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)RFXV�DQG�6FRSH
7KH� $IULFDQ� -RXUQDO� RI � 7URSLFDO�0HGLFLQH� DQG�
%LRPHGLFDO� 5HVHDUFK� LV� D� PXOWLGLVFLSOLQDU\� DQG�
LQWHUQDWLRQDO�MRXUQDO�SXEOLVKHG�E\�WKH�&ROOHJH�RI �
+HDOWK�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\�RI �$EUDND��
1LJHULD��,W�SURYLGHV�D�IRUXP�IRU�$XWKRUV�ZRUNLQJ�
LQ�$IULFD� WR� VKDUH� WKHLU� UHVHDUFK� ILQGLQJV�RQ� DOO�
DVSHFWV� RI � 7URSLFDO� 0HGLFLQH� DQG� %LRPHGLFDO�
6FLHQFHV�DQG� WR�GLVVHPLQDWH� LQQRYDWLYH�� UHOHYDQW�
DQG�XVHIXO�LQIRUPDWLRQ�RQ�WURSLFDO�PHGLFLQH�DQG�
ELRPHGLFDO� VFLHQFHV� WKURXJKRXW� WKH� FRQWLQHQW��
7KH�MRXUQDO� � �ZLOO� � �SXEOLVK� � �RULJLQDO� � �UHVHDUFK� � �
DUWLFOHV�� UHYLHZV�� HGLWRULDOV�� FRPPHQWDULHV�� VKRUW�
UHSRUWV�� FDVH� UHSRUWV� DQG� OHWWHUV� WR� WKH� HGLWRU�� �
$UWLFOHV�DUH�ZHOFRPH�LQ�DOO�EUDQFKHV�RI �PHGLFLQH�
DQG�GHQWLVWU\�LQFOXGLQJ�EDVLF�VFLHQFHV��$QDWRP\��
%LRFKHPLVWU\�� 3K\VLRORJ\�� 3KDUPDFRORJ\��
3V\FKRORJ\��1XUVLQJ�HWF��DQG�FOLQLFDO� � � �VFLHQFHV�
�,QWHUQDO� 0HGLFLQH�� 6XUJHU\�� 2EVWHWULFV� DQG�
*\QDHFRORJ\�� 'HQWDO� VXUJHU\�� &KLOG� +HDOWK��
/DERUDWRU\� 6FLHQFHV�� 5DGLRORJ\�� &RPPXQLW\�
0HGLFLQH�� HWF��� $UWLFOHV� DUH� DOVR� ZHOFRPH� IURP�
VRFLDO� VFLHQFH� UHVHDUFKHUV� WKDW� GRFXPHQW� WKH�
LQWHUPHGLDWLQJ� DQG� EDFNJURXQG� VRFLDO� IDFWRUV�
LQIOXHQFLQJ�KHDOWK�LQ�FRXQWULHV�RI �$IULFD��3ULRULW\�
ZLOO�EH�JLYHQ�WR�SXEOLFDWLRQ�RI �DUWLFOHV�WKDW�GHVFULEH�
WKH� DSSOLFDWLRQ� RI � � � WKH� SULQFLSOHV� RI � SULPDU\�
KHDOWK� FDUH� LQ� WKH� SUHYHQWLRQ� DQG� WUHDWPHQW� RI �
GLVHDVHV�

(GLWRULDO�1RWLFHV
7KH� MRXUQDO�ZLOO� EH� SXEOLVKHG� ELDQQXDOO\� LQ� WKH�
PRQWKV� RI � 0DUFK� DQG� 6HSWHPEHU�� $QQXDO�
VXEVFULSWLRQ�IHH�LQ�1LJHULD�LV�WZR�WKRXVDQG�QDLUD�
�1������� SHU� YROXPH� ��LVVXHV��� 2QH�WKRXVDQG�
QDLUD� VLQJOH� FRS\� �1������� 7KH� DQQXDO�
VXEVFULSWLRQ�UDWH�IRU�RWKHU�SDUWV�RI �WKH�ZRUOG�LV�DV�
IROORZV�� �8QLWHG�.LQJGRP������SRVW�IUHH��� �:HVW�
$IULFD������SRVW�IUHH���7KH�UHVW�RI �WKH�:RUOG�DQG�
WKH�8QLWHG�6WDWHV�RI �$PHULFD�������SRVW�IUHH���$�
FKDUJH�RI ����� LV�PDGH� IRU� UHSULQWV� LQFOXVLYH�RI �
SRVWDJH�� &KHTXHV� VKRXOG� PDGH� SD\DEOH� WR� WKH�
$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�

%LRPHGLFDO�5HVHDUFK�DQG�DGGUHVVHG�WR�WKH�(GLWRU�
LQ�&KLHI�

-RXUQDO�&RQWDFW
$OO�FRUUHVSRQGHQFH��LQFOXGLQJ�PDQXVFULSWV�IRU�
SXEOLFDWLRQ��LQ�WULSOLFDWH��VKRXOG�EH�DGGUHVVHG�WR�
� 3URIHVVRU�3�6��,JELJEL�
� 7KH�(GLWRU�LQ�&KLHI��
� 'HSDUWPHQW�RI �$QDWRP\�
� )DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��
� &ROOHJH�RI �+HDOWK�6FLHQFHV�
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��
� 'HOWD�6WDWH��1LJHULD�
�
� 2U�
� 3URIHVVRU�/DZUHQFH�2PR�$JKRMD
� (GLWRU
� 'HSDUWPHQW�RI �2EVWHWULFV�DQG
� *\QHFRORJ\�
� )DFXOW\�RI �&OLQLFDO�0HGLFLQH���
� 'HOWD�6WDWH�8QLYHUVLW\��$EUDND��1LJHULD�
� (PDLO��MRXUQDODMWPEU#\DKRR�FRP�
� &F��DOO�HPDLO�WR�� � �
� HJXRQRB����#\DKRR�FRP
� 7HO�������������

$OO�DXWKRUV�DUH�DGYLVHG�WR�VXEPLW�DQ�HOHFWURQLF�FRS\�
LQ� &'�520� DORQJ� ZLWK� D� KDUG� FRS\� RI � WKHLU�
PDQXVFULSW��DV�WKLV�ZLOO�VSDUH�UHPDUNDEOH�WLPH�LQ�WKH�
UHYLHZLQJ�DQG�W\SHVHWWLQJ�SURFHVVHV�

,Q�WKH�DOWHUQDWLYH��DXWKRUV�FDQ�VXEPLW�WKHLU�DUWLFOHV�
DQG� FRYHULQJ� OHWWHU� E\� HPDLO� DWWDFKPHQWV�� $�
FRYHULQJ� OHWWHU� �VLJQHG� E\� DOO� DXWKRUV��
DFFRPSDQ\LQJ�WKH�PDQXVFULSW�VKRXOG�FHUWLI\�WKDW�
WKH�DUWLFOH�KDV�QRW�EHHQ�SUHYLRXVO\�SXEOLVKHG�DQG�LV�
QRW�EHLQJ�FRQVLGHUHG�IRU�SXEOLFDWLRQ�HOVHZKHUH�

,QIRUPDWLRQ�IRU�$XWKRUV
$OO� PDQXVFULSW� DUH� SHHU�UHYLHZHG� DQG� DFFHSWHG�
ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�WKH�ZRUN�KDV�QRW�EHHQ�
SXEOLVKHG� RU� EHLQJ� FRQVLGHUHG� IRU� SXEOLFDWLRQ�
HOVHZKHUH���,QGHHG��WKH�DXWKRUV�ZRXOG�EH�UHTXHVWHG�
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WR� VLJQ� D� FRS\ULJKW� IRUP� WUDQVIHUULQJ� WKH�
RZQHUVKLS�RI �WKH�SDSHU�WR�WKH�$IULFDQ�-RXUQDO�RI �
7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��$OO�
DUWLFOHV� PXVW� LQFOXGH� WKH� FRUUHFW� QDPHV� DQG�
DGGUHVVHV�RI �DXWKRU�V��LQFOXGLQJ�H�PDLO�DGGUHVVHV�
DQG�WHOHSKRQH�QXPEHUV���$UWLFOHV�ZLOO�EH�VXEMHFWHG�
WR� D� WKRURXJK� SHHU� UHYLHZ� SURFHVV� EHIRUH� DQ\�
GHFLVLRQ� LV� PDGH� WR� SXEOLVK� RU� QRW�� � $XWKRUV� � �
VKRXOG�QRWH�WKDW�WKH�$IULFDQ�-RXUQDO�RI �7URSLFDO�
0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK�LV�QRW�XQGHU�
DQ\� REOLJDWLRQ� WR� SXEOLVK� DUWLFOHV� VXEPLWWHG�� DV�
GHFLVLRQ� WR� SXEOLVK� ZLOO� EH� EDVHG� RQ�
UHFRPPHQGDWLRQV�RI �UHYLHZHUV�DQG�WKH�HGLWRULDO�
DGYLVRU\�ERDUG�

0DQXVFULSWV
$UWLFOHV�VXEPLWWHG�IRU�SXEOLFDWLRQ�VKRXOG�EH�W\SHG�
GRXEOH�VSDFHG� ZLWK� ���FP� PDUJLQV� ZLWK�
DFFRPSDQ\LQJ� &'�520� LQ� 0LFURVRIW� :RUG�
IRUPDW� IRU� HDV\� DQG� TXLFN� SHHU� UHYLHZ� DQG�
W\SHVHWWLQJ��(DFK�RI �WKH�IROORZLQJ�VHFWLRQV�VKRXOG�
EHJLQ� LQ� D� QHZ� SDJH�� WLWOH� SDJH�� DEVWUDFW��
LQWURGXFWLRQ�� PDWHULDOV� DQG� PHWKRGV�� UHVXOWV��
GLVFXVVLRQ�� DFNQRZOHGJPHQW� �V��� UHIHUHQFHV��
WDEOHV�� OHJHQGV� WR� ILJXUHV� DQG� LOOXVWUDWLRQV�� 7KH�
PDQXVFULSW�VKRXOG�LQFOXGH�

7LWOH�3DJH
7KH� WLWOH� SDJH� VKRXOG� LQFOXGH� WKH� IROORZLQJ�
LQIRUPDWLRQ�� ��� WKH� WLWOH� DQG� VXE�WLWOH�� ��� WKH�
QDPH�V��RI �WKH�DXWKRU�V������WKH�DIILOLDWLRQ�V��RI �WKH�
DXWKRU�V��� ��� QDPH� DQG� DGGUHVV� RI � WKH�
FRUUHVSRQGLQJ�DXWKRU�DQG����WKUHH�WR�VL[�NH\�ZRUGV�
IRU�LQGH[LQJ�DQG�UHWULHYDO�SXUSRVHV�

$EVWUDFW
7KH�DEVWUDFW�VKRXOG�EH�VWUXFWXUHG�DQG�QRW�PRUH�
WKDQ� ���� ZRUGV�� ,W� VKRXOG� FDUU\� WKH� IROORZLQJ�
KHDGLQJV�� ,QWURGXFWLRQ��0DWHULDOV� DQG�0HWKRGV��
5HVXOWV�DQG�&RQFOXVLRQ�

2ULJLQDO� 5HVHDUFK�� 7KH� MRXUQDO� ZHOFRPHV�

DUWLFOHV� UHSRUWLQJ� RQ� RULJLQDO� UHVHDUFK�� LQFOXGLQJ�
ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� VWXGLHV�� )XOO�
OHQJWK�DUWLFOHV�VKRXOG�JHQHUDOO\�QRW�H[FHHG������
ZRUGV�� H[FOXGLQJ� DEVWUDFW�� WDEOHV�� ILJXUHV�� DQG�
UHIHUHQFHV�� 7KH� VXEMHFW� PDWWHU� VKRXOG� EH�
RUJDQLVHG�XQGHU� DSSURSULDWH�KHDGLQJV� DQG� VXE�
KHDGLQJV�DV�LWHPL]HG�DERYH�

5HYLHZ�$UWLFOHV��&RPSUHKHQVLYH�UHYLHZ�DUWLFOHV�
RQ�DOO�DVSHFWV�RI �WURSLFDO�PHGLFLQH�DQG�ELRPHGLFDO�
VFLHQFHV�ZLOO�DOVR�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�LQ�
WKH�MRXUQDO�� �5HYLHZV�VKRXOG�SURYLGH�D�WKRURXJK�
RYHUYLHZ�RI �WKH�WRSLF�DQG�VKRXOG�LQFRUSRUDWH�WKH�
PRVW� FXUUHQW� UHVHDUFK�� 7KH� OHQJWK� RI � UHYLHZ�
DUWLFOHV� PXVW� QRW� H[FHHG� ������ ZRUGV� DQG� WKH�
RUJDQLVDWLRQDO� KHDGLQJV� DQG� VXE�KHDGLQJV� XVHG�
DUH�DW�WKH�DXWKRU
V�GLVFUHWLRQ�

6KRUW� 5HSRUWV� �� %ULHI � GHVFULSWLRQV� RI �
SUHOLPLQDU\�UHVHDUFK�ILQGLQJV�RU�LQWHUHVWLQJ�FDVH�
VWXGLHV�ZLOO�EH�FRQVLGHUHG�IRU�SXEOLFDWLRQ�DV�VKRUW�
UHSRUWV�� �7KH� OHQJWK�RI � WKH�DEVWUDFW�DQG�DUWLFOH�
VKRXOG� EH� UHVWULFWHG� WR� ���� DQG� ������ ZRUGV�
UHVSHFWLYHO\�DQG�RUJDQLVDWLRQ�RI �VKRUW�UHSRUWV�DUH�
OHIW�WR�WKH�DXWKRU
V�GLVFUHWLRQ�

&RPPHQWDULHV�RU�(GLWRULDOV�� �&RPPHQWDULHV�
RU�HGLWRULDOV�RQ�DQ\�DVSHFW�RI �WURSLFDO�PHGLFLQH�
DQG� ELRPHGLFDO� VFLHQFHV� LQ� $IULFD� ZLOO� EH�
FRQVLGHUHG� IRU� SXEOLFDWLRQ� LQ� WKH� MRXUQDO��
2SLQLRQ� SLHFHV� QHHG� QRW� UHIHUHQFH� SUHYLRXV�
UHVHDUFK��EXW� UDWKHU� UHIOHFW� WKH�RSLQLRQV�RI � WKH�
DXWKRU�V��� �7KH� OHQJWK�VKRXOG�QRW�H[FHHG�������
ZRUGV�

7DEOHV�DQG�)LJXUHV
$OO� WDEOHV� DQG� ILJXUHV� VKRXOG� EH� VXEPLWWHG� RQ�
VHSDUDWH� VKHHWV� RI � SDSHU� DQG� VKRXOG� EH� FOHDUO\�
ODEHOOHG�� � �&RORXUHG� WDEOHV� DQG� ILJXUHV�PD\� EH�
UHSULQWHG� LQ� EODFN� DQG� ZKLWH�� $XWKRUV� VKRXOG�
HVSHFLDOO\� WDNH� FDUH� WKDW� DOO� WDEOHV� DUH� FOHDU� DQG�
XQGHUVWDQGDEOH�E\�WKHPVHOYHV��LQGHSHQGHQW�RI �
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WKH�WH[W��$�UHDGHU�VKRXOG�EH�DEOH�WR�UHDG�RQO\�WKH�
WDEOHV�DQG�HDVLO\�JUDVS�DOO� LQIRUPDWLRQ�ZLWKRXW�
WKH�WH[W�

$FNQRZOHGJPHQWV
$FNQRZOHGJPHQWV� VKRXOG� EH� LQFOXGHG� RQ� D�
VHSDUDWH�VKHHW�RI �SDSHU�DQG�VKRXOG�QRW�H[FHHG�
���ZRUGV�� )XQGLQJ� VRXUFHV� VKRXOG� EH� QRWHG�
KHUH�

5HIHUHQFHV
5HIHUHQFHV�VKRXOG�EH�LQ�WKH�9DQFRXYHU�VW\OH�DQG�
QXPEHUHG�FRQVHFXWLYHO\� LQ� WKH�RUGHU� LQ�ZKLFK�
WKH\�DUH�PHQWLRQHG�LQ�WKH�WH[W��7LWOHV�RI �MRXUQDOV�
VKRXOG� EH� DEEUHYLDWHG� DFFRUGLQJ� WR� WKH� ,QGH[�
0HGLFXV� VW\OH�� $XWKRUV� PXVW� FURVV�FKHFN� DQG�
PDNH�VXUH�WKDW�DOO� LQIRUPDWLRQ�SURYLGHG�LQ�WKH�
UHIHUHQFH�OLVW�LV�FRPSOHWH�DQG�FRUUHFWO\�ZULWWHQ��
5HIHUHQFH�QXPEHUV�VKRXOG�EH�LQVHUWHG�DERYH�WKH�
OLQH�RQ�HDFK�RFFDVLRQ�D�UHIHUHQFH�LV�FLWHG�LQ�WKH�
WH[W�� H�J���«� DV� ���� UHSRUWHG� LQ� RWKHU� VWXGLHV��
1XPEHUHG�UHIHUHQFHV�VKRXOG�DSSHDU�DW�WKH�HQG�
RI �WKH�DUWLFOH�DQG�VKRXOG�LQFOXGH�WKH�QDPHV�DQG�
LQLWLDOV�RI �DOO�DXWKRUV���7KH�IRUPDW�RI �UHIHUHQFHV�
VKRXOG� EH� DV� SXEOLVKHG� E\� WKH� ,QWHUQDWLRQDO�
&RPPLWWHH� RI �0HGLFDO� -RXUQDO� (GLWRUV� LQ� WKH�
%ULWLVK�0HGLFDO�-RXUQDO�������YROXPH������SDJHV�

���������7KH�IROORZLQJ�DUH�VDPSOH�UHIHUHQFHV�IRU�
DQ�DUWLFOH�SXEOLVKHG�LQ�D�MRXUQDO�DQG�IRU�D�ERRN��
$KPHG� <�� � 0ZDED� 3�� &KLQWX� &�� *UDQJH� -0��
8VWLDQRZVNL�$��=XPOD�$��$� VWXG\�RI �PDWHUQDO�
PRUWDOLW\�DW�WKH�8QLYHUVLW\�7HDFKLQJ� � �+RVSLWDO��
/XVDND��=DPELD��WKH�HPHUJHQFH�RI �WXEHUFXORVLV�
DV�D�PDMRU�QRQ�REVWHWULF�FDXVH�RI �PDWHUQDO�GHDWK��
,QW�-�7XEHUF�/XQJ�'LV�������������������:KLWE\�
/*�� 6PLWK� $)�� %HFNHWW� *-�� (Q]\PH� 7HVWV� LQ�
'LDJQRVLV�� ,Q�� /HFWXUH� 1RWHV� RQ� &OLQLFDO�
&KHPLVWU\��:KLWE\�/*��6PLWK�$)�	�%HFNHWW�*-WK�
�HGV�����HGLWLRQV��%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��
��������������

8QLWV�RI �0HDVXUHPHQW
$OO� PHDVXUHPHQWV� VKRXOG� EH� H[SUHVVHG� LQ� 6,�
�6\VWHPH�,QWHUQDWLRQDO��8QLWV�

*DOOH\�SURRIV
&RUUHFWLRQV� RI � JDOOH\� SURRIV� VKRXOG� EH� VWULFWO\�
UHVWULFWHG� WR� 3ULQWHU
V� HUURU� RQO\�� 2UGHUV� IRU�
RIISULQWV�VKRXOG� � �EH�PDGH�ZKHQ�WKH�FRUUHFWHG�
SURRIV�DUH�EHLQJ�UHWXUQHG�E\�WKH�DXWKRUV���$UWLFOHV�
DFFHSWHG�IRU�SXEOLFDWLRQ�UHPDLQ�WKH�SURSHUW\�RI �
WKH�MRXUQDO�DQG�FDQ�RQO\�EH�UHSURGXFHG�HOVHZKHUH�
LQ�OLQH�ZLWK�VHFWLRQ���RI �WKH�FRS\ULJKW�DJUHHPHQW�
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7DEOH�RI �&RQWHQWV

2ULJLQDO�$UWLFOHV
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%ORRG�SUHVVXUH�DQG�DVVRFLDWHG�ULVN� IDFWRUV�RI �K\SHUWHQVLRQ� LQ�SDWLHQWV�DWWHQGLQJ�D�)DPLO\�
0HGLFLQH�&OLQLF�LQ�'HOWD�6WDWH��1LJHULD�

3K\WRFKHPLFDO��$FXWH�7R[LFLW\��DQG�$QWL�SODVPRGLDO�3RWHQWLDO�RI �&RQFRPLWDQW�([WUDFWV�RI�
$]DGLUDFKWD�LQGLFD�DQG�0DQJLIHUD�LQGLFD�RQ�/LYHU�)XQFWLRQ�DQG�0LFURVFRSLF�$QDWRP\�LQ�6ZLVV�
0LFH

3DWWHUQ�RI �)HPDOH�*HQLWDO�7UDFW�0DOLJQDQFLHV�DW�'HOWD�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��
2JKDUD��1LJHULD

'LVWULEXWLRQ�DQG�IUHTXHQF\�RI �EORRG�JURXSV�DQG�KDHPRJORELQ�JHQRW\SH�SDWWHUQ�DPRQJ�EORRG�
GRQRUV�LQ�D�WHUWLDU\�KRVSLWDO�LQ�VRXWKHUQ�1LJHULD

6RFLR�FOLQLFDO�DQG�,PPXQR�LQIODPPDWRU\�UHODWHG�GLIIHUHQFHV�EHWZHHQ�HDUO\�RQVHW�DQG� ODWH�
RQVHW�FRORUHFWDO�FDQFHU

3ODWHOHW�&RXQW�9DULDELOLW\�LQ�%UHDVW�&DQFHU�3DWLHQWV�8QGHUJRLQJ�&KHPRWKHUDS\��,PSOLFDWLRQ�
IRU�+DHPDWRSRLHWLF�6\VWHP�+HDOWK

�����

�����

�����

�����

������

����

�����'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3���� DQG�3��� LQ�3DWLHQWV�ZLWK� 6FKL]RSKUHQLD� DW� D�
7HUWLDU\�+RVSLWDO�LQ�6RNRWR��1LJHULD
$GHELVL�$6��2QZXFKHNZD�&��8VPDQ�8]��6KLLWX�%6

(FKRQZHUH�8ZLNRU�%(��&KXNZX�3+��.HQ�(]LKXR�68��

2NR\H�-2��&KLHPHND�0(��0HQNLWL�)(��,KHDNZRDED�(&��$JEDNRED�1��2UZD�-

'LULVX��,0��2NXRQJKDH��(0

(VHPXHGH�2��2NKLRQNSDPZRQ\L�2���$EHGL�+2

8GRK��0,��(GDJKD�,$��3HWHU�$,��8GREDQJ�-$��3HWHU�$-��8GRWRQJ�,8��$WDEHQ�0$

(EHUHJKZD�(0���2UKH�2*��$Q\DQZX�%(





'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���
LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD�DW�D�7HUWLDU\�+RVSLWDO�
LQ�6RNRWR��1LJHULD

� � � �$GHELVL�$6 ��2QZXFKHNZD�& ��8VPDQ�8= ��6KLLWX�%6

$EVWUDFW
,QWURGXFWLRQ��6FKL]RSKUHQLD�LV�D�VHYHUH�DQG�FRPSOH[�PHQWDO�GLVRUGHU��,W�FXUUHQWO\�ODFNV�DQ�REMHFWLYH�
ELRORJLFDO�GLDJQRVWLF�WHVW��1HXURSK\VLRORJLFDO�PDUNHUV�OLNH�3����DQG�3���HYHQW�UHODWHG�SRWHQWLDOV�KDYH�
VKRZQ�VRPH�GLDJQRVWLF�XVHIXOQHVV�LQ�SUHYLRXV�VWXGLHV��+RZHYHU��YHU\�IHZ�RI �WKHVH�VWXGLHV�KDYH�EHHQ�GRQH�
DPRQJ�$IULFDQV��7KH�REMHFWLYH�RI �WKH�VWXG\�ZDV�WR�HYDOXDWH�QHXURSK\VLRORJLFDO�3����DQG�3���HYHQW�
UHODWHG�SRWHQWLDOV�LQ����VFKL]RSKUHQLD�SDWLHQWV�DQG����KHDOWK\�FRQWUROV�DW�D�WHUWLDU\�SV\FKLDWULF�KRVSLWDO�LQ�
6RNRWR��1LJHULD�

0DWHULDOV�DQG�0HWKRGV��7KH�LQVWUXPHQWV�XVHG�ZHUH�WKH�(OHFWURHQFHSKDORJUDP��((*��PDFKLQH��ODSWRS�
ZLWK�LQVWDOOHG�DXGLWRU\�3����DQG�3���WRQHV��KHDGSKRQHV��3RVLWLYH�DQG�1HJDWLYH�6\QGURPH�6FDOH��3$166��

5HVXOWV�� 6FKL]RSKUHQLD� SDWLHQWV� ZHUH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� KLJKHU� DPSOLWXGH� RI � 3���� DQG�
SURORQJHG� 3���� SHDN� ODWHQF\� DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� FRPSDUHG� WR� KHDOWK\� FRQWUROV� �8 �
���������� 3 ������� DQG� 8 � ���������� 3 �������� UHVSHFWLYHO\�� 6FKL]RSKUHQLD� SDWLHQWV� ZHUH� DOVR�
VLJQLILFDQWO\�PRUH�DVVRFLDWHG�ZLWK�KLJKHU�3���DPSOLWXGH�UDWLR��8 �����������3 ���������7KH�3����HYHQW�
UHODWHG�DPSOLWXGH�KDG�WKH�KLJKHVW�DUHD�XQGHU�WKH�FXUYH�RI �������3����SHDN�ODWHQF\�ZDV�WKH�PRVW�VSHFLILF�
�6SHFLILFLW\ ������ZKLOH�3���UDWLR�ZDV�PRVW�VHQVLWLYH��6HQVLWLYLW\ �������7KH�GHWHUPLQHG�FXW�RII �SRLQWV�
IRU�3����DPSOLWXGH��3����SHDN�ODWHQF\��DQG�3���UDWLR�ZHUH������Y�����PV��DQG������UHVSHFWLYHO\��7KHUH�ZDV�
D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�3���UDWLR�DQG�DJH�RI �SDUWLFLSDQWV�DPRQJ�VFKL]RSKUHQLD�SDWLHQWV�
�UV ������3 ������

&RQFOXVLRQ��7KH�VWXG\�KDV�GHWHUPLQHG�WKH�FXW�RII �SRLQWV�IRU�3����DQG�3���QHXURSK\VLRORJLFDO�PDUNHUV�
LQ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD��7KHVH�ZLOO�VHUYH�DV�DQ�DGMXQFW�IRU�GLDJQRVLV�DQG�IRU�IRUHQVLF�SXUSRVHV�LQ�
WKHVH� SDWLHQWV�� )XUWKHU� VWXGLHV� LQFOXGLQJ� QHXURLPDJLQJ�� ELRFKHPLFDO�� DQG� JHQHWLF� DVSHFWV� DUH�
UHFRPPHQGHG�LQ�$IULFDQ�FRXQWULHV�

&RUUHVSRQGLQJ�DXWKRU��$GHED\R�6XQGD\�$GHELVL��)HGHUDO�1HXURSV\FKLDWULF�+RVSLWDO��.ZDUH��6RNRWR��1LJHULD�
(PDLO��GRFRWXIRGXQULQ#\DKRR�FRP

�)HGHUDO�1HXURSV\FKLDWULF�+RVSLWDO��.ZDUH��6RNRWR��1LJHULD�
�'HSDUWPHQW�RI �3K\VLRORJ\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��&ROOHJH�RI �+HDOWK�6FLHQFHV��8VPDQX�'DQIRGL\R�8QLYHUVLW\��6RNRWR��1LJHULD�
�'HSDUWPHQW�RI �$QDWRP\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��&ROOHJH�RI �+HDOWK�6FLHQFHV��8VPDQX�'DQIRGL\R�8QLYHUVLW\��6RNRWR��1LJHULD�

,1752'8&7,21
6FKL]RSKUHQLD� LV� D� FKURQLF�� VHYHUH� DQG�
GHELOLWDWLQJ� PHQWDO� GLVRUGHU� FKDUDFWHUL]HG� E\�
GLVRUGHUHG�WKRXJKW��DEQRUPDO�SHUFHSWLRQV�DQG�

�EHKDYLRXUV� �7KH� V\PSWRPV�XVXDOO\� HPHUJH� LQ�
�ODWH� WHHQV� DQG� HDUO\� ��
V �� (DUO\� GHWHFWLRQ� LV�

WKHUHIRUH� FUXFLDO� LQ� WKH� PDQDJHPHQW� RI � WKH�
GLVRUGHU�� $VVHVVPHQW� RI � QHXURSK\VLRORJLFDO�
PDUNHUV� LQ� VFKL]RSKUHQLD� SDWLHQWV� DUH� FXUUHQW�
PHWKRGV� WKDW�ZLOO� VHUYH� DV� DQ� DGMXQFW� LQ� HDUO\�

�GLDJQRVLV� �7KLV�ZLOO�DOVR�KHOS�LQ�SUHGLFWLQJ�WKH�ULVN�
DQG�RXWFRPH�RI �WKH�GLVRUGHU�

7KH�1HXURSK\VLRORJLFDO�PDUNHUV�DUH�ODERUDWRU\�
EDVHG�PHDVXUHPHQWV�DQG�LQWHUPHGLDWHV�EHWZHHQ�

�SKHQRW\SHV� DQG� JHQHWLF� SUHGLVSRVLWLRQ� � 7KH�
SRO\JHQLF� QDWXUH� RI � VFKL]RSKUHQLD� DQG� WKH�
FXUUHQW�ODFN�RI �D�FDQGLGDWH�JHQH�IRU�WKH�GLVRUGHU�
QHFH V V L W D W H V � WKH � D V V H V VPHQ W � R I � WKH VH�
LQWHUPHGLDWHV�RU�DOOLHG�SKHQRW\SH�PDUNHUV��7KLV�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����



ZLOO� FRQFHSWXDOL]H� WKH� FRPSOH[� JHQHWLF�
�SUHGLVSRVLWLRQ�LQWR�TXDQWLWDWLYH�PHDVXUHPHQWV�

&RUWLFDO� HYRNHG�UHVSRQVH� SRWHQWLDOV� FDQ� EH�
DYHUDJHG� LQWR� HYHQW�UHODWHG� SRWHQWLDOV� �(53V��

�UHFRUGHG� XVLQJ� HQFHSKDORJUDSK\� � 7KHVH�
ZDYHIRUPV� KDYH� EHHQ� UHSRUWHG� E\� VHYHUDO�

�VWXGLHV� WR� EH� JHQHWLFDOO\�OLQNHG� PDUNHUV� � 7KH�
3���� DQG� 3��� HYHQW�UHODWHG� SRWHQWLDOV� LQ�
VFKL]RSKUHQLD�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�DQG�
D O O � SUHYLRXV� V WXGLHV � ZHUH� FDU U LHG� RXW�

���SUHGRPLQDQWO\� DPRQJ� &DXFDVLDQV� � 7KH�
JHQHUDOL]DWLRQ�RI �WKH�ÀQGLQJV�RI �WKHVH�VWXGLHV�
SRVHV� D� FKDOOHQJH� DPRQJ� $IULFDQV�� ,W� LV�
WKHUHIRUH�� LPSRUWDQW� WR� FRQVLGHU� KRZ� WKHVH�
PDUNHUV�DUH�H[SUHVVHG�LQ�WKH�$IULFDQ�SRSXODWLRQ�
FRQVLGHULQJ�WKH�YDULHG�JHQHWLF�PDNH�XS�EHWZHHQ�
$IULFDQV� DQG� &DXFDVLDQV�� 7KLV� ZLOO� SURYLGH� D�
PRUH�UREXVW�HYLGHQFH�EDVHG�GDWD�DQG�D�EURDGHU�
YLHZ�RI � WKHVH�QHXURSK\VLRORJLFDO�PDUNHUV�DQG�
WKHLU�GLDJQRVWLF�DFFXUDF\�DFURVV�UDFHV��

7KH�GHWHUPLQDWLRQ�RI �D�FXW�RII �SRLQW�IRU�WKHVH�
QHXURSK\VLRORJLFDO� PDUNHUV� ZLOO� DOVR� EH�
QHFHVVDU\� FRQVLGHULQJ� WKH� IDFW� WKDW� VLPLODU�
ÀQGLQJV� RQ� 3���� DQG� 3��� HYHQW�UHODWHG�
SRWHQWLDO�KDYH�EHHQ�UHSRUWHG�LQ�RWKHU�GLVRUGHUV�
OLNH� $O]KHLPHU
V� GLVHDVH�� ELSRODU� GLVRUGHU� DQG�

�����SDQLF� GLVRUGHU� DSDUW� IURP� VFKL]RSKUHQLD� �
7KHUH� LV� D� GHDUWK� RI � VWXGLHV� WKDW� KDYH�
GHWHUPLQHG�D�FXW�RII �SRLQW� IRU�3����DQG�3���
HYHQW�UHODWHG� SRWHQWLDO� PHDVXUHPHQWV�� 7KLV�
SUHVHQW� VWXG\� KDV� SURYLGHG� D� FRPSUHKHQVLYH�
HYLGHQFHG�EDVHG�DVVHVVPHQW�RI �WKH�SDWWHUQ�DQG�
XWLOLW\�RI �3����DQG�3���HYHQW�UHODWHG�SRWHQWLDO�
DPRQJ� VFKL]RSKUHQLD�SDWLHQWV� LQ�1LJHULD��7KH�
ÀQGLQJV�KDYH�LPSOLFDWLRQV�DV�UHJDUGV�WKH�JHQHWLF�
XQGHUSLQQLQJV�RI �VFKL]RSKUHQLD�LQ�WKLV�UHJLRQ�

0(7+2'2/2*<
7KH� VWXG\� ZDV� FRQGXFWHG� DW� WKH� )HGHUDO�
1HXURSV\FKLDWULF� +RVSLWDO�� .ZDUH� �)13+.���
6RNRWR�6WDWH��7KH�KRVSLWDO�LV�D�WHUWLDU\�VSHFLDOLVW�
KHDOWK� FDUH� IDFLOLW\� VLWXDWHG� LQ� .ZDUH� /RFDO�
*RYHUQPHQW��6RNRWR�1LJHULD�

7KLV�LV�D�FURVV�VHFWLRQDO��GHVFULSWLYH�VWXG\�

����� 6FKL]RSKUHQLD� SDWLHQWV� DWWHQGLQJ� IROORZ�XS�
FOLQLF� DW� WKH�RXW�SDWLHQW�GHSDUWPHQW�RI �)HGHUDO�
1HXURSV\FKLDWULF�+RVSLWDO�.ZDUH��6RNRWR�
������1RQ�SV\FKLDWULF�KHDOWK\�FRQWUROV�ZHUH�VWDII �
RI � )HGHUDO� 1HXURSV\FKLDWULF� +RVSLWDO� .ZDUH��
6RNRWR�

0DWHULDOV
�$��(OHFWURHQFHSKDORJUDSK\��((*��PDFKLQH�
�0RGHO��1,+21�.2+'(1�����.���7KH�GLJLWDO�
((*�PDFKLQH�ZDV�XVHG�WR�PRQLWRU�DQG�UHFRUG�
WKH�HYHQW�UHODWHG�SRWHQWLDOV�RI �WKH�EUDLQ��,W�ZDV�
QRQ�LQYDVLYH��ZLWK�WKH�HOHFWURGHV�SODFHG�DORQJ�WKH�
VFDOS��7KH�HOHFWURGH�ORFDWLRQV�DQG�QDPHV�ZHUH�DV�
VSHFLÀHG� E\� WKH� ,QWHUQDWLRQDO� ��²��� V\VWHP�
ZKLFK�HQVXUHV� WKDW� WKH�QDPLQJ�RI �HOHFWURGHV� LV�
FRQVLVWHQW� DFURVV� ODERUDWRULHV� IRU� FOLQLFDO� DQG�
UHVHDUFK�DSSOLFDWLRQV��

7KH� GLJLWDO� ((*� VLJQDO� ZDV� NHSW� HOHFWURQLFDOO\�
DQG�ÀOWHUHG�IRU�GLVSOD\��7KH�KLJK�SDVV�ÀOWHU�ZDV�
VHW� DW� ���+]� DQG� WKH� ORZ�SDVV� ÀOWHU� ÀOWHUV� DW�
��+]�7KH�LPSHGDQFH�WKUHVKROG�ZDV�VHW�DW���Nƙ��
7KH� PHDVXUHPHQW� RI � WKH� DPSOLWXGH� RI � WKH�
HYRNHG�SRWHQWLDO�ZDV�GRQH�PDQXDOO\�EDVHG�RQ�WKH�

��VFDOH�UDWLR�RI �WKH�((*�WUDFLQJ�

�%��$�/DSWRS�ZLWK�LQVWDOOHG�RGGEDOO��WDUJHW��WRQH�
WKDW�LV�UDQGRPO\�LQWHUVSHUVHG�ZLWKLQ�DQ�RQJRLQJ�
WUDLQ�RI �D�VWDQGDUG��QRQ�WDUJHW��WRQH��SUHVHQWHG�
HYHU\��� VHFRQGV� IRU� WKH�3����DVVHVVPHQW��ZLWK�
LQVWDOOHG� WRQH� RI � FOLFNV� DW� ���PV� LQWHUYDO� DQG�
IUHTXHQF\�RI �����+]�IRU�3���DVVHVVPHQW�

��&�� �$�KHDGSKRQH�VWHUHR�VRXQG�+HDGVHW�ZDV�
XVHG� WR� WUDQVPLW� WKH�VRXQGV� WR�SDUWLFLSDQW�HDUV�
IURP�WKH�ODSWRS��7KLV�ZDV�WR�UHGXFH�WKH�H[WHUQDO�
VRXQG� LQWHUIHUHQFH� DQG� WR� HQKDQFH� WKH�
FRQFHQWUDWLRQ�RI �SDUWLFLSDQWV�ZKHQ� OLVWHQLQJ�WR�
WKH�WRQHV�IURP�WKH�ODSWRS�
��
�'��,&'����'LDJQRVWLF�&ULWHULD�IRU�5HVHDUFK

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����
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7KLV�GLDJQRVWLF�LQVWUXPHQW�ZDV�XVHG�WR�GLDJQRVH�
VFKL]RSKUHQLD� EDVHG� RQ� SDWLHQWV� UHFDOO� RI �
PRUELG�V\PSWRPV�DQG�GRFXPHQWHG�V\PSWRPV�
LQ�WKH�FDVH�QRWHV�

�(��3RVLWLYH�DQG�1HJDWLYH�6\QGURPH�6FDOH�
�3$166�
,W�LV�D����LWHP�UDWLQJ�VFDOH�VSHFLÀFDOO\�GHYHORSHG�
IRU� DVVHVVLQJ� LQGLYLGXDOV� ZLWK� VFKL]RSKUHQLD�
HVSHFLDOO\�LQ�UHVHDUFK�VHWWLQJV��,W�LV�DQ�DGDSWDWLRQ�
IURP�HDUOLHU�SV\FKRSDWKRORJ\�VFDOHV�VXFK�DV�WKH�
%ULHI �3V\FKLDWULF�5DWLQJ�6FDOH��%356���,W�LV�EDVHG�
RQ� WKH� JURXQGV� WKDW� VFKL]RSKUHQLD� KDV� WZR�
GLVWLQFW� V\QGURPHV�� D� SRVLWLYH� DQG� D� QHJDWLYH�
V\QGURPH��7KH�SRVLWLYH� V\PSWRPV�UHIHU� WR�DQ�
H[FHVV�RU�GLVWRUWLRQ�RI �QRUPDO�IXQFWLRQV��H�J���
GHOXVLRQV�DQG�KDOOXFLQDWLRQV��ZKLOH�WKH�QHJDWLYH�
V\QGURPH� UHSUHVHQW� D� GLPLQXWLRQ� RU� ORVV� RI �
QRUPDO�IXQFWLRQV�DQG�FRPSULVH�WKLQJV�OLNH�VRFLDO�
ZLWKGUDZDO�DQG�ÁDWWHQHG�RU�EOXQWHG�DIIHFW�

3$166� LV� DSSOLFDEOH� RQO\� WR� VFKL]RSKUHQLD�
SDWLHQWV� DQG� WDNHV� ��� WR� ��� PLQXWHV� WR�
DGPLQLVWHU���7KH�PDLQ�LQGLFDWLRQ�IRU�LWV�XVH�LV�WR�
GHWHUPLQH� WKH� SUHVHQFH� RI � V\PSWRPV�� WKHLU�
LQÁXHQFH� RQ� DFWLYLWLHV�� IXQFWLRQV� RI � WKH�
LQGLYLGXDO�DQG�WKH�IUHTXHQF\�RI �V\PSWRPV��7KH�
SDWLHQW�LV�UDWHG�IURP���WR���RQ���VFDOHV�FRQVLVWLQJ�

��RI ����GLIIHUHQW�V\PSWRPV�

�)��$�SURIRUPD�TXHVWLRQQDLUH�GHVLJQHG�E\�WKH�
DXWKRXUV�ZDV�XVHG�WR�UHFRUG�VRFLR�GHPRJUDSKLF�
GDWD� DQG� RWKHU� UHOHYDQW� FOLQLFDO� YDULDEOHV� RI �
SDUWLFLSDQWV��UHIHUHQFH

6DPSOH�VL]H
7KLV�ZDV�FDOFXODWHG�XVLQJ�WKH�ORZHU�HIIHFW�VL]H�LQ�
DQ� (YHQW�UHODWHG� 3RWHQWLDO� VWXG\� IRU� 3����

��ODWHQF\�ZKLFK�ZDV������LQ�D�SUHYLRXV�VWXG\� 7KH�
3��� HYHQW� �UHODWHG� SRWHQWLDO� VWXGLHV� JHQHUDOO\�
KDG�KLJKHU�HIIHFW� VL]HV��7KH�HIIHFW� VL]H�RI � WKH��
3���HYHQW�UHODWHG�VWXG\�ZDV�VHOHFWHG�WR�DFKLHYH�
VXIÀFLHQW�VDPSOH�VL]H�
)RUPXOD�IRU�VDPSOH�VL]H�XVLQJ�HIIHFW�VL]H�IRU�WZR�

��LQGHSHQGHQW�VDPSOHV ��= �= �ñ�(6ñ����ơ��� ��Ƣ

�= � ���������ơ��

�= � ������Ƣ�

(6� �(IIHFW�VL]H
6DPSOH�VL]H�DSSUR[LPDWHO\� ��
7KDW�LV�����6FKL]RSKUHQLD�SDWLHQWV�ZHUH�UHFUXLWHG�
IRU�WKH�VWXG\�DQG�DOVR����+HDOWK\�FRQWUROV�

,QFOXVLRQ�FULWHULD
���� 3DUWLFLSDQWV�PXVW�EH����\HDUV�DQG�DERYH
��� 6FKL]RSKUHQLD�SDWLHQW�PXVW�IXOÀOO�WKH�,&'�

��� GLDJQRVWLF� FULWHULD� IRU� UHVHDUFK� DQG�
FROODERUDWHG� ZLWK� GLDJQRVLV� RI � WKH�
SV\FKLDWULVW�

�� � 6FKL]RSKUHQLD� SDWLHQWV� PXVW� EH� FOLQLFDOO\�
VWDEOH�

���� +HDOWK\�FRQWUROV�KDYLQJ�QR�IDPLO\�KLVWRU\�
RI �PHQWDO�GLVRUGHU�

([FOXVLRQ�FULWHULD
��� 7KRVH� ZLWK� FR�PRUELG� PHGLFDO�SK\VLFDO�

LOOQHVV�
��� 7KRVH�ZLWK�FR�PRUELG�VXEVWDQFH�XVH�
��� ,QGLYLGXDOV�ZLWK�KHDULQJ�GLIÀFXOWLHV�

(WKLFDO�FRQVLGHUDWLRQV
7KH� HWKLFDO� DSSURYDO� ZDV� REWDLQHG� IURP� WKH�
KHDOWK� UHVHDUFK� HWKLFV� FRPPLWWHH� RI � )HGHUDO�
1HXURSV\FKLDWULF�+RVSLWDO� .ZDUH�� 6RNRWR� ZLWK�
UHIHUHQFH� FRGH� ZDV� )13+.�$'0�68%������
,QIRUPHG�FRQVHQW�IRU�WKH�UHVHDUFK�ZDV�REWDLQHG�
IURP�DOO�SDUWLFLSDQWV�

3URFHGXUH
7KH� ������ V\VWHP� HOHFWURGH� SODFHPHQW� ZDV�
DSSOLHG� RQ� JUHDVH� IUHH� VFDOS� DQG� DOO� MHZHOULHV�
UHPRYHG�ZKLOH�VLWWLQJ�GRZQ�

7KH�+HDGVHW�ZDV�ÀWWHG�ZLWKRXW�LQWHUIHULQJ�ZLWK�
WKH�HOHFWURGHV��3���WRQHV�DQG�3����DXGLWRU\�WRQHV�
ZHUH�SUHVHQWHG�WR�WKH�HDUV� WKURXJK�WKH�KHDGVHW�
IURP�WKH�ODSWRS�LQVWDOOHG�ZLWK�WKHVH�WRQHV��7KHUH�
ZHUH�����SUHVHQWDWLRQV�SHU�SDUWLFLSDQW�IRU�3����DW�
UDWLR�RI ������L�H������RGGEDOO�WRQHV�WR�����VWDQGDUG�
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WRQHV��

7KH����SDLUHG�DXGLWRU\�FOLFNV�SUHVHQWHG����PV�
DSDUW� ZHUH� XVHG� WR� HOLFLW� WKH� 3��� HYRNHG�
SRWHQWLDOV��7KH�LQWHU�WULDO�LQWHUYDO�IRU�WKH�SDLUHG�
FOLFNV�ZDV��VHFRQGV�

7KH�3����VWDQGDUG�DQG�RGGEDOO�WRQHV�ZHUH�VHW�DW�
����+]�DQG�����+]�UHVSHFWLYHO\��7KH�3���WRQH�
ZDV�VHW�DW�����+]��3����HYRNHG�SRWHQWLDO�ZDV�
LGHQWLÀHG� LQ� WKH� ((*� WUDFLQJ� RQ� WKH� 3]�
HOHFWURGH� DQG� GHÀQHG� DV� WKH� ODUJHVW� SRVLWLYH�
JRLQJ� SHDN� RFFXUULQJ� ZLWKLQ� �������PV�7KH�
3���HYRNHG�SRWHQWLDOV�ZHUH�LGHQWLÀHG�RQ�WKH�&]�
HOHFWURGH� DQG� GHÀQHG� DV� WKH�PRVW� SURPLQHQW�

�SHDN�LQ�WKH������PVHF�SRVW�VWLPXOXV�ZLQGRZ�

7KH� DPSOLWXGH� RI � WKH� HYRNHG� SRWHQWLDOV� ZDV�
PHDVXUHG� PDQXDOO\� IURP� WKH� SHDN� WR� WURXJK�
�3HDN�WR�SHDN�DPSOLWXGH��ZKLOH�WKH�SHDN�ODWHQF\�
ZDV�PHDVXUHG�IURP�WKH�WLPH�RI �VWLPXOXV�RQVHW�

7KH� DPSOLWXGH� RI � WKH� HYRNHG� SRWHQWLDOV� ZDV�
PHDVXUHG� PDQXDOO\� IURP� WKH� SHDN� WR� WURXJK�
�SHDN�WR�SHDN�DPSOLWXGH��ZKLOH�WKH�SHDN�ODWHQF\�
ZDV�PHDVXUHG�IURP�WKH�WLPH�RI �VWLPXOXV�RQVHW�

'DWD�$QDO\VLV
'DWD�ZDV�DQDO\]HG�XVLQJ�WKH�6WDWLVWLFDO�3DFNDJH�
IRU�6RFLDO�6FLHQFHV�YHUVLRQ����6366�Y���
&RQWLQXRXV�YDULDEOHV�ZHUH�SUHVHQWHG�DV�PHDQV�
ZLWK� VWDQGDUG� GHYLDWLRQ� DQG� WKH� FDWHJRULFDO�
YDULDEOHV�DV�SURSRUWLRQV�

8QSDLUHG� W�WHVW� RU�0DQQ�:KLWQH\�8� WHVW� ZDV�
XVHG� WR� FRPSDUH� FRQWLQXRXV� YDULDEOHV� ZKLOH�
FDWHJRULFDO�YDULDEOHV�ZHUH�FRPSDUHG�XVLQJ�&KL�
VTXDUH� WHVW�� /RJLVWLF� UHJUHVVLRQ� DQDO\VLV� ZDV�
GRQH� WR�FRQWURO� IRU�SRVVLEOH�FRQIRXQGHUV�DQG�
5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF��52&��&XUYH�
DQDO\VHV� ZDV� XVHG� IRU� GLDJQRVWLF� DFFXUDF\�
GHWHUPLQDWLRQ��6LJQLÀFDQW�3�YDOXH�ZDV�VHW�DW���
�����

5(68/76
��7KH� VFKL]RSKUHQLD� SDWLHQWV� ZHUH� VLJQLÀFDQWO\�
PRUH� DVVRFLDWHG�ZLWK� QR� IRUPDO� HGXFDWLRQ� DQG�
EHLQJ� XQPDUULHG� WKDQ� WKH� KHDOWK\� FRQWUROV� DV�
VKRZQ�LQ�7DEOH���

���6FKL]RSKUHQLD�SDWLHQWV�ZHUH�VLJQLÀFDQWO\�PRUH�
DVVRFLDWHG�ZLWK� KLJKHU�PHDQ� UDQN� FRQGLWLRQLQJ�
DQG� WHVW� DPSOLWXGHV� FRPSDUHG� WR� WKHLU�
FRQGLWLRQLQJ�3���DPSOLWXGH��$OVR��6FKL]RSKUHQLD�
SDWLHQWV� ZHUH� VWDWLVWLFDOO\� PRUH� DVVRFLDWHG� ZLWK�
KLJKHU�PHDQ�UDQN�3���DPSOLWXGH�UDWLR�FRPSDUHG�
WR�KHDOWK\�FRQWUROV��6FKL]RSKUHQLD�SDWLHQWV�ZHUH�
VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�DPSOLWXGH�RI �
3����DXGLWRU\�HYHQW�UHODWHG�SRWHQWLDO�DQG�GHOD\HG�
3����3HDN�/DWHQF\�FRPSDUHG�WR�KHDOWK\�FRQWUROV��
7KHVH�DUH�DV�VKRZQ�LQ�7DEOH���

���7KH�3����(YHQW�UHODWHG�$PSOLWXGH�3RWHQWLDO��
3����3HDN�/DWHQF\�DQG�3���$PSOLWXGH�UDWLR�KDG�
DQ�$UHD�8QGHU�WKH�&XUYH��$8&��RI ������������DQG�
�����UHVSHFWLYHO\��7KHVH�DUH�DV�VKRZQ�LQ�7DEOH���
DQG�)LJXUH������

���7KH�3����3HDN�ODWHQF\�ZDV�WKH�PRVW�VSHFLÀF�
�6SHFLÀFLW\ ������ZKLOH�3���$PSOLWXGH�UDWLR�ZDV�
WKH� PRVW� VHQVLWLYH� �6HQVLWLYLW\ ������� 7KH�
GHWHUPLQHG� &XWRII � SRLQW� IRU� WKH� 3���� (YHQW�
UHODWHG�$PSOLWXGH�3RWHQWLDO��3����3HDN�/DWHQF\�
DQG�3���$PSOLWXGH�UDWLR�ZHUH������Y�����PV�DQG�
�����UHVSHFWLYHO\��7KHVH�DUH�DV�VKRZQ�LQ�7DEOH����

���$PRQJ�6FKL]RSKUHQLD�SDWLHQWV��WKH�6SHDUPDQ
V�
FRUUHODWLRQ�FRHIÀFLHQW�ZDV�XVHG�WR�GHWHUPLQH�WKH�
VRFLR�GHPRJUDSKLF� DQG� FOLQLFDO� YDULDEOHV�
FRUUHODWLRQ�ZLWK�HDFK�QHXURSK\VLRORJLFDO�PDUNHU��
7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLÀFDQW�FRUUHODWLRQ�
EHWZHHQ�'XUDWLRQ�RI �LOOQHVV��7RWDO�3$166�VFRUH��
3RVLWLYH� 3$166� VFRUH�� 1HJDWLYH� 3$66� VFRUH��
*HQHUDO� 3V\FKRSDWKRORJ\� VFDOH� VFRUH�� $JH� RI �
RQVHW� RI � LOOQHVV�� 'XUDWLRQ� RI � WUHDWPHQW��
&KORUSURPD]LQH� HTXLYDOHQW� GRVH� DQG� HDFK�
QHXURSK\VLRORJLFDO� PDUNHU�� 7KHUH� ZDV� D�
VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�DJH�DQG�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

�� 'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



7KH�3���DPSOLWXGH�UDWLR�PHDVXUHPHQWV�DPRQJ�
SDWLHQWV� ZLWK� 6FKL]RSKUHQLD�� 7KHUH� ZDV�
KRZHYHU��QR�VLJQLÀFDQW�FRUUHODWLRQ�3����HYHQW�
UHODWHG� DPSOLWXGH��3����SHDN� ODWHQF\� DQG� DJH��
7KHVH�DUH�DV�VKRZQ�LQ�7DEOH��

���7KH�3����HYHQW�UHODWHG�SRWHQWLDO�DPSOLWXGH��

3����SHDN�ODWHQF\�DQG�3���DPSOLWXGH�UDWLR�ZHUH�
DOVR�VLJQLÀFDQW�SUHGLFWRUV�RI �6FKL]RSKUHQLD�DIWHU�
WKH�UHJUHVVLRQ�DQDO\VLV�ZDV�FDUULHG�RXW��7KHVH�DUH�
DV�VKRZQ�LQ�7DEOH���

7DEOH� ��� &RPSDULVRQ� RI � 6RFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� RI � VFKL]RSKUHQLD� SDWLHQWV� DQG�
KHDOWK\�FRQWUROV

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

��'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



7DEOH� ��� &RPSDULVRQ� RI �1HXURSK\VLRORJLFDO�0DUNHUV� EHWZHHQ� 6FKL]RSKUHQLD� 3DWLHQWV� DQG�
+HDOWK\�&RQWUROV

7DEOH� ���5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�$QDO\VLV� RI � 3����$XGLWRU\� HYHQW�UHODWHG�
3RWHQWLDO�$PSOLWXGH��3����3HDN�/DWHQF\�DQG�3���$PSOLWXGH�UDWLR�RI �3DUWLFLSDQWV�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

�� 'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



7DEOH����6HQVLWLYLW\��6SHFLÀFLW\��/LNHOLKRRG�5DWLRV�DQG�&XW�RII �SRLQW�RI �WKH�1HXURSK\VLRORJLFDO�
PDUNHUV

7DEOH����6RFLRGHPRJUDSKLF�DQG�&OLQLFDO�YDULDEOHV�DVVRFLDWHG�ZLWK�3���$PSOLWXGH�UDWLR�LQ�
6FKL]RSKUHQLD�SDWLHQWV��FRQWLQXRXV�YDULDEOHV��

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

��'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



7DEOH����/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�RI �LQGHSHQGHQW�YDULDEOHV�DVVRFLDWHG�ZLWK�6FKL]RSKUHQLD

)LJXUH����5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�RI �3����$XGLWRU\�(YHQW�UHODWHG�3RWHQWLDO�
$PSOLWXGH�RI �3DUWLFLSDQWV

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

�� 'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



)LJXUH����5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�&XUYH�IRU�3����3HDN�/DWHQF\�RI �3DUWLFLSDQWV

)LJXUH� ��� � 5HFHLYHU� 2SHUDWLQJ� &KDUDFWHULVWLF� &XUYH� IRU� 3��� $PSOLWXGH� 5DWLR�5��5��� RI �
3DUWLFLSDQWV

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

��'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



',6&866,21
7KH�VRFLR�GHPRJUDSKLF�SDWWHUQ�RI �SDUWLFLSDQWV�
VKRZHG� WKDW� WKH� KHDOWK\� FRQWUROV� GLIIHU�
VLJQLÀFDQWO\� LQ� WHUPV� RI � HGXFDWLRQDO� VWDWXV�
FRPSDUHG� WR� VFKL]RSKUHQLD� SDWLHQWV� LQ� KDYLQJ�
KLJKHU�SURSRUWLRQ�RI �SDUWLFLSDQWV�ZLWK�IRUPDO�
HGXFDWLRQ�LQ�WKDW�JURXS��7KLV�LV�VXSSRUWHG�E\�D�
SUHYLRXV� VWXG\� ZKLFK� UHSRUWV� WKDW� WKHUH� LV�
LQFUHDVHG� ULVN� RI � QR� VHFRQGDU\� RU� KLJKHU�
HGXFDWLRQ� DPRQJ� VFKL]RSKUHQLD� SDWLHQWV�

��FRPSDUHG� WR� KHDOWK\� FRQWUROV� � &RJQLWLYH�
GHÀFLWV�ZKLFK�DUH�XVXDOO\�SUHVHQW�EHIRUH�RQVHW�

��RI �SV\FKLDWULF�V\PSWRPV� �ORZ�VRFLR�HFRQRPLF�
EDFNJURXQG� DQG� SRVVLEOH� IDPLO\� KLVWRU\� RI �
PHQWDO�GLVRUGHU�PD\�FRQWULEXWH�WR�KLJKHU�ULVN�RI �
ODFN�RI �IRUPDO�HGXFDWLRQ�

7KLV�VWXG\�VKRZHG�WKDW�VFKL]RSKUHQLD�SDWLHQWV�
ZHUH� VLJQLÀFDQWO\� PRUH� DVVRFLDWHG� ZLWK� EHLQJ�
XQPDUULHG� FRPSDUHG� WR� KHDOWK\� FRQWUROV��
6HYHUDO� VWXGLHV� KDYH� UHSRUWHG� VLJQLÀFDQW�
GLIIHUHQFH� LQ� WHUPV� RI �PDULWDO� VWDWXV� EHWZHHQ�
VFKL]RSKUHQLD� SDWLHQWV� DQG� KHDOWK\� FRQWUROV��

�� �$GHZX\D�� UHSRUWHG� WKDW� SDWLHQWV� ZLWK�
VFKL]RSKUHQLD�ZHUH�PRUH�OLNHO\�WR�EH�XQPDUULHG�

��LQ�1LJHULD�ZKLOH�*XSWD�HW�DO�� LQ�&DQDGD�UHSRUWHG�
WKH� VDPH� WKLQJ�� 7KLV� KDV� EHHQ� DWWULEXWHG� WR�
GLYRUFH�RU�PDULWDO�VHSDUDWLRQ�VHTXHO�WR�GLVDELOLW\�
LQ�PDULWDO�UHODWLRQVKLS��$OVR��WKH�HDUOLHU�RQVHW�RI �
WKH� GLVRUGHU� PD\� OHDG� WR� VRFLR�RFFXSDWLRQDO�
GHFOLQH�WKDW�ZLOO�PDNH�PDUULDJH�LPSRVVLEOH��

,Q�3���$XGLWRU\� HYHQW�UHODWHG�SRWHQWLDO�� WKHUH�
ZHUH� KLJKHU� WHVW� DPSOLWXGHV� LQ� VFKL]RSKUHQLD�
SDWLHQWV�WKDW�ZHUH�VLJQLÀFDQW�FRPSDUHG�WR�WKHLU�
FRQGLWLRQLQJ�3���DPSOLWXGH��7KLV�LV�FRQVLVWHQW�

�����ZLWK� SUHYLRXV� VWXGLHV� DPRQJ� &DXFDVLDQV� �
ZKHUH� VFKL]RSKUHQLD� SDWLHQWV� H[KLELWHG�
VLJQLÀFDQW�3���QRQ�VXSSUHVVLRQ�PRUH�WKDQ�WKH�
FRQWUROV� DQG� KLJKHU� PHDQ� 3��� UDWLR� �7KDW� LV��
UDWLR� RI � WHVW� DPSOLWXGH� WR� FRQGLWLRQLQJ�
DPSOLWXGH��

$EQRUPDO�VHQVRU\�JDWLQJ�KDV�EHHQ�SRVWXODWHG�WR�
EH�WKH�UHDVRQ�IRU�VRPH�RI �WKH�V\PSWRPV�VHHQ�LQ�
VFKL]RSKUHQLD� DQG� WKH� 3��� DPSOLWXGH� QRQ�
VXSSUHVVLRQ�� 7KLV� LV� VDLG� WR� RFFXU� IROORZLQJ�
VHQVRU \ � RYHU ORDG � O HDG LQJ � WR � LPSD L UHG�

��FRQFHQWUDWLRQ� LQ� VFKL]RSKUHQLD� SDWLHQWV� �
)XUWKHUPRUH��D�OLQN�KDV�EHHQ�UHSRUWHG�EHWZHHQ�
DEQRUPDO� $OSKD��� QLFRWLQLF� UHFHSWRUV� DQG�

���DEQRUPDO�3���UHVSRQVH� 7KH�$OSKD���QLFRWLQLF�
UHFHSWRU� LV� D� W\SH� RI � QLFRWLQLF� DFHW\OFKROLQH�
UHFHSWRU� �Q$FK5V�� LPSOLFDWHG� LQ� ORQJ� WHUP�
PHPRU\�DQG�SRVLWLYH�HIIHFWV�RQ�QHXURFRJQLWLRQ�

��LQ�VFKL]RSKUHQLD�SDWLHQWV�� 7KH\�DUH�DOVR�ZLGHO\�
GLVWULEXWHG� LQ� GLIIHUHQW� EUDLQ� UHJLRQV�� 7KHVH�
ÀQGLQJV � QHHG� IXU WKHU � LQYHVW LJ DW LRQ� WR�
DXWKHQWLFDWH�WKH�YDOLGLW\�RI �3���QRQ�VXSSUHVVLRQ�
LQ�VFKL]RSKUHQLD�GLDJQRVLV�DQG�WR�VHUYH�DV�D�QHZ�
SDWKRSK\VLRORJLF�WDUJHW�IRU�GUXJ�GLVFRYHU\�
���
$XGLWRU\�3����HYRNHG�SRWHQWLDO�KDV�EHHQ�XVHG�DV�
DQ� HYDOXDWLRQ� RI � FRJQLWLYH� SURFHVVHV�� OLNH�
DWWHQWLRQ� DOORFDWLRQ�� DFWLYDWLRQ� RI � LPPHGLDWH�
PHPRU\��XSGDWLQJ�RI � WDVN�UHOHYDQW� LQIRUPDWLRQ�

������LQ� WKH�ZRUNLQJ�PHPRU\� LQ�PDQ\�VWXGLHV� �,Q�
WK LV � V WXG\� � VFKL]RSKUHQLD � SDW LHQWV � KDG�
VLJQLÀFDQWO\� ODUJHU� DPSOLWXGH� DQG� LQFUHDVHG�
�GHOD\HG�� ODWHQF\� RI � 3���� DXGLWRU\� HYRNHG�
SRWHQWLDO�FRPSDUHG�WR�KHDOWK\�FRQWUROV��0RVW�RI �
WKH� SUHYLRXV� VWXGLHV� UHSRUWHG� ORZHU� DPSOLWXGH�

���� �����DPRQJ� VFKL]RSKUHQLD� SDWLHQWV� ZKLOH� RWKHU�
VWXGLHV�KDYH�IRXQG�QR�VLJQLÀFDQW�GLIIHUHQFH�LQ�WKH�
3���� DPSOLWXGHV� RI � VFKL]RSKUHQLD� SDWLHQWV�

���FRPSDUHG� WR� FRQWUROV� 7KH� ÀQGLQJ� RQ� 3����
DPSOLWXGH� LQ� WKLV� VWXG\� LV� XQOLNH� PRVW� RI � WKH�
SUHYLRXV� VWXGLHV� WKDW� ZHUH� FDUULHG� RXW� DPRQJ�
&DXFDVLDQV�� $� VWXG\� KRZHYHU�� UHSRUWHG� D�
GLIIHUHQWLDO� LPSDFW� RI � UDFH� RQ� WKH� DVVRFLDWLRQ�

��EHWZHHQ� VFKL]RSKUHQLD� DQG� 3���� � ,W� LQLWLDOO\�
IRXQG� DPSOLWXGH� UHGXFWLRQ� DPRQJ� $IULFDQ�
$PHULFDQ�FRQWUROV��UDWKHU�WKDQ�WKH�SDWLHQWV��7KLV�
GLIIHUHQFH� ZDV� ORVW� ZKHQ� XVH� RI � SV\FKRDFWLYH�
VXEVWDQFHV� ZDV� FRQWUROOHG� IRU�� LQ� WKH� VWXG\��
+RZHYHU��WKLV�ÀQGLQJ�ZDV�QRW�REVHUYHG�DPRQJ�

$IULFDQ�-RXUQDO�RI �7URSLFDO�0HGLFLQH�DQG�%LRPHGLFDO�5HVHDUFK��9RO����1R����'HFHPEHU�����

�� 'HWHUPLQDWLRQ�RI �1HXURSK\VLRORJLFDO�3����DQG�3���LQ�3DWLHQWV�ZLWK�6FKL]RSKUHQLD���



&DXFDVLDQV� LQ� WKH� VDPH� VWXG\�� $QRWKHU� VWXG\�
IRXQG�VFKL]RSKUHQLD�SDWLHQWV�KDYLQJ�VLJQLÀFDQW�
UHGXFWLRQ� LQ� WHPSRUR�SDULHWDO� 3���� DPSOLWXGH�
DQG� KLJKHU� IURQWDO� 3���� DPSOLWXGH� WKDQ�

���FRQWUROV� 7KLV� PD\� EH� GXH� WR� LQFUHDVHG� H\H�
��PRYHPHQWV� DPRQJ� VFKL]RSKUHQLD� SDWLHQWV� �

$QRWKHU� SRVVLEOH� H[SODQDWLRQ� FRXOG� EH� WKDW�
KLJKHU� 3���� DPSOLWXGH� DPRQJ� VFKL]RSKUHQLD�
SDWLHQWV�FRXOG�UHÁHFW�KLJKHU�HQJDJHPHQW�RI �WKH�
WHPSRURSDULHWDO� FRUWH[� EHOLHYHG� WR� KDYH�
PD[LPDO�3����DPSOLWXGH�DW�WKH�3]�ORFDWLRQ�RQ�

��WKH�VFDOS� �7KLV�PD\�EH�D�ZD\�RI �FRPSHQVDWLQJ�
IRU� D� FRUWLFDO� GHIHFW� HLWKHU� LQ� WKDW� UHJLRQ� RU�
HOVHZKHUH� OLNH� LQ� WKH� IURQWDO� OREH�� 6LPLODUO\��
SUHYLRXV�VWXGLHV�KDYH�UHSRUWHG�JUHDWHU�FRJQLWLYH�
GHPDQGV� DPRQJ� SDWLHQWV� ZLWK� VFKL]RSKUHQLD�

�����ZKHQ� LQYROYHG� LQ� WDVNLQJ� SURFHGXUHV� �
$QRWKHU� VWXG\� UHSRUWHG� WKDW� VFKL]RSKUHQLD�
SDWLHQWV�DUH�FDSDEOH�RI �SURGXFLQJ� ODUJHU�3����
DPSOLWXGH�XQGHU�FHUWDLQ�FRQGLWLRQV�DQG�WKDW�WKLV�
PD\�LQGLFDWH�LQFUHDVHG�HIIRUW�WR�FRPSHQVDWH�IRU�

��FRJQLWLYH� GHÀFLWV� $EQRUPDOLWLHV� LQ� WKH� EUDLQ�
QHXURWUDQVPLWWHUV�WKDW�GLIIHU�DPRQJ�UDFHV�PD\�
DOVR�H[SODLQ�WKLV�LQFUHDVHG�VLJQLÀFDQW�GLIIHUHQFH��
7KH�3����HYHQW�UHODWHG�SRWHQWLDO�PD\�EH�FDXVHG�
E\� D� GLUHFW� H[FLWDWRU\� SRVWV\QDSWLF� HIIHFW� RI �
JOXWDPHUJLF�QHXURWUDQVPLVVLRQ�ZLWK�FKROLQHUJLF��
QRUDGUHQHUJLF� DQG� *$%$HUJLF� QHXURWUDQV�
PLW WHUV � EH LQJ� QHXURPRGXODWRU \ � ZKL OH�
GRSDPLQHUJLF� DQG� VHURWRQHUJLF� LQÁXHQFHV� DUH�

������PLQRU� LQ� LWV� JHQHUDWLRQ� $FHW\OFKROLQH�
VSHFLÀFDOO\� HQKDQFHV� 3���� DPSOLWXGH� ZKLOH�
*$%$�UHGXFHV�3����DPSOLWXGH��$�QXPEHU�RI �
VWXGLHV�KDYH� UHSRUWHG�EHWWHU�SURJQRVLV� DPRQJ�
$IULFDQV� ZLWK� 6FKL]RSKUHQLD� FRPSDUHG� WR�

�����&DXFDVLDQV� ZLWK� 6FKL]RSKUHQLD� $OWKRXJK��
WKLV� KDV� EHHQ� DWWULEXWHG� WR� HQYLURQPHQWDO�
IDFWRUV��LW�LV�SRVVLEOH�WKDW�WKLV�PD\�EH�DOVR�GXH�WR�
GLIIHULQJ� QHXURSDWKRORJLFDO� DQG� ELRFKHPLFDO�
LQÁXHQFHV� RQ� WKH� EUDLQ� RI � VFKL]RSKUHQLD�
SDWLHQWV� DFURVV� UDFHV�� 6HYHUDO� VWXGLHV�� KDYH�
UHSRUWHG�GHOD\HG�ODWHQF\�WR�3����SHDN�DPSOLWXGH�

���� ��VLPLODU� WR� WKH� ÀQGLQJ� LQ� WKLV� VWXG\� � 3����

ODWHQF\�LV�FRQVLGHUHG�WR�EH�D�PHDVXUH�RI �VWLPXOXV�
FODVVLÀFDWLRQ� VSHHG�� ,W� LV� XQUHODWHG� WR� UHVSRQVH�
VHOHFWLRQ� SURFHVVHV� DQG� LQGHSHQGHQW� RI �
EHKDYLRXUDO�UHVSRQVH�WLPH�DV�VHHQ�LQ�3����HYHQW�
UHODWHG�SRWHQWLDO��7KH�3����DPSOLWXGH�DQG�ODWHQF\�
KDYH�EHHQ�K\SRWKHVL]HG�WR�IROORZ�D�PDWXUDWLRQ�
SDWK�IURP�FKLOGKRRG�WR�DGROHVFHQFH��UHVXOWLQJ�LQ�D�
SHULRG� WKDW� PDUNV� D� SODWHDX�� DIWHU� ZKLFK�

���GHJHQHUDWLYH� HIIHFWV� EHJLQ� 7KLV� SRLQW� RI �
GHÁHFWLRQ�EHWZHHQ�PDWXUDWLRQ�DQG�GHJHQHUDWLRQ�
VWDJHV�DUH�VDLG�WR�RFFXU�DW�GLIIHUHQW�DJHV�IRU�3����
DPSOLWXGH� DQG� ODWHQF\�� 7KH� ÀQGLQJV� IURP� WKH�

��VWXG\�E\�9DQ�'LQWHUHQ�HW�DO� �UHYHDOHG�WKDW�3����
ODWHQF\�SRVVLEO\� LQGLFDWHV�QHXUDO�VSHHG�RU�EUDLQ�
HIÀFLHQF\�ZKLOH�3���� DPSOLWXGH�PLJKW� LQGLFDWH�
QHXUDO� SRZHU� RU� FRJQLWLYH� UHVRXUFHV� ZKLFK�
LQFUHDVH� ZLWK� PDWXUDWLRQ�� 7KLV� VXJJHVWV� WKDW�
ODWHQF\�DQG�DPSOLWXGH�UHÁHFW�GLIIHUHQW�DVSHFWV�RI �
EUDLQ� PDWXUDWLRQ�� 3UHFLVHO\�� 3���� DPSOLWXGH�
PLJKW�EH�DQ�LQGH[�IRU�WKH�QXPEHU�RI �FRJQLWLYH�
UHVRXUFHV�EHLQJ�XVHG��LQFUHDVLQJ�LQ�WKH�ÀUVW�\HDU�
RI �OLIH�DQG�GHFUHDVLQJ�ZLWK�IXUWKHU�DJLQJ�EH\RQG�

��DGROHVFHQFH� �+LJKHU� DPSOLWXGHV� DUH� UHODWHG� WR�
KLJKHU� SURSRUWLRQ� RI � DOORFDWHG� FRJQLWLYH�
UHVRXUFHV�DQG�LQWUD�VXEMHFW�UH�URXWLQJ�RI �QHXUDO�
SDWKZD\V�WR�LPSURYH�FRJQLWLYH�SHUIRUPDQFH�LQ�D�
EDFNJURXQG�FRJQLWLYH�GHFOLQH��3����ODWHQF\�PD\�
EH�D�PRUH�GLUHFW�LQGH[�RI �LQIRUPDWLRQ�SURFHVVLQJ�

��VSHHG�DQG�LQGLUHFWO\�FRJQLWLYH�SHUIRUPDQFH�

7KH� $UHD� 8QGHU� WKH� &XUYH� �$8&�� RI � 3����
DPSOLWXGH��3����3HDN�ODWHQF\�DQG�3���$PSOLWXGH�
UDWLR�DV�D�WHVW�YDULDEOH�ZDV�DFFHSWDEOH�LQ�WKH�DELOLW\�
WR�SUHGLFW�VFKL]RSKUHQLD�GLDJQRVLV�EDVHG�RQ�WKH�

��FXUUHQW� GLDJQRVWLF� JXLGHOLQHV� � 7KH� 3���
DPSOLWXGH�UDWLR�ZDV�OHDVW�LQ�GLVFULPLQDWLQJ�DELOLW\�
EHWZHHQ�VFKL]RSKUHQLD�DQG�KHDOWK\�FRQWUROV��

7KH�ÀQGLQJ�RQ�WKH�GLDJQRVWLF�DFFXUDF\�RI �3����
DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� DQG� 3���
DPSOLWXGH� UDWLR� LV� SDUWO\� VLPLODU� WR� ÀQGLQJV� LQ�
RWKHU�VWXGLHV��$�VWXG\�WKDW�XWLOL]HG�D�WKUHH�IDFWRU�
VROXWLRQ�FRPSULVLQJ�3����DQG�3����DPSOLWXGHV��
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3���UDWLR�DQG�GLIIHUHQFHV�VFRUHV�LQFOXGLQJ�3����
ODWHQF\� UHVXOWHG� LQ� DQ� $8&� RI � ������ ZLWK�

��VHQVLWLYLW\�RI �������DQG�VSHFLÀFLW\�RI ������� $�
VLPLODU� VWXG\� RQ� 3��� DQG� 3���� HYHQW�UHODWHG�
SRWHQWLDO� DOVR� FODVVLÀHG� VFKL]RSKUHQLD� DQG�
KHDOWK\� FRQWUROV� ZLWK� ���� DFFXUDF\� ZLWK� D�
FRPELQHG�VHQVLWLYLW\�RI ������DQG�VSHFLÀFLW\�RI �

������� � $QRWKHU� VWXG\� XWLOL]HG� YLVXDO� HYHQW�
UHODWHG�SRWHQWLDO�WR�GHPRQVWUDWH�3����DPSOLWXGH�
DQG�ODWHQF\�DQG�UHSRUWHG�WKDW�WKH\�ZHUH�DEOH�WR�
FODVVLI\� VFKL]RSKUHQLD� E\� ���� DQG� KHDOWK\�

��FRQWURO�E\�����DFFXUDF\� �$OWKRXJK�WKH�SUHVHQW�
VWXG\� GLG� QRW� VHW� RXW� WR� GHYHORS� D� FRPELQHG�
52&�DQDO\VLV��WKH�DYHUDJH�$8&��VHQVLWLYLW\�DQG�
VSHFLÀFLW\�ZHUH�FORVH�WR�WKHVH�SUHYLRXV�VWXGLHV��
+RZHYHU��WKH�VSHFLÀFLW\�RI �WKH�PDUNHUV�LQ�RXU�
VWXG\�DUH�KLJKHU�WKDQ�WKHLU�VHQVLWLYLW\�H[FHSW�IRU�
WKH�3���DPSOLWXGH�UDWLR��7KH�LQÁHFWLRQ�SRLQW�RI �
WKH�VHQVLWLYLW\�DQG�VSHFLÀFLW\�RI �HDFK�PDUNHU�LQ�
WKLV�VWXG\�ZDV�JHQHUDOO\�IDLUO\�DFFHSWDEOH�EDVHG�

���RQ�WKH�SULQFLSOHV�RI �KLJK�TXDOLW\�WHVWLQJ� 7KHVH�
LQÁHFWLRQ�SRLQWV�VKRZ�WKDW�WKH�3���UDWLR�PD\�EH�
PRUH� XVHIXO� DV� D� VFUHHQLQJ� WHVW� ZKLOH� 3����
DXGLWRU\� HYHQW�UHODWHG� SRWHQWLDO� PD\� EH� PRUH�
UHOHYDQW�DV�D�GLDJQRVWLF�WHVW��7KHVH�PDUNHUV�PD\�
EH� XVHIXO� DV� DQ� DGMXQFW� WR� WKH� V\QGURPLF�
GLDJQRVLV�WKDW�FXUUHQWO\�H[LVW�IRU�VFKL]RSKUHQLD��
7KH� GHWHUPLQHG� <RXGHQ� ,QGH[� DQG� FXW�RII �
SRLQW� LQ� WKLV� VWXG\� IRU� 3���� HYHQW�UHODWHG�
DPSOLWXGH�� 3���� 3HDN� ODWHQF\� DQG� 3���
$PSOLWXGH�UDWLR�KDYH�QRW�EHHQ�GRQH�LQ�DOO�NQRZQ�
SUHYLRXV� VWXG\� RQ� WKHVH� PDUNHUV�� 7KLV� ZLOO�
XOWLPDWHO\�VHUYH�DV�D�WHPSODWH�IRU�IXWXUH�VWXGLHV�
RQ�WKH�GLDJQRVWLF�DFFXUDF\�RI �WKHVH�PDUNHUV�

3UHYLRXV� VWXGLHV� KDYH� UHSRUWHG� ZHDNHU� 3���
�����JDWLQJ� ZLWK� LQFUHDVHG� DJH� � ,W� ZDV� KRZHYHU��

DOVR�UHSRUWHG�LQ�WKHVH�VWXGLHV�WKDW�DJH�VHHP�WR�
DFFRXQW�IRU�RQO\�D�PLQLPDO�SDUW�RI �WKH�FKDQJHV�
LQ�3���JDWLQJ��,QFUHDVH�LQ�DJH�KDV�EHHQ�UHSRUWHG�
WR� KDYH� D� VLJQLÀFDQW� LQÁXHQFH� DOVR� RQ� 3����
ODWHQF\� SURORQJDWLRQ� DPRQJ� VFKL]RSKUHQLD�

�����SDWLHQWV� � ZKLOH� \RXQJHU� SHRSOH� KDYH� EHHQ�

UHSRUWHG� WR� GHPRQVWUDWH� LQFUHDVHG� 3����
��DPSOLWXGHV� � 7KH� IDFW� WKDW� 3���� LV� DIIHFWHG� E\�

DJH�UHODWHG�FKDQJHV�ZKLFK�PD\�DFWXDOO\�EH�UHODWHG�
WR�FKDQJHV�LQ�FRJQLWLYH�FDSDFLWLHV��VXJJHVWV�WKDW�
3���� LV� D� VHQVLWLYH� PHWULF� IRU� FRJQLWLYH�

��SHUIRUPDQFH� � ,W� ZDV� DOVR� UHSRUWHG� WKDW�
GHYHORSPHQWDO�WUDMHFWRULHV�RI �WKH�3����DPSOLWXGH�
DFURVV�WKH�OLIHVSDQ�H[LVW�IRU�IURQWDO�DQG�SDULHWDO�
HOHFWURGH� VLWHV�� 7KH� SDULHWDO� 3���� LQFUHDVHG� LQ�
FKLOGKRRG�WR�UHDFK�LWV�SHDN�LQ�DGROHVFHQFH��WKHQ�
GHFOLQHG�IRU�WKH�UHVW�RI �WKH�OLIHVSDQ��,Q�FRQWUDVW��
WKH�IURQWDO�3����UHDFKHG�LWV�SHDN�DW�D�PLG�ROGHU�
DJH��7KLV�LV�DERXW���\HDUV�DIWHU�ZKLFK�LW�UHPDLQV�
FRQVWDQW� IRU� WKH� UHVW� RI � WKH� OLIHVSDQ�� 7KLV� KDV�
EHHQ�VDLG�WR�UHÁHFW�FRPSHQVDWRU\�DFWLYLW\�ZLWKLQ�

��WKH�EUDLQ�ZKLFK�KDV�EHHQ�KLJKOLJKWHG�HDUOLHU� �7KH�
SUHSRQGHUDQFH� RI � \RXQJ� DGXOWV� DPRQJ� WKH�
SDUWLFLSDQWV� DQG� WKH� ORZHU� PHDQ� DJH� RI �
VFKL]RSKUHQLD�SDWLHQWV�PD\�SDUWO\�FRQWULEXWH�WR�
WKH�GLIIHUHQFHV�REVHUYHG�LQ�WKLV�VWXG\�

7KH�WRWDO�3$166�VFRUH�KDV�EHHQ�UHSRUWHG�WR�KDYH�
D�QHJDWLYH�FRUUHODWLRQ�ZLWK�3����DPSOLWXGH�DQG�

��ODWHQF\� LQ� PHGLFDWHG� VFKL]RSKUHQLD� SDWLHQWV� �
$ Q R W K H U � V W X G \ � DPRQ J � X QP H G L F D W H G�
VFKL]RSKUHQLD� SDWLHQWV� IRXQG� VLPLODU� LQYHUVH�
UHODWLRQVKLS� EHWZHHQ� WRWDO� 3$166� VFRUH� DQG�

���3���� DPSOLWXGH� 7KLV� SUHVHQW� VWXG\� IRXQG� QR�
UHODWLRQVKLS�EHWZHHQ�3$166�VFRUH�DQG�DQ\�RI �WKH�
QHXURSK\VLRORJLFDO� PDUNHUV� LQYHVWLJDWHG�� 6RPH�
VWXGLHV� KDYH� DOVR� UHSRUWHG� QR� VLJQLÀFDQW�
FRUUHODWLRQ� EHWZHHQ� 3$166� SRVLWLYH�QHJDWLYH�

�����V\PSWRPV� DQG� 3��� DPSOLWXGH� UDWLR� � � 7KH�
VFKL]RSKUHQLD� SDWLHQWV� LQ� WKLV� VWXG\� ZHUH� RQ�
PHGLFDWLRQ� IRU� WKH� SV\FKRWLF� V\PSWRPV��
7KHUHIRUH�� WKH�3$166� VFRUHV�ZHUH� OLNHO\� WR�EH�
VLJQLÀFDQWO\�ORZHU�WKDQ�DW�WKH�RQVHW�RI �WKH�LOOQHVV�
SULRU� WR� WKH� XVH� RI � PHGLFDWLRQ�� 7KLV� PD\�
LQÁXHQFH�WKH�UHODWLRQVKLS�EHWZHHQ�3$166�VFRUH�
DQG� WKHVH�QHXURSK\VLRORJLFDO�PHDVXUHV� WKDW� DUH�
EHOLHYHG�WR�EH�LQGHSHQGHQW�RI �WKH�FOLQLFDO�VWDWH�RI �
WKH�SDWLHQWV�
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&21&/86,21
7KH�VWXG\�KDV�GHWHUPLQHG�FXW�RII �SRLQW�IRU�WKH�
QHXURSK\VLRORJLFDO�PHDVXUHV�WKDW�DUH�DEVHQW�LQ�
SUHYLRXV�VWXGLHV��7KLV�ZLOO�VHUYH�DV�DQ�DGGLWLRQDO�
XVHIXO� FULWHULRQ� LQ� LPSURYLQJ� WKH� GLDJQRVWLF�
DFFXUDF\�RI �VFKL]RSKUHQLD�DQG�WKLV�FRXOG�DOVR�EH�
XVHIXO�LQ�PHGLFR�OHJDO�SXUSRVHV�

/,0,7$7,216
7KH� PDQXDO� PHWKRG� RI � PHDVXUHPHQW� RI � WKH�
HYRNHG� SRWHQWLDO� SDUDPHWHUV� UDWKHU� WKDQ� WKH�
FRPSXWHUL]HG� PHWKRG� PD\� OLPLW� WKH� OHYHO� RI �
SUHFLVHQHVV�LQ�PHDVXUHPHQWV�

7KH� LQDELOLW\� WR� DFKLHYH� D� IXOO\� QRLVH�SURRI �
VHWWLQJ� IRU� WKH� QHXURSK\VLRORJLFDO� SURFHGXUHV�
PLJKW�KDYH�GLVWUDFWHG�VRPH�RI �WKH�SDUWLFLSDQWV�
DQG� DIIHFWHG� WKHLU� SHUIRUPDQFH� GXULQJ� WKH�
SURFHGXUHV��

,W�ZDV�D�FURVV�VHFWLRQDO�VWXG\�DQG�PD\�QRW�EH�
VHQVLWLYH�WR�VRPH�FKDQJHV�WKDW�PD\�RFFXU�RYHU�
WLPH�

5(&200(1'$7,216
�D��7KLV�VWXG\�LV�SDYLQJ�D�ZD\�IRU�IXUWKHU�VWXGLHV�
RQ� LQYHVWLJDWLQJ� QHXURSK\VLRORJLFDO� PDNHUV�
DPRQJ�SDWLHQWV�ZLWK�VFKL]RSKUHQLD�LQ�1LJHULD��,W�
ZLOO� WKHUHIRUH�EH�QHFHVVDU\� WR�H[SORUH� IXUWKHU��
WKH� GLDJQRVWLF� SRVVLELOLWLHV� LQ� 3���� DXGLWRU\�
HYHQW�UHODWHG�SRWHQWLDO� LQ�IXWXUH�VWXGLHV�LQ�WKLV�
UHJLRQ�

�E�� 1HXURSDWKRORJLFDO� VWXGLHV� LQYROYLQJ�
QHXURLPDJLQJ� DQG� JHQHWLF� VWXGLHV� VKRXOG� EH�
HQFRXUDJHG�WR�YDOLGDWH�WKH�OLNHO\�DHWLRORJ\�RI �WKH�
ÀQGLQJV�LQ�WKLV�VWXG\�

�F�� 7KH� LQYHVWLJDWLRQ� RI � WKHVH� QHXURSK\VLR�
ORJLFDO� PDUNHUV� VKRXOG� EH� FRQGXFWHG� DPRQJ�
UHODWLYHV�RI � VFKL]RSKUHQLD�SDWLHQWV� LQ�RUGHU� WR�
DVVHVV�WKH�SRVVLEOH�KHULWDELOLW\�RI �WKHVH�PHDVXUHV�
DQG�WKHLU�JHQHWLF�XQGHUSLQQLQJV�

$&.12:/('*(0(17
7KH�UHVHDUFK�ZDV�VHOI�IXQGHG��1R�H[WHUQDO�IXQGV�
ZDV�UHFHLYHG�IRU�DQ\�VWDJH�RI �WKLV�VWXG\�

$87+2856�&2175,%87,21
$G H E D \ R � 6 X Q G D \ � $ G H E L V L � � & K L Q H G X�
2QZXFKHNZD��8PDU�=D\\DQX�8VPDQ�DQG�%HOOR�

�6LUDMR�6KLLWX�6WXG\�'HVLJQ

$GHED\R� 6XQGD\� $GHELVL� �'DWD� FROOHFWLRQ� DQG�
/LWHUDWXUH�UHYLHZ

&KLQHGX�2QZXFKHNZD�� 8PDU� =D\\DQX�8VPDQ�
DQG� %HOOR� 6LUDMR� 6KLLWX�/LWHUDWXUH� UHYLHZ�
SURRIUHDGLQJ�DQG�FRUUHFWLRQV�

$ G H E D \ R � 6 X Q G D \ � $ G H E L V L � � & K L Q H G X�
2QZXFKHNZD��8PDU�=D\\DQX�8VPDQ�DQG�%HOOR�
6LUDMR�6KLLWX��'DWD�DQDO\VHV�

&21)/,&7�2)�,17(5(67
7KHUH�LV�QR�FRQÁLFW�RI �LQWHUHVW�WR�GLVFORVH�

5()(5(1&(6
��� 6P L WK � 7� � +RUZD WK � ( � � &RX U QRV � )��

6FKL]RSKUHQLD�DQG�RWKHU�SV\FKRWLF�GLVRUGHUV��
1HZ� <RUN�� 1<�� 2[IRUG� 8QLYHUVLW\� 3UHVV��
�����$SU�����

��� *UHHQZRRG� 7$�� 6KXWHV�'DYLG� $�� 7VXDQJ�
':�� (QGRSKHQRW\SHV� LQ� VFKL]RSKUHQLD��
G LJ J LQJ � GHHSHU � WR � LGHQW L I\ � J HQHW LF�
PHFKDQLVPV��-RXUQDO�RI �SV\FKLDWU\�DQG�EUDLQ�
VFLHQFH������������

��� 2ZHQV�(��%DFKPDQ�3��*ODKQ�'&��%HDUGHQ�
&(�� (OHFWURSK\VLRORJLFDO� HQGRSKHQRW\SHV�
IRU� VFKL]RSKUHQLD�� +DUYDUG� UHYLHZ� RI �
SV\FKLDWU\�������0DU�����������

��� .HQGOHU�.6��1HDOH�0&��(QGRSKHQRW\SH��D�
FRQFHSWXDO� DQDO\VLV�� 0ROHFXODU� SV\FKLDWU\��
�����$XJ��������������

��� &RKHQ�0;��:KHUH�GRHV�((*�FRPH� IURP�
DQG� ZKDW� GRHV� LW � PHDQ"�� 7UHQGV� LQ�
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QHXURVFLHQFHV�������$SU����������������
��� 'HO�5H�(&��%HUJHQ�6(��0HVKRODP�*DWHO\�

5,��1L]QLNLHZLF]�0$��*ROGVWHLQ�-0��:RR�
78�� 6KHQWRQ� 0(�� 6HLGPDQ� /-�� 0F&DUOH\�
5:� � 3H W U \ V K H Q � 7/ � � $Q D O \ V L V � R I �
V FK L ]RSK U HQ L D � U H O D W H G � J HQ H V � D QG�
HOHFWURSK\VLRORJLFDO� PHDVXUHV� UHYHDOV�
=1)���$� DVVRFLDWLRQ� ZLWK� DPSOLWXGH� RI �
3���E � H O L F L W H G � E\ � QRYH O � V RXQG V��
7UDQVODWLRQDO�SV\FKLDWU\�������-DQ������H����

��� (DUOV� +$�� &XUUDQ� 7�� 0LWWDO� 9�� $� PHWD�
DQDO\WLF� UHYLHZ� RI � DXGLWRU\� HYHQW�UHODWHG�
SRWHQWLDO� FRPSRQHQWV� DV� HQGRSKHQRW\SHV�
IRU�VFKL]RSKUHQLD��SHUVSHFWLYHV� IURP�ÀUVW�
GHJUHH� UHODWLYHV�� 6FKL]RSKUHQLD� EXOOHWLQ��
�����1RY�����������������

��� % D Q H D � 2& � � 3H J R O R � ( � � 0 D U F X � 6 ��
)ULéULNVGyWWLU�5��ÌYDUVVRQ�(��-yQDVVRQ�$'��
- yQ D V V RQ � 9'� � 0DJQX VGy W W L U � %%��
+DUDOGVVRQ�0��:DVVHUPDQQ�(��*DUJLXOR�3��
3���DQG�3����(YHQW�5HODWHG�3RWHQWLDOV� LQ�
3DWLHQWV�ZLWK�6FKL]RSKUHQLD�5HFRUGHG�IURP�
+LJK�'HQVLW\� ((*�� ,Q� 0HGLWHUUDQHDQ�
&RQIHUHQFH� RQ� 0HGLFDO� DQG� %LRORJLFDO�
(QJLQHHULQJ� DQG�&RPSXWLQJ� ����� 6HS� ���
�SS��������������6SULQJHU��&KDP�

��� 6DVLGKDUDQ� $�� 1DLU� $.�� 0DULJRZGD� 9��
/XNRVH�$��-RKQ�-3��.XWW\�%0��6LPXOWDQHRXV�
DVVHVVPHQW�RI �3����001��(51�DQG�3����
HYHQW�UHODWHG� SRWHQWLDOV� DPRQJ� SDWLHQWV�
ZLWK� 6FKL]RSKUHQLD²DQ� H[SORUDWRU\� VWXG\��
%LR5[LY�������-DQ����������

���� +HGJHV�'�� -DQLV�5��0LFNHOVRQ�6��.HLWK�&��
%HQQHWW�'��%URZQ�%/��3����DPSOLWXGH� LQ�
$O]KHLPHU
V� GLVHDVH�� D� PHWD�DQDO\VLV� DQG�
PHWD�UHJUHVVLRQ�� &OLQLFDO� ((*� DQG�
QHXURVFLHQFH�������-DQ�������������

���� /LMIÀMW� 0�� 0RHOOHU� )*�� %RXWURV� 11��
6WHLQEHUJ�-/��0HLHU�6/��/DQH�6'��6ZDQQ�$&��
'LPLQLVKHG�3����1����DQG�3����DXGLWRU\�
VHQVRU\� JDWLQJ� LQ� ELSRODU� ,� GLVRUGHU��
3 V \ F K L D W U \ � U H V H D U F K � � � � � � � 0 D \�
������������������

���� 7KRPD�/��5HQW]VFK�-��*DXGOLW]�.��7lQ]HU�1��
*DOOLQDW� -��.DWKPDQQ�1�� 6WU|KOH�$��3ODJ� -��
3����1�����DQG�3����VHQVRU\�JDWLQJ�LQ�SDQLF�
GLVRUGHU�� &OLQLFDO� ((*� DQG� 1HXURVFLHQFH��
�����6HS��������������

���� � � � �6LQKD�65��6XOOLYDQ�/5��6DEDX�'��2UWD�'6��
'RPEURZVNL� .(�� +DOIRUG� --�� +DQL� $-��
'ULVODQH�):��6WHFNHU�00��$PHULFDQ�FOLQLFDO�
QHXURSK\VLRORJ\� VRFLHW\� JXLGHOLQH� ���
PLQLPXP� WHFKQLFDO� UHTXLUHPHQWV� IRU�
SHUIRUPLQJ�FOLQLFDO�HOHFWURHQFHSKDORJUDSK\��
7KH� 1HXURGLDJQRVWLF� -RXUQDO�� ����� 2FW�
���������������

���� � � � � �.D\� 65�� )LV]EHLQ�$��2SOHU� /$�� 7KH�
SRVLWLYH� DQG� QHJDWLYH� V\QGURPH� VFDOH�
�3$166�� IRU� VFKL]RSKUHQLD�� 6FKL]RSKUHQLD�
EXOOHWLQ�������-DQ����������������

����������4LX�<4��7DQJ�<;��&KDQ�5&��6XQ�;<��+H�
-� � 3���� DEHU UD W LRQ� LQ � ÀUV W �HS LVRGH�
VFKL]RSKUHQLD�SDWLHQWV��D�PHWD�DQDO\VLV��3/R6�
2QH�������-XQ���������H������

���� 6XOOLYDQ� /0�� (VVHQWLDOV� RI � ELRVWDWLVWLFV� LQ�
SXEOLF� KHDOWK�� -RQHV� 	� %DUWOHWW� /HDUQLQJ��
�����)HE����
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