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$OWKRXJK� SODWHOHW� ULFK� SODVPD�

�353��KDV�EHHQ�VWXGLHG�DV�D�PHDQV�
WR�GHOLYHU�DXWRORJRXV�JURZWK�IDFWRUV��
WKH�RSWLPDO�PHWKRG�RI�SUHSDULQJ�353�
IRU�FDUWLODJH�UHSDLU�LV�QRW�NQRZQ��7KLV�
VWXG\� LQYHVWLJDWHG� WKH� PHFKDQLVPV�
RI� DFWLRQ� RI� GLIIHUHQW� 353�
IRUPXODWLRQV� RQ� KXPDQ�
FKRQGURF\WHV� 
3ODWHOHW� ULFK� SODVPD� DQG� SODWHOHW�

SRRU� SODVPD� �333�� ZHUH� REWDLQHG�
IURP�����KHDOWK\��PDOH�YROXQWHHUV��,Q�
WKLV� RQH-VWHS� PHWKRG�� ��� P/� RI�
YHQRXV� EORRG� ZDV� GLYLGHG� LQWR� ILYH�
WXEHV�� )URP� WKHVH�� WKUHH�
IRUPXODWLRQV� ZHUH� SUHSDUHG��
LQFOXGLQJ� 353� ZLWK� D� ORZ�
FRQFHQWUDWLRQ� RI� SODWHOHWV� DQG� YHU\�
IHZ� OHXNRF\WHV� �/-353��� SXUH� 353�
ZLWK� KLJK� FRQFHQWUDWLRQV� RI� ERWK�
SODWHOHWV� DQG� OHXNRF\WHV� �3-353��
DQG� SODWHOHW� SRRU� SODVPD� �333���
7KHVH� GLIIHUHQW� IRUPXODWLRQV� ZHUH�
DSSOLHG� WR� FDUWLODJH� VDPSOHV� IURP�
SDWLHQWV� XQGHUJRLQJ� NQHH�
UHSODFHPHQW� VXUJHU\�� &KRQGURF\WH�
JURZWK� LQ� WKH� SUHVHQFH� RI� HDFK�
IRUPXODWLRQ�ZDV�HYDOXDWHG�DIWHU�]HUR��
WKUHH�DQG�VHYHQ�GD\V�RI�FXOWXUH� 
7KH� ILYH� SHUFHQW�� ���� DQG� ����

FRQFHQWUDWLRQV� RI� HDFK� IRUPXODWLRQ�
LQGXFHG� D� GRVH-GHSHQGHQW�
HQKDQFHPHQW� RI� FKRQGURF\WH�
SUROLIHUDWLRQ��ZLWK� WKH�RQO\�GLIIHUHQFH�
EHWZHHQ� WKH� IRUPXODWLRQV� EHLQJ�
JUHDWHU� FHOO� JURZWK� RQ� GD\� VHYHQ�
ZLWK� 3-353� DV� FRPSDUHG� WR� WKH�
RWKHU� IRUPXODWLRQV� �S��������$W�HDFK�
FRQFHQWUDWLRQ�� 3-353� LQGXFHG�
JUHDWHU� FHOO� SUROLIHUDWLRQ� RQ� GD\�
VHYHQ� ZKHQ� FRPSDUHG� ZLWK� /-353�
DQG�333��S��������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FDUWLODJH� UHVSRQVH� WR� GLIIHUHQW�
SODWHOHW� ULFK� SODVPD� �353��
IRUPXODWLRQV� IRXQG� WKDW� 353� ZLWK� D�
ORZ� FRQFHQWUDWLRQ� RI� SODWHOHWV� DQG�
YHU\� IHZ� OHXNRF\WHV� KDG� VXSHULRU�
HIIHFWV�RQ�FHOO�JURZWK�DQG�UHVXOWHG�LQ�
KLJKHU� OHYHOV� RI� JURZWK� IDFWRUV� DQG�

F\WRNLQHV� WKDQ� GLG� RWKHU�
IRUPXODWLRQV� 
&DYDOOR�� &��� HW� DO�� &RPSDULVRQ� RI�
3ODWHOHW� 5LFK� 3ODVPD� )RUPXODWLRQV�
IRU� &DUWLODJH� +HDOLQJ�� $Q� ,Q� 9LWUR�
6WXG\�� -� %RQH� -RLQW� 6XUJ�� ������
0DUFK��������������-���� 
 

',$%(7(6�$1'�&(59,&$/�
/$0,123/$67< 

 
&HUYLFDO� VSRQG\ORWLF� P\HORSDWK\�

�&60�� LV� DQ� LQFUHDVLQJO\� FRPPRQ�
FRQGLWLRQ� LQ� WKH� JHULDWULF� SRSXODWLRQ��
7UHDWPHQW� IRU� WKLV�FRQGLWLRQ� LQFOXGHV�
FHUYLFDO� ODPLQRSODVW\�� $V� GLDEHWHV�
PHOOLWXV� LV� D� IUHTXHQW� FRPRUELGLW\��
WKLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� LPSDFW� RI� GLDEHWHV�
RQ� WKH� RXWFRPH� RI� WKLV� VXUJLFDO�
SURFHGXUH� 
%HWZHHQ� -DQXDU\� RI� ����� DQG�

0DUFK� RI� ������ ���� SDWLHQWV�
XQGHUZHQW� ODPLQRSODVW\� IRU� WKH�
WUHDWPHQW�RI�&60��2I�WKH�����HOLJLEOH�
SDWLHQWV�� ����ZHUH� IROORZHG� IRU� RYHU�
���PRQWKV��DQG�ZHUH�LQFOXGHG�LQ�WKLV�
VWXG\�� $OO� SDWLHQWV� ZHUH� IROORZHG� IRU�
FOLQLFDO� RXWFRPHV�� ZLWK� PHDVXUHV�
LQFOXGLQJ� WKH� -DSDQHVH� 2UWKRSHGLF�
$VVRFLDWLRQ� �-2$�� VFRUH� IRU� FHUYLFDO�
P\HORSDWK\�� DV�ZHOO� DV� UDGLRJUDSKLF�
DQG� IXQFWLRQDO� DVVHVVPHQWV�� 7KHVH�
RXWFRPHV� ZHUH� FRPSDUHG� EHWZHHQ�
WKRVH� ZLWK�� YHUVXV� WKRVH� ZLWKRXW�� D�
GLDJQRVLV� RI� GLDEHWHV� DW� WKH� WLPH� RI�
WKH�VXUJHU\� 
 
0DFKLQR�� 0��� HW� DO�� ,PSDFW� RI�
'LDEHWHV�RQ�WKH�2XWFRPH�RI�&HUYLFDO�
/DPLQRSODVW\��6SLQH����������������
-���� 

 
+20(-%$6('�(;(5&,6(�$)7(5�

+,3�)5$&785( 
 
+LS� IUDFWXUHV� RFFXU� LQ� PRUH� WKDQ�

��������SHRSOH� LQ� WKH�8QLWHG�6WDWHV�
HDFK� \HDU�� 7ZR� \HDUV� DIWHU� WKHVH�
IUDFWXUHV��PRUH�WKDQ�KDOI�RI�PHQ�DQG�
����RI�ZRPHQ�DUH�GHDG�RU� OLYLQJ� LQ�
ORQJ-WHUP� FDUH� IDFLOLWLHV�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
HIILFDF\� RI� D� VL[-PRQWK�� IXQFWLRQDOO\�
RULHQWHG� UHKDELOLWDWLRQ� SURJUDP��

GHVLJQHG� WR� H[WHQG� WKH� EHQHILWV� RI�
WKH�LQLWLDO�KLS�IUDFWXUH�UHKDELOLWDWLRQ� 
7KLV� UDQGRPL]HG�� FOLQLFDO� WULDO�

LQFOXGHG� WZR� SDUDOOHO� JURXSV�� ���
\HDUV�RI�DJH�RU�ROGHU��ZLWK�D�SULPDU\�
GLDJQRVLV�RI�KLS�IUDFWXUH��$OO�SDWLHQWV�
ZHUH� GLVFKDUJHG� IURP� UHKDELOLWDWLRQ�
VHUYLFHV� ZLWKLQ� ��� PRQWKV� RI� WKH�
EDVHOLQH� DVVHVVPHQW�� $Q�
LQWHUYHQWLRQ� JURXS� ZDV� LQVWUXFWHG� WR�
SHUIRUP� D� KRPH� H[HUFLVH� SURJUDP�
WKUHH�WLPHV�SHU�ZHHN�IRU�VL[�PRQWKV��
LQLWLDOO\�WDXJKW�E\�SK\VLFDO�WKHUDSLVWV��
$� FRQWURO� JURXS� UHFHLYHG� GLHWDU\�
QXWULWLRQDO� HGXFDWLRQ� GXULQJ� D� VLQJOH�
KRPH� YLVLW�� IROORZHG� E\� WHOHSKRQH�
FDOOV�DQG�PDLOLQJV��7KH� IUHTXHQF\�RI�
FRQWDFW� ZLWK� GLHWLWLDQV� ZDV� PDWFKHG�
WR� WKDW� RI� WKH� SK\VLFDO� WKHUDSLVWV� LQ�
WKH� WUHDWPHQW� JURXS�� )XQFWLRQ� ZDV�
PHDVXUHG� ZLWK� WKH� 6KRUW� 3K\VLFDO�
3HUIRUPDQFH�%DWWHU\��633%��DQG�WKH�
$FWLYH�0HDVXUH� IRU�3RVW-$FXWH�&DUH�
�$0-3$&�� 
2I� WKH� ���� UDQGRPL]HG� SDWLHQWV��

����ZHUH�IROORZHG�XS�DW�VL[�PRQWKV��
7KH� WUHDWPHQW� JURXS� VKRZHG�
VLJQLILFDQW� LPSURYHPHQW� UHODWLYH� WR�
WKH� FRQWURO� JURXS� RQ� WKH� 633%� LQ�
ERWK� WKH� DGMXVWHG� DQG� WKH�
XQDGMXVWHG� DQDO\VHV� �S������� IRU�
ERWK� DQDO\VHV��� 6LJQLILFDQW�
GLIIHUHQFHV� ZHUH� DOVR� QRWHG� DW� VL[�
PRQWKV� LQ� IDYRU� RI� WKH� WUHDWPHQW�
JURXS� RQ� WKH� PHDQ� $0-� 3$&�
PRELOLW\� VFRUHV� �S ������� DQG� PHDQ�
$0-3$&� GDLO\� DFWLYLW\� VFRUHV�
�S ������� 7KH� EHQHILWV� SHUVLVWHG� DW�
QLQH�PRQWK�IROORZ�XS� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW�� DPRQJ� SDWLHQWV�
ZKR� KDG� XQGHUJRQH� D� VWDQGDUG�
UHKDELOLWDWLRQ� SURJUDP� DIWHU� KLS�
IUDFWXUH�� KRPH-EDVHG�� IXQFWLRQDOO\�
RULHQWHG� H[HUFLVH� VLJQLILFDQWO\�
LPSURYHG�SK\VLFDO�IXQFWLRQ�DW�VL[�DQG�
QLQH�PRQWKV�DIWHU�LQLWLDWLRQ� 
 
/DWKDP��1���HW�DO��(IIHFW�RI�D�+RPH-�
%DVHG� ([HUFLVH� 3URJUDP� RQ�
)XQFWLRQDO� 5HFRYHU\� IROORZLQJ�
5HKDELOLWDWLRQ� DIWHU� +LS� )UDFWXUH�� $�
5DQGRPL]HG� &OLQLFDO� 7ULDO�� -$0$��
������)HEUXDU\�������������-���� 
 

9ROXPH����1XPEHU�� 0DUFK�������� 
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PLQXWHV� WR� ���� PLQXWHV� UHGXFHG� WKH�
ULVN�RI�EDFN�SDLQ�ULVN�E\����� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�DQ�HOHYDWHG�ERG\�PDVV�LQGH[�LV�D�
ULVN� IDFWRU�IRU� ORZ�EDFN�SDLQ��DQG�WKDW�
LQFUHDVHV�LQ�WKH�WRWDO�DPRXQW�DQG�WLPH�
SHU�ERXW�RI�PRGHUDWH�SK\VLFDO�DFWLYLW\�
GHFUHDVHV�WKLV�ULVN� 
 
6PXFN�� 0��� HW� DO�� 'RHV� 3K\VLFDO�
$FWLYLW\� ,QIOXHQFH� 5HODWLRQVKLS�
EHWZHHQ�/RZ�%DFN�3DLQ�DQG�2EHVLW\��
6SLQH�-��������)HEUXDU\������������-
���� 
 
