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0DOQXWULWLRQ� DQG� FRJQLWLYH� GHFOLQH�

DUH� JHULDWULF� V\QGURPHV� DVVRFLDWHG�
ZLWK� DQ� LQFUHDVHG� ULVN� RI� SUHPDWXUH�
PRUWDOLW\� LQ� WKH�HOGHUO\��$V�FRJQLWLYH�
GHWHULRUDWLRQ�RIWHQ�DOWHUV�RUDO� LQWDNH��
WKLV�PHWD-� DQDO\VLV�ZDV� GHVLJQHG� WR�
EHWWHU�XQGHUVWDQG �KRZ�
DFHW\OFKROLQHVWHUDVH� LQKLELWRUV� DIIHFW�
QXWULWLRQDO�VWDWXV� 
7KLV� V\VWHPDWLF� UHYLHZ� DQG� PHWD-

DQDO\VLV� LQFOXGHG� VWXGLHVSXEOLVKHG�
WKURXJK� ���������� 3XE� 0HG� ZDV�
VHDUFKHG� IRU� UDQGRPL]HG�� FRQWUROOHG�
DQG�RSHQ�ODEHO WULDOV LQYROYLQJ�
DFHW\OFKROLQHVWHUDVH� LQKLELWRUV� IRU�
SDWLHQWV�ZLWK� GHPHQWLD� WKDW� UHSRUWHG�
QXWULWLRQDO� VWDWXV� GDWD�� 7KH� SULPDU\�
RXWFRPH� YDULDEOHV� ZHUH� FKDQJHV�
EHWZHHQ� EDVHOLQH� DQG� IROORZ-XS� LQ�
WKH�SDUDPHWHUV�RI�ZHLJKW��ERG\�PDVV�
LQGH[�DQG�QXWULWLRQDO�VWDWXV� 
7KH�ILQDO�DQDO\VLV�LQYROYHG����RSHQ�

ODEHO� WULDOV�� QLQH� UDQGRPL]HG��
FRQWUROOHG� WULDOV�DQG� IRXU� ORQJLWXGLQDO�
VWXGLHV�� LQFOXGLQJ� ������� SDWLHQWV�
ZLWK� GHPHQWLD�� $� VLJQLILFDQW��
FXPXODWLYH� LQFLGHQFH� RI� ZHLJKW� ORVV�
ZDV� QRWHG�� DPRQJ� WKRVH� XVLQJ�
DFHW\OFKROLQHVWHUDVH� LQKLELWRUV� LQ� WKH�
ORQJLWXGLQDO� VWXGLHV� �S����������
6LPLODU� UHVXOWV� ZHUH� IRXQG� LQ� WKH�
RSHQ� ODEHO� DQG� UDQGRPL]HG��
FRQWUROOHG�WULDOV��S��������IRU�ERWK�� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH�

UHYLHZ�DQG�PHWD-DQDO\VLV�IRXQG�WKDW��
DPRQJ� SDWLHQWV� ZLWK� GHPHQWLD�� WKH�
XVH�RI�DFHW\OFKROLQHVWHUDVH�LQKLELWRUV�
LV� DVVRFLDWHG�ZLWK� DQ� LQFUHDVHG� ULVN�
RI�ZHLJKW�ORVV� 

  
6R\VDO�� 3��� HW� DO��
$FHW\OFKROLQHVWHUDVH� ,QKLELWRUV� $UH�
$VVRFLDWHG� ZLWK� :HLJKW� /RVV� LQ�
2OGHU�3HRSOH�ZLWK�'HPHQWLD��D�0HWD-
$QDO\VLV�� -� 1HXURO�� 1HXURVXUJ�
3V\FKLDWU�� ������ 'HFHPEHU�� ����
����-����� 

$&8381&785(�9(5686�,9�
0253+,1(�)25�$&87(�3$,1 

 
:KLOH� DFXSXQFWXUH� KDV� EHHQ�

LQWURGXFHG� WR� D� QXPEHU� RI� KHDOWK�
V\VWHPV� WKURXJKRXW� WKH� ZRUOG�� LWV�
XVH� LQ� WKH� �('�� LV� UDUH�� 7KLV� VWXG\�
HYDOXDWHG� WKH� HIILFDF\� DQG� VDIHW\� RI�
DFXSXQFWXUH� FRPSDUHG� ZLWK� WKDW� RI�
PRUSKLQH�IRU�DGXOWV�SUHVHQWLQJ�WR�WKH�
('�ZLWK�DFXWH�SDLQ� 
7KLV�SURVSHFWLYH��UDQGRPL]HG��QRQ-

EOLQGHG� WULDO� LQFOXGHG� DGXOW� SDWLHQWV�
SUHVHQWLQJ� WR� WKH� ('�RI� D� XQLYHUVLW\�
KRVSLWDO� LQ� 7XQLVLD� ZLWK� DFXWH� SDLQ�
V\QGURPHV�� $OO� SDWLHQWV� UHSRUWHG� D�
SDLQ�LQWHQVLW\�RI�DW�OHDVW����RQ�D����-
SRLQW�YLVXDO�DQDORJXH�VFDOH��9$6���,Q�
WKH� JURXS� UDQGRPL]HG� WR� UHFHLYH�
DFXSXQFWXUH��Q ������SURWRFROV�ZHUH�
VHOHFWHG� IURP� D� SRRO� RI�
SUHGHWHUPLQHG� DFXSXQFWXUH� SRLQWV�
IRU� HDFK� FRQGLWLRQ�� 7KRVH�
UDQGRPL]HG� WR� WKH� PRUSKLQH� JURXS�
�Q ����� UHFHLYHG� ,9� PRUSKLQH��
WLWUDWHG�IURP�DQ�LQLWLDO�GRVH�RI�����PJ�
SHU� NLORJUDP��DGGLQJ�D�GRVH�RI� �����
PJ� SHU� NLORJUDP�HYHU\� ILYH�PLQXWHV��
XQWLO�UHDFKLQJ�VXIILFLHQW�SDLQ�UHOLHI��WR�
D� PD[LPXP� RI� ��� PJ�� 7KH� SULPDU\�
RXWFRPH�PHDVXUH�ZDV�SDLQ� VHYHULW\�
DW� EDVHOLQH� DQG� ILYH�� ���� ���� ����
���DQG����PLQXWHV� 
6XFFHVV��GHILQHG�DV�D��UHGXFWLRQ�RI�

DW� OHDVW� ���� LQ� SDLQ� VHYHULW\� IURP�
EDVHOLQH��ZDV�DFKLHYHG�LQ�����RI�WKH�
DFXSXQFWXUH� JURXS� DQG� ���� RI� WKH�
PRUSKLQH� JURXS� �S�������� 3DLQ�
UHVROXWLRQ�WLPH�DYHUDJHG����PLQXWHV�
LQ� WKH� DFXSXQFWXUH� JURXS� DQG� ���
PLQXWHV� LQ� WKH� PRUSKLQH� JURXS�
�S��������0LQRU�DGYHUVH�HYHQWV�ZHUH�
H[SHULHQFHG�E\�������RI�WKRVH�LQ�WKH�
PRUSKLQH� JURXS� DQG� ����� LQ� WKH�
DFXSXQFWXUH�JURXS� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG�

WULDO�RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�
SDLQ� LQ� WKH� HPHUJHQF\� GHSDUWPHQW�
IRXQG�WKDW�DFXSXQFWXUH�FRXOG�SURYLGH�
EHWWHU� DQG� TXLFNHU� UHOLHI� WKDQ� FRXOG�
,9�PRUSKLQH� 

 

*ULVVD��0���HW�DO��$FXSXQFWXUH�YHUVXV�
,QWUDYHQRXV�0RUSKLQH LQ� WKH�
0DQDJHPHQW� RI� $FXWH� 3DLQ� LQ� WKH�
(�'�� $P� -� (PHUJ� 0HG�� ������
1RYHPEHU���������������-����� 

 
 

&,*$5(77(�602.,1*�$1'�
&8%,7$/�7811(/�6<1'520( 
 
6WXGLHV� KDYH� GHPRQVWUDWHG� WKDW�

JHQGHU�� DJH�� ERG\� PDVV� LQGH[� DQG�
ZRUNHUV¶� FRPSHQVDWLRQ� VWDWXV�
FRQWULEXWH� WR� WKH� GHYHORSPHQW� RI�
FXELWDO�WXQQHO�V\QGURPH��&XE76���$V�
FRQIOLFWLQJ� UHVXOWV� KDYH� EHHQ� IRXQG�
IRU� WKH�DVVRFLDWLRQ�EHWZHHQ� WREDFFR�
DEXVH� DQG� &XE76�� WKLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKLV�
UHODWLRQVKLS� 
6XEMHFWV�LQFOXGHG�����SDWLHQWV�ZLWK�

&XE76� ZKR� XQGHUZHQW� VXUJLFDO�
UHSDLU�� FRPSDUHG� ZLWK� ����
LQGLYLGXDOV� ZKR� XQGHUZHQW� VXUJLFDO�
FRUUHFWLRQ� IRU� XOQDU� DEXWPHQW�
V\QGURPH� �8$6��� 7KH� ODWWHU� ZHUH�
FKRVHQ��DV�WKH�SDWKRJHQHVLV�RI�8$6�
KDV� QRW� EHHQ� VKRZQ� WR� EH�
DVVRFLDWHG� ZLWK� FLJDUHWWH� VPRNLQJ��
6PRNLQJ� KLVWRU\� ZDV� DVVHVVHG� E\�
SDWLHQW� VHOI-UHSRUW�� ZLWK� VXEMHFWV�
FODVVLILHG� DV� FXUUHQW� VPRNHUV�� SDVW�
VPRNHUV�RU�QHYHU�VPRNHUV� 
$�VLJQLILFDQWO\�JUHDWHU�SURSRUWLRQ�RI�

WKH� FRQWUROV� KDG� QHYHU� VPRNHG�
FLJDUHWWHV� �S��������� ZKLOH� D�
VLJQLILFDQWO\� JUHDWHU� SURSRUWLRQ� RI�
SDWLHQWV� ZLWK� &XE76� ZHUH� SDVW�
VPRNHUV� �S �������� 7KHUH� ZDV� QR�
GLIIHUHQFH�EHWZHHQ�JURXSV�LQ�FXUUHQW�
VPRNHUV�� 7KHUH� ZDV� D� GRVH�
GHSHQGHQW�DVVRFLDWLRQ�EHWZHHQ�SDFN�
\HDUV�VPRNHG�DQG�WKH�RGGV�UDWLR� IRU�
&XE76�� UDQJLQJ� IURP� ���� DPRQJ�
WKRVH�ZLWK��-���SDFN�\HDUV� WR�������
DPRQJ�WKRVH�ZLWK�PRUH�WKDQ����SDFN�
\HDUV� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� VXJJHVWV� DQ� DVVRFLDWLRQ�
EHWZHHQ� FXELWDO� WXQQHO� V\QGURPH�
DQG�D�KLVWRU\�RI�FLJDUHWWH�VPRNLQJ� 

 
 

9ROXPH�����1XPEHU�� -DQXDU\�������� 
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6X]XNL��7���HW�DO��&LJDUHWWH�6PRNLQJ�,V�
$VVRFLDWHG� ZLWK� &XELWDO� 7XQQHO�
6\QGURPH�� 0XVFOH� 1HUYH�� ������
'HFHPEHU�������������-����� 

 
 
',85(7,&�86(�$1'�7+(�5,6.�2)�

9(57(%5$/�)5$&785(6 
 
,W� KDV� EHHQ� HVWLPDWHG� WKDW� ���� RI�

SRVWPHQRSDXVDO�ZRPHQ�LQ�WKH�8QLWHG�
6WDWHV�ZLOO�VXVWDLQ�D�YHUWHEUDO�IUDFWXUH��
ZLWK� WKH� SUHYDOHQFH� LQFUHDVLQJ� ZLWK�
DGYDQFLQJ�DJH��$PRQJ�ROGHU�DGXOWV�LQ�
WKH� 8QLWHG� 6WDWHV��
K\GURFKORURWKLD]LGH�� D� GLXUHWLF�� LV� WKH�
VHFRQG� PRVW� FRPPRQO\� XVHG�
SUHVFULSWLRQ�RU�RYHU-�WKH-FRXQWHU�GUXJ��
7KLD]LGHV� KDYH� EHHQ� VKRZQ� WR�
GHFUHDVH� XULQDU\� FDOFLXP� H[FUHWLRQ��
LPSURYH� FDOFLXP� EDODQFH�� EXW� FDQ�
DOVR�FDXVH�K\SRQDWUHPLD�� D�FRQGLWLRQ�
DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI�
IUDFWXUHV�� /RRS� GLXUHWLFV� LQFUHDVH�
XULQDU\� FDOFLXP� H[FUHWLRQ� DQG� ORZHU�
ERQH�PLQHUDO�GHQVLW\��EXW�UDUHO\�FDXVH�
K\SRQDWUHPLD�� 7KLV� SURVSHFWLYH� VWXG\�
FRPSDUHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
WKLD]LGH� DQG� ORRS� GLXUHWLF� XVH� DQG�
YHUWHEUDO�IUDFWXUHV� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

1XUVHV¶� +HDOWK� 6WXG\�� DQ� RQJRLQJ��
SURVSHFWLYH�� FRKRUW� VWXG\� EHJXQ� LQ�
������ DQG� HQUROOLQJ� �������� IHPDOH�
UHJLVWHUHG� QXUVHV�� ��� WR� ��� \HDUV� RI�
DJH�� 'DWD� IURP� WKLV� VWXG\� LQFOXGHG�
������� ZRPHQ� ZKR� FRPSOHWHG� ERWK�
WKH� ����� TXHVWLRQQDLUH� LQFOXGLQJ�
TXHVWLRQV� RI� GLXUHWLF� XVH�� DQG� WKH�
����� TXHVWLRQQDLUH� ZKLFK� LQFOXGHG�
TXHVWLRQV� DERXW� YHUWHEUDO� IUDFWXUHV��

 

3RWHQWLDO�FRQIRXQGHUV�IRU�IUDFWXUH�ULVN�
ZHUH�DOVR�UHFRUGHG� 
'XULQJ� �������� SHUVRQ-\HDUV� RI�

IROORZ-XS�� WKHUH� ZHUH� ���� FRQILUPHG�
FDVHV�RI�LQFLGHQW�YHUWHEUDO�IUDFWXUH��,Q�
WKH� PXOWLYDULDEOH-DGMXVWHG� DQDO\VLV��
WKLD]LGH� GLXUHWLF� DV� ZHOO� DV� ORRS�
GLXUHWLF� XVH� ZHUH� ERWK� DVVRFLDWHG�
ZLWK� D� VLJQLILFDQWO\� LQFUHDVHG� ULVN� RI�
YHUWHEUDO� IUDFWXUH� �UHODWLYH� ULVN� �����
DQG� ������ UHVSHFWLYHO\�� FRPSDUHG� WR�
QRQXVHUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� ERWK� WKLD]LGH� GLXUHWLFV� DQG� ORRS�
GLXUHWLFV� DUH� LQGHSHQGHQWO\�
DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI�
YHUWHEUDO�IUDFWXUH�LQ�ZRPHQ� 

 
3DLN�� -��� HW� DO��'LXUHWLF�8VH� DQG�5LVN�
RI�9HUWHEUDO�)UDFWXUH�LQ�:RPHQ��$P�-�
0HG��������'HFHPEHU���������� 
����-����� 

 
+(/0(7�86(�$1'�7+(�5,6.� 

2)�+($'�,1-85<�,1�
612:%2$5'(56�$1'�$/3,1(�

6.,(56 
 
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW�KHOPHW�XVH�FDQ�UHGXFH�WKH�ULVN�RI�
KHDG� LQMXU\� IRU� $OSLQH� VNLHUV� DQG�
VQRZERDUGHUV�� $FFRUGLQJ� WR� WKH�
1DWLRQDO� 6NL� $UHDV� $VVRFLDWLRQ�
1DWLRQDO�'HPRJUDSKLFV�6WXG\��KHOPHW 
� 
XVH� KDV� LQFUHDVHG� IURP� ���� LQ�

����� WR� ���� LQ� ������ 7KLV� VWXG\�
H[DPLQHG� WKH�HIIHFW�RI� WKLV�FKDQJH� LQ�
EHKDYLRU�RQ�WKH�ULVN�RI�KHDG�LQMXU\� 
6L[� VNL� SDWUROV� DW� PDMRU� 1RUZHJLDQ�

VNL� UHVRUWV� UHJLVWHUHG� LQMXULHV� GXULQJ�
WKH� ������ ����� DQG� ����� VHDVRQV��
7KRVH�ZLWK� LQMXULHV� WR� WKH� KHDG�ZHUH�
FRPSDUHG� WR� WKRVH� ZLWK� LQMXULHV� WR�
DUHDV� RWKHU� WKDQ� WKH� KHDG�� 7KH� GDWD�
ZHUH�FRPSDUHG�E\�\HDU�FROOHFWHG� 
,Q� ������ ������ RI� WKH� LQMXULHV�

DPRQJ� VNLHUV� ZHUH� LQMXULHV� WR� WKH�
KHDG�� ,Q� ������ WKLV� SHUFHQWDJH� ZDV�
������� ZKLOH� LQ� ������ LW� ZDV� �������
'XULQJ� WKH�VDPH�GHFDGH��KHOPHW�XVH�
LQFUHDVHG� DPRQJ� LQMXUHG� VNLHUV� DQG�
VQRZERDUGHUV��IURP�������LQ������ 
WR� ������ LQ� ������ DQG� ������ LQ�

������ +HDG� LQMXULHV� ZHUH� OHVV�
FRPPRQ� DPRQJ� WKRVH� ZHDULQJ� D�
KHOPHW� WKDQ� DPRQJ� WKRVH� ZKR� GLG�
QRW��ZLWK�RGGV�UDWLRV�RI�������LQ�������
�����LQ������DQG�����LQ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� LQMXULHV�

DPRQJ� VNLHUV� DQG� VQRZERDUGHUV�
IRXQG� WKDW� WKH� XVH� RI� KHOPHWV� KDV�
LQFUHDVHG� GUDPDWLFDOO\� RYHU� WKH� SDVW�
���\HDUV��ZLWK�D�VLJQLILFDQWO\� UHGXFHG�
ULVN� RI� KHDG� LQMXU\� DPRQJ� WKRVH�
ZHDULQJ�KHOPHWV� 

 
6XOKHLP�� 6��� HW� DO�� +HOPHW� 8VH� DQG�
WKH� 5LVN� RI� +HDG� ,QMXULHV� LQ� $OSLQH�
6NLHUV� DQG� 6QRZERDUGHUV�� &KDQJHV�
DIWHU�DQ�,QWHUYDO�RI�2QH�'HFDGH��%U�-�
6SRUWV�0HG��������-DQXDU\�������� 
��-��� 

 
(3,'85$/�67(52,'6�$1'�
%21(�0,1(5$/�'(16,7< 

 
/XPEDU� HSLGXUDO� VWHURLG� LQMHFWLRQV�

�(6,�� DUH� ZLGHO\� XVHG� WR� WUHDW� EDFN�
SDLQ�� 3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� JOXFRFRUWLFRLGV�
KDYH� PXOWLSOH� VLGH� HIIHFWV�� LQFOXGLQJ�
JOXFRFRUWLFRLG-LQGXFHG� RVWHRSRURVLV��
7KLV� VWXG\� DVVHVVHG� WKH� UHODWLRQVKLS�
EHWZHHQ� (6,V� DQG� FKDQJHV� LQ� ERQH�
PLQHUDO� GHQVLW\� �%0'�� LQ�
SRVWPHQRSDXVDO� ZRPHQ� ZLWK� ORZ�
EDFN�SDLQ��/%3�� 
7KLV� UHWURVSHFWLYH�DQDO\VLV� LQFOXGHG�

���� SRVWPHQRSDXVDO� SDWLHQWV� ZKR�
XQGHUZHQW� (6,� IRU� WKH� WUHDWPHQW� RI�
/%3��ZKR�KDG�UHFHLYHG�GXDO-HQHUJ\�[
-UD\� DEVRUSWLRPHWU\� �'(;$�� VFDQV�
EHIRUH� DQG� DIWHU� WUHDWPHQW�� %RG\�
PDVV�LQGH[�ZDV�FDOFXODWHG�ZLWK�%0'�
GHWHUPLQHG� XVLQJ� '(;$�� 2I� WKRVH�
LQFOXGHG�� JURXS� RQH� FRPSULVHG� ���
SDWLHQWV�ZKR�UHFHLYHG LQMHFWLRQV�
ZLWK� GH[DPHWKDVRQH� ZKLOH� WDNLQJ� DQ�
DQWL-� RVWHRSRURWLF� PHGLFDWLRQ�� ZKLOH�
JURXS�WZR�FRPSULVHG����SDWLHQWV�ZKR�
XQGHUZHQW� WKHVH� LQMHFWLRQV� ZKLOH� QRW�
WDNLQJ� DQ� DQWL-RVWHRSRURWLF�
PHGLFDWLRQ� 
7KH� PHDQ� FKDQJHV� EHWZHHQ�

EDVHOLQH� DQG� SRVW-WUHDWPHQW� %0'� LQ�
JURXS�RQH�ZHUH������� LQ� WKH� OXPEDU�
VSLQH�DQG�������LQ�WKH�IHPRUDO�QHFN��
������ LQ� WKH� IHPRUDO� WURFKDQWHU� DQG�
������LQ�WKH�WRWDO�IHPRUDO�UHJLRQ��ZLWK�
QRQH� UHDFKLQJ�VWDWLVWLFDO� VLJQLILFDQFH��
7KH� PHDQ� FKDQJHV� LQ� JURXS� WZR��
ZHUH� ������ LQ� WKH� OXPEDU� VSLQH�� -�
������LQ�WKH�IHPRUDO�QHFN� �S ��������
-����� LQ� WKH� IHPRUDO� WURFKDQWHU�
�S ������� DQG� -������ LQ� WKH� WRWDO�
IHPRUDO�UHJLRQ��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SRVWPHQRSDXVDO� ZRPHQ� XQGHUJRLQJ�
HSLGXUDO� VWHURLG� LQMHFWLRQV� IRXQG� WKDW�
WKHVH� LQMHFWLRQV� DUH� DVVRFLDWHG� ZLWK�
ZRUVHQLQJ�RVWHRSRURVLV��DQ�HIIHFW�WKDW�
VHHPV� PLWLJDWHG� E\� WKH� XVH� RI� DQWL-
RVWHRSRURWLF�PHGLFDWLRQ� 
.LP�� <��� HW� DO�� (IIHFW� RI� (SLGXUDO�
6WHURLG� ,QMHFWLRQ� RQ� %RQH� 0LQHUDO�
'HQVLW\� LQ� 3RVWPHQRSDXVDO� :RPHQ�
$FFRUGLQJ� WR� $QWL-2VWHRSRURWLF�
0HGLFDWLRQ� 8VH�� 3DLQ� 3K\VLFLDQ��
������-XO\�$XJXVW�������������-���� 

 
 



 

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

)5$&785(�+($/,1*�$1'�
267(232527,&�'58*6 

 
7KH� WZR� PDMRU� FDWHJRULHV� RI�

SKDUPDFRORJLF� WUHDWPHQW� IRU�
RVWHRSRURVLV� DUH� DQWLUHVRUSWLYH� DQG�
ERQH� DQDEROLF� PHGLFDWLRQV��
7HULSHUDWLGH� LV� WKH� RQO\� FXUUHQWO\�
DSSURYHG� DQDEROLF� PHGLFDWLRQ� IRU� WKH�
WUHDWPHQW� RI� RVWHRSRURVLV�� 7KLV� VWXG\�
FRPSDUHG� WKH� HIIHFWV� RI� WKLV�
PHGLFDWLRQ� ZLWK� WKDW� RI� D�
ELVSKRVSKRQDWH�� ULVRQGURQDWH�� RQ� WKH�
IXQFWLRQDO� DQG� UDGLRJUDSKLF� RXWFRPHV�
DIWHU�D�KLS�IUDFWXUH� 
7KLV�PXOWLQDWLRQDO��UDQGRPL]HG�DFWLYH�

FRQWUROOHG� WULDO� LQFOXGHG� SDWLHQWV� ZLWK�
SHULWURFKDQWHULF�KLS�IUDFWXUHV�DQG�ERQH�
PLQHUDO� GHQVLW\� 7-� VFRUHV� RI� -���� RU�
OHVV�� DQG� ��-2+-� YLWDPLQ� '� OHYHOV� RI�
����QJ�P/�RU�JUHDWHU� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
WHULSHUDWLGH� ���J� SHU� GD\�
VXEFXWDQHRXVO\��RU�ULVRQGURQDWH����PJ�
SHU� ZHHN�� $W� VFUHHQLQJ�� ERWK� JURXSV�
EHJDQ� RUDO� VXSSOHPHQWV� � RI� � FDOFLXP��
DQG� YLWDPLQ� '� DQG� GLVFRQWLQXHG� DQ\�
RQJRLQJ� RVWHRSRURWLF� GUXJV�� 3DWLHQWV�
ZHUH� DVVHVVHG� IRU� IXQFWLRQDO� PRELOLW\�
DW� VL[�� ���� ��� DQG� ��� ZHHNV�� ZLWK�
RXWFRPH�PHDVXUHV� LQFOXGLQJ� WKH�6)�–�
��� VXUYH\�� 7LPHG� XS� DQG� *R� �78*��
WHVW��D�YLVXDO�DQDORJXH�SDLQ�VFDOH�� WKH�
PRGLILHG� &KDUQOH\� KLS� SDLQ� VFRUH�� DV�
ZHOO�DV�WKH�DELOLW\�WR�ZDON� 
2I� WKH� SDWLHQWV� UDQGRPL]HG�� ����

FRQWULEXWHG� WR� WKH� HIILFDF\� DQDO\VLV��
7KH�WLPH�UHTXLUHG�WR�FRPSOHWH�WKH�78*�
WHVW� ZDV� VKRUWHU� LQ� WKH� WHULSHUDWLGH�
JURXS� FRPSDUHG�ZLWK� WKH� ULVRQGURQDWH�
JURXS� DW� VL[�� ���� ���� DQG� ��� ZHHNV�
�S ������ IRU� WKH� RYHUDOO� EHWZHHQ-
WUHDWPHQW� HIIHFW��� 7KH� VHOI-� UHSRUWHG�
SDLQ� ZDV� UHGXFHG� PRUH� LQ� WKH�
WHULSHUDWLGH� JURXS� WKDQ� WKH�
ULVRQGURQDWH� JURXS� �S �������� 7KHUH�
ZDV� QR� GLIIHUHQFH� EHWZHHQ� JURXSV� LQ�
WKH� GRPDLQV� RI� WKH� 6)� –� ����
UDGLRJUDSKLF� KHDOLQJ�� RU� WKH� DELOLW\� WR�
ZDON�DW����ZHHNV� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

UDQGRPL]HG� WULDO� RI� SDWLHQWV� ZLWK�
SHULWURFKDQWHULF� KLS� IUDFWXUHV� IRXQG�
WKDW� WHULSHUDWLGH� WUHDWPHQW� DIWHU�
IUDFWXUH� LV� DVVRFLDWHG� ZLWK� EHWWHU�
IXQFWLRQDO� RXWFRPH� FRPSDUHG� ZLWK�
ULVRQGURQDWH� 

 
$VSHQEHUJ�� 3� HW� DO�� (IIHFWV� RI�
7HULSHUDWLGH� &RPSDUHG� ZLWK�
5LVRQGURQDWH� RQ� 5HFRYHU\� DIWHU�
3HULWURFKDQWHULF� +LS� )UDFWXUH�� 5HVXOWV�
RI� D� 5DQGRPL]HG�� $FWLYH� &RQWURO��
'RXEOH-%OLQG� &OLQLFDO� 7ULDO� DW� ���
:HHNV��-� %RQH� -RLQW� 6XUJ� $P�� ������

1RY������������������–������� 
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$V� %� FHOOV� DUH� WKRXJKW� WR� LQIOXHQFH�

WKH� SDWKRJHQHVLV� RI� PXOWLSOH� VFOHURVLV�
�06��� WKURXJK� DQWLJHQ� SUHVHQWDWLRQ��
DXWR� DQWLERG\� SURGXFWLRQ� RU� F\WRNLQH�
VHFUHWLRQ�� D� QXPEHU� RI� WUHDWPHQW�
RSWLRQV� KDYH� IRFXVHG� RQ�PDQLSXODWLQJ�
WKH� IXQFWLRQ� RI� %� FHOOV�� 7KLV� VWXG\�
H[SORUHG� WKH� HIILFDF\� DQG� VDIHW\� RI�
2FUHOL]XPDE��D�KXPDQL]HG�PRQRFORQDO�
DQWLERG\� WKDW� VHOHFWLYHO\� GHSOHWHV�
&'��-H[SUHVVLQJ�%�FHOOV� 
6XEMHFWV�ZHUH����WR����\HDUV�RI�DJH�

ZLWK� D� GLDJQRVLV� RI� SULPDU\��
SURJUHVVLYH� 06�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� 2FUHOL]XPDE��
����PJ�HYHU\����ZHHNV��RU�D�SODFHER�
IRU� D� PLQLPXP� RI� ILYH� GRVHV� �����
ZHHNV��� $OO� SDWLHQWV� UHFHLYHG� ,9�
PHWK\OSUHGQLVRORQH� DW� ���� PJ� EHIRUH�
LQIXVLRQ� 
7KH� SULPDU\� HQGSRLQW� ZDV� WKH�

SHUFHQWDJH� RI� SDWLHQWV� ZLWK� GLVDELOLW\�
SURJUHVVLRQ�� XVLQJ� WKH� ([SDQGHG�
'LVDELOLW\� 6WDWXV� 6FDOH� �('66���
6HFRQGDU\�HQGSRLQWV� LQFOXGHG�FKDQJH�
IURP� EDVHOLQH� WR� ZHHN� ���� LQ�
SHUIRUPDQFH�RQ�WKH�WLPHG���-IRRW�ZDON��
FKDQJH� LQ� WKH� WRWDO� YROXPH� RI� EUDLQ�
OHVLRQV�RQ�7�-ZHLJKWHG�05,��FKDQJH�LQ�
WKH� 3K\VLFDO� &RPSRQHQW� 6XPPDU\�
VFRUH� RI� WKH�0HGLFDO�2XWFRPHV�6WXG\�
��-,WHP�6KRUW-)RUP�+HDOWK�6XUYH\��6)
-����� 9HUVLRQ� ��� DQG� FKDQJH� LQ� EUDLQ�
YROXPH�IURP�ZHHN����WR�ZHHN����� 
7KH�SHUFHQWDJHV�RI�SDWLHQWV�ZLWK���-

ZHHN� FRQILUPHG� GLVDELOLW\� SURJUHVVLRQ�
ZHUH�������LQ�WKH�WUHDWPHQW�JURXS�DQG�
������ LQ� WKH� SODFHER� JURXS� �S �������
6LJQLILFDQW� LPSURYHPHQW� ZDV� QRWHG� LQ�
WKH� WUHDWPHQW�JURXS�DV�FRPSDUHG�ZLWK�
WKH�SODFHER�JURXS�RQ�WKH�WLPHG����IRRW�
ZDON� �S ������� ZLWK� QR� GLIIHUHQFH�
EHWZHHQ�JURXSV�RQ�WKH�6)-���3K\VLFDO�
&RPSRQHQW� VFRUH� �S ������ 7KH� WRWDO�
YROXPH�RI� K\SHULQWHQVH� OHVLRQV�RQ�7�-
ZHLJKWHG� LPDJHV� GHFUHDVHG� LQ� WKH�
WUHDWPHQW� JURXS� DQG� LQFUHDVHG� LQ� WKH�
SODFHER�JURXS��S�������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� SULPDU\� SURJUHVVLYH� PXOWLSOH�
VFOHURVLV� IRXQG� WKDW� 2FUHOL]XPDE� LV�
DVVRFLDWHG� ZLWK� ORZHU� UDWHV� RI� FOLQLFDO�
DQG�05,�SURJUHVVLRQ� 

 
0RQWDOEDQ�� ;��� HW� DO�� 2FUHOL]XPDE�
YHUVXV�3ODFHER�LQ�3ULPDU\�3URJUHVVLYH�
0XOWLSOH� 6FOHURVLV�� 1� (QJO� -� 0HG��
������'2,�����������1(-0RD�������� 
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2SLDWHV� DUH� WKH� FXUUHQW� PDLQVWD\� RI�

VHYHUH�SDLQ�UHOLHI��.HWDPLQH��DQ�10'$
-DQWDJRQLVW�� KDV� EHHQ� VWXGLHG� IRU� LWV�
HIILFDF\� LQ� DQDOJHVLD� DQG� DQHVWKHVLD��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� HIILFDF\� DQG� VDIHW\� RI�
LQWUDQDVDO� �,1��NHWDPLQH� IRU�XVH� LQ� WKH�
HPHUJHQF\�GHSDUWPHQW� 
7KLV� VLQJOH� FHQWHU�� UDQGRPL]HG��

SURVSHFWLYH�� FOLQLFDO� WULDO� UHFUXLWHG�
SDWLHQWV� DJHV� ��� WR� ��� \HDUV�
SUHVHQWLQJ� WR� WKH�(5�ZLWK�RUWKRSDHGLF�
SDLQ� UDWHG� DV� !� ������� RQ� D� YLVXDO�
DQDORJXH� VFDOH� �9$6��� (OLJLEOH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
,1� NHWDPLQH� ��PJ�NJ��� ,0� PRUSKLQH�
������PJ�NJ��,0���RU��,9��PRUSKLQH������
PJ�NJ��LQ�D�������UDWLR��9LWDO�VLJQV�DQG�
9$6�PHDVXUHPHQWV� ZHUH� UHFRUGHG� DW�
ILYH� PLQXWH� LQWHUYDOV�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH�
HIIHFWLYHQHVV� RI� WKH� GUXJ� LQ� UHGXFLQJ�
SDLQ� � LQWHQVLW\�� � 7KH� � � ³WLPH� � � WR���
RQVHW´� �772��ZDV� GHILQHG�DV� WKH� WLPH�
XQWLO�WKH�SDWLHQW�UHDFKHG�D����PP�9$6�
SDLQ�VFRUH�UHGXFWLRQ� 
,Q�WKH����SDWLHQWV�UHFUXLWHG��WKH�772������

IRU� � � � � � ,1� � � � � �NHWDPLQH� � � � � �ZDV�������
PLQXWHV�� � IRU� � ,9� � PRUSKLQH� � ZDV� ����
PLQXWHV� �S ������DQG� IRU� ,0�PRUSKLQH�
ZDV� ��� PLQXWHV� �Sௗ ௗ�������� 7KH�
PD[LPDO�9$6�SDLQ�VFRUH�UHGXFWLRQ�ZDV�
���PP����� �PP� �DQG����PP�SDLQ� IRU�
WKH� ,1� NHWDPLQH�� ,9�PRUSKLQH� DQG� ,0�
PRUSKLQH�JURXSV�UHVSHFWLYHO\��Sௗ ௗ������
7KH� WLPH� WR� PD[LPXP� SDLQ� UHGXFWLRQ�
ZDV����� PLQXWHV IRU ,1�
NHWDPLQH�� ����� � PLQXWHV� � IRU� � ,9��
PRUSKLQH�� � DQG� ����� PLQXWHV� IRU� ,0�
PRUSKLQH� �VLJQLILFDQW� DW� Sௗ ௗ������
FRPSDULQJ� ,0� DQG� ,9� PRUSKLQH��� 1R�
VLJQLILFDQW� GLIIHUHQFH� ZDV� VHHQ�
EHWZHHQ�JURXSV�LQ�SDWLHQW�VDWLVIDFWLRQ� 
&RQFOXVLRQ��7KLV�HPHUJHQF\�URRP�

VWXG\� RI� SDWLHQWV� ZLWK� PRGHUDWH� WR�
VHYHUH� RUWKRSHGLF� SDLQ� IRXQG� WKDW�
LQWUDQDVDO� NHWDPLQH� PD\� KDYH� VLPLODU�
HIILFDF\�DV�,0�RU�,9�PRUSKLQH� 

 
6KLPRQRYLFK�� 6��� HW� DO�� ,QWUDQDVDO�
.HWDPLQH� IRU� $FXWH� 7UDXPDWLF� 3DLQ� LQ�
WKH� (PHUJHQF\� 'HSDUWPHQW�� $�
3URVSHFWLYH�� 5DQGRPL]HG�� &OLQLFDO�
7ULDO� RI� (IILFDF\� DQG� 6DIHW\�� %0&�
(PHUJ�0HG��������1RYHPEHU�������� 
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0XVFOH� VRUHQHVV� DIWHU� H[HUFLVH� LV�



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

 

FRPPRQ��DQG�FDQ�UHGXFH�WKH�DELOLW\�
WR� SHUIRUP� LQ� WKH� GD\V� IROORZLQJ��
:KLOH� FROG� LV� WKH� PRVW� FRPPRQO\�
UHFRPPHQGHG� PRGDOLW\� DIWHU�
H[HUFLVH�� ERWK� KHDW� DQG� FROG� KDYH�
EHHQ� SUHVFULEHG�� 7KLV� VWXG\�
DVVHVVHG� WKH� HIIHFW� RI� VXVWDLQHG�
KHDW� WUHDWPHQW� RQ� ERWK� REMHFWLYH�
DQG�VXEMHFWLYH�PHDVXUHV�RI�GHOD\HG
-RQVHW�PXVFOH�VRUHQHVV��'206�� 
7KH����VXEMHFWV�ZHUH�UDQGRPL]HG�

WR� RQH� RI� WKUHH� JURXSV�� LQFOXGLQJ�
KHDW� ZUDSV� DSSOLHG� LPPHGLDWHO\�
DIWHU�H[HUFLVH��JURXS�����KHDW�ZUDSV�
DSSOLHG� ��� KRXUV� DIWHU� H[HUFLVH�
�JURXS� ��� RU� D� FRQWURO�� 7R� SURYRNH�
'206�� VXEMHFWV� ZHUH� HQJDJHG� LQ�
VTXDWWLQJ� H[HUFLVHV� IRU� ��� PLQXWHV��
3DWLHQWV�ZHUH�DVVHVVHG� IRU� PXVFOH�
VRUHQHVV� ZLWK� D� YLVXDO� DQDORJXH�
�9$6��VFDOH�� IRU�VWUHQJWK�DQG�UDQJH�
RI� PRWLRQ�� DQG� IRU� FKDQJHV� LQ�
SODVPD�ELRPDUNHU�PHDVXUHPHQWV�DW�
EDVHOLQH� DQG� ��� KRXUV� DIWHU�
H[HUFLVH�� +HDW� WKHUDS\�ZDV� DSSOLHG�
E\�SODFLQJ�D�7KHUPD&DUH�KHDW�ZUDS�
RQ�HDFK�OHJ�RYHU�WKH�TXDGULFHSV�IRU�
HLJKW�KRXUV� 
$W� ��� KRXUV� SRVW-H[HUFLVH�� WKH�

FRQWURO�JURXS�GHPRQVWUDWHG�D�������
ORVV� RI� PXVFOH� VWUHQJWK� DV�
FRPSDUHG�ZLWK�EDVHOLQH��ZLWK�JURXS�
�� GHPRQVWUDWLQJ� VLPLODU� UHVXOWV�� ,Q�
JURXS� ��� QR� VLJQLILFDQW� UHGXFWLRQ� LQ�
VWUHQJWK� ZDV� QRWHG� RQ� DQ\� SRVW-�
H[HUFLVH� GD\�� $Q� LQFUHDVH� LQ� SDLQ�
ZDV�IRXQG�DIWHU�H[HUFLVH�IRU�DOO�WKUHH�
JURXSV�� SHDNLQJ� E\� SRVW-H[HUFLVH�
GD\� WZR��6LJQLILFDQWO\� OHVV�SDLQ�ZDV�
QRWHG� E\� JURXS� �� RQ� WKH� ILUVW� DQG�
VHFRQG� GD\V� DIWHU� H[HUFLVH�
�S��������� EXW� QRW� GD\� WKUHH��
*UHDWHU� SDLQ-IUHH� SDVVLYH� UDQJH� RI�
PRWLRQ�ZDV�QRWHG�LQ�JURXS���WKDQ�LQ�
WKH�RWKHU�WZR�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� DIWHU� LQWHQVH� H[HUFLVH��
LPPHGLDWH�� ORZ� OHYHO� KHDW� ZUDSV�
DSSOLHG� IRU� HLJKW� KRXUV� FDQ� UHGXFH�
GHOD\HG-RQVHW�PXVFOH�VRUHQHVV�DQG�
SRVW-H[HUFLVH�VWUHQJWK�UHGXFWLRQV� 

 
3HWURIVN\�� -��� HW� DO�� 7KH� (IILFDF\� RI�
6XVWDLQHG� +HDW� 7UHDWPHQW� RQ�
'HOD\HG-2QVHW� 0XVFOH� 6RUHQHVV��
&OLQ� -� 6SRUWV� 0HG�� ������ '2,��
��������-60������������������ 
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0\DVWKHQLD� JUDYLV� �0*�� LV� D�

QHXURPXVFXODU� GLVHDVH� ZLWK�
ZHDNQHVV� DV� D� FDUGLQDO� V\PSWRP��
/LWWOH� UHVHDUFK� H[LVWV� FRQFHUQLQJ�

DHURELF� RU� PXVFXODU� UHVLVWDQFH�
WUDLQLQJ� LQ� SDWLHQWV� ZLWK� 0*�� 7KLV�
VWXG\� H[DPLQHG� WKH� HIIHFWV� RI�
H[HUFLVH�LQ�WKLV�SRSXODWLRQ� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV�GLDJQRVHG�ZLWK�FKURQLF�0*��
UHFUXLWHG� IURP� WKUHH� RXWSDWLHQW�
QHXURORJ\� FOLQLFV� LQ� 6ZHGHQ�� 7KH�
SDUWLFLSDQWV� XQGHUZHQW� VXSHUYLVHG�
H[HUFLVH� VHVVLRQV� ODVWLQJ� ���
PLQXWHV� DQG� FRQVLVWLQJ� RI� DHURELF��
UHVLVWDQFH�DQG�EDODQFH� WUDLQLQJ� WZR�
WLPHV� SHU� ZHHN� IRU� ��� ZHHNV�� 7KH�
SDWLHQWV� ZHUH� DVVHVVHG� EHIRUH� DQG�
DIWHU� WUDLQLQJ� ZLWK� QHUYH� FRQGXFWLRQ�
VWXGLHV�� VWUHQJWK� DQG� SHUIRUPDQFH�
PHDVXUHV� DQG� ZLWK� EORRG� WHVWV� RI�
VHUXP� IRU� VHUXP� VSHFLILF�
PLFUR51$V�� LQWHUOHXNLQ-��� PXVFOH�
HQ]\PHV�� &53�� DQG� FUHDWLQLQH�� DV�
ZHOO� DV� WKH� 0*� &RPSRVLWH� 6FRUH��
DQG�SHDN�H[SLUDWRU\�IORZ� 
$PRQJ� WKH� ��� SDUWLFLSDQWV�� WKHUH�

ZDV� QR� HYLGHQFH� RI� LQFUHDVHG�
GLVHDVH�DFWLYLW\�GXULQJ� WKH�VWXG\�� ,Q�
WKH� QHUYH� FRQGXFWLRQ� VWXGLHV�� WKH�
&0$3� DPSOLWXGH� LQFUHDVHG�
VLJQLILFDQWO\� LQ� WKH� ELFHSV� DQG�
TXDGULFHSV� �S ������ DQG� S �������
UHVSHFWLYHO\��� 3UR[LPDO� PXVFOH�
VWUHQJWK� VLJQLILFDQWO\� LPSURYHG� LQ�
ERWK� DUP� DQG� OHJ� PXVFOHV��
3HUIRUPDQFH� RQ� WKH� 6L[-0LQXWH�
:DON� 7HVW� DQG� ��-� 6HFRQG� :DON�
7HVW�LPSURYHG�VLJQLILFDQWO\��S ������
DQG� S �������� UHVSHFWLYHO\��� :KLOH�
%0,�GLG�QRW�VLJQLILFDQWO\ FKDQJH��
ERG\� FRPSRVLWLRQ� GLG�� ZLWK�
LQFUHDVHG� PXVFOH� PDVV� DQG�
UHGXFHG� IDW� PDVV� �S ������� $OO�
SDWLHQWV� VFRUHG� PXFK� KLJKHU� LQ�
SK\VLFDO� DFWLYLW\� DIWHU� WKH� VWXG\�
�S �������� 7KH� GLVHDVH-VSHFLILF�
PLFUR51$V�� PL5���-�S� �S �������
DQG� PL5��-�S� �S ��������� ZHUH�
VLJQLILFDQWO\� UHGXFHG� DIWHU� WKH�
WUDLQLQJ� SHULRG�� ZKLOH� PXVFOH�
HQ]\PHV�UHPDLQHG�QRUPDO� 
&RQFOXVLRQ�� 7KLV�VPDOO�VWXG\�RI�

SDWLHQWV� ZLWK� FKURQLF� P\DVWKHQLD�
JUDYLV� IRXQG� WKDW� H[HUFLVH� WUDLQLQJ��
WZLFH� SHU� ZHHN�� LQFUHDVHG� DHURELF�
FDSDFLW\�� LPSURYHG� ERG\�
FRPSRVLWLRQ�� LPSURYHG�PRWRU�DFWLRQ�
SRWHQWLDO� DPSOLWXGHV�� DQG� LPSURYHG�
GLVHDVH�VSHFLILF�ELRPDUNHUV� 

 
:HVWHUEHUJ�� (��� HW� DO�� 3K\VLFDO�
([HUFLVH� LQ� 0\DVWKHQLD� *UDYLV� ,V�
6DIH� DQG� ,PSURYHV� 1HXURPXVFXODU�
3DUDPHWHUV DQG 3K\VLFDO�
3HUIRUPDQFH-%DVHG� 0HDVXUHV�� $�
3LORW� 6WXG\�� 0XVFOH� 1HUYH�� '2,��
��������PXV������� 
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3ODQWDU� IDVFLLWLV� �3)�� LV� YHU\�

FRPPRQ� LQ� WKH� JHQHUDO� SRSXODWLRQ��
RIWHQ� SHUVLVWLQJ� IRU� PDQ\� PRQWKV��
$V� H[WUDFRUSRUHDO� VKRFNZDYH�
WKHUDS\� �(6:7�� KDV� EHHQ� XVHG� LQ�
WKH� PDQDJHPHQW� RI� WHQGLQRSDWKLHV�
DQG�ERWXOLQXP�WR[LQ�$��%R17-$��KDV�
EHHQ� XVHG� WR� WUHDW� SDLQ�� WKLV� VWXG\�
FRPSDUHG� WKH� HIIHFWV� RI� WKRVH� WZR�
LQWHUYHQWLRQV� IRU� WKH� WUHDWPHQW� RI�
3)� 
7KLV� RSHQ� ODEHO�� SURVSHFWLYH��

UDQGRPL]HG� VWXG\� LQFOXGHG� SDWLHQWV�
ZLWK�3)�ZKR�KDG�QRW� UHVSRQGHG� WR�
SK\VLRWKHUDS\� DQG� HOHFWURWKHUDS\��
7KH� SDUWLFLSDQWV� ZHUH� UDQGRPO\�
DVVLJQHG� WR� UHFHLYH� HLWKHU� (6:7��
IRFXVHG� DW� WKH� DUHD� RI� PD[LPXP�
WHQGHUQHVV� IRU� ��� PLQXWHV� SHU�
VHVVLRQ�� RU� ���� XQLWV� RI� %R17-$��
ZLWK� LQMHFWLRQV� GLYLGHG� EHWZHHQ� WKH�
LQVHUWLRQ�RI� WKH�SODQWDU� IDVFLD� LQ� WKH�
FDOFDQHXV�DQG� WKH�DUHD�RI�PD[LPDO�
WHQGHUQHVV�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG� IRU� SDLQ� LQ� WKH� DIIHFWHG�
IRRW� RQ� D� ��-SRLQW� YLVXDO� DQDORJXH�
VFDOH� �9$6��� ZKHQ� WDNLQJ� WKH� ILUVW�
VWHSV� LQ� WKH� PRUQLQJ�� GXULQJ� GDLO\�
DFWLYLW\�� DQG� ZKLOH� SHUIRUPLQJ�
H[HUFLVHV�� (DFK� SDWLHQW� ZDV� DOVR�
DVVHVVHG� ZLWK� WKH� 4XDOLW\� RI� /LIH�
+HDOWK�6WDWXV�4XHVWLRQQDLUH� 
'DWD�IRU����SDWLHQWV�ZHUH�LQFOXGHG�

LQ� WKH� DQDO\VLV�� 7KH� PHGLDQ� SDLQ�
VFRUH�ZKHQ� WDNLQJ� WKH� ILUVW� VWHSV� LQ�
WKH�PRUQLQJ�ZDV� VLJQLILFDQWO\� EHWWHU�
LQ� WKH� (6:7� JURXS� WKDQ� LQ� WKH�
%R17-$� JURXS� �S �������� %HWWHU�
LPSURYHPHQW�ZDV� DOVR� QRWHG� LQ� WKH�
(6:7� JURXS� WKDQ� LQ� WKH� %R17-$�
JURXS� RQ� WKH� 5ROHV� DQG� 0DXGVOH\�
6FDOH�RI�3DLQ�EHWZHHQ� WKH� ILUVW�DQG�
VHFRQG� YLVLW�� DV� ZHOO� DV� LQ� WKH�
SHUFHQWDJH� RI� SDWLHQWV� ZKR� QRWHG�
LPSURYHPHQW�LQ�SDLQ�RQ�DW�OHDVW�RQH�
RI� WKUHH� PRGDOLWLHV� RI� 9$6� SDLQ�
VFRUHV� �S ������ DQG� S �������
UHVSHFWLYHO\���$�UHJUHVVLRQ� DQDO\VLV�
UHYHDOHG� WKDW� (6:7� DQG� ORZ� ERG\�
ZHLJKW� ZHUH� LQGHSHQGHQWO\�
DVVRFLDWHG� ZLWK� LPSURYHPHQW� LQ�
SDLQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UHFDOFLWUDQW� SODQWDU�
IDVFLLWLV� IRXQG� WKDW� VKRFNZDYH�
WKHUDS\� ZDV� VXSHULRU� WR� ERWXOLQXP�
WR[LQ�$�IRU�UHGXFLQJ�SDLQ� 

 
5RFD�� %��� HW� DO�� &RPSDULVRQ� RI�
([WUDFRUSRUHDO� 6KRFNZDYH� 7KHUDS\�
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ZLWK�%RWXOLQXP�7R[LQ�7\SH�$� LQ� WKH�
7UHDWPHQW� RI� 3ODQWDU� � )DVFLLWLV��
'LVDELO�5HKDE��������2FWREHU�� �� 
����������-����� 

 

:(,*+7�&+$1*(�$)7(5�
63,1$/�&25'�,1-85< 

 
,QGLYLGXDOV�ZLWK�GLVDELOLWLHV�KDYH�D�

KLJKHU�SUHYDOHQFH�RI�REHVLW\�WKDQ�GR�
WKH� JHQHUDO� SRSXODWLRQ�� +RZHYHU��
OLWHUDWXUH�FRQFHUQLQJ�ZHLJKW�FKDQJH�
DIWHU�VSLQDO�FRUG�LQMXU\��6&,���DV�ZHOO�
DV� IDFWRUV� DVVRFLDWHG� ZLWK� SDWWHUQV�
RI� ZHLJKW� ORVV� RU� JDLQ�� LV� OLPLWHG��
7KLV� VWXG\� HYDOXDWHG� WKH� SDWWHUQV�
ZHLJKW�FKDQJH�RQH�\HDU�SRVW-6&,��LQ�
DQ� HIIRUW� WR� LGHQWLI\� IDFWRUV�
DVVRFLDWHG�ZLWK�ZHLJKW�FKDQJH� 
'DWD� ZHUH� UHWULHYHG� IURP� ��� 6&,�

PRGHO� V\VWHPV�� ZLWK� LQIRUPDWLRQ�
REWDLQHG� IRU� ������ LQGLYLGXDOV�
UDQJLQJ� LQ�DJH�IURP����WR����\HDUV��
DOO� ZLWK� WUDXPDWLF� 6&,�� $OO� SDWLHQWV�
ZHUH� GLVFKDUJHG� IURP� UHKDELOLWDWLRQ�
EHWZHHQ� 2FWREHU� RI� ����� DQG�
1RYHPEHU� RI� ������ %RG\� PDVV�
LQGH[� �%0,�� ZDV� FRPSDUHG� DW� WKH�
WLPH� RI� GLVFKDUJH� DQG� DW� RQH-\HDU�
IROORZ-XS�� 3DWLHQW� FKDUDFWHULVWLFV�
ZHUH�FRPSDUHG�EHWZHHQ�WKRVH�ZLWK�
DQG� WKRVH�ZLWKRXW�VLJQLILFDQW�ZHLJKW�
FKDQJHV� 
7KH� EDVHOLQH� %0,� RI� WKH�

SDUWLFLSDQWV� DYHUDJHG� ����� NJ�Pð��
ZKLOH� WKDW� DW� RQH� \HDU� SRVW-LQMXU\�
DYHUDJHG� ����� NJ�Pð�� ,Q� WKH� ILUVW��
\HDU�� ������ PDLQWDLQHG� WKHLU�
ZHLJKW�� ������ JDLQHG� RYHU� WZR� NJ�
DQG������� ORVW� RYHU� WZR� NJ��7KRVH�
FODVVLILHG� DV� RYHUZHLJKW� RU� REHVH�
GXULQJ� UHKDELOLWDWLRQ� GHPRQVWUDWHG�
DQ�DYHUDJH�GHFUHDVH�LQ�%0,�DW�RQH-
\HDU� RI� ���� NJ�Pð�� ZKLOH� WKRVH�
FODVVLILHG�DV�XQGHUZHLJKW�RU�QRUPDO�
ZHLJKW� GHPRQVWUDWHG� DQ� DYHUDJH�
LQFUHDVH� RI� ���� NJ�Pð�� *HQGHU��
HGXFDWLRQ��QHXURORJLF�OHYHO�RI�LQMXU\��
HWKQLFLW\�� PHQWDO� VWDWXV�� DJH� DQG�
HGXFDWLRQ� ZHUH� DOO� VLJQLILFDQW�
FRQWULEXWRUV�WR�FKDQJH�LQ�%0,� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� WUDXPDWLF� VSLQDO� FRUG�
LQMXU\� IRXQG� WKDW�� RQ� DYHUDJH� WKH�
PHDQ�%0,�GHFUHDVHV�VOLJKWO\�GXULQJ�
WKH�ILUVW�\HDU�SRVW-LQMXU\��7KRVH�ZKR�
ZHUH� RYHUZHLJKW� DW� LQMXU\� WHQG� WR�
ORVH� ZHLJKW�� DQG� WKRVH� ZHUH�
XQGHUZHLJKW� DW� LQMXU\� WHQG� WR�
LQFUHDVH�ZHLJKW� 

 
3RZHOO�� '��� HW� DO�� :HLJKW� &KDQJH�
DIWHU� 6SLQDO� &RUG� ,QMXU\�� -� 6SLQDO�
&RUG�0HG� ����� 

������������������<����������� 
 

:,5(/(66�1(59(�
67,08/$7256�72�$66(66�
)81&7,21$/�5(&29(5< 

 
3HULSKHUDO� QHUYH� LQMXULHV� DUH�

DPRQJ�WKH�PRVW�FRPPRQ�FDXVHV�RI�
VHQVRU\� GHILFLWV�� ZLWK� JUHDW� LQWHUHVW�
LQ�VXUJLFDO�UHKDELOLWDWLYH�VWUDWHJLHV�WR�
WUHDW� WKHVH� LQMXULHV�� 7KLV� DQLPDO�
VWXG\� DVVHVVHG� D� ZLUHOHVV�
LPSODQWDEOH� VWLPXODWRU� WR� PDS� WKH�
UHFRYHU\� RI� QHUYH� DQG� PXVFOH�
IXQFWLRQ�IROORZLQJ�D�SHULSKHUDO�QHUYH�
LQMXU\� 
)LIWHHQ�DGXOW�UDWV�ZHUH�GLYLGHG�LQWR�

WKUHH�JURXSV��$OO� JURXSV�XQGHUZHQW�
VXUJLFDO� H[SRVXUH� RI� WKH� VFLDWLF�
QHUYH�� ZLWK� JURXS� RQH� XQGHUJRLQJ�
QR� QHUYH� LQMXU\�� JURXS� WZR�
XQGHUJRLQJ� FUXVK� LQMXU\� RI� WKH�
VFLDWLF� QHUYH� DQG� JURXS� WKUHH�
XQGHUJRLQJ�WUDQVHFWLRQ�RI�WKH�VFLDWLF�
QHUYH� ZLWK� UHSDLU�� $OO� JURXSV�
XQGHUZHQW� LPSODQWDWLRQ� RI� D�
ZLUHOHVV� QHUYH� VWLPXODWRU�� (DFK�
ZHHN� IRU� ��� ZHHNV�� IXQFWLRQDO�
UHFRYHU\�ZDV�DVVHVVHG�E\�ZLUHOHVV�
VWLPXODWLRQ�RI�WKH�VFLDWLF�QHUYH��ZLWK�
(0*� UHFRUGLQJ� DW� GLVWDO� PXVFOHV��
$IWHU� WKH� VWXG\�� WKH� DQLPDOV� ZHUH�
HXWKDQL]HG�DQG�GLVWDO�PXVFOHV�ZHUH�
KDUYHVWHG� 
$OO� LPSODQWHG� GHYLFHV� UHPDLQHG�

RSHUDWLRQDO� WKURXJKRXW� WKH� VWXG\��
7KH� (0*� UHVSRQVHV� LQ� PXVFOHV�
GLVWDO� WR� WKH� VLWH� RI� WKH� LQMXU\�
GHPRQVWUDWHG� SURJUHVVLYH� UHFRYHU\�
RI� IXQFWLRQ� RYHU� VL[� ZHHNV�� 7KH�
FKDQJH� LQ� (0*� PHDVXUHG�
DPSOLWXGH� IURP� ZHHN� RQH� WR� ZHHN�
��� UDQJHG� IURP� ����� WR� ������
PHDVXUHG� LQ� WKH� SODQWDULV� RI� JURXS�
WKUHH�WR�������WR��������PHDVXUHG�
LQ�WKH�JOXWHDO�PXVFOH�RI�JURXS�WZR� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

GHPRQVWUDWHG� WKDW� ZLUHOHVV� QHUYH�
VWLPXODWRUV�DW� WKH�VLWH�RI� WKH� LQMXUHG�
QHUYH� FDQ� EH� XVHG� WR� DVVHVV� WKH�
FRXUVH� RI� UHFRYHU\� LQ� ERWK� FUXVK�
DQG�WUDQVHFWLRQ�LQMXULHV� 
*DPEOH�� 7��� HW� DO�� 6HULDO�
$VVHVVPHQW�RI�)XQFWLRQDO�5HFRYHU\�
IROORZLQJ� 1HUYH� ,QMXU\� 8VLQJ�
,PSODQWDEOH� 7KLQ-� )LOP� :LUHOHVV�
1HUYH� 6WLPXODWRUV�� 0XVFOH� 1HUYH��
������'HFHPEHU������������-����� 

 
 

7227+�/266��$1'�
)81&7,21$/�&$3$&,7< 

 
0DQ\� VWXGLHV� KDYH� UHSRUWHG� RQ�

WKH�UHODWLRQVKLS�EHWZHHQ�RUDO�KHDOWK�

DQG�JHQHUDO� KHDOWK��7KLV� VWXG\�ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU� DQ�
DVVRFLDWLRQ� H[LVWV� EHWZHHQ� GHQWDO�
KHDOWK�DQG�D�GHFOLQH� LQ�KLJKHU-OHYHO�
IXQFWLRQDO�FDSDFLW\� 
'DWD�ZHUH�GHULYHG�IURP�WKH�-DSDQ�

*HURQWRORJLFDO� (YDOXDWLRQ� 6WXG\�
�-$*(6��� LQYROYLQJ� FRPPXQLW\�
GZHOOLQJ� DGXOWV�� ��� \HDUV� RI� DJH� RU�
ROGHU�� ZKR� ZHUH� FRJQLWLYHO\�
LQGHSHQGHQW��$�EDVHOLQH�VXUYH\�ZDV�
FRQGXFWHG�EHWZHHQ�$XJXVW�RI������
DQG�-DQXDU\�RI�������ZLWK�D� IROORZ-
XS� FRQGXFWHG� EHWZHHQ� -DQXDU\� RI�
����� DQG� 'HFHPEHU� RI� ������
6XEMHFWV� ZHUH� DVNHG� DERXW� WKH�
VWDWXV� RI� WKHLU� GHQWDO� KHDOWK��
LQFOXGLQJ� WKH� QXPEHU� RI� QDWXUDO�
WHHWK�WKDW� WKH\�FXUUHQWO\�SRVVHVVHG��
+LJKHU-OHYHO�IXQFWLRQDO�FDSDFLW\�ZDV�
DVVHVVHG� XVLQJ� WKH� 7RN\R�
0HWURSROLWDQ�,QVWLWXWH�RI�*HURQWRORJ\�
,QGH[� RI� &RPSHWHQFH� �70,*-,&���
ZLWK�FRYDULDWHV�LQFOXGLQJ�KHDOWK��DQG�
KHDOWK�EHKDYLRU�YDULDEOHV�WKDW�PLJKW�
EH�UHODWHG�WR�WKH�70,*-,&� 
2I� WKH� UHVSRQGHQWV�� ������� ZHUH�

LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV��ZLWK�D�
PHGLDQ�IROORZ-XS�RI�����GD\V��,Q�WKH�
DGMXVWHG� DQDO\VLV�� D� PXOWLSOH� OLQHDU�
UHJUHVVLRQ� PRGHO� IRXQG� D� GRVH�
UHVSRQVH�DVVRFLDWLRQ�EHWZHHQ�WRRWK�
ORVV�DQG�GHFOLQH�LQ�70,*-,&�VFRUHV� 
&RQFOXVLRQ�� 7KLV� ODUJH��

SRSXODWLRQ-EDVHG�� SURVSHFWLYH�
FRKRUW� VWXG\� LQGLFDWHV� D� GRVH�
UHVSRQVH�DVVRFLDWLRQ�EHWZHHQ�WRRWK�
ORVV� DQG� D� GHFOLQH� LQ� KLJKHU-OHYHO�
IXQFWLRQDO�FDSDFLW\�RYHU�WZR�\HDUV� 

 
6DWR�� <��� HW� DO�� 7RRWK� /RVV� DQG�
'HFOLQLQJ� )XQFWLRQDO� &DSDFLW\�� $�
3URVSHFWLYH� &RKRUW� 6WXG\� IURP� WKH�
-DSDQ� *HURQWRORJLFDO� (YDOXDWLRQ�
6WXG\�� -� $P� *HULDWU� 6RF�� ������
1RYHPEHU��������������-����� 

 
 

35(&87�.,1(6,2/2*<�7$3(�
)25�68%$&520,$/�

,03,1*(0(17 
 
6XEDFURPLDO� LPSLQJHPHQW� LV�

DPRQJ� WKH� PRVW� IUHTXHQWO\�
GLDJQRVHG� VKRXOGHU� GLVRUGHUV� LQ�
DGXOWV�� ZLWK� LWV� OLIHWLPH� SUHYDOHQFH�
HVWLPDWHG� WR� EH� DV� KLJK� DV� �����
:KLOH� WKH� LQLWLDO� PDQDJHPHQW� LV�
PRVW� RIWHQ� ZLWK� SK\VLFDO�H[HUFLVH�
WKHUDS\�� VRPH� VWXGLHV� KDYH�
VXJJHVWHG� WKDW� NLQHVLRORJ\� WDSH�
PD\� EH� HIIHFWLYH�� 7KLV� SURVSHFWLYH�
VWXG\�H[DPLQHG�WKH�HIIHFWLYHQHVV�RI�
SUHFXW� NLQHVLRORJ\� WDSH� DV�



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

 

 

FRPSDUHG� ZLWK� WKDW� RI� QRQVWHURLGDO�
DQWL-LQIODPPDWRU\�GUXJV�IRU�UHGXFLQJ�
VKRXOGHU� SDLQ� DPRQJ� SDWLHQWV� ZLWK�
VXEDFURPLDO�LPSLQJHPHQW� 
7KLV� SURVSHFWLYH�� SDUDOOHO� JURXS��

UDQGRPL]HG��FRQWUROOHG�WULDO�LQFOXGHG�
SDWLHQWV�ZLWK�D�SULPDU\�FRPSODLQW�RI�
VKRXOGHU� SDLQ�� IXUWKHU� GLDJQRVHG�
ZLWK� VXEDFURPLDO� LPSLQJHPHQW�
V\QGURPH�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� SUHFXW�
NLQHVLRORJ\� WDSH� DQG� H[HUFLVH� �.���
1DSURV\Q� ���� PJ� WZLFH� GDLO\� DQG�
H[HUFLVH� �1��� RU� H[HUFLVH� DORQH�(��
IRU�D� WRWDO�RI� IRXU�VHVVLRQV�RYHU� WZR�
ZHHNV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� QXPHULF� SDLQ�
UDWLQJ�VFDOH��1356���ZLWK�VHFRQGDU\�
PHDVXUHV� LQFOXGLQJ� WKH� 6LPSOH�
6KRXOGHU� 7HVW� �667�� DQG� WKH�
&RQVWDQW�6FRUH� 
2I� WKH� ���� LQGLYLGXDOV� ZKR�

FRPSOHWHG� WKH� VWXG\�� DOO� WKUHH�
JURXSV�KDG�D�VLJQLILFDQW�GHFUHDVH�LQ�
SDLQ� E\� DOO� PHDVXUHV�� %HWZHHQ�
JURXS� GLIIHUHQFHV� RQ� DOO� RXWFRPH�
PHDVXUHV� ZHUH� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW�RU�FOLQLFDOO\�PHDQLQJIXO� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV ZLWK VXEDFURPLDO�
LPSLQJHPHQW� ZKR� XQGHUZHQW�
H[HUFLVH� WKHUDS\� IRXQG� QR� FOLQLFDOO\�
PHDQLQJIXO� GLIIHUHQFH� LQ� RXWFRPHV�
EHWZHHQ� SDWLHQWV� ZKR� UHFHLYHG�
DGGLWLRQDO� WUHDWPHQW� ZLWK� 1DSURV\Q�
RU�SUHFXW�NLQHVLRROJ\�WDSH� 

 
'HYHUHDX[�� 0��� HW� DO�� 6KRUW-7HUP�
(IIHFWLYHQHVV� RI� 3UHFXW� .LQHVLRORJ\�
7DSH�9HUVXV�DQ�16$,'�DV�$GMXYDQW�
7UHDWPHQW� WR� ([HUFLVH� IRU�
6XEDFURPLDO� ,PSLQJHPHQW�� $�
5DQGRPL]HG��&RQWUROOHG�7ULDO��&OLQ� -�
6SRUWV�0HG��������-DQXDU\�������� 
��-��� 
 

3+$50$&27+(5$3,(6�)25�
)5$&785(�35(9(17,21�$)7(5�

*/8&2&257,&2,'�86( 
 
2UDO�JOXFRFRUWLFRLGV�DUH�FUXFLDO�IRU�

WKH� PDQDJHPHQW� RI� FKURQLF�
LQIODPPDWRU\� DQG� DXWRLPPXQH�
GLVHDVHV�� +RZHYHU�� WKH� XVH� RI� RUDO�
JOXFRFRUWLFRLGV� LV� D� FRPPRQ� FDXVH�
RI�LDWURJHQLF�RVWHRSRURWLF��IUDFWXUHV��
7KLV�VWXG\�DVVHVVHG� WKH�HIILFDF\�RI�
GLIIHUHQW� LQWHUYHQWLRQV� IRU� WKH�
SUHYHQWLRQ� RI� RVWHRSRURVLV� DPRQJ�
JOXFRFRUWLFRLG�XVHUV� 
'DWD� ZHUH� UHYLHZHG� IURP�

SXEOLVKHG� GDWD� WKURXJK� 0DUFK� RI�
������ (OLJLEOH� VWXGLHV�ZHUH� GRXEOH-�
EOLQGHG�� UDQGRPL]HG�� FRQWUROOHG�
WULDOV� LQFOXGLQJ� SDWLHQWV� ZLWK�

FRQWLQXRXV� RUDO� JOXFRFRUWLFRLG� XVH�
GXULQJ� WKH� VWXG\� WLPHIUDPH�� ZLWK� D�
IROORZ-XS�RI�DW�OHDVW�VL[�PRQWKV� 
7KH� VWXGLHV� VHOHFWHG� IRU� DQDO\VLV�

LQFOXGHG� D� WRWDO� RI� ������ SDWLHQWV�
ZLWK� ��� DJHQWV� H[DPLQHG�� LQFOXGLQJ�
SODFHER�� FDOFLXP�� FDOFLXP� SOXV�
YLWDPLQ� '�� DOHQGURQDWH�� HWLGURQDWH��
LEDQGURQDWH��ULVHGURQDWH��]ROHGURQLF�
DFLG�� FDOFLWRQLQ�� UDOR[LIHQH��
GHQRVXPDE�� DQG� WHULSDUDWLGH�� 7KH�
PHDQ� JOXFRFRUWLFRLG� GRVH� UDQJHG�
IURP� ILYH� WR� ���PJ� SHU� GD\�� ZLWK� D�
GXUDWLRQ� UDQJLQJ� IURP� VL[� WR� ����
PRQWKV� 
7KRVH� WUHDWHG� ZLWK� HWLGURQDWH��

ULVHGURQDWH� DQG� WHULSDUDWLGH� KDG�
UHGXFHG� YHUWHEUDO� IUDFWXUHV��
DOWKRXJK� QR� VWXGLHV� ZHUH� IRXQG� WR�
KDYH� VLJQLILFDQW� HIIHFWV� IRU� WKH�
WUHDWPHQW�RI�QRQ-YHUWHEUDO�IUDFWXUHV��
7HULSDUDWLGH�ZDV�UDQNHG�DV�WKH�EHVW�
IRU� SUHYHQWLQJ� YHUWHEUDO� DQG�
QRQYHUWHEUDO�IUDFWXUHV� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� VWXGLHV� UHYLHZLQJ� WKH� HIILFDF\� RI�
SKDUPDFRWKHUDSLHV� IRU� SUHYHQWLQJ�
IUDFWXUHV�DPRQJ� JOXFRFRUWLFRVWHURLG�
HIIHFWLYH� LQ� SUHYHQWLQJ� RVWHRSRURWLF�
IUDFWXUHV� 

 
$PLFKH�� 0��� HW� DO�� (IILFDF\� RI�
2VWHRSRURVLV�3KDUPDFRWKHUDSLHV� LQ�
3UHYHQWLQJ� )UDFWXUH� DPRQJ� 2UDO�
*OXFRFRUWLFRLG� 8VHUV�� $� 1HWZRUN�
0HWD-$QDO\VLV� 2VWHRSRURVLV�
,QWHUQ�'2,� ��������V�����-���-�
����-�� 

 

8/75$6281'�*8,'$1&(�)25�
68%$&520,$/�,1-(&7,216 

 
6XEDFURPLDO� LPSLQJHPHQW� LV� RQH�

RI� WKH� PRVW� FRPPRQ� FDXVHV� RI��
VKRXOGHU� SDLQ� LQ� DGXOWV�� ZLWK�
FRUWLFRVWHURLG� LQMHFWLRQV� RQH� RI� WKH�
PRVW� FRPPRQ� PDQDJHPHQW� WRROV�
IRU� WKLV� FRQGLWLRQ�� 8OWUDVRXQG� �86��
JXLGDQFH� KDV� EHHQ� UHFRPPHQGHG�
IRU� WKHVH� LQMHFWLRQV� GXH� WR� WKH�
LQFUHDVHG� DFFXUDF\� SURYLGHG� E\� LWV�
XVH�� 7KLV� VWXG\� FRPSDUHG� WKH�
FOLQLFDO� HIIHFWLYHQHVV� RI� 86-JXLGHG�
VXEDFURPLDO� LQMHFWLRQV� ZLWK� WKDW� RI�
EOLQG�VXEDFURPLDO�LQMHFWLRQV� 
7KLV� SURVSHFWLYH�� GRXEOH-EOLQG��

UDQGRPL]HG��FRQWUROOHG�WULDO�LQFOXGHG�
��� SDWLHQWV� ZLWK� D� GLDJQRVLV� RI�
VXEDFURPLDO� LPSLQJHPHQW� ZLWK� ���
VKRXOGHUV� XQGHUJRLQJ� 86-JXLGHG�
LQMHFWLRQV� DQG� ��� UHFHLYLQJ� D�
ODQGPDUN� JXLGHG� LQMHFWLRQ��
([DPLQHUV� KHOG� EOLQG� WR� JURXS�
DVVLJQPHQW� SHUIRUPHG� FOLQLFDO�

HYDOXDWLRQV� EHIRUH� DQG� DIWHU� WKH�
SURFHGXUHV� 
%RWK� JURXSV� UHDOL]HG� VLJQLILFDQW�

LPSURYHPHQW� DW� ZHHN� VL[� LQ� YLVXDO�
DQDORJ� VFDOH� VFRUHV� IRU� SDLQ� ZLWK�
RYHUKHDG�DFWLYLWLHV��GHFUHDVLQJ�IURP�
���WR����LQ�WKH�86�JURXS��S���������
DQG� IURP� ��� WR� ��� LQ� WKH� ODQGPDUN�
JXLGHG� JURXS� �S��������� $PHULFDQ�
6KRXOGHU� DQG� (OERZ� 6XUJHRQV�
�$6(6��VFRUHV�LPSURYHG�IURP����WR�
��� DW� ZHHN� VL[� LQ� WKH� 86� JURXS�
�S������� DQG� IURP� ��� WR� ��� LQ� WKH�
ODQGPDUN�JXLGHG�JURXS��S��������1R�
VLJQLILFDQW� GLIIHUHQFH� ZDV� VHHQ�
EHWZHHQ� JURXSV� LQ� HLWKHU�
PHDVXUHPHQW� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

QR� VLJQLILFDQW� GLIIHUHQFH� LQ� FOLQLFDO�
RXWFRPHV� IRU� XOWUDVRXQG� JXLGHG�
YHUVXV� ODQGPDUN� JXLGHG�
VXEDFURPLDO� LQMHFWLRQV� IRU� WKH�
WUHDWPHQW� RI� VXEDFURPLDO�
LPSLQJHPHQW�V\QGURPH� 

 
&ROH�� %��� HW� DO�� 8OWUDVRXQG-*XLGHG�
YHUVXV %OLQG 6XEDFURPLDO�
&RUWLFRVWHURLG� ,QMHFWLRQV� IRU�
6XEDFURPLDO� ,PSLQJHPHQW�
6\QGURPH�� 5DQGRPL]HG�� 'RXEOH-
%OLQG�� &OLQLFDO� 7ULDO�� $P� -� 6SRUWV�
0HG��������0DUFK������������-���� 

 

6+257-7(50��/2:�,17(16,7<��
%/22'�)/2:�5(675,&7('�

,17(59$/�75$,1,1* 
 
:KLOH� UHVHDUFK�KDV�GHPRQVWUDWHG�

WKDW� ERWK� VWUHQJWK� WUDLQLQJ� DQG�
DHURELF� ILWQHVV� WUDLQLQJ� FRQWULEXWH�
VLJQLILFDQWO\� WR� KHDOWK�� WKHUH� LV�
LQWHUHVW� LQ� LGHQWLI\LQJ� HIILFLHQW�
WUDLQLQJ� PHWKRGV� ZKLFK� FDQ�
VLPXOWDQHRXVO\� LPSURYH� ERWK�
FDUGLRYDVFXODU� DQG� QHXURPXVFXODU�
SHUIRUPDQFH�� *LYHQ� WKH� UHVHDUFK�
FRQFHUQLQJ� EORRG� IORZ� UHVWULFWHG
�%)5�� WUDLQLQJ�� WKLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH� DHURELF�
DQG� VWUHQJWKHQLQJ� HIIHFWV� RI�
LQWHUPLWWHQW��%)5�H[HUFLVH� 
7KLUW\-VHYHQ� DGXOWV�� ZLWK� DQ�

DYHUDJH� DJH� RI� ����� \HDUV�� ZHUH�
UDQGRPO\� DVVLJQHG� WR� RQH� RI� IRXU�
WUDLQLQJ�JURXSV�� KLJK� LQWHQVLW\� �+,7��
LQWHUYDO� WUDLQLQJ�� ORZ� LQWHQVLW\�
LQWHUYDO� WUDLQLQJ� ZLWK� %)5�� ORZ�
LQWHQVLW\� LQWHUYDO� WUDLQLQJ� ZLWKRXW�
%)5� RU� +,7� LQWHUYDO� WUDLQLQJ� ZLWK�
%)5��HYHU\�VHVVLRQ�SHUIRUPHG�����
DV� %)5� DQG� ���� DV� +,7��� $W�
EDVHOLQH� DQG� DIWHU� IRXU� ZHHNV� RI�
WUDLQLQJ� �WKUHH� VHVVLRQV� SHU� ZHHN���
VXEMHFWV�ZHUH�DVVHVVHG�IRU�PD[LPDO�



 

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

 

 

R[\JHQ� XSWDNH�� PD[LPDO� SRZHU�
RXWSXW�� RQVHW� EORRG� ODFWDWH�
DFFXPXODWLRQ� �2%/$�� DQG� PXVFOH�
VWUHQJWK�� 7KH� WUDLQLQJ� SRZHU� ZDV�
����RI�30D[�IRU�ORZ�DQG�%)5�WUDLQLQJ�
JURXSV��DQG�EHJDQ�ZLWK������LQ�WKH�
+,7� JURXS�� 7KH� %)5� JURXS� ZRUH�
SUHVVXUH� FXII� EHOWV� LQIODWHG� WR� ����
PP+J�� SURJUHVVLQJ� E\� ��� PP+J�
DIWHU� WKUHH� FRPSOHWH� VHVVLRQV� XS� WR�
����PP+J�LQ�WKH�ODVW�VHVVLRQ� 
$IWHU� ��� VHVVLRQV�� ORZ� LQWHQVLW\�

LQWHUYDO� %)5� WUDLQLQJ� UHVXOWHG� LQ�
VLJQLILFDQW� LPSURYHPHQWV� LQ� DOO�
VHOHFWHG� YDULDEOHV�� LQFOXGLQJ� 92��
0D[�� 3� 0D[�� 2%/$� DQG� PXVFOH�
VWUHQJWK��7KRVH�LQ�WKH�+,7�DQG�%)5ௗ
�ௗ+,7� WUDLQLQJ�JURXSV�RQO\�SURGXFHG�
LPSURYHPHQWV� LQ� DHURELF� YDULDEOHV��
DOWKRXJK� +,7� SURYLGHG� D� KLJKHU�
HIIHFW� VL]H� FRPSDUHG�ZLWK� %)5� DQG�
%)5ௗ�ௗ+,7� WUDLQLQJ�� 7KH� ORZ-LQWHQVLW\�
LQWHUYDO� WUDLQLQJ� RQ� LWV� RZQ� ZLWKRXW�
RFFOXVLRQ� �/2:�� ZDV� QRW� VXIILFLHQW�
WR� LPSURYH� 92�PD[�� � � 3PD[� � � RU����
PXVFXODU� VWUHQJWK�� EXW� GLG� LPSURYH�
2%/$� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHG� WKH� DGYDQWDJH� RI�
VKRUW-� WHUP�� ORZ� LQWHQVLW\�� LQWHUYDO�
EORRG� IORZ� UHVWULFWHG� WUDLQLQJ� DV� D�
PHWKRG� WR� FRQFXUUHQWO\� LPSURYH�
DHURELF� SDUDPHWHUV� DQG� PXVFOH�
VWUHQJWK� 

 
2OLYHLUD��0���HW�DO��6KRUW-7HUP��/RZ�

,QWHQVLW\�� %ORRG� )ORZ� 5HVWULFWHG�
,QWHUYDO� 7UDLQLQJ� ,PSURYHV� %RWK�
$HURELF� )LWQHVV� DQG� 0XVFOH�
6WUHQJWK��6FDQG� -� 0HG� 6FL� 6SRUWV��
������6HSWHPEHU�������������-����� 

 
 

$17,-,/-���7+(5$3<�)25�
5+(80$72,'�$57+5,7,6 

 
5KHXPDWRLG� DUWKULWLV� �5$�� LV� D�

FKURQLF�� DXWRLPPXQH� GLVHDVH�ZKLFK�
FDXVHV� V\QRYLWLV� DQG� FDUWLODJH�
GDPDJH��7KH�UHFHQW� LGHQWLILFDWLRQ�RI�
D�VXEVHW�RI�&'����7�KHOSHU�FHOOV�KDV�
H[SDQGHG� WKH� WDUJHW� RI� WKHUDS\� IRU�
WKLV� GLVHDVH�� $V� ,/-��� LV� D� SUR-�
LQIODPPDWRU\� F\WRNLQH� WKRXJKW� WR�EH�
LQYROYHG� LQ� ERWK� WKH� LQGXFWLRQ� DQG�
H[SDQVLRQ� RI� WKH� F\WRNLQH� FDVFDGH�
LQ� �5$��� WKLV� V\VWHPLF� UHYLHZ� DQG�
PHWD-� DQDO\VLV� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIIHFWLYHQHVV�
RI� DQWL-� ,/-��� DJHQWV� IRU� WKH�
WUHDWPHQW�RI�5$� 
7KLV� OLWHUDWXUH� VHDUFK� LQFOXGHG�

PXOWLSOH�GDWDEDVHV�UHYLHZHG�WKURXJK�
6HSWHPEHU� RI� ����� IRU� VWXGLHV�
LQYROYLQJ� DGXOW� SDWLHQWV� ZLWK� 5$��

UDQGRPO\�VHOHFWHG�IRU�WUHDWPHQW�ZLWK�
DQWL-,/-��� WKHUDS\� FRPSDUHG� ZLWK�
SODFHER�� 7KH� HIILFDF\� RXWFRPHV�
ZHUH� PHDVXUHG� ZLWK� $&5���������
UHVSRQVH�WR�DQWL-,/-���WKHUDS\� 
2I� WKH� ���� FLWDWLRQV� GLVFRYHUHG��

VHYHQ� ZHUH� FKRVHQ� IRU� IXOO� WH[W�
UHYLHZ�� ZLWK� WKHVH� VWXGLHV� LQYROYLQJ�
������ SDWLHQWV�� &RPELQLQJ� WKHVH�
UHVXOWV��DQWL-,/-���DJHQWV�ZHUH�IRXQG�
WR�EH�PRUH�HIIHFWLYH�WKDQ�SODFHER�LQ�
DFKLHYLQJ� $&5� ��� UHVSRQVH� �S�  �
��������DV�ZHOO�DV�$&5����UHVSRQVH�
�S �������� &RPSDUHG� ZLWK� SODFHER��
WUHDWPHQW�ZLWK�DQWL-,/�DJHQWV�GLG�QRW�
LQFUHDVH�WKH�ULVN�RI�DGYHUVH�HYHQWV� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� DQG� PHWD-DQDO\VLV� RI�
UDQGRPL]HG�� FRQWUROOHG� WULDOV� IRXQG�
WKDW�� IRU� SDWLHQWV� ZLWK� UKHXPDWRLG�
DUWKULWLV�� DQWL-,/-��� WUHDWPHQW� LV�
HIIHFWLYH��ZLWKRXW� DQ� LQFUHDVH� LQ� WKH�
ULVN�RI�VHULRXV��DGYHUVH�HYHQWV� 

 
.XQZDU��6���HW�DO��$QWL-,/-���7KHUDS\�
LQ� 7UHDWPHQW� RI� 5KHXPDWRLG�
$UWKULWLV�� D� 6\VWHPDWLF� /LWHUDWXUH�
5HYLHZ� DQG� 0HWD-$QDO\VLV� RI�
5DQGRPL]HG�� &RQWUROOHG� 7ULDOV��
5KHXPDWRO� ,QW�� ������ $XJXVW�� ��
��������-����� 
 
 

&+$1*(�,1�%21(�0,1(5$/�
'(16,7<�$6�$1�,1',&$725�2)�

$17,-)5$&785(�())(&7 
2)�,17(59(17,21 

 
2VWHRSRURVLV� UHODWHG� IUDFWXUHV�

UHVXOW� LQ� D� VLJQLILFDQW� LQGLYLGXDO� DQG�
VRFLHWDO� EXUGHQ�� 7KLV� GLDJQRVLV� LV�
XVXDOO\� EDVHG� RQ� ILQGLQJ� ORZ� ERQH�
PLQHUDO� GHQVLW\� �%0'�� XVLQJ� GXDO�
HQHUJ\� [-UD\� DEVRUSWLRPHWU\� �';$���
7KLV� VWXG\� DVVHVVHG� WKH�
HIIHFWLYHQHVV� RI� UHSHDWHG� %0'�
WHVWLQJ� LQ� URXWLQH�FOLQLFDO�SUDFWLFH�DV�
D� SUHGLFWRU� RI� WUHDWPHQW� UHODWHG�
IUDFWXUH�ULVN� 
6LQFH� ������ URXWLQH�';$�EDVHOLQH�

VFUHHQLQJ� KDV� EHHQ� FRPSOHWHG� IRU�
ZRPHQ� LQ�0DQLWRED��&DQDGD��DW� WKH�
DJH�RI����\HDUV��DV�ZHOO�DV�\RXQJHU�
ZRPHQ� ZLWK� DGGLWLRQDO� ULVN� IDFWRUV��
7KLV� SURJUDP¶V� UHFRPPHQGHG�
LQWHUYDO� IRU� IROORZ-XS� LV� WKUHH� \HDUV�
IRU� PRVW� SDWLHQWV� DQG� DW� OHDVW� ILYH�
\HDUV�IRU�WKRVH�UHSRUWHG�DV�ORZ�ULVN��
)URP� WKLV� GDWDEDVH�� ZRPHQ� ���
\HDUV� RU� ROGHU� ZHUH� LGHQWLILHG�� HDFK�
RI�ZKRP�KDG�XQGHUJRQH�DW�OHDVW�RQH�
IROORZ-XS� H[DPLQDWLRQ�� 8VLQJ� D�
OLQNDJH� ZLWK� D� SURYLQFH-ZLGH� UHWDLO�
SKDUPDF\� QHWZRUN�� ZRPHQ� ZHUH�
LGHQWLILHG� ZKR� KDG� QRW� EHHQ�

UHFHLYLQJ� RVWHRSRURVLV� WUHDWPHQW�
GXULQJ� WKH� \HDU� EHIRUH� EDVHOLQH�
WHVWLQJ�� ZKR� KDG� WKHQ� LQLWLDWHG�� 7KH�
';$� VFDQV� ZHUH� UHYLHZHG� WR�
GHWHUPLQH� ZKHWKHU� VXEVHTXHQW�
VFDQV�UHYHDOHG�VWDEOH��GHFUHDVHG�RU�
LQFUHDVHG� %0'�� ,QFLGHQW� IUDFWXUHV�
ZHUH�UHFRUGHG�DQG�FRPSDUHG�WR� WKH�
';$�GDWD� 
7KH� ILQDO� VDPSOH� ZHUH� ������

ZRPHQ��ZLWK�DQ�DYHUDJH�DJH�RI������
\HDUV� DW� EDVHOLQH�� 2I� WKHVH�� ������
PHW� WKH� %0'� FULWHULD� IRU�
RVWHRSRURVLV� DW� RQH� RU� PRUH� VLWHV��
%LSKRVSKRQDWHV� ZHUH� SUHVFULEHG� LQ�
������ RI� WKH� ZRPHQ�� 7KH� PHDQ�
LQWHUYDO�EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�
%0'� WHVWV� ZDV� ���� \HDUV�� )RU� WKH�
WRWDO� KLS�� D� GHWHFWDEOH� LQFUHDVH�ZDV�
VHHQ� LQ�������RI� WKH�ZRPHQ�DQG�D�
GHWHFWDEOH�GHFUHDVH�LQ������� 
$V� FRPSDUHG� ZLWK� VWDEOH� WRWDO� KLS�

%0'�� D� GHFUHDVH� LQ� WRWDO� KLS� %0'�
ZDV�DVVRFLDWHG�ZLWK�D�JUHDWHU�ULVN�RI�
IUDFWXUH� �S� �� �������� ZKLOH� DQ�
LQFUHDVH� ZDV� DVVRFLDWHG� ZLWK� ORZHU�
ULVN� RI� IUDFWXUH� �S�  � �������� $� RQH�
VWDQGDUG� GHYLDWLRQ� LQFUHDVH� LQ� WRWDO�
KLS� %0'� ZDV� DVVRFLDWHG� ZLWK� ����
UHODWLYH� UHGXFWLRQ� LQ� WKH� IUDFWXUH�
KD]DUG�UDWH� 
&RQFOXVLRQ�� 7KLV� &DQDGLDQ�

VWXG\� IRXQG� WKDW� WUHDWPHQW� UHODWHG�
LQFUHDVHV� LQ� WRWDO� KLS� %0'� DUH�
DVVRFLDWHG� ZLWK� D� UHGXFWLRQ� RI�
IUDFWXUH� ULVN�� ZKLOH� GHFUHDVHV� LQ�
%0'� DUH� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVHG�ULVN�RI�IUDFWXUH� 
 
/HVOLH�� :��� HW� DO�� &KDQJH� LQ� %RQH�
0LQHUDO� 'HQVLW\� ,V� DQ� ,QGLFDWRU� RI�
7UHDWPHQW-5HODWHG� $QWL-)UDFWXUH�
(IIHFW� LQ� 5RXWLQH� &OLQLFDO� 3UDFWLFH��
$QQ� ,QW� 0HG�� ����� GRL���������
0��-������ 

 
 

&2175$/$7(5$/�
)81&7,21$/�(/(&75,&$/�
67,08/$7,21�,1�&+521,&�

+(0,3$5(6,6 
 
'DWD� VXJJHVW� WKDW� F\FOLF�

QHXURPXVFXODU� HOHFWULFDO� VWLPXODWLRQ�
�F10(6�� RI� WKH� SDUHWLF� ZULVW� DQG�
ILQJHU� H[WHQVRUV� FDQ� LPSURYH� XSSHU�
H[WUHPLW\� IXQFWLRQ� LQ� SDWLHQWV� ZLWK�
VXEDFXWH� DQG� FKURQLF� VWURNH��
&RQWUDODWHUDO� FRQWUROOHG� IXQFWLRQDO�
HOHFWULFDO� VWLPXODWLRQ� �&&)(6�� LV� D�
QHZ� PRGDOLW\� WKDW� HQDEOHV� WKH�
SDWLHQW� WR� DFWLYHO\� RSHQ� WKH� SDUHWLF�
KDQG�� � 7KH� SDWLHQW� FRQWUROV� WKH�
VWLPXOXV�LQ�UHDO-WLPH�E\�RSHQLQJ�DQG�
FORVLQJ� WKH� XQDIIHFWHG� KDQG�� 7KLV�



 

 

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����������-������ 

 

��086&8/26.(/(7$/� 
,1�5(9,(: 

�� 
 

3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

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

 

��086&8/26.(/(7$/� 
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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  

VWXG\� FRPSDUHG� WKH� HIILFDF\� RI�
&&)(6�WR�WKDW�RI�F10(6� 
7KLV� SDUDOOHO� JURXS� VWXG\� LQFOXGHG�

SDWLHQWV�DW�OHDVW�VL[�PRQWKV�RXW�IURP�
D� KHPRUUKDJLF� RU� LVFKHPLF� VWURNH��
HDFK� RI� ZKRP� KDG� XQLODWHUDO� ILQJHU�
H[WHQVRU� SDUHVLV�� )RU� HDFK�
SDUWLFLSDQW� LQ� WKH� &&)(6� JURXS��
VXUIDFH� HOHFWURGHV� ZHUH� SRVLWLRQHG�
RYHU� WKH� IRUHDUP� ILQJHU� DQG� WKXPE�
H[WHQVRUV� WR�SURGXFH�KDQG�RSHQLQJ��
8VLQJ� HOHFWURGHV�� SXOVHV� RI� HOHFWULF�
FXUUHQW� ZLWK� D� IUHTXHQF\� RI� ��� +]�
DQG� DPSOLWXGH� RI� ��� P$� ZHUH�
DSSOLHG�� 7KH� VWLPXOXV� ZDV�
SURJUDPPHG� WR� LQFUHDVH� WKH� SXOVH�
GXUDWLRQ� IRU� HDFK� HOHFWURGH� LQ�
SURSRUWLRQ� WR� WKH�DPRXQW�RI�RSHQLQJ�
RI� DQ� LQVWUXPHQWHG� JORYH� ZRUQ� RQ�
WKH� FRQWUDODWHUDO� QRQSDUHWLF� KDQG��
7KH� F10(6�JURXS�ZDV� WUHDWHG�ZLWK�
WKH� VWLPXODWRU� DXWRPDWLFDOO\� DQG�
UHSHWLWLYHO\�DSSO\LQJ�VWLPXOXV��$�WRWDO�
RI� ��� VHVVLRQV� RI� WKHUDSLVW-JXLGHG��
DQG����VHVVLRQV�RI�VHOI-DGPLQLVWHUHG�
WKHUDS\� ZHUH� DGPLQLVWHUHG� DW� ���
PLQXWHV�SHU�VHVVLRQ�RYHU����ZHHNV��
7KH�SULPDU\�RXWFRPH�PHDVXUH� ZDV�
WKH�%R[� DQG�%ORFN� 7HVW�� D�PHDVXUH�
RI�PDQXDO�GH[WHULW\� 

'XULQJ� WKH� VWXG\�� ��� SDWLHQWV�
FRPSOHWHG� WKH� WUHDWPHQW�� %\� VL[�
PRQWKV�� ERWK� JURXSV� KDG� UHDOL]HG�
VLJQLILFDQW� LPSURYHPHQW� LQ� %%7�
VFRUHV�� ZLWK� WKH� JDLQ� VLJQLILFDQWO\�
JUHDWHU� LQ� WKH�&&)(6�JURXS� WKDQ� LQ�
WKH� F10(6� JURXS� �S �������� %RWK�
JURXSV� LPSURYHG� RQ� WKH� XSSHU�
H[WUHPLW\� )XJO-0H\HU�� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�
JURXSV�� 7KRVH� ZLWK� WKH� JUHDWHVW�
JDLQV�ZHUH�OHVV�WKDQ�WZR�\HDUV�SRVW-
VWURNH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF�� PRGHUDWH� WR�
VHYHUH�KDQG� LPSDLUPHQW�DIWHU�VWURNH�
IRXQG� WKDW� ��� ZHHNV� RI� &&)(6�
WKHUDS\� LPSURYHV� PDQXDO� GH[WHULW\�
PRUH� WKDQ� GRHV� DQ� HTXLYDOHQW� GRVH�
RI�F10(6� 

 
.QXWVRQ�� -��� HW� DO�� &RQWUDODWHUDOO\�
&RQWUROOHG� )XQFWLRQDO� (OHFWULFDO�
6WLPXODWLRQ�,PSURYHV�+DQG�'H[WHULW\�
LQ� &KURQLF� +HPLSDUHVLV�� $�
5DQGRPL]HG� 7ULDO�� 6WURNH�� ������
�����-����'2,� ���������
6752.($+$������������ 

 


