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0RUH� WKDQ� ���� RI� SDWLHQWV� ZLWK�

DQWHULRU� FUXFLDWH� OLJDPHQW� �$&/��
UXSWXUH� GHYHORS� UDGLRJUDSKLF�
DEQRUPDOLWLHV� DQG� SRVW-WUDXPDWLF�
RVWHRDUWKULWLV� ZLWKLQ� ILYH� WR� ��� \HDUV�
SRVW-LQMXU\��7KLV�VWXG\�ZDV�GHVLJQHG�
WR� GHWHUPLQH� ZKHWKHU� VWHURLG�
LQMHFWLRQV� DIIHFW� WKH� LQIODPPDWRU\�
ELRPDUNHUV� HYLGHQW� LQ� WKH� MRLQW� DIWHU�
VXFK�LQMXULHV� 
3DWLHQWV� ZLWK� $&/� WHDUV� UHFHLYHG�

LQWUD-DUWLFXODU� LQMHFWLRQV� DW� IRXU� GD\V�
DQG� WZR� ZHHNV� SRVW-LQMXU\�� � *URXS�
RQH� UHFHLYHG� D� FRUWLFRVWHURLG�
LQMHFWLRQ� �WULDPFLQRORQH�� ��� PJ�� DW�
IRXU� GD\V� DQG� D� SODFHER� DW� WZR�
ZHHNV�� *URXS� WZR� UHFHLYHG� D�
SODFHER�VDOLQH� LQMHFWLRQ�DW� IRXU� GD\V�
DQG� D� FRUWLFRVWHURLG� LQMHFWLRQ� DW� WZR�
ZHHNV�� *URXS� �� UHFHLYHG�
FRUWLFRVWHURLG� LQMHFWLRQV� DW� ERWK� WLPH�
LQWHUYDOV�� *URXS� IRXU� UHFHLYHG�
SODFHER�LQMHFWLRQV�DW�ERWK�LQWHUYDOV� 
$UWKURFHQWHVLV ZDV� SHUIRUPHG� RQ�

WKH� GD\� RI� LQLWLDO� SUHVHQWDWLRQ��
EHWZHHQ� VL[� DQG� ��� GD\V� DIWHU� WKH�
LQLWLDO�YLVLW�DQG�RQ�WKH�GD\�RI�VXUJHU\��
3DWLHQW-UHSRUWHG� RXWFRPHV� ZHUH�
FROOHFWHG�DW�WKH�LQLWLDO�YLVLW�DQG�DW�WKH�
WLPH�RI�VXUJHU\��ZLWK�RXWFRPH�VFRUHV�
REWDLQHG� IURP� WKH� �� .226�
VXEVFDOHV�� WKH� ,QWHUQDWLRQDO� .QHH�
'RFXPHQWDWLRQ�&RPPLWWHH�0HDVXUH��
YLVXDO� DQDORJ� VFDOH� SDLQ� VFDOH� DQG�
WKH�3DLQ�&DWDVWURSKL]LQJ�6FDOH� 
%RWK� FKRQGURGHJHQHUDWLYH� DQG�

LQIODPPDWRU\�PDUNHUV�ZRUVHQHG�RYHU�
WKH�ILUVW�ILYH�ZHHNV��ZKLOH�DOO�SDWLHQW-�
UHSRUWHG� RXWFRPHV� LPSURYHG� GXULQJ�
WKLV� WLPH��3DWLHQW-UHSRUWHG� RXWFRPHV�
GLG� QRW� GLIIHU� EHWZHHQ� WKRVH� RI�
SDWLHQWV� LQ� WKH� FRUWLFRVWHURLG� JURXS�
DQG� WKRVH� LQ� WKH� SODFHER� JURXS��
,QFUHDVHV� LQ�&7;-,,�� DVVRFLDWHG�ZLWK�
JUHDWHU� W\SH� ,,� FROODJHQ� EUHDNGRZQ��
ZHUH� VLJQLILFDQWO\� JUHDWHU� LQ� WKH�
SODFHER�JURXS�WKDQ�HLWKHU�RI� WKH�WZR�
JURXSV� UHFHLYLQJ� VWHURLGV� ZLWKLQ� WKH�
ILUVW�VHYHUDO�GD\V�SRVW-LQMXU\� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�
ZLWK� $&/� UXSWXUHV� IRXQG� WKDW�
ELRFKHPLFDO� LQGLFDWRUV� RI� HDUO\�
RVWHRDUWKULWLV� ZHUH� HYLGHQW� EHIRUH�
VXUJHU\�� ZLWK� LQWUD-DUWLFXODU� VWHURLGV�
DEOH�WR�VXSSUHVV�VRPH�RI�WKHVH� 

 
/DWWHUPDQ��&���HW�DO��$�0XOWLFHQWHUHG�
6WXG\� RI� (DUO\� $QWL-,QIODPPDWRU\�
7UHDWPHQW� LQ� 3DWLHQWV� ZLWK� $FXWH�
$QWHULRU�&UXFLDWH�/LJDPHQW�7HDU��$P�
-�6SRUWV�0HG��������)HEUXDU\���� 
��������-���� 

 
$1./(�635$,1�,1�<287+�

62&&(5 
 
6RFFHU� LV� FXUUHQWO\� WKH� PRVW�

SRSXODU� VSRUW� SOD\HG� LQ� WKH� ZRUOG���
7KH�KLJK�LQFLGHQFH�RI� LQMXU\� LQ�\RXWK�
VRFFHU� LV� D� JURZLQJ� FRQFHUQ�� $QNOH�
VSUDLQV� DFFRXQW� IRU� DSSUR[LPDWHO\�
���� RI� DOO� LQMXULHV� LQ� \RXWK� VRFFHU�
SOD\HUV�� 7KLV� VWXG\� � H[DPLQHG�
ZKHWKHU�KLS�PXVFOH�VWUHQJWK�LV�D�ULVN�
IDFWRU� IRU� VXVWDLQLQJ� D� ODWHUDO� DQNOH�
VSUDLQ�DPRQJ�\RXWK�VRFFHU�SOD\HUV� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

\RXWK� VRFFHU� SOD\HUV� ZKR� SOD\HG� LQ�
WKH� QDWLRQDO� OHDJXH� RI� WKHLU�
UHVSHFWLYH� DJH� FDWHJRU\�� 'DWD�
FROOHFWHG� LQFOXGLQJ� GHPRJUDSKLF��
DQWKURSRPHWULF� DQG� KLS� VWUHQJWK��
,VRPHWULF�KLS�VWUHQJWK�ZDV�PHDVXUHG�
IRU�WKH�IOH[RUV��H[WHQVRUV��DEGXFWRUV��
DGGXFWRUV� DQG� H[WHUQDO�LQWHUQDO�
URWDWRUV�� ,QMXULHV� ZHUH� PRQLWRUHG� E\�
WKH�WHDP¶V�PHGLFDO�VWDII��DQG�GHILQHG�
DV� WKDW� ZKLFK� SURKLELWHG� WKH� SOD\HU�
IURP� SDUWLFLSDWLQJ� LQ� SUDFWLFHV� RU�
JDPHV�IRU�DW�OHDVW����KRXUV� 
2I� WKH� ���� SOD\HUV� IROORZHG�� ���

VXVWDLQHG� D� ODWHUDO� DQNOH� VSUDLQ��
UHSUHVHQWLQJ� ���� RI� DOO� LQMXULHV��
7KHVH� LQMXULHV� UHVXOWHG� LQ� D� PHDQ�
WLPH� ORVW� RI� ����� GD\V�� $Q� DGMXVWHG�
PXOWLYDULDWH� UHJUHVVLRQ� PRGHO�
UHYHDOHG�WKDW�SOD\HUV�ZLWK�JUHDWHU�KLS�
H[WHQVLRQ�PXVFOH�IRUFHV�KDG�D�ORZHU�
ULVN�RI�ODWHUDO�DQNOH�VSUDLQ��S ������� 
&RQFOXVLRQ��7KLV�SURVSHFWLYH�VWXG\�

RI� \RXWK� VRFFHU� SOD\HUV� IRXQG� WKDW�
KLS� PXVFOH� H[WHQVLRQ� IRUFH� ZDV�

VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� D�
UHGXFHG�ULVN�RI�ODWHUDO�DQNOH�VSUDLQ� 

 
'H�5LGGHU��5���HW�DO��+LS�6WUHQJWK�DV�
DQ� ,QWULQVLF� 5LVN� )DFWRU� IRU� /DWHUDO�
$QNOH� 6SUDLQV� LQ� <RXWK� 6RFFHU�
3OD\HUV�� $� �-6HDVRQ�� 3URVSHFWLYH�
6WXG\�� $P� -� 6SRUWV� 0HG�� ������
)HEUXDU\������������-���� 

 
 
$872/2*286�:+2/(�%/22'�

9(5686�67(52,'6�)25�
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3ODQWDU� IDVFLLWLV� LV� WKH� PRVW�

FRPPRQ� FDXVH� RI� KHHO� SDLQ�� ZLWK�
W\SLFDO�� FRQVHUYDWLYH� WUHDWPHQWV�
LQFOXGLQJ�RUWKRVHV��VWUHWFKLQJ�� WDSLQJ�
DQG� QRQVWHURLGDO� DQWL-LQIODPPDWRU\�
GUXJV��:KHQ� FRQVHUYDWLYH� WUHDWPHQW�
IDLOV�� FRUWLFRVWHURLG� LQMHFWLRQV� DUH�
RIWHQ�XVHG��7KLV�VWXG\�FRPSDUHG�WKH�
RXWFRPHV� RI� WUHDWPHQW� ZLWK�
DXWRORJRXV� ZKROH� EORRG� �$:%�� ZLWK�
WKRVH� RI� FRUWLFRVWHURLGV� IRU� SDWLHQWV�
ZLWK�FKURQLF�SODQWDU�IDVFLLWLV� 
3DWLHQWV� GLDJQRVHG� ZLWK� FKURQLF�

SODQWDU� IDVFLLWLV� ZHUH� UDQGRPL]HG� WR�
D� FRQWURO� JURXS� RU� WR� UHFHLYH�
WUHDWPHQW� E\� LQMHFWLRQ� ZLWK� HLWKHU� ��
P/� RI� DXWRORJRXV� ZKROH� EORRG�
FRPELQHG�ZLWK���P/�RI����OLGRFDLQH�
RU� ��� PJ� RI� PHWK\OSUHGQLVRORQH�
FRPELQHG�ZLWK���P/�RI����OLGRFDLQH��
7KH� VXEMHFWV� UHWXUQHG� IRU� HYDOXDWLRQ�
DW� IRXU� DQG� ��� ZHHNV� � � � � DIWHU�����
WKHUDS\� 7KH� DVVHVVPHQW� LQFOXGHG�
WKH� SODQWDU� IDVFLLWLV� SDLQ�GLVDELOLW\�
VFDOH� �3)36��� D� YLVXDO� DQDORJ� VFDOH�
�9$6��DQG�SUHVVXUH�SDLQ�WKUHVKROG� 
%RWK� WKH� VWHURLG� DQG� $:%� JURXSV�

LPSURYHG� VLJQLILFDQWO\� RQ� DOO� SDLQ�
PHDVXUHV� DW� HDFK� RI� WKH�
PHDVXUHPHQW� LQWHUYDOV� �S������ IRU�
DOO� PHDVXUHV��� $W� IRXU� ZHHNV� DIWHU�
WUHDWPHQW�� WKH� VWHURLG� JURXS� KDG�
VLJQLILFDQWO\� JUHDWHU� LPSURYHPHQW�
WKDQ� WKH� $:%� JURXS� RQ� WKH� 9$6��
3)36�DQG�337��S��������$W��� 
ZHHNV�� ERWK� WUHDWPHQW� JURXSV� KDG�

EHWWHU� SDLQ� VFRUHV� WKDQ� WKH� FRQWURO�
JURXS�� ZLWK� QR� GLIIHUHQFHV� EHWZHHQ�
WKH�WZR�WUHDWPHQW�JURXSV� 

9ROXPH����1XPEHU�� 0D\�������� 
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&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�
ZLWK�FKURQLF�SODQWDU�IDVFLLWLV�IRXQG�WKDW�
ERWK� VWHURLGV� DQG� DXWRORJRXV� ZKROH�
EORRG� LQMHFWLRQV� DUH� HIIHFWLYH� IRU�
UHGXFLQJ� SDLQ�� ZLWK� VWHURLGV�
GHPRQVWUDWLQJ�EHWWHU�RXWFRPHV�DW�IRXU�
ZHHNV�� EXW� HTXDO� LQ� RXWFRPH� WR�
DXWRORJRXV� ZKROH� EORRG� DW� ��� ZHHNV�
SRVW-LQMHFWLRQ� 

