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7KH� VWXG\� UHSRUWHG� LQ� WKLV� SDSHU� LQYHVWLJDWHG� WKH� LPSDFW� RI�
LQGLYLGXDO�DELOLW\��ZLWK�UHVSHFW�WR�FHQWUDO�H[HFXWLYH��&(��IXQFWLRQV��
RQ� SHUIRUPDQFH� RI� WZR� GULYLQJ�UHODWHG� WDVNV� ZKHQ� GLVWUDFWHG� E\�
&(� ORDGLQJ� VHFRQGDU\� WDVNV�� 7KH� WZR� GULYLQJ�UHODWHG� WDVNV� XVHG�
ZHUH�YLVXDO�WDUJHW�GHWHFWLRQ��DQG�D�RQH�GLPHQVLRQDO�SHGDO�WUDFNLQJ�
WDVN�GHVLJQHG�WR�EH�DQ�DQDORJXH�RI�D�YHKLFOH�IROORZLQJ�WDVN�� �7KH�
WKUHH�&(�WDVNV�ZHUH�HDFK�GHVLJQHG�WR� ORDG�PDLQO\�RQ� MXVW�RQH�RI�
WKUHH� GLIIHUHQW� &(� IXQFWLRQV� �LQKLELWLRQ�� VKLIWLQJ�� DQG� XSGDWLQJ��
UHVSHFWLYHO\�� LQ� ERWK� DXGLR� DQG� YLVXDO� FRQGLWLRQV�� $Q� DGGLWLRQDO�
VLQJOH�NH\�SUHVV�VHFRQGDU\�WDVN�ZDV�XVHG�WR�DVVHVV�WKH�LPSDFW�RI�D�
QRQ�&(�ORDGLQJ�VHFRQGDU\�WDVN��:H�K\SRWKHVL]HG�WKDW�SHRSOH�ZLWK�
D�KLJKHU�OHYHO�RI�DELOLW\�IRU�D�JLYHQ�&(�IXQFWLRQ�ZRXOG�GR�EHWWHU��
UHODWLYH� WR� WKRVH� ZLWK� ORZHU� DELOLW\�� RQ� WKH� GULYLQJ�UHODWHG� WDVN�
ZKHQ� LW� ZDV� DFFRPSDQLHG� E\� D� VHFRQGDU\� WDVN� WKDW� ORDGHG� WKH�
FRUUHVSRQGLQJ� &(� IXQFWLRQ�� ���� SHRSOH� SDUWLFLSDWHG� LQ� WKH�
VFUHHQLQJ�SRUWLRQ�RI� WKH� VWXG\��DQG����RI� WKHVH�SDUWLFLSDQWV�ZHUH�
WKHQ�VHOHFWHG�WR�SDUWLFLSDWH�LQ�WKH�PDLQ�H[SHULPHQW��:H�IRXQG�WKDW�
WKH� LPSDFW� RI� &(� DELOLWLHV� RQ� GXDO� WDVN� SHUIRUPDQFH� LV� PRUH�
FRPSOH[� WKDQ� D� VLPSOH� WUDGHRII� PRGHO� ZRXOG� SUHGLFW�� 6KLIWLQJ�
DELOLW\� JHQHUDOO\� LPSURYHG� SULPDU\� WDVN� SHUIRUPDQFH� LQ� WKH�GXDO�
WDVNV��DQG�LQKLELWLRQ�DELOLW\�WHQGHG�WR�LPSURYH�SHUIRUPDQFH�LQ�WKH�
WDUJHW� GHWHFWLRQ� WDVN�� ZKLOH� XSGDWLQJ� DELOLW\� WHQGHG� WR� LPSURYH�
SHUIRUPDQFH�LQ�WKH�SHGDO�WUDFNLQJ�WDVN���

.H\ZRUGV�
'ULYHU�GLVWUDFWLRQ��0HQWDO�FRJQLWLYH�ZRUNORDG��&HQWUDO�([HFXWLYH��
,QGLYLGXDO� GLIIHUHQFHV�� ,QKLELWLRQ�� 6KLIWLQJ��8SGDWLQJ�� ,Q�9HKLFOH�
LQIRUPDWLRQ�GHYLFH��8VHU�LQWHUIDFH�

�� ,1752'8&7,21�
7KH� ORQJ�WHUP� JRDO� RI� WKLV� UHVHDUFK� LV� WR� LGHQWLI\� LQWHUDFWLRQ�
GHVLJQ� UHTXLUHPHQWV� IRU� PLQLPL]LQJ� WKH� GLVWUDFWLQJ� HIIHFW� RI� LQ�
YHKLFOH�LQIRUPDWLRQ�V\VWHPV�RQ�GULYHUV��:H�IRFXV�LQ�SDUWLFXODU�RQ�
WKH�GLVWUDFWLRQ�DQG�ZRUNORDG�FDXVHG�E\�WDVNV�WKDW�SODFH�D�ORDG�RQ�
WKH� FHQWUDO� H[HFXWLYH� �&(�� IXQFWLRQV�� &(� LV� RQH� RI� WKH� PDLQ�
FRPSRQHQWV�LQ�WKH�GRPLQDQW�PRGHO�RI�ZRUNLQJ�PHPRU\��H�J��>�@���
([WHQVLYH� UHVHDUFK� KDV� DVVRFLDWHG� &(� IXQFWLRQ� DFWLYLW\� ZLWK� WKH�
SUHIURQWDO�FRUWLFDO�UHJLRQ�RI�WKH�EUDLQ��H�J��>��@����
'ULYHU� GLVWUDFWLRQ� FDXVHG� E\� LQWHUDFWLRQ� ZLWK� LQ�FDU� LQIRUPDWLRQ�
V\VWHPV� LQYROYHV� PXOWL�WDVNLQJ� VLWXDWLRQV� WKDW� OLNHO\� FRPSULVH�
VHYHUDO�W\SHV�RI�ZRUNORDG��LQFOXGLQJ�SHUFHSWXDO��YLVXDO�DQG�DXGLR���
PDQXDO� DQG� FRJQLWLYH� ZRUNORDG� LQYROYLQJ� FHQWUDO� H[HFXWLYH�
IXQFWLRQV� >��@�� ,Q� WKH� UHVHDUFK� UHSRUWHG� KHUH� ZH� IRFXVHG� RQ�

FRJQLWLYH�ZRUNORDG�DQG�LQYHVWLJDWHG�LWV�HIIHFWV�RQ�GULYLQJ�UHODWHG�
SHUIRUPDQFH��:H�ZHUH�SDUWLFXODUO\� LQWHUHVWHG� LQ�XVLQJ� LQGLYLGXDO�
GLIIHUHQFHV�LQ�FRJQLWLYH�DELOLW\��&(�IXQFWLRQV��DV�D�ZD\�WR�LGHQWLI\�
ZKHQ�KLJKHU�OHYHOV�RI�&(�IXQFWLRQ�DELOLW\�DUH�QHHGHG�WR�PDLQWDLQ�
DGHTXDWH� GULYLQJ� SHUIRUPDQFH� LQ� WKH� SUHVHQFH� RI� GLVWUDFWLQJ�
VHFRQGDU\�WDVNV���

�� 5(/$7('�5(6($5&+�
��� )UDFWLRQDWHG�&(�IXQFWLRQV�DQG�,QGLYLGXDO�
'LIIHUHQFHV��
7KHUH� KDV� EHHQ� FRQVLGHUDEOH� GLVFXVVLRQ� DURXQG� WKH� LVVXH� RI�
ZKHWKHU�&(�IXQFWLRQLQJ�VKRXOG�EH�XQGHUVWRRG�DV�D�XQLILHG�V\VWHP�
RU� DV� D� IUDFWLRQDWHG� V\VWHP�� 7KH� IUDFWLRQDWHG� V\VWHP� YLHZ� KDV�
PDLQO\� EHHQ� VXSSRUWHG� E\� VWXGLHV� RQ� LQGLYLGXDO� GLIIHUHQFH� LQ�
FRJQLWLYH� DELOLW\�� ZKLFK� KDYH� EHHQ� FRQGXFWHG� ZLWK� D� YDULHW\� RI�
SRSXODWLRQV��VXFK�DV�QRUPDO�\RXQJ�DGXOWV�>��@>�@��QRUPDO�HOGHUO\�
DGXOWV� >��@�� EUDLQ�GDPDJHG� DGXOWV� >�@�� DQG� FKLOGUHQ� ZLWK�
QHXURFRJQLWLYH�SDWKRORJLHV�>��@��7KHVH�VWXGLHV�W\SLFDOO\�HPSOR\HG�
D�EDWWHU\�RI�ZLGHO\�XVHG�H[HFXWLYH� WDVNV� OLNH� WKH�:LVFRQVLQ�FDUG�
VRUW� WHVW� �:&67�� DQG� WKH� Q�EDFN� WHVW�� DQG� H[DPLQHG� KRZ� ZHOO�
WKHVH� WDVNV� FRUUHODWHG� ZLWK� RQH� DQRWKHU� E\� SHUIRUPLQJ�
FRUUHODWLRQ�UHJUHVVLRQ� DQDO\VLV� DQG� H[SORUDWRU\� IDFWRU� DQDO\VLV�
�()$���0DQ\� RI� WKHVH� VWXGLHV� KDYH� VKRZQ� ORZ� �QRW� VWDWLVWLFDOO\�
VLJQLILFDQW�� LQWHU�FRUUHODWLRQV� DPRQJ� GLIIHUHQW� H[HFXWLYH� WDVNV��
FRQVLVWHQW�ZLWK�WKH�IUDFWLRQDWHG�V\VWHP�YLHZ��
2EVHUYDWLRQV� IURP� QHXURSV\FKRORJ\� KDYH� DOVR� VXSSRUWHG� WKH�
IUDFWLRQDWHG� YLHZ� RI� &(� IXQFWLRQLQJ�� )RU� H[DPSOH�� /RJLH� HW� DO��
H[DPLQHG� WKH� EDVLV� IRU� D� PXOWLSOLFLW\� RI� &(� IXQFWLRQV�� VKRZLQJ�
WKDW�WKH�IXQFWLRQ�IRU�PXOWLWDVNLQJ�FRXOG�EH�VHOHFWLYHO\�LPSDLUHG�LQ�
$O]KHLPHU¶V�GLVHDVH��$'��SDWLHQWV�JURXS�>��@���
,Q� WKH� IUDFWLRQDWHG� &(� YLHZ�� D� YDULHW\� RI� ZD\V� WR� FODVVLI\�
H[HFXWLYH� IXQFWLRQV� KDYH� EHHQ� SURSRVHG� VXFK� DV� �PHQWDO� VHW�
VKLIWLQJ��� �LQKLELWLRQ��� �IOH[LELOLW\��� �XSGDWLQJ��� ³PRQLWRULQJ´��
�SODQQLQJ��� DQG� �GXDO�WDVNLQJ��� ,Q� WKLV� UHVHDUFK�� ZH� GHFLGHG� WR�
VWDUW� RXU� H[SORUDWRU\� VWXG\� IURP� WKH� IROORZLQJ� WKUHH� IXQFWLRQV��
�LQKLELWLRQ��� � �VKLIWLQJ��� DQG� �XSGDWLQJ��EDVHG�RQ�0L\DNH� HW� DO¶V�
FKDUDFWHUL]DWLRQ�>��@��VLQFH�WKH�WKUHH�IXQFWLRQV��RU�DQDORJRXV�RQHV��
DUH� RIWHQ� VHHQ� LQ� RWKHU� FODVVLILFDWLRQ� V\VWHPV� �H�J��� >��@��� � ,Q�
DGGLWLRQ��HDFK�RI� WKHVH� WKUHH�IXQFWLRQV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�
WDVNV�WKDW�FDQ�EH�XVHG�WR�PHDVXUH�WKH�OHYHO�RI�DELOLW\�WKDW�D�SHUVRQ�
KDV�ZLWK�UHVSHFW�WR�WKDW�IXQFWLRQ���
6RPH�UHVHDUFKHUV�KDYH�DUJXHG�WKDW�WKHVH�WKUHH� IXQFWLRQV�GLIIHU�LQ�
WKHLU�GHJUHH�RI�LQGHSHQGHQFH��)RU�LQVWDQFH��6]PDOHF�HW�DO��DUJXHG�
WKDW�XSGDWLQJ�DELOLW\� DV�PHDVXUHG�E\� WKH�Q�EDFN� WDVN� LQFOXGHV�DQ�
DVSHFW�RI�FRQIOLFW�VROYLQJ�WKDW�LV�UHODWHG�WR�LQKLELWLRQ�>��@��:KLOH�LW�
LV� SUREDEO\� GLIILFXOW�� LI� QRW� LPSRVVLEOH�� WR� GHYHORS� ³SXUH´� WDVNV�
WKDW�ORDG�RQ�RQO\�RQH�&(�IXQFWLRQ��VLQFH�WDVNV�ZLOO�JHQHUDOO\�KDYH�
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VKDUHG� SHUFHSWXDO�� VHOHFWLYH� DWWHQWLRQ�� DQG� UHVSRQVH� VHOHFWLRQ�
FRPSRQHQWV���LW�VKRXOG�VWLOO�EH�SRVVLEOH�WR�DVVHVV�WKH�LPSDFW�RI�&(�
IXQFWLRQV�XVLQJ�³LPSXUH´�WDVNV�WKDW�WHQG�WR�KDYH�KLJK�ORDGLQJV�RQ�
RQH�&(�IXQFWLRQ�UHODWLYH�WR�WKH�RWKHUV��

��� 0XOWLSOH�UHVRXUFH�PRGHO�DQG�PXOWLWDVNLQJ�
SHUIRUPDQFH�
:LFNHQV�SURSRVHG�D�PXOWLSOH�UHVRXUFH�PRGHO�WR�GHVFULEH�FRJQLWLYH�
�PHQWDO�� ZRUNORDG� >��@�� ,Q� WKH� PXOWLSOH� UHVRXUFH� PRGHO� WKHUH�
VHSDUDEOH� DWWHQWLRQDO� UHVRXUFHV� �IRU� H[DPSOH�� YLVXDO� DQG� DXGLWRU\�
LQ�PRGDOLWLHV��VSDWLDO�DQG�YHUEDO�LQ�FRGHV����,Q�WKLV�UHVHDUFK��ZH�DUH�
LQWHUHVWHG�LQ�ZKHWKHU�RU�QRW�WKH�PXOWLSOH�UHVRXUFH�PRGHO�VKRXOG�EH�
H[WHQGHG�WR�LQFOXGH�WKH�LPSDFW�RI�GLIIHUHQW�&(�IXQFWLRQV��DQG�ZH�
DUH�DOVR�LQWHUHVWHG�LQ�WKH�LPSDFW�RI�LQGLYLGXDO�GLIIHUHQFHV�RQ�WKRVH�
&(�IXQFWLRQV��
7R� PHDVXUH� FRJQLWLYH� ZRUNORDG�� D� GXDO�WDVN� SURFHGXUH� LV� RIWHQ�
XVHG��,Q�WKH�OLWHUDWXUH�UHYLHZ�RQ�WKH�XVH�RI�VHFRQGDU\�WDVNV�LQ�WKH�
DVVHVVPHQW�RI�ZRUNORDG��2JGHQ�HW�DO��IRXQG�WKDW�WKHUH�LV�QR�VLQJOH�
EHVW� WDVN�RU�FODVV�RI� WDVNV� IRU� WKH�PHDVXUHPHQW�RI�ZRUNORDG�>��@�
�DOVR� VHH� >�@�� IRU� D� FROOHFWLRQ� RI� FKDSWHUV� RQ� WKH� GLIIHUHQW�
DSSURDFKHV� WR� PHDVXULQJ� PHQWDO� ZRUNORDG��� *LYHQ� WKH� VWURQJ�
HYLGHQFH� IRU� D� PXOWLSOLFLW\� RI� &(� IXQFWLRQV�� LW� LV� QDWXUDO� WR� DVN�
ZKDW�UROH��LI�DQ\��WKH\�VKRXOG�KDYH�LQ�PRGHOV�RI�PHQWDO�ZRUNORDG�
DQG�FRJQLWLYH�GLVWUDFWLRQ��7KLV�TXHVWLRQ�ZDV�WKH�PRWLYDWLRQ�IRU�WKH�
UHVHDUFK�UHSRUWHG�EHORZ���

��� &(�IXQFWLRQV�DQG�GULYLQJ�SHUIRUPDQFH��
:KLOH�PDQ\�UHVHDUFKHUV�KDYH�WULHG�WR�PHDVXUH�WKH�OHYHOV�RI�GULYHU�
GLVWUDFWLRQ� FDXVHG�E\�GLIIHUHQW� VHFRQGDU\� WDVNV� �HJ�� >�@>��@>��@���
UHODWLYHO\�OLWWOH�UHVHDUFK�KDV�IRFXVHG�RQ�XQGHUVWDQGLQJ�WKH�W\SHV�RI�
FRJQLWLYH�ZRUNORDG�DQG�WKHLU�HIIHFWV��
+RZHYHU�� %DXPDQQ� HW� DO�� LQYHVWLJDWHG� WKH� HIIHFW� RI� &(� ORDG� RQ�
GULYLQJ�SHUIRUPDQFH��DV�DVVHVVHG�E\�WLPH�WR�FROOLVLRQ�DQG�GULYLQJ�
VSHHG���>�@��7KH\�XVHG�VLPXODWHG�GULYLQJ�ZKHUH�SDUWLFLSDQWV�ZHUH�
UHTXLUHG� WR� DYRLG� REVWDFOHV� ZKLOH� SHUIRUPLQJ� HLWKHU� DQ� DXGLWRU\�
PRQLWRULQJ� WDVN� WKDW� VKRXOG� QRW� ORDG� RQ� WKH� FRPSUHKHQVLRQ�
IXQFWLRQV�RI�WKH�&(��RU�D�UXQQLQJ�PHPRU\�WDVN�WKDW�VKRXOG�KHDYLO\�
ORDG�RQ�WKH�&(�LQYROYLQJ�FRPSUHKHQVLRQ�DQG�SUHGLFWLRQ�IXQFWLRQ�
RI�VLWXDWLRQ�DZDUHQHVV��7KH\�IRXQG�WKDW�SDUWLFLSDQWV�UHFHLYHG�OHVV�
EHQHILW�IURP�EHLQJ�SURYLGHG�ZLWK�D�ZDUQLQJ�VLJQDO�ZKHQ�WKH\�KDG�
WR�SHUIRUP� WKH� UXQQLQJ�PHPRU\� WDVN��7KH� UHVHDUFKHUV� FRQFOXGHG�
WKDW� WKH� &(� IXQFWLRQ� LV� VWURQJO\� LQYROYHG� LQ� WKH� FRQVWUXFWLRQ� RI�
VLWXDWLRQ�DZDUHQHVV��
0lQW\Ol�HW�DO��DOVR�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�&(�IXQFWLRQ�
DQG� GULYLQJ� SHUIRUPDQFH� >��@�� ,Q� WKHLU� H[SHULPHQW�� KLJK� VFKRRO�
VWXGHQWV�FRPSOHWHG�D�VLPXODWHG�GULYLQJ�WDVN�DQG�VL[�H[SHULPHQWDO�
WDVNV�WKDW�WDSSHG�WKH�WKUHH�&(�IXQFWLRQV�RI�LQKLELWLRQ��VKLIWLQJ��DQG�
XSGDWLQJ�� 7KHLU� UHVXOWV� VKRZHG� WKDW� XSGDWLQJ� DELOLW\� ZDV� D�
VLJQLILFDQW� SUHGLFWRU� RI� SHUIRUPDQFH� RQ� D� /DQH� &KDQJH� 7DVN�
�/&7��ZKLOH�GRLQJ�VLPXODWHG�GULYLQJ����

�� 285�5(6($5&+�,17(5(67�$1'�
+<327+(6,6�
,Q� WKH� SUHVHQW� VWXG\��ZH� DVVXPHG� WKDW�ZRUNORDG� H[SHULHQFHG� E\�
LQGLYLGXDOV� LV� GHILQHG� DV� WKH� LQWHUDFWLRQ� EHWZHHQ� LQGLYLGXDO�
GLIIHUHQFHV� DQG� WDVN� UHTXLUHPHQWV�� )LJXUH� �� UHSUHVHQWV� RXU�
DSSURDFK��ZKHUH�ZRUNORDG� LV� DWWULEXWDEOH� WR� WDVN� ORDGLQJV�RQ� WKH�
WKUHH� &(� IXQFWLRQV� RI� LQKLELWLRQ�� VKLIWLQJ�� DQG� XSGDWLQJ�� 7KH�
PRGHO�PDNHV�WKH�IROORZLQJ�WKUHH�DVVXPSWLRQV��
��,QGLYLGXDO�GLIIHUHQFHV�H[LVW�LQ�WKH�FDSDFLW\�RI�HDFK�&(�IXQFWLRQ��
��'LIIHUHQW� WDVNV� ORDG� WKH�&(� WR�YDU\LQJ� H[WHQWV�DV�D� IXQFWLRQ�RI�
ERWK�WKH�QDWXUH�RI�WKH�WDVN�LWVHOI�DQG�WKH�XQLTXH�HIIHFW�RI�WKH�WDVN�
RQ�HDFK�LQGLYLGXDO���

�� 7KH� FRJQLWLYH� ZRUNORDG� WKDW� D� SHUVRQ� H[SHULHQFHV� ZKLOH�
SHUIRUPLQJ� D� WDVN� LV� GHWHUPLQHG� E\� WKH� GLUHFWLRQ� DQG� GHJUHH� RI�
PLVPDWFK�EHWZHHQ�WKH�SHUVRQ¶V�DELOLWLHV�DQG�WKH�WDVN�UHTXLUHPHQWV�
ZLWK�UHVSHFW�WR�WKH�&(�IXQFWLRQV��
,I� YDOLGDWHG�� WKLV� PRGHO� SURYLGHV� IRU� WKH� SURILOLQJ� RI� WDVNV� E\�
PHDVXULQJ� WKH� &(� DELOLW\� RI� LQGLYLGXDOV� DQG� WKH� VXEVHTXHQW�
FRJQLWLYH�ZRUNORDG�WKH\�H[SHULHQFH�ZKLOH�SHUIRUPLQJ�WKRVH�WDVNV��
7DVNV� ZLWK� XQDFFHSWDEO\� KLJK� ORDGV� RQ� SDUWLFXODU� &(� IXQFWLRQV�
FRXOG�WKHQ�EH�LGHQWLILHG�DQG�UHGHVLJQHG�VR�DV�WR�UHGXFH�WKRVH�ORDGV�
WR�DFFHSWDEOH�OHYHOV��)LJXUH���VXPPDUL]HV�WKLV�DSSURDFK�ZKHUHE\�
FRJQLWLYH�GHPDQGV�E\�D�WDVN��SLFN�EDUV�RQ�WKH�OHIW��FRPELQH�ZLWK�
LQGLYLGXDO�FRJQLWLYH�DELOLW\��JUHHQ�EDUV�LQ�WKH�PLGGOH��DQG�UHVXOW�LQ�
ZRUNORDG�SUHGLFWLRQV�DFURVV�HDFK�RI�WKH�WKUHH�&(�IXQFWLRQV��EOXH�
FLUFOHV� RQ� WKH� ULJKW���)RU� LQVWDQFH�� SDUWLFLSDQW� ��KDV� ORZ� VKLIWLQJ�
DELOLW\� DQG� WKH� WDVN� UHTXLUHV� KLJK� VKLIWLQJ� DELOLW\�� PHDQLQJ�
3DUWLFLSDQW��¶V�VKLIWLQJ�ZRUNORDG�LV�KLJK�IRU�WKDW�WDVN���

�
)LJXUH����$�PRGHO�RI�FRJQLWLYH�ZRUNORDG�EDVHG�RQ�WKH�
LQGLYLGXDO�GLIIHUHQFHV�DQG�GLIIHUHQW�WDVN�UHTXLUHPHQWV�

,Q�D�GULYLQJ� WDVN� LW� VHHPV� WKDW�DOO� WKUHH�&(� IXQFWLRQV� �LQKLELWLRQ��
VKLIWLQJ�� DQG� XSGDWLQJ�� DUH� UHTXLUHG�� 8SGDWLQJ� LV� OLNHO\� UHTXLUHG�
IRU�NHHSLQJ�WUDFN�RI�WKH�SRVLWLRQ�RI�RQH¶V�YHKLFOH�UHODWLYH�WR�RWKHU�
YHKLFOHV�LQ�WKH�URDG��DQG�RI�NHHSLQJ�WUDFN�RI�RQH¶V�FXUUHQW�ORFDWLRQ�
IRU�QDYLJDWLRQ�SXUSRVHV�� ,QKLELWLRQ�ZRXOG�VHHP� WR�EH� UHTXLUHG� WR�
GHWHFW� DQG� UHVSRQG� WR� H[WHUQDO� HYHQWV� VXFK� DV� FKDQJLQJ� WUDIILF�
VLJQDOV�RU�SHRSOH�ZKR�PRYH�LQWR�WKH�SDWK�RI�RQH¶V�YHKLFOH��)LQDOO\��
VLQFH�GULYLQJ�RIWHQ�LQYROYHV�PXOWL�WDVNLQJ��VKLIWLQJ�DELOLW\�ZLOO�EH�
LQYROYLQJ�LQ�PDQDJLQJ�WKH�SURFHVV�RI�VZLWFKLQJ�EHWZHHQ�WKH�PDLQ�
GULYLQJ� WDVN�DQG�RWKHU� WDVNV��+RZHYHU��SHRSOH�ZLWK�ZLGH�UDQJLQJ�
FRJQLWLYH�DELOLWLHV�DSSHDU�WR�SHUIRUP�ZHOO�DW�GULYLQJ��7KXV�LW�VHHPV�
WKDW� WKH� WUDGLWLRQDO� GULYLQJ� WDVN� LV� QRW� RYHUORDGLQJ� &(� IXQFWLRQ�
DELOLW\�IRU�PRVW�SHRSOH���
:KDW� KDSSHQV�� WKRXJK�� ZKHQ� QRYHO� LQ�YHKLFOH� LQIRUPDWLRQ�
WHFKQRORJLHV�FUHDWH�GHPDQGLQJ�QHZ�VHFRQGDU\� WDVNV"�&RXOG�LW�EH�
WKDW�VRPH�&(�IXQFWLRQV�EHFRPH�RYHUORDGHG�ZLWK�D�FRUUHVSRQGLQJ�
GHFUHPHQW� LQ� GULYLQJ� SHUIRUPDQFH� DQG� D� GHFUHDVH� LQ� VDIHW\"� ,Q�
RUGHU� WR� WHVW� ZKHWKHU� WKLV� LV� D� IDU�IHWFKHG� FRQFHUQ� RU� QRW�� ZH�
GHVLJQHG� WKH� H[SHULPHQW� EHORZ� WR� H[DPLQH� WKH� LPSDFW� RI� &(�
IXQFWLRQ� DELOLW\� RQ� GULYLQJ� SHUIRUPDQFH� ZKHQ� &(� ORDGLQJ� WDVNV�
DUH� LQYROYHG�� 6KRXOG� FRQFHUQV� DERXW� &(� ORDGLQJ� SURYH� WR� EH�
MXVWLILHG��WKH�PHWKRGRORJ\�XVHG�LQ�WKLV�SDSHU��DVVHVVLQJ�WKH�LPSDFW�
RI�&(�DELOLWLHV�RQ�GULYLQJ�LQ�WKH�FRQWH[W�RI�&(�ORDGLQJ�VHFRQGDU\�
WDVNV��PD\�KHOS�WR�ILQG�SUREOHPV�UHODWLQJ�WR�&(�IXQFWLRQ�ORDGLQJ�
LQ�LQ�YHKLFOH�LQWHUIDFHV����
:H�GHYHORSHG�WKH�IROORZLQJ�K\SRWKHVHV�WR�WHVW�LQ�WKH�H[SHULPHQW��
���(IIHFW�RI�&RJQLWLYH�ZRUNORDG��
$Q� LQGLYLGXDO
V� DELOLW\� RQ� D� SDUWLFXODU� &(� IXQFWLRQ� ZLOO� EH�
VLJQLILFDQWO\� UHODWHG� WR� SULPDU\� WDVN� �GULYLQJ�UHODWHG� WDVN��
SHUIRUPDQFH� ZKHQ� DOVR� SHUIRUPLQJ� D� VHFRQGDU\� WDVN� ORDGLQJ� RQ�
WKDW� &(� IXQFWLRQ�� � 7R� WHVW� WKLV� ZH� XVHG� D� VHULHV� RI� UHJUHVVLRQ�
DQDO\VHV� ZLWK� SHUIRUPDQFH� RQ� WKH� SULPDU\� WDVN� �HLWKHU� SHGDO�
WUDFNLQJ�RU�WDUJHW�GHWHFWLRQ��DV�WKH�FULWHULRQ��DQG�PHDVXUHG�OHYHOV�
RI� LQGLYLGXDO� DELOLW\� �LQKLELWLRQ�� XSGDWLQJ�� DQG� VKLIWLQJ�� DV� WKH�
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S U I

S
U

I

S
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Participant 3
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Participant 1
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S U I

Individual cognitive abilityCognitive demands 
by task(s)
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SUHGLFWRU� YDULDEOHV�� )RUZDUG� DQG� EDFNZDUG� VWHSZLVH� DQDO\VHV�
ZHUH� UXQ� ZLWK� RQH� SDLU� RI� DQDO\VHV� IRU� HDFK� FRPELQDWLRQ� RI�
SULPDU\� WDVN�FRPSOH[LW\��EORFN���ZDV�ORZHU�FRPSOH[LW\��EORFN���
ZDV�KLJKHU�FRPSOH[LW\���PRGDOLW\��DXGLWRU\�RU�YLVXDO��DQG�W\SH�RI�
ORDGLQJ�RQ�WKH�VHFRQGDU\�WDVN��LQKLELWLRQ��VKLIWLQJ��RU�XSGDWLQJ����
:H� H[SHFWHG� WKDW� WKH� RYHUDOO� SDWWHUQ� RI� UHVXOWV� LQ� WKH� UHJUHVVLRQ�
DQDO\VHV�ZRXOG�WHOO�XV�WKH�H[WHQW�WR�ZKLFK�&(�IXQFWLRQ�DELOLW\�ZDV�
GULYLQJ� SULPDU\� WDVN� SHUIRUPDQFH�� DQG� LQ� ZKDW� FRQWH[WV�� ,I� D�
SDUWLFXODU�&(� IXQFWLRQ�DELOLW\�ZDV�RQO\�D� VLJQLILFDQW�SUHGLFWRU�RI�
SULPDU\�WDVN�SHUIRUPDQFH�ZKHQ�WKH�VHFRQGDU\�WDVN�ORDGHG�RQ�WKDW�
VDPH�&(�IXQFWLRQ�� WKHQ� WKDW�ZRXOG�VKRZ� WKDW� WKH� VHFRQGDU\� WDVN�
ZDV�KDUPLQJ�SULPDU\�WDVN�SHUIRUPDQFH�EHFDXVH�RI�LWV�ORDGLQJ�RQ�
WKDW�IXQFWLRQ���
$OWHUQDWLYHO\�� LI� WKH�SUHVHQFH� RI� WKH� VHFRQGDU\� WDVN� LQ� LWVHOI�ZDV�
PDNLQJ� ORDGLQJ�RQ� WKH�SULPDU\� WDVN�PRUH�FULWLFDO�� WKHQ�ZH�PLJKW�
H[SHFW� WR� VHH�GLIIHUHQW�&(�DELOLWLHV� DIIHFWLQJ�SHUIRUPDQFH�RQ� WKH�
WZR� SULPDU\� WDVNV�� UHJDUGOHVV� RI� ZKLFK� &(� IXQFWLRQ� ORDGHG� WKH�
VHFRQGDU\� WDVN�� 6SHFLILFDOO\�� ZH� ZRXOG� SUHGLFW� LQ� WKLV� FDVH� WKDW�
SHUIRUPDQFH� RQ� WKH� SHGDO� WUDFNLQJ� WDVN� ZRXOG� EH� VLJQLILFDQWO\�
UHODWHG� WR� XSGDWLQJ� DELOLW\�� ZKLOH� SHUIRUPDQFH� RQ� WKH� WDUJHW�
GHWHFWLRQ� WDVN�ZRXOG�EH�VLJQLILFDQWO\�UHODWHG� WR� LQKLELWLRQ�DELOLW\��
,Q�DGGLWLRQ��WR�WKH�H[WHQW�WKDW�VKLIWLQJ�LV�UHODWHG�WR�WDVN�VZLWFKLQJ�
ZH� ZRXOG� H[SHFW� LW� WR� EH� VLJQLILFDQWO\� UHODWHG� WR� SULPDU\� WDVN�
SHUIRUPDQFH�LQ�DOO�WKH�GXDO�WDVN�FRQGLWLRQV�����
���(IIHFW�RI�3HUFHSWXDO�ZRUNORDG�
2YHUDOO� H[SHULHQFHG� ZRUNORDG� LV� D� FRPELQDWLRQ� RI� YLVXDO� �RU�
SHUFHSWXDO���PDQXDO�DQG�FRJQLWLYH�ZRUNORDGV��6LQFH�ERWK�WKH�PDLQ�
DQG�&(�WDVNV�LQYROYH�YLVXDO�SURFHVVLQJ��ZH�ZRXOG�H[SHFW�RYHUDOO�
ZRUNORDG�WR�EH�KLJKHU�ZKHQ�WKH�LQIRUPDWLRQ�LQ�WKH�VHFRQGDU\�WDVN�
LV� SUHVHQWHG� YLVXDOO\� GXH� WR� WKH� UHVXOWLQJ� KLJK� ORDG� RQ� YLVXDO�
DWWHQWLRQDO� UHVRXUFHV� �FI�� >��@��� +RZHYHU�� LW� FRXOG� DOVR� EH�
K\SRWKHVL]HG� WKDW� PHQWDO� ZRUNORDG� FRXOG� ULVH�� UDWKHU� WKDQ� IDOO�
ZKHQ� DQ� DXGLR� VHFRQGDU\� WDVN� ZDV� XVHG� GXH� WR� WKH� IDFW� WKDW�
DXGLWRU\� LQIRUPDWLRQ� WHQGV� WR� UHTXLUH� PRUH� VWRUDJH� LQ� ZRUNLQJ�
PHPRU\��

�� 6&5((1,1*�7(67�
3ULRU� WR� WKH� H[SHULPHQW��ZH� FRQGXFWHG� D� VFUHHQLQJ� WHVW� WR� VHOHFW�
SHRSOH� ZKR� FRYHU� D� UDQJH� RI� GLIIHUHQW� FRJQLWLYH� SURILOHV� ZLWK�
UHVSHFW�WR�WKH�WKUHH�&(�IXQFWLRQV�FRQVLGHUHG�LQ�WKLV�UHVHDUFK��

��� 0HWKRG�
����� 3DUWLFLSDQWV�
���� SHRSOH� SDUWLFLSDWHG� LQ� WKH� VFUHHQLQJ� WHVW�� 3DUWLFLSDQWV� ZHUH�
UHFUXLWHG� WKURXJK�UHFUXLWLQJ�ILUPV��HPDLOV� WR�GLVWULEXWLRQ�OLVWV�DQG�
IURP� QRWLFHV� SRVWHG� RQ� 8QLYHUVLW\� RI� 7RURQWR� FDPSXV� EXOOHWLQ�
ERDUGV��7KH�SDUWLFLSDQWV�FRQVLVWV�RI����PDOHV�DQG����IHPDOHV��DJHG�
IURP� ��� WR� ��� \HDUV� ROG� �0 ������ 6' ������� $OO� RI� WKH�
SDUWLFLSDQWV�ZHUH�(QJOLVK�VSHDNHUV�OLYLQJ�LQ�WKH�7RURQWR�DUHD�ZLWK�
QRUPDO�YLVLRQ�DQG�KHDULQJ���

����� 7DVNV�
:H�VHOHFWHG�WKUHH�FRJQLWLYH�WHVWV�WR�PHDVXUH�HDFK�SDUWLFLSDQW¶V�&(�
DELOLW\�EDVHG�RQ�0L\DNH�HW�DO�¶V�ILQGLQJV�FRQFHUQLQJ�WKH�PDSSLQJV�
EHWZHHQ�WDVNV�DQG�&(�IXQFWLRQV�>��@���
���� 6WURRS� WHVW� �,QKLELWLRQ��� 6L[� FRORU� ZRUGV� �µEODFN¶�� µZKLWH¶��
µ\HOORZ¶��µRUDQJH¶��µSXUSOH¶��DQG�µJUHHQ¶��ZHUH�SUHVHQWHG�LQ�RQH�RI�
WKH� VL[� VDPH� IRQW�FRORUV� LQGLYLGXDOO\� DQG�DW� UDQGRP��7KHUH�ZHUH�
��� SRVVLEOH� ZRUG�IRQW� FRORU� FRPELQDWLRQV�� 2Q� HDFK� WULDO�� WKUHH�
FRORU�QDPHV��UHVSRQVH�DOWHUQDWLYHV��ZHUH�SUHVHQWHG�LQ�EODFN�DW�WKH�
ERWWRP�RI�WKH�GLVSOD\��7KH�SDUWLFLSDQW
V�WDVN�ZDV�WR� UHVSRQG�ZLWK�
WKH� FRORU� LQ�ZKLFK� WKH� VWLPXOXV�ZRUG�ZDV�ZULWWHQ�� E\�SUHVVLQJ� D�

FRUUHVSRQGLQJ�NH\��7KH� WKUHH� UHVSRQVH�DOWHUQDWLYHV�ZHUH�PDSSHG�
WR� WKH� OHIW� DUURZ� NH\�� GRZQ� DUURZ� NH\�� DQG� ULJKW� DUURZ� NH\��
UHVSHFWLYHO\���

���� &RORU� PRQLWRULQJ� WHVW�（8SGDWLQJ� WDVN��� 3DUWLFLSDQWV� ZHUH�
VKRZQ� EOXH�� \HOORZ� DQG� UHG� FLUFOHV� ��FP� LQ� GLDPHWHU�� RQH� DW� D�
WLPH� IRU� ���PV� LQ� UDQGRPL]HG� RUGHU� ZLWK� DQ� LQWHU�VWLPXOXV�
LQWHUYDO� RI� ����PV�� 7KH� WDVN� ZDV� WR� UHVSRQG� ZKHQ� WKH� WKLUG�
LQVWDQFH�RI�HDFK�FLUFOH�FRORU�ZDV�SUHVHQWHG��H�J���DIWHU�VHHLQJ� WKH�
WKLUG� EOXH� FLUFOH�� RU� WKH� WKLUG� \HOORZ� FLUFOH��� ZKLFK� UHTXLUHG�
SDUWLFLSDQWV�WR�PRQLWRU�DQG�NHHS�WUDFN�RI�WKH�QXPEHU�RI�WLPHV�HDFK�
FRORU�KDG�EHHQ�SUHVHQWHG��)RU�H[DPSOH��LI�WKH�VHTXHQFH�ZDV�µµEOXH��
UHG�� \HOORZ�� \HOORZ�� UHG�� EOXH�� \HOORZ�� EOXH�� UHG¶¶� WKHQ� WKH�
SDUWLFLSDQW� VKRXOG� KDYH� UHVSRQGHG� WR� WKH� WKLUG� EOXH�� \HOORZ� DQG�
UHG� FLUFOH� �LWDOLFL]HG��� ,Q� RUGHU� IRU� PRPHQWDU\� PHQWDO� ODSVHV� WR�
KDYH� OHVV� LPSDFW� RQ� WDVN� SHUIRUPDQFH�� WKH� FLUFOH� FRXQW� IRU� HDFK�
FRORU�ZDV� DXWRPDWLFDOO\� UHVHW� WR� �� LI� WKH� SDUWLFLSDQW�PDGH� D� NH\�
SUHVV�IRU�WKDW�FRORU��DQG�SDUWLFLSDQWV�ZHUH�LQIRUPHG�RI�WKLV�IHDWXUH�
EHIRUH� VWDUWLQJ� WKH� WDVN�� 3ULRU� WR� FRPSOHWLQJ� WKH� WULDO� EORFNV��
SDUWLFLSDQWV� UHFHLYHG� D� SUDFWLFH� VHVVLRQ�� ZKLFK� FRQWLQXHG� XQWLO�
WKH\�PDGH���FRUUHFW�UHVSRQVHV��
�����:LVFRQVLQ�&DUG�6RUW�7HVW��:&67��6KLIWLQJ�WDVN���,Q�WKLV�WDVN��
IRXU�VWLPXOXV�FDUGV�ZHUH�SUHVHQWHG�WR�SDUWLFLSDQWV��7KH�REMHFWV�RQ�
WKH� FDUGV� FRXOG� GLIIHU� LQ� FRORU�� TXDQWLW\�� DQG� VKDSH�� 7KH�
SDUWLFLSDQWV�ZHUH�WKHQ�JLYHQ�DQ�DGGLWLRQDO�FDUG�DQG�ZHUH�DVNHG�WR�
FKRRVH� ZKLFK� RQH� RI� WKH� IRXU� RULJLQDO� FDUGV� FRQIRUPHG� WR� WKH�
VDPH� FDWHJRU\� DV� WKH� DGGLWLRQDO� FDUG�� $V� WKH� FODVVLILFDWLRQ� UXOH�
ZDV� QRW� SURYLGHG� WR� WKH�SDUWLFLSDQWV�� WKH\� KDG� WR� JXHVV� WKH� UXOH��
7KH\�GLG� WKLV�EDVHG�RQ� WKH�SDWWHUQ�RI� IHHGEDFN�SURYLGHG� WR� WKHP�
�³FRUUHFW´�RU�³LQFRUUHFW´���DIWHU�WKH\�FKRVH�RQH�RI�WKH�IRXU�FDUGV�WR�
PDWFK� ZLWK� WKH� DGGLWLRQDO� FDUG�� ,Q� WKLV� H[SHULPHQW�� WKH�
FODVVLILFDWLRQ� UXOH� FKDQJHG� DIWHU� ��� FRUUHFW� UHVSRQVHV� XQGHU� WKH�
UXOH�� 7KH� WDVN� ZDV� ILQLVKHG� ZKHQ� D� SDUWLFLSDQW� FRPSOHWHG� ��
GLIIHUHQW�UXOHV�RU�����WULDOV��ZKLFKHYHU�FDPH�HDUOLHU��:H�XVHG�WKH�
QXPEHU�RI�SHUVHYHUDWLRQ�HUURUV�DV�WKH�SHUIRUPDQFH�PHDVXUH�EDVHG�
RQ�SUHYLRXV�UHVHDUFK�>��@���

����� 5HVXOWV�
'DWD� IURP�VL[�RI� WKH�SDUWLFLSDQWV�ZDV� UHPRYHG� IURP� WKH�DQDO\VLV�
EHFDXVH�RI�SUREOHPV�LQ�FROOHFWLQJ�WKHLU�GDWD��H�J���IDLOLQJ�WR�IROORZ�
LQVWUXFWLRQV��� 7KH� VNLOO� OHYHOV� RI� WKH� UHPDLQLQJ� ��� SDUWLFLSDQWV�
ZHUH� WKHQ� DVVLJQHG� LQWR� WKUHH� FDWHJRULHV� RQ� HDFK� RI� WKH� WKUHH�
H[HFXWLYH� IXQFWLRQV� �LQKLELWLRQ�� XSGDWLQJ�� DQG� VKLIWLQJ��XVLQJ� WKH�
IROORZLQJ�PHWKRG��0HDVXUHV� REWDLQHG� RQ� WKH� H[SHULPHQWDO� WDVNV�
WKDW� FRUUHVSRQGHG� WR� HDFK� RI� WKH� WKUHH� H[HFXWLYH� IXQFWLRQV� ZHUH�
FKDUDFWHUL]HG�DV�ORZ�������PHGLXP�����DQG�KLJK�����E\�VHJPHQWLQJ�
WKH�VWDQGDUGL]HG��]���VFRUHV�REWDLQHG�RQ�HDFK�PHDVXUH�DFURVV� WKH�
HQWLUH� VDPSOH� RI� SDUWLFLSDQWV�� $� ]�VFRUH� RI� OHVV� WKDQ� ��� ZDV�
LQWHUSUHWHG�DV�ORZ�DELOLW\��UHODWLYH�WR�WKH�UHVW�RI�WKH�VDPSOH���D�]�
VFRUH�EHWZHHQ����DQG���ZDV�LQWHUSUHWHG�DV�PHGLXP�DELOLW\��DQG�D�
]�VFRUH� RI� JUHDWHU� WKDQ� ��� ZDV� LQWHUSUHWHG� DV� KLJK� DELOLW\�� 7KLV�
FUHDWHG�WKUHH�YDULDEOHV�WKDW�UHSUHVHQWHG�WKH�WKUHH�VNLOO�OHYHOV��KLJK��
PHGLXP��DQG�ORZ����

7DEOH���&(�DELOLW\�SDWWHUQV�

�

Group Inhibition Shifting Updating
screening 

test
average 0 0 0 33

high inhibition 1 0 0 6
low inhibition -1 0 0 2
high shifting 0 1 0 12
low shifting 0 -1 0 5

high updating 0 0 1 4
low updating 0 0 -1 4

-1 -1 0 (4)
0 -1 1 (1)
1 -1 1 (1)
-1 -1 1 (1)

Total 96

mixed 30 7

2

main experiment

CE ability

34

Number of participants 

7
5
0
7
3
3
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7DEOH���VKRZV�WKH�UHVXOWV�RI�&(�DELOLW\�SDWWHUQV�DQG�WKH�QXPEHU�RI�
SDUWLFLSDQWV�ZKR�DUH�FODVVLILHG�LQWR�WKH�SDWWHUQV���

�� (;3(5,0(17�
��� 0HWKRG�
����� 3DUWLFLSDQW�
7KLUW\�IRXU� SHRSOH� ZHUH� VHOHFWHG� IURP� WKH� VFUHHQLQJ� VDPSOH� IRU�
WKH�PDLQ�H[SHULPHQW���7KH�SHRSOH�VHOHFWHG�UHSUHVHQWHG�D�YDULHW\�RI�
GLIIHUHQW� SURILOHV� LQ� WHUPV� RI� VKLIWLQJ�� XSGDWLQJ�� DQG� LQKLELWLRQ�
DELOLW\��KRZHYHU��RQH� OLPLWDWLRQ�ZDV�WKDW�QHLWKHU�RI� WKH� WZR��ORZ�
LQKLELWLRQ��SHRSOH�FRXOG�SDUWLFLSDWH� LQ� WKH�PDLQ� WHVW���7KH�SHRSOH�
ZKR� SDUWLFLSDWHG� LQ� WKH� PDLQ� H[SHULPHQW� FRQVLVWHG� RI� ��� PDOHV�
DQG����IHPDOHV��DJHG�IURP����WR����\HDUV�ROG��0 ������6' �������
7KH�QXPEHUV�RI�HDFK�FRJQLWLYH�SDWWHUQ�DUH�VKRZQ�LQ�7DEOH����

����� 3ULPDU\�WDVNV��GULYLQJ�UHODWHG�WDVNV��
:H�VHOHFWHG�WZR�W\SHV�RI�WDVNV��ZKLFK�ZH�DVVXPH�WR�EH�UHODWHG�WR�
IXQGDPHQWDO�DVSHFWV�RI�GULYLQJ��
����'HWHFW�UHVSRQG�WDVN�
7KLV� WDUJHW�GHWHFWLRQ�WDVN�ZDV�GHVLJQHG�WR�VLPXODWH�D�VLWXDWLRQ� WR�
GHWHFW�D�SDUWLFXODU�URDG�VLJQ�RU�VXGGHQ�REVWDFOHV�ZKLOH�GULYLQJ�DQG�
WR�UHVSRQG�WR�LW��7KH�WDVN�FRQVLVWV�RI�WZR�EORFNV��,Q�WKH�ILUVW�EORFN�
�HDV\�EORFN���HLWKHU�D�UHG��GRZQ�SRLQWLQJ�WULDQJOH��U ���SL[HOV��RU�
D� JUD\� FLUFOH� ZDV� SUHVHQWHG� RQ� WKH� PDLQ� GLVSOD\� IRU� ����� PV�
�)LJXUH����� �3DUWLFLSDQWV�ZHUH� LQVWUXFWHG� WR� WDS�D�SHGDO�ZLWK� WKHLU�
ULJKW�IRRW�LPPHGLDWHO\�DIWHU��DQG�QRW�XQWLO��WKH\�VDZ�D�UHG�WULDQJOH��
7KH�VWXG\�XVHG�VL[�GLIIHUHQW� LQWHU�WULDO� WLPH� LQWHUYDOV� ������������
������ ������������ �����PV��EHWZHHQ� WKH� HQG�RI�RQH� WULDO� �ZKHQ�
WKH�SDUWLFLSDQW�SXVKHG�WKH�IRRW�SHGDO�WR�PDNH�KLV�RU�KHU�UHVSRQVH��
DQG�WKH�GLVSOD\�RI� WKH�VWLPXOXV�IRU� WKH�QH[W� WULDO��%RWK� WKH� OHQJWK�
RI� LQWHU�WULDO� LQWHUYDOV� DQG� WKH� SRVLWLRQ� WKDW� REMHFWV� DSSHDUHG� LQ�
ZHUH� YDULHG� UDQGRPO\� DFURVV� WULDOV�� 7KHUH� ZDV� D� ���� FKDQFH� RQ�
HDFK�WULDO�RI�JHWWLQJ�HLWKHU�VWLPXOXV��D�UHG�WULDQJOH�RU�JUD\�FLUFOH��
DQG�D�����FKDQFH�RI�EHLQJ�DVVLJQHG�D� VSHFLILF� LQWHU�WULDO� LQWHUYDO���
,Q� WKH� VHFRQG� �PRUH� GLIILFXOW�� EORFN�� VWLPXOL� LQFOXGHG� D� UHG�
WULDQJOH�� UHG� FLUFOH�� JUD\� WULDQJOH� RU� JUD\� FLUFOH� �L�H��� WKHUH� ZHUH�
WKUHH�GLVWUDFWRUV��DQG�WKH�WDUJHW�ZDV�GHILQHG�E\�WKH�FRQMXQFWLRQ�RI�
WZR�IHDWXUHV���

�
)LJXUH���'HWHFW�UHVSRQG�WDVN�

�����3HGDO�WUDFNLQJ�WDVN�
7KLV�WDVN�ZDV�GHVLJQHG�WR�VLPXODWH�SHUIRUPDQFH�RI�NHHSLQJ�LQWHU�
YHKLFOH�GLVWDQFH��:H�FKRVH�WKLV�WDVN�EDVHG�RQ�D�SHGDO�WUDFNLQJ�WDVN�
XVHG� E\� >��@�� � 2XU� LPSOHPHQWDWLRQ� RI� WKH� WDVN� ZDV� GHVLJQHG� WR�
IXQFWLRQ� OLNH� DQ� LQWHU�YHKLFOH� GLVWDQFH� NHHSLQJ� WDVN�� $� WDUJHW�
UHFWDQJOH� LQ� EOXH� �FRUUHVSRQGV� WR� D� FDU� LQ� IURQW�� DQG� D� IUDPH�
VKDSHG�DUHD�LQ�\HOORZ�ZHUH�GLVSOD\HG�RQ�WKH�PDLQ�GLVSOD\��)LJXUH�
����7KH�SDUWLFLSDQWV
�JRDO�ZDV�WR�NHHS�WKH�RXWHU�HGJH�RI�WKH�WDUJHW�
UHFWDQJOH�LQVLGH�WKH�\HOORZ�DUHD�E\�FRQWUROOLQJ�D�IRRW�SHGDO��
7R� VLPXODWH� DGMXVW� LQWHU�YHKLFOH� GLVWDQFH� FRQWUROOLQJ� DQ�
DFFHOHUDWLRQ� SHGDO�� 7KH� VL]H� �VLGH� OHQJWK�� RI� WKH� WDUJHW� UHFWDQJOH�
�'��ZDV�GHILQHG�E\�WKH�HTXDWLRQ�������

𝑫 = 𝑫𝟎 + ൫𝑽𝟎 + ൫𝑺𝒇 − 𝑳𝑻൯𝒅𝒕൯𝒅𝒕� � ����

,QLWLDOO\� '�� ZDV� HTXDO� WR� KDOI� WKH� ZLGWK� RI� WKH� DFFHSWDEOH� DUHD�
�\HOORZ� DUHD��� 9�� HTXDOHG� �� NP�K� DQG� GW� ZDV� ���VHF�� 6I�
UHSUHVHQWHG�WKH�IOXFWXDWLQJ�VLJQDO�ZKLOH�/W�ZDV�D�SHUFHQWDJH�RI�WKH�
ILUVW� RUGHU� ODJ� RI� WKH� WKURWWOH� RSHQLQJ�� '� ZDV� WKH� VHFRQG�RUGHU�
LQWHJUDO� RI� WKH� GLIIHUHQFH� EHWZHHQ� WKH� IOXFWXDWLQJ� VLJQDO�
�FRUUHVSRQGLQJ� WR� WKH� DFFHOHUDWLRQ� RI� WKH� FDU� LQ� IURQW�� DQG� WKH�
FRQWURO�VLJQDO��FRUUHVSRQGLQJ�WR�WKH�DFFHOHUDWLRQ�RI�RQH¶V�RZQ�FDU��
WKH� ILUVW� RUGHU� ODJ� RI� WKH� WKURWWOH� RSHQLQJ� ���� 7KH� IOXFWXDWLRQ�
VLJQDO�ZDV�JHQHUDWHG�IURP�D�PL[WXUH�RI�IRXU�VLQH�ZDYHV���

�
)LJXUH���3HGDO�WUDFNLQJ�WDVN�

������� 6HFRQGDU\�WDVNV��&(�WDVNV��
:H� GHYHORSHG� LQKLELWLRQ�� VKLIWLQJ�� DQG� XSGDWLQJ� WDVNV� LQ� ERWK�
YLVXDO�DQG�DXGLR�FRQGLWLRQV��:H�DOVR�SUHSDUHG�D�VLPSOH�NH\�SUHVV�
WDVN�DV�D�FRQWURO�FRQGLWLRQ��7DEOH������
����9LVXDO�,QKLELWLRQ��9,��
:H� XVHG� WKH� 6WURRS� WDVN� IURP� WKH� VFUHHQLQJ� WHVW� DV� D� YLVXDO�
LQKLELWLRQ� WDVN��$FFXUDF\� DQG�57�ZHUH� XVHG� DV� WKH� SHUIRUPDQFH�
PHDVXUHV��
����$XGLR�,QKLELWLRQ��$6��
:H� XVHG� D� PRGLILHG� DXGLWRU\� 6WURRS� WDVN� EDVHG� RQ� SUHYLRXV�
UHVHDUFK� >�@>��@>��@�� 7KUHH� GLIIHUHQW� ZRUGV� ��+LJK��� �'D\���
�/RZ��� ZHUH� SUHVHQWHG� LQGLYLGXDOO\� LQ� WZR� SLWFKHV� �+LJK� SLWFK��
���+]�� /RZ� SLWFK�� ���� +]�� ZLWK� VHPL�UDQGRP� ZRUG�SLWFK�
FRPELQDWLRQV� �WKH� QXPEHUV� RI� HDFK� FRPELQDWLRQ� RI� ZRUG�SLWFK�
ZDV�EDODQFHG���7KH�SDUWLFLSDQW
V�WDVN�ZDV�WR�LQGLFDWH�WKH�SLWFK�E\�
SUHVVLQJ� D� FRUUHVSRQGLQJ� NH\� �ORZ�  � OHIW� DUURZ�� KLJK�  � ULJKW�
DUURZ����
����9LVXDO�6KLIWLQJ��96��
:H� ZDQWHG� WR� KDYH� HTXLYDOHQW� VKLIWLQJ� WDVNV� LQ� ERWK� YLVXDO� DQG�
DXGLR� FRQGLWLRQV�� +RZHYHU�� VLQFH� LW� ZDV� GLIILFXOW� WR� XWLOL]H� WKH�
:&67� LQ� DQ� DXGLR� FRQGLWLRQ�� ZH� GHYHORSHG� D� QHZ� WDVN� WKDW�
UHTXLUHG�UXOH�VKLIWLQJ��
$�VLQJOH�GLJLW�QXPEHU��WKH�WDUJHW�QXPEHU��YDU\LQJ�EHWZHHQ���DQG�
���ZDV�SUHVHQWHG�RQ�D�GLVSOD\�ZLWK�WKUHH�VLQJOH�GLJLW�QXPEHUV��WKH�
RSWLRQ� QXPEHUV�� EHWZHHQ� �� DQG� ��� XQGHUQHDWK� LW�� 7KH� RSWLRQ�
QXPEHUV�UHSUHVHQWHG��D��WKH�VXP�RI�WKH�WDUJHW�QXPEHU�SOXV�����E��
WKH� GHFUHPHQW� RI� WKH� WDUJHW� QXPEHU� PLQXV� ��� DQG� �F�� WKH� VDPH�
QXPEHU� DV� WKH� WDUJHW� QXPEHU� �L�H��� SOXV� ���� 3DUWLFLSDQWV� ZHUH�
H[SHFWHG�WR�DSSO\�RQH�RI�WKH�UXOHV�������������WR�WKH�WDUJHW�QXPEHU��
DQG� WKHQ� LQGLFDWH� WKH� UHVXOW� E\� SUHVVLQJ� D� NH\� WKDW� FRUUHVSRQGHG�
ZLWK�WKH�SRVLWLRQ�RI�WKH�GHVLUHG�RSWLRQ�QXPEHU��WKH�ULJKW�DUURZ�IRU�
WKH�RSWLRQ�GLVSOD\HG�RQ�WKH�ULJKW��WKH�OHIW�DUURZ�IRU�WKH�RSWLRQ�RQ�
WKH� OHIW�� DQG� WKH� GRZQ� DUURZ� IRU� WKH� RSWLRQ� SUHVHQWHG� LQ� WKH�
PLGGOH��7KH�KRUL]RQWDO�RUGHULQJ�RI�SRWHQWLDO�UHVSRQVHV�������������

Easy (Block 1) Hard (Block 2)

Target rectangle fluctuated based on a 
mixed sign wave signal.

Goal: control the pedal to keep the target 
rectangle inside the yellow frame. 

•Tap the foot pedal→The target 
rectangle expands.
•Release the foot pedal→The target 
rectangle shrinks.

Easy (Block 1) Hard (Block 2)

Frame-shaped area (Yellow)

(Red)

(Red)

Task difficulties: Easy 
condition (block 1) had a thick 
frame whereas hard condition 
(block 2) had a thin frame

Target rectangle (blue) 

too large too small

Feedback: The target rectangle 
turned to red when it becomes 
too large/small
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SUHVHQWHG� DORQJ� WKH� ERWWRP� RI� WKH� VFUHHQ� FKDQJHG� UDQGRPO\�
EHWZHHQ� WULDOV�� $W� WKH� VWDUW� RI� WKH� WDVN� SDUWLFLSDQWV� ZHUH� WROG� WR�
VLPSO\� JXHVV� WKH� UXOH�� $IWHU� WKH� V\VWHP� SURYLGHG� VXEVHTXHQW�
IHHGEDFN� DV� WR� ZKHWKHU� WKH� UXOH� WKH\� DSSOLHG� ZDV� WKH� FRUUHFW�
�H[SHFWHG�� RQH� RU� QRW� �D� UHG� �;�� IRU� LQFRUUHFW� UHVSRQVHV���
SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�ILQG�WKH�H[SHFWHG�UXOH�DV�TXLFNO\�DV�
SRVVLEOH� DQG� WR� DSSO\� WKH� VDPH� UXOH�XQWLO� LW� FKDQJHG��$IWHU� HLJKW�
FRQVHFXWLYH�FRUUHFW�UHVSRQVHV��WKH�SURJUDP�FKDQJHG�WKH�UXOH���
����$XGLR�6KLIWLQJ��$6��
7KH�SURFHGXUH� LQ� WKLV� WDVN�ZDV� HTXLYDOHQW� WR� WKH�9LVXDO�6KLIWLQJ�
WDVN�H[FHSW� WKDW�DOO� WKH�VWLPXOL�ZHUH�SUHVHQWHG� LQ�DXGLR��$�VLQJOH�
GLJLW� QXPEHU� ������ WKH� WDUJHW� QXPEHU�� ZDV� SUHVHQWHG� LQ� D� KLJK�
SLWFKHG�YRLFH�����+]��IROORZHG�E\�WKUHH�VLQJOH�GLJLW�QXPEHU�������
LQ� ORZ�SLWFK�YRLFH�����+]��DV�RSWLRQV�� �)HHGEDFN�WR�DQ� LQFRUUHFW�
UHVSRQVH�ZDV�JLYHQ�XVLQJ�D�EHHS�VRXQG��7KH�WKUHH�RSWLRQ�QXPEHUV�
FRUUHVSRQGHG�WR�WKH�OHIW��GRZQ�DQG�ULJKW�DUURZ�NH\V��LQ�WKDW�RUGHU��
����9LVXDO�8SGDWLQJ��98��
7KH�SURFHGXUH�LQ�WKLV�WDVN�ZDV�VLPLODU�WR�WKDW�XVHG�LQ�WKH�XSGDWLQJ�
WDVN� GXULQJ� WKH� VFUHHQLQJ� VWXG\�� +RZHYHU�� LQ� WKLV� FRQGLWLRQ� ZH�
XVHG� WZR� FRORUHG� FLUFOHV� LQVWHDG� RI� ��� DQG� WKH� SDUWLFLSDQWV� ZHUH�
LQVWUXFWHG�WR�UHVSRQG�WR�WKH�VHFRQG�EOXH�DQG�VHFRQG�\HOORZ�FLUFOH��
7KLV� YLVXDO� YHUVLRQ� RI� WKH� WDVN� ZDV� HTXLYDOHQW� WR� WKH� $XGLR�
8SGDWLQJ�WDVN�H[FHSW�WKDW�DOO�VWLPXOL�ZHUH�SUHVHQWHG�YLVXDOO\��
�����$XGLR�8SGDWLQJ��$8��
)RU�WKLV�WDVN�ZH�XVHG�WKH�PRGLILHG�SURFHGXUH�EDVHG�RQ�0L\DNH�HW�
DO�� >��@� ZKLFK� ZDV� PRGHOHG� RQ� WKH� 0HQWDO� &RXQWHUV� WDVN�
GHYHORSHG�E\�/DUVRQ�HW�DO��>��@��3DUWLFLSDQWV�ZHUH�SUHVHQWHG�ZLWK�
KLJK�SLWFKHG� WRQHV� ����+]�� DQG� ORZ�SLWFKHG� WRQHV� ����+]�� IRU�
���PV��ZLWK�DQ�LQWHU�VWLPXOXV�LQWHUYDO�RI�����PV��7KLV�SURFHGXUH�
ZDV� HVVHQWLDOO\� D� UHSHWLWLRQ� RI� WKH� YLVXDO� XSGDWLQJ� WDVNV� XVHG� LQ�
VFUHHQLQJ� DQG� LQ� WKH� 98� FRQGLWLRQ� H[FHSW� WKDW� WZR� WRQHV� ZHUH�
XVHG�LQ�SODFH�RI�WZR�FRORUHG�FLUFOHV��3DUWLFLSDQWV�UHVSRQGHG�WR�WKH�
VHFRQG�RFFXUUHQFH�RI�DQ\�JLYHQ�WRQH���
�����6LPSOH�NH\�SUHVV�WDVN��6.��FRQWURO�FRQGLWLRQ��
,Q� WKLV� WDVN�� RQH� RI� WKH� ZRUGV� �/HIW��� �'RZQ�� RU� �5LJKW�� ZDV�
SUHVHQWHG�RQ� WKH�VHFRQGDU\�GLVSOD\��7KH�SDUWLFLSDQW
V� WDVN�ZDV�WR�
SUHVV� WKH� NH\� WKDW� FRUUHVSRQGHG� WR� WKH� ZRUG� �/HIW�  � OHIW� DUURZ��
'RZQ� �GRZQ�DUURZ��ULJKW� �ULJKW�DUURZ���7KLV�WDVN�ZDV�GHVLJQHG�
WR� UHTXLUH� URXJKO\�HTXLYDOHQW�YLVXDO�DQG�PDQXDO�ZRUNORDG� WR� WKH�
RWKHU�&(�WDVNV��VR� WKDW� WKH�HIIHFW�RI�FRJQLWLYH�ZRUNORDG�FRXOG�EH�
DVVHVVHG��

7DEOH���&(�WDVN�FRQGLWLRQV�

��

����� $SSDUDWXV�
7KH�PDLQ�DQG�&(�WDVN�SURJUDPV�ZHUH�UXQ�RQ�WKH�VDPH�FRPSXWHU��
DQG� ZHUH� VKRZQ� RQ� WKH� PDLQ� GLVSOD\� DQG� VHFRQGDU\� GLVSOD\�
FRUUHVSRQGLQJO\��([SHULPHQWDO�HTXLSPHQW�ZDV�VHW�XS�DV�VKRZQ�LQ�
)LJXUH� ��� 7DEOH� �� VKRZV� LQIRUPDWLRQ� FRQFHUQLQJ� WKH�
PDQXIDFWXUHUV�DQG�PRGHOV�RI�WKH�HTXLSPHQW���

�
)LJXUH���([SHULPHQW�VHWWLQJV�

7R�PHDVXUH� WKH�SDUWLFLSDQWV
� H\H�JD]H� LQIRUPDWLRQ��D� WZR�FDPHUD�
5HPRWH�(\H�*D]H�(VWLPDWLRQ��5(*7��V\VWHP��9,6,21������5%��
(O�0$5�,QF���>�@��ZDV�XVHG��7KH�V\VWHP�FRQVLVWV�RI�WZR�FDPHUDV�
������ [� ����� SL[HOV�� DQG� IRXU� LQIUDUHG� OLJKW�HPLWWLQJ� GLRGHV�
�/('V��PRXQWHG�WR�HLWKHU�VLGH�RI�WKH�FDPHUD��)LJXUH������

7DEOH���(TXLSPHQW�XVHG�LQ�WKH�H[SHULPHQW�

�

����� 3URFHGXUH�
$OO� H[SHULPHQWDO� VHVVLRQV� ZHUH� FRQGXFWHG� DW� WKH� 8QLYHUVLW\� RI�
7RURQWR� IURP� -DQXDU\� WKURXJK� 0DUFK� ������ 3DUWLFLSDQWV�
SDUWLFLSDWHG�LQ�WKH�H[SHULPHQW�LQGLYLGXDOO\��
7KH�SDUWLFLSDQWV�SHUIRUPHG�RQH�RI�WKH�WZR�GULYLQJ�UHODWHG�WDVNV�DV�
D�VLQJOH�WDVN��7KH\�WKHQ�SHUIRUPHG�WKH�GULYLQJ�UHODWHG�WDVN�DQG�&(�
WDVNV�DV�GXDO�WDVNV��7KH�&(�WDVNV�FRQVLVWHG�RI�WKH�VL[�&(�IXQFWLRQ�
FRQGLWLRQV� �$,�� 9,�� $6�� 96�� $8�� 98�� DQG� D� 6LPSOH� .H\� SUHVV�
�6.�� FRQGLWLRQ�� 7KH� RUGHU� RI� WKH� &(� WDVN� ZDV� YDULHG� DPRQJ�
SDUWLFLSDQWV� LQ� RUGHU� WR� DYRLG� RUGHU� HIIHFWV�� $IWHU� D� �����PLQXWH�
EUHDN�IROORZLQJ�WKH�ILUVW�GULYLQJ�UHODWHG�WDVN�FRQGLWLRQ��SHUIRUPHG�
DV� D� GXDO� WDVN� ZLWK� HDFK� RI� WKH� &(� WDVNV��� SDUWLFLSDQWV� WKHQ�
SHUIRUPHG�WKH�VHFRQG�GULYLQJ�UHODWHG�WDVN�FRQGLWLRQ�ZLWK�WKH�VDPH�
VHYHQ�&(�WDVNV��(DFK�SDUWLFLSDQW�ZDV�H[SRVHG�WR�DOO����GXDO�WDVN�
FRQGLWLRQV� �RQH� &(� WDVN� DW� D� WLPH��� ZLWK� DSSUR[LPDWHO\� WZR�
PLQXWHV
�ZRUWK�RI�WULDOV�SHU�FRQGLWLRQ��2UGHULQJ�RI�FRQGLWLRQV�ZDV�
FRXQWHUEDODQFHG�EHWZHHQ�SDUWLFLSDQWV��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�
WR�UHVSRQG�DV�TXLFNO\�DQG�DFFXUDWHO\�DV�WKH\�FRXOG��DQG�WR�DOORFDWH�
WKHLU� DWWHQWLRQ� LQ� VXFK� D� PDQQHU� DV� WR� SHUIRUP� DV� ZHOO� DV� WKH\�
FRXOG� RQ� ERWK� RI� WKH� WDVNV�� 3DUWLFLSDQWV� ZHUH� SDLG� IRU� WKHLU�
SDUWLFLSDWLRQ� DQG� VLJQHG� D� FRQVHQW� IRUP� EHIRUH� SDUWLFLSDWLQJ�� LQ�
DFFRUGDQFH� ZLWK� D� UHVHDUFK� SURWRFRO� WKDW� ZDV� DSSURYHG� E\� WKH�
8QLYHUVLW\�RI�7RURQWR�(WKLFV�5HYLHZ�%RDUG���

��� 5HVXOWV�
����� 7KH�HIIHFW�RI�&(�DELOLW\�RQ�WKH�SULPDU\�WDVN�
SHUIRUPDQFH�XQGHU�D�SDUWLFXODU�&(�ORDGLQJ�FRQGLWLRQ�
�����'HWHFW�UHVSRQG�WDVN�
:H� FDOFXODWHG� WKH� PHGLDQ� FRUUHFW� UHVSRQVH� WLPHV� E\� SDUWLFLSDQW�
DQG� FRQGLWLRQ�� DQG� FRPSDUHG� WKHP� EHWZHHQ� GLIIHUHQW� &(� DELOLW\�
JURXSV�� 0HGLDQV�� UDWKHU� WKDQ� PHDQV�� ZHUH� XVHG� DV� PHDVXUHV� RI�
FHQWUDO� ORFDWLRQ�DV� WKH\�DUH�UREXVW� WR� WKH�HIIHFWV�RI�SRVLWLYH�VNHZ�
WKDW� W\SLFDOO\� RFFXU� LQ� GLVWULEXWLRQV� RI� UHVSRQVH� WLPH� PHDVXUHV��
DQG� WKDW�ZDV� DOVR� SUHVHQW� LQ� RXU� GDWD��5HJUHVVLRQ� DQDO\VHV�ZHUH�

Inhibition Shifting Updating Simple Key press
(Control)

Visual (VI) Stroop task (VS) Number
calculation rule 
task

(VU) Color 
monitoring task

(SK) Press left, down 
or right arrow key 
corresponding to the 
instructed direction.

Audio (AI) Auditory
stroop task
“High”  
“Low””Day  ”in  
high/low pitch

(AS) Auditory 
number 
calculation rule 
task

(AU) Tone 
monitoring task
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43O

51cm

37.2cm65cmCameras

IR lights

Main display
(22”)

Secondary display
(16”)

Arrow keys

Foot pedal

24cm

Manufacturer/model
Acer/ 23"/58cm Wide LCD Monitor, S231HL
Dell/ E177FPf TFT, E177FPf
Logitech/ Driving Force GT

OS Microsoft/ Windows XP Professional
Motherboard Gigabyte Technology Co., Ltd./ X58A-UD3R

Main display (23'' LCD)
Secondary display (17'' TFT)

Foot pedal

PC
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WKHQ�FDUULHG�RXW�WR�DVVHVV� WKH�GHJUHH� WR�ZKLFK�KLJK�&(�ZRUNORDG�
DIIHFWHG� GHWHFW�UHVSRQG� UHVSRQVH� WLPHV� LQ� WKH� SUHVHQFH� RI� &(�
ORDGLQJ�WDVNV��%RWK�EDFNZDUG�DQG�IRUZDUG�PHWKRGV�RI�HQWU\�ZHUH�
XVHG� RQ� DOO� WKH� UHJUHVVLRQ� DQDO\VHV� UHSRUWHG� EHORZ�� +RZHYHU��
VLQFH� WKH� UHVXOWV� IRU� IRUZDUG�DQG�EDFNZDUG�HQWU\�ZHUH�VLPLODU� LQ�
DOO�FDVHV��RQO\�WKH�EDFNZDUG�HQWU\�UHVXOWV�DUH�UHSRUWHG�EHORZ���
)RU�DQDO\VLV�RI�WKH�GHWHFW�UHVSRQG�WDVN�GDWD��VHYHQ�EDFNZDUG�HQWU\�
VWHSZLVH�UHJUHVVLRQ�DQDO\VHV�ZHUH�FDUULHG�RXW�ZLWK�UHVSRQVH�WLPH�
RQ�WKH�GHWHFW�UHVSRQG�WDVN�DV�WKH�GHSHQGHQW�PHDVXUH��2QH�DQDO\VLV�
ZDV�FDUULHG�RXW�IRU�WKH�6.�FRQGLWLRQ��DQG�WKUHH�DQDO\VHV�HDFK�ZHUH�
FDUULHG�RXW�IRU�WKH�LQKLELWLRQ�DQG�VKLIWLQJ�FRQGLWLRQV�UHVSHFWLYHO\��
7KHVH�WKUHH�DQDO\VHV�FRQVLVWHG�RI�RQH�IRU�EORFN�RQH��RQH�IRU�EORFN�
WZR�� DQG�RQH�ZKHUH� WKH� VORZLQJ� LQ�GHWHFW�UHVSRQG� WLPH� EHWZHHQ�
EORFN�� DQG� EORFN�� ZDV� XVHG� DV� WKH� GHSHQGHQW� PHDVXUH�� 7KH�
SUHGLFWRU�YDULDEOHV�LQ�HDFK�RI�WKHVH�DQDO\VHV�ZHUH�VL[�PHDVXUHV�RI�
&(� DELOLW\� PHDVXUHG� LQ� WKH� VFUHHQLQJ� WHVW�� 7KH� YDULDEOHV� DQG�
UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����
)RU� WKH� EORFN� �� LQ� $,� FRQGLWLRQ�� WKH� EHVW� ILWWLQJ� PRGHO� �S������
FRQWDLQHG� RQH� SUHGLFWRU� YDULDEOH� �LQKLELWLRQ� FRUUHFW� 57�� WKDW�
H[SODLQHG� ���� �U ������ RI� WKH� YDULDQFH� LQ� GHWHFW�UHVSRQG�
UHVSRQVH�WLPH��7KH�EHVW�ILWWLQJ�PRGHO�IRU�WKH�EORFN����S������ZDV�
DOVR� LQKLELWLRQ� FRUUHFW� 57� DV� D� VLQJOH� SUHGLFWRU�� LQ� WKLV� FDVH�
H[SODLQLQJ� ����RI� WKH� YDULDQFH� �U ������� �1R�PRGHO�ZDV� IRXQG�
WKDW�SUHGLFWHG�WKH�VORZLQJ��GXH�WR�WKH�DGGHG�GLIILFXOW\�RI�WZR�H[WUD�
GLVWUDFWRUV�LQ�WKH�GHWHFW�UHVSRQG�WDVN��EHWZHHQ�EORFN���DQG�����
)RU� WKH� EORFN� �� LQ�$6� FRQGLWLRQ�� WKH� EHVW� ILWWLQJ�PRGHO� �S������
FRQWDLQHG� LQKLELWLRQ� FRUUHFW�57�DQG�:&67� SHUVHYHUDWLRQ� HUURUV��
ZKLFK� MRLQWO\� H[SODLQHG� ���� �U ������RI� WKH� YDULDQFH� LQ� GHWHFW�
UHVSRQG� UHVSRQVH� WLPH��7KH�EHVW� ILWWLQJ�PRGHO� IRU� WKH�EORFN��� LQ�
$6��S������ZDV�D�VLQJOH�PHDVXUH�RI�VKLIWLQJ�DELOLW\��:&67�UXOHV�
FRPSOHWHG�� LQ� WKLV�FDVH�H[SODLQLQJ�����RI� WKH�YDULDQFH��U ��������
1R�PRGHO�ZDV�IRXQG�WKDW�SUHGLFWHG� WKH�VORZLQJ�EHWZHHQ�EORFN���
DQG�EORFN���RI�WKH�GHWHFW�UHVSRQG�WDVN���
)RU� WKH� EORFN� �� LQ�$8� FRQGLWLRQ�� WKH� EHVW� ILWWLQJ�PRGHO� �S������
FRQWDLQHG� LQKLELWLRQ� FRUUHFW� 57�� LQKLELWLRQ� DFFXUDF\� DQG�:&67�
SHUVHYHUDWLRQ�HUURUV��ZKLFK�MRLQWO\�H[SODLQHG������U ������RI�WKH�
YDULDQFH� LQ� GHWHFW�UHVSRQG� UHVSRQVH� WLPH�� 7KHUH� ZDV� QR�
VLJQLILFDQW� SUHGLFWLYH� PRGHO� IRU� WKH� EORFN� �� GDWD�� � +RZHYHU�� D�
VLQJOH� YDULDEOH�PRGHO� LQYROYLQJ� LQKLELWLRQ� DFFXUDF\� VLJQLILFDQWO\�
SUHGLFWHG��S������WKH�VORZLQJ�EHWZHHQ�EORFN���DQG�EORFN���RI�WKH�
GHWHFW�UHVSRQG�WDVN��H[SODLQLQJ�����RI�WKH�YDULDQFH��U ��������
)RU� WKH� 6.� WDVN� WKH� EHVW� ILWWLQJ� PRGHO� �S������ DJDLQ� FRQWDLQHG�
RQO\� WKH� LQKLELWLRQ� FRUUHFW� 57� PHDVXUH�� ZKLFK� H[SODLQHG� ����
�U ������RI�WKH�YDULDQFH�LQ�GHWHFW�UHVSRQG�UHVSRQVH�WLPH���
)RU� WKH� EORFN� �� LQ� 9,� WDVN� WKH� EHVW� ILWWLQJ� PRGHO� �S�������
FRQWDLQHG�IRXU�SUHGLFWRU�YDULDEOHV��WKH�WZR�PHDVXUHV�RI�LQKLELWLRQ�
&(� DELOLW\� SOXV� WKH� WZR� PHDVXUHV� RI� VKLIWLQJ� &(� DELOLW\�� WKDW�
MRLQWO\�H[SODLQHG������U ������RI� WKH�YDULDQFH� LQ�GHWHFW�UHVSRQG�
UHVSRQVH� WLPH�� 7KH� EHVW� ILWWLQJ� PRGHO� IRU� WKH� EORFN� �� LQ� 9,�
�S�������LQFOXGHG�WKUHH�SUHGLFWRUV��WKH�WZR�PHDVXUHV�RI�LQKLELWLRQ�
&(�DELOLW\��SOXV�WKH�QXPEHU�RI�:&67�SHUVHYHUDWLRQ�HUURUV���ZKLFK�
H[SODLQHG� ���� RI� WKH� YDULDQFH� �U ������� � 1R� PRGHO� ZDV� IRXQG�
WKDW�SUHGLFWHG� WKH� VORZLQJ�EHWZHHQ�EORFN���DQG�EORFN���ZLWK� WKH�
YLVXDO�LQKLELWLRQ�&(�WDVN���
)RU� WKH� EORFN� �� LQ� 96� WDVN� WKH� EHVW� ILWWLQJ� PRGHO� �S�������
FRQWDLQHG� WKUHH�SUHGLFWRU�YDULDEOHV�UHSUHVHQWLQJ�HDFK�RI� WKH� WKUHH�
&(�DELOLWLHV��LQKLELWLRQ�FRUUHFW�57��XSGDWLQJ�DFFXUDF\��DQG�:&67�
SHUVHYHUDWLRQ� HUURUV�� WKDW� H[SODLQHG����� �U �����RI� WKH�YDULDQFH�
LQ� GHWHFW�UHVSRQG� UHVSRQVH� WLPH�� 7KH� EHVW� ILWWLQJ� PRGHO� IRU� WKH�
EORFN���LQ�96��S�������FRQWDLQHG�WKH�VDPH�WKUHH�SUHGLFWRUV�DV�KDG�
EHHQ� IRXQG� IRU� EORFN� ��� LQ� WKLV� FDVH� H[SODLQLQJ� ���� RI� WKH�
YDULDQFH��U �������1R�PRGHO�ZDV�IRXQG�WKDW�SUHGLFWHG�WKH�VORZLQJ�
EHWZHHQ�EORFN���DQG�EORFN�����

)RU� WKH�98� WDVN�QRQH�RI� WKH�SUHGLFWLYH�PRGHOV�ZHUH�VWDWLVWLFDOO\�
VLJQLILFDQW�HLWKHU�IRU�EORFN�RQH�RU�IRU�EORFN�WZR�GDWD��$V�LQ�PRVW�
RI� WKH� RWKHU� &(� WDVN� FRQGLWLRQV�� QR� PRGHO� ZDV� IRXQG� WKDW�
VLJQLILFDQWO\�SUHGLFWHG� WKH�VORZLQJ�EHWZHHQ�EORFN���DQG�EORFN����
7KH�SUHFHGLQJ�UHVXOWV�DUH�VXPPDUL]HG�LQ�WKH�ILUVW�WZR�FROXPQV�RI�
7DEOH� ��� ZKHUH� HDFK� FHOO� UHSUHVHQWV� D� UHJUHVVLRQ� DQDO\VLV�� 1RWH�
WKDW�QR�VLJQLILFDQW�SUHGLFWRUV�ZHUH�IRXQG�IRU�WKH�EORFN���XSGDWLQJ�
DQDO\VHV��

7DEOH���6LJQLILFDQW�3UHGLFWRUV�RI�WKH�3ULPDU\�7DVN�
3HUIRUPDQFH�E\�W\SH�RI�&(�WDVN�&(�)XQFWLRQ�ORDGLQJ��������������

�

�
�����3HGDO�WUDFNLQJ�WDVN�
:H�FDOFXODWHG�WKH�PHDQ�HUURU�UDWHV��WKH�SURSRUWLRQ�RI�WKH�WLPH�WKDW�
WKH� WDUJHW� UHFWDQJOH� ZDV� RXW� RI� WKH� \HOORZ� DOORZDEOH� DUHD�� E\�
SDUWLFLSDQW� DQG� FRQGLWLRQ�� DQG� LQYHVWLJDWHG� ZKLFK� &(� IXQFWLRQV�
FDQ�EH�SUHGLFWRU�RI�WKH�HUURU�UDWHV��$V�ZLWK�WKH�GHWHFW�UHVSRQG�WDVN�
ZH� UDQ� D� VHULHV� RI� EDFNZDUG� VWHSZLVH� UHJUHVVLRQ� DQDO\VHV�
H[DPLQLQJ� ZKLFK� RI� WKH� &(� DELOLWLHV� SUHGLFWHG� SHGDO� WUDFNLQJ�
DFFXUDF\�LQ�WKH�SUHVHQFH�RI�WKH�GLIIHUHQW�&(�WDVN�FRQGLWLRQV��7KH�
UHVXOWV�DUH�VXPPDUL]HG�LQ�WKH�ULJKW�PRVW�FROXPQ�RI�7DEOH����1RWH�
WKDW� WKH�SHGDO� WUDFNLQJ� UHJUHVVLRQ�DQDO\VHV�ZHUH� FDUULHG�RXW�ZLWK�
SRROHG�GDWD�DFURVV�ERWK�EORFNV�EHFDXVH�QR�VLJQLILFDQW�GLIIHUHQFHV�
ZHUH�IRXQG�EHWZHHQ�WKH�EORFNV���
)RU� WUDFNLQJ� DFFXUDF\� GXULQJ� WKH� $,� WDVN� DV� D� VHFRQGDU\� WDVN��
XSGDWLQJ� WRWDO� DFFXUDF\� ZDV� WKH� RQO\� VLJQLILFDQW� SUHGLFWRU�
�S�������H[SODLQLQJ�����RI�WKH�YDULDQFH��U ��������
,Q�WKH�$6�FRQGLWLRQ��WUDFNLQJ�DFFXUDF\�ZDV�SUHGLFWHG��S�������E\�
D� FRPELQDWLRQ� RI� WKH� WKUHH� &(� DELOLWLHV� �LQKLELWLRQ� DFFXUDF\��
:&67�FRPSOHWHG��DQG�XSGDWLQJ�WRWDO�DFFXUDF\���ZLWK�����RI�WKH�
YDULDQFH�H[SODLQHG��U ��������
,Q�WKH�$8�FRQGLWLRQ��RQO\�WZR�RI�WKH�&(�DELOLWLHV�ZHUH�UHSUHVHQWHG�
LQ� WKH� EHVW� ILWWLQJ� �S�������PRGHO� �:&67� FRPSOHWHG� UXOHV�� DQG�
XSGDWLQJ� WRWDO� DFFXUDF\��� DFFRXQWLQJ� IRU� ���� RI� WKH� YDULDQFH� LQ�
SHGDO�WUDFNLQJ�DFFXUDF\��U ��������
,Q�WKH�6.�FRQGLWLRQ��XSGDWLQJ�WRWDO�DFFXUDF\��S�������ZDV�WKH�VROH�
SUHGLFWRU� LQ� WKH� VHOHFWHG� PRGHO� H[SODLQLQJ� ���� RI� WKH� YDULDQFH�
�U ��������
,Q� WKH� 9,� FRQGLWLRQ�� XSGDWLQJ� WRWDO� DFFXUDF\� VLJQLILFDQWO\�
SUHGLFWHG�SHGDO�WUDFNLQJ�DFFXUDF\��S��������H[SODLQLQJ�����RI�WKH�
YDULDQFH���U �������
,Q� WKH�96� FRQGLWLRQ�� XSGDWLQJ� WRWDO� DFFXUDF\� DQG�:&67� MRLQWO\�
SUHGLFWHG� WKH� SHGDO� WUDFNLQJ� DFFXUDF\� �S�������� DFFRXQWLQJ� IRU�
����RI�WKH�YDULDQFH��U ��������
)LQDOO\�� LQ� WKH�98�FRQGLWLRQ��XSGDWLQJ� WRWDO�DFFXUDF\�DQG�:&67�
MRLQWO\� SUHGLFWHG� �S������ ���� RI� WKH� YDULDQFH� LQ� SHGDO� WUDFNLQJ�
DFFXUDF\��U �������

Primary task Pedal Tracking 

Secondary task
Block 1 Block 2

(No significant 
differences 

between blocks)
Inhibition I I U
Shifting I, S S I, S, U
Updating I, S S, U
Inhibition I, S I, S U
Shifting I, S, U I, S, U S, U
Updating S, U

Detect-Respond Task

Auditory

Visual

●dependent  variables  
detect-respond task: reponse time (RT)
pedal tracking task: error rates (the proportion of the time that the target 
rectangle was out of the yellow allowable area) 
●predictor  variables    (based  on  the  screening  test  results)
inhibition (I) : correct RT and accuracy in Stroop  test
shifting (S) : prseveration error rate and the number of rules completed in WCST 
updating (U) : correct RT and accuracy in color monitoring test
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����� 7KH�HIIHFW�RI�PRGDOLW\�DQG�WDVN�W\SHV�
%DVHG� RQ� WKH� H\H� WUDFNLQJ� GDWD�� ZH� FDOFXODWHG� WKH� SURSRUWLRQ� RI�
WKH� WLPH�WKDW�SDUWLFLSDQWV�YLHZHG�WKH�PDLQ�YV�� WKH�VHFRQGDU\� WDVN�
GLVSOD\��PDLQ�GLVSOD\�JD]H�UDWH���)LJXUH���VKRZV�WKH�PDLQ�GLVSOD\�
JD]H� UDWH� DQG� GHWHFW�UHVSRQG� WDVN� SHUIRUPDQFH� �GLIIHUHQFH� RI�
FRUUHFW� UHVSRQVH� WLPH� EHWZHHQ� VLQJOH� DQG� GXDO� WDVN��
GLII0HGLDQ+LW57���
,Q�JHQHUDO��WKH�PDLQ�GLVSOD\�JD]H�UDWH�ZDV�KLJKHU�LQ�WKH�DXGLR�YV���
YLVXDO� VHFRQGDU\� WDVN� FRQGLWLRQV� �L�H��� WKHUH� ZDV� OHVV� YLVXDO�
GLVWUDFWLRQ� LQ� WKH� DXGLR� FRQGLWLRQV���+RZHYHU�� WKH�98� FRQGLWLRQ�
VKRZHG� D� KLJKHU� JD]H� UDWH� RQ� WKH� PDLQ� GLVSOD\� �ORZHU� YLVXDO�
GLVWUDFWLRQ��DV�FRPSDUHG�WR�WKH�RWKHU�YLVXDO�FRQGLWLRQV��7KLV�PD\�
EH�EHFDXVH�WKH�WDVN�FRXOG�EH�SHUIRUPHG�XVLQJ�SHULSKHUDO�YLVLRQ��DV�
ZDV�UHSRUWHG�E\�VRPH�RI�WKH�SDUWLFLSDQWV���

�
)LJXUH����0DLQ�GLVSOD\�JD]H�UDWH�DQG�WKH�GULYLQJ�UHODWHG�WDVN�

SHUIRUPDQFH��GHWHFW�UHVSRQG�WDVN��
$V� VKRZQ� LQ�)LJXUH���� GULYLQJ�UHODWHG� WDVN�SHUIRUPDQFH�ZDV�QRW�
LPSDLUHG�DV�PXFK�ZLWK�WKH�DXGLR�VHFRQGDU\�WDVNV���7KH�9,�DQG�96�
FRQGLWLRQV� ZHUH� YLVXDOO\� GLVWUDFWLQJ� DQG� UHVXOWV� LQ� D� VORZLQJ� RI�
SULPDU\� WDVN�SHUIRUPDQFH��2Q� WKH�RWKHU�KDQG�� WKH�98�VHFRQGDU\�
WDVN�UHVXOWHG�LQ�OHVV�YLVXDO�GLVWUDFWLRQ�DQG�UHODWLYHO\�OLWWOH�VORZLQJ�
LQ�SULPDU\� WDVN�SHUIRUPDQFH�UHODWLYH� WR�WKH�VLQJOH� WDVN�FRQGLWLRQ��
2QH�RWKHU�IHDWXUH� LQ�)LJXUH��� LV� WKDW� WKH�VORZLQJ�LQ�SULPDU\� WDVN�
SHUIRUPDQFH� ZLWK� WKH�$6� VHFRQGDU\� WDVN� ZDV�PXFK� KLJKHU� WKDQ�
WKH�RWKHU�DXGLR�FRQGLWLRQV�DQG�DOPRVW�FRPSDUDEOH�ZLWK�WKH�9,�DQG�
96�VORZLQJ��7KLV�VXJJHVWV�WKDW�WKH�$6�WDVN�ZDV�PRUH�FRJQLWLYHO\�
GLVWUDFWLQJ�WKDQ�WKH�RWKHU�DXGLR�VHFRQGDU\�WDVNV��

��� 'LVFXVVLRQ�
����� ,QGLYLGXDO�&(�DELOLWLHV�DQG�GULYLQJ�UHODWHG�WDVN�
SHUIRUPDQFH�ZKLOH�SHUIRUPLQJ�WKH�SDUWLFXODU�&(�WDVN�
DV�D�VHFRQGDU\�WDVN�
7KH� UHVXOWV� RI� WKH� UHJUHVVLRQ� DQDO\VLV� GLG� QRW� VXSSRUW� RXU�
K\SRWKHVLV�WKDW�WKH�PDWFK�EHWZHHQ�&(�)XQFWLRQ�ORDGLQJ�RQ�D�&(�
WDVN� DQG� LQGLYLGXDO� DELOLW\� RQ� WKDW� &(� IXQFWLRQ� SUHGLFWV� WDVN�
SHUIRUPDQFH�RQ� WKH�GULYLQJ�UHODWHG� WDVN� LQ�D�GXDO� WDVN�VHWWLQJ�� ,Q�
RWKHU�ZRUGV��ZH�FRXOG�QRW�ILQG�HYLGHQFH�WKDW�&(�DELOLW\�FDQ�EH�D�
SUHGLFWRU� RI� WKH� GULYLQJ�UHODWHG� WDVN� SHUIRUPDQFH� XQGHU� D�
SDUWLFXODU�&(�ORDGLQJ�FRQGLWLRQ��
2Q� WKH� FRQWUDU\�� ZH� IRXQG� �XQH[SHFWHGO\�� D� IDLUO\� FRQVLVWHQW�
UHODWLRQVKLS� EHWZHHQ� &(� DELOLW\� DQG� SULPDU\� WDVN� SHUIRUPDQFH��
UHJDUGOHVV� RI� ZKLFK� &(� IXQFWLRQ� ZDV� ORDGHG� E\� WKH� VHFRQGDU\�
WDVN��� 7KH� UHVXOWV� VKRZHG� WKDW� EHWWHU� LQKLELWLRQ� DQG� VKLIWLQJ�
DELOLWLHV�KHOSHG�SHRSOH�SHUIRUP�EHWWHU� LQ� WKH� WDUJHW�GHWHFWLRQ� WDVN�
ZKHUHDV� LQ� WKH� SHGDO�WUDFNLQJ� WDVN�� LW� ZDV� KLJKHU� VKLIWLQJ� DQG�
XSGDWLQJ�DELOLW\�WKDW�OHG�WR�EHWWHU�SHUIRUPDQFH��7DEOH������
7KHVH� UHVXOWV� VXJJHVW� WKDW� VKLIWLQJ� DELOLW\� DLGV� LQ�PDQDJLQJ� GXDO�
WDVNV��ZKHUHDV�LQKLELWLRQ�LV�UHTXLUHG�WR�GHDO�ZLWK�GLVWUDFWLRQ�LQ�WKH�
GHWHFW�UHVSRQG� WDVN�� $GGLWLRQDOO\� XSGDWLQJ� DSSHDUV� QHFHVVDU\� WR�
GHDO�ZLWK�GLVWUDFWLRQ�LQ�WKH�SHGDO�WUDFNLQJ�WDVN��

7KH� RYHUDOO� SDWWHUQ� RI� UHVXOWV� VKRZHG� D� VWURQJ� LQIOXHQFH� RI�
FRJQLWLYH� GLVWUDFWLRQ� RQ� WKH� WDUJHW� GHWHFWLRQ� DQG� SHGDO� WUDFNLQJ�
WDVNV��DV�LQGLFDWHG�E\�WKH�IDFW�WKDW�SHRSOH�ZKR�KDG�KLJKHU�DELOLWLHV�
RQ� VSHFLILF� &(� IXQFWLRQV� ZHUH� DEOH� WR� SHUIRUP� EHWWHU� RQ� WKH�
GULYLQJ�UHODWHG�WDVN�ZKHQ�LW�ZDV�FDUULHG�RXW�LQ�D�GXDO�WDVN�VHWWLQJ���
:K\� ZDVQ¶W� WKH� UHODWLRQVKLS� EHWZHHQ� DELOLW\� RQ� D� SDUWLFXODU� &(�
IXQFWLRQ� DQG� SULPDU\� WDVN� SHUIRUPDQFH� DIIHFWHG� E\� D� VHFRQGDU\�
WDVN� WKDW� ORDGHG�RQ� WKDW� IXQFWLRQ"�7ZR�SRVVLEOH�H[SODQDWLRQV�DUH�
VXJJHVWHG�EHORZ��
���&(�IXQFWLRQLQJ�FKDQJHG�LQ�WKH�GXDO�WDVN�VHWWLQJ�
6RPH� SUHYLRXV� UHVHDUFK� VWXGLHV� KDYH� DUJXHG� WKDW� GXDO�WDVN�
FRRUGLQDWLRQ�LV�D�VHSDUDWH�FRPSRQHQW�RI�&(�IXQFWLRQ��:KHQ�D�WDVN�
LV� SHUIRUPHG� LQ� D� GXDO�WDVN� VHWWLQJ�� WKH� IXQFWLRQ� RI� GXDO�WDVN�
FRRUGLQDWLRQ�PD\�EHFRPH�WKH�PRVW�UHOHYDQW��DQG�VWURQJO\�ORDGHG��
IXQFWLRQ�� 7KLV� PLJKW� H[SODLQ� ZK\� VKLIWLQJ� DELOLW\� VLJQLILFDQWO\�
SUHGLFWHG�SULPDU\�WDVN�SHUIRUPDQFH�LQ�DOPRVW�RI�DOO�WKH�GXDO�WDVN�
VHWWLQJV�WKDW�ZH�H[DPLQHG���
��� 7KH� VHFRQGDU\� WDVNV� ZH� GHVLJQHG� PLJKW� QRW� KDYH� EHHQ� SXUH�
HQRXJK� PHDVXUHV� RI� WKH� &(� IXQFWLRQV� WKDW� ZH� ZHUH� WU\LQJ� WR�
FKDUDFWHUL]H��
,Q�RUGHU� WR� SURYLGH� D� HTXLYDOHQW� UXOH�VKLIWLQJ� WDVN� LQ�ERWK� YLVXDO�
DQG�DXGLR�FRQGLWLRQV��ZH�FUHDWHG�D�QHZ�VKLIWLQJ�WDVN�EDVHG�RQ�WKH�
:&67��+RZHYHU�� ZH� REVHUYHG� WKDW� SDUWLFLSDQWV� RIWHQ� QHHGHG� WR�
UHWDLQ� RU� UHWULHYH� WKH� WDUJHW� QXPEHU� ZKLOH� SHUIRUPLQJ� WKLV� WDVN��
7KXV� LW� LV� OLNHO\� WKDW� WKH� WDVN� GLG� QRW� SXUHO\� ORDG� RQ� VKLIWLQJ�
IXQFWLRQ�� EXW� DOVR� ORDGHG� RQ�PHPRU\� UHWHQWLRQ�UHWULHYDO�� 6LPLODU�
FRQFHUQV� PLJKW� EH� UDLVHG� DERXW� WKH� XSGDWLQJ� DQG� LQKLELWLRQ�
VHFRQGDU\�WDVNV�WKDW�ZHUH�XVHG�LQ�WKLV�VWXG\����
7KXV� LW� LV� SRVVLEOH� WKDW� H[SHFWHG� VHFRQGDU\� WDVN� &(� IXQFWLRQ�
ORDGLQJV� GLG� QRW� LQWHUDFW� ZLWK� DELOLW\� RQ� WKRVH� IXQFWLRQ� EHFDXVH�
SDUWLFLSDQWV�ZHUH�ORDGHG�RQ�VHYHUDO�&(�IXQFWLRQV�GXULQJ�WKH�GXDO�
WDVN��DQG�QRW�RQO\�WKH�&(�IXQFWLRQ�WDUJHWHG�E\�WKH�VHFRQGDU\�WDVN��

����� 7KH�HIIHFW�RI�YLVXDO�DQG�FRJQLWLYH�ZRUNORDG�
&RPSDULVRQ� EHWZHHQ� YLVXDO� DQG� DXGLR� FRQGLWLRQV� VKRZHG� WKDW�
SDUWLFLSDQWV� JHQHUDOO\� ORRNHG� DZD\� IURP� WKH� PDLQ� GLVSOD\� IRU�
ORQJHU� SHULRGV� RI� WLPH� LQ� YLVXDO� YV�� DXGLR� FRQGLWLRQV�� H[FHSW� IRU�
WKH� 98� FRQGLWLRQ�� ZKHUH� SDUWLFLSDQWV� VHHPHG� WR� XVH� WKHLU�
SHULSKHUDO� YLVLRQ�� +RZHYHU�� FRPSDULVRQ� EHWZHHQ� 6.� DQG� RWKHU�
DXGLR� FRQGLWLRQV� VKRZHG� WKDW� DXGLR� WDVNV� ZLWK� KLJK� FRJQLWLYH�
ORDGV�KDG�EHHQ�VORZHG�GRZQ�PRUH��7KLV� VXJJHVWV� WKDW� �DXGLR�8,�
ZLWK�KLJK�FRJQLWLYH�ORDG�FRXOG�EH�PRUH�GLVWUDFWLQJ�WKDQ�YLVXDO�8,�
ZLWK�ORZ�FRJQLWLYH�ORDG´���,Q�WKLV�UHVHDUFK��ZH�XVHG�D�VLQJOH�WHVW�WR�
HVWLPDWH� HDFK� &(� DELOLW\�� +RZHYHU�� GXH� WR� WKH� ZHOO�NQRZQ� WHVW�
LPSXULW\� SUREOHP� �H�J�� >��@��� QR� WHVW� FRPSOHWHO\� UHSUHVHQWV� D�
SDUWLFXODU�&(�DELOLW\��7KXV�LW�LV�UHFRPPHQGHG�IRU�IXUWKHU�UHVHDUFK�
WR� XVH�PXOWLSOH� WHVW� EDWWHULHV� IRU� HDFK�&(� IXQFWLRQ� WR� DVVHVV� WKH�
FRPPRQ�IDFWRUV�DPRQJ�WKH�WDVNV��

�� &21&/86,216�
:H�KDG�H[SHFWHG�WKDW�FRJQLWLYH�DELOLW\�ZRXOG�DIIHFW�WKH�DELOLW\�WR�
SHUIRUP�D�GULYLQJ�UHODWHG� WDVN� LQ� WKH�SUHVHQFH�RI� VHFRQGDU\� WDVNV�
WKDW�ORDGHG�RQ�DFWLYLWLHV�UHTXLULQJ�&(�DELOLWLHV�DQG�WKLV�ZDV�IRXQG�
WR� EH� JHQHUDOO\� WUXH�� :LWK� VRPH� H[FHSWLRQV� SHRSOH� ZLWK� KLJKHU�
FRJQLWLYH� DELOLWLHV� WHQGHG� WR� KDYH� EHWWHU� SHUIRUPDQFH�� ERWK� RQ�
SHGDO�WUDFNLQJ��DQG�RQ�WKH�GHWHFW�UHVSRQG�WDVN��LQ�WKH�SUHVHQFH�RI�
WKH�&(�ORDGLQJ�VHFRQGDU\�WDVNV��+RZHYHU��WKLV�DIIHFW�RI�&(�DELOLW\�
ZDV� PRUH� QRWDEOH� LQ� WKH� HDVLHU� FRQGLWLRQV� RI� WKH� GHWHFW�UHVSRQG�
WDVN��DQG�JHQHUDOO\�GLG�QRW�DIIHFW�WKH�VORZLQJ�WKDW�RFFXUUHG�ZKHQ�
WKH� GHWHFW�UHVSRQG� WDVN� ZDV� PDGH� PRUH� GLIILFXOW� LQ� WKH� VHFRQG�
EORFN� WKURXJK� WKH� DGGLWLRQ� RI� PRUH� GLVWUDFWRUV�� 7KXV� LW� DSSHDUV�
WKDW�WKH�EHQHILWV�RI�KLJKHU�FRJQLWLYH�DELOLW\�DUH�VWURQJHU�LQ�VLPSOHU�
YHUVLRQV� RI� D� SULPDU\� WDVN� ZKHQ� SHUIRUPHG� LQ� WKH� SUHVHQFH� RI�
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GLVWUDFWLQJ� WDVNV� WKDW� ORDG� FRJQLWLYH� DELOLWLHV�� :H� DOVR� IRXQG�
HYLGHQFH�RI�D� IDLU� DPRXQW�RI� LQWHUSOD\�EHWZHHQ� WKH�&(�IXQFWLRQV�
KLJKOLJKWHG�E\�WKH�SUHYLRXV�UHVHDUFK�>��@�ZLWK�SHUIRUPDQFH�LQ�WKH�
SUHVHQFH�RI�D�GLVWUDFWLQJ�WDVN�UHSUHVHQWLQJ�RQH�IXQFWLRQ�VRPHWLPHV�
EHLQJ�SUHGLFWHG�E\�D�FRPELQDWLRQ�RI� WKH�&(�DELOLWLHV��RU� LQ�VRPH�
FDVHV�E\�D�GLIIHUHQW�&(�DELOLW\���
2YHUDOO� WKHVH� UHVXOWV� LQGLFDWH� WKDW� WKHUH� LV� D� UROH� IRU� GHWDLOHG�
HYDOXDWLRQ�RI�&(�DELOLWLHV�DQG� WKHLU� LPSDFW�RQ�GLVWUDFWHG�GULYLQJ��
+RZHYHU��WKH�SUHVHQW�UHVXOWV�VXJJHVW�WKDW�&(�DELOLWLHV�SOD\�D�ODUJHU�
UROH� LQ� VLPSOHU� YHUVLRQV� RI� SULPDU\� WDVNV� DQG� WKDW� WKH� PDSSLQJ�
EHWZHHQ�WKH�LPSDFW�RI�&(�DELOLWLHV�DQG�WKH�&(�IXQFWLRQV�UHTXLUHG�
LQ�WKH�GLVWUDFWLQJ�&(�WDVN�LV�QRW�D�VLPSOH�RQH���

�� $&.12:/('*0(176�
:H� ZRXOG� OLNH� WR� WKDQN� &KRURQJ� /HH�� $QGUHD� -RYDQRYLF�� 5LH�
7RUL\DPD��5\DQ�.HDOH\�DQG�3KLO�/DP�ZKR�KHOSHG� WR� VHW�XS�DQG�
UXQ�WKH�H[SHULPHQWV��DQG�3LHUUH�'XH]�ZKR�KHOSHG�LQ�WKH�VRIWZDUH�
GHYHORSPHQW�UHTXLUHG�LQ�WKLV�VWXG\���:H�ZRXOG�DOVR�OLNH�WR�WKDQN�
3URIHVVRU�0RVKH�(L]HQPDQ��.DL� )RN� DQG�6DKDU� -DYDKHUKDJKLJKL�
IRU�WKHLU�KHOS�LQ�XVH�RI�WKH�H\H�WUDFNLQJ�V\VWHP��DQG�'DYLG�&DQHOOD�
IRU�KLV�KHOS�LQ�UHYLVLQJ�WKLV�SDSHU��

�� 5()(5(1&(6�
>�@ %DGGHOH\�� $�'�� ������� :RUNLQJ� 0HPRU\�� 2[IRUG��

&ODUHQGRQ�3UHVV��
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