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�6FKRRO�RI�3K\VLFDO�(GXFDWLRQ�DQG�6SRUW��&\SUXV�,QWHUQDWLRQDO�8QLYHUVLW\��1LFRVLD��&\SUXV
�%DúNHQW�8QLYHUVLW\ 6FKRRO�RI�3K\VLFDO�(GXFDWLRQ�DQG�6SRUW�6FLHQFH�$QNDUD�7XUNH\

$EVWUDFW

3XUSRVH� 7KH�DLP�RI� WKLV� VWXG\�ZDV� WR� UHYHDO� WKH� UHODWLRQVKLS�EHWZHHQ� WKH� VROGLHU¶V�SK\VLFDO� DELOLW\� WHVWV�DQG� WKH�
$&(�JHQH� YDULDEOHV� DV� D� FULWHULRQ� WR� EH� FRQVLGHUHG� LQ� WKH� VHOHFWLRQ� RI� RSHUDWLRQDO� GXWLHV� DQG� WR� SURYLGH� SRVLWLYH�
FRQWULEXWLRQV�WR�WKH�SODQQLQJ�RI�VROGLHUV¶�WUDLQLQJ�ORDGV�RU�HIIRUWV��VSHFLILF�WR�WKH�QHHGV�RI�WKH�LQGLYLGXDO�
0HWKRGV� 7KH� VWXG\� JURXS� FRQVLVWHG� RI� ���� PDOH� VXEMHFWV� RI� QRQ�HOLWH� 7XUNLVK� DUP\� UHFUXLWV�� $OO� VXEMHFWV�
SDUWLFLSDWLQJ� LQ� WKH� UHVHDUFK� VWXG\� GLG� QRW� UHJXODUO\� GHDO� ZLWK� DQ\� VSRUWV� DFWLYLWLHV� DV� SURIHVVLRQDOO\�� DQG�
KRPRJHQRXV� ZRUNLQJ� FRQGLWLRQV� ZHUH� HVWDEOLVKHG� E\� SURYLGLQJ� WKH� VDPH� W\SH� RI� IHHGLQJ�� UHVWLQJ� DQG� ORDGLQJ�
SDUDPHWHUV�IRU�WKH�VXEMHFWV�LQ�WKH�FDPS�FHQWHU��7KH�VWXG\�JURXS�KDG�XQGHUJRQH�VLPLODU�ZRUNRXW�URXWLQH�SHU�GD\�DQG�
��GD\V�D�ZHHN�IRU����ZHHNV��0HDQ�DJH�RI�WKH�VXEMHFWV�ZDV�����������ERG\�ZHLJKW�ZDV����������NJ��DQG�KHLJKW�ZDV�
����������FP��$&( JHQH�SRO\PRUSKLVPV�ZHUH�H[DPLQHG�E\�3&5�PHWKRG�
5HVXOWV� $OO�$&(�JHQRW\SH�JURXSV�H[FHSW�SXOO�XS�IRU�,,�DQG�''�JHQRW\SHV�KDYH�VKRZQ�VLJQLILFDQW�LPSURYHPHQWV�LQ�
WKH����ZHHN�ZRUNRXW�SHULRG�DV�FRPSDUHG�WR�WKH�HQWU\�OHYHOV��3����������7KH�GLVSHUVLRQ�RI�JHQRW\SHV�LQ�WKH�ZKROH�
JURXS�ZDV������,,��Q� ������������,'��Q� �������������''��Q� �����
&RQFOXVLRQ� ,Q�WKLV�VWXG\��DOO� WKUHH�JHQRW\SHV�VKRZHG�LPSURYHPHQW�LQ�EDVHOLQH�DQG�ILQDO�YDOXHV��,W�ZDV�HYDOXDWHG�
WKDW� ,'� JHQRW\SH� KDV� WKH� VLJQLILFDQW� GLIIHUHQFH� DPRQJ� WKUHH� JHQRW\SHV� LQ� WHUPV� RI� SXVK�XS� VFRUHV��2Q� WKH� RWKHU�
KDQG��WKH�GHYHORSPHQW�LQ�ERWK�''�DQG�,,�JHQRW\SHV�ZDV�OLPLWHG�FRPSDUHG�WR�,'�JHQRW\SH�

.H\ZRUGV� JHQHWLFV��SRO\PRUSKLVP��PXVFXODU�HQGXUDQFH�

,QWURGXFWLRQ�

*HQHV�DUH�'1$�VHTXHQFHV�RI�YDU\LQJ�OHQJWKV�ORFDWHG�RQ�WKH�FKURPRVRPH�WKDW�FDUULHV�WKH�KHUHGLWDU\�FKDUDFWHUV�RI�WKH�
FHOOV�� WKH� FRGHV� RI� SURWHLQV�� HQ]\PHV� DQG� RWKHU� PROHFXOHV� QHFHVVDU\� IRU� WKHLU� OLYHV�� 7KH\� DUH� DOVR� H[DPLQLQJ�
ELRFKHPLFDO� DQG� SK\VLRORJLFDO� HYHQWV� DQG� WKHLU� SURJUHVV� LQ� WKH� ULJKW� GLUHFWLRQ�� 7KH� ULJKW� VHTXHQFH� RI� JHQHWLF�
YDULDEOHV�IDFLOLWDWHV�WRS�OHYHO�GHYHORSPHQW�IRU�D�KLJK�OHYHO�RI�SK\VLFDO�SHUIRUPDQFH��
7KH�VPDOO�FKDQJHV�LQ�WKH�LQIRUPDWLRQ�WUDQVPLWWHG�E\�WKH�JHQHV�IURP�WKH�JHQHUDWLRQ�WR�JHQHUDWLRQ�DUH�WKH�GLIIHUHQFHV�
EHWZHHQ� WKH� LQGLYLGXDOV�� 7KH� SURSHUWLHV� HQFRGHG� LQ� '1$� VHTXHQFHV� RU� FKDLQV� WKDW� FDXVH� GLIIHUHQFHV� EHWZHHQ�
LQGLYLGXDOV�DOVR�GHILQH�WKH�OLPLWV�RI�SK\VLFDO�DELOLW\��7KH�JHQHWLF�KHULWDJH�DOORZV�VRPH�WR�UXQ�IRU�D�ORQJ�WLPH��ZKLOH�
FDXVLQJ�IDWLJXH�IRU�RWKHUV�GXH�WR�WKH�ODFN�RI�R[\JHQ�LQ�WKH�PXVFOHV�GXULQJ�UXQQLQJ >�@�
7KHUH�DUH�DERXW�����JHQHV�WR�EH�DVVRFLDWHG�ZLWK�DWKOHWLF�DELOLW\��7KH�PRVW�VWXGLHG�JHQH�UHODWHG�WR�DWKOHWLF�DELOLW\�LV�
WKH� $QJLRWHQVLQ� &RQYHUWLQJ� (Q]\PH� �$&(�� JHQH�� 7KH� $&(� JHQH� LV� UHVSRQVLEOH� IRU� WKH� UHJXODWLRQ� RI� WKH� EORRG�
SUHVVXUH�DQG�ERG\�IOXLGV��7KH�OHYHO�RI�SODVPD�$&(�LV�GHWHUPLQHG�DQG�FRQWUROOHG�E\�WKH�$&(�JHQH��
$�FRPPRQ�PXWDWLRQ�LQ�WKH�$&(�JHQH�LV�DQ�LQVHUWLRQ�GHOHWLRQ�SRO\PRUSKLVP�DW�����EDVH�SDLUV��7KLV�SRO\PRUSKLVP
KDV�''�� ,'�� DQG� ,,� DOOHOHV�� 7KH� SUHVHQFH� RI� WKH� ����ES� IUDJPHQW� UHVXOWV� LQ� VLJQLILFDQW� DOWHUDWLRQV� LQ� VHUXP�$&(�
OHYHOV�LQVHUWLRQ��,�DOOHOH��DQG�DEVHQFH�GHOHWLRQ��'�DOOHOH��SRO\PRUSKLVP�� �7KH� ORZHVW�$&(�OHYHOV�ZHUH�IRXQG� LQ�,,�
JHQRW\SHV� ZKLOH� WKH� KLJKHVW� $&(� OHYHOV� LQ� VHUXP� DQG� LQ� WKH� WLVVXH� >�@ ZHUH� IRXQG� LQ� WKH� VXEMHFWV� ZLWK� ''�

�&RUUHVSRQGHQFH�WR��0HVXW�&HULW��&\SUXV�,QWHUQDWLRQDO�8QLYHUVLW\��1LFRVLD��&\SUXV��H�PDLO� PHVXWFHULW#\DKRR�FRP 25&,'�,'�
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JHQRW\SHV�� ,W� LV�DVVXPHG� WKDW�$&(�''�DQG� ,,�SRO\PRUSKLVPV�PD\�H[SODLQ�ZK\�SHRSOH� UHVSRQG�GLIIHUHQWO\� WR� WKH�
VDPH�WUDLQLQJ�ZRUNRXW��
'XH� WR� LQFUHDVHG�YDVRFRQVWULFWLRQ� LQ�SHRSOH�ZLWK KLJK�$&(�DFWLYLW\� WKHUH� LV�QRW�HQRXJK�EORRG�IORZ�WR� WKH�PXVFOH�
WLVVXH��,Q�WKLV�UHVSHFW��WKH�ORQJ�GXUDWLRQ�HQGXUDQFH�SHUIRUPDQFH�RI�VXFK�LQGLYLGXDOV�LV�REVHUYHG�DW�ORZ�OHYHO��ZKHUHDV�
VKRUW�GXUDWLRQ�HQGXUDQFH�SHUIRUPDQFH�>�@��VWUHQJWK�DQG�SRZHU�GHYHORSPHQW�DUH�REVHUYHG�DW�PHGLXP�DQG�KLJK�OHYHO�
>�@��%HVLGHV��LQGLYLGXDOV�ZLWK�ORZ�$&(�DFWLYLW\�KDYH�D�KLJK�OHYHO�RI�HQGXUDQFH�SHUIRUPDQFH�DQG�H[HUFLVH�HIILFLHQF\�
GXH�WR�WKH�ULFK�EORRG�FLUFXODWLRQ�>�@�
7KH�UHODWLRQVKLS�EHWZHHQ�JHQHWLFV�DQG�SK\VLFDO�SHUIRUPDQFH�ZDV�ILUVW�VHWWOHG�RQ�WKH�EDVLV�RI�UHVHDUFK�FRQGXFWHG�RQ�
VROGLHUV�>����@��7KH�OHYHO�RI�SK\VLFDO�SHUIRUPDQFH�PXVW�EH�DW�D�FHUWDLQ�OHYHO�IRU�VROGLHUV�WR�DFKLHYH�WKHLU�RSHUDWLRQDO�
GXWLHV��
:DONLQJ�IRU�PLOHV�XQGHU�GLIILFXOW�FRQGLWLRQV��SHUIRUPLQJ�ORQJ�SHULRGV�RI�WLPH�ZLWK�KHDY\�ORDGV��UHDFKLQJ�WDUJHWV�RQ�
WLPH��FUDZOLQJ�IRU�KRXUV�LQ�FKDOOHQJLQJ�WHUUDLQ�DQG�EHLQJ�DEOH�WR�DFW�TXLFNO\�DQG�VDIHO\�XQGHU�VWUHVV�LQ�RSHUDWLRQDO�
GXWLHV�DUH�KLJKO\�FRPSOH[�DFWLYLWLHV�UHTXLULQJ�KLJK�SK\VLFDO�HIIRUW��,Q�WKLV�UHVSHFW��WKH�PLOLWDU\�ILHOG�SHUIRUPDQFH�LV�
GRPLQDWHG�E\�DHURELF�HQGXUDQFH��ORZ�LQWHQVLW\��ORQJ�GXUDWLRQ�DFWLYLWLHV���DQDHURELF�HQGXUDQFH��KLJK�LQWHQVLW\��VKRUW�
GXUDWLRQ�DFWLYLWLHV��DQG�VWUHQJWK�HQGXUDQFH��ORQJ�GXUDWLRQ�SRZHU�SHUIRUPDQFH�ZLWKRXW�IDWLJXH� >����@��
3DSDGLPLWULRX� HW� DO��� IRXQG� WKDW� PDQ\� FKDPSLRQV� KDYH� WKH� VDPH� JHQH� W\SH� DW� WKH� 2O\PSLF� OHYHO�� LQGLFDWLQJ� WKH�
LPSRUWDQFH� RI� FKRRVLQJ� WKH� ULJKW� JHQRW\SH� IRU� VXFFHVV� DW� HOLWH� OHYHO� >�@�� 7KLV� VWXG\� UHIOHFWV� D� VWURQJ� UHODWLRQVKLS�
EHWZHHQ�WKH�JHQH�W\SH�DQG�SK\VLFDO�SHUIRUPDQFH��*HQHWLF�YDULDQWV�WKDW�OHDG�WR�SK\VLFDO�SHUIRUPDQFH�LPSURYHPHQW�
FDQ�DOVR�UHYHDO�RSHUDWLRQDO�DELOLWLHV�LQ�GLIIHUHQW�LQWHQVLW\�DQG�YROXPHV����
,Q�GLIIHUHQW� W\SHV�RI� WHUUDLQ�� LW� LV�QHFHVVDU\� WR�GHPRQVWUDWH�KLJK� OHYHO�RI� UHVLOLHQFH� LQ�RUGHU� WR�EH�DEOH� WR�FRQWLQXH�
RSHUDWLRQ�ZLWKRXW� EHLQJ� WLUHG� IRU� ORQJ� SHULRGV�ZLWK� KHDY\� ORDGV�RQ� WKH� EDFN��+RZHYHU�� LQ� VKRUW�WHUP�RSHUDWLRQDO�
DFWLYLWLHV��VSHHG�DQG�DJLOLW\�DUH�PRUH�HVVHQWLDO�SDUDPHWHUV�WR�EH�DEOH�WR�DFFRPSOLVK�WKH�PLVVLRQ�
7KH�$&( JHQH�YDULDEOHV�FDQ�IDFLOLWDWH� WKH�LGHQWLILFDWLRQ�DQG�LQGLYLGXDO�DGDSWDWLRQ�RI�WKH�GRPLQDQW�HQHUJ\�V\VWHPV�
QHHGHG�E\�WKH�VROGLHUV�LQ�UHODWLRQ�WR�WKH�GXUDWLRQ�DQG�LQWHQVLW\�RI�RSHUDWLRQDO�DFWLYLWLHV��'HWHUPLQDWLRQ�RI�LQGLYLGXDO�
GRPLQDQW�HQHUJ\�V\VWHPV�WKDW�UHTXLUH�SK\VLFDO�SHUIRUPDQFH�XVHG�LQ�GLIIHUHQW�PLOLWDU\�GLVFLSOLQHV�PD\�LQFUHDVH�ERWK�
LQGLYLGXDO� DQG� WHDP� VXFFHVV�� ,W� LV� D� IDFW� WKDW� VROGLHUV� FDQ� IXQFWLRQ� ZLWK� D� KHDOWK\� ERG\�� KRZHYHU�� WKH� FKRLFH� RI�
VROGLHUV�ZLWK�WKH�QHFHVVDU\�OHYHO�RI�SK\VLFDO�SHUIRUPDQFH VR�DV�WR�DFKLHYH�FKDOOHQJLQJ�WDVNV�LV�FUXFLDO�IRU�ERWK�WKH�
VXFFHVV�RI�WKH�RSHUDWLRQ�DQG�WKH�SHUIRUPDQFH�RI�WKH�LQGLYLGXDO�
3K\VLFDO�DELOLW\�WHVWV�DW�FHUWDLQ�SHULRGV�DUH�XVHG�WR�PHDVXUH�SK\VLFDO�ILWQHVV�OHYHO�RI�VROGLHUV�LQ�RUGHU�WR�HQVXUH�WKDW�
WKH\�DUH�FDSDEOH�DW�DOO�WLPHV��,Q�WKHVH�WHVWV��SK\VLRORJLFDO�GLIIHUHQFHV�EHWZHHQ�LQGLYLGXDOV��ERG\�FRPSRVLWLRQ��UDWH�RI�
PXVFOH� ILEHU�W\SH�HWF���DUH�RIWHQ�RYHUORRNHG��,QGLYLGXDOV�ZLWK�ORZ�OHYHOV�RI�DHURELF�HQGXUDQFH�GXH�WR�WKHLU�JHQHWLF�
PDNHXS�PD\�QRW�VXFFHHG�LQ�ORQJ�WHUP�GXWLHV�>�@��,Q�VXFK�FDVHV��DOWKRXJK�RQH�LV�DEOH�WR�SHUIRUP�D�KHDOWK\�IXQFWLRQ��
KH���VKH�FDQ�IDFH�SUREOHPV�LQ�WHUPV�RI�RSHUDWLRQ�
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�UHYHDO�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VROGLHU¶V�SK\VLFDO�DELOLW\�WHVWV�DQG�WKH�$&(�JHQH�
YDULDEOHV��DV�D�FULWHULRQ�WR�EH�FRQVLGHUHG�LQ�WKH�VHOHFWLRQ�RI�RSHUDWLRQDO�GXWLHV�DQG�WR�SURYLGH�SRVLWLYH�FRQWULEXWLRQV�
WR�WKH�SODQQLQJ�RI�VROGLHUV�WUDLQLQJ�ORDGV�RU�HIIRUWV�VSHFLILF�WR�WKH�QHHGV�RI�WKH�LQGLYLGXDO�

0HWKRGV�
3DUWLFLSDQWV�

7KH� VWXG\� JURXS� FRQVLVWHG� RI� ���� PDOH� VXEMHFWV� RI QRQ�HOLWH� 7XUNLVK� DUP\� UHFUXLWV�� $OO� VXEMHFWV� KDYH� SURYLGHG�
ZULWWHQ� FRQVHQW� WR� SDUWLFLSDWH� LQ� WKH� VWXG\� DQG� DSSURSULDWH� HWKLFV� FRPPLWWHH� DSSURYDO� KDV� DOVR� EHHQ� JUDQWHG��7KH�
PDOH�VXEMHFWV�SDUWLFLSDWLQJ�LQ�WKH�UHVHDUFK�VWXG\ GLG�QRW�UHJXODUO\�GHDO�ZLWK�DQ\�VSRUWV�DFWLYLWLHV�DV�SURIHVVLRQDOO\��
DQG�KRPRJHQRXV�ZRUNLQJ�FRQGLWLRQV�ZHUH�HVWDEOLVKHG�E\�SURYLGLQJ� WKH�VDPH� W\SH�RI� IHHGLQJ�� UHVWLQJ�DQG� ORDGLQJ�
SDUDPHWHUV�IRU�WKH�VXEMHFWV�LQ�WKH�FDPS�FHQWHU��0HDQ�DJH�RI�WKH�VXEMHFWV�ZDV ����������ERG\�ZHLJKW�ZDV����������NJ���
DQG�KHLJKW�ZDV�����������FP�

7UDLQLQJ�VFKHGXOH
7KH�ZRUNRXW�SURJUDP�FRQVLVWHG�RI�ORZ�DQG�PHGLXP�LQWHQVLW\�DHURELF�WUDLQLQJ�����������PLQ����VWUHQJWK�HQGXUDQFH�
WUDLQLQJ� �FLUFXLW� 	� FRPEDW� WUDLQLQJ� ZLWK� IXOO\� HTXLSSHG� PLOLWDU\� GUHVVLQJ�� VZLPPLQJ� �IUHH� WLPH� DFWLYLW\��� DQG�
KXUGOLQJ�FRXUVH��PLOLWDU\�SHQWDWKORQ�REVWDFOHV���$OO�VXEMHFWV�ZHUH�JLYHQ�D�VLPLODU�WUDLQLQJ�SURJUDP�IRU���PRQWKV����
GD\V�D�ZHHN�FLUFXLW�WUDLQLQJ�IRU�PXVFXODU�HQGXUDQFH�DQG���GD\V�D�ZHHN�PHGLXP�	�ORQJ�GXUDWLRQ�UXQV�DOWHUQDWHO\�
&LUFXLW� WUDLQLQJ� FRQVLVWV� RI� SXOO�XSV�� VLW�XSV�� SXVK�XSV�� EDUEHOOV� OLIW�� URSH� FOLPELQJ�� VTXDW� MXPSV�� FRUH� H[HUFLVH��
REVWDFOH�UXQ��SOL\RPHWULF�GULOOV��KLJK�NQHH��KRSSLQJ��MXPSLQJ��GHSWK�MXPS��PHGLFLQH�EDOO�DQG�JUHQDGH�WKURZLQJ��
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7KH VXEMHFWV�ZHUH�JLYHQ�D����PLQXWH�FRUH�WUDLQLQJ�IRU�WKH�GHYHORSPHQW�RI�PXVFXODU�HQGXUDQFH�DIWHU�KDYLQJ�D�ORQJ�
������PLQXWH�ORZ�LQWHQVLW\�UXQ�EHIRUH�EUHDNIDVW�DW�������LQ�WKH�PRUQLQJ��6XEMHFWV�ZHUH�JLYHQ�WKUHH�PHDOV�GDLO\�ZLWK�
DSSUR[LPDWHO\������FDORULHV�
6XEMHFWV�SDUWLFLSDWHG�LQ�WKHRUHWLFDO�DQG�DSSOLHG�PLOLWDU\�WUDLQLQJ�DIWHU�PRUQLQJ�VSRUWV�DQG�EUHDNIDVW��DQG�SDUWLFLSDWHG�
LQ�VWUHQJWK�HQGXUDQFH�H[HUFLVH�SURJUDPV�EHWZHHQ�������DQG��������7KH�FDPS�FHQWHU�LV�DQ�RSHQ�DUHD�ZKHUH�WKH�IRUHVW�
LV�PHUJHG�ZLWK�WKH�VHD�7KH�DYHUDJH�WHPSHUDWXUH�LV�DURXQG�������GHJUHHV�

([HUFLVH�WHVWV�
,QLWLDO� DQG� ILQDO�PHDVXUHPHQWV�RI� VWUHQJWK� HQGXUDQFH� �SXVK�XSV�� VLW�XSV�	�SXOO�XSV� �� WHVWV�ZHUH� FDUULHG�RXW� LQ� WKH�
J\P�� 7KH� WHVW� GXUDWLRQ� ZDV� UHFRUGHG� LQ� WZR� PLQXWHV� DQG� WHVW� DSSOLFDWLRQV� ZHUH� FRQGXFWHG� LQGLYLGXDOO\�� 7KH�
SDUWLFLSDQWV� ZHUH� JLYHQ� D� ���PLQXWH� EUHDN� EHWZHHQ� WHVWV�� 7KH� PXVFXODU� HQGXUDQFH� WHVWV� ZHUH� UHFRUGHG� E\�
GHWHUPLQLQJ�WKH�PD[LPXP�QXPEHU�RI�UHSHWLWLRQV�PDGH�ZLWKLQ���PLQXWHV�

*HQHWLF�DQDO\VLV�
(DFK�VXEMHFW�SURYLGHG�D�ZULWWHQ�FRQVHQW�WR�SDUWLFLSDWH�LQ�WKH�VWXG\�DQG�DSSURSULDWH�HWKLFV�FRPPLWWHH�DSSURYDO�ZDV�
JUDQWHG��3HULSKHUDO�YHQRXV�EORRG�RI�VXEMHFWV�UHFHLYLQJ�WKH�DSSURYDOV�ZHUH�FROOHFWHG�RQ�.�('7$�VFUDSHUV�DQG�VWRUHG�
DW�������&�XQWLO�XVHG�IRU�'1$�LVRODWLRQ��$OO�PROHFXODU�DQDO\VHV�ZHUH�FDUULHG�RXW�LQ�WKH�0ROHFXODU�0HGLFLQH�5HVHDUFK�
/DERUDWRU\�RI�WKH�'HSDUWPHQW�RI�3HGLDWULFV��(JH�8QLYHUVLW\�0HGLFDO�)DFXOW\�+RVSLWDO�
³*HQRPLF�'1$�ZDV�H[WUDFWHG�IURP�����O�RI�('7$� DQWLFRDJXODWHG�SHULSKHUDO�EORRG�OHXFRF\WHV�XVLQJ�WKH�4,$PS�
%ORRG� .LW� �4,$*(1�� 2QWDULR�� &DQDGD�� &DW�� QR���������� $PSOLILFDWLRQ� RI� '1$� IRU� JHQRW\SLQJ� WKH� $&(� ,�'�
SRO\PRUSKLVP�ZDV� FDUULHG� RXW� E\� SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5�� LQ� D� ILQDO� YROXPH� RI� ��� O� FRQWDLQLQJ� ����0�
G173�PL[������P0�0J&O������%XIIHU����XQLW�RI�$PSOL7DT��SRO\PHUDVH��3(�$SSOLHG�%LRV\VWHPV��DQG����SPRO�RI�
HDFK� SULPHU�� 7KH� SULPHUV� XVHG� WR� HQFRPSDVV� WKH� SRO\PRUSKLF� UHJLRQ� RI� WKH� $&(� ZHUH� ��
&7**$*$&&$&7&&&$7&&777&7��� DQG� �� �$7*7**� &&$7&$&$77&*7&$*$7��³� �5LJDW� HW� DO��� ������
>��@��³'1$�LV�DPSOLILHG�IRU����F\FOHV��HDFK�F\FOH�FRPSULVLQJ�GHQDWXUDWLRQ�DW����&�IRU����V��DQQHDOLQJ�DW����&�IRU�
���V��H[WHQVLRQ�DW����&�IRU���PLQ�ZLWK�ILQDO�H[WHQVLRQ�WLPH�RI���PLQ��7KH�LQLWLDO�GHQDWXUL]LQJ�VWDJH�ZDV�FDUULHG�RXW�DW�
���&�IRU���PLQ��7KH�3&5�SURGXFWV�ZHUH�VHSDUDWHG�RQ������DJDURVH�JHO�DQG�LGHQWLILHG�E\�HWKLGLXP�EURPLGH�VWDLQLQJ��
(DFK� ''� JHQRW\SH� ZDV� FRQILUPHG� WKURXJK� D� VHFRQG� 3&5� ZLWK� SULPHUV� VSHFLILF� IRU� WKH� LQVHUWLRQ� VHTXHQFH´
�6KDQPXJDP�HW�DO���������>��@��³7KH�VDPSOHV�ZLWK�,,�DQG�''�KRPR]\JRWH�JHQRW\SHV�DQG�,'�KHWHUR]\JRWH�JHQRW\SH�
ZHUH�VHOHFWHG�DW�UDQGRP��7KHVH�VDPSOHV�ZHUH�WKHQ�SXULILHG�E\�3&5�SURGXFWV�SXULILHG�V\VWHP��*HQRPLFV��0RQWDJH�
3&5��0LOOLSRUH��DQG�GLUHFWO\�VHTXHQFHG�E\�WKH�$%,�����*HQHWLF�$QDO\]HU��$%,�3ULVPD�3(�$SSOLHG�%LRV\VWHPV�³�
�%HUGHOL�HW�DO���������>��@�

6WDWLVWLFDO�DQDO\VLV
6WDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6366�IRU�:LQGRZV�YHUVLRQ�����6366�,QF���&KLFDJR��,/��86$���0HWKRGV�
DSSOLHG�ZHUH�IUHTXHQFLHV��GHVFULSWLYH�VWDWLVWLFV��DQG�PHDQV��6WDWLVWLFDO�VLJQLILFDQFH�ZDV�VHW�DW�WKH�3��������OHYHO��7KH�
PHDQ�GLIIHUHQFHV�EHWZHHQ�JURXSV� WKDW�KDYH�EHHQ�VSOLW�RQ� WZR�ZLWKLQ�VXEMHFW� IDFWRUV� WKDW�DUH�$&(�JHQRW\SH�JURXS�
DQG� WLPH� ZHUH� FRPSDUHG� ZLWK� WZR�ZD\� UHSHDWHG� PHDVXUHV� $129$�� 7KH� SRVW� KRF� DQDO\VLV� ZDV� FRQGXFWHG� ZLWK�
/HDVW�6LJQLILFDQW�'LIIHUHQFH�PHWKRG��/6'���7KH�GLIIHUHQFHV�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�YDOXHV�ZLWKLQ�HDFK�$&(�
JHQRW\SH�JURXS�ZHUH�REVHUYHG�DQG�DQDO\]HG�E\�ER[�SORW�DQG�SDLUHG�W�WHVW�UHVSHFWLYHO\�

5HVXOWV�

7KH� HQWLUH� RI� ���� VXEMHFWV� VWDUWHG� H[HUFLVH� WUDLQLQJ�� DQG� DOO� RI� WKHP� FRPSOHWHG� WKH� ���ZHHN� ERRW� FDPS� WUDLQLQJ�
SURJUDP�� $&(� JHQRW\SH� ZDV� GHWHUPLQHG� LQ� ���� VXEMHFWV� ZKR� IRUP� WKH� EDVLV� RI� WKLV� UHSRUW�� 7KH� GLVSHUVLRQ� RI�
JHQRW\SHV�LQ�WKH�ZKROH�JURXS�ZDV������,,��Q� ������������,'��Q� �������������''��Q� �����7KLV�GLG�QRW�GLYHUJH�
IURP�VXEVWDQWLDOO\�IURP�WKRVH�HVWLPDWHG�E\�WKH�+DUG\±:HLQEHUJ�HTXLOLEULXP��7KHUH�ZDV�QR�VLJQLILFDQW�GHYLDWLRQ�LQ�
WKH� GLVWULEXWLRQ� RI� JHQRW\SHV� LQ� WKH� FRPSOHWH� JURXS� LQ� FRPSDULVRQ� WR� WKRVH� VWLSXODWHG� E\� WKH� +DUG\�:HLQEHUJ�
HTXLOLEULXP�� $OO� $&(� JHQRW\SH JURXSV� H[FHSW� SXOO� XS� IRU� ,,� DQG� ''� JHQRW\SHV� KDYH� VKRZQ� VLJQLILFDQW�
LPSURYHPHQWV�LQ�WKH����ZHHN�ZRUNRXW�SHULRG�DV�FRPSDUHG�WR�WKH�HQWU\�OHYHOV�



ϭϮϲ

(IIHFW�RI�JHQRW\SHV�RQ�WKH�VWUHQJWK�HQGXUDQFH�WHVW�SHUIRUPDQFH

3XOO�XS�
7KH�FKDQJHV�LQ�SXOO�XS�DUH�SUHVHQWHG�EHORZ��

7DEOH����(IIHFW�RI�$&(�JHQRW\SH�RQ�SXOO�XS�SHUIRUPDQFH�JDLQV�GXULQJ�EDVLF�WUDLQLQJ���
3���������
*HQRW\SH Q 3UH 3RVW 7UDLQLQJ�(IIHFW�

�ZLWKLQ�VXEMHFW�
3�9DOXH

*HQRW\SH�(IIHFW
�EHWZHHQ�VXEMHFW�

3�YDOXH
,, �� ��������� ��������� ����� �����
,' ��� ��������� ����������
'' �� ��������� ���������

7KH�PHDQ�SXOO�XS�VFRUHV�DFKLHYHG��ERWK�DW�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�EDVLF�WUDLQLQJ��ZHUH�KLJKHVW�IRU�VXEMHFWV�
ZLWK�JHQRW\SH�,,��LQWHUPHGLDWH�IRU�VXEMHFWV�ZLWK�JHQRW\SH�,'��DQG�ORZHVW�IRU�VXEMHFWV�ZLWK�JHQRW\SH�''��+RZHYHU��
WKHVH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�E\�RQH�ZD\�$129$�
,W�LV�UHYHDOHG�WKDW�VXEMHFWV�GR�QRW�VKRZ�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�SXOO�XS�RYHU�WKH�WUDLQLQJ�DOWKRXJK�WKHUH�
LV� DQ� LPSURYHPHQW� IURP�SUH�WUDLQLQJ� WR�SRVW�WUDLQLQJ�E\� WZR�ZD\� UHSHDWHG�PHDVXUH�$129$��$OVR�� WKH�JHQRW\SH�
GRHV�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKLV�LPSURYHPHQW��7KH�3�YDOXH�IRU�WKH�LQWHUDFWLRQ�EHWZHHQ�JDLQ�LQ�SXOO�XS�VFRUH�
DQG�JHQRW\SHV�LV�������

3XVK�XS
7DEOH��� (IIHFW�RI�$&(�JHQRW\SH�RQ�SXVK�XS�SHUIRUPDQFH�JDLQV�GXULQJ�EDVLF�WUDLQLQJ��
3���������

*HQRW\SH Q 3UH 3RVW 7UDLQLQJ�(IIHFW�
�ZLWKLQ�VXEMHFW�

3�9DOXH

*HQRW\SH�(IIHFW�
�EHWZHHQ�VXEMHFW�

3�YDOXH
,, �� ������������ ����������� ����� �����
,' ��� ����������� �������
'' �� ����������� ������������

7KH�PHDQ�SXVK�XS�VFRUHV�DFKLHYHG��,W�LV�VHHQ�WKDW�DW�WKH�EHJLQQLQJ�RI�WKH�WUDLQLQJ��LW�ZDV�KLJKHVW�IRU�VXEMHFWV�ZLWK�
JHQRW\SH�''��LQWHUPHGLDWH�IRU�VXEMHFWV�ZLWK�JHQRW\SH�,'�DQG�ORZHVW�IRU�VXEMHFWV�ZLWK�JHQRW\SH�,,��+RZHYHU��DW�WKH�
HQG� RI� WKH� WUDLQLQJ� ERWK� DW� WKH� EHJLQQLQJ� DQG� DW� WKH� HQG� RI� EDVLF� WUDLQLQJ�� ZHUH� KLJKHVW� IRU� VXEMHFWV� ZLWK� $&(�
JHQRW\SH� ,,�� LQWHUPHGLDWH� IRU� VXEMHFWV� ZLWK� JHQRW\SH� ,'�� DQG� ORZHVW� IRU� VXEMHFWV� ZLWK� JHQRW\SH� ''�� 7KHVH�
GLIIHUHQFHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�E\�RQH�ZD\�$129$�
,W�LV�UHYHDOHG�WKDW�VXEMHFWV�VKRZ�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�SXVK�XS�RYHU�WKH�WUDLQLQJ�E\�WZR�ZD\�UHSHDWHG�
PHDVXUH�$129$��$OVR��WKH�JHQRW\SH�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKLV�LPSURYHPHQW��7KH�3�YDOXH�IRU�WKH�LQWHUDFWLRQ�
EHWZHHQ� JDLQ� LQ� SXVK�XS� VFRUH� DQG� JHQRW\SHV� LV� ������:KHQ� LW� LV� FRPSDUHG� WR� ILQG� RXW� ZKLFK� JHQRW\SH� KDV� WKH�
KLJKHVW�LPSURYHPHQW�E\�/6'�PHWKRG��DQG�VHHQ�LQ�7DEOH���WKDW�,'�JHQRW\SH�KDV�WKH�PRVW�VLJQLILFDQW�JDLQ�LQ�SXVK�XS�
VFRUH��

7DEOH��� &RPSDULVRQ�RI�$&(�JHQRW\SH�RQ�SXVK�XS SHUIRUPDQFH�JDLQV��
3���������

�,��
JHQH

�-��
JHQH

3�YDOXH

,,
,' �����

'' �����

,'
,, �����

'' �����

''
,, �����

,' �����



ϭϮϳ

6LW�XS

7DEOH����(IIHFW�RI�$&(�JHQRW\SH�RQ�VLW�XS�SHUIRUPDQFH�JDLQV�GXULQJ�EDVLF�WUDLQLQJ��
3���������
*HQRW\SH Q 3UH 3RVW 7UDLQLQJ� (IIHFW�

�ZLWKLQ�VXEMHFW�
3�9DOXH

*HQRW\SH�(IIHFW��EHWZHHQ�
VXEMHFW�

3�YDOXH
,, �� ���������� ����������� ����� �����
,' ��� ���������� �����������
'' �� ���������� ������������

7KH�PHDQ�VLW�XS�VFRUHV�DFKLHYHG��DW� WKH�EHJLQQLQJ�DQG�DW� WKH�HQG�RI�EDVLF� WUDLQLQJ��ZHUH�KLJKHVW� IRU�VXEMHFWV�ZLWK�
$&(�JHQRW\SH�,'��LQWHUPHGLDWH�IRU�VXEMHFWV�ZLWK�JHQRW\SH�''��DQG�ORZHVW�IRU�VXEMHFWV�ZLWK�JHQRW\SH�,,��+RZHYHU��
WKHVH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�E\�RQH�ZD\�$129$�
,W�LV�UHYHDOHG�WKDW�WKH�SHUIRUPDQFH�JDLQV�LQ�VLW�XS�DUH�VWDWLVWLFDOO\�VLJQLILFDQW�RYHU�WKH�WUDLQLQJ�E\�WZR�ZD\�UHSHDWHG�
PHDVXUH� $129$� �3 ������� +RZHYHU�� WKH� JDLQV� UHDOL]HG� ZHUH� QRW� VLJQLILFDQWO\� DIIHFWHG� E\� JHQRW\SH�
�3� ���������7KH�3�YDOXH�IRU�WKH�LQWHUDFWLRQ�EHWZHHQ�JDLQ�LQ�VLW�XS�VFRUH�DQG�JHQRW\SHV�LV������

&KHFNLQJ�6LJQLILFDQFH�RI�WKH�,PSURYHPHQW�RQ�WKH�3HUIRUPDQFH�ZLWKLQ�(DFK�*HQRW\SHV
7KH�EHVW�ZD\�WR�ILQG�RXW�ZKHWKHU�WKH�LPSURYHPHQW�ZLWKLQ�HDFK�JHQH�LV�VLJQLILFDQW�RU�QRW�LV�SDLUHG�W�WHVW�EHFDXVH�ZH�
KDYH� WZR� VDPSOHV� ZKHUH� REVHUYDWLRQV� LQ� RQH� VDPSOH� FDQ� EH� SDLUHG� ZLWK� REVHUYDWLRQV� LQ� WKH� RWKHU� VDPSOH�� 7KH�
DVVXPSWLRQV�IRU�WKLV�WHVW�DUH�DV�IROORZV�

���7KH�GDWD�DUH�FRQWLQXRXV��QRW�GLVFUHWH��
�� 7KH�GDWD��L�H���WKH�GLIIHUHQFHV�IRU�WKH�PDWFKHG�SDLUV��IROORZ�D�QRUPDO�SUREDELOLW\�GLVWULEXWLRQ�
���7KH�VDPSOH�RI�SDLUV�LV�D�VLPSOH�UDQGRP�VDPSOH�IURP�LWV�SRSXODWLRQ��(DFK�LQGLYLGXDO�LQ�WKH�SRSXODWLRQ�KDV�

DQ�HTXDO�SUREDELOLW\�RI�EHLQJ�VHOHFWHG�LQ�WKH�VDPSOH�
,W�LV�YDOLGDWHG�WKDW�WKH�ZKROH�GDWDVHW�VDWLVILHV�WKHVH�DVVXPSWLRQV��+RZHYHU��LW�LV�DOZD\V�JRRG�WR�XVH�YLVXDO�WRROV�WR�
KDYH�DQ�LGHD�DERXW�WKH�VDPSOHV�EHIRUH�FRQGXFWLQJ�DQDO\VLV��)RU�WKLV�SXUSRVH��ER[�SORW�IRU�HDFK�VDPSOH�LV�GUDZQ�
EHIRUH�SDLUHG�W�WHVW�


�7KH�%R[�3ORW�RI�3XOO�XS�IRU�,,�*HQRW\SH�

,W�LV�VHHQ�WKDW�WKHUH�LV�QR�ELJ�GLIIHUHQFH�EHWZHHQ�
SUH�WHVW�DQG�SRVW�WHVW�IRU�,,�JHQH�YLVXDOO\�

*UDSK��� 7KH�ER[�SORW�RI�SXOO�XS�IRU�,,�JHQRW\SH�

,Q�ERWK�VDPSOHV�� WKHUH�DUH����REVHUYDWLRQV�DQG� WKH�DYHUDJH�SXOO�XS�QXPEHUV�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH�
����������DQG�����������UHVSHFWLYHO\�



ϭϮϴ

7DEOH��� 'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�,,�JHQRW\SH��
3��������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������ ����� ������ �� ����

$V�VKRZQ�LQ�WKH�7DEOH����WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�,,�JHQH�VLQFH�
S�YDOXH�LV�JUHDWHU�WKDQ�������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV��WKHUH�LV�QR� VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�
QXPEHU�RI�SXOO�XS�IRU�,,�JHQH�


�7KH�%R[�3ORW�RI�3XVK�XS�IRU�,,�*HQRW\SH��

,W� LV� VHHQ� WKDW� WKH� PHGLDQ� YDOXH� RI�
SRVW�WHVW� LV� JUHDWHU� WKDQ� WKH� PHGLDQ�
YDOXH�RI�SUH�WHVW�RI�SXVK�XS�

*UDSK����7KH�ER[�SORW�RI�SXVK�XS�IRU�,,�JHQRW\SH�

,Q�ERWK�VDPSOHV��WKHUH�DUH����REVHUYDWLRQV�DQG�WKH�DYHUDJH�SXVK�XS�QXPEHUV�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH�
����������DQG�����������UHVSHFWLYHO\�

7DEOH��� 'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XS�IRU�,,�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������� ������ ������ �� ����

$V�VKRZQ�LQ�WKH�7DEOH����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XSV�IRU�,,�JHQH�VLQFH�
S�YDOXH�LV�OHVV�WKDQ�����ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV��WKH�LPSURYHPHQW�LQ�WKH�QXPEHU�RI�SXVK�XS�IRU�,,�
JHQRW\SH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�


��7KH�%R[�3ORW�RI�6LW�XS�IRU�,,�*HQRW\SH�

,W�LV�VHHQ�WKDW�WKH�PHGLDQ�YDOXH�RI�SRVW�WHVW�LV�
JUHDWHU� WKDQ� WKH�PHGLDQ� YDOXH� RI� SUH�WHVW� RI�
VLW�XS�

*UDSK����7KH�ER[�SORW�RI�VLW�XS�IRU�,,�JHQRW\SH�



ϭϮϵ

,Q�ERWK�VDPSOHV�� WKHUH�DUH����REVHUYDWLRQV�DQG� WKH�DYHUDJH�SXVK�XS�QXPEHU�IRU�SUH�WHVW�DQG�SRVW�WHVW� VDPSOHV�DUH�
�����������DQG�������������UHVSHFWLYHO\�

7DEOH��� 'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XS�IRU�,,�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

����� ������ ������ �� �����
$V�VKRZQ�LQ�WKH�7DEOH����WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XSV IRU�,,�JHQRW\SH�
VLQFH�S�YDOXH�LV�OHVV�WKDQ������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV��WKH�LPSURYHPHQW�LQ�WKH�QXPEHU�RI�VLW�XS�
IRU�,,�JHQRW\SH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

7KH�%R[�3ORW�RI�3XOO�XS�IRU�,'�*HQRW\SH���

,W� LV� VHHQ WKDW� WKHUH� LV� QR�ELJ�GLIIHUHQFH�EHWZHHQ�
SUH�WHVW�DQG�SRVW�WHVW�IRU�,'�JHQRW\SH�YLVXDOO\�

*UDSK����7KH�ER[�SORW�RI�SXOO�XS�IRU�,'�JHQRW\SH�

,Q�ERWK�VDPSOHV��WKHUH�DUH�����REVHUYDWLRQV�DQG�WKH�DYHUDJH�SXOO�XS�QXPEHUV�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH
����������DQG������������UHVSHFWLYHO\�

7DEOH����'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�,'�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������ ����� ������ ��� �����

$V�VKRZQ�LQ�7DEOH���� WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�,'�JHQH�VLQFH�S�
YDOXH�LV�OHVV�WKDQ������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV��WKHUH�LV�D�VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�QXPEHU�
RI�SXOO�XS�IRU�,'�JHQRW\SH�


7KH�%R[�3ORW�RI�3XVK�XS�IRU�,'�*HQRW\SH�

,W� LV� VHHQ� WKDW� WKH� PHGLDQ� YDOXH� RI� SRVW�WHVW� LV�
JUHDWHU�WKDQ�WKH�PHGLDQ�YDOXH�RI�SUH�WHVW�RI�SXVK�XS�

*UDSK����7KH�ER[�SORW�RI�SXVK�XS�IRU�,'�JHQRW\SH�



ϭϯϬ

,Q�ERWK�VDPSOHV��WKHUH�DUH�����REVHUYDWLRQV�DQG�WKH�DYHUDJH�SXVK�XS�QXPEHU�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH�
������������DQG���������UHVSHFWLYHO\�

7DEOH����'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XS�IRU�,'�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������� ������ ������� ��� ����

$V�VKRZQ�LQ�7DEOH����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XSV�IRU�,'�JHQH�VLQFH�S�
YDOXH�LV�OHVV�WKDQ������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV�� WKH�LPSURYHPHQW�LQ�WKH�QXPEHU�RI�SXVK�XS�IRU�
JHQH�,'�LV�VWDWLVWLFDOO\�VLJQLILFDQW�


7KH�%R[�3ORW�RI�6LW�XS�IRU�,'�*HQRW\SH

,W� LV� VHHQ� WKDW� WKH� PHGLDQ� YDOXH� RI� SRVW�WHVW� LV�
JUHDWHU�WKDQ�WKH�PHGLDQ�YDOXH�RI�SUH�WHVW�RI�VLW�XS�

*UDSK��� 7KH�ER[�SORW�RI�VLW�XS�IRU�,'�JHQRW\SH�

,Q�ERWK� VDPSOHV�� WKHUH�DUH� ����REVHUYDWLRQV�DQG� WKH�DYHUDJH� VLW�XS�QXPEHUV� IRU�SUH�WHVW�DQG�SRVW�WHVW� VDPSOHV�DUH�
�����������DQG�������������UHVSHFWLYHO\�

7DEOH�����'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XS�IRU�,'�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������ ������ ������ ��� ����

$V�VKRZQ�LQ�7DEOH�����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XSV�IRU�,'�JHQRW\SH�VLQFH�
S�YDOXH�LV�OHVV�WKDQ�������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV�� WKH�LPSURYHPHQW�LQ�WKH� QXPEHU�RI�VLW�XS�IRU�
JHQRW\SH�,'�LV�VWDWLVWLFDOO\�VLJQLILFDQW�


7KH�%R[�3ORW�RI�3XOO�XS�IRU�''�*HQRW\SH�

,W� LV� VHHQ� WKDW� WKHUH� LV� QR� ELJ� GLIIHUHQFH�
EHWZHHQ� SUH�WHVW� DQG� SRVW�WHVW� IRU� ''�
JHQRW\SH�YLVXDOO\�

*UDSK����7KH�ER[�SORW�RI�SXOO�XS�IRU�''�JHQRW\SH�



ϭϯϭ

,Q�ERWK�VDPSOHV�� WKHUH�DUH����REVHUYDWLRQV�DQG� WKH�DYHUDJH�SXOO�XS�QXPEHUV�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH�
����������DQG�����������UHVSHFWLYHO\�

7DEOH���� 'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�''�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������ ����� ����� �� ����

$V�VKRZQ�LQ�7DEOH�����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXOO�XS�IRU�''�JHQH�VLQFH�S�
YDOXH� LV�JUHDWHU� WKDQ�������ZKLFK� LV� VLJQLILFDQFH� OHYHO�� ,Q�RWKHU�ZRUGV�� WKHUH� LV� QR�VLJQLILFDQW� LPSURYHPHQW� LQ� WKH�
QXPEHU�RI�SXOO�XS�IRU�''�JHQRW\SH�


7KH� %R[� 3ORW� RI� 3XVK�XS� IRU� ''� *HQRW\SH��

,W� LV� VHHQ� WKDW� WKH� PHGLDQ� YDOXH� RI� SRVW�WHVW� LV�
JUHDWHU� WKDQ� WKH� PHGLDQ� YDOXH� RI� SUH�WHVW� RI�
SXVK�XS�

*UDSK����7KH�ER[�SORW�RI�SXVK�XS�IRU�,'�JHQRW\SH�
,Q�ERWK�VDPSOHV��WKHUH�DUH����REVHUYDWLRQV�DQG�WKH�DYHUDJH�SXVK�XS�QXPEHUV�IRU�SUH�WHVW�DQG�SRVW�WHVW�VDPSOHV�DUH�
������������DQG��������������UHVSHFWLYHO\�

7DEOH�����'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XS�IRU�''�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������� ������ ����� �� ����

$V�VKRZQ�LQ�7DEOH�����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�SXVK�XSV�IRU�''�JHQRW\SH�
VLQFH�S�YDOXH�LV�OHVV�WKDQ�������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV��WKH�LPSURYHPHQW�LQ�WKH�QXPEHU�RI�SXVK�
XS�IRU�JHQRW\SH�''�LV�VWDWLVWLFDOO\�VLJQLILFDQW�


7KH�%R[�3ORW�RI�6LW�XS�IRU�''�*HQRW\SH

,W� LV� VHHQ� WKDW� WKH� PHGLDQ� YDOXH� RI� SRVW�WHVW� LV�
JUHDWHU� WKDQ� WKH�PHGLDQ�YDOXH�RI�SUH�WHVW�RI� VLW�
XS�

*UDSK����7KH�ER[�SORW�RI�VLW�XS�IRU�''�JHQRW\SH�

,Q� ERWK� VDPSOHV�� WKHUH� DUH� ��� REVHUYDWLRQV� DQG� WKH� DYHUDJH� VLW�XS� QXPEHUV� IRU� SUH�WHVW� DQG� SRVW�WHVW� VDPSOHV� DUH�
�����������DQG��������������UHVSHFWLYHO\�
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7DEOH�����'LIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XS�IRU ''�JHQRW\SH��
3���������
0HDQ��3UH�3RVW� 6WG��'HYLDWLRQ W GI 6LJ�

������ ������ ������ �� ����

$V�VKRZQ�LQ�7DEOH�����WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�SUH�WHVW�DQG�SRVW�WHVW�IRU�VLW�XSV�IRU�''�JHQRW\SH�VLQFH�
S�YDOXH�LV�OHVV�WKDQ�������ZKLFK�LV�VLJQLILFDQFH�OHYHO��,Q�RWKHU�ZRUGV�� WKH�LPSURYHPHQW�LQ�WKH�QXPEHU�RI�VLW�XS�IRU�
JHQRW\SH�''�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

'LVFXVVLRQ��

+XPDQ�JHQHWLF�VWUXFWXUH�PD\�HYROYH�SRVLWLYHO\�RU�QHJDWLYHO\�RYHU�WLPH�GXH�WR�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�IDFWRUV�
DQG� EHKDYLRUV�� ,Q� RUGHU� WR� UHYHDO� WKH� SK\VLFDO� DELOLWLHV� RI� LQGLYLGXDOV�� WUDLQLQJ� VKRXOG� EH� DSSOLHG� DFFRUGLQJ� WR�
LQGLYLGXDOV¶� JHQHWLF� VWUXFWXUH��6LPLODU� WUDLQLQJ�PHWKRGV�DQG�SUDFWLFHV�ZLOO�SURGXFH�PRUH�RU� OHVV� VLPLODU� UHVXOWV�RQ�
LQGLYLGXDOV� >��@��7KH� WUDLQLQJ� ORDGLQJV� FDUULHG� RXW� LQ� DFFRUGDQFH�ZLWK� WKH� JHQHWLFV� RI� WKH� HOLWH� DWKOHWHV� DOORZ� IRU�
HDVLHU� REVHUYDWLRQ� RI� WKH� JHQH� GLIIHUHQFHV�� 3DSDGLPLWUX� HW� DO��� FRQILUPHG� WKH� UHODWLRQVKLS� EHWZHHQ� JHQHWLF� DQG�
VSRUWLYH�SHUIRUPDQFH� LQ� WKH�HOLWH� OHYHO�VSULQWHU�DQG� ORQJ�GLVWDQFH�UXQQHU�E\� ORRNLQJ�DW� WKH�$&(�DQG�$&71��JHQH�
YDULDQWV�LQ�HOLWH�DWKOHWHV��>�@��+RZHYHU�� WKH�SHUIRUPDQFH�UHVXOWV�RI�WKH�GLIIHUHQW�JHQRW\SHV�LQ�VLPLODU�WUDLQLQJ�ORDGV�
PD\� QRW� \LHOG� WKH� H[SHFWHG� FKDQJH� >��@�� 6FRWW� HW� DO�� GLG� QRW� REVHUYH� D� VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ� $&(�
JHQRW\SH�DQG�HOLWH�HQGXUDQFH�SHUIRUPDQFH�LQ�.HQ\DQ�ORQJ�GLVWDQFH�DWKOHWHV�>��@��
6R�IDU�� WKHUH�KDV�QRW�EHHQ�D�ORW�RI�UHVHDUFK�WKDW�KDV�UHYHDOHG�WKH�UHODWLRQVKLS�EHWZHHQ�$&(�JHQRW\SH�DQG�VWUHQJWK�
HQGXUDQFH�� 8S� WR� QRZ�� D� IHZ� VWXGLHV� RQ� WKH� VXEMHFW� DUHD� KDYH� IXOO\� FODULILHG� WKH� UHODWLRQVKLS� EHWZHHQ� JHQH� DQG�
VWUHQJWK� HQGXUDQFH� >�@�� 7KH� UHODWLRQVKLS� EHWZHHQ� $&(� JHQRW\SH� DQG� VSRUWLYH� SHUIRUPDQFH� KDV� EHHQ� SRVLWLYHO\�
HYDOXDWHG�LQ�PDQ\�RI�WKH�VWXGLHV�FRQGXFWHG�VR�IDU�>������@��,W� LV�FHUWDLQ�WKDW�PRUH�WLPH�DQG�UHVHDUFK�DUH�QHHGHG�WR�
IXOO\�XQGHUVWDQG�WKH�FRQVHTXHQFHV�RI�WKH�HIIHFWV�RI�JHQHV�RQ�KXPDQ�SK\VLRORJ\�DQG�WKH�GLIIHUHQFHV WKDW�UHVXOW�IURP�
PLQRU�EXW�FUXFLDO�YDULDWLRQV�DPRQJ�LQGLYLGXDOV�>������@�
7KH� UHODWLRQVKLS� EHWZHHQ� JHQH� DQG� VSRUW� SHUIRUPDQFH� LV� JHQHUDOO\� SHUIRUPHG� RQ� VNLOOV� VXFK� DV� VSHHG�� SRZHU� >�@��
VKRUW� >�@��PHGLXP�DQG� ORQJ�GXUDWLRQ�HQGXUDQFH� >��@�DQG�REHVLW\� UHODWHG UHVHDUFK� >������@�� ,Q�PRVW�RI� WKH� VWXGLHV��
VXIILFLHQW� QXPEHU� DQG� KRPRJHQHRXV� ZRUNLQJ� FRQGLWLRQV� KDYH� QRW� EHHQ� IXOO\� DFKLHYHG� >��� ��@�� � 7KH� UHODWLRQVKLS�
EHWZHHQ� HQYLURQPHQWDO� IDFWRUV� DQG� OLIHVW\OH� DV� ZHOO� DV� WKH� JHQHWLF� GLIIHUHQFHV� EHWZHHQ� LQGLYLGXDOV� DIIHFWHG� E\�
H[HUFLVH� DGDSWDWLRQ�PD\�EH�PLVOHDGLQJ� LQ� UHODWLRQ� WR�RQH�RU�PRUH� JHQHV� >��@��&RQVLGHULQJ� FKDQJHV� LQ� WKH�KXPDQ�
RUJDQLVP� IURP� RQH� JHQHUDWLRQ� WR� DQRWKHU�� VRPHWLPHV�ZLWK� OLWWOH� EUHDNV� RU� DGGLWLRQV� WR� RQH� RU�PRUH� JHQHV� LQ� WKH�
KXPDQ�RUJDQLVP��LW�LV�TXLWH GLIILFXOW�WR�SUHGLFW�ZKHWKHU�WKH�FRUUHFW�PDWFKHV�RFFXU�LQ�WKH�WDUJHWHG�JHQH�>��@��
*HQHWLF� GLIIHUHQFHV� FDQ� EH� FRQVLGHUDEO\� DIIHFWHG� E\� VLPLODU� HQYLURQPHQWDO� FRQGLWLRQV�� OLIHVW\OH� DQG� WUDLQLQJ�
SUDFWLFHV��7UDLQLQJ�VWLPXOL�RU�EHKDYLRUV�JLYHQ� WR� LQGLYLGXDOV�ZLOO� LPSURYH�RQ�HDFK�JHQRW\SH��EXW� WKH�GHYHORSPHQW�
REVHUYHG� LQ�JHQRW\SHV� WKDW�SURYLGH�DSSURSULDWH�DGDSWDWLRQ�ZLOO�EH�D� OLWWOH�PRUH�DGYDQFHG�>��@�� �6XFK�FRPSDULVRQV�
PD\�SURGXFH�HLWKHU�VWDWLVWLFDOO\�VLJQLILFDQW�RU�WRWDOO\�PHDQLQJOHVV�UHVXOWV��:RUNLQJ�ZLWK�KRPRJHQHRXV�JURXSV�LV�DQ�
LPSRUWDQW� FULWHULRQ� LQ� RUGHU� WR� UHDFK� D� PHDQLQJIXO� UHVXOW� E\� FRQVLGHULQJ� JHQRW\SH� GLIIHUHQFHV� DQG� VSRUWLYH�
SHUIRUPDQFH� GHYHORSPHQW� >�@�� 6LPLODUO\�� WKH� PLOLWDU\� OLIHVW\OH�� ZKLFK� UHTXLUHV� D� FHUWDLQ� OHYHO� RI� SK\VLFDO�
SHUIRUPDQFH��UHTXLUHV�PHQWDO�DQG�SV\FKRORJLFDO�FRPSHWHQFH��DV�ZHOO�DV�WKH�QHHG�IRU�VSHHG��VWUHQJWK�	�HQGXUDQFH��
7R�EH� DEOH� WR�GHWHUPLQH�ZKLFK� VROGLHU� LV� IDVWHU�� VWURQJHU� DQG� KLJKHU� HQGXUDQFH� FDSDFLW\� LV� LPSRUWDQW� LQ� WHUPV� RI�
PLOLWDU\�KHDOWK�DQG�EXVLQHVV�SHUIRUPDQFH�HIILFLHQF\�
7KH�VWURQJHU�LV�QRW�DOZD\V�IDVWHU�DQG�DEOH�WR�KDYH�HQGXUDQFH�FDSDFLW\��2Q�WKH�FRQWUDU\��EHFDXVH�RI�WKH�UDWH�RI�PXVFOH�
ILEHU�W\SH��W\SH�,,��DQG�ERG\�ZHLJKW�WKH\�KDYH��WKH\�SURGXFH�KLJK�UDWH�RI�SRZHU�LQ�D�VKRUW�WLPH�DQG�JHW�WLUHG�YHU\�
TXLFNO\�E\�VSHQGLQJ�D ORW�RI�HQHUJ\�� ,QGLYLGXDOV�ZLWK�D�KLJK� OHYHO�RI�HQGXUDQFH�FDSDFLW\�DUH�DEOH� WR�FRQYHUW� WKHLU�
SK\VLRORJLFDO�VWUXFWXUHV�LQWR�DGYDQWDJHV�E\�XVLQJ�WKHLU�HQHUJLHV�HIILFLHQWO\�LQ�ORQJ�WHUP�DFWLYLWLHV��7KH�FRPELQDWLRQ�
RI� WZR� GLIIHUHQW� SK\VLRORJLFDO� EHKDYLRUV�� VXFK� DV� VSHHG� DQG� HQGXUDQFH�� DV� ZHOO� DV� WKH� VWUHQJWK� DQG� HQGXUDQFH�
FDSDELOLWLHV� RI� PXVFOHV� RU� HQHUJ\� V\VWHPV� WKDW� SURYLGH� UHVLVWDQFH� WR� SK\VLFDO� H[HUWLRQV� VXFK� DV� ODFWDG� WKUHVKROG�
WUDLQLQJ�>�@�IRU�D�PD[LPXP�RI���PLQXWHV��GHWHUPLQH�WKH�OHYHO�RI�VWUHQJWK�HQGXUDQFH�WKDW�UHYHDOV�PLOLWDU\�FDSDELOLW\��
&RQVLGHULQJ�PLOLWDU\�GLVFLSOLQHV��LW�LV�DOPRVW�LPSRVVLEOH�IRU�D�VROGLHU�WR�EH�ERWK�YHU\�IDVW�DQG�DEOH�WR�ZLWKVWDQG�ORQJ�
WHUP�HIIRUWV� >�����@��3K\VLFDO� ILWQHVV� WHVWV� WKDW�PHDVXUH�PLOLWDU\� FDSDELOLWLHV� DUH� XVHG� IRU� WKH� SXUSRVH�RI� UHYHDOLQJ�
PHGLXP� DQG� ORQJ�WHUP� HQGXUDQFH� DELOLW\� DQG� VWUHQJWK� HQGXUDQFH� FDSDELOLW\�� /RQJ� ODVWLQJ� HQGXUDQFH� SHUIRUPDQFH�
DQG� VWUHQJWK� HQGXUDQFH� FDSDELOLWLHV� DUH� LQGLVSHQVDEOH� SK\VLFDO� FKDUDFWHULVWLFV� RI� WKH� VROGLHUV� RQ� WKH� ILHOG�� 7KHVH�
FKDUDFWHULVWLFV�DUH�LPSRUWDQW�FULWHULD�IRU�KHDOWK\�DQG�HIILFLHQW�VHUYLFH�ZKHQ�WKH�DYHUDJH�SURIHVVLRQDO�OLIH�LV����WR����
\HDUV�>�@�
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7KH� IDFWRUV� WKDW� GHWHUPLQH� WKH� HQHUJ\� XVHG� GXULQJ� H[HUFLVH� DUH� WKH� GXUDWLRQ� DQG� LQWHQVLW\� RI� WKH� H[HUFLVH��+LJK�
LQWHQVLW\� DQG� VKRUW�WHUP H[HUFLVHV� XVH� DQDHURELF� HQHUJ\� V\VWHPV��+RZHYHU�� ORQJ�WHUP� DQG� ORZ�LQWHQVLW\� DFWLYLWLHV�
REWDLQ� HQHUJ\� IURP� DHURELF� HQHUJ\� V\VWHP�� >�@�� 6XFK� SHUIRUPDQFHV� DUH� JHQHUDOO\� RFFXUULQJ� EHORZ� ���� RI� WKH�
PD[LPDO�KHDUW�UDWH��6ORZ�WZLWFK�R[LGDWLYH�PXVFOH�ILEHUV�DUH�GRPLQDQW�PXVFOH�ILEHUV�XVHG�LQ�WKLV�W\SH�RI�DFWLYLWLHV��
>�@��$UP\�3K\VLFDO�)LWQHVV�7HVW��$3)7��LV�XVHG�WR�PHDVXUH�VWUHQJWK�HQGXUDQFH�RI�VROGLHUV�LQ�PDQ\�FRXQWULHV�DQG�LW�
FRQVLVWV� RI� SXOO�XSV�� SXVK�XSV� DQG� VLW�XSV��ZKLFK� FDQ�EH�GRQH� LQ���PLQXWHV� FRQVLGHULQJ� WKH�PD[LPXP�QXPEHU�RI�
UHSHWLWLRQ�>�@��6WUHQJWK�HQGXUDQFH�SK\VLFDO�DELOLW\�WHVWV�DUH�VKRUW�WHUP�DQDHURELF�DSSOLFDWLRQV������PLQXWH���:KHQ�WKH�
LQWHQVLW\�RI�WKH�H[HUFLVH�LV��������RU�PRUH��WKH�IDVW�WZLWFK�PXVFOH�ILEHU��)7�D��)7E��LV�DFWLYDWHG��ZKHQ�WKH�LQWHQVLW\�
RI�H[HUFLVH�LV�����RU�EHORZ�WKH�PD[LPXP�KHDUW�UDWH��VORZ�WZLWFK�PXVFOH�ILEHU�LV�DFWLYDWHG��7KH�ILUVW�WKLQJ�WR�QRWH�LV�
WKH�GXUDWLRQ�RI�WKH�H[HUFLVH�DQG�WKH�VHFRQG�LPSRUWDQW�SDUDPHWHU�LV� WKH�LQWHQVLW\�RI�WKH�H[HUFLVH��,W� LV�DVVXPHG�WKDW�
$&(�''�JHQRW\SHV�PD\�EH�PRUH�DGYDQWDJHRXV�LQ�WKHVH�WHVWV�>�@��
&RQVLGHULQJ� WKH�PXVFOH� ILEHU� W\SH� DQG� WKH� GXUDWLRQ� RI� WKH� H[HUFLVH�� LW� VKRXOG� EH� NQRZQ� WKDW� WKH�PDLQ� SDUDPHWHU�
PHDVXUHG� E\� VWUHQJWK� HQGXUDQFH� WHVW� LV� ORFDO� PXVFXODU� HQGXUDQFH�� 7KH� VWUHQJWK� HQGXUDQFH� WHVW� SHUIRUPHG� LQ� WKH�
DQDHURELF� HQYLURQPHQW� DLPV� WR� PHDVXUH� WKH� WROHUDQFH� OHYHO� �IDWLJXH�� RI� WKH� SULPH� PRYHU� PXVFOHV� �SHFWRUDOV��
DEGRPLQDOV DQG� ODWLVVLPXV� GRUVL�� WR� WKH� ODFWLF� DFLG� DFFXPXODWLRQ�� /RFDO� PXVFXODU� HQGXUDQFH� LV� GHILQHG� DV� WKH�
UHVLVWDQFH�RI�PXVFOH�RU�PXVFOH�JURXSV�WR�WKH�DFFXPXODWLRQ�RI�ODFWLF�DFLG�LQ�VKRUW�WHUP�DFWLYLWLHV�>�@��([HUFLVHV�WKDW�
SURYLGH� LPSURYHG� PXVFXODU� HQGXUDQFH� GHYHORSPHQW� VXFK� DV� SXVK�XSV�� VLW�XSV� DQG� SXOO�XSV� UHTXLUH� DGGLWLRQDO�
DQDHURELF�HQHUJ\�SURYLGHG�E\� WKH�DHURELF� V\VWHP��7KH� UHDVRQ� IRU� WKLV� LV� WKH�FRPSOHWH� LQKLELWLRQ�RI�EORRG� IORZ� WR�
PXVFOH�FHOOV�GXH�WR�SUHVVXUH�RU�FRQWUDFWLRQ�WKDW�WKH�DFWLYH�PXVFOHV�DUH�H[SRVHG�WR�GXULQJ�H[HUFLVH�>��@� 7\SH� ,�
PXVFOH�ILEHUV�DUH�DFWLYDWHG�ZLWK�ORZ�DQG�PRGHUDWH�H[HUFLVH�ORDGV��HQGXUDQFH��VWUHQJWK�HQGXUDQFH���ZKHUHDV�W\SH�,,�
PXVFOH� ILEHUV� DUH� DFWLYDWHG�E\� ORZ� UHSHWLWLRQ�KLJK� LQWHQVLW\� ORDGV� �VWUHQJWK�� VSHHG�� >�����@��:KHQ� WKH� LQWHQVLW\�RI�
H[HUFLVH�H[FHHGV�����RI� WKH�PD[LPXP�KHDUW� UDWH�� VORZ� WZLWFK�PXVFOH� ILEHUV�DUH�DFWLYDWHG�DW� WKH�EHJLQQLQJ�RI� WKH�
H[HUFLVH��IDVW�WZLWFK�PXVFOH�ILEHUV�DUH�LQYROYHG�LQ�WKH�FRQWUDFWLRQ���7KH�LQFUHDVHG�IDWLJXH�OHYHO�ZLWK�WKH�LQFUHDVH�LQ�
H[HUFLVH�GXUDWLRQ�UHGXFHV�WKH�UDWH�RI�IDVW�WZLWFK�PXVFOH�ILEHUV�WR�SDUWLFLSDWH�LQ�DFWLRQ��>��@�
6WUHQJWK�HQGXUDQFH�PHDVXUHPHQW�WHVWV�DUH�FDUULHG�RXW�WR�GHWHUPLQH�WKDW�ORQJ�WHUP�PXVFOH�HIIRUW�FDQ�EH�VXVWDLQHG�E\�
GHOD\LQJ�WKH�DFFXPXODWLRQ�RI�ODFWLF�DFLG�DW�PD[LPXP�OHYHO��7KH�UDWH�RI�VORZ�WZLWFK�PXVFOH�ILEHU�LQIOXHQFHG�E\�WKH�
JHQHWLF�VWUXFWXUH�DOORZV�HQGXUDQFH�DWKOHWHV�WR�EH�VXFFHVVIXO�LQ�ORQJ�WHUP�DFWLYLWLHV�>��@��ZKLOH�WKH�UDWH�RI�IDVW�WZLWFK�
PXVFOH� ILEHU� HQDEOHV� WKH� VWUHQJWK� DWKOHWHV� WR� EH� VXFFHVVIXO� LQ� VKRUW�WHUP� DFWLYLWLHV� >��� ��@�� � *HQHWLF� VWUXFWXUH�
GHWHUPLQHV�VNHOHWDO�PXVFOH�ILEHU�UDWLRV��,W�ZDV�REVHUYHG�WKDW�JHQHWLF�VWUXFWXUHV�RI�WKH�$&(�,,�� ,'�	�''�JHQRW\SHV�
VKRZHG�WKH�FKDUDFWHULVWLFV�RI�W\SH�,��W\SH�,,�D��DQG�W\SH�,,�E�PXVFOH�ILEHUV��UHVSHFWLYHO\�>�����@��
,QWHUQDO�PXVFOHV� VWUHQJWK�� ZKLFK� LQFUHDVHV� FLUFXODWLRQ� HIILFLHQF\� DQG� ODFWLF� DFLG� WROHUDQFH� GXH� WR� WKH� LQFUHDVH� LQ�
FDSLOODU\�QXPEHU�DV�D UHVXOW�RI�HQGXUDQFH�WUDLQLQJ��LV�DQ�LPSRUWDQW�FULWHULRQ�WKDW�GHWHUPLQHV�HQGXUDQFH�SHUIRUPDQFH�
GHYHORSPHQW >��@� 5HVHDUFKHV�LQGLFDWH�WKDW�'�DOOHOH�SURYLGHV�SRZHU�RULHQWHG�DWKOHWLF�SHUIRUPDQFH�>��@�DQG�,�DOOHOH�
SURYLGHV�D�UHJLRQDO�LQFUHDVH�LQ�PXVFOH�HIILFLHQF\�LQ�HQGXUDQFH�VSRUWV >������@� $&(�''��SRZHU�RULHQWHG�DWKOHWHV��
JHQRW\SH�KDG� ORZHU� IDWLJXH� LQGH[�	�PD[LPDO�R[\JHQ�XSWDNH��ZKHUHDV� LQ�HQGXUDQFH�DWKOHWHV� ODFWDWH� WKUHVKROG�DQG�
HQHUJ\�HIILFLHQF\�ZHUH�KLJKHU� >��@� 7KH�HIIHFW�RI� WKH� ,�DOOHOH�RQ� WKH� VORZ� WZLWFK�PXVFOH� ILEHUV� UDWLR� LQFUHDVHV� WKH�
PHFKDQLFDO� HIILFLHQF\� RI� WKH� VNHOHWDO� PXVFOHV >���� ��@� ,Q� RXU� VWXG\�� LW� ZDV� REVHUYHG� WKDW� WKH� VXEMHFWV� ZLWK� ,'�
JHQRW\SHV�ZHUH�PRUH�DGYDQWDJHRXV�LQ�WKH�VWUHQJWK�HQGXUDQFH�WHVWV�WKDQ�WKH�,,�	�''�JHQRW\SHV��+RZHYHU��&HULW HW�
DO���������IRXQG�WKDW�''�JHQRW\SHV�ZHUH�EHWWHU�WKDQ�WKH�RWKHUV�LQ�VKRUW�GXUDWLRQ�DHURELF�HQGXUDQFH�GHYHORSPHQW�>�@�
=XGLQ�HW� DO�� REVHUYHG�PD[LPXP�GXUDWLRQ�RI�D� VWDQGDUG� UHSHWLWLYH�HOERZ� IOH[LRQ�H[HUFLVH� �XVLQJ����NJ�RI�EDUEHOO��
EHIRUH� DQG� DIWHU� GXULQJ ��� ZHHNV� LGHQWLFDO� PLOLWDU\� WUDLQLQJ� VFKHGXOH� RQ� WKH� %ULWLVK� DUP\� UHFUXLWV�� 7KH\� IRXQG�
VLJQLILFDQW�LQFUHDVH�LQ�,,�DQG�,'�JHQRW\SHV�DQG�QR�VLJQLILFDQW�LPSURYHPHQW�LQ��''��JHQRW\SHV�LQ�WKHLU�UHVHDUFK�>��@�
6LPLODU�UHVXOWV�ZHUH�REVHUYHG�LQ�RXU�VWXG\�
,W� LV� ZHOO� NQRZQ� WKDW� WKH� UHVSRQVH� WR� WUDLQLQJ� LV� VLJQLILFDQWO\� DIIHFWHG� E\� LQLWLDO� ILWQHVV� OHYHO� RI� WKH� VXEMHFW��
,QGLYLGXDOV�ZLWK�WKH�ORZHVW�OHYHO�RI�ILWQHVV�SULRU�WR�WUDLQLQJ�WHQG�WR�VKRZ�WKH�JUHDWHVW�LPSURYHPHQWV�LQ�SHUIRUPDQFH�
DV�D�UHVXOW�RI�WUDLQLQJ�>�@� 6RQQD�HW�DO��UHSRUWHG�WKDW WKH�UHVXOWV�REWDLQHG�IURP�WKLV�VWXG\�GLG�QRW�KDYH�D�VLJQLILFDQW�
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