
���������������� 
��������� 

 

 

̹�������������������������� 
 

�� 

  

 

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

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

&267�$1'�287&20(6�2)�
3267$&87(�&$5(�$)7(5�
35,0$5<�+,3�$1'�.1((�

$57+523/$67< 
 
:LWK�WKH�DJLQJ�RI�WKH�SRSXODWLRQ�RI�

WKH� 8QLWHG� 6WDWHV�� VLJQLILFDQW�
LQFUHDVHV� DUH� H[SHFWHG� LQ� FDVHV� RI�
WRWDO�KLS�DUWKURSODVW\��7+$��DQG�WRWDO�
NQHH� DUWKURSODVW\� �7.$��� -RLQW�
DUWKURSODVW\� LV� QRZ� WKH� ODUJHVW�
0HGLFDUH� SURFHGXUDO� FRVW�� DW� ������
7KLV� VWXG\� H[DPLQHG� WKH� GXUDWLRQ� RI�
FDUH��FKDUJHV�DQG�UHDGPLVVLRQ�UDWHV�
DIWHU�SULPDU\�7+$�RU�7.$� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

0HGLFDUH� 3URYLGHU� $QDO\VLV� DQG�
5HYLHZ� �PHG3$5�� GDWDEDVH� IRU�
LQGLYLGXDOV� XQGHUJRLQJ� SULPDU\� 7.$�
�Q ��������� RU� 7+$� �Q ��������� LQ�
������ 'DWD� FROOHFWHG� LQFOXGHG�
VXEVHTXHQW� LQSDWLHQW� UHKDELOLWDWLRQ��
H[WHQGHG-FDUH� IDFLOLW\� VWD\V�� KRPH�
KHDOWKFDUH� DQG� RXWSDWLHQW�
HQFRXQWHUV�� FRVWV� DQG� UHDGPLVVLRQV�
ZLWKLQ����GD\V�RI�GLVFKDUJH� 
7KRVH� GLVFKDUJHG� WR� SRVW-DFXWH�

FDUH� IDFLOLWLHV� KDG� ORQJHU�
KRVSLWDOL]DWLRQV� DQG� KLJKHU� FKDUJHV�
WKDQ� WKRVH�GLVFKDUJHG� WR�KRPH��ZLWK�
RU� ZLWKRXW� KRPH� KHDOWK� FDUH��
$GPLVVLRQ� WR� LQSDWLHQW� UHKDELOLWDWLRQ�
ZDV�DVVRFLDWHG�ZLWK�D�����LQFUHDVH�
LQ�WRWDO�FKDUJHV�IRU�SDWLHQWV�ZLWK�7+$�
DQG�D�����LQFUHDVH�IRU�SDWLHQWV�ZLWK�
7.$�� 0RUWDOLW\� DQG� � UHDGPLVVLRQ�
ZLWKLQ����GD\V�ZHUH�ERWK�VLJQLILFDQWO\�
KLJKHU� IRU� SDWLHQWV� GLVFKDUJHG� WR�
H[WHQGHG�FDUH� IDFLOLWLHV�DQG� LQSDWLHQW�
UHKDELOLWDWLRQ�� WKDQ� IRU� WKRVH�
GLVFKDUJHG� WR� KRPH� �S������� IRU�
ERWK��� 7KH� QXPEHU� RI� FRPRUELGLWLHV�
ZDV� DVVRFLDWHG� ZLWK� LQFUHDVHG� FRVW�
DQG�OHQJWK�RI�VWD\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� HOHFWLYH� WRWDO�
NQHH� RU� WRWDO� KLS� DUWKURSODVW\� IRXQG�
WKDW� LQSDWLHQW�SRVW-DFXWH�FDUH�UHVXOWV�
LQ� LQFUHDVHG�FRVWV� DQG� DQ� LQFUHDVHG�
ULVN� RI� ��-GD\� UHDGPLVVLRQ� DQG�
PRUWDOLW\� 

 
.DUWKLNH\DQ�� 3��� HW� DO�� 3RVW-
'LVFKDUJH� &DUH� 'XUDWLRQ�� � &KDUJHV�
DQG� 2XWFRPHV� DPRQJ� 0HGLFDUH�
3DWLHQWV�DIWHU�3ULPDU\�7RWDO�+LS�DQG�

.QHH� $UWKURSODVW\�� -� %RQH� -RLQW�
6XUJ��������-XQH����������H��� 

 

($5/<�9(57(%523/$67<�,1�
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)RU� SDWLHQWV� ZLWK� SDLQIXO� YHUWHEUDO�

FRPSUHVVLRQ� IUDFWXUHV��
YHUWHEURSODVW\� �93�� LV� RIWHQ�
FRQVLGHUHG� DIWHU� WKH� IDLOXUH� RI�
FRQVHUYDWLYH� WUHDWPHQW�� $V� SUHYLRXV�
VWXGLHV� KDYH� VXJJHVWHG� EHWWHU�
IXQFWLRQDO� RXWFRPHV� LQ� HOGHUO\�
SDWLHQWV� ZKR� XQGHUJR� HDUO\� 93�� WKLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� EHQHILWV� RI� HDUO\� 93�
LQ� SDWLHQWV� ZLWK� D� SDLQIXO� YHUWHEUDO�
FRPSUHVVLRQ�IUDFWXUH��39&)�� 
'DWD� ZHUH� KDUYHVWHG� IURP� WKH�

7DLZDQ� 1DWLRQDO� +HDOWK� ,QVXUDQFH�
5HVHDUFK� 'DWDEDVH�� ZKLFK� LQFOXGHV�
QHDUO\� ���� RI� WKH� UHVLGHQWV� RI�
7DLZDQ��)URP�WKLV�GDWDEDVH�� SDWLHQWV�
��� \HDUV� RI� DJH� DQG� ROGHU� ZHUH�
LQFOXGHG� LI� WKH\� KDG� D� 39&)�
DGPLVVLRQ� EHWZHHQ� ����� DQG� ������
7KRVH� ZKR� UHFHLYHG� D� 93� ZLWKLQ�
WKUHH�PRQWKV�RI�V\PSWRP�RQVHW�ZHUH�
FRPSDUHG� WR� WKRVH� ZKR� UHFHLYHG�
ODWHU� SURFHGXUHV�� 7KH� SULPDU\�
RXWFRPH� PHDVXUHV� ZHUH� PRUWDOLW\�
DQG� KRVSLWDOL]DWLRQ� GXH� WR�
SQHXPRQLD�RU�UHVSLUDWRU\�IDLOXUH� 
6XEMHFWV� ZHUH� ������ SDWLHQWV� ZLWK�

HDUO\�93�DQG�������QRQ-93�SDWLHQWV�
ZLWK� VLPLODU� EDVHOLQH� FKDUDFWHULVWLFV��
'HDWK� DW� RQH� \HDU� RFFXUUHG� PRUH�
IUHTXHQWO\� LQ� WKH� QRQ-93�JURXS� WKDQ��
LQ� WKH� 93� JURXS� �S �������� %HQHILWV��
LQ�WKH�93�JURXS�FRPSDUHG�WR�WKH�QRQ
-� 93� JURXS� ZHUH� VHHQ� LQ� UHGXFHG�
UHVSLUDWRU\� IDLOXUH� �S �������� EXW� QRW�
SQHXPRQLD� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU�
IRXQG� WKDW� HDUO\� YHUWHEURSODVW\�
�ZLWKLQ� WKUHH� PRQWKV� RI� V\PSWRP�
RQVHW�� UHVXOWHG� LQ� LPSURYHG�PRUWDOLW\�
DQG� D� GHFUHDVHG� ULVN� RI� UHVSLUDWRU\�
IDLOXUH� 

 
/LQ�� -��� HW� DO�� (DUO\� 9HUWHEURSODVW\�
$VVRFLDWHG� ZLWK� D� /RZHU� 5LVN� RI�
0RUWDOLW\� DQG� 5HVSLUDWRU\� )DLOXUH� LQ�
$JHG�3DWLHQWV�ZLWK�3DLQIXO�9HUWHEUDO�
&RPSUHVVLRQ� )UDFWXUHV�� $�

3RSXODWLRQ-%DVHG� &RKRUW� 6WXG\� LQ�
7DLZDQ�� 6SLQH� -�� ������
GRL�RUJ����������
M�VSLQHH������������� 

 

(;(5&,6(-,1'8&('�
+<32$/*(6,$ 

 
(YLGHQFH� VXJJHVWV� WKDW� SK\VLFDO�

DFWLYLW\� PD\� LPSURYH� SDLQ� UHODWHG�
V\PSWRPV� LQ� SDWLHQWV� ZLWK� FKURQLF�
SDLQ� FRQGLWLRQV�� $� VLQJOH� ERXW� RI�
H[HUFLVH�KDV�EHHQ�VKRZQ�WR�DFWLYDWH�
HQGRJHQRXV� LQKLELWRU\� SDLQ�
PHFKDQLVPV� DQG� UHGXFH� WKH�
VHQVLWLYLW\� WR� QR[LRXV� VWLPXOL�� 7KLV�
KDV� EHHQ� WHUPHG� H[HUFLVH-LQGXFHG�
K\SRDOJHVLD� �(,+��� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
SK\VLFDO�DFWLYLW\�W\SH�DQG�RU�LQWHQVLW\�
FRUUHODWHV�ZLWK�(,+� 
6XEMHFWV�ZHUH����ZRPHQ�ZKR�PHW�

WKH� $PHULFDQ� &ROOHJH� RI� 6SRUWV�
0HGLFLQH¶V� DHURELF� DFWLYLW\�
UHFRPPHQGDWLRQV� �Q ���� RU� WKH�
DHURELF� DQG� UHVLVWDQFH� WUDLQLQJ�
UHFRPPHQGDWLRQV� �Q ����� KDG�
LQVXIILFLHQW� DHURELF� DFWLYLW\�� EXW�
SDUWLFLSDWHG� LQ� WZR� GD\V� RU� PRUH� RI�
UHVLVWDQFH�WUDLQLQJ�SHU�ZHHN��Q ���RU�
ZHUH� LQVXIILFLHQWO\� DFWLYH� �Q ����� $W�
EDVHOLQH�� WKH� VXEMHFWV� ZHUH�
DVVHVVHG�IRU�PRRG��DQ[LHW\�DQG�SDLQ�
SHUFHSWLRQ�� 'DLO\� SK\VLFDO� DFWLYLW\�
�3$��ZDV�PHDVXUHG�ZLWK�D�ZHDUDEOH�
GHYLFH�� $OO� VXEMHFWV� ZHUH� DVNHG� WR�
SHUIRUP�LVRPHWULF�KDQGJULS�H[HUFLVHV�
WR�H[KDXVWLRQ��7KH�SULPDU\�RXWFRPH�
PHDVXUH� ZDV� WKH� 3DLQ� 3UHVVXUH�
7KUHVKROG� �337��� DVVHVVHG� EHIRUH�
DQG� DIWHU� H[HUFLVH�� ERWK� LQ� WKH�
H[HUFLVHG� �ULJKW�� DQG� WKH�
FRQWUDODWHUDO�DUP� 
7KH�337�LQFUHDVHG�E\������LQ� WKH�

ULJKW��DQG�E\������LQ�WKH�OHIW�IRUHDUP�
DIWHU�H[HUFLVH��7KH�(,+�GLG�QRW�GLIIHU�
EHWZHHQ� DFWLYLW\� JURXSV�� 7KH� 337�
YDOXHV� ZHUH� IRXQG� WR� EH� LQYHUVHO\�
UHODWHG�WR�YLJRURXV-LQWHQVLW\�3$� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�DQ�

LQYHUVH� UHODWLRQVKLS� EHWZHHQ� OHYHOV�
DQG� W\SHV� RI� YLJRURXV-LQWHQVLW\�
SK\VLFDO� DFWLYLW\� DQG� VHQVLWLYLW\� WR�
SUHVVXUH� VWLPXOL�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� IRXQG� EHWZHHQ� JURXSV�

9ROXPH����1XPEHU�� 6HSWHPEHU�������� 
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������-��-������ 

�������������ǡ��Ǥ�Ǥ 

���������������Ƭ�����������������ǡ�
�������������ǡ�
� 

�������������� 

�������Ǥ�������ǡ�Ǥ�Ǥǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

���������������� 

������ǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

����������� 

��������Ǥ��������ǡ����� 
�����������������������������������ǡ�
���������ǡ��� 

�������������������� 

���������Ǥ������ǡ��Ǥ�Ǥ 

 

ZLWK� GLIIHULQJ� URXWLQH� H[HUFLVH�
VFKHGXOHV� 

 
%ODFN�� &��� HW� DO�� ([HUFLVH-,QGXFHG�
+\SRDOJHVLD� ,V� 1RW� ,QIOXHQFHG� E\�
3K\VLFDO� $FWLYLW\� 7\SH� DQG� $PRXQW��
0HG� 6FL� 6SRUWV� ([HU�� ������0D\�� ��
��������-���� 

 

)81&7,21$/�(/(&75,&$/�
67,08/$7,21�)25�:5,67�$1'�
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)XQFWLRQDO� HOHFWULFDO� VWLPXODWLRQ�

�)(6��KDV�EHHQ�XVHG�WR�WUHDW�SDWLHQWV�
ZLWK� FHQWUDO� � QHUYRXV� V\VWHP�
G\VIXQFWLRQV� DQG� LQWDFW� SHULSKHUDO�
LQQHUYDWLRQ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� HIILFDF\� RI� )(6� IRU� SDWLHQWV� ZLWK�
VWURNH-UHODWHG� KHPLSOHJLD� DQG�
VSDVWLFLW\� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� DW�

OHDVW� D� WKUHH-PRQWK� KLVWRU\� RI� VWURNH�
DQG� VSDVWLFLW\�� DVVHVVHG� ZLWK� WKH�
0RGLILHG� $VKZRUWK� 6FDOH� �0$6���
7KRVH� UDQGRPL]HG� WR� WKH� WUHDWPHQW�
JURXS� XQGHUZHQW� )(6�� DSSOLHG� WR� WKH�
PRWRU� SRLQWV� RI� WKH� H[WHQVRU� FDUSL�
UDGLDOLV� ORQJXV�� H[WHQVRU�FDUSL� UDGLDOLV�
EUHYLV�� H[WHQVRU� FDUSL� XOQDULV� DQG�
H[WHQVRU� GLJLWRUXP� FRPPXQLV�� 7KH�
)(6� ZDV� DSSOLHG� ��� PLQXWHV� SHU� GD\�
IRU� ILYH� GD\V� SHU� ZHHN� IRU� WRWDO� RI� ���
VHVVLRQV�� %RWK� WKH� VWXG\� JURXS� DQG�
WKH� FRQYHQWLRQDO� WUHDWPHQW� JURXS�
XQGHUZHQW� UDQJH� RI�PRWLRQ� H[HUFLVHV��
VWUHWFKLQJ� DQG�ZULVW-KDQG� VWDWLF� VSOLQW�
XVH�� $VVHVVPHQWV� RI� ZULVW� WRQH� ZHUH�
PDGH� ZLWK� WKH� 0RGLILHG� $VKZRUWK�
6FDOH� �0$6��� 0RWRU� IXQFWLRQ� ZDV�
DVVHVVHG� E\� WKH� 5LYHUPHDG� 0RWRU�
$VVHVVPHQW� �50$���%UXQQVWURP� �%6��
KDQG�QHXURSK\VLRORJLFDO� VWDJLQJ��ZLWK�
IXQFWLRQDO� VWDWXV� HYDOXDWHG� ZLWK� WKH�

 

%DUWKHO� ,QGH[� �%,�� DQG� 8SSHU�
([WUHPLW\�)XQFWLRQ�7HVW��8()7�� 
7KH� SDWLHQWV� LQ� WKH� )(6� JURXS�

H[SHULHQFHG� VLJQLILFDQWO\� JUHDWHU�
LPSURYHPHQW� LQ� %,� VFRUHV� �S�������
SDVVLYH� UDQJH� RI� PRWLRQ� �S��������
DFWLYH� UDQJH� RI�PRWLRQ� �S�������� DQG�
50$� VFRUHV� �S������� DV� FRPSDUHG�
ZLWK�WKH�FRQWURO�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FKURQLF�VWURNH�IRXQG�WKDW�
IXQFWLRQDO� HOHFWULFDO� VWLPXODWLRQ� FDQ��
EH� DQ� HIIHFWLYH� PHWKRG� WR� UHGXFH�
VSDVWLFLW\� DQG� LPSURYH� UDQJH� RI�
PRWLRQ�LQ�SDWLHQWV�ZLWK�ZULVW�DQG�ILQJHU�
IOH[RU�VSDVWLFLW\� 

 
<X]HU�� *��� HW� DO�� $� 5DQGRPL]HG��
&RQWUROOHG� 6WXG\�� (IIHFWLYHQHVV� RI�
)XQFWLRQDO� (OHFWULFDO� 6WLPXODWLRQ� RQ�
:ULVW� DQG� )LQJHU� )OH[RU� 6SDVWLFLW\� LQ�
+HPLSOHJLD�� -� 6WURNH� &HUHEURYDVF�
'LV��������-XO\��������������-����� 

 

+,3�)5$&785(�0257$/,7<�,1�
($67(51�(8523( 

 
'DWD� GHVFULELQJ� H[FHVV� PRUWDOLW\�

DIWHU�KLS�IUDFWXUH�LV�ZHOO�HVWDEOLVKHG�LQ�
GHYHORSHG� FRXQWULHV� LQ� :HVWHUQ�
(XURSH� DQG� � � 1RUWK� � $PHULFD��
+RZHYHU�� HVWLPDWHV� RI� KLS� IUDFWXUH�
PRUWDOLW\� LQ� (DVWHUQ� (XURSH� DUH�
VFDUFH�� 7KLV� VWXG\� HVWLPDWHG� WKH�
LPSDFW�RI�KLS� IUDFWXUH�RQ���-\HDU��DOO-�
FDXVH�PRUWDOLW\�DPRQJ� WKH�(VWRQLDQV�
���\HDUV�RI�DJH�RU�ROGHU� 
7KLV SRSXODWLRQ-EDVHG��

UHWURVSHFWLYH�� FRKRUW� VWXG\� XVHG� GDWD�
IURP� WKH� (VWRQLDQ� +HDOWK� ,QVXUDQFH�
)XQG�� ZKLFK� FRQWDLQV� D� FRPSOHWH�
UHFRUG� RI� LQSDWLHQW� DQG� RXWSDWLHQW�
KHDOWKFDUH� VHUYLFHV�� 7KLV� UHFRUG� ZDV�
UHYLHZHG� IRU� DOO� SDWLHQWV� KRVSLWDOL]HG�
ZLWK� LQFLGHQW� KLS� IUDFWXUHV� EHWZHHQ�
-DQXDU\� ��� ������ DQG� 'HFHPEHU� ����
������ 7KH� SDWLHQWV� � ZHUH� � IROORZHG�
XQWLO�WKH�VWXG\¶V�FORVXUH�LQ������RU�WKH�
GDWH� RI� GHDWK�� 7KH� KLS� IUDFWXUH�
SDWLHQWV�ZHUH�FRPSDUHG��ZLWK�PDWFKHG�
FRQWUROV� 
'XULQJ� IROORZ-XS�� WKH� FXPXODWLYH�

ULVNV� RI� GHDWK� DW� WKUHH� PRQWKV� ZHUH�
������ IRU� WKH� KLS� IUDFWXUH� JURXS� DQG�
����� IRU� WKH� FRQWURO� JURXS�� $W� RQH��
ILYH� DQG� ��� \HDUV¶� IROORZ-XS�� � WKH�
FUXGH�FXPXODWLYH�ULVNV�RI�GHDWK�LQ�WKH�
KLS� IUDFWXUH� JURXS�� DV� FRPSDUHG�ZLWK�
WKH� FRQWURO� JURXS�� ZHUH� ������� DQG�
������ ������ DQG� ������ DQG� �����
DQG� ������� UHVSHFWLYHO\�� 7KH�
DGMXVWHG��FXPXODWLYH��WHQ-\HDU�ULVNV�RI�
DOO-FDXVH� GHDWK� ZHUH� ������ LQ� WKH�
IUDFWXUH� JURXS� DQG� ������ LQ� WKH�
FRQWURO� JURXS�� $W� ��� \HDUV� IURP�
IUDFWXUH��RQH�RI�IRXU�GHDWKV�LQ�WKH�KLS�
IUDFWXUH�JURXS�ZDV�DWWULEXWDEOH� WR� WKH�
SDWLHQW¶V�KLS�IUDFWXUH� 

&RQFOXVLRQ�� 7KLV�(DVWHUQ�(XURSH�
VWXG\� IRXQG� WKDW�� ��� \HDUV� DIWHU� KLS�
IUDFWXUH�� DGMXVWHG� DOO-FDXVH� PRUWDOLW\�
ZDV��������DV�FRPSDUHG�ZLWK�������
IRU�WKH�JHQHUDO�SRSXODWLRQ� 

 
-XULVVRQ��0���HW�DO��7KH�,PSDFW�RI�+LS�
)UDFWXUH� RQ� 0RUWDOLW\� LQ� (VWRQLD�� $�
5HWURVSHFWLYH�� 3RSXODWLRQ–%DVHG��
&RKRUW� 6WXG\�� %0&� 0XVFXORVNHOHW�
'LVRUG���������������� 

 

,1&,'(1&(�2)�6(&21'�
$17(5,25�&58&,$7(�/,*$0(17�

7($5 
 
7KH� ULVN� RI� DQWHULRU� FUXFLDWH�

OLJDPHQW� �$&/�� LQMXU\� DIWHU� DQ� $&/�
UHFRQVWUXFWLRQ� KDV� EHHQ� UHSRUWHG� WR�
EH� DV� KLJK� DV� RQH� WKLUG�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG��
WKH� LQFLGHQFH� RI� VHFRQG�$&/� LQMXULHV�
LQ� D� SRSXODWLRQ-EDVHG� FRKRUW�� DQG� WR�
GHWHUPLQHG� ULVN� IDFWRUV� DVVRFLDWHG�
ZLWK�WKHVH�LQMXULHV� 
'DWD� ZHUH� REWDLQHG� WKURXJK� WKH�

5RFKHVWHU� (SLGHPLRORJ\� 3URMHFW�� D�
PHGLFDO� UHFRUG� OLQNDJH� V\VWHP� ZLWK�
DFFHVV� WR� FRPSOHWH� PHGLFDO� UHFRUGV�
IRU� DOO� UHVLGHQWV� RI� 2OPVWHG� &RXQW\��
0LQQHVRWD�� 7KLV� GDWDEDVH� ZDV�
UHYLHZHG� IRU� DOO� RFFXUUHQFHV� RI� $&/�
WHDUV� EHWZHHQ� -DQXDU\�� ������ DQG�
'HFHPEHU�� ������ 6HFRQG� $&/� WHDUV�
ZHUH� GHILQHG� DV� DQ\� WKDW� RFFXUUHG�
DIWHU� WKH� SULPDU\� LQMXU\�� DQG� XQWLO�
'HFHPEHU������ 
%HWZHHQ� ����� DQG� ������ RI� WKH�

������ DFXWH� WHDUV�� VL[� SHUFHQW� ZHUH�
VHFRQG� WHDUV�� 2I� WKHVH�� ������
LQYROYHG� WKH� LSVLODWHUDO� JUDIW� DQG�
������ LQYROYHG� WKH� FRQWUDODWHUDO�$&/��
$PRQJ�LQGLYLGXDOV�OHVV�WKDQ����\HDUV�
RI� DJH�� WKH� JUDIW� IDLOXUH� UDWH� ZDV��
������ ZKLOH� WKH� IDLOXUH� UDWH� IRU� WKRVH�
XQGHU� ��� \HDUV�RI� DJH� ZDV������� 2I�
WKH� IDLOXUHV�� WKH� DOORJUDIW� KDG� WKH�
KLJKHVW� UDWH� RI� VHFRQG� WHDUV��
DFFRXQWLQJ� IRU� ������� IROORZHG� E\�
KDPVWULQJ� DXWRJUDIWV� DW� ������� DQG�
SDWHOOD� DXWRJUDIWV� DW� � ������
0XOWLYDULDWH� UHJUHVVLRQ� DQDO\VLV�
UHYHDOHG� WKDW� XVH� RI� DQ� DOORJUDIW� ZDV�
WKH� VLQJOH� VLJQLILFDQW� LQGHSHQGHQW�
YDULDEOH� SUHGLFWLQJ� VHFRQG� $&/�
LQMXULHV� �S��������� � 7KH�SUREDELOLW\� RI�
D� VHFRQG� $&/� LQMXU\� ZDV� KLJKHVW�
DPRQJ� WKRVH� ��� WR� ��� \HDUV� RI� DJH��
IROORZHG� E\� WKRVH� ��� WR� ��� \HDUV� RI�
DJH� 
&RQFOXVLRQ�� 7KLV� REVHUYDWLRQDO�

FRKRUW� VWXG\� RI� FLWL]HQV� RI� 2OPVWHG�
&RXQW\�� 0LQQHVRWD�� IRXQG� WKDW� VL[�
SHUFHQW� RI� $&/� UHSDLUV� ZHUH� VHFRQG�
UHSDLUV��ZLWK�������RI�WKHVH�RFFXUULQJ�
RQ� WKH� VLGH� FRQWUDODWHUDO� WR� WKH� LQLWLDO�
VXUJHU\� 

 



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU��  

6FKLODW\��1���HW�DO��,QFLGHQFH�RI�6HFRQG�
$QWHULRU� &UXFLDWH� /LJDPHQW� 7HDUV�
������ WR� ������ DQG� $VVRFLDWHG�
)DFWRUV� LQ� D� 6SHFLILF� *HRJUDSKLF�
/RFDOH��$P� -� 6SRUW� 0HG�� ������-XO\��
�����������-����� 

 

.,1(6,2/2*<�7$3(�,00(',$7(/<�
$)7(5�$&/�685*(5< 

 
'HVSLWH�D�ODFN�RI�FOLQLFDO�HYLGHQFH�WR�

VXSSRUW� LWV� XVH�� NLQHVLRORJ\� WDSLQJ�
�.7��LV�EHFRPLQJ�LQFUHDVLQJO\�SRSXODU��
7KLV� VWXG\� H[DPLQHG� WKH� HIILFDF\� RI�
WKLV� WDSLQJ� WHFKQLTXH� DIWHU�
DUWKURVFRSLF�NQHH�VXUJHU\� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� ��� SDWLHQWV� ZLWK� HOHFWLYH��
SULPDU\�� DQWHULRU� FUXFLDWH� OLJDPHQW�
�$&/�� UHSDLU�� 7ZR� JURXSV� XQGHUZHQW�
VWDQGDUGL]HG�SK\VLFDO�WKHUDS\��ZLWK�WKH�
JURXSV� UDQGRPL]HG� WR� UHFHLYH� QR�
WDSLQJ� RU� .7�� DSSOLHG� DW� WKH� ILUVW� DQG�
VHFRQG� ZHHNO\� SRVWRSHUDWLYH�
SK\VLRWKHUDS\� VHVVLRQV�� 6XEMHFWV�
ZHUH�DVNHG� WR� UHPRYH� WKH�.7� RQ� WKH�
ILIWK� GD\�� $OO� SDUWLFLSDQWV� ZHUH�
DVVHVVHG� ZLWK� D� SDLQ� YLVXDO� DQDORJ�
VFDOH� �9$6��� WKH� /\VKROP-7HJQHU�
VFDOH�� PHDVXUHV� RI� PLG-SDWHOODU� JLUWK�
DQG�IRU�NQHH�UDQJH�RI�PRWLRQ� 
&KDQJHV� LQ� SDLQ� OHYHOV� �ZHUH�EHWWHU�

LQ� WKH� .7� JURXS� WKDQ� LQ� WKH� FRQWURO�
JURXS� EHWZHHQ� WKH� ILUVW� DQG� VHFRQG�
ZHHNV� SRVW-VXUJHU\�� 1R� VLJQLILFDQW�
GLIIHUHQFH� LQ� FKDQJHV� LQ� SDLQ� VFRUHV�
ZHUH� QRWHG� EHWZHHQ� JURXSV� DIWHU� WKH�
VHFRQG� ZHHN�� ,Q� DGGLWLRQ�� QR�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� QRWHG�
EHWZHHQ� WKH� WZR� � JURXSV� LQ� /\VKROP-
7HJQHU� VFRUHV�� PLG-� SDWHOOD� JLUWK� RU�
NQHH�UDQJH�RI�PRWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� NLQHVLRORJ\� WDSLQJ� DIWHU� DQWHULRU�
FUXFLDWH� OLJDPHQW� UHSDLU� UHGXFHG� SDLQ�
LQWHQVLW\� HDUO\� DIWHU� VXUJHU\�� ZLWK� QR�
HIIHFW� RQ�VZHOOLQJ�� UDQJH�RI�PRWLRQ�RU�
NQHH�IXQFWLRQ� 

 
&KDQ�� 0��� HW� DO�� 'RHV� .LQHVLRORJ\�
7DSLQJ� ,PSURYH� WKH� (DUO\�
3RVWRSHUDWLYH� 2XWFRPHV� LQ� $QWHULRU�
&UXFLDWH��/LJDPHQW��5HFRQVWUXFWLRQ"�$�
5DQGRPL]HG���&RQWUROOHG��6WXG\��&OLQ� -�
6SRUW� 0HG�� ������ 0D\�� ������� ���-
���� 

 

/,*+7�7+(5$3<�$1'�6/((3,1(66�
,1�3$5.,1621¶6�',6($6( 

 
$PRQJ� SDWLHQWV� ZLWK� 3DUNLQVRQ¶V�

GLVHDVH� �3'��� H[FHVVLYH� GD\WLPH�
VOHHSLQHVV� DQG� QRFWXUQDO� VOHHS�
IUDJPHQWDWLRQ� DIIHFW� XS� WR� ����� $V�
VXSSOHPHQWDU\�H[SRVXUH�WR�EULJKW�OLJKW�
KDV�VKRZQ�EHQHILWV�LQ�WKH�WUHDWPHQW�RI�
VOHHS�TXDOLW\�DQG�GD\WLPH�YLJLODQFH� LQ�
KHDOWK\�� ROGHU� DGXOWV�� WKLV� VWXG\�

DVVHVVHG�WKH�HIIHFW�RI�OLJKW�WKHUDS\�RQ�
SDWLHQWV�ZLWK�3'� 
7KLV� UDQGRPL]HG�� SODFHER�

FRQWUROOHG�� FOLQLFDO� LQWHUYHQWLRQ�
LQFOXGHG� ��� SDWLHQWV� ZLWK� 3'� DQG�
H[FHVVLYH� GD\WLPH� VOHHSLQHVV�� 7KRVH�
ZLWK� DQ� (SZRUWK� 6OHHSLQHVV� 6FDOH�
�(66�� VFRUH� RI� ��� RU� JUHDWHU� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� WZR� ZHHNV� RI�
OLJKW�WKHUDS\��WZLFH�SHU�GD\��DW��������
OX[��EULJKW�OLJKW��RU�DW�OHVV�WKDQ�����OX[�
�GLP-UHG� OLJKW��� 'XULQJ� WKH� VWXG\�� DOO�
VXEMHFWV� ZRUH� DQ� DFWLJUDSK\� PRQLWRU�
��� KRXUV� SHU� GD\� DQG� FRPSOHWHG� D�
GDLO\�VOHHS�ORJ��$OO�FRPSOHWHG�D�YLVXDO�
DQDORJ� VFRUH� �9$6�� IRU� GD\WLPH�
VOHHSLQHVV�HYHU\�WZR�KRXUV� 
3DWLHQWV� LQ� WKH� EULJKW� OLJKW� JURXS�

H[SHULHQFHG� VLJQLILFDQW� LPSURYHPHQW�
RQ�WKH�([FHVVLYH�'D\WLPH�6OHHSLQHVV�
6FDOH� RI� WKH� (66� DV� FRPSDUHG� WR�
EDVHOLQH��S���������DV�ZHOO�DV�GD\WLPH�
WRWDO� SK\VLFDO� DFWLYLW\� �S��������� %RWK�
EULJKW� OLJKW� DQG� GLP-� UHG� OLJKW� ZHUH�
DVVRFLDWHG� ZLWK� LPSURYHPHQWV� LQ�
VOHHS� TXDOLW\� DV� PHDVXUHG� E\� WKH�
3LWWVEXUJK� 6OHHS� 4XDOLW\� ,QGH[�
�S �������� 2YHUQLJKW� DZDNHQLQJV��
VOHHS� TXDOLW\� DQG� HDVH� RI� IDOOLQJ�
DVOHHS� ZHUH� VLJQLILFDQWO\� LPSURYHG� LQ�
WKRVH�WUHDWHG�ZLWK�EULJKW�OLJKW��ZKLOH�DOO�
SDUWLFLSDQWV�LPSURYHG�LQ�VOHHS�ODWHQF\��
WRWDO� VOHHS� WLPH�� DQG� ZDNH� WLPH� DIWHU�
VOHHS� RQVHW�� $OO� SDUWLFLSDQWV� UHSRUWHG�
EHLQJ� PRUHUHIUHVKHG� LQ� WKH� PRUQLQJ�
GXULQJ�OLJKW�WKHUDS\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�3DUNLQVRQ¶V�GLVHDVH�DQG�
H[FHVVLYH� GD\WLPH� VOHHSLQHVV�
UHYHDOHG� WKDW� OLJKW� WKHUDS\��
DGPLQLVWHUHG� WZLFH� GDLO\� IRU� WZR�
ZHHNV�� VLJQLILFDQWO\� LPSURYHG�
H[FHVVLYH� GD\WLPH� VOHHSLQHVV� DQG�
VOHHS�ZDNH�F\FOHV� 

 
9LGHQRYLF�� $��� HW� DO�� 7LPHG� /LJKW�
7KHUDS\� IRU� 6OHHS� DQG� 'D\WLPH�
6OHHSLQHVV� $VVRFLDWHG� ZLWK�
3DUNLQVRQ¶V� 'LVHDVH�� $� 5DQGRPL]HG��
&OLQLFDO� 7ULDO�� -$0$� 1HXURO�� ������
$SULO�������������-���� 

 

/21*-7(50�())(&76�2)�
9(57(%523/$67< 

 
9HUWHEUDO� SHUIRUDWLRQ� �93�� LV� D�

WUHDWPHQW� IRU� YHUWHEUDO� FRPSUHVVLRQ�
IUDFWXUHV� �9&)V��� DLPHG� DW� LPSURYLQJ�
DQDOJHVLD�� 7KLV� VWXG\� FRPSDUHG� WKH�
ORQJ-WHUP� DQDOJHVLF� HIIHFWV� RI�
SHUFXWDQHRXV� YHUWHEURSODVW\� �393��
ZLWK�WKRVH�RI�93� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� VHHQ� EHWZHHQ� -DQXDU\� RI�
����� DQG� $SULO� RI� ����� ZLWK�
RVWHRSRURWLF� YHUWHEUDO� FRPSUHVVLRQ�
IUDFWXUHV�� $OO� KDG� ORQJ-WHUP� SDLQ��
GHVSLWH�FRQVHUYDWLYH�WUHDWPHQW���,Q�WKH�
ILUVW� KDOI� RI� WKH� VWXG\�� 393� ZDV�
SHUIRUPHG� IRU� ��� SDWLHQWV�� ,Q� WKH�

VHFRQG� KDOI� RI� WKH� VWXG\�� 93� ZDV�
SURYLGHG� WR� ��� SDWLHQWV�� 3DLQ� ZDV�
HYDOXDWHG� E\� D� YLVXDO� DQDORJ� VFDOH�
�9$6��IRU�SDLQ�EHIRUH��DQG�DW�GD\V�WZR�
DQG� VHYHQ�� DW� WKUHH� PRQWKV� DQG� DW�
JUHDWHU�WKDQ����PRQWKV�SRVW-�VXUJHU\�
 '\QDPLF�OXPEDU�UDGLRJUDSKV��
05,� DQG� &7� ZHUH� SHUIRUPHG� EHIRUH�
WKH�VXUJHU\�WR�DVVHVV�WKH�SUHVHQFH�RU�
DEVHQFH� RI� YHUWHEUDO� PRELOLW\�� 1HZ�
YHUWHEUDO� IUDFWXUHV� DIWHU� VXUJHU\� ZHUH�
FRPSDUHG�EHWZHHQ�JURXSV� 
7KH� FKDQJHV� RQ� WKH� 9$6� DW� WKUHH�

PRQWKV�SRVW-VXUJHU\�ZHUH�VLJQLILFDQWO\�
ODUJHU�LQ�WKH�393�JURXS�WKDQ�LQ�WKH�93�
JURXS��$W����PRQWKV�SRVW-VXUJHU\��WKH�
GLIIHUHQFHV� LQ� 9$6� VFRUHV� GLG� QRW�
GLIIHU� � VLJQLILFDQWO\�� 1HZ� 9&)V� ZHUH�
IRXQG�LQ�����RI�WKH�393�JURXS��DQG�LQ�
������ RI� WKH� 93� JURXS�� 1HZ� 9&)V�
GXULQJ� WKH� ILUVW� WKUHH� PRQWKV� SRVW-
VXUJHU\�ZHUH�VHHQ�LQ�����RI�WKH�393�
JURXS� DQG� WKUHH� SHUFHQW� RI� WKH� 93�
JURXS��S��������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDLQIXO� YHUWHEUDO�
FRPSUHVVLRQ� IUDFWXUHV� IRXQG� WKDW�
YHUWHEURSODVW\� LV� PRUH� HIIHFWLYH� WKDQ�
YHUWHEUDO� SHUIRUDWLRQ� IRU� SDLQ� UHOLHI�
RYHU� WKH� ILUVW� WKUHH� PRQWKV�� ZLWK� D�
KLJKHU� LQFLGHQFH� RI� VXEVHTXHQW�
FRPSUHVVLRQ� IUDFWXUHV� LQ� WKH�
YHUWHEURSODVW\�JURXS� 

 
<RNR\DPD�� .��� HW� DO�� /RQJ-7HUP�
7KHUDSHXWLF� (IIHFWV� RI� 9HUWHEURSODVW\�
IRU� 3DLQIXO� 9HUWHEUDO� &RPSUHVVLRQ�
)UDFWXUH�� $� 5HWURVSHFWLYH��
&RPSDUDWLYH�����6WXG\� %U� -�
1HXURVXUJ������������������-���� 

 

0(7+</3+(1,'$7(��*5,3�)25&(�
$1'�%5$,1�&211(&7,9,7< 

 
7KH�FHQWUDO� IDWLJXH� WKHRU\�SURSRVHV�

WKDW� IRUFH� RXWSXW� GXULQJ� IDWLJXLQJ�
H[HUFLVH� LV� OLPLWHG� LQ� RUGHU� WR�
PDLQWDLQLQJ�KRPHRVWDVLV�LQ�DGYDQFH�RI�
WLVVXH� GDPDJH�� $V� PHWK\OSKHQLGDWH�
�03+�� KDV� EHHQ� VKRZQ� WR� HQKDQFH�
SK\VLFDO� SHUIRUPDQFH�� LW� KDV� EHHQ�
SURSRVHG� WKDW� WKLV� PHGLFDWLRQ� DOWHUV�
WKH�FHQWUDO� IDWLJXH�PHFKDQLVPV�RI�WKH�
PRWRU�FRUWH[��7KLV�VWXG\�HYDOXDWHG�WKH�
QHXUDO� XQGHUSLQQLQJV� UHODWHG� WR� WKH�
HUJRJHQLF�HIIHFWV�RI�03+� 
7KLV� GRXEOH-EOLQG�� FURVVRYHU� VWXG\�

LQYROYHG� ��� ULJKW-KDQGHG� VXEMHFWV��
UDQGRPL]HG� WR� UHFHLYH����PJ�RI�03+�
RU� SODFHER�� 7KH� SDUWLFLSDQWV� ZHUH�
DVNHG� WR� SHUIRUP����JULS� WULDOV� ZLWK� D�
YLVXDO� GLVSOD\� RI� WKHLU� JULS� VWUHQJWK��
7KH� VXEMHFWV� EHJDQ� WKH� WDVN� DW� D�
WDUJHW� IRUFH�RI�����RI� WKHLU�PD[LPXP�
YROXQWDU\�FRQWUDFWLRQ��7HVW��IDLOXUH�ZDV�
GHILQHG� DV� IDOOLQJ� EHORZ� � WKH� WDUJHW�
IRUFH� E\� PRUH� WKDQ� ���� DIWHU� KDYLQJ�
UHDFKHG� WKH� WDUJHW�� $OO� VHVVLRQV�ZHUH�
FRQGXFWHG� ZLWK� FRQFXUUHQW� IXQFWLRQDO�



3DJH�� �����������������6HSWHPEHU��������� 9ROXPH����1XPEHU�� 

 

PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,���
$VR�DVVHVVHG�ZHUH�D�PHDVXUHPHQW�
RI� WDVN-GHSHQGHQW� FKDQJH� LQ� QHXUDO�
FRXSOLQJ� �33,��� DQG� D� NH\� UHJLRQ�
LPSOLFDWHG�LQ�PHQWDO�IDWLJXH��2)&�� 
7KH� PHDQ� IRUFHV� DFKLHYHG� LQ� DOO�

WULDOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�
03+� JURXS� WKDQ� LQ� WKH� SODFHER�
JURXS� �S �������� 7KH� 03+�
FRQGLWLRQ� UHVXOWHG� LQ� DQ� LQFUHDVH� LQ�
OHIW� ,&-OHIW� KDQG� PRWRU� FRUWH[�
FRXSOLQJ� �33,�� DQG� D� GHFUHDVH� LQ�
ELODWHUDO�2)&-OHIW�,&�FRXSOLQJ�GXULQJ�
JULS� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW�PHWK\OSKHQLGDWH�LPSURYHG�IRUFH�
SURGXFWLRQ� DQG� EUDLQ� FRQQHFWLYLW\�
GXULQJ�D�IDWLJXLQJ�KDQGJULS�WDVN�� 

 
.LQJ�� 0��� HW� DO�� 0HWK\OSKHQLGDWH�
(QKDQFHV� *ULS� )RUFH� DQG� � $OWHUV�
%UDLQ�&RQQHFWLYLW\��0HG� 6FL� 6SRUWV�
([HU��������-XO\�������������-����� 

 

0,12&<&/,1(�$1'�08/7,3/(�
6&/(526,6 

 
6WXGLHV� KDYH� VKRZQ� WKDW�� DIWHU� D�

ILUVW�� IRFDO�� FOLQLFDO� GHP\HOLQDWLQJ�
HYHQW� �FOLQLFDOO\� LVRODWHG� V\QGURPH�
�&,6��� WKH� ULVN� RI� FRQYHUVLRQ� WR�
PXOWLSOH� VFOHURVLV� �06�� LV� KLJK�� ,Q�
SUHYLRXV� WULDOV�� PLQRF\FOLQH� WKHUDS\�
UHGXFHG� WKH� QXPEHU� RI� OHVLRQV�
GHWHFWHG� RQ� 05,�� � 7KLV� � VWXG\�
H[SORUHG�WKH�HIIHFW�RI�PLQRF\FOLQH�RQ�
WKH� ULVN� RI� FRQYHUVLRQ� IURP�&,6� � WR�
06� 
(OLJLEOH�VXEMHFWV�ZHUH�SDWLHQWV�ZLWK�

D� ILUVW� GHP\HOLQDWLQJ� V\PSWRP�
EHWZHHQ� -DQXDU\�� ������ DQG� -XO\��
������ 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� ����
PJ�RI�PLQRF\FOLQH�WZLFH�SHU�GD\�RU�D�
PDWFKLQJ� SODFHER� IRU� XS� WR� ���
PRQWKV�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG� E\� D� SK\VLFLDQ� KHOG� EOLQG�
WR� WKH� FRQGLWLRQ�� DQG� XQGHUZHQW�
EORRG� WHVWLQJ� DQG� FOLQLFDO�
DVVHVVPHQWV�� LQFOXGLQJ� WKH�
([SDQGHG� 'LVDELOLW\� 6WDWXV� 6FDOH�
�('66��� DW� VFUHHQLQJ�� EDVHOLQH� DQG�
PRQWKV� RQH� WKURXJK� ���� 5HODSVHV�
DQG� DGYHUVH� HYHQWV� ZHUH� UHFRUGHG��
05,V�ZHUH�REWDLQHG�DW�EDVHOLQH�DQG�
PRQWKV� WKUHH�� VL[�� ���� DQG� ���� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV�
FRQYHUVLRQ�WR�06� 
7KH� LQWHQWLRQ� WR� WUHDW� DQDO\VLV�

LQFOXGHG� ���� SDUWLFLSDQWV��2I� WKHVH��
��� LQ� WKH�PLQRF\FOLQH�JURXS�DQG����
LQ�WKH�SODFHER�JURXS�ZHUH�GLDJQRVHG�
ZLWK� 06� ZLWKLQ� VL[� PRQWKV�
�S �������� $� SRVW-KRF� DQDO\VLV�
UHYHDOHG� WKDW� WKH� GLIIHUHQFHV�
UHPDLQHG� VLJQLILFDQW� DW� ��� PRQWKV��
EXW� QRW� DW� ��� PRQWKV�� $GYHUVH�
HYHQWV� RFFXUUHG� LQ� ������ RI� WKH�
PLQRF\FOLQH� DQG� ������ RI� WKH�

SODFHER� JURXS� �S �������� LQFOXGLQJ�
UDVK�� GHQWDO� GLVFRORUDWLRQ� DQG�
GL]]LQHVV� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� ����PJ� RI�PLQRF\FOLQH� WZLFH� D�
GD\� PD\� GHOD\� WKH� FRQYHUVLRQ� RI�
FOLQLFDOO\� LVRODWHG� V\QGURPH� WR�
PXOWLSOH�VFOHURVLV� 

 
0HW]��/���HW�DO��7ULDO�RI�0LQRF\FOLQH�LQ��
D� &OLQLFDOO\� ,VRODWHG� 6\QGURPH� RI�
0XOWLSOH� 6FOHURVLV�� 1� (QJ� -� 0HG��
������-XQH���������������-����� 

 

267(232526,6�$1'� 
&2:¶6�0,/. 

 
7KH� FRQVXPSWLRQ� RI� FRZ¶V� PLON�

KDV� EHHQ� ORQJ� WKRXJKW� WR� KDYH� D�
SRVLWLYH� HIIHFW� RQ� ERQH� JURZWK� DQG�
ERQH� VWUHQJWK�� +RZHYHU�� D� UHFHQW�
VWXG\� IRXQG� WKDW� FDOFLXP�
FRQVXPSWLRQ� LV� DVVRFLDWHG� ZLWK�
H[FHVV� PRUWDOLW\�� RVWHRSRURVLV� DQG�
IUDFWXUHV��7KLV� OLWHUDWXUH� UHYLHZ�ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
KHDOWK� HIIHFWV� RI� FRZ¶V� PLON� RQ�
KXPDQ�ERQHV� 
$�OLWHUDWXUH�UHYLHZ�ZDV�FRPSOHWHG��

ZLWK� VWXGLHV� UHYLHZHG� WKDW� IRFXVHG�
RQ� WKH� DVVRFLDWLRQ� EHWZHHQ� FRZ¶V�
PLON� DQG� ERQH� PLQHUDO� GHQVLW\��
IUDFWXUHV�DQG�ERQH�WXUQRYHU� 
7KH OLWHUDWXUH UHYLHZ�

GHPRQVWUDWHG� WKDW� D� KLJK�
FRQVXPSWLRQ�RI�PLON�VXSSUHVVHV�WKH�
VHFUHWLRQ� RI� SDUDWK\URLG� KRUPRQH��
GHFUHDVHV� WKH� OHYHOV� RI� ERQH�
UHVRUSWLRQ� PDUNHUV� DQG� LV�
DVVRFLDWHG� ZLWK� D� VORZHU� SDFH� RI�
ERQH�UHPRGHOLQJ�DQG�D�KLJKHU�ERQH�
PDVV�� 6WXGLHV� RI� RVWHRSRURWLF�
IUDFWXUHV� KDYH� SURGXFHG� FRQIOLFWLQJ�
UHVXOWV�� ,Q� ODUJH� FRKRUW� VWXGLHV�� WKH�
ULVN�RI�DQ\� IUDFWXUH�DQG�KLS� IUDFWXUH�
ZHUH�KLJKHU�LQ�ZRPHQ�FRQVXPLQJ�DW�
OHDVW� WKUHH�JODVVHV�RI�PLON� SHU� GD\��
DV� FRPSDUHG� WR� WKRVH� FRQVXPLQJ�
OHVV� WKDQ� RQH� JODVV�� 7KLV� KDV� QRW�
EHHQ�VKRZQ�WR�EH�WUXH�LQ�PHQ� 
&RQFOXVLRQ��7KLV� OLWHUDWXUH��UHYLHZ�

RI� WKH�HIIHFW�RI�FRZ¶V�PLON�RQ�KHDOWK�
IRXQG� QR� FRQFOXVLYH� HYLGHQFH� WR�
VXJJHVW� D� PRGLILFDWLRQ� RI� FXUUHQW�
FRQVXPSWLRQ�OHYHOV� 
 
)DUGHOORQH��3���HW�DO�2VWHRSRURVLV��,V�
0LON� D� .LQGQHVV� RU� D� &XUVH"� -RLQW�
%RQH�6SLQH��������0D\������������- 
���� 

 

67(0�&(//6�)25� 
08/7,3/(�6&/(526,6 

 
9DULRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� WKH�
WUDQVSODQWDWLRQ� RI� DXWRORJRXV�
KHPDWRSRLHWLF� VWHP� FHOOV� �$+6&7��

LQGXFHV� ERQH�PDUURZ� UHFRYHU\� DQG�
SURPRWHV� LPPXQH� UHFRQVWLWXWLRQ��
(DUO\� VWXGLHV� LQ� PXOWLSOH� VFOHURVLV�
�06�� KDYH� VXJJHVWHG� WKDW� WKLV�
WUHDWPHQW� PLJKW� EH� HIIHFWLYH� LQ�
VXSSUHVVLQJ� GLVHDVH� UHDFWLYDWLRQ��
7KLV� VWXG\� HYDOXDWHG� WKH� ORQJ-WHUP�
RXWFRPHV� RI� SDWLHQWV� ZKR�
XQGHUZHQW�$+6&7�IRU�WKH�WUHDWPHQW�
RI�06� 
7KLV� PXOWLFHQWHUHG�� REVHUYDWLRQDO��

UHWURVSHFWLYH��FRKRUW�VWXG\�UHYLHZHG�
GDWD� FROOHFWHG� DW� WUDQVSODQW� FHQWHUV�
ZRUOGZLGH�EHWZHHQ�-DQXDU\�RI������
DQG� 'HFHPEHU� RI� ������ (OLJLEOH�
VXEMHFWV� KDG� 06�� D� EDVHOLQH�
([SDQGHG� 'LVDELOLW\� 6WDWXV� 6FDOH�
�('66�� VFRUH� DQG� DW� OHDVW� RQH�
IROORZ-� XS� YLVLW� RU� UHSRUW� DIWHU�
$+6&7�� 7KH� VWXG\� HQGSRLQW� ZDV�
SURJUHVVLRQ-IUHH�VXUYLYDO� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� LQ� ���

FRXQWULHV� ZLWK� ������ XQGHUJRLQJ�
$+6&7� GXULQJ� WKH� VHFRQG� KDOI�
�����-� ������ RI� WKH� VWXG\�� $W� ILYH�
\HDUV�� WKH� RYHUDOO� SURJUHVVLRQ-IUHH�
VXUYLYDO� DIWHU� $+6&7� ZDV� �����
ZKLOH� IRU� WKRVH� ZLWK� UHODSVLQJ� 06��
SURJUHVVLRQ-IUHH� VXUYLYDO� ZDV� ����
DQG� IRU� WKRVH� ZLWK� VHFRQGDU\�
SURJUHVVLYH� 06� ZDV� ����� 7KH�
RYHUDOO�VXUYLYDO�UDWH�ZDV�����DW�ILYH�
\HDUV� DQG� ���� DW� ��� \HDUV� DIWHU�
WUDQVSODQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�PXOWLSOH� VFOHURVLV� ZKR�
UHFHLYHG� DXWRORJRXV� KHPDWRSRLHWLF�
VWHP� FHOO� WUDQVSODQWDWLRQ� IRXQG� WKDW�
QHDUO\� KDOI� ZHUH� IUHH� IURP�
QHXURORJLF�SURJUHVVLRQ�IRU�ILYH�\HDUV�
DIWHU�WUDQVSODQWDWLRQ� 
 
0XUDUR�� 3��� HW� DO�� /RQJ-7HUP�
2XWFRPHV� DIWHU� $XWRORJRXV�
+HPDWRSRLHWLF 6WHP &HOO�
7UDQVSODQWDWLRQ� IRU� 0XOWLSOH�
6FOHURVLV��-$0$�1HXURO��������$SULO�
������������-���� 

 

67(52,'�9(5686�6$/,1(�)25�
.1((�267(2$57+5,7,6� 

 
6\PSWRPDWLF� NQHH� RVWHRDUWKULWLV�

�2$��DIIHFWHG�PRUH�WKDQ�QLQH�PLOOLRQ�
LQGLYLGXDOV� LQ� WKH� 8QLWHG� 6WDWHV� LQ�
������$V�HYLGHQFH�VXJJHVWV�WKDW�2$�
LV� DQ� LQIODPPDWRU\� FRQGLWLRQ��
WUHDWPHQWV�WR�VXSSUHVV�LQIODPPDWLRQ�
LQ�WKHVH�SDWLHQWV�KDYH�LQFOXGHG�LQWUD
-�DUWLFXODU�FRUWLFRVWHURLGV��7KLV�VWXG\�
IXUWKHU� WHVWHG� WKH� EHQHILWV� RI� LQWUD-�
DUWLFXODU� FRUWLFRVWHURLGV� IRU� WKH�
WUHDWPHQW�RI�NQHH�2$� 
7KLV� WZR-\HDU�� GRXEOH-EOLQG� VWXG\�

LQFOXGHG� ���� SDWLHQWV�� ��� \HDUV� RU�
ROGHU�� ZLWK� V\PSWRPDWLF� NQHH� 2$��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� LQMHFWLRQV� HYHU\� WKUHH�
PRQWKV� IRU� WZR� \HDUV�� ZLWK� HLWKHU�
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RQH�P/� RI� WULDPFLQRORQH� ���PJ�P/�
RU�RQH�P/�RI������VRGLXP�FKORULGH��
,Q� HDFK� FDVH�� V\QRYLDO� IOXLG� ZDV�
DVSLUDWHG� SULRU� WR� WKH� LQMHFWLRQ�� $OO�
XQGHUZHQW� 05,� VFDQV� DW� PRQWKV�
]HUR�����DQG���� WR�DVVHVV�FDUWLODJH�
YROXPH�� ERQH� PDUURZ� OHVLRQ�
YROXPH�� HIIXVLRQ� YROXPH� DQG�
FDUWLODJH�GDPDJH� 
7KH� UDWH� RI� FDUWLODJH� ORVV� ZDV�

JUHDWHU� LQ� WKH� WUHDWPHQW� JURXS� IRU�
FDUWLODJH� WKLFNQHVV� �S ������ DQG� DV�
DVVHVVHG� E\� WKH� 6HFRQGDU\�
&DUWLODJH� 'DPDJH� ,QGH[� �S �������
WKDQ�LQ�WKH�VDOLQH�JURXS��7KHUH�ZHUH�
QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�
WKH�WZR�JURXSV�LQ�WKH�SURJUHVVLRQ�RI�
FDUWLODJH� GHQXGDWLRQ�� ERQH� PDUURZ�
OHVLRQ�� HIIXVLRQ� YROXPH�� RU�
WUDEHFXODU� PRUSKRORJ\��
,PSURYHPHQWV�LQ�:20$&�VFRUHV�RI�
SDLQ�� IXQFWLRQ�DQG� VWLIIQHVV�� DV�ZHOO�
DV� 9$6� SDLQ� VFRUHV�� GLG� QRW� GLIIHU�
VLJQLILFDQWO\� EHWZHHQ� WKH� WZR�
JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� GLG� QRW� ILQG� WKDW� LQWUDDUWLFXODU�
WULDPFLQRORQH� LV�VXSHULRU� WR�SODFHER�
IRU� WKH� WUHDWPHQW� RI� SDLQ� RU� WKH�
VXSSUHVVLRQ�RI�FDUWLODJH�GDPDJH� 

 
0F$OLQGRQ��7���HW�DO��(IIHFW�RI� ,QWUD-�
$UWLFXODU� 7ULDPFLQRORQH� YHUVXV�
6DOLQH� RQ� .QHH� &DUWLODJH� 9ROXPH�
DQG� 3DLQ� LQ� 3DWLHQWV� ZLWK� .QHH�
2VWHRDUWKULWLV�� $� 5DQGRPL]HG�
&OLQLFDO�7ULDO��-$0$��������0D\�����
�������������-����� 

 

7$,�&+,�)25�.1((�
267(2$57+5,7,6�,1�7+(�

(/'(5/< 
 
.QHH� RVWHRDUWKULWLV� �2$�� LV� WKH�

PRVW�FRPPRQ� MRLQW� GLVRUGHU��DQG� LV�
D� OHDGLQJ� FDXVH� RI� SDLQ�� IXQFWLRQDO�
OLPLWDWLRQV� DQG� SK\VLFDO� GLVDELOLW\��
6OHHS� GLVWXUEDQFHV� KDYH� EHHQ�
IRXQG� WR� RFFXU� LQ� PRUH� WKDQ� WZR�
WKLUGV�RI�SDWLHQWV�ZLWK�2$��7DL�FKL� LV�
D� WUDGLWLRQDO� &KLQHVH� H[HUFLVH��
IRXQG� WR� EH� HIIHFWLYH� LQ� LPSURYLQJ�
VOHHS� TXDOLW\� DQG� DV� DQ� H[HUFLVH�
UHJLPHQ� DPRQJ� WKH� HOGHUO\�� 7KLV�
VWXG\�DVVHVVHG�WKH�HIIHFWV�RI�WDL�FKL�
RQ� VOHHS� TXDOLW\� DQG� SK\VLFDO�
IXQFWLRQ�DPRQJ�SDWLHQWV�ZLWK�2$� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG�ZRPHQ�� ��� WR� ��� \HDUV� RI�
DJH��GLDJQRVHG�ZLWK�2$�RI�WKH�NQHH��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
HLWKHU� D� WDL� FKL� WUDLQLQJ� JURXS� RU� D�
KHDOWK�HGXFDWLRQ�FRQWURO�JURXS��7KH�
WDL� FKL� JURXS� UHFHLYHG� ��-PLQXWH�
VHVVLRQV��WKUHH�WLPHV�D�ZHHN�IRU����
ZHHNV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� 3LWWVEXUJK� 6OHHS�
4XDOLW\� ,QGH[� �364,��� &KLQHVH�

YHUVLRQ�� ,Q� DGGLWLRQ�� WKH� � SDWLHQWV�
ZHUH� DVVHVVHG� ZLWK� WKH� %HUJ�
%DODQFH� 6FDOH� �%%6�� DQG� 7KH�
7LPHG�8S�DQG�*R�7HVW��78*�� 
$W� ��-ZHHN� IROORZ-XS�� WKH� WDL� FKL�

JURXS�KDG�EHWWHU�VFRUHV�WKDQ�GLG�WKH�
FRQWURO� JURXS� LQ� WKH� JOREDO� 364,�
�S ��������ZLWK�EHWWHU�LPSURYHPHQWV�
LQ� VOHHS� ODWHQF\� �S �������� VOHHS�
GXUDWLRQ� �S ������� DQG� WRWDO� VOHHS�
WLPH� �S �������� 6FRUHV� RQ� WKH� 6)-
���3&6�ZHUH�DOVR�PRUH�LPSURYHG�LQ�
WKH� WDL� FKL� JURXS� �S ��������7KH� WDL�
FKL� JURXS� KDG� VLJQLILFDQW�
LPSURYHPHQW� LQ� WKH� %%6� �S �������
DQG� WKH� 78*� �S �������� ZKLOH� WKH�
FRQWURO� JURXS� GLG� QRW�� DOWKRXJK� WKH�
GLIIHUHQFHV� EHWZHHQ� WKH� JURXSV�
ZHUH�QRW�VLJQLILFDQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

HOGHUO\� &KLQHVH� ZRPHQ� IRXQG� WKDW�
WDL�FKL� WUDLQLQJ�RYHU����ZHHNV�FRXOG�
LPSURYH�VOHHS�TXDOLW\�DQG�TXDOLW\�RI�
OLIH� 

 
/X�� -��� HW� DO�� (IIHFW� RI� 7DL� &KL�
7UDLQLQJ� RQ� 6HOI-5HSRUWHG� 6OHHS�
4XDOLW\� LQ� (OGHUO\� &KLQHVH� :RPHQ�
ZLWK� .QHH� 2VWHRDUWKULWLV�� $�
5DQGRPL]HG��&RQWUROOHG�7ULDO��6OHHS�
0HG��������0D\��������-��� 

 

7,668(�)/266,1*�)25�$1./(�
5$1*(�2)�027,21�$1'�-803�

3(5)250$1&( 
 
7KH�SDUWLDO�RFFOXVLRQ�RI�EORRG�IORZ�

GXULQJ� UDQJH� RI� PRWLRQ� DFWLYLWLHV�
�WLVVXH� IORVVLQJ�� KDV� EHFRPH� D�
SRSXODU� VWUDWHJ\� WR� LQFUHDVH� MRLQW�
UDQJH� RI� PRWLRQ� DQG� LPSURYH�
DWKOHWLF� SHUIRUPDQFH�� 7KLV� VWXG\��
DQDO\]HG� WKH� HIIHFW� RI� IORVV� EDQG�
XVH� RQ� UDQJH� RI� PRWLRQ� DQG� MXPS�
KHLJKW� 
6XEMHFWV� ZHUH� ��� UHFUHDWLRQDO�

DWKOHWHV� ZLWK� D� PHDQ� DJH� RI� ���
\HDUV��ZKR�UHSRUWHG�UHJXODU�SK\VLFDO�
H[HUFLVH�� $W� EDVHOLQH�� DOO�
SDUWLFLSDQWV� ZHUH� DVVHVVHG� E\� WKH�
:HLJKW-�%HDULQJ�/XQJH�WHVW��:%/7���
GRUVLIOH[LRQ�DQG�SODQWDUIOH[LRQ�UDQJH�
RI� PRWLRQ�� DQG� WKH� 6LQJOH-/HJ�
9HUWLFDO� -XPS� 7HVW� �-803�� ZLWK�
ZUDS� SUHVVXUHV� PHDVXUHG� ZLWK� WKH�
.LNXKLPH� SUHVVXUH� PRQLWRU�� 7KRVH�
UDQGRPL]HG� WR� DQ� DFWLYH� WUHDWPHQW�
JURXS� KDG� D� IORVV� EDQG� DSSOLHG�
XVLQJ� D� VWDQGDUG� DQNOH� EDQGDJLQJ�
WHFKQLTXH��ZLWK�D�PHDQ�SUHVVXUH�RI�
����PP+J��:LWK� WKH� EDQG� DSSOLHG��
WKH� VXEMHFWV� SHUIRUPHG� ERWK�
SODQWDUIOH[LRQ� DQG� GRUVLIOH[LRQ� WR�
WKHLU�H[WUHPH�UDQJHV�RI�PRWLRQ��DQG�
FRPSOHWHG� WKH� PRELOLW\� H[HUFLVHV��
$IWHU� WZR� PLQXWHV�� WKH� EDQG� ZDV�
UHPRYHG�� 7KH� FRQWURO� JURXS�

XQGHUZHQW�WKH�VDPH�SURFHGXUH�ZLWK�
QR�EDQG�DSSOLHG� 
&RPSDUHG� WR� EDVHOLQH�� VLJQLILFDQW�

LPSURYHPHQWV�ZHUH�IRXQG�LQ�DOO�WHVW�
PHDVXUHV� LQ� WKH� WUHDWPHQW� JURXS�
�:%/7��3)��')�-803+��-803Y 
�S��������IRU�DOO�FRPSDULVRQV���7KH�

GLIIHUHQFHV� LQ� JDLQV� EHWZHHQ� WKH�
WUHDWPHQW� DQG� WKH� FRQWURO� JURXS�
ZHUH� DOO� LQ� IDYRU� RI� WKH� WUHDWPHQW�
JURXS� EXW� IDLOHG� WR� UHDFK� VWDWLVWLFDO�
VLJQLILFDQFH� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�IORVV�

EDQGV� DSSOLHG� WR� UHFUHDWLRQDO�
DWKOHWLFV� IRXQG� WKDW� DQNOH� UDQJH� RI�
PRWLRQ�DQG�MXPS�SHUIRUPDQFH�FRXOG�
EH� HQKDQFHG� ZLWK� WKLV� EORRG�
UHVWULFWLRQ�WHFKQLTXH� 
� 

'ULOOHU�� 0��� HW� DO�� (IIHFWV� RI� 7LVVXH�
)ORVVLQJ�RQ�$QNOH�5DQJH�RI�0RWLRQ�
DQG� -XPS�3HUIRUPDQFH�� 3K\V� 7KHU�
6SRUW��������0D\��������-��� 

 

75$,1,1*�/2$'-,1-85<�
3$5$'2; 

 
7UDGLWLRQDOO\�� ZRUNORDG-LQMXU\�

LQYHVWLJDWLRQV� KDYH� IRXQG� WKDW�
KLJKHU� ZRUNORDGV� ZHUH� DVVRFLDWHG�
ZLWK� JUHDWHU� UDWHV� RI� LQMXU\��
+RZHYHU�� KLJK� WUDLQLQJ� ORDGV� DUH�
QHFHVVDU\� IRU� SK\VLRORJLFDO�
DGDSWDWLRQ�� DQG� LQFUHDVHG�
SHUIRUPDQFH�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� UHODWLRQVKLS�
EHWZHHQ� SDUWLFLSDWLRQ� LQ� SUHVHDVRQ�
WUDLQLQJ� DQG� LQMXULHV� GXULQJ� WKH�
IROORZLQJ�VHDVRQ� 
6XEMHFW� ZHUH� ��� HOLWH� UXJE\�

SOD\HUV� IROORZHG� WKURXJK�D���-ZHHN�
SUHVHDVRQ� DQG� ��-URXQG�
FRPSHWLWLYH� VHDVRQ�� 'DWD� FROOHFWHG�
LQFOXGHG� SDUWLFLSDWLRQ� LQ� SUHVHDVRQ�
VHVVLRQV�� LQ-VHDVRQ� WUDLQLQJ� ORDGV�
DQG� LQMXU\� VWDWXV� WKURXJKRXW� WKH�
\HDU��$Q�LQMXU\�ZDV�LQFOXGHG�RQO\�LI�LW�
UHVXOWHG�LQ�D�ORVV�RI�PDWFK�WLPH� 
$� WRWDO� RI� ��� LQMXULHV� ZHUH�

VXVWDLQHG� GXULQJ� WKH� FRPSHWLWLYH�
VHDVRQ�� $� VLJQLILFDQW� LQYHUVH�
UHODWLRQVKLS�ZDV�QRWHG�EHWZHHQ� WKH�
QXPEHU� RI� SUHVHDVRQ� WUDLQLQJ�
VHVVLRQV� DQG� WKH� SHUFHQWDJH� RI�
JDPHV� WKDW� ZHUH� PLVVHG� GXH� WR�
LQMXU\��S��������:KHQ�FRQWUROOLQJ�IRU�
WUDLQLQJ� ORDG�� LQFUHDVHG� SUHVHDVRQ�
SDUWLFLSDWLRQ� ZDV� DVVRFLDWHG� ZLWK� D�
UHGXFHG�RGGV�RI�LQMXU\�LQ�WKH�FXUUHQW�
ZHHN� �25� ������� DQG� WKH�
VXEVHTXHQW� ZHHN� �25� ������� 7HQ�
DGGLWLRQDO� SUHVHDVRQ� WUDLQLQJ�
VHVVLRQV�UHGXFHG�WKH�RGGV�RI� LQMXU\�
E\� DW� OHDVW� ���� LQ� WKH� FXUUHQW� DQG�
VXEVHTXHQW�ZHHN� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� UXJE\�

SOD\HUV� IRXQG� WKDW� JUHDWHU�
SUHVHDVRQ� SDUWLFLSDWLRQ� ZDV�
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DVVRFLDWHG� ZLWK� D� UHGXFHG� ULVN� RI�
LQMXU\� GXULQJ� WKH� FRPSHWLWLYH�
VHDVRQ� 

 
:LQGW��-���HW�DO��7UDLQLQJ�/RDG-,QMXU\�
3DUDGR[�� ,V� *UHDWHU� 3UHVHDVRQ�
3DUWLFLSDWLRQ�$VVRFLDWHG�ZLWK�/RZHU�
,Q-6HDVRQ�,QMXU\�5LVN�LQ�(OLWH�5XJE\�
/HDJXH� 3OD\HUV"� %U� -� 6SRUWV� 0HG��
������$SULO������������-���� 

9,7$0,1�'�'(),&,(1&<�$1'�
63,1$/�&25'�,1-85< 

 
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� YLWDPLQ� '� GHILFLHQF\� PLJKW� EH�
UHODWHG�WR�D�QXPEHU�RI�KHDOWK�LVVXHV�
LQFOXGLQJ� QHXURPXVFXODU� IXQFWLRQ��
7KLV� OLWHUDWXUH� UHYLHZ�ZDV�GHVLJQHG�
WR� FODULI\� WKH� YLWDPLQ� '� VWDWXV� RI�
SDWLHQWV� ZLWK� VSLQDO� FRUG� LQMXU\�
�6&,�� 
$�OLWHUDWXUH�UHYLHZ�ZDV�FRPSOHWHG�

IRU� VWXGLHV� SXEOLVKHG� WKURXJK� -XQH�
RI������ZKLFK�LQFOXGHG�SDWLHQWV�ZLWK�
6&,� DQG� DQ� DVVHVVPHQW� RI� YLWDPLQ�
'� VWDWXV�� )URP� WKH� UHYLHZ�� ���
VWXGLHV� PHW� WKH� LQFOXVLRQ� FULWHULD��
ZLWK� ��� RI� WKHVH� LQYHVWLJDWLQJ�
LQGLYLGXDOV�ZLWK�FKURQLF�6&,��9LWDPLQ�
'� GHILFLHQF\� ZDV� LGHQWLILHG� LQ� ��-
���� RI� WKH� VXEMHFWV�� DQG� ZDV�
SUHGRPLQDQW� DPRQJ� WKRVH� ZLWK�
FKURQLF� 6&,�� 6LJQLILFDQWO\� KLJKHU�
SDUDWK\URLG� KRUPRQH� OHYHOV� ZHUH�
IRXQG� LQ� WKRVH� ZLWK� ORZ� YLWDPLQ� '�
VWDWXV� DV� FRPSDUHG� WR� WKRVH� ZLWK�
QRUPDO� YLWDPLQ�'� VWDWXV�� 9LWDPLQ�'�
VXSSOHPHQWDWLRQ� ZDV� IRXQG� WR�
QRUPDOL]H� YLWDPLQ� '� DQG� GHFUHDVH�
SDUDWK\URLG� KRUPRQH�
FRQFHQWUDWLRQV�� 7KHUH� ZDV� QR� OLQN�
EHWZHHQ� FDOFLXP� FRQFHQWUDWLRQ� DQG�
YLWDPLQ� '� GHILFLHQF\�� 7KH�
UHODWLRQVKLS� EHWZHHQ� YLWDPLQ� '�
GHILFLHQF\� DQG� WHVWRVWHURQH� OHYHOV�
ZDV�HTXLYRFDO� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� IRXQG� WKDW� LQGLYLGXDOV� ZLWK�
VSLQDO� FRUG� LQMXU\� DUH� DW� DQ�
LQFUHDVHG� ULVN� IRU� YLWDPLQ� '�
GHILFLHQF\�� ZLWK� SDUDWK\URLG�
KRUPRQH� OHYHOV� QHJDWLYHO\�
FRUUHODWHG�ZLWK�9LWDPLQ�'�VWDWXV� 

 
)OXHFN�� -��� HW� DO�� 9LWDPLQ� '�
'HILFLHQF\� LQ� ,QGLYLGXDOV� ZLWK� D�
6SLQDO� &RUG� ,QMXU\�� $� /LWHUDWXUH�
5HYLHZ��6SLQDO�&RUG��������0D\�����
��������-���� 

 

35(23(5$7,9(�23,2,'�86(�
$1'�727$/�.1((�
$57+523/$67< 

 
:KLOH� WRWDO� NQHH� DUWKURSODVW\�

�7.$�� LV� DQ� HIIHFWLYH� WUHDWPHQW� WR�
UHOLHYH�SDLQ��SDWLHQWV�DUH�WUHDWHG�IRU�
DQ� DYHUDJH� RI� ��� \HDUV� EHIRUH�

XQGHUJRLQJ� D� VXUJLFDO� SURFHGXUH��
7KLV� VWXG\� H[SORUHG� � ZKHWKHU� � WKH�
SRVWRSHUDWLYH� RXWFRPHV� RI� SDWLHQWV�
DUH� DIIHFWHG� E\� WKHLU� SUHRSHUDWLYH�
RSLRLG�XVH� 
6XEMHFWV� ZHUH� SDWLHQWV�

XQGHUJRLQJ�SULPDU\�� XQLODWHUDO�7.$��
DOO�RI�ZKRP�ZHUH�DW�OHDVW����\HDUV�RI�
DJH�� 7KH� SDUWLFLSDQWV� FRPSOHWHG�
TXHVWLRQQDLUHV� FRQVLVWLQJ� RI� FOLQLFDO�
RXWFRPHV�� LQFOXGLQJ� WKH� :HVWHUQ�
2QWDULR� DQG� 0F0DVWHU� XQLYHUVLWLHV�
RVWHRDUWKULWLV� LQGH[� �:20$&��� WKH�
3DLQ� &DWDVWURSKL]LQJ� 6FDOH� DQG�
TXHVWLRQV� DERXW� FRPRUELGLWLHV��
5HFRUGV�ZHUH�UHYLHZHG�WR�GHWHUPLQH�
RSLRLG� XWLOL]DWLRQ� IURP� WZR� \HDUV�
EHIRUH��WR�RQH�\HDU�DIWHU��VXUJHU\��,Q�
DGGLWLRQ�� WKH� DXWKRUV� FRQGXFWHG� D�
OLWHUDWXUH� VHDUFK� WR� LGHQWLI\�
SXEOLVKHG� VWXGLHV� UHJDUGLQJ� WKH�
HIIHFW� RI� SUHRSHUDWLYH� RSLRLGV� RQ�
SRVWRSHUDWLYH� RUWKRSHGLF�RXWFRPHV��
WR� XVH� DV� D� FRPSDULVRQ� ZLWK� WKLV�
VWXG\� 
'DWD� ZHUH� REWDLQHG� IRU� ����

SDWLHQWV�ZLWK�D�PHDQ�DJH�DW�WKH�WLPH�
RI� VXUJHU\� RI� ����� \HDUV�� DQG� D�
PHDQ� ERG\�PDVV� LQGH[� RI� ����� NJ�
Pð��2I� WKHVH������KDG�KDG�DW� OHDVW�
RQH� RSLRLG� SUHVFULSWLRQ� ZLWKLQ� WKH�
WZR� \HDUV� SULRU� WR� VXUJHU\�� DQG�
������ KDG� PXOWLSOH� RSLRLG�
SUHVFULSWLRQV� DIWHU� VXUJHU\�� ,Q� DQ�
DGMXVWHG�DQDO\VLV��WKRVH�ZKR�KDG�QRW�
XVHG� RSLRLGV� EHIRUH� VXUJHU\� ZHUH�
IRXQG�WR�KDYH�D�VL[-PRQWK�:20$&�
SDLQ�VFRUH�RI������SRLQWV��FRPSDUHG�
WR� ����� SRLQWV� IRU� WKRVH� ZKR� KDG�
XVHG�RSLRLGV��$�PXOWLYDULDWH�DQDO\VLV�
UHYHDOHG�WKDW�WKH�RSLRLG�JURXS�KDG�D�
PHDQ� VL[-PRQWK� :20$&� SDLQ�
VFRUH� UHGXFWLRQ� RI� ����� SRLQWV�� DV�
FRPSDUHG� ZLWK� ����� SRLQWV� IRU� WKH�
QRQ-RSLRLG�XVH�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� WRWDO� NQHH�
DUWKURSODVW\� IRXQG� WKDW� WKRVH� ZKR�
XVHG�RSLRLGV�EHIRUH�VXUJHU\�KDG�OHVV�
SDLQ� UHOLHI� DIWHU� VXUJHU\� WKDQ� GLG�
WKRVH�ZKR�KDG�QRW�XVHG�RSLRLGV� 

 
6PLWK�� 6��� HW� DO�� ,PSDFW� RI�
3UHRSHUDWLYH� 2SLRLG� 8VH� RQ� 7RWDO�
.QHH� $UWKURSODVW\� 2XWFRPHV�� � -�
%RQH�-RLQW�6XUJ��������0D\������� 
���������-���� 
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6WXGLHV� KDYH� VKRZQ� WKDW�� DIWHU� D�

ILUVW�� IRFDO�� FOLQLFDO� GHP\HOLQDWLQJ�
HYHQW� �FOLQLFDOO\� LVRODWHG� V\QGURPH�
�&,6��� WKH� ULVN� RI� FRQYHUVLRQ� WR�
PXOWLSOH� VFOHURVLV� �06�� LV� KLJK�� ,Q�
SUHYLRXV� WULDOV�� PLQRF\FOLQH� WKHUDS\�
UHGXFHG� WKH� QXPEHU� RI� OHVLRQV�

GHWHFWHG� RQ� 05,�� � 7KLV� � VWXG\�
H[SORUHG� WKH� HIIHFW� RI� PLQRF\FOLQH�
RQ� WKH� ULVN� RI� FRQYHUVLRQ� IURP�&,6��
WR�06� 
(OLJLEOH� VXEMHFWV� ZHUH� SDWLHQWV�

ZLWK� D� ILUVW� GHP\HOLQDWLQJ� V\PSWRP�
EHWZHHQ� -DQXDU\�� ������ DQG� -XO\��
������ 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� ����
PJ�RI�PLQRF\FOLQH�WZLFH�SHU�GD\�RU�D�
PDWFKLQJ� SODFHER� IRU� XS� WR� ���
PRQWKV�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG� E\� D�SK\VLFLDQ� KHOG� EOLQG�
WR� WKH� FRQGLWLRQ�� DQG� XQGHUZHQW�
EORRG� WHVWLQJ� DQG� FOLQLFDO�
DVVHVVPHQWV�� LQFOXGLQJ� WKH�
([SDQGHG� 'LVDELOLW\� 6WDWXV� 6FDOH�
�('66��� DW� VFUHHQLQJ�� EDVHOLQH�DQG�
PRQWKV� RQH� WKURXJK� ���� 5HODSVHV�
DQG� DGYHUVH� HYHQWV� ZHUH� UHFRUGHG��
05,V�ZHUH�REWDLQHG�DW�EDVHOLQH�DQG�
PRQWKV� WKUHH�� VL[�� ���� DQG� ���� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV�
FRQYHUVLRQ�WR�06� 
7KH� LQWHQWLRQ� WR� WUHDW� DQDO\VLV�

LQFOXGHG� ����SDUWLFLSDQWV��2I� WKHVH��
��� LQ� WKH�PLQRF\FOLQH�JURXS�DQG����
LQ�WKH�SODFHER�JURXS�ZHUH�GLDJQRVHG�
ZLWK� 06� ZLWKLQ� VL[� PRQWKV�
�S �������� $� SRVW-KRF� DQDO\VLV�
UHYHDOHG� WKDW� WKH� GLIIHUHQFHV�
UHPDLQHG� VLJQLILFDQW� DW� ��� PRQWKV��
EXW� QRW� DW� ��� PRQWKV�� $GYHUVH�
HYHQWV� RFFXUUHG� LQ� ������ RI� WKH�
PLQRF\FOLQH� DQG� ������ RI� WKH�
SODFHER� JURXS� �S �������� LQFOXGLQJ�
UDVK�� GHQWDO� GLVFRORUDWLRQ� DQG�
GL]]LQHVV� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� ����PJ� RI�PLQRF\FOLQH� WZLFH� D�
GD\� PD\� GHOD\� WKH� FRQYHUVLRQ� RI�
FOLQLFDOO\� LVRODWHG� V\QGURPH� WR�
PXOWLSOH�VFOHURVLV� 

 
0HW]��/���HW�DO��7ULDO�RI�0LQRF\FOLQH�LQ��
D� &OLQLFDOO\� ,VRODWHG� 6\QGURPH� RI�
0XOWLSOH� 6FOHURVLV�� 1� (QJ� -� 0HG��
������-XQH���������������-����� 
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'DWD� GHVFULELQJ� H[FHVV� PRUWDOLW\�

DIWHU�KLS� IUDFWXUH� LV�ZHOO�HVWDEOLVKHG�
LQ� GHYHORSHG� FRXQWULHV� LQ� :HVWHUQ�
(XURSH� DQG� � � 1RUWK� � $PHULFD��
+RZHYHU�� HVWLPDWHV� RI� KLS� IUDFWXUH�
PRUWDOLW\� LQ� (DVWHUQ� (XURSH� DUH�
VFDUFH�� 7KLV� VWXG\� HVWLPDWHG� WKH�
LPSDFW�RI�KLS�IUDFWXUH�RQ���-\HDU��DOO
-� FDXVH� PRUWDOLW\� DPRQJ� WKH�
(VWRQLDQV����\HDUV�RI�DJH�RU�ROGHU� 
7KLV SRSXODWLRQ-EDVHG��

UHWURVSHFWLYH�� FRKRUW� VWXG\� XVHG�
GDWD� IURP� WKH� (VWRQLDQ� +HDOWK�
,QVXUDQFH� )XQG�� ZKLFK� FRQWDLQV� D�
FRPSOHWH� UHFRUG� RI� LQSDWLHQW� DQG�
RXWSDWLHQW� KHDOWKFDUH�VHUYLFHV��7KLV�



 

3DJH�� 6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

UHFRUG� ZDV� UHYLHZHG� IRU� DOO� SDWLHQWV�
KRVSLWDOL]HG� ZLWK� LQFLGHQW� KLS�
IUDFWXUHV� EHWZHHQ� -DQXDU\� ��� ������
DQG� 'HFHPEHU� ���� ������ 7KH�
SDWLHQWV� � ZHUH� � IROORZHG� XQWLO� WKH�
VWXG\¶V�FORVXUH�LQ������RU�WKH�GDWH�RI�
GHDWK��7KH�KLS�IUDFWXUH�SDWLHQWV�ZHUH�
FRPSDUHG��ZLWK�PDWFKHG�FRQWUROV� 
'XULQJ� IROORZ-XS�� WKH� FXPXODWLYH�

ULVNV� RI� GHDWK� DW� WKUHH�PRQWKV� ZHUH�
������IRU�WKH�KLS�IUDFWXUH�JURXS�DQG�
����� IRU� WKH� FRQWURO� JURXS�� $W� RQH��
ILYH� DQG� ��� \HDUV¶� IROORZ-XS�� � WKH�
FUXGH� FXPXODWLYH� ULVNV� RI� GHDWK� LQ�
WKH�KLS� IUDFWXUH�JURXS�� DV� FRPSDUHG�
ZLWK� WKH� FRQWURO� JURXS�� ZHUH� �������
DQG� ������ ������ DQG� ������ DQG�
������DQG��������UHVSHFWLYHO\��7KH�
DGMXVWHG�� FXPXODWLYH�� WHQ-\HDU� ULVNV�
RI�DOO-FDXVH�GHDWK�ZHUH�������LQ�WKH�
IUDFWXUH� JURXS� DQG� ������ LQ� WKH�
FRQWURO� JURXS�� $W� ��� \HDUV� IURP�
IUDFWXUH�� RQH� RI� IRXU� GHDWKV� LQ� WKH�
KLS�IUDFWXUH�JURXS�ZDV�DWWULEXWDEOH�WR�
WKH�SDWLHQW¶V�KLS�IUDFWXUH� 
&RQFOXVLRQ�� 7KLV� (DVWHUQ�

(XURSH� VWXG\� IRXQG� WKDW�� ��� \HDUV�
DIWHU�KLS� IUDFWXUH��DGMXVWHG�DOO-FDXVH�
PRUWDOLW\� ZDV� ������� DV� FRPSDUHG�
ZLWK� ������ IRU� WKH� JHQHUDO�
SRSXODWLRQ� 

 
-XULVVRQ��0���HW�DO��7KH�,PSDFW�RI�+LS�
)UDFWXUH� RQ� 0RUWDOLW\� LQ� (VWRQLD�� $�
5HWURVSHFWLYH�� 3RSXODWLRQ–%DVHG��
&RKRUW� 6WXG\�� %0&� 0XVFXORVNHOHW�
'LVRUG���������������� 
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7KH� FHQWUDO� IDWLJXH� WKHRU\�

SURSRVHV� WKDW� IRUFH� RXWSXW� GXULQJ�
IDWLJXLQJ� H[HUFLVH� LV� OLPLWHG� LQ� RUGHU�
WR� PDLQWDLQLQJ� KRPHRVWDVLV� LQ�
DGYDQFH� RI� WLVVXH� GDPDJH�� $V�
PHWK\OSKHQLGDWH� �03+�� KDV� EHHQ�
VKRZQ� WR� HQKDQFH� SK\VLFDO�
SHUIRUPDQFH�� LW� KDV� EHHQ� SURSRVHG�
WKDW�WKLV�PHGLFDWLRQ�DOWHUV�WKH�FHQWUDO�
IDWLJXH� PHFKDQLVPV� RI� WKH� PRWRU�
FRUWH[�� 7KLV� VWXG\� HYDOXDWHG� WKH�
QHXUDO� XQGHUSLQQLQJV� UHODWHG� WR� WKH�
HUJRJHQLF�HIIHFWV�RI�03+� 
7KLV�GRXEOH-EOLQG�� FURVVRYHU�VWXG\�

LQYROYHG� ��� ULJKW-KDQGHG� VXEMHFWV��
UDQGRPL]HG� WR� UHFHLYH� ��� PJ� RI�
03+� RU� SODFHER�� 7KH� SDUWLFLSDQWV�
ZHUH� DVNHG� WR� SHUIRUP���� JULS� WULDOV�
ZLWK� D� YLVXDO� GLVSOD\� RI� WKHLU� JULS�
VWUHQJWK�� 7KH� VXEMHFWV� EHJDQ� WKH�
WDVN�DW�D� WDUJHW� IRUFH�RI�����RI� WKHLU�
PD[LPXP� YROXQWDU\� FRQWUDFWLRQ��
7HVW� � IDLOXUH� ZDV� GHILQHG� DV� IDOOLQJ�
EHORZ��WKH�WDUJHW�IRUFH�E\�PRUH�WKDQ�
����DIWHU�KDYLQJ�UHDFKHG�WKH�WDUJHW��
$OO� VHVVLRQV� ZHUH� FRQGXFWHG� ZLWK�
FRQFXUUHQW� IXQFWLRQDO� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� �I05,��� $VR�

DVVHVVHG� ZHUH� D� PHDVXUHPHQW� RI�
WDVN-GHSHQGHQW� FKDQJH� LQ� QHXUDO�
FRXSOLQJ� �33,��� DQG� D� NH\� UHJLRQ�
LPSOLFDWHG�LQ�PHQWDO�IDWLJXH��2)&�� 
7KH� PHDQ� IRUFHV� DFKLHYHG� LQ� DOO�

WULDOV�ZHUH�VLJQLILFDQWO\�KLJKHU� LQ� WKH�
03+� JURXS� WKDQ� LQ� WKH� SODFHER�
JURXS��S ��������7KH�03+�FRQGLWLRQ�
UHVXOWHG� LQ�DQ� LQFUHDVH� LQ� OHIW� ,&-OHIW�
KDQG� PRWRU� FRUWH[� FRXSOLQJ� �33,��
DQG�D�GHFUHDVH� LQ�ELODWHUDO�2)&-OHIW�
,&�FRXSOLQJ�GXULQJ�JULS� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW�PHWK\OSKHQLGDWH�LPSURYHG�IRUFH�
SURGXFWLRQ� DQG� EUDLQ� FRQQHFWLYLW\�
GXULQJ�D�IDWLJXLQJ�KDQGJULS�WDVN�� 

 
.LQJ�� 0��� HW� DO�� 0HWK\OSKHQLGDWH�
(QKDQFHV� *ULS� )RUFH� DQG� � $OWHUV�
%UDLQ�&RQQHFWLYLW\��0HG� 6FL� 6SRUWV�
([HU��������-XO\�������������-����� 

 

($5/<�9(57(%523/$67<�,1�
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)RU� SDWLHQWV� ZLWK� SDLQIXO� YHUWHEUDO�

FRPSUHVVLRQ� IUDFWXUHV��
YHUWHEURSODVW\� �93�� LV� RIWHQ�
FRQVLGHUHG� DIWHU� WKH� IDLOXUH� RI�
FRQVHUYDWLYH� WUHDWPHQW�� $V�SUHYLRXV�
VWXGLHV� KDYH� VXJJHVWHG� EHWWHU�
IXQFWLRQDO� RXWFRPHV� LQ� HOGHUO\�
SDWLHQWV�ZKR�XQGHUJR�HDUO\�93�� WKLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH�EHQHILWV� RI� HDUO\�93�
LQ� SDWLHQWV� ZLWK� D� SDLQIXO� YHUWHEUDO�
FRPSUHVVLRQ�IUDFWXUH��39&)�� 
'DWD� ZHUH� KDUYHVWHG� IURP� WKH�

7DLZDQ� 1DWLRQDO� +HDOWK� ,QVXUDQFH�
5HVHDUFK�'DWDEDVH��ZKLFK� LQFOXGHV�
QHDUO\� ���� RI� WKH� UHVLGHQWV� RI�
7DLZDQ�� )URP� WKLV� GDWDEDVH��
SDWLHQWV 
��� \HDUV� RI� DJH� DQG� ROGHU� ZHUH�

LQFOXGHG� LI� WKH\� KDG� D� 39&)�
DGPLVVLRQ�EHWZHHQ������DQG�������
7KRVH� ZKR� UHFHLYHG� D� 93� ZLWKLQ�
WKUHH� PRQWKV� RI� V\PSWRP� RQVHW�
ZHUH� FRPSDUHG� WR� WKRVH� ZKR�
UHFHLYHG� ODWHU� SURFHGXUHV�� 7KH�
SULPDU\� RXWFRPH� PHDVXUHV� ZHUH�
PRUWDOLW\� DQG� KRVSLWDOL]DWLRQ� GXH� WR�
SQHXPRQLD�RU�UHVSLUDWRU\�IDLOXUH� 
6XEMHFWV� ZHUH� ������ SDWLHQWV� ZLWK�

HDUO\�93�DQG�������QRQ-93�SDWLHQWV�
ZLWK� VLPLODU� EDVHOLQH� FKDUDFWHULVWLFV��
'HDWK� DW� RQH� \HDU� RFFXUUHG� PRUH�
IUHTXHQWO\� LQ� WKH�QRQ-93�JURXS� WKDQ��
LQ� WKH�93�JURXS� �S ��������%HQHILWV��
LQ�WKH�93�JURXS�FRPSDUHG�WR�WKH�QRQ
-� 93� JURXS� ZHUH� VHHQ� LQ� UHGXFHG�
UHVSLUDWRU\� IDLOXUH� �S �������� EXW�QRW�
SQHXPRQLD� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU�
IRXQG� WKDW� HDUO\� YHUWHEURSODVW\�
�ZLWKLQ� WKUHH� PRQWKV� RI� V\PSWRP�
RQVHW��UHVXOWHG� LQ� LPSURYHG�PRUWDOLW\�
DQG� D� GHFUHDVHG� ULVN� RI� UHVSLUDWRU\�
IDLOXUH� 

/LQ�� -��� HW� DO�� (DUO\� 9HUWHEURSODVW\�
$VVRFLDWHG� ZLWK� D� /RZHU� 5LVN� RI�
0RUWDOLW\� DQG� 5HVSLUDWRU\� )DLOXUH� LQ�
$JHG�3DWLHQWV�ZLWK�3DLQIXO�9HUWHEUDO�
&RPSUHVVLRQ� )UDFWXUHV�� $�
3RSXODWLRQ-%DVHG� &RKRUW� 6WXG\� LQ�
7DLZDQ�� 6SLQH� -�� ������
GRL�RUJ����������
M�VSLQHH������������� 

 

,1&,'(1&(�2)�6(&21'�
$17(5,25�&58&,$7(�/,*$0(17�
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7KH� ULVN� RI� DQWHULRU� FUXFLDWH�

OLJDPHQW� �$&/�� LQMXU\� DIWHU� DQ� $&/�
UHFRQVWUXFWLRQ� KDV� EHHQ� UHSRUWHG� WR�
EH� DV� KLJK� DV� RQH� WKLUG�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG��
WKH�LQFLGHQFH�RI�VHFRQG�$&/�LQMXULHV�
LQ�D�SRSXODWLRQ-EDVHG�FRKRUW��DQG�WR�
GHWHUPLQHG� ULVN� IDFWRUV� DVVRFLDWHG�
ZLWK�WKHVH�LQMXULHV� 
'DWD� ZHUH� REWDLQHG� WKURXJK� WKH�

5RFKHVWHU� (SLGHPLRORJ\� 3URMHFW�� D�
PHGLFDO� UHFRUG� OLQNDJH� V\VWHP� ZLWK�
DFFHVV� WR�FRPSOHWH�PHGLFDO� UHFRUGV�
IRU� DOO� UHVLGHQWV�RI�2OPVWHG�&RXQW\��
0LQQHVRWD�� 7KLV� GDWDEDVH� ZDV�
UHYLHZHG� IRU�DOO�RFFXUUHQFHV�RI�$&/�
WHDUV� EHWZHHQ� -DQXDU\�� ������ DQG�
'HFHPEHU��������6HFRQG�$&/�WHDUV�
ZHUH� GHILQHG� DV� DQ\� WKDW� RFFXUUHG�
DIWHU� WKH� SULPDU\� LQMXU\�� DQG� XQWLO�
'HFHPEHU������ 
%HWZHHQ� ����� DQG� ������ RI� WKH�

������ DFXWH� WHDUV�� VL[� SHUFHQW� ZHUH�
VHFRQG� WHDUV�� 2I� WKHVH�� ������
LQYROYHG� WKH� LSVLODWHUDO� JUDIW� DQG�
������LQYROYHG�WKH�FRQWUDODWHUDO�$&/��
$PRQJ� LQGLYLGXDOV� OHVV� WKDQ� ���
\HDUV� RI� DJH�� WKH� JUDIW� IDLOXUH� UDWH�
ZDV� � ������ZKLOH� WKH� IDLOXUH� UDWH� IRU�
WKRVH� XQGHU� ��� \HDUV� RI� DJH� ZDV�
������ 2I� WKH� IDLOXUHV�� WKH� DOORJUDIW�
KDG�WKH�KLJKHVW�UDWH�RI�VHFRQG�WHDUV��
DFFRXQWLQJ� IRU� ������� IROORZHG� E\�
KDPVWULQJ� DXWRJUDIWV� DW� ������� DQG�
SDWHOOD� DXWRJUDIWV� DW� � ������
0XOWLYDULDWH� UHJUHVVLRQ� DQDO\VLV�
UHYHDOHG�WKDW�XVH�RI�DQ�DOORJUDIW�ZDV�
WKH� VLQJOH� VLJQLILFDQW� LQGHSHQGHQW�
YDULDEOH� SUHGLFWLQJ� VHFRQG� $&/�
LQMXULHV��S����������7KH�SUREDELOLW\�RI�
D� VHFRQG� $&/� LQMXU\� ZDV� KLJKHVW�
DPRQJ�WKRVH����WR����\HDUV�RI�DJH��
IROORZHG�E\� WKRVH���� WR����\HDUV�RI�
DJH� 
&RQFOXVLRQ�� 7KLV� REVHUYDWLRQDO�

FRKRUW� VWXG\� RI� FLWL]HQV� RI� 2OPVWHG�
&RXQW\�� 0LQQHVRWD�� IRXQG� WKDW� VL[�
SHUFHQW�RI�$&/�UHSDLUV�ZHUH�VHFRQG�
UHSDLUV�� ZLWK� ������ RI� WKHVH�
RFFXUULQJ�RQ�WKH�VLGH�FRQWUDODWHUDO�WR�
WKH�LQLWLDO�VXUJHU\� 

 
6FKLODW\�� 1��� HW� DO�� ,QFLGHQFH� RI�
6HFRQG� $QWHULRU� &UXFLDWH� /LJDPHQW�
7HDUV� ������ WR� ������ DQG�
$VVRFLDWHG� )DFWRUV� LQ� D� 6SHFLILF�



 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ� LQ�PXVFXORVNHOHWDO� DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH���6XPPDULHV�DSSHDULQJ�LQ�
WKLV�SXEOLFDWLRQ�DUH� LQWHQGHG�DV�DQ�
DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH� VXPPDULHV� DUH� QRW�

LQWHQGHG� IRU� XVH� DV� WKH� VROH� EDVLV�
IRU� FOLQLFDO� WUHDWPHQW�� RU� DV� D�
VXEVWLWXWH� IRU� WKH� UHDGLQJ� RI� WKH�
RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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5DGLRJUDSKLF� NQHH� RVWHRDUWKULWLV�

�2$�� LV�HYLGHQW� LQ�PRUH�WKDQ�����RI�
SHRSOH� DW� ��-��� \HDUV� DIWHU� DQWHULRU�
FUXFLDWH OLJDPHQW �$&/��
UHFRQVWUXFWLRQ�� 7KLV� VWXG\�FRPSDUHG�
WKH� HIILFDF\� RI� DQ� XQORDGHU� EUDFH��
HLWKHU� ZLWK� RU� ZLWKRXW� YDUXV�
UHDOLJQPHQW� IRU� SDWLHQWV� DIWHU� $&/�
UHFRQVWUXFWLRQ� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� D�

SULPDU\� $&/� UHFRQVWUXFWLRQ� �-���
\HDUV� SULRU� WR� UHFUXLWPHQW� ZKR�
GHPRQVWUDWHG� YDOJXV� � PDODOLJQPHQW�
DV� ZHOO� DV� V\PSWRPDWLF� DQG�
UDGLRJUDSKLF� 2$� RI� WKH� NQHH���
6XEMHFWV� SHUIRUPHG� KRSSLQJ�� VWDLU�
DVFHQW�DQG�VWDLU�GHVFHQW�WDVNV�XQGHU�
WKUHH� FRQGLWLRQV� LQFOXGLQJ�� QR�EUDFH��
XQDGMXVWHG� EUDFH� ZLWK� D� VDJLWWDO�
SODQH� VXSSRUW� DQG� QR� YDUXV�
DOLJQPHQW��DQG�DQ�DGMXVWHG�EUDFH�ZLWK�
VDJLWWDO� SODQH� VXSSRUW� DQG� YDUXV�
UHDOLJQPHQW�� 4XDQWLWDWLYH� PRWLRQ�
DQDO\VLV�ZDV�SHUIRUPHG�GXULQJ�HDFK�

H[DPLQDWLRQ�� ZLWK� NLQHPDWLF� DQG�
H[WHUQDO�MRLQW�PRYHPHQWV�FRPSXWHG� 
7KHUH� ZDV� QR� GLIIHUHQFH� LQ� SDLQ�

GXULQJ� KRSSLQJ� RU� VWDLU� FOLPELQJ�
EHWZHHQ� DQ\� RI� WKH� WKUHH� WHVW�
FRQGLWLRQV��&RPSDUHG�ZLWK�QR�EUDFH��
WKH� EUDFH� FRQGLWLRQV� LQFUHDVHG� WKH�
PD[LPXP� NQHH� IOH[LRQ� DQJOH�
RFFXUULQJ� DW� LQLWLDO� JURXQG� FRQWDFW�
�S��������� 7KH� DGMXVWHG� EUDFH�
FRQGLWLRQ� LQFUHDVHG� WKH� PD[LPXP�
H[WHUQDO� NQHH� IOH[LRQ� PRPHQW�
�S ��������7KHUH�ZHUH�QR� VLJQLILFDQW�
GLIIHUHQFHV� LQ� NLQHWLFV� RU� PRPHQWV�
EHWZHHQ�WKH�DGMXVWHG�DQG�XQDGMXVWHG�
EUDFH�FRQGLWLRQV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�$&/�UHFRQVWUXFWLRQ�DQG�
RVWHRDUWKULWLV�RI� WKH�NQHH�IRXQG�WKDW��
FRPSDUHG� ZLWK� QR� EUDFLQJ�� DQ�
XQORDGHU� EUDFH� FDQ� SRVLWLYHO\�
PRGXODWH�WKH�NLQHPDWLFV�DQG�H[WHUQDO�
MRLQW�PRPHQWV�GXULQJ�DFWLYLW\��ZLWK�QR�
DGGLWLRQDO� SRVLWLYH� HIIHFW� IRXQG� ZLWK�
WKH�XVH�RI�YDUXV�UHDOLJQPHQW� 

 
+DUW�� +� HW� DO�� %UDFLQJ� RI� WKH�
5HFRQVWUXFWHG� DQG� 2VWHRDUWKULWLF�
.QHH� GXULQJ� +LJK� '\QDPLF� /RDG�
7DVNV��0HG�6FL��6SRUWV��([HUF��������
-XQH�������������–����� 

 
 


