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$EVWUDFW�
%DFNJURXQG��$V�WKH�SDWKRJHQHVLV�RI�YLWLOLJR�LV�VWLOO�REVFXUH��LWV�WUHDWPHQW�LV�D�JUHDW�FKDOOHQJH�

DQG�LV�RIWHQ�XQVDWLVIDFWRU\��7RSLFDO�FDOFLQHXULQ�LQKLELWRUV�DUH�FODLPHG�WR�EH�D�VXLWDEOH�RSWLRQ�ZLWK�
JRRG�VDIHW\�SURILOH���

�$LP�RI�WKH�ZRUN��WR�HYDOXDWH�WKH�WKHUDSHXWLF�HIIHFW�RI�SLPHFUROLPXV�RQ�YLWLOLJR���
�3DWLHQWV�DQG�PHWKRGV��WZHQW\�VL[�SDWLHQWV�ZLWK�IRFDO�YLWLOLJR�DUH�LQFOXGHG�����IHPDOHV�DQG���

PDOHV���7KH�GHSLJPHQWHG�OHVLRQV�H[WHQGHG�IURP����WR�����RI�ERG\�VXUIDFH�DUHD��3LPHFUROLPXV�
FUHDP���ZDV�WRSLFDOO\�DGPLQLVWHUHG�WR�WKH�OHVLRQV�WZLFH�GDLO\�IRU���PRQWKV��6ROXEOH�,/��UHFHSWRU�
ZDV�PHDVXUHG�EHIRUH�WKH�VWDUW�RI�WKH�VWXG\�DQG�DW�WKH�HQG���

�5HVXOWV��RI�WKH����SDWLHQWV�QRQH�KDG�H[FHOOHQW�UHVSRQVH����KDG�JRRG�UHVSRQVH����KDG�PRGHUDWH�
UHVSRQVH����KDG�SRRU�UHVSRQVH�DQG���VKRZHG�QR�UHVSRQVH��7KH�OHYHO�RI�VROXEOH�,/��UHFHSWRU�DQG�WKH�
GXUDWLRQ�RI�WKH�GLVHDVH�ZHUH�LQYHUVHO\�VLJQLILFDQWO\�FRUUHODWHG�WR�WKH�FOLQLFDO�UHVSRQVH��1R�
VLJQLILFDQW�UHODWLRQ�ZDV�GHWHFWHG�EHWZHHQ�FOLQLFDO�UHVSRQVH�DQG�WKH�DJH�RI�SDWLHQWV��IDPLO\�KLVWRU\��
VWUHVV��RU�VNLQ�W\SH��%HWWHU�UHVSRQVH�ZDV�QRWLFHG�RQ�WKH�OLPEV�DQG�WUXQN�ZKLOH�WKH�SHULSKHUDO�VLWHV�
VKRZHG�SRRU�RU�QR�UHVSRQVH�EXW�ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH��6LGH�HIIHFWV�ZHUH�PLQLPDO�DQG�
WROHUDEOH���

�&RQFOXVLRQ��SLPHFUROLPXV�WKURXJK�LWV�LPPXQRPRGXODWRU\�HIIHFW�ZDV�VKRZQ�WR�EH�HIIHFWLYH�
LQ�VHOHFWHG�FDVHV�RI�YLWLOLJR�ZKHUH�SKRWRWKHUDS\�LV�LQHIIHFWLYH�RU�SRWHQWLDOO\�KDUPIXO�RU�ZKHQ�
XQGHVLUDEOH�HIIHFWV�RI�FRUWLFRVWHURLGV�DUH�WR�EH�DYRLGHG���
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,QWURGXFWLRQ�
9LWLOLJR�LV�DQ�DFTXLUHG�SLJPHQWDU\�GLVRUGHU�FKDUDFWHUL]HG�E\�GHSLJPHQWDWLRQ�RI�VNLQ�DQG�KDLU�

FDXVLQJ�LPSRUWDQW�FRVPHWLF�DQG�SV\FKRVRFLDO�SUREOHPV>�@��,WV�RQVHW�LQ�DW�OHDVW�KDOI�RI�WKH�FDVHV�
RFFXUV�EHIRUH�WKH�DJH�RI���>�@��7KHUH�LV�D�IDPLOLDO�LQFLGHQFH�RI�����>�@�DQG�DSSUR[LPDWHO\�����WR�
��>���@�RI�WKH�ZRUOG�SRSXODWLRQ�LV�DIIHFWHG�E\�WKH�GLVHDVH���

7KH�XQGHUO\LQJ�PHFKDQLVP�LV�VWLOO�XQFOHDU��6HYHUDO�K\SRWKHVHV�KDYH�EHHQ�SXW�IRUZDUG�
LQFOXGLQJ�JHQHWLF�SUHGLVSRVLWLRQ>�@���QHXUDO�LQYROYHPHQW�DQG�VHOI�GHVWUXFWLRQ�RI�PHODQRF\WHV�
�DXWRWR[LFLW\�WKHRU\�>���@��7KHUH�LV�KRZHYHU�D�JURZLQJ�HYLGHQFH�IRU�DQ�DXWRLPPXQH�PHFKDQLVP�
LQYROYLQJ�KXPRUDO�DV�ZHOO�DV�FHOOXODU�LPPXQLW\>���@��9LWLOLJR�LV�IDU�PRUH�FRPPRQ�LQ�SDWLHQWV�
VXIIHULQJ�IURP�DXWRLPPXQH�GLVHDVHV�VXFK�DV�WK\URLGLWLV��SHUQLFLRXV�DQHPLD�DQG�GLDEHWHV>�����@���

3DWLHQWV�ZLWK�YLWLOLJR�SURGXFH�VSHFLDO�PHODQRF\WHV�DQWLERGLHV��7KH�GLUHFW�UHODWLRQ�RI�WKHVH�
DQWLERGLHV�WLWOHV�DQG�WKH�H[WHQW�RI�YLWLOLJR�IDYRUV�D�GLUHFW�SDWKRJHQLF�UROH�RI�WKHVH�DQWLERGLHV�WR�WKH�
GLVHDVH>��@��6WXGLHV�KDYH�DGGUHVVHG�WKH�UROH�RI�SHULSKHUDO�EORRG�DQG�OHVLRQDO�F\WRNLQH�H[SUHVVLRQ�LQ�
SDWLHQWV�ZLWK�YLWLOLJR>��@���

%HVLGHV��RWKHU�IDFWRUV�VXFK�DV�R[LGDWLYH�VWUHVV��QLWULF�R[LGH�DQG�PRQRDPLQHUJLF�V\VWHP�DUH�
FODLPHG�WR�EH�LQYROYHG�LQ�WKH�SDWKRJHQHVLV��$�FRPSRVLWH�K\SRWKHVLV�KDV�EHHQ�VXJJHVWHG>�@���

$V�WKH�SDWKRJHQHVLV�LV�VWLOO�REVFXUH��WKH�WUHDWPHQW�RI�YLWLOLJR�KDV�JHQHUDOO\�EHHQ�VWUHVVIXO��
XQVDWLVIDFWRU\�DQG�RIWHQ�GLVDSSRLQWLQJ�DQG�VSRQWDQHRXV�UHJUHVVLRQ�RI�WKLV�GLVHDVH�LV�XQXVXDO>��@��,W�
UHPDLQV�D�FKDOOHQJH�IRU�WKH�GHUPDWRORJLVW�DOWKRXJK�QXPHURXV�PRGDOLWLHV�KDYH�EHHQ�SURSRVHG�DQG�
DUH�FXUUHQWO\�DYDLODEOH>��@���

&RQYHQWLRQDO�WKHUDSLHV�LQFOXGH�WRSLFDO�VWHURLGV��SKRWRWKHUDS\�DQG�SKRWRFKHPRWKHUDS\�
�1%89%�DQG�389$�UHVSHFWLYHO\�>��������@��+HOLXP�QHRQ�ODVHU�WUHDWPHQW�PD\�EH�D�DQ�RSWLRQ�IRU�
SDWLHQWV�ZLWK�VHJPHQWDO�YLWLOLJR>��@���

(\HEURZV��H\HOLGV�DQG�JHQLWDO�YLWLOLJR�DUH�D�WKHUDSHXWLF�GLOHPPD�HVSHFLDOO\�LQ�FKLOGUHQ>�@��7KH�
DGYHUVH�HIIHFWV�RI�VWHURLGV�DQG��RU�XQVDWLVIDFWRU\�HIILFDF\�DQG�GLIILFXOWLHV�IRU�FKRRVLQJ�DQ\�RWKHU�
DGHTXDWH�WUHDWPHQW�DUH�D�PDMRU�FRQFHUQ>�@���

7RSLFDO�FDOFLQHXULQ�LQKLELWRUV��WDFUROLPXV�DQG�SLPHFUROLPXV�DUH�QRYHO�WRSLFDO�LPPXQR�
PRGXODWRU\�GUXJV�WKDW�DUH�RULJLQDOO\�XVHG�IRU�WKH�WUHDWPHQW�RI�DWRSLF�GHUPDWLWLV>�������@���:KHQ�
FRPSDUHG�ZLWK�FRQYHQWLRQDO�WRSLFDO�FRUWLFRVWHURLG�WKHUDS\��WKH\�KDYH�PRUH�VHOHFWLYH�PRGH�RI�
DFWLRQ��ZLWK�WKH�OHVV�DGYHUVH�HYHQWV�UHODWHG�WR�WKH�ORQJ�WHUP�XVH�RI�FRUWLFRVWHURLGV�DQG�DUH�QRW�
DVVRFLDWHG�ZLWK�VLJQLILFDQW�V\VWHPLF�DEVRUSWLRQ>��������@���

3UHIHUUHG�VLWHV�IRU�WKH�XVH�RI�WRSLFDO�FDOFLQHXULQ�LQKLELWRUV�DUH�DUHDV�VXFK�DV�WKH�IDFH��QHFN��
IOH[XUHV��DQG�JHQLWDO�DUHDV��ZKLFK�DUH�PRUH�VXVFHSWLEOH�WR�WRSLFDO�FRUWLFRVWHURLG>����@��7KH�HIILFDF\�
RI�WRSLFDO�FDOFLQHXULQ�LQKLELWRUV�KDV�EHHQ�GHPRQVWUDWHG�IRU�YLWLOLJR>��������@���

&DOFLQHXULQ�LQKLELWRUV�DFW�RQ�7�FHOOV�DQG�PDVW�FHOOV�LQKLELWLQJ�7�FHOO�DFWLYDWLRQ�DQG�UHOHDVH�RI�
LQIODPPDWRU\�PHGLDWRUV�DQG�SUHYHQWLQJ�GHJUDQXODWLRQ�RI�PDVW�FHOOV>�����@���

�
�
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$LP�RI�WKH�:RUN�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�WKHUDSHXWLF�HIIHFW�RI�SLPHFUROLPXV�DV�DQ�LPPXQR�

PRGXODWRU\�WRSLFDO�WUHDWPHQW�IRU�YLWLOLJR���

3DWLHQWV�DQG�0HWKRGV�
3DWLHQWV���
7KH�VWXG\�LQYROYHG�UDQGRPO\�VHOHFWHG����SDWLHQWV�ZLWK�IRFDO�YLWLOLJR�DIIHFWLQJ�QR�PRUH�WKDQ����

��RI�ERG\�VXUIDFH�DUHD�GHSHQGLQJ�RQ�WKH�KDQG�SDOP�UXOH�������&DVHV�H[WHQGLQJ�IRU�PRUH�WKDQ�����
ZHUH�UHGLUHFWHG�WR�RWKHU�JHQHUDOL]HG�OLQHV�RI�WUHDWPHQW��V\VWHPLF�VWHURLGV��389$��1%89%�HWF����

&ULWHULD�IRU�H[FOXVLRQ�LQFOXGHG���
&DVHV�ZLWK�GHUPDWRPDO�YLWLOLJR��SUHJQDQF\��ODFWDWLRQ��ZRPHQ�ZLWK�FKLOGEHDULQJ�SRWHQWLDO�QRW�

XVLQJ�DGHTXDWH�FRQWUDFHSWLRQ�PHWKRG��,PPXQRVXSSUHVLRQ�RU�FRQFRPLWDQW�XVH�RI�
LPPXQRVXSSUHVVLYH�PHGLFDWLRQV��SDWLHQWV�ZKR�KDG�XVHG�DQ\�RWKHU�WRSLFDO�RU�V\VWHPLF�WUHDWPHQW�IRU�
YLWLOLJR�ZLWKLQ�WKH�SDVW���PRQWKV��DQG�NQRZQ�K\SHUVHQVLWLYLW\�WR�WKH�XVHG�WUHDWPHQW����

0HWKRGV���
$OO�SDWLHQWV�ZHUH�VXEMHFWHG�WR���
,��&RPSOHWH�KLVWRU\�WDNLQJ�LQFOXGLQJ�SHUVRQDO�KLVWRU\��SUHVHQW�KLVWRU\��IDPLO\�KLVWRU\�DQG�

KLVWRU\�ZLWK�VSHFLDO�UHOHYDQFH�WR�WKH�YLWLOLJR�FRQGLWLRQ��+LVWRU\�RI�UHODWHG�VNLQ�RU�V\VWHPLF�GLVHDVH�
DV�DORSHFLD�DUHDWD��GLDEHWHV�PHOOLWXV�RU�WK\URLG�GLVHDVH��DQG�UHVSRQVH�WR�SUHYLRXV�WKHUDS\���

,,��)XOO�FOLQLFDO�H[DPLQDWLRQ�LQFOXGLQJ���
��*HQHUDO�SK\VLFDO�H[DPLQDWLRQ���
&RPSOHWH�GHUPDWRORJLFDO�H[DPLQDWLRQ�LQFOXGLQJ�VLWH��VKDSH��QXPEHU��DQG�GLVWULEXWLRQ�RI�

OHVLRQV�DQG�WKH�H[WHQW�RI�LQYROYHPHQW�XVLQJ�WKH�

KDQG�SDOP�UXOH

��VL]H�RI�SK\VLFLDQ
V�KDQG�SDOP�
HTXDOV����RI�WKH�WRWDO�ERG\�DUHD�>��@��7KH�ERXQGDULHV�RI�YLWLOLJR�SDWFKHV�ZHUH�GHILQHG�XVLQJ�ZRRGV�
OLJKW���

��$Q�LQIRUPHG�ZULWWHQ�FRQVHQW�ZDV�REWDLQHG�EHIRUH�WUHDWPHQW���
6ROXEOH�,/��UHFHSWRU��V,/�5��ZDV�PHDVXUHG�LQ�WKH�VHUXP�E\�(/,6$�WHFKQLTXH�XVLQJ�FHOO�IUHH�

NLW��7�FHOO�GLDJQRVWLFV��LQF���&DPEULGJH��0$�86$���,W�ZDV�PHDVXUHG�EHIRUH�WKH�VWDUW�RI�WKH�VWXG\�
DQG�DW�WKH�HQG���

3LPHFUROLPXV�FUHDP���ZDV�WRSLFDOO\�DGPLQLVWHUHG�WR�WKH�OHVLRQV�WZLFH�GDLO\�IRU���PRQWKV���
9,,��&OLQLFDO�$VVHVVPHQW���
��&OLQLFDO�DVVHVVPHQW�FRQVLVWHG�RI�FOLQLFDO�UHVSRQVH�GHWHUPLQDWLRQ�PRQWKO\��
��0RQLWRULQJ�IRU�UHSLJPHQWDWLRQ��SHULIROOLFXODU�SLJPHQWDWLRQ�ZDV�DVVHVVHG�DV�DQ�LQLWLDO�
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UHVSRQVH�WR�WKHUDS\���
��7KH�FOLQLFDO�UHVSRQVH�WR�WKHUDS\�ZDV�YLVXDOO\�VFRUHG�DV�WKH�SHUFHQWDJH�RI�UHSLJPHQWDWLRQ�RI�

WKH�GHSLJPHQWHG�OHVLRQV�GHJUHH�RI�SHSSHULQJ��>��@�DQG�UDWHG�DV�IROORZV����
R�([FHOOHQW�UHVSRQVH��,I�!����UHSLJPHQWDWLRQ�RI�WKH�GHSLJPHQWHG�OHVLRQV�DW�HQG�RI�WKHUDS\���
R�*RRG�UHVSRQVH��,I�EHWZHHQ��������UHSLJPHQWDWLRQ�RI�WKH�GHSLJPHQWHG�OHVLRQV�DW�HQG�RI�

WKHUDS\���
R�0RGHUDWH�UHVSRQVH��,I�EHWZHHQ��������UHSLJPHQWDWLRQ�RI�WKH�GHSLJPHQWHG�OHVLRQV�DW�HQG�RI�

WKHUDS\���
R�3RRU�UHVSRQVH��,I������UHSLJPHQWDWLRQ�RI�WKH�GHSLJPHQWHG�OHVLRQV�DW�HQG�RI�WKHUDS\���
R�1R�UHVSRQVH��,I����UHSLJPHQWDWLRQ�RI�WKH�GHSLJPHQWHG�OHVLRQV�DW�HQG�RI�WKHUDS\��
��(YDOXDWLRQ�RI�VLGH�HIIHFWV�HDFK�YLVLW���
��)ROORZ�XS�ZDV�GRQH�IRU���PRQWKV�DIWHU�FRPSOHWLRQ�RI�WUHDWPHQW�WR�DVVHVV�WKH�VWDELOLW\�RI�

OHVLRQDO�UHSLJPHQWDWLRQ���
6WDWLVWLFV��
7KH�GDWD�ZHUH�DQDO\]HG�XVLQJ�VWDWLVWLFDO�SDFNDJH�IRU�VRFLDO�VFLHQFH�6366�YHUVLRQ���VRIWZDUH��

7KH�TXDQWLWDWLYH�GDWD�DUH�SUHVHQWHG�DV�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ��7KH�TXDOLWDWLYH�GDWD�DUH�
SUHVHQWHG�DV�QXPEHU�DQG�SHUFHQWDJH��7KH�VLJQLILFDQFH�RI�GLIIHUHQFHV�EHWZHHQ�VWXG\�YDULDEOHV�ZHUH�
HYDOXDWHG�XVLQJ�RQH�ZD\�DQDO\VLV�RI�YDULDQFH�)�WHVW�DQG�/6'��FKL�VTXDUH���SDLUHG�W��ZKHQ�
DSSURSULDWH��3�YDOXH��������ZDV�FRQVLGHUHG�VLJQLILFDQW>��@���

5HVXOWV�
,�&OLQLFDO�5HVXOWV���
7KLV�VWXG\�ZDV�FRQGXFWHG�RQ����SDWLHQWV�ZLWK�IRFDO�YLWLOLJR��7KH\�LQFOXGHG����IHPDOHV�DQG���

PDOHV��7KH�DJH�UDQJHG�IURP����WR����\HDUV�ZLWK�D�PHDQ�������������7KH�GXUDWLRQ�RI�GLVHDVH�UDQJHG�
IURP�����WR����PRQWKV�ZLWK�PHDQ�����������7KHLU�VNLQ�W\SHV�ZHUH����SDWLHQWV����������RI�VNLQ�W\SH�
,,,�����SDWLHQWV��������RI�VNLQ�W\SH�,9�DQG��

��SDWLHQWV����������RI�VNLQ�W\SH�9��,Q�ILYH�SDWLHQWV����������WKH�GLVHDVH�ZDV�SUHFHGHG�E\�RU�
FRUUHODWHG�ZLWK�SV\FKLF�WUDXPD��)RXU�SDWLHQWV���������UHSRUWHG�SRVLWLYH�IDPLO\�KLVWRU\��7KH�
GHSLJPHQWHG�OHVLRQV�H[WHQGHG�IURP����WR�����RI�ERG\�VXUIDFH�DUHD���

$�VLJQLILFDQW�FOLQLFDO�UHVSRQVH�WR�WUHDWPHQW�ZDV�QRWLFHG��(YDOXDWLRQ�RI�WKH��
FOLQLFDO�UHVSRQVH�VKRZHG�WKDW�QR�SDWLHQWV�������KDG�H[FHOOHQW�UHVSRQVH����SDWLHQWV����������

KDG�JRRG�UHVSRQVH��ILJXUH�������SDWLHQWV����������KDG�PRGHUDWH�UHVSRQVH��ILJXUH��������SDWLHQWV�
���������KDG�SRRU�UHVSRQVH�DQG���SDWLHQWV����������VKRZHG�QR�UHVSRQVH��
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�$��EHIRUH�WUHDWPHQW��

�

�
%��DIWHU�WUHDWPHQW��

)LJ����$�FDVH�RI�YLWLOLJR�RQ�ORZHU�OLPEV�VKRZLQJ�JRRG�UHVSRQVH�

��

�

�
�$��EHIRUH�WUHDWPHQW��

�

�
%��DIWHU�WUHDWPHQW��

)LJ����$�FDVH�RI�YLWLOLJR�RQ�WKH�FKHVW�ZLWK�PRGHUDWH�UHVSRQVH�

1R�VLJQLILFDQW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�FOLQLFDO�UHVSRQVH�DQG�WKH�YDULDEOHV��VNLQ�
W\SH��DJH�RI�SDWLHQWV��IDPLO\�KLVWRU\�RU�KLVWRU\�RI�VWUHVV���

$OWKRXJK�ZH�QRWLFHG�WKDW�JRRG�UHVXOWV�ZHUH�PRUH�RQ�WKH�OLPEV�DQG�WUXQN�WKDQ�WKH�SHULSKHUDO�
SDUWV�RI�WKH�ERG\��QR�VLJQLILFDQW�UHODWLRQ�ZDV�SUHVHQW��WDEOH������

$�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�ZDV�GHWHFWHG�EHWZHHQ�GXUDWLRQ�RI�GLVHDVH�DQG�FOLQLFDO�
UHVSRQVH��6KRUW�GXUDWLRQ�RI�GLVHDVH�ZDV�DVVRFLDWHG�ZLWK�EHWWHU�UHVXOWV��WDEOH�����

)ROORZ�XS�HYDOXDWLRQ�IRU���PRQWKV�DIWHU�FHVVDWLRQ�RI�WUHDWPHQW�VKRZHG�QR�UHFXUUHQFH�RI�
UHVSRQGLQJ�OHVLRQV�RU�DSSHDUDQFH�RI�QHZ�OHVLRQV���

�
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V,/�5�OHYHOV���
%HIRUH�WKH�VWDUW�RI�WUHDWPHQW���WKH�OHYHO�RI�V,/�5�UDQJHG�IURP����8�P/�WR������8�P/�ZLWK�

PHDQ������������
$IWHU�WUHDWPHQW�WKH�OHYHO�UDQJHG�IURP�����WR������ZLWK�PHDQ���������������7KH�OHYHO�RI�V,/��

5�VLJQLILFDQWO\�GHFUHDVHG�ZLWK�FOLQLFDO�LPSURYHPHQW��WDEOHV�������
6LGH�HIIHFWV�ZHUH�PLQLPDO�DQG�WUDQVLHQW��7KH\�ZHUH�UHSRUWHG�LQ���SDWLHQWV�LQ�WKH�IRUP�RI�PLOG�

EXUQLQJ�VHQVDWLRQ�RU�SUXULWXV��7KH\�ZHUH�UHOLHYHG�ZLWK�VKRUW�FRXUVHV�RI�DQWLKLVWDPLQHV�DQG�EODQG�
HPROOLHQWV���

���

�� 1R�UHVSRQVH� SRRU� PRGHUDWH� JRRG� 3�

)DFH�QR ��� �������������� �������������������������������������������� ��

7UXQN�QR ��� �������������� �������������������������������������������� �����

/LPEV�QR �� �������������� ������������������������������������������ �16��

3HULSKHU\�QR ��� ���������������� ���������������������������������������������� ��

16��QRQ�VLJQLILFDQW��
7DEOH������7KH�UHODWLRQ�EHWZHHQ�WKH�VLWH�DQG�FOLQLFDO�UHVSRQVH���
���

V,/��5� %HIRUH�
WUHDWPHQW� $IWHU�WUHDWPHQW� 3�

�PHDQ�6'��
IRU�DOO�SDWLHQWV� ������������� ������������ ��������+6��

+6��KLJKO\�VLJQLILFDQW��
7DEOH������7KH�GLIIHUHQFH�EHWZHHQ�V,/�5�PHDQ�6'�RI�DOO�SDWLHQWV�EHIRUH�DQG�DIWHU�

WUHDWPHQW���
��
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3�I�*RRG�
UHVSRQVH�

0RGHUDWH�
UHVSRQVH�

3RRU�
UHVSRQVH�

1R�
UHVSRQVH�

��

������������'XUDWLRQ�
��������������������������������������� � �����������PHDQ��6'�

�6��������������

������������V,/��PHDQ�6'��

��������������
��������������

����������������������������������������������������� ��� ���� �EHIRUH�
WUHDWPHQW�

�6������������DIWHU�
WUHDWPHQW�

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

�6��������������

������������������!����� ����

�6���6���6���6��

3
�����

�YDOXH�IRU�
SDLUHG�DQDO\VLV�

�

SRRU�UHVSRQVH�ZDV�VLJQLILFDQWO\�UHODWHG�WR�ORQJ�GXUDWLRQ�RI�WKH�GLVHDVH��


V,/��OHYHO�ZDV�VWDWLVWLFDOO\�VLJQLILFDQWO\�KLJKHU�DPRQJ�QRQ�UHVSRQGHUV���



�1R�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�OHYHO�RI�V,/��5�EHIRUH�DQG�DIWHU�WUHDWPHQW�LQ�QRQ�UHVSRQGLQJ�
FDVHV�ZKLOH�WKH�WKUHH�UHVSRQGLQJ�JURXSV�VKRZHG�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�OHYHOV�EHIRUH�DQG�
DIWHU�WKHUDS\���

7DEOH������7KH�UHODWLRQ�EHWZHHQ�ERWK�GXUDWLRQ�	�VHUXP�OHYHO�RI�V,/��5HFHSWRU�DQG�
FOLQLFDO�UHVSRQVH���

'LVFXVVLRQ�
$V�WKHUH�LV�QR�JROG�VWDQGDUG�WUHDWPHQW�IRU�YLWLOLJR��D�ZLGH�UDQJH�RI�WKHUDSHXWLF�RSWLRQV�DUH�

DYDLODEOH��:KHQ�PDNLQJ�D�FKRLFH��RQH�KDV�WR�WDNH�LQWR�FRQVLGHUDWLRQ�WKH�FOLQLFDO�W\SH�RI�YLWLOLJR��WKH�
DJH�RI�WKH�SDWLHQW��WKH�SUHYLRXV�H[SHULHQFHV�ZLWK�WKH�FKRVHQ�WKHUDSHXWLF�PRGDOLW\��WKH�VSHFLILFLWLHV�
RI�WKH�DUHD�WR�EH�WUHDWHG��DQG�WKH�SRVVLEOH�VLGH�HIIHFWV�RI�WKH�FKRVHQ�WKHUDS\>�@����

$FFRUGLQJ�WR�WKH�DXWRLPPXQH�WKHRU\��PHODQRF\WHV�LQ�YLWLOLJR�DUH�GDPDJHG�RU�GHVWUR\HG�E\�
KXPRUDO�DQG���RU�FHOOXODU�LPPXQH�PHFKDQLVPV>���@��([SHULPHQWDO�HYLGHQFHV�VXJJHVWHG�WKDW�WKH�
PHFKDQLVP�RI�DFWLRQ�RI�FDOFLQHXULQ�LQKLELWRUV�LQ�YLWLOLJR�PD\�EH�PHGLDWHG�E\�WKH�VXSSUHVVLRQ�RI�
ORFDO�F\WRNLQHV�DQG�E\�WKH�GLUHFW�LQWHUDFWLRQ�RI�WKH�GUXJ�ZLWK�NHUDWLQRF\WHV�UHVXOWLQJ�LQ�IDYRXUDEOH�
FRQGLWLRQV�IRU�PHODQRF\WH�JURZWK�DQG�PLJUDWLRQ>��@�&DOFLQHXULQ�LQKLELWRUV�LQGXFHV�SUROLIHUDWLRQ�RI�
PHODQRF\WHV�WKURXJK�WKH�LQWHUDFWLRQ�ZLWK�QHLJKERXULQJ�NHUDWLQRF\WHV>�����@��2Q�WKH�RWKHU�KDQG��
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WKHUH�LV�QR�HYLGHQFH�WKDW�LW�DOVR�IDYRUV�SUROLIHUDWLRQ�DQG��RU�DFWLYDWLRQ�RI�PHODQRF\WHV>��@���
7KHLU�PDLQ�DGYDQWDJHV�FRPSDUHG�ZLWK�FRQYHQWLRQDO�WRSLFDO�FRUWLFRVWHURLG�WKHUDS\�DUH�WKDW�WKH\�

DUH�PRUH�VHOHFWLYH�LQ�WKHLU�PRGH�RI�DFWLRQ��GR�QRW�LQGXFH�VNLQ�DWURSK\�DQG�DUH�QRW�DVVRFLDWHG�ZLWK�
VLJQLILFDQW�V\VWHPLF�DEVRUSWLRQ��3UHIHUUHG�VLWHV�IRU�WKH�XVH�RI�WRSLFDO�FDOFLQHXULQ�LQKLELWRUV�DUH�DUHDV�
VXFK�DV�WKH�IDFH��QHFN��IOH[XUHV��DQG�JHQLWDO�DUHDV��ZKLFK�DUH�PRUH�VXVFHSWLEOH�WR�WRSLFDO�
FRUWLFRVWHURLG�VLGH�HIIHFWV>��@���

7KHUH�DUH�YDULRXV�VWXGLHV�DQG�FRQVLGHUDEOH�FRQWURYHUV\�LQ�WKH�UHVXOWV�RI�SLPHFUROLPXV�FUHDP�LQ�
YLWLOLJR�>�������������@��,W�ZDV�XVHG�LQ�FRPSDULVRQ�ZLWK�������FOREHWD]RO�SURSLRQDWH�ZLWK�
FRPSDUDEOH�UHVXOWV>��@��3LPHFUROLPXV�ZDV�SURYHG�WR�EH�RI�HTXLYRFDO�UHVXOWV�ZKHQ�FRPSDUHG�ZLWK�
WKH�YHKLFOH�LQ�JHQHUDOL]HG�YLWLOLJR>��@��2Q�WKH�RWKHU�KDQG��LW�JDYH�D�GUDPDWLF�UHVSRQVH�LQ�D�FDVH�
UHSRUW>��@��*RRG�UHVXOWV�ZHUH�UHSRUWHG�ZKHQ�XVLQJ�FDOFLQHXULQ�LQKLELWRUV�XQGHU�RFFOXVLRQ>��@���

9DULDEOH�GHJUHHV�RI�UHSLJPHQWDWLRQ�ZDV�UHSRUWHG�YDU\LQJ�IURP�H[FHOOHQW�WR�PRGHUDWH�JUDGHV�
ZKHQ�XVLQJ�SLPHFUROLPXV��ZLWK�PRUH�UHVSRQGLQJ�OHVLRQV�RQ�WKH�WUXQN��HOERZV>��@DQG�IDFH>��@���

7R�JDLQ�RXU�H[SHULHQFH��SHPLFUROLPXV�ZDV�WULHG�RQ����SDWLHQWV�ZLWK�IRFDO�YLWLOLJR��$PRQJ�WKH�
FDVHV����SDWLHQWV���������VKRZHG�JRRG�DQG���SDWLHQWV���������VKRZHG�PRGHUDWH�UHVSRQVH�WR�
SHPLFUROLPXV�EXW�QR�H[FHOOHQW�UHVSRQVH�ZDV�UHFRUGHG���

7KH�UHVSRQVH�WR�WUHDWPHQW�ZDV�QRW�VLJQLILFDQWO\�UHODWHG�WR�DJH��IDPLO\�KLVWRU\��KLVWRU\�RI�VWUHVV�
RU�VNLQ�W\SH�RI�WKH�SDWLHQWV��+RZHYHU��ZH�IRXQG�WKDW�WKH�HDUOLHU�WKH�WUHDWPHQW�ZDV�FRQGXFWHG�WKH�
EHWWHU�WKH�UHVSRQVH�WR�WUHDWPHQW�ZDV����7KH�VHUXP�OHYHO�RI�V,/��UHFHSWRU��V,/��5��LV�RQH�RI�WKH�
LQGLFDWRUV�RI�7�FHOO�IXQFWLRQ�LQ�DGGLWLRQ�WR�SUR�LQIODPPDWRU\�PHGLDWRUV�DV�,/��DQG�,/��>��@���

:H�IRXQG�WKDW�V,/��5�VHUXP�OHYHO�ZDV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�WKH�FOLQLFDO�SLFWXUH�DQG�WKH�
HIIHFW�RI�WUHDWPHQW��,WV�OHYHO�VLJQLILFDQWO\�GHFUHDVHG�ZLWK�FOLQLFDO�UHVSRQVH�ZKLFK�LQGLFDWHV�
VXSSUHVVLRQ�RI�7�FHOO�DFWLYLW\�DQG�DVVLVWV�WKH�LPPXQH�WKHRU\�RI�WKH�GLVHDVH���

$OWKRXJK�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�FOLQLFDO�UHVSRQVH�WR�WUHDWPHQW�ZDV�IRXQG�EHWZHHQ�WKH�
GLIIHUHQW�VLWHV��WKH�GHJUHH�RI�UHSLJPHQWDWLRQ�ZDV�UHODWLYHO\�GHSHQGHQW�RQ�WKH�VLWH��0RGHUDWH�DQG�
JRRG�UHVSRQVH�ZHUH�REWDLQHG�PRUH�IUHTXHQWO\�LQ�OHVLRQV�ORFDWHG�RQ�WKH�OLPEV�DQG�WUXQN�DV�
FRPSDUHG�ZLWK�OHVLRQV�ORFDWHG�RQ�WKH�SHULSKHUDO�DUHD�DV�ILQJHUV�ZKHUH�WKH�UHVSRQVH�ZDV�
GLVDSSRLQWLQJ����RXW�RI���FDVHV�RI�YLWLOLJR�RQ�WKH�SHULSKHU\��GLGQ
W�UHVSRQG�DW�DOO�DQG�WKH�UHPDLQLQJ�
��ZHUH�SRRU�UHVSRQGHUV��WDEOH������

:H�IRXQG�QR�VLJQLILFDQW�HIIHFW�RI�VNLQ�W\SH�RQ�WKH�UHVSRQVH��$OWHUQDWLYHO\��LQ�DQRWKHU�VWXG\�D�
IDVWHU�LPSURYHPHQW�ZDV�DVVRFLDWHG�ZLWK�)LW]SDWULFN�VNLQ�W\SHV�,,,�DQG�9,��3������>��@��2YHUDOO�
WROHUDELOLW\�ZDV�JRRG��1R�VLJQLILFDQW�DGYHUVH�HYHQWV�ZHUH�UHFRUGHG�DSDUW�IURP�PLOG�EXUQLQJ�RU�
LWFKLQJ�LQ���SDWLHQWV�ZKLFK�ZDV�WUDQVLHQW�DQG�UHVROYHG�ZLWK�DQWLKLVWDPLQHV�DQG�HPROOLHQWV�ZKHQ�
QHHGHG���

+RZHYHU��PRUH�VWXGLHV�ZLWK�ODUJH�QXPEHU�RI�SDWLHQWV�DUH�QHHGHG�WR�FKDUDFWHUL]H�SLPHFUROLPXV�
FUHDP�DV�D�VXLWDEOH�WKHUDSHXWLF�RSWLRQ�IRU�YLWLOLJR��3LPHFUROLPXV�KDV�EHHQ�VKRZQ�WR�EH�D�VDIH�
WUHDWPHQW�WR�DWRSLF�GHUPDWLWLV�HYHQ�ZLWK�UHFHQW�FRQFHUQV�DERXW�FDUFLQRJHQHVLV��DQG�LWV�VLGH�HIIHFW�
SURILOH�LV�SRRU�>�@��7KHVH�ILQGLQJV�DUH�HQFRXUDJLQJ�IRU�LWV�XVH�LQ�YLWLOLJR�WUHDWPHQW��PDLQO\�ZKHQ�
WKHUH�LV�VHULRXV�FRQFHUQ�DERXW�ORFDO�VLGH�HIIHFWV�RI�WRSLFDO�VWHURLGV�DV�LQ�SHULRFXODU�DQG�JHQLWDO�DUHDV�
LQ�FKLOGUHQ�HVSHFLDOO\�ZKHQ�SURORQJHG�WUHDWPHQW�SHULRGV�DUH�QHHGHG���



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

� ������
KWWS���ZZZ�HGRM�RUJ�HJ�

5HIHUHQFHV�
�
���.RYDFV�62��9LWLOLJR��-�$P�$FDG�'HUPDWRO���������������������30,'����������
�
���.DQZDU�$-��'RJUD�6�DQG�3DUVDG�'��7RSLFDO�WDFUROLPXV�IRU�WUHDWPHQW�RI�FKLOGKRRG�YLWLOLJR�LQ�
$VLDQV��&OLQ�([S�'HUPDWRO���������������������30,'�����������
�
���/HLWH�506�DQG�/HLWH�$$&��7ZR�WKHUDSHXWLF�FKDOOHQJHV��SHULFRFXODU�DQG�JHQLWDO�YLWLOLJR�LQ�
FKLOGUHQ�VXFFHVVIXOO\�WUHDWHG�ZLWK�SLPHFUROLPXV�FUHDP��,QW�-�'HUPDWRO���������������������30,'��
���������
�
���+DXWPDQQ�*�DQG�3DQFRQHVL�(��9LWLOLJR��D�SV\FKRORJLFDOO\�LQIOXHQFHG�DQG�LQIOXHQFLQJ�GLVHDVH��
&OLQ�'HUPDWRO���������������������30,'����������
�
���1MRR�0'��:HVWHUQKRI�:��%RV�'��HW�DO��7KH�GHYHORSPHQW�RI�JXLGHOLQHV�IRU�WKH�WUHDWPHQW�RI�
YLWLOLJR��$UFK�'HUPDWRO�����������������������30,'�����������
�
���1RUULV�'$��.LVVLQJHU�50��1DXJKWRQ�*0��HW�DO��(YLGHQFH�RI�LPPXQRORJLF�PHFKDQLVPV�LQ�
KXPDQ�YLWLOLJR��-�,QYHVW�'HUPDWRO���������������������30,'����������
�
���/DQ�&&(��&KHQ�*6��&KLRX�0�+��HW�DO��).�����SURPRWHV�PHODQRF\WH�DQG�PHODQREODVW�JURZWK�
DQG�FUHDWHV�D�IDYRXUDEOH�PLOLHX�IRU�FHOO�PLJUDWLRQ�YLD�NHUDWLQRF\WHV��%U�-�'HUPDWRO������������������
�����30,'�����������
�
���.HPS�(+��:DWHUPDQ�($�DQG�:HHWPDQ�$3��$XWRLPPXQH�DVSHFWV�RI�YLWLOLJR��$XWRLPPXQLW\��
������������������30,'�����������
�
���2QJHQDH�.��9DQ�*HHO�1�DQG�1DH\DHUW�-�0��(YLGHQFH�IRU�DXWRLPPXQH�SDWKRJHQHVLV�RI�YLWLOLJR��
3LJPHQW�&HOO�5HV���������������������30,'�����������
�
����+HJHGXV�/��+HLGHQKHLP�0��*HUYLO�0���HW�DO��+LJK�IUHTXHQF\�RI�WK\URLG�G\VIXQFWLRQ�LQ�SDWLHQWV�
ZLWK�YLWLOLJR��$FWD�'HUP�9HQHUHRO��������������������30,'����������
�
����6KRQJ�<.�DQG�.LP�-$��9LWLOLJR�LQ�DXWRLPPXQH�WK\URLG�GLVHDVH��7K\URLGRORJ\�������������������
30,'����������
�
����'DZLG�0��9HHQVDNX�0�*UDVVEHUJHU�0��HW�DO��(IILFDF\�DQG�VDIHW\�RI�SLPHFUROLPXV�FUHDP����LQ�
DGXOW�SDWLHQWV�ZLWK�YLWLOLJR��5HVXOWV�RI�D�UDQGRPL]HG��GRXEOH�EOLQG�YHKLFOH�FRQWUROOHG�VWXG\��-''*��
���������������30,'�����������
�
����)DL�'��&DVVDQR�1�DQG�9HQD�*$��1DUURZ�EDQG�89%�SKRWRWKHUDS\�FRPELQHG�ZLWK�WDFUROLPXV�
RLQWPHQW�LQ�YLWLOLJR��-($'9���������������������30,'�����������
�
����:KLWWRQ�0(��$VKFURIW�'0��%DUUHWW�&:��HW�DO��,QWHUYHQWLRQV�IRU�YLWLOLJR��&RFKUDQH�'DWD�EDVH�
6\VW�5HY�����������&'��������
�
����6FKHUVFKXQ�/��.LP�--�DQG�/LP�+:��1DUURZ�EDQG�XOWUDYLROHW�%�LV�D�XVHIXO�DQG�ZHOO�WROHUDWHG�
WUHDWPHQW�IRU�YLWLOLJR��-�$P�$FDG�'HUPDWRO����������������������30,'�����������
�
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����*DPELFKOHU�7��%UHXFNPDQQ�)��%RPV�6��HW�DO��1DUURZ�EDQG�89%�SKRWRWKHUDS\�LQ�VNLQ�
FRQGLWLRQV�EH\RQG�SVRULDVLV��-�$P�$FDG�'HUPDWRO����������������������30,'�����������
�
����<X�+6��:X�&6��<X�&O���HW�DO��+HOLXP�QHRQ�ODVHU�LUUDGLDWLRQ�VWLPXODWHG�PLJUDWLRQ�DQG�
SUROLIHUDWLRQ�LQ�PHODQRF\WHV�DQG�LQGXFHV�SLJPHQWDWLRQ�LQ�VHJPHQWDO�W\SH�YLWLOLJR��-�,QYHVW�
'HUPDWRO���������������������30,'�����������
�
����:HOOLQJWRQ�.�DQG�1REOH�1��3HPLFUROLPXV��$�UHYLHZ�RI�LWV�XVH�LQ�DWRSLF�GHUPDWLWLV��$P�-�&OLQ�
'HUPDWRO�������������������30,'�����������
�
����(LFKHQILHOG�/)�DQG�%HFN�/��(OLGHO��SLPHFUROLPXV��FUHDP�����D�QRQ�VWHURLGDO�WRSLFDO�DJHQW�IRU�
WKH�WUHDWPHQW�RI�DWRSLF�GHUPDWLWLV��-�$OOHUJ\�&OLQ�,PPXQRO�����������������������30,'�����������
�
����6LOYHUEHUJ�1%��/,1�3��7UDYLV�/��HW�DO��7DFUROLPXV�RLQWPHQW�SURPRWHV�UHSLJPHQWDWLRQ�RI�YLWLOLJR�
LQ�FKLOGUHQ��-�$P�$FDG�'HUPDWRO���������������������30,'�����������
�
����/XJHU�7�DQG�3DXO�&��3RWHQWLDO�QHZ�LQGLFDWLRQV�RI�WRSLFDO�FDOFLQHXULQ�LQKLELWRUV��'HUPDWRORJ\��
����������6XSSO������������30,'�����������
�
����*ULPHV�3(��6RULDQR�7�DQG�'\WRF�0��7RSLFDO�WDFUROLPXV�IRU�UHSLJPHQWDWLRQ�RI�YLWLOLJR��-�$P�
$FDG�'HUPDWRO���������������������30,'�����������
�
����&RVNXQ�%��6DUDO�<�DQG�7XUNXW�'��7RSLFDO�������FOREHWDVRO�SURSLRQDWH�YHUVXV����
SLPHFUROLPXV�RLQWPHQW�LQ�YLWLOLJR��(XU�-�'HUPDWRO�������������������30,'�����������
�
����.DQJ�+<�DQG�&KRL�<0��).�����LQFUHDVHV�SLJPHQWDWLRQ�DQG�PLJUDWLRQ�RI�KXPDQ�PHODQRF\WHV��
%U�-�'HUPDWRO����������������������30,'�����������
�
����+DP]DYL�,��=DLQ�+��0F�/HDQ�'��HW�DO��3DUDPHWULF�0RGHOLQJ�RI�1DUURZ�EDQG�89%�SKRWRWKHUDS\�
IRU�YLWLOLJR�XVLQJ�D�1RYHO�4XDQWLWDWLYH�7RRO��$UFK��'HUPDWRO����������������������30,'�����������
�
����1RXUVLV��0�-��6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFH�6366�EDVH�����IRU�ZLQGRZV��8VHU
V�*XLGH��
&KLFDJR��,/��6366�������
�
����)ULFDLQ�-&��6LEDXG�9��&DPSDQD�)��HW�DO��0XFRVDO�SLJPHQWDWLRQ�DIWHU�RUDO�OLFKHQ�SODQXV�
WUHDWPHQW�ZLWK�WRSLFDO�WDFUROLPXV��'HUPDWRORJ\���������������������30,'�����������
�
����+LFNH\�-5��5REVRQ�$��%DUNHU�-1��HW�DO��'RHV�WRSLFDO�WDFUROLPXV�LQGXFH�OHQWLJLQHV�LQ�FKLOGUHQ�
ZLWK�DWRSLF�GHUPDWLWLV"�$�UHSRUW�RI�WKUHH�FDVHV��%U�-�'HUPDWRO�����������������������30,'��
���������
�
����/XJHU�7�DQG�3DXO�&��3RWHQWLDO�QHZ�LQGLFDWLRQV�RI�WRSLFDO�FDOFLQHXULQ�LQKLELWRUV��'HUPDWRORJ\��
����������6XSSO������������30,'�����������
�
����0D\RUDO�$��*RQ]DOH]�&��6KDK�16��HW�DO��5HSLJPHQWDWLRQ�RI�YLWLOLJR�ZLWK�SLPHFUROLPXV�FUHDP��
$�FDVH�UHSRUW��'HUPDWRO����������������������30,'�����������
�
����+DUWPDQQ�$��%U|FNHU�(%�DQG�+DPP�+��5HSLJPHQWDWLRQ�RI�SUHWLELDO�YLWLOLJR�ZLWK�FDOFLQHXULQ�
LQKLELWRUV�XQGHU�RFFOXVLRQ��-�'WVFK�'HUPDWRO�*HV����������������������30,'�������������
�
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����6HLUDIL�+��)DUQDJKL�)��)LURR]�$��HW�DO��3LPHFUROLPXV�FUHDP�LQ�UHSLJPHQWDWLRQ�RI�YLWLOLJR��
'HUPDWRORJ\������������������������30,'�����������
�
����%RRQH�%��2QJHQDH�.��9DQ�*HHO�1��HW�DO��7RSLFDO�SLPHFUROLPXV�LQ�WKH�WUHDWPHQW�RI�YLWLOLJR��(XU�
-�'HUPDWRO�����������������������30,'������������
�
����0D\RUDO�)$��9HJD�-0��6WDYLVN\�+�HW�DO��5HWURVSHFWLYH�DQDO\VLV�RI�SLPHFUROLPXV�FUHDP����IRU�
WUHDWPHQW�RI�IDFLDO�YLWLOLJR��-�'UXJV�'HUPDWRO�������0D\�����������������30,'������������
�
����<X�+6��&KDQJ�./��<X�&/��HW�DO��$OWHUDWLRQV�LQ�,/����,/����*0�&6)��71)D�DQG�,)1�J�UHOHDVH�
E\�SHULSKHUDO�PRQRQXFOHDU�FHOOV�LQ�SDWLHQWV�ZLWK�DFWLYH�YLWLOLJR��-�,QYHVW�'HUPDWRO������������������
����30,'�����������

�������(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO�
�


