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

$57+526&23,&�3$57,$/�
0(1,6&(&720<�9(5686�6+$0�

685*(5< 
 
$UWKURVFRSLF� SDUWLDO� PHQLVFHFWRP\�

LV� WKH� PRVW� FRPPRQ� RUWKRSHGLF�
SURFHGXUH� SHUIRUPHG� LQ� WKH� 8QLWHG�
6WDWHV�� $� UHFHQW�� UDQGRPL]HG� WULDO�
GHPRQVWUDWHG� WKDW� WKLV� VXUJHU\��
FRPELQHG� ZLWK� SK\VLFDO� WKHUDS\��
SURYLGHV� QR� EHWWHU� UHOLHI� WKDQ� GRHV�
SK\VLFDO� WKHUDS\� DORQH�� 7KLV�
PXOWLFHQWHU�� UDQGRPL]HG�� GRXEOH-�
EOLQG�� VKDP� FRQWUROOHG� WULDO� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HIILFDF\� RI� DUWKURVFRSLF� SDUWLDO�
PHQLVFHFWRP\� IRU� SDWLHQWV� ZLWK� D�
GHJHQHUDWLYH� WHDU� RI� WKH� PHGLDO�
PHQLVFXV� 
3DWLHQWV����WR����\HDUV�RI�DJH�ZHUH�

HQUROOHG� ZKR� KDG� NQHH� SDLQ� IRU� DW�
OHDVW� WKUHH� PRQWKV� WKDW� ZDV�
XQUHVSRQVLYH� WR� FRQYHQWLRQDO�
FRQVHUYDWLYH� WUHDWPHQW�� $OO� KDG�
FOLQLFDO�ILQGLQJV�FRQVLVWHQW�ZLWK�D�WHDU�
RI� WKH�PHGLDO�PHQLVFXV��$UWKURVFRS\�
H[DPLQDWLRQ�ZDV�ILUVW�SHUIRUPHG�LQ�DOO�
SDWLHQWV� IRU� D� YLVXDO� DVVHVVPHQW� RI�
WKH�PHQLVFXV��7KH�SDWLHQWV�ZHUH�WKHQ�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
DUWKURVFRSLF� SDUWLDO�PHQLVFHFWRP\� RU�
VKDP� VXUJHU\�� $VVHVVPHQWV� ZHUH�
REWDLQHG� DW� EDVHOLQH� DQG� DW� WZR�� VL[�
DQG� ��� PRQWKV� DIWHU� VXUJHU\�7KH�
SULPDU\� RXWFRPH� PHDVXUHV� LQFOXGHG�
NQHH�SDLQ�DIWHU�H[HUFLVH��WKH�/\VKROP�
NQHH�VFRUH��DQG�WKH�:HVWHUQ�2QWDULR�
0HQLVFDO� (YDOXDWLRQ� 7RRO�� DV�
DVVHVVHG�DW����PRQWKV�DIWHU�VXUJHU\� 
2I� WKH� ���� SDWLHQWV� XQGHUJRLQJ�

UDQGRPL]DWLRQ�� ��� XQGHUZHQW� SDUWLDO�
PHQLVFHFWRP\� DQG� ��� XQGHUZHQW�
VKDP�������VXUJHU\� 6LJQLILFDQW�
LPSURYHPHQW� IURP� EDVHOLQH� WR� ���
PRQWKV� ZDV� VHHQ� RQ� WKH� SULPDU\�
RXWFRPH� PHDVXUHV� LQ� ERWK� JURXSV��
+RZHYHU�� QR� VLJQLILFDQW� GLIIHUHQFHV�
RFFXUUHG� EHWZHHQ� WKH� JURXSV� LQ� WKH�
SULPDU\� RXWFRPH� PHDVXUHV�� ,Q�
DGGLWLRQ�� QR� VLJQLILFDQW�� EHWZHHQ�
JURXS�GLIIHUHQFHV�ZHUH�VHHQ�LQ�DQ\�RI�
WKH� VHFRQGDU\� RXWFRPH� PHDVXUHV�
QRU� LQ� WKH� IUHTXHQF\� RI� WKH�QHHG� IRU�
VXEVHTXHQW� NQHH� VXUJHU\� RU� VHULRXV�
DGYHUVH�HYHQWV� 

&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��
VKDP�FRQWUROOHG�VWXG\�RI�SDWLHQWV�ZLWK�
GHJHQHUDWLYH� PHGLDO� PHQLVFDO� WHDUV�
IRXQG� WKDW� DUWKURVFRSLF� SDUWLDO�
PHQLVFHFWRP\� LV� QRW� VXSHULRU� WR�
VKDP� VXUJHU\� IRU� UHOLHYLQJ� SDLQ� RU�
LPSURYLQJ�IXQFWLRQ� 

 
6LKYRQHQ�� 5��� HW� DO�� $UWKURVFRSLF�
3DUWLDO� 0HQLVFHFWRP\� YHUVXV� 6KDP�
6XUJHU\� IRU�D�'HJHQHUDWLYH�0HQLVFDO�
7HDU��1�(QJ� -�0HG��������'HFHPEHU�
����������������–����� 
 
 
%((75227�-8,&(�$1'�$/7,78'(�

&<&/,1*�3(5)250$1&( 
 
'LHWDU\�QLWUDWH�VXSSOHPHQWDWLRQ�KDV�

EHHQ�VKRZQ� WR� UHGXFH�V\VWROLF�EORRG�
SUHVVXUH�� DWWHQXDWH� WKH� R[\JHQ�
GHPDQG�RI�VXEPD[LPDO�H[HUFLVH�DQG�
LPSURYH� F\FOLQJ�� UXQQLQJ� DQG� URZLQJ�
SHUIRUPDQFH��7KLV�VWXG\� LQYHVWLJDWHG�
WKH�HIIHFWV�RI�D�VLQJOH�GRVH�RI�QLWUDWH�
ULFK� EHHWURRW� �%5�� MXLFH� RQ� WKH�
R[\JHQ� FRVW�� SHULSKHUDO� R[\JHQ�
VDWXUDWLRQ�DQG� WLPH� WULDO�SHUIRUPDQFH�
LQ� VLPXODWHG� PRGHUDWH� DOWLWXGH�
FRQGLWLRQV� 
1LQH� FRPSHWLWLYH� F\FOLVWV�� DOO�

WUDLQLQJ� DW� OHDVW� WKUHH� VHVVLRQV� SHU�
ZHHN�� ZHUH� VWXGLHG�� $OO� ZHUH� WHVWHG�
DW� EDVHOLQH� IRU� GHWHUPLQDWLRQ� RI�
9ā2�SHDN� DQG� PD[LPXP� ZRUN� UDWH�
:5PD[� LQ� D� VLPXODWHG� DOWLWXGH� RI�
DSSUR[LPDWHO\� ������ P� ����� �����
7KH�SDUWLFLSDQWV� WKHQ�XQGHUZHQW� IRXU�
VHSDUDWH� SHUIRUPDQFH� WULDOV� DW� ����
:5PD[� DQG� D� ����� NP� WLPHG� WULDO��
6HFRQG� DQG� WKLUG� WULDOV� ZHUH�
FRPSOHWHG�DIWHU�LQJHVWLRQ�RI�HLWKHU����
P/� RI� %5� MXLFH�RU� D� QLWUDWH� GHSOHWHG�
%5�SODFHER� 
6\VWROLF� EORRG� SUHVVXUH� ZDV�

UHGXFHG� PRUH� DIWHU� %5� MXLFH�
LQJHVWLRQ�WKDQ�DIWHU�SODFHER�LQJHVWLRQ�
�S �������� 9ā2�� GXULQJ� VWHDG\� VWDWH�
H[HUFLVH� ZDV� ORZHU� LQ� WKH� %5� MXLFH�
WULDO� WKDQ� LQ� WKH� SODFHER� WULDO�
�S �������� 9ā2�� ZDV� VLJQLILFDQWO\�
UHGXFHG�LQ�ERWK�WKH����PLQXWH�DQG����
PLQXWH� LQWHUYDOV�� 7LPH� WULDO�
SHUIRUPDQFH�LPSURYHG�E\������LQ�WKH�
%5� MXLFH� JURXS� FRPSDUHG� ZLWK�
EDVHOLQH� �S �������� LPSURYLQJ�

VLJQLILFDQWO\� PRUH� LQ� WKH� WUHDWPHQW�
JURXS� WKDQ� LQ� WKH� SODFHER� JURXS�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPSHWLWLYH� ELF\FOLVWV� IRXQG� WKDW� D�
VLQJOH�GRVH�RI�EHHWURRW�MXLFH�UHGXFHV�
WKH� R[\JHQ� FRVW� RI� VWHDG\-VWDWH�
H[HUFLVH� DQG� HQKDQFHV� WLPH� WULDO�
SHUIRUPDQFH�DW�VLPXODWHG�DOWLWXGH� 
 
0XJJHUULGJH��'���HW�DO��$�6LQJOH�'RVH�
RI� %HHWURRW� -XLFH� (QKDQFHV� &\FOLQJ�
3HUIRUPDQFH� LQ� 6LPXODWHG� $OWLWXGH��
0HG� 6FL� 6SRUWV� ([HU�� ������
-DQXDU\������������–���� 
 
 

%,&<&/(�75$,1,1*�,1�%2<6�
:,7+�'8&+(11(�086&8/$5�

'<67523+< 
 
)XQFWLRQDO� GHFOLQH� LQ� SDWLHQWV� ZLWK�

'XFKHQQH� PXVFXODU� G\VWURSK\�
�'0'�� LV� WKRXJKW� WR� SULPDULO\� UHVXOW�
IURP� SURJUHVVLYH� ORVV� RI� PXVFOH�
VWUHQJWK� DQG� HQGXUDQFH�� 7KH�
UHVXOWDQW�GHFUHDVH�LQ�DFWLYLW\�OHDGV�WR�
VHFRQGDU\� GHWHULRUDWLRQ� RI� WKH�
PXVFXORVNHOHWDO� DQG� FDUGLRYDVFXODU�
V\VWHPV�� IXUWKHU� DFFHOHUDWLQJ� WKH�
GHFOLQH�� 7KLV� WULDO� HYDOXDWHG� ZKHWKHU�
G\QDPLF� H[HUFLVHV� FRXOG� VDIHO\�
FRXQWHUDFW� WKH� VHFRQGDU\� IXQFWLRQDO�
GHFOLQH�RI�SDWLHQWV�ZLWK�'0'� 
6XEMHFWV�ZHUH�ER\V�EHWZHHQ�VHYHQ�

DQG� ��� \HDUV� RI� DJH�� DOO� GLDJQRVHG�
ZLWK� '0'�� 7KH� SDUWLFLSDQWV� ZHUH�
GLYLGHG�LQWR�DQ�LQWHUYHQWLRQ�JURXS�DQG�
D� FRQWURO� JURXS�� 7KH� LQWHUYHQWLRQ�
JURXS� UHFHLYHG� DVVLVWHG� ELF\FOH�
WUDLQLQJ� RI� WKH� DUPV� DQG� OHJV� IRU� ���
PLQXWHV�D�GD\�� ILYH�GD\V�D�ZHHN�� IRU�
���ZHHNV��7KH�FRQWURO�JURXS�UHFHLYHG�
WKH� XVXDO� FDUH� GXULQJ� WKH� VDPH�
SHULRG�� IROORZHG� E\� WKH� WUDLQLQJ�
UHJLPHQ��3ULPDU\�RXWFRPH�PHDVXUHV�
ZHUH� WKH� 0RWRU� )XQFWLRQ� 0HDVXUH�
�0)0�� DQG� WKH� $VVLVWHG� 6L[-0LQXWH�
&\FOLQJ� 7HVW� �$�0&7��� 6HFRQGDU\�
RXWFRPH� PHDVXUHV� LQFOXGHG� WKH�
3HGLDWULF� (YDOXDWLRQ� RI� 'LVDELOLW\�
,QYHQWRU\� �3(',��� WLPHG� WHVWV� �ULVH�
IURP� IORRU�� ��-PHWHU� UXQ�� QLQH-KROH�
SHJ� WHVW��� PXVFOH� VWUHQJWK�� SDVVLYH�
MRLQW�UDQJH�RI�PRWLRQ��DQG�TXDQWLWDWLYH�
PXVFOH�XOWUDVRXQG��4086�� 

9ROXPH����1XPEHU�� -DQXDU\�������� 
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SDWLHQWV�GLDJQRVHG�ZLWK�5$� 
$� V\VWHPDWLF� OLWHUDWXUH� VHDUFK� ZDV�

SHUIRUPHG�WR�LGHQWLI\�VWXGLHV�LQYROYLQJ�
DGXOW�SDWLHQWV�ZLWK�D�GLDJQRVLV�RI�5$��
WUHDWHG�ZLWK� ELRORJLF� DJHQWV� LQFOXGLQJ�
DEDWDFHSW��DGDOLPXPDE��FHUWROL]XPDE��
HWDQHUFHSW�� JROLPXPDE�� LQIOL[LPDE� RU�
ULWX[LPDE�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV� WKH� VWDQGDUGL]HG�PHDQ�
GLIIHUHQFH� �60'�� LQ� FKDQJH� IURP�
EDVHOLQH� RQ� WKH� +HDOWK� $VVHVVPHQW�
4XHVWLRQQDLUHV� �+$4��� FRPSDULQJ�
ELRORJLF� DQG� QRQ-� ELRORJLF� GLVHDVH-
PRGLI\LQJ� DQWL-� UKHXPDWLF� GUXJV�
�QE'0$5'V�� 
2I� WKH� VWXGLHV� UHYLHZHG�� ����

UDQGRPL]HG�� FRQWUROOHG� WULDOV� ZHUH�
LQFOXGHG��LQYROYLQJ�������LQGLYLGXDOV�LQ�
WKH�WUHDWPHQW�JURXSV�DQG�������LQ�WKH�
FRQWURO� JURXSV�� 7DNLQJ� DOO� 5&7V�
WRJHWKHU�� D� PHDQ� VXSHULRULW\� RI�
ELRORJLF� WUHDWPHQW� FRPSDUHG� ZLWK�
07;�QE'0$5'�WUHDWPHQW�ZDV�IRXQG��
2Q� WKH� 60'� RI� WKH� +$4� VFDOH��
ELRORJLFV� OHG� WR� D� ����� JUHDWHU�
LPSURYHPHQW� LQ� IXQFWLRQDO� FDSDFLW\� LQ�
HDUO\� 5$� SDWLHQWV� ZKR� ZHUH� '0$5'�
QDLYH� DQG� WR� D� ����� JUHDWHU�
LPSURYHPHQW� LQ� '0$5'� LQDGHTXDWH�
UHVSRQGHUV� 
&RQFOXVLRQ�� 7KLV�PHWD-DQDO\VLV�RI�

VWXGLHV� LQYROYLQJ� SDWLHQWV� ZLWK�
UKHXPDWRLG� DUWKULWLV� IRXQG� WKDW�
ELRORJLFV�DUH� VXSHULRU� WR�QE'0$5'V��
ZLWK� OLNHO\�PLQRU� GLIIHUHQFHV� EHWZHHQ�
WKHP� 
 
&DOOKRII�� ������ ������� ,PSDFW� 2I�
%LRORJLF�7KHUDS\�RQ�)XQFWLRQDO�6WDWXV�
LQ� 3DWLHQWV� ZLWK� 5KHXPDWRLG�
$UWKULWLV—$�0HWD-$QDO\VLV��-� 5KHXP��
������'HFHPEHU��������������-����� 
 
 

',(7�3$77(516�,1����������������
0,'/,)(�$1'�$*,1* 

 
0DLQWDLQLQJ� KHDOWK� LQ� DQ� DJLQJ�

SRSXODWLRQ�LV�D�PDMRU�FKDOOHQJH��:KLOH�
OLWHUDWXUH�KDV�GHPRQVWUDWHG�WKH�UROH�RI�
GLHW�LQ�PRUWDOLW\��WKHUH�LV�D�UHODWLYH�ODFN�
RI� GDWD� FRQFHUQLQJ� WKH� UROH�RI� GLHWDU\�
SDWWHUQV� DQG� WKHLU� HIIHFW� RQ� RYHUDOO�
KHDOWK\� DJLQJ�� 7KLV� VWXG\� H[DPLQHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� GLHWDU\�
SDWWHUQV�LQ�PLGOLIH�DQG�KHDOWK\�DJLQJ� 
'DWD�ZHUH�REWDLQHG�IURP�WKH�1XUVHV�

+HDOWK� 6WXG\�� EHJXQ� LQ� ����� ZLWK� D�
FRKRUW� RI� IHPDOH� QXUVHV�� DJHV� ��� WR�
��� \HDUV�� ,Q� ������ WKH� SDUWLFLSDQWV�
FRPSOHWHG� D� VHPL-� TXDQWLWDWLYH� IRRG�
IUHTXHQF\� TXHVWLRQQDLUH�� ZKLFK� ZDV�
UHSHDWHG�LQ������������DQG�HYHU\�IRXU�
\HDUV� WKHUHDIWHU�� 'LHWDU\� TXDOLW\� ZDV�
DVVHVVHG� XVLQJ� WKH� $OWHUQDWLYH�
+HDOWK\� (DWLQJ� LQGH[-����� �$+(,-�
������� DQG� WKH� $OWHUQDWH�
0HGLWHUUDQHDQ� 'LHW� 6FRUHV� �D-0H'L���
+HDOWK\� DJLQJ� ZDV� DVVHVVHG� DW� ���

\HDUV¶�IROORZ-XS��GHILQHG�DV�VXUYLYDO�WR�
��� \HDUV� ZLWKRXW� RQH� RI� ��� PDMRU�
FKURQLF� GLVHDVHV�� QR� PDMRU�
LPSDLUPHQWV� LQ� FRJQLWLRQ�� QR� SK\VLFDO�
GLVDELOLWLHV�DQG�LQWDFW�PHQWDO�KHDOWK� 
$W� IROORZ-XS�� ���� ZHUH� FRQVLGHUHG�

KHDOWK\� DJHUV� DQG� ���� ZHUH�
FRQVLGHUHG� XVXDO� DJHUV�� &RPSDUHG�
ZLWK�XVXDO�DJHUV��KHDOWK\�DJHUV�KDG�D�
ORZHU� SUHYDOHQFH� RI� REHVLW\� DQG�
WREDFFR�DEXVH��DQG�H[HUFLVHG�PRUH�DW�
PLGOLIH�� 0XOWLYDULDEOH� DQDO\VLV�
UHYHDOHG� WKDW� JUHDWHU� DGKHUHQFH� DW�
PLGOLIH� WR� $+(,-� ����� DQG� D-0H'L�
GLHWV� ZHUH� ERWK� VWURQJO\� DVVRFLDWHG�
ZLWK� JUHDWHU� RGGV� RI� KHDOWK\� DJLQJ�
�S�������DQG�S ������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV�WKDW�DGKHUHQFH�WR�EHWWHU�
GLHWDU\� SDWWHUQV� LQ� PLGOLIH� LV�
DVVRFLDWHG� ZLWK� EHWWHU� KHDOWK� DQG�
IXQFWLRQ� DPRQJ� WKRVH� VXUYLYLQJ� WR� DQ�
ROGHU�DJH� 
 
6DPLHUL�� &��� HW� DO�� $VVRFLDWLRQ�
EHWZHHQ� 'LHWDU\� 3DWWHUQV� DW� 0LGOLIH�
DQG�+HDOWK�LQ�$JLQJ��$QQ� ,QWHUQ� 0HG��
������1RY�������������-���� 
 
 
($5/<�0257$/,7<�$)7(5�+,3�

)5$&785(�5(3$,5 
 
'HVSLWH� LPSURYHPHQWV� LQ�

SHULRSHUDWLYH� FDUH�� WKH� ��� GD\�
PRUWDOLW\�UDWH�DIWHU�KLS�IUDFWXUH�VXUJHU\�
LV� HVWLPDWHG� WR� EH� RYHU� ����� 7KLV�
H[FHVV� PRUWDOLW\� LV� KLJKHVW� LQ� WKH�
LPPHGLDWH� SHULRG� IROORZLQJ� WKH�
IUDFWXUH�� DQG� DSSHDUV� WR� GHFUHDVH�
ZLWK�WLPH�WKHUHDIWHU��7KLV�VWXG\�IXUWKHU�
DVVHVVHG� WKH� ��-GD\� PRUWDOLW\� UDWH�
DIWHU� KLS� IUDFWXUH� VXUJHU\� DQG�
UHYLHZHG� WKH� FDXVHV� DQG� ULVN� IDFWRUV�
RI�HDUO\�PRUWDOLW\� 
&RQVHFXWLYH�SDWLHQWV�DGPLWWHG�WR�WKH�

DXWKRUV¶� LQVWLWXWLRQ�ZLWK� D� KLS� IUDFWXUH�
EHWZHHQ� $SULO� RI� ����� DQG� 0DUFK� RI�
����� ZHUH� LQFOXGHG� LQ� WKLV� VWXG\��
3ULPDU\� DQG� VHFRQGDU\� FDXVHV� RI�
GHDWK� ZHUH� QRWHG� IURP� GHDWK�
FHUWLILFDWHV�DQG�FRURQHUV¶�UHSRUWV��7KH�
UHFRUGV�ZHUH�UHYLHZHG�WR�FROOHFW�GDWD�
RQ� FRPRUELGLWLHV�� DJH�� JHQGHU�� WKH�
$PHULFDQ 6RFLHW\ RI�
$QHVWKHVLRORJLVWV� �$6$�� JUDGLQJ��
VRXUFH� RI� DGPLVVLRQ� DQG� SUH-LQMXU\�
ZDONLQJ� DELOLW\�� 7KRVH� XQGHUJRLQJ�
VXUJHU\� ZLWKLQ� ��� KRXUV� �JURXS� ���
ZHUH�FRPSDUHG�ZLWK�WKRVH�XQGHUJRLQJ�
VXUJHU\�ODWHU�WKDQ����KRXUV��JURXS�����
D� WLPH� IUDPH� EDVHG� XSRQ�
UHFRPPHQGDWLRQV� RI� WKH� %ULWLVK�
2UWKRSHGLF� $VVRFLDWLRQ�� 7KH� RYHUDOO��
��-GD\� PRUWDOLW\� UDWH� ZDV� ������ 7KH�
PRUWDOLW\� UDWH� RI� JURXS� �� ZDV� IRXU�
SHUFHQW��DQG�WKDW�RI�JURXS���ZDV�����
�S �������� 2YHU� WZR� WKLUGV� RI� ��-GD\�
PRUWDOLW\� RFFXUUHQFHV� ZHUH� GXH� WR�

$W� IROORZ-XS� HYDOXDWLRQ�� WKH� PHDQ��
WRWDO� 0)0� VFRUH� UHPDLQHG� VWDEOH� LQ�
WKH� LQWHUYHQWLRQ� JURXS� DQG� ZDV�
VLJQLILFDQWO\� GHFUHDVHG� LQ� WKH� FRQWURO�
JURXS�� 1R� GLIIHUHQFHV� EHWZHHQ� WKH�
JURXSV�ZHUH�QRWHG� LQ� WKH�$�0&7� IRU�
WKH� OHJV� �S ������ RU� WKH� DUPV�
�S ������� )LQDOO\�� QR� VLJQLILFDQW�
EHWZHHQ� JURXS� GLIIHUHQFHV� ZHUH�
IRXQG� RQ� WKH� VHFRQGDU\� RXWFRPH�
PHDVXUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� 'XFKHQQH� PXVFXODU� G\VWURSK\�
IRXQG� WKDW� DVVLVWHG� ELF\FOH� WUDLQLQJ�
FDQ�GHOD\�IXQFWLRQDO�GHFOLQH� 
 
-DQVHQ�� -��� HW� DO�� $VVLVWHG� %LF\FOH�
7UDLQLQJ� 'HOD\V� )XQFWLRQDO�
'HWHULRUDWLRQ� LQ� %R\V�ZLWK� 'XFKHQQH�
0XVFXODU� '\VWURSK\�� $� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO� �1R� 8VH� LV� 'LVXVH���
1HXURUHKDE� 1HXUDO� 5HSDLU�� ������
1RY�'HF������������-���� 
 
 

%,2/2*,&�7+(5$3<�$1'�
)81&7,21�,1�5+(80$72,'�

$57+5,7,6 
 

5KHXPDWRLG� DUWKULWLV� �5$�� LV� D�
V\VWHPLF� DXWRLPPXQH� GLVHDVH�
FDXVLQJ�LQIODPPDWLRQ�DQG�SDLQ��ZLWK�D�
SRWHQWLDO� VHULRXV� ORVV� RI� IXQFWLRQ�� ,Q�
UHFHQW� \HDUV�� QHZ� ELRORJLFDOO\�
HQJLQHHUHG� PHGLFDWLRQV� KDYH� EHHQ�
LQWURGXFHG�� ZKLFK� HLWKHU� EORFN� WXPRU�
QHFURVLV� IDFWRU-$� �71)�� RU� RWKHUZLVH�
LQIOXHQFH� WKH� V\VWHP�� 7KLV� PHWD-�
DQDO\VLV� LQYHVWLJDWHG� WKH� PDJQLWXGH�
RI� WKH� EHQHILWV� RI� WKHVH� ELRORJLF�
DJHQWV� RQ� WKH� IXQFWLRQDO� FDSDFLW\� RI�



 

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

SQHXPRQLD� RU� DFXWH� P\RFDUGLDO�
LQIDUFWLRQ�� ,Q� D� PXOWLYDULDWH� DQDO\VLV��
ULVN� IDFWRUV� IRU� HDUO\� GHDWK� LQFOXGHG�
WLPH� WR� VXUJHU\� �S ������� KLVWRU\� RI�
FDUGLDF� GLVHDVH� �S ������� DQG�
DGPLVVLRQ�VRXUFH�RWKHU�WKDQ�RZQ�KRPH�
�S ������� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� ���� FRQVHFXWLYH� LQGLYLGXDOV�
XQGHUJRLQJ� KLS� IUDFWXUH� VXUJHU\� IRXQG�
WKDW� SDWLHQWV� DW� JUHDWHU� ULVN� RI� G\LQJ�
ZLWKLQ� ��� GD\V� RI� VXUJHU\� DUH� FDUH�
GHSHQGHQW� SULRU� WR� LQMXU\�� KDYH� D�
KLVWRU\� RI� FDUGLRYDVFXODU� GLVHDVH� DQG�
KDYH� D� GHOD\� RI� RYHU� ��� KRXUV� IURP�
DGPLVVLRQ�WR�VXUJHU\� 
 
.KDQ�� 0��� HW� DO�� 3UHGLFWRUV� RI� (DUO\�
0RUWDOLW\� DIWHU� +LS� )UDFWXUH� 6XUJHU\��
,QWHUQ�2UWKRS��������1RYHPEHU����� 
����-����� 
 

$57+526&23,&�3$57,$/�
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$UWKURVFRSLF� SDUWLDO�PHQLVFHFWRP\� LV�

WKH� PRVW� FRPPRQ� RUWKRSHGLF�
SURFHGXUH� SHUIRUPHG� LQ� WKH� 8QLWHG�
6WDWHV�� $� UHFHQW�� UDQGRPL]HG� WULDO�
GHPRQVWUDWHG� WKDW� WKLV� VXUJHU\��
FRPELQHG� ZLWK� SK\VLFDO� WKHUDS\��
SURYLGHV� QR� EHWWHU� UHOLHI� WKDQ� GRHV�
SK\VLFDO� WKHUDS\� DORQH�� 7KLV�
PXOWLFHQWHU��UDQGRPL]HG��GRXEOH-�EOLQG��
VKDP� FRQWUROOHG� WULDO� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIILFDF\� RI�
DUWKURVFRSLF� SDUWLDO� PHQLVFHFWRP\� IRU�
SDWLHQWV�ZLWK�D�GHJHQHUDWLYH�WHDU�RI�WKH�
PHGLDO�PHQLVFXV� 
3DWLHQWV� ��� WR� ��� \HDUV�RI� DJH�ZHUH�

HQUROOHG�ZKR�KDG�NQHH�SDLQ�IRU�DW�OHDVW�
WKUHH�PRQWKV�WKDW�ZDV�XQUHVSRQVLYH�WR�
FRQYHQWLRQDO� FRQVHUYDWLYH� WUHDWPHQW��
$OO�KDG�FOLQLFDO� ILQGLQJV�FRQVLVWHQW�ZLWK�
D� WHDU� RI� WKH� PHGLDO� PHQLVFXV��
$UWKURVFRS\� H[DPLQDWLRQ� ZDV� ILUVW�
SHUIRUPHG� LQ� DOO� SDWLHQWV� IRU� D� YLVXDO�
DVVHVVPHQW� RI� WKH� PHQLVFXV�� 7KH�
SDWLHQWV� ZHUH� WKHQ� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� DUWKURVFRSLF� SDUWLDO�
PHQLVFHFWRP\� RU� VKDP� VXUJHU\��
$VVHVVPHQWV� ZHUH� REWDLQHG� DW�
EDVHOLQH�DQG�DW�WZR��VL[�DQG����PRQWKV�
DIWHU� VXUJHU\�7KH� SULPDU\� RXWFRPH�
PHDVXUHV� LQFOXGHG� NQHH� SDLQ� DIWHU�
H[HUFLVH�� WKH�/\VKROP�NQHH�VFRUH��DQG�
WKH� :HVWHUQ� 2QWDULR� 0HQLVFDO�
(YDOXDWLRQ� 7RRO�� DV� DVVHVVHG� DW� ���
PRQWKV�DIWHU�VXUJHU\� 
2I� WKH� ���� SDWLHQWV� XQGHUJRLQJ�

UDQGRPL]DWLRQ�� ��� XQGHUZHQW� SDUWLDO�
PHQLVFHFWRP\�DQG����XQGHUZHQW�VKDP�������
VXUJHU\� 6LJQLILFDQW� LPSURYHPHQW� IURP�
EDVHOLQH�WR����PRQWKV�ZDV�VHHQ�RQ�WKH�
SULPDU\� RXWFRPH� PHDVXUHV� LQ� ERWK�
JURXSV�� +RZHYHU�� QR� VLJQLILFDQW�
GLIIHUHQFHV� RFFXUUHG� EHWZHHQ� WKH�

JURXSV� LQ� WKH� SULPDU\� RXWFRPH�
PHDVXUHV�� ,Q� DGGLWLRQ�� QR� VLJQLILFDQW��
EHWZHHQ� JURXS� GLIIHUHQFHV� ZHUH� VHHQ�
LQ� DQ\� RI� WKH� VHFRQGDU\� RXWFRPH�
PHDVXUHV� QRU� LQ� WKH� IUHTXHQF\� RI� WKH�
QHHG� IRU� VXEVHTXHQW� NQHH� VXUJHU\� RU�
VHULRXV�DGYHUVH�HYHQWV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

VKDP� FRQWUROOHG� VWXG\� RI� SDWLHQWV� ZLWK�
GHJHQHUDWLYH� PHGLDO� PHQLVFDO� WHDUV�
IRXQG� WKDW� DUWKURVFRSLF� SDUWLDO�
PHQLVFHFWRP\� LV� QRW� VXSHULRU� WR� VKDP�
VXUJHU\� IRU� UHOLHYLQJ� SDLQ� RU� LPSURYLQJ�
IXQFWLRQ� 
 
6LKYRQHQ��5���HW�DO��$UWKURVFRSLF�3DUWLDO�
0HQLVFHFWRP\� YHUVXV� 6KDP� 6XUJHU\�
IRU� D� 'HJHQHUDWLYH� 0HQLVFDO� 7HDU�� 1�
(QJ� -� 0HG��������'HFHPEHU��������
���������–����� 
 
 

),%520<$/*,$�9(5686 
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)LEURP\DOJLD� V\QGURPH� �)06�� LV�

EHOLHYHG� WR�KDYH�D�RQH� WR� ILYH�SHUFHQW�
SUHYDOHQFH� LQ� :HVWHUQ� FRXQWULHV��
'HVSLWH� WKLV�� WKH� ELRORJLF� FDXVHV� RI�
)06� UHPDLQ� SRRUO\� XQGHUVWRRG�� $V�
VPDOO�ILEHU�SRO\QHXURSDWK\��6)31��LV�D�
QHXURORJLF� FDXVH� RI� FKURQLF��
ZLGHVSUHDG� SDLQ�� DQG� LV� RIWHQ�
XQGLDJQRVHG�� WKLV� VWXG\�ZDV� GHVLJQHG�
WR� GHWHUPLQH� ZKHWKHU� VRPH� SDWLHQWV�
GLDJQRVHG� ZLWK� )06� KDYH�
XQUHFRJQL]HG�6)31� 
7KH� VXEMHFWV� ZHUH� ��� SDWLHQWV�

GLDJQRVHG� ZLWK� )06� DQG� ��� PDWFKHG�
QRUPDO�FRQWUROV��$OO�VXEMHFWV�FRPSOHWHG�
WKH� 0LFKLJDQ� 1HXURSDWK\� 6FUHHQLQJ�
,QVWUXPHQW� �016,�� DQG� XQGHUZHQW� D�
WDUJHWHG�QHXURORJLF�H[DPLQDWLRQ��ZKLFK�
ZDV� FRGLILHG� XVLQJ� WKH� 8WDK� (DUO\�
1HXURSDWK\�6FDOH��8(16��� ,Q�DGGLWLRQ��
DOO� FRPSOHWHG� WKH� %HFN� 'HSUHVVLRQ�
,QYHQWRU\� DQG� WKH� 0HGLFDO� 2XWFRPHV�
6WXG\� 6KRUW� )RUP� +HDOWK� 6XUYH\� �6)-�
����� )LQDOO\�� DOO� XQGHUZHQW� QHUYH�
QHXURGLDJQRVWLF� VNLQ� ELRSVLHV� WR�
DVVHVV� 6)31�� DV� ZHOO� DV� DXWRQRPLF�
IXQFWLRQ�WHVWLQJ� 
2I� WKH� SDWLHQWV� ZLWK� )06�� ���� KDG�

VNLQ� ELRSVLHV� GLDJQRVWLF� IRU� 6)31�� LQ�
FRQWUDVW� WR� WKUHH�SHUFHQW� LQ� WKH�FRQWURO�
JURXS��6XEMHFWV�ZLWK� )06�DOVR� VFRUHG�
KLJKHU�RQ�WKH�016,�DQG�WKH�8(16�WKDQ�
GLG� WKH� FRQWUROV�� 1R� VLJQLILFDQW�
GLIIHUHQFH� ZDV� VHHQ� EHWZHHQ� JURXSV�
RQ�DXWRQRPLF�IXQFWLRQ�WHVWLQJ� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� IRXQG� WKDW� VRPH� SDWLHQWV�
GLDJQRVHG� ZLWK� ILEURP\DOJLD� KDYH�
V\PSWRPV� WKDW� PD\� EH� DWWULEXWDEOH� WR�
VPDOO�ILEHU�SRO\QHXURSDWK\� 
 
2DNODQGHU�� $��� HW� DO�� 2EMHFWLYH�
(YLGHQFH� WKDW� 6PDOO� )LEHU�
3RO\QHXURSDWK\� 8QGHUOLHV� 6RPH�

,OOQHVVHV� &XUUHQWO\� /DEHOHG� DV�
)LEURP\DOJLD�� 3DLQ�� ������ 1RYHPEHU��
�������������-����� 
 
 

-2**,1*�$)7(5�727$/� 
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7RWDO� KLS� DUWKURSODVW\� �7+$�� LV� RIWHQ�

VRXJKW� E\� SDWLHQWV� ZKR� ZLVK� WR� UHWXUQ�
WR� D� PRUH� DFWLYH� OLIHVW\OH�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� QXPEHU� RI� SDWLHQWV�
ZKR� SDUWLFLSDWH� LQ� MRJJLQJ� DIWHU� 7+$��
WKH� SDUDPHWHUV� VXUURXQGLQJ� WKLV�
GHFLVLRQ�� DQG� WKH� VKRUW-WHUP� FOLQLFDO�
DQG� UDGLRJUDSKLF� UHVXOWV� RI� WKRVH� ZKR�
FKRVH�WR�MRJ� 
6XEMHFWV� ZHUH� SDWLHQWV� XQGHUJRLQJ�

7+$� EHWZHHQ� -DQXDU\� RI� ����� DQG�
0D\� RI� ������ 7KRVH�ZKR� GLG� MRJ� DIWHU�
VXUJHU\� DQVZHUHG� TXHVWLRQV� UHJDUGLQJ�
MRJJLQJ� IUHTXHQF\�� GLVWDQFH�� YHORFLW\��
DQG�V\PSWRPV��7KRVH�ZKR�GLG�QRW� MRJ�
ZHUH� DVNHG� WR� JLYH� UHDVRQV� ZK\� WKH\�
GLG� QRW� SDUWLFLSDWH�� 7KH� VXEMHFWV� ZHUH�
DGPLQLVWHUHG� WKH�:HVWHUQ�2QWDULR� DQG�
0F0DVWHU� 8QLYHUVLWLHV� 2VWHRDUWKULWLV�
,QGH[� �:20$&�� VHOI-� DVVHVVPHQW�
TXHVWLRQQDLUH� DQG� WKH� 8QLYHUVLW\� RI�
&DOLIRUQLD� –� /RV� $QJHOHV� �8&/$��
DFWLYLW\� VFDOHV�� 5DGLRJUDSKV� ZHUH�
UHYLHZHG� WR� LGHQWLI\� LPSODQW� ORRVHQLQJ��
ZHDU�RU�RVWHRO\VLV� 
2I� WKH� ���� SDWLHQWV� XQGHUJRLQJ�

VXUJHU\�����ZHUH�KDELWXDO�SUHRSHUDWLYH�
MRJJHUV�DQG����FRQWLQXHG�DIWHU�VXUJHU\��
7KH� PHDQ� IUHTXHQF\� RI� SRVWRSHUDWLYH�
MRJJLQJ�ZDV�IRXU�WLPHV�SHU�ZHHN��ZLWK�D�
PHDQ� GLVWDQFH� SHU� VHVVLRQ� RI� ���� NP��
-RJJHUV� KDG� VLJQLILFDQWO\� ORZHU� PHDQ�
VFRUHV�IRU�SDLQ��S� �������DQG�SK\VLFDO�
IXQFWLRQ��S� �������FRPSDUHG�ZLWK�QRQ-
MRJJHUV�� )RU� WKH� SRVWRSHUDWLYH� 8&/$�
DFWLYLW\� VFRUH�� MRJJHUV� KDG� D�
VLJQLILFDQWO\�KLJKHU�VFRUHV��S������������
1R� MRJJHUV� VKRZHG� KDUGZDUH�
ORRVHQLQJ�� DEQRUPDO� PLJUDWLRQ� RU�
H[FHVVLYH�ZHDU�DW�D�PHDQ�RI�ILYH�\HDUV¶�
IROORZ-�XS��2I� WKH�SDWLHQWV�ZKR�GLG�QRW�
SDUWLFLSDWH� LQ� SRVW-RSHUDWLYH� MRJJLQJ��
���� UHVSRQGHG� WKDW� WKH\� KDG� QR�
LQWHUHVW��ZKLOH����UHSRUWHG�WKH\�KDG�DQ�
LQWHUHVW�EXW�GLG�QRW�SDUWLFLSDWH��0RVW�RI�
WKHP�FLWHG�DQ[LHW\�DV�WKH�UHDVRQ� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�SDWLHQWV�

XQGHUJRLQJ� WRWDO�KLS�DUWKURSODVW\� IRXQG�
WKDW� RQO\� ����� SDUWLFLSDWHG� LQ� MRJJLQJ�
IROORZLQJ� VXUJHU\�� 1R� H[FHVVLYH� ZHDU�
ZDV� IRXQG� DPRQJ� MRJJHUV� DW� ILYH-\HDU�
IROORZ-XS� 
 
$EH�� +��� HW� DO�� -RJJLQJ� DIWHU� 7RWDO� +LS�
$UWKURSODVW\��$PHU�-�6SRUWV�0HG��������
-DQXDU\������������–���� 

 
/2:�%$&.�3$,1�$1'�$%1250$/�

)227�)81&7,21 
 
:KLOH� DEQRUPDO� IRRW� SRVWXUH� KDV�
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EHHQ�SURSRVHG�DV�D�PHFKDQLVP� IRU�
ORZ� EDFN� SDLQ� �/%3��� WKLV�
UHODWLRQVKLS� KDV� QRW� EHHQ� ZHOO�
VWXGLHG�� 7KLV� VWXG\� DQDO\]HG� GDWD�
IURP� WKH� )UDPLQJKDP� )RRW� 6WXG\�
FRKRUW� WR� IXUWKHU� LQYHVWLJDWH� WKLV�
UHODWLRQVKLS� 
7KH� )UDPLQJKDP� )RRW� 6WXG\�

FRKRUW�ZDV�GHULYHG�IURP�PHPEHUV�RI�
WKH� )UDPLQJKDP� 6WXG\¶V� RULJLQDO�
FRKRUW�� DQG� WKH� )UDPLQJKDP�
RIIVSULQJ� FRKRUW�� 3DUWLFLSDQWV�
XQGHUZHQW�D�SK\VLFDO�H[DPLQDWLRQ�RI�
WKH� IRRW� EHWZHHQ� ����� DQG� ������
)RRW�SRVWXUH�DQG�IXQFWLRQ�ZHUH�ERWK�
DVVHVVHG�XVLQJ�WKH�0DWVFDQ�V\VWHP��
,Q� DGGLWLRQ�� /%3� ZDV� GRFXPHQWHG�
ZLWK� D� VWUXFWXUHG� TXHVWLRQQDLUH��
$V\PPHWU\� RI� IRRW� SRVWXUH� DQG� IRRW�
IXQFWLRQ� ZDV� DVVHVVHG�� &RYDULDWHV�
LQ� WKH� DQDO\VLV� LQFOXGHG� DJH�� VH[��
ZHLJKW�� VPRNLQJ� VWDWXV� DQG�
GHSUHVVLYH�V\PSWRPV� 
2I� WKH� ������ SDUWLFLSDQWV�� ������

KDG� /%3� DQG� IRRW� SUHVVXUH� GDWD� DW�
WKH� WLPH� RI� WKH� DQDO\VLV�� 7KH�PHDQ�
DJH�RI�WKH�SDUWLFLSDQWV�ZDV����\HDUV��
ZLWK� ���� IHPDOH�� 2YHUDOO�� QHLWKHU�
IRRW� SRVWXUH� QRU� IXQFWLRQ� ZDV�
DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN� RI�
/%3�� +RZHYHU�� DPRQJ� ZRPHQ��
FRPSDUHG�WR�WKH�QRUPDO�IRRW�IXQFWLRQ�
UHIHUHQFH�JURXS��WKRVH�ZLWK�SURQDWHG�
IRRW� IXQFWLRQ� KDG� DQ� LQFUHDVHG�
OLNHOLKRRG�RI�/%3��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

DQ�DVVRFLDWLRQ�EHWZHHQ�IRRW�SRVWXUH�
DQG� ORZ� EDFN� SDLQ�� EXW� RQO\� DPRQJ�
ZRPHQ� 

 
0HQ]�� +�� HW� DO�� )RRW� 3RVWXUH�� )RRW�
)XQFWLRQ� DQG� /RZ� %DFN� 3DLQ�� 7KH�
)UDPLQJKDP� )RRW� 6WXG\�� 5KHXP��
������'HFHPEHU��������������-���� 
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$GKHUHQFH�WR�D�0HGLWHUUDQHDQ�GLHW�

LV� WKRXJKW� WR� UHGXFH� WKH� ULVN� RI�
P\RFDUGLDO� LQIDUFWLRQ� DQG� VWURNH��
7KXV�� VRPH�KDYH� K\SRWKHVL]HG� WKDW�
WKLV� GLHW� FRXOG� EH� HIIHFWLYH� LQ�
UHGXFLQJ�WKH�ULVN�RI�SHULSKHUDO�DUWHU\�
GLVHDVH� �3$'��� 7KLV� VWXG\� H[SORUHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� DGKHUHQFH�
WR� D� 0HGLWHUUDQHDQ� GLHW� DQG�
V\PSWRPDWLF�3$'� 
7KLV� UDQGRPL]HG�� SULPDU\�

SUHYHQWLRQ� WULDO� LQFOXGHG� PHQ� DJHV�
���WR����\HDUV�RI�DJH�DQG�ZRPHQ����
WR����\HDUV�RI�DJH��DOO�ZLWKRXW�FOLQLFDO�
3$'��$OO�KDG�GLDEHWHV�PHOOLWXV�RU�DW�
OHDVW� WKUHH� FDUGLRYDVFXODU� ULVN�
IDFWRUV�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� RQH� RI� WKUHH� JURXSV��
D� 0HGLWHUUDQHDQ� GLHW� VXSSOHPHQWHG�
ZLWK� H[WUD� YLUJLQ� ROLYH� RLO�� D�

0HGLWHUUDQHDQ� GLHW� VXSSOHPHQWHG�
ZLWK� QXWV�� RU� FRXQVHOLQJ� FRQFHUQLQJ�
D�ORZ-IDW�GLHW��$OO SDUWLFLSDQWV�
UHFHLYHG� FRPSUHKHQVLYH� GLHWDU\�
HGXFDWLRQ� RQ� D� TXDUWHUO\� EDVLV�� $�
FRQILUPHG� GLDJQRVLV� RI� 3$'� LQ�
V\PSWRPDWLF� SDWLHQWV� VHUYHG� DV� WKH�
SULPDU\�HQGSRLQW� 
2I� WKH� ������ HOLJLEOH� FDQGLGDWHV��

������ ZHUH� LQLWLDOO\� UDQGRPL]HG�� $W�
ILYH-\HDU� IROORZ-XS��ERWK� LQWHUYHQWLRQ�
JURXSV�KDG�D� ORZHU� ULVN�RI�3$'��DV�
FRPSDUHG� WR� WKH� FRQWURO� JURXS��
:KLOH� WKH� ULVN� RI� 3$'� ZDV� VOLJKWO\�
ORZHU�LQ�WKH�ROLYH�RLO�VXSSOHPHQWDWLRQ�
JURXS� WKDQ� LQ� WKH� QXW�
VXSSOHPHQWDWLRQ� JURXS�� QR�
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG�
EHWZHHQ� WKH� WZR�0HGLWHUUDQHDQ�GLHW�
JURXSV� 

&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��
SULPDU\� SUHYHQWLRQ� WULDO� WDUJHWLQJ�
LQGLYLGXDOV� ZLWK� GLDEHWHV� DQG�RU�
FDUGLRYDVFXODU� ULVN� IDFWRUV�� IRXQG�
WKDW�D�0HGLWHUUDQHDQ�GLHW�FDQ�UHGXFH�
WKH�ULVN�RI�SHULSKHUDO�DUWHU\�GLVHDVH� 

 
5XL]-&DQHOD�� 0��� HW� DO�� $VVRFLDWLRQ�
RI� 0HGLWHUUDQHDQ� 'LHW� ZLWK�
3HULSKHUDO� $UWHU\� 'LVHDVH�� 7KH�
35(',0('� 5DQGRPL]HG� 7ULDO��
-$0$�� ������ -DQXDU\� ������� ���
��������-���� 
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$� OLPLWHG� QXPEHU� RI� VWXGLHV� KDYH�

VXJJHVWHG�WKDW��DPRQJ�SDWLHQWV�ZLWK�
GHPHQWLD�� ERWK� PHPDQWLQH� DQG�
GRQHSH]LO� XVH� PD\� UHGXFH� JDLW�
YDULDELOLW\�� 7KLV� VWXG\� FRPSDUHG�
WKHVH� PHGLFDWLRQV� ZLWK� UHJDUG� WR�
WKHLU� DELOLW\� WR� DIIHFW� JDLW� LQ� SDWLHQWV�
ZLWK�$O]KHLPHU
V�GLVHDVH��$'�� 
7KLV� SURVSHFWLYH�� QRQUDQGRPL]HG��

FDVH-FRQWURO� WULDO� LQFOXGHG� SDWLHQWV�
ZLWK� PLOG� WR� PRGHUDWH� $'� DQG�
UHODWHG� GLVRUGHUV� �$'5'��� WUHDWHG�
ZLWK�DQ�DFHW\OFKROLQHVWHUDVH�LQKLELWRU�
�GRQHSH]LO��� D� 10'$� UHFHSWRU�
DQWDJRQLVW� �PHPDQWLQH��� RU� QR�
PHGLFDWLRQ�� $OO� VXEMHFWV� XQGHUZHQW�
JDLW� DQDO\VLV�� ZLWK� PHDVXUHPHQWV�
LQFOXGLQJ� WKH� FRHIILFLHQW� RI� YDULDWLRQ�
RI�VWULGH�WLPH�DQG�ZDONLQJ�VSHHG� 
6WULGH� WLPH�GHFUHDVHG�VLJQLILFDQWO\�

DIWHU� PHGLFDWLRQ�� ZLWK� WKLV� FKDQJH�
GXH� WR� PHPDQWLQH� �S ������ PRUH�
WKDQ�WR�GRQHSH]LO��S ������� 
&RQFOXVLRQ�� 7KLV� SLORW� VWXG\� RI�

SDWLHQWV� ZLWK� $O]KHLPHU¶V� GLVHDVH�
VXJJHVWV� WKDW� WUHDWPHQW� ZLWK�
PHPDQWLQH� PD\� UHVXOW� LQ�
LPSURYHPHQW� LQ� JDLW�� ZLWK� QR� VXFK�
ILQGLQJV� VHHQ� IRU� WKRVH� WUHDWHG� ZLWK�
DFHW\OFKROLQHVWHUDVH�LQKLELWRUV� 

 
%HDXFKHW�� 2��� HW� DO�� $QWL-'HPHQWLD�
'UXJV� DQG�&KDQJHV� LQ�*DLW��$�3UH-�
3RVW�� 4XDVL� ([SHULPHQWDO�� 3LORW�
6WXG\��%0&�1HXURO���������������� 
 

12167(52,'$/�$17,-
,1)/$00$725<�'58*�86(�

:,7+�67$%/(�
$7+(527+520%27,&�',6($6( 

 
 
