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

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

$(52%,&�(;(5&,6(��7+(�
+,332&$0386�$1'�0,/'�
&2*1,7,9(�,03$,50(17 

 
0LOG�FRJQLWLYH�LPSDLUPHQW��0&,��LV�D�

UHFRJQL]HG� ULVN� IDFWRU� IRU� GHPHQWLD�
DQG� PD\� UHSUHVHQW� WKH� SURGURPDO�
VWDJH� RI� $O]KHLPHU
V� GLVHDVH� �$'���
7KLV� VWXG\� H[SORUHG� WKH� HIIHFWV� RI�
UHVLVWDQFH� WUDLQLQJ� �57�� DQG� DHURELF�
H[HUFLVH� RQ� KLSSRFDPSDO� YROXPH�
DPRQJ� ROGHU� ZRPHQ� ZLWK� SUREDEOH�
0&,� 
7KLV� ��-ZHHN�� VLQJOH� EOLQGHG��

UDQGRPL]HG� WULDO� LQFOXGHG� ZRPHQ�
EHWZHHQ� WKH� DJHV� RI� ��� DQG� ���
\HDUV�� OLYLQJ� LQGHSHQGHQWO\� ZLWK�
SUREDEOH� 0&,�� 7KH� ZRPHQ� ZHUH�
UDQGRPL]HG� WR� WZLFH-ZHHNO\� 57��
DHURELF� WUDLQLQJ� �$7�� RU� EDODQFH� DQG�
WRQH� WUDLQLQJ� �%$7��� 7KH� FODVVHV�
ZHUH� ��� PLQXWHV� LQ� GXUDWLRQ�� 7R�
FDOFXODWH� KLSSRFDPSDO� YROXPH� DW�
EDVHOLQH� DQG� DW� WULDO� FRPSOHWLRQ�� WKH�
VXEMHFWV� XQGHUZHQW� 7�� ZHLJKWHG�
05,�� 7KH� SDWLHQWV� ZHUH� DOVR�
DVVHVVHG� ZLWK� WKH� 5H\� $XGLWRU\�
9HUEDO� /HDUQLQJ� 7HVW�� ZKHUHLQ� WKH\�
ZHUH� UHDG� D� OLVW� RI� ��� ZRUGV� DQG�
DVNHG� WR� UHFDOO� DV� PDQ\� ZRUGV� DV�
SRVVLEOH�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� FKDQJH� LQ�
KLSSRFDPSDO� YROXPH�� $W� WULDO�
FRPSOHWLRQ�� WKH� $7� JURXS� KDG�
VLJQLILFDQWO\� LQFUHDVHG� WRWDO�
KLSSRFDPSDO� YROXPH� FRPSDUHG� ZLWK�
WKH�%$7�JURXS��S �������%RWK�WKH�OHIW�
DQG� ULJKW� KLSSRFDPSDO� YROXPHV�
LPSURYHG� LQ� WKH� $7� JURXS� DV�
FRPSDUHG� ZLWK� WKH� %$7� JURXS�
�S ������� &RPSDUHG� ZLWK� WKH� %$7�
JURXS�� WKH� 57� JURXS� GLG� QRW�
GHPRQVWUDWH�D�VLJQLILFDQW� LQFUHDVH� LQ�
WRWDO� KLSSRFDPSDO� YROXPH� DW� WULDO�
FRPSOHWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�0&,�VXJJHVWV�WKDW�WZLFH�
ZHHNO\� DHURELF� WUDLQLQJ� PD\� EH�
HIIHFWLYH� LQ� PDLQWDLQLQJ� KLSSRFDPSDO�
YROXPH� 

 
%ULQNH�� /��� HW� DO�� $HURELF� ([HUFLVH�

,QFUHDVHV� +LSSRFDPSDO� 9ROXPH� LQ�
2OGHU� :RPHQ� ZLWK� 3UREDEOH� 0LOG�
&RJQLWLYH� ,PSDLUPHQW�� $� 6L[-0RQWK��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� %U� -�
6SRUWV�0HG��������)HEUXDU\�������� 
���-���� 

 
$66(660(17�2)�*287�

75($70(17�%<�8/75$6281' 
 
*RXW� LV� D� FRPPRQ� DUWKULWLV��

UHVXOWLQJ� IURP� WKH� GHSRVLWLRQ� RI�
PRQRVRGLXP�XUDWH�FU\VWDOV�ZLWKLQ�WKH�
MRLQWV�� 7KLV� GLVRUGHU� DIIHFWV� RQH� WR�
WZR� SHUFHQW� RI� DGXOWV� LQ� GHYHORSHG�
FRXQWULHV�� DQG� PD\� EH� LQFUHDVLQJ� LQ�
SUHYDOHQFH�� &U\VWDO� GHSRVLWLRQ� KDV�
WUDGLWLRQDOO\� EHHQ� LGHQWLILHG� E\� XVLQJ�
MRLQW� DVSLUDQWV�� *RXW� PD\� DOVR� EH�
GLDJQRVHG�E\�XOWUDVRXQG��86���EDVHG�
XSRQ� WKH� SUHVHQFH� RI� D� ³GRXEOH�
FRQWRXU� VLJQ´�� 7KLV� VWXG\� HYDOXDWHG�
WKH�DELOLW\�RI�86�WR�GHWHFW�D�GHFUHDVH�
RU� GLVDSSHDUDQFH�RI� WKH�86� IHDWXUHV�
RI� JRXW� DIWHU� WKH� LQLWLDWLRQ� RI� XUDWH�
ORZHULQJ�WKHUDS\� 
7KLV� SURVSHFWLYH� VWXG\�

LQFOXGHGPDOHV� ZLWK� JRXW�� DYHUDJLQJ�
��� \HDUV� RI� DJH�� (YDOXDWLRQV� ZHUH�
PDGH� RI� WKH� ILUVW�
PHWDWDUVRSKDODQJHDO� MRLQWV� DQG�
NQHHV� DW� EDVHOLQH� DQG� DIWHU� VL[�
PRQWKV� RI� WUHDWPHQW�� 0HGLFDO�
LQWHUYHQWLRQ�LQFOXGH�HLWKHU�DOORSXULQRO��
����PJ�SHU�GD\��RU�IHEX[RVWDW�����PJ�
SHU� GD\�� ERWK� WLWUDWHG� WR� DFKLHYH�
WDUJHW� VHUXP� XULF� DFLG� OHYHOV� RI� OHVV�
WKDQ������PRO�SHU�OLWHU� 
)HDWXUHV� RI� JRXW� KDG� QRW�

GLVDSSHDUHG� LQ� IRXU�SDWLHQWV�ZKR�GLG�
QRW� UHDFK� WKH� WDUJHW� EORRG� OHYHOV� RI�
VHUXP� XULF� DFLG�� $PRQJ� WKRVH� ZKR�
GLG� DFKLHYH� WDUJHW� OHYHOV�� WKHUH� ZDV�
DQ� H[FHOOHQW� FRUUHODWLRQ� ZLWK� D�
GHFUHDVH� RU� GLVDSSHDUDQFH� RI� 86�
IHDWXUHV�LQ�DOO�MRLQWV�UHYLHZHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� JRXW� IRXQG� WKDW� WKH�
GLVDSSHDUDQFH� RI� XUDWH� GHSRVLWV� E\�
XOWUDVRXQG� DQDO\VLV� FRUUHODWHV� ZHOO�
ZLWK� WKH� HIILFDF\� RI� XUDWH� ORZHULQJ�
WKHUDS\�GUXJV� 

2WWDYLDQL�� 6��� HW� DO�� 8OWUDVRXQG� Q�
*RXW�� $� 8VHIXO� 7RRO� IRU� )ROORZLQJ�
8UDWH�/RZHULQJ�7KHUDS\��-RLQW� %RQH�
6SLQH��������-DQXDU\��������-��� 
 

&$/&,721,1�$1'�1(59(�
5(*(1(5$7,21 

 
&DOFLXP�LRQV�SOD\�DQ�LPSRUWDQW�UROH�

LQ�QRUPDO�QHXURQDO�IXQFWLRQ��3UHYLRXV�
VWXGLHV� KDYH� VKRZQ� WKDW� DIWHU� QHUYH�
FUXVK� LQMXU\�� IXQFWLRQDO� UHFRYHU\� LV�
FRUUHODWHG� ZLWK� FDOFLXP� DEVRUSWLRQ�
DQG� WKDW� DFFHOHUDWHG� FDOFLXP�
DEVRUSWLRQ�FDQ�JUHDWO\�LPSURYH�QHUYH�
UHJHQHUDWLRQ�� 7KLV� VWXG\� WHVWHG� WKH�
HIIHFW�RI�DQ� LPSODQWDEOH�PLQL-RVPRWLF�
SXPS�RQ� WKH�GHOLYHU\�RI�FDOFLWRQLQ� WR�
D�GDPDJHG�QHUYH� 
7KLV�DQLPDO�VWXG\� LQFOXGHG�VL[WHHQ��

KHDOWK\� 6SUDJXH-'DZOH\� UDWV��
XQGHUJRLQJ� VFLDWLF� QHUYH� WUDQVHFWLRQ�
IROORZHG� E\� GLUHFW� UHSDLU�� 7KH�
WUHDWPHQW� JURXS� UHFHLYHG� DQ�
LPSODQWDEOH� PLQL� RVPRWLF� SXPS� ZLWK�
DQ�DWWDFKHG�FDWKHWHU�URXWHG�DORQJ�WKH�
LQMXUHG� QHUYH�� 7KH� SXPS� GHOLYHUHG�
FDOFLWRQLQ�DW� D� FRQVWDQW�� JUDGXDO� UDWH�
WR� WKH� LQMXU\� VLWH�� $� FRQWURO� JURXS�
XQGHUZHQW� WKH� QHUYH� WUDQVHFWLRQ�
UHSDLU� ZLWKRXW� SXPS� SODFHPHQW�� 7KH�
DQLPDOV�ZHUH�HYDOXDWHG�DW����ZHHNV�
E\�HOHFWURSK\VLRORJLFDO�DQG�KLVWRORJLF�
VWXGLHV�� FRPSDULQJ� WKH� UHVXOWV�
EHWZHHQ�WKH�WZR�JURXSV� 
$W�IROORZ-XS��WKH�UHODWLYH�IOXRUHVFHQW�

XQLWV��WKH�FDOFXODWHG�FDOFLXP�LQWHQVLW\�
RI� WKH� HQWLUH� QHUYH� VHJPHQW�� ZDV�
VLJQLILFDQWO\� EHWWHU� LQ� WKH� WUHDWPHQW�
WKDQ� LQ� WKH� FRQWURO� JURXS� �S���������
7KH�WUHDWPHQW�JURXS�KDG�VLJQLILFDQWO\�
PRUH� LPSURYHG� FRPSRXQG� PXVFOH�
DFWLRQ� SRWHQWLDOV� �S��������� WHWDQLF�
PXVFOH� IRUFH� �S�������� DQG� QHUYH�
ILEHU� FRXQWV� �S�������� FRPSDUHG� WR�
WKH�FRQWURO�JURXS� 
&RQFOXVLRQ�� 7KLV�DQLPDO�VWXG\�RI�

VXUJLFDOO\� UHVHFWHG�QHUYHV�IRXQG� WKDW�
FDOFLWRQLQ��DSSOLHG�E\�D�SXPS�GLUHFWO\�
WR� WKH�KHDOLQJ�QHUYH�� LPSURYHV�QHUYH�
UHJHQHUDWLRQ�DQG�IXQFWLRQDO�UHFRYHU\� 
<DQ�� -��� &DOFLWRQLQ� 3XPS� ,PSURYHV�

9ROXPH����1XPEHU�� 0DUFK�������� 
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1HUYH�5HJHQHUDWLRQ�DIWHU�7UDQVDFWLRQ�
,QMXU\� DQG� 5HSDLU�� 0XVFOH� 1HUYH��
������)HEUXDU\������������-���� 

 
&$11$%,12,'�1$6$/�635$<�
)25�1(8523$7+,&�3$,1 

 
1HXURSDWKLF� SDLQ� LV� D� FKURQLF� DQG�

SRWHQWLDOO\� GHELOLWDWLQJ� FRQGLWLRQ��
'HVSLWH� WKH� DYDLODELOLW\� RI� PXOWLSOH�
WUHDWPHQW�RSWLRQV��PDQ\�SURGXFH�RQO\�
SDUWLDO� UHOLHI�� $V� SUHYLRXV� VWXGLHV�
KDYH� GHPRQVWUDWHG� DQDOJHVLF� HIIHFWV�
RI� WKH� HQGRFDQQDELQRLGV�� WKLV� VWXG\�
ZDV�GHVLJQHG�WR�GHWHUPLQH�ZKHWKHU�D�
QDVDO� VSUD\� FRQWDLQLQJ� GHOWD-�-�
WHWUDK\GURFDQQDELQRO� �7+&�� DQG�
FDQQDELGLRO� �&%'�� FRXOG� LPSDFW�
QHXURSDWKLF�SDLQ� 
7KLV� VWXG\� LQFOXGHG� ���� SDWLHQWV�

ZLWK� SHULSKHUDO� QHXURSDWKLF� SDLQ�
DVVRFLDWHG� ZLWK� GLDEHWHV�� RU�
DOORG\QLD�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� D� FRQWURO� JURXS� RU� D�
WUHDWPHQW�JURXS��7KH�WUHDWPHQW�JURXS�
UHFHLYHG�����PJ�RI�7+&�DQG�����PJ�
RI�&%'�� DGPLQLVWHUHG� DW� D�PD[LPXP�
RI� ��� WLPHV� HYHU\� ��� KRXUV�� 7KH�
RXWFRPH�ZDV�PHDVXUHG�E\�FKDQJH�LQ�
SDLQ� VHYHULW\� RQ� D� QXPHULFDO� UDWLQJ�
VFDOH� �156��� 6HFRQGDU\� RXWFRPH�
PHDVXUHV� LQFOXGHG� VFRUHV� RQ� D�
QHXURSDWKLF�SDLQ�VFDOH��VOHHS�TXDOLW\��
LQWR[LFDWLRQ�� VXEMHFWLYH� JOREDO�
LPSUHVVLRQV�RI�FKDQJH�DQG�TXDOLW\�RI�
OLIH� 
$OO� SDWLHQWV� LPSURYHG� RQ� WKH� 156�

SDLQ� VFDOH� RYHU� WKH� LQLWLDO� ZHHNV� RI�
WUHDWPHQW�� 7KH� PHDQ� QXPHULF� UDWLQJ�
VFDOH� VFRUH� GHFUHDVHG� IURP� ���� DW�
EDVHOLQH� WR� ���� DW� WKH� HQG� RI� WKH�

  

VWXG\�� ,PSURYHPHQWV� LQ� WKH�
QHXURSDWKLF� SDLQ� VFRUHV� ZHUH�
REVHUYHG� DIWHU� IRXU� ZHHNV� RI�
WUHDWPHQW�� DQG� ZHUH�PDLQWDLQHG� RYHU�
WKH�QLQH�PRQWKV�RI� WKH�VWXG\��ZLWKRXW�
DQ� DVVRFLDWHG� LQFUHDVH� LQ� WKH� GDLO\�
GRVH�RI� WKH�VSUD\��$IWHU�QLQH�PRQWKV��
WKH�PDMRULW\�RI�SDWLHQWV� UHSRUWHG�����
RU� PRUH� LPSURYHPHQW� LQ� SDLQ� VFRUHV�
FRPSDUHG� WR� EDVHOLQH�� ,Q� DGGLWLRQ��
LPSURYHPHQWV� LQ� WKH� VHFRQGDU\�
RXWFRPH� PHDVXUHV� RI� QHXURSDWKLF�
SDLQ� VFDOH� VFRUHV�� TXDOLW\� RI� OLIH� DQG�
VOHHS� TXDOLW\� ZHUH� SRVLWLYH� DQG� ZHUH�
PDLQWDLQHG�WKURXJKRXW�WKH�GXUDWLRQ�RI�
WKH� VWXG\�� � &RQFOXVLRQ�� 7KLV� RSHQ�
ODEHO� VWXG\� IRXQG� WKDW� SDWLHQWV� ZLWK�
QHXURSDWKLF� SDLQ� FDQ� UHVSRQG� ZHOO��
DQG� RYHU� D� ORQJ� SHULRG� RI� WLPH�� WR� D�
GHOWD-�-WHWUDK\GURFDQQDELQRO�FDQQDE-�
LGLRO�RUDO�PXFRVDO�VSUD\� 

 
+RJJDUW��%���HW�DO��$�0XOWLFHQWUH��2SHQ�
/DEHO��)ROORZ-XS�6WXG\� WR�$VVHVV� WKH�
/RQJ-7HUP� 0DLQWHQDQFH� RI� (IIHFW��
7ROHUDQFH� DQG� 6DIHW\� RI� 7+&�&%'�
2UDO� 0XFRVDO� 6SUD\� LQ� WKH�
0DQDJHPHQW� RI� 1HXURSDWKLF� 3DLQ�� -�
1HXURO��������-DQXDU\���������-��� 

 
&+21'523527(&7,21�$1'�

35(9(17,21�2)�
267(2$57+5,7,6�352*5(66,21 

 
2VWHRDUWKULWLV��2$��LV�D�PDMRU�FDXVH�

RI�PXVFXORVNHOHWDO� SDLQ�DQG�GLVDELOLW\�
ZRUOGZLGH��0RVW�WUHDWPHQW�IRFXVHV�RQ�
UHGXFLQJ� V\PSWRPV�� UDWKHU� WKDQ�
PRGLI\LQJ� WKH� GLVHDVH� SURFHVV� LWVHOI��
7KLV� V\VWHPDWLF� OLWHUDWXUH� UHYLHZ� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HYLGHQFH�IRU�WKH�URXWLQH�XVH�RI�DJHQWV�
WR� PRGLI\� WKH� SURJUHVVLRQ� RI� WKH� 2$�
GLVHDVH�SURFHVV� 
$Q� LQLWLDO� OLWHUDWXUH� VHDUFK� LGHQWLILHG�

���WUHDWPHQW�DJHQWV��HDFK�UHFRJQL]HG�
DV� SRVVHVVLQJ� SRWHQWLDO�
FKRQGURSURWHFWLYH� SURSHUWLHV� RI� WKH�
MRLQW�� 7KH� DXWKRUV� WKHQ� LGHQWLILHG�
UDQGRPL]HG�� FRQWUROOHG� WULDOV� ZLWK� D�
PLQLPXP� RI� ��� PRQWKV¶� IROORZ-XS��
HYDOXDWLQJ� WKH� HIILFDF\� RI� HDFK� RI�
WKRVH�DJHQWV��0HDVXUHV�LQFOXGHG�MRLQW�
VSDFH� ZLGWK�� GLVWDQFH� EHWZHHQ� WKH�
IHPRUDO�FRQG\OH�DQG�WKH�WLELDO�SODWHDX�
DQG�MRLQW�VSDFH�QDUURZLQJ�RU�FKDQJHV�
LQ� FDUWLODJH� YROXPH�� 2I� WKH� DUWLFOHV�
UHYLHZHG�����IXOILOOHG�WKH�FULWHULD� 
7KH� GDWD� UHYHDOHG� WKDW� WKH� ORQJ-�

WHUP� XVH� RI� ERWK� RUDO� JOXFRVDPLQH�
DQG� FKRQGURLWLQ� VXOIDWH� PD\� KDYH� D�
VPDOO�� EXW� VLJQLILFDQW�� HIIHFW� RQ�
VORZLQJ� GLVHDVH� SURJUHVVLRQ� LQ�
SDWLHQWV� ZLWK� 2$� RI� WKH� NQHH�� 1R�
FRQFOXVLRQV� ZHUH� SRVVLEOH� IRU�

WUHDWPHQW� XVLQJ� LQWUD-DUWLFXODU�
LQMHFWLRQV� RI� WKHVH� DJHQWV�� 2UDO�
YLWDPLQV�� LQFOXGLQJ� '� DQG� (�� DV� ZHOO�
DV� QRQVWHURLGDO� DQWL-LQIODPPDWRU\�
GUXJV�� GLG� QRW� VLJQLILFDQWO\� DIIHFW� WKH�
SURJUHVVLRQ�RI�WKH�MRLQW�GLVHDVH� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� VXSSRUWV� WKH� XVH� RI� ERWK� RUDO�
JOXFRVDPLQH� DQG� FKRQGURLWLQ� VXOIDWH�
DV�VWUXFWXUH �PRGLI\LQJ��
FKRQGURSURWHFWLYH� GUXJV� LQ� SDWLHQWV�
ZLWK�RVWHRDUWKULWLV�RI�WKH�NQHH� 
 
*DOODJKHU� %�� HW� DO��
&KRQGURSURWHFWLRQ�DQG�WKH�3UHYHQWLRQ�
RI� 2VWHRDUWKULWLV� 3URJUHVVLRQ� RI� WKH�
.QHH�� $� 6\VWHPDWLF� 5HYLHZ� RI�
7UHDWPHQW�$JHQWV��$P� -� 6SRUWV�0HG��
������0DUFK������������-���� 
 

&,5&8/$7,1*�&-5($&7,9(�
3527(,1�,1�267(2$57+5,7,6 
 
:KLOH� RVWHRDUWKULWLV� �2$�� LV�

JHQHUDOO\� SHUFHLYHG� DV� D�
QRQLQIODPPDWRU\� GLVHDVH�� UHFHQW�
VWXGLHV� VXJJHVW� WKDW� ORFDO�
LQIODPPDWLRQ� PD\� SOD\� D� SURPLQHQW�
UROH� LQ� LWV� SDWKRJHQHVLV�� 7KLV� PHWD-�
DQDO\VLV� UHYLHZHG� OLWHUDWXUH�
FRQFHUQLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�&
-UHDFWLYH�SURWHLQ�DQG�2$� 
/LWHUDWXUH� ZDV� UHYLHZHG� IRU� WKH�

\HDUV� ����� WKURXJK� ����� IURP�
PXOWLSOH� GDWDEDVHV�� 7KH� DXWKRUV�
LGHQWLILHG� VWXGLHV� ZKLFK� LQYROYHG�
SDWLHQWV�ZLWK�2$��DQG�LQFOXGHG�VHUXP�
KLJK� VHQVLWLYLW\� &-UHDFWLYH� SURWHLQ�
�KV&53��� 7KH� GDWD�ZHUH� UHYLHZHG� WR�
GHWHUPLQH� WKH� UHODWLRQVKLS� EHWZHHQ�
FLUFXODWLQJ� OHYHOV� RI� &53� DQG� 2$�
SKHQRW\SHV� 
7KH� OLWHUDWXUH� UHYLHZ� SURGXFHG� ���

VWXGLHV�� LQFOXGLQJ� ��� FDVH� FRQWUROOHG��
FURVV-VHFWLRQDO�� IRXU� ORQJLWXGLQDO� DQG�
WKUHH� FOLQLFDO� WULDOV�� 2YHUDOO�� KV&53�
ZDV� PRGHVWO\� HOHYDWHG� LQ� WKH�
SRSXODWLRQ� ZLWK� 2$� �S�������� DV�
FRPSDUHG� WR� FRQWUROV�� ,Q� DGGLWLRQ��
VHUXP� KV&53� ZDV� DVVRFLDWHG� ZLWK�
V\PSWRPV� RI� 2$�� LQFOXGLQJ� SDLQ�
�S�������� DQG� ORVV� RI� SK\VLFDO�
IXQFWLRQ����S�����������6HUXP���KV&53�
ZDV� QRW�� KRZHYHU�� VLJQLILFDQWO\�
DVVRFLDWHG�ZLWK� MRLQW�VSDFH�QDUURZLQJ�
QRU� .HOOJUHQ� /DZUHQFH� VFRUHV�� 7KH�
ILQGLQJV� UHYHDOHG� QR� HYLGHQFH� RI� D�
SUHGLFWLYH� YDOXH� RI� KV&53� IRU� WKH�
SURJUHVVLRQ�RI�2$� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� DQG� PHWD-DQDO\VLV� IRXQG� WKDW�
ORZ-JUDGH�V\VWHPLF� LQIODPPDWLRQ�PD\�
SOD\�D�UROH�LQ�V\PSWRPV�UHODWHG�WR�2$��
EXW� QRW� UDGLRJUDSKLF� FKDQJHV�
DVVRFLDWHG�ZLWK�2$� 



 

3DJH�� �����������������0DUFK����� ��������������9ROXPH����1XPEHU��  

 
-LQ�� ;� HW� DO� &LUFXODWLQJ� &� 5HDFWLYH�
3URWHLQ� LQ�2VWHRDUWKULWLV��$�6\VWHPDWLF�
5HYLHZ� DQG� 0HWD-� $QDO\VLV�� $QQ�
5KHXP�'LV��������0DUFK�������������
–���� 

 
())(&7,9(1(66�2)�685*(5<�
)25�6321'</2/,67+(6,6�$1'�

/80%$5�67(126,6�,1 
2&72*(1$5,$16 

 
:KLOH� WKH� VXUJLFDO� WUHDWPHQW� RI�

OXPEDU� VWHQRVLV� DQG� GHJHQHUDWLYH�
VSRQG\OROLVWKHVLV� KDV� EHHQ� IRXQG� WR�
KDYH� VXEVWDQWLDO� DQG� ODVWLQJ� EHQHILWV��
GDWD� DUH� VSDUVH� FRQFHUQLQJ� WKH� HIIHFW�
RI� DJH� RQ� WKLV� RXWFRPH�� 7KLV� VWXG\�
DVVHVVHG� WKH�FOLQLFDO�RXWFRPHV�RI� WKLV�
VXUJLFDO� LQWHUYHQWLRQ� IRU� SDWLHQWV� DW�
OHDVW����\HDUV�RI�DJH� 
7KH� 6SLQH� 3DWLHQW� 2XWFRPHV�

5HVHDUFK� 7ULDO� �63257�� LQFOXGHG�
SDWLHQWV� ZLWK� QHXURJHQLF� FODXGLFDWLRQ�
RU� UDGLFXODU� OHJ� SDLQ� ZLWK� DVVRFLDWHG�
QHXURORJLFDO� VLJQV�� VSLQDO� VWHQRVLV� RQ�
FURVV-VHFWLRQDO�LPDJLQJ�DQG�V\PSWRPV�
SHUVLVWLQJ� IRU� DW� OHDVW� ��� ZHHNV�� 7KH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR� UHFHLYH�
HLWKHU� VXUJLFDO� RU� QRQVXUJLFDO�
WUHDWPHQW�� � 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� $PHULFDQ� $FDGHP\�
RI� 2UWKRSHGLF� 6XUJHRQV�
0XVFXORVNHOHWDO� 2XWFRPHV� 'DWD�
(YDOXDWLRQ� $QG� 0DQDJHPHQW� 6\VWHP�
9HUVLRQ� RI� WKH� 2VZHVWU\� 'LVDELOLW\�
,QGH[� �2',��� DV� ZHOO� DV� WKH� 3K\VLFDO�
)XQFWLRQ� DQG� %RGLO\� 3DLQ� GRPDLQV� RI�
WKH� 6)-���� 6HFRQGDU\� RXWFRPHV�
LQFOXGHG� WKH� 6WHQRVLV� %RWKHUVRPH�
,QGH[��WKH�/RZ�%DFN�3DLQ�%RWKHUVRPH�
6FDOH�� SDWLHQW� VDWLVIDFWLRQ� DQG� SDWLHQW�
VHOI-UHSRUWHG�LPSURYHPHQW� 
2I�WKH�SDWLHQWV�ZLWK�OXPEDU�VWHQRVLV��

����ZHUH�DW�OHDVW����\HDUV��RI�DJH�DQG�
������ ZHUH� \RXQJHU�� )RU� SDWLHQWV� DW�
OHDVW����\HDUV�RI�DJH�� LPSURYHPHQW� LQ�
DOO� SULPDU\� RXWFRPH� PHDVXUHV� IURP�
EDVHOLQH� ZDV� VLJQLILFDQWO\� JUHDWHU� LQ�
WKH�VXUJLFDO�JURXS��LQFOXGLQJ�WKH�6)-���
%RGLO\�3DLQ�VFRUH�� WKH�6)-���3K\VLFDO�
)XQFWLRQ� VFRUH� DQG� WKH�2',� �S��������
7KH� VXUJLFDO� WUHDWPHQW� HIIHFW� DV�
PHDVXUHG� E\� WKH� 6)-��� %RGLO\� 3DLQ�
VFRUH� ZDV� VLJQLILFDQWO\� EHWWHU� LQ� WKH�
\RXQJHU�SDWLHQWV��S��������,Q�WKH�ROGHU�
JURXS� LPSURYHPHQW� LQ� DOO� VHFRQGDU\�
RXWFRPH�PHDVXUHV� IURP�EDVHOLQH�ZDV�
VLJQLILFDQWO\� JUHDWHU� LQ� WKH� VXUJLFDOO\�
WUHDWHG�JURXS��S������ 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� RFWRJHQDULDQ� SDWLHQWV� ZLWK�
VSRQG\OROLVWKHVLV� DQG� OXPEDU� VWHQRVLV�
IRXQG� WKDW� VXUJHU\� RIIHUV� D� VLJQLILFDQW�
EHQHILW� DV� FRPSDUHG� WR� QRQVXUJLFDO�

LQWHUYHQWLRQ� 
 

5LKQ��-���HW�DO��(IIHFWLYHQHVV�RI�6XUJHU\�
IRU�/XPEDU�6WHQRVLV�DQG�'HJHQHUDWLYH�
6SRQG\OROLVWKHVLV� LQ� WKH� 2FWRJHQDULDQ�
3RSXODWLRQ�� $QDO\VLV� RI� WKH� 6SLQH�
3DWLHQW� 2XWFRPHV� 5HVHDUFK� 7ULDO�
63257� 'DWD�� -� %RQH� -RLQW� 6XUJ��
������)HEUXDU\���������� 
���-���� 
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7KH� PRVW� VXFFHVVIXO� DSSURDFKHV� WR�

WKH� WUHDWPHQW� RI� FKURQLF� SDLQ� UHO\� RQ�
HQJDJHPHQW� RI� HQGRJHQRXV� FLUFXLWV�
LQYROYLQJ� RSLRLG�� DGUHQHUJLF� DQG�
FDOFLXP� FKDQQHO� PHFKDQLVPV�� :KLOH�
DGHQRVLQH� KDV� EHHQ� IRXQG� WR� SURYLGH�
SRWHQW� DQG� ORQJ-ODVWLQJ� SDLQ�
VXSSUHVVLRQ� LQ� ERWK� DQLPDO� DQG�
KXPDQV� VWXGLHV�� WDUJHWLQJ� WKLV�
HQGRJHQRXV� SDWKZD\� IRU� SDLQ�
PDQDJHPHQW� KDV� QRW� \HW� EHHQ�
DFKLHYHG�� 7KLV� DQLPDO� VWXG\� H[SORUHG�
WKH� DQDOJHVLF� HIIHFWV� RI� LQFUHDVLQJ�
HQGRJHQRXV� DGHQRVLQH� WKURXJK� WKH�
XVH�RI�D�VHOHFWLYH�$�$5�DJRQLVW� 
0DOH� 6SUDJXH� 'DZOH\� UDWV� DQG�

IHPDOH� PLFH� ZHUH� VWXGLHG�� 3HUVLVWHQW�
QHXURSDWKLF� SDLQ� PRGHOV� ZHUH�
SURGXFHG� WKURXJK� FKURQLF� FRQVWULFWLRQ�
LQMXU\��&&,���VSDUHG�QHUYH�LQMXU\��VSLQDO�
QHUYH� OLJDWLRQ�� FKHPRWKHUDS\� LQGXFHG�
SHULSKHUDO� QHXURSDWK\� �&,31�� DQG�
FDQFHU� LQGXFHG� ERQH� SDLQ�� 7KH�
DQLPDOV� WKHQ� UHFHLYHG� LQWUDWKHFDO�
LQMHFWLRQV� RI� D� VHOHFWLYH� QRQ-
QXFOHRVLGH�DGHQRVLQH�NLQDVH� LQKLELWRU��
$%7-����� 0HFKDQR-� DOORG\QLD� ZDV�
DVVHVVHG� XVLQJ� FDOLEUDWHG� YRQ� )UH\�
ILODPHQWV�� 1HXURORJLF� IXQFWLRQ� DQG�
PRWRU� FRRUGLQDWLRQ�ZHUH� HYDOXDWHG� E\�
D�5RWDURG�PRWRU�WHVW��1RFLFHSWLRQ�ZDV�
DVVHVVHG� E\� WDLO� IOLFN� DQG� KRWSODWH�
ODWHQF\� WHVWV�� 6SRQWDQHRXV� DQG�
DIIHFWLYH� DVSHFWV� RI� VSLQDO� QHUYH�
OLJDWLRQ-LQGXFHG� SDLQ� ZHUH� DVVHVVHG�
XVLQJ�FRQGLWLRQHG�SODFH�SUHIHUHQFH� 
$GPLQLVWUDWLRQ� RI� $%7-���� DW� SHDN�

&&,-LQGXFHG� SDLQ� UHYHUVHG� PHFKDQR-�
DOORG\QLD�� 7KHVH� HIIHFWV� ZHUH� SDUWLDOO\�
DWWHQXDWHG� E\� SUHWUHDWPHQW� ZLWK�
VHOHFWLYH� $�$5� DQWDJRQLVWV�� ,Q�
DGGLWLRQ�� LQ� WKH� PRGHO� RI� &,31�� $%7-�
���� UHYHUVHG� PHFKDQR-DOORG\QLD� DQG�
PHFKDQR-K\SHUDOJHVLD�� $%7-���� GLG�
QRW�DOWHU�SDZ�ZLWKGUDZDO� WKUHVKROGV� LQ�
WKH�XQDIIHFWHG�FRQWUDODWHUDO�SDZV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

IRXQG� WKDW� DQ� $�$5� DJRQLVW� FDQ� EH�
HIIHFWLYH� LQ� WUHDWLQJ� VHYHUDO� W\SHV� RI�
SHUVLVWHQW�SDLQ� 
/LWWOH��-���HW�DO��(QGRJHQRXV�$GHQRVLQH�

$�� 5HFHSWRU� $FWLYDWLRQ� 6HOHFWLYHO\�
$OOHYLDWHV� 3HUVLVWHQW� 3DLQ� 6WDWHV��
%UDLQ��������-DQXDU\�� ������� 
��-��� 
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'DWD� VXJJHVW� WKDW�� RQH� \HDU� DIWHU�

LQMXU\�� ���� RI� SHRSOH� ZLWK� ZKLSODVK�
DVVRFLDWHG� GLVRUGHU� �:$'�� VWLOO� UHSRUW�
QHFN� SDLQ�� 'HVSLWH� FOLQLFDO�
UHFRPPHQGDWLRQV�� WKHUH� UHPDLQV� QR�
FOLQLFDO� HYLGHQFH� RI� EHQHILW� IRU� PDQ\�
FRQVHUYDWLYH PHWKRGV RI�
PDQDJHPHQW� RI� FKURQLF� :$'��
LQFOXGLQJ� QHFN� VSHFLILF� H[HUFLVH�� $V�
FKURQLF� QHFN� GLVRUGHUV� PD\� KDYH�
V\PSWRPV� ZLWK� ERWK� SK\VLFDO� DQG�
SV\FKRVRFLDO� FRQWULEXWLQJ� IDFWRUV�� WKLV�
VWXG\� DVVHVVHG� WKH� HIIHFWV� RI�
LQFRUSRUDWLQJ�D�EHKDYLRUDO�DSSURDFK�WR�
QHFN�VSHFLILF�H[HUFLVHV� 
6XEMHFWV� ZHUH� ���� LQGLYLGXDOV� ZLWK�

FKURQLF��:$'���ZLWK��D��PHDQ��DJH��RI�
����� \HDUV�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
SK\VLRWKHUDSLVW� OHG� QHFN� VSHFLILF�
H[HUFLVH� �16(��� WZLFH-ZHHNO\�� DLPHG�
DW� IDFLOLWDWLQJ� DFWLYLW\� RI� WKH� GHHS�
FHUYLFDO� PXVFOH� OD\HUV�� RU� VLPLODU�
H[HUFLVH� FRPELQHG� ZLWK� EHKDYLRUDO�
LQWHUYHQWLRQ�� 7KH� EHKDYLRUDO� WUHDWPHQW�
LQFOXGHG�HGXFDWLRQ�FRQFHUQLQJ�SDLQ��DV�
ZHOO� DV� DFWLYLWLHV� DLPHG� DW� SDLQ�
PDQDJHPHQW� DQG� SUREOHP� VROYLQJ�
�16(%���$� WKLUG�JURXS�ZDV�SUHVFULEHG�
SK\VLFDO� DFWLYLW\�� WR� EH� FRPSOHWHG�
RXWVLGH� RI� WKH� KHDOWKFDUH� V\VWHP�
�33$���7KH�SULPDU\�RXWFRPH�PHDVXUH�
ZDV� WKH� 1HFN� 'LVDELOLW\� ,QGH[� �1',���
2WKHU�RXWFRPH���YDULDEOHV�LQFOXGHG�VHOI
-� UHSRUWHG� JHQHUDO� KHDOWK�� PHDVXUHG�
ZLWK� WKH� (XURTRO� �-'� LQVWUXPHQW�� DQG�
DFWLYLW\� OHYHO�� PHDVXUHG� ZLWK� WKH�
,QWHUQDWLRQDO�3K\VLFDO $FWLYLW\�
4XHVWLRQQDLUH��3DLQ�ZDV�UHFRUGHG�ZLWK�
D� SDLQ� YLVXDO� DQDORJ� VFDOH� �9$6��� $W�
WKUHH� PRQWKV�� GLVDELOLW\� OHYHOV� ZHUH�
IRXQG�WR�KDYH�VLJQLILFDQWO\�LPSURYHG�LQ�
ERWK� WKH�16(� �S�������DQG� WKH�16(%�
�S�������� JURXSV�� ZLWK� QR�
LPSURYHPHQW� REVHUYHG� LQ� WKH� 33$�
JURXS�� $W� VL[� PRQWKV�� WKH� SURSRUWLRQV�
RI UHVSRQGHUV�� DV� LQGLFDWHG� E\�
FKDQJHV� LQ� VFRUHV� RQ� WKH� 1',�� ZHUH�
���� LQ� WKH� 33$� JURXS�� ���� LQ� WKH�
16(� JURXS� DQG� ���� LQ� WKH� 16(%�
JURXS�� 3DLQ� ERWKHUVRPHQHVV� ZDV�
VLJQLILFDQWO\� UHGXFHG� RYHU� WLPH� LQ� DOO�
WKUHH� JURXSV�� � 6HOI-HIILFDF\� LPSURYHG�
RQO\�LQ�WKH�16(�JURXS� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� ZKLSODVK� DVVRFLDWHG� GLVRUGHU�
IRXQG� WKDW� VXSHUYLVHG�� QHFN� VSHFLILF�



3DJH�� �����������������0DUFK����� ��������������9ROXPH����1XPEHU�� 

 

H[HUFLVH� PD\� KDYH� EHWWHU� FOLQLFDO�
EHQHILWV�WKDQ�D�SUHVFULSWLRQ�IRU�KRPH�
H[HUFLVH�� ZLWK� DGGLWLRQDO� EHQHILWV�
IRXQG� ZKHQ� � FRPELQHG� � ZLWK� D�
EHKDYLRUDO�DSSURDFK� 

 
/XGYLJVVRQ��0���HW�DO��(IIHFW�RI�1HFN�
6SHFLILF� ([HUFLVH� ZLWK� RU� ZLWKRXW� D�
%HKDYLRUDO� $SSURDFK� RQ� 3DLQ��
'LVDELOLW\� DQG� 6HOI-(IILFDF\� LQ�
&KURQLF� :KLSODVK� $VVRFLDWHG�
'LVRUGHU�� $� 5DQGRPL]HG� &OLQLFDO�
7ULDO��&OLQ� -� 3DLQ�� ������ $SULO�������
���-���� 
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)HZ� VWXGLHV� KDYH� HYDOXDWHG� WKH�

ELRPHFKDQLFV� RI� WKH� KLS� DIWHU�
DQWHULRU� FUXFLDWH� OLJDPHQW� �$&/��
UHFRQVWUXFWLRQ��7KLV�VWXG\�HYDOXDWHG�
KLS� IOH[LRQ� PXVFOH� VWUHQJWK� LQ� $&/�
UHFRQVWUXFWHG� SDWLHQWV� ZLWK� SDWHOODU�
RU�KDPVWULQJ�WHQGRQ JUDIW� XVH��
FRPSDULQJ� WKHP� ZLWK� KHDOWK\�
FRQWUROV�� 7KLV� UDQGRPL]HG��
FRQWUROOHG�WULDO�LQFOXGHG $&/�
GHILFLHQW SDWLHQWV� XQGHUJRLQJ�
UHFRQVWUXFWLRQ� 7KH�VXEMHFWV�ZHUH�
UDQGRPL]HG� WR� UHFHLYH� $&/�
UHFRQVWUXFWLRQ�ZLWK�SDWHOOD�WHQGRQ�RU�
KDPVWULQJ�WHQGRQ�JUDIWV�� ,Q�DGGLWLRQ��
��� KHDOWK\�� PDOH� DWKOHWHV�
SDUWLFLSDWHG� DV� FRQWUROV�� 7KH�
SDWLHQWV� ZHUH� SURJUHVVHG� WR�
UHVLVWDQFH� DQG� HQGXUDQFH� WUDLQLQJ�
WKH���WK�WR���WK�ZHHNV�SRVW-VXUJHU\��
$OO�SDWLHQWV�XQGHUZHQW� LVRNLQHWLF�KLS�
PXVFOH� IOH[LRQ� VWUHQJWK� WHVWLQJ� WKH�
GD\� EHIRUH� VXUJHU\� DQG� RQH� \HDU�
DIWHU� VXUJHU\�+HDOWK\� FRQWUROV� ZHUH�
WHVWHG�DW�EDVHOLQH�DQG�DW� WKH�HQG�RI�
WKH�VWXG\� 
3UHRSHUDWLYHO\�� QR� VLJQLILFDQW�

GLIIHUHQFH� ZDV� IRXQG� LQ� KLS� IOH[LRQ�
VWUHQJWK�EHWZHHQ� WKH�SDWHOOD� WHQGRQ�
DQG� KDPVWULQJ� JURXSV�� :KLOH� KLS�
IOH[LRQ� VWUHQJWK� ZDV� LQFUHDVHG� RQH�
\HDU� DIWHU� $&/� UHFRQVWUXFWLRQ�� LW�
UHPDLQHG� VLJQLILFDQWO\� UHGXFHG�
FRPSDUHG� ZLWK� KHDOWK\� FRQWUROV�� ,Q�
DGGLWLRQ�� KLS� IOH[LRQ� VWUHQJWK� ZDV�
VLJQLILFDQWO\� KLJKHU� LQ� WKH� SDWHOOD�
WHQGRQ� JURXS� WKDQ� LQ� WKH� KDPVWULQJ�
JURXS� DW� RQH-\HDU� SRVWRSHUDWLYHO\�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� KLS� IOH[LRQ�
VWUHQJWK� RI� UHFRQVWUXFWHG� DQWHULRU�
FUXFLDWH� OLJDPHQW� GHILFLHQW� SDWLHQWV�
LV� GHFUHDVHG� FRPSDUHG� WR� WKDW� RI�
FRQWUROV�DW�RQH�\HDU�SRVW-VXUJHU\� 

0RQ]RSRXORD� *��� HW� DO�� +LS� )OH[LRQ�
6WUHQJWK� 5HPDLQV� 'HFUHDVHG� LQ�
$QWHULRU� &UXFLDWH� /LJDPHQW�
5HFRQVWUXFWHG�3DWLHQWV�DW�2QH-<HDU�
)ROORZ-8S� &RPSDUHG� WR� +HDOWK\��
&RQWUROV�� ,QWHUQ� 2UWKRSHG�� ������
'RL�����������6������–����� 
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2QH�VWUDWHJ\� IRU� FRQWUROOLQJ�KHDOWK�

VHUYLFH� H[SHQGLWXUHV� LQYROYHV�
UHGXFLQJ� WKH� OHQJWK�RI�KRVSLWDO� VWD\��
7KLV�VWXG\�LQYHVWLJDWHG�WKH�LPSDFW�RI�
FKDQJHV� LQ� OHQJWK� RI� VWD\� DIWHU� KLS�
IUDFWXUH� LQ� UHODWLRQ� WR� WKH� ULVN� RI�
GHDWK� DPRQJ� 6ZHGLVK� FLWL]HQV� DW�
OHDVW����\HDUV�RI�DJH� 
8VLQJ� D� FORVHG� QDWLRQZLGH� FRKRUW��

WKH� DXWKRUV� LGHQWLILHG� SDWLHQWV� ZKR�
KDG� H[SHULHQFHG� D� KLS� IUDFWXUH�
EHWZHHQ� -DQXDU\� ��� ������ DQG�
'HFHPEHU� ���� ������ 'DWD� ZHUH�
REWDLQHG� IURP� WKH�6ZHGLVK�1DWLRQDO�
3DWLHQW� 5HJLVWHU�� FRYHULQJ� DOO�
LQSDWLHQW� FDUH� LQ� 6ZHGHQ�� 8VLQJ� D�
QDWLRQDO� SUHVFULSWLRQ� GDWDEDVH��
PHGLFDWLRQ� XVH�� LQFOXGLQJ� WKDW� RI�
DQWLGHSUHVVDQWV� DQG� QHXUROHSWLFV� DW�
WKH� WLPH� RI� KLS� IUDFWXUH�� ZDV�
GHWHUPLQHG�� 7KH� GDWH� RI� GHDWK� DQG�
XQGHUO\LQJ� FDXVH� RI� GHDWK� � ZHUH�
REWDLQHG�WKURXJK�WKH�1DWLRQDO�&DXVH�
RI�'HDWK�5HJLVWHU� 
'XULQJ� WKH� VWXG\� SHULRG�� ��������

SDWLHQWV�VXVWDLQHG�D�KLS�IUDFWXUH�DW�D�
PHDQ�DJH�RI������ \HDUV��7KH�PHDQ�
OHQJWK� RI� VWD\� LQ� ����� ZDV� �����
GD\V�� GHFUHDVLQJ� WR� ����� GD\V� LQ�
������S���������3DWLHQWV�GLVFKDUJHG�
ZLWKLQ� ILYH� GD\V� RI� DGPLVVLRQ� KDG�
WZLFH�WKH�ULVN�RI�GHDWK�ZLWKLQ����GD\V�
RI� GLVFKDUJH� DV� FRPSDUHG� WR� WKRVH�
ZLWK� D� OHQJWK� RI� VWD\� RI� DW� OHDVW� ���
GD\V�� ,Q� ������ IRU� SDWLHQWV� ZLWK� D�
OHQJWK� RI� VWD\� RI� ��� GD\V� RU� OHVV��
HDFK� GD\¶V� UHGXFWLRQ� LQ� OHQJWK� RI�
VWD\� LQFUHDVHG� WKH� ULVN� RI� GHDWK�
ZLWKLQ����GD\V�E\������S�������� 
&RQFOXVLRQ��7KLV�6ZHGLVK�VWXG\�

IRXQG� WKDW�� DPRQJ� WKH� HOGHUO\�� DIWHU�
KLS� IUDFWXUH�� D� VKRUWHU� OHQJWK� RI�
KRVSLWDOL]DWLRQ� LV�DVVRFLDWHG�ZLWK�DQ�
LQFUHDVHG� ULVN� RI� GHDWK� DIWHU�
GLVFKDUJH� 

 
1RUGVWURP�� 3��� HW� DO�� /HQJWK� RI�
+RVSLWDO�6WD\�DIWHU�+LS�)UDFWXUH�DQG�
6KRUW� 7HUP� 5LVN� RI� 'HDWK� DIWHU�
'LVFKDUJH�� $� 7RWDO� &RKRUW� 6WXG\� LQ�
6ZHGHQ��%0-�� ������ ����K���� GRL��
��������EPM� 
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+RVSLWDO� UHDGPLVVLRQ� IROORZLQJ� KLS�

IUDFWXUH� LV� D� IUHTXHQW� DQG� VHULRXV�
HYHQW� WKDW� PD\� LQGLFDWH� D� JDS� LQ�
FDUH�� 1DWLRQDO� UHDGPLVVLRQ� UDWHV�
IROORZLQJ�KLS�IUDFWXUH�KDYH�UHPDLQHG�
HVVHQWLDOO\�XQFKDQJHG� IURP������ WR�
������ 7KLV� VWXG\� H[DPLQHG� WKH� ��-�
GD\� KRVSLWDO� UHDGPLVVLRQ� UDWH� LQ� D�
FHQWHU� WKDW� HPSOR\V� WKH� *HULDWULF�
)UDFWXUH�&HQWHU�0RGHO�RI�FDUH� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU��
DGPLWWHG� EHWZHHQ� ����� DQG� �����
ZLWK� D� XQLODWHUDO� ORZ-HQHUJ\� KLS�
IUDFWXUH�� UHTXLULQJ� VXUJLFDO�
FRUUHFWLRQ�� 5HDGPLVVLRQV� ZHUH�
LGHQWLILHG�� ZLWK� UHFRUGV� UHYLHZHG� WR�
GHWHUPLQH� WKH� SULPDU\� FDXVH� IRU�
UHDGPLVVLRQ� 
2I� WKH� ������ SDWLHQWV� UHYLHZHG��

����ZHUH� UHDGPLWWHG�ZLWKLQ����GD\V�
RI� WKHLU� LQLWLDO� GLVFKDUJH� GDWH�� 2I�
WKHVH�� ������ ZHUH� DGPLWWHG� IRU�
VXUJLFDO� UHDVRQV�� LQFOXGLQJ� IL[DWLRQ�
IDLOXUH�� UHIUDFWXUH�� QHZ� IUDFWXUH��
GLVORFDWLRQ�� KHPDWRPD� RU� ZRXQG�
FRPSOLFDWLRQV�� ,Q� DGGLWLRQ�� ������
ZHUH� UHDGPLWWHG� IRU� PHGLFDO�
UHDVRQV��7KH�PRVW�FRPPRQ�PHGLFDO�
UHDVRQ�ZDV�SXOPRQDU\�SUREOHPV��DW�
����� 2I� WKRVH� UHDGPLWWHG�� ������
GLHG�GXULQJ� WKDW� KRVSLWDOL]DWLRQ��7KH�
RQH-\HDU� PRUWDOLW\� UDWH� IRU� SDWLHQWV�
UHDGPLWWHG�ZLWKLQ����GD\V�ZDV������
DV� FRPSDUHG� WR� ���� IRU� WKRVH� QRW�
UHDGPLWWHG��S��������� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\�RI�SDWLHQWV�XQGHUJRLQJ�VXUJLFDO�
FRUUHFWLRQ�IRU�KLS� IUDFWXUH�IRXQG�WKDW�
������ZHUH� UHDGPLWWHG��ZLWK�������
RI�WKRVH�UHDGPLWWHG�G\LQJ�GXULQJ�WKDW�
KRVSLWDOL]DWLRQ� 

 
.DWHV�� 6��� HW� DO�� +RVSLWDO�
5HDGPLVVLRQ� DIWHU� +LS� )UDFWXUH��
$UFK� 2UWKRSDHG� 7UDXPD� 6XUJ��
������0DUFK������� 
���������-���� 

 
,175$-$57,&8/$5�

%,3+263+21$7(�)25�.1((�
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2VWHRDUWKULWLV��2$��RI�WKH�NQHH�LV�D�

PDMRU� FDXVH� RI� GLVDELOLW\�� DIIHFWLQJ�
���� RI� SHRSOH� RYHU� WKH� DJH� RI� ���
\HDUV�� $� SULRU� PXOWLFHQWHU� VWXG\�
IRXQG� LQWUD-DUWLFXODU� FORGURQDWH�� D�
ELVSKRVSKRQDWH�� WR� EH� DV� HIIHFWLYH�
DV�K\DOXURQLF�DFLG��IRU� WKH�WUHDWPHQW�
RI�2$��ZLWK�VLJQLILFDQW�SURJUHVVLRQ�LQ�
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LPSURYHPHQW� RI� SDLQ� DQG� IXQFWLRQDO�
RXWFRPHV�� 7KLV� VWXG\� IXUWKHU�
DVVHVVHG�WKH�WROHUDELOLW\�DQG�HIILFDF\�
RI� LQWUD-DUWLFXODU� FORGURQDWH� IRU�
SDWLHQWV�ZLWK�2$�RI�WKH�NQHH� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

VWXG\� LQFOXGHG� PHQ� DQG� ZRPHQ�
EHWZHHQ�WKH�DJHV�RI����DQG����\HDUV�
RI� DJH�� $OO� KDG� NQHH� 2$� ZLWK�
UDGLRJUDSKLF� FRQILUPDWLRQ�� 7KH�
SDWLHQWV� ZHUH� UDQGRPO\� DOORFDWHG� WR�
UHFHLYH� HLWKHU� ZHHNO\� LQWUD-DUWLFXODU�
LQMHFWLRQV�RI�WZR�PJ�RI�FORGURQDWH�RU�
D� SODFHER� VDOLQH� VROXWLRQ� IRU� IRXU�
ZHHNV�� 7KH� VXEMHFWV� ZHUH� WKHQ�
IROORZHG�IRU�D�WRWDO�RI����ZHHNV��7KH�
SULPDU\� RXWFRPH�PHDVXUH� ZDV� SDLQ�
UHOLHI�� DV� UDWHG� RQ� D� ���PP� 9LVXDO�
$QDORJXH� 6FDOH� �9$6�� DW� HLJKW�
ZHHNV�� 6HFRQGDU\� RXWFRPHV�
LQFOXGHG� :20$&� VFRUHV��
/HVTXHVQH� LQGH[� VFRUHV� DQG� JOREDO�
NQHH� 2$� �.2$�� HYDOXDWLRQV� E\�
SDWLHQWV�DQG�LQYHVWLJDWRUV� 
6LJQLILFDQW�LPSURYHPHQW�ZDV�QRWHG�

RQ�DOO�RXWFRPH�PHDVXUHV�DW� DOO� WLPH�
SRLQWV�LQ�ERWK�JURXSV��3DWLHQWV��LQ�WKH�
FORGURQDWH� JURXS� GHPRQVWUDWHG�
JUHDWHU� LPSURYHPHQW� LQ� 9$6� SDLQ�
VFRUHV� DW� HLJKW� ZHHNV� WKDQ� GLG� WKH�
VDOLQH�JURXS��E\������PP���+RZHYHU��
WKDW�GLIIHUHQFH�ZDV�QR�ORQJHU�HYLGHQW�
DW����ZHHNV��7KH�H[SHULPHQWDO�JURXS�
GHPRQVWUDWHG� JUHDWHU� LPSURYHPHQW�
RQ� WKH� /HTXHVQH� LQGH[�� JOREDO� .2$�
HYDOXDWLRQV� RI� ERWK� SDWLHQWV� DQG�
LQYHVWLJDWRUV� DQG� WKH� :20$&� SDLQ�
VXEVFDOH� 
&RQFOXVLRQ�� 7KLV� GRXEOH-EOLQG��

VLQJOH�FHQWHU��UDQGRPL]HG��FRQWUROOHG�
WULDO� IRXQG� WKDW� LQWUD-DUWLFXODU�
FORGURQDWH� SURYLGHV� V\PSWRPDWLF�
DQG� IXQFWLRQDO� EHQHILWV� IRU� SDWLHQWV�
ZLWK�RVWHRDUWKULWLV�RI�WKH�NQHH� 
5RVVLQL�� 0��� HW� DO�� (IIHFWV� RI� ,QWUD-�
$UWLFXODU�&ORGURQDWH�LQ�WKH�7UHDWPHQW�
RI� .QHH� 2VWHRDUWKULWLV�� 5HVXOWV� RI� D�
'RXEOH-%OLQG��5DQGRPL]HG��3ODFHER-�
&RQWUROOHG�7ULDO��5KHXP� ,QWHUQ��������
)HE������������-���� 

 
/$67,1*�,03$,50(17�
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3UHYLRXV� VWXGLHV� KDYH� VKRZQ� WKDW�

QHXURPXVFXODU PDODGDSWDWLRQV�
DVVRFLDWHG� ZLWK� SUHYLRXV� KDPVWULQJ�
VWUDLQ� LQMXULHV� PD\� EH� UHODWHG� WR� DQ�
HOHYDWHG� ULVN� RI� IXWXUH� LQMXULHV�� 7KLV�
VWXG\� DVVHVVHG� HFFHQWULF� KDPVWULQJ�
VWUHQJWK� FKDQJHV� DPRQJ� DWKOHWHV�
ZLWK�D�KLVWRU\�RI�KDPVWULQJ�LQMXU\� 
$� FRKRUW� RI� ��� HOLWH� $XVWUDOLDQ�

IRRWEDOOHUV�� ��� RI� ZKRP� KDG�
VXVWDLQHG� XQLODWHUDO� KDPVWULQJ�

LQMXULHV� LQ� WKH�SULRU����PRQWKV��ZHUH�
UHFUXLWHG� IRU� WKLV� VWXG\�� $OO� LQMXUHG�
KDG�FRPSOHWHG�UHKDELOLWDWLRQ��UDQJLQJ�
IURP� ��� WR� ��� GD\V�� DQG� KDG�
FRPSOHWHG� SUHVHDVRQ� H[HUFLVH�
WUDLQLQJ� IURP� 1RYHPEHU� WKURXJK�
)HEUXDU\�� +DPVWULQJ� HFFHQWULF�
VWUHQJWK� ZDV� PHDVXUHG� DW� WKH� ILUVW�
DQG� ILQDO� ZHHNV� RI� HDFK� PRQWK� RI�
SUHVHDVRQ� WUDLQLQJ�� XVLQJ� DQ�
LQVWUXPHQWHG� 1RUGLF� KDPVWULQJ�
GHYLFH� 
%\�DYHUDJLQJ�VWUHQJWK�GDLO\�� LW�ZDV�

GLVFRYHUHG� WKDW� SUHYLRXVO\� LQMXUHG�
DWKOHWHV� KDG� D� VLJQLILFDQWO\� UHGXFHG�
LPSURYHPHQW�LQ�PXVFOH�VWUHQJWK�RYHU�
WKH�FRXUVH�RI�SUHVHDVRQ� WUDLQLQJ��DV�
FRPSDUHG� WR� WKH� XQLQMXUHG� DWKOHWHV�
�S���������7KLV�GLPLQLVKHG�UHVSRQVH�
ZDV� QRW� FRQILQHG� WR� WKH� SUHYLRXVO\�
LQMXUHG� OLPE�� EXW� ZDV� DOVR� REVHUYHG�
LQ�WKH�FRQWUDODWHUDO�XQLQMXUHG�OLPE� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOLWH�

$XVWUDOLDQ� IRRWEDOOHUV� ZLWK� KDPVWULQJ�
LQMXULHV� IRXQG� WKDW�� GHVSLWH�
FRPSOHWLQJ� UHKDELOLWDWLRQ�� WKHVH�
DWKOHWHV�KDYH�D�UHGXFHG�UHVSRQVH�WR�
HFFHQWULF� VWUHQJWKHQLQJ�� DV�
FRPSDUHG� WR� WKRVH� ZLWKRXW� VXFK� DQ�
LQMXU\�KLVWRU\� 

 
2SDU�� '��� HW� DO�� 7KH� (IIHFW� RI�
3UHYLRXV�+DPVWULQJ�6WUDLQ�,QMXULHV�RQ�
WKH� &KDQJH� LQ� (FFHQWULF� +DPVWULQJ�
6WUHQJWK� GXULQJ� 3UHVHDVRQ� 7UDLQLQJ�
LQ�(OLWH�$XVWUDOLDQ�)RRWEDOOHUV��$P� -�
6SRUW�0HG��������)HEUXDU\�� ������ 
���-��� 

 
0(0$17,1(�)25� 
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3DLQ� LV� WKH� PRVW� FRPPRQ� DQG�

GLVDEOLQJ� V\PSWRP� RI� ILEURP\DOJLD�
�)0��� *OXWDPDWH�� D� FHQWUDO� QHUYRXV�
V\VWHP� H[FLWDWRU\� QHXURWUDQVPLWWHU��
KDV�EHHQ�WKRXJKW�WR�SOD\�D�UROH�LQ�WKH�
SDWKRSK\VLRORJ\� RI� )0�� *LYHQ� WKH�
JOXWDPDWH� EORFNLQJ� UROH� RI�
PHPDQWLQH�� WKLV�VWXG\�ZDV�GHVLJQHG�
WR� GHWHUPLQH� WKH� HIILFDF\� RI� WKLV�
PHGLFDWLRQ�IRU�WKH�WUHDWPHQW�RI�)0� 
7KLV� FRQWUROOHG�� GRXEOH-EOLQG��

UDQGRPL]HG�WULDO� LQYROYHG����SDWLHQWV�
GLDJQRVHG� ZLWK� )0�� UDQGRPL]HG� WR�
RQH�RI�WZR�JURXSV��$�WUHDWPHQW�JURXS�
UHFHLYHG� PHPDQWLQH�� WLWUDWHG� WR� ���
PJ� SHU� GD\�� ZKLOH� D� FRQWURO� JURXS�
UHFHLYHG� D� VLPLODU� DSSHDULQJ�
SODFHER��7KH�PDLQ�RXWFRPH�PHDVXUH�
ZDV� WKH� FKDQJH� LQ� SDLQ� WKUHVKROG�
DQG�SDLQ�SHUFHSWLRQ��HYDOXDWHG�XVLQJ�
WKH� 3DLQ� 9LVXDO� $QDORJXH� 6FDOH�
�39$6��� ZLWK� DVVHVVPHQWV� DW�
EDVHOLQH�� DQG� WKHQ� DW� WKUHH� DQG� VL[�

PRQWKV¶�IROORZ-XS� 
&RPSDUHG� ZLWK� SODFHER�� SDWLHQWV�

WUHDWHG� ZLWK� PHPDQWLQH� VKRZHG�
VLJQLILFDQW� LPSURYHPHQWV� LQ� 39$6�
VFRUHV�DW�RQH�� WKUHH�DQG�VL[�PRQWKV�
IROORZ-XS� �S ������ IRU� DOO�
FRPSDULVRQV�� �� )RU� VHFRQGDU\�
RXWFRPHV�� DW� VL[� PRQWKV�� VLJQLILFDQW�
LPSURYHPHQWV� LQ� IDYRU� RI� WKH�
PHPDQWLQH� JURXS� ZHUH� IRXQG� LQ�
DVVHVVPHQWV� RI� JOREDO� IXQFWLRQ�
�S �������� FOLQLFDO� JOREDO� LPSUHVVLRQ�
�S �������� TXDOLW\-RI-OLIH� �S ��������
FRJQLWLYH� IXQFWLRQ� �S ������� DQG�
GHSUHVVLRQ��S ������� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� ILEURP\DOJLD� IRXQG�
WUHDWPHQW� ZLWK� PHPDQWLQH� WR� EH�
HIIHFWLYH� IRU� WKH� WUHDWPHQW� RI� SDLQ�
DQG�LPSURYHPHQW�LQ�TXDOLW\-RI-OLIH� 

 
2OLYDQ-%OD]TXH]��%���HW�DO��(IILFDF\�RI�
0HPDQWLQH� LQ� WKH� 7UHDWPHQW� RI�
)LEURP\DOJLD�� $� 'RXEOH-%OLQG��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO� ZLWK�
6L[-0RQWK� )ROORZ-8S�� 3DLQ�� ������
'HFHPEHU���������������-����� 

 
16$,'6��())(&76�21�
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$Q� HVWLPDWHG� ��� PLOOLRQ� SHRSOH� LQ�

WKH�8QLWHG�6WDWHV�KDYH�RVWHRDUWKULWLV�
�2$��� &OLQLFDO� JXLGHOLQHV� IRU� WKH�
PDQDJHPHQW� RI� WKLV� GLVHDVH� LQFOXGH�
ERWK SKDUPDFRORJLF DQG�
QRQSKDUPDFRORJLF� WKHUDSLHV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� HVWLPDWH� WKH�
H[WHQW� WR� ZKLFK� SUHVFULSWLRQ�
QRQVWHURLGDO� DQWL-LQIODPPDWRU\� GUXJV�
�16$,'V��� WDNHQ� RYHU� WKH� ORQJ-WHUP��
DIIHFW� WKH� V\PSWRPV� DQG� GLVHDVH�
SURJUHVVLRQ�RI�2$� 
%HWZHHQ� ����� DQG� ������ WKH�

2VWHRDUWKULWLV� ,QLWLDWLYH� �2$,��
FROOHFWHG� EDVHOLQH� GDWD� IURP� IRXU�
VWXG\�VLWHV��LQFOXGLQJ�D�WRWDO�RI�������
SDWLHQWV�ZLWK�HVWDEOLVKHG�2$��RU�ZKR�
ZHUH� DW� KLJK� ULVN� IRU� GHYHORSLQJ�2$�
RI� WKH�NQHH�� DQG�ZHUH�QRW� WDNLQJ�DQ�
16$,'� DW� VWXG\� RQVHW�� DQG� ZKR�
EHJDQ� XVH� GXULQJ� WKH� VWXG\� SHULRG��
7KH� SDUWLFLSDQWV� ZHUH� HYDOXDWHG� IRU�
IRXU� \HDUV� ZLWK� DQQXDO� IROORZ-XS�
DVVHVVPHQWV�� $OO� ZHUH� DVVHVVHG� IRU�
FKDQJHV� LQ� WKH�:HVWHUQ�2QWDULR�DQG�
0F0DVWHU� 8QLYHUVLW\� 2VWHRDUWKULWLV�
,QGH[� �:20$&��� DV� ZHOO� DV� IRU�
UDGLRJUDSKLF� SURJUHVVLRQ� RYHU� IRXU�
\HDUV�� 7KHVH� RXWFRPHV� ZHUH�
FRPSDUHG�EHWZHHQ�16$,'�XVHUV�DQG�
QRQXVHUV� 
$PRQJ� QRQXVHUV� DW� EDVHOLQH�� VL[�
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SHUFHQW� LQLWLDWHG� WUHDWPHQW� E\� RQH�
\HDU��ZLWK�����UHSRUWLQJ�UHJXODU�XVH��
$Q\� SUHVFULSWLRQ�16$,'� UHSRUWHG� RQ�
WKH�PRVW�UHFHQW�DVVHVVPHQW�ZDV�QRW�
DVVRFLDWHG� ZLWK� VFRUHV� IRU� SDLQ��
VWLIIQHVV� RU� SK\VLFDO� IXQFWLRQ� RQ� WKH�
:20$&� RU� ZLWK� WKH� MRLQW� VSDFH�
ZLGWK�� +RZHYHU�� DPRQJ� WKRVH�
UHSRUWLQJ�XVH�RI�SUHVFULSWLRQ�16$,'V�
DW�DOO�WKUHH�RI�WKH \HDUO\�
DVVHVVPHQWV�� LPSURYHPHQWV� ZHUH�
QRWHG� LQ� SDWLHQW� UHSRUWV� RI� VWLIIQHVV�
DQG� IXQFWLRQ�� ZLWK� GHOD\HG� MRLQW�
VSDFH�ZLGWK�SURJUHVVLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� ORQJ-WHUP�� EXW� QRW� VKRUW-WHUP��
XVH� RI� 16$,'6� LV� DVVRFLDWHG� ZLWK�
LPSRUWDQW� FKDQJHV� LQ� VWLIIQHVV��
SK\VLFDO� IXQFWLRQ� DQG� MRLQW� VSDFH�
ZLGWK� DPRQJ� SDWLHQWV� ZLWK�
RVWHRDUWKULWLV�RI�WKH�NQHH� 

 
/DSDQH�� .��� HW� DO�� (IIHFWV� RI�
3UHVFULSWLRQ� 1RQVWHURLGDO� $QWL-�
,QIODPPDWRU\� 'UXJV� RQ� 6\PSWRPV�
DQG� 'LVHDVH� 3URJUHVVLRQ� DPRQJ�
3DWLHQWV� ZLWK� .QHH� 2VWHRDUWKULWLV��
$UWKULWLV� 5KHXPDWRO��������0DUFK��
����������-���� 
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0DOQXWULWLRQ� LV� NQRZQ� WR� EH�

SUHYDOHQW� DPRQJ� SDWLHQWV� ZLWK�
SUHVVXUH�XOFHUV��DQG�LV�FRQVLGHUHG�D�
IDFWRU� FRQWULEXWLQJ� WR� WKH�
GHYHORSPHQW�RI��DV�ZHOO�DV�LQKLELWLQJ�
WKH� KHDOLQJ� RI� WKHVH� XOFHUV�� $V�
SUHYLRXV�VWXGLHV�KDYH�GHPRQVWUDWHG�
WKDW� VXSSOHPHQWDWLRQ� ZLWK� QXWULWLRQDO�
IRUPXODV�HQULFKHG�ZLWK�DUJLQLQH��]LQF�
DQG� DQWLR[LGDQWV� PD\� KDYLQJ� D�
KHDOLQJ� HIIHFW�� WKLV� VWXG\� IXUWKHU�
LQYHVWLJDWHG� ZKHWKHU� DQ� RUDO�
QXWULWLRQDO� VXSSOHPHQW� HQULFKHG� ZLWK�
WKRVH� VXEVWDQFHV� FDQ� DVVLVW� LQ�
KHDOLQJ�SUHVVXUH�XOFHUV� 
6XEMHFWV� ZHUH� ORQJ-WHUP� FDUH�

UHVLGHQWV� RU� KRPHFDUH� SDWLHQWV� ZLWK�
VWDJH� ,,� WKURXJK� VWDJH� ,9� SUHVVXUH�
XOFHUV� DOO GHPRQVWUDWLQJ�
PDOQRXULVKPHQW�� GHILQHG� DV� D� ORZ�
ERG\� PDVV� LQGH[�� UHFHQW�
XQLQWHQWLRQDO�ZHLJKW� ORVV�� ORZ�VHUXP�
DOEXPLQ� OHYHOV� DQG� UHGXFHG� IRRG�
LQWDNH�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� D� FRQWURO�
IRUPXOD� RU� DQ� H[SHULPHQWDO� IRUPXOD�
HQULFKHG� ZLWK� DUJLQLQH�� ]LQF�� DQG�
YLWDPLQV� (� DQG� &�� $OO� SDWLHQWV�
UHFHLYHG� RSWLPDO� ZRXQG� FDUH��
3UHVVXUH� XOFHU� DUHDV� ZHUH�
GRFXPHQWHG� DW� EDVHOLQH�� DQG� IRXU�

DQG�HLJKW�ZHHNV� 
2I�WKH�VFUHHQHG�SDWLHQWV������ZHUH�

UDQGRPL]HG�� %RWK� JURXSV� UHDOL]HG�
LPSURYHG�ZRXQG�KHDOLQJ��&RPSDUHG�
WR� EDVHOLQH�� SUHVVXUH� XOFHU� DUHDV�
ZHUH� GHFUHDVHG� E\� DQ� DYHUDJH� RI�
������ LQ� WKH� WUHDWPHQW� JURXS� DQG�
������ LQ� WKH� FRQWURO� JURXS�
�S �������� ,Q� WKH� WUHDWPHQW� JURXS��
������ H[SHULHQFHG� FRPSOHWH�
KHDOLQJ�� DV� FRPSDUHG� ZLWK� ����� LQ�
WKH� FRQWURO� JURXS� �S ��������
:LWKGUDZDOV� IURP�WKH�VWXG\� LQFOXGHG�
WZR� LQ� WKH� H[SHULPHQWDO� JURXS� DQG�
WKUHH� LQ� WKH� FRQWURO� JURXS�� ZLWK�
JDVWURLQWHVWLQDO� LQWROHUDQFH� DV� WKH�
SULPDU\�FDXVH�RI�ZLWKGUDZDO� 
�����&RQFOXVLRQ��7KLV�VWXG\�IRXQG�

WKDW�� ZKHQ� DGGHG� WR� RSWLPDO� ZRXQG�
FDUH� DQG� SURSHU� QXWULWLRQ�� D� IRUPXOD�
ZLWK� DUJLQLQH�� ]LQF� DQG� DQWLR[LGDQWV�
VHHPV� WR� DFFHOHUDWH� SUHVVXUH� XOFHU�
ZRXQG�KHDOLQJ� 

 
&HUHGD�� (��� HW� DO�� $� 1XWULWLRQDO�
)RUPXOD�(QULFKHG�ZLWK�$UJLQLQH��=LQF�
DQG� $QWLR[LGDQWV� IRU� WKH� +HDOLQJ� RI�
3UHVVXUH� 8OFHUV�� $QQ� ,QWHUQ� 0HG��
������)HEUXDU\���������������-���� 
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5HVHDUFK� FRQFHUQLQJ� WKH�

RFFXSDWLRQDO� SDWWHUQV� RI� QHFN� SDLQ�
KDV� IRXQG� WKDW� FHUWDLQ� RFFXSDWLRQDO�
JURXSV� KDYH� D� KLJKHU� SUHYDOHQFH� RI�
QHFN� SDLQ�� 7KLV� VWXG\� IXUWKHU�
DQDO\]HG� WKH� DVVRFLDWLRQV� DPRQJ�
RFFXSDWLRQ�� ZRUN� KRXUV� DQG� QHFN�
SDLQ��DV�ZHOO�DV�GHPRJUDSKLF�IDFWRUV�
ZKLFK�LPSDFW�WKLV�SDLQ� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

1DWLRQDO� +HDOWK� ,QWHUYLHZ� 6XUYH\�� D�
VHULHV� RI� FURVV-VHFWLRQDO� VXUYH\V� RI�
WKH� KHDOWK� RI� WKH� 8QLWHG� 6WDWHV�
FLYLOLDQ�� QRQLQVWLWXWLRQDOL]HG� DGXOWV��
7KLV�VWXG\�UHYLHZHG��������VXEMHFWV�
DJHV� ��� WR� ���� DOO� RI� ZKRP� ZHUH�
HPSOR\HG� DW� WKH� WLPH� RI� WKH� VXUYH\��
1HFN� SDLQ� ZDV� GHILQHG� DV�
QRQVSHFLILF�QHFN�SDLQ�ZLWKLQ�WKH�SDVW�
WKUHH� PRQWKV�� 'DWD� FROOHFWHG�
LQFOXGHG� RFFXSDWLRQ� FODVVLILFDWLRQ��
KRXUV� RI� ZRUN�� GHPRJUDSKLF�
FKDUDFWHULVWLFV�� VRFLRHFRQRPLF�
VWDWXV�� OHLVXUH� WLPH� SK\VLFDO� DFWLYLW\�
DQG�SV\FKRORJLFDO�GLVWUHVV��7KH�RGGV�
UDWLRV� IRU� QHFN� SDLQ�ZHUH� FDOFXODWHG�
XVLQJ� XQLYDULDWH� DQG� PXOWLYDULDWH�
ORJLVWLF�UHJUHVVLRQ� 
7KH� WRS� ILYH� RFFXSDWLRQV� IRU�

LQFUHDVHG� ULVN�RI�QHFN�SDLQ�ZHUH�����
PLOLWDU\� VSHFLILF�� ��� KHDOWK� FDUH�
VXSSRUW�� ��� DUWV�� GHVLJQ��

HQWHUWDLQPHQW��VSRUWV��DQG�PHGLD�����
FRPPXQLW\� DQG� VRFLDO� VHUYLFHV�� DQG�
��� SHUVRQDO� FDUH� DQG� VHUYLFHV��
&RPSDUHG� WR� WKRVH� ZKR� ZRUNHG� ���
KRXUV� SHU� ZHHN�� WKRVH� ZRUNLQJ�
KLJKHU� DQG� ORZHU� DPRXQWV� KDG�
LQFUHDVHG�UDWHV�RI�QHFN�SDLQ� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV� WKDW� FHUWDLQ�GHPRJUDSKLFV��
RFFXSDWLRQV� DQG� ZRUN� KRXUV� DUH�
UHODWHG�WR�D�KLJKHU�LQFLGHQFH�RI�QHFN�
SDLQ� 

 
<DQJ�� +��� HW� DO�� :RUN� 5HODWHG� 5LVN�
)DFWRUV� IRU� 1HFN� 3DLQ� LQ� WKH� 8�6��
:RUNLQJ� 3RSXODWLRQ�� 6SLQH�� ������
)HEUXDU\��������������-���� 
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2VWHRDUWKULWLV� �2$�� LV� D� PDMRU�
FDXVH� RI� SDLQ�� GLVDELOLW\� DQG� ORVV� RI�
IXQFWLRQ�� 2EHVLW\� LV� D� NQRZQ� ULVN�
IDFWRU� IRU� 2$�� ZLWK� K\DOXURQLF� DFLG�
+$�� SOXV� JOXFRVDPLQRJO\FDQ�
FRQFHQWUDWLRQV� GHFUHDVHG� LQ� HQG-�
VWDJH�2$��7KLV� UDQGRPL]HG��GRXEOH-�
EOLQG�� SODFHER-FRQWUROOHG� WULDO�
DVVHVVHG� WKH� HIIHFW� RI� DQ� RUDO�
SUHSDUDWLRQ�IRU�SDWLHQWV�ZLWK�2$�DQG�
REHVLW\� 
6XEMHFWV�ZHUH����SDWLHQWV�����WR����

\HDUV� RI� DJH� ZLWK� NQHH� SDLQ� RI� DW�
OHDVW����PP�DV�DVVHVVHG�ZLWK�D�����
PP� YLVXDO� DQDORJXH� VFDOH�� $OO� KDG�
DQ� HIIXVLRQ� UHTXLULQJ� MRLQW� DVSLUDWLRQ�
RU� LQMHFWLRQ�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� ���PJ�
RI� 2UDOYLVF� RU� D� VLPLODU� DSSHDULQJ�
SODFHER�� 2XWFRPH� PHDVXUHV�
LQFOXGHG� SDLQ�� IXQFWLRQ�� DQG�
LQIODPPDWRU\� PDUNHUV� LQ� WKH� VHUXP�
V\QRYLDO� IOXLG�� �+�2� DQDO\VLV� ZDV�
FRPSOHWHG� WR� HYDOXDWH� K\DOXURQLF�
DFLG�WXUQRYHU�DQG�PHWDEROLF�VFRUHV� 
$W� WKUHH� PRQWKV�� WKH� +$� JURXS�

GHPRQVWUDWHG� JUHDWHU� LPSURYHPHQWV�
LQ� SDLQ� DQG� IXQFWLRQ� �S��������� ZLWK�
GHFUHDVHG� FRQFHQWUDWLRQV� RI�
LQIODPPDWRU\� F\WRNLQHV� �S��������
EUDG\NLQLQ� �S�������� OHSWLQ� �S�������
DQG� PHDQ� UDWH� RI� +$� GHFOLQH� LQ�
V\QRYLDO�IOXLG��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV� WKDW� RUDO� SUHSDUDWLRQV�
FRQWDLQLQJ�K\DOXURQLF DFLG� DQG�
JO\FRVDPLQRJO\FDQ� FDQ� HIIHFWLYHO\�
WUHDW� SDLQ� DQG� G\VIXQFWLRQ� LQ� REHVH�
SDWLHQWV�ZLWK�RVWHRDUWKULWLV�DQG�DFWLYH�
NQHH�HIIXVLRQ� 
 
1HOVRQ��)���HW�DO��(IIHFWV�2I�$Q�2UDO�
3UHSDUDWLRQ� &RQWDLQLQJ� +\DOXURQLF�



 

3DJH�� �����������������0DUFK����� ��������������9ROXPH����1XPEHU�� 

 

 

$FLG� RQ� 2EHVH� .QHH� 2VWHRDUWKULWLV�
3DWLHQWV� 'HWHUPLQHG� E\� 3DLQ��
)XQFWLRQ�� %UDG\NLQLQ�� /HSWLQ��
,QIODPPDWRU\� &\WRNLQHV� DQG� +HDY\�
:DWHU� $QDO\VLV�� 5KHXP� ,QWHUQ��
������-DQXDU\�����������-��� 
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0XVFOH� VDWHOOLWH� FHOOV� DFW� DV�

UHVHUYH� FHOOV�� DEOH� WR� SUROLIHUDWH� LQ��
UHVSRQVH� WR� LQMXU\� DQG� JLYH� ULVH� WR�
UHJHQHUDWHG� PXVFOHV�� $V� HOHFWULFDO�
VWLPXODWLRQ� KDV� SRVLWLYH� HIIHFWV� RQ�
PDLQWDLQLQJ� PXVFOH� FRQWUDFWLOH�
IXQFWLRQ� DQG� SUHYHQWLQJ� PXVFOH�
DWURSK\�� WKLV� VWXG\� UHYLHZHG� WKH�
HIIHFWV� RI� HOHFWULFDO� VWLPXODWLRQ� RQ�
VDWHOOLWH�FHOO�SRSXODWLRQ�DIWHU�D�QHUYH�
FUXVK�LQMXU\� 
6XEMHFWV� ZHUH� ��� DGXOW� PDOH�

6SUDJXH-'DZOH\� UDWV�� UDQGRPO\�
GLYLGHG� LQWR� WKUHH� JURXSV�� 6KDP��
VFLDWLF�QHUYH�FUXVK�LQMXU\�DQG�VFLDWLF�
QHUYH� FUXVK� LQMXU\� SOXV� GDLO\�
HOHFWULFDO�VWLPXODWLRQ��7KH�DQLPDOV�LQ�
WKH� HOHFWULFDO� VWLPXODWLRQ� JURXS�
UHFHLYHG� ��� PLQXWHV� GDLO\� RI�
HOHFWULFDO� VWLPXODWLRQ� RYHU� WKH�
JDVWURFQHPLXV� PXVFOH�� $QLPDOV�
IURP� HDFK� JURXS� ZHUH� FKRVHQ�
UDQGRPO\�DW�WZR��IRXU�DQG�VL[�ZHHNV�
SRVW-LQMXU\� IRU� PXVFOH� KDUYHVW� DQG�
DQDO\VLV�RI�PXVFOH� IRUFH�SURGXFWLRQ��
3D[�� �PHDVXUH� RI� VDWHOOLWH� FHOO�
QXFOHL��� 0\R'� �PHDVXUH� RI� WRWDO�
QXFOHL��DQG�HPEU\RQLF�P\RVLQ�KHDY\�
FKDLQ�DVVHVVPHQW� 
$W� IROORZ-XS�� PXVFOH� PDVV� ZDV�

JUHDWHVW�LQ�WKH�VKDP�JURXS�DQG�OHDVW�
LQ� WKH� LQMXU\� ZLWKRXW� VWLPXODWLRQ�
JURXS�� ,Q� WKH� LQMXU\� JURXS�� WKH�
SHUFHQWDJH� RI� 3D[��0\R'� ZDV�
KLJKHU� WKDQ� LQ� WKH� VKDP� JURXS��
(PEU\RQLF� P\RVLQ� KHDY\� FKDLQ�
H[SUHVVLRQ� ZDV� HOHYDWHG� LQ�
VWLPXODWHG�PXVFOHV�ZLWK�WKLV�IRXQG�WR�
FRUUHODWH� ZLWK� HQKDQFHG� IRUFH�
SURGXFWLRQ� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

RI� FUXVK� LQMXU\� WR� WKH� VFLDWLF� QHUYH�
IRXQG�WKDW�VDWHOOLWH�FHOO�GLIIHUHQWLDWLRQ�
LV� LPSURYHG� E\� HOHFWULFDO� VWLPXODWLRQ�
UHVXOWLQJ� LQ� LQFUHDVHG� ILEHU�
UHJHQHUDWLRQ� DQG� UHVWRUDWLRQ� RI�
PXVFOH�IXQFWLRQ� 

 
;LQJ��+���HW�DO��(OHFWULFDO�6WLPXODWLRQ�
,QIOXHQFHV 6DWHOOLWH� &HOO�
'LIIHUHQWLDWLRQ� DIWHU� 6FLDWLF� 1HUYH�
&UXVK�,QMXU\�LQ�5DWV��0XVFOH� 1HUYH��
�������������0DUFK�����-���� 
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%RWK� WKH� $PHULFDQ� $FDGHP\� RI�

3HGLDWULFV� DQG� 7KH� $PHULFDQ�
0HGLFDO�6RFLHW\� IRU�6SRUWV�0HGLFLQH�
KDYH�GLVFRXUDJHG VLQJOH VSRUW�
VSHFLDOL]DWLRQ� LQ� \RXWK�� +RZHYHU��
WKLV� UHFRPPHQGDWLRQ� KDV� EHHQ�
PDGH� ZLWK� OLPLWHG� GDWD� FRQFHUQLQJ�
WKH� UHODWLRQVKLS� EHWZHHQ� VXFK�
VSHFLDOL]DWLRQ� DQG� WKH� ULVN� RI� LQMXU\��
7KLV� VWXG\� VRXJKW� WR� FODULI\� WKH�
UHODWLYH� LPSDFW� RI� VSRUWV�
VSHFLDOL]DWLRQ�RQ�DGROHVFHQW�LQMXU\� 
7KLV� FDVH� FRQWURO� VWXG\� LQFOXGHG�

DWKOHWHV� VHYHQ� WR� ��� \HDUV� RI� DJH�
VHHQ� LQ� SULPDU\� FDUH� VSRUWV�
PHGLFLQH� FOLQLFV�� $OO� SDUWLFLSDQWV�
FRPSOHWHG� VXUYH\V� DW� HQUROOPHQW��
LQFOXGLQJ� GHPRJUDSKLFV� DQG� FXUUHQW�
VSRUWV�VSHFLDOL]DWLRQ��DV�ZHOO�DV�VHOI-�
DVVHVVPHQW� RI� SXEHUWDO� PDWXUDWLRQ��
6SRUWV�VSHFLDOL]DWLRQ�ZDV�GHILQHG�DV�
\HDU-URXQG�� LQWHQVLYH� WUDLQLQJ� LQ� D�
VLQJOH�VSRUW�DW�WKH�H[FOXVLRQ�RI�RWKHU�
VSRUWV�� 8VLQJ� WKLV� GHILQLWLRQ�� VSRUWV�
VSHFLDOL]DWLRQ� ZDV� FDWHJRUL]HG� DV�
ORZ��PRGHUDWH�RU�KLJK�� ,QMXULHV�ZHUH�
FODVVLILHG� E\� FOLQLFDO� GLDJQRVHV�
REWDLQHG� IURP� PHGLFDO� UHFRUGV��
FKDUDFWHUL]HG�DV�DFXWH�RU�RYHUXVH� 
2I� WKH� LQMXULHV� QRWHG�� ������ZHUH�

RYHUXVH��ZLWK�SDWHOORIHPRUDO�SDLQ�WKH�
PRVW� FRPPRQ�� ,QGHSHQGHQW� � DQG�
GRVH�GHSHQGHQW�ULVNV�IRU� LQMXU\��DQG�
IRU� VHULRXV� RYHUXVH� LQMXU\� ZHUH�
IRXQG�IRU�VSRUWV�VSHFLDOL]HG�WUDLQLQJ��
DIWHU� DFFRXQWLQJ� IRU� DJH� DQG� WLPH�
VSHQW� LQ� VSRUWV� DFWLYLW\�S������ IRU�
DOO��� 7KHUH�ZDV� QR� GLIIHUHQFH� LQ� WKH�
JURZWK�UDWH�EHWZHHQ�WKH�WZR�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� VSRUWV� VSHFLDOL]DWLRQ� LQ� \RXQJ�
DWKOHWHV� LQFUHDVHV� WKH� ULVN� RI� DFXWH�
DQG�RYHUXVH�LQMXU\� 

 
-D\DQWKL�� 1��� HW� DO�� 6SRUWV-
6SHFLDOL]HG� ,QWHQVLYH� 7UDLQLQJ� DQG�
WKH�5LVN�RI�,QMXU\�LQ�<RXQJ�$WKOHWHV��
$�&OLQLFDO�&DVH�&RQWURO�6WXG\��$P� -�
6SRUWV�0HG� ����� 
)HEUXDU\�GRL����������������
���������� 
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2VWHRDUWKULWLV� �2$�� LV� D� FRPPRQ�

IRUP�RI�DUWKULWLV��DIIHFWLQJ�XS�WR�����
RI� WKH� 1RUWK� $PHULFDQ� HOGHUO\�

SRSXODWLRQ�� ,Q� DGGLWLRQ�� WKH�
SUHYDOHQFH� RI� UDGLRJUDSKLFDOO\�
HVWDEOLVKHG�2$� LQ� WKH�8QLWHG�6WDWHV�
LV� HVWLPDWHG� WR� EH� ���� DPRQJ�
LQGLYLGXDOV� RYHU� ��� \HDUV� RI� DJH��
7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� XOWUDVRXQG� �86��
FDQ� EH� HIIHFWLYH� LQ� GHPRQVWUDWLQJ� D�
UHVSRQVH� WR� LQWUD-DUWLFXODU�
FRUWLFRVWHURLG�LQMHFWLRQV�WR�WKH�NQHH� 
6XEMHFWV� LQFOXGHG� ���� FRQVHFXWLYH�

VXEMHFWV� ZKR� PHW� WKH� $PHULFDQ�
&ROOHJH� RI� 5KHXPDWRORJ\¶V�
UDGLRORJLF� FULWHULD� IRU� 2$�� $OO�
VXEMHFWV� FRPSOHWHG� D� V\PSWRP�
DVVHVVPHQW� DQG�86�H[DPLQDWLRQ� DW�
EDVHOLQH�� DQG� UHWXUQHG� IRU� IROORZ-XS�
DW� ��� ZHHNV�� 2I� WKRVH�� ���
SDUWLFLSDQWV� ZHUH� GHWHUPLQHG� WR� EH�
LQ�QHHG�RI� D�FRUWLFRVWHURLG� LQMHFWLRQ��
DQG� UHFHLYHG� ��� PJ� RI�
PHWK\OSUHGQLVRORQH�PL[HG�ZLWK���P/�
RI� OLGRFDLQH� RQH� SHUFHQW�� 7KH�
UHPDLQLQJ� VXEMHFWV� XQGHUZHQW� QR�
WKHUDSHXWLF� LQWHUYHQWLRQ�� $OO�
SDUWLFLSDQWV�ZHUH�DVNHG�WR�UDWH�WKHLU�
NQHH� SDLQ� RQ� D� YLVXDO� DQDORJXH�
VFDOH��DQG� WR�FRPSOHWH� WKH�:HVWHUQ�
2QWDULR� 0F0DVWHU� 8QLYHUVLWLHV�
2VWHRDUWKULWLV� ,QGH[� �:20$&��� 7KH�
NQHH� MRLQWV� ZHUH� DVVHVVHG� ZLWK� 86�
DW�EDVHOLQH�DQG�DW�IRXU�ZHHNV� 
$W�IROORZ-XS�86��V\QRYLDO�WKLFNQHVV�

ZDV�QRWHG� WR�KDYH�GHFUHDVHG� LQ����
RI� WKH� ��� SDWLHQWV� LQ� WKH� WUHDWPHQW�
JURXS��DQG�LQ� WZR�RI� WKH����SDWLHQWV�
LQ� WKH� FRQWURO� JURXS� �S �������� $�
UHGXFWLRQ� LQ� V\QRYLDO� WKLFNQHVV� ZDV�
DVVRFLDWHG� ZLWK� D� UHGXFWLRQ� LQ� SDLQ�
JUHDWHU� WKDQ� RU� HTXDO� WR� WKH�
SUHGHWHUPLQHG� PLQLPDOO\� FOLQLFDOO\�
LPSRUWDQW� LPSURYHPHQW� OHYHO� �!� ���
PP�RQ� WKH�9$6���:LWK� ERWK�JURXSV�
FRPELQHG�� QR� VXEVWDQWLDO�
DVVRFLDWLRQ� ZDV� VHHQ� EHWZHHQ�
FKDQJHV� LQ� V\QRYLDO� WKLFNQHVV� DQG�
FKDQJHV�LQ�SDLQ� 
&RQFOXVLRQ�� 7KLV� SLORW� VWXG\�

VXJJHVWV� WKDW� 86�PD\� EH� XVHIXO� LQ�
GHWHFWLQJ� HDUO\� FKDQJHV� LQ� V\QRYLDO�
SDWKRORJ\� LQ� UHVSRQVH� WR� LQWUD-�
DUWLFXODU�DQWL-LQIODPPDWRU\�WKHUDS\� 
 
.HHQ�� +��� HW� DO�� 8OWUDVRXQG�
$VVHVVPHQW� RI� 5HVSRQVH� WR� ,QWUD-�
$UWLFXODU�7KHUDS\�LQ�2VWHRDUWKULWLV�RI�
WKH� .QHH�� 5KHXP�� ����� '2,��
��������UKHXPDWRORJ\�NHX������ 
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/XNRDUDLRVLV� LQYROYHV�
K\SHULQWHQVLWLHV� LQ� WKH� FHUHEUDO�



 

 

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 
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VXEFRUWLFDO� ZKLWH� PDWWHU�� ZLWK�
DVVRFLDWHG� JDLW� DQG� EDODQFH�
G\VIXQFWLRQ�� 7KHUH� DUH� QR� SURYHQ�
WUHDWPHQWV� IRU� JDLW� GLVRUGHU� DQG�
EDODQFH� G\VIXQFWLRQ� LQ� WKHVH�
SDWLHQWV�� 7KLV� VWXG\� HYDOXDWHG� WKH�
XVH� RI� WUDQVFUDQLDO� GLUHFW� FXUUHQW�
VWLPXODWLRQ� �W'&6�� WR� DXJPHQW� WKH�
HIIHFWV�RI�SK\VLFDO� WKHUDS\�WUDLQLQJ� LQ�
WKH� WUHDWPHQW� RI� SDWLHQWV� ZLWK�
OXNRDUDLRVLV� 
7KLV� GRXEOH-EOLQG� VWXG\� LQFOXGHG�

QLQH� SDWLHQWV� ZLWK� OXNRDUDLRVLV�� DOO�
ZLWK� JDLW� DQG� EDODQFH� GLVWXUEDQFHV��
DQG����KHDOWK\�FRQWUROV��7KH�VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
W'&6� RU� VKDP� VWLPXODWLRQ� GXULQJ�
SK\VLFDO� WKHUDS\� WUDLQLQJ�� 7KLV�
SURFHVV� ZDV� UHSHDWHG� RQH� ZHHN�
ODWHU�� ZLWK� WKH� VWLPXODWLRQ� VLWXDWLRQ�
UHYHUVHG�� LQ� D� GRXEOH-EOLQG� GHVLJQ��
7KH� VWLPXODWLRQ� LQFOXGHG� D� �� P$�
FXUUHQW� GHOLYHUHG� GXULQJ� H[HUFLVH�IRU�
��� PLQXWHV�� 7KH� SDWLHQWV� ZHUH�
DVVHVVHG� IRU� JDLW� YHORFLW\�� VWULGH�
OHQJWK�� VWULGH� OHQJWK� YDULDELOLW\�� VL[�
PHWHU� ZDON� WHVW� UHVXOWV� DQG�
TXDQWLWDWLYH�UHWURSXOVLRQ�WHVW�UHVXOWV� 
3DWLHQWV� LQ� WKH� FRQWURO� JURXS�

SHUIRUPHG� VLJQLILFDQWO\� ZRUVH� RQ� DOO�
WHVWV� WKDQ� GLG� WKH� WUHDWPHQW� JURXS��

6LJQLILFDQW�LPSURYHPHQWV�ZHUH�QRWHG�
LQ�WKH�WUHDWPHQW�JURXS�LQ�JDLW�YHORFLW\�
�S �������� VWULGH� OHQJWK� �S �������
VWULGH� OHQJWK� YDULDELOLW\� �S �������
WLPHG�XS�DQG�JR�GXUDWLRQ� �S ��������
WKH�VL[�PHWHU�ZDON� WHVW� �S ������DQG�
WKH�UHWURSXOVLRQ�WHVW��S ��������3RVW-�
KRF� DQDO\VLV� UHYHDOHG� QR� HIIHFW� RI�
SK\VLFDO�WKHUDS\�DORQH� 

&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��
FRQWUROOHG� VWXG\� RI� SDWLHQWV� ZLWK�
OXNRDUDLRVLV� IRXQG� WKDW� WKH�
FRPELQDWLRQ� RI� WUDQVFUDQLDO� GLUHFW�
FXUUHQW� VWLPXODWLRQ� DQG� ORFRPRWRU�
WUDLQLQJ� FDQ� LPSURYH� FOLQLFDOO\�
UHOHYDQW�ORFRPRWRU�SHUIRUPDQFH� 
 
.DVNL�� '��� HW� DO�� ,PSURYLQJ� *DLW� DQG�
%DODQFH�LQ�3DWLHQWV�ZLWK�/XNRDUDLRVLV�
8VLQJ� 7UDQVFUDQLDO� 'LUHFW� &XUUHQW�
6WLPXODWLRQ� DQG� 3K\VLFDO� 7KHUDS\�
7UDLQLQJ�� ([SORUDWRU\� 6WXG\��
1HXURUHKDE� 1HXUDO� 5HSDLU�� ������
1RYHPEHU�'HFHPEHU���������-���� 


