXURORJLFDO� GLVRUGHUV� DQG� JDYH� ZULWWHQ�93 

LQIRUPHG� FRQVHQW�� 7KLV� VWXG\� ZDV� DSSURYHG� E\� WKH� 8QLYHUVLW\� RI� %LUPLQJKDP� (WKLFV�94 

&RPPLWWHH���95 

6WLPXOL�96 
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6WLPXOL�FRPSULVHG�JUD\VFDOH�VLQXVRLGDO�JUDWLQJV�WKDW�ZHUH�SUHVHQWHG�DW��R�YLVXDO�DQJOH��VSDWLDO�97 

IUHTXHQF\� WKDW� UDQJHG� IURP� ����� WR� �� F\FOHV� SHU� GHJUHH� DFURVV� WULDOV�� ����� FRQWUDVW� DQG�98 

UDQGRPL]HG� SKDVH�� 7KHVH� JUDWLQJV� ZHUH� URWDWHG� ���� ��R� IURP� YHUWLFDO� RULHQWDWLRQ� ���R���99 

UHVXOWLQJ� LQ� JUDWLQJV� RULHQWHG� DW� HLWKHU� ���R� �OHIW�� RU� ��R� �ULJKW��� 7R� DYRLG� ORFDO� SRVLWLRQ�100 

DGDSWDWLRQ��ZH�UDQGRPL]HG�WKH�SKDVH�DQG�MLWWHUHG�WKH�RULHQWDWLRQ�ZLWKLQ�D�UDQJH�RI��R�DFURVV�101 

WULDOV��:H�XVHG� WKHVH� VWLPXOL� WR� JHQHUDWH� WZR� VHTXHQFHV�� HDFK� FRPSULVLQJ� RI� �� JUDWLQJV�� DV�102 

VKRZQ�EHORZ���� UHIHUV� WR�D� OHIWZDUGV�RULHQWHG�JUDWLQJ�DQG��� UHIHUV� WR�D� ULJKWZDUGV�RULHQWHG�103 

JUDWLQJ���104 

6HTXHQFH�$�������������������105 

6HTXHQFH�%�������������������106 

$V� WKH� WZR� VHTXHQFHV� SUHGLFWHG� GLIIHUHQW� RULHQWDWLRQV� �6HTXHQFH�$� SUHGLFWHG� D� ULJKWZDUGV�107 

RULHQWHG�JUDWLQJ��6HTXHQFH�%�SUHGLFWHG�D�OHIWZDUGV�RULHQWHG�JUDWLQJ���ZH�JHQHUDWHG�WZR�PRUH�108 

VHTXHQFHV�E\�UHSODFLQJ� OHIWZDUGV�ZLWK�ULJKWZDUGV�RULHQWDWLRQV�DQG�YLFH�YHUVD�ZKLOH�NHHSLQJ�109 

WKH�VHTXHQFH�VWUXFWXUH�WKH�VDPH��7KHVH�VHTXHQFHV�ZHUH�DV�IROORZV��110 

6HTXHQFH�$¶� �����������������111 

6HTXHQFH�%¶� �������������������112 

7KLV�PDQLSXODWLRQ�DOORZHG�XV�WR�FRXQWHUEDODQFH�IRU�WKH�SUHGLFWHG�RULHQWDWLRQV�DV�LW�UHVXOWHG�LQ�113 

VHTXHQFHV�WKDW�KDG�WKH�VDPH�VWUXFWXUH�EXW�SUHGLFWHG�GLIIHUHQW�RULHQWDWLRQV��H�J��$�DQG�$¶��DQG�114 

VHTXHQFHV�WKDW�KDG�GLIIHUHQW�VWUXFWXUH�EXW�SUHGLFWHG�WKH�VDPH�RULHQWDWLRQ��H�J��$�DQG�%¶���7KLV�115 

HQVXUHG� WKDW� GHFRGLQJ� RI� WKH� SUHGLFWHG� RULHQWDWLRQ� ZDV� QRW� FRQIRXQGHG� E\� WKH� VSHFLILF�116 

RULHQWDWLRQV� XVHG� DW� HDFK� WHPSRUDO� SRVLWLRQ� EXW� UHODWHG� WR� NQRZOHGJH� RI� WKH� VHTXHQFH�117 

VWUXFWXUH���$QDO\VLV�RI�WKH�EHKDYLRUDO�GDWD�VKRZHG�WKDW�WKH�SDUWLFLSDQWV�ZHUH�HTXDOO\�DFFXUDWH�118 

DFURVV� DOO� VHTXHQFHV�� 7KLV� ZDV� FRQILUPHG� E\� D� �� �sequence type: A vs. B�� [� �� �sequence 119 

version�� $�%� YV�� $¶�%¶�� UHSHDWHG� PHDVXUHV� $129$�� ZKLFK� VKRZHG� WKDW� WKHUH� ZDV� QR�120 
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VLJQLILFDQW�HIIHFW�IRU�sequence type��F����� �������P� ��������sequence version��F����� �������P�121 

 �������QRU�D�VLJQLILFDQW�LQWHUDFWLRQ��F����� �������P� ��������122 

(DFK� VHTXHQFH� FRPSULVHG� IRXU� OHIWZDUGV� DQG� IRXU� ULJKWZDUGV� RULHQWHG� JUDWLQJV�� $V� DOO�123 

JUDWLQJV�ZHUH�SUHVHQWHG�DW�WKH�VDPH�UDWH��SDUWLFLSDQWV�FRXOG�QRW�XVH�VWLPXOXV�GXUDWLRQ�WR�JURXS�124 

HOHPHQWV� WRJHWKHU� RU� VHJPHQW� WKH� VHTXHQFHV�� )XUWKHU�� WR� HQVXUH� WKDW� SDUWLFLSDQWV� GLG� QRW�125 

SHUIRUP�WKH�WDVN�VLPSO\�E\�PHPRUL]LQJ�WKH�ILUVW�VWLPXOXV�LQ�WKH�VHTXHQFH��WKH�RULHQWDWLRQ�RI�126 

WKH�ILUVW�VWLPXOXV�ZDV�UDQGRPL]HG�LQ�HDFK�WULDO�GXULQJ�VFDQQLQJ��WKDW�LV��IRU�HDFK�RI�WKH�IRXU�127 

VHTXHQFHV� KDOI� RI� WKH� WULDOV� VWDUWHG� ZLWK� OHIWZDUGV� DQG� WKH� UHVW� ZLWK� ULJKWZDUGV� RULHQWHG�128 

JUDWLQJV��)XUWKHU��WR�HQVXUH�WKDW�SDUWLFLSDQWV�GLG�QRW�OHDUQ�WKH�WDVN�VLPSO\�E\�PHPRUL]LQJ�WKH�129 

ODVW�RULHQWDWLRQV�LQ�WKH�VHTXHQFH��WKH�ODVW�WKUHH�VWLPXOL�LQ�HDFK�VHTXHQFH�SDLU��$�DQG�%��$¶�DQG�130 

%¶��ZHUH� WKH� VDPH�DFURVV�DOO� VHTXHQFHV��7KHVH�PDQLSXODWLRQV�SUHVHUYHG�HTXDO� IUHTXHQF\�RI�131 

DSSHDUDQFH�IRU�WKH�WZR�RULHQWDWLRQV�DFURVV�WULDOV��)LQDOO\��DV�WKH�IUHTXHQF\�RI�RFFXUUHQFH�ZDV�132 

PDWFKHG� IRU� WKH� WZR�JUDWLQJ�RULHQWDWLRQV� LQ� WKH� VHTXHQFH�DQG� WKH�SDUWLFLSDQWV�GLG�QRW�NQRZ�133 

KRZ�PDQ\�LWHPV�HDFK�VHTXHQFH�FRQWDLQHG��WR�SHUIRUP�WKH�WDVN�SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�134 

OHDUQ�WKH�RUGHU�RI�WKH�HOHPHQWV�LQ�WKH�VHTXHQFH��L�H��WHPSRUDO�RUGHU�DVVRFLDWLRQV�DPRQJ�SDLUV�135 

RU�WULSOHWV�RI�RULHQWHG�JUDWLQJV����136 

6WLPXOL� ZHUH� JHQHUDWHG� DQG� SUHVHQWHG� XVLQJ� 3V\FKWRROER[��� �%UDLQDUG� ������� )RU� WKH�137 

EHKDYLRUDO� WUDLQLQJ�VHVVLRQV��VWLPXOL�ZHUH�SUHVHQWHG�RQ�D����LQFK�&57�PRQLWRU��9LHZ6RQLF�138 

3���I� ����� [����� SL[HO�� ���+]� IUDPH� UDWH�� DW� D� GLVWDQFH� RI� ��� FP�� )RU� WKH� SUH� DQG� SRVW�139 

WUDLQLQJ� I05,� VFDQV�� VWLPXOL�ZHUH� SUHVHQWHG� XVLQJ� D� SURMHFWRU� DQG� D�PLUURU� VHW�XS� ������ [�140 

�����SL[HO�����+]�IUDPH�UDWH��DW�YLHZLQJ�GLVWDQFH�RI����FP��,Q�RUGHU�WR�NHHS�WKH�VDPH�YLVXDO�141 

DQJOH�IRU�ERWK�WUDLQLQJ�DQG�VFDQQLQJ�VHVVLRQV��WKH�VWLPXOXV�VL]H�ZDV�DGMXVWHG�DFFRUGLQJ�WR�WKH�142 

YLHZLQJ�GLVWDQFH��143 

'HVLJQ�144 
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$OO�SDUWLFLSDQWV��Q ����WRRN�SDUW�LQ�WZR�SUH�WUDLQLQJ�I05,�VHVVLRQV����WR���EHKDYLRUDO�WUDLQLQJ�145 

VHVVLRQV��DQG�WZR�SRVW�WUDLQLQJ�I05,�VHVVLRQV��3DUWLFLSDQWV�ZHUH�WHVWHG�LQ�ERWK�WKH�SUHGLFWLRQ�146 

WDVN����SUH�WUDLQLQJ�DQG���SRVW�WUDLQLQJ�VFDQ��DQG�WKH�FRQWURO�WDVN����SUH�WUDLQLQJ�DQG���SRVW�147 

WUDLQLQJ�VFDQ���7KH�RUGHU�RI�WKH�VFDQV��SUHGLFWLRQ�YV��FRQWURO�WDVN��ZDV�FRXQWHUEDODQFHG�DFURVV�148 

SDUWLFLSDQWV��$IWHU� WKH�SUH�WUDLQLQJ�VFDQV��DOO�SDUWLFLSDQWV�ZHUH� WUDLQHG�IRU��� WR���VHVVLRQV� LQ�149 

WKH�ODE��7KH�QXPEHU�RI�WUDLQLQJ�VHVVLRQV�ZDV�GHWHUPLQHG�E\�HDFK�SDUWLFLSDQW¶V�SHUIRUPDQFH��150 

WKH�WUDLQLQJ�VWRSSHG�ZKHQ�WKH�SDUWLFLSDQW�UHDFKHG�SHUIRUPDQFH�KLJKHU�WKDQ�����FRUUHFW�LQ�DOO�151 

IRXU�UXQV�FRPSULVLQJ�D�WUDLQLQJ�VHVVLRQ��7KH�SRVW�WUDLQLQJ�VFDQV�WRRN�SODFH�LQ�VXEVHTXHQW�GD\V�152 

IROORZLQJ�WKH�ODVW�EHKDYLRUDO�WUDLQLQJ�VHVVLRQ��RQH�VFDQ�LQ�WKH�ILUVW�DQG�WKH�RWKHU�LQ�WKH�VHFRQG�153 

GD\�IROORZLQJ�WKH�ODVW�WUDLQLQJ�VHVVLRQ���,Q�DGGLWLRQ��WKH�SDUWLFLSDQWV�FRPSOHWHG�WZR�VFDQQLQJ�154 

UXQV�RI�DQ�orientation decoding experiment DQG�WZR�UHWLQRWRS\�ORFDOL]HU�VFDQV��155 

%HKDYLRUDO�WUDLQLQJ��156 

3DUWLFLSDQWV� ZHUH� WUDLQHG� RQ� WKH� SUHGLFWLRQ� WDVN� ZLWKRXW� IHHGEDFN� IRU� ���� VHVVLRQV��157 

3DUWLFLSDQWV�YLHZHG����JUDWLQJV� �HDFK� VHTXHQFH�RI���JUDWLQJV�ZDV� UHSHDWHG� WZLFH� LQ� D� WULDO��158 

SUHVHQWHG� VHTXHQWLDOO\� RQ� D� JUH\� EDFNJURXQG� DW� WKH� FHQWUH� RI� WKH� VFUHHQ�� $OO� VWLPXOL� ZHUH�159 

SUHVHQWHG�DW�WKH�VDPH�UDWH��WKDW�LV��HDFK�JUDWLQJ�ZDV�SUHVHQWHG�IRU�����V�IROORZHG�E\�D�IL[DWLRQ�160 

LQWHUYDO�RI�����V��3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHVSRQG�WR�D�WHVW�JUDWLQJ�WKDW�DSSHDUHG�IRU�����V�161 

VXUURXQGHG�E\�D�UHG�FLUFOH�������V���7KH�WHVW�VWLPXOXV�ZDV�SUHFHGHG�E\�D�FXH��UHG�GRW�SUHVHQWHG�162 

IRU���V��DQG�ZDV�IROORZHG�E\�D�ZKLWH�IL[DWLRQ�GRW�������PV���3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�163 

UHVSRQG��WKH�PD[LPXP�UHVSRQVH� WLPH�ZDV������PV��� LQGLFDWLQJ�ZKHWKHU� WKH� WHVW� LPDJH�KDG�164 

WKH�VDPH�RULHQWDWLRQ��OHIW�YV��ULJKW��DV�WKH�JUDWLQJ�WKH\�H[SHFWHG�WR�DSSHDU�LQ�WKDW�SRVLWLRQ�LQ�165 

WKH�VHTXHQFH��7KH� WHVW� VWLPXOXV�DSSHDUHG�RQO\� LQ� WKH�VHFRQG� UHSHDW�RI� WKH�VHTXHQFH�DQG� LWV�166 

SRVLWLRQ�ZDV�UDQGRPL]HG�DFURVV�WULDOV��7KH�WHVW�VWLPXOXV�FRXOG�DSSHDU� LQ�DQ\�SRVLWLRQ�LQ�WKH�167 

VHTXHQFH�H[FHSW�WKH�ODVW�WKUHH�SRVLWLRQV��VWLPXOL�LQ�WKHVH�SRVLWLRQV�ZHUH�WKH�VDPH�DFURVV�WULDOV��168 

)RU� HDFK� UXQ�� ���� RI� WKH� WHVW� VWLPXOL� ZHUH� SUHVHQWHG� DW� WKH� FRUUHFW� RULHQWDWLRQ� IRU� WKHLU�169 



 8

SRVLWLRQ� LQ� WKH� VHTXHQFH�� $IWHU� WKH� SDUWLFLSDQW¶V� UHVSRQVH�� WKH� UHPDLQLQJ� JUDWLQJV� LQ� WKH�170 

VHTXHQFH�ZHUH�SUHVHQWHG�XQWLO�DOO����VWLPXOL�KDG�EHHQ�SUHVHQWHG��HQVXULQJ�WKDW�DOO� WULDOV�KDG�171 

WKH�VDPH�OHQJWK��$�EODFN�FURVV����V��LQGLFDWHG�WKH�HQG�RI�WKH�VHTXHQFH�DQG�WKH�VWDUW�RI�D�QHZ�172 

WULDO��7KHUH�ZDV�QR�IHHGEDFN�DFURVV�DOO�WUDLQLQJ�VHVVLRQV��,Q�HDFK�WUDLQLQJ�VHVVLRQ��SDUWLFLSDQWV�173 

SHUIRUPHG� WKH� SUHGLFWLRQ� WDVN� IRU� �� UXQV� RI� ��� WULDOV� HDFK� ���� SHU� VHTXHQFH� W\SH�� ZLWK� D�174 

PLQLPXP�WZR�PLQXWH�EUHDN�EHWZHHQ�UXQV. 7KH�QXPEHU�RI�WUDLQLQJ�VHVVLRQV�ZDV�GHWHUPLQHG�175 

EDVHG� RQ� SHUIRUPDQFH�� WKH� SDUWLFLSDQWV� VWRSSHG� WUDLQLQJ� DIWHU� UHDFKLQJ� FRQVLVWHQW� VHVVLRQ�176 

DFFXUDF\�DERYH������DOO�WUDLQLQJ�UXQV�ZLWKLQ�RQH�VHVVLRQ�KDG�WR�EH�DERYH��������177 

$IWHU� HDFK� WUDLQLQJ� VHVVLRQ�� WKH� SDUWLFLSDQWV� ZHUH� DVNHG� WR� FRPSOHWH� D� GHEULHILQJ�178 

TXHVWLRQQDLUH�ZLWK� WKH� IROORZLQJ�TXHVWLRQV�����3OHDVH�GHVFULEH�DQ\�VWUDWHJLHV�\RX�PD\�KDYH�179 

XVHG�ZKHQ� UHVSRQGLQJ� WR� WKLV� WDVN����+RZ�PDQ\�RI�\RXU� UHVSRQVHV�GR�\RX� WKLQN� WKDW�ZHUH�180 

FRUUHFW"����WR����IURP�µIHZ�FRUUHFW¶�WR�µPRVW�FRUUHFW¶������+RZ�GLG�\RX�ILQG�WKH�WDVN"����WR����181 

IURP�µYHU\�GLIILFXOW¶�WR�µYHU\�HDV\¶������+RZ�WLUHG�GLG�\RX�IHHO�DW�WKH�HQG�RI�HDFK�UXQ"����WR����182 

IURP� µYHU\� WLUHG¶� WR� µQRW� WLUHG� DW� DOO¶��� ���+RZ�PDQ\�GLIIHUHQW� VHTXHQFHV�RI� VWLPXOL� GR�\RX�183 

WKLQN� WKDW�ZHUH� SUHVHQWHG"� ,Q� DGGLWLRQ�� DIWHU� WKH� ODVW� WUDLQLQJ� VHVVLRQ�� WKH� SDUWLFLSDQWV�ZHUH�184 

DVNHG�WR�ZULWH�GRZQ�WKH�VHTXHQFHV�WKH\�WKRXJKW�WKDW�ZHUH�SUHVHQWHG�GXULQJ�WKH�H[SHULPHQW���185 

I05,�GHVLJQ�186 

7KH�SDUWLFLSDQWV�WRRN�SDUW�LQ���SUH��DQG���SRVW�WUDLQLQJ�VFDQV��RQH�SUH��DQG�RQH�SRVW�WUDLQLQJ�187 

VFDQ�IRU�WKH�SUHGLFWLRQ�WDVN�DQG�RQH�SUH��DQG�RQH�SRVW�WUDLQLQJ�VFDQ�IRU�WKH�FRQWURO�WDVN��7KH�188 

RUGHU�RI�WKH�VFDQV�ZDV�FRXQWHUEDODQFHG��KDOI�RI�WKH�SDUWLFLSDQWV�GLG�WKH�SUHGLFWLRQ�WDVN�LQ�WKH�189 

ILUVW�SUH��DQG�SRVW�WUDLQLQJ�VFDQ�VHVVLRQ��ZKHUHDV�WKH�RWKHU�KDOI�VWDUWHG�ZLWK�WKH�FRQWURO�WDVN��190 

,Q�DGGLWLRQ�� WKH�SDUWLFLSDQWV�FRPSOHWHG� WZR�UXQV�RI�DQ�orientation decoding experiment DQG�191 

WZR�UHWLQRWRS\�ORFDOL]HU�VFDQV��3RODU�DQJOH�DQG�(FFHQWULFLW\����192 



 9

Prediction task scan �)LJXUH�D���3DUWLFLSDQWV�FRPSOHWHG�VHYHQ�WR�QLQH�UXQV�����WULDOV�SHU�UXQ��193 