3UHYLRXV�VWXGLHV�KDYH�RXWOLQHG�WKH�

ULVN� RI� SUHVFULELQJ�QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V�� WR�
SDWLHQWV�ZLWK�D�KLVWRU\�RI�P\RFDUGLDO�
LQIDUFWLRQ�� 7KH� $PHULFDQ� +HDUW�
$VVRFLDWLRQ�XSGDWH�IRU�FOLQLFLDQV�KDV�
LVVXHG� D� FRQVHQVXV� VWDWHPHQW�
FRQFHUQLQJ�WKH�FDXWLRXV�XVH�RI�WKHVH�
DJHQWV� LQ� SDWLHQWV� ZLWK� D� KLVWRU\� RI�
FDUGLRYDVFXODU� GLVHDVH�� 7KLV� VWXG\�
IXUWKHU�HYDOXDWHG�WKLV�ULVN�LQ�SDWLHQWV�
ZLWK� VWDEOH� DWKHURWKURPERWLF�
GLVHDVH�� 6XEMHFWV� ZHUH� REWDLQHG�
IURP� WKH� 5HGXFWLRQ� RI�
$WKHURWKURPERVLV� IRU� &RQWLQXHG�
+HDOWK� �5($&+�� UHJLVWU\�� D� ODUJH��
PXOWL-QDWLRQDO� UHJLVWU\� RI� RXWSDWLHQWV�
ZLWK VWDEOH� DWKHURWKURPERWLF�
GLVHDVH��7KH�SDWLHQWV�ZHUH����\HDUV�
RI� DJH�� DOO� ZLWK� HVWDEOLVKHG�
DWKHURWKURPERWLF�GLVHDVH�RU�DW� OHDVW�
WKUHH�ULVN�IDFWRUV�IRU 
DWKHURWKURPERWLF�GLVHDVH� 
7KH� XVH� RI� DVSLULQ� DQG� RWKHU�

DQWLSODWHOHW� DJHQWV�� LQFOXGLQJ�
16$,'V�� ZDV� DVVHVVHG� DW� WKH�
EDVHOLQH� YLVLW�� DV� ZHOO� DV� DW� DQQXDO�
IROORZ-XS� YLVLWV�� &DUGLRYDVFXODU�
RXWFRPHV� ZHUH� UHFRUGHG�� LQFOXGLQJ�
WKH� FRPSRVLWH� RI� FDUGLRYDVFXODU�
GHDWK��QRQIDWDO�P\RFDUGLDO�LQIDUFWLRQ��
QRQIDWDO� VWURNH� DQG� LVFKHPLF�
KRVSLWDOL]DWLRQ�� 7KH� XVH� RI�
PHGLFDWLRQV� ZDV� FRPSDUHG� ZLWK�
VXEVHTXHQW�P\RFDUGLDO�HYHQWV� 
2I� WKH� ������� SDWLHQWV� LQ� WKH�

GDWDEDVH�� ������ XVHG� 16$,'V� DW�
EDVHOLQH�� 8QLYDULDWH� DQDO\VLV�
UHYHDOHG�VLJQLILFDQWO\�KLJKHU� UDWHV�RI�
FDUGLRYDVFXODU� GHDWK�P\RFDUGLDO�
LQIDUFWLRQ�VWURNH�KRVSLWDOL]DWLRQ��
KRVSLWDOL]DWLRQ� IRU� KHDUW� IDLOXUH� DQG�
KRVSLWDOL]DWLRQ� IRU� LVFKHPLF� HYHQWV�
DPRQJ� WKRVH� ZKR� XVHG� 16$,'V�
�S������� IRU� DOO��� $IWHU� DGMXVWPHQW��
16$,'�XVH�ZDV�DVVRFLDWHG�ZLWK�D 
����� KLJKHU� ULVN� RI� FDUGLDF� YDVFXODU�
GHDWK�� P\RFDUGLDO� LQIDUFWLRQ� RU�
VWURNH�� DQG� D� ����� KLJKHU� ULVN� RI�
FDUGLRYDVFXODU� GHDWK�� P\RFDUGLDO�
LQIDUFWLRQ�� VWURNH�� LVFKHPLF�
KRVSLWDOL]DWLRQV�� 3DWLHQWV� WDNLQJ�
16$,'V� DOVR� KDG� D� KLJKHU� ULVN� RI�
QRQIDWDO� P\RFDUGLDO� LQIDUFWLRQ��
QRQIDWDO� VWURNH�� KHDUW� IDLOXUH�
KRVSLWDOL]DWLRQ� DQG� LVFKHPLF�
KRVSLWDOL]DWLRQ�� DV� FRPSDUHG� WR�
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QRQXVHUV� 
&RQFOXVLRQ�� 7KLV� REVHUYDWLRQDO�
VWXG\� IRXQG� WKDW�� DPRQJ� SDWLHQWV�
ZLWK� VWDEOH� DWKHURVFOHURWLF� GLVHDVH��
WKH� XVH� RI� 16$,'V� LV� DVVRFLDWHG�
ZLWK�D� VLJQLILFDQWO\� LQFUHDVHG� ULVN�RI�
PDMRU� DGYHUVH� FDUGLRYDVFXODU�
RXWFRPHV� 
 
.RKOL�� 3��� HW� DO�� 16$,'� 8VH� DQG�
$VVRFLDWLRQ� ZLWK� &DUGLRYDVFXODU�
2XWFRPHV� LQ� 3DWLHQWV� ZLWK� 6WDEOH�
$WKHURWKURPERWLF� 'LVHDVH�� $P� -�
0HG��������-DQXDU\������������-��� 
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5HFHQW� VWXGLHV� KDYH� � LQGLFDWHG�

WKDW�GHSUHVVLRQ�LV�WZR�WR�WKUHH�WLPHV�
PRUH�SUHYDOHQW�DPRQJ�SDWLHQWV�ZLWK�
RVWHRDUWKULWLV� ��$�� WKDQ� DPRQJ�
SDWLHQWV� ZLWKRXW�� $� UHFHQW�
K\SRWKHVLV� KDV� HPHUJHG� DWWULEXWLQJ�
DVSHFWV� RI� GHSUHVVLRQ� WR� FKURQLF�
V\VWHPLF� LQIODPPDWLRQ�� 7KH�
DVVRFLDWLRQ� EHWZHHQ� F\WRNLQH�
UHOHDVH�DQG�SURVWDJODQGLQ�V\QWKHVLV�
DQG� GHSUHVVLRQ� KDV� OHG� WR� DQ�
H[SORUDWLRQ� RI� WKH� EHQHILWV� RI� DQWL-
LQIODPPDWRU\� DJHQWV� IRU� WKH�
WUHDWPHQW� RI� GHSUHVVLRQ�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG�
ZKHWKHU� 16$,'� WKHUDS\� DPRQJ�
SDWLHQWV� ZLWK� 2$� LV� DVVRFLDWHG� ZLWK�
UHGXFHG�GHSUHVVLYH�V\PSWRPV� 
OHQJWK�� ZLWK� VXEMHFWV� DW� OHDVW� ���

\HDUV� RI� DJH� DQG� GLDJQRVHG� ZLWK�
V\PSWRPDWLF� 2$�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� RQH� RI� WKUHH�
UHJLPHQV�� LQFOXGLQJ� LEXSURIHQ�� ����
PJ� WKUHH� WLPHV� SHU� GD\�� QDSUR[HQ��
���� PJ� WZLFH� SHU� GD\�� &HOHEUH[��
���� PJ� SHU� GD\� RU� D� SODFHER�� $OO�
VXEMHFWV� ZHUH� VFUHHQHG� IRU� PDMRU�
GHSUHVVLRQ� ZLWK� WKH� 3DWLHQW� +HDOWK�
4XHVWLRQQDLUH-1LQH� �3+4-��� DW�
EDVHOLQH�DQG�DW�VL[�ZHHNV�IROORZ-XS� 
$� WRWDO� RI� ������ SDWLHQWV� ZHUH�

LQFOXGHG� LQ� WKH� DQDO\VLV�� $IWHU� VL[�
ZHHNV�RI� WUHDWPHQW�� QLQH�SHUFHQW� RI�
WKH� VXEMHFWV� LQ� WKH� LEXSURIHQ� RU�
QDSUR[HQ�JURXS��DQG�QLQH�SHUFHQW�LQ�
WKH� &HOHEUH[� JURXS�� FRPSDUHG� WR�
���� LQ� WKH� SODFHER� JURXS�� ZHUH�
FODVVLILHG� DV� GHSUHVVHG��
0XOWLYDULDEOH� UHJUHVVLRQ� DQDO\VLV�
GHPRQVWUDWHG� D� GHWHFWDEOH� HIIHFW� LQ�
ORZHULQJ� 3+4-�� VFRUHV� LQ� WKH�
LEXSURIHQ�� QDSUR[HQ� JURXS� DQG�
&HOHEUH[� JURXS� �S �������� /RJLVWLF�
UHJUHVVLRQ�DQDO\VLV�UHYHDOHG�D�WUHQG�
WRZDUG� D� WUHDWPHQW� HIIHFW� IRU� WKRVH�
WUHDWHG� ZLWK� 16$,'V� DV� FRPSDUHG�
ZLWK�SODFHER��S ������� 
&RQFOXVLRQ�� 7KLV� SRROHG�

DQDO\VLV� RI� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV� IRXQG� WKDW� 16$,'�

XVDJH� PD\� UHGXFH� GHSUHVVLYH�
V\PSWRPV� 
 
,\HQJDU�� 5��� HW� DO�� 16$,'V� $UH�
$VVRFLDWHG� ZLWK� /RZHU� 'HSUHVVLRQ�
6FRUHV� LQ� 3DWLHQWV� ZLWK�
2VWHRDUWKULWLV�� $P� -� 0HG�� ������
1RYHPEHU����� 
������������H��-�����H��� 
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2EVHUYDWLRQDO� VWXGLHV� DQG� FOLQLFDO�

WULDOV� KDYH� VXJJHVWHG� WKDW� QXW�
FRQVXPSWLRQ� PD\� KDYH� EHQHILFLDO�
HIIHFWV� RQ� FRURQDU\� KHDUW� GLVHDVH��
2WKHU�VWXGLHV�KDYH�QRWHG�UHGXFWLRQV�
LQ� YDULRXV� PHGLDWRUV� RI� FKURQLF�
GLVHDVHV�ZLWK�QXW�FRQVXPSWLRQ��7KLV�
VWXG\� LQYHVWLJDWHG� QXW� FRQVXPSWLRQ�
LQ�UHODWLRQ�WR�WRWDO�PRUWDOLW\� 
'DWD� ZHUH� REWDLQHG� IURP� WZR��

ODUJH�� LQGHSHQGHQW�FRKRUW�VWXGLHV�RI�
QXUVHV� DQG� RWKHU� KHDOWK�
SURIHVVLRQDOV�� 7KH� 1XUVHV� +HDOWK�
6WXG\��1+6��LV�D�SURVSHFWLYH�FRKRUW�
RI� �������� IHPDOH� QXUVHV� IURP� WKH�
8QLWHG�6WDWHV��HQUROOHG�LQ�������7KH�
+HDOWK� 3URIHVVLRQDOV� )ROORZ-XS�
6WXG\��+3)6��LV�D�FRKRUW�RI���������
PDOH� KHDOWK� SURIHVVLRQDOV�� HQUROOHG�
LQ� ������ )RU� WKLV� SDSHU
V� DQDO\VLV��
WKH�EDVHOLQH�\HDU�ZDV�GHILQHG�DV�WKH�
\HDU� RI� WKH� ILUVW� YDOLGDWHG� IRRG�
IUHTXHQF\� TXHVWLRQQDLUH� LQ� HDFK�
VWXG\��'LHWDU\� LQWDNH�ZDV�PHDVXUHG�
HYHU\�WZR�WR�IRXU�\HDUV��7KH�SULPDU\�
HQGSRLQW�ZDV�GHDWK�IURP�DQ\�FDXVH��
7KH� ILQDO� DQDO\VLV� LQFOXGHG� �������
ZRPHQ�LQ�WKH�1+6�DQG��������PHQ�
LQ�WKH�+3)6� 
'XULQJ����\HDUV�RI� IROORZ-XS��DJH-�

DGMXVWHG� DQG� PXOWLYDULDWH� DGMXVWHG�
DQDO\VHV� UHYHDOHG� D� VLJQLILFDQW��
LQYHUVH� DVVRFLDWLRQ� EHWZHHQ�
IUHTXHQF\� RI� QXW� FRQVXPSWLRQ� DQG�
WRWDO�PRUWDOLW\�DPRQJ�ERWK�PHQ�DQG�
ZRPHQ�� 7KH� SRROHG� PXOWLYDULDWH�
KD]DUG� UDWLRV� IRU� GHDWK� IRU� WKRVH�
ZKR�DWH�QXWV�DV�FRPSDUHG� WR� WKRVH�
ZKR� GLG� QRW� ZHUH� ����� IRU�
FRQVXPSWLRQ� OHVV� WKDQ� RQFH� SHU�
ZHHN������� IRU�RQFH�SHU�ZHHN�������
IRU� WZR�WR� IRXU� WLPHV�SHU�ZHHN�������
IRU� ILYH� RU� VL[� WLPHV� SHU� ZHHN� DQG�
���� IRU� VHYHQ� RU� PRUH� WLPHV� SHU�
ZHHN� �S��������� 0XOWLYDULDWH�
DQDO\VHV� LQGLFDWHG� WKDW� QXW�
FRQVXPSWLRQ� ZDV� LQYHUVHO\�
DVVRFLDWHG� ZLWK� WKH� ULVN� RI� PRVW�
PDMRU� FDXVHV� RI� GHDWK� LQ� ERWK�PHQ�
DQG�ZRPHQ�� LQFOXGLQJ�FDQFHU��KHDUW�
GLVHDVH�DQG�UHVSLUDWRU\�GLVHDVH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG� D�

VLJQLILFDQW�� LQYHUVH� DVVRFLDWLRQ�
EHWZHHQ� WKH� IUHTXHQF\� RI� QXW�
FRQVXPSWLRQ� DQG� WRWDO� PRUWDOLW\�

DPRQJ�ERWK�PHQ�DQG�ZRPHQ� 
 
%DR�� <��� HW� DO�� $VVRFLDWLRQ� RI� 1XW�
&RQVXPSWLRQ� ZLWK� 7RWDO� DQG�&DXVH�
6SHFLILF� 0RUWDOLW\�� 1� (QJ� -� 0HG��
������1RYHPEHU������������������- 
����� 
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$V� REHVLW\� LV� WKRXJKW� WR� EH� D�

PRGLILDEOH� ULVN� IDFWRU� IRU� SK\VLFDO�
GLVDELOLW\�� WKLV� VWXG\� LQYHVWLJDWHG�
ZKHWKHU� REHVLW\� LQ� ROGHU� ZRPHQ� LV�
UHODWHG�WR�VXUYLYDO�WR����\HDUV�RI�DJH�
ZLWKRXW�PDMRU�GLVHDVH�RU�GLVDELOLW\� 
7KH� VDPSOH� ZDV� WDNHQ� IURP� WKH�

:RPHQ
V� +HDOWK� /ŶŝƟĂƟǀĞ�
REVHUYDWLRQDO� VWXG\�DQG� FOLQLFDO� WULDO�
SURJUDPV� ZKLFK� VWXGLHG�
SRVWPHQRSDXVDO� ZRPHQ� ��� WR� ���
\HDUV�RI�DJH��UHFUXLWHG�IURP����8�6��
FOLQLFDO� FHQWHUV�� $W� HQUROOPHQW�� WKH�
SDUWLFLSDQWV� FRPSOHWHG�
TXHVWLRQQDLUHV� FRQFHUQLQJ�
GHPRJUDSKLF� FKDUDFWHULVWLFV�� KHDOWK�
EHKDYLRUV� DQG� PHGLFDO� KLVWRU\�� $OO�
SDWLHQWV� ZHUH� PHDVXUHG� IRU� ERG\�
PDVV�LQGH[�DQG�ZDLVW�FLUFXPIHUHQFH�
�:&��� 0DMRU� FKURQLF� GLVHDVHV� ZHUH�
UHFRUGHG�� ZLWK� GLVDELOLWLHV�
GRFXPHQWHG� 
$� WRWDO� RI� ������� ZRPHQ� OLYHG� WR�

���\HDUV�RI�DJH��$W����\HDUV�RI�DJH��
������ RI� KHDOWK\-ZHLJKW� ZRPHQ�
ZHUH�FODVVLILHG�DV�PRELOLW\�GLVDEOHG��
ZKLOH� IRU� ZRPHQ� LQ� WKH� REHVH� ,�� ,,��
DQG� ,,,� JURXSV� DW� EDVHOLQH�� WKH�
SURSRUWLRQV�ZHUH���������������DQG�
������� UHVSHFWLYHO\��2I�ZRPHQ�ZLWK�
D� EDVHOLQH�:&� JUHDWHU� WKDQ� ��� FP�
������ ZHUH� PRELOLW\� GLVDEOHG�
FRPSDUHG� ZLWK� ������ RI� ZRPHQ�
ZLWK�D�EDVHOLQH�:&�RI����FP�RU�OHVV��
,Q� DGGLWLRQ�� WKH� ULVN� RI� HDUOLHU� GHDWK�
ZDV� KLJKHU� DPRQJ� REHVH� ZRPHQ�
WKDQ�DPRQJ�QRUPDO�ZHLJKW�ZRPHQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

ZRPHQ�ZLWK�D�EDVHOLQH�DJH�UDQJH�RI�
��� WR� ��� \HDUV� IRXQG� WKDW� REHVLW\�
DQG� KLJKHU� ZDLVW� FLUFXPIHUHQFH� DUH�
DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN� RI�
PRUWDOLW\� DQG� RI� GHYHORSLQJ�PRELOLW\�
GLVDELOLW\�E\�WKH�DJH�RI����\HDUV� 
 
5LOODPDV-6XQ��(���HW�DO��2EHVLW\�DQG�
/DWH-$JH� 6XUYLYDO� ZLWKRXW� 0DMRU�
'LVHDVH� RU� 'LVDELOLW\� LQ� 2OGHU�
:RPHQ�� -$0$� ,QWHUQ� 0HG�� ������
-DQXDU\������������-���� 
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$QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV� D�
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FRPPRQ�� LQIODPPDWRU\� UKHXPDWLF�
GLVHDVH�ZKLFK�FDXVHV�FKDUDFWHULVWLF�
LQIODPPDWRU\� EDFN� SDLQ�� 7UHDWPHQW�
JXLGHOLQHV� UHFRPPHQG� H[HUFLVH� DV�
LPSRUWDQW� IRU� GLVHDVH�PDQDJHPHQW��
7KLV� VWXG\� FRPSDUHG� SK\VLFDO�
DFWLYLW\�OHYHOV�DQG�H[HUFLVH�KDELWV�RI�
SDWLHQWV� ZLWK� $6� ZLWK� KLJK� GLVHDVH�
DFWLYLW\� YHUVXV� WKRVH� ZLWK� ORZ�
GLVHDVH�DFWLYLW\� 
7KLV� FURVV-VHFWLRQDO� VWXG\�

LQFOXGHG�SDWLHQWV�GLDJQRVHG�ZLWK�$6�
ZKR� ZHUH� ��� \HDUV� RI� DJH� RU�
\RXQJHU�� 7KH� $6� GLVHDVH� DFWLYLW\�
VFRUH��$6'$6��ZDV�XVHG�WR�DVVHVV�
GLVHDVH� DFWLYLW\�� DQG� WKH� %DWK�
$QN\ORVLQJ� 6SRQG\OLWLV� )XQFWLRQDO�
,QGH[��%$6),�� ZDV� XVHG� WR� DVVHVV�
SK\VLFDO�IXQFWLRQ� 
3K\VLFDO� DFWLYLW\� ZDV� PHDVXUHG�

ZLWK� WKH� ,QWHUQDWLRQDO� 3K\VLFDO�
$FWLYLW\� 4XHVWLRQQDLUH-/RQJ�� 'DWD�
ZHUH� LQFOXGHG� IRU� ���� SDWLHQWV�ZLWK�
$6� DQG� ���� FRQWUROV�� 3DWLHQWV� ZLWK�
KLJK� GLVHDVH� DFWLYLW\� KDG�
VLJQLILFDQWO\� ORZHU� HQHUJ\�
H[SHQGLWXUH� WKDQ� WKRVH� ZLWK� ORZ�
GLVHDVH�DFWLYLW\��S ������RU�FRQWUROV�
�S �������1R�GLIIHUHQFHV�ZHUH�IRXQG�
EHWZHHQ� SDWLHQWV� ZLWK� ORZ� GLVHDVH�
DFWLYLW\� DQG� FRQWUROV�� 3DWLHQWV� ZLWK�
KLJK�GLVHDVH�DFWLYLW\�ZHUH�OHVV�OLNHO\�
WR� DFKLHYH� SUHGHILQHG� KHDOWK�
HQKDQFLQJ� SK\VLFDO� DFWLYLW\� OHYHOV�
WKDQ� ZHUH� WKH� ORZ� GLVHDVH� DFWLYLW\�
SDWLHQWV� �S ������� $� ODUJHU�
SURSRUWLRQ� RI� SDWLHQWV� ZLWK� KLJK�
GLVHDVH� DFWLYLW\� UHSRUWHG�
SDUWLFLSDWLQJ� LQ� VZLPPLQJ� �S ������
DQG� IHZHU� UHSRUWHG� SDUWLFLSDWLQJ� LQ�
KLNLQJ� �S ������ DV� FRPSDUHG� WR�
SDWLHQWV�ZLWK�ORZ�GLVHDVH�DFWLYLW\� 
&RQFOXVLRQ�� � 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DQN\ORVLQJ� VSRQG\OLWLV�
DFWLYLW\� DUH� OHVV� SK\VLFDOO\� DFWLYH�
DQG�SHUIRUP� OHVV� YLJRURXV�DFWLYLWLHV�
WKDQ�WKRVH�ZLWK�ORZ�GLVHDVH�DFWLYLW\� 

 
)RQJHQ�� � � &��� � � HW� � � DO�� � � +LJK��
'LVHDVH� $FWLYLW\� LV� 5HODWHG� WR� /RZ�
/HYHOV� RI� 3K\VLFDO� $FWLYLW\� LQ�
3DWLHQWV� ZLWK� $QN\ORVLQJ�
6SRQG\OLWLV�� &OLQ� 5KHXP�� ������
'HFHPEHU��������������-����� 
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'RSDPLQHUJLF� GUXJV� DUH�

UHFRPPHQGHG� DV� D� ILUVW-OLQH�
WUHDWPHQW� IRU� UHVWOHVV� OHJ�V\QGURPH�
�5/6���+RZHYHU��VRPH�VWXGLHV�KDYH�
VKRZQ� WKDW� SURORQJHG� XVH� RI� WKHVH�
PHGLFDWLRQV� FDQ� UHVXOW� LQ� ORVW�
HIILFDF\� DQG� SUREOHPV� ZLWK�
WROHUDELOLW\�� $V� DQ� RII-ODEHO� XVH��
RSLRLGV� DUH� WKRXJKW� WR� EH� DQ�

HIIHFWLYH�VHFRQG�OLQH�WUHDWPHQW��7KLV�
VWXG\� LQYHVWLJDWHG� WKH� HIILFDF\� RI�
SURORQJHG� UHOHDVH� R[\FRGRQH-�
QDOR[RQH� LQ� WKH�WUHDWPHQW�RI�VHYHUH�
5/6� 

7KLV� ��-ZHHN�� GRXEOH-EOLQG��
SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV�GLDJQRVHG�ZLWK�5/6��ZLWK�DW�
OHDVW� VL[� PRQWKV� RI� V\PSWRPV��
7KRVH� LQ� WKH� WUHDWPHQW� JURXS�
UHFHLYHG� D� VWDUWLQJ� GRVH� RI�
R[\FRGRQH� ��PJ� DQG� QDOR[RQH� ����
PJ�� WZLFH� SHU� GD\�� ZKLFK� FRXOG� EH�
WLWUDWHG�XS�WR�R[\FRGRQH����PJ�DQG�
QDOR[RQH� ��� PJ�� 2QFH� VWDELOL]HG��
WUHDWPHQW� ZDV� PDLQWDLQHG� IRU� D�
IXUWKHU� VL[� ZHHNV�� 7KH� SULPDU\�
HQGSRLQW� ZDV� WKH� ,QWHUQDWLRQDO�
5HVWOHVV� /HJ� 6\QGURPH� 6WXG\�
*URXS� 6HYHULW\� 5DWLQJ� 6FDOH��
PHDVXUHG�DV�FKDQJH� IURP�EDVHOLQH�
WR����ZHHNV� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

