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(SLVRGLF�PHPRU\�GHILFLWV��RIWHQ�FRPELQHG�ZLWK�LPSDLUHG�DWWHQWLRQ��DUH�W\SLFDO�LQ�ROGHU�DGXOWV�ZLWK�DPQHVWLF�
PLOG� FRJQLWLYH� LPSDLUPHQW� �D0&,��� $� 0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQ� �0%,�� FRXOG� SURPRWH� FRJQLWLYH�
GHFOLQH� SUHYHQWLRQ� RU� UHPHGLDWLRQ� WKURXJK� DWWHQWLRQDO� QHWZRUN� WUDLQLQJ�� 7KLV� UDQGRPL]HG-FRQWUROOHG� WULDO�
H[DPLQHG� 0%,¶V� HIIHFWV� RQ� REMHFWLYH� �WHVWV�� DQG� VXEMHFWLYH� �VHOI-UHSRUWHG�� PHDVXUHV� RI� PHPRU\� DQG�
DWWHQWLRQ�� FRPSDUHG� WR� D� 3V\FKRHGXFDWLRQ-%DVHG� ,QWHUYHQWLRQ� �3%,��� LQ� ��� ROGHU� DGXOWV� ZLWK� D0&,�� 1R�
GLVWLQFWLYH� EHQHILWV� RI� WKH� 0%,� ZHUH� REVHUYHG� RQ� REMHFWLYH� WHVWV�� ZLWK� ERWK� LQWHUYHQWLRQV� LPSURYLQJ�
DWWHQWLRQDO� FRQWURO�� 0RUHRYHU�� WKH� DSSUHFLDWLRQ� RI� RQH¶V� FRJQLWLYH� IXQFWLRQLQJ� WKURXJK� TXHVWLRQQDLUHV�
VLPLODUO\� LPSURYHG� IRU� ERWK� LQWHUYHQWLRQV��2QO\� LQ� VHPL-VWUXFWXUHG� LQWHUYLHZV� GLG� D� JUHDWHU� SURSRUWLRQ� RI�
SDUWLFLSDQWV�UHSRUW�EHQHILWV�IROORZLQJ�WKH�0%,�FRPSDUHG�WR�WKH�3%,��7KLV�VWXG\�GRHV�QRW�SURYLGH�VXIILFLHQW�
VXSSRUW� IRU� WKH� LPSOHPHQWDWLRQ�RI�D�0%,� WR�HQKDQFH�REMHFWLYH�FRJQLWLRQ�E\�PHDQV�RI�DWWHQWLRQDO�QHWZRUN�
WUDLQLQJ�LQ�D0&,��+RZHYHU��LW�VXJJHVWV�D�SRVLWLYH�LPSDFW�RI�QRQ-SKDUPDFRORJLFDO�LQWHUYHQWLRQV�RQ�SHUFHLYHG�
FRJQLWLRQ� 

.H\ZRUGV��FRJQLWLYH�G\VIXQFWLRQ��PHPRU\��DWWHQWLRQ��PLQGIXOQHVV��DPQHVWLF�PLOG�FRJQLWLYH�LPSDLUPHQW� 

/HV� GpILFLWV� GH� PpPRLUH� pSLVRGLTXH�� VRXYHQW� FRPELQpV� j� GHV� SUREOqPHV� DWWHQWLRQQHOV�� VRQW� GHV� DWWHLQWHV�
FHQWUDOHV� REVHUYpHV� GDQV� OH� WURXEOH� FRJQLWLI� OpJHU� DPQpVLTXH� �7&/D�� FKH]� OHV� SHUVRQQHV� kJpHV�� 8QH�
LQWHUYHQWLRQ�EDVpH�VXU�OD�SOHLQH�FRQVFLHQFH��,%3&��SRXUUDLW�SURPRXYRLU�OD�SUpYHQWLRQ�RX�OD�UHPpGLDWLRQ�GH�
FH�GpFOLQ�FRJQLWLI�HQ�HQWUDvQDQW�OHV�FDSDFLWpV�DWWHQWLRQQHOOHV��&HW�HVVDL�UDQGRPLVp-FRQWU{OH�V¶HVW�LQWpUHVVp�DX[�
HIIHWV�G¶XQH�,%3&�VXU�GHV�PHVXUHV�REMHFWLYHV��WkFKHV��HW�VXEMHFWLYHV��DXWR-UDSSRUWpHV��GH�O¶DWWHQWLRQ�HW�GH�OD�
PpPRLUH� FKH]� ��� SHUVRQQHV� kJpHV� D\DQW� XQ� 7&/D�� FRPSDUDWLYHPHQW� j� XQH� LQWHUYHQWLRQ� EDVpH� VXU� OD�
SV\FKRpGXFDWLRQ� �,%3���$XFXQ�EpQpILFH�GLVWLQFWLI�GH� O¶,%3&�Q¶D�pWp�REVHUYp�VXU� OHV� WkFKHV�FRJQLWLYHV�� OHV�
GHX[� LQWHUYHQWLRQV� DPpOLRUDQW� OH� FRQWU{OH� DWWHQWLRQQHO�� 'H� SOXV�� OHV� GHX[� LQWHUYHQWLRQV� RQW� SHUPLV�
G¶DPpOLRUHU� OD�SHUFHSWLRQ�GX�IRQFWLRQQHPHQW�FRJQLWLI�GHV�SDUWLFLSDQWV�j� OD� ILQ�GX�TXHVWLRQQDLUH��6HXOHV� OHV�
HQWUHYXHV�VWUXFWXUpHV�RQW�SHUPLV�G¶REVHUYHU�XQH�SOXV�JUDQGH�SURSRUWLRQ�G¶DPpOLRUDWLRQ�GH�O¶DWWHQWLRQ�DSUqV�
XQH�,%3&�SOXW{W�TX¶DSUqV�XQH�,%3��&HWWH�pWXGH�QH�SHUPHW�SDV�GH�VRXWHQLU�TX¶XQH�,%3&�SHUPHW�G¶DPpOLRUHU�
OD� FRJQLWLRQ� REMHFWLYH� SDU� O¶HQWUDvQHPHQW� GX� FRQWU{OH� DWWHQWLRQQHO� FKH]� GHV� DGXOWHV� kJpV� D\DQW� XQ� 7&/D��
7RXWHIRLV�� OHV�UpVXOWDWV�VXJJqUHQW�XQ� LPSDFW�SRVLWLI�G¶LQWHUYHQWLRQV�QRQ-SKDUPDFRORJLTXHV�VXU� OD�FRJQLWLRQ�
SHUoXH� 

0RWV�FOpV���G\VIRQFWLRQ�FRJQLWLYH��PpPRLUH��DWWHQWLRQ��SOHLQH�FRQVFLHQFH��WURXEOH�FRJQLWLI�OpJHU�DPQpVLTXH� 

$O]KHLPHU¶V� GLVHDVH� �$'�� LV� D� QHXURGHJHQHUDWLYH�
FRQGLWLRQ�ZLWK�PXOWLSOH� HWLRORJLHV� WKDW� OHDGV� WR� EUDLQ�

VWUXFWXUH�DQG�IXQFWLRQ�GHWHULRUDWLRQ��XOWLPDWHO\�LPSDLU�
LQJ� FRJQLWLRQ� DQG� DXWRQRP\��$ERXW� RQH� WKLUG� RI�$'�
FDVHV� FRXOG� EH� H[SODLQHG� E\� PRGLILDEOH� ULVN� IDFWRUV��
LQFOXGLQJ� GHSUHVVLRQ� DQG� FRJQLWLYH� LQDFWLYLW\�� 7KH�
PRGLILDEOH� ULVN� IDFWRUV� FRQVWLWXWH� SURPLVLQJ� FOLQLFDO�
WDUJHWV� FRQVLGHULQJ� WKDW� WKHLU� UHGXFWLRQ�E\���� WR�����
FRXOG� SUHYHQW� IURP� ���� WR� ����� PLOOLRQ� $'� FDVHV�
ZRUOGZLGH� �1RUWRQ�� 0DWWKHZV�� %DUQHV�� <DIIH�� 	�
%UD\QH�� ������� $V� SUHYHQWLRQ� HIIRUWV� DUH� GHSOR\HG��
WKHUH� LV� LQFUHDVLQJ� LQWHUHVW� LQ�KROLVWLF�DSSURDFKHV� IRV�
WHULQJ�ERWK�FRJQLWLYH�DQG�SV\FKRORJLFDO�KHDOWK�LQ�ROGHU�
DGXOWV� ZLWK� DPQHVWLF� PLOG� FRJQLWLYH� LPSDLUPHQW�
�D0&,���ZKR�DUH�NQRZQ�WR�EH�DW�KLJK�ULVN�IRU�$'�� 

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�SLORW�UHVHDUFK�JUDQWV�IURP�WKH�5p�
VHDX�4XpEpFRLV�GH�UHFKHUFKH�VXU�OH�YLHLOOLVVHPHQW��5459��DQG�WKH�
6RFLpWp� $O]KHLPHU� GH� 4XpEHF�� DQG� E\� D� FKDULWDEOH� GRQDWLRQ� IURP�
WKH�&DLVVH�'HVMDUGLQV� GH�4XpEHF�� &��+XGRQ�ZDV� VXSSRUWHG� E\� D�
&KHUFKHXU-ERXUVLHU�6HQLRU�VDODU\�DZDUG�IURP�WKH�)RQGV�GH�UHFKHU�
FKH�GX�4XpEHF� -�6DQWp��(��/DURXFKH�ZDV�VXSSRUWHG�E\�D�GRFWRUDO�
VFKRODUVKLS� IURP� WKH�&DQDGLDQ� ,QVWLWXWHV�RI�+HDOWK�5HVHDUFK��7KH�
DXWKRUV� ZLVK� WR� DFNQRZOHGJH� WKH� ZRUN� RI� ,VDEHOOH� 7UHPEOD\� IRU�
UHFUXLWPHQW� HIIRUWV� DV� ZHOO� DV� $QGUpDQQH� 3DUHQW�� $QQH-0DULH�
&KRXLQDUG�� DQG� 9DOpULH� 0RULQ-$ODLQ� IRU� WKH� FRQFHSWLRQ� DQG�RU�
IDFLOLWDWLRQ� RI� WKH� 0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQ� RU� WKH� 3V\�
FKRHGXFDWLRQ-%DVHG� ,QWHUYHQWLRQ�� 7KH� DXWKRUV� DOVR� WKDQN� XQGHU�
JUDGXDWH� YROXQWHHUV� LQYROYHG� LQ� WKH� SURMHFW�� LQ� SDUWLFXODU� &DPLOOH�
3DUHQW�DQG�$QGUpDQQH�6LPDUG��&RUUHVSRQGHQFH�UHJDUGLQJ�WKLV�DUWL�
FOH�VKRXOG�EH�DGGUHVVHG�WR�VRQLD�JRXOHW#SV\�XODYDO�FD� 



���� 

 

/$528&+(��+8'21��	�*28/(7 

$FFRUGLQJ� WR� ORQJLWXGLQDO�PRGHOV�RI�$'�GHYHORS�
PHQW��LQGLYLGXDOV�ILUVW�H[SHULHQFH�VXEMHFWLYH�FRJQLWLYH�
GHFOLQH� WKDW� LV� QRW� FDSWXUHG� E\� REMHFWLYH� WHVWV�
�0ROLQXHYR�HW�DO���������5HLVEHUJ�	�*DXWKLHU���������
$V�D�PDWWHU�RI� IDFW��SHUFHSWLRQ�DQG�ZRUULHV�DERXW�EH�
ORZ� DYHUDJH� FRJQLWLYH� FDSDELOLWLHV� FRPSDUHG� WR�SHHUV�
RI� WKH�VDPH�DJH�DUH�DVVRFLDWHG�ZLWK�DQ� LQFUHDVHG�ULVN�
IRU�D0&,��0LWFKHOO��%HDXPRQW��)HUJXVRQ��<DGHJDUIDU��
	�6WXEEV��������RU�$'��-HVVHQ�HW�DO���������0LWFKHOO�
HW� DO��� ������� $V� WLPH� SDVVHV�� LQGLYLGXDOV� IRU� ZKRP�
FRJQLWLYH�FRPSODLQWV�VXJJHVW�HDUO\�$'�SDWKRORJ\�VHH�
WKHLU�PHPRU\�GHWHULRUDWH�WR�WKH�SRLQW�RI�LPSDLUHG�SHU�
IRUPDQFH� LQ�REMHFWLYH� WHVWV�� UHVXOWLQJ� LQ�D0&,�� D0&,�
GLDJQRVLV�UHTXLUHV�HSLVRGLF�PHPRU\�LPSDLUPHQW��ZLWK�
RU�ZLWKRXW�GHILFLWV�LQ�RWKHU�FRJQLWLYH�GRPDLQV��DQG�QR�
VLJQLILFDQW�DOWHUDWLRQ�RI�DXWRQRP\��$OEHUW�HW�DO���������
3HWHUVHQ�HW�DO���������� 

$PRQJ� RWKHU� FRJQLWLYH� GRPDLQV�� DWWHQWLRQDO� FRQ�
WURO� ZDV� IRXQG� WR� EH� LPSDLUHG� LQ� D0&,� �%HOOHYLOOH��
&KHUWNRZ��	�*DXWKLHU��������9DQ�'DP�HW�DO����������
DV�SDUW� RI� WKH�$'-UHODWHG�SDWKRORJ\� �%DORWD�	�)DXVW��
������ %HOOHYLOOH� HW� DO��� ������ )DXVW� 	� %DORWD�� ������
)HUQDQGH]-'XTXH�	�%ODFN���������DQG�ZDV�VXJJHVWHG�
WR� FRQWULEXWH� WR�PHPRU\� LPSDLUPHQW� �&DVWHO�� %DORWD��
	�0F&DEH��������� ,QGHHG�� WKH� LQFDSDFLW\� WR�SURSHUO\�
HQFRGH�DQG�UHWULHYH�LQIRUPDWLRQ�LQ�PHPRU\�ZDV�DVVR�
FLDWHG�ZLWK�LPSDLUHG�DWWHQWLRQ�SURFHVVHV�LQ�$'��%DORWD�
	�)DXVW��������&DVWHO�HW�DO����������(IIHFWLYH�HQFRGLQJ�
UHTXLUHV� WKH� DFWLYDWLRQ� RI� EUDLQ� QHWZRUNV� UHODWHG� WR�
DWWHQWLRQDO� FRQWURO�� ZKLOH� HIIHFWLYH� UHWULHYDO� KDSSHQV�
ZLWK� GHDFWLYDWLRQ� RI� WKH� VDPH� QHWZRUNV� �+XLMEHUV� HW�
DO����������7KLV�SURFHVV�LV�FDOOHG�WKH�HQFRGLQJ�UHWULHYDO�
IOLS��ZKLFK�KDSSHQV� WKURXJK� IOH[LEOH� HQJDJHPHQW� DQG�
GLVHQJDJHPHQW�RI�DWWHQWLRQDO�FRQWURO�DQG�GHIDXOW-PRGH�
QHWZRUNV�� WKH� ODWWHU� EHLQJ� DVVRFLDWHG� ZLWK� PLQG-
ZDQGHULQJ�DQG�GLVWUDFWLRQ��7KH�OLQN�EHWZHHQ�DWWHQWLRQ�
DO�FRQWURO�DQG�PHPRU\��QRWDEO\�DW�WKLV�DGYDQFHG�VWDJH�
RI� QHXURGHJHQHUDWLRQ�� EULQJV� LQWR� TXHVWLRQ� ZKHWKHU�
LQWHUYHQWLRQV�WUDLQLQJ�DWWHQWLRQDO�FRQWURO�PLJKW�EHQHILW�
PHPRU\�SHUIRUPDQFH�DW�WKH�D0&,�VWDJH� 

7KH� XVH� RI� D� 0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQ�
�0%,�� DSSHDUV� GRXEO\� SURPLVLQJ� LQ� WKH� FRQWH[W� RI�
D0&,� EHFDXVH� LW� LV� H[SHFWHG� WR� WDUJHW� DWWHQWLRQ� DQG�
PHPRU\� V\PSWRPV� RI� WKLV� FRQGLWLRQ� DV� ZHOO� DV� WKH�
ZRUULHV�DQG�GLVWUHVV�DVVRFLDWHG�ZLWK�ORVVHV��7\SLFDOO\��
D�0%,� FRQVLVWV� LQ� HLJKW� ZHHNO\� VHVVLRQV� WKDW� DLP� DW�
GHYHORSLQJ�WKH�SDUWLFLSDQWV¶�FDSDFLW\�WR�OLYH�LQ�JUHDWHU�
DZDUHQHVV� DQG� DFFHSWDQFH� RI� WKH� SUHVHQW� PRPHQW�
WKURXJK�PLQGIXOQHVV�PHGLWDWLRQ� DQG�DWWLWXGHV� �&KLHVD�
	� 6HUUHWWL�� ������.DEDW-=LQQ�� ������ /LQGVD\�	�&UH�
VZHOO�� ������� ,Q� PLQGIXOQHVV� PHGLWDWLRQ�� SDUWLFLSDQWV�
EULQJ� D� VWDEOH�� RSHQ�� DQG�QRQ-MXGJPHQWDO� DWWHQWLRQ� WR�
LQQHU� �H�J��� EUHDWK�� ERG\� VHQVDWLRQV�� RU� RXWHU� �H�J���
VRXQGV�� IHHOLQJ� WKH� IORRU� XQGHUQHDWK� WKH� IHHW�� H[SHUL�
HQFHV��ZLWK�WKH�LQVWUXFWLRQV�WR�DYRLG�DV�PXFK�DV�SRVVL�
EOH� PLQG-ZDQGHULQJ�� GXOOLQJ�� DQG� PHQWDO� HODERUDWLRQ�

�&DUOVRQ�	� 6SHFD�� ������.DEDW-=LQQ�� ������� ,QGHHG��
WKLV�NLQG�RI�LQWHUYHQWLRQ�VXFFHVVIXOO\�ERRVWHG�ERWK�WKH�
SV\FKRORJLFDO� �*R\DO� HW� DO��� ������ DQG� WKH� FRJQLWLYH�
IXQFWLRQLQJ�LQ�D�ZLGH�UDQJH�RI�FOLQLFDO�SRSXODWLRQ�GH�
VSLWH� QRUPDO� FRJQLWLRQ� DW� EDVHOLQH� �*DUG�� +RO]HO�� 	�
/D]DU��������1HZEHUJ�HW�DO����������$ORQJ�ZLWK�SRWHQ�
WLDO�FRJQLWLYH�EHQHILWV��WKH�XVH�RI�D�0%,�LV�MXVWLILHG�E\�
LWV�SRWHQWLDO�WR�DOOHYLDWH�ELRORJLFDO�PDUNHUV��H�J���VWUHVV�
KRUPRQHV�� LQIODPPDWLRQ�� WHORPHUDVH�� DVVRFLDWHG�ZLWK�
$'�GHJHQHUDWLRQ��/DURXFKH��+XGRQ��	�*RXOHW��������
DQG� DQ[LR-GHSUHVVLYH� V\PSWRPV� ZKLFK� VLJQDO� SRRU�
SURJQRVLV��0RGUHJR�	�)HUUDQGH]��������� 

$YDLODEOH�UHVHDUFK�ZLWK�SRSXODWLRQV�DW�ULVN�IRU�$'��
DOWKRXJK� PHWKRGRORJLFDOO\� OLPLWHG�� LV� HQFRXUDJLQJ��
7KH� RQO\� UDQGRPL]HG-FRQWUROOHG� WULDO� FRQGXFWHG� LQ�
SDWLHQWV� ZLWK� D0&,� VKRZHG� QR�0%,� JURXS� SURILW� RQ�
YHUEDO�PHPRU\�FRPSDUHG�WR�D�XVXDO�FDUH�FRQWURO�JURXS�
�:HOOV�HW�DO����������7KH�VDPH�VWXG\�IRXQG�PDLQWDLQHG�
FRJQLWLYH� IOH[LELOLW\� DIWHU� D� 0%,�� ZKLOH� FRQWUROV� GH�
FOLQHG�RYHU� WLPH��$OWKRXJK� LQGLFDWLYH�RI�D�0%,¶V�SR�
WHQWLDO�WR�LPSURYH�FRJQLWLRQ��WKH�VPDOO�VDPSOH��Q� �����
RI� WKLV�SUHYLRXV� VWXG\� OLPLWV� WKH� FRQFOXVLRQV� WKDW� FDQ�
EH� GUDZQ� LQ� D0&,�SDWLHQWV��$� UHFHQW� SUH-SRVW� GHVLJQ�
VWXG\�LQ�D0&,�SDWLHQWV��DOVR�ZLWK�D�VPDOO�VDPSOH��Q� �
����� IRXQG� JDLQV� RQ� WKH�0RQWUHDO� &RJQLWLYH� $VVHVV�
PHQW��0R&$��1DVUHGGLQH�HW�DO���������DIWHU�DQ�HLJKW-
ZHHN�0%,� �:RQJ��&ROHV��&KDPEHUV��:X��	�+DVVHG��
������� %HQHILWV� RQ� WKH� 0R&$� SHUVLVWHG� RYHU� WZHOYH�
PRQWKV�DQG�ZHUH�ODUJHU��ZLWK�KLJKHU�FRPSOLDQFH�WR�DW-
KRPH� PHGLWDWLRQ� UHTXLUHPHQWV� DV� TXDQWLILHG� E\� WRWDO�
PLQXWHV� RI� SUDFWLFH�� 1R� RWKHU� VWXG\� LQYHVWLJDWHG� WKH�
HIIHFWV� RI� PLQGIXOQHVV� LQ� D0&,�� EXW� VRPH� DGGUHVVHG�
LWV� LPSDFW� LQ� ROGHU� DGXOWV� ZLWK� VXEMHFWLYH� FRJQLWLYH�
GHFOLQH��+\HU��6FRWW��/\OHV��'KDEOLZDOD��	�0F.HQ]LH��
������ /HQ]H� HW� DO��� ������ :HWKHUHOO� HW� DO��� ������ RU��
$'� �,QQHV�� 6HOIH�� %URZQ�� 5RVH�� 	� 7KRPSVRQ-
+HLVWHUPDQ�� ������� 6WXGLHV� FRQGXFWHG� LQ� ROGHU� DGXOWV�
ZLWK�VXEMHFWLYH�FRJQLWLYH�GHFOLQH�IRXQG�EHQHILWV�SRVW-
0%,�RQ�DW�OHDVW�RQH�REMHFWLYH�PHPRU\�PHDVXUH��+\HU�
HW�DO���������/HQ]H�HW�DO���������:HWKHUHOO�HW�DO���������
DQG� RQ� DQ� DWWHQWLRQDO� FRQWURO� PHDVXUH� �/HQ]H� HW� DO���
������:HWKHUHOO� HW� DO��� �������$OWKRXJK� WKHVH� HIIHFWV�
VHHP�SURPLVLQJ�IRU�D0&,�FOLQLFDO�VWXGLHV��ILQGLQJV�LQ�
VXEMHFWLYH� FRJQLWLYH� GHFOLQH� GR� QRW� QHFHVVDULO\� WUDQV�
ODWH� WR� D0&,�� ZKHUH� FRJQLWLYH� GHFOLQH� DQG� QHXUR�
GHJHQHUDWLRQ�DUH�PRUH�SURQRXQFHG��0ROLQXHYR�HW�DO���
������� $Q� HLJKW-ZHHN� 0%,� LQ� ILYH� G\DGV� RI� ROGHU�
DGXOWV�ZLWK�$'�DQG� WKHLU� OLYH-LQ�FDUHJLYHUV�RQO\� OHDG�
WR� VHOI-UHSRUWHG� UHWURVSHFWLYH�PHPRU\� JDLQV� �,QQHV� HW�
DO����������&RQVLGHULQJ�WKDW�$'�LV�PRUH�DGYDQFHG�WKDQ�
D0&,�LQ�WHUPV�RI�RYHUDOO�GHFOLQH�DQG�IXQFWLRQLQJ��VXFK�
VXEMHFWLYH� UHVXOWV� SUHVHQW� D� IDLU� OLNHOLKRRG� RI� UHSOLFD�
WLRQ�LQ�D0&,�SDWLHQWV� 

,W� LV� VXUSULVLQJ� WKDW� LQ� WKH� TXHVW� IRU� FOLQLFDO� LQWHU�
YHQWLRQV� WR� UHYHUW� RU� VORZ� GRZQ� D0&,� GHFOLQH�� QR�
VWXG\��WKXV�IDU��IRFXVHG�RQ�LPSURYLQJ�VSHFLILF�FRPSR�
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QHQWV� RI� DWWHQWLRQ� ZLWK� PLQGIXOQHVV� PHGLWDWLRQ� WUDL-
QLQJ�� ,QGHHG��DOO�VWXGLHV�RQO\�PHDVXUHG�RQH�DVSHFW�RI�
DWWHQWLRQDO� FRQWURO�� HLWKHU� LQKLELWLRQ� �/HQ]H� HW� DO���
������:HWKHUHOO� HW� DO��� ������ RU� FRJQLWLYH� IOH[LELOLW\�
�:HOOV� HW� DO��� ������� ZLWKRXW� GLVVHFWLQJ� SURFHVVHV� RU�
WDUJHWLQJ�GLIIHUHQW�DVSHFWV�RI�WKH�VDPH�SDUWLFLSDQW��0D�
OLQRZVNL� DQG� 6KDODPDQRYD� ������� VXJJHVWHG� WKDW� D�
³QHWZRUN� WUDLQLQJ´� �RU�QHDU� WUDQVIHU��FRXOG�RFFXU� IRO�
ORZLQJ�UHSHDWHG�PHGLWDWLRQ�SUDFWLFH�DV�D�IRUP�RI�QHX�
URFRJQLWLYH� H[HUFLVH� ZLWK� LPPHGLDWH� RU� VKRUW-WHUP�
EHQHILWV�� +DVHQNDPS�� :LOVRQ-0HQGHQKDOO�� 'XQFDQ��
DQG�%DUVDORX��������SURSRVHG�D�PRGHO�WKDW�GLVVHFWV�D�
F\FOH� RI� IRFXVHG� DWWHQWLRQ� PHGLWDWLRQ� SUDFWLFH�� WKH�
PDLQ� IRUP� RI� PHGLWDWLRQ� WDXJKW� LQ� D�0%,�� LQWR� IRXU�
SKDVHV�� ³)2&86´� RQ� WKH� FKRVHQ� REMHFW�� GLVWUDFWLRQ�
IURP� WKH� REMHFW� WKURXJK� PLQG� ZDQGHULQJ� �0:���
³$:$5(´�RI�WKH�0:��DQG�³6+,)7´�EDFN�WR�WKH�FKR�
VHQ� REMHFW�� (DFK� SKDVH� LV� DVVRFLDWHG� ZLWK� D� VSHFLILF�
QHXURFRJQLWLYH� SURFHVV� �FI���+DVHQNDPS� HW� DO��� ������
WKDW� LV� UHSHDWHGO\� FDOOHG� IRU� GXULQJ� WKH� FRXUVH� RI� D�
PLQGIXOQHVV�PHGLWDWLRQ�VHVVLRQ��DV�PDQ\�WLPHV�DV�WKH�
FKRVHQ�REMHFW�RI�DWWHQWLRQ�LV� ORVW� WR�GLVWUDFWLRQ���(DFK�
RI� WKH� IRXU� SKDVHV� SURSRVHG� LQ� +DVHQNDPS� HW� DO�¶V�
PRGHO� ������� FRXOG� EH� LVRODWHG� DQG� UHQGHUHG� RSHUD�
WLRQDO�XVLQJ�D�FRPELQDWLRQ�RI�WKH�6XVWDLQHG�$WWHQWLRQ�
WR� 5HVSRQVH� 7DVN� �6$57�� 6PDOOZRRG� HW� DO��� ������
DQG� WKH� $WWHQWLRQ� 1HWZRUN� 7DVN� �$17�� )DQ��
0F&DQGOLVV��6RPPHU��5D]��	�3RVQHU���������1R�VWXG\�
\HW�LQYHVWLJDWHG�DOWHUDWLRQV�RQ�WKH�6$57�LQ�D0&,�SD�
WLHQWV��EXW�D�JUHDWHU�QXPEHU�RI�HUURUV�ZHUH�UHSRUWHG�LQ�
ROGHU�DGXOWV�ZLWK�$'�FRPSDUHG�WR�KHDOWK\�ROGHU�DGXOWV�
�+XQWOH\��+DPSVKLUH��%RU��2ZHQ��	�+RZDUG�� �������
7KLV� UHVXOW� VXJJHVWV� WKDW� ZHDN� IRFDOLVHG� DWWHQWLRQ�
FRXOG�EH�SUHVHQW�IURP�WKH�D0&,�VWDJH�DQG�SURILW�IURP�
PHGLWDWLRQ�WUDLQLQJ��3DWLHQWV�ZLWK�D0&,��9DQ�'DP�HW�
DO���������DQG�$'��)HUQDQGH]-'XTXH�	�%ODFN��������
ZHUH�IRXQG�WR�VXIIHU�LPSDLUPHQWV�RI�WKH�$17�FRQIOLFW�
PRQLWRULQJ� QHWZRUN� RQO\�� VXJJHVWLQJ� DWWHQWLRQDO� FRQ�
WURO�DQG�LQKLELWLRQ�GHILFLWV� 

7KH�VFDUFH�DOEHLW� LQWHUHVWLQJ� UHVXOWV�FDOO� IRU�D�SXU�
VXLW� RI� WKH� LQYHVWLJDWLRQ� RI� PLQGIXOQHVV� PHGLWDWLRQ�
HIIHFWV�RQ�SHUFHLYHG�DQG�REMHFWLYH�FRJQLWLYH�GHFOLQH�LQ�
ROGHU�DGXOWV�DW�ULVN�IRU�$'��5HSOLFDWLRQ�RI�WKH�SUHOLPL�
QDU\�ILQGLQJV�UHTXLUHV�VWXGLHV�ZLWK�VWURQJHU�GHVLJQV��DW�
OHDVW� LQFOXGLQJ� D� ODUJHU� VDPSOH� RI� ROGHU� DGXOWV� ZLWK�
FRQILUPHG�D0&,�DQG�DQ�DFWLYH�FRQWURO�JURXS��IRU�FRP�
SDULVRQ� SXUSRVHV�� $ORQJ� ZLWK� UHSOLFDWLRQ�� WKHUH� LV� D�
VHFRQGDU\� FRQFHUQ� ZLWK� VSHFLI\LQJ� KRZ� PLQGIXOQHVV�
PHGLWDWLRQ� LPSDFWV� DWWHQWLRQ� DQG� PHPRU\�� LI� VR�� LQ�
ROGHU�DGXOWV�ZLWK�D0&,� 

7KH�3UHVHQW�6WXG\ 

7KLV� VLQJOH-EOLQG� UDQGRPL]HG-FRQWUROOHG� WULDO�
DLPHG�DW� LQYHVWLJDWLQJ�WKH�HIIHFWV�RI�D�0%,�RQ�FRJQL�
WLYH�FRPSODLQWV�DQG�RQ�REMHFWLYH�FRJQLWLYH�LPSDLUPHQW�
LQ�ROGHU�DGXOWV�ZLWK�D0&,��&RPSXWHUL]HG� WDVNV�RI�DW�

WHQWLRQ� DQG� PHPRU\�� TXHVWLRQQDLUHV�� DQG� LQGLYLGXDO�
VHPL-VWUXFWXUHG� LQWHUYLHZV� ZHUH� VHOHFWHG� WR� DVVHVV� D�
0%,¶V� REMHFWLYH� DQG� VXEMHFWLYH� HIIHFWV� RQ� DWWHQWLRQ�
DQG� PHPRU\�� FRPSDUHG� WR� DQ� DFWLYH� FRQWURO� 3V\�
FKRHGXFDWLRQ-%DVHG�,QWHUYHQWLRQ��3%,���*UHDWHU�DWWHQ�
WLRQ� DQG� PHPRU\� EHQHILWV� ZHUH� H[SHFWHG� IURP� WKH�
0%,� EDVHG� RQ� WKHRU\� �0DOLQRZVNL� 	� 6KDODPDQRYD��
������ DQG� FRQVLGHULQJ� SUHYLRXV� REVHUYDWLRQV� RI� LP�
SURYHG� FRJQLWLRQ� WKURXJK� D� PHGLWDWLRQ� SUDFWLFH� LQ�
KHDOWK\� DGXOWV� DQG� WKRVH� DW� ULVN� IRU�$'� �*DUG� HW� DO���
������+\HU� HW� DO��� ������ ,QQHV� HW� DO��� ������ /HQ]H� HW�
DO��� ������ 1HZEHUJ� HW� DO��� ������ :HOOV� HW� DO��� ������
:HWKHUHOO�HW�DO���������:RQJ�HW�DO��������� 

0HWKRGV 

3DUWLFLSDQWV 

)RUW\-HLJKW�ROGHU�DGXOWV�ZLWK�D0&,�ZHUH� UHFUXLWHG�
LQ�WZR�EORFNV�RI����SDUWLFLSDQWV��$OO�SDUWLFLSDQWV�VSRNH�
)UHQFK�DV�WKHLU�PDWHUQDO�ODQJXDJH��DQG�DOO�LQWHUYLHZV��
TXHVWLRQQDLUHV��DQG�WDVNV�ZHUH�DGPLQLVWHUHG�LQ�)UHQFK��
,QGLYLGXDOV� IURP� HDFK�EORFN�ZHUH� UDQGRPO\� DVVLJQHG�
WR�WKH�LQWHUYHQWLRQ��)URP�WKH�LQLWLDO��������SDUWLFLSDQWV�
UHPDLQHG�HQJDJHG�LQ�WKH�LQWHUYHQWLRQ�SURWRFRO�IRU�WKH�
HLJKW�ZHHNV��DOO�DWWHQGLQJ�PRUH�WKDQ�ILYH�LQWHUYHQWLRQ�
VHVVLRQV�� DQG�ZHUH� LQFOXGHG� LQ� WKH� DQDO\VHV�� LQ� D� ³DV�
WUHDWHG´� SURWRFRO� �$UPLMR-2OLYR�� :DUUHQ�� 	� 0DJHH��
�������7KHUHIRUH��GDWD�ZDV�FROOHFWHG�LQ����DQG����SDU�
WLFLSDQWV�IRU�WKH�0%,�DQG�3%,�FRQGLWLRQV��UHVSHFWLYHO\� 

0RVW� H[FOXVLRQ� FULWHULD� DWWHPSWHG� WR� FLUFXPVFULEH�
WKH�HWLRORJ\�RI�LPSDLUHG�FRJQLWLRQ�WR�D0&,�SDWKRSK\-
VLRORJ\�� ([FOXVLRQ� FULWHULD� DW� VFUHHQLQJ�ZHUH�� KLVWRU\�
RI� QHXURORJLFDO� GLVHDVH�� WUDXPDWLF� EUDLQ� LQMXU\�� LQWUD�
FUDQLDO� VXUJHU\�� RU� VWURNH�� FXUUHQW� SV\FKLDWULF� LOOQHVV�
DFFRUGLQJ�WR�WKH�'LDJQRVWLF�DQG�6WDWLVWLFDO�0DQXDO�RI�
0HQWDO�'LVRUGHUV��'60–���$PHULFDQ�3V\FKLDWULF�$V�
VRFLDWLRQ�� ������ FULWHULD�� VXEVWDQFH� DEXVH� LQ� WKH� ODVW�
WZHOYH�PRQWKV��JHQHUDO�DQHVWKHVLD�RU�RQFRORJLF� WUHDW�
PHQW� LQ� WKH� SDVW� VL[� PRQWKV�� XQFRUUHFWHG� YLVLRQ� RU�
KHDULQJ� LPSDLUPHQWV�� XQWUHDWHG� RU� XQVWDEOH�PHWDEROLF�
FRQGLWLRQ� �H�J���7\SH ��GLDEHWHV��K\SRWK\URLGLVP��� UH�
FHQW� WUHDWPHQW� WKDW� PD\� LPSDFW� FRJQLWLRQ�� UHFHQW� RU�
VXVWDLQHG�PHGLWDWLYH� H[SHULHQFH�� DQG�DQWLFLSDWHG�XQD�
YDLODELOLW\�WR�DWWHQG�RQH�RU�PRUH�RI�WKH�ILUVW�IRXU�LQWHU�
YHQWLRQ�VHVVLRQV�� 

3DUWLFLSDQWV�ZLWK� D0&,�PHW� WKH� IROORZLQJ�GLDJQR�
VLV�FULWHULD�����FRPSODLQW�DERXW�FRJQLWLYH�FKDQJHV�H[�
SUHVVHG�E\�WKH�SDWLHQW��D�UHODWLYH��RU�D�FOLQLFLDQ�����RE�
MHFWLYH�LPSDLUPHQW�LQ�RQH�RU�PRUH�FRJQLWLYH�GRPDLQV��
LQFOXGLQJ� DW� OHDVW� HSLVRGLF� PHPRU\�� ZLWK� D� SHUIRU�
PDQFH� XQGHU� ���� VWDQGDUG� GHYLDWLRQ� EDVHG� RQ� ORFDO�
QRUPV� �'LRQ�HW� DO��� ������� ���SUHVHUYHG�RYHUDOO� IXQF�
WLRQDO� DXWRQRP\�� DQG���� DEVHQFH�RI�GHPHQWLD� �$OEHUW�
HW� DO��� ������ 3HWHUVHQ�� ������� 7KH� SURMHFW� ZDV� UH�
YLHZHG�DQG�DSSURYHG�E\�WKH�(WKLFV�5HVHDUFK�%RDUG�RI�
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WKH� ,QVWLWXW�XQLYHUVLWDLUH� HQ� VDQWp�PHQWDOH�GH�4XpEHF�
�,8604������� 

0DWHULDOV 

&OLQLFDO�DQG�QHXURSV\FKRORJLFDO�EDWWHU\��$�FRP�
SOHWH� FOLQLFDO�DQG�QHXURSV\FKRORJLFDO�EDWWHU\�ZDV� DG�
PLQLVWHUHG�WR�SDUWLFLSDQWV�WR�YHULI\�LQFOXVLRQ�H[FOXVLRQ�
FULWHULD�� 7KH� SUHVHQFH� RI� DQ� REMHFWLYH� FRJQLWLYH� LP�
SDLUPHQW� ZDV� GHWHUPLQHG� EDVHG� RQ� QRUPDWLYH� GDWD��
*HQHUDO� FRJQLWLYH� IXQFWLRQLQJ� DQG� FRJQLWLYH� FRP�
SODLQWV�ZHUH�HYDOXDWHG�XVLQJ� WKH�0R&$��/DURXFKH�HW�
DO��� ������1DVUHGGLQH� HW� DO��� ������ DQG� WKH�4XHVWLRQ�
QDLUH� GH�3ODLQWH�&RJQLWLYH� �7KRPDV-$QWpULRQ��5LEDV��
+RQRUp-0DVVRQ�� 0LOOLRQ�� 	� /DXUHQW�� ������� UHVSHF�
WLYHO\��9HUEDO�HSLVRGLF�PHPRU\�ZDV�DVVHVVHG�ZLWK�WKH�
7HVW�GH�5DSSHO�/LEUH�5DSSHO�,QGLFp�j����LWHPV��5/�5,
-���� 9DQ� GHU� /LQGHQ�� ������ DQG� VHPDQWLF� PHPRU\��
ZLWK� WKH� 3\UDPLGV� DQG� 3DOP� 7UHHV� 7HVW� �+RZDUG� 	�
3DWWHUVRQ�� ������� IRU� ZKLFK� 'LRQ� HW� DO�¶V� ������� DQG�
&DOODKDQ� HW� DO�¶V� ������� QRUPDWLYH� GDWD� ZHUH� XVHG��
UHVSHFWLYHO\��7KH�5H\-2VWHUULHWK�&RPSOH[�)LJXUH�7HVW�
�2VWHUULHWK��������5H\���������D�WDVN�UHTXLULQJ�SDUWLFL�
SDQWV� WR� FRS\� D� FRPSOH[� ILJXUH�� WDUJHWHG� ERWK� YLVXR-
FRQVWUXFWLYH� DELOLWLHV�� DQG� YLVXDO� HSLVRGLF� PHPRU\�
ZLWK� SDUWLFLSDQWV� UHTXLUHG� WR� UHFDOO� WKH� ILJXUH� DIWHU�
WKUHH�PLQXWHV�� QRUPDOLW\�DEQRUPDOLW\� EHLQJ� EDVHG� RQ�
7UHPEOD\� HW� DO�� �������� 9LVXR-SHUFHSWLRQ� ZDV� PHD-
VXUHG�ZLWK�WKH�6L]H-0DWFK�WDVN�IURP�WKH�%LUPLQJKDP�
2EMHFW� 5HFRJQLWLRQ� %DWWHU\� �5LGGRFK�	�+XPSKUH\V��
������ DQG� SURFHVVLQJ� VSHHG��ZLWK� WKH�&RGLQJ� VXEWHVW�
IURP� WKH�:$,6-,,,� �:HFKVOHU�� ������� /DQJXDJH� ZDV�
WHVWHG� E\� WKH� ��-LWHP� %RVWRQ� 1DPLQJ� 7HVW� �&DOHUR��
$UQHGR��1DYDUUR��5XL]-3HGURVD��	�&DUQHUR��������DQG�
WKH�3KRQHPLF��7-1-3��DQG�6HPDQWLF��DQLPDOV��)OXHQ�
F\�7HVWV� �&RQVRUWLXP�GHV�8QLYHUVLWpV� GH�0RQWUpDO� HW�
GH�0F*LOO�� ������� WKH� ODWWHU�QRUPDOL]HG�E\�6W-+LODLUH�
HW�DO����������([HFXWLYH�IXQFWLRQLQJ�ZDV�LQIHUUHG�IURP�
WKH�'-.()6�YHUVLRQ�RI� WKH�6WURRS� �'HOLV��.DSODQ��	�
.UDPHU��������� 

)UHH�UHFDOO�LQ�HSLVRGLF�PHPRU\�WDVN��7R�PHDVXUH�
SDUWLFLSDQWV¶� REMHFWLYH� PHPRU\� SHUIRUPDQFH�� PDQ\�
RXWFRPHV� ZHUH� GHULYHG� IURP� D� YHUEDO� HSLVRGLF�
PHPRU\� WDVN� DGDSWHG� IURP�0RXOLQ�� -DPHV�� )UHHPDQ��
DQG� -RQHV� ��������7KUHH� ���ZRUGV� OLVWV�� VHPDQWLFDOO\�
HTXLYDOHQW��ZHUH� GHYHORSHG� WR� EH� SUHVHQWHG� LQ� D� UDQ�
GRP�RUGHU�WR�SDUWLFLSDQWV��7KH�ZRUGV�DFURVV�WKH�WKUHH�
OLVWV�ZHUH�HTXLYDOHQW�LQ�WHUPV�RI�VXEMHFWLYH�IUHTXHQF\��
OHQJWK�� DQG� LPDJHU\� OHYHO�� EDVHG� RQ� SV\FKROLQJXLVWLF�
QRUPV� �'HVURFKHUV�� ������� (YHU\�ZRUG�ZDV�PDGH� RI�
WZR� V\OODEOHV� DQG� KDG� KLJK� VXEMHFWLYH� IUHTXHQF\� DQG�
LPDJHU\� OHYHO�� 7KH� WHVW� ZDV� DGPLQLVWHUHG� XVLQJ� (-
3ULPH����� �3V\FKRORJ\�6RIWZDUH�7RROV�� DQG� IRU� HDFK�
LPPHGLDWH�UHFDOO�WULDO��WKH�ZRUGV�ZHUH�SUHVHQWHG�IRU���
VHFRQGV� RQ� WKH� FRPSXWHU� VFUHHQ�� ZLWK� D� ���� VHFRQG�
LQWHU-VWLPXOL� LQWHUYDO�� 3DUWLFLSDQWV�ZHUH� DVNHG� WR� UHDG�
WKH�ZRUGV�SUHVHQWHG�RQ�WKH�VFUHHQ�DQG�WR�PHPRUL]H�DV�

PDQ\� ZRUGV� DV� SRVVLEOH�� %HIRUH� UHFDOOLQJ� WKH� ZRUGV�
GXULQJ� WKH� LPPHGLDWH� UHFDOO� WULDOV�� SDUWLFLSDQWV� SUR�
FHHGHG� WR� D� FRXQWGRZQ� IURP� ���� IRU� ��� VHFRQGV� WR�
LPSHGH�UHFDOO�IURP�ZRUNLQJ�PHPRU\��3DUWLFLSDQWV�XQ�
GHUWRRN� WKUHH� LPPHGLDWH� UHFDOO� WULDOV�� IROORZHG� E\� DQ�
XQDQQRXQFHG�GHOD\HG�UHFDOO�WULDO����PLQXWHV�ODWHU��$I�
WHU�WKH�GHOD\HG�UHFDOO�WULDO��D�UHFRJQLWLRQ�WDVN��\HV�QR��
ZDV�FRPSOHWHG�E\� WKH�SDUWLFLSDQWV��)RU�UHFRJQLWLRQ��D�
WRWDO� RI� ���ZRUGV�ZHUH� SUHVHQWHG� WR� WKH� SDUWLFLSDQWV��
LQFOXGLQJ�WKH����WDUJHW�ZRUGV�IURP�WKH�OLVW�����VHPDQ�
WLFDOO\-UHODWHG� GLVWUDFWRUV�� DQG� ��� QRQ-VHPDQWLFDOO\-
UHODWHG�GLVWUDFWRUV��$OO�WKH�GLVWUDFWRUV�ZHUH�FRPSDUDEOH�
WR� WDUJHW�ZRUGV� IRU� VXEMHFWLYH� IUHTXHQF\�� OHQJWK�� DQG�
LPDJHU\� OHYHO�� ,Q� DGGLWLRQ� WR� WRWDO� QXPEHU� RI� ZRUGV�
UHFDOOHG�IURP�D�OLVW�LQ�IUHH�DQG�GHOD\HG�UHFDOO��WKLV�WDVN�
HYDOXDWHG� HQFRGLQJ� LQ� PRUH� GHWDLOV�� ,W� GLG� VR� E\�
SURYLGLQJ�LQVLJKW�RI�LQWHU-WULDO�JDLQV�DQG�ORVVHV��DORQJ�
ZLWK� DQ� LQGLFDWRU� RI� FRQVROLGDWLRQ� LQ� ORQJ-WHUP�
PHPRU\�� 7KH� PHWKRG� WR� PHDVXUH� JDLQV� DQG� ORVVHV�
IURP�RQH�WULDO�WR�WKH�QH[W�ZDV�XVHG�IRU�WKH�VHFRQG�DQG�
WKLUG�LPPHGLDWH�UHFDOO�WULDO��*DLQV�ZHUH�UHSUHVHQWHG�E\�
WKH�SURSRUWLRQ�RI�LWHPV�QHZO\�UHFDOOHG�DW�WKH�WULDO�Q�����
DPRQJ�WKH�LWHPV�WKDW�ZHUH�QRW�UHPHPEHUHG�LQ�WKH�WULDO�
Q��/RVVHV�DFFHVV�ZDV�UHSUHVHQWHG�E\�WKH�SURSRUWLRQ�RI�
LWHPV� QRW� UHFDOOHG� DW� WKH� WULDO�Q����� DPRQJ� WKH� LWHPV�
WKDW�KDG�EHHQ�UHFDOOHG�LQ�WULDO�Q��*DLQV�DQG�ORVVHV�SUH�
VHQWHG� LQ� WKH� UHVXOWV� VHFWLRQ� ZHUH� DYHUDJHG� IURP� WKH�
VHFRQG�DQG� WKLUG� WULDO��&RQVROLGDWLRQ�ZDV� UHSUHVHQWHG�
E\� WKH� SURSRUWLRQ� RI� LWHPV� UHFDOOHG� DW� GHOD\HG� UHFDOO�
WKDW�KDG�DOVR�EHHQ�UHFDOOHG�DW� WKH� WKLUG� LPPHGLDWH� UH�
FDOO� WULDO�� ,PPHGLDWH� UHFDOO� VFRUHV� UDQJHG� EHWZHHQ� ��
DQG� ��� ZRUGV�� DQG� GHOD\HG� UHFDOO� DQG� UHFRJQLWLRQ�
VFRUHV�UDQJHG�EHWZHHQ���DQG����ZRUGV��3URSRUWLRQV�RI�
JDLQV��ORVVHV��DQG�FRQVROLGDWLRQ�UDQJHG�EHWZHHQ���DQG�
�� 

6XVWDLQHG� $WWHQWLRQ� WR� 5HVSRQVH� 7DVN�� 7KH�
6$57� �6PDOOZRRG� HW� DO��� ������ LV� D� *R�1R-JR� WDVN�
WKDW� PHDVXUHV� RQH¶V� FDSDFLW\� WR� UHPDLQ� YLJLODQW� DQG�
IRFXVHG�RQ�D�WDVN��7KH�6$57�KDV�EHHQ�PRVWO\�XVHG�DV�
D�PHDVXUH�RI� IRFXVHG�DWWHQWLRQ��E\�RSSRVLWLRQ� WR�PR�
PHQWV�RI�0:�ZKHQ�RQH¶V�DWWHQWLRQ�LV�OHVV�VKDUS��7KH�
SDUDPHWHUV� RI� WKH� WDVN� XVHG� LQ� WKLV� VWXG\� ZHUH� WKH�
VDPH�DV� WKRVH� LQ�6PDOOZRRG¶V� VWXG\� ��������7KH� WHVW�
ZDV� DGPLQLVWHUHG� XVLQJ� (-3ULPH� ���� RQ� D� SRUWDEOH�
FRPSXWHU�� 'XULQJ� WKH� WDVN�� VWLPXOL� �GLJLWV� EHWZHHQ� ��
DQG����ZHUH�SUHVHQWHG� LQ� WKH�PLGGOH�RI� WKH� FRPSXWHU�
VFUHHQ��3DUWLFLSDQWV�ZHUH� DVNHG� WR�SUHVV�RQ� WKH� VSDFH�
EDU� HYHU\� WLPH�D�QRQ-WDUJHW�GLJLW� LV� SUHVHQWHG�� DQG� WR�
UHIUDLQ�IURP�SUHVVLQJ�ZKHQ� WKH� WDUJHW�GLJLW� ����LV�SUH�
VHQWHG�� 7KH� WDVN� FRPSULVHG� ���� QRQ-WDUJHW� WULDOV� DQG�
��� WDUJHW� WULDOV�� DOZD\V� SUHVHQWHG� LQ� WKH� VDPH� RUGHU��
ZKLFK�ZDV�GHWHUPLQHG�UDQGRPO\�LQ�WKH�ILUVW�SODFH��3DU�
WLFLSDQWV� ZHUH� LQVWUXFWHG� WR� FRPSOHWH� HYHU\� WULDO� DV�
TXLFNO\� DV� WKH\� FRXOG�� ZKLOH� FRPPLWWLQJ� WKH� IHZHU�
HUURUV�WKH\�FRXOG��:LWK�UHJDUGV�IRU�+DVHQNDPS�HW�DO�¶V�
�������PRGHO��WKH�6$57�PHDVXUHV�WKH�FDSDFLW\�WR�UH�
PDLQ� IRFXVHG�RQ�D�PRQRWRQRXV� WDVN�DQG�VXFFHVVIXOO\�
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ZLWKKROG� D� KDELWXDO� UHVSRQVH� RQ� WDUJHW� WULDOV�� ,W� DOVR�
VLJQDOV�WKH�SURSHQVLW\�WR�OHW�WKH�PLQG�ZDQGHU�DIWHU�DQ�
HUURU��UHVXOWLQJ�LQ�SRVW-HUURU�VORZLQJ�RI�UHVSRQVH�WLPH�
�57��� 7KH� WZR� HIILFDF\� PHDVXUHV� XVHG� LQ� WKLV� VWXG\�
ZHUH� WKH� DPRXQW� RI� FRPPLVVLRQ� HUURUV� �SUHVVLQJ� WKH�
VSDFH�EDU�RQ�D�WDUJHW�WULDO��DQG�WKH�57�RI�WKH�WULDO�DIWHU�
DQ� HUURU� �-DFNVRQ�	�%DORWD�� ������ 6PDOOZRRG� HW� DO���
�������$� JUHDWHU� QXPEHU� RI� HUURUV� LV� DVVRFLDWHG�ZLWK�
WKH�SUHVHQFH�RI�PRUH�WKRXJKWV�QRW�UHODWHG�WR�WKH�WDVN��
RU�PRUH�0:��6PDOOZRRG�HW�DO����������$�JUHDWHU�57�
DIWHU�DQ�HUURU��RU�³SRVW-HUURU�VORZLQJ´��ZDV�DVVRFLDWHG�
WR� D� JUHDWHU� SURSHQVLW\� WR� UXPLQDWH� RQ� WKH� HUURUV�� UH�
GXFLQJ� WKH�HIILFDF\� LQ�SHUIRUPLQJ� WKH� WDVN�DIWHUZDUGV�
�-DFNVRQ�	�%DORWD�������� 

$WWHQWLRQ� 1HWZRUNV� 7DVN�� 7KH� $17�� RULJLQDOO\�
GHYHORSHG�E\�)DQ�HW�DO����������PHDVXUHV�WKH�HIILFDF\�
RI� WKUHH� GLIIHUHQW� QHWZRUNV� RI� DWWHQWLRQ�� 7KH� WDVN�
PHDVXUHV� WKH� FDSDFLW\� WR� GHWHFW� VDOLHQW� LQIRUPDWLRQ�
�DOHUWLQJ�QHWZRUN��� WR�GLUHFW� WKH� DWWHQWLRQ�GHOLEHUDWHO\�
�RULHQWLQJ�QHWZRUN���DQG�WR�UHVROYH�FRQIOLFWV�DQG�LQKLE�
LW� XQZDQWHG� DXWRPDWLF� UHVSRQVHV� �FRQIOLFW�PRQLWRULQJ�
QHWZRUN���7KH� WDVN�ZDV�SUHVHQWHG�RQ�D�SRUWDEOH�FRP�
SXWHU�ZLWK�(-3ULPH� ����� 7KH� SDUDPHWHUV� XVHG� IRU� WKH�
WDVN�ZHUH�WKH�VDPH�DV�WKH�RQHV�XVHG�E\�9DQ�'DP�HW�DO��
�������LQ�WKHLU�VWXG\�ZLWK�ROGHU�DGXOWV�ZLWK�D0&,��)RU�
HYHU\� WULDO�� D� URZ� RI� ILYH� DUURZV� ZDV� SUHVHQWHG� DQG�
SDUWLFLSDQWV� ZHUH� DVNHG� WR� GHWHUPLQH� WRZDUGV� ZKLFK�
GLUHFWLRQ� WKH� FHQWHU� DUURZ� �WDUJHW�� SRLQWHG�� HLWKHU� OHIW�
RU� ULJKW��3DUWLFLSDQWV� UHFHLYHG� WKH� LQVWUXFWLRQ� WR�SUHVV�
WKH�)�NH\�ZLWK�WKH�OHIW�KDQG�LI�WKH�FHQWHU�DUURZ�SRLQWHG�
WR�WKH�OHIW��DQG�WKH�-�NH\�ZLWK�WKH�ULJKW�KDQG�LI�WKH�FHQ�
WHU� DUURZ� SRLQWHG� WR� WKH� ULJKW�� $� IL[DWLRQ� FURVV� ZDV�
SUHVHQWHG�LQ�WKH�FHQWHU�RI�WKH�VFUHHQ�IRU�WKH�ZKROH�GX�
UDWLRQ�RI�WKH�WDVN��DQG�SDUWLFLSDQWV�ZHUH�DVNHG�WR�NHHS�
WKHLU�H\HV�RQ�LW��7KH�VWLPXOL�ZHUH�SUHVHQWHG�HLWKHU�RYHU�
RU�XQGHU�WKH�IL[DWLRQ�FURVV��LQ�ER[HV�WKDW�ZHUH�DOZD\V�
SUHVHQW�� EXW�ZHUH� HPSW\� EHWZHHQ� WKH� WULDOV��7KH� IRXU�
RWKHU�DUURZV��WZR�RQ�HDFK�VLGH�RI�WKH�WDUJHW��ZHUH�RUL�
HQWHG�LQ�WKH�VDPH�GLUHFWLRQ�DV�WKH�FHQWHU�DUURZ�LQ�FRQ�
JUXHQW�WULDOV�DQG�LQ�WKH�RSSRVLWH�GLUHFWLRQ�LQ�LQFRQJUX�
HQW�WULDOV��(DFK�WULDO�ZDV�SUHFHGHG�E\�RQH�RI�WKH�WKUHH�
FXH�FRQGLWLRQV�����QR�FXH�����GRXEOH�FXH��DQG����VSDWLDO�
FXH�� &XHV� FRQVLVWHG� LQ� D� IODVK� RI� WKH� UHOHYDQW� ER[�
��� PLOOLVHFRQGV� EHIRUH� WKH� VWLPXOXV� SUHVHQWDWLRQ��
GHSHQGLQJ�RQ�WKH�FXH�FRQGLWLRQ��7KH�QR�FXH�WULDOV�GLG�
QRW�SURYLGH�DQ\�WHPSRUDO�RU�VSDWLDO�LQIRUPDWLRQ��,Q�WKH�
GRXEOH� FXH� WULDOV�� ERWK� ER[HV� IODVKHG��SURYLGLQJ� WHP�
SRUDO� LQIRUPDWLRQ�RQO\�� DQG� LQ� VSDWLDO� FXH� WULDOV�� RQO\�
WKH� ER[� ZKHUH� WKH� VWLPXOL� ZHUH� WR� EH� SUHVHQWHG�
IODVKHG�� SURYLGLQJ� ERWK� WHPSRUDO� DQG� VSDWLDO� LQIRU�
PDWLRQ�� 

:KHQ� SXW� LQ� UHODWLRQ� WR� +DVHPNDPS¶V� HW� DO�¶V�
�������PRGHO�RI� DWWHQWLRQ�QHWZRUN� WUDLQLQJ�� WKH�$17�
LQYHVWLJDWHG� WKH� HIIHFWV� RI� D� 0%,� RQ� ERWK� $:$5(�
DQG�6+,)7�SKDVHV��,W�WHVWHG�WKH�FDSDFLW\�WR�GHWHFW�VDOL�
HQW� LQIRUPDWLRQ� E\� PHDVXULQJ� SHUIRUPDQFH� EHQHILWV�

GULYHQ� E\� DFFHVV� WR� WHPSRUDO� FXHV� �DOHUWLQJ� QHWZRUN��
$:$5(���7KH�$17�DOVR�LQIRUPHG�RQ�6+,)7��)LUVW��LW�
PHDVXUHG� RQH¶V� FDSDFLW\� WR� UHVROYH� FRQIOLFWV� DULVLQJ�
IURP�WKH�SUHVHQWDWLRQ�RI�DPELJXRXV�VWLPXOL�DQG�WR�LQ�
KLELW� XQZDQWHG� DXWRPDWLF� UHVSRQVHV� QRUPDOO\� GULYHQ�
E\� WKH� DPELJXLW\� �FRQIOLFW�PRQLWRULQJ� QHWZRUN��� WKXV�
EHDULQJ� FRPPRQDOLWLHV� ZLWK� WKH� LQKLELWLRQ� RI� 0:�
RQFH�GHWHFWHG��6HFRQG�� LW� DVVHVVHG� WKH� FDSDFLW\� WR�GL�
UHFW�WKH�DWWHQWLRQ��GHOLEHUDWHO\�EDVHG�RQ�LQFUHDVHG�SHU�
IRUPDQFH� RQ� WULDOV� ZLWK� VSDWLDO� FXHV� �RULHQWLQJ� QHW�
ZRUN��� 

$OHUWLQJ� QHWZRUN� VFRUHV� ZHUH� FDOFXODWHG� E\� VXE�
WUDFWLQJ� WKH� DYHUDJH�57�RI� WULDOV�ZLWK� GRXEOH� FXHV� WR�
WKH� DYHUDJH� 57� RI� WULDOV� ZLWKRXW� FXH�� 2ULHQWLQJ� QHW�
ZRUN� VFRUHV�ZHUH� FDOFXODWHG� E\� VXEWUDFWLQJ� WKH� DYHU�
DJH�57�RI�WULDOV�ZLWK�VSDWLDO�FXHV�WR�WKH�DYHUDJH�57�RI�
WULDOV� ZLWK� GRXEOH� FXHV�� %RWK� VFRUHV� ZHUH� FDOFXODWHG�
ZLWKRXW� FRQVLGHUDWLRQ� IRU� WKH� FRQJUXHQF\� RI� WKH� DU�
URZV¶� GLUHFWLRQV�� 7KH� FRQIOLFW� PRQLWRULQJ� QHWZRUN�
VFRUHV�ZHUH�FDOFXODWHG�E\�VXEWUDFWLQJ� WKH�DYHUDJH�57�
IRU�FRQJUXHQW�WULDOV�IURP�WKH�DYHUDJH�57�IRU�LQFRQJUX�
HQW� WULDOV��ZLWKRXW� FRQVLGHUDWLRQ� IRU� FXH� FRQGLWLRQ��$�
KLJKHU� YDOXH� RQ� WKH� DOHUWLQJ� DQG� RULHQWLQJ� QHWZRUNV�
LQGLFDWHG�D�EHWWHU�HIILFDF\�RI�WKH�QHWZRUN��ZKLOH�D�ORZ�
HU� YDOXH� LQGLFDWHG� D� EHWWHU� HIILFDF\� RQ� WKH� FRQIOLFW�
PRQLWRULQJ� QHWZRUN�� RU� UHGXFHG� LQWHUIHUHQFH� RI� WKH�
VLGH�DUURZV� 

6HOI-UHSRUWHG� PHPRU\� DQG� DWWHQWLRQ�� 7KH� SHU�
FHSWLRQ� RI� PHPRU\� DQG� DWWHQWLRQ� GLIILFXOWLHV� ZDV�
PHDVXUHG� XVLQJ� WKH� )UHQFK� YHUVLRQ� RI� WKH� &RJQLWLYH�
'LIILFXOWLHV� 6FDOH� �0F1DLU� 	�.DKQ�� ������� 7KLV� ��-
LWHP�TXHVWLRQQDLUH�ZDV�GHYHORSHG�WR�PHDVXUH�WKH�OHYHO�
RI� VHOI-UHSRUWHG� FRJQLWLYH� GLIILFXOWLHV� LQ� ROGHU� DGXOWV��
&RJQLWLYH� GRPDLQV� FRYHUHG� E\� WKH� WRRO� DUH�PHPRU\��
DWWHQWLRQ�� FRQFHQWUDWLRQ�� ODQJXDJH�� SUD[LV�� NQRZOHGJH�
DERXW�RWKHUV��DQG�WLPH�RULHQWDWLRQ��,Q�WKLV�VWXG\��HOHY�
HQ�LWHPV�UHODWHG�WR�PHPRU\��LWHPV������������������������
����������������DQG�QLQH�LWHPV�UHODWHG�WR�DWWHQWLRQ�DQG�
FRQFHQWUDWLRQ� �LWHPV�� ��� ���� ���� ���� ���� ���� ���� ����
ZHUH� XVHG�� FRQVWLWXWLQJ� WZR� GLIIHUHQW� KRPHPDGH�
VFRUHV� 

6HPL-VWUXFWXUHG�LQWHUYLHZV��6HPL-VWUXFWXUHG�LQGL�
YLGXDO� LQWHUYLHZV� ZHUH� FRQGXFWHG� E\� UHVHDUFK� DVVLV�
WDQWV� ZLWK� HYHU\� SDUWLFLSDQW� WR� GHWHUPLQH� ZKHWKHU� RU�
QRW� WKH\� SHUFHLYHG� DQ� LPSDFW� RI� WKH� LQWHUYHQWLRQ� RQ�
GLIIHUHQW�DVSHFWV��7KHPHV�FRYHUHG�ZHUH�JHQHUDO�DSSUH�
FLDWLRQ�RI�WKH�LQWHUYHQWLRQ��SHUFHLYHG�HIIHFWV�RQ�PRRG��
VWUHVV�OHYHOV��DQG�DQ[LHW\��DORQJ�ZLWK�SHUFHLYHG�FKDQJ�
HV�LQ�DWWHQWLRQ�DQG�PHPRU\��)RU�HYHU\�HIILFDF\�WKHPH��
SDUWLFLSDQWV� ZHUH� HQFRXUDJHG� WR� LQGLFDWH� ZKHWKHU� RU�
QRW�WKH\�SHUFHLYHG�D�FKDQJH��SRVLWLYH�RU�QHJDWLYH��DQG�
WR�HODERUDWH�RQ�ZKDW�WKH\�REVHUYHG�E\�JLYLQJ�FRQFUHWH�
H[DPSOHV� 
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,QWHUYHQWLRQV 

3DUWLFLSDQWV�ZHUH� DGPLQLVWHUHG� RQH� RI� WKH� WZR� LQ�
WHUYHQWLRQ� SURJUDPV�� %RWK� SURJUDPV� FRPSULVHG� HLJKW�
VHVVLRQV�RI�WZR�DQG�D�KDOI�KRXUV��ZKLFK�ZHUH�DGPLQLV�
WHUHG�WR�JURXSV�RI�WHQ�WR�WZHOYH�SDUWLFLSDQWV��%RWK�LQ�
WHUYHQWLRQV� ZHUH� EXLOW� ZLWK� VLPLODU� VWUXFWXUHV�� LQFOX-
GLQJ� VHJPHQWV� RQ� HGXFDWLRQ� DERXW� ZHHNO\� WKHPHV��
VHJPHQWV�ZKHUH�SDUWLFLSDQWV�FRPSOHWHG�FRQFUHWH�H[HU�
FLVHV��DQG�VHJPHQWV�DOORFDWHG�WR�JURXS�GLVFXVVLRQV�� 

0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQ�� 7KH� 0%,� ZDV�
EDVHG� RQ� .DEDW-=LQQ¶V� ������� 0LQGIXOQHVV-%DVHG�
6WUHVV�5HGXFWLRQ�DQG�6HJDO��:LOOLDPV��DQG�7HDVGDOH¶V�
�������0LQGIXOQHVV-%DVHG�&RJQLWLYH�7KHUDS\�� ,W� DOVR�
LQFRUSRUDWHG� WRROV� DQG� H[HUFLVHV� IURP� RWKHU� VRXUFHV�
�%DUWOH\�� ������ &DUOVRQ� 	� 6SHFD�� ������ )RXUQLHU��
������0RQHVWqV�	�9LOODWWH�� �������2Q� WRS�RI� DFFRP�
PRGDWLRQ�DOUHDG\�UHSRUWHG�LQ�PLQGIXOQHVV�VWXGLHV�ZLWK�
ROGHU� DGXOWV�� VXFK� DV� VKRUWHU� PHGLWDWLRQ� GXUDWLRQ�� QR�
IXOO-GD\�UHWUHDW��DQG�VKRUWHU�KRPH�SUDFWLFHV��*HLJHU�HW�
DO����������WKH�DXWKRUV�SURFHHGHG�WR�PLQRU�DGDSWDWLRQV�
RI�WKH�SURJUDP�WR�PHHW�WKH�VSHFLILFLWLHV�RI�D0&,��H�J����
XVLQJ�FRQFUHWH�H[DPSOHV�WKDW�DUH�UHOHYDQW�WR�WKH�GDLO\�
OLIH� RI� WKH� UHWLUHG� HOGHUO\��� 7KH� HVVHQFH� DQG� JRDOV� RI�
OHDGLQJ�PLQGIXOQHVV� SURJUDPV�ZHUH� UHVSHFWHG�� (YHU\�
VHVVLRQ�FRPSULVHG�D�JXLGHG�PHGLWDWLRQ��JURXS�GLVFXV�
VLRQV� RQ� PHGLWDWLRQ� DQG� KRPH� SUDFWLFHV�� DQG� SV\�
FKRHGXFDWLRQ� DERXW� PLQGIXOQHVV� WKHPHV�� DORQJ� ZLWK�
VWUHVV� PDQDJHPHQW� DQG� REVWDFOHV� �FI�� 7DEOH� �� IRU�
ZHHNO\� WKHPHV���'HWDLOV�RI� WKH�SURJUDP�DUH� FXUUHQWO\�
SXEOLVKHG� LQ� D� FROOHFWLYH� PDQXDO� DERXW� PLQGIXOQHVV�
�/DURXFKH�� &KRXLQDUG��0RULQ-$ODLQ�� +XGRQ��	�*RX�
OHW�������� 

3V\FKRHGXFDWLRQ-%DVHG� ,QWHUYHQWLRQ�� 7KH� 3%,�
�3DUHQW��/DURXFKH��	�+XGRQ��������ZDV�EDVHG�RQ�UH�

FHQW� OLWHUDWXUH� DERXW�DJLQJ�DQG�RQ�D� OD\�ERRN�GLVFXV-
VLQJ�KHDOWK\�DJLQJ��-XKHO���������7KH�3%,�H[FOXGHG�DOO�
IRUPV� RI� PHPRU\� WUDLQLQJ� RU� PLQGIXOQHVV�UHOD[DWLRQ�
SUDFWLFHV�� (YHU\� VHVVLRQ� FRPSULVHG� SV\FKRHGXFDWLRQ�
DERXW� WKH�ZHHNO\� WKHPH� �FI�� 7DEOH� �� IRU� GHWDLOV��� UH�
IOHFWLQJ�DERXW�RQH¶V�VLWXDWLRQ�ZLWK�WKH�KHOS�RI�H[HUFLV�
HV��DQG�JURXS�GLVFXVVLRQV�RQ�WKH�WKHPH��7KH�3%,�ZDV�
FR-IDFLOLWDWHG�E\�D�OLFHQVHG�SV\FKRHGXFDWRU�DVVLVWHG�E\�
WUDLQHG�JUDGXDWH�VWXGHQWV� 

3URFHGXUH 

3DUWLFLSDQWV� ZHUH� UHFUXLWHG� IURP� WKH� FRPPXQLW\�
WKURXJK� QHZVSDSHU� DGYHUWLVLQJ�� ORFDO� SK\VLFLDQV¶� UH�
IHUUDOV��DQG�WKH�ODERUDWRU\¶V�GDWDEDVH��$�UHVHDUFK�SUR�
IHVVLRQDO� LQ� FKDUJH�RI� UHFUXLWPHQW� FRQWDFWHG�SRWHQWLDO�
SDUWLFLSDQWV�WR�HQVXUH�WKH\�GLG�QRW�PHHW�H[FOXVLRQ�FUL�
WHULD�SUHVHQWHG�LQ�WKH�3DUWLFLSDQWV�VHFWLRQ��,I�QR�H[FOX�
VLRQ�FULWHULD�ZHUH�SUHVHQW�DW�WKDW�VWDJH��SRWHQWLDO�SDUWL-
FLSDQWV�ZHUH�LQYLWHG�WR�PHHW�D�WUDLQHG�HYDOXDWRU�DW�WKH�
&(592� %UDLQ� 5HVHDUFK� &HQWUH� WR� SURYLGH� ZULWWHQ�
LQIRUPHG�FRQVHQW�DQG�WR�XQGHUWDNH�WKH�FRPSOHWH�FOLQL�
FDO� DQG� QHXURSV\FKRORJLFDO� DVVHVVPHQW�� 3DUWLFLSDQWV�
PHHWLQJ�WKH�D0&,�FULWHULD�ZHUH�LQYLWHG�WR�MRLQ�WKH�SUR�
MHFW�DQG�VFKHGXOHG�IRU�D�SUH-LQWHUYHQWLRQ�HYDOXDWLRQ�� 

7KH� ��� SDUWLFLSDQWV�� UHFUXLWHG� LQ� WZR� VHSDUDWH� FR�
KRUWV�RI����SDUWLFLSDQWV��FRPSOHWHG�D�EDVHOLQH�HYDOXD�
WLRQ� LQ�ZKLFK� WKH\�XQGHUZHQW� WKH�FRJQLWLYH� WDVNV�DQG�
ILOOHG-XS�WKH�TXHVWLRQQDLUHV��$W�WKH�HQG�RI�WKH�EDVHOLQH�
HYDOXDWLRQ��SDUWLFLSDQWV�ZHUH�JLYHQ�RQH�RXW�RI����QXP�
EHUHG�HQYHORSV�DVVLJQHG�XVLQJ�0LFURVRIW�([FHO��UDQ�
GRP� IXQFWLRQ�� ZLWK� DQ� LQYLWDWLRQ� IRU� RQH� RI� WKH� WZR�
LQWHUYHQWLRQV�� $OVR�� WKH\� SDUWLFLSDWHG� LQ� WKH� VHPL-
VWUXFWXUHG� LQWHUYLHZ� SRVW-LQWHUYHQWLRQ� DERXW� WKH� SV\�
FKRORJLFDO� DQG� FRJQLWLYH� RXWFRPHV� DQG� DERXW� WKHLU�
JHQHUDO�DSSUHFLDWLRQ�RI�WKH�LQWHUYHQWLRQ� 

7DEOH�� 

:HHNO\�,QWHUYHQWLRQ�7KHPHV�IRU�%RWK�,QWHUYHQWLRQ�3URJUDPV 

,QWHUYHQWLRQ 0%, 3%, 

:HHN�� $XWRSLORW�YV��PLQGIXOQHVV 1RUPDO�YV��SDWKRORJLFDO�FRJQLWLYH�DJLQJ 

:HHN�� +DQGOLQJ�REVWDFOHV�DQG�VXSSRUWLQJ�PHGLWDWLRQ�SUDF�
WLFH�HIIRUWV 

'HPHQWLD�FRQWLQXXP�DQG�W\SHV�RI�GHPHQWLD 

:HHN�� 7KH�ZDQGHULQJ�PLQG 0HPRU\�IXQFWLRQ�DQG�RWKHU�FRJQLWLYH�LVVXHV�LQ�D0&, 

:HHN�� $FNQRZOHGJLQJ�VWUHVV�DQG�LWV�LPSDFW�RI�RQH¶V�OLIH�WR�
EHWWHU�PDQDJH�LW 

$'�ULVN�IDFWRUV�DQG�SKDUPDFRORJLFDO�WUHDWPHQWV 

:HHN�� 5HIOHFWLQJ�RQ�KRZ�RQH�FRXOG�OLYH�LQ�LQFUHDVHG�DF�
FHSWDQFH�RI�RQH¶V�VLWXDWLRQ 

0HGLFDO�IROORZ-XSV�DQG�GLVFXVVLRQV�ZLWK�SK\VLFLDQV�
DERXW�FRJQLWLYH�FRQFHUQV 

:HHN�� 7KH�UROH�WKRXJKWV�SOD\�LQ�WKH�PDLQWHQDQFH�RI�GLVWUHVV�
DQG�VWUHVV 

5HODWLRQVKLSV�DQG�GLVFXVVLRQV�DERXW�FRJQLWLYH�GH�
FOLQH�ZLWK�FORVH�UHODWLYHV 

:HHN�� +RZ�WR�WDNH�EHWWHU�FDUH�RI�RQHVHOI (YHU\GD\�OLYLQJ�ZLWK�FRJQLWLYH�GHFOLQH�DQG�FRSLQJ�
ZLWK�GLIILFXOWLHV 

:HHN�� 6XVWDLQLQJ�D�PHGLWDWLRQ�SUDFWLFH�EH\RQG�WKH�SURJUDP :KDW�WR�GR�QH[W�ZLWK�DOO�WKH�QHZ�NQRZOHGJH�DFTXLUHG�
LQ�WKH�SURJUDP 

1RWH��0%,� �0LQGIXOQHVV-%DVHG�,QWHUYHQWLRQ��3%,� �3V\FKRHGXFDWLRQ-%DVHG�,QWHUYHQWLRQ��D0&,� �DPQHVWLF�PLOG�FRJQLWLYH�
LPSDLUPHQW��$'� �$O]KHLPHU¶V�GLVHDVH� 
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6WDWLVWLFDO�$QDO\VHV 

)RU� WKH� WZR�JURXSV�� GHPRJUDSKLF� LQIRUPDWLRQ�DQG�
QHXURSV\FKRORJLFDO� SHUIRUPDQFH� DW� EDVHOLQH� ZHUH�
FRPSDUHG� XVLQJ� &KL-VTXDUH� WHVWV� IRU� IUHTXHQFLHV� RI�
FDWHJRULFDO� GDWD� DQG� 6WXGHQW¶V� W-WHVWV� IRU� FRQWLQXRXV�
GDWD�� 5HSHDWHG� PHDVXUHV� DQDO\VLV� RI� YDULDQFH�
�$129$�� DVVHVVHG� WKH� HIILFDF\� RI� WKH� WZR� LQWHUYHQ�
WLRQ� SURJUDPV�XVLQJ� WLPH�RI�PHDVXUHPHQW�� FRQGLWLRQ��
DQG�FRQGLWLRQ�[�WLPH� LQWHUDFWLRQ�DV�IL[HG�IDFWRUV��7KH�
7RHSOLW]� FRYDULDQFH� VWUXFWXUH� ZDV� XVHG� �:ROILQJHU��
������ WR� DFFRXQW� IRU� WKH� FRYDULDQFH� GLIIHUHQFH� EH�
WZHHQ�FORVH�PHDVXUHPHQW�WLPHV��7��DQG�7���RU�7��DQG�
7���DQG�PRUH�GLVWDQW�RQHV��7��DQG�7��� 

5HJDUGLQJ�SDUWLFLSDQWV¶� UHVSRQVHV� WR� WKH� LQWHUYLHZ�
TXHVWLRQV��UHSRUWLQJ�EHQHILWV�DIWHU�WKH�LQWHUYHQWLRQ�ZDV�
FRGHG� �� DQG� QRW� UHSRUWLQJ� EHQHILWV� ZDV� FRGHG� ��� $�
ELQDU\� UDQNLQJ� RI� LQWHUYLHZ� UHVSRQVHV� ZDV� FKRVHQ��
VLQFH� RQO\� WZR� SDUWLFLSDQWV� UHSRUWHG� PHPRU\� ZRUVH-
QLQJ�DVVRFLDWHG�ZLWK�WKH�SDVVDJH�RI�WLPH�DQG�LQWHUYHQ�
WLRQ� LQHIILFDFLW\��DQG�QRQH� UHSRUWHG�DWWHQWLRQ�ZRUVHQ�
LQJ��&KL-VTXDUH� DQDO\VHV� KHOSHG� WR� GHWHUPLQH� LI� WKHUH�
ZHUH� GLIIHUHQW� IUHTXHQFLHV� RI� SHUFHLYHG� JDLQV� IRU�
PHPRU\�RU�DWWHQWLRQ�EHWZHHQ�FRQGLWLRQV��)RU�DOO�DQD-
O\VHV��WKH�DOSKD�OHYHO�ZDV�VHW�DW����� 

5HVXOWV 

'HPRJUDSKLF��FOLQLFDO��DQG�QHXURSV\FKRORJLFDO�GD�
WD 

7DEOH� �� SUHVHQWV� GHPRJUDSKLF� DQG� FOLQLFDO� GDWD�
DORQJ�ZLWK�=-VFRUHV�RQ�QHXURSV\FKRORJLFDO� WHVWV��3DU�
WLFLSDQWV�ZHUH�DJHG�IURP����WR����\HDUV��KDG�EHWZHHQ�
��DQG����\HDUV�RI�HGXFDWLRQ��DQG�ZHUH�SUHGRPLQDQWO\�
PHQ��3DUWLFLSDQWV�IURP�ERWK�JURXSV�ZHUH�HTXLYDOHQW�LQ�
WHUPV� RI� DJH�� HGXFDWLRQ�� VH[� GLVWULEXWLRQ�� DV� ZHOO� DV�
FOLQLFDO�VFRUHV��DQG�QHXURSV\FKRORJLFDO�=-VFRUHV� 

0DLQ�RXWFRPHV 

/RQJLWXGLQDO� PL[HG�PRGHO� DQDO\VHV� WHVWHG� WKH� HI�
IHFWV�RI�WLPH��FRQGLWLRQ��DQG�WLPH�[�FRQGLWLRQ�LQWHUDF�
WLRQ�RQ�REMHFWLYH�DQG�VXEMHFWLYH�PHDVXUHV�RI�PHPRU\�
DQG� DWWHQWLRQ�� 7DEOH� �� SUHVHQWV� WKH� PRGHO-HVWLPDWHG�
DGMXVWHG� PDUJLQDO� PHDQV� IRU� ERWK� LQWHUYHQWLRQV� DQG�
7DEOH���SUHVHQWV� WKH� WLPH�� FRQGLWLRQ��DQG�FRQGLWLRQ�[�
WLPH� LQWHUDFWLRQ� HIIHFWV� IRU� DOO� YDULDEOHV��)LUVW�� IRU�DW�
WHQWLRQ��WKHUH�ZHUH�WLPH�HIIHFWV�IRU�$17�RULHQWLQJ�QHW�
ZRUN�� $17� FRQIOLFW� PRQLWRULQJ� QHWZRUN�� DQG� VHOI-
UDWHG�DWWHQWLRQ��1R�FRQGLWLRQ�RU�FRQGLWLRQ�[�WLPH�LQWHU�
DFWLRQ�HIIHFWV�ZHUH�IRXQG�IRU�DQ\�RI�WKH�RULHQWLQJ��FRQ�
IOLFW�PRQLWRULQJ��RU� VHOI-UDWHG� DWWHQWLRQ��1R�HIIHFWV�RI�
WLPH�� FRQGLWLRQ�� RU� LQWHUDFWLRQ�ZHUH� IRXQG� IRU� 6$57�
HUURUV�DQG�SRVW-HUURUV��QRU�ZHUH�WKHUH�HIIHFWV�IRU�$17�
HUURUV� DQG� DOHUWLQJ� QHWZRUN�� 5HJDUGLQJ� PHPRU\� RXW�
FRPHV�� WKHUH�ZDV�D�VLJQLILFDQW�WLPH�HIIHFW�RQ�GHOD\HG�
UHFDOO� FRQVROLGDWLRQ�� ZLWK� WKH� QXPEHU� RI� ZRUGV� UH�
FDOOHG�DJDLQ�DW�GHOD\HG�UHFDOO�GHFUHDVLQJ�RYHU�WLPH��EXW�

QR� HIIHFW� RI� FRQGLWLRQ� DQG� QR� LQWHUDFWLRQ��1R� VLJQLIL�
FDQW�WLPH��FRQGLWLRQ��RU�LQWHUDFWLRQ�HIIHFWV�ZHUH�IRXQG�
IRU�LPPHGLDWH�DQG�GHOD\HG�UHFDOO��UHFRJQLWLRQ��DV�ZHOO�
DV�JDLQHG�RU�ORVW�DFFHVV� 

([SORUDWRU\� DQDO\VHV� RI� WKH� VSHFLILFLWLHV� RI� HDFK�
LQWHUYHQWLRQ�ZHUH�FDUULHG�RXW��7DEOH���SUHVHQWV�VLPSOH�
HIIHFWV�$129$V�IRU�ERWK�JURXSV� IRU�YDULDEOHV�VKRZ�
LQJ� D� WLPH� HIIHFW�� WKDW� LV�� FRQVROLGDWLRQ�� VHOI-UDWHG�
PHPRU\��RULHQWLQJ� DQG�FRQIOLFW�PRQLWRULQJ�$17�QHW�
ZRUNV��DQG�VHOI-UDWHG�DWWHQWLRQ��)RU�FRQVROLGDWLRQ�DQG�
VHOI-UDWHG�PHPRU\��WKH�0%,�JURXS�GLG�QRW�VKRZ�D�VLJ�
QLILFDQW� WLPH� VLPSOH� HIIHFW��ZKLOH� WKH� 3%,� JURXS� GLG��
%RWK�LQWHUYHQWLRQV�OHG�WR�D�VLJQLILFDQW�WLPH�VLPSOH�HI�
IHFW�IRU�WKH�RULHQWLQJ�$17�QHWZRUN��DQG�RQO\�WKH�0%,�
GLG�IRU�WKH�FRQIOLFW�PRQLWRULQJ�QHWZRUN��1HLWKHU�LQWHU�
YHQWLRQ� VKRZHG� VLJQLILFDQW� WLPH� VLPSOH� HIIHFWV� IRU�
VHOI-UDWHG�DWWHQWLRQ� 

'XULQJ� WKH� LQWHUYLHZV������RI�0%,�DQG�������RI�
3%,�SDUWLFLSDQWV� UHSRUWHG�EHWWHU�PHPRU\�DIWHU�SDUWLFL�
SDWLQJ� LQ� WKHLU� UHVSHFWLYH� LQWHUYHQWLRQ�� &KL-VTXDUH�
DQDO\VHV� UHYHDOHG� QR� GLVWULEXWLRQ� GLIIHUHQFH� EHWZHHQ�
WKH� WZR�FRQGLWLRQV� �F�� ����1� ����� �������S� � �������
$OVR��GXULQJ� WKH� LQWHUYLHZV�� ����RI�0%,� DQG� ������
RI� 3%,� SDUWLFLSDQWV� PHQWLRQHG� KLJKHU� DWWHQWLRQ� VNLOOV�
DIWHU�WKH�LQWHUYHQWLRQ��&KL-VTXDUH�DQDO\VHV�VKRZHG�WKDW�
VLJQLILFDQWO\� PRUH� SDUWLFLSDQWV� RI� WKH�0%,� FRQGLWLRQ�
DFNQRZOHGJHG�DWWHQWLRQ�JDLQV��F������1� ����� �������S�
 ������� 

'LVFXVVLRQ 

,Q�WKLV�VWXG\��ZH�LQYHVWLJDWHG�WKH�HIILFDF\�RI�D�0%,�
WR�LPSURYH�VXEMHFWLYH�DQG�REMHFWLYH�FRJQLWLYH�IXQFWLRQ�
LQ�ROGHU�DGXOWV�ZLWK�D0&,��FRPSDUHG�WR�D�3%,��:H�GLG�
VR�E\�PHDVXULQJ�DWWHQWLRQ�FRPSRQHQWV�GLUHFWO\�WDUJHW�
HG� E\� PLQGIXOQHVV� PHGLWDWLRQ� �+DVHQNDPS�� ������
+DVHQNDPS� HW� DO��� ������ DQG� E\� GLVVHFWLQJ� PHPRU\�
SURFHVVHV��:H�H[SHFWHG�WR�REVHUYH�D�JUHDWHU�LPSDFW�RI�
D�0%,�WKDQ�WKDW�RI�D�3%,�RQ�DWWHQWLRQ�DQG�PHPRU\��DV�
PHDVXUHG�E\�REMHFWLYH�FRPSXWHUL]HG� WDVNV��VXEMHFWLYH�
TXHVWLRQQDLUHV�� DQG� LQGLYLGXDO� LQWHUYLHZV�� 7KLV� K\�
SRWKHVLV� ZDV� QRW� VXSSRUWHG�� H[FHSW� IRU� LQWHUYLHZ-
UHSRUWHG�FKDQJHV�LQ�DWWHQWLRQ��� 

7KH�0%,� OHG� WR� FRPSDUDEOH� RXWFRPHV� WR� WKH� 3%,�
IRU� DOO� PHPRU\-UHODWHG� YDULDEOHV�� $� GHWHULRUDWLRQ� RI�
FRQVROLGDWLRQ�DQG�D�GHFUHDVH�RI�VHOI-UHSRUWHG�PHPRU\�
LPSDLUPHQWV� IURP� EDVHOLQH� WR� SRVW-LQWHUYHQWLRQ� ZHUH�
WKH�RQO\�VLJQLILFDQW�UHVXOWV��7KH�DEVHQFH�RI�EHQHILWV�RQ�
REMHFWLYH�PHPRU\�DIWHU� D�0%,�FRQFXUV�ZLWK� WKH�RQO\�
VWXG\�LQ�D0&,�WKDW�LQFOXGHG�D�FRQWURO�JURXS��:HOOV�HW�
DO����������7KH�REVHUYHG�VXEMHFWLYH�PHPRU\�LPSURYH�
PHQW�SRVW-LQWHUYHQWLRQ�IRU�ERWK�LQWHUYHQWLRQV��LV�FRKHU�
HQW�ZLWK� ILQGLQJV� IRU� D�0%,� LQ� ROGHU� DGXOWV�ZLWK�$'�
DQG�WKHLU�FDUHJLYHUV��,QQHV�HW�DO����������:LWK�UHJDUGV�
WR�RWKHU�VWXGLHV�VKRZLQJ�PHPRU\�EHQHILWV�DIWHU�D�0%,�
LQ�DGXOWV�DW�ULVN�IRU�$'�RU�ZLWK�$'��WKH\�HLWKHU�XVHG�D�
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7DEOH�� 
0HDQ��6WDQGDUG�'HYLDWLRQ��=-VFRUHV�RU�9DOXHV�IRU�6RFLRGHPRJUDSKLF��&OLQLFDO��DQG�1HXURSV\FKRORJLFDO�9DULDEOHV�IRU�WKH�
7ZR�&RQGLWLRQV�RI�,QWHUYHQWLRQ 

   7DVN  �0%,  �3%, W�YDOXH GI S 

   Q 0HDQ��6'� Q 0HDQ��6'�       
6RFLRGHPRJUDSKLF�FKDUDFWH�
ULVWLFV                 

 �$JH��\HDUV�   �� ���������� �� ���������� -��� �� ���� 

 �(GXFDWLRQ��\HDUV�   �� ���������� �� ���������� ��� �� ���� 

 �6H[����PDOH�   �� ��� �� ��� ��� � ���� 

*HQHUDO�FRJQLWLYH�IXQFWLRQLQJ�
DQG�FRPSODLQW 

                

 �&RPSODLQW������ &&4 �� ��������� �� ��������� -���� �� ���� 

 �*HQHUDO�FRJQLWLRQ������ 0R&$�WHVW �� ���������� �� ���������� ��� �� ���� 

(SLVRGLF�YHUEDO�PHPRU\                 

 �)UHH�UHFDOO�� ��-ZRUG�IUHH�DQG�
FXHG�UHFDOO 

�� -����������� �� -����������� ��� �� ���� 

 �)UHH�UHFDOO�� �� -����������� �� -����������� ��� �� ���� 

 �)UHH�UHFDOO�� �� -����������� �� -����������� -��� �� ���� 

 �'HOD\HG�UHFDOO �� -����������� �� -����������� ��� �� ���� 

(SLVRGLF�YLVXDO�PHPRU\                 

 �9LVXDO�PHPRU\ 5H\�ILJXUH�FRS\�WDVN �� ����������� �� -����������� -���� �� ���� 

6HPDQWLF�PHPRU\                 

 �6HPDQWLF����QRUPDO� 3377 �� ���� � ���� - - - 

9HUEDO�IOXHQF\                 

 �/H[LFDO 7-1-3�IOXHQF\ �� -����������� �� -����������� -��� �� ���� 

 �6HPDQWLF $QLPDO�IOXHQF\ �� -����������� �� -����������� ��� �� ���� 

&RQIURQWDWLRQ�QDPLQJ                 

 �6SRQWDQHRXV ��-LWHP�%RVWRQ�QD�
PLQJ�WHVW 

�� ����������� �� -����������� -��� �� ���� 

 �7RWDO �� ����������� �� -����������� -��� �� ���� 

9LVXDO�IXQFWLRQV                 

 �&RQVWUXFWLRQ 5H\�ILJXUH�FRS\�WDVN �� -����������� �� -����������� -��� �� ���� 

 �3HUFHSWLRQ %25%�FLUFOHV �� -����������� �� -�����������     ���� 

([HFXWLYH�IXQFWLRQV                 

 �,QKLELWLRQ�WLPH 6WURRS�'-.()6 �� -����������� �� -����������� ��� �� ���� 

 �6ZLWFKLQJ�WLPH �� ����������� �� -����������� -��� �� ���� 

 �,QKLELWLRQ�HUURUV �� ����������� �� ����������� -��� �� ���� 

 �6ZLWFKLQJ�HUURUV �� -����������� �� -����������� ��� �� ���� 

3URFHVVLQJ�VSHHG                 

 �6XEVWLWXWLRQ &RGH�:$,6-,,, �� ����������� �� -����������� -���� �� ���� 

1RWH��6WDQGDUGL]HG�]-VFRUHV�DUH�SUHVHQWHG�IRU�YDULDEOHV�ZKHQ�QR�YDOXH�LV�LQGLFDWHG�DW�WKH�HQG�RI�WKH�YDULDEOHV�QDPH��FKL-
VTXDUH�DQDO\VLV��Q� �QXPEHU�RI�REVHUYDWLRQV��0%,� �0LQGIXOQHVV-%DVHG�,QWHUYHQWLRQ��3%,� �3V\FKRHGXFDWLRQ-%DVHG�,QWHU�
YHQWLRQ��GI� �GHJUHHV�RI�IUHHGRP��6'� �VWDQGDUG�GHYLDWLRQ��%25%� �%LUPLQJKDP�2EMHFW�5HFRJQLWLRQ�%DWWHU\��&&4� �&RJ�
QLWLYH�&RPSODLQW�4XHVWLRQQDLUH��'-.()6� �'HOLV-.DSODQ�([HFXWLYH�)XQFWLRQ�6\VWHP��0R&$� �0RQWUHDO�&RJQLWLYH�$VVHVV�
PHQW��3377� �3\UDPLGV�DQG�3DOP�7UHHV�7HVW��:$,6� �:HVFKOHU�$GXOW�,QWHOOLJHQFH�6FDOH� 
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7DEOH�� 

$GMXVWHG�0HDQV�RI�2XWFRPHV�DV�D�)XQFWLRQ�RI�7LPH�RI�0HDVXUHPHQW�DQG�&RQGLWLRQ 

    7LPH�RI�PHDVXUHPHQW 

    3UH��7�� 3RVW��7�� )ROORZ�XS��7�� 

9DULDEOH &RQGLWLRQ 
$GMXVWHG�
PHDQ 

6( 
$GMXVWHG�
PHDQ 

6( 
$GMXVWHG�
PHDQ 

6( 

,PPHGLDWH�UHFDOO������ 0%, ���� ��� ���� ��� ���� ��� 

3%, ���� ��� ���� ��� ���� ��� 

'HOD\HG�UHFDOO������ 0%, ��� ��� ��� ��� ��� ��� 

3%, ��� ��� ��� ��� ��� ��� 

5HFRJQLWLRQ������ 0%, ���� ��� ���� ��� ���� ��� 

3%, ���� ��� ���� ��� ���� ��� 

*DLQHG�DFFHVV 0%, ���� ���� ���� ���� ���� ���� 

3%, ���� ���� ���� ���� ���� ���� 

/RVW�DFFHVV 0%, ���� ���� ���� ���� ���� ���� 

3%, ���� ���� ���� ���� ���� ���� 

&RQVROLGDWLRQ 0%, ���� ���� ���� ���� ���� ���� 

3%, ���� ���� ���� ���� ���� ���� 

6HOI-UDWHG�PHPRU\������ 0%, ���� ��� ���� ��� ���� ��� 

3%, ���� ��� ���� ��� ���� ��� 

6$57�HUURUV 0%, ��� ��� ��� ��� ��� ��� 

3%, ��� ��� ��� ��� ��� ��� 

6$57�SRVW-HUURU�VOR�
ZLQJD 

0%, ����� ���� ����� ���� ����� ���� 

3%, ����� ���� ����� ���� ����� ���� 

$17�HUURUV 0%, ���� ��� ���� ��� ��� ��� 

3%, ��� ��� ��� ��� ��� ��� 

$OHUWLQJ 0%, ���� ��� ���� ��� ���� ��� 

3%, ���� ��� ���� ��� ���� ��� 

2ULHQWLQJ 0%, ���� ���� ���� ���� ����� ���� 

3%, ���� ���� ���� ���� ���� ���� 

&RQIOLFW�PRQLWRULQJ 0%, -����� ���� -����� ���� -����� ���� 

3%, -����� ���� -����� ���� -����� ���� 

6HOI-UDWHG�DWWHQWLRQ������ 0%, ���� ��� ���� ��� ���� ��� 

3%, ���� ��� ���� ��� ���� ��� 

1RWH�� DQ�  � ���� 6(�  � VWDQGDUG� HUURU��0%,�  �0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQ�� 3%,�  � 3V\FKRHGXFDWLRQ-%DVHG� ,QWHUYHQWLRQ��
6$57� �6XVWDLQHG�$WWHQWLRQ�WR�5HVSRQVH�7DVN��$17� �$WWHQWLRQ�1HWZRUN�7DVN�� 



���� 

 

/$528&+(��+8'21��	�*28/(7 

VFUHHQLQJ�WHVW� LQVWHDG�RI�D�YDOLGDWHG�PHPRU\�PHDVXUH�
�:RQJ�HW�DO����������RU�UHFUXLWHG�ROGHU�DGXOWV�QRW�FRJ�
QLWLYHO\� LPSDLUHG� �+\HU� HW� DO��� ������ /HQ]H� HW� DO���
������:HWKHUHOO�HW�DO����������6LQFH�ROGHU�DGXOWV�ZLWK�
D0&,� DUH� FRQVLGHUHG� PRUH� DGYDQFHG� LQ� $'-UHODWHG�
QHXURGHJHQHUDWLRQ� WKDQ� WKRVH� ZLWK� VXEMHFWLYH� FRJQL�
WLYH�GHFOLQH�RQO\��0ROLQXHYR�HW�DO���������5HLVEHUJ�	�
*DXWKLHU�� ������� WKH� DEVHQFH� RI� FRJQLWLYH� FKDQJHV� LQ�
D0&,�FRXOG�EH�DWWULEXWHG�WR�WKH�RQJRLQJ�QHXURGHJHQ�
HUDWLRQ��$OWKRXJK�LW�ZDV�QRW�SRVVLEOH�WR�GLVWLQJXLVK�WKH�
HIIHFWV�RI�WKH�LQWHUYHQWLRQV�RYHU�WLPH��HIIHFW�VL]HV�ZHUH�
PRUH�SURQRXQFHG�LQ��EXW�QRW�VSHFLILF�WR��WKH�3%,�FRQ�
GLWLRQ�IRU�FRQVROLGDWLRQ�SHUIRUPDQFH�GHFUHDVH�DQG�LP�
SURYHPHQW� RI� VHOI-UHSRUWHG� PHPRU\� IXQFWLRQ�� 3%,�
JDLQV�RQ�VHOI-UHSRUWHG�PHPRU\�FRXOG�EH�DWWULEXWHG�WR�D�
JUHDWHU�VHQVH�RI�FRPSHWHQFH�WRZDUGV�FRJQLWLYH�LPSDLU�
PHQWV��HDVHG�E\�WKH�SURYLGHG�LQIRUPDWLRQ�DQG�DGYLFH��
EXW� WKLV� VKRXOG� EH� FRQILUPHG� LQ� IXWXUH� UHVHDUFK�� )XU�
WKHUPRUH�� WKH� ODFN�RI� D�SDVVLYH� FRQWURO�JURXS�GLG�QRW�
DOORZ�WR� WHOO� LI� WKH�REVHUYHG�FKDQJHV�VLPSO\�RFFXUUHG�
EHFDXVH�RI�SDUWLFLSDWLRQ�LQ�D�VWXG\�SURWRFRO�RU�RI�UHDV�
VXULQJ� FRQWDFW� ZLWK� WUDLQHG� IDFLOLWDWRUV�� 7KHUHIRUH��
WKHVH�ILQGLQJV�PD\�EH�LQGLFDWLYH�RI�OLPLWHG�LPSDFWV�RI�
PLQGIXOQHVV� RQFH� QHXURGHJHQHUDWLRQ� DQG� FRJQLWLYH�

LPSDLUPHQWV�UHDFK� WKH�D0&,-OHYHO��EXW�PRUH�ULJRURXV�
UDQGRPL]HG-FRQWUROOHG� WULDOV� LQFOXGLQJ� D� SDVVLYH� FRQ�
WURO�JURXS�PXVW�EH�FRQGXFWHG�EHIRUH�FRQFOXGLQJ�VR�� 

7DEOH�� 
6LPSOH�(IIHFW�$129$V�IRU�7LPH�(IIHFW�:LWKLQ�%RWK� 
,QWHUYHQWLRQV 

9DULDEOH &RQGLWLRQ ) GI S Ș� 

&RQVROLGDWLRQ 0%, ���� ������� ���� ��� 

3%, ���� ������� ���� ��� 

6HOI-UDWHG�
PHPRU\ 

0%, ���� ������� ���� ��� 

3%, ���� ������� ���� ��� 

2ULHQWLQJ 0%, ���� ������� ���� ��� 

3%, ���� ������� ���� ��� 

&RQIOLFW�PR�
QLWRULQJ 

0%, ���� ������� ���� ��� 

3%, ���� ������� ���� ��� 

6HOI-UDWHG�
DWWHQWLRQ 

0%, ���� ������� ���� ��� 

3%, ���� ������� ���� ��� 

1RWH��0%,� �0LQGIXOQHVV-%DVHG�,QWHUYHQWLRQ��3%,� �3V\- 
FKRHGXFDWLRQ-%DVHG�,QWHUYHQWLRQ� 

7DEOH�� 

7LPH��&RQGLWLRQ�DQG�,QWHUDFWLRQ�(IIHFWV�RI�5HSHDWHG�0HDVXUHV�$129$ 

  7LPH�HIIHFW &RQGLWLRQ�HIIHFW ,QWHUDFWLRQ�HIIHFW 

9DULDEOH ) GI S Ș�S ) GI S Ș�S ) GI S Ș�S 

,PPHGLDWH�UHFDOO�
����� 

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

'HOD\HG�UHFDOO�
����� 

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

5HFRJQLWLRQ������ ��� ������� ���� ��� ���� ������� ���� ��� ��� ������� ���� ��� 

*DLQHG�DFFHVV ���� ������� ���� ��� ��� ������� ���� ��� ���� ������� ���� ��� 

/RVW�DFFHVV ��� ������� ���� ��� ��� ������� ���� ��� ��� ������� ���� ��� 

&RQVROLGDWLRQ ���� ������� ���� ��� ��� ������� ���� ��� ��� ������� ���� ��� 

6HOI-UDWHG�PHPR�
U\������ 

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

6$57�HUURUV ���� ������� ���� ��� ��� ������� ���� ��� ��� ������� ���� ��� 

6$57�SRVW-HUURU�
VORZLQJD 

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

$17�HUURUV ��� ������� ���� ��� ���� ������� ���� ��� ���� ������� ���� ��� 

$OHUWLQJ ��� ������� ���� ��� ��� ������� ���� ��� ��� ������� ���� ��� 

2ULHQWLQJ ����� ������� ���� ��� ���� ������� ���� ��� ���� ������� ���� ��� 

&RQIOLFW�PRQLWR- 
ULQJ 

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

6HOI-UDWHG�DWWHQ�
WLRQ������ 

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

1RWH��DQ� �����6(� �VWDQGDUG�HUURU��6$57� �6XVWDLQHG�$WWHQWLRQ�WR�5HVSRQVH�7DVN��$17� �$WWHQWLRQ�1HWZRUN�7DVN� 
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5HJDUGLQJ� DWWHQWLRQ�� WKH�0%,�ZDV� QRW� VXSHULRU� WR�
WKH� 3%,� RQ� DQ\� FRJQLWLYH� FRPSXWHUL]HG� WDVN� RU� VHOI-
UHSRUWHG� TXHVWLRQQDLUHV�� 7KH� RQO\� VLJQLILFDQW� UHVXOW�
GLVWLQJXLVKLQJ� WKH� WZR�FRQGLWLRQV�ZDV� WKH� UDWLR�RI� LQ�
WHUYLHZ-H[SRVHG�EHQHILWV�� DV�SDUWLFLSDWLQJ� LQ� WKH�0%,�
OHG� WR� PRUH� UHSRUWV� RI� SRVLWLYH� FKDQJHV�� 7KHUH� ZHUH�
VLJQLILFDQW�LPSURYHPHQWV�DIWHU�ERWK�LQWHUYHQWLRQV�UHOD�
WLYH�WR�EDVHOLQH�IRU�WKH�RULHQWLQJ�DQG�FRQIOLFW�PRQLWRU�
LQJ�QHWZRUNV�DQG�IRU�VXEMHFWLYH�DWWHQWLRQ��7KH�VLPSOH�
HIIHFW�DQDO\VHV�VKRZHG�ODUJHU�HIIHFW�VL]HV�RQ�WKH�0%,�
IRU� DWWHQWLRQ� QHWZRUNV� DQG� VXEMHFWLYH� DWWHQWLRQ� IXQF�
WLRQ�WKDQ�RQ�WKH�3%,��EXW�WKHVH�UHVXOWV�VKRXOG�EH�LQWHU�
SUHWHG�ZLWK� FDXWLRQ��DV�QR�GLIIHUHQFH�EHWZHHQ� WKH� LQ�
WHUYHQWLRQV�RYHU�WLPH�ZDV�IRXQG��,Q�DGGLWLRQ��EHQHILWV�
FDQQRW�EH�GLVWLQJXLVKHG� IURP�D�SUDFWLFH� HIIHFW�RQ� WKH�
$17�LQ�WKH�DEVHQFH�RI�GDWD�DV�WR�KRZ�WKH�SDVVDJH�RI�
WLPH�DIIHFWV�$17�SHUIRUPDQFH�LQ�D0&,��ZKLFK�VKRXOG�
EH�DGGUHVVHG�LQ�IXWXUH�VWXGLHV�E\�DGGLQJ�D�SDVVLYH�FRQ�
WURO�JURXS� 

:LWK� UHJDUGV� WR�+DVHQNDPS� HW� DO�¶V� �������PRGHO�
RI�DWWHQWLRQ�QHWZRUN� WUDLQLQJ��ZH�H[SHFWHG�WR�REVHUYH�
DQ��LPSURYHPHQW�SRVW-0%,�LQ�WKH�HIILFDF\�RI�WKH�)2�
&86��$:$5(��DQG�6+,)7�SKDVHV�DQG�D�UHGXFWLRQ�RI�
0:�� ,W�ZDV�DQWLFLSDWHG� WR�REVHUYH�$:$5(�HIILFDF\�
JDLQV�� DV�PHDVXUHG� E\� DQ�$17�DOHUWLQJ� QHWZRUN� SHU�
IRUPDQFH�LQFUHDVH��1R�LPSURYHPHQW�ZDV�REVHUYHG�RQ�
WKH� DOHUWLQJ� QHWZRUN�� ZKLFK� UHPDLQHG� VWDEOH� IURP�
EDVHOLQH�WR�SRVW-LQWHUYHQWLRQ�IRU�WKH�WZR�LQWHUYHQWLRQV��
7KH�0%,�DOVR�OHG�WR�QR�VLJQLILFDQW�FKDQJHV�RQ�WKH�)2�
&86�DQG�0:�SKDVHV�� DV�PHDVXUHG�E\� WKH�6$57�HU�
URUV�DQG�SRVW-HUURU�VORZLQJ��7KH�UHVXOWV�RI�WKH�SUHVHQW�
VWXG\�GR�QRW�DOORZ�WR�FRQILUP�WKH�HIILFDF\�RI�D�0%,�WR�
EHQHILW� WKHVH� WKUHH� SKDVHV� RI� +DVHQNDPS� HW� DO�¶V�
�������PRGHO� 

7KH�RQO\� SKDVH� WKDW� SURILWHG� IURP�0%,� SDUWLFLSD�
WLRQ� LV� WKH� 6+,)7� SKDVH�� ,QGHHG�� ERWK� RULHQWLQJ� DQG�
FRQIOLFW� PRQLWRULQJ� QHWZRUNV� ZHUH� XVHG� WR� PHDVXUH�
0%,¶V�LPSDFW�RQ�WKH�6+,)7�SKDVH�VROLFLWLQJ�DWWHQWLRQ�
DO� FRQWURO��7KH� RULHQWLQJ� QHWZRUN� EHQHILWV� DUH� LQ� OLQH�
ZLWK�ILQGLQJV�LQ�ROGHU�DGXOWV�DW�ULVN�IRU�$'�HOVHZKHUH�
�:HOOV� HW� DO��� ������� ZKLFK� VKRZHG� LPSURYHPHQW� RI�
FRJQLWLYH�IOH[LELOLW\��DV�PHDVXUHG�E\�WKH�7UDLO�0DNLQJ�
7HVW��707���SDUW�%��7KH�7UDLO�%�RI�WKH�707�LQFOXGHV�
VWURQJ�FRPSRQHQWV�RI�DWWHQWLRQDO�FRQWURO��DV�LW�UHTXLUHV�
SDUWLFLSDQWV�WR�ZLOOLQJO\�VZLWFK�DQG�DOWHUQDWH�EHWZHHQ�
WZR� UHVSRQVHV� �6DQFKH]-&XELOOR� HW� DO��� ������� ,P�
SURYHPHQW� RI� WKH� FRQIOLFW� PRQLWRULQJ� QHWZRUN� LV� FR�
KHUHQW�ZLWK�ILQGLQJV�LQ�ZRUULHG�ROGHU�DGXOWV�ZLWK�VXE�
MHFWLYH�FRJQLWLYH�GHFOLQH�XVLQJ�WKH�6WURRS�,QWHUIHUHQFH�
7HVW� �/HQ]H� HW� DO��� ������� EXW� QRW� LQ� FOLQLFDOO\� GH�
SUHVVHG� RU� DQ[LRXV� ROGHU� DGXOWV� H[SHULHQFLQJ� VXEMHF�
WLYH�FRJQLWLYH�GHFOLQH��:HWKHUHOO�HW�DO����������$V�FRQ�
IOLFW� PRQLWRULQJ� LV� LPSDLUHG� LQ� D0&,� DQG� $'�
�)HUQDQGH]-'XTXH� 	� %ODFN�� ������ 9DQ� 'DP� HW� DO���
�������LPSURYHPHQWV�LQGXFHG�E\�QRQ-SKDUPDFRORJLFDO�
LQWHUYHQWLRQV� DUH� HQFRXUDJLQJ�� 6LPLODU� WR� PHPRU\�

ILQGLQJV��WR�GLVPLVV�D�SUDFWLFH�HIIHFW�LQWHUSUHWDWLRQ�DQG�
VXSSRUW�0%,¶V�HIILFDF\��IXWXUH�UHVHDUFK�PXVW�UHSOLFDWH�
0%,-EHQHILW� ILQGLQJV� IRU� WKH� WZR� DWWHQWLRQ� QHWZRUNV��
FRPSDUHG� WR� ERWK� DQ� DFWLYH� DQG� D� SDVVLYH� FRQWURO�
JURXS�� 

7UDLQLQJ� DWWHQWLRQ� LQ� ROGHU� DGXOWV� ZLWK� D0&,� FDQ�
DOVR�EH�FKDOOHQJLQJ�EHFDXVH�RI� WKH�RQJRLQJ�FRJQLWLYH�
DQG� FHUHEUDO� GHFOLQH�� 1RYHO� SUDFWLFH� RI� PLQGIXOQHVV�
PHGLWDWLRQ� UHTXLUHV�PXFK� HIIRUW� DQG�PRQRSROL]HV� DW�
WHQWLRQDO�UHVRXUFHV��/XW]��-KD��'XQQH��	�6DURQ��������
9DJR�	�6LOEHUVZHLJ�� ������� DOUHDG\� FRPSURPLVHG� LQ�
D0&,� �%DORWD�	�)DXVW�� ������%HOOHYLOOH� HW� DO��� ������
)DXVW�	�%DORWD�� ������� ,W� LV� RQO\�ZLWK� ORQJ-VWDQGLQJ�
DQG�IUHTXHQW�SUDFWLFH�WKDW�PHGLWDWLRQ�FRPHV�WR�UHTXLUH�
OHVV�DWWHQWLRQDO�UHVRXUFHV��DOORZLQJ�IRU�WKH�ZLGHQLQJ�RI�
DWWHQWLRQDO� VFRSH� RI� DZDUHQHVV� DQG� WKH� UHDFKLQJ� RI� D�
QRYHO� VWDWH� RI� FRQVWDQW� DWWHQWLRQDO� DYDLODELOLW\� �IRU�
PRUH�GHWDLOHG�H[SODQDWLRQV��VHH�/XW]�HW�DO���������9D�
JR� 	� 6LOEHUVZHLJ�� ������� ,Q� VXP�� DQ� LQWURGXFWRU\�
HLJKW-ZHHN�PLQGIXOQHVV� WUDLQLQJ�FRXOG�EH� LQVXIILFLHQW�
WR�LQGXFH�DWWHQWLRQ�QHWZRUN�FKDQJHV�LPSRUWDQW�HQRXJK�
WR� EH� REVHUYHG� EHKDYLRUDOO\� LQ� D0&,�� ZKLFK� ZRXOG�
UHTXLUH� PXFK� PRUH� PHGLWDWLRQ� SUDFWLFH� RYHU� D� ORQJ�
SHULRG��SRVVLEO\�\HDUV� 

6HOI-UHSRUWV�RI�PHPRU\�RU�DWWHQWLRQ�XVLQJ�TXHVWLRQ�
QDLUHV� GLG� QRW� DOORZ� IRU� D� GLIIHUHQWLDWLRQ� RI� WKH� WZR�
LQWHUYHQWLRQV�EXW�GLG� LPSURYH�RYHU� WLPH��&RQVLGHULQJ�
WKDW� WKHUH� ZHUH� QR� REMHFWLILHG� PHPRU\� EHQHILWV�� LW�
EULQJV� LQWR� TXHVWLRQ�ZKHWKHU� ROGHU� DGXOWV�ZLWK� D0&,�
UHWDLQ� WKH�FDSDFLW\� WR�VHOI-HYDOXDWH�WKHLU�PHPRU\��DQG�
LI� TXHVWLRQQDLUHV� WDUJHW� H[SHULHQFHG� PHPRU\� LPSDLU�
PHQWV� RU�ZRUULHV� RI� LPSDLUPHQWV��:KLOH� DQRVRJQRVLD�
KDV�ORQJ�EHHQ�FRQVLGHUHG�D�FOLQLFDO�PDUNHU�RI�$'�SUR�
JUHVVLRQ� �$JQHZ�	�0RUULV�� ������� LWV� RFFXUUHQFH� LQ�
D0&,� LV�QRW� V\VWHPDWLF�DQG� LV�XQUHODWHG� WR� IXWXUH�GH�
FOLQH� ULVNV� �5REHUWV��&ODUH��	�:RRGV�� �������$W� WKLV�
SRLQW�� LW� LV� QRW� SRVVLEOH� WR� GUDZ� FOHDU� FRQFOXVLRQV�
DERXW� WKH� FRQWULEXWLRQ� RI� DQRVRJQRVLD� WR� WKH� GLVFUHS�
DQF\�EHWZHHQ�UHVXOWV��EXW�IXWXUH�VWXGLHV�VKRXOG�FRQVL-
GHU�H[WHUQDO�UHSRUWV�RI�FRJQLWLYH�LPSDLUPHQWV��,QGHHG��
LQIRUPDQWV¶� RU� UHODWLYHV¶� UDWLQJV� RI� WKH� SDUWLFLSDQWV¶�
PHPRU\� IXQFWLRQ� ZHUH� VKRZQ� WR� EH� PRUH� FRQJUXHQW�
ZLWK� REMHFWLYH� PHPRU\� DVVHVVPHQWV� WKDQ� VHOI-UDWLQJV�
�)UHULFKV�	�7XRNNR���������DQG�PRUH�DFFXUDWH�LQ�SUH�
GLFWLQJ�VXEVHTXHQW�GHFOLQH��6ODYLQ�HW�DO���������� 

$QRWKHU� FRPSOH[� LVVXH� LV�ZKHWKHU� VXEMHFWLYH� FRJ�
QLWLYH� GHIHFWV� DUH� LQIRUPDWLYH� RI� REMHFWLYH� PHPRU\�
IXQFWLRQ� RU� RI� GHSUHVVLRQ� DQG� DQ[LHW\�� 3UHOLPLQDU\�
ILQGLQJV� LQGLFDWH� D� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�
VXEMHFWLYH�FRJQLWLRQ�IXQFWLRQ��DQG�GHSUHVVLRQ�DQG�ZRU�
ULHV� �/DURXFKH�� &KRXLQDUG�� 0RULQ-$ODLQ�� *RXOHW�� 	�
+XGRQ���������ZKLOH�WKHUH�ZDV�QR�DVVRFLDWLRQ�EHWZHHQ�
VXEMHFWLYH� DQG� REMHFWLYH� FRJQLWLYH� IXQFWLRQV�
�/DURXFKH�� &KRXLQDUG��0RULQ-$ODLQ�� +XGRQ��	�*RX�
OHW���������'HSUHVVLYH�DQG�DQ[LRXV�V\PSWRPV�LQ�D0&,�
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ZHUH�DVVRFLDWHG�ZLWK�SRRUHU�FRJQLWLRQ��&DOODKDQ�HW�DO���
������+XGRQ��%HOOHYLOOH��	�*DXWKLHU��������DQG�D�JUHD
-WHU� ULVN� WR� GHYHORS� $'� �0RXUDR�� 0DQVXU�� 0DOOR\-
'LQL]��&DVWUR�&RVWD��	�'LQL]��������5RVHQEHUJ�HW�DO���
������� &RJQLWLYH� FRPSODLQWV� DUH� DOVR� UHODWHG� WR� WKH�
GHSUHVVLYH�RU�DQ[LRXV�VWDWXV�RI�ROGHU�DGXOWV�ZLWK�D0&,�
�+�O�U�� +HUW]RJ�� 3HDUPDQ�� 5DP�� 	� *HUVWRUI�� ������
+�O�U��+HUW]RJ��3HDUPDQ��	�*HUVWRUI��������0RQWHMR�
HW� DO��� ������ <DWHV�� &ODUH�� :RRGV�� 	� 05&� &)$6��
�������%RWK�REMHFWLYH�DQG�VXEMHFWLYH�GHFOLQH�KHLJKWHQ�
WKH� ULVN� RI� $'� LQ� ROGHU� DGXOWV� ZLWK� D0&,�� EXW� SHU�
FHLYHG� V\PSWRPV� DOVR� GLUHFWO\� FRQWULEXWH� WR� SV\FKR�
ORJLFDO� GLVWUHVV�� 7KHUHIRUH�� ZKLOH� SUHYHQWLQJ� IXUWKHU�
GHFOLQH�LV�D�NH\�UHVHDUFK�REMHFWLYH��DOOHYLDWLQJ�FXUUHQW�
SHUFHLYHG�V\PSWRPDWRORJ\� LV�DOVR�RI�JUHDW� LQWHUHVW� WR�
IRVWHU� OLIH� VDWLVIDFWLRQ� LQ� WKLV� JURZLQJ� SRSXODWLRQ� RI�
FRJQLWLYHO\�IUDJLOH�HOGHUO\� 

7KH� SUHVHQW� VWXG\� SURYLGHV� LQWHUHVWLQJ� LQVLJKW� RQ�
ZKHWKHU� D�0%,� FDQ� EHQHILW� FRJQLWLRQ� LQ� ROGHU� DGXOWV�
ZLWK�D0&,��SRLQWLQJ�WR�D�JUHDW�QHHG�IRU�PRUH�UHVHDUFK�
LQ� WKLV� ILHOG�� :KLOH� WKLV� VWXG\� IRFXVHG� RQ� FRJQLWLYH�
IXQFWLRQV�GHHPHG�FORVHO\�DVVRFLDWHG�ZLWK�PLQGIXOQHVV�
PHGLWDWLRQ� QHWZRUN� WUDLQLQJ�� IXWXUH� UHVHDUFK� VKRXOG�
DOVR� LQFOXGH�PRUH� WUDGLWLRQDO� FOLQLFDO�FRJQLWLYH�PHDV�
XUHPHQWV�� VXFK� DV� WKH� 6WURRS� 7HVW� IRU� LQKLELWLRQ�� WKH�
707�IRU�FRJQLWLYH�IOH[LELOLW\��RU�WKH�&DOLIRUQLD�9HUEDO�
/HDUQLQJ� 7HVW� IRU� YHUEDO� PHPRU\�� 7KHVH� WDVNV� KDYH�
EHHQ�XVHG�LQ�PRUH�VWXGLHV�DQG�ZHUH�YDOLGDWHG�IRU�YDUL�
RXV�SRSXODWLRQV��SHUKDSV�DOORZLQJ�IRU�EHWWHU�FRPSDUL�
VRQV�� (QVXULQJ� FRQFRUGDQFH� RI� WKHVH� YDOLGDWHG� WDVNV�
ZLWK�WKH�$17�DQG�WKH�6$57�FRXOG�DOVR�EH�D�NH\�LVVXH�
IRU�D�EHWWHU�XQGHUVWDQGLQJ�0%,¶V�LPSDFW�RQ�FRJQLWLRQ��
)XWXUH� UHVHDUFK� VKRXOG� LQFOXGH�PHDVXUHV� RI� SRWHQWLDO�
PHFKDQLVPV�RI�DFWLRQ�RI�WKH�FRQWURO�LQWHUYHQWLRQ��KHUH�
WKH� 3%,�� DOORZLQJ� D� GLVWLQFWLRQ� RI� WKH� LQWHUYHQWLRQV¶�
DFWLRQV�RQ�RXWFRPH�YDULDEOHV�� 

/LPLWDWLRQV 

7KLV�VWXG\�LV�WKH�ILUVW�WR�LQYHVWLJDWH�LQ�VXFK�GHWDLOV�
WKH� HYROXWLRQ� RI� VXEMHFWLYH� DQG� REMHFWLYH�PHPRU\� LQ�
ROGHU�DGXOWV�ZLWK�D0&,�IROORZLQJ�D�0%,�RU�D�3%,��DQG�
LW�SUHVHQWV� VRPH� OLPLWDWLRQV��)LUVW�� LQFOXGLQJ�QR� ORQJ-
WHUP�HYDOXDWLRQ��L�H�����RQH�\HDU��RI�FRJQLWLRQ�OLPLWHG�
WKH� FDSDFLW\� WR� VL]H� LQWHUYHQWLRQV¶� LPSDFWV� RQ� FRJQL�
WLYH� GHFOLQH�� 6LQFH� SURJUHVVLRQ� IURP� LQLWLDO� FRJQLWLYH�
LPSDLUPHQWV�WR�$'�RFFXUV�LQ�\HDUV�UDWKHU�WKDQ�PRQWKV��
IXWXUH� UHVHDUFK� VKRXOG� LGHDOO\� LQFOXGH� ORQJLWXGLQDO�
DVVHVVPHQW� RI� SDUWLFLSDQWV¶� FRJQLWLYH� VWDWXV�� PRQWKV�
EHIRUH�DQG�\HDUV�DIWHU�WKH�LQWHUYHQWLRQV��$�VHFRQG�OLP�
LWDWLRQ�RI�WKLV�VWXG\�LV�WKH�DEVHQFH�RI�D�SDVVLYH�FRQWURO�
JURXS�WKDW�ZRXOG�KDYH�SURYLGHG�D�PHDVXUH�RI�SDVVDJH�
RI� WLPH�DQG�SUDFWLFH�HIIHFW�RQ�FRJQLWLRQ��DOORZLQJ� LQ�
VLJKWV�RQ� WKH�WHVW-UHWHVW�ILGHOLW\�RI�PHPRU\�DQG�DWWHQ�
WLRQ� WDVNV� DQG� TXHVWLRQQDLUHV�� 7KLV� ZRXOG� KDYH� DO�
ORZHG� IRU� WKH� FDOFXODWLRQ� RI� PLQLPDO� FOLQLFDOO\� LP�
SRUWDQW� GLIIHUHQFHV� IURP� UHOLDELOLW\� LQGH[HV� DQG� WKH�

FUHDWLRQ� RI� D� UHIHUHQFH� SRLQW� WR� LQWHUSUHW� FRJQLWLYH�
FKDQJHV��%HDWRQ��%RHUV��	�:HOOV��������� 

&RQFOXVLRQ 

7KLV� UDQGRPL]HG-FRQWUROOHG� WULDO� VKRZHG� WKDW�ERWK�
0%,� DQG� 3%,� DUH� XQOLNHO\� WR� LPSURYH� PHPRU\�� DV�
PHDVXUHG� E\� FRJQLWLYH� WHVWV�� LQ� ROGHU� DGXOWV� ZLWK�
D0&,��6LPLODU�VXEMHFWLYH�DWWHQWLRQ�DQG�PHPRU\�EHQH�
ILWV�ZHUH�VHHQ�IRU�ERWK�LQWHUYHQWLRQV��DORQJ�ZLWK�DWWHQ�
WLRQDO�FRQWURO�EHQHILWV��DV�PHDVXUHG�E\�WKH�$17��2QO\�
LQWHUYLHZV�IDYRUHG�WKH�0%,��ZLWK�D�VLJQLILFDQWO\�JUHDW�
HU� SURSRUWLRQ� RI� SDUWLFLSDQWV� UHSRUWLQJ� EHQHILWV�� 7KLV�
VWXG\�DOVR�VKHGV�OLJKW�RQ�D�OLPLWHG�SRWHQWLDO�RI�D�0%,�
WR�EHQHILW�FRJQLWLRQ�WKURXJK�WKH�QHWZRUN�WUDLQLQJ�SDWK�
ZD\� SURSRVHG� E\� 0DOLQRZVNL� DQG� 6KDODPDQRYD�
�������� +RZHYHU�� LW� VXSSRUWV� WKH� LPSDFW� RI� QRQ-
SKDUPDFRORJLFDO�LQWHUYHQWLRQV�RQ�SHUFHLYHG�FRJQLWLRQ�� 

5HIHUHQFHV 

$JQHZ�� 6�� .�� 	� 0RUULV�� 5�� *�� �������� 7KH� KHWHUR�
JHQHLW\�RI�DQRVRJQRVLD� IRU�PHPRU\� LPSDLUPHQW� LQ�
$O]KHLPHU¶V�GLVHDVH��$�UHYLHZ�RI�WKH�OLWHUDWXUH�DQG�
D�SURSRVHG�PRGHO��$JLQJ�	�0HQWDO�+HDOWK������-����
KWWSV���GRL�RUJ������������������������ 

$OEHUW��0�� 6���'H.RVN\�� 6��7���'LFNVRQ��'���'XERLV��
%���)HOGPDQ��+��+���)R[��1��&��� �� �� ��3KHOSV��&��+��
��������7KH�GLDJQRVLV�RI�PLOG�FRJQLWLYH�LPSDLUPHQW�
GXH� WR� $O]KHLPHU
V� GLVHDVH�� 5HFRPPHQGDWLRQV�
IURP� WKH� 1DWLRQDO� ,QVWLWXWH� RQ� $JLQJ-$O]KHLPHU
V�
$VVRFLDWLRQ� ZRUNJURXSV� RQ� GLDJQRVWLF� JXLGHOLQHV�
IRU� $O]KHLPHU
V� GLVHDVH��$O]KHLPHU
V� 	� 'HPHQWLD��
��� ���-����� KWWSV���GRL�RUJ���������
M�MDO]������������� 

$PHULFDQ�3V\FKLDWULF�$VVRFLDWLRQ����������'LDJQRVWLF�
DQG�VWDWLVWLFDO�PDQXDO�RI�PHQWDO�GLVRUGHUV���WK�HG����
$UOLQJWRQ��9$��$PHULFDQ�3V\FKLDWULF�3XEOLVKLQJ�� 

$UPLMR-2OLYR�� 6��� :DUUHQ�� 6��� 	� 0DJHH�� '�� ��������
,QWHQWLRQ� WR� WUHDW� DQDO\VLV�� FRPSOLDQFH�� GURS-RXWV�
DQG� KRZ� WR� GHDO� ZLWK�PLVVLQJ� GDWD� LQ� FOLQLFDO� UH�
VHDUFK�� $� UHYLHZ�� 3K\VLFDO� 7KHUDS\� 5HYLHZV�� ����
��-����KWWSV���GRL�RUJ������������������;������� 

%DORWD��'��	�)DXVW��0����������$WWHQWLRQ�LQ�GHPHQWLD�
RI� WKH� $O]KHLPHU¶V� W\SH�� ,Q� )�� %ROOD� 	� 6�� &DSSD�
�(GV����+DQGERRN� RI� QHXURSV\FKRORJ\�� $JLQJ� DQG�
GHPHQWLD� ��QG� HG��� 9RO�� ��� SS�� ��-����� 1HZ�<RUN��
1<��(OVHYLHU�6FLHQFH� 

%DUWOH\��7����������0LQGIXOQHVV-EDVHG�FRJQLWLYH�WKHUD�
S\� IRU� FDQFHU�� :HVW� 6XVVH[�� 8.�� -RKQ� :LOH\� 	�
6RQV� 

%HDWRQ�� '�� (��� %RHUV�� 0��� 	� :HOOV�� *�� $�� ��������
0DQ\� IDFHV� RI� WKH� PLQLPDO� FOLQLFDOO\� LPSRUWDQW�
GLIIHUHQFH� �0&,'���$� OLWHUDWXUH� UHYLHZ� DQG� GLUHF�
WLRQV�IRU�IXWXUH�UHVHDUFK��&XUUHQW�2SLQLRQ�LQ�5KHX�
PDWRORJ\�� ���� ���-����� 5HWULHYHG� IURP� KWWSV���
MRXUQDOV�OZZ�FRP�FR-UKHXPDWRORJ\� 

%HOOHYLOOH�� 6��� &KHUWNRZ�� +��� 	� *DXWKLHU�� 6�� ��������
:RUNLQJ�PHPRU\� DQG� FRQWURO� RI� DWWHQWLRQ� LQ� SHU�
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VRQV� ZLWK� $O]KHLPHU
V� GLVHDVH� DQG� PLOG� FRJQLWLYH�
LPSDLUPHQW��1HXURSV\FKRORJ\���������-�����KWWSV���
G[�GRL�RUJ�������������-�������������� 

&DOHUR�� 0�� '��� $UQHGR�� 0�� /��� 1DYDUUR�� (��� 5XL]-
3HGURVD��0���	�&DUQHUR��&����������8VHIXOQHVV�RI�D�
��-LWHP�YHUVLRQ�RI�WKH�%RVWRQ�1DPLQJ�7HVW�LQ�QHX�
URSV\FKRORJLFDO� DVVHVVPHQW� RI� ORZ-HGXFDWLRQDO� HO�
GHUV�ZLWK� GHPHQWLD�� -RXUQDO� RI�*HURQWRORJ\�� 3V\�
FKRORJLFDO� VFLHQFHV�� ��%�� ���-����� KWWSV���
GRL�RUJ���������JHURQE������3���� 

&DOODKDQ��%��/���-RXEHUW��6���7UHPEOD\��0��3���0DFRLU��
-��� %HOOHYLOOH�� 6��� 5RXVVHDX�� )��� �� �� �� +XGRQ�� &��
��������6HPDQWLF�PHPRU\� LPSDLUPHQW� IRU�ELRORJL�
FDO�DQG�PDQ-PDGH�REMHFWV� LQ� LQGLYLGXDOV�ZLWK�DP�
QHVWLF� PLOG� FRJQLWLYH� LPSDLUPHQW� RU� ODWH-OLIH� GH�
SUHVVLRQ��-RXUQDO�RI�*HULDWULF�3V\FKLDWU\�DQG�1HX�
URORJ\�� ���� ���-����� KWWSV���
GRL�RUJ�������������������������� 

&DOODKDQ�� %�� /��� 0DFRLU�� -��� +XGRQ�� &��� %LHU�� 1���
&KRXLQDUG��1���&RVVHWWH-+DUYH\��0���������3RWYLQ��2��
��������1RUPDWLYH�GDWD�IRU�WKH�3\UDPLGV�DQG�3DOP�
7UHHV� 7HVW� LQ� WKH� 4XHEHF-)UHQFK� SRSXODWLRQ�� $U�
FKLYHV� RI� &OLQLFDO� 1HXURSV\FKRORJ\�� ���� ���-�����
KWWSV���GRL�RUJ���������DUFOLQ�DFT���� 

&DUOVRQ��/��(��	�6SHFD��0����������0LQGIXOQHVV-EDVHG�
FDQFHU�UHFRYHU\��$�VWHS-E\-VWHS�0%65�DSSURDFK�WR�
KHOS�\RX�FRSH�ZLWK�WUHDWPHQW�DQG�UHFODLP�\RXU�OLIH��
2DNYLOOH��&$��1HZ�+DUELQJHU� 

&DVWHO��$��'���%DORWD��'��$���	�0F&DEH��'��3����������
0HPRU\�HIILFLHQF\�DQG� WKH�VWUDWHJLF�FRQWURO�RI�DW�
WHQWLRQ�DW�HQFRGLQJ�� ,PSDLUPHQWV�RI�YDOXH-GLUHFWHG�
UHPHPEHULQJ� LQ� $O]KHLPHU
V� GLVHDVH�� 1HXURSV\�
FKRORJ\�� ���� ���-����KWWSV���G[�GRL�RUJ���������
D�������� 

&KLHVD�� $��	� 6HUUHWWL�� $�� ��������0LQGIXOQHVV� EDVHG�
FRJQLWLYH� WKHUDS\� IRU�SV\FKLDWULF�GLVRUGHUV��$� V\V�
WHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV�� 3V\FKLDWU\� 5H�
VHDUFK�� ����� ���-����� KWWSV���GRL�RUJ���������
M�SV\FKUHV������������� 

&RQVRUWLXP�GHV�8QLYHUVLWpV�GH�0RQWUpDO�HW�GH�0F*LOO��
��������0DQXHO� GH� O¶H[DPHQ� QHXURSV\FKRORJLTXH��
0RQWUpDO��&DQDGD��eWXGH�6DQWp�HW�9LHLOOLVVHPHQW�DX�
&DQDGD� 

'HOLV��'��&���.DSODQ��(���	�.UDPHU��-��+����������'HOLV
-.DSODQ�([HFXWLYH�)XQFWLRQ�6\VWHP��'-.()6���6DQ�
$QWRQLR��7;��7KH�3V\FKRORJLFDO�&RUSRUDWLRQ� 

'HVURFKHUV��$����������201,/(;���XQH�EDVH�GH�GRQ�
QpHV� VXU� OH� OH[LTXH� GX� IUDQoDLV� FRQWHPSRUDLQ��&D�
KLHUV�/LQJXLVWLTXHV�G
2WWDZD��������-�����5HWULHYHG�
IURP�KWWS���DUWVLWHV�XRWWDZD�FD� 

'LRQ��0��� 3RWYLQ��2���%HOOHYLOOH�� 6��� )HUODQG��*���5H�
QDXG��0���%KHUHU��/��� �� �� ��+XGRQ��&�� ��������1RU�
PDWLYH�GDWD� IRU� WKH� UDSSHO� OLEUH�UDSSHO� LQGLFp� j����
LWHPV� ���-LWHP� IUHH�DQG�FXHG� UHFDOO�� LQ� WKH�HOGHUO\�
4XHEHF-)UHQFK�SRSXODWLRQ��7KH�&OLQLFDO�1HXURSV\�
FKRORJLVW�� ���� �-���� KWWSV���
GRL�RUJ����������������������������� 

)DQ�� -���0F&DQGOLVV��%��'��� 6RPPHU��7���5D]��0���	�
3RVQHU�� 0�� ,�� �������� 7HVWLQJ� WKH� HIILFLHQF\� DQG�
LQGHSHQGHQFH� RI� DWWHQWLRQDO� QHWZRUNV�� -RXUQDO� RI�
&RJQLWLYH� 1HXURVFLHQFH�� ���� ���-����� KWWSV���
GRL�RUJ���������������������������� 

