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ە ,QWURGXFWLRQ

5DGLRWKHUDS\�ZDV� UDUHO\� SHUIRUPHG� IRU�+&&�XQWLO� WKH�����V�ZKHQ��'� SODQQLQJ�ZLWK� IOXRURVFRS\�

ZDV� WKH� PDLQ� PHWKRG� RI� UDGLRWKHUDS\�� 7KH� WHFKQRORJ\� DW� WKH� WLPH� ZDV� QRW� DFFXUDWH� HQRXJK� WR�

LGHQWLI\�LQWUDKHSDWLF�WXPRUV��VR�LW�ZDV�QHFHVVDU\�WR�VHW�D�ZLGH�LUUDGLDWLRQ�DUHD�WR�GHILQLWLYHO\�FDSWXUH�

WKH�WXPRU��7RJHWKHU�ZLWK�WKH�KLJK�GRVH�LUUDGLDWLRQ�QHHGHG�IRU�FXUDWLYH�WKHUDS\��WKHUH�ZDV�KLJK�ULVN�RI�

HQVXLQJ�OLYHU�IDLOXUH�

,Q� WKH�����V�� WKH� LQWURGXFWLRQ�RI�&7�EDVHG��'�&57�PHDQW� WKDW WKH�YROXPH�RI� WKH�QRUPDO� OLYHU�

H[SRVHG� WR� XQQHFHVVDU\� LUUDGLDWLRQ FRXOG� EH� UHGXFHG� DQG LW� DOVR� DOORZHG� IRU TXDQWLWDWLYH�

PHDVXUHPHQW� DQG� SUHGLFWLRQ� RI� UDGLDWLRQ�LQGXFHG� OLYHU� WR[LFLW\� RQ� WKH� GRVH�YROXPH� KLVWRJUDP��

%HFDXVH��'�&57�DOVR HQDEOHG LQWUDKHSDWLF�WXPRUV WR�EH�LGHQWLILHG�ZLWK�SUHFLVLRQ��UDGLDWLRQ�WKHUDS\�

EHFDPH�WKH�WUHDWPHQW�PRGDOLW\�RI�FKRLFH� LQ�GLIILFXOW�FDVHV��VXFK�DV�SDWLHQWV�ZLWK�SRUWDO�YHLQ�WXPRU�

WKURPEXV�ZLWK�QR�FOHDU�LQGLFDWLRQV�IRU�RWKHU�WUHDWPHQW�PRGDOLWLHV� (YHQ�DW�WKDW WLPH�WKRXJK��LW�ZDV

GLIILFXOW�WR�DFKLHYH�ORFDO�FXUH�E\�DGPLQLVWHULQJ�UDGLDWLRQ�WKHUDS\�DORQH�

7HFKQRORJLFDO�DGYDQFHV�LQ�UDGLDWLRQ RQFRORJ\ KDV�HQDEOHG�UDGLDWLRQ�GRVHV�WR�QRUPDO�WLVVXHV�WR�EH�

UHGXFHG�ZKLOH�IRFXVLQJ�KLJK�GRVH�UDGLDWLRQ�DW WKH�WXPRU��WKURXJK KLJK�SUHFLVLRQ�UDGLRWKHUDS\ VXFK�DV�

VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\�� SDUWLFOH� WKHUDS\� �SURWRQ� WKHUDS\� DQG� KHDY\� SDUWLFOH� WKHUDS\��� DQG�

LQWHQVLW\�PRGXODWHG� UDGLDWLRQ� WKHUDS\� �,057��� 7KHVH� UDGLDWLRQ� WKHUDSLHV� DUH� XVHG� WR� WUHDW� YDULRXV�

GLVHDVHV DQG� SDWKRORJLFDO� FRQGLWLRQV� LQ� -DSDQ�� 7DNLQJ� LQWR� DFFRXQW WKH� EDODQFH� EHWZHHQ� GRVH�

GLVWULEXWLRQ� DQG� OLYHU� GDPDJH�� +&&� LV� WUHDWHG� PDLQO\� ZLWK� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG�

SDUWLFOH� WKHUDS\�� ERWK� RI� ZKLFK� DLP� WR� DKFLHYH� ORFDO� FXUH�� ,Q� FRQWUDVW�� PDOLJQDQW� WXPRUV� LQ� RWKHU�

RUJDQV� DUH QRZ� LQFUHDVLQJO\� WUHDWHG�ZLWK� ,057�� ,Q� SULQFLSOH�� ,057� LV� D� XVHIXO� WRRO� IRU� UHGXFLQJ�

H[SRVXUH�RI� WKH�GLJHVWLYH� WUDFW�DQG�QRUPDO� OLYHU� WLVVXH� WR�XQQHFHVVDU\�UDGLDWLRQ�� ,WV� LQWURGXFWLRQ LQ�

WKH� FOLQLFDO� VHWWLQJ� LV� H[SHFWHG�� EXW� FXUUHQWO\ LWV� HIILFDF\� DQG� VDIHW\� LQ� SDWLHQWV�ZLWK�+&&�KDV�QRW�

EHHQ�IXOO\�HOXFLGDWHG�

)RU� WKLV� IRXUWK� HGLWLRQ� RI� WKH� *XLGHOLQHV�� WKH� OLWHUDWXUH� VHDUFK� H[WUDFWHG� D� PHWD�DQDO\VLV� RI�

FRQYHQWLRQDO� UDGLDWLRQ� WKHUDS\�� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\�� DQG�SDUWLFOH� WKHUDS\��ZKLFK� LV� FLWHG�

IRU�&4����+RZHYHU��WKH�PHWD�DQDO\VLV�KDV VHYHUDO�PDMRU�SUREOHPV��IRU�H[DPSOH������WKH�DQDO\VLV�ZDV�

SHUIRUPHG� RQ� REVHUYDWLRQDO� VWXGLHV� ZLWKRXW� DQ\� FRQWUROV�� ���� WKH� FRQYHQWLRQDO� UDGLDWLRQ� WKHUDS\�

JURXS�FRQWDLQHG�SDWLHQWV�UHFHLYLQJ�SDOOLDWLYH�FDUH��DQG�����VRPH�UHSRUWHG�FDVHV�ZHUH�GXSOLFDWHG��7KLV�

VXJJHVWV� WKDW� WKH� ILQGLQJV� ZLOO� EH� GLIILFXOW� WR� UHYLHZ� DQG� LQWHSUHW� DFFXUDWHO\�� DQG� DV� VXFK WKH�

PHWD�DQDO\VLV�VKRXOG�QRW�EH�XVHG�WR�JUDGH�WKH�UHFRPPHQGDWLRQ�IRU�LQGLYLGXDO�&4V�

,W�PD\�EH�DSSURSULDWH�WR�FODVVLI\�WKH�UDGLDWLRQ�WKHUDS\�XVHG�WRGD\�IRU�+&&�WUHDWPHQW�LQWR�DEODWLYH�

UDGLRWKHUDS\� IRU� DFKLHYLQJ� ORFDO� FXUH�� VXFK� DV� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG� SDUWLFOH� WKHUDS\��

DQG� DGMXYDQW� UDGLDWLRQ� WKHUDS\� IRU� VXSSRUWLQJ� VXUJHU\� DQG� 7$&(�� VXFK� DV� �'�&57�� )URP� WKLV�

SHUVSHFWLYH��WKH�FXUUHQW�*XLGHOLQHV��IRXUWK�HGLWLRQ� XVHV�WKH�VDPH�&4V�IURP�WKH�WKLUG�HGLWLRQ�������

YHUVLRQ��WKDW�DUH�UHODWHG�WR�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\��SDUWLFOH�WKHUDS\��SURWRQ�WKHUDS\�DQG�KHDY\�
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SDUWLFOH� >FDUERQ� LRQ@ WKHUDS\��� DQG��'�&57��+RZHYHU��RWKHU�DUWLFOHV�DUH�DOVR�FLWHG� WR�HVWDEOLVK� WKH�

SRVLWLRQ�RI��'�&57�DV�DGMXYDQW�UDGLDWLRQ�WKHUDS\�IRU�RWKHU�WUHDWPHQW�PRGDOLWLHV��PDLQO\�7$&(��DQG�

WR� SUHVHQW� YDULRXV� UDGLDWLRQ� WKHUDS\� RSWLRQV� DV� D� ZKROH�� $OVR�� WKH� &4� UHODWHG� WR� ERQH� DQG� EUDLQ�

PHWDVWDVLV�IURP�WKH�VHFRQG�HGLWLRQ FRQWLQXHV�WR�EH�XVHG�

7KH�PDMRU�SUREOHP�DVVRFLDWHG�ZLWK�V\VWHPDWLF�UHYLHZV�RI�WHFKQRORJ\�LQ�UDGLDWLRQ�WKHUDS\�LV�WKDW�

DUWLFOHV� YDU\� LQ� WKHLU GHILQLWLRQ� RI� LQGLYLGXDO� UDGLRORJLFDO� WHFKQLTXHV� LQ� �'�&57� DQG� VWHUHRWDFWLF�

ERG\�UDGLRWKHUDS\��ZKLFK�UHTXLUHV FDUHIXO�DWWHQWLRQ��2YHUDOO��RQO\�D�IHZ�DUWLFOHV�SURYLGH�KLJK�TXDOLW\�

HYLGHQFH�WKDW�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�LQGLFDWLRQV�IRU�UDGLDWLRQ�WKHUDS\��DQG�WKHUH�DUH�IHZ 5&7V�

FRPSDUHG� WR� WKH� QXPEHU� IRU RWKHU� ORFRUHJLRQDO� WKHUDSLHV�� &RQVHTXHQWO\�� WKHUH� LV� LQVXIILFLHQW�

HYLGHQFH� DERXW� WKH� HOLJLELOLW\� FULWHULD� DQG� GRVH� IUDFWLRQDWLRQ� XVHG� LQ� UDGLDWLRQ� WKHUDS\� IRU� +&&��

1HYHUWKHOHVV�� DQ� LQFUHDVLQJ QXPEHU� RI� SDWLHQWV� DUH� UHTXHVWLQJ� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG�

SDUWLFOH�WKHUDS\�IRU�UHDVRQV�RI�DGYDQFHG�DJH� IHZHU�FRPSOLFDWLRQV� DQG�WKH PLQLPDOO\�LQYDVLYH�QDWXUH�

RI�UDGLDWLRQ�WKHUDS\��VXJJHVWLQJ�WKDW�WKH�GHPDQG�IRU�UDGLDWLRQ�WKHUDS\�ZLOO�FRQWLQXH�WR�LQFUHDVH LQ�WKH�

FOLQLFDO�VHWWLQJ�

&4�� ,V�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�UHFRPPHQGHG�IRU�+&&"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ�� 6WHUHRWDFWLF� ERG\� UDGLRWKHUDS\� PD\� EH� SHUIRUPHG� LQ� +&&V� WKDW� DUH� QRW�

LQGLFDWLRQV� IRU� RWKHU� W\SHV� RI� ORFRUHJLRQDO� WKHUDSLHV� DQG� IRU� UHFXUUHQW� +&&V� DIWHU� YDULRXV�

ORFRUHJLRQDO�WKHUDSLHV� LQFOXGLQJ�+&&�XQUHVSRQVLYH�WR�7$&(�

ڦ %DFNJURXQG

+HSDWHFWRP\�� WUDQVSODQWDWLRQ�� DQG� SHUFXWDQHRXV� DEODWLRQ� DUH� UHJDUGHG� DV� FXUDWLYH� WKHUDSLHV IRU�

HDUO\�VWDJH�+&&��EXW�HYHQ�D�VPDOO�VROLWDU\�+&&�PD\�QRW�EH�DQ�LQGLFDWLRQ�IRU�WKHP GHSHQGLQJ�RQ�WKH�

ORFDWLRQ RI�WKH�WXPRU DQG�HVWLPDWHG�UHVLGXDO� OLYHU�IXQFWLRQ�DIWHU� WUHDWPHQW��7$&(�LV�UHFRPPHQGHG�

IRU�VXFK�FDVHV��EXW�HYHQ�VHOHFWLYH�HPEROL]DWLRQ�RIWHQ�GRHV�QRW�SURYLGH�DGHTXDWH�ORFDO�FRQWURO�

5HFHQW�DGYDQFHV�LQ�FRPSXWHU�VFLHQFHV�DQG�WHFKQRORJ\�KDYH�OHG�WR�WKH�GHYHORSPHQW�RI�VWHUHRWDFWLF�

ERG\�UDGLRWKHUDS\��7KLV�PRGDOLW\�GHOLYHUV�KLJK�GRVH�UDGLDWLRQ�SHU�IUDFWLRQ�WR WKH�WXPRU ZLWK�SLQSRLQW�

SUHFLVLRQ��DQG�LW�VDIHO\�SURYLGHV�KLJK�ORFDO�FRQWURO�LQ�D�IHZ�IUDFWLRQV�RYHU�D�VKRUW�SHULRG��+HUH��ZH�

LQYHVWLJDWHG�WKH�RXWFRPH�DQG�UROH�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�LQ�SDWLHQWV�ZLWK�+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH���������
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H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�VFUHHQLQJ�EDVHG�RQ�DUWLFOH�WLWOHV�DQG�

DEVWUDFWV��$IWHU� WKH�FRQWHQW ZDV�H[DPLQHG��SURVSHFWLYH�VWXGLHV�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�DV�

ZHOO�DV�UHWURVSHFWLYH�VWXGLHV�ZLWK�ODUJH�VDPSOH�VL]HV�ZHUH�VHOHFWHG��VWXGLHV�LQYROYLQJ�GLIIHUHQW�VWDJHV�

RI� +&& ZHUH� H[FOXGHG�� $V� D� UHVXOW�� WKH� VHFRQG� VFUHHQLQJ� H[WUDFWHG� ��� DUWLFOHV�� ZKLFK� GLG� QRW�

KRZHYHU�� FRQWDLQ� DQ\� VWXGLHV RU� 5&7V ZLWK� KLJK�TXDOLW\� HYLGHQFH�� 7KHUHIRUH�� WKH� FOLQLFDO�

VLJQLILFDQFH�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�LQ�SDWLHQWV�ZLWK�+&&�ZDV�UHYLHZHG�IURP�SKDVH�, RU�,,�

SURVSHFWLYH� VWXGLHV�DQG� UHWURVSHFWLYH� VWXGLHV��7KH�FRQWHQW�RI� DUWLFOHV�FLWHG� LQ� WKH� WKLUG�HGLWLRQ�ZDV

DOVR UHYLHZHG�� EXW� QRQH� SURYLGHG� QHZ� LQVLJKWV RU� DGGLWLRQDO� GDWD� ZLWK� KLJK�TXDOLW\� HYLGHQFH�

FRPSDUDEOH�WR�WKDW SURYLGHG�E\�WKH����DUWLFOHV�H[WUDFWHG�KHUH��7KHUHIRUH��WKH�FXUUHQW�HGLWLRQ�GRHV�QRW�

LQFOXGH�WKH�DUWLFOHV�FLWHG�LQ�WKH�WKLUG�HGLWLRQ�

$OPRVW�DOO�RI�WKH�VWXGLHV�LQYROYHG�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU�+&&V�IRU�ZKLFK�WUHDWPHQW�

ZLWK�HLWKHU�VXUJHU\�RU�SHUFXWDQHRXV�DEODWLRQ�ZDV�GLIILFXOW��&DVHV�XQUHVSRQVLYH�WR�7$&(� DQG�YDULRXV�

FDVHV�RI�UHFXUUHQFH�DIWHU�ORFRUHJLRQDO�WKHUDS\��� ZHUH�DOVR�WKH�WDUJHW�RI VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\��

7UHDWPHQW�PHWKRG� FOLQLFDO� RXWFRPH� DQG� WKH� LQFLGHQFH�RI� DGYHUVH� HYHQWV�PRVWO\�GHSHQGHG�RQ� WKH�

VL]H�� QXPEHU�� DQG� VWDJH� RI� WXPRU DV� ZHOO� DV OLYHU� IXQFWLRQ�� 3DWLHQWV� KDG� &KLOG�3XJK� $�%� OLYHU�

IXQFWLRQ�LQ�PDQ\�SKDVH�,�,,�FOLQLFDO�VWXGLHV�DQG�UHWURVSHFWLYH�VWXGLHV����

6WXGLHV�LQ�SDWLHQWV�ZLWK�%&/&�VWDJH���%�+&&������� KDYH�VKRZQ�WKDW�PDQ\�LQVWLWXWLRQV�OLPLW�WKH�

UDGLDWLRQ�GRVH�WR�WKH�QRUPDO�OLYHU����� DQG�WKHUHIRUH WKH�LQFLGHQFH RI�VHYHUH�OLYHU� WR[LFLW\��+RZHYHU��

RQH� RI� WKH� VWXGLHV� DOVR� UHSRUWHG� WKDW� ORZ�GRVH� YROXPHV� FRXOG� SRWHQWLDOO\� FDXVH� OLYHU� WR[LFLW\� LQ�

SDWLHQWV�ZLWK�%&/&�VWDJH�%�+&&��,Q�WKH�VWXG\�FRPSDULQJ�5)$�DQG�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�LQ�

�� JURXSV� RI� SDWLHQWV�PDWFKHG� E\� SURSHQVLW\� VFRUH��� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\ ZDV� DVVRFLDWHG�

ZLWK�VLJQLILFDQWO\�EHWWHU ORFDO�FRQWURO�UDWHV�LQ�SDWLHQWV�ZLWK�+&&�!���FP��HYHQ�WKRXJK�WKHUH�ZDV�QR�

VLJQLILFDQW� LQWHUJURXS�GLIIHUHQFH� LQ� ORFDO� FRQWURO� RU� RYHUDOO� VXUYLYDO� UDWH��&RPSDULVRQ�RI� WUHDWPHQW�

PHWKRGV�UHYHDOV�LQFRQVLVWHQF\ LQ�WHUPV�RI�WRWDO�UDGLDWLRQ�GRVH��������*\���QXPEHU�RI�IUDFWLRQV�������

WLPHV���SUHVFULSWLRQ�PHWKRGV��DQG�GRVH�LQKRPRJHQHLW\�LQ�WKH�WDUJHW�WXPRU��VXJJHVWLQJ�WKDW�D�UDGLDWLRQ�

WKHUDS\�PHWKRG� WKDW� FDQ� EH� UHFRPPHQGHG� KDV� \HW� WR� EH� HVWDEOLVKHG�� 7KH� ���� ���� DQG� ��\HDU� ORFDO�

FRQWURO�UDWHV�ZHUH �����������������DQG���������UHVSHFWLYHO\��DQG�WKH���������DQG���\HDU�VXUYLYDO�

UDWHV�ZHUH �����������������DQG���������UHVSHFWLYHO\����������,Q�WKH�VWXG\�E\�.DQJ�HW�DO���WKH���\HDU�

ORFDO�FRQWURO�UDWH�LQ�SDWLHQWV�ZLWK�+&&�XQUHVSRQVLYH�WR�7$&(�ZDV�DOVR�DV�KLJK�DV�������$OWKRXJK�

RYHUDOO�VXUYLYDO�UDWH�GHSHQGV RQ�WKH SDWLHQW�FKDUDFWHULVWLFV LQ�HDFK�VWXG\��LQ�WKH�VWXG\�E\�7DNHGD�HW�DO��

WKH���\HDU�VXUYLYDO�UDWH�ZDV�����LQ�SDWLHQWV�ZLWK�SULPDU\�VROLWDU\�+&&����%HFDXVH�QHLWKHU�RI�WKHVH�

VWXGLHV�XVHG D�FRQWURO�JURXS��LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH WKH�EHQHILFLDO�HIIHFW�RI�VWHUHRWDFWLF�ERG\�

UDGLRWKHUDS\� RQ� VXUYLYDO EDVHG� RQ� WKH� VFLHQWLILF� HYLGHQFH DYDLODEOH� KRZHYHU�� JLYHQ WKH� JRRG�

RXWFRPHV� VXFK� DV� WKH� ��\HDU� ORFDO� FRQWURO� UDWH� RI� !� ���� DQG� WKH� ��\HDU� VXUYLYDO� UDWH� RI� !� �����

VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�PD\�EH�D�YLDEOH�RSWLRQ�IRU�SDWLHQWV�ZKR�DUH�QRW�VXLWDEOH�FDQGLGDWHV�IRU�

RWKHU�ORFRUHJLRQDO�WKHUDSLHV�
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,Q� VWXGLHV� LQYROYLQJ� PDLQO\� %&/&� VWDJH� %�&� +&&�� SDWLHQWV� XQGHUZHQW� YDULRXV� WUHDWPHQWV�

SULPDULO\�EHFDXVH�RI�GLIIHUHQFHV�LQ�WKH�VL]H��QXPEHU��DQG�VWDJH�RI�WKHLU�+&&�DQG�GLIIHUHQFHV�LQ�WKHLU

OLYHU�IXQFWLRQ���������,Q�DGGLWLRQ��LQFRQVLVWHQF\�LQ�WRWDO�UDGLDWLRQ�GRVH��������*\��DQG�WKH�QXPEHU�RI�

IUDFWLRQV������� WLPHV��VXJJHVWV� WKH� ODFN�RI�D�ZHOO�HVWDEOLVKHG�UDGLDWLRQ� WKHUDS\�PHWKRG WKDW�FDQ�EH�

UHFRPPHQGHG��2QH�\HDU� ORFDO� FRQWURO� UDWH�ZDV� �������� ��\HDU� RYHUDOO� VXUYLYDO� UDWH�ZDV� ��������

DQG�PHGLDQ�VXUYLYDO�WLPH�ZDV������PRQWKV�

ڦ ([SODQDWLRQ

$OWKRXJK� WKHUH� LV� LQVXIILFLHQW� VFLHQWLILF� HYLGHQFH� WR� VKRZ� WKDW� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\�

LPSURYHV�VXUYLYDO LQ�+&&�SDWLHQWV��LW KDV�D�KLJK�ORFDO�FRQWURO�UDWH�FRPSDUDEOH�WR�WKDW RI�VXUJHU\�DQG�

5)$�DQG�KLJKHU�WKDQ�WKDW RI�7$&(��$OWKRXJK�PDQ\�RI�WKH�SDWLHQWV�ZKR�XQGHUZHQW�VWHUHRWDFWLF�ERG\�

UDGLRWKHUDS\ LQ�WKH�FLWHG�VWXGLHV�ZHUH�HOGHUO\�DQG�KDG�UHFXUUHQW�+&&�� WKH���\HDU�VXUYLYDO�UDWH�ZDV�

IDYRUDEOH IRU�VPDOO�+&&V��DW���������%HFDXVH�WKLV�WUHDWPHQW�PRGDOLW\ LV�UHODWLYHO\�QHZ��FDQGLGDWHV�

DUH� VHOHFWHG� IURP� SDWLHQWV� ZKR� DUH� QRW� HOLJLEOH IRU� VXUJHU\� DQG� SHUFXWDQHRXV� DEODWLRQ�� ,W LV� DOVR�

SHUIRUPHG�DV�VDOYDJH�WKHUDS\�IRU�SDWLHQWV�ZLWK�UHFXUUHQW�WXPRU�RU�UHVLGXDO�WXPRU�DIWHU�5)$�RU�7$&(��

6WHUHRWDFWLF� ERG\� UDGLRWKHUDS\� LV� D� SDLQOHVV� DQG� EORRGOHVV� WUHDWPHQW� PRGDOLW\� WKDW� VDIHO\� WUHDWV�

WXPRUV� ORFDWHG� DW� WKH� SRUWD� KHSDWLV� RU� GRPH� RI� WKH� OLYHU�� ,W� DOVR� VDIHO\� WUHDWV� WXPRUV� QH[W� WR� RU�

LQILOWUDWLQJ� EORRG� YHVVHOV� RU� WKH� ELOH� GXFW� DQG� WXPRUV� WKDW DUH� QRW� LQGLFDWLRQV� IRU� SHUFXWDQHRXV�

DEODWLRQ��7KH�RXWFRPH�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�LV�QRW�DIIHFWHG�E\�LQWUDWXPRUDO�EORRG�IORZ��

7KHVH�XQLTXH�IHDWXUHV�PDNH�WKH�PRGDOLW\ D�YDOLG�WUHDWPHQW�RSWLRQ�IRU�+&&�

7KH� VL]H� DQG� VWDJH� RI� +&&� LQGLFDWHG� IRU VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� YDULHV� E\� JHRJUDSKLF�

UHJLRQ�� SUREDEO\� EHFDXVH� WKH� UROH� RI� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� WKDW� VXSSOHPHQWV H[LVWLQJ�

WUHDWPHQW�PRGDOLWLHV YDULHV�E\�JHRJUDSKLF�UHJLRQ� ,Q�FRXQWULHV�OLNH�-DSDQ��ZKHUH�WKH�ZHOO�HVWDEOLVKHG�

VFUHHQLQJ� V\VWHP� RIWHQ� GHWHFWV�+&&V� LQ� WKH� HDUO\� VWDJH��PDQ\� HDUO\�VWDJH�+&&V� DUH WUHDWHG�ZLWK�

KLJK�GRVH� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\ DQG� WKH� HPSKDVLV� LV� RQ� WXPRU� FRQWURO� UDWKHU� WKDQ� RQ�

WROHUDQFH� RI� WKH� OLYHU�� ,Q� FRQWUDVW�� LQ� WKH� 8QLWHG� 6WDWHV�� (XURSH�� DQG� &KLQD�� VWHUHRWDFWLF� ERG\�

UDGLRWKHUDS\�LV�SHUIRUPHG�IRU�UHODWLYHO\�DGYDQFHG�+&&V��'RVH�UHGXFWLRQ�LV�VRPHWLPHV LQHYLWDEOH�LQ�

WKH�FDVH�RI�ODUJH�WXPRUV�EHFDXVH�RI�OLYHU�WR[LFLW\��7KHUHIRUH��WRWDO�GRVH�DQG�IUDFWLRQ�QXPEHU�VKRXOG�

EH� PRGLILHG� EDVHG� RQ� WXPRU� VL]H�� OLYHU� YROXPH�� DQG� KHSDWLF IXQFWLRQDO� UHVHUYH�� /DUJHO\� GXH� WR�

GLIIHUHQFHV� LQ� WKH� VL]H�� QXPEHU�� DQG� VWDJH� RI� +&&� DQG� OLYHU� IXQFWLRQ�� QR� VWXGLHV� WR� GDWH� KDYH

SURYLGHG VFLHQWLILF�HYLGHQFH�DERXW�VSHFLILF�GRVH�IUDFWLRQDWLRQ�PHWKRGV��WRWDO�GRVH��DQG�OLYHU�IXQFWLRQ�

WKDW�PD\�EH� UHFRPPHQGHG IRU� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\�� ,W� VKRXOG�EH�QRWHG� WKDW�� DV� RI� ������

RQO\� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� IRU� SULPDU\� +&&� �� �� FP� ZLWKRXW� PHWDVWDVLV� LV� FRYHUHG� E\�

-DSDQ¶V 1DWLRQDO�+HDOWK�,QVXUDQFH V\VWHP��:KHQ�DGPLQLVWHULQJ�UDGLDWLRQ�WKHUDS\�IRU�+&&�WR�ZKLFK�

WKH�DERYH�GHILQLWLRQ�GRHV�QRW�DSSO\��SDUWLFOH�WKHUDS\��&4����DQG��'�&57��&4����PD\�EH�FRQVLGHUHG��

'XULQJ� WKH�PHHWLQJ� IRU� ILQDOL]LQJ� UHFRPPHQGDWLRQV�� WKH�*HQHUDO�$IIDLUV� &RPPLWWHH� XQDQLPRXVO\�



���

GHFLGHG�WR�JUDGH�WKH�UHFRPPHQGDWLRQ�ZHDN�IRU�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�

ڦ 5HIHUHQFHV

���.DQJ�-.��.LP�06��&KR�&.��HW�DO��6WHUHRWDFWLF�ERG\�UDGLDWLRQ�WKHUDS\�IRU�LQRSHUDEOH�KHSDWRFHOOXODU�FDUFLQRPD�DV�D�

ORFDO� VDOYDJH� WUHDWPHQW� DIWHU� LQFRPSOHWH� WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ�� &DQFHU ������ ����� ��������� 30,'��

��������

���6X�76��/LDQJ�3��/X�+=�� HW� DO��6WHUHRWDFWLF�ERG\� UDGLDWLRQ� WKHUDS\� IRU� VPDOO� SULPDU\�RU� UHFXUUHQW� KHSDWRFHOOXODU�

FDUFLQRPD�LQ�����&KLQHVH�SDWLHQWV��-�6XUJ�2QFRO ������������������30,'����������

���7DNHGD�$��6DQXNL�1��7VXUXJDL�<��HW�DO��3KDVH���VWXG\�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�DQG�RSWLRQDO�WUDQVDUWHULDO�

FKHPRHPEROL]DWLRQ� IRU� VROLWDU\� KHSDWRFHOOXODU� FDUFLQRPD� QRW� DPHQDEOH� WR� UHVHFWLRQ� DQG� UDGLRIUHTXHQF\� DEODWLRQ��

&DQFHU �������������������30,'����������

���-DQJ�:,� .LP�06��%DH�6+��HW�DO��+LJK�GRVH�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�FRUUHODWHV�LQFUHDVHG�ORFDO�FRQWURO�DQG�

RYHUDOO�VXUYLYDO�LQ�SDWLHQWV�ZLWK�LQRSHUDEOH�KHSDWRFHOOXODU�FDUFLQRPD��5DGLDW�2QFRO ��������������30,'����������

��� /DVOH\� )'�� 0DQQLQD� (0�� -RKQVRQ� &6�� HW� DO�� 7UHDWPHQW� YDULDEOHV� UHODWHG� WR� OLYHU� WR[LFLW\� LQ� SDWLHQWV� ZLWK�

KHSDWRFHOOXODU�FDUFLQRPD��&KLOG�3XJK�FODVV�$�DQG�%�HQUROOHG�LQ�D�SKDVH�����WULDO�RI�VWHUHRWDFWLF�ERG\�UDGLDWLRQ�WKHUDS\��

3UDFW�5DGLDW�2QFRO ���������H�������30,'����������

���0DWVXR�<��<RVKLGD�.��1LVKLPXUD�+��HW�DO��(IILFDF\�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU�KHSDWRFHOOXODU�FDUFLQRPD�

ZLWK�SRUWDO�YHLQ�WXPRU�WKURPERVLV�LQIHULRU�YHQD�FDYD�WXPRU�WKURPERVLV��HYDOXDWLRQ�E\�FRPSDULVRQ�ZLWK�FRQYHQWLRQDO�

WKUHH�GLPHQVLRQDO�FRQIRUPDO�UDGLRWKHUDS\� -�5DGLDW�5HV ������������������30,'����������

���:DKO�'5��6WHQPDUN�0+��7DR�<��HW�DO��2XWFRPHV�DIWHU�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�RU�UDGLRIUHTXHQF\�DEODWLRQ�IRU�

KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�2QFRO �����������������30,'����������

���<DPDVKLWD�+��2QLVKL�+��0XUDNDPL�1��HW�DO��6XUYLYDO�RXWFRPHV�DIWHU�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU����-DSDQHVH�

SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��-�5DGLDW�5HV �����������������30,'����������

��� <RRQ� 60�� /LP� <6�� 3DUN� 0-�� HW� DO�� 6WHUHRWDFWLF� ERG\� UDGLDWLRQ� WKHUDS\� DV� DQ� DOWHUQDWLYH� WUHDWPHQW� IRU� VPDOO�

KHSDWRFHOOXODU�FDUFLQRPD��3OR6�2QH ���������H�������30,'����������

����7DNHGD�$��6DQXNL�1��(ULJXFKL�7��HW�DO��6WHUHRWDFWLF�DEODWLYH�ERG\�UDGLRWKHUDS\�IRU�SUHYLRXVO\�XQWUHDWHG�VROLWDU\�

KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO�+HSDWRO �����������������30,'����������

����%XMROG�$��0DVVH\�&$��.LP�--��HW�DO��6HTXHQWLDO�SKDVH�,�DQG�,,�WULDOV�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU�ORFDOO\�

DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��-�&OLQ�2QFRO ������������������30,'����������

����&XOOHWRQ�6��-LDQJ�+��+DGGDG�&5��HW�DO��2XWFRPHV�IROORZLQJ�GHILQLWLYH�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU�SDWLHQWV�

ZLWK�&KLOG�3XJK�%�RU�&�KHSDWRFHOOXODU�FDUFLQRPD��5DGLRWKHU�2QFRO ������������������30,'����������

����;L�0��=KDQJ�/��=KDR�/��HW�DO��(IIHFWLYHQHVV�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�IRU�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�

SRUWDO�YHLQ�DQG�RU�LQIHULRU�YHQD�FDYD�WXPRU�WKURPERVLV��3OR6�2QH ���������H�������30,'����������



���

&4�� 'RHV� SDUWLFOH� WKHUDS\� �SURWRQ� WKHUDS\� DQG� KHDY\� SDUWLFOH� >FDUERQ�
LRQ@ WKHUDS\� HIIHFWLYHO\�WUHDW�+&&"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ�� 3DUWLFOH� WKHUDS\� �SURWRQ� WKHUDS\� DQG� KHDY\� SDUWLFOH� >FDUERQ� LRQ@ WKHUDS\�

PD\�EH�SHUIRUPHG�IRU�+&&V�WKDW�DUH�QRW�LQGLFDWHG IRU�RWKHU�W\SHV�RI�ORFRUHJLRQDO�WKHUDSLHV�

ڦ %DFNJURXQG

&KDUJHG� SDUWLFOH� EHDPV� KDYH� ILQLWH� UDQJHV�� DQG� EHFDXVH� GRVH� FRQFHQWUDWLRQ� LV� RQH� RI� WKH�

SK\VLFRFKHPLFDO� SURSHUWLHV�� FRPSDUHG� ZLWK� ;�UD\V�� FKDUJHG� SDUWLFOHV� GHOLYHU� KLJKHU� GRVHV� RI�

UDGLDWLRQ�ZKLOH�DOVR�SUHVHUYLQJ� OLYHU� IXQFWLRQ��%HFDXVH� LQFUHDVLQJ�QXPEHUV�RI LQVWLWXWLRQV�FDQ�QRZ�

SHUIRUP SDUWLFOH� WKHUDS\�� LW� LV� LPSRUWDQW� WR� HYDOXDWH� WKH� XWLOLW\� RI� SDUWLFOH� WKHUDS\� DV� D� QRYHO�

ORFRUHJLRQDO�WKHUDS\�RSWLRQ�IRU�+&&�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH���������

H[WUDFWHG����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR���DUWLFOHV�LQ�WKH�ILUVW�DQG�VHFRQG�VFUHHQLQJ�EDVHG�RQ�

WKH� IROORZLQJ� LQFOXVLRQ� FULWHULD��5&7V� RU� QRQ�5&7V�ZLWK� H[SHULPHQWDO�� SODFHER�� DQG� QR�WUHDWPHQW�

�FRQWURO��JURXSV�DQG�UHFXUUHQFH�IUHH�VXUYLYDO�RU�RYHUDOO�VXUYLYDO�DV�WKH�SULPDU\�HQGSRLQW��)ROORZLQJ�

FRPSUHKHQVLYH�UHYLHZ�RI� WKH���DUWLFOHV�H[WUDFWHG�KHUH�� WKH����DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DQG���

UHYLHZ�DUWLFOH� �WKH�UHDVRQ�IRU�LQFOXVLRQ�LV�GHVFULEHG�ODWHU��VR�DV�WR�H[FOXGH�GXSOLFDWHV��D�WRWDO�RI ���

DUWLFOHV�DUH�FLWHG�IRU�&4���

2QH�RI� WKHVH DUWLFOHV�GHVFULEHV�D�SKDVH�,,,�5&7�RI�SURWRQ� WKHUDS\� ������*\�>UHODWLYH�ELRORJLFDO�

HIIHFWLYHQHVV� 5%(@ LQ� ��� IUDFWLRQV� RYHU� �� ZHHNV� DQG� WKH� FXUUHQW� VWDQGDUG� WKHUDS\� 7$&(� LQ� ���

SDWLHQWV�ZKR� KDG� D� FOLQLFDO� RU� SDWKRORJLF� GLDJQRVLV� RI� +&&� DQG�PHW� HLWKHU� WKH�0LODQ� FULWHULD� RU�

8QLYHUVLW\� RI� &DOLIRUQLD� 6DQ� )UDQFLVFR� WUDQVSODQW� FULWHULD��� ,QWHULP� DQDO\VLV� UHVXOWV� VKRZHG D�

VLJQLILFDQWO\�KLJKHU���\HDU� ORFDO� FRQWURO� UDWH� LQ� WKH�SURWRQ� WKHUDS\� ������ WKDQ� LQ� WKH�7$&(�JURXS�

������� HYHQ� WKRXJK� WKHUH�ZDV� QR� LQWHUJURXS� GLIIHUHQFH� LQ WKH ��\HDU� VXUYLYDO� UDWH�� 7RWDO� GD\V� RI�

KRVSLWDOL]DWLRQ�GXH� WR� DGYHUVH� HYHQWV�ZLWKLQ����GD\V�RI� SURWRQ� WKHUDS\� RU�7$&(�ZDV ��� DQG�����

GD\V��UHVSHFWLYHO\��LQGLFDWLQJ�VLJQLILFDQWO\�IHZHU�KRVSLWDO�GD\V ZLWK�SURWRQ�WKHUDS\�

7KH� OLWHUDWXUH� VHDUFK� H[WUDFWHG� �� VWXGLHV� UHSRUWLQJ� WKH� XWLOLW\� RI� SURWRQ� WKHUDS\� DQG� DQG� ��

SURVSHFWLYH� VWXGLHV� UHSRUWLQJ� WKH�XWLOLW\� RI� KHDY\�SDUWLFOH� WKHUDS\�� ,Q� WKHVH� VWXGLHV�� SURWRQ� WKHUDS\�

KDG� D� ��\HDU� ORFDO� FRQWURO� UDWH� RI� ��������� DQG� D� ��\HDU� ORFDO� FRQWURO� UDWH� RI� ��������������� )RU�

KHDY\�SDUWLFOH� WKHUDS\�� WKH��� DQG���\HDU� ORFDO�FRQWURO� UDWHV�ZHUH�����DQG������UHVSHFWLYHO\�����$�

SKDVH� ,� VWXG\� RI� SURWRQ� WKHUDS\� GHPRQVWUDWHG� WKH� GRVH�GHSHQGHQF\� RI� ORFDO� HIIHFW� WKH� FRPSOHWH�



���

WXPRU�GLVDSSHDUDQFH�UDWH�VLJQLILFDQWO\�LQFUHDVHG�DV�WKH�UDGLDWLRQ�GRVH�LQFUHDVHG�IURP����*\��5%(��

LQ����IUDFWLRQV�WR����*\��5%(��LQ����IUDFWLRQV�DQG�WKHQ���*\��5%(��LQ����IUDFWLRQV��S� ����������

7KH� RYHUDOO� VXUYLYDO� UDWH� DIWHU� SURWRQ� WKHUDS\� ZDV� ������� DW� �� \HDUV��� ��� ���� DW� �� \HDUV��� DQG�

�����������DW���\HDUV�����ZKLOH WKH ��\HDU�VXUYLYDO�UDWH�DIWHU�KHDY\�SDUWLFOH�WKHUDS\�ZDV��������������

$� VLQJOH�FHQWHU� FRPSDUDWLYH� VWXG\� RI� SURWRQ� WKHUDS\� DQG� KHDY\� SDUWLFOH� WKHUDS\� UHSRUWHG� QR�

VLJQLILFDQW�GLIIHUHQFH�LQ�ORFDO�FRQWURO�UDWH�RU�RYHUDOO�VXUYLYDO�UDWH��

3DUWLFOH� WKHUDS\�PD\� FDXVH� DGYHUVH� HYHQWV�ZKHQ�+&&� LV� ORFDWHG� QHDU� WKH� SRUWD� KHSDWLV� RU� WKH�

GLJHVWLYH� WUDFW�� $ SUHYLRXV� VWXG\�� DOWKRXJK� REVHUYDWLRQDO� LQ� QDWXUH�� WKDW� XVHG� GLIIHUHQW� GRVH�

IUDFWLRQDWLRQ� SURWRFROV� LQ� SURWRQ� WKHUDS\ VKRZHG QR VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� GLIIHUHQW�

SURWRFROV� LQ� WKH� ORFDO� FRQWURO� UDWH� RU� VXUYLYDO� UDWH� LQ� SDWLHQWV� ZLWK� VXFK� OHVLRQV�� SURWRQ� WKHUDS\�

DFKLHYHG�D��� DQG���\HDU�ORFDO�FRQWURO�UDWH�RI�����DQG������UHVSHFWLYHO\��DQG�D��� DQG���\HDU�RYHUDOO�

VXUYLYDO�UDWH�RI�����DQG������UHVSHFWLYHO\����7KUHH�VWXGLHV�RI�WUHDWPHQW�RXWFRPHV�LQ�SDWLHQWV�ZLWK�

YDULRXV�SDWKRORJLFDO�FRQGLWLRQV�DIWHU�SURWRQ�WKHUDS\�KDG D�PHGLDQ�VXUYLYDO�UDWH LQ�WKH�UDQJH�RI�����

WR ���PRQWKV�LQ�SDWLHQWV�ZLWK�+&&�DFFRPSDQLHG�E\�SRUWDO�YHLQ�WXPRU�WKURPEXV�������DQG�WKH���\HDU�

UHFXUUHQFH�IUHH� VXUYLYDO� UDWH�ZDV� ���� LQ� SDWLHQWV�ZLWK� JLDQW�+&&�!� ��� FP����$OWKRXJK� REWDLQHG�

UHWURVSHFWLYHO\�� WKHVH� ILQGLQJV� GR� VXJJHVW�� ZLWK� VRPH� GHJUHH� RI� FHUWDLQW\�� WKDW� SURWRQ� WKHUDS\� LV

EHQHILFLDO�LQ�WKH�WUHDWPHQW�RI�+&&��7KHUHIRUH��SURWRQ�WKHUDS\ PD\�EH�XVHG�LQ�SDWLHQWV�ZKR�DUH�QRW�

VXLWDEOH�FDQGLGDWHV�IRU�RWKHU�WUHDWPHQW�PRGDOLWLHV�

3DUWLFOH�WKHUDS\�KDV�DQ�H[WUHPHO\�ORZ�UDWH�RI�DGYHUVH�HYHQWV�DQG�LV�SHUIRUPHG�VDIHO\�LQ�SDWLHQWV�

ZLWK� +&&��������������� ,Q� DGGLWLRQ�� ,&*5��� LV� DQ� HIIHFWLYH� SUHGLFWRU� RI� SURJQRVLV� VSHFLILFDOO\� LQ�

&KLOG�3XJK�$�SDWLHQWV���

7DEOH� �� VKRZV� WKH� UHVXOWV� RI� UHSUHVHQWDWLYH� SURVSHFWLYH� DQG� UHWURVSHFWLYH� VWXGLHV� RI� SDUWLFOH�

WKHUDS\�� $OWKRXJK� 5HIHUHQFH� � LV� D� UHYLHZ� DUWLFOH�� LW� LV� FLWHG� KHUH� XQGHU� &4��� DV� DQ� H[FHSWLRQ�

EHFDXVH�LW�FRQWDLQV�GDWD�IURP�SURVSHFWLYH�VWXGLHV�WKDW�ZHUH�QRW�SXEOLVKHG�LQ�RULJLQDO�DUWLFOHV�

ڦ ([SODQDWLRQ

3DUWLFOH�WKHUDS\�KDV�EHHQ�XVHG�WR�WUHDW +&&�VLQFH�WKH�����V��,Q�WKH�HDUO\�\HDUV��PDLQO\�UHWURVSHFWLYH�

REVHUYDWLRQDO� VWXGLHV� UHSRUWHG� HIIHFWLYH� ORFDO� FRQWURO� ZLWK SURWRQ� WKHUDS\�� EXW� SURVSHFWLYH� VWXGLHV�

KDYH� DOVR� UHSRUWHG� VLPLODU� ILQGLQJV� PRUH� UHFHQWO\�� $� UHFHQW� 5&7� RI� SURWRQ� WKHUDS\� DQG� 7$&(�

VKRZHG� WKH HIILFDF\� DQG� VDIHW\� RI� SURWRQ� WKHUDS\� IRU� +&&� WKDW� ZDV� QRW� D� JRRG� FDQGLGDWH� IRU�

ORFRUHJLRQDO�WKHUDSLHV��+RZHYHU��SURWRQ�WKHUDS\�KDV�QRW�EHHQ�FRPSDUHG�ZLWK�VXUJLFDO�UHVHFWLRQ��WKH�

VWDQGDUG�ORFRUHJLRQDO�WKHUDS\��RU�ZLWK RWKHU�SHUFXWDQHRXV�DEODWLRQ�SURFHGXUHV��VXJJHVWLQJ�WKDW�PRUH�

KLJK�OHYHO VWXGLHV� DUH� QHHGHG� WR� HVWDEOLVK� WKH� UROH� RI� SURWRQ� WKHUDS\� DV� D� ORFRUHJLRQDO� WKHUDS\��

1RQHWKHOHVV�� DV� VXJJHVWHG�E\� WKH� UHWURVSHFWLYH�REVHUYDWLRQDO� VWXGLHV�� SURWRQ� WKHUDS\� LV� SUREDEO\� D�

YLDEOH� WUHDWPHQW� RSWLRQ� IRU� JLDQW� +&&� DQG�+&&� DFFRPSDQLHG� E\� SRUWDO� YHLQ� WXPRU� WKURPEXV� RU�

LQIHULRU�YHQD�FDYD�WXPRU�WKURPEXV��+&&�LV�WKRXJKW�WR�UHVSRQG�VLPLODUO\�WR�SURWRQ�WKHUDS\�DQG�KHDY\�



���

SDUWLFOH�WKHUDS\�

$W�SUHVHQW��SDUWLFOH� WKHUDS\� �SURWRQ� WKHUDS\�DQG�KHDY\�SDUWLFOH� WKHUDS\��DSSHDUV� WR�EH�HIIHFWLYH�

DQG�VDIH�IRU�XVH�LQ�+&&�DQG�WKHUHIRUH�PD\�EH�D�YLDEOH�WUHDWPHQW�RSWLRQ�IRU�+&&V�WKDW�DUH�GLIILFXOW�WR�

WUHDW�ZLWK�FRQYHQWLRQDO� ORFRUHJLRQDO� WKHUDSLHV��7KH�UDGLDWLRQ�GRVH�DGPLQLVWHUHG� LV�KLJKHU� LQ�SURWRQ�

WKHUDS\� WKDQ�WKDW� LQ�;�UD\�UDGLRWKHUDS\��EXW�EHFDXVH�GLIIHUHQW�GRVHV�ZHUH�XVHG�LQ�SUHYLRXV�VWXGLHV��

WKHUH� LV� QR�ZHOO�HVWDEOLVKHG�GRVH� IUDFWLRQDWLRQ�PHWKRG�RU� WRWDO� UDGLDWLRQ�GRVH� EDFNHG�E\� VFLHQWLILF�

HYLGHQFH WKDW�FDQ�EH UHFRPPHQGHG��$V�RI�������SDUWLFOH�WKHUDS\�LV�DQ�DSSURYHG�DGYDQFHG�PHGLFDO�

WUHDWPHQW� IRU� ORFDOL]HG� +&&� LQ� -DSDQ�� 'XULQJ� WKH� PHHWLQJ� IRU� ILQDOL]LQJ� UHFRPPHQGDWLRQV�� WKH�

*HQHUDO�$IIDLUV�&RPPLWWHH�XQDQLPRXVO\�GHFLGHG�RQ�D�ZHDN�UHFRPPHQGDWLRQ�IRU�SURWRQ�WKHUDS\�

7DEOH� �� 3ULPDU\� RXWFRPHV� RI� SURVSHFWLYH� DQG� UHWURVSHFWLYH� REVHUYDWLRQDO� VWXGLHV� XVLQJ� SDUWLFOH�

WKHUDS\�IRU�+&&

6WXG\�GHVLJQ 3DWL

HQWV�

�Q�

'RVH� SHU� IUDFWLRQ�

�I�

/RFDO� FRQWURO�

UDWH

6XUYLYDO /DWH�DGYHUVH�HYHQWV

3URWRQ�WKHUDS\

%XVK� HW� DO�

�������

5&7 �� ����� *\� �5%(�� ��

���I

�������\HDUV� 067����PRQWKV�

3)6�����

���\HDUV��

26�����

���\HDUV��

6HYHUH� DGYHUVH� HYHQWV� ZHUH�

UDUH�� �� SDWLHQWV� ZHUH�

DGPLWWHG�IRU�OLYHU�IDLOXUH

%XVK� HW� DO�

��������

3KDVH�,,�FOLQLFDO�

VWXG\

�� ���*\��5%(�������

I

�������Q� 0HGLDQ�3)6��

���PRQWKV�

�� �RI�����SDWLHQWV�KDG�*UDGH�

�� KHPDWRORJLF� DGYHUVH�

HYHQWV�� QRQH� KDG

VLJQLILFDQWO\ GHFUHDVHG OLYHU�

IXQFWLRQ

+RQJ� HW� DO�

�������

3KDVH�,,�FOLQLFDO�

VWXG\

�� ����������� *\�

�5%(�������I

���������\HDUV� 067�

�����PRQWKV�

�� SDWLHQWV� KDG� *UDGH� ��

DGYHUVH�HYHQWV

)XNXPLWVX�

HW� DO�

�������

3KDVH�,,�FOLQLFDO�

VWXG\

�� ���*\��5%(������

I

���������\HDUV�� ���������\HDUV�� �� SDWLHQWV� KDG� ULE� IUDFWXUH�
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DGYHUVH�HYHQWV

067��PHGLDQ�VXUYLYDO�WLPH��3)6��SURJUHVVLRQ�IUHH�VXUYLYDO��UDWH�GXUDWLRQ���26��RYHUDOO�VXUYLYDO��&3��&KLOG�3XJK

ڦ 5HIHUHQFHV

���7VXMLL�+��0L]RH�-��.DPDGD�7��HW� DO��&OLQLFDO� UHVXOWV�RI�FDUERQ�LRQ� UDGLRWKHUDS\� DW�1,56��-�5DGLDW�5HV ���������

6XSSO�$��$��$����30,'����������

���%XVK�'$�� 6PLWK� -&�� 6ODWHU� -'�� HW� DO��5DQGRPL]HG� FOLQLFDO� WULDO� FRPSDULQJ� SURWRQ�EHDP� UDGLDWLRQ� WKHUDS\�ZLWK�

WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��UHVXOWV�RI�DQ�LQWHULP�DQDO\VLV��,QW�-�5DGLDW�2QFRO�%LRO�

3K\V ������������������30,'����������

���+RQJ�76��:R� -<��<HDS�%<�� HW� DO��0XOWL�,QVWLWXWLRQDO�SKDVH� LL� VWXG\�RI�KLJK�GRVH�K\SRIUDFWLRQDWHG�SURWRQ�EHDP�

WKHUDS\�LQ�SDWLHQWV�ZLWK�ORFDOL]HG��XQUHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD�DQG�LQWUDKHSDWLF�FKRODQJLRFDUFLQRPD��-�&OLQ�

2QFRO �����������������30,'����������

���.DZDVKLPD�0��)XUXVH�-��1LVKLR�7��HW�DO��3KDVH�,,�VWXG\�RI�UDGLRWKHUDS\�HPSOR\LQJ�SURWRQ�EHDP�IRU�KHSDWRFHOOXODU�

FDUFLQRPD��-�&OLQ�2QFRO �������������������30,'����������

���)XNXPLWVX�1��6XJDKDUD�6��1DND\DPD�+��HW�DO��$�SURVSHFWLYH�VWXG\�RI�K\SRIUDFWLRQDWHG�SURWRQ�EHDP�WKHUDS\�IRU�

SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD��,QW�-�5DGLDW�2QFRO�%LRO�3K\V �����������������30,'����������

���.RPDWVX�6��)XNXPRWR�7��'HPL]X�<��HW�DO��7KH�HIIHFWLYHQHVV�RI�SDUWLFOH�UDGLRWKHUDS\�IRU�KHSDWR� FHOOXODU�FDUFLQRPD�

DVVRFLDWHG�ZLWK�LQIHULRU�YHQD�FDYD�WXPRU�WKURPEXV� -�*DVWURHQWHURO�������������������30,'����������

��� .DWR� +�� 7VXMLL� +�� 0L\DPRWR� 7�� HW� DO�� 5HVXOWV� RI� WKH� ILUVW� SURVSHFWLYH� VWXG\� RI� FDUERQ� LRQ� UDGLRWKHUDS\� IRU�

KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�OLYHU�FLUUKRVLV��,QW�-�5DGLDW�2QFRO�%LRO�3K\V �������������������30,'����������

��� .LP� 7+�� 3DUN� -:�� .LP� <-�� HW� DO�� 3KDVH� ,� GRVH�HVFDODWLRQ� VWXG\� RI� SURWRQ� EHDP� WKHUDS\� IRU� LQRSHUDEOH�

KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU�5HV�7UHDW �����������������30,'����������

��� +RQJ� 76�� 5\DQ� '3�� %RUJHU� '5�� HW� DO�� $� SKDVH� ���� DQG� ELRPDUNHU� VWXG\� RI� SUHRSHUDWLYH� VKRUW� FRXUVH�

FKHPRUDGLDWLRQ�ZLWK�SURWRQ�EHDP�WKHUDS\�DQG�FDSHFLWDELQH�IROORZHG�E\�HDUO\�VXUJHU\�IRU�UHVHFWDEOH�SDQFUHDWLF�GXFWDO�

DGHQRFDUFLQRPD��,QW�-�5DGLDW�2QFRO�%LRO�3K\V �����������������30,'����������

����0L]XPRWR�0��2NXPXUD�7��+DVKLPRWR�7��HW�DO��3URWRQ�EHDP�WKHUDS\�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�FRPSDULVRQ�

RI�WKUHH�WUHDWPHQW�SURWRFROV� ,QW�-�5DGLDW�2QFRO�%LRO�3K\V �������������������30,'����������

����/HH�68��3DUN�-:��.LP�7+��HW�DO��(IIHFWLYHQHVV�DQG�VDIHW\�RI�SURWRQ�EHDP�WKHUDS\ IRU�DGYDQFHG�KHSDWRFHOOXODU�

FDUFLQRPD�ZLWK�SRUWDO�YHLQ�WXPRU�WKURPERVLV��6WUDKOHQWKHU�2QNRO �������������������30,'����������

����6XJDKDUD�6��1DND\DPD�+��)XNXGD�.��HW� DO��3URWRQ�EHDP� WKHUDS\� IRU�KHSDWRFHOOXODU�FDUFLQRPD�DVVRFLDWHG�ZLWK�

SRUWDO�YHLQ�WXPRU�WKURPERVLV��6WUDKOHQWKHU�2QNRO ������������������30,'����������

����6XJDKDUD�6��2VKLUR�<��1DND\DPD�+��HW�DO��3URWRQ�EHDP�WKHUDS\�IRU�ODUJH�KHSDWRFHOOXODU�FDUFLQRPD�� ,QW�-�5DGLDW�

2QFRO�%LRO�3K\V �����������������30,'����������
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����$EHL�0��2NXPXUD�7��)XNXGD�.��HW�DO��$�SKDVH�,�VWXG\�RQ�FRPELQHG�WKHUDS\�ZLWK�SURWRQ�EHDP�UDGLRWKHUDS\�DQG�LQ�

VLWX� WXPRU�YDFFLQDWLRQ�IRU� ORFDOO\�DGYDQFHG�UHFXUUHQW�KHSDWRFHOOXODU�FDUFLQRPD��5DGLDW�2QFRO ��������������30,'��

��������

����%XVK�'$��.D\DOL� =��*URYH�5�� 6ODWHU� -'�� 7KH� VDIHW\� DQG� HIILFDF\� RI� KLJK�GRVH� SURWRQ� EHDP� UDGLRWKHUDS\� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��D�SKDVH���SURVSHFWLYH�WULDO��&DQFHU �������������������30,'����������

����,PDGD�+��.DWR�+��<DVXGD�6��HW�DO��&RPSDULVRQ�RI HIILFDF\�DQG�WR[LFLW\�RI�VKRUW�FRXUVH�FDUERQ�LRQ�UDGLRWKHUDS\�

IRU� KHSDWRFHOOXODU� FDUFLQRPD�GHSHQGLQJ�RQ� WKHLU� SUR[LPLW\� WR� WKH�SRUWD�KHSDWLV��5DGLRWKHU�2QFRO �����������������

30,'����������

����0L]XPRWR�0��2VKLUR�<��2NXPXUD�7��HW�DO��$VVRFLDWLRQ�EHWZHHQ�SUHWUHDWPHQW�UHWHQWLRQ�UDWH�RI�LQGRF\DQLQH�JUHHQ�

���PLQ�DIWHU�DGPLQLVWUDWLRQ�DQG�OLIH�SURJQRVLV�LQ�SDWLHQWV�ZLWK�+&&�WUHDWHG�E\�SURWRQ�EHDP�WKHUDS\��5DGLRWKHU�2QFRO

�����������������30,'����������

����+RQJ�76��'H/DQH\�7)��0DPRQ�+-��HW�DO��$�SURVSHFWLYH�IHDVLELOLW\�VWXG\�RI�UHVSLUDWRU\�JDWHG�SURWRQ�EHDP�WKHUDS\�

IRU�OLYHU�WXPRUV��3UDFW�5DGLDW�2QFRO �����������������30,'����������

&4�� :KHQ�LV��'�FRQIRUPDO�UDGLRWKHUDS\�UHFRPPHQGHG�IRU�+&&"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ�� 7KUHH�GLPHQVLRQDO� &57� PD\� EH� SHUIRUPHG� ZKHQ� VWHUHRWDFWLF� ERG\�

UDGLRWKHUDS\�DQG�SDUWLFOH�WKHUDS\�DUH�GLIILFXOW�WR�SHUIRUP�LQ�SDWLHQWV�ZKR�DUH�QRW�FDQGLGDWHV�IRU�RWKHU�

VWDQGDUG�WUHDWPHQWV�GXH�WR�SRUWDO�YHLQ�WXPRU�WKURPEXV��XQUHVHFWDEOH�+&&��RU�LQWHUQDO�FRPSOLFDWLRQV�

ڦ %DFNJURXQG

:KHQ� DGPLQLVWHULQJ� UDGLDWLRQ� WKHUDS\� IRU� +&&�� LI� DOO� FRQGLWLRQV� DUH� PHW�� VWHUHRWDFWLF� ERG\�

UDGLRWKHUDS\�RU�SDUWLFOH�WKHUDS\�VKRXOG�EH�SHUIRUPHG�ZLWK�UDGLDWLRQ�DW�GRVHV�KLJK�HQRXJK�WR�DFKLHYH�

DGHTXDWH�ORFDO�FRQWURO��+RZHYHU��IHZ�PHGLFDO�LQVWLWXWLRQV�LQ�-DSDQ�DUH HTXLSSHG�IRU�VWHUHRWDFWLF�ERG\�

UDGLRWKHUDS\� RU SDUWLFOH� WKHUDS\� DQG� WKHUHIRUH� �'�&57�� ZKLFK� LV� SHUIRUPHG� UHODWLYHO\� ZLGHO\�� LV�

LQGLFDWHG�LQVWHDG��7KH�UDGLDWLRQ�GRVH�DGPLQLVWHUHG�LQ��'�&57�LV�RIWHQ�QRW�HQRXJK�WR�\LHOG�FXUDWLYH�

RXWFRPHV��+HUH��ZH�LQYHVWLJDWHG�WKH�UROH�RI�UDGLDWLRQ�WKHUDS\�ZLWK�D�QRQ�FXUDWLYH�GRVH�RI�UDGLDWLRQ�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�VFUHHQLQJ�EDVHG�RQ�DUWLFOH�WLWOHV�DQG�

DEVWUDFWV��$�FDUHIXO�H[DPLQDWLRQ�RI WKH�FRQWHQW�RI�HDFK�DUWLFOH�LQ�WKH�VHFRQG�VFUHHQLQJ�H[WUDFWHG����

DUWLFOHV�DERXW�SURVSHFWLYH� VWXGLHV�� V\VWHPDWLF� UHYLHZV��DQG�PHWD�DQDO\VHV�RI�FOLQLFDO� UHVSRQVH�DIWHU�



���

�'�&57�DQG�UHWURVSHFWLYH�FRPSDUDWLYH�VWXGLHV�RI��'�&57�DQG�RWKHU�WUHDWPHQW�PRGDOLWLHV��$�WRWDO�RI�

���DUWLFOHV��LQFOXGLQJ���DUWLFOH�IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

7KH�OLWHUDWXUH�VHDUFK�GLG�QRW�H[WUDFW�DQ\�5&7V WKDW�VKRZHG�WKH�FOLQLFDO�UROH�RI�UDGLDWLRQ�WKHUDS\�

DORQH�� +RZHYHU�� VHYHUDO� SURVSHFWLYH� DQG� UHWURVSHFWLYH� VWXGLHV� DQG�PHWD�DQDO\VHV� RI� WKHVH� VWXGLHV�

UHSRUWHG� WKDW� WKH� DGGLWLRQ� RI� UDGLDWLRQ� WKHUDS\� WR� 7$&( LPSURYHG SURJQRVLV� LQ� SDWLHQWV� ZLWK�

XQUHVHFWDEOH�+&&�±���2YHUDOO�VXUYLYDO�ZDV�VLJQLILFDQWO\�EHWWHU�DIWHU�7$&(���UDGLDWLRQ�WKHUDS\�WKDQ�

DIWHU�7$&(�DORQH��EXW�WKLV�UHVXOW�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDUH EHFDXVH�WKH�PHWD�DQDO\VHV�LQFOXGHG�

PDQ\� QRQ�UDQGRPL]HG� FRPSDUDWLYH� FOLQLFDO� WULDOV� �&&7V��� +XR� HW� DO�� LQFOXGHG� &&7V� LQ� WKHLU�

PHWD�DQDO\VLV���EXW�WKH\ DOVR�SHUIRUPHG�D�VXEJURXS�DQDO\VLV�RI�5&7V RQO\��,Q�WKH�SRROHG�DQDO\VLV�RI�

��� VWXGLHV� LQFOXGLQJ� WKH� &&7V� WKH� 25� IRU� ���� ���� ���� DQG� ��\HDU� VXUYLYDO� ZDV� ����� ����� &,��

�����������S���������������������&,�������������S�� ������������������&,�������������S�����������DQG�

����������&,�������������S�����������UHVSHFWLYHO\��ZKHUHDV�LQ�WKH�VXEJURXS�DQDO\VLV�RI�5&7V�RQO\��

WKH�25�ZDV�����������&,�������������S���������������������&,�������������S���������������������&,��

�����������S�����������DQG�����������&,��������������S� ��������UHVSHFWLYHO\��7RJHWKHU��WKHVH�UHVXOWV�

VKRZ� WKDW� FRPELQDWLRQ� WKHUDS\� ZLWK� UDGLDWLRQ� WKHUDS\� VLJQLILFDQWO\� LPSURYHV� VXUYLYDO� UDWHV�� DQG�

UHJDUGOHVV� RI� WKH� LQFOXVLRQ� RI� &&7V��25� LQFUHDVHV ZLWK� ORQJHU IROORZ�XS� REVHUYDWLRQ�� &RPSDUHG�

ZLWK� 7$&(� DORQH�� WKH� 7$&(� �� UDGLDWLRQ� WKHUDS\� JURXS� KDG� D� VLJQLILFDQWO\� KLJK� LQFLGHQFH� RI�

JDVWURGXRGHQDO�XOFHU��25������������&,���������������S� ��������HOHYDWHG�$/7��25������������&,��

�����������S� ��������DQG�HOHYDWHG�WRWDO�ELOLUXELQ��25������������&,�������������S� ��������ZLWK�QR�

VLJQLILFDQW� GLIIHUHQFHV LQ� HVRSKDJLWLV�GXRGHQLWLV�� OHXNRSHQLD�� WKURPERF\WRSHQLD�� IHYHU�� RU�

QDXVHD�YRPLWLQJ��6LPLODU�ILQGLQJV�ZHUH�UHSRUWHG�LQ�UHFHQW�UHWURVSHFWLYH�VWXGLHV����

$� PHWD�DQDO\VLV� GHPRQVWUDWHG� WKH� FOLQLFDO� VLJQLILFDQFH� RI� FRPELQLQJ� 7$&(� ZLWK� 5)$�� 3(,��

+,)8�� RU� UDGLDWLRQ� WKHUDS\��� $OWKRXJK� WZR� W\SHV� RI� UDGLDWLRQ� WKHUDS\� ZHUH� XVHG� ��'�&57� DQG�

UDGLDWLRQ�WKHUDS\�ZLWKRXW�WKH�PHWKRG�VSHFLILHG���DQDO\VLV�RI WKH 5&7V�RQO\�VKRZHG WKDW�WKH�7$&(���

UDGLDWLRQ�WKHUDS\�JURXS�KDG�VLJQLILFDQWO\�EHWWHU� WUHDWPHQW�RXWFRPHV�WKDQ�7$&(�DORQH��ZLWK�DQ 25�

IRU���\HDU�VXUYLYDO�RI�����������DQG�DQ�25�IRU���\HDU�VXUYLYDO�RI �����������$QRWKHU�DQDO\VLV� WKDW�

LQFOXGHG� RQO\� RQH 5&7� UHYHDOHG� QR� VLJQLILFDQW� VXUYLYDO� EHQHILW� RI�5)$� ���\HDU� VXUYLYDO� UDWH��25�

������ ���� &,�� ������������ +,)8� �QR� VLJQLILFDQW� GLIIHUHQFH� LQ� ��\HDU� VXUYLYDO� UDWH��� RU� 3(,� �QR�

VLJQLILFDQW�GLIIHUHQFH�LQ���\HDU�VXUYLYDO�UDWH���7KLV�VXJJHVWV�WKDW�UDGLDWLRQ�WKHUDS\�LV�VXSHULRU�WR�WKH�

RWKHU�PRGDOLWLHV DV�DQ�DGMXYDQW�WKHUDS\�IRU�7$&(�

7ZR VWXGLHV�UHSRUWHG�RQ�WKH�FOLQLFDO�UROH�RI�UDGLDWLRQ�WKHUDS\�DV�DGMXYDQW�WKHUDS\�IRU�VXUJHU\�������

,Q�DQ�5&7�FRQGXFWHG�E\�<X�HW�DO���SDWLHQWV�ZKR�KDG�PXOWLFHQWULF�+&&�ZLWK�����FP�VXUJLFDO�PDUJLQV�

ZHUH�GLYLGHG� LQWR� WZR�JURXSV��SRVWRSHUDWLYH�DGMXYDQW� UDGLDWLRQ� WKHUDS\�DQG�QR�DGMXYDQW� WKHUDS\����

'HVSLWH� QR� VLJQLILFDQW� GLIIHUHQFHV LQ� WKH� UHFXUUHQFH�IUHH� VXUYLYDO� UDWH� RU� RYHUDOO� VXUYLYDO� UDWH�� WKH�

��\HDU� UHFXUUHQFH�IUHH� VXUYLYDO� UDWH� LQ� SDWLHQWV�ZLWK�+&&V����� FP�ZDV� VLJQLILFDQWO\� ORQJHU� LQ� WKH�

UDGLDWLRQ� WKHUDS\�JURXS� �������� WKDQ� LQ� WKH�QR�DGMXYDQW WKHUDS\ JURXS� ��������� ,Q� D� FRPSDUDWLYH�



���

VWXG\� RI� WKH� HIIHFW� RI� SUHRSHUDWLYH� DGMXYDQW� UDGLDWLRQ� WKHUDS\� LQ� SDWLHQWV� ZLWK� +&&� DQG� WXPRU�

WKURPEXV� LQ� WKH�PDLQ�SRUWDO�YHLQ��SDWLHQWV�ZKR�XQGHUZHQW� UDGLDWLRQ� WKHUDS\�SULRU� WR�VXUJHU\�KDG�D�

VLJQLILFDQWO\�EHWWHU���\HDU�VXUYLYDO�UDWH�LQ���������WKDQ�WKRVH�ZKR�XQGHUZHQW�VXUJHU\�DORQH�������

7KH� EHQHILFLDO� HIIHFW� RI� UDGLDWLRQ� WKHUDS\� DORQH� RQ� VXUYLYDO� ZDV� VXJJHVWHG� E\� �� UHWURVSHFWLYH�

VWXGLHV�������,Q WKH�ILUVW�VWXG\��SDWLHQWV�ZLWK�DGYDQFHG�+&&�XQGHUZHQW�UDGLDWLRQ�WKHUDS\��Q� �����RU�

SDOOLDWLYH�FDUH�RQO\��Q� ������� 0HDQ�RYHUDOO�VXUYLYDO�ZDV�VLJQLILFDQWO\�EHWWHU�LQ�WKH�UDGLDWLRQ�WKHUDS\�

JURXS�������PRQWKV������&,������������PRQWKV��WKDQ�LQ�WKH�SDOOLDWLYH�FDUH�JURXS������PRQWKV������

&,�� ��������PRQWKV�� S����������� DOWKRXJK� WKH� UDGLDWLRQ� WKHUDS\�JURXS�ZHUH� DOVR� WUHDWHG�ZLWK�RWKHU�

PRGDOLWLHV� VXFK�DV�7$&(��KHSDWHFWRP\��DQG�FKHPRWKHUDS\�� ,Q� WKH� VHFRQG�VWXG\ LQYROYLQJ SDWLHQWV�

ZLWK� UHVHFWDEOH�SRUWDO�YHLQ� WXPRU� WKURPEXV� WKH��'�&57���7$&(�JURXS�KDG�D VLJQLILFDQWO\�EHWWHU�

��\HDU�VXUYLYDO�UDWH���������Q� ������WKDQ�WKH�VXUJHU\�JURXS���������Q� ������S� ����������

,Q� DGGLWLRQ�� LQ� D� UHWURVSHFWLYH� VWXG\�RI� SDWLHQWV�ZLWK�XQUHVHFWDEOH�+&&�DFFRPSDQLHG�E\�SRUWDO�

YHLQ�WXPRU�WKURPEXV�ZKR�UHFHLYHG�VRUDIHQLE��Q� �����RU�UDGLDWLRQ�WKHUDS\��Q� ����� PHGLDQ�VXUYLYDO�

ZDV�����PRQWKV������&,�����������PRQWKV��DQG�����PRQWKV������&,����������PRQWKV���UHVSHFWLYHO\��

ZLWK� QR� VLJQLILFDQW� LQWHUJURXS� GLIIHUHQFH� �S�  � ����������+RZHYHU�� DIWHU� SURSHQVLW\� VFRUH�PDWFKLQJ�

EDVHG�RQ� V\VWHPLF�FRQGLWLRQV��RYHUDOO� VXUYLYDO�ZDV� VLJQLILFDQWO\� LPSURYHG� LQ� WKH� UDGLDWLRQ� WKHUDS\�

JURXS�������PRQWKV������&,����������PRQWKV��FRPSDUHG�ZLWK�WKH�VRUDIHQLE�JURXS������PRQWKV������

&,�� ���������PRQWKV�� S�  � ��������$OVR�� LQ� UHWURVSHFWLYH� VWXGLHV�� RYHUDOO� VXUYLYDO�ZDV� VLJQLILFDQWO\�

EHWWHU� DIWHU� FRPELQDWLRQ� WKHUDS\� ZLWK� 7$&(� �� UDGLDWLRQ� WKHUDS\� WKDQ� DIWHU� VRUDIHQLE� WKHUDS\� LQ�

SDWLHQWV�ZLWK�XQUHVHFWDEOH�+&&�DFFRPSDQLHG�E\�SRUWDO�YHLQ�WXPRU�WKURPEXV������

+RZHYHU�� D� PHWD�DQDO\VLV� RI� �'�&57�� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\�� DQG� SDUWLFOH� WKHUDS\�

VKRZHG WKDW�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�DQG�SDUWLFOH�WKHUDS\�DUH�VXSHULRU�WUHDWPHQW�PRGDOLWLHV�WR�

�'�&57� LQ� LPSURYLQJ VXUYLYDO���� 7KLV� PHWD�DQDO\VLV� FRPSDUHG� SDUWLFOH� WKHUDS\� DQG� FRQYHQWLRQDO�

UDGLDWLRQ� WKHUDS\� �UDGLDWLRQ� WKHUDS\� FRUUHVSRQGLQJ� WR� ;�UD\� WKHUDS\� RWKHU� WKDQ� VWHUHRWDFWLF� ERG\�

UDGLRWKHUDS\�� ZKLFK� EDVLFDOO\� PHDQV� �'�&57� KHUH�� LQ� D� FRKRUW� RI� ��� SDWLHQWV� IURP� ���

QRQ�FRPSDUDWLYH�REVHUYDWLRQDO�VWXGLHV��2YHUDOO�VXUYLYDO�ZDV�VLJQLILFDQWO\�KLJKHU�DW���DQG���\HDUV�IRU�

WKRVH�UHFHLYLQJ�SDUWLFOH�WKHUDS\�WKDQ�IRU�WKRVH�UHFHLYLQJ��'�&57��ZLWK�D�UHODWLYH�ULVN�RI�����������

&,�� ����������� S� �� ������� DQG� ����� �����&,�� ���������� S� �� �������� UHVSHFWLYHO\�� ,Q� FRQWUDVW�� WKH�

UHODWLYH�ULVN�RI�VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�WR�SDUWLFOH�WKHUDS\�ZDV�����������&,�������������S� �

������ IRU� ��\HDU� VXUYLYDO� DQG� ����� ����� &,�� ����������� S�  � ������ IRU� ��\HDU� VXUYLYDO�� ZLWK� QR�

VLJQLILFDQW�LQWHUJURXS�GLIIHUHQFH���

ڦ ([SODQDWLRQ

1R SUHYLRXV�VWXGLHV�KDYH SURYLGHG�KLJK�TXDOLW\�HYLGHQFH�IRU�WKH�HIILFDF\�RI�UDGLDWLRQ�WKHUDS\�DORQH��

EXW� VHYHUDO� PHWD�DQDO\VHV� KDYH� FRQVLVWHQWO\� VKRZQ� LPSURYHPHQWV� LQ� RYHUDOO� VXUYLYDO� ZLWK

FRPELQDWLRQ 7$&(�DQG�UDGLDWLRQ�WKHUDS\��+RZHYHU��DOO�WKH�PHWD�DQDO\VHV�FRQWDLQHG�&&7V�DV�ZHOO�DV



���

5&7V� DQG� PRVW� ZHUH� FRQGXFWHG� LQ� &KLQD� QRQH� ZHUH� FRQGXFWHG� LQ� -DSDQ�� WKH� 8QLWHG� 6WDWHV�� RU�

(XURSH�� %HFDXVH� UDGLDWLRQ� WKHUDS\� LV� VHOGRP� DGPLQLVWHUHG� LQ� FRPELQDWLRQ� ZLWK� 7$&(� LQ� -DSDQ��

IXUWKHU� VWXGLHV� DUH� QHHGHG� WR� HVWDEOLVK� 7$&(� �� �'�&57� DV� D� WUHDWPHQW� RSWLRQ� LQ� GDLO\� FOLQLFDO�

SUDFWLFH��(YHQ�WKRXJK�WKH�PHWD�DQDO\VHV�DUH�EHOLHYHG�WR�SURYLGH�KLJK�TXDOLW\�HYLGHQFH��WKH�5HYLVLRQ�

&RPPLWWHH�KDV�GHFLGHG�QRW�WR�UHFRPPHQG�FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(����'�&57�EHFDXVH�LW�LV�

GLIILFXOW�WR�PDWFK�WKH�FRQWHQW�RI�WKH�LQGLYLGXDO�PHWD�DQDO\VHV�WR�DFWXDO�FOLQLFDO�PDQDJHPHQW�RI�+&&�

LQ� -DSDQ��$OVR�� DOWKRXJK� VRPH� VWXGLHV� KDYH� HYDOXDWHG� WKH� FOLQLFDO� UROH� RI� UDGLDWLRQ� WKHUDS\� DV� DQ�

DGMXYDQW� WKHUDS\� IRU� VXUJHU\�� WKH\� DUH� VWLOO� UHODWLYHO\� IHZ DQG� KDG� LQFRQVLVWHQW UHVXOWV�� 7KHUHIRUH��

IXUWKHU�UHVXOWV IURP�VLPLODU�VWXGLHV�DUH�DZDLWHG��

)RU�SDWLHQWV�ZKR�GR�QRW�KDYH�RWKHU�ORFRUHJLRQDO�WKHUDS\�RSWLRQV�WR�FKRRVH�IURP���'�&57�DORQH�

KDV�EHHQ�VKRZQ��DOEHLW UHWURVSHFWLYHO\�� WR� LPSURYH�RYHUDOO�VXUYLYDO��7KDQNV�WR UHFHQW� WHFKQRORJLFDO�

DGYDQFHV� LQ� UDGLDWLRQ� WKHUDS\�� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG� SDUWLFOH� WKHUDS\� TXLFNO\� EHFDPH�

DYDLODEOH LQ� FOLQLFDO� SUDFWLFH DQG DOORZHG� IRU� KLJKHU� GRVHV� WR� EH� DGPLQLVWHUHG WKDQ�ZLWK� �'�&57��

7KHUHIRUH�� LW� PD\� EH� SUDFWLFDEOH� WR� SULRULWL]H� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG� SDUWLFOH� WKHUDS\��

ZKLFK�OLNHO\�SURYLGH�KLJK�DQWLFDQFHU�HIIHFWV�DQG�LPSURYH�RYHUDOO�VXUYLYDO��,Q�D�PHWD�DQDO\VLV�E\�4L�

HW� DO��� VWHUHRWDFWLF� ERG\� UDGLRWKHUDS\� DQG� SDUWLFOH� WKHUDS\� VLJQLILFDQWO\� LPSURYHG� VXUYLYDO� UDWHV�

FRPSDUHG�ZLWK� FRQYHQWLRQDO� UDGLDWLRQ� WKHUDS\���� +RZHYHU�� WKH� PHWD�DQDO\VLV� ZDV� FRQGXFWHG�ZLWK�

REVHUYDWLRQDO� VWXGLHV� ODFNLQJ� FRQWUROV�� VRPH� SDWLHQWV� LQ� WKH� FRQYHQWLRQDO�UDGLDWLRQ� WKHUDS\� JURXS�

ZHUH�UHFHLYLQJ SDOOLDWLYH�FDUH��DQG�WKHUH�ZDV�VRPH�GXSOLFDWLRQ�RI�UHSRUWHG�SDWLHQWV��$FFRUGLQJO\��WKH�

UHVXOWV�RI�WKLV�PHWD�DQDO\VLV VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDUH��$OVR��VWHUHRWDFWLF�ERG\�UDGLRWKHUDS\�RU�

SDUWLFOH�WKHUDS\ PD\�QRW�EH�DYDLODEOH�IRU�VRPH�SDWLHQWV�QRW�RQO\ EHFDXVH�RI PHGLFDO�UHDVRQV�VXFK�DV�

WXPRU� DQG� SDWLHQW� FRQGLWLRQ�� EXW� DOVR� EHFDXVH� RI� JHRJUDSKLF� UHDVRQV DV�RQO\� D� OLPLWHG� QXPEHU� RI�

LQVWLWXWLRQV�DUH�HTXLSSHG�WR�SHUIRUP�WKHP��6XFK�SDWLHQWV�PD\�EHQHILW�IURP��'�&57��ZKLFK�KDV�EHHQ�

VKRZQ�� DOWKRXJK QRW� ZLWK� D KLJK� OHYHO� RI HYLGHQFH�� WR� LPSURYH� RYHUDOO� VXUYLYDO� FRPSDUHG� ZLWK�

SDOOLDWLYH� FDUH� DQG� VRUDIHQLE� WKHUDS\�� %DVHG� RQ� WKHVH� ILQGLQJV�� �'�&57� LV� H[SHFWHG� WR� LPSURYH�

RYHUDOO�VXUYLYDO�DQG�LV�WKHUHIRUH�UHFRPPHQGHG�IRU�SDWLHQWV�IRU�ZKRP�RWKHU�WUHDWPHQW�PRGDOLWLHV�DUH�

FRQWUDLQGLFDWHG�� ,Q� WKH� PHHWLQJ� IRU� ILQDOL]LQJ� UHFRPPHQGDWLRQV�� WKH� *HQHUDO� $IIDLUV� &RPPLWWHH�

XQDQLPRXVO\�GHFLGHG�WR�JUDGH�WKH�UHFRPPHQGDWLRQ�ZHDN�

ڦ 5HIHUHQFHV

��� %DL� +�� *DR� 3�� *DR� +�� HW� DO�� ,PSURYHPHQW� RI� VXUYLYDO� UDWH� IRU� SDWLHQWV� ZLWK� KHSDWRFHOOXODU FDUFLQRPD� XVLQJ�

WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�LQ�FRPELQDWLRQ�ZLWK�WKUHH�GLPHQVLRQDO�FRQIRUPDO�UDGLDWLRQ�WKHUDS\��D�PHWD�DQDO\VLV��

0HG�6FL�0RQLW �������������������30,'����������

��� +XR� <5�� (VOLFN� *'�� 7UDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� SOXV� UDGLRWKHUDS\� FRPSDUHG� ZLWK�

FKHPRHPEROL]DWLRQ� DORQH� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� D� V\VWHPDWLF� UHYLHZ� DQG� PHWD�DQDO\VLV�� -$0$� RQFRORJ\

�����������������30,'����������
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���.RQGR�<��.LPXUD�2��.RJXUH�7�� HW� DO��5DGLDWLRQ� WKHUDS\� LV� D� UHDVRQDEOH� RSWLRQ� IRU� LPSURYLQJ� WKH SURJQRVLV� LQ�

KHSDWRFHOOXODU�FDUFLQRPD��7RKRNX�-�([S�0HG �������������������30,'����������

���0HQJ�0%��&XL�</��/X�<��HW� DO��7UDQVFDWKHWHU�DUWHULDO� FKHPRHPEROL]DWLRQ� LQ�FRPELQDWLRQ�ZLWK� UDGLRWKHUDS\� IRU�

XQUHVHFWDEOH�KHSDWRFHOOXODU� FDUFLQRPD�� D� V\VWHPDWLF� UHYLHZ�DQG�PHWD�DQDO\VLV��5DGLRWKHU�2QFRO ������������������

30,'����������

��� =RX� /4�� =KDQJ� %/�� &KDQJ� 4�� HW� DO�� �'� FRQIRUPDO� UDGLRWKHUDS\� FRPELQHG� ZLWK� WUDQVFDWKHWHU� DUWHULDO�

FKHPRHPEROL]DWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��:RUOG�-�*DVWURHQWHURO���������������������30,'����������

��� &KR� -<�� 3DLN� <+�� 3DUN� +&�� HW� DO�� 7KH� IHDVLELOLW\� RI� FRPELQHG� WUDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� DQG�

UDGLRWKHUDS\�IRU�DGYDQFHG�KHSDWRFHOOXODU�FDUFLQRPD��/LYHU�,QW �������������������30,'����������

���.LP�.+��.LP�06��&KDQJ�-6��+DQ�.+��.LP�'<��6HRQJ�-��7KHUDSHXWLF�EHQHILW�RI�UDGLRWKHUDS\�LQ�KXJH��!� ���FP��

XQUHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD��/LYHU�,QW ������������������30,'����������

���/LDR�0��+XDQJ�-��=KDQJ�7��:X�+��

���/L�1��)HQJ�6��;XH�-��HW�DO��+HSDWRFHOOXODU�FDUFLQRPD�ZLWK�PDLQ�SRUWDO�YHLQ�WXPRU�WKURPEXV��D�FRPSDUDWLYH�VWXG\�

FRPSDULQJ� KHSDWHFWRP\� ZLWK� RU� ZLWKRXW� QHRDGMXYDQW� UDGLRWKHUDS\�� +3%� �2[IRUG�� ������ ���� �������� 30,'��

��������

���� <X� :�� :DQJ� :�� 5RQJ� :�� HW� DO�� $GMXYDQW� UDGLRWKHUDS\� LQ� FHQWUDOO\� ORFDWHG� KHSDWRFHOOXODU FDUFLQRPDV� DIWHU�

KHSDWHFWRP\� ZLWK� QDUURZ� PDUJLQ� ���� FP��� D� SURVSHFWLYH� UDQGRPL]HG� VWXG\�� -� $P� &ROO� 6XUJ ������ ����� ��������

30,'����������

���� (XQ�+6�� .LP�0-�� .LP�+-�� HW� DO�� 7KH� UHWURVSHFWLYH� FRKRUW� VWXG\� IRU� VXUYLYDO� UDWH� LQ� SDWLHQWV� ZLWK� DGYDQFHG�

KHSDWRFHOOXODU� FDUFLQRPD� UHFHLYLQJ� UDGLRWKHUDS\� RU� SDOOLDWLYH� FDUH�� .RUHDQ� -� +HSDWRO ������ ���� �������� 30,'��

��������

����7DQJ�4+��/L�$-��<DQJ�*0�� HW� DO��6XUJLFDO� UHVHFWLRQ�YHUVXV� FRQIRUPDO� UDGLRWKHUDS\� FRPELQHG�ZLWK�7$&(� IRU�

UHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�SRUWDO�YHLQ� WXPRU� WKURPEXV��D�FRPSDUDWLYH�VWXG\��:RUOG�-�6XUJ ����������

���������30,'����������

���� 1DND]DZD� 7�� +LGDND� +�� 6KLEX\D� $�� HW� DO�� 2YHUDOO� VXUYLYDO� LQ� UHVSRQVH� WR� VRUDIHQLE� YHUVXV� UDGLRWKHUDS\� LQ�

XQUHVHFWDEOH� KHSDWRFHOOXODU� FDUFLQRPD� ZLWK� PDMRU� SRUWDO� YHLQ� WXPRU� WKURPERVLV�� SURSHQVLW\� VFRUH� DQDO\VLV�� %0&�

*DVWURHQWHURO ��������������30,'����������

����.LP�*$��6KLP�-+��<RRQ�60��HW�DO��&RPSDULVRQ�RI�FKHPRHPEROL]DWLRQ�ZLWK�DQG�ZLWKRXW�UDGLDWLRQ�WKHUDS\�DQG�

VRUDIHQLE� IRU� DGYDQFHG�KHSDWRFHOOXODU� FDUFLQRPD�ZLWK�SRUWDO� YHLQ� WXPRU� WKURPERVLV�� D� SURSHQVLW\� VFRUH� DQDO\VLV�� -�

9DVF�LQWHUY�5DGLRO ����������������H���30,'����������

����:DQJ�.��*XR�:;��&KHQ�06��HW�DO��0XOWLPRGDOLW\�WUHDWPHQW�IRU�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�SRUWDO�YHLQ�WXPRU�

WKURPEXV�� D� ODUJH�VFDOH�� PXOWLFHQWHU�� SURSHQVLW\� PDWFKLQJ� VFRUH� DQDO\VLV�� 0HGLFLQH ������ ���� H������ 30,'��

��������

����4L�:;��)X�6��=KDQJ�4��*XR�;0��&KDUJHG�SDUWLFOH�WKHUDS\�YHUVXV�SKRWRQ�WKHUDS\�IRU�SDWLHQWV�ZLWK�KHSDWRFHOOXODU�

FDUFLQRPD��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��5DGLRWKHU�2QFRO �������������������30,'����������


