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

  
,1&,'(1&(�2)�6(&21'�
$17(5,25�&58&,$7(� 
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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� *HRJUDSKLF�
/RFDOH��$P�-� 6SRUW�0HG�� ������-XO\��
�����������-����� 

 
5(7851�72�:25.�$)7(5�
6(9(5(�75$80$7,&�%5$,1�

,1-85< 
 
$IWHU� D� VHYHUH� WUDXPDWLF� EUDLQ�

LQMXU\� �7%,���GDWD� UHJDUGLQJ� UHWXUQ� WR�
ZRUN��57:��DUH�RIWHQ�EDVHG�RQ�VHOI-�
UHSRUWHG� ODERU� PDUNHW� DWWDFKPHQW�
�/0$��GDWD��ZKLFK�DUH�VXVFHSWLEOH�WR�
UHFDOO�DQG�ORVW�WR�IROORZ-XS�ELDV��7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� HPSOR\PHQW� GDWD� XS� WR�
ILYH�\HDUV�DIWHU�D�VHYHUH�7%,� 
%RWK� 57:� DQG� /0$� GDWD� ZHUH�

UHWULHYHG�IURP�WKH�'5($0�UHJLVWHU��D�
QDWLRQDO�UHJLVWHU�RI�SXEOLF�DVVLVWDQFH�
EHQHILWV�� 6XEMHFWV� LQFOXGHG� DOO�
SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU�
OLYLQJ� LQ� 'HQPDUN�� ZKR� ZHUH�
DGPLWWHG�WR�D�QHXURUHKDELOLWDWLRQ�XQLW�
ZLWK�D�VHYHUH�7%,�EHWZHHQ������DQG�
������ 7KHVH� SDWLHQWV�ZHUH�PDWFKHG�
ZLWK� XS� WR� IRXU� FRQWUROV� IURP� WKH�
JHQHUDOSRSXODWLRQ�� $� QDWLRQDO�
UHJLVWU\� � DQG� WKH� UHJLVWHU� RI� SXEOLF�
DVVLVWDQFH� EHQHILWV� ZHUH� XVHG� WR�
DVVHVV� UHWXUQ� WR� ZRUN� DQG� REWDLQ�
/0$�GDWD� 
$W� RQH� DQG� ILYH� \HDUV� SRVW-LQMXU\��

SHUVRQDO� LQFRPH� LQYROYHG� SULPDULO\�
KHDOWK-UHODWHG�EHQHILWV� LQ�������DQG�
������� UHVSHFWLYHO\�� ,Q� WKH� JHQHUDO�
SRSXODWLRQ FRQWUROV� WKHVH�
SHUFHQWDJHV�ZHUH�������DQG��������
7KH�DWWHPSW� WR� UHWXUQ� WR�ZRUN�ZLWKLQ�
WZR� \HDUV� SRVW-LQMXU\� ZDV� ����
DPRQJ� DOO� SHUVRQV� ZLWK� VHYHUH� 7%,��
$W�RQH�DQG�WZR�\HDUV�SRVW-LQMXU\��WKH�
/0$� SUHYDOHQFHV� ZHUH� ���� DQG�
����� UHVSHFWLYHO\��)URP��-����\HDUV�
WR� ILYH� \HDUV� SRVW-LQMXU\� WKH� /0$�
SUHYDOHQFH� GHFOLQHG� WR� ����� 7KH�
/0$� DPRQJ� WKH� JHQHUDO� SRSXODWLRQ�
ZDV�VWDEOH��DW����� 

&RQFOXVLRQ�� 7KLV�VWXG\�RI�DGXOWV�
LQ� 'HQPDUN� IRXQG� WKDW�� DPRQJ�
SDWLHQWV� ZLWK� VHYHUH� WUDXPDWLF� EUDLQ�
LQMXU\�� ���� DWWHPSWHG� WR� UHWXUQ� WR�
ZRUN�� DQG� ���� DFKLHYHG� VWDEOH�
HPSOR\PHQW� 

 
2GJDDUG�� /��� HW� DO�� 5HWXUQ� WR� :RUN�
DIWHU� 6HYHUH� 7UDXPDWLF� %UDLQ� ,QMXU\��
$� 1DWLRQZLGH� )ROORZ-8S� 6WXG\�� -�
+HDG� 7UDXPD� 5HKDELO�� ������0D\�
-XQH��������(��-(���� 

 
%5$&,1*�2)�5(&216758&7('�
$1'�267(2$57+5,7,&�.1((6 
 
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�

9ROXPH����1XPEHU�� 1RYHPEHU�������� 
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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�������������–����� 

 

/80%$5�63,1(�67(126,6�
685*(5<�)25�2&72*(1$5,$16 
 
'HJHQHUDWLYH� OXPEDU�VSLQH�VWHQRVLV�

FDXVHV� IXQFWLRQDO�GLVDELOLW\��ZLWK�EDFN�
DQG� ORZHU� H[WUHPLW\� SDLQ�� SDUWLFXODUO\�
LQ� ROGHU� LQGLYLGXDOV�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� HIIHFW� RI�
GHFRPSUHVVLYH�VXUJHU\�ZLWKRXW� IXVLRQ�
LQ�SDWLHQWV�RYHU�WKH�DJH�RI����\HDUV� 
7KLV� UHWURVSHFWLYH�VWXG\� LQFOXGHG�DOO�

SDWLHQWV� ��� \HDUV� RI� DJH� DQG� ROGHU�
ZKR� XQGHUZHQW� GHFRPSUHVVLYH�
VXUJHU\�IRU�V\PSWRPDWLF�OXPEDU�VSLQDO�
FDQDO� VWHQRVLV� EHWZHHQ� -DQXDU\� RI�
�����DQG�$XJXVW�RI�������2I�WKH�����
SDWLHQWV� LGHQWLILHG�� ����ZHUH� DOLYH� DW�
WKH� WLPH� RI� IROORZ-XS� �1RYHPEHU�
WKURXJK� 'HFHPEHU� RI� ������� ZLWK�
TXHVWLRQQDLUHV� FRPSOHWHG� E\� ���
SDWLHQWV�� 7KH� SDUWLFLSDQWV� ZHUH�
TXHULHG� IRU� WKH� VHYHULW\� RI� SDLQ�
V\PSWRPV�� XVLQJ� D� YLVXDO� DQDORJ�
VFDOH�� DQG� IRU� ZDONLQJ� GLVWDQFH��

 

FRPSDUHG� SULRU� WR� DQG� DIWHU� VXUJHU\��
3DWLHQW� VDWLVIDFWLRQ� VFRUHV� ZHUH� DOVR�
REWDLQHG� 
7KH�9$6�VFRUHV�LPSURYHG�� IURP�DQ�

DYHUDJH� RI� ���� DW� EDVHOLQH� WR� ���� DW�
IROORZ-XS� �S��������� ZKLOH� ZDONLQJ�
GLVWDQFH� LPSURYHG� IURP� D� PHDQ� RI�
���� P� WR� ���� P� DW� IROORZ-XS�
�S�������� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFW� RI�

VWXG\� RI� SDWLHQWV�� ��� \HDUV� RI� DJH� RU�
ROGHU�� DOO� XQGHUJRLQJ� OXPEDU� VSLQH�
VWHQRVLV� GHFRPSUHVVLRQ�� IRXQG�
VLJQLILFDQW� LPSURYHPHQW� LQ� SDLQ� DQG�
IXQFWLRQ�DIWHU�VXUJHU\� 
 
$QWRQLDGLV�� 1��� HW� DO�� 'HFRPSUHVVLRQ�
6XUJHU\� IRU� /XPEDU� 6SLQDO� &DQDO�
6WHQRVLV� LQ� 2FWRJHQDULDQV�� $� 6LQJOH�
&HQWHU��������([SHULHQFH��������RI����������
&RQVHFXWLYH� 3DWLHQWV�� %U� -�
1HXURVXUJ��������)HEUXDU\�������� 
��-��� 
 

,1+,%,7,21�2)�3$5.,1621,$1�
75(025�:,7+�

75$16&87$1(286�(/(&75,&$/�
1(59(�67,08/$7,21 

 
$SSUR[LPDWHO\� ����RI� SDWLHQWV�ZLWK�

3DUNLQVRQ¶V� GLVHDVH� �3'�� H[KLELW� D�
UHVWLQJ� WUHPRU�� 5HVHDUFK� KDV�
GHPRQVWUDWHG�WKDW�D�FXWDQHRXV�UHIOH[�
HYRNHG�E\�VWLPXODWLQJ�ILQJHU�VNLQ�PD\�
UHVXOW� LQ� DQ� LQKLELWRU\� HIIHFW� YLD� SUH-�
PRWRU� QHXURQ� LQWHUQHXURQV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� WUHPRU� LQ� SDWLHQWV� ZLWK� 3'�
FDQ� EH� UHGXFHG� WKURXJK� VWLPXODWLRQ�
ZLWK� D� WUDQVFXWDQHRXV� FXWDQHRXV�
QHUYH�VWLPXODWLRQ��7(16��XQLW� 
(LJKW� SDWLHQWV� ZLWK� LGLRSDWKLF� 3'�

ZLWK�WUHPRU�GRPLQDQW�V\PSWRPV�ZHUH�
UHFUXLWHG�� 6XUIDFH� HOHFWURP\RJUDSK\�
DFWLYLW\� ZDV� UHFRUGHG� IURP� PXOWLSOH�
PXVFOHV� LQ� WKH� XSSHU� H[WUHPLW\��
(OHFWURGHV� RI� D� 7(16� XQLW� ZHUH�
SODFHG�ZLWKLQ� WKH� LQQHUYDWLRQ� ]RQH� RI�
WKH� VXSHUILFLDO� UDGLDO� QHUYH��(OHFWULFDO�
VWLPXODWLRQ� ZDV� WKHQ� GHOLYHUHG� LQ�
LQFUHPHQWDO�VWHSV�XQWLO�WKH�VXEMHFW�IHOW�
D� QRWLFHDEOH� VHQVDWLRQ� DW� WKH� GRUVDO�
VNLQ� �FXWDQHRXV�SHUFHSWXDO�DPSOLWXGH�
�&3$���� 7KH� VWLPXOXV� DPSOLWXGH� ZDV�
WKHQ� LQFUHDVHG� XQWLO� WKH� VXEMHFW�
SHUFHLYHG� D� UDGLDWLQJ� VHQVDWLRQ� IURP�
WKH� GRUVDO� VNLQ� WR� WKH� ILQJHUV�
�UDGLDWLQJ� WKUHVKROG� �57���� � 7KH�
UHVWLQJ� WUHPRU� RI� WKH� KDQG� ZDV�
WKHQUHFRUGHG� GXULQJ� FXWDQHRXV�
VWLPXODWLRQ�DW�����WR�����WLPHV�WKH�57��
'XULQJ VWLPXODWLRQ� WKH� PHDQ�
VXSSUHVVLRQ�RI�WUHPRU�DFURVV�DOO�MRLQWV�
ZDV��� �������  7KH�
VXSSUHVVLRQ� DSSHDUHG� WR� RFFXU�
PDLQO\� LQ� GLVWDO�MRLQWV�� DQG�� PXVFOHV��

7KH� WUHPRU�UHFXUUHG�DIWHU VWLPXODWLRQ�
ZDV�GLVFRQWLQXHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� 3DUNLQVRQLDQ� WUHPRU�
IRXQG� WKDW� VHQVRU\� VWLPXODWLRQ� RI� WKH�
UDGLDO� QHUYH� XVLQJ� D� 7(16� XQLW� FDQ�
UHGXFH�UHVWLQJ�WUHPRU� 

 
+DR�� 0��� HW� DO�� ,QKLELWLRQ� RI�
3DUNLQVRQLDQ�7UHPRU�ZLWK�&XWDQHRXV�
$IIHUHQW� (YRNHG� E\� 7UDQVFXWDQHRXV�
(OHFWULFDO� 1HUYH� 6WLPXODWLRQ�� -�
1HXURHQJ� 5HKDE���������������'2,�
��������V�����-���-����-�� 

0,12&<&/,1(� 
$1'�$//2'<1,$ 

 
0LQRF\FOLQH� LV� D� VHFRQG-�

JHQHUDWLRQ� VHPL-V\QWKHWLF�
WHWUDF\FOLQH� XVHG� DV� D� EURDG-�
VSHFWUXP�DQWLELRWLF��,Q�DGGLWLRQ�WR� LWV 

DQWLPLFURELDO� HIIHFWV�� LW� KDV� EHHQ�
VKRZQ�WR�VXSSUHVV�SDLQ�VHQVDWLRQ�E\�
D�QXPEHU�RI�PHFKDQLVPV��7KLV�VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
PLQRF\FOLQH� FDQ� EH� XVHG� WR� LQKLELW�
PXVFXODU�K\SHUVHQVLWLYLW\� 
$Q� H[SHULPHQWDO� PRGHO� RI�

K\SHUVHQVLWLYLW\� ZDV� FUHDWHG� XVLQJ�
UHSHWLWLYH�� DFXWH� QR[LRXV�SDLQIXO�
VWLPXOL�� WKURXJK� LQWUDPXVFXODU�
LQMHFWLRQV� RI� RQH� P/� RI� ILYH� SHUFHQW�
K\SHUWRQLF� VDOLQH�� DGPLQLVWHUHG� LQWR�
WKH� ULJKW� WLELDOLV� DQWHULRU� DW� ��-KRXU�
LQWHUYDOV��7KHVH�LQMHFWLRQV�EHJDQ�DIWHU�
WKH�VXEMHFWV�KDG�EHHQ�UDQGRPL]HG�WR�
SUHWUHDWPHQW�ZLWK�HLWKHU�D�SODFHER�RU�
PLQRF\FOLQH�� ���� PJ�� WZLFH� SHU� GD\�
IRU� VHYHQ� GD\V�� $IWHU� HDFK� QR[LRXV�
LQMHFWLRQ�� WKH� VXEMHFWV� ZHUH� DVNHG� WR�
SURYLGH� DQ� DFFRXQW� RI� SDLQ� LQWHQVLW\�
RQ� D� YLVXDO� DQDORJ� VFDOH�� 7KHVH�
UDWLQJV� ZHUH� FRPSDUHG� EHWZHHQ�
JURXSV� 
%\� VHVVLRQ� ILYH�� PXVFOH� VRUHQHVV�

ZDV� VLJQLILFDQWO\� JUHDWHU� LQ� WKH�
SODFHER�JURXS�WKDQ�LQ�WKH�PLQRF\FOLQH�
JURXS�� ERWK� LQ� WKH� LSVLODWHUDO�
�S��������� DQG� FRQWUDODWHUDO� OLPEV�
�S���������� 7KH� FRQWUDODWHUDO� FROG�
SDLQ� WKUHVKROG� LQ� SODFHER-WUHDWHG�
SDUWLFLSDQWV�ZDV�ORZHU�WKDQ�WKDW�RI�WKH�
PLQRF\FOLQH-WUHDWHG� SDUWLFLSDQWV�
�S �������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

H[SHULPHQWDO� DOORG\QLD� IRXQG� WKDW�
SUHWUHDWPHQW� ZLWK� PLQRF\FOLQH� FDQ�
UHGXFH�WKH�RQVHW�RI�K\SHUVHQVLWLYLW\� 

 
6DPRXU�� 0��� HW� DO�� 0LQRF\FOLQH�
3UHYHQWV 0XVFXODU 3DLQ�
+\SHUVHQVLWLYLW\� DQG� &XWDQHRXV�
$OORG\QLD� 3URGXFHG� E\� 5HSHDWHG�
,QWUDPXVFXODU�,QMHFWLRQV�RI�+\SHUWRQLF�
6DOLQH�LQ�+HDOWK\�+XPDQ�3DUWLFLSDQWV��
-�3DLQ��������$XJXVW������������- 
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%,3+263+21$7(6�)25� 
&203/(;�5(*,21$/�3$,1�

6<1'520( 
 
&RPSOH[� UHJLRQDO� SDLQ� V\QGURPH��

W\SH� ,�� �&356-��� LV� FKDUDFWHUL]HG� E\�
SDLQ�� VZHOOLQJ� DQG� YDVRPRWRU�
GLVRUGHUV�� RIWHQ� OHDGLQJ� WR� VHYHUH�
GLVDELOLW\�� 6HYHUDO� VWXGLHV� KDYH�
UHSRUWHG� WKDW� ELSKRVSKRQDWHV� PD\�
KDYH�VLJQLILFDQW�DQDOJHVLF�HIILFDF\�IRU�D�
QXPEHU� RI� ERQH� UHODWHG� SDWKRORJLHV��
7KLV� UHYLHZ� VXPPDUL]HG� WKH� ILQGLQJV�
FRQFHUQLQJ� ELSKRVSKRQDWH� XVH� IRU� WKH�
WUHDWPHQW�RI�SDLQ�LQ�&356-�� 
$IWHU�D� OLWHUDWXUH�VHDUFK������DUWLFOHV�

ZHUH� LGHQWLILHG�� IURP�ZKLFK� IRXU� WULDOV��
WKRXJKW� WR� EH� RI� PRGHUDWH� WR� JRRG�
TXDOLW\��ZHUH�FKRVHQ�IRU�DQDO\VLV� 
)URP� WKH� GDWD�� LW� ZDV� GHWHUPLQHG�

WKDW� ELSKRVSKRQDWH� XVH� UHVXOWHG� LQ�
VLJQLILFDQW�VKRUW-WHUP�SDLQ�UHOLHI���ZLWKLQ�
���WR����GD\V���DV�ZHOO�DV�SDLQ�UHOLHI�DW�
WZR� WR� WKUHH�PRQWKV� �S������� IRU�ERWK�
FRPSDULVRQV��� 6LJQLILFDQWO\� EHWWHU�
LPSURYHPHQW�LQ�PRWLRQ�VFRUHV��DV�ZHOO�
DV� LQ� SK\VLFDO� IXQFWLRQLQJ�� DV�
PHDVXUHG� E\� WKH� 6)-��� ZDV� IRXQG� LQ�
WKH� ELSKRVSKRQDWH� JURXS� WKDQ� LQ� WKH�
SODFHER�JURXS��1R�VHULRXV�VLGH�HIIHFWV�
ZHUH�UHSRUWHG 
&RQFOXVLRQ��7KLV�OLWHUDWXUH��UHYLHZ�

DQG� PHWD-DQDO\VLV� RI� UDQGRPL]HG��
FRQWUROOHG� WULDOV� RI� ELSKRVSKRQDWH� IRU�
WKH�WUHDWPHQW�RI�FRPSOH[�UHJLRQDO�SDLQ�
V\QGURPH�� W\SH� ,�� IRXQG� WKDW� WKLV�
PHGLFDWLRQ� FDQ� UHGXFH� SDLQ� DQG�
LPSURYH�IXQFWLRQ� 

 
&KHYUHDX�� 0��� HW� DO�� %LSKRVSKRQDWHV�
IRU� 7UHDWPHQW� RI� &RPSOH[� 5HJLRQDO�
3DLQ� 6\QGURPH�� 7\SH� ,�� $� 6\VWHPDWLF�
/LWHUDWXUH� 5HYLHZ� DQG� 0HWD-$QDO\VLV�
RI� 5DQGRPL]HG�� &RQWUROOHG� 7ULDOV�
YHUVXV� 3ODFHER�� -RLQW� %RQH� 6SLQH��
������-XO������������-���� 

+,3�$57+523/$67<�)25�
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)HPRUDO� DFHWDEXODU� LPSLQJHPHQW�

�)$,�� KDV� EHHQ� LPSOLFDWHG�DV� D� FDXVH�
RI� KLS� SDLQ�� GHFUHDVHG� IXQFWLRQ� DQG�
RVWHRDUWKULWLV� �2$��� 7KLV� VWXG\�
HYDOXDWHG� ��-\HDU� RXWFRPHV� DQG� KLS�
VXUYLYDO� IROORZLQJ� KLS� DUWKURVFRS\� IRU�
)$,�� FRPSDULQJ� WKH� UHVXOWV� RI� ODEUDO�
GHEULGHPHQW�ZLWK�WKRVH�RI�ODEUDO�UHSDLU� 
6XEMHFWV� ZHUH� ���� SDWLHQWV�

XQGHUJRLQJ� DUWKURVFRSLF� KLS� VXUJHU\�
IRU� )$,�� DOO� WUHDWHG� E\� VLQJOH� VXUJHRQ��
)ROORZLQJ� VXUJHU\�� WKH� VXEMHFWV� ZHUH�
OLPLWHG� WR� ��� SRXQGV� RI� WRH-WRXFK�
ZHLJKW� EHDULQJ�� DQG� XQGHUZHQW� IRXU�
KRXUV� RI� FRQWLQXRXV� SDVVLYH� PRWLRQ�

GDLO\� IRU� WKH� ILUVW� WZR� ZHHNV�� 7KRVH�
ZKR� XQGHUZHQW� PLFURIUDFWXUH� KDG�
ZHLJKW�EHDULQJ�UHVWULFWLRQV�DQG�SDVVLYH�
PRWLRQ� H[WHQGHG� WR� HLJKW� ZHHNV��
3DWLHQW-UHSRUWHG� RXWFRPH� PHDVXUHV�
ZHUH� FROOHFWHG� IRU� XS� WR� ��� \HDUV�
SRVWRSHUDWLYHO\�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� +LS2XWFRPH� 6FRUH�
�+26�� $FWLYLWLHV� RI� 'DLO\� /LYLQJ� �$'/��
VXEVFDOH� 
6XEMHFWV� LQFOXGHG� ��� SDWLHQWV�

XQGHUJRLQJ� ODEUDO� UHSDLU� DQG� ���
XQGHUJRLQJ� GHEULGHPHQW�� ZLWK� ����
DYDLODEOH� DW� ��-\HDU� IROORZ-XS�� 7KH�
.DSODQ-0HLHU�HVWLPDWHG�VXUYLYRUVKLS�RI�
WKH� HQWLUH� SRSXODWLRQ� ZLWK� WRWDO� KLS�
DUWKURSODVW\� �7+$�� DV� WKH� HQG� SRLQW�
ZDV� ���� DW� �� \HDU�� ���� DW� �� \HDUV��
DQG� ���� DW� ��� \HDUV�� $� PXOWLYDULDWH�
DQDO\VLV� VKRZHG� DQ� LQFUHDVHG� ULVN� RI�
7+$� IRU� WKRVH�ZLWK� MRLQW� VSDFH�RI� OHVV�
WKDQ� WZR� PP� �S� �� �������� DFHWDEXODU�
PLFURIUDFWXUH� �S ������� DQG� DQ�
LQFUHDVHG� DJH� DW� VXUJHU\� �S���������
7KHUH� ZDV� QR� GLIIHUHQFH� EHWZHHQ� WKH�
GHEULGHPHQW� DQG� UHSDLU� JURXS� LQ� WKH�
SULPDU\�RXWFRPH� 
&RQFOXVLRQ�� 7KLV� ORQJ-WHUP� IROORZ-

XS� RI� SDWLHQWV� XQGHUJRLQJ� KLS�
DUWKURVFRS\� IRU� IHPRUDO� DFHWDEXODU�
LPSLQJHPHQW� IRXQG� WKDW� ODEUDO�
GHEULGHPHQW� RU� UHSDLU� UHVXOWV� LQ�
VLJQLILFDQW� LPSURYHPHQWV� LQ� SDWLHQW-�
UHSRUWHG� RXWFRPHV� DQG� VDWLVIDFWLRQ��
+RZHYHU��RI�WKH�SDWLHQWV�IROORZHG������
UHTXLUHG� FRQYHUVLRQ� WR� WRWDO� KLS�
DUWKURSODVW\� 

 
7UDYLV�� 0��� HW� DO�� 6XUYLYRUVKLS� DQG�
2XWFRPHV� ��� <HDUV� )ROORZLQJ� +LS�
$UWKURVFRSLFDOO\� IRU� )HPRUDO�
$FHWDEXODU� ,PSLQJHPHQW�� /DEUDO�
'HEULGHPHQW� &RPSDUHG� ZLWK� /DEUDO�
5HSDLU��-%-6��������-XQH�������������
–����� 

%$&7(5,$�,1�$&+,//(6� 
7(1'21�583785(6 

 
6SRQWDQHRXV� $FKLOOHV� WHQGRQ� �$7��

UXSWXUHV�DUH�RIWHQ�DVVRFLDWHG�ZLWK�SUH 
-H[LVWLQJ�� FKURQLF�� SDWKRORJLFDO�

FKDQJHV�� 7KH� FDXVHV� RI� WKHVH�
SDWKRORJLF� FKDQJHV� DUH� QRW� IXOO\�
XQGHUVWRRG�� $V� EDFWHULDO� LQYROYHPHQW�
KDV� EHHQ� REVHUYHG� LQ� D� QXPEHU� RI�
FDVH� UHSRUWV� RI� WHQGLQRSDWK\�� WKLV�
VWXG\� DVVHVVHG� ZKHWKHU� WKHUH� LV� D�
UHODWLRQVKLS� EHWZHHQ� $7� UXSWXUHV� DQG�
EDFWHULD� 
6XEMHFWV�ZHUH� UHFUXLWHG� IURP�DPRQJ�

SDWLHQWV� ZKR� KDG� FRQVHQWHG� IRU�
VXUJLFDO� UHSDLU� RI� D� VSRQWDQHRXV� $7�
UXSWXUH��DV�ZHOO�DV�IURP�D�FRQWURO�JURXS�
IURP�SDWLHQWV�XQGHUJRLQJ�HOHFWLYH�$&/�
UHFRQVWUXFWLRQ� �D� KHDOWK\� KDPVWULQJ�
FRQWURO� JURXS��� 7LVVXH� VDPSOHV� ZHUH�
KDUYHVWHG� IURP� WKH� VWXPS� HQGV� RI�

UXSWXUHG�$FKLOOHV� WHQGRQV��ZLWK�FRQWURO�
VDPSOHV� REWDLQHG� IURP� KDPVWULQJ�
WHQGRQ� JUDIWV� WKDW� ZHUH� KDUYHVWHG� IRU�
$&/� UHFRQVWUXFWLRQ�� '1$� ZDV�
H[WUDFWHG� IURP� WKH� VDPSOHV�� DQG�
KLVWRORJ\� SUHSDUDWLRQV� ZHUH� PDGH� IRU�
FRPSDULVRQ� 
6XEMHFWV� LQFOXGHG� ��� SDWLHQWV� ZLWK�

$FKLOOHV� WHQGRQ� UXSWXUH� DQG� ���
XQGHUJRLQJ� $&/� UHFRQVWUXFWLRQ��
%DFWHULDO� ��6� U'1$�ZDV� IRXQG� LQ� ILYH�
RI�WKH����UXSWXUHG�$7V��DQG�LQ�QRQH�RI�
WKH�FRQWUROV��S ��������7KH��VSHFLHV�RI�
EDFWHULD� LGHQWLILHG� ZHUH� SUHGRPLQDQWO\�
RI� WKH� JHQXV� VWDSK\ORFRFFXV�� 1R�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� QRWHG� LQ�
WKH�KLVWRORJLF�DSSHDUDQFH�EHWZHHQ�WKH�
EDFWHULDO� '1$� SRVLWLYH� DQG� '1$�
QHJDWLYH� VDPSOHV� IURP� WKH� UXSWXUHG�
$7V� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� VSRQWDQHRXV� $FKLOOHV� WHQGRQ�
UXSWXUHV� IRXQG� WKH� SUHVHQFH� RI�
EDFWHULDO� '1$� LQ� ���� RI� WKH� WHQGRQV��
ZLWK�QRQH�SUHVHQW�LQ�XQUXSWXUHG�FRQWURO�
WHQGRQV� 

 
5ROI��&���HW�DO��3UHVHQFH�RI�%DFWHULD� LQ�
6SRQWDQHRXV� $FKLOOHV� 7HQGRQ�
5XSWXUHV�� $P� -� 6SRUWV� 0HG�� ������
-XO\�������������-����� 
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6RPH� GDWD� KDYH� LQGLFDWHG� D� KLJKHU�

ULVN� RI� RVWHRDUWKULWLV� �2$�� DPRQJ�
LQGLYLGXDOV�ZLWK�DQ�HOHYDWHG�ERG\�PDVV�
LQGH[� �%0,��� 7KLV� VWXG\�ZDV� GHVLJQHG�
WR� EHWWHU� XQGHUVWDQG� WKH� UHODWLRQVKLS�
EHWZHHQ�D�SDWLHQW¶V�%0,�DQG�IXQFWLRQDO�
RXWFRPH�DIWHU�D�WRWDO�MRLQW�UHSODFHPHQW�
�7-5�� 
7KLV� SURVSHFWLYH�� QDWLRQDO� FRKRUW�

HQUROOHG� SDWLHQWV� IURP� KLJK-YROXPH�
FHQWHUV� LQ�PRUH� WKDQ������FRPPXQLW\��
RUWKRSHGLF� SUDFWLFHV� LQ� ��� VWDWHV� LQ�
8QLWHG� 6WDWHV�� 'DWD� LQFOXGHG� SK\VLFDO�
IXQFWLRQ��MRLQW�SDLQ��%0,��DQG�D�QXPEHU�
RI�FRYDULDWHV��)XQFWLRQ�ZDV�PHDVXUHG�
ZLWK� WKH� 6KRUW� )RUP-��� 3K\VLFDO�
&RPSRQHQW�6XPPDU\��3&6��VXPPDU\�
VFRUH�DW�EDVHOLQH�DQG�VL[�PRQWKV��ZLWK�
PHQWDO� KHDOWK� PHDVXUHG� ZLWK� WKH� 6)-
���PHQWDO�FRPSRQHQW�VXPPDU\�VFRUH��
3DLQ�VHYHULW\�ZDV�PHDVXUHG�XVLQJ� WKH�
+LS� 'LVDELOLW\� DQG� 2VWHRDUWKULWLV�
2XWFRPH�6FRUH��.226�� 

6XEMHFWV� ZHUH� ������ SDWLHQWV�
XQGHUJRLQJ� WRWDO� KLS� UHSODFHPHQW�
�7+5��DQG�������XQGHUJRLQJ�WRWDO�NQHH�
UHSODFHPHQW� �7.5��� $� JUHDWHU� REHVLW\�
OHYHO�ZDV�DVVRFLDWHG�ZLWK�PRUH�SDLQ�DW�
EDVHOLQH�EXW�JUHDWHU�SRVWRSHUDWLYH�SDLQ�
UHOLHI� LQ� DOO� 7-5V�� VR� WKH� DYHUDJH�
SRVWRSHUDWLYH� .226� SDLQ� VFRUHV� GLG�
QRW�GLIIHU�VLJQLILFDQWO\�DFFRUGLQJ�WR�%0,�



3DJH�� �����������������1RYHPEHU��������� 9ROXPH����1XPEHU�� 

 

VWDWXV�� ,Q� DGGLWLRQ�� 3&6� IXQFWLRQ�
OHYHOV� LPSURYHG� VLPLODUO\� DW� DOO� %0,�
OHYHOV�� WKRXJK� WKH� �-PRQWK� IXQFWLRQ�
OHYHOV�ZHUH�ZRUVH�DW�VL[�PRQWKV� IRU�
ERWK� WKH� 7.5� DQG� 7+5� SDWLHQWV�
�S�������IRU�ERWK�� 
&RQFOXVLRQ�� 7KLV� ODUJH��

SURVSHFWLYH� VWXG\� RI� SDWLHQWV�
XQGHUJRLQJ� WRWDO� MRLQW� UHSODFHPHQW�
IRXQG� WKDW� SDLQ� UHOLHI� DW� VL[�PRQWKV�
LV� VLPLODU� LQ� DOO� %0,� FDWHJRULHV��
$PRQJ� WKRVH� XQGHUJRLQJ� WRWDO� KLS�
UHSODFHPHQW��RQO\�WKRVH�ZLWK�VHYHUH�
DQG� PRUELG� REHVLW\� KDG� OHVV�
IXQFWLRQDO�JDLQV� 

 
/L�� :��� HW� DO�� )XQFWLRQDO� *DLQ� DQG�
3DLQ� 5HOLHI� DIWHU� 7RWDO� -RLQW�
5HSODFHPHQW� $FFRUGLQJ� WR� 2EHVLW\�
6WDWXV��-%-6�� ������-XO\�������������
����-����� 
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5HFHQW� GDWD� KDYH� EURXJKW� LQWR�

TXHVWLRQ� ZKHWKHU� VXUJLFDO�
LQWHUYHQWLRQ� LV� DSSURSULDWH� IRU�
SDWLHQWV�ZLWK�PHQLVFDO� OHVLRQV�� 7KLV�
VWXG\� HYDOXDWHG� ZKHWKHU� NQHH�
DUWKURVFRSLF�VXUJHU\��FRPELQHG�ZLWK�
H[HUFLVH�� SURYLGHV� DGGLWLRQDO�� ORQJ-
WHUP�EHQHILW�DW�WKUHH-\HDU�IROORZ-XS� 
6XEMHFWV��ZHUH�������DGXOWV������WR�

��� \HDUV� RI� DJH�� ZLWK� V\PSWRPDWLF�
NQHH� SDLQ�� DOO� ZLWK� D� VXVSHFWHG�
PHQLVFDO� LQMXU\�� 7KH� JURXSV� ZHUH�
UDQGRPL]HG� WR� XQGHUJR� SK\VLFDO�
WKHUDS\� RQO\� RU� WR� UHFHLYH� VXUJLFDO�
LQWHUYHQWLRQ� LQ� DGGLWLRQ� WR� WKH�
WKHUDS\�$OO�SDWLHQWV�ZHUH�DOORZHG�IXOO�
ZHLJKW� EHDULQJ� DFWLYLWLHV�
LPPHGLDWHO\�DIWHU�VXUJHU\� 2XWFRPH�
PHDVXUHV� LQFOXGHG� WKH� (XUR4XRO� ��
'LPHQVLRQV� �(4-�'�� DQG� WKH� .QHH�
,QMXU\� DQG� 2VWHRDUWKULWLV� 2XWFRPH�
6FRUH� �.226��� ZLWK� HYDOXDWLRQV�
FRPSOHWHG� DW� WKUHH�� ��� DQG� ���
PRQWKV�DIWHU�EDVHOLQH� 
6LJQLILFDQW� LPSURYHPHQW� ZDV�

QRWHG� LQ� ERWK� WUHDWPHQW� JURXSV� RQ�
WKH� .226� SDLQ� VXEVFRUH� DW� WKUHH-
\HDU� IROORZ-XS� �S��������� +RZHYHU��
WKH� EHWZHHQ� JURXS� GLIIHUHQFH� DW�
WKUHH� \HDUV� GLG� QRW� GLIIHU�
VLJQLILFDQWO\�EHWZHHQ�WKH�JURXSV��S �
�������� $W� RQH� \HDU�� SDLQ�
LPSURYHPHQW� ZDV� VLJQLILFDQWO\�
JUHDWHU�LQ�WKH�VXUJLFDO�JURXS�WKDQ�LQ�
WKH� QRQVXUJLFDO� JURXS� �S ��������
+RZHYHU��DW� WKUHH�\HDUV�GLIIHUHQFHV�
EHWZHHQ� JURXSV� RQ� WKH� (4-�'�
4XDOLW\� RI� /LIH� ,QGH[� ZHUH� QRW�
VLJQLILFDQW��S ������ 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
PLGGOH-DJHG� DGXOWV� ZLWK� PHQLVFDO�
LQMXU\� IRXQG� WKDW� DUWKURVFRSLF�
VXUJHU\� PD\� SURYLGH� EHWWHU� SDLQ�
UHOLHI� DW� RQH� \HDU� WKDQ� H[HUFLVH�
DORQH��ZLWK� WKLV�GLIIHUHQFH�QR� ORQJHU�
VLJQLILFDQW�DW�WKUHH�\HDUV� 

 
*DXIILQ��+���HW�DO��.QHH�$UWKURVFRSLF�
6XUJHU\� LQ� 0LGGOH-$JHG� 3DWLHQWV�
ZLWK� 0HQLVFDO� 6\PSWRPV�� $� 7KUHH-
<HDU� )ROORZ-8S� RI� D� 3URVSHFWLYH��
5DQGRPL]HG� 6WXG\�� $P� -� 6SRUWV�
0HG��������-XO\�������������-����� 
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'HVSLWH� VLJQLILFDQW� SURJUHVV� RYHU�

UHFHQW� GHFDGHV�� PXFK� UHPDLQV�
XQNQRZQ� UHJDUGLQJ� WKH� FDXVH� RI�
NQHH�RVWHRDUWKULWLV��2$���6RPH�KDYH�
VXJJHVWHG� WKDW� H[FHVVLYH�
SK\VLRORJLF� ORDGLQJ� RI� QRUPDO� MRLQW�
VWUXFWXUHV�� RU� QRUPDO� ORDGLQJ� RI�
FRPSURPLVHG� VWUXFWXUHV�� PD\�
DFFHOHUDWH� WKH� GHYHORSPHQW� RI� 2$��
7KLV� OLWHUDWXUH� UHYLHZ� DQG� PHWD-
DQDO\VLV� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�
UXQQLQJ� DQG� WKH� GHYHORSPHQW� RI�
NQHH�2$� 
'DWD� ZHUH� UHYLHZHG� IRU� VWXGLHV�

LQFOXGLQJ� DGXOW� VXEMHFWV�� PHDVXULQJ�
H[SRVXUH� WR� DQ\� IRUP�RI� UXQQLQJ� RU�
MRJJLQJ�� ZKLFK� LQFOXGHG� D�
FRPSDULVRQ� JURXS� DQG� ZKLFK�
DVVHVVHG� WKH�VLJQV�RU�V\PSWRPV�RI�
2$�RI�WKH�NQHH��'DWD�ZHUH�H[WUDFWHG�
IURP� WKRVH� VWXGLHV�� ZLWK� D� UDQGRP-
HIIHFWV�PHWD-DQDO\VLV�SHUIRUPHG� 
$� WRWDO� RI� ��� VWXGLHV�� SXEOLVKHG�

EHWZHHQ� ����� DQG� ������ ZHUH�
FKRVHQ� IRU� LQFOXVLRQ� LQ� WKH� PHWD-�
DQDO\VLV�� 7KH� GDWD� UHYHDOHG� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� NQHH� 2$�
UDWHV�EHWZHHQ�UXQQHUV�DQG�FRQWUROV��
DOWKRXJK�DQ�HOHYDWHG�UDWH�ZDV�IRXQG�
DPRQJ� HOLWH� UXQQHUV�� DV� FRPSDUHG�
ZLWK� FRQWUROV�� $PRQJ� VWXGLHV� XVLQJ�
UDGLRJUDSKLF� DQG� LPDJLQJ� PDUNHUV��
QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�
UXQQHUV�DQG�FRQWUROV�ZHUH�IRXQG�IRU�
PRVW� PHDVXUHPHQWV�� 7KH� PHWD-�
DQDO\VLV� VXJJHVWHG� D� SURWHFWLYH�
HIIHFW� RI� UXQQLQJ� DJDLQVW� VXUJHU\�
UHVXOWLQJ�IURP�2$� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� WKH� OLWHUDWXUH� GLG� QRW� ILQG� D�
VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�
UXQQLQJ� DQG� WKH� GLDJQRVLV� RI� 2$��
ZKLOH� VRPH� HYLGHQFH� GRHV� VXJJHVW�
D� SURWHFWLYH� HIIHFW� DJDLQVW� 2$-
UHODWHG�VXUJHU\�� 

 
7LPPLQV�� .��� HW� DO�� 5XQQLQJ� DQG�
.QHH� 2VWHRDUWKULWLV�� 6\VWHPDWLF�
5HYLHZ� DQG� 0HWD-$QDO\VLV�� $P� -�
6SRUWV� 0HG�� ������ -XQH�� ��� �����
����-����� 
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(DFK�\HDU��DQ�HVWLPDWHG���� WR����

SHUFHQW�RI�DWKOHWHV�VXVWDLQ�DQ� LQMXU\�
GXULQJ� SDUWLFLSDWLRQ� LQ� 1DWLRQDO�
&ROOHJLDWH�$WKOHWLF�$VVRFLDWLRQ 

�1&$$�� -� VSRQVRUHG� VSRUWV�� $V�
SUHYLRXV�GDWD�KDYH�VXJJHVWHG�WKDW�D�
VLJQLILFDQW�SRUWLRQ�RI�1&$$�DWKOHWHV�
UHSRUW� HLWKHU� DQ[LHW\� RU� GHSUHVVLYH�
V\PSWRPV�� WKLV�VWXG\�ZDV�GHVLJQHG�
WR� GHWHUPLQH� WKH� LQIOXHQFH� RI�
SUHVHDVRQ� DQ[LHW\� DQG� GHSUHVVLRQ�
RQ�WKH�ULVN�RI�VXEVHTXHQW�LQMXU\� 
7KLV� LQYHVWLJDWLRQ� LQFOXGHG� PDOH�

DWKOHWHV�� SDUWLFLSDWLQJ� LQ� EDVHEDOO��
EDVNHWEDOO�� IRRWEDOO� RU� ZUHVWOLQJ�� DV�
ZHOO�DV�IHPDOH�DWKOHWHV��SDUWLFLSDWLQJ�
LQ� EDVNHWEDOO�� ILHOG� KRFNH\�� VRIWEDOO��
VRFFHU�RU�YROOH\EDOO��GXULQJ�WKH������
WKURXJK� ����� VHDVRQV�� $OO� VXEMHFWV�
FRPSOHWHG� D� SUHVHDVRQ� EDVHOLQH�
VXUYH\�� ZKLFK� TXHULHG� PHGLFDO�
KLVWRU\�� LQFOXGLQJ� GDWD� UHJDUGLQJ�
DQ[LHW\� DQG�GHSUHVVLYH� � V\PSWRPV��
$OO� ZHUH� IROORZHG� IRU� WKH� LQFLGHQFH�
RI� LQMXULHV�� XVLQJ� WKH� 6SRUWV� ,QMXU\�
0RQLWRULQJ�6\VWHP� 
6XEMHFWV� ZHUH� ���� DWKOHWHV�� RI�

ZKRP� ������ UHSRUWHG� DQ[LHW\�
V\PSWRPV� DQG� ������ UHSRUWHG�
GHSUHVVLYH� V\PSWRPV�� 'XULQJ� WKH�
����� WKURXJK� ����� VHDVRQV�� WKH�
RYHUDOO� LQMXU\� UDWH� ZDV� ����� SHU�
������� DWKOHWLF� H[SRVXUHV�� 7KRVH�
UHSRUWLQJ� SUHVHDVRQ� DQ[LHW\�
V\PSWRPV� KDG� VLJQLILFDQWO\� KLJKHU�
LQMXU\� UDWHV� WKDQ� GLG� WKRVH� ZKR� GLG�
QRW� ������ YHUVXV� ����� DWKOHWLF�
H[SRVXUHV��S���������2YHUDOO�� LQMXU\�
UDWHV� GLG� QRW� GLIIHU� VLJQLILFDQWO\�
EHWZHHQ� WKRVH� ZLWK� YHUVXV� ZLWKRXW�
SUHVHDVRQ� GHSUHVVLYH� V\PSWRPV�
������DWKOHWLF�H[SRVXUHV�YHUVXV������
DWKOHWLF� H[SRVXUHV� SHU� ���������
+RZHYHU�� PDOH� DWKOHWHV� ZLWK�
SUHVHDVRQ� GHSUHVVLYH� V\PSWRPV�
ZHUH�PRUH�OLNHO\�WR�VXVWDLQ�DQ�LQMXU\�
WKDQ� WKRVH� ZLWKRXW� GHSUHVVLYH�
V\PSWRPV��55������ 
&RQFOXVLRQ� 7KLV� SURVSHFWLYH�

VWXG\� RI� 1&$$� DWKOHWHV� IRXQG� WKDW�
SUHVHDVRQ� DQ[LHW\� DQG� GHSUHVVLYH�
V\PSWRPV� FDQ� LQFUHDVH� WKH� ULVN� RI�
DWKOHWLF�LQMXU\� 
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/L��+���HW�DO��3UHVHDVRQ�$Q[LHW\�DQG�
'HSUHVVLYH� 6\PSWRPV� DQG�
3URVSHFWLYH�,QMXU\�5LVN�LQ�&ROOHJLDWH�
$WKOHWHV��$P� -� 6SRUWV� 0HG�� ������
6HSWHPEHU�������������-����� 

5(/,$%/(�7(&+1,48(�)25�
,1-(&7,21�,1�8/1$5 

1(8523$7+<�$7�7+(�(/%2: 
 
8OQDU� QHXURSDWK\� DW� WKH� HOERZ�

�81(��LV�WKH�VHFRQG�PRVW�FRPPRQ��
IRFDO� SHULSKHUDO� QHXURSDWK\�� )RU�
SDWLHQWV� ZLWK� LGLRSDWKLF� 81(�� WKH�
EHVW� WKHUDS\� UHPDLQV� XQFOHDU�� 7KLV�
FDGDYHULF� VWXG\� LQYHVWLJDWHG� WKH�
HIILFDF\� RI� DQ� XOWUDVRXQG� JXLGHG�
WHFKQLTXH�IRU�VWHURLG�LQMHFWLRQ�DW�WKH�
HOERZ� 
6XEMHFWV� ZHUH� IUHVK�� QRQ-�

HPEDOPHG� FDGDYHUV�� LQFOXGLQJ� VL[�
ZRPHQ� DQG� ILYH� PHQ�� 7KH� HOERZV�
ZHUH� SRVLWLRQHG� LQ� ���� RI� IOH[LRQ��
ZLWK� DQ� XOWUDVRXQG� WUDQVGXFHU�
SODFHG� RQ� WKH�PHGLDO� DVSHFW� RI� WKH�
HOERZ��7KH�VNLQ�ZDV�SHQHWUDWHG�ZLWK�
WKH� LQMHFWLRQ� QHHGOH� KDOIZD\� DORQJ�
WKH� OLQH� FRQQHFWLQJ� WKH� PHGLDO�
HSLFRQG\OH� DQG� WKH� SRVWHULRU� WLS� RI�
WKH� ROHFUDQRQ�� ZLWK� WKH� QHHGOH�
SRVLWLRQHG� MXVW� RXWVLGH� WKH�
SHULQHXULXP�RI� WKH�XOQDU�QHUYH��7KH�
LQMHFWDWH� LQFOXGHG� ���� P/� RI� LQN�
GLOXWHG� ZLWK� SK\VLRORJLF� VDOLQH��
ZKLFK� ZDV� LQMHFWHG� XQWLO� LW� EHFDPH�
YLVLEOH� DURXQG� WKH� XOQDU� QHUYH��
,QMHFWLRQV� ZHUH� IROORZHG� E\� DQ�
DQDWRPLF�GLVVHFWLRQ� 
,Q� DOO� ��� FDVHV�� WKH� SHULQHXUDO�

VKHDWK� RI� WKH� XOQDU� QHUYH� ZDV�
VWDLQHG�� ,Q� ����RI� WKH� � VSHFLPHQV��
WKH� LQMHFWLRQ� VLWH� ZDV� GLVWDO� WR� WKH�
SUR[LPDO� ULP� RI� WKH� DUFXDWH�
OLJDPHQW��ZKLOH��LQ������WKH�VLWH�ZDV�
H[DFWO\�DW�WKH�SUR[LPDO�ERUGHU�RI�WKH�
DUFXDWH�OLJDPHQW��DQG�LQ�����LW�ZDV�
GLVWDO�WR�WKH�OLJDPHQW� 
&RQFOXVLRQ�� 7KLV� FDGDYHULF�

VWXG\� IRXQG� WKDW� D� WHFKQLTXH� XVLQJ�
XOWUDVRXQG� JXLGDQFH� FDQ� EH� YHU\�
DFFXUDWH� LQ� GHOLYHULQJ� WKH� LQMHFWDWH�
WR�WKH�SHULQHXUDO�VKHDWK�RI�WKH�XOQDU�
QHUYH�DW�WKH�HOERZ� 

+DPVFKD�� 8��� HW� DO�� $� 5HOLDEOH�
7HFKQLTXH� IRU� 8OWUDVRXQG-*XLGHG�
3HULQHXUDO� ,QMHFWLRQ� LQ� 8OQDU�
1HXURSDWK\� DW� WKH� (OERZ�� 0XVFOH�
1HUYH��������$XJXVW���������-���� 

 

3,5,)250,6�6<1'520(�
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3LULIRUPLV� V\QGURPH� �36�� RFFXUV�

ZKHQ� WKH� SLULIRUPLV�PXVFOH� HQWUDSV�
WKH� VFLDWLF� QHUYH�� FDXVLQJ� EXWWRFN�

SDLQ��WHQGHUQHVV�DQG�VFLDWLFD��6RPH�
KDYH� HVWLPDWHG� WKDW�� LQ� ROGHU�
SDWLHQWV�� WKLV� SKHQRPHQRQ� PD\�
DFFRXQW� IRU� VL[� WR� HLJKW� SHUFHQW� RI�
VFLDWLF� SDLQ�� :KLOH� ERWXOLQXP� WR[LQ�
VWXGLHV� KDYH� GHPRQVWUDWHG� VRPH�
VXFFHVV� LQ� WKH� WUHDWPHQW� RI� WKLV�
GLVRUGHU�� QR� GRXEOH-� EOLQG� FRQWURO�
VWXGLHV�KDYH�EHHQ�UHSRUWHG� 
7KLV� VWXG\� LQFOXGHG� ��� SDWLHQWV��

GLDJQRVHG� ZLWK�
HOHFWURP\RJUDSKLFDOO\� FRQILUPHG�
36�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH�
LQFRERWXOLQXP� WR[LQ� $�� ����
LQWHUQDWLRQDO� XQLWV� RU� D� SODFHER�
LQMHFWLRQ�� XVLQJ� (0*� JXLGDQFH�� $OO�
VXEMHFWV� XQGHUZHQW� ��� ZHHNV� RI�
ZHHNO\� SK\VLFDO� WKHUDS\�� ZLWK�
HYDOXDWLRQV� SHUIRUPHG� DW� ZHHNV�
WZR��IRXU��VL[��HLJKW�����DQG�����7KH�
RXWFRPH� FULWHULD� LQFOXGHG� FKDQJHV�
RQ� D� YLVXDO� DQDORJ� VFDOH� �9$6�� IRU�
SDLQ��FKDQJHV�LQ�(0*�YDULDEOHV�DQG�
FKDQJHV� LQ� WKH� IUHTXHQF\� DQG�
VHYHULW\�RI�DGYHUVH�HYHQWV� 
5HGXFWLRQV� LQ� 9$6� SDLQ� VFRUHV�

ZHUH� VLJQLILFDQW� DW� ZHHNV� WZR�
WKURXJK�����ZLWK�VLJQLILFDQWO\�JUHDWHU�
LPSURYHPHQWV�LQ�WKH�ERWXOLQXP�WR[LQ�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS�
�S�������� IRU� DOO� FRPSDULVRQV���
)OH[LRQ�� DGGXFWLRQ� DQG� LQWHUQDO�
URWDWLRQ� �)$,5�� WHVW� VFRUHV� IRU� WKH�
SRVWHULRU� WLELDO��EXW�QRW� WKH� ILEXODU�+�
UHIOH[HV�LPSURYHG�VLJQLILFDQWO\�PRUH�
LQ� WKH� ERWXOLQXP� JURXS� WKDQ� LQ� WKH�
SODFHER� JURXS� DW� ZHHNV� WZR�� IRXU��
VL[�DQG�HLJKW��S ������WR�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SLULIRUPLV� V\QGURPH�
IRXQG� WKDW� FRPELQLQJ� LQFRERWXOLQXP�
WR[LQ� $� LQMHFWLRQV� ZLWK� SK\VLFDO�
WKHUDS\� HQKDQFHV� LPSURYHPHQW� LQ�
SDLQ� DQG� QHUYH� IXQFWLRQ� DV�
FRPSDUHG� ZLWK� SK\VLFDO� WKHUDS\�
DORQH� 

)LVKPDQ�� /��� HW� DO��
(OHFWURSK\VLRORJLFDOO\� ,GHQWLILHG�
3LULIRUPLV�6\QGURPH�,V�6XFFHVVIXOO\�
7UHDWHG�ZLWK� ,QFRERWXOLQXP�7R[LQ�$�
DQG� 3K\VLFDO� 7KHUDS\�� 0XVFOH�
1HUYH�� ������$XJXVW����� ��������-
���� 

+($7�75($70(17�)25�
'(/$<('�216(7�086&/(�
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'HOD\HG–RQVHW� PXVFOH� VRUHQHVV�

�'206�� LV�D�FRPPRQ�SKHQRPHQRQ�
DPRQJ� WKRVH� ZKR� H[FHHG� WKHLU�
QRUPDO� ZRUNRXW� LQWHQVLW\�� 7KLV�
VRUHQHVV� FDQ� SHUVLVW� IRU� GD\V�� DQG�
FDQ� GHFUHDVH� SHUIRUPDQFH�� 7KLV�
VWXG\�FRPSDUHG�DQ�RYHU-WKH-FRXQWHU�
KHDW�PRGDOLW\�DSSOLHG�IRU�HLJKW�KRXUV�

XVHG�HLWKHU� LPPHGLDWHO\� DIWHU� RU� ���
KRXUV�DIWHU�H[HUFLVH� 
6XEMHFWV�ZHUH� WKUHH�JURXSV�RI� ���

DGXOWV� UDQJLQJ� LQ� DJH� IURP� ��-���
\HDUV�� $OO� JURXSV� XQGHUZHQW�
EDVHOLQH� HYDOXDWLRQV� DQG� WKHQ� DQ�
H[HUFLVH� SURJUDP� GHVLJQHG� WR�
LQGXFH� '206�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH�7KHUPD&DUH�
KHDW� ZUDSV�� PDLQWDLQHG� IRU� HLJKW�
KRXUV�� ZLWK� JURXS� $� EHJLQQLQJ�
LPPHGLDWHO\� DIWHU� H[HUFLVH� DQG�
JURXS� %� EHJLQQLQJ� ��� KRXUV� DIWHU�
H[HUFLVH�� *URXS� &� KDG� QR� KHDW�
DSSOLHG�� DQG� VHUYHG� DV� WKH� FRQWURO��
3DWLHQWV� ZHUH� DVVHVVHG� ZLWK�
VXEMHFWLYH� SDLQ� PHDVXUHPHQWV��
EORRG� VDPSOLQJ�� DQG� VWUHQJWK�
HYDOXDWLRQV� 
7KH�FRQWURO�JURXS�GHPRQVWUDWHG�D�

������ UHGXFWLRQ� LQ� TXDGULFHSV�
VWUHQJWK� WKH� ILUVW�GD\�DIWHU�H[HUFLVH��
ZLWK� QR� GLIIHUHQFH� EHWZHHQ� WKH�
FRQWURO� JURXS� DQG� JURXS� %�� � 7KHUH�
ZDV�QR� VLJQLILFDQW� GHFOLQH� LQ�*URXS�
$� FRPSDUHG� ZLWK� EDVHOLQH� RQ� DQ\�
SRVW� H[HUFLVH� GD\�� 3DLQ� SHDNHG� E\�
WZR�GD\V�SRVW�H[HUFLVH��6LJQLILFDQWO\�
OHVV�SDLQ�ZDV�QRWHG� LQ�*URXS�$�DV�
FRPSDUHG� WR� WKH� RWKHU� WZR� JURXSV�
RQ� WKH� ILUVW� DQG� VHFRQG� GD\V� SRVW�
H[HUFLVH� �S�������� %\� WKH� WKLUG� GD\�
WKHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�WKH�
WKUHH�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DGXOWV���-���\HDUV�RI�DJH�IRXQG�WKDW�
ORZ-� OHYHO� FRQWLQXRXV� KHDW� ZUDSV�
SODFHG� LPPHGLDWHO\� DIWHU� KHDY\�
H[HUFLVH� FDQ� UHGXFH� VXEVHTXHQW�
PXVFOH� VRUHQHVV� DQG� UHGXFH�
IXQFWLRQDO�GHFOLQH� 

3HWURIVN\�� -� HW� DO�� 7KH� (IILFDF\� RI�
6XVWDLQHG� +HDW� 7UHDWPHQW� RQ�
'HOD\HG–2QVHW� 0XVFOH� 6RUHQHVV��
&OLQ� -� 6SRUW� 0HG�� ������-XO\�����
�������–���� 

.1((�',625'(56�,1� 
0,/,7$5<�5(&58,76 

�$�SUHYLRXV�VWXG\�IRXQG�WKDW�PRUH�
WKDQ�RQH�SHUFHQW�RI�)LQQLVK�PLOLWDU\�
UHFUXLWV� DUH� KRVSLWDOL]HG� DQQXDOO\�
GXH� WR� NQHH� LQMXU\� GXULQJ� PLOLWDU\�
VHUYLFH��7KLV�VWXG\�IXUWKHU�HYDOXDWHG�
WKH� LQFLGHQFH� DQG� ULVN� IDFWRUV� RI�
NQHH� GLVRUGHUV� DQG� LQMXULHV� DPRQJ�
WKHVH�PLOLWDU\�UHFUXLWV� 
7KLV�VWXG\�FRPSULVHG� ILYH�FRKRUWV�

RI� )LQQLVK� PHQ� SHUIRUPLQJ� WKHLU�
FRPSXOVRU\� PLOLWDU\� VHUYLFH�� ZLWK�
ELUWK� \HDUV� LQFOXGHG� ������ ������
�����������DQG�������)URP�DPRQJ�
WKHVH�FRQVFULSWV��UDQGRPO\�VHOHFWHG�
FRKRUWV�RI�������ZHUH�FKRVHQ�HYHU\�
ILIWK� \HDU� EHJLQQLQJ� LQ� ������ 2QH�
\HDU�EHIRUH�HQWHULQJ�PLOLWDU\�VHUYLFH��
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DQG� DW� HQWU\� WR� WKH� VHUYLFH��
HYDOXDWLRQV� ZHUH� PDGH� RI� SDVW�
PHGLFDO� KLVWRU\� DQG� FXUUHQW� KHDOWK�
LVVXHV�� 7KHVH� GDWD� ZHUH� UHYLHZHG�
IRU� FRPSODLQWV� GXH� WR� GLVHDVH� DQG�
RWKHU� GLVRUGHUV� RI� WKH� NQHH� RU� DQ\�
LQMXU\� 
7KH�FXPXODWLYH� LQFLGHQFH�RI�NQHH�

V\PSWRPV� DPRQJ� WKH� UHFUXLWV� ZDV�
�������ZLWK�����UHTXLULQJ�D�YLVLW� WR�
D�KHDOWKFDUH�SURIHVVLRQDO��7KH�SHDN�
LQFLGHQFH� RFFXUUHG� GXULQJ� WKH� ILUVW�
WZR�PRQWKV�RI�PLOLWDU\�VHUYLFH��0XOWL-�
YDULDWH� DQDO\VLV� UHYHDOHG� WKDW� WKH�
LQGHSHQGHQW� ULVN� IDFWRUV� IRU� NQHH�
V\PSWRPV� GXULQJ� PLOLWDU\� VHUYLFH�
ZLWK� D� JUHDWHVW� UHODWLYH� ULVN� �55��
ZHUH� D� KLVWRU\� RI� V\PSWRPV� RI� WKH�
JDVWURLQWHVWLQDO�V\VWHP��55��������D�
KLVWRU\� RI� V\PSWRPV� RI� WKH�
PXVFXORVNHOHWDO� V\VWHP� ������� DQG�
VPRNLQJ��55�����-������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

PLOLWDU\� FRQVFULSWV� LQ� WKH� )LQQLVK�
PLOLWDU\� IRXQG� WKDW� ���� RI� WKHVH�
\RXQJ� PHQ� YLVLWHG� KHDOWKFDUH�
SURIHVVLRQDOV� IRU� V\PSWRPV� UHODWHG�
WR�WKH�NQHH��ZLWK�WKH�SHDN�LQFLGHQFH�
RFFXUULQJ�ZLWKLQ�WKH�ILUVW�WZR�PRQWKV�
RI�PLOLWDU\�VHUYLFH� 

3LKODMDPDNL��+���HW�DO��,QFLGHQFH�DQG�
5LVN� )DFWRUV� RI� ([HUFLVH-–5HODWHG�
.QHH� 'LVRUGHUV� LQ� <RXQJ� $GXOW�
0HQ�� %0&� 0XVFXORVNHOHW� 'LVRUG��
�������������� 

(/(&7520$*1(7,&�
75$16'8&7,21�)25�/2:�

%$&.�3$,1 
 
6WXGLHV�RI�SXOVHG�HOHFWURPDJQHWLF�

ILHOGV��DSSURYHG�E\�WKH�)'$�LQ������
IRU� WKH� WUHDWPHQW� RI� ERQH� IUDFWXUHV�
DQG� QRQ-XQLRQV�� KDYH� VXJJHVWHG�
WKDW� WKLV� WUHDWPHQW� FDQ� XS-UHJXODWH�
DQWL-�LQIODPPDWRU\�IDFWRUV��DQG�GRZQ
-� UHJXODWH� SUR-LQIODPPDWRU\� IDFWRUV��
7KLV�VWXG\�DVVHVVHG� WKH�HIILFDF\�RI�
HOHFWURPDJQHWLF� WUDQVGXFWLRQ�
WKHUDS\��(077��IRU�WKH�WUHDWPHQW�RI�
ORZ�EDFN�SDLQ��/%3�� 
6XEMHFWV� ZHUH� DGXOWV� SUHVHQWLQJ�

ZLWK�QRQVSHFLILF�/%3��UDQGRPL]HG�WR�
FRQYHQWLRQDO��QRQLQYDVLYH�WUHDWPHQW�
�Q ����� RU� D� FRPELQDWLRQ� RI�
QRQLQYDVLYH� WUHDWPHQW� SOXV� (077�
�Q ���� IRU� VL[� ZHHNV�� 7KH��
QRQLQYDVLYH� WUHDWPHQW� LQFOXGHG�
SK\VLRWKHUDS\� ZLWK� FRUH�
VWDELOL]DWLRQ��LVRPHWULF�VWUHQJWKHQLQJ�
DQG� KHDW� SOXV� QRQ-RSLDWH�
DQDOJHVLFV�� 7KH� (077� JURXS�
XQGHUZHQW� WZR� VHVVLRQV� SHU� ZHHN�
IRU� D� WRWDO� RI� HLJKW� VHVVLRQV�� (DFK�
VHVVLRQ�ZDV�RI����PLQXWHV¶�GXUDWLRQ��
DW���P7��ZLWK�DQ�LPSXOVH�IUHTXHQF\�
RI� �� +]� DQG� SRZHU� RI� ��N9�� 7KH�

SULPDU\� RXWFRPH� PHDVXUH� ZDV�
FKDQJH� LQ� GLVDELOLW\�� DVVHVVHG� ZLWK�
WKH�2VZHVWU\�'LVDELOLW\�,QGH[��2',���
DQG� WKH� FKDQJH� LQ� VXEMHFWLYH� SDLQ�
VHQVDWLRQ�� PHDVXUHG� E\� D� 9LVXDO�
$QDORJ�6FDOH��9$6�� 
9$6 SDLQ VFRUHV LPSURYHG�

VLJQLILFDQWO\� EHWWHU� DW� �� DQG� ���
ZHHNV� LQ� WKH� (077� JURXS� WKDQ� LQ�
WKH�FRQWURO�JURXS��S�������IRU�ERWK���
,Q� DGGLWLRQ�� 2',� VFRUHV� LPSURYHG�
VLJQLILFDQWO\� PRUH� LQ� WKH� (077�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS� DW�
ERWK� VL[� �S�������� DQG� ��� ZHHNV�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� ORZ� EDFN� SDLQ� IRXQG�
WKDW� HOHFWURPDJQHWLF� WUDQVGXFWLRQ�
WKHUDS\� FDQ� EH� D� XVHIXO� DGMXQFW� WR�
FRQYHQWLRQDO� WKHUDS\� IRU� UHGXFLQJ�
SDLQ�DQG�GLVDELOLW\� 

 
.UDWK�� $��� HW� DO�� (OHFWURPDJQHWLF�
7UDQVGXFWLRQ� 7KHUDS\� LQ� 1RQ-
6SHFLILF� /RZ� %DFN� 3DLQ�� $�
3URVSHFWLYH�� 5DQGRPL]HG��
&RQWUROOHG�7ULDO��-� 2UWKRS������������
���-���� 
 

',(7$5<�),%(5�$1'�7+(�5,6.�
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3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� GLHWDU\� ILEHU� LV� DVVRFLDWHG� ZLWK�
ORZHU� ULVNV� RI� FDUGLRYDVFXODU�
GLVHDVH�� GLDEHWHV� DQG� PRUWDOLW\��
2WKHUV�KDYH�VKRZQ�WKDW�GLHWDU\�ILEHU�
FDQ� DVVLVW� ZLWK� LPSURYHG� EORRG�
SUHVVXUH�� FLUFXODWLQJ� &-UHDFWLYH�
SURWHLQ� �&53�� DQG� LPSURYHG�
JO\FHPLF� FRQWURO�� � *LYHQ� WKHVH�
ILQGLQJV�� WKLV� VWXG\� DVVHVVHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� ILEHU� LQWDNH�
DQG�RVWHRDUWKULWLV��2$��RI�WKH�NQHH� 
'DWD� ZHUH� KDUYHVWHG� IURP� WKH�

2VWHRDUWKULWLV� ,QLWLDWLYH� �2$,�� DQG�
WKH�)UDPLQJKDP�VWXG\��7KH�2$,�LV�D�
ORQJLWXGLQDO�� SURVSHFWLYH� FRKRUW�
LQFOXGLQJ� ������ PHQ� DQG� ZRPHQ�
ZLWK� RU� DW� ULVN� RI� NQHH� 2$�� 7KH�
)UDPLQJKDP� 2IIVSULQJ� 2$� VWXG\�
LQYROYHG� DGXOW� FKLOGUHQ� RI� WKH�
RULJLQDO� )UDPLQJKDP� VWXG\� DQG�
VSRXVHV� RI� RIIVSULQJ� SDUWLFLSDQWV��
7KH�2IIVSULQJ�2$�VWXG\�LQYHVWLJDWHG�
WKH� LQKHULWDQFH� RI�2$�DPRQJ� VWXG\�
SDUWLFLSDQWV� 
'XULQJ� D� FDOO� EDFN� YLVLW� LQ� �����

WKURXJK� ����� RI� WKH� )UDPLQJKDP�
6WXG\�� ������ HOLJLEOH� SDWLHQWV�
XQGHUZHQW� EDVHOLQH� ZHLJKW-EHDULQJ�
UDGLRJUDSKV� RI� ERWK� NQHHV�� ZLWK�
WKHVH� UHSHDWHG� IURP� ����� WKURXJK�
������,Q�ERWK�VWXGLHV��EDVHOLQH�GDWD�
LQFOXGHG� PHGLFDO� KLVWRU\�� VRFLDO�
KLVWRU\� DQG� GLHWDU\� KLVWRU\�� 'LHWDU\�
ILEHU� LQWDNH� ZDV� FRPSDUHG� ZLWK�

LQFLGHQW� UDGLRJUDSKLF� 2$� DQG�
V\PSWRPDWLF� 2$� RYHU� WKH� IROORZLQJ�
QLQH�\HDUV� 
,Q� ERWK� VWXGLHV�� WRWDO� GLHWDU\� ILEHU�

LQWDNH� ZDV� IRXQG� WR� EH� LQYHUVHO\�
DVVRFLDWHG� ZLWK� V\PSWRPDWLF� 2$�
�S��������&RPSDUHG�ZLWK�WKH� ORZHVW�
TXDUWLOH� D� VLJQLILFDQW� GRVH—�
GHSHQGHQW�� LQYHUVH� UHODWLRQVKLS�
ZDV� IRXQG� ZLWK� LQFUHDVHG� ILEHU�
LQWDNH� IRU� WKH� ULVN� RI� V\PSWRPDWLF�
2$�DQG� NQHH�ZRUVHQLQJ� �S���������
1R� VLJQLILFDQW� UHODWLRQVKLS� ZDV�
IRXQG�EHWZHHQ� ILEHU�LQWDNH DQG�
UKHXPDWRLG DUWKULWLV�� 
&RQFOXVLRQ��8VLQJ� ILQGLQJV� IURP�

WZR� ORQJLWXGLQDO� VWXGLHV�� WKH�
DXWKRUV� IRXQG� WKDW� KLJK� WRWDO� ILEHU�
LQWDNH�LV�FRUUHODWHG�ZLWK�D�ORZHU�ULVN�
RI�V\PSWRPDWLF�RVWHRDUWKULWLV� 

 
'DL��=���HW�DO��'LHWDU\�,QWDNH�RI�)LEHU�
DQG� 5LVN� RI� .QHH� 2VWHRDUWKULWLV� LQ�
7ZR�8�6���3URVSHFWLYH�&RKRUWV��$QQ�
5KHXP� 'LV�� ������$XJXVW����������
����-����� 
 

$872120,&�'<6)81&7,21�,1�
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*XLOODLQ-%DUUp� V\QGURPH� �*%6�� LV�

WKH� PRVW� FRPPRQ� FDXVH� RI� DFXWH�
QHXURPXVFXODU� SDUDO\VLV�� :KLOH�
DXWRQRPLF�G\VIXQFWLRQ��$'��LV�D�ZHOO
-� NQRZQ� FRPSOLFDWLRQ� RI� WKLV�
GLVHDVH��IHZ�VWXGLHV�KDYH�GHVFULEHG�
WKH� SUHYDOHQFH� RI� $'� VHTXHODH� LQ�
WKHVH�SDWLHQWV��7KLV�VWXG\�VRXJKW�WR�
EHWWHU�XQGHUVWDQG�WKH�SUHYDOHQFH�RI�
$'�LQ�SDWLHQWV�ZLWK�*%6� 
7KLV� LQYHVWLJDWLRQ� VDPSOHG� GDWD�

IURP�WKH�+HDOWK�&RVW�DQG�8WLOL]DWLRQ�
3URMHFW� �+&83�� 1DWLRQZLGH�
,QSDWLHQW� 6DPSOH� �1,6��� 7KH�1,6� LV�
WKH� ODUJHVW�� SXEOLFO\� DYDLODEOH�� DOO-
SD\HU� KRVSLWDO�� LQSDWLHQW� FDUH�
GDWDEDVH� LQ� WKH� 8QLWHG� 6WDWHV��
+RVSLWDOL]DWLRQV� IRU� � *%6� ZHUH�
LGHQWLILHG� IRU� WKH� SHULRG� RI� �����
WKURXJK� ������ ZLWK� QRQ-*%6�
KRVSLWDOL]HG� FRQWUROV� PDWFKHG� WR�
FDVHV�����E\�DJH�DQG�JHQGHU� 
'DWD� LQFOXGHG������� SDWLHQWV� ZLWK�

D� SULPDU\� DGPLVVLRQ� GLDJQRVLV� RI�
*%6�� DQG� ������� FRQWUROV��
9DULDEOHV�DVVRFLDWHG�ZLWK�$'��ZKLFK�
ZHUH� IRXQG� WR� EH� PRUH� SUHYDOHQW�
DPRQJ�SDWLHQWV ZLWK� *%6��
LQFOXGHG� JDVWURLQWHVWLQDO�
FRPSOLFDWLRQV�� FDUGLDF�
FRPSOLFDWLRQV�� V\QFRSH��
WDFK\FDUGLD�� JHQLWRXULQDU\�
G\VIXQFWLRQ�� V\QGURPH� RI�
LQDSSURSULDWH� DQWLGLXUHWLF� KRUPRQH�
VHFUHWLRQ�� DQG� K\SRQDWUHPLD� �DOO�
S���������DV�ZHOO DV� LOHXV��



 

3DJH�� 1RYHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

EUDG\FDUGLD�� EODGGHU� G\VIXQFWLRQ��
HOHYDWHG EORRG� SUHVVXUH� ZLWKRXW�
GLDJQRVLV�RI�K\SHUWHQVLRQ� DQG�
5D\QDXG�SKHQRPHQRQ��DOO�S�������� 
&RQFOXVLRQ��7KLV �VWXG\� RI�

SDWLHQWV� KRVSLWDOL]HG� IRU� *XLOODLQ-�
%DUUp� V\QGURPH� IRXQG� WKDW� D�
QXPEHU�RI� FRPSOLFDWLRQV� DVVRFLDWHG�
ZLWK�DXWRQRPLF�G\VIXQFWLRQ�DUH�PRUH�
SUHYDOHQW� LQ� WKHVH� SDWLHQWV� WKDQ� LQ�
FRQWUROV� 

 
$QDQGDQ�� &��� HW� DO�� 3UHYDOHQFH� RI�
$XWRQRPLF�'\VIXQFWLRQ LQ�
+RVSLWDOL]HG� 3DWLHQWV� ZLWK� *XLOODLQ-�
%DUUp� 6\QGURPH�� 0XVFOH� 1HUYH��
������$XJXVW������������-���� 

9,7$0,1�'�$1'�5+(80$72,'�
$57+5,7,6 

9LWDPLQ� '�� D� SUR-KRUPRQH�� LV�
WKRXJKW� WR� SOD\� D� SRWHQWLDO� LPPXQH-�
VXSSUHVVLYH� UROH�� DQG� WR� H[HUW�
HQGRFULQH� DFWLRQ� RQ� WKH� LPPXQH�
V\VWHP� FHOOV�� JHQHUDWLQJ� DQWL-�
LQIODPPDWRU\� DQG�
LPPXQRPRGXODWRU\� HIIHFWV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�
YLWDPLQ� '� DQG� UKHXPDWRLG� DUWKULWLV�
�5$�� 
7KH�VWXG\�ZDV�D�SRVW�KRF�DQDO\VLV�

RI� GDWD� FROOHFWHG� IRU� WKH�
&RPRUELGLWLHV� LQ� 5KHXPDWRLG�
$UWKULWLV� �&2025$�� VWXG\�� DQ�
REVHUYDWLRQDO�� FURVV-� VHFWLRQDO��
PXOWLFHQWHU�� LQWHUQDWLRQDO� VWXG\� RI�
DGXOWV�ZLWK�5$��'DWD�ZHUH�FROOHFWHG�
IRU�������SDWLHQWV�IURP����FRXQWULHV��
'HPRJUDSKLF� FKDUDFWHULVWLFV� DQG�
GLVHDVH� VSHFLILF� YDULDEOHV� ZHUH�
UHSRUWHG�� LQFOXGLQJ� GUXJ� XVH� DQG�
YLWDPLQ�'�VXSSOHPHQWDWLRQ��'LVHDVH�
DFWLYLW\� ZDV� HYDOXDWHG� E\� '$6���
VFRUHV�� FKDUDFWHUL]HG� DV� KLJK��
PRGHUDWH�� ORZ� RU� LQ� UHPLVVLRQ�� ,Q�
DGGLWLRQ�� IXQFWLRQDO� LPSDFW� RI� WKH�
GLVHDVH�ZDV�HYDOXDWHG�E\�WKH�+HDOWK�
$VVHVVPHQW� 4XHVWLRQQDLUH� �+$4����
&XUUHQW� YLWDPLQ� '� OHYHOV� ZHUH�
FROOHFWHG�� DQG� FKDUDFWHUL]HG� DV�
QRUPDO� LI� 9LWDPLQ� '� OHYHOV� ZHUH� ���
QJ�P/� RU� PRUH�� LQVXIILFLHQW� LI� ��� WR�
���QJ�P/�DQG�GHILFLHQW�LI�����QJ�P/� 
7KH�VWDWXV�RI�YLWDPLQ�'�OHYHOV�ZDV�

QRUPDO� LQ� ������� LQVXIILFLHQW� LQ�
������ DQG� GHILFLHQW� LQ� ����� RI� WKH�
VXEMHFWV�� 1RUPDO� YLWDPLQ� '� VWDWXV�
ZDV� IRXQG� LQ� RYHU� ���� RI� SDWLHQWV�
RQO\� LQ� WKH� 8QLWHG� 6WDWHV� DQG� ,WDO\��
DQG� LQ� ]HUR� SHUFHQW� RI� WKRVH� LQ�
(J\SW�� WKH� 1HWKHUODQGV� DQG� WKH�
8QLWHG� .LQJGRP�� 9LWDPLQ� '� OHYHOV�
ZHUH� LQYHUVHO\� FRUUHODWHG� ZLWK�
'$6���VFRUHV���������� 
&RQFOXVLRQ�� 7KLV� PXOWL-QDWLRQDO�

VWXG\� RI� SDWLHQWV� ZLWK� UKHXPDWRLG�

DUWKULWLV�IRXQG�DQ�LQYHUVH�DVVRFLDWLRQ�
EHWZHHQ�GLVHDVH�DFWLYLW\�DQG�YLWDPLQ�
'�OHYHOV� 

 
+DMMDM-+DVVRXQL��1���HW�DO��(YDOXDWLRQ�
RI�9LWDPLQ�'�6WDWXV�DQG�5KHXPDWRLG�
$UWKULWLV� DQG� ,WV� $VVRFLDWLRQ� ZLWK�
'LVHDVH� $FWLYLW\� DFURVV� ���
&RXQWULHV�� ³7KH� &2025$� 6WXG\´��
,QWHUQ� -� 5KHXP�� 9ROXPH� �����
��������$UWLFOH 
,'� ��������� �� SDJHV�� KWWSV����
GRL�RUJ���������������������� 

 

6<672/,&�$1'�38/6(�
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2VWHRDUWKULWLV� �2$�� LV� WKH� PRVW�

FRPPRQ� IRUP� RI� DUWKULWLV�� ZLWK� DW�
OHDVW� ���PLOOLRQ� DGXOWV� LQ� WKH�8QLWHG�
6WDWHV� GLDJQRVHG� ZLWK� FOLQLFDO� 2$��
3UHYLRXV�VWXGLHV�KDYH�VXJJHVWHG�DQ�
DVVRFLDWLRQ� EHWZHHQ� PHWDEROLF�
V\QGURPH� IDFWRUV� DQG� LQFLGHQW� 2$��
7KLV�ORQJLWXGLQDO�VWXG\��QHVWHG�ZLWKLQ�
WKH� 2VWHRDUWKULWLV� ,QLWLDWLYH� �2$,���
H[SORUHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
EORRG�SUHVVXUH�DQG�LQFLGHQW�2$� 
(OLJLEOH� VXEMHFWV� ZHUH� SDUWLFLSDQWV�

RI� WKH� 2$,� ZLWK� QR� 2$� DW� EDVHOLQH��
%ORRG� SUHVVXUH� ZDV� PHDVXUHG� DW�
EDVHOLQH��DQG�DW� ���DQG����PRQWKV¶�
IROORZ-XS�� ZLWK� SXOVH� SUHVVXUH� �33��
FDOFXODWHG�DV�V\VWROLF�EORRG�SUHVVXUH�
�6%3�� PLQXV� GLDVWROLF� EORRG�
SUHVVXUH� �'%3��� 'DWD� ZHUH� DOVR�
UHFRUGHG� IRU� SK\VLFDO� DFWLYLW\��
PHGLFDWLRQ� XVH�� DQG� NQHH�
UDGLRJUDSKV�� 5DGLRJUDSKLF� 2$�
�52$�� ZDV� GHILQHG� DV� D� .HOOJUHQ�
DQG� /DZUHQFH� JUDGH� RI� WZR� RU�
KLJKHU�� &RYDULDWHV� LQFOXGHG� JHQGHU��
DJH�DQG�ERG\�PDVV�LQGH[��%0,�� 
'DWD� ZHUH� DYDLODEOH� IRU� ������

SDUWLFLSDQWV�ZLWK�D�PHDQ�DJH�RI������
\HDUV�DQG�PHDQ�%0,�RI������NJ�Pð���
$� VLJQLILFDQW� LQFUHDVH� LQ� WKH� DQQXDO�
UDWHV� RI� 52$� ZDV� QRWHG� ZLWK�
LQFUHDVHG� 6%3� DQG� 33� � TXDUWLOHV��
7KLV� ZDV� QRW� WUXH� RI� '%3�� 7KLV�
DVVRFLDWLRQ� SHUVLVWHG� DIWHU� DGMXVWLQJ�
IRU�DJH��JHQGHU��%0,�DQG�PHGLFDWLRQ�
XVH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� KLJKHU� V\VWROLF� EORRG� SUHVVXUH�
DQG�SXOVH�SUHVVXUH��EXW�QRW�GLDVWROLF�
EORRG�SUHVVXUH�� DUH� DVVRFLDWHG�ZLWK�
DQ� LQFUHDVHG�ULVN�RI�RVWHRDUWKULWLV�RI�
WKH�NQHH� 

/R�� *� HW� DO�� 6\VWROLF� DQG� 3XOVH�
3UHVVXUH� $VVRFLDWHG� ZLWK� ,QFLGHQW�
.QHH� 2VWHRDUWKULWLV�� 'DWD� IURP� WKH�
2VWHRDUWKULWLV�,QLWLDWLYH��&OLQ� 5KHXP��
������6HSWHPEHU�������������-����� 

 

1(('/,1*�9(5686��
6+2&.:$9(�7+(5$3<�)25�
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&DOFLILF� WHQGLQLWLV� RI� WKH� VKRXOGHU�

FDQ� FDXVH�SDLQ� LQ� WKH� VKRXOGHU� DQG�
XSSHU�DUP��ZLWK�GHFUHDVHG�IXQFWLRQ��
7KLV� VWXG\� HYDOXDWHG� WZR�� UHODWLYHO\�
QHZ� WUHDWPHQWV�� XOWUDVRXQG� JXLGHG�
QHHGOLQJ��81��DQG�UDGLDO�VKRFNZDYH�
WKHUDS\� �56:7��� DV� WUHDWPHQW�
RSWLRQV� IRU� WKLV� FRQGLWLRQ�� 7KLV�
SURVSHFWLYH� VWXG\� LQFOXGHG� ���
SDWLHQWV� UHIHUUHG� IRU� SDLQIXO� FDOFLILF�
WHQGLQLWLV�� 7KRVH� UDQGRPL]HG� WR�
XQGHUJR� 81� UHFHLYHG� ��� PJ� RI�
FRUWLFRVWHURLG� LQ� WKH� VXEDFURPLDO�
EXUVD�� IROORZHG� E\� D� ORFDO�
DQHVWKHWLF�� DQG� WKHQ� XOWUDVRXQG�
JXLGHG� SLHUFLQJ� RI� WKH� FDOFLILFDWLRQ�
ZLWK���-JDXJH�QHHGOHV��7KLV�SURFHVV�
ZDV�IROORZHG�E\�IOXVKLQJ�ZLWK�QRUPDO�
VDOLQH�� 7KRVH� LQ� WKH� 56:7� JURXS�
XQGHUZHQW� IRXU� VHVVLRQV�� RQH�ZHHN�
DSDUW�� (DFK� VHVVLRQ� FRQVLVWHG� RI�
���� SXOVHV� RI� ���� EDU� ZLWK� D�
IUHTXHQF\� RI� ���� +]�� IROORZHG� E\�
������ SXOVHV� RI� ���� EDU� ZLWK� D�
IUHTXHQF\� RI� ��� +]�� � $OO� SDWLHQWV�
ZHUH� DVVHVVHG� IRU� SDLQ� XVLQJ� WKH�
1XPHULF� 5DWLQJ� 6FDOH� �156��� ZLWK�
FOLQLFDO� RXWFRPHV� PHDVXUHG� E\� WKH�
2[IRUG� VKRXOGHU� VFRUH� DQG� WKH�
&RQVWDQW�0XUOH\�VFRUH� 
)URP� EDVHOLQH� WR� VL[-ZHHN� IROORZ-�

XS�� FRPSDUHG� WR� WKH� 56:7� JURXS��
WKH� 81� JURXS� VKRZHG� EHWWHU�
LPSURYHPHQW� LQ� FDOFLXP� GHSRVLWV�
�S �������� LQ� WKH� 2[IRUG� VKRXOGHU�
VFRUHV� DQG� EHWWHU� �WKRXJK� QRW�
VWDWLVWLFDOO\� VLJQLILFDQW�� LPSURYHPHQW�
WKH� &RQVWDQW� 0XUOH\� VFRUHV�� 7KH�
VWXG\� ZDV� WHUPLQDWHG� HDUO\�
VHFRQGDU\� WR� WKH� KLJK� SDLQ� OHYHOV�
UHSRUWHG� DW� VL[� ZHHNV� E\� WKH�
VXEMHFWV�LQ�WKH�56:7�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FDOFLILF� WHQGLQLWLV�RI� WKH�
VKRXOGHU� IRXQG� XOWUDVRXQG-JXLGHG�
QHHGOLQJ� VXSHULRU� WR� VKRFNZDYH�
WKHUDS\�IRU�UHGXFLQJ�FDOFLILFDWLRQ�DQG�
LPSURYLQJ�VKRXOGHU�IXQFWLRQ� 

%RHU�� )��� HW� DO�� 8OWUDVRXQG-*XLGHG�
1HHGOLQJ� YV� 5DGLDO� 6KRFNZDYH�
7KHUDS\� LQ� &DOFLILF� 7HQGLQLWLV� RI� WKH�
6KRXOGHU�� $� 3URVSHFWLYH�
5DQGRPL]HG� 7ULDO�� -� 2UWKR�� ������
�������-���� 

 

35(23(5$7,9(�2%(6,7<�$1'�
287&20(�2)�/80%$5�',6&�

685*(5< 

2EHVLW\� KDV� EHHQ� LPSOLFDWHG� � DV�
DQ� LPSRUWDQW� IDFWRU� LQ� WKH� FOLQLFDO�
GHFLVLRQ� PDNLQJ� IRU� SDWLHQWV� ZLWK�
OXPEDU� LQWHUYHUWHEUDO� KHUQLDWLRQ��



 

 

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

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

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

� ǆƉĂŶĚ ŝŶŐ � ƚ ŚĞ � Ĩ ƌ ŽŶ ƚ ŝ Ğ ƌ � Ž Ĩ �ŵĞĚ ŝ Đ ŝ Ŷ Ğ � ŝ Ŷ � ƌ Ğ Ɛ ĞĂ ƌ ĐŚ ͕ � ƚ Ğ ĂĐŚ ŝŶ Ő ͕ � ĂŶĚ �Ɖ Ă ƚ ŝ ĞŶ ƚ � Đ Ă ƌ Ğ  

'XULQJ� VXUJHU\�� REHVH� SDWLHQWV�
SUHVHQW� VSHFLILF� WHFKQLFDO�
FKDOOHQJHV�� DQG� KDYH� DQ� LQFUHDVHG�
ULVN� RI� SHULRSHUDWLYH� FRPSOLFDWLRQV��
LQFOXGLQJ�ZRXQG�LQIHFWLRQ��EORRG�ORVV�
DQG� LQFUHDVHG� KRVSLWDO� VWD\�� 7KLV�
SURVSHFWLYH� VWXG\� H[SORUHG� WKH�
IXQFWLRQDO� RXWFRPHV� RI� REHVH�
SDWLHQWV� DIWHU� OXPEDU� GLVF� VXUJHU\��
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�
DGXOWV� ZLWK� LVRODWHG� UDGLFXODU�
V\PSWRPV�VHFRQGDU\� WR� OXPEDU�GLVF�
KHUQLDWLRQ�� %RG\� PDVV� LQGH[� �%0,��
ZDV� FDOFXODWHG�SULRU� WR�RSHQ� OXPEDU�
PLFURGLVFHFWRP\� 2XWFRPH�
PHDVXUHV� LQFOXGHG� D� YLVXDO� DQDORJ�
VFRUH� WR� DVVHVV� WKH� VHYHULW\� RI�
V\PSWRPV�� WKH� 5RZODQG� 0RUULV�
'LVDELOLW\�4XHVWLRQQDLUH�DQG� WKH�6)-�
���+HDOWK�6XUYH\�� ,Q�DGGLWLRQ��UHWXUQ�
WR� ZRUN� DQG� UHWXUQ� WR� GULYLQJ� ZHUH�
GRFXPHQWHG��2EHVLW\�ZDV�GHILQHG�DV�
D�%0,�RI����NJ�Pð�RU�DERYH� 
2I� WKH� ���� SDUWLFLSDQWV�� ������

ZHUH�REHVH��3ULRU� WR�VXUJHU\��������
RI� WKH� QRQ-REHVH� DQG� ������ RI� WKH�
REHVH� SDWLHQWV� ZHUH� ZRUNLQJ�� ZLWK�
WKH� ORVV�RI�HPSOR\PHQW�DWWULEXWHG� WR�
SDLQ�� $W� WKUHH� DQG� ��� PRQWKV�� QR�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� VHHQ�
EHWZHHQ� WKH�JURXSV� LQ� LPSURYHPHQW�
LQ� EDFN� SDLQ�� OHJ� SDLQ�� SDUHVWKHVLDV�

RU� QXPEQHVV�� 3RVWRSHUDWLYH� TXDOLW\�
RI� OLIH� VFRUHV� LPSURYHG� VLJQLILFDQWO\�
LQ� ERWK� JURXSV� DW� WKUHH� DQG� ���
PRQWKV� SRVW-VXUJHU\�� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�
WZR� JURXSV� �S �������� $W� WKUHH� DQG�
���PRQWKV�� WKH�JURXSV�GLG�QRW�GLIIHU�
VLJQLILFDQWO\� LQ� WKH� SHUFHQWDJH� ZKR�
UHWXUQHG� WR�ZRUN�� UHWXUQHG� WR�GULYLQJ�
RU� SHUFHLYHG� WKHLU� VXUJHU\� DV�
VXFFHVVIXO� 
&RQFOXVLRQ� 7KLV� SURVSHFWLYH�

VWXG\� RI� SDWLHQWV� XQGHUJRLQJ�
PLFURVFRSLF� OXPEDU� GLVFHFWRP\�
IRXQG� WKDW� REHVLW\� GLG� QRW�
VLJQLILFDQWO\� LPSDFW� LPSURYHPHQW� LQ�
TXDOLW\� RI� OLIH�� UHWXUQ� WR� ZRUN� RU�
LPSURYHPHQW�LQ�SDLQ� 
 
%UHQQDQ�� 3��� HW� DO�� 3UH-2SHUDWLYH�
2EHVLW\� 'RHV� 1RW� 3UHGLFW� 3RRUHU�
6\PSWRP�&RQWURO�DQG�4XDOLW\�RI�/LIH�
DIWHU� /XPEDU� 'LVF� 6XUJHU\�� -�
1HXURVXUJ��������6HSWHPEHU������� 
�-�� KWWS��� 
G[�GRL�RUJ�������������������������
������� 
 


