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%DFNJURXQG��+39�UHODWHG�OHVLRQV�UHSUHVHQW�DQ�DWWUDFWLYH�PRGHO�
WR�VWXG\�WKH�LQWHUDFWLRQ�EHWZHHQ�SUROLIHUDWLRQ�DQG�DSRSWRVLV�
UHJXODWRU\�IDFWRUV�WKDW�XOWLPDWHO\�FRQWURO�FHOO�G\QDPLFV�DQG�GHWHUPLQH�
WLVVXH�PDVV��

$LP�RI�WKH�ZRUN��ZDV�WR�VWXG\�WKH�H[SUHVVLRQ�SDWWHUQ�RI�VRPH�
SUROLIHUDWLRQ�DQG�DSRSWRVLV�UHJXODWRU\�SURWHLQV�LQ�WZR�RI�WKH�+39�
UHODWHG�OHVLRQV�QDPHO\�YHUUXFD�YXOJDULV�DQG�FRQG\ORPD�DFXPLQDWD��

0DWHULDO�DQG�PHWKRGV��(OHYHQ�OHVLRQV�RI�YHUUXFD�YXOJDULV��
HOHYHQ�OHVLRQV�RI�FRQG\ORPD�DFXPLQDWD�DQG�HLJKW�QRUPDO�VNLQ�
VSHFLPHQV�ZHUH�H[DPLQHG�LPPXQRKLVWRFKHPLFDOO\�IRU�UHDFWLYLW\�IRU�
VXUYLYLQ��S�����%FO���DQG�3&1$��

5HVXOWV��0DUNHGO\�LQFUHDVHG�VWDLQLQJ�IRU�VXUYLYLQ�DQG�S����ZDV�
REVHUYHG�LQ�ERWK�99�DQG�&$�LQ�FRPSDULVRQ�WR�QRUPDO�VNLQ��3&1$�
H[SUHVVLRQ�ZDV�DOVR�HQKDQFHG�LQ�ERWK�W\SHV�RI�YLUDO�OHVLRQV�EXW�PRUH�
LQ�99��%FO���H[SUHVVLRQ�ZDV�YHU\�IDLQW�LQ�ERWK�99�DQG�&$��6WURQJ�
SRVLWLYH�FRUUHODWLRQ�FRXOG�EH�VHHQ�EHWZHHQ�VXUYLYLQ�DQG�S����VFRUHV�
RI�UHDFWLYLW\��

&RQFOXVLRQ��%RWK�HQKDQFHG�SUROLIHUDWLRQ�DQG�GHFUHDVHG�
DSRSWRVLV�VHHP�WR�SOD\�VRPH�UROH�LQ�WKH�HYROXWLRQ�RI�+39�UHODWHG�
QHRSODVPV��$�PDMRU�UROH�IRU�VXUYLYLQ�FDQ�EH�SRVWXODWHG�ZKLOH�LWV�
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VLJQLILFDQFH�LQ�UHODWLRQ�WR�PDOLJQDQF\�VHHPV�WR�EH�GRXEWIXO��$�
SRVVLEOH�UROH�IRU�S����LQ�UHVWRULQJ�WKH�EDODQFH�WR�WKH�G\QDPLFV�RI�
YLUDOO\�LQIHFWHG�FHOOV�FDQ�EH�VXJJHVWHG�

,QWURGXFWLRQ�
7LVVXH�KRPHRVWDVLV�UHTXLUHV�D�WLJKWO\�UHJXODWHG�SURJUDP�RI�FHOO�

GLYLVLRQ�DQG�FHOO�GHDWK��$SRSWRVLV��RU�SURJUDPPHG�FHOO�GHDWK��
FRXQWHUV�SUROLIHUDWLRQ�DQG�LV�UHJXODWHG�E\�DQ�LQWULFDWH�V\VWHP�RI�SUR�
DSRSWRWLF�DQG�DQWL�DSRSWRWLF�PROHFXOHV�>�@�

'\VUHJXODWLRQ�RI�DSRSWRVLV�LV�D�FRPPRQ�IHDWXUH�RI�FDQFHU>�@DQG�
D�OLNHO\�IDFWRU�LQ�WKH�GHYHORSPHQW�RI�ERWK�EHQLJQ�DQG�PDOLJQDQW�
FXWDQHRXV�QHRSODVPV�>�@�

)RU�PDQ\�UHDVRQV��WKH�+39�LQGXFHG�VNLQ�OHVLRQV��WKH�VR�FDOOHG�
YHUUXFD��UHSUHVHQW�DQ�DWWUDFWLYH�ILHOG�IRU�VWXG\LQJ�SUROLIHUDWLYH�DQG�
DSRSWRWLF�FRQWURO�RI�QHRSODVPV��7KH�UHODWLRQ�RI�WKHVH�K\SHUSODVWLF��
UHODWLYHO\�QRQ�LQIODPPDWRU\�OHVLRQV�WR�WKH�VSHFLILF�YLUDO�DHWLRORJ\�LV�
ZHOO�GRFXPHQWHG�DQG�H[KDXVWLQJO\�FODVVLILHG>�@��WKH�JHQHWLF�DVSHFWV�
RI�YLUDO�UHSOLFDWLRQ�DQG�WKHLU�LQIOXHQFH�RQ�WKH�KRVW�FHOO�PDFKLQHU\�DUH�
ZHOO�VWXGLHG>�@��WKH�YLUDO�SDSLOORPDV�UHSUHVHQW�D�VWULNLQJ�H[DPSOH�RI�
VRPHZKDW�UDSLGO\�HYROYLQJ�K\SHUSODVWLF�OHVLRQV��WKH�LQFLGHQFH�RI�WKH�
LQIHFWLRQ�LV�UHODWLYHO\�KLJK>�@DQG�WKHLU�FXWDQHRXV�DQG�VXSHUILFLDO�
ORFDWLRQ�PDNHV�WKH�OHVLRQV�HDVLO\�DFFHVVLEOH�IRU�FOLQLFDO�IROORZ�XS�DQG�
IRU�ELRSV\��/DVWO\��WKH�GLYHUVLW\�RI�WKH�FOLQLFDO�VSHFWUXP�
FRUUHVSRQGLQJ�WR�GLIIHUHQW�VHURW\SHV>�@��DV�ZHOO�DV�WKH�SURSHQVLW\�RI�
VRPH�YDULDQWV�IRU�PDOLJQDQW�WUDQVIRUPDWLRQ>�@��PDNH�WKHP�LQYDOXDEOH�
IRU�WKH�SXUSRVH�RI�DQDO\WLF�VWXGLHV��

%RWK�DSRSWRVLV�DQG�SUROLIHUDWLRQ�VHHP�WR�EH�UHJXODWHG�E\�
FRPSOH[�LQWHUSOD\�RI�QXPHURXV�IDFWRUV��$PRQJ�WKHVH��VXUYLYLQ�VWDQGV�
DV�RQH�IDFWRU�WKDW�KDV�JDLQHG�PXFK�LQWHUHVW�LQ�WKH�ODVW�IHZ�\HDUV�>�@�

6XUYLYLQ�LV�DQ�,$3�IDPLO\�PHPEHU�WKDW�KDV�EHHQ�LPSOLFDWHG�DV�D�
UHJXODWRU�RI�FHOO�GLYLVLRQ�DV�ZHOO�DV�DQ�LQKLELWRU�RI�DSRSWRVLV��6XUYLYLQ�
DVVRFLDWHV�ZLWK�WKH�PLWRWLF�VSLQGOH�LQ�WKH�*��0�SKDVH�RI�WKH�FHOO�F\FOH�
DQG�LV�HVVHQWLDO�IRU�SURSHU�H[HFXWLRQ�RI�PLWRVLV�DQG�FHOO�GLYLVLRQ�>�@,WV�
VSHFLILF�H[SUHVVLRQ�LQ�*��0�LV�WUDQVFULSWLRQDOO\�FRQWUROOHG�>��@DV�LV�
W\SLFDO�RI�PLWRWLF�JHQHV�>��@,QWHUIHUHQFH�ZLWK�VXUYLYLQ�PLFURWXEXOH�
LQWHUDFWLRQ�UHVXOWV�LQ�D�IDLOXUH�RI�WKH�DQWLDSRSWRWLF�IXQFWLRQ�RI�VXUYLYLQ�
DQG�DQ�LQFUHDVH�LQ�FDVSDVH���DFWLYLW\�ZLWK�VXEVHTXHQW�
DSRSWRVLV�>��@'LVUXSWLRQ�RI�VXUYLYLQ�IXQFWLRQ�KDV�OLNHZLVH�EHHQ�
OLQNHG�ZLWK�FHOO�GLYLVLRQ�GHIHFWV�>�@�

8QOLNH�RWKHU�,$3�SURWHLQV��VXUYLYLQ�DSSHDUV�WR�IXQFWLRQ�PRUH�DV�
D�UHJXODWRU�RI�PLWRFKRQGULDO�DSRSWRVLV�UDWKHU�WKDQ�DV�D�FDVSDVH�
LQKLELWRU��+RZHYHU��WKH�SUHFLVH�PHFKDQLVP�E\�ZKLFK�VXUYLYLQ�
VXSSUHVVHV�DSRSWRVLV�LV�VWLOO�LQFRPSOHWHO\�XQGHUVWRRG��6HYHUDO�
PHFKDQLVPV�DUH�WKHRUL]HG�ZKLFK�LQFOXGH�GLUHFW�VXSSUHVVLRQ�RI�
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FDVSDVH���>��@ELQGLQJ�WR�FDVSDVH���>��@+HSDWLWLV�%�;�LQWHUDFWLQJ�
SURWHLQ�PHGLDWHG�ELQGLQJ�WR�SURFDVSDVH����WKXV�SUHYHQWLQJ�DSRSWRVLV�
YLD�WKH�LQWULQVLF�SDWKZD\�>��@DQG�LQGLUHFW�LQKLELWLRQ�RI�FDVSDVHV�
WKURXJK�LQWHUDFWLRQ�ZLWK�LQWHUPHGLDWH�SURWHLQV�H�J��%\�ELQGLQJ�WKH�
SURDSRSWRWLF�SURWHLQ�6PDF�',$%/2�>��@7KH�DQWLDSRSWRWLF�
F\WRSURWHFWLRQ�RIIHUHG�E\�VXUYLYLQ�LV�LQHIIHFWLYH�DJDLQVW�WKH�)DV�
LQGXFHG�DSRSWRWLF�SDWKZD\�>�@�

6XUYLYLQ�LV�H[SUHVVHG�GXULQJ�HPEU\RQDO�GHYHORSPHQW�EXW�LV�
DOPRVW�DEVHQW�LQ�PRVW�QRUPDO��WHUPLQDOO\�GLIIHUHQWLDWHG�WLVVXHV��
1RUPDO�DGXOW�KXPDQ�WLVVXHV�WKDW�H[SUHVV�VXUYLYLQ�LQFOXGH�
WK\PXV�>��@EDVDO�FRORQLF�HSLWKHOLXP�>��@JDVWULF�PXFRVD�>��@DQG�
&'����KHPDWRSRLHWLF�VWHP�FHOOV��,Q�FRQWUDVW�WR�LWV�OLPLWHG�GLVWULEXWLRQ�
LQ�QRUPDO��WHUPLQDOO\�GLIIHUHQWLDWHG�WLVVXHV��VXUYLYLQ�H[SUHVVLRQ�LV�
VLJQLILFDQWO\�XSUHJXODWHG�LQ�PDQ\�KXPDQ�PDOLJQDQW�WXPRUV�ZKHUH�LWV�
H[SUHVVLRQ�VHHPV�WR�EH�DVVRFLDWHG�ZLWK�D�PRUH�DJJUHVVLYH�SKHQRW\SH��
VKRUWHU�VXUYLYDO�WLPHV��DQG�D�GHFUHDVHG�UHVSRQVH�WR�FKHPRWKHUDS\�>�@�

6XUYLYLQ�H[SUHVVLRQ�KDV�EHHQ�DOVR�DVVRFLDWHG�ZLWK�YLUDO�LQGXFHG�
QHRSODVPV�ZKHUH�LW�LV�DJDLQ�VXJJHVWHG�DV�DQ�HDUO\�LQGLFDWRU�RI�
PDOLJQDQF\�>��@�

,W�LV�QRW�NQRZQ�ZK\�WKLV�SURWHLQ�LV�XSUHJXODWHG�LQ�FDQFHU��
0XOWLSOH�WXPRULJHQLF�SDWKZD\V�VHHP�WR�EH�SRWHQWLDOO\�LQYROYHG��
:LOG�W\SH�S���WUDQVFULSWLRQDOO\�UHSUHVVHV�VXUYLYLQ��ZKHUHDV�PXWDQW�
S����DVVRFLDWHG�ZLWK�PDQ\�PDOLJQDQFLHV��PD\�FRQWULEXWH�WR�
XSUHJXODWLRQ�RI�VXUYLYLQ��&RQVWLWXWLYH�67$7��DFWLYDWLRQ�DQG�
XSUHJXODWLRQ�E\�F�+�5DV�RQFRSURWHLQ�PD\�DOVR�UHVXOW�LQ�VXUYLYLQ�
RYHU�H[SUHVVLRQ��$V�UHJDUGV�QRQ�WUDQVIRUPHG�FHOO�OLQHV��XSUHJXODWLRQ�
RI�VXUYLYLQ�LQ�HQGRWKHOLDO�FHOOV�LV�REVHUYHG�DIWHU�VWLPXODWLRQ�ZLWK�
9(*)��EDVLF�ILEUREODVW�JURZWK�IDFWRU��DQG�DQJLRSRLHWLQ����,Q�&'����
KHPDWRSRLHWLF�VWHP�FHOOV��WKHUH�LV�XSUHJXODWLRQ�RI�VXUYLYLQ�DIWHU�
LQFXEDWLRQ�ZLWK�D�FRPELQDWLRQ�RI�WKURPERSRLHWLQ��)OW��OLJDQG��DQG�
VWHP�FHOO�IDFWRU�>�@�

$V�UHJDUGV�WKH�VNLQ��VXUYLYLQ�KDV�EHHQ�DOVR�VKRZQ�WR�EH�DOPRVW�
DEVHQW�XQGHU�QRUPDO�FRQGLWLRQV��,WV�H[SUHVVLRQ�ZDV�IRXQG�WR�EH�
XSUHJXODWHG�LQ�PHODQRPD��QRQ�PHODQRPD�VNLQ�FDQFHUV��EHQLJQ�
PHODQRF\WLF�QHYL��DQG�VRPH�EHQLJQ�NHUDWLQRF\WLF�QHRSODVPV�>��@��
>��@�

3���LV�DQRWKHU�UHJXODWRU\�SURWHLQ�WKDW�LV�HQFRGHG�E\�RQH�RI�WKH�
WXPRU�VXSSUHVVRU�JHQHV�DQG�LV�LPSOLFDWHG�LQ�QRUPDO�WLVVXH�
KRPHRVWDVLV�DV�ZHOO�DV�LQ�WKH�SDWKRJHQHVLV�RI�PDQ\�QHRSODVWLF�
GLVRUGHUV��,W�FRQWULEXWHV�WR�VHYHUDO�FHOOXODU�DFWLYLWLHV�LQFOXGLQJ�
DSRSWRVLV��WUDQVLHQW�JURZWK�DUUHVW��DQG�VXVWDLQHG�JURZWK�DUUHVW��RU�
VHQHVFHQFH���,W�SOD\V�D�PDMRU�UROH�LQ�WKH�FHOOXODU�UHVSRQVH�WR�'1$�
GDPDJH�DQG�RWKHU�JHQRPLF�DEHUUDWLRQV��,Q�QRUPDO�FHOOV��S���LV�SUHVHQW�
LQ�D�ODWHQW�IRUP�DQG�LWV�OHYHOV�DUH�YHU\�ORZ�DV�WKH�0'0��SURWHLQ�
ELQGV�WR�S���DQG�LQFUHDVHV�LWV�VXVFHSWLELOLW\�WR�SURWHRO\VLV�E\�WKH���6�
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SURWHRVRPH��,Q�D�FHOO�WKDW�XQGHUJRHV�VWUHVV��S���FDQ�EH�DFWLYDWHG�E\�
SKRVSKRU\ODWLRQ�DW�PXOWLSOH�VLWHV�H�J��E\�$70��$75��DQG�'1$�3.��
7KLV�SKRVSKRU\ODWLRQ�LPSDLUV�WKH�DELOLW\�RI�0'0��WR�ELQG�S����
SURPRWLQJ�ERWK�WKH�DFFXPXODWLRQ�DQG�IXQFWLRQDO�DFWLYDWLRQ�RI�S����,Q�
UHVSRQVH��WKH�FHOO�PD\�XQGHUJR�FHOO�F\FOH�DUUHVW�DW�*��FKHFNSRLQW��WR�
DOORZ�IRU�'1$�UHSDLU�EHIRUH�UHSOLFDWLRQ��RU�XQGHUJR�DSRSWRVLV��LI�
'1$�GDPDJH�LV�EH\RQG�UHSDLU�>��@�

7KH�DFWLYH�S���ZRXOG�LQGXFH�FHOO�F\FOH�DUUHVW�RU�DSRSWRVLV�
WKURXJK�WUDQVFULSWLRQDO�UHJXODWLRQ�RI�VHYHUDO�JHQHV�LQFOXGLQJ�WKH�FHOO�
F\FOH�LQKLELWRU�S����'1$�UHSDLU�JHQH�*$''����DQG�WKH�DSRSWRWLF�
LQGXFHU�%D[��S���FDQ�DOVR�LQLWLDWH�DSRSWRVLV�WKURXJK�D�GLUHFW�VLJQDOLQJ�
SDWKZD\�>��@�

%HVLGHV�0'0��LQDFWLYDWLRQ�XQGHU�QRUPDO�FRQGLWLRQV��S���FDQ�
EH�IXQFWLRQDOO\�LQDFWLYDWHG�XQGHU�SDWKRORJLF�FRQGLWLRQV�H�J��E\�
PXWDWLRQ�RU�ELQGLQJ�WR�'1$�WXPRU�YLUXV�HQFRGHG�SURWHLQV��VXFK�DV�
69���ODUJH�7�DQWLJHQ��$GHQRYLUXV�(�%�DQG�SDSLOORPD�YLUXV�(��
SURWHLQV��,I�S���IXQFWLRQ�LV�ORVW�IURP�DQ\�FHOO��WKH�DELOLW\�WR�HOLPLQDWH�
SRWHQWLDOO\�FDQFHURXV�FHOOV�LV�ORVW�DQG�FDQFHUV�FDQ�IRUP��,Q�IDFW��S���
KDV�EHHQ�IRXQG�WR�EH�IUHTXHQWO\�PXWDWHG�LQ�WKH�PDMRULW\�RI�KXPDQ�
FDQFHUV�>��@��>��@��>��@��>��@��>��@��>��@��>��@�

3&1$�LV�D�PDUNHU�IRU�FHOOV�LQ�HDUO\�*��SKDVH�DQG�6�SKDVH�RI�WKH�
FHOO�F\FOH��,W�LV�IRXQG�LQ�WKH�QXFOHXV�DQG�LV�D�FRIDFWRU�RI�'1$�
SRO\PHUDVH�GHOWD��,W�KHOSV�LQFUHDVH�WKH�SURFHVVLYLW\�RI�OHDGLQJ�VWUDQG�
V\QWKHVLV�GXULQJ�'1$�UHSOLFDWLRQ��,Q�UHVSRQVH�WR�'1$�GDPDJH��
3&1$�LV�XELTXLWLQDWHG�DQG�LV�LQYROYHG�LQ�WKH�'1$�UHSDLU�
SDWKZD\�>��@�

%FO���LV�D�SURWR�RQFRJHQH�IRXQG�RQ�WKH�PLWRFKRQGULDO�PHPEUDQH�
DQG�DFWV�WR�SURWHFW�WKH�FHOO�IURP�XQGHUJRLQJ�FHOO�GHDWK�>��@,W�DFWV�
WKURXJK�WZR�PHFKDQLVPV��ILUVWO\��LW�SUHYHQWV�LQFUHDVHG�PLWRFKRQGULDO�
SHUPHDELOLW\�WKXV�EORFNLQJ�F\WRFKURPH�F�UHOHDVH�IURP�WKH�
PLWRFKRQGULDO�PHPEUDQH��6HFRQGO\��LW�DFWV�DV�D��GRFNLQJ�SURWHLQ��WR�
ELQG�DQG�VHTXHVWHU�$3$)���LQ�RUGHU�WR�SUHYHQW�WKH�DFWLYDWLRQ�RI�
FDVSDVH���>��@�

:LWKLQ�WKH�HSLGHUPLV��%FO���LV�IRXQG�LQ�DEXQGDQFH�RQO\�LQ�
SUROLIHUDWLQJ�EDVDO�NHUDWLQRF\WHV��WKXV�PDNLQJ�LW�DQ�LPSRUWDQW�
LQKLELWRU�RI�EDVDO�FHOO�DSRSWRVLV�>��@��>��@7KHUH�VHHPV�WR�EH�ORVV�RI�
%FO���H[SUHVVLRQ�DV�HSLGHUPDO�FHOOV�PLJUDWH�XSZDUG��WKXV�PDNLQJ�
VXSUDEDVDO�FHOOV�PRUH�VXVFHSWLEOH�WR�DSRSWRVLV�>��@)XUWKHUPRUH��LW�KDV�
EHHQ�SURSRVHG�WKDW�WKH�ORVV�RI�%FO���PD\�HYHQ�EH�D�VLJQDO�IRU�XSZDUG�
PLJUDWLRQ�RI�FHOOV�ZLWKLQ�WKH�HSLGHUPLV�>��@�

$LP�RI�WKH�ZRUN�
7KH�JRDO�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�GHWHUPLQH�WKH�H[SUHVVLRQ�

SDWWHUQ�RI�VXUYLYLQ�LQ�WZR�W\SHV�RI�+39��LQGXFHG�OHVLRQV�QDPHO\�
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YHUUXFD�YXOJDULV��DV�DQ�H[DPSOH�RI�WRWDOO\�EHQLJQ�QHRSODVPV��DQG�
FRQG\ORPD�DFXPLQDWD��DV�DQ�H[DPSOH�RI�EHQLJQ�QHRSODVP�ZLWK�
RFFDVLRQDO�RQFRJHQLF�SRWHQWLDO��>��@7KH�VWXG\�DOVR�DLPV�WR�FRUUHODWH�
VXUYLYLQ�H[SUHVVLRQ�ZLWK�WKDW�RI�VRPH�RWKHU�DSRSWRVLV�DQG�
SUROLIHUDWLRQ�PDUNHUV�QDPHO\�S����%FO����DQG�3&1$��

0DWHULDO�DQG�PHWKRGV�
(OHYHQ�FOLQLFDOO\�W\SLFDO�OHVLRQV�RI�YHUUXFD�YXOJDULV��IURP���

SDWLHQWV��DQG����W\SLFDO�OHVLRQV�RI�FRQG\ORPD�DFXPLQDWD��IURP���
SDWLHQWV��KDYH�EHHQ�H[FLVHG�XQGHU�ORFDO�DQHVWKHVLD�DQG�LPPHGLDWHO\�
IL[HG�LQ�����IRUPDOLQ�IRU�VXEVHTXHQW�HPEHGGLQJ�LQ�SDUDIILQ�EORFNV��
(DFK�ELRSV\�ZDV�FXW�LQWR���XP�VHFWLRQV�����ZHUH�SUHSDUHG�IRU�HDFK�
VSHFLPHQ���2QH�VHFWLRQ�ZDV�VWDLQHG�ZLWK�KHPDWR[\OLQ�DQG�HRVLQ�
�+	(��IRU�URXWLQH�KLVWRSDWKRORJLF�H[DPLQDWLRQ��WR�FRQILUP�WKH�
GLDJQRVLV�DQG�WR�UHFRUG�UHOHYDQW�KLVWRSDWKRORJLF�IHDWXUHV��ZKLOH�RWKHU�
VHFWLRQV�ZHUH�VXEMHFWHG�WR�LPPXQRKLVWRFKHPLFDO�VWDLQLQJ�ZKHUH���
VHFWLRQV�IURP�HDFK�ELRSV\�KDYH�EHHQ�VWDLQHG�IRU�HDFK�RI�WKH���PDUNHUV�
XQGHU�HYDOXDWLRQ��QDPHO\�VXUYLYLQ��S�����%FO���DQG�3&1$���

([FOXGHG�IURP�WKH�VWXG\�ZHUH�FOLQLFDOO\�RU�KLVWRSDWKRORJLFDOO\�
DW\SLFDO�OHVLRQV��OHVLRQV�VKRZLQJ�HYLGHQFH�RI�LQIODPPDWLRQ�RU�WUDXPD��
FDVHV�ZLWK�SUHYLRXV�WULDOV�RI�WUHDWPHQW��SDWLHQWV�ZLWK�PDMRU�PHGLFDO�
LOOQHVV�RU�DVVRFLDWHG�VNLQ�GLVHDVH�DQG�FDVHV�EHORZ�WKH�DJH�RI����\HDUV�
RU�DERYH�WKH�DJH�RI����\HDUV��

(LJKW�QRUPDO�VNLQ�VSHFLPHQV�IURP���KHDOWK\�LQGLYLGXDOV�KDYH�
EHHQ�LQFOXGHG�DV�FRQWURO��

,QIRUPHG�FRQVHQW�KDV�EHHQ�WDNHQ�IURP�DOO�SDWLHQWV�DQG�FRQWURO��
$OO�WKH�ELRSVLHG�ZDUW\�OHVLRQV�ZHUH�VXEMHFWHG�WR�URXWLQH�OLJKW�

PLFURVFRSLF�H[DPLQDWLRQ�RI�KHPDWR[\OLQ�DQG�HRVLQ�VWDLQHG�VHFWLRQV�
WR�FRQILUP�WKH�GLDJQRVLV�EHIRUH�LPPXQRKLVWRFKHPLFDO�VWDLQLQJ��

,PPXQRKLVWRFKHPLVWU\��
L��)RXU�PLFURQ�WKLFN�WLVVXH�VHFWLRQV�FXW�IURP�WKH�UHSUHVHQWDWLYH�

SDUDIILQ�HPEHGGHG�WLVVXH�EORFNV��RYHUODLG�RQ�$3(6��6LJPD��6W��
/RXLV��86$��FRDWHG�VOLGHV��ZHUH�GHSDUDIILQL]HG����FKDQJHV�RI�;\OHQH�
;���PLQXWHV�HDFK����FKDQJH�RI�DFHWRQH�;���PLQ��IROORZHG�E\�
UHK\GUDWLRQ�LQ�GHFUHDVLQJ�HWKDQRO�FRQFHQWUDWLRQV������HWKDQRO�;���
PLQV������HWKDQRO�;���PLQV��GLVWLOOHG�ZDWHU�;���PLQ���

LL��)RU�VWDLQLQJ�ZLWK�DOO�WKH�DQWLERGLHV��WKH�WLVVXH�VHFWLRQV�ZHUH�
VXEMHFWHG�WR�DQWLJHQ�XQPDVNLQJ�E\�KHDWLQJ�WKH�VHFWLRQV�LPPHUVHG�LQ�
���P0�FLWUDWH�EXIIHU�S+����������JP��RI�DQK\GURXV�FLWULF�DFLG�FU\VWDOV�
GLVVROYHG�LQ��/�RI�GLVWLOOHG�ZDWHU�DQG�S+�DGMXVWHG�WR������LQVLGH�D�����
ZDWW�PLFURZDYH�RYHQ�LQ�IXOO�SRZHU�IRU����PLQXWHV��DOORZHG�WR�FRRO�WR�
URRP�WHPSHUDWXUH�DQG�WKHQ�ZDVKHG�EULHIO\�ZLWK������0�7ULV�+FO�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� ������

EXIIHU�S+������
LLL��(QGRJHQRXV�SHUR[LGDVH�DFWLYLW\�ZDV�WKHQ�TXHQFKHG�E\�

LPPHUVLQJ�WKH�VHFWLRQV�LQ�PHWKDQROLF�+�2�����SDUW����+�2��SOXV���
SDUWV�DEVROXWH�PHWKDQRO��IRU����PLQXWHV��$IWHU�EULHI�ULQVLQJ��WKH�
VHFWLRQV�ZHUH�SODFHG�LQ������0�7ULV�+FO�EXIIHU�S+�����IRU����PLQXWHV��

LY��6HFWLRQV�ZHUH�WKHQ�RYHUODLG�ZLWK�DGHTXDWH�DPRXQW�RI�SULPDU\�
DQWLERG\�GLOXWHG�RSWLPDOO\�XVLQJ������0�7ULV�+FO�EXIIHU�S+�����
FRQWDLQLQJ����ERYLQH�VHUXP�DOEXPLQ��6LJPD��6W��/RXLV��86$��
IROORZHG�E\�LQFXEDWLRQ�DW���&�RYHUQLJKW��

Y��7KH�VOLGHV�ZHUH�WKHQ�ZDVKHG�ZLWK�WKUHH�FKDQJHV����PLQV�HDFK��
RI������0�7ULV�+FO�EXIIHU�S+�����IROORZHG�E\�LQFXEDWLRQ�IRU����
PLQXWHV�DW�URRP�WHPSHUDWXUH�DIWHU�DSSOLFDWLRQ�RI�ELRWLQ\ODWHG�
VHFRQGDU\��OLQN��DQWLERG\�LQ�SKRVSKDWH�EXIIHUHG�VDOLQH�FRQWDLQLQJ�
FDUULHU�SURWHLQ�DQG����P0�VRGLXP�D]LGH��/6$%�3OXV�.LW��'$.2��
'HQPDUN���

YL��$IWHU�WKUHH�ZDVKLQJV����PLQV�HDFK��LQ�7ULV�+FO�EXIIHU��
SHUR[LGDVH�FRQMXJDWHG�VWUHSWDYLGLQ�ZDV�DSSOLHG�WR�FRYHU�WKH�
VSHFLPHQV�DQG�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU����PLQXWHV��

YLL��6OLGHV�ZHUH�ULQVHG�ZLWK���FKDQJHV�RI�7ULV�+FO�EXIIHU�IRU���
PLQV�HDFK��6HFWLRQV�ZHUH�WKHQ�FRYHUHG�ZLWK�VXEVWUDWH�FKURPRJHQ�
VROXWLRQ�SUHSDUHG�IUHVKO\�E\�GLVVROYLQJ���PJ�RI����"�
GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH��6LJPD��6W��/RXLV��86$��LQ���PO�
RI������0�7ULV�+FO�EXIIHU�S+�����FRQWDLQLQJ���"O�RI�K\GURJHQ�
SHUR[LGH��7KH�VOLGHV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU���WR����
PLQXWHV�XQGHU�PLFURVFRSLF�FRQWURO�WLOO�WKH�RSWLPDO�GHYHORSPHQW�RI�
EURZQ�FRORUHG�SHUR[LGDVH�UHDFWLRQ�SURGXFW��

YLLL��$IWHU�ULQVLQJ�LQ�GLVWLOOHG�ZDWHU��WKH�VHFWLRQV�ZHUH�OLJKWO\�
FRXQWHUVWDLQHG�ZLWK�+DUULV
�KHPDWR[\OLQ��IROORZHG�E\�PRXQWLQJ�ZLWK�
FRYHU�VOLSV�ZLWK�'3;�DV�PRXQWLQJ�PHGLXP��

L[��3UHFDXWLRQ�ZDV�WDNHQ�VR�WKDW�GU\LQJ�RI�WLVVXH�VHFWLRQV�VWULFWO\�
GLG�QRW�RFFXU�DW�DQ\�WLPH�GXULQJ�WKH�HQWLUH�SURFHGXUH�RI�
LPPXQRVWDLQLQJ��$OO�LQFXEDWLRQV�ZHUH�GRQH�LQVLGH�KXPLG�FKDPEHUV��

[��&RQWUROV��'XULQJ�HDFK�EDWFK�RI�VWDLQLQJ��SRVLWLYH�DQG�QHJDWLYH�
FRQWUROV�DSSURSULDWH�IRU�WKH�SDUWLFXODU�DQWLERG\�ZHUH�LQFRUSRUDWHG��

7KH�GHWDLOV�RI�SULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�LQ�WKH�
VWXG\�DUH�VKRZQ�LQ�WDEOH������

�
�
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$QWLJHQ� �U\��DQWLERG\� �U\��DQWLERG\�
�� VSHFLHV� &RQF�� PDQXIDFWXUHU�VSHFLHV�GLOXWLRQ�PDQXIDFWXUHU�

VXUYLYLQ�0RXVH� ����
J�PO�

$EFDP
� 5DEELW��������� $EFDP�

S���� 0RXVH� �� J�PO� $EFDP� 5DEELW��������� $EFDP�

%FO��� *RDW� ���
J�PO�

5	'�
6\VWHPV

�

5DEELW��������� $EFDP�

3&1$� 0RXVH��������� $EFDP� 5DEELW��������� $EFDP�

7DEOH������7KH�GHWDLOV�RI�DQWLERGLHV�XWLOL]HG�LQ�WKH�VWXG\��
7KH�VOLGHV�ZHUH�H[DPLQHG�IRU�ERWK�URXWLQH�KLVWRSDWKRORJ\�DQG�

LPPXQRKLVWRFKHPLVWU\�XVLQJ�2O\PSXV�OLJKW�PLFURVFRSH�HTXLSSHG�
ZLWK�6,6�,PDJH�$QDO\VLV�&RPSXWHU�6\VWHP�IRU�WKH�SXUSRVH�RI�
TXDQWLWDWLYH�DVVHVVPHQW�RI�LPPXQRKLVWRFKHPLFDO�UHDFWLYLW\��
([DPLQDWLRQ�ZDV�GRQH�XQGHU�;����;�����;����DQG�;����
PDJQLILFDWLRQ��

6FRULQJ�PHWKRG��
7KH�VFRULQJ�PHWKRG�IRU�GLIIHUHQW�PDUNHUV�ZDV�PRGLILHG�IURP�

WKDW�GHVFULEHG�E\�6LQLFURSH�HW�DO����������>��@)RXU�VHFWLRQV�SHU�
VSHFLPHQ�KDYH�EHHQ�H[DPLQHG�IRU�HDFK�PDUNHU�HYDOXDWHG�LQ�WKH�VWXG\��
7KH�PHDQ�SHUFHQWDJH�RI�SRVLWLYH�WXPRU�FHOOV�ZDV�GHWHUPLQHG�LQ�DW�
OHDVW�ILYH�ILHOGV�SHU�VHFWLRQ��DW�����IROG�PDJQLILFDWLRQ��DQG�DVVLJQHG�
WR�RQH�RI�WKH�IROORZLQJ���FDWHJRULHV������������������������������
���������������������������������������������������������������
����������!��������1�%��WKH�VFRUH�UHIHUV�WR�WKH�SHUFHQW�RI�SRVLWLYHO\�
VWDLQHG�FHOOV���7KH�LQWHQVLW\�RI�LPPXQRVWDLQLQJ�ZDV�VFRUHG�DV�
IROORZV������ZHDN������PRGHUDWH��DQG�����LQWHQVH��%HFDXVH�WKH�OHVLRQV�
VKRZHG�KHWHURJHQHRXV�VWDLQLQJ��WKH�GRPLQDQW�SDWWHUQ�ZDV�XVHG�IRU�
VFRULQJ��7KH�VFRUHV�LQGLFDWLQJ�SHUFHQWDJH�RI�SRVLWLYH�FHOOV�DQG�
VWDLQLQJ�LQWHQVLW\�ZHUH�PXOWLSOLHG�WR�SURGXFH�D�ZHLJKWHG�VFRUH�IRU�
HDFK�ILHOG��7KH�DYHUDJH�ZHLJKWHG�VFRUH�IRU�WKH�����;�����ILHOGV�
H[DPLQHG�IRU�HDFK�VSHFLPHQ����ILHOGV�VHFWLRQ�;���VHFWLRQV��LV�WKHQ�
FDOFXODWHG��&DVHV�ZLWK�ZHLJKWHG�VFRUHV����ZHUH�GHILQHG�DV�QHJDWLYH��
DQG�FDVHV�ZHUH�RWKHUZLVH�GHILQHG�DV�SRVLWLYH��

�
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6WDWLVWLFDO�DQDO\VLV��
&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WZR�JURXSV�ZDV�GRQH�WKURXJK�

XQSDLUHG�7�WHVW�DQG�FKL�VTXDUH�WHVW�XVLQJ�JUDSKSDG�VRIWZDUH�
GRZQORDGHG�IURP�WKH�ZHEVLWH��KWWS���ZZZ�JUDSKSDG�FRP>��@�

&RUUHODWLRQ�EHWZHHQ�GLIIHUHQW�SDUDPHWHUV�ZDV�GRQH�WKURXJK�
JUDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS>��@�

5HVXOWV�
7KH�VWXG\�LQFOXGHG����SDWLHQWV�DQG���FRQWURO�VXEMHFWV�RI�PDWFKHG�

DJH�DQG�VH[��(OHYHQ�FOLQLFDOO\�W\SLFDO�OHVLRQV�RI�YHUUXFD�YXOJDULV�
�IURP���SDWLHQWV��DQG����W\SLFDO�OHVLRQV�RI�FRQG\ORPD�DFXPLQDWD�
�IURP���SDWLHQWV��KDYH�EHHQ�ELRSVLHG�LQ�DGGLWLRQ�WR���ELRSVLHV�IURP�
PDWFKHG�DUHDV�RI�QRUPDO�VNLQ��IURP���KHDOWK\�VXEMHFWV�RI�PDWFKHG�DJH�
DQG�VH[���7KH�FOLQLFDO�GDWD�RI�WKH�SDWLHQWV�DQG�FRQWURO�JURXS�DUH�
VKRZQ�LQ�WDEOH�������

��
&RQWURO�
�Q ���
��

9HUUXFD�YXOJDULV�
�Q ���
��

&RQG\ORPD�
$FXPLQDWD�
�Q ���
��

5DQJH�
�
��

0HDQ����6'�
�
��

5DQJH�
�
��

0HDQ����6'�
�
��

5DQJH�
�
��

0HDQ����6'�
�
��$JH�

�\HDUV��
�� �������� ���������

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

6H[�
0DOHV�
��
��

)HPDOHV�
��
��

0DOHV�
��
��

)HPDOHV�
��
��

0DOHV�
��
��

)HPDOHV�
��
��

1XPEHU�RI�
ELRSVLHV� �� ��� ���

6LWH�
RI�ELRSVLHG�
OHVLRQV�

+DQGV�����
7KLJK�����

3XELF�DUHD�����
6FURWXP�����

��

+DQGV�����
)LQJHUV�����
/HJV�����

$EGRPHQ�����
3XELF�DUHD�����

��

3XELF�DUHD�����
*HQLWDOLD�����
7KLJK�����

��

UDQJH�
��

���������
	 �
��� �
�� UDQJH�

��
0HDQ����6'�

��
UDQJH�
��

0HDQ����6'�
��

�
$SSUR[LPDWH�
GXUDWLRQ�RI�
OHVLRQV�
�PRQWKV��

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

7DEOH������FOLQLFDO�GDWD�RI�WKH�VWXG\�PDWHULDO��
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,PPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�RI�ERWK�9�9��DQG�&�$��
OHVLRQV�FRXOG�UHYHDO�VLJQLILFDQWO\�LQFUHDVHG�UHDFWLYLW\�IRU�VXUYLYLQ�DV�
ZHOO�DV�IRU�S����FRPSDUHG�WR�QRUPDO�VNLQ��LQ�WHUPV�RI�SHUFHQW�SRVLWLYH�
OHVLRQV�DQG�RI�DYHUDJH�ZHLJKWHG�VFRUH���1RUPDO�VNLQ�ZDV�DOPRVW�
QHJDWLYH�IRU�ERWK�PDUNHUV�LQ�PRVW�ELRSVLHV�VWXGLHG��/HVLRQV�RI�&�$��
ZHUH�PRUH�UHDFWLYH�IRU�ERWK�PDUNHUV�WKDQ�WKRVH�RI�9�9��EXW�WKH�
GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�RQO\�IRU�S�����S�������

7KH�UHDFWLYLW\�IRU�VXUYLYLQ�ZDV�GLIIXVH�DOO�RYHU�WKH�HSLGHUPLV�EXW�
PRUH�SURPLQHQW�LQ�WKH�ORZHU�HSLGHUPDO�OD\HUV��7KH�FHOOXODU�VWDLQLQJ�
SDWWHUQ�ZDV�ILQHO\�JUDQXODU�DQG�PRUH�QXFOHDU�WKDQ�F\WRSODVPLF��

)RU�S�����WKH�VWDLQLQJ�ZDV�DOVR�GLIIXVH�DOO�RYHU�WKH�HSLGHUPLV�
�EDVDO�DQG�VXSUDEDVDO���$W�WKH�FHOOXODU�OHYHO��VWDLQLQJ�ZDV�HLWKHU�
JUDQXODU�RU�KRPRJHQHRXV�DQG�FRPSDFW�DQG�ZDV�HLWKHU�QXFOHDU�RU�ERWK�
QXFOHDU�DQG�F\WRSODVPLF��HVSHFLDOO\�LQ�DUHDV�RI�KHDY\�VWDLQLQJ���

$QDWRPLF�FRUUHODWLRQ�FRXOG�EH�REVHUYHG�LQ�PDQ\�OHVLRQV�
EHWZHHQ�DUHDV�RI�LQWHQVH�LPPXQRUHDFWLYLW\�IRU�ERWK�PDUNHUV��

)RU�%FO����VWDLQLQJ�LQ�ERWK�W\SHV�RI�YHUUXFRXV�OHVLRQV�ZDV�ZHDN�
DQG�GLG�QRW�VLJQLILFDQWO\�GLIIHU�IURP�FRUUHVSRQGLQJ�VWDLQLQJ�RI�QRUPDO�
VNLQ��7KH�VWDLQLQJ�LQ�DOO�VNLQ�VSHFLPHQV�H[DPLQHG�ZDV�PDLQO\�LQ�WKH�
EDVDO�RU�LPPHGLDWH�VXSUDEDVDO�OD\HUV�DQG�DOZD\V�F\WRSODVPLF�
�SHULQXFOHDU���

%RWK�9�9�DQG�&�$��OHVLRQV�VKRZHG�VLJQLILFDQWO\�HQKDQFHG�
VWDLQLQJ�IRU�3&1$�LQ�FRPSDULVRQ�WR�QRUPDO�VNLQ��ZLWK�9�9��OHVLRQV�
PRUH�UHDFWLYH�WR�3&1$�WKDQ�OHVLRQV�RI�&�$��DOWKRXJK�WKH�GLIIHUHQFH�
ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�EHWZHHQ�9�9��DQG�&�$��5HDFWLYLW\�
ZDV�QXFOHDU��KRPRJHQHRXV�DQG�PRVW�PDUNHG�LQ�WKH�EDVDO�OD\HU�DQG�
JUDGXDOO\�EHFRPHV�OHVV�KLJKHU�XS�LQ�WKH�HSLGHUPLV��

6HH�ILJV�����WR�����
�
�
�
�
�
�
�
�
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�
)LJ������,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�YHUUXFD�YXOJDULV�
�9�9���OHVLRQV�VKRZLQJ�PDUNHGO\�HQKDQFHG�H[SUHVVLRQ�RI�3�
����WKURXJKRXW�WKH�HSLGHUPLV��ERWK�QXFOHDU�DQG�F\WRSODVPLF���
RI�VXUYLYLQ��WKURXJKRXW�WKH�HSLGHUPLV��PDLQO\�QXFOHDU�DQG�WR�
D�OHVV�H[WHQW�F\WRSODVPLF��DQG�RI�3&1$��PDLQO\�LQ�ORZHU�
HSLGHUPLV�	�QXFOHDU���1R�VLJQLILFDQW�VWDLQLQJ�IRU�%FO���FRXOG�
EH�REVHUYHG�� �
�
�
�
�

�
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�
)LJ����,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�FRQG\ORPD�
DFXPLQDWD��&�$���OHVLRQV�VKRZLQJ�PDUNHGO\�HQKDQFHG�
H[SUHVVLRQ�RI�3�����WKURXJKRXW�WKH�HSLGHUPLV��ERWK�QXFOHDU�
DQG�F\WRSODVPLF���RI�VXUYLYLQ��WKURXJKRXW�WKH�HSLGHUPLV��
PDLQO\�QXFOHDU�DQG�OHVV�SURPLQHQWO\�F\WRSODVPLF��DQG�RI�
3&1$��PDLQO\�LQ�ORZHU�HSLGHUPLV�	�QXFOHDU���1R�VLJQLILFDQW�
VWDLQLQJ�IRU�%FO���FRXOG�EH�REVHUYHG���

�

�
)LJ������,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�RI�QRUPDO�VNLQ�
VKRZLQJ�QR�VWDLQLQJ�IRU�S����RU�VXUYLYLQ��3RRU�VWDLQLQJ�FRXOG�
EH�VHHQ�IRU�%FO����LQ�ORZHU�HSLGHUPLV���PDLQO\�SHULQXFOHDU���
6WDLQLQJ�IRU�3&1$�FRXOG�EH�VHHQ�FOHDUO\�LQ�ORZHU�HSLGHUPLV��
,PPXQRUHDFWLYLW\�IRU�VXUYLYLQ�VKRZHG�VWURQJO\�SRVLWLYH�

FRUUHODWLRQ�ZLWK�WKDW�RI�S����LQ�ERWK�W\SHV�RI�YHUUXFRXV�OHVLRQV��1R�
FRUUHODWLRQ�FRXOG�EH�REVHUYHG�EHWZHHQ�VXUYLYLQ�DQG�RWKHU�PDUNHUV�
HYDOXDWHG�LQ�WKH�VWXG\��7DEOH����F�

5HVXOWV�RI�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�DUH�VKRZQ�LQ�
WDEOHV����D��E�	�F�
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� �VWDWLVWLFDOO\�VLJQLILFDQW�
7DEOH����E�5HVXOWV�RI�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�

�1XPEHU�	�SHUFHQWDJH�RI�SRVLWLYH�OHVLRQV��
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� �VWDWLVWLFDOO\�VLJQLILFDQW�
���������)LJXUHV�VKRZQ�UHIHU�WR�FRUUHODWLRQ�FRHIILFLHQW��

7DEOH����F�5HVXOWV�RI�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�
�&RUUHODWLRQ�PDWUL[��

��
)LJ�����LOOXVWUDWHV�FRPSDUDWLYH�VWDLQLQJ�VFRUHV�IRU�GLIIHUHQW�

PDUNHUV�LQ�9�9���&�$��DQG�FRQWURO��

�

�
)LJ������FRPSDUDWLYH�H[SUHVVLRQ�RI�VXUYLYLQ��S����%FO���DQG�
3&1$�LQ�99��&$�DQG�FRQWURO�VNLQ��

'LVFXVVLRQ�
$PRQJ�WKH�UHJXODWRU\�SURWHLQV�HYDOXDWHG�LQ�WKH�VWXG\��RQO\�

RYHUH[SUHVVLRQ�RI�VXUYLYLQ�DQG�3&1$�VHHPV�WR�EH�RI�UHOHYDQFH�WR�WKH�
K\SHUSODVWLF�QDWXUH�RI�+39�OHVLRQV��2Q�WKH�FRQWUDU\��RYHUH[SUHVVLRQ�
RI�S�����ZLWK�LWV�NQRZQ�SUR�DSRSWRWLF�DQG�DQWL�SUROLIHUDWLYH�
DFWLYLWLHV�>��@DQG�ZHDN�H[SUHVVLRQ�RI�%FO����ZLWK�LWV�NQRZQ�DQWL�
DSRSWRWLF�SURSHUWLHV��>��@PD\�UHSUHVHQW�XQH[SHFWHG�ILQGLQJV�LQ�D�
K\SHUSODVWLF�OHVLRQ�DQG�XQGHUPLQH�WKH�SRVVLELOLW\�RI�D�PDMRU�UROH�RI�
WKHVH�SURWHLQV�LQ�WKH�HYROXWLRQ�RI�+39�UHODWHG�OHVLRQV��
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6LPLODU�ILQGLQJV�LQ�ERWK�W\SHV�RI�+39�UHODWHG�OHVLRQV�PD\�
VXJJHVW�VLPLODU�HYROXWLRQDU\�SDWKZD\�RI�WKHVH�OHVLRQV�LQ�VSLWH�RI�
GLIIHUHQW�VHURW\SH�RI�WKH�FDXVDWLYH�YLUXV���,W�PD\�DOVR�FDVW�GRXEWV�RQ�
WKH�SURJQRVWLF�YDOXH�RI�VRPH�RI�WKHVH�PDUNHUV�LQ�GLVWLQJXLVKLQJ�
EHWZHHQ�EHQLJQ�DQG�SRWHQWLDOO\�PDOLJQDQW�OHVLRQV��$OWKRXJK�VXUYLYLQ�
RYHUH[SUHVVLRQ�KDV�EHHQ�XVXDOO\�OLQNHG�WR�PDOLJQDQF\��RFFXUUHQFH�LQ�
WRWDOO\�EHQLJQ�QHRSODVPV�FRXOG�EH�VKRZQ�LQ�WKLV�VWXG\�DV�ZHOO�DV�LQ�
VRPH�SUHYLRXV�VWXGLHV�ERWK�LQ�FXWDQHRXV�DQG�QRQ�FXWDQHRXV�
OHVLRQV�>�@7KLV�ZRXOG�FRPSURPLVH�LWV�SURJQRVWLF�YDOXH�VXJJHVWHG�LQ�
HDUOLHU�VWXGLHV�DV�DQ�LQGLFDWRU�RI�KLJK�JUDGH�
PDOLJQDQF\>��@�>��@�>��@�>��@�>��@�>��@�>��@�DQG�DUJXHV�WKDW�
LQKLELWLRQ�RI�DSRSWRVLV�DQG�RU�DOWHUDWLRQ�RI�FHOO�F\FOH�E\�VXUYLYLQ�LV�
QRW�QHFHVVDULO\�HTXLYDOHQW�WR��RU�IROORZHG�E\��FHOO�WUDQVIRUPDWLRQ��
7KH�SRVVLELOLW\��KRZHYHU��LV�WKHUH�RI�ORZ�ULVN�VHURW\SHV�DV�WKH�
FDXVDWLYH�DJHQW�RI�&$�LQ�RXU�SDWLHQWV�ZLWK�QR�RQFRJHQLF�SRWHQWLDO��
0RUHRYHU��WKH�SRVVLELOLW\�RI�WKH�SUHVHQFH�RI�PXWDQW�IRUPV�RI�VRPH�RI�
WKHVH�PDUNHUV��HVSHFLDOO\�IRU�S�����WKDW�DUH�QRQ�IXQFWLRQDO�EXW�
RYHUH[SUHVVHG�FDQ�QRW�EH�UXOHG�RXW�DV�ZDV�FRQILUPHG�LQ�VRPH�RWKHU�
QHRSODVPV�>��@��>��@�

,Q�WKH�SUHVHQW�VWXG\��WKHUH�ZDV�SRRU�FRUUHODWLRQ�EHWZHHQ�WKH�
SUROLIHUDWLRQ�LQGH[��DV�LQGLFDWHG�E\�3&1$�VFRUH��DQG�WKDW�RI�VXUYLYLQ�
LQGLFDWLQJ�WKDW�SRVVLEOH�FRQWULEXWLRQ�RI�VXUYLYLQ�WR�K\SHUSODVWLF�VNLQ�
UHDFWLRQ�LQ�+39�LQGXFHG�QHRSODVPV�PD\�EH�PHGLDWHG�WKURXJK�
LQKLELWLQJ�DSRSWRVLV�UDWKHU�WKDQ�E\�LQGXFLQJ�FHOO�GLYLVLRQ��,Q�IDFW��
VRPH�+39�UHODWHG�EHQLJQ�OHVLRQV�KDYH�EHHQ�VKRZQ�LQ�RWKHU�
VWXGLHV>��@WR�H[KLELW�ORZ�DSRSWRWLF�LQGH[�FRPSDUDEOH�WR�WKDW�RI�
QRUPDO�VNLQ��6XUYLYLQ�PD\�EH�RQH�RI�WKH�IDFWRUV�FRQWULEXWLQJ�WR�WKLV�
VXSSUHVVLRQ�RI�DSRSWRVLV�LQ�VSLWH�RI�WKH�YLUDO�LQVXOW�WR�NHUDWLQRF\WHV��
2Q�WKH�RWKHU�KDQG��K\SHUSUROLIHUDWLRQ�WKDW�KDV�EHHQ�FRQILUPHG�LQ�WKLV�
VWXG\��DV�VKRZQ�E\�3&1$�RYHUH[SUHVVLRQ��PD\�EH�PHGLDWHG�WKURXJK�
RWKHU�PHFKDQLVPV��

$OWKRXJK�WKH�RYHUDOO�DYHUDJH�VFRUH�RI�VXUYLYLQ�SRVLWLYH�FHOOV�LV�
VLJQLILFDQWO\�KLJK��VRPH�OHVLRQV�ZHUH�WRWDOO\�QHJDWLYH�IRU�VXUYLYLQ��
7KLV�FDQ�EH�H[SODLQHG�LQ�VHYHUDO�ZD\V��)LUVW�RI�DOO�LV�WKH�DJH��RU�VWDJH��
RI�OHVLRQ�DV�WLVVXH�K\SHUSODVLD�PD\�EH�D�FRQVHTXHQFH�RI�WUDQVLHQW�VWDWH�
RI�LPEDODQFH�EHWZHHQ�WLVVXH�SUROLIHUDWLRQ�DQG�DSRSWRVLV�DIWHU�ZKLFK�
PDLQWHQDQFH�RI�WKH�VWDWLRQDU\�VWDWH�PD\�MXVW�QHFHVVLWDWH�
UHHVWDEOLVKPHQW�RI�WKH�RULJLQDO�EDODQFH�EHWZHHQ�WKHVH�WZR�SURFHVVHV��
7KLV�PD\�EH�H[SHFWHG�LQ�OHVLRQV�OLNH�YLUDO�ZDUWV�ZKHUH��LQ�PRVW�FDVHV��
WKH�OHVLRQ�H[KLELWV�DQ�LQLWLDO�VWDWH�RI�H[SDQVLRQ�IROORZHG�E\�FHVVDWLRQ�
RI�JURZWK�LQ�FRQWUDVW�WR�WKH�UHOHQWOHVVO\�H[SDQGLQJ�PDOLJQDQW�
QHRSODVPV�>��@$QRWKHU�SRVVLEOH�UHDVRQ�LV�WKH�SUREDEOH�GLIIHUHQFH�LQ�
WKH�FDXVDWLYH�YLUDO�VHURW\SH�DV�FOLQLFDOO\�VLPLODU�+39�OHVLRQV�FDQ�EH�
FDXVHG�E\�GLIIHUHQW�VHURW\SHV�WKDW�KDYH�GLIIHUHQW�JHQH�FKDUDFWHULVWLFV�
DQG�PRUH�LPSRUWDQWO\�GLIIHUHQW�SRWHQWLDO��RU�PHFKDQLVPV��RI�LQGXFLQJ�
FHOO�WUDQVIRUPDWLRQ�DQG�RU�DOWHULQJ�KRVW�FHOO�G\QDPLFV�>��@�

1HYHUWKHOHVV��WKH�GHPRQVWUDWLRQ�RI�LQFUHDVHG�UHDFWLYLW\�WR�3&1$�
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�DV�UHJDUGV�WKH�DYHUDJH�ZHLJKWHG�VFRUH�RI�VWDLQLQJ�LQ�DOO�VWXGLHG�
YHUUXFRXV�OHVLRQV��VXJJHVWV�D�FRQWLQXRXV�VWDWH�RI�K\SHUSUROLIHUDWLRQ�
WKDW�LV�SUREDEO\�QHFHVVDU\�WR�PDLQWDLQ�WKH�K\SHUSODVWLF�VWDWH�LQ�WKH�
IDFH�RI�RWKHU�RSSRVLQJ�PHFKDQLVPV��H�J��RYHUH[SUHVVHG�S������

$JDLQ��ODFN�RI�VLJQLILFDQW�%FO���H[SUHVVLRQ�ZRXOG�EH�
LQFRQVLVWHQW�ZLWK�D�PDMRU�UROH�RI�%FO���DQWL�DSRSWRWLF�DFWLRQ�LQ�WKH�
HYROXWLRQ�RI�+39�UHODWHG�OHVLRQV��7KH�UHGXFHG�OHYHOV�RI�%FO���PD\�EH�
UHODWHG�LQ�VRPH�ZD\�RU�DQRWKHU�WR�WKH�XSJUDGHG�H[SUHVVLRQ�RI�S�����D�
NQRZQ�LQKLELWRU�RI�%FO���H[SUHVVLRQ�>��@��DOWKRXJK�QR�FOHDU�
FRUUHODWLRQ��QHJDWLYH�RU�SRVLWLYH��FRXOG�EH�GHPRQVWUDWHG�LQ�WKLV�VWXG\�
EHWZHHQ�WKHVH�WZR�PDUNHUV��

7KH�PLQLPDO�H[SUHVVLRQ�RI�%FO���DJUHHV�ZLWK�SUHYLRXV�VWXGLHV�
FDUULHG�RXW�RQ�EHQLJQ�+39�OHVLRQV�>��@UHSRUWLQJ�UHGXFHG�%FO���LQ�
FRQWUDVW�WR�QRUPDO�%$;�H[SUHVVLRQ�LQ�WKH�OHVLRQDO�VNLQ��7KLV�GRHV�QRW�
H[FOXGH�WKH�SUHVHQFH�RI�DQRWKHU�+39�LQGXFHG�DQWL�DSRSWRWLF�
PHFKDQLVP�LQGHSHQGHQW�RI��RU�E\SDVVLQJ��WKDW�PHGLDWHG�E\�%FO���
�H�J��DW�WKH�FDVSDVH�OHYHO�DV�VXJJHVWHG�IRU�VXUYLYLQ��>�@�

$QRWKHU�VWXG\�FDUULHG�RXW�RQ�D�YDULHW\�RI�FXWDQHRXV�QHRSODVPV�
FRXOG�VKRZ�VLPLODU�UHGXFWLRQ�RI�%FO���ZLWKLQ�9�9��DQG�&�$��OHVLRQV�
ZKLOH�WKH�PDOLJQDQW��RU�SUHPDOLJQDQW��QDWXUH�RI�RWKHU�WXPRUV�
VXEMHFWHG�WR�HYDOXDWLRQ��QRW�WKH�PHUH�K\SHUSODVLD��ZDV�DVVRFLDWHG�
ZLWK�LQFUHDVHG�%FO���H[SUHVVLRQ�>��@�

7KH�VWULNLQJO\�HQKDQFHG�H[SUHVVLRQ�RI�3����LQ�+39�OHVLRQV�
VKRZQ�LQ�WKH�SUHVHQW�VWXG\�FRQWUDGLFWV�ZLWK�SUHYLRXV�UHSRUWV�RI�
UHGXFHG�S����LPPXQRUHDFWLYLW\�LQ�+39�LQGXFHG�OHVLRQV�>��@/LNHO\�
H[SODQDWLRQ�WR�WKH�REVHUYHG�H[SUHVVLRQ�LV�WKH�SRVVLEOH�ODFN�RI�
PDOLJQDQW�SRWHQWLDO�RI�WKH�ELRSVLHG�OHVLRQ��SUREDEO\�UHODWHG�WR�WKH�
XQGHUO\LQJ�VHURW\SH�RI�WKH�YLUXV�ZKLFK�KDV�QRW�EHHQ�DVVHVVHG�LQ�WKH�
FXUUHQW�VWXG\�DQG�DOVR�LQ�PRVW�RI�WKH�SUHYLRXV�UHODWHG�VWXGLHV���
(SLGHPLRORJLFDO�GLIIHUHQFH�LQ�WKH�SUHYDOHQFH�RI�GLIIHUHQW�KXPDQ�
SDSLOORPD�YLUDO�VHURW\SHV�LQ�GLIIHUHQW�FRPPXQLWLHV��ZLWK�GLIIHUHQW�
SRWHQWLDO�RI�PDOLJQDQW�WUDQVIRUPDWLRQ��PD\�EH�RQH�SRVVLEOH�FDXVH��
7KH�ORVV�RI�S����KDV�EHHQ�W\SLFDOO\�UHSRUWHG�LQ��DQG�DOVR�HWLRORJLFDOO\�
OLQNHG�WR��WKRVH�OHVLRQV�ZLWK�SRWHQWLDO�RI�PDOLJQDQW�WUDQVIRUPDWLRQ��,Q�
FDVHV�RI�+39�LQGXFHG�OHVLRQV��KLJK�ULVN�VHURW\SHV�ZHUH�UHSRUWHG�WR�
LQGXFH�FHOO�WUDQVIRUPDWLRQ�WKURXJK�H[SUHVVLRQ�RI���PDLQ�JHQH�
SURGXFWV�QDPHO\�(���DQG�(��JHQHV��(���JHQH�SURGXFWV��LQ�SDUWLFXODU��
KDYH�SRWHQW�LQKLELWRU\�HIIHFW�RQ�S����H[SUHVVLRQ�DQG�S����DFWLRQ�
�WKURXJK�LQKLELWLQJ�S�����>��@6R��WKH�GHPRQVWUDWLRQ�RI�S����LQ�PRVW�
ELRSVLHG�OHVLRQV�LQ�WKH�SUHVHQW�VWXG\�FRXOG�SRLQW�WR�EHQLJQ�QDWXUH�RI�
WKH�XQGHUO\LQJ�YLUDO�VHURW\SH��

�
$QRWKHU�FRQWURYHUV\�LV�WKH�FRQWUDVW�EHWZHHQ�RYHUH[SUHVVLRQ�RI�

S�����D�SRWHQW�DQWL�SUROLIHUDWLYH�DQG�SUR�DSRSWRWLF�IDFWRU�>��@DQG�WKH�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� �������

QDWXUH�RI�ZDUWV�DV�K\SHUSODVWLF�OHVLRQV��7KH�DQVZHU�PD\�DJDLQ�UHVLGH�
LQ�WKH�DJH��RU�VWDJH��RI�WKH�OHVLRQ�ZKHUH�VWLPXODWLRQ�RI�SUROLIHUDWLRQ�
DQG�RU�LQKLELWLRQ�RI�DSRSWRVLV�VHHP�WR�EH�QHFHVVDU\�RQO\�LQ�WKH�LQLWLDO�
VWDJH�RI�HYROXWLRQ�DIWHU�ZKLFK�D�VWDWLRQDU\�VWDWH�LV�UHDFKHG�ZKHUH�
PDLQWHQDQFH�RI�WKH�OHVLRQ�PD\�MXVW�UHTXLUH�UH�LQVWLWXWLRQ�RI�WKH�
EDODQFH�EHWZHHQ�SUROLIHUDWLRQ�DQG�FHOO�GHOHWLRQ�E\�DSRSWRVLV��,Q�
KDUPRQ\�ZLWK�WKLV�SRVVLELOLW\�LV�WKH�ZHOO�HVWDEOLVKHG�OLQN�EHWZHHQ�
DSRSWRVLV�DQG�SUROLIHUDWLRQ�ZKHUH�HQKDQFHG�SUROLIHUDWLRQ�KDV�EHHQ�
VKRZQ�WR�VWLPXODWH�HQKDQFHG�DSRSWRVLV�XQGHU�SK\VLRORJLFDO�DQG�DOVR�
LQ�PDQ\�SDWKRORJLFDO�FRQGLWLRQV�>��@�

6RPH�VWXGLHV�FRXOG�GHPRQVWUDWH�WKH�DELOLW\�RI�S����WR�VXSSUHVV�
+39�UHODWHG�K\SHUSUROLIHUDWLRQ�DQG�PDGH�WKH�VXJJHVWLRQ�WKDW�DW�D�
FHUWDLQ�VWDJH�RI�YLUDO�F\FOH��D�IHHGEDFN�ORRS�EHJLQV�WR�RSHUDWH�LQ�
ZKLFK�VRPH�YLUDO�SURWHLQV��H�J��(��RU�(���PD\�DFW�WR�EORFN�WKH�LQLWLDO�
YLUDO�VXSSUHVVRU�HIIHFW�RQ�S����DFWLRQ�	�RU�H[SUHVVLRQ�JLYLQJ�LW�D�
FKDQFH�WR�FKHFN�WKH�K\SHUDFWLYH�FHOO�SUROLIHUDWLYH�SURFHVV�>��@�

+RZHYHU��,W�LV�SRVVLEOH�WKDW�WKH�FRQWULEXWLRQ�RI�S����WR�WKH�
SURFHVV�RI�HYROXWLRQ��RU�PDLQWHQDQFH��RI�ZDUW�OHVLRQV�LV�D�PLQRU�RQH�
RU�LV�RYHUFRPH�E\�RSSRVLQJ�DQG�PRUH�HIIHFWLYH�PHFKDQLVPV��7KH�
SUHVHQFH�RI�S����LQ�D�PXWDQW�IRUP�WKDW�LV�RYHUH[SUHVVHG�EXW�QRQ�
IXQFWLRQDO�LV�DQRWKHU�SRVVLELOLW\�WKDW��KRZHYHU��FRXOG�QRW�EH�YHULILHG�
E\�RXU�FRQYHQWLRQDO�LPPXQRKLVWRFKHPLFDO�WHFKQLTXH��,I�WUXH��WKH�
TXHVWLRQ�UHPDLQV�DV�ZKHWKHU�WKH�PXWDWLRQ�LV�LQWULQVLF�RU�LQGXFHG�E\�
WKH�YLUDO�LQIHFWLRQ�LWVHOI��

$QRWKHU�VWULNLQJ�ILQGLQJ�LQ�WKH�SUHVHQW�VWXG\�LV�WKH�VWURQJO\�
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�S����DQG�VXUYLYLQ��7KLV�LV�DOVR�
XQH[SHFWHG�NHHSLQJ�LQ�PLQG�WKH�LQKLELWRU\�HIIHFW�ZKLFK�S����LV�
VXSSRVHG�WR�H[HUW�RQ�VXUYLYLQ�H[SUHVVLRQ�>�@�

$JDLQ��WKH�H[LVWHQFH�RI�S����LQ�D�PXWDQW�LQHIIHFWLYH�IRUP�LV�RQH�
SRVVLELOLW\�>��@$QRWKHU�H[SODQDWLRQ�LV�WKH�SUHVHQFH�RI�PDQ\�RWKHU��	�
SUREDEO\�PRUH�SRWHQW��UHJXODWRUV�RI�VXUYLYLQ�H[SUHVVLRQ�DSDUW�IURP�S�
���LQFOXGLQJ�RWKHU�RQFRJHQH�SURGXFWV�DQG�D�QXPEHU�RI�JURZWK�
IDFWRUV��7KH�UHODWLYH�LPSRUWDQFH�RI�WKHVH�GLIIHUHQW�IDFWRUV�DQG�WKHLU�
SRVVLEOH�DOWHUDWLRQ�LQ�+39�LQGXFHG�OHVLRQV�DUH�VWLOO�WR�EH�HOXFLGDWHG�
EXW�VHHP�WR�YDU\�HYHQ�IURP�RQH�W\SH�RI�OHVLRQV�WR�DQRWKHU�>�@�

,Q�DGGLWLRQ�WR�WKH�QHJDWLYH�HIIHFW�S���KDV�RQ�VXUYLYLQ�
H[SUHVVLRQ�>�@ERWK�IDFWRUV�KDYH�DQWDJRQLVWLF�HIIHFW�RQ�FHOO�G\QDPLFV��
3����DSSHDUV�WR�EH�FDSDEOH�RI�LQGXFLQJ�FHOO�F\FOH�DUUHVW�DQG�RU�
DSRSWRVLV�WKURXJK�D�ODUJH�QXPEHU�RI�UHJXODWRU\�SDWKZD\V��6RPH�RI�
WKHVH�FDQ�LQWHUVHFW�ZLWK�WKH�DFWLRQ�RI�VXUYLYLQ��H�J��DV�UHJDUGV�FDVSDVH�
LQKLELWLRQ��>��@$OWKRXJK�WKH�H[DFW�PHFKDQLVP�V��>RU�VLWH�V�@�RI�DFWLRQ�
RI�VXUYLYLQ�DUH�QRW�\HW�VHWWOHG�>�@VRPH�RI�WKHVH�PHFKDQLVPV�PD\�EH�
SUREDEO\�FDSDEOH�RI�HLWKHU�E\SDVVLQJ�RU�RYHUFRPLQJ�WKH�RSSRVLQJ�
DFWLRQ�RI�S���DW�OHDVW�LQ�FDVH�RI�+39�LQGXFHG�OHVLRQV��
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$V�S���ZDV�RYHUH[SUHVVHG�LQ�ERWK�W\SHV�RI�+39�OHVLRQV�
HYDOXDWHG�LQ�WKH�VWXG\��LW�PD\�QRW�EH�D�VLQLVWHU�LQGLFDWRU�RI�FHOO�
WUDQVIRUPDWLRQ��,W�ZRXOG�UDWKHU�UHSUHVHQW�D�QDWXUDO�F\WRSURWHFWLYH�
UHDFWLRQ�WR�WKH�VWUHVV�LPSRVHG�RQ�WKH�FHOO�DV�D�UHVXOW�RI�YLUDO�LQVXOW��
7KH�RYHUH[SUHVVHG�S���PD\�WKHQ�VWDUW��RU�WU\�WR�VWDUW��D�VWDWH�RI�FHOO�
F\FOH�DUUHVW�VR�DV�WR�JLYH�D�FKDQFH�IRU�'1$�UHSDLU�	�RU�FHOO�
DSRSWRVLV�>��@*LYHQ�WKH�SHUVLVWHQW�QDWXUH�RI�WKH�FHOOXODU�LQVXOW��LQ�WKH�
IRUP�RI�SHUVLVWHQW�YLUDO�LQIHFWLRQ���WKH�RYHUH[SUHVVLRQ�PD\�EH�DOVR�
SHUVLVWHQW�EXW�PD\�EH�VRPHZKDW�LQHIIHFWLYH�LQ�KDOWLQJ�WKH�K\SHUSODVWLF�
WLVVXH�UHDFWLRQ��

&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�
$OWKRXJK�WKH�VWXG\�FRXOG�VWURQJO\�VXJJHVW�LQYROYHPHQW�RI�VRPH�

SUROLIHUDWLYH�DQG�DSRSWRWLF�PHGLDWRUV��LQ�SDUWLFXODU�VXUYLYLQ��LQ�WKH�
SDWKRJHQHVLV�RI�WLVVXH�UHDFWLRQ�RI�+39�LQGXFHG�OHVLRQV��WKH�H[DFW�
VHTXHQFH�RI�HYHQWV�VHHPV�WR�EH�PRUH�FRPSOLFDWHG�DQG�PD\�LQYROYH�D�
ODUJH�QXPEHU�RI�IDFWRUV�LQWHUDFWLQJ�LQ�D�VRSKLVWLFDWHG�ZD\��,Q�YLWUR�
VWXGLHV�PD\�EH�PRUH�KHOSIXO�LQ�VWXG\LQJ�WKH�UROH�RI�HDFK�IDFWRU�LQ�
LVRODWLRQ��7KHUH�PD\�EH�DOVR�D�JUHDW�QHHG�IRU�ORQJ�WHUP�VWXGLHV�WR�
FRUUHODWH�WKH�LPPXQRKLVWRFKHPLFDO�ILQGLQJV�RI�WKH�HDUO\�VWDJHV�ZLWK�
WKH�ORQJ�WHUP�FOLQLFDO�FRXUVH�RI�WKH�OHVLRQV�DQG�LQ�SDUWLFXODU�LQ�
UHODWLRQ�WR�WKH�SRWHQWLDO�IRU�PDOLJQDQW�WUDQVIRUPDWLRQ�DQG�DOVR�ZLWK�
WKH�VXVFHSWLELOLW\�WR�VSRQWDQHRXV��RU�LPPXQH�PHGLDWHG��UHJUHVVLRQ��

)XUWKHUPRUH��FRUUHODWLRQ�ZLWK�WKH�XQGHUO\LQJ�VHURW\SH�FDQ�QRW�EH�
RYHUHPSKDVL]HG�DV�WKH�FOLQLFDOO\�VLPLODU�JURXS�RI�OHVLRQV�FRXOG�EH�
ODUJHO\�KHWHURJHQHRXV�ZKHQ�FRQVLGHULQJ�WKH�XQGHUO\LQJ�YLUDO�
VHURW\SHV��(VWDEOLVKPHQW�RI�D�FOHDU�YLHZ�RI�WKH�VSHFLILFLW\�RU�
VHQVLWLYLW\�RI�DQ\�RI�WKH�VWXGLHG�IDFWRUV�DV�D�SURJQRVWLF�PDUNHU�RI�
PDOLJQDQF\�PD\�QHFHVVLWDWH�ORQJ�WHUP�DV�ZHOO�DV�ODUJH�VFDOH�VWXGLHV�
RQ�D�ZLGH�YDULHW\�RI�OHVLRQV�EHIRUH�ILUP�FRQFOXVLRQV�FDQ�EH�PDGH��

/DVWO\��WKHUDSHXWLF�PDQLSXODWLRQ�RI�VRPH�RI�WKHVH�SUR��RU�DQWL��
DSRSWRWLF�IDFWRUV�VWDQGV�DV�DQ�DWWUDFWLYH�RSWLRQ�LQ�WKH�PDQDJHPHQW�RI�
WKLV�W\SH�RI�VNLQ�OHVLRQV��

5HIHUHQFHV�
�
���5HHG��-&����������0HFKDQLVPV�RI�DSRSWRVLV��$P��-��3DWKRO��
������������
�
���5HHG��-�&����������'\VUHJXODWLRQ�RI�DSRSWRVLV�LQ�FDQFHU��-��&OLQ��
2QFRO�������������
�
���&RU\��6���+XDQJ��'�&���$GDPV��-�0����������7KH�%FO���IDPLO\��
UROHV�LQ�FHOO�VXUYLYDO�DQG�RQFRJHQHVLV��2QFRJHQH�������������
�
���%HXWQHU��.�5��DQG�7\ULQJ��6����������+XPDQ�SDSLOORPDYLUXV�DQG�
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KXPDQ�GLVHDVH��$P��-��0HG��������$�������
�
���%XWHO��-����������9LUDO�FDUFLQRJHQHVLV��UHYHODWLRQ�RI�PROHFXODU�
PHFKDQLVPV�DQG�HWLRORJ\�RI�KXPDQ�GLVHDVH��&DUFLQRJHQHVLV�������
���������
�
���9DQ�'RRUQXP��*�-��3ULQV��0��-XIIHUPDQV��/�+���+RR\NDDV��&���YDQ�
GHQ�+RHN��-�$���&RXWLQKR��5�$��DQG�4XLQW��:�*����������5HJLRQDO�
GLVWULEXWLRQ�DQG�LQFLGHQFH�RI�KXPDQ�SDSLOORPDYLUXV�LQIHFWLRQV�DPRQJ�
KHWHURVH[XDO�PHQ�DQG�ZRPHQ�ZLWK�PXOWLSOH�VH[XDO�SDUWQHUV��D�
SURVSHFWLYH�VWXG\�*HQLWRXULQDU\�0HGLFLQH�����������������
�
���$UHQGV��0�-���:\OOLH��$�+���%LUG��&�&����������3DSLOORPDYLUXVHV�
DQG�KXPDQ�FDQFHU��+XP��3DWKRO����������������
�
���-RKQVRQ��0��(��DQG�+RZHUWK��(��:����������6XUYLYLQ��$�
%LIXQFWLRQDO�,QKLELWRU�RI�$SRSWRVLV�3URWHLQ�9HW��3DWKRO����������������
�
���5HHG��-�&��DQG�%LVFKRII��-�5����������%,5LQJLQJ�FKURPRVRPHV�
WKURXJK�FHOO�GLYLVLRQ�DQG�VXUYLYLQ
�WKH�H[SHULHQFH��&HOO������������
����
�
����/L��)��DQG�$OWLHUL��'�&����������7KH�FDQFHU�DQWLDSRSWRVLV�PRXVH�
VXUYLYLQ�JHQH��FKDUDFWHUL]DWLRQ�RI�ORFXV�DQG�WUDQVFULSWLRQDO�
UHTXLUHPHQWV�RI�EDVDO�DQG�FHOO�F\FOH�GHSHQGHQW�H[SUHVVLRQ��&DQFHU�
5HV������������������
�
����=ZLFNHU��-���/XFLEHOOR��)�&��DQG�:ROIUDLP��/�$����������&HOO�
F\FOH�UHJXODWLRQ�RI�WKH�F\FOLQ�$��FGF��&��DQG�FGF��JHQHV�LV�EDVHG�RQ�
D�FRPPRQ�PHFKDQLVP�RI�WUDQVFULSWLRQDO�UHSUHVVLRQ��(0%2��-��������
����������
�
����$PEURVLQL��*���$GLGD��&��DQG�$OWLHUL��'�&����������$�QRYHO�DQWL�
DSRSWRVLV�JHQH��VXUYLYLQ��H[SUHVVHG�LQ�FDQFHU�DQG�O\PSKRPD��1DW��
0HG���������������
�
����5LHGO��6�-���5HQDWXV��0���6FKZDU]HQEDFKHU��5���=KRX��4���6XQ��&���
)HVLN��6:���/LGGLQJWRQ��5�&���DQG�6DOYHVHQ��*�6����������6WUXFWXUDO�
EDVLV�IRU�WKH�LQKLELWLRQ�RI�FDVSDVH���E\�;,$3��&HOO����������������
�
����2
&RQQRU��'�6���*URVVPDQ��'���3OHVFLD��-���/L��)���=KDQJ��+���6FL�
9LOOD��$���7RJQLQ��6���0DUFKLVLR��3�&��DQG�$OWLHUL��'�&����������
5HJXODWLRQ�RI�DSRSWRVLV�DW�FHOO�GLYLVLRQ�E\�S��FGF��SKRVSKRU\ODWLRQ�
RI�VXUYLYLQ��3URF��1DWO��$FDG��������������������
�
����0DUXVDZD��+���0DWVX]DZD��6���:HOVK��.���=RX��+���$UPVWURQJ��
5���7DPP��,��DQG�5HHG��-�&����������+%;,3�IXQFWLRQV�DV�D�FRIDFWRU�RI�
VXUYLYLQ�LQ�DSRSWRVLV�VXSSUHVVLRQ��(0%2��-������������������
�
����6RQJ��=���<DR��;��DQG�:X��0����������'LUHFW�LQWHUDFWLRQ�EHWZHHQ�
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VXUYLYLQ�DQG�6PDF�',$%/2�LV�HVVHQWLDO�IRU�WKH�DQWL�DSRSWRWLF�DFWLYLW\�
RI�VXUYLYLQ�GXULQJ�WD[RO�LQGXFHG�DSRSWRVLV��-��%LRO��&KHP��������
������������
�
����&DUWHU��%�=���0LOHOOD��0���$OWLHUL��'�&�DQG�$QGUHHII��0����������
&\WRNLQH�UHJXODWHG�H[SUHVVLRQ�RI�VXUYLYLQ�LQ�P\HORLG�OHXNHPLD��
%ORRG�����������������
�
����*LDQDQL��5���-DUERH��(���2UOLFN\��'���)URVW��0���%REDN��-���/HKQHU��
5��DQG�6KUR\HU��.�5����������([SUHVVLRQ�RI�VXUYLYLQ�LQ�QRUPDO��
K\SHUSODVWLF��DQG�QHRSODVWLF�FRORQLF�PXFRVD��+XP��3DWKRO������������
����
�
����&KLRX��6���0RRQ��:�6���-RQHV��0�.��DQG�7DUQDZVNL��$�6����������
6XUYLYLQ�H[SUHVVLRQ�LQ�WKH�VWRPDFK��LPSOLFDWLRQV�IRU�PXFRVDO�
LQWHJULW\�DQG�SURWHFWLRQ��%LRFKHP��%LRSK\V��5HV��&RPPXQ���������
��������
�
����)URVW��0���-DUERH��(�$���2UOLFN\��'���*LDQDQL��5���7KRPSVRQ��/�&���
(QRPRWR��7��DQG�6KUR\HU��.�5����������,PPXQRKLVWRFKHPLFDO�
ORFDOL]DWLRQ�RI�VXUYLYLQ�LQ�EHQLJQ�FHUYLFDO�PXFRVD��FHUYLFDO�G\VSODVLD��
DQG�LQYDVLYH�VTXDPRXV�FHOO�FDUFLQRPD��$P��-��&OLQ��3DWKRO����������
���������
�
����%RZHQ��$�5���+DQNV�$�1���0XUSK\��.�-���)ORUHOO��6�5��DQG�
*URVVPDQ��'����������3UROLIHUDWLRQ��$SRSWRVLV��DQG�6XUYLYLQ�
([SUHVVLRQ�LQ�.HUDWLQRF\WLF�1HRSODVPV�DQG�+\SHUSODVLDV��$P��-��
'HUPDWRSDWKRO����������������
�
����*URVVPDQ��'���0F1LII��-�0��DQG�/L��)����������([SUHVVLRQ�DQG�
WDUJHWLQJ�RI�WKH�DSRSWRVLV�LQKLELWRU��VXUYLYLQ��LQ�KXPDQ�PHODQRPD��-��
,QYHVW��'HUPDWRO�������������������
�
����-DQXV��)���$OEUHFKWVHQ��1���'RUQUHLWHU��,���:LHVPXOOHU��/���*URVVH��
)�DQG�'HSSHUW��:���������&HOO��0RO��/LIH��6FL��������������
�
����/\RQV����6�.��DQG�&ODUN��$�5����������$SRSWRVLV�DQG�
&DUFLQRJHQHVLV��%ULWLVK�PHGLFDO�%XOOHWLQ����������������
�
����6RXVVL��7����������7KH�S���WXPRU�VXSSUHVVRU�JHQH��IURP�
PROHFXODU�ELRORJ\�WR�FOLQLFDO�LQYHVWLJDWLRQ��$QQ��1<��$FDG��6FL��
��������������
�
����%DUJRQHWWL��-��DQG�0DQIUHGL��-�-����������0XOWLSOH�UROHV�RI�WKH�
WXPRU�VXSSUHVVRU�S����&XUU��2SLQ��2QFRO��������������
�
����9RXVGHQ��.�+����������$FWLYDWLRQ�RI�WKH�S���WXPRU�VXSSUHVVRU�
SURWHLQ��%LRFKLP��%LRSK\V��$FWD����������������
�
����$ODUFRQ�9DUJDV��'��DQG�5RQDL��=����������S���0GP���WKH�DIIDLU�
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WKDW�QHYHU�HQGV��&DUFLQRJHQHVLV�������������
�
����0RPDQG��-���:X��+��+��DQG�'DVJXSWD��*�����������0'0���
PDVWHU�UHJXODWRU�RI�WKH�S���WXPRU�VXSSUHVVRU�SURWHLQ��*HQH���������
������
�
����.DHOLQ��:�*����������7KH�HPHUJLQJ�S���JHQH�IDPLO\��-�1DWO��
&DQFHU�,QVW��������������
�
����*RQJ��%��DQG�$OPDVDQ��$����������'LIIHUHQWLDO�XSUHJXODWLRQ�RI�
S���UHVSRQVLYH�JHQHV�E\�JHQRWR[LF�VWUHVV�LQ�KHPDWRSRLHWLF�FHOOV�
FRQWDLQLQJ�ZLOG�W\SH�DQG�PXWDQW�S����*HQH�([SU���������������
�
����.HOPDQ��=����������3&1$��VWUXFWXUH��IXQFWLRQV�DQG�LQWHUDFWLRQV��
2QFRJHQH��������������
�
����+RFNHQEHUU\��'���=XWWHU��0���+LFNH\��:���1DKP��0��DQG�
.RUVPH\HU��6����������%&/��SURWHLQ�LV�WRSRJUDSKLFDOO\�UHVWULFWHG�LQ�
WLVVXHV�FKDUDFWHUL]HG�E\�DSRSWRWLF�FHOO�GHDWK��3URF��1DWO��$FDG��6FL��
���������������
�
����&RWUDQ��5�6���.XPDU��9���&ROOLQV��7��DQG�5REELQV��6�/����������,Q�
3DWKRORJLF�%DVLV�RI�'LVHDVH��5��6��&RWUDQ��9��.XPDU��7��&ROOLQV��$QG�
6�/��5REELQV���WK�HGLWLRQ�:�%��6DXQGHUV�DQG�&R���3S���������
�
����+DDNH��5�$��DQG�3RODNRZVND��5�5����������&HOO�GHDWK�E\�
DSRSWRVLV�LQ�HSLGHUPDO�ELRORJ\��-��,QYHVW��'HUPDWRO�����������������
�
����*DQGDULOODV��$����������(SLGHUPDO�'LIIHUHQWLDWLRQ��$SRSWRVLV��DQG�
6HQHVFHQFH��&RPPRQ�3DWKZD\V"�([SHULPHQWDO�*HURQWRORJ\��������
������
�
����$UHQGV��0�-���:\OOLH��$�+��DQG�%LUG��&�&����������
3DSLOORPDYLUXVHV�DQG�KXPDQ�FDQFHU��+XP��3DWKRO����������������
�
����6LQLFURSH��)�$���5XDQ��6�%���&OHDU\��.�5���6WHSKHQV��/�&���/HH��
-�-��DQG�/HYLQ��%����������EFO���DQG�S���RQFRSURWHLQ�H[SUHVVLRQ�
GXULQJ�FRORUHFWDO�WXPRULJHQHVLV��&DQFHU��5HV����������������
�
����KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�WWHVW��FIP���
�
����KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS���
�
����6DLWRK��<��DQG�<DJLQXPD��<��DQG�,VKLNDZD��0����������$QDO\VLV�
RI�%FO����%D[�DQG�VXUYLYLQ�JHQHV�LQ�XWHULQH�FDQFHU��,QW��-��2QFRO��
�������������
�
����6DUHOD��$�,���6FRWW��1���5DPVGDOH��-���0DUNKDP��$�)�DQG�*XLOORX��
3�-����������,PPXQRKLVWRFKHPLFDO�GHWHFWLRQ�RI�WKH�DQWL�DSRSWRVLV�
SURWHLQ��VXUYLYLQ��SUHGLFWV�VXUYLYDO�DIWHU�FXUDWLYH�UHVHFWLRQ�RI�VWDJH�,,�
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FRORUHFWDO�FDUFLQRPDV��$QQ��6XUJ��2QFRO���������������
�
����6DWRK��.���.DQHNR��.���+LURWD��0���0DVDPXQH��$���6DWRK��$��DQG�
6KLPRVHJDZD��7����������([SUHVVLRQ�RI�VXUYLYLQ�LV�FRUUHODWHG�ZLWK�
FDQFHU�FHOO�DSRSWRVLV�DQG�LV�LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�KXPDQ�
SDQFUHDWLF�GXFW�FHOO�WXPRUV��&DQFHU���������������
�
����6FKPLGW��6�0���6FKDJ��.���0XOOHU��0�5���:HFN��0�0���$SSHO��6���
.DQ]��/���*UXQHEDFK��)��DQG�%URVVDUW��3����������6XUYLYLQ�LV�D�VKDUHG�
WXPRU�DVVRFLDWHG�DQWLJHQ�H[SUHVVHG�LQ�D�EURDG�YDULHW\�RI�
PDOLJQDQFLHV�DQG�UHFRJQL]HG�E\�VSHFLILF�F\WRWR[LF�7�FHOOV��%ORRG�
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�
����6KL��<����������6XUYLYLQ�VWUXFWXUH��FU\VWDO�XQFOHDU��1DW�6WUXFW��
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�
����6NRXILDV��'�$���0ROOLQDUL��&���/DFURL[��)�%��DQG�0DUJROLV��5�/��
��������+XPDQ�VXUYLYLQ�LV�D�NLQHWRFKRUH�DVVRFLDWHG�SDVVHQJHU�
SURWHLQ��-��&HOO�%LRO��������������������
�
����6PLWK��6�'���:KHHOHU��0�$���3OHVFLD��-���&ROEHUJ��-�:���:HLVV��
5�0��DQG�$OWLHUL��'�&����������8ULQH�GHWHFWLRQ�RI�VXUYLYLQ�DQG�
GLDJQRVLV�RI�EODGGHU�FDQFHU��-$0$�����������������
�
����&DPSLRQ��0�-����������&OLQLFDO�PDQLIHVWDWLRQV�DQG�QDWXUDO�KLVWRU\�
RI�JHQLWDO�KXPDQ�SDSLOORPDYLUXV�LQIHFWLRQ��2EVWHW�*\QHFRO�&OLQ�
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�
����.HVVLV��7�'���&RQQROO\��'�&���+HGULFN��/��DQG�&KR��.�5����������
([SUHVVLRQ�RI�+39���(��RU�(��LQFUHDVHV�LQWHJUDWLRQ�RI�IRUHLJQ�'1$��
��2QFRJHQH����������������
�
����:X��<���0HKHZ��-�:���+HFNPDQ��&�$���$UFLQDV��0��DQG�%R[HU��
/0�������1HJDWLYH�UHJXODWLRQ�RI�EFO���H[SUHVVLRQ�E\�S���LQ�
KHPDWRSRLHWLF�FHOOV�2QFRJHQH�����������������
�
����(UNHN��(���%R]GRJDQ��2���$WDVR\��3���%LURO��$��DQG�.RFDN��0��
��������%&/���UHODWHG�DSRSWRVLV�PDUNHUV�LQ�FXWDQHRXV�KXPDQ�
SDSLOORPDYLUXV�DVVRFLDWHG�OHVLRQV��$P��-��'HUPDWRSDWKRO�������������
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����+XVVHLQ��0��5���$O��%DGDLZ\��=��+��DQG�*XLUJXLV��0��1����������
$QDO\VLV�RI�S���DQG�EFO���SURWHLQ�H[SUHVVLRQ�LQ�WKH�QRQ�WXPRULJHQLF��
SUHWXPRULJHQLF��DQG�WXPRULJHQLF�NHUDWLQRF\WLF�K\SHUSUROLIHUDWLYH�
OHVLRQV��-RXUQDO�RI�&XWDQHRXV�3DWKRORJ\�������������
�
����*XR��0��DQG�+D\��%�$����������&HOO�SUROLIHUDWLRQ�DQG�DSRSWRVLV��
&XUU��2SLQ��&HOO��%LRO����������������
�
����/HSLN��'���,OYHV��,���.ULVWMXKDQ��$���0DLPHWV��7��DQG�8VWDY��0��
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