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&RPSDULQJ� VWXGLHV� RI� SODWHOHW� ULFK�

SODVPD� �353�� KDV� EHHQ� GLIILFXOW�
EHFDXVH� RI� GLIIHUHQW� 353� PL[WXUHV�
XVHG��,Q�VWXGLHV�XVLQJ�SXUH�353��IHZ�
ZKLWH� EORRG� FHOOV� �:%&V�� DUH�
SUHVHQW�� ZKLOH� VWXGLHV� XVLQJ�
OHXNRF\WH-ULFK� 353� KDYH� D� ODUJH�
FRQFHQWUDWLRQ� RI� :%&V�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� DVVHVV� WKH� HIIHFWV�
RI� SXUH� 353� RQ� WHQRF\WHV�� LQ�
SDWLHQWV�ZLWK�URWDWRU�FXII�SDWKRORJ\� 
3XUH� 353� ZDV� KDUYHVWHG� IURP�

KHDOWK\� GRQRUV�� 'HJHQHUDWLYH�
WHQRF\WHV� IURP� SDWLHQWV� XQGHUJRLQJ�
DUWKURVFRSLF� URWDWRU� FXII� UHSDLU� ZHUH�
KDUYHVWHG�� ,QIODPPDWLRQ� ZDV�
LQGXFHG� LQ� WKHVH� FHOOV� ZLWK� �� QJ�P/�
,/-�ȕ��ZLWK�FHOOV�WKHQ�VWXGLHG�ZLWK��RU�
ZLWKRXW� WKH� DSSOLFDWLRQ� RI� 353�� ,Q� D�
VHFRQG�� FOLQLFDO� VWXG\�� ��� SDWLHQWV�
UHFHLYLQJ�VXEDFURPLDO�353�LQMHFWLRQV�
ZHUH�FRPSDUHG� WR�SDWLHQWV� UHFHLYLQJ�
FRUWLFRVWHURLG� LQMHFWLRQV�� $OO� ZHUH�
IROORZHG� IRU�VL[�PRQWKV� IRU�SDLQ�ZLWK�
UDQJH�RI�PRWLRQ��IXQFWLRQ�DQG�SDWLHQW�
VDWLVIDFWLRQ� 
,Q� WKH� LQ� YLWUR� VWXG\�� 353� FDXVHG�

LQIODPPDWLRQ�LQ�WKH�FHOOV�WKDW�KDG�QRW�
EHHQ�WUHDWHG�ZLWK�,/-�ȕ��DQG�UHGXFHG�
LQIODPPDWLRQ� LQ� WKH� FHOOV� H[SRVHG� WR�
,/-�ȕ�� ,Q� WKH� FOLQLFDO� VWXG\�� DPRQJ�
SDWLHQWV� LQMHFWHG� ZLWK� 353�� DOO� SDLQ�
VFRUHV�JUDGXDOO\�LPSURYHG�RYHU�WLPH��
7KH� VWHURLG� JURXS� SDLQ� VFRUHV�ZHUH�
VXSHULRU� WR� WKH� 353� JURXS� DW� RQH�
ZHHN� �S�  � �������� ZLWK� WKH� EHVW�
VFRUHV� IRU� WKLV� JURXS� DW� RQH�PRQWK��
EXW�ZRUVHQLQJ�WKHUHDIWHU��,Q�WKH�353�
JURXS�� WKH� PHDQ� SDLQ� VFRUHV�
UHGXFHG�JUDGXDOO\�RYHU�WLPH�UHDFKLQJ�
WKHLU� ORZHVW� OHYHOV� DW� VL[� PRQWKV��

2YHUDOO� VDWLVIDFWLRQ� LQFUHDVHG� LQ� WKH�
353�JURXS� WR� LWV�KLJKHVW� OHYHO�DW�VL[�
PRQWKV��ZKLOH� WKH� VWHURLG�JURXS�KDG�
GHFUHDVHG� VDWLVIDFWLRQ� VFRUHV� WR�
EHORZ� EDVHOLQH� VFRUHV� DW� WKUHH�
PRQWKV� 

&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�
WKDW�SXUH�353� LQGXFHG� LQIODPPDWLRQ�
LQ� WHQRF\WHV� LQ� WKH� DEVHQFH� RI�
LQIODPPDWLRQ� ZKHUHDV� LW� UHGXFHG�
LQIODPPDWLRQ� LQ� WKH� SUHVHQFH� RI�
LQIODPPDWLRQ�� ,Q� DGGLWLRQ�� 353�
GHFUHDVHG� SDLQ� DQG� LPSURYHG�
VKRXOGHU� IXQFWLRQ� EHWWHU� WKDQ� GLG�
VWHURLG�LQMHFWLRQV� 

 
-R��&��� HW� DO��$OORJHQLF�3XUH�3ODWHOHW�
5LFK� 3ODVPD� 7KHUDS\� IRU� 5RWDWRU�
&XII� 'LVHDVH�� $� %HQFK� DQG� %HG�
6WXG\�� $P� -� 6SRUWV� 0HG�� ������
1RYHPEHU���������������-����� 
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7KH� PDMRULW\� RI� SDWLHQWV� ZLWK�

FHUYLFDO� UDGLFXORSDWK\� GXH� WR� GLVF�
KHUQLDWLRQ� ZLOO� UHFRYHU� ZLWKLQ� WKUHH�
\HDUV�� 7KLV� SURVSHFWLYH� VWXG\�
GHVFULEHV� WKH� FOLQLFDO� FRXUVH� DQG�
SURJQRVWLF� PRGHOV� IRU� SDWLHQWV�
WUHDWHG�QRQ-VXUJLFDOO\ IRU�
FHUYLFDO�UDGLFXORSDWK\��6XEMHFWV�ZHUH�
FRQVHFXWLYH�SDWLHQWV�ZLWK�D�GLDJQRVLV�
RI�FHUYLFDO�UDGLFXORSDWK\�WUHDWHG�DW�D�
PXOWLGLVFLSOLQDU\� FOLQLF� LQ� WKH�
1HWKHUODQGV��7KH�LQLWLDO�YLVLW�LQFOXGHG�
D� QHXURORJLF� H[DPLQDWLRQ�� LQFOXGLQJ�
05,�� DV� ZHOO� DV� GRFXPHQWDWLRQ� RI�
GHPRJUDSKLF�DQG�SURJQRVWLF� IDFWRUV��
3DWLHQWV�ZHUH�IROORZHG�DW�VL[�DQG����
PRQWKV� ZLWK� D� TXHVWLRQQDLUH�
UHJDUGLQJ� WKHLU� OHYHO� RI� V\PSWRPV��
WUHDWPHQW� UHFHLYHG�� DQG� PHGLFDWLRQ�
XVHG��7KH�SULPDU\�RXWFRPH�PHDVXUH�

ZDV� SHUFHLYHG� UHFRYHU\� DW� ���
PRQWKV� PHDVXUHG� RQ� WKH� VHYHQ-
SRLQW�*OREDO�3HUFHLYHG�(IIHFW� �*3(��
VFDOH�� 3DWLHQWV� ZHUH� ODEHOHG�
³UHFRYHUHG´� LI� WKH\� VFRUHG�
³FRPSOHWHO\� UHFRYHUHG´� RU� ³PXFK�
LPSURYHG´�RQ�WKH�*3(�VFDOH� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� D�

PHDQ�DJH�RI������\HDUV��DQG�PHGLDQ�
V\PSWRP� GXUDWLRQ� RI� ��� ZHHNV�� $W�
VL[� PRQWKV�� ���� ZHUH� ³UHFRYHUHG´�
LQFUHDVLQJ� WR� ���� DW� ���PRQWKV�� $W�
VL[�PRQWKV�� KLJK� LQWHQVLW\� QHFN� SDLQ�
ZDV� QRWHG� E\� ����� DQG� ���� DW� ���
PRQWKV�� $� PXOWLYDULDEOH� ORJLVWLF�
UHJUHVVLRQ� DQDO\VLV� GHWHUPLQHG� WKDW�
WKRVH� ZLWK� D� ORQJHU� GXUDWLRQ� RI�
V\PSWRPV� KDG� D� KLJKHU� ULVN� IRU�
SHUVLVWHQW� V\PSWRPV� �25� � �������
ZKLOH� WKRVH� UHSRUWLQJ� � SDUHVWKHVLD�
KDG�D�UHGXFHG�ULVN��25������� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� 'XWFK� SDWLHQWV� ZLWK� D�
GLDJQRVLV� RI� FHUYLFDO� UDGLFXORSDWK\�
IRXQG� WKDW� RQO\� KDOI� RI� WKH� SDWLHQWV�
UHFRYHUHG� DW� RQH� \HDU�� ZLWK� D�
QXPEHU�RI�V\PSWRPV�VXJJHVWLYH�RI�D�
SRRU� SURJQRVLV� ZLWK� FRQVHUYDWLYH�
WUHDWPHQW� 

 
6OHLMVHU-.RHKRUVW�� 0��� HW� DO�� &OLQLFDO�
&RXUVH� DQG� 3URJQRVWLF� 0RGHOV� IRU�
WKH� &RQVHUYDWLYH� 0DQDJHPHQW� RI�
&HUYLFDO 5DGLFXORSDWK\� $�
3URVSHFWLYH� &RKRUW� 6WXG\�� (XU��
6SLQH�-��������1RYHPEHU����� ����� 
����-����� 
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*OREDOO\�� WREDFFR� DEXVH� LQFOXGHV�

���� PLOOLRQ� GDLO\� VPRNHUV� DQG� ����
PLOOLRQ� DEXVHUV� RI� VPRNHOHVV�

9ROXPH����1XPEHU�� -DQXDU\�������� 
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WREDFFR�� 6WXGLHV� RI� WKH� HIIHFWV� RI�
QLFRWLQH� RQ� WKH� SHUIRUPDQFH� RI�
DWKOHWHV� KDYH� SURGXFHG� LQFRQVLVWHQW�
UHVXOWV�� 7KLV� VWXG\� LQYHVWLJDWHG� WKH�
HIIHFW�RI�DQ�RYHUQLJKW�DEVWLQHQFH�IURP�
QLFRWLQH� DPRQJ� QLFRWLQH-DGGLFWHG�
DWKOHWHV� 
6XEMHFWV� LQFOXGHG� PDOH� UHJXODU�

DEXVHUV�RI�VPRNHOHVV�WREDFFR��$W� WKH�
LQLWLDO�YLVLW��DOO�ZHUH�DVVHVVHG�IRU�ERG\�
PDVV� LQGH[�� 92�� PD[�� PD[LPDO�
ZRUNORDG�DW�H[KDXVWLRQ��FULWLFDO�SRZHU��
ZRUNORDG� DW� ���� 92�� PD[�� DQG�
PD[LPDO� KHDUW� UDWH�� ,Q� WKH�
H[SHULPHQWDO� VHVVLRQ�� SDUWLFLSDQWV�
SHGDOHG� DW� ���� 92�� PD[� XQWLO�
H[KDXVWLRQ�� HLWKHU� DIWHU� UHFHLYLQJ�
VPRNHOHVV�WREDFFR����PLQXWHV�EHIRUH�
H[HUFLVH� �QLFRWLQH� VDWLHW\� �6$���� RU�
DIWHU� D� ��-KRXU� RYHUQLJKW� QLFRWLQH�
DEVWLQHQFH� �$%��� %ORRG� GUDZV� DQG�
FDUERQ�PRQR[LGH� OHYHOV�ZHUH�XVHG� WR�
FRQILUP�WKH�XVH�RU�DEVWLQHQFH� 
7KH�PHDQ�WLPH�WR�H[KDXVWLRQ�GXULQJ�

WKH� $%� VHVVLRQ� ZDV� ������ ORQJHU�
WKDQ�GXULQJ�WKH�6$�VHVVLRQ��S ��������
7KH�SHUFHSWLRQ�RI� HIIRUW�DV�PHDVXUHG�
E\� WKH� %RUJ� VFDOH� GLG� QRW� GLIIHU�
EHWZHHQ�WKH�FRQGLWLRQV� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�UHJXODU�

XVHUV� RI� VPRNHOHVV� WREDFFR� IRXQG�
WKDW�DEVWDLQLQJ� IURP�XVH� IRU����KRXUV�
EHIRUH� H[HUFLVH� FDQ� VLJQLILFDQWO\�
LPSURYH�SHUIRUPDQFH� 

 

 

=DQGRQDL�� 7��� HW� DO�� ([HUFLVH�
3HUIRUPDQFH� ,QFUHDVH� LQ� 6PRNHOHVV�
7REDFFR� 8VHU� $WKOHWHV� DIWHU�
2YHUQLJKW�1LFRWLQH�$EVWLQHQFH��6FDQG�
-�0HG�6FL�6SRUW�� ������-��� 

(;(5&,6(�3/86�086,&�)25�
6752.(�3$7,(176 

 
5HFHQW �VWXGLHV KDYH� GHPRQVWUDWHG�

WKDW� PXVLF� GXULQJ� H[HUFLVH� FDQ� EH�
EHQHILFLDO� LQ� DFKLHYLQJ�SK\VLFDO� JRDOV�
DPRQJ�HOGHUO\�SRSXODWLRQV��7KLV�VWXG\�
RI� SDWLHQWV� ZLWK� D� UHFHQW� VWURNH�
DVVHVVHG� WKH� HIIHFW� RI� PXVLF� GXULQJ�
H[HUFLVH� 
7KLV� SURVSHFWLYH� UDQGRPL]HG� VWXG\�

LQFOXGHG� ��� VWURNH� VXUYLYRUV� ZLWK� D�
VFRUH�RI����RU�JUHDWHU�RQ� WKH�%DUWKHO�
,QGH[�� $OO� VXEMHFWV� XQGHUZHQW� PRWRU�
DQG� QHXURORJLF� DVVHVVPHQW� ZLWK�
VFUHHQLQJV� DW� DGPLVVLRQ� WR� WKH�
UHKDELOLWDWLRQ�FHQWHU�DQG�DW�VL[�PRQWKV�
DIWHU� WKHLU� VWURNH�� 3K\VLFDO� H[DP�
LQFOXGHG� &7� 3HUIXVLRQ� �&73�� � WR�
GHWHUPLQH� FHUHEUDO� EORRG� IORZ� �&%)��
DQG� FHUHEUDO� EORRG� YROXPH� �&%9���
DVVHVVHG� ZLWKLQ� WKUHH-VL[� GD\V� RI��
DQG�DW�VL[-PRQWKV�DIWHU�DGPLVVLRQ��$OO�
VXEMHFWV� XQGHUZHQW� ��-� PLQXWH�
WUDLQLQJ�VHVVLRQV��IRXU�WLPHV�SHU�ZHHN�
IRU� VL[� PRQWKV�� 7KRVH� LQ� WKH� PXVLF�
JURXS� �0*�� OLVWHQHG� WR� H[SHULHQWLDO�
WUDGLWLRQDO� PXVLF� WKDW� ZDV� FRPPRQ�
GXULQJ� WKHLU� \RXWK�� 7KRVH� LQ� WKH�
FRQWURO� JURXS� �&*�� XQGHUZHQW� WKH�
VDPH� H[HUFLVHV� ZLWKRXW� PXVLF��
5HFRYHU\� ZDV� GHILQHG� DV�
LPSURYHPHQW� RI� FRJQLWLYH� DQG� PRWRU�
VNLOOV� RI� WKH� DIIHFWHG� OLPE�� ZLWK� DQ�
LQFUHDVHG�PXVFOH�VWUHQJWK�DW�OHDVW�E\�
���� DFFRPSDQLHG� E\� HPRWLRQDO�
SURJUHVV� 
5HFRYHU\�ZDV�QRWHG�LQ�������RI�WKH�

PXVLF� JURXS� DQG� LQ������ RI� WKH�
FRQWURO� � � � � JURXS� � � � � �S ��������
$PXOWLYDULDEOH� DQDO\VLV� UHYHDOHG� WKDW�
RQO\� OHVLRQ� VL]H� DQG� JURXS� ZHUH�
LQGHSHQGHQW�SUHGLFWRUV�RI�UHFRYHU\� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� UHFRYHU\� IURP�
VWURNH� ZDV� HQKDQFHG� ZKHQ�PXVLF� LV�
DGGHG�WR�H[HUFLVH�WKHUDS\� 

 
)RWDNRSRXORV��*���HW�DO��7KH�9DOXH�RI�
([HUFLVH� 5HKDELOLWDWLRQ� 3URJUDP�
$FFRPSDQLHG� E\� ([SHULHQWLDO� 0XVLF�
IRU� 5HFRYHU\� RI� &RJQLWLYH� DQG�0RWRU�

6NLOOV� LQ� 6WURNH� 3DWLHQWV�� -� 6WURNH�
&HUHEURYDV� 'LV�� ������ 1RYHPEHU��
������������–����� 

 

*$%$3(17,1�9(5686�
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)RU� FKURQLF� VFLDWLFD�� WKH�

PHGLFDWLRQV� PRVW� RIWHQ� XVHG� IRU�
WUHDWPHQW� DUH� JDEDSHQWLQ� RU�
SUHJDEDOLQ�� %RWK� DUH� DQDORJXHV� RI�
JDPPD� DPLQREXW\ULF� DFLG�� D�
VXEVWDQFH� NQRZQ� WR� PRGXODWH�
FDOFLXP�FKDQQHO� VXEXQLWV�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� XQGHUVWDQG� WKH�
HIILFDF\� RI� WKHVH� WZR�PHGLFDWLRQV� IRU�
SDWLHQWV�ZLWK�FKURQLF�VFLDWLFD� 
7KLV� SURVSHFWLYH� GRXEOH-EOLQG�

UDQGRPL]HG� VWXG\� LQFOXGHG� SDWLHQWV�
VHHQ� LQ� WKH� QHXURVXUJHU\� FOLQLF� ZLWK�
VFLDWLF� SDLQ� ODVWLQJ� DW� OHDVW� WKUHH�
PRQWKV�� 7KH� SUHJDEDOLQ� JURXS�
UHFHLYHG�����PJ�RQFH�SHU�GD\�WLWUDWHG�
XS�WR�D�PD[LPXP�RI�����PJ�WZLFH�SHU�
GD\�� 7KH� JDEDSHQWLQ� JURXS� UHFHLYH�
����PJ�RQFH�SHU�GD\�WLWUDWHG�XS�WR�D�
PD[LPXP�RI� ����PJ� WKUHH� WLPHV� SHU�
GD\�� 7KH� SULPDU\� RXWFRPH� ZDV� OHJ�
SDLQ� LQWHQVLW\�XVLQJ� WKH�YLVXDO�DQDORJ�
VFDOH�� ZLWK� VHFRQGDU\� RXWFRPH�
PHDVXUHV� LQFOXGLQJ� WKH� 2VZHVWU\�
'LVDELOLW\� LQGH[� �2',��� PHDVXUHG� DW�
EDVHOLQH�� WKHQ� DW� ZHHNV� IRXU�� HLJKW��
����DQG���� 
$W� WKH� HQG� RI� HLJKW� ZHHNV�� SDLQ�

LQWHQVLW\� ZDV� UHGXFHG� E\� D� PHDQ� RI�
�������� IRU� JDEDSHQWLQ� � �S���������
DQG� �������� IRU� SUHJDEDOLQ� �S �������
6LJQLILFDQW�UHGXFWLRQV�ZHUH�DOVR�IRXQG�
LQ� WKH�2',�VFRUHV��S ������IRU�ERWK���
,Q� WKH� XQDGMXVWHG� DQDO\VLV��
JDEDSHQWLQ� ZDV� VXSHULRU� WR�
SUHJDEDOLQ� IRU� WKH� UHGXFWLRQ� RI� SDLQ�
�S �������� EXW� QRW� IRU� VFRUHV� RQ� WKH�
2',�� 7KHUH� ZHUH� VLJQLILFDQWO\� PRUH�
DGYHUVH� HYHQWV� DVVRFLDWHG� ZLWK�
SUHJDEDOLQ� WKDQ� ZLWK� JDEDSHQWLQ� �S �
������� 
&RQFOXVLRQ�� 7KLV�VWXG\�VXJJHVWV�

WKDW� JDEDSHQWLQ� LV� VXSHULRU� WR�
SUHJDEDOLQ�IRU�WUHDWLQJ�WKH�V\PSWRPV� 

 
5REHUWVRQ�� .��� HW� DO�� (IIHFW� RI�
*DEDSHQWLQ� YHUVXV� 3UHJDEDOLQ� RQ�
3DLQ� ,QWHQVLW\� LQ� $GXOWV� ZLWK� &KURQLF�
6FLDWLFD�� $� 5DQGRPL]HG� � &OLQLFDO�



 

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

7ULDO�� -$0$� 1HXURO�� ������ GRL��
��������MDPDQHXURO����������� 
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:KLOH�UHFHQW�VWXGLHV�KDYH�VXJJHVWHG�

WKDW�K\SHUJO\FHPLD�PD\�EH�DVVRFLDWHG�
ZLWK� KHPRUUKDJLF� WUDQVIRUPDWLRQ� �+7��
DIWHU� DFXWH� LVFKHPLF� VWURNH�� WKH� GDWD�
RIWHQ� UHO\� RQ� DFXWH� EORRG� JOXFRVH�
OHYHOV� ZKLFK� PD\� EH� LQIOXHQFHG� E\�
DFXWH�FLUFXPVWDQFHV� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� UHODWLRQVKLS� EHWZHHQ�
KHPRUUKDJLF� WUDQVIRUPDWLRQ� DQG� ORQJ-�
WHUP�JO\FHPLF�FRQWURO�DV�PHDVXUHG�E\�
KHPRJORELQ�$�F� 
6XEMHFWV� ZHUH� FRQVHFXWLYH� SDWLHQWV�

GLDJQRVHG� ZLWK� DFXWH� DQWHULRU� VWURNH�
ZKR� ZHUH� KRVSLWDOL]HG� EHWZHHQ�
-DQXDU\� ����� DQG� -XQH� ������ $OO�
SDWLHQWV� ZHUH� DVVHVVHG� DW� EDVHOLQH�
ZLWK� FRPSXWHG� WRPRJUDSK\�� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� ZLWKLQ����KRXUV�RI�
V\PSWRP� RQVHW� ZLWK� KHPRJORELQ� $�F�
REWDLQHG� WKH� GD\� DIWHU� DGPLVVLRQ��
6WURNH� VHYHULW\� ZDV� PHDVXUHG� E\� WKH�
1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK� 6WURNH�
6FDOH� �1,+66��� ZLWK� WKH� PRGLILHG�
5DQNLQ� VFDOH� �P56�� XVHG� WR� DVVHVV�
IXQFWLRQDO� RXWFRPHV� DW� KRVSLWDO�
GLVFKDUJH� 
2I� WKH� ���� SDWLHQWV� LQFOXGHG�� ���

��������ZHUH� QRWHG� WR� KDYH�D�+7��2I�
WKHVH����� ��������ZHUH�FODVVLILHG�ZLWK�
KHPRUUKDJLF� LQIDUFWLRQ� D� ZLWK�
SDUHQFK\PDO� KHPDWRPD�� ,Q� D�
PXOWLYDULDWH� DQDO\VLV�� KHPRJORELQ� $�F�
ZDV�D�VWURQJ� LQGHSHQGHQW�SUHGLFWRU�RI�
KHPRUUKDJLF� LQIDUFWLRQ�� ZLWK� DQ� RGGV�
UDWLR� RI� ������ $W� GLVFKDUJH�� ����
�������� RI� WKH� SDWLHQWV� DFKLHYHG�
IDYRUDEOH� RXWFRPHV�� GHILQHG� DV� P56�
VFRUH� �� ��� DQG� ���� �������� DFKLHYHG�
XQIDYRUDEOH����RXWFRPHV�����P56�VFRUH�
!�����$�SRRU�RXWFRPH�ZDV�SUHGLFWHG�E\�
HOHYDWHG�KHPRJORELQ�$�F��25������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� RI� SDWLHQWV� DGPLWWHG� IRU�
DFXWH� LVFKHPLF� VWURNH� IRXQG� WKDW� DQ�
HOHYDWHG�KHPRJORELQ�$�F�DW�DGPLVVLRQ�
LV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVH� LQ� WKH�
ULVN�RI�KHPRUUKDJLF�WUDQVIRUPDWLRQ� 

 

=KDQJ�� *��� HW� DO�� +HPRJORELQ� $�F�
3UHGLFWV� +HPRUUKDJLF� 7UDQVIRUPDWLRQ�
DQG� 3RRU� 2XWFRPHV� $IWHU� $FXWH�
$QWHULRU� 6WURNH�� (XURSHDQ� -� 1HXURO��
������ 'HFHPEHU�� ��� ������ ����-
����QG���������� 

 

'5,9,1*�$)7(5�+,3�
$57+526&23< 

 

1XPHURXV� VWXGLHV� KDYH� H[DPLQHG�
UHWXUQ� WR� GULYLQJ� DIWHU� FRPPRQ� ORZHU�
H[WUHPLW\� RUWKRSHGLF� VXUJHULHV�� EXW�
QRQH�KDYH�DGGUHVVHG� UHWXUQ� WR�GULYLQJ�
DIWHU�D�KLS�DUWKURVFRS\�� 7KLV�VWXG\�ZDV�
GHVLJQHG� WR� HYDOXDWH�SDWLHQWV�EUDNLQJ�
SHUIRUPDQFH� DIWHU� XQGHUJRLQJ� D� ULJKW�
KLS�DUWKURVFRS\��6XEMHFWV ZHUH� ���
SDWLHQWV� VFKHGXOHG� IRU� ULJKW� KLS�
DUWKURVFRS\�DQG����KHDOWK\�YROXQWHHUV��
$OO� ZHUH� DVVHVVHG� ZLWK� D� GULYLQJ�
VLPXODWRU�V\VWHP FRPSOHWHG�
SUHRSHUDWLYHO\� �EDVHOLQH�� DQG� DW� WZR��
IRXU�� VL[� DQG� HLJKW� � ZHHNV��
SRVWRSHUDWLYHO\� 7KH�FRQWURO�JURXS �
XQGHUZHQW� ILYH�VLPXODWRU�VHVVLRQV� WZR�
ZHHNV� DSDUW�� 0XOWLSOH� SDUDPHWHUV� RI�
EUDNLQJ�SHUIRUPDQFH�ZHUH DVVHVVHG��
LQFOXGLQJ� LQLWLDO� UHDFWLRQ� WLPH� �,57���
WKURWWOH� UHOHDVH� WLPH� �757��� IRRW�
PRYHPHQW�WLPH��)07��DQG� EUDNH 
WUDYHO�WLPH��%77�� 
7KH� FRQWURO� JURXS� KDG� VLJQLILFDQWO\�

IDVWHU� UHDFWLRQ� WLPHV� DW� EDVHOLQH� WKDQ�
GLG� WKH� H[SHULPHQWDO� JURXS�� 7KH�
VXUJHU\� JURXS� GLG� QRW� VKRZ� DQ\�
GHFOLQH� LQ� DQ\� RI� WKH� EUDNLQJ�
SHUIRUPDQFH� YDULDEOHV� EHWZHHQ�
EDVHOLQH� DQG� WZR�ZHHNV� SRVW-VXUJHU\��
7KH� VXUJHU\� JURXS� GHPRQVWUDWHG�
VLJQLILFDQW� LPSURYHPHQWV� LQ� ,57�
�S �������� 757� �S���������� )07�
�S���������DQG�%57��S ������� 
EHWZHHQ� EDVHOLQH� DQG� WKH� WZR-ZHHN�
SRVWRSHUDWLYH� GULYLQJ� VHVVLRQ�� ZLWK� QR�
VLJQLILFDQW�FKDQJHV�WKHUHDIWHU� 
&RQFOXVLRQ�� 7KLV� VWXG\� VXJJHVWV�

WKDW� SDWLHQWV� FRXOG� VDIHO\� UHWXUQ� WR�
GULYLQJ� WZR� ZHHNV� DIWHU� D� ULJKW-VLGHG�
KLS�DUWKURVFRS\� 
 

0RPD\D�� $��� HW� DO�� 5HWXUQ� WR� 'ULYLQJ�
$IWHU� +LS� $UWKURVFRS\�� &OLQ� -� 6SRUW�
0HG��������0D\������������-���� 

 

 

 

/$6(5�$1'�6+2&.:$9(�
7+(5$3<�)25�0<2)$6&,$/�3$,1 
 
/DVHU� WKHUDS\� DQG� VKRFNZDYH�

WKHUDS\�DUH�ERWK�XVHG�FOLQLFDOO\�WR�WUHDW�
PXVFXORVNHOHWDO� SDLQ�� 7KLV� VWXG\�
FRPSDUHG� WKH� UHODWLYH�HIIHFWV�RI� WKHVH�
LQWHUYHQWLRQV� RQ� SDWLHQWV� ZLWK�
P\RIDVFLDO�SDLQ� 

7KH� VXEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�
P\RIDVFLDO� SDLQ� V\QGURPH� RI� WKH�
WUDSH]LXV�� 7KRVH� UDQGRPL]HG� WR� WKH�
ODVHU� JURXS� UHFHLYHG� GDLO\� ODVHU�
WKHUDS\� IRU� ��� FRQVHFXWLYH� EXVLQHVV�
GD\V� ZLWK� D� �:� ODVHU�� 7KH� VHFRQG�
JURXS� UHFHLYHG� VKRFNZDYH� WKHUDS\�
RQFH�SHU�ZHHN�IRU�WKUHH�ZHHNV��,Q�ERWK�
JURXSV�WKH�WKHUDS\�ZDV�GLUHFWHG�DW�WKH�
WULJJHU� SRLQWV� LQ� WKH� WUDSH]LXV� PXVFOH�
DV� ZHOO� DV� WKH� UHJLRQ� VXUURXQGLQJ� LW��
3DWLHQWV�ZHUH�DVVHVVHG�IRU�UHVWLQJ�DQG�
VSRQWDQHRXV� SDLQ� �YLVXDO� DQDORJXH�
VFDOH��� IXQFWLRQDO� LPSDLUPH� 'LVDELOLW\�
,QGH[��1',���TXDOLW\�RI� OLIH��6)-����DQG�
SDLQ�PHGLFDWLRQ�XVH� 
$OO� PHDVXUHG� SDUDPHWHUV� LPSURYHG�

VLJQLILFDQWO\� IURP� EDVHOLQH� LQ� ERWK�
JURXSV� DW� WKH� HQG� RI� WKUHH� ZHHNV� RI�
WUHDWPHQW� DQG� DW� ��� ZHHN� IROORZ� XS��
:KHQ�FRPSDULQJ�FKDQJHV�EHWZHHQ�WKH�
WZR� JURXSV�� ERWK� DW� ZHHN� WKUHH� DQG�
ZHHN� ���� LPSURYHPHQW� LQ� WKH�
VKRFNZDYH� WKHUDS\� JURXS� � ZDV��
VLJQLILFDQWO\� EHWWHU� WKDQ� WKH� ODVHU�
WKHUDS\� JURXS�� H[FHSW� IRU� HPRWLRQDO�
ZHOO-EHLQJ�RQ�ZHHN�WKUHH�DQG�SK\VLFDO�
KHDOWK� DW� ZHHN� ���� 7KHUH� ZHUH� QR�
DGYHUVH�HYHQWV�QRWHG�GXULQJ�WKH�VWXG\� 
&RQFOXVLRQ�� 7KLV� XQFRQWUROOHG�

VWXG\�RI�DGXOWV�ZLWK�P\RIDVFLDO�SDLQ�RI�
WKH�WUDSH]LXV�IRXQG�WKDW�ERWK�ODVHU�DQG�
VKRFNZDYH� WKHUDS\� LPSURYHG� SDLQ�
WROHUDQFH��QHFN�IXQFWLRQ��DQG�TXDOLW\�RI�
OLIH��WKRXJK�WKH�FOLQLFDO�HIIHFWLYHQHVV�RI�
VKRFNZDYH� WKHUDS\� ZDV� IRXQG� WR� EH�
VXSHULRU� 

 
.LUDO\��0���HW�DO��&RPSDUDWLYH�6WXG\��RI�
6KRFNZDYH� 7KHUDS\� DQG� /RZ-� /HYHO�����
/DVHU�����7KHUDS\�����(IIHFWV�LQ�3DWLHQWV�
ZLWK�0\RIDVFLDO�3DLQ�6\QGURPH�RI� WKH�
7UDSH]LXV�� 5KHXPDWRO� ,Q�� ������
1RYHPEHU�������������–���� 

 
 



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

 

75$16&5$1,$/�0$*1(7,&�
67,08/$7,21�$1'�

(19,5210(17$/�(15,&+0(17�
$)7(5�7%, 

 
'HVSLWH� WKH� ZLGHVSUHDG�

SUHYDOHQFH� RI� WUDXPDWLF� EUDLQ� LQMXU\�
�7%,��� FOLQLFDO� WULDOV� RI� YDULRXV�
WUHDWPHQWV�KDYH�VKRZQ�YHU\� OLPLWHG�
ORQJ-WHUP�LPSURYHPHQW� LQ� IXQFWLRQDO�
RXWFRPHV�� 3UHYLRXV� VWXGLHV� KDYH�
VXJJHVWHG� WKDW� WUDQVFUDQLDO�
PDJQHWLF� VWLPXODWLRQ� �706�� PD\�
HQKDQFH�QHXURSODVWLFLW\��DQG�UHVWRUH�
QRUPDO� FRUWLFDO� H[FLWDELOLW\� OHYHOV���
7KLV� DQLPDO� VWXG\� DVVHVVHG� WKH�
HIIHFW� RI� FRPELQLQJ� 706� ZLWK�
HQYLURQPHQWDO� HQULFKPHQW� LQ� UDWV�
ZLWK�D�7%,� 
6XEMHFWV� ZHUH� ��� UDWV� � VXEMHFWHG�

WR� D� FRQWUROOHG� FRUWLFDO� LPSDFW� WR�
SURGXFH� D� 7%,�� 7KH� DQLPDOV� ZHUH�
WKHQ� UDQGRPL]HG� WR� RQH� RI� IRXU�
JURXSV�� LQFOXGLQJ�� VWDQGDUG�KRXVLQJ�
�6(�� HQYLURQPHQWDO� HQULFKPHQW�
�((��� ((� SOXV� 706� �((-706��� ((�
SOXV� VKDP� 706� �((-6��� 7KH� 706�
ZDV� GHOLYHUHG� IRU� VL[� GD\V� ZLWK� D�
WRWDO� RI� ���� SXOVHV� SHU� GD\�� $OO�
DQLPDOV� ZHUH� WUDLQHG� RQ� D� EHDP�
ZDONLQJ� WHVW�� D� FKDOOHQJH� ODGGHU��
WHVWHG�IRU�PRWRU�HYRNHG�SRWHQWLDOV�LQ�
UHVSRQVH� WR� 706� VWLPXODWLRQ��
HOHFWURSK\VLRORJLFDO� UHFRUGLQJV� DQG�
IXQFWLRQDO�05,� 
7KH ((-706 JURXS KDG�

VLJQLILFDQWO\� EHWWHU� SHUIRUPDQFH� RQ�
WKH� EHDP� ZDON� WHVW� FRPSDUHG� WR�
WKH� 7%,� ZLWK� WKH� 6(� JURXS�
�S��������� ,Q� WKH�HOHFWURSK\VLRORJLF�
WHVWV�� WKH� ((-� 706� JURXS�
GHPRQVWUDWHG� VLJQLILFDQWO\� EHWWHU�
/63� DPSOLWXGH�� DVVRFLDWHG� ZLWK�
LQFUHDVHV�LQ FRUWLFDO�
H[FLWDELOLW\�� FRPSDUHG� WR� WKH� 6(�
JURXS�� 7KH� ((-� 706� JURXS� DOVR�
KDG� D� KLJKHU� 0(3� DPSOLWXGH�
FRPSDUHG� WR� WKH� 6(� JURXS��
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�
GHPRQVWUDWHV�WKDW�D� FRPELQDWLRQ� RI�
HQYLURQPHQWDO� HQULFKPHQW� DQG�
WUDQVFUDQLDO� PDJQHWLF� VWLPXODWLRQ�
FDQ� UHVXOW� LQ� IXQFWLRQDO�
LPSURYHPHQW�� DV�FRPSDUHG� WR�706�
DORQH� 
6KLQ�� 6��� HW� DO�� 7UDQVFUDQLDO�
0DJQHWLF� 6WLPXODWLRQ� DQG�

(QYLURQPHQWDO� (QULFKPHQW�
(QKDQFHV� &RUWLFDO� ([FLWDELOLW\� DQG�
)XQFWLRQDO� 2XWFRPHV� $IWHU���
7UDXPDWLF� � � %UDLQ� � � ,QMXU\�� %UDLQ�
6WLPXO�� ������ 1RYHPEHU-�
'HFHPEHU������������-����� 

9,578$/�5($/,7<�)25�
3$5.,1621�',6($6( 

 
7KH� SUHYDOHQFH� RI� 3DUNLQVRQ¶V�

GLVHDVH� �3'�� LQ� LQGXVWULDOL]HG�
FRXQWULHV� LV� ����� LQ� WKH� JHQHUDO�
SRSXODWLRQ��7KLV�VWXG\�HYDOXDWHG�WKH�
HIIHFWV� RI� YLUWXDO� UHDOLW\� WUDLQLQJ�
�957�� RQ� PRWRU� DQG� FRJQLWLYH�
UHFRYHU\�LQ�SDWLHQWV�ZLWK�3'� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

3'�� ZLWK� DQ� DYHUDJH� DJH� RI� �����
\HDUV�� UDQGRPO\� DVVLJQHG� WR� D�
FRQWURO� JURXS� RU� D� 957� JURXS�� $OO�
SDWLHQWV� ZHUH� DVVHVVHG� ZLWK� D�
QHXURSV\FKRORJLFDO� EDWWHU\��
LQFOXGLQJ� WHVWV� RI� FRJQLWLRQ� DQG�
DIIHFW��7KRVH�LQ�WKH�957�JURXS�XVHG�
WKH� %76-1LUYDQD� �%76-1��� ZKLFK�
FUHDWHV� WKUHH-� GLPHQVLRQDO�
PXOWLVHQVRU\� DQG� LQWHUDFWLYH�
VLPXODWLRQ�� WR� DOORZ� WKH� SDWLHQW� WR�
LQWHUDFW�ZLWK� YLUWXDO�VFHQDULRV��(DFK�
WUHDWPHQW� VHVVLRQ� ODVWHG� ���
PLQXWHV�� ZLWK� WKUHH� VHVVLRQV� SHU�
ZHHN�IRU�HLJKW�ZHHNV� 
7KRVH� LQ� WKH� 957� JURXS�

GHPRQVWUDWHG�JUHDWHU�LPSURYHPHQWV�
LQ� FRJQLWLYH� IXQFWLRQ�� LQFOXGLQJ�
H[HFXWLYH� DQG� YLVXRVSDWLDO� DELOLWLHV��
DV� FRPSDUHG� WR� WKH� FRQWURO� JURXS��
&RPSDUHG� ZLWK� WKH� FRQWURO� JURXS��
VLJQLILFDQWO\� JUHDWHU� LPSURYHPHQW�
ZDV� QRWHG� LQ� VFRUHV� RQ� WKH� 0LQL-
0HQWDO� 6WDWH� ([DP� �S �������� WKH�
)URQWDO� $VVHVVPHQW� %DWWHU\�
�S��������� WKH� :(,*/� �S ��������
WKH� $GGHQEURRNH� &RJQLWLYH�
([DPLQDWLRQ� �$&(�-� 5HYLVHG�
�S���������� WKH� $&(-5� $WWHQWLRQ�
DQG� 2ULHQWDWLRQ� VXEWHVW� �S���������
WKH� $&(-5� 0HPRU\� VXEWHVW�
�S �������� WKH� $&(-5� )OXHQF\�
VXEWHVW� �S��������� WKH� $&(-� 5�
/DQJXDJH�VXEWHVW��S �������DQG�WKH�
$&(-5� 9LVXDO-6SDWLDO� VXEWHVW�
�S��������� 
&RQFOXVLRQ�� 7KLV� VPDOO� VWXG\�

VXJJHVWV� WKDW� UHKDELOLWDWLRQ� XVLQJ�
YLUWXDO� UHDOLW\� FRXOG� EH� YDOXDEOH� IRU�
WKH� LPSURYHPHQW� RI� FRJQLWLRQ� DQG�

EHKDYLRUDO�RXWFRPHV�RI�SDWLHQWV�ZLWK�
3DUNLQVRQ�'LVHDVH� 

 
0DJJLR�� 0��� HW� DO�� :KDW� $ERXW� WKH�
5ROH� RI� 9LUWXDO� 5HDOLW\� LQ� 3DUNLQVRQ�
'LVHDVH¶V� &RJQLWLYH� 5HKDELOLWDWLRQ"�
3UHOLPLQDU\� )LQGLQJV� IURP� D�
5DQGRPL]HG��&OLQLFDO�7ULDO��-�*HULDWU�
3V\FKLDWU\� 1HXURO�� ������
1RYHPEHU������������-�� 

 

35235,2&(37,9(�75$,1,1*�
$1'�$1./(�635$,1 

 
$QNOH� VSUDLQV� RFFXU� LQ� PDQ\�

VSRUWV��DQG�FDQ�VLJQLILFDQWO\� OLPLW�DQ�
DWKOHWH¶V� SHUIRUPDQFH�� :KLOH�
EDODQFH� WUDLQLQJ� LV� WKRXJKW� WR�
SUHYHQW� RU� WUHDW� DQNOH� VSUDLQV�� WKH�
HIIHFWV�RI�SURSULRFHSWLRQ�WUDLQLQJ�DUH�
OHVV�FOHDU��7KLV�OLWHUDWXUH�UHYLHZ�DQG�
PHWD-� DQDO\VLV� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIIHFWV� RI�
SURSULRFHSWLYH�WUDLQLQJ�RQ�WKH�ULVN�RI�
DQNOH�VSUDLQ� 
$� OLWHUDWXUH� UHYLHZ�ZDV�FRPSOHWHG�

IRU� VWXGLHV�RI� DGXOWV�� HYDOXDWLQJ� WKH�
HIIHFWV� RI� SURSULRFHSWLRQ� XVLQJ�
EDODQFH� WUDLQLQJ�� DV� FRPSDUHG� ZLWK�
D�FRQWURO�FRQGLWLRQ��RQ�WKH�LQFLGHQFH�
RI�DQNOH�VSUDLQ��2I�WKH�������VWXGLHV�
IRXQG� LQ� WKH� GDWDEDVH�� ��� ZHUH�
FKRVHQ� IRU� WKH� PHWD-DQDO\VLV��
LQFOXGLQJ�������VXEMHFWV� 
,Q�WKH�PHWD-DQDO\VLV��FRPSDUHG�WR�

WKH� FRQWURO� FRQGLWLRQ�� EDODQFH�
WUDLQLQJ� UHVXOWHG� LQ�D�����UHGXFWLRQ�
LQ� WKH� LQFLGHQFH� RI� DQNOH� VSUDLQ��
$PRQJ� WKH� VWXGLHV� WKDW� H[DPLQHG�
G\QDPLF� QHXURPXVFXODU� FRQWURO��
EDODQFH� WUDLQLQJ� ZLWK� SURSULRFHSWLYH�
WUDLQLQJ� LQFUHDVHG� WKH� GLVWDQFH�
UHDFKHG� LQ� WKH� DQWHULRU� �S �������
SRVWHURODWHUDO� �S �������� DQG�
SRVWHURPHGLDO� �S ������� H[FXUVLRQ�
EDODQFH�WHVWV� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��
UHYLHZ� DQG� PHWD-DQDO\VLV� VXSSRUWV�
WKH�FRQFOXVLRQ� WKDW�EDODQFH� WUDLQLQJ�
ZLWK� SURSULRFHSWLYH� WUDLQLQJ� FDQ�
VLJQLILFDQWO\�UHGXFH�WKH�ULVN�RI�DQNOH�
VSUDLQ� DQG� LQFUHDVH� EDODQFH� DQG�
MRLQW�SRVLWLRQ�VHQVH�� 
 
GH�9DVFRQFHORV��*���HW�DO��(IIHFWV�RI�
3URSULRFHSWLYH� 7UDLQLQJ� RQ� WKH�

 



 

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

 

 

,QFLGHQFH� RI� $QNOH� 6SUDLQ� LQ�
$WKOHWHV�� 6\VWHPDWLF� 5HYLHZ� DQG�
0HWD-�$QDO\VLV��&OLQ� 5HKDELO��������
'HFHPEHU���������������-����� 

 

/2:�&$5%2+<'5$7(�',(7�$1'�
(1(5*<�(;3(1',785(�'85,1*�

:(,*+7�/266 
 
$FFRUGLQJ� WR� WKH� FDUERK\GUDWH-�

LQVXOLQ� PRGHO� RI� REHVLW\�� DQ�
LQFUHDVHG� UDWLR� RI� LQVXOLQ� WR�
JOXFDJRQ� DIWHU� D� PHDO� ZLWK� D� KLJK�
JO\FHPLF� ORDG� GLUHFWV� PHWDEROLF�
IXHOV� DZD\� IURP� R[LGDWLRQ� DQG�
WRZDUG� VWRUDJH� LQ� DGLSRVH� WLVVXH��
6WXGLHV� H[SORULQJ� WKLV� PRGHO� KDYH�
QRW� SURGXFHG� FRQFOXVLYH� UHVXOWV��
7KLV� VWXG\� FRPSDUHG� WKH� HIIHFWV� RI�
GLHWV� YDU\LQJ� LQ� FDUERK\GUDWH� WR� IDW�
UDWLRV�RQ�HQHUJ\�H[SHQGLWXUH�GXULQJ�
ZHLJKW�ORVV�PDLQWHQDQFH� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� DGXOWV� DW� )UDPLQJKDP�
6WDWH� 8QLYHUVLW\�� VWXGLHG� EHWZHHQ�
$XJXVW� RI� ����� DQG� 0D\� RI� ������
'XULQJ� D� UXQ-� LQ� SKDVH�� HQHUJ\�
LQWDNH� ZDV� UHVWULFWHG� WR� SURPRWH�
���� ZHLJKW� ORVV� RYHU� QLQH� WR� WHQ�
ZHHNV�� 7KH� VXEMHFWV� ZKR�
VXFFHVVIXOO\� ORVW� WKLV� ZHLJKW� ZHUH�
UDQGRPL]HG� WR� KLJK�� PRGHUDWH� RU�
ORZ�FDUERK\GUDWH�WHVW�GLHWV�IRU�D���-
ZHHN� SKDVH�� 'XULQJ� WKLV� SKDVH��
HQHUJ\� LQWDNH� ZDV� DGMXVWHG� WR�
PDLQWDLQ� ZHLJKW� ORVV�� 7KH� GLHWV� DOO�
FRQWDLQHG� SURWHLQ� DW� ���� RI� WRWDO�
FDORULHV�� YDU\LQJ� WKH� HQHUJ\�
FRQWULEXWLRQV� RI� FDUERK\GUDWHV� DW�
����� ���� RU� ����� ZLWK� WKH�
UHPDLQLQJ�FDORULHV�REWDLQHG�WKURXJK�
IDW��2XWFRPH�YDULDEOHV�ZHUH�HQHUJ\�
H[SHQGLWXUH�� SK\VLFDO� DFWLYLW\� DQG�
PHWDEROLF�KRUPRQHV� 
2I� WKH� ���� SDUWLFLSDQWV� LQ� WKH�

ZHLJKW�ORVV�SKDVH������DFKLHYHG�WKH�
WDUJHW� ���� UHGXFWLRQ� LQ�ZHLJKW� ORVV�
DQG� ZHUH� LQFOXGHG� LQ� WKLV�
UDQGRPL]HG�WULDO��&RPSDUHG�ZLWK�WKH�
KLJK� FDUERK\GUDWH� GLHW�� FKDQJH� LQ�
WRWDO� HQHUJ\� H[SHQGLWXUHV� ZHUH� ���
NFDO� SHU� GD\� JUHDWHU� RQ� WKH�
PRGHUDWH�FDUERK\GUDWH�GLHW�DQG�����
NFDO� SHU� GD\� JUHDWHU� RQ� WKH� ORZ�
FDUERK\GUDWH� GLHW�� 7KH� GDWD�
UHYHDOHG� WKDW� HQHUJ\� H[SHQGLWXUH�

LQFUHDVHG� E\� ��� NFDO�G� IRU� HYHU\�
����GHFUHDVH� LQ� WKH�FRQWULEXWLRQ�RI�
FDUERK\GUDWH� WR� WRWDO� HQHUJ\� LQWDNH�
�S �������� 7KLV� HIIHFW� ZDV� PRVW�
SURQRXQFHG� DPRQJ� WKRVH�ZLWK� KLJK�
LQVXOLQ� VHFUHWLRQ�� DV� PHDVXUHG� DW�
SUH-ZHLJKW�ORVV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO� IRXQG� WKDW�� ZLWK�
VLPLODU� FDORULHV� DQG� VLPLODU� SURWHLQ�
LQWDNH�� SDWLHQWV� ZKR� FRQVXPH� ORZ�
FDUERK\GUDWH�GLHWV�KDYH�VLJQLILFDQWO\�
JUHDWHU�WRWDO�HQHUJ\�H[SHQGLWXUH� 

(EEHOLQJ��&���HW�DO��(IIHFWV�RI�D�/RZ�
&DUERK\GUDWH� 'LHW� RQ� (QHUJ\�
([SHQGLWXUH� 'XULQJ� :HLJKW� /RVV�
0DLQWHQDQFH�� 5DQGRPL]HG� 7ULDO��
%0-������������N����� 

 

3$,1�,6�$�5,6.�)$&725�)25�
)5$,/7< 

 
(VWLPDWHV� RI� SDLQ� LQ� WKH� JHQHUDO�

SRSXODWLRQ� UDQJH� IURP� ���� LQ�
FRPPXQLW\� GZHOOLQJ� HOGHUO\� WR� ����
LQ�LQVWLWXWLRQDOL]HG�LQGLYLGXDOV��:KLOH�
VWXGLHV� KDYH� GHPRQVWUDWHG� DQ�
DVVRFLDWLRQ�EHWZHHQ�SDLQ�DQG�IUDLOW\��
LW� LV�QRW�FOHDU�ZKHWKHU�SDLQ� LV�D� ULVN�
IDFWRU� IRU� IUDLOW\�� 7KLV� OLWHUDWXUH�
UHYLHZ� DQG� PHWD-DQDO\VLV� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
DVVRFLDWLRQ�EHWZHHQ�SHUVLVWHQW�SDLQ�
DQG�WKH�LQFLGHQFH�RI�IUDLOW\� 
)URP� D� OLWHUDWXUH� UHYLHZ�� ILYH�

SURVSHFWLYH�VWXGLHV�ZHUH�FKRVHQ�IRU�
LQFOXVLRQ��LQYROYLQJ������� 
SDUWLFLSDQWV��UDQJLQJ�IURP����WR����

\HDUV� RI� DJH�� $OO� VWXGLHV� XVHG�
DVVHVVPHQWV�RI�SDLQ�DQG�IUDLOW\��ZLWK�
D�PHGLDQ�IROORZ-XS�RI� WKUHH�WR�HLJKW�
\HDUV��$�UDQGRP�HIIHFWV�PRGHO�PHWD
-� DQDO\VLV� ZDV� SHUIRUPHG� WR�
LQYHVWLJDWH� WKH�DVVRFLDWLRQ�EHWZHHQ�
SDLQ�DQG�IUDLOW\� 
7KH� GDWD� UHYHDOHG� WKDW�

SDUWLFLSDQWV� ZLWK� SDLQ� DW� EDVHOLQH�
KDG� WZLFH� WKH� ULVN� RI� GHYHORSLQJ�
IUDLOW\� DW� WKH� WLPH� RI� IROORZ-XS�
�UHODWLYH� ULVN� ������ FRPSDUHG� WR�
WKRVH� ZLWKRXW� FKURQLF� SDLQ�� HYHQ�
DIWHU� DGMXVWLQJ� IRU� FRQIRXQGLQJ� ULVN�
IDFWRUV� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ DQG PHWD-DQDO\VLV�

GHPRQVWUDWHV�WKDW�SHUVLVWHQW�SDLQ� LV�
DVVRFLDWHG� ZLWK� D� VLJQLILFDQWO\�
LQFUHDVHG�ULVN�RI�IUDLOW\� 

 
6DUDLYD��0���HW�DO��3HUVLVWHQW�3DLQ�,V�
D� 5LVN� )DFWRU� IRU� )UDLOW\�� $�
6\VWHPDWLF� 5HYLHZ� DQG� 0HWD-
$QDO\VLV� IURP� 3URVSHFWLYH�
/RQJLWXGLQDO� 6WXGLHV�� $JH� $JLQJ��
������1RYHPEHU�����������-���� 

 

',$&87$1(286�),%52/<6,6�
)25�&$53$/�7811(/�

6<1'520( 
 
'LDFXWDQHRXV� ILEURO\VLV� �')�� LV� D�

WHFKQLTXH� GHYHORSHG� IURP� &\ULD[�
GHHS� IULFWLRQ� PDVVDJH� SULQFLSOHV��
:KLOH� ')� KDV� VKRZQ� SURPLVH� IRU�
WUHDWPHQW� RI� VKRXOGHU� SDLQ� DQG�
ODWHUDO�HSLFRQG\OLWLV��QR�SULRU�VWXGLHV�
KDYH�DVVHVVHG�LWV�HIILFDF\�IRU�FDUSDO�
WXQQHO�V\QGURPH��&76��LQWHUYHQWLRQ� 
7KLV� GRXEOH-EOLQG�� UDQGRPL]HG��

FRQWUROOHG�WULDO�LQFOXGHG�SDWLHQWV�ZLWK�
PLOG� WR� PRGHUDWH� &76�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� ')� RU� VKDP� ')�� $OO�
WUHDWPHQW�VXEMHFWV�ZHUH� LQYROYHG� LQ�
ILYH� VHVVLRQV� RI� ��� PLQXWHV¶�
GXUDWLRQ�� ZLWK� DQ� LQWHUYDO� RI� WZR� WR�
ILYH�GD\V�EHWZHHQ�VHVVLRQV��$�VKDP�
JURXS� UHFHLYHG� VLPLODU� DSSHDULQJ�
WUHDWPHQW�� EXW� ZLWK� SUHVVXUH�
GHOLYHUHG� DW� D� VXSHUILFLDO� OHYHO��
ZLWKRXW� JHQHUDWLQJ� PHFKDQLFDO�
WUDFWLRQ� RQ� WKH� GHHS� ILEHUV� RI� WKH�
VRIW�WLVVXH� 
7KH� LQWHQVLYH�� QRFWXUQDO�

V\PSWRPV� RI� WKH� ')� JURXS� ZHUH�
VLJQLILFDQWO\� UHGXFHG� FRPSDUHG� WR�
WKRVH�RI�WKH�VKDP�JURXS��)XQFWLRQDO�
FDSDFLW\�RI�WKH�XSSHU�H[WUHPLW\�ZDV�
VLJQLILFDQWO\� LPSURYHG� LQ� WKH� ')�
JURXS� DV� FRPSDUHG� WR� WKH� VKDP�
JURXS�� �7KLV� LPSURYHPHQW�SHUVLVWHG�
DW� RQH-� PRQWK� IROORZ-XS�� 7KH� ')�
JURXS� GHPRQVWUDWHG� VLJQLILFDQWO\�
JUHDWHU� LPSURYHPHQW� LQ� VHQVRU\�
QHUYH�FRQGXFWLRQ�YHORFLW\�DQG�PRWRU�
FRQGXFWLRQ� YHORFLW\� DV� FRPSDUHG� WR�
WKH�VKDP�JURXS� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI� ')�
SDWLHQWV� ZLWK� PLOG-WR-PRGHUDWH�
V\PSWRPDWLF� FDUSDO� WXQQHO�
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V\QGURPH� IRXQG� WKDW�� DIWHU� ILYH�
VHVVLRQV�� VLJQLILFDQW� LPSURYHPHQWV�
ZHUH�DFKLHYHG�RQ�HOHFWURGLDJQRVWLF��
V\PSWRPDWLF� DV� ZHOO� DV� IXQFWLRQDO�
PHDVXUHV�� 

'HO� %DUULR�� 6��� HW� DO� (IIHFWV� RI�
'LDFXWDQHRXV� )LEULQRO\VLV� LQ�
3DWLHQWV� ZLWK� 0LOG� WR� 0RGHUDWH�
6\PSWRPDWLF� &DUSDO� 7XQQHO�
6\QGURPH�� $� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO��&OLQ� 5HKDE�� ������
'HFHPEHU�������������-����� 

 

%87<5$7(��',(7$5<�),%(5�$1'�
1(852,1)/$00$7,21 

 
6WXGLHV� KDYH� VKRZQ� WKDW� DJLQJ�

UHVXOWV� LQ� FKURQLF� V\VWHPLF�
LQIODPPDWLRQ�� ZKLFK� FDQ� DFFHOHUDWH�
QHXURLQIODPPDWLRQ� LQ� WKH�EUDLQ��7KH�
H[DFW� PHFKDQLVP� LV� QRW� FOHDU��
DOWKRXJK� WKH� RYHUSURGXFWLRQ� RI� WKH�
SUR-LQIODPPDWRU\� F\WRNLQH�
LQWHUOHXNLQ-���EHWD��,O-E���LV�NQRZQ�WR�
SOD\� D� UROH�� $V� GLHWDU\� LQWDNH� LV�
WKRXJKW� WR� DIIHFW� WKLV� SURFHVV�� WKLV�
VWXG\�UHYLHZHG�WKH�HIIHFW�RI�VRGLXP�
EXW\UDWH� �1D%��� D� VKRUW-FKDLQ� IDWW\�
DFLG� �6&)$�� SURGXFHG� SULPDULO\� E\�
EDFWHULDO� IHUPHQWDWLRQ�RI� ILEHU�LQ� WKH�
FRORQ��RQ�QHXURLQIODPPDWLRQ� 
$� JURXS� RI� DJHG� PLFH� ZHUH�

LQMHFWHG� ZLWK� HLWKHU� D� VDOLQH� FRQWURO�
RU�1D%�DW�����J�NJ�ERG\�ZHLJKW��DV�
ZHOO�DV�VDOLQH�RU�/36�DW������PJ�NJ�
ERG\�ZHLJKW��$W� IROORZ-XS�� WKH�PLFH�
ZHUH�HXWKDQL]HG�IRU�WLVVXH�DQDO\VLV��
PLFURJOLDO� LVRODWLRQ�� DQG� 51$�
LVRODWLRQ��$�VHFRQG�JURXS�ZDV�IHG�D�
GLHW�ZLWK�HLWKHU�D�ORZ�RU�KLJK�VROXEOH�
ILEHU� FRQWHQW� DQG� XQGHUZHQW� D�
VLPLODU�SRVW-PRUWHP�DQDO\VLV� 
,Q� WKH� ILUVW� VWXG\�� LPPXQH�

DFWLYDWLRQ�ZDV�QRWHG�LQ�WKH�PLFURJOLD�
DIWHU�/36�LQIXVLRQ��ZLWK�LQFUHDVHV�LQ�
,O-�ȕ�� �S ��������� :KHQ� DOVR�
LQIXVHG� ZLWK� EXW\UDWH� WKH� ,O-�ȕ�
H[SUHVVLRQ� ZDV� DWWHQXDWHG�
�S ��������� 7KHVH� ILQGLQJV� ZHUH�
DOVR� WUXH� IRU� WKH� DQDO\VLV� DW� WKH�
KLSSRFDPSXV�� DQG� ZHUH� PRUH�
SURQRXQFHG�LQ�WKH�DJHG�PLFH��,Q�WKH�
GLHW� VWXG\�� FHFXP� DQG� FRORQ�
DQDO\VLV� LQGLFDWHG� VHYHUH�
LQIODPPDWLRQ� DVVRFLDWHG� ZLWK�
LPPXQH� LQILOWUDWLRQ� LQ� DJHG� DQLPDOV�

RQ� D� ORZ� ILEHU� GLHW�� +RZHYHU�� DJHG�
PLFH� RQ� D� KLJK� ILEHU� GLHW� KDG� D�
GHFUHDVH� LQ� WKLV� LQIODPPDWRU\�
LQILOWUDWH��+LVWRORJ\�VFRUHV�VXSSRUWHG�
WKHVH�ILQGLQJV��&RPSDUHG�WR�WKH�ORZ�
ILEHU� GLHW�� WKH� KLJK� ILEHU� GLHW�
GHFUHDVHG� JHQH� H[SUHVVLRQ� LQ� WKH�
PLFURJOLD�� LQFOXGLQJ�,O-�ȕ��,O-�UQ��,O-���
1OUS���7OU��DQG�7QI� 
&RQFOXVLRQ�� � � 7KLV� � � DQLPDO�

VWXG\� IRXQG� WKDW� VRGLXP� EXW\UDWH�
FDQ� UHGXFH� LQIODPPDWLRQ� DQG�
LPPXQH�UHDFWLYLW\�LQ�WKH�PLFURJOLD�RI�
WKH� EUDLQ�� VXSSRUWLQJ� D�
QHXURSURWHFWLYH� UROH� RI� KLJK� VROXEOH�
ILEHU� 

 
0DWW��6���HW�DO��%XW\UDWH�DQG�'LHWDU\�
6ROXEOH  )LEHU� ,PSURYH�
1HXURLQIODPPDWLRQ� $VVRFLDWHG� ZLWK�
$JLQJ� LQ� 0LFH�� )URQW� � ,PPXQRO��
����� KWWSV���GRL�RUJ����������
),008������������ 
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6WXGLHV� RI� WKH� DVVRFLDWLRQ�
EHWZHHQ� ERG\� PDVV� LQGH[� �%0,��
DQG�WKH�ULVN�RI�UHYLVLRQ�DIWHU�WRWDO�KLS�
UHSODFHPHQW� KDYH� SURGXFHG� PL[HG�
HVXOWV�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIIHFW� RI� %0,�
RQ�WKH�ULVN�RI�UHYLVLRQ�VXUJHU\�DW����
\HDUV�IROORZLQJ�WRWDO�KLS�DUWKURSODVW\�
�7+$�� 
'DWD�ZHUH� SURVSHFWLYHO\� FROOHFWHG�

IRU� DOO� SDWLHQWV� XQGHUJRLQJ� 7+$�
XVLQJ� GDWD� IURP� WKH� 1DWLRQDO� -RLQW�
5HJLVWU\��EHWZHHQ�$SULO�RI������DQG�
'HFHPEHU� RI� ������ &RIRXQGLQJ�
YDULDEOHV�LQFOXGHG�DJH�DW�WKH�WLPH�RI�
WKH� SULPDU\� 7+$�� JHQGHU�� SK\VLFDO�
VWDWXV�FODVVLILFDWLRQ��\HDU�RI�SULPDU\�
7+$�� W\SH� RI� KLS� UHSODFHPHQW� DQG�
IL[DWLRQ�� 'DWD� FRQFHUQLQJ� PRUWDOLW\�
DW� ��� GD\V� DQG� UHYLVLRQ� ZHUH�
UHFRUGHG�DW�D�PD[LPXP�IROORZ-XS�RI�
������\HDUV� 
)RU�WKH���������SDWLHQWV�IROORZHG��

WKH� FXPXODWLYH� SUREDELOLW\� RI� GHDWK�
DW� ���GD\V��ZDV� VLJQLILFDQWO\� KLJKHU�
LQ� WKH� XQGHUZHLJKW� WKDQ� LQ� WKH�
QRUPDO�ZHLJKW� JURXS� �S���������� ,Q�
FRQWUDVW�� FRPSDUHG� WR� WKH� QRUPDO�
ZHLJKW� JURXS� ��-GD\� PRUWDOLW\� ZDV�

VLJQLILFDQWO\� ORZHU� LQ� WKH�RYHUZHLJKW�
�S���������� 2EHVH� &ODVV� ,�
�S���������� DQG� 2EHVH� &ODVV� ,,�
�S ��������� $W� WHQ� \HDU� IROORZ� XS��
FRPSDUHG� WR� WKH� QRUPDO� ZHLJKW�
JURXS�� WKH� FXPXODWLYH� ULVN� IRU�
UHYLVLRQ� ZDV� KLJKHVW� LQ� WKH� 2EHVH�
&ODVV� ,,,� �������� DQG� VLJQLILFDQWO\�
KLJKHU� WKDQ� WKH� QRUPDO� JURXS� IRU�
2EHVH�&ODVV�,��&ODVV�,,�DQG�&ODVV�,,,�
�S�������� IRU� DOO��� 6WDWLVWLFDO�
VLJQLILFDQFH� ZDV� PDLQWDLQHG� LQ� WKH�
DGMXVWHG�PRGHOV� 
&RQFOXVLRQ� 7KLV� SRSXODWLRQ�

EDVHG�� ORQJLWXGLQDO�� FRKRUW� VWXG\�
GHPRQVWUDWHG� WKDW�� DIWHU� WRWDO� KLS�
UHSODFHPHQW�� HOHYDWHG� ERG\� PDVV�
LQGH[�UHGXFHV�WKH�VKRUW-WHUP�ULVN�IRU�
PRUWDOLW\�� EXW� LQFUHDVHV� WKH� ORQJ-
WHUP�ULVN�IRU�UHYLVLRQ�VXUJHU\� 

 
0RXFKWL�� 6��� HW� DO�� /RQJ-7HUP�
5HYLVLRQ� DQG� ��-'D\� 0RUWDOLW\�
IROORZLQJ� 3ULPDU\� 7RWDO� +LS�
5HSODFHPHQW�� -� %RQH� -RLQW� 6XUJ��
������'HFHPEHU������������������- 
����� 

&(5(%(//80�67,08/$7,21� 

$1'�*$,7�5(&29(5< 

 
$IWHU� D� VWURNH�� WKH� FRQWUDOHVLRQDO�

FHUHEHOOXP� LV� LPSOLFDWHG� LQ�
IXQFWLRQDO� UHRUJDQL]DWLRQ� RI� WKH�
PRWRU� QHWZRUN�� ,Q� DQLPDO� PRGHOV��
VWLPXODWLRQ�RI� WKH�FHUHEHOODU-FRUWLFDO�
QHWZRUNV�KDV�EHHQ�IRXQG�WR�LPSURYH�
UHFRYHU\�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIIHFW� RI� FHUHEHOODU� LQWHUPLWWHQW�
2PHJD-EXUVW� VWLPXODWLRQ� �&5%-
L7%6��� D� YDULDWLRQ� RI� UHSHWLWLYH�
WUDQVFUDQLDO� PDJQHWLF� VWLPXODWLRQ�
�U706��� RQ� JDLW� UHFRYHU\� DIWHU� D�
VWURNH� 
6XEMHFWV� ZHUH� DGXOW� SDWLHQWV� ZLWK�

FKURQLF� �RYHU�VL[�PRQWKV��� ILUVW�HYHU�
PLGGOH� FHUHEUDO� DUWHU\� LVFKHPLF�
VWURNH� ZLWK� UHVLGXDO� JDLW� DQG�
EDODQFH� LPSDLUPHQW�� $VVHVVPHQWV�
LQFOXGHG� WKH� %HUJ� %DODQFH� 6FDOH�
�%%6��� WKH� )XJO-0H\HU� �)0��
DVVHVVPHQW�� WKH� %DUWKHO� ,QGH[� �%,��
DQG�JDLW� DQDO\VLV��$� FRPELQDWLRQ�RI�
706� DQG� HOHFWURHQFHSKDORJUDP�
ZDV�XVHG� WR�GHWHUPLQH�WKH�SDWWHUQV�
RI� FRUWLFDO� UHRUJDQL]DWLRQ�� 7KH�
SDWLHQWV�ZHUH�UDQGRPL]HG�WR�UHFHLYH�
HLWKHU�DFWLYH�RU�VKDP�&5%-L7%6� 
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$OO� SDUWLFLSDQWV� XQGHUZHQW� WKUHH�
ZHHNV�RI�GDLO\�VKDP�RU�DFWLYH�&5%-�
L7%6��FRXSOHG�ZLWK�SK\VLFDO�WKHUDS\��
7KH�&5%-L7%6�ZDV�DSSOLHG�RYHU�WKH�
FRQWUDODOHVLRQDO� FHUHEHOOXP�� 'XULQJ�
ORFRPRWLRQ� DQDO\VLV�� WKH� SDWLHQWV�
ZHUH�DVNHG�WR�ZDON�DW�D�FRPIRUWDEOH�
VSHHG��7KH�SULPDU\�HIILFDF\�DQDO\VLV�
ZDV� WKH� FKDQJH� IURP� EDVHOLQH� LQ�
%%6� VFRUHV�� ZLWK� VHFRQGDU\�
HQGSRLQWV� LQFOXGLQJ� FKDQJHV� LQ� WKH�
)0�DQG�%,� 
$W� WKUHH� ZHHNV�� SDWLHQWV� LQ� WKH�

DFWLYH� JURXS� GHPRQVWUDWHG� JUHDWHU�
LPSURYHPHQW�RQ� WKH�%%6� �S ��������
7KH� WUHDWPHQW� JURXS� GHPRQVWUDWHG�
VLJQLILFDQW� LPSURYHPHQWV� IURP�
EDVHOLQH�E\�������DW�7��DQG�������
DW� 7��� 1R� VLJQLILFDQW� FKDQJH� ZDV�
QRWHG� LQ� WKH�FRQWURO� JURXS��7KH�JDLW�
DQDO\VLV� GHPRQVWUDWHG� WKDW� VWHS�
ZLGWK� ZDV� VLJQLILFDQWO\� UHGXFHG� LQ�
WKH�WUHDWPHQW�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� FHUHEHOODU�
LQWHUPLWWHQW� RPHJD� EXUVW� VWLPXODWLRQ�
LQ� SDWLHQWV� ZLWK� FKURQLF� VWURNH� FDQ�
LPSURYH�JDLW�DQG�EDODQFH� 

 
.RFK��*��� HW� DO�� (IIHFW� RI�&HUHEHOODU�
6WLPXODWLRQ� RQ� *DLW� DQG� %DODQFH�
5HFRYHU\� LQ� 3DWLHQWV� ZLWK�
+HPLSDUHWLF� 6WURNH�� 5DQGRPL]HG��
&OLQLFDO� 7ULDO�� -$0$� 1HXURO�� ������
GRL���������MDPDQHXURO����������� 
 

%(1(),76�2)�67$1',1*�$7�
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6HGHQWDU\� EHKDYLRUV� KDYH� EHHQ�

DVVRFLDWHG�ZLWK�DQ� LQFUHDVHG�ULVN�RI�
FKURQLF� GLVHDVH� DQG� PRUWDOLW\�� $V�
RIILFH� ZRUNHUV� VSHQG� ��� WR� ���� RI�
WKHLU�WLPH�VLWWLQJ��WKLV�VWXG\�DVVHVVHG�
WKH�HIIHFW� RI�D�SURJUDP�GHVLJQHG� WR�
GHFUHDVH�VLWWLQJ�WLPH�DW�ZRUN� 
(OLJLEOH� VXEMHFWV� ZHUH� RIILFH�

ZRUNHUV�����WR����\HDUV�RI�DJH��ZKR�
VSHQW� DW� OHDVW� ���� RI� WKHLU� ZRUNLQJ�
GD\� LQ� D� VHDWHG� SRVLWLRQ�� 7KH�
SDUWLFLSDQWV�ZHUH� UDQGRPL]HG�DW� WKH�
RIILFH� JURXS� OHYHO�� 7KRVH� LQ� WKH�
LQWHUYHQWLRQ� JURXS� UHFHLYHG� 60$U7�
ZRUN� LQWHUYHQWLRQ�� LQFOXGLQJ�D�KHLJKW�
DGMXVWDEOH� GHVN� DQG� HGXFDWLRQ�
FRQFHUQLQJ� WKH� FRQVHTXHQFHV� RI�
VLWWLQJ�� $Q� HOHFWURQLF� � FXVKLRQ�

SURYLGHG� IHHGEDFN� E\� YLEUDWLRQ�
UHJDUGLQJ� VLWWLQJ� WLPH�� 7KH� FRQWURO�
JURXS� ZHUH� QRW� JLYHQ� OLIHVW\OH�
DGYLFH�� JXLGDQFH� RU� PRGLILHG� ZRUN�
VWDWLRQV� 
7KH� SULPDU\� RXWFRPH� PHDVXUH�

ZDV� FKDQJH� LQ� RFFXSDWLRQDO� VLWWLQJ�
WLPH��DV�DVVHVVHG�E\�DQ�HUJRPHWHU��
6HFRQGDU\� RXWFRPHV� LQFOXGHG�
SK\VLFDO� DFWLYLW\�� PXVFXORVNHOHWDO�
KHDOWK�� ZRUN-UHODWHG� PHDVXUHV� DQG�
PHDVXUHV� RI� FRJQLWLRQ�� PRRG�� DQG�
TXDOLW\� RI� OLIH�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG� DW� EDVHOLQH� DQG� DW� WKUHH��
VL[-�DQG���-PRQWKV¶�IROORZ-XSV� 
$W� ��-PRQWK� IROORZ-XS�� FRPSDUHG�

WR� FRQWUROV�� WKH� LQWHUYHQWLRQ� JURXS�
KDG� D� UHGXFWLRQ� LQ� VLW� WLPH� RI� ������
PLQXWHV� SHU� ZRUN� GD\�� ZLWK�
SURORQJHG� VLWWLQJ� WLPH� UHGXFHG� E\�
������ PLQXWHV� SHU� ZRUN� GD\�� $W� ���
PRQWKV�� WKH� LQWHUYHQWLRQ� JURXS�
REWDLQHG� VLJQLILFDQWO\� EHWWHU� VFRUHV�
LQ� MRE� SHUIRUPDQFH� DQG� UHFRYHU\�
IURP�RFFXSDWLRQDO� IDWLJXH��EXW�QRW� LQ�
MRE� VDWLVIDFWLRQ�� 7KH� LQWHUYHQWLRQ�
JURXS� DOVR� HDUQHG� EHWWHU� VFRUHV� LQ�
WLPH�PDQDJHPHQW�DQG PHQWDO-�
LQWHUSHUVRQDO� GHPDQGV� WKDQ� GLG� WKH�
FRQWURO� JURXS�� 7KH� LQWHUYHQWLRQ�
JURXS� DOVR� GHPRQVWUDWHG� EHWWHU�
VFRUHV� RQ� WKH� 6WURRS� &RORU� :RUG�
7HVW-5HDFWLRQ� 7LPH�� TXDOLW\� RI� OLIH�
DQG� DQ[LHW\�� 1R� VLJQLILFDQW�
GLIIHUHQFH� ZDV� IRXQG� EHWZHHQ�
JURXSV� LQ� PXVFXORVNHOHWDO�
FRPSODLQWV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� VWXG\� RI� RIILFH� ZRUNHUV�
IRXQG� WKDW� DQ� LQWHUYHQWLRQ� VWUDWHJ\�
GHVLJQHG� WR� UHGXFH� VLWWLQJ� WLPH� FDQ�
UHGXFH� VLWWLQJ� WLPH� DQG� LPSURYH� MRE�
SHUIRUPDQFH�� ZRUNLQJ� HQJDJHPHQW��
RFFXSDWLRQDO� IDWLJXH�� DQ[LHW\� DQG�
TXDOLW\�RI�OLIH� 

 
(GZDUGVRQ�� &��� HW� DO�� (IIHFWLYHQHVV�
RI� WKH�6WDQG�0RUH�DW� �60$U7��:RUN�
,QWHUYHQWLRQ�� &OXVWHU� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO�� %0-�� ������ �����
.����� 

 

:+2/(�%2'<�&5<27+(5$3<�
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)LEURP\DOJLD� �)0�� LV� D� SUHYDOHQW�

DQG� GLVDEOLQJ� GLVHDVH� ZLWK� XQFOHDU�
SDWKRORJ\�� DQG� IHZ� HIIHFWLYH�
WUHDWPHQWV��:KROH�ERG\�FU\RWKHUDS\�
�:%&��KDV�EHHQ�VKRZQ�WR�GHFUHDVH�
LQIODPPDWLRQ� DQG� SURGXFH�
DQDOJHVLD�� ZLWK� SRVLWLYH� HIIHFWV�
UHSRUWHG�IRU�SDWLHQWV�ZLWK�UKHXPDWRLG�
DUWKULWLV� DQG� DQN\ORVLQJ� VSRQG\OLWLV��
7KLV� VWXG\� H[SORUHG� WKH� HIIHFW� RI�
:%&�DV�D�WUHDWPHQW�IRU�)0� 
7KLV� UDQGRPL]HG�� FURVVRYHU��

FOLQLFDO� WULDO�� LQFOXGHG� SDWLHQWV� ��� WR�
���\HDUV�RI�DJH�ZLWK�)0�IRU�DW� OHDVW�
RQH� \HDU�� DOO� XQUHVSRQVLYH� WR�
WUHDWPHQW� DWWHPSWV�� 7KRVH�
UDQGRPL]HG� WR� D� WUHDWPHQW� DUP�
XQGHUZHQW� :%&� WUHDWPHQW� RQ�
DOWHUQDWLQJ� GD\V� IRU� WKUHH� ZHHNV��
(DFK�VHVVLRQ�LQFOXGHG�WKUHH�PLQXWHV�
LQ� D� FDELQ� ZLWK� WHPSHUDWXUHV�
UHGXFHG�WR�-����&��7KH�JURXSV�WKHQ�
UHYHUVHG�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� ZHUH� D� WHQ-SRLQW� YLVXDO�
DQDORJ�VFDOH��9$6��IRU�SDLQ�DQG�WKH�
)0� LPSDFW� TXHVWLRQQDLUH� �),4���
6HFRQGDU\� HQGSRLQWV� LQFOXGHG�
GLVHDVH� VHYHULW\�� DVVHVVHG� E\� WKH�
FRPELQHG� ,QGH[� RI� 6HYHULW\� RI�
)LEURP\DOJLD��,&$)��DQG�WKH�6)-��� 

$IWHU� WKH� WUHDWPHQW� VHVVLRQV�ZHUH�
FRPSOHWHG� WKH� PHDQ� LPSURYHPHQWV�
LQ� 9$6� VFRUHV� ZHUH� WKUHH� LQ� WKH�
:%&� JURXS� DQG� ���� LQ� WKH� FRQWURO�
JURXS�� �S��������� ,Q� DGGLWLRQ�� EHWWHU�
LPSURYHPHQW�ZDV�IRXQG�LQ�WKH�:%&�
JURXS� LQ� LPSURYHPHQW� LQ� VFRUHV� RQ�
WKH� ),4� �S�������� DQG� WKH� ,&$)�
�S��������� )LYH� SDWLHQWV� UHSRUWHG�
PLOG� DGYHUVH� HYHQWV� GXULQJ� :%&��
QRWDEO\�GXULQJ�WKH�ILUVW�VHVVLRQ��DOO�RI�
ZKLFK� ZDQHG� LQ� VXEVHTXHQW�
VHVVLRQV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UHFDOFLWUDQW�
ILEURP\DOJLD� IRXQG� WKDW� WKUHH-PLQXWH�
VHVVLRQV�RI� FU\RWKHUDS\�HYHU\�RWKHU�
GD\� IRU� WKUHH� ZHHNV� UHVXOWHG� LQ�
VLJQLILFDQW� LPSURYHPHQWV� LQ� SDLQ�
VFRUHV� DQG� ILEURP\DOJLD� LPSDFW�
VFRUHV� 

 
5LYHUD����-�����HW����$O�����7KH����(IIHFW��
RI���&U\RWKHUDS\���RQ���)LEURP\DOJLD��
$�5DQGRPL]HG��&OLQLFDO�7ULDO�&DUULHG�
2XW� LQ� D�&U\RVDXQD�&DELQ�� 5KHXP�
,QWHUQ��������'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 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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%LVSKRVSKRQDWHV� DUH� WKH� SULPDU\�

FODVV�RI�PHGLFDWLRQ�XVHG�WR�SUHYHQW�
RVWHRSRURWLF�IUDFWXUHV��+RZHYHU��WKH�
HYLGHQFH�IRU� WKHLU�HIIHFWV� LQ�SDWLHQWV�
ZLWK� RVWHRSHQLD� LV� ODFNLQJ��
=ROHGURQDWH�FDQ�EH�DGPLQLVWHUHG�DW�
LQWHUYDOV�RI�RQH� \HDU�RU� ORQJHU�� DQG�
LV� SUHIHUUHG� RYHU� RUDO�
ELVSKRVSKRQDWHV�E\�WKH�PDMRULW\� �RI��
ZRPHQ�� � 7KLV� VWXG\� DVVHVVHG� WKH�
HIIHFWV�RI�]ROHGURQDWH�RQ� WKH�ULVN�RI�
IUDFWXUHV�LQ�SRVWPHQRSDXVDO�ZRPHQ�
ZLWK�RVWHRSHQLD� 

6XEMHFWV� ZHUH� DPEXODWRU\��
SRVWPHQRSDXVDO� ZRPHQ�� ��� \HDUV�
RI� DJH� RU� ROGHU�� DOO� ZLWK� RVWHRSHQLD�
FRQILUPHG� E\� ERQH� PLQHUDO� GHQVLW\�
VWXGLHV�� 7KH� ZRPHQ� ZHUH�
UDQGRPL]HG�WR�UHFHLYH�IRXU�LQIXVLRQV�
RI� HLWKHU� DOHQGURQDWH�� �� PJ�� RU�
QRUPDO�VDOLQH��DW���-PRQWK�LQWHUYDOV��
$OO�VXEMHFWV�UHFHLYHG� FKROHFDOFLIHURO� 

����� PJ� SHU� PRQWK�� IRU� WKH�
GXUDWLRQ� RI� WKH� WULDO�� 7KH� SULPDU\�
HQGSRLQW�ZDV�WKH�WLPH�WR�ILUVW�IUDJLOLW\�
IUDFWXUH� 
'XULQJ� IROORZ-XS�� D� IUDJLOLW\�

IUDFWXUH� ZDV� GLDJQRVHG� LQ� ����
ZRPHQ� LQ� WKH� SODFHER� JURXS� DQG�
���� LQ� WKH� WUHDWPHQW� JURXS�
�S���������� 6HFRQGDU\� HQGSRLQWV�
ZHUH� DOVR� EHWWHU� LQ� WKH� WUHDWPHQW�
JURXS� LQFOXGLQJ� V\PSWRPDWLF�
IUDFWXUHV�� >+D]DUG�5DWLR� �+5������@��
GHDWK��+5������� DQG 
FDQFHU��+5������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SRVWPHQRSDXVDO� ZRPHQ� ZLWK�
RVWHRSHQLD�IRXQG�WKDW�DGPLQLVWUDWLRQ�
RI� ]ROHGURQDWH� HYHU\� ���PRQWKV� IRU�
VL[�\HDUV�UHGXFHV�WKH�ULVN�RI�IUDJLOLW\�
IUDFWXUHV��GHDWK�DQG�FDQFHU� 

 
5HLG�� ,��� HW� DO�� )UDFWXUH� 3UHYHQWLRQ�
ZLWK� =ROHGURQDWH� LQ� 2OGHU� :RPHQ�
ZLWK� 2VWHRSHQLD�� 1� (QJO� -� 0HG��
������'HFHPEHU������������������- 
����� 

 


