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:KLOH� VDXQD� EDWKLQJ� KDV� EHHQ�

DVVRFLDWHG ZLWK LPSURYHG�
FDUGLRYDVFXODU� DQG� FLUFXODWRU\�
IXQFWLRQ�� WKH� DVVRFLDWLRQ� EHWZHHQ�
UHJXODU�VDXQD�EDWKLQJ�DQG�WKH�ULVN�RI�
VXGGHQ� FDUGLDF� GHDWK� �6&'�� � DQG�
IDWDO� FDUGLRYDVFXODU� GLVHDVHV� LV� QRW�
\HW� NQRZQ�� 7KLV� SURVSHFWLYH� VWXG\�
LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�
H[SRVXUH� WR� VDXQD� EDWKLQJ� DQG�
PRUWDOLW\�LQ�D�PDOH�SRSXODWLRQ� 
7KLV� VWXG\� LQYROYHG� D� SRSXODWLRQ-�

EDVHG� VDPSOH� RI� PHQ� IURP� (DVWHUQ�
)LQODQG�� ��� WR� ��� \HDUV� RI� DJH�� $OO�
SDUWLFLSDQWV XQGHUZHQW� DQ�
DVVHVVPHQW� RI� FDUGLDF� ULVN� IDFWRUV�
ZLWK�VDXQD�EDWKLQJ�DVVHVVHG�E\�VHOI-�
DGPLQLVWHUHG TXHVWLRQQDLUHV��
UHYLHZLQJ� IUHTXHQF\� RI� VDXQD�
EDWKLQJ�� VHVVLRQ� GXUDWLRQ� DQG�
WHPSHUDWXUH�� %DVHOLQH� GDWD� ZHUH�
REWDLQHG� IURP� ����� WKURXJK� ������
ZLWK� IROORZ-XS� GDWD� UHYLHZHG� XQWLO�
������ $OO� GHDWKV�ZHUH� UHYLHZHG� DQG�
FODVVLILHG� 
'DWD� ZHUH� UHYLHZHG� IRU� ������

PDOHV�ZLWK� D�PHDQ� DJH� RI� ��� \HDUV�
DQG�D�PHDQ�ERG\�PDVV�LQGH[�RI������
NJ�P��� 7KH� PHDQ� IUHTXHQF\��
GXUDWLRQ�� DQG� WHPSHUDWXUH� RI� VDXQD�
EDWKLQJ� ZHUH� ���� WLPHV� SHU� ZHHN��
�����PLQXWHV�SHU� VHVVLRQ�� DQG������
&�� UHVSHFWLYHO\��$W� D�PHDQ� IROORZ-XS�
RI� ����� \HDUV�� FRPSDUHG� WR� WKRVH�
SDUWLFLSDWLQJ� RQFH� SHU� ZHHN�� WKH�
KD]DUG�UDWLR�IRU�VXGGHQ�FDUGLDF�GHDWK�
ZDV� ����� IRU� WKRVH� EDWKLQJ� WZR� WR�
WKUHH� WLPHV� SHU� ZHHN�� DQG� ����� IRU�
WKRVH�EDWKLQJ�IRXU�WR�VHYHQ�WLPHV�SHU�
ZHHN� �S � �������6LJQLILFDQW�� LQYHUVH�
DVVRFLDWLRQV�ZHUH�IRXQG�EHWZHHQ�WKH�
GXUDWLRQ� RI� VDXQD� EDWKLQJ� DQG�
PRUWDOLW\� GXH� WR� &+'� �S �������� DV�
ZHOO� DV� &9'� �S ������� 7KH� JUHDWHVW�
EHQHILW� ZDV� IRXQG� DPRQJ� WKRVH�
EDWKLQJ�RYHU����PLQXWHV�SHU�VHVVLRQ��
)UHTXHQF\�RI�VDXQD�EDWKLQJ��EXW�QRW�
GXUDWLRQ�� ZDV� LQYHUVHO\� DVVRFLDWHG�
ZLWK� DOO-FDXVH� PRUWDOLW\�� ZLWK� D� ����
UHGXFWLRQ� VHHQ� DPRQJ� WKRVH�
SDUWLFLSDWLQJ� IRXU� WR� VHYHQ� WLPHV� SHU�
ZHHN��DV�FRPSDUHG�WR�WKRVH�ZLWK�RQH�

VHVVLRQ�SHU�ZHHN� 
&RQFOXVLRQ�� 7KLV� )LQQLVK� VWXG\�

IRXQG� DQ� LQYHUVH� UHODWLRQVKLS�
EHWZHHQ� DOO-FDXVH� PRUWDOLW\� DQG� WKH�
IUHTXHQF\� RI� VDXQD� EDWKLQJ� DPRQJ�
PDOHV� 

  
/DXNNDQHQ�� 7��� HW� DO�� $VVRFLDWLRQ�
EHWZHHQ� 6DXQD� %DWKLQJ� DQG� )DWDO�
&DUGLRYDVFXODU� DQG� $OO-&DXVH�
0RUWDOLW\� (YHQWV�� -$0$� ,QW� 0HG��
������$SULO�������������-���� 

  

(/(&75,&$/�67,08/$7,21�
)25�'<63+$*,$�$)7(5�%5$,1�

,1-85< 
 
2URSKDU\QJHDO� G\VSKDJLD� LV�

IUHTXHQWO\� SUHVHQW� GXULQJ� WKH� DFXWH�
SKDVH�RI�DFTXLUHG�EUDLQ�LQMXU\��VWURNH�
DQG� WUDXPDWLF� EUDLQ� LQMXU\� �7%,���
1HXURPXVFXODU� HOHFWULFDO� VWLPXODWLRQ�
�10(6�� LV� D� WKHUDSHXWLF� SURFHGXUH�
DSSURYHG�E\�WKH�)'$�DV�D�WUHDWPHQW�
IRU� G\VSKDJLD�� $V� SUHYLRXVO\�
SXEOLVKHG� VWXGLHV� KDYH� \LHOGHG�
FRQIOLFWLQJ� UHVXOWV�� WKLV� WULDO�VRXJKW� WR�
IXUWKHU� FODULI\� WKH� HIIHFWLYHQHVV�
10(6� IRU� WKH� WUHDWPHQW� RI� VXEDFXWH�
RURSKDU\QJHDO� G\VSKDJLD� GXH� WR�
DFTXLUHG�EUDLQ�LQMXU\� 
7KLV�SURVSHFWLYH� UDQGRPL]HG�VWXG\�

LQFOXGHG� ��� SDWLHQWV�ZLWK� VWURNH� DQG�
RU� 7%,� ZLWK� YLGHRIOXRURVFRS\�
GHPRQVWUDWHG� WUDFKHDO� DVSLUDWLRQ��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� 10(6� RU� VKDP�
HOHFWULFDO� VWLPXODWLRQ� IRU� IRXU� ZHHNV��
(DFK�SDWLHQW�UHFHLYHG����VHVVLRQV�RI�
10(6�� ILYH� SHU� ZHHN�� ZLWK� HDFK�
VHVVLRQ� ODVWLQJ� ��� PLQXWHV�� $W� WKH�
HQG�RI� WUHDWPHQW�DQG�DW� WKUHH�PRQWK�
IROORZ-XS� WKH� SDUWLFLSDQWV� XQGHUZHQW�
FOLQLFDO� YLGHRIOXRURVFRS\�� DQG�
HVRSKDJHDO� PDQRPHWULF� HYDOXDWLRQ��
6ZDOORZLQJ� FDSDFLW\� ZDV� HYDOXDWHG�
XVLQJ� WKH� )XQFWLRQDO� 2UDO� ,QWDNH�
6FDOH��)2,6�� 
$W� RQH�PRQWK�� IHHGLQJ� FDSDFLW\� DV�

PHDVXUHG�E\�)2,6�VFRUHV� LQFUHDVHG�
E\�����SRLQWV�LQ�WKH�10(6�JURXS�DQG�
E\� RQH� SRLQW� LQ� WKH� VKDP� JURXS�
�S ��������� $W� WKUHH� PRQWKV� WKH�
PHDQ� )2,6� YDOXH� ZDV� ���� LQ� WKH�
10(6�DQG�����LQ�WKH�VKDP�JURXS��DQ�

LQVLJQLILFDQW�GLIIHUHQFH��$W�RQH�PRQWK�
IROORZ-XS�� WKHUH� ZDV� QR� VLJQLILFDQW�
GLIIHUHQFH�LQ�WKH�UHGXFWLRQ�RI�SDWLHQWV�
ZLWK� WUDFKHDO� DVSLUDWLRQ�� WKRXJK� D�
VLJQLILFDQW� LPSURYHPHQW� ZDV�
REVHUYHG� LQ� WKH� 10(6� JURXS�
UHJDUGLQJ�WKH�EROXV�YLVFRVLW\�DW�ZKLFK�
DVSLUDWLRQ�DSSHDUHG��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFTXLUHG� EUDLQ� LQMXU\�
IRXQG� WKDW� QHXURPXVFXODU� HOHFWULFDO�
VWLPXODWLRQ� PD\� VKRUWHQ� UHFRYHU\�
WLPH�DQG�LPSURYH�VZDOORZ�IXQFWLRQ� 

  
7HUU�5� HW� DO� $� � 5DQGRPL]HG�
&RQWUROOHG� 6WXG\� 2I� 1HXURPXVFXODU�
(OHFWULFDO 6WLPXODWLRQ� DQG�
2URSKDU\QJHDO� '\VSKDJLD�
6HFRQGDU\� WR� $FTXLUHG� %UDLQ� ,QMXU\��
(XUR� -�1HXURO������$SULO������������
–����� 

  
+,*+-5(62/87,21�

8/75$6281'�)25�'(7(&7,1*�
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0HQLVFDO� WHDUV� DUH� FRPPRQ� LQ�

DWKOHWHV�DQG�QRQDWKOHWHV��UHVXOWLQJ�LQ�
SDLQ� DQG� GLVDELOLW\�� :KLOH� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� LV� WKH� ILUVW-OLQH�
GLDJQRVWLF� PRGDOLW\� IRU� WKH� GHWHFWLRQ�
RI� WKHVH� WHDUV�� LW� LV� FRVWO\�� DQG�� IRU�
VRPH� SDWLHQWV�� FRQWUDLQGLFDWHG��
1RWLQJ� UHFHQW� GHYHORSPHQWV� LQ�
XOWUDVRXQG�86�� WHFKQRORJ\�� WKLV�
VWXG\¶V� DXWKRUV� DVVHVVHG� WKH�
DFFXUDF\� RI� KLJK-UHVROXWLRQ� 86� IRU�
GLDJQRVLQJ� PHQLVFDO� DEQRUPDOLWLHV��
LQFOXGLQJ� WHDUV�� � � � 3DWLHQWV� � � � � ZLWK�
NQHH� SDWKRORJ\�� VFKHGXOHG� IRU�
DUWKURVFRSLF� HYDOXDWLRQ�WUHDWPHQW��
ZHUH�HYDOXDWHG�SUHRSHUDWLYHO\�ZLWK�D�
KLJK-UHVROXWLRQ� 86�� ZLWK� D� VL[� WR� ���
0+]� OLQHDU� WUDQVGXFHU�� 0HQLVFDO�
WHDUV� ZHUH� FKDUDFWHUL]HG� DV�
KRUL]RQWDO�� YHUWLFDO�� UDGLDO�� IODS��
EXFNHW� KDQGOH� RU� FRPSOH[�� 7KH�
GLDJQRVLV�E\�86�ZDV�FRPSDUHG�ZLWK�
ILQGLQJV� DW� WKH� WLPH� RI� DUWKURVFRSLF�
UHSDLU��,Q�D�VHSDUDWH�VWXG\��FDGDYHUV�
ZHUH�XVHG�WR�HYDOXDWH�WKH�DUHD�RI�WKH�
PHQLVFXV�YLVLEOH�WR�XOWUDVRXQG� 
6XEMHFWV�ZHUH����SDWLHQWV��ZLWK����

XQGHUJRLQJ� $&/� UHFRQVWUXFWLRQ�� ���
PHQLVFHFWRP\�� VL[� PHQLVFDO� UHSDLU��
ILYH� PLFURIUDFWXUH�� RQH� V\QRYHFWRP\�
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DQG� RQH� WXPRU� UHVHFWLRQ�� &RPSDUHG�
WR� WKH� DUWKURVFRSLF� ILQGLQJV�� WKH�
VHQVLWLYLW\�RI�WKH�XOWUDVRXQG�ZDV������
VSHFLILFLW\� ����� SRVLWLYH� SUHGLFWLYH�
YDOXH� ���� DQG� QHJDWLYH� SUHGLFWLYH�
YDOXH� ����� *HQGHU�� DJH� DQG� ERG\�
PDVV� LQGH[� GLG� QRW� DSSHDU� WR� DIIHFW�
WKH� UHVXOWV� RI� XOWUDVRXQG�� 7KH�
VHQVLWLYLW\� DQG� QHJDWLYH� SUHGLFWLYH�
YDOXHV� IRU� WKH� GHWHFWLRQ� RI� ODWHUDO�
PHQLVFDO� WHDUV� ZHUH� ORZ�� ,Q� WKH�
FDGDYHULF�VWXG\������RI�WKH�PHQLVFXV�
ZDV� YLVLEOH�� ZLWK� DOO� DUHDV� H[FHSW� WKH�
DQWHULRU�KRUQ�YLVLEOH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� VFKHGXOHG� IRU� VXUJLFDO� UHSDLU�
RI� NQHH� SDWKRORJ\� IRXQG� WKDW� KLJK-�
UHVROXWLRQ� XOWUDVRXQG� KDV� D� UHODWLYHO\�
KLJK� DFFXUDF\� IRU� WKH� GHWHFWLRQ� RI�
PHQLVFDO� WHDUV�� ZLWK� WKH� H[FHSWLRQ� RI�
WKRVH�LQ�WKH�DQWHULRU�ODWHUDO�KRUQ� 

  
$NDWVX�� <��� HW� DO�� $FFXUDF\� RI� +LJK-�
5HVROXWLRQ� 8OWUDVRXQG� LQ� WKH�
'HWHFWLRQ� RI� 0HQLVFDO� 7HDUV� DQG�
'HWHUPLQDWLRQ� RI� WKH� 9LVLEOH� $UHD� RI�
0HQLVFXV��-� %RQH� -RLQW� 6XUJ�� ������
0D\����������������-���� 

  

3$52;(7,1(��0,72&+21'5,$/�
3527(,16��$1'�1(85$/�

3527(&7,21 
  
(YHQ� ZLWK� WKH� DGYHQW� DQG�

LPSOHPHQWDWLRQ� RI� FRPELQDWLRQ� DQWL-�
UHWURYLUDOV� WKHUDS\�� WKH� RFFXUUHQFH� RI�
+,9-DVVRFLDWHG QHXURFRJQLWLYH�
GLVRUGHUV� �+$1'V�� SHUVLVWV�� 7KHVH�
FRPSOLFDWLRQV� UHVXOW� IURP� LPPXQH�
DFWLYDWLRQ�� R[LGDWLYH� VWUHVV� DQG�
QHXURWR[LFLW\� UHVXOWLQJ� IURP� SHUVLVWHQW�
+,9� UHSOLFDWLRQ� RU� WKH� UHOHDVH� RI� YLUDO�

  

SURGXFWV�GLUHFWO\�WR[LF�WR�QHXURQV��7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
QHXURSURWHFWLYH� PHFKDQLVPV� RI�
SDUR[HWLQH� 
7KH� DXWKRUV� LQLWLDOO\� VFUHHQHG� PRUH�

WKDQ� ����� FRPSRXQGV� IRU� SURWHFWLYH�
HIILFDF\� DJDLQVW� R[LGDWLYH� VWUHVV�
PHGLDWHG�QHXURQDO� LQMXU\��7KLV� VFUHHQ�
LGHQWLILHG� VHOHFWLYH� VHURWRQLQ� UHXSWDNH�
LQKLELWRUV� DV� KDYLQJ� VXFK� D� FDSDFLW\��
5DW� KLSSRFDPSDO� QHXURQV� ZHUH�
H[SRVHG� WR� WKH�PLWRFKRQGULD� WR[LQ�� �-
13�� ZKLFK� UHVXOWHG� LQ� GHDWK� RI�
DSSUR[LPDWHO\� ���� RI� WKH� FHOOV�� 5DW�
QHXURQV� ZHUH� WKHQ� WUHDWHG� ZLWK�
SDUR[HWLQH�� RU� IOXR[HWLQH�� DW� YDULRXV�
GRVHV��RQH�KRXU�SULRU�WR� PLWRFKRQGULD�
WR[LQ� H[SRVXUH�� 7KLV� WUHDWPHQW� ZDV�
IROORZ� E\� LQ� YLYR� VWXGLHV� RI� VLPLODU�
H[SRVXUHV� 
3DUR[HWLQH� DW� GRVHV� RI� ILYH� DQG� ���

PLFUR0� SURYLGHG� DOPRVW� FRPSOHWH�
SURWHFWLRQ� DJDLQVW� QHXURQDO� GHDWK��
ZKLOH� IOXR[HWLQH� UHGXFHG�FHOO�GHDWK�E\�
������ ,Q� WKH� LQ� YLYR� VWXG\�� UDWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� SDUR[HWLQH� RU�
VDOLQH� RQH� ZHHN� DIWHU� H[SRVXUH� WR� D�
PLWRFKRQGULDO� QHXURWR[LQ�� ZLWK� D�
VWULNLQJ� UHGXFWLRQ� LQ� FHOO� GHDWK� LQ� WKH�
SDUR[HWLQH� JURXS�� 3DUR[HWLQH� DOVR�
LQFUHDVHG� WKH� SUROLIHUDWLRQ� RI� QHXUDO�
SURJHQLWRU� FHOOV�� DQG� LQGXFHG� DQWL-�
LQIODPPDWRU\� HIIHFWV�� LQFOXGLQJ� D�
UHGXFWLRQ� LQ� FDOFLXP� GHSHQGHQW�
VZHOOLQJ�RI�PLWRFKRQGULD� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

SURYLGHV�HYLGHQFH�WKDW�SDUR[HWLQH�DQG�
IOXR[HWLQH� FDQ� UHGXFH� QHXURQDO� FHOO�
GHDWK� DIWHU� H[SRVXUH� WR� D�
PLWRFKRQGULDO� QHXURWR[LQ�� UHGXFH�
VZHOOLQJ� RI� WKH� PLWRFKRQGULD�� DQG�
LQGXFH� WKH� SUROLIHUDWLRQ� RI� QHXUDO�
SURJHQLWRU�FHOOV� 

  
6WHLQHU�� -� HW� DO�� ,QWHUDFWLRQ� RI�
3DUR[HWLQH�ZLWK�0LWRFKRQGULDO�3URWHLQV�
0HGLDWHV� 1HXURSURWHFWLRQ��
1HXURWKHUDS��������-DQ������������- 
���� 

35(',&725�2)�3+<6,&$/�
+($/7+�21(�72�),9(�<($56�
$)7(5�75$80$7,&�%5$,1 

,1-85< 
  
7UDXPDWLF� EUDLQ� LQMXU\� �7%,�� RIWHQ�

FDXVHV� ORQJ-WHUP� SK\VLFDO�� FRJQLWLYH��
EHKDYLRUDO DQG HPRWLRQDO�
LPSDLUPHQWV�� 'XH� WR� WKH� SDXFLW\� RI�
UHVHDUFK� H[DPLQLQJ� WKH� ORQJLWXGLQDO�
WUDMHFWRULHV�RI� KHDOWK-UHODWHG�TXDOLW\� RI�
OLIH�DIWHU�7%,�� WKLV�VWXG\�ZDV�GHVLJQHG�
WR�GHWHUPLQH�ZKHWKHU� WKH� WUDMHFWRU\�RI�
UHFRYHU\� RI� SK\VLFDO� KHDOWK� RYHU� ILYH�
\HDUV� FDQ� EH� SUHGLFWHG� E\�
GHPRJUDSKLF� DQG� LQMXU\� UHODWHG�
YDULDEOHV� 
7KLV� ORQJLWXGLQDO�� FRKRUW� VWXG\�

LQFOXGHG� VXEMHFWV� ZLWK� PRGHUDWH� WR�

VHYHUH� 7%,�� UHFUXLWHG� EHWZHHQ� �����
DQG� ����� DW� D� 1RUZHJLDQ� UHIHUUDO�
FHQWHU�� $OO� VXEMHFWV�ZHUH� DVVHVVHG� DW�
IROORZ-XSV� RI� RQH�� WZR� DQG� ILYH� \HDUV�
SRVW-LQMXU\��XVLQJ�WKH�IRXU�VXEVFDOHV�RI�
WKH� ��-LWHP� VKRUW-IRUP� KHDOWK� VXUYH\��
3UHGLFWRU� YDULDEOHV� FROOHFWHG� LQFOXGHG�
JHQGHU�� DJH�� UHODWLRQVKLS� VWDWXV��
JXDUGLDQVKLS� RI� GHSHQGHQW� FKLOGUHQ��
HGXFDWLRQ� OHYHO�� HPSOR\PHQW� VWDWXV��
RFFXSDWLRQ�� DFXWH� *ODVJRZ� VFDOH�
VFRUH�� FDXVH� RI� LQMXU\�� OHQJWK� RI�
SRVWWUDXPDWLF� DPQHVLD� DQG� UHVXOWV� RI�
&7�RI�WKH�KHDG� 
2I� WKH� RULJLQDO� VXEMHFWV�� ��� KDG� DW�

OHDVW� RQH� IROORZ-XS� YLVLW�� 2I� WKH� IRXU�
VXEVFDOHV� HYDOXDWHG�� RQO\� SK\VLFDO�
IXQFWLRQLQJ� \LHOGHG� VLJQLILFDQW�
LPSURYHPHQW� RYHU� DOO� WLPH� SRLQWV�
�S �������� 3DUWLFLSDQWV� ZLWK� KLJKHU�
OHYHO� HGXFDWLRQ� �S �������� HPSOR\HG�
DW�WKH�WLPH�RI�LQMXU\��S �������DQG�ZLWK�
VKRUWHU� SRVWWUDXPDWLF� DPQHVLD�
�S�������� KDG� KLJKHU� VFRUHV� RQ�
SK\VLFDO� IXQFWLRQLQJ� RYHU� WLPH�� 7KH�
RWKHU�WKUHH�VXEVFDOHV�UHPDLQHG�VWDEOH�
RYHU� WLPH�� 3DUWLFLSDQWV� ZKR� ZHUH�
HPSOR\HG� DW� WKH� WLPH� RI� LQMXU\� KDG� D�
PXFK�KLJKHU�JHQHUDO� KHDOWK�RYHU� WLPH�
WKDQ�WKRVH�ZKR�ZHUH�QRW��S�������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� PRGHUDWH� WR� VHYHUH� WUDXPDWLF�
EUDLQ� LQMXU\� IRXQG� WKDW� SK\VLFDO�
IXQFWLRQ� VFRUHV� LPSURYHG� VLJQLILFDQWO\�
DW�RQH��WZR�DQG�ILYH�\HDUV�SRVW-LQMXU\� 

  
$QGHOLF�� 1��� HW� DO�� 7UDMHFWRULHV� RI�
3K\VLFDO� +HDOWK� WKH� )LUVW� )LYH� <HDUV�
DIWHU�7UDXPDWLF�%UDLQ�,QMXU\��-� 1HXURO��
������0DUFK�������������- 
���� 

7(7$186�72;,1�35(6(59(6�
6.(/(7$/�086&/( 

  
6NHOHWDO�PXVFOH� GLVXVH� UHVXOWV� LQ� � D�

GHFUHDVH� LQ� WKH� YROXPH� RI�P\RILEHUV��
ZLWK� D� UHVXOWDQW� GHFUHDVH� LQ� PXVFOH�
IRUFH� SURGXFWLRQ�� $V� WKH� DFWLRQ� RI�
WHWDQXV� WR[LQ� UHVXOWV� LQ� LQFUHDVHG�
PXVFOH�DFWLYLW\�� WKLV� DQLPDO� VWXG\�ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH� DELOLW\� RI�
WHWDQXV� WR[LQ� WR� SUHYHQW� FKDQJHV�
DVVRFLDWHG�ZLWK�GLVXVH�DWURSK\� 
)HPDOH� 6SUDJXH� UDWV� ZHUH� GLYLGHG�

LQWR� WKUHH� JURXSV�� ZLWK� DOO� XQGHUJRLQJ�
LPPRELOL]DWLRQ� :LWKLQ WKH�
H[SHULPHQWDO� JURXSV�� RQH� JURXS�
XQGHUZHQW� WHWDQXV� WR[LQ� LQMHFWLRQ� DQG�
RQH� JURXS� XQGHUZHQW� VDOLQH� LQMHFWLRQ��
$� WKLUG� JURXS�� UHFHLYLQJ� QR� LQMHFWLRQV��
VHUYHG� DV� FRQWUROV�� 7ZR� ZHHNV� DIWHU�
WKH� LQMHFWLRQV�� WKH� FRQWUDFWLOH� IRUFH��
PXVFOH� DQG� P\RILEHU� PRUSKRORJ\�� DV�
ZHOO�DV�WKH�WLELDOLV�DQWHULRU�ZHLJKW�ZHUH�
DQDO\]HG� DQG� FRPSDUHG� WR� WKRVH� RI�
WKH�FRQWURO�JURXS� 
$IWHU� LPPRELOL]DWLRQ�� WKH� ZHW� ZHLJKW�

RI�WKH�VDOLQH�JURXS�PXVFOHV�GHFUHDVHG�
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VLJQLILFDQWO\�� WR�����RI� WKH�ZHW�ZHLJKW�
RI�WKH�FRQWURO�PXVFOHV��7KH�ZHW�ZHLJKW�
RI� WKH� WR[LQ-WUHDWHG� PXVFOHV�
PDLQWDLQHG� ���� RI� WKH� ZHW� ZHLJKW� RI�
WKH� FRQWURO� PXVFOHV�� 7KH� PD[LPDO�
WHWDQLF� WHQVLRQ� �3R�� RI� WKH� WR[LQ�
LQMHFWHG� PXVFOHV� GLG� QRW� GLIIHU� IURP�
WKDW�RI�WKH�FRQWURO�PXVFOHV��7KH�VDOLQH�
JURXS�PXVFOHV� GHYHORSHG� RQ� DYHUDJH�
RQO\� �������� RI� WKH� PD[LPDO� WZLWFK�
UHVSRQVH��3W���PD[LPDO�WHWDQLF�WHQVLRQ�
�3R�� SURGXFHG� E\� FRQWURO� PXVFOHV��
6DOLQH� JURXS� PXVFOHV� GHYHORSHG� RQ�
DYHUDJH� RQO\� �������� RI� WKH� 3W�� 3R�
JHQHUDWHG� E\� WKH� WR[LQ� LQMHFWHG�
PXVFOHV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

IRXQG� WKDW� WHWDQXV� WR[LQ� FDQ� SUHYHQW�
FRPPRQ� VLJQV� RI� PXVFOH� GLVXVH�
DWURSK\� 

  
0DWWKHZV�� &��� HW� DO�� 7HWDQXV� 7R[LQ�
3UHVHUYHV� 6NHOHWDO�0XVFOH�&RQWUDFWLOH�
)RUFH� DQG� 6L]H� 'XULQJ� /LPE�
,PPRELOL]DWLRQ�� 0XVFOH� 1HUYH�� ������
1RYHPEHU������������-���� 

  

72%$&&2�$%86(�$1'�
&(59,&$/�63,1(�685*(5< 

  
3UHYLRXV�VWXGLHV�KDYH�GHPRQVWUDWHG�

WKDW� WREDFFR� DEXVH� LV� DVVRFLDWHG�ZLWK�
SRRU� ERQH� TXDOLW\�� ORZHU� IXVLRQ� UDWHV��
GHOD\HG� IXVLRQ� DQG� DQ� LQFUHDVHG�
OLNHOLKRRG� RI� SVHXGR-� DUWKURVLV
 IROORZLQJ VSLQH�
LQVWUXPHQWDWLRQ�DQG� IXVLRQ��7KLV�VWXG\�
ZDV�GHVLJQHG�WR�EHWWHU�XQGHUVWDQG�WKH�
HIIHFWV� RI� VPRNLQJ� RQ� SHULRSHUDWLYH�
RXWFRPHV�DIWHU�FHUYLFDO�FRUSHFWRP\� 
7KLV� UHWURVSHFWLYH� UHYLHZ� LQFOXGHG�

PHGLFDO� UHFRUGV� EHWZHHQ� ����� DQG�
������GRFXPHQWLQJ�DGXOW�SDWLHQWV�ZKR�
XQGHUZHQW� DQWHULRU� FHUYLFDO�
FRUSHFWRP\� DV� D� WUHDWPHQW� IRU�
UDGLFXORSDWK\� RU� P\HORSDWK\�� 7KH�
SDWLHQW¶V� VPRNLQJ� VWDWXV� ZDV�
FDWHJRUL]HG�DV�FXUUHQW� VPRNHU�� TXLWWHU�
�FHVVDWLRQ� DW� OHDVW� RQH� \HDU� SULRU� WR�
VXUJHU\�� RU� QRQ-VPRNHU�� &KDUWV� ZHUH�
UHYLHZHG� IRU� EDVHOLQH� GHPRJUDSKLF�
DQG� FOLQLFDO� YDULDEOHV�� DV� ZHOO� DV� IRU�
FRPRUELGLWLHV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� RI� LQWHUHVW� ZHUH� HVWLPDWHG�
EORRG� ORVV�� ��-GD\� SRVWRSHUDWLYH�
FRPSOLFDWLRQV� DQG� OHQJWK� RI� KRVSLWDO�
VWD\� 
2I�WKH�����DGXOW�SDWLHQWV�LQFOXGHG�LQ�

WKH� VWXG\�� ������ZHUH� QRQ-� VPRNHUV��
������ ZHUH� TXLWWHUV� DQG� ���� ZHUH�
FXUUHQW� VPRNHUV�� 5HODWLYH� WR� QRQ-
VPRNHUV�� FXUUHQW� VPRNHUV� KDG� D�
KLJKHU�RGGV�UDWLR��25��RI�H[SHULHQFLQJ�
FRPSOLFDWLRQV� �25 ������ S ��������
ZKLOH� TXLWWHUV�GLG�QRW�H[SHULHQFH� VXFK�
D� VLJQLILFDQW� LQFUHDVH� LQ� FRPSOLFDWLRQV�
�25 ������ S �������� &XUUHQW� VPRNLQJ�
ZDV� LQGHSHQGHQWO\� DVVRFLDWHG� ZLWK� D�
KLJKHU� 25� RI� SVHXGRDUWKURVLV�

FRPSDUHG� ZLWK� QRQ-VPRNLQJ�
�S �������� &XUUHQW� VPRNHUV�
H[SHULHQFHG� PHDQ� OHQJWK� RI� VWD\V� RI�
���� GD\V�� TXLWWHUV� ���� GD\V�� DQG�
QRQVPRNHUV� ���� GD\V�� ,Q� DGGLWLRQ��
WKHUH�ZDV�D�WUHQG�WRZDUG�JUHDWHU�EORRG�
ORVV� DPRQJ� VPRNHUV� WKDQ� QRQ-�
VPRNHUV�� WKRXJK� WKDW� ILQGLQJ� GLG� QRW�
UHDFK�VWDWLVWLFDO�VLJQLILFDQFH� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

XQGHUJRLQJ� FHUYLFDO� FRUSHFWRP\� IRXQG�
WKDW� FXUUHQW� VPRNHUV� KDYH� KLJKHU�
SHULRSHUDWLYH� FRPSOLFDWLRQV�� ORQJHU�
OHQJWKV� RI� KRVSLWDO� VWD\� DQG� KLJKHU�
UDWHV� RI� SVHXGRDUWKURVLV� WKDQ� GR� QRQ-�
VPRNHUV� 

  
/DX��'���HW�DO��7KH�(IIHFWV�RI�6PRNLQJ�
RQ� 3HULRSHUDWLYH� 2XWFRPHV� LQ�
3VHXGRDUWKURVLV� IROORZLQJ� $QWHULRU�
&HUYLFDO� &RUSHFWRP\�� -� 1HXURVXUJ�
6SLQH��������2FWREHU���������-���� 

  
 

1$7$/,=80$%�,03529(6�
$0%8/$7,21�,1�08/7,3/(�

6&/(526,6 

  
,VVXHV� ZLWK� PRELOLW\� SUHVHQW� D�

VLJQLILFDQW� FKDOOHQJH� IRU� SDWLHQWV� ZLWK�
PXOWLSOH� VFOHURVLV� �06��� DQG� FDQ� OHDG�
WR UHGXFHG TXDOLW\-RI-OLIH��
1DWDOL]XPDE�� DQ� DOSKD� �-LQWHJULQ�
DQWDJRQLVW�� KDV� EHHQ� IRXQG� WR� DIIHFW�
GLVHDVH� DFWLYLW\� DQG� UHGXFH� UHODSVH�
UDWHV� DPRQJ� WKRVH� ZLWK� UHODSVLQJ�
UHPLWWLQJ� PXOWLSOH� VFOHURVLV� �5506���
7KLV� VWXG\� H[DPLQHG� WKH� HIIHFW� RI�
QDWDOL]XPDE�RQ�DPEXODWLRQ� LQ�SDWLHQWV�
ZLWK�5506� 
7KLV� VWXG\� LQFOXGHG� GDWD� IURP� WZR��

ODUJH�� SURVSHFWLYH� VWXGLHV� RI�
QDWDOL]XPDE� IRU� SDWLHQWV� ZLWK� 5506��
7KH� 7,0(5� ZDV� DQ� LQWHUQDWLRQDO��
PXOWLFHQWHU�� RSHQ� ODEHO�� SURVSHFWLYH�
VWXG\� RI� ���� VXEMHFWV� ZKR� UHFHLYHG�
QDWDOL]XPDE�� ���� PJ� ,9�� HYHU\� IRXU�
ZHHNV�IRU����ZHHNV��7KH�SDWLHQWV�ZHUH�
DVVHVVHG� ZLWK� D� WLPHG�� ��-IRRW� ZDON�
�7��):��WHVW�DQG�D�WLPHG�����-�P�ZDON�
�7���0:��WHVW�DW�EDVHOLQH�����DQG����
ZHHNV�� $)),50� ZDV� D� UDQGRPL]HG��
SODFHER-FRQWUROOHG�� GRXEOH-EOLQG��
SKDVH� �� VWXG\�� LQFOXGLQJ� ���� SDWLHQWV�
ZLWK�5506��(OLJLEOH�VXEMHFWV� UHFHLYHG�
QDWDOL]XPDE�����PJ�RU�SODFHER��HYHU\�
IRXU�ZHHNV�IRU�XS�WR�����ZHHNV��7KRVH�
SDWLHQWV� ZHUH� DVVHVVHG� XVLQJ� D�
7��):�HYHU\����ZHHNV�IRU����PRQWKV� 
,Q� 7,0(5�� WKHUH�ZDV� DQ� LQFUHDVH� LQ�

WKH� 7���0:� VSHHG� DW� ZHHNV� ��� DQG�
���� DV� FRPSDUHG� ZLWK� EDVHOLQH�
�S�������� IRU� ERWK��� ,Q� DGGLWLRQ�� WKH�
7��):� VSHHG� LQFUHDVHG� DW� ZHHN� ���
�S ��������� DOWKRXJK� QRW� DW� ZHHN� ���
�S ������� ,Q� $)),50�� DW� WZR� \HDUV��
���� PRUH� RI� WKRVH� LQ� WKH� WUHDWPHQW�
DUP� VKRZHG� D� ���� RU� JUHDWHU�

LPSURYHPHQW� LQ� WKH� 7��):�� DV�
FRPSDUHG�WR�SODFHER� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� UHODSVLQJ� UHPLWWLQJ� PXOWLSOH�
VFOHURVLV� IRXQG� WKDW� QDWDOL]XPDE� FDQ�
LPSURYH�DPEXODWLRQ� 

  
9RORVK\QD�� 1��� HW� DO�� 1DWDOL]XPDE�
,PSURYHV� $PEXODWLRQ� LQ� 5HODSVLQJ-�
5HPLWWLQJ� 0XOWLSOH� 6FOHURVLV�� 5HVXOWV�
IURP� WKH� 3URVSHFWLYH� 7,0(5� 6WXG\�
DQG� D� 5HWURVSHFWLYH� $QDO\VLV� RI�
$)),50�� (XURSHDQ� -� 1HXURO�� ������
0DUFK������������-���� 

  
 

9,68$/�(92.('�327(17,$/6�72�
$66(66�9,68$/�$77(17,21�,1�
0,/'�75$80$7,&�%5$,1�,1-85< 

  
'XH� WR� LWV� JOREDO� QDWXUH�� PLOG�

WUDXPDWLF� EUDLQ� LQMXU\� �P7%,�� RIWHQ�
UHVXOWV� LQ� D� FRQVWHOODWLRQ� RI� GHILFLWV��
LQFOXGLQJ� VHQVRU\�� PRWRU�� SHUFHSWXDO��
OLQJXLVWLF�� FRJQLWLYH� DQG� EHKDYLRUDO��
7KLV� VWXG\� LQYHVWLJDWHG� WKH� XVH� RI�
YLVXDO� HYRNHG� SRWHQWLDOV� �9(3V�� DV� D�
PHDQV� WR� TXDQWLI\� YLVXDO� DWWHQWLRQ�
DPRQJ�SDWLHQWV�ZLWK�P7%,� 
6XEMHFWV� ZHUH� ��� LQGLYLGXDOV� ZLWK�

P7%,�� RI� ZKRP� ��� KDG� VHOI-UHSRUWHG�
YLVXDO�JHQHUDO� DWWHQWLRQ� GHILFLWV�� DQG�
ILYH� ZKR� GLG� QRW�� $OO� SDWLHQWV� ZHUH�
DVVHVVHG� ZLWK� D� 9(3� WHVW�� ZLWK� ILYH�
WULDOV� IRU�HDFK�RI� WKUHH� WHVW�FRQGLWLRQV��
LQFOXGLQJ� FRQYHQWLRQDO� 9(3�� (\HV�
&ORVHG� �(&��� DQG� (\HV� &ORVHG�
1XPEHU� &RXQWLQJ� �(&1&��� 3DWLHQWV�
ZHUH� DOVR� DVVHVVHG� ZLWK� WKH� 9LVXDO�
6HDUFK� DQG� $WWHQWLRQ� 7HVW� �96$7���
7KH� DGXOW� $'+'� 6HOI-5HSRUW� 6FDOH�
�$656��ZDV�XVHG�DV�D�VFUHHQLQJ� WRRO�
IRU� JHQHUDO� DWWHQWLRQ� GHILFLW�� 7KH�
GLIIHUHQW� 9(3� WHVWV� ZHUH� TXDQWLILHG�
XVLQJ� WKH� 9(3�DOSKD� DWWHQXDWLRQ� UDWLR�
�$5�� 
7KH� $5� DW� HDFK� $OSKD� IUHTXHQF\�

GLIIHUHQWLDWHG� EHWZHHQ� WKRVH� ZLWK� DQG�
ZLWKRXW� DWWHQWLRQ� GHILFLW�� 7KH� $5� IRU�
LQGLYLGXDO� DV� ZHOO� DV� IRU� FRPELQHG�
IUHTXHQFLHV� ZDV� DEQRUPDO� DPRQJ�
WKRVH� ZLWK� P7%,� DQG� DQ� DWWHQWLRQ�
GHILFLW�� 7KH� $5� ZDV� QRUPDO� IRU� WKRVH�
ZLWKRXW� DQ� DWWHQWLRQ� GHILFLW�� 6LPLODU�
UHVXOWV� ZHUH� REWDLQHG� ZKHQ� WKH� $5�
ZDV� FRPELQHG� DFURVV� WKH� DOSKD�
IUHTXHQF\�EDQG� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� PLOG� WUDXPDWLF� EUDLQ� LQMXU\�
VXJJHVWV� WKDW�YLVXDO�HYRNHG�SRWHQWLDOV�
PD\� EH� XVHIXO� WR� GLIIHUHQWLDWH�
REMHFWLYHO\� EHWZHHQ� WKRVH� ZLWK� DQG�
ZLWKRXW�DQ�DWWHQWLRQDO�GHILFLW� 

  
<DGDY��1���HW�DO��2EMHFWLYH�$VVHVVPHQW�
RI� 9LVXDO� $WWHQWLRQ� LQ� 0LOG� 7UDXPDWLF�
%UDLQ� ,QMXU\� �P7%,�� 8VLQJ� 9LVXDO-�
(YRNHG� 3RWHQWLDOV� �9(3V��� %UDLQ� ,QM��
������0DUFK���� 
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1(852(1'2&5,1(�
'<6)81&7,21�,1�$&87(�%5$,1�

,1-85< 
  
+\SRSLWXLWDULVP� GXH� WR� WUDXPDWLF�

EUDLQ� LQMXU\��7%,��FDQ�RFFXU� LQ�XS�WR�
���� RI� SDWLHQWV�� :KLOH� WKH� W\SLFDO�
FRQVHTXHQFHV� RI� 7%,� LQFOXGH�
GLVRUGHUV� RI� FRQVFLRXVQHVV��
DWWHQWLRQ�� LPSXOVLYH� EHKDYLRU��
GHSUHVVLRQ� DQG� VOHHS�� VRPH� RI�
WKHVH� V\PSWRPV� PLJKW� EH� D�
FRQVHTXHQFH� RI� DQWHULRU� SLWXLWDU\�
LQVXIILFLHQF\�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� WKH�
SUHYDOHQFH� RI� DQWHULRU� SLWXLWDU\�
KRUPRQH� GHILFLHQFLHV� LQ� WKH� DFXWH�
SKDVH�RI�PRGHUDWH�WR�VHYHUH�7%,� 
2QH� KXQGUHG�� FRQVHFXWLYH�

SDWLHQWV� ZLWK� PRGHUDWH� WR� VHYHUH�
7%,� ZHUH� VWXGLHG�� 7KH� SDUWLFLSDQWV�
XQGHUZHQW�FOLQLFDO�DVVHVVPHQW��ZLWK�
VHYHULW\�RI� LQMXU\�DVVHVVHG�E\� LQLWLDO�
*ODVJRZ� &RPD� 6FDOH� �*&6��
UHVXOWV�� 7KH� SDWLHQWV� ZHUH� IXUWKHU�
DVVHVVHG� ZLWK� WKH� *ODVJRZ�
2XWFRPH� 6FDOH� �*26��� 6XEMHFWV�
ZLWK� VFRUHV� RI� IRXU� RU� ILYH� ZHUH�
SODFHG� LQ� D� JRRG� RXWFRPH� JURXS��
DQG�WKRVH�ZLWK�VFRUHV�RI�RQH��WZR�RU�
WKUHH�ZHUH�SODFHG�LQ�D�EDG�RXWFRPH�
JURXS� 
2I�WKH�KXQGUHG�VXEMHFWV������KDG�

PRGHUDWH�� DQG� ���� KDG� VHYHUH��
7%,V�� 7KH� SHUFHQWDJH� RI� SDWLHQWV�
ZLWK� ORZ� I7�� ZDV� ����� I7�� �����
76+� � ���� JURZWK� KRUPRQH� �����
FRUWLVRO����DQG�SURODFWLQ�����7KLUW\�
SHUFHQW� KDG� DQ� LQFUHDVHG� FRUWLVRO�
OHYHO��2Q�GD\�VHYHQ��WKH�SHUFHQWDJH�
RI� SDWLHQWV� ZLWK� D� ORZ� KRUPRQH�
SURILOH� RI� I7�� ZDV� �������� � � I7����
������� � � 76+� �������� JURZWK�
KRUPRQH� �������� FRUWLVRO� ������
DQG� SURODFWLQ� ������ZKLOH� ���� ����
KDG� LQFUHDVHG� FRUWLVRO� OHYHOV�� 7KH�
SDWLHQWV� ZLWK� VHYHUH� 7%,�� ZLWK�
SUHVVXUH� HIIHFWV� DQG� D� SRRU� *26�
VFRUHV�� KDG� PRUH� DEQRUPDO�
KRUPRQH� SURILOHV� WKDQ� GLG� SDWLHQWV�
ZLWK�PRGHUDWH�7%,��ZLWKRXW�SUHVVXUH�
HIIHFWV�DQG�D�JRRG�*26� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� IRXQG� WKDW� QHXURHQGRFULQH�
G\VIXQFWLRQ� LV�FRPPRQ� LQ� WKH�DFXWH�
SKDVH� RI� PRGHUDWH� WR� VHYHUH�
WUDXPDWLF�EUDLQ�LQMXU\��DQG�WKDW�WKHUH�
LV� D� FRUUHODWLRQ� ZLWK� VHYHULW\� RI�
LQMXU\��*ODVJRZ�2XWFRPH�6FDOH�DQG�
UDGLRORJLFDO�ILQGLQJV� 

  
3UDVDQQD��.���HW�DO��1HXURHQGRFULQH�
'\VIXQFWLRQ� LQ� WKH� $FXWH� 3KDVH� RI�
0RGHUDWH�WR�6HYHUH�7UDXPDWLF�%UDLQ�
,QMXU\�� $� 3URVSHFWLYH� 6WXG\�� %UDLQ�
,QM��������0DUFK������������-���� 
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3UHYLRXV� VWXGLHV� KDYH�

GHPRQVWUDWHG�WKDW�WREDFFR�DEXVH�LV�
DVVRFLDWHG� ZLWK� SRRU� ERQH� TXDOLW\��
ORZHU� IXVLRQ� UDWHV�� GHOD\HG� IXVLRQ�
DQG� DQ� LQFUHDVHG� OLNHOLKRRG� RI�
SVHXGR-�DUWKURVLV IROORZLQJ VSLQH�
LQVWUXPHQWDWLRQ� DQG� IXVLRQ�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� HIIHFWV� RI� VPRNLQJ�
RQ� SHULRSHUDWLYH� RXWFRPHV� DIWHU�
FHUYLFDO�FRUSHFWRP\� 
7KLV� UHWURVSHFWLYH� UHYLHZ� LQFOXGHG�

PHGLFDO� UHFRUGV� EHWZHHQ� ����� DQG�
������ GRFXPHQWLQJ� DGXOW� SDWLHQWV�
ZKR� XQGHUZHQW� DQWHULRU� FHUYLFDO�
FRUSHFWRP\� DV� D� WUHDWPHQW� IRU�
UDGLFXORSDWK\� RU� P\HORSDWK\�� 7KH�
SDWLHQW¶V� VPRNLQJ� VWDWXV� ZDV�
FDWHJRUL]HG� DV� FXUUHQW� VPRNHU��
TXLWWHU� �FHVVDWLRQ� DW� OHDVW� RQH� \HDU�
SULRU� WR� VXUJHU\�� RU� QRQ-VPRNHU��
&KDUWV� ZHUH� UHYLHZHG� IRU� EDVHOLQH�
GHPRJUDSKLF� DQG� FOLQLFDO� YDULDEOHV��
DV� ZHOO� DV� IRU� FRPRUELGLWLHV�� 7KH�
SULPDU\� RXWFRPH� PHDVXUHV� RI�
LQWHUHVW� ZHUH� HVWLPDWHG� EORRG� ORVV��
��-GD\� SRVWRSHUDWLYH� FRPSOLFDWLRQV�
DQG�OHQJWK�RI�KRVSLWDO�VWD\� 
2I�WKH�����DGXOW�SDWLHQWV� LQFOXGHG�

LQ� WKH� VWXG\�� ������ ZHUH� QRQ-�
VPRNHUV�� ������ ZHUH� TXLWWHUV� DQG�
����ZHUH�FXUUHQW�VPRNHUV��5HODWLYH�
WR� QRQ-VPRNHUV�� FXUUHQW� VPRNHUV�
KDG� D� KLJKHU� RGGV� UDWLR� �25�� RI�
H[SHULHQFLQJ FRPSOLFDWLRQV�
�25 ������ S �������� ZKLOH� TXLWWHUV�
GLG�QRW�H[SHULHQFH�VXFK�D�VLJQLILFDQW�
LQFUHDVH�LQ�FRPSOLFDWLRQV��25 ������
S �������� &XUUHQW� VPRNLQJ� ZDV�
LQGHSHQGHQWO\� DVVRFLDWHG� ZLWK� D�
KLJKHU� 25� RI� SVHXGRDUWKURVLV�
FRPSDUHG� ZLWK� QRQ-VPRNLQJ�
�S �������� &XUUHQW� VPRNHUV�
H[SHULHQFHG�PHDQ�OHQJWK�RI�VWD\V�RI 
���� GD\V�� TXLWWHUV� ���� GD\V�� DQG�

QRQVPRNHUV� ���� GD\V�� ,Q� DGGLWLRQ��
WKHUH� ZDV� D� WUHQG� WRZDUG� JUHDWHU�
EORRG�ORVV�DPRQJ�VPRNHUV�WKDQ�QRQ
-� VPRNHUV�� WKRXJK� WKDW� ILQGLQJ� GLG�
QRW�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� FHUYLFDO�
FRUSHFWRP\� IRXQG� WKDW� FXUUHQW�
VPRNHUV� KDYH� KLJKHU� SHULRSHUDWLYH�
FRPSOLFDWLRQV�� ORQJHU� OHQJWKV� RI�
KRVSLWDO� VWD\� DQG� KLJKHU� UDWHV� RI�
SVHXGRDUWKURVLV� WKDQ� GR� QRQ-�
VPRNHUV� 

  
/DX�� '��� HW� DO�� 7KH� (IIHFWV� RI�
6PRNLQJ� RQ� 3HULRSHUDWLYH�
2XWFRPHV� LQ� 3VHXGRDUWKURVLV�
IROORZLQJ� $QWHULRU� &HUYLFDO�
&RUSHFWRP\�� -� 1HXURVXUJ� 6SLQH��
������2FWREHU���������-���� 

   

(/(9$7('� &$/&,80� $)7(5�
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3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� FDOFLXP� FDQ�
LQIOXHQFH� WKH� FDVFDGH� RI� HYHQWV�
OHDGLQJ� WR� QHXURQDO� LQMXU\�� 7KLV�
VWXG\� IXUWKHU� DVVHVVHG� WKH�
DVVRFLDWLRQ�EHWZHHQ�VHUXP�FDOFLXP�
OHYHOV�DQG�RXWFRPH�DIWHU�VWURNH� 
6XEMHFWV�ZHUH�SDWLHQWV�ZLWK�DFXWH�

LVFKHPLF� VWURNH�� DGPLWWHG� WR� D�
XQLYHUVLW\� KRVSLWDO� EHWZHHQ� �����
DQG� ������ ZLWKLQ� VHYHQ� GD\V� RI�
V\PSWRP�RQVHW��'DWD�ZHUH�JDWKHUHG�
FRQFHUQLQJ�SDWLHQWV¶�VWURNH�VXEW\SH��
1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK� 6WURNH�
6FDOH� �1,+66�� VFRUH� DW� WKH� WLPH� RI�
DGPLVVLRQ�� WKURPERO\WLF� WUHDWPHQW�
DQG� PRGLILHG� 5DQNLQ� VFDOH� �P56��
VFRUH� DW� GLVFKDUJH�� %DVHOLQH�
GHPRJUDSKLFV DQG FOLQLFDO�
FKDUDFWHULVWLFV� ZHUH� REWDLQHG�� ZLWK�
WKH� ODWWHU� LQFOXGLQJ� VHUXP� OHYHOV� RI�
JOXFRVH�� KHPRJORELQ� $-�� &�� OLSLGV�
DQG� DOEXPLQ� FRUUHFWHG� FDOFLXP�
OHYHOV��7KHVH�OHYHOV�ZHUH�FRPSDUHG�
WR�PRUWDOLW\� 
3DWLHQWV� HQUROOHG� LQ� WKLV� VWXG\�

LQFOXGHG� ������ SDWLHQWV�ZLWK� VWURNH��
ZLWK�D�PHDQ�DJH�RI������\HDUV��7KH�
PHDQ� IROORZ-XS� SHULRG� ZDV� ����
GD\V��ZLWK�D�PRUWDOLW\�UDWH�RI������DW�
RQH� PRQWK� SRVW-DGPLVVLRQ�� DQG� DQ�
RYHUDOO�PRUWDOLW\� UDWH�RI� �������7KH�
VHFRQG� �S������� DQG� WKLUG� �S�������
WHUWLOH� RI� VHUXP� FDOFLXP� OHYHO�� DQG�
WKH� WKLUG� WHUWLOH� �S������� RI� DOEXPLQ�
FRUUHFWHG� FDOFLXP� OHYHO�� ZHUH� DOO�
IRXQG�WR�EH�LQGHSHQGHQW�ULVN�IDFWRUV�
IRU� SRRU� RXWFRPH� �P56�� DW�
GLVFKDUJH��7KH�WKLUG� WHUWLOH�RI�VHUXP�
FDOFLXP� OHYHO� ZDV� IRXQG� WR� EH� DQ�
LQGHSHQGHQW�ULVN�IDFWRU�IRU�ORQJ-WHUP��
PRUWDOLW\� �S ������� 7KH� DOEXPLQ�
FRUUHFWHG� FDOFLXP� ZDV� DVVRFLDWHG�
ZLWK� ORQJ-WHUP�PRUWDOLW\�� ,Q�DGGLWLRQ��
PDOH� JHQGHU�� DJH�� VHUXP� JOXFRVH�
OHYHO��VHUXP�WULJO\FHULGH�OHYHO��VHUXP�
DOEXPLQ� OHYHO�� VWURNH� VXEW\SH� DQG�
1,+66� VFRUHV� RQ� DGPLVVLRQ� ZHUH�
VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� ORQJ-
WHUP�PRUWDOLW\� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�KLJK�OHYHOV�RI�DOEXPLQ�FRUUHFWHG�
FDOFLXP�DUH�DVVRFLDWHG�ZLWK�D�ZRUVH�
GLVFKDUJH� RXWFRPH� DQG� LQFUHDVHG�
LQFLGHQFH� RI� PRUWDOLW\� DIWHU� DFXWH�
LVFKHPLF�VWURNH� 

  
&KXQJ�� -��� HW� DO�� (OHYDWHG� &DOFLXP�
DIWHU� $FXWH� ,VFKHPLF� 6WURNH��
$VVRFLDWLRQ� ZLWK� 3RRU� 6KRUW-7HUP�
2XWFRPH� DQG� /RQJ-7HUP� 0RUWDOLW\��
-�6WURNH��������-DQXDU\�����������-
��� 
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6NHOHWDO� PXVFOH� GLVXVH� UHVXOWV� LQ��

D� GHFUHDVH� LQ� WKH� YROXPH� RI�
P\RILEHUV��ZLWK�D�UHVXOWDQW�GHFUHDVH�
LQ� PXVFOH� IRUFH� SURGXFWLRQ�� $V� WKH�
DFWLRQ� RI� WHWDQXV� WR[LQ� UHVXOWV� LQ�
LQFUHDVHG� PXVFOH� DFWLYLW\�� WKLV�
DQLPDO� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH�WKH�DELOLW\�RI�WHWDQXV�WR[LQ�
WR�SUHYHQW� FKDQJHV�DVVRFLDWHG�ZLWK�
GLVXVH�DWURSK\� 
)HPDOH�6SUDJXH�UDWV�ZHUH�GLYLGHG�

LQWR� WKUHH� JURXSV�� ZLWK� DOO�
XQGHUJRLQJ�LPPRELOL]DWLRQ� :LWKLQ�
WKH�H[SHULPHQWDO�JURXSV��RQH�JURXS�
XQGHUZHQW� WHWDQXV� WR[LQ� LQMHFWLRQ�
DQG� RQH� JURXS� XQGHUZHQW� VDOLQH�
LQMHFWLRQ��$�WKLUG�JURXS��UHFHLYLQJ�QR�
LQMHFWLRQV�� VHUYHG� DV� FRQWUROV�� 7ZR�
ZHHNV� DIWHU� WKH� LQMHFWLRQV�� WKH�
FRQWUDFWLOH� IRUFH�� PXVFOH� DQG�
P\RILEHU�PRUSKRORJ\��DV�ZHOO�DV�WKH�
WLELDOLV� DQWHULRU� ZHLJKW� ZHUH�
DQDO\]HG�DQG�FRPSDUHG� WR� WKRVH�RI�
WKH�FRQWURO�JURXS� 
$IWHU� LPPRELOL]DWLRQ�� WKH� ZHW�

ZHLJKW� RI� WKH� VDOLQH� JURXS�PXVFOHV�
GHFUHDVHG� VLJQLILFDQWO\�� WR� ���� RI�
WKH� ZHW� ZHLJKW� RI� WKH� FRQWURO�
PXVFOHV��7KH�ZHW�ZHLJKW�RI�WKH�WR[LQ
-WUHDWHG�PXVFOHV�PDLQWDLQHG�����RI�
WKH� ZHW� ZHLJKW� RI� WKH� FRQWURO�
PXVFOHV�� 7KH� PD[LPDO� WHWDQLF�
WHQVLRQ� �3R�� RI� WKH� WR[LQ� LQMHFWHG�
PXVFOHV� GLG� QRW� GLIIHU� IURP� WKDW� RI�
WKH� FRQWURO� PXVFOHV�� 7KH� VDOLQH�
JURXS� PXVFOHV� GHYHORSHG� RQ�
DYHUDJH� RQO\� �������� RI� WKH�
PD[LPDO� WZLWFK� UHVSRQVH� �3W���
PD[LPDO� WHWDQLF� WHQVLRQ� �3R��
SURGXFHG�E\�FRQWURO�PXVFOHV��6DOLQH�
JURXS� PXVFOHV� GHYHORSHG� RQ�
DYHUDJH�RQO\���������RI�WKH�3W��3R�
JHQHUDWHG� E\� WKH� WR[LQ� LQMHFWHG�
PXVFOHV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

IRXQG�WKDW�WHWDQXV�WR[LQ�FDQ�SUHYHQW�
FRPPRQ� VLJQV� RI� PXVFOH� GLVXVH�
DWURSK\� 

  
0DWWKHZV�� &��� HW� DO�� 7HWDQXV� 7R[LQ�
3UHVHUYHV� 6NHOHWDO� 0XVFOH�
&RQWUDFWLOH� )RUFH� DQG� 6L]H� 'XULQJ�
/LPE�,PPRELOL]DWLRQ��0XVFOH� 1HUYH��
������1RYHPEHU������������-���� 

 
  
&5($7,1(�$1'�&2-(1=<0(� 
4� ���)25�0,/'�&2*1,7,9(�
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&UHDWLQH�DQG�FRHQ]\PH�4����DUH�

LPSRUWDQW�� DFWLYH� FRPSRQHQWV� RI�
HQHUJ\� PHWDEROLVP� LQ� PLWRFKRQGULD�
ZLWK� NQRZQ� SURWHFWLYH� HIIHFWV�
DJDLQVW� QHXURGHJHQHUDWLYH�

GLVHDVHV�� 7KLV� VWXG\� ZDV� GHVLJQHG�
WR� GHWHUPLQH� WKH� HIIHFWV� RI�
FRPELQLQJ� FUHDWLQH� DQG� FRHQ]\PH�
4� ��� RQ� WKH� FRJQLWLYH� IXQFWLRQ� RI�
SDWLHQWV� ZLWK� 3DUNLQVRQ
V� GLVHDVH�
�3'��UHODWHG�FRJQLWLYH�LPSDLUPHQW� 
7KLV� VWXG\� LQFOXGHG� ��� SDWLHQWV�

GLDJQRVHG� ZLWK� 3'�� HDFK� ZLWK�
FRQILUPHG�� JUDGXDOO\� GHFOLQLQJ�
FRJQLWLYH� IXQFWLRQ�� $OO� ZHUH�
DVVHVVHG� ZLWK� WKH� 8QLILHG�
3DUNLQVRQ
V� 'LVHDVH� 5DWLQJ� 6FDOH�
�83'56�� DW� EDVHOLQH� DQG� DJDLQ� DW�
��� DQG� ��� PRQWKV�� 7KH� VXEMHFWV�
ZHUH� LQLWLDOO\� DVVHVVHG� ZLWK� WKH�
0RQWUpDO� &RJQLWLYH� $VVHVVPHQW�
�0R&$�� DQG� IRU� SODVPD�
SKRVSKROLSLG�OHYHOV��7KH�SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� D� WUHDWPHQW�
JURXS� UHFHLYLQJ� FUHDWLQH�
PRQRK\GUDWH� DW� �� J� %,'� DQG� RUDO�
&RHQ]\PH� 4� ��� DW� ���� PJ� WKUHH�
WLPHV� SHU� GD\�� RU� D� FRQWURO� JURXS�
UHFHLYLQJ�SODFHER�FDSVXOHV� 
$IWHU� ��� DQG� ��� PRQWKV�� 0R&$�

VFDOH�VFRUHV�RI� WKH�WUHDWPHQW�JURXS�
ZHUH� VLJQLILFDQWO\� KLJKHU� WKDQ� WKRVH�
RI� WKH� FRQWURO� JURXS� �S������� DQG�
S�������UHVSHFWLYHO\���,Q�DGGLWLRQ�� DW�
��� DQG� ��� PRQWKV� IROORZ-XS�� WKH�
WUHDWPHQW� JURXS¶V� SKRVSKROLSLG�
OHYHOV� ZHUH� VLJQLILFDQWO\� ORZHU� WKDQ�
WKRVH� RI� WKH� FRQWUROV� �S������ DQG�
S������� UHVSHFWLYHO\��� $IWHU� ��� DQG�
��� PRQWKV�� QR� VLJQLILFDQW�
GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH�
WZR�JURXSV�LQ�83'56�VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� 3DUNLQVRQ
V� GLVHDVH�
DQG�PLOG�FRJQLWLYH�LPSDLUPHQW�IRXQG�
D� SRVLWLYH� HIIHFW� LQ� GHOD\LQJ� WKH�
GHFOLQH�LQ�FRJQLWLYH�IXQFWLRQ�RI�WKHVH�
SDWLHQWV� ZLWK� WKH� GDLO\� XVH� RI�
&RHQ]\PH�4���DQG�FUHDWLQH� 

  
:DQDJ�� /��� HW� DO�� 7KH� (IIHFW� RI�
&UHDWLQH� DQG� &RHQ]\PH� 4� ���
&RPELQDWLRQ� 7KHUDS\� RQ� 0LOG�
&RJQLWLYH�,PSDLUPHQW�LQ�3DUNLQVRQ
V�
'LVHDVH�� (XUR� 1HXURO�� ������ $SULO��
����-�������-���� 
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2I� SDWLHQWV�ZLWK� SDUDSOHJLD�� ��� WR�

���� KDYH� FRPSODLQWV� RI� SDLQ� DQG�
OLPLWDWLRQ� RI� PRYHPHQW�� ZLWK� URWDWRU�
FXII� WHDUV� FRPPRQ� LQ� WKLV�
SRSXODWLRQ��7KLV�VWXG\�DVVHVVHG�WKH�
HIIHFW� RI� URWDWRU� FXII� UHSDLU� LQ�
SDWLHQWV�ZLWK�SDUDSOHJLD� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� ZLWK� SDUDSOHJLD� ZKR�
XQGHUZHQW� URWDWRU� FXII� UHSDLU�
EHWZHHQ� 2FWREHU� RI� ����� DQG�
2FWREHU�RI�������$OO�SDWLHQWV�KDG�IXOO�
WKLFNQHVV� URWDWRU� FXII� WHDUV� ZLWK�

VXUJLFDO� UHSDLU� DQG� SRVWRSHUDWLYH�
UHKDELOLWDWLRQ�� $IWHU� VXUJHU\�� D�
VKRXOGHU� DEGXFWLRQ� EUDFH� ZDV�
DSSOLHG� IRU� HLJKW� ZHHNV�� 7KH�
IXQFWLRQDO� HYDOXDWLRQ� LQFOXGHG� SUH-�
DQG� SRVWRSHUDWLYH� SDLQ� VFRUHV��
UDQJH� RI� PRWLRQ�� PXVFOH� SRZHU��
$PHULFDQ� 6KRXOGHU� DQG� (OERZ�
6XUJHRQV� �$6(6�� VFRUHV�� DQG�
&RQVWDQW� VFRUHV�� 7HQGRQ� LQWHJULW\�
ZDV� HYDOXDWHG� E\� 05,� DW� DQ�
DYHUDJH� RI� ����� PRQWKV� SRVW-
VXUJHU\� 
$W� IROORZ-XS�� $6(6� VFRUHV� KDG�

LPSURYHG� IURP� ��� WR� ��� SRLQWV�
�S��������� &RQVWDQW� VFRUHV� KDG�
LPSURYHG� IURP� ��� WR� ��� SRLQWV�
�S��������� 7KH� $6(6� VFRUHV� ZHUH�
DERYH� ��� SRLQWV� LQ� ������ RI� WKH�
SDWLHQWV�� LQGLFDWLQJ� VDWLVIDFWRU\�
UHVXOWV�� 6WUXFWXUDO� LQWHJULW\� RI� WKH�
UHSDLU�ZDV�PDLQWDLQHG�LQ�����RI�WKH�
SDWLHQWV��ZKLOH� UHFXUUHQW� WHDUV�ZHUH�
REVHUYHG�LQ����� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDUDSOHJLD� ZKR� ZHUH�
ZKHHOFKDLU� DPEXODWRUV� ZLWK� URWDWRU�
FXII� WHDUV� IRXQG� WKDW� URWDWRU� FXII�
UHSDLU� VXUJHU\� FDQ� SURYLGH�
VDWLVIDFWRU\�IXQFWLRQDO�RXWFRPHV� 

  
-XQJ�� +��� HW� DO�� 5HFRQVWUXFWLRQ� RI�
5RWDWRU� &XII� 7HDUV� LQ� :KHHOFKDLU�
%RXQG� 3DUDSOHJLF� 3DWLHQWV�� -�
6KRXOG� (OERZ� 6XUJ�� ������$SULO��
����������-���� 
 

 $872/2*286�%/22'�
,1-(&7,216�)25�3/$17$5�
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3ODQWDU� IDVFLLWLV� LV� D� FRPPRQ�

FRQGLWLRQ�� W\SLFDOO\� DIIHFWLQJ� SHRSOH�
LQ�WKH�IRXUWK�DQG�ILIWK�GHFDGHV�RI�OLIH��
$� ZLGH� YDULHW\� RI� FRQVHUYDWLYH�
WKHUDSLHV� KDYH� EHHQ� XVHG� WR� WUHDW�
WKLV� FRQGLWLRQ�� LQFOXGLQJ� UHVW��
VWUHWFKLQJ�� VSOLQWLQJ�� WDSLQJ� DQG�
RUWKRWLFV�� $OWKRXJK� FRUWLFRVWHURLG�
LQMHFWLRQV� KDYH� EHHQ� XVHG� ZLWK�
VRPH� VXFFHVV�� SODQWDU� IDVFLD�
UXSWXUH� KDV� EHHQ� UHSRUWHG� LQ� XS� WR�
���� RI� FDVHV�� 7KLV� VWXG\� H[SORUHG�
WKH� HIILFDF\� RI� DXWRORJRXV� EORRG�
LQMHFWLRQV� IRU� WKH� PDQDJHPHQW� RI�
FKURQLF�SODQWDU�IDVFLLWLV� 
7KLV�SURVSHFWLYH�VWXG\�LQFOXGHG����

SDWLHQWV� ZLWK� SODQWDU� IDVFLLWLV�� ZLWK�
DQ�DYHUDJH�GXUDWLRQ�RI�V\PSWRPV� RI�
��� PRQWKV�� $OO� VXEMHFWV� UHFHLYHG�
WKUHH� WR� IRXU� P/� RI� DXWRORJRXV�
ZKROH� EORRG�� LQMHFWHG� LQWR� WKH�
SODQWDU� IDVFLD� ZLWK� WKH� XVH� RI�
XOWUDVRXQG� JXLGDQFH�� 7KH� SDWLHQWV�
ZHUH� WKHQ� JLYHQ� D� VWDQGDUGL]HG�
KRPH� H[HUFLVH� SURJUDP�� $OO� ZHUH�
IROORZHG� XS� DW� WZR� WR� WKUHH� ZHHNV�
DQG� VL[� ZHHNV� SRVW-SURFHGXUH�� DQG�
WKHQ� DW� WKUHH� DQG� VL[� PRQWKV��
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2XWFRPH� PHDVXUHV� LQFOXGHG� YLVXDO�
DQDORJXH� VFDOH� �9$6�� SDLQ� VFRUHV��
VDWLVIDFWLRQ� VFRUHV� DQG� D� SDWLHQW�
UDWHG� RXWFRPH� PHDVXUH�� WKH�
5HYLVHG� )RRW� )XQFWLRQ� ,QGH[�
TXHVWLRQQDLUH� 
$W�D�PHGLDQ�GXUDWLRQ�RI�����GD\V��

����RI� WKH�SDWLHQWV�ZHUH�SDLQ� IUHH��
����ZHUH�YLUWXDOO\�SDLQ� IUHH� �ZLWK�D�
9$6� VFRUH� RI� ]HUR� RU� RQH��� ZLWK�
�����UHSRUWLQJ� LQVXIILFLHQW� UHFRYHU\��
SURFHHGLQJ� WR� VXUJHU\�� 7KH� PHDQ�
9$6�SDLQ�VFRUH�DW�EDVHOLQH�ZDV������
IDOOLQJ� WR�����DW� IROORZ-XS��$W� IROORZ-�
XS�� ���� RI� WKH� SDWLHQWV� UHSRUWHG�
EHLQJ� YHU\� VDWLVILHG� ZLWK� WKH�
SURFHGXUH�� ZLWK� ���� UHSRUWLQJ� WKDW�
WKH\� ZRXOG� GHILQLWHO\� UHFRPPHQG�
WKH�SURFHGXUH� 
&RQFOXVLRQ�� 7KLV�FDVH�VHULHV�RI�

SDWLHQWV�ZLWK�FKURQLF�SODQWDU�IDVFLLWLV�
VXJJHVWV� WKDW� DXWRORJRXV� EORRG�
LQMHFWLRQV� PD\� EH� HIIHFWLYH� LQ�
UHGXFLQJ�SDLQ� 

  
:KHHOHU�� 3��� HW� DO�� 7KH� 5ROH� RI�
$XWRORJRXV� %ORRG� ,QMHFWLRQV� LQ� WKH�
7UHDWPHQW� IRU�3DWLHQWV�ZLWK�&KURQLF�
3ODQWDU� )DVFLLWLV� -� $� &DVH� 6HULHV�
DQG� /RQJHU-7HUP� )ROORZ-8S�� ,QWHUQ�
0XVFXORVNHO� 0HG�� ������ -XO\�� ��
������-���� 

  
2%(6,7<�$1'�727$/�.1((�

5(3/$&(0(17 
  
2EHVLW\� KDV� EHHQ� IRXQG� WR� EH�

DVVRFLDWHG� ZLWK� KLJKHU� UDWHV� RI�
UHYLVLRQ� DQG� LQIHFWLRQ� DPRQJ�
SDWLHQWV� XQGHUJRLQJ� WRWDO� KLS� DQG�
WRWDO� NQHH� DUWKURSODVW\�� 7KLV� VWXG\�
DVVHVVHG� WKH� HIIHFW� RI� REHVLW\� RQ�
SDWLHQWV� XQGHUJRLQJ� WRWDO� DQNOH�
UHSODFHPHQW��7$5�� 
7KLV� UHWURVSHFWLYH� FRKRUW� WULDO�

LQFOXGHG� SDWLHQWV� XQGHUJRLQJ� 7$5�
EHWZHHQ� 0D\� RI� ����� DQG�
1RYHPEHU� RI� ������ 7KH� FRKRUW�
LQFOXGHG� ��� REHVH� SDWLHQWV� DQG� ���
QRQREHVH� SDWLHQWV�� IROORZHG� IRU�
PHDQV� RI� ����� \HDUV� DQG� �����
\HDUV�� UHVSHFWLYHO\�� 2XWFRPH�
PHDVXUHV� ZHUH� WKH� $QNOH�
2VWHRDUWKULWLV� 6FDOH� �$26�� DQG� WKH�
6KRUW� )RUP-��� �6)-�����
DGPLQLVWHUHG� SUHRSHUDWLYHO\� DQG�
DJDLQ� DW� OHDVW� WZR� \HDUV�
SRVWRSHUDWLYHO\� 
$W� IROORZ-XS�� ERWK� FRKRUWV�

GHPRQVWUDWHG VLJQLILFDQW�
LPSURYHPHQWV� LQ� $26� SDLQ� VFRUHV��
ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH� LQ�
FKDQJH� EHWZHHQ� WKH� JURXSV�� ,Q�
DGGLWLRQ�� VFRUHV� RQ� WKH� 6)-���
LPSURYHG� LQ� ERWK� JURXSV�� ZLWK� QR�
VLJQLILFDQW�GLIIHUHQFH�QRWHG�EHWZHHQ�
JURXSV�� 6LPLODUO\�� WKH� UDWHV� RI�
FRPSOLFDWLRQV� DQG� UHYLVLRQV�
EHWZHHQ� JURXSV� GLG� QRW� GLIIHU�
VLJQLILFDQWO\�� 7KH� PHDQ� RSHUDWLRQ-

IUHH� VXUYLYDO� WLPHV� ZHUH� ���� \HDUV�
IRU� WKH� REHVH� JURXS� DQG� ���� \HDUV�
IRU�WKH�QRQ-REHVH�JURXS��S� ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� WRWDO� DQNOH�
UHSODFHPHQW� IRXQG� WKDW� WKH� VXUJHU\�
LPSURYHV�GLVDELOLW\�DQG�SDLQ��ZLWK�QR�
GLIIHUHQFH� LQ� RXWFRPH� EHWZHHQ�
WKRVH�ZLWK�DQG�WKRVH�ZLWKRXW�REHVLW\�
DW�WKH�WLPH�RI�VXUJHU\� 

  
%RXFKDUG�� 0��� HW� DO�� ,PSDFW� RI�
2EHVLW\� RQ� WKH� 2XWFRPH� RI� 7RWDO�
$QNOH� 5HSODFHPHQW�� -� %RQH� -RLQW�
6XUJ��������-XQH�������������-���� 

 
  
6,'(/,1(�%$/$1&(�(5525�
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$SSURSULDWH FRQFXVVLRQ�

PDQDJHPHQW�LV�SUHGLFDWHG�RQ�WLPHO\�
V\PSWRP�UHFRJQLWLRQ��2QH�V\PSWRP�
RI� FRQFXVVLRQ� LV� LPSDLUHG� SRVWXUDO�
FRQWURO�� ZKLFK� LV� FRPPRQO\� WHVWHG�
ZLWK� WKH� EDODQFH� HUURU� VFRULQJ�
V\VWHP� �%(66��� 7KLV� VWXG\�
H[DPLQHG� WKH� GLIIHUHQFH� EHWZHHQ�
%(66� WHVWLQJ� RQ� WKH� VLGHOLQH� DQG�
WHVWLQJ� LQ�TXLHW� VHWWLQJV�� LQ� DQ�HIIRUW�
WR�GHWHUPLQH�ZKHWKHU�HQYLURQPHQWDO�
IDFWRUV�LQIOXHQFH�WKRVH�UHVXOWV� 
6XEMHFWV� ZHUH�1DWLRQDO� &ROOHJLDWH�

$WKOHWLF� $VVRFLDWLRQ� 'LYLVLRQ� ,�
IHPDOH� VWXGHQW-DWKOHWHV� �6$��
LQYROYHG� LQ� VRFFHU�� YROOH\EDOO� RU�
VRIWEDOO� DW� D� VLQJOH� LQVWLWXWLRQ��
&RQWUROV� ZHUH� UHFUHDWLRQDO� OHYHO�
DWKOHWLF� IHPDOH� FROOHJH� VWXGHQWV�� $�
%(66� WHVW� ZDV� SHUIRUPHG� WKUHH�
WLPHV�IRU�HDFK�SDUWLFLSDQW��RQFH�LQ�D�
TXLHW� VHWWLQJ� DQG� WZLFH� LQ� HLWKHU�
EDVNHWEDOO� RU� IRRWEDOO� VHWWLQJV�� 7KH�
6$� JURXS� SHUIRUPHG� WKHLU� EDVHOLQH�
WHVW� GXULQJ� SUH-SDUWLFLSDWLRQ�
SK\VLFDOV� LQ� D� TXLHW�� FRQWUROOHG�
HQYLURQPHQW�� ZLWK� WKH� FRQWUROV�
DVVHVVHG� LQ� WKH�VDPH�HQYLURQPHQW��
7KH� FRQWUROV� ZHUH� WKHQ�PDWFKHG� WR�
PHPEHUV� RI� WKH� DWKOHWH� JURXS�� DQG�
WKHQ� WHVWHG� LQ�HLWKHU�D�EDVNHWEDOO�RU�
D� IRRWEDOO� HQYLURQPHQW�� ZLWK� WHVWLQJ�
RI� WKH� DWKOHWHV� GXULQJ� JDPHV�� DQG�
WKDW� RI� WKH� FRQWUROV� LQ� WKH� VDPH�
YHQXH� ZKHQ� QR� JDPH� ZDV�
RFFXUULQJ� 
6XEMHFWV� XOWLPDWHO\� LQFOXGHG� ���

DWKOHWHV�DQG����FRQWUROV�FRPSOHWLQJ�
WKH�WHVWLQJ��1R�VLJQLILFDQW�GLIIHUHQFH�
ZDV� SUHVHQW� EHWZHHQ� WKH� DWKOHWHV�
DQG� FRQWUROV� LQ� EDVHOLQH� %(66�
VFRUHV�� $W� WKH� IRRWEDOO� DQG�
EDVNHWEDOO� VHWWLQJV�� WKH� DWKOHWHV�
LQFUHDVHG� %(66� HUURUV� IURP�
EDVHOLQH�� ZKLOH� WKH� FRQWUROV�
GHFUHDVHG� HUURUV� �S ������ DQG�
S �������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� IRU� VWXGHQW-DWKOHWHV�� %DODQFH�

(UURU� 6FRULQJ� 6\VWHP� SHUIRUPDQFH�
ZRUVHQHG�ZKHQ�GHWHUPLQHG�GXULQJ�D�
OLYH� IRRWEDOO� RU� EDVNHWEDOO� JDPH��
VXJJHVWLQJ�FDXWLRQ�ZKHQ�HYDOXDWLQJ�
DQ�DWKOHWH�LQ�WKRVH�VHWWLQJV� 

  
5DKQ�� &��� HW� DO�� 6LGHOLQH�
3HUIRUPDQFH� RI� WKH� %DODQFH� (UURU�
6FRULQJ� 6\VWHP� 'XULQJ� D� /LYH�
6SRUWLQJ� (YHQW�� &OLQ� -� 6SRUWV� 0HG��
������0D\������������-���� 

  
 
,1)/$00$725<�0$5.(56�

$1'�'(35(66,21�$)7(5�%5$,1�
,1-85< 

  
0DQ\� SDWLHQWV� H[SHULHQFH�

GHSUHVVLRQ� DIWHU� WUDXPDWLF� EUDLQ�
LQMXU\� �7%,��� 3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� QRQ-UHVSRQGHUV�
WR� DQWLGHSUHVVDQW�PHGLFDWLRQV� RIWHQ�
KDYH� LQFUHDVHG� LQIODPPDWRU\�
SURILOHV�� 7KLV� VWXG\� LQYHVWLJDWHG�
ZKHWKHU� LQIODPPDWRU\� SURILOHV��
REWDLQHG� GXULQJ� WKH� DFXWH� SKDVH� RI�
LQMXU\�� FDQ� SUHGLFW� SRVWWUDXPDWLF�
GHSUHVVLRQ� �37'�� V\PSWRPDWRORJ\�
DIWHU�7%,� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV�DGPLWWHG�WR�D�OHYHO�,�WUDXPD�
FHQWHU�ZLWK�PRGHUDWH�WR�VHYHUH�7%,��
6HUXP� DQG� FHUHEUDO� VSLQDO� IOXLG�
�&6)�� VDPSOHV� ZHUH� FROOHFWHG� WR�
PHDVXUH� ��� LQIODPPDWRU\� PDUNHUV��
ZLWK� FRPSDULVRQV�PDGH� WR� WKRVH� RI�
���� KHDOWK\� FRQWUROV�� 2XWFRPH�
YDULDEOHV� LQFOXGHG� GHSUHVVLRQ��
DVVHVVHG� ZLWK� WKH� 3DWLHQW� +HDOWK�
4XHVWLRQQDLUH-� 1LQH� �3+4-����
DGPLQLVWHUHG� DW� VL[� DQG� ��� PRQWKV�
SRVW-LQMXU\� 
6XEMHFWV�ZHUH����SDUWLFLSDQWV�ZLWK�

&6)� GDWD� DQG� ��� ZLWK� VHUXP� GDWD��
DOO� ZLWK� DW� OHDVW� RQH� 3+4-�� VFRUH��
7KH� SDWLHQWV¶� DYHUDJH�� DFXWH� &6)�
LQIODPPDWRU\�ELRPDUNHU�OHYHOV�LQ�WKH�
ILUVW� ZHHN� DIWHU� 7%,� ZHUH�
VLJQLILFDQWO\� HOHYDWHG� FRPSDUHG� WR�
WKRVH� RI� KHDOWK\� FRQWUROV� IRU� ,/-�
>EHWD@�� ,/-��� ,/-��� ,/-��� ,/-��� ,/-����
71)->DOSKD@��V9&$0-��� � �� �V,&$0-������
DQG� V)$6�3�������� 1R� VLJQLILFDQW�
UHODWLRQVKLSV� ZHUH� IRXQG� EHWZHHQ�
DFXWH� VHUXP� LQIODPPDWRU\�
ELRPDUNHU� OHYHOV� DQG� 37'� DW� VL[� RU�
��� PRQWKV�� 7KH� LQIODPPDWRU\� FHOO�
VXUIDFH� PDUNHU�� V9&$0-��� V,&$0-
��� DQG� V)$6� LQ� WKH� &6)�� DQG� WKH�
F\WRNLQH� ,/-��� ZHUH� HDFK� SRVLWLYHO\�
DVVRFLDWHG� ZLWK� 37'� DW� VL[� PRQWKV�
�S�������� ZKLOH� WKH� F\WRNLQH� ,/-��
ZDV� LQYHUVHO\� DVVRFLDWHG� ZLWK� 37'�
DW����PRQWKV��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� 7%,� IRXQG� WKDW� KLJKHU�
OHYHOV� RI� WKH� F\WRNLQH-LQGXFHG�
SURWHLQV� V,&$0-��� V9&$0-��� DQG�
V)$6� SUHGLFWHG� D� KLJKHU� OLNHOLKRRG�
RI� SRVW-WUDXPDWLF� GHSUHVVLRQ� �37'��



 

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

 

 

DW�VL[�PRQWKV�SRVW-LQMXU\� 
  

-XHQJVW�� 6��� HW� DO�� $FXWH�
,QIODPPDWRU\� %LRPDUNHU� 3URILOHV�
3UHGLFW� 'HSUHVVLRQ� 5LVN� IROORZLQJ�
0RGHUDWH�WR�6HYHUH�7UDXPDWLF�%UDLQ�
,QMXU\��-�+HDG�7UDXPD�5HKDE��������
0D\��-XQH������������-����� 

 
  

 3+<6,&$/�(;(5&,6(�$1'�
1(852,1)/$00$7,21��
1(8523/$67,&,7<��

1(852'(*(1(5$7,21�$1'�
%(+$9,25 

  
7KH� HIIHFWV� RI� H[HUFLVH� RQ� WKH�

FHQWUDO�QHUYRXV�V\VWHP�LQ�KHDOWK�DQG�
LQ QHXURGHJHQHUDWLYH
 DQG� FHUHEURYDVFXODU�
GLVRUGHUV� KDYH� EHHQ�D� UHFHQW� IRFXV�
RI�UHVHDUFK��7KLV�VWXG\�UHYLHZHG�WKH�
HIIHFWV�RI�GLIIHUHQW� W\SHV�RI�H[HUFLVH�
RQ� H[SHULPHQWDO� PRGHOV� RI�
QHXURGHJHQHUDWLYH� GLVRUGHUV��
SDUWLFXODUO\�3DUNLQVRQ¶V�GLVHDVH�DQG�
$O]KHLPHU¶V�GLVHDVH� 
7KLV� OLWHUDWXUH� UHYLHZ�XVHG�DUWLFOHV�

LQ� 3XE0HG� IURP� ����� WKURXJK�
$XJXVW�RI�������7KH�VHDUFK�IRFXVHG�
RQ� SK\VLFDO� H[HUFLVH�� WUDLQLQJ��
QHXURLQIODPPDWLRQ� QHXUR-�
GHJHQHUDWLRQ�� LQWHQVLW\�� KLJK-
LQWHQVLW\� LQWHUYDO� WUDLQLQJ�� F\WRNLQHV��
EHKDYLRU�� FRJQLWLRQ�� LQ� URGHQWV� DQG�
LQ� KXPDQV�� ([HUFLVH� ZDV� IRXQG� WR�
OHDG� WR� LQFUHDVHG� OHYHOV� RI�
QHXURWURSKLF� IDFWRUV�� DV� ZHOO� DV�
FKDQJHV� LQ� OHYHOV� RI� GLIIHUHQW�
F\WRNLQHV� DQG� DOWHUHG� PLFURJOLDO�
IXQFWLRQV� LQ� GLIIHUHQW� SDUWV� RI� WKH�
EUDLQ� WKDW� FRXOG� EH� EHQHILFLDO� IRU�
SDWLHQWV� ZLWK� QHXURGHJHQHUDWLYH�
GLVHDVHV� 
([HUFLVH�ZDV�DOVR�VKRZQ� WR�DIIHFW�

FHOO� VXUIDFH� UHFHSWRUV�� VXFK� DV� WKH�
7/5� DQG� DGUHQHUJLF� UHFHSWRUV�� DV�
ZHOO� DV� LQWUDFHOOXODU� VLJQDOLQJ�
PROHFXOHV� LQYROYHG� LQ� LQIODPPDWRU\�
SDWKZD\V�([HUFLVH� LQWHQVLW\� VWXGLHV�
KDYH� GHPRQVWUDWHG� WKDW� KLJK�
LQWHQVLW\� WUDLQLQJ� FDQ� LQFUHDVH� DQWL-�
LQIODPPDWRU\� F\WRNLQHV� DQG�
GHFUHDVH� SUR-LQIODPPDWRU\�
F\WRNLQHV�� 0RGHUDWH� LQWHQVLW\�
H[HUFLVH�ORZHUV�OHYHOV�RI� SUR 

-LQIODPPDWRU\�F\WRNLQHV�PRUH�WKDQ�
GRHV� PLOG� LQWHQVLW\� WUDLQLQJ� LQ�
GLDEHWHV� SDWLHQWV�� 1R� VWXGLHV� KDYH�
LQYHVWLJDWHG� WKH� HIIHFW� RI� WUDLQLQJ�
LQWHQVLW\� RQ� QHXURLQIODPPDWLRQ� DQG�
QHXURGHJHQHUDWLRQ� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ�GHPRQVWUDWHV�WKDW�H[HUFLVH�LV�
UHODWHG� WR� LQFUHDVHG� OHYHOV� RI�
QHXURWURSKLF� IDFWRUV�� HOHYDWHG�
H[SUHVVLRQ� RI� DQWL-LQIODPPDWRU\�
F\WRNLQHV�DQG�UHGXFHG�OHYHOV�RI�SUR-�
LQIODPPDWRU\� F\WRNLQHV� DQG�

DFWLYDWHG�PLFURJOLD� 
  

6YHQVVRQ�� 0��� HW� DO�� (IIHFWV� RI�
3K\VLFDO ([HUFLVH �RQ�
1HXURLQIODPPDWLRQ�� 1HXURSODVWLFLW\��
1HXURGHJHQHUDWLRQ�� DQG� %HKDYLRU��
:KDW� :H� &DQ� /HDUQ� IURP� $QLPDO�
0RGHOV� LQ� &OLQLFDO� 6HWWLQJV��
1HXURUHKDE� 1HXUDO� 5HSDLU�� ������
-XO\������������-���� 

 
 

 )$0,/,$5�$8',725<�
6(1625<�75$,1,1*�)25�$&87(��

75$80$7,&�%5$,1�,1-85< 
  
)RU�SDWLHQWV�LQ�VWDWHV�RI�GLVRUGHUHG�

FRQVFLRXVQHVV��'2&� 
DIWHU� WUDXPDWLF� EUDLQ� LQMXU\� �7%,���

UHKDELOLWDWLRQ� FRPPRQO\� LQFOXGHV�
VHQVRU\� VWLPXODWLRQ�� 7KLV� VWXG\�ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
IDPLOLDU� DXGLWRU\� VHQVRU\� WUDLQLQJ�
�)$67��LV�EHQHILFLDO�IRU�SDWLHQWV�ZLWK�
VHYHUH�7%,� 
3HUVRQV� ZLWK� GLVRUGHUV� RI�

FRQVFLRXVQHVV� ZHUH� UDQGRPL]HG� WR�
HLWKHU� D� )$67� JURXS� RU� D� ³SODFHER�
VLOHQFH´� JURXS�� 7KH� )$67� SURWRFRO�
OLVWHQHG� WR� FXVWRPL]HG� VWRULHV� WROG�
E\�SHRSOH�ZHOO�NQRZQ�WR�WKH�SDWLHQW��
7KRVH� VWRULHV� UHSUHVHQWHG� VSHFLILF�
HYHQWV� H[SHULHQFHG� E\� ERWK� WKH�
SDWLHQW� DQG� WKH� VWRU\WHOOHU�� 7KH�
SODFHER�SURWRFRO�ZDV�VLOHQFH� 
$OO� SDWLHQWV� UHFHLYHG� WKH� DXGLWRU\�

SURWRFROV� IRU� ���PLQXWHV�� IRXU� WLPHV�
SHU� GD\�� ZLWK� DW� OHDVW� WZR� KRXUV�
EHWZHHQ� VHVVLRQV�� IRU� VL[� ZHHNV��
2XWFRPH� PHDVXUHV� LQFOXGHG� WKH�
'LVRUGHUV� RI� &RQVFLRXVQHVV� 6FDOH�
�'2&6��DQG�WKH�&RPD�-�1HDU�&RPD�
�&1&�� 6FDOH�� ,Q� DGGLWLRQ�� IXQFWLRQDO�
PDJQHWLF� UHVRQDQFH� LPDJLQJ� �I05,��
ZDV� XVHG� WR� H[DPLQH� WKH� HIIHFW� RI�
WKH� )$67� SURWRFRO� RQ�
QHXURDFWLYDWLRQ� 
7KH� )$67� JURXS� KDG� VLJQLILFDQWO\�

JUHDWHU� DYHUDJH� FKDQJH� LQ� &1&�
PHDVXUHV�WKDQ�GLG�WKH�FRQWURO�JURXS�
�S �������� WKRXJK� WKH� DYHUDJH�
FKDQJH� LQ� '2&6� VFRUHV� GLG� QRW�
GLIIHU� VLJQLILFDQWO\� EHWZHHQ� WKH�
JURXSV��S ��������7KH�I05,�DQDO\VLV�
UHYHDOHG�WKDW�WKH�)$67�SDWLHQWV�KDG�
PRUH� I05,� DFWLYDWLRQ� WKDQ� GLG� WKH�
SODFHER� JURXS� LQ� ODQJXDJH� UHJLRQV�
DQG� ZKROH� EUDLQ� �S��������
UHVHPEOLQJ� WKH� DFWLYDWLRQ� RI� KHDOWK\�
FRQWUROV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GLVRUGHUV� RI�
FRQVFLRXVQHVV� DIWHU� WUDXPDWLF� EUDLQ�
LQMXU\� IRXQG� WKDW� LPSURYHG� DURXVDO�
DQG� DZDUHQHVV�PD\� RFFXU� ZLWK� WKH�
XVH� RI� IDPLOLDU� DXGLWRU\� VHQVRU\�
WUDLQLQJ� 

  

3DSH�� 7��� HW� DO�� 3ODFHER-&RQWUROOHG�
7ULDO� RI� )DPLOLDU� $XGLWRU\� 6HQVRU\�
7UDLQLQJ� IRU� $FXWH�� 6HYHUH�
7UDXPDWLF�%UDLQ�,QMXU\��$�3UHOLPLQDU\�
6WXG\�� 1HXURUHKDE� 1HXUDO� 5HSDLU��
������-XO\������������-���� 

 
 

602.,1*�$1'�6+257-7(50�
&203/,&$7,216�)2//2:,1*�
+,3�$1'�.1((�$57+523/$67< 
  
7RWDO� MRLQW�DUWKURSODVW\� LV� WKH�PRVW�

IUHTXHQWO\� SHUIRUPHG� RUWKRSHGLF�
SURFHGXUH� LQ� WKH� 8QLWHG� 6WDWHV��
6PRNLQJ�LV�D�PRGLILDEOH�IDFWRU�IRXQG�
WR� LQFUHDVH�VKRUW-WHUP�FRPSOLFDWLRQV�
IROORZLQJ�WKHVH�VXUJHULHV��7KLV�VWXG\�
FRPSDUHG� WKLUW\-GD\� FRPSOLFDWLRQ�
UDWHV� DPRQJ� SDWLHQWV� XQGHUJRLQJ�
SULPDU\� WRWDO� KLS� DUWKURSODVW\� �7+$��
RU� WRWDO� NQHH� DUWKURSODVW\� �7.$��
VWUDWLILHG�E\�VPRNLQJ�KLVWRU\� 
7KH� $PHULFDQ� &ROOHJH� RI�

6XUJHRQV¶� 1DWLRQDO� 6XUJLFDO� 4XDOLW\�
,PSURYHPHQW� 3URJUDP� �$&6�
164,3�� ZDV� TXHULHG� WR� LGHQWLI\� DOO�
SDWLHQWV� ZLWK� XQGHUJRLQJ� SULPDU\�
7+$� RU� 7.$� EHWZHHQ� ����� DQG�
������ 7KH� GDWDEDVH� LQFOXGHG�
SURVSHFWLYHO\� JDWKHUHG� SUHRSHUDWLYH�
DQG� ��-GD\� SRVWRSHUDWLYH� PRUELGLW\�
DQG� PRUWDOLW\� GDWD�� 6PRNHUV� ZHUH�
FDWHJRUL]HG� DV� FXUUHQW� VPRNHUV�
�VPRNLQJ�ZLWKLQ�RQH�\HDU�RI�VXUJHU\��
DQG� OLIHWLPH� VPRNHUV�� SDVW-\HDU�
VPRNHUV� RU� QRQ-VPRNHUV�� )RUPHU�
VPRNHUV� ZHUH� WKRVH� ZKR� UHSRUWHG�
QRW� VPRNLQJ� GXULQJ� WKH� SULRU� \HDU��
EXW�ZKR�KDG�D�KLVWRU\�RI�D�OHDVW�RQH�
OLIHWLPH�SHULRG�RI�VPRNLQJ� 
2I� WKH��������SDWLHQWV� LQFOXGHG� LQ�

WKLV� VWXG\�� WKH� PXOWLYDULDWH� DQDO\VLV�
UHYHDOHG� WKDW� FXUUHQW� VPRNHUV�ZHUH�
PRUH� OLNHO\� WR� H[SHULHQFH� ZRXQG�
FRPSOLFDWLRQV�WKDQ ZHUH�
IRUPHU� VPRNHUV� DQG� QRQVPRNHUV�
�S �������,Q� DGGLWLRQ� IRUPHU�
VPRNHUV� ZHUH� PRUH� OLNHO\� WR�
H[SHULHQFH� SHULRSHUDWLYH� PRUELGLW\�
RU� PRUWDOLW\� FRPSDUHG� ZLWK� FXUUHQW�
VPRNHUV� RU� QRQVPRNHUV� �S� ��
�������%RWK� FXUUHQW� DQG� IRUPHU�
VPRNHUV� KDG� VLJQLILFDQWO\� LQFUHDVHG�
WRWDO� FRPSOLFDWLRQ� ULVNV� FRPSDUHG�
ZLWK �QRQ-VPRNHUV��S ������DQG�
S ������� UHVSHFWLYHO\�� ZKHQ�
VWUDWLILHG�E\�OLIHWLPH�SDFN�\HDUV� 
�&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� KLS� RU� NQHH�
DUWKURSODVW\� IRXQG� WKDW� FXUUHQW�
VPRNHUV� KDYH� DQ� LQFUHDVHG� ULVN� RI�
ZRXQG� FRPSOLFDWLRQV�� ZLWK� HYHU�
VPRNHUV� DOVR� KDYLQJ� DQ� LQFUHDVHG�
ULVN�RI�WRWDO�FRPSOLFDWLRQV� 

  
'XFKPDQ�� .��� HW� DO�� 7KH� (IIHFW� RI�
6PRNLQJ RQ 6KRUW-7HUP�
&RPSOLFDWLRQV� IROORZLQJ� 7RWDO� +LS�



 

 

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$/� 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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DQG�.QHH�$UWKURSODVW\��-�%RQH�-RLQW�
6XUJ�� ������ -XO\� ��� �������� ����-
����� 

 
 
',$%(7(6�$1'�3$,1�$)7(5�
-2,17�5(3/$&(0(17 

  
3HUVLVWHQW�SDLQ�KDV�EHHQ� UHSRUWHG�

LQ� DSSUR[LPDWHO\� ILYH� WR� ���� RI� KLS�
UHSODFHPHQWV� DQG� HLJKW� WR� ���� RI�
NQHH� UHSODFHPHQWV�� 7KHVH� SDWLHQWV�
RIWHQ� GHVFULEH� WKHLU� SDLQ� LQ� D� ZD\�
WKDW� VXJJHVWV� SHUVLVWHQW�
LQIODPPDWLRQ�� $V� ORZ� JUDGH�
LQIODPPDWLRQ� LV� DVVRFLDWHG� ZLWK� WKH�
SDWKRJHQHVLV�RI�GLDEHWHV�� WKLV�VWXG\�
DVVHVVHG� WKH� DVVRFLDWLRQ� RI�
SHUVLVWHQW� SDLQ� ZLWK� JOXFRVH�
PHWDEROLVP��WKH�PHWDEROLF�V\QGURPH�
DQG�REHVLW\� 
%HWZHHQ� 'HFHPEHU� RI� ����� DQG�

0D\� RI� ������ ���� SDWLHQWV� ZLWK�
SULPDU\�RVWHRDUWKULWLV��2$��ZKR�ZHUH�
VFKHGXOHG� IRU� SULPDU\� KLS� RU� NQHH�
UHSODFHPHQW� ZHUH� UHFUXLWHG��
3UHRSHUDWLYH� ODERUDWRU\� WHVWV�� DV�
ZHOO� DV� PHDVXUHPHQWV� WR� GLDJQRVH�
WKH� PHWDEROLF� V\QGURPH� DQG�
GLDEHWHV��ZHUH�REWDLQHG��3DLQ�LQ�WKH�
RSHUDWHG� MRLQW� ZDV� VXUYH\HG� RQH� WR�
WZR� \HDUV� SRVW-VXUJHU\� XVLQJ� D�
SRVWDO� TXHVWLRQQDLUH�� 7KHVH� UHVXOWV�

ZHUH�FRPSDUHG ZLWK� EDVHOLQH�
PHDVXUHPHQWV�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH�
RFFXUUHQFH� RI� SHUVLVWHQW� SDLQ� LQ� WKH�
RSHUDWHG�MRLQW� 
7KH� OLNHOLKRRG� RI� SHUVLVWHQW� SDLQ��

EXW� QRW� RI� MRLQW� SDLQ�� ZDV� KLJKHU�
DPRQJ� SDWLHQWV� ZKR� ZHUH� GLDEHWLF�
WKDQ� DPRQJ� WKRVH� ZKR� ZHUH� QRW�
�DGMXVWHG� RGGV� UDWLR� ������ $� KLJKHU�
UDWLR� RI� SDWLHQWV� ZLWK� D� ERG\� PDVV�
LQGH[� �%0,�� RI� RYHU� ��NJ�P�� KDG� D�
SDLQIXO� MRLQW� WKDQ� GLG� WKRVH� ZLWK� D�
%0,� RI� OHVV� WKDQ� ��NJ�P�� �DGMXVWHG�
RGGV� UDWLR� ������ 7KH� PHWDEROLF�
V\QGURPH� ZDV� QRW� DVVRFLDWHG� ZLWK�
SHUVLVWHQW�SDLQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� SUHYLRXVO\� GLDJQRVHG� GLDEHWHV�
LV� D� ULVN� IDFWRU� IRU� SHUVLVWHQW� SDLQ�
DQG� WKDW� VHYHUH� REHVLW\� LV� D� ULVN�
IDFWRU� IRU� SDLQIXO� MRLQWV� RQH� WR� WZR�
\HDUV� DIWHU� SULPDU\� KLS� RU� NQHH�
UHSODFHPHQW� 

  
5DMDPDNL�� 7��� HW� DO�� 'LDEHWHV� ,V�
$VVRFLDWHG�ZLWK�3HUVLVWHQW�3DLQ�DIWHU�
+LS� DQG� .QHH� 5HSODFHPHQW�� $FWD�
2UWKRSHGLF��������-XQH����� ������-
�� 
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