3/$7(/(7�5,&+�3/$60$�)25�
3$7(//$5�7(1',123$7+< 

 
3DWHOODU� WHQGLQRSDWK\� �37�� LV� D�

GHJHQHUDWLYH� GLVHDVH� RI� WKH� SDWHOOD�
WHQGRQ�� UHVXOWLQJ� LQ� DQWHULRU� NQHH�
SDLQ�� $PRQJ� WKH� QHZHU� WKHUDSLHV�
LQWURGXFHG�WR�DGGUHVV�37��SODWHOHW�ULFK�
SODVPD��353��KDV�EHHQ�VXJJHVWHG�DV�
D� SRWHQWLDO� LQWHUYHQWLRQ�� 7KLV� VWXG\�
LQYHVWLJDWHG�ZKHWKHU� WKH�FRPELQDWLRQ�
RI� WKH� HFFHQWULF� H[HUFLVH� DQG� 353�
PD\� EH� HIIHFWLYH� IRU� WKH� WUHDWPHQW� RI�
37� 
7KLV� GRXEOH-EOLQG�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� SDWLHQWV�
ZLWK� 37� ZKR� KDG� IDLOHG� FRQVHUYDWLYH�
WUHDWPHQW�� 7KH� VXEMHFWV� XQGHUZHQW�
HLWKHU� D� VLQJOH� LQMHFWLRQ� RI� 353� RU� D�
SODFHER�GU\�QHHGOLQJ� �'1�� WHFKQLTXH��
7KHVH�WUHDWPHQWV�ZHUH�FRPELQHG�ZLWK�
D�VWDQGDUGL]HG��ILYH-SKDVH�SURJUDP�RI�
HFFHQWULF� H[HUFLVH�� )RU� WKH� SULPDU\�
RXWFRPH� PHDVXUH�� SDWLHQWV� ZHUH�
DVVHVVHG� DW� EDVHOLQH� DQG� DW� WKUHH��
VL[��QLQH�����DQG�!���ZHHNV�ZLWK� WKH�
9LFWRULDQ� ,QVWLWXWH� RI� 6SRUW�
$VVHVVPHQW� �9,6$�� VFRUH� IRU� SDWHOOD�
WHQGLQRSDWK\�� 6HFRQGDU\� RXWFRPH�
PHDVXUHV� LQFOXGHG� WKH� 7HJQHU�
$FWLYLW\� 6FDOH�� WKH� /\VKROP� .QHH�
6FDOH� DQG� WKH� 6KRUW� )RUP� �6)-����
4XHVWLRQQDLUH� 
$� WRWDO� RI� ��� SDWLHQWV� ZHUH�

UDQGRPL]HG� WR� WKH�'1�JURXS�DQG� WHQ�
WR� WKH� 353� JURXS�� $W� ��� ZHHNV�� WKH�
353�JURXS�GHPRQVWUDWHG�VLJQLILFDQWO\�
PRUH� LPSURYHPHQW�� DV� PHDVXUHG� E\�
WKH� 9,6$�� WKDQ� GLG� WKH� '1� JURXS�
�S ������� +RZHYHU�� WKH� � VLJQLILFDQFH�
RI� WKDW� GLIIHUHQFH� KDG� GLVVLSDWHG� E\�
ZHHN� ��� �S ������� 0HDVXUHPHQW� RI�
DFWLYLW\�XVLQJ�7HJQHU�VFRUHV� UHYHDOHG�
QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�
JURXSV�DW����ZHHNV��0HDVXUHPHQW�RI�
IXQFWLRQ� DQG� VWDELOLW\� XVLQJ� /\VRKROP�
VFRUHV� GHPRQVWUDWHG� EHWWHU� IXQFWLRQ�
DW� ��� ZHHNV� LQ� WKH� '1� JURXS�
�S �������� 1R� VLJQLILFDQW� GLIIHUHQFHV�
ZHUH� QRWHG� EHWZHHQ� WKH� JURXSV� LQ�
PHDVXUHV�RI�SDLQ� �9$6��RU�RI�KHDOWK-�
UHODWHG�TXDOLW\�RI�OLIH��6)-���� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� SDWHOOD� WHQGLQRSDWK\�
GHPRQVWUDWHV� WKDW� FRPELQLQJ�
HFFHQWULF� H[HUFLVH� DQG� SODWHOHW� ULFK�
SODVPD� LQMHFWLRQ� DFFHOHUDWHV� WKH�
UHFRYHU\� IURP� SDWHOOD� WHQGLQRSDWK\�
UHODWLYH� WR� H[HUFLVH� DORQH�� +RZHYHU��
WLPH� 
 
'UDJRR��-���HW�DO��3ODWHOHW�5LFK�3ODVPD�
DV� D� 7UHDWPHQW� IRU� 3DWHOODU�
7HQGLQRSDWK\�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� $P� -�
6SRUWV�0HG��������0DUFK���������- 
���� 
 
3/$7(/(7�5,&+�3/$60$�9(5686�
:+2/(�%/22'�)25�&+521,&�

7(11,6�(/%2: 
 

/DWHUDO�HOERZ�HSLFRQG\OH� WHQGLQRVLV�
�WHQQLV�HOERZ��LV�D�FRPPRQ�FRQGLWLRQ��
RFFXUULQJ� DW� WKH� FRPPRQ� H[WHQVRU�
WHQGRQ�� 1HZHU� WUHDWPHQW� RSWLRQV�
KDYH� LQFOXGHG� SODWHOHW� ULFK� SODVPD�
�353��� DXWRORJRXV� EORRG��
SURORWKHUDS\� DQG� H[WUDFRUSRUHDO�
VKRFNZDYH� WKHUDS\�� %RWK� 353� DQG�
DXWRORJRXV� EORRG� FRQWDLQ� SODWHOHWV�
ZLWK�VWURQJ�JURZWK� IDFWRUV�ZKLFK�PD\�
KHOS�WKH�KHDOLQJ�SURFHVV�IURP�FKURQLF�
LQMXULHV�� *LYHQ� WKH� KLJK� FRVW� RI�
DXWRORJRXV� 353� WKHUDS\�� WKLV� VWXG\�
FRPSDUHG�WKH�HIILFDF\�RI�ZKROH�EORRG�
LQMHFWLRQV�ZLWK�WKDW�RI�353� 
3DWLHQWV� GLDJQRVHG� ZLWK� FKURQLF�

ODWHUDO�HSLFRQG\OLWLV�ZLWK�D�GXUDWLRQ�RI�
PRUH� WKDQ� WKUHH� PRQWKV� DQG� D� SDLQ�
VHYHULW\� RI� DW� OHDVW� ILYH�RQ�D���-SRLQW�
VFDOH� ZHUH� LQFOXGHG� LQ� WKH� VDPSOH��
7KRVH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH���P/�RI�DXWRORJRXV�353� LQWR�
D� PD[LPDO� WHQGHUQHVV� SRLQW� DW� WKH�
HOERZ�XQGHU�DVHSWLF� WHFKQLTXHV�� RU� ��
P/� RI� DXWRORJRXV� SHULSKHUDO� ZKROH�
EORRG�XVLQJ�WKH�VDPH�WHFKQLTXH��3DLQ�
VHYHULW\� ZDV� DVVHVVHG� EHIRUH�
LQMHFWLRQ� DQG� DW� IRXU� ZHHNV�� HLJKW�
ZHHNV�� DQG� VL[� DQG� ���PRQWKV� SRVW-�
LQMHFWLRQ�� $GGLWLRQDO� RXWFRPH�
PHDVXUHV�LQFOXGHG�WKH�0RGLILHG�0D\R�
&OLQLF� 3HUIRUPDQFH� ,QGH[� DQG� WKH�
3UHVVXUH�3DLQ�7KUHVKROG��337�� 
6L[W\-RQH� SDWLHQWV� FRPSOHWHG� WKLV�

VWXG\�� 7KH� PHDQ� SDLQ� VFRUH�
GHFUHDVHG� VLJQLILFDQWO\� LQ� ERWK�
WUHDWPHQW� JURXSV� DW� HDFK� IROORZ-XS�
HYDOXDWLRQ� �S���������0D\R� DQG�337�
VFRUHV� VLJQLILFDQWO\� LPSURYHG� LQ� ERWK�
WUHDWPHQW� JURXSV� DW� ��� PRQWKV�
�S������� DQG� S�������� UHVSHFWLYHO\���
1R� VLJQLILFDQW�GLIIHUHQFHV�ZHUH�QRWHG�
EHWZHHQ� WKH� JURXSV� LQ� SDLQ� VFRUHV�
DQG� IXQFWLRQ� VFRUHV� DW� DQ\� IROORZ-XS�
H[DPLQDWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� ODWHUDO�
HSLFRQG\OLWLV� IRXQG� WKDW� ERWK� SODWHOHW�

3+<6,&$/�$&7,9,7<��/2:�%$&.�
3$,1��$1'�2%(6,7< 

 
&RPELQHG�� REHVLW\� DQG� EDFN� SDLQ�

DUH�WKRXJKW�WR�EH�DVVRFLDWHG�ZLWK�����
RI� 8QLWHG� 6WDWHV� KHDOWKFDUH�
H[SHQGLWXUHV�� :KLOH� VWXGLHV� RI� EDFN�
SDLQ�RIWHQ�OLVW�REHVLW\�DV�D�FRQIRXQGLQJ�
IDFWRU�� UHVHDUFK� KDV� IDLOHG� WR�
FRQVLVWHQWO\� HVWDEOLVK� WKLV� DVVRFLDWLRQ��
7KLV� VWXG\� H[DPLQHG� WKH�
LQWHUUHODWLRQVKLSV� DPRQJ� SK\VLFDO�
DFWLYLW\�� REHVLW\� DQG� ORZ� EDFN� SDLQ�
�/%3�� 
'DWD� ZHUH� REWDLQHG� IURP� WKH� ����-

����� VXUYH\� RI� WKH� 1DWLRQDO� +HDOWK�
DQG� 1XWULWLRQ� ([DPLQDWLRQ� 6XUYH\�
�1+$1(6���)URP�WKHVH�GDWD��/%3�ZDV�
GHWHUPLQHG� E\� D� TXHVWLRQQDLUH�� %RG\�
PDVV� LQGH[� �%0,�� ZDV� FDOFXODWHG�
GXULQJ� WKH� SK\VLFDO� H[DPLQDWLRQ� DQG�
GLYLGHG�LQWR�IRXU�JURXSV��QRUPDO�ZHLJKW�
�%0,���NJ�� P���� RYHUZHLJKW� �%0,� ��-�
��NJ�P���� REHVH� �%0,� ��-��NJ�P����
DQG�PRUELGO\�REHVH��%0,���NJ�P��DQG�
DERYH���3K\VLFDO�DFWLYLW\�ZDV�UHYLHZHG�
DQG� FKDUDFWHUL]HG� E\� LQWHQVLW\��
IUHTXHQF\�DQG�GXUDWLRQ� 
7KH� ULVNV� RI� /%3� ZHUH� ����� IRU�

QRUPDO� ZHLJKW�� ����� IRU� RYHUZHLJKW��
����� IRU� REHVH� DQG� ������ IRU�
PRUELGO\� REHVH� VXEMHFWV�� 7REDFFR�
DEXVH� ZDV� WKH� VWURQJHVW� SUHGLFWRU� RI�
/%3� DFURVV� WKH� %0,� VSHFWUXP�� 7KH�
EHVW�SK\VLFDO�DFWLYLW\�SUHGLFWRUV�RI�/%3�
ZHUH�IRXQG�LQ�WKH�PRGHUDWH-�DQG�KLJK-
LQWHQVLW\� UDQJHV� ZLWK� VPDOO� SUHGLFWLYH�
HIIHFWV�� )RU� WKH� DYHUDJH� RYHUZHLJKW�
$PHULFDQ�� D� PRGHVW� LQFUHDVH� LQ�
PRGHUDWH� DFWLYLW\� WLPH� ������ PLQXWHV�
HDFK� GD\�� UHGXFHG� WKH� /%3� ULVN� E\�
�����)RU� WKH�DYHUDJH�PRUELGO\�REHVH�
$PHULFDQ�� DQ� LQFUHDVH� LQ� PRGHUDWH�
DFWLYLW\�DYHUDJH�ERXW�GXUDWLRQ�IURP�����



 

3DJH�� 0DUFK�������� 9ROXPH����1XPEHU��  

ULFK� SODVPD� DQG� DXWRORJRXV� ZKROH�
EORRG� LQMHFWLRQV� DUH� HIIHFWLYH�
WUHDWPHQWV��ERWK�IRU�UHGXFLQJ�SDLQ�DQG�
LQFUHDVLQJ�IXQFWLRQ� 
 
5DHLVVDGDW�� 6��� HW� DO�� ,V� 3ODWHOHW� 5LFK�
3ODVPD� 6XSHULRU� WR� :KROH� %ORRG� LQ�
WKH� 0DQDJHPHQW� RI� &KURQLF� 7HQQLV�
(OERZ�� 2QH-<HDU�� 5DQGRPL]HG�
&OLQLFDO� 7ULDO�� %0&� 6SRUWV� 6FL�� 0HG�
5HKDE�������������� 
 
 