RI�WKH�SUHGLFWLRQ�WDVN�SHU�VFDQ�VHVVLRQ��(DFK�UXQ�IROORZHG�DQ�HYHQW�UHODWHG�GHVLJQ�FRPSULVLQJ�194 

��� WULDOV� DQG�D� IL[DWLRQ�EORFN� ���� V�� DW� WKH�EHJLQQLQJ�DQG� HQG�RI� WKH� UXQ��3DUWLFLSDQWV�ZHUH�195 

SUHVHQWHG�ZLWK�DOO�IRXU�VHTXHQFHV�XVHG�IRU�WUDLQLQJ��(DFK�VHTXHQFH�ZDV�UHSHDWHG�RQFH�SHU�WULDO�196 

�FRPSULVLQJ���VWLPXOL��IROORZHG�E\�D�WHVW�VWLPXOXV��)RU�HDFK�WULDO�������V�ORQJ���D�VHTXHQFH�RI�197 

HLJKW�OHIWZDUGV�����R��RU�ULJKWZDUGV����R��RULHQWHG�JUDWLQJV�ZDV�SUHVHQWHG��(DFK�JUDWLQJ�ZDV�198 

SUHVHQWHG�IRU������V�IROORZHG�E\�IL[DWLRQ�IRU�����V��7KH�VHTXHQFH�RI�JUDWLQJV�ZDV�IROORZHG�E\�199 

D�IL[DWLRQ�SHULRG�������V���D�FXH��EODFN�VTXDUH������V���D�WHVW�JUDWLQJ������V��DQG�D�UHG�GRW����V��200 

EHIRUH� WKH� VWDUW� RI� WKH� QH[W� WULDO�� 7KH� SDUWLFLSDQWV� ZHUH� LQVWUXFWHG� WR� SD\� DWWHQWLRQ� WR� WKH�201 

VHTXHQFH��DQG�UHVSRQG�ZKHWKHU�WKH�RULHQWDWLRQ�RI�WKH�WHVW�JUDWLQJ�PDWFKHG�WKH�RULHQWDWLRQ�WKH\�202 

H[SHFWHG� WR� IROORZ� IURP� WKH�SUHFHGLQJ�VHTXHQFH��7R�HQVXUH� WKDW�DOO�SDUWLFLSDQWV�YLHZHG� WKH�203 

WHVW� JUDWLQJ� IRU� WKH� VDPH� GXUDWLRQ� DQG� WKHUH� ZHUH� QR� GLIIHUHQFHV� LQ� UHDFWLRQ� WLPH� DFURVV�204 

SDUWLFLSDQWV�� SDUWLFLSDQWV�ZHUH� LQVWUXFWHG� WR� GHOD\� WKHLU� UHVSRQVH� XQWLO� WKH� UHG� GRW� DSSHDUHG�205 

DIWHU�WKH�WHVW�JUDWLQJ��$IWHU�HDFK�WULDO��WKHUH�ZDV�D�IL[DWLRQ�SHULRG�RI������V���206 

7R� DFTXLUH� DGHTXDWH� GDWD� �L�H�� QXPEHU� RI� WULDOV�� IRU� WKH� I05,� DQDO\VLV� ZLWKLQ� WKH� WLPH�207 

FRQVWUDLQWV�RI�WKH�VFDQQLQJ�VHVVLRQV��ZH�XVHG�VKRUWHU�VHTXHQFHV��VLQJOH�VHTXHQFH�FRPSULVLQJ�208 

��VWLPXOL��GXULQJ�VFDQQLQJ��LQVWHDG�RI�WZR�UHSHDWV�RI�WKH�VDPH���LWHP�VHTXHQFH�FRPSULVLQJ�LQ�209 

WRWDO����VWLPXOL�GXULQJ�WUDLQLQJ���7KDW�LV��GXULQJ�VFDQQLQJ�SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�SUHGLFW�210 

WKH� RULHQWDWLRQ� RI� WKH� VWLPXOXV� LQ� WKH� �WK� WHPSRUDO� SRVLWLRQ� RI� WKH� WUDLQHG� VHTXHQFHV�� 2XU�211 

H[SHULHQWLDO� GHVLJQ� GXULQJ� WUDLQLQJ� �L�H�� VDPH� SUHVHQWDWLRQ� GXUDWLRQ� DFURVV� VWLPXOL�� YDULDEOH�212 

WHPSRUDO� WHVW� SRVLWLRQ� GXULQJ� WUDLQLQJ�� PDGH� LW� XQOLNHO\� WKDW� WKH� SDUWLFLSDQWV� KDG� H[SOLFLW�213 

NQRZOHGJH� RI� WKH� VHTXHQFH� OHQJWK� RU� QXPEHU� RI� VHTXHQFH� UHSHDWV�� DV� DOVR� LQGLFDWHG� E\�214 

GHEULHILQJ���)XUWKHU��WR�HQVXUH�WKDW�SDUWLFLSDQWV�GLG�QRW�VLPSO\�PHPRUL]H�WKH�ILUVW�VWLPXOXV�LQ�215 

WKH� VHTXHQFH� GXULQJ� VFDQQLQJ�� ZH� UDQGRPL]HG� �DFURVV� WULDOV�� WKH� RULHQWDWLRQ� RI� WKH� ILUVW�216 

VWLPXOXV� WKDW�ZDV� WKHQ� IROORZHG� E\� WKH� UHPDLQLQJ� VHYHQ� LWHPV� LQ� WKH� VHTXHQFH�� 7KXV�� LW� LV�217 
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XQOLNHO\� WKDW� SDUWLFLSDQWV� PHPRUL]HG� WKH� RULHQWDWLRQ� RI� VWLPXOL� SUHVHQWHG� DW� LQGLYLGXDO�218 

WHPSRUDO�SRVLWLRQV� IRU�HDFK�RI� WKH� IRXU� WUDLQHG�VHTXHQFHV�� ,Q�FRQWUDVW�� LW� LV�PRUH� OLNHO\� WKDW�219 

SDUWLFLSDQWV� OHDUQHG� WHPSRUDO� DVVRFLDWLRQV� EHWZHHQ� VHTXHQFH� LWHPV� �L�H�� SDLUV� RU� WULSOHWV��220 

GXULQJ�WUDLQLQJ�WKDW�UHPDLQHG�WKH�VDPH�LQ�WKH�WHVW�VHTXHQFHV�DQG�IDFLOLWDWHG�WKHLU�SUHGLFWLRQV��221 

Control� task scan� �)LJXUH�E��� 3DUWLFLSDQWV� FRPSOHWHG� �� WR� �� UXQV� ���� WULDOV� SHU� UXQ�� RI� D�222 

FRQWURO�WDVN�SHU�VFDQ�VHVVLRQ��7R�WHVW�OHDUQLQJ�LPSURYHPHQW�VSHFLILF�WR�VWUXFWXUHG�VHTXHQFHV�223 

ZH� SUHVHQWHG� SDUWLFLSDQWV� ZLWK� D� UDQGRP� VHTXHQFH� RI� OHIWZDUGV� DQG� ULJKWZDUGV� RULHQWHG�224 

JUDWLQJV� WKDW�ZHUH�SUHVHQWHG�HTXDOO\�RIWHQ�EXW�DW� UDQGRPLVHG�SRVLWLRQV�ZLWKLQ� WKH�VHTXHQFH��225 

7R�HQVXUH� WKDW�SHUIRUPDQFH� LQ� WKH� FRQWURO� WDVN�ZDV�FRPSDUDEOH� WR� WKH�SUHGLFWLRQ� WDVN� DIWHU�226 

WUDLQLQJ�� ZH� DVNHG� SDUWLFLSDQWV� WR� FRPSDUH� WKH� RULHQWDWLRQ� RI� WKH� WHVW� JUDWLQJ� ZLWK� D� FXHG�227 

RULHQWDWLRQ� SUHVHQWHG� DIWHU� WKH� VHTXHQFH�� 7KLV� DOORZHG� XV� WR� FRPSDUH� I05,� DFWLYDWLRQV�228 

EHWZHHQ� WDVNV� �SUHGLFWLRQ� YV�� FRQWURO��ZLWK� FRPSDUDEOH� OHYHOV� RI� EHKDYLRXUDO� SHUIRUPDQFH�����229 

(DFK�UXQ�IROORZHG�DQ�HYHQW�UHODWHG�GHVLJQ�FRPSULVLQJ����WULDOV�DQG�D�IL[DWLRQ�EORFN�����V��DW�230 

WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�UXQ��7KH�SHU�WULDO�GHVLJQ�IRU�WKH�FRQWURO�WDVN�PDWFKHG�WKDW�RI�WKH�231 

SUHGLFWLRQ� WDVN�� (DFK� WULDO� ������ V� ORQJ�� FRPSULVHG� D� UDQGRP� VHTXHQFH� RI� HLJKW� OHIWZDUGV�232 

����R��RU�ULJKWZDUGV����R��RULHQWHG�JUDWLQJV��L�H��JUDWLQJV�ZHUH�SUHVHQWHG�DW�UDQGRP�RUGHU�LQ�233 

WKH� VHTXHQFH��� (DFK� JUDWLQJ�ZDV� SUHVHQWHG� IRU� ����� V� IROORZHG� E\� IL[DWLRQ� IRU� ���� V�� 7KLV�234 

UDQGRP�VHTXHQFH�RI�JUDWLQJV�ZDV�IROORZHG�E\�D�FXH��µ5¶�RU�µ/¶�������V�� LQGLFDWLQJ�ZKHWKHU�235 

WKH�SDUWLFLSDQWV�VKRXOG�UHPHPEHU�D�ULJKWZDUGV�RU�OHIWZDUGV�RULHQWHG�JUDWLQJ�UHVSHFWLYHO\��7KLV�236 

FXH�ZDV�IROORZHG�E\�D�IL[DWLRQ�SHULRG��������V���D�FXH��EODFN�VTXDUH������V���D�WHVW�JUDWLQJ������237 

V��DQG�D�UHG�GRW����V��EHIRUH�WKH�VWDUW�RI�WKH�QH[W�WULDO��7KH�FRQWURO�DQG�SUHGLFWLRQ�WDVNV�ZHUH�238 

PDWFKHG�RQ�D�WULDO�E\�WULDO�EDVLV�IRU� WKH�RULHQWDWLRQ�RI�H[SHFWHG�DQG�UHPHPEHUHG�LWHPV�� WKDW�239 

LV��WKH�RULHQWDWLRQ�LQGLFDWHG�E\�WKH�FXH�LQ�WKH�FRQWURO�WDVN�PDWFKHG�WKH�H[SHFWHG�RULHQWDWLRQ�LQ�240 

WKH�SUHGLFWLRQ� WDVN�RQ�D�SHU�WULDO�EDVLV�� �7KH�SDUWLFLSDQWV�ZHUH� LQVWUXFWHG� WR�SD\�DWWHQWLRQ� WR�241 
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WKH�VHTXHQFH��UHPHPEHU�D�JUDWLQJ�URWDWHG�OHIWZDUGV�RU�ULJKWZDUGV�DV�LQGLFDWHG�E\�WKH�FXH�DQG�242 

LQGLFDWH�ZKHWKHU�WKH�WHVW�JUDWLQJ�PDWFKHG�WKH�FXHG�RULHQWDWLRQ���243 

Orientation decoding scan��$OO� SDUWLFLSDQWV� FRPSOHWHG� WZR� UXQV�RI� DQ�RULHQWDWLRQ�GHFRGLQJ�244 

H[SHULPHQW� IROORZLQJ� SURFHGXUHV� GHVFULEHG� SUHYLRXVO\� �+DUULVRQ� DQG� 7RQJ� �������245 

3DUWLFLSDQWV� ZHUH� SUHVHQWHG� ZLWK� WKH� VDPH� JUDWLQJV� DV� LQ� WKH� SUHGLFWLRQ� DQG� FRQWURO� WDVN�246 

������ FRQWUDVW� DQG� RULHQWHG� HLWKHU� OHIWZDUGV� RU� ULJKWZDUGV��� /HIWZDUGV� YV�� ULJKWZDUGV�247 

RULHQWHG�JUDWLQJV�ZHUH�SUHVHQWHG�LQ�VHSDUDWH����V�ORQJ�EORFNV��6LPLODU� WR�WKH�SUHGLFWLRQ�WDVN�248 

VFDQV�� WR�DYRLG�DGDSWDWLRQ�GXH� WR� VWLPXOXV� UHSHWLWLRQ��ZH� UDQGRPL]HG� WKH�SKDVH�DQG� MLWWHUHG�249 

WKH� RULHQWDWLRQ� RI� WKH� JUDWLQJV�ZLWKLQ� D� UDQJH� RI� �R� DFURVV� WULDOV�� (DFK� EORFN� FRPSULVHG� ���250 

JUDWLQJV��(DFK�JUDWLQJ�ZDV�SUHVHQWHG�IRU������V�IROORZHG�E\�D�EODQN�LQWHUYDO�RI������V��(DFK�251 

UXQ�FRPSULVHG����EORFNV�����SHU�RULHQWDWLRQ��DQG� WZR�IL[DWLRQ�EORFNV��RQH� LQ� WKH�EHJLQQLQJ�252 

DQG� RQH� DW� WKH� HQG� RI� WKH� UXQ�� 7KH� RUGHU� RI� WKH� EORFNV� ZDV� UDQGRPL]HG� DFURVV� UXQV��253 

3DUWLFLSDQWV�ZHUH�DVNHG�WR�SHUIRUP�D�FRQWUDVW�FKDQJH�GHWHFWLRQ�WDVN�RQ�WKH�IL[DWLRQ��7KDW�LV��254 

SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�SUHVV�D�EXWWRQ�ZKHQ�WKH\�GHWHFWHG�D�FRQWUDVW�FKDQJH�DW�IL[DWLRQ�255 

�WZLFH�SHU�EORFN�DW�UDQGRP�WLPH�SRLQWV����256 

Retinotopic mapping scans��)RU� HDFK�SDUWLFLSDQW�ZH� LQGHSHQGHQWO\� ORFDOL]HG� UHJLRQV� LQ� WKH�257 

HDUO\� �9���9��� DQG� KLJKHU� �9�Y�� 9�G�	� K9��� YLVXDO� DUHDV� IROORZLQJ� VWDQGDUG� UHWLQRWRSLF�258 

PDSSLQJ�SURFHGXUHV� �H�J��6HUHQR�HW� DO�� �������'DWD� IURP�SRODU� DQG� HFFHQWULFLW\� VFDQV�ZHUH�259 

FROOHFWHG�HLWKHU�GXULQJ�WKH�SUH��RU�SRVW�WUDLQLQJ�VFDQ�VHVVLRQ��K9��FRPSULVHV�WKH�YHQWUDO�EXW�260 

QRW�WKH�GRUVDO�VXE�UHJLRQ�RI�9���261 

I05,�'DWD�$FTXLVLWLRQ�262 

I05,� GDWD� ZHUH� DFTXLUHG� LQ� D� �7� $FKLHYD� 3KLOLSV� VFDQQHU� DW� WKH� %LUPLQJKDP� 8QLYHUVLW\�263 

,PDJLQJ�&HQWUH�XVLQJ�DQ�HLJKW�FKDQQHO�KHDG�FRLO��$QDWRPLFDO�LPDJHV�ZHUH�REWDLQHG�XVLQJ�D�264 

VDJLWWDO� WKUHH�GLPHQVLRQDO� 7��ZHLJKWHG� VHTXHQFH� �YR[HO� VL]H ��î���î���PP�� VOLFHV ������265 
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)XQFWLRQDO�(3,� LPDJHV�ZHUH�DFTXLUHG�XVLQJ�D�KLJK�UHVROXWLRQ�JUDGLHQW� HFKR�SXOVH�VHTXHQFH�266 

FRYHULQJ�WKH�RFFLSLWDO�DQG�SRVWHULRU�WHPSRUDO�FRUWH[�����VOLFHV�DW�����î�����î���PP�UHVROXWLRQ��267 

PDWUL[�VL]H�����[������ VOLFH� WKLFNQHVV���PP�ZLWK�QR�JDS�EHWZHHQ�VOLFHV��)29������[������268 

75��UHSHWLWLRQ�WLPH�������PV��7(��WLPH�WR�HFKR�����PV���269 

(\H�PRYHPHQW�UHFRUGLQJV�270 

:H� UHFRUGHG� H\H�PRYHPHQWV� �Q ��� XVLQJ� WKH� $6/� ����� (\H�WUDFNHU� �$SSOLHG� 6FLHQFH�271 

/DERUDWRULHV��%HGIRUG��0$��VDPSOLQJ�UDWH����+]��LQ�WKH�VFDQQHU��(\H�WUDFNLQJ�GDWD�ZHUH�SUH�272 

SURFHVVHG�XVLQJ�WKH�(\H1DO�'DWD�$QDO\VLV�VRIWZDUH��$SSOLHG�6FLHQFH�/DERUDWRULHV��%HGIRUG��273 

0$��DQG�DQDO\]HG�XVLQJ�FXVWRP�WRROER[�EDVHG�RQ�0DWODE��0DWKZRUNV��0$��VRIWZDUH��'XH�274 

WR�SRRU�VLJQDO�TXDOLW\��GDWD�IURP�WZR�SDUWLFLSDQWV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV��5XQV�ZLWK�275 

PRUH�WKDQ�����VLJQDO�ORVV�ZHUH�UHPRYHG�IURP�WKH�DQDO\VLV��:H�FRPSXWHG��$��KRUL]RQWDO�H\H�276 

SRVLWLRQ���%��YHUWLFDO�H\H�SRVLWLRQ���&��SURSRUWLRQ�RI�VDFFDGHV�IRU�HDFK�FRQGLWLRQ�DW�GLIIHUHQW�277 

VDFFDGH� DPSOLWXGH� UDQJHV�� DQG� �'�� QXPEHU� RI� VDFFDGHV� SHU� WULDO� SHU� FRQGLWLRQ� GXULQJ� WKH�278 

EODQN� LQWHUYDO� IROORZLQJ� WKH� VHTXHQFH�SUHVHQWDWLRQ�� VHSDUDWHO\� IRU� HDFK� SUH�WUDLQLQJ� �,�� DQG�279 

SRVW�WUDLQLQJ��,,��VHVVLRQV��+LVWRJUDPV�RI�WKH�KRUL]RQWDO�DQG�YHUWLFDO�H\H�SRVLWLRQV�SHDNHG�DQG�280 

ZHUH� FHQWHUHG�RQ� WKH� IL[DWLRQ� DW� ]HUR�GHJUHHV� VXJJHVWLQJ� WKDW� SDUWLFLSDQWV� FRXOG� IL[DWH�ZHOO�281 

ERWK�EHIRUH�DQG�DIWHU�WUDLQLQJ�ZKHQ�SUHGLFWLQJ�OHIWZDUGV�RU�ULJKWZDUGV�RULHQWHG�JUDWLQJV���282 

'DWD�DQDO\VLV�283 

%HKDYLRUDO�GDWD�DQDO\VLV�284 

7KH�SHUIRUPDQFH�RQ�WKH�WDVN�ZDV�DVVHVVHG�E\�WKH�DFFXUDF\�LQ�FRUUHFWO\�SUHGLFWLQJ�ZKHWKHU�WKH�285 

QH[W� JUDWLQJ� LQ� WKH� VHTXHQFH� ZDV� OHIW� RU� ULJKW�� )RU� WKH� WUDLQLQJ� VHVVLRQV�� ZH� DYHUDJHG� WKH�286 

DFFXUDF\� IRU� HDFK� UXQ� RI� WKH� VHTXHQWLDO� VHVVLRQV� DQG� HVWLPDWHG� D� OHDUQLQJ� UDWH� E\� ILWWLQJ� D�287 

ORJDULWKPLF�IXQFWLRQ�WR�WKH�GDWD��)LJXUH��F���'DWD�DFURVV�UXQV�ZHUH�ILWWHG��OHDVW�VTXDUHV�QRQ�288 
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OLQHDU� ILW��XVLQJ� WKH� IROORZLQJ�HTXDWLRQ��\ NORJ��[����F��ZKHUH�N� LV� WKH�YDOXH�RI� WKH�FXUYH�289 

