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&OHZHWW�HW�DO����������LI�ZH�QRZ�NQRZ�WKDW�DURXVDO�FDQ�EH�D�IHDWXUH�RI�LQWHUQDO�FRQWH[WXDO�VWDWH�DQG�WKHUHIRUH�LPSDFWV�KRZ�LQIRUPDWLRQ�LV�ELQGHG
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,Q�/HDO�HW�DO���������WKH\�PHQWLRQ�WKH�OLPLW�FRQFHUQLQJ�WKH�PHFKDQLVP�XQGHUO\LQJ�WKH�SURFHVV�RI�HPRWLRQDO�LQIRUPDWLRQ�E\�RQH�UHJLRQ
SUHIHUHQWLDOO\��:RXOG�\RX�KDYH�VRPH�K\SRWKHVHV�RQ�WKLV�PHFKDQLVP�"��)URP�GLIIHUHQW�WKHRULHV�RI�HPRWLRQ�IRU�H[DPSOH�
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&OHZHWW�HW�DO���������2XU�SXSLOHV�FRQWUDFWHG�LQ�UHVSRQVH�WR�OLJKW��VR�PD\EH�ZKHQ�D�SKRWR�LV�SUHVHQWHG�PRUH�OLJKW�FRPHV�WR�WKH�SXSLOH�DQG�LW
FRQWUDFWV��+DYH�WKH�DXWKRUV�FRQWUROOHG�IRU�WKLV�IDFW�RU�GLG�WKH\�WDNH�WKLV�LQWR�DFFRXQW�LQ�VRPH�ZD\"

�
&OHZHWW�HW�DO�����������,V�WKHUH�DQ\�RWKHU�FRPSRQHQW�DQDO\VLV�EHVLGH�3&$�WR�EH�SHUIRUPHG�IRU�SUHSURFHVVLQJ�SXSLO�GDWD"�+RZ�WR�FKRRVH�EHWZHHQ
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,�UHFHQWO\�OHDUQHG�WKDW�PHGLDWLRQ�DQG�PRGHUDWLRQ�DUH�GLIIHUHQW�DQG�DUH�DOVR�VWDWLVWLFDOO\�DQDO\]HG�GLIIHUHQWO\��.QRZLQJ�WKLV��FRXOG�\RX�SOHDVH
HODERUDWH�RQ�WKH�SKUDVH�LQ�/HDO�HW�DO���������(PRWLRQDO�DURXVDO��PHGLDWHG�E\�WKH�DP\JGDOD��LV
NQRZQ�WR�PRGXODWH�HSLVRGLF�PHPRULHV�VWRUHG�E\�WKH�KLSSRFDPSXV��D
UHJLRQ�LQYROYHG�LQ�SDWWHUQ�VHSDUDWLRQ��WKH�SURFHVV�E\�ZKLFK�VLPLODU
UHSUHVHQWDWLRQV�DUH�LQGHSHQGHQWO\�VWRUHG���"
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�� &OHZHWW��:KDW�LV�WKH�ORDGLQJ�LQ�3&$�DQDO\VLV"

��
/HDO��FRXOG�WKLV�PHFKDQLVP�EH�WDUJHWHG�WR�UHYHUVH�WKH�HPRWLRQDO�YDOHQFH�RI�PHPRULHV�HQFRGHG�E\�SHRSOH�ZLWK�GHSUHVVLRQ��KHOSLQJ�WR�DLG�WKHLU
UHFRYHU\"
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&OHZHWW�HW�DO����������ZK\�LV�WHPSRUDO�GLVWDQFLQJ�EHWZHHQ�PHPRULHV�VR�LPSRUWDQW"�DQG�KRZ�GRHV�HDUO\�SHDNLQJ�SXSLO�GLODWLRQ�GXULQJ�HYHQW
GLVWDQFLQJ�UHIOHFW�WKLV�LPSRUWDQFH"
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�� �/HDO�HW��DO����������:KDW�FRXOG�EH�RWKHU�VHQVRU\�UHJLRQ�WKDW�FDQ�SRWHQWLDOO\�LQYROYH�HYHQW�VHJPHQWDWLRQ�DV�OLNH�YLVXDO�FRUWH["�:K\�DQG�ZK\�QRW"
�� ,Q�&OHZHWW�HW�DO��������KRZ�GLG�WKH\�SHUIRUP�WKH�H\H�WUDFNLQJ�H[SHULPHQWV"

��
,I�WKH�DP\JGDOD¶V�LQYROYHPHQW�LQ�HPRWLRQDO�PRGXODWLRQ�LV�LQGHSHQGHQW�RI�PHPRU\�SHUIRUPDQFH��FRXOG�ZH�FRQFOXGH�WKDW�WKH�OLQN�EHWZHHQ
DP\JGDOD�DQG�KLSSRFDPSXV�LV�XQLGLUHFWLRQDO��IURP�DP\JGDOD�WR�KLSSRFDPSXV�RQO\��"
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&OHZHWW�HW�DO�
,Q�WKLV�SDSHU�WKH�OLQN�EHWZHHQ�PHPRU\�DQG�SXSLO�UHVSRQVHV�DUH�HYLGHQW�
,�ZRXOG�UHDOO\�OLNH�WR�NQRZ�ZK\�WKHVH�WZR�DUH�OLQNHG��(YROXWLRQDU\�VSHDNLQJ�ZK\�ZRXOG�WKHUH�D�OLQN�H[LVW��ZKDW�LV�WKH�EHQHILW"
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&OHZHWW�HW�DO���������,�WKLQN�,�KDYH�XQGHUVWRRG�WKDW�QHXURPRGXODWLRQ�KDV�D�YHU\�LPSRUWDQW�UROH�RQ�FRQWH[W�VWDELOLW\��ZK\�LW�LV�WKDW"�:KDW�UROH�KDYH
WKH�QHXURPRGXODWRUV�$FK�DQG�1(�UHODWHG�WR�PHPRU\"
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+RZ�WKH�XQGHUVWDQGLQJ�RI�SDWWHUQ�VHSDUDWLRQ�RI�HPRWLRQDO�,QIRUPDWLRQ�LV�LPSRUWDQW�WR�D�EHWWHU�XQGHUVWDQGLQJ�KRZ�WKH�PHPRU\�ZRUN�OLQN�ZLWK
HPRWLRQ�"��/��/HDO�������
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&OHZHWW�HW�DO��������
'RHV�SV\FKRWURSLF�GUXJV�WKDKW�LQGXFHV�SXSLO�GLODWDWLRQ��DOVR�LQGXFHV�HPRWLRQV�UHODWHG�WR�WKH�VL]H�RI�WKH�SXSLO�GLODWDWLRQ"
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,Q�/HDO�HW�DO���������VXWG\��WKH�XQGHUO\LQJ�PHFKDQLVP�RQ�KRZ�HPRWLRQDO�LQIRUPDWLRQ�LV�SURFHVVHG�SUHIHUHQWLDOO\�E\�RQH�UHJLRQ�YV�DQRWKHU�LV�VWLOO
XQNQRZQ��,I�WKHUH�ZDV�D�ZD\�WR�WHVW�WKLV��ZKDW�ZRXOG�EH�WKH�SURFHGXUH�DQG�PHWKRGROJ\�"
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�� &OHZHWW��FRXOG�D�SKDUPDFRORJLFDOO\�LQGXFHG�DURXVDO�EH�XVHG�DV�D�PHPRU\�HQKDQFHU�ZKHQ�\RX�ZDQW�WR�OHDUQ�VRPHWKLQJ"

��
/HDO�HW�DO����������+RZ�ZK\�GLG�WKLV�VWXG\�JURXS�WRJHWKHU�WKH�DUHDV�'*�DQG�&$�"�DQG�ZKDW�ZDV�WKH�LPSRUWDQFH�RI�VWXG\LQJ�WKHVH�DUHDV�LQ�WKH
FRQWH[W�RI�SURFHVVLQJ�HPRWLRQDO�LQIRUPDWLRQ"

�� /HDO�HW�DO���8VLQJ�D�PXFK�ELJJHU�VDPSOH�VL]H��KRZ�FRXOG�JHQGHU�GLIIHUHQFHV�ORRN�OLNH"
�� 1$
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,Q�/HDO�HW�DO��������GR�\RX�WKLQN�WKH�VDPSOH�VL]HV�WKH\�XVHG�DUH�DFWXDOO\�UHDVRQDEOH"�ZLWK�1'6�KDYLQJ����SDWLHQWV��KDOI�PDOH�DQG�KDOI�IHPDOH�
ZKLOH�LQ�'6�LW�ZDV�RQO\����SDWLHQWV�ZLWK�D�UDWLRQ�RI������
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/HDO��GR�\RX�WKLQN�WKDW�LW�LV�PRRG�GLVRUGHUV�FDXVLQJ�WKH�QHWZRUN�FKDQJH�RU�D�FKDQJH�LQ�WKH�QHWZRUN�ZKLFK�LV�FDXVLQJ�PRRG�GLVRUGHUV��FRXOG�WKLV
EH�D�QHJDWLYH�IHHGEDFN�ORRS"

�/HDO�HW��DO��������:KDW�FRXOG�EH�WKH�FRPSHQVDWRU\�PHFKDQLVP�WKDW�FDQ�SRWHQWLDOO\�UHJXODWH�WKH�DEHUUDQW�DFWLYLW\�RI�DP\JGDOD�KLSSRFDPSDO
QHWZRUN�FRQQHFWLYLW\�LQ�GHSUHVVLYH�SDWLHQWV"

/HDO�HW�DO�
,Q�WKH�GLVFXVVLRQ�RI�WKLV�SDSHU�WKH\�VD\�WKDW��(PRWLRQDO�SURFHVVLQJ�RI�SRVLWLYH�VWLPXOL�LV�DQ�LPSRUWDQW�IDFHW�LQ�WKH�PRGXODWLRQ�RI�PHPRU\�WKDW��LI
EHWWHU�XQGHUVWRRG��PD\�EH�KHOSIXO�LQ�UHYHUVLQJ�WKH�QHJDWLYLW\�ELDV�IRXQG�LQ�SDWLHQW�SRSXODWLRQV�ZLWK�PRRG�GLVRUGHUV���%XW�GXH�WR�OLPLWDWLRQV�LQ�WKH
VWXG\�WKH\�GLG�QRW�UHDOO\�ORRN�DW�SRVLWLYH�VWLPXOL�
+RZ�FRXOG�RQH�JR�DERXW�FRQGXFWLRQJ�D�VWXG\�WR�LQYHVWLJDWH�WKLV�DVSHFW"�%HFDXVH�LI�ZH�FRXOG�WUXO\�UHYHUVH�WKH�QHJDWLYLW\�ELDV��LW�ZRXOG�EH�D�KXJH
WKLQJ�IRU�SDWLHQWV�ZLWK�PRRG�GLVRUGHUV�

+RZ�FRPH�WKH�DP\JGDOD�KLSSRFDPSDO�QHWZRUN�DFWLYLW\�LV�DEHUUDQW�LQ�/��/HDO��������"

/HDO�HW�DO��������
'RHV�WKH�HIIHFW�RI�SDWWHUQ�VHSDUDDWLRQ�IRXQG�LQ�'*�&$��FDQ�EH�IRXQG�ZLWK�SRVLWLYH�VWLPXOL"
,Q�/HDO�HW�DO���������VWXG\��ZKDW�LV�D�SRVVLEOH�H[SODQDWLRQ�WR�GHSUHVVLYH�SHRSOH�KDYLQJ�D�ORZHU�'*�&$��DFWLYLW\�"�2Q�WRS�RI�WKDW��WKH�PRUH�VHYHUH
WKH�V\PSWRPV�ZHUH��WKH�ORZHU�WKH�'*�&$��DFWLYLW\�LV��ZK\�"

/HDO�HW�DO����������:KDW�GR�WKH\�PHDQ�E\��WKH�VLPLODULW\�RI�LQSXWV�WR�WKH�V\VWHP�"

)OXR[HWLQH��DQ�665,���KDV�EHHQ�VKRZQ�WR�HQKDQFH�QHXURJHQHVLV�LQ�WKH�DGXOW�KLSSRFDPSXV��:LWK�WKDW�LQ�PLQG��GR�\RX�WKLQN�WKH�/HDO�HW�DO�������
VWXG\�ZRXOG�ORRN�GLIIHUHQW�UHJDUGLQJ�&$��'*�LI�WKH\�DOVR�WHVWHG�GHSUHVVLYH�SDUWLFLSDQWV�WDNLQJ�IOXR[HWLQH"

/HDO��+RZ�WR�ILJKW�WKH�ELDV�IRU�SRVLWLYH�HPRWLRQV�LQ�WKLV�DUWLFOH�DQG�LQ�DIIHFWLYH�OLWWHUDWXUH�LQ�JHQHUDO"

&OHZHWW�HW�DO���:KDW��LI�WKHUH�DUH�VHYHUDO�HYHQWV�RQ�WKH�VDPH�WLPH�ZKR�LQIOXHQFH�HDFK�RWKHU"�+RZ�GR�WKH�HYHQW�ERXQGDULHV�ORRN�OLNH�DQG�KRZ�GRHV
LW�DIIHFW�WKH�PHPRU\"

,Q�&OHZHWW�HW�DO��������,V�SXSLO�GLODWLRQ�DFWXDOO\�D�JRRG�WHVW�WR�XVH�WR�GHWHFW�DURXVDELOLW\"�&DQ�\RX�JLYH�DQ\�RWKHU�WHVWV�\RX�FRXOG�XVH�LQVWHDG"

&OHZHWW�HW�DO���+RZ�FDQ�ZH�EH�VXUH�WKDW�WKH�PHPRU\�HQKDQFHPHQW�LV�GXH�WR�HYHQW�ERXQGDULHV�DQG�QRW�MXVW�WKH�DURXVDO��WKDW�HQKDQFHV�WKH
UHFROOHWLRQ"

,Q�&OHZHWW���������WKH\�FRQFOXGH�WKDW�DXGLWRU\�HYHQW�ERXQGDULHV�HOLFLWHG�JUHDWHU�VXEMHFWLYH�VHSDUDWLRQ�LQ�PHPRU\��,�ZRQGHUHG�ZKHWKHU�WKLV�HIIHFW
FRXOG�EH�H[SODLQHG�E\�D�PXOWL�VHQVRU\�SURFHVV�LQWHJUDWLRQ�"�,W�ZDV�QRW�FOHDU�IRU�PH�ZKHWKHU�PHPRU\�ZDV�LQIOXHQFHG�E\�DXGLWRU\�HYHQWV�RU�WKH
ZKROH�VHQVRU\�LQWHJUDWLRQ�ZDV�OLQNHG�WR�PHPRU\�ERXQGDULHV�"
&OHZHWW�HW�DO�
,Q�WKLV�SDSHU�WKH\�PHQWLRQ�WKDW�WKHVH�ILQGLQJV�KDYH�LPSOLFDWLRQV�IRU�LPSURYLQJ�OHDUQLQJ�LQ�ERWK�HGXFDWLRQDO�DQG�HYHU\GD\�VHWWLQJV�
&RXOG�\RX�VKRZ�XV�DQ�H[DPSOH�RI�KRZ�\RX�ZRXOG�XVH�WKLV�NQRZOHGJH�WR�WHDFK�XV�VRPHWKLQJ�DQG�LPSURYH�RXU�OHDUQLQJ"
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/HDO�HW�DO���������,Q�SHRSOH�ZLWK�GHSUHVVLYH�V\PSWRPV�WKHUH�LV�OHVV�KLSSRFDPSDO�DFWLYLW\�RQ�QHJDWLYH�YV�QHXWUDO�OXUH�GLVFULPLQDWLRQ��FRPSDULQJ�WR
1'6��$W�ILUVW�YLHZ��LW�ORRNV�OLNH�LW�ZRXOG�EH�PRUH�ORJLFDO�WR�WKLQN�WKDW�LQ�'6�SHRSOH�WKHUH�LV�D�ZRUVH�SHUFHSWLRQ�RI�UHDOLW\�DQG�PD\EH�WKH\�ZRXOG�EH
PRUH�UHDFWLYH�WR�QHJDWLYH�VWLPXOL��:KDW�GR�\RX�WKLQN�DERXW�WKDW"�,V�WKHUH�DQ\�H[SODQDWLRQ"

�� /HDO�HW�DO����������%HVLGH�HPRWLRQ��ZKDW�PRGXODWHV�DP\JGDOD�DFWLYLW\"
�� :KDU�LV�WKH�OLQN�EHWZHHQ�QHXURFRPSXWDWLRQDO�RSHUDWLRQV�DQG�GLODWLRQ�SXSLO�"
�� &RXOG�\RX�SOHDVH�H[SODLQ�WKH�UHDVRQ�DQG�UHOHYDQFH�RI�XVLQJ�D�SULQFLSDO�FRPSRQHQW�DQDO\VLV�LQ�D�VWXG\�OLNH�&OHZHWW�HW�DO
V�������"
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%RWK�DUWLFOHV�TXHVWLRQ��
'RHV�RYHUDOO�OXPLQRVLW\�ZDV�UHJXODWHG�IRU�DOO�WKH�VWLPXOL�XVHG�LQ�WKHVH�H[SHULPHQWV"

��
�� /HDO���LV�WKHUH�DQRWKHU�GLVHDVH�WKDW�FDQ�JLYH�LQIRUPDWLRQ�WR�EHWWHU�XQGHUVWDQG�WKLV�SDWWHUQ�"

,Q�&OHZHWW�HW�DO����������ZK\�ZHUH�SDUWLFLSDQWV�VLJQLILFDQWO\�VORZHU�WR�PDNH�LQGRRU�RXWGRRU�MXGJHPHQWV�IRU�LWHPV�WKDW�DSSHDUHG�LPPHGLDWHO\�DIWHU
WKH�WRQH�VZLWFK��ERXQGDU\�HIIHFW��FRPSDUHG�WR�VDPH�FRQWH[W�LWHPV�"�&RXOG�WKLV�EH�H[SODLQHG�E\�D�KLJKHU�FRJQLWLYH�ORDG�WKH�VZLWFKLQJ��PRWRU�DQG
DXGLWRU\��UHVXOWV�LQ�"


