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,Q�FRQWUDVW��WKH�IDFWRU�SURSRUWLRQV�DSSURDFK�KDV�D�PXFK�VWURQJHU�WKHRUHWLFDO�EDVLV�LQ�WKDW�LWDQDO\VHV� WKH� ZDJH� HIIHFW� RI� LPPLJUDWLRQ� E\� FRQVLGHULQJ� QDWLYH� DQG� LPPLJUDQW� ZRUNHUV� DVVHSDUDWH� SURGXFWLRQ� LQSXWV� DQG� E\� VLPXODWLQJ� WKH� HIIHFW� RI� D� VXSSO\� VKRFN� JLYHQ� D� VSHFLILFSURGXFWLRQ� WHFKQRORJ\�� 7KXV�� DIWHU� DVVXPLQJ� D� FHUWDLQ� HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQVNLOOHG�DQG�XQVNLOOHG�ZRUNHUV�±�XVXDOO\�GHULYHG�IURP�RWKHU�VWXGLHV�±�DQG�XQGHU�WKH�DVVXPSWLRQWKDW� LPPLJUDQWV� KDYH� VLJQLILFDQWO\� ORZHU� VNLOOV� WKDQ� QDWLYHV�� WKH� HODVWLFLWLHV� RI� VXEVWLWXWLRQEHWZHHQ� QDWLYH� DQG� LPPLJUDQW� ZRUNHUV� DUH� HVWLPDWHG�� %HVLGHV� WKH� KLJKHU� QXPEHU� RIDVVXPSWLRQV� QHHGHG� IRU� WKH� HVWLPDWLRQ� RI� WKH� HIIHFW� RI� LPPLJUDWLRQ� RQ� ZDJHV�� WKH� IDFWRUSURSRUWLRQV�DSSURDFK�PD\�DOVR�VXIIHU� IURP� WKH�RPLVVLRQ�RI�FHUWDLQ� FRQVHTXHQWLDO� LQIOXHQFHVRQ� ORFDO� ODERXU�PDUNHWV� VXFK�DV�FKDQJHV� LQ� WKH� FRPSRVLWLRQ�RI�GHPDQG�DQG� LQGXFHG�FDSLWDOLQIORZV�:KLOH�ZDJH� HIIHFWV� HVWLPDWHG� E\� ERWK� DSSURDFKHV� DUH� LQFOXGHG� LQ� WKH�PHWD�DQDO\VLV�� WKHLVVXH�RI�PRGHO�PLVVSHFLILFDWLRQ�LV�EHVW�LOOXVWUDWHG�E\�PHDQV�RI�WKH�DUHD�DSSURDFK�7KH� JHQHULF� UHJUHVVLRQ�PRGHO� WR� WHVW� WKH� LPSDFW� RI� LPPLJUDWLRQ� RQ� ORFDO� ODERXU� PDUNHWRXWFRPHV�LV��%RUMDV��������S��������
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LQ�ZKLFK� �
�� WW\ MV' LV�WKH�FKDQJH�EHWZHHQ�\HDUV�W DQG�W
 LQ�WKH�PHDVXUH�RI�WKH�ODERXU�PDUNHWRXWFRPH�H[SHULHQFHG�E\�QDWLYHV�ZKR�OLYH�LQ�UHJLRQ�M DQG�EHORQJ�WR�VNLOO�JURXS�V�� �
�� WWP MV' LVWKH�FKDQJH� LQ� WKH�VWRFN�RI� LPPLJUDQWV� UHODWLYH� WR� WKH�VWRFN�RI�QDWLYHV� LQ� WKDW� UHJLRQ� IRU� WKDWVNLOO�JURXS�RYHU�WKDW�SHULRG��[MV LV�D�YHFWRU�RI�FRQWURO�YDULDEOHV�ZLWK�FRHIILFLHQW�YHFWRU�DD DQG�XMVLV�WKH�VWRFKDVWLF�HUURU��,Q�WKLV�SDSHU�ZH�OLPLW�WKH�DQDO\VLV�WR�WKH�LPSDFW�RI�LPPLJUDWLRQ�RQ�WKHZDJHV�RI�QDWLYHV�DQG�HDUOLHU�LPPLJUDQWV��7KH�SDUDPHWHU�RI�LQWHUHVW�LV�E��(VWLPDWHV�RI�E YDU\DFURVV� VWXGLHV� DQG� HYHQ� ZLWKLQ� VWXGLHV� DFURVV� VSHFLILFDWLRQV�� 6XFK� D� YDULDELOLW\�� ZKLFK� LVSUREDEO\�QRW�RQO\�GXH�WR�VDPSOLQJ�YDULDWLRQ��PLJKW�KDYH�WKUHH�SRWHQWLDO�H[SODQDWLRQV��(LWKHUWKH�HTXDWLRQV�DUH�PLVVSHFLILHG�GXH� WR�RPLWWHG�YDULDEOH�ELDV�� RU� WKH�PLJUDWLRQ� VKRFN� LWVHOI� LVHQGRJHQRXV�� RU� WKH� µWUXH¶� HIIHFW� GHSHQGV� RQ� WKH� VSHFLILF� VLWXDWLRQ� WKDW� KDV� EHHQ� DQDO\VHG�FRXQWU\��SHULRG��W\SH�RI�GDWD���7KH�FDVH�RI�D�YDU\LQJ�SDUDPHWHU�E LV�UHIHUUHG�WR�DV�WKH�FDVH�RIKHWHURJHQHLW\�LQ�PHWD�DQDO\VLV�:LWK�UHVSHFW�WR�WKH�LVVXH�RI�PLVVSHFLILFDWLRQ��%RUMDV��������QRWHV�WKDW�WKH�ZDJHV�REVHUYHGLQ� ORFDO� ODERXU� PDUNHWV� PD\� FKDQJH� RYHU� WLPH� GXH� WR� VSDWLDO� IRUFHV� WKDW� DUH� QRW� ZHOOXQGHUVWRRG�DQG�LQ�DQ\�FDVH�QRW�PRGHOOHG�LQ�WKH�UHJUHVVLRQ�HTXDWLRQV��:LWK�UHVSHFW�WR�WKH�LVVXH
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RI� KHWHURJHQHLW\�� WKHUH� DUH� VWDWLVWLFDO� WHVWV� WR� LGHQWLI\� WKLV� �VHH� H�J���6KDGLVK� DQG� +DGGRFN�������� 0HWD�UHJUHVVLRQ� DQDO\VLV� LV� FRPPRQO\� XVHG� WR� LGHQWLI\� VSHFLILF� FDXVHV� RIKHWHURJHQHLW\�:LWK�UHVSHFW�WR�WKH�HQGRJHQHLW\�SUREOHP�LW�VKRXOG�EH�QRWHG�WKDW�PLJUDQWV�DUH�SDUWLFXODUO\DWWUDFWHG� WR� UHJLRQV� ZKHUH� ZDJH� JURZWK� LV� WKH� KLJKHVW�� 7KH� HQGRJHQHLW\� RI� WKH� LPPLJUDQWVWRFN�VXJJHVWV�WKDW�2/6�OHDGV�WR�LQFRQVLVWHQW�HVWLPDWHV�DQG�WKDW�DQ�LQVWUXPHQWDO�YDULDEOH��,9�DSSURDFK�LV�HVVHQWLDO�2QH�RI� WKH�PDLQ�SUREOHPV� LQ� WKLV� OLWHUDWXUH� LV� WR� ILQG� VXLWDEOH� LQVWUXPHQWV�� YDULDEOHV� WKDWH[SODLQ� LQZDUG� LPPLJUDWLRQ�� EXW� DUH� QRW� GLUHFWO\� UHODWHG� WR� FKDQJHV� LQ� QDWLYHV¶� ZDJHV�� $VJRYHUQPHQWV�GR�QRW�IRUFH�PLJUDQWV�WR�VHWWOH�LQ�VSHFLILF�ORFDWLRQV�IROORZLQJ�VRPH�H[SHULPHQWDOGHVLJQ��DQG�LQ�PRVW�FRXQWULHV�LQWHUQDO�PLJUDWLRQ�LV�IUHH�LQ�DQ\�FDVH�VR�WKDW�WKH�ZLWKLQ�FRXQWU\PRYHPHQW�RI�LPPLJUDQWV�FRXOG�RIIVHW�DQ�H[RJHQRXV�VHWWOHPHQW�SROLF\���D�FRPPRQ�LQVWUXPHQWLV� WKH� PLJUDQW� VWRFN� LQ� WKH� SUHYLRXV� SHULRG�� %HFDXVH� WKHUH� LV� D� ZHOO�HVWDEOLVKHG� IDFW� WKDWPLJUDQWV�FOXVWHU�DQG�WURW�ZHOO�ZRUQ�SDWKV�IURP�DUHDV�RI�RULJLQ�WR�DUHDV�RI�GHVWLQDWLRQ��VHH�H�J��*RUWHU� HW� DO��� ������� WKLV� LQVWUXPHQW� XVXDOO\� KDV� D� KLJK� FRUUHODWLRQ� ZLWK� FXUUHQW� LQIORZV�1RQHWKHOHVV��WKH�SUHGHWHUPLQHG�PLJUDQW�VWRFN�LV�QRW�D�JRRG�LQVWUXPHQW�ZKHQ�WKHUH�LV�VSDWLDOSHUVLVWHQFH�LQ�ZDJH�JURZWK��*LYHQ� WKH� SUREOHP� RI� ILQGLQJ� FRUUHFW� LQVWUXPHQWV�� WKHUH� KDV� EHHQ� D� VHDUFK� IRU� WUXO\H[RJHQRXV� LPPLJUDWLRQ� VKRFNV� LQ� ORFDO� ODERXU� PDUNHWV� VXFK� DV� WKH� ����� LQIOX[� RI� &XEDQLPPLJUDQWV�WR�0LDPL��WKH�VR�FDOOHG�0DULHO�ERDW�OLIW��ZKLFK�LQFUHDVHG�0LDPL¶V�ODERXU�IRUFH�E\VHYHQ�SHUFHQW�DOPRVW�RYHUQLJKW��%\�PHDQV�RI�WKH�VWDQGDUG�GLIIHUHQFH�LQ�GLIIHUHQFHV�HVWLPDWRU�WKLV� µQDWXUDO� H[SHULPHQW¶� VXJJHVWHG� WKDW� WKH� ODUJH� LPPLJUDWLRQ� VKRFN� KDG� QR� LPSDFW� RQ0LDPL¶V�QDWLYH�RXWFRPHV��&DUG��������7KH� H[DPSOH� RI� WKH�0DULHO� ERDWOLIW� VXJJHVWV� WKDW� HYHQ� ZKHQ� YHU\� JRRG� LQVWUXPHQWV� DUHDYDLODEOH�� WKH�ZDJH�HIIHFW�E PLJKW� VWLOO� QRW� EH� HVWLPDWHG� FRUUHFWO\� LQ� ���� DQG�PD\� WKHUHIRUHFRQWLQXH�WR�EH�VPDOO�RU�VWDWLVWLFDOO\�LQVLJQLILFDQW�GXH�WR�YDULRXV�SURFHVVHV�QRW�EHLQJ�WDNHQ�LQWRDFFRXQW�� 7KHVH� SURFHVVHV� LQFOXGH�� �L�� WKH� JURZWK� LQ� ORFDO� GHPDQG� GXH� WR� LPPLJUDQWH[SHQGLWXUHV���LL��WKH�LQIORZ�RI�FDSLWDO�LQ�UHVSRQVH�WR�LQFUHDVLQJ�ORFDO�GHPDQG�DQG�WKH�LQFUHDVHLQ�WKH�UDWH�RI�UHWXUQ�WR�FDSLWDO���LLL��RXWZDUG�PLJUDWLRQ�RI�QDWLYHV���LY��D�ORFDO�UH�DOORFDWLRQ�RIUHVRXUFHV� DFURVV� VHFWRUV� DQG� DVVRFLDWHG� DGMXVWPHQW� RI� LQWHUUHJLRQDO� WUDGH� �WKH�+HFNVFKHU�2KOLQ�HIIHFW����Y��DQG�UHDO�ZDJH�JURZWK�RI�QDWLYHV�GXH�WR�LPPLJUDWLRQ�LQGXFHG�WHFKQRORJLFDOFKDQJH�DQG�RU�HFRQRPLHV�RI�VFDOH��VHH�H�J���3RRW�HW�DO���������
� :KHQ�WKHUH�LV�VSDWLDO�SHUVLVWHQFH�LQ�ZDJH�JURZWK��WKH�SDVW�PLJUDQW�VWRFN�ZLOO�EH�KLJKO\�FRUUHODWHG�ZLWK�FXUUHQWZDJH�JURZWK�DQG�WKHUHIRUH�QRW�VXLWDEOH�DV�DQ�LQVWUXPHQW�IRU�WKH�FXUUHQW�PLJUDQW�LQIORZ�UDWH�
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*LYHQ�VXFK�HQGRJHQRXV�SURFHVVHV�IROORZLQJ�DQ�LPPLJUDWLRQ�VKRFN��ZH�FDQ�FRQFOXGH�WKDWWKH�ZDJH�HIIHFW�ZLOO�EH�ODUJHU�LQ�PRUH�FORVHG�ODERXU�PDUNHWV��DQG�LQ�WKH�VKRUW�UXQ��ZKHQ�WKHRIIVHWWLQJ�IDFWRUV�KDYH�QRW�KDG�VXIILFLHQW�WLPH�WR�LQIOXHQFH�WKH�ORFDO�ODERXU�PDUNHW��WKDQ�LQ�WKHORQJ� UXQ�� 7KLV� VXJJHVWV� WKDW� WKH� ZDJH� HIIHFW� LV� EHVW� PHDVXUHG� ZKHUH� WKHUH� LV� QR� QDWLYHDGMXVWPHQW� SURFHVV� SRVVLEOH��$� FOHYHU� DSSURDFK�� DGRSWHG� E\�%RUMDV� �������� IRFXVHV� RQ� WKHGLVWULEXWLRQ�RI�ZRUNHUV�DFURVV� OHYHOV�RI�H[SHULHQFH� LQ� WKH�86�QDWLRQDO� ODERXU�PDUNHW��ZKLFKPD\�EH�FRQVLGHUHG�FORVHG�ZLWK�UHVSHFW�WR�QDWLYHV��DV�86�HPLJUDWLRQ�UDWHV�DUH�VPDOO��*LYHQ�WKHFRQFHQWUDWLRQ�RI�QHZ�LPPLJUDQWV�LQ�FHUWDLQ��ORZ��VNLOO�H[SHULHQFH�JURXSV��WKH�HIIHFW�RI�ZDJHVRQ�WKHVH�ZRUNHUV�FDQ�EH�LGHQWLILHG��7KLV�UHVHDUFK�VXJJHVWV�D�YDOXH�IRU�E