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.LQQRZ�PDQGDULQ�LV�WKH�PRVW�LPSRUWDQW�IUXLW�FURS�RI
,QGLD� DQG� LW� LV� FRPPHUFLDOO\� JURZQ� LQ� QRUWK� ,QGLDQ
VWDWHV� OLNH� 3XQMDE�� +DU\DQD� DQG� 5DMDVWKDQ
�*DQJDQDJDU� GLVWULFW��� ,W� UHTXLUHV�PRUH� DPRXQW� RI
HVVHQWLDO�QXWULHQW�IRU�VXFFHVVIXO�FXOWLYDWLRQ�VR�FLWUXV
LV�DOVR�NQRZQ�DV�µµPLFUR�QXWULHQW�ORYLQJ¶¶�SODQW�DPRQJ
DOO�IUXLW�FURSV������,Q�PRVW�RI�WKH�FLWUXV�VSHFLHV��D�FORVH
UHODWLRQVKLS�H[LVWV�EHWZHHQ�OHDI�QXWULHQW�FRQWHQW�DQG
IUXLW�SURGXFWLRQ��*RRG�\LHOG�LQ�PDQGDULQ�LV�REWDLQHG
ZKHQ� OHDI�1�� 3��.��&D��0J� DQG�=Q� FRQWHQWV� UDQJH
EHWZHHQ� ��������� ����������� ��������� ��������� �����
������DQG�������SSP��UHVSHFWLYHO\������8QGHU�SRRU
GUDLQDJH�� WKH�VRLO�EHFRPHV�ZDWHU�ORJJHG�DURXQG� WKH
URRWV�GXULQJ�KHDY\�UDLQ�LQ�WKH�PRQVRRQ�VHDVRQ�HYHQ
WKRXJK�WKH�ZDWHU�WDEOH�PD\�QRW�EH�KLJK��7KH�IDLOXUH�RI
NLQQRZ�DQG�VZHHW�RUDQJH�LQ�VHYHUDO�SODFHV�LQ�3XQMDE�
+DU\DQD� DQG�8�� 3�� VHHPV� WR� EH� GXH� WR� WKLV� IDFWRU
EHFDXVH� LW� FDXVHV� ORVV� RI� QXWULHQW� IURP� VRLO� GXH� WR
OHDFKLQJ�LQ�WKH�VRLO�SURILOH��3ODQW�DOVR�FDQ¶W�EH�DEOH�WR
DEVRUE�HVVHQWLDO�QXWULHQW�IURP�VRLO� LQ� WKLV�FRQGLWLRQ�
WKHUHIRUH�UHGXFHV�WKH�JURZWK�DQG�GHYHORSPHQW�RI�SODQW
DQG� XOWLPDWHO\� FDXVHV� VRPH� GLVRUGHUV� H�� J�� IUXLW
FUDFNLQJ��JUDQXODWLRQ��SUH��KDUYHVW�IUXLW�GURSV��XQGHU
VL]H� IUXLW�� OLWWOH� OHDI� DQG� GLH� EDFN�� HWF�� 6R��ZH� QHHG
SURSHU�DQG�IXOO�DGRSWLRQ�RI�UHFRPPHQGHG�SDFNDJH�RI
SUDFWLFHV� IRU� KLJK� \LHOG� DQG� EHWWHU� IUXLW� TXDOLW\� RI
NLQQRZ�

0$7(5,$/6��$1'��0(7+2'6

7KH� VWXG\� ZDV� FDUULHG� RXW� DW� 'HSDUWPHQW� RI
+RUWLFXOWXUH��&&6�+DU\DQD�$JULFXOWXUDO�8QLYHUVLW\
GXULQJ�WKH�\HDU����������7KXV��D�WRWDO�QXPEHU�RI���
IDUPHUV�ZHUH�VHOHFWHG�IRU�QXWULHQW�DQDO\VHG�RI�1��3��.
DQG�=Q�LQ�VRLO�DQG�SODQW�OHDI�EDVHG�RQ�WKHLU�DGRSWLRQ
OHYHO�RI�SDFNDJH�RI�SUDFWLFHV�IURP�VHOHFWHG�IDUPHUV�RI

+LVDU��6LUVD�DQG�)DWHKDEDG�GLVWULFWV�RI�+DU\DQD��7KH
VRLO�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�IDUPHUV¶�ILHOG�RI
WKH�DUHD�EHWZHHQ�WKUHH�IRXUWK�RI�WKH�UDGLXV�RI�WKH�WUHH
FDQRS\�WR�WKH�GULS�OLQH�RI�WKH�WUHH�FDQRS\��7KH�VDPSOHV
ZHUH�FROOHFWHG�ZLWK�WKH�KHOS�RI�VRLO�DXJHU�IURP�YDULRXV
VRLO�GHSWKV���������������������DQG�PRUH�WKDQ����FP
GHSWKV�� LQ� WKH�PRQWKV� RI� -XQH�-XO\�� ������7KH� VRLO
VDPSOHV�ZHUH� FROOHFWHG� IURP� IRXU� VLGHV�RI� WKH� WUHHV
DQG�FRPSRVLWH�VRLO�VDPSOHV�IRU�HDFK�WUHH�ZHUH�SUHSDUHG
UHVSHFWLYH�WR�WKH�GHSWK�RI�VRLO�SURILOH�IURP�ZKLFK�WKH
VDPSOHV�ZHUH�WDNHQ��7KH�VDPSOHV�ZHUH�DLU�GULHG�DQG
JURXQG�ZLWK�ZRRGHQ�SHVWOH�DQG�PRUWDU�WR�SDVV�WKURXJK
D���PP�VWDLQOHVV�VWHHO�VLHYH��7KH�DYDLODEOH�QLWURJHQ�
SKRVSKRUXV� DQG� SRWDVVLXP� LQ� VRLO� VDPSOHV� ZHUH
GHWHUPLQHG�E\�WKH�PHWKRG�RI�6XEELDK�DQG�$VLMD������
2OVHQ�HW�DO�� ����DQG� IODPH�SKRWRPHWHU�� UHVSHFWLYHO\�
7KH�'73$� �'LHWK\OHQH� WULDPLQH� SHQWDDFHWLF� DFLG�
H[WUDFW�RI�VRLO�ZDV�SUHSDUHG�����DQG�WKH�FRQFHQWUDWLRQ
�SSP��RI�=Q�PLFURQXWULHQW�ZDV�GHWHUPLQHG�ZLWK�WKH
KHOS�RI�DWRPLF�DEVRUSWLRQ�VSHFWURSKRWRPHWHU��$63��
)RU�GHWHUPLQLQJ�OHDI�QXWULHQW�VWDWXV��ILYH�WR�VL[�PRQWKV
ROG�KHDOWK\�OHDI�VDPSOHV�IURP�QRQ�IUXLWLQJ�WHUPLQDOV
ZHUH�FROOHFWHG�LQ�WKH�PRQWKV�RI�-XQH�-XO\�DQG�ZDVKHG
ZLWK�UXQQLQJ�WDS�ZDWHU�IROORZHG�E\������+&O�DQG�WZR
ZDVKLQJV� WKURXJK� GLVWLOOHG�ZDWHU��7KH�ZDVKHG� OHDI
VDPSOHV�ZHUH�VXUIDFH�GULHG�DQG�WKHQ�RYHQ�GULHG�DW����
&�IRU����K��7KH�GULHG�OHDI�VDPSOHV�ZHUH�JURXQG�DQG
VLHYHG��7KH�JURXQG�OHDI�VDPSOH������J��ZDV�WDNHQ�LQ
���PO�FRQLFDO�IODVN�DQG����PO�GLDFLG�PL[WXUH��+�62���
+&O2

�
�LQ�������UDWLR��ZDV�DGGHG�WR�IODVN��'LJHVWLRQ�RQ

D�KRW�SODWH�ZDV�FDUULHG�RXW�DV�GHVFULEHG�E\�-DFNVRQ
����IRU�GHWHUPLQDWLRQ�RI�1��3�DQG�.��)RU�GLJHVWLRQ�RI
=Q������J�RI�JURXQG�SODQW�VDPSOH�ZDV�WDNHQ�LQ�VHSDUDWH
FRQLFDO�IODVN�DQG�WKLV�ZDV�GLJHVWHG�RQ�D�KRW�SODWH�E\
DGGLQJ����PO�RI�GLDFLG�PL[WXUH��+12����+&O2��LQ����
��UDWLR��DV�SHU�WKH�SURFHGXUH�GHVFULEHG�E\�3LSHU�����

+DU\DQD�-��KRUWLF��6FL�� ������	������������������



7KH� QXWULHQW� FRQWHQWV� LQ� WKH� OHDI� VDPSOHV� ZHUH
GHWHUPLQHG�E\�IROORZLQJ�PHWKRGV�
7KH�QLWURJHQ�FRQWHQW�ZDV�GHWHUPLQHG�E\�WKH�PHWKRG
GHVFULEHG�E\�-DFNVRQ������7KH�SKRVSKRUXV�FRQWHQW�ZDV
GHWHUPLQHG�E\�YDQGR�PRO\EGRSKRVSKRULF�DFLG�\HOORZ
FRORXU�PHWKRG�GHVFULEHG�E\� -DFNVRQ� �����3RWDVVLXP
FRQWHQW�ZDV�GHWHUPLQHG�IURP�WKH�GLJHVWHG�H[WUDFW�RQ
IODPH� SKRWRPHWHU�� 7KH� FRQWHQW�ZDV� FDOFXODWHG� DQG
H[SUHVVHG�LQ�SHU�FHQW�RQ�GU\�ZHLJKW�EDVLV��7KH�GLJHVWHG
OHDI� VDPSOHV�ZHUH� DQDO\]HG� IRU� GHWHUPLQLQJ� ]LQF
FRQFHQWUDWLRQV�RQ�DWRPLF�DEVRUSWLRQ�VSHFWURSKRWRPHWHU
DQG�WKHLU�FRQWHQWV�ZHUH�H[SUHVVHG�LQ�SSP�
7KH� VWDWLVWLFDO� DQDO\VHV� RI� GDWD�ZHUH� FDUULHG� RXW� E\
WZR� VDPSOHG� W�WHVWV��7KH� FRUUHODWLRQ� DQG� UHJUHVVLRQ
DQDO\VHV�ZHUH�DOVR�GRQH� WR�ILQG�RXW� WKH�UHODWLRQVKLS
EHWZHHQ�IUXLW�TXDOLW\��\LHOG�DQG�VRLO�SODQW�QXWULHQWV�����
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7KH�GDWD�LQ�7DEOH���VKRZ�WKDW�QLWURJHQ��SKRVSKRUXV�
SRWDVVLXP�DQG�]LQF�OHYHO�GHFUHDVHG�ZLWK�WKH�VRLO�GHSWK�
7KH� DYHUDJH� YDOXHV� RI� WKH� QLWURJHQ�� SKRVSKRUXV�
SRWDVVLXP�DQG�]LQF�ZHUH�IRXQG�KLJKHVW� L��H���������
��������������DQG������NJ�KD�DW������FP�GHSWK�RI�WKH
VRLO�IRU�WKH�VHOHFWHG�IDUPHUV��ZKLOH�WKH�YDOXHV�IRU����
��� FP� VRLO� SURILOH�ZHUH� IRXQG� WR� EH� ������� ������
�������DQG������NJ�KD�IRU�1��3��.�DQG�=Q��6RLO�SURILOH
RI�������FP�VKRZHG�WKH�YDOXHV�RI�������������������

DQG������NJ�KD�IRU�1��3��.�DQG�=Q��7KH�YDOXHV�RI�1��3�
.�DQG�=Q�IRU�VRLO�GHSWK�PRUH�WKDQ����FP�ZHUH�IRXQG
WR�EH��������������������DQG������NJ�KD�
7KH� DYHUDJH� YDOXHV� RI� QXWULHQW� 1�� 3�� .� DQG� =Q
LUUHVSHFWLYH� RI� DGRSWLRQ� OHYHO�ZHUH� �������� ������
������� DQG� ������ NJ�KD��7KH�1�� 3��.� DQG�=Q�ZHUH
REWDLQHG�PRUH� LQ� RUFKDUG� VRLO� ZKHUH� WKH� OHYHO� RI
DGRSWLRQ�ZDV�KLJKHU��7KH�1�OHYHOV�ZHUH���������������
DQG��������NJ�KD�IRU�KLJK��PHGLXP�DQG�ORZ�DGRSWHU�
UHVSHFWLYHO\��6LPLODU�WUHQG�ZDV�REVHUYHG�LQ�FDVH�RI�3�
.�DQG�=Q�DOVR��7DEOH�����7KH�DGRSWLRQ�OHYHO�RI�SDFNDJH
RI� SUDFWLFHV� KDG� QRQ�VLJQLILFDQW� HIIHFW� RQ� WKH� VRLO
QXWULHQW�VWDWXV�RI�NLQQRZ�RUFKDUGV�
7KH�FRUUHODWLRQ�FRHIILFLHQW��µW¶�YDOXH��ZDV�FRPSXWHG
WR�NQRZ�WKH�DVVRFLDWLRQV�EHWZHHQ�DPRXQW�RI�QLWURJHQ�
SKRVSKRUXV�� SRWDVVLXP� DQG� ]LQF� LQ� WKH� VRLO� DQG� WKH
DGRSWLRQ� OHYHOV� SDFNDJH� RI� SUDFWLFHV� RI� NLQQRZ
SURGXFWLRQ�WHFKQRORJ\��7DEOH�����$OO�YDULDEOHV��QDPHO\�
QLWURJHQ��SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�ZHUH�IRXQG
WR�KDYH�D�SRVLWLYH�EXW�QRQ�VLJQLILFDQW�UHODWLRQVKLS�ZLWK
DGRSWLRQ� RI� SDFNDJH� RI� SUDFWLFHV��7KH� FRUUHODWLRQ
FRHIILFLHQW��U��ZDV�PD[LPXP�IRU�WKH�.��������IROORZHG
E\�3���������1��������DQG�=Q���������7KH�IDUPHUV�KDYLQJ
KLJK�DGRSWLRQ� OHYHOV� DOVR�KDG�KLJK�FRQFHQWUDWLRQ�RI
QXWULHQWV�LQ�WKHLU�VRLO��7KH�QXWULHQW�VWDWXV�RI�QLWURJHQ�
SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�ZDV�IRXQG�WR�KDYH�D
SRVLWLYH�EXW�QRQ�VLJQLILFDQW�UHODWLRQVKLS�ZLWK�DGRSWLRQ
RI�SDFNDJH�RI�SUDFWLFHV��,W�LPSOLHV�WKDW�DV�WKH�DGRSWLRQ

7DEOH����1XWULHQW�VWDWXV�RI�WKH�VRLO�RI�NLQQRZ�RUFKDUGV
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OHYHO�RI�IDUPHUV�LQFUHDVH��WKHUH�LV�LQFUHDVH�LQ�QLWURJHQ�
SKRVSKRUXV�� SRWDVVLXP�DQG�]LQF� OHYHO� LQ� VRLO��6LQFH
VRLO�LV�YHU\�KXJH�PDVV��LW�ZRXOG�WDNH�GHFDGHV�WR�KDYH
DQ\�VLJQLILFDQW� UHODWLRQVKLS�ZLWK� WKH�DGRSWLRQ� OHYHO�
6LQGKX�����REVHUYHG�VLPLODU�UHVXOWV�WKDW�VRLO�KDG�ORW�RI
YDULDWLRQ� LQ� QXWULHQW� OHYHOV� LQ� JUDSH� YLQH\DUGV�
&RUUHODWLRQ�FRHIILFLHQW�DPRQJ�QLWURJHQ��SKRVSKRUXV�
SRWDVVLXP�DQG�]LQF�ZDV�IRXQG� WR�EH�QRQ�VLJQLILFDQW
UHODWLRQVKLS�ZLWK�DGRSWLRQ��%HFDXVH�VRLO�LV�YHU\�KXJH
PDVV� VR� LW�ZRXOG� WDNH� GHFDGHV� IRU� DQ\� VLJQLILFDQW
UHODWLRQVKLS�ZLWK�WKH�DGRSWLRQ�OHYHO�
7KH�UHJUHVVLRQ�FRHIILFLHQWV��µE¶�YDOXH��RI�DOO�WKH�QRQ�
VLJQLILFDQW� LQGHSHQGHQW� YDULDEOHV�ZHUH�ZRUNHG� RXW
ZLWK�DGRSWLRQ�RI�SDFNDJH�RI�SUDFWLFHV�RI�WKH�IDUPHUV�
7KHLU�YDOXHV�KDYH�EHHQ�SUHVHQWHG�LQ�7DEOH����7KH�GDWD
UHYHDOHG� WKDW� WKH� UHJUHVVLRQ� FRHIILFLHQWV� RI� WKH
QLWURJHQ��SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�VWDWXV�LQ�VRLO
ZHUH� ������ ������ ����� DQG� ������ UHVSHFWLYHO\�

7DEOH� ���2YHUDOO� HIIHFW� RI� DGRSWLRQ� OHYHO� RI� SDFNDJH� RI
SUDFWLFHV�RQ�QXWULHQW�VWDWXV�RI�VRLO

&DWHJRU\�RI�IDUPHUV 1 3 . =Q

/RZ ������ ����� ������ �����
0HGLXP ������ ����� ������ �����
+LJK ������ ����� ������ �����
$YHUDJH ������ ����� ������ �����

7DEOH����$VVRFLDWLRQ�RI�QXWULHQW�VWDWXV�RI�VRLO�ZLWK�DGRSWLRQ
OHYHO�RI�NLQQRZ�FXOWLYDWLRQ

6��1R� 6RLO�QXWULHQW &RUUHODWLRQ
FRHIILFLHQW��U�

�� 1 ����
�� 3 ����
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6� 6RLO�QXWULHQW µD¶�YDOXH 5HJUHVVLRQ µW¶�YDOXH 5�

1R� FRHIILFLHQW��E�YDOXH�

�� 1 ����� ���� �����16 ����
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16±1RW�6LJQLILFDQW�

5HVSHFWLYH�µW¶�YDOXHV������������������DQG������IRU�1�
3��.�DQG�=Q�ZHUH�IRXQG�QRQ�VLJQLILFDQW�LQ�VRLO�QXWULHQW
VWDWXV�ZLWK�WKH�DGRSWLRQ�OHYHO�
7KH� GDWD� LQ� 7DEOH� �� H[KLELW� WKDW� WKH� QLWURJHQ�
SKRVSKRUXV�DQG�SRWDVVLXP�ZHUH�KLJKHVW�ZLWK�YDOXHV
RI� ������ ����� DQG� ������ LQ� RUFKDUG� RI�9LYHNDQDQG
���������ZKR�KDG�KLJK�DGRSWLRQ�OHYHO��7KH�=Q�YDOXHV
ZHUH�PD[LPXP��������SSP��LQ�WKH�NLQQRZ�RUFKDUG�RI
0DQRKDU�/DO�ZKR�KDG�KLJKHU�DGRSWLRQ�OHYHO����������
7KH�QLWURJHQ��SKRVSKRUXV�DQG�SRWDVVLXP�ZHUH�ORZHVW
ZLWK� YDOXHV� RI� ������ ����� DQG� ������ LQ� WKH� KLJK
DGRSWLRQ�OHYHO�RI�0DQSKRRO�����������7KH�=Q�YDOXHV
ZHUH�PLQLPXP��������SSP��LQ�WKH�NLQQRZ�RUFKDUG�RI
0DQSKRRO�ZKR�KDG� ORZHU� DGRSWLRQ� OHYHO� ���������
7KH�RYHUDOO�DYHUDJH�YDOXHV�RI�QLWURJHQ��SKRVSKRUXV�
SRWDVVLXP�DQG�]LQF�ZHUH�REVHUYHG� WR�EH������������
�������DQG�������SSP��UHVSHFWLYHO\�
7KH� DYHUDJH� YDOXHV� RI� QXWULHQW� 1�� 3�� .� DQG� =Q
LUUHVSHFWLYH�RI�DGRSWLRQ�OHYHO�ZHUH������������������
DQG�������SSP��7KH�1��3��.�DQG�=Q�ZHUH�REWDLQHG
PRUH�LQ�RUFKDUG�SODQWV�ZKHUH�WKH�OHYHOV�RI�DGRSWLRQ
ZHUH�KLJKHU��7KH�1�OHYHOV�ZHUH������������DQG������
IRU�KLJK��PHGLXP�DQG�ORZ�DGRSWHU��UHVSHFWLYHO\��7DEOH

����6LPLODU�WUHQG�ZDV�REVHUYHG�LQ�FDVH�RI�3��.�DQG�=Q
DOVR��7KH�OHYHO�RI�1��3��.�DQG�=Q�LQ�SODQW�KDG�D�SRVLWLYH
UHODWLRQVKLS� ZLWK� DGRSWLRQ� OHYHO� RI� SDFNDJH� RI
SUDFWLFHV�� ,W�ZDV� REVHUYHG� WKDW� WKH� IDUPHUV� KDYLQJ
KLJKHU�DGRSWLRQ�OHYHO�RI�IHUWLOL]HU�DSSOLFDWLRQ�DSSOLHG
UHFRPPHQGHG� GRVHV� RI� IHUWLOL]HU� UHVXOWLQJ� LQ� EHWWHU
XSWDNH�E\�WKH�SODQWV��,W�ZDV�DOVR�REVHUYHG�WKDW�SODQW
QXWULHQWV� VWDWXV� LQ� NLQQRZ�RUFKDUGV� RI� IHZ� IDUPHUV
SUDFWLFLQJ�ORZ�DGRSWLRQ�OHYHO�RI�SDFNDJH�RI�SUDFWLFHV
ZDV�KLJK��,W�PD\�EH�GXH�WR�WKH�JRRG�IHUWLOLW\�VWDWXV�RI
WKHVH�RUFKDUGV�ZKLFK�ZDV�DIIHFWHG�ZLWK�KLJK�QXWULHQW
VWDWXV� LQ� SODQW��6LPLODU� ILQGLQJV�KDYH�EHHQ� UHSRUWHG
E\�6LQGKX�����LQ�JUDSH�YLQH�ZLWK�WKH�UHVSHFW�RI�DGRSWLRQ
OHYHO�RI�SDFNDJH�RI�SUDFWLFHV�IRU�WKH�1��3�DQG�.�
7KH�FRUUHODWLRQ�FRHIILFLHQW��µW¶�YDOXH��ZDV�FRPSXWHG
WR�NQRZ�WKH�DVVRFLDWLRQV�EHWZHHQ�DPRXQW�RI�QLWURJHQ�
SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�LQ�WKH�SODQWV�DQG�WKH
DGRSWLRQ� OHYHOV� RI� SDFNDJH� RI� SUDFWLFHV� RI� NLQQRZ
SURGXFWLRQ�WHFKQRORJ\��7DEOH�����$OO�YDULDEOHV��QDPHO\�
QLWURJHQ��SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�ZHUH�IRXQG
WR� KDYH� D� SRVLWLYH� DQG� VLJQLILFDQW� UHODWLRQVKLS�ZLWK
DGRSWLRQ�RI�SDFNDJH�RI�SUDFWLFHV��,W�LPSOLHV�WKDW�OHYHO
RI�QLWURJHQ��SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�LQFUHDVH
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7DEOH����1XWULHQW�VWDWXV�RI�OHDI�DQDO\VLV�RI�NLQQRZ�RUFKDUGV

1DPH�RI�WKH�IDUPHUV $GRSWLRQ 1 3 . =Q
OHYHO ��� ��� ��� �SSP�
���

.DUDP�&KDQG ����� ���� ���� ���� �����
%DOUDP ����� ���� ���� ���� �����
2P�3UDNDVK ����� ���� ���� ���� �����
$WPD�5DP ����� ���� ���� ���� �����
6XEDVK ����� ���� ���� ���� �����
.XOGHHS ����� ���� ���� ���� �����
0DQSKRRO ����� ���� ���� ���� �����
$PDUGHHS ����� ���� ���� ���� ������
-DJGHHVK ����� ���� ���� ���� �����
/HHOD�'KDU ����� ���� ���� ���� �����
+DUSDO ����� ���� ���� ���� �����
9LQHHW�.XPDU ����� ���� ���� ���� �����
9LYHNDQDQG ����� ���� ���� ���� �����
0DQRKDU�/DO ����� ���� ���� ���� �����
*DXUDY ����� ���� ���� ���� �����
+HWUDP ����� ���� ���� ���� �����
5DP�.XPDU ����� ���� ���� ���� �����
9LNDV ����� ���� ���� ���� �����
$WPUDP ����� ���� ���� ���� �����
6ULUDP ����� ���� ���� ���� �����
$YHUDJH ����� ���� ���� ���� �����

ZLWK� WKH� LQFUHDVHG� LQ� DGRSWLRQ� OHYHO� RI� SDFNDJH� RI
SUDFWLFHV��7KH�FRUUHODWLRQ�FRHIILFLHQW��U��ZDV�KLJKHVW
IRU� WKH�3� ��������� IROORZHG�E\�1� ��������=Q� ������
DQG�.��������

7DEOH� ���2YHUDOO� HIIHFW� RI� DGRSWLRQ� OHYHO� RI� SDFNDJH� RI

SUDFWLFHV�RQ�QXWULHQW�VWDWXV�RI�OHDI�DQDO\VLV

&DWHJRU\�RI�IDUPHUV 1 3 . =Q

��� ��� ��� �SSP�

/RZ ���� ���� ���� �����

0HGLXP ���� ���� ���� �����

+LJK ���� ���� ���� �����

$YHUDJH ���� ���� ���� �����

7DEOH����5HJUHVVLRQ�DQDO\VLV�RI�QXWULHQWV�VWDWXV�RI�OHDI�ZLWK

DGRSWLRQ�RI�SDFNDJH�RI�SUDFWLFHV�RI�NLQQRZ

6��1R� /HDI�QXWULHQW µD¶ 5HJUHVVLRQ µW¶�YDOXH 5�

YDOXH FRHIILFLHQW

�E�YDOXH�

�� 1 ���� ����� ���� ����

�� 3 ���� ����� ���� ����

�� . ���� ����� ���� ����

�� =Q ����� ����� ���� ����

�6LJQLILFDQW�DW�3 �����DQG�3 �����OHYHOV��UHVSHFWLYHO\�

7DEOH�����$VVRFLDWLRQ�RI�QXWULHQW�VWDWXV�RI�OHDI�ZLWK�DGRSWLRQ

OHYHOV�RI�SDFNDJH�RI�SUDFWLFHV

6��1R� /HDI�QXWULHQW &RUUHODWLRQ�FRHIILFLHQW

�U�

�� 1 ����

�� 3 ����

�� . ����

�� =Q ����

6LJQLILFDQW�DW�3 �����OHYHO�

7KH� UHJUHVVLRQ� FRHIILFLHQW� �µE¶� YDOXH�� RI� DOO� WKH
VLJQLILFDQW�LQGHSHQGHQW�YDULDEOHV�ZDV�ZRUNHG�RXW�ZLWK
DGRSWLRQ�RI�SDFNDJH�RI�SUDFWLFHV�RI�WKH�IDUPHUV��7KHLU
YDOXHV� KDYH� EHHQ� SUHVHQWHG� LQ� 7DEOH� ���7KH� GDWD
UHYHDOHG�WKDW�WKH�UHJUHVVLRQ�FRHIILFLHQW�RI�WKH�QLWURJHQ�
SKRVSKRUXV��SRWDVVLXP�DQG�]LQF�VWDWXV�LQ�SODQWV�ZDV
������ ������� ������ DQG� ������� UHVSHFWLYHO\��7KH� µW¶
YDOXHV�YL]��������������������DQG������IRU�1��3��.�DQG
=Q��UHVSHFWLYHO\��ZHUH�IRXQG�VLJQLILFDQW�LQ�OHDI�QXWULHQW
VWDWXV�ZLWK�WKH�DGRSWLRQ�OHYHO��7KH�SODQW�QXWULHQW�VWDWXV
VKRZHG�VLJQLILFDQW�UHODWLRQVKLS�ZLWK�WKH�DGRSWLRQ�OHYHO
RI�SDFNDJH�RI�SUDFWLFHV��,W�LPSOLHV�WKDW�DV�WKH�DGRSWLRQ
OHYHO�RI�SDFNDJH�RI�SUDFWLFHV�ZDV�LQFUHDVHG��DQ�LQFUHDVH
LQ�WKH�QXWULHQW�VWDWXV�LQ�SODQW�ZDV�DOVR�REVHUYHG������

�� *RUD�DQG�RWKHUV



/,7(5$785(��&,7('

�� *RPH]��.��$��DQG�*RPH]��$��$��������&RUUHODWLRQ�DQG
5HJUHVVLRQ�$QDO\VLV� RI� 6WDWLVWLFDO� 3URFHGXUHV� IRU
$JULFXOWXUDO�5HVHDUFK��-RKQ�:LOH\�DQG�6RQV��1HZ
<RUN��SS����������

�� *XSWD��6��1��DQG�1DLN��.��%��������,QVWDQW�+RUWLFXOWXUH�
HGQ��9,,�� -DLQ�%URWKHU�3XEOLVKLQJ��1HZ�'HOKL�� SS�
������

�� -DFNVRQ��0�� /�� ������ 6RLO� &KHPLFDO� $QDO\VLV��$VLD
3XEOLVKLQJ�+RXVH��%RPED\�

�� -DFNVRQ��0��/��������9DQDGRPRO\EGR�SKRVSKRULF�\HOORZ
FRORXU�PHWKRG�IRU�GHWHUPLQDWLRQ�RI�SKRVSKRUXV��,Q��
6RLO�&KHPLFDO�$QDO\VLV��3UHQWLFH�+DOO�RI�,QGLD�3YW�
/WG���1HZ�'HOKL��SS����������

�� /LQGVD\��:��/��DQG�1RUYHOO��:��$��������'HYHORSPHQW�RI
'73$�WHVW�IRU�]LQF��LURQ��PDQJDQHVH�DQG�FRSSHU��6RLO
6FL��6RF��$P��-� �������������

�� 2OVHQ��6��5���&ROH��*��9���:DWDQDEH��)��6��DQG�'HDQ��/��$�
������(VWLPDWLRQ� RI� DYDLODEOH� 3KRVSKRUXV� LQ� VRLOV
E\�H[WUDFWLRQ�ZLWK�VRGLXP�ELFDUERQDWH��86'$�&LU�
�����������

�� 3LSHU�� &�� 6�� ������ 6RLO� DQG� 3ODQW� $QDO\VLV�� +DQV
3XEOLFDWLRQV��%RPED\��SS������

�� 6LQGKX�� 6�� 6�� ������ ,PSDFW� RI� DGRSWLRQ� RI� SDFNDJH� RI
SUDFWLFHV�RQ�\LHOG��TXDOLW\�RI�IUXLW��LQFRPH�DQG�FRVW
RI�SURGXFWLRQ�LQ�JUDSH��0��6F��WKHVLV��'HSDUQHQW�RI
+RUWLFXOWXUH��&&6+$8��+LVDU�

�� 6LQJK��6��DQG�6D[HQD��6��.��������)UXLW��HGQ��,��1DWLRQDO
%RRN�7UXVW��,QGLD��SS��������

��� 6XEELDK��%��9��DQG�$VL]D��*��/��������$�UDSLG�SURFHGXUH
IRU�GHWHUPLQDWLRQ�RI�DYDLODEOH�QLWURJHQ�LQ�VRLOV��&XUU�
6FL�����������

:LQNOHU��$�� -�� ������*HQHUDO� 9LWLFXOWXUH�� 8QLYHUVLW\� RI
&DOLIRUQLD�3UHVV��%DUNHOH\�DQG�/RV�$QJOHV�
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