 
.DULP]DGHK�� $��� HW� DO�� $XWRORJRXV�
:KROH� %ORRG� YHUVXV� &RUWLFRVWHURLG�
/RFDO�,QMHFWLRQ�LQ�7UHDWPHQW�RI�3ODQWDU�
)DVFLLWLV�� $� 5DQGRPL]HG�� &RQWUROOHG��
0XOWL-&HQWHU� &OLQLFDO� 7ULDO�� &OLQ�
5KHXP��������0DUFK��������� 
���-���� 

 
%$5,&,7,1,%�9(5686�

$'$/,080$%�)25�5+(80$72,'�
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5KHXPDWRLG� DUWKULWLV� �5$�� LV� D�

V\VWHPLF� DXWRLPPXQH� GLVHDVH�
DVVRFLDWHG� ZLWK� VHYHUH� GLVDELOLW\� DQG�
LQFUHDVHG� PRUWDOLW\�� $FWLYDWHG� -DQXV�
.LQDVHV� �-$.�� DUH� NQRZQ� WR� SOD\� D�
SLYRWDO�UROH�LQ�LQWUDFHOOXODU�VLJQDOLQJ�IRU�
PXOWLSOH� F\WRNLQHV� WKDW� KDYH� EHHQ�
LPSOLFDWHG� LQ� WKH� SDWKRORJLFDO�
SURFHVVHV� RI� 5$�� %DULFLWLQLE� LV� DQ�
RUDOO\� DYDLODEOH� VPDOO� PROHFXOH� WKDW�
SURYLGHV� D� UHYHUVLEOH� LQKLELWLRQ� RI�
-$.�� DQG� -$.��� 7KLV� � VWXG\�
FRPSDUHG�WKH�HIIHFWV�RI�EDULFLWLQLE�ZLWK�
D�WXPRU�QHFURVLV�IDFWRU�DOSKD�LQKLELWRU��
DGDOLPXPDE�� IRU� WKH� WUHDWPHQW� RI�5$��
$GXOW� SDWLHQWV� ZLWK� DFWLYH� 5$�� ZLWK�
LQDGHTXDWH� UHVSRQVH� WR�PHWKRWUH[DWH�
ZHUH� UDQGRPL]HG� WR� UHFHLYH�
EDULFLWLQLE�� �� PJ� RQFH� GDLO\��
DGDOLPXPDE�� ��� PJ� VXEFXWDQHRXV�

 

HYHU\�RWKHU�ZHHN�RU�RUDO�SODFHER���)RU�
WKH� SULPDU\� HQGSRLQW�� EDULFLWLQLE� ZDV�
FRPSDUHG� ZLWK� SODFHER� DQG�
DGDOLPXPDE� IRU� WKH� SURSRUWLRQ� RI�
SDWLHQWV� DW� ZHHN� ��� ZLWK� D� ����
UHVSRQVH� DFFRUGLQJ� WR� WKH� FULWHULD� RI�
WKH� $PHULFDQ� &ROOHJH� RI�
5KHXPDWRORJ\��$&5���UHVSRQVH�� 
6XEMHFWV� ZHUH� ������ SDWLHQWV�� ZLWK�

���� LQ� WKH�SODFHER�JURXS������ LQ� WKH�
EDULFLWLQLE� JURXS� DQG� ���� LQ� WKH�
DGDOLPXPDE� JURXS�� $W� ZHHN� ���� WKH�
$&5��� UHVSRQVHV� ZHUH� ���� IRU�
EDULFLWLQLE� DQG� ���� IRU� DGDOLPXPDE�
�S ������� ,Q� DGGLWLRQ�� EDULFLWLQLE� ZDV�
VXSHULRU� WR� DGDOLPXPDE� LQ� UHGXFLQJ�
GLVHDVH� DFWLYLW\� DW� ZHHN� ���� DV�
DVVHVVHG� ZLWK� WKH� 'LVHDVH� $FWLYLW\�
6FRUH� IRU����-RLQWV� �'$6����ZLWK� WKH�
XVH� RI� KLJK-VHQVLWLYLW\� F-UHDFWLYH�
SURWHLQ� �S��������� $� UHGXFWLRQ� LQ�
UDGLRJUDSKLF� SURJUHVVLRQ� ZDV�
REVHUYHG� IRU� ERWK� WUHDWPHQW� JURXSV�
DV�FRPSDUHG�WR�SODFHER�DW�ZHHNV����
DQG���� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� UKHXPDWRLG� DUWKULWLV� DQG�
LQDGHTXDWH� UHVSRQVH� WR�PHWKRWUH[DWH�
IRXQG� WKDW� DQ� RUDO� GRVH� RI� EDULFLWLQLE�
UHVXOWHG�LQ�VLJQLILFDQWO\�JUHDWHU�FOLQLFDO�
LPSURYHPHQW� WKDQ� SODFHER� RU�
DGDOLPXPDE� 

 
7D\ORU�� 3��� HW� DO�� %DULFLWLQLE� YHUVXV�
3ODFHER� RU� $GDOLPXPDE� LQ�
5KHXPDWRLG�$UWKULWLV��1� (QJO� -� 0HG��
������)HEUXDU\����������������-���� 

 
%(7$�$/$1,1(�86(�$021*�

352)(66,21$/�)227%$//(56 
 
$� QXPEHU� RI� VWXGLHV� KDYH�

GHPRQVWUDWHG� WKDW� VXSSOHPHQWDWLRQ�
ZLWK� EHWD� DODQLQH� FDQ� LPSURYH� KLJK-�
LQWHQVLW\� DQG� LQWHUPLWWHQW� H[HUFLVH��
+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�WKH�XVH�
RI� WKLV� VXSSOHPHQW� DPRQJ�
SURIHVVLRQDO� DWKOHWHV��7KLV� VWXG\�ZDV�
GHVLJQHG� WR� HVWLPDWH� WKH� SUHYDOHQFH�
RI� EHWD� DODQLQH� VXSSOHPHQWDWLRQ�
DPRQJ� SURIHVVLRQDO� UXJE\� DQG�
$XVWUDOLDQ� 5XOHV� )RRWEDOO� �$5)��
SOD\HUV� 
$Q� DQRQ\PRXV� TXHVWLRQQDLUH��

FRQVLVWLQJ� RI� ��� TXHVWLRQV�� ZDV�
DGPLQLVWHUHG� WR� SURIHVVLRQDO� DWKOHWHV�
IURP� WHDPV� LQ� WKH�$XVWUDOLDQ�)RRWEDOO�
/HDJXH��$5/��� LQ� WKH�1DWLRQDO�5XJE\�
/HDJXH� �5/�� DQG� 6XSHU� 5XJE\� �58��
IRRWEDOO� FRPSHWLWLRQV�� 4XHVWLRQQDLUHV�
ZHUH� GHVLJQHG� WR� JDWKHU� LQIRUPDWLRQ�
UHJDUGLQJ� GHPRJUDSKLFV�� NQRZOHGJH��
XVH�� VLGH� HIIHFWV� DQG� VRXUFHV� RI�
LQIRUPDWLRQ�UHJDUGLQJ�EHWD�DODQLQH� 
2I� WKH����� VXUYH\V� VHQW�� ����ZHUH�

UHWXUQHG�� 2I� WKRVH� ZKR� UHVSRQGHG��
���� UHSRUWHG� WKDW� WKH\� XVHG� EHWD�

DODQLQH�� 1RQXVHUV� UHSRUWHG� D� ODFN� RI�
NQRZOHGJH� DV� WKH� SULPDU\� UHDVRQ� IRU�
QRQXVH�� 2I� WKH� XVHUV�� ����
VXSSOHPHQWHG�ZLWK�WKH�UHFRPPHQGHG�
GRVH�RI����J�SHU�GD\��ZKLOH�����ZHUH�
FRQVXPLQJ� OHVV� WKDQ� KDOI� RI� WKH�
UHFRPPHQGHG� GRVH�� 2I� WKRVH�
VXSSOHPHQWLQJ� ��� ZHUH�
VXSSOHPHQWLQJ�RQH�WR�WKUHH�WLPHV�SHU�
ZHHN������IRXU�WR�VL[�WLPHV�SHU�ZHHN�
DQG� ���� PRUH� WKDQ� VL[� WLPHV� SHU�
ZHHN�� 7KH� PDLQ� VRXUFHV� RI�
LQIRUPDWLRQ�LQIOXHQFLQJ�WKH�GHFLVLRQ�WR�
XVH� WKLV� VXSSOHPHQW� ZHUH� WKH�
VWUHQJWK� DQG� FRQGLWLRQLQJ� FRDFK��
IROORZHG�E\�WKH�GLHWLWLDQ� 
&RQFOXVLRQ��7KLV�VWXG\�RI�$XVWUDOLDQ�

SURIHVVLRQDO� IRRWEDOO� SOD\HUV� IRXQG�
WKDW� WKH� PDMRULW\� RI� DWKOHWHV�
VXSSOHPHQW� ZLWK� EHWD� DODQLQH��
DOWKRXJK� WKH� PDMRULW\� XVH� WKH�
VXSSOHPHQW� LQ� D�PDQQHU� LQFRQVLVWHQW�
ZLWK�UHFRPPHQGDWLRQV� 

 
.HOOH\�� 9��� HW� DO�� 3UHYDOHQFH��
.QRZOHGJH� DQG� $WWLWXGHV� 5HODWLQJ� WR�
%HWD�$ODQLQH�8VH�DPRQJ�3URIHVVLRQDO�
)RRWEDOOHUV��-� 6FL� 0HG� 6SRUW�� ������
-DQXDU\�����������-��� 

 
 
&21&866('�$7+/(7(6�025(�

3521(�72�,1-85< 
 
3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� DWKOHWHV� ZKR�
VXVWDLQ� D� FRQFXVVLRQ� KDYH� D� KLJKHU�
ULVN� RI� VXVWDLQLQJ� DQRWKHU� VHULRXV�
LQMXU\�GXULQJ� WKH����GD\V�DIWHU� UHWXUQ�
WR� SOD\�� 7KLV� VWXG\� HPSOR\HG� D� ODUJH�
GDWDEDVH� RI� SDWLHQWV� ZKR� KDG�
SUHVHQWHG� WR� WKH� HPHUJHQF\�
GHSDUWPHQW�ZLWK�FRQFXVVLRQ��WR�EHWWHU�
XQGHUVWDQG� WKH� UDWH� RI� VXEVHTXHQW�
LQMXULHV� 
�3DWLHQW� GDWD� ZHUH� FROOHFWHG� IURP�

WKH� 8PHD� ,QMXU\� 'DWD� %DVH� LQ�
QRUWKHUQ� 6ZHGHQ�� WKH� RQO\� KRVSLWDO�
ZLWKLQ� D� ���NP� UDGLXV�� 'DWD� ZHUH�
FROOHFWHG� FRQFHUQLQJ� SDUWLFLSDQWV� LQ�
IRXU� FRQWDFW� VSRUWV�� �LFH� KRFNH\��
VRFFHU�� KDQGEDOO� DQG� IORRUEDOO��� ZKR�
ZHUH� WUHDWHG� IRU� FRQFXVVLRQ�EHWZHHQ�
����� DQG� ������ 'DWD�ZHUH� UHYLHZHG�
IRU� LQMXULHV� WUHDWHG� ���PRQWKV� EHIRUH�
WKURXJK� ��� PRQWKV� DIWHU� WKH� LQGH[�
FRQFXVVLRQ�� $� FRQWURO� JURXS� RI�
DWKOHWHV�ZLWK� DQ� DQNOH� VSUDLQ�� EXW� QR�
FRQFXVVLRQ�� ZDV� XVHG� IRU�
FRPSDULVRQ� 
%HWZHHQ� ����� DQG� ������ ������

FRQFXVVLRQV� ZHUH� GRFXPHQWHG�� RI�
ZKLFK� ���� RFFXUUHG� GXULQJ� WKH�
SDUWLFLSDWLRQ� LQ� WKH� VSRUWV� LGHQWLILHG��
7KHVH� DWKOHWHV� ZHUH� FRPSDUHG� WR�
������ DWKOHWHV� ZLWKRXW� FRQFXVVLRQ��
&RPSDUHG�WR�WKH�FRQWURO�JURXS��WKRVH�



 

3DJH�� �����������������0D\�������� 9ROXPH����1XPEHU��  

ZLWK� FRQFXVVLRQ� KDG� D� KLJKHU� ULVN� RI�
LQMXU\� LQ� WKH����PRQWKV�DIWHU� WKH� LQGH[�
FRQFXVVLRQ��25��������DV�ZHOO�DV�LQ�WKH�
���PRQWKV�EHIRUH�WKH�LQMXU\��25��������
7KLV�ZDV�QRW� WUXH� IRU� WKH�DWKOHWHV�ZLWK�
DQNOH�LQMXU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG� WKDW��

ZKLOH�DWKOHWHV�ZKR�VXIIHU�D�FRQFXVVLRQ�
DUH� PRUH� OLNHO\� WR� VXVWDLQ� LQMXULHV�
GXULQJ� WKH� WZR� \HDUV� DIWHU� WKH�
FRQFXVVLRQ��WKLV�ULVN�LV�QR�JUHDWHU�WKDQ�
GXULQJ� WKH� WZR� \HDUV� EHIRUH� WKH�
FRQFXVVLRQ� 

 
%XUPDQ��(���HW�DO��&RQFXVVHG�$WKOHWHV�
$UH�0RUH�3URQH�7R� ,QMXU\�ERWK�%HIRUH�
DQG� $IWHU� 7KHLU� ,QGH[� &RQFXVVLRQ�� $�
'DWD�%DVH�$QDO\VLV�RI�����&RQFXVVHG�
&RQWDFW� 6SRUWV� $WKOHWHV�� %0-� 2SHQ�
6SRUW�([HU�0HG������������� 
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5DWHV� RI� RSLRLG� SUHVFULELQJ� DQG�

RSLRLG� UHODWHG� RYHUGRVHV� KDYH�
TXDGUXSOHG� LQ� WKH�SDVW� WKUHH�GHFDGHV��
7KLV�VWXG\�H[DPLQHG�D�QDWLRQDO�VDPSOH�
RI�0HGLFDUH�EHQHILFLDULHV�LQ�DQ�HIIRUW�WR�
XQGHUVWDQG�KRZ� WKH� LQLWLDO�H[SRVXUH� WR�
DQ� RSLRLG� UHODWHV� WR� VXEVHTXHQW�
RXWFRPHV� 
'DWD� ZHUH� UHWULHYHG� XVLQJ� WKH�

&HQWHUV� IRU� 0HGLFDUH� DQG� 0HGLFDLG�
6HUYLFHV� FDUULHU� ILOHV�� )URP� WKHVH�� D�
���� UDQGRP� VDPSOH� RI� EHQHILFLDULHV�
IURP� -DQXDU\� RI� ����� WKURXJK�
'HFHPEHU�RI������ZDV�XVHG�WR�LGHQWLI\�
WKRVH�ZKR�ZHUH�DVVHVVHG�DQG� WUHDWHG�
LQ� HPHUJHQF\� URRPV� �(5V��� )URP�
WKHVH� YLVLWV� ZHUH� LGHQWLILHG� QHZ�
SUHVFULSWLRQ� FODLPV� FRUUHVSRQGLQJ� WR�
DQ� RSLRLG�� )RU� WKLV� DQG� VXEVHTXHQW�
RSLRLG� SUHVFULSWLRQV�� WKH� QXPEHU� RI�
GD\V� IRU� ZKLFK� RSLRLGV� ZHUH� VXSSOLHG�
ZDV�GHWHUPLQHG��7KH�SULPDU\�RXWFRPH�
ZDV� ORQJ-WHUP� RSLRLG� XVH�� GHILQHG� DV�
����GD\V�RU�PRUH�RI�RSLRLG�VXSSOLHG�LQ�
WKH� ��� PRQWKV� DIWHU� WKH� HPHUJHQF\�
URRP� YLVLW�� 7KH� VHFRQGDU\� � RXWFRPH�
YDULDEOH� ZDV� WKH� UDWH� RI� KRVSLWDO�
HQFRXQWHUV�� 3K\VLFLDQV� ZLWKLQ� WKH�
VDPH� (5� ZHUH� FDWHJRUL]HG� E\� WKHLU�
UDWH�RI�RSLRLG�SUHVFULELQJ� 
7KH� VDPSOH� FRQVLVWHG� RI� ��������

SDWLHQWV� WUHDWHG�E\� ORZ�LQWHQVLW\�RSLRLG�
SUHVFULEHUV� DQG� �������� WUHDWHG� E\�
KLJK-LQWHQVLW\�RSLRLG�SUHVFULEHUV��/RQJ-
WHUP� RSLDWH� XVH� DW� ��� PRQWKV� ZDV�
VLJQLILFDQWO\� KLJKHU� DPRQJ� WKRVH�
WUHDWHG� E\� KLJK-LQWHQVLW\� SUHVFULEHUV�
WKDQ� DPRQJ� WKRVH� WUHDWHG� E\� ORZ�
LQWHQVLW\� SUHVFULEHUV�� 5DWHV� RI� RSLRLG-
UHODWHG� KRVSLWDO� HQFRXQWHUV� DQG�
HQFRXQWHUV� IRU� IDOO� RU� IUDFWXUH� ZHUH�

VLJQLILFDQWO\� KLJKHU� LQ� WKH� ��� PRQWKV�
DIWHU� WKH� LQGH[�HPHUJHQF\�GHSDUWPHQW�
YLVLW� DPRQJ� SDWLHQWV� WUHDWHG� E\� KLJK-
LQWHQVLW\� RSLRLG� SUHVFULEHUV� WKDQ�
DPRQJ� WKRVH� WUHDWHG� E\� ORZ� LQWHQVLW\�
RSLRLG�SUHVFULEHUV��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOGHUO\�

SDWLHQWV� VHHQ� LQ� WKH� VDPH�HPHUJHQF\�
GHSDUWPHQW�IRXQG�WKDW�ORQJ-WHUP�RSLRLG�
XVH� ZDV� VLJQLILFDQWO\� KLJKHU� DPRQJ�
WKRVH� WUHDWHG�E\�SK\VLFLDQV�ZKR�ZHUH�
KLJK-LQWHQVLW\� RSLRLG� SUHVFULEHUV� WKDQ�
DPRQJ� WKRVH� WUHDWHG� E\� ORZ� LQWHQVLW\�
SUHVFULEHUV� 

 
%DUQHWW�� 0��� HW� DO�� 2SLRLG-3UHVFULELQJ�
3DWWHUQV�RI�(PHUJHQF\�3K\VLFLDQV�DQG�
5LVN�RI�/RQJ-7HUP�8VH��1� � (QJO� -� RI�
0HG��������)HEUXDU\��������� 
���-���� 
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:KLOH� VKRUW-WHUP� H[HUFLVH� PD\�

LPSURYH�KHDOWK��ZHOO-EHLQJ�DQG�IXQFWLRQ�
LQ� SDWLHQWV� ZLWK� 3DUNLQVRQ¶V� GLVHDVH�
�3'��� WKHUH� LV� D� ODFN� RI� HYLGHQFH� RI�
ORQJ-WHUP� EHQHILWV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKHVH�
EHQHILWV� 
7KLV�SKDVH�,,��UDQGRPL]HG��FRQWUROOHG�

WULDO� LQFOXGHG� SDWLHQWV� ZLWK� LGLRSDWKLF�
3'��ZKR�ZHUH�DEOH�WR�ZDON�DW�OHDVW�����
P�� 7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
SHUIRUP� H[HUFLVHV� RU� UHFHLYH�
KDQGZULWLQJ�WUDLQLQJ��WZLFH�SHU�ZHHN�IRU�
VL[� PRQWKV�� ([HUFLVH� LQFOXGHG� ���
PLQXWHV�RI�DHURELF�WUDLQLQJ�IROORZHG�E\�
��� PLQXWHV� RI� UHVLVWDQFH� WUDLQLQJ�� $�
FRQWURO� JURXS� XQGHUZHQW� KDQGZULWLQJ�
H[HUFLVHV�� XVLQJ� ZRUNERRNV� DW� KRPH��
2XWFRPH�PHDVXUHV�ZHUH�SHUIRUPHG�DW�
EDVHOLQH�� DQG� DW� WKUHH�� VL[� DQG� ���
PRQWKV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�WKH�WZR-PLQXWH�ZDON�WHVW��
0RELOLW\� ZDV� DOVR� DVVHVVHG� XVLQJ� WKH�
7LPHG�8S�DQG�*R�7HVW�� WKH�1LQH�+ROH�
3HJ� 7HVW� DQG� JOREDO� PRWRU� IXQFWLRQ�
DVVHVVHG� XVLQJ� WKH� 0RWRU� IXQFWLRQ�
DVVHVVHG�XVLQJ�WKH�0RWRU�([DPLQDWLRQ�
RI�WKH�0'6-83'56��,,,���$W����PRQWKV��
GXULQJ� WKH� WZR-� PLQXWH� ZDON� WHVW�� WKH�
H[HUFLVH� JURXS� ZDV� DEOH� WR� ZDON�
������P��ZKLOH� WKH�FRQWURO JURXS�
ZDONHG �����P��S ������ 7KH� ODUJHVW�
HIIHFW� ZDV�IRXQG�RQ�WKH�0'6-83'56�
,,,�DW� ���PRQWKV��S��������LQGLFDWLQJ �
DQ� LPSURYHPHQW� LQ� PRWRU� V\PSWRPV�
�S��������6PDOO� VWDWLVWLFDOO\�
LQVLJQLILFDQWO\� EHWWHU� JDLQV� ZHUH� IRXQG�
LQ� WKH� H[HUFLVH� JURXS� WKDQ� LQ� WKH�
FRQWURO� JURXS� LQ� LPSURYHPHQW� LQ� OHJ�
SRZHU� DHURELF FDSDFLW\ DQG�
SHUFHLYHG�KHDOWK-UHODWHG�TXDOLW\�RI�OLIH� 

&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�
ZLWK�3DUNLQVRQ¶V�GLVHDVH�VXJJHVWV�WKDW�
WZLFH� ZHHNO\� DHURELF� DQG� UHVLVWDQFH�
H[HUFLVH� PD\� LPSURYH� SK\VLFDO�
IXQFWLRQ� 

 
&ROOHWW��-���HW�DO��3KDVH�,,��5DQGRPL]HG��
&RQWUROOHG� 7ULDO� RI� D� 6L[-0RQWK� 6HOI-
0DQDJHG� &RPPXQLW\� ([HUFLVH�
3URJUDP� IRU� 3HRSOH� ZLWK� 3DUNLQVRQ¶V�
'LVHDVH�� -� 1HXURO� 1HXURVXUJ�����
3V\FKLDWU\�������������� 
0DUFK������������-���� 
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$PRQJ� DPDWHXU� VRFFHU� SOD\HUV��

KDPVWULQJ� LQMXULHV� DFFRXQW� IRU� ���� RI�
DOO� LQMXULHV�� ,Q� DGGLWLRQ�� WKH� ULVN� RI�
UHFXUUHQFH� LV� WKRXJKW� WR�EH�RYHU������
6RPH� KDYH� VXJJHVWHG� WKDW� LQFUHDVLQJ�
KDPVWULQJ� IOH[LELOLW\� PD\� UHGXFH� WKH�
ULVN� RI� WKLV� LQMXU\�� WKRXJK� WKLV�
UHODWLRQVKLS� UHPDLQV� XQFOHDU�� 7KLV�
VWXG\� LQYHVWLJDWHG� WKH� UHODWLRQVKLS�
EHWZHHQ� KDPVWULQJ� IOH[LELOLW\� DQG�
KDPVWULQJ� LQMXULHV� LQ� PDOH� DPDWHXU�
VRFFHU� SOD\HUV�� %HWZHHQ�2FWREHU� DQG�
1RYHPEHU�RI�������DOO�PDOH�ILUVW-FODVV��
DPDWHXU� VRFFHU� WHDPV� LQ� WKH�
1HWKHUODQGV�ZHUH�LQYLWHG�WR�SDUWLFLSDWH�
LQ� WKH� VWXG\�� $OO� SDUWLFLSDQWV� UHFHLYHG�
LQIRUPDWLRQ� SURYLGLQJ� GHWDLOV� RI� WKH�
VWXG\�� 2I� WKRVH� ZKR� DJUHHG� WR�
SDUWLFLSDWH��SDWLHQW�FKDUDFWHULVWLFV�ZHUH�
FROOHFWHG� XVLQJ� D� TXHVWLRQQDLUH� WKDW�
TXHULHG� DJH�� \HDUV� RI� VRFFHU�
H[SHULHQFH�� ILHOG� SRVLWLRQ� DQG�
KDPVWULQJ� LQMXULHV� LQ� WKH� \HDU� EHIRUH�
WKH� VWXG\�� 7R� PHDVXUH� KDPVWULQJ�
IOH[LELOLW\�� WKH� 6LW� DQG� 5HDFK� 7HVW�
�657�� ZDV� FRQGXFWHG� E\� WKH� PHGLFDO�
VWDII� IRU� WKH� VRFFHU� WHDP�� 7KH� SOD\HUV�
ZHUH� WKHQ� IROORZHG� IRU� KDPVWULQJ�
LQMXULHV� 
7KH� ILQDO� DQDO\VLV� ZDV� FRPSOHWHG�

XVLQJ� GDWD� IURP� ���� SDUWLFLSDQWV�� ZLWK�
D�PHDQ�DJH�RI������\HDUV��'XULQJ� WKH�
\HDU� RI� WKH� VWXG\�� ��� LQMXULHV� ZHUH�
UHSRUWHG��UHVXOWLQJ�LQ�D�KDPVWULQJ�LQMXU\�
UDWH�RI�������7KH�PXOWLYDULDWH�DQDO\VLV�
UHYHDOHG� QR� VLJQLILFDQW� UHODWLRQVKLS�
EHWZHHQ� KDPVWULQJ� IOH[LELOLW\� DQG�
KDPVWULQJ� LQMXU\�� $JH� DQG� SUHYLRXV�
KDPVWULQJ� LQMXULHV� ZHUH� DOVR� QRW�
VLJQLILFDQWO\� UHODWHG� WR� KDPVWULQJ�
LQMXULHV� LQ� HLWKHU� WKH� XQLYDULDWH� RU� WKH�
PXOWLYDULDWH� DQDO\VHV� �S ������ DQG�
S �������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� KLJK-�

OHYHO�� PDOH�� DPDWHXU� VRFFHU� SOD\HUV�
IRXQG� QR� VLJQLILFDQW� UHODWLRQVKLS�
EHWZHHQ� KDPVWULQJ� IOH[LELOLW\� DQG� WKH�
ULVN�RI�KDPVWULQJ�LQMXU\� 



3DJH�� �����������������0D\�������� 9ROXPH����1XPEHU�� 

 

'RRUPDDO��0���HW�DO��1R�5HODWLRQVKLS�
EHWZHHQ� +DPVWULQJ� )OH[LELOLW\� DQG�
+DPVWULQJ�,QMXULHV�LQ�0DOH��$PDWHXU�
6RFFHU� 3OD\HUV�� $P� -� 6SRUWV� 0HG��
������-DQXDU\������������-���� 
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6WUHQXRXV� HFFHQWULF� PXVFOH�

FRQWUDFWLRQV� FDQ� OHDG� WR� H[HUFLVH-�
LQGXFHG� PXVFOH� GDPDJH� � �(,0'���
7KLV� HIIHFW� FDQ� GHFUHDVH� PXVFOH�
SHUIRUPDQFH�DQG�OHDG�WR�SDLQ�LQ�WKH�
GD\V� IROORZLQJ� H[HUFLVH�� 7KHUDSLHV�
WR� UHGXFH� (,0'� LQFOXGH�
DQWLR[LGDQWV�� QRQVWHURLGDO� DQWL-
LQIODPPDWRU\� GUXJV�� FU\RWKHUDS\�
DQG� FRPSUHVVLRQ� JDUPHQWV��
5HFHQWO\�� WKH� XVH� RI� LQWHUPLWWHQW�
YDVFXODU�RFFOXVLRQ� �2&&��KDV�EHHQ�
IRXQG� WR� EH� HIIHFWLYH� IRU� LPSURYLQJ�
WKH� UHFRYHU\� SURFHVV�� 7KLV� VWXG\�
ZDV�GHVLJQHG�WR�IXUWKHU�HYDOXDWH�WKH�
HIIHFW� RI� 2&&� RQ� WKH� UHFRYHU\�
SURFHVVHV�IROORZLQJ�(,0'� 
6XEMHFWV� ZHUH� ��� KHDOWK\�

UHFUHDWLRQDOO\ DFWLYH PDOH�
SDUWLFLSDQWV��ZLWK�D�PHDQ�DJH�RI����
\HDUV�� $IWHU� DQ� LQLWLDO� IDPLOLDUL]DWLRQ�
VHVVLRQ��WKH�SDUWLFLSDQWV�UHSRUWHG�WR�
WKH� ODERUDWRU\� IRU� IRXU� FRQVHFXWLYH�
GD\V��0XVFOH� GDPDJH�ZDV� LQGXFHG�
E\� UHSHDWHG� GURS� MXPSV� IURP�D� ����
P� KHLJKW�� ZLWK� ILYH� VHWV� RI� ���
UHSHWLWLRQV�� VHSDUDWHG� E\� WZR�
PLQXWHV� RI� UHFRYHU\�� )ROORZLQJ� WKLV�
(,'0� SURWRFRO�� ELODWHUDO� DUWHULDO�
RFFOXVLRQ� FXIIV� ZHUH� SODFHG� RQ� WKH�
SUR[LPDO� WKLJK�DQG� LQIODWHG� WR�HLWKHU�
���� PP+J� �2&&�� RU� ��� PP+J�
�FRQWURO��IRU�ILYH�PLQXWHV�IROORZHG�E\�
ILYH� PLQXWHV� RI� UHSHUIXVLRQ�� 7KLV�
SURFHVV� ZDV� UHSHDWHG� WKUHH� WLPHV��
WRWDOLQJ� ��� PLQXWHV�� 0XVFOH�
SHUIRUPDQFH� ZDV� PHDVXUHG� IRU�
PD[LPXP� YROXQWDU\� FRQWUDFWLRQ�
�09&��DQG�YHUWLFDO�MXPS�KHLJKW��-+��
DW�EDVHOLQH�DQG�DJDLQ�DW��������DQG�
��� KRXU� H[WHQVLRQ� SHDN� WRUTXH� RI�
WKH� GRPLQDQW� OHJ� ZDV� PHDVXUHG��
ZLWK�ODEV�WDNHQ�WR�GHWHUPLQH�SODVPD�
FUHDWLQLQH�NLQDVH��&.�� 
&RPSDUHG�ZLWK� WKH� FRQWURO� JURXS��

WKH�WUHDWPHQW�JURXS�KDG�VLJQLILFDQWO\�
EHWWHU� 09&� ZKHQ� PHDVXUHG� DW� ����
��� DQG� ��� KRXUV� DIWHU� H[HUFLVH�
�S������ IRU� DOO� FRPSDULVRQV��� 7KH�
&.� OHYHOV� ZHUH� ORZHU� LQ� WKH�
WUHDWPHQW�JURXS�DW����DQG����KRXUV�
WKDQ�LQ�WKH�FRQWURO�JURXS��S������IRU�
ERWK� FRPSDULVRQV��� 0XVFOH�
VRUHQHVV� ZDV� DOVR� VLJQLILFDQWO\�
ORZHU�LQ�WKH�WUHDWPHQW�JURXS�WKDQ�LQ�

KH� FRQWURO� JURXS� DW� ���� ��� DQG� ���
KRXUV��S������IRU�DOO�FRPSDULVRQ�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHG�WKDW�LQWHUPLWWHQW�ORZHU�
OLPE� RFFOXVLRQ� LPPHGLDWHO\� DIWHU�
H[HUFLVH-LQGXFHG� PXVFOH� GDPDJH�
FDQ� UHGXFH� PXVFOH� VRUHQHVV� DQG�
GHFUHPHQWV� LQ� WKH� PD[LPXP�
LVRPHWULF� YROXQWDU\� FRQWUDFWLRQ� DW�
�������DQG����KRXUV� 

 
3DJH�� :��� HW� DO�� 7KH� (IIHFW� RI�
,QWHUPLWWHQW� /RZHU� /LPE� 2FFOXVLRQ�
RQ� 5HFRYHU\� )ROORZLQJ� ([HUFLVH-
,QGXFHG� 0XVFOH� 'DPDJH�� $�
5DQGRPL]HG��&RQWUROOHG�7ULDO�� -�6FL�
0HG� 6SRUW�� �����GRL�RUJ�����������
MMVDPV������������V�� 
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6WXGLHV� KDYH� VKRZQ� WKDW�

SUHJDEDOLQ�� LQ� FRPELQDWLRQ� ZLWK�
VHURWRQLQ-QRUHSLQHSKULQH� UHXSWDNH�
LQKLELWRUV� �615,�� FDQ� EH� EHQHILFLDO�
IRU�WKH�WUHDWPHQW�RI�SDLQ��IDWLJXH�DQG�
VOHHS�GLVRUGHUV�LQ�ILEURP\DOJLD��)0���
7KLV� VWXG\� FRPSDUHG� WKH� XVH� RI�
SUHJDEDOLQ� ZLWK� DPLWULSW\OLQH��
YHQODID[LQH� RU� SDUR[HWLQH� IRU�
V\PSWRPV�RI�ILEURP\DOJLD� 

7KH� VXEMHFWV� ZHUH� ��� DGXOW�
ZRPHQ�� SUHYLRXVO\� GLDJQRVHG� ZLWK�
)0��DOO�RI�ZKRP�KDG�H[SHULHQFHG�D�
SRRU� UHVSRQVH� WR� SDLQ�PHGLFDWLRQV��
SK\VLFDO� WKHUDS\� DQG� SV\FKRORJLFDO�
VXSSRUW�� (DFK� SDWLHQW� UHFHLYHG� D�
VLQJOH�� GDLO\� GRVH� RI� SUHJDEDOLQ� DW�
���PJ��,Q�DGGLWLRQ��WKH�SDWLHQWV�ZHUH�
UDQGRPL]HG� WR� UHFHLYH� RQH�
DGGLWLRQDO�PHGLFDWLRQ� LQFOXGLQJ
 RUDO� DPLWULSW\OLQH� DW� ���PJ�
SHU� GD\�� YHQODID[LQH� DW� ��� PJ� SHU�
GD\�RU�SDUR[HWLQH�DW����PJ�SHU�GD\��
7KH� VXEMHFWV� ZHUH� DVVHVVHG�
ELPRQWKO\� IRU� VL[� FRQVHFXWLYH�
PRQWKV�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH�ZDV� WKH�FKDQJH� LQ�VRPDWLF�
V\PSWRPV��DV�PHDVXUHG�E\�WKH�666
-��� 6HFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGHG� WKH� &(6'6� �GHSUHVVLRQ��
VFRUH�� OLIH� VDWLVIDFWLRQ��PRRG�� VOHHS�
TXDOLW\�� IDWLJXH�� PHGLFDWLRQ�
WROHUDELOLW\�DQG�DGYHUVH�HYHQWV� 
7KH� FRPELQDWLRQ� ZKLFK� LQFOXGHG�

SDUR[HWLQH� UHVXOWHG� LQ� VLJQLILFDQWO\�
ORZHU�666-��VFRUHV� IURP����ZHHNV�
�S�������� DV� ZHOO� DV� ��� ZHHNV�
�S�������� DIWHU� WKH� LQLWLDWLRQ� RI� WKH�
VWXG\�PHGLFDWLRQV�DV�FRPSDUHG�ZLWK�
SUHJDEDOLQ� SOXV� DPLWULSW\OLQH� RU�
YHQODID[LQH�� 7KLV� FRPELQDWLRQ� DOVR�
UHVXOWHG� LQ� ORZHU� &(6'6� VFRUHV�

IURP����ZHHNV�DIWHU� WKH� LQLWLDWLRQ�RI�
VWXG\� PHGLFDWLRQV� XQWLO� WKH� HQG� RI�
WKH� VWXG\� �S��������� 7KLV�
FRPELQDWLRQ� IXUWKHU� UHVXOWHG� LQ�
KLJKHU� PHGLFDWLRQ� WROHUDELOLW\�
�S���������DQG�D�JUHDWHU�QXPEHU�RI�
SDWLHQWV� ZLWK� HOHYDWHG� PRRG�� DQG�
JRRG� OLIH� VDWLVIDFWLRQ� DQG� VOHHS�
TXDOLW\��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�ILEURP\DOJLD�IRXQG�WKDW�
FRPELQLQJ� SUHJDEDOLQ� ZLWK�
SDUR[HWLQH�LPSURYHV�SDLQ��DIIHFW�DQG�
IXQFWLRQ� PRUH� WKDQ� FRPELQLQJ�
SUHJDEDOLQ� ZLWK� DPLWULSW\OLQH� RU�
YHQODID[LQH� 

 
5DP]\�� (��� HW� DO�� &RPSDUDWLYH�

(IILFDF\� RI� 1HZHU� $QWLGHSUHVVDQWV�
LQ� &RPELQDWLRQ� ZLWK� 3UHJDEDOLQ� IRU�
)LEURP\DOJLD� 6\QGURPH�� $�
&RQWUROOHG��5DQGRPL]HG�6WXG\��3DLQ�
3UDFWLFH�� ������-DQXDU\�����������-
��� 
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5HFHQW VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� GLHWDU\� QLWUDWH�
VXSSOHPHQWDWLRQ� FDQ� LPSURYH�
SHUIRUPDQFH� LQ� VKRUW� GXUDWLRQ��
PRGHUDWH� LQWHQVLW\�� DHURELF�
H[HUFLVH��7KLV�VWXG\�LQYHVWLJDWHG�WKH�
LQIOXHQFH� RI� GLHWDU\� QLWUDWH�
VXSSOHPHQWDWLRQ� RQ� H[HUFLVH�
SHUIRUPDQFH� 
3DUWLFLSDQWV� ZHUH� ��� XQWUDLQHG��

KHDOWK\�PDOHV��$W�EDVHOLQH��DOO�ZHUH�
DVVHVVHG� E\� VWDQGDUG�
DQWKURSRPHWULF�PHDVXUHPHQWV��92��
PD[��YHQWLODWRU\�WKUHVKROGV��97��DQG�
PD[LPXP� ZRUN� UDWH�� 7KH� VXEMHFWV�
ZHUH� WKHQ� PDWFKHG� IRU� 92�� PD[��
DQG� UDQGRPO\� DVVLJQHG� WR� HLWKHU� D�
VSULQW� LQWHUYDO� WUDLQLQJ� SOXV� QLWUDWH�
JURXS��6,7-QLWUDWH��RU�D�6,7-�SODFHER�
JURXS�� 7KH� 6,7-QLWULWH� JURXS�
FRQVXPHG� WZR� QLWUDWH-ULFK� SHDFK�
JHOV�� FRQWDLQLQJ� HLJKW� PPRO� QLWUDWH�
DW 
���� KRXUV� SULRU� WR� HDFK� 6,7�

VHVVLRQ��1LQH�LQVWUXFWRU�OHG�VHVVLRQV�
RI� 6,7� RFFXUUHG� RYHU� D� SHULRG� RI�
WKUHH� ZHHNV�� %ORRG� ZDV� GUDZQ�
EHIRUH� DQG� DIWHU� HDFK� VHVVLRQ� WR�
PHDVXUH� SODVPD� QLWUDWH�� EORRG�
JOXFRVH� DQG� EORRG� ODFWDWH�
FRQFHQWUDWLRQV� 
)ROORZLQJ� D� WZR-PLQXWH� ZDUP-XS�

DW� ��� :�� D� ORDG� FRUUHVSRQGLQJ� WR�
����� NJNJ-�� RI� ERG\� PDVV� ZDV�
DSSOLHG� WR� WKH� ELNH� DQG� SDUWLFLSDQWV�
ZHUH� YHUEDOO\� HQFRXUDJHG� WR�
PDLQWDLQ� WKH� KLJKHVW� FDGHQFH�
SRVVLEOH� IRU� ��� VHFRQGV�� 3HDN�
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SRZHU� DQG� PHDQ� SRZHU� GXULQJ� WKH�
VSULQW� ZHUH� FDOFXODWHG�� 3DUWLFLSDQWV�
WKHQ� FRPSOHWHG� IRXU� PLQXWHV� RI�
DFWLYH� UHFRYHU\� DW� ��:� EHIRUH�
UHSHDWLQJ� WKH� SURFHVV� WKUHH� PRUH�
WLPHV� 
$W� IROORZ-XS�� 92�� PD[� DQG�

YHQWLODWRU\� WKUHVKROG� �97�� LQFUHDVHG�
LQ� ERWK� JURXSV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� JURXSV�� 7KH�
PD[LPXP�ZRUN�UDWH�LQFUHDVHG������
LQ�WKH�QLWUDWH�JURXS�DQG������LQ�WKH�
SODFHER�JURXS��S �������ZLWK�IDWLJXH�
UHGXFHG� PRUH� LQ� WKH� QLWUDWH� JURXS�
WKDQ� LQ� WKH� SODFHER� JURXS�
�S �������� WKRXJK� QHLWKHU� UHDFKHG�
VWDWLVWLFDO�VLJQLILFDQFH� 
&RQFOXVLRQ�� ,Q� WKLV� VWXG\� RI�

SUHYLRXVO\� XQWUDLQHG� PDOHV�� GLHWDU\�
QLWUDWH� VXSSOHPHQWDWLRQ� GLG� QRW�
VLJQLILFDQWO\� LPSURYH� 92�� PD[� DQG�
97� 

 
0XJJHUULGJH�� '��� HW� DO�� 7KH� (IIHFWV�
RI� 'LHWDU\� 1LWUDWH� 6XSSOHPHQWDWLRQ�
RQ�WKH�$GDSWDWLRQV�WR�6SULQW�,QWHUYDO�
7UDLQLQJ� LQ� 3UHYLRXVO\� 8QWUDLQHG�
0DOHV��-�6FL�0HG�6SRUW��������-DQ��
���������-��� 

 
287&20(�0$5.(5�)25�,9,*�
75($7('�*8,//$,1-%$55e�

6<1'520( 
 
,QWUDYHQRXV LPPXQRJOREXOLQ�

�,9,*�� KDV� EHHQ� WKH� WUHDWPHQW� RI�
FKRLFH� IRU� *XLOODLQ-%DUUp� V\QGURPH�
�*%6��� ZLWK� YDU\LQJ� UHFRYHU\� DQG�
RXWFRPH�� $V� VHUXP� DOEXPLQ� KDV��
EHHQ� LGHQWLILHG� DV� DQ� LQGHSHQGHQW�
IDFWRU� DVVRFLDWHG� ZLWK� RXWFRPH� LQ�
DP\RWURSKLF� ODWHUDO� VFOHURVLV� DQG�
.DZDVDNL�GLVHDVH��WKLV�VWXG\�DLPHG�
WR� GHWHUPLQH� ZKHWKHU� VHUXP�
DOEXPLQ� OHYHOV� FDQ� VHUYH� DV� D�
SURJQRVWLF� PDUNHU� LQ� SDWLHQWV� ZLWK�
VHYHUH�*%6�WUHDWHG�ZLWK�,9,*� 
$� FRKRUW� RI� SDWLHQWV� ZLWK� *%6�

SDUWLFLSDWHG� LQ� WZR� SUHYLRXVO\�
FRQGXFWHG� FOLQLFDO� WULDOV� EHWZHHQ�
0D\� ��� ������ DQG� $XJXVW� ��� ������
6HUXP�VDPSOHV�ZHUH�REWDLQHG�IURP�
���� SDWLHQWV� EHIRUH� DQG� DIWHU� ,9,*�
WUHDWPHQW� DW� IRXU� VWDQGDUGL]HG� WLPH�
SRLQWV�� 7KH� PDLQ� RXWFRPH�
PHDVXUHV� ZHUH� PXVFOH� ZHDNQHVV��
UHVSLUDWRU\� IDLOXUH� DQG� DELOLW\� WR�
ZDON�� 6HUXP� DOEXPLQ� OHYHOV� ZHUH�
PHDVXUHG� EHIRUH� DQG� DIWHU�
WUHDWPHQW� 
%HIRUH� WUHDWPHQW�� WKH� PHGLDQ�

VHUXP� DOEXPLQ� OHYHO� ZDV� ���J�GO��
ZLWK�K\SRDOEXPLQHPLD LQ� ��
�DOEXPLQ����J�GO�� SDUWLFLSDQWV�� 7ZR�
ZHHNV�IROORZLQJ�WUHDWPHQW�ZLWK�,9,*��
WKH�PHGLDQ�VHUXP�DOEXPLQ� OHYHO� IHOO�
WR� ���J�GO�� 7KH� QXPEHU� RI�

SDUWLFLSDQWV� ZLWK� K\SRDOEXPLQHPLD�
LQFUHDVHG� WR� ��� �S���������
+\SRDOEXPLQHPLD� ZDV� DVVRFLDWHG�
ZLWK� UHVSLUDWRU\� IDLOXUH� �S���������
PXVFOH� ZHDNQHVV� DW� IRXU� ZHHNV�
�S��������DQG�VL[�PRQWKV��S��������
DQG� LQDELOLW\� WR� ZDON� �S��������� $�
ORJLVWLF� UHJUHVVLRQ� DQDO\VLV�
LGHQWLILHG� VHUXP� DOEXPLQ� DV� DQ�
LQGHSHQGHQW� IDFWRU� DVVRFLDWHG� ZLWK�
RXWFRPH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

VHUXP� DOEXPLQ� WR� EH� DQ�
LQGHSHQGHQW� IDFWRU� DVVRFLDWHG� ZLWK�
WKH� SURJQRVLV� RI� SDWLHQWV� ZLWK�
*XLOODLQ-%DUUp� V\QGURPH� WUHDWHG�
ZLWK�,9,*� 
� 

)RNNLQN� :��� HW� DO��� $VVRFLDWLRQ� RI�
$OEXPLQ� /HYHOV� ZLWK� 2XWFRPH� LQ�
,QWUDYHQRXV� ,PPXQRJOREXOLQ-
7UHDWHG� *XLOODLQ-%DUUp� 6\QGURPH��
-$0$� 1HXURO�� ������ )HEUXDU\�� ��
��������-���� 
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3HRSOH� ZLWK� K\SHUWHQVLRQ� KDYH�

PRUH�RVWHRSRURWLF�IUDFWXUHV�WKDQ�GR�
SHRSOH� ZLWKRXW� K\SHUWHQVLRQ�� 7KH�
$QWLK\SHUWHQVLYH�DQG�/LSLG-/RZHULQJ�
7UHDWPHQW� WR� 3UHYHQW� +HDUW� $WWDFN�
7ULDO� �$//+$7�� ZDV� D� ODUJH��
UDQGRPL]HG�� FOLQLFDO� WULDO� FRPSDULQJ�
WKH� HIIHFWV� RI� GLIIHUHQW� FODVVHV� RI�
DQWLK\SHUWHQVLYH� GUXJ� WKHUDS\� LQ�
SUHYHQWLQJ�KHDUW�GLVHDVH��7KLV�VWXG\�
XVHG� GDWD� IURP� WKH� $//+$7�
GDWDEDVH� WR� FRPSDUH� VSHFLILF�
DQWLK\SHUWHQVLYH�XVH�ZLWK�WKH�ULVN�RI�
KLS�IUDFWXUH� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

DFWLYH� FRQWUROOHG�� FOLQLFDO� WULDO�
LQFOXGHG� K\SHUWHQVLYH� ZRPHQ� ���
\HDUV� RI� DJH� RU� ROGHU�� 7KH� VWXG\�
FRPSDUHG� ILUVW-� VWHS� WUHDWPHQW� ZLWK�
WKH� WKLD]LGH-W\SH� GLXUHWLF��
FKORUWKDOLGRQH� �Q ��������� WKH�
FDOFLXP� FKDQQHO� EORFNHU��
DPORGLSLQH�� �Q�  � ������� WKH� Į-
UHFHSWRU� EORFNHU�� GR[D]RVLQ�� �Q�  �
������ DQG� WKH� DQJLRWHQVLQ-
FRQYHUWLQJ� LQKLELWRU�� OLVLQRSULO� �Q�  �
������� 7KH� GR[D]RVLQ� DUP� ZDV�
GURSSHG�HDUO\��GXH�WR�WKH�KLJKHU�ULVN�
RI� &9'� FRPSDUHG� ZLWK�
FKORUWKDOLGRQH�� +LS� DQG� SHOYLF�
IUDFWXUHV� ZHUH� GHWHUPLQHG� E\�
KRVSLWDO� GDWD� EHWZHHQ� ����� DQG�
������ 7KH� LQFLGHQFH� RI� IUDFWXUHV�
ZDV� FDOFXODWHG�� EHJLQQLQJ�RQH� \HDU�
DIWHU�VWXG\�HQUROOPHQW� 
'XULQJ� D� PHDQ� IROORZ� XS� RI� ����

\HDUV�� ��� SDUWLFLSDQWV� KDG� SHOYLF�

IUDFWXUHV�DQG�����KDG�KLS�IUDFWXUHV���
$� IXOO\� DGMXVWHG� KLS� DQG� SHOYLF�
IUDFWXUH� KD]DUG� UDWLR� UHYHDOHG� WKDW�
FKORUWKDOLGRQH� ZDV� DVVRFLDWHG� ZLWK�
D� VLJQLILFDQWO\� ORZHU� ULVN� RI� IUDFWXUH�
WKDQ� DPORGLSLQH� RU� OLVLQRSULO�� 7KLV�
ILQGLQJ� ZDV� WUXH� IRU� DOO� VXEJURXS�
FRPSDULVRQV� 
&RQFOXVLRQ��7KLV� VWXG\� IRXQG� WKDW�

WKH� WKLD]LGH-W\SH� GLXUHWLF��
FKORUWKDOLGRQH�� LV� DVVRFLDWHG�ZLWK� D�
ORZHU�ULVN�RI�SHOYLF�IUDFWXUH�WKDQ�DUH�
DPORGLSLQH�DQG�OLVLQRSULO� 

 
3XWWPDQ�� 5��� HW� DO�� $VVRFLDWLRQ� RI�
7KUHH�� 'LIIHUHQW� $QWLK\SHUWHQVLYH�
0HGLFDWLRQV� ZLWK� +LS� DQG� 3HOYLF�
)UDFWXUH� 5LVN� LQ� 2OGHU� $GXOWV��
6HFRQGDU\� $QDO\VLV� RI� D�
5DQGRPL]HG�� &OLQLFDO� 7ULDO�� -$0$�
,QWHUQDO� 0HG�� ������ -DQXDU\�� ���
������-��� 
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'HVSLWH� WKH� ���� PLOOLRQ� VSRUWV-�

UHODWHG� FRQFXVVLRQV� �65&V��
RFFXUULQJ� DQQXDOO\� LQ� WKH� 8QLWHG�
6WDWHV�� WKHUH�DUH� VWLOO� QR� SURJQRVWLF�
ELRPDUNHUV�WR�SUHGLFW� UHFRYHU\��7DX�
KDV� EHHQ� IRXQG� WR� EH� OLQNHG� WR�
D[RQDO�GDPDJH��DV�ZHOO�DV�WR�UHWXUQ�
WR� SOD\�� DPRQJ� LFH� KRFNH\� SOD\HUV��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�
LQFUHDVHV� LQ� WDX� IROORZLQJ� D�
FRQFXVVLRQ� DQG� WLPH� WR� UHWXUQ� WR�
SOD\��573�� 
%HWZHHQ� ����� DQG� ������ ����

1DWLRQDO� &ROOHJLDWH� $WKOHWLF�
$VVRFLDWLRQ�'LYLVLRQ�,�DQG�GLYLVLRQ�,,,�
FRQWDFW� VSRUW� DWKOHWHV� XQGHUZHQW�
SODVPD� WDX� EDVHOLQH� VDPSOLQJ� DQG�
FRJQLWLYH� WHVWLQJ� SULRU� WR� WKH�
EHJLQQLQJ� RI� WKH� VSRUWV� VHDVRQ��
7KRVH� ZLWK� DQ� 65&� XQGHUZHQW�
SODVPD�VDPSOLQJ�ZLWKLQ�VL[�KRXUV�RI�
LQMXU\�� DQG� WKHQ� DW� WZR�� WKUHH� DQG�
VHYHQ� GD\V� SRVW-LQMXU\�� 3ODVPD�
VDPSOLQJ� ZDV� DOVR� SHUIRUPHG� IRU�
QRQFRQWDFW� DWKOHWLF� FRQWUROV� DQG�
QRQDWKOHWLF� FRQWUROV�� 5HWXUQ� WR� SOD\�
ZDV� GHWHUPLQHG� E\� WKH� DWKOHWLF�
WUDLQHUV�RU� WHDP�SK\VLFLDQV��&OLQLFDO�
RXWFRPH� DIWHU� FRQFXVVLRQ� ZDV�
GHWHUPLQHG�E\�FKDQJHV� LQ�FRJQLWLYH�
SHUIRUPDQFH�� SRVW� FRQFXVVLYH�
V\PSWRPV�DQG�SRVWXUDO�VWDELOLW\� 
'XULQJ�WKH�VWXG\�����DWKOHWHV�ZHUH�

GLDJQRVHG� ZLWK� 65&� DQG� ZHUH�
FRPSDUHG� ZLWK� ��� QRQ-FRQFXVVHG�
DWKOHWHV�� %RWK� DWKOHWLF� JURXSV� KDG�
VLJQLILFDQWO\� KLJKHU� PHDQ� WDX�
FRQFHQWUDWLRQV�WKDQ�GLG�QRQ-DWKOHWHV�
DW� EDVHOLQH�� DV� ZHOO� DV� DW� DOO� RWKHU�
WLPH� SRLQWV�� &RPSDUHG� ZLWK� WKH�



3DJH�� �����������������0D\�������� 9ROXPH����1XPEHU�� 

 

 

FRQWURO� DWKOHWHV�� WKH� FRQFXVVHG�
DWKOHWHV�KDG� ORZHU�PHDQ� WDX� OHYHOV�
DW� ��� �S ������ DQG� ��� KRXUV�
�S ������� &RPSDUHG� WR� WKRVH�
DOORZHG� 573� ZLWKLQ� ��� GD\V�� WKRVH�
UHVWULFWHG� IURP� 573� IRU� PRUH� WKDQ�
��� GD\V� KDG� KLJKHU� RYHUDOO�
FRQFHQWUDWLRQV� RI� WDX� DW� VL[�
�S������������S��������DQG��� 
KRXUV� �S�������� 3ODVPD� WDX� OHYHO�

DW� VL[�KRXUV�SRVW-FRQFXVVLRQ�ZDV�D�
VLJQLILFDQW� SUHGLFWRU� RI� D�573�RI� ���
GD\V�RU�PRUH��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� SODVPD� WDX�
FRQFHQWUDWLRQ� ZLWKLQ� VL[� KRXUV� DIWHU�
VSRUWV-UHODWHG�FRQFXVVLRQ� LV� UHODWHG�
WR�D�SURORQJHG�UHWXUQ�WR�SOD\� 

 
*LOO�� -��� HW� DO�� $FXWH� 3ODVPD� 7DX�
5HODWHV�WR�3URORQJHG�5HWXUQ�WR�3OD\�
DIWHU� &RQFXVVLRQ�� 1HXURO�� ������
)HEUXDU\�����������-���� 
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6RFFHU� LV� RQH� RI� WKH� IDVWHVW�

JURZLQJ�VSRUWV�LQ�WKH�8QLWHG�6WDWHV��
ZLWK� PDOH� SDUWLFLSDWLRQ� JURZLQJ� E\�
IRXU-IROG�DQG�IHPDOH�SDUWLFLSDWLRQ�E\�
��-IROG� EHWZHHQ� ����� DQG� ������
7KLV� VWXG\� UHYLHZHG� WKH� FKDQJH� LQ�
WKH�QXPEHU�RI�VRFFHU�LQMXULHV�LQ�KLJK�
VFKRRO�DWKOHWHV�EHWZHHQ�����������
DQG����������� 
7KLV� SURVSHFWLYH�� HSLGHPLRORJLF�

VWXG\� XVHG� GDWD� FROOHFWHG� IURP� WKH�
1DWLRQDO� +LJK� 6FKRRO� 6SRUWV-
5HODWHG� ,QMXU\�6XUYHLOODQFH�6\VWHP��
+LJK� 6FKRRO� 5HSRUWLQJ� ,QIRUPDWLRQ�
2QOLQH� �5,2��� 'DWD� ZHUH� JDWKHUHG�
E\� ERDUG� FHUWLILHG� DWKOHWLF� WUDLQHUV�
ZKR� UHSRUWHG� H[SRVXUH� DQG� LQMXU\�
GDWD� IRU� DWKOHWHV� SDUWLFLSDWLQJ� LQ�
VDQFWLRQHG� KLJK� VFKRRO� VRFFHU�
SURJUDPV�� $WKOHWLF� WUDLQHUV�
FRPSOHWHG�GHWDLOHG� UHSRUWV� IRU�HDFK�
LQMXUHG�DWKOHWH��ZLWK� LQMXULHV�GHILQHG�
DV� RFFXUULQJ� DV� D� UHVXOW� RI�
SDUWLFLSDWLRQ�� UHTXLULQJ� PHGLFDO�
DWWHQWLRQ� DQG� UHVXOWLQJ� LQ� WKH�
UHVWULFWLRQ� RI� WKH� DWKOHWH¶V�
SDUWLFLSDWLRQ� IRU� DW� OHDVW� RQH� GD\�
EH\RQG�WKH�GDWH�RI�WKH�LQMXU\� 
2YHUDOO�� WKH� LQMXU\� UDWH� ZDV� �����

SHU� ������ DWKOHWLF� H[SRVXUHV�� 7KH�
PRVW� FRPPRQ� GLDJQRVHV� ZHUH�
OLJDPHQW� VSUDLQV� LQ� �������
FRQFXVVLRQV� LQ� ������ DQG� PXVFOH�
VWUDLQV� LQ� ������ RI� WKH� LQMXULHV��
&RPSDUHG�ZLWK�SUDFWLFH��LQMXU\�UDWHV�
ZHUH� VLJQLILFDQWO\� KLJKHU� LQ�
FRPSHWLWLRQ� �55� ������� ,QMXU\� UDWHV�
ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�JLUOV��55�
������ WKDQ� LQ� ER\V�� %HWZHHQ�
���������� DQG� ����������� QRQ-�

FRQFXVVLRQ� LQMXULHV� GHFUHDVHG� LQ�
ER\V�� EXW� QRW� LQ� JLUOV�� 'XULQJ� WKDW�
VDPH� WLPH� LQWHUYDO�� FRQFXVVLRQ�
UDWHV� LQFUHDVHG� LQ� ERWK� JLUOV� DQG�
ER\V� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

LQMXULHV� LQ� KLJK� VFKRRO� VRFFHU�
SOD\HUV� IRXQG� WKDW�� RYHU� WKH� SDVW�
QLQH� \HDUV�� RYHUDOO� LQMXULHV�
GHFUHDVHG�LQ�ER\V�DQG�LQFUHDVHG�LQ�
JLUOV�� ZKLOH� FRQFXVVLRQ� GLDJQRVHV�
LQFUHDVHG�LQ�ERWK�JHQGHUV� 

 
.KRGDHH��0���HW�DO��1LQH-<HDU�6WXG\�
RI�8�6��+LJK�6FKRRO�6RFFHU�,QMXULHV��
'DWD�IURP�,QWHUQDWLRQDO�6SRUWV�,QMXU\�
6XUYHLOODQFH� 3URJUDP�� %U� -� 6SRUWV�
0HG�� � � � � ������ � )HEUXDU\�� � ��������
���-���� 
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)HPRURDFHWDEXODU� LPSLQJHPHQW�

�)$,��LV�D�FRPPRQ�FDXVH�RI�KLS�SDLQ�
DQG� G\VIXQFWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
IXQFWLRQDO� RXWFRPH� RI� SDWLHQWV� DW�
OHDVW� WZR� \HDUV� DIWHU� DUWKURVFRSLF�
VXUJLFDO�WUHDWPHQW�RI�)$,� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

