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)LQGLQJV�IURP�HDUOLHU�VWXGLHV�KDYH�

GHPRQVWUDWHG� WKDW� WKH� $QJLRWHQVLQ�
,,�� W\SH� �� UHFHSWRU� �$7�5�� LV�
H[SUHVVHG� LQ� KXPDQ� VHQVRU\�
QHXURQV�� $V� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� (0$����� D�
KLJKO\� VHOHFWLYH� $7�5� DQWDJRQLVW��
KDV�DQDOJHVLF�SURSHUWLHV�� WKLV� VWXG\�
ZDV� GHVLJQHG� WR� IXUWKHU� GHWHUPLQH�
WKH� DQDOJHVLF� HIILFDF\�� WROHUDELOLW\��
VDIHW\�DQG�NLQHWLFV�RI�WKLV�FRPSRXQG�
IRU� SDWLHQWV� ZLWK� SRVW-� KHUSHWLF�
QHXUDOJLD� 
7KLV� PXOWLFHQWHU�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
SDUWLFLSDQWV� IURP� ��� VLWHV� LQ� VL[�
FRXQWULHV�� $OO� SDWLHQWV� KDG� D�
GLDJQRVLV�RI�SRVW-KHUSHWLF�QHXUDOJLD��
DQG� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
HLWKHU�WKH�VWXG\�GUXJ��DW�����PJ��RU�
D� SODFHER�� DGPLQLVWHUHG� WZLFH� SHU�
GD\�� $IWHU� UDQGRPL]DWLRQ�� WKH�
VXEMHFWV� FRPSOHWHG� HIILFDF\�
HQGSRLQW� SDWLHQW� RXWFRPH�
PHDVXUHV�� DQG� ZHUH� JLYHQ� D� GLDU\�
FDUG� WR� UHFRUG� WKHLU� GDLO\� SDLQ�
LQWHQVLW\�DQG� WKH� WLPH�RI�VWXG\�GUXJ�
DGPLQLVWUDWLRQ�� $OO� ZHUH� DVVHVVHG�
IRU� HIILFDF\�� VDIHW\� DQG�
SKDUPDFRNLQHWLFV�� 7KH� SULPDU\�
HQGSRLQW� ZDV� WKH� FKDQJH� LQ� PHDQ�
SDLQ� LQWHQVLW\� IURP� EDVHOLQH� WR� WKH�
ILQDO�ZHHN�RI�GRVLQJ� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

DVVHVVHG�� ZLWK� ��� UHFHLYLQJ� WKH�
VWXG\� GUXJV� DQG� ��� WKH� SODFHER��
7KH�FKDQJHV�LQ�PHDQ�SDLQ�LQWHQVLW\�
EHWZHHQ�EDVHOLQH�DQG�ILQDO�ZHHNV�RI�
WUHDWPHQW� ZHUH� ����� IRU� WKH�
WUHDWPHQW� JURXS� DQG� ���� IRU� WKH�
SODFHER� JURXS� �S ��������� 7KH�
GLIIHUHQFH� EHWZHHQ� WKH� JURXSV� LQ�
PHDQ� SDLQ� LQWHQVLW\� ILUVW� UHDFKHG�
VLJQLILFDQFH� DW� ZHHN� WKUHH�� 1R�
VLJQLILFDQW� WUHDWPHQW� UHODWHG� VLGH�
HIIHFWV�ZHUH� QRWHG� LQ� WKH� WUHDWPHQW�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�SRVW-KHUSHWLF�QHXUDOJLD�
IRXQG� WKDW� (0$����� D� KLJKO\�

VHOHFWLYH� DQJLRWHQVLQ� ,,� W\SH� ��
UHFHSWRU� DQWDJRQLVW�� VLJQLILFDQWO\�
UHGXFHG� WKH� SDLQ� V\PSWRPV� RI� WKLV�
FRQGLWLRQ� 

5LFH�� $��� HW� DO�� (0$����� RQ� 2UDOO\�
$GPLQLVWHUHG�� +LJKO\� 6HOHFWLYH�
$QJLRWHQVLQ� ,,� 7\SH� �� 5HFHSWRU�
$QWDJRQLVW�� DV� D� 1RYHO� 7UHDWPHQW�
IRU� 3RVW-+HUSHWLF� 1HXUDOJLD�� $�
5DQGRPL]HG��'RXEOH-%OLQG��3ODFHER
-� &RQWUROOHG�� � � 3KDVH� � � �� � � &OLQLFDO�
7ULDO��/DQFHW�� � ������� � �0D\�����-������
����-����� 
 
$872/2*286�&+21'52&<7(�

,03/$17$7,21�$7�7+(�
3$7(//$ 

 
&DUWLODJH� GHIHFWV� DUH� SUHVHQW� LQ�

PRUH� WKDQ� ���� RI� SDWLHQWV�
XQGHUJRLQJ� NQHH� DUWKURVFRS\�� 7KH�
DUWLFXODU� VXUIDFH� RI� WKH� SDWHOOD� LV�
DIIHFWHG� LQ���� WR�����RI� WKH�FDVHV��
+RZHYHU�� FDUWLODJH� UHSDLU� DW� WKH�
SDWHOOD� KDV� GHPRQVWUDWHG� UHODWLYHO\�
SRRU� UHVXOWV�� 7KLV� VWXG\� DVVHVVHG�
WKH� HIIHFW� RI� WUHDWPHQW� ZLWK�
DXWRORJRXV� FKRQGURF\WH�
LPSODQWDWLRQ� �$&,�� IRU� FDUWLODJH�
GHIHFWV�RI�WKH�SDWHOOD� 
3DWLHQWV� SUHVHQWLQJ� IRU� UHSDLU� RI�

FDUWLODJH� GHIHFWV� LQ� WKH� SDWHOOD�
XQGHUZHQW� FKRQGURF\WH� KDUYHVWLQJ��
ZLWK� FKRQGURF\WHV� H[SDQGHG� LQ� FHOO�
FXOWXUH�� 7KH� FHOOV� ZHUH� WKHQ�
LPSODQWHG�DW� WKH�VLWH�RI� WKH�GHIHFWV��
3RVWRSHUDWLYH�UHKDELOLWDWLRQ�LQFOXGHG�
WKH� XVH� RI� D� ORFNHG� EUDFH� IRU�
DPEXODWLRQ�� ZLWK� ZHLJKW� EHDULQJ� DV�
WROHUDWHG�IRU�WKRVH�ZLWK�LVRODWHG�$&,��
7KH� SDWLHQWV� ZHUH� IROORZHG�
SURVSHFWLYHO\�� ZLWK� TXHVWLRQQDLUHV�
XVHG� WR� DVVHVV� IXQFWLRQ�� DFWLYLW\�
OHYHO�DQG�VDWLVIDFWLRQ� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

IROORZHG� SRVW-VXUJHU\� IRU� DQ�
DYHUDJH�RI����PRQWKV��7KH�DYHUDJH�
VL]H� RI� WKH� SDWHOOD� GHIHFW� ZDV� ����
FPð�� 1LQH� ZHUH� FRQVLGHUHG�
WUHDWPHQW�IDLOXUHV�DQG�ZHUH�UHYLVHG��
2YHUDOO��WKH�6KRUW�)RUP–���3K\VLFDO�
&RPSRQHQW�6XEVFDOH�GHPRQVWUDWHG�
DQ� LQFUHDVH� IURP� ����� WR� �����
�S ��������6LJQLILFDQW�LPSURYHPHQWV�

ZHUH�DOVR�QRWHG� LQ� WKH� ,QWHUQDWLRQDO�
.QHH� 'RFXPHQWDWLRQ� &RPPLWWHH�
�,.'&�� VFRUHV� �S� �� �������� �� WKH�
PRGLILHG� &LQFLQQDWL� VFRUH� �S� ��
��������� WKH� .QHH� 6RFLHW\� NQHH�
VFRUH�� DQG� WKH� .QHH� 6RFLHW\�
IXQFWLRQ� VFRUH�� �S� �� ��������� 7KH�
:20$&�VFRUH� LPSURYHG� IURP������
WR� ������ ZLWK� ���� RI� SDWLHQWV�
H[FHHGLQJ� D� FRPPRQO\� DFFHSWHG�
WKUHVKROG� IRU� 0&,'V�� 2I� WKH� ���
SDWLHQWV� DVNHG� WR� UDWH� WKHLU� NQHH��
���� UDWHG� WKHLU� NQHH� IXQFWLRQ� DV�
JRRG�RU�H[FHOOHQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FDUWLODJH�GHIHFWV�LQ�WKH�
SDWHOOD� IRXQG� WKDW� DXWRORJRXV�
FKRQGURF\WH� LPSODQWDWLRQ� FDQ�
SURGXFH� VLJQLILFDQW� DQG� FOLQLFDOO\�
PHDQLQJIXO� LPSURYHPHQWV� LQ� SDLQ�
DQG�IXQFWLRQ� 
 
*RPROO�� $��� HW� DO�� $XWRORJRXV�
&KRQGURF\WH� ,PSODQWDWLRQ� LQ� WKH�
3DWHOOD�� $� 0XOWLFHQWHU� ([SHULHQFH��
$P� -� 6SRUWV� 0HG�� ������0D\����
���������-����� 
 
(1(5*<�(;3(1',785(�'85,1*�
5(6,67,9(�75$,1,1*�$&7,9,7< 

 
7R� GDWH�� IHZ� VWXGLHV� KDYH�

DGGUHVVHG� WKH� HQHUJ\� H[SHQGLWXUH�
RI� UHVLVWDQFH� WUDLQLQJ�� 7KLV� VWXG\�
DVVHVVHG�WKH�HQHUJ\�H[SHQGLWXUH�RI�
UHVLVWDQFH� WUDLQLQJ� XVLQJ� WZR�
VHSDUDWH�PHWKRGV� 
6XEMHFWV� LQFOXGHG� WZHOYH� KHDOWK\�

PHQ�� ZLWK� D� PHDQ� DJH� RI� �����
\HDUV��7KH�VXEMHFWV�FRPSOHWHG�HDFK�
LQGLYLGXDO� UHVLVWLYH� WUDLQLQJ� H[HUFLVH�
IRU� D� PD[LPXP� RI� ��� VHFRQGV� RU�
XQWLO� IDWLJXH� GHJUDGHG� WKH� SURSHU�
IRUP�� $IWHU� FRPSOHWLQJ� HDFK�
H[HUFLVH�� WKH� VXEMHFW� ZDV� UHVWHG��
7UDGLWLRQDO� FDORULPHWU\� ZDV� XVHG� WR�
PHDVXUH� R[\JHQ� XSWDNH�
FRQWLQXRXVO\� WKURXJKRXW� WKH� WULDO��
LQFOXGLQJ�GXULQJ�WKH�UHFRYHU\�SHULRG�
EHWZHHQ� H[HUFLVHV�� 7KH� DYHUDJH�
HQHUJ\� H[SHQGLWXUH� ZDV� FDOFXODWHG�
XVLQJ� D� WUDGLWLRQDO� FDOFXODWLRQ� DV�
ZHOO�DV�D�UHFRYHU\�FDOFXODWLRQ� 
%DVHG� XSRQ� WKH� WUDGLWLRQDO�

FDOFXODWLRQ�� WKH� NLORFDORULHV-SHU-�

9ROXPH����1XPEHU��� 0D\�������� 
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RI� ������ 7KRVH� VWXGLHV� LQFOXGHG�
IRFXVHG� RQ� SULPDU\�
SUHYHQWLRQ�VXEMHFWV� IUHH� RI� LQMXU\� DW�
LQFOXVLRQ�� VSRUWV�SK\VLFDO� DFWLYLW\�
LQMXULHV��UDQGRPL]HG�FRQWUROOHG�WULDOV��
DSSURSULDWH� FRQWUROV� DQG� SXEOLFDWLRQ�
LQ�SHHU�UHYLHZHG�MRXUQDOV� 
7ZHQW\-ILYH�WULDOV�ZHUH�VHOHFWHG�IRU�

LQFOXVLRQ��LQFOXGLQJ�GDWD�IURP��������
LQGLYLGXDOV�ZLWK������� LQMXULHV�� ,QMXU\�
SUHYHQWLRQ� VWUDWHJLHV� ZHUH�
DVVHVVHG�� $V� D� JURXS�� WKH� UHODWLYH�
ULVN� RI� LQMXU\�� XVLQJ� WKH� SUHYHQWLRQ�
VWUDWHJLHV�ZDV��������ZLWK�VLJQLILFDQW�
ILQGLQJV� IRU� ERWK� DGXOWV� DQG�
DGROHVFHQWV�� 7KH� SRROHG� HIIHFW� RI�
VWUHQJWK� WUDLQLQJ�� LQFOXGLQJ� IRXU�
VWXGLHV��UHVXOWHG�LQ�D�UHODWLYH�ULVN� RI�
������� 7KH� SRROHG� HIIHFW� RI�
SURSULRFHSWLYH� WUDLQLQJ� UHVXOWHG� LQ� D�
UHODWLYH� ULVN� RI� ������ 1R� VLJQLILFDQW�
HIIHFW�ZDV�IRXQG�IRU�VWUHWFKLQJ� 
&RQFOXVLRQ�� 7KLV� UHYLHZ� DQG�

PHWD-DQDO\VLV� RI� LQMXU\� SUHYHQWLRQ�
SURJUDPV�IRXQG�WKDW��ZKLOH�VWUHWFKLQJ�
KDV� QR� EHQHILFLDO� HIIHFW�� PXOWLSOH�
H[SRVXUH� SURJUDPV�� SURSULRFHSWLYH�
WUDLQLQJ� DQG� VWUHQJWK� WUDLQLQJ� DUH�
HIIHFWLYH�VWUDWHJLHV��6WUHQJWK�WUDLQLQJ�
ZDV� IRXQG� WR� UHGXFH� LQMXU\� ULVN� WR�
OHVV�WKDQ�RQH�WKLUG� 
 
/DXHUVHQ��-���HW�DO��7KH�(IIHFWLYHQHVV�
RI� ([HUFLVH� ,QWHUYHQWLRQV� WR� 3UHYHQW�
6SRUWV�,QMXULHV��$�6\VWHPDWLF�5HYLHZ�
DQG� 0HWD-$QDO\VLV� RI� 5DQGRPL]HG��
&RQWUROOHG� 7ULDOV��%U� -� 6SRUWV� 0HG��
������-XQH�������������-���� 
 
 

)$&7256�35(',&7,1*� 
527$725�&8))�5(7($56 

 
$IWHU� URWDWRU� FXII� WHDUV�� WKH� UDWH� RI�

UHWHDUV� LV� HVWLPDWHG� WR� EH� EHWZHHQ�
���DQG������)DFWRUV� WKDW�FRQWULEXWH�
WR�URWDWRU�FXII�UHWHDUV�UHPDLQ�XQFOHDU��
7KXV�� WKLV� VWXG\� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� ULVN� IDFWRU� IRU�
UHWHDUV� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

������ FRQVHFXWLYH� SDWLHQWV�ZKR� KDG�
XQGHUJRQH� D� SULPDU\� URWDWRU� FXII�
UHSDLU�� 3UHRSHUDWLYHO\�� DOO� SDWLHQWV�
FRPSOHWHG� D� TXHVWLRQQDLUH� JUDGLQJ�
WKH� IUHTXHQF\� RI� SDLQ� GXULQJ�DFWLYLW\�
DQG�DW�UHVW��DV�ZHOO�DV�WKH�IUHTXHQF\�
RI� H[WUHPH� VKRXOGHU� SDLQ� DQG�
VWLIIQHVV��4XHVWLRQV�DOVR� IRFXVHG�RQ�
HPSOR\PHQW� DQG� VSRUW� UHODWHG�
DFWLYLW\�� $OO� SDWLHQWV� XQGHUZHQW� D�
SUHRSHUDWLYH� FOLQLFDO� H[DPLQDWLRQ��
'XULQJ�VXUJHU\��PHDVXUHPHQWV�ZHUH�
PDGH� RI� WKH� WHDU�� 6L[� PRQWKV� DIWHU�
VXUJHU\�� DOO� SDUWLFLSDQWV� XQGHUZHQW�
XOWUDVRXQG�H[DPLQDWLRQ�WR�GHWHUPLQH�
WKH�LQWHJULW\�RI�WKH�VXUJLFDO�VLWH� 

$W�VXUJHU\������ IXOO� � WKLFNQHVV�DQG�
���� SDUWLDO� WKLFNQHVV� WHDUV� ZHUH�
QRWHG�� $W� IROORZ-XS�� UHWHDUV� ZHUH�
VHHQ� LQ� ���� SDWLHQWV�� FRUUHVSRQGLQJ�
WR� DQ� RYHUDOO� UDWH� RI� �����
,QGHSHQGHQW� IDFWRUV� SUHGLFWLQJ�
URWDWRU� FXII� UHWHDUV�� UDQNHG� E\�
VWUHQJWK�RI�SUHGLFWLYH�YDOXH��LQFOXGHG�
DQWHULRU� SRVWHULRU� WHDU� OHQJWKV�
�S��������� DJH� DW� VXUJHU\� S���������
WHDU� VL]H� DUHD� �S���������
PHGLRODWHUDO� WHDU� OHQJWK� �S���������
WHDU� WKLFNQHVV� �S ������� DQG���
RSHUDWLYH� � � WLPH� �S �������8VLQJ�
WKHVH�� WKH� DXWKRUV� SURYLGH� DQ�
HTXDWLRQ� IRU� HVWLPDWLQJ� WKH� ULVN� IRU�
UHWHDU� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

DQDO\VLV�RI�������FRQVHFXWLYH�URWDWRU�
FXII� UHWHDUV� IRXQG� WKDW� LQLWLDO� WHDU�
GLPHQVLRQV�DQG�DGYDQFHG�DJH�ZHUH�
VLJQLILFDQWO\� UHODWHG� WR� WKH� ULVN� RI�
UHWHDU�DW�VL[�PRQWKV� 
 
/H�� %��� HW� DO�� )DFWRUV� 3UHGLFWLQJ�
5RWDWRU�&XII�5HWHDUV��$Q�$QDO\VLV�RI�
������ &RQVHFXWLYH� 5RWDWRU� &XII�
5HSDLUV�� $P� -� 6SRUWV� 0HG�� ������
0D\�������������-����� 
 
 

)5$&785(�$)7(5�
$/(1'521$7(�

',6&217,18$7,21 
 

7KH� )UDFWXUH� ,QWHUYHQWLRQ� 7ULDO�
/RQJ-7HUP� ([WHQVLRQ� �)/(;�� WULDO�
GHPRQVWUDWHG� WKDW�� DPRQJ� ROGHU�
SRVWPHQRSDXVDO� ZRPHQ� ZKR� KDYH�
XVHG� DOHQGURQDWH� IRU� ILYH� \HDUV��
WKRVH� ZKR� GLVFRQWLQXH� WUHDWPHQW�
KDYH� VLPLODU� IUDFWXUH� UDWHV� WR� WKRVH�
ZKR� UHFHLYH�DQ�DGGLWLRQDO� ILYH�\HDUV�
RI� WUHDWPHQW�� +RZHYHU�� WKH� UDWH� RI�
V\PSWRPDWLF� YHUWHEUDO� IUDFWXUHV� LV�
ORZHU� DPRQJ� WKRVH� ZKR� FRQWLQXH�
WKHUDS\�� 7KLV� SRVW-KRF� DQDO\VLV� ZDV�
GHVLJQHG� WR� WHVW� PHWKRGV� RI�
SUHGLFWLQJ� IUDFWXUHV� DPRQJ� ZRPHQ�
ZKR� KDYH� GLVFRQWLQXHG� DOHQGURQDWH�
WKHUDS\� 
'DWD�ZHUH�REWDLQHG�IURP�WKH�)/(;�

WULDO�� ZKLFK� UDQGRPL]HG�
SRVWPHQRSDXVDO� ZRPHQ� WR� UHFHLYH�
HLWKHU� DOHQGURQDWH� VRGLXP� RU�
SODFHER� IRU� ILYH�\HDUV��%RQH�PLQHUDO�
GHQVLW\� �%0'��ZDV�PHDVXUHG�DW� WKH�
KLS� DQG� OXPEDU� VSLQH� DW� EDVHOLQH��
DQG� DW� WKH� ��-PRQWK� IROORZ-XS� YLVLW��
,Q� DGGLWLRQ�� ERQH� WXUQRYHU�
ELRFKHPLFDO�PDUNHUV�ZHUH�DVVHVVHG�
DW�EDVHOLQH�DQG�DW���-�PRQWK�DQG���-
PRQWK� YLVLWV�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH�ZDV�WKH�LQFLGHQFH�RI�FOLQLFDO�
IUDFWXUHV��GHILQHG�DV�HLWKHU�QHZ��QRQ
-VSLQH� IUDFWXUH� RU� QHZ� FOLQLFDO�

PLQXWH�H[SHQGLWXUH�ZDV������IRU�SXVK-
XSV�������IRU�FXUO-XSV�������IRU� OXQJHV�
DQG������ IRU�SXOO-XSV��+RZHYHU��XVLQJ�
WKH� UHFRYHU\� FDOFXODWLRQ�� WKH�
NLORFDORULHV-SHU-�PLQXWH�ZHUH� ����� IRU�
SXVK-XSV�� ����� IRU� FXUO-XSV�� ����� IRU�
OXQJHV� DQG� ����� IRU� SXOO-XSV�� $IWHU�
FRQYHUWLQJ� WKH� PHDQ� YDOXHV� IRU� HDFK�
H[HUFLVH� WR�0(76�� DOO� ZHUH� FODVVLILHG�
DV� EHLQJ� RI� PRGHUDWH� LQWHQVLW\� ZKHQ�
XVLQJ� WKH� WUDGLWLRQDO� PHWKRG�� ZKLOH�
ZKHQ� XVLQJ� WKH� UHFRYHU\� FDOFXODWLRQ��
DOO� EXW� WKH�FXUO-XSV�ZHUH�FODVVLILHG�DV�
YLJRURXV� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�HQHUJ\�

H[SHQGLWXUH� GXULQJ� UHVLVWLYH� WUDLQLQJ�
IRXQG� WKDW� WUDGLWLRQDO� PHDVXUHV� RI�
HQHUJ\ H[SHQGLWXUH PD\�
XQGHUHVWLPDWH� HQHUJ\� FRQVXPHG�
GXULQJ� WKHVH� DFWLYLWLHV�� ZLWK� WKH�
DXWKRUV� VXJJHVWLQJ� WKDW� WKH� UHFRYHU\�
WLPH� PHWKRG� RI� HVWLPDWLRQ� PD\� EH�
PRUH�DFFXUDWH� 
 
9H]LQD�� -��� HW� DO�� $Q� ([DPLQDWLRQ� RI�
WKH�'LIIHUHQFHV�EHWZHHQ�7ZR�0HWKRGV�
RI� (VWLPDWLQJ� (QHUJ\� ([SHQGLWXUH� LQ�
5HVLVWLYH� 7UDLQLQJ� � $FWLYLWLHV�� -�
6WUHQJWK�&RQG�5HV� 
������$SULO�������������-����� 
 
(;(5&,6(�,17(59(17,216�72�
35(9(17�632576�,1-85< 

 
$V�PDQDJHPHQW�RI�VSRUWV� LQMXULHV�LV�

GLIILFXOW� DQG� WLPH-FRQVXPLQJ��
SUHYHQWLRQ� RI� WKHVH� LQMXULHV� LV� RI�
SDUWLFXODU� LQWHUHVW�� 7KLV� PHWD-DQDO\VLV�
ZDV�GHVLJQHG�WR�EHWWHU�XQGHUVWDQG�WKH�
HIIHFW�RI�SK\VLFDO�DFWLYLW\�H[HUFLVHV�DV�
D�PHDQV�WR�SUHYHQW�LQMXULHV� 
'DWD� ZHUH� UHYLHZHG� IURP� VHYHUDO�

GDWDEDVHV��VHDUFKHG� WKURXJK�-DQXDU\�



 

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

YHUWHEUDO� IUDFWXUH�� GXULQJ� WKH� )/(;�
IROORZ-XS�SHULRG� 
2I�WKH�����SDUWLFLSDQWV�UDQGRPL]HG�

WR�UHFHLYH�SODFHER������H[SHULHQFHG�
RQH� RU�PRUH� FOLQLFDO� IUDFWXUHV� GXULQJ�
IROORZ-XS�� 2OGHU� DJH� DQG� ORZHU� KLS�
%0'� DW� WKH� WLPH� RI� PHGLFDWLRQ�
GLVFRQWLQXDWLRQ� ZHUH� VWURQJ�
SUHGLFWRUV� RI� IUDFWXUH� ULVN� DIWHU�
GLVFRQWLQXDWLRQ��+RZHYHU��QHLWKHU�WKH�
RQH-\HDU�FKDQJH�LQ�KLS�ERQH�PLQHUDO�
GHQVLW\�� QRU� WKH� RQH-� RU� WKUHH-\HDU�
FKDQJH� LQ� ELRFKHPLFDO� PDUNHUV� RI�
ERQH� WXUQRYHU�� ZHUH� DVVRFLDWHG�ZLWK�
WKH� ULVN� RI� IUDFWXUH� DIWHU�
GLVFRQWLQXDWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SRVWPHQRSDXVDO� ZRPHQ�� DOO� WUHDWHG�
ZLWK� DOHQGURQDWH� WKHUDS\� IRU� ILYH�
\HDUV�� IRXQG� WKDW� DJH� DQG� ERQH�
PLQHUDO� GHQVLW\� DW� WKH� WLPH� RI�
GLVFRQWLQXDWLRQ� RI� PHGLFDWLRQ� ZHUH�
XVHIXO� IRU�SUHGLFWLQJ�FOLQLFDO� IUDFWXUHV�
GXULQJ�WKH�VXEVHTXHQW�ILYH�\HDUV� 
 