WDQJHQW�DW�[ ���DQG�F�LV�WKH�YDOXH�RI�\�IRU�[ �����290 

I05,�GDWD�SUH�SURFHVVLQJ�291 

1HXURLPDJLQJ� GDWD� ZDV� DQDO\]HG� XVLQJ� %UDLQ� 9R\DJHU� 4;� �%UDLQ� ,QQRYDWLRQ��0DDVWULFKW��292 

1HWKHUODQGV��� $QDWRPLFDO� GDWD� ZDV� XVHG� IRU� �'� FRUWH[� UHFRQVWUXFWLRQ�� LQIODWLRQ� DQG�293 

IODWWHQLQJ�� 3UH�SURFHVVLQJ� RI� IXQFWLRQDO� GDWD� LQFOXGHG� VOLFH� VFDQ� WLPH� FRUUHFWLRQ�� WKUHH�294 

GLPHQVLRQDO� PRWLRQ� FRUUHFWLRQ�� OLQHDU� WUHQG� UHPRYDO�� DQG� WHPSRUDO� KLJK�SDVV� ILOWHULQJ� ���295 

F\FOHV���I05,�GDWD�ZDV�UHFRUGHG�DW�KLJK�UHVROXWLRQ�������[�����PP�LQ�SODQH��DQG�LQWHUSRODWHG�296 

WR���[���[���PP�XVLQJ� WULOLQHDU� LQWHUSRODWLRQ��7ULDOV�ZLWK�KHDG�PRWLRQ� ODUJHU� WKDQ���PP�RI�297 

WUDQVODWLRQ�RU����RI�URWDWLRQ�RU�VKDUS�PRWLRQ�DERYH�����PP��RQ�DYHUDJH����WULDOV�SHU�VHVVLRQ�298 

DFURVV�DUHDV�DQG�WDVNV��ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV��5XQV�ZKRVH�PRWLRQ�DQDO\VLV�UHVXOWHG�299 

LQ� WKH� H[FOXVLRQ� RI�PRUH� WKDQ� ���� RI� WKH� WULDOV�ZHUH� H[FOXGHG� IURP� IXUWKHU� DQDO\VLV�� 7KH�300 

IXQFWLRQDO� LPDJHV� ZHUH� PDQXDOO\� DOLJQHG� WR� DQDWRPLFDO� GDWD� DQG� WKH� FRPSOHWH� GDWD� ZHUH�301 

WUDQVIRUPHG�LQWR�7DODLUDFK�VSDFH��)RU�HDFK�REVHUYHU��WKH�IXQFWLRQDO�LPDJLQJ�GDWD�EHWZHHQ�WKH�302 

IRXU� VHVVLRQV� ZHUH� FR�DOLJQHG�� UHJLVWHULQJ� DOO� WKH� YROXPHV� IRU� HDFK� REVHUYHU� WR� WKH� ILUVW�303 

IXQFWLRQDO� YROXPH� RI� WKH� ILUVW� UXQ� DQG� VHVVLRQ�� 7KH� UHWLQRWRSLF� PDSSLQJ� VFDQV� �SRODU� DQG�304 

HFFHQWULFLW\�� ZHUH� DOVR� FR�DOLJQHG� ZLWK� WKH� ILUVW� YROXPH� RI� WKH� ILUVW� UXQ� DQG� VHVVLRQ�� 7KLV�305 

SURFHGXUH�HQVXUHG�D�FDXWLRXV�FR�UHJLVWUDWLRQ�DFURVV�VHVVLRQV��306 

I05,�GHFRGLQJ�307 

:H�XVHG� D� OLQHDU� VXSSRUW� YHFWRU�PDFKLQH� �690��ZLWK� D� OHDYH�RQH�UXQ�RXW� FURVV�YDOLGDWLRQ�308 

SURFHGXUH� IRU� SDWWHUQ� FODVVLILFDWLRQ�� 7R� LQYHVWLJDWH� WKH� OLQN� EHWZHHQ� I05,� DFWLYLW\� DQG� WKH�309 

SDUWLFLSDQWV¶� UHVSRQVHV��ZH� WHVWHG� WKH� FODVVLILHU¶V� SHUIRUPDQFH� LQ�GHFRGLQJ� WKH�SDUWLFLSDQW¶V�310 

SUHGLFWLRQ� �OHIWZDUGV� YV�� ULJKWZDUGV��� WKDW� LV�� LI� WKH� SDUWLFLSDQW� UHVSRQGHG� WKDW� D� OHIWZDUGV�311 

RULHQWHG�WHVW�JUDWLQJ�ZDV�µFRUUHFW¶��WKH\�SUHGLFWHG�µOHIW¶��LI�WKH\�LQGLFDWHG�µLQFRUUHFW¶��WKHQ�WKH\�312 
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SUHGLFWHG� µULJKW¶�DQG�YLFH�YHUVD��7KDW� LV��ZH� WUDLQHG� WKH�FODVVLILHU� WR�DVVRFLDWH� I05,�VLJQDOV�313 

ZLWK�D�ODEHO��3UHGLFWHG�/HIW�YV��3UHGLFWHG�5LJKW��DV�LQGLFDWHG�E\�WKH�SDUWLFLSDQW¶V�UHVSRQVH�WR�314 

WKH� WHVW� JUDWLQJ� LQ� HDFK� WULDO�� 7R� FRQWURO� IRU� SRWHQWLDO� ELDV� LQ� WKH� FODVVLILFDWLRQ� GXH� WR� WKH�315 

XQHTXDO�QXPEHUV�RI�WULDOV�UHVSRQGHG�WR�DV�µFRUUHFW¶�RU�µLQFRUUHFW¶�E\�WKH�SDUWLFLSDQWV��ZH�XVHG�316 

D�FRVW�IDFWRU�DQG�ZHLJKHG�WKH�HUURU�WHUP�GXULQJ�690�WUDLQLQJ�E\�WKH�UDWLR�RI�I05,�SDWWHUQV�317 

UHODWHG�WR�µFRUUHFW�UHVSRQVH¶�RYHU�I05,�SDWWHUQV�UHODWHG�WR�µLQFRUUHFW�UHVSRQVH¶��318 

7R� VHOHFW� YR[HOV� IRU� WKH� SDWWHUQ� FODVVLILFDWLRQ� DQDO\VLV�� ZH� XVHG� WKH� UHWLQRWRSLF�319 

PDSSLQJ�VFDQV�IRU�HDFK�SDUWLFLSDQW��:H�VHOHFWHG�YR[HOV�WKDW�FRUUHVSRQGHG�WR�VWLPXOXV�DUHD�RI�320 

�R� RI� YLVXDO� DQJOH� DQG� ZHUH� VLJQLILFDQWO\� PRUH� DFWLYDWHG� E\� WKH� JUDWLQJ� VWLPXOL� WKDQ� WKH�321 

IL[DWLRQ��S�������XQFRUUHFWHG���7KLV�SURFHGXUH�DOORZHG�XV� WR�DYRLG�YR[HOV�FRUUHVSRQGLQJ� WR�322 

WKH�HGJHV�RI�WKH�JUDWLQJ�VWLPXOXV��+DUULVRQ�DQG�7RQJ��������(DFK�YR[HO�WLPH�FRXUVH�ZDV�]�323 

VFRUH� QRUPDOL]HG� IRU� HDFK� H[SHULPHQWDO� UXQ� VHSDUDWHO\��7KH� GDWD� SDWWHUQ� IRU� HDFK� WULDO�ZDV�324 

JHQHUDWHG� E\� VKLIWLQJ� WKH� I05,� WLPH� VHULHV� E\� �� YROXPHV� ����� V�� WR� DFFRXQW� IRU� WKH�325 

KHPRG\QDPLF�GHOD\��7KDW� LV��YROXPHV�FRUUHVSRQGLQJ�WR�WKH�QR�VWLPXODWLRQ�SHULRG�IROORZLQJ�326 

WKH�VHTXHQFH��YROXPHV���WR�����ZHUH�VKLIWHG�WR���WR�����)LJXUH���VKRZV�I05,�YROXPHV�EHIRUH�327 

VKLIWLQJ� WR�DFFRXQW�IRU� WKH�KHPRG\QDPLF�GHOD\���:H�WUDLQHG�DQG�WHVWHG� WKH�FODVVLILHU�GXULQJ�328 

WKLV� QR�VWLPXODWLRQ� SHULRG� �YROXPHV� �� WR� ����� H[FOXGLQJ� WKH� ILUVW� RQH� �YROXPH� ��� WR� DYRLG�329 

LQWHUIHUHQFH� IURP� %2/'� UHVSRQVHV� UHODWHG� WR� WKH� SUHFHGLQJ� VHTXHQFH��:H� SHUIRUPHG� WKLV�330 

DQDO\VLV�RQ�HDFK�RI� WKHVH�YROXPHV� VHSDUDWHO\�DV�ZHOO� DV�RQ� WKH� DYHUDJH� VLJQDO� DFURVV� WKHVH�331 

YROXPHV�� )RU� HDFK� FURVV�YDOLGDWLRQ� �IURP� �� WR� �� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� UXQV� SHU�332 

SDUWLFLSDQW���ZH�XVHG����WR�����SDWWHUQV��IRU�DYHUDJHG�VLJQDOV�DFURVV�QR�VWLPXODWLRQ�YROXPHV��333 

IRU�WUDLQLQJ�WKH�FODVVLILHU�DQG����LQGHSHQGHQW�SDWWHUQV�IRU�WHVWLQJ�WKH�FODVVLILHU¶V�DFFXUDF\��:H�334 

SORWWHG�FODVVLILHU�DFFXUDF\�DFURVV�YR[HOV� ��VWDUWLQJ�ZLWK�YR[HOV� WKDW�KDYH� WKH�KLJKHVW� W�YDOXH�335 

IRU� JUDWLQJV� YV�� IL[DWLRQ� �DQG� VHOHFWHG� WKH� ����PRVW� DFWLYDWHG� YR[HOV� LQ� HDFK�52,� IRU� HDFK�336 

SDUWLFLSDQW�� DV�SDWWHUQ�FODVVLILFDWLRQ�DFFXUDF\�KDG�VDWXUDWHG�DW� WKLV�SDWWHUQ� VL]H�DFURVV�DUHDV��337 
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:H�WKHQ�DYHUDJHG� WKH� FODVVLILHU¶V� DFFXUDF\� IRU� WKLV�SDWWHUQ� VL]H� DFURVV�FURVV�YDOLGDWLRQV� IRU�338 

HDFK�SDUWLFLSDQW���339 

*HQHUDOL]DWLRQ�RI�FODVVLILHU�DFFXUDF\��340 

7R� HYDOXDWH� WKH� FRUUHVSRQGHQFH� EHWZHHQ� QHXUDO� UHSUHVHQWDWLRQV� IRU� SK\VLFDO� DQG� SUHGLFWHG�341 

RULHQWDWLRQV�ZH�IROORZHG�WZR�GLIIHUHQW�DSSURDFKHV��)LUVW��ZH�LGHQWLILHG�FRPPRQ�YR[HOV�DFURVV�342 

H[SHULPHQWV� �L�H�� LQIRUPDWLYH� YR[HOV� IRU� ERWK� WKH� FODVVLILFDWLRQ� RI� WKH� SK\VLFDO� DQG� WKH�343 

SUHGLFWHG�RULHQWDWLRQ���7KDW�LV��XVLQJ�D�recursive feature elimination �5)(��SURFHGXUH��%DQ�HW�344 

DO��������'H�0DUWLQR�HW�DO��������ZH�LGHQWLILHG�YR[HOV�DFURVV�YLVXDO�DUHDV�WKDW�FRQWULEXWHG��L�H��345 

DV� LQGLFDWHG�E\� WKH�FODVVLILHU¶V� OLQHDU�ZHLJKWV�� WR� WKH�GHFRGLQJ�RI� ���� WKH�SK\VLFDO� VWLPXOXV��346 

DQG� ���� WKH� SUHGLFWHG� VWLPXOXV� RULHQWDWLRQV� XVLQJ� GDWD� IURP� WKH� RULHQWDWLRQ� GHFRGLQJ�347 

H[SHULPHQW� DQG� WKH� SUHGLFWLRQ� WDVN� UHVSHFWLYHO\�� 7KHVH� WZR� 5)(� DQDO\VHV� ZHUH� FRQGXFWHG�348 

VHSDUDWHO\� �L�H�� WKH� FODVVLILHUV�ZHUH� WUDLQHG�XVLQJ� D� FURVV� YDOLGDWLRQ�SURFHGXUH� HLWKHU� RQ� WKH�349 

SK\VLFDO�RU�WKH�SUHGLFWHG�RULHQWDWLRQV��UHVXOWLQJ�LQ�WZR�VHWV�RI�YR[HOV��YR[HOV�LQIRUPDWLYH�IRU�350 

WKH�FODVVLILFDWLRQ�RI�WKH�SK\VLFDO�VWLPXOXV�DQG�YR[HOV�LQIRUPDWLYH�IRU�WKH�FODVVLILFDWLRQ�RI�WKH�351 

SUHGLFWHG� VWLPXOXV��:H� WKHQ� UDQNHG�YR[HOV� LQ� HDFK�YLVXDO� DUHD� UHVXOWLQJ� IURP� WKH� WZR�5)(�352 

DQDO\VHV�DQG�FKRVH�YR[HOV�WKDW�ZHUH�LQIRUPDWLYH�LQ�ERWK�DQDO\VHV��L�H������PRVW�LQIRUPDWLYH�353 

YR[HOV���:H�XVHG�WKHVH�YR[HOV�WR�WUDLQ�DQ�690�FODVVLILHU�RQ�I05,�VLJQDOV�UHODWHG�WR�SK\VLFDO�354 

RULHQWDWLRQV�DQG�WHVWHG�WKH�DFFXUDF\�RI�WKLV�FODVVLILHU�LQ�GHFRGLQJ�SUHGLFWHG�RULHQWDWLRQV�IURP�355 

I05,� GDWD� FROOHFWHG� ZKHQ� REVHUYHUV� SHUIRUPHG� WKH� SUHGLFWLRQ� WDVN� �L�H�� QR�VWLPXODWLRQ�356 

LQWHUYDO� IROORZLQJ� WKH� VHTXHQFH� SUHVHQWDWLRQ��� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW�ZH� UXQ� WKH� 5)(�357 

DQDO\VLV�DQG�VHOHFWHG�YR[HOV�VHSDUDWHO\�IRU�HDFK�FURVV�YDOLGDWLRQ�RI�WKH�093$�DQDO\VLV��L�H��358 

GHFRGLQJ�RI�SUHGLFWHG�RULHQWDWLRQV��WR�DYRLG�FLUFXODULW\��WKDW�LV�ZH�H[FOXGHG�WKH�WHVW�GDWD�IURP�359 

ERWK�WKH�5)(�DQG�WKH�GHFRGLQJ�DQDO\VLV��7KH�UHVXOWV�IURP�WKLV�DQDO\VLV�DUH�SUHVHQWHG�LQ�)LJXUH�360 

���6HFRQG��XVLQJ� WKH� VDPH�recursive feature elimination �5)(��SURFHGXUH�ZH� LGHQWLILHG� WKH�361 

WRS� ���� YR[HOV� WKDW� FRQWULEXWHG� �L�H�� DV� LQGLFDWHG� E\� WKH� FODVVLILHU¶V� OLQHDU� ZHLJKWV�� WR� WKH�362 
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GHFRGLQJ�RI�WKH�SK\VLFDO�VWLPXOXV�XVLQJ�GDWD�IURP�WKH�RULHQWDWLRQ�GHFRGLQJ�H[SHULPHQW�RQO\��363 

:H� WKHQ�XVHG� WKHVH� YR[HOV� WR� WUDLQ� DQG� WHVW� WKH� FODVVLILHU� �XVLQJ� D� OHDYH�RQH�UXQ�RXW� FURVV�364 

YDOLGDWLRQ� SURFHGXUH�� LQ� GHFRGLQJ� SUHGLFWHG� RULHQWDWLRQV� IURP� I05,� GDWD� FROOHFWHG� ZKHQ�365 

REVHUYHUV�SHUIRUPHG� WKH�SUHGLFWLRQ� WDVN��L�H��QR�VWLPXODWLRQ� LQWHUYDO� IROORZLQJ� WKH�VHTXHQFH�366 

SUHVHQWDWLRQ���7KH�UHVXOWV�IURP�WKH�VHFRQG�SURFHGXUH�ZHUH�VLPLODU�WR�WKRVH�UHSRUWHG�LQ�)LJXUH�367 

���VXJJHVWLQJ�WKDW�WKH�JHQHUDOL]DWLRQ�RI�FODVVLILFDWLRQ�DFFXUDF\�WKDW�ZH�REVHUYHG�FRXOG�QRW�EH�368 

VLPSO\�GXH�WR�WKH�YR[HO�VHOHFWLRQ�RU�093$�SURFHGXUH�XVHG���369 

�370 

5HVXOWV�371 

%HKDYLRXUDO�UHVXOWV�372 

:H� SUHVHQWHG� SDUWLFLSDQWV� ZLWK� D� VHTXHQFH� RI� OHIWZDUGV� DQG� ULJKWZDUGV� RULHQWHG� JUDWLQJV�373 

�)LJXUH� �D�� DQG� DVNHG� WKHP� WR� SUHGLFW� WKH� QH[W� JUDWLQJ� LQ� WKH� VHTXHQFH�� :H� WUDLQHG�374 

SDUWLFLSDQWV� RQ� WKLV� SUHGLFWLRQ� WDVN�ZLWKRXW� IHHGEDFN� IRU� �� WR��� VHVVLRQV� �DV� GHWHUPLQHG�E\�375 

LQGLYLGXDO� SHUIRUPDQFH��� 7R� FRQWURO� IRU� WKH� SRVVLELOLW\� WKDW� REVHUYHUV� PHPRUL]HG� VSHFLILF�376 

LWHPV�LQ�WKH�VHTXHQFH�RU�IXOO�VHTXHQFHV�UDWKHU�WKDQ�OHDUQLQJ�WKH�WHPSRUDO�VWUXFWXUH��ZH�WUDLQHG�377 

SDUWLFLSDQWV�ZLWK�IRXU�GLIIHUHQW�VHTXHQFHV�DQG�SUHVHQWHG�DOO�VWLPXOL�DW�WKH�VDPH�UDWH�DQG�LQ�D�378 

FRQWLQXRXV�VWUHDP��)XUWKHU��WKH�SRVLWLRQ�RI�WKH�WHVW�VWLPXOXV�ZDV�UDQGRPL]HG�DFURVV�WULDOV��WKH�379 

ODVW� WKUHH� LWHPV�ZHUH� WKH�VDPH�DFURVV�VHTXHQFHV��DQG�IRU�KDOI�RI� WKH� WULDOV� WKH� LQFRUUHFW� WHVW�380 

VWLPXOXV�ZDV�SUHVHQWHG���381 

%HIRUH�DQG�DIWHU� WUDLQLQJ��ZH� WHVWHG�SDUWLFLSDQWV�ZKLOH�SHUIRUPLQJ� WKH�SUHGLFWLRQ� WDVN�DQG�D�382 

FRQWURO� WDVN��,Q�SDUWLFXODU��IRU� WKH�SUHGLFWLRQ� WDVN��ZH�DVNHG�SDUWLFLSDQWV� WR�LQGLFDWH�ZKHWKHU�383 

WKH� RULHQWDWLRQ� RI� D� WHVW� JUDWLQJ� PDWFKHG� WKH� RULHQWDWLRQ� WKH\� DQWLFLSDWHG� IROORZLQJ� D�384 

SUHFHGLQJ�VWUXFWXUHG�VHTXHQFH�RI�JUDWLQJV��)LJXUH��D���)RU�WKH�FRQWURO�WDVN�SDUWLFLSDQWV�ZHUH�385 

DVNHG�WR�LQGLFDWH�ZKHWKHU�WKH�RULHQWDWLRQ�RI�D�WHVW�VWLPXOXV�PDWFKHG�WKH�RULHQWDWLRQ�RI�D�FXHG�386 

JUDWLQJ�SUHVHQWHG�IROORZLQJ�D�UDQGRP�VHTXHQFH�RI�RULHQWHG�JUDWLQJV��)LJXUH��E���387 
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3HUIRUPDQFH� RQ� WKH� SUHGLFWLRQ� WDVN� LPSURYHG� IRU� PRVW� SDUWLFLSDQWV� ������� SDUWLFLSDQWV�388 

LPSURYHG����SDUWLFLSDQWV�GLG�QRW�LPSURYH�GXULQJ�WUDLQLQJ�VKRZLQJ�����PHDQ�SHUIRUPDQFH�DW�389 

WKH�ODVW�WUDLQLQJ�VHVVLRQ��DV�WKH\�JDLQHG�PRUH�H[SRVXUH�WR�WKH�WHPSRUDO�VHTXHQFHV��)LJXUH��F���390 

:H�IXUWKHU�IRFXV�RQ�WKH�DQDO\VLV�RI�WKH�EHKDYLRUDO�DQG�I05,�GDWD�IRU�WKH����SDUWLFLSDQWV�WKDW�391 

VKRZHG�LPSURYHPHQW�GXULQJ�WUDLQLQJ�DQG�SRVW�WUDLQLQJ�SHUIRUPDQFH�KLJKHU�WKDQ�����FRUUHFW��392 

WKH� GDWD� RI� WKH� ZHDNHU� OHDUQHUV� �SRVW�WUDLQLQJ� SHUIRUPDQFH� ORZHU� WKDQ� ���� FRUUHFW�� DUH�393 

FRQVLGHUHG�ODWHU�LQ�D�VHSDUDWH�FRQWURO�DQDO\VLV��&RPSDULQJ�SHUIRUPDQFH�LQ�WKH�SUHGLFWLRQ�DQG�394 

FRQWURO�WDVN�GXULQJ�VFDQQLQJ��)LJXUH��G��VKRZHG�WKDW�REVHUYHUV¶�SHUIRUPDQFH�LPSURYHG�DIWHU�395 

WUDLQLQJ� LQ� WKH� SUHGLFWLRQ� WDVN�� ZKLOH� SHUIRUPDQFH� LQ� WKH� FRQWURO� WDVN� UHPDLQHG� KLJK� ERWK�396 

EHIRUH�DQG� DIWHU� WUDLQLQJ��7KHVH� UHVXOWV�ZHUH� FRQILUPHG�E\�D��� �task�� SUHGLFWLRQ�YV�� FRQWURO�397 

WDVN�� [� �� �session�� SUH�� YV�� SRVW�WHVW�� UHSHDWHG� PHDVXUHV� $129$� VKRZLQJ� D� VLJQLILFDQW�398 

LQWHUDFWLRQ� EHWZHHQ� task DQG� session� �F�����  � ������� P� �� ������� FRQVLVWHQW� ZLWK� HQKDQFHG�399 

SHUIRUPDQFH�DIWHU�WUDLQLQJ�LQ�WKH�SUHGLFWLRQ��t��� ��������P���������EXW�QRW�LQ�WKH�FRQWURO�WDVN�400 

�t���  � ������ P�  � ������� 7KH� FRPSDUDEOH� EHKDYLRXUDO� SHUIRUPDQFH� DIWHU� WUDLQLQJ� IRU� WKH�401 

SUHGLFWLRQ� DQG� FRQWURO� WDVN�� WKDW� LQYROYHG� VWUXFWXUHG� YV�� UDQGRP� VHTXHQFHV� UHVSHFWLYHO\��402 

HQVXUHG� WKDW� FRPSDULQJ� I05,� DFWLYDWLRQ� SDWWHUQV� EHWZHHQ� WKH� WZR� WDVNV� UHIOHFWHG� OHDUQLQJ�403 

VSHFLILF� WR� WKH� VHTXHQFH� VWUXFWXUH� WKDW� ZDV� QRW� FRQIRXQGHG� E\� GLIIHUHQFHV� LQ� EHKDYLRXUDO�404 

SHUIRUPDQFH��405 

,PSURYHPHQW� LQ� WKH� SUHGLFWLRQ� WDVN� DIWHU� WUDLQLQJ� LQGLFDWHV� WKDW� SDUWLFLSDQWV� DFTXLUHG�406 

NQRZOHGJH�RI�WKH�VHTXHQFH�VWUXFWXUH��'HEULHILQJ�WKH�SDUWLFLSDQWV�VXJJHVWV�WKDW�WKLV�NQRZOHGJH�407 

ZDV�PRVW� OLNHO\� LPSOLFLW� DQG� LW�ZDV�XQOLNHO\� WKDW� WKH�SDUWLFLSDQWV�PHPRUL]HG� WKH� VHTXHQFHV�408 

H[SOLFLWO\��,Q�SDUWLFXODU��SDUWLFLSDQWV�ZHUH�VLJQLILFDQWO\�PRUH�FRQILGHQW�LQ�WKHLU�UHVSRQVHV�DIWHU�409 

WUDLQLQJ��t��� ��������P���������DQG�IRXQG�WKH�WDVN�HDVLHU��t��� ��������P� ��������EXW�GLG�QRW�410 

IHHO�VLJQLILFDQWO\�PRUH�RU�OHVV�WLUHG��t��� ��������P� ��������,QWHUHVWLQJO\��WKLV�ZDV�QRW�WKH�FDVH�411 

IRU� ZHDNHU� OHDUQHUV� WKDW� GLG� QRW� UHSRUW� DQ\� VXEVWDQWLDO� FKDQJHV� LQ� WKHLU� FRQILGHQFH� �SUH�412 
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WUDLQLQJ�PHDQ� ������VWDQGDUG�GHYLDWLRQ� �������SRVW�WUDLQLQJ�PHDQ� �������VWDQGDUG�GHYLDWLRQ�413 

 �������RU�WDVN�GLIILFXOW\��SUH�WUDLQLQJ�PHDQ� �������VWDQGDUG�GHYLDWLRQ�� �������SRVW�WUDLQLQJ�414 

PHDQ� �������VWDQGDUG�GHYLDWLRQ� �������)LQDOO\��ZH�DVNHG�SDUWLFLSDQWV�WR�HVWLPDWH�WKH�QXPEHU�415 

RI�VHTXHQFHV�SUHVHQWHG�GXULQJ�WKH�H[SHULPHQW��WKLV�QXPEHU�GLG�QRW�FKDQJH�VLJQLILFDQWO\�DIWHU�416 

WUDLQLQJ� �t���  � ������� P�  � ������� 2QO\� WKUHH� SDUWLFLSDQWV� LQGLFDWHG� WKDW� WKHUH� ZHUH� IRXU�417 

VHTXHQFHV�LQ�WRWDO��EXW�QRQH�RI�WKH�SDUWLFLSDQWV�FRXOG�H[SOLFLWO\�UHSRUW�WKH�VHTXHQFHV�FRUUHFWO\��418 

7DNHQ�WRJHWKHU��WKH�GHEULHILQJ�GDWD�VXJJHVW�WKDW�LW�ZDV�XQOLNHO\�WKDW�WKH�SDUWLFLSDQWV�LPSURYHG�419 

LQ�WKH�WDVN�E\�H[SOLFLWO\�PHPRUL]LQJ�WKH�VHTXHQFHV��420 

),*85(���$%287�+(5(�421 

I05,�UHVXOWV��GHFRGLQJ�SUHGLFWLRQV�LQ�YLVXDO�FRUWH[�422 

7R�WHVW�ZKHWKHU�OHDUQLQJ�RI�WHPSRUDO�UHJXODULWLHV�VKDSHV�VHQVRU\�SUHGLFWLRQV�LQ�YLVXDO�FRUWH[��423 

ZH� VFDQQHG� SDUWLFLSDQWV� EHIRUH� DQG� DIWHU� WUDLQLQJ�� )RU� HDFK� SDUWLFLSDQW� ZH� LGHQWLILHG�424 

UHWLQRWRSLF�YLVXDO�DUHDV�XVLQJ�KLJK�UHVROXWLRQ�I05,�DQG�VWDQGDUG�PDSSLQJ�SURFHGXUHV��7R�WHVW�425 

IRU� I05,� VLJQDOV� UHODWHG� WR� WKH� SDUWLFLSDQWV¶� SUHGLFWLRQV� UDWKHU� WKDQ� WKH� VWLPXOL� SHU� VH�� ZH�426 

H[WUDFWHG� DFWLYLW\� GXULQJ� D� EODQN� LQWHUYDO� EHWZHHQ� WKH� WHPSRUDO� VHTXHQFHV� DQG� WKH� WHVW�427 

VWLPXOXV�� $QDO\VLV� RI� XQLYDULDWH� I05,� VLJQDOV� �SHUFHQW� VLJQDO� FKDQJH� IURP� PHDQ� %2/'�428 

UHVSRQVH� DFURVV� WULDOV�� FRQILUPHG� WKDW� %2/'� UHVSRQVHV� GXULQJ� WKLV� QR�VWLPXODWLRQ� SHULRG�429 

ZHUH� ORZ� DQG� GLG� QRW� GLIIHU� EHIRUH� YV�� DIWHU� WUDLQLQJ� �SDLUHG� W�WHVW� IRU� DOO�52,V��P > ������430 

)LJXUH��D���+RZHYHU��SUHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�QHXUDO�SUHIHUHQFH�IRU�RULHQWDWLRQ�FDQ�431 

EH� GHFRGHG� IURP� QR�VWLPXODWHG� LQWHUYDOV� LQ� WKH� YLVXDO� FRUWH[� XVLQJ� PXOWL�YR[HO� SDWWHUQ�432 

�093$��FODVVLILFDWLRQ�DQDO\VLV��+DUULVRQ�DQG�7RQJ�������.DPLWDQL�DQG�7RQJ�������6HUHQFHV�433 

HW� DO�� ������ 7RQJ� DQG� 3UDWWH� ������� 8VLQJ� WKLV� DSSURDFK��ZH� WUDLQHG� DQ� 690� FODVVLILHU� WR�434 

DVVRFLDWH�UHVSRQVHV�IURP�HDFK�I05,�YROXPH�WR�WKH�SDUWLFLSDQWV¶�SUHGLFWLRQ�LQ�HDFK�WULDO�DQG�435 

WHVWHG� WKH� DFFXUDF\� RI� WKH� FODVVLILHU� LQ� SUHGLFWLQJ� WKH� SDUWLFLSDQWV¶� UHVSRQVHV� �OHIWZDUGV� YV��436 
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ULJKWZDUGV�SUHGLFWHG�RULHQWDWLRQ��XVLQJ�DQ�LQGHSHQGHQW�GDWD�VHW��,Q�FRQWUDVW�WR�WKH�XQLYDULDWH�437 

VLJQDOV�� WKLV� DQDO\VLV� DOORZHG� XV� WR� VXFFHVVIXOO\� GHFRGH� WKH� RULHQWDWLRQ� SUHGLFWHG� E\� WKH�438 

SDUWLFLSDQWV� IURP� I05,� VLJQDOV� GXULQJ� SHULRGV� RI� QR�VWLPXODWLRQ� LQ� 9��� ,PSRUWDQWO\��439 

FODVVLILFDWLRQ�DFFXUDF\�LQFUHDVHG�DIWHU�FRPSDUHG�WR�EHIRUH�WUDLQLQJ��)LJXUH��E����,QVSHFWLRQ�RI�440 

WKH�093$�DFFXUDF\� WLPH�FRXUVH�DFURVV�YROXPHV�VKRZHG�WKDW� WKH� LPSURYHPHQW� LQ�GHFRGLQJ�441 

SHUIRUPDQFH�DIWHU�WUDLQLQJ�SHDNHG�GXULQJ�WKH�EODQN�LQWHUYDO�IROORZLQJ�WKH�SUHVHQWDWLRQ�RI�WKH�442 

WHPSRUDO� VHTXHQFH� GXULQJ� ZKLFK� SDUWLFLSDQWV� SUHGLFWHG� WKH� RULHQWDWLRQ� RI� WKH� XSFRPLQJ�443 

VWLPXOXV��)LJXUH��E���7KLV�UHVXOW�UHIOHFWV�OHDUQLQJ�GHSHQGHQW�FKDQJHV�VSHFLILF�WR�SURFHVVLQJ�RI�444 

SUHGLFWHG�RULHQWDWLRQV�LQ�WKH�SULPDU\�YLVXDO�FRUWH[��445 

),*85(���$%287�+(5(�446 

7R�TXDQWLI\�DQG�FRPSDUH�GHFRGLQJ�DFFXUDFLHV�DFURVV�YLVXDO�DUHDV��ZH�VHOHFWHG�DQG�DYHUDJHG�447 

I05,� UHVSRQVHV� IURP� DOO� YROXPHV� ������� WKDW� FRUUHVSRQGHG� WR� WKH� QR�VWLPXODWLRQ� SHULRG�448 

GXULQJ�ZKLFK�SDUWLFLSDQWV�SUHGLFWHG�WKH�RULHQWDWLRQ�RI�WKH�XSFRPLQJ�VWLPXOXV��&RQVLVWHQW�ZLWK�449 

WKH� EHKDYLRUDO� UHVXOWV� IRU� WKH� SUHGLFWLRQ� WDVN�� GHFRGLQJ� RI� SUHGLFWHG� RULHQWDWLRQV� LPSURYHG�450 

VLJQLILFDQWO\�DIWHU�WUDLQLQJ��)LJXUH�����,Q�FRQWUDVW�IRU�WKH�FRQWURO�WDVN��RULHQWDWLRQ�GHFRGLQJ�GLG�451 

QRW�FKDQJH�ZLWK�WUDLQLQJ��FRQVLVWHQW�ZLWK�WKH�SDUWLFLSDQWV¶�EHKDYLRXU�LQ�WKLV�WDVN���452 

&RPSDULQJ� GHFRGLQJ� DFFXUDFLHV� EHWZHHQ� WDVNV� VKRZHG� KLJKHU� GHFRGLQJ� DFFXUDFLHV� DIWHU�453 

WUDLQLQJ� IRU� WKH� SUHGLFWLRQ� WKDQ� WKH� FRQWURO� WDVN�� ,Q� SDUWLFXODU�� D� �� �session: pre- vs. post-454 

training VFDQ�� ;� �� �task: prediction vs. control�� ;� �� �ROI: V1,V2,V3d,V3a,V3v and hV4)�455 

UHSHDWHG�PHDVXUHV�$129$�VKRZHG�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�task�DQG�session��F�����456 

 � ������P�  � ������� (QKDQFHG� GHFRGLQJ� DFFXUDF\� DIWHU� WUDLQLQJ� IRU� WKH� SUHGLFWLRQ� WDVN� ZDV�457 

SULPDULO\�REVHUYHG�LQ�HDUO\�YLVXDO�DUHDV�9��DQG�9���,Q�SDUWLFXODU��WKH�LQWHUDFWLRQ�EHWZHHQ�task 458 

DQG�session�ZDV�VLJQLILFDQW�LQ�9� �F����� ��������P� �������DQG�9���F����� �������P� ��������DV�459 

GHFRGLQJ�DFFXUDF\�LQFUHDVHG�DIWHU�WUDLQLQJ�RQO\�IRU�WKH�SUHGLFWLRQ�WDVN��paired t-test: t��� ��460 
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������P� �� ������� EXW� QRW� IRU� WKH� FRQWURO� WDVN� �P  � ������� 1R� VLJQLILFDQW� LQWHUDFWLRQV� ZHUH�461 

REVHUYHG� LQ� 9�G� DQG� 9�Y�� K9�� DQG� 9�D� �F� �� ���� )XUWKHUPRUH�� WKHUH� ZDV� QR� WKUHH�ZD\�462 

LQWHUDFWLRQ� �session ;� task ;� 52,� F�����  � ������� P�  � ������� DV� LQGLFDWHG� E\� KLJKHU�463 

FODVVLILFDWLRQ�DFFXUDF\�LQ�9��DQG�9��FRPSDUHG�WR�KLJKHU�YLVXDO�DUHDV�IRU�ERWK�WKH�SUHGLFWLRQ�464 

DQG�WKH�FRQWURO�WDVN��7KHVH�ZHDNHU�HIIHFWV�LQ�KLJKHU�FRPSDUHG�WR�HDUO\��9���9���YLVXDO�DUHDV�465 

�HIIHFW�RI� ROI: F����� �������P� �������KDYH�EHHQ�SUHYLRXVO\�REVHUYHG�LQ�I05,�VWXGLHV�WHVWLQJ�466 

UHVSRQVHV�LQ�QRQ�VWLPXODWHG�YLVXDO�FRUWH[��+DUULVRQ�DQG�7RQJ�������.RN�HW�DO��������.RN�HW�467 

DO�� ������ 6PLWK� DQG�0XFNOL� ������ DQG� DUH� SRWHQWLDOO\� GXH� WR� VWURQJHU� RULHQWDWLRQ� VHOHFWLYH�468 

UHVSRQVHV�LQ�HDUO\�YLVXDO�DUHDV��.DPLWDQL�DQG�7RQJ��������469 

)XUWKHU��DGGLWLRQDO�DQDO\VLV�DIWHU�UHPRYLQJ�PRUH�YROXPHV�DW�WKH�EHJLQQLQJ��YROXPHV���DQG����470 

DQG�WKH�HQG��YROXPH������WR�DYRLG�DFWLYLW\�GXH�WR�VWLPXODWLRQ�IURP�WKH�VHTXHQFHV�RU�WKH�WHVW�471 

JUDWLQJ�� VKRZHG� WKH� VDPH�SDWWHUQ�RI� UHVXOWV��$V� LQ� WKH�PDLQ�DQDO\VLV�� D��� �session: pre- vs. 472 

post-training VFDQ��;����task: prediction vs. control��;����ROI: V1,V2,V3d,V3a,V3v and hV4)�473 

UHSHDWHG�PHDVXUHV�$129$�VKRZHG�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�task�DQG�session��F�����474 

 � ������P�  � ������� (QKDQFHG� GHFRGLQJ� DFFXUDF\� DIWHU� WUDLQLQJ� IRU� WKH� SUHGLFWLRQ� WDVN� ZDV�475 

SULPDULO\�REVHUYHG�LQ�HDUO\�YLVXDO�DUHDV�9��DQG�9����7KDW�LV��ZH�REVHUYHG�VLJQLILFDQW�HIIHFWV�476 

IRU�session LQ�9���F����� ��������P� �������DQG�9���F����� �������P� ��������EXW�QRW�LQ�9�G��477 

9�Y��9�D�DQG�K9���7KHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�session DQG�task LQ�ERWK�9� 478 

�F�����  � ������ P�  � ������ DQG� 9�� �F�����  � ������� P�  � ������� FRQVLVWHQW� ZLWK� HQKDQFHG�479 

FODVVLILFDWLRQ�DFFXUDF\�DIWHU�WUDLQLQJ�RQO\�IRU�WKH�SUHGLFWLRQ�WDVN��480 

),*85(���$%287�+(5(�481 

7KHVH� UHVXOWV� SURYLGH� HYLGHQFH� IRU� YLVXDO� FRUWH[� UHSUHVHQWDWLRQV� WKDW� DUH� VSHFLILF� WR� WKH�482 

OHDUQHG�VHTXHQFH�VWUXFWXUH� �� UDWKHU� WKDQ�UDQGRP�VHTXHQFHV�DV�SUHVHQWHG� LQ� WKH�FRQWURO� WDVN��483 

DQG� UHIOHFW� SDUWLFLSDQWV¶� SUHGLFWLRQV�� ,QFUHDVHG� GHFRGLQJ� DFFXUDFLHV� DIWHU� WUDLQLQJ� IRU� WKH�484 
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SUHGLFWLRQ� WDVN�FRXOG�QRW�EH�VLPSO\�H[SODLQHG�E\�����JHQHUDO� IDPLOLDULW\�ZLWK� WKH�VWLPXOL�RU�485 

WKH� WDVN� DIWHU� WUDLQLQJ�� DV� WKHVH� UHPDLQHG� WKH� VDPH� DFURVV� WDVNV�� ���� GLIIHUHQFHV� LQ� WKH� WDVN�486 

GHVLJQ��,Q�SDUWLFXODU��DV�ERWK�WDVNV�UHTXLUH�D�FRDUVH��OHIW�YV��ULJKW��UDWKHU�WKDQ�ILQH�RULHQWDWLRQ�487 

PDWFKLQJ�RI� WKH�SUHGLFWHG�RU�FXHG�RULHQWDWLRQ� WR� WKH� WHVW� VWLPXOXV��SDUWLFLSDQWV�PD\�KROG� LQ�488 

PHPRU\� DQG� SRWHQWLDOO\�PHQWDOO\� LPDJLQH� D� ODEHO� RU� YLVXDO� LPDJH�RI� WKH� SUHGLFWHG� RU� FXHG�489 

VWLPXOXV��7KH�FXH�LQ�WKH�FRQWURO�WDVN�PD\�HQFRXUDJH�SDUWLFLSDQWV�WR�NHHS�D�ODEHO�LQ�PHPRU\�490 

WKDW�FDQ�EH�YLVXDOL]HG�IRU�FRPSDULVRQ�WR�WKH�YLVXDO�WHVW�VWLPXOXV��ZKLOH�LQ�WKH�SUHGLFWLRQ�WDVN�491 

WKHUH�LV�QR�FXH�DQG�WKH�SDUWLFLSDQWV�PD\�YHUEDOL]H�RU�YLVXDOL]H�WKHLU�SUHGLFWLRQ��+RZHYHU�WKLV�492 

GLIIHUHQFH�LQ�WDVN�GHVLJQ�GLG�QRW�UHVXOW� LQ�VLJQLILFDQW�GLIIHUHQFHV�LQ�DYHUDJH�I05,�UHVSRQVHV�493 

�PDLQ�effect for task: F����� �������P  �������interaction between�session DQG�task��F����� �������494 

P  �������GXULQJ�WKH�QRQ�VWLPXODWLRQ�SHULRG��VXJJHVWLQJ�VLPLODU�HIIHFW�RI�ZRUNLQJ�PHPRU\�RU�495 

LPDJHU\�SURFHVVHV�LQ�HDUO\�YLVXDO�FRUWH[�DFURVV�WDVNV��,Q�FRQWUDVW��WKH�NH\�GLIIHUHQFH�EHWZHHQ�496 

WDVNV�LV�LQ�WKH�FRQWHQW��SUHGLFWHG�VWLPXOXV�IROORZLQJ�D�VWUXFWXUHG�VHTXHQFH�YV��FXHG�SK\VLFDO�497 

VWLPXOXV� IROORZLQJ� D� UDQGRP� VHTXHQFH�� RI� WKH� UHSUHVHQWDWLRQ� DFFHVVHG� E\� WKH� SDUWLFLSDQWV��498 

7KXV�� KLJKHU� GHFRGLQJ� DFFXUDFLHV� DIWHU� WUDLQLQJ� LQ� WKH� SUHGLFWLRQ� FRPSDUHG� WR� WKH� FRQWURO�499 

WDVN±GHVSLWH�VLPLODU�EHKDYLRUDO�SHUIRUPDQFH�DIWHU�WUDLQLQJ�LQ�ERWK�WDVNV��SDLUHG�W�WHVW��t��� ��500 

������P� ��������� VXJJHVW� WKDW�RXU� UHVXOWV� LQGLFDWH�SUHGLFWLYH� UHSUHVHQWDWLRQV� VSHFLILF� WR� WKH�501 

WUDLQHG� VWUXFWXUHG� VHTXHQFHV� UDWKHU� WKDQ� GLIIHUHQFHV� LQ�ZRUNLQJ�PHPRU\� RU� YLVXDO� LPDJHU\�502 

SURFHVVHV�DFURVV�WDVNV���503 

)LQDOO\��VLJQLILFDQW�FRUUHODWLRQ�RI�WKH�SDUWLFLSDQWV¶�SHUIRUPDQFH�ZLWK�GHFRGLQJ�DFFXUDF\�LQ�9��504 

DIWHU� WUDLQLQJ� �U�  � ������ P�  ������ VXJJHVW� WKDW� VHOHFWLYH� UHSUHVHQWDWLRQV� IRU� SUHGLFWHG�505 

RULHQWDWLRQ�UHODWH�WR�WKH�REVHUYHUV¶�HQKDQFHG�DELOLW\�WR�SUHGLFW�XSFRPLQJ�VWLPXOL�DIWHU�WUDLQLQJ�506 

RQ� WHPSRUDO� VHTXHQFHV� �)LJXUH� �D��� ,QWHUHVWLQJO\�� GHFRGLQJ� DFFXUDF\� GLG� QRW� LPSURYH�507 

VLJQLILFDQWO\�DIWHU�WUDLQLQJ�LQ�DQ\�RI�WKH�YLVXDO�DUHDV��F������IRU�SDUWLFLSDQWV��Q ���ZKR�GLG�QRW�508 

VKRZ� LPSURYHG� SHUIRUPDQFH� GXULQJ� WUDLQLQJ� ����� PHDQ� SHUIRUPDQFH� DW� WKH� ODVW� WUDLQLQJ�509 
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VHVVLRQ��� $� �� �session: pre- vs. post-training VFDQ�� ;� �� �ROI: V1,V2,V3d,V3a,V3v,hV4)�510 

UHSHDWHG�PHDVXUHV�$129$�VKRZHG�QR�VLJQLILFDQW�PDLQ�HIIHFWV�IRU�VHVVLRQ��F���� ��������P� �511 

�������52,�QRU�D�VLJQLILFDQW�LQWHUDFWLRQ��F���� ��������P� ��������)LJXUH��E���7DNHQ�WRJHWKHU�512 

WKHVH� UHVXOWV� VXJJHVW� D� VWURQJ� OLQN� EHWZHHQ� WKH� REVHUYHUV¶� DELOLW\� WR� SUHGLFW� WKH� LGHQWLW\� RI�513 

XSFRPLQJ�VWLPXOL�IROORZLQJ�WUDLQLQJ�RQ�WHPSRUDO�VHTXHQFHV�DQG�RULHQWDWLRQ�UHSUHVHQWDWLRQV�LQ�514 

HDUO\�YLVXDO�DUHDV���515 

),*85(���$%287�+(5(�516 

&RPSDULQJ�SK\VLFDO�YV��SUHGLFWHG�RULHQWDWLRQ�UHSUHVHQWDWLRQV�517 

)LQDOO\�� ZH� DVNHG� ZKHWKHU� QHXUDO� SRSXODWLRQV� ±DV� UHFRUGHG� DW� D� ODUJH� VFDOH� E\� I05,�� WKDW� HQFRGH�518 

SK\VLFDO� VWLPXOXV� RULHQWDWLRQ� PD\� DOVR� UHSUHVHQW� SUHGLFWHG� RULHQWDWLRQ�� 7R� WKLV� HQG�� ZH� WHVWHG�519 

ZKHWKHU�DFWLYLW\�SDWWHUQV�IRU�SUHGLFWHG�RULHQWDWLRQV�UHVHPEOH�VWLPXOXV�GULYHQ�DFWLYLW\�HOLFLWHG�520 

GXULQJ�YLHZLQJ�RI�RULHQWHG�JUDWLQJV��:H�FROOHFWHG�DQ�LQGHSHQGHQW�VHW�RI�I05,�GDWD�ZKLOH�WKH�521 

SDUWLFLSDQWV� YLHZHG� OHIWZDUGV� YV�� ULJKWZDUGV� RULHQWHG� JUDWLQJV� LQ� VHSDUDWH� EORFNV� ���R� RU�522 

���R���&RQVLVWHQW�ZLWK� SUHYLRXV� VWXGLHV� �+DUULVRQ� DQG�7RQJ� ������+D\QHV� DQG�5HHV� ������523 

.DPLWDQL� DQG� 7RQJ� ������ GHFRGLQJ� RI� RULHQWDWLRQ� IURP� VWLPXOXV�GULYHQ� DFWLYLW\� ZDV�524 

VXFFHVVIXO� DFURVV� YLVXDO� DUHDV� �)LJXUH� �D��� 7R� HYDOXDWH� WKH� FRUUHVSRQGHQFH� EHWZHHQ� QHXUDO�525 

UHSUHVHQWDWLRQV�IRU�SK\VLFDO�DQG�SUHGLFWHG�RULHQWDWLRQV��ZH�WUDLQHG�DQ�690�RQ�I05,�VLJQDOV�526 

UHODWHG�WR�SK\VLFDO�RULHQWDWLRQV�DQG�WHVWHG�WKH�DFFXUDF\�RI�WKH�FODVVLILHU�LQ�GHFRGLQJ�SUHGLFWHG�527 

RULHQWDWLRQV�IURP�I05,�GDWD�FROOHFWHG�ZKHQ�REVHUYHUV�SHUIRUPHG�WKH�SUHGLFWLRQ�WDVN��'HVSLWH�528 

VWLPXOXV� DQG� WDVN� GLIIHUHQFHV� EHWZHHQ� WKHVH� H[SHULPHQWV�� ZH� REVHUYHG� JHQHUDOL]DWLRQ� RI�529 

FODVVLILHU�SHUIRUPDQFH�LQ�9��DQG�9��DIWHU�WUDLQLQJ�EXW�QRW�LQ�KLJKHU�DUHDV�ZKHUH�RULHQWDWLRQ�530 

VHOHFWLYLW\�LV�NQRZQ�WR�EH�ZHDNHU��,PSRUWDQWO\��ZH�REVHUYHG�LPSURYHG�FODVVLILFDWLRQ�DFFXUDF\�531 

IRU� SUHGLFWHG� RULHQWDWLRQV� DIWHU� WUDLQLQJ�� VXJJHVWLQJ� WKDW� OHDUQLQJ� WHPSRUDO� VHTXHQFHV�532 

PRGXODWHV� QHXUDO� SRSXODWLRQV� LQ� HDUO\� YLVXDO� FRUWH[� LQYROYHG� LQ� WKH� VHOHFWLYH� SURFHVVLQJ� RI�533 

RULHQWDWLRQ��)LJXUH��E���,Q�SDUWLFXODU��D����session: pre- vs. post-training��;����ROI: V1, V2, 534 
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V3d, V3a, V3v and hV4��UHSHDWHG�PHDVXUHV�$129$�VKRZHG�KLJKHU�FODVVLILFDWLRQ�DFFXUDF\�535 

DIWHU�WUDLQLQJ��L�H��PDLQ�HIIHFW�IRU�session: F����� ���������P� ��������$OWKRXJK�WKHUH�ZDV�QR�536 

VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�session�DQG�ROI��F����� �������P� ��������LPSURYHG�GHFRGLQJ�537 

DFFXUDF\�DIWHU�FRPSDUHG�WR�EHIRUH� WUDLQLQJ�ZDV�PRUH�SURPLQHQW� LQ�9���SDLUHG� W�WHVW�� t��� ��538 

������P� �������DQG�9���SDLUHG�W�WHVW�� t��� ��������P� ��������EXW�RQO\�PDUJLQDOO\�VLJQLILFDQW�539 

IRU�9�G��SDLUHG�W�WHVW��t��� ��������P� ��������6LPLODU�DQDO\VLV�IRU�WKH�FRQWURO�WDVN��)LJXUH��F��540 

GLG� QRW� VKRZ� DQ\� VLJQLILFDQW� GLIIHUHQFHV� DIWHU� YV�� EHIRUH� WUDLQLQJ� LQ� SUHGLFWLQJ� FXHG�541 

RULHQWDWLRQV� DFURVV�52,V� �SDLUHG� W�WHVWV�� t�������Q�V����&RPSDULQJ�JHQHUDOL]DWLRQ�RI�FODVVLILHU�542 

SHUIRUPDQFH� EHWZHHQ� WKH� SUHGLFWLRQ� DQG� FRQWURO� WDVNV� VKRZHG� D� VLJQLILFDQW� LQWHUDFWLRQ�543 

EHWZHHQ�WDVN�DQG�VHVVLRQ��F����� �������P� ��������FRQVLVWHQW�ZLWK�RXU�PDLQ�ILQGLQJV�VXJJHVWLQJ�544 

HQKDQFHG�SUHGLFWLYH�UHSUHVHQWDWLRQV�WKDW�DUH�VSHFLILF�WR�WUDLQLQJ�ZLWK�VWUXFWXUHG�WKDQ�UDQGRP�545 

VHTXHQFHV�RI�LWHPV���546 

),*85(���$%287�+(5(�547 

&RQWURO�DQDO\VHV�548 

:H� FRQGXFWHG� WKH� IROORZLQJ� DGGLWLRQDO� DQDO\VHV� WR� FRQWURO� IRU� SRVVLEOH� DOWHUQDWLYH�549 

H[SODQDWLRQV�RI�WKH�UHVXOWV���550 

)LUVW��WR�FRQWURO�IRU�WKH�SRVVLELOLW\�WKDW�RXU�UHVXOWV�DUH�GXH�WR�UDQGRP�FRUUHODWLRQV�LQ�WKH�GDWD��551 

ZH�FRQGXFWHG� WKH�VDPH�GHFRGLQJ�DQDO\VLV�XVLQJ� UDQGRPO\�SHUPXWHG� I05,�SDWWHUQV� �L�H��ZH�552 

UDQGRPL]HG� WKH� FRUUHVSRQGHQFH� EHWZHHQ� I05,� GDWD� DQG� ODEHOV� DQG� SHUIRUPHG�093$� IRU�553 

������ LWHUDWLRQV���7KLV�DQDO\VLV� UHVXOWHG� LQ�FODVVLILFDWLRQ�DFFXUDFLHV� WKDW�GLG�QRW�GLIIHU� IURP�554 

FKDQFH� IRU� ERWK� SUH�� �PHDQ ����� VWDQGDUG� GHYLDWLRQ�  � ������ DQG� SRVW�WUDLQLQJ� �PHDQ�  �555 

�������VWDQGDUG�GHYLDWLRQ� ��������GDWD��t �����Q�V���LQ�9���,Q�SDUWLFXODU��GHFRGLQJ�DFFXUDF\�556 

IRU�WKH�SUHGLFWLRQ�WDVN�ZDV�KLJKHU�WKDQ�WKH�����WK�SHUFHQWLOH�RI�WKH�UDQGRP�GLVWULEXWLRQ�IRU����557 

RXW�RI����SDUWLFLSDQWV�DIWHU�WUDLQLQJ�EXW�RQO\�IRU���SDUWLFLSDQWV�EHIRUH�WUDLQLQJ��6LPLODU�UHVXOWV�558 
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ZHUH� REVHUYHG� DFURVV� 52,V�� 7KLV� DQDO\VLV� VXJJHVWV� WKDW� RXU� GHFRGLQJ� UHVXOWV� FRXOG� QRW� EH�559 

VLPSO\�DFFRXQWHG�IRU�E\�UDQGRP�YDULDWLRQV�LQ�WKH�GDWD¶��560 

6HFRQG��ZH�IRFXVHG�RQ�I05,�GHFRGLQJ�EDVHG�RQ�WKH�SDUWLFLSDQWV¶�UHVSRQVHV�LQ�WKH�SUHGLFWLRQ�561 

WDVN��DV�RXU�JRDO�ZDV�WR�XQGHUVWDQG�ZKHWKHU�WKH�YLVXDO�FRUWH[�FRQWDLQV�LQIRUPDWLRQ�WKDW�UHODWHV�562 

WR�EHKDYLRUDO� SUHGLFWLRQV��+RZHYHU�� WKLV� DQDO\VLV�PD\�EH� FRQIRXQGHG�E\�GLIIHUHQFHV� LQ� WKH�563 

QXPEHU� RI� FRUUHFW� WULDOV� EHWZHHQ� VHVVLRQV�� WKDW� LV�� ODUJHU� QXPEHU� RI� FRUUHFW� WULDOV� DIWHU�564 

FRPSDUHG�WR�EHIRUH�WUDLQLQJ��7R�FRQWURO�IRU�WKLV��ZH�ILUVW�FRQGXFWHG�WKH�VDPH�DQDO\VLV�XVLQJ�565 

I05,�VLJQDOV�RQO\�IRU�FRUUHFW�WULDOV�IRU�ERWK�VFDQ�VHVVLRQV��$����session: pre- vs. post-training 566 

VFDQ��;��� �task: prediction vs. control��;��� �ROI: V1,V2,V3d,V3a,V3v and hV4)� UHSHDWHG�567 

PHDVXUHV�$129$�� VKRZHG� VLPLODU� LPSURYHPHQW� RI� FODVVLILFDWLRQ� DFFXUDFLHV� DIWHU� WUDLQLQJ��568 

7KDW�LV��ZH�REVHUYHG�VLJQLILFDQWO\�KLJKHU�FODVVLILFDWLRQ�DFFXUDF\�DIWHU�WKDQ�EHIRUH�WUDLQLQJ�LQ�569 

WKH�PDLQ�WDVN�DV�LQGLFDWHG�E\�VLJQLILFDQW�session [�task LQWHUDFWLRQV�IRU�9���F����� ��������P� �570 

�������9���F����� ��������P� ��������9�D��F����� �������P� �������DQG�9�G��F����� �������P� �571 

�������EXW�QRW�IRU�9�Y��F����� ��������P� �������DQG�K9���F����� ��������P� ��������6HFRQG��ZH�572 

SHUIRUPHG� DQ� DGGLWLRQDO� DQDO\VLV� �)LJXUH� ��� WKDW� GHFRGHG� WKH� H[SHFWHG� RULHQWDWLRQ� DV�573 

GHWHUPLQHG� E\� WKH� SUHVHQWHG� VHTXHQFH� UDWKHU� WKDQ� WKH� SDUWLFLSDQWV
� SUHGLFWLRQ��:H� IRXQG� D�574 

VLPLODU�SDWWHUQ�RI�UHVXOWV��ZLWK�VLJQLILFDQWO\�KLJKHU�FODVVLILFDWLRQ�DFFXUDFLHV�DIWHU�WKDQ�EHIRUH�575 

WUDLQLQJ�DFURVV�52,V��session [�task: F����� ��������P� ��������,QWHUHVWLQJO\��WKLV�ZDV�QRW�WKH�576 

FDVH� IRU� ZHDNHU� OHDUQHUV�� SUHGLFWLRQ� DFFXUDFLHV� GLG� QRW� FKDQJH� DFURVV� VHVVLRQV�� FRQVLVWHQW�577 

ZLWK�WKH�UHVXOWV�SUHVHQWHG�LQ�)LJXUH��E��7KHVH�FRQWURO�DQDO\VHV�VXJJHVW�WKDW�RXU�UHVXOWV�FRXOG�578 

QRW�EH�VLPSO\�H[SODLQHG�E\�GLIIHUHQFHV�LQ�WDVN�GLIILFXOW\�EHWZHHQ�VFDQQLQJ�VHVVLRQV���579 

),*85(���$%287�+(5(�580 

7KLUG��LV�LW�SRVVLEOH�WKDW�WKH�GLIIHUHQFH�LQ�WKH�GHFRGLQJ�DFFXUDF\�IRU�WKH�SUHGLFWLRQ�WDVN�EHIRUH�581 

DQG� DIWHU� WUDLQLQJ�ZDV�GXH� WR�GLIIHUHQW� VWUDWHJLHV� DGRSWHG�E\� WKH� REVHUYHUV"�7KDW� LV�� EHIRUH�582 

WUDLQLQJ� WKH� SDUWLFLSDQWV� IRXQG� WKH� WDVN� WRR�GLIILFXOW� DQG� UHVSRQGHG� UDQGRPO\�ZKHQ� WKH� WHVW�583 
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VWLPXOXV� DSSHDUHG� LQVWHDG� RI� SUHGLFWLQJ� WKH� XSFRPLQJ� VWLPXOXV�� +RZHYHU�� ORZ� SUHGLFWLRQ�584 

DFFXUDFLHV� EHIRUH� WUDLQLQJ� IRU� WKH� H[SHFWHG� RULHQWDWLRQ� DV� GHWHUPLQHG� E\� WKH� SUHVHQWHG�585 

VHTXHQFH� �)LJXUH���� VXJJHVWV� WKDW� I05,�SDWWHUQV� LQ�YLVXDO�FRUWH[�FRQWDLQ� LQIRUPDWLRQ�DERXW�586 

VWUXFWXUHG� VHTXHQFHV� DIWHU� EXW� QRW� EHIRUH� WUDLQLQJ�� $V� WKLV� DQDO\VLV� GRHV� QRW� UHO\� RQ� WKH�587 

SDUWLFLSDQWV¶� UHVSRQVHV�� ORZ�DFFXUDFLHV�EHIRUH� WUDLQLQJ�FRXOG�QRW�EH�GXH� WR� WKH�SDUWLFLSDQWV¶�588 

UHVSRQVH�VWUDWHJ\��H�J��JXHVVLQJ����589 

)RXUWK�� RXU� UHVXOWV� FRXOG� QRW� EH� VLPSO\� H[SODLQHG� E\� GLIIHUHQFHV� LQ� SDUWLFLSDQWV¶� DWWHQWLRQ�590 

EHWZHHQ� VFDQ� VHVVLRQV�� DV� DQDO\VLV� RI� XQLYDULDWH� I05,� VLJQDOV� IRU� OHIWZDUGV� DQG� ULJKWZDUGV�591 

RULHQWHG�JUDWLQJV�GLG�QRW�GLIIHU� EHIRUH� DQG� DIWHU� WUDLQLQJ��)XUWKHU�� WKLV� DQDO\VLV� MXVWLILHV� RXU�592 

FKRLFH� RI� PXOWL�YR[HO� SDWWHUQ� FODVVLILFDWLRQ� PHWKRGV� IRU� WKH� DQDO\VLV� RI� SUHGLFWLYH�593 

UHSUHVHQWDWLRQV� WKDW� KDYH� EHHQ� VKRZQ� WR� EH� PRUH� VHQVLWLYH� WKDQ� XQLYDULDWH� DSSURDFKHV� LQ�594 

H[WUDFWLQJ�VHOHFWLYH�VLJQDOV�IURP�EUDLQ�SDWWHUQV��)LQDOO\��DQDO\VLV�RI�H\H�PRYHPHQW�UHFRUGLQJV�595 

GLG� QRW� VKRZ� DQ\� GLIIHUHQFHV� EHWZHHQ� VFDQQLQJ� VHVVLRQV� DQG� EHWZHHQ� OHIW� YV�� ULJKWZDUGV�596 

SUHGLFWHG�RULHQWDWLRQV�DFURVV�VHVVLRQV��VXJJHVWLQJ�WKDW�LW�LV�XQOLNHO\�WKDW�H\H�PRYHPHQWV�FRXOG�597 

H[SODLQ�RXU�UHVXOWV��,Q�SDUWLFXODU��D����session: SUH��YV��SRVW-WUDLQLQJ��;����orientation: OHIW��YV��598 

ULJKW��UHSHDWHG�PHDVXUHV�$129$�UHYHDOHG�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�HIIHFWV�RI�session�RU�599 

orientation IRU�WKH�PHDQ�H\H�SRVLWLRQ��VHVVLRQ��F��� �������P� �������RULHQWDWLRQ��F����� �������600 

P� ��������PHDQ�VDFFDGH�DPSOLWXGH��F���� ������P� �������F���� �������P� ��������RU�QXPEHU�RI�601 

VDFFDGHV�SHU�WULDO�SHU�FRQGLWLRQ��F���� �������P� �������F���� �������P� ��������$OVR��WKHUH�ZDV�602 

QR�VLJQLILFDQW� LQWHUDFWLRQ�EHWZHHQ�session DQG�orientation IRU� WKH�PHDQ�H\H�SRVLWLRQ��F���� �603 

������P� ��������WKH�QXPEHU�RI�VDFFDGHV��F���� �������P� �������RU�WKH�VDFFDGH�DPSOLWXGH��F����604 

 �������P� ������605 

'LVFXVVLRQ�606 

2XU� UHVXOWV� SURYLGH� HYLGHQFH� WKDW� OHDUQLQJ� RI� WHPSRUDO� UHJXODULWLHV� VXSSRUWV� RXU� DELOLW\� WR�607 

SUHGLFW� IXWXUH� HYHQWV� E\� UHDFWLYDWLQJ� VHOHFWLYH� VHQVRU\� UHSUHVHQWDWLRQV� LQ� SULPDU\� YLVXDO�608 
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FRUWH[��,QWHUHVWLQJO\��WKHVH�SUHGLFWLYH�UHSUHVHQWDWLRQV�DSSHDU�WR�EH�GULYHQ�E\�WKH�VDPH�ODUJH�609 

VFDOH�QHXUDO�SRSXODWLRQV�WKDW�HQFRGH�SK\VLFDO�VWLPXOXV�SURSHUWLHV��L�H��RULHQWDWLRQ��DQG�WR�EH�610 

VSHFLILF�WR�WKH�OHDUQHG�VHTXHQFH�VWUXFWXUH��)XUWKHU��WKHVH�UHSUHVHQWDWLRQV�UHIOHFW�RXU�DELOLW\�WR�611 

SUHGLFW� IXWXUH� HYHQWV� DV� LQGLFDWHG� E\� D� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� I05,� GHFRGLQJ� DQG�612 

EHKDYLRUDO�LPSURYHPHQW�LQ�WKH�SUHGLFWLRQ�WDVN�DIWHU�WUDLQLQJ���613 

&RQVLVWHQW� ZLWK� RXU� SUHYLRXV� EHKDYLRUDO� ZRUN� �%DNHU� HW� DO�� ������� ZH� GHPRQVWUDWH� WKDW�614 

H[SRVXUH� WR� WHPSRUDO� UHJXODULWLHV� LQ� D� VFHQH� DOORZV� XV� WR� DFFXPXODWH� LQIRUPDWLRQ� DERXW� LWV�615 

VWUXFWXUH� DQG�SUHGLFW� IXWXUH� HYHQWV��$OWKRXJK�ZH�XVHG�GHWHUPLQLVWLF� VHTXHQFHV��ZH� HQVXUHG�616 

WKDW�REVHUYHUV�OHDUQHG�WKH�JOREDO�VHTXHQFH�VWUXFWXUH��L�H��WHPSRUDO�RUGHU�VWDWLVWLFV�DFURVV�LWHPV�617 

UDWKHU� WKDQ�HDFK�LWHP�SRVLWLRQ�LQ�WKH�VHTXHQFH��E\�PDWFKLQJ�WKH�IUHTXHQF\�RI�RFFXUUHQFH�RI�618 

HDFK� LWHP� �L�H�� JUDWLQJ� RULHQWDWLRQ�� LQ� WKH� VHTXHQFH�� 3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG� WKDW�619 

OHDUQLQJ� RI� UHJXODULWLHV� PD\� RFFXU� LPSOLFLWO\� LQ� D� UDQJH� RI� WDVNV�� YLVXRPRWRU� VHTXHQFH�620 

OHDUQLQJ��1LVVHQ�DQG�%XOOHPHU��������DUWLILFLDO�JUDPPDU�OHDUQLQJ��5HEHU��������SUREDELOLVWLF�621 

FDWHJRU\�OHDUQLQJ��.QRZOWRQ�HW�DO���������DQG�FRQWH[WXDO�FXH�OHDUQLQJ��&KXQ�DQG�-LDQJ��������622 

,Q�RXU�VWXG\��SDUWLFLSDQWV�ZHUH�H[SRVHG�WR�WKH�VHTXHQFHV�ZLWKRXW�IHHGEDFN�EXW�ZHUH�DVNHG�WR�623 

PDNH� DQ� H[SOLFLW� MXGJHPHQW� DERXW� WKH� LGHQWLW\� RI� WKH� XSFRPLQJ� WHVW� VWLPXOXV� �OHIWZDUG� YV��624 

ULJKWZDUG� RULHQWHG� JUDWLQJ�� PDNLQJ� WKHP� DZDUH� RI� WKH� GHSHQGHQFLHV� EHWZHHQ� WKH� VWLPXOL�625 

SUHVHQWHG�LQ�WKH�VHTXHQFH��+RZHYHU��GHEULHILQJ�WKH�SDUWLFLSDQWV�VKRZHG�WKDW�LW�ZDV�XQOLNHO\�626 

WKDW� WKH� SDUWLFLSDQWV� H[SOLFLWO\� PHPRUL]HG� WKH� VHTXHQFHV�� VXJJHVWLQJ� WKDW� WKH\� PDGH�627 

SUHGLFWLRQV�EDVHG�RQ�LPSOLFLW�NQRZOHGJH�RI�WHPSRUDO�VWUXFWXUH���628 

2XU� I05,� ILQGLQJV� DGYDQFH� RXU� XQGHUVWDQGLQJ� RI� WKH� EUDLQ� PHFKDQLVPV� WKDW� VXSSRUW� RXU�629 

DELOLW\� WR� WUDQVODWH� SUHYLRXV� NQRZOHGJH� WR� IXWXUH� SUHGLFWLRQV� LQ� IRXU� PDLQ� UHVSHFWV�� )LUVW��630 

SUHYLRXV� LPDJLQJ�DQG�SK\VLRORJ\�VWXGLHV�VXJJHVW� WKDW�H[WHQVLYH�WUDLQLQJ�RQ�YLVXDO�GHWHFWLRQ�631 

RU�GLVFULPLQDWLRQ� WDVNV�PD\�PRGXODWH�SURFHVVLQJ� LQ�SULPDU\�YLVXDO�FRUWH[��%DR�HW�DO��������632 

)XUPDQVNL�HW�DO��������-HKHH�HW�DO��������6FKRXSV�HW�DO���������2XU�ILQGLQJV�H[WHQG�EH\RQG�633 
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WKLV�ZRUN�VKRZLQJ� WKDW�PHUH�H[SRVXUH� WR� WKH�VWDWLVWLFV�RI� WKH�HQYLURQPHQW�DOWHUV� VHOHFWLYHO\�634 

RULHQWDWLRQ� UHSUHVHQWDWLRQV� LQ� SULPDU\� YLVXDO� FRUWH[� WR� UHIOHFW� WKH� REVHUYHUV¶� SUHGLFWLRQ��635 

)XUWKHU�� UHFHQW� DQLPDO� SK\VLRORJ\� VWXGLHV� SURYLGH� HYLGHQFH� IRU� UHDFWLYDWLRQ� RI� QHXUDO�636 

UHVSRQVHV�LQ�YLVXDO�FRUWH[�ZKHQ�QHXURQV�DUH�DFWLYDWHG�LQ�D�WHPSRUDO�VHTXHQFH��(DJOHPDQ�DQG�637 

'UDJRL� ������ *DYRUQLN� DQG� %HDU� ������� 2XU� VWXG\� SURYLGHV� QRYHO� HYLGHQFH� WKDW� VXFK�638 

H[SHULHQFH�GHSHQGHQW� QHXUDO� UHDFWLYDWLRQ� FRUUHODWHV� DQG�PD\� IDFLOLWDWH� WKH� DELOLW\�RI� KXPDQ�639 

REVHUYHUV� WR� PDNH� SUHGLFWLRQV� RI� XSFRPLQJ� VHQVRU\� HYHQWV�� � $OWKRXJK� WKH� QDWXUH� RI� WKH�640 

VLJQDOV� WKDW� VXSSRUW� RULHQWDWLRQ� GHFRGLQJ� KDV� EHHQ� UHFHQWO\� GHEDWHG� �)UHHPDQ� HW� DO�� �������641 

KHUH� ZH� GHPRQVWUDWH� WKDW� WKH� VDPH� ODUJH�VFDOH� QHXUDO� SRSXODWLRQV� WKDW� HQFRGH� SK\VLFDO�642 

RULHQWDWLRQV� LQ�SULPDU\�YLVXDO�FRUWH[�HQFRGH�DOVR�WKH�SUHGLFWHG�RULHQWDWLRQV��7KXV��RXU�ZRUN�643 

SURYLGHV�QRYHO�HYLGHQFH� WKDW�SUHYLRXV�NQRZOHGJH�DOWHUV�SURFHVVLQJ� LQ�SULPDU\�YLVXDO�FRUWH[�644 

WKDW�PHGLDWHV�RXU�DELOLW\�WR�PDNH�VHQVRU\�SUHGLFWLRQV���645 

6HFRQG�� OHDUQLQJ� RI� VSDWLDO� DQG� WHPSRUDO� UHJXODULWLHV� KDV� EHHQ� VXJJHVWHG� WR� HQJDJH� WKH�646 

VWULDWXP�DQG�PHGLDO�WHPSRUDO�OREH�UHJLRQV��*KH\VHQ�HW�DO��������+VLHK�HW�DO��������5DXFK�HW�647 

DO��������5RVH�HW�DO��������6FKDSLUR�HW�DO��������6FKDSLUR�HW�DO��������6FKHQGDQ�HW�DO������D���648 

)RU�H[DPSOH��VWXGLHV��)RHUGH�HW�DO��������3ROGUDFN�HW�DO��������3ROGUDFN�HW�DO��������XVLQJ�WKH�649 

ZHDWKHU� SUHGLFWLRQ� SDUDGLJP� KDYH� LPSOLFDWHG� WKHVH� UHJLRQV� LQ� LPSOLFLW� OHDUQLQJ� RI�650 

SUREDELOLVWLF�DVVRFLDWLRQV��3UHYLRXV�ZRUN�KDV�LPSOLFDWHG�PDLQO\�VWULDWDO�UHJLRQV��H�J��FDXGDWH�651 

DQG�SXWDPHQ��LQ�LPSOLFLW�OHDUQLQJ��+D]HOWLQH�HW�DO��������5DXFK�HW�DO���������ZKLOH�WKH�PHGLDO�652 

WHPSRUDO� OREH� LQ�ERWK� LPSOLFLW� DQG�H[SOLFLW� OHDUQLQJ� �6FKHQGDQ�HW� DO������D��E���2XU� UHVXOWV�653 

VXJJHVW� LQWHUDFWLRQV� EHWZHHQ� WKHVH� PHPRU\� FLUFXLWV� DQG� YLVXDO� FRUWH[�� WKDW� LV�� OHDUQLQJ� RI�654 

WHPSRUDO�VWUXFWXUHV�WKDW�LV�NQRZQ�WR�HQJDJH�WKLV�FLUFXLW�PD\�VKDSH�UHSUHVHQWDWLRQV�LQ�SULPDU\�655 

YLVXDO� FRUWH[� WKDW� UHODWH� WR� RXU� DELOLW\� WR�PDNH� VHQVRU\� SUHGLFWLRQV��7KLV� LV� FRQVLVWHQW�ZLWK�656 

UHFHQW�ZRUN� LPSOLFDWLQJ� WKH� KLSSRFDPSXV� LQ�PHPRU\� RI� WHPSRUDO� RUGHU� �IRU� D� UHYLHZ� VHH��657 

(LFKHQEDXP� ������+RZDUG� DQG� (LFKHQEDXP� ������� DQG� SURVSHFWLYH�PHPRU\� RI� VLPXODWHG�658 
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IXWXUH� HYHQWV� �,QJYDU� ������ 6]SXQDU� HW� DO�� ������� )XUWKHU�� UHODWHG�ZRUN� KDV� VXJJHVWHG� WKDW�659 

DVVRFLDWLYH� OHDUQLQJ� HQJDJLQJ� PHGLDO� WHPSRUDO� OREH� UHJLRQV� PRGXODWHV� SURFHVVLQJ� LQ�660 

LQIHURWHPSRUDO��0H\HU�DQG�2OVRQ�������0L\DVKLWD�������DQG�DUHD�07��6FKODFN�DQG�$OEULJKW�661 

������DQG�HDUO\�YLVXDO��%RVFK�HW�DO��������FRUWH[��:KLOH�WKLV�SUHYLRXV�ZRUN�KDV�IRFXVHG�RQ�662 

SDLUHG� DVVRFLDWLRQV�� ZH� SURSRVH� WKDW� OHDUQLQJ� KLJKHU� RUGHU� UHJXODULWLHV� LQ� WKH� FRQWH[W� RI�663 

WHPSRUDO�VHTXHQFHV�PD\�HPSOR\�VLPLODU�EUDLQ�FLUFXLWV�WR�WUDQVODWH�NQRZOHGJH�DERXW�WHPSRUDO�664 

VWUXFWXUH�LQ�PHGLDO�WHPSRUDO�OREH�WR�SUHGLFWLRQV�LQ�VHQVRU\�DUHDV��665 

7KLUG�� WKHUH� LV� DFFXPXODWLQJ� HYLGHQFH� IRU� WKH� UROH� RI� SULPDU\� YLVXDO� FRUWH[� LQ� SUHGLFWLYH�666 

FRGLQJ��,Q�SDUWLFXODU��UHFHQW�I05,��$OLQN�HW�DO��������+DUULVRQ�HW�DO��������.RN�HW�DO��������667 

.RN� HW� DO�� ������ 0XUUD\� HW� DO�� ������ 6FKRXSV� HW� DO�� ������ 6PLWK� DQG� 0XFNOL� ������668 

6XPPHUILHOG� DQG� (JQHU� ������� DQG� QHXURSK\VLRORJ\� VWXGLHV� �*XR� HW� DO�� ������ .LP� HW� DO��669 

������0H\HU�DQG�2OVRQ�������3HUUHWW�HW�DO��������KDYH�VKRZQ�WKDW�UHVSRQVHV�LQ�YLVXDO�FRUWH[�670 

DUH�PRGXODWHG�E\�VSDWLR�WHPSRUDO�FRQWH[W��7KHVH�ILQGLQJV�KDYH�EHHQ�REVHUYHG�LQ�WKH�FRQWH[W�671 

RI� WDVNV� LQYROYLQJ� VWLPXOXV� DQWLFLSDWLRQ� EDVHG� RQ� SDLUHG� DVVRFLDWLRQV� RU� VKRUW�WHUP� KLVWRU\�672 

�L�H�� SUREDELOLW\� RI� RFFXUUHQFH� IRU� D� SUHFHGLQJ� VWLPXOXV��� )XUWKHU�� KLJKHU� UHVSRQVHV� DUH�673 

REVHUYHG� IRU� XQH[SHFWHG� WKDQ� H[SHFWHG� VWLPXOL�� FRQVLVWHQW� ZLWK� LQFUHDVHG� SUHGLFWLRQ� HUURU�674 

ZKHQ� VHQVRU\� VLJQDOV� DQG� WRS�GRZQ� H[SHFWDWLRQV� GR� QRW� FRUUHVSRQG� �%DVWRV� HW� DO�� ������675 

)ULVWRQ� ������ 6XPPHUILHOG� DQG� (JQHU� ������� 2XU� VWXG\� H[WHQGV� EH\RQG� WKHVH� ILQGLQJV� LQ�676 

VHYHUDO� UHVSHFWV��)LUVW��RXU�SDUDGLJP�DOORZV�XV� WR� WHVW�KRZ�ORQJHU�WHUP�NQRZOHGJH�DFTXLUHG�677 

WKURXJK�VHYHUDO�WUDLQLQJ�VHVVLRQV�UDWKHU�WKDQ�VKRUW�WHUP�VWLPXOXV�KLVWRU\�DIIHFWV�SUHGLFWLRQ�LQ�678 

SULPDU\�YLVXDO�FRUWH[��6HFRQG��RXU�VWXG\�LV�WKH�ILUVW� WR� WHVW�WKH�UROH�RI�VHTXHQFH�OHDUQLQJ�RQ�679 

SUHGLFWLRQV�UHODWHG�WR�YLVXDO�UHFRJQLWLRQ��3UHYLRXV�ZRUN�RQ�OHDUQLQJ�WHPSRUDO�VHTXHQFHV�KDV�680 

IRFXVHG�RQ�LPSOLFLW�PHDVXUHV�RI�VHTXHQFH�OHDUQLQJ��VXFK�DV�IDPLOLDULW\�MXGJPHQWV�RU�UHDFWLRQ�681 

WLPHV� �1LVVHQ� DQG� %XOOHPHU� ������� IRU� UHYLHZ� VHH� �6FKZDUE� DQG� 6FKXPDFKHU� �������682 

$OWKRXJK� VXFK� SDUDGLJPV� LPSOLFDWH� WKDW� LPSOLFLW� OHDUQLQJ� RI� WHPSRUDO� VHTXHQFHV� IDFLOLWDWHV�683 



 29

WKH�DQWLFLSDWLRQ�RI�XSFRPLQJ�HYHQWV��WKH\�GR�QRW�WHVW�ZKHWKHU�WKLV�NQRZOHGJH�FDQ�EH�XVHG�WR�684 

H[SOLFLWO\�SUHGLFW�WKH�LGHQWLW\�RI�XSFRPLQJ�VWLPXOL��,Q�FRQWUDVW��RXU�GHVLJQ�DOORZV�XV�WR�WHVW�IRU�685 

QHXUDO� UHSUHVHQWDWLRQV� UHODWHG� WR� H[SOLFLW� SUHGLFWLRQV� DERXW� WKH� LGHQWLW\� RI� DQ� XSFRPLQJ�686 

VWLPXOXV� �L�H�� JUDWLQJ� RULHQWDWLRQ�� UDWKHU� WKDQ� DQWLFLSDWLRQ� DV� UHYHDOHG� W\SLFDOO\� E\� LPSOLFLW�687 

PHDVXUHV� �H�J�� UHDFWLRQ� WLPHV�� IDPLOLDULW\�� RI� YLVXDO� UHFRJQLWLRQ�� 7KLUG�� XVLQJ� PXOWL�YR[HO�688 

SDWWHUQ� FODVVLILFDWLRQ� PHWKRGV� DOORZV� XV� WR� WHVW� KRZ� SUHYLRXV� NQRZOHGJH� DIIHFWV� VHOHFWLYH�689 

SURFHVVLQJ� RI� VHQVRU\� IHDWXUHV� �L�H�� RULHQWDWLRQ�� UHODWHG� WR� WKH� REVHUYHUV¶� UHVSRQVH� �L�H�� SHU�690 

WULDO� SUHGLFWLRQ�� UDWKHU� WKDQ� VLPSO\� FKDQJHV� LQ� WKH� RYHUDOO� I05,� PDJQLWXGH� UHODWHG� WR�691 

H[SHFWDWLRQ�� 'HFRGLQJ� SUHGLFWHG� RULHQWDWLRQ� GXULQJ� D� QR�VWLPXODWLRQ� SHULRG� EHIRUH� WKH� WHVW�692 

VWLPXOXV� DSSHDUV� DOORZV� XV� WR� LQYHVWLJDWH� WKH� SURFHVVHV� LQYROYHG� LQ� SUHGLFWLQJ� XSFRPLQJ�693 

VHQVRU\� HYHQWV�� LQ� FRQWUDVW� WR� SUHYLRXV� ZRUN� LQYHVWLJDWLQJ� SUHGLFWLYH� FRGLQJ� EDVHG� RQ� WKH�694 

HUURU�JHQHUDWHG�ZKHQ�XQH[SHFWHG�VWLPXOL�DUH�SUHVHQWHG���695 

)LQDOO\�� UHFHQW� LPDJLQJ�ZRUN�KDV�KLJKOLJKWHG� WKH� UROH�RI�SULPDU\�YLVXDO�FRUWH[� LQ� FRJQLWLYH�696 

IXQFWLRQV� VXFK� DV� ZRUNLQJ� PHPRU\� DQG� YLVXDO� LPDJHU\� �$OEHUV� HW� DO�� ������ +DUULVRQ� DQG�697 

7RQJ� ������ 6HUHQFHV� HW� DO�� ������� 7KH� SUHGLFWLRQ� WDVN� XVHG� LQ� RXU� VWXG\� LQYROYHV� WKHVH�698 

SURFHVVHV��DV�LW�HQWDLOV�WKDW�SDUWLFLSDQWV�KROG�LQ�PHPRU\�DQG�RU�LPDJLQH�WKH�SUHGLFWHG�VWLPXOXV�699 

LQ� RUGHU� WR� PDWFK� LW� WR� WKH� WHVW� VWLPXOXV�� +RZHYHU�� FRPSDULQJ� WKH� SUHGLFWLRQ� WDVN� ZLWK� D�700 

FRQWURO�WDVN�XVLQJ�UDQGRP�VHTXHQFHV�DQG�D�VLPLODU�GHVLJQ�LQYROYLQJ�WKH�VDPH�SURFHVVHV��L�H��701 

KROGLQJ� LQ� PHPRU\� DQG�RU� LPDJLQLQJ� D� JUDWLQJ� RULHQWDWLRQ�� GHPRQVWUDWHV� SUHGLFWLYH�702 

UHSUHVHQWDWLRQV� LQ� SULPDU\� YLVXDO� FRUWH[� WKDW� DUH� VSHFLILF� WR� WKH� NQRZOHGJH� RI� VWUXFWXUHG�703 

VHTXHQFHV�� ,Q� SDUWLFXODU�� FRPSDULQJ� DYHUDJH� I05,� UHVSRQVHV� IRU� WKH� QR�VWLPXODWLRQ� SHULRG�704 

EHWZHHQ� WDVNV� GLG� QRW� VKRZ� DQ\� VLJQLILFDQW� GLIIHUHQFHV�� VXJJHVWLQJ� WKDW� KLJKHU� RULHQWDWLRQ�705 

GHFRGLQJ�DFFXUDF\�LQ�WKH�SUHGLFWLRQ�WKDQ�WKH�FRQWURO�WDVN�FDQQRW�EH�VLPSO\�GXH�WR�GLIIHUHQFHV�706 

LQ� WKH� WDVN�GHVLJQ�� ,Q� FRQWUDVW�� WKH� FULWLFDO�GLIIHUHQFH�EHWZHHQ� WDVNV� LV� LQ� WKH� FRQWHQW�RI� WKH�707 

UHSUHVHQWDWLRQ� DFFHVVHG� E\� WKH� SDUWLFLSDQWV� �SUHGLFWHG� RULHQWDWLRQ� IROORZLQJ� D� VWUXFWXUHG�708 



 30

VHTXHQFH�YV��FXHG�SK\VLFDO�RULHQWDWLRQ�IROORZLQJ�D�UDQGRP�VHTXHQFH��ZKLFK�ZH�GHFRGH�XVLQJ�709 

PXOWLYR[HO�SDWWHUQ�FODVVLILFDWLRQ�RI�I05,�GDWD����7KLV�UHVXOW�LV�IXUWKHU�VXSSRUWHG�E\�VLJQLILFDQW�710 

FRUUHODWLRQ�RI�WKH�SDUWLFLSDQWV¶�SHUIRUPDQFH�LQ�WKH�SUHGLFWLRQ�WDVN�ZLWK�GHFRGLQJ�DFFXUDF\�LQ�9��DIWHU�711 

WUDLQLQJ��7DNHQ�WRJHWKHU�WKHVH�UHVXOWV�VXJJHVW�SUHGLFWLYH�UHSUHVHQWDWLRQV�LQ�HDUO\�YLVXDO�FRUWH[�712 

IROORZLQJ�OHDUQLQJ�RI�VWUXFWXUHG�VHTXHQFHV�WKDW�FDQQRW�QRW�EH�VLPSO\�H[SODLQHG�E\�GLIIHUHQFHV�713 

LQ�ZRUNLQJ�PHPRU\�RU�YLVXDO�LPDJHU\�SURFHVVHV�DFURVV�WDVNV��714 

,Q� VXP�� RXU� ILQGLQJV� SURYLGH� HYLGHQFH� WKDW� NQRZOHGJH� RI� WHPSRUDO� UHJXODULWLHV� DOWHUV�715 

SURFHVVLQJ� LQ�SULPDU\�YLVXDO�FRUWH[� WR�VXSSRUW�RXU�DELOLW\�IRU�VHQVRU\�SUHGLFWLRQV��7KH�KLJK�716 

UHVROXWLRQ� LPDJLQJ� DGRSWHG� LQ� RXU� VWXG\� DIIRUGHG� XV� WKH� VLJQDO� TXDOLW\� QHFHVVDU\� WR� UHYHDO�717 

DFWLYLW\�SDWWHUQV�UHODWHG�WR�SUHGLFWLYH�UHSUHVHQWDWLRQV��EXW�LW�UHVWULFWHG�EUDLQ�FRYHUDJH�WR�YLVXDO�718 

FRUWH[��*LYHQ�WKH�FRPSOH[�QDWXUH�RI�WKH�%2/'�VLJQDO��LW�LV�SRVVLEOH�WKDW�WKH�I05,�VHOHFWLYLW\�719 

WKDW� ZH� REVHUYHG� IRU� SUHGLFWHG� RULHQWDWLRQV� LV� HQKDQFHG� E\� IHHGEDFN� IURP� RWKHU� FRUWLFDO�720 

FLUFXLWV��3RVVLEOH�FDQGLGDWHV� LQFOXGH��D��PHGLDO� WHPSRUDO� OREH�DQG�VXEFRUWLFDO�DUHDV� WKDW�DUH�721 

NQRZQ�WR�EH�LQYROYHG�LQ�DVVRFLDWLYH�OHDUQLQJ�DQG�WHPSRUDO�PHPRU\��E��SUHIURQWDO�FLUFXLWV�WKDW�722 

VXSSRUW�UXOH�EDVHG�EHKDYLRXUV�DQG�SUHGLFWLRQ�RI�IXWXUH�HYHQWV��%DU�������/HDYHU�HW�DO��������723 

3DVXSDWK\�DQG�0LOOHU��������,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW���GHVSLWH�WKH�HQKDQFHG�VHQVLWLYLW\�724 

RI� RXU� PHWKRGRORJ\�� GHFRGLQJ� UHYHDOV� QHXUDO� SUHIHUHQFHV� DW� WKH� VFDOH� RI� ODUJH� QHXUDO�725 

SRSXODWLRQV� UDWKHU� WKDQ� WXQLQJ� RI� LQGLYLGXDO� QHXURQV��7KHUHIRUH�� XQGHUVWDQGLQJ� WKH� FRUWLFDO�726 

FLUFXLWV� WKDW� VXSSRUW� RXU� DELOLW\� WR� WUDQVODWH� SUHYLRXV� NQRZOHGJH� WR� VHQVRU\� SUHGLFWLRQV�727 

UHTXLUHV� IXUWKHU� ZKROH� EUDLQ� FRQQHFWLYLW\� VWXGLHV� FRPELQLQJ� DGYDQFHG� LPDJLQJ� DQG�728 

QHXURSK\VLRORJLFDO�WHFKQLTXHV��729 

�730 



 31

5HIHUHQFHV�731 

$OEHUV�$0��.RN�3��7RQL�,��'LMNHUPDQ�+&��DQG�GH�/DQJH�)3��6KDUHG�UHSUHVHQWDWLRQV�IRU�732 
ZRUNLQJ�PHPRU\�DQG�PHQWDO�LPDJHU\�LQ�HDUO\�YLVXDO�FRUWH[��Curr Biol ���������������������733 
$OLQN�$�� 6FKZLHGU]LN�&0��.RKOHU�$�� 6LQJHU�:�� DQG�0XFNOL�/��6WLPXOXV�SUHGLFWDELOLW\�734 
UHGXFHV�UHVSRQVHV�LQ�SULPDU\�YLVXDO�FRUWH[��J Neurosci ���������������������735 
$VOLQ� 51�� DQG� 1HZSRUW� (/�� 6WDWLVWLFDO� /HDUQLQJ�� )URP� $FTXLULQJ� 6SHFLILF� ,WHPV� WR�736 
)RUPLQJ�*HQHUDO�5XOHV��Current Directions in Psychological Science �������������������737 
%DNHU� 5�� 'H[WHU� 0�� +DUGZLFNH� 7�� *ROGVWRQH� $�� DQG� .RXUW]L� =�� /HDUQLQJ� WR� SUHGLFW��738 
([SRVXUH�WR�WHPSRUDO�VHTXHQFHV�IDFLOLWDWHV�SUHGLFWLRQ�RI�IXWXUH�HYHQWV��Vision Res ������739 
%DQ�+��3UHVWRQ�7-��0HHVRQ�$��DQG�:HOFKPDQ�$(��7KH�LQWHJUDWLRQ�RI�PRWLRQ�DQG�GLVSDULW\�740 
FXHV�WR�GHSWK�LQ�GRUVDO�YLVXDO�FRUWH[��Nat Neurosci �������������������741 
%DR�0��<DQJ�/��5LRV�&��+H�%��DQG�(QJHO�6$��3HUFHSWXDO�OHDUQLQJ�LQFUHDVHV�WKH�VWUHQJWK�RI�742 
WKH�HDUOLHVW�VLJQDOV�LQ�YLVXDO�FRUWH[��J Neurosci �����������������������743 
%DU�0��7KH�SURDFWLYH�EUDLQ��PHPRU\� IRU�SUHGLFWLRQV��Philos Trans R Soc Lond B Biol Sci 744 
����������������������745 
%DVWRV�$0��8VUH\�:0��$GDPV�5$��0DQJXQ�*5��)ULHV�3�� DQG�)ULVWRQ�.-��&DQRQLFDO�746 
PLFURFLUFXLWV�IRU�SUHGLFWLYH�FRGLQJ��Neuron �������������������747 
%RVFK�6(��-HKHH�-)��)HUQDQGH]�*��DQG�'RHOOHU�&)��5HLQVWDWHPHQW�RI�DVVRFLDWLYH�PHPRULHV�748 
LQ�HDUO\�YLVXDO�FRUWH[�LV�VLJQDOHG�E\�WKH�KLSSRFDPSXV��J Neurosci ���������������������749 
%UDLQDUG�'+��7KH�3V\FKRSK\VLFV�7RROER[��Spat Vis �������������������750 
&KXQ� 00�� DQG� -LDQJ� <+�� &RQWH[WXDO� FXHLQJ�� ,PSOLFLW� OHDUQLQJ� DQG� PHPRU\� RI� YLVXDO�751 
FRQWH[W�JXLGHV�VSDWLDO�DWWHQWLRQ��Cognitive Psychology �����������������752 
'H� 0DUWLQR� )�� 9DOHQWH� *�� 6WDHUHQ� 1�� $VKEXUQHU� -�� *RHEHO� 5�� DQG� )RUPLVDQR� (��753 
&RPELQLQJ� PXOWLYDULDWH� YR[HO� VHOHFWLRQ� DQG� VXSSRUW� YHFWRU� PDFKLQHV� IRU� PDSSLQJ� DQG�754 
FODVVLILFDWLRQ�RI�I05,�VSDWLDO�SDWWHUQV��Neuroimage �����������������755 
(DJOHPDQ� 6/�� DQG�'UDJRL�9�� ,PDJH� VHTXHQFH� UHDFWLYDWLRQ� LQ� DZDNH�9��QHWZRUNV��PNAS 756 
����������±�������������757 
(LFKHQEDXP�+��0HPRU\�RQ�WLPH��Trends Cogn Sci �����������������758 
)RHUGH�.��.QRZOWRQ�%-��DQG�3ROGUDFN�5$��0RGXODWLRQ�RI�FRPSHWLQJ�PHPRU\�V\VWHPV�E\�759 
GLVWUDFWLRQ��Proc Natl Acad Sci U S A ������������������������760 
)UHHPDQ�-��%URXZHU�*-��+HHJHU�'-��DQG�0HUULDP�(3��2ULHQWDWLRQ�GHFRGLQJ�GHSHQGV�RQ�761 
PDSV��QRW�FROXPQV��J Neurosci ���������������������762 
)ULVWRQ�.��$�WKHRU\�RI�FRUWLFDO�UHVSRQVHV��Philos Trans R Soc Lond B Biol Sci ��������������763 
������764 
)XUPDQVNL� &6�� 6FKOXSSHFN� '�� DQG� (QJHO� 6$�� /HDUQLQJ� VWUHQJWKHQV� WKH� UHVSRQVH� RI�765 
SULPDU\�YLVXDO�FRUWH[�WR�VLPSOH�SDWWHUQV��Curr Biol �������������������766 
*DYRUQLN�-3��DQG�%HDU�0)��/HDUQHG�VSDWLRWHPSRUDO�VHTXHQFH�UHFRJQLWLRQ�DQG�SUHGLFWLRQ�LQ�767 
SULPDU\�YLVXDO�FRUWH[��Nature Neuroscience LQ�SUHVV��������768 
*HLVOHU� :6�� 9LVXDO� SHUFHSWLRQ� DQG� WKH� VWDWLVWLFDO� SURSHUWLHV� RI� QDWXUDO� VFHQHV�� Annu Rev 769 
Psychol �������������������770 
*KH\VHQ�)��9DQ�2SVWDO�)��5RJJHPDQ�&��9DQ�:DHOYHOGH�+��DQG�)LDV�:��7KH�QHXUDO�EDVLV�771 
RI�LPSOLFLW�SHUFHSWXDO�VHTXHQFH�OHDUQLQJ��Front Hum Neurosci ��������������772 
*XR�.��5REHUWVRQ�5*��3XOJDULQ�0��1HYDGR�$��3DQ]HUL� 6��7KLHOH�$�� DQG�<RXQJ�03��773 
6SDWLR�WHPSRUDO� SUHGLFWLRQ� DQG� LQIHUHQFH� E\� 9�� QHXURQV�� Eur J Neurosci ���� �����������774 
������775 
+DUULVRQ�/0��6WHSKDQ�.(��5HHV�*��DQG�)ULVWRQ�.-��([WUD�FODVVLFDO�UHFHSWLYH�ILHOG�HIIHFWV�776 
PHDVXUHG�LQ�VWULDWH�FRUWH[�ZLWK�I05,��Neuroimage ���������������������777 
+DUULVRQ�6$��DQG�7RQJ�)��'HFRGLQJ�UHYHDOV�WKH�FRQWHQWV�RI�YLVXDO�ZRUNLQJ�PHPRU\�LQ�HDUO\�778 
YLVXDO�DUHDV��Nature ��������������������779 



 32

+D\QHV� -'�� DQG� 5HHV� *�� 3UHGLFWLQJ� WKH� RULHQWDWLRQ� RI� LQYLVLEOH� VWLPXOL� IURP� DFWLYLW\� LQ�780 
KXPDQ�SULPDU\�YLVXDO�FRUWH[��Nat Neurosci ������������������781 
+D]HOWLQH�(��*UDIWRQ�67��DQG�,YU\�5��$WWHQWLRQ�DQG�VWLPXOXV�FKDUDFWHULVWLFV�GHWHUPLQH�WKH�782 
ORFXV�RI�PRWRU�VHTXHQFH�HQFRGLQJ��$�3(7�VWXG\��Brain ������3W��������������������783 
+RZDUG�0:��DQG�(LFKHQEDXP�+��7KH�KLSSRFDPSXV�� WLPH��DQG�PHPRU\�DFURVV�VFDOHV��J 784 
Exp Psychol Gen ����������������������785 
+VLHK� /7�� *UXEHU�0-�� -HQNLQV� /-�� DQG� 5DQJDQDWK� &�� +LSSRFDPSDO� $FWLYLW\� 3DWWHUQV�786 
&DUU\�,QIRUPDWLRQ�DERXW�2EMHFWV�LQ�7HPSRUDO�&RQWH[W��Neuron ���������������������787 
,QJYDU� '+�� �0HPRU\� RI� WKH� IXWXUH��� DQ� HVVD\� RQ� WKH� WHPSRUDO� RUJDQL]DWLRQ� RI� FRQVFLRXV�788 
DZDUHQHVV��Hum Neurobiol ������������������789 
-HKHH�-)��/LQJ�6��6ZLVKHU�-'��YDQ�%HUJHQ�56��DQG�7RQJ�)��3HUFHSWXDO�OHDUQLQJ�VHOHFWLYHO\�790 
UHILQHV�RULHQWDWLRQ�UHSUHVHQWDWLRQV�LQ�HDUO\�YLVXDO�FRUWH[��J Neurosci ���������������D��������791 
.DPLWDQL�<��DQG�7RQJ�)��'HFRGLQJ�WKH�YLVXDO�DQG�VXEMHFWLYH�FRQWHQWV�RI�WKH�KXPDQ�EUDLQ��792 
Nat Neurosci ������������������793 
.LP�7��.LP�+5��.LP�.��DQG�/HH�&��0RGXODWLRQ�RI�9��VSLNH�UHVSRQVH�E\�WHPSRUDO�LQWHUYDO�794 
RI�VSDWLRWHPSRUDO�VWLPXOXV�VHTXHQFH��PLoS One ���H�������������795 
.QRZOWRQ�%-��6TXLUH�/5��DQG�*OXFN�0$��3UREDELOLVWLF�FODVVLILFDWLRQ�OHDUQLQJ�LQ�DPQHVLD��796 
Learning & memory (Cold Spring Harbor, NY) ������������������797 
.RN�3��%URXZHU�*-��YDQ�*HUYHQ�0$��DQG�GH�/DQJH�)3��3ULRU�H[SHFWDWLRQV�ELDV�VHQVRU\�798 
UHSUHVHQWDWLRQV�LQ�YLVXDO�FRUWH[��J Neurosci �����������������������799 
.RN�3��)DLOLQJ�0)��DQG�GH�/DQJH�)3��3ULRU�H[SHFWDWLRQV�HYRNH�VWLPXOXV�WHPSODWHV�LQ�WKH�800 
SULPDU\�YLVXDO�FRUWH[��J Cogn Neurosci ���������������������801 
.RN�3��-HKHH�-)��DQG�GH�/DQJH�)3��/HVV�LV�PRUH��H[SHFWDWLRQ�VKDUSHQV�UHSUHVHQWDWLRQV�LQ�802 
WKH�SULPDU\�YLVXDO�FRUWH[��Neuron �������������������803 
/HDYHU�$0��9DQ�/DUH�-��=LHOLQVNL�%��+DOSHUQ�$5��DQG�5DXVFKHFNHU�-3��%UDLQ�DFWLYDWLRQ�804 
GXULQJ�DQWLFLSDWLRQ�RI�VRXQG�VHTXHQFHV��J Neurosci ���������������������805 
0H\HU�7��DQG�2OVRQ�&5��6WDWLVWLFDO�OHDUQLQJ�RI�YLVXDO�WUDQVLWLRQV�LQ�PRQNH\�LQIHURWHPSRUDO�806 
FRUWH[��Proc Natl Acad Sci U S A ������������������������807 
0L\DVKLWD� <�� ,QIHULRU� WHPSRUDO� FRUWH[��ZKHUH� YLVXDO� SHUFHSWLRQ�PHHWV�PHPRU\��Annu Rev 808 
Neurosci �������������������809 
0XUUD\� 62��.HUVWHQ�'��2OVKDXVHQ�%$�� 6FKUDWHU� 3�� DQG�:RRGV�'/�� 6KDSH�SHUFHSWLRQ�810 
UHGXFHV�DFWLYLW\�LQ�KXPDQ�SULPDU\�YLVXDO�FRUWH[��Proc Natl Acad Sci U S A �����������������811 
������812 
1LVVHQ� 0-�� DQG� %XOOHPHU� 3�� $WWHQWLRQDO� UHTXLUHPHQWV� RI� OHDUQLQJ� �� HYLGHQFH� IURP�813 
SHUIRUPDQFH�PHDVXUHV��Cognitive Psychology ����������������814 
3DVXSDWK\� $�� DQG� 0LOOHU� (.�� 'LIIHUHQW� WLPH� FRXUVHV� RI� OHDUQLQJ�UHODWHG� DFWLYLW\� LQ� WKH�815 
SUHIURQWDO�FRUWH[�DQG�VWULDWXP��Nature ��������������������816 
3HUUHWW� ',�� ;LDR� '�� %DUUDFORXJK� 1(�� .H\VHUV� &�� DQG� 2UDP�0:�� 6HHLQJ� WKH� IXWXUH��817 
1DWXUDO�LPDJH�VHTXHQFHV�SURGXFH��DQWLFLSDWRU\��QHXURQDO�DFWLYLW\�DQG�ELDV�SHUFHSWXDO�UHSRUW��818 
Q J Exp Psychol (Hove) ���������������������819 
3HUUXFKHW�3��DQG�3DFWRQ�6��,PSOLFLW�OHDUQLQJ�DQG�VWDWLVWLFDO�OHDUQLQJ��RQH�SKHQRPHQRQ��WZR�820 
DSSURDFKHV��Trends in Cognitive Sciences �������������������821 
3HWURY�$$��'RVKHU�%$��DQG�/X�=�/��7KH�G\QDPLFV�RI�SHUFHSWXDO�OHDUQLQJ��DQ�LQFUHPHQWDO�822 
UHZHLJKWLQJ�PRGHO��Psychological review ����������������823 
3ROGUDFN�5$��&ODUN�-��3DUH�%ODJRHY�(-��6KRKDP\�'��&UHVR�0R\DQR�-��0\HUV�&��DQG�824 
*OXFN�0$��,QWHUDFWLYH�PHPRU\�V\VWHPV�LQ�WKH�KXPDQ�EUDLQ��Nature ��������������������825 
3ROGUDFN� 5$�� 3UDEKDNDUDQ� 9�� 6HJHU� &$�� DQG� *DEULHOL� -'�� 6WULDWDO� DFWLYDWLRQ� GXULQJ�826 
DFTXLVLWLRQ�RI�D�FRJQLWLYH�VNLOO��Neuropsychology �������������������827 



 33

5DXFK�6/��6DYDJH�&5��%URZQ�+'��&XUUDQ�7��$OSHUW�10��.HQGULFN�$��)LVFKPDQ�$-��828 
DQG�.RVVO\Q� 60��$�3(7� LQYHVWLJDWLRQ� RI� LPSOLFLW� DQG� H[SOLFLW� VHTXHQFH� OHDUQLQJ��Human 829 
Brain Mapping ������������������830 
5DXFK�6/��:KDOHQ�3-��6DYDJH�&5��&XUUDQ�7��.HQGULFN�$��%URZQ�+'��%XVK�*��%UHLWHU�831 
+&�� DQG� 5RVHQ� %5�� 6WULDWDO� UHFUXLWPHQW� GXULQJ� DQ� LPSOLFLW� VHTXHQFH� OHDUQLQJ� WDVN� DV�832 
PHDVXUHG�E\�IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ��Hum Brain Mapp ������������������833 
5HEHU�$6��,PSOLFLW� OHDUQLQJ�RI�DUWLILFLDO�JUDPPDUV��Journal of Verbal Learning and Verbal 834 
Behavior �������	��������835 
5RVH� 0�� +DLGHU� +�� 6DODUL� 1�� DQG� %XFKHO� &�� )XQFWLRQDO� GLVVRFLDWLRQ� RI� KLSSRFDPSDO�836 
PHFKDQLVP� GXULQJ� LPSOLFLW� OHDUQLQJ� EDVHG� RQ� WKH� GRPDLQ� RI� DVVRFLDWLRQV�� J Neurosci ����837 
�������������������838 
6FKDSLUR� $&�� *UHJRU\� (�� /DQGDX� %�� 0F&ORVNH\� 0�� DQG� 7XUN�%URZQH� 1%�� 7KH�839 
1HFHVVLW\� RI� WKH� 0HGLDO� 7HPSRUDO� /REH� IRU� 6WDWLVWLFDO� /HDUQLQJ�� Journal of Cognitive 840 
Neuroscience ������������841 
6FKDSLUR�$&��.XVWQHU�/9��DQG�7XUN�%URZQH�1%��6KDSLQJ�RI�REMHFW�UHSUHVHQWDWLRQV�LQ�WKH�842 
KXPDQ�PHGLDO�WHPSRUDO�OREH�EDVHG�RQ�WHPSRUDO�UHJXODULWLHV��Curr Biol ���������������������843 
6FKHQGDQ�+(��6HDUO�00��0HOURVH�5-��DQG�6WHUQ�&(��$Q�)05,�VWXG\�RI�WKH�UROH�RI�WKH�844 
PHGLDO� WHPSRUDO� OREH� LQ� LPSOLFLW� DQG� H[SOLFLW� VHTXHQFH� OHDUQLQJ�� Neuron ���� �����������845 
����D��846 
6FKHQGDQ�+(�� 6HDUO�00��0HOURVH�5-�� DQG� 6WHUQ�&(�� 6HTXHQFH"�:KDW�6HTXHQFH"�� WKH�847 
KXPDQ�PHGLDO�WHPSRUDO�OREH�DQG�VHTXHQFH�OHDUQLQJ��Mol Psychiatry ����������������E��848 
6FKODFN�$��DQG�$OEULJKW�7'��5HPHPEHULQJ�YLVXDO�PRWLRQ��QHXUDO�FRUUHODWHV�RI�DVVRFLDWLYH�849 
SODVWLFLW\�DQG�PRWLRQ�UHFDOO�LQ�FRUWLFDO�DUHD�07��Neuron �������������������850 
6FKRXSV�$��9RJHOV�5��4LDQ�1��DQG�2UEDQ�*��3UDFWLVLQJ�RULHQWDWLRQ�LGHQWLILFDWLRQ�LPSURYHV�851 
RULHQWDWLRQ�FRGLQJ�LQ�9��QHXURQV��Nature ��������������������852 
6FKZDUE�+�� DQG�6FKXPDFKHU�(+��*HQHUDOL]HG� OHVVRQV�DERXW� VHTXHQFH� OHDUQLQJ� IURP� WKH�853 
VWXG\� RI� WKH� VHULDO� UHDFWLRQ� WLPH� WDVN�� Advances in cognitive psychology / University of 854 
Finance and Management in Warsaw ������������������855 
6HUHQFHV�-7��(VWHU�()��9RJHO�(.��DQG�$ZK�(��6WLPXOXV�VSHFLILF�GHOD\�DFWLYLW\�LQ�KXPDQ�856 
SULPDU\�YLVXDO�FRUWH[��Psychol Sci �������������������857 
6HUHQR�0,��'DOH�$0��5HSSDV�-%��.ZRQJ�..��%HOOLYHDX�-:��%UDG\�7-��5RVHQ�%5��DQG�858 
7RRWHOO� 5%�� %RUGHUV� RI� PXOWLSOH� YLVXDO� DUHDV� LQ� KXPDQV� UHYHDOHG� E\� IXQFWLRQDO� PDJQHWLF�859 
UHVRQDQFH�LPDJLQJ��Science ��������������������860 
6KRKDP\� '�� DQG� :DJQHU� $'�� ,QWHJUDWLQJ� PHPRULHV� LQ� WKH� KXPDQ� EUDLQ�� KLSSRFDPSDO�861 
PLGEUDLQ�HQFRGLQJ�RI�RYHUODSSLQJ�HYHQWV��Neuron �������������������862 
6PLWK� ):�� DQG� 0XFNOL� /�� 1RQVWLPXODWHG� HDUO\� YLVXDO� DUHDV� FDUU\� LQIRUPDWLRQ� DERXW�863 
VXUURXQGLQJ�FRQWH[W��Proc Natl Acad Sci U S A ������������������������864 
6XPPHUILHOG�&��DQG�(JQHU�7��([SHFWDWLRQ��DQG�DWWHQWLRQ��LQ�YLVXDO�FRJQLWLRQ��Trends Cogn 865 
Sci �������������������866 
6]SXQDU�..��$GGLV�'5��0F/HOODQG�9&��DQG�6FKDFWHU�'/��0HPRULHV�RI�WKH�IXWXUH��QHZ�867 
LQVLJKWV�LQWR�WKH�DGDSWLYH�YDOXH�RI�HSLVRGLF�PHPRU\��Front Behav Neurosci �������������868 
7RQJ�)��DQG�3UDWWH�06��'HFRGLQJ�SDWWHUQV�RI�KXPDQ�EUDLQ�DFWLYLW\��Annu Rev Psychol ����869 
���������������870 

�871 



 34

)LJXUHV�872 

)LJXUH� ��� 7DVN� GHVLJQ� DQG� EHKDYLRXUDO� SHUIRUPDQFH�� �D�� 3UHGLFWLRQ� WDVN�� LQ� HDFK� WULDO��873 

SDUWLFLSDQWV� ZHUH� SUHVHQWHG� ZLWK� D� VWUXFWXUHG� VHTXHQFH� RI� �� JUDWLQJV� IROORZHG� E\� D� EODQN�874 

LQWHUYDO�������V���$IWHU�WKLV�SHULRG��D�WHVW�JUDWLQJ��SUHFHGHG�E\�D�EULHI�FXH��EODFN�VTXDUH������V���875 

ZDV�SUHVHQWHG�DQG�WKH�SDUWLFLSDQWV�KDG�WR�LQGLFDWH�ZKHWKHU�WKH�RULHQWDWLRQ�RI�WKH�WHVW�JUDWLQJ�876 

PDWFKHG�WKHLU�H[SHFWDWLRQ�RU�QRW�� �E��&RQWURO�WDVN��WKH�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�DWWHQG�877 

WR� WKH�VHTXHQFH�DQG�LQGLFDWH�ZKHWKHU�D�FXHG�JUDWLQJ��µ5¶�RU�µ/¶��PDWFKHG�WKH�RULHQWDWLRQ�RI�878 

WKH�WHVW�VWLPXOXV�RU�QRW��7KH�WLPLQJ�IRU�WKLV�WDVN�ZDV�PDWFKHG�WR�WKH�SUHGLFWLRQ�WDVN���F��0HDQ�879 

SURSRUWLRQ�RI�FRUUHFW�UHVSRQVHV�IRU�HDFK�UXQ�DFURVV�WUDLQLQJ�VHVVLRQV��'DWD�LV�VKRZQ�IRU�������880 

SDUWLFLSDQWV� WKDW� VKRZHG� LPSURYHPHQW� DIWHU� WUDLQLQJ�� H[FOXGLQJ� SDUWLFLSDQWV� �Q ���ZKR� GLG�881 

QRW�VKRZ�LPSURYHPHQW�LQ�WKH�WDVN�DIWHU�WUDLQLQJ������PHDQ�SHUIRUPDQFH�DW�WKH�ODVW�WUDLQLQJ�882 

VHVVLRQ���'DWD�DFURVV�UXQV�ZHUH�ILWWHG�XVLQJ�OHDVW�VTXDUHV�QRQ�OLQHDU�ILW��'DWD�LV�VKRZQ�IRU����883 

EORFNV� ��� WUDLQLQJ� VHVVLRQV��� RQH�SDUWLFLSDQW� FRPSOHWHG�RQO\� WKUHH� VHVVLRQV�� DV�SHUIRUPDQFH�884 

KDG�DOUHDG\�VDWXUDWHG�DERYH������WKH�UHVW�RI�WKH�SDUWLFLSDQWV�FRPSOHWHG�HLWKHU����Q� ����RU���885 

�Q� ���� WUDLQLQJ� VHVVLRQV�� �G��0HDQ�SURSRUWLRQ�RI�FRUUHFW� UHVSRQVHV�GXULQJ� VFDQQLQJ�EHIRUH�886 

DQG� DIWHU� WUDLQLQJ� IRU� ERWK� WKH� SUHGLFWLRQ� DQG� FRQWURO� WDVN�� (UURU� EDUV� LQGLFDWH� WKH� 6�(�0��887 

%HKDYLRUDO�GDWD�IRU�DOO����SDUWLFLSDQWV�VKRZHG�D�VLPLODU�SDWWHUQ�RI�UHVXOWV��WKDW�LV��ZH�REVHUYHG�888 

D�VLJQLILFDQW�HIIHFW�RI�session �F����� ���������P���������DQG�task DQG�session LQWHUDFWLRQ��F�����889 

 ��������P����������890 

)LJXUH����8QLYDULDWH�YV��PXOWLYDULDWH�DQDO\VLV�RI�%2/'�VLJQDOV���D��8QLYDULDWH�PHDQ�WULDO�891 

WLPH�FRXUVH��DFURVV�YR[HOV�DQG�SDUWLFLSDQWV��RI�%2/'�UHVSRQVHV�LQ�9���SHUFHQW�VLJQDO�FKDQJH�892 

FDOFXODWHG�LQ�UHODWLRQ�WR�WKH�DYHUDJH�VLJQDO�DFURVV�WKH�ZKROH�UXQ��IRU�WKH�SUH���OLJKW�EOXH��DQG�893 

SRVW�WUDLQLQJ�VFDQQLQJ�VHVVLRQV��GDUN�EOXH����7KH�VKDGHG�JUH\�DUHD��YROXPHV���WR�����LQGLFDWHV�894 

WKH�YROXPHV�XVHG�WR�GHFRGH�WKH�SDUWLFLSDQWV¶�SUHGLFWLRQ�DIWHU�DFFRXQWLQJ�IRU�WKH�KHPRG\QDPLF�895 

ODJ��9ROXPH���ZDV�QRW�XVHG�WR�DYRLG�FRQIRXQGLQJ�DFWLYDWLRQ�IURP�WKH�VHTXHQFH�SUHVHQWDWLRQ��896 



 35

�E��0HDQ�GHFRGLQJ�690�DFFXUDF\��SURSRUWLRQ�FRUUHFW��SHU�I05,�YROXPH�RI�WKH�SDUWLFLSDQWV¶�897 

SUHGLFWLRQV� EHIRUH� �OLJKW� EOXH�� DQG� DIWHU� �GDUN� EOXH�� WUDLQLQJ��1RWH� WKDW� SHU�YROXPH� I05,�898 

VLJQDOV�DUH�QRLVLHU�WKDQ�VLJQDOV�DYHUDJHG�DFURVV�YROXPHV�UHVXOWLQJ�LQ�ORZHU�093$�DFFXUDF\��899 

(UURU�EDUV�LQGLFDWH�WKH�6�(�0��900 

)LJXUH� ��� &RPSDULQJ�093$� IRU� WKH� SUHGLFWLRQ� DQG� FRQWURO� WDVNV��0HDQ� FODVVLILFDWLRQ�901 

DFFXUDF\��DFURVV�YROXPHV���WR����DQG�SDUWLFLSDQWV��RI�WKH�SUHGLFWHG�RULHQWDWLRQ�EHIRUH��OLJKW�902 

FRORXUV��DQG�DIWHU� �GDUN�FRORXUV�� WUDLQLQJ� LQ� HDUO\�YLVXDO�DUHDV� IRU� WKH�SUHGLFWLRQ� �EOXH�� DQG�903 

FRQWURO�WDVN��UHG���(UURU�EDUV�LQGLFDWH�WKH�6�(�0���904 

)LJXUH� ���/LQNLQJ� FODVVLILFDWLRQ� DFFXUDF\� DQG� EHKDYLRUDO� SHUIRUPDQFH�� �D�� &RUUHODWLRQ�905 

EHWZHHQ�GHFRGLQJ�DFFXUDF\�IRU�SUHGLFWHG�RULHQWDWLRQV�LQ�9��DQG�SHUIRUPDQFH��SHUFHQWDJH�RI�906 

FRUUHFW� SUHGLFWLRQV�� LQ� WKH� SUHGLFWLRQ� WDVN�� 1R� VLJQLILFDQW� FRUUHODWLRQV� �P� !� ������ ZHUH�907 

REVHUYHG� IRU� RWKHU� YLVXDO� DUHDV�� �E�� 'HFRGLQJ� DFFXUDF\� DFURVV� YLVXDO� DUHDV� IRU� WKH� ZHDN�908 

OHDUQHUV��Q ���LQ�WKH�SUHGLFWLRQ�WDVN�EHIRUH�DQG�DIWHU�WUDLQLQJ��909 

)LJXUH����&ODVVLILHU�JHQHUDOL]DWLRQ�SHUIRUPDQFH�� �D��&ODVVLILFDWLRQ�DFFXUDF\�IRU�GHFRGLQJ�910 

WKH� WZR� JUDWLQJ� RULHQWDWLRQV� �ULJKWZDUGV� DQG� � OHIWZDUGV�� LQ� DQ� LQGHSHQGHQW� EORFN� GHVLJQ�911 

H[SHULPHQW��'HFRGLQJ� �PHDQ� FODVVLILFDWLRQ� DFFXUDF\�� RI� �E�� SUHGLFWHG� �SUHGLFWLRQ� WDVN�� DQG�912 

�F��FXHG��FRQWURO� WDVN��RULHQWDWLRQV�EHIRUH��OLJKW�EOXH��DQG�DIWHU��GDUN�EOXH�� WUDLQLQJ�XVLQJ�D�913 

FODVVLILHU�WUDLQHG�RQ�SK\VLFDO�VWLPXOXV�RULHQWDWLRQV���914 

)LJXUH����'HFRGLQJ�WKH�H[SHFWHG�RULHQWDWLRQ�DV�GHWHUPLQHG�E\�WKH�SUHFHGLQJ�VHTXHQFH��915 

0HDQ� FODVVLILFDWLRQ� DFFXUDF\� �DFURVV� YROXPHV� �� WR� ��� DQG� SDUWLFLSDQWV�� RI� GHFRGLQJ� WKH�916 

H[SHFWHG� RULHQWDWLRQ� DV� GHWHUPLQHG� E\� WKH� SUHVHQWHG� VHTXHQFH� EHIRUH� �OLJKW� EOXH�� DQG� DIWHU�917 

�GDUN�EOXH��WUDLQLQJ�LQ�HDUO\�YLVXDO�DUHDV��(UURU�EDUV�LQGLFDWH�WKH�6�(�0���918 

 919 
 920 



11.6 s

0.5 s

R

a. Prediction task

0.25 s

0.20 s

...

0.20 s

0.5 s

0.5 s

2 s

 10.5 s

8 gratings s
equence

Blank
Cue

Test
Response

ITI

0.25 s

0.20 s

...

0.20 s

11.35 s

0.5 s

2 s

 10.5 s

8 gratings r
andom se

quence 
Blank

Cue
Test

Response

ITI

b. Control task

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Prediction task Control task

P
ro

po
rti

on
 c

or
re

ct

d. Performance in the scanner

0 2 4 6 8 10 12 14 16 18 20
0.4

0.5

0.6

0.7

0.8

0.9

1

P
ro

po
rti

on
 c

or
re

ct

c. Performance during training

Training runs

0.25 s

0.25 s

Figure 1

Pre-training

Post-training



a. Percent signal change per volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1
Pre-training

Post-training

P
er

ce
nt

 s
ig

na
l c

ha
ng

e

volumes

Sequence

Blank

Test

b. Classification accuracy per volume

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
0.4

0.45

0.5

0.55

0.6

0.65

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy

Figure 2



Prediction task Control task

V1 V2

Prediction task Control task

Prediction task Control task

V3v

Prediction task Control task

hV4

V3d

V3a

Prediction task Control task

Prediction task Control task

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy
C

la
ss

ifi
ca

tio
n 

ac
cu

ra
cy

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy
0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

Figure 3

Post-training

Pre-training



100.95.0090.0085.0080.00

.90

.80

.70

.60

post-training performance (% correct)
po

st
-tr

ai
ni

ng
 d

ec
od

in
g 

ac
cu

ra
cy

 in
 V

1

a.

b.

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy

V1 V2 V3d V3v V3a hV4

Figure 4

Post-training

Pre-training



0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

a. 

 

b. 

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy

V1 V2 V3v hV4V3d V3a
C

la
ss

ifi
ca

tio
n 

ac
cu

ra
cy

0.45

0.5

0.55

0.6

0.65

c. 

V1 V2 V3d V3v V3a hV4

Prediction task

0.45

0.5

0.55

0.6

0.65

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy

Control task

V1 V2 V3d V3v V3a hV4

Post-training

Pre-training

Figure 5



0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

C
la

ss
ifi

ca
tio

n 
ac

cu
ra

cy

V1 V2 V3d V3v hV4 V3a

Pre-training
Post-training

Figure 6


