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,W� LV� D� UHVSLUDWRU\� GLVHDVH� FKDUDFWHUL]HG� E\� SURJUHVVLYH�
DLUÀRZ�REVWUXFWLRQ��QRW� IXOO\� UHYHUVLEOH�� ,Q�PDQ\�FDVHV��DLU�
ÀRZ�REVWUXFWLRQ�LV�DVVRFLDWHG�ZLWK�K\SHULQÀDWLRQ��ZKLFK�OHDGV�
WR�D�GHWHULRUDWLRQ�LQ�WKH�TXDOLW\�RI�OLIH�DQG�H[HUFLVH�FDSDFLW\��

+\SHULQÀDWLRQ� FRXOG� EH� GHWHUPLQHG� E\� UHGXFHG� OXQJ�
HODVWLF�UHFRLO�FRPELQHG�ZLWK�H[SLUDWRU\�ÀRZ�OLPLWDWLRQ�DQG�
LW�FDQ�EH�GLVWLQJXLVKHG�LQ�VWDWLF�DQG�G\QDPLF����

7KH�PHFKDQLVPV�DQG�SDWKRSK\VLRORJLFDO�FRQVHTXHQFHV�
RI�K\SHULQÀDWLRQ�DUH�FRPSOH[�DQG�QRW�IXOO\�HOXFLGDWHG�� ,Q�
FRQGLWLRQV� RI� EURQFKRFRQVWULFWLRQ�� WKH� K\SHULQÀDWLRQ� LV�
DSSDUHQWO\� GHWHUPLQHG� PDLQO\� E\� G\QDPLF� IDFWRUV�� 7KH�
PRVW�LPSRUWDQW�RI�WKHVH�LV�WKH�LQFUHDVHG�DLUZD\�UHVLVWDQFH�
ZLWK�SURORQJHG�PHFKDQLFDO�H[SLUDWRU\�WLPH�FRQVWDQWV�DQG��
WKXV��VORZ�DQG�LQFRPSOHWH�OXQJ�HPSW\LQJ��

'\QDPLF�OXQJ�+\SHULQÀDWLRQ�LV�WKH�PDLQ�FDXVH�RI�SRRU�
H[HUFLVH�WROHUDQFH�LQ�&23'�SDWLHQWV��

&3(7�DQG�WKH�HYDOXDWLRQ�RI�WKH�LQVSLUDWRU\�FRQVWUDLQWV�
DQG�YHQWLODWRU\� LQHI¿FLHQF\�KDYH�DQ� LPSRUWDQW� UROH� LQ� WKH�
HYDOXDWLRQ�RI�WKH�H[HUWLRQDO�G\VSQHD��

7KHUH� KDYH� EHHQ� VHYHUDO� UHSRUWV� GHPRQVWUDWLQJ� WKDW��
EHVLGHV�&23'�SDWLHQWV�ZKR�G\QDPLFDOO\�K\SHULQÀDWH�GXULQJ�
H[HUFLVH��K\SHULQÀDWRUV���WKHUH�DUH�DOVR�SDWLHQWV�ZKR�GR�QRW�
K\SHULQÀDWH�GXULQJ�H[HUFLVH� �QRQ�K\SHULQÀDWRUV��� ,Q�K\SHU�
LQÀDWRUV�� GXULQJ� WKH� H[HUFLVH�� LPSRUWDQW� DEQRUPDOLWLHV�
UHJDUGLQJ� UHVSLUDWRU\�PHFKDQLFV� DQG� FDUGLDF� RXWSXW� RFFXU��
)RU�WKHVH�UHDVRQV��VRPH�DXWKRUV�VKRZHG�WKDW�EUHDWKH�+HOLR[�
����� KHOLXP����� R[\JHQ�� LQGXFH� UHGXFWLRQ� RI� G\QDPLF�
OXQJ� K\SHULQÀDWLRQ� DQG� LV� DVVRFLDWHG� ZLWK� FRQVLVWHQW�
LPSURYHPHQW�LQ�LQGLFHV�RI�FDUGLR�FLUFXODWRU\�IXQFWLRQ����

(VWDEOLVKHG� WKH� LPSOLFDWLRQ� RI� G\QDPLF� K\SHULQÀDWLRQ�
LQ�&23'�SK\VLRSDWKRORJ\�� WKURXJK�RXU� VWXG\�ZH�ZDQW� WR�
IRFXV�RQ�VWDWLF�K\SHULQÀDWLRQ�

6WDWLF�K\SHULQÀDWLRQ��GH¿QHG�DV�DQ�LQFUHDVHG�YROXPH�RI�
DLU�UHPDLQLQJ�LQ�WKH�OXQJ�DW�WKH�HQG�RI�VSRQWDQHRXV�H[SLUD�
WLRQV�� LV�SUHVHQW�ZKHQ� UHVWLQJ� IXQFWLRQDO� UHVLGXDO�FDSDFLW\�
�)5&�� RU� HQG� H[SLUDWRU\� OXQJ� YROXPH� �((/9�� DUH�
LQFUHDVHG�DERYH�QRUPDO��,W� LV�FDXVHG�E\�HQWUDSPHQW�RI�DLU�
GXULQJ�H[SLUDWLRQ���

0HDVXUHPHQW� RI� H[SLUDWRU\� ÀRZ� LV� EDVLFDOO\� XVHG� IRU�
WKH� GLDJQRVLV� DQG� VWDJLQJ� RI� &23'�� ZKLOH�� WR� TXDQWLI\�
VWDWLF� K\SHULQÀDWLRQ�� OXQJ� YROXPHV� SDUDPHWHUV� VXFK� DV�
5HVLGXDO� 9ROXPH� �59��� 7RWDO� /XQJ� &DSDFLW\� �7/&�� DQG�
59�7/&�UDWLR��59�7/&��� DUH�QHHGHG�

'HVSLWH�WKH�FOLQLFDO�UHOHYDQFH�RI�DVVHVVLQJ�VWDWLF�K\SHU�
LQÀDWLRQ�� DW� WKH� PRPHQW�� WKHUH� LV� QR� FRQVHQVXV� RQ� WKH�
SDUDPHWHUV�RI�VHYHULW\�WR�EH�FRQVLGHUHG��YROXPH�FRPSDUW�
PHQW� WR� UHIHU�RQ�DQG� WKH�PHWKRG�RI�FKRLFH���� ,W� LV�NQRZQ�
WKDW�K\SHULQÀDWLRQ�LV�GHWHUPLQDWH�IURP�DLUZD\�REVWUXFWLRQ�

DQG�UHGXFHG�OXQJ�HODVWLF� UHFRLO�EXW� LW� LV�QRW�ZHOO�H[SORUHG�
KRZ�WR�DVVHVV�WKH�FRQWULEXWLRQ�RI�WKHP�

,PSXOVH� RVFLOORPHWU\� V\VWHP� �,26�� LV� D� YDULDQW� RI�
IRUFHG�RVFLOODWLRQ�WHFKQLTXH��GHVFULEHG�E\�'XERLV�RYHU����
\HDUV� DJR�� ZKLFK� SHUPLWV� SDVVLYH� PHDVXUHPHQW� RI� OXQJ�
PHFKDQLFV�� ,W� UHSUHVHQWV� D� XVHIXO� WRRO� IRU� WKH� VWXG\� RI�
VPDOO�DLUZD\�REVWUXFWLRQ�DQG�LV�PRUH�VHQVLWLYH�WKDQ�VSLUR�
PHWU\�IRU�SHULSKHUDO�DLUZD\�GLVHDVH���

.ROVXP�HW�DO�VKRZHG�WKDW�,26�UHDFWDQFH�PHDVXUHPHQW�
ZHOO� FRUUHODWH� ZLWK� VRPH� PHDVXUHPHQW� RI� K\SHULQÀDWLRQ�
�OLNH� 7/&�� 59� DQG� ,&���� EXW� WKH\� GLG� QRW� H[SORUH� WKH�
UHODWLRQ�ZLWK�59�7/&�

:H�LQYHVWLJDWH�ZKLFK�VSLURPHWULF�PHDVXUHPHQW�LV�PRUH�
UHOLDEOH�LQ�DVVHVVLQJ�VWDWLF�OXQJ�K\SHULQÀDWLRQ�DQG�ZKLFK�LV�
PRUH�UHODWHG�ZLWK�,26�PHDVXUHPHQWV�LQ�&23'�
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*2/'� ����� JXLGHOLQHV�� ZKR� KDG� DFFHVV� WR� RXWSDWLHQW�
FOLQLF�LQ�RXU�+RVSLWDO�GXULQJ�WKH�SHULRG�RI� WKH�VWXG\�ZHUH�
FRQVLGHUHG�� 7KHVH� LQFOXGHG� WKRVH� ZKR� KDG� WKH� IROORZLQJ�
FKDUDFWHULVWLFV�� �D��)(9��)9&�UDWLR������DIWHU�EURQFKRGL�
ODWLRQ���E��QR�DFXWH�H[DFHUEDWLRQ�GXULQJ�SUHYLRXV���ZHHNV��
�F��VWRS� WKH�PHGLFDWLRQV��ZKLFK�PD\�LQÀXHQFH�SXOPRQDU\�
IXQFWLRQ� WHVWLQJ� IRU� DW� OHDVW� ��� KRXUV�� G�� JRRG� DELOLW\� WR�
SHUIRUP�VSLURPHWU\�

7DEOH���6XEMHFW�&KDUDFWHULVWLFV

6XEMHFWV��Q���� 0HDQ���6'

$JH��\UV� ����������
)HPDOH�PDOH �����

%0,��NJ�P�� ������������

&$7 ������������
P05& �����������

)(9������SUHGLFWHG� �������������

5���FP+�2�/�V� �����������
5����FP+�2�/�V� �����������

;����FP+�2�/�V� í�����������
)UHV��+]� ������������

$EEUHYLDWLRQV�� %0,�� ERG\� PDVV� LQGH[�� &$7�� &23'� DVVHVVPHQW� WHVW��
P05&��PRGLÀHG�0HGLFDO�5HVHDUFK�&RXQFLO��)(9���IRUFHG�H[SLUDWRU\�YROXPH�

VXEPLW�\RXU�PDQXVFULSW�_�ZZZ�GRYHSUHVV�FRP��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

DovePress                                                                                            
,QWHUQDWLRQDO�-RXUQDO�RI�&KURQLF�2EVWUXFWLYH�3XOPRQDU\�'LVHDVH�������������

'·$VFDQLR�HW�DO������������������������������������������������������������������������������������������������������������������������������������������������������ Dovepress



7KH� VWXG\� SURWRFRO� ZDV� DSSURYHG� E\� WKH� (WKLFV�
&RPPLWWHH� IRU� WKH� 3URYLQFH� RI� 5RPH�� ,WDO\� �����B������
DQG�FRQGXFWHG� LQ� DFFRUGDQFH�ZLWK�JRRG�FOLQLFDO�SUDFWLFHV�
DQG�WKH�'HFODUDWLRQ�RI�+HOVLQNL��$OO�HQUROOHG�SDWLHQWV�JDYH�
WKHLU�LQIRUPHG�FRQVHQW�

3XOPRQDU\�)XQFWLRQ�7HVWV
,Q� RUGHU� WR� FROOHFW� UHVSLUDWRU\� IXQFWLRQ� SDUDPHWHUV�� ERWK�
JDV�KHOLXP�GLOXWLRQ�WHFKQLTXH�DQG�ZKROH�ERG\�SOHWK\VPR�
JUDSK\� ZHUH� XVHG�� $OO� WHVWV� ZHUH� SHUIRUPHG� SRVW�
EURQFKRGLODWDWRU�

)RU� WKH� TXDOLW\� RI� )9&� DQG� )(9�� PHDVXUHPHQWV�� WKH�
$PHULFDQ�7KRUDFLF�6RFLHW\�(XURSHDQ�5HVSLUDWRU\�6RFLHW\�
WHVW� FULWHULD� IRU� DFFHSWDELOLW\� DQG� UHSHDWDELOLW\� ZHUH�
UHVSHFWHG���� IURP� HDFK� VSLURPHWU\� DQG� OXQJ� YROXPH� DW�
OHDVW���PHDVXUHPHQWV�ZHUH�WDNHQ�WR�DVVXUH�UHSURGXFLELOLW\�

3XOPRQDU\�IXQFWLRQ�WHVWV��3)7V��ZHUH�SHUIRUPHG�XVLQJ�
WKH� 0DVWHU� 6FUHHQ� %RG\� �-DHJHU�� +RHFKEHUJ�� *HUPDQ\��
HTXLSSHG� ZLWK� WKH� VRIWZDUH� /DE� 0DQDJHU� 9�������
�&DUH)XVLRQ��+RHFKEHUJ��*HUPDQ\��

+HOLXP�'LOXWLRQ
7KH�KHOLXP�GLOXWLRQ�PHWKRG�PHDVXUHV�WKH�)5&�E\�D�FORVHG�
FLUFXLW�PHWKRG��06�3)7�-DJHU��

$IWHU� REWDLQLQJ� KHOLXP� HTXLOLEULXP�� WKH� SDWLHQW� ZDV�
DVNHG�WR�SHUIRUP�DQ�H[SLUDWRU\�UHVHUYH�YROXPH��(59���DQ�
LQVSLUDWRU\�FDSDFLW\��,&��DQG�¿QDOO\�D�YLWDO�FDSDFLW\��9&��
PDQHXYHU��7/&�ZDV�FDOFXODWHG�E\�DGGLQJ�WKH�PHDQ�YDOXH�
RI�LQVSLUDWRU\�FDSDFLW\�WR�)5&�

%RG\�3OHWK\VPRJUDSK\
7KH� SDWLHQW�� SODFHG� LQ� WKH� ER[�� VWDUWHG� EUHDWKLQJ� WKURXJK�
D�PRXWKSLHFH�FRQQHFWHG�WR�WKH�RXWVLGH��DOORZLQJ�WR�UHFRUG�
WKH�YLWDO�FDSDFLW\��9&���$IWHU� WKDW�� WKH�VKXWWHU�ZDV�FORVHG�
DQG� WKH� SDWLHQW� FRQWLQXHG� WR� EUHDWK� DJDLQVW� WKH� FORVHG�
VKXWWHU� �DW� D� UDWH� ���+HUW]��� REWDLQLQJ� IXQFWLRQDO� UHVLGXDO�
FDSDFLW\� �)5&��� WRWDO� OXQJ� FDSDFLW\� �7/&��� UHVLGXDO�
YROXPH��59��

,PSXOVH�2VFLOORPHWU\�6\VWHP
7KH� SXOPRQDU\� UHVLVWDQFH� DQG� UHDFWDQFH� ZHUH� PHDVXUHG�
XVLQJ�,26��0DVWHU6FUHHQ�,26��9LDV\V�*PE+��+RHFKEHUJ��
*HUPDQ\���7KH�GHYLFH�FRQVLVWV�RI�D�ORXGVSHDNHU�WKDW�JHQ�
HUDWHV�SUHVVXUH�RVFLOODWLRQV�FRPSRVHG�RI�PXOWLSOH�IUHTXHQ�
FLHV��ZKLFK�DUH�VXSHULPSRVHG�GXULQJ����V�RI�QRUPDO� WLGDO�
EUHDWKLQJ�� 7KLV� DOORZV� WKH� DVVHVVPHQW� RI� UHVLVWDQFH� DQG�
UHDFWDQFH� DW� VHYHUDO� IUHTXHQFLHV� VLPXOWDQHRXVO\�� UDQJLQJ�
IURP� �� WR� ��� +]�� 6XEMHFWV� VDW� XSULJKW�� KDG� D� QRVH� FOLS�

DQG� ¿UPO\� VXSSRUWHG� WKHLU� FKHHNV� ZLWK� WKHLU� KDQGV��
$�PLQLPXP�RI�WKUHH�WULDOV�ZHUH�SHUIRUPHG�

7KH�GLIIHUHQFH� LQ� UHVLVWDQFH�EHWZHHQ���+]�DQG����+]�
�5��±������UHDFWDQFH�DW���+]��;���DQG�UHVRQDQW�IUHTXHQF\�
�)UHV��ZHUH�UHFRUGHG�

5� ��±���� ZDV� XVHG� DV� D� VXUURJDWH� IRU� WKH� IUHTXHQF\�
GHSHQGHQFH�RI�UHVSLUDWRU\�UHVLVWDQFH��ZKLFK�LQFUHDVHV�ZLWK�
LQFUHDVLQJ�LQKRPRJHQHLW\�RI�SHULSKHUDO�DLUZD\V�

5HDFWDQFH� �;��� )UHV�� FDQ� EH� FRQVLGHUHG� DV� WKH� RXW� RI�
SKDVH�FRPSRQHQW�RI�UHVSLUDWRU\�LPSHGDQFH��ZLWK�ÀRZ��EXW�
QRW� YROXPH��� UHÀHFWLQJ� WKH� EDODQFH� EHWZHHQ� LQHUWLDO� DQG�
HODVWLF�SURSHUWLHV�RI�GLVWHQVLEOH� DLUZD\V��7\SLFDOO\�� WKLV� LV�
PHDVXUHG� DW� ��+]� �;��� DQG� E\� PHDQV� RI� UHVRQDQW� IUH�
TXHQF\� �)UHV��� WKH� ODWWHU� UHSUHVHQWLQJ� WKH� SRLQW� DW� ZKLFK�
RSSRVLQJ� LQHUWLDO� DQG� FDSDFLWLYH� FRPSRQHQWV� FDQFHO� HDFK�
RWKHU�RXW��

6WDWLVWLFDO�$QDO\VLV
'LFKRWRPRXV�YDULDEOHV�ZHUH�SUHVHQWHG�DV�SURSRUWLRQV�DQG�
FRQWLQXRXV�YDULDEOHV�DV�PHDQ���6'��7KH�QRUPDOLW\�RI�GDWD�
ZDV� FKHFNHG�� 7KH� FRPSDULVRQ� EHWZHHQ� YROXPHV� E\� WKH�
WZR� PHWKRGV� ZDV� GRQH� E\� SDLUHG� W� ±VWXGHQW�� 3HDUVRQ�
FRUUHODWLRQ�RU�6SHDUPDQ�FRUUHODWLRQ�ZDV�DSSOLHG� WR�GHWHU�
PLQH� WKH� UHODWLRQVKLSV� EHWZHHQ� ,26� PHDVXUHPHQWV� DQG�
SXOPRQDU\�IXQFWLRQ�PHDVXUHPHQWV�

$�WZR�WDLOHG�3������ZDV�FRQVLGHUHG� WR� LQGLFDWH�VWDWLV�
WLFDO�VLJQL¿FDQFH��$QDO\VLV�ZDV�SHUIRUPHG�XVLQJ�*UDSK3DG�
3ULVP� VRIWZDUH� �YHUVLRQ� ������� �*UDSK3DG� 6RIWZDUH�� 6DQ�
'LHJR��&$��

5HVXOWV
7KH� DQWKURSRPHWULF� DQG� IXQFWLRQDO� FKDUDFWHULVWLFV� RI� WKH�
���DQDO\]HG�SDWLHQWV�DUH�GHVFULEHG� LQ�7DEOH����$PRQJ�DOO�
WKH�SDWLHQWV�����SDWLHQWV�������KDG�D�)(9�������DQG����
SDWLHQWV�������KDG�D�)(9�������

'LIIHUHQFHV�%HWZHHQ�0HDVXUHV�'HULYHG�
IURP�+HOLXP�'LOXWLRQ�7HFKQLTXH��+H��DQG�
3OHWK\VPRJUDSK\��3OHWK�
$V�H[SHFWHG��7/&�DQG�59�YDOXHV�ZHUH�KLJKHU�LQ�SOHWK\V�
PRJUDSKLF� WHFKQLTXH� PHDVXUHPHQWV�� :H� UHSRUWHG�
D� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� WKHVH� WZR�
WHFKQLTXHV� LQ� WHUPV� RI�PHDQ� SUHGLFWHG� SHUFHQWDJH� YDOXHV�
RI�7/&��������������/��S �������DQG�59���������������/��
S �������WKLV�GLIIHUHQFH�LV�JUHDWHU�WKH�VPDOOHU�LV�)(9���1R�
GLIIHUHQFHV�ZHUH� IRXQG�EHWZHHQ� WKH� WZR�PHWKRGV� IRU�59��
7/&����������������S �������7DEOH����)LJXUH�����59�7/&�
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LV� LQYHUVHO\� DVVRFLDWHG�ZLWK� DLUZD\� REVWUXFWLRQ�PHDVXUHG�
ZLWK�)(9���SUHGLFWHG��U �í������S���������

,26�0HDVXUHPHQWV�DQG�&RUUHODWLRQ�ZLWK�
3OHWK�DQG�+H�'HULYHG�3DUDPHWHUV
7KH�FRUUHODWLRQ�DQDO\VLV�VKRZHG�WKDW�,26�SDUDPHWHUV��VXFK�
DV� GLIIHUHQFH� LQ� UHVLVWDQFH� EHWZHHQ� �� +]� DQG� ��� +]� �5�
��±����� DQG� UHVRQDQW� IUHTXHQF\� �)UHV��� ZHUH� SRVLWLYHO\�
FRUUHODWHG� ZLWK� 59�7/&� UDWLR�� ZKLOH� UHDFWDQFH� DW� �� +]�
�;�����ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�LW��)LJXUH����

,Q� SDUWLFXODU� ZH� SRLQWHG� RXW� D� ZHDN� FRUUHODWLRQ�
EHWZHHQ� 59�7/&� ���� �3OHWK�� DQG� 5��±���� �U �����
S �������)UHV��U �����S �������ZKLOH�;��KDG�D�PLOG�FRUUH�
ODWLRQ�ZLWK�59�7/&������U í����S����������0RUHRYHU��ZH�
QRWLFHG� D� VWURQJ� UHODWLRQVKLS� EHWZHHQ� 59�7/&� ����+H��
DQG�;���U í�����S ��������DQG�D�PLOG�FRUUHODWLRQ�EHWZHHQ�
59�7/&������+H��DQG�)UHV��U �����S ������

%HWZHHQ�5��±����DQG�59�7/&��ERWK�KHOLXP�DQG�3OHWK�
GHULYHG��WKHUH�ZDV�D�ZHDN�FRUUHODWLRQ��U �����S ��������1R�
FRUUHODWLRQ� EHWZHHQ� 7/&�� 59� �/���� �ERWK� KHOLXP� DQG�

3OHWK� GHULYHG�� DQG� ,26� SDUDPHWHUV� �5��±����� ;��� )UHV��
ZDV�IRXQG�

'LVFXVVLRQ
2XU� VWXG\� VKRZHG� KRZ�59�7/&� LV� WKH�PRVW� UHOLDEOH� DQG�
UHSURGXFLEOH�SDUDPHWHU�WR�DVVHVV�VWDWLF�K\SHULQÀDWLRQ��GXH�
WR�WKH�DEVHQFH�RI�VLJQL¿FDQW�GLIIHUHQFH�LQ�LWV�PHDVXUHPHQW�
EHWZHHQ� WKH� WZR� VSLURPHWULF� WHFKQLTXHV�� 0RUHRYHU�� 59��
7/&�KDV�D�VLJQL¿FDQW�FRUUHODWLRQ�ZLWK�,26�PHDVXUHPHQWV�

/XQJ�K\SHULQÀDWLRQ��/+��XVXDOO\�RFFXUV�LQ�WKH�QDWXUDO�
KLVWRU\� RI� &23'�� GXH� WR� WKH� UHGXFWLRQ� RI� OXQJ� HODVWLF�
UHFRLO� DQG� LQFUHDVHG� UHVLVWDQFH�� FRQWULEXWLQJ� WR� GHYHORS�
H[HUWLRQDO�G\VSQRHD�DQG�H[HUFLVH�OLPLWDWLRQ��

&RQYHQWLRQDOO\� /+� LV� GH¿QHG� DV� 7/&� !����� RI� WKH�
SUHGLFWHG� YDOXH�� HYHQ� 59�DQG� 59�7/&� DERYH� WKH� XSSHU�
OLPLWV�RI�QDWXUDO�YDULDELOLW\�DUH�FRQVLGHUHG�LQGH[�RI�/+��

6PLWK� HW� DO� VXJJHVW� WKDW� QRW� DOO� WKH� IXQFWLRQDO� SDUD�
PHWHUV� XVHG� WR� GHVFULEH� WKH� K\SHULQÀDWLRQ� KDYH� WKH� VDPH�
PHDQLQJ��WKH\�K\SRWKHVL]H�WKDW�59�DQG�59�7/&�ZRXOG�EH�
DVVRFLDWHG� ZLWK� VPDOO� DLUZD\V� GLVHDVH�� ZKLOH� )5&�� 7/&�
DQG�,&�7/&�ZRXOG�EH�DVVRFLDWHG�ZLWK�HPSK\VHPD���

6RPH� VWXGLHV� VXJJHVW� WKDW� 3OHWK� GHULYHG� 7/&� FRXOG�
RYHUHVWLPDWH� WKH� YROXPH�� HVSHFLDOO\� LQ� FDVHV� RI� VHYHUH�
REVWUXFWLRQ���� ZKLOH� IRU� RWKHUV�� +HOLXP� XQGHUHVWLPDWHV�
7/&� EHFDXVH�� LQ� FDVH� RI� DLU� WUDSSLQJ�� LW� LV� GLI¿FXOW� IRU�
WKH�JDV�WR�UHDFK�DOO�WKH�OXQJ�DUHDV������

7KH� QRYHOW\� RI� RXU� VWXG\� LV� WR� VKRZ� WKH� UHOLDELOLW\� RI�
59�7/&� GXH� WR� LWV� ORZ� YDULDELOLW\� LQ� WKH� PHDVXUHPHQWV�
FRQGXFW�ZLWK�WKH�WZR�GLIIHUHQW�PHWKRGV�

)HZ� VWXGLHV� KDYH�SRLQWHG�RXW� WKH� LPSRUWDQFH�RI� WDNLQJ�
LQWR� DFFRXQW� 59�7/&� DV� D� PHDVXUHPHQW� UHSUHVHQWDWLYH� RI�
OXQJ�K\SHULQÀDWLRQ� HYHQ� LI� LW� UHSUHVHQWV� D�JRRG�SURJQRVWLF�
IDFWRU�RI�PRUWDOLW\�DQG�H[DFHUEDWLRQV�LQ�&23'�SDWLHQWV������

=HQJ�HW�DO�VKRZHG�KRZ��LQ�VPRNHU�SDWLHQW�ZLWK�D�QRUPDO�
VSLURPHWU\��WKH�DOWHUDWLRQ�RI�59�7/&�UDWLR�FRXOG�EH�SUHGLFWLYH�
RI�D�IXWXUH�&23'�DQG�FRXOG�OHDG�WR�DQ�HDUO\�GLDJQRVLV�RI�WKH�
GLVHDVH���

7DEOH���/XQJ�9ROXPHV�0HDVXUHG�%RWK�ZLWK�3OHWK�DQG�+H��'LIIHUHQFHV�%HWZHHQ�(DFK�0HDVXUHPHQW�DUH�5HSRUWHG

3OHWK +H ǻ��3�YDOXH

7/&��/� ����������� ����������� �������������S ����
7/&���� �������������� ������������� �������������S �����

59��/� ����������� ����������� ������������S ����

59���� �������������� ������������� ��������������S ����
59�7/&�UDWLR ������������� ������������� �������������S ����

59�7/&�UDWLR���� ������������� ����������� �������������S ����

1RWH��6WDWLVWLFDOO\�VLJQLÀFDQW��
$EEUHYLDWLRQV��+H��KHOLXP�GLOXWLRQ��3OHWK��SOHWK\VPRJUDSK\��7/&��WRWDO�OXQJ�FDSDFLW\��59��UHVLGXDO�YROXPH�

)LJXUH���'LIIHUHQFHV�DPRQJ�7/&��59�DQG�59�7/&�UDWLR�PHDVXUHG�ERWK�ZLWK�KHOLXP�
GLOXWLRQ� �+H�� DQG� SOHWK\VPRJUDSK\� �3OHWK��� 6WDWLVWLFDOO\� VLJQLÀFDQW� GLIIHUHQFH�
EHWZHHQ� WKHVH� WZR� WHFKQLTXHV� LQ� WHUPV� RI�PHDQ� SUHGLFWHG� SHUFHQWDJH� YDOXHV� RI�
7/&�DQG�59��S�������
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2XU� UHVXOWV� HYLGHQFHG� WKH� VWULFW� UHODWLRQVKLS� EHWZHHQ�
59�7/&�DQG�,26�PHDVXUHPHQWV�

.ROVXP� HW� DO� KDG� GHPRQVWUDWHG� WKDW� UHVSLUDWRU\� UHDF�
WDQFH� PHDVXUHPHQW� �;�� DQG� )5HV�� LV� FORVHO\� DVVRFLDWHG�
ZLWK�PRUH�WUDGLWLRQDO�PHDVXUHPHQW�RI�SXOPRQDU\�IXQFWLRQ�
LQ�&23'�SDWLHQWV��7KH\�H[SORUHG�WKH�FRUUHODWLRQ�EHWZHHQ�
,26�UHDFWDQFH�PHDVXUHPHQW�DQG�OXQJ�YROXPH�DV�7/&��59�
DQG�,&���

2XU�UHVXOWV�HYLGHQFHG�WKDW�;��DQG�)UHV�KDYH�QR�FRUUH�
ODWLRQ� ZLWK� 59�RU� 7/&� PHDVXUHG� ZLWK� +H� RU� 3OHWK�� EXW�
FRUUHODWH�ZLWK�59�7/&�VKRZLQJ�D� OLQN�EHWZHHQ�UHDFWDQFH�
PHDVXUHPHQWV�DQG�K\SHULQÀDWLRQ�

7KH� LPSRUWDQFH� RI� RXU� VWXG\� LV� DOVR� WR� KLJKOLJKW� WKH�
PRGHUDWH� FRUUHODWLRQ� EHWZHHQ� 59�7/&� DV� D� PHDVXUH� RI�
K\SHULQÀDWLRQ�DQG�SHULSKHUDO�DLUZD\�UHVLVWDQFH��ZHOO�UHSUH�
VHQWHG�E\�5��±����PHDVXUHG�E\�,26����$FFRUGLQJ�WR�6LQJK�
HW�DO��WKHUH�LV�D�YLFLRXV�FLUFOH��EHWZHHQ�6$'��6PDOO�$LUZD\�
'LVHDVH��DQG�HPSK\VHPD�FDXVLQJ�K\SHULQÀDWLRQ���

)RU�WKH�LPSRUWDQW�FOLQLFDO�LPSOLFDWLRQV�RI�VWDWLF�K\SHU�
LQÀDWLRQ�DQG�WKH�ZHLJKW�WKDW�GHWHUPLQHV�RQ�&23'�SURJUHV�
VLRQ�� WKHUH� DUH� PDQ\� SUDFWLFDO� LVVXHV� WKDW� QHHG� WR� EH�
FRQVLGHUHG�ZKHQ�GHFLGLQJ�ZKLFK�SXOPRQDU\�IXQFWLRQ�PHD�
VXUHPHQW� ZLOO� SURYLGH� WKH� EHVW� PHWKRG� RI� DVVHVVLQJ�
K\SHULQÀDWLRQ�

2XU� UHVXOWV� VKRZ� WKH� LPSRUWDQFH�RI�59�7/&�LQ�DVVHV�
VLQJ�K\SHULQÀDWLRQ��UHJDUGOHVV�RI�WKH�PHWKRG�XVHG�

'XH�WR�WKH�FRUUHODWLRQ�ZLWK�,26�PHDVXUHPHQWV��ZH�FDQ�
XVH�WKHP�DV�LQWHJUDWLYH�SDUDPHWHUV�LQ�JOREDO�HYDOXDWLRQ�RI�
&23'�SDWLHQW��7KLV�ZRXOG�DOORZ�,26�PHDVXUHPHQWV�WR�EH�
FRPSDUHG� WR� FKDQJHV� LQ� 59�7/&� DV� ZHOO� DV� RWKHU� ZHOO�
UHFRJQL]HG� SXOPRQDU\� IXQFWLRQ� SDUDPHWHUV� WKDW� DVVHVV�
K\SHULQÀDWLRQ�

,26� GRHV� QRW� UHTXLUH� D� GLI¿FXOW� SHUIRUPDQFH� E\�
SDWLHQWV�� EXW� RQO\� WLGDO� EUHDWKLQJ�� VR� LW� FDQ� EH� SHUIRUPHG�
SDWLHQWV�ZKR� DUH� QRW� FRPSOLDQW� LQ� SHUIRUPLQJ� VSLURPHWU\�
FRUUHFWO\�

%DVHG�RQ�RXU�UHVXOWV�� LW�ZRXOG�EH�XVHIXO�IRU� WKH�IXWXUH�
QRW� RQO\� WR�XVH�)(9�� WR� HYDOXDWH�&23'�SDWLHQW� EXW� DOVR�
59�7/&�� ,W� ZLOO� EH� DEOH� WR� SURYLGH� LQIRUPDWLRQ� RQ� WKH�
HYROXWLRQ�DQG�WKHUDSHXWLF�UHVSRQVH�RI�WKH�GLVHDVH�

7KH�59�7/&�UDWLR�FRXOG�DOVR�EH�XVHG�LQ�WKH�HYDOXDWLRQ�
RI� SDWLHQWV�ZLWK� QRUPDO�)(9��)9&��EXW� DW� ULVN� RI� GHYHO�
RSLQJ� &23'�� LQ� RUGHU� WR� SHUIRUP� HDUO\� GLDJQRVLV� DQG�
FORVHU�PRQLWRULQJ���

7KH�OLQN�EHWZHHQ�59�7/&�DQG� WKH�,26�PHDVXUHPHQWV�
DSSHDU� LQWHUHVWLQJ�� VR� WKDW� WKH\� FDQ� EH� XVHG� DV�
D�VXSSOHPHQWDU\�V\VWHP�LQ�WKH�RYHUDOO�DVVHVVPHQW�RI�VWDWLF�
K\SHULQÀDWLRQ�� ,Q� QRQ�FRPSOLDQW� SDWLHQWV�� LW� FDQ� EH� XVHG�
LQGLYLGXDOO\� WR� PDNH� DQ� HVWLPDWH� RI� K\SHULQÀDWLRQ�
DOWKRXJK�PRUH�VWXGLHV�DUH�QHHGHG�

+RZHYHU��WKH�HDVH�RI�XVH�RI�,26�DQG�WKH�VHQVLWLYLW\�RI�
WKLV� WHFKQLTXH� WR� PHDVXUH� WKH� HIIHFWV� RI� WKHUDSHXWLF�

)LJXUH����$��5HODWLRQVKLS�EHWZHHQ�;���FP+���/�V��DQG�59�7/&�UDWLR������ERWK�+H�DQG�3OHWK�GHULYHG����%��5HODWLRQVKLS�EHWZHHQ�)UHV��+]��DQG�59�7/&�UDWLR������ERWK�+H�
DQG�3OHWK�GHULYHG����&��5HODWLRQVKLS�EHWZHHQ�5��²����DQG�59�7/&�UDWLR������ERWK�+H�DQG�3OHWK�GHULYHG��
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LQWHUYHQWLRQV� LQ� &23'� SDWLHQWV�� VKRXOG� SURYLGH� D� VRXQG�
EDVLV� IRU� WKH� LQFUHDVHG� XVH� RI� WKLV� PHWKRG� LQ� FOLQLFDO�
SUDFWLFH�

2XU� VWXG\� SUHVHQWV� VRPH� OLPLWDWLRQV�� WKH� ORZ� VDPSOH�
DOWKRXJK� WKH� VWXG\� KDV� JRRG� SRZHU� DQG� WKH� DEVHQFH� RI�
D�IROORZ�XS�WKDW�ZRXOG�DOORZ�XV�WR�XQGHUVWDQG�WKH�XVHIXO�
QHVV�RI�59�7/&�DV�D�SDUDPHWHU�RI�SDWKRORJ\�SURJUHVVLRQ�

&RQFOXVLRQ
59�7/&�FDQ� UHSUHVHQW� WKH�PRVW� UHOLDEOH� SDUDPHWHU� LQ� WKH�
DVVHVVPHQW� RI� K\SHULQÀDWLRQ�� FRQVLGHULQJ� WKH� DEVHQFH� RI�
VLJQL¿FDQW�GLIIHUHQFH�LQ�LWV�PHDVXUHPHQW�EHWZHHQ�WKH�WZR�
WHFKQLTXHV�� ,26� SURYLGHV� VXSSOHPHQWDU\� LQIRUPDWLRQ� LQ�
WKH�DVVHVVPHQW�RI�VWDWLF�K\SHULQÀDWLRQ�

$EEUHYLDWLRQV
&23'�� &KURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� 3OHWK��
:KROH�ERG\�SOHWK\VPRJUDSK\��+H��KHOLXP�GLOXWLRQ��7/&��
WRWDO�OXQJ�FDSDFLW\��59��UHVLGXDO�YROXPH��/+��OXQJ�K\SHU�
LQÀDWLRQ��)5&��IXQFWLRQDO�UHVLGXDO�FDSDFLW\��)(9���)RUFHG�
([SLUDWRU\�9ROXPH��6$'��VPDOO�DLUZD\�GLVHDVH�

'DWD�6KDULQJ�6WDWHPHQW
7KH�GDWD�WKDW�VXSSRUW�WKH�¿QGLQJV�RI�WKLV�VWXG\�DUH�DYDLODEOH�
IURP�WKH�FRUUHVSRQGLQJ�DXWKRU�XSRQ�UHDVRQDEOH�UHTXHVW�

&RQVHQW�IRU�3XEOLFDWLRQ
$OO�HQUROOHG�SDWLHQWV�JDYH�WKHLU�LQIRUPHG�FRQVHQW�

$FNQRZOHGJPHQWV
:H� WKDQN� $�� 3LUDLQR� �0'�� IRU� DVVLVWDQFH� ZLWK� IRU� FRP�
PHQWV�WKDW�JUHDWO\�LPSURYHG�WKH�PDQXVFULSW�

$XWKRU�&RQWULEXWLRQV
$OO�DXWKRUV�FRQWULEXWHG�WR�GDWD�DQDO\VLV��GUDIWLQJ�RU�UHYLV�
LQJ� WKH� DUWLFOH�� KDYH� DJUHHG� RQ� WKH� MRXUQDO� WR� ZKLFK� WKH�
DUWLFOH�ZLOO�EH�VXEPLWWHG��JDYH�¿QDO�DSSURYDO�RI�WKH�YHUVLRQ�
WR�EH�SXEOLVKHG��DQG�DJUHH�WR�EH�DFFRXQWDEOH�IRU�DOO�DVSHFWV�
RI�WKH�ZRUN�

)XQGLQJ
7KH�DXWKRUV�UHFHLYHG�QR�¿QDQFLDO�VXSSRUW�IRU�WKH�UHVHDUFK��
DXWKRUVKLS��DQG�RU�SXEOLFDWLRQ�RI�WKLV�DUWLFOH�

'LVFORVXUH
7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQÀLFW�RI�LQWHUHVW�

5HIHUHQFHV
���%LHQHU�$,��'HFNHU�6/��5RKGH�)��3UHYDOHQFH�DQG�WUHDWPHQW�RI�&KURQLF�
2EVWUXFWLYH�3XOPRQDU\�'LVHDVH��&23'��LQ�WKH�8QLWHG�6WDWHV��-$0$��
�����������������GRL���������MDPD�����������

���5RVVL�$��$LVDQRY�=��$YGHHY� 6�� HW� DO��0HFKDQLVPV�� DVVHVVPHQW� DQG�
WKHUDSHXWLF�LPSOLFDWLRQV�RI�OXQJ�K\SHULQÀDWLRQ�LQ�&23'��5HVSLU�0HG��
���������������±�����GRL���������M�UPHG������������

���2¶'RQQHOO�'(��/DYHQH]LDQD�3��3K\VLRORJ\�DQG�FRQVHTXHQFHV�RI�OXQJ�
K\SHULQÀDWLRQ� LQ� &23'�� (XU� 5HVSLU� 5HY�� ���������������±����
GRL��������������������������
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