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�������������0XVFXORVNHOHWDOLQUHYLHZ�FRP� 

3XEOLVKHG�E\�3K\VLFLDQV�6SHFLDOL]LQJ��,Q 
0XVFXORVNHOHWDO�0HGLFLQH� 

$'2/(6&(17�3+<6,&$/�
$&7,9,7<�$1'�%21(�+($/7+ 
  
5HVHDUFK� LQGLFDWHV� WKDW� WKH�

RSWLPL]DWLRQ� RI� ERQH� DFFUXDO� LQ� WKH�
ILUVW� IHZ� GHFDGHV� RI� OLIH� FDQ� UHGXFH�
WKH� ODWHU� ULVN� RI� RVWHRSRURVLV�� 7KLV�
VWXG\� H[SORUHG� WKH� UHODWLRQVKLSV�
EHWZHHQ� SK\VLFDO� DFWLYLW\� DQG� ERQH�
PLQHUDO� GHQVLW\� �%0'�� DQG� ERQH�
PLQHUDO�FRQWHQW��%0&��OHYHOV� 
,Q� WKH� )LW� )XWXUHV� VWXG\�� DOO� ILUVW-�

\HDU�� XSSHU-VHFRQGDU\� VFKRRO�
VWXGHQWV� LQ� D� GHILQHG� PXQLFLSDOLW\�
ZHUH� LQYLWHG� WR� SDUWLFLSDWH�� ,QFOXGHG�
ZHUH� ���� JLUOV� DQG� ���� ER\V� ZKR�
XQGHUZHQW� KHLJKW� DQG� ZHLJKW�
PHDVXUHPHQWV� DQG� SURYLGHG�
LQIRUPDWLRQ� UHJDUGLQJ� OLIHVW\OH�
IDFWRUV�� 3K\VLFDO� DFWLYLW\� IUHTXHQFLHV�
ZHUH�GHWHUPLQHG��UDQJLQJ�IURP�QHYHU�
WR� DOPRVW� HYHU\� GD\�� 3HUFHLYHG�
LQWHQVLW\� RI� DFWLYLW\� ZDV� FDWHJRUL]HG�
LQWR� ILYH� JURXSV� IURP� �D� ELW� KDUG�� WR�
³H[WUHPHO\� KDUG´�� %RQH� SDUDPHWHUV��
LQFOXGLQJ� %0&� DQG� %0'�� ZHUH�
PHDVXUHG� DW� WKH� WRWDO� KLS�� WKH�
IHPRUDO� QHFN�� DQG� IRU� WKH� WRWDO� ERG\�
E\�GXDO�[-UD\�DEVRUSWLRPHWU\� 
7KH� PHDQ� %0'� LQ� JLUOV� ZKR�

UHSRUWHG� WKHPVHOYHV� DV� DFWLYH�
RXWVLGH� RI� VFKRRO� KRXUV� ZDV�
VLJQLILFDQWO\� KLJKHU� DW� DOO� VLWHV� DV�
FRPSDUHG� WR� WKHLU� LQDFWLYH�
FRXQWHUSDUWV� �S��������� $FWLYH� JLUOV�
DOVR� KDG� D� KLJKHU� %0&� RI� WKH�
IHPRUDO�QHFN�DQG�WRWDO�KLS��S��������
DV� FRPSDUHG� WR� WKHLU� LQDFWLYH�
FRXQWHUSDUWV�� ,Q� ER\V�� WKRVH�
UHSRUWLQJ� WR� EH� DFWLYH� KDG� KLJKHU�
%0&� DQG� %0'� OHYHOV� DW� DOO�
DQDWRPLFDO� VLWHV� WKDQ� WKHLU� LQDFWLYH�
FRXQWHUSDUWV� 
&RQFOXVLRQ�� 7KLV� 1RUZHJLDQ�

VWXG\� RI� FKLOGUHQ� ��� WR� ��� \HDUV� RI�
DJH� IRXQG� VHOI-UHSRUWHG� SK\VLFDO�
DFWLYLW\� WR� EH� SRVLWLYHO\� DVVRFLDWHG�
ZLWK�ERQH�PDVV�DFFUXDO��ZLWK�D�OLQHDU�
WUHQG�DPRQJ�DFWLYLW\�FDWHJRULHV� 

  
&KULVWRIIHUVHQ�� 7��� HW� DO�� 'RHV� WKH�
)UHTXHQF\� DQG� ,QWHQVLW\� RI� 3K\VLFDO�
$FWLYLW\� LQ� $GROHVFHQWV� +DYH� DQ�
,PSDFW�RQ�%RQH"�7KH�7URPVR�6WXG\��

)LW� )XWXUHV�� %0&� 6SRUWV� 6FL� 0HG�
5HKDE��������������� 

  
  $0660�21�

9,6&26833/(0(17$7,21�)25�
.1((�267(2$57+5,7,6 

  
2VWHRDUWKULWLV� �2$�� LV� RQH� RI� WKH�

OHDGLQJ� FDXVHV� RI� GLVDELOLW\� LQ� WKH�
8QLWHG�6WDWHV��ZLWK� NQHH�2$� UDQNHG�
ZLWKLQ�WKH�WRS�����QRQ-FRPPXQLFDEOH�
GLVHDVHV� IRU� JOREDO� GLVDELOLW\-�
DGMXVWHG� OLIH� \HDUV�� 7KLV� PHWD-�
DQDO\VLV�DQG�SRVLWLRQ�VWDWHPHQW�ZDV�
FRPSOHWHG� E\� WKH� $PHULFDQ�0HGLFDO�
6RFLHW\� IRU� 6SRUWV� 0HGLFLQH�
�$0660�� FXOPLQDWLQJ� LQ�
UHFRPPHQGDWLRQV� IRU� WKH� XVH� RI�
YLVFRVXSSOHPHQWDWLRQ� SDWLHQWV� ZLWK�
NQHH�2$� 
$�V\VWHPDWLF� OLWHUDWXUH�VHDUFK�ZDV�

FRPSOHWHG� IRU� UHOHYDQW� DUWLFOHV�
EHWZHHQ� ����� DQG� $XJXVW� RI� ������
(OLJLEOH� VWXGLHV� ZHUH� UDQGRPL]HG��
FRQWUROOHG� WULDOV� RI� SDWLHQWV� ZLWK� 2$�
RI� WKH� NQHH�� FRPSDULQJ� WUHDWPHQWV�
LQFOXGLQJ�LQWUD-DUWLFXODU�VWHURLGV��,$6��
RU� LQWUD-DUWLFXODU� K\DOXURQLF� DFLG�
�,+$�� ZLWK� LQWUD-DUWLFXODU� SODFHER�
�,$3��� 2XWFRPH� PHDVXUHV� LQFOXGHG�
:20$&�SDLQ��VWLIIQHVV�DQG� IXQFWLRQ�
VXEVFDOH� VFRUHV�� 7KH� WUHDWPHQW�
HIIHFW�ZDV�GHWHUPLQHG�E\�H[DPLQLQJ�
WKH� QXPEHU� RI� VXEMHFWV� ZLWKLQ� D�
WUHDWPHQW�DUP�ZKR�PHW�WKH�2XWFRPH�
0HDVXUHV� LQ� 5KHXPDWRLG� $UWKULWLV�
&OLQLFDO� 7ULDOV-� 2VWHRDUWKULWLV�
5HVHDUFK� 6RFLHW\� ,QWHUQDWLRQDO�
�20(5$&7-2$56,��FULWHULD� 
2Q� PHWD-DQDO\VLV�� WKRVH� UHFHLYLQJ�

,+$�ZHUH�����DQG�����PRUH� OLNHO\�
WR� UHVSRQG� WR� WUHDWPHQW� E\� WKH�
20(5$&7-2$56,� FULWHULD� WKDQ�
WKRVH� UHFHLYLQJ� ,$6� RU� ,$3��
UHVSHFWLYHO\� �S������ IRU� ERWK�
FRPSDULVRQV��� 3DWLHQWV� WUHDWHG� ZLWK�
,+$� WUHQGHG� WRZDUG� LPSURYLQJ� LQ�
:20$&� VWLIIQHVV� VFRUHV� DV�
FRPSDUHG� ZLWK� FRQWURO� DQG� ,$6��
DOWKRXJK� VWDWLVWLFDO� VLJQLILFDQFH� ZDV�
QRW�DFKLHYHG� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� VWXGLHV� LQYROYLQJ� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV� RI� WKH�NQHH� UHVXOWHG� LQ�

D� UHFRPPHQGDWLRQ� E\� WKH� $0660�
IRU� WKH� XVH� RI� ,+$� IRU� DSSURSULDWH�
SDWLHQWV�ZLWK�NQHH�RVWHRDUWKULWLV��7KH�
UHFRPPHQGDWLRQ� ZDV� VWURQJHVW� IRU�
WKRVH�RYHU����\HDUV�RI�DJH� 

  
7URMLDQ�� 7��� HW� DO�� $0660� 6FLHQWLILF�
6WDWHPHQW &RQFHUQLQJ�
9LVFRVXSSOHPHQWDWLRQ� ,QMHFWLRQV� IRU�
.QHH� 2VWHRDUWKULWLV�� ,PSRUWDQFH� IRU�
,QGLYLGXDO� 3DWLHQW� 2XWFRPHV��&OLQ� -�
6SRUW�0HG�� ������-DQXDU\����������
-��� 

%278/,180�72;,1�$�)25�
&(5(%5$/�3$/6<�6&2/,26,6 
  
7KH� PRVW� FRPPRQ� QHXURORJLF�

GLVHDVH� LQ� FKLOGUHQ� LV� FHUHEUDO� SDOV\�
�&3��� )RU� \HDUV�� ERWXOLQXP� WR[LQ� $�
�%7;��LQMHFWLRQV�KDYH�EHHQ�XVHG��RII�
ODEHO��IRU�WKH�WUHDWPHQW�RI�VSDVWLF�&3��
WR� LPSURYH� PRWRU� G\VIXQFWLRQ� DQG�
UHGXFH� VSDVWLFLW\�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH�
HIIHFWLYHQHVV� RI� %7;� WUHDWPHQW� IRU�
SDWLHQWV�ZLWK�VFROLRVLV�UHODWHG�WR�&3� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� ZLWK� D� KLVWRU\� RI� &3�� DOO�
EHWZHHQ� WKH� DJHV� RI� WZR� DQG� ���
\HDUV�� ZKR� ZHUH� XQGHUJRLQJ� EUDFH�
WUHDWPHQW�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� HLWKHU� DQ� DFWLYH� %7;�
JURXS� RU� D� QRUPDO� VDOLQH� SODFHER�
JURXS�� %RWK� JURXSV� UHFHLYHG�
LQWUDPXVFXODU� LQMHFWLRQV�� DW� WKH�
FRQFDYH� VLGH� RI� WKH� VFROLRVLV� LQ� WKH�
LOLRSVRDV�� TXDGUDWXV� OXPERUXP�� DQG�
HUHFWRU� VSLQDH�� ZLWK� WKH� WUHDWPHQW�
JURXS� UHFHLYLQJ�D�PD[LPXP�GRVH�RI�
����XQLWV�%7;�IRU�HDFK�PXVFOH� 
5DGLRORJLFDO� PHDVXUHPHQWV� ZHUH�

REWDLQHG� EHIRUH� WUHDWPHQW� DQG� VL[�
ZHHNV� DIWHU� WUHDWPHQW�� 7KH� SULPDU\�
RXWFRPH�PHDVXUHV�ZHUH�WKH�FKDQJH�
LQ�WKH�&REE�DQJOH�DQG�WKH�URWDWLRQ�E\�
1DVK� DQG� 0RH� FODVVLILFDWLRQ�� 7KH�
FOLQLFDO� HIIHFW� ZDV� PHDVXUHG� E\� WKH�
3HGLDWULF� 4XDOLW\� RI� /LIH� 6FRUH� DQG�
RSHQ� TXHVWLRQV� WR� WKH� SDUHQWV�
FRQFHUQLQJ�WKH�FKLOG
V�ZHOO-EHLQJ� 
6XEMHFWV�ZHUH����SDWLHQWV�ZLWK�&3��

PDLQWDLQHG�LQ�D�EUDFH�WKURXJKRXW�WKH�
VWXG\�� 7KH� SULPDU\� PHDVXUHV�

9ROXPH����1XPEHU�� -DQXDU\��������� 
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LPSURYHG� LQ� WZR� VXEMHFWV� DQG�
ZRUVHQHG� LQ� IRXU� DIWHU� %7;�� ZKLOH�
LPSURYLQJ�LQ�WZR�DQG�ZRUVHQLQJ�LQ�WZR�
DIWHU�QRUPDO�VDOLQH��S ����� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\� GLG� QRW�
ILQG�WKDW�%7;�LQMHFWLRQV�ZHUH�KHOSIXO�LQ�
WKH�WUHDWPHQW�RI�VFROLRVLV� 

  
:RQJ�� &��� HW� DO�� 7KH� (IIHFW� RI�
%RWXOLQXP� 7R[LQ� $� ,QMHFWLRQV� LQ� WKH�
6SLQH� 0XVFOHV� IRU� &HUHEUDO� 3DOV\�
6FROLRVLV��([DPLQHG� LQ�D�3URVSHFWLYH��
5DQGRPL]HG�� 7ULSOH-%OLQG� 6WXG\��
6SLQH��������'HFHPEHU�������������
-����� 

())(&7�2)�+<327+(50,$� 
$)7(5�75$80$7,&� 

%5$,1�,1-85< 
  
$PRQJ� SDWLHQWV� KRVSLWDOL]HG� ZLWK�

WUDXPDWLF� EUDLQ� LQMXU\� �7%,�� ZLWK�
LQWUDFUDQLDO� K\SHUWHQVLRQ�� VWDQGDUG�
FDUH� LQFOXGHV� UHGXFLQJ� LQWUDFUDQLDO�
SUHVVXUH� XVLQJ� PDQQLWRO�� K\SHUWRQLF�
VDOLQH�� LQRWURSHV� DQG� WKHUDSHXWLF�
K\SRWKHUPLD��7KLV�VWXG\�HYDOXDWHG�WKH�
HIIHFW� RQ� IXQFWLRQDO� RXWFRPH� RI�
WKHUDSHXWLF�K\SRWKHUPLD� LQLWLDWHG�DIWHU�
7%,� 
7KLV� UDQGRPL]HG� VWXG\� LQFOXGHG�

SDWLHQWV� ZLWK� 7%,� ZLWK� LQWUDFUDQLDO�
SUHVVXUH RI DERYH ��� PP+J��
DVVLJQHG� WR� UHFHLYH�VWDQGDUG� FDUH� RU�
VWDQGDUG� FDUH� SOXV� K\SRWKHUPLD�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
([WHQGHG� *ODVJRZ� 2XWFRPH� 6FDOH�
�*26-(���DV�PHDVXUHG�DW�VL[�PRQWKV��
6XEMHFWV� ZHUH� ���� SDWLHQWV� VHHQ�
EHWZHHQ� ����� DQG� ������ 2I� WKRVH��
����ZHUH�UDQGRPL]HG� WR�K\SRWKHUPLD�
SOXV� VWDQGDUG� FDUH�� DQG� ���� WR� D�

 

VWDQGDUG  FDUH� JURXS� ZLWKRXW�
K\SRWKHUPLD�� 6L[� PRQWKV� DIWHU� LQMXU\��
WKH�GLVWULEXWLRQ�RI�*26-(�VKLIWHG�LQ�DQ�
XQIDYRUDEOH� GLUHFWLRQ� LQ� WKH�
K\SRWKHUPLD�JURXS�S �������)DYRUDEOH�
RXWFRPHV�� GHILQHG� DV� D� *26-(�
VFRUHV� ILYH� WR� HLJKW�� ZHUH� VHHQ� LQ�
������ RI� WKH� K\SRWKHUPLD� JURXS� DQG�
������ RI� WKH� VWDQGDUG� FDUH� JURXS�
�S ������� 7KH� ULVN� RI� GHDWK� IDYRUHG�
WKH�VWDQGDUG�FDUH� JURXS��S ������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� WUDXPDWLF� EUDLQ� LQMXU\� DQG� DQ�
LQWUDFUDQLDO�SUHVVXUH�RI�RYHU����PP+J�
IRXQG� WKDW�� ZKLOH� WKHUDSHXWLF�
K\SRWKHUPLD� UHGXFHG� LQWUDFUDQLDO�
SUHVVXUH�� LW�GLG�QRW� LPSURYH� IXQFWLRQDO�
UHFRYHU\� PRUH� WKDQ� VWDQGDUG� FDUH�
DORQH� 

  
$QGUHZV�� 3��� HW� DO�� +\SRWKHUPLD� IRU�
,QWUDFUDQLDO� +\SHUWHQVLRQ� DIWHU�
7UDXPDWLF�%UDLQ�,QMXU\��1� (QJO� -� 0HG��
������'HFHPEHU������������� 
����-����� 
 

 &203/,$1&(�:,7+�
5(+$%,/,7$7,21�,03529(6�
287&20(�$)7(5�$17(5,25�

&58&,$7(�/,*$0(17�
5(&216758&7,21 

  
6XSHUYLVHG� SK\VLFDO� WKHUDS\� LV�

URXWLQHO\� SUHVFULEHG� DIWHU� DQWHULRU�
FUXFLDWH OLJDPHQW �$&/��
UHFRQVWUXFWLRQ��:KLOH�SUHYLRXV�VWXGLHV�
KDYH� DVVHVVHG� WKH� HIIHFWV� RI�
VXSHUYLVHG�UHKDELOLWDWLRQ�RQ� TXDOLW\-RI-
OLIH� DQG� IXQFWLRQDO� RXWFRPHV�� QRQH�
KDYH� ORRNHG� DW� LWV� HIIHFW� RQ� UHWXUQ� WR�
VSRUW�� 7KLV� VWXG\� H[DPLQHG� WKH� HIIHFW�
RI�FRPSOLDQFH�ZLWK�UHKDELOLWDWLRQ�RQ�DQ�
DWKOHWH¶V�DELOLW\�WR�UHWXUQ�WR�VSRUW� 
6XEMHFWV� ZHUH� ��� UHFUHDWLRQDO�

DWKOHWHV�ZLWK�DFXWH�$&/�WHDUV��UHIHUUHG�
IRU� VXUJLFDO� UHFRQVWUXFWLRQ�� $IWHU�
VXUJHU\�� DOO� SDWLHQWV� ZHUH� UHIHUUHG� WR�
SK\VLFDO� WKHUDS\� �37��� $OO� SDUWLFLSDQWV�
ZHUH� DGYLVHG� WR� DWWHQG� ��� 37�
RXWSDWLHQW� DSSRLQWPHQWV�� RYHU� QLQH�
PRQWKV��$W� WKH�HQG�RI�VL[�PRQWKV�� WKH�
SDWLHQWV� ZHUH� DOORZHG� WR� UHWXUQ� WR�
VSRUW�� 7KH� QXPEHU� RI� 37� RXWSDWLHQW�
VHVVLRQV� DWWHQGHG� LQ� WKH� ILUVW� QLQH�
PRQWKV� DIWHU� VXUJHU\� ZDV� GHWHUPLQHG�
IURP�WKH�VXEMHFWV¶�UHFRUGV� 
)ROORZ-XS� HYDOXDWLRQV� LQFOXGHG�

/\VKROP�NQHH�VFRUHV��.QHH�LQMXU\�DQG�
2VWHRDUWKULWLV� 2XWFRPH� 6FRUHV�
�.226�� DQG� 6KRUW� )RUP-��� +HDOWK�
6XUYH\� �6)-���� SK\VLFDO� FRPSRQHQW�
VXPPDU\� �3&6�� DQG� PHQWDO�
FRPSRQHQW� VXPPDU\� �0&6�� VFRUHV��
7KH� SDWLHQW
V� DELOLW\� WR� UHWXUQ� WR� VSRUW�
ZDV� DOVR� GRFXPHQWHG� WKURXJK� VHOI-�
UHSRUW��6XEMHFWV�ZHUH� FRQVLGHUHG� IXOO\�
FRPSOLDQW� LI� WKH\�DWWHQGHG����RU�PRUH�

VHVVLRQV�� DQG� QRQFRPSOLDQW� LI� WKH\�
DWWHQGHG�IHZHU�WKDQ�VL[�VHVVLRQV� 
3DWLHQWV� LQ� WKH� IXOO\�FRPSOLDQW�JURXS�

HDUQHG� EHWWHU� VFRUHV� RQ� WKH� /\VKROP�
�S���������.226�VSRUW�UHF� �S ��������
.226� 6\PSWRPV� VXEVFDOH� �S �������
DQG�6)-���3&6��S �������$'/�VXEVHW�
WKDQ� GLG� WKH� QRQFRPSOLDQW� JURXS��
)XUWKHU��VXEMHFWV�LQ�WKH�IXOO\�FRPSOLDQW�
JURXS�KDG�VLJQLILFDQWO\�JUHDWHU�RGGV�RI�
UHWXUQ� WR� VSRUW� �RGGV� UDWLR� ������ WKDQ�
GLG� WKRVH� LQ� WKH� QRQFRPSOLDQW� JURXS�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

UHFUHDWLRQDO� DWKOHWHV� XQGHUJRLQJ�
DQWHULRU FUXFLDWH OLJDPHQW�
UHFRQVWUXFWLRQ� IRXQG� WKDW� FRPSOLDQFH�
ZLWK� D� ZHOO-GHVLJQHG�� SURJUHVVLYH��
VXSHUYLVHG� SK\VLFDO� WKHUDS\� SURJUDP�
LV� FRUUHODWHG� ZLWK� LPSURYHG� NQHH�
IXQFWLRQ� DQG� D� JUHDWHU� FKDQFH� RI�
UHWXUQ�WR�VSRUW� 

  
+DQ�� )��� HW� DO�� ,QFUHDVHG� &RPSOLDQFH�
ZLWK� 6XSHUYLVHG� 5HKDELOLWDWLRQ�
,PSURYHV� )XQFWLRQDO� 2XWFRPH� DQG�
5HWXUQ�WR�6SRUW�DIWHU�$QWHULRU�&UXFLDWH�
/LJDPHQW� 5HFRQVWUXFWLRQ� LQ�
5HFUHDWLRQDO�$WKOHWHV��2UWKR� -� 6SRUWV�
0HG��������'HFHPEHU�������� 

  

(/(&75,&$/�67,08/$7,21� 
$1'�675(7&+,1*�)25�

)/(;,%,/,7< 
  
7KH� SUDFWLFH� RI� VRPH� VSRUWV� LV�

DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG�
SUHYDOHQFH� RI� WKH� VKRUW� KDPVWULQJ�
V\QGURPH� �6+6��� 6HYHUDO� VWXGLHV�
KDYH� H[DPLQHG� GLIIHUHQW� WHFKQLTXHV�
IRU�LQFUHDVLQJ�KDPVWULQJ�IOH[LELOLW\��7KLV�
VWXG\� FRPSDUHG� WKH� HIIHFWLYHQHVV� RI�
DFWLYH� VWUHWFKLQJ� �$6�� DORQH� ZLWK� WKDW�
RI� $6� SOXV� HOHFWULFDO� VWLPXODWLRQ�
�7(16��LQ�\RXQJ�VRFFHU�SOD\HUV� 
7KLV� UDQGRPL]HG�� FRQWUROOHG�� VLQJOH-

EOLQG�VWXG\�LQFOXGHG�ER\V�DJHV 
��� WR� ��� \HDUV� UHJLVWHUHG� ZLWK� WKH�

ORFDO�VRFFHU� IHGHUDWLRQ��7KRVH�HOLJLEOH�
KDG� D� VWUDLJKW� OHJ� UDLVH� �6/5�� WHVW�
UHVXOW� RI� OHVV� WKDQ� ���� DQG�RU� D�
SDVVLYH� NQHH� H[WHQVLRQ� �3.(�� WHVW�
UHVXOW� RI� PRUH� WKDQ� ����� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR� RQH�
RI�WKUHH�JURXSV��$6�SOXV�7(16��$6��RU�
D�FRQWURO�JURXS�� ,Q� WKH�$6�SOXV�7(16�
JURXS�� WKH� VXEMHFWV� XQGHUZHQW� $6�
FRPELQHG� ZLWK� ORZ-IUHTXHQF\�
VWLPXODWLRQ�ZLWK�D�7(1V�XQLW�DW����+]�
ZLWK� SXOVH� WUDLQV� RI� �� VHFRQG�� $OO�
SDUWLFLSDQWV� XQGHUZHQW� RQH� VHVVLRQ�
ZHHNO\� IRU� HLJKW� ZHHNV�� ZLWK�
HYDOXDWLRQV� RFFXUULQJ� DIWHU� WKH� ILQDO�
VHVVLRQ� 
7KH� $6� SOXV� 7(16� JURXS�

GHPRQVWUDWHG� VLJQLILFDQWO\� EHWWHU�
LPSURYHPHQW�RQ�WKH�6/5�WKDQ�GLG� WKH�



 

3DJH�� �����������������-DQXDU\�������� 9ROXPH����1XPEHU��  

$6� JURXS� �S������� IRU� ERWK� OHJV��� ,Q�
DGGLWLRQ��WKH�$6�SOXV�7(16�JURXS�KDG�
VXSHULRU� LPSURYHPHQW� LQ� WKH�3.(� WHVW�
WKDQ� GLG� WKH� $6� RQO\� JURXS� �S������-
S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� VRFFHU�

SOD\HUV�� ��� WR� ��� \HDUV� RI� DJH�� ZLWK�
VKRUW� KDPVWULQJ� V\QGURPH� IRXQG� WKDW�
DFWLYH� VWUHWFKLQJ� SOXV� ORZ-IUHTXHQF\�
HOHFWULFDO� VWLPXODWLRQ� DFKLHYHG� JUHDWHU�
LPSURYHPHQW� LQ� UDQJH� RI� PRWLRQ� WKDQ�
GLG�DFWLYH�VWUHWFKLQJ�DORQH� 

  
3LTXHUDV-5RGULJXH]�� )��� HW� DO��
(IIHFWLYHQHVV� $QDO\VLV� RI� $FWLYH�
6WUHWFKLQJ� YHUVXV� $FWLYH� 6WUHWFKLQJ�
3OXV� /RZ-)UHTXHQF\� (OHFWULFDO�
6WLPXODWLRQ� LQ� &KLOGUHQ� :KR� 3OD\�
6RFFHU� DQG� :KR� +DYH� WKH� 6KRUW�
+DPVWULQJ� 6\QGURPH�� &OLQ� -� 6SRUWV�
0HG��������-DQ�����������-��� 

  
(;(5&,6(�35(9(176� 

/2:�%$&.�3$,1 
  
7KH� JOREDO� SRLQW� SUHYDOHQFH� RI� ORZ�

EDFN�SDLQ��/%3��LV������DQG�LV�WKRXJKW�
OLNHO\� WR� LQFUHDVH�� :KLOH� WKHUH� KDYH�
EHHQ� VHYHUDO� UHYLHZV� RI� VWUDWHJLHV� WR�
SUHYHQW� /%3�� PRVW� KDYH� PDMRU�
OLPLWDWLRQV��7KLV�V\VWHPDWLF�UHYLHZ�ZDV�
FRPSOHWHG�WR�HYDOXDWH�WKH�HYLGHQFH�IRU�
WKH� HIIHFWLYHQHVV� RI� LQWHUYHQWLRQV� IRU�
WKH�SUHYHQWLRQ�RI�HSLVRGHV�RI�/%3� 
6HYHUDO� GDWDEDVHV� ZHUH� UHYLHZHG�

WKURXJK� 1RYHPEHU� ���� ������
VHDUFKLQJ� IRU� UDQGRPL]HG�� FRQWUROOHG�
WULDOV� DVVHVVLQJ� WKH� HIIHFWLYHQHVV� RI�
SUHYHQWLRQ� VWUDWHJLHV� IRU� QRQVSHFLILF�
/%3�� 6WXGLHV� ZHUH� UHYLHZHG� IRU� WKH�
TXDOLW\� RI� WKH� WULDOV� DQG� RYHUDOO� TXDOLW\�
RI� WKH� HYLGHQFH�� ZLWK� WKH� SULPDU\�
RXWFRPH� EHLQJ� HSLVRGHV� RI� /%3� DQG�
WKH� VHFRQGDU\� RXWFRPH� EHLQJ� VLFN�
OHDYH�DVVRFLDWHG�ZLWK�/%3� 
2I� WKH� VWXGLHV� UHYLHZHG�� ���

SXEOLVKHG� UHSRUWV�� LQFOXGLQJ� �������
SDUWLFLSDQWV�� ZHUH� LQFOXGHG�� 7KH�
VWXGLHV� UHYLHZHG� VL[� SUHYHQWLRQ�
VWUDWHJLHV�� LQFOXGLQJ� H[HUFLVH��
HGXFDWLRQ�� EDFN� EHOWV�� VKRH� LQVROHV�
DQG�RWKHU�WHFKQLTXHV� 
7KH� SRROHG� UHVXOWV� SURYLGHG�

PRGHUDWH� TXDOLW\� HYLGHQFH� WKDW�
H[HUFLVH�DQG�HGXFDWLRQ�FDQ�UHGXFH�WKH�
ULVN� RI� /%3� DW� VKRUW-WHUP� IROORZ-� XS��
DQG� ORZ-TXDOLW\� HYLGHQFH� RI� D�
SURWHFWLYH� HIIHFW� DW� ORQJ-WHUP� IROORZ-�
XS�� 7KHUH� ZDV� DOVR� ORZ-TXDOLW\�
HYLGHQFH�RI�D�SURWHFWLYH�HIIHFW�DJDLQVW�
VLFN� OHDYH� GXH� WR� /%3� DW� VKRUW-WHUP�
IROORZ-XS�� 7KHUH� ZDV� QR� HYLGHQFH� RI�
SURWHFWLYH�HIIHFWV�RI�EDFN�EHOWV�RU�VKRH�
LQVROHV�DJDLQVW�HSLVRGHV�RI�/%3� 
&RQFOXVLRQ��7KLV�OLWHUDWXUH��UHYLHZ�

VXJJHVWV� WKDW�H[HUFLVH��FRPELQHG�ZLWK�

HGXFDWLRQ�� PD\� EH� HIIHFWLYH� LQ�
SUHYHQWLQJ�ORZ�EDFN�SDLQ� 

  
6WHIIHQV�� '��� HW� DO�� 3UHYHQWLRQ� RI� /RZ�
%DFN� 3DLQ�� $� 6\VWHPDWLF� 5HYLHZ� DQG�
0HWD-$QDO\VLV�� -$0$� ,QWHUQ� 0HG��
������)HEUXDU\�������������-���� 

  

.1((�267(2$57+5,7,6�� 
21(�25�7:2�;-5$<6" 

  
7KH�VWDQGDUG�PHWKRG�RI�UDGLRJUDSKLF�

DVVHVVPHQW� RI� WKH� IHPRUR-WLELDO� MRLQW�
KDV�EHHQ�WKH�ZHLJKW-EHDULQJ��H[WHQGHG�
NQHH� $3� [-� UD\�� SOXV� D� VHPL-IOH[HG�
SRVWHULRDQWHULRU� �VFKXVV�� [-UD\�� $V�
WKHUH� LV� LQVXIILFLHQW� GDWD� WR� GHWHUPLQH�
WKH� XWLOLW\� RI� XVLQJ� ERWK�� WKLV� VWXG\�
HYDOXDWHG� WKH� XVH� RI� ERWK� YHUVXV� WKH�
VFKXVV� YLHZ� DORQH� DV� D� GLDJQRVWLF�
VFUHHQLQJ�WRRO� 
7KLV� VWXG\� LQFOXGHG� ���� LQGLYLGXDOV�

UDQJLQJ� LQ� DJH� IURP� ��� WR� ��� \HDUV��
ZLWK� YDULRXV� VWDJHV� RI� NQHH�
RVWHRDUWKULWLV�� $OO� VXEMHFWV� XQGHUZHQW�
ZHLJKW-EHDULQJ�� H[WHQGHG� $3�� D�
VFKXVV� DQG� DQ� D[LDO�VN\OLQH� YLHZ� RI�
ERWK� NQHHV�� -RLQW� VSDFH�
PHDVXUHPHQWV�ZHUH�VFRUHG�ZLWK�D�ILYH
-SRLQW� V\VWHP�� 5DGLRJUDSKLF� NQHH�
RVWHRDUWKULWLV� ZDV� GHILQHG� DV� D� .-/�
VFRUH� RI� WZR� RU� PRUH�� ;-UD\�
FRPSDULVRQV� ZHUH�PDGH� EHWZHHQ� WKH�
GLIIHUHQW� YLHZV� IRU� .-/� VWDJHV��
RVWHRSK\WH� GHWHFWLRQ� DQG� ORFDOL]DWLRQ��
DV�ZHOO�DV�MRLQW�VSDFH�QDUURZLQJ��-61�� 
:KHQ� FRPELQLQJ� WKH� WZR� YLHZV�� D�

KLJKHU� SURSRUWLRQ� RI� SDWLHQWV� ZHUH�
UDQNHG� ZLWK� .-/� VFRUHV� RI� WZR� RU�
JUHDWHU��DV�FRPSDUHG�ZLWK�HLWKHU�RI�WKH�
YLHZV� DORQH�� 7KH� VFKXVV� ;-UD\� DORQH�
ZDV� VLJQLILFDQWO\� EHWWHU� DW� GHWHFWLQJ�
-61� WKDQ� WKH� VWDQGLQJ�$3� YLHZ� DORQH�
�S� ������� DQG� S ������� IRU� WKH� ULJKW�
DQG� OHIW� NQHHV�� UHVSHFWLYHO\��� 1R�
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG� LQ�
GHWHFWLQJ� -61� DQG� RVWHRSK\WHV� ZKHQ�
XVLQJ� WKH� VFKXVV� YLHZ� DORQH� DV�
FRPSDUHG�ZLWK�FRPELQLQJ�WKH�WZR� 
&RQFOXVLRQ�� 7KLV� UDGLRJUDSKLF�

VWXG\� RI� SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI�
WKH�NQHH�IRXQG�WKDW�WKH�VFKXVV�YLHZ�LV�
VXIILFLHQW� IRU� GHWHFWLQJ� RVWHRSK\WHV�
DQG�MRLQW�VSDFH�QDUURZLQJ� 

  
5RX[�� &��� HW� DO�� )HPRUR-WLELDO� .QHH�
2VWHRDUWKULWLV�� 2QH� RU� 7ZR� ;-5D\V"�
5HVXOWV� IURP� D� 3RSXODWLRQ-%DVHG�
6WXG\�� -RLQW� %RQH� 6SLQH�� ������
-DQXDU\�����������-��� 
 

 /(1*7+�2)�+263,7$/�67$<�
)2//2:,1*�+,3�)5$&785( 

  
+LS� IUDFWXUH� DPRQJ� HOGHUO\� DGXOWV� LV�

DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\��GHVSLWH�

DGYDQFHV� LQ� KHDOWKFDUH�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� LGHQWLI\� ZKHWKHU� D�
VKRUWHU� KRVSLWDO� OHQJWK� RI� VWD\�
FRUUHVSRQGV� ZLWK� D� GHFUHDVH� LQ�
PRUWDOLW\� ZLWKLQ� ��� GD\V� RI� GLVFKDUJH�
IURP�DFXWH�FDUH�KRVSLWDOL]DWLRQ� 
6XEMHFWV�ZHUH���������SDWLHQWV�RYHU�

WKH� DJH� RI� ��� \HDUV�� ZKR� ZHUH�
DGPLWWHG�WR�RQH�RI�����1HZ�<RUN�6WDWH�
KRVSLWDOV� ZLWK� D� KLS� IUDFWXUH� EHWZHHQ�
����� DQG� ������ 2I� WKHVH�� ��������
ZHUH� WUHDWHG� VXUJLFDOO\� DQG� �������
QRQVXUJLFDOO\�� 7KRVH� ZKR� GLHG� GXULQJ�
KRVSLWDOL]DWLRQ�ZHUH�H[FOXGHG� 
'XULQJ� WKH� ��� GD\V�SRVW-� GLVFKDUJH��

����� RI� WKH� SDWLHQWV� GLHG�� 'XULQJ� WKH�
VWXG\�� WKH� DYHUDJH� OHQJWK� RI� VWD\�
GHFUHDVHG� IURP� ����� GD\V� LQ� ����� WR�
���� GD\V� LQ� ������ $� VKRUWHU� KRVSLWDO�
VWD\�ZDV�DVVRFLDWHG�ZLWK�D�GHFUHDVHG�
��-GD\� PRUWDOLW\�� $� PXOWLYDULDWH�
UHJUHVVLRQ� DQDO\VLV� UHYHDOHG� WKDW�
GLVFKDUJH�WR�D�KRVSLFH�IDFLOLW\�DQG�DJH�
RYHU� ��� \HDUV� ZHUH� WKH� ODUJHVW� ULVN�
IDFWRUV� IRU� ��-GD\� PRUWDOLW\�� 7KH�
PRUWDOLW\� UDWH� IRU� VXUJLFDOO\� WUHDWHG�
SDWLHQWV� ZDV� ������ ZKLOH� WKDW� IRU�
QRQVXUJLFDOO\� WUHDWHG� SDWLHQWV� ZDV�
�������3DWLHQWV�ZLWK�D�VWD\�ORQJHU�WKDQ�
��� GD\V� KDG� VLPLODU� PRUWDOLW\� UDWHV� WR�
WKRVH�RI�SDWLHQWV�WUHDWHG�QRQVXUJLFDOO\� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� D� KLS� IUDFWXUH� IRXQG� WKDW� KRVSLWDO�
OHQJWK� RI� VWD\� KDV� GHFUHDVHG�
VLJQLILFDQWO\� VLQFH� WKH� \HDU� ������ DQG�
WKDW�VKRUWHU�KRVSLWDO�OHQJWK�RI�VWD\�DQG�
VXUJLFDO� WUHDWPHQW� DUH�DVVRFLDWHG�ZLWK�
GHFUHDVHG� PRUWDOLW\� ZLWKLQ� ��� GD\V�
DIWHU� GLVFKDUJH� IURP� DFXWH� FDUH�� 7KH�
DXWKRUV� VXJJHVW� WKDW� ORQJHU� OHQJWK� RI�
KRVSLWDOL]DWLRQ� OLNHO\� UHSUHVHQWV� D�
VXUURJDWH� IRU�PHGLFDO� FRPRUELGLWLHV�RU�
FRPSOLFDWLRQV� 

  
1LNNHO�� /��� HW� DO�� /HQJWK� RI� +RVSLWDO�
6WD\� DIWHU� +LS� )UDFWXUH� DQG� 5LVN� RI�
(DUO\�0RUWDOLW\�DIWHU�'LVFKDUJH� LQ�1HZ�
<RUN� 6WDWH�� 5HWURVSHFWLYH� &RKRUW�
6WXG\��%U�0HG�-�������������+����� 

/(8.2&<7(�–�5('8&('�
3/$7(/(7�5,&+�3/$60$�)25�

6835$63,1$7286�
7(1',123$7+< 

  
:LWKRXW� LQWHUYHQWLRQ�� WKH� SURJQRVLV�

IRU� SDWLHQWV� ZLWK� V\PSWRPDWLF� URWDWRU�
FXII� WHDUV� UHPDLQV� SRRU�� $PRQJ� WKH�
FXUUHQW� WUHDWPHQW� RSWLRQV��SODWHOHW� ULFK�
SODVPD��353��KDV�EHHQ�VXJJHVWHG��DV�
WKLV�VXEVWDQFH�FRQWDLQV�JURZWK�IDFWRUV�
RI� LQWHUHVW� IRU� WHQGRQ� UHJHQHUDWLRQ��
7KLV�VWXG\�FRPSDUHG�WKH�HIIHFWV�RI�ORZ�
YHUVXV� KLJK� OHXNRF\WH� FRQFHQWUDWHG�
353� RQ� PHGLDWRUV� RI� PDWUL[�
PHWDEROLVP� LQ�GLVHDVHG�VXSUDVSLQDWXV�
WHQGRQV� 
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7KLV� ODERUDWRU\� FRQWUROOHG� VWXG\�
LQFOXGHG� WHQGRQ� ELRSV\� VSHFLPHQV�
WDNHQ� IURP� ���� FKURQLFDOO\� WRUQ�
VXSUDVSLQDWXV� WHQGRQV� RI� SDWLHQWV�
DJHV� ��� WR� ��� \HDUV�� ZKR� ZHUH�
VFKHGXOHG� IRU� URWDWRU� FXII� VXUJLFDO�
UHSDLU�� 9HQRXV� EORRG� ZDV� WDNHQ�
IURP� KHDOWK\�� KXPDQ� YROXQWHHUV�
GLVWLQFW� IURP� WKH� URWDWRU� FXII� GRQRU�
SDWLHQWV�� 7KLV� EORRG� ZDV� XVHG� WR�
JHQHUDWH� ORZ� OHXNRF\WH�SODWHOHW� ULFK�
SODVPD� RU� KLJK� OHXNRF\WH� SODWHOHW�
ULFK�SODVPD� 
7HQGRQV� ZHUH� FDWHJRUL]HG� LQWR�

WZR�JURXSV��JURXS����ZLWK�PRGHUDWH�
WHQGLQRSDWK\�� DQG� JURXS� �� ZLWK�
VHYHUH�WHQGLQRSDWK\��$IWHU�IRXU�GD\V�
RI�FXOWXUH�ZLWK� WKH�GLVHDVHG�WHQGRQ��
VSHFLILF�JURZWK�IDFWRUV�DQG�F\WRNLQH�
FRQFHQWUDWLRQV� ZLWKLQ� WKH� 353�
PHGLD�ZHUH�PHDVXUHG��$GGLWLRQDOO\��
JHQH� H[SUHVVLRQ� RI� DQDEROLF�
PDUNHUV�� FDWDEROLF� PDUNHUV� DQG�
LQWHUOHXNLQ-RQH� EHWD� ZHUH�
PHDVXUHG� 
,Q� JURXS� ��� WHQGRQ� FXOWXUHV� ZLWK�

ORZ� OHXNRF\WH� 353� KDG� ORZHU�
FRQFHQWUDWLRQV� RI� LQWHUOHXNLQ� RQH�
EHWD� �S�������� DV�ZHOO� DV� LQFUHDVHG�
UDWLRV� RI� LQWHUOHXNLQ� RQH� UHFHSWRU�
DQWDJRQLVWV� WR� LQWHUOHXNLQ� RQH� EHWD�
�S������� DQG� FROODJHQ� W\SH� ,� WR�
FROODJHQ� W\SH� ,,,� JHQH� H[SUHVVLRQ�
WKDQ� GLG� KLJK� OHXNRF\WH� 353�
�S ������� ,Q� JURXS� �� WHQGRQV��
QHLWKHU� 353� SUHSDUDWLRQ� GLVSOD\HG�
DQ�HQKDQFHG�PDWUL[�V\QWKHVLV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GHJHQHUDWLYH�
VXSUDVSLQDWXV� WHQGLQRSDWK\� IRXQG�
WKDW�� DPRQJ� WKRVH� ZLWK� PRGHUDWHO\�
GHJHQHUDWLYH� URWDWRU� FXII� WHQGRQV��
ORZ�OHXNRF\WH�353�VXSSRUWV�QRUPDO�
JHQHUDWLRQ� RI� FROODJHQ� PDWUL[� ZKLOH�
GHFUHDVLQJ� SUR-LQIODPPDWRU\�
F\WRNLQHV� PRUH� WKDQ� GRHV� KLJK�
OHXNRF\WH�353� 

  
&URVV��-���HW�DO��/HXNRF\WH�5HGXFHG�
3ODWHOHW� 5LFK� 3ODVPD� 1RUPDOL]HV�
0DWUL[� 0HWDEROLVP� LQ� 7RUQ� +XPDQ�
5RWDWRU�&XII�7HQGRQV��$P�-�6SRUWV�
0HG��������'HFHPEHU��������������
-����� 

 /80%$5�727$/�',6&�
5(3/$&(0(17 

  
7UDGLWLRQDOO\�� PDQDJHPHQW� RI�

OXPEDU� GHJHQHUDWLYH� GLVHDVH� LV�
OLPLWHG� WR� HLWKHU� QRQVXUJLFDO�
WUHDWPHQW� RU� IXVLRQ� RI� WKH� DIIHFWHG�
OHYHO��5HVHDUFK�KDV� IRFXVHG�RQ� WKH�
GHYHORSPHQW� RI� WRWDO� GLVF�
UHSODFHPHQW� �7'5�� DV� D� PRWLRQ�
SUHVHUYLQJ�DOWHUQDWLYH�WR�IXVLRQ��7KLV�
VWXG\� HYDOXDWHG� WKH� VDIHW\� DQG�
HIILFDF\� RI� D� QRYHO� OXPEDU� 7'5��

FRPSDUHG� ZLWK� FXUUHQWO\� )'$-�
DSSURYHG�7'5V� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

FRQWUROOHG�� QRQLQIHULRULW\� WULDO�
LQFOXGHG� SDWLHQWV� ZLWK� GHJHQHUDWLYH�
GLVF� GLVHDVH� DW� /�� WKURXJK� 6���
ZKLFK� UHPDLQHG� SDLQIXO� GHVSLWH� VL[�
PRQWKV�RI�QRQVXUJLFDO�PDQDJHPHQW��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� WKH� DFWLYH/� DUWLILFLDO�
GLVF� PRGXODU� SURVWKHVLV� RU� RQH� RI�
WZR�)'$�DSSURYHG�GHYLFHV��SURGLVF-
/�RU�&KDULW\���7KH�SULPDU\�RXWFRPH�
PHDVXUH� ZDV� D� FRPSRVLWH� VXFFHVV�
RXWFRPH� DW� WZR-\HDU� IROORZ-XS��
LQFOXGLQJ� ���� SRLQW� LPSURYHPHQW� LQ�
2VZHVWU\� 'LVDELOLW\� ,QGH[� �2',���
PDLQWHQDQFH� RU� LPSURYHPHQW� LQ�
QHXURORJLFDO� VWDWXV��PDLQWHQDQFH�RU�
LPSURYHPHQW� LQ� UDQJH� RI� PRWLRQ��
IUHHGRP� IURP� UHYLVLRQ�� UHRSHUDWLRQ��
UHPRYDO�� RU� VXSSOHPHQWDO� IL[DWLRQ��
DQG� IUHHGRP� IURP� VHULRXV� GHYLFH-�
UHODWHG�DGYHUVH�HYHQWV 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

UDQGRPL]HG� DW� ��� VLWHV� EHWZHHQ�
-DQXDU\� RI� ����� DQG� 'HFHPEHU� RI�
������ $W� WZR-\HDU� IROORZ-XS�� WKH�
DFWLYH/� ZDV� QRW� LQIHULRU� WR� FRQWUROV�
�S��������� ,Q� DGGLWLRQ�� SDWLHQWV�
WUHDWHG� ZLWK� WKH� DFWLYH/�
GHPRQVWUDWHG� KLJKHU� UDWHV� RI�
UDGLRJUDSKLF� VXFFHVV� �S������� DQG�
DOVR� WUHQGHG� WRZDUG� EHWWHU� 2',�
VFRUHV��S �������3DWLHQW�VDWLVIDFWLRQ�
ZLWK� WKH� WUHDWPHQW�ZDV�RYHU����� LQ�
HDFK� RI� WKH� JURXSV� DW� WZR� \HDUV��
ZLWK� RYHU� ���� VD\LQJ� WKDW� WKH\�
ZRXOG� GHILQLWHO\�SUREDEO\� KDYH� WKH�
VXUJHU\�DJDLQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� ORZ� EDFN� SDLQ��
FRPSDULQJ� D� QHZ� GLVF� UHSODFHPHQW�
GHYLFH� ZLWK� WZR� FXUUHQWO\� DSSURYHG�
E\� WKH� )'$�� GHPRQVWUDWHV� WKDW� WKH�
QHZ��DFWLYH/��LV�D�VDIH�DQG�HIIHFWLYH�
WUHDWPHQW�� ZLWK� QRQ-LQIHULRU�
SHUIRUPDQFH� DV� FRPSDUHG� WR� RWKHU�
WRWDO�GLVF�UHSODFHPHQWV� 

  
*DUFLD��5���HW�DO��/XPEDU�7RWDO�'LVF�
5HSODFHPHQW� IRU� 'LVFRJHQLF� /RZ�
%DFN� 3DLQ�� 7ZR-<HDU� 2XWFRPHV� RI�
WKH�$FWLYH/�0XOWLFHQWHU�5DQGRPL]HG�
&RQWUROOHG� ,'(�&OLQLFDO� 7ULDO��6SLQH��
������ 'HFHPEHU�� �������� ����-
����� 

  
0$7(51$/�3+<6,&$/�$&7,9,7<�
$1'�80%,/,&$/�67(0�&(//6 

  
)HWDO� VWHP� FHOOV� KDYH� EHHQ�

DVVRFLDWHG� ZLWK� SRVWQDWDO� KHDOWK�
RXWFRPHV� LQ� FDVHV� VXFK� DV�
FDUGLRYDVFXODU� GLVHDVH� DQG� EUHDVW�
FDQFHU�� 7KLV� VWXG\� H[SORUHG� WKH�
HIIHFW�RI�H[HUFLVH�EHIRUH�DQG�GXULQJ�

SUHJQDQF\� RQ� IHWDO� VWHP� FHOO�
SRSXODWLRQV� 
6XEMHFWV� ZHUH� UHFUXLWHG� IURP� WKH�

7XIWV� 0HGLFDO� &HQWHU�� $OO� KDG� D�
VLQJOHWRQ� IXOO-WHUP� SUHJQDQF\� ZLWK�
QR� EORRG-ERUQH� GLVHDVHV� RU�
SUHJQDQF\� FRPSOLFDWLRQV�� ([HUFLVH�
LQIRUPDWLRQ�ZDV�GRFXPHQWHG�GXULQJ�
WKH����ZHHNV�SULRU�WR�SUHJQDQF\��DV�
ZHOO� DV� GXULQJ� WKH� ILUVW� DQG� VHFRQG�
WULPHVWHUV�� ([HUFLVH� ZDV�
FDWHJRUL]HG� DV� YLJRURXV�� PRGHUDWH�
RU� OLJKW�� )HWDO� VWHP� FHOO� VDPSOHV�
ZHUH� REWDLQHG� IURP� WKH� XPELOLFDO�
FRUG�DW�GHOLYHU\��ZLWK�IORZ�F\WRPHWU\�
XVHG� WR�DVVHVV�FHOO�VXESRSXODWLRQV��
6WHP� FHOOV� ZHUH� LGHQWLILHG� DV�
KHPRSRLHWLF� VWHP� FHOOV�� HQGRWKHOLDO�
SUHFXUVRU� FHOOV�� RU� EUHDVW� SXWDWLYH�
SURJHQLWRU�FHOOV� 
$� WRWDO� RI� ���� SUHJQDQW� ZRPHQ�

ZHUH� UHFUXLWHG� IRU� WKH� VWXG\�� 7KH�
DPRXQW� RI� SUH-SUHJQDQF\� YLJRURXV�
H[HUFLVH�ZDV� VLJQLILFDQWO\� UHODWHG� WR�
OHYHOV� RI� HQGRWKHOLDO�
�&'���&'������
&'���&'����9(*)5���� &'����
9(*)5����DQG��&'����9(*)5����
SURJHQLWRU� FHOO� SRSXODWLRQV� �S ������
S ������ � � � � S ������� � � � � DQG���
S ������� UHVSHFWLYHO\��� 1R�
VLJQLILFDQW� DVVRFLDWLRQV� ZHUH�
REVHUYHG� EHWZHHQ� WKH� DPRXQW� RI�
SUH-SUHJQDQF\� YLJRURXV� H[HUFLVH�
DQG� OHYHOV�RI� KHPRSRLHWLF�VWHP�FHOO�
SRSXODWLRQV� 
/LJKW� H[HUFLVH� GXULQJ� WKH� ILUVW�

WULPHVWHU� ZDV� QRW� DVVRFLDWHG� ZLWK�
DQ\� FHOO� SRSXODWLRQ�� DOWKRXJK� OLJKW�
H[HUFLVH�GXULQJ�WKH�VHFRQG�WULPHVWHU�
ZDV� DVVRFLDWHG� ZLWK� HQGRWKHOLDO�
&'���9(*)5��� SURJHQLWRU� OHYHOV�
�S �������/HYHOV�RI�(S&$0�&'��I��
DQG�&'��I�&'����EUHDVW�VWHP�FHOO�
VXESRSXODWLRQV� ZHUH� VLJQLILFDQWO\�
ORZHU� DPRQJ� SUHJQDQW� ZRPHQ�ZKR�
HQJDJHG� LQ� YLJRURXV�PRGHUDWH�
H[HUFLVH� GXULQJ� SUHJQDQF\� WKDQ�
DPRQJ� WKRVH� ZKR� GLG� QRW� H[HUFLVH�
�S �����DQG�S ������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�WKH�DPRXQW�RI�YLJRURXV�H[HUFLVH�
EHIRUH� SUHJQDQF\� LV� VWURQJO\�
DVVRFLDWHG�ZLWK�OHYHOV�RI�HQGRWKHOLDO�
SURJHQLWRU� FHOOV�� VXJJHVWLQJ� D�
SRWHQWLDO� IRU� LPSURYLQJ�
FDUGLRYDVFXODU� ILWQHVV� LQ� RIIVSULQJ��
9LJRURXV��PRGHUDWH�H[HUFLVH�GXULQJ�
SUHJQDQF\� KDG� D� QHJDWLYH�
DVVRFLDWLRQ� ZLWK� SXWDWLYH� EUHDVW�
VWHP�FHOOV� 

  
2QR\DPD�� 6��� HW� DO�� 3UHQDWDO�
0DWHUQDO�3K\VLFDO�$FWLYLW\�DQG�6WHP�
&HOOV� LQ� 8PELOLFDO� &RUG� %ORRG��0HG�
6FL� 6SRUWV� ([HUF�� ������-DQXDU\��
��������-��� 
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&KURQLF� KHDGDFKH� DIIHFWV� WZR� WR�

ILYH� SHUFHQW� RI� WKH� SRSXODWLRQ�
ZRUOGZLGH�� ZLWK� DSSUR[LPDWHO\� ����
RI� WKRVH� ZLWK� FKURQLF� KHDGDFKH�
KDYLQJ� PHGLFDWLRQ-RYHUXVH�
KHDGDFKHV� �02+V��� 7KLV� SDSHU�
SUHVHQWV� GDWD� IRU� KHDGDFKH�
GLVDELOLW\��DQ[LHW\�DQG�GHSUHVVLRQ�RI�
02+�SDWLHQWV�YHUVXV�FRQWUROV�� IURP�
D� VWXG\� RI� D� EULHI� LQWHUYHQWLRQ� �%,��
IRU� 02+� LQ� SULPDU\� FDUH� �WKH�
%,02+�VWXG\�� 
7KLV� GRXEOH-EOLQG�� SUDJPDWLF��

FOXVWHU�� UDQGRPL]HG�� FRQWUROOHG� WULDO�
LQFOXGHG� SDWLHQWV� VHHQ� E\� ���
JHQHUDO� SUDFWLWLRQHUV� LQ� 1RUZD\��
6XEMHFWV� ZHUH� ��� WR� ��� \HDUV� RI�
DJH�� ZLWK� VHOI-� UHSRUWHG�� FKURQLF�
KHDGDFKH�� DOO� IXOILOOLQJ� WKH�
LQWHUQDWLRQDO� FODVVLILFDWLRQ� RI�
KHDGDFKH� GLVRUGHUV� IRU� 02+��
7KRVH� LQ� WKH� WUHDWPHQW� JURXS�
UHFHLYHG�D�%,�� LQFOXGLQJ� LQIRUPDWLRQ�
RQ� VHYHULW\� RI� GHSHQGHQFH� VFDOHV�
DQG�SHUVRQDO�ULVN�IRU�02+��WKH�QHHG�
WR�FXW�GRZQ�RQ�PHGLFDWLRQ�XVH�� WKH�
H[SHFWHG�JDLQV�DQG�WKH�GLIILFXOWLHV�WR�
EH� RYHUFRPH�� 7KH� JHQHUDO�
SUDFWLWLRQHUV�� LQ� FROODERUDWLRQ� ZLWK�
WKHLU� SDWLHQWV�� FRXOG� GHWHUPLQH� WKH�
SRLQW�ZKHUH�UHVFXH�PHGLFDWLRQV�DQG�
VKRUW� WHUP� VLFN� OHDYH� ZHUH�
QHFHVVDU\�� 7KH� SULPDU\� RXWFRPH�
YDULDEOHV� ZHUH� QXPEHUV� RI�
KHDGDFKHV� DQG� PHGLFDWLRQ� GD\V�
PRQWK� 
6XEMHFWV�LQFOXGHG����SDWLHQWV�ZLWK�

02+�DQG����FRQWUROV��$PRQJ�WKRVH�
ZLWK� 02+�� SDWLHQWV� ZHUH� GLYLGHG�
LQWR� D� %,� JURXS� RU� D� EXVLQHVV� DV�
XVXDO� �%$8�� JURXS� 7KRVH� LQ� WKH� %,�
JURXS� H[SHULHQFHG� VLJQLILFDQWO\�
IHZHU� KHDGDFKHV� DQG� PHGLFDWLRQ�
GD\V� SHU� PRQWK� DW� WKUHH� PRQWKV�
WKDQ� WKRVH� LQ� WKH� FRQWURO� JURXS�� $W�
IROORZ-XS������LQ�WKH�%,�JURXS�ZHUH�
ZLWKRXW� PHGLFDWLRQ� RYHUXVH�� ZLWK�
FKURQLF� KHDGDFKH� UHVROYHG� LQ� �����
DV�FRPSDUHG�ZLWK�WKUHH�SHUFHQW�DQG�
VL[�SHUFHQW��UHVSHFWLYHO\��LQ�WKH�%$8�
JURXS� 
�&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PHGLFDWLRQ-RYHUXVH�
KHDGDFKHV� UHYHDOHG� WKDW� WKRVH�
LQGLYLGXDOV� KDG� KLJK� OHYHOV� RI�
GLVDELOLW\�� ZLWK� DQ[LHW\� DQG�
GHSUHVVLRQ� 7UHDWPHQW� E\�
GHWR[LILFDWLRQ� E\� D� SULPDU\� FDUH�
SURYLGHU� ZDV� HIIHFWLYH� LQ� UHGXFLQJ�
WKH� QXPEHU� RI� KHDGDFKHV� DQG�
GHJUHH�RI�PHGLFDWLRQ�RYHUXVH� 
  
.ULVWRIIHUVHQ�� (��� HW� DO�� 'LVDELOLW\��
$Q[LHW\� DQG�'HSUHVVLRQ� LQ� 3DWLHQWV�
ZLWK�0HGLFDWLRQ-2YHUXVH�+HDGDFKH�

LQ�3ULPDU\�&DUH-7KH�%,02+�6WXG\��
(XU�-�1HXURO��������-DQXDU\���� 
6XSSO������-��� 

 287&20(�$)7(5�.1((�
5(3/$&(0(17�,1�5+(80$72,'�
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+LVWRULFDOO\�� RYHU� ���� RI� SDWLHQWV�

ZLWK� UKHXPDWRLG� DUWKULWLV� �5$�� KDYH�
XQGHUJRQH� RUWKRSHGLF� VXUJHU\� RYHU�
WKH�FRXUVH�RI� WKH� LOOQHVV��7KLV�VWXG\�
HYDOXDWHG�SDLQ��IXQFWLRQ��DQG�TXDOLW\
-� RI-OLIH� DIWHU� SULPDU\� WRWDO� NQHH�
UHSODFHPHQW� �7.5�� LQ� D� FRKRUW� RI�
SDWLHQWV�ZLWK�5$��DV�FRPSDUHG�ZLWK�
WKRVH�ZLWK�RVWHRDUWKULWLV��2$�� 
$OO� SULPDU\� 7.5� SDWLHQWV� LQ� D�

SURVSHFWLYH� MRLQW� UHSODFHPHQW�
UHJLVWU\� EHWZHHQ� ����� DQG� �����
ZHUH� HOLJLEOH� IRU� HQUROOPHQW�� )URP�
WKDW�GDWDEDVH������SDWLHQWV�ZLWK�5$�
ZHUH� LGHQWLILHG�� 'DWD� JDWKHUHG�
LQFOXGHG� 5$� VSHFLILF� LQIRUPDWLRQ�
FRQFHUQLQJ� PHGLFDWLRQ� XVH�� XVH� RI�
5$� UHODWHG� PHGLFDWLRQV��
DVVHVVPHQWV� RI� SDLQ� IXQFWLRQ� DQG�
TXDOLW\� RI� OLIH� GDWD�� XVLQJ� WKH�
:20$&�DQG�6)-���TXHVWLRQQDLUHV��
5HVXOWV� ZHUH� FRPSDUHG� ZLWK� WKRVH�
RI� SDWLHQWV� XQGHUJRLQJ� VXUJHU\� GXH�
WR�2$� 
'DWD� ZHUH� JDWKHUHG� IRU� ������

SDWLHQWV� ZLWK� 2$� DQG� ���� SDWLHQWV�
ZLWK�5$��3DLQ�� DV�PHDVXUHG�E\� WKH�
:20$&��ZDV�VLJQLILFDQWO\�ZRUVH�DW�
EDVHOLQH� IRU� SDWLHQWV� ZLWK� 5$�
XQGHUJRLQJ� 7.5� �S���������� DV�
FRPSDUHG� WR� WKRVH� ZLWK� 2$��
+RZHYHU�� DW� WZR� \HDUV�� DOPRVW� DOO�
SDWLHQWV� ZLWK� 5$� DQG� 2$� KDG�
DFKLHYHG� FOLQLFDOO\� PHDQLQJIXO�
LPSURYHPHQW� LQ� SDLQ�� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� :20$&�
SDLQ� VFRUHV� DW� WZR� \HDUV� ������
YHUVXV�������S ������ 
3UHRSHUDWLYH� 6)-��� 3&)� VFRUHV�

ZHUH�VLJQLILFDQWO\�ZRUVH� IRU� SDWLHQWV�
ZLWK� 5$� DW� EDVHOLQH� DQG� UHPDLQHG�
VR� DW� WZR� \HDUV�� 6DWLVIDFWLRQ� ZLWK�
VXUJHU\� ZDV� KLJK� IRU� ERWK� SDWLHQWV�
ZLWK� 5$� DQG� WKRVH�2$�� ZLWK� PRVW�
UHSRUWLQJ� WKDW� WKH\� ZHUH� YHU\�
VDWLVILHG� ZLWK� WKH� SDLQ� UHOLHI� �����
YHUVXV������S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� SDWLHQWV� ZLWK� UKHXPDWRLG�
DUWKULWLV� DFKLHYH� H[FHOOHQW� SDLQ� DQG�
IXQFWLRQDO�RXWFRPHV DIWHU�
SULPDU\�NQHH�UHSODFHPHQW� �ZLWK�
LPSURYHPHQW� FRQVLVWHQW� ZLWK� WKDW�
DFKLHYHG� E\� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV�� 

 
*RRGPDQ�� 6��� HW� DO�� 3DWLHQWV� ZLWK�
5KHXPDWRLG� $UWKULWLV� +DYH� 6LPLODU��
([FHOOHQW� 2XWFRPHV� DIWHU� 7RWDO�

.QHH� 5HSODFHPHQW� &RPSDUHG� ZLWK�
3DWLHQWV� ZLWK� 2VWHRDUWKULWLV�� -�
5KHXPDWRO�� ������-DQXDU\�� �������
��-��� 

 

3/$17$5,6�(;&,6,21�)25�
$&+,//(6�7(1',123$7+< 

  
$FKLOOHV� WHQGLQRSDWK\� FDQ� EH�

GHELOLWDWLQJ�� 5HFHQW� VWXGLHV� KDYH�
UHSRUWHG� HQFRXUDJLQJ� UHVXOWV� DIWHU�
WKH� UHOHDVH� RI� DGKHVLRQV�
VXUURXQGLQJ�WKH�$FKLOOHV�WHQGRQ�DQG�
VHFWLRQLQJ� RI� WKH� SODQWDULV� WHQGRQ��
7KLV� VWXG\� HYDOXDWHG� WKH� FOLQLFDO�
UHVXOWV� DQG� WLPH� WR� UHWXUQ� WR� VSRUW�
IROORZLQJ� $FKLOOHV� WHQGRQ� UHOHDVH��
ZLWK� SODQWDULV� H[FLVLRQ� DPRQJ�
DWKOHWHV� ZLWK� IRFDO� PHGLDO� $FKLOOHV�
WHQGRQ�SDLQ� 
7KLV� SURVSHFWLYH�� FRQVHFXWLYH�

FDVH� VHULHV� LQFOXGHG� HOLWH� DWKOHWHV�
ZKR� SUHVHQWHG� ZLWK� IRFDO�� $FKLOOHV�
WHQGRQ� SDLQ� DQG� VZHOOLQJ� DORQJ� WKH�
PHGLDO�HGJH�RI� WKH�$FKLOOHV� WHQGRQ��
$OO� XQGHUZHQW� 05,� H[DPLQDWLRQ�
FRQILUPLQJ� SDUDWHQGLQLWLV�� $OO�
DWKOHWHV� KDG� LQLWLDOO\� IDLOHG�
FRQVHUYDWLYH� LQWHUYHQWLRQ�� DQG� WKHQ�
XQGHUZHQW� VXUJLFDO� UHOHDVH� RI�
DGKHVLRQV� EHWZHHQ� WKH� $FKLOOHV�
WHQGRQ� DQG� WKH� SDUDWHQGRQ�� 7KH�
SODQWDULV� WHQGRQ� ZDV� LGHQWLILHG��
UHOHDVHG� IURP� WKH�PHGLDO� DVSHFW� RI�
WKH�$FKLOOHV� WHQGRQ�DQG� WUDQVHFWHG��
2XWFRPHV� ZHUH� DVVHVVHG� ZLWK� D�
YLVXDO�DQDORJ�VFDOH��9$6��VFRUH�DQG�
WKH� IRRW� DQG� DQNOH� RXWFRPH� VFRUH�
�)$26�� 
6XEMHFWV� ZHUH� ��� DWKOHWHV� ZLWK� D�

PHDQ�DJH�RI������\HDUV�DQG�D�PHDQ�
IROORZ-XS� RI� ����� PRQWKV�� 9LVXDO�
DQDORJ� VFDOH� VFRUHV� IRU� SDLQ�
LPSURYHG�IURP�����WR������S���������
6LJQLILFDQW� LPSURYHPHQW� ZDV� DOVR�
QRWHG�LQ�)$26�VFRUHV��IURP�D�PHDQ�
RI� ���� WR� ���� �S �������� )ROORZLQJ�
VXUJHU\�� ���� RI� WKH� SDWLHQWV� ZHUH�
YHU\� VDWLVILHG�� DQG� ���� SDUWLDOO\�
VDWLVILHG��ZLWK�����UHWXUQLQJ�WR�VSRUW�
DW�D�PHDQ�RI������ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOLWH�

DWKOHWHV�ZLWK�QRQLQVHUWLRQDO�$FKLOOHV�
WHQGLQRSDWK\� IRXQG� WKDW� H[FLVLRQ� RI�
WKH� SODQWDULV� WHQGRQ� DQG�
GHEULGHPHQW�RI�WKH�YHQWUDO�DVSHFW�RI�
WKH�$FKLOOHV�WHQGRQ�FDQ�VLJQLILFDQWO\�
LPSURYH� V\PSWRPV� DQG� UHWXUQ� WR�
VSRUW�SDUWLFLSDWLRQ� 

  
&DOGHU�� -��� HW� DO�� 3ODQWDULV� ([FLVLRQ�
LQ� WKH� 7UHDWPHQW� RI� 1RQLQVHUWLRQDO�
$FKLOOHV� 7HQGLQRSDWK\� LQ� (OLWH�
$WKOHWHV��%U� -� 6SRUWV� 0HG�� ������
'HFHPEHU��������������-����� 
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.QHH� RVWHRDUWKULWLV� �2$�� LV� D�

KLJKO\�SUHYDOHQW�FRQGLWLRQ� WKDW�RIWHQ�
OHDGV� WR� GLVDELOLW\� DQG� GHFUHDVHV� LQ�
TXDOLW\� RI� OLIH�� 6WXGLHV� ZKLFK� KDYH�
HYDOXDWHG� WKH� UHODWLRQVKLS� EHWZHHQ�
PXVFOH�VWUHQJWK�DW�WKH�NQHH�DQG�WKH�
SURJUHVVLRQ� RI� 2$� KDYH� SURGXFHG�
LQFRQVLVWHQW� UHVXOWV�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� UHODWLRQVKLSV�
EHWZHHQ� OHJ� PXVFOH� VWUHQJWK��
PXVFOH� SRZHU� DQG� SHUFHLYHG�
GLVHDVH� VHYHULW\� LQ� SDWLHQWV� ZLWK�
HVWDEOLVKHG�NQHH�2$� 
7KLV�VLQJOH�FHQWHU��FURVV-VHFWLRQDO�

VWXG\� LQYHVWLJDWHG�����SDWLHQWV�ZLWK�
UDGLRJUDSKLFDOO\� GLDJQRVHG� NQHH�
2$�� 7KH� VXEMHFWV� ZHUH� DVVHVVHG�
ZLWK�WKH�:20$&�SDLQ�VXEVFDOH�DQG�
WKH� 6)� � –� ��� KHDOWK� TXHVWLRQQDLUH�
ZLWK� PXVFOH� VWUHQJWK� � � � DVVHVVHG����
XVLQJ����D���RQH�UHSHWLWLRQ�PD[LPXP�
LQ� WKH� OHJ�SUHVV��0XVFOH�SRZHU�DQG�
SHDN� FRQWUDFWLRQ� YHORFLW\�
PHDVXUHPHQWV� ZHUH� PDGH� DIWHU� D�
ILYH-PLQXWH�UHVW� 
$� PXOWLYDULDWH� DQDO\VLV� UHYHDOHG�

WKDW� OHJ� VWUHQJWK�� SRZHU� DQG�
FRQWUDFWLRQ� YHORFLW\� LQ� SDWLHQWV� ZLWK�
2$� ZHUH� GHFUHDVHG� FRPSDUHG� WR�
WKRVH� RI� WKH� UHIHUHQFH� SRSXODWLRQ��
3RZHU� ZDV� IRXQG� WR� EH� LQYHUVHO\�
DVVRFLDWHG�ZLWK�2$��S���������:KLOH�
PXVFOH� SRZHU� ZDV� D� VLJQLILFDQW��
LQGHSHQGHQW� SUHGLFWRU� RI� SDLQ�
�S������� DQG� 3&6� VFRUHV� �S��������
PXVFOH� VWUHQJWK� ZDV� QRW� DQ�
LQGHSHQGHQW� GHWHUPLQDQW� RI� SDLQ� RU�
TXDOLW\-RI-OLIH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� DPRQJ� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV�RI�WKH�NQHH��OHJ�SRZHU�
LV� LQGHSHQGHQWO\� SUHGLFWLYH� RI� SDLQ�
DQG�IXQFWLRQ� 

  
5HLG��.���HW� DO��0XVFOH�3RZHU� ,V� DQ�
,QGHSHQGHQW� 'HWHUPLQDQW� RI� 3DLQ�
DQG� 4XDOLW\-2I-/LIH� LQ� .QHH�
2VWHRDUWKULWLV�� $UWKULWLV� 5KHXP��
������ 'HFHPEHU�� �������� ����-
����� 

287&20(�$)7(5�3/$17$5�
)$6&,$�5(/($6( 

  
3ODQWDU� IDVFLLWLV� LV� D� FRPPRQ�

FRQGLWLRQ�� ZLWK� D� OLIHWLPH� LQFLGHQFH�
RI� XS� WR� ����� :KHQ� FRQVHUYDWLYH�
PHDVXUHV� IDLO� WR� SURYLGH� VXIILFLHQW�
UHOLHI�� RSHQ� SODQWDU� IDVFLD� UHOHDVH�
PD\� EH� FRQVLGHUHG�� 7KLV� VWXG\�
HYDOXDWHG� WKH� ORQJ-WHUP� HIIHFW� RI�
RSHQ�SODQWDU�IDVFLD�UHOHDVH� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

��� SDWLHQWV� LGHQWLILHG� ZLWK�

UHFDOFLWUDQW� SODQWDU� IDVFLLWLV��
XQGHUJRLQJ� SODQWDU� IDVFLD� UHOHDVH�
VXUJHU\�� 'DWD� JDWKHUHG� LQFOXGHG�
SUHRSHUDWLYH� IXQFWLRQ�� ZRUN� VWDWXV��
VOHHS� GLVWXUEDQFH� DQG� DELOLW\� WR�
H[HUFLVH�� 7KH� VXEMHFWV� ZHUH�
FRQWDFWHG� DW� DQ� DYHUDJH� RI� ���
PRQWKV� SRVW-VXUJHU\�� DQG� LQYLWHG� WR�
FRPSOHWH� WZR�� SDWLHQW-UHSRUWHG�
RXWFRPH� TXHVWLRQQDLUHV�� WKH�
0DQFKHVWHU� 2[IRUG� )RRW�
4XHVWLRQQDLUH� �02;)4�� DQG� WKH�
9LVXDO�$QDORJ�6FDOH-)RRW�DQG�$QNOH�
�9$6-)$�� 
$IWHU� VXUJHU\�� WKH� PHDQ� 02;)4�

WRWDO� VFRUH� ZDV� ������ 7KH� PHDQ�
9$6-� )$� VFRUH� ZDV� ������ 7KH�
DXWKRUV� DOVR�IRXQG�ZRUVH�RXWFRPHV�
DPRQJ� WKRVH� ZLWK� SUHRSHUDWLYH�
VWHURLG� LQMHFWLRQV�� DQG� EHWWHU�
RXWFRPHV� LQ� ROGHU� SDWLHQWV�� $�
QHJDWLYH� FRUUHODWLRQ� ZDV� QRWHG�
EHWZHHQ� WKH� GXUDWLRQ� RI� IROORZ-XS�
DQG� RXWFRPH�� ZLWK� SDWLHQWV�
FRQWLQXLQJ� WR� LPSURYH� IRU� PDQ\�
\HDUV�DIWHU�VXUJHU\�� 
&RQFOXVLRQ� 7KLV VWXG\� RI�

SDWLHQWV ZLWK� UHFDOFLWUDQW� SODQWDU�
IDVFLLWLV� IRXQG� WKDW� WKRVH� SDWLHQWV�
LPSURYHG� DIWHU� VXUJHU\�� DOWKRXJK�
WKDW�LPSURYHPHQW�ZDV�UDWKHU�SRRU� 

  
0DFLQQHV�� $��� HW� DO�� /RQJ-7HUP�
2XWFRPH� RI� 2SHQ� 3ODQWDU� )DVFLD�
5HOHDVH�� )RRW� $QNOH� ,QWHUQ�� ������
-DQXDU\��������–���� 
  

326,7,9(�35(6685(�
:$/.,1*�)25�.1((�
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2VWHRDUWKULWLV� �2$�� LV� D� PDMRU�

FDXVH�RI�GLVDELOLW\��:KLOH�H[HUFLVH�LV�
FRQVLGHUHG� LPSRUWDQW� IRU� LPSURYLQJ�
IXQFWLRQ� DPRQJ� SDWLHQWV� ZLWK� 2$��
GDWD� DUH� ODFNLQJ� UHJDUGLQJ� ZKLFK�
W\SHV� RI� H[HUFLVHV� DUH� EHVW�� $V�
ORZHU�ERG\�SRVLWLYH�SUHVVXUH��/%33��
UHGXFHV� ZHLJKW-EHDULQJ� ORDGV��
GLVWULEXWHV� SUHVVXUH� HYHQO\� DQG�
DOORZV� QRUPDO� PXVFOH� DFWLYDWLRQ�
SDWWHUQV��WKLV�VWXG\�ZDV�GHVLJQHG�WR�
GHWHUPLQH� ZKHWKHU� H[HUFLVHV� ZLWK�
ERG\�ZHLJKW�VXSSRUW�PLJKW�EH�EHWWHU�
WROHUDWHG� DQG� PRUH� HIIHFWLYH� WKDQ�
FRQYHQWLRQDO� H[HUFLVH� DPRQJ�
SDWLHQWV�ZLWK�V\PSWRPDWLF�2$� 
7KLV� SURVSHFWLYH� VWXG\� HQUROOHG�

SDWLHQWV� ZLWK� V\PSWRPDWLF� 2$� DQG�
ZLWK�D�ERG\�PDVV�LQGH[�RI����NJ�Pð�
RU� JUHDWHU�� $OO� KDG� UDGLRJUDSKLF�
HYLGHQFH� RI� PLOG� WR� PRGHUDWH� 2$��
7UHDGPLOO� H[HUFLVH� ZDV� SHUIRUPHG�
IRU� ��� PLQXWHV� DW� ���� P�K�� WZLFH�
ZHHNO\�� %RG\� ZHLJKW� VXSSRUW� ZDV�
JUDGXDOO\� LQFUHDVHG� XQWLO� SDLQ�
UHGXFWLRQ� ZDV� PD[LPL]HG� RU� ����

VXSSRUW�ZDV�SURYLGHG��$VVHVVPHQWV�
ZHUH�PDGH�DW�EDVHOLQH�DQG�DW�ZHHN�
���� LQFOXGLQJ� .QHH� ,QMXU\� DQG�
2VWHRDUWKULWLV� 2XWFRPH� 6FRUHV�
�.226��� YLVXDO� DQDORJXH� VFDOH�
�9$6�� VFRUHV� RI� SDLQ� DQG�
SHUFHQWDJH�RI�/%33�VXSSRUW� 
6XEMHFWV� ZHUH� ��� SDWLHQWV�� DJHV�

��� WR� ��� \HDUV�� &RPSDUHG� WR�
EDVHOLQH�� RYHUDOO� SDLQ� VFRUHV�
LPSURYHG� IURP����� WR������ZLWK�HLJKW�
SDUWLFLSDQWV�ZDONLQJ�SDLQ-IUHH�GXULQJ�
IROORZ-XS� ZDONLQJ� VHVVLRQV�
�S ��������� ,Q� DGGLWLRQ� .226�
VFRUHV� LPSURYHG� VLJQLILFDQWO\� LQ�
VXEVFDOHV� RI� SDLQ� �� V\PSWRPV��
$'/V�� 6SRUW�5HF� DQG� TXDOLW\� RI� OLIH�
�S ������S �������S �������S ������
DQG�S ��������UHVSHFWLYHO\�� 

�&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� ORZHU�ERG\�SRVLWLYH�
SUHVVXUH�H[HUFLVH�PD\�UHVXOW�LQ�ERWK�
IXQFWLRQDO� DQG� SDLQ� V\PSWRP�
LPSURYHPHQW�ZKHQ� WUHDWLQJ�SDWLHQWV�
ZKR�DUH�RYHUZHLJKW�RU�REHVH� 

  
3HHOHU�� -��� HW� DO�� (IIHFWV� RI�
%RG\ZHLJKW� 6XSSRUWHG� 3K\VLFDO�
$FWLYLW\�DQG�-RLQW�3DLQ��)XQFWLRQ�DQG�
0XVFOH�6WUHQJWK��&OLQ�-�6SRUWV�0HG��
������1RYHPEHU���������-���� 

5(&29(5<�7,0(�)25�632576�
5(/$7('�&21&866,216 

  
:KLOH� V\PSWRP� UHVROXWLRQ� DIWHU�

VSRUWV� UHODWHG�FRQFXVVLRQ�KDV�EHHQ�
UHSRUWHG� LQ�VRPH�GHWDLO�DPRQJ�KLJK�
VFKRRO� DWKOHWHV�� GDWD� UHPDLQ� OLPLWHG�
FRQFHUQLQJ� WKH� HSLGHPLRORJ\� RI�
WKHVH� FRQFXVVLRQV� LQ� FROOHJH�
VWXGHQW-� DWKOHWHV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHVFULEH� WKH�
HSLGHPLRORJ\� RI� VSRUWV� UHODWHG�
FRQFXVVLRQV� VXVWDLQHG� GXULQJ�
SDUWLFLSDWLRQ� LQ� 1DWLRQDO� &ROOHJLDWH�
$WKOHWLF�$VVRFLDWLRQ��1&$$��VSRUWV� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

1&$$� LQMXU\� VXUYHLOODQFH� SURJUDP�
IURP� ����� WR� ������ XWLOL]LQJ� D�
FRQYHQLHQFH� VDPSOH� RI� YDUVLW\�
WHDPV� IURP���� VSRUWV��ZLWK� FHUWLILHG�
DWKOHWLF�WUDLQHUV�UHSRUWLQJ�LQMXU\�GDWD��
7\SHV� RI� V\PSWRPV�� V\PSWRP�
UHVROXWLRQ� DQG� UHWXUQ� SOD\� WLPLQJ�
ZHUH�FDWHJRUL]HG� 
'XULQJ� WKH�VWXG\�SHULRG��D� WRWDO�RI�

������ VSRUWV� UHODWHG� FRQFXVVLRQV�
ZHUH� UHSRUWHG�� ZLWK� ���� RFFXUULQJ�
GXULQJ� FRPSHWLWLRQ� DQG� ���� GXULQJ�
SUDFWLFH�� )RRWEDOO� FRQWULEXWHG� WR� WKH�
JUHDWHVW� QXPEHU� RI� VSRUWV� UHODWHG�
FRQFXVVLRQV�� IROORZHG� E\�PHQ
V� LFH�
KRFNH\� DQG� ZRPHQ
V� VRFFHU�� 7KH�
PRVW� FRPPRQO\� UHSRUWHG� V\PSWRPV�
ZHUH� KHDGDFKH� ������� GL]]LQHVV�



 

3DJH�� �����������������-DQXDU\�������� ��������������9ROXPH����1XPEHU�� 

 

 

������ DQG� GLIILFXOW\� ZLWK�
FRQFHQWUDWLRQ������� 
6\PSWRPV� UHVROYHG� ZLWKLQ� RQH�

ZHHN� LQ� ������� ZKLOH� ����� KDG�
V\PSWRP� UHVROXWLRQ� LQ� PRUH� WKDQ�
IRXU�ZHHNV��2YHU� WKH� ILYH� DFDGHPLF�
\HDUV�RI� WKH�VWXG\�� WKH�SURSRUWLRQ�RI�
VSRUWV�UHODWHG�FRQFXVVLRQV�ZLWK�ORQJ�
V\PSWRP� UHVROXWLRQ� WLPH� LQFUHDVHG�
IURP������ LQ������ WR� ����� LQ� �����
�S ������� 7KH� SURSRUWLRQ� RI�
FRQFXVVLRQV� WKDW� UHTXLUHG� DW� OHDVW�
RQH� ZHHN� EHIRUH� UHWXUQ� WR� SOD\�
LQFUHDVHG� IURP� ������ LQ� ����� WR�
������LQ�������S������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�1&$$�

DWKOHWHV� IRXQG� WKDW� UHWXUQ� WR� SOD\�
WDNLQJ� PRUH� WKDQ� RQH� ZHHN�
LQFUHDVHG� RI� WKH� VWXG\�� OLNHO\�
UHIOHFWLQJ� FKDQJHV� LQ� WKH�
PDQDJHPHQW�RI�FRQFXVVLRQV� 

  
:DVVHUPDQ��(���HW�DO��(SLGHPLRORJ\�
RI� 6SRUWV� 5HODWHG� &RQFXVVLRQV� LQ�
1DWLRQDO� &ROOHJLDWH� $WKOHWLF�
$VVRFLDWLRQ� $WKOHWHV� IURP� ����-
����� WR� ����-������ 6\PSWRP�
3UHYDOHQFH�� 6\PSWRP� 5HVROXWLRQ�
7LPH�� DQG�5HWXUQ-WR-3OD\�7LPH��$P�
-� 6SRUWV� 0HG�� ������ -DQXDU\�� ��
��������-���� 

 
 5(7851�72�:25.� 

$)7(5�+,3�$1'�.1((�
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7KH� QXPEHU� RI� WRWDO� KLS�

DUWKURSODVW\� �7+$�� DQG� WRWDO� NQHH�
DUWKURSODVW\� �7.$�� VXUJHULHV� LV�
EHWZHHQ����DQG�����SHU��������� LQ�
QRUWKHUQ� (XURSH� DQG� WKH� 8QLWHG�
6WDWHV��6WXGLHV�KDYH�VKRZQ�WKDW����-�
����RI�WKHVH�SDWLHQWV�DUH�RI�ZRUNLQJ�
DJH�� ZLWK� SODQV� WR� UHWXUQ� WR� ZRUN�
DIWHU� VXUJHU\�� 7KLV� VWXG\� TXDQWLILHG�
WKH�ZRUN�VWDWXV�DQG�UHWXUQ�WR�ZRUN�LQ�
ERWK�7+$�DQG�7.$� 
'DWD� IURP�SDWLHQWV���� WR����\HDUV�

RI� DJH�ZKR�XQGHUZHQW�7.$�RU�7+$�
ZHUH�JDWKHUHG� IURP� WKH�'HSDUWPHQW�
RI� 2UWKRSHGLFV� DW� $OULMQH� KRVSLWDO� LQ�
WKH� 1HWKHUODQGV�� 7KLV� SURVSHFWLYH��
FRKRUW� VWXG\� JDYH� DOO� SDWLHQWV� D�
SUHRSHUDWLYH� DQG� D� RQH-\HDU� SRVW-�
RSHUDWLYH� TXHVWLRQQDLUH�� JDWKHULQJ�
GDWD� RQ� GHPRJUDSKLFV�� ZRUN� VWDWXV�
DQG� TXDOLW\� RI� OLIH�� DV� ZHOO� DV�
IXQFWLRQDO� RXWFRPH� LQIRUPDWLRQ��
3UHRSHUDWLYH�DQG�SRVWRSHUDWLYH�GDWD�
ZHUH�DQDO\]HG�IURP����SDWLHQWV�ZLWK�
7+$��DYHUDJH�DJH�������DQG����ZLWK�
7.$� �DYHUDJH� DJH� ������� 7KH�
SULPDU\� RXWFRPH� PHDVXUHV� ZHUH�
ZRUN� VWDWXV� DQG� WLPH� WR� UHWXUQ� RQH�
\HDU�DIWHU�VXUJHU\� 
7KH�PHDQ� WLPHV� WR� UHWXUQ� WR�ZRUN�

ZHUH� ����� ZHHNV� IRU� SDWLHQWV� ZLWK�
7+$�� DQG� ����� ZHHNV� IRU� SDWLHQWV�

ZLWK� 7.$�� $W� RQH� \HDU�� ��� RI� ���
SDWLHQWV� ZLWK� 7+$�� DQG� ��� RI� ���
WKRVH� ZLWK� 7.$� KDG� UHWXUQHG� WR�
ZRUN�� $W� RQH� \HDU�� ���� RI� WKH�
SDWLHQWV�ZLWK�7+$�DQG�����RI�WKRVH�
ZLWK� 7.$� UHSRUWHG� ZRUNLQJ� IHZHU�
KRXUV�SHU�ZHHN�WKDQ�EHIRUH�VXUJHU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� DGXOW�

SDWLHQWV�XQGHUJRLQJ�NQHH�RU�KLS�MRLQW�
UHSODFHPHQW� IRXQG� WKDW� D� ODUJH�
PDMRULW\� UHWXUQHG� WR� ZRUN� DW� DQ�
DYHUDJH�RI����ZHHNV�DIWHU�VXUJHU\� 

  
7LOEXU\�� &��� HW� DO�� 5HWXUQ� WR� :RUN�
DIWHU� 7RWDO� +LS� DQG� .QHH�
$UWKURSODVW\��5HVXOWV� IURP�D�&OLQLFDO�
6WXG\��5KHXP�,QWHUQ��������'HF����
����������-����� 

  
75($70(17�2)�68%$&520,$/� 

%856,7,6 
  
$PRQJ� SDWLHQWV� ZLWK� VXEDFURPLDO�

EXUVLWLV�� VWXGLHV� KDYH� GHPRQVWUDWHG�
DQ� LQFUHDVH� LQ� WKH� H[SUHVVLRQ� RI�
VHYHUDO� F\WRNLQH� JHQHV� �71)�� ,/-�
�DOSKD�� ,/-�EHWD� DQG� ,/-���� 7KLV�
VWXG\� DVVHVVHG� WKH� HIILFDF\� RI�
WUHDWPHQW� ZLWK� D� ORQJ-DFWLQJ� ,/-��
EORFNLQJ� PHGLFDWLRQ�� DV� FRPSDUHG�
ZLWK�WKDW�RI�D�FRUWLFRVWHURLG� 
6XEMHFWV�ZHUH� ��� \HDUV� RI� DJH� RU�

ROGHU��DOO�UHSRUWLQJ�VKRXOGHU�SDLQ�RI�D�
PLQLPXP� RI� WZR� ZHHNV¶� GXUDWLRQ��
ZLWK� D� GLDJQRVLV� RI� VXEDFURPLDO�
EXUVLWLV�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG�WR�UHFHLYH�HLWKHU�����PJ�
RI�ULORQDFHSW�RU�D�PL[WXUH�RI���P/�RI�
��� OLGRFDLQH�� �� P/� RI� �����
EXSLYDFDLQH� DQG� �� P/� RI�
WULDPFLQRORQH�DFHWRQLGH�����PJ�P/���
7KH� SULPDU\� RXWFRPH�PHDVXUH�ZDV�
WKH� 4XLFN'$6+� TXHVWLRQQDLUH� �D�
VKRUWHQHG�YHUVLRQ�RI� WKH�'LVDELOLWLHV�
RI� WKH� $UP�� 6KRXOGHU�� DQG� +DQG�
�'$6+�� 2XWFRPH� 0HDVXUH���
DGPLQLVWHUHG� IRXU� ZHHNV� SRVW-�
LQMHFWLRQ� 
&RPSDULQJ� 4XLFN'$6+� VFRUHV�

EHWZHHQ� WUHDWPHQW� DUPV�� D�
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ� JURXSV�� IDYRULQJ� WKH�
WULDPFLQRORQH� JURXS�� DW� IRXU� ZHHNV�
SRVW-LQMHFWLRQ� �S �������� $W� IRXU�
ZHHNV�� WKH�WULDPFLQRORQH�JURXS�DOVR�
KDG� VXSHULRU� SDLQ� VFRUHV� FRPSDUHG�
ZLWK�WKH�ULORQDFHSW�JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� VXEDFURPLDO� EXUVLWLV�
IRXQG� WKDW� VXEMHFWV� LQMHFWHG� ZLWK� D�
ORQJ-DFWLQJ� LQWHUOHXNLQ� RQH� EORFNLQJ�
PHGLFDWLRQ�KDG VLJQLILFDQW�
LPSURYHPHQW� LQ� SDLQ� DQG� IXQFWLRQ��
DOWKRXJK� WKDW� LPSURYHPHQW� ZDV�
LQIHULRU� WR� WKDW�RI� WKRVH� LQMHFWHG�ZLWK�
WULDPFLQRORQH� 

  

&DUUROO�� 0��� HW� DO�� 5LORQDFHSW� LQ� WKH�
7UHDWPHQW�RI�6XEDFURPLDO�%XUVLWLV��$�
5DQGRPL]HG�� 1RQLQIHULRULW\��
8QEOLQGHG 6WXG\ YHUVXV�
7ULDPFLQRORQH�$FHWRQLGH��-RLQW�%RQH�
6SLQH�� ������'HFHPEHU������������
-���� 

  

723,&$/�0$11,72/� 
$1'�&$36$,&,1-�,1'8&('�

3$,1 

  
3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� WRSLFDO� DQG�
LQMHFWHG� VXJDU� DQG� VXJDU-DOFRKROV�
DIIHFW� VPDOO�� SHSWLGHUJLF� SRO\PRGDO�
QHUYH� ILEHUV�� ZKLFK� DUH� DVVRFLDWHG�
ZLWK� QHXURSDWKLF� SDLQ�� $PRQJ� WKH�
WUHDWPHQWV� IRU� QHXURSDWKLF� SDLQ��
FDSVDLFLQ� LV� NQRZQ� WR� VWLPXODWH� WKH�
WUDQVLHQW� UHFHSWRU� SRWHQWLDO� YDQLOORLG�
W\SH� �� �7539��� UHFHSWRUV�� DOWKRXJK�
WRSLFDO� DSSOLFDWLRQ� LV� RIWHQ� IRXQG� WR�
SURGXFH�D�SDLQIXO�EXUQLQJ�VHQVDWLRQ��
7KLV� VWXG\� LQYHVWLJDWHG� WKH� XWLOLW\� RI�
WRSLFDO� PDQQLWRO�� D� PHWDEROLFDOO\�
LQHUW� VXJDU-DOFRKRO�� WR� UHGXFH�
FDSVDLFLQ-�LQGXFWHG�SDLQ� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG�VWXG\�HYDOXDWHG 
��� DGXOW� SDUWLFLSDQWV� ZLWK� LQWDFW�

VHQVDWLRQ�DQG�SDLQ�IUHH�OLSV��$�VPDOO�
DPRXQW� RI� FDSVDLFLQ� ������ ZDV�
DSSOLHG� WR� ERWK� KDOYHV� RI� HDFK�
VXEMHFW
V� XSSHU� OLS�� $IWHU� ILYH�
PLQXWHV�� RU� ZKHQ� WKH� EXUQLQJ�
VHQVDWLRQ� UHDFKHG� D� VHOI-UHSRUWHG�
QXPHULF� YDOXH� RI� HLJKW� RI� ���� WKH�
FUHDP� ZDV� UHPRYHG�� $� FUHDP�
FRQWDLQLQJ� PDQQLWRO� RU� D� SODFHER�
FUHDP�ZDV�WKHQ�LPPHGLDWHO\�DSSOLHG�
WR� HDFK� VLGH� RI� WKH� XSSHU� OLS��
6XEMHFWV� VHOI-� UHSRUWHG� D� QXPHULF�
UDWLQJ�VFDOH�SDLQ�DIWHU����PLQXWHV� 
$W� ILYH� PLQXWHV� DIWHU� FDSVDLFLQ�

DSSOLFDWLRQ�� VXEMHFWV� UHSRUWHG� DQ�
DYHUDJH� QXPHULF� UDWLQJ� VFDOH� VFRUH�
RI������HTXLYDOHQW�RQ�ERWK�VLGHV��7KH�
SDUWLFLSDQWV� QRWHG� WKDW� WKH� VLGH�
WUHDWHG�ZLWK�WKH�PDQQLWRO�FUHDP�KDG�
IDVWHU�UHVROXWLRQ�DQG�PDLQWHQDQFH�RI�
SDLQ� UHOLHI� WKDQ� WKH� FRQWURO� VLGH� DW�
WKUHH�WR����PLQXWHV��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

VXEMHFWV�ZLWK�FDSVDLFLQ�LQGXFHG�SDLQ�
IRXQG� WKDW� WRSLFDO� PDQQLWRO� PD\� EH�
XVHIXO�LQ�UHGXFLQJ�VHOI-UHSRUWHG�SDLQ��
VXJJHVWLQJ� WKDW�PDQQLWRO�PD\� DIIHFW�
WKH�7539��SDLQ�UHFHSWRUV� 

  
%HUWUDQG��+��� HW� DO�� 7RSLFDO�0DQQLWRO�
5HGXFHV� &DSVDLFLQ-,QGXFHG� 3DLQ��
5HVXOWV� RI� WKH� 3LORW� /HYHO�� 'RXEOH-�
%OLQG�� 5DQGRPL]HG� &RQWUROOHG� 7ULDO��
305��'HFHPEHU�������������������
-����� 

  



 

 

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 

([SDQGLQJ� WKH �IURQW LHU �RI �PHGLFLQH � LQ �UHVHDUFK� � WHDFKLQJ� �DQG�SDWLHQW�FDUH  

 

 

��086&8/26.(/(7$/� 
,1�5(9,(: 

�� 
 

3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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6WXGLHV� KDYH� VXJJHVWHG� WKDW�

SHRSOH� ZLWK� FHUYLFDO� G\VWRQLD� �&'��
PD\� KDYH� LPSDLUHG� VHQVRULPRWRU�
LQWHJUDWLRQ� DQG� SODVWLFLW\�� ZLWK�
RYHUDFWLYLW\� RI� WKH� SULPDU\� PRWRU�
FRUWH[� �0��� ZLWK� UHGXFHG�
LQWUDFRUWLFDO� LQKLELWLRQ�� 7KLV� VWXG\�
H[DPLQHG� ZKHWKHU� WKH� XVH� RI�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ� �U706�� WR� LQKLELW� WKH�
VHQVRULPRWRU� FRUWH[� FDQ� QRUPDOL]H�
HYRNHG� SRWHQWLDO� DPSOLWXGHV� DQG�
VKRUW�ODWHQF\�DIIHUHQW�LQKLELWLRQ��6$,��
LQ�SDWLHQWV�ZLWK�&'� 
7ZHOYH� SDWLHQWV� ZLWK� &'�

XQGHUZHQW� RQH� VHVVLRQ� RI� U706�
RYHU� WKH� OHIW�SULPDU\�VHQVRU\�FRUWH[�
DV� DQ� DFWLYH� FRQGLWLRQ� DQG� D�
VHSDUDWH�VHVVLRQ�DW� WKH� OHIW� SULPDU\�
PRWRU�FRUWH[��DV�D�FRQWURO�FRQGLWLRQ��
(LJKW�� KHDOWK\�� FRQWURO� SDWLHQWV�
XQGHUZHQW� RQH� VHVVLRQ� RI� U706�
RYHU� WKH� OHIW�SULPDU\�VHQVRU\�FRUWH[�
RQO\��0RWRU� HYRNHG� SRWHQWLDO� �0(3��
DPSOLWXGHV� DQG� VKRUW� ODWHQF\�
DIIHUHQW� LQKLELWLRQ� �6$,�� ZHUH�
PHDVXUHG�EHIRUH�DQG�DIWHU�U706�DW� 

 
WKH� ULJKW� ILUVW� GRUVDO� LQWHURVVHRXV�
PXVFOH� DQG� WKH� ULJKW� LQGH[� ILQJHU��
UHVSHFWLYHO\� 
$W� EDVHOLQH�� 0(3� DPSOLWXGHV� GLG�

QRW� GLIIHU� EHWZHHQ� WKH� JURXSV��
+RZHYHU�� WKH� 6$,� ZDV� UHODWLYHO\�
GHFUHDVHG�LQ�VXEMHFWV�ZLWK�&'��$IWHU�
WKH� LQKLELWRU\� U706� WR� WKH� SULPDU\�
VHQVRU\� FRUWH[�� 0(3� DPSOLWXGHV�
LQFUHDVHG�� 7KLV� ZDV� QRW� WUXH� ZLWK�
VWLPXODWLRQ� WR� WKH� SULPDU\� PRWRU�
FRUWH[�� ,Q� FRQWUDVW�� 6$,� QRUPDOL]HG�
DIWHU� U706� WR� ERWK� WKH� SULPDU\�
VHQVRU\�DQG�PRWRU�FRUWLFHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FHUYLFDO�G\VWRQLD�IRXQG�
WKDW� WKHLU� LPSDLUHG� VHQVRULPRWRU�
LQWHJUDWLRQ� FRXOG� EH� QRUPDOL]HG� E\�
LQKLELWRU\� VWLPXODWLRQ� WR� WKH� SULPDU\�
VHQVRU\� DQG� PRWRU� FRUWLFHV� XVLQJ�
U706� 

  
=LWWHO�� 6��� HW� DO� 1RUPDOL]DWLRQ� RI�
6HQVRULPRWRU� ,QWHJUDWLRQ� E\�
5HSHWLWLYH� 7UDQVFUDQLDO� 0DJQHWLF�
6WLPXODWLRQ� LQ� &HUYLFDO� '\VWRQLD�� -�
1HXU��������$XJXVW���������������-
����� 

  
 
  