ZLWK�UHVSHFW�WR�ZHHNO\ZDJHV�RI�DURXQG�������ZKLFK�FDQ�EH�FRQYHUWHG�ZLWK�WKH�86�GDWD�LQWR�DQ�HODVWLFLW\�RI�������L�H��D�WHQ�SHUFHQW�VXSSO\�VKRFN�LQ�D�SDUWLFXODU�VNLOO�H[SHULHQFH�JURXS�ORZHUV�WKH�ZDJH�LQ�WKDW�JURXSE\� IRXU� SHUFHQW�� ,W� LV� WKHUHIRUH�� QRW� VXUSULVLQJ� WKDW� WKLV� VPDOO� ZDJH� HIIHFW� LV� LQ� SUDFWLFHVZDPSHG�E\�WKH�RWKHU�HQGRJHQRXV�SURFHVVHV�IROORZLQJ�DQ�LPPLJUDWLRQ�VKRFN�RXWOLQHG�DERYH�7KHUH� LV�� KRZHYHU�� DV� \HW� QR� DJUHHPHQW� RQ� ZKLFK� DGMXVWPHQW� SURFHVV� LV� SULPDULO\UHVSRQVLEOH� IRU� WKH�VPDOO�HIIHFW�RI�DQ� LPPLJUDQW� VKRFN�RQ�ZDJHV��7KHUH� LV�� IRU�H[DPSOH��QRFRQFOXVLYH� HYLGHQFH� WKDW� DQ� LPPLJUDWLRQ� VKRFN� OHDGV� WR� QHW� RXWZDUG� PLJUDWLRQ� RI� QDWLYHV�&DUG� DQG� 'L1DUGR� ������� ILQG� WKH� RSSRVLWH� HIIHFW�� WKH� VDPH� DUHDV� WHQG� WR� DWWUDFW� ERWKLPPLJUDQWV�DQG�QDWLYHV��+RZHYHU�� HDUOLHU��%RUMDV� HW� DO�� ������� DUJXH� WKDW� VXFK�REVHUYDWLRQVDUH� VSXULRXV� GXH� WR� WKH� VSDWLDO� YDULDWLRQ� LQ� WKH� JURZWK� SDWKV� RI� UHJLRQV� DQG� WKDW� D� FRUUHFWHVWLPDWLRQ� RI� WKH� HIIHFW� RI� DQ� LPPLJUDWLRQ� VKRFN� RQ� WKH� ORFDO� JURZWK� SDWK� WKHQ� LQYROYHVGRXEOH� GLIIHUHQFLQJ� RI� WKH� GDWD�� $IWHU� FDUU\LQJ� RXW� VXFK� GRXEOH� GLIIHUHQFLQJ��%RUMDV� HW� DO��������ILQG�VWURQJ�HYLGHQFH�RI�GLVSODFHPHQW�RI�QDWLYHV�E\�LPPLJUDQWV��%RUMDV��������S�������FRQFOXGHV� WKDW� ³WKH� VSHFLILFDWLRQ� RI� D� FOHDU� FRXQWHUIDFWXDO� LV� FUXFLDO� LQ� PHDVXULQJ� DQGXQGHUVWDQGLQJ� WKH� OLQN� EHWZHHQ� LPPLJUDWLRQ�� QDWLYH�PLJUDWLRQ� GHFLVLRQV�� DQG� WKH� LPSDFW� RILPPLJUDQWV� RQ� WKH� ZDJH� VWUXFWXUH´�� 7KH� PHWD�DQDO\VLV� FRQGXFWHG� LQ� WKH� UHPDLQGHU� RI� WKLVSDSHU�SURYLGHV�VRPH�LQVLJKW�LQWR�KRZ�GDWD�DQG�UHVHDUFK�GHVLJQ�KDYH�DIIHFWHG�WKH�FRQFOXVLRQVGUDZQ�RQ�WKLV�LPSRUWDQW�LVVXH�RI�WKH�LPPLJUDWLRQ�GHEDWH�
���7+(�6$03/(�2)�678',(67KH� SULPDU\� VWXGLHV� VXPPDULVHG� LQ� RXU� PHWD�DQDO\VLV� KDYH� EHHQ� VHOHFWHG� YLD� H[WHQVLYHVHDUFKHV� LQ� (FRQ/LW� DQG� *RRJOH�� 7KH� NH\ZRUGV� IRU� WKH� VHDUFK� ZHUH�� >�LPPLJUDWLRQ� 25LPPLJUDQW��$1'��ZDJH�25�HDUQLQJV�@��)XUWKHU�UHIHUHQFHV�WR�SULPDU\�VWXGLHV�ZHUH�FROOHFWHGE\�PHDQV�RI�VR�FDOOHG�VQRZEDOOLQJ�WHFKQLTXHV�IURP�OLWHUDWXUH�UHYLHZV�E\�)ULHGEHUJ�DQG�+XQW
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������� DQG�%RUMDV� �������� DV�ZHOO� DV� IURP� WKH� HPSLULFDO� VWXGLHV� DOUHDG\� FROOHFWHG�ZLWK� WKHSUHYLRXV�PHWKRG�7KH�PDMRULW\�RI�VWXGLHV�DQDO\VLQJ�WKH�ZDJH�HIIHFW�RI� LPPLJUDWLRQ�HVWLPDWH�UHJUHVVLRQV�E\PHDQV�RI�HTXDWLRQ������L�H���LQ�ZKLFK�ORFDO�ZDJHV�DUH�H[SODLQHG�±�DPRQJ�RWKHU�YDULDEOHV�±�E\WKH� VKDUH� RI� LPPLJUDQWV� LQ� WKH� ORFDO� ODERXU� PDUNHW�� 7KH� VR�FDOOHG�HIIHFW� VL]H ZH� VWXG\� E\PHDQV� RI� PHWD�DQDO\VLV� ±� DQG� ZKLFK� LV� JRLQJ� WR� EH� WKH� GHSHQGHQW� YDULDEOH� LQ� WKH� PHWD�UHJUHVVLRQ� RI� WKH� QH[W� VHFWLRQ� ±� LV� WKH�E FRHIILFLHQW� RI� WKH� LPPLJUDQWV¶� VKDUH�� 6LQFH� VRPHSULPDU\�VWXGLHV�UHSRUW�HODVWLFLWLHV�UDWKHU�WKDQ�WKH�E FRHIILFLHQWV��ZH�FRQYHUW�VXFK�HODVWLFLWLHV�WRE FRHIILFLHQWV�E\�PHDQV�RI�WKH�IROORZLQJ�VLPSOH�UHODWLRQVKLS��

�
�����
�ORJ �
��ORJ�
�� �
��ORJ WWPWWP WWZWWP WWZ
MVMV

MV
MV
MV 'u'ww  'ww E ���

7KLV�LPSOLHV��IRU�H[DPSOH��WKDW�LI�DQ�HODVWLFLW\�LV�UHSRUWHG�RI�������DQG�WKH�REVHUYHG�DYHUDJHLPPLJUDWLRQ� VKRFN� LQFUHDVHG� WKH� SURSRUWLRQ� RI� LPPLJUDQWV� LQ� WKH� ORFDO� ODERXU�PDUNHW� IURPIRXU�WR�QLQH�SHUFHQW��WKH�HIIHFW�VL]H�LV�������[���� ������$V� QRWHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� DQRWKHU� VWUDQG� RI� WKH� OLWHUDWXUH� ±� WKH� VR�FDOOHG� IDFWRUSURSRUWLRQV� DSSURDFK� ±� DQDO\VHV� WKH�ZDJH� HIIHFW� RI� LPPLJUDWLRQ� E\� FRQVLGHULQJ� QDWLYH� DQGLPPLJUDQW� ZRUNHUV� DV� VHSDUDWH� SURGXFWLRQ� LQSXWV� DQG� E\� VLPXODWLQJ� WKH� HIIHFW� RI� D� VXSSO\VKRFN� JLYHQ� D� VSHFLILF� SURGXFWLRQ� WHFKQRORJ\�� 6XFK� VWXGLHV� W\SLFDOO\� HVWLPDWH� DQG� XVHHODVWLFLWLHV� RI� VXEVWLWXWLRQ� EHWZHHQ� QDWLYH� DQG� LPPLJUDQW� ZRUNHUV�� DQG� DJDLQ� WKH� UHVXOWLQJHODVWLFLWLHV�DUH�FRQYHUWHG�WR�E FRHIILFLHQWV�DV�DERYH�2XU� ILQDO� PHWD�GDWDEDVH� FRQVLVWV� RI� ���� HIIHFW� VL]HV� �HVWLPDWHV� RI�E�� FROOHFWHG� IURP� DVDPSOH� RI� HLJKWHHQ� VWXGLHV� DQDO\VLQJ� WKH� HIIHFW� RI� LPPLJUDWLRQ� RQ� ZDJHV� RI� QDWLYH� DQG�RUSUHYLRXV� LPPLJUDQW�ZRUNHUV��7DEOH��� VKRZV� WKH� QXPEHU� RI� HIIHFW� VL]HV� REWDLQHG� IURP�HDFKVWXG\�DQG�)LJXUH���SORWV�WKH�YDOXH�RI�VXFK�HIIHFW�VL]HV�LQ�DVFHQGLQJ�RUGHU��$V�WKH�ILJXUH�FOHDUO\VKRZV�±� DQG� DV� DOUHDG\� QRWHG� E\�%RUMDV� ������� ±� WKH�PDMRULW\� RI� HIIHFW� VL]HV� DUH� FOXVWHUHGDURXQG�]HUR��7KH�HIIHFW�VL]HV�DUH�IDLUO\�V\PPHWULFDOO\�GLVWULEXWHG�DOWKRXJK�WKH�GLVWULEXWLRQ�RIWKH�HIIHFW�VL]HV�DSSHDUV�WR�EH�QRQ�QRUPDO�DQG�DOVR�VRPHZKDW�QHJDWLYHO\�VNHZHG�
7$%/(���$%287�+(5(

� 7KH�VWDQGDUG�HUURUV�RI�HDFK�HIIHFW�VL]H�DUH�UHFRYHUHG�LQ�ZD\�WKDW�HQVXUHV�WKDW�WKH�W�YDOXHV�DUH�H[DFWO\�WKH�VDPHEHIRUH� DQG� DIWHU� WKH� WUDQVIRUPDWLRQ�� +HQFH� WKH� WUDQVIRUPDWLRQ� GRHV� QRW� DIIHFW� WKH� VLJQLILFDQFH� OHYHO� RI� WKHFRPSDUHG�HIIHFW�VL]HV�
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)LJXUH��� DOVR� VXJJHVWV� WKDW� VRPH�RXWOLHUV� DUH�SUHVHQW� LQ�RXU�GDWD� VHW�� ,Q�RUGHU� WR� DYRLG� DPDMRU�LQIOXHQFH�RI�RXWOLHUV�RQ�WKH�UHVXOWV��WKUHH�HIIHFW�VL]HV�WKDW�DUH�JUHDWHU�WKDQ�VL[�LQ�DEVROXWHYDOXH�DUH�RPLWWHG�IURP�WKH�DQDO\VLV��RQH�HDFK�IURP�(QFKDXWHJXL��������)ULHGEHUJ��������DQG$GGLVRQ�DQG�:RUVZLFN���������7KH�KLVWRJUDP�RI�WKH�����UHPDLQLQJ�HIIHFW�VL]HV�LV�VKRZQ�LQ)LJXUH����
),*85(���$1'�),*85(���$%287�+(5(

7KH�ILUVW�URZ�RI�7DEOH���VKRZV�WKH�DYHUDJH��VWDQGDUG�GHYLDWLRQ��PLQLPXP�DQG�PD[LPXPYDOXH�RI�WKH�HIIHFW�VL]HV�LQFOXGHG�LQ�WKH�DQDO\VLV��7KH�RYHUDOO�PHDQ�LV���������7KLV�LPSOLHV�WKDWLI� LPPLJUDQWV� DV� D� SURSRUWLRQ� RI� WKH� ODERXU� IRUFH� GRXEOHG� IURP� EHLQJ� RQH� RXW� RI� WZHQW\ZRUNHUV� WR� EHLQJ� RQH� RXW� WHQ� ZRUNHUV�� WKH� QDWXUDO� ORJDULWKP� RI� DYHUDJH� ZDJH� LQ� WKH� ORFDOODERXU� PDUNHW� ZRXOG� GHFUHDVH� E\� ��������� L�H�� ZDJHV� ZRXOG� GHFUHDVH� E\� RQO\� DERXW� ���SHUFHQW��7KH�H[DPSOH�LOOXVWUDWHV�WKDW��RQ�DYHUDJH�DFURVV�DOO�VWXGLHV��WKH�HIIHFW�RI�LPPLJUDWLRQRQ�ZDJHV�LV�YHU\�VPDOO�7KH� NH\� TXHVWLRQ� LV� WR� ZKDW� H[WHQW� WKLV� LV� WUXH� RI� DOO� VWXGLHV� RU� ZKHWKHU� WKHUH� LV� VRPHV\VWHPDWLF�YDULDWLRQ�LQ�HIIHFW�VL]HV�DFURVV�VWXGLHV��7KH�DYDLODEOH�VWXGLHV�GLIIHU�LQ�D�QXPEHU�RIZD\V��VRPH�RI�ZKLFK�PD\�PDWWHU�IRU�WKH�UHVXOWV��7KH�VWXG\�IHDWXUHV�WKDW�ZH�ZDQW� WR�DQDO\VHDUH� OLVWHG� LQ�7DEOH����7KHVH�DUH� DOO� FDWHJRULFDO� YDULDEOHV�� DQG� WKH� VDPSOH� DYHUDJHV�� VWDQGDUGGHYLDWLRQV�� PLQLPXP� DQG� PD[LPXP� YDOXHV� FRUUHVSRQGLQJ� WR� GLIIHUHQW� FODVVLILFDWLRQV� RIREVHUYDWLRQV�DUH�DOVR�UHSRUWHG�LQ�7DEOH����6XFK�FODVVLILFDWLRQV�ZLOO�EH�XVHG�WR�GHWHUPLQH� WKHLQGHSHQGHQW� GXPP\� YDULDEOHV� ±� DOVR� FDOOHG�PRGHUDWRU� YDULDEOHV ±� IRU� D� PHWD�UHJUHVVLRQDQDO\VLV��7KH�WDEOH�VKRZV�WKDW�DOPRVW�DOO�VDPSOH�PHDQV�VXJJHVW�D�VPDOO�EXW�QHJDWLYH�HIIHFW�RILPPLJUDWLRQ� RQ� ZDJHV�� )XUWKHUPRUH�� D� QXPEHU� RI� VWXG\� IHDWXUHV� �VXFK� DV� WKH� FRXQWU\� IRUZKLFK� WKH� VWXG\�ZDV� FRQGXFWHG��PD\�EH� H[SHFWHG� WR�KDYH� DQ� LPSDFW�RQ� WKH� HIIHFW� VL]HV�� DVVDPSOH�PHDQV�YDU\�VWURQJO\�EHWZHHQ�WKH�GLIIHUHQW�FDWHJRULHV�RI�WKH�VWXG\�IHDWXUH�
7$%/(���$%287�+(5(

� $� VHQVLWLYLW\� DQDO\VLV� LQFOXGLQJ� WKH� RXWOLHUV� VKRZHG� WKDW� WKH\� KDYH� D� QRQ�QHJOLJLEOH� LQIOXHQFH� RQ� WKH� ILQDOUHVXOWV��7KH�LQFOXVLRQ�RI�WKH�RXWOLHUV�GRHV�QRW�FKDQJH�WKH�VLJQV�RI�WKH�PHWD�UHJUHVVLRQ�FRHIILFLHQWV��EXW�FKDQJHVWKHLU�VLJQLILFDQFH�OHYHO��)XUWKHUPRUH��WKH�JRRGQHVV�RI�ILW�LV�EHWWHU�RQFH�WKH�RXWOLHUV�DUH�H[FOXGHG�



�

7R� DVVHVV� WKH� VWDWLVWLFDO� VLJQLILFDQFH� RI� WKH� YDULDWLRQ� LQ� HIIHFW� VL]HV� DFURVV� GLIIHUHQWFDWHJRULHV� IRU� HDFK� VWXG\� IHDWXUH�� ZH� QHHG� WR� WDNH� WKH� SRVVLEOH� LQWHUDFWLRQV� EHWZHHQ� VWXG\IHDWXUHV�LQWR�DFFRXQW��7KXV��QRWLFHDEOH�GLIIHUHQFHV�EHWZHHQ�VWXG\�UHVXOWV� WKDW�ZH�PD\�GHWHFWE\�PHDQV�RI�WKH�XQLYDULDWH�FRPSDULVRQ�RI�HIIHFW�VL]HV�LQ�7DEOH����PD\�QR�ORQJHU�VKRZ�XS�LQ�DPXOWLYDULDWH�FRQWH[W��,W�LV�WKHUHIRUH�SUHIHUDEOH�WR�DVVHVV�WKH�LPSDFW�RI�VWXG\�FKDUDFWHULVWLFV�E\PHDQV�RI�UHJUHVVLRQ�WHFKQLTXHV�
���0(7$�5(*5(66,21�$1$/<6,6:H�XVH�WKH�VWDWLVWLFDO�WRROV�RI�PHWD�DQDO\VLV�WR�IXUWKHU�LQYHVWLJDWH�WKH�UHODWLRQVKLSV�EHWZHHQUHVHDUFK� GHVLJQ� LQ� PHDVXULQJ� WKH� ZDJH� LPSDFW� RI� LPPLJUDWLRQ� DQG� WKH� HPSLULFDO� ILQGLQJV�'HWDLOHG� GLVFXVVLRQV� RI� WKH� YDULRXV� WHFKQLTXHV� WKDW� DUH� DYDLODEOH� FDQ� EH�LQWHU� DOLD IRXQG� LQ&RRSHU�DQG�+HGJHV��������DQG�6XWWRQ�HW�DO���������$V�ZDV�DOUHDG\�FOHDU�IURP�WKH�GLVFXVVLRQ�RI�WKH�SUHYLRXV�VHFWLRQV��WKH�HIIHFW�VL]HV�LQFOXGHGLQ� RXU� GDWDEDVH� DUH� FRPSXWHG� IRU� GLIIHUHQW� FRXQWULHV�� DQG� XVH� GLIIHUHQW� GHILQLWLRQV� RILPPLJUDQWV�DQG�QDWLYHV��H�J���LQ�WHUPV�RI�JHQGHU�DQG�VNLOOV���7KH\�DOVR�GLIIHU�LQ� WHUPV�RI� WKHVWDWLVWLFDO� DSSURDFK�� IXQFWLRQDO� IRUPV� DQG� HVWLPDWRUV� XVHG� WR� FRPSXWH� WKH� HIIHFW� RILPPLJUDWLRQ��6XFK�GLIIHUHQFHV�DUH� OLNHO\�WR�FDXVH�KHWHURJHQHLW\�RI� WKH�HIIHFW�VL]HV��$�WHVW�RIWKH� K\SRWKHVLV� WKDW� VWXGLHV� VKDUH� D� FRPPRQ� SRSXODWLRQ� HIIHFW� VL]H� XVHV� WKH� IROORZLQJKRPRJHQHLW\�VWDWLVWLF��6KDGLVK�DQG�+DGGRFN��������S������
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+RPRJHQHLW\� RI� WKH� VDPSOH� LPSOLHV� D� FRPPRQ� HIIHFW� VL]H��E�  �E�  � ����  �E.  �E�� ,I�4H[FHHGV� WKH� XSSHU�WDLO� FULWLFDO� YDOXH� RI� WKH� FKL�VTXDUH� GLVWULEXWLRQ� ZLWK�.�� GHJUHHV� RIIUHHGRP��WKH�REVHUYHG�YDULDQFH�LQ�HVWLPDWHG�HODVWLFLWLHV�LV�JUHDWHU�WKDQ�ZKDW�ZH�ZRXOG�H[SHFWE\�FKDQFH�LI�DOO�VWXGLHV�VKDUHG�WKH�VDPH�µWUXH¶�SDUDPHWHU��:KHQ�ZLWKLQ�VWXG\�VDPSOH�VL]HV�DUHUDWKHU� ODUJH��4 LV� OLNHO\� WR� EH� UHMHFWHG� HYHQ�ZKHQ� WKH� LQGLYLGXDO� HIIHFW� VL]HV� GR� QRW� GLIIHUPXFK��SDUWLFXODUO\�ZKHQ�ZH�KDYH� D� ODUJH� VDPSOH�RI�REVHUYDWLRQV� ������ DV� LQ�RXU� FDVH���7KHEHVW�ZD\�WR�DFFRXQW�IRU�KHWHURJHQHLW\�LV�WKHQ�WR�XVH�UHJUHVVLRQ�WHFKQLTXHV��,Q�RXU�PHWD�VDPSOHWKH�4�WHVW�IRU�KHWHURJHQHLW\�KDV�D�ODUJH�YDOXH�RI��������ZKLFK�LV�KLJKO\�VLJQLILFDQW��$� ZLWK����GHJUHHV�RI� IUHHGRP���7KH� UHVXOW� RI� WKH� WHVW� FOHDUO\� LQGLFDWHV� WKDW� GLIIHUHQFHV� DFURVV� RXUHIIHFW�VL]HV�DUH�QRW�RQO\�GXH�UDQGRP�HUURU�LQ�WKH�RULJLQDO�HVWLPDWLRQV�:H�PRGHO�VXFK�KHWHURJHQHLW\�RI�HIIHFW�VL]HV�E\�PHDQV�RI�PHWD�UHJUHVVLRQV��7KH�PRGHUDWRUYDULDEOHV�RI�WKH�UHJUHVVLRQV�FRUUHVSRQG�WR�WKH�JURXSLQJV�RI�HIIHFW�VL]HV�LOOXVWUDWHG�LQ�7DEOH���7KH�UHJUHVVLRQ�UHVXOWV�DUH�FRPSXWHG�ZLWK�����HIIHFW�VL]HV��DQG�DUH�VKRZQ�LQ�7DEOH����$�NH\�TXHVWLRQ�RI�HYHU\�PHWD�DQDO\VLV�LV�WKH�H[WHQW�WR�ZKLFK�WKH�REWDLQHG�VDPSOH�RI�HIIHFWVL]HV�PD\�EH�FRQVLGHUHG�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�RI�VWXGLHV��%HFDXVH�RI�WKH�WHQGHQF\RI�DXWKRUV��UHIHUHHV�DQG�HGLWRUV�WR�IDYRXU�WKH�SXEOLFDWLRQ�RI�VWDWLVWLFDOO\�VLJQLILFDQW�UHVXOWV��WKHVDPSOH�RI� VWXGLHV� DQG�� WR� D� OHVVHU� H[WHQW�RI� HIIHFW� VL]HV�� LV� OLNHO\� WR� EH� ELDVHG� WRZDUG�PRUHVLJQLILFDQW� UHVXOWV� �6WDQOH\� HW�DO����������:H� WU\� WR� UHGXFH� WKH� LPSDFW�RI�SXEOLFDWLRQ�ELDV� LQWZR�ZD\V��)LUVWO\��VLQFH�FRQYHQWLRQDO�ZLVGRP�VXJJHVWV�WKDW�SXEOLFDWLRQ�ELDV�LV�PRUH�OLNHO\�LQSXEOLVKHG�WKDQ�LQ�XQSXEOLVKHG�DQDO\VHV��ZH�LQFOXGH�LQ�RXU�PHWD�GDWDEDVH�ERWK�SXEOLVKHG�DQGXQSXEOLVKHG�VWXGLHV��6HFRQGO\�� LI�ZH�DVVXPH� WKDW� DXWKRUV� FKRRVH� WKH� VLJQLILFDQW� UHVXOWV� WKDWFRQIRUP�WR�WKHLU�WKHRULHV�DV�WKHLU�SUHIHUUHG�PRGHO�VSHFLILFDWLRQ��EXW�QHYHUWKHOHVV�SXEOLVK�DOVR�VRPH�RI��WKHLU�QRQ�VLJQLILFDQW�UHVXOWV��WKHQ�WKH�HIIHFW�RI�SXEOLFDWLRQ�ELDV�VKRXOG�EH�PLWLJDWHGE\� VDPSOLQJ� DOO� HVWLPDWHV� SXEOLVKHG� LQ� HDFK� SULPDU\� VWXG\�� )RU� WKLV� UHDVRQ� ZH� DGRSW� WKHWHFKQLTXH�RI�PXOWLSOH�VDPSOLQJ�E\�LQFOXGLQJ�LQ�RXU�DQDO\VLV�DOO�HIIHFW�VL]HV�FRPSXWHG�LQ�HDFKSULPDU\�VWXG\�:H� WHVW� IRU� SXEOLFDWLRQ� ELDV� E\� XVLQJ� RQH� RI� WKH� WHVWV� VXJJHVWHG� E\�&DUG� DQG� .UXHJHU��������WKURXJK�DVVHVVLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�HIIHFW�VL]HV�WR�WKHLU�VWDQGDUG�HUURUV��,IWKHUH�LV�SXEOLFDWLRQ�ELDV��DQG�VLJQLILFDQW�HIIHFW�VL]HV�DUH�PRUH�OLNHO\�WR�EH�SXEOLVKHG��WKH�UDWLRVRI�HIIHFW�VL]HV�GLYLGHG�E\�WKHLU�VWDQGDUG�HUURUV�ZLOO�EXQFK�DURXQG�WZR��/LNH�$VKHQIHOWHU�HW�DO�

� 7KH�RPLWWHG�REVHUYDWLRQ�KDG�D�UHSRUWHG�VWDQGDUG�HUURU�RI�������
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�������� ZH� VLPXOWDQHRXVO\� FRUUHFW� IRU� WKH� SUREOHP� RI� KHWHURJHQHLW\� RI� WKH� HIIHFW� VL]HV� E\DGGLQJ�PRGHUDWRU�YDULDEOHV�WR�WKH�UHJUHVVLRQ�WHVWLQJ�IRU�SXEOLFDWLRQ�ELDV��7KH�UHVXOWV�RI�WKLV�WHVW�DUH�VKRZQ�LQ�WKH�ILUVW�FROXPQ�RI�7DEOH����7KH�PRGHO�LV�HVWLPDWHG�E\PHDQV�RI�2/6�� ,I�SXEOLFDWLRQ�ELDV�ZHUH�SUHVHQW��ZH�ZRXOG�H[SHFW�DQ�DEXQGDQFH�RI�SXEOLVKHGW VWDWLVWLFV�RI�DURXQG�WZR��L�H���SURSRUWLRQDOLW\�EHWZHHQ�HIIHFW�VL]HV�DQG�WKHLU�VWDQGDUG�HUURUV��,QWKH� UHJUHVVLRQ� VKRZQ� LQ� FROXPQ� ���� RI� 7DEOH� �� WKH� VWDQGDUG� HUURU� RI� WKH� HIIHFW� VL]H� LV� QRWVLJQLILFDQW�DW�DQ\�FRQYHQWLRQDO�OHYHO��WKXV�VXJJHVWLQJ�WKDW�SXEOLFDWLRQ�ELDV�LV�QRW�D�PDMRU�LVVXHLQ�RXU�VDPSOH��,Q�WKH�DEVHQFH�RI�SXEOLFDWLRQ�ELDV��WKH�VWDQGDUG�HUURU�FDQ�EH�RPLWWHG�IURP�WKHUHJUHVVLRQ�&ROXPQ�����RI�7DEOH��� VKRZV� WKH� UHVXOWLQJ�PHWD�UHJUHVVLRQ�HVWLPDWHG�E\�PHDQV�RI�2/6�6XFK� DQ� DSSURDFK� JLYHV� HTXDO� ZHLJKW� WR� HDFK� HIIHFW� VL]H�� $� FRPPRQ� SUDFWLFH� LQ� PHWD�UHJUHVVLRQ�DQDO\VLV�LV�WR�ZHLJK�HDFK�HIIHFW�VL]H�E\�WKH�LQYHUVH�RI�LWV�VWDQGDUG�HUURU��LQ�RUGHU�WRJLYH� KLJKHU�ZHLJKWV� WR� WKRVH� HIIHFW� VL]HV� WKDW� DUH�PRUH� SUHFLVH�� L�H�� KDYH� D� ORZHU� YDULDQFH�(IIHFWLYHO\��WKLV�LV�WKH�PXOWLSOH�UHJUHVVLRQ�HTXLYDOHQW�RI�HTXDWLRQ�������)XUWKHUPRUH��ZHLJKWLQJHDFK� REVHUYDWLRQ� LQ� UHJUHVVLRQ� E\� WKH� LQYHUVH� RI� WKH� HVWLPDWHG� VWDQGDUG� GHYLDWLRQ� KDV� WKHHIIHFW�RI� UHGXFLQJ� WKH� UHVLGXDO�XQH[SODLQHG�KHWHURJHQHLW\� �7KRPSVRQ���������7KH� UHVXOWV�RIWKLV�DSSURDFK�DUH�VKRZQ�LQ�FROXPQ�����RI�7DEOH����7KH�HVWLPDWHV�DUH�FRPSXWHG�E\�PHDQV�RIZHLJKWHG�OHDVW�VTXDUHV��:/6���$�ZHDNQHVV�RI�WKLV�DSSURDFK�LV�WKDW�:/6�DUH�LQHIILFLHQW�ZKHQWKH�ZHLJKWV�DUH�FRUUHODWHG�ZLWK�WKH�GLVWXUEDQFHV��*UHHQH��������RU�ZKHQ�WKH�HIIHFW�VL]HV�DUHFRUUHODWHG� ZLWK� HDFK� RWKHU� �*OHVHU� DQG� 2ONLQ�� ������� $� IXUWKHU� SUREOHP� RI� WKLV� DSSURDFKFRQFHUQV�WKH�FRPSDUDELOLW\�RI�WKH�VWDQGDUG�HUURUV�RI�WKH�SULPDU\�VWXGLHV��VLQFH�VWDQGDUG�HUURUVWKDW�DUH�µUREXVW¶�IRU�KHWHURVNHGDVWLFLW\�DUH��FHWHULV�SDULEXV��KLJKHU�WKDQ�WKRVH�QHJOHFWLQJ�VXFKD�PLVVSHFLILFDWLRQ��7KLV�LVVXH�ZLOO�EH�HODERUDWHG�IXUWKHU�EHORZ�,Q�WKH�PHGLFDO�ILHOG�D�FRPPRQ�DOWHUQDWLYH�WR�2/6�DQG�:/6�HVWLPDWRUV�LV�WKH�PL[HG�HIIHFWPRGHO�� W\SLFDOO\�HVWLPDWHG�E\�PHDQV�RI�0D[LPXP�/LNHOLKRRG��0/��HVWLPDWRUV��7KH�PL[HG�HIIHFW� PRGHO� LV� JHQHUDOO\� SUHIHUUHG� ZKHQ� SDUW� RI� WKH� KHWHURJHQHLW\� LV� QRW� FDSWXUHG� E\� WKHH[SODQDWRU\� YDULDEOHV� LQFOXGHG� LQ� WKH� PRGHO� �VHH�� IRU� H[DPSOH��6XWWRQ� HW� DO��� ������� 7KHUHVXOWV�RI�WKH�PL[HG�HIIHFW�PRGHO�DUH�VKRZQ�LQ�FROXPQ�����RI�7DEOH����$OVR�WKLV�DSSURDFK�KDVD�GUDZEDFN��LW�DVVXPHV�DGGLWLYLW\�RI�HIIHFW�VL]HV¶�YDULDQFHV��,Q�HFRQRPLF�PHWD�DQDO\VHV��RIWHQ
� :H�DOVR�FRPSXWHG�DOWHUQDWLYH� WHVWV�� VXFK�DV� WKH�RQHV� VXJJHVWHG�E\�)ORUD[� �����E��DQG�6WDQOH\�HW� DO�� �������ZLWKRXW�ILQGLQJ��KRZHYHU��D�FRQFOXVLYH�HYLGHQFH�RI�SXEOLFDWLRQ�ELDV�E\�PHDQV�RI�WKHVH�WHVWV�
� $OO�HVWLPDWLRQV�KDYH�EHHQ�GRQH�ZLWK�6WDWD���
� :KHQ�WKH�DLP�RI�WKH�DQDO\VLV�LV�WR�YHULI\�WKH�HIIHFW�RI�FHUWDLQ�VWXG\�FKDUDFWHULVWLFV�RQ�WKH�HVWLPDWHG�HIIHFW�VL]HV�UDWKHU�WKDQ�UHDFKLQJ�D�KLJK�JRRGQHVV�RI�ILW��WKH�2/6�RU�:/6�DSSURDFKHV�PLJKW�EH�SUHIHUUHG�IRU�WKHLU�UREXVWQHVV�



��

FKDUDFWHULVHG�E\�PXOWLSOH�REVHUYDWLRQV�IURP�HDFK�VWXG\��WKLV�DGGLWLYLW\�DVVXPSWLRQ�PLJKW�QRWKROG��,Q�VXFK�D�VLWXDWLRQ��WKH�REWDLQHG�HVWLPDWHV�PLJKW�EH�PLVOHDGLQJ�:LWK�RQO\�IHZ�H[FHSWLRQV��WKH�UHVXOWV�RI�WKH�WKUHH�HVWLPDWLRQ�WHFKQLTXHV�VHHP�WR�EH�UDWKHUFRQVLVWHQW��DV�VKRZQ�LQ�7DEOH���
7$%/(���$%287�+(5(

,Q� DQ� RSHQ� ODERXU�PDUNHW�� DGMXVWPHQW� SURFHVVHV� VXFK� DV� QDWLYH� RXW�PLJUDWLRQ�� WUDGH� DQGFDSLWDO�LQIORZ�PLJKW�ELDV�WKH�HVWLPDWLRQ�RI�WKH�HIIHFW�RI�LPPLJUDWLRQ�WRZDUGV�]HUR��$V�D�UHVXOW�WKH�HIIHFW�RI�WKHVH�DGMXVWPHQW�SURFHVVHV�ZLOO�EH�ODUJHU�LQ�VPDOO�DUHDV�WKDQ�LQ�ELJ�DUHDV��&DUG��������7KRVH�VWXGLHV�IRFXVLQJ�RQ�VPDOO�JHRJUDSKLF�DUHDV�DUH�WKHUHIRUH�PRUH�OLNHO\�WR�PLVV�DQHJDWLYH�HIIHFW�RI� LPPLJUDWLRQ�RQ�QDWLYH�ZDJHV� WKDQ� WKRVH�IRFXVLQJ�RQ� ODUJH�DUHDV� �VHH�DOVR%RUMDV�HW�DO��������� 7KH�VDPSOH�PHDQV�LQ�7DEOH���VKRZ�D�ELJJHU�QHJDWLYH�HIIHFW�LQ�ODUJH�DUHDV�VXFK�DV�86�VWDWHV�RU�86�ODUJH�UHJLRQV��WKDQ�LQ�VPDOOHU�DUHDV��VXFK�DV�606$V�LQ�WKH�86���7KH2/6�UHVXOWV�VXJJHVW� WKDW� WKH�FRHIILFLHQW�HVWLPDWHG�IRU� ODUJHU�DUHDV� LV�PRUH�QHJDWLYH� WKDQ� WKHFRHIILFLHQW� HVWLPDWHG� LQ� VPDOOHU� DUHDV�� DQG� WKDW� LW� LV� HYHQ� PRUH� QHJDWLYH� ZKHQ� WKH� DUHDFRLQFLGHV�ZLWK�D�FRXQWU\�� DQ�HQWLUH� FRXQWU\� LV�±� UHODWLYHO\� VSHDNLQJ�±� WKH� OHDVW�RSHQ� UHJLRQ�7KH� ODUJHVW� LPPLJUDWLRQ� HIIHFWV� DUH� LQGHHG� REVHUYHG� DW� WKH� QDWLRQDO� OHYHO�� +RZHYHU�� WKHGLIIHUHQFHV� DUH� QRW� VWDWLVWLFDOO\� VLJQLILFDQW�� VXJJHVWLQJ� WKDW� VXFK� HTXLOLEUDWLQJ� IDFWRUV�PLJKWKDYH�RQO\�D� ORQJ�UXQ�HIIHFW� �VHH�%RUMDV���������7KH�:/6��FROXPQ����DQG� WKH�0L[HG�(IIHFWHVWLPDWRUV� VKRZ� LQVWHDG�� UDWKHU� VXUSULVLQJO\�� D� SRVLWLYH� DQG� VLJQLILFDQW� FRHIILFLHQW� IRU� WKHµ/DUJH�$UHDV¶�GXPP\�*LYHQ� WKDW�DGMXVWPHQW�HIIHFWV�DUH�H[SHFWHG� WR�EH� VWURQJHU� LQ� FRXQWULHV�ZLWK�KLJK� UDWHV�RILQWHUQDO�PRELOLW\��ZH�PLJKW�H[SHFW�WKH�HIIHFW�VL]HV�WR�EH�ODUJHU�LQ�FRXQWULHV�ZLWK�ORZHU�LQWHUQDOPRELOLW\��7KLV�ZRXOG�VXJJHVW��IRU�H[DPSOH��WKDW�HIIHFW�VL]HV�ZRXOG�EH�ODUJHU�LQ�(XURSH��ZKHUHJHRJUDSKLFDO�PRELOLW\�LV�UHODWLYHO\�ORZ��WKDQ�LQ�WKH�86��ZKHUH�LW�LV�KLJK���7KH�UHVXOWV�LQ�7DEOH�� FRQILUP� WKDW� WKH� HIIHFW� VL]HV� HVWLPDWHG� E\� VWXGLHV� IRFXVVLQJ� RQ� WKH� 86� VHHP� WR� EHVLJQLILFDQWO\�FORVHU�WR�]HUR�WKDQ�WKH�RQHV�HVWLPDWHG�E\�VWXGLHV�IRFXVVLQJ�RQ�WKH�(8�'LIIHUHQW� RXWFRPHV� RQ� WKH� ZDJH� HIIHFW� RI� LPPLJUDWLRQ� PLJKW� EH� FRQQHFWHG� WR� GLIIHUHQWGHILQLWLRQV� RI� WKH� ODERXU� PDUNHWV�� :KLOH� LQ� VRPH� VWXGLHV� WKH� ORFDO� ODERXU� PDUNHW� LV� RQO\GHILQHG�LQ�WHUPV�RI�JHRJUDSKLFDO�DUHDV��LQ�RWKHU�VWXGLHV�WKH�ORFDO�ODERXU�PDUNHW�LV�GHILQHG�E\WZR� YDULDEOHV�� JHRJUDSK\� DQG� RFFXSDWLRQV�VNLOOV�� 6LQFH� WKH� HVWLPDWHG� HIIHFW� VL]HV� PLJKW� EHELDVHG� WRZDUGV� ]HUR� E\� WKH� QDWLYHV¶� RXW�PLJUDWLRQ�� QDUURZHU� GHILQLWLRQV� RI� ORFDO� ODERXUPDUNHWV�PLJKW� UHVXOW� LQ� KLJKHU� ELDVHV�� 7R� FDOFXODWH� WKH� HIIHFW� RI� LPPLJUDWLRQ� RQ�ZDJHV�ZH



��

VKRXOG�WKHUHIRUH�QRW�RQO\�DGRSW�D�FRXQWHUIDFWXDO�RI�]HUR�PLJUDWLRQ�RI�QDWLYHV��EXW�DOVR�RI�]HURPRYHPHQW�DFURVV�RFFXSDWLRQV�VNLOOV��:H�WKHUHIRUH�H[SHFW�WKH�HIIHFW�VL]HV�WR�EH�FORVHU�WR�]HURZKHQ� HVWLPDWHG� RQ� WKH� EDVLV� RI� D� QDUURZHU� ±� DUHD� DQG� RFFXSDWLRQ� ±� GHILQLWLRQ� RI� ODERXUPDUNHWV��+RZHYHU��WKH�UHVXOWV�RI�7DEOH���GR�QRW�FRQILUP�VXFK�K\SRWKHVLV�$QRWKHU�VRXUFH�RI�XQGHUHVWLPDWLRQ�RI�WKH�HIIHFWV�RI�LPPLJUDWLRQ�FDQ�EH�IRXQG�LQ�WKH�QRQ�UDQGRP�GLVWULEXWLRQ� RI� LPPLJUDQWV� DFURVV� WKH� ODERXU�PDUNHW� DUHDV� FRPSDUHG�� ,I� LPPLJUDQWVORFDWH�LQ�WKRVH�DUHDV�RIIHULQJ�KLJKHU�ZDJHV��WKHQ�LQVWUXPHQWDO�YDULDEOHV�HVWLPDWRUV�DUH�QHHGHGWR� FRUUHFW� IRU� WKLV� HQGRJHQHLW\� SUREOHP� DQG� WKHUHIRUH� WR� DYRLG� WKH� HVWLPDWLRQ� RI� D� VSXULRXVUHODWLRQVKLS� EHWZHHQ�ZDJHV� DQG� LPPLJUDWLRQ� �VHH�%RUMDV�� ������ )ULHGEHUJ� DQG�+XQW�� �����DQG� &DUG�� ������� 7KH� UHJUHVVLRQV� VXJJHVW� WKDW� WKRVH� SULPDU\� VWXGLHV� WKDW� GLG� QRW� XVHLQVWUXPHQWDO�YDULDEOH�HVWLPDWRUV�WHQG�WR�ILQG�OHVV�QHJDWLYH�HIIHFW�VL]HV��7KH�UHVXOWV�DUH�DOPRVWDOZD\V�VLJQLILFDQW��+RZHYHU��HQGRJHQHLW\�RI�LPPLJUDQWV¶�ORFDWLRQ�GHFLVLRQV�PLJKW�EH�RQO\�DPLQRU� SUREOHP��$OWRQML� DQG�&DUG� ������� DUJXH� WKDW� LPPLJUDQWV� WHQG� WR� FOXVWHU�ZKHUH� RWKHULPPLJUDQWV�RI�WKH�VDPH�W\SH�DUH�DOUHDG\�ORFDWHG��,Q�WKLV�FDVH��LPPLJUDQWV¶�ORFDWLRQ�PLJKW�EHGHSHQGHQW�PRUH�RQ�KLVWRULFDO��WKDQ�RQ�HFRQRPLF�UHDVRQV�)ULHGEHUJ� DQG� +XQW� ������� DUJXH� WKDW� IDFWRU� SULFH� HTXDOLVDWLRQ� PLJKW� FDXVH� DQXQGHUHVWLPDWLRQ�RI�WKH�HIIHFW�RI�LPPLJUDWLRQ�FRPSXWHG�RQ�FURVV�VHFWLRQ�GDWD��%HVLGHV��$OWRQMLDQG�&DUG��������VXJJHVW�WKDW�WKHUH�LV�D�QHHG�WR�ILUVW�GLIIHUHQFH�WKH�GDWD�LQ�RUGHU�WR�FDSWXUH�WKHVKRUW�UXQ� HIIHFWV� RI� LPPLJUDWLRQ�� 7KH� UHDVRQ� LV� WKDW� ILUVW�GLIIHUHQFHG� GDWD� DUH� SUREDEO\� OHVVDIIHFWHG�E\�FLW\�VSHFLILF�XQREVHUYHG�FKDUDFWHULVWLFV�WKDW�PLJKW�LQIOXHQFH�LPPLJUDQWV¶�GHQVLW\DQG�RU�QDWLYHV¶�RXWFRPHV��,Q�WKLV�FDVH�WKH�UHVXOWV�VHHP�WR�EH�UDWKHU�LQFRQFOXVLