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FRQVWLSDWLRQ�DPRQJ�SDWLHQWV�ZLWK�SUH�GLDO\VLV�&.'�UHPDLQV�XQNQRZQ�
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D� VWRRO� GLDU\� DIWHU� HDFK� OD[DWLYH�� 6HFRQGDU\� RXWFRPH� PHDVXUH� ZDV� WKH� FKDQJH� RI� VWRRO�
DSSHDUDQFH�XVLQJ�WKH�%ULVWRO�VWRRO�IRUP�VFDOH��%6)6��
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UHFRPPHQGHG� GLDJQRVWLF� FULWHULD� �5RPH� ,9��� IXQFWLRQDO�
FRQVWLSDWLRQ� LV� GH¿QHG� DV� DQ\� WZR� RI� WKH� IROORZLQJ�
IHDWXUHV�� VWUDLQLQJ�� OXPS\� KDUG� VWRROV�� VHQVDWLRQ� RI�
LQFRPSOHWH� HYDFXDWLRQ�� XVH� RI� GLJLWDO�PDQHXYHUV�� VHQVD�
WLRQ� RI� DQRUHFWDO� REVWUXFWLRQ� RU� EORFNDJH� ZLWK� ���� RI�
ERZHO� PRYHPHQWV�� DQG� GHFUHDVHG� VWRRO� IUHTXHQF\�� WKH�
PHDQ� OHVV� WKDQ� WKUHH� ERZHO� PRYHPHQWV� ZHHNO\�� 7KH�
GLDJQRVLV� VKRXOG� EH� EDVHG� XSRQ� WKH� SUHVHQFH� RI� WKH�
IROORZLQJ� IRU� DW� OHDVW� WKUHH� PRQWKV� ZLWK� V\PSWRP�
RQVHW� DW� OHDVW� VL[�PRQWKV� EHIRUH� GLDJQRVLV��

,QFLGHQFH� DQG� SUHYDOHQFH� RI� FRQVWLSDWLRQ� KDV� EHHQ�
UHSRUWHG� WR� EH� KLJKHU� LQ� FKURQLF� NLGQH\� GLVHDVH� �&.'��
SDUWLFXODULW\� LQ� WKH� DGYDQFHG� VWDJH� DQG� GLDO\VLV� WKDQ� WKH�
JHQHUDO�SRSXODWLRQ��RI���� WR������±�� &OLQLFDO� LPSDFWV�RI�
FRQVWLSDWLRQ� KDYH� EHHQ� DVVRFLDWHG� ZLWK� KLJKHU� ULVN� RI�
SRRU� TXDOLW\� RI� OLIH��PDOQXWULWLRQ�� LVFKHPLF� VWURNH�� LQFL�
GHQW� &.'� DQG� HQG� VWDJH� UHQDO� GLVHDVH� �(65'��� FDUGLR�
YDVFXODU� HYHQW� DQG� DOO�FDXVH� PRUWDOLW\��±��� 0RUHRYHU��
FRQVWLSDWLRQ� ZDV� UHODWHG� WR� KLJKHU� OHYHOV� RI� XUHPLF�
LQWHVWLQDO� WR[LQ� DPRQJ� SDWLHQWV� ZLWK� QRQGLDO\VLV�
&.'���� 0DQ\� IDFWRUV� FRQWULEXWH� WR� FRQVWLSDWLRQ� LQ�
&.'� VXFK� DV� ORZ� ¿EHU� GLHW�� ORZ� ÀXLG� LQWDNH�� SRRU� JXW�
PRELOLW\�� ODFN� RI� H[HUFLVH�� DQ[LHW\�� SK\VLFDO� LQDFWLYLW\��
XUHPLD�� DOWHUHG� JXW� PLFURELRWD�� XQGHUO\LQJ� GLVHDVH�� GLD�
EHWHV� DQG� PHGLFDWLRQV� VXFK� DV� SKRVSKDWH� ELQGHUV� DQG�
RUDO� LURQ� VXSSOHPHQW������

,Q�JHQHUDO��PDQDJLQJ�FRQVWLSDWLRQ�LQFOXGHV�SDWLHQW�HGX�
FDWLRQ�� GLHWDU\� FKDQJHV�� EXON�IRUPLQJ� OD[DWLYHV�� RVPRWLF�
OD[DWLYHV�� VWLPXODQWV�� VWRRO� VRIWHQHUV� DQG� OXEULFDQWV�� RU�
HQHPDV���� 2VPRWLF� DJHQWV�� ODFWXORVH� LV� D� V\QWKHWLF� GLVDF�
FKDULGH�� DQG� LV� QRW� PHWDEROL]HG� E\� LQWHVWLQDO� HQ]\PHV��
7KXV�� ZDWHU� DQG� HOHFWURO\WHV� UHPDLQ� ZLWKLQ� WKH� LQWHVWLQDO�
OXPHQ� GXH� WR� WKH� RVPRWLF� HIIHFW� RI� XQGLJHVWHG� VXJDU��
GHFUHDVLQJ� QLWURJHQ� ZDVWH� SURGXFWV� DPRQJ� SDWLHQWV� ZLWK�
&.'���� 6WLPXODQW� OD[DWLYHV�� VHQQD� LQFUHDVHV� LQWHVWLQDO�
PRWRU�DFWLYLW\�DQG�DOWHUV�HOHFWURO\WH�WUDQVSRUW�LQ�WKH�LQWHVW�
LQDO� PXFRVD���� &RPELQDWLRQ� RI� EXON� OD[DWLYH� DQG� VHQQD�
VHHP� WR� EH� PRUH� HI¿FLHQW� LQ� WUHDWLQJ� FRQVWLSDWLRQ� ZKHQ�
FRPSDUHG�ZLWK� VLQJOH� DJHQW������� $� SDXFLW\� RI� WULDOV� KDYH�
EHHQ�FRQGXFWHG�IRU�PDQ\�FRPPRQO\�XVHG�DJHQWV�LQFOXGLQJ�
ODFWXORVH�� VHQQD�� DQG� VWRRO� VRIWHQHUV� HVSHFLDOO\� DPRQJ�
SDWLHQWV�ZLWK�&.'����0DQ\�SDWLHQWV�ZLWK�&.'�ZLWK�FRQ�
VWLSDWLRQ� DUH� QRW� VDWLV¿HG� ZLWK� WUHDWPHQW� EHFDXVH� RI� WKH�
ODFN�RI�HI¿FDF\��7R�GDWH��FOLQLFDO�WULDO�DQG�SXEOLVKHG�OLWHUD�
WXUH� IRU� WKH� PDQDJHPHQW� RI� FRQVWLSDWLRQ� LQ� SUH�GLDO\VLV�
SDWLHQWV� ZLWK� &.'� LV� VFDUFH�� 2XU� VWXG\� LQYHVWLJDWHG� WKH�
HI¿FDF\�RI�ODFWXORVH�DQG�VHQQD�SOXV�LVSDJKXOD�KXVN�LQ�SUH��
GLDO\VLV�&.'�ZLWK�FRQVWLSDWLRQ�

0HWKRGV
6WXG\�3RSXODWLRQ
7KH�VWXG\�ZDV�FRQGXFWHG�DPRQJ�SUH�GLDO\VLV�SDWLHQWV�ZLWK�
&.'� ZLWK� FRQVWLSDWLRQ� ZKR� ZHUH� IROORZHG� XS� DW�
3KUDPRQJNXWNODR� +RVSLWDO�� %DQJNRN�� 7KDLODQG�� IURP�
)HEUXDU\� WR�-DQXDU\�������7KH�LQFOXVLRQ�FULWHULD� LQFOXGHG�
DJHG�����\HDUV�DQG�SDWLHQWV�ZLWK�&.'�VWDJHV���DQG���ZLWK�
QRQ�GLDO\VLV� UHFHLYLQJ� D� GLDJQRVLV� RI� FRQVWLSDWLRQ� XVLQJ�
520(� ,9� FULWHULD� DQG� SURYLGLQJ� LQIRUPHG� FRQVHQW�� 7KH�
H[FOXVLRQ� FULWHULD� LQFOXGHG� KLVWRU\� RI� DEGRPLQDO� VXUJHU\��
JXW�REVWUXFWLRQ��SUHJQDQF\��SDWLHQWV�ZLWK�(65'�RQ�GLDO\�
VLV��KLVWRU\�RI�ODFWXORVH��VHQQD��¿EHU�DOOHUJ\��DQG�KLVWRU\�RI�
EXOLPLD� DQG� DQRUH[LD�� 'LVFRQWLQXDWLRQ� FULWHULD� LQFOXGHG�
XQZLOOLQJQHVV�WR�FRQWLQXH�WKH�VWXG\��LQWROHUDEOH�VLGH�HIIHFWV�
RU� DOOHUJ\�� $Q\� PHGLFDWLRQ� ZLWK� SUHVXPHG� DQWL��
FRQVWLSDWLRQ� HIIHFWV� ZDV� GLVFRQWLQXHG� RQH� ZHHN� EHIRUH�
WKH�VWXG\�

6WXG\�'HVLJQ
7KLV� VLQJOH� FHQWHU�� RSHQ�ODEHO�� UDQGRPL]HG� FRQWUROOHG��
FURVV�RYHU� VWXG\� ZDV� FRQGXFWHG� LQ� 3KUDPRQJNXWNODR�
+RVSLWDO� EHWZHHQ� )HEUXDU\� ����� DQG� -DQXDU\� ������ 7KH�
VWXG\� SURWRFRO� ZDV� DSSURYHG� E\� RXU� KRVSLWDO� +XPDQ�
5HVHDUFK� (WKLFV� &RPPLWWHH�� :ULWWHQ� LQIRUPHG� FRQVHQW�
ZDV� REWDLQHG� IURP� DOO� HOLJLEOH� VXEMHFWV�� 7KH� VWXG\� ZDV�
GLYLGHG� LQ� WZR� SKDVHV�� WKH� LQLWLDO� DQG� WKH� FURVVHG� SKDVH��
(DFK�SKDVH�LQFOXGHG�D�RQH�ZHHN�ZDVKRXW�DQG�D�WZR�ZHHN�
WUHDWPHQW�SHULRG�

5DQGRPL]DWLRQ�DQG�,QWHUYHQWLRQ
$IWHU�VFUHHQLQJ�DQG�WKH�WZR�ZHHN�ZDVKRXW�SHULRG��SDWLHQWV�
ZHUH� UDQGRPO\� DVVLJQHG� WR� ODFWXORVH� GDLO\� RU� FRPELQHG�
LVSDJKXOD� KXVN� DQG� VHQQD� GDLO\� IRU� WZR� ZHHNV� DQG� WKHQ�
RQH� ZHHN� RI� ZDVKRXW� DQG� WZR� ZHHNV� RI� FURVVRYHU� LQ�
D� GRXEOH�EOLQG� IDVKLRQ�� DV� LOOXVWUDWHG� LQ�)LJXUH� ���5DQGRP�
DOORFDWLRQ�VRIWZDUH�ZDV�XVHG�IRU� UDQGRPL]DWLRQ�E\�D�EORFN�
VL]H� RI� IRXU�� 2QH� JURXS� UHFHLYHG� ODFWXORVH� V\UXS� ��� P/�
SHU�GD\�FRQWDLQLQJ����J�ODFWXORVH��6HFRQG�JURXS�UHFHLYHG���
VDFKHW�RI�LVSDJKXOD�KXVN�ZLWK�DW�OHDVW�����P/�ZDWHU�DQG���
WDEOHWV�RI�VHQQD�GDLO\�GRVH��(DFK�VDFKHW����JP��RI�LVSDJKXOD�
KXVN�FRQWDLQHG� LVSDJKXOD�KXVN������JP�DQG�HDFK� WDEOHW�RI�
VHQQD� FRQWDLQHG� VHQQRVLGH� %� ���� PJ�� 7KH� UHVHDUFKHU� YHU�
L¿HG� FRQVLVWHQW� LQWDNH�E\� DVNLQJ� IRU� WKH� UHPDLQLQJ� VDFKHWV�
RU�WDEOHWV�DQG�IROORZHG�XS�WKH�VLGH�HIIHFWV�

7KH�SDWLHQWV�ZHUH� DVNHG� WR� UHFRUG� WKH� FRPSOHWH� VSRQ�
WDQHRXV�ERZHO�PRYHPHQW��&6%0���DVVHVVHG�XVLQJ�D�VWRRO�
GLDU\�DIWHU� HDFK� OD[DWLYH�RQFH�ZHHNO\�DQG�KLVWRU\�FKDQJH�
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RI� VWRRO� DSSHDUDQFH� XVLQJ� WKH� %ULVWRO� VWRRO� IRUP� VFDOH�
�%6)6�� W\SH� ��� 7\SH� ,�� VHSDUDWH� KDUG� OXPSV�� OLNH� QXWV�
�KDUG� WR� SDVV��� 7\SH� ��� VDXVDJH�VKDSHG� EXW� OXPS\�� 7\SH�
��� OLNH� D� VDXVDJH� EXW�ZLWK� FUDFNV� RQ� LWV� VXUIDFH�� 7\SH� ���
OLNH� D� VDXVDJH� RU� VQDNH�� VPRRWK� DQG� VRIW�� 7\SH� ��� VRIW�
EOREV�ZLWK� FOHDU�FXW� HGJHV� �SDVVHG� HDVLO\���7\SH� ���ÀXII\�
SLHFHV� ZLWK� UDJJHG� HGJHV�� D� PXVK\� VWRRO�� DQG� 7\SH� ���
ZDWHU\�� QR� VROLG� SLHFHV�� HQWLUHO\� OLTXLG����� 7KH� ZHHNO\�
&6%0� DQG� %6)6� RI� SDWLHQWV� ZHUH� FROOHFWHG� IRU� HDFK�
SHULRG� RI� WKH� VWXG\�� 5HFWDO� HQHPDV� ZHUH� LQGLFDWHG� LQ�
SDWLHQWV� ZLWK� IHFDO� LPSDFWLRQ� RU� QR� FOLQLFDO� UHVSRQVH� WR�
WUHDWPHQW�IRU����KRXUV�

2XWFRPH�0HDVXUHPHQWV
7KH� SULPDU\� RXWFRPH� ZDV� &6%0� ZHHNO\� DVVHVVHG� XVLQJ�
D�VWRRO�GLDU\�DIWHU�HDFK�OD[DWLYH��6HFRQGDU\�RXWFRPH�PHDVXUH�
ZDV� WKH� FKDQJH� RI� VWRRO� DSSHDUDQFH� E\� %6)6� DQG� DGYHUVH�
HYHQW�

6WDWLVWLFDO�$QDO\VLV
1XPHULFDO� GDWD� ZHUH� H[SUHVVHG� DV� WKH� PHDQ� �� VWDQGDUG�
GHYLDWLRQ��6'��IRU�QRUPDOO\�GLVWULEXWHG�GDWD��DQG�FDWHJRULFDO�
GDWD� ZHUH� H[SUHVVHG� DV� D� FRXQW� ZLWK� QXPEHU� �1�� DQG�
D�SHUFHQWDJH������&RPSDULVRQV�ZHUH�PDGH�XVLQJ�WKH�SDLUHG�

W�WHVW�IRU�FRQWLQXRXV�YDULDEOHV�ZLWKLQ�WKH�JURXS�DQG�6WXGHQW¶V�
W�WHVW� IRU�FRQWLQXRXV�YDULDEOHV�EHWZHHQ�JURXSV��$OO� WHVWV�RI�
VWDWLVWLFDO�VLJQL¿FDQFH�ZHUH�WZR�WDLOHG��D�VLJQL¿FDQFH�GLIIHU�
HQFH�ZDV�QRWHG�ZKHQ�WKH�3�YDOXH�ZDV�OHVV�WKDQ�������'DWD�
DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6366�IRU�:LQGRZV��9HUVLRQ�
����6366��&KLFDJR��,/��86$�

5HVXOWV
3DWLHQW�&KDUDFWHULVWLFV
$�WRWDO�RI����QRQ�GLDO\VLV�SDWLHQWV�ZLWK�&.'�ZHUH�VFUHHQHG��
���PHW�WKH�LQFOXVLRQ�FULWHULD�DQG����ZHUH�ZLOOLQJ�WR�SDUWLFL�
SDWH��,Q�DOO�����SDWLHQWV�FRPSOHWHG�WKH�FURVV�RYHU�VWXG\�DQG�
ZHUH� LQFOXGHG� LQ� WKH�¿QDO�DQDO\VLV�DV�RXWOLQHG� LQ�)LJXUH����
2YHUDOO��������ZHUH�PHQ��ZLWK�D�PHDQ�DJH�RI�WKH�SDWLHQWV�RI�
���������� \HDUV�� DQG� D� PHDQ� ERG\� PDVV� LQGH[� RI� �����
����� NJ�P��� $� WRWDO� RI� ������ DQG� ������ RI� SDWLHQWV� SUH�
VHQWHG�&.'�VWDJH���DQG�&.'�VWDJH����UHVSHFWLYHO\��2YHUDOO�
PHGLFDWLRQV� ZKLFK� PLJKW� KDYH� LQYROYHG� JDVWURLQWHVWLQDO�
V\PSWRPV�ZHUH� IHUURXV� VXSSOHPHQW�� ������ DQG� SKRVSKDWH�
ELQGHUV���������3DWLHQW�FKDUDFWHULVWLFV�DUH�VKRZQ�LQ�7DEOH���

2XWFRPHV�RI�7UHDWPHQW
7KH�PHDQ�&6%0�EHIRUH�WKH�WUHDWPHQW�ZDV���������WLPHV��
ZHHN� �UDQJH�� �� WR� ���� $IWHU� ODFWXORVH� DQG� VHQQD� SOXV�

)LJXUH���6WXG\�SURWRFRO�
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LVSDJKXOD� KXVN� DGPLQLVWUDWLRQ�� WKH� &6%0� VLJQL¿FDQWO\�
LQFUHDVHG� WR� �������� �UDQJH�� �� WR� ��� WLPHV�ZHHN� �3 �
������� DQG� �������� �UDQJH�� �� WR� ���� WLPHV�ZHHN� �3 �
�������� UHVSHFWLYHO\� ZKHQ� FRPSDUHG� ZLWK� EDVHOLQH��
3ULPDU\� RXWFRPH� RI� WKH� VWXG\� ZDV� GLIIHUHQFHV� LQ� PHDQ�
&6%0� FKDQJH� EHWZHHQ� WZR� JURXSV� DW� WKH� HQG� RI� WKH�
VWXG\�� 1R� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� IRXQG�
LQ�PHDQ�FKDQJH�EHWZHHQ�JURXSV����������&,������WR�������
LQ�WKH�ODFWXORVH�JURXS�YHUVXV����������&,������WR�������LQ�
WKH�FRPELQHG�VHQQD�DQG�LVSDJKXOD�KXVN�JURXS��3 ��������
�7DEOH����

7KH� PHDQ� FKDQJH� RI� VWRRO� DSSHDUDQFH� E\� %6)6� DW�
EDVHOLQH� ZDV� ��������� $IWHU� ODFWXORVH� DQG� VHQQD� SOXV�

LVSDJKXOD� KXVN� DGPLQLVWUDWLRQ�� WKH� %6)6� VLJQL¿FDQWO\�
LQFUHDVHG� WR� �������� �3 � ������� DQG� �������� �3 � ��������
UHVSHFWLYHO\�ZKHQ�FRPSDUHG�ZLWK�EDVHOLQH��6HFRQGDU\�RXW�
FRPH� RI� VWXG\� ZDV� GLIIHUHQFHV� LQ� PHDQ� %6)6� FKDQJH�
EHWZHHQ� WKH� WZR� JURXSV� DW� WKH� HQG� RI� WKH� VWXG\�� 1R�
VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� IRXQG� LQ� PHDQ�
FKDQJH�EHWZHHQ�JURXSV�����������&,������ WR������� LQ� WKH�
ODFWXORVH� JURXS� YHUVXV� ���� ����� &,� ����� WR� ������ LQ� WKH�
FRPELQHG� VHQQD� DQG� LVSDJKXOD� KXVN� JURXS� �3 � �������
�7DEOH�����'XULQJ� WKH�VWXG\��QXPEHU�RI� UHFWDO�HQHPD�VXS�
SOHPHQWV�ZDV�VLPLODU�LQ�ERWK�JURXSV�

$GYHUVH�(YHQW
1R� DGYHUVH� HYHQWV� ZHUH� REVHUYHG� LQFOXGLQJ� DFXWH� NLGQH\�
LQMXU\�DQG�HOHFWURO\WH�GLVWXUEDQFHV�LQ�WKH�VHQQD�DQG�LVSDJKXOD�
KXVN� JURXS� GXULQJ� WKH� VWXG\� SHULRG�� +RZHYHU�� RQH� SDWLHQW�
H[SHULHQFHG�PLOG�DEGRPLQDO�GLVFRPIRUW�GXULQJ�WKH�ODFWXORVH�
WUHDWPHQW�SHULRG��1RQH�RI� WKH�SDWLHQWV�ZHUH� IRUFHG� WR�GURS�
RXW�RI�WKH�VWXG\�GXH�WR�DGYHUVH�HIIHFWV�IURP�WUHDWPHQW�

'LVFXVVLRQ
7KH�¿UVW� UDQGRPL]HG�FRQWUROOHG� WULDO� LQYHVWLJDWHG� WKH�HI¿�
FDF\� RI� ODFWXORVH� YHUVXV� FRPELQHG� VHQQD� DQG� LVSDJKXOD�
KXVN� LQ� SUH�GLDO\VLV� &.'� ZLWK� FRQVWLSDWLRQ�� $W� WZR�
ZHHNV� RI� WUHDWPHQW�� ERWK� JURXSV� LQFUHDVHG� &6%0� DQG�
WKH� FKDQJH� RI� VWRRO� DSSHDUDQFH� E\� %6)6� FRPSDUHG�ZLWK�
EDVHOLQH�� 1R� VLJQL¿FDQW� DGYHUVH� HYHQWV� ZHUH� REVHUYHG�
EHWZHHQ�LVSDJKXOD�KXVN�SOXV�VHQQD�DQG�ODFWXORVH�JURXSV�

7DEOH���%DVHOLQH�&KDUDFWHULVWLFV

&KDUDFWHULVWLFV 7RWDO��1 ����

0DOH��1���� ���������
$JH��\HDUV ���������

%RG\�PDVV�LQGH[��NJ�P�� ��������

&KURQLF�NLGQH\�GLVHDVH�VWDJH����1���� ���������
&KURQLF�NLGQH\�GLVHDVH�VWDJH����1���� ��������

'LDEHWLF�PHOOLWXV��1���� ���������

+\SHUWHQVLRQ��1���� ���������
'\VOLSLGHPLD��1���� ���������

,VFKHPLF�KHDUW�GLVHDVH��1���� ��������
3KRVSKDWH�ELQGHUV��1���� ��������

)HUURXV��1���� ��������

&DOFLXP�FKDQQHO�EORFNHUV��1���� ���������

1RWH��'DWD�LQ�WKH�WDEOH�DUH�VKRZQ�ZLWK�PHDQ���VWDQGDUG�GHYLDWLRQ�DQG�SHUFHQWDJH�

7DEOH���2XWFRPHV�%HWZHHQ�7ZR�*URXSV

3DUDPHWHUV /DFWXORVH��1� ���� 6HQQD�ZLWK�,VSDJKXOD�+XVN��1� ���� 0HDQ�&KDQJH�
'LIIHUHQFHV�ZLWK�
����&,�%HWZHHQ�

*URXSV

%DVHOLQH $W���
:HHNV

0HDQ�&KDQJH�ZLWK�
����&,

%DVHOLQH $W���
:HHNV

0HDQ�&KDQJH�ZLWK�
����&,

&6%0��WLPH�ZHHN� ������� ������� ����������WR�������
 ������� ������� ����������WR�������
 �����í�����WR������
%)6) ������� ������� ����������WR�������
 ������� ������� ����������WR�������
 �����í�����WR������
5HFWDO�HQHPD��WLPH��

ZHHN�

������� ������� �����í�����WR������ ������� ������� �����í�����WR������ �����í�����WR������

H*)5��P/�PLQ������P�� �������� �������� �����í�����WR������ �������� �������� í�����í�����WR������ �����í�����WR������
6RGLXP��P(T�/� ��������� ��������� í�����í�����WR������ ��������� ��������� �����í�����WR������ í�����í�����WR������
3RWDVVLXP��P(T�/� ������� ������� ���í�����WR������ ������� ������� ���í�����WR������ í�����í�����WR������
&KORULGH��P(T�/� �������� �������� �����í�����WR������ �������� �������� í�����í�����WR������ �����í�����WR������
%LFDUERQDWH��P(T�/� �������� �������� �����í�����WR������ �������� �������� �����í�����WR������ í�����í�����WR������
3KRVSKDWH��PJ�G/� ������� ������� í�����í�����WR������ ������� ������� í�����í�����WR������ �����í�����WR������
&DOFLXP��PJ�G/� ������� ������� í�����í�����WR������ ������� ������� í�����í�����WR������ �����í�����WR������
0DJQHVLXP��PJ�G/� ������� ������� ���í�����WR������ ������� ������� ���í�����WR����� ������í�����WR������

1RWHV��'DWD�LQ�WKH�WDEOH�DUH�VKRZQ�ZLWK�PHDQ���VWDQGDUG�GHYLDWLRQ�DQG�PHDQ�FKDQJH�ZLWK�����&RQÀGHQFH�LQWHUYDO��&,���
3�������
$EEUHYLDWLRQV��%6)6��FKDQJH�RI�VWRRO�DSSHDUDQFH�XVLQJ�WKH�%ULVWRO�VWRRO�IRUP�VFDOH��&6%0��&RPSOHWH�VSRQWDQHRXV�ERZHO�PRYHPHQW��H*)5��HVWLPDWHG�JORPHUXODU�ÀOWUDWLRQ�
UDWH�
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&RQVWLSDWLRQ� LV� D� IUHTXHQW� GLVRUGHU� DPRQJ� SDWLHQWV�
ZLWK� &.'� DQG� WKH� XVH� RI� OD[DWLYHV� LQFUHDVHG� DPRQJ�
SDWLHQWV� ZLWK� DGYDQFHG� &.'� WUDQVLWLRQLQJ� WR� GLDO\VLV����

3KDUPDFRORJLF� LQWHUYHQWLRQV� RIWHQ� DUH� UHTXLUHG� WR� PDQ�
DJH� FRQVWLSDWLRQ� DPRQJ� SDWLHQWV� ZLWK� &.'���� 6HYHUDO�
VWXGLHV� KDYH� EHHQ� XQGHUWDNHQ� WR� HYDOXDWH� DQG� GHWHUPLQH�
WKH�SKDUPDFRORJLF� LQWHUYHQWLRQV� LQFOXGLQJ�RVPRWLF� OD[D�
WLYHV�� VWLPXODQWV�� DQG� VWRRO� VRIWHQHUV� WR� LPSURYH� FRQVWL�
SDWLRQ� LQ� WKH� JHQHUDO� SRSXODWLRQ������� 3V\OOLXP� OD[DWLYH�
ZLWK� VHQQD� LQFUHDVHG� GHIHFDWLRQ� IUHTXHQF\� DQG� VWRRO�
PRLVWXUH���� $GGLWLRQDOO\��VHQQD�¿EHU�FRPELQDWLRQ�VLJQLI�
LFDQWO\� LQFUHDVHG�PRUH� IUHTXHQW�ERZHO�KDELWV� WKDQ� ODFWX�
ORVH�LQ�WUHDWLQJ�FRQVWLSDWLRQ�LQ�ORQJ�VWD\�HOGHUO\�SDWLHQWV��
1HYHUWKHOHVV�� ERWK� WUHDWPHQWV� ZHUH� ZHOO� WROHUDWHG� IRU�
FKURQLF� FRQVWLSDWLRQ������� +RZHYHU�� WKH� HYLGHQFH� EDVH�
UHPDLQV�OLPLWHG�DQG�SRWHQWLDO�LQWHUYHQWLRQV�VXFK�DV�PHG�
LFDWLRQV� DQG� GLHW� DUH� UHTXLUHG� LQ� IXWXUH� UHVHDUFK� LQ�
DGYDQFHG�&.'��)HZ�VWXGLHV�KDYH�HYDOXDWHG�WKH�SKDUPD�
FRORJLF� LQWHUYHQWLRQV� IRU� FRQVWLSDWLRQ� LQ� DGYDQFHG�&.'�
SRSXODWLRQV�� 2XU� VWXG\� LQGLFDWHG� WKDW� ERWK� LQWHUYHQWLRQ�
RI� LVSDJKXOD� KXVN� SOXV� VHQQD� DQG� ODFWXORVH� DSSHDUHG� WR�
EH�HIIHFWLYH�� UHVXOWLQJ� LQ� LQFUHDVHG� VWRRO�GLDU\� VFRUH�DQG�
VWRRO� DSSHDUDQFH� VFRUH� E\� &6%0� DQG� %6)6�� UHVSHF�
WLYHO\�� 7KH� UHVXOW� ZDV� VLPLODU� WR� RQH� VWXG\� UHSRUWLQJ�
WKDW� WKH� OD[DWLYH� GRVH� DSSHDUHG� WR� GHFUHDVH� LQ� D� KLJK�
¿EHU�XVH�JURXS�ZLWKRXW� DIIHFWLQJ�ELRFKHPLVWU\� LQ�(65'�
RQ� SHULWRQHDO� GLDO\VLV���� 7KH� GLVFUHSDQFLHV� PD\� KDYH�
EHHQ�GXH�WR�GLIIHUHQFHV�LQ�EDVHOLQH�FKDUDFWHULVWLFV��SDWKR�
SK\VLRORJ\�RI�FRQVWLSDWLRQ��YDULRXV�HWLRORJLFDO�IDFWRUV�RI�
FRQVWLSDWLRQ�� GXUDWLRQ� RI� WKH� VWXG\� DQG� FRPRUELG�
LOOQHVV���

2XU� VWXG\� VKRZHG� WKDW� LVSDJKXOD� KXVN� SOXV� VHQQD� DQG�
ODFWXORVH� LPSURYHG� FRQVWLSDWLRQ� ZLWKRXW� VHULRXV� DGYHUVH�
HYHQWV� DW� WZR� ZHHNV�� 6LPLODUO\�� DGYHUVH� HIIHFWV� ZHUH� QR�
GLIIHUHQW� IRU� VHQQD�¿EHU� FRPELQDWLRQV� RU� ODFWXORVH� ZLWK�
PDWFKLQJ�SODFHER�IRU� WZR�ZHHNV�DQG�ERWK� WUHDWPHQWV�ZHUH�
HIIHFWLYH� IRU� FKURQLF� FRQVWLSDWLRQ� DPRQJ� ORQJ� VWD\� HOGHUO\�
SDWLHQWV���� 6\VWHPDWLF� UHYLHZ� DQG�PHWD�DQDO\VLV� FRQ¿UPHG�
WKH� HIIHFWLYHQHVV� RI� OD[DWLYHV� WKHUDSLHV� DQG� IHZ� DGYHUVH�
HIIHFWV�LQ�D�JHQHUDO�SRSXODWLRQ�ZLWK�FKURQLF�FRQVWLSDWLRQ����

0RUHRYHU��QR�VHULRXV� UHQDO�HYHQWV�RU�HOHFWURO\WH�DEQRUPDO�
LWLHV�RFFXUUHG�UHTXLULQJ�LQWHUYHQWLRQ�LQ�RXU�VWXG\��7KH�XVH�RI�
FRPELQDWLRQV�RI�OD[DWLYHV�LV�FRPPRQO\�HQFRXQWHUHG�LQ�SUDF�
WLFH�ZKHQ�D�VLQJOH�DJHQW�LV�LQHIIHFWLYH��+RZHYHU��RXU�VWXG\�
VXSSRUWHG� WKDW� FRPELQHG� VHQQD� ZLWK� LVSDJKXOD� KXVN� ZDV�
VLPLODUO\� HIIHFWLYH� WR� ODFWXORVH� DPRQJ� SDWLHQWV�ZLWK�&.'��
7KHUHIRUH�� LQ� &.'� SDWLHQWV� ZLWK� FRQWLQXHG� FRPSODLQWV� RI�
FRQVWLSDWLRQ�� GHVSLWH� WKH� XVH� RI� D� VLQJOH� OD[DWLYH�� IXUWKHU�

LQWHUYHQWLRQ� DQG� LQYHVWLJDWLRQ� XVLQJ� VWXGLHV� RI� DQRUHFWDO�
IXQFWLRQ�DQG�FRORQLF�WUDQVLW�VKRXOG�EH�FRQVLGHUHG�

7KH�VWXG\�HQFRXQWHUHG�VHYHUDO�OLPLWDWLRQV��7KH�SUHVHQW�
VWXG\�ZDV�OLPLWHG�E\�WKH�VKRUW�GXUDWLRQ�RI�IROORZ�XS�ZLWK�
RXW�DSSDUHQW�WUHDWPHQW�UHODWHG�VDIHW\�DQG�EHQH¿WV�LQ�TXDO�
LW\� RI� OLIH� DQG� ORQJ� WHUP� RXWFRPHV� DPRQJ� DGYDQFHG�
SDWLHQWV�ZLWK�&.'�DW�D�WHUWLDU\�FDUH�FHQWHU��)XWXUH�UHVHDUFK�
LV�QHHGHG� WR� H[DPLQH� WKH� HIIHFWLYHQHVV�RI� WUHDWLQJ�FRQVWL�
SDWLRQ�FRQFHUQLQJ�KDUG�FOLQLFDO�RXWFRPHV�LQFOXGLQJ�FDUGL�
RYDVFXODU� HYHQWV� DQG� PRUWDOLW\�� 6HFRQG�� ZH� GLG� QRW�
PHDVXUH�FKDQJH�LQ�XUHPLF�WR[LQV�GXULQJ�WUHDWPHQW�RI�FRQ�
VWLSDWLRQ�ZLWK�ODFWXORVH�RU�VHQQD�ZLWK�LVSDJKXOD�KXVN��2QH�
VWXG\� LQGLFDWHG� WKDW� ODFWXORVH� UHGXFHG� XUHD� HIIHFWV� DQG�
LPSURYHG� %L¿GREDFWHULD� DQG� /DFWREDFLOOL� FRXQWV� DPRQJ�
SDWLHQWV� ZLWK� &.'���� $OWHUDWLRQV� RI� JXW� PLFURELRWD� LQ�
&.'� ZLWK� GHFOLQLQJ� NLGQH\� IXQFWLRQ� PD\� SURYLGH� QRYHO�
FOLQLFDO�LPSOLFDWLRQV�RI�WUHDWLQJ�FRQVWLSDWLRQ�LQ�&.'�

&RQFOXVLRQ
/DFWXORVH� DQG� FRPELQHG� VHQQD� ZLWK� LVSDJKXOD� KXVN�
UHYHDOHG� QR� GLIIHUHQFH� LQ� HI¿FDF\� WR� WUHDW� FRQVWLSDWLRQ�
DPRQJ� SUH�GLDO\VLV� SDWLHQWV� ZLWK� &.'�� VXJJHVWLQJ� WKDW�
LQGLYLGXDO�LQWHUYHQWLRQ�PLJKW�EH�UHTXLUHG�WR�LPSURYH�FRQ�
VWLSDWLRQ�DPRQJ�SDWLHQWV�ZLWK�&.'��1R�VLJQL¿FDQW�DGYHUVH�
UHDFWLRQV�ZHUH� REVHUYHG� LQ� WKH� VHQQD� DQG� LVSDJKXOD� KXVN�
JURXS�GXULQJ�WKH�VWXG\�SHULRG�

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

(WKLFV�$SSURYDO�DQG�&RQVHQW�WR�
3DUWLFLSDWH
7KLV� VWXG\� IROORZHG� WKH� JXLGHOLQHV� RI� WKH� 'HFODUDWLRQ� RI�
+HOVLQNL�DQG�ZDV�DSSURYHG�E\�WKH�(WKLFV�&RPPLWWHH�RI�WKH�
,QVWLWXWH� 5HYLHZ� %RDUG� RI� WKH� 3KUDPRQJNXWNODR� KRVSLWDO�
DQG� &ROOHJH� RI� 0HGLFLQH�� 5R\DO� 7KDL� $UP\� 0HGLFDO�
'HSDUWPHQW��$OO�SDWLHQWV�JDYH�ZULWWHQ�LQIRUPHG�FRQVHQW�

$FNQRZOHGJPHQWV
7KH� DXWKRUV� ZLVK� WR� WKDQN� WKH� VWDII� LQ� WKH� 'LYLVLRQ� RI�
1HSKURORJ\�� 'HSDUWPHQW� RI� 0HGLFLQH�� 3KUDPRQJNXWNODR�
+RVSLWDO�DQG�&ROOHJH�RI�0HGLFLQH��IRU� WKHLU�UHVHDUFK�FRQ�
WULEXWLRQV��7KH�DEVWUDFW�RI� WKLV�SDSHU�ZDV�SUHVHQWHG�DW� WKH�
��WK� $QQXDO� 0HHWLQJ� 5R\DO� &ROOHJH� RI� 3K\VLFLDQV� RI�
7KDLODQG�DV�D�SRVWHU�SUHVHQWDWLRQ�ZLWK�LQWHULP�¿QGLQJV�
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$XWKRU�&RQWULEXWLRQV
$OO� DXWKRUV� PDGH� VXEVWDQWLDO� FRQWULEXWLRQV� WR� FRQFHSWLRQ�
DQG�GHVLJQ��DFTXLVLWLRQ�RI�GDWD��RU�DQDO\VLV�DQG�LQWHUSUHWD�
WLRQ�RI�GDWD��WRRN�SDUW� LQ�GUDIWLQJ�WKH�DUWLFOH�RU�UHYLVLQJ�LW�
FULWLFDOO\�IRU�LPSRUWDQW�LQWHOOHFWXDO�FRQWHQW��DJUHHG�WR�VXE�
PLW� WR� WKH� FXUUHQW� MRXUQDO�� JDYH� ¿QDO� DSSURYDO� RI� WKH�
YHUVLRQ� WR� EH� SXEOLVKHG�� DQG� DJUHH� WR� EH� DFFRXQWDEOH� IRU�
DOO�DVSHFWV�RI�WKH�ZRUN�

)XQGLQJ
7KH� DXWKRUV� KDYH� QRW� GHFODUHG� D� VSHFL¿F� JUDQW� IRU� WKLV�
UHVHDUFK�IURP�DQ\�IXQGLQJ�DJHQF\�LQ�WKH�SXEOLF��FRPPHU�
FLDO�RU�QRQSUR¿W�VHFWRUV�

'LVFORVXUH
7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRPSHWLQJ�LQWHUHVWV�
LQ�WKLV�ZRUN�

5HIHUHQFHV
���6XDUHV� 1&�� )RUG� $&�� 3UHYDOHQFH� RI�� DQG� ULVN� IDFWRUV� IRU�� FKURQLF�
LGLRSDWKLF� FRQVWLSDWLRQ� LQ� WKH� FRPPXQLW\�� V\VWHPDWLF� UHYLHZ� DQG�
PHWD�DQDO\VLV��$P�-�*DVWURHQWHURO������������������±���TXL]��������
GRL���������DMJ���������

���+LJJLQV� 3'�� -RKDQVRQ� -)�� (SLGHPLRORJ\� RI� FRQVWLSDWLRQ� LQ� 1RUWK�
$PHULFD�� D� V\VWHPDWLF� UHYLHZ�� $P� -� *DVWURHQWHURO�� ��������
�������±�����GRL���������M����������������������[

���/RQJVWUHWK�*)��7KRPSVRQ�:*��&KH\�:'��+RXJKWRQ�/$��0HDULQ�)��
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