5(7851�72�3,7&+,1*�$)7(5�
7200<�-2+1�685*(5<�,1�
0$-25�/($*8(�3,7&+(56 

 
7KH�PHGLDO� XOQDU� FROODWHUDO� OLJDPHQW�

�8&/��RI�WKH�HOERZ�SURYLGHV�VWDELOLW\�WR�
YDOJXV� VWUHVV� GXULQJ� WKURZLQJ� VSRUWV��
7KH� RXWFRPH� RI� 8&/� UHFRQVWUXFWLRQ�
VXUJHU\�� RIWHQ� UHIHUUHG� WR� DV� WKH�
7RPP\� -RKQ� VXUJHU\�� KDV� HQMR\HG�
LQFUHDVHG� XVH� RYHU� WKH� \HDUV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
UDWH�RI�UHWXUQ�WR�SLWFKLQJ�DQG�WR�FODULI\�
WKH� SHUIRUPDQFH� RI� WKRVH� SLWFKHUV�
DIWHU�WKLV�UHFRQVWUXFWLYH�SURFHGXUH� 
0DMRU� /HDJXH� %DVHEDOO� �0/%��

SLWFKHUV�ZLWK�V\PSWRPDWLF�8&/� LQMXU\��
ZKR� XQGHUZHQW� UHFRQVWUXFWLRQ� ZHUH�
LQFOXGHG� LQ� WKH� VWXG\�� 'DWD� ZHUH�
REWDLQHG� IURP� WKH� 0/%� GDWDEDVH�� $�
SOD\HU� ZDV� GHHPHG� WR� KDYH� UHWXUQHG�
WR� SLWFKLQJ� LI� KH� SLWFKHG� LQ� DQ\� 0/%�
JDPH�DIWHU�WKH�VXUJHU\��&RQWUROV�ZHUH�
PDWFKHG� E\� DJH�� ERG\� PDVV� LQGH[��
SRVLWLRQ�� KDQGHGQHVV�� DQG� 0/%�
H[SHULHQFH�DQG�SHUIRUPDQFH� 
$� WRWDO� RI� ���� SLWFKHUV� ZLWK� 8&/�

WHDUV� ZKR� XQGHUZHQW� UHFRQVWUXFWLRQ�
ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��2I�WKHVH�
����ZHUH�DEOH� WR� UHWXUQ� WR�SOD\� LQ� WKH�
PDMRU�OHDJXHV�DQG�����LQ�WKH�PDMRU�RU�
PLQRU�OHDJXHV�FRPELQHG��7KH�SLWFKHUV�
UHWXUQHG�DW�D�PHDQ�RI����PRQWKV�DIWHU�
UHFRQVWUXFWLRQ�� $IWHU� VXUJHU\�� SLWFKHUV�
KDG�VLJQLILFDQWO\�IHZHU� LQQLQJV�SLWFKHG�
SHU� VHDVRQ� DQG� KDG� ERWK� IHZHU� ZLQV�
DQG� ORVVHV� SHU� VHDVRQ� DV� FRPSDUHG�
WR� EHIRUH� VXUJHU\�� 3LWFKHUV� ZKR� KDG�
XQGHUJRQH� WKH� VXUJHU\� KDG� ORZHU�
HDUQHG-UXQ� DYHUDJHV� DQG� ZDONV� SOXV�
KLWV�SHU� LQQLQJ��KDG�VLJQLILFDQWO\� ORZHU�
ORVLQJ�SHUFHQWDJHV�DQG�JDYH�XS�IHZHU�
KLWV� SHU� LQQLQJ� DV� FRPSDUHG� ZLWK�
FRQWUROV��7ZR�\HDUV�DIWHU�VXUJHU\�WKHUH�
ZHUH� QR� VLJQLILFDQW� GLIIHUHQFHV�
EHWZHHQ�FDVHV�DQG�FRQWUROV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� 0DMRU�

/HDJXH� %DVHEDOO� SLWFKHUV� ZLWK� XOQDU�
FROODWHUDO OLJDPHQW LQMXU\�
UHFRQVWUXFWLRQ� IRXQG� WKDW� WKH�PDMRULW\�
UHWXUQ� WR� PDMRU-OHDJXH� EDVHEDOO�� DQG�
ZHUH� VXFFHVVIXO� DV� PHDVXUHG� E\�
PXOWLSOH�SHUIRUPDQFH�YDULDEOHV� 
 
(ULFV.RQ�� %� HW� DO�� 5DWH� RI� 5HWXUQ� WR�
3LWFKLQJ� DQG� 3HUIRUPDQFH� DIWHU�

7RPP\�-RKQ�6XUJHU\�LQ�0DMRU�/HDJXH�
%DVHEDOO� 3LWFKHUV��$P� -� 6SRUWV� 0HG�
������0DUFK������������–����� 
 

5(9,(:�2)�23,2,'�
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&XUUHQWO\�� �� WR�����RI� SDWLHQWV�ZLWK�

FKURQLF� QRQ-FDQFHU� SDLQ� UHFHLYHG�
RSLRLGV�� *LYHQ� WKH� FXUUHQW� UDWHV� RI�
RSLRLG� RYHUGRVH�� D� QXPEHU� RI�
RUJDQL]DWLRQV�KDYH�FUHDWHG�JXLGHOLQHV�
IRU� RSLRLG� SUHVFULELQJ�� 7KLV� UHYLHZ�
SDSHU�ZDV�GHVLJQHG�WR�VXPPDUL]H�WKH�
FXUUHQW�JXLGHOLQHV� IRU� WKH� WUHDWPHQW�RI�
FKURQLF�SDLQ 
6HYHUDO� PHGLFDO� GDWDEDVHV� ZHUH�

VHDUFKHG� IRU� JXLGHOLQHV� DGGUHVVLQJ�
WKH�XVH�RI� RSLRLGV� LQ� WKH� WUHDWPHQW�RI�
FKURQLF� SDLQ� SXEOLVKHG� EHWZHHQ� �����
������ 7KH� FRQWHQW� RI� WKH� JXLGHOLQHV�
PHHWLQJ� VHOHFWLRQ� FULWHULD� ZHUH�
UHYLHZHG�DQG�DSSUDLVHG� 
7KLUWHHQ�JXLGHOLQHV�PHW�WKH�VHOHFWLRQ�

FULWHULD�DQG�ZHUH�VFUHHQHG�IRU�TXDOLW\��
7HQ� UHFHLYHG� SRRU� WR� IDLU� VFRUHV� DQG�
WZR�UHFHLYHG�KLJK�VFRUHV�DFFRUGLQJ�WR�
VWDQGDUGL]HG� DVVHVVPHQW� WRROV�� 0RVW�
JXLGHOLQHV� ZHUH� EDVHG� RQ�
REVHUYDWLRQDO� GDWD� RU� H[SHUW�
FRQVHQVXV��,Q�GHVFULELQJ�WKH�JXLGHOLQH�
FRQWHQW�� WKH� DXWKRUV� QRWH� WKDW� WKH�
PDMRULW\�RI�JXLGHOLQHV�UHFRPPHQG�WKDW�
SK\VLFLDQV� DYRLG� SUHVFULELQJ� JUHDWHU�
WKDQ���-����PRUSKLQH�HTXLYDOHQWV�SHU�
GD\��UHGXFH�GRVHV�E\����WR�����ZKHQ�
URWDWLQJ� RSLRLGV�� DFTXLUH� DGGLWLRQDO�
NQRZOHGJH� EHIRUH� SUHVFULELQJ�
PHWKDGRQH��DQG�UHFRJQL]H�WKH�ULVNV�RI�
IHQWDQ\O� SDWFKHV�� 0RVW� JXLGHOLQHV�
UHFRPPHQG� WKH� XVH� RI� RSLRLG� ULVN�
DVVHVVPHQW� WRROV�� ZULWWHQ� WUHDWPHQW�
DJUHHPHQWV��DQG�XULQH�GUXJ�VFUHHQ� 
&RQFOXVLRQ�� 7KLV� UHYLHZ� RI�

FXUUHQW� JXLGHOLQHV� IRU� FKURQLF� SDLQ�
IRXQG� DJUHHPHQW� RQ� XSSHU� GRVLQJ�
WKUHVKROGV�� FDXWLRQV� ZLWK� FHUWDLQ�
PHGLFDWLRQV� DQG� WKH� XVH� RI� ULVN�
DVVHVVPHQW� WRROV�� WUHDWPHQW�
DJUHHPHQWV�DQG�XULQH�WHVWLQJ� 
 
1XFNROV��7�HW�DO��2SLRLG�3UHVFULELQJ��$�
6\VWHPDWLF� 5HYLHZ� DQG� &ULWLFDO�
$SSUDLVDO� RI� *XLGHOLQHV� IRU� &KURQLF�
3DLQ��$QQ� ,QWHUQ�0HG�� �������-DQXDU\�
������–���� 

 
62&&(5�%2276�$1'�3/$17$5�
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)RRW�DQG�DQNOH� LQMXULHV�DUH�FRPPRQ�

DPRQJ� VRFFHU� SOD\HUV�� ZLWK� IRRWZHDU�
DQG�SOD\LQJ�VXUIDFH�WKRXJKW� WR� LPSDFW�
WKHVH� LQMXULHV�� 7KLV� VWXG\� DVVHVVHG�
SODQWDU� SUHVVXUHV� LQ� HOLWH� VRFFHU�
SOD\HUV�� FRPSDULQJ� GLIIHUHQFHV� LQ�
WKHVH� SUHVVXUHV� LQ� VRFFHU� ERRWV�
YHUVXV�UXQQLQJ�VKRHV� 

6HYHQWHHQ�� HOLWH�� *HUPDQ�� PDOH�
VRFFHU� SOD\HUV� ZHUH� HTXLSSHG� ZLWK�
VHQVRU� ORDGHG� LQVROHV� GHVLJQHG� WR�
PHDVXUH�SUHVVXUH�DQG�IRUFH��,Q�D�ILUVW�
WULDO�� DOO� SOD\HUV� UDQ� DW� ���� P�V� LQ� D�
VWUDLJKW� OLQH� LQ� UXQQLQJ� VKRHV�� ,Q� D�
VHFRQG� WULDO�� WKH� SOD\HUV� UDQ� ZLWK�
VRFFHU�ERRWV�HTXLSSHG�ZLWK�D���-VWXG�
SURILOH�� 7KH� SUHIHUUHG� DQG�
QRQSUHIHUUHG� IHHW� ZHUH� LGHQWLILHG� IRU�
HDFK�SOD\HU��&KDQJHV� LQ�SHDN�SODQWDU�
SUHVVXUH� EHWZHHQ� VRFFHU� ERRWV� DQG�
UXQQLQJ� VKRHV� ZHUH� FRPSDUHG� IRU�
QLQH�� SUHGHILQHG� IRRW� ORFDWLRQV� IRU�
HDFK�IRRW� 
7KH�VXEMHFWV�KDG�DQ�DYHUDJH�DJH�RI�

���\HDUV�DQG�D�PHDQ�ZHLJKW�RI����NJ��
6LJQLILFDQWO\� LQFUHDVHG� SODQWDU�
SUHVVXUHV�ZHUH�QRWHG�ZLWK� WKH�XVH�RI�
VRFFHU� ERRWV�� DV� FRPSDUHG� WR� WKH�
UXQQLQJ� VKRHV� DW� WKH� ODWHUDO� PLGIRRW��
ILUVW� PHWDWDUVDO� KHDG�� IRXUWK� DQG� ILIWK�
PHWDWDUVDO� KHDGV� DQG� JUHDW� WRH�� IRU�
ERWK� WKH� SUHIHUUHG� DQG� QRQSUHIHUUHG�
IRRW�� 7KH� JUHDWHVW� GLIIHUHQFHV� ZHUH�
QRWHG�DW� WKH� ODWHUDO�PLGIRRW�DQG�JUHDW�
WRH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOLWH�

VRFFHU� SOD\HUV� IRXQG� WKDW�� FRPSDUHG�
ZLWK� UXQQLQJ�VKRHV�� UXQQLQJ� LQ�VRFFHU�
ERRWV� UHVXOWV� LQ� VLJQLILFDQW� ORDGLQJ��
SDUWLFXODUO\�DW�WKH�ODWHUDO�PLGIRRW� 
 
+DQGV� –� 'LHWHU�� &��� HW� DO�� 6RFFHU�
%RRWV� (OHYDWH� 3ODQWDU� 3UHVVXUHV� LQ�
(OLWH�0DOH�6RFFHU�3URIHVVLRQDOV��&OLQ�-�
6SRUWV�0HG��������-DQXDU\����������
-��� 
 
7(67267(521(�/(9(/6�,1�0(1�
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5LVN� IDFWRUV� IRU� UKHXPDWRLG� DUWKULWLV�

�5$�� LQFOXGH� JHQHWLF�� HQYLURQPHQWDO�
DQG� KRUPRQDO� IDFWRUV�� ,Q� FURVV-
VHFWLRQDO� VWXGLHV�� ORZHU� OHYHOV� RI�
VHUXP� WHVWRVWHURQH� KDYH� EHHQ� IRXQG�
LQ�ERWK�PDOH�DQG� IHPDOH�SDWLHQWV�ZLWK�
5$�� 7KLV� VWXG\� LQYHVWLJDWHG� WKH�
VLJQLILFDQFH� RI� KRUPRQDO�
FRQFHQWUDWLRQV� DPRQJ� PHQ� ZKR�
VXEVHTXHQWO\�GHYHORS�5$� 
7KLV�SRSXODWLRQ-EDVHG��FDVH-�FRQWURO�

VWXG\� VFUHHQHG� ������� PDOHV� ERUQ�
EHWZHHQ������DQG�������DQG 
������� IHPDOHV� ERUQ� EHWZHHQ� �����

DQG� ������ $� KHDOWK� VXUYH\� ZDV�
GHVLJQHG� WR�VFUHHQ� ODUJH�VWUDWD�RI� WKH�
DGXOW� SRSXODWLRQ� WR� LGHQWLI\� LQGLYLGXDOV�
IRU�SUHYHQWLYH�LQWHUYHQWLRQ��$OO�VXEMHFWV�
XQGHUZHQW� SK\VLFDO� H[DPLQDWLRQ��
LQFOXGLQJ� ODERUDWRU\� WHVWV� DQG� VHOI-
DGPLQLVWHUHG� TXHVWLRQQDLUHV� IRFXVLQJ�
RQ� KHDOWK� DQG� OLIHVW\OH� IDFWRUV�� )URP�
ODERUDWRU\� WHVWV�� VHUXP� WRWDO� IUHH�
WHVWRVWHURQH�� VH[� KRUPRQH� ELQGLQJ�
JOREXOLQ� �6+%*��� OXWHLQL]LQJ� KRUPRQH�
�/+�� DQG� IROOLFOH� VWLPXODWLQJ� KRUPRQH�



3DJH�� 0DUFK�������� 9ROXPH����1XPEHU�� 

 

�)6+��FRQFHQWUDWLRQV�ZHUH�TXDQWLILHG��
$OO�PHGLFDO� UHFRUGV�ZHUH� UHYLHZHG� WR�
GHWHUPLQH� LQGLYLGXDOV�ZKR�GHYHORSHG�
5$�� 7ZR� PDWFKHG� FRQWUROV� ZHUH�
IRXQG�IRU�HDFK�YDOLGDWHG�FDVH� 
)URP�WKH�FRKRUW������FDVHV�ZLWK�5$�

ZHUH� LGHQWLILHG�� $IWHU� DGMXVWPHQWV� IRU�
FRQIRXQGLQJ�IDFWRUV�RI�WREDFFR�DEXVH�
DQG� ERG\� PDVV� LQGH[�� ORZ�
WHVWRVWHURQH� OHYHOV�ZHUH� IRXQG� WR� EH�
ZHDNO\� DVVRFLDWHG� ZLWK� WKH�
GHYHORSPHQW� RI� UKHXPDWRLG� IDFWRU-�
QHJDWLYH�5$��RGGV� UDWLR��������ZLWK�D�
ZHDNHU� DVVRFLDWLRQ� ZLWK� UKHXPDWRLG�
IDFWRU-SRVLWLYH� 5$�� 7KRVH� ZKR�
GHYHORSHG� 5$� KDG� ORZHU� PHDQ�
FRQFHQWUDWLRQV� RI� DOO� PHDVXUHG�
KRUPRQHV� H[FHSW� 6+%*�� DV�
FRPSDUHG�ZLWK�FRQWUROV��6HUXP�OHYHOV�
RI� )6+� ZHUH� SRVLWLYHO\� DVVRFLDWHG�
ZLWK� WKH� GHYHORSPHQW� RI� UKHXPDWRLG�
IDFWRU-QHJDWLYH� 5$�� DQG� QHJDWLYHO\�
DVVRFLDWHG� ZLWK� WKH� GHYHORSPHQW� RI�
UKHXPDWRLG�IDFWRU-SRVLWLYH�5$�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� ORZ� OHYHOV� RI�
WHVWRVWHURQH� DUH� DVVRFLDWHG� ZLWK� WKH�
VXEVHTXHQW� GHYHORSPHQW� RI�
UKHXPDWRLG�IDFWRU-QHJDWLYH�5$� 
 
3LNZHU�� 0��� HW� DO�� $VVRFLDWLRQ�
EHWZHHQ� 7HVWRVWHURQH� /HYHOV� DQG�
5LVN�RI�)XWXUH�5KHXPDWRLG�$UWKULWLV�LQ�
0HQ�� $� 3RSXODWLRQ-%DVHG�� &DVH-�
&RQWURO�6WXG\��$QQ� 5KHXP� 'LVHDVH��
������0DUFK��������������-���� 
 
 
75$16&5,37,21�)$&725�'(&2<�
$<;��35(9(176�$&87(�$1'�

&+521,&�3$,1 
 
$V� (DUO\� *URZWK� 5HVSRQVH� ��

�(5*��� LV� D� WUDQVFULSWLRQ� IDFWRU�
HVVHQWLDO� IRU� WKH� HDUO\� UHVSRQVH� WR�
QR[LRXV� LQMXU\�� LW� LV� WKRXJKW� WKDW� LWV�
LPPHGLDWH� DFWLYDWLRQ� DIWHU� LQMXU\�
WULJJHUV� WKH� GHOD\HG�� ORQJ-WHUP�
WUDQVFULSWLRQ�DQG�QHXURQDO�H[FLWDELOLW\�
FKDQJHV� QHFHVVDU\� IRU� WKH�
GHYHORSPHQW� RI� FKURQLF� SDLQ� DQG�
PHFKDQLFDO� K\SHUVHQVLWLYLW\�� $� '1$�
GHFR\�� $<;��� ZLWK� KLJK� DIILQLW\� DQG�
VSHFLILFLW\� IRU� (*5��� ZDV� GHYHORSHG�
WR� EORFN� (5*�� IXQFWLRQ�� 7KLV� VWXG\�
H[DPLQHG�WKH�HIIHFW�RI�WKH�LQWUDWKHFDO�
DGPLQLVWUDWLRQ�RI�WKLV�PROHFXOH�RQ�WKH�
GHYHORSPHQW�RI�SRVWRSHUDWLYH�SDLQ� 
7KLV� SODFHER� FRQWUROOHG�� DQLPDO�

LQFLVLRQDO� NQHH� SDLQ� PRGHO� XVHG� WKH�
YHKLFOH� RQO\�� RU� $<;��� LQMHFWHG� YLD� D�
VLQJOH� LQWUDWKHFDO� EROXV�� RQH� KRXU�
EHIRUH� VXUJHU\� IRU� WKH� LQFLVLRQDO� DQG�
NQHH� VXUJHU\� PRGHOV�� RQFH� DW� WKH�
WLPH� RI� VXUJHU\� IRU� WKH� FKURQLF�
QHXURSDWKLF� �61,�� PRGHO� DQG� DW� í���
KRXUV�� í�� KRXU�� ���� KRXUV�� DQG� ����
KRXUV� UHODWLYH� WR� LQMXU\� IRU� WKH�

LQIODPPDWRU\� �&)$�� PRGHO�� 7KH�
DQLPDOV� ZHUH� WHVWHG� IRU� PHFKDQLFDO�
K\SHUVHQVLWLYLW\� DQG� IXQFWLRQDO�
UHFRYHU\�DIWHU�VXUJHU\� 
,Q� WKH� PHFKDQLFDO� K\SHUVHQVLWLYLW\�

PRGHO�� WKH� WUHDWPHQW� JURXS� ZDV�
QRWHG� WR� KDYH� VLJQLILFDQWO\� OHVV�
UHVSRQVH� WR� OLJKW� DQG� UREXVW�
PHFKDQLFDO� VWLPXOL�� VXJJHVWLQJ� DQ�
HIIHFW� RQ�DOORG\QLD� DQG� K\SHUDOJHVLD��
,Q� DGGLWLRQ�� JUHDWHU� VSRQWDQHRXV�
DFWLYLW\�ZDV�QRWHG��DV�FRPSDUHG�ZLWK�
WKH�FRQWURO�JURXSV��GHPRQVWUDWLQJ� WKH�
DELOLW\� RI� $<;�� WR� VXSSUHVV� UHGXFHG�
IXQFWLRQ�SRVW-VXUJHU\� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

GHPRQVWUDWHV�WKDW�D�'1$�GHFR\�GUXJ��
DGPLQLVWHUHG� E\� D� VLQJOH� LQWUDWKHFDO�
LQMHFWLRQ�� FDQ� VLJQLILFDQWO\� UHGXFH�
PHFKDQLFDO� DQG� QHXURSDWKLF� SDLQ�
DIWHU�VXUJHU\� 
 
0DPHW�� -��� HW� DO�� 6LQJOH� ,QWUDWKHFDO�
$GPLQLVWUDWLRQ� RI� WKH� 7UDQVFULSWLRQ�
)DFWRU� 'HFR\� $<;�� 3UHYHQWV� $FXWH�
DQG� &KURQLF� 3DLQ� DIWHU� ,QFLVLRQDO��
,QIODPPDWRU\� RU� 1HXURSDWKLF� ,QMXU\��
3DLQ��������)HEUXDU\�������������- 
���� 
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3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� SHULRSHUDWLYH�
WUDQVIXVLRQV� PD\� LQFUHDVH� WKH�
PRUELGLW\� DQG� PRUWDOLW\� DVVRFLDWHG�
ZLWK� VXUJHU\�� 7KLV� VWXG\� FRPSDUHG�
WKH� HIIHFWV� RI� SHULRSHUDWLYH� DOORJHQLF�
DQG� DXWRORJRXV� WUDQVIXVLRQV� RQ� WKH�
ULVN� RI� UHRSHUDWLRQ� IRU� VXVSHFWHG�
LQIHFWLRQ�DIWHU�SULPDU\�WRWDO�KLS�RU�WRWDO�
NQHH�DUWKURSODVW\� 

7KLV� UHWURVSHFWLYH� VWXG\� UHYLHZHG�
WKH� FDVHV� RI� ������ SDWLHQWV�
XQGHUJRLQJ� SULPDU\� WRWDO� NQHH�
DUWKURSODVW\� RU� WRWDO� KLS� DUWKURSODVW\��
SHUIRUPHG� EHWZHHQ� ����� DQG� ������
2XWFRPHV� ZHUH� FRPSDUHG� EHWZHHQ�
WKRVH�UHFHLYLQJ�QR�WUDQVIXVLRQV��WKRVH�
UHFHLYLQJ� DOORJHQLF� WUDQVIXVLRQV� DQG�
WKRVH� UHFHLYLQJ� DXWRORJRXV�
WUDQVIXVLRQV�� 7KH� JURXSV� ZHUH�
FRPSDUHG� E\� WKH� QXPEHU� RI� UHSHDW�
VXUJHULHV� ZLWKLQ� WKUHH� PRQWKV� IRU�
VXVSHFWHG�DFXWH�MRLQW�VSDFH�RU�H[WUD-�
FDSVXODU�WLVVXH�LQIHFWLRQ� 
2I� WKH� SDWLHQWV� VWXGLHG�� ������

SHULRSHUDWLYH� WUDQVIXVLRQV� ZHUH�
UHFHLYHG�� ZLWK� ���� SDWLHQWV� KDYLQJ�
DOORJHQLF� H[SRVXUH� DQG� ����
DXWRORJRXV-RQO\� H[SRVXUH�� 7KH� UDWH�
RI� UHRSHUDWLRQV� IRU� VXVSHFWHG�
LQIHFWLRQ� ZDV� KLJKHU� DPRQJ� SDWLHQWV�
ZLWK� DOORJHQHLF� H[SRVXUH� �������� DV�
FRPSDUHG�ZLWK�DOO�RWKHUV���������S� �
�������� $XWRORJRXV� WUDQVIXVLRQ� ZDV�

QRW� DVVRFLDWHG� ZLWK� D� KLJKHU�
UHRSHUDWLRQ� UDWH�� $� PXOWLYDULDEOH�
UHJUHVVLRQ�DQDO\VLV� UHYHDOHG� WKDW� WKH�
WRWDO�QXPEHU�RI�XQLWV� WUDQVIXVHG� �S� �
������� DQG� $PHULFDQ� 6RFLHW\� RI�
$QHVWKHVLRORJLVWV� VFRUHV� RI� !�� �S�  �
������� ZHUH� VLJQLILFDQW� SUHGLFWRUV� RI�
UHRSHUDWLRQ� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� XQGHUJRLQJ� WRWDO�
NQHH� RU� WRWDO� KLS� DUWKURSODVW\� IRXQG�
WKDW� WKH� WRWDO� QXPEHU� RI� EORRG� XQLWV�
WUDQVIXVHG� ZDV� D� VLJQLILFDQW� ULVN�
IDFWRU� IRU� UHRSHUDWLRQ� IRU� DFXWH�
LQIHFWLRQ��DOWKRXJK�DOORJHQLF�H[SRVXUH�
LWVHOI�ZDV�QRW�VLJQLILFDQWO\�SUHGLFWLYH� 
 
1HZPDQ�� (�� ,PSDFW� RI� 3HULRSHUDWLYH�
$OORJHQLF� DQG� $XWRORJRXV� %ORRG�
7UDQVIXVLRQ� RQ� $FXWH� :RXQG�
,QIHFWLRQ� IROORZLQJ� 7RWDO� .QHH� DQG�
7RWDO� +LS� $UWKURSODVW\�� -� %RQH� -RLQW�
6XUJ��������)HEUXDU\������������- 
���� 
 
75($70(17�2)�3+$1720�/,0%�
3$,1�:,7+�$8*0(17('�5($/,7< 

 
3KDQWRP� OLPE� SDLQ� LV� H[SHULHQFHG�

E\� XS� WR� ���� RI� DPSXWHHV�� ZLWK�
PXOWLSOH� PHGLFDO� DQG� QRQPHGLFDO�
LQWHUYHQWLRQV�SURSRVHG��9LUWXDO� UHDOLW\�
PLUURU� WKHUDS\� KDV� EHHQ� LQWURGXFHG�
DV� DQ� XSJUDGH� WR� D� SUHYLRXVO\�
LQWURGXFHG�PLUURU� WKHUDS\��7KLV�VWXG\�
LQYHVWLJDWHG�ZKHWKHU�D�KLJKHU�GHJUHH�
RI� UHDOLVP� SURYLGHG� E\� DXJPHQWHG�
UHDOLW\� �$5�� FRXOG� LPSURYH� WKH�
HIILFDF\�RI�WKLV�WKHUDS\� 
$� SDWLHQW� ZLWK� FKURQLF�� SKDQWRP�

OLPE� SDLQ�� ��� \HDUV� LQ� GXUDWLRQ�� ZDV�
VWXGLHG� DIWHU� IDLOLQJ� D� YDULHW\� RI�
WUHDWPHQWV�� )RU� WKLV� SDWLHQW��
P\RHOHFWULF� DFWLYLW\� DW� WKH� UHVLGXDO�
OLPE�ZDV�XVHG�WR�DVVHVV�WKH�LQWHQGHG�
SKDQWRP� OLPE� PRWLRQV�� 8VLQJ� WKLV�
LQSXW�D�YLUWXDO�DUP�ZDV�VXSHULPSRVHG�
RQ�KLV� UHVLGXDO� OLPE��7KH�SDWLHQW�ZDV�
WKHQ� LQVWUXFWHG� WR� SHUIRUP� VSHFLILHG�
PRYHPHQWV�� 7KH� SURWRFRO� ZDV�
DSSOLHG� RQFH� ZHHNO\� IRU� ��� ZHHNV�
DQG� WKHQ� WZLFH� ZHHNO\�� 3DLQ� ZDV�
UHFRUGHG� DW� EDVHOLQH� DQG� WKURXJKRXW�
WKH�WUDLQLQJ�SHULRG� 
$IWHU� IRXU� ZHHNV� RI� WUDLQLQJ�� WKH�

SDWLHQW� UHSRUWHG� HSLVRGHV� RI� ORZHU�
SDLQ�LQWHQVLW\��$W����ZHHNV��HSLVRGHV�
RI� QHDU� DEVHQW� SDLQ� EHJDQ� WR� RFFXU��
GHYHORSLQJ� LQWR� FRPSOHWHO\� SDLQ� IUHH�
HSLVRGHV�� ZKLFK� ZHUH� QHZ� WR� WKH�
SDWLHQW�VLQFH�DPSXWDWLRQ� 
&RQFOXVLRQ��7KLV�FDVH�VWXG\�RI�D�

SDWLHQW� ZLWK� FKURQLF�� SKDQWRP� OLPE�
SDLQ� IRXQG� WKDW� SDLQ� OHYHOV� FDQ� EH�
VLJQLILFDQWO\� UHGXFHG� E\� XVLQJ�
DXJPHQWHG� UHDOLW\� DQG� JDPLQJ��
FRQWUROOHG� E\� P\RHOHFWULF� SDWWHUQ�
UHFRJQLWLRQ� 
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� 
&KURQLF� 3/3� 3DWLHQW�� )URQWLHUV� LQ�
1HXURVFL�� ������ )HEUXDU\�� �� GRL��
���������IQLQV������������ 
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$GUHQHUJLF� DFWLYLW\� LV� DVVRFLDWHG�

ZLWK� ERQH� UHVRUSWLRQ�� 'UXJV� WKDW�
LQKLELW�WKLV�DFWLYLW\�KDYH�EHHQ�IRXQG�WR�
LQFUHDVH�ERQH�DFFUXDO�DQG�UHGXFH�WKH�
ULVN� RI� KLS� IUDFWXUHV�� %\� FRQWUDVW��
FKROLQHUJLF�DFWLYLW\�KDV�EHHQ� IRXQG� WR�
KDYH� D� SRVLWLYH� HIIHFW� RQ� ERQH�
DFFUXDO�� DOWKRXJK� WKH� XWLOLW\� RI� WKLV�
PHFKDQLVP� IRU� DFFHOHUDWLQJ� WKH�
KHDOLQJ� RI� ERQH� KDV� QRW� EHHQ�
H[SORUHG�� $V� FKROLQHUJLF� DFWLYLW\� LV�
VWLPXODWHG� E\� WKH� DGPLQLVWUDWLRQ� RI�
DFHW\OFKROLQHVWHUDVH� LQKLELWRUV�
�$&K(,V��� WKLV�VWXG\�ZDV�GHVLJQHG� WR�
GHWHUPLQH� WKH� HIIHFW� RI� WKHVH�
PHGLFDWLRQV�RQ�KLS�IUDFWXUH�KHDOLQJ� 
7KLV� UHWURVSHFWLYH� VWXG\� UHYLHZHG�

WKH� UHFRUGV� RI� SDWLHQWV� ZLWK�
$O]KHLPHU
V� GLVHDVH� ZKR� KDG�
VXVWDLQHG�D�KLS�IUDFWXUH��VHHQ�RYHU�DQ�
HLJKW-\HDU� SHULRG�� $OO� VXEMHFWV� ZHUH�
IHPDOH�EHWZHHQ�WKH�DJHV�RI����DQG����
\HDUV�DW� WKH�GDWH�RI� WKH� IUDFWXUH��ZLWK�
VPRNHUV� DQG� WKRVH� ZLWK� GLVHDVHV�
DIIHFWLQJ�ERQH�PHWDEROLVP�H[FOXGHG�� 
$OO SDUWLFLSDQWV XQGHUZHQW�

SRVWVXUJLFDO� SODLQ� SHOYLF� UDGLRJUDSKV�
DW�ILYH�ZHHNV�DIWHU�WKH�SURFHGXUH��ZLWK�
UDGLRJUDSKV� H[DPLQHG� E\�
PXVFXORVNHOHWDO�UDGLRORJLVWV�KHOG�EOLQG�
WR� WKH� SDWLHQW
V� WUHDWPHQW� JURXS�� 7KH�
SURJUHVV� RI� WKH� IUDFWXUH� ZDV�
FRPSDUHG� EHWZHHQ� WKRVH� ZKR� ZHUH�
UHFHLYLQJ�$&K(,V�DQG�WKRVH�ZKR�ZHUH�
QRW� 
3DWLHQWV� UHFHLYLQJ� DFHW\O-�

FKROLQHVWHUDVH� LQKLELWRUV� KDG� EHWWHU�
UDGLRJUDSKLFDOO\� GHPRQVWUDWHG� XQLRQ�
DW� WKH�IUDFWXUH�VLWH�>UHODWLYH�UDWH��55���
���@��EHWWHU�ERQH�TXDOLW\��55��������DQG�
IHZHU�KHDOLQJ�FRPSOLFDWLRQV� �55�������
WKDQ�GLG�WKRVH�ZKR�ZHUH�QRW�UHFHLYLQJ�
WKLV�PHGLFDWLRQ�� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI� IHPDOH�

SDWLHQWV�ZLWK�$O]KHLPHU
V�GLVHDVH�DQG�
KLS� IUDFWXUH� IRXQG� WKDW� WKH� XVH� RI�
DFHW\OFKROLQHVWHUDVH� LQKLELWRUV� DW� WKH�
WLPH� RI� VXUJHU\� PD\� SURGXFH� EHWWHU�
IUDFWXUH� KHDOLQJ� DQG� PLQLPL]H�
FRPSOLFDWLRQV� 
 
(LPDU�� +��� HW� DO�� $FHW\OFKROLQHVWHUDVH�
,QKLELWRUV� DQG� +HDOLQJ� RI� +LS�
)UDFWXUHV� LQ� $O]KHLPHU
V� 'LVHDVH�
3DWLHQWV�� $� 5HWURVSHFWLYH� &RKRUW�
6WXG\�� -� 0XVFXORVNHOHW� 1HXURQDO�
,QWHUDFW�� ������ 'HFHPEHU�� �������
���-���� 
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,Q� $XVWUDOLD�� EDFN� SDLQ� LV� WKH�

VHFRQG�PRVW�FRPPRQ�FRPSODLQW�VHHQ�
LQ� JHQHUDO� SUDFWLFH�� UHSUHVHQWLQJ� D�
VLJQLILFDQW� HFRQRPLF� EXUGHQ�� $PRQJ�
WKRVH� ZKR� VHHN� WUHDWPHQW� IRU� EDFN�
SDLQ�� PDQ\� XVH� FRPSOHPHQWDU\� DQG�
DOWHUQDWLYH�PHGLFLQH��&$0��LQ�DGGLWLRQ�
WR� FRQYHQWLRQDO� PHGLFDO� WUHDWPHQW��
)HZ� VWXGLHV� KDYH� LQYHVWLJDWHG� &$0�
XVH� VSHFLILF� WR� EDFN� SDLQ�� 7KLV� VWXG\�
H[DPLQHG� WKH� SDWWHUQV� RI� &$0� XVH�
DPRQJ� $XVWUDOLDQ� ZRPHQ� ZLWK� EDFN�
SDLQ� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

$XVWUDOLDQ� /RQJLWXGLQDO� 6WXG\� RQ�
:RPHQ
V� +HDOWK� �$/6:+��� ZKLFK�
LQYHVWLJDWHG� IDFWRUV� DIIHFWLQJ� WKH�
KHDOWK� DQG�ZHOO-EHLQJ�RI�ZRPHQ� RYHU�
D� ��-\HDU� SHULRG�� 7KH� IRFXV� RI� WKH�
VWXG\�ZDV�RQ�ZRPHQ�IURP�WKH������WR�
�����FRKRUW��UDQJLQJ�LQ�DJH�IURP����WR�
���DW� WKH� WLPH�RI� WKH�VXUYH\��)RU� WKLV�
VXE-VWXG\�� ������ ZRPHQ� ZKR� KDG�
LQGLFDWHG� LQ� D� ����� VXUYH\� WKDW� WKH\�
KDG� H[SHULHQFHG� EDFN� SDLQ� ZHUH�
PDLOHG� D� TXHVWLRQQDLUH�� :LWKLQ� WKH�
VXUYH\�� ZRPHQ� ZHUH� DVNHG� ZKHWKHU�
WKH\�KDG�FRQVXOWHG�&$0�SUDFWLWLRQHUV�
IRU� EDFN� SDLQ� LQ� WKH� SUHYLRXV� ���
PRQWKV�� DQG� WR� VSHFLI\� ZKLFK� &$0�
SUDFWLFH�WKH\�KDG�XVHG� 
2I�WKH�������ZRPHQ�ZKR�UHVSRQGHG�

WR�WKH�VXUYH\��������FRQVXOWHG�RQH�RU�
PRUH� W\SHV� RI�&$0�SUDFWLFH� IRU� EDFN�
SDLQ��2I� WKHVH�� WKH�PRGDO�SUDFWLWLRQHU�
ZDV� D� PDVVDJH� WKHUDSLVW� �������
IROORZHG� E\� FKLURSUDFWRU� ���������
DFXSXQFWXULVW� ��������� KHUEDOLVW� RU�
QDWXURSDWK� ������� DQG� RVWHRSDWK
�������� 2WKHU� IRUPV� RI� &$0� XVHG�
LQFOXGHG� 5HLNL� WKHUDSLVWV��
UHIOH[RORJLVWV�� WUDGLWLRQDO� &KLQHVH�
PHGLFLQH� SUDFWLWLRQHUV��
DURPDWKHUDSLVWV� DQG� FUDQLRVDFUDO�
WKHUDSLVWV��������� 
&RQFOXVLRQ�� 7KLV� $XVWUDOLDQ�

VWXG\� IRXQG� WKDW�� DPRQJ�ZRPHQ�ZLWK�
ORZ� EDFN� SDLQ�� D� VXEVWDQWLDO� QXPEHU�
VHHN� WUHDWPHQW� IURP� FRPSOHPHQWDU\�
DQG DOWHUQDWLYH PHGLFLQH�
SUDFWLWLRQHUV�� ZLWK� WKH� PRVW�FRPPRQ��
EHLQJ� PDVVDJH� WKHUDSLVWV��
FKLURSUDFWRUV�DQG�DFXSXQFWXULVWV� 
 
0XUWK\�� 9��� HW� DO�� &RQVXOWDWLRQ� ZLWK�
&RPSOHPHQWDU\� DQG� $OWHUQDWLYH�
0HGLFLQH�3UDFWLWLRQHUV�$PRQJVW�:LGHU�
&DUH�2SWLRQV� IRU�%DFN�3DLQ��$�6WXG\�
RI�D�1DWLRQDOO\�5HSUHVHQWDWLYH�6DPSOH�
RI� ������ $XVWUDOLDQ�:RPHQ� $JHG� ���
WR� ��� <HDUV�� &OLQ� 5KHXP�� ������
)HEUXDU\������������-���� 
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)RU� SDWLHQWV� ZLWK� DFXWH� ORZ� EDFN�
SDLQ� �/%3��� QXPHURXV� PHGLFDWLRQ�
RSWLRQV� DUH� DYDLODEOH� IRU� SDLQ� UHOLHI��
$Q[LHW\� KDV� EHHQ� DVVRFLDWHG� ZLWK�
LQFUHDVHG�SDLQ�LQWHQVLW\�LQ�WKLV�SDWLHQW�
SRSXODWLRQ�� ZLWK� DQ[LRO\VLV� E\�
QRQSKDUPDFRORJLFDO� PHDVXUHV� IRXQG�
KDYH� D� SRVLWLYH� HIIHFW� RQ� SDLQ�
PDQDJHPHQW��$V�DQWLKLVWDPLQHV�KDYH�
EHHQ�IRXQG�WR�KDYH�D�VWURQJ�DQ[LRO\WLF
-VHGDWLYH� HIIHFW�� WKLV� VWXG\� HYDOXDWHG�
WKH� HIIHFWLYHQHVV� RI� SURPHWKD]LQH� DV�
DQ� DGMXQFW� WR�PRUSKLQH� DQDOJHVLD� IRU�
DFXWH�/%3� 
3DWLHQWV�ZHUH� VHOHFWHG� IURP�DPRQJ�

WKRVH� SUHVHQWLQJ� WR� DQ� HPHUJHQF\�
GHSDUWPHQW� ZLWK� DFXWH� /%3�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH�HLWKHU�LQWUDYHQRXV�PRUSKLQH�DW�
����PJ� SHU� NLORJUDP�RU� XS� WR� ���PJ��
DGPLQLVWHUHG�RYHU����PLQXWHV��RU�WR�D�
JURXS� WR� UHFHLYH� WKH� VDPH� GRVH� RI�
PRUSKLQH� ZLWK� SURPHWKD]LQH� ��� PJ�
DGPLQLVWHUHG�LQ�D�VLPLODU�LQIXVLRQ��7KH�
SDWLHQWV� UDWHG� WKHLU� SDLQ� DQG� DQ[LHW\�
XVLQJ�D�����PP�YLVXDO�DQDORJXH�VFDOH�
EHIRUH�DQG�WZR�KRXUV�DIWHU�FRPSOHWLRQ�
RI�WKH�DQDOJHVLD� 
2I�D�WRWDO�RI�����SDWLHQWV�ZLWK�DFXWH�

/%3�� ��� ZHUH� LQFOXGHG� LQ� WKH� VWXG\��
3DLQ� UHOLHI� ZDV� VLPLODU� EHWZHHQ� WKH�
WZR�JURXSV�� DV�ZDV�DQ[LHW\� UHOLHI� �S �
����� DQG� S ������ UHVSHFWLYHO\���
'URZVLQHVV�ZDV�QRWHG� LQ���RI� WKH����
PRQRWKHUDS\� SDWLHQWV� DQG� LQ� ��� RI�
WKH��� FRPELQDWLRQ� WKHUDS\� JURXS�
����� YV�� ������� UHVSHFWLYHO\�� S� ��
�������� 0HDQ� HPHUJHQF\� GHSDUWPHQW�
VWD\V� ZHUH� ���� PLQXWHV� LQ� WKH�
PRUSKLQH� JURXS� DQG� ���� PLQXWHV� LQ�
WKH�FRPELQDWLRQ�JURXS��S ������ 

&RQFOXVLRQ��7KLV�UDQGRPL]HG�WULDO�
RI� SDWLHQWV� ZLWK� DFXWH� ORZ� EDFN� SDLQ�
SUHVHQWLQJ� WR� DQ� HPHUJHQF\�
GHSDUWPHQW�IRXQG�WKDW�DGGLQJ�DQ�DQWL-�
DQ[LHW\�PHGLFDWLRQ� WR� WKH� LQWUDYHQRXV�
DGPLQLVWUDWLRQ� RI� PRUSKLQH� GRHV� QRW�
VLJQLILFDQWO\�DIIHFW�UHFRYHU\�IURP�DFXWH�
SDLQ�QRU�UHOLHI�RI�DQ[LHW\� 
 
%HKUEDON�� (��� HW� DO�� $Q[LRO\WLF�
0HGLFDWLRQ�DV�DQ�$GMXQFW�WR�0RUSKLQH�
$QDOJHVLD� IRU� $FXWH� /RZ� %DFN� 3DLQ�
0DQDJHPHQW� LQ� WKH� (PHUJHQF\�
'HSDUWPHQW��6SLQH��������-DQXDU\����
�������-���� 
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2VWHRDUWKULWLV� �2$�� RI� WKH� KLS� DIIHFWV�
PDQ\� LQGLYLGXDOV�� SDUWLFXODUO\� LQ� WKH�
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ROGHU� SRSXODWLRQ�� &XUUHQW� WUHDWPHQW�
VWUDWHJLHV� LQFOXGH� PDLQO\� V\PSWRP�
UHOLHYLQJ� DJHQWV�� DV� ZH� VWLOO� ODFN� DQ�
DSSURYHG� GLVHDVH�PRGLI\LQJ� WKHUDS\��
3LDVFOHGLQH� LV� DQ� KHUEDO� VXSSOHPHQW�
FRQWDLQLQJ� DYRFDGR-� VR\EHDQ�
XQVDSRQLILDEOH� �$68��� ZKLFK� KDV� DQ�
LQKLELWRU\� HIIHFW� RQ� LQWHUOHXNLQ� ��� D�
VWLPXODWLQJ� HIIHFW� RQ� FROODJHQ�
V\QWKHVLV� LQ� DUWLFXODU� FKRQGURF\WH�
FXOWXUHV� DQG� D� SRWHQWLDO� DFWLRQ� RQ�
VXEFKRQGUDO� ERQH� RVWHREODVWV�� 7KLV�
VWXG\� VRXJKW� WR� GHWHUPLQH� ZKHWKHU�
3LDVFOHGLQH� FDQ� UHGXFH� UDGLRJUDSKLF�
SURJUHVVLRQ�RI�V\PSWRPDWLF�KLS�2$� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� ���� SDWLHQWV� ZLWK�
V\PSWRPDWLF� KLS� 2$�� 7KH� VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
SLDVFOHGLQH� DW� ���� PJ� GDLO\� RU� D�
SODFHER��5DGLRJUDSKV�RI�WKH�VWDQGLQJ�
SHOYLV�� ERWK� DQWHULRU� SRVWHULRU� DQG�
REOLTXH�YLHZV��ZHUH�WDNHQ�\HDUO\��ZLWK�
WKH�MRLQW�VSDFH�ZLGWK��-6:��UHFRUGHG��
7KH� SULPDU\� RXWFRPH� PHDVXUH� ZDV�
WKH�FKDQJH� LQ�-6:�RQ� WKH�$3� WDUJHW�
KLS�YLHZ�DW�\HDU�WKUHH� 
1R� VLJQLILFDQW� GLIIHUHQFH� ZDV� VHHQ�

LQ� PHDQ� -6:� EHWZHHQ� WKH�
SLDVFOHGLQH�DQG�SODFHER�JURXSV��7KH�
SODFHER� JURXS� KDG� ���� PRUH�
SDWLHQWV�ZLWK�UDGLRJUDSKLF�HYLGHQFH�RI�
-6:�ORVV�RI�JUHDWHU� WKDQ�����PP��DV�
FRPSDUHG� WR� WKH� WUHDWPHQW� JURXS�
�S ������ �� 1R� VLJQLILFDQW� GLIIHUHQFH�
ZDV� IRXQG� EHWZHHQ� WKH� JURXSV� RQ�
FOLQLFDO�PHDVXUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH� KLS�
IRXQG�WKDW�3LDVFOHGLQH��DW�����PJ�SHU�
GD\�� GRHV� QRW� UHGXFH� DYHUDJH� MRLQW�
VSDFH� ORVV�� EXW� UHGXFHV� WKH�
SHUFHQWDJH� RI� SDWLHQWV� ZLWK� MRLQW�
VSDFH� ZLGWK� GHWHULRUDWLRQ� ZKHQ�
FRPSDUHG�ZLWK�SODFHER� 
 
&DGHW�� 0��� HW� DO�� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO� RI� $YRFDGR-6R\EHDQ�
8QVDSRQLILDEOH� �3LDVFOHGLQH�� (IIHFW�
RQ� 6WUXFWXUH� 0RGLILFDWLRQ� LQ� +LS�
2VWHRDUWKULWLV�� 7KH� (5$',$6� 6WXG\��
$QQ�5KHXP�'LV��������)HEUXDU\��� 
����������-���� 
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%\�WKH�DJH�RI����\HDUV������RI�WKH�
SRSXODWLRQ�GHPRQVWUDWHV�UDGLRJUDSKLF�
HYLGHQFH RI� RVWHRDUWKULWLV� �2$���
,Q� WKH� WUHDWPHQW� RI� 2$�� VHYHUDO�
DJHQWV� KDYH� EHHQ� XVHG� WRSLFDOO\��
LQFOXGLQJ� DQDOJHVLFV�� %RVZHOOLF� DFLGV�
DUH� SRWHQW� LQKLELWRUV� RI� �-
OLSR[\JHQDVH���-/2���DQ�HQ]\PH� WKDW�
FDWDO\]HV� WKH� JHQHUDWLRQ� RI�
OHXNRWULHQHV�� VWURQJO\� LPSOLFDWHG� LQ�

2$� DVVRFLDWHG� LQIODPPDWLRQ�� 7KLV�
DQLPDO�VWXG\�DVVHVVHG�WKH�HIILFDF\�RI�
WRSLFDO� DQG� RUDO� ERVZHOOLF� DFLG�
SUHSDUDWLRQV� IRU� WKH� WUHDWPHQW� RI�
SRVWWUDXPDWLF�2$� 
8VLQJ� D� VXUJLFDO� PRXVH� PRGHO� RI�

2$�� PHGLDO� PHQLVFL� ZHUH�
GHVWDELOL]HG�� UHVXOWLQJ� LQ� DUWLFXODU�
FDUWLODJH� ORVV�DQG�V\QRYLWLV�VLPLODU� WR�
WKDW�REVHUYHG� LQ�KXPDQ�2$��6WDUWLQJ�
RQ� WKH�GD\�RI�VXUJHU\��ERVZHOOLF�DFLG�
ZDV� DGPLQLVWHUHG� HLWKHU� RUDOO\�� DW� ���
PJ�NJ�� RU� WRSLFDOO\� WZLFH-GDLO\� IRU� ���
ZHHNV�� &RQWURO� PLFH� UHFHLYHG� D�
SODFHER� FUHDP�� 7KH� PLFH� ZHUH�
DVVHVVHG� IRU� WLVVXH� DQG� SODVPD�
OHYHOV� RI� ERVZHOOLF� DFLG�� FDUWLODJH�
GHJHQHUDWLRQ�� RVWHRSK\WHV� DQG�
V\QRYLWLV� 
$W� ��� ZHHNV�� ERWK� WKH� RUDO� DQG�

WRSLFDO� SUHSDUDWLRQV� ZHUH� IRXQG� WR�
VLJQLILFDQWO\� DWWHQXDWH� FDUWLODJH�
HURVLRQ� �S������� DV� FRPSDUHG� WR�
SODFHER�� %RWK� SUHSDUDWLRQV�
VLJQLILFDQWO\� UHGXFHG� NQHH� V\QRYLWLV�
DQG�RVWHRSK\WH�IRUPDWLRQ��S������IRU�
HDFK�FRPSDULVRQ�� 
&RQFOXVLRQ�� 7KLV� DQLPDO� � PRGHO�

RI� RVWHRDUWKULWLV� IRXQG� WKDW� ERWK� RUDO�
DQG� WRSLFDO� DSSOLFDWLRQ� RI� ERVZHOOLF�
DFLG� FDQ� UHGXFH� FDUWLODJH� ORVV��
V\QRYLWLV�DQG�RVWHRSK\WH�IRUPDWLRQ�DV�
FRPSDUHG�ZLWK�SODFHER� 
 
:DQJ�� 4��� HW� DO�� 2UDO� DQG� 7RSLFDO�
%RVZHOOLF� $FLG� $WWHQXDWHV� 0RXVH�
2VWHRDUWKULWLV��2VWHRDUWK�&DUWLO��������
-DQXDU\������������-����� 
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0DQ\� FOLQLFLDQV� QRWH� WKDW�

XQGHUUHSRUWLQJ�RI�FRQFXVVLRQ�UHPDLQV�
D� VLJQLILFDQW� LVVXH�� 7KLV� VWXG\�
H[SORUHG� SRWHQWLDOO\� XQUHFRJQL]HG�
FRQFXVVLRQ� UDWHV� DPRQJ� FROOHJH�
VWXGHQW� DWKOHWHV� ZKR� FRPSHWHG�
GXULQJ�WKHLU�FROOHJH�FDUHHUV� 
$� ��-LWHP� TXHVWLRQQDLUH� ZDV�

GHYHORSHG�� DGGUHVVLQJ� LQMXULHV�
H[SHULHQFHG� GXULQJ� DQ� LQWHUFROOHJLDWH�
DWKOHWLF� FDUHHU�� 7KH� WKUHH� GHSHQGHQW�
YDULDEOHV� IRU� DQDO\VLV� LQFOXGHG� WKH�
UHSRUWHG� FRQFXVVLRQ� UDWH�� WKH�
DFNQRZOHGJHG�XQUHSRUWHG�FRQFXVVLRQ�
UDWH��DQG�WKH�SRWHQWLDOO\�XQUHFRJQL]HG�
FRQFXVVLRQ�UDWH� 
$PRQJ� SDUWLFLSDQWV� ZKR� VHOI-�

UHSRUWHG�D�FRQFXVVLRQ��PRVW�UHSRUWHG�
RQH�FRQFXVVLRQ��ZLWK�������UHSRUWLQJ�
WKUHH� RU� PRUH�� 5HVSRQVHV� LGHQWLILHG�
������ ZLWK� SRWHQWLDOO\� XQUHFRJQL]HG�
FRQFXVVLRQV� 2YHUDOO�� ������
UHSRUWHG� DW� OHDVW� RQH� SRWHQWLDO�
FRQFXVVLRQ� WKDW� ZDV� UHSRUWHG��

XQUHSRUWHG�RU�XQUHFRJQL]HG��2I�WKRVH�
QRW� UHSRUWLQJ� D� FRQFXVVLRQ�� ������
UHSRUWHG� QRW� NQRZLQJ� WKDW� LW� ZDV� D�
FRQFXVVLRQ�� ������ UHSRUWHG� QRW�
ZDQWLQJ� WR� EH� UHPRYHG� IURP� IXWXUH�
JDPHV�� ������ UHSRUWHG� QRW� ZDQWLQJ�
WR�EH�UHPRYHG�IURP�WKH�FXUUHQW�JDPH�
DQG�������UHSRUWHG�QRW�ZDQWLQJ�WR�OHW�
GRZQ�WKHLU�WHDPPDWHV� 

&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�
WKDW� QHDUO\� KDOI� RI� VWXGHQW� DWKOHWHV�
VXIIHU� D� SRWHQWLDO� FRQFXVVLRQ� GXULQJ�
WKHLU�FROOHJLDWH�FDUHHUV� 
 
/OHZHOO\Q�� 7��� HW� DO�� &RQFXVVLRQ�
5HSRUWLQJ�5DWHV�DW� WKH�&RQFOXVLRQ�RI�
DQ�,QWHUFROOHJLDWH�$WKOHWLF�&DUHHU��&OLQ�
-�6SRUWV�0HG��������-DQXDU\���������
��-��� 
 

),%5,1�6($/$17�)25�
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&KURQLF� ORZ� EDFN� SDLQ� �/%3�� KDV�

EHHQ� DVVRFLDWHG� ZLWK� ILVVXUHV� LQ� WKH�
DQQXOXV� ILEURVLV�� )LVVXUHV� H[WHQGLQJ�
WR� WKH� RXWHU� DQQXOXV� H[SRVH�
QRFLFHSWLYH� QHUYHV� WR� HOHYDWHG�
FRQFHQWUDWLRQV� RI� SUR-LQIODPPDWRU\�
F\WRNLQHV�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\�RI�LQWUDGLVFDO�ILEULQ�VHDODQW�DV�
D�SRWHQWLDO�WUHDWPHQW�IRU�SDWLHQWV�ZLWK�
FKURQLF��GLVFRJHQLF�/%3� 
6XEMHFWV�ZHUH�SDWLHQWV�ZLWK�/%3�IRU�

PRUH� WKDQ� VL[� PRQWKV�� UHIUDFWRU\� WR�
SKDUPDFRORJLF� FRQVHUYDWLYH� DQG�
QRQRSHUDWLYH� PRGDOLWLHV�� $IWHU�
UHFHLYLQJ� SUHLQWHUYHQWLRQ� LQWUDYHQRXV�
DQWLELRWLFV�� WKH� SDUWLFLSDQWV� UHFHLYHG�
ILEULQ�VHDODQW� LQMHFWHG� LQWR� WKH�FHQWUDO�
WKLUG� RI� WKH� WDUJHW� GLVF� QXFOHXV��
1HXURORJLF� H[DPLQDWLRQ� ZDV�
SHUIRUPHG� SULRU� WR� GLVFKDUJH�� ZLWK�
IROORZ-XS� DW� ��� KRXUV� DQG� DW� RQH��
IRXU�������������DQG�����ZHHNV�DIWHU�
WKH� SURFHGXUH�� (IILFDF\� RXWFRPHV�
LQFOXGHG� D� YLVXDO� DQDORJXH� VFRUH� IRU�
/%3�� WKH� 5RODQG� 0RUULV� 'LVDELOLW\�
4XHVWLRQQDLUH� �5'04��� D� VXEMHFW�
JOREDO� DVVHVVPHQW�� D� VXEMHFW�
VDWLVIDFWLRQ�TXHVWLRQQDLUH�DQG�VXEMHFW�
HPSOR\PHQW�VWDWXV� 
)LIWHHQ� VXEMHFWV� ZHUH� VWXGLHG��

&OLQLFDOO\� VLJQLILFDQW� SDLQ� UHOLHI��
GHILQHG� DV� D� JUHDWHU� WKDQ� ����
UHGXFWLRQ� LQ� /%3�� ZDV� REVHUYHG� LQ�
���� RI� VXEMHFWV� DW� WKH� ��-ZHHN�
HQGSRLQW�� 7KH� PHDQ�� LQGLYLGXDO�
UHGXFWLRQ� LQ� /%3� ZDV� �����PP�� DQG�
WKH�PHDQ� UHGXFWLRQ� LQ�/%3�9$6�ZDV�
������� &OLQLFDOO\� VLJQLILFDQW�
LPSURYHPHQWV� LQ� IXQFWLRQ� �50'4�
VFRUH�� ����� UHGXFWLRQ�� ZHUH�
DFKLHYHG� E\� ���� RI� WKH� VXEMHFWV� DW�
WKH���-ZHHN�HQGSRLQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FKURQLF�OXPEDU�GLVF�SDLQ�



 

3DJH�� 0DUFK�������� 9ROXPH����1XPEHU�� 

 

 

IRXQG�WKDW�LQWUDGLVFDO�LQMHFWLRQ�RI�ILEULQ�
VHDODQW� PD\� LPSURYH� SDLQ� DQG�
IXQFWLRQ� 
 
<LQ��:��� HW� DO�� ,QWUDGLVFDO� ,QMHFWLRQ� RI�
)LEULQ� 6HDODQW� IRU� WKH� 7UHDWPHQW� RI�
6\PSWRPDWLF� /XPEDU� ,QWHUQDO� 'LVF�
'LVUXSWLRQ�� 5HVXOWV� RI� D� 3URVSHFWLYH��
0XOWLFHQWHU�3LORW� 6WXG\�ZLWK� ��-0RQWK�
)ROORZ-8S��3DLQ� 0HG�� ������-DQXDU\��
���������-��� 
 
 
+<32*/<266$/�67,08/$7,21�
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2EVWUXFWLYH�VOHHS�DSQHD�LV�UHODWHG�WR�

PXOWLSOH� PHGLFDO� PRUELGLWLHV�� ZLWK�
VHTXHODH� LQFOXGLQJ� H[FHVVLYH�
VOHHSLQHVV�DQG�LPSDLUHG�TXDOLW\�RI�OLIH��
8SSHU�DLUZD\� VWLPXODWLRQ�� WKURXJK� WKH�
XVH� XQLODWHUDO� VWLPXODWLRQ� RI� WKH�
K\SRJORVVDO� QHUYH�� KDV� EHHQ�
GHYHORSHG� DV� D� SRVVLEOH� WUHDWPHQW�
RSWLRQ�� 7KLV� PXOWLFHQWHU�� SURVSHFWLYH�
VWXG\� DVVHVVHG� WKH� FOLQLFDO� HIILFDF\�
DQG�VDIHW\�RI�WKLV�WHFKQLTXH� 
2QH� KXQGUHG� WZHQW\-VL[� SDWLHQWV�

ZLWK� PRGHUDWH� WR� VHYHUH� REVWUXFWLYH�
VOHHS�DSQHD�ZHUH�HQUROOHG�LQ�WKLV�WULDO��
7KH� VXEMHFWV� XQGHUZHQW� D� VXUJLFDO�
SURFHGXUH��LPSODQWLQJ�DQ�XSSHU�DLUZD\�
VWLPXODWLQJ� V\VWHP�� ZLWK� WKH�
VWLPXODWLRQ� HOHFWURGH� SODFHG� RQ� WKH�
K\SRJORVVDO� QHUYH� WR� UHFUXLW� WRQJXH�
SURWUXVLRQ�� 7KH� SDWLHQWV� ZHUH� WKHQ�
IROORZHG� DW� PRQWKV� WZR�� WKUHH�� VL[��
QLQH� DQG� ���� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�WKH�FKDQJH�LQ�VHYHULW\�RI�
REVWUXFWLYH�VOHHS�DSQHD��DV�DVVHVVHG�
ZLWK� WKH� DSQHD-K\SRSQHD� LQGH[� �$+,��
DQG� WKH� R[\JHQ� GHVDWXUDWLRQ� LQGH[�
�2',�� 
7KH� PHGLDQ� $+,� GHFUHDVHG� ����

IURP� EDVHOLQH� �S��������� ZLWK� 2',�
VFRUHV�GHFUHDVLQJ�E\������S���������
7ZR� SDUWLFLSDQWV� KDG� VHULRXV� GHYLFH�
UHODWHG� DGYHUVH� HYHQWV� UHTXLULQJ�
UHSRVLWLRQLQJ� DQG� IL[DWLRQ� RI� WKH�
QHXURVWLPXODWRU� WR� UHVROYH� GLVFRPIRUW��
7HPSRUDU\�WRQJXH�ZHDNQHVV�RFFXUUHG�
LQ������UHVROYLQJ�RYHU�GD\V�WR�ZHHNV��
$W� ��� PRQWKV�� FOLQLFDOO\� PHDQLQJIXO�
LPSURYHPHQWV� ZHUH� QRWHG� RQ� WKH�
)XQFWLRQDO� 2XWFRPHV� RI� 6OHHS�
4XHVWLRQQDLUH� �S�������� DQG� WKH�
(SZRUWK�6OHHSLQHVV�6FDOH��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PRGHUDWH� WR� VHYHUH�
REVWUXFWLYH� VOHHS� DSQHD� ZKR� KDG�
IDLOHG� &3$3� WKHUDS\� IRXQG� WKDW�
K\SRJORVVDO� QHUYH� VWLPXODWLRQ� PD\�
LPSURYH� WKH� VHYHULW\� RI� REVWUXFWLYH�
VOHHS� DSQHD� DQG� VHOI-UHSRUWHG�
VOHHSLQHVV�DQG�TXDOLW\�RI�OLIH� 
 
6WUROOR�� 3��� HW� DO�� 8SSHU� $LUZD\�

6WLPXODWLRQ� IRU� 2EVWUXFWLYH� 6OHHS�
$SQHD��1�(QJO� -�0HG��������-DQXDU\�
��������������-���� 
 

20(*$-��$)7(5�+($9<�
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(SLGHPLRORJLF� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� WKRVH� ZKR�
FRQVXPH�PRUH�ILVK�DQG�OHVV�UHG�PHDW�
KDYH� D� ORZHU� LQFLGHQFH� RI�
LQIODPPDWRU\� GLVHDVHV�� 6RPH� VWXGLHV�
KDYH� IRXQG� WKDW� LQFUHDVHG�
FRQVXPSWLRQ� RI� RPHJD-�� IDWW\� DFLG�
FDQ� LPSURYH� OLSLG� SURILOHV�� UHGXFH�
R[LGDWLYH� VWUHVV� DQG� UHGXFH�
LQIODPPDWLRQ�� 7KLV� VWXG\� WHVWHG�
ZKHWKHU� VXEMHFWV� ZLWK� D� KLJKHU�
V\VWHPLF� RPHJD� �� �1��� LQGH[� GLVSOD\�
GLIIHUHQFHV�LQ�WKH�LQFLGHQFH�RI�GHOD\HG�
RQVHW� PXVFOH� VRUHQHVV� �'206���
LQIODPPDWRU\� ELRPDUNHUV� DQG� TXDOLW\�
RI�OLIH�IROORZLQJ�YLJRURXV�H[HUFLVH� 
6XEMHFWV�ZHUH�PHQ�DQG�ZRPHQ�RYHU�

WKH� DJH� RI� ���� UDQGRPL]HG� WR� WDNH�
HLWKHU�VL[�FDSVXOHV�RI�RPHJD-��GLHWDU\�
VXSSOHPHQW� HDFK� GD\� RU� D� SODFHER��
SULRU� WR� H[HUFLVH�� $OO� VXEMHFWV�
XQGHUZHQW� PXOWLSOH� VHWV� RI� PD[LPXP�
HFFHQWULF� IRUHDUP� H[WHQVLRQV��
SHUIRUPHG� RQ� WKH� QRQGRPLQDQW� DUP��
%ORRG�ZDV�GUDZQ�DW�]HUR�������������WR�
��� KRXUV� SRVW� H[HUFLVH� IRU�
PHDVXUHPHQW� RI� &-UHDFWLYH� SURWHLQ�
�&53��� DQG� FUHDWLQH� NLQDVH��
)XQFWLRQDO� PHDVXUHPHQW� RI� '206�
ZDV� PHDVXUHG� RQ� D� YLVXDO� DQDORJXH�
VFDOH�� DV� ZHOO� DV� E\� DVVHVVPHQW� RI�
H[WHQVLRQ�UDQJH�RI�PRWLRQ�DQG�WRUTXH��
$� SURILOH� RI� PRRG� VWDWHV� �3206��
TXHVWLRQQDLUH� ZDV� DGPLQLVWHUHG� WR�
HYHU\�VXEMHFW�DW�HDFK�WLPH�SRLQW� 
6XEMHFWV� ZHUH� ��� PDOH� DQG� IHPDOH�

FROOHJH�VWXGHQWV��$W����DQG����KRXUV��
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� IRXQG�
EHWZHHQ� WKH� WZR� JURXSV� LQ� '206�
ZRUVW� SDLQ� VFRUHV� �S ������ DQG�
S ������� UHVSHFWLYHO\��� 1R� VLJQLILFDQW�
GLIIHUHQFHV� ZHUH� IRXQG� EHWZHHQ� WKH�
WZR� JURXSV� RQ� PHDVXUHPHQWV� RI�
H[WHQVLRQ� DQG� WRUTXH�� 6FRUHV� RQ� WKH�
3206� GHPRQVWUDWHG� JUHDWHU�
HPRWLRQDO�VWDELOLW\�DW����KRXUV�DPRQJ�
WKRVH� LQ� WKH� KLJKHU� 1�� LQGH[� �!���
JURXS�WKDQ�LQ� WKH� ORZHU�1�� LQGH[������
JURXS� �S�������� ,Q� DGGLWLRQ�� DQ�
HOHYDWHG� 1�� LQGH[� ZDV� UHODWHG� WR�
UHGXFHG� &53� OHYHOV� DW� ��� KRXUV�
�S ������� DQG� EORRG� ODFWDWH� OHYHOV�
LPPHGLDWHO\�DIWHU�H[HUFLVH��S ������ 
&RQFOXVLRQ��7KLV�VWXG\�RI�FROOHJH�

VWXGHQWV� SHUIRUPLQJ� PD[LPXP�
HFFHQWULF�H[HUFLVH�IRXQG�WKDW�RPHJD-��
VXSSOHPHQWDWLRQ� FDQ� UHGXFH� GHOD\HG�
RQVHW�PXVFOH�VRUHQHVV�DQG�SRVLWLYHO\�
DIIHFW�VXEMHFWLYH�TXDOLW\-RI-�OLIH� 
 
/HPENH��3���HW�DO��,QIOXHQFH�RI�2PHJD 

-��1-��� ,QGH[� RQ� 3HUIRUPDQFH� DQG�
:HOO-%HLQJ� LQ� <RXQJ� $GXOWV� DIWHU�
+HDY\� (FFHQWULF� ([HUFLVH�� -� 6SRUWV�
6FL��0HG��������-DQXDU\�������������- 
���� 
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$QWLUHVRUSWLYH�GUXJV�IRU�RVWHRSRURVLV�

LQFUHDVH� ERQH�PLQHUDO� GHQVLW\� �%0'��
DQG� SUHYHQW� WKH� SURJUHVVLRQ� RI�
VWUXFWXUDO� GDPDJH�� EXW� PD\� QRW�
UHVWRUH� ERQH� VWUXFWXUH�� 6FOHURVWLQ�� DQ�
RVWHRF\WH-VHFUHWHG� JO\FRSURWHLQ�� KDV�
EHHQ� LGHQWLILHG� DV� D� SLYRWDO� UHJXODWRU�
RI� ERQH� IRUPDWLRQ�� 7KLV� VXEVWDQFH�
LPSHGHV� RVWHREODVW� SUROLIHUDWLRQ� DQG�
IXQFWLRQ�� WKHUHE\� GHFUHDVLQJ� ERQH�
IRUPDWLRQ�� 5RPRVR]XPDE� LV� D�
KXPDQL]HG� PRQRFORQDO� VFOHURVWLQ�
DQWLERG\� GHVLJQHG� WR� DIIHFW�
SRVWPHQRSDXVDO� RVWHRSRURVLV�� 7KLV�
SKDVH� �� WULDO� HYDOXDWHG� WKH� HIILFDF\�
DQG� VDIHW\� RI� WKLV� PHGLFDWLRQ� IRU� WKH�
WUHDWPHQW� RI� SRVWPHQRSDXVDO� ZRPHQ�
ZLWK�ORZ�ERQH�PDVV� 
7KLV� UDQGRPL]HG� WULDO� LQFOXGHG� ����

HOGHUO\� ZRPHQ� ZLWK� ORZ� %0'��
UDQGRPL]HG� WR� HLWKHU� RQH� RI� ILYH�
GRVLQJ� UHJLPHQWV� RI� VXEFXWDQHRXV�
5RPRVR]XPDE�� D� JURXS� UHFHLYLQJ�
DOHQGURQDWH�DW����PJ�ZHHNO\��D�JURXS 
UHFHLYLQJ�7HUDSDUDWLGH�DW�����J�GDLO\�

RU�D�SODFHER�FRQWURO�JURXS��%0'�ZDV�
PHDVXUHG� DW� EDVHOLQH� LQ� WKH� OXPEDU�
VSLQH� DQG� IHPXU�� DQG� WKHQ� DJDLQ� DW�
WKUHH��VL[�DQG����PRQWKV�� ,Q�DGGLWLRQ��
OHYHOV�RI�ERQH�IRUPDWLRQ�PDUNHUV�ZHUH�
FRPSDUHG�DPRQJ�JURXSV� 
$W� ��� PRQWKV�� SDWLHQWV� WDNLQJ�

5RPRVR]XPDE� KDG� VLJQLILFDQWO\�
LQFUHDVHG� %0'� DW� WKH� OXPEDU� VSLQH��
UHJDUGOHVV�RI� WKH�GRVH� IUHTXHQF\�DQG�
GRVH� OHYHO� �S��������� 6LPLODU� JDLQV�
ZHUH��DOVR��VHHQ��DW��WKH��WRWDO�KLS�DQG 
WKH� IHPRUDO� QHFN� �S������� IRU� DOO�

FRPSDULVRQV���7KH� ODUJHVW�JDLQV�ZHUH��
PJ�PRQWK� JURXS�� ZLWK� WKH� LQFUHDVHV�
VLJQLILFDQWO\� JUHDWHU� WKDQ� WKRVH�
REVHUYHG� LQ� WKH� DOHQGURQDWH� RU�
WHULSDUDWLGH� JURXSV� �S ������ IRU� DOO�
FRPSDULVRQV��� ,Q� DOO� RI� WKH�
5RPRVR]XPDE� JURXSV�� WUDQVLWRU\�
LQFUHDVHV� ZHUH� QRWHG� LQ� ERQH�
IRUPDWLRQ� PDUNHUV� DQG� VXVWDLQHG�
GHFUHDVHV�LQ�ERQH�UHVRUSWLRQ�PDUNHUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SRVWPHQRSDXVDO� ZRPHQ� ZLWK� ORZ�
ERQH� PLQHUDO� GHQVLW\� IRXQG� WKDW�
WUHDWPHQW� ZLWK� 5RPRVR]XPDE� LV�
PLQHUDO� GHQVLW\� DQG� ERQH� IRUPDWLRQ��
ZLWK�GHFUHDVHG�ERQH�UHVRUSWLRQ� 

0F&OXQJ��0��� HW� DO��5RPRVR]XPDE� LQ�
3RVWPHQRSDXVDO� :RPHQ� ZLWK� /RZ�
%RQH�0LQHUDO� 'HQVLW\�� 1� (QJ� -�0HG��
������-DQXDU\��������-���� 
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WƌŽĚƵĐĞĚ�ďǇ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ� 
ZĞŚĂďŝůŝƚĂƟŽŶ�DĞĚŝĐŝŶĞ͕��ŵŽƌǇ�
hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� LV�

SURGXFHG� E\� SK\VLFLDQV�

VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO�

PHGLFLQH�� ZLWK� WKH� 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� DUH� QRW� LQWHQGHG� IRU�

XVH� DV� WKH� VROH� EDVLV� IRU� FOLQLFDO�

WUHDWPHQW�� QRU� DV� D� VXEVWLWXWH� IRU�

WKH� UHDGLQJ� RI� WKH� RULJLQDO�

UHVHDUFK�� � 3ULYDWH� VXEVFULSWLRQV�

DUH� DYDLODEOH� E\� HPDLO� DW�

UHKDELQUHYLHZ#DRO�FRP� RU� E\� ID[�

RU�SKRQH�DW����������-������ 
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7KH� PDMRULW\� RI� DUWKURVFRSLF� NQHH�

VXUJHULHV� LQ� WKH� 8QLWHG� 6WDWHV� DUH�
SHUIRUPHG� IRU� VXUJLFDO� UHSDLU� RU�
SDUWLDO� � H[FLVLRQ� RI� D� PHQLVFDO� WHDU��
$V� UHFHQW� GDWD� KDV� TXHVWLRQHG� WKH�
HIILFDF\� RI� WKDW� VXUJHU\�� WKHUH� LV� D�
VWURQJ� LQWHUHVW� LQ� LPSURYLQJ� WKH�
RXWFRPHV� RI� SDWLHQWV� LQ� QHHG� RI�
VXUJLFDO� UHSDLU�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
PHVHQFK\PDO�VWHP�FHOOV�FDQ�LPSURYH�
WKH� RXWFRPH� RI� PHQLVFDO� UHSDLU�
VXUJHU\�� DQG� WR� DVVHVV� WKHLU� HIIHFWV�
RQ�RVWHRDUWKULWLV�RI�WKH�NQHH�MRLQW� 
7KLV� GRXEOH-EOLQG�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� SDWLHQWV�
ZLWK� PHQLVFDO� LQMXULHV� ZKR� ZHUH�
FDQGLGDWHV� IRU� SDUWLDO� PHGLDO�
PHQLVFHFWRP\�� $� VLQJOH�� LQWUD-�
DUWLFXODU� NQHH� LQMHFWLRQ� ZDV� JLYHQ� WR�
DOO� VXEMHFWV� VHYHQ� WR� ��� GD\V� SRVW-�
VXUJHU\�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� RQH� RI� WKUHH�
LQMHFWLRQV�� *URXS� $� UHFHLYHG�
DOORJHQLF�PHVHQFK\PDO�VWHP�FHOOV��DW�
D� FRQFHQWUDWLRQ� RI� ��[��� ��� JURXS� %�
DW� D� FRQFHQWUDWLRQ� RI� ���[��� �� DQG�
JURXS� &�� D� FRQWURO� JURXS�� UHFHLYHG�
WKH� YHKLFOH� RQO\�� 7KH� VXEMHFWV� ZHUH�

IROORZHG� IRU� WZR� \HDUV� IRU� DGYHUVH�
HYHQWV�� VKLIWV� LQ� LPPXQRORJLFDO�
RXWFRPHV��05,� FKDQJHV� LQ�PHQLVFDO�
YROXPHV�� WRWDO� /\VKROP� NQHH� VFRUHV�
DQG�FKDQJHV�LQ�SDLQ� 
$W� WZR� \HDUV�� YLVXDO� DQDORJ� VFDOH�

VFRUHV� IRU� SDLQ� ZHUH� VLJQLILFDQWO\�
LPSURYHG� LQ� JURXS� $�� DV� ZHOO� DV� LQ�
JURXS� %�� DV� FRPSDUHG� ZLWK� FRQWUROV�
�S ����� DQG� S ������ UHVSHFWLYHO\���
8VLQJ� D� SUHGHILQHG� FULWHULRQ� RI�
VLJQLILFDQFH� DV� D� JUHDWHU� WKDQ� ����
LPSURYHPHQW� LQ� PHQLVFDO� YROXPH� DW�
��� PRQWKV�� WKLV� FULWHULRQ� ZDV�
DFKLHYHG� E\� ���� RI� WKH� SDWLHQWV� LQ�
JURXS� $�� VL[� SHUFHQW� LQ� JURXS� %�
�S ������� DQG� QRQH� LQ� WKH� FRQWURO�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PHQLVFDO� WHDU� LQMXU\�
IRXQG� WKDW� WKH� DGGLWLRQ� RI� VWHP� FHOOV�
IROORZLQJ� SDUWLDO� PHGLDO�
PHQLVFHFWRP\� PD\� UHVXOW� LQ�
LPSURYHG� RXWFRPHV� DV� FRPSDUHG� WR�
VXUJHU\�DORQH� 
 
9DQJVQHVV�� &��� HW� DO�� $GXOW� +XPDQ�
0HVHQFK\PDO� 6WHP� &HOOV� 'HOLYHUHG�
YLD� ,QWUD-$UWLFXODU� ,QMHFWLRQ� LQWR� WKH�
.QHH� IROORZLQJ� 3DUWLDO� 0HGLDO�
0HQLVFHFWRP\�� -� %RQH� -RLQW� 6XUJ��
������-DQXDU\����-$��������-��� 
 