LQFOXGHG� LQ� WKH� UDQGRPL]DWLRQ�� ZLWK�
���� DVVLJQHG� WR� D� SODFHER� JURXS�
DQG� ���� DVVLJQHG� WR� WKH� WUHDWPHQW�
JURXS�� 7KH� FKDQJH� LQ� LQWHUQDWLRQDO�
5/6� 6WXG\� *URXS� 6HYHULW\� 5DWLQJ�
6FDOH�VXP�VFRUHV�DW����ZHHNV�ZDV�
VLJQLILFDQWO\� JUHDWHU� IRU� WKH�
WUHDWPHQW� WKDQ� WKH� SODFHER� JURXS�
�S���������� 'XULQJ� WKH� WUHDWPHQW�
SKDVH�� WUHDWPHQW� UHODWHG� DGYHUVH�
HYHQWV�ZHUH�UHSRUWHG�E\�����RI�WKH�
WUHDWPHQW�JURXS�DQG�E\�����RI� WKH�
SODFHER�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK� UHVWOHVV� OHJ� V\QGURPH�
VXJJHVWV� WKDW� SURORQJHG� UHOHDVH�
R[\FRGRQH-QDOR[RQH� PD\� EH�
HIIHFWLYH�LQ�UHGXFLQJ�V\PSWRPV� 

 
7UHQNZDOGHU�� &��� HW� DO�� 3URORQJHG�
5HOHDVH� 2[\FRGRQH-1DOR[RQH� IRU�
7UHDWPHQW� RI� 6HYHUH� 5HVWOHVV� /HJ�
6\QGURPH� DIWHU� )DLOXUH� RI� 3UHYLRXV�
7UHDWPHQW�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� 3ODFHER-&RQWUROOHG�
7ULDO�ZLWK�DQ�2SHQ�/DEHO�([WHQVLRQ��
/DQFHW-1HXURO�� ������ 'HFHPEHU��
�������-����� 
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6FROLRVLV�LV�RIWHQ�WUHDWHG�VXUJLFDOO\�
ZKHQ�WKH�&REE
V�DQJOH�H[FHHGV�����
WR������7KH�VXFFHVV�RI� WKLV�VXUJHU\�
LV� WUDGLWLRQDOO\� PHDVXUHG� E\�
UDGLRJUDSKLF� FKDQJHV�� DOWKRXJK�
WKHVH� FKDQJHV� RQO\� ZHDNO\� SUHGLFW�
SDWLHQW� VDWLVIDFWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
FKDQJHV� LQ� TXDOLW\-RI-OLIH�
H[SHULHQFHG� E\� SDWLHQWV� WUHDWHG� IRU�
VFROLRVLV�ZLWK�VXUJHU\� 
7KLV�VWXG\�LQFOXGHG�GDWD�FROOHFWHG�

IURP� WKH� 6ZH-6SLQH� UHJLVWU\��
EHJLQQLQJ� LQ� ����� ZLWK� UHJLVWUDWLRQ�

RI� VXUJHU\� LQ� WKH� OXPEDU� VSLQH�� $OO�
SDWLHQWV� ZHUH� GLDJQRVHG� ZLWK�
LGLRSDWKLF� FRQJHQLWDO� RU�
QHXURPXVFXODU� VFROLRVLV�� %HIRUH�
VXUJHU\� WKH� &REE� DQJOHV� RI� WKH�
SULPDU\� FXUYHV� ZHUH� REWDLQHG�� ,Q�
DGGLWLRQ�� WKH� (XUR4RO� �(4-�'�� DQG�
WKH� 6FROLRVLV� 5HVHDUFK� 6RFLHW\� ��U�
LQVWUXPHQW� �656-��U�� ZHUH�
DQVZHUHG� E\� WKH� SDWLHQWV� DIWHU�
VXUJHU\� DQG� DW� RQH� DQG� WZR� \HDUV�
SRVWRSHUDWLYHO\� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

LQFOXGHG�� 7KH� (4-�'� VFRUHV�
LPSURYHG� DW� WZR-\HDU� IROORZ-XS� LQ�
WKH� LGLRSDWKLF� JURXS� �S �������� LQ�
WKH�FRQJHQLWDO�JURXS��S ������DQG�LQ�
WKH� QHXURPXVFXODU� JURXS� �S �������
%\� H[DPLQLQJ� VSHFLILF� GRPDLQV�� DW�
WZR� \HDUV�� SDLQ� DQG� DQ[LHW\� VFRUHV�
ZHUH� LPSURYHG� LQ� DOO� JURXSV��
,PSURYHPHQWV� ZHUH� DOVR� IRXQG� IRU�
DOO�JURXSV�LQ�VFRUHV�RQ�WKH�656-��U�
IRU� SDLQ� IXQFWLRQ� DQG� TXDOLW\� RI� OLIH��
ZLWK�WKH�OHDVW�LPSURYHPHQW�QRWHG�LQ�
WKH�FRQJHQLWDO�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� VXUJHU\� IRU�
VFROLRVLV�IRXQG�WKDW�SDLQ�DQG�TXDOLW\-�
RI-OLIH�VLJQLILFDQWO\�LPSURYHG�LQ�WKRVH�
ZLWK� LGLRSDWKLF� RU� QHXURPXVFXODU�
VFROLRVLV�� ZLWK� WKH� OHDVW� HIIHFW� VHHQ�
LQ�WKRVH�ZLWK�FRQJHQLWDO�VFROLRVLV� 

 
(UVEHUJ�� *��� HW� DO�� 3UH-DQG�
3RVWRSHUDWLYH� 4XDOLW\-RI-/LIH� LQ�
3DWLHQWV� 7UHDWHG� IRU�6FROLRVLV��$FWD�
2UWKRSHGLFLD��������'HFHPEHU���� 
��������-���� 
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0LVXVH� RI� SUHVFULSWLRQ� RSLRLG�
DQDOJHVLFV� LV� RI� JURZLQJ� FRQFHUQ��
7KRVH�ZKR�DEXVH�ORQJ-DFWLQJ�RSLRLG�
PHGLFDWLRQV� RIWHQ� DOWHU� WKH� WDEOHWV�
E\� FUXVKLQJ�� GLVVROYLQJ� RU� FKHZLQJ�
WKH� PHGLFDWLRQ� WR� E\SDVV� WKH�
FRQWUROOHG� UHOHDVH� GHOLYHU\� V\VWHP��
7R�FRXQWHU�WKLV�SUREOHP��WKH�PDNHUV�
RI� 2[\&RQWLQ� UHIRUPXODWHG� WKH�
PHGLFDWLRQ� WR� FRXQWHU� WDPSHULQJ��
7KLV� VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
WKLV�UHIRUPXODWLRQ� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

SRLVRQ� FHQWHU� DQG� GUXJ� GLYHUVLRQ�
SURJUDPV� RI� WKH� 5HVHDUFK� $EXVH�
'LYHUVLRQ� DQG� $GGLFWLRQ� 5HODWHG�
6XUYHLOODQFH� 6\VWHP� �5$'$56���
'DWD� ZHUH� UHYLHZHG� IRU� WKH� WZR�
\HDUV� EHIRUH� DQG� WKH� WZR� \HDUV�
DIWHU� WKH� UHOHDVH� RI� UHIRUPXODWHG�
H[WHQGHG-� UHOHDVH�2[\&RQWLQ��'DWD�
ZHUH� UHYLHZHG� IRU� WKH� QXPEHU� RI�
DEXVH� H[SRVXUHV�� WKHUDSHXWLF� HUURU�
H[SRVXUHV�DQG�GLYHUVLRQ� LQWR�LOOHJDO�



 

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

 

 

PDUNHWV� 
7KH� DYHUDJH� H[WHQGHG� UHOHDVH�

RSLRLG� �(52��DEXVH�H[SRVXUH� LQ� WKH�
SRVW-UHIRUPXODWHG� SHULRG� ZDV� ����
OHVV� WKDQ� WKDW� RI� WKH� SHULRG� SULRU� WR�
WKH� LQWURGXFWLRQ� RI� WKLV� PHGLFDWLRQ�
�S��������� 7KH� DYHUDJH� DEXVH�
H[SRVXUH� SRSXODWLRQ� UDWHV� IRU� WKH�
RWKHU� SUHVFULSWLRQ� RSLRLGV� GLG� QRW�
VLJQLILFDQWO\� GLIIHU� GXULQJ� WKH� VDPH�
WLPH� SHULRGV�� 7KHUDSHXWLF� HUURU�
H[SRVXUHV� GHFOLQHG� ���� LQ� WKH�
JHQHUDO� SRSXODWLRQ�� 7KH� DYHUDJH�
(52� GLYHUVLRQ� UDWH� ZDV� ���� OHVV�
WKDQ� WKH� DYHUDJH� UDWH� EHIRUH� WKH�
LQWURGXFWLRQ�RI�UHIRUPXODWHG�(52� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV� WKDW� WDPSHU-UHVLVWDQW�
H[WHQGHG-� UHOHDVH� R[\FRGRQH� PD\�
EH� HIIHFWLYH� LQ� UHGXFLQJ� WKH� PLVXVH�
RI�WKLV�PHGLFDWLRQ� 

 

6HYHUWVRQ��6���HW�DO��5HGXFHG�$EXVH��
7KHUDSHXWLF� (UURUV�� DQG� 'LYHUVLRQ�
IROORZLQJ�5HIRUPXODWLRQ�RI�([WHQGHG-�
5HOHDVH�2[\FRGRQH�LQ�������-� 3DLQ��
������2FWREHU��������������-����� 
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3RSXODWLRQ-EDVHG� VWXGLHV� VXJJHVW�

WKDW� DSSUR[LPDWHO\� RQH� IRXUWK� RI�
VWURNH� VXUYLYRUV� GHYHORS� KHPLSOHJLF�
VKRXOGHU� SDLQ�� 7KLV� SDLQ� LV�
DVVRFLDWHG� ZLWK� UHGXFHG� IXQFWLRQDO�
DELOLW\�� D� KLJKHU� LQFLGHQFH� RI�
GHSUHVVLRQ�� LQWHUIHUHQFH� ZLWK�
UHKDELOLWDWLRQ� DQG� DQ� LQFUHDVHG�
OHQJWK� RI� KRVSLWDOL]DWLRQ�� 7KLV�
UDQGRPL]HG�� FRQWUROOHG� WULDO�
LQYHVWLJDWHG� WKH� HIILFDF\� RI� D�
VXSUDVFDSXODU� QHUYH� EORFN� IRU� WKH�
WUHDWPHQW� RI� KHPLSOHJLF� VKRXOGHU�
SDLQ� 
$GXOW� VXEMHFWV� ZLWK� SRVW-VWURNH�

KHPLSOHJLF� VKRXOGHU� SDLQ� ZHUH�
UHFUXLWHG� IURP� DFXWH� VWURNH� DQG�
UHKDELOLWDWLRQ�ZDUGV�DFURVV�$GHODLGH��
6RXWK� $XVWUDOLD�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� D�
VXSUDVFDSXODU� QHUYH� EORFN� ��� PO� RI�
���PJ�PO�PHWK\OSUHGQLVRORQH�DQG����
PO�RI������EXSLYLFDLQH��RU�D�SODFHER�
VXEFXWDQHRXV� LQMHFWLRQ� ZLWK� QRUPDO�
VDOLQH�� 7KH� SDUWLFLSDQWV� ZHUH�
DVVHVVHG� EHIRUH� UDQGRPL]DWLRQ� DQG�
DW� RQH�� IRXU� DQG� ��� ZHHNV� SRVW-�
LQMHFWLRQ�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH�ZDV�SDLQ��DV�PHDVXUHG�ZLWK�
D�YLVXDO�DQDORJXH�VFDOH��9$6�� 
7KH� UHGXFWLRQ� LQ� SDLQ� ZDV�

VLJQLILFDQWO\� JUHDWHU� LQ� WKH� WUHDWPHQW�
JURXS� WKDQ� LQ� WKH� QRUPDO� VDOLQH�
JURXS� DW� ZHHNV� RQH�� IRXU� DQG� ���
�S ������ S ����� DQG� S ������
UHVSHFWLYHO\���$W� IRXU�ZHHNV������RI�

WKH� WUHDWPHQW� JURXS� UHSRUWHG� DQ�
LPSURYHPHQW�LQ�V\PSWRPV��ZLWK�����
RI� WKRVH� UHVSRQGHUV� GHPRQVWUDWLQJ�
DW� OHDVW�D����PP�LPSURYHPHQW�RQ�D�
���� PP� 9$6�� 'HVSLWH� WKLV� SDLQ�
UHGXFWLRQ�� QR� VLJQLILFDQW� LPSDFW� ZDV�
QRWHG�RQ�WKH�VHFRQGDU\�RXWFRPHV�RI�
IXQFWLRQ�DQG�TXDOLW\�RI�OLIH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SRVW-VWURNH� VKRXOGHU�
SDLQ� IRXQG� WKDW� D� VXSUDVFDSXODU�
QHUYH� EORFN� FDQ� SURYLGH� VLJQLILFDQW�
SDLQ� UHOLHI� LQ� WKH� ILUVW� \HDU� DIWHU�
VWURNH� 

 
$GH\-:DNHOLQJ�� =��� HW� DO��
6XSUDVFDSXODU� 1HUYH� %ORFN� IRU�
6KRXOGHU�3DLQ� LQ� WKH�)LUVW�<HDU�DIWHU�
6WURNH�� $� 5DQGRPL]HG�� &RQWUROOHG�
7ULDO��6WURNH��������1RY��������� 
����-����� 
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,Q� DFTXLUHG� DQG� LQKHULWHG�

SHULSKHUDO� SRO\QHXURSDWK\��
XOWUDVRXQG� �86�� FDQ� GHWHFW� QHUYH�
HQODUJHPHQW�� 5HFHQWO\�� SDWWHUQV� RI�
HQODUJHPHQW��GHWHUPLQHG�DW�GLIIHUHQW�
ORFDWLRQV� DORQJ� WKH� QHUYH� OHQJWK��
KDYH� EHHQ� SURSRVHG� DV� D� ZD\� WR�
FKDUDFWHUL]H� W\SHV� RI� QHXURSDWK\��
7KLV� 86� VWXG\� ZDV� GHVLJQHG� WR�
GHVFULEH� DQG� FRPSDUH� SDWWHUQV� DQG�
GHJUHHV� RI� QHUYH� VL]H� FKDQJHV� LQ�
DFTXLUHG�DQG�LQKHULWHG�GHP\HOLQDWLQJ�
SRO\QHXURSDWK\�� 7KLV� UHWURVSHFWLYH�
VWXG\� FRPSDUHG� 86� ILQGLQJV� RI�
SDWLHQWV� ZLWK� GHP\HOLQDWLQJ� &KDUFRW�
0DULH�7RRWK�W\SH����&07-����FKURQLF�
LQIODPPDWRU\� GHP\HOLQDWLQJ
 SRO\QHXURSDWK\� �&,'3���
*XLOODLQ-%DUUp� 6\QGURPH� �*%6�� DQG�
PXOWLIRFDO�PRWRU� QHXURSDWK\� �001���
,PDJHV� ZHUH� REWDLQHG� DW� IRXU�
VWDQGDUG� VLWHV� LQ� RQH� DUP� IRU� HDFK�
VXEMHFW��$V�QHUYH� VL]HV�FDQ� YDU\�E\�
KHLJKW�� PHDVXUHG� QHUYH� VL]HV� ZHUH�
WUDQVODWHG� WR� D� QHUYH� VL]H� LQGH[�
�16,��� FRPSDULQJ� WKH� PHDVXUHG� WR�
WKH� H[SHFWHG� QHUYH� VL]H�� $� QHUYH�
ZLWK� DQ� 16,� RI� DERYH� WZR� VWDQGDUG�
GHYLDWLRQV� RI� WKH� PHDQ� ZDV�
FRQVLGHUHG� HQODUJHG�� (QODUJHPHQW�
SDWWHUQV� ZHUH� FODVVLILHG� DV� PLOG��
UHJLRQDO�RU�GLIIXVH� 
1HUYHV� LQ� ERWK� &07-�� DQG�

DFTXLUHG GHP\HOLQDWLQJ�
SRO\QHXURSDWK\� ZHUH� ODUJHU� WKDQ�
WKRVH� LQ� FRQWUROV�� 1HUYHV� ZHUH�
HQODUJHG� DW� RQH� RU� PRUH� VLWHV� LQ�
����� RI� VXEMHFWV� ZLWK� &07-��� ����
ZLWK� &,'3�� DQG� ���� ZLWK� 001�� $�
GLIIXVH� HQODUJHPHQW� SDWWHUQ� ZDV�
PRUH�FRPPRQ�LQ�&07-��WKDQ�&,'3��
*%6�� RU� 001� �S� �� �������� ,Q�
DGGLWLRQ� QHUYH� HQODUJHPHQW� WR�PRUH�

WKDQ� WZLFH� QRUPDO� VL]H� ZDV� PRUH�
FRPPRQ�LQ�&07-���S��������WKDQ�LQ�
DFTXLUHG�QHXURSDWKLHV� 
&RQFOXVLRQ�� 7KLV� XOWUDVRXQG� VWXG\�

IRXQG� WKDW� PHGLDQ� DQG� XOQDU�
HQODUJHPHQW� LQ� &07-�� LV� QHDUO\�
DOZD\V� SUHVHQW�� DQG� LV� W\SLFDOO\�
GLIIXVH� 

 

=DLGPDQ�� &��� HW� DO�� 8OWUDVRXQG� RI�
,QKHULWHG �YHUVXV $FTXLUHG�
'HP\HOLQDWLQJ� 3RO\QHXURSDWKLHV�� -�
1HXU�� ������ 'HF�� ��������� ����-
����� 
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6XSUDFRQG\ODU� KXPHUDO� IUDFWXUH� LV�

RQH� RI� WKH� PRVW� FRPPRQ� HOERZ�
IUDFWXUHV� LQ� FKLOGUHQ�� UHSUHVHQWLQJ�
WZR�WR�VHYHQ�SHUFHQW�RI�DOO�SHGLDWULF�
IUDFWXUHV�� 7KH� LQFLGHQFH� RI� SULPDU\�
QHUYH� LQMXU\� LQ� GLVORFDWHG�
VXSUDFRQG\ODU� IUDFWXUHV� LV� DV� KLJK�
DV� ����� 7KLV� VWXG\� HYDOXDWHG� WKH�
ORQJ-� WHUP� PRUELGLW\� RI� WKH� XOQDU�
QHUYH�DIWHU�D�VXSUDFRQG\ODU�KXPHUDO�
IUDFWXUH� 
7KLV� UHWURVSHFWLYH� VWXG\� UHYLHZHG�

D� FRKRUW� RI� ��� SDWLHQWV� XQGHU� ���
\HDUV� RI� DJH� IURP� WZR� FHQWHUV� LQ�
)LQODQG�� $OO� VXEMHFWV� ZHUH�
KRVSLWDOL]HG� ZLWK� D� VXSUDFRQG\ODU�
KXPHUDO� IUDFWXUH� EHWZHHQ� ����� DQG�
������+DOI�RI�WKH�SDWLHQWV�XQGHUZHQW�
VXUJHU\�� 7KHVH� FDVHV� ZHUH� UH-�
H[DPLQHG�DW� IROORZ-XS��DYHUDJLQJ����
\HDUV�DIWHU�WKH�SULPDU\�LQMXU\� 
$W� ��-\HDU� IROORZ-XS�� VHYHQ� FDVHV�

KDG�XOQDU�QHUYH�V\PSWRPV��ZLWK�IRXU�
RI�WKRVH�GHPRQVWUDWLQJ�SXUH�VHQVRU\�
XOQDU� QHXURSDWK\�� 2QH� FDVH�
GHPRQVWUDWHG� GLPLQLVKHG� FRQWURO�
RYHU� WKH�PXVFOHV� LQQHUYDWHG� E\� WKH�
XOQDU� QHUYH�� 7KH� IRXU� FDVHV� ZLWK�
XOQDU� QHXURSDWK\� KDG� XQGHUJRQH�
VXUJHU\�� ZLWK� WKUHH� RI� WKRVH� LQLWLDOO\�
IL[HG� E\� ZLUH�� $OO� RI� WKH� FDVHV� ZLWK�
VHFRQGDU\� XOQDU� QHXURSDWK\�
SUHVHQWHG� ZLWK� GLPLQLVKHG� D[LDO�
DQJOHV�RI�WKH�HOERZ��DV�FRPSDUHG�WR�
XQLQMXUHG� VLGH�� $OO� ZLWK� VHFRQGDU\�
QHXURSDWK\� KDG� D� JRRG� UHVXOW�� ZLWK�
QR� V\PSWRPV�DW� WKUHH-PRQWK� IROORZ-
XS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�SHGLDWULF�VXSUDFRQG\ODU�
KXPHUDO� IUDFWXUHV� IRXQG� WKDW� �����
KDG� XOQDU� QHXURSDWK\� DW� ��-\HDU�
IROORZ-XS� 

 
6LQLNXPSX�� -��� HW� DO�� 8OQDU� 1HUYH�
0RUELGLW\� DV� D� /RQJ-WHUP�
&RPSOLFDWLRQ RI 3HGLDWULF�
6XSUDFRQG\ODU� +XPHUDO� )UDFWXUH��
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

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

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� ������ ���-

������ 

0XVFXORVNHO� 6XUJ�� ������ ���������
V�����-���-����-�� 
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5HKDELOLWDWLRQ�LV�DQ�LPSRUWDQW�IDFWRU�
IRU� PHQLVFDO� KHDOLQJ� DIWHU� VXUJLFDO�
UHSDLU�� +RZHYHU�� WKH� RSWLPDO�
UHKDELOLWDWLRQ� UHJLPHQ� KDV� QRW� EHHQ�
SUHYLRXVO\� HVWDEOLVKHG�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� RXWFRPH� RI� LVRODWHG�
PHQLVFDO�UHSDLU�XVLQJ�HLWKHU�D�IUHH�RU�
D�UHVWULFWHG�UHKDELOLWDWLRQ�UHJLPHQ� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� \RXQJ�
DGXOWV� ZLWK� LVRODWHG� PHQLVFDO� LQMXU\��
$OO� XQGHUZHQW� VXUJLFDO� UHSDLU� DQG�
ZHUH� UDQGRPL]HG� WR� HLWKHU� D� IUHH�
UHKDELOLWDWLRQ� JURXS�� LQ� ZKLFK� IUHH�
UDQJH� RI� PRWLRQ� DQG� ZHLJKWEHDULQJ�
ZHUH� DOORZHG�� EHJLQQLQJ� RQ� WKH�
VHFRQG� SRVWRSHUDWLYH� GD\�� RU� WR� D�
UHVWULFWHG� JURXS�� LQ� ZKLFK� UDQJH� RI�
PRWLRQ� DQG� ZHLJKW� EHDULQJ� ZHUH�
UHVWULFWHG� IRU� VL[� ZHHNV�
SRVWRSHUDWLYHO\�� 7KH� SDUWLFLSDQWV�
ZHUH� DVVHVVHG� DW� WKUHH�� ��� DQG� ���
PRQWKV� SRVWRSHUDWLYHO\� ZLWK� WKH�
.QHH� 2VWHRDUWKULWLV� 2XWFRPH� 6FRUH�
�.226�� DQG� WKH� 7HJQHU� )XQFWLRQ�
6FRUH��7KH�SULPDU\�RXWFRPH�YDULDEOH�
ZDV� VXUJHU\� IDLOXUH�� DV� HYDOXDWHG� DW�
UHSHDW� DUWKURVFRS\�� LQ� SDWLHQWV� ZLWK�

FRQWLQXRXV�V\PSWRPV��RU� UHFXUUHQFH�
RI� V\PSWRPV� ZLWKLQ� WKH� WZR-\HDU�
VWXG\� 
$W� ��-PRQWK� IROORZ-XS�� QLQH�

SDWLHQWV� LQ� WKH� IUHH�� DQG� WHQ� LQ� WKH�
UHVWULFWHG� UHKDELOLWDWLRQ� JURXSV� KDG�
QRQ-KHDOHG� PHQLVFL� LGHQWLILHG� DW�
DUWKURVFRS\�� $W� WZR-\HDU� IROORZ-XS��
.226� SDLQ� VFRUHV� ZHUH� ��� LQ� WKH�
UHVWULFWHG� JURXS� DQG� ��� LQ� WKH� IUHH�
UDQJH� JURXS�� ZKLOH� 7HJQHU� VFRUHV�
ZHUH� ���� LQ� WKH� UHVWULFWHG� JURXS�
DQG���� LQ� WKH� IUHH� UDQJH� JURXS��
1HLWKHU�GLIIHUHQFH�ZDV�VLJQLILFDQW� 
&RQFOXVLRQ��7KLV�SURVSHFWLYH�VWXG\�

VXJJHVWV� WKDW� IUHH� UHKDELOLWDWLRQ�DIWHU�
PHQLVFXV�UHSDLU�LV�VDIH�DQG�GRHV�QRW�
UHVXOW� LQ� LQFUHDVHG� IDLOXUH� UDWHV� DV�
FRPSDUHG�ZLWK�D�ZHLJKW�DQG�UDQJH�RI�
PRWLRQ� UHVWULFWHG� UHKDELOLWDWLRQ�
SURWRFRO� 
 
/LQG��0���HW�DO��)UHH�5HKDELOLWDWLRQ�,V�
6DIH�DIWHU� ,VRODWHG�0HQLVFXV�5HSDLU��
$� 3URVSHFWLYH�� 5DQGRPL]HG� 7ULDO�
&RPSDULQJ� )UHH� ZLWK� 5HVWULFWHG�
5HKDELOLWDWLRQ� 5HJLPHQV�� $P� -�
6SRUWV� 0HG�� ������ 'HFHPEHU�� ��
����������-����� 

 