%DXHU�� '��� HW� DO�� )UDFWXUH� 3UHGLFWLRQ�
DIWHU� 'LVFRQWLQXDWLRQ� RI� )RXU� WR� )LYH�
<HDUV� RI� $OHQGURQDWH� 7KHUDS\�� 7KH�
)OH[� 6WXG\�� -$0$� ,QWHUQDO� 0HG��
������GRL��������MDPDLQWHUQPHG� 
��������� 
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)LEUDWHV� DUH� DJRQLVWV� RI� WKH�

SHUR[LVRPH� SUROLIHUDWRU� DFWLYDWHG�
UHFHSWRU� DOSKD�� 7KHVH� PHGLFDWLRQV�
KDYH�ORQJ�EHHQ�XVHG�IRU�G\VOLSLGHPLD�
DQG�KDYH�DOVR�GHPRQVWUDWHG�EHQHILWV�
IRU� UHGXFLQJ� V\VWHPLF� DQG� V\QRYLDO�
LQIODPPDWLRQ�� LQKLELW� FKRQGURF\WH�
LQIODPPDWRU\�UHVSRQVH�DQG�H[HUW�DQWL
-QRFLFHSWLYH� SURSHUWLHV�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
HIIHFWV� RI� IHQRILEUDWH� IRU� WKH�
WUHDWPHQW� RI� SDWLHQWV� ZLWK� HURVLYH�
KDQG�RVWHRDUWKULWLV��(+2$�� 
7KLV� VLQJOH� FHQWHU� QRQ-FRQWUROOHG�

RSHQ�ODEHO�VWXG\�LQFOXGHG����SDWLHQWV�
RYHU� WKH� DJH� RI� ��� \HDUV� ZLWK� D�
GLDJQRVLV� RI� +2$�� 7KH� SDWLHQWV�
UHFHLYHG� WUHDWPHQW� ZLWK� ���� PJ� RI�
IHQRILEUDWH� SHU� GD\� IRU� ��� ZHHNV��
&OLQLFDO� HYDOXDWLRQV� ZHUH� PDGH� DW�
EDVHOLQH� DQG� DW� ZHHNV� IRXU�� HLJKW��
DQG� ���� 7KHVH� LQFOXGHG� DVVHVVPHQW�
RI� GLVHDVH� DFWLYLW\�� SDLQ�� DQG�
ODERUDWRU\� WHVWV� RI� LQIODPPDWRU\�
PDUNHUV��5HVSRQVH�WR�WUHDWPHQW�ZDV�
DVVHVVHG� LQ� DFFRUGDQFH� ZLWK�
2XWFRPH�0HDVXUHV�LQ�5KHXPDWRORJ\�
&OLQLFDO� 7ULDOV� DQG� 2VWHRDUWKULWLV�
5HVHDUFK�6RFLHW\�FULWHULD� 
)RXUWHHQ� ZRPHQ� ZHUH� HQUROOHG� LQ�

WKH� VWXG\�� )HQRILEUDWH� WUHDWPHQW�
UHVXOWHG� LQ� VLJQLILFDQW� GHFUHDVHV� LQ�

SDLQ� VFRUHV�� WRWDO� MRLQW� FRXQW�� WKH�
GXUDWLRQ�RI�PRUQLQJ�VWLIIQHVV��DV�ZHOO�
DV� WKH� SDWLHQW
V� DVVHVVPHQW� RI�
GLVHDVH�DFWLYLW\�DQG�JOREDO�KHDOWK��$Q�
LPSURYHPHQW� RI� KDQG� IXQFWLRQ� ZDV�
QRWHG�E\�LPSURYHPHQWV�LQ�WKH�&RFKLQ�
LQGH[�� 6LJQLILFDQW� UHGXFWLRQV� ZHUH�
QRWHG� LQ� OHYHOV� RI� (65�� ZKLOH� QR�
FKDQJH� ZDV� QRWHG� LQ� VHYHUDO� RWKHU�
LQIODPPDWRU\�PDUNHUV� 
&RQFOXVLRQ�� 7KLV� SLORW�� QRQ-�

FRQWUROOHG� VWXG\� RI� SDWLHQWV� ZLWK�
HURVLYH�KDQG�RVWHRDUWKULWLV�IRXQG�WKDW�
IHQRILEUDWH�� DQ� DJRQLVW� RI� WKH�
SHUR[LVRPH� SUROLIHUDWRU� DFWLYDWHG�
UHFHSWRU� DOSKD�� PD\� EH� KHOSIXO� IRU�
UHGXFLQJ� SDLQ�� DQG� LPSURYLQJ� KDQG�
IXQFWLRQ� 
 
6KLULQVN\�� ,� HW� DO�� 7UHDWPHQW� RI�
(URVLYH� 2VWHRDUWKULWLV� ZLWK�
3HUR[LVRPH� 3UROLIHUDWRU� –� $FWLYDWHG�
5HFHSWRU� $OSKD� $JRQLVW� )HQRILEUDWH��
$� 3LORW� 6WXG\�� 5KHXP� ,QWHUQDWLRQDO�
������0D\�����������-���� 
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&DIIHLQH� KDV� EHHQ� VKRZQ� WR� KDYH�

SRVLWLYH� HIIHFWV� RQ� DWWHQWLRQ��
SURFHVVLQJ� VSHHG� DQG�� LQ� VRPH�
FDVHV�� ZRUNLQJ� PHPRU\�� +RZHYHU��
PRVW� VWXGLHV� KDYH� DGPLQLVWHUHG�
FDIIHLQH�EHIRUH� OHDUQLQJ�� FDXVLQJ� WKH�
HIIHFWV� RQ�PHPRU\� WR� EH� LPSRVVLEOH�
WR�GLVVRFLDWH�IURP�RWKHU�HIIHFWV�RI�WKH�
FDIIHLQH�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIIHFW�RI�FDIIHLQH�DGPLQLVWHUHG�DIWHU�D�
OHDUQLQJ�WDVN� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
FDIIHLQH� QDwYH� SDUWLFLSDQWV�� $�
KLSSRFDPSDO� PHPRU\-GHSHQGHQW�
WDVN�LQFOXGHG�WZR�SKDVHV��'XULQJ�WKH�
LQFLGHQWDO� HQFRGLQJ� SKDVH��
SDUWLFLSDQWV� YLHZHG� SLFWXUHV� RI�
REMHFWV� DQG� GHFLGHG� ZKHWKHU� WKH�
SLFWXUH� GHSLFWHG� DQ� LQGRRU� RU� DQ�
RXWGRRU�LWHP��7KH�VXEMHFWV�ZHUH�WKHQ�
JLYHQ�HLWKHU�D�SODFHER�RU� ����PJ�RI�
FDIIHLQH�� 7ZHQW\-IRXU� KRXUV�DIWHU� WKH�
VWXG\� VHVVLRQ�� WKH� SDUWLFLSDQWV� ZHUH�
HYDOXDWHG IRU UHFRJQLWLRQ�
SHUIRUPDQFH�� ZLWK� UHVHDUFKHUV�
SUHVHQWLQJ� LWHPV� IURP� WKH� SUHYLRXV�
GD\� �WDUJHWV��� QHZ� LWHPV�IRLOV�� DQG�
LWHPV� WKDW� ZHUH� VLPLODU� EXW� QRW�
LGHQWLFDO�WR�SUHYLRXVO\�VKRZQ�SLFWXUHV�
�OXUHV��� )RU� HDFK� LPDJH�� WKH\� ZHUH�
LQVWUXFWHG� WR� GHFLGH� ZKHWKHU� WKH�
LPDJH�ZDV�´ROG´��´QHZ´�RU�´VLPLODU´� 
3DUWLFLSDQWV� ZKR� UHFHLYHG� FDIIHLQH�

ZHUH� PRUH� OLNHO\� WR� FDOO� OXUH� LWHPV�
³VLPLODU´�� UDWKHU� WKDQ� ³ROG´�� DV�
FRPSDUHG� WR� WKRVH� ZKR� UHFHLYHG�
SODFHER�� 1R� GLIIHUHQFH� ZDV� IRXQG�

EHWZHHQ�JURXSV�LQ�UDWHV�RI�WDUJHW�KLWV�
RU� IRLO� UHMHFWLRQV�� VXJJHVWLQJ� WKDW�
EDVLF� UHFRJQLWLRQ� ZDV� QRW� DOWHUHG��
&DOFXODWLQJ� D� OXUH� GLVFULPLQDWLRQ�
LQGH[�� DV� 3� �´VLPLODU´�OXUH�� PLQXV� 3�
�´VLPLODU´�IRLO�� WR� FRUUHFW� IRU� UHVSRQVH�
ELDV�� D� VLJQLILFDQW� GLIIHUHQFH� ZDV�
IRXQG�EHWZHHQ�JURXSV� �S �������7KH�
DXWKRUV� QRWH� WKDW� WKLV� ILQGLQJ�
VXJJHVWV� WKDW� FDIIHLQH� HQKDQFHG�
FRQVROLGDWLRQ� RI� WKH� LQLWLDO� VWXG\�
VHVVLRQ�� VXFK� WKDW� GLVFULPLQDWLRQ�
GXULQJ� UHWULHYDO� ZDV� LPSURYHG��
5HYLHZLQJ�PXOWLSOH� FDIIHLQH�GRVHV�� LW�
ZDV� GHWHUPLQHG� WKDW� D� GRVH� RI� DW�
OHDVW� ���� PJ� ZDV� UHTXLUHG� WR�
SURGXFH� WKH� HQKDQFLQJ� HIIHFW� RI�
FDIIHLQH�RQ�FRQVROLGDWLRQ�RI�PHPRU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� FDIIHLQH�� DGPLQLVWHUHG� DIWHU�
LQIRUPDWLRQ� HQFRGLQJ�� LPSURYHG� WKH�
SDWLHQWV¶� DELOLW\� WR� FRQVROLGDWH�
PHPRULHV� 
 
%RURWD�� '��� HW� DO�� 3RVW-� 6WXG\�
&DIIHLQH� $GPLQLVWUDWLRQ� (QKDQFHV�
0HPRU\� &RQVROLGDWLRQ� LQ� +XPDQV��
1DWXUH� 1HXURVFL�� ������ )HEUXDU\��
����������-���� 
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&DUWLODJH� UHJHQHUDWLRQ� SURFHGXUHV�

KDYH�EHFRPH� WKH� IRFXV�RI� LQFUHDVHG�
LQWHUHVW� GXH� WR� WKHLU� SRWHQWLDO� WR�
SURYLGH� SDLQ� UHOLHI� DQG� DOWHU� WKH�
SURJUHVVLRQ� RI� RVWHRDUWKULWLV� �2$���
:KLOH� PHVHQFK\PDO� VWHP� FHOOV�
�06&V�� FDQ� EH� GHULYHG� IURP� D�
QXPEHU� RI� WLVVXHV�� VRPH� KDYH�
VXJJHVWHG� WKDW� WKRVH� GHULYHG� IURP�
DGLSRVH� KDYH� WKH� KLJKHVW�
FKRQGURJHQLF� SRWHQWLDO�� 7KLV� VWXG\�
LQYHVWLJDWHG� RXWFRPHV� RI� DGLSRVH�
GHULYHG�06&�LPSODQWDWLRQ� LQ�SDWLHQWV�
ZLWK�2$�RI�WKH�NQHHV 