����SDWLHQWV�ZLWK�)$,�ZKR�KDG�IDLOHG�
QRQVXUJLFDO� LQWHUYHQWLRQ�� $W�
EDVHOLQH�� WKH� VXEMHFWV� XQGHUZHQW�
SK\VLFDO�H[DPV��LQFOXGLQJ�UDGLRORJLF�
HYDOXDWLRQ�� $OO� SDUWLFLSDQWV�
FRPSOHWHG� ZHE-EDVHG�� SDWLHQW�
UHSRUWHG� RXWFRPH� PHDVXUHV� DW�
EDVHOLQH� DQG� DW� ��� PRQWKV�
SRVWRSHUDWLYHO\��7KHVH� LQFOXGHG� WKH�
,QWHUQDWLRQDO� +LS� 2XWFRPH� 7RRO�
�L+27-�����WKH�&RSHQKDJHQ�+LS�DQG�
*URLQ�2XWFRPH�6FRUH��+$*26��WKH�
+LS�6SRUWV�$FWLYLW\�6FDOH��+6$6���D�
YLVXDO� DQDORJ� VFDOH� IRU� RYHUDOO� KLS�
IXQFWLRQ� DQG� D� VWDQGDUGL]HG�
LQVWUXPHQW� IRU� WKH� PHDVXUHPHQW� RI�
KHDOWK� �('-�4��� ,Q� DGGLWLRQ�� WKH�
VXEMHFWV� ZHUH� DVNHG� ZKHWKHU� WKH\�
ZHUH� VDWLVILHG� ZLWK� WKH� VXUJHU\��
3RVWRSHUDWLYHO\�� WKH� SDWLHQWV� ZHUH�
DOORZHG�IUHH�UDQJH�RI�PRWLRQ�DQG�IXOO�
ZHLJKW� EHDULQJ� GXULQJ� WKH� HDUO\�
UHKDELOLWDWLRQ� SKDVH�� ZLWK� FUXWFKHV�
UHFRPPHQGHG� IRU� RQH� PRQWK� IRU�
RXWGRRU�DQG�ORQJHU�DPEXODWLRQ� 
7KH�VXEMHFWV¶�DYHUDJH�DJH�ZDV����

\HDUV�� ZLWK� DQ� DYHUDJH� V\PSWRP�
GXUDWLRQ� SULRU� WR� VXUJHU\� RI� ����
\HDUV�� $W� WZR-\HDU� IROORZ-XS��
VLJQLILFDQW� LPSURYHPHQWV� ZHUH�
IRXQG� IRU� DOO� PHDVXUHG� RXWFRPHV�
�S�������� 6DWLVIDFWLRQ� ZLWK� VXUJHU\�
ZDV� HQGRUVHG� E\� ����� ZLWK� ����
H[SUHVVLQJ� GLVVDWLVIDFWLRQ��
6\PSWRP� GXUDWLRQ� ZDV� VLJQLILFDQWO\�

DQG� QHJDWLYHO\� UHODWHG� WR� ERWK� WKH�
L+27-����DQG�WKH�+$*26-4R/� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� IHPRUDO� DFHWDEXODU�
LPSLQJHPHQW� IRXQG� WKDW� VXUJLFDO�
LQWHUYHQWLRQ� UHVXOWHG� LQ� VWDWLVWLFDOO\�
DQG� FOLQLFDOO\� VLJQLILFDQW�
LPSURYHPHQW�LQ�SDWLHQW�RXWFRPH� 

 
6DQVRQH�� 0��� HW� DO�� 2XWFRPH� DIWHU�
+LS� $UWKURVFRSLF� IRU� )HPRUDO�
$FHWDEXODU� ,PSLQJHPHQW� LQ� ����
3DWLHQWV� ZLWK� 0LQLPXP� 7ZR-<HDU�
)ROORZ-8S��6FDQG�-�0HG�6FL�6SRUWV��
������)HEUXDU\������������-���� 

 
 
&5,=$1/,=80$%�)25�3$,1�,1�

6,&./(�&(// 
 
3DWLHQWV� ZLWK� VLFNOH� FHOO� GLVHDVH�

H[SHULHQFH� VLFNOH� FHOO� UHODWHG� SDLQ�
FULVHV�� 7KHVH� DUH� WKRXJKW� WR� EH�
FDXVHG�E\�YDVFXODU�RFFOXVLRQ�LQ�WKH�
PLFURFLUFXODWLRQ��ZLWK�WKH�SURFHVV�RI�
OHXNRF\WH� DGKHVLRQ� WR� WKH�
HQGRWKHOLXP�EHOLHYHG� WR�EH� LQLWLDWHG�
E\� 3-VHOHFWLQ�� &UL]DQOL]XPDE� LV� D�
KXPDQL]HG� PRQRFORQDO� DQWLERG\�
WKDW� ELQGV� WR� 3-VHOHFWLQ� DQG� EORFNV�
LWV�LQWHUDFWLRQ ZLWK 3�
VHOHFWLQ� JO\FRSURWHLQ� OLJDQG� ��� 7KLV�
VWXG\� DVVHVVHG� WKH� HIILFDF\� RI� WKLV�
PHGLFDWLRQ� LQ� UHGXFLQJ� WKH� UDWH� RI�
VLFNOH�FHOO�UHODWHG�FULVHV� 
3DWLHQWV� HOLJLEOH� IRU� � VWXG\�

LQFOXVLRQ� KDG� VLFNOH� FHOO� GLVHDVH��
VLFNOH� FHOO� KHPRJORELQ� &� GLVHDVH��
VLFNOH� EHWD�� WKDODVVHPLD� RU� VLFNOH�
FHOO� EHWD�� WKDODVVHPLD�� ZHUH� ��� WR�
��� \HDUV� RI� DJH� DQG� KDG�
H[SHULHQFHG� WZR� WR� ��� VLFNOH� FHOO�
UHODWHG� SDLQ� FULVHV� LQ� WKH� SULRU� ���
PRQWKV�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH�
&UL]DQOL]XPDE�� ����PJ�NJ�� �� �� PJ�
NJ� RU� SODFHER�� DGPLQLVWHUHG�
LQWUDYHQRXVO\����WLPHV�RYHU�D�SHULRG�
RI� ��� ZHHNV�� 7KH� SULPDU\� HIILFDF\�
HQGSRLQW� ZDV� WKH� \HDUO\� UDWH� RI�
VLFNOH�FHOO�UHODWHG�SDLQ�FULVHV� 
$W�WKH�HQG�RI�WKH�WUHDWPHQW�SKDVH��

WKH� PHGLDQ� FULVLV� UDWHV� LQ� WKH�
LQWHQWLRQ� WR� WUHDW� SRSXODWLRQ� ZHUH�
�����LQ�WKH�KLJK-GRVH�JURXS�������LQ�
WKH� ORZ�GRVH�JURXS�DQG������ LQ� WKH�
SODFHER� JURXS�� 7KH� GLIIHUHQFH�
EHWZHHQ�WUHDWPHQW�DQG�SODFHER�ZDV�
RQO\� VLJQLILFDQW� IRU� WKH� KLJK� GRVH�
JURXS��S �������$��FULVLV�UDWH�RI�]HUR�
ZDV� DFKLHYHG� E\� ���� LQ� WKH� KLJK-
GRVH�� ���� LQ� WKH� ORZ-� GRVH� DQG�
����LQ�WKH�SODFHER�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� VLFNOH� FHOO� GLVHDVH�
IRXQG� WKDW� WUHDWPHQW� ZLWK�
&UL]DQOL]XPDE� UHVXOWHG� LQ� D�



 

3DJH�� 0D\�������� 9ROXPH����1XPEHU�� 

 

 

VLJQLILFDQWO\� ORZHU� UDWH� RI� VLFNOH� FHOO�
UHODWHG� SDLQ� FULVHV�� DQG� ZDV�
DVVRFLDWHG� ZLWK� D� ORZ� LQFLGHQFH� RI�
DGYHUVH�HYHQWV� 

 
$WDJD�� .��� HW� DO�� &UL]DQOL]XPDE� IRU�
WKH� 3UHYHQWLRQ� RI� 3DLQ� &ULVHV� LQ�
6LFNOH�&HOO�'LVHDVH��1� (QJO� -� 0HG��
������)HEUXDU\������������-����� 
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7KH� 8�6�� )RRG� DQG� 'UXJ�

$GPLQLVWUDWLRQ� KDV� DSSURYHG� /RZ�
,QWHQVLW\�3XOVHG�8OWUDVRXQG��/,386��
WR� DFFHOHUDWH� IUDFWXUH� KHDOLQJ�� 7KLV�
V\VWHPDWLF� UHYLHZ� IXUWKHU� DVVHVVHG�
WKH� HIILFDF\� RI� /,386� IRU�
UDGLRJUDSKLF� KHDOLQJ� DQG� FOLQLFDO�
HIILFDF\� 
0HGLFDO�GDWDEDVHV�ZHUH�VHDUFKHG�

IRU�FRQWUROOHG�VWXGLHV�FRQFHUQLQJ�WKH�
HIILFDF\� RI� /,386� IRU� WKH� KHDOLQJ� RI�
IUDFWXUHV�� SXEOLVKHG� WKURXJK�
1RYHPEHU� RI� �����7KH� RXWFRPHV�
LQFOXGHG� WLPH� WR� UHWXUQ� WR� ZRUN�� IXOO�
ZHLJKW�EHDULQJ��SDLQ�UHGXFWLRQ��ERQH�
KHDOLQJ�DQG�VXEVHTXHQW�IUDFWXUHV� 
7KH�VHDUFK�LGHQWLILHG����VWXGLHV��RI�

ZKLFK� ��� ZHUH� UDQGRPL]HG��
FRQWUROOHG� WULDOV�� 7KH� DXWKRUV� IRXQG�
VLJQLILFDQW� KHWHURJHQHLW\� LQ� WKH�
VWXGLHV�DQG�IRXQG�WKDW��DPRQJ�WKRVH�
ZLWK�D�ORZ�ULVN�RI�ELDV��WUHDWPHQW�ZLWK�
/,386� GLG� QRW� VLJQLILFDQWO\� UHGXFH�
SDLQ��GD\V�WR�ZHLJKW�EHDULQJ��RU�GD\V�
WR�UDGLRJUDSKLF�KHDOLQJ� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH�

UHYLHZ��IRFXVLQJ�RQ�WKRVH�ZLWK�D�³ORZ�
ULVN� RI� ELDV´�� IDLOHG� WR� LGHQWLI\� ORZ�
LQWHQVLW\� SXOVHG� XOWUDVRXQG� DV� DQ�
HIIHFWLYH� WUHDWPHQW� WR� DFFHOHUDWH�
KHDOLQJ�� SDLQ� RU� IXQFWLRQDO� RXWFRPH�
LQ�SDWLHQWV�ZLWK�IUDFWXUHV� 

 
6FKDQGHOPDLHU�� 6��� HW� DO�� /RZ�
,QWHQVLW\�3XOVHG�8OWUDVRXQG�IRU�%RQH�
+HDOLQJ�� 6\VWHPDWLF� 5HYLHZ� RI�
5DQGRPL]HG��&RQWUROOHG�7ULDOV��%0-��
�����������M���� 
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$PRQJ� SDWLHQWV� ZLWK� UKHXPDWRLG�

DUWKULWLV� �5$�� WUHDWHG� ZLWK�
PHWK\OWUH[DWH� �07;��� LW� LV� HVWLPDWHG�
WKDW� ���� ZLOO� QHHG� DGGLWLRQDO�
WKHUDS\�� 3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� WULSOH� WKHUDS\�
�66=�DQG�+&4�DGGHG�WR�07;��ZDV�
QRQ-LQIHULRU� WR� 07;�� DQG� WKDW� 71)�

LQKLELWLRQ�SURGXFHV�VLPLODU�UHVXOWV��WR�
WULSOH� WKHUDS\�� 7KLV� VWXG\� H[DPLQHG�
WKH� GLIIHUHQFH� LQ� LQIHFWLRXV� GLVHDVH�
DQG� *,� DGYHUVH� HYHQWV� �$(V��
EHWZHHQ� SDWLHQWV� WUHDWHG� ZLWK� WULSOH�
WKHUDS\� DQG� WKRVH� WUHDWHG� ZLWK� D�
WXPRU� QHFURVLV� IDFWRU� LQKLELWRU�
�HWDQHUFHSW�� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

DFWLYH� 5$� GHVSLWH� WUHDWPHQW� ZLWK�
07;�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG�WR�WULSOH�WKHUDS\��7��ZLWK�
66=� DQG� +&4� DGGHG� WR� 07;�� RU�
(WDQHUFHSW� DGGHG� WR� 07;� WKHUDS\�
�(��� 7KRVH� ZLWKRXW� LPSURYHPHQW� RI�
����RU�JUHDWHU�RQ�WKH�'$6��-(65�DW�
���ZHHNV�ZHUH�VZLWFKHG�LQ�D�EOLQGHG�
IDVKLRQ�WR�WKH�RWKHU�WKHUDS\��%RWK�*,�
DQG� LQIHFWLRXV� GLVHDVH� DGYHUVH�
HYHQWV��$(V��ZHUH�UHFRUGHG�IRU�ERWK�
JURXSV� 
)RU�ERWK� WKHUDSLHV�� WKH�PDMRULW\�RI�

LQIHFWLRXV� $(V� ZHUH� QRQ-VHULRXV��
ZLWK� D� JUHDWHU� QXPEHU� RFFXUULQJ� LQ�
WKH� (� JURXS� WKDQ� LQ� WKH� 7� JURXS�
�S ������� UHPDLQLQJ� VLJQLILFDQW� DIWHU�
DGMXVWLQJ� IRU�FRPRUELGLWLHV� �S �������
1R� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ� JURXSV� IRU� VHULRXV�
LQIHFWLRXV� GLVHDVH� $(V�� )RU� QRQ-
VHULRXV� *,� $(V�� 7� WKHUDS\� KDG� D�
KLJKHU� LQFLGHQFH� �S ������� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�
JURXSV� LQ� VHULRXV� *,� $(V�� )XUWKHU��
WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ�WKH�WUHDWPHQW�JURXSV�LQ�WKH�
QXPEHU� RI� SDWLHQWV� ZKR� VZLWFKHG�
WUHDWPHQW� JURXSV� GXH� WR� SRRU�
LPSURYHPHQW�LQ�5$�V\PSWRPV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�DFWLYH�5$�� WUHDWHG�ZLWK�
PHWK\OWUH[DWH��IRXQG�WKDW�WKHUH�LV�QR�
GLIIHUHQFH� LQ� WUHDWPHQW� RXWFRPH�� RU�
VHULRXV� DGYHUVH� RXWFRPHV� DPRQJ�
WKRVH� WUHDWHG� ZLWK� WULSOH� WKHUDS\�
�66=� �� +&4� �� 07;�� DQG� WKRVH�
WUHDWHG� ZLWK� 71)-LQKLELWRU� WKHUDS\�
�07;��(WDQHUFHSW�� 

 
4XDFK�� /��� HW� DO�� 5KHXPDWRLG�
$UWKULWLV� 7ULSOH� 7KHUDS\� &RPSDUHG�
ZLWK� (WDQHUFHSW�� 'LIIHUHQFH� LQ�
,QIHFWLRXV� DQG� *DVWURLQWHVWLQDO�
$GYHUVH� (YHQWV�� 5KHXP�� ������
0DUFK�������������-���� 
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/RZ� EDFN� SDLQ� �/%3�� LV� DPRQJ�

KLJKHVW� FDXVHV� RI� GLVDELOLW\� LQ� WKH�
ZRUOG�� 3UHYLRXV� VWXGLHV� KDYH�
DVVHVVHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
VHGHQWDU\� EHKDYLRU� DQG� /%3��
DOWKRXJK�QR�SULRU�VWXG\�KDV�H[SORUHG�
WKH� LQIOXHQFH� RI� VHGHQWDU\� EHKDYLRU�

RQ� WKH� RFFXUUHQFH� RI� /%3�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH�DVVRFLDWLRQ�EHWZHHQ�
VHGHQWDU\� EHKDYLRU� DQG� WKH�
RFFXUUHQFH�RI�/%3� 
'DWD� ZHUH� FROOHFWHG� IURP� D�

SRSXODWLRQ� EDVHG� UHJLVWU\� RI�
PRQR]\JRWLF� �0=�� DQG� GL]\JRWLF�
�'=�� WZLQV�� UHJLVWHUHG� LQ� D�
SRSXODWLRQ-� EDVHG� WZLQ� UHJLVWU\� RI�
DGXOW� PXOWLSOHV� ERUQ� EHWZHHQ� �����
DQG� ������ 'DWD� ZHUH� FROOHFWHG�
EHWZHHQ� ����� DQG� ������ LQFOXGLQJ�
GHPRJUDSKLF� LQIRUPDWLRQ� DQG� VHOI-
UHSRUWHG� KHDOWK-� UHODWHG�
TXHVWLRQQDLUHV�� 7KH�PDLQ� RXWFRPHV�
LQ� WKH� ORQJLWXGLQDO�DQDO\VLV�ZHUH� WKH�
RFFXUUHQFH� RI� QHZ� FDVHV� RI� /%3��
ZLWK� GDWD� RQ� VHGHQWDU\� EHKDYLRU�
VHFWLRQDO� DQG� WKH� ORQJLWXGLQDO�
DQDO\VLV�FROOHFWHG� XVLQJ� D�
FDWHJRULFDO� VHOI-� UHSRUW�
TXHVWLRQQDLUH�� 7KH� GDWD� ZHUH�
UHYLHZHG�IRU�DQ�DVVRFLDWLRQ�EHWZHHQ�
VHGHQWDU\� EHKDYLRU� DQG� /%3�
RXWFRPH�IRU�ERWK�WKH�FURVV-VHFWLRQDO�
DQG�WKH�ORQJLWXGLQDO�DQDO\VLV�� 
'DWD� ZHUH� FROOHFWHG� IURP� ������

WZLQV�� ZLWK� DQ� RYHUDOO� OLIHWLPH�
SUHYDOHQFH� RI� SHUVLVWHQW� /%3� RI�
����� $� PXOWLYDULDWH� DQDO\VLV�
UHYHDOHG� WKDW� VHGHQWDU\� EHKDYLRU�
ZDV� ZHDNO\� DVVRFLDWHG� ZLWK� D�
OLIHWLPH�SUHYDOHQFH�RI�SHUVLVWHQW�/%3�
�S ������� )XUWKHU� DQDO\VLV� IRXQG�
WKDW�� DPRQJ� '=� WZLQV�� VHGHQWDU\�
EHKDYLRU� ZDV� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVHG� SUHYDOHQFH� RI� SHUVLVWHQW�
/%3� LQ� IHPDOHV�� EXW�QRW�PDOHV��7KH�
0=� WZLQV� DQDO\VLV� IRXQG� QR�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�PDOHV�
DQG�IHPDOHV� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�WZLQV�

IRXQG� WKDW� VHGHQWDU\� EHKDYLRU� LV�
RQO\� ZHDNO\� DVVRFLDWHG� ZLWK� ORZ�
EDFN� SDLQ�� ZLWK� WKLV� UHODWLRQVKLS�
PRUH� HYLGHQW� LQ� IHPDOHV� WKDQ� LQ�
PDOHV� 

 
$PRULP�� $��� HW� DO�� 6HGHQWDU\�
%HKDYLRU� ,QFUHDVHV� WKH�5LVN�RI� /RZ�
%DFN�3DLQ"�$�3RSXODWLRQ�%DVHG��&R-
7ZLQ�6WXG\�RI 6SDQLVK 7ZLQV��
6SLQH -�� �����GRL�RUJ����������
M�VSLQH������������� 
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7KH� XVH� RI� SKDUPDFRORJLF�

WKURPERSURSK\OD[LV� DIWHU� PRVW�
RUWKRSHGLF� LQWHUYHQWLRQV� LV� ZHOO�
HVWDEOLVKHG�� :KHWKHU� VXFK�
SURSK\OD[LV� LV� HIIHFWLYH� DIWHU�
DUWKURVFRSLF� NQHH� VXUJHU\� LV� OHVV�
FHUWDLQ� 7KH� 3UHYHQWLRQ� RI�



 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO� DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH�� �6XPPDULHV�DSSHDULQJ�LQ�
WKLV� SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ�
DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH�VXPPDULHV�DUH�QRW�LQWHQGHG�

IRU�XVH�DV� WKH� VROH�EDVLV� IRU� FOLQLFDO�
WUHDWPHQW��RU�DV�D�VXEVWLWXWH�IRU�WKH�
UHDGLQJ�RI�WKH�RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

� ǆƉĂŶĚ ŝŶŐ � ƚ ŚĞ � Ĩ ƌ ŽŶ ƚ ŝ Ğ ƌ � Ž Ĩ �ŵĞĚ ŝ Đ ŝ Ŷ Ğ � ŝ Ŷ � ƌ Ğ Ɛ ĞĂ ƌ ĐŚ ͕ � ƚ Ğ ĂĐŚ ŝŶ Ő ͕ � ĂŶĚ �Ɖ Ă ƚ ŝ ĞŶ ƚ � Đ Ă ƌ Ğ  

7KURPERVLV� DIWHU� .QHH�
$UWKURVFRSLFDOO\� �327-.$67�� DQG�
WKH� 3UHYHQWLRQ� RI� 7KURPERVLV� DIWHU�
/RZHU�/HJ�3ODVWHU�&DVW��327-&$67��
WULDOV� ZHUH� GHVLJQHG� WR� DVVHVV� WKH�
HIIHFW� RI� ORZ� PROHFXODU� ZHLJKW�
KHSDULQ� IRU� WKH� SUHYHQWLRQ� RI�
V\PSWRPDWLF� YHQRXV�
WKURPERHPEROLVP��97(�� 
6XEMHFWV� ��� \HDUV� RI� DJH� RU� ROGHU�

ZKR� ZHUH� VFKHGXOHG� WR� XQGHUJR�
NQHH� DUWKURVFRS\� ZHUH� HQUROOHG� LQ�
WKH� 327-.$67� VWXG\� DQG� WKRVH�
WUHDWHG� IRU� DW� OHDVW� RQH� ZHHN� ZLWK�
FDVWLQJ� RI� WKH� ORZHU� OHJ� ZLWK� RU�
ZLWKRXW� VXUJHU\�ZHUH�HQUROOHG� LQ� WKH�
327-&$67�VWXG\��(OLJLEOH�SDWLHQWV�LQ�
WKH� WZR� WULDOV� ZHUH� UDQGRPO\�
DVVLJQHG� WR� UHFHLYH� HLWKHU� D�
SURSK\ODFWLF� GRVH� RI� ORZ� PROHFXODU�
ZHLJKW� KHSDULQ� RU� QR� DQWLFRDJXODQW�
WKHUDS\�� ,Q� WKH� 327-.$67� VWXG\��
KHSDULQ�ZDV�DGPLQLVWHUHG�RQFH�GDLO\�
IRU� HLJKW� GD\V�� ZKLOH� LQ� WKH� 327-�
&$67� VWXG\�� KHSDULQ� ZDV�
DGPLQLVWHUHG� IRU� WKH� IXOO� SHULRG� RI�
LPPRELOL]DWLRQ��7KH�SULPDU\�RXWFRPH�
PHDVXUH� ZDV� WKH� FXPXODWLYH�
LQFLGHQFH�RI�V\PSWRPDWLF�97(�ZLWKLQ�
WKUHH�PRQWKV�RI�WKH�SURFHGXUH� 
6XEMHFWV�ZHUH�������SDWLHQWV��ZLWK�

���� DVVLJQHG� WR� UHFHLYH� ORZ�

PROHFXODU�ZHLJKW�KHSDULQ�DQG�����WR�
D� FRQWURO� JURXS�� ,Q� WKH� LQWHQWLRQ� WR�
WUHDW�DQDO\VLV��LQ�WKH�327-&$67�WULDO��
WKH� FXPXODWLYH� LQFLGHQFHV� RI�
V\PSWRPDWLF� 97(� ZLWKLQ� WKUHH�
PRQWKV� ZHUH� ����� LQ� WKH� WUHDWPHQW�
JURXS�DQG������LQ�WKH�FRQWURO�JURXS���
7KLV� ILQGLQJ� UHSUHVHQWHG� D� UHODWLYH�
ULVN�RI������2QH�SDWLHQW�LQ�HDFK�JURXS�
KDG�D�PDMRU�KHPRUUKDJLF�HYHQW��7KH�
327-� .$67� VWXG\� UHYHDOHG� WKDW� WKH�
FXPXODWLYH�LQFLGHQFH�RI�V\PSWRPDWLF�
YHQRXV� WKURPERHPEROLVP�ZDV������
LQ� WKH� WUHDWPHQW� JURXS� DQG� ����� LQ�
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