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SURVWDWH�DGHQRFDUFLQRPD�LQ�RXU�VHWXS� 
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,PPXQRKLVWRFKHPLVWU\�� 

,1752'8&7,21 

&DUFLQRPD�RI�3URVWDWH�UHSUHVHQWV�FRPPRQHVW�FDQFHU�
DPRQJ�PDOHV��,Q�WKH�8QLWHG�6WDWHV��WKLV�LV�WKH�VHFRQG�
FDXVH�RI�FDQFHU�UHODWHG�GHDWKV���7KLV�PDOLJQDQW�WXPRU�
UDQN� �UG� LQ� FDUFLQRPD� LQFLGHQFH� DQG� VL[WK� LQ�
FDUFLQRPD� PRUWDOLW\� ZRUOGZLGH� ZLWK� LQFLGHQFH� LV�
LQFUHDVLQJ� ZRUOGZLGH��� 3URVWDWLF� DGHQRFDUFLQRPD� LV�
WKLUG� FRPPRQ� WXPRU� LQ�RXU�SRSXODWLRQ���7KH� UHSRUWHG�
LQFLGHQFH�RI�SURVWDWH�FDQFHU�LQ�3DNLVWDQ�LV�������7KLV�
XQGHU� UHSRUWLQJ� LV� SULPDULO\� GXH� WR� ORZHU� OLIH�
H[SHFWDQF\�DQG�ODFN�RI�VFUHHQLQJ�� 
7KH� LQLWLDO� HYDOXDWLRQ� IRU� SURVWDWH� FDQFHU� E\� WKH� JROG�
VWDQGDUG�WULDG�FRPSULVLQJ�RI�GLJLWDO�UHFWDO�H[DPLQDWLRQ�
'5(�� 36$� OHYHO� DQG� WUDQVUHFWDO� XOWUDVRQRJUDSK\� LV�
IROORZHG� E\� VXUJLFDO� SDWKRORJLFDO� HYDOXDWLRQ� RI�
SURVWDWH�VSHFLPHQV�E\�QHHGOH�ELRSV\���0RUSKRORJLFDO�
GLDJQRVLV� RI� WKH� PDOLJQDQW� QHRSODVP� LV� FULWLFDO� IRU�
PD[LPXP� SDWLHQW� VXUYLYDO�� $OWKRXJK� KLVWRORJLFDO�
IHDWXUHV� RI� DGHQRFDUFLQRPD� DUH� VXIILFLHQW� IRU�
PRUSKRORJLFDO� GLDJQRVLV�� LPPXQRKLVWRFKHPLVWU\� LV�
QHFHVVDU\� IRU� FRQILUPDWLRQ� RI� GLDJQRVLV� RI� SURVWDWH�
DGHQRFDUFLQRPD�SDUWLFXODUO\�GXH�WR�EHQLJQ�PLPLFNHUV�
RI� SURVWDWLF� FDUFLQRPD��� 7KXV� LPPXQRKLVWRFKHPLFDO�
DQDO\VLV� QRW� RQO\� KHOSV� WR� GLVWLQJXLVK� WKHVH� EHQLJQ�

FRQGLWLRQV�IURP�PDOLJQDQW�RQHV�EXW�DOVR�PDQGDWRU\�IRU�
FRQILUPDWLRQ�RI�GLDJQRVLV�LQ�GLIILFXOW�FDVHV���� 
$OSKD-PHWK\ODF\O� FRHQ]\PH� $� 5DFHPDVH� �$0&$5��
KDV� DQ� LPSRUWDQW� YDOXH� LQ� R[LGDWLRQ� RI� IDWW\� DFLG��
$0&$5� SRVLWLYH� FDVHV� UHYHDOHG� F\WRSODVPLF� RU�
JUDQXODU� VWDLQLQJ� ZLWK� QR� LPPXQRVWDLQLQJ� LQ� QRQ-
QHRSODVWLF� JODQGV��� $0&$5� VWDLQLQJ� DORQH� RU� LQ�
FRPELQDWLRQ� QRW� RQO\� FRQILUPV� SURVWDWH�
DGHQRFDUFLQRPD� EXW� LW� DOVR� LGHQWLILHV� WKRVH�
PDOLJQDQFLHV� ZKLFK� ODFN� TXDOLWDWLYH� RU� TXDQWLWDWLYH�
IHDWXUHV�� KDYH� XQXVXDO� PRUSKRORJLFDO� IHDWXUHV� DQG�
DOVR�LQ�WKH�VHWWLQJ�RI�SULRU�WUHDWPHQW��$0&$5�KDV�����
VHQVLWLYLW\� DQG� ����� VSHFLILFLW\� LQ� GHWHFWLQJ�
DGHQRFDUFLQRPD��� 7KH� XVH� RI� $0&$5� DV� D� UHJXODU�
PDUNHU� IRU� GHWHFWLQJ� SURVWDWLF� DGHQRFDUFLQRPD� LV� QRW�
RQO\� WLPH� DQG� FRVW� HIIHFWLYH� EXW� DOVR� UDLVHV� WKH�
GLDJQRVWLF� DFFXUDF\� LQ� GHWHFWLQJ� FDVHV� RI� SURVWDWLF�
DGHQRFDUFLQRPD� HVSHFLDOO\� ZKHUH� KLVWRORJ\� LV�
GHFHSWLYH��� 7KHUHIRUH�� WKH� VWXG\� DLPHG� WR� GHWHUPLQH�
WKH� VHQVLWLYLW\� RI� $OSKD-PHWK\ODF\O-&R$� UDFHPDVH�
�$0$&5�� VWDLQ� LQ� SURVWDWLF� DGHQRFDUFLQRPD� LQ� RXU�
VHWXS� 
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DW� 3DWKRORJ\� 'HSDUWPHQW� RI� 6KDXNDW� .KDQXP��
0HPRULDO� &DQFHU� +RVSLWDO� DQG� 5HVHDUFK� &HQWHU��
/DKRUH�� 3DNLVWDQ� LQ� IURP� 6HSWHPEHU� ����� WR� 0DUFK�
������WDNLQJ�D�VDPSOH�VL]H�RI����ELRSV\�SURYHQ�FDVHV�
RI� SURVWDWLF� DGHQRFDUFLQRPD� ZLWK� 1RQ-SUREDELOLW\�
SXUSRVLYH� VDPSOLQJ� WHFKQLTXH�� 7KLV� VWXG\� ZDV�
DSSURYHG� E\� &ROOHJH� RI� 3K\VLFLDQV� DQG� 6XUJHRQV�
3DNLVWDQ�� &RQVHQW� RI� SDWLHQW� DORQJ� ZLWK� KLVWRU\� ZDV�
WDNHQ�RQ�GHVLJQHG�SURIRUPD��$OO�SRRUO\�SUHVHUYHG�DQG�
SRRUO\�IL[HG�VSHFLPHQV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\� 
$�WRWDO�RI����FDVHV�RI�SURVWDWLF�DGHQRFDUFLQRPD�IRXQG�
VXLWDEOH� E\� LQFOXVLRQ� FULWHULD� ZHUH� LQFOXGHG� LQ� WKLV�
VWXG\��(DFK�FDVH�ZDV�JLYHQ�D�PHGLFDO�UHFRUG�QXPEHU��
6RFLR-GHPRJUDSKLF� LQIRUPDWLRQ� �QDPH�� DJH�� IXOO�
DGGUHVV�� KLVWRU\� RI� IUHTXHQF\� DQG� XUJHQF\� RI�
PLFWXUDWLRQ�� IDPLO\�KLVWRU\�RI�DQ\�FDQFHU�DQG�SURVWDWH�
FDQFHU�� ZHUH� REWDLQHG� DORQJ� ZLWK� GDWD� RI� 36$� OHYHO��
$OO�WKH�LQIRUPDWLRQ�ZDV�UHFRUGHG�RQ�VSHFLDOO\�GHVLJQHG�
SURIRUPD��*URVV�H[DPLQDWLRQ�ZDV�SHUIRUPHG�IRU�ODUJH�
VSHFLPHQ� L-H� UDGLFDO� SURVWDWHFWRP\� DQG� 7853�
VSHFLPHQV�� ,Q� FDVH� RI� UDGLFDO� SURVWDWHFWRP\�
VSHFLPHQV�� UHSUHVHQWDWLYH� DUHDV� IURP� LQWUD-WXPRUDO��
PDUJLQDO� SDUD-WXPRUDO� DQG� GLVWDQW� QRUPDO� SURVWDWH�
WLVVXHV� ZHUH� VHFWLRQHG�� 7KH� VPDOO� WLVVXHV� L�H��� 8�6-�
JXLGHG�QHHGOH�FRUH�ELRSVLHV�ZHUH�SURFHVVHG�DV�VXFK��
$OO� WLVVXHV� ZHUH� VXEMHFWHG� WR� DXWRPDWHG� KLVWRORJ\�
WLVVXH� SURFHVVRU� IRU� GHK\GUDWLRQ�� FOHDULQJ��
LPSUHJQDWLRQ� DQG� HPEHGGLQJ� VWHSV� RI� WLVVXH�
SURFHVVLQJ��3DUDIILQ�HPEHGGHG�EORFNV�ZHUH�SUHSDUHG�
DQG� WZR� VHFWLRQV� IURP� HDFK� EORFN� �-�� �P� IRU�
KDHPDWR[\OLQ�DQG�HRVLQ�VWDLQLQJ�DQG�RQH�VHFWLRQ���-��
UXQ� IRU� LPPXQRKLVWRFKHPLFDO� H[SUHVVLRQ� RI� $0$&5�
ZHUH� FXW� ZLWK� WKH� KHOS� RI� URWDU\� PLFURWRPH�� 7KH�
VHFWLRQV� IRU� LPPXQRKLVWRFKHPLFDO� VWDLQLQJ� ZHUH�
FROOHFWHG�RQ�SRVLWLYH�FKDUJHG�VOLGHV� 
,PPXQRKLVWRFKHPLFDO� VWDLQ� $0$&5� ZDV� SHUIRUPHG�
DFFRUGLQJ� WR� WKH� VSHFLILFDWLRQ� JLYHQ� E\� WKH�
PDQXIDFWXUHU�� 7KH� PRUSKRORJ\� ZDV� UHYLHZHG� E\�
KLVWRSDWKRORJLVW� WR�HVWDEOLVK� WKH�GLDJQRVLV��7KH�UHVXOW�
RI�$0$&5�LPPXQRVWDLQLQJ�ZDV�EDVHG�RQ�F\WRSODVPLF�
VWDLQLQJ�� 7KH� OHVLRQ� ZDV� GHVLJQDWHG� SRVLWLYH� ZKHQ� LW�
ZDV�VWURQJ�DQG�FLUFXPIHUHQWLDO�RU�VLJQLILFDQWO\�VWURQJHU�
WKDQ� WKDW� RI� EDFNJURXQG� EHQLJQ� JODQGV�� 7KH�
LPPXQRVWDLQLQJ� ZLWK� $0$&5� ZDV� JUDGHG� DV� ZHDN��
PRGHUDWH� RU� VWURQJ�� 7KH� OHVLRQ� ZDV� GHVLJQDWHG�
QHJDWLYH� IRU� $0$&5� ZKHQ� QR� FHOO� H[SUHVVHV� DW�
GHWHFWDEOH�OHYHO�RU�VKRZ�YHU\�ZHDN��IRFDO�VWDLQLQJ�ZLWK�
$0$&5�6366�YHUVLRQ����ZDV�XVHG�IRU�GDWD�DQDO\VLV� 
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,Q�FXUUHQW�VWXG\�����ELRSV\�SURYHQ�FDVHV�RI�SURVWDWLF�
DGHQRFDUFLQRPD�ZHUH� LQFOXGHG��7KH�PHDQ���6'�DJH�
RI�SDWLHQWV�ZDV������������\HDUV�ZLWK�D�UDQJH�IURP����
WR���� \HDUV��7KH�PHDQ���6'�*OHDVRQ�VFRUH�RI� WKHVH�
SDWLHQWV� ZDV� ���������� ZKLFK� UDQJHG� IURP�PLQLPXP�
RI���WR�PD[LPXP�VFRUH��� 
,W�ZDV�QRWHG�WKDW�PRUH�WKDQ�KDOI�RI�SDWLHQWV�L-H�������
�Q ����ZHUH�RI�DJH�JURXS���-���\HDUV��DERXW�RQH�WKLUG�

L-H� ������ �Q ���� ZHUH� EHWZHHQ� ��-��� \HDUV� RI� DJH�
ZKLOH� LQ� ��-��� \HDUV� DJH� JURXS� WKHUH� ZHUH� ������
�Q ����SDWLHQWV�DQG�������Q ���ZHUH�RI�DJH����\HDUV�
DQG� DERYH�� ,W� ZDV� VHHQ� WKDW� ����� �Q ��� ZHUH� ZHOO�
GLIIHUHQWLDWHG�� DERXW� ������ �Q ���� ZHUH� PRGHUDWHO\�
GLIIHUHQWLDWHG� ZKLOH� RWKHU� ������ �Q ���� ZHUH� SRRUO\�
GLIIHUHQWLDWHG�FDVHV�RI�SURVWDWLF�DGHQRFDUFLQRPD� 
5HJDUGLQJ�WKH�VHQVLWLYLW\�RI�$0$&5�H[SUHVVLRQ�LW�ZDV�
QRWHG� WKDW� RXW� RI� DOO� ����� �Q ���� FDVHV� RI� SURVWDWLF�
DGHQRFDUFLQRPD��DERXW��������Q ����ZHUH�H[SUHVVHG�
SRVLWLYH� ZLWK� $0$&5� VWDLQLQJ� �)LJXUH� ,��� ZKLOH�
UHPDLQLQJ�������Q ���ZHUH�$0$&5�QHJDWLYH�� 
),*85(�,��)2&86�2)�1(23/$67,&�35267$7(�
*/$1'6�6+2:,1*�326,7,9(�67$,1,1*�2)�
$0$&5 

6LPLODUO\�WUXH�3RVLWLYH�UHVXOWV�RI�$0$&5�VWDLQLQJ�ZHUH�
������ZKLOH�IDOVH�QHJDWLYH�UHVXOWV�RI�$0$&5�VWDLQLQJ�
ZHUH� ������ :KHQ� VWUDWLILHG� DQDO\VLV� ZDV� SHUIRUPHG�
ZLWK�S�YDOXH�RI�������WDNHQ�DV�VLJQLILFDQW��LW�ZDV�VHHQ�
WKDW� DJH� RI� SDWLHQWV� ZDV� DQ� HIIHFW� PRGLILHU� IRU� WKH�
IUHTXHQF\�RI�$0$&5�H[SUHVVLRQ�SDWLHQWV�RI�SURVWDWLF�
$GHQRFDUFLQRPD�� $FFRUGLQJO\�� SRVLWLYLW\� RI� $0$&5�
H[SUHVVLRQ� LQFUHDVHG� IURP����� LQ���-���DJH�JURXSV�
WR������LQ����\HDUV�DQG�DERYH�DJH�JURXS�SDWLHQWV���S
-YDOXH���������7DEOH�,�� 
(IIHFW� RI� /HYHO� RI� GLIIHUHQWLDWLRQ� RQ� IUHTXHQF\� RI�
$0$&5�H[SUHVVLRQ� LV�JLYHQ� LQ�7DEOH� ,,�� DFFRUGLQJ� WR�
ZKLFK� LW� ZDV� QRWHG� ZLWK� KLJK� VLJQLILFDQFH� �S� YDOXH�
�������� WKDW� DPRQJ� FDVHV� RI� ZHOO� GLIIHUHQWLDWHG�
SURVWDWLF� DGHQRFDUFLQRPD� �Q ���� WKH� $0$&5�
H[SUHVVLRQ�ZDV�QHJDWLYH� LQ�DOO� L-H�������ZKLOH� LW�ZDV�
������ DPRQJ� WKRVH� ZKR� KDG� SRRUO\� GLIIHUHQWLDWHG�
SLFWXUH� RI� 3URVWDWLF� DGHQRFDUFLQRPD�� 7KH� VWXG\� DOVR�
HYDOXDWHG�WKH�HIIHFW�RI�*OHDVRQ�VFRUH�RQ�IUHTXHQF\�RI�
$0$&5�H[SUHVVLRQ��,W�ZDV�VHHQ�WKDW�LQ�*OHDVRQ�VFRUH�
�� �Q ��� LW� ZDV� QHJDWLYH� LQ� DOO� L�H��� ����� ZKLFK�
LQFUHDVHG�JUDGXDOO\�ZLWK� LQFUHDVLQJ�*OHDVRQ�VFRUH� WLOO�
��	���ZKHUH�WKH�VHQVLWLYLW\�RI�$0$&5�H[SUHVVLRQ�ZDV�
������	� ����� UHVSHFWLYHO\�� 7KH� UHVXOWV� ZHUH� KLJKO\�
VLJQLILFDQW���S�YDOXH����������7DEOH�,,,�� 

6HQVLWLYLW\�RI�$OSKD-0HWK\ODF\O-&2$�5DFHPDVH��$0$&5��6WDLQLQJ�LQ�3URVWDWLF�$GHQRFDUFLQRPD 
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,Q�WKLV�VWXG\�SDWLHQW¶V�DJH�UDQJHG�IURP����WR����\HDUV�
ZLWK� D� PHDQ� �� 6'� DJH� RI� ����������� \HDUV�� 1HDUO\�
WZR-WKLUGV� �������� SDWLHQWV�ZHUH� EHWZHHQ� WKH� DJH� RI�
��� WR� ��� \HDUV� �L-H� �������������� 7KHVH� VWDWLVWLFV�
UHIOHFWV�WKH�IDFW�WKDW�SURVWDWLF�FDQFHU�LV�GLVHDVH�RI�ROG�
DJH�ZLWK�KLJKHVW�SUHYDOHQFH�LQ��WK�DQG��WK�GHFDGHV�RI�
OLIH��7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�7DULT�+�HW�DO���
ZKR� DOVR� UHSRUWHG� VLPLODU� ILQGLQJV�� $IWHU� WKLV� DJH�
PRUWDOLW\� DVVRFLDWHG� ZLWK� SURVWDWLF� FDQFHU� DQG� RWKHU�

UHDVRQ� LV�KLJK��7KHUHIRUH�� LQ�KLJKHU�DJHV� WKH�QXPEHU�
RI� SDWLHQWV� OLYLQJ� ZLWK� SURVWDWLF� DGHQRFDUFLQRPD� LV�
OHDVW��7KHVH�ILQGLQJV�PDWFK�WKRVH�RI�$KPDG�=��������
ZKR� UHSRUWHG� WKDW� PHDQ� DJH� RI� SDWLHQWV� RI� SURVWDWLF�
DGHQRFDUFLQRPD�ZDV������\HDUV� 
&RQWUDU\�WR�ILQGLQJV�RI�WKLV�VWXG\��6UHHNXPDU�$��������
LQ�WKHLU�VWXG\�IURP�,QGLD��IRXQG�D�\RXQJHU�PHDQ�DJH�RI�
SUHVHQWDWLRQ� RI� SURVWDWLF� DGHQRFDUFLQRPD� L�H��� �����
\HDUV��7KH�VLPLODU�DXWKRUV�GHVFULEHG�WKDW�WKHLU�SDWLHQWV�
UDQJHG� IURP� ��� WR� ��� \HDUV� ZKLFK� LV� EURDG� UDQJH�
VRPH�RI�SDWLHQWV�ZHUH�TXLWH�\RXQJHU�WKDQ�RWKHUV��� 
3URVWDWH� FDQFHU� GLDJQRVLV� DW� DQ\� DJH� KDV� D� PDMRU�
LPSDFW� RQ� D� PDQ¶V� TXDOLW\� RI� OLIH������� 0RUSKRORJLFDO�
GLDJQRVLV� RI� WKH� PDOLJQDQW� QHRSODVP� LV� FULWLFDO� IRU�
PD[LPXP� SDWLHQW� VXUYLYDO��-���� 6RPHWLPHV� RQ� WKH�
EDVLV� RI� PRUSKRORJ\�� LW� LV� GLIILFXOW� WR� JLYH� ILQDO�
GLDJQRVLV��HVSHFLDOO\�LQ�WUXFXW�ELRSVLHV�KDYLQJ�WLQ\�IRFL�
RI� FDUFLQRPD������� 7KHUHIRUH�� WR� VROYH� WKLV� LVVXH��
LPPXQRKLVWRFKHPLVWU\� KDV� DQ� LPSRUWDQW� UROH� WR�
GLIIHUHQWLDWH� SURVWDWH� DGHQRFDUFLQRPD� IURP� EHQLJQ�
PLPLFNHUV� DQG� WR� HVWDEOLVK� WKH� FRUUHFW�PRUSKRORJLFDO�
GLDJQRVLV��-��� 
2Q� WKH� EDVLV� RI� LPPXQRKLVWRFKHPLVWU\�� SDQHOV� RI�
PDUNHUV�DUH� UHTXLUHG��7KHUH� LV� VWLOO� QR� VLQJOH� VSHFLILF�
PDUNHU� KDV� \HW� EHHQ� GLVFRYHUHG� IRU� WKH� FRQILUPDWLRQ�
RI� DGHQRFDUFLQRPD���������� �7KHVH� SDQHOV� LQFOXGH� DW�
OHDVW� RQH� EDVDO� FHOO-VSHFLILF�PDUNHU� DQG� WKH� SURVWDWH�
FDQFHU-VSHFLILF�PDUNHU��DOSKD-PHWK\O-&R$-5DFHPDVH��
7KLV�HQ]\PH�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�GLDJQRVLV��
0XOWLSOH�DXWKRUV�KDYH�EHHQ�UHSRUWHG�WKH�H[SUHVVLRQ�RI�
WKLV� HQ]\PH� LQ� DGHQRFDUFLQRPD� RI� SURVWDWH� LQ�
FRPELQDWLRQ�ZLWK�PRUSKRORJLFDO�ILQGLQGV��-��� 

&OLQLFLDQV�DUH�IRXQG�WKDW�XVLQJ�WKLV�HQ]\PH�PDUNHU�LQ�
FRQMXQFWLRQ� ZLWK� RWKHU� SURVWDWLF� PDUNHUV� JLYHV� PRUH�
DFFXUDWH� UHVXOWV� WKDQ� $0$&5� DORQH������� $OO� WKH� ���
SDWLHQWV�ZHUH�SXUSRVLYHO\� VHOHFWHG� FDVHV�RI� SURVWDWLF�
FDQFHU�� 2QO\� IHZ� FDVHV� ZHUH� ZHOO-GLIIHUHQWLDWHG�
SURVWDWLF� DGHQRFDUFLQRPD� ZKLOH� PRUH� WKDQ� KDOI�
�������� ZHUH� PRGHUDWHO\� GLIIHUHQWLDWHG� RU� SRRUO\�
GLIIHUHQWLDWHG� ZHUH� DOPRVW� KDOI� ���������:KHQ� WKHVH�
VSHFLPHQ� IURP� WKHVH� FDVHV� ZHUH� DQDO\]HG� ZLWK�
$0$&5�VWDLQLQJ� LW�ZDV�QRWHG�WKDW�������FDVHV�ZHUH�
SRVLWLYHO\�GHWHFWHG�DV�SURVWDWLF�DGHQRFDUFLQRPD��WKXV�
SURYLQJ� WKH� VHQVLWLYLW\� RI�$0$&5�VWDLQLQJ�DW� WKH� UDWH�
RI��������$ERXW������VSHFLPHQ�UHVXOWV� WXUQHG�RXW� WR�
EH� IDOVH�QHJDWLYH��7KHVH� ILQGLQJ�DUH� LQ�PDWFKLQJ�ZLWK�
RWKHU�VWXGLHV���7DULT�+�HW�DO��UHSRUWHG�����SRVLWLYLW\�RI�
$0$&5� VWDLQLQJ� LQ� SURVWDWLF� DGHQRFDUFLQRPD��
$FFRUGLQJO\�� 0DJL-*XOOX]L� &� �������IRXQG� WKDW� RXW� RI�
����FDVHV�RI�SURVWDWLF�FDQFHU������ZHUH�SLFNHG�ULJKW�
E\� WKH� $0$&5� VWDLQLQJ�� ,Q� VRPH� RWKHU� VDPSOHV� RI�
RWKHU� LQVWLWXWLRQ�� WKH� VLPLODU� VWXG\� IRXQG� VHQVLWLYLW\� RI�
$0$&5�VWDLQLQJ�XS�WR�������$QRWKHU�VWXG\�E\�<DQJ�
;-� ������� WKH� VHQVLWLYLW\� RI� $0$&5� VWDLQLQJ� ZDV�
QRWHG�WR�EH�QHDUO\������ 
7KH� DJHV� RI� SDWLHQWV� RI� SURVWDWLF� FDQFHU� DIIHFWHG� WKH�
IUHTXHQF\� RI� $0$&5� VWDLQLQJ� UHVXOWV� YL]� WKH�
IUHTXHQF\�RI�SRVLWLYH�UHVXOWV�LQFUHDVHG�ZLWK�LQFUHDVLQJ�

6XUHVK�.XPDU��8]PD�%XNKDUL��%XVKUD��6LNDQGDU��$QHHWD�*HRUJH��<XVUD�0HPRQ��1HKDG�.KDQ��HW�DO� 

��� 

$JH�FDWHJRU\ 
�<HDUV�� 

$0$&5�H[SUHVVLRQ� 

3RVLWLYH 1HJDWLYH 

��-�� ������� ������� ��������� 

��-�� ���������� �������� ��������� 

��-�� ���������� �������� ��������� 

���DQG�DERYH �������� ������ �������� 

7RWDO ���������� �������� ��������� 

7RWDO� 

/HYHO�RI� 
GLIIHUHQWLDWLRQ 

$0$&5�H[SUHVVLRQ 
7RWDO 

3RVLWLYH 1HJDWLYH 

:HOO�GLIIHUHQWLDWHG ������ �������� �������� 

0RGHUDWHO\�GLIIHUHQWLDWHG ���������� �������� �������� 

3RRUO\�GLIIHUHQWLDWHG ���������� �������� �������� 

7RWDO ���������� �������� �������� 

*OHDVRQ�VFRUH 
$0$&5�H[SUHVVLRQ 

7RWDO 
3RVLWLYH 1HJDWLYH 

� ������ �������� �������� 

� ���������� �������� ��������� 

� ���������� �������� ��������� 

� ���������� �������� ��������� 
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DJH�RI�SDWLHQWV��IURP�����LQ���-���DJH�JURXS�WR������
LQ����\HDUV�DQG�DERYH�DJH�JURXS��EXW�WKH�UHVXOWV�ZHUH�
QRW�VWDWLVWLFDOO\�VLJQLILFDQW��1RQH�RI�RWKHU�DXWKRUV�WRRN�
DFFRXQW�RI�VXFK�ILQGLQJV�LQ�WKHLU�VWXGLHV� 
7KH� FXUUHQW� VWXG\� DOVR� JUDGHG� WKH� SURVWDWLF�
DGHQRFDUFLQRPD� DV� SHU� *OHDVRQ� VFRULQJ� V\VWHP��
%HFDXVH� ZH� KDG� WDNHQ� WKH� GLDJQRVHG� FDVHV� RI�
SURVWDWLF� DGHQRFDUFLQRPD� WKHUHIRUH� QRQH� RI� SDWLHQWV�
KDG�D�VFRUH�RI����RXW�RI�����0LQLPXP�VFRUH�ZDV���DQG�
PD[LPXP� ZDV� �� ZLWK� D� PHDQ� �� 6'� VFRUH� RI�
����������� ,W� ZDV� KLJKO\� VLJQLILFDQWO\� QRWHG� WKDW� ZLWK�
WKH� LQFUHDVLQJ� WKH� *OHDVRQ� VFRUH� WKH� VHQVLWLYLW\� RI�
$0$&5� VWDLQLQJ� LQFUHDVHG� IURP� =HUR� SHUFHQW� �LQ�
WKRVH�ZKR�KDG�PLQLPXP�VFRUH��WR�������LQ�WKRVH�ZKR�
KDG� PD[LPXP� VFRUH��� /HYHO� RI� GLIIHUHQWLDWLRQ� RI�
SURVWDWLF�DGHQRFDUFLQRPD�DOVR�DIIHFWHG�WKH�VHQVLWLYLW\�
RI�$0$&5�VWDLQLQJ�LQ�VLPLODU�SDWWHUQ� 
7KRXJK� VRPH� VWXGLHV� KDYH� ZRUNHG� XSRQ� WKH�
LGHQWLI\LQJ� WKH� ELRPDUNHUV� RI� SURVWDWLF� GLVHDVH� DQG�
WKHLU� HIILFLHQF\� EXW� LQ� RXU� NQRZOHGJH� WKLV� VWXG\� ZDV�
ILUVW�RI� LWV�NLQG� LQ�3DNLVWDQ� WR�DVVHVV�WKH�VHQVLWLYLW\�RI�
$0$&5� VWDLQLQJ� LQ� KLVWRSDWKRORJLFDOO\� GLDJQRVHG�
FDVHV�RI�SURVWDWLF�DGHQRFDUFLQRPD��2YHUDOO��WKH�VWXG\�
KDV�JLYHQ�JRRG�LQVLJKW� LQWR�WKH�DYDLODELOLW\�	�UHOLDELOLW\�
RI� D� JRRG� GLDJQRVWLF� WRRO� DW� VXFK� D� WLPH� ZKHQ� WKH�
YDOXH� RI� SURVWDWLF� VSHFLILF� DQWLJHQ� LV� ORVLQJ� IRFXV� RI�
FOLQLFLDQV�DQG�SDWKRORJLVWV� 
7KH�FXUUHQW�VWXG\�KDV�VRPH�OLPLWDWLRQV�DV�ZHOO��,W�ZDV�
D�VWXG\�ZLWK�D�OLPLWHG�VFRSH�GXH�WR�VKRUW�WLPH�GXUDWLRQ�
DQG� UHVRXUFHV�� ,W� GLG� QRW� WDNH� DFFRXQW� RI� SURVWDWLF�
VSHFLILF�DQWLJHQ�VR�DV�WR�FRPSDUH�RU�DVVRFLDWH�LW�ZLWK�
WKH�VHQVLWLYLW\�RI�$0$&5�VWDLQLQJ�ZKLFK�LI�GRQH�ZRXOG�
KDYH� EHWWHU� FOHDUHG� WKH� SHUVSHFWLYHV� RI� WKH� VWXG\��
6HFRQGO\�� WKH� VWXG\� GLG� QRW� HYDOXDWH� WKH� VWUHQJWK� RI�
$0$&5�VWDLQLQJ� 

&21&/86,21 

3URVWDWLF� DGHQRFDUFLQRPD� LV� D� YHU\� FRPPRQ�PRUELG�
FRQGLWLRQ� DQG� OHDGLQJ� FDXVH� RI� GHDWK� LQ� HOGHUO\� DJH�
PHQ� WKHUHIRUH�� LW� VKRXOG� EH� GLDJQRVHG� FRUUHFWO\� DQG�
ZHOO� HDUO\� EHIRUH� LWV�PHWDVWDVLV� LQ� RUGHU� WR� GHFUHDVH�
WKH�PRUELGLW\�DQG�PRUWDOLW\��$0$&5�VWDLQLQJ�LV�KLJKO\�
VHQVLWLYH�GLDJQRVWLF�WRRO�IRU�WKLV�DQG�VKRXOG�EH�FDUULHG�
RXW�LQ�DOO�WKH�SDWLHQWV�ZKR�SUHVHQW�ZLWK�GRXEWIXO�SLFWXUH�
RI�SURVWDWLF�DGHQRFDUFLQRPD� 

(WKLFDO� SHUPLVVLRQ�� &ROOHJH� RI� 3K\VLFLDQV� 	�
6XUJHRQV� 3DNLVWDQ� GLVVHUWDWLRQ� DSSURYDO� OHWWHU�
�'XSOLFDWH��1R��&363�5(8�+63-����-���-�����GDWHG�
�-�-����� 

&RQIOLFW�RI�,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 

)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

$87+25�&2175,%87,216 

.XPDU�6��+LVWRORJLFDO�([DPLQDWLRQV��0DQXVFULSW�ZULWLQJ 
%XNKDUL�8��+LVWRORJLFDO�([DPLQDWLRQV��0DQXVFULSW�ZULWLQJ� 
*HRUJH�$��'DWD�$QDO\VLV�	�LQWHUSUHWDWLRQ 
0HPRQ�<��'DWD�$QDO\VLV�	�LQWHUSUHWDWLRQ 

6LNDQGDU�%�� 'DWD�$QDO\VLV�	�LQWHUSUHWDWLRQ 
.KDQ�1�� 'DWD�$QDO\VLV�	�LQWHUSUHWDWLRQ 
%XNKDUL�$�� 6DPSOH�FROOHFWLRQ� 

5()(5(1&(6 

�� +DVDQ� ,$� �� �*DLGDQ�+$��$O-NDDEL�00��'LDJQRVWLF�
9DOXH�RI�&\WRNHUDWLQ����EHWD�(����&N��ȕ(����DQG�
Į-0HWK\ODF\O-&R$� UDFHPDVH� �$0$&5��
,PPXQRKLVWRFKHPLFDO� ([SUHVVLRQ� LQ� 3URVWDWLF�
/HVLRQV��,UDQ�-�3DWKRO������������������-��� 

�� $ODP�06 � $OL�$� 0HKGL�6-� $O\DVLUL�16� .D]LP�=��
%DWUD�6��HW� DO��+39�7\SLQJ�DQG� ,WV�5HODWLRQ�:LWK�
$SRSWRVLV� LQ� &HUYLFDO� &DUFLQRPD� )URP� ,QGLDQ�
3RSXODWLRQ��7XPRXU�%LRO�����������������-��� 

�� +DQLI� 0�� =DLGL� 3�� .DPDO� 6�� ,GUHHV� 6�� 5DVRRO� 6��
6LJQLILFDQFH� RI� SURVWDWH� VSHFLILF� DQWLJHQ� LQ�
SURVWDWH� FDQFHU� SDWLHQWV� DQG� LQ� QRQ-FDQFHURXV�
SURVWDWLF� GLVHDVH� SDWLHQWV�� -� 3DN� 0HG� $VVRF��
�������������� 

�� +XPSKUH\� 3$�� 'LDJQRVLV� RI� DGHQRFDUFLQRPD� LQ�
SURVWDWH�QHHGOH�ELRSV\�WLVVXH��-�&OLQ�3DWKRO��������
������-��� 

�� *ODGHOO� 3��'DQLHO� -/��0DKXO� %$�� %HVW� 3UDFWLFH� LQ�
'LDJQRVWLF� ,PPXQRKLVWRFKHPLVWU\� 3URVWDWH�
&DUFLQRPD� DQG� ,WV� 0LPLFV� LQ� 1HHGOH� &RUH�
%LRSVLHV��$UFK�3DWKRO�/DE�0HG�����������������–
��� 

�� 5DWKRG� 6*�� -DLVZDO� '*�� %LQGX� 56�� 'LDJQRVWLF�
XWLOLW\� RI� WULSOH� DQWLERG\� �$0$&5�� +0:&.� DQG�
3����VWDLQ�LQ�SURVWDWH�QHRSODVP��)DPLO\�0HG�3ULP�
&DUH������������������-�� 

�� $EGHOD]L]� 06�� 0RKDJLU� +(�� %DELNHU� $<��
,PPXQRKLVWRFKHPLFDO�GHWHFWLRQ�RI�$OSKD-�0HWK\O-
&R-5DFHPDVH� �$0$&5�� LQ� DGHQRFDUFLQRPD� RI�
3URVWDWH��5HV�-�0HG�6FL�������������������-��� 

�� .XPDUYHVDQ�.��.DNNDU�1��9HUPD�$��0DQGDO�$.��
6LQJ� 6.�� -RVKL� .�� 'LDJQRVWLF� XWLOLW\� RI� $OSKD-
0HWK\O� $F\O� &2$� 5DFHPDVH� �3���6�� DQG�
+0:&.� LQ� PRUSKRORJLFDOO\� GLIILFXOW� SURVWDWH�
FDQFHU��'LDJ�3DWKRO�������������� 

�� 7DULT� +�� � $KPHG� 5�� 0XKDPPDG� ,�� $I]DO� 6��
+DVKPL� 61�� +DPGDQL� 6�� HW� DO��
,PPXQRKLVWRFKHPLFDO� H[SUHVVLRQ� RI� $OSKD�
0HWK\ODF\O-&2$�5DFHPDVH��DPDFU�� LQ�FDUFLQRPD�
3URVWDWH� LQ� 3DNLVWDQL� SRSXODWLRQ�� 3DN� $UPHG�
)RUFHV�0HG�-�������������������-��� 

��� $KPDG�=��4XUHVKL�$�� ,GUHHV�5��$IWDE�.��3URVWDWLF�
FDUFLQRPD�� D� 3DNLVWDQL� SHUVSHFWLYH�� $VLDQ� 3DF� -�
&DQFHU�3UHY������������������-�� 

��� 6UHHNXPDU� $�� /D[PDQ� %�� 5KRGHV� '5�� +XPRUDO�
LPPXQH� UHVSRQVH� WR� DOSKD-PHWK\ODF\O� -� &R$�
UDFHPDVH� DQG� SURVWDWH� FDQFHU�� -1&,�� ������ ����
���-��� 

��� %KXUJUL�<��%KXUJUL�$��+DVDQ�6+��&DQFHU�LQFLGHQFH�
LQ� .DUDFKL�� 3DNLVWDQ�� )LUVW� UHVXOWV� IURP� .DUDFKL�
&DQFHU� 5HJLVWU\�� ,QW� -� &DQFHU�� ������ ���� ���-���
GRL�����������VLFL�����-������������������������
DLG-LMF�!����FR��-M� 

6HQVLWLYLW\�RI�$OSKD-0HWK\ODF\O-&2$�5DFHPDVH��$0$&5��6WDLQLQJ�LQ�3URVWDWLF�$GHQRFDUFLQRPD 

��� 
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��� 5RVDL� -�� 5RVDL� DQG� $FNHUPDQ¶V� 6XUJLFDO�
3DWKRORJ\�� �WK� HG�� 1HZ� <RUN�� 1<�� 0RVE\�������
����-��� 

��� (SVWHLQ� -,�� +HUDZL� 0�� 3URVWDWH� QHHGOH� ELRSVLHV�
FRQWDLQLQJ� SURVWDWLF� LQWUDHSLWKHOLDO� QHRSODVLD� RU�
DW\SLFDO�IRFL�VXVSLFLRXV�IRU�FDUFLQRPD��LPSOLFDWLRQV�
IRU�SDWLHQW�FDUH��-�8URO�����������-���� 

��� <DQR� 0�� ,PDPRWR� 7�� 6X]XNL� +�� 7KH� FOLQLFDO�
SRWHQWLDO�RI�SUHWUHDWPHQW�VHUXP�WHVWRVWHURQH�OHYHO�
WR� LPSURYH� WKH� HIILFLHQF\� RI� SURVWDWH� FDQFHU�
VFUHHQLQJ��(XU�8URO���������������-��� 

��� 6FKPLW]� :�� )LQJHUKXW� 5�� &RQ]HOPDQQ� (��
3XULILFDWLRQ�DQG�SURSHUWLHV�RI�DQ�DOSKD-PHWK\ODF\O-
&R$� UDFHPDVH� IURP� UDW� OLYHU�� (XU� -� %LRFKHP��
�����������������-��� 

��� <RNRPL]R�<��0L\RVKL�<��1DNDLJDZD�1��)UHH�36$�
WRWDO� 36$� UDWLR� LQFUHDVHV� WKH� GHWHFWLRQ� UDWH� RI�
SURVWDWH� FDQFHU� LQ� WZHOYH-FRUH� ELRSV\�� 8URO� ,QW��
�������������–�� 

��� 3RODVFLN� 7-�� 2HVWHUOLQJ� -(�� 3DUWLQ� $:�� 3URVWDWH�
VSHFLILF� DQWLJHQ�� D� GHFDGH� RI� GLVFRYHU\–ZKDW� ZH�
KDYH� OHDUQHG� DQG� ZKHUH� ZH� DUH� JRLQJ�� -� 8URO��
��������������-���� 

��� <DPDGD� +�� 7VX]XNL� 7�� 0DHGD� 1�� <DPDXFKL� <��
<RVKLGD�6�� ,VKLGD�5�� HW� DO�$OSKD�PHWK\ODF\O-&R$�
UDFHPDVH��$0$&5��LQ�SURVWDWH�DGHQRFDUFLQRPDV�
IURP� -DSDQHVH� SDWLHQWV�� LV� $0$&5� D� �UDFH��
GHSHQGHQW�PDUNHU"�3URVWDWH��������������-�� 

��� 1DGOHU� 5%�� +XPSKUH\� 3$�� 6PLWK� '6�� (IIHFW� RI�
LQIODPPDWLRQ�DQG�EHQLJQ�SURVWDWLF�K\SHUSODVLD�RQ�
HOHYDWHG� VHUXP� SURVWDWH� VSHFLILF� DQWLJHQ� OHYHOV�� 
-�8URO����������������-��� 

��� .XHIHU� 5�� 9DUDPEDOO\� 6�� =KRX� 0�� $OSKD-
PHWK\ODF\O-&R$� UDFHPDVH�� H[SUHVVLRQ� OHYHOV� RI�
WKLV� QRYHO� FDQFHU� ELRPDUNHU� GHSHQG� RQ� WXPRU�
GLIIHUHQWLDWLRQ��$P�-�3DWKRO����������������-�� 

��� =KD� 6�� )HUGLQDQGXVVH� 6�� 'HQLV� 6�� $OSKD-
PHWK\ODF\O-&R$� UDFHPDVH� DV� DQ� DQGURJHQ-
LQGHSHQGHQW� JURZWK� PRGLILHU� LQ� SURVWDWH� FDQFHU��
&DQFHU�5HV����������������-��� 

��� 9DUPD� 0�� -DVDQL� %�� 'LDJQRVWLF� XWLOLW\� RI�
LPPXQRKLVWRFKHPLVWU\� LQ� PRUSKRORJLFDOO\� GLIILFXOW�
SURVWDWH� FDQFHU�� UHYLHZ� RI� FXUUHQW� OLWHUDWXUH��
+LVWRSDWKRO�������������-��� 

��� %UXVWPDQQ�+�� S��� DV� D� EDVDO� FHOO� PDUNHU� LQ� WKH�
GLDJQRVLV� RI� SURVWDWH� JODQGXODU� SUROLIHUDWLRQV�� D�
FRPSDUDWLYH� LPPXQRKLVWRFKHPLFDO� VWXG\� ZLWK�
��EHWD(����3DWKRO�5HV�,QW�������������� 

��� -DLQ�'��*XSWD�6��0DUZDK�1��.DOUD�5��*XSWD�9��*LOO�
0�� HW� DO�� (YDOXDWLRQ� RI� UROH� RI� DOSKD-PHWK\O� DF\O-
FRHQ]\PH�$�UDFHPDVH�3���6�DQG�KLJK�PROHFXODU�
ZHLJKW�F\WRNHUDWLQ� LQ�GLDJQRVLQJ�SURVWDWLF� OHVLRQV��
-�&DQFHU�5HV�7KHUDSHXW����������������-���� 

��� 5DVKHG� +(�� .DWHE� ,�� 5DJDE� (�� 6KDNHU� (��
(YDOXDWLRQ� RI� PLQLPDO� SURVWDWH� FDQFHU� LQ� QHHGOH�
ELRSV\� VSHFLPHQV� XVLQJ� $0$&5� �3���6��� 3���
DQG�.,����/LIH�6FL�-�������������-���� 

��� 0ROLQLH� 9�� )URPRQW� *�� 6LERQ\� 0�� 9LHLOOHIRQG� $��
9DVVLOLX� 9�� &RFKDQG-3ULROOHW� %�� HW� DO�� 'LDJQRVWLF�
XWLOLW\� RI� D� S���DOSKD-PHWK\O-&R$UDFHPDVH�
�S���V�� FRFNWDLO� LQ� DW\SLFDO� IRFL� LQ� WKH� SURVWDWH��
0RG�3DWKRO��������������������-��� 

��� 0DJL-*DOOX]]L� &�� /XR� -�� ,VDDFV� :%�� $OSKD-
PHWK\ODF\O-&R$� UDFH-PDVH�� D� YDULDEO\� VHQVLWLYH�
LPPXQRKLVWRFKHPLFDO�PDUNHU� IRU� WKH�GLDJQRVLV�RI�
VPDOO�SURVWDWH�FDQFHU�IRFL�RQ�QHHGOH�ELRSV\��$P�-�
6XUJ�3DWKRO����������������–��� 

��� <DQJ�;-��:X�&/��:RGD�%$��([SUHVVLRQ�RI�DOSKD-
PHWK\ODF\O-&R$� UDFHPDVH� �3���6�� LQ� DW\SLFDO�
DGHQRPDWRXV� K\SHUSODVLD� RI� WKH� SURVWDWH�� $P� -�
6XUJ�3DWKRO���������������-��� 

6XUHVK�.XPDU��8]PD�%XNKDUL��%XVKUD��6LNDQGDU��$QHHWD�*HRUJH��<XVUD�0HPRQ��1HKDG�.KDQ��HW�DO� 

��� 
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'U��6XUHVK�.XPDU 
$VVLVWDQW�3URIHVVRU� 
'RZ�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��8]PD�%XNKDUL��&RUUHVSRQGLQJ�$XWKRU� 
3URIHVVRU�	�&RQVXOWDQW�+LVWRSDWKRORJLVW 
'RZ�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
(PDLO��X]PDEXNKDUL#JPDLO�FRP 
 
'U��%XVKUD��6LNDQGDU� 
$VVLVWDQW�3URIHVVRU� 
'RZ�8QLYHUVLW\�RI��0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
 

'U��$QHHWD�*HRUJH� 
&RQVXOWDQW�+LVWRSDWKRORJLVW� 
'RZ�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��<XVUD�0HPRQ 
/HFWXUHU�RI�3DWKRORJ\� 
'RZ�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��1HKDG�.KDQ 
/HFWXUHU�RI��3DWKRORJ\� 
'RZ�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
$VPD�%XNKDUL 
5HVHDUFK�$VVRFLDWH 
5LSKDK�,QWHUQDWLRQDO�8QLYHUVLW\��,VODPDEDG-3DNLVWDQ�� 