7KLV� UHWURVSHFWLYH� UHYLHZ� LQFOXGHG�
WKH� UHFRUGV� RI� ��� FRQVHFXWLYH�
SDWLHQWV� WUHDWHG� ZLWK� 06&�
LPSODQWDWLRQ IRU FDUWLODJH�
UHJHQHUDWLRQ�� $OO� KDG� LVRODWHG�� IXOO-�
WKLFNQHVV�DUWLFXODU�FDUWLODJH�OHVLRQV�LQ�
2$� NQHHV�� 7KH� PHDQ� VL]H� RI� WKH�
FDUWLODJH� OHVLRQV� ZDV� ���� FP��� 7KH�
VXEMHFWV� RULJLQDOO\� KDG� 06&V�
DVSLUDWHG� IURP� DGLSRVH� WLVVXH� IURP�
WKHLU� EXWWRFN� IDW� SDG�� ZLWK� WKH� VWHP�
FHOOV� LQWURGXFHG� WR� WKH� FDUWLODJH�
OHVLRQ� XQGHU� DUWKURVFRSLF� JXLGDQFH��
7KH�NQHHV�ZHUH�WKHQ�LPPRELOL]HG�IRU�
WZR� ZHHNV�� ZLWK� ZHLJKW� EHDULQJ�
LQLWLDWHG�DW�WZR�ZHHNV��SURJUHVVLQJ�WR�
IXOO� ZHLJKW-� EHDULQJ� DW� IRXU� ZHHNV��
&OLQLFDO� RXWFRPHV� ZHUH� HYDOXDWHG�
XVLQJ� WKH� ,QWHUQDWLRQDO� .QHH�
'RFXPHQWDWLRQ� &RPPLWWHH� �,.'&��



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

 

VFRUH�DQG�7HJQHU�DFWLYLW\� VFDOH��)RU�
WKRVH�DJUHHLQJ�WR�D�VHFRQG ORRN
 DUWKURVFRSLF� DVVHVVPHQW��
FDUWLODJH� UHSDLU� ZDV� DVVHVVHG� XVLQJ�
,QWHUQDWLRQDO� &DUWLODJH� 5HSDLU�
6RFLHW\��,&56��JUDGLQJ� 
$W� ILQDO� IROORZ-XS�� WKH� PHDQ� ,.'&�

DQG�7HJQHU�DFWLYLW\�VFDOH�VFRUHV�KDG�
ERWK� LPSURYHG� VLJQLILFDQWO\�
�S���������7KH�SDWLHQWV�UHSRUWHG�WKDW�
VDWLVIDFWLRQ� ZLWK� WKH� SURFHGXUH� ZDV�
H[FHOOHQW� LQ� ����� DQG�JRRG� LQ� �����
RI� WKH� FDVHV�� +RZHYHU�� DW� VHFRQG�
ORRN� DUWKURVFRS\�� WZR� RI� WKH� ���
OHVLRQV� �ILYH� SHUFHQW�� KDG� JUDGH� ,�
�QRUPDO��� VHYHQ� ������ KDG� JUDGH� ,,�
�QHDU� QRUPDO��� ��� ������ KDG� JUDGH�
,,,� �DEQRUPDO�� DQG� HLJKW� ������ KDG�
JUDGH� ,9� �VHYHUHO\� DEQRUPDO��
OHVLRQV�� 7KRVH� SDWLHQWV� ZLWK� OHVLRQV�
ODUJHU� WKDQ����� FP�� KDG� VLJQLILFDQWO\�
ZRUVH�RXWFRPHV� WKDQ�GLG� WKRVH�ZLWK�
VPDOOHU�OHVLRQV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� DXWRORJRXV�
PHVHQFK\PDO�VWHP�FHOO�LPSODQWDWLRQ��
GHULYHG� IURP� DGLSRVH�� FDQ� SURGXFH�
VLJQLILFDQW�IXQFWLRQDO�JDLQV� 
 
.RK�� <��� HW� DO�� 6HFRQG� /RRN�
$UWKURVFRSLF� (YDOXDWLRQ� RI� &DUWLODJH�
/HVLRQV� DIWHU� 0HVHQFK\PDO� 6WHP�
&HOO� ,PSODQWDWLRQ� LQ� 2VWHRDUWKULWLF�
.QHHV�� $P� -� 6SRUWV� 0HG�� ������
GRL������������������������� 
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:KLOH� QRQVWHURLGDO� DQWL-�

LQIODPPDWRU\� GUXJV� �16$,'V�� KDYH�
EHHQ� IRXQG� WR� DIIHFW� ERQH�
PHWDEROLVP� DQG� IUDFWXUH� KHDOLQJ��
OLWWOH�HYLGHQFH�H[LVWV�FRQFHUQLQJ�WKHLU�
HIIHFW�RQ�WHQGRQ�KHDOLQJ��7KLV�DQLPDO�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI� D�
VHOHFWLYH�&2;-�� LQKLELWRU�RQ� WHQGRQ-
ERQH�KHDOLQJ� 
8VLQJ�DQ�DQLPDO�URWDWRU�FXII�PRGHO��

VXUJHU\�ZDV�SHUIRUPHG�RQ����UDWV�WR�
GHWDFK�DQG� UHSDLU� WKH� VXSUDVSLQDWXV�
WHQGRQ� LQVHUWLRQ�VLWHV��$IWHU�VXUJHU\��
��� UDWV� UHFHLYHG� GDLO\� LQMHFWLRQV� RI�
PHOR[LFDP� IRU� ��� GD\V� �JURXS� $���
ZKLOH� ��� UDWV� UHFHLYHG� LQMHFWLRQV� RI�
PHOR[LFDP� VWDUWLQJ� DW� SRVWRSHUDWLYH�
GD\�����JURXS�%���$�WKLUG�JURXS�RI����
UDWV�UHFHLYHG�VDOLQH�LQMHFWLRQV��JURXS�
&���7HQGRQ�VSHFLPHQV�RI�HDFK�JURXS�
ZHUH� XVHG� IRU� JURVV� LQVSHFWLRQ��
KLVWRSDWKRORJ\� HYDOXDWLRQ� DQG�
ELRPHFKDQLFDO� WHVWLQJ��
%LRPHFKDQLFDO� WHVWLQJ� ZDV�
FRPSOHWHG� DW� ��� GD\V� SRVW-VXUJHU\��
XVLQJ� SDUDPHWHUV� LQFOXGLQJ� ORDG� WR�
IDLOXUH��VWLIIQHVV�DQG�GLVSODFHPHQW� 

0D[LPDO� ORDGV� LQ� JURXS� %� ZHUH�
VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH�IRU�ERWK�
WKH� &� DQG� $� JURXSV�� 6WLIIQHVV� ZDV�
ORZHU� LQ� JURXS� %� WKDQ� LQ� JURXS� $�
�S ������� +LVWRORJLFDO� H[DPLQDWLRQ�
UHYHDOHG� OHVV� RUJDQL]HG� FROODJHQ� DW�
WKH�WHQGRQ�ERQH�LQWHUIDFH�LQ�JURXS�%�
WKDQ�LQ�WKH�RWKHU�WZR�JURXSV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

IRXQG�WKDW��DIWHU�D�URWDWRU�FXII�UHSDLU��
GHOD\HG� �GD\V� ��� WR� ���� XVH� RI�
QRQVWHURLGDO�DQWL-LQIODPPDWRU\�GUXJV��
GXULQJ� WKH� SUROLIHUDWLYH� SKDVH� RI�
KHDOLQJ� PD\� QHJDWLYHO\� LPSDFW�
WHQGRQ� VWUHQJWK� DQG� FROODJHQ�
IRUPDWLRQ� 
 
&KHFKLN�� 2��� HW� DO�� 7LPLQJ� 0DWWHUV��
16$,'V� ,QWHUIHUH� ZLWK� WKH� /DWH�
3UROLIHUDWLRQ� 6WDJH� RI� WKH� 5HSDLUHG�
5RWDWRU�&XII�7HQGRQ�+HDOLQJ�LQ�5DWV��
$UFK� 2UWKRS� 7UDXPD� 6XUJ�� ������
$SULO�������������-���� 
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(VWLPDWHV� RI� WKH� SUHYDOHQFH� RI�

RVWHRDUWKULWLV� �2$�� IROORZLQJ� DQWHULRU�
FUXFLDWH OLJDPHQW �$&/��
UHFRQVWUXFWLRQ� UDQJH� IURP� ���� WR�
����� 6RPH� KDYH� UHSRUWHG� WKDW�
PHQLVFXV� LQMXULHV� UHTXLULQJ� UHSDLU�
LQFUHDVH� WKLV� ULVN�� +RZHYHU��
UDQGRPL]HG� WULDOV� DUH� VSDUVH�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� SUHYDOHQFH� RI�
UDGLRORJLFDO� 2$� DIWHU� $&/�
UHFRQVWUXFWLRQ� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� ���� SDWLHQWV�� WUHDWHG�
EHWZHHQ������DQG�������(DFK�KDG�D�
WUDXPDWLF� $&/� LQMXU\�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� D� ERQH� WHQGRQ� ERQH�
JUDIW� RU� D� VHPLWHQGLQRVXV� JUDIW��
)RXUWHHQ� \HDUV� DIWHU� UHFRQVWUXFWLRQ��
���� ZHUH� FRQWDFWHG� DQG� DJUHHG� WR�
SDUWLFLSDWH�LQ�WKLV�IROORZ-XS�VWXG\��$OO�
VXEMHFWV� XQGHUZHQW� UDGLRORJLFDO�
H[DPLQDWLRQV� RI� ERWK� NQHHV� WR�
GHWHUPLQH� WKH� JUDGH� RI� 2$�� DQG� DOO�
DOVR� XQGHUZHQW� NQHH� IXQFWLRQ�
DVVHVVPHQW�XVLQJ�D�YLVXDO�DQDORJXH�
VFDOH� DQG� WKH� .QHH� ,QMXU\� DQG�
2VWHRDUWKULWLV� 2XWFRPHV� 6FRUH�
�.226��� 2VWHRDUWKULWLV� ZDV� GHILQHG�
DV� D� .HOOJUHQ-/DZUHQFH� JUDGH� �� RU�
JUHDWHU� 
2VWHRDUWKULWLV�ZDV�PRUH�IUHTXHQW�LQ�

WKH� UHFRQVWUXFWHG� NQHH� WKDQ� LQ� WKH�
FRQWUDODWHUDO�NQHH��2$�RI� WKH�PHGLDO�
FRPSDUWPHQW� ZDV� PRVW� IUHTXHQW��
RFFXUULQJ�LQ�����RI�2$�FDVHV�LQ�WKH�
UHFRQVWUXFWHG� NQHH�� DQG� LQ� ���� LQ�
WKH� FRQWUDODWHUDO� NQHH� �S���������

8QLYDULDEOH� DQDO\VLV� UHYHDOHG� WKDW�
WKH�ULVN�RI�2$�GLG�QRW�GLIIHU�EHWZHHQ�
WKRVH� ZLWK�� YHUVXV� ZLWKRXW� PHGLDO�
PHQLVFDO� LQMXU\�� 3DWLHQWV� ZLWK� D�
UHVHFWHG� PHGLDO� PHQLVFXV� ZHUH� DW�
LQFUHDVHG�ULVN�UHODWLYH�WR�WKRVH�ZLWK�D�
UHSDLUHG�PHGLDO�PHQLVFXV��S ������ 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� IRXQG� D� WKUHH-IROG� LQFUHDVH� LQ�
RVWHRDUWKULWLV� DIWHU� DQ� DQWHULRU�
FUXFLDWH� OLJDPHQW� LQMXU\�� WUHDWHG�ZLWK�
UHFRQVWUXFWLRQ�� DV� FRPSDUHG� WR� WKH�
FRQWUDODWHUDO�XQLQMXUHG�NQHH� 
 
%DUHQLXV��%���HW�DO��,QFUHDVHG�5LVN�RI�
2VWHRDUWKULWLV� DIWHU� $QWHULRU� &UXFLDWH�
/LJDPHQW�5HFRQVWUXFWLRQ��$���-<HDU��
)ROORZ-XS� 6WXG\� RI� D� 5DQGRPL]HG��
&RQWUROOHG� 7ULDO��$P� -� 6SRUWV� 0HG��
������0D\�������������-����� 
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3VRDV� WHQGLQRSDWK\�� RU� LQWHUQDO�

VQDSSLQJ� KLS� V\QGURPH�� RFFXUV�
SUHGRPLQDQWO\� DV� DQ� RYHUXVH� LQMXU\��
3DLQ� LV� WKRXJKW� WR�RULJLQDWH� IURP� WKH�
IULFWLRQ� RI� WKH� LOLRSVRDV� WHQGRQ�
VKHDWK�RYHU�WKH�LOLRSHFWLQHDO�ULGJH�RU�
WKH�LOLDFXV WHQGRQ� 2SHUDWLYH�
LQWHUYHQWLRQV�LQFOXGH�VWHS�FXWWLQJ�WKH�
LOLRSVRDV�DQG� UHOHDVLQJ� WKH� LOLRSVRDV�
WHQGRQ�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\�RI�VXUJHU\�DV�ZHOO�DV�WHQGRQ�
DQG�EXUVD�KLS�LQMHFWLRQV�RYHU�WLPH� 
3DWLHQWV� ZLWK� SULPDU\� SVRDV�

WHQGLQRSDWK\� ZHUH� VHHQ� E\� D� KLS�
VSHFLDOLVW� DQG� UHIHUUHG� IRU�
PXVFXORVNHOHWDO�XOWUDVRXQG�DQG�SODLQ�
ILOP� UDGLRJUDSKV�� ,I� VQDSSLQJ� ZDV�
YLVXDOL]HG�� WULDPFLQRORQH� DQG�
DQHVWKHWLF�ZHUH�SODFHG�LQ�WKH�WHQGRQ�
VKHDWK�DQG�EXUVD��6L[�WR�HLJKW�ZHHNV�
SRVW-LQMHFWLRQ�� WKH� VXEMHFWV� ZHUH�
UHDVVHVVHG� IRU� SVRDV� UHODWHG� SDLQ��
7KRVH� ZLWK� QR� SDLQ� UHOLHI� ZHUH�
UHPRYHG� IURP� WKH�VWXG\��7KRVH�ZLWK�
WHPSRUDU\� EHQHILW� ZHUH� RIIHUHG� WKH�
FKRLFH� RI� IXUWKHU� LQMHFWLRQV� RU�
VXUJLFDO� LQWHUYHQWLRQ�� $OO� ZHUH�
DGPLQLVWHUHG� TXHVWLRQQDLUHV�� WKH�
QRQDUWKULWLF� KLS� VFRUH� �1$+6��DQG�D�
VWXG\� TXHVWLRQQDLUH�� ZKLFK� TXHULHG�
WKH� SDWLHQW� FRQFHUQLQJ� KLS� IXQFWLRQ�
DFWLYLW\� DQG� SDLQ� RYHU� WKH� SUHYLRXV�
���KRXUV� 
)URP� ����� WR� ������ ��� KLSV�ZHUH�

LGHQWLILHG� ZLWK� SULPDU\� LOLRSVRDV�
WHQGLQLWLV�� 2I� WKRVH�� ��� KLSV� ZHUH�
LQMHFWHG�� ZLWK� QR� SDLQ� LPSURYHPHQW��
7ZHQW\-VL[�KLSV�� ������ZHUH� WUHDWHG�
VXUJLFDOO\� ZLWK� SVRDV� WHQRWRP\�� DQG�
��� ������ ZHUH� WUHDWHG� E\� VWHURLG�
LQMHFWLRQ� DORQH�� 7KH� DYHUDJH� IROORZ-�
XS� SHULRG� IRU� WKRVH� SDWLHQWV� WUHDWHG�
E\� VXUJLFDO� UHOHDVH� ZDV� ���PRQWKV��
ZKLOH� WKH� DYHUDJH� IRU� WKRVH� WUHDWHG�

 



 

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

 

 

ZLWK�VWHURLG�LQMHFWLRQ�ZDV����PRQWKV��
7KH� DYHUDJH� 1$+6� VFRUH� DIWHU�
VXUJHU\� DQG� LQMHFWLRQ� ZHUH� ��� DQG�
���� UHVSHFWLYHO\� �S��������
,PSURYHPHQWV� LQ� SDLQ� ZHUH� VLPLODU�
EHWZHHQ� WKH� VXUJHU\� DQG� LQMHFWLRQ�
JURXSV�� WKRXJK� QHLWKHU� JURXS� QRWHG�
LQFUHDVHG�DFWLYLW\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SULPDU\� SVRDV�
WHQGLQRSDWK\�IRXQG�WKDW� ORFDO�VWHURLG�
LQMHFWLRQV�FDQ�SURYLGH�ORQJ-WHUP�SDLQ�
UHOLHI�� )RU� SDWLHQWV� ZLWK� RQO\�
WHPSRUDU\� UHOLHI� IURP� LQMHFWLRQV��
SVRDV� WHQRWRP\� FDQ� SURYLGH� JRRG�
ORQJ�WHUP�SDLQ�UHOLHI� 
 
*DUDOD��.��� HW� DO��0HGLXP�7HUP�DQG�
/RQJ-7HUP 2XWFRPHV RI�
,QWHUYHQWLRQV� IRU� 3ULPDU\� 3VRDV�
7HQGLQRSDWK\��&OLQ�-�RI�6SRUWV�0HG��
������0D\������������-���� 
 
 

67(0�&(//6�)25�527$725�
&8))�+($/,1* 

 
5RWDWRU� FXII� WHDUV� RFFXU� LQ� PRUH�

WKDQ�����RI�LQGLYLGXDOV�RYHU�WKH�DJH�
RI����\HDUV��+RZHYHU��DSSUR[LPDWHO\�
���� RI� VXUJLFDOO\� UHSDLUHG� URWDWRU�
FXIIV� GR� QRW� KHDO� SURSHUO\�� $V� VWHP�
FHOO�WKHUDSLHV�IRU�WLVVXH�UHJHQHUDWLRQ�
DQG� UHSDLU� UHSUHVHQW� D� QHZ� DYHQXH�
IRU� LQYHVWLJDWLRQ�� WKLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
KHDOLQJ�DIWHU�D�URWDWRU�FXII�UHSDLU�FDQ�
EH� DFFHOHUDWHG� WKURXJK� WKH� XVH� RI�
DXWRORJRXV�VWHP�FHOOV� 
7KLV� DQLPDO� VWXG\� LQFOXGHG� ���

ZKLWH� PDOH� UDEELWV�� $OO� XQGHUZHQW�
ELODWHUDO� VXEVFDSXODULV� �66&��
UXSWXUH�� $IWHU� VL[� ZHHNV� WKH� UDEELWV�
ZHUH� UDQGRPO\� GLYLGHG� LQWR� ILYH�
JURXSV�� 7KHVH� LQFOXGHG� DGLSRVH-
GHULYHG� VWHP� FHOOV� �$'6&V�� SOXV�
UHSDLU�� VDOLQH� SOXV� UHSDLU�� $'6&V�
RQO\�� VDOLQH� RQO\� DQG� D� FRQWURO��
$QLPDOV� WKHQ� XQGHUZHQW�
HOHFWURP\RJUDSKLF�� ELRPHFKDQLFDO�
DQG� KLVWRORJLF� DQDO\VLV� VL[� ZHHNV�
DIWHU� WKH� VHFRQGDU\� SURFHGXUHV�� $OO�
WHQGRQV�LQ�WKH�$'6&�RQO\�DQG�VDOLQH�
JURXSV� IDLOHG� WR� KHDO��
%LRPHFKDQLFDOO\�� WKH� ORDG� WR� IDLOXUH�
RI� WKH� $'6&� SOXV� UHSDLU� JURXS� ZDV�
������1�� DQG� WKDW� RI� WKH� VDOLQH� SOXV�
UHSDLU�JURXS�ZDV�������1��S ��������
+LVWRORJLFDOO\�� WKH� PHDQ� SURSRUWLRQ�
RI� IDWW\� LQILOWUDWLRQ� LQ� WKH� 66&�
PXVFOHV� ZDV� ORZHVW� LQ� WKH� $'6&�
SOXV�UHSDLU�JURXS��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\�� XVLQJ�

DQ� DQLPDO� PRGHO� IRU� URWDWRU� FXII�
WHDUV��IRXQG�WKDW�ORFDOO\�DGPLQLVWHUHG�
DGLSRVH�GHULYHG�VWHP�FHOOV�PD\�KDYH�
D�SRVLWLYH�EHQHILW�RQ� WHQGRQ-WR-ERQH�
KHDOLQJ�DQG�IDWW\�LQILOWUDWLRQ� 

 
2K�� -��� HW� DO�� ����� 1HHU� $ZDUG��
(IIHFW� RI� WKH� $GLSRVH� 'HULYHG� 6WHP�
&HOO� IRU� WKH� ,PSURYHPHQW� RI� )DWW\�
'HJHQHUDWLRQ� DQG� 5RWDWRU� &XII�
+HDOLQJ� LQ� D� 5DEELW� 0RGHO�� -�
6KRXOGHU� (OERZ�6XUJ��������$SULO��
����������-���� 
 
675(7&+,1*�7(&+1,48(6�$1'�

9(57,&$/�-803,1*�
3(5)250$1&( 

 
0DQ\� FRDFKHV� EHOLHYH� WKDW� VWDWLF�

VWUHWFKLQJ� EHIRUH� FRPSHWLWLRQ�
LPSURYHV� SHUIRUPDQFH�� SUHYHQWV�
LQMXULHV� DQG� LQFUHDVHV� IOH[LELOLW\��
5HFHQW� VWXGLHV� KDYH� VXJJHVWHG�� LQ�
IDFW�� WKDW� VWDWLF� VWUHWFKLQJ� PD\�
QHJDWLYHO\ LPSDFW DWKOHWLF�
SHUIRUPDQFH�� DQG� WKDW� WKH� HIIHFW� RI�
VWUHWFKLQJ� RQ� SHUIRUPDQFH� GHSHQGV�
XSRQ� WKH� W\SH� RI� VWUHWFKLQJ�� 7KLV�
VWXG\� HYDOXDWHG� WKUHH� GLIIHUHQW�
VWUHWFKLQJ� WHFKQLTXHV�ZLWK� UHJDUG� WR�
WKHLU� HIIHFW� RQ� YHUWLFDO� MXPSLQJ�
SHUIRUPDQFH� 

2QH� KXQGUHG�� SK\VLFDOO\� DFWLYH��
PDOH� DWKOHWHV� YROXQWHHUHG� IRU�
SDUWLFLSDWLRQ� LQ� WKLV� VWXG\�� $OO�
VXEMHFWV� XQGHUZHQW� SUH-MXPS�
SHUIRUPDQFH�DVVHVVPHQWV�� LQFOXGLQJ�
IOH[LELOLW\� PHDVXUHPHQW�� 7KH�
YROXQWHHUV� ZHUH� GLYLGHG� LQWR� WKUHH�
JURXSV�� DFFRUGLQJ� WR� IOH[LELOLW\� DQG�
SUH-MXPS�SHUIRUPDQFHV��$IWHU�ZDUP-
XS�� WKH� SDUWLFLSDQWV� ZHUH� DVNHG� WR�
SHUIRUP� RQH� RI� WKUHH� VWUHWFKLQJ�
WHFKQLTXHV�� 7KRVH� WHFKQLTXHV�
LQFOXGHG� EDOOLVWLF� VWUHWFKLQJ� �%6���
SURSULRFHSWLYH� QHXURPXVFXODU�
IDFLOLWDWLRQ� VWUHWFKLQJ� SOXV� EDOOLVWLF�
VWUHWFKLQJ� �31)� SOXV� %6�� DQG�
SURSULRFHSWLYH� QHXURPXVFXODU�
IDFLOLWDWLRQ� VWUHWFKLQJ� SOXV� VWDWLF�
VWUHWFKLQJ� �31)� SOXV� 66��� (DFK�
VWUHWFKLQJ� WHFKQLTXH� ZDV� DSSOLHG�
ELODWHUDOO\�� ZLWK� IRXU� VHWV� RI� HDFK�
SHUIRUPHG�� 7KH� VXEMHFWV� ZHUH� WKHQ�
DVVHVVHG� E\� FRXQWHUPRYHPHQW�
MXPS�� DQG� ZHUH� DVNHG� WR� MXPS� DV�
KLJK�DV�SRVVLEOH�ZKLOH�H[WHQGLQJ�WKH�
OHJV�� 7KH� MXPS� ZDV� UHSHDWHG� WKUHH�
WLPHV� 
)RU�WKH�HQWLUH�JURXS���%6�LQFUHDVHG�

YHUWLFDO� MXPS� SHUIRUPDQFH�� DQG� DOVR�
LPSURYHG� WKH� SHUIRUPDQFH� RI� WKRVH�
LQ�WKH�ORZ�DYHUDJH�IOH[LELOLW\�DQG�SRRU�
SUH-MXPSLQJ� SHUIRUPDQFH� JURXSV��
31)�SOXV�%6� LPSURYHG�SHUIRUPDQFH�
DPRQJ� WKRVH� ZLWK� KLJK� IOH[LELOLW\�
 3URSULRFHSWLYH� QHXURPXVFXODU�
IDFLOLWDWLRQ� SOXV� 66� GHFUHDVHG�
SHUIRUPDQFH� LQ� WKH�ZKROH� JURXS�� DV�
ZHOO� DV� DPRQJ� WKRVH� LQ� WKH� KLJK�
IOH[LELOLW\�� PRGHUDWHO\� KLJK� SUH-�
MXPSLQJ�SHUIRUPDQFH�JURXSV� 

