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

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

(/(&75,&$/�67,08/$7,21�
$)7(5�$&/�685*(5< 

  
$IWHU� DQWHULRU� FUXFLDWH� OLJDPHQW�

�$&/��VXUJHU\��LQWHUYHQWLRQV�PXVW�EH�
VWDUWHG� HDUO\� WR� FRXQWHUDFW�
TXDGULFHSV� PXVFOH� LQKLELWLRQ�� DQ�
RQJRLQJ� UHIOH[� LQKLELWLRQ� RI� NQHH�
H[WHQVRU�PXVFOHV��$V�QHXURPXVFXODU�
HOHFWULFDO� VWLPXODWLRQ� �10(6�� LV� D�
WRRO� WKDW� FDQ� EH� XVHG� WR� FUHDWH�
H[WUHPLW\� JHQHUDWHG� PXVFOH�
FRQWUDFWLRQV�� WKLV� VWXG\� LQYHVWLJDWHG�
WKH� HIILFDF\� RI� DGGLQJ� 10(6� RI� WKH�
TXDGULFHSV�PXVFOH�VXSHULPSRVHG�RQ�
VLW� WR� VWDQG� H[HUFLVHV� �676(�� DIWHU�
$&/�UHFRQVWUXFWLRQ� 
6XEMHFWV� ZHUH� ��� DGXOW� PDOH�

SDWLHQWV� ZKR� XQGHUZHQW� XQLODWHUDO�
$&/�UHFRQVWUXFWLRQ��$IWHU�VXUJHU\�DOO�
JURXSV� XQGHUZHQW� D� VWDQGDUGL]HG�
UHKDELOLWDWLRQ� SURWRFRO�� ILYH� GD\V� SHU�
ZHHN��7KH�SDWLHQWV�ZHUH�UDQGRPL]HG�
WR� RQH� RI� WKUHH� JURXSV�� 10(6� ��
67676� JURXS�� WKH� 67676-RQO\�
JURXS�� DQG� WKH� QR� DGGLWLRQDO�
WUHDWPHQW�JURXS��FRQWURO���7KH�10(6�
DQG� 67676� ZHUH� LQLWLDWHG� IURP� WKH�
��WK�WR�WKH���WK�GD\��'XULQJ�10(6��WR�
VWLPXODWH� ERWK� VORZ� DQG� IDVW� WZLWFK�
PXVFOH� ILEHUV�� WKH� VWLPXODWLRQ� ZDV�
GHOLYHUHG� ��� DQG� ��� +]� RQ�
DOWHUQDWLYH� GD\V�� DW� D� PD[LPXP�
LQWHQVLW\� RI� ���P$�� 0HDVXUHPHQWV�
RI� PD[LPDO� LVRPHWULF� VWUHQJWK� ZHUH�
PDGH� DW� ��� DQG� ���� GD\V� DIWHU�
VXUJHU\� 
3DWLHQWV��LQ��WKH��10(6����67676 
JURXS�KDG�VLJQLILFDQWO\�KLJKHU�NQHH�

H[WHQVRU� PXVFOH� VWUHQJWK� ZKHQ�
FRPSDUHG�WR�WKH�RWKHU�WZR�JURXSV�DW�
��� DQG� ���� GD\V� DIWHU� VXUJHU\�
�S������� IRU� DOO� FRPSDULVRQV��� ,Q�
DGGLWLRQ�� WKH�10(6���67676�JURXS�
KDG� VLJQLILFDQWO\� KLJKHU� NQHH� IOH[LRQ�
VWUHQJWK�WKDQ�GLG�WKH�FRQWURO�JURXS�DW�

���GD\V�DIWHU�VXUJHU\��.QHH�VWUHQJWK�
V\PPHWU\� EHWZHHQ� OHJV� ZDV� DOVR�
EHWWHU� LQ� WKH�10(6���67676�JURXS�
DV�FRPSDUHG�WR�WKH�RWKHU�WZR�JURXSV�
DW� ERWK� ��� DQG� ���� GD\V� DIWHU�
VXUJHU\�� &RQFOXVLRQ�� 7KLV� VWXG\�
IRXQG� WKDW� DIWHU� DQWHULRU� FUXFLDWH�
OLJDPHQW� UHFRQVWUXFWLRQ�� WKH� DGGLWLRQ�
RI� QHXURPXVFXODU� HOHFWULFDO�
VWLPXODWLRQ� VXSHULPSRVHG� RQ� D�
IXQFWLRQDO� PRYHPHQW� H[HUFLVH� FRXOG�
LPSURYH�PXVFOH�VWUHQJWK�DQG�UHGXFH�
OLPE�DV\PPHWU\� 

  
/DEDQFD�� /��� HW� DO�� 1HXURPXVFXODU�
(OHFWULFDO� 6WLPXODWLRQ� 6XSHULPSRVHG�
RQ� 0RYHPHQW� (DUO\� DIWHU� $&/�
6XUJHU\�� 0HG� 6FL� 6SRUWV� ([HUF��
������0DUFK������������-���� 
 

(3,'(0,2/2*<�2)�2873$7,(17�
3(',$75,&�+($'�,1-85< 

 &DVHV� RI� KHDG� WUDXPD� DQG�
WUHDWPHQW� RXWVLGH� RI� HPHUJHQF\�
GHSDUWPHQWV� UHPDLQ� ODUJHO\�
XQGHUUHSRUWHG� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� HSLGHPLRORJ\� RI�
KHDG� LQMXULHV�� WKHLU� WHPSRUDO� DQG�
VHDVRQDO� YDULDELOLW\� DQG� RYHUDOO�
EXUGHQ�LQ�SDWLHQWV�VHHNLQJ�FDUH� 
'DWD� IRU� WKLV� VWXG\� ZHUH� GHULYHG�

IURP� WKH� 7UXYHQ� +HDOWK� $QDO\WLFV�
0DUNHW6FDQ� 5HVHDUFK� 'DWDEDVHV��
ZKLFK� UHSUHVHQW� WKH� ODUJHVW� QDWLRQDO�
UHFRUG� RI� SHGLDWULF� RXWSDWLHQW� GDWD��
,QFOXGHG� ZHUH� FKLOGUHQ� ZKR�
SUHVHQWHG� IRU� FOLQLF�� XUJHQW� FDUH� RU�
HPHUJHQF\� GHSDUWPHQW� �('�� YLVLWV�
ZLWK� DQ� ,&'-�� FRGH� FRQVLVWHQW� ZLWK�
WUDXPDWLF�EUDLQ�LQMXU\��7%,���DQG�ZKR�
ZHUH�QRW�DGPLWWHG�IRU�IXUWKHU�FDUH� 
2I� WKH� ���� PLOOLRQ� DPEXODWRU\�

SHGLDWULF� YLVLWV�� ���� ZHUH� LQLWLDOO\�
HYDOXDWHG� DW� DQ�('�� ����DW� D� FOLQLF�
DQG� WZR� SHUFHQW� DW� DQ� XUJHQW� FDUH�
IDFLOLW\�� 7HPSRUDO� YDULDWLRQ� ZDV�

FRQVLVWHQW� ZLWK� VFKRRO� VSRUWV�
VFKHGXOHV�� ZLWK� SHDNV� LQ� 0DUFK�
WKURXJK�$SULO�DQG�6HSWHPEHU�WKURXJK�
2FWREHU�� 7KH� RYHUDOO�� DQQXDO� UDWH� RI�
SUHVHQWDWLRQ� IRU� RXWSDWLHQW� WUHDWPHQW�
RI� KHDG� WUDXPD� LQFUHDVHG� IURP�
����������������LQ������WR 
��������������LQ������ 
  
&RQFOXVLRQ�� 7KH� IUHTXHQF\� RI�

RXWSDWLHQW� YLVLWV� IRU� SHGLDWULF�
WUDXPDWLF�EUDLQ� LQMXULHV� LQFUHDVHG�E\�
PRUH� WKDQ� ���� EHWZHHQ� ����� DQG�
������ ZLWK� PRUH� WKDQ� KDOI� RI� WKH�
LQLWLDO�PHGLFDO�YLVLWV�RFFXUULQJ�LQ�QRQ-
KRVSLWDO�RXWSDWLHQW�VHWWLQJV� 

  
=RJJ�&��� HW� DO�� 7KH�(SLGHPLRORJ\�RI�
3HGLDWULF� +HDG� ,QMXU\� 7UHDWHG�
2XWVLGH� RI� +RVSLWDO� (PHUJHQF\�
'HSDUWPHQWV��(SLGHP�� ������0DUFK��
�����������-���� 

  

+,3�)2&86('�7+(5$3<� 

)25�$&/�,1-85<�35(9(17,21 
  
6WXGLHV� KDYH� VKRZQ� D� VWHDG\�

LQFUHDVH�LQ�DQWHULRU�FUXFLDWH�OLJDPHQW�
�$&/�� LQMXULHV� DPRQJ� SK\VLFDOO\�
DFWLYH� \RXWK�� )HZ� VWXGLHV� KDYH�
GHPRQVWUDWHG� DQ� HIIHFWLYH� WUDLQLQJ�
VWUDWHJ\� WR� UHGXFH� WKH� LQFLGHQFH� RI�
WKHVH� LQMXULHV� DPRQJ� DWKOHWLF�
SRSXODWLRQV��7KLV�VWXG\�UHYLHZHG�WKH�
HIIHFW� RI� D� KLS-IRFXVHG� LQMXU\�
SUHYHQWLRQ� WUDLQLQJ� SURWRFRO� RQ� WKH�
ULVN� RI� NQHH� LQMXULHV� LQ� EDVNHWEDOO�
SOD\HUV� 
7KLV� SURVSHFWLYH� VWXG\� DVVHVVHG�

WKH� LQFLGHQFH� RI� $&/� LQMXU\� E\�
IROORZLQJ� ���� IHPDOH� FROOHJLDWH�
EDVNHWEDOO� SOD\HUV�� $IWHU� DQ�
REVHUYDWLRQ� SHULRG� RI� IRXU� \HDUV��
LQWHUYHQWLRQ�ZDV�LQLWLDWHG�IRU�D�SHULRG�
RI� HLJKW� \HDUV�� 7KH� LQWHUYHQWLRQ�
LQFOXGHG� HGXFDWLRQ� WKUHH� WLPHV� SHU�

9ROXPH����1XPEHU�� 0D\�������� 
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ZHHN� DQG� D� KLS-IRFXVHG� WUDLQLQJ�
SURWRFRO�� 7KH� WUDLQLQJ� SURJUDP� ZDV�
GHVLJQHG�WR�HQKDQFH�KLS�MRLQW�IXQFWLRQ�
WKURXJK� MXPS-ODQGLQJ�PDQHXYHUV�� KLS�
VWUHQJWK� WUDLQLQJ� DQG� EDODQFH�
H[HUFLVHV�� 7KH� VHVVLRQV� ZHUH� ���
PLQXWHV� LQ� GXUDWLRQ�� SHUIRUPHG� WKUHH�
WLPHV�SHU�ZHHN� 
'XULQJ� � � WKH� � � REVHUYDWLRQ���

SHULRG�$&/� � LQMXULHV� � RFFXUUHG� � DW� � D��
UDWH� � RI� ����� � � SHU� � � ������ � � DWKOHWLF�
H[SRVXUHV�$(V��� 'XULQJ� WKH�
LQWHUYHQWLRQ� SHULRG�� WKRVH� LQMXULHV�
ZHUH� UHGXFHG� WR� D� UDWH� RI� ����� SHU�
������ DWKOHWLF� H[SRVXUHV�� 7KLUWHHQ��
QRQFRQWDFW� $&/� LQMXULHV� �����������
$(V�� ZHUH� UHFRUGHG� GXULQJ� WKH�
REVHUYDWLRQ� SHULRG�� ZKLOH� HLJKW�
QRQFRQWDFW� $&/� LQMXULHV� �����������
$(V�� ZHUH� GRFXPHQWHG� GXULQJ� WKH�
LQWHUYHQWLRQ�SHULRG� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�

D� KLS-IRFXVHG� LQMXU\� SUHYHQWLRQ�
SURJUDP� UHVXOWHG� LQ� D� ���� UHGXFWLRQ�
LQ� WKH� LQFLGHQFH� RI� $&/� LQMXULHV�
DPRQJ� IHPDOH�� FROOHJLDWH� EDVNHWEDOO�
SOD\HUV� 

  
2PL�� <��� HW� DO�� (IIHFW� RI� +LS-)RFXVHG�
,QMXU\�3UHYHQWLRQ�7UDLQLQJ� IRU�$QWHULRU�
&UXFLDWH�/LJDPHQW� ,QMXU\�5HGXFWLRQ� LQ�
)HPDOH� %DVNHWEDOO� 3OD\HUV�� $� ��-�
<HDU�� 3URVSHFWLYH� ,QWHUYHQWLRQ� 6WXG\��
$P� -� 6SRUWV� 0HG�� ������0DUFK�����
��������-���� 

 

 

.,1(6,2�7$3(�)25�6752.(�
5(/$7('�6+28/'(5�3$,1 

 )ROORZLQJ� VWURNH�� HVWLPDWHV�RI� WKH�
LQFLGHQFH�RI�KHPLSOHJLF�VKRXOGHU�SDLQ�
�+63�� UDQJH� XS� WR� ����� 2QH�
WUHDWPHQW�� .LQHVLR� WDSH� �.7���
GHYHORSHG�E\�.HQ]R�.DVH��KDV�VHHQ�
LQFUHDVLQJ� SRSXODULW\�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� SRWHQWLDO� EHQHILWV� RI�
.7�IRU�SDWLHQWV�ZLWK�+63� 
6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK� +63�

IROORZLQJ� XQLODWHUDO� VWURNH� DQG� ZLWKLQ�
VL[�PRQWKV�RI�RQVHW��7KH�SDUWLFLSDQWV�
ZHUH�UDQGRPL]HG�WR�D�.7�JURXS�RU�WR�
D� VKDP� .7� JURXS�� %RWK� JURXSV�
SDUWLFLSDWHG� LQ� FRQYHQWLRQDO�
UHKDELOLWDWLRQ� SURJUDPV�� 7KH� .7� ZDV�
DSSOLHG� XVLQJ� WKH� LQVHUWLRQ� RULJLQ�
PXVFOH� DQG� VSDFH-FRUUHFWLRQ�
WHFKQLTXH�� 7KH� FRQWURO� JURXS�
XQGHUZHQW� VLPLODU� WDSLQJ� SDWWHUQV�
ZLWKRXW� WHQVLRQ�� DQG�ZLWKRXW�FURVVLQJ�
WKH� MRLQWV��7KH� WDSH�ZDV� OHIW� LQ� SODFH�
IRU� WKUHH�GD\V�� UHPRYHG� IRU�RQH�GD\��
ZLWK� WKH� SDWWHUQ� UHSHDWHG� IRU� WKUHH�
ZHHNV��$OO�VXEMHFWV�ZHUH�DVVHVVHG�IRU�
SDLQ� LQWHQVLW\�� XVLQJ� WKH� 6KRXOGHU�
3DLQ� DQG� 'LVDELOLW\� ,QGH[� �63$',���
DQG�E\�XOWUDVRXQG�H[DPLQDWLRQ� 
6FRUHV� RQ� WKH� WHQ-SRLQW� QXPHULFDO�

UDWLQJ� VFDOH� IRU� SDLQ� LPSURYHG�
EHWZHHQ�EDVHOLQH�DQG�IROORZ-XS�LQ�WKH�
.7� JURXS� E\� ����� SRLQWV� DQG� LQ� WKH�
VKDP�JURXS�E\� ���� SRLQWV� �S ��������
,Q� DGGLWLRQ�� VLJQLILFDQWO\� EHWWHU�
LPSURYHPHQW� ZDV� QRWHG� IRU� WKH� .7�
JURXS� WKDQ� IRU� WKH� FRQWURO� JURXS� IRU�
63$',� WRWDO� VFRUH� �S��������� DV�ZHOO�
DV� IRU� LQWHUQDO� URWDWLRQ� �S ������ DQG�
H[WHUQDO�URWDWLRQ��S �������VFRUHV� 
&RQFOXVLRQ�� 7KLV� GRXEOH� EOLQG��

UDQGRPL]HG��SODFHER�FRQWUROOHG�VWXG\�
IRXQG�WKDW�.LQHVLR�WDSH�LV�HIIHFWLYH�IRU�
GHFUHDVLQJ�SDLQ�DQG�LQFUHDVLQJ�UDQJH�
RI� PRWLRQ� LQ� SDWLHQWV� ZLWK� VWURNH-�
UHODWHG�VKRXOGHU�SDLQ� 
  
+XDQJ�� <��� HW� DO�� (IIHFWV� RI� .LQHVLR�
7DSLQJ� IRU� 6WURNH� 3DWLHQWV� ZLWK�
+HPLSOHJLF� 6KRXOGHU� 3DLQ�� $� 'RXEOH�
%OLQG�� 5DQGRPL]HG�� 3ODFHER�
&RQWUROOHG�7ULDO��-�5HKDE��0HG��������
0DUFK���������-���� 

($5/<�685*(5<�$)7(5�+,3�
)5$&785( 

 *OREDOO\�� WKH� LQFLGHQFH� RI� KLS�

IUDFWXUH�LV�H[SHFWHG�WR�FOLPE�IURP�����
PLOOLRQ�WR�����PLOOLRQ�E\�WKH�\HDU�������
+LS� IUDFWXUHV� DUH� WKH� VHFRQG� OHDGLQJ�
FDXVH�RI�KRVSLWDOL]DWLRQ�IRU�WKH�HOGHUO\�
DQG� DUH� RIWHQ� WKH� VHQWLQHO� HYHQW� IRU�
WKH� LQGLYLGXDO¶V� RYHUDOO� GHFOLQH�� 7KLV�
VWXG\�UHYLHZHG�WKH�HIIHFW�RI�WKH�WLPLQJ�
RI� VXUJLFDO� LQWHUYHQWLRQ� RQ� RQH-\HDU�
PRUWDOLW\�DIWHU�KLS�IUDFWXUH� 
6XEMHFWV�ZHUH�����SDWLHQWV��DOO�RYHU�

��� \HDUV� RI� DJH�� FRQVHFXWLYHO\�
DGPLWWHG� IRU� WUHDWPHQW� RI� D� KLS�
IUDFWXUH�� 7KH� WLPH� IURP� KRVSLWDO�
DGPLVVLRQ� WR� VXUJHU\� ZDV� LGHQWLILHG�
DV� D� FRQWLQXRXV� YDULDEOH�� 7KLV�
YDULDEOH� ZDV� FRPSDUHG� WR� RQH-\HDU�
PRUWDOLW\� 
2I� WKH� ���� SDWLHQWV�� ���� ZHUH�

IHPDOH��ZLWK�DQ�DYHUDJH� WRWDO�VDPSOH�
DJH� RI� ��� \HDUV�� :LWKLQ� RQH� \HDU��
����KDG�GLHG��7KH�PHGLDQ�WLPH�IURP�
KRVSLWDO�DGPLVVLRQ�WR�WKH�EHJLQQLQJ�RI�
VXUJHU\�ZDV����KRXUV��7KH�RGGV�UDWLR�
IRU�LQFUHDVHG�GHDWK�ZDV������IRU�HDFK�
��-KRXU� LQFUHDVH� LQ� WLPH� WR� VXUJHU\�
�S �������� $Q� DGMXVWHG� DQDO\VLV��
UHYHDOHG� WKDW� WKRVH� ZKR� XQGHUZHQW�
VXUJHU\�RYHU����KRXUV�DIWHU�DGPLVVLRQ�
ZHUH� PRUH� OLNHO\� WR� GLH� ZLWKLQ� RQH�
\HDU�� FRPSDUHG� ZLWK� WKRVH� UHFHLYLQJ�
VXUJHU\� ZLWKLQ� ��� KRXUV� �RGGV� UDWLR�
�������DV�ZHOO�DV�FRPSDUHG�ZLWK�WKRVH�
UHFHLYLQJ�VXUJHU\�ZLWK����WR����KRXUV�
�RGGV�UDWLR������ 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�HOGHUO\�

SDWLHQWV� KRVSLWDOL]HG� IRU� KLS� IUDFWXUH�
UHSDLU� IRXQG� D� OLQHDU� UHODWLRQVKLS�
EHWZHHQ�D�GHOD\� LQ�VXUJHU\�DQG�RQH-�
\HDU�PRUWDOLW\� 

 
0DKHVKZDUL�� .��� HW� DO�� (DUO\� 6XUJHU\�
&RQIHUV�2QH-<HDU�0RUWDOLW\�%HQHILW�,Q�
+LS� )UDFWXUH� 3DWLHQWV�� -� 2UWKRS�
7UDXPD�� ������ 0DUFK�� ��������� �-
���� 

�/21*-7(50�287&20(6�2)�
0,&52)5$&785(�2)�7+(�

6+28/'(5 
  

7KH� LQFLGHQFH� RI� JOHQRKXPHUDO�
FKRQGUDO�GHIHFWV�UHSRUWHG� LQFLGHQWDOO\�
DW� DUWKURVFRS\� KDV� EHHQ� ZLWKLQ� WKH�
UDQJH�RI�ILYH�WR������$V�PLFURIUDFWXUH�
KDV� EHHQ� XVHG� LQ� NQHH� VXUJHU\�� WKLV�
VWXG\�ZDV�GHVLJQHG� WR�GHWHUPLQH� WKH�
HIIHFW� RI� WKLV� SURFHGXUH� RQ� SDWLHQWV�



 

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

ZLWK� DUWLFXODU� FDUWLODJH� GHIHFWV� DW� WKH�
JOHQRKXPHUDO�MRLQW� 
7KLV� UHWURVSHFWLYH� UHYLHZ� LQFOXGHG�

FRQVHFXWLYH� SDWLHQWV� ZLWK� FKRQGUDO�
GHIHFWV� RI� WKH� KXPHUDO� KHDG� DQG�RU�
JOHQRLG� ZKR� UHFHLYHG� PLFURIUDFWXUH�
VXUJHU\� DIWHU� IDLOHG� FRQVHUYDWLYH�
WUHDWPHQW� 3DUWLFLSDQWV� ZHUH�
FRQWDFWHG� E\� SKRQH� IRU� SRVWRSHUDWLYH�
DVVHVVPHQWV�� LQFOXGLQJ� D� YLVXDO�
DQDORJXH� VFDOH� �9$6�� IRU� SDLQ�� WKH�
6LQJOH� $VVHVVPHQW� 1XPHULF�
(YDOXDWLRQ� �6$1(��� VXEVHTXHQW�
VXUJHU\�� ZLOOLQJQHVV� WR� XQGHUJR� WKH�
VXUJHU\� DJDLQ�� WKH� 6LPSOH� 6KRXOGHU�
7HVW� �667��� WKH� $PHULFDQ� 6KRXOGHU�
DQG�(OERZ�6XUJHRQV��$6(6��IRUP�DQG�
WKH� 6KRUW� )RUP-��� �6)-����� 7KH�
DYHUDJH�IROORZ-XS�WLPH�ZDV������\HDUV� 
2I�WKH����SDWLHQWV�DYDLODEOH�IRU�IROORZ

-XS�� WKUHH� KDG� SURJUHVVHG� WR� IDLOXUH��
ZLWK� ��� DYDLODEOH� IRU� IROORZ-XS�
TXHVWLRQQDLUHV�� 7KH� DGMXVWHG� 9$6�
VFRUHV� ZHUH� VLJQLILFDQWO\� LPSURYHG� DW�
ORQJ-WHUP� IROORZ-XS� DV� FRPSDUHG� ZLWK�
EDVHOLQH��S ���������DV�ZHUH�VFRUHV�RQ�
WKH� $6(6� �S ������� DQG� 667�
�S ��������6XUYLYRUVKLS�ZDV��������DW�
RQH� \HDU�� ������ DW� WKUHH� \HDUV� DQG�
������DW�QLQH�\HDUV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� VKRXOGHU� MRLQW� FKRQGUDO� GHIHFWV��
WUHDWHG� ZLWK� PLFURIUDFWXUH�� IRXQG� D�
UHRSHUDWLRQ� UDWH�RI� ������DQG�D� ORQJ-
WHUP�FOLQLFDO�IDLOXUH�UDWH�RI������� 

  
:DQJ�� .��� HW� DO�� /RQJ-7HUP� &OLQLFDO�
2XWFRPHV� DIWHU� 0LFURIUDFWXUH� RI� WKH�
*OHQRKXPHUDO�-RLQW��$YHUDJH���-�<HDU�
)ROORZ-8S��$P� -� 6SRUWV� 0HG�� ������
0DUFK�������������-���� 

 .,1(6,23+2%,$�$1'�3+<6,&$/�
7+(5$3<�5(/$7('�3$,1 

.LQHVLRSKRELD� GHVFULEHV� DYRLGDQFH�
DQG� IHDU� RI�PRYHPHQW�� 7KLV� VHHPV� WR�
EH�LPSRUWDQW�WR�WKH�GHYHORSPHQW RI���
FKURQLF� PXVFXORVNHOHWDO� SDLQ�� 7KLV�
VWXG\� H[DPLQHG� WKH� LPSDFW� RI�
NLQHVLRSKRELD�DW� WKH� RQVHW� RI� SK\VLFDO�
WKHUDS\� �37��� DQG� WKH� HIIHFW� RI�
DQDOJHVLD�RQ�NLQHVLRSKRELD� 
7KLV� )UHQFK�� PXOWLFHQWHU� VWXG\�

LQFOXGHG� FRQVHFXWLYH�� DGXOW� SDWLHQWV��
UHIHUUHG� WR� 37� IRU� WKH� WUHDWPHQW� RI�
PXVFXORVNHOHWDO� SDLQ�� $OO� ZHUH�
DVVHVVHG� IRU� NLQHVLRSKRELD� XVLQJ� WKH�

7DPSD�6FDOH� RI� .LQHVLRSKRELD� �76.���
'DWD� FROOHFWHG� LQFOXGHG� PHGLFDO�
KLVWRU\�� GHPRJUDSKLF� GDWD�� SDLQ�
DVVHVVHG� DW� EDVHOLQH� DQG� DW� WKH� ILIWK�
37�VHVVLRQ�XVLQJ�WKH�1XPHULFDO�5DWLQJ�
6FDOH� �156��� PHGLFDWLRQ� XVH� DQG�
SDWLHQW� YLHZ� RI� SDLQ�� � 7KH� VXEMHFWV�
ZHUH� DVNHG� DERXW� SDLQ� GXULQJ� 37�
VHVVLRQV�DQG�RI�OHYHO�RI�VDWLVIDFWLRQ� 
3DUWLFLSDQWV�ZHUH�����SDWLHQWV�ZLWK�D�

PHDQ� DJH� RI� ����� \HDUV�� 7KH� OHYHO� RI�
LQLWLDO� SDLQ� ZDV� VLJQLILFDQWO\� KLJKHU� IRU�
WKRVH�ZLWK�NLQHVLRSKRELD�WKDQ�IRU�WKRVH�
ZLWKRXW�� 3DWLHQWV� ZLWK� NLQHVLRSKRELD�
UHFHLYHG� D� KLJKHU� QXPEHU� RI� 37�
VHVVLRQV�� 7KH� SURSRUWLRQ� RI� VXEMHFWV�
ZKR� UHFHLYHG� D� SUHVFULSWLRQ� IRU� SDLQ�
PHGLFDWLRQV� ZDV� VLJQLILFDQWO\� JUHDWHU�
�S�������� IRU� WKRVH�ZLWK� DV� FRPSDUHG�
WR� WKRVH�ZLWKRXW�NLQHVLRSKRELD� �������
YHUVXV� �������� $� VLJQLILFDQW� LQFUHDVH�
LQ�37�VDWLVIDFWLRQ�ZDV�REVHUYHG� LQ�WKH�
������ZKR�KDG�EHHQ�JLYHQ�SUHYHQWLYH�
DQDOJHVLFV�EHIRUH�37�VHVVLRQV� 
&RQFOXVLRQ� 7KLV VWXG\ RI�

FRQVHFXWLYH� SDWLHQWV� VHHQ� LQ� D�
PXVFXORVNHOHWDO� FOLQLF� IRXQG� WKDW�
NLQHVLRSKRELD� LV� IUHTXHQW� DPRQJ�
SDWLHQWV�UHFHLYLQJ�SK\VLFDO�WKHUDS\�DQG�
LV�DVVRFLDWHG�ZLWK�KLJKHU�OHYHOV�RI�SDLQ��
ZLWK� LPSURYHG� VDWLVIDFWLRQ� LQ� WKRVH�
JLYHQ� SUHYHQWDWLYH� DQDOJHVLFV� EHIRUH�
WKHUDS\� 

 
3HUURW�� 6��� HW� DO�� .LQHVLRSKRELD� DQG�
3K\VLFDO� 7KHUDS\-5HODWHG� 3DLQ� LQ�
0XVFXORVNHOHWDO� 3DLQ�� $� 1DWLRQDO��
0XOWLFHQWHU�� &RKRUW� 6WXG\� RQ� 3DWLHQWV�
DQG� WKHLU� *HQHUDO� 3K\VLFLDQV�� -RLQW�
%RQH�6SLQH���������������-���� 

 
2%(6,7<�75(1'6�,1�7+(� 

81,7('�67$7(6 
  
7KH� SUHYDOHQFH� RI� RYHUZHLJKW� DQG�

REHVLW\�KDV�LQFUHDVHG�VLQFH�WKH�����V��
ZLWK� WKH�SUHYDOHQFH�SODWHDXLQJ�DPRQJ�
\RXWK� EHWZHHQ� ����� DQG� ������ 7KLV�
VWXG\�DQDO\]HG��WKH�REHVLW\�SUHYDOHQFH�
DPRQJ�\RXWK�DQG�DGXOWV� LQ� WKH�8QLWHG�
6WDWHV�EHWZHHQ������DQG������ 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

1DWLRQDO� +HDOWK� DQG� 1XWULWLRQ�
([DPLQDWLRQ� 6XUYH\� �1+$1(6�� D�
FURVV-VHFWLRQDO� VXUYH\� RI� FLYLOLDQ��
QRQLQVWLWXWLRQDOL]HG� LQGLYLGXDOV� LQ� WKH�
8QLWHG�6WDWHV��)RU�WKH��VXUYH\��REHVLW\�
ZDV�GHILQHG�DV�D�ERG\�PDVV� LQGH[�RI�

���P�NJ��DQG�VHYHUH�REHVLW\�DV����P�
NJ�� RU� PRUH�� 'DWD� ZHUH� FRPSDUHG�
EHWZHHQ�WKH�VXUYH\V�REWDLQHG�LQ�����-
����� DQG� WKRVH� REWDLQHG� LQ� ����-
����� 
'DWD� IURP�������� \RXWK� DQG� �������

DGXOWV�ZHUH�DQDO\]HG��7KH�SUHYDOHQFH�
RI�REHVLW\�LQ�\RXWK�ZDV��������LQ������
-�������DQG��������LQ�����-������7KH�
DJH� VWDQGDUGL]HG� SUHYDOHQFH� RI�
REHVLW\� DPRQJ� DGXOWV� ZDV� ������ LQ�
����-����� DQG� ������ LQ� ����-������
7KLV� LQFUHDVH� ZDV� VLJQLILFDQW� DPRQJ�
ZRPHQ� DQG� LQ� DGXOWV� ��� \HDUV� RI� DJH�
RU� ROGHU�� 6HYHUH� REHVLW\� LQ� DGXOWV�
LQFUHDVHG� IURP� � ����� � LQ� � ����-������
WR�������LQ�����-������S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\�� XVLQJ�

GDWD� IURP� WKH� 1+$1(6�� IRXQG� WKDW��
RYHU� WKH� PRVW� UHFHQW� GHFDGH��
LQFUHDVHV� LQ� REHVLW\� DQG� VHYHUH�
REHVLW\� KDYH� FRQWLQXHG� DPRQJ� ERWK�
\RXWK�DQG�DGXOWV� 

+DOHV��&���HW�DO��7UHQGV�LQ�2EHVLW\�DQG�
6HYHUH� 2EHVLW\� 3UHYDOHQFH� LQ� 8�6��
<RXWK� DQG� $GXOWV� E\� 6H[� DQG� $JH��
����-����� WR� ����-������ -$0$��
3XEOLVKHG� RQOLQH� 0DUFK� ���� ������
GRL���������MDPD����������� 

7(1-<($5�287&20(6�$)7(5�
$17(5,25�&58&,$7(�/,*$0(17�

5(&216758&7,21 
  
$� QXPEHU� RI� UHSRUWV� KDYH�

GRFXPHQWHG� WKH� VKRUW-DQG�
LQWHUPHGLDWH-WHUP� VXFFHVV� DIWHU�
DQWHULRU� FUXFLDWH� OLJDPHQW� �$&/��
UHFRQVWUXFWLRQ�� /HVV� GLVFXVVLRQ� KDV�
IRFXVHG�RQ�SDWLHQW�VSHFLILF�ULVN� IDFWRUV�
DQG� SDWLHQW� UHSRUWHG� RXWFRPH�
PHDVXUHV�DIWHU�$&/�UHSDLU��7KLV�VWXG\�
H[SORUHG LQGLYLGXDO� FKDUDFWHULVWLFV�
ZKLFK� FRQYH\� DQ� LQFUHDVHG� ULVN� IRU�
SRRU�RXWFRPH�DIWHU�WKHVH�VXUJHULHV� 
7KLV� PXOWLVLWH� VWXG\� LQFOXGHG� DOO�

SDWLHQWV� ZKR� XQGHUZHQW� XQLODWHUDO��
SULPDU\�RU�UHYLVLRQ�$&/�UHFRQVWUXFWLRQ�
EHWZHHQ� ����� DQG� ������ $OO� VXEMHFWV�
FRPSOHWHG� D� ��-� SDJH� TXHVWLRQQDLUH�
HQFRPSDVVLQJ� GHPRJUDSKLFV�� LQMXU\�
GHVFULSWRUV�� VSRUWV� SDUWLFLSDWLRQ��
FRPRUELGLWLHV��PHGLFDO�KLVWRU\�LQFOXGLQJ�
VXUJHULHV� DQG� SDWLHQW� UHSRUWHG�
RXWFRPHV��XVLQJ�WKH�,QWHUQDWLRQDO�.QHH�
'RFXPHQWDWLRQ�&RPPLWWHH��,.'&���WKH�
.QHH� LQMXU\� DQG� 2VWHRDUWKULWLV�
2XWFRPH� 6FRUH� �.226�� DQG� DQ�



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

 

DFWLYLW\� VFDOH�� $W� WZR�� VL[� DQG� ���
\HDUV�� SDWLHQWV� ZHUH� PDLOHG� WKH�
VDPH� TXHVWLRQQDLUH�� 2I� WKH� ������
SDWLHQWV� LQLWLDOO\� HQUROOHG�� ����ZHUH�
DYDLODEOH� IRU� ��-� \HDU� IROORZ-XS��
%RWK� WKH� ,.'&� DQG� .226� VFRUHV�
VLJQLILFDQWO\� LPSURYHG� IRU� WKH� HQWLUH�
FRKRUW�� DV� PHDVXUHG� DW� WZR� \HDUV��
7KLV� LPSURYHPHQW� ZDV� PDLQWDLQHG�
DW�VL[�DQG����\HDUV��5LVN�IDFWRUV�IRU�
LQIHULRU� RXWFRPH� DW� ��� \HDUV� ZHUH�
ORZHU� EDVHOLQH� VFRUHV�� KLJKHU� ERG\�
PDVV� LQGH[�� EHLQJ� D� VPRNHU� DW�
EDVHOLQH�� KDYLQJ� PHGLDO� PHQLVFDO�
UHSDLUV�GXULQJ�WKH�LQGH[�VXUJHU\�DQG�
D� KLVWRU\� RI� PHQLVFDO� SURFHGXUHV�
EHIRUH� WKH� LQGH[� VXUJHU\��:KLOH� WKH�
,.'&�DQG�.226�VFRUHV�DW����\HDUV�
ZHUH�VLPLODU� WR� WKRVH�DW� WZR�DQG�VL[�
\HDUV�� WKH� DFWLYLW\� VFRUHV� VWHDGLO\�
GHFOLQHG�RYHU�WLPH� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�������

SDWLHQWV XQGHUJRLQJ� $&/�
UHFRQVWUXFWLRQ� IRXQG� WKDW� WKH�
SDWLHQWV�ZHUH�DEOH�WR�SHUIRUP�VSRUWV
-UHODWHG�IXQFWLRQV�DQG�PDLQWDLQ�KLJK�
NQHH-�UHODWHG�TXDOLW\�RI�OLIH�IRU�XS�WR�
��� \HDUV� DIWHU� VXUJHU\�� DOWKRXJK�
DFWLYLW\�OHYHOV�GHFOLQHG�RYHU�WLPH� 

  
7KH� 0221� NQHH� JURXS�� 7HQ-<HDU�
2XWFRPHV� DQG� 5LVN� )DFWRUV� DIWHU�
$QWHULRU� &UXFLDWH� /LJDPHQW�
5HFRQVWUXFWLRQ� $ 0221�
/RQJLWXGLQDO�� 3URVSHFWLYH�� &RKRUW�
6WXG\��$P� -� 6SRUW� � 0HG�� � ������
$SULO�������������-���� 

287&20(�$)7(5�
0,&52)5$&785(�9(5686�

026$,&3/$67/< 
 
)RFDO�FKRQGUDO�OHVLRQV�DW�WKH�NQHH�

KDYH� EHHQ� VKRZQ� WR� LPSDLUHG�
TXDOLW\� RI� OLIH� DQG� FOLQLFDO� IXQFWLRQ��
$V�WKHVH�OHVLRQV�KDYH�OLWWOH�SRWHQWLDO�
IRU� VSRQWDQHRXV� KHDOLQJ�� VXUJLFDO�
WUHDWPHQW� RSWLRQV� KDYH� RIWHQ�
LQFOXGHG� PLFURIUDFWXUH� DQG�
DXWRWUDQVSODQWDWLRQ�RI�RVWHRFKRQGUDO�
F\OLQGHUV� �PRVDLFSODVW\���7KLV� VWXG\�
FRPSDUHG� WKH� FOLQLFDO� RXWFRPHV� RI�
WKHVH�WZR�SURFHGXUHV� 
6XEMHFWV� ZHUH� ��� SDWLHQWV�� ��� WR�

��� \HDUV� RI� DJH�� SUHVHQWLQJ� IRU�
UHSDLU� RI� FKRQGUDO� OHVLRQV� DW� WKH�
NQHH�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�

PLFURIUDFWXUH� RU� PRVDLFSODVW\�� )RU�
ERWK� SURFHGXUHV�� FRQWLQXRXV�
SDVVLYH� PRWLRQ� ZDV� VWDUWHG� ZLWKLQ�
KRXUV� DIWHU� VXUJHU\�� DQG� FRQWLQXHG�
IRU� WKH� GXUDWLRQ� RI� WKH�
KRVSLWDOL]DWLRQ�� 7KH� SDWLHQWV� XVHG�
FUXWFKHV� ZLWK� WRH-WRXFK� ZHLJKW�
EHDULQJ� IRU� VL[� ZHHNV�� SURJUHVVLQJ�
WKHUHDIWHU� WR� IXOO� ZHLJKW� EHDULQJ�� $W�
EDVHOLQH��DQG�\HDUO\�XS� WR����\HDUV�
SRVWRSHUDWLYHO\�� WKH� VXEMHFWV�
FRPSOHWHG�D�VWDQGDUGL]HG�IRUP�ZLWK�
TXHVWLRQV� FRQFHUQLQJ� V\PSWRPV�
DQG�IXQFWLRQ� 
$W� ��� \HDUV�� WKH� PHDQ� /\VKROP�

VFRUH� LPSURYHG� ��� SRLQWV� IURP�
EDVHOLQH� LQ� WKH� PRVDLFSODVW\� JURXS�
DQG�ZDV�VLJQLILFDQWO\�EHWWHU�WKDQ�WKH�
PLFURIUDFWXUH�JURXS�DW� RQH�� ILYH�� ���
DQG� ��� \HDUV�� 7KH� PRVDLFSODVW\�
JURXS� FRQWDLQHG� D� VLJQLILFDQWO\�
KLJKHU� QXPEHU� RI� SDWLHQWV� ZKR�
UHSRUWHG� JRRG�H[FHOOHQW� RXWFRPHV�
�S ������� DQG� D� ORZHU� SHUFHQW� ZKR�
UHSRUWHG� D� SRRU� RXWFRPH� �S �������
DV� FRPSDUHG�ZLWK� WKH�PLFURIUDFWXUH�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FKRQGUDO�GHIHFWV�RI�WKH�
NQHH�IRXQG�WKDW�PRVDLFSODVW\�UHVXOWV�
LQ� EHWWHU� VKRUW-� DQG� ORQJ-WHUP�
RXWFRPHV�� DV� FRPSDUHG� WR�
PLFURIUDFWXUH� 

 
6ROKKHLP�� (��� HW� DO�� 5DQGRPL]HG�
6WXG\� RI� /RQJ-7HUP� ���� WR� ���
<HDUV�� 2XWFRPH� DIWHU� 0LFURIUDFWXUH�
YHUVXV� 0RVDLFSODVW\� LQ� .QHH�
$UWLFXODU� &DUWLODJH� 'HIHFW�� $P� -�
6SRUWV� 0HG�� ������0DUFK����� �����
���-���� 

&$5',29$6&8/$5�6$)(7<�2)�
)(%8;267$7�25�$//2385,12/�

,1�*287 

3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� JRXW� LV�
DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�
FDUGLRYDVFXODU� DQG� FKURQLF� NLGQH\�
GLVHDVH�� )HEX[RVWDW� LV� DQ� LQKLELWRU�
RI� [DQWKHQH� R[LGDVH�� XVHG� IRU� WKH�
PDQDJHPHQW� RI� K\SHUXULFHPLD� LQ�
SDWLHQWV� ZLWK� JRXW�� 7KLV� VWXG\�
FRPSDUHG� WKH� FDUGLRYDVFXODU�VDIHW\�
RI�IHEX[RVWDW�ZLWK�WKDW�RI�DOORSXULQRO� 
7KLV� UDQGRPL]HG�� PXOWLFHQWHU��

GRXEOH-EOLQG�� QRQ-LQIHULRULW\� WULDO�
LQFOXGHG� SDWLHQWV� ZLWK� JRXW� DQG� D�

KLVWRU\�RI�PDMRU FDUGLRYDVFXODU�
GLVHDVH�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
DOORSXULQRO� ZLWK GRVHV�
PRGLILHG� DFFRUGLQJ� WR� NLGQH\�
IXQFWLRQ�� RU� IHEX[RVWDW� DW� ��� PJ�
SHU� GD\�� WLWUDWHG� WR� ���PJ� SHU� GD\�
DV� QHHGHG�� 7KH� SULPDU\� HQGSRLQW�
ZDV� D� FRPSRVLWH� RI� WKH� ILUVW�
RFFXUUHQFH�RI� FDUGLRYDVFXODU�GHDWK��
QRQIDWDO� P\RFDUGLDO� LQIDUFWLRQ��
XQVWDEOH�VWURNH�RU �XUJHQW�
UHYDVFXODUL]DWLRQ� IRU� XQVWDEOH�
DQJLQD�� 6XEMHFWV� ZHUH� ������
SDWLHQWV� IURP� ���� VLWHV�� 2YHUDOO��
������ RI� WKH� SDWLHQWV� GLVFRQWLQXHG�
WUHDWPHQW� SUHPDWXUHO\�� 7KH� SULPDU\�
HQGSRLQW� ZDV� UHDOL]HG� LQ� ������ RI�
WKH� IHEX[RVWDW� JURXS� DQG� LQ� ������
RI� WKH� DOORSXULQRO� JURXS� �S �������
&DUGLRYDVFXODU� PRUWDOLW\� DQG� GHDWK�
IURP�DQ\�FDXVH�ZHUH�JUHDWHU� LQ� WKH�
IHEX[RVWDW� JURXS� WKDQ� LQ� WKH�
DOORSXULQRO� JURXS� �S ����� DQG�
S ������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�JRXW�IRXQG�KLJKHU�ULVNV�
RI� FDUGLRYDVFXODU� GHDWK� DQG� GHDWK�
IURP�DQ\�FDXVH�DPRQJ� WKRVH�XVLQJ�
IHEX[RVWDW� WKDQ� DPRQJ� WKRVH� XVLQJ�
DOORSXULQRO� 

 
:KLWH�� :��� HW� DO�� &DUGLRYDVFXODU�
6DIHW\� RI� )HEX[RVWDW� RU� $OORSXULQRO�
LQ�3DWLHQWV�ZLWK�*RXW��1�(QJO�-�0HG��
������ 0DUFK� ���� ���� ������ ����-
����� 

&+521,&�,1)/$00$7,21��
$&+,//(6�7(1',123$7+<�$1'�

583785( 
 
$FKLOOHV� WHQGLQRSDWK\� DQG� UXSWXUH�

DUH� IUHTXHQW� FDXVHV� RI� SDLQ� DQG�
GLVDELOLW\�� $V� UHFHQW� VWXGLHV� KDYH�
IRXQG�LPPXQH�FHOOV�LQ�VSHFLPHQV�RI�
QRQ-UXSWXUHG� FKURQLF� $FKLOOHV�
WHQGLQRSDWKLHV�� WKLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
DVVRFLDWLRQ� EHWZHHQ� LQIODPPDWLRQ�
DQG�WHQGRQ�UXSWXUH� 
6XEMHFWV� ZHUH� ��� DGXOWV�� UDQJLQJ�

IURP���� WR����\HDUV�RI�DJH��DOO�ZLWK�
$FKLOOHV�WHQGLQRSDWK\��SUHVHQWLQJ�IRU�
WUHDWPHQW��DQG����DGXOWV��SUHVHQWLQJ�
ZLWK�$FKLOOHV�WHQGRQ�UXSWXUH��)RU�WKH�
FRQWURO�� KHDOWK\� KDPVWULQJ� WHQGRQV�
ZHUH� VWXGLHG� RI� ��� SDWLHQWV�
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SUHVHQWLQJ� IRU� $&/� UHSDLU��
6SHFLPHQV� IURP� HDFK� JURXS� ZHUH�
VWXGLHG� XVLQJ�
LPPXQRKLVWRFKHPLVWU\�� LQ� RUGHU� WR�
DVVHVV�WKH�H[SUHVVLRQ�RI�&'���DQG�
&'��� FHOOV�� ZLWK� WKRVH� ILQGLQJV�
FRPSDUHG�WR�WKRVH�RI�FRQWUROV� 
&RPSDUHG� WR� FRQWUROV�� DQ�

LQFUHDVHG� H[SUHVVLRQ� RI� &'����
�S ������� DQGௗ&'����
�S �������� FHOOV� ZDV� QRWHG� LQ�
WHQGLQRSDWKLF� DQG� UXSWXUHG� $FKLOOHV
�FROOHFWLYHO\� ODEHOOHG� GLVHDVHG���
8VLQJ� DQWLERGLHV� DVVRFLDWHG� ZLWK�
PDFURSKDJH� DFWLYDWLRQ�� WKH�
GLVHDVHG� VSHFLPHQV� UHYHDOHG�
PDUNHUV� RI� LQWHUIHURQ� �,5)��� ,5)����
67$7-�� �&'����� � DQG���
JOXFRFRUWLFRLG� UHFHSWRU� �*&5��
�&'����� PDFURSKDJH� DFWLYDWLRQ�
SDWKZD\V��8VLQJ�&'���DV�D�PDUNHU�
RI� YDVFXODUL]DWLRQ�� DQ� LQFUHDVHG�
H[SUHVVLRQ� ZDV� QRWHG� LQ�
WHQGLQRSDWKLF��S ������DQG�UXSWXUHG�
WHQGRQV��S �������� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� FKURQLF� LQIODPPDWLRQ� LV� D�
IHDWXUH� RI� ERWK� $FKLOOHV�
WHQGLQRSDWK\� DQG� $FKLOOHV� WHQGRQ�
UXSWXUH� 

 
'DNLQ�� 6��� HW� DO�� &KURQLF�
,QIODPPDWLRQ� ,V� D� )HDWXUH� RI�
$FKLOOHV�7HQGLQRSDWK\�DQG�5XSWXUH��
%U� -� 6SRUWV�0HG��������0DUFK����
��������-���� 

 

'2�3+<6,&$/� 
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/RZ�EDFN�SDLQ� �/%3�� LV�D� OHDGLQJ�

FDXVH� RI� \HDUV� OLYHG� ZLWK� GLVDELOLW\�
�</'�� ZRUOGZLGH�� 7KLV� ORQJLWXGLQDO��
FDVH� FURVVRYHU� VWXG\� H[DPLQHG�
ZKHWKHU� SK\VLFDO� DFWLYLWLHV� DUH�
DVVRFLDWHG� ZLWK� D� WUDQVLHQW� ULVN� RI�
SDLQ� IODUH-XSV� LQ� SDWLHQWV� ZKR� DUH�
H[SHULHQFLQJ� DFXWH� ORZ� EDFN� SDLQ�
�/%3�� 
7KH� SDUWLFLSDQWV� ZHUH� DGXOWV�

H[SHULHQFLQJ� D� QHZ� HSLVRGH� �IODUH-
XS�� RI� /%3�� SUHFHGHG� E\� DW� OHDVW�
RQH� PRQWK� ZLWKRXW� /%3�� 7KH�
VXEMHFWV�ZHUH�DVNHG�WR�VSHFLI\�DJH��
JHQGHU�� UDFH�� HPSOR\PHQW� VWDWXV�
DQG� /%3� KLVWRU\� DW� WKH� LQLWLDO�

FRQVXOWDWLRQ�� %DFN� SDLQ� LQWHQVLW\�
ZDV� PHDVXUHG� RQ� DQ� ��-SRLQW�
QXPHULFDO� UDWLQJ� VFDOH�� )XQFWLRQDO�
OLPLWDWLRQV�ZHUH�DVVHVVHG�XVLQJ� WKH�
2VZHVWU\� 'LVDELOLW\� ,QGH[� �2',���
7KH� SDWLHQWV� UHSRUWHG� VSHFLILF�
SK\VLFDO� DFWLYLW\� H[SRVXUHV� DQG�
HPRWLRQDO� WULJJHUV� GXULQJ� WKH� PRVW�
UHFHQW����KRXUV� 
7KH����DGXOW�SDWLHQWV�KDG�D�PHDQ�

DJH� RI� ��� \HDUV� DQG� UHSRUWHG� ���
IODUH-� XS� SHULRGV� DQG� ���� FRQWURO�
SHULRGV�� 2I� WKH� SK\VLFDO� DFWLYLWLHV��
SURORQJHG� VLWWLQJ� ZDV� WKH� RQO\�
DFWLYLW\� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK�
D� /%3� IODUH-XS�� ZLWK� DQ� RGGV� UDWLR�
�25�� RI� ���� �S��������� 7KH�
PXOWLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�
SURORQJHG�VLWWLQJ� �25������S��������
DQG� VWUHVV� RU� GHSUHVVLRQ� �25� �����
S ������ ZHUH� LQGHSHQGHQWO\� DQG�
VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVHG� ULVN�� ZKLOH� LQYROYHPHQW�
ZLWK� 37� �25� ����� S ������ ZDV�
DVVRFLDWHG�ZLWK�D�GHFUHDVHG�ULVN�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFXWH� ORZ� EDFN� SDLQ�
IRXQG� WKDW� WKH�RQO\�SK\VLFDO�DFWLYLW\�
DVVRFLDWHG� ZLWK� DQ� H[DFHUEDWLRQ�
�IODUH-XS�� RI� WKLV� FRQGLWLRQ� ZDV�
VLWWLQJ�IRU�PRUH�WKDQ�VL[�KRXUV� 

 
6XUL��3���HW�DO��'R�3K\VLFDO�$FWLYLWLHV�
7ULJJHU� )ODUH-XSV� 'XULQJ� DQ� $FXWH�
/RZ� %DFN� 3DLQ� (SLVRGH"� $�
/RQJLWXGLQDO� &DVH-&URVVRYHU��
)HDVLELOLW\� 6WXG\�� 6SLQH�� � ������
0DUFK���������������-���� 

)5$1.,1&(16(�(;75$&7�)25�
5(/$36,1*-5(0,77,1*�
08/7,3/(�6&/(526,6 

 
3UHYLRXV� VWXGLHV� RI� IUDQNLQFHQVH�

GHULYDWLYHV� KDYH� VKRZQ� VRPH�
SRVLWLYH� DFWLYLW\� LQ� WDUJHWHG�PXOWLSOH�
VFOHURVLV� �06�� LQIODPPDWRU\�
PROHFXOHV�DQG�SDWKZD\V��7KLV�VWXG\�
DVVHVVHG� WKH� HIILFDF\� RI�
VWDQGDUGL]HG� IUDQNLQFHQVH� H[WUDFW�
�6)(�� DV� DQ� DQWL-LQIODPPDWRU\� DQG�
LPPXQRPRGXODWRU\� WKHUDS\� IRU�
SDWLHQWV�ZLWK�06� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

UHODSVLQJ� UHPLWWLQJ� 06� �5506���
$IWHU� D� WKUHH-PRQWK� EDVHOLQH�
REVHUYDWLRQ�� WKH� SDUWLFLSDQWV�

XQGHUZHQW� DQ� HLJKW-� ZHHN�
LQWURGXFWLRQ� SHULRG� ZLWK� 6)(�
FDSVXOHV�RI�����PJ��WLWUDWHG�XS�WR�D�
PD[LPXP� RI� ������ PJ� SHU� GD\��
'XULQJ� WKH� EDVHOLQH�� FRQWUDVW-�
HQKDQFHG� OHVLRQV� �&(/V�� ZHUH�
DVVHVVHG� E\� 05,� VFDQV�� ZLWK�
FOLQLFDO� IROORZ-XS� DQG� 05,� VWXGLHV�
FRPSOHWHG� PRQWKO\� XQWLO� PRQWK�
HLJKW�� DQG� DJDLQ� DW� PRQWK� ��� DQG�
HYHU\� WKUHH� PRQWKV� WKHUHDIWHU�� 7KH�
PDLQ� RXWFRPH� YDULDEOH� ZDV� WKH�
FKDQJH� LQ� &(/V� IURP� EDVHOLQH� WR�
WUHDWPHQW�SKDVH� 
7KH�QXPEHU�RI�PRQWKO\�&(/V�ZDV�

UHGXFHG�� IURP��D��EDVHOLQH��PHGLDQ�
RI� ����� WR� D� IROORZ-XS� PHGLDQ� RI��
������S�����������UHDOL]HG�DW�PRQWKV�
ILYH� � WR� HLJKW�� ,Q� DGGLWLRQ�� EUDLQ�
DWURSK\�ZDV�QRWHG�DW�EDVHOLQH�VFDQ��
ZLWK� LQFUHDVHG�YROXPH� IRXQG�GXULQJ�
WKH�WUHDWPHQW�SKDVH��S ���������$Q�
LPPXQRORJLFDO HYDOXDWLRQ�
GHPRQVWUDWHG� WKDW� &'��� 7� FHOOV�
VKRZHG� DQ� LQFUHDVH� LQ� &7/$-��
VXUIDFH� H[SUHVVLRQ�� ZLWK� WKH�
IUHTXHQF\�RI�&'���&'���)R[3���7�
FHOOV� LQFUHDVLQJ� VLJQLILFDQWO\� GXULQJ�
WUHDWPHQW�� 7KH� ,/-��$-SURGXFLQJ�
&'��� 7� FHOOV� GHFUHDVHG�� ZKLOH� WKH�
IUHTXHQF\� RI� ,/-��-SURGXFLQJ�&'���
7� FHOOV� LQFUHDVHG� VLPXOWDQHRXVO\��
GXULQJ� WUHDWPHQW� �S������� IRU� DOO���
2I� WKHVH�� RQO\� WKH� IUHTXHQF\� RI�
&'���&'���)R[3���7�FHOOV�VKRZHG�
D� VLJQLILFDQW�� QHJDWLYH� FRUUHODWLRQ�
ZLWK�WKH�QXPEHU�RI�&(/V� 
&RQFOXVLRQ�� 7KLV� SKDVH� ,,� WULDO�

RI� SDWLHQWV� ZLWK� UHODSVLQJ� UHPLWWLQJ�
PXOWLSOH� VFOHURVLV� IRXQG� WKDW�
VWDQGDUGL]HG�IUDQNLQFHQVH�H[WUDFW�LV�
VDIH� DQG� GHPRQVWUDWHV� EHQHILFLDO�
LPPXQRPRGXODWRU\�HIIHFWV�� 
 
6WU�UQHU�� .��� HW� DO�� $� 6WDQGDUGL]HG�
)UDQNLQFHQVH� ([WUDFW� 5HGXFHV�
'LVHDVH� $FWLYLW\� LQ� 5HODSVLQJ-�
5HPLWWLQJ� 0XOWLSOH� 6FOHURVLV� �7KH�
6$%$� 3KDVH� ,,D� 7ULDO��� -� 1HXURO�
1HXURVXUJ� 3V\FKLDWU\�� ������ ���
�������-���� 

<2*$�,1-85,(6 
 
7KRXJK� SURPRWHG� DV� SK\VLFDOO\�

DQG� HPRWLRQDOO\� WKHUDSHXWLF�� VRPH�
KDYH� TXHVWLRQHG� WKH� VDIHW\� RI� WKH�
SUDFWLFH� RI� \RJD�� 7KLV� V\VWHPDWLF�
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UHYLHZ� ZDV� FRPSOHWHG� WR� EHWWHU�
XQGHUVWDQG� WKH� SUHYDOHQFH� RI�
LQMXULHV�DVVRFLDWHG�ZLWK�\RJD� 
$�OLWHUDWXUH�UHYLHZ�ZDV�FRQGXFWHG��

ZLWK� QLQH� REVHUYDWLRQDO� VWXGLHV�
FKRVHQ� IRU� LQFOXVLRQ� LQ� WKLV� VWXG\��
6XEMHFWV� ZHUH� ������ \RJD�
SUDFWLWLRQHUV� DQG� ������ QRQ-\RJD�
SUDFWLWLRQHUV��,QMXU\�ZDV�GHILQHG�DV�D�
WUDXPD� UHTXLULQJ� GLVFRQWLQXDWLRQ� RI�
SDUWLFLSDWLRQ�IRU�WKDW�GD\� 
7KH� ULVN� RI� \RJD� DVVRFLDWHG�

LQMXULHV�ZDV�HVWLPDWHG�WR�EH������SHU�
������ KRXUV� RI� \RJD� SUDFWLFH�� 7KH�
OLIHWLPH� SUHYDOHQFH� RI� \RJD–�
DVVRFLDWHG� LQMXULHV�RU� RWKHU� DGYHUVH�
HYHQWV� UDQJHG� IURP� ��-����� 7KRVH�
\RJD� PRYHV� FRPPRQO\� DVVRFLDWHG�
ZLWK� LQMXULHV� ZHUH� WKH� KHDGVWDQG��
VKRXOGHUV� VWDQG�� ORWXV� SRVWXUH��
KDQGVWDQG��DQG�IRUZDUG�RU�EDFNZDUG�
EHQGLQJ� 
&RQFOXVLRQ�� 7KLV� V\VWHPDWLF�

UHYLHZ�RI� QLQH�REVHUYDWLRQDO�VWXGLHV�
IRXQG�WKDW�WKH�ULVN�RI�LQMXU\�ZDV������
SHU�������KRXUV�RI�\RJD�SUDFWLFH� 

&UDPHUHW�� HW� DO�� ,QMXULHV� DQG� 2WKHU�
$GYHUVH� (YHQWV� $VVRFLDWHG� ZLWK�
<RJD� 3UDFWLFH�� $� 6\VWHPLF� 5HYLHZ�
RI� (SLGHPLRORJLFDO� 6WXGLHV�� -� 6FL�
0HG� 6SRUW�� ������)HEUXDU\�� ������
���-���� 

+($/7+�2)�7+(�81,7('�67$7(6�
)520������ 

7+528*+����� 
 
$FFRUGLQJ� WR� WKH�*OREDO�%XUGHQ�RI�

'LVHDVH�6WXG\�������*%'�������86�
%XUGHQ�RI�'LVHDVH�5HSRUW�� WKH�PDLQ�
FDXVHV�FRQWULEXWLQJ�WR�WRWDO�GLVDELOLW\
–�DGMXVWHG–OLIH–\HDUV�ZHUH�SRRU�GLHW��
VPRNLQJ�� KLJK� EORRG� SUHVVXUH� DQG�
REHVLW\�� 7KLV� VWXG\� XVHG� WKH� *%'�
����� WR� HYDOXDWH� WKH� FKDQJH� DQG�
GLVWULEXWLRQ� RI� EXUGHQ� RI� GLVHDVH�
IURP������WR������ 
7KH�*%'�VWXG\�XVHG�D�V\VWHPDWLF�

DQDO\VLV� RI� SXEOLVKHG� VWXGLHV� DQG�
DYDLODEOH�GDWD��)URP� WKHVH�VRXUFHV��
FDOFXODWLRQV� ZHUH� PDGH� RI� WKH�
LQFLGHQFH�� SUHYDOHQFH�� PRUWDOLW\��
FDXVH� RI� GHDWK�� \HDUV� RI� OLIH� ORVW�
�<//�� DQG� \HDUV� OLYHG�ZLWK� GLVDELOLW\�
�</'�� DQG� WKH� VXP� RI� WKHVH��
GLVDELOLW\-� DGMXVWHG� OLIH-\HDUV�
�'$/<V�� 
%HWZHHQ� ����� DQG� ������ GHDWK�

UDWHV� LQ� WKH� 8�6�� GHFOLQHG� IURP�
������ SHU� �������� WR� ���� SHU�
��������� +DZDLL� KDG� WKH� KLJKHVW�
������ \HDUV�� DQG� 0LVVLVVLSSL� WKH�
ORZHVW� ������\HDUV���OLIH��H[SHFWDQF\��
LQ�� ������7KH WHQ OHDGLQJ�
FDXVHV RI� GLVDELOLW\-DGMXVWHG� OLIH-
\HDUV� �'$/<�� LQ� ������ IURP�
JUHDWHVW� WR� OHDVW�� �ZLWK� SHUFHQWDJH�
FKDQJH� IURP� ������ ZHUH� LVFKHPLF�
KHDUW� GLVHDVH��-�������� OXQJ�FDQFHU
�-�������&23' ������� GLDEHWHV�
�������� ORZ� EDFN� SDLQ� �-� ��������
$O]KHLPHU¶V� GLVHDVH� ������� RSLRLG�
XVH� GLVRUGHUV� ���������� RWKHU�
PXVFXORVNHOHWDO� GLVRUGHUV� �-�������
PDMRU� GHSUHVVLRQ� �������� DQG�
PLJUDLQH��-������ 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� D� ULVLQJ� OLIH�
H[SHFWDQF\� LQ� 8QLWHG� 6WDWHV�� ZLWK�
JUHDW� GLVFUHSDQFLHV� DPRQJ� UHJLRQV��
DQG� D� VKLIWLQJ� ODQGVFDSH� RI� \HDUV�
OLYHG�ZLWK�GLVDELOLW\� 

 
7KH� 8�6�� %XUGHQ� RI� 'LVHDVH�
&ROODERUDWRUV�� 7KH� 6WDWH� RI� 8�6��
+HDOWK�� ����-������ %XUGHQ� RI�
'LVHDVHV�� ,QMXULHV� DQG� 5LVN� )DFWRUV�
DPRQJ� 86� 6WDWHV�� -$0$�� ������
$SULO������������������-����� 

3527(,1�,17$.(� 

$1'�/($1�%2'<�0$66�,1�
2/'(5�0(1 

 

:KLOH� VWXGLHV� RI� SURWHLQ� LQWDNH�
JUHDWHU�WKDQ�WKH�UHFRPPHQGHG�GDLO\�
DOORZDQFH� �5'$�� KDYH� EHHQ� VKRZQ�
WR� HQKDQFH� WUDLQLQJ� HIIHFWV� LQ� VRPH�
DWKOHWHV�� LW� LV� QRW� NQRZQ� ZKHWKHU�
KLJKHU� SURWHLQ� LQWDNH� FDQ� KHOS�
SUHVHUYH�PXVFOH�PDVV� LQ�YXOQHUDEOH�
SRSXODWLRQV�� 7KLV� VWXG\� � ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
LQFUHDVLQJ� SURWHLQ� LQWDNH� LQ� ROGHU�
DGXOW� PDOHV� ZLWK� IXQFWLRQDO�
OLPLWDWLRQV�ZRXOG� LQFUHDVH� OHDQ�ERG\�
PDVV� �/%0�� DQG� SHUIRUPDQFH�
PHDVXUHV� 
6XEMHFWV�ZHUH����PHQ����\HDUV�RI�

DJH� DQG� ROGHU� ZKRVH� DYHUDJH� GDLO\�
SURWHLQ�LQWDNH�ZDV�OHVV�WKDQ�RU�HTXDO�
WR� ����� J�NJ�G�� 7KH� PHQ� ZHUH�
GLYLGHG� LQWR� IRXU�JURXSV��D������J�NJ�
SHU� GD\� RI� SURWHLQ� ZLWK� SODFHER�� E��
���� J�NJ� SHU� GD\� RI� SURWHLQ� ZLWK�
SODFHER�� F�� ���� J�NJ� SHU� GD\� RI�

SURWHLQ� SOXV� WHVWRVWHURQH�
VXSSOHPHQWDWLRQ��DQG� G�����J�NJ�SHU�
GD\� RI� SURWHLQ� SOXV� WHVWRVWHURQH�
VXSSOHPHQWDWLRQ�� 7KH� SULPDU\�
RXWFRPH�PHDVXUH�ZDV�WKH�FKDQJH�LQ�
/%0� ZLWK� VHFRQGDU\� RXWFRPH�
PHDVXUHV� LQFOXGLQJ�PXVFOH� VWUHQJWK�
DQG�TXDOLW\�RI�OLIH� 
$W� VL[-PRQWK� IROORZ-XS�� QR�

VLJQLILFDQW� GLIIHUHQFH� LQ� /%0� ZDV�
QRWHG� EDVHG� XSRQ� OHYHO� RI� SURWHLQ��
+RZHYHU�� IDW� PDVV� GHFUHDVHG� LQ�
PHQ� UHFHLYLQJ� KLJKHU� GRVHV� RI�
SURWHLQ��S �������0HQ�UDQGRPL]HG�WR�
UHFHLYH� WHVWRVWHURQH� JDLQHG�
VLJQLILFDQWO\� PRUH� /%0� WKDQ� GLG�
WKRVH� UDQGRPL]HG� WR� WKH� SODFHER�
JURXS�� UHJDUGOHVV� RI� SURWHLQ� LQWDNH�
�S��������� &KDQJHV� LQ� OHJ� SUHVV�
VWUHQJWK�� FKHVW� SUHVV� VWUHQJWK� DQG�
OHJ� SUHVV� SRZHU� GLG� QRW� GLIIHU�
VLJQLILFDQWO\� EHWZHHQ� WKH� SURWHLQ�
JURXSV� EXW� ZHUH� JUHDWHU� DPRQJ�
WKRVH�DGPLQLVWHUHG�WHVWRVWHURQH��1R�
VLJQLILFDQW� HIIHFWV� RI� WHVWRVWHURQH� RU�
SURWHLQ� VXSSOHPHQWDWLRQ�ZHUH� IRXQG�
LQ� VFRUHV� RI� RYHUDOO� KHDOWK-UHODWHG�
TXDOLW\�RI� OLIH�RU�SK\VLFDO�FRPSRQHQW�
VFRUHV�RI�TXDOLW\�RI�OLIH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� PHQ�

��� \HDUV� RI� DJH� RU� ROGHU� IRXQG� WKDW�
SURWHLQ� LQWDNH� DERYH� WKH�
UHFRPPHQGHG� GDLO\� DOORZDQFH� GLG�
QRW� LQFUHDVH� OHDQ� ERG\� PDVV��
PXVFOH� SHUIRUPDQFH�� SK\VLFDO�
IXQFWLRQ� RU� ZHOO-EHLQJ�� XQOHVV�
DFFRPSDQLHG� E\� WHVWRVWHURQH�
VXSSOHPHQWDWLRQ� 
 
%KDVLQ�� 6��� HW� DO�� (IIHFW� RI� 3URWHLQ�
,QWDNH� RQ� /HDQ� %RG\� 0DVV� LQ�
)XQFWLRQDOO\� /LPLWHG� 2OGHU� 0HQ�� $�
5DQGRPL]HG�� &OLQLFDO� 7ULDO�� -$0$�
,QWHUQ� 0HG�� ������ $SULO�� ��������
���-���� 

5,6.�)$&7256�)25�
352*5(66,21�2)�

5$',2*5$3+,&�.1((�
267(2$57+5,7,6 

 
2VWHRDUWKULWLV� �2$�� RI� WKH� NQHH� LV�

WKH� PRVW� FRPPRQ� IRUP� RI� 2$�
DIIHFWLQJ� WKH� HOGHUO\�� 7KLV� VWXG\�
DVVHVVHG�WKH�LQFLGHQFH��SURJUHVVLRQ�
DQG�ZRUVHQLQJ�RI� UDGLRJUDSKLF� NQHH�
2$� RYHU� WLPH�� DQG� H[SORUHG�
SURVSHFWLYH� ULVN� IDFWRUV� IRU� WKLV�
SURJUHVVLRQ� 
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6XEMHFWV� ZHUH� SDUWLFLSDQWV� LQ� WKH�
+DOO\P�$JLQJ�6WXG\��ZKLFK�EHJDQ�LQ�
������ DQG� DVVHVVHG� UHVLGHQWV� ���
\HDUV� RI� DJH� RU� ROGHU�� 6XEMHFWV�
FRPSOHWHG� IDFH-WR-IDFH� LQWHUYLHZV�
IRU�VRFLRHFRQRPLF�DQG�PHGLFDO�GDWD��
ZLWK� D� VXEJURXS� XQGHUJRLQJ�
UDGLRJUDSKLF� VWXGLHV� RI� ERWK� NQHHV��
7KH� SDUWLFLSDQWV� ZHUH� GLYLGHG� LQWR�
IRXU�DJH�JURXSV����� WR����\HDUV�����
WR����\HDUV�����WR����\HDUV�DQG����WR�
���\HDUV�RI�DJH��$JH�VSHFLILF��WKUHH-
\HDU� LQFLGHQFH�� SURJUHVVLRQ� DQG�
ZRUVHQLQJ� RI� UDGLRJUDSKLF� 2$� ZHUH�
FDOFXODWHG� DQG� FRPSDUHG� ZLWK� ULVN�
IDFWRUV� 
7KH� VXEMHFWV� ZHUH� D� PHGLDQ� DJH�

RI����\HDUV��ZLWK� LQFLGHQW�2$�RI� WKH�
NQHH� REVHUYHG� LQ� �������
3URJUHVVLRQ� ZDV� � QRWHG� � DW� � WKUHH��
\HDUV��LQ���������8QLYDULDWH�DQDO\VLV�
UHYHDOHG�SURJUHVVLRQ��GHILQHG�DV�DQ�
LQFUHDVH� RI� WKH� .HOOJUHQ�/DZUHQFH�
JUDGH�DW� IROORZ-XS� IURP�JUDGHV���RU�
��DW�EDVHOLQH��RI�2$�IRU�IHPDOHV��25�
����� DQG� WKRVH� ZLWK� RVWHRSRURVLV�
�25� ������� )DFWRUV� DVVRFLDWHG� ZLWK�
OHVV�SURJUHVVLRQ�ZHUH�VPRNLQJ� �25�
������� DOFRKRO� FRQVXPSWLRQ� �25�
�������PDUULDJH��25������IRU�VLQJOHV��
DQG�KLJKHU�HGXFDWLRQ�OHYHO��25������
IRU����RU�PRUH�\HDUV�RI�HGXFDWLRQ���$�
ERG\�PDVV�LQGH[�RI����RU�PRUH�ZDV�
QRW� DVVRFLDWHG� ZLWK� SURJUHVVLRQ� RI�
2$�� +RZHYHU�� WKH� PXOWLYDULDWH�
DQDO\VLV� LQGLFDWHG� WKDW� WKH� RQO\� ULVN�
IDFWRU� IRU� SURJUHVVLRQ� RI�
UDGLRJUDSKLF� NQHH� 2$� ZDV� IHPDOH�
JHQGHU� �2$� ������ DQG� WKH� RQO\� ULVN�
IDFWRU� IRU� ZRUVHQLQJ� �GHILQHG� DV� DQ�
LQFUHDVH� LQ� WKH�.-/� JUDGH� DW� IROORZ-
XS� IURP� DQ\� RWKHU� JUDGH� �LQFOXGLQJ�
JUDGHV��� DQG���� RI� 2$�� ZDV� EHLQJ�
IHPDOH� � �25ௗ������� � DQG� KDYLQJ� D� ORZHU�
OHYHO��RI��HGXFDWLRQ��25ௗௗ����� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

.RUHDQ�VWXG\�RI���-���\HDUV�RI�DJH�
IRXQG� WKDW� ������ KDG� 2$� RI� WKH�
NQHH� DW� EDVHOLQH�� DQG� WKDW� \HDUO\�
SURJUHVVLRQ� ZDV� JUHDWHU� DPRQJ�
IHPDOHV�� DQG� \HDUO\� ZRUVHQLQJ� ZDV�
JUHDWHU� LQ� WKRVH� ZLWK� OHVV� WKDQ� ���
\HDUV�RI�HGXFDWLRQ� 
 
<RR�� -��� HW� DO�� 5LVN� )DFWRUV� IRU�
3URJUHVVLRQ� RI� 5DGLRJUDSKLF� .QHH�
2VWHRDUWKULWLV� LQ� (OGHUO\� &RPPXQLW\�

5HVLGHQWV� LQ� .RUHD�� %0&� 0XVF�
'LVRUG��������������� 

685*,&$/�75($70(17�2)�
/$7(5$/�(3,&21'</,7,6 

 
0DQ\� DJUHH� WKDW� WKH� VWUXFWXUH�

UHVSRQVLEOH� IRU� WKH� V\PSWRPV� RI�
ODWHUDO� HSLFRQG\OLWLV� LV� WKH� RULJLQ� RI�
WKH� H[WHQVRU� FDUSL� UDGLDOLV� EUHYLV�
�(&5%��� :KLOH� WKLV� FRQGLWLRQ� LV�
XVXDOO\� VHOI-� OLPLWLQJ�� VXUJLFDO�
H[FLVLRQ� RI� WKH� GHJHQHUDWHG� SRUWLRQ�
RI�WKH�(&5%�KDV�EHHQ�LQWURGXFHG�DV�
DQ� LQWHUYHQWLRQ� IRU� UHFDOFLWUDQW�
FDVHV�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\�RI�WKLV�VXUJHU\� 
7KLV� SURVSHFWLYH�� UDQGRPL]HG��

GRXEOH-EOLQG�� SODFHER-FRQWUROOHG� WULDO�
LQFOXGHG� DGXOWV� ZLWK� D� GLDJQRVLV� RI�
ODWHUDO� HSLFRQG\OLWLV� SHUVLVWLQJ� DIWHU�
VL[�PRQWKV� RI�PHGLFDO� WKHUDS\�� 7KH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR� D�
SODFHER� VXUJLFDO� DUP� RU� D� VXUJLFDO�
DUP� WR� UHFHLYH� VXUJLFDO� H[FLVLRQ� RI�
XQKHDOWK\� WHQGLQRVLV� WLVVXH�� ZLWK�
ERWK� JURXSV� XQGHUJRLQJ� LGHQWLFDO�
SRVWRSHUDWLYH� UHKDELOLWDWLRQ�
SURWRFROV�� 7KH� SDWLHQWV� ZHUH�
DVVHVVHG� SUHRSHUDWLYHO\� DQG� SRVW-
RSHUDWLYHO\� DW� WZR�� VL[�� ���� DQG� ���
ZHHNV� 
%RWK� JURXSV� UHSRUWHG� D� VLJQLILFDQW�

UHGXFWLRQ� LQ� WKH� IUHTXHQF\� RI� SDLQ�
ZLWK� DFWLYLW\�� DV� ZHOO� DV� WKH�
IUHTXHQF\� RI� SDLQ� DW� UHVW� DW� ���
ZHHNV�DQG�DW����� \HDUV��7KHUH�ZDV�
QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�
SODFHER� DQG� WKH� VXUJLFDO� JURXSV� DW�
DQ\�WLPH��RQ�PHDVXUHV�RI� IUHTXHQF\�
RU� VHYHULW\� RI� SDLQ�� RU� RQ� FOLQLFDO�
WHVWV�RI�IXQFWLRQ� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH��

UDQGRPL]HG�� SODFHER-FRQWUROOHG�
VWXG\� RI� SDWLHQWV� ZLWK� ODWHUDO�
HSLFRQG\OLWLV�GHPRQVWUDWHV�QR�EHWWHU�
LPSURYHPHQW� ZLWK� VXUJLFDO�
LQWHUYHQWLRQ� WKDQ� ZLWK� FRQVHUYDWLYH�
WUHDWPHQW� 

 
.URVODN�� 0��� HW� DO�� 6XUJLFDO�
7UHDWPHQW�RI�/DWHUDO�(SLFRQG\OLWLV��$�
3URVSHFWLYH�� 5DQGRPL]HG�� 'RXEOH-�
%OLQGHG��3ODFHER-&RQWUROOHG��&OLQLFDO�
7ULDO��$P� -� 6SRUWV� 0HG��������0D\��
������������–����� 
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5HVHDUFKHUV� KDYH� IRXQG� WKDW� WKH�

OHIW� LQIHULRU� IURQWDO� FRUWH[� �/,)&�� LV�
XQGHUDFWLYH� GXULQJ� VSHDNLQJ� DPRQJ�
SDWLHQWV� ZKR� VWXWWHU�� 7KLV� VWXG\�
DVVHVVHG� WKH� HIIHFW� RQ� VWXWWHULQJ� RI�
VWLPXODWLQJ� WKH� /,)&� XVLQJ�
WUDQVFUDQLDO� GLUHFW� FXUUHQW�
VWLPXODWLRQ��W'&6�� 
6XEMHFWV�ZHUH����PDOH�DGXOWV�ZKR�

VWXWWHUHG�� 7KRVH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� EHKDYLRUDO�
IOXHQF\� LQWHUYHQWLRQ� E\� D� VSHHFK�
SDWKRORJLVW� ZLWK� RU� ZLWKRXW� W'&6��
$QRGDO� VWLPXODWLRQ�ZDV� GHOLYHUHG� DW�
RQH�P$� RYHU� WKH� OHIW� LQIHULRU� IURQWDO�
FRUWH[�IRU����PLQXWHV�SHU�GD\�IRU�ILYH�
FRQVHFXWLYH� GD\V�� ZKLOH� D� FRQWURO�
JURXS� UHFHLYHG� VKDP� VWLPXODWLRQ��
)OXHQF\� ZDV� DVVHVVHG� DW� RQH� DQG�
VL[�ZHHNV�DIWHU�LQWHUYHQWLRQ� 
7KH� FKDQJH� IURP� EDVHOLQH� LQ�

SHUFHQW� RI� G\VIOXHQW� V\OODEOHV�
GHFUHDVHG� VLJQLILFDQWO\� PRUH� LQ� WKH�
W'&6�JURXS� WKDQ� LQ� WKH�VKDP�JURXS�
�S �������DV�PHDVXUHG�DW�RQH�ZHHN�
DIWHU� WKH� LQWHUYHQWLRQ�� $W� VL[� ZHHNV��
WKLV� LPSURYHPHQW� ZDV� PDLQWDLQHG�
GXULQJ� UHDGLQJ�� EXW� QRW� GXULQJ�
FRQYHUVDWLRQ�� 2XWFRPHV� RQ� WKH�
VWXWWHULQJ�VHYHULW\� LQVWUXPHQW�DW�RQH�
DQG� VL[� ZHHNV� GHPRQVWUDWHG�
VLJQLILFDQWO\� JUHDWHU� LPSURYHPHQW� LQ�
WKH� WUHDWPHQW� WKDQ� GLG� WKH� VKDP�
WUHDWPHQW�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� DQRGDO�
WUDQVFUDQLDO� FXUUHQW� VWLPXODWLRQ� LV�
HIIHFWLYH� LQ� LPSURYLQJ� VSHHFK�
IOXHQF\�LQ�SDWLHQWV�ZKR�VWXWWHU� 

 
&KHVWHUV� -��� HW� DO�� 7UDQVFUDQLDO�
'LUHFW� &XUUHQW� 6WLPXODWLRQ� RYHU� /HIW�
,QIHULRU� )URQWDO� &RUWH[� ,PSURYHV�
6SHHFK� )OXHQF\� LQ� $GXOWV� :KR�
6WXWWHU��%UDLQ��������$SULO��������� 
����-����� 

.$$768�)25� 
.1((�267(2$57+5,7,6 

 
,Q�SDWLHQWV�ZLWK�RVWHRDUWKULWLV� �2$��

RI�WKH�NQHH��TXDGULFHSV�ZHDNQHVV�LV�
DVVRFLDWHG� ZLWK� SURJUHVVLRQ� RI� WKH�
2$�� 6WUHQJWKHQLQJ� FDQ� EH� GLIILFXOW��
KRZHYHU��GXH�WR�WKH�SDLQ�DVVRFLDWHG�



 

 

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

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

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

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

ZLWK� NQHH� ORDGLQJ�� $V� EORRG� IORZ�
UHVWULFWLRQ� �%)5�� H[HUFLVH� �DOVR�
NQRZQ� DV� .DDWVX�� FDQ� DOORZ�
VWUHQJWKHQLQJ� DW� PXFK� ORZHU� ORDGV��
WKLV� VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
%)5� H[HUFLVHV� RQ� SDWLHQWV� ZLWK� 2$�
RI�WKH�NQHH� 
6XEMHFWV� ZHUH� ZRPHQ�� ��� WR� ���

\HDUV� RI� DJH�� GLDJQRVHG�ZLWK�2$�RI�
WKH� NQHH�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� SHUIRUP� HLWKHU� ���
ZHHNV� RI� VWUHQJWKHQLQJ� ZLWK� KLJK�
ORDGV� �+/��� GHILQHG� DV� ���� RI� WKH�
RQH� UHSHWLWLRQ� PD[LPXP� ��� 5HS�
0D[���RU�VWUHQJWKHQLQJ�DW�D�ORZ�ORDG�
�//��� GHILQHG� DV� ���� RI� WKH� �5HS�
0D[�� ZLWKRXW� RU� ZLWK� EORRG� IORZ�
UHVWULFWLRQ� �//-%)5��� 7KH� %5)� ZDV�
DFKLHYHG�E\�%3�FXIIV� DW� ����RI� WKH�
V\VWROLF�EORRG�SUHVVXUH GXULQJ�
H[HUFLVH�� 0HDVXUHPHQWV� PDGH� DW�
EDVHOLQH� DQG� IROORZ� XS� LQFOXGHG�
TXDGULFHSV� FURVV-� VHFWLRQDO� DUHD��
IXQFWLRQ� �WKH� WLPHG-� VWDQGV� WHVW� DQG�
WKH� WLPHG-XS-DQG-JR� WHVW�� DQG� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLWLHV� 2VWHRDUWKULWLV� ,QGH[�
�:20$&�� 
,QFUHDVHV� LQ� NQHH� VWUHQJWK� ZHUH�

IRXQG�LQ�WKH�+/�DQG�//-%)5�JURXSV��
ZLWK� QR� VLJQLILFDQW� JDLQV� LQ� WKH� //�
JURXS�� 1R� VLJQLILFDQW� GLIIHUHQFH� LQ�
JDLQV� ZDV� IRXQG� EHWZHHQ� WKH� //-
%)5� DQG� +/� JURXSV��:20$&� SDLQ�
VFRUHV�ZHUH�VLJQLILFDQWO\�LPSURYHG�LQ�
WKH�+/�DQG�//-%)5�JURXSV��S ������
DQG�S ������ UHVSHFWLYHO\���EXW�QRW� LQ�
WKH� �//�� JURXS�� :20$&� VWLIIQHVV�
VFRUHV� DQG� SK\VLFDO� IXQFWLRQ� VFRUHV�
ZHUH�VLJQLILFDQWO\�LPSURYHG�LQ�WKH�//-
%5)�DQG�+/�FRQGLWLRQV�EXW�QRW�LQ�WKH�
//�FRQGLWLRQ� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH�IRXQG�WKDW�EORRG�IORZ�UHVWULFWLRQ�
WUDLQLQJ� ZDV� VLPLODU� LQ� HIILFDF\� WR�
WUDGLWLRQDO� VWUHQJWKHQLQJ� IRU�
LQFUHDVLQJ� PXVFOH� VWUHQJWK��
TXDGULFHSV� PXVFOH� PDVV� DQG�
IXQFWLRQDOLW\�ZKLOH� LQGXFLQJ� OHVV� MRLQW�
SDLQ� 

 
)HUUD]�� 5��� HW� DO�� %HQHILWV� RI�
5HVLVWDQFH�7UDLQLQJ�ZLWK�%ORRG�)ORZ�
5HVWULFWLRQ� LQ� .QHH� 2VWHRDUWKULWLV��
0HG� 6FL� 6SRUW� ([HUF�� ������0D\��
���-���� 
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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  


