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$IWHU� $FKLOOHV� WHQGRQ� UXSWXUH�� WKH�

RSWLPDO� PDQDJHPHQW� UHPDLQV�
XQFOHDU�� 6WXGLHV� FRPSDULQJ�
RSHUDWLYH� DQG� QRQRSHUDWLYH�
WUHDWPHQW� KDYH� IDLOHG� WR� VKRZ� D�
FOLQLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ�
RXWFRPH�� 7KLV� � VWXG\� ZDV� GHVLJQHG�
WR�EHWWHU�XQGHUVWDQG�WKHVH�WUHDWPHQW�
RSWLRQV� 

7KLV� FRKRUW� VWXG\� LQFOXGHG� ����
SDWLHQWV� SUHVHQWLQJ� IRU� WUHDWPHQW� RI�
DQ� $FKLOOHV� WHQGRQ� UXSWXUH�� 7KH�
WUHDWPHQW�GHFLVLRQV ZHUH�
LQGLYLGXDOL]HG� EDVHG� XSRQ� SDWLHQW�
IDFWRUV� LQFOXGLQJ� DJH�� DFWLYLW\� OHYHO��
FRPRUELGLWLHV� DQG� VXUJHRQ¶V�
SUHIHUHQFH�� 2I� WKRVH� SUHVHQWLQJ�� ���
ZHUH� WUHDWHG� VXUJLFDOO\�� DQG� ����
QRQVXUJLFDOO\��%RWK�JURXSV�ZHUH�NHSW�
QRQZHLJKWEHDULQJ� LQ� D� FDVW� IRU� IRXU�
ZHHNV�� DQG� WKHQ� SODFHG� LQ� D�
FRQWUROOHG� DQNOH� PRYHPHQW� ZDONHU�
ERRW� DW� ���� HTXLQXV�� 3K\VLFDO�
WKHUDS\� ZDV� LQLWLDWHG�� ZLWK� WKH�
HTXLQXV� SURJUHVVLYHO\� GHFUHDVHG� WR�
QHXWUDO� E\� ZHHNV� VL[� WR� HLJKW��
:HLJKWEHDULQJ� SURJUHVVHG� IURP�
SDUWLDO�WR�IXOO�DV�SDWLHQW�WROHUDQFH�DQG�
UDQJH�RI�PRWLRQ�DOORZHG��7KH�RUWKRWLF�
ZDV� UHPRYHG� � DW� ZHHN� HLJKW�� ZLWK�
WKHUDS\� FRQWLQXLQJ� XQWLO� ZHHN� ����
7KH� SULPDU\� RXWFRPH� YDULDEOH� ZDV�
SDWLHQW� UHSRUWHG� IXQFWLRQDO� RXWFRPH��
DVVHVVHG� ZLWK� WKH� $FKLOOHV� 7HQGRQ�
7RWDO�5XSWXUH�6FRUH��$756�� 
1R VLJQLILFDQW GLIIHUHQFH�

ZDV�IRXQG�EHWZHHQ�WKH�JURXSV�LQ�WKH�
UDWH�RI� UHUXSWXUH��7KHUH�ZDV�DOVR�QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�
JURXSV� LQ� $756� IXQFWLRQDO� VFRUHV�
�S ������� $� ORJLVWLF� UHJUHVVLRQ�
DQDO\VLV� GLG� QRW� UHYHDO� VLJQLILFDQW�
HIIHFWV� RI� DJH� DW� UXSWXUH�� JHQGHU� RU�
PRGH�RI�WUHDWPHQW�RQ�$756�VFRUHV� 
&RQFOXVLRQ�� 7KLV� QRQ-�

UDQGRPL]HG� VWXG\� RI� SDWLHQWV� ZLWK�
$FKLOOHV� WHQGRQ� UXSWXUH� IDLOHG� WR�
GHPRQVWUDWH� D� EHWWHU� RXWFRPH� IRU�
WKRVH�WUHDWHG�VXUJLFDOO\�FRPSDUHG�WR�
WKRVH�WUHDWHG�QRQVXUJLFDOO\� 

 
/LP��&���HW�DO��)XQFWLRQDO�2XWFRPH�RI�
$FXWH� $FKLOOHV� 7HQGRQ�5XSWXUH�ZLWK�

DQG� ZLWKRXW� 2SHUDWLYH� 7UHDWPHQW�
8VLQJ� ,GHQWLFDO� )XQFWLRQDO� %UDFLQJ�
3URWRFRO��)RRW�$QNOH� � ,QW���������'HF��
������������-����� 
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&RJQLWLYH FRQWURO�H[HFXWLYH�

G\VIXQFWLRQ� LV�SDUWLFXODUO\�DVVRFLDWHG�
ZLWK� UHGXFHG� IXQFWLRQDO� FDSDFLW\�
DPRQJ� SDWLHQWV� ZLWK� D� FKURQLF�
VWURNH�� 7KLV� VWXG\� H[DPLQHG� WKH�
LPPHGLDWH�HIIHFW� RI� D�VLQJOH�VHVVLRQ�
RI� DHURELF� H[HUFLVH� RQ� FRJQLWLYH�
FRQWURO�DQG�DWWHQWLRQ�DPRQJ�SDWLHQWV�
ZLWK�FKURQLF�VWURNH� 
6XEMHFWV�ZHUH�DGXOWV�ZLWK�D�KLVWRU\�

RI� LVFKHPLF�RU�KHPRUUKDJLF�VWURNH�DW�
OHDVW�VL[�PRQWKV�SULRU��DQG�IXOO�XVH�RI�
DW� OHDVW�RQH�DUP�DQG�RQH�KDQG��7KH�
SDUWLFLSDQWV� FRPSOHWHG� EDVHOLQH�
DVVHVVPHQW� LQ� WZR� H[SHULPHQWDO�
VHVVLRQV�� 'XULQJ� DQ� H[HUFLVH�
VHVVLRQ�� WZR� PLQXWHV� RI� VHOI-� SDFHG�
ZDUP-XS�ZDV�IROORZHG�E\����PLQXWHV�
RI�H[HUFLVH��FRUUHVSRQGLQJ�WR�����WR�
���� RI� WKH� LQGLYLGXDO¶V� KHDUW� UDWH�
UHVHUYH�� $Q� ((*� ZDV� UHFRUGHG�
WKURXJKRXW� WKH� SURFHGXUH�� 7KH�
VXEMHFWV� ZHUH� DVVHVVHG� EHIRUH� DQG�
DIWHU� H[HUFLVH� ZLWK� D� PRGLILHG�
(ULNVHQ�)ODQNHU�WDVN� 
7KH� GDWD� UHYHDOHG� LPSURYHPHQWV�

LQ� ((*� PHDVXUHV� DIWHU� H[HUFLVH��
3����DPSOLWXGH�DW�)]�ZDV�JUHDWHU����
PLQXWHV�DIWHU�H[HUFLVH� DV� FRPSDUHG�
ZLWK� � � DIWHU� � � UHVW� �S �������� 3����
ODWHQF\� ZDV� DOVR� VKRUWHU� DW� ���
PLQXWHV�DIWHU�H[HUFLVH� DV� FRPSDUHG�
ZLWK� DIWHU� UHVW� IRU� ERWK� FRQJUXHQW�
�S ������ DQG� LQFRQJUXHQW� �S �������
FRQGLWLRQV�DW�WKH�FHQWUDO�HOHFWURGH�RQ�
WKH��� OHVLRQDO��� VLGH� 
$QDO\VHV� RI�SHUIRUPDQFH�YDULDEOHV�

UHYHDOHG� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� H[HUFLVH� DQG� FRQWURO�
JURXSV�� 
&RQFOXVLRQ�� 7KLV�VWXG\� VXJJHVWV�

WKDW� FRJQLWLYH� FRQWURO� PD\� EH�
DXJPHQWHG� ��� WR� ��� PLQXWHV� DIWHU�
DHURELF� H[HUFLVH� DPRQJ� SHRSOH�ZLWK�
FKURQLF�VWURNH� 

 
6ZDWULGJH�� .��� HW� DO�� 7KH� $FXWH�
(IIHFWV� RI� $HURELF� ([HUFLVH� RQ�
&RJQLWLYH�&RQWURO�DPRQJ�3HRSOH�ZLWK�
&KURQLF����� 6WURNH� -� 6WURNH�

&HUHEURYDVF� 'LV�� ������ 'HF�� ���
����������-����� 
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,Q� WUDGLWLRQDO� ,QGLDQ� PHGLFLQH��
FLQQDPRQ� LV� DGYRFDWHG� IRU� PDQ\�
DLOPHQWV�� &LQQDPRQ� FRPHV� LQ� WZR�
PDLQ� YDULHWLHV��&LQQDPRPXP�FDVVLD�
�&LQQDPRPXP� DURPDWLFXP�� DQG�
&LQQDPRPXP� ]H\ODQLFXP� �&=��� $V�
FRXPDULQ� OHYHOV� LQ�FDVVLD�DUH�KLJKHU�
WKDQ�LQ�&=��WKH�UHJXODU�XVH�RI�FDVVLD�
FLQQDPRQ� KDV� QRW� EHHQ� DGYRFDWHG��
7KLV� VWXG\� HYDOXDWHG� WKH�
SKDUPDFRG\QDPLF� SURSHUWLHV� DQG�
VDIHW\�RI�&=�LQ�KHDOWK\�DGXOWV� 
6XEMHFWV� ZHUH� KHDOWK\� DGXOWV�

EHWZHHQ� WKH� DJHV� RI� ��� DQG� ����
(DFK� VXEMHFW� ZDV� JLYHQ� D� GDLO\�
FDSVXOH� FRQWDLQLQJ� UHILQHG�&=� DW� ���
PJ� WKH� ILUVW� PRQWK�� ���� PJ� WKH�
VHFRQG�PRQWK�DQG�����PJ� WKH� WKLUG�
PRQWK�� 7KH� SDUWLFLSDQWV� ZHUH�
DVVHVVHG�DW�EDVHOLQH��DQG�DW�HDFK�RI�
WKUHH� PRQWKO\� IROORZ-XSV��
$VVHVVPHQWV� LQFOXGHG�
DQWKURSRPHWULFV�DQG�ODE�WHVWV� 
&RPSDUHG� ZLWK� EDVHOLQH�� QR�

VLJQLILFDQW� FKDQJHV� ZHUH� QRWHG� LQ�
ZHLJKW�� ERG\� PDVV� LQGH[�� ZDLVW�
FLUFXPIHUHQFH�RU�ZDLVW�WR�KLS�UDWLR��$�
VLJQLILFDQW�LQFUHDVH�LQ�SXOVH�UDWH�ZDV�
QRWHG� EHWZHHQ� YLVLWV� WZR� DQG� WKUHH�
�S�������� %RWK� V\VWROLF� DQG� GLDVWROLF�
EORRG� SUHVVXUH� UHDGLQJV� ZHUH�
VLJQLILFDQWO\� UHGXFHG� GXULQJ� WKH� ILUVW�
PRQWK��ZLWK� WKLV� UHGXFWLRQ� VXVWDLQHG�
DW� WKUHH� PRQWKV�� ,Q� DGGLWLRQ��
VLJQLILFDQW� UHGXFWLRQV� ZHUH� QRWHG� LQ�
WRWDO� FKROHVWHURO� �S������� DQG� /'/�
FKROHVWHURO� �S�������� DW� WKH� HQG� RI�
WKUHH� PRQWKV�� 1R� VHULRXV� VLGH�
HIIHFWV�ZHUH�QRWHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

KHDOWK\� DGXOWV� IRXQG� WKDW� GDLO\�
LQJHVWLRQ� RI� FLQQDPRQ� PD\� UHGXFH�
EORRG�SUHVVXUH�� WRWDO�FKROHVWHURO�DQG�
/'/� FKROHVWHURO�� ZLWK� QR� VLJQLILFDQW�
VLGH�HIIHFWV�QRWHG� 

 
5DQDVLQJKH�� 3��� HW� DO�� (YDOXDWLRQ� RI�
3KDUPDFRG\QDPLF� 3URSHUWLHV� DQG�
6DIHW\� RI� &LQQDPRPXP� =H\ODQLFXP�
�&H\ORQ� &LQQDPRQ�� LQ� +HDOWK\�
$GXOWV��$�3KDVH�,�&OLQLFDO�7ULDO��%0&�

9ROXPH����1XPEHU�� 0DUFK�������� 
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&RPSOHPHQW� $OWHUQ� 0HG�� ������
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7KH� JOREDO� SUHYDOHQFH� RI� PLJUDLQH�

KDV� EHHQ� HVWLPDWHG� DW� ��� WR� �����
&KURQLF� PLJUDLQH�� DIIHFWLQJ� WZR�
SHUFHQW� RI� WKH� SRSXODWLRQ�� LV� GHILQHG�
DV� WKH� RFFXUUHQFH� RI� PLJUDLQH�
KHDGDFKHV� DW� OHDVW� ��� GD\V� SHU�
PRQWK�� )UHPDQH]XPDE� LV� D�
KXPDQL]HG�� PRQRFORQDO� DQWLERG\�
ZKLFK� VHOHFWLYHO\� ELQGV� WR� FDOFLWRQLQ�
JHQH� UHODWHG� SHSWLGH�� LQYROYHG� LQ�
FHQWUDO DQG SHULSKHUDO�
SDWKRSK\VLRORJLF� HYHQWV� RI� PLJUDLQH��
7KLV� VWXG\� DVVHVVHG� WKH� HIILFDF\� RI�
WKLV� PHGLFDWLRQ� IRU� WKH� WUHDWPHQW� RI�
FKURQLF�PLJUDLQH� 
6XEMHFWV� ZHUH� DGXOWV� ZLWK� FKURQLF�

PLJUDLQH�� ZKR� UHFHLYHG� DEGRPLQDO�
VXEFXWDQHRXV� LQMHFWLRQV� DW� EDVHOLQH��
DQG� DW� ZHHNV� IRXU� DQG� HLJKW�� 7KRVH�
UDQGRPL]HG� WR� D� IUHPDQH]XPDE-�
TXDUWHUO\� JURXS� UHFHLYHG� ���� PJ� RI�
IUHPDQH]XPDE�DW�EDVHOLQH��7KRVH�LQ�D�
IUHPDQH]XPDE-PRQWKO\� JURXS�
UHFHLYHG�����PJ�RI� IUHPDQH]XPDE�DW�
EDVHOLQH�� DQG� ���� PJ� DW� ZHHNV� IRXU�
DQG� HLJKW��ZKLOH� WKRVH� LQ� WKH�SODFHER�
JURXS� UHFHLYHG� SODFHER� LQMHFWLRQV� DW�
DOO�WLPH�SHULRGV��7KH��SULPDU\�HQGSRLQW�
ZDV� WKH�PHDQ�FKDQJH� LQ� WKH�DYHUDJH�
QXPEHU�RI�KHDGDFKH�GD\V�SHU�PRQWK� 
7KH� PHDQ� QXPEHU� RI� KHDGDFKH�

GD\V� SHU� PRQWK� ZDV� UHGXFHG� E\� ����
GD\V� LQ� WKH� TXDUWHUO\� JURXS�� E\� ����
GD\V� LQ�WKH�PRQWKO\�JURXS�DQG�E\�����
GD\V� LQ� WKH� SODFHER� JURXS� �S�������
IRU� ERWK�� FRPSDUHG� WR� SODFHER���
6LJQLILFDQWO\� PRUH� SDWLHQWV� WUHDWHG� LQ�
WKH� IUHPDQH]XPDE�JURXSV� UHSRUWHG�D�
UHGXFWLRQ� RI� DW� OHDVW� ���� LQ� WKH�
DYHUDJH� QXPEHU� RI� KHDGDFKH� GD\V�

 

SHU�PRQWK�DV�FRPSDUHG�ZLWK�SODFHER��
7KHUH�ZDV�QR�HOHYDWLRQ�LQ�DGYHUVH�RU�
VHULRXV� DGYHUVH� HYHQWV� LQ� WKH�
WUHDWPHQW� JURXSV� DV� FRPSDUHG� ZLWK�
WKH�FRQWURO�JURXS� 
&RQFOXVLRQ�7KLV VWXG\ RI�

SDWLHQWV� ZLWK� FKURQLF� PLJUDLQH� IRXQG�
WKDW� WKH� PRQRFORQDO� DQWLERG\��
IUHPDQH]XPDE�� ZKHQ� DGPLQLVWHUHG�
VXEFXWDQHRXVO\��PRQWKO\�RU�TXDUWHUO\��
LV� HIIHFWLYH� IRU� WKH� SUHYHQWLYH�
WUHDWPHQW�RI�PLJUDLQH� 

 
6LOEHUVWHLQ�� 6��� HW� DO�� )UHPDQH]XPDE�
IRU� WKH� 3UHYHQWLYH� 7UHDWPHQW� RI�
&KURQLF� 0LJUDLQH�� 1� (QJ� -� 0HG��
������1RY������������������-����� 

 

08/7,3/(�9(5686�6,1*/(�
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)RU�SDWLHQWV�ZLWK�RVWHRDUWKULWLV��2$��

RI� WKH� NQHH�� FRPPRQ�� QRQRSHUDWLYH�
WKHUDSLHV� LQFOXGH� QRQVWHURLGDO� DQWL-
LQIODPPDWRU\�GUXJV��SK\VLFDO� WKHUDS\��
DQDOJHVLFV� DQG� LQWUD-DUWLFXODU�
LQMHFWLRQV� 
5HFRPPHQGDWLRQV� RI� WKH� PDMRU�

PHGLFDO� VRFLHWLHV�� LQFOXGLQJ� WKH�
$PHULFDQ� $FDGHP\� RI� 2UWKRSHGLF�
6XUJHRQV�� WKH� $PHULFDQ� &ROOHJH� RI�
5KHXPDWRORJ\� DQG� WKH� $PHULFDQ�
0HGLFDO� 6RFLHW\� IRU� 6SRUWV�0HGLFLQH��
GLIIHU�LQ�WKHLU�UHFRPPHQGDWLRQV�IRU�WKH�
XVH� RI� LQWUD-DUWLFXODU� K\DOXURQLF� DFLG��
7KLV� PHWD-DQDO\VLV� ZDV� GHVLJQHG� WR�
EHWWHU�XQGHUVWDQG� WKH�HIIHFW�RI� VLQJOH�
YHUVXV� PXOWLSOH� LQMHFWLRQV� RI�
K\DOXURQLF� DFLG� IRU� WKH� WUHDWPHQW� RI�
2$�RI�WKH�NQHH� 
$� FRPSUHKHQVLYH� OLWHUDWXUH� VHDUFK�

ZDV� FRQGXFWHG� IRU� DUWLFOHV�DVVHVVLQJ�
WKH� HIILFDF\� RI� K\DOXURQLF� DFLG�
LQMHFWLRQV� IRU� SDWLHQWV�ZLWK�2$�RI� WKH�
NQHH�� ZLWK� RXWFRPHV� LQFOXGLQJ� SDLQ��
IXQFWLRQ� DQG� DGYHUVH� HYHQWV��
5HOHYDQW� DUWLFOHV� ZHUH� UHYLHZHG� DQG�
LQFOXGHG�LQ�WKH�PHWD-DQDO\VLV� 
6WXGLHV� LQFOXGHG� ZHUH� ���� GRXEOH-�

EOLQG�� UDQGRPL]HG�� FRQWUROOHG� WULDOV�
DQG� IRXU�� VLQJOH-EOLQG�� UDQGRPL]HG��
FRQWUROOHG� WULDOV� LQYROYLQJ� D� WRWDO� RI�
������SDWLHQWV��/RZ�PROHFXODU�ZHLJKW�
K\DOXURQLF� DFLG� ZDV� WKH� PRVW�
IUHTXHQWO\� XVHG� WUHDWPHQW� �������
IROORZHG� E\� KLJK� PROHFXODU� ZHLJKW�
K\DOXURQLF� DFLG� ������ DQG� PRGHUDWH�
ZHLJKW� K\DOXURQLF� DFLG� �������
&RPSDUHG� ZLWK� LQWUD-DUWLFXODU� VDOLQH��
WZR�WR�IRXU�LQMHFWLRQV�RI�+$�SURGXFHG�
WKH� ODUJHVW� UHGXFWLRQ� LQ�SDLQ�DW� WKUHH�
�S���������� DQG� VL[� �S �������
PRQWKV�� 7UHDWPHQWV� LQYROYLQJ� ILYH� RU�
PRUH� LQMHFWLRQV� ZHUH� FRUUHODWHG� ZLWK�
VLJQLILFDQW� LPSURYHPHQW� LQ�SDLQ�DW�VL[�
PRQWKV� 
&RQFOXVLRQ�� � � 7KLV�PHWD-DQDO\VLV�

RI� UDQGRPL]HG�� FRQWUROOHG� WULDOV�
LQYROYLQJ� K\DOXURQLF� DFLG� IRU� WKH�
WUHDWPHQW�RI�RVWHRDUWKULWLV�RI�WKH�NQHH�
IRXQG��WKDW��D��VHULHV��RI��WZR��WR��IRXU�
LQMHFWLRQV�UHVXOWHG�LQ�EHWWHU�RXWFRPHV�
WKDQ�GLG�VLQJOH�LQMHFWLRQV��RU�SODFHER� 

 
&RQFRII��$���HW�DO��(IILFDF\�RI�0XOWLSOH�
YHUVXV� 6LQJOH� +\DOXURQLF� $FLG�
,QMHFWLRQV�� $� 6\VWHPDWLF� 5HYLHZ� DQG�
0HWD-DQDO\VLV��%0&�0XVFXORVNHO�'LV��
�������������� 

*$/&$1(=80$%�)25�(3,62',&�
0,*5$,1(�35(9(17,21 

 
&XUUHQWO\�� ILYH� PHGLFDWLRQV� DUH�

DSSURYHG� E\� WKH� 8QLWHG� 6WDWHV� )RRG�
DQG� 'UXJ� $GPLQLVWUDWLRQ� IRU� WKH�
SUHYHQWLRQ� RI� PLJUDLQHV�� DOO� RI� ZKLFK�
KDYH� OHVV� WKDQ� LGHDO� WUHDWPHQW� DQG�
VLGH� HIIHFW� SURILOHV�� $V� � FDOFLWRQLQ�
JHQH� UHODWHG� SHSWLGH� �&*53�� KDV�
EHHQ� IRXQG� WR� EH� D� SURPLVLQJ� WDUJHW�
IRU� WKH� WUHDWPHQW� RI� PLJUDLQH�� WKLV�
VWXG\� DVVHVVHG� WKH� HIILFDF\� RI� D�
KXPDQL]HG� PRQRFORQDO� DQWLERG\�
�JDOFDQH]XPDE��� ZKLFK� VHOHFWLYHO\�
ELQGV�WR�&*53� 
7KLV� SURVSHFWLYH�� PXOWLFHQWHU� VWXG\�

LQFOXGHG� DGXOW� SDWLHQWV� ZLWK� D� KLVWRU\�
RI�PLJUDLQH��ZLWK�RU�ZLWKRXW�DXUD��7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� D� SODFHER� RU� VXEFXWDQHRXV�
JDOFDQH]XPDE�� DW� GRVHV� RI� ILYH� PJ��
��� PJ�� ���� PJ�� RU� ���� PJ��
DGPLQLVWHUHG� PRQWKO\� IRU� WKUHH�
PRQWKV�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH�ZDV� WKH� QXPEHU� RI�PLJUDLQH�
GD\V�SHU�PRQWK��0+'�� 
&RPSDUHG�ZLWK� WKH��SODFHER�JURXS��

DOO� JURXSV� UHFHLYLQJ� JDOFDQH]XPDE�
KDG�D�VLJQLILFDQW�UHGXFWLRQ�LQ�0+'V�DW�
PRQWK�RQH���7KH�RYHUDOO�FKDQJH�IURP�
EDVHOLQH�WR�PRQWK�WKUHH�LQ�WKH�QXPEHU�
RI�0+'V�ZDV� VLJQLILFDQW� IRU� ERWK� WKH�
����PJ�DQG�����PJ�GRVH�JURXSV��DV�
FRPSDUHG� ZLWK� SODFHER�� 7KH�
IUHTXHQFLHV� RI� DGYHUVH� HYHQWV� ZHUH�
������ LQ� WKH� SODFHER� JURXS� DQG�
������LQ�WKH�WUHDWPHQW�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PLJUDLQH� KHDGDFKHV�
IRXQG� WKDW�� FRPSDUHG� ZLWK� SODFHER��
PRQWKO\� VXEFXWDQHRXV� LQMHFWLRQV� RI�
JDOFDQH]XPDE� DUH� HIILFDFLRXV� DQG�
ZHOO-WROHUDWHG� IRU� WKH� SUHYHQWLRQ� RI�
HSLVRGLF�PLJUDLQHV� 
 
6NOMDUHYVNL�� 9��� HW� DO�� (IIHFW� RI�
'LIIHUHQW� 'RVHV� RI� *DOFDQH]XPDE�
YHUVXV�3ODFHER� IRU�(SLVRGLF�0LJUDLQH�
3UHYHQWLRQ�� $� 5DQGRPL]HG�� &OLQLFDO�
7ULDO�� -$0$� 1HXURO�� GRL����������
MDPDQHXURO����������� 

 

&21&866,21�$1'�)81&7,21$/�
%5$,1�352&(66(6 

 
:KLOH� URXWLQH� 05,� FDQQRW�

DGHTXDWHO\� LGHQWLI\� PLFUR-VWUXFWXUDO�
LQMXU\�DIWHU�FRQFXVVLRQ��LPSURYHPHQWV�
KDYH� EHHQ� PDGH� ZLWK� WKH� XVH� RI�
IXQFWLRQDO�05,��I05,��RU�HYHQW-UHODWHG�
SRWHQWLDOV �(53� DQG�
PDJQHWRHQFHSKDORJUDSK\� �0(*���
7KLV� VWXG\� XVHG� 0(*� WR� DVVHVV�
SDWLHQWV� GXULQJ� YLVXDO� ZRUNLQJ�
PHPRU\�WDVNV� 



 

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

(LJKWHHQ�SDWLHQWV�ZLWK�D� UHFHQW�� ILUVW�
HYHU�FRQFXVVLRQ�ZHUH�FRPSDUHG�WR����
FRQWUROV�� %RWK� JURXSV� ZHUH� WHVWHG�
XVLQJ� WKH� 6SRUW� &RQFXVVLRQ�
$VVHVVPHQW� 7RRO-7ZR� �6&$7���� DV�
ZHOO� DV� DQ� DVVHVVPHQW� EDWWHU\�
LQFOXGLQJ� WKH� :HFKVOHU� $EEUHYLDWHG�
6FDOH�RI�,QWHOOLJHQFH��:$6,��IRU�,4��WKH�
$OFRKRO� 8VH� 'LVRUGHUV� ,GHQWLILFDWLRQ�
7HVW� �$8',7��� WKH�&RQQHUV�� $WWHQWLRQ-
'HILFLW�+\SHU-�DFWLYLW\�'LVRUGHU��$'+'��
7HVW��WKH�*HQHUDOL]HG�$Q[LHW\�'LVRUGHU
-��WHVW��*$'-���DQG�WKH�3DWLHQW�+HDOWK�
4XHVWLRQQDLUH� �3+4-��� WR� DVVHVV�
GHSUHVVLRQ�� )RU� ERWK� JURXSV�� 0(*�
GDWD� ZHUH� FROOHFWHG� GXULQJ� D� YLVXDO�
2QH-%DFN� WDVN� ZLWK� FRPSOH[� VFHQHV�
DV� D� WHVW� RI� YLVXDO� ZRUNLQJ� PHPRU\��
0(*� UHVSRQVHV� ZHUH� FRPSDUHG�
EHWZHHQ�WKH�JURXSV� 
6FRUHV� RQ� WHVWV� RI� $'+'�� � DQ[LHW\�

DQG� GHSUHVVLRQ� ZHUH� ZRUVH� LQ� WKH�
FRQFXVVLRQ� JURXS� WKDQ� LQ� WKH� FRQWUROV�
�S ����������S ����������DQG��S �������
UHVSHFWLYHO\��� 7KH� PHDQ� DFFXUDF\� RQ�
WKH�2QH-%DFN�WHVW�ZDV�VLPLODU�EHWZHHQ�
WKH� WZR� JURXSV�� 'HVSLWH� WKLV�� 0(*�
GHPRQVWUDWHG� DEQRUPDO� K\SR-� DQG�
K\SHUDFWLYDWLRQ�SDWWHUQV� LQ�EUDLQ�DUHDV�
LQYROYLQJ� IURQWRSDULHWDO�� YHQWUDO�
RFFLSLWRWHPSRUDO�� WHPSRUDO�� DQG�
VXEFRUWLFDO� DUHDV� LQ� FRQFXVVHG�
SDWLHQWV� DV� FRPSDUHG� ZLWK� FRQWUROV��
+\SHUDFWLYDWLRQ� LQ� WKH� ULJKW�
KLSSRFDPSXV� DQG� RUELWDO� IURQWDO� DUHDV�
GXULQJ� HQFRGLQJ� DQG�RU� UHFRJQLWLRQ�
ZDV� IRXQG�� VXJJHVWLQJ� LQHIILFLHQW��
FRPSHQVDWRU\�DFWLYLW\� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� UHFHQW� FRQFXVVLRQ� IRXQG� WKDW��
GXULQJ�WHVWV�RI�YLVXDO�ZRUNLQJ�PHPRU\��
DEQRUPDO� DFWLYLW\� ZDV� SUHVHQW� LQ� WKH�
IURQWRSDULHWDO��YHQWUDO�RFFLSLWRWHPSRUDO��
PHGLDO� WHPSRUDO� DQG� RUELWRIURQWDO�
DUHDV� 

 
6KDK-%DVDN�� 3��� HW� DO�� &RQFXVVLRQ�
$OWHUV� WKH� )XQFWLRQDO� %UDLQ� 3URFHVVHV�
RI� 9LVXDO� $WWHQWLRQ� DQG� :RUNLQJ�
0HPRU\�� -� 1HXURWUDXPD�� ������
-DQXDU\������������-���� 

 

3$,1�&$7$67523+,=,1*�$1'�
326723(5$7,9(�3$,1�$)7(5�
727$/�-2,17�$57+523/$67< 

 
%HWZHHQ������DQG������� WKH� UDWH�RI�

WRWDO� NQHH� DUWKURSODVWLHV� �7.$�� KDV�
GRXEOHG�� ZKLOH� WKH� UDWH� RI� WRWDO� KLS�
DUWKURSODVWLHV� �7+$�� KDV� LQFUHDVHG�
IURP� ��� WR� ��� SHU� ������� SRSXODWLRQ��
:KLOH� WKHVH� SURFHGXUHV� KDYH� EHHQ�
HIIHFWLYH� LQ� UHGXFLQJ� SDLQ�� D� VPDOO�
SRUWLRQ RI� SDWLHQWV� FRQWLQXH� � WR�
H[SHULHQFH�FKURQLF��SRVWRSHUDWLYH�SDLQ��
DQG� WR� UHSRUW� SRRU� IXQFWLRQDO�
RXWFRPHV�� 7KLV� VWXG\� H[DPLQHG� WKH�
UHODWLRQVKLS� EHWZHHQ� SDLQ�
FDWDVWURSKL]LQJ DQG� SRVWRSHUDWLYH�
SDLQ� LQWHQVLW\DPRQJ� SDWLHQWV�
XQGHUJRLQJ� MRLQW� UHSODFHPHQW� VXUJHU\��
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG� DOO�

SDWLHQWV� XQGHUJRLQJ� SULPDU\� 7.$� RU�
7+$� LQ�$XJXVW� RI������DQG� 0DUFK� RI�
������ $OO� ZHUH� DGPLQLVWHUHG� WKH� 3DLQ�
&DWDVWURSKL]LQJ� 6FDOH� �3&6�� DW� WKHLU�
ILQDO��SUHVXUJLFDO��YLVLW� 
)URP�WKHVH�VFRUHV��WKH�SDWLHQWV�ZHUH�

GLYLGHG� LQWR� FDWDVWURSKL]LQJ� DQG� QRQ-�
FDWDVWURSKL]LQJ� FRKRUWV�� 7KH� SULPDU\�
RXWFRPH PHDVXUH �ZDVSDWLHQW� UHSRUWHG�
SRVWRSHUDWLYH� SDLQ� DW� WKUHH� PRQWKV�
SRVW-VXUJHU\��DV� PHDVXUHG�RQ�D�YLVXDO�
DQDORJ�VFDOH��9$6�� 
2I� WKH� ���� SDWLHQWV� LQ� WKH� DQDO\VLV��

��� VFRUHG� ���� �QRQ-FDWDVWURSKL]HUV��
DQG� ��� VFRUHG� !��� �FDWDVWURSKL]HUV��
RQ� WKH� 3&6�� $W� WKUHH� PRQWKV�� WKH�
DYHUDJH� 9$6� SDLQ� VFRUH� ZDV�
VLJQLILFDQWO\� KLJKHU� LQ� WKH�
FDWDVWURSKL]HU� JURXS� WKDQ� LQ� WKH� QRQ-�
FDWDVWURSKL]HU� JURXS� �S ��������
DOWKRXJK�WKLV�OHYHO�GLG�QRW�PHHW�WKH�SUH
-HVWDEOLVKHG� FOLQLFDOO\� LPSRUWDQW�
GLIIHUHQFH�RI�WZR�SRLQWV�RQ�WKH�9$6��,Q�
DGGLWLRQ�� WKHUH� ZHUH� QR� VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ� WKH� WZR�JURXSV� LQ�
WKH� PRUSKLQH� HTXLYDOHQW� GRVHV�
FRQVXPHG�GXULQJ�KRVSLWDOL]DWLRQ� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�RI�SDWLHQWV�XQGHUJRLQJ�WRWDO�NQHH�
RU� WRWDO� KLS� DUWKURSODVW\� IRXQG� D�
VWDWLVWLFDOO\�� EXW� QRW� FOLQLFDOO\��
VLJQLILFDQW� GLIIHUHQFH� LQ� SDLQ� VFRUHV�
WKUHH� PRQWKV� DIWHU� VXUJHU\� EHWZHHQ�
SDLQ� FDWDVWURSKL]HUV� DQG� QRQ-�
FDWDVWURSKL]HUV� 
 
:ULJKW��'��� HW� DO��3DLQ�&DWDVWURSKL]LQJ�
DV� D� 3UHGLFWRU� IRU� 3RVWRSHUDWLYH� 3DLQ�
DQG�2SLDWH�&RQVXPSWLRQ�LQ�7RWDO�-RLQW�
$UWKURSODVW\� 3DWLHQWV�� $UFK� 2UWKR�
7UDXPD�6XUJ��������'HF����� 
����������-����� 

 

685*(5<�)25�&/,1,&$//<�
326,7,9(�$1'�

(/(&752',$*1267,&$//<�
1(*$7,9(�&$53$/�7811(/�

6<1'520( 
 
7UHDWPHQW� IRU� FDUSDO� WXQQHO�

V\QGURPH��&76��PD\�LQFOXGH�VSOLQWLQJ��
FRUWLFRVWHURLG� LQMHFWLRQV� DQG�RU�
VXUJHU\�� (OHFWURGLDJQRVWLF� �(';�� WHVWV�
WR� FRQILUP� WKLV� GLDJQRVLV� FDQ� EH�
QHJDWLYH�LQ�XS�WR�����RI�SDWLHQWV��7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� VXUJLFDO� GHFRPSUHVVLRQ� FDQ�
HIIHFWLYHO\� WUHDW� WKRVH� ZLWK� FOLQLFDOO\�
SRVLWLYH��EXW�(';�QHJDWLYH�&76� 
6XEMHFWV�ZHUH�DGXOW�SDWLHQWV�UHIHUUHG�

ZLWK� V\PSWRPV� RI� &76�� ZLWK� QRUPDO�
(';� UHVXOWV�� 7KH� SDWLHQWV� ZHUH�
UDQGRPO\� DVVLJQHG� WR� VXUJLFDO�
GHFRPSUHVVLRQ� RU� QRQVXUJLFDO�
WUHDWPHQW�� ZLWK� WKH� ODWWHU� LQFOXGLQJ�
QRFWXUQDO� ZULVW� VSOLQWLQJ� RU� ORFDO�
FRUWLFRLG� LQMHFWLRQV�� 2XWFRPHV� ZHUH�
PHDVXUHG� ZLWK� D� VL[-SRLQW� VFDOH� IRU�
SHUFHLYHG�LPSURYHPHQW��DV�ZHOO�DV�WKH�
%RVWRQ� &DUSDO� 7XQQHO� 4XHVWLRQQDLUH���
FRPSOHWHG� � DW� EDVHOLQH� DQG� DW� VL[-
PRQWK� IROORZ-XS� 

$W�VL[-PRQWK�IROORZ-XS��PRUH�SDWLHQWV�
LQ�WKH�VXUJHU\�JURXS�������WKDQ�LQ�WKH�
QRQ-VXUJHU\� JURXS� �������� UHSRUWHG�
LPSRUWDQW� LPSURYHPHQW� �S ������� ,Q�
DGGLWLRQ��FRPSOHWH�V\PSWRP�UHOLHI�ZDV�
UHSRUWHG� E\� ������ RI� WKH� VXUJHU\�
JURXS� DQG� ]HUR� SHUFHQW� RI� WKH� QRQ-�
VXUJHU\�JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� SURYLGHV�

HYLGHQFH� WKDW� PRVW� SDWLHQWV� ZLWK�
FOLQLFDOO\� GHILQHG� FDUSDO� WXQQHO�
V\QGURPH� DQG� QRUPDO�
HOHFWURGLDJQRVWLF� VWXG\� UHVXOWV� FDQ�
EHQHILW� IURP� FDUSDO� WXQQHO� UHOHDVH�
VXUJHU\� 

'H�.OHHUPDNHHNHU��)���HW�DO��7UHDWPHQW�
2XWFRPH� LQ� 3DWLHQWV� ZLWK� &OLQLFDOO\�
'HILQHG� &DUSDO� 7XQQHO� 6\QGURPH� EXW�
1RUPDO�(OHFWURGLDJQRVWLF�7HVW�5HVXOWV��
$� 5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� -�
1HXUR�� ������ 'HF�� ��������� ����-
����� 

7,668(�)/266,1*�� 
-803�$1'�635,17�
3(5)250$1&( 

 
3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� WKDW� WLVVXH� IORVVLQJ� FDQ�
EH� XVHIXO� LQ� LPSURYHPHQW� RI� DQNOH�
UDQJH� RI� PRWLRQ� DQG� VLQJOH� OHJ� MXPS�
SHUIRUPDQFH�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH�HIIHFW�RI� WLVVXH�IORVVLQJ�DW�GLIIHUHQW�
WLPH�SRLQWV� IROORZLQJ� WKH�DSSOLFDWLRQ�RI�
WKH�EDQGV� 
6XEMHFWV� ZHUH� ���� KHDOWK\��

UHFUHDWLRQDO� DWKOHWHV�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� HLWKHU� D� )/266�
JURXS� RU� D� FRQWURO� JURXS� �&21���
)ROORZLQJ� D� VWDQGDUGL]HG� ZDUPXS��
ERWK� JURXSV� ZHUH� DVNHG� WR� SHUIRUP�
VHYHUDO�DWKOHWLF�PDQHXYHUV��LQFOXGLQJ�D�
ZHLJKW-EHDULQJ� OXQJH� WHVW� �:%/7��� D�
FRXQWHU� PRYHPHQW� MXPS� DQG� D� ��-�
PHWHU�VSULQW�WHVW��7KRVH�LQ��WKH�)/266�
JURXS� KDG� D� EDQG� DWWDFKHG� WR� HDFK�
DQNOH� EHIRUH� EHJLQQLQJ� ZDUPXS�
H[HUFLVHV�� ZKLOH� WKH� &21� JURXS� KDG�
QRQH� 
$� VLJQLILFDQW� LQWHUYHQWLRQ-WLPH�

LQWHUDFWLRQ�ZDV� IRXQG� IRU� WKH�:%/7� LQ�
IDYRU� RI�)/266�DV� FRPSDUHG� WR�&21�
�S�������� 7KHVH� UHVXOWV� ZHUH�
DVVRFLDWHG� ZLWK� WULYLDO� WR� VPDOO� HIIHFW�
VL]HV�DW�DOO�WLPH�SRLQWV��$V�FRPSDUHG�WR�
&21�� EHWWHU�� EXW� QRQ-VLJQLILFDQW��
LPSURYHPHQW� LQ� &0-� IRUFH� DQG� VSULQW�
WLPHV�ZHUH� VHHQ� LQ� WKH� )/266� JURXS�
�S!������DW�XS� WR����PLQXWHV�DIWHU� WKH�
EDQGV�ZHUH�UHPRYHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� UHYHDOHG�

WKDW� DSSO\LQJ� )/266� EDQGV� WR� WKH�
DQNOH� �WDORFUXUDO�� MRLQW� IRU� WZR�PLQXWHV�
PD\� LPSURYH� 520�� MXPS� DQG� VSULQW�
SHUIRUPDQFH�IRU�XS�WR����PLQXWHV�DIWHU�
UHPRYLQJ�WKH�EDQGV� 

'ULOOHU�� 0��� HW� DO�� 7LVVXH� )ORVVLQJ� RQ�
$QNOH� 5DQJH� RI� 0RWLRQ�� -XPS� DQG�
6SULQW� 3HUIRUPDQFH�� $� )ROORZ-8S�
6WXG\�� 3K\V� 7KHU� 6SRUW�� ������ 1RY��
������-��� 



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

 

9,7$0,1�'�6833/(0(17$7,21�
)25�&+521,&��:,'(635($'�

3$,1 
 
&KURQLF� ZLGHVSUHDG� SDLQ� �&:3���

LQFOXGLQJ� ILEURP\DOJLD� �)0��� LV�
SUHYDOHQW� LQ� WKH� JHQHUDO� SRSXODWLRQ��
ZLWK� HVWLPDWHV� UDQJLQJ� IURP� ��-
����� $V� YLWDPLQ� '� KDV� EHHQ�
SURSRVHG�WR�EH�DQ�DVVRFLDWHG�IDFWRU�
LQ� &:3�� WKLV� PHWD-DQDO\VLV� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKLV�
UHODWLRQVKLS� 
0HGLFDO�GDWDEDVHV�ZHUH� UHYLHZHG�

IRU� UDQGRPL]HG�� FRQWUROOHG� WULDOV�
LQYROYLQJ� SDWLHQWV� ZLWK� &:3�� )0�
DQG� YLWDPLQ� '� VXSSOHPHQWDWLRQ��
)URP� WKRVH� VWXGLHV� ZHUH� H[WUDFWHG�
GLDJQRVHV�� VHUXP� YLWDPLQ� '� OHYHOV��
YLWDPLQ�'� GRVLQJ� DQG� WKH� UHVXOWV� RI�
FOLQLFDO� RXWFRPH� PHDVXUHV�� 7KH�
SULPDU\� RXWFRPH� YDULDEOHV� RI� WKH�
PHWD-DQDO\VLV� ZHUH� GLIIHUHQFHV� LQ�
9$6� SDLQ� VFRUHV�� )LEURP\DOJLD�
,PSDFW� 4XHVWLRQQDLUH� �),4�� VFRUHV�
RU�'LVFRPIRUW�%HKDYLRU�6FDOH��'%6��
VFRUHV�EHWZHHQ�WKH�LQWHUYHQWLRQ�DQG�
WKH�SODFHER�JURXSV� 
)URP� WKH� OLWHUDWXUH� UHYLHZ�� VL[�

UDQGRPL]HG�� FRQWUROOHG� WULDOV� ZHUH�
LGHQWLILHG� DQG� ZHUH� LQFOXGHG� LQ� WKLV�
DQDO\VLV�� 7KH� SRROHG� UHVXOWV�
UHYHDOHG� WKDW� SDWLHQWV� ZLWK� &:3�
ZKR� UHFHLYHG� YLWDPLQ� '� WUHDWPHQW�
KDG� VLJQLILFDQWO\� ORZHU� SDLQ� VFRUHV�
WKDQ�WKRVH�ZKR�UHFHLYHG�D�SODFHER��
1R� VLJQLILFDQW� UHODWLRQVKLS� ZDV�
IRXQG� EHWZHHQ� FKDQJHV� LQ� EORRG�
OHYHOV�RI�YLWDPLQ�'�DQG�SDLQ�VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF�� ZLGHVSUHDG�
SDLQ� IRXQG� WKDW� YLWDPLQ� '�
VXSSOHPHQWDWLRQ�FDQ�GHFUHDVH� SDLQ�
VFRUHV�� LQGHSHQGHQW� RI� FKDQJHV� LQ�
EORRG�OHYHOV�RI�YLWDPLQ�'� 

<RQJ��:���HW�DO��(IIHFW�RI�9LWDPLQ�'�
6XSSOHPHQWDWLRQ� LQ� &KURQLF�
:LGHVSUHDG� 3DLQ�� $� 6\VWHPDWLF�
5HYLHZ� DQG� 0HWD-DQDO\VLV�� &OLQ�
5KHXP��������'HF���������������- 
����� 

$57+526&23,&�9(5686�
3/$&(%2�0(1,6&86�685*(5< 

 
$UWKURVFRSLF�SDUWLDO�PHQLVFHFWRP\�

LV�D�FRPPRQ�RUWKRSHGLF�SURFHGXUH��
ZLWK� LWV� LQFLGHQFH� LQFUHDVLQJ�
VWHDGLO\��'HVSLWH�VWXGLHV�VXJJHVWLQJ�
D� ODFN� RI� FOLQLFDO� HIILFDF\�� PRVW�
JXLGHOLQHV� DGYRFDWH� PHQLVFDO�
VXUJHU\� DIWHU� IDLOHG� FRQVHUYDWLYH�
WUHDWPHQWV�� 7KLV� SURVSHFWLYH� VWXG\��
WKH� )LQQLVK� 'HJHQHUDWLYH� 0HQLVFDO�
/HVLRQ� 6WXG\� �)LGHOLW\��� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HIIHFW�RI�PHQLVFDO�VXUJHU\� 
7KLV� PXOWLFHQWHU�� UDQGRPL]HG��

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
DGXOWV����� WR����\HDUV�RI�DJH��HDFK�
ZLWK� FKURQLF� NQHH� V\PSWRPV�� $OO��
ZHUH� VFKHGXOHG� IRU� NQHH�
DUWKURVFRSLF� VXUJHU\�� DQG� ZHUH�

UDQGRPL]HG� WR� UHFHLYH� D� SDUWLDO�
PHQLVFHFWRP\� �30�� RU� D� SODFHER�
VXUJHU\��$OO�SDWLHQWV�ZHUH�DVVHVVHG�
ZLWK� WKH� :HVWHUQ� 2QWDULR� 0HQLVFDO�
(YDOXDWLRQ� 7RRO� �:20(7��� WKH�
/\VKROP� NQHH� VFRUH� DQG� IRU� SDLQ�
DIWHU� H[HUFLVH� IURP� EDVHOLQH� WR� ���
PRQWKV�DIWHU�VXUJHU\� 
,QWUDRSHUDWLYHO\�� WHDU� PRUSKRORJ\�

ZDV�GHILQHG�DV�XQVWDEOH�LQ����RI�WKH�
VXUJHU\� DQG� LQ� ��� RI� WKH� SODFHER�
JURXS�� %RWK� JURXSV� GHPRQVWUDWHG�
PDUNHG� LPSURYHPHQW� LQ� DOO� SULPDU\�
RXWFRPHV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� :20(7�� /\VKROP� RU�
SDLQ� DIWHU� H[HUFLVH� VFRUHV�� 0RVW��
ZHUH� VDWLVILHG�� DQG� UHSRUWHG�
LPSURYHPHQWV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� WKH� WZR� JURXSV��
)XUWKHU�� QR� VLJQLILFDQW� GLIIHUHQFH�
ZDV� IRXQG� EHWZHHQ� WKH� JURXSV� RQ�
IROORZ-� XS� PHQLVFDO� WHVWV� GXULQJ�
FOLQLFDO�H[DPLQDWLRQ� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH��

EOLQGHG� VWXG\� RI� SDWLHQWV� ZLWK�
GHJHQHUDWLYH� PHQLVFDO� SDWKRORJ\�
IRXQG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ�
RXWFRPH� EHWZHHQ� WKRVH� UHFHLYLQJ�
VXUJLFDO� LQWHUYHQWLRQ� DQG� WKRVH�
UHFHLYLQJ� SODFHER� LQWHUYHQWLRQ�� DV�
PHDVXUHG�IRU�XS�WR� WZR�\HDU� IROORZ-�
XS� 

6LKYRQHQ�� 5��� HW� DO�� $UWKURVFRSLF�
3DUWLDO� 0HQLVFHFWRP\� YHUVXV�
3ODFHER�6XUJHU\�IRU�D�'HJHQHUDWLYH�
0HQLVFXV�7HDU��$�7ZR-<HDU�)ROORZ-
8S� RI� WKH� 5DQGRPLVHG� &RQWUROOHG�
7ULDO��$QQ�5KHXP�'LV���������������
-���� 

%5$&,1*�$)7(5�63,1$/� 

)86,21 
 
$�UHFHQW�VXUYH\�IRXQG�WKDW�����RI�

VXUJHRQV� SUHVFULEH� VRPH� W\SH� RI�
EUDFH� DIWHU� VSLQH� VXUJHU\�� 7KLV�
SURVSHFWLYH� VWXG\� ZDV� GHVLJQHG� WR�
EHWWHU�XQGHUVWDQG�WKH�HIIHFW�RI�HDUO\�
EUDFLQJ� RI� SDWLHQWV� XQGHUJRLQJ�
SRVWHULRU�VSLQDO� LQVWUXPHQWHG� IXVLRQ�
�36,)�� 
7KLV� SURVSHFWLYH� WULDO� LQFOXGHG� DOO�

SDWLHQWV� ZLWK� OXPEDU� GHJHQHUDWLYH�
FRQGLWLRQV� DGPLWWHG� IRU� 36,)�� 7KH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR� D�
EUDFH� �Q ���� RU� QR� EUDFH� �Q ����
JURXS�� $IWHU� 36,)� VXUJHU\�� WKRVH� LQ�
WKH� EUDFH� JURXS� ZHUH� LQVWUXFWHG� WR�
ZHDU� D� ULJLG�� PROGHG�� OXPERVDFUDO�
RUWKRVLV� �/62�� IXOO-WLPH� IRU� HLJKW�
ZHHNV�� H[FHSW� GXULQJ� K\JLHQH� DQG�
ZRXQG� FDUH�� 7KLV� ZDV� IROORZHG� E\�
GD\WLPH� ZHDU� IRU� DQRWKHU� IRXU�
ZHHNV��7KH�FRQWURO�JURXS�XQGHUZHQW�
WKH� VDPH� SRVWRSHUDWLYH�
UHKDELOLWDWLRQ�� ZLWKRXW� WKH� XVH� RI� D�
EUDFH�� 3DUWLFLSDQWV� ZHUH� DVVHVVHG�
ZLWK� WKH� 2VZHVWU\� 'LVDELOLW\� ,QGH[�
�2',��TXHVWLRQQDLUH��WKH�6KRUW�)RUP�
�6)�-���*HQHUDO�+HDOWK�6XUYH\�DQG�
D�YLVXDO�DQDORJ�VFDOH��9$6��IRU�EDFN�
SDLQ� DW� EDVHOLQH�� DQG� WKHQ� DW� VL[�
ZHHNV�DQG�WKUHH�PRQWKV� 

6FRUHV� RQ� WKH� 2',� LPSURYHG� LQ�
ERWK� JURXSV�� ZLWK� VLPLODU� RXWFRPHV�
QRWHG�DW�VL[�ZHHNV��EXW�ZLWK�JUHDWHU�
JDLQV� LQ� WKH� FRQWURO� JURXS� DW� WKUHH�
PRQWKV� �S ������� ,PSURYHPHQWV� LQ�
6)-���VFRUHV�ZHUH� VLPLODU� EHWZHHQ�
WKH� JURXSV� DW� VL[� ZHHNV�� EXW�
VLJQLILFDQW�RQO\�IRU�WKH�FRQWURO�JURXS�
DW� WKUHH� PRQWKV� �S �������
6LJQLILFDQWO\�EHWWHU�9$6�VFRUHV�ZHUH�
VHHQ� LQ� WKH� FRQWURO� JURXS� DW� WKUHH�
PRQWKV����������S ������� 1R�
LQVWUXPHQWDWLRQ� IDLOXUH�ZDV�QRWHG� LQ�
HLWKHU�JURXS� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH��

UDQGRPL]HG� VWXG\� RI� SDWLHQWV�
XQGHUJRLQJ� SRVWHULRU� VSLQDO�
LQVWUXPHQWHG�IXVLRQ�IRXQG�WKDW�WKRVH�
ZKR� GLG� QRW� KDYH� SRVWRSHUDWLYH�
EUDFLQJ�SHUIRUPHG�EHWWHU�WKDQ�WKRVH�
ZKR�GLG� 

6ROLPDQ�� +��� HW� DO�� (DUO\� ,PSDFW� RI�
3RVWRSHUDWLYH� %UDFLQJ� RQ� 3DLQ� DQG�
4XDOLW\� RI� /LIH� DIWHU� 3RVWHULRU�
,QVWUXPHQWHG� )XVLRQ� IRU� /XPEDU�
'HJHQHUDWLYH� &RQGLWLRQV�� $�
5DQGRPL]HG� 7ULDO�� 6SLQH�� ������
)HEUXDU\���������������-���� 
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6WXGLHV�RI� UHWLUHG�QDWLRQDO� IRRWEDOO�

OHDJXH� �1)/�� SOD\HUV� KDYH� IRXQG�
DVVRFLDWLRQV� EHWZHHQ� UHFXUUHQW�
FRQFXVVLRQV� DQG� DGYHUVH� KHDOWK�
RXWFRPHV�� 'HVSLWH� WKH� LQVWLWXWLRQ� RI�
D� FRQFXVVLRQ� SURWRFRO� LQ� WKH� �����
VHDVRQ�� DVVHVVPHQW� RI� FRQFXVVLRQ�
UHPDLQV� GHSHQGHQW� WR� VRPH� H[WHQW�
XSRQ� WKH�ZLOOLQJQHVV�RI� WKH�DWKOHWHV�
WR�GLVFORVH�V\PSWRPV��7KLV�VWXG\�RI�
UHWLUHG�1)/�SOD\HUV�ZDV�GHVLJQHG�WR�
GHWHUPLQH� WKH� H[WHQW� RI�
QRQGLVFORVXUH�RI�FRQFXVVLRQ�HYHQWV� 
7KLV� UHWURVSHFWLYH� VXUYH\� XVHG�

GDWD� IURP� WKH� UHWLUHG� 1)/� SOD\HUV�
*HQHUDO� +HDOWK� 6XUYH\� �*+6��� ZLWK�
UHVSRQVHV� IURP� SOD\HUV� UDQJLQJ�
IURP� WKRVH� SOD\LQJ� EHIRUH� :RUOG�
:DU� ,,� WR� WKRVH� SOD\LQJ� LQ� WKH� HDUO\�
����V�� $� EDVHOLQH� LQVWUXPHQW� ZDV�
VHQW� WR� DOO� OLYLQJ� PHPEHUV� RI� WKH�
1)/� 5HWLUHG� 3OD\HUV� $VVRFLDWLRQ� LQ�
������ZLWK� D� IROORZ-XS�*+6� VHQW� LQ�
������7KH�VXUYH\�FRQWDLQHG�TXHULHV�
FRQFHUQLQJ� VSRUWV� UHODWHG�
FRQFXVVLRQV� GXULQJ� WKH� SOD\HUV¶�
FDUHHU� DQG� ZKHWKHU� DQ\� RI� WKHVH�
ZDV�XQUHSRUWHG�WR�WKH�PHGLFDO�VWDII� 
2I�WKH UHVSRQGHQWV������� 
UHSRUWHG� WKDW� WKH\� KDG� VXVWDLQHG�

DW�OHDVW�RQH�FRQFXVVLRQ�WKDW�WKH\�GLG�
QRW� GLVFORVH� WR� WKH� PHGLFDO� VWDII��
7KH� SUHYDOHQFH� RI� DW� OHDVW� RQH�
QRQGLVFORVXUH� ZDV� KLJKHU� DPRQJ�
WKRVH�ZLWK�PRUH�SURIHVVLRQDO�FDUHHU�
FRQFXVVLRQV��UDQJLQJ�IURP�������LQ�
WKRVH�ZLWK�RQH�RU� WZR� FRQFXVVLRQV��
WR� ���� DPRQJ� WKRVH� ZLWK� ��� RU�
PRUH�FRQFXVVLRQV� 

 



 

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

 

 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
UHWLUHG� 1DWLRQDO� )RRWEDOO� /HDJXH�
SOD\HUV� IRXQG� WKDW� RYHU� KDOI�GLG�QRW�
GLVFORVH�WR�WKH�PHGLFDO�WHDP�DW�OHDVW�
RQH�FRQFXVVLRQ�GXULQJ� WKHLU�SOD\LQJ�
FDUHHUV� 

.HUU�� =� HW� DO�� &RQFXVVLRQ�
1RQGLVFORVXUH� GXULQJ� 3URIHVVLRQDO�
&DUHHU� DPRQJ� D� &RKRUW� RI� )RUPHU�
1DWLRQDO� )RRWEDOO� /HDJXH� $WKOHWHV��
$P�-�6SRUWV�0HG���������-DQXDU\��
����������-��� 

5(3($7('�,6&+(0,&�/(*�����
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,VFKHPLF� SUHFRQGLWLRQLQJ� �,3&��

LQYROYHV� UHSHWLWLYH�� SUHVVXUH�
LQGXFHG�� EULHI� LVFKHPLD� IROORZHG� E\�
UHSHUIXVLRQ�� :KLOH� PDQ\� � VWXGLHV�
KDYH� DQDO\]HG� WKH� HIIHFWV� RI� WKLV�
WHFKQLTXH� RQ� VWUHQJWKHQLQJ�� OLWWOH� LV�
NQRZQ� DERXW� LWV� HIIHFW� RQ� DWKOHWLF�
SHUIRUPDQFH�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� HIIHFW� RI� ,3&� RQ�
F\FOLQJ�SHUIRUPDQFH� 
6XEMHFWV� ZHUH� UHFUHDWLRQDOO\�

DFWLYH� VSRUW� VFLHQFH� VWXGHQWV� ZKR�
XQGHUZHQW� EDVHOLQH� DHURELF� DQG�
DQDHURELF� FDSDFLW\� WHVWLQJ� SULRU� WR�
WKH� ,3&� SURWRFRO�� $W� EDVHOLQH�� DQG�
DIWHU� WKH� ILQDO� ,3&�� DOO� SDUWLFLSDQWV�
ZHUH� WHVWHG�ZLWK�D� VLPXODWHG�.HLULQ�
F\FOLQJ� HYHQW�� 7KH� VXEMHFWV� ZHUH�
WKHQ� UDQGRPL]HG� LQWR� DQ� ,3&� RU� D�
VKDP� ,3&� JURXS� WR� SHUIRUP� VHYHQ�
GDLO\�VHVVLRQV��3DUWLFLSDQWV�UHFHLYHG�
IRXU�� ILYH-PLQXWH� HSLVRGHV� RI� ,3&�
����ௗPP�+J��RU�VKDP�WUHDWPHQW����ௗ
PP�+J���VHSDUDWHG�E\� ILYH�PLQXWHV�
RI� UHVW� IRU� HDFK� OHJ��8ULQH� VDPSOHV�
ZHUH� FROOHFWHG� ILYH� PLQXWHV� EHIRUH�
HDFK� ,3&� VHVVLRQ�� )RXU� :LQJDWH�
WHVWV� ZHUH� XVHG� WR� VLPXODWH� WKH�
.HULQ� FRPSHWLWLRQ�� 92�PD[� WHVWLQJ�
ZDV�FRQGXFWHG���ௗKRXUV�DQG�VHYHQௗ
GD\V�IROORZLQJ�WKH�ODVW�,3&�VHVVLRQ� 
&RPSDUHG� WR� EDVHOLQH��

SHUIRUPDQFH� LQFUHDVHG� LQ� WKH� ,3&�
JURXS� LQ� SHDN� SRZHU� E\� ����
�S��������� LQ� DYHUDJH� SRZHU� E\�
����� �S ������ DQG� LPSURYHG� LQ� WKH�
)DWLJXH� ,QGH[� E\� ������ �S �������
1R� VLJQLILFDQW� FKDQJHV� ZHUH�
REVHUYHG�IRU�WKH�VKDP�JURXS�RQ�DQ\�
RI� WKHVH� SDUDPHWHUV�� 0D[LPDO�
DHURELF� FDSDFLW\� LQFUHDVHG� LQ� WKH�
WUHDWPHQW� JURXS� E\� ����� DW� ���
KRXUV�SRVW-�WUHDWPHQW��ZLWK�D�IXUWKHU�
LQFUHDVH� RI� ������ DIWHU� DQ�
DGGLWLRQDO� VHYHQ� GD\V� �S��������
8ULQH� VWXGLHV� LQGLFDWHG� DQ� LQFUHDVH�
LQ� WRWDO� ELRSWHULQ�� VXJJHVWLQJ�
LQFUHDVHG� YDVRGLODWLRQ� DQG�
V\PSDWKHWLF� DFWLYDWLRQ�� DQG� ORZHU�
OHYHOV� RI� LQGLUHFW� PDUNHUV� RI�
R[LGDWLYH�VWUHVV��GXULQJ�F\FOLQJ� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� VWXG\� RI� UHSHDWHG��
LVFKHPLF� SUHFRQGLWLRQLQJ� IRXQG� WKDW�
VHYHQ� GD\V� RI� WKLV� WUHDWPHQW�

VLJQLILFDQWO\� LQFUHDVHG� DHURELF� DQG�
DQDHURELF�FDSDFLW\� 

/LQGVH\��$���HW�DO��7KH�(IIHFW�RI�RQH�
:HHN� RI� 5HSHDWHG� ,VFKHPLF� /HJ�
3UHFRQGLWLRQLQJ�RQ�6LPXODWHG�.HLULQ�
&\FOLQJ� 3HUIRUPDQFH�� $�
5DQGRPL]HG�7ULDO��%0-� 2SHQ� 6SRUW�
([HU�0HG��������������H������� 

3/$7(/(7�5,&+�3/$60$�)25�
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7HQGLQRSDWK\� RI� WKH� JOXWHXV�
PHGLXV�DQG�RU�PLQLPXV�WHQGRQV�LV�D�
PDMRU� FDXVH� RI� ODWHUDO� KLS� SDLQ� RU�
JUHDWHU� WURFKDQWHULF�SDLQ�V\QGURPH��
7KLV�VWXG\�FRPSDUHG�WKH�HIILFDF\�RI�
LQMHFWLRQV� ZLWK� JOXFRFRUWLFRLGV�� ZLWK�
DQG� ZLWKRXW� SODWHOHW� ULFK� SODVPD�
�353��� IRU� WKH� WUHDWPHQW� RI� JOXWHDO�
WHQGLQRSDWK\��*7�� 
(OLJLEOH� VXEMHFWV� ZHUH� ��� WR� ���

\HDUV�RI�DJH��DOO�ZLWK�D�KLVWRU\�RI�*7�
RI� JUHDWHU� WKDQ� IRXU� PRQWKV¶�
GXUDWLRQ�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR�D�JOXFRFRUWLFRLG�RU�D�
353� JURXS�� ZLWK� ERWK� XQGHUJRLQJ�
EORRG� ZLWKGUDZDO� RI� ��� P/�� ,Q� WKH�
353� JURXS�� VL[� WR� VHYHQ� P/� RI�
DXWRORJRXV� 353� ZHUH� LQMHFWHG� LQWR�
WKH� DIIHFWHG� DUHD� RI� WKH� WHQGRQ�
XVLQJ� XOWUDVRXQG� JXLGDQFH�� ,Q� WKH�
FRUWLFRVWHURLG� JURXS�� D� VLPLODU�
YROXPH� RI� FRUWLFRVWHURLG� ZDV�
LQMHFWHG��XVLQJ�WKH�VDPH�SURFHGXUH��
7KH� SULPDU\� RXWFRPH� PHDVXUHV�
ZHUH� SDLQ� DQG� IXQFWLRQ�� DVVHVVHG�
ZLWK� WKH� PRGLILHG� +DUULV� +LS� VFRUH�
�P++6��� DGPLQLVWHUHG� DW� WZR�� VL[�
DQG� ��� ZHHNV�� $V� WKH� PLQLPDO�
FOLQLFDOO\� LPSRUWDQW� GLIIHUHQFH� �0&,��
IRU� WKH�P++6� LV� EHHQ�VKRZQ� WR�EH�
HLJKW�SRLQWV�� WKLV�FXWRII�ZDV�XVHG�WR�
KHOS�HVWLPDWH�FOLQLFDO�HIILFDF\� 
$W� ��� ZHHNV�� WKH� PHDQ� P++6�

VFRUHV� LPSURYHG� WR� ������ LQ� WKH�
353� JURXS� DQG� ������ LQ� WKH�
FRUWLFRVWHURLG� JURXS� �S �������� 7KH�
SURSRUWLRQV� RI� VXEMHFWV� ZKR�
DFKLHYHG� WKH� SUHGHILQHG� 0&,�
FKDQJH� IURP� EDVHOLQH� DW� ��� ZHHNV�
ZHUH� ������ LQ� WKH� FRUWLFRVWHURLG�
JURXS� DQG� ���� LQ� WKH� 353� JURXS�
�S ��������7KHUH�ZHUH�QR�VLJQLILFDQW�
WUHDWPHQW�UHODWHG��DGYHUVH�HYHQWV�LQ�
HLWKHU�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� JOXWHDO�
WHQGLQRSDWK\� IRXQG� EHWWHU� FOLQLFDO�
LPSURYHPHQW� ZLWK� D� VLQJOH� LQMHFWLRQ�
RI� 353� WKDQ� ZLWK� D� VLQJOH� LQMHFWLRQ�
RI�FRUWLFRVWHURLG� 

)LW]SDWULFN�� -��� HW� DO�� 7KH�
(IIHFWLYHQHVV� RI� 3ODWHOHW� 5LFK�
3ODVPD� ,QMHFWLRQV� LQ� *OXWHDO�
7HQGLQRSDWK\�� $� 5DQGRPL]HG��
'RXEOH-%OLQG�� &RQWUROOHG� 7ULDO�
&RPSDULQJ� D� 6LQJOH� 3ODWHOHW-5LFK�
3ODVPD� ,QMHFWLRQ� ZLWK� D� 6LQJOH�
&RUWLFRVWHURLG�,QMHFWLRQ��$P� -6SRUWV�

0HG�� ������ -DQXDU\��
'2,������������������������� 

',6&+$5*(�$)7(5�727$/�
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1XPHURXV� VWXGLHV� KDYH�

GHPRQVWUDWHG� WKDW� SDWLHQWV�
XQGHUJRLQJ� WRWDO� MRLQW� DUWKURSODVW\�
�7-$��ZKR� DUH� GLVFKDUJHG� WR� KRPH�
KDYH� DQ� HTXLYDOHQW� UHFRYHU\� WR�
WKRVH� ZKR� DUH� GLVFKDUJHG� WR� DQ�
LQSDWLHQW� UHKDELOLWDWLRQ� IDFLOLW\� �,5)���
'HVSLWH�WKHVH�ILQGLQJV��FRQFHUQ�KDV�
EHHQ� H[SUHVVHG� DERXW� WKRVH� ZKR�
DUH� GLVFKDUJHG� WR� OLYH� DORQH�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� RXWFRPHV� RI� WKHVH�
SDWLHQWV� 
7KLV� SURVSHFWLYH�� REVHUYDWLRQDO�

VWXG\� LQFOXGHG� ���� FRQVHFXWLYH�
SDWLHQWV� XQGHUJRLQJ� SULPDU\��
XQLODWHUDO� WRWDO� KLS� DUWKURSODVW\�
�7+$�� RU� WRWDO� NQHH� DUWKURSODVW\�
�7.$��� 7KH� LQYHVWLJDWLRQDO� JURXS�
ZDV� GHILQHG� DV� SDWLHQWV� ZKR� ZHUH�
GLVFKDUJHG� GLUHFWO\� WR� KRPH�� $�
QXUVH� QDYLJDWRU� ZDV� DVVLJQHG� WR�
HDFK� SDWLHQW� IRU� SRVW-� RSHUDWLYH�
VXUYHLOODQFH�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV� ZHUH� QLQHW\-GD\� SRVW-
GLVFKDUJH� FRPSOLFDWLRQV� DQG�
XQSODQQHG� FOLQLFDO� HYHQWV�� LQFOXGLQJ�
UHDGPLVVLRQV�� )XQFWLRQDO� RXWFRPHV�
ZHUH� DVVHVVHG� SUHRSHUDWLYHO\� DW�
RQH� DQG� VL[� PRQWKV� XVLQJ� WKH� +LS�
'LVDELOLW\� DQG� 2VWHRDUWKULWLV�
2XWFRPH� 6FRUH� �+226��� WKH� .QHH�
LQMXU\� DQG� 2VWHRDUWKULWLV� 2XWFRPH�
6FRUH��.226���DV�ZHOO�DV�WKH�6KRUW-
)RUP�+HDOWK�6XUYH\��6)-���� 
'DWD� DQDO\VLV� ZDV� FRPSOHWHG� IRU�

���� SDWLHQWV�� LQFOXGLQJ� ����
XQGHUJRLQJ� 7+$� DQG� ����
XQGHUJRLQJ� 7.$�� 2I� WKRVH�� ����
UHSRUWHG� OLYLQJ� DORQH�� RI� ZKRP�
������ UHSRUWHG� OLPLWHG� RU� QR�
VXSSRUW� DW� KRPH�� 1R� VLJQLILFDQW�
GLIIHUHQFH�ZDV� VHHQ� LQ� WKH� UDWHV� RI�
XQSODQQHG� FOLQLFDO� HYHQWV�� ZLWK� DW�
OHDVW� RQH� HYHQW� RFFXUULQJ� LQ� ������
RI� WKRVH� OLYLQJ� DORQH� DQG� ����� RI�
WKRVH� ZLWK� KRPH� VXSSRUW� �S �������
5HDGPLVVLRQ� RFFXUUHG� LQ� ����� RI�
WKRVH�OLYLQJ�DORQH�DQG������RI�WKRVH�
OLYLQJ� ZLWK� RWKHUV�� $W� WZR� ZHHNV��
������RI�WKRVH�OLYLQJ�DORQH�UHSRUWHG�
EHLQJ� KDSS\� WR� KDYH� EHHQ�
GLVFKDUJHG�GLUHFWO\�KRPH� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\� RI� ���� SDWLHQWV� XQGHUJRLQJ�
WRWDO� MRLQW� DUWKURSODVW\� IRXQG� WKDW�
WKRVH� GLVFKDUJHG� GLUHFWO\� WR� KRPH�
DORQH� GLG� QRW� GLIIHU� VLJQLILFDQWO\� LQ�
PHGLFDO�RU�IXQFWLRQDO�RXWFRPHV�IURP�
WKRVH� GLVFKDUJHG� WR� KRPH� ZLWK�
RWKHUV� 

)OHLVKPDQ��$���HW�DO��3DWLHQWV�/LYLQJ�
$ORQH� &DQ� %H� 6DIHO\� 'LVFKDUJHG�
'LUHFWO\� +RPH� DIWHU� 7RWDO� -RLQW�
$UWKURSODVW\�� $� 3URVSHFWLYH� &RKRUW��
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-�%RQH� -RLQW� 6XUJ��������-DQXDU\�
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:KLOH� GLVWDQFH� UXQQLQJ� KDV� EHHQ�

DVVRFLDWHG� ZLWK� QXPHURXV� KHDOWK�
EHQHILWV�� GDWD� UHJDUGLQJ� WKH� LPSDFW�
RI� WKLV� EHKDYLRU� RQ� KLS� DQG� NQHH�
MRLQW� KHDOWK� UHPDLQ� LQFRQFOXVLYH��
7KLV� ODUJH�� FURVV-VHFWLRQDO� VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG�
KLS� DQG� NQHH� KHDOWK� LQ� DFWLYH�
PDUDWKRQ�UXQQHUV� 
$Q� HOHFWURQLF� VXUYH\� ZDV�

GLVWULEXWHG� WR� PDUDWKRQ� FOXEV�� ZLWK�
HOLJLELOLW\� IRU� LQFOXVLRQ� UHVWULFWHG� WR�
DFWLYH�� DGXOW� PDUDWKRQHUV�� 2Q� D�
VXUYH\�� ���� PDUDWKRQ� UXQQHUV�
SURYLGHG� LQIRUPDWLRQ� FRQFHUQLQJ�
UXQQLQJ�KLVWRU\��DQG�FXUUHQW�UXQQLQJ�
VWDWXV�� -RLQW� KHDOWK� TXHVWLRQV�
LQTXLUHG� DERXW� KLS� RU� NQHH� SDLQ� LQ�
WKH�SDVW�\HDU��GRFWRU-GLDJQRVHG�KLS�
RU� NQHH� DUWKULWLV�� DJH� RI� GLDJQRVLV��
IDPLO\� KLVWRU\�� DQG� VXUJLFDO� KLVWRU\��
7KH� VXEMHFWV� ZHUH� DOVR� DVNHG�
ZKHWKHU� WKH\� KDG� EHHQ� GLDJQRVHG�
ZLWK�KLS�RU�NQHH�DUWKULWLV�E\�D�GRFWRU� 
7KH�PHDQ�DJH�RI�WKH�PDUDWKRQHUV�

ZDV� ����� \HDUV�� ZLWK� D� PHDQ�
GLVWDQFH� RI� ����� PLOHV� SHU� ZHHN��
DQG� D� PHDQ� WUDLQLQJ� WLPH� RI� �����
\HDUV�� +LS� DQG�� RU� NQHH� SDLQ� ZDV�
UHSRUWHG� E\� ���� RI� WKH�
PDUDWKRQHUV�� LQFOXGLQJ� ���� ZLWK�
NQHH�SDLQ��������ZLWK�KLS�SDLQ�DQG�
������ZLWK�KLS�DQG� NQHH�SDLQ��7KH�
DUWKULWLV� SUHYDOHQFH� RI� WKH�
PDUDWKRQHUV� ZDV� ����� LQ� WKH�
VXEJURXS� RI� 8�6�� PDUDWKRQHUV��
VLJQLILFDQWO\� ORZHU� WKDQ� WKDW� RI� WKH�
DJH-PDWFKHG� 8�6�� SRSXODWLRQ��
HVWLPDWHG� DW� ������ �S��������� $�
PXOWL-YDULDEOH� DQDO\VLV� UHYHDOHG� QR�
VLJQLILFDQW�� SRVLWLYH� UHODWLRQVKLS�
EHWZHHQ� SDLQ� RU� DUWKULWLV� DQG�
UXQQLQJ� GXUDWLRQ�� LQWHQVLW\�� ZHHNO\�
PLOHDJH�RU�QXPEHU�RI�PDUDWKRQV� 

&RQFOXVLRQ�� 7KLV� PXOWL-QDWLRQDO�
VWXG\� RI� PDUDWKRQ� UXQQHUV� IRXQG�
WKDW� WKH� SUHYDOHQFH� RI� VHOI-UHSRUWHG�
DUWKULWLV� LQ� WKH� 8QLWHG� 6WDWHV� ZDV�
OHVV�WKDQ�KDOI�RI�WKDW�UHSRUWHG�LQ�WKH�
8�6��JHQHUDO�SRSXODWLRQ� 

3RQ]LR��'���HW�DO��/RZ�3UHYDOHQFH�RI�
+LS� DQG� .QHH� $UWKULWLV� LQ� $FWLYH�
0DUDWKRQ� 5XQQHUV�� -� %RQH� -RLQW�
6XUJ�� ������ -DQXDU\� ���� ��������
����-���� 
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/XPEDU� VSLQDO� VWHQRVLV� �/66�� LV�

DVVRFLDWHG� ZLWK� QHXURORJLFDO�
V\PSWRPV�DQG�D� UHGXFHG�TXDOLW\�RI�
OLIH�� SDUWLFXODUO\� DPRQJ� WKH� HOGHUO\��
7KLV� VWXG\� FRPSDUHG�

DFHWDPLQRSKHQ�� H[HUFLVH� DQG�
DFXSXQFWXUH� DV� FRQVHUYDWLYH�
WUHDWPHQWV�IRU�SDWLHQWV�ZLWK�/66� 
6XEMHFWV� ZHUH� DGXOWV� ZLWK� /��

UDGLFXORSDWK\� DVVRFLDWHG� ZLWK� /66��
WUHDWHG�EHWZHHQ�'HFHPEHU�RI������
DQG� -DQXDU\� RI� ������ 7KH��
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH�� ������ PJ� RI�
DFHWDPLQRSKHQ�� WKUHH� WLPHV� SHU�
GD\�� ��� SK\VLFDO� WKHUDS\�� LQFOXGLQJ�
VL[� VHWV� RI� ��� UHSHWLWLRQV� RI� EDFN�
IOH[LRQ�H[HUFLVHV�RU����DFXSXQFWXUH��
,QWHUYHQWLRQV�ZHUH�SURYLGHG�WZLFH�LQ�
WKH� ILUVW�ZHHN�DQG�RQFH�HDFK�ZHHN�
IURP� ZHHNV� WZR� WKURXJK� IRXU�� 7KH�
DFXSXQFWXUH� VLWHV� LQFOXGHG� %/-���
�6KHQVKX��� %/-��� �'DFKDQJVKX���
%/-�� ��+RNR��� %/-��� �=KLELDQ��� %/-
��� �:HL]KRQJ�� DQG� *%-���
�<DQJOLQJTXDQ��� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH� =XULFK�
0HGLFDWLRQ� 4XHVWLRQQDLUH� �=04���
FRPSOHWHG� EHIRUH�� DQG� IRXU� ZHHNV�
DIWHU�WUHDWPHQW� 
$� WRWDO� RI� ���� SDWLHQWV� ZHUH�

UDQGRPL]HG� LQWR� WKH� WKUHH� JURXSV��
6\PSWRP� VHYHULW\� VFRUHV� LPSURYHG�
LQ� WKH� DFHWDPLQRSKHQ� JURXS�
�S �������� WKH� H[HUFLVH� JURXS�
�S ������� DQG� WKH� DFXSXQFWXUH�
JURXS� �S ������� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� WKH� WKUHH������
JURXSV� 7KH�PHDQ�LPSURYHPHQWV�LQ�
SK\VLFDO� IXQFWLRQ� VFRUHV� ZHUH�
VLJQLILFDQWO\� JUHDWHU� RQO\� DIWHU�
DFXSXQFWXUH�� DQG� ZHUH� VLJQLILFDQWO\�
JUHDWHU� LQ� WKH� DFXSXQFWXUH� WKDQ� LQ�
WKH�H[HUFLVH�JURXS��$V�FRPSDUHG�WR�
WKH� DFHWDPLQRSKHQ� JURXS��
VDWLVIDFWLRQ� ZDV� EHWWHU� LQ� WKH�
DFXSXQFWXUH� JURXS� �S ��������� DQG�
WUHQGHG� WRZDUG�EHLQJ�EHWWHU� WKDQ� LQ�
WKH�H[HUFLVH�JURXS��S ������ 
&RQFOXVLRQ�� 7KLV� -DSDQHVH�

VWXG\�RI�SDWLHQWV�ZLWK� OXPEDU�VSLQDO�
VWHQRVLV� IRXQG� WKDW� SDLQ� DQG�
IXQFWLRQ�FDQ�EH�EHWWHU�LPSURYHG�ZLWK�
DFXSXQFWXUH� WKDQ� ZLWK� H[HUFLVH� RU�
DFHWDPLQRSKHQ� 

2ND��+���HW�DO��$�&RPSDUDWLYH�6WXG\�
RI� 7KUHH�� &RQVHUYDWLYH� 7UHDWPHQWV�
LQ� 3DWLHQWV� ZLWK� /XPEDU� 6SLQDO�
6WHQRVLV�� /XPEDU� 6SLQDO� 6WHQRVLV�
ZLWK� $FXSXQFWXUH� DQG� 3K\VLFDO�
7KHUDS\� 6WXG\� �/$3� 6WXG\��� %0&�
&RPSOLPHQWDU\� $OW� 0HG�� ������
������ 
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.LQHVLRSKRELD� GHVFULEHV�
DYRLGDQFH� DQG� IHDU� RI� PRYHPHQW��
7KLV� VHHPV� WR� EH� LPSRUWDQW� WR� WKH�
GHYHORSPHQW RI� � � FKURQLF�
PXVFXORVNHOHWDO� SDLQ�� 7KLV� VWXG\�
H[DPLQHG� WKH� LPSDFW� RI�
NLQHVLRSKRELD� DW� WKH� RQVHW� RI�
SK\VLFDO�WKHUDS\��37���DQG�WKH�HIIHFW�
RI�DQDOJHVLD�RQ�NLQHVLRSKRELD� 

7KLV� )UHQFK�� PXOWLFHQWHU� VWXG\�
LQFOXGHG�FRQVHFXWLYH��DGXOW�SDWLHQWV��
UHIHUUHG� WR� 37� IRU� WKH� WUHDWPHQW� RI�
PXVFXORVNHOHWDO� SDLQ�� $OO� ZHUH�
DVVHVVHG� IRU� NLQHVLRSKRELD� XVLQJ�
WKH� 7DPSD� 6FDOH� RI� .LQHVLRSKRELD�
�76.��� 'DWD� FROOHFWHG� LQFOXGHG�
PHGLFDO� KLVWRU\�� GHPRJUDSKLF� GDWD��
SDLQ� DVVHVVHG� DW� EDVHOLQH� DQG� DW�
WKH� ILIWK� 37� VHVVLRQ� XVLQJ� WKH�
1XPHULFDO� 5DWLQJ� 6FDOH� �156���
PHGLFDWLRQ� XVH� DQG� SDWLHQW� YLHZ� RI�
SDLQ�� � 7KH� VXEMHFWV� ZHUH� DVNHG�
DERXW� SDLQ� GXULQJ�37� VHVVLRQV� DQG�
RI�OHYHO�RI�VDWLVIDFWLRQ� 
3DUWLFLSDQWV� ZHUH� ���� SDWLHQWV�

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

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

3HUURW��6��� HW�DO��.LQHVLRSKRELD�DQG�
3K\VLFDO� 7KHUDS\-5HODWHG� 3DLQ� DQG�
0XVFXORVNHOHWDO� 3DLQ�� $� 1DWLRQDO��
0XOWLFHQWHU�� &RKRUW� 6WXG\� RQ�
3DWLHQWV� DQG� WKHLU� *HQHUDO�
3K\VLFLDQV��-RLQW�%RQH�6SLQH��������
�������-���� 
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6WXGLHV� KDYH� VXJJHVWHG� WKDW�� LQ�
DGGLWLRQ� WR� MRLQW� VSHFLILF�
LQIODPPDWLRQ��V\VWHPLF�LQIODPPDWLRQ�
LV�DOVR�LQYROYHG�LQ�WKH�SDWKRJHQHVLV�
RI� RVWHRDUWKULWLV� �2$��� $V� KLJKHU�
OHYHOV� RI� 2PHJD-�� SRO\XQVDWXUDWHG�
IDWW\� DFLGV�� DQG� ORZHU� OHYHOV� RI�
2PHJD-���DUH�DVVRFLDWHG�ZLWK�ORZHU�
LQIODPPDWLRQ� DQG� SDLQ� LQ�
LQIODPPDWRU\� FRQGLWLRQV� VXFK� DV�
UKHXPDWRLG� DUWKULWLV�� WKLV� VWXG\�
LQYHVWLJDWHG� WKH� DVVRFLDWLRQ�
EHWZHHQ�WKHVH�OHYHOV�DQG�V\PSWRPV�
DPRQJ�SDWLHQWV�ZLWK�2$�RI�WKH�NQHH� 
6XEMHFWV�ZHUH������WR�����\HDUV��RI�

DJH� ZLWK� V\PSWRPDWLF� 2$� RI� WKH�
NQHH�� $OO� FRPSOHWHG� VHOI-UHSRUWHG�
PHDVXUHV� RI� FOLQLFDO� SDLQ� DQG�
IXQFWLRQDO� OLPLWDWLRQV�� LQFOXGLQJ� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�



 

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

 

 

8QLYHUVLWLHV� ,QGH[� RI� 2VWHRDUWKULWLV�
�:20$&���WKH�*UDGHG�&KURQLF�3DLQ�
6FDOH� DQG� WKH� 6KRUW� 3K\VLFDO�
3HUIRUPDQFH� %DWWHU\� �633%��� ,Q�
DGGLWLRQ�� DOO� ZHUH� DVVHVVHG� ZLWK�
VHYHUDO� SV\FKRVRFLDO� PHDVXUHV��
%ORRG� VDPSOHV� ZHUH� FROOHFWHG� ZLWK�
2PHJD–��� 2PHJD–�� UDWLRV�
GHWHUPLQHG�� 7KRVH� ZLWK� KLJK� UDWLRV�
ZHUH� FRPSDUHG� WR� WKRVH� ZLWK� ORZ�
UDWLRV� 
6XEMHFWV� LQ� WKH� KLJK� UDWLR� JURXS�

REWDLQHG� ZRUVH� VFRUHV� RQ� WKH�
:20$&� �S �������� DQG� VOLJKWO\�
ORZHU� SK\VLFDO� IXQFWLRQ� VFRUHV� RQ�
WKH�633%�FKDLU�VWDQG��S �������DQG��
WRWDO�VFRUHV��S �������WKDQ�GLG�WKRVH��
LQ�WKH�ORZ�UDWLR�JURXS��7KH�KLJK�UDWLR�
JURXS�UHSRUWHG�JUHDWHU�SDLQ�LQWHQVLW\�
IROORZLQJ� ��� PHFKDQLFDO� WDSV�� KDG�
KLJKHU�SHUFHLYHG�VWUHVV�DQG�UHSRUWHG�
JUHDWHU�QHJDWLYH�DIIHFW� 
&RQFOXVLRQ��7KLV�VWXG\�RI�DGXOWV�

ZLWK� V\PSWRPDWLF� RVWHRDUWKULWLV� RI�
WKH�NQHH�IRXQG�WKDW�WKRVH�ZLWK�ORZHU�
2PHJD-��2PHJD-�� UDWLRV� KDYH�
ORZHU� OHYHOV� RI� NQHH� SDLQ�� EHWWHU�
SK\VLFDO� IXQFWLRQ�� DQG� OHVV�
SV\FKRVRFLDO� GLVWUHVV� WKDQ�GR� WKRVH�
ZLWK�KLJK�2PHJD-��2PHJD-��UDWLRV� 

6LELOOH��.���HW�DO��2PHJD-���2PHJD-��
38)$� 5DWLR�� 3DLQ�� )XQFWLRQLQJ� DQG�
'LVWUHVV� LQ� $GXOWV� ZLWK� .QHH� 3DLQ��
&OLQ� -� 3DLQ�� ������)HE������������-
���� 
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,VFKHPLF� SUHFRQGLWLRQLQJ� �,3&��

LQYROYHV� UHSHWLWLYH�� SUHVVXUH�
LQGXFHG�� EULHI� LVFKHPLD� IROORZHG� E\�
UHSHUIXVLRQ�� :KLOH� PDQ\� � VWXGLHV�
KDYH� DQDO\]HG� WKH� HIIHFWV� RI� WKLV�
WHFKQLTXH� RQ� VWUHQJWKHQLQJ�� OLWWOH� LV�
NQRZQ� DERXW� LWV� HIIHFW� RQ� DWKOHWLF�
SHUIRUPDQFH�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� HIIHFW� RI� ,3&� RQ�
F\FOLQJ�SHUIRUPDQFH� 
6XEMHFWV�ZHUH�UHFUHDWLRQDOO\�DFWLYH�

VSRUW� VFLHQFH� VWXGHQWV� ZKR�
XQGHUZHQW� EDVHOLQH� DHURELF� DQG�
DQDHURELF� FDSDFLW\� WHVWLQJ� SULRU� WR�
WKH� ,3&� SURWRFRO�� $W� EDVHOLQH�� DQG�
DIWHU� WKH� ILQDO� ,3&�� DOO� SDUWLFLSDQWV�
ZHUH� WHVWHG� ZLWK� D� VLPXODWHG� .HULQ�
F\FOLQJ� HYHQW�� 7KH� VXEMHFWV� ZHUH�
WKHQ� UDQGRPL]HG� LQWR� DQ� ,3&� RU� D�
VKDP� ,3&� JURXS� WR� SHUIRUP� VHYHQ�
GDLO\�VHVVLRQV��3DUWLFLSDQWV�UHFHLYHG�
IRXU�� ILYH-PLQXWH� HSLVRGHV� RI� ,3&�
����ௗPP�+J��RU�VKDP�WUHDWPHQW����ௗ
PP�+J��� VHSDUDWHG� E\� ILYH�PLQXWHV�
RI� UHVW� IRU� HDFK� OHJ�� 8ULQH� VDPSOHV�
ZHUH� FROOHFWHG� ILYH� PLQXWHV� EHIRUH�
HDFK� ,3&� VHVVLRQ�� )RXU� :LQJDWH�
WHVWV� ZHUH� XVHG� WR� VLPXODWH� WKH�
.HULQ� FRPSHWLWLRQ�� 92�PD[� WHVWLQJ�
ZDV�FRQGXFWHG���ௗKRXUV�DQG�VHYHQௗ
GD\V�IROORZLQJ�WKH�ODVW�,3&�VHVVLRQ� 

&RPSDUHG� WR� EDVHOLQH��
SHUIRUPDQFH� LQFUHDVHG� LQ� WKH� ,3&�
JURXS� LQ� SHDN� SRZHU� E\� ����
�S��������� LQ� DYHUDJH� SRZHU� E\�
����� �S ������ DQG� LPSURYHG� LQ� WKH�
)DWLJXH� ,QGH[� E\� ������ �S �������
1R� VLJQLILFDQW� FKDQJHV� ZHUH�
REVHUYHG�IRU�WKH�VKDP�JURXS�RQ�DQ\�
RI�WKHVH�SDUDPHWHUV� 0D[LPDO�
DHURELF� FDSDFLW\� LQFUHDVHG� LQ� WKH�
WUHDWPHQW�JURXS�E\������DW����KRXUV�
SRVW-� WUHDWPHQW�� ZLWK� D� IXUWKHU�
LQFUHDVH�RI�������DIWHU�DQ�DGGLWLRQDO�
VHYHQ� GD\V� �S�������� 8ULQH� VWXGLHV�
LQGLFDWHG� DQ� LQFUHDVH� LQ� WRWDO�
ELRSWHULQ�� VXJJHVWLQJ� LQFUHDVHG�
YDVRGLODWLRQ� DQG� V\PSDWKHWLF�
DFWLYDWLRQ�� DQG� ORZHU� OHYHOV� RI�
LQGLUHFW�PDUNHUV� RI� R[LGDWLYH� VWUHVV��
GXULQJ�F\FOLQJ� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� VWXG\� RI� UHSHDWHG��
LVFKHPLF� SUHFRQGLWLRQLQJ� IRXQG� WKDW�
VHYHQ� GD\V� RI� WKLV� WUHDWPHQW�
VLJQLILFDQWO\� LQFUHDVHG� DHURELF� DQG�
DQDHURELF�FDSDFLW\� 

/LQGVH\��$���HW�DO��7KH�(IIHFW�RI�RQH�
:HHN� RI� 5HSHDWHG� ,VFKHPLF� /HJ�
3UHFRQGLWLRQLQJ� RQ� 6LPXODWHG� .HLULQ�
&\FOLQJ� 3HUIRUPDQFH�� $�
5DQGRPL]HG�7ULDO��%0-� 2SHQ� 6SRUW�
([HU�0HG��������������H������� 
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5HFHQW� VWXGLHV� KDYH� VXJJHVWHG�
WKDW� UDGLDO� H[WUDFRUSRUHDO� VKRFN�
ZDYH� WKHUDS\� �U(6:7�� FDQ� UHGXFH�
SDLQ�DQG�LPSURYH�IXQFWLRQ�LQ�SDWLHQWV�
ZLWK� FDUSDO� WXQQHO� V\QGURPH� �&76���
7KLV�VWXG\�FRPSDUHG�WKH�HIIHFWV�RI�D�
VLQJOH� GRVH� RI� U(6:7� YHUVXV� ORFDO�
FRUWLFRVWHURLG� LQMHFWLRQ� �/&V,��� $GXOW�
SDWLHQWV� SUHVHQWLQJ� ZLWK� &76� ZHUH�
UDQGRPO\� DVVLJQHG� WR� D� JURXS� WR�
UHFHLYH�D�VLQJOH�GRVH�RI�U(6:7�RU�D�
VLQJOH� /&VO�� 7KRVH� LQ� WKH� U(6:7�
JURXS� UHFHLYHG� VHYHQ� PLQXWHV� RI�
FRQWLQXRXV�VKRFNZDYHV� DW���%DU�����
+]� IUHTXHQF\�� ������ VKRFNV�� %7/-
����� 6:7�� UDGLDO� VKRFNZDYH���
PRGH�   
7KH� LQMHFWLRQ� JURXS� UHFHLYHG���PO�

RI� WULDPFLQRORQH��DFHWRQLGH������PJ��
PL[HG� ZLWK� �� PO� RI� RQH� SHUFHQW�
OLGRFDLQH�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� %RVWRQ� 6HOI-
$VVHVVPHQW� 4XHVWLRQQDLUH� �%4���
&RPSDUHG�ZLWK�EDVHOLQH �D�
VLJQLILFDQW�LPSURYHPHQW�LQ� SDLQ� DQG�
IXQFWLRQ� VFRUHV�� ZDV� QRWHG� DW�
ZHHNV� ��� DQG� ��� FRPSDUHG� WR�
EDVHOLQH� LQ� WKH� U(6:7� JURXS�� ZLWK�
QR� VLJQLILFDQW� FKDQJH� QRWHG� LQ� WKH�
/&V,� JURXS�� ,Q� DGGLWLRQ�� VLJQLILFDQW�
UHGXFWLRQV� LQ� V\PSWRP� VHYHULW\� DQG�
%4� VFRUHV� ZHUH� IRXQG� DW� ZHHNV�
IRXU�����DQG����LQ�WKH�U(6:7�JURXS��

ZLWK� VLJQLILFDQW� UHGXFWLRQV� QRWHG� LQ�
WKH�LQMHFWLRQ�JURXS�DW�ZHHNV�RQH�DQG�
IRXU�� (OHFWURGLDJQRVWLF� VWXGLHV�
UHYHDOHG� D� VLJQLILFDQW� GHFUHDVH� LQ�
SHDN� VHQVRU\� GLVWDO� ODWHQF\� LQ� ERWK�
JURXSV� DW� ZHHN� ��� DV� FRPSDUHG� WR�
EDVHOLQH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FDUSDO�WXQQHO�V\QGURPH�
IRXQG� WKDW�D�VLQJOH�VHVVLRQ�RI� UDGLDO�
H[WUDFRUSRUHDO� VKRFN� ZDYH� WKHUDS\�
PD\� SURYLGH� JUHDWHU� V\PSWRP� DQG�
IXQFWLRQDO� LPSURYHPHQW� WKDQ� VWHURLG�
LQMHFWLRQV� 

$WWKDNRPRO��3���HW�DO��&RPSDULVRQ�RI�
6LQJOH-'RVH� 5DGLDO� ([WUDFRUSRUHDO�
6KRFNZDYH�DQG�/RFDO�&RUWLFRVWHURLG�
,QMHFWLRQ� IRU� 7UHDWPHQW� RI� &DUSDO�
7XQQHO� 6\QGURPH�� ,QFOXGLQJ� 0LG-�
7HUP� (IILFDF\�� $� 3URVSHFWLYH�
5DQGRPL]HG� &RQWUROOHG� 7ULDO�� %0&�
0XVFXORVNHO�'LV��������������� 
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)RU�SDWLHQWV�ZLWK�FKURQLF� ORZ�EDFN�

SDLQ� �/%3��� WKH� EHVW� FRPELQDWLRQ� RI�
H[HUFLVH� W\SH�� IUHTXHQF\� DQG�
GXUDWLRQ� UHPDLQV� XQFHUWDLQ�� $V� QR�
FRPPRQ� H[HUFLVH� SURJUDPV� IRU�
FKURQLF� /%3� LQFRUSRUDWH� WKH� XSSHU�
SDUW�RI� WKH�VSLQDO�PXVFOH�FKDLQ�� WKLV�
VWXG\� DVVHVVHG� WKH� LPSDFW� RI� D�
SURJUDP� IRU� EDFN� SDLQ� WKDW� LQFOXGHV�
WKHVH�H[HUFLVHV� 
7ZHQW\� VHGHQWDU\� PDOHV� ZLWK�

FKURQLF� /%3� ZHUH� UDQGRPL]HG� WR�
UHFHLYH�FRQYHQWLRQDO�/%3�H[HUFLVHV��
ZLWK� RU� ZLWKRXW� H[HUFLVHV� IRU� WKH�
XSSHU�EDFN��QHFN�DQG� VKRXOGHUV��$W�
EDVHOLQH�� DOO� ZHUH� DVVHVVHG� IRU�
OXPEDU�VWUHQJWK��VKRXOGHU�DEGXFWLRQ�
DQG� KRUL]RQWDO� DEGXFWLRQ� VWUHQJWK��
LVRNLQHWLF� QHFN� VWUHQJWK� DQG�
LVRPHWULF� QHFN� VWUHQJWK�� 7KH�
FRQYHQWLRQDO� H[HUFLVH� �&(�� JURXS�
XQGHUZHQW�LVRPHWULF�EDFN�H[HUFLVHV��
DV� ZHOO� DV� EDFN� DQG� DEGRPLQDO�
FRQFHQWUDWHG� VWUHQJWKHQLQJ�
H[HUFLVHV�� WKUHH� GD\V� SHU� ZHHN� IRU�
VL[� ZHHNV�� )RU� WKH� VXSSOHPHQWDO�
H[HUFLVH� �6(�� JURXS�� WKH� EDFN�
H[HUFLVHV� ZHUH� VXSSOHPHQWHG� ZLWK�
QHFN� DQG� VKRXOGHU� LVRWRQLF�
H[HUFLVHV�� 7KH� SDUWLFLSDQWV� ZHUH�
DVVHVVHG� IRU� GLVDELOLW\� ZLWK� WKH�
PRGLILHG� 2VZHVWU\� 'LVDELOLW\�
4XHVWLRQQDLUH��02'4���DQG�IRU�SDLQ�
ZLWK�D�9LVXDO�$QDORJ�6FDOH��9$6�� 
%RWK�JURXSV� LPSURYHG�VLJQLILFDQWO\�

LQ�ILQJHUWLS�WR�IORRU�GLVWDQFH�DQG�9$6�
VFRUHV�� ,Q�DGGLWLRQ��FRPSDUHG�WR� WKH�
&(� JURXS�� JUHDWHU� LPSURYHPHQWV�
ZHUH� QRWHG� DW� IROORZ� XS� LQ� WKH� 6(�
JURXS� LQ�9$6��S��������DQG�02'4�
VFRUHV��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� ORZ� EDFN� SDLQ�
IRXQG� WKDW� D� ORZ� EDFN� H[HUFLVH�
SURJUDP� XVHG� LQ� FRPELQDWLRQ� ZLWK�
QHFN�� VKRXOGHU� DQG� XSSHU� EDFN�



 

 

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

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

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

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

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

H[HUFLVHV� FDQ� UHGXFH� SDLQ� DQG�
GLVDELOLW\� PRUH� WKDQ� FRQYHQWLRQDO�
ORZ�EDFN�H[HUFLVH�DORQH� 

$WDOD\�� (��� HW� DO�� (IIHFW� RI� 8SSHU-�
([WUHPLW\� 6WUHQJWKHQLQJ� ([HUFLVHV�
RQ� WKH� /XPEDU� 6WUHQJWK�� 'LVDELOLW\�
DQG� 3DLQ� RI� 3DWLHQWV� ZLWK� &KURQLF�
/RZ� %DFN� 3DLQ�� $� 5DQGRPL]HG��
&RQWUROOHG�6WXG\��-� 6SRUW� 6FL� 0HG��
������'HFHPEHU��������������-���� 
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,Q� WKH� 8QLWHG� 6WDWHV�� RYHU� RQH�

WKLUG�RI�DGXOWV�DUH�REHVH��ZLWK������
FODVVLILHG�DV�H[WUHPHO\�REHVH��'DWD�
FRQFHUQLQJ� WKH� RXWFRPH� RI� REHVH�
SDWLHQWV� IROORZLQJ� OXPEDU� VSLQH�
VXUJHU\� KDYH� VXJJHVWHG� WKDW� WKHVH�
SDWLHQWV� H[SHULHQFH� LPSURYHPHQW� LQ�
ERWK� EDFN� DQG� OHJ� SDLQ�� 7KLV� VWXG\�
ZDV�GHVLJQHG�WR�GHWHUPLQH�ZKHWKHU�
WKH� LQFUHDVHG� DFWLYLW\� DIWHU� VXUJHU\�
UHVXOWV�LQ�ZHLJKW�ORVV� 
'DWD� ZHUH� H[WUDFWHG� IURP� WKH�

KHDOWK� UHFRUGV� RI� DQ� LQWHJUDWHG�
KHDOWK� FDUH� V\VWHP� �.DLVHU�
3HUPDQHQWH�� IRU� SDWLHQWV� ZLWK�
VXUJHULHV�DW� OXPEDU�GLVFV��-���%RG\�
PDVV� LQGH[� �%0,�� ZDV� UHFRUGHG�
IURP� RQH� \HDU� EHIRUH� WR� RQH� \HDU�

DIWHU� WKH� VXUJHU\�� 7KH� RXWFRPH� RI�
LQWHUHVW� ZDV� D� ZHLJKW� ORVV� RI� ILYH�
SHUFHQW�DW�RQH�\HDU�SRVW-�VXUJHU\� 
2I� WKH� ������ SDWLHQWV� LQFOXGHG� LQ�

WKH� VDPSOH�� ���� ZHUH� QRQ-REHVH�
�%0,����NJ�P����������ZHUH�REHVH�
�%0,����WR���NJ�P���DQG������ZHUH�
H[WUHPHO\�REHVH��!��NJ�P����:HLJKW�
ORVV�� DV� D� SHUFHQW� RI� %0,�� ZDV�
������ IRU� D�%0,�RI� OHVV� WKDQ���NJ�
P��� ������ IRU� D�%0,�RI� ��-��NJ�P��
DQG�������IRU�D�%0,�RI�!���NJ�P�� 
&RPSDUHG� ZLWK� QRQ-REHVH�

SDWLHQWV�� REHVH� DQG� H[WUHPHO\�
REHVH� SDWLHQWV� ZHUH� PRUH� OLNHO\� WR�
ORVH�D�FOLQLFDOO\�VLJQLILFDQW�DPRXQW�RI�
ZHLJKW� GXULQJ� WKH� ILUVW� \HDU� SRVW-
VXUJHU\��25V������IRU�%0,�!��NJ�P��
�S��������� DQG� ����� IRU� %0,� ��-
��NJ��P���S �������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� OXPEDU� VSLQH�
IXVLRQ� IRXQG� WKDW� REHVH� DQG�
H[WUHPHO\� REHVH� SDWLHQWV� DUH� PRUH�
OLNHO\� WR� ORVH� ZHLJKW� DQG� OHVV� OLNHO\�
WR� JDLQ� ZHLJKW� WKDQ� DUH� QRQ-REHVH�
SDWLHQWV�DIWHU�WKDW�SURFHGXUH� 

$NLQV�� 3��� HW� DO�� 'R� 2EHVH� DQG�
([WUHPHO\� 2EHVH� 3DWLHQWV� /RVH�
:HLJKW� DIWHU� /XPEDU� 6SLQH�
)XVLRQV"� $QDO\VLV� RI� D� &RKRUW� RI�
������ 3DWLHQWV� IURP� WKH� .DLVHU�
1DWLRQDO� 6SLQH� 5HJLVWU\�� 6SLQH��
������)HE������������-��� 