&RQFOXVLRQ�� 7KLV� VWXG\��
FRPSDULQJ SUH-SHUIRUPDQFH�
VWUHWFKLQJ� WHFKQLTXHV�� IRXQG� WKDW�
FRPELQLQJ� SURSULRFHSWLYH�
QHXURPXVFXODU� IDFLOLWDWLRQ�ZLWK� VWDWLF�
VWUHWFKLQJ� FDQ� GHJUDGH� MXPSLQJ�
SHUIRUPDQFH�� 7KH� UHVXOWV� VXJJHVWHG�
WKDW� EDOOLVWLF� VWUHWFKLQJ� LV� PRUH�
VXLWDEOH�� UHVXOWLQJ� LQ� HQKDQFHG�
SHUIRUPDQFH� 
 
.LUPL]LJLO�� %��� HW� DO�� (IIHFWV� RI� 7KUHH�
'LIIHUHQW� 6WUHWFKLQJ� 7HFKQLTXHV� RQ�
9HUWLFDO� -XPSLQJ� 3HUIRUPDQFH�� -�
6WUHQJWK�&RQG�5HV��������0D\���� 
���������-����� 
 

7(11,6-5(/$7('�,1-85,(6 
 
7HQQLV� LV� DPRQJ� WKH� IDVWHVW�

JURZLQJ� VSRUWV� LQ� WKH�8QLWHG�6WDWHV��
ZLWK� D� ���� LQFUHDVH� LQ� SDUWLFLSDQWV�
RYHU�WKH�SDVW�GHFDGH��0RVW�GDWD 
FRQFHUQLQJ� WHQQLV� LQMXULHV� DUH�

EDVHG� XSRQ� HOLWH� RU� SURIHVVLRQDO��
UDWKHU� WKDQ� DPDWHXU�� SOD\HU� GDWD��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� SDWWHUQV� RI� LQMXU\� DPRQJ�
DOO� WHQQLV� SOD\HUV� VHHQ� IRU� LQMXU\� LQ�
HPHUJHQF\� GHSDUWPHQWV� LQ� WKH�
8QLWHG�6WDWHV� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

1DWLRQDO� (OHFWURQLF� ,QMXU\�
6XUYHLOODQFH� 6\VWHP� �1(,66��� ZLWK�
GDWD� FROOHFWHG� IURP� ���� KRVSLWDOV��
UHSUHVHQWLQJ� D� VWUDWLILHG� SUREDELOLW\�
VDPSOH�RI�������KRVSLWDOV��7KH�GDWD�
ZHUH� UHYLHZHG� IRU� PHFKDQLVP� RI�
LQMXU\� DQG� UHYLHZHG� E\� DJH�
FDWHJRULHV�� ,QMXU\� GLDJQRVHV� DQG�
ORFDWLRQV�ZHUH�LGHQWLILHG� 
)URP������ WKURXJK���������������

SDWLHQWV� ZHUH� WUHDWHG� LQ� 8QLWHG�
6WDWHV� HPHUJHQF\� GHSDUWPHQWV� IRU�
WHQQLV-� UHODWHG� LQMXULHV�� 7KH� QXPEHU�
RI�WHQQLV�UHODWHG�LQMXULHV�GHFUHDVH�E\�
������ GXULQJ� WKH� \HDUV� ����� WR�
������&KLOGUHQ�ILYH�WR�HLJKWHHQ�\HDUV�
RI�DJH�DFFRXQWHG�IRU�������RI�WKRVH�
LQMXULHV��DQG�SDWLHQWV���� WR����\HDUV�
DFFRXQWHG� IRU� ������ RI� WKH� FDVHV��
0RVW� SDWLHQWV� ZHUH� WUHDWHG� DQG�
UHOHDVHG� ��������� $PRQJ� WKH�
SDWLHQWV� DGPLWWHG� WR� D� KRVSLWDO��
������ZHUH����\HDUV�RI�DJH�RU�ROGHU� 
7KH� PRVW� FRPPRQO\� LQMXUHG� ERG\�

UHJLRQV� ZHUH� ORZHU� H[WUHPLWLHV��
UHSUHVHQWLQJ� ������ RI� WKH� LQMXULHV��
ZLWK� LQMXULHV� WR� WKH� DQNOHV�
UHSUHVHQWLQJ� ������ RI� ORZHU�
H[WUHPLW\� LQMXULHV�� 7KH� ZULVW�
UHSUHVHQWHG� ������ RI� XSSHU�
H[WUHPLW\� LQMXULHV�� 6WUDLQV� DQG�
VSUDLQV� ZHUH� WKH� PRGDO� LQMXU\�� DW�
������� IROORZHG� E\� IUDFWXUHV�� DW�
������� DQG� VRIW� WLVVXH� LQMXULHV�� DW�
������ 



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

 

 

&RQFOXVLRQ�� 7KLV� VWXG\�
GHPRQVWUDWHV� WKDW� WHQQLV-UHODWHG�
LQMXULHV� KDYH� GHFUHDVHG� RYHU� WKH�
SDVW����\HDUV��0RUH� WKDQ�����RI�DOO�
LQMXULHV� LQYROYHG� WKH� ORZHU�
H[WUHPLWLHV� 
 
*DZ�� &��� HW� DO�� 7HQQLV� 5HODWHG�
,QMXULHV�7UHDWHG� LQ� WKH�8QLWHG�6WDWHV�
(PHUJHQF\� 'HSDUWPHQWV�� ����� WR�
������&OLQ�-�6SRUW�0HG�� ������0D\��
����������-���� 
 

$'$/,080$%�$1'�-2,17�
'$0$*(�,1�($5/<�5+(80$72,'�

$57+5,7,6 
 
*LYHQ� WKH� VLJQLILFDQW� LPSDFW� WKDW�

ELRORJLF� WKHUDSLHV� KDYH� RQ�
UKHXPDWRLG�DUWKULWLV��5$���VRPH�KDYH�
DGYRFDWHG� IRU� WKH� HDUOLHU� XVH� RI�
WKHVH�PHGLFDWLRQV��7KH�HIILFDF\�DQG�
VDIHW\� RI� WKH� WXPRU� QHFURVLV� IDFWRU-
DOSKD� LQKLELWRU�� $GDOLPXPDE�� KDV�
EHHQ� ZHOO� HVWDEOLVKHG� DV� D�
PRQRWKHUDS\� RU� FRPELQHG� ZLWK�
PHWK\OWUH[DWH� �07;��� 7KLV� VWXG\�
FRPSDUHG� WKH�HIILFDF\�DQG� VDIHW\�RI�
HDUO\� LQWHUYHQWLRQ� ZLWK� DGDOLPXPDE�
SOXV� 07;� YHUVXV� 07;� DORQH� IRU�
LQKLELWLQJ�UDGLRJUDSKLF�SURJUHVVLRQ�LQ�
07;-QDLYH� -DSDQHVH� SDWLHQWV� ZLWK�
5$� 
7KLV� VWXG\� LQFOXGHG� SDWLHQWV� DW�

OHDVW����\HDUV�RI�DJH��DOO�GLDJQRVHG�
ZLWK� 5$�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
VXEFXWDQHRXV� DGDOLPXPDE�� ��� PJ��
RU� D� SODFHER� HYHU\� RWKHU� ZHHN� LQ�
FRPELQDWLRQ�ZLWK�RUDO�07;�DW� ��PJ��
ZN�RU�07;�DORQH�DW�XS� WR���PJ�ZN��
$OO� SDUWLFLSDQWV� ZHUH� DVVHVVHG� E\�
UDGLRJUDSKV� RI� WKH� KDQGV� DQG� IHHW�
DQG� VFRUHG� E\� WZR� LQGHSHQGHQW�
UHDGHUV� KHOG� EOLQG� WR� WKH� WUHDWPHQW�
DVVLJQPHQW� 
$�WRWDO�RI�����SDWLHQWV�UHFHLYHG�WKH�

FRPELQDWLRQ� PHGLFDWLRQV� DQG� ����
UHFHLYHG� 07;� DORQH�� 5DGLRJUDSKLF�
SURJUHVVLRQ� ZDV� VLJQLILFDQWO\� PRUH�
UHGXFHG� LQ� WKH� FRPELQDWLRQ� JURXS�
DW� ���ZHHNV� WKDQ� LQ� WKH�07;�JURXS�
DORQH��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UKHXPDWRLG� DUWKULWLV�
IRXQG� WKDW� D� FRPELQDWLRQ� RI�
PHWK\OWUH[DWH� DQG� DGDOLPXPDE� LV�
VXSHULRU� WR� PHWK\OWUH[DWH� DORQH� LQ�
SUHYHQWLQJ�MRLQW�GHWHULRUDWLRQ� 
 

7DNHXFKL�� 7��� HW� DO�� $GDOLPXPDE� �� D�
+XPDQ� $QWL-71)� 0RQRFORQDO�
$QWLERG\�� 2XWFRPH� 6WXG\� IRU� WKH�
3UHYHQWLRQ� RI� -RLQW� 'DPDJH� LQ�
-DSDQHVH� 3DWLHQWV� ZLWK� (DUO\�
5KHXPDWRLG�$UWKULWLV��7KH�+23()8/�

�� 6WXG\�� $QQ� 5KHXP� 'LV�� ������
0DUFK���������-���� 

 
 

$'$/,080$%�)25�$&7,9(�
$1.</26,1*�6321'</,7,6 

 
$QN\ORVLQJ� VSRQG\OLWLV� �$6�� LV�

FKDUDFWHUL]HG�E\� LQIODPPDWLRQ�RI� WKH�
D[LDO� VNHOHWRQ�� DQG� FDQ� FDXVH�
FRQVLGHUDEOH�GLVDELOLW\�DQG�SDLQ��$QWL
-� WXPRU� QHFURVLV� IDFWRU� WKHUDS\� LV�
UHFRPPHQGHG� IRU� WKRVH�ZKR�GR� QRW�
UHVSRQG� WR� FRQYHQWLRQDO� WKHUDSLHV��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� VDIHW\�DQG�HIILFDF\�RI�
DGDOLPXPDE� IRU� WKH� WUHDWPHQW� RI�$6�
LQ�&KLQHVH�SDWLHQWV� 
(OLJLEOH� SDWLHQWV� ZHUH� EHWZHHQ� ���

DQG� ��� \HDUV� RI� DJH�� DOO� GLDJQRVHG�
ZLWK� $6�� )ROORZLQJ� VFUHHQLQJ�� WKH�
VXEMHFWV�ZHUH�UDQGRPL]HG�WR�UHFHLYH�
HLWKHU� DGDOLPXPDE� DW� ��� PJ� RU� D�
PDWFKLQJ� SODFHER� VXEFXWDQHRXVO\�
HYHU\�RWKHU�ZHHN��$���-ZHHN��GRXEOH
-�EOLQG�SKDVH�ZDV� IROORZHG�E\�D���-�
ZHHN� RSHQ� ODEHO� SKDVH� LQ� ZKLFK� DOO�
SDWLHQWV� UHFHLYHG� WKH� WUHDWPHQW�
PHGLFDWLRQ�� (IILFDF\� DQG� VDIHW\� RI�
WKH� WUHDWPHQW� DQG� SODFHER� ZHUH�
DVVHVVHG� DW� ZHHNV� ]HUR�� WZR� DQG�
IRXU�� DQG� WKHQ� HYHU\� IRXU� ZHHNV�
WKHUHDIWHU�� 7KH� SULPDU\� HIILFDF\�
HQGSRLQW� ZDV� WKH� SHUFHQWDJH� RI�
SDWLHQWV� DFKLHYLQJ� WKH� $6$6���
UHVSRQVH�FULWHULD�DW�ZHHN�����GHILQHG�
DV�DQ� LPSURYHPHQW�RI������DQG�DQ�
DEVROXWH� LPSURYHPHQW� RI� ���� XQLWV�
IURP�EDVHOLQH�LQ�DW�OHDVW�WKUHH�RI�IRXU�
GRPDLQV� 
2QH�KXQGUHG� ILIWHHQ� SDWLHQWV�ZHUH�

UDQGRPL]HG� WR� WKH� SODFHER� JURXS�
DQG� ���� WR� WKH� WUHDWPHQW� JURXS�� $�
WRWDO�RI�������RI�WKH�WUHDWPHQW�JURXS�
DQG� ������ RI� WKH� SODFHER� JURXS�
DFKLHYHG� WKH� $6$6��� UHVSRQVH� DW�
ZHHN� ��� �S��������� 7KH� $6$6���
UDWHV� ZHUH� VLJQLILFDQWO\� GLIIHUHQW� DV�
HDUO\� DV�ZHHN� WZR�� $W� ZHHN� ���� WKH�
HIILFDF\� RI� WKH� WUHDWPHQW� ZDV�
GHPRQVWUDWHG� IRU� VHYHUDO� VHFRQGDU\�
HIILFDF\� YDULDEOHV�� LQFOXGLQJ� FKHVW�
H[SDQVLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