)DXVW��0��(��	�%DORWD��'��$����������,QKLELWLRQ��IDFLOL�
WDWLRQ��DQG�DWWHQWLRQ�FRQWURO�LQ�GHPHQWLD�RI�WKH�$O]�
KHLPHU�W\SH��7KH�UROH�RI�XQLI\LQJ�SULQFLSOHV�LQ�FRJ�
QLWLYH� WKHRU\� GHYHORSPHQW�� ,Q�'�� 6��*RUIHLQ�	�&��
0F/HRG¶V��(GV����7KH�SODFH�RI�LQKLELWLRQ�LQ�&RJQL�
WLRQ��SS�����-������:DKLQJWRQ��'&��$3$� 

)HUQDQGH]-'XTXH�� '�� 	� %ODFN�� 6�� (�� �������� $WWHQ�
WLRQDO� QHWZRUNV� LQ� QRUPDO� DJLQJ� DQG� $O]KHLPHU
V�
GLVHDVH�� 1HXURSV\FKRORJ\�� ���� ���-����� KWWSV���
G[�GRL�RUJ�������������-�������������� 

)RXUQLHU��&�� ��������0DQXHO� G¶LQWHUYHQWLRQ� �� UHQFRQ�
WUHU� OH� VWUHVV� DYHF� OD� SUpVHQFH� DWWHQWLYH�� 8Q�
SXEOLVKHG�PDQXVFULSW��� 

)UHULFKV�� 5�� -�� 	� 7XRNNR�� +�� $�� �������� 5HOLDEOH�
FKDQJH� VFRUHV� DQG� WKHLU� UHODWLRQ� WR� SHUFHLYHG�
FKDQJH� LQ�PHPRU\�� ,PSOLFDWLRQV� IRU� WKH� GLDJQRVLV�
RI�PLOG�FRJQLWLYH�LPSDLUPHQW��$UFKLYHV�RI�&OLQLFDO�
1HXURSV\FKRORJ\�� ���� ���-����� KWWSV���
GRL�RUJ���������M�DFQ������������� 

*DUG��7���+RO]HO��%��.���	�/D]DU�� 6��:�� ��������7KH�
SRWHQWLDO� HIIHFWV�RI�PHGLWDWLRQ� RQ� DJH-UHODWHG� FRJ�
QLWLYH� GHFOLQH��$� V\VWHPDWLF� UHYLHZ��$QQDOV� RI� WKH�
1HZ� <RUN� $FDGHP\� RI� 6FLHQFH�� ������ ��-�����
KWWSV���GRL�RUJ���������Q\DV������ 

*HLJHU��3��-���%RJJHUR��,��$���%UDNH��&��$���&DOGHUD��&��
$��� &RPEV�� +�� /��� 3HWHUV�� -�� 5��� 	� %DHU�� 5�� $��
��������0LQGIXOQHVV-%DVHG� ,QWHUYHQWLRQV� IRU� ROGHU�
DGXOWV�� $� UHYLHZ� RI� WKH� HIIHFWV� RQ� SK\VLFDO� DQG�
HPRWLRQDO� ZHOO-EHLQJ�� 0LQGIXOQHVV�� ��� ���-�����
KWWSV���GRL�RUJ���������V�����-���-����-�� 

*R\DO�� 0��� 6LQJK�� 6��� 6LELQJD�� (�� 0��� *RXOG�� 1�� )���
5RZODQG-6H\PRXU�� $��� 6KDUPD�� 5��� �� �� �� +D\�
WKRUQWKZDLWH��-��$����������0HGLWDWLRQ�SURJUDPV�IRU�
SV\FKRORJLFDO� VWUHVV� DQG�ZHOO-EHLQJ�� $� V\VWHPDWLF�
UHYLHZ� DQG� PHWD-DQDO\VLV�� -$0$� ,QWHUQDO� 0HGL�
FLQH�� ����� ���-����� KWWSV���GRL�RUJ���������
MDPDLQWHUQPHG������������ 

+DVHQNDPS��:����������&DWFKLQJ�WKH�ZDQGHULQJ�PLQG��
0HGLWDWLRQ�DV�D�ZLQGRZ�LQWR�VSRQWDQHRXV�WKRXJKW��
,Q�.��&��5��)R[�	�.��&KULVWRII��(GV����7KH�2[IRUG�
+DQGERRN� RI� 6SRQWDQHRXV� 7KRXJKW� �SS�� �-�����
1HZ� <RUN�� 1<�� 2[IRUG� 8QLYHUVLW\� 3UHVV�� KWWSV���
GRL�RUJ����������RVI�LR�NM\U�� 

+DVHQNDPS��:���:LOVRQ-0HQGHQKDOO��&��'���'XQFDQ��
(���	�%DUVDORX��/��:����������0LQG�ZDQGHULQJ�DQG�
DWWHQWLRQ�GXULQJ�IRFXVHG�PHGLWDWLRQ��$�ILQH-JUDLQHG�
WHPSRUDO� DQDO\VLV� RI� IOXFWXDWLQJ� FRJQLWLYH� VWDWHV��
1HXUR,PDJH�� ���� ���-����� KWWSV���GRL�RUJ���������
M�QHXURLPDJH������������� 

+RZDUG��'��	�3DWWHUVRQ��.����������7KH�3\UDPLGV�DQG�
3DOP� 7UHHV� 7HVW�� /RQGRQ�� (QJODQG�� +DUFRXUW� $V�
VHVVPHQW� 
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+XGRQ��&���%HOOHYLOOH��6���	�*DXWKLHU��6�� ��������7KH�
DVVRFLDWLRQ� EHWZHHQ� GHSUHVVLYH� DQG� FRJQLWLYH�
V\PSWRPV� LQ� DPQHVWLF�PLOG� FRJQLWLYH� LPSDLUPHQW��
,QWHUQDWLRQDO� 3V\FKRJHULDWULFV�� ���� ���-�����
KWWSV���GRL�RUJ���������6���������������� 

+XLMEHUV��:���6FKXOW]��$��3���9DQQLQL��3���0F/DUHQ��'��
*���:LJPDQ��6��(���:DUG��$��0��� �� �� ��6SHUOLQJ��5��
$����������7KH�HQFRGLQJ�UHWULHYDO�IOLS��,QWHUDFWLRQV�
EHWZHHQ� PHPRU\� SHUIRUPDQFH� DQG� PHPRU\� VWDJH�
DQG� UHODWLRQVKLS� WR� LQWULQVLF� FRUWLFDO� QHWZRUNV��
-RXUQDO�RI�&RJQLWLYH�1HXURVFLHQFH����������-������
KWWSV���GRL�RUJ���������MRFQBDB������ 

+�O�U��*���+HUW]RJ��&���3HDUPDQ��$���5DP��1���	�*HU�
VWRUI��'�� ��������/RQJLWXGLQDO� DVVRFLDWLRQV�RI� VXE�
MHFWLYH�PHPRU\�ZLWK�PHPRU\�SHUIRUPDQFH�DQG�GH�
SUHVVLYH� V\PSWRPV�� %HWZHHQ-SHUVRQ� DQG� ZLWKLQ-
SHUVRQ� SHUVSHFWLYHV�� 3V\FKRORJ\� DQG� $JLQJ�� ����
���-����KWWSV���G[�GRL�RUJ���������D�������� 

+�O�U� ��*���+HUW]RJ��&���3HDUPDQ��$��0���	�*HUVWRUI��
'����������&RUUHODWHV�DQG�PRGHUDWRUV�RI�FKDQJH�LQ�
VXEMHFWLYH� PHPRU\� DQG� PHPRU\� SHUIRUPDQFH��
)LQGLQJV�IURP�WKH�KHDOWK�DQG�UHWLUHPHQW�VWXG\��*HU�
RQWRORJ\�� ���� ���-����� KWWSV���
GRL�RUJ������������������ 

+XQWOH\��-��'���+DPSVKLUH��$���%RU��'���2ZHQ��$��0���
	� +RZDUG�� 5�� -�� �������� 7KH� LPSRUWDQFH� RI� VXV�
WDLQHG�DWWHQWLRQ�LQ�HDUO\�$O]KHLPHU
V�GLVHDVH��,QWHU�
QDWLRQDO� -RXUQDO�RI�*HULDWULF�3V\FKLDWU\�� ���� ���-
�����KWWSV���GRL�RUJ���������JSV����� 

+\HU�� /��� 6FRWW�� &��� /\OHV�� -��� 'KDEOLZDOD�� -��� 	�
0F.HQ]LH�� /�� �������� 0HPRU\� LQWHUYHQWLRQ�� 7KH�
YDOXH�RI�D�FOLQLFDO�KROLVWLF�SURJUDP�IRU�ROGHU�DGXOWV�
ZLWK� PHPRU\� LPSDLUPHQWV�� $JLQJ� DQG� 0HQWDO�
+HDOWK�� ���� ���-����� KWWSV���
GRL�RUJ������������������������������ 

,QQHV��.��(���6HOIH��7��.���%URZQ��&��-���5RVH��.��0���
	�7KRPSVRQ-+HLVWHUPDQ��$����������7KH�HIIHFWV�RI�
PHGLWDWLRQ� RQ� SHUFHLYHG� VWUHVV� DQG� UHODWHG� LQGLFHV�
RI� SV\FKRORJLFDO� VWDWXV� DQG� V\PSDWKHWLF� DFWLYDWLRQ�
LQ�SHUVRQV�ZLWK�$O]KHLPHU
V�GLVHDVH�DQG�WKHLU�FDUH�
JLYHUV��$�SLORW�VWXG\��(YLGHQFH-%DVHG�&RPSOHPHQ�
WDU\� DQG� $OWHUQDWLYH�0HGLFLQH�� ������ �-��� KWWSV���
G[�GRL�RUJ�������������������� 

-DFNVRQ�� -�� '�� 	� %DORWD�� '�� $�� �������� 0LQG-
ZDQGHULQJ�LQ�\RXQJHU�DQG�ROGHU�DGXOWV��&RQYHUJLQJ�
HYLGHQFH� IURP� WKH� VXVWDLQHG� DWWHQWLRQ� WR� UHVSRQVH�
WDVN� DQG� UHDGLQJ� IRU� FRPSUHKHQVLRQ�� 3V\FKRORJ\�
DQG�$JLQJ���������-�����KWWSV���G[�GRL�RUJ���������
D�������� 

-HVVHQ�� )��� :LHVH�� %��� %DFKPDQQ�� &��� (LIIODHQGHU-
*RUIHU�� 6��� +DOOHU�� )��� .|OVFK�� +��� �� �� �� %LFNHO�� +��
�������� 3UHGLFWLRQ� RI� GHPHQWLD� E\� VXEMHFWLYH�
PHPRU\� LPSDLUPHQW�� (IIHFWV� RI� VHYHULW\� DQG� WHP�
SRUDO� DVVRFLDWLRQ� ZLWK� FRJQLWLYH� LPSDLUPHQW�� $U�
FKLYHV�RI�*HQHUDO�3V\FKLDWU\���������-�����KWWSV���
GRL�RUJ���������DUFKJHQSV\FKLDWU\��������� 

-XKHO��-�-&����������%LHQ�YLHLOOLU�DX�TXRWLGLHQ��4XpEHF��
&DQDGD��3UHVVHV�GH�O
8QLYHUVLWp�/DYDO� 

.DEDW-=LQQ�� -�� �������� )XOO� FDWDVWURSKH� OLYLQJ�� 7KH�
SURJUDP� RI� WKH� VWUHVV� UHGXFWLRQ� FOLQLF� DW� WKH�8QL�
YHUVLW\� RI� 0DVVDFKXVHWWV� 0HGLFDO� &HQWHU�� 1HZ�
<RUN��1<��'HOWD� 

/DURXFKH�� (��� &KRXLQDUG�� $�� 0��� 0RULQ-$ODLQ�� 9���
*RXOHW��6���	�+XGRQ��&����������,PSURYLQJ�WKH�SV\�
FKRORJLFDO� SURILOH� RI� ROGHU� DGXOWV� ZLWK� DPQHVWLF�
PLOG�FRJQLWLYH�LPSDLUPHQW��D0&,��EHQHILWV�VXEMHF�
WLYH�� EXW� QRW� REMHFWLYH�� FRJQLWLYH� FDSDFLW\�� 3DSHU�
SUHVHQWHG� DW� WKH� $O]KHLPHU¶V� $VVRFLDWLRQ� ,QWHUQD�
WLRQDO�&RQIHUHQFH�������&KLFDJR��,/�� 

/DURXFKH��(���&KRXLQDUG��$��0���0RULQ-$ODLQ��9���+X�
GRQ��&���	�*RXOHW��6����������,QFRQVLVWHQW�REMHFWLYH�
DQG� VXEMHFWLYH� PHPRU\� FKDQJHV� RYHU� D� �-PRQWK�
SHULRG�LQ�ROGHU�DGXOWV�ZLWK�D0&,��3DSHU�SUHVHQWHG�
DW�WKH�,QWHUQDWLRQDO�1HXURSV\FKRORJ\�6RFLHW\��,16��
PLG-\HDU�FRQJUHVV��&DSH�7RZQ��6RXWK�$IULFD�� 

/DURXFKH��(���&KRXLQDUG��$��0���0RULQ-$ODLQ��9���+X�
GRQ��&���	�*RXOHW��6����������$GDSWDWLRQ�G¶XQH�LQ�
WHUYHQWLRQ�EDVpH�VXU�OD�SOHLQH�FRQVFLHQFH�j�GHV�SHU�
VRQQHV�kJpHV�D\DQW�XQ�WURXEOH�FRJQLWLI� OpJHU��,Q�$��
'HYDXOW�HW�*��3pURGHDX��(GV����3OHLQH�FRQVFLHQFH�HW�
LQWHUYHQWLRQ���WKpRULHV�HW�SUDWLTXHV�����-������4Xp�
EHF��&DQDGD��3UHVVHV�GH�O
8QLYHUVLWp�/DYDO� 

/DURXFKH��(���+XGRQ��&���	�*RXOHW��6����������3RWHQ�
WLDO�EHQHILWV�RI�0LQGIXOQHVV-%DVHG�,QWHUYHQWLRQV�LQ�
PLOG� FRJQLWLYH� LPSDLUPHQW� DQG� $O]KHLPHU
V� GLV�
HDVH��$Q�LQWHUGLVFLSOLQDU\�SHUVSHFWLYH��%HKDYLRXUDO�
%UDLQ� 5HVHDUFK�� ����� ���-����� KWWSV���
GRL�RUJ���������M�EEU������������� 

/DURXFKH�� (��� 7UHPEOD\��0�� 3��� 3RWYLQ��2��� /DIRUHVW��
6��� %HUJHURQ�� '��� /DIRUFH�� 5��� �� �� �� +XGRQ�� &��
��������1RUPDWLYH�GDWD�IRU�WKH�0RQWUHDO�&RJQLWLYH�
$VVHVVPHQW� LQ� PLGGOH-DJHG� DQG� HOGHUO\� 4XHEHF-
)UHQFK�SHRSOH��$UFKLYHV�RI�&OLQLFDO�1HXURSV\FKRO�
RJ\�� ���� ���-����� KWWSV���GRL�RUJ���������DUFOLQ�
DFZ���� 

/HQ]H��(��-���+LFNPDQ��6���+HUVKH\��7���:HQGOHWRQ��/���
/\�� .��� 'L[RQ�� '��� �� �� �� :HWKHUHOO�� -�� /�� ��������
0LQGIXOQHVV-EDVHG�VWUHVV�UHGXFWLRQ�IRU�ROGHU�DGXOWV�
ZLWK� ZRUU\� V\PSWRPV� DQG� FR-RFFXUULQJ� FRJQLWLYH�
G\VIXQFWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� *HULDWULF�
3V\FKLDWU\�� ���� ���-������ KWWSV���GRL�RUJ���������
JSV����� 

/LQGVD\��(��.��	�&UHVZHOO��-��'����������0HFKDQLVPV�
RI� PLQGIXOQHVV� WUDLQLQJ�� 0RQLWRU� DQG� $FFHSWDQFH�
7KHRU\��0$7���&OLQLFDO�3V\FKRORJ\�5HYLHZ��������
-����KWWSV���GRL�RUJ���������M�FSU�������������� 

/XW]�� $��� -KD�� $�� 3��� 'XQQH�� -�� '��� 	� 6DURQ�� &�� '��
�������� ,QYHVWLJDWLQJ� WKH�SKHQRPHQRORJLFDO�PDWUL[�
RI�PLQGIXOQHVV-UHODWHG� SUDFWLFHV� IURP� D� QHXURFRJ�
QLWLYH�SHUVSHFWLYH��$PHULFDQ�3V\FKRORJ\������ ���-
����KWWSV���G[�GRL�RUJ���������D��������� 

0DOLQRZVNL��3��	�6KDODPDQRYD��/����������0HGLWDWLRQ�
DQG�FRJQLWLYH�DJHLQJ��7KH�UROH�RI�PLQGIXOQHVV�PHG�
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LWDWLRQ� LQ� EXLOGLQJ� FRJQLWLYH� UHVHUYH�� -RXUQDO� RI�
&RJQLWLYH� (QKDQFHPHQW�� ��� ��-����� KWWSV���
G[�GRL�RUJ���������V�����-���-����-� 

0F1DLU��'��0��	�.DKQ��5��-����������6HOI-DVVHVVPHQW�
RI� FRJQLWLYH� GHILFLWV�� ,Q� 7��&URRN�� 6�� )HUULV��	�5��
%DUWXV��(GV����$VVHVVPHQW�LQ�*HULDWULF�3V\FKRSKDU�
PDFRORJ\��1HZ�&DQDDQ��&7��0DUN�3RZOH\� 

0LWFKHOO��$��-���%HDXPRQW��+���)HUJXVRQ��'���<DGHJDU�
IDU��0���	�6WXEEV��%����������5LVN�RI�GHPHQWLD�DQG�
PLOG� FRJQLWLYH� LPSDLUPHQW� LQ� ROGHU� SHRSOH� ZLWK�
VXEMHFWLYH�PHPRU\�FRPSODLQWV��0HWD-DQDO\VLV��$FWD�
3V\FKLDWULFD� 6FDQGLQDYLFD�� ����� ���-����� KWWSV���
GRL�RUJ���������DFSV������ 

0RGUHJR��3��-��	�)HUUDQGH]��-����������'HSUHVVLRQ�LQ�
SDWLHQWV� ZLWK�PLOG� FRJQLWLYH� LPSDLUPHQW� LQFUHDVHV�
WKH�ULVN�RI�GHYHORSLQJ�GHPHQWLD�RI�$O]KHLPHU�W\SH��
$UFKLYHV� RI� 1HXURORJ\�� ���� ����-������ KWWSV���
GRL�RUJ���������DUFKQHXU����������� 

0ROLQXHYR��-��/���5DELQ��/��$���$PDULJOLR��5���%XFN�
OH\�� 5��� 'XERLV�� %��� (OOLV�� .�� $��� �� �� �� -HVVHQ�� )��
��������,PSOHPHQWDWLRQ�RI�VXEMHFWLYH�FRJQLWLYH�GH�
FOLQH� FULWHULD� LQ� UHVHDUFK� VWXGLHV�� $O]KHLPHUV� DQG�
'HPHQWLD�� ���� ���-����� � KWWSV���GRL�RUJ���������
M�MDO]������������� 

0RQHVWqV�� -�� /�� 	� 9LOODWWH�� 0�� �������� /D� WKpUDSLH�
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