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$� JURZLQJ� ERG\� RI� HYLGHQFH� KDV�

LPSOLFDWHG� LPPXQH� IXQFWLRQ� LQ� WKH�
SDWKRSK\VLRORJ\� RI�
$O]KHLPHU¶VGLVHDVH��$'��DQG�UHODWHG�
GHPHQWLD�� ,Q� DGGLWLRQ�� D� QXPEHU� RI�
VWXGLHV� KDYH� DVVRFLDWHG� FRJQLWLYH�
GHFOLQH� ZLWK� OHYHOV� RI� FLUFXODWLQJ�
LQIODPPDWRU\� PDUNHUV�� 7KLV� VWXG\�
DVVHVVHG� WKH� ORQJ-WHUP� HIIHFWV� RI�
PLGOLIH� V\VWHPLF� LQIODPPDWLRQ� RQ�
SURJUHVVLYH�FRJQLWLYH�GHFOLQH� 
7KH� DWKHURVFOHURVLV� ULVN� LQ�

FRPPXQLWLHV� �$5,&�� VWXG\� HQUROOHG�
�������DGXOWV�����WR����\HDUV�RI�DJH� 
EHWZHHQ� ����� DQG� ������

,QIODPPDWRU\� ELRPDUNHUV� ZHUH�
PHDVXUHG�LQ�EORRG�VDPSOHV�FROOHFWHG�
DW� YLVLWV� RQH� DQG� WZR�� LQFOXGLQJ�
ILEULQRJHQ�� YRQ� :LOOHEUDQG� IDFWRU��
IDFWRU� 9,,,�� DQG� ZKLWH� EORRG� FHOO�
FRXQW�� 7KH� LQIODPPDWRU\� PDUNHUV�
ZHUH� FRQYHUWHG� WR� VWDQGDUGL]HG� =�
VFRUHV�� ,Q� DGGLWLRQ�� &-UHDFWLYH�
SURWHLQ� �&53�� OHYHOV� ZHUH� DOVR�
FROOHFWHG�LQ������WR������DW�YLVLW�WZR��
&RJQLWLRQ� ZDV� PHDVXUHG� DW� YLVLWV�
WZR��IRXU�DQG�ILYH�XVLQJ�VWDQGDUGL]HG�
QHXURSV\FKRORJLFDO� PHDVXUHV�� $IWHU�
DGMXVWLQJ� IRU� GHPRJUDSKLF� DQG�
FDUGLRYDVFXODU� ULVN� IDFWRUV�� WKRVH�
ZLWK�D�KLJKHU�LQIODPPDWLRQ�FRPSRVLWH�
VFRUH�DW�YLVLW�RQH�KDG�VWHHSHU�WZHQW\
-� \HDU� GHFOLQHV� LQ� FRJQLWLYH� VFRUHV��
&RPSDUHG� WR� WKH� ORZHVW� TXDUWLOH��
WKRVH� ZLWK� LQIODPPDWLRQ� FRPSRVLWH�
VFRUHV�LQ�WKH�VHFRQG��WKLUG�DQG�IRXUWK�
TXDUWLOHV� KDG� FRJQLWLYH� GHFOLQHV� WKDW�
ZHUH������������DQG������VWHHSHU��
UHVSHFWLYHO\�� (OHYDWHG� &53� ZDV�
DVVRFLDWHG� ZLWK� D� VWHHSHU� FRJQLWLYH�
GHFOLQH� DIWHU� DGMXVWLQJ� IRU�
GHPRJUDSKLF�DQG�FDUGLRYDVFXODU�ULVN�
IDFWRUV�� &RPSDUHG� WR� D� &53� LQ� WKH�
WRS� TXDUWLOH� �ORZHVW� OHYHO� RI�
LQIODPPDWLRQ���D�&53�LQ� WKH�VHFRQG��
WKLUG� DQG� IRXUWK� TXDUWLOHV� ZDV�
DVVRFLDWHG� ZLWK� D� ������ ����� DQG�
������ VWHHSHU� FRJQLWLYH� GHFOLQH��
UHVSHFWLYHO\��DV�FRPSDUHG�WR�WKH�ILUVW�
TXDUWLOH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� HOHYDWHG� LQIODPPDWRU\� PDUNHUV�
LQ� WKH� EORRG� DUH� DVVRFLDWHG� ZLWK� D�
GHFOLQH�LQ�FRJQLWLYH�VWDWXV� 

:DONHU�� .��� HW� DO�� 6\VWHPLF�
,QIODPPDWLRQ� GXULQJ� 0LGOLIH� DQG�
&RJQLWLYH�&KDQJH�RYHU����<HDUV�� 

'<1$0,&�%$/$1&(�$1'�5,6.�
2)�&21&866,21 

 
(YLGHQFH� VXJJHVWV� WKDW�� DIWHU� D�

FRQFXVVLRQ�� DWKOHWHV� DUH� DW� D� KLJKHU�
ULVN� RI� VXVWDLQLQJ� D� UHSHDW�
FRQFXVVLRQ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� G\QDPLF�
EDODQFH�SHUIRUPDQFH�DQG� WKH� ULVN�RI�
IXWXUH�FRQFXVVLRQ� 
6XEMHFWV� ZHUH� ����� HOLWH�� PDOH�

UXJE\�XQLRQ�SOD\HUV�IURP�IRXU�VHQLRU�
,ULVK� WHDPV�� $OO� VXEMHFWV� XQGHUZHQW�
EDVHOLQH� WHVWLQJ� VHVVLRQV�� DQG� ZHUH�
ILWWHG� ZLWK� D� VLQJOH� LQHUWLDO� VHQVRU��
PRXQWHG� DW� WKH� OHYHO� RI� WKH� IRXUWK�
OXPEDU� YHUWHEUDH� WR� PDWFK� WKH�
ERG\¶V� FHQWHU� RI� PDVV�� :KLOH�
ZHDULQJ� WKH� VHQVRU�� WKH� SDUWLFLSDQWV�
FRPSOHWHG� IRXU� SUDFWLFH� WULDOV� DQG�
WKUHH� UHFRUGHG� WULDOV� RI� WKH� SUH-
GHILQHG� GLUHFWLRQV� RI� WKH� 6WDU�
([FXUVLRQ�%DODQFH�7HVW��<%7�� 
5HDFK� GLVWDQFHV� ZHUH� QRUPDOL]HG�

WR� HDFK� LQGLYLGXDO� DFFRUGLQJ� WR� OHJ�
OHQJWK�� 7KH� VXEMHFWV� ZHUH� IROORZHG�
GXULQJ� WKH� HQVXLQJ� UXJE\� VHDVRQ��
ZLWK� WKH� LQFLGHQFH� RI� WUDLQLQJ� RU�
PDWFK� UHODWHG� FRQFXVVLRQ� UHFRUGHG��
,QGHSHQGHQW� YDULDEOHV� LQFOXGHG� VHOI-�
UHSRUWHG� FRQFXVVLRQ� KLVWRU\�� SOD\LQJ�
SRVLWLRQ�� DJH� JURXS�� G\QDPLF�
EDODQFH� YDULDEOHV� DQG� J\URVFRSH�
PDJQLWXGH� VLJQDO� GXULQJ� HDFK� <%7�
H[FXUVLRQ� 
2I� WKH� ���� SOD\HUV�� ��� KDG� D�

KLVWRU\� RI� FRQFXVVLRQ� ZLWK� ���
VXVWDLQLQJ�D�FRQFXVVLRQ�LQ�WKH�IROORZ
-� XS� VHDVRQ�� 7KRVH�ZLWK� VXERSWLPDO�
<%7� SHUIRUPDQFH� DW� EDVHOLQH� ZHUH�
����� WLPHV� PRUH� OLNHO\� WR� VXVWDLQ� D�
FRQFXVVLRQ� GXULQJ� WKH� IROORZLQJ�
VHDVRQ�� HYHQ� DIWHU� FRQWUROOLQJ� IRU�
FRQFXVVLRQ�KLVWRU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SURIHVVLRQDO�UXJE\�SOD\HUV�IRXQG�WKDW�
WKRVH� ZLWK� VXERSWLPDO� EDODQFH� DW�
EDVHOLQH� KDG� D� VLJQLILFDQWO\�
LQFUHDVHG� ULVN� RI� FRQFXVVLRQ� GXULQJ�
WKH�IROORZLQJ�VHDVRQ� 

-RKQVWRQ�� :��� HW� DO�� $VVRFLDWLRQ� RI�
'\QDPLF� %DODQFH� ZLWK� 6SRUWV-
5HODWHG� &RQFXVVLRQ�� $� 3URVSHFWLYH�
&RKRUW� 6WXG\�� $P� -� 6SRUW� 0HG��

������ ��� ����� ���-����� 7KH� $5,&�
6WXG\��1HXURO��������0DUFK���� 
������H����-H����� 

75$16&5$1,$/�0$*1(7,&�
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6SDVWLFLW\�KDV�EHHQ� UHSRUWHG� LQ����

WR� ���� RI� SDWLHQWV� ZLWK� PXOWLSOH�
VFOHURVLV� �06��� 3UHYLRXV� VWXGLHV�
KDYH� GHPRQVWUDWHG� WKDW� KLJK-
IUHTXHQF\� UHSHWLWLYH� WUDQVFUDQLDO�
PDJQHWLF� VWLPXODWLRQ� �+)-U706�� RU�
LQWHUPLWWHQW� WKHWD� EXUVW� VWLPXODWLRQ�
�L7%6�� RI� WKH� SULPDU\� PRWRU� FRUWH[�
FDQ�UHGXFH�VSDVWLFLW\�DPRQJ�SDWLHQWV�
ZLWK� FHQWUDO� QHUYRXV� V\VWHP� LQVXOWV��
7KLV� VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
WKHVH� LQWHUYHQWLRQV� RQ� SDWLHQWV� ZLWK�
VSDVWLFLW\�VHFRQGDU\�WR�06� 
3DWLHQWV� ZLWK� VSDVWLF� VHFRQGDU\�

SURJUHVVLYH� 06� �6306�� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� +)-U706��
L7%6� RU� VKDP� VWLPXODWLRQ�� RQFH� SHU�
GD\� IRU� ILYH� GD\V�ZHHN� IRU� WZR�
ZHHNV��7KH�+)�U706�ZDV�GHOLYHUHG�
DW����+]�ZLWK�D� WRWDO�RI������VWLPXOL�
SHU�VHVVLRQ��7KH�L7%6�ZDV�GHOLYHUHG�
ZLWK� D� WRWDO� RI� ����� VWLPXOL� SHU�
VHVVLRQ�� 2XWFRPHV� ZHUH� PHDVXUHG�
IRU�VXEMHFWLYH�DQG�REMHFWLYH�VSDVWLFLW\�
DV� ZHOO� DV� SDLQ� DQG� IDWLJXH� DW�
EDVHOLQH��DW�WKH�HQG�RI�WUHDWPHQW��7���
DQG� DW� WZR� �7��� DQG� ��� �7��� ZHHNV�
DIWHU�WKH�ODVW�WUHDWPHQW� 
6LJQLILFDQW� LPSURYHPHQWV� LQ�

0RGLILHG� $VKZRUWK� 6FDOH� �0$6��
VFRUHV�ZHUH�QRWHG�DW�7�� IRU� WKH�+)-�
U706� �S��������DQG� L7%6� �S�������
JURXSV� ZLWK� QR� VXFK� LPSURYHPHQW�
VHHQ� LQ� WKH� VKDP� FRQWURO� JURXS��
6FRUHV�RQ� WKH�6XEMHFWLYH�(YDOXDWLQJ�
6SDVWLFLW\� 6FDOH� �6(66�� ZHUH�
VLJQLILFDQWO\� LPSURYHG� LQ� ERWK�
WUHDWPHQW� JURXSV�� SHUVLVWLQJ� DW� ���
ZHHNV�LQ�L7%6�JURXS�EXW�UHWXUQLQJ�WR�
EDVHOLQH�LQ�WKH�+)-U706�JURXS��3DLQ�
LPSURYHG� LQ� WKH� +)�U706� JURXS��
SHUVLVWLQJ� DW� WZR� ZHHNV� DQG�
UHWXUQLQJ� WR� EDVHOLQH� DW� ��� ZHHNV��
ZLWK� QR� VLJQLILFDQW� FKDQJHV� LQ� WKH�
RWKHU� WZR� JURXSV�� 6FRUHV� RQ� WKH�
0RGLILHG� )DWLJXH� ,PSDFW� 6FDOH�
LPSURYHG� LQ� WKH� +)-U706� JURXS� DW�
7��� DQG� JUDGXDOO\� ZRUVHQHG� DW� WZR�

9ROXPH����1XPEHU�� -XO\�������� 



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

������-LQ-&KLHI� 
'DQLHO��%XUNH��%�6� 
*$�&ROOHJH�	�6WDWH�8QLY���0LOOHGJHYLOOH��*$ 
&RQWHQW�(GLWRU 
'DYLG�7��%XUNH��0�'���0�$� 
(PRU\�8QLYHUVLW\��$WODQWD��*$ 
([HFXWLYH�(GLWRU 
'L�&XL��0�'� 
(PRU\�8QLYHUVLW\��$WODQWD��*$ 
&RS\�(GLWRU 
7UDFLH�(��0F&DUJR��(0%$ 
+DUYDUG�8QLY��([W�6FKRRO��&DPEULGJH��0$ 
'LVWULEXWLRQ�0DQDJHU 
0LFKDHO�3��%XUNH��0�6� 

&RQWULEXWLQJ�(GLWRUV

0LFKDHO�5R]DN��0�'�� 
+DVDQ�$EDG��'�2�� 
,DLQ�%DLOH\��0�'�� 
1DWDVKD�%KDWLD��0�'� 
-RKQ�+HUPDQVHQ��0�'�� 
'DQD�1RUDOO��0�'�� 
%HQMDPLQ�6LUXWLV��0�'� 
(PRU\�8QLYHUVLW\��$WODQWD��*$ 


$QWKRQ\�0D]]ROD��0�'��$ULDQD�*OXFN��'�2� 
,FDKQ�6FK��RI�0HG�DW�0W��6LQDL��1�<���1< 


(WKDQ�5DXOW��0�'� 

$OH[�5LFKHUDQG��0�'�� 
$OOHQ�'HJJHV��0�'�� 
6DGOHU�0RUULVRQ��0�'�� 
7UHYRU�%RXGUHDX[��0�'�� 
*DYLQ�1L[RQ�'�2� 
:HVOH\�0LOOHU��'�2�� 
5\DQ�:HKOH��0�'� 
/68�+HDOWK�6FL��&WU���1HZ�2UOHDQV��/$ 


$OH[DQGHU�6KHQJ��0�'�� 
/DXUD�0DOPXW��0�'�� 
,VKDQ�5R\��0�'� 
1�:�8��5�,�&���&KLFDJR��,/ 

.DWK\�3ODYQLN��'�2� 

.\OH�6HNR��'�2�� 
$QGUHZ�'XDUWH��0�'�� 
-HQQLIHU�+RUQJ��0�'�� 
5RVD�3DVFXOOL��0�'�� 
3HUU\�=LOOLQJHU��0�'� 
1<8�5XVN�,QVW���1HZ�<RUN��1< 


1LFROH�'LD]-6HJDUUD��0�'�� 
(OOD�'¶$PLFR��0�'�� 
.DWKU\QH�%DUWROR��0�'�� 
.DWK\�&KRX��'�2�� 
-DFN�+DEHUO��0�'�� 
7LPRWK\�2
6XOOLYDQ��0�'�� 
+HH-MLQ�-XQJ��7RXUR��0�'�� 
0RKDPPDG�=DLGL��0�'� 
5XWJHUV-1-06�.HVVOHU��:��2UDQJH��1- 


'DYLG�-DFREV��0�'� 
$OOLVRQ�*OLQND�3U]\E\V]��0�'� 
6FKZDE�5HKDE�+RVSLWDO��&KLFDJR��,/ 


5LFKDUG�/DX��0�'�� 
0LOHV�%RQQHU��0�'�� 
-XOLR�*RPH]��'�2�� 
5LFKD�/DPED��0�'�� 
&KDG�0HW]JHU��'�2�� 
%UXFH�=KDQJ��0�'� 
7HPSOH�8QLYHUVLW\��3KLODGHOSKLD��3$ 

0DULQH�'LGLG]H��0�'�� 
8QLYHUVLW\�RI�0LDPL��0LDPL��)/ 


9DQHVVD�:DQMHUL��0�'��1HLO�%DWWD��0�'� 
(PLO\�(��'XQQ��0�'�� 
$NWD�$��5DMDQL��0�'� 

-HQQLIHU�5RWHUVWRQ-:LOVRQ��0�'� 

/L-7H�:X��'�2�� 
3HUU\�'HYOLQ��0�'� 
-DVNLUDQ�*KXPDQ��'�2�� 
1DVVDX�8��0HG��&HQ���(DVW�0HDGRZ��1<� 

 

 

DQG� ��� ZHHNV�� ZLWK� QR� LPSURYHPHQW�
LQ�WKH�L7%6�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK�PXOWLSOH� VFOHURVLV� IRXQG�
WKDW� WUHDWPHQW�ZLWK�+)-U706�RU� L7%6�
FRXOG� UHGXFH� VSDVWLFLW\�� SDLQ� DQG�
IDWLJXH�� ZLWK� VRPH� HYLGHQFH�
VXJJHVWLQJ� D� ORQJHU� ODVWLQJ� HIIHFW� LQ�
WKRVH�WUHDWHG�ZLWK�L7%6� 

 
.RU]KRYD�� -��� HW� DO�� +LJK-)UHTXHQF\�
5HSHWLWLYH� 7UDQVFUDQLDO� 0DJQHWLF�
6WLPXODWLRQ� DQG� ,QWHUPLWWHQW� 7KHWD�
%XUVW� 6WLPXODWLRQ� IRU� 6SDVWLFLW\�
0DQDJHPHQW� LQ� 6HFRQGDU\�
3URJUHVVLYH�0XOWLSOH�6FOHURVLV��(XU� -�
1HXURO�������$SU������������-���� 

 

63(&,$/,67�9(5686�121-
63(&,$/,67� 

2YHU� WKH� ��� \HDUV� RI� WKH� VWXG\��
FRPSDUHG�WR�SDWLHQWV�DGPLWWHG�WR�QRQ-
658V��WKRVH�DGPLWWHG�WR�658V�KDG�D�
ORQJHU� RQVHW� IURP� LQMXU\�LOOQHVV� WR�
UHKDELOLWDWLRQ� DGPLVVLRQ� DQG� ORZHU�
DGPLVVLRQ� ),0� VFRUHV�� DV� FRPSDUHG�
WR� WKRVH� LQ� QRQ-� 658V�� 3DWLHQWV� LQ�
ERWK� WKH� EUDLQ� LQMXU\� DQG� VSLQDO� FRUG�
LQMXU\� JURXSV� KDG� KLJKHU� DEVROXWH�
IXQFWLRQDO� JDLQV� ZKHQ� WUHDWHG� LQ�
658V�� WKRXJK� ZLWK� ORZHU� ),0� VFRUH�
JDLQ�SHU�GD\� 
&RQFOXVLRQ�� 7KLV� $XVWUDOLDQ�

VWXG\�RI�SDWLHQWV�KRVSLWDOL]HG�IRU�EUDLQ�
LQMXU\�RU� VSLQDO� FRUG� LQMXU\� IRXQG� WKDW�
WKRVH� WUHDWHG� LQ� VSHFLDOL]HG�
UHKDELOLWDWLRQ� XQLWV� KDG� D� ORZHU�
UHODWLYH� IXQFWLRQDO� HIILFLHQF\� SHU� GD\�
LQ� UHKDELOLWDWLRQ�� EXW� D� KLJKHU�
SHUFHQWDJH�RI�JDLQ�RQ� WKH�)XQFWLRQDO�
,QGHSHQGHQFH�0HDVXUH� 

 
0F.HFKQLH�� '��� HW� DO�� $� &RPSDULVRQ�
RI� 3DWLHQWV� 0DQDJHG� LQ� 6SHFLDOLVW�
YHUVXV� 1RQ-6SHFLDOLVW� ,QSDWLHQW�
5HKDELOLWDWLRQ� 8QLWV� LQ� $XVWUDOLD��
'LVDELO�5HKDE��������)HE�������-�� 

 

36<&+,$75,&�,//1(66�$1'�
(/'(5/<�)5$&785(�3$7,(176 
 
$V�WKH�SRSXODWLRQ�DJHV��WKH�QXPEHU�

RI� HOGHUO\�ZLWK� WUDXPD� LV� H[SHFWHG� WR�
JURZ��*LYHQ� WKH� HPRWLRQDO� EXUGHQ� RI�
WUDXPD�� WKLV� VWXG\� LQYHVWLJDWHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� WUDXPDWLF�
IUDFWXUHV� UHTXLULQJ� VXUJHU\� DQG�
SV\FKLDWULF� LOOQHVV�DPRQJ�SDWLHQWV� ���
\HDUV�RI�DJH�RU�ROGHU� 
'DWD� IURP� D� OHYHO� ,� WUDXPD� FHQWHU�

ZHUH�UHYLHZHG�IRU�UHFRUGV�RI�SDWLHQWV�
��� \HDUV� RI� DJH� RU� ROGHU� ZKR�
XQGHUZHQW� VXUJHU\� IRU� WUDXPDWLF�
IUDFWXUHV� EHWZHHQ� ����� DQG� ������
7KH�PHGLFDO� UHFRUG� ZDV� UHYLHZHG� WR�
LGHQWLI\� SDWLHQWV� ZLWK� ,&'� FRGHV� IRU�
SV\FKLDWULF� LOOQHVV�� $� PXOWLYDULDEOH�
ORJLVWLF� UHJUHVVLRQ� DQDO\VLV� ZDV�
FRQGXFWHG� WR� LGHQWLI\� LQGHSHQGHQW�
DVVRFLDWLRQV� EHWZHHQ� K\SRWKHVLV�
GULYHQ� PHGLFDO� FKDUDFWHULVWLFV� DQG�

XQSODQQHG� UHDGPLVVLRQV�� 7KHVH�
YDULDEOHV� LQFOXGHG� DJH�� JHQGHU�� WKH�
&KDUOHVWRQ� &RPRUELGLW\� ,QGH[�� ,QMXU\�
6HYHULW\� 6FDOH� VFRUH�� IUDFWXUH�
ORFDWLRQ��VXUJLFDO�SURFHGXUHV��QXPEHU�
RI� IUDFWXUHV�� QLFRWLQH� XVH�� VXEVWDQFH�
DEXVH�� GHPHQWLD�� GHOLULXP� RU�
SV\FKLDWULF� GLVRUGHUV�� 'DWD� ZHUH�
FRPSDUHG�WR� WKRVH�RI� LQGLYLGXDOV�OHVV�
WKDQ����\HDUV�RI�DJH� 
'XULQJ����WKH����VWXG\�����GDWD��ZHUH 
FROOHFWHG� IRU� ������ SDWLHQWV�� 2I�

WKHVH��������KDG�EDVHOLQH�SV\FKLDWULF�
FRPRUELGLWLHV�� VLJQLILFDQWO\� KLJKHU�
WKDQ� WKRVH� EHORZ� ��� \HDUV� RI� DJH�
�S �������� ,Q� GHVFHQGLQJ� RUGHU� RI�
SUHYDOHQFH�� WKH� FRPRUELGLWLHV� ZHUH�
DQ[LHW\� GLVRUGHU� ��������� VOHHS�
GLVRUGHU� ������� PDMRU� GHSUHVVLYH�
GLVRUGHU� �������� DQG� DOFRKRO� DEXVH�
�������� $� KLJKHU� UDWH� RI� UHDGPLVVLRQ�
ZDV� QRWHG� DPRQJ� WKRVH� ZLWK�
SV\FKLDWULF� GLDJQRVHV�� DV� FRPSDUHG�
WR� WKRVH� ZLWKRXW� �S��������� $�
PXOWLYDULDWH������UHJUHVVLRQ������DQDO\VLV�
GHPRQVWUDWHG� DQ� LQGHSHQGHQW�
DVVRFLDWLRQ� EHWZHHQ� SV\FKLDWULF�
LOOQHVV� DQG� XQSODQQHG� UHDGPLVVLRQ�
�RGGV�UDWLR�������S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU��
DGPLWWHG� IRU� VXUJLFDO� WUHDWPHQW� RI�
IUDFWXUHV�� IRXQG� WKDW� ���� KDG� D�
SV\FKLDWULF� FRPRUELGLW\�� ZLWK� WKH� ULVN�
RI� UHDGPLVVLRQ� KLJKHU� DPRQJ� WKRVH�
ZLWK�SV\FKLDWULF�GLDJQRVHV� 

 
*LWDMQ�� ,��� HW� DO�� 3V\FKLDWULF� ,OOQHVV� LV�
&RPPRQ�LQ�(OGHUO\�)UDFWXUH�3DWLHQWV��
-�2UWKRS�7UDXPD��������0DUFK���� 
��������-���� 

 

6(1625,02725�&21752/�,1�
&+521,&�$1./(�,167$%,/,7< 
 
$IWHU� D� ODWHUDO� DQNOH� VSUDLQ�� XS� WR�

���� H[SHULHQFH� LQVWDELOLW\� DQG�
UHFXUUHQW� DQNOH� VSUDLQ�� 3UHYLRXV�
VWXGLHV� KDYH� VKRZQ� WKDW� WKRVH� ZLWK�
FKURQLF� DQNOH� LQVWDELOLW\� �&$,�� KDYH�
LQFUHDVHG� SRVWXUDO� VZD\�� SURORQJHG�
SHURQHDO� UHDFWLRQ� WLPH� DQG� UHGXFHG�
HYHUVLRQ� VWUHQJWK�� $V� WKHVH� IDFWRUV�
DUH�GHSHQGHQW�RQ�WKH�FHQWUDO�QHUYRXV�
V\VWHP� DQG� UHIOHFW� LPSDLUHG�
VHQVRULPRWRU� LQWHJUDWLRQ�� WKLV� VWXG\�
DVVHVVHG�WKH�VSLQDO�UHIOH[�H[FLWDELOLW\��
SUHV\PSWRPDWLF� DQG� UHFXUUHQW�
LQKLELWLRQ�LQ�SDWLHQWV�ZLWK�&$,� 
6XEMHFWV�ZHUH���� LQGLYLGXDOV�ZLWK�D�

KLVWRU\� RI� DW� OHDVW� RQH� VLJQLILFDQW��
ODWHUDO� DQNOH� VSUDLQ� UHVXOWLQJ� LQ� &$,��
&RQWUROV� ZHUH� SDWLHQWV� ZLWK� QR� DQNOH�
VSUDLQ�RU�ZLWK�DQ�DQNOH� VSUDLQ�ZLWKRXW�
IHHOLQJV RI� LQVWDELOLW\��
(OHFWURP\RJUDSKLF�GDWD�ZHUH�WDNHQ�DW�
WKH� VROHXV�� WLELDOLV� DQWHULRU� DQG�
SHURQHXV� ORQJXV�PXVFOHV�� 6ROHXV� +�
UHIOH[�SDWKZD\�DFWLYLW\� ZDV�PHDVXUHG�
GXULQJ� VWDWLF� GRXEOH� DQG� VLQJOH� OHJ�
VWDQFH�� 3HUFHSWLRQ� RI� SDLQ� DQG�
SHUFHLYHG� LQVWDELOLW\� ZHUH� DVVHVVHG��



 

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

ZLWK� D� UHJUHVVLRQ�DQDO\VLV� FRPSOHWHG��
&RPSDUHG� WR� WKDW� RI� KHDOWK\�FRQWUROV��
+�� UHIOH[HV� IRU� WKH� &$,� JURXS� ZHUH�
���� WLPHV� JUHDWHU� GXULQJ� GRXEOH-OHJ�
�S��������DQG�����WLPHV�JUHDWHU�GXULQJ�
VLQJOH-OHJ�VWDQFH�FRQGLWLRQV��S���������
3UHV\QDSWLF� LQKLELWLRQ� ZDV� VLJQLILFDQWO\�
OHVV� LQ�SDWLHQWV�ZLWK�&$,�DV�FRPSDUHG�
WR�KHDOWK\�FRQWUROV��7KH� VROHXV� VSLQDO�
UHIOH[� H[FLWDELOLW\� ZDV� JUHDWHU� LQ� WKH�
&$,� JURXS� �S�������� WKDQ� LQ� WKH�
FRQWUROV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� DQNOH� VSUDLQV� IRXQG� WKDW� WKRVH�
ZLWK� FKURQLF� DQNOH� LQVWDELOLW\� H[KLELW�
GLVLQKLELWLRQ� RI� SUHV\QDSWLF�
PHFKDQLVPV�� WKDW� ZDV� QRW� HYLGHQW�
DPRQJ� WKRVH� ZLWK� DQNOH� VSUDLQV� WKDW�
GLG�QRW�GHYHORS�LQWR�&$,� 

 
7KRPSVRQ�� &��� HW� DO�� $OWHUHG� 6SLQDO-�
/HYHO�6HQVRULPRWRU�&RQWURO�5HODWHG�WR�
3DLQ� DQG� 3HUFHLYHG� ,QVWDELOLW\� LQ�
3HRSOH�ZLWK�&KURQLF�$QNOH�,QVWDELOLW\��-�
6FL�0HG�6SRUW��������$SULO����� ���� 
���-���� 
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5RWDWRU� FXII� WHDU� LV� DPRQJ� WKH�PRVW�

FRPPRQ� PXVFXORVNHOHWDO� GLVRUGHUV��
0RVW� DUH� WUHDWHG� FRQVHUYDWLYHO\�� ZLWK�
WUHDWPHQWV� LQFOXGLQJ�QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV�� SK\VLFDO��
RFFXSDWLRQDO WKHUDS\ DQG�
VXEDFURPLDO� LQMHFWLRQV�� 7KLV� VWXG\�
FRPSDUHG� WKH� HIIHFW� RI� VXSUDVFDSXODU�
QHUYH� EORFN� WR� WKDW� RI� VXEDFURPLDO�
LQMHFWLRQ� DPRQJ� SDWLHQWV� ZLWK� DFXWH�
URWDWRU�FXII�WHDUV� 
6XEMHFWV� ZHUH� ��� \HDUV� RI� DJH� RU�

ROGHU��DOO�ZLWK�V\PSWRPDWLF��SDUWLDO�DQG�
IXOO-WKLFNQHVV� URWDWRU� FXII� WHDUV�� 7KH�
SDWLHQWV�ZHUH�UDQGRPL]HG�WR�WUHDWPHQW�
ZLWK� VXSUDVFDSXODU� QHUYH� EORFN�
�661%�� RU� VXEDFURPLDO� LQMHFWLRQ� �6$���
ZLWK� ERWK� LQMHFWLRQV� LQFOXGLQJ� QLQH�P/�
RI�RQH�SHUFHQW�URSLYDFDLQH�DQG�RQH�P/�
RI� EHWDPHWKDVRQH�� $OO� ZHUH� DVVHVVHG�
ZLWK� D�PRGLILHG�&RQVWDQW-0XUOH\� �&0��
VFRUH�� ZLWK� D� VHFRQGDU\� RXWFRPH� RI�
SDLQ�� DV� PHDVXUHG� E\� YLVXDO� DQDORJ�
VFDOH� �9$6��DW� WZR�� VL[� DQG����ZHHNV�
DIWHU�WKH�LQMHFWLRQ� 
'DWD� ZHUH� FROOHFWHG� IRU� ��� SDWLHQWV�

ZLWK�D�PHDQ�DJH�RI������\HDUV��$W�WZR�
ZHHNV�� WKHUH�ZDV�QR�GLIIHUHQFH� LQ�&0�
VFRUHV�EHWZHHQ�WKH�WZR�FRKRUWV��$W�VL[�
DQG� � WZHOYH�ZHHNV�� WKH�PHDQ� FKDQJH�
IURP� EDVHOLQH� &0� ZDV� VLJQLILFDQWO\�
JUHDWHU�LQ� WKH�661%�JURXS�WKDQ� LQ� WKH�
VXEDFURPLDO� JURXS� �S ������ DQG�
S ������UHVSHFWLYHO\���$����ZHHNV��WKH�
661%� JURXS� GHPRQVWUDWHG� D�
VLJQLILFDQWO\� KLJKHU� PHDQ� &0� VFRUH�
WKDQ�GLG�WKH�6$�JURXS��S ������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� V\PSWRPDWLF� URWDWRU� FXII� WHDUV�
IRXQG�WKDW��FRPSDUHG�ZLWK�VXEDFURPLDO�

LQMHFWLRQV�� WKRVH� WUHDWHG� ZLWK�
VXSUDVFDSXODU� QHUYH� EORFNV� HQMR\HG�
JUHDWHU� LPSURYHPHQWV� LQ� SDLQ� DQG�
IXQFWLRQ�DW�VL[�DQG����ZHHNV� 

&RRU\�� -��� HW� DO�� (IILFDF\� RI�
6XSUDVFDSXODU�1HUYH�%ORFN�&RPSDUHG�
ZLWK� 6XEDFURPLDO� ,QMHFWLRQ�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO� LQ�
3DWLHQWV� ZLWK� 5RWDWRU� &XII� 7HDUV�� -�
6KRXOGHU� (OERZ� 6XUJ�� ������0DUFK��
����������-���� 

25$/�&85&80,1�%()25(�25�
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&XUFXPLQ� LV� D� � QDWXUDO� SRO\SKHQROLF�

VXEVWDQFH� H[WUDFWHG� IURP� WXUPHULF��
6WXGLHV� KDYH� VKRZQ� YDULRXV�
SK\VLRORJLFDO� HIIHFWV� RI� WKLV� VSLFH��
LQFOXGLQJ� PHPEUDQH� SURWHFWLYH�� DQWL-
LQIODPPDWRU\� DQG� DQWLR[LGDQW�
SURSHUWLHV�� 7KLV� VWXG\� H[DPLQHG� WKH�
HIIHFW� RI� FXUFXPLQ� RQ�PXVFOH� GDPDJH�
DQG� LQIODPPDWRU\� PDUNHUV� DIWHU�
HFFHQWULF�H[HUFLVH� 

7ZR�� SDUDOOHO� H[SHULPHQWV� ZHUH�
FRQGXFWHG��7HQ��KHDOWK\�PHQ�LQJHVWHG�
HLWKHU�����PJ�SHU�GD\�RI�RUDO�FXUFXPLQ�
RU� SODFHER� IRU� VHYHQ� GD\V� EHIRUH�
H[HUFLVH� RU� IRU� VHYHQ� GD\V� DIWHU�
H[HUFLVH�� (DFK� VXEMHFW� SHUIRUPHG� ���
PD[LPDO� LVRNLQHWLF� �����Ví��� HFFHQWULF�
FRQWUDFWLRQV� RI� WKH�HOERZ� IOH[RUV��ZLWK�
WKH� FRQWUDODWHUDO� DUP� SHUIRUPLQJ� WKH�
VDPH� H[HUFLVHV� DIWHU� DW� OHDVW� IRXU�
ZHHNV�� 0XVFOH� VWUHQJWK�� UDQJH� RI�
PRWLRQ�VRUHQHVV�DQG�VHUXP�&.�DFWLYLW\�
ZHUH� PHDVXUHG� EHIRUH� DQG� RQH� WR�
VHYHQ�GD\V�DIWHU�H[HUFLVH�� ,Q�DGGLWLRQ��
SODVPD� ,/��� DQG� 71)�Į�
FRQFHQWUDWLRQV�� VHUXP� FRQFHQWUDWLRQV�
RI� GHULYDWLYHV� RI� UHDFWLYH� R[\JHQ�
PHWDEROLWHV� �G�520V��� DQG� WKH�
ELRORJLFDO� DQWLR[LGDQW� SRWHQWLDO� �%$3��
ZHUH� PHDVXUHG� EHIRUH�� LPPHGLDWHO\�
DIWHU�� ��� KRXUV� DIWHU�� DQG� RQH�� WKUHH��
ILYH�DQG�VHYHQ�GD\V�DIWHU�H[HUFLVH� 
:KHQ�FXUFXPLQ�ZDV� LQJHVWHG�EHIRUH�

H[HUFLVH�� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ�
DQ\� PXVFOH� GDPDJH� PDUNHUV� ZHUH�
IRXQG� EHWZHHQ� WKH� FXUFXPLQ� DQG�
SODFHER�WULDOV��+RZHYHU��,/��ZDV�ORZHU�
DW����KRXUV�DIWHU�H[HUFLVH�LQ�WKLV�JURXS�
�S �������� :KHQ� LQJHVWHG� DIWHU�
H[HUFLVH�� FRPSDUHG� WR� WKH� FRQWURO�
JURXS� WKH� FXUFXPLQ� JURXS�
GHPRQVWUDWHG� VXSHULRU� WRUTXH�
�S�������� UDQJH� RI� PRWLRQ� �S��������
PXVFOH� VRUHQHVV� �S������� DQG� &.�
DFWLYLW\��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

HFFHQWULF� H[HUFLVH� IRXQG� WKDW� ���� PJ�
RI� FXUFXPLQ�� ZKHQ� WDNHQ� EHIRUH�
H[HUFLVH�� FDQ� UHGXFH� LQIODPPDWLRQ��
DQG� ZKHQ� WDNHQ� DIWHU� H[HUFLVH�� FDQ�
UHGXFH� VRUHQHVV� DQG� PDUNHUV� RI�
PXVFOH�GDPDJH� 

 
7DQDEH�� <��� HW� DO�� (IIHFWV� RI� 2UDO�
&XUFXPLQ� ,QJHVWHG� EHIRUH� RU� DIWHU�
(FFHQWULF� ([HUFLVH� RQ� 0DUNHUV� RI�
0XVFOH� 'DPDJH� DQG� ,QIODPPDWLRQ��

6FDQG�-�0HG�6FL�6SRUWV��������$SULO��
����������-���� 
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+\DOXURQLF�DFLG�KDV�EHHQ�VWXGLHG�IRU�
WKH� WUHDWPHQW� RI� RVWHRDUWKULWLV� RI� WKH�
NQHH�ZKLOH�VXFK�XVH�LQ�WKH�VKRXOGHU�LV�
OHVV�FOHDU��7KLV�V\VWHPDWLF� UHYLHZ�DQG�
PHWD-DQDO\VLV� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKHHIILFDF\� RI� +$� IRU�
SDWLHQWV�ZLWK�VKRXOGHU2$�$�V\VWHPDWLF�
UHYLHZ� RI� WKH� PHGLFDO� OLWHUDWXUH�
ZDVFRPSOHWHG� KURXJK� -DQXDU\� ����
�����)URPWKLV� UHYLHZ�� ��� ZHUH�
FKRVHQIRULQFOXVLRQ�LQFOXGH�LQJ� ILYH�
UDQGRPL]HG� FRQWUROOHGWULDOV�� VL[�
SURVSHFWLYHFRKRUWVWXGLHV����
UHWURVSHFWLYH� FRKRUW� VWXGLHV� DQG� WKUHH�
FDVH� VHULHV�� 7KLV�PHWD-DQDO\VLV� IRXQG�
WKDW� WKH�DGPLQLVWUDWSRQ�RI�+$�UHVXOWHG�
LQ� D� VLJQLILFDQW� GHFUHDVH� LQ� 9$6� SDLQ�
VFRUHV�� ERWK� DW� WKUHH� DQG� VL[�PRQWKV¶�
IROORZ-XSV�� ,Q� VWXGLHV� HLWKHU� IRXQG� QR�
GLIIHUHQFH� RU� VLJKWO\IDYRUHUHG� WKH� +$�
JURXS�� 6WXGLHV� IRXQG� VLPLODU�
LPSURYHPHQWV� EHWZHHQ� WKH� WUHDWPHQW�
DQG�FRQWURO�JURXSV� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV� RI�

VWXGLHV� LQYROYLQJ� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV�RI�WKH�JOHQRKXPHUD��MRLQW�
IRXQG� WKDW� K\DOXURQLF� DFLG� FDQ� UHGXFH�
SDLQ�DW�WKUHH�DQG�VL[�PRQWKV��DOWKRXJK�
VLPLODU� LPSURYHPHQW� ZDV� IRXQG� LQ�
FRQWURO�JURXSV� 
 
=KDQJ�� %��� HW� DO�� 2XWFRPHV� RI�
+\DOXURQLF� $FLG� ,QMHFWLRQV� IRU�
*OHQRKXPHUDO� 2VWHRDUWKULWLV�� $�
6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV��
-� 6KRXOGHU� (OERZ�6XUJ�� ������0DUFK��
����������-���� 
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%ORRG� IORZ� UHVWULFWLRQ� �%)5��� LQ�

FRPELQDWLRQ� ZLWK� ORZ-ORDG� UHVLVWDQFH�
H[HUFLVH�� FDQ� DOORZ� IRU� VWUHQJWKHQLQJ�
ZLWK� PXFK� ORZHU� ZHLJKWV�� 7R� UHVWULFW�
EORRG� IORZ�� WZR� FRPPRQ� FXIIV� DUH�
HPSOR\HG�� LQFOXGLQJ� HODVWLF� DQG� WKH�
WUDGLWLRQDO� SUHVVXUL]HG� Q\ORQ� FXII�� 7KLV�
VWXG\� FRPSDUHG� WKH� HIILFDF\� RI� WKHVH�
WZR�PHWKRGV� 
6XEMHFWV�ZHUH�DGXOWV�����WR����\HDUV�

RI� DJH�� LQFOXGLQJ� ��� PHQ� DQG� ���
ZRPHQ��7KH�FLUFXPIHUHQFH�RI�WKH�PLG-
XSSHU� DUP� ZDV� GHWHUPLQHG�� ZLWK� WKH�
DUPV� UDQGRPL]HG� WR� UHFHLYH�
FRPSUHVVLRQ� ZLWK� HLWKHU� WKH�
SUHVVXUL]HG�RU�WKH�HODVWLF�FXII��5HVWLQJ�
DUWHULDO� EORRG� SUHVVXUH�ZDV�PHDVXUHG�
LQ�ERWK�DUPV�IRU�DOO�VXEMHFWV� 
,Q� WKH�SUHVVXUL]HG�FXII�FRQGLWLRQ�� WKH�

FXII�ZDV� LQIODWHG� WR�����RI� WKH� UHVWLQJ�
DUWHULDO� RFFOXVLRQ� SUHVVXUH� IRU� RQH�
PLQXWH�� %ORRG� IORZ� ZDV� WKHQ�
PHDVXUHG�� IROORZHG� E\� LQIODWLRQ� WR�
����� ,Q� WKH� HODVWLF� FXII� FRQGLWLRQ�� WKH�
FXII� ZDV� DSSOLHG� DIWHU� UHGXFLQJ� LWV�



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

 

OHQJWK�E\������DQG� WKHQ������ZLWK�
EORRG� IORZ� PHDVXUHPHQWV� PDGH�
DIWHU�RQH�PLQXWH��,Q�ERWK�FRQGLWLRQV��
EORRG� IORZ� LQ� WKH� EUDFKLDO� DUWHU\��
GLVWDO� WR� WKH� FXII�� ZDV� TXDQWLILHG�
XVLQJ� D� /RJLT� (� XOWUDVRXQG�
DSSDUDWXV� ZLWK� D� KLJK-� UHVROXWLRQ�
SUREH� 
7KH� PHDQ� GLIIHUHQFHV� LQ� EORRG�

IORZ� EHWZHHQ� FXIIV� ZHUH� -����� IRU�
ORZ-SUHVVXUH� DQG� -��� IRU� KLJK�
SUHVVXUH� �S ������:KHQ� WKH� UHODWLYH�
FKDQJHV� LQ� SUHVVXUHV� IRU� HDFK� FXII�
ZHUH� VHSDUDWHG� E\� VH[�� WKHUH� ZHUH�
QR� GLIIHUHQFHV� LQ� WKH� FKDQJHV�
�S ����� 
&RQFOXVLRQ��7KLV�VWXG\�RI�EORRG�

IORZ� UHVWULFWLRQ� H[HUFLVH� WHFKQLTXHV�
IRXQG� WKDW� DQ� HODVWLF� FXII� FDQ� EH�
XVHG� DV� D� VLPSOH� PHDQV� WR� DSSO\�
EORRG�IORZ�UHVWULFWLRQ�DW�����RU�����
RI�WKH�V\VWROLF�EORRG�SUHVVXUH� 

$EH�� 7��� HW� DO�� $� 0HWKRG� WR�
6WDQGDUGL]H� WKH� %ORRG� )ORZ�
5HVWULFWLRQ� 3UHVVXUH� E\� DQ� (ODVWLF�
&XII��6FDQG�-�0HG�6FL�6SRUWV��������
0DUFK������������-���� 
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3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW�� IRU� SDWLHQWV�ZLWK�
VSLQDO� FRUG� LQMXU\� �6&,���
FHUHEURYDVFXODU� DWWDFN� �&9$�� DQG�
WUDXPDWLF� EUDLQ� LQMXU\� �7%,�� SURSHUO\�
WLPHG� WUHDWPHQW� LQ� D� SRVW-DFXWH�
UHKDELOLWDWLRQ� VSHFLDOW\� XQLW� FDQ�
LPSURYH� RXWFRPH�� 7KLV� SRSXODWLRQ-�
EDVHG� VWXG\� H[DPLQHG� GLIIHUHQFHV�
LQ� RXWFRPHV� DPRQJ� SDWLHQWV�
DGPLWWHG� WR� VSHFLDO� XQLWV� �658V��
YHUVXV�WKRVH�ZKR�ZHUH�QRW� 
7KLV� UHWURVSHFWLYH�� FRKRUW� VWXG\�

H[DPLQHG� DJJUHJDWHG� GDWD� IURP�
SDWLHQWV� KRVSLWDOL]HG� IRU� 7%,�� DQG�
6&,� UHFRUGHG� E\� WKH� $XVWUDODVLDQ�
5HKDELOLWDWLRQ� 2XWFRPHV� &HQWUH�
5HJLVWU\� 'DWDEDVH� DW� IRXU� GLVFUHWH�
WLPH� SRLQWV�� ������ ������ ����� DQG�
������7KHVH�SURVSHFWLYHO\�FROOHFWHG�
GDWD� LQFOXGHG� OHQJWK� RI� VWD\� DQG�
)XQFWLRQDO� ,QGHSHQGHQFH� 0HDVXUH�
�),0�� VFRUHV�� $� FDVH� PL[HG�
DGMXVWPHQW� ZDV� PDGH�� DQG�
RXWFRPHV� ZHUH� FRPSDUHG� EHWZHHQ�
WKRVH� ZKR� ZHUH� WUHDWHG� LQ� 658V�
DQG�WKRVH�ZKR�ZHUH�WUHDWHG�LQ�QRQ-
VSHFLDOL]HG�XQLWV��2YHU�WKH����\HDUV�
RI� WKH� VWXG\�� FRPSDUHG� WR� SDWLHQWV�
DGPLWWHG� WR� QRQ-658V�� WKRVH�
DGPLWWHG� WR� 658V� KDG� D� ORQJHU�
RQVHW� IURP� LQMXU\�LOOQHVV� WR�
UHKDELOLWDWLRQ� DGPLVVLRQ� DQG� ORZHU�
DGPLVVLRQ�),0�VFRUHV��DV�FRPSDUHG�
WR� WKRVH� LQ� QRQ-� 658V�� 3DWLHQWV� LQ�
ERWK�WKH�EUDLQ�LQMXU\�DQG�VSLQDO�FRUG�
LQMXU\� JURXSV� KDG� KLJKHU� DEVROXWH�
IXQFWLRQDO� JDLQV� ZKHQ� WUHDWHG� LQ�
658V�� WKRXJK�ZLWK� ORZHU�),0�VFRUH�
JDLQ�SHU�GD\� 

&RQFOXVLRQ�� 7KLV� $XVWUDOLDQ�
VWXG\� RI� SDWLHQWV� KRVSLWDOL]HG� IRU�
EUDLQ� LQMXU\� RU� VSLQDO� FRUG� LQMXU\�
IRXQG� WKDW� WKRVH� WUHDWHG� LQ�
VSHFLDOL]HG�UHKDELOLWDWLRQ�XQLWV�KDG�D�
ORZHU� UHODWLYH� IXQFWLRQDO� HIILFLHQF\�
SHU�GD\�LQ�UHKDELOLWDWLRQ��EXW�D�KLJKHU�
SHUFHQWDJH� RI� JDLQ� RQ� WKH�
)XQFWLRQDO�,QGHSHQGHQFH�0HDVXUH� 

0F.HFKQLH��'���HW�DO��$�&RPSDULVRQ�
RI� 3DWLHQWV� 0DQDJHG� LQ� 6SHFLDOLVW�
YHUVXV� 1RQ-6SHFLDOLVW� ,QSDWLHQW�
5HKDELOLWDWLRQ� 8QLWV� LQ� $XVWUDOLD��
'LVDELO�5HKDE��������)HE�������-�� 
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:KLOH�GDWD�VXSSRUW� WKH�HIILFDF\�RI�

GHFRPSUHVVLRQ� IRU� OXPEDU� VSLQDO�
VWHQRVLV�� WKH� SRLQW� DW� ZKLFK�
FRQVHUYDWLYH� WUHDWPHQW� VKRXOG� EH�
GLVFRQWLQXHG� DQG� VXUJLFDO�
LQWHUYHQWLRQ�LQLWLDWHG�LV�XQFOHDU��7KLV�
VWXG\� DVVHVVHG� WKH� DVVRFLDWLRQ�
EHWZHHQ� WKH� GXUDWLRQ� RI� V\PSWRPV�
DQG� FOLQLFDO� RXWFRPHV� LQ� SDWLHQWV�
XQGHUJRLQJ� OXPEDU� GHFRPSUHVVLRQ�
SURFHGXUHV� 
6XEMHFWV� ZHUH� FRQVHFXWLYH�

SDWLHQWV� XQGHUJRLQJ� SULPDU\� OXPEDU�
GHFRPSUHVVLRQ� IRU� VSLQDO� VWHQRVLV�
EHWZHHQ� -DQXDU\� RI� ����� DQG�
'HFHPEHU� RI� ������ 7KH� SDWLHQWV¶�
DYHUDJH�DJH�ZDV������\HDUV�DQG�WKH�
DYHUDJH� GXUDWLRQ� RI� V\PSWRPV� ZDV�
����� PRQWKV�� $OO� SDUWLFLSDQWV� KDG�
XQGHUJRQH� WKH� VDPH� FRQVHUYDWLYH�
SURWRFRO� LQFOXGLQJ DFWLYLW\�
PRGLILFDWLRQ�� DQWL-LQIODPPDWRU\�
PHGLFDWLRQV�� SK\VLFDO� WKHUDS\� DQG�
LQMHFWLRQV�� IRU� D� PLQLPXP� RI� WKUHH�
PRQWKV�  $OO� XQGHUZHQW� D�
ODPLQHFWRP\� DW� WKH� V\PSWRPDWLF�
OHYHO� 
5HSHDW� VXUJHU\� RFFXUUHG� LQ� �����

RI� WKRVH�ZLWK�SDLQ� IRU� OHVV� WKDQ�RQH�
\HDU� DQG� ����� RI� WKRVH� ZLWK�
V\PSWRPV�PRUH� WKDQ� RQH� \HDU�� 1R�
VLJQLILFDQW� GLIIHUHQFH�RQ�DQ\�FOLQLFDO�
RXWFRPH� PHDVXUH� ZDV� QRWHG�
EHWZHHQ� WKRVH� ZLWK� OHVV� WKDQ� RQH�
\HDU� DQG� WKRVH� ZLWK� D� ORQJHU�
V\PSWRP�GXUDWLRQ��,Q�DGGLWLRQ��WKHUH�
ZDV� QR� GLIIHUHQFH� EHWZHHQ� JURXSV�
LQ�UHRSHUDWLRQ�UDWHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� SULPDU\� OXPEDU�
ODPLQHFWRP\�IRXQG�WKDW�WKH�OHQJWK�RI�
WKH� V\PSWRPV� GLG� QRW� DIIHFW� WKH�
VXUJLFDO�RXWFRPH�RU� UDWH�RI�KRVSLWDO�
UHDGPLVVLRQ� 

 
0RYDVVDJKL��.���HW�DO��7KH�'XUDWLRQ�
RI� 6\PSWRPV� 'RHV� 1RW� ,PSDFW�
&OLQLFDO� 2XWFRPHV� )ROORZLQJ�
/XPEDU� 'HFRPSUHVVLRQ� 6XUJHU\��
6SLQH�������������������-���� 

'21(3(=,/�)25�)$//6�$1'�
0,/'�&2*1,7,9(�,03$,50(17 
 
2OGHU� DGXOWV� ZLWK� PLOG� FRJQLWLYH�

LPSDLUPHQW� �0&,�� KDYH� D� KLJKHU�
SUHYDOHQFH�RI�JDLW�GLVRUGHUV�DQG�DQ�
LQFUHDVHG� ULVN� RI� IDOOV� FRPSDUHG� WR�
WKHLU� FRJQLWLYHO\� QRUPDO�
FRXQWHUSDUWV�� 7KHVH� SDWLHQWV� DOVR�
KDYH� D� KLJKHU� GXDO-WDVN� JDLW� FRVW�
�'7&���GHILQHG�DV�D�UHGXFWLRQ�LQ�JDLW�
VSHHG�ZKLOH�SHUIRUPLQJ�D�FRJQLWLYHO\�
GHPDQGLQJ� WDVN�� 7KLV� VWXG\�
DVVHVVHG� WKH�HIIHFW�RI�GRQHSH]LO�RQ�
JDLW�VSHHG�LQ�SDWLHQWV�ZLWK�0&,� 
$IWHU� D� EDVHOLQH� JDLW� DVVHVVPHQW��

WKH� SDWLHQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� GRQHSH]LO� �Q �����
WLWUDWHG� XS� WR� ��PJ�GD\�� RU� D�
PDWFKLQJ�SODFHER��Q �����)ROORZ-XS�
JDLW� DVVHVVPHQWV�� LQFOXGLQJ� JDLW�
VSHHG��JDLW� YDULDELOLW\� DQG� UHGXFWLRQ�
RI�'7&��ZHUH�FRPSOHWHG�DW�RQH�DQG�
VL[� PRQWKV�� 6HFRQGDU\� RXWFRPHV�
LQFOXGHG�WKH�'LJLW�6SDQ�VXEWHVW�� WKH�
7UDLO�0DNLQJ�7HVW��)RUPV�$�DQG� %��
/HWWHU–1XPEHU� 6HTXHQFLQJ� VFRUHV�
DQG�WKH�QXPEHU�RI�IDOOV� 
$W� VL[� PRQWKV�� WKH� � WUHDWPHQW�

JURXS� GHPRQVWUDWHG� LPSURYHG� GXDO�
WDVN�JDLW�VSHHG��DOWKRXJK�WKLV�ILQGLQJ�
ZDV� QRW� VLJQLILFDQW�� 7KH� WUHDWPHQW�
JURXS� DOVR� GHPRQVWUDWHG� D�
UHGXFWLRQ� LQ� '7&� FRPSDUHG� ZLWK�
SODFHER�� ZLWK� VLJQLILFDQW�
LPSURYHPHQW� ZKLOH� FRXQWLQJ��
EDFNZDUGV� �S �������� ,Q� WKH� � � � VL[�
PRQWKV� DIWHU� LQWHUYHQWLRQ�� WKH�
WUHDWPHQW� JURXS� UHSRUWHG� ��� IDOOV��
ZKLOH� WKH� SODFHER� JURXS� UHSRUWHG�
����7KH�SHUFHQWDJHV�RI�SDWLHQWV�ZKR�
IHOO�GXULQJ�WKDW�WLPH�ZHUH�����LQ�WKH�
WUHDWPHQW� JURXS� DQG� ���� LQ� WKH�
SODFHER� JURXS�� 1HLWKHU� FRPSDULVRQ�
ZDV� VWDWLVWLFDOO\� VLJQLILFDQW�� 1R�
PDMRU� DGYHUVH� HYHQWV� ZHUH�
UHSRUWHG� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�VWXG\�RI�SDWLHQWV�ZLWK�PLOG�
FRJQLWLYH� LPSDLUPHQW� IRXQG� WKDW�
$ULFHSW�����PJ�SHU�GD\��PD\�UHGXFH�
WKH�ULVN�RI�IDOOV� 

0RQWHUR-2GDVVR�� 0��� HW� DO��
'RQHSH]LO� IRU�*DLW�DQG�)DOOV� LQ�0LOG�
&RJQLWLYH� ,PSDLUPHQW�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO��(XUR�
-� 1HXURO�� ������$SULO�� ����������-
���� 

&(5(%(//$5�67,08/$7,21�
$1'�*$,7�5(&29(5<�$)7(5�
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*DLW� DQG� EDODQFH� LPSDLUPHQWV�

DIWHU�VWURNH�DUH�DVVRFLDWHG�ZLWK�SRRU�
IXQFWLRQDO� UHFRYHU\�� 6WXGLHV� XVLQJ�
PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,��
KDYH� IRXQG� WKDW� DFWLYLW\� LQ� WKH�
FRQWUDOHVLRQDO� FHUHEHOOXP� SRVLWLYHO\�
FRUUHODWH� ZLWK� JDLW� UHFRYHU\� LQ�
SDWLHQWV� ZLWK� VWURNH�� 7KLV� VWXG\�
DVVHVVHG� ZKHWKHU� FHUHEHOODU�
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LQWHUPLWWHQW� WKHWD� EXUVW� VWLPXODWLRQ�
�&5%-L7%6��� D� QRYHO� IRUP� RI�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ� �U706�� FRXOG� LPSURYH�
JDLW�DQG�EDODQFH�UHFRYHU\�LQ�SDWLHQWV�
ZLWK�VWURNH� 
6XEMHFWV�ZHUH�SDWLHQWV�ZLWK�D� ILUVW�

HYHU� LVFKHPLF� VWURNH� LQ� WKH� WHUULWRU\�
RI� WKH� PLGGOH� FHUHEUDO� DUWHU\�� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� DJH-�
PDWFKHG� JURXSV� WUHDWHG� ZLWK� HLWKHU�
&5%-L7%6�RU�VKDP�&5%-L7%6��ERWK�
FRXSOHG� ZLWK� SK\VLFDO� WKHUDS\�� 7KH�
SULPDU\� HIILFDF\� HQGSRLQW� ZDV� WKH�
FKDQJH� IURP� EDVHOLQH� LQ� %HUJ�
%DODQFH�6FDOH��%%6��VFRUHV� 
3DWLHQWV� LQ� WKH� WUHDWPHQW� JURXS��

EXW� QRW� WKRVH� LQ� WKH� VKDP� JURXS��
VKRZHG� LPSURYHPHQW� LQ� JDLW� DQG�
EDODQFH��ZLWK�SURQRXQFHG� LQFUHDVHV�
LQ�PHDQ�%%6�VFRUHV�DW�WKUHH�ZHHNV�
�S��������� ,Q� DGGLWLRQ�� WKRVH� LQ� WKH�
WUHDWPHQW�JURXS��EXW�QRW�WKRVH�LQ�WKH�
VKDP�JURXS�� VKRZHG�D� UHGXFWLRQ�RI�
VWHS�ZLGWK�GXULQJ�JDLW��S��������1RQ-�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� QRWHG�
EHWZHHQ� WKH� JURXSV� LQ� )XJO-� 0H\HU�
DQG�%DUWKHO�LQGH[�VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� LVFKHPLF� VWURNH� IRXQG�
WKDW� LQWHUPLWWHQW� WKHWD� EXUVW�
VWLPXODWLRQ� GLUHFWHG� DW� WKH�
FHUHEHOOXP� FDQ� SURPRWH� JDLW� DQG�
EDODQFH�UHFRYHU\� 

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

&21&866,21�$1'�5,6.�2)�
68,&,'( 

 
&RQFXVVLRQ� LV� D� WUDQVLHQW�

GLVWXUEDQFH� RI� QHXURORJLF� IXQFWLRQ�
FDXVHG� E\� WUDXPD�� )RU� �����
QHXURORJLF� V\PSWRPV� UHVROYH� ZLWKLQ�
VHYHQ� GD\V� RI� LQMXU\�� 6\VWHPDWLF�
UHYLHZV� KDYH� GHPRQVWUDWHG� WKDW�
VHYHUH�WUDXPDWLF�EUDLQ�LQMXU\��7%,��LV�
DVVRFLDWHG� ZLWK� D� KLJKHU� ULVN� RI�
VXLFLGH��7KLV�VWXG\�ZDV�GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� FRQFXVVLRQ� DQG�
RU� PLOG� 7%,� LV� DOVR� DVVRFLDWHG� ZLWK�
DQ�LQFUHDVHG�ULVN�RI�VXLFLGH� 
$� V\VWHPDWLF� UHYLHZ� DQG� PHWD-�

DQDO\VLV� ZHUH� SHUIRUPHG� XVLQJ�
VWXGLHV�DVVHVVLQJ�WKH�ULVN�RI�VXLFLGH�
LQ� SDWLHQWV� ZLWK� FRQFXVVLRQ� RU� PLOG�
7%,�� 6WXGLHV� SXEOLVKHG� IURP� �����
WKURXJK� ������ ZHUH� UHYLHZHG� ZLWK�
��� FKRVHQ� IRU� LQFOXVLRQ� LQ� WKH�
DQDO\VLV� 
'DWD� UHYLHZHG� LQ� WKH� DQDO\VLV�

LQFOXGHG� RYHU� �������� LQGLYLGXDOV�
GLDJQRVHG� ZLWK� FRQFXVVLRQ� DQG� RU�
PLOG� 7%,� DQG� ���� PLOOLRQ� XQDIIHFWHG�
LQGLYLGXDOV�� )URP� WKH� DQDO\VLV�� WKH�
ULVN�RI�VXLFLGH�ZDV�WZRIROG�KLJKHU�IRU�
WKRVH� GLDJQRVHG� ZLWK� DW� OHDVW� RQH�
FRQFXVVLRQ� DQG�RU� PLOG� 7%,�

FRPSDUHG� WR� WKRVH� ZLWKRXW� VXFK� D�
GLDJQRVLV� �S ��������&RPSDULQJ� WKH�
ULVN� EHWZHHQ� FLYLOLDQ� DQG� PLOLWDU\�
SRSXODWLRQV��WKH�ULVN�ZDV�IRXQG�WR�EH�
KLJKHU� LQ� WKH� FLYLOLDQ� WKDQ� LQ� WKH�
PLOLWDU\�SRSXODWLRQ��S������� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ�DQG�PHWD-DQDO\VLV�IRXQG�WKDW��
FRPSDUHG�WR�WKH�JHQHUDO�SRSXODWLRQ��
WKH� ULVN� RI� VXLFLGH� GRXEOHV� DPRQJ�
WKRVH�ZKR�KDYH�KDG�D�FRQFXVVLRQ�RU�
PLOG�WUDXPDWLF�EUDLQ�LQMXU\� 

)UDOLFN�� 0��� HW� DO�� $VVRFLDWLRQ� RI�
&RQFXVVLRQ�ZLWK�WKH�5LVN�RI�6XLFLGH��
$� 6\VWHPDWLF� 5HYLHZ� DQG� 0HWD-�
$QDO\VLV�� -$0$� 1HXURO�� ������
)HEUXDU\�����������-���� 

%/22'�1(852),/$0(17�/,*+7�
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$V� D� PDFURVFRSLF� UHIOHFWLRQ� RI�

QHXUDO� D[RQDO� GDPDJH�� HOHYDWHG�
FHUHEUDO� VSLQDO� IOXLG� DQG� EORRG�
FRQFHQWUDWLRQV�RI�QHXURILODPHQW�OLJKW�
�1)/�� FKDLQ� KDYH� EHHQ� IRXQG� WR�
FRUUHODWH� ZLWK� DQ� LQFUHDVHG� QXPEHU�
RI� UHODSVHV� LQ� SDWLHQWV� ZLWK�PXOWLSOH�
VFOHURVLV��06���7KLV�SDSHU�XVHG�GDWD�
IURP� WZR� VWXGLHV� WR� DVVHVV� WKH�
HIILFDF\� RI� 1)/� DV� D� ELRPDUNHU� IRU�
WUHDWPHQW� DFWLYLW\� DQG� WUHDWPHQW�
UHVSRQVH� LQ� SDWLHQWV� ZLWK� UHODSVLQJ�
UHPLWWLQJ�06��5506�� 
3DWLHQWV� ZLWK� 5506� ZHUH�

UDQGRPL]HG� WR� UHFHLYH� ILQJROLPRG�RU�
D� SODFHER� LQ� D� WZR-\HDU� SODFHER-�
FRQWUROOHG� WULDO� �)5(('206�� DQG� D�
RQH-\HDU DFWLYH FRQWURO�
�75$16)2506�� WULDO�� ZLWK� WKHVH�
GDWD� FRPSDUHG� WR� QRUPDO� FRQWUROV��
%ORRG� VDPSOHV� ZHUH� XVHG� WR�
PHDVXUH� FRQFHQWUDWLRQV� RI� 1)/�
EHIRUH� DQG� DIWHU� WUHDWPHQW�� ZLWK�
RXWFRPHV� FRPSDUHG� WR� 1)/� OHYHOV��
FOLQLFDO�RXWFRPH�DQG�05,�FKDQJHV� 
$W� EDVHOLQH�� SDWLHQWV� KDG�

VLJQLILFDQWO\ KLJKHU 1)/�
FRQFHQWUDWLRQV� WKDQ� GLG� KHDOWK\�
FRQWUROV� �S��������� +LJK� EDVHOLQH�
1)/�FRQFHQWUDWLRQV�ZHUH�DVVRFLDWHG�
ZLWK� KLJK�7�� OHVLRQ� YROXPH� DQG� WKH�
SUHVHQFH� RI� *G�� OHVLRQV�� 7KH�
RFFXUUHQFH� RI� QHZ� RU� HQODUJLQJ� 7��
OHVLRQV� ZDV� DVVRFLDWHG� ZLWK� KLJKHU�
EDVHOLQH� 1)/� �S ���������
)LQJROLPRG� WUHDWPHQW� VLJQLILFDQWO\�
UHGXFHG� 1)/� OHYHOV� �S���������
,UUHVSHFWLYH� RI� WUHDWPHQW�� FRPSDUHG�
WR�WKRVH�ZLWK 
���SJ�PO�� SDWLHQWV� ZLWK� 1)/�

FRQFHQWUDWLRQV� RI� !��SJ�PO� DW�
EDVHOLQH�KDG�����WLPHV�PRUH�QHZ�RU�
HQODUJLQJ�7��OHVLRQV������WLPHV�PRUH�
06� UHODSVHV� DQG� ���� WLPHV� PRUH�
EUDLQ� YROXPH� ORVV� �S������� IRU� DOO�
FRPSDULVRQV�� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� 1)/� OHYHOV� DUH� DVVRFLDWHG�ZLWK�

FOLQLFDO�DQG�05,�UHODWHG�PHDVXUHV�RI�
GLVHDVH�DFWLYLW\� 

.XKOH��-���HW�DO��%ORRG�1HXURILODPHQW�
/LJKW� &KDLQ� DV� D� %LRPDUNHU� RI� 06�
'LVHDVH� $FWLYLW\� DQG� 7UHDWPHQW�
5HVSRQVH�� 1HXURO�� ������ 0DUFK�
����������H����-H����� 

%272;�9(5686 
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0\RIDVFLDO� SDLQ� LV� D� FKURQLF� SDLQ�

GLVRUGHU� DIIHFWLQJ� D� ZLGH� UDQJH� RI�
SDWLHQW� SRSXODWLRQV�� /RFDO� LQMHFWLRQV�
DUH� FRQVLGHUHG� D� ILUVW-OLQH� WUHDWPHQW�
IRU� P\RIDVFLDO� SDLQ�� ZLWK� LQMHFWDWHV�
LQFOXGLQJ� ORFDO� DQHVWKHWLFV� DQG�
ERWXOLQXP� WR[LQ�� 7KLV� OLWHUDWXUH�
UHYLHZ�DQG�PHWD-DQDO\VLV�FRPSDUHG�
WKH� HIILFDF\� RI� LQMHFWLRQV� ZLWK�
ERWXOLQXP� WR[LQ� ZLWK� WKDW� RI� ORFDO�
DQHVWKHWLF� LQ� SDWLHQWV� ZLWK�
P\RIDVFLDO�SDLQ�GLVRUGHU� 
$� OLWHUDWXUH� UHYLHZ�ZDV� FRQGXFWHG�

IRU� VWXGLHV� RI� SDWLHQWV� ZLWK�
P\RIDVFLDO� SDLQ�� LQMHFWHG�ZLWK� HLWKHU�
ERWXOLQXP�WR[LQ�$�RU�ORFDO�DQHVWKHWLF��
ZLWK� IROORZ-XSV� WKURXJK� ��� ZHHNV��
)URP� WKLV� UHYLHZ� ZHUH� LGHQWLILHG� ���
VWXGLHV�� 2XWFRPH� PHDVXUHV�
LQFOXGHG� D� YLVXDO� DQDORJ� VFDOH� IRU�
SDLQ� DQG� WKH� 1HFN� 3DLQ� DQG�
'LVDELOLW\�6FDOH� 
'DWD� IURP� ��� VWXGLHV� IRXQG� WKDW��

RQH� WR� IRXU� ZHHNV� DIWHU� LQMHFWLRQV��
ORFDO�DQHVWKHWLF�� EXW� QRW�%RWR[��ZDV�
HIIHFWLYH� IRU� SDLQ� UHOLHI�� )RU� VWXGLHV�
ZLWK� IROORZ-XS� DW� ZHHNV� VHYHQ� WR�
HLJKW��WKH�SDLQ�UHOLHI�RI�WKRVH�WUHDWHG�
ZLWK� ORFDO� DQHVWKHWLFV� ZDV� ODUJH��
ZKLOH� WKDW� RI� ERWXOLQXP� WR[LQ� ZDV�
VLJQLILFDQW��EXW�VPDOO��:LWK� IROORZ-XS�
DW� ��� WR� ��� ZHHNV�� ERWK� LQMHFWLRQV�
ZHUH� VLJQLILFDQWO\� EHWWHU� WKDQ�
SODFHER��DOWKRXJK�FOLQLFDOO\�VPDOO��$W��
���ZHHNV��RQO\� ORFDO�DQHVWKHWLF�ZDV�
VLJQLILFDQWO\� EHWWHU� WKDQ� SODFHER�� $�
��� ZHHNV¶� IROORZ-XS�� ERWK� ORFDO�
DQHVWKHWLF�DQG�ERWXOLQXP�WR[LQ�ZHUH�
VLJQLILFDQWO\�EHWWHU�WKDQ�SODFHER� 
&RQFOXVLRQ� 7KLV OLWHUDWXUH 
UHYLHZ� DQG� PHWD-DQDO\VLV� RI�

SDWLHQWV� ZLWK� P\RIDVFLDO� SDLQ� IRXQG�
WKDW� LQMHFWLRQV�ZLWK� ORFDO�DQHVWKHWLFV�
UHVXOW� LQ� D� FRQVLVWHQW�� ODUJH�
LPSURYHPHQW� DW� RQH� WR� ��� ZHHNV¶�
IROORZ-XS�� ZKLOH� ERWXOLQXP� WR[LQ�
LQMHFWLRQV�UHVXOW�LQ�QHJOLJLEOH�RU�VPDOO�
HIIHFWV� 
$KPHG�� 6��� HW� DO�� (IIHFW� RI� /RFDO�
$QHVWKHWLF� YHUVXV� %RWXOLQXP� 7R[LQ-
$� ,QMHFWLRQV� IRU� 0\RIDVFLDO� 3DLQ�
'LVRUGHUV�� $� 6\VWHPDWLF� $QDO\VLV��
&OLQ�-�3DLQ��������$SULO������������-
���� 

8/75$6281'�',$*126,6�2)�
3,5,)250,6�6<1'520( 

 
3LULIRUPLV� V\QGURPH� �36�� LV� D�

FRQWURYHUVLDO�� \HW� FRPPRQO\� VHHQ��
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GLDJQRVLV� IRU� KLS� DQG� EXWWRFN� SDLQ��
05,�KDV�EHHQ�WKH�SUHIHUUHG�LPDJLQJ�
PHWKRG� IRU� HYDOXDWLRQ� RI� WKH�
SLULIRUPLV�� DOWKRXJK�XOWUDVRXQG� �86��
SURYLGHV� D� SRWHQWLDOO\� FKHDSHU� DQG�
TXLFNHU�RSWLRQ��7KLV�VWXG\�FRPSDUHG�
86�DQG�05,� IRU� WKH�H[DPLQDWLRQ�RI�
SLULIRUPLV�V\QGURPH� 
7KLV� FURVV-VHFWLRQDO� VWXG\�

HYDOXDWHG����SDWLHQWV�ZLWK�D�FOLQLFDO�
GLDJQRVLV� RI� 36� DQG� ��� KHDOWK\�
FRQWUROV�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG�E\�FOLQLFLDQV�KHOG�EOLQG� WR�
WKH�FOLQLFDO�GLDJQRVLV��XVLQJ�86�DQG�
05,�� (YDOXDWLRQV� ZHUH� PDGH� RI�
SLULIRUPLV� PXVFOH� WKLFNQHVV�� FURVV-
VHFWLRQDO� DUHD� �&6$��� HFKRJHQLFLW\�
DQG�VLJQDO� LQWHQVLW\�RQ�7�-ZHLJKWHG�
LPDJHV� 
&RPSDUDWLYH� VWXGLHV� RI� ERWK� WKH�

05,� DQG� 86� IRXQG� WKDW� WKH�
SLULIRUPLV�PXVFOH�ZDV�WKLFNHU�RQ�WKH�
V\PSWRPDWLF� WKDQ� RQ� WKH�
DV\PSWRPDWLF� VLGH� LQ� SDWLHQWV� ZLWK�
36�� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� VLGHV� LQ� WKH� FRQWUROV�� ,Q�
DGGLWLRQ�� &6$� DQG� HFKRJHQLFLW\�
ZHUH� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ�
WKH� V\PSWRPDWLF� DQG� WKH�
DV\PSWRPDWLF� SLULIRUPLV� PXVFOHV� LQ�
WKH� 36� SDWLHQWV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH�LQ�FRQWUROV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV�WKDW�XOWUDVRXQG�PD\�EH�DQ�
HIIHFWLYH� WRRO� WR� DVVLVW� ZLWK� WKH�
GLDJQRVLV�RI�WKH�36� 

=KDQJ�� :��� HW� DO�� 8OWUDVRXQG�
$SSHDUV�WR�EH�D�5HOLDEOH�7HFKQLTXH�
IRU� WKH� 'LDJQRVLV� RI� 3LULIRUPLV�
6\QGURPH��0XVF�1HUYH��������$SULO��
�����������-���� 

 
9,%5$7,21�)2$0�52//,1*�
$)7(5�(;(5&,6(-,1'8&('�

086&/(�'$0$*( 
 
)RDP� 5ROOLQJ� �)5�� LV� D� VHOI-�

DGPLQLVWHUHG� WKHUDSHXWLF� WHFKQLTXH�
WKDW�UHTXLUHV�WKDW�DQ�LQGLYLGXDO�OLH�RQ�
D� URXQG� RU� WXEXODU� GHYLFH�� VORZO\�
UROOLQJ� WKH� DIIHFWHG� ERG\� DUHD� RYHU�
WKH� UROOHU�� $V� YLEUDWLRQ� GXULQJ�
H[HUFLVH� KDV� VKRZQ� VRPH�
WKHUDSHXWLF� EHQHILW�� WKLV� VWXG\�
FRPSDUHG� WKH� HIIHFWV� RI� )5� ZLWK�
YLEUDWLRQ� �9)5�� ZLWK� QRQ-� YLEUDWLQJ�
)5��19)5��RQ�'206� 
7KLUW\-HLJKW� DGXOWV�� IUHH� IURP�

PXVFXORVNHOHWDO� GLVRUGHUV�� ZHUH�
UDQGRPL]HG� WR� D� 9)5� RU� D� 19)5�
JURXS�� $IWHU� EDVHOLQH�
PHDVXUHPHQWV�� WKH� VXEMHFWV�
SDUWLFLSDWHG� LQ� ��� VHWV� RI� ���
UHSHWLWLRQV�RI�SDUDOOHO�VTXDWV�XVLQJ�D�
JUDYLW\-IUHH� WUDLQLQJ� IO\ZKHHO�� ZLWK�
PD[LPDO�HIIRUW�DW�HDFK�UHSHWLWLRQ��$W�
EDVHOLQH�� DQG� DW� ��� KRXUV� SRVW-�
H[HUFLVH��PHDVXUHPHQWV�ZHUH�PDGH�
RI�SDLQ��XVLQJ�D�YLVXDO�DQDORJ�VFDOH�
�9$6��� SDLQ� SUHVVXUH� WKUHVKROG��
R[\JHQ� VDWXUDWLRQ�� PXVFOH�
SHUIRUPDQFH� DQG� KLS� DQG� NQHH�

UDQJH� RI� PRWLRQ�� 7KH� WUHDWPHQW�
WHFKQLTXH�LQFOXGHG�WKUHH����-VHFRQG�
ERXWV� RI� UROOHU�PDVVDJH�� DSSOLHG� WR�
HDFK� OHJ�� ZLWK� D� ��-� VHFRQG� UHVW�
EHWZHHQ� VHWV�� XVLQJ� HLWKHU� 9)5� RU�
19)5�YLEUDWLRQ� 
&RPSDUHG� WR� WKH� 19)5� JURXS��

UHVWLQJ�9$6�ZDV�UHGXFHG�E\�������
LQ�WKH�9)5�JURXS��S��������ZLWK�SDLQ�
GXULQJ� H[HUFLVH� RU� VWUHWFKLQJ� EHWWHU�
LQ� WKH� 9)5� JURXS�� DOWKRXJK� WKLV�
ILQGLQJ� GLG� QRW� UHDFK� VWDWLVWLFDO�
VLJQLILFDQFH�� )RU� PHDVXUHV� RI�
SDVVLYH� KLS� MRLQW� H[WHQVLRQ��
FRPSDUHG�WR�WKH�19)5��WKH�520�LQ�
WKH� 9)5� JURXS� ZDV� ����� JUHDWHU�
�S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

H[HUFLVH� LQGXFHG� PXVFOH� VRUHQHVV�
IRXQG� WKDW�� ZKHQ� XVLQJ� WKH� IRDP�
UROOHU�WHFKQLTXH�IRU�UHFRYHU\��DGGLQJ�
YLEUDWLRQ�PD\�HQKDQFH�WKH�UHVXOWV� 

5RPHUR-0RUDOHGD��%��� HW� DO��(IIHFWV�
RI� 9LEUDWLRQ� DQG� 1RQ-9LEUDWLRQ�
)RDP� 5ROOLQJ� RQ� 5HFRYHU\� DIWHU�
([HUFLVH� ZLWK� ,QGXFHG� 0XVFOH�
'DPDJH��-� 6SRUWV� 6FL� 0HG�� ������
�������-���� 

 
63,1$/�0$1,38/$7,21�)25�
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6SLQDO� PDQLSXODWLYH� WKHUDS\�

�607��WUHDWPHQW�RI�FKURQLF�ORZ�EDFN�
SDLQ��F/%3��LV�FRQVLGHUHG�D�ILUVW�OLQH�
WUHDWPHQW� RSWLRQ� LQ� VRPH�FRXQWULHV��
ZKLOH� RWKHUV� UHFRPPHQG� LW� DV� D�
FRPSRQHQW� RI� D� EURDGHU� WUHDWPHQW�
SDFNDJH�� 7KLV� OLWHUDWXUH� UHYLHZ� DQG�
PHWD-DQDO\VLV� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIIHFWLYHQHVV�
RI�607�IRU�SDLQ�UHOLHI�DQG�IXQFWLRQDO�
LPSURYHPHQW� DPRQJ� SDWLHQWV� ZLWK�
FKURQLF�ORZ�EDFN�SDLQ� 
'DWD� ZHUH� UHYLHZHG� IRU�

UDQGRPL]HG� FRQWUROOHG� WULDOV� �5&7V��
ZKLFK� LQFOXGHG� DGXOWV� ZLWK� F/%3��
FRPSDUHG� ZLWK� D� FRQWURO� JURXS��
DOORZLQJ� IRU� WKH� DVVHVVPHQW� RI� WKH�
LVRODWHG� HIIHFW� RI� 607�� 2XWFRPHV�
ZHUH� DVVHVVHG� DW� RQH�� WKUHH�� VL[��
DQG� ���PRQWKV� SRVW-UDQGRPL]DWLRQ��
ZLWK�GDWD�DQDO\]HG�DFFRUGLQJ�WR� WKH�
WLPH�FORVHVW� WR� WKHVH� LQWHUYDOV�� 7KH�
SULPDU\� RXWFRPHV� ZHUH� GHILQHG� DV�
VKRUW� WHUP� �RQH� PRQWK���
LQWHUPHGLDWH� WHUP��VL[�PRQWKV���DQG�
ORQJ�WHUP�����PRQWKV�� 
)URP� WKH� VWXGLHV� UHYLHZHG�� ���

5&7V�ZHUH�LQFOXGHG�LQ�WKLV�DQDO\VLV��
7KRVH� WULDOV� ZKLFK� FRPSDUHG� 607�
WR� WUDGLWLRQDO� WKHUDSLHV��
GHPRQVWUDWHG� VLJQLILFDQWO\� EHWWHU�
SDLQ�UHOLHI�DW�VL[��S �������EXW�QRW�DW�
��� PRQWKV� �S ������� ,Q� DGGLWLRQ��
FRPSDUHG� WR� WUDGLWLRQDO� WKHUDSLHV��
LPSURYHG�IXQFWLRQ�ZDV�QRWHG�DW�RQH�
�S �������EXW�QRW�DW�VL[� �S ������RU�
���PRQWKV��S ������ 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� DQG� PHWD-DQDO\VLV� VXJJHVWV�
WKDW�� IRU� SDWLHQWV� ZLWK� FKURQLF� ORZ�

EDFN� SDLQ�� VSLQDO� PDQLSXODWLYH�
WKHUDS\� LV� PRUH� HIIHFWLYH� WKDQ�
WUDGLWLRQDO� WKHUDSLHV� DW� VL[� PRQWKV�
IRU�SDLQ�UHOLHI��DQG�DW�RQH�PRQWK�IRU�
IXQFWLRQDO�LPSURYHPHQW� 

5XEHQVWHLQ�� 6��� HW� DO�� %HQHILWV� DQG�
+DUPV� RI� 6SLQDO� 0DQLSXODWLYH�
7KHUDS\� IRU� WKH� 7UHDWPHQW� RI�
&KURQLF�/RZ�%DFN�3DLQ��6\VWHPDWLF�
5HYLHZ� DQG� 0HWD-$QDO\VLV� RI�
5DQGRPL]HG�� &RQWUROOHG� 7ULDOV�� %U�
0HG�-������������������ 

 
6859,9$/�$)7(5�$�
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7KH� SUHYDOHQFH� RI� QRQ-WUDXPDWLF�

VSLQDO� FRUG� LQMXULHV� �176&,�� LV�
H[SHFWHG� WR� ULVH� ZLWK� WKH� DJLQJ� RI�
WKH� SRSXODWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
ORQJ-WHUP�RXWFRPHV�RI�SDWLHQWV�ZLWK�
176&,� 
'DWD� ZHUH� KDUYHVWHG� IURP� WKH�

6ZLVV� 6SLQDO� &RUG� ,QMXU\� 0HGLFDO�
5HFRUG� VWXG\�� ZKLFK� FRYHUV� DOO�
VSHFLDOL]HG�UHKDELOLWDWLRQ�FHQWHUV�IRU�
6&,� LQ� 6ZLW]HUODQG�� 'DWD� ZHUH�
REWDLQHG� IRU� SDWLHQWV� ��� \HDUV� RI�
DJH� RU� ROGHU�� ZLWK� 176&,� LGHQWLILHG�
EHWZHHQ������DQG�������'LDJQRVWLF�
FDWHJRULHV� LQFOXGHG� GHJHQHUDWLYH�
GLVF� GLVRUGHUV�� LQIHFWLRQ�� YDVFXODU�
GLVRUGHUV��EHQLJQ�WXPRUV��PDOLJQDQW�
WXPRUV�� XQVSHFLILHG� WXPRUV� DQG�
RWKHU�� 2WKHU� PHGLFDO� LQIRUPDWLRQ��
LQFOXGLQJ� OHYHO� RI� LQMXU\�� ZDV�
GRFXPHQWHG� 
'DWD� ZHUH� FRPSOHWHG� IRU� ������

SDWLHQWV�� RI� ZKRP� ����ZHUH�PDOH��
������ ZHUH� SDUDSOHJLF� DQG� ������
ZHUH� GLDJQRVHG� ZLWK� LQFRPSOHWH�
FRUG� OHVLRQV�� 7KRVH� ZLWK� PDOLJQDQW�
DQG� XQVSHFLILHG� WXPRUV� KDG� WKH�
VWHHSHVW� GHFOLQH� LQ� ILYH-\HDU�
VXUYLYDO�� FRPSDUHG� ZLWK� DOO� RWKHU�
HWLRORJLF� JURXSV�� &RPSDUHG� ZLWK�
GHJHQHUDWLYH� GLVF� GLVHDVH�� WKH�
PRUWDOLW\� ZDV� VLJQLILFDQWO\� JUHDWHU�
IRU� WKRVH� ZLWK� PDOLJQDQW� DQG�
XQVSHFLILHG� WXPRUV�� �KD]DUG� UDWLR�
>+5@������� 
)RU� WKRVH� ZLWK� PDOLJQDQW� OHVLRQV��

WKH� RQH-\HDU� VXUYLYDO� SUREDELOLW\� IRU�
WKRVH�ZLWK�FRPSOHWH�SDUDSOHJLD�ZDV�
������� GURSSLQJ� WR� ����� DIWHU� ILYH�
\HDUV�� 7KRVH� ZLWK� D� QRQPDOLJQDQW�
HWLRORJ\�KDG�D�VXUYLYDO�SUREDELOLW\�RI�
������DIWHU�RQH�\HDU��GLPLQLVKLQJ�WR�
������ DIWHU� ILYH� \HDUV�� $PRQJ�
PDOHV� DW� OHDVW� ��� \HDUV� RI� DJH��
PDOLJQDQW� HWLRORJ\� ZDV� DVVRFLDWHG�
ZLWK� ���� OLIH� \HDUV� UHPDLQLQJ��
FRPSDUHG� ZLWK� ����� IRU� WKRVH� ZLWK�
QRQPDOLJQDQW�HWLRORJLHV�DQG������IRU�
WKRVH� ZLWK� GHJHQHUDWLYH� GLVF�
HWLRORJ\� 
&RQFOXVLRQ�� 7KLV�REVHUYDWLRQDO��

FRKRUW� VWXG\� RI� SDWLHQWV� ZLWK� VSLQDO�
FRUG� LQMXU\� IRXQG� WKDW� OLIH�



 

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

 

 

H[SHFWDQF\�HVWLPDWHV�ZHUH�GLIIHUHQW�
DPRQJ�HWLRORJLF�JURXSV� 

%X]]HOO��$���HW�DO��6XUYLYDO�DIWHU�QRQ-�
7UDXPDWLF� 6SLQDO� &RUG� ,QMXU\��
(YLGHQFH� IURP� D� 3RSXODWLRQ-%DVHG�
5HKDELOLWDWLRQ�&RKRUW�LQ�6ZLW]HUODQG��
6SLQDO�&RUG��������������–���� 
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'HVSLWH� HQKDQFHG� UHFRYHU\�

SURJUDPV�� SDWLHQWV� XQGHUJRLQJ�
VXUJHU\� IRU� KLS� IUDFWXUHV� �+)V��
FRQWLQXH� WR� KDYH� D� KLJK� UDWH� RI�
PRUELGLW\� DQG� PRUWDOLW\�� 7KLV�
SRSXODWLRQ-EDVHG�� FRKRUW� VWXG\�
DVVHVVHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
WKH� UHWXUQ� WR� SUHIUDFWXUH� EDVLF�
PRELOLW\� VWDWXV� DW� WKH� WLPH� RI�
GLVFKDUJH� DQG� ��-GD\�� SRVW-
GLVFKDUJH�PRUWDOLW\�DQG�UHDGPLVVLRQ� 
6XEMHFWV�ZHUH�'DQLVK�SDWLHQWV�����

\HDUV�RU�ROGHU��DOO�XQGHUJRLQJ�D�ILUVW-�
WLPH� +)� GXULQJ� WKH� \HDU� ������ 7KH�
GDWD� ZHUH� KDUYHVWHG� IURP� WKH�
'DQLVK� 0XOWLGLVFLSOLQDU\� +)�
'DWDEDVH� �'0+)'��� D� QDWLRQDO�
GDWDEDVH� WKDW� PRQLWRUV� WKH� HDUO\�
EDVLF�PRELOLW\�VWDWXV�RI�SDWLHQWV�ZLWK�
+)� DW� WKH� WLPH� RI� DFXWH� KRVSLWDO�
GLVFKDUJH��'XULQJ�KRVSLWDOL]DWLRQ��DOO�
SDWLHQWV� ZHUH� DVVHVVHG� ZLWK� WKH�
&XPXODWLYH� $PEXODWLRQ� 6FRUH�
�&$6��� � 7KH� SULPDU\� RXWFRPH�
YDULDEOHV� �PRUWDOLW\� RU� DQ\�
UHDGPLVVLRQ� ZLWKLQ� ��� GD\V� RI�
GLVFKDUJH�� ZDV� FRPSDUHG� EHWZHHQ�
WKRVH�ZKR� KDG� UHWXUQHG� WR�EDVHOLQH�
&$6��%DVHOLQH�&$6��DQG�WKRVH�ZKR�
KDG�QRW��,PSDLUHG�&$6�� 
2I����WKH�������������SDWLHQWV��������

������ UHJDLQHG� WKH� EDVHOLQH� &$6�
DQG� ������ GLG� QRW�� $Q� DGMXVWHG�
DQDO\VLV� UHYHDOHG� � WKDW� � � ��-GD\��
PRUWDOLW\��ZDV�����WLPHV�KLJKHU�LQ�WKH�
,PSDLUHG� &$6� JURXS� WKDQ� LQ� WKH�
%DVHOLQH�&$6�JURXS��,Q�WKH�DGMXVWHG�
DQDO\VLV�� FRPSDUHG� ZLWK� WKH�
%DVHOLQH� &$6� JURXS�� WKH� KD]DUG�
UDWLR� IRU� UHDGPLVVLRQ�ZLWKLQ����GD\V�
ZDV� ����� IRU� WKH� ,PSDLUHG� &$6�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�KRVSLWDOL]HG� IRU�KLS� IUDFWXUH�
IRXQG� WKDW� WKRVH� ZKR� UHJDLQHG�
EDVHOLQH� PRELOLW\� KDG� D� UHGXFHG�
PRUWDOLW\� UDWH� DQG� ULVN� RI�
UHDGPLVVLRQ� ZLWKLQ� WKLUW\� GD\V�� DV�
FRPSDUHG� WR� WKRVH� GLVFKDUJHG� ZLWK�
D�UHGXFHG�EDVLF�PRELOLW\� 

.ULVWHQVHQ��0���HW�DO��5HJDLQLQJ�3UH-�
)UDFWXUH� %DVLF� 0RELOLW\� 6WDWXV� DIWHU��
+LS� )UDFWXUH� DQG� $VVRFLDWLRQ� ZLWK�
3RVW-'LVFKDUJH� 0RUWDOLW\� DQG�
5HDGPLVVLRQ—D� 1DWLRQZLGH�
5HJLVWHU� 6WXG\� LQ� 'HQPDUN�� $JH��
$JLQJ���������������-���� 

352/21*('�23,2,'�86(�$)7(5�
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7KH�8QLWHG�6WDWHV�FRQVXPHV�����

RI� WKH�JOREDO�RSLRLG�VXSSO\��$V� ORQJ-�
WHUP� RSLRLG� GHSHQGHQFH� PD\� EH�
WULJJHUHG� E\� D� SHULRG� RI� RSLRLG� XVH�
IRU� DFXWH� SDLQ�� WKLV� VWXG\� DVVHVVHG�
WKH�ULVN�RI�ORQJ-WHUP�XVH�DIWHU�URWDWRU�
FXII�VXUJHU\� 
+HDOWK�FODLPV�ZHUH� UHYLHZHG� IURP�

WKH� 7UXYDQ� +HDOWK� 0DUNHW� 6FDQ�
5HVHDUFK� 'DWDEDVHV� ���� PLOOLRQ�
HPSOR\HHV� DQG� 0HGLFDUH� SDWLHQWV���
'DWD� IURP� ����� WR� ����� ZHUH�
UHYLHZHG� IRU� VKRXOGHU� DUWKURVFRSLF�
SURFHGXUHV� DPRQJ� RSLRLG� QDwYH�
DGXOWV�� 'DWD� ZHUH� UHFRUGHG� IRU��
GHPRJUDSKLFV�� FRPRUELGLWLHV�� DQG�
SRVWRSHUDWLYH� RSLRLG� XVH�� � 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV�
SURORQJHG� RSLRLG� XVH�� GHILQHG� DV�
PRUH� WKDQ� RQH� RSLRLG� SUHVFULSWLRQ�
ZLWKLQ����-����GD\V�DIWHU�WKH�VXUJLFDO�
HYHQW� 
'XULQJ� WKH� VWXG\� WLPHIUDPH��

������� SDWLHQWV� XQGHUJRLQJ� DQ�
DUWKURVFRSLF� SURFHGXUH� ILOOHG� DQ�
RSLRLG� SUHVFULSWLRQ� ZLWKLQ� WKH� ���
GD\V� RI� VXUJHU\�� 2I� WKHVH� ������
SDWLHQWV� ������� GHYHORSHG� QHZ�
SURORQJHG� RSLRLG� XVH�� DV� GHILQHG� LQ�
WKLV� VWXG\�� 7KH� IDFWRUV� DVVRFLDWHG�
ZLWK� WKH� KLJKHVW� RGGV� UDWLR� RI�
SURORQJHG�XVH�LQFOXGHG�D�WRWDO�RSLRLG�
GRVH�GXULQJ�WKH�SHULRSHUDWLYH�SHULRG�
RI� RYHU� ���� RUDO� PRUSKLQH�
HTXLYDOHQWV� �!���� WDEOHWV� RI� �-PJ�
K\GURFRGRQH��� IROORZHG� E\� D� VHOI-
KDUP� GLVRUGHU�� D� KLVWRU\� RI� DOFRKRO�
GHSHQGHQFH� RU� DEXVH�� PRRG�
GLVRUGHU� DQG� DQ� RSLRLG� SUHVFULSWLRQ�
ILOOHG�ZLWKLQ����GD\V�EHIRUH� VXUJHU\��
IHPDOH�JHQGHU��DQ[LHW\�GLVRUGHU�RU�D�
KLVWRU\�RI�D�SDLQ�GLDJQRVLV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�DGXOWV�

XQGHUJRLQJ� DUWKURVFRSLF� VKRXOGHU�
SURFHGXUHV� IRXQG� WKDW�� RI� RSLRLG�
QDwYH� SDWLHQWV�� ����� GHYHORSHG�
QHZ�� SURORQJHG� RSLRLG� XVH� �UHILOOHG�
WKH�SUHVFULSWLRQ�� 

*LO�� -��� HW� DO�� 5LVN� RI� 3URORQJHG�
2SLRLG� 8VH� DPRQJ� 2SLRLG-1DwYH�
3DWLHQWV� DIWHU� &RPPRQ� 6KRXOGHU�
$UWKURVFRSLF� 3URFHGXUHV�� $P� -�
6SRUWV� 0HG�� ������ $SULO�� �������
����-����� 
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:KLOH�SHGDOLQJ� LV� RIWHQ�SUHVFULEHG�

DIWHU� WRWDO� NQHH� UHSODFHPHQW� �7.5���
QR� SULRU� WULDOV� KDYH� DVVHVVHG� WKH�
HIILFDF\�RI�WKLV�H[HUFLVH�LQ�WKH�DFXWH��
SRVWRSHUDWLYH� VHWWLQJ�� 7KLV� VWXG\�
FRPSDUHG�D�SHGDOLQJ�SURWRFRO�ZLWK�D�
QRQ-SHGDOLQJ� SURWRFRO�� FRPPHQFLQJ�
ZLWKLQ����KRXUV�RI�VXUJHU\� 
6XEMHFWV� ZHUH� DGXOWV� ZLWK�

RVWHRDUWKULWLV�� XQGHUJRLQJ� XQLODWHUDO�

7.5�� %HJLQQLQJ� WKH� GD\� RI� VXUJHU\�
SDWLHQWV� EHJDQ� WKHUDS\� IRU� ���
PLQXWHV�� WZLFH� SHU� GD\�� UDQGRPL]HG�
HLWKHU� WR� D� SHGDOLQJ� JURXS� RU� D�
WUDGLWLRQDO� H[HUFLVH� JURXS�� 7KH�
SHGDOLQJ� JURXS� XVHG� D� VWDWLRQDU\�
SHGDOLQJ�SURWRFRO� VHDWHG�DW� D� VHW� RI�
IORRU� SHGDOV�� 7KH� VWDQGDUG� FDUH�
JURXS� HQJDJHG� LQ� D� ��-H[HUFLVH�
SURJUDP�� LQFOXGLQJ� VHDWHG� NQHH�
EHQGV�� LQQHU� UDQJH� TXDGULFHSV�
VWUHQJWKHQLQJ� DQG� IXQFWLRQDO�
H[HUFLVHV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� VL[-PLQXWH� ZDON�
WHVW�� ZLWK� VHFRQGDU\� RXWFRPHV�
LQFOXGLQJ�WKH�WLPHG�XS�DQG�JR��78*��
WHVW�� WKH� ��P-ZDON� WHVW� ���0:7��
DQG�PD[LPXP�NQHH�IOH[LRQ� 
7KH� GLVWDQFH� FRYHUHG� LQ� WKH� VL[-

PLQXWH� ZDON� WHVW� ZDV� VLJQLILFDQWO\�
JUHDWHU� LQ� WKH�SHGDOLQJ�JURXS�DW� WZR�
GD\V� SRVWRSHUDWLYHO\� �S���������
7KRXJK� VWDWLVWLFDOO\� LQVLJQLILFDQW��
IXUWKHU� LPSURYHPHQW� ZDV� QRWHG� DW�
WZR� DQG� IRXU� PRQWKV�� $� VLPLODU�
SDWWHUQ�ZDV�IRXQG�IRU�WKH�VHFRQGDU\�
RXWFRPHV� RI� WKH� ��0:7� DQG� 78*�
WHVWV�� LQ� IDYRU�RI� WKH�SHGDOLQJ-EDVHG�
JURXS� DW� WZR� GD\V� �S ������ DQG�
S ������� UHVSHFWLYHO\��� EXW� QRW� DW�
WZR� ZHHNV� RU� IRXU� PRQWKV�� 7KH�
KRVSLWDO� OHQJWK�RI�VWD\�ZDV�RQH�KDOI�
GD\�VKRUWHU�IRU�WKH�SHGDOLQJ�JURXS��S�
 �������� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�WULDO�IRXQG�WKDW�D�SHGDOLQJ-�
EDVHG� SK\VLFDO� WKHUDS\� SURWRFRO�
DIWHU� WRWDO� NQHH� UHSODFHPHQW� LV�
VXSHULRU� WR�D�PXOWL-H[HUFLVH�SURWRFRO�
IRU� PRELOLW\� LPSURYHPHQW�� ZLWK� D�
VLJQLILFDQWO\�VKRUWHU�OHQJWK�RI�VWD\� 

6DWWOHU�� /��� HW� DO�� 3HGDOLQJ-%DVHG�
3URWRFRO�6XSHULRU� WR�D���-�([HUFLVH��
1RQ-3HGDOLQJ 3URWRFRO IRU�
3RVWRSHUDWLYH� 5HKDELOLWDWLRQ� DIWHU�
7RWDO� .QHH� 5HSODFHPHQW�� -� %RQH�
-RLQW� 6XUJ�� ������ $SULO� ���� ���
�������-���� 
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3HULSURVWKHWLF� MRLQW� LQIHFWLRQV� DUH�

RQH� RI� WKH� PRUH� FRPSOH[�
FRPSOLFDWLRQV� RI� WRWDO� MRLQW�
DUWKURSODVW\� �7-$���$V� WKH�GLDJQRVLV�
RI� VXFK� LQIHFWLRQV� FDQ� EH�
FRPSOLFDWHG� E\� UHFHQW� DQWLELRWLF�
DGPLQLVWUDWLRQ�� WKLV� VWXG\� HYDOXDWHG�
WKH� GLDJQRVWLF� XWLOLW\� RI� WKH� V\QRYLDO�
OHXNRF\WH�HVWHUDVH�VWULS�WHVW� 
5HFRUGV� ZHUH� UHYLHZHG� RI� DOO�

SDWLHQWV� ZKR� KDG� XQGHUJRQH� KLS� RU�
NQHH� DUWKURSODVW\� DW� WKH� DXWKRUV¶�
IDFLOLW\� IURP�2FWREHU������ WR� � ������
2I� WKRVH� XQGHUJRLQJ� D� UHYLVLRQ�
VXUJHU\� IRU� VXVSHFWHG� SHULSURVWKHWLF�
MRLQW� LQIHFWLRQ�� ���� KDG� WDNHQ�
DQWLELRWLFV� ZLWKLQ� WZR� ZHHNV� RI� WKH�
GLDJQRVWLF� ZRUNXS�� /DE� WHVWV�
LQFOXGHG�WKH�OHXNRF\WH�HVWHUDVH�VWULS�



 

 

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����������-������ 

 �&RQWLQXHG�IURP�SDJH��� 
5LFKDUG�+X\QK��'�2�� 
6RQ\�,VVDF��0�'�� 
%ULDQD�1RYHOOR��'�2� 
1DVVDX�8��0HG��&HQ���(DVW�0HDGRZ��1<� 

$PULW�$KOXZDOLD��0�'� 
5RVKDQ�&KKDWODQL��'�2� 
%UDQGRQ�0DLVHO��'�2� 
6XQ\�'RZQVWDWH��%URRNO\Q��1< 


5LFKDUG�/DX��0�'� 
-XOLR�*RPH]��'�2� 
0LOHV�%RQQHU��0�'�� 
-XOLR�*RPH]��'�2�� 
*X\�.DW]��0�'� 
5LFKD�/DPED��0�'�� 
$QWRQ�0DWYHHY��0�' 
&KDG�0HW]JHU��'�2�� 
%UXFH�=KDQJ��0�'� 
7HPSOH�8QLYHUVLW\��3KLODGHOSKLD��3$  

-DQLFH�/DX��'�2�
6KDQH�0��'DYLV�0�'��
$QGUHZ�/DL��'�2� 
8QLY�RI�&DOLI���,UYLQH��&$  
0DULQH�'LGLG]H��0�'�� 
8QLYHUVLW\�RI�0LDPL��0LDPL��)/  

$P\�8QZLQ��0�'��
$VKOH\�(DYHV�0�'� 
8QLYHUVLW\�RI�:DVKLQJWRQ��6HDWWOH��:$  

0LFKDHO�6RRNRFKRII�0�'�� 
'DQ�3UREVW��0�'� 
$GHP�$NWDV��0�'� 
6KH\QD�*LIIRUG��0�'�� 
6HDQ�(��6PLWK��0�'� 
:DVKLQJWRQ�8QLYHUVLW\��6W��/RXLV��02 


5HJLRQDO�0DQDJLQJ�(GLWRUV�KDYH�DWWHVWHG�WKDW�WKH\�KDYH�
QR�ILQDQFLDO�FRQIOLFW�RI�LQWHUHVW�ZKHQ�FKRRVLQJ�DUWLFOHV�WKDW�
DSSHDU�LQ�5HKDE�LQ�5HYLHZ�� 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

([SDQGLQJ� WKH �IURQW LHU �RI �PHGLFLQH � LQ �UHVHDUFK� � WHDFKLQJ� �DQG�SDWLHQW�FDUH  

WHVW�� WKH� VHUXP� HU\WKURF\WH�
VHGLPHQWDWLRQ� UDWH� �(65�� DQG� &-
UHDFWLYH� SURWHLQ� �&53��� V\QRYLDO� IOXLG�
ZKLWH� EORRG� FHOOV� �:%&�� DQG� V\QRYLDO�
HIIXVLRQ� IOXLG� SRO\PRUSKRQXFOHDU�
QHXWURSKLO� �301���7KH�UHVXOWV�RI� WKHVH�
ODERUDWRU\� WHVWV� ZHUH� FRPSDUHG� ZLWK�
WKH�ILQDO�GLDJQRVLV�RI�LQIHFWLRQ� 
7KH UHFHQW DGPLQLVWUDWLRQ� RI�

DQWLELRWLFV� ZDV� IRXQG� WR� VLJQLILFDQWO\�
UHGXFH� WKH� VHQVLWLYLW\� RI� DOO� ODERUDWRU\�
WHVWV� H[FHSW� WKH� OHXNRF\WH� HVWHUDVH�
VWULS� WHVW� �S�������� :LWK� UHFHQW�
DQWLELRWLF� WUHDWPHQW�� WKH� VHQVLWLYLW\� RI�
WKH� PRVW� DFFXUDWH� ODE� WHVWV�� LQ�
GHVFHQGLQJ� RUGHU� ZHUH�� (65� �������
OHXNRF\WH� HVWHUDVH� ����� DQG� :%&�
������ 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

XQGHUJRLQJ� MRLQW� UHSODFHPHQW� UHYLVLRQ�
IRXQG� WKDW� WKH� DGPLQLVWUDWLRQ� RI�
SUHPDWXUH� DQWLELRWLFV� FDQ� FRPSURPLVH�
WKH�UHVXOWV�RI�VWDQGDUG�GLDJQRVWLF�WHVWV�
IRU� SHULSURVWKHWLF� MRLQW� LQIHFWLRQ�� ZLWK�
WKH� OHXNRF\WH� HVWHUDVH� WHVW�PRVW� DEOH�
WR�PDLQWDLQ�LWV�GLDJQRVWLF�SHUIRUPDQFH� 

 
6KDKL�� $��� HW� DO�� 7KH� /HXNRF\WH�
(VWHUDVH� 7HVW� IRU� 3HULSURVWKHWLF� -RLQW�
,QIHFWLRQ� LV� 1RW� $IIHFWHG� E\� 3ULRU�
$QWLELRWLF�$GPLQLVWUDWLRQ��-� %RQH� -RLQW�
6XUJ��������$SULO���������������-���� 

 
 