&KLQHVH� SDWLHQWV� ZLWK� DQN\ORVLQJ�
VSRQG\OLWLV� IRXQG� WKDW� DGDOLPXPDE�
FDQ� SURYLGH� VLJQLILFDQW� LPSURYHPHQW�
LQ� V\PSWRPV�� SK\VLFDO� IXQFWLRQ� DQG�
TXDOLW\� RI� OLIH�� DV� FRPSDUHG� ZLWK�
SODFHER� 
 
+XDQJ��)���HW�DO��(IILFDF\�DQG�6DIHW\�
RI� $GDOLPXPDE� LQ� &KLQHVH� $GXOWV�
ZLWK� $FWLYH� $QN\ORVLQJ� 6SRQG\OLWLV��
5HVXOWV�RI�D�5DQGRPL]HG��&RQWUROOHG�

7ULDO��$QQ� 5KHXP� 'LV��������0DUFK��
����������-���� 
 
 
&2521$5<�$57(5<�%<3$66�

*5$)7,1*�9(5686�
3(5&87$1(286�&2521$5<�

,17(59(17,21 
 
&RURQDU\� DUWHU\� GLVHDVH� LV� D�

OHDGLQJ� FDXVH� RI� GHDWK� ZRUOGZLGH��
1RWLQJ� WKDW� UHFHQW� WULDOV� FRPSDULQJ�
FRURQDU\� DUWHU\� E\SDVV� JUDIWLQJ�
�&$%*�� DQG� SHUFXWDQHRXV� FRURQDU\�
LQWHUYHQWLRQ� �3&,�� KDYH�EHHQ�XQGHU-�
SRZHUHG�� WKH� DXWKRUV� RI� WKLV� VWXG\�
HPSOR\HG� D� PHWD-DQDO\VLV� RI�
UDQGRPL]HG� WULDOV� WR� EHWWHU�
XQGHUVWDQG� WKH� GLIIHUHQFH� LQ�
RXWFRPHV� EHWZHHQ� WKHVH� VXUJLFDO�
WHFKQLTXHV� 
$�V\VWHPDWLF�VHDUFK�RI�WKH�PHGLFDO�

OLWHUDWXUH� ZDV� FRPSOHWHG�� UHYLHZLQJ�
UDQGRPL]HG�� FRQWUROOHG� WULDOV� ZKLFK�
SDLUHG� &$%*� DQG� 3&,�� $OO� VWXGLHV�
KDG�GHGLFDWHG�&$%*�DQG�3&,�DUPV��
KDG�DQ�DYHUDJH�IROORZ-XS�GXUDWLRQ�RI�
DW� OHDVW� RQH� \HDU�� XVHG� DUWHULDO�
JUDIWLQJ� DQG� XVHG� VWHQWV� LQ� DW� OHDVW�
����RI�WKH�3&,�DUP� 
2I� WKH� WULDOV� UHYLHZHG�� VL[� ZHUH�

LQFOXGHG�LQ�WKH�DQDO\VLV��IRU�D�WRWDO�RI�
������ SDWLHQWV�� 7KH� DQDO\VLV�
UHYHDOHG�D�����JUHDWHU� UHGXFWLRQ� LQ�
WRWDO�PRUWDOLW\�ZLWK�WKH�XVH�RI�&$%*��
DV� FRPSDUHG�ZLWK�3&,� �S �������� ,Q�
DGGLWLRQ�� D� ���� JUHDWHU� UHGXFWLRQ�
ZDV� IRXQG� LQ� P\RFDUGLDO� LQIDUFWLRQ�
DPRQJ� WKRVH� WUHDWHG�ZLWK� &$%*� DV�
FRPSDUHG� ZLWK� 3&,� �S��������� 7KH�
DQDO\VLV� UHYHDOHG� DQ� LQVLJQLILFDQW�
WUHQG�WRZDUGV�H[FHVV�VWURNHV�DPRQJ�
WKRVH� WUHDWHG� ZLWK� &$%*� DV�
FRPSDUHG�ZLWK�3&,��S �������5HSHDW�
UHYDVFXODUL]DWLRQV� �S�������� DQG�
PDMRU�� DGYHUVH� FDUGLDF� DQG�
FHUHEURYDVFXODU� HYHQWV� ZHUH�
VLJQLILFDQWO\� PRUH� UHGXFHG� ZLWK�
&$%*�WKDQ�ZLWK�3&,��S�������� 

&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�
RI�UDQGRPL]HG��FRQWUROOHG�WULDOV�IRXQG�
WKDW��DPRQJ�SDWLHQWV�ZLWK�PXOWLYHVVHO�
FRURQDU\� GLVHDVH�� FRURQDU\� DUWHU\�
E\SDVV�JUDIWLQJ� VLJQLILFDQWO\� UHGXFHV�
ORQJ-WHUP�� DOO-FDXVH� PRUWDOLW\� DQG�
P\RFDUGLDO� LQIDUFWLRQV� DV� FRPSDUHG�
ZLWK� SHUFXWDQHRXV� FRURQDU\�
LQWHUYHQWLRQ� 

 

6LSDKL�� ,��� HW� DO�� &RURQDU\� $UWHU\�
%\SDVV� *UDIWLQJ� YHUVXV�
3HUFXWDQHRXV� &RURQDU\� ,QWHUYHQWLRQ�
DQG� /RQJ-7HUP� 0RUWDOLW\� DQG�
0RUELGLW\� LQ� 0XOWLYHVVHO� 'LVHDVH��
0HWD-$QDO\VLV� RI� 5DQGRPL]HG�
&OLQLFDO�7ULDOV�RI� WKH�$UWHULDO�*UDIWLQJ�



 

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

 

 

DQG�6WHQWLQJ�(UD��-$0$� ,QWHUQ�0HG��
������)HEUXDU\�������������-���� 
 
 
,00(',$7(�%/22'�35(6685(�
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,6&+(0,&�6752.( 
 

&OLQLFDO� WULDOV� KDYH� GRFXPHQWHG�
WKDW�ORZHULQJ�EORRG�SUHVVXUH�UHGXFHV�
WKH�ULVN�RI�VWURNH�LQ�K\SHUWHQVLYH�DQG�
QRUPRWHQVLYH� SDWLHQWV�ZLWK� D�KLVWRU\�
RI� VWURNH� RU� WUDQVLHQW� LVFKHPLF�
DWWDFN�� +RZHYHU�� WKH� HIIHFW� RI�
LPPHGLDWH� DQWLK\SHUWHQVLYH�
WUHDWPHQW� LQ� SDWLHQWV� ZLWK� DFXWH�
LVFKHPLF� VWURNH� ZKR� SUHVHQW� ZLWK�
HOHYDWHG�EORRG�SUHVVXUH�LV�PXFK�OHVV�
FHUWDLQ�� 7KLV� PXOWLFHQWHU��
UDQGRPL]HG�� FRQWUROOHG� WULDO� WHVWHG�
ZKHWKHU�PRGHUDWH� ORZHULQJ� RI� EORRG�
SUHVVXUH� ZLWKLQ� WKH� ILUVW� ��� KRXUV�
DIWHU� WKH� RQVHW� RI� DFXWH� LVFKHPLF�
VWURNH� FDQ� UHGXFH� GHDWK� DQG� PDMRU�
GLVDELOLW\� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

ZDV� FRQGXFWHG� LQ� ��� KRVSLWDOV�
DFURVV� &KLQD�� (OLJLEOH� SDWLHQWV� KDG�
DQ� LVFKHPLF� VWURNH� ZLWK� V\VWROLF�
EORRG� SUHVVXUH� HOHYDWHG� EHWZHHQ�
���PP+J� DQG� ���PP+J�� 7KH�
SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�
WR� UHFHLYH� DQWLK\SHUWHQVLYHV� DLPHG�
DW� ORZHULQJ� EORRG� SUHVVXUH� ��� -����
ZLWKLQ� WKH� ILUVW� ��� KRXUV� DQG�
DFKLHYLQJ� EORRG� SUHVVXUH� OHVV� WKDQ�
������PP+J� ZLWKLQ� VHYHQ� GD\V�� RU�
WR� D� FRQWURO� JURXS� GLVFRQWLQXLQJ� DOO�
DQWLK\SHUWHQVLYH� PHGLFDWLRQV� GXULQJ�
WKHLU� KRVSLWDOL]DWLRQ�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH�
FRPELQDWLRQ� RI� GHDWK� DQG� PDMRU�
GLVDELOLW\� DW� ��� GD\V� RU� KRVSLWDO�
GLVFKDUJH� 
2I� WKH� ������ SDWLHQWV� HOLJLEOH��

������ ZHUH� DVVLJQHG� WR� UHFHLYH�
DQWLK\SHUWHQVLYH� WUHDWPHQW� DQG�
������ WR� WKH� FRQWURO� JURXS�� $W� ���
GD\V�RU�KRVSLWDO�GLVFKDUJH��������LQ�
WKH� WUHDWPHQW� JURXS� DQG� ������ LQ�
WKH�FRQWURO�JURXS�H[SHULHQFHG�GHDWK�
RU� PDMRU� GLVDELOLW\�� 7KH� RGGV� RI� D�
KLJKHU� PRGLILHG� 5DQNLQ� VFDOH� VFRUH�
ZHUH� QRW� DVVRFLDWHG� ZLWK�
DQWLK\SHUWHQVLYH� WUHDWPHQW�� $W� WKUHH�
PRQWKV�� ������ LQ� WKH� WUHDWPHQW�
JURXS� KDG� GLHG� RU� KDG� H[SHULHQFHG�
PDMRU� GLVDELOLW\�� DV� FRPSDUHG� ZLWK�
������ LQ� WKH� FRQWURO� JURXS�� 7KH�
PHGLDQ�PRGLILHG�5DQNLQ�VFDOH�VFRUH��
GHDWK� UDWH� DQG� YDVFXODU� GLVHDVH�
HYHQWV�ZHUH�VLPLODU�EHWZHHQ�WKH�WZR�
JURXSV��1RQH�RI�WKH�GLIIHUHQFHV�ZHUH�
VWDWLVWLFDOO\�VLJQLILFDQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFXWH� LVFKHPLF� VWURNH�
IRXQG� WKDW� EORRG� SUHVVXUH� UHGXFWLRQ�

GXULQJ� KRVSLWDOL]DWLRQ� GRHV� QRW�
UHGXFH� WKH� OLNHOLKRRG� RI� GHDWK� RU�
PDMRU�GLVDELOLW\�DW����GD\V� 
 
+H�� -��� HW� DO�� (IIHFWV� RI� ,PPHGLDWH�
%ORRG�3UHVVXUH�5HGXFWLRQ�RQ�'HDWK�
DQG�0DMRU�'LVDELOLW\� LQ�3DWLHQWV�ZLWK�
$FXWH� ,VFKHPLF� 6WURNH�� 7KH� &$7,6�
5DQGRPL]HG� &OLQLFDO� 7ULDO�� -$0$��
������)HEUXDU\���������������-���� 
 
 
,1,7,$7,1*�3+<6,&$/�$&7,9,7<�
,1�/$7(5�/,)(�$1'�+($/7+<�
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(PHUJLQJ� HYLGHQFH� VXJJHVWV� WKDW�

UHJXODU� SK\VLFDO� H[HUFLVH� LV� DPRQJ�
WKH� PRVW� LPSRUWDQW� OLIHVW\OH� IDFWRUV�
IRU� WKH� PDLQWHQDQFH� RI� JRRG� KHDOWK�
DV� RQH� DJHV�� 7KLV� VWXG\� H[DPLQHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� SK\VLFDO�
DFWLYLW\� DQG� KHDOWK\� DJLQJ� RYHU� DQ�
HLJKW-\HDU� IROORZ-XS� LQ� WKH� (QJOLVK�
/RQJLWXGLQDO�6WXG\�RI�$JHLQJ��(/6$�� 
7KH� (/6$� FRKRUW� FRQVLVWV� RI� PHQ�

DQG� ZRPHQ� ERUQ� EHIRUH� )HEUXDU\�
������ 7KLV� SURVSHFWLYH� VWXG\� RI�
FRPPXQLW\� GZHOOLQJ� ROGHU� DGXOWV�
PHDVXUHG� VHOI-UHSRUWHG� SK\VLFDO�
DFWLYLW\�� DVVHVVHG� DW� EDVHOLQH�� �����
WR� ������ 7KH� VXEMHFWV� ZHUH�
UHDVVHVVHG� HYHU\� WZR� \HDUV�� DQG�
WKHQ�IRU�KHDOWK\�DJLQJ�DW�HLJKW�\HDUV��
:LWK� UHSHDWHG� TXHVWLRQQDLUHV��
UHVHDUFKHUV� ZHUH� DEOH� WR� GHWHUPLQH�
QHZ� RQVHW� DFWLYLW\�� +HDOWK\� � DJLQJ�
ZDV� GHILQHG� DV� VXUYLYLQJ� ZLWKRXW�
PDMRU� FKURQLF� GLVHDVH�� GHSUHVVLYH�
V\PSWRPV� RU� SK\VLFDO� RU� FRJQLWLYH�
LPSDLUPHQW�� 3K\VLFDO� DFWLYLW\� ZDV�
PHDVXUHG� DV� WKH� IUHTXHQF\� DQG�
UHJXODULW\� RI� H[HUFLVH� URXWLQHO\�
SUDFWLFHG� 
7KH� ILQDO� VDPSOH� FRPSULVHG� ������

LQGLYLGXDOV� ZLWK� DQ� DYHUDJH� DJH� RI�
����� \HDUV� DW� EDVHOLQH�� $� GRVH�
UHVSRQVH� DVVRFLDWLRQ� ZDV� IRXQG�
EHWZHHQ� EDVHOLQH� SK\VLFDO� DFWLYLW\�
DQG� KHDOWK\� DJLQJ� DIWHU� HLJKW� \HDUV��
ZLWK� WKRVH� UHSRUWLQJ� PRGHUDWH� RU�
YLJRURXV�DFWLYLW\�����IROG�DQG�����IROG��
UHVSHFWLYHO\�� PRUH� OLNHO\� WR� EH�
KHDOWK\� DJHUV� DV� FRPSDUHG� ZLWK�
LQDFWLYH� SDUWLFLSDQWV�� 2I� WKRVH� ZKR�
EHFDPH� DFWLYH� GXULQJ� WKH� VWXG\�
SHULRG�� WKLV� DFWLYLW\� ZDV� DVVRFLDWHG�
ZLWK� LPSURYHG� KHDOWK\� DJLQJ� DV�
FRPSDUHG� ZLWK� WKRVH� ZKR� UHPDLQHG�
LQDFWLYH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPPXQLW\-EDVHG� LQGLYLGXDOV� IRXQG�
WKDW� UHPDLQLQJ� DFWLYH�� RU� EHJLQQLQJ�
DFWLYH� H[HUFLVH� LQ� ODWHU� OLIH�� LV�
DVVRFLDWHG�ZLWK�KHDOWKLHU�DJLQJ� 

 

+DPHU��0���HW�DO��7DNLQJ�XS�3K\VLFDO�
$FWLYLW\� LQ� /DWHU� /LIH� DQG� +HDOWK\�
$JHLQJ�� 7KH� (QJOLVK� /RQJLWXGLQDO�
6WXG\� RI� $JHLQJ��%U� -� 6SRUWV� 0HG��
������)HEUXDU\������������-���� 
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2YHU� WLPH�� SDWLHQWV� ZLWK�

3DUNLQVRQ
V� GLVHDVH� �3'�� UHFHLYLQJ�
ORQJ-WHUP� RUDO� OHYRGRSD� WUHDWPHQW�
H[SHULHQFH� D� GXUDWLRQ� RI� UHVSRQVH�
WKDW� EHFRPHV� VKRUWHU�� ZLWK� PRWRU�
IOXFWXDWLRQV� DQG� G\VNLQHVLDV�
GHYHORSLQJ�� /HYRGRSD�FDUELGRSD�
LQWHVWLQDO�JHO��/&,*��KDV�EHHQ�IRXQG�
WR� SURGXFH� D� PRUH� VWDEOH� SODVPD�
FRQFHQWUDWLRQ�RI�OHYRGRSD�LQ�SDWLHQWV�
ZLWK� DGYDQFHG�3'�� 7KLV� SURVSHFWLYH�
VWXG\�DVVHVVHG� WKH�HIILFDF\�RI�/&,*�
RQ� SDWLHQWV¶� V\PSWRPV� DQG�
VXEMHFWLYH�UHVSRQVH� 
7KH�VXEMHFWV�ZHUH����SDWLHQWV�ZLWK�

DGYDQFHG� 3'�� ZLWK� RSWLPL]HG� RUDO�
PHGLFDWLRQ�� EXW� ZLWK� FRQWLQXHG�
IOXFWXDWLRQV� LQ�PRWRU�V\PSWRPV� DQG�
G\VNLQHVLDV�� 7KH� VWXG\� PHGLFDWLRQ��
/&,*��ZDV�LQLWLDOO\�DGPLQLVWHUHG�E\�D�
WHPSRUDU\� QDVR-GXRGHQDO� WXEH� IRU�
WKUHH� WR� IRXU� GD\V�� IROORZHG� E\�
SHUPDQHQW�SHUFXWDQHRXV�HQGRVFRSLF�
JDVWURVWRP\� �3(*��� 7KH� SDWLHQWV�
ZHUH� DVVHVVHG� IRU� PRWRU�
FRPSOLFDWLRQV�� JDLW� GLVRUGHUV��
G\VSKDJLD�� G\VDUWKULD�� TXDOLW\-RI-OLIH�
�42/�� DQG� FOLQLFDO� JOREDO�
LPSURYHPHQW�� $IWHU� VHYHQ� \HDUV�� ���
SDWLHQWV�UHPDLQHG�LQ�WKH�VWXG\� 
7KH�SHUFHLYHG�42/�LPSURYHG�LQ�DOO�

SDWLHQWV�� ZLWK� ���� QRWLQJ� JUHDW�
LPSURYHPHQW�� $XWRQRP\� ZDV� UDWHG�
DV� JUHDWO\� LPSURYHG� LQ� ���� DQG�
PRGHUDWHO\�LPSURYHG�LQ������&OLQLFDO�
JOREDO� LPSURYHPHQW�ZDV�IRXQG�WR�EH�
JUHDWO\� LPSURYHG� LQ� ���� DQG�
PRGHUDWHO\� LPSURYHG� LQ� ����� 7KH�
PDMRULW\� RI� SDWLHQWV� ������ UHSRUWHG�
LPSURYHPHQW� LQ� JDLW�� ZKHUHDV�
G\VSKDJLD�LPSURYHG�LQ�RQO\�����DQG�
G\VDUWKULD�LQ�RQO\����� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DGYDQFHG� 3DUNLQVRQ
V�
GLVHDVH� IRXQG� WKDW� WKH� XVH� RI�
OHYRGRSD�FDUELGRSD� LQWHVWLQDO� JHO�
UHVXOWV� LQ� LPSURYHPHQW� LQ� TXDOLW\-RI-�
OLIH��DXWRQRP\�DQG�JOREDO�VWDWXV� 
 
=LEHWWL�� 0��� HW� DO�� /HYRGRSD�
&DUELGRSD�,QWHVWLQDO�*HO�,QIXVLRQ�DQG�
$GYDQFHG� 3DUNLQVRQ
V� 'LVHDVH�� $�
6HYHQ-<HDU� ([SHULHQFH�� (XUR� -�
1HXURO��������)HEUXDU\������������-
���� 
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WƌŽĚƵĐĞĚ�ďǇ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ� 
ZĞŚĂďŝůŝƚĂƟŽŶ�DĞĚŝĐŝŶĞ͕��ŵŽƌǇ�
hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ 

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

0XVFXORVNHOHWDO� LQ� 5HYLHZ� LV�

SURGXFHG� E\� SK\VLFLDQV�

VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO�

PHGLFLQH�� ZLWK� WKH� DVVLVWDQFH� RI�

(PRU\� 8QLYHUVLW\� 6FKRRO� RI�

0HGLFLQH�� � 6XPPDULHV� DSSHDULQJ�

LQ� � WKLV� SXEOLFDWLRQ� DUH� LQWHQGHG�

DV� DQ� DLG� LQ� UHYLHZLQJ� WKH�

OLWHUDWXUH� UHOHYDQW� WR� WKH�SUDFWLFH�

RI� FOLQLFDO� PXVFXORVNHOHWDO�

PHGLFLQH���7KH�VXPPDULHV�DUH�QRW�

LQWHQGHG�IRU�XVH�DV�WKH�VROH�EDVLV�

IRU� FOLQLFDO� WUHDWPHQW�� QRU� DV� D�

VXEVWLWXWH� IRU� WKH� UHDGLQJ� RI� WKH�

RULJLQDO� UHVHDUFK�� � 3ULYDWH�

VXEVFULSWLRQV� DUH� DYDLODEOH� E\�

HPDLO� DW� UHKDELQUHYLHZ#DRO�FRP�

RU� E\� ID[� RU� SKRQH� DW� ������ ���-

������ 
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6ORZHG�FRJQLWLYH�SURFHVVLQJ�VSHHG�

�&36�� LV� FRPPRQ� DPRQJ� SDWLHQWV�
ZLWK� PXOWLSOH� VFOHURVLV� �06��� :KLOH�
HYLGHQFH� H[LVWV� RI� D� FRXSOLQJ�
EHWZHHQ� ZDONLQJ� SHUIRUPDQFH� DQG�
&36� DPRQJ� WKRVH� ZLWK� 06�� QR�
UDQGRPL]HG� WULDOV� KDYH� GLUHFWO\�
VWXGLHG� WKLV� HIIHFW�� 7KLV� VWXG\�
H[DPLQHG� WKH� HIILFDF\� RI� SK\VLFDO�
DFWLYLW\� EHKDYLRUDO� LQWHUYHQWLRQ� IRU�
LPSURYLQJ� &36� DQG� ZDONLQJ�
SHUIRUPDQFH� DPRQJ� SDWLHQWV� ZLWK�
06� 
(LJKW\-WZR� SDWLHQWV� ZLWK� 06� ZKR�

ZHUH� UDQGRPO\� DOORFDWHG� WR� DQ�
LQWHUYHQWLRQ� RU� D� ZDLW� OLVW� FRQWURO�
JURXS�� 2YHU� D� VL[-PRQWK� SHULRG��
WKRVH�LQ�WKH�LQWHUYHQWLRQ�JURXS�YLVLWHG�
D�VWXG\�ZHEVLWH��ZRUH�D�<DPD[�6:-�
���� 'LJLZDONHU� SHGRPHWHU��
FRPSOHWHG� D� ORJ� ERRN�� XVHG� *RDO�
7UDFNHU� VRIWZDUH� DQG� SDUWLFLSDWHG� LQ�
RQH-RQ-� RQH� YLGHR� FRDFKLQJ�
VHVVLRQV��$OO�ZHUH�DVVHVVHG�IRU�&36�
XVLQJ� WKH� 6\PERO� 'LJLW� 0RGDOLWLHV�
7HVW� �6'07��� IRU� ZDON� SHUIRUPDQFH�
XVLQJ� WKH� VL[-� PLQXWH� ZDON� WHVW�
��0:��� IRU� SK\VLFDO� DFWLYLW\� ZLWK� WKH�

3K\VLFDO� $FWLYLW\� 4XHVWLRQQDLUH�
�,3$4�� DQG� IRU� GLVDELOLW\� XVLQJ� WKH�
3DWLHQW-� 'HWHUPLQHG� 'LVHDVH� 6WHSV�
�3''6��VFDOH� 
$�WRWDO�RI����SDWLHQWV�ZHUH�LQFOXGHG�

LQ�WKH�ZDLW�OLVW�FRQWURO�JURXS�DQG����LQ�
WKH� WHVWLQJ� JURXS�� 7KH� RYHUDOO�
FRPSOLDQFH� ZLWK� WKH� EHKDYLRUDO�
LQWHUYHQWLRQ� ZDV� ������ LQ� WKH�
WUHDWPHQW� JURXS�� 7KH� LQWHUYHQWLRQ�
LQFUHDVHG� ZDONLQJ� SHUIRUPDQFH� DV�
PHDVXUHG�E\� WKH��0:�UHJDUGOHVV�RI�
GLVDELOLW\� VWDWXV�� ZKLOH� GHWHULRUDWLRQ�
ZDV�VHHQ�LQ�WKH�FRQWURO�JURXS��8VLQJ�
D�PL[HG�PRGHO� DQDO\VLV� RI� YDULDQFH��
D�WLPH�E\�FRQGLWLRQ�E\�GLVDELOLW\�JURXS�
LQWHUDFWLRQ�ZDV� QRWHG� IRU�6'07� WHVW�
VFRUHV�� ZLWK� D� VLJQLILFDQW� WLPH� E\�
FRQGLWLRQ� DFWLRQ� VHHQ� LQ� �0:�
GLVWDQFH�� DV� FRPSDUHG� ZLWK� WKH�
FRQWURO�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�
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