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$EVWUDFW�
%DFNJURXQG��
/LFKHQ�SODQXV��/3��LV�D�FKURQLF�LQIODPPDWRU\�GLVHDVH�LQ�ZKLFK�OLTXHIDFWLRQ�GHJHQHUDWLRQ�

LV�RQH�RI�WKH�FKDUDFWHULVWLF�KLVWRSDWKRORJLFDO�IHDWXUHV��7KH�UHODWLRQ�RI�OLTXHIDFWLRQ�GHJHQHUDWLRQ�
DQG�DSRSWRVLV�KDV�EHHQ�UHSRUWHG��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�D�SRVVLEOH�UROH�RI�
DSRSWRVLV�DQG�LWV�UHJXODWRU\�SURWHLQV�LQ�WKH�SDWKRJHQHVLV�DQG�KHDOLQJ�RI�/3���

3DWLHQWV�DQG�0HWKRGV��
,PPXQRKLVWRFKHPLFDO�PHWKRGV�ZHUH�XVHG�WR�GHWHFW�S���DQG�EFO���H[SUHVVLRQ�LQ�VNLQ�

ELRSVLHV�RI����SDWLHQWV�ZLWK�/3�EHIRUH�DQG�DIWHU�WUHDWPHQW�ZLWK�QDUURZ�EDQG�XOWUDYLROHW�%�
SKRWRWKHUDS\��1%�89%��DQG�LQ���ELRSVLHV�RI�QRUPDO�VNLQ�DV�D�FRQWURO���

5HVXOWV��
6WURQJ�S���H[SUHVVLRQ�ZDV�GHWHFWHG�LQ�OHVLRQV�RI�/3�ZKLFK�PDUNHGO\�GHFUHDVHG�DIWHU�

WUHDWPHQW�ZLWK�1%�89%��2Q�WKH�RWKHU�KDQG��EHIRUH�WUHDWPHQW��EFO���H[SUHVVLRQ�ZDV�OHVV�WKDQ�
LQ�FRQWURO�VSHFLPHQV��EXW�VWURQJ�H[SUHVVLRQ�ZDV�REVHUYHG�LQ�GHUPDO�O\PSKRF\WHV��$IWHU�
WUHDWPHQW�EFO���H[SUHVVLRQ�LQFUHDVHG�LQ�NHUDWLQRF\WHV�DQG�GHFUHDVHG�LQ�O\PSKRF\WHV���

&RQFOXVLRQ��
S���DQG�EFO���PD\�KDYH�D�UROH�LQ�SDWKRJHQHVLV�RI�/3��$SRSWRVLV�RI�O\PSKRF\WHV�PD\�EH�

DQ�LPSRUWDQW�PHFKDQLVP�RI�WKH�WKHUDSHXWLF�DFWLRQ�RI�1%�89%���
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,QWURGXFWLRQ�
/LFKHQ�SODQXV��/3��LV�D�FKURQLF�LQIODPPDWRU\�GLVHDVH�WKDW�DSSHDUV�WR�EH�UHODWHG�WR�FHOO�

PHGLDWHG�LPPXQLW\�SURFHVV�>�@��+LVWRORJLFDOO\��/3�LV�FKDUDFWHUL]HG�E\�K\SHUNHUDWRVLV��
OLTXHIDFWLRQ�GHJHQHUDWLRQ�RI�EDVDO�FHOO�OD\HU��WKH�DSSHDUDQFH�RI�&LYDWWH�ERGLHV�DQG�GHQVH�
O\PSKRF\WLF�LQILOWUDWH�LQ�D�EDQG�SDWWHUQ�LQ�ODPLQD�SURSULD�>�@��7KH�UHODWLRQ�EHWZHHQ�WKH�WZR�
UHSUHVHQWDWLYH�KLVWRORJLFDO�IHDWXUHV�RI�/3��L�H��WKH�OLTXHIDFWLRQ�GHJHQHUDWLRQ�DQG�&LYDWWH�
ERGLHV��DQG�DSRSWRVLV�KDV�EHHQ�UHSRUWHG�DQG�LW�ZDV�VXJJHVWHG�WKDW�WKH�&LYDWWH�ERGLHV�UHSUHVHQW�
QRQ�SKDJRF\WRVHG�DSRSWRWLF�FHOO�IUDJPHQWV�>�@���

$SRSWRVLV�LV�D�FRQWUROOHG�IRUP�RI�FHOO�GHDWK�WKURXJK�WKH�LQWHUDFWLRQ�RI�PDQ\�SURWHLQV�
LQFOXGLQJ�S���DQG�EFO����EFO���JHQH�LV�DQ�DQWLDSRSWRWLF�PHPEUDQH�DVVRFLDWHG�PROHFXOH�WKDW�
UHVLGHV�LQ�WKH�QXFOHDU�HQYHORSH�DQG�PLWRFKRQGULD���S���JHQH�LV�D�WXPRU�VXSSUHVVRU�JHQH�WKDW�
PDLQWDLQV�JHQRPLF�VWDELOLW\�HLWKHU�E\�LQGXFLQJ�FHOO�F\FOH�DUUHVW�RU�E\�DSRSWRVLV��EFO���LV�
LQYHUVHO\�UHODWHG�WR�S���DQG�LWV�H[SUHVVLRQ�SUHYHQWV�DSRSWRWLF�FHOO�GHDWK�>�@���

5HFHQWO\��QDUURZ�EDQG�XOWUDYLROHW�%��1%�89%��KDV�EHHQ�XVHG�VXFFHVVIXOO\�IRU�WUHDWPHQW�
RI�JHQHUDOL]HG�FXWDQHRXV�/3�>�����@��7KH�PHFKDQLVP�RI�DFWLRQ�RI�1%�89%�UHPDLQV�
K\SRWKHWLFDO��+RZHYHU��WKH�PHFKDQLVP�RI�LPPXQRPRGXODWLRQ�E\�SKRWRWKHUDS\�PD\�SURYLGH�
VRPH�FOXH�DQG�WKH�LPSURYHPHQW�RI�/3�E\�1%�89%�FRXOG�EH�UHODWHG�WR�SKRWR�LQGXFHG�
DSRSWRVLV�RI�O\PSKRF\WHV�>�@���

$OWKRXJK�PDQ\�VWXGLHV�ZHUH�GRQH�RQ�DSRSWRVLV�DQG�LWV�UHJXODWRU\�SURWHLQV�LQ�RUDO�/3�
>������@��IHZ�VWXGLHV�ZHUH�GRQH�RQ�FXWDQHRXV�/3�>����������@��7R�WKH�EHVW�RI�RXU�NQRZOHGJH��
QR�VWXGLHV�ZHUH�GRQH�RQ�WKH�HIIHFW�RI�WUHDWPHQW�RI�JHQHUDOL]HG�/3�ZLWK�1%�89%�RQ�DSRSWRVLV�
DQG�LWV�UHJXODWRU\�SURWHLQV���

,Q�WKH�SUHVHQW�VWXG\��ZH�LQYHVWLJDWHG�WKH�H[SUHVVLRQ�RI�DSRSWRVLV�UHJXODWLQJ�SURWHLQV��S���
�D�SRVLWLYH�UHJXODWRU��DQG�EFO����D�QHJDWLYH�UHJXODWRU��LQ�OHVLRQV�RI�/3�EHIRUH�DQG�DIWHU�
WUHDWPHQW�ZLWK�1%�89%�DQG�FRPSDULQJ�WKHP�ZLWK�FRQWURO�VNLQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�
DVVHVV�WKH�SRVVLEOH�UROH�RI�DSRSWRVLV�DQG�LWV�UHJXODWRU\�SURWHLQV�LQ�SDWKRJHQHVLV�DQG�KHDOLQJ�RI�
/3���

3DWLHQWV�DQG�PHWKRGV�
7KLV�VWXG\�ZDV�FRQGXFWHG�RQ����SDWLHQWV�ZLWK�JHQHUDOL]HG�FXWDQHRXV�/3�DW�WKH�2XWSDWLHQW�

&OLQLFV�RI�'HUPDWRORJ\��=DJD]LJ�8QLYHUVLW\�KRVSLWDOV��/HVLRQV�RI�/3�ZHUH�GLDJQRVHG�ERWK�
FOLQLFDOO\�DQG�KLVWRORJLFDOO\��1HLWKHU�WRSLFDO�QRU�V\VWHPLF�PHGLFDWLRQV�RI�/3�ZHUH�WDNHQ�E\�
SDWLHQWV�IRU�DW�OHDVW���PRQWK�EHIRUH�WKH�VWXG\��$OO�SDWLHQWV�ZHUH�WUHDWHG�ZLWK�1%�89%�WKULFH�
ZHHNO\�IRU�D�WRWDO�RI����VHVVLRQV�RU�XS�WR�FOLQLFDO�FXUH��7KH�VWDUWLQJ�GRVH�ZDV�������-�FP� �IRU�
SDWLHQWV�ZLWK�VNLQ�W\SH�,,,�DQG�������-�FP � �IRU�SDWLHQWV�ZLWK�VNLQ�W\SH�,9��2Q�HDFK�VXEVHTXHQW�
VHVVLRQ��LUUDGLDWLRQ�ZDV�LQFUHDVHG�E\�����XQOHVV�PDUNHG�HU\WKHPD�GHYHORSHG��$OO�SDWLHQWV�KDG�
LQLWLDO�VNLQ�ELRSVLHV�DQG�DW�WKH�HQG�RI�WUHDWPHQW��)LYH�FRQWURO�VSHFLPHQV�ZHUH�WDNHQ�IURP�
KHDOWK\�VXEMHFWV��$OO�ELRSVLHV�ZHUH�IL[HG�LQ�SDUDIILQ�DQG�VHFWLRQHG�LQWR����P�WKLFN�VHFWLRQV��
7KHVH�VHFWLRQV�ZHUH�VXEMHFWHG�WR�KLVWRSDWKRORJLFDO��+	(��DQG�LPPXQRKLVWRFKHPLFDO�
H[DPLQDWLRQ���

�
�
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,PPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�
7R�HYDOXDWH�WKH�S���DQG�EFO���H[SUHVVLRQ�LQ�WKH�NHUDWLQRF\WHV�DQG�O\PSKRF\WHV��WKH�

VHFWLRQV�ZHUH�VWDLQHG�E\�PRQRFORQDO�PRXVH�DQWLKXPDQ�S���SURWHLQ��1������'$.2�
&RUSRUDWLRQ�&DUSLQWHULD��&$��86$��DQG�PRQRFORQDO�PRXVH�DQWLKXPDQ�EFO���RQFKRSURWHLQ�
�1������'$.2�&RUSRUDWLRQ��XVLQJ�GHWHFWLRQ�V\VWHP��.������/6$%��V\VWHP��'$.2�
&RUSRUDWLRQ��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�LQVWUXFWLRQ��7KH�UHVXOWV�RI�LPPXQH�VWDLQLQLJ�
ZHUH�JUDGHG�DFFRUGLQJ�WR�VWDLQLQJ�LQWHQVLW\�DV�DEVHQW�RU�QHJDWLYH�VWDLQLQJ��ZHDN������PRGHUDWH�
������DQG�VWURQJ������VWDLQLQJ��/RFDOL]DWLRQ�RI�LPPXQRKLVWRFKHPLFDO�VWDLQLQJ�ZDV�JURXSHG�
DQG�FODVVLILHG�DV��

RQO\�EDVDO�OD\HU

��

ORZHU�����RI�HSLGHUPLV

�DQG�

ZKROH�HSLGHUPLV

���

5HVXOWV�
7KH�VWXG\�LQFOXGHG����SDWLHQWV�ZLWK�JHQHUDOL]HG�/3����IHPDOHV�DQG���PDOHV��DQG���

KHDOWK\�LQGLYLGXDOV�DV�D�FRQWURO��7KH�DJHV�RI�SDWLHQWV�UDQJHG�IURP����WR����\HDUV��PHDQ�
��������������7KH�GXUDWLRQ�RI�/3�UDQJHG�IURP���\HDU�WR���\HDUV��PHDQ�������������7KH�
QXPEHU�RI�1%�89%�VHVVLRQV�UDQJHG�IURP����WR����VHVVLRQV��PHDQ���������������

S���H[SUHVVLRQ��
�&RQWURO�VNLQ�VKRZHG�ZHDN�S���LPPXQR�UHDFWLYLW\�DV�EURZQLVK�QXFOHDU�VWDLQLQJ�LQ�EDVDO�

NHUDWLQRF\WHV�LQ���VSHFLPHQV�DQG�QHJDWLYH�VWDLQLQJ�LQ���VSHFLPHQV��ILJ�����,Q�/3�OHVLRQV��
VWURQJ�S���H[SUHVVLRQ�ZDV�REVHUYHG�LQ�EDVDO�DQG�VXSUDEDVDO�NHUDWLQRF\WHV�LQ���VSHFLPHQV�DQG�
PRGHUDWH�H[SUHVVLRQ�LQ���VSHFLPHQV��ILJ������

�$IWHU�WUHDWPHQW��KHDOLQJ�OHVLRQV�VKRZHG�QR�S���H[SUHVVLRQ�LQ�EDVDO�NHUDWLQRF\WHV�LQ���
VSHFLPHQV�DQG�ZHDN�H[SUHVVLRQ�LQ�WKH�RWKHU���VSHFLPHQV��ILJ������

�

�

)LJ����&RQWURO�VNLQ�VKRZLQJ�ZHDN�S���H[SUHVVLRQ���$%&��0H\HU�V�+;�FRXQWHU�
VWDLQ�[������

�
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)LJ����$�FDVH�RI�/3�VKRZLQJ�VWURQJ�H[SUHVVLRQ�RI�S���LQ�EDVDO�DQG�VXSUDEDVDO�FHOO�
OD\HUV�EHIRUH�WUHDWPHQW��$%&��0H\HU�V�+;�FRXQWHU�VWDLQ�[�������

��
�
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�
)LJ����:HDN�S���H[SUHVVLRQ�DIWHU�WUHDWPHQW�ZLWK�1%�89%��$%&��0H\HU�V�+;�
FRXQWHU�VWDLQ�[������ �
EFO���H[SUHVVLRQ��
�&RQWURO�VNLQ�VKRZHG�ZHDN�EFO���LPPXQR�UHDFWLYLW\�DV�EURZQLVK�F\WRSODVPLF�VWDLQLQJ�LQ�

EDVDO�OD\HU�LQ���VSHFLPHQV�DQG�PRGHUDWH�LQ���VSHFLPHQV��ILJ�����'HUPDO�O\PSKRF\WHV�ZHUH�
QHJDWLYH�IRU�EFO���H[SUHVVLRQ�LQ�DOO�VSHFLPHQV��,Q�/3�OHVLRQV��EFO���ZDV�ZHDNO\�H[SUHVVHG�LQ�
WKH�EDVDO�NHUDWLQRF\WHV�DV�F\WRSODVPLF�DQG�PHPEUDQRXV�EURZQLVK�VWDLQLQJ�LQ���VSHFLPHQV�DQG�
ZDV�DEVHQW�LQ���VSHFLPHQV��2Q�WKH�RWKHU�KDQG��GHUPDO�O\PSKRF\WHV�VKRZHG�VWURQJ�EFO���
H[SUHVVLRQ�LQ�DOO�FDVHV��ILJ������

�$IWHU�WUHDWPHQW��LQFUHDVHG�EFO���H[SUHVVLRQ�LQ�EDVDO�DQG�VXSUDEDVDO�OD\HUV�ZDV�REVHUYHG�
LQ�DOO�VSHFLPHQV�ZKLOH�O\PSKRF\WHV�VKRZHG�PDUNHG�GHFUHDVH�LQ�EFO���SRVLWLYLW\�LQ���VDPSOHV�
DQG�QHJDWLYH�VWDLQLQJ�LQ���VDPSOHV��ILJ������

�
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�
)LJ����V�+;�FRXQWHU�VWDLQ�&RQWURO�VNLQ�VKRZLQJ�PRGHUDWH�EFO���H[SUHVVLRQ���$%&��
0H\HU��[������ �
�

�

�
)LJ����$�FDVH�RI�/3�EHIRUH�WUHDWPHQW�VKRZLQJ�ZHDN�EFO���H[SUHVVLRQ�LQ�EDVDO�
NHUDWLQRF\WHV�DQG�VWURQJ�V�+;�FRXQWHU�VWDLQ�[������H[SUHVVLRQ�LQ�GHUPDO�
O\PSKRF\WHV���$%&��0H\HU� �
�
�
�
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�
)LJ����$IWHU�WUHDWPHQW�ZLWK�1%�89%��LQFUHDVHG�EFO���H[SUHVVLRQ�LQ�EDVDO�
NHUDWLQRF\WHV�DQG�PDUNHG�GHFUHDVH�LQ�EFO���SRVLWLYLW\�LQ�GHUPDO�O\PSKRF\WHV��
�$%&��0H\HU�V�+;�FRXQWHU�VWDLQ�[������ �
�

'LVFXVVLRQ�
/LTXHIDFWLRQ�GHJHQHUDWLRQ�LV�D�W\SLFDO�IHDWXUH�RI�WKH�HSLWKHOLXP�LQ�/3�>��@��6RPH�DXWKRUV�

FRQVLGHU�WKDW�DSRSWRWLF�SKHQRPHQRQ�LV�WUDQVODWHG�LQWR�D�VHULHV�RI�FHOO�PRUSKRORJ\�FKDQJHV�
GHVLJQDWHG�DV�OLTXHIDFWLRQ�GHJHQHUDWLRQ�SURGXFHG�E\�O\PSKRF\WHV�RI�WKH�GHUPDO�LQILOWUDWH�
>��������@��+RZHYHU��RWKHU�DXWKRUV�FRQVLGHU�DSRSWRVLV�WR�EH�RI�OLWWOH�LPSRUWDQFH�LQ�/3�DQG�
FRQVLGHU�OLTXHIDFWLRQ�GHJHQHUDWLRQ�DQ�LQGLFDWRU�RI�FRQVLGHUDEOH�FHOO�GDPDJH�WKDW�FDQ�UHVXOW�LQ�
FHOO�F\FOH�DUUHVW��LQ�FHOO�VHQHVFHQFH�RU�PRUH�UDUHO\��LQ�DSRSWRWLF�FHOO�GHDWK�>��������@���

7R�DVVHV�WKH�SRVVLEOH�UROH�RI�DSRSWRVLV�DQG�LWV�UHJXODWRU\�SURWHLQV�LQ�SDWKRJHQHVLV�DQG�
KHDOLQJ�RI�/3��ZH�PHDVXUHG�EFO���DQG�S���H[SUHVVLRQ�LQ�/3�OHVLRQV�EHIRUH�DQG�DIWHU�WUHDWPHQW�
ZLWK�1%�89%�DQG�FRPSDUHG�WKHP�ZLWK�FRQWURO�VNLQ���

7KH�VWURQJ�H[SUHVVLRQ�RI�S���LQ�OHVLRQV�RI�/3�VXSSRUWV�WKH�QRWLRQ�WKDW�DSRSWRVLV�LV�D�
SRWHQWLDO�PHFKDQLVP�RI�NHUDWLQRF\WH�ORVV�LQ�/3�>�@��S���LV�LQGXFHG�LQ�LQMXUHG�FHOOV�DQG�
PDLQWDLQ�JHQRPLF�LQWHJULW\�ZLWK�PXOWLSOH�GRZQVWUHDP�WDUJHWV�ZKLFK�DFWLYDWH�SDWKZD\V�RI�FHOO�
F\FOH�DUUHVW��FHOO�UHSDLU�DQG�DSRSWRWLF�FHOO�GHDWK�>��@��6LPLODU�UHVXOWV�ZHUH�UHSRUWHG�LQ�RUDO�/3�
>�������@��$FFXPXODWLRQ�RI�S���LQ�/3�DVVRFLDWHG�ZLWK�LQFUHDVHG�SUROLIHUDWLRQ�PDUNHU�.L����
ZDV�UHSRUWHG�E\�6RLQL�HW�DO�>��@��7KH\�DWWULEXWHG�WKH�DFFXPXODWLRQ�RI�S���WR�EH�D�SRVVLEOH�
UHVSRQVH�WR�LQFUHDVHG�SUROLIHUDWLRQ�UDWH�RI�NHUDWLQRF\WHV�LQ�/3�RU�DOWHUQDWLYHO\��LW�PD\�EH�
DVVRFLDWHG�ZLWK�DSRSWRVLV��&RQYHUVHO\��+XVVHLQ�HW�DO�>�@�UHSRUWHG�ORZ�S���H[SUHVVLRQ�LQ�/3��
7KH\�VWDWHG�WKDW�WKH\�FRQVLGHU�WKH�ORZ�S���H[SUHVVLRQ�WR�ERWK�SURWHFW�DJDLQVW�FHOOXODU�
WUDQVIRUPDWLRQ�DQG�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WKH�HSLGHUPDO�FKDQJHV�LQ�OHVLRQV�RI�/3��
+RZHYHU��WKH\�GLG�QRW�H[SODLQ�KRZ�WKH�ORZ�S���H[SUHVVLRQ�ZRXOG�DFKLHYH�WKHVH�HIIHFWV��$IWHU�
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WUHDWPHQW�ZLWK�1%�89%��WKH�KHDOLQJ�OHVLRQV�RI�/3�VKRZHG�QHJDWLYH�DQG�ZHDN�VWDLQLQJ�RI�
EDVDO�NHUDWLQRF\WHV�IRU�S���ZKLFK�FRXOG�EH�DWWULEXWHG�WR�GHFUHDVHG�HSLGHUPDO�SUROLIHUDWLRQ�DQG�
UHVWRUDWLRQ�RI�WKH�SK\VLRORJLF�EHKDYLRU�RI�QRUPDO�VNLQ�ZKLFK�GRHV�QRW�XVXDOO\�H[SUHVV�S�����

7KH�ORZ�OHYHO�RI�EFO���H[SUHVVLRQ�LQ�/3�OHVLRQV�EHIRUH�WUHDWPHQW�LV�LQ�DJUHHPHQW�ZLWK�
RWKHU�DXWKRUV�>����@��6LPLODU�UHVXOWV�ZHUH�UHSRUWHG�LQ�RUDO�/3�>�������@��7KH�ORZ�H[SUHVVLRQ�RI�
WKLV�DQWL�DSRSWRWLF�SURWHLQ�PLJKW�SURPRWH�DSRSWRVLV�RI�NHUDWLQRF\WHV�LQ�/3��+XVVHLQ�HW�DO�
UHSRUWHG�>�@�WKDW�WKH�ORZ�EFO���H[SUHVVLRQ�LQ�WKH�IDFH�RI�DSRSWRVLV�RI�EDVDO�FHOOV�VXJJHVWV�WKH�
FRQFRPLWDQW�ORVV�RI�RWKHU�SUR�VXUYLYDO�PROHFXOHV�RU�LQFUHDVH�LQ�WKH�SUR�DSRSWRWLF�PROHFXOHV�LQ�
WKH�OHVLRQV�RI�/3��%R\G�HW�DO�>��@�VXJJHVWHG�WKDW�WKH�ORZ�H[SUHVVLRQ�RI�EFO���LQ�/3�PLJKW�
LQGLFDWH�WKDW�EFO���LV�QRW�SURPLQHQWO\�LQYROYHG�LQ�HSLGHUPDO�FKDQJHV�LQ�/3�DQG�WKH�UROH�RI�
RWKHU�PHPEHUV�RI�WKLV�RQFRJHQH�IDPLO\�QHHGV�WR�EH�HOXFLGDWHG��7KH�LQFUHDVHG�H[SUHVVLRQ�RI�
EFO���DIWHU�1%�89%�WUHDWPHQW�PD\�EH�DWWULEXWHG�WR�UHVWRUDWLRQ�RI�QRUPDO�EDVDO�DFWLYLW\�LQ�WKH�
KHDOLQJ�OHVLRQV��,W�LV�ZHOO�NQRZQ�WKDW�LQ�QRUPDO�VNLQ�WKH�DFWLYHO\�SUROLIHUDWLQJ�FHOOV�RI�EDVDO�
NHUDWLQRF\WHV�W\SLFDOO\�H[SUHVV�EFO���ZKLFK�SURWHFWV�WKHP�DJDLQVW�DSRSWRWLF�VWLPXOL�>��@���

2Q�WKH�RWKHU�KDQG��WKH�VWURQJ�H[SUHVVLRQ�RI�EFO���LQ�GHUPDO�O\PSKRF\WHV�LQ�OHVLRQV�RI�/3�
EHIRUH�WUHDWPHQW�LQKLELWV�WKH�DSRSWRVLV�LQ�O\PSKRF\WHV�WKDW�VWUHQJWKHQV�FHOO�PHGLDWHG�LPPXQH�
SURFHVV�FDXVLQJ�FKURQLFLW\�RI�WKH�GLVHDVH�>��@��$IWHU�WUHDWPHQW�ZLWK�1%�89%��WKH�PDUNHG�
GHFUHDVH�LQ�EFO���H[SUHVVLRQ�OHDGV�O\PSKRF\WHV�WR�XQGHUJR�DSRSWRVLV�ZKLFK�PLJKW�FRQWULEXWH�
WR�KHDOLQJ�RI�WKH�OHVLRQV�>��@���

,Q�FRQFOXVLRQ��WKH�VWURQJ�H[SUHVVLRQ�RI�S���WRJHWKHU�ZLWK�WKH�ORZ�H[SUHVVLRQ�RI�EFO���LQ�
OHVLRQV�RI�/3�VXSSRUWV�WKH�QRWLRQ�WKDW�DSRSWRVLV�FRXOG�EH�D�SRWHQWLDO�PHFKDQLVP�RI�
NHUDWLQRF\WH�ORVV�DQG�WKDW�OLTXHIDFWLRQ�GHJHQHUDWLRQ�PLJKW�EH�D�PDUNHU�RI�DSRSWRVLV�DQG�PD\�
VXJJHVW�D�FRQWULEXWRU\�UROH�IRU�WKHVH�DSRSWRVLV�DVVRFLDWHG�SURWHLQV�LQ�WKH�SDWKRJHQHVLV�RI�/3��
7KH�GHFUHDVHG�EFO���H[SUHVVLRQ�LQ�O\PSKRF\WHV�DIWHU�WUHDWPHQW�PD\�SURYLGH�HYLGHQFH�WKDW�
DSRSWRVLV�RI�O\PSKRF\WHV�LV�DQ�LPSRUWDQW�PHFKDQLVP�RI�WKH�WKHUDSHXWLF�DFWLRQ�RI�1%�89%�LQ�
/3��)XUWKHU�VWXGLHV�RQ�RWKHU�DSRSWRVLV�DVVRFLDWHG�SURWHLQV�DQG�RWKHU�WKHUDSHXWLF�PRGDOLWLHV�LQ�
GLIIHUHQW�FOLQLFDO�W\SHV�RI�/3�DUH�UHFRPPHQGHG���

5HIHUHQFHV�
�
���6FXOO\�&��HO�.RP�0��/LFKHQ�SODQXV��UHYLHZ�DQG�XSGDWH�RQ�SDWKRJHQHVLV��-�2UDO�3DWKRO��
�����-XO��������������WD/� � �
�
���'HNNHU�13��/R]DGD�1XU�)��/DJHQDXU�/$��0DF3KDLO�/$��%ORRP�&<��5HJH]L�-$��$SRSWRVLV�
DVVRFLDWHG�PDUNHUV�LQ�RUDO�OLFKHQ�SODQXV��-�2UDO�3DWKRO�0HG�������$SU�������������WD/� �

�
�
���.DQHUYD�/��(OHFWURQ�PLFURVFRSLF�REVHUYDWLRQV�RI�G\VNHUDWRVLV��DSRSWRVLV��FROORLG�ERGLHV�DQG�
ILEULOODU�GHJHQHUDWLRQ�DIWHU�VNLQ�LUULWDWLRQ�ZLWK�GLWKUDQRO��-�&XWDQ�3DWKRO�������)HE�������������
����WD/� � �
�
���+XVVHLQ�05��$O�%DGDLZ\�=+��*XLUJXLV�01��$QDO\VLV�RI�S���DQG�EFO���SURWHLQ�H[SUHVVLRQ�
LQ�WKH�QRQ�WXPRULJHQLF��SUHWXPRULJHQLF��DQG�WXPRULJHQLF�NHUDWLQRF\WLF�K\SHUSUROLIHUDWLYH�
OHVLRQV��-�&XW�3DWKRO�������1RY���������������WD/� � �
�
���7DQHMD�$��7D\ORU�&5��1DUURZ�EDQG�89%�IRU�OLFKHQ�SODQXV�WUHDWPHQW��,QW�-�'HUPDWRO�������
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0D\�����������������WD/� � �
�
���6DULFDROX�+��.DUDGRJDQ�6.��%DNDQ�(%��7XQDOL�6��1DUURZEDQG�89%�WKHUDS\�LQ�WKH�
WUHDWPHQW�RI�OLFKHQ�SODQXV��3KRWRGHUPDWRO�3KRWRLPPXQRO�3KRWRPHG�������2FW��������������
WD/� � �
�
���+DELE�)��6WRHEQHU�3(��3LFRW�(��3H\URQ�-/��0H\QDGLHU�-��0HXQLHU�/��1DUURZ�EDQG�89%�
SKRWRWKHUDS\�LQ�WKH�WUHDWPHQW�RI�ZLGHVSUHDG�OLFKHQ�SODQXV��$QQ�'HUPDWRO�9HQHUHRO�������-DQ��
�������������$EVWUDFW���WD/� � �
�
�
���7D\ORU�$��9HUKDJHQ�-��%ODVHU�N��HW�DO��0HFKDQLVP�RI�LPPXQH�VXSSUHVVLRQ�E\�LQWHUOHXNLQ����
DQG�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD��WKH�UROH�RI�7�UHJXODWRU\�FHOOV��,PPXQRO�����������������
����30,'�����������
�
���0DMRUDQD�$��)DFFKHWWL�)��3HOOHJULQL�:��6DSHOOL�3��$SRSWRVLV�DVVRFLDWHG�PDUNHUV�LQ�RUDO�
OLFKHQ�SODQXV��-�2UDO�3DWKRO�0HG������������������30,'����������
�
����%ORRU�%.��0DOLN�).��2GHOO�(:��0RUJDQ�35��4XDQWLWDWLYH�DVVHVVPHQW�RI�DSRSWRVLV�LQ�RUDO�
OLFKHQ�SODQXV��2UDO�6XUJ�2UDO�0HG�2UDO�3DWKRO�2UDO�5DGLRO�(QGRG��������������������30,'��
���������
�
����7RERQ�$UUR\DYH�6,��9LOOHJDV�$FRVWD�)$��5XL]�5HVWUHSR�60�HW�DO��([SUHVVLRQ�RI�FDVSDVH���
DQG�VWUXFWXUDO�FKDQJHV�DVVRFLDWHG�ZLWK�DSRSWRWLF�FHOO�GHDWK�RI�NHUDWLQRF\WHV�LQ�RUDO�OLFKHQ�
SODQXV��2UDO�'LV����������������30,'�����������
�
����9LOODUURHO�'RUUHJR�0��&RUUHQWL�0��'HOJDGR�5��7DSLD�)-��2UDO�OLFKHQ�SODQXV��
LPPXQRKLVWRORJ\�RI�PXFRVDO�OHVLRQV��-�2UDO�3DWKRO�0HG����������������30,'�����������
�
�
����%DVFRQHV�,OXQGDLQ�&��*RQ]DOH]�0ROHV�0$��(VSDU]D�*��*LO�0RQWR\D�-$��%DVFRQHV�
0DUWLQH]�$��6LJQLILFDQFH�RI�OLTXHIDFWLRQ�GHJHQHUDWLRQ�LQ�RUDO�OLFKHQ�SODQXV��D�VWXG\�RI�LWV�
UHODWLRQVKLS�ZLWK�DSRSWRVLV�DQG�FHOO�F\FOH�DUUHVW�PDUNHUV��&OLQ�([S�'HUPDWRO�������6HS���������
�����30,'�����������
�
�
����*RQ]DOH]�0ROHV�0$��%DVFRQHV�,OXQGDLQ�&��*LO�0RQWR\D�-$�HW�DO��&HOO�F\FOH�UHJXODWLQJ�
PHFKDQLVPV�LQ�RUDO�OLFKHQ�SODQXV��PROHFXODU�EDVHV�LQ�HSLWKHOLXP�SUHGLVSRVHG�WR�PDOLJQDQW�
WUDQVIRUPDWLRQ��$UFK�2UDO�%LRO������������������30,'�����������
�
����%DVFRQHV�,OXQGDLQ�&��*RQ]DOH]�0ROHV�0$��(VSDU]D�*PH]�*�HW�DO��,PSRUWDQFH�RI�
DSRSWRWLF�PHFKDQLVPV�LQ�LQIODPPDWRU\�LQILOWUDWH�RI�RUDO�OLFKHQ�SODQXV�OHVLRQV��$QWLFDQFHU�5HV�
���������������30,'�����������
�
����7DQGD�1��0RUL�6��6DLWR�.�HW�DO��([SUHVVLRQ�RI�DSRSWRWLF�VLJQDOLQJ�SURWHLQV�LQ�OHXNRSODNLD�
DQG�RUDO�OLFKHQ�SODQXV��TXDQWLWDWLYH�DQG�WRSRJUDSKLFDO�VWXGLHV��-�2UDO�3DWKRO�0HG�����������
�����30,'�����������
�
����+LURWD�0��,WR�7��2NXGHOD�.�HW�DO��&HOO�SUROLIHUDWLRQ�DFWLYLW\�DQG�WKH�H[SUHVVLRQ�RI�FHOO�F\FOH�
UHJXODWRU\�SURWHLQV�LQ�RUDO�OLFKHQ�SODQXV��-�2UDO�3DWKRO�0HG����������������30,'�����������
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�
����)DQ<��=KDQ�=��3HQJ�7��6RQJ�;/��)HQJ�=4��7KH�H[SUHVVLRQ�RI�DSRSWRVLV�DVVRFLDWHG�
SURWHLQV�%FO����%D[�LQ�RUDO�OHXNRSODNLD�DQG�OLFKHQ�SODQXV��6KDQJKDL�.RX�4LDQJ�<L�;XH�������
'HF���������������$EVWUDFW��30,'�����������
�
����%DVFRQHV�&��*RQ]ROH]�0ROHV�0$��(VSDU]D�*��HW�DO��$SRSWRVLV�DQG�FHOO�F\FOH�DUUHVW�LQ�RUDO�
OLFKHQ�SODQXV��+\SRWKHVLV�RQ�WKHLU�SRVVLEOH�LQIOXHQFH�RQ�LWV�PDOLJQDQW�WUDQVIRUPDWLRQ��$UFK�
2UDO�%LRO�����������������30,'�����������
�
����%R\G�$��1DQQH\�/��&DPHURQ�*��.LQJ�/��([SUHVVLRQ�RI�EFO���LQ�OLFKHQ�SODQXV��DFXWH�JUDIW�
YHUVXV�KRVW�GLVHDVH��DQG�HU\WKHPD�PXOWLIRUPH��$P�-�'HUPDWRSDWKRO�������)HE�������������
30,'����������
�
����6RLQL�<��.DPHO�'��3DDNNR�3��/HKWR�93��$EHUUDQW�DFFXPXODWLRQ�RI�S���DVVRFLDWHV�ZLWK�
NL���DQG�PLWRWLF�FRXQW�LQ�EHQLJQ�VNLQ�OHVLRQV��%U�-�'HUPDWURO������������������30,'����������
�
����%DO�1��7XQFHU�,��%DED�0��%RODW�)��%FO���H[SUHVVLRQ�LQ�GHUPDO�O\PSKRF\WHV�LQ�OLFKHQ�
SODQXV�DQG�SVRULDVLV�YXOJDULV��-�(XU�$FDG�'HUPDWRO�9HQHUHRO�������0D\��������������30,'��
���������
�
����/DSRUWH�0��*DODQG�3��)RNDQ�'��GH�*UDHI�&��+HHQHQ�0��$SRSWRVLV�LQ�HVWDEOLVKHG�DQG�
KHDOLQJ�SVRULDVLV��'HUPDWRORJ\���������������������30,'�����������
�
����5DVNLQ�&$��$SRSWRVLV�DQG�FXWDQHRXV�ELRORJ\��-�$P�$FDG�'HUPDWRO�������-XQ����������
����30,'����������
�
����(O�'RP\DWL�0��%DUDNDW�0��$EGHO�5D]HN�5��(O�'LQ�$QEDU�7��$SRSWRVLV��3���DQG�%FO���
H[SUHVVLRQ�LQ�UHVSRQVH�WR�WRSLFDO�FDOFLSRWULRO�WKHUDS\�IRU�SVRULDVLV��,QW�-�'HUPDWRO�������0D\��
������������30,'�����������
�
���
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