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2ULJLQDO�6FLHQWLILF�3DSHU

7KH�IUHTXHQF\�YDULDWLRQ�RI�SXSLOV�ZLWK�ODFWRVH�LQWROHUDQFH�DQG�WKH�
YDULHW\�RI�WKH�V\PSWRPV�LQ�0DFHGRQLD

0LMH�5HoL���/HRQRUD�4RNX�

��'HSDUWPHQW�RI�%LRORJ\��)DFXOW\ RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV� 8QLYHUVLW\�RI�7HWRYD
&RUUHVSRQGLQJ�$XWKRU���H�PDLO��PLMH�UHFL#XQLWH�HGX�PN

$EVWUDFW

/DFWRVH�LQWROHUDQFH�� /,�LV�D�FRQGLWLRQ�LQ�ZKLFK�SHRSOH�KDYH�V\PSWRPV�GXH�WR�WKH�GHFUHDVHG�DELOLW\�WR�GLJHVW�
ODFWRVH��D�VXJDU�IRXQG�LQ�GDLU\�SURGXFW��7KRVH�DIIHFWHG�YDU\�IRU ODFWRVH�WKH\�FDQ�WROHUDWH�EHIRUH�V\PSWRPV�GHYHORS��
6\PSWRPV�PD\�LQFOXGH�DEGRPLQDO�SDLQ��EORDWLQJ��GLDUUKHD��JDV�DQG�QDXVHD��/DFWRVH�LQWROHUDQFH�LV�GXH�WR�WKH�ODFN�
RI�HQ]\PH�ODFWDVH�LQ�WKH�VPDOO�LQWHVWLQHV�WR�EUHDN�ODFWRVH�GRZQ�LQWR�JOXFRVH�DQG�ODFWRVH��7KH�UHVHDUFK�PHWKRG�LV�
/77��/DFWRVH�7ROHUDQFH�7HVW���7KH�SXUSRVH�RI�WKH�VWXG\�FRQVLVWHG�LQ�FDOFXODWLQJ�WKH�YDULDWLRQ�RI�WKH�IUHTXHQF\�RI�
WKH�VWXGHQWV�ZLWK�/,�DQG�WKH�YDULDWLRQ�RI�WKH�V\PSWRPV�VKRZQ�E\�WKH�DJH�DW�WKH�LQWHUYDO�RI�������\HDUV�LQ�0DFHGRQLD��
)RU� WKH� WHVWLQJ�RI� WKH�DQDO\VLV�KDV�EHHQ�XVHG� WKH��*OXNRPHWHU� � ,,��GHYLFH�ZLWK� WKH��'H[WURVWLV�� LQGLFDWRU�VWULS��
PDNLQJ�EORRG�JOXFRVH�PHDVXUHPHQW�EHIRUH DQG����PLQXWHV�DIWHU�ODFWRVH�GULQNLQJ��5DLVLQJ�WKH�JOXFRVH�OHYHO�E\�OHVV�
WKDQ�����PPRO���O�LV�FRQVLGHUHG�DV�D�VLJQ�WKDW�WKH�VWXGHQW�VXIIHUV�IURP�/,��2I�WKH�����VWXGHQWV�LQFOXGHG�LQ�WKH�VWXG\��
WKH�UHODWLYH�REVHUYHG�IUHTXHQF\�RI�VWXGHQWV�ZLWK�/,�UHVXOWHG�������DQG�WKH�VWDQGDUG�HUURU�RI�������&RQFHUQLQJ�WKH�
FDOFXODWLRQ�RI�WKH�REVHUYHG�UHODWLYH�IUHTXHQF\��WKH�VWXGHQWV�ZLWK�V\PSWRPV�DPRQJ�WKRVH�ZLWK�/,��UHVXOWHG�������
DQG�WKH�VWDQGDUG�HUURU�DVVRFLDWHG�ZLWK�������:H�KDYH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW� WKH�UHODWLYH� IUHTXHQF\�RI�WKH�
VWXGHQWV�ZLWK�/,�LQ�WKLV�DJH�LQWHUYDO�LV�QRW�GHSHQGHQW�RQ�DJH�

.H\ZRUGV� /DFWRVH�LQWROHUDQFH��V\PSWRPV��SXSLOV��YDULDWLRQ��HQ]\PH�

���,QWURGXFWLRQ

/DFWRVH�LV�D�GLVDFFKDULGH�FRQVLVWLQJ�RI�JDODFWRVH�ERXQG�WR�JOXFRVH�DQG�LV�RI�NH\�LPSRUWDQFH�LQ�DQLPDO�OLIH�DV�WKH�
PDLQ�VRXUFH�RI�FDORULHV�IURP�PLON�RI�DOO�PDPPDOV��DOO�H[FHSW�WKH�VHD�OLRQ��,QWHVWLQDO�DEVRUSWLRQ�RI�ODFWRVH�UHTXLUHV�
K\GURO\VLV�WR�LWV�FRPSRQHQW�PRQRVDFFKDULGHV�E\�WKH�EUXVK�ERUGHU�HQ]\PH�ODFWDVH��)URP�ZHHN���RI�JHVWDWLRQ��ODFWDVH�
DFWLYLW\�FDQ�EH�GHWHFWHG�DW�WKH�PXFRVDO�VXUIDFH�LQ�WKH�KXPDQ�LQWHVWLQH��$FWLYLW\�LQFUHDVHV�XQWLO�ZHHN����DQG�ODFWDVH�
H[SUHVVLRQ�LV�DW�LWV�SHDN�E\�ELUWK��7KH�DELOLW\�WR�GLJHVW�ODFWRVH�GXULQJ�WKH�SHULRG�RI�EUHDVW�IHHGLQJ�LV�HVVHQWLDO�WR�WKH�
KHDOWK�RI�WKH�LQIDQW�DV�GHPRQVWUDWHG�E\�FRQJHQLWDO�ODFWDVH�GHILFLHQF\�WKDW� LV�IDWDO� LI�QRW�UHFRJQL]HG�YHU\�HDUO\�DIWHU�
ELUWK��+RZHYHU��IROORZLQJ�WKH�ILUVW�IHZ�PRQWKV�RI�OLIH��ODFWDVH�DFWLYLW\�VWDUWV�WR�GHFUHDVH��ODFWDVH�QRQ�SHUVLVWHQFH���,Q�
PRVW� KXPDQV�� WKLV� DFWLYLW\� GHFOLQHV� IROORZLQJ� ZHDQLQJ� WR� XQGHWHFWDEOH� OHYHOV� DV� D� FRQVHTXHQFH� RI� WKH� QRUPDO�
PDWXUDWLRQDO� GRZQ�UHJXODWLRQ� RI� ODFWDVH� H[SUHVVLRQ� �9HVD�� 7�+� HW� DO�� ������� 7KH� H[FHSWLRQV� WR� WKLV� UXOH� DUH� WKH�
GHVFHQGDQWV�RI�SRSXODWLRQV�WKDW�WUDGLWLRQDOO\�SUDFWLFH�FDWWOH�GRPHVWLFDWLRQ�PDLQWDLQ�WKH�DELOLW\�WR�GLJHVW�PLON�DQG�RWKHU�
GDLU\� SURGXFWV� LQWR� DGXOWKRRG�� 7KH� IUHTXHQF\� RI� WKLV� ³ODFWDVH� SHUVLVWHQFH� WUDLW´� LV� KLJK� LQ� QRUWKHUQ� (XURSHDQ�
SRSXODWLRQV��!����LQ�6FDQGLQDYLD�DQG�+ROODQG���GHFUHDVHV�LQ�IUHTXHQF\�DFURVV�VRXWKHUQ�(XURSH�DQG�WKH�0LGGOH�(DVW�
�a����LQ�6SDLQ��,WDO\�DQG�SDVWRUDOLVW�$UDE�SRSXODWLRQV��DQG�LV�ORZ�LQ�$VLD�DQG�PRVW�RI�$IULFD��a���LQ�&KLQHVH��a��±
����LQ�:HVW�$IULFDQ�DJULFXOWXUDOLVWV���DOWKRXJK�LW�LV�FRPPRQ�LQ�SDVWRUDOLVW�SRSXODWLRQV�IURP�$IULFD��a����LQ�7XWVL��
a����LQ�)XODQL���6ZDOORZ��'�0���������
/DFWDVH�SHUVLVWHQFH�LV�WKRXJKW�WR�EH�UHODWHG�WR�WKH�GRPHVWLFDWLRQ�RI�GDLU\�FDWWOH�GXULQJ�WKH�ODVW��������\HDUV��/DFWDVH�

SHUVLVWHQFH� LV� LQKHULWHG� DV� D� GRPLQDQW�0HQGHOLDQ� WUDLW �(QDWWDK�� 1�6�� HW� DO�� ������� $GXOW� H[SUHVVLRQ� RI� WKH� JHQH�
HQFRGLQJ� ODFWDVH� �/&7��� ORFDWHG�RQ��T���DSSHDUV� WR�EH�UHJXODWHG�E\�FLV�DFWLQJ�HOHPHQWV� �:DQJ��<��HW�DO ����� $�
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OLQNDJH� GLVHTXLOLEULXP� �/'�� DQG� KDSORW\SH� DQDO\VLV� RI� )LQQLVK� SHGLJUHHV� LGHQWLILHV� WZR� VLQJOH� VLQJOH� QXFOHRWLGH�
SRO\PRUSKLVPV��613V��DVVRFLDWHG�ZLWK�WKH�ODFWDVH�SHUVLVWHQFH�WUDLW��&�7�������DQG�*�$��������ORFDWHG�a���NE�DQG�
a��� NE� XSVWUHDP� RI� /&7�� UHVSHFWLYHO\�� ZLWKLQ� LQWURQV� �� DQG� ��� RI� WKH� DGMDFHQW�PLQLFKURPRVRPH�PDLQWHQDQFH� ��
�0&0���JHQH��(QDWWDK��1�6��HW�DO���������7KH�7�������DQG�$�������DOOHOHV�DUH������DQG�����DVVRFLDWHG�ZLWK�ODFWDVH�
SHUVLVWHQFH��UHVSHFWLYHO\��LQ�WKH�)LQQLVK�VWXG\��DQG�WKH�7�������DOOHOH�LV�a���±����DVVRFLDWHG�ZLWK�ODFWDVH�SHUVLVWHQFH�
LQ�RWKHU�(XURSHDQ�SRSXODWLRQV� 7KH�JHQRW\SH�LQ�&KLQD�LV�&�&��������DQG�QR�613�DVVRFLDWHG�ZLWK�ODFWDVH�SHUVLVWHQFH�
KDV�EHHQ�LGHQWLILHG�LQ�WKH�ODFWDVH�JHQH 3RXOWHU��0��HW�DO������� UHJXODWRU\�VHTXHQFH��6XQ��+�0��HW�DO���������+RZHYHU��
WKHUH�DUH�VHYHUDO�ODFWDVH�JHQH�VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV�RI�WKLV�NLQG�LQ�RWKHU�SRSXODWLRQV��/DFWDVH�SHUVLVWHQFH�
LV�PHGLDWHG�E\�*�������LQ�6DXGL�$UDELD��,PWLD]��)��HW�DO���������LQ�$IULFDQ�WULEHV�E\�WKH�*��������*��������DQG�*�
������SRO\PRUSKLVP��,QJUDP��&�-��HW�DO���������7KXV��ODFWDVH�SHUVLVWHQFH�GHYHORSHG�VHYHUDO�WLPHV�LQGHSHQGHQWO\�LQ�
KXPDQ�HYROXWLRQ�LQ�GLIIHUHQW�DUHDV�RI�WKH�ZRUOG��,PWLD]��)��HW�DO���������0XOWLSOH�LQGHSHQGHQW�YDULDQWV�KDYH�DOORZHG�
YDULRXV� KXPDQ� SRSXODWLRQV� WR� TXLFNO\� PRGLI\� /&7� H[SUHVVLRQ� DQG� KDYH� EHHQ� VWURQJO\� FRQVHUYHG� LQ� DGXOW� PLON�
FRQVXPLQJ�SRSXODWLRQV��HPSKDVL]LQJ�WKH�LPSRUWDQFH�RI�UHJXODWRU\�PXWDWLRQV�LQ�UHFHQW�KXPDQ�HYROXWLRQ��:UD\��*�$��
HW�DO���������,Q�DGXOW�SDWLHQWV�ZLWK�KRPR]\JRXV�ODFWDVH�SHUVLVWHQFH��HQ]\PH�OHYHOV�DW�WKH�MHMXQDO�EUXVK�ERUGHU�DUH����
WLPHV�KLJKHU�WKDQ�IRU�SDWLHQWV�ZLWK�KRPR]\JRXV�QRQ�SHUVLVWHQFH� DQG�KHWHUR]\JRXV�LQGLYLGXDOV��(QDWWDK��1�6��HW�DO��
������

/DFWDVH�GHILFLHQF\�UHVXOWV�LQ�XQDEVRUEHG�ODFWRVH�EHLQJ�SUHVHQW�LQ�WKH�LQWHVWLQDO�WUDFW��ZKLFK�KDV�HIIHFWV�WKDW�FDQ�
OHDG�WR�V\PSWRPV�RI�ODFWRVH�LQWROHUDQFH�LQ�VXVFHSWLEOH�LQGLYLGXDOV��*DVEDUULQL��$��HW�DO���������)LUVW�� WKH�LQFUHDVHG�
RVPRWLF�ORDG�LQFUHDVHV�WKH�LQWHVWLQDO�ZDWHU�FRQWHQW��6HFRQG��ODFWRVH�LV�UHDGLO\�IHUPHQWHG�E\�WKH�FRORQLF�PLFURELRPH�
OHDGLQJ�WR�SURGXFWLRQ�RI�VKRUW�FKDLQ�IDWW\�DFLGV�DQG�JDV��PDLQO\�K\GURJHQ��+����FDUERQ�GLR[LGH��&2����DQG�PHWKDQH�
�&+����� 7KHVH� ELRORJLFDO� SURFHVVHV� DUH� SUHVHQW� DOVR� IRU� RWKHU� SRRUO\� DEVRUEHG�� IHUPHQWDEOH� ROLJRVDFFKDULGHV��
GLVDFFKDULGHV��PRQRVDFFKDULGHV��DQG�SRO\ROV��)2'0$3V��WKDW�DUH�XELTXLWRXV�LQ�WKH�GLHW��0DJJH��6��HW�DO���������

0DODEVRUSWLRQ LV�D�QHFHVVDU\�SUHFRQGLWLRQ�IRU�ODFWRVH��7KH�WKUHVKROG�IRU�GLHWDU\�ODFWRVH�WROHUDQFH�LV�GHSHQGHQW�RQ�
VHYHUDO�IDFWRUV�LQFOXGLQJ�WKH�GRVH�FRQVXPHG��UHVLGXDO�ODFWDVH�H[SUHVVLRQ��6ZDOORZ��'�0����������LQJHVWLRQ�ZLWK�RWKHU�
GLHWDU\�FRPSRQHQWV��6KDXNDW��$� HW�DO���������JXW�WUDQVLW�WLPH��VPDOO�ERZHO�EDFWHULDO�RYHUJURZWK��=KDR��-��HW�DO���������
DQG� DOVR� FRPSRVLWLRQ� RI� WKH� HQWHULF�PLFURELRPH� �H�J��� KLJK� YV�� ORZ� IHUPHQWHUV�� K\GURJHQ� YV��PHWKDQH� SURGXFHUV��
�0LVVHOZLW]��%��HW�DO����������,Q�DGGLWLRQ�WR�WKHVH�HQYLURQPHQWDO�DQG�SK\VLRORJLFDO�IDFWRUV�� LW�KDV�EHHQ�VKRZQ�WKDW�
SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH�DUH�DW�SDUWLFXODU�ULVN�RI�ERWK�VHOI�UHSRUWLQJ�GDLU\�LQWROHUDQFH��%RKQ��/��HW�DO��
����� DQG�H[SHULHQFLQJ�V\PSWRPV�DIWHU�ODFWRVH�LQJHVWLRQ��<DQJ��-��HW�DO��������

6\PSWRPV�RI�ODFWRVH�LQWROHUDQFH�JHQHUDOO\�GR�QRW�RFFXU�XQWLO�WKHUH�LV�OHVV�WKDQ�����RI�ODFWDVH�DFWLYLW\��5HJXODU�
ODFWRVH�LQWDNH�PD\�DOVR�KDYH�DQ�HIIHFW��$OWKRXJK�ODFWDVH�H[SUHVVLRQ�LV�QRW�XS�UHJXODWHG�E\�ODFWRVH�LQJHVWLRQ��WROHUDQFH�
FRXOG�EH�LQGXFHG�E\�DGDSWDWLRQ�RI�WKH�LQWHVWLQDO�IORUD��)XUWKHU��PRVW�SHRSOH�ZLWK�ODFWDVH�QRQ�SHUVLVWHQFH�FDQ�WROHUDWH�
VPDOO�DPRXQWV�RI�ODFWRVH��OHVV�WKDQ����J��HTXLYDOHQW�WR�RQH�FXS���HVSHFLDOO\�ZKHQ�LW�LV�FRPELQHG�ZLWK�RWKHU�IRRGV�RU�
VSUHDG�WKURXJKRXW�WKH�GD\��6KDXNDW��$� HW�DO��������

3UREOHPV�ZLWK�ODFWRVH�DEVRUSWLRQ�KDYH�EHHQ�GHVFULEHG��GHWHFWHG�DQG�GLDJQRVHG�LQ�VHYHUDO�ZD\V�DQG�WKLV�FDQ�OHDG�WR�
FRQIXVLRQ�DPRQJ�GRFWRUV�DQG�SDWLHQWV��6KDXNDW��$� HW�DO���������/DFWDVH�GHILFLHQF\�LV�GHILQHG�DV�PDUNHGO\�UHGXFHG�
EUXVK�ERUGHU� ODFWDVH� DFWLYLW\� UHODWLYH� WR� WKH� DFWLYLW\� REVHUYHG� LQ� LQIDQWV�� /DFWRVH� PDODEVRUSWLRQ� RFFXUV� ZKHQ� D�
VXEVWDQWLDO� DPRXQW� RI� ODFWRVH� LV� QRW� DEVRUEHG� LQ� WKH� LQWHVWLQH�� %HFDXVH� ODFWRVH� PDODEVRUSWLRQ� LV� QHDUO\� DOZD\V�
DWWULEXWDEOH� WR� ODFWDVH� GHILFLHQF\�� WKH� SUHVHQFH� RI� WKLV� FRQGLWLRQ� FDQ� EH� LQIHUUHG� IURP� PHDVXUHPHQWV� RI� ODFWRVH�
PDODEVRUSWLRQ�VXFK�DV�DQ�LQFUHDVH�RI�JOXFRVH�LQ�WKH�EORRG�RU�DQ�LQFUHDVH�RI�K\GURJHQ�LQ�WKH�EUHDWK��7KH�WHUP�ODFWRVH�
LQWROHUDQFH�LV�GHILQHG�E\�SDWLHQW�UHSRUWV�RI�DEGRPLQDO�SDLQ��EORDWLQJ��ERUERU\JPL��DQG�GLDUUKHD�LQGXFHG�E\�ODFWRVH��
/HVV�RIWHQ�LW�FDQ�SUHVHQW�ZLWK�QDXVHD�RU�FRQVWLSDWLRQ�DQG�D�UDQJH�RI�V\VWHPLF�V\PSWRPV��LQFOXGLQJ�KHDGDFKHV��IDWLJXH��
ORVV�RI� FRQFHQWUDWLRQ��PXVFOH� DQG� MRLQW� SDLQ��PRXWK�XOFHUV�� DQG�XULQDU\�GLIILFXOWLHV� �&DPSEHOO��$�.��HW� DO�� �������
KRZHYHU��LW�LV�XQFOHDU�ZKHWKHU�WKHVH�DW\SLFDO�V\PSWRPV�DUH�GLUHFWO\�GXH�WR�ODFWRVH�LQJHVWLRQ��RU�UHODWHG�WR�WKH�SUHVHQFH�
RI�VR�FDOOHG�³IXQFWLRQDO�GLVHDVHV´��VXFK�DV�LUULWDEOH�ERZHO�V\QGURPH��,%6���ZKLFK�LV�RIWHQ�DFFRPSDQLHG�E\�PXOWLSOH�
VRPDWLF�FRPSODLQWV��&HUWDLQO\��LW�LV�QRW�SRVVLEOH�WR�PDNH�D�GHILQLWLYH�GLDJQRVLV�RQ�FOLQLFDO�SUHVHQWDWLRQ�DORQH�EHFDXVH�
GRXEOH�EOLQG�WULDOV�KDYH�VKRZQ�WKDW�WKH�DVVRFLDWLRQ�RI�VHOI�UHSRUWHG�ODFWRVH�LQWROHUDQFH�DQG�WKH�RFFXUUHQFH�RI�V\PSWRPV�
DIWHU�ODFWRVH�LQJHVWLRQ�DUH�YHU\�SRRU��6XDUH]��)�/��HW�DO���������HYHQ�LQ�SDWLHQWV�ZLWK�ODFWDVH�GHILFLHQF\��=KHQJ��;��HW�
DO��������
7KHUH�DUH�YDULRXV�PHWKRGV�IRU�GLDJQRVLQJ�ODFWRVH�PDODEVRUSWLRQ�DQG�LQWROHUDQFH��0LVVHOZLW]��%��HW�DO��������
/DFWRVH�WROHUDQFH�WHVW� 7KH�ODFWRVH�WROHUDQFH�WHVW�JDXJHV�\RXU�ERG\
V�UHDFWLRQ�WR�D�OLTXLG�WKDW�FRQWDLQV�KLJK�OHYHOV�

RI�ODFWRVH��7ZR�KRXUV�DIWHU�GULQNLQJ�WKH�OLTXLG��\RX
OO�XQGHUJR�EORRG�WHVWV�WR�PHDVXUH�WKH�DPRXQW�RI�JOXFRVH�LQ�\RXU�
EORRGVWUHDP��,I�\RXU�JOXFRVH�OHYHO�GRHVQ
W�ULVH��LW�PHDQV�\RXU�ERG\�LVQ
W�SURSHUO\�GLJHVWLQJ�DQG�DEVRUELQJ�WKH�ODFWRVH�
ILOOHG�GULQN��$UROD��+�� ������



-RXUQDO�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV�RI�87��9RO�����1R� ���������

ϮϬ

+\GURJHQ�EUHDWK�WHVW� 7KLV�WHVW�DOVR�UHTXLUHV�\RX�WR�GULQN�D�OLTXLG�WKDW�FRQWDLQV�KLJK�OHYHOV�RI�ODFWRVH��7KHQ�\RXU�
GRFWRU� PHDVXUHV� WKH� DPRXQW� RI� K\GURJHQ� LQ� \RXU� EUHDWK� DW� UHJXODU� LQWHUYDOV�� 1RUPDOO\�� YHU\� OLWWOH� K\GURJHQ� LV�
GHWHFWDEOH��+RZHYHU��LI�\RXU�ERG\�GRHVQ
W�GLJHVW�WKH�ODFWRVH��LW�ZLOO�IHUPHQW�LQ�WKH�FRORQ��UHOHDVLQJ�K\GURJHQ�DQG�RWKHU�
JDVHV��ZKLFK�DUH�DEVRUEHG�E\�\RXU�LQWHVWLQHV�DQG�HYHQWXDOO\�H[KDOHG��/DUJHU�WKDQ�QRUPDO�DPRXQWV�RI�H[KDOHG�K\GURJHQ�
PHDVXUHG�GXULQJ�D�EUHDWK�WHVW�LQGLFDWH�WKDW�\RX�DUHQ
W�IXOO\�GLJHVWLQJ�DQG�DEVRUELQJ�ODFWRVH��0HW]��*��HW�DO��������

6WRRO�DFLGLW\�WHVW� )RU�LQIDQWV�DQG�FKLOGUHQ�ZKR�FDQ
W�XQGHUJR RWKHU�WHVWV��D�VWRRO�DFLGLW\�WHVW�PD\�EH�XVHG��7KH�
IHUPHQWLQJ�RI�XQGLJHVWHG�ODFWRVH�FUHDWHV�ODFWLF�DFLG�DQG�RWKHU�DFLGV�WKDW�FDQ�EH�GHWHFWHG�LQ�D�VWRRO�VDPSOH��1HZFRPHU��
$�'� HW�DO� ������

7KHUH
V�FXUUHQWO\�QR�ZD\�WR�ERRVW�\RXU�ERG\
V�SURGXFWLRQ�RI�ODFWDVH��EXW�\RX�FDQ�XVXDOO\�DYRLG�WKH�GLVFRPIRUW�RI�
ODFWRVH�LQWROHUDQFH�E\� $YRLGLQJ�ODUJH�VHUYLQJV�RI�PLON�DQG�RWKHU�GDLU\�SURGXFWV� ,QFOXGLQJ�VPDOO�VHUYLQJV�RI�GDLU\�
SURGXFWV�LQ�\RXU�UHJXODU�PHDOV� (DWLQJ�DQG�GULQNLQJ�ODFWRVH�UHGXFHG�LFH�FUHDP�DQG�PLON� 'ULQNLQJ�UHJXODU�PLON�DIWHU�
\RX�DGG�D�OLTXLG�RU�SRZGHU�WR�LW�WR�EUHDN�GRZQ�WKH�ODFWRVH�

��������0DWHULDO�DQG�PHWKRGV

7KH�VWXG\�LQFOXGHV�GDWD�RQ�GHWHUPLQLQJ�WKH�SHUFHQWDJH�RI�WKH�/DFWRVH�LQWROHUDQFH��/,��VSUHDGLQJ�DQG�WKH�RQVHW�RI�
/,�V\PSWRPV��LQ�D�WRWDO�RI�����KHDOWK\�VFKRROFKLOGUHQ�DJHG��������KHQFH�ZLWK�QR�IDPLO\�KLVWRU\�IRU�FKURQLF�RU�JHQHWLF�
GLVHDVHV��ER\V�DQG�JLUOV��
,Q�WKLV�FRQWH[W��HDFK�VWXGHQW�ZDV�JLYHQ����JUDPV�RI�ODFWRVH����JUDPV�SHU�NJ�RI�ERG\�ZHLJKW��GLVVROYHG�LQ�����PO�RI�
ZDWHU�WR�EH�GUXQN�LQ�HPSW\�VWRPDFK��:H�KDG�LQ�PLQG�WKDW�ODFWRVH�LV�QRW�GLVVROYHG�ZHOO�LQ�FROG�ZDWHU��WKHUHIRUH�ODFWRVH�
GLVVROXWLRQ�ZDV�GRQH�ZLWK�ZDUP�ZDWHU�DQG�WKH�VROXWLRQ�ZDV�PL[HG�ZHOO�EHIRUH�EHLQJ�GUXQN��7KH�DQDO\VLV�ZDV�GRQH����
PLQXWHV�DIWHU�GULQNLQJ�WKH�ODFWRVH� )RU�SXUSRVHV�RI�PHDVXULQJ�JOXFRVH�OHYHOV�LQ�WKH�EORRG��WKH��*OXFRPHWHU�� ,,��GHYLFH�
ZLWK� �'H[WURVWLV�� LQGLFDWRUV�� SURGXFHG� E\� �0LOHV� ,QWHUQDWLRQDO��ZDV� XVHG� EHIRUH� DQG� ���PLQXWHV� DIWHU� WDNLQJ� WKH�
ODFWRVH��7KH��*OXFRPHWHU�,,��GHYLFH�ZDV�SURYLGHG�E\�WKH��9DUXV��FRPSDQ\�IURP�6NRSMH�

7KH�LQFUHDVH�RI�WKH�JOXFRVH�OHYHO�E\�OHVV�WKDQ�����PPRO�O�ZDV�HYDOXDWHG�DV�D�VLJQ�RU�V\PSWRP�SRLQWLQJ�WR�WKH�IDFW�
WKH�VWXGHQW�LQ�TXHVWLRQ�VXIIHUV�IURP�SULPDU\�K\SRODFWDVLD��7KH�IDFW�WKDW�WKRVH�ZKR�VXIIHU�IURP�K\SRODFWDVLD�H[KLELW�
FOLQLFDO�V\PSWRPV�VHYHUDO�KRXUV�DIWHU�WDNLQJ�ODFWRVH�KDV�DOVR�EHHQ�KHOSIXO�GXULQJ�WKH�GLDJQRVLV�SURFHVV�

7KH�DQDO\VLV�ZDV�FRQGXFWHG�RQ�D�YROXQWDU\�EDVLV�DIWHU�WKH�VWXGHQWV�ZHUH�VKRZQ�WKH�SRVVLEOH�V\PSWRPV�DQG�DIWHU�
WKH\�ZHUH�FRQVXOWHG�ZLWK�DQG�ZHUH�JUDQWHG�SHUPLVVLRQ�E\�WKHLU�SDUHQWV��3DWLHQWV�ZLWK�LOOQHVVHV�LQ�JHQHUDO�DQG�ZLWK�
JDVWURLQWHVWLQDO�GLVHDVHV�LQ�SDUWLFXODU��DV�ZHOO�DV�WKRVH�ZLWK�IDPLO\�KLVWRU\�RI�JDVWURLQWHVWLQDO�RU�JHQHWLF�GLVHDVHV��GLG�
QRW�XQGHUJR�WKH�H[DPLQDWLRQV��'XULQJ�WKH�H[DPLQDWLRQV��ZH�ZHUH�DOZD\V�DFFRPSDQLHG�DQG�DVVLVWHG�E\�PHGLFDO�QXUVHV�
DQG�WKH�H[DPLQDWLRQV�ZHQW�VPRRWKO\�LQ�JHQHUDO�

7KH�VWXGHQWV�ZHUH�FODVVLILHG�LQWR���VDPSOH�XQLWV��FODVVHV��ZLWK���\HDU�DJH�LQWHUYDOV��WKXV�IRUPLQJ�DQ�LQLWLDO���FODVV�
VDPSOH�DQG�HDFK�JURXS ZDV�FRPSRVHG�RI�DERXW����VWXGHQWV�
'XULQJ� GDWD� SURFHVVLQJ� D� FRUUHODWLRQ� DQG� UHJUHVVLRQ� DQDO\VLV� ZLOO� EH� SHUIRUPHG�� QDPHO\� WKH� GHWHUPLQDWLRQ� RI�
FRHIILFLHQWV�RI�FRUUHODWLRQ�EHWZHHQ�YDULDEOHV��UHJUHVVLRQ�DQDO\VLV��GHWHUPLQDWLRQ�RI�OLQHDU�UHJUHVVLRQ�OLQH�FRHIILFLHQWV��
HWF�

�� 5HVXOWV�DQG�'LVFXVVLRQV�

7KH�ZRUNLQJ�VDPSOH�ZLWK�ERWK�PDOH�DQG�IHPDOH�VWXGHQWV�DQG�WKH�DJH�GHSHQGHQW�IUHTXHQF\�YDULDWLRQV�RI�VWXGHQWV�
ZLWK�/,�LQ�WKH�������LQWHUYDOV

%DVHG�RQ�WKH�SUHYLRXV�GDWD�SURFHVVLQJ�DFTXLUHG�IURP�WKH�ZRUNLQJ�VDPSOH��ZH�FDQ�VHH�WKDW�WKH�DYHUDJH�RI�WKH�/,�
SKHQRW\SH� RI� WKH� $OEDQLDQ� SRSXODWLRQ� LQ�0DFHGRQLD� WKDW� XQGHUZHQW� WKH� H[DPLQDWLRQ� LV� FKDUDFWHUL]HG� E\� D� KLJK�
SUHYDOHQFH�ZLWK�DERXW��������

7KH�ZRUNLQJ� VDPSOH�GDWD�� FODVV�QXPEHU�± ,�� WKH� LQWHUYDO�PHDQ�;PL� �\��� RI� WKH� UHVSHFWLYH� FODVV� DJH�JURXS�� WKH�
QXPEHU�RI�VWXGHQWV�LQ�FODVV�1L��QXPHULFDO�IUHTXHQF\�RI�VWXGHQWV�ZLWK�/,��<RL��QXP��DQG�WKH�UHODWLYH�IUHTXHQF\�LQ�WKH�
REVHUYHG���<RL�����± KDYH�EHHQ�JLYHQ�LQ�7DEOH����
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7DEOH����7KH�ZRUNLQJ�VDPSOH�GDWD�DQG�WKH�UHODWLYH�IUHTXHQF\�RI�VWXGHQWV�ZLWK�/,�IURP�RQH�FODVV�WR�DQRWKHU

, ;PL��\�� 1L <RL��QXP� <RL����

&ODVV�
QXPEHU�

7KH�LQWHUYDO�
PHDQ�RI�WKH�
UHVSHFWLYH�
FODVV�DJH�
JURXS

7KH�QXPEHU�RI�
VWXGHQWV�ZLWK�
/,�LQ�FODVV

1XPHULFDO�
IUHTXHQF\�RI�
VWXGHQWV�ZLWK�

/,

7KH�UHODWLYH�
IUHTXHQF\�LQ�WKH�
REVHUYHG��

7KH�HTXDWLRQ�RI�
OLQHDU�UHJUHVVLRQ�

OLQH��\�
&RUUHODWLRQ�RI�

FRHIILFLHQW��U��DQG�
WKHLU�VLJQLILFDQFH

� ���� �� �� ��� \ ����[������

� ���� �� �� �����

� ���� �� �� ����� U �����

� ���� �� �� ���

� ���� �� �� ��� ������S�����

7RWDO ��� �� �����

7KH�UHODWLYH�IUHTXHQF\�IORZ�RI�REVHUYHG�VWXGHQWV�ZLWK�/,�IURP�RQH�FODVV�WR�DQRWKHU�KDV�EHHQ�LOOXVWUDWHG�LQ�)LJXUH����

)LJ���� 7KH�UHODWLYH�IUHTXHQF\�IORZ�RI�REVHUYHG�VWXGHQWV�ZLWK�/,

%DVHG�RQ�WKH�GDWD�IURP�7DEOH���DQG�)LJXUH���ZH�FDQ�FRQFOXGH�WKDW�WKH�UHODWLYH�IUHTXHQF\�RI�REVHUYHG�VWXGHQWV�ZLWK�
/,�LQ�FODVVHV�IURP���WR���LV�FKDUDFWHUL]HG�ZLWK�D�³VDWXUDWLQJ´�WHQGHQF\��

)RU�YDULDEOH�SDLUV�>;PL��YM���<RL����@�RI�WKH�ILYH�FODVVHV�IURP���WR����ZH�KDYH�FDOFXODWHG�WKH FRUUHODWLRQ�FRHIILFLHQW��
ZKLFK�UHVXOWHG�LQ�U� ��������FORVH�WR�����%DVHG�RQ�WKLV�UHVXOW��ZH�FDQ�FRQFOXGH�WKDW�WKH�UHODWLYH�IUHTXHQF\�RI�VWXGHQWV�
ZLWK�/,�LQ�WKH�DJH�LQWHUYDO�EHWZHHQ����DQG����LV�QRW�DJH�GHSHQGHQW��7KHUHIRUH��IRU�WKH�VWDWHG�DJH�LQWHUYDO��L�H�����± ����
LQ�WKH�VDWXUDWLRQ�]RQH�RI�WKH�ZRUNLQJ�VDPSOH��DOO�REVHUYDWLRQV�KDYH�EHHQ�VXPPDUL]HG�LQWR�RQH�DQG�RQO\��L�H��WKH�]RQH�
KDV�GHDOW�ZLWK�RQH�REVHUYDWLRQ�RQO\��

,Q�WKLV�FRQWH[W��WKH�UHODWLYH�IUHTXHQF\�RI�WKH�REVHUYHG�VWXGHQWV�ZLWK�/,�IRU�WKLV�FKDUDFWHUL]HG�]RQH�RI�VDWXUDWLRQ�DQG�
LWV�DFFRPSDQ\LQJ�VWDQGDUG�HUURU��FDOFXODWHG�DFFRUGLQJ�WR��&UDZVK HW�DO���LV�DV�IROORZV�

<V� �>�����������@� ����������������������������

6�(\V� ����������������������������������� �������������

7KH�YDULDWLRQ�RI�IUHTXHQF\�RI�WKH�HPHUJHQFH�RI�V\PSWRPV�LQ�VWXGHQWV�ZLWK�/,�LQ�WKH�������DJH�LQWHUYDO�

Ϭ
ϭϬ
ϮϬ
ϯϬ
ϰϬ
ϱϬ
ϲϬ
ϳϬ
ϴϬ
ϵϬ

ϭϬϬ

ϭ�;ϭϮ͘ϱ�ǀũͿ Ϯ�;ϭϯ͘ϱ�ǇŽͿ ϯ�;ϭϰ͘ϱ�ǇŽͿ ϰ�;ϭϱ͘ϱ�ǇŽͿ ϱ�;ϭϲ͘ϱ�ǇŽͿ

dŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƚƵĚĞŶƚƐ�ǁŝƚŚ�>/�ŝŶ
ĐůĂƐƐ

EƵŵĞƌŝĐĂů�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ƐƚƵĚĞŶƚƐ�ǁŝƚŚ
>/

dŚĞ�ƌĞůĂƚŝǀĞ�ĨƌĞƋƵĞŶĐǇ�ŝŶ�ƚŚĞ
ŽďƐĞƌǀĞĚ�й
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,Q�7DEOH����ZH�FDQ�VHH�WKH�GDWD�UHODWLQJ�WR�WKH�HPHUJHQFH�RI�V\PSWRPV�LQ�D�VHFWLRQ�RI�VWXGHQWV�ZLWK�/,�LQ�WKH�������

DJH�LQWHUYDO

7DEOH����7KH�YDULDWLRQ�RI�IUHTXHQF\�RI�WKH�HPHUJHQFH�RI�V\PSWRPV�LQ�VWXGHQWV�ZLWK�/,�IURP�RQH�FODVV�WR�DQRWKHU

, ;PL��\HDU� 1L <RL�VLP���QXP� <RL�VLP�����

&ODVV�
QXPEHU

7KH�LQWHUYDO�
PHDQ�RI�WKH�
UHVSHFWLYH�
FODVV�DJH�
JURXS

7KH�QXPEHU�
RI�VWXGHQWV�
ZLWK�/,�LQ�

FODVV

1XPHULFDO�
IUHTXHQF\�RI�
VWXGHQWV�ZLWK�
V\PSWRPV

7KH�UHODWLYH�
IUHTXHQF\�LQ�WKH�
REVHUYHG�ZLWK�
V\PSWRPV

� ���� �� � �����

� ���� �� �� �����

� ���� �� � �����

� ���� �� � �����

� ���� �� �� �����

7RWDO �� �� �����

7KH�GDWD�IURP�7DEOH���KDYH�EHHQ�SUHVHQWHG�LQ�)LJXUH���

)LJ���� *UDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�HPHUJHQFH�RI�V\PSWRPV�LQ�VWXGHQWV�ZLWK�/,

:LWK�UHJDUG�WR�YDULDEOH�SDLUV�>;PL��\����<RL�VLP����@�RI�WKH�ILYH�FODVVHV��LQ�7DEOH����LQ�WKH�������DJH�LQWHUYDO��ZH�
KDYH�FDOFXODWHG�WKH�FRUUHODWLRQ�FRHIILFLHQW�ZKLFK�UHVXOWHG�LQ�KDYLQJ�U� ��������FORVH�WR�����$FFRUGLQJ�WR�WKH�JDWKHUHG�
GDWD�LQ�RQH�REVHUYDWLRQ��LQ�7DEOH����WKH�UHODWLYH�IUHTXHQF\�RI�REVHUYHG�VWXGHQWV�ZLWK�/,�LQ�WKH�������DJH�LQWHUYDO�KDV�
EHHQ�FDOFXODWHG��LQFOXGLQJ�LWV�DFFRPSDQ\LQJ�VWDQGDUG�HUURU��UHVXOWLQJ�LQ�WKH�IROORZLQJ�YDOXHV�

<VLP� �>����������@� ���������������������

6�(� ���������������������������������������������������

Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

ϭ�;ϭϮ͘ϱ�ǀũͿ Ϯ�;ϭϯ͘ϱ�ǇŽͿ ϯ�;ϭϰ͘ϱ�ǇŽͿ ϰ�;ϭϱ͘ϱ�ǇŽͿ ϱ�;ϭϲ͘ϱ�ǇŽͿ

dŚĞ�ŶƵŵďĞƌ�ŽĨ�ƐƚƵĚĞŶƚƐ�ǁŝƚŚ�>/�ŝŶ
ĐůĂƐƐ

EƵŵĞƌŝĐĂů�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ƐƚƵĚĞŶƚƐ
ǁŝƚŚ�ƐǇŵƉƚŽŵƐ

dŚĞ�ƌĞůĂƚŝǀĞ�ĨƌĞƋƵĞŶĐǇ�ŝŶ�ƚŚĞ
ŽďƐĞƌǀĞĚ�ǁŝƚŚ�ƐǇŵƉƚŽŵƐ
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Ϯϯ

,Q�&DVH���ZH�KDYH�D�FRUUHFWHG�UHVXOW�IRU WKH�DFFRPSDQ\LQJ�VWDQGDUG�HUURU��FRPSDUHG�WR�WKH�SUHYLRXV�&DVH����7KLV�

LV�VR�EHFDXVH�WKH�VDPSOH�FRPPXQLW\�ZLWK����VWXGHQWV�ZLWK�/,�FRPSULVHV�D�KLJK�IUDFWLRQ�RI�WKH�WRWDO�QXPEHU�RI�VWXGHQWV��

ZKLFK�LV������

���&RQFOXVLRQV�

%DVHG�RQ�WKH�GDWD�SURFHVVLQJ�RI�WKH�VDPSOH�FKDUDFWHUL]HG�DV�D�VDWXUDWLRQ�]RQH�������VWXGHQWV�DJHG�EHWZHHQ����DQG�
����ZH�KDYH�FRPH�WR�WKH�IROORZLQJ�FRQFOXVLRQV�

� 9DULDEOHV�LQ�FRQVLGHUDWLRQ�GR�QRW�GHSHQG�RQ�HDFK�RWKHU�DQG�WKH�DVVHVVPHQW�RI�WKH�IUHTXHQF\�FDQ�EH�GRQH�
WKURXJK�D�VLQJOH�REVHUYDWLRQ�

� 7KH�REVHUYHG�UHODWLYH�IUHTXHQF\��SURSRUWLRQ��RI�VWXGHQWV�ZLWK�/,�LQ�WKH�LQWHUHVWHG�VDPSOH�LV�<V� ��������ZLWK�
VWDQGDUG�HUURU�6��(\V  �������

� 7KH�REVHUYHG�UHODWLYH�IUHTXHQF\��SURSRUWLRQ��RI�VWXGHQWV�ZLWK�V\PSWRPV�DPRQJ�WKRVH�ZLWK�/,� LV�<VLP� �
�������ZLWK�VWDQGDUG�HUURU�6(��\VLP  ������

5HIHUHQFHV

>�@� $UROD��+��'LDJQRVLV�RI�K\SRODFWDVLD�DQG�ODFWRVH�PDODEVRUSWLRQ��6FDQG��-��*DVWURHQWHURO��6XSSO�������������
��±����

>�@� %RKQ��/���6WRUVUXG��6���6LPUHQ��0��1XWULHQW�LQWDNH�LQ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH�FRPSDUHG�ZLWK�
WKH�JHQHUDO�SRSXODWLRQ��1HXURJDVWURHQWHURO��0RWLO��������������±���

>�@� &DPSEHOO��$�.���:DQQ��.�7���0DWWKHZV��6�%��/DFWRVH�FDXVHV�KHDUW�DUUK\WKPLD� LQ� WKH�ZDWHU� IOHD�'DSKQLD�
SXOH[��&RPS��%LRFKHP��3K\VLRO��3DUW�%�%LRFKHP��0RO��%LRO����������������±�����

>�@� &DVHQ�� &��� 9HER�� +�&��� 6HNHOMD�� 0��� +HJJH�� )�7��� .DUOVVRQ�� 0�.��� &LHPQLHMHZVND�� (��� ']DQNRYLF�� 6���
)UR\ODQG��&���1HVWHVWRJ��5���(QJVWUDQG��/���HW�DO��'HYLDWLRQV�LQ�KXPDQ�JXW�PLFURELRWD��$�QRYHO�GLDJQRVWLF�WHVW�
IRU�GHWHUPLQLQJ�G\VELRVLV�LQ�SDWLHQWV�ZLWK�,%6�RU�,%'��$OLPHQW��3KDUPDFRO��7KHU��������������±����

>�@� &UDZVKDZ�,��&KDPEHUV�,��$�FRQFLVH�FRXUVH�LQ�$GYDFHG�/HYHO�6WDWLVWLFV��1HOVRQ�7KRUQHV�/WG��8�.�
>�@� (QDWWDK��1�6���.XRNNDQHQ��0���)RUVEORP��&���1DWDK��6���2NVDQHQ��$���-DUYHOD��,���3HOWRQHQ��/���6DYLODKWL��(��

&RUUHODWLRQ�RI�LQWHVWLQDO�GLVDFFKDULGDVH�DFWLYLWLHV�ZLWK�WKH�&�7�������YDULDQW�DQG�DJH��:RUOG�-��*DVWURHQWHURO��
��������������±������

>�@� (QDWWDK��1�6���6DKL��7���6DYLODKWL��(���7HUZLOOLJHU��-�'���3HOWRQHQ��/���-DUYHOD��,��,GHQWLILFDWLRQ�RI�D YDULDQW�
DVVRFLDWHG�ZLWK�DGXOW�W\SH�K\SRODFWDVLD��1DW��*HQHW���������������±�����

>�@� *DVEDUULQL��$���&RUD]]D��*�5���*DVEDUULQL��*���0RQWDOWR��0���GL�6WHIDQR��0���%DVLOLVFR��*���3DURGL��$���8VDL�
6DWWD��3���9HUQLD��3���$QDQLD��&���HW�DO��0HWKRGRORJ\�DQG�LQGLFDWLRQV�RI�+��EUHDWK�WHVWLQJ�LQ�JDVWURLQWHVWLQDO�
GLVHDVHV��7KH�5RPH�&RQVHQVXV�&RQIHUHQFH��$OLPHQW��3KDUPDFRO��7KHU������������6XSSO��6�����±����

>�@� +DOPRV�� (�3��� 3RZHU�� 9�$��� 6KHSKHUG�� 6�-��� *LEVRQ�� 3�5���0XLU�� -�*�� $� GLHW� ORZ� LQ� )2'0$3V� UHGXFHV�
V\PSWRPV�RI�LUULWDEOH�ERZHO�V\QGURPH��*DVWURHQWHURORJ\��������������±����

>��@� ,PWLD]��)���6DYLODKWL��(���6DUQHVWR��$���7UDE]XQL��'���$O�.DKWDQL��.���.DJHYL��,���5DVKHG��0�6���0H\HU��%�)���
-DUYHOD�� ,�� 7KH� 7�*� ������ YDULDQW� XSVWUHDP� RI� WKH� ODFWDVH� JHQH� �/&7�� LV� WKH� IRXQGHU� DOOHOH� RI� ODFWDVH�
SHUVLVWHQFH�LQ�DQ�XUEDQ�6DXGL�SRSXODWLRQ��-��0HG��*HQHW������������H����

>��@� ,QJUDP��&�-���(ODPLQ��0�)���0XOFDUH��&�$���:HDOH��0�(���7DUHNHJQ��$���5DJD��7�2���%HNHOH��(���(ODPLQ��
)�0���7KRPDV��0�*���%UDGPDQ��1���HW�DO��$�QRYHO�SRO\PRUSKLVP�DVVRFLDWHG�ZLWK�ODFWRVH�WROHUDQFH�LQ�$IULFD��
0XOWLSOH�FDXVHV�IRU�ODFWDVH�SHUVLVWHQFH"�+XP��*HQHW����������������±�����

>��@� 0DJJH�� 6��� /HPER�� $�� /RZ�)2'0$3�'LHW� IRU� 7UHDWPHQW� RI� ,UULWDEOH� %RZHO� 6\QGURPH�� *DVWURHQWHURO��
+HSDWRO��������������±����

>��@� 0DWWKHZV��6�%���&DPSEHOO��$�.��:KHQ�VXJDU�LV�QRW�VR�VZHHW��/DQFHW����������������
>��@� 0HW]��*���-HQNLQV��'�-���3HWHUV��7�-���1HZPDQ��$���%OHQGLV��/�0��%UHDWK�K\GURJHQ�DV�D�GLDJQRVWLF�PHWKRG�IRU�

K\SRODFWDVLD��/DQFHW��������������±������
>��@� 0LVVHOZLW]�� %��� 3RKO�� '��� )UXKDXI�� +��� )ULHG� 0��� 9DYULFND�� 6�5��� )R[�� 0�� /DFWRVH� PDODEVRUSWLRQ� DQG�

LQWROHUDQFH��3DWKRJHQHVLV��GLDJQRVLV�DQG�WUHDWPHQW��8QLWHG�(XU��*DVWURHQWHURO��-��������������±�����
>��@� 1HZFRPHU��$�'���0F*LOO��'�%���7KRPDV��3�-���+RIPDQQ��$�)��3URVSHFWLYH�FRPSDULVRQ�RI�LQGLUHFW�PHWKRGV

IRU�GHWHFWLQJ�ODFWDVH�GHILFLHQF\��1��(QJO��-��0HG�����������������±������
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>��@� 3RXOWHU��0���+ROOR[��(���+DUYH\��&�%���0XOFDUH��&���3HXKNXUL��.���.DMDQGHU��.���6DUQHU��0���.RUSHOD��5���
6ZDOORZ��'�0��7KH�FDXVDO�HOHPHQW�IRU�WKH�ODFWDVH�SHUVLVWHQFH�QRQ�SHUVLVWHQFH SRO\PRUSKLVP�LV�ORFDWHG�LQ�D�
��0E�UHJLRQ�RI�OLQNDJH�GLVHTXLOLEULXP�LQ�(XURSHDQV��$QQ��+XP��*HQHW���������������±�����

>��@� 6KDXNDW��$���/HYLWW��0�'���7D\ORU��%�&���0DF'RQDOG��5���6KDPOL\DQ��7�$���.DQH��5�/���:LOW��7�-��6\VWHPDWLF�
UHYLHZ��(IIHFWLYH�PDQDJHPHQW�VWUDWHJLHV�IRU�ODFWRVH�LQWROHUDQFH��$QQ��,QWHUQ��0HG����������������±�����

>��@� 6XDUH]��)�/���6DYDLDQR��'�$���/HYLWW��0�'��$�FRPSDULVRQ�RI� V\PSWRPV�DIWHU� WKH�FRQVXPSWLRQ�RI�PLON�RU�
ODFWRVH�K\GURO\]HG�PLON�E\�SHRSOH�ZLWK�VHOI�UHSRUWHG�VHYHUH�ODFWRVH�LQWROHUDQFH��1��(QJO��-��0HG�������������
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