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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

+\SHUJO\FHPLF�HPHUJHQFLHV�LQ�D�WHUWLDU\�KHDOWK�IDFLOLW\��&OLQLFDO�SUHVHQWDWLRQ�
DQG�SUHGLFWRUV�RI �PRUWDOLW\��

,QWHQVLW\�RI �8ULQDU\�6FKLVWRVRPLDVLV��DQG�3UHYDOHQFH�RI �8ULQDU\�7UDFW�3DWKRORJ\�
$PRQJ�3ULPDU\�6FKRRO�3XSLOV�LQ�'HOWD�6WDWH��6RXWK�VRXWK��1LJHULD��

$VVHVVPHQW�2I �+DHPDWRORJLFDO�$QG�$QWLR[LGDQWV�&KDQJHV�,Q�0DOH�$OELQR�:LVWDU�
5DWV�7UHDWHG�:LWK�7UDPDGRO�

��

�
��

��
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$VVHVVPHQW�2I �+DHPDWRORJLFDO�$QG�$QWLR[LGDQWV�
&KDQJHV�,Q�0DOH�$OELQR�:LVWDU�5DWV�7UHDWHG�:LWK�
7UDPDGRO

$EVWUDFW
,QWURGXFWLRQ
,OOLFLW�GUXJ�XVH�GLVRUGHUV�DUH�D�PDMRU�SXEOLF�KHDOWK�EXUGHQ�WKDW�FRQWULEXWHV�VLJQLILFDQWO\�WR�WKH�JOREDO�
EXUGHQ�RI �GLVHDVH�DQG�WUDPDGRO�LV�RQH�RI �WKH�PRVW�FRPPRQ�LOOLFLW�SV\FKRDFWLYH�VXEVWDQFHV�EHLQJ�DEXVHG�
HVSHFLDOO\�DPRQJVW�WKH�\RXQJ�DGXOWV��7KLV�UHVHDUFK�DLPV�WR�DVVHVV�WKH�KDHPDWRORJLFDO�DQG�DQWLR[LGDQWV�
DFWLYLWLHV�RI �PDOH�ZLVWDU�UDWV�WUHDWHG�ZLWK�WUDPDGRO��

0DWHULDOV�DQG�0HWKRGV
7KLUW\�DGXOW�PDOH�:LVWDU�UDWV�ZHLJKLQJ���������J�ZHUH�VHOHFWHG�IRU�WKH�VWXG\�DQG�ZDV�UDQGRPL]HG�LQWR���
JURXSV��*URXS���ZDV�QRW�WUHDWHG�ZLWKLQ�WKH�SHULRG�RI �WKH�VWXG\�EHIRUH�VDFULILFLQJ��*URXS���WR���UHFHLYHG�
���PJ�NJ�ERG\�ZHLJKW�RI �WUDPDGRO�IRU�����������DQG����GD\V�UHVSHFWLYHO\�ZKLOH�WUHDWPHQW�IRU�JURXS���ZDV�
ZLWKGUDZQ�IRU���ZHHNV�DIWHU����GD\V�WUHDWPHQW�SHULRG�EHIRUH�VDFULILFLQJ��7KH�DQLPDO
V�%UDLQ��/LYHU��NLGQH\�
DQG�7HVWLV�ZHUH�H[FLVHG�IRU�ELRFKHPLFDO�DQDO\VLV��*HQHUDWHG�GDWD�ZHUH�DQDO\]HG�XVLQJ�6366�SDFNDJH�DQG�
UHVXOWV�H[SUHVVHG�DV�PHDQ���6(0��

5HVXOWV
5HVXOWV�REWDLQHG�VKRZHG�VLJQLILFDQW�GHFUHDVH�LQ�WKH�KDHPWROROJLFDO�SDUDPHWHUV�DV�ZHOO�DV�LQ�WKH�:%&�
FRXQW��&DWDODVH��62'�DQG�*OXWDWKLRQH�DFWLYLWLHV�LQ�WKH�FKURQLF�WUDPDGRO�WUHDWHG�UDWV�ZKHQ�FRPSDUHG�WR�
WKH�QRUPDO�FRQWURO�DW�S�������7KLV�VWXG\�DOVR�UHYHDOHG�WKDW�FKURQLF�WUDPDGRO�XVH�LQFUHDVHV�WKH�OHYHO�RI �
0'$�VLJQLILFDQWO\�ZKHQ�FRPSDUHG�ZLWK�WKH�QRQ�WUHDWHG�JURXS��

&RQFOXVLRQ
7UDPDGRO�FRQVXPSWLRQ�ORZHUV�5%&�FRXQW��KDHPRJORELQ�OHYHO��3&9��SODWHOHW�FRXQW��:%&�FRXQW��&$7��
62'��DQG�*6+�DFWLYLWLHV�ZKLOH�VLJQLILFDQWO\�UDLVLQJ�0'$�OHYHOV��7KHUHIRUH�WUDPDGRO�VKRXOG�RQO\�EH�
XVHG�XQGHU�PHGLFDO�VXSHUYLVLRQ�DQG�RQO\�RQ�SUHVFULSWLRQ��DYRLGLQJ�LQGLVFULPLQDWH�DQG�ORQJ�WHUP�

&RUUHVSRQGLQJ�$XWKRU��2VVDL��1GXND�5LFKDUG��'HSDUWPHQW�RI �+XPDQ�3K\VLRORJ\��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��
1LJHULD�

� �� �2MLHK�$QWKRQ\�(PHND ��2VVDL�1GXND�5LFKDUG ��1ZRJXH]H�%&

���'HSDUWPHQW�RI �+XPDQ�3K\VLRORJ\��)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��'HOWD�6WDWH�8QLYHUVLW\��$EUDND��'HOWD�6WDWH��1LJHULD�
���'HSDUWPHQW�RI �+XPDQ�3K\VLRORJ\��&ROOHJH�RI �+HDOWK�6FLHQFHV��(YDQJHO�8QLYHUVLW\��$NDH]H��(ERQ\L�6WDWH�1LJHULD�

����,1752'8&7,21
7UDPDGRO��D�FHQWUDOO\�DFWLQJ�DQDOJHVLF�DJHQW�ZLWK�
DFWLYLW\� DW� Ƭ�RSLRLG�� DGUHQHUJLF� DQG� ��
K\GUR[\WU\SWDPLQH� ���+7�� UHFHSWRUV� ����� �����
KDV�UHFHQWO\�EHFRPH�D�FDXVH�RI �PDMRU�DGGLFWLRQ�
LQ�1LJHULD�HVSHFLDOO\�DPRQJVW�\RXQJ�DGXOW��DQG�
RI �UHFHQW��PDQ\�UHSRUWV�FRQILUP�WKH�VFRXUJH�RI �
WUDPDGRO� DGGLFWLRQ� RI � ZKLFK� PDQ\� KHDOWK�

ZRUNHUV�ZHUH� XQDZDUH�RI � WKH� VFDOH� RI � LWV� QRQ�
PHGLFDO�XVH�DQG�DEXVH�������7KH�FHQWUDO�UROH�RI �
OLYHU�DQG�NLGQH\�LQ�GUXJ�PHWDEROLVP�SUHGLVSRVHV�
WKHP�WR�WR[LF�LQMXU\��KRZHYHU��WUDPDGRO�KDV�EHHQ�
KHUDOGHG� DV� D�QRQ�DEXVDEOH� UHSODFHPHQW�RSWLRQ�
IRU�PDQ\�RI �WKH�H[LVWLQJ�RSLDWH�SDLQNLOOHUV��DQG�WKH�
SRWHQWLDO�IRU�DEXVH�QDWXUDOO\�GRHV�H[LVW��,I �D�XVHU�

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

� �� �2MLHK�$QWKRQ\�(PHND ��2VVDL�1GXND�5LFKDUG ��1ZRJXH]H�%DUWKRORPHZ�&KXNZXHEXND
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��

WDNHV� WUDPDGRO� UHSHDWHGO\� RYHU� D� SHULRG� DQG�
GHYHORSV�D�WROHUDQFH�IRU�WKH�GUXJ��DQ�RYHUGRVH�
PD\� RFFXU� ZKHQ� WKDW� XVHU� WDNHV� PRUH� WKDQ�
QRUPDO� WR� DFKLHYH� WKH� GHVLUHG� HIIHFW�� KHQFH��
WUDPDGRO�RYHUGRVHV�KDG�EHHQ�UHSRUWHG�WR�EH�YHU\�
VHULRXV� DQG� FDQ� FDXVH� QHXURORJLFDO� WR[LFLW\��
5HVSLUDWRU\� IDLOXUH�� 6HURWRQLQ� V\QGURPH� DQG�
0LOG�� PRGHUDWH� RU� HYHQ� VHYHUH� FDUGLRYDVFXODU�
GLVUXSWLRQ�����������$OWKRXJK�IDWDO�LQWR[LFDWLRQV�
RI �WUDPDGRO�DUH�UDUH�DQG�DSSHDU�WR�EH�DVVRFLDWHG�
ZLWK�ODUJH�RYHUGRVHV�DQG�FR�LQJHVWLRQ�RI �RWKHU�
GUXJV� DQG� �RU� DOFRKRO� ������ 6\PSWRPV� RI �
RYHUGRVH�PD\�LQFOXGH��GHSUHVVLRQ��DGGLFWLRQ�DQG�
VHL]XUHV�� FKDQJH� LQ� FRQVFLRXVQHVV�� GHFUHDVHG�
DZDUHQHVV� RU� UHVSRQVLYHQHVV�� GLIILFXOW\� ZLWK�
EUHDWKLQJ��ODFN�RI �PXVFOH�WRQH��OLJKW�KHDGHGQHVV��
ORVV�RI �FRQVFLRXVQHVV��SLQSRLQWHG�SXSLOV�RI �WKH�
H\HV�� VHYHUH� VOHHSLQHVV�� VORZ� RU� LUUHJXODU�
KHDUWEHDW� DQG� XQXVXDO� WLUHGQHVV� �����:LWK� WKH�
FXUUHQW�DEXVH�RI �WUDPDGRO�LQ�1LJHULD��WKLV�VWXG\�
WKHUHIRUH�DLP�WR�DFFHVV�WKH�KDHPDWRORJLFDO�DQG�
DQWLR[LGDQW� SURSHUWLHV� LQ� DOELQR� ZLVWDU� UDWV�
WUHDWHG�ZLWK�WUDPDGRO�

����0$7(5,$/6�$1'�0(7+2'

����&KHPLFDOV�DQG�'UXJV
7UDPDGRO� ZDV� SXUFKDVHG� IURP� 'HPHFN�
SKDUPDFHXWLFDO��2ELDUXNX��'HOWD�6WDWH��1LJHULD��
$OO� WKH� FKHPLFDOV� DQG� GUXJV� XVHG� ZHUH� RI �
DQDO\WLFDO�JUDGH

�����([SHULPHQWDO�$QLPDO
7KLUW\������DGXOW�PDOH�:LVWDU�UDWV�ZHUH�SXUFKDVHG�
IRU�WKLV�UHVHDUFK�DW�WKH�)DFXOW\�RI �%DVLF�0HGLFDO�
6FLHQFHV�$QLPDO� )DUP��'HOWD� 6WDWH�8QLYHUVLW\��
$EUDND��1LJHULD��DQG�KRXVHG�LQ�PHWDEROLF�FDJHV��
7KH\�ZHUH�NHSW�RQ�WKH�DQLPDO�IHHG�JURZHUV
�GDLO\�
PDVK�GLHW��D�SURGXFW�RI �7RS�)HHG�LQ�6DSHOH��'HOWD�
6WDWH�� )HHG� FRPSRQHQWV� LQFOXGH�� ����� SHUFHQW�
SURWHLQ������SHUFHQW�PLQ��IDW�������SHUFHQW�PLQ��
FDOFLXP�������SHUFHQW�XVDEOH�PLQ��SKRVSKRUXV��

DQG�����NFDO�HQHUJ\�DQG�ZDWHU�DG�OLELWXP��

����(WKLFDO�&RQVLGHUDWLRQ
7KH�5HVHDUFK��(WKLFV�DQG�*UDQWV�&RPPLWWHH�RI �
WKH�)DFXOW\�RI �%DVLF�0HGLFDO�6FLHQFHV��'HOWD�6WDWH�
8QLYHUVLW\�� $EUDND�� 1LJHULD�� UHYLHZHG� DQG�
DSSURYHG� WKH� SURWRFRO� IRU� WKLV� VWXG\�� DQG� WKH�
H[SHULPHQW� ZDV� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK�
WKH� HWKLFDO� JXLGHOLQHV� IRU� WKH� FDUH� DQG� XVH� RI �
DQLPDOV�DV�ODLG�GRZQ�+HOVLQNL������������

����'UXJV�3UHSDUDWLRQ�DQG�$GPLQLVWUDWLRQ
����J�RI �WUDPDGRO�ZDV�GLVVROYHG�LQ����PO�RI �ZDWHU�
DQG�ZDV�DGPLQLVWHUHG�RUDOO\�WR�WKH�UDWV�DFFHGLQJ�WR�
WKHLU�ERG\�ZHLJKW�

����([SHULPHQWDO�'HVLJQ�
*URXS����Q������²�&RQWURO�*URXS�:LVWHU�5DWV�ZHUH�

QRW�WUHDWHG�ZLWKLQ�WKH�SHULRG�RI �WKH�VWXG\�
EHIRUH�VDFULILFLQJ�

*URXS����Q������²�5HFHLYHG����PJ�NJ�ERG\�ZHLJKW�
RI � WUDPDGRO� IRU� �� GD\V� DQG� ZDV�
VDFULILFLQJ�

*URXS����Q������²�5HFHLYHG����PJ�NJ�ERG\�ZHLJKW�
RI � WUDPDGRO� IRU� ��� GD\V� DQG� ZDV�
VDFULILFLQJ�

*URXS����Q������²�5HFHLYHG����PJ�NJ�ERG\�ZHLJKW�
RI � WUDPDGRO� IRU� ��� GD\V� DQG� ZDV�
VDFULILFLQJ�

*URXS����Q������²�5HFHLYHG����PJ�NJ�ERG\�ZHLJKW�
RI � WUDPDGRO� IRU� ��� GD\V� DQG� ZDV�
VDFULILFLQJ�

*URXS��� �Q� �����²:LWKGUDZQ�IRU���ZHHNV�DIWHU�
UHFHLYLQJ�WUDPDGRO����PJ�NJ�IRU����GD\V�
EHIRUH�VDFULILFLQJ

���� 6DPSOH�&ROOHFWLRQ
(DFK�UDW�ZDV�VDFULILFHG�E\�FHUYLFDO�GLVORFDWLRQ�DQG�
ZDV�SODFHG�RQ�LWV�GRUVDO�VXUIDFH��D�ODSDURWRP\�ZDV�
FDUULHG� RXW� WR� UHYHDO� WKH� LQWHUQDO� RUJDQV�� DQG�
EORRG�ZDV� FROOHFWHG� E\� FDUGLDF� SXQFWXUH�� XVLQJ�
�PO�V\ULQJHV�DQG���*�QHHGOH�LQWR�EORRG�VDPSOH�

$VVHVVPHQW�2I �+DHPDWRORJLFDO�$QG�$QWLR[LGDQWV�&KDQJHV�,Q�0DOH�$OELQR�:LVWDU�5DWV�7UHDWHG�:LWK�7UDPDGRO



��

FRQWDLQHUV�DQG�FHQWULIXJHG�IRU����PLQXWHV�DW�D�
UDWH�RI ������USP��DQG�VHUXP�ZDV�FROOHFWHG�DQG�
VWRUHG� LQ�EORRG�VDPSOH�FRQWDLQHUV���7KH�EUDLQ��
OLYHU�� WHVWLV� DQG� NLGQH\� ZDV� KDUYHVWHG� IRU�
ELRFKHPLFDO�DQDO\VLV�

����%LRFKHPLFDO�$QDO\VLV
%LRFKHPLFDO� DQDO\VLV� ZDV� FDUULHG� RXW� RQ� WKH�
VDPSOHV�FROOHFWHG�DV�IROORZV��

������ 'HWHUPLQDWLRQ� RI � +DHPDWRORJLFDO�
SDUDPHWHUV
+DHPDWRORJLFDO� SDUDPHWHUV� ZHUH� PHDVXUHG�
XVLQJ� DXWRPDWHG� FHOO� FRXQWHU� �&RXOWHU�
(OHFWURQLFV��/XWRQ��%HGIRUGVKLQH��8.��KDYLQJ�
VWDQGDUG�FDOLEUDWLRQV�LQ�OLQH�ZLWK�WKH�LQVWUXFWLRQV�
RI �WKH�PDQXIDFWXUHU��3DUDPHWHUV�PHDVXUHG�ZHUH��
5%&� FRXQW�� SODWHOHW� FRXQW�� 3&9� DQG� +E�
FRQFHQWUDWLRQ��

������'HWHUPLQDWLRQ�RI�7RWDO�DQG�'LIIHUHQWLDO�
:KLWH�%ORRG�&HOO�&RXQW�
7RWDO�DQG�GLIIHUHQWLDO�:KLWH�EORRG�FHOO�FRXQW�ZDV�
FDOFXODWHG�XVLQJ�PDQXDO�FHOO�FRXQWLQJ�FKDPEHU�
ZLWK�1HXEDXUHU�&KDPEHU�DFFRUGLQJ�WR�'KXUED�
����

������'HWHUPLQDWLRQ�RI �&DWDODVH�$FWLYLW\
7KH�DFWLYLW\�RI �FDWDODVH�ZDV�GHWHUPLQHG�LQ�WKH�
WLVVXH�KRPRJHQDWHV�E\�WKH�PHWKRG�DGRSWHG�E\�
9LYLDP������DQG�2VVDL�HW�DO������

������'HWHUPLQDWLRQ�RI �62'�$FWLYLW\
7KH�DFWLYLW\�RI �62'�LQ�WKH�WLVVXH�KRPRJHQDWHV�
ZDV� HVWLPDWHG� VSHFWURSKRWRPHWULFDOO\� XVLQJ� WKH�
PHWKRG�RI �0LVUD�DQG�)UHGRULFK������DQG�DGRSWHG�
E\�2VVDL�HW�DO������

������'HWHUPLQDWLRQ�RI �*6+�$FWLYLW\
7KH�UHGXFHG�JOXWDWKLRQH�ZDV�HVWLPDWHG�LQ�VHUXP�
DQG� WLVVXH� KRPRJHQDWHV� XVLQJ� WKH� PHWKRG� RI �
(OOPDQ������DQG�DGRSWHG�E\�%HXOWHU�HW�DO������

������'HWHUPLQDWLRQ�RI �0'$�$FWLYLW\
$� EUHDNGRZQ� SURGXFW� RI � OLSLG� SHUR[LGDWLRQ�
WKLREDUELWRULF� DFLG� UHDFWLYH� VXEVWDQFH� �7%$56��
ZDV�PHDVXUHG�LQ�WKH�WLVVXH�KRPRJHQDWHV�E\�WKH�
PHWKRG� RI � *XWWHULGJH� DQG� :LONLQV� ����� DQG�
DGRSWHG�E\�2VVDL�HW�DO������

����6WDWLVWLFDO�DQDO\VLV�
7KH�GDWD�ZHUH�DQDO\]HG�E\�FRPSDULQJ�WKH�YDOXHV�
IRU� LQGLYLGXDO� FRQWUROV� IRU� GLIIHUHQW� WUHDWPHQW�
JURXSV�DQG� WKH� UHVXOWV�ZHUH�H[SUHVVHG�DV�PHDQ�
YDOXHV� �� VWDQGDUG�PHDQ� HUURU� �PHDQ� �� 6(0���
8VLQJ� WKH� VWXGHQW
V� W�WHVW�� $129$� YDULDQFH�
DQDO\VLV�� DQG� WKH� UHVXOWV� ZHUH� FRQVLGHUHG�
VLJQLILFDQW�DW�3�YDOXHV�RI �OHVV�WKDQ�������3�������
XVLQJ� 6366� YHUVLRQ� ��� VRIWZDUH�� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� FRQWURO� DQG� H[SHULPHQWDO�
JURXSV�ZHUH�PHDVXUHG��

$VVHVVPHQW�2I �+DHPDWRORJLFDO�$QG�$QWLR[LGDQWV�&KDQJHV�,Q�0DOH�$OELQR�:LVWDU�5DWV�7UHDWHG�:LWK�7UDPDGRO
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����5(68/76
7DEOH����(IIHFWV�RI �7UDPDGRO�FRQVXPSWLRQ�RQ�UHODWLYH�RUJDQ�ZHLJKW�RI �PDOH�:LVWDU�UDW

*URXS� %UDLQ�:HLJKW� /LYHU�:HLJKW � .LGQH\�:HLJKW� 7HVWLV�:HLJKW �

*URXS���
��������� � ���������� ���������� ����������

*URXS��� ���������� ���������� ���������� ����������
*URXS��� ���������� ���������� ���������� ����������
*URXS��� ���������� ���������� ���������� ����������
*URXS��� ���������� ���������� ���������� ����������
*URXS��� ����������� ���������� ���������� ����������

9DOXHV�DUH�H[SUHVVHG�DV�PHDQ�6(0��$129$�IROORZHG�E\�3RVW+RF��/6'��PXOWLSOH�UDQJH�WHVWV��9DOXHV�QRW�VKDULQJ�
D ED�FRPPRQ�VXSHUVFULSW�GLIIHU�VLJQLILFDQWO\�DW�3������� 3������LQGLFDWH�VLJQLILFDQW�LQFUHDVH�DQG� 3!�����LQGLFDWH�QR�

VLJQLILFDQW�GLIIHUHQFH

.(<��*URXS��� �1RUPDO�8QWUHDWHG�UDWV��*URXS��� �5HFHLYHG�WUDQDGRO���PJ�NJ�IRU�RQH�ZHHN��*URXS��� �
5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�WZR�ZHHNV��*URXS��� �5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�WKUHH�ZHHNV��*URXS��� �
5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�VL[�ZHHNV�DQG�*URXS��� �ZLWKGUDZQ�IURP�UHFHLYLQJ�WUDPDGRO����PJ�NJ�DIWHU�WKUHH�
ZHHNV�

7DEOH����2XWFRPH�RI �7UDPDGRO�FRQVXPSWLRQ�RQ�KHPDWRORJ\�LQ�PDOH�:LVWDU�UDW
*URXS� 5%&� +%� 3&9� 3/7�

*URXS��� ���������� ����������� ����������� �������������
*URXS��� ����������� ����������� ����������� �������������
*URXS��� ����������� ����������� ����������� �������������
*URXS��� ����������� ����������� ����������� �������������
*URXS��� ����������� ����������� ����������� ������������
*URXS��
� ���������

�
����������

�
����������

�
������������

�
9DOXHV�DUH�H[SUHVVHG�DV�PHDQ�6(0��$129$�IROORZHG�E\�3RVW+RF��/6'��PXOWLSOH�UDQJH�WHVWV��9DOXHV�QRW�VKDULQJ�

D ED�FRPPRQ�VXSHUVFULSW�GLIIHU�VLJQLILFDQWO\�DW�3������� 3������LQGLFDWH�VLJQLILFDQW�LQFUHDVH�DQG� 3!�����LQGLFDWH�QR�
VLJQLILFDQW�GLIIHUHQFH

.(<��*URXS��� �1RUPDO�8QWUHDWHG�UDWV��*URXS��� �5HFHLYHG�WUDQDGRO���PJ�NJ�IRU�RQH�ZHHN��*URXS��� �
5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�WZR�ZHHNV��*URXS��� �5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�WKUHH�ZHHNV��*URXS��� �
5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�VL[�ZHHNV�DQG�*URXS��� �ZLWKGUDZQ�IURP�UHFHLYLQJ�WUDPDGRO����PJ�NJ�DIWHU�
WKUHH�ZHHNV�

$VVHVVPHQW�2I �+DHPDWRORJLFDO�$QG�$QWLR[LGDQWV�&KDQJHV�,Q�0DOH�$OELQR�:LVWDU�5DWV�7UHDWHG�:LWK�7UDPDGRO
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:LVWDU�UDW
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� ��������� ��������� ��������� ��������� ���������� ���������� ����������

9DOXHV�DUH�H[SUHVVHG�DV�PHDQ�6(0��$129$�IROORZHG�E\�3RVW+RF��/6'��PXOWLSOH�UDQJH�WHVWV��9DOXHV�QRW�VKDULQJ�D�
D EFRPPRQ� VXSHUVFULSW� GLIIHU� VLJQLILFDQWO\� DW� 3������� 3������ LQGLFDWH� VLJQLILFDQW� LQFUHDVH� DQG� 3!����� LQGLFDWH� QR�

VLJQLILFDQW�GLIIHUHQFH

.(<��*URXS��� �1RUPDO�8QWUHDWHG�UDWV��*URXS��� �5HFHLYHG�WUDQDGRO���PJ�NJ�IRU�RQH�ZHHN��*URXS��� �5HFHLYHG�
WUDPDGRO����PJ�NJ�IRU�WZR�ZHHNV��*URXS��� �5HFHLYHG�WUDPDGRO����PJ�NJ�IRU�WKUHH�ZHHNV��*URXS��� �5HFHLYHG�
WUDPDGRO����PJ�NJ�IRU�VL[�ZHHNV�DQG�*URXS��� �ZLWKGUDZQ�IURP�UHFHLYLQJ�WUDPDGRO����PJ�NJ�DIWHU�WKUHH�ZHHNV�

7DEOH����2XWFRPH�RI �7UDPDGRO�FRQVXPSWLRQ�RQ�&DWDODVH�$FWLYDWHV�LQ�PDOH�ZLVWDU�UDWV
*URXS� &$7��8�PJ�SURWHLQ��

%UDLQ� 7HVWLV�� .LGQH\� /LYHU�
*URXS��� ����������D� ����������D� ����������D� ����������D�

*URXS��� ����������E� ����������D� ����������E� ����������E�

*URXS��� ����������E� ����������D� ����������F� ����������E�
*URXS��� ����������E� ����������D� ����������F� ����������F�
*URXS��
�

����������E
�

����������D
�

�����������F
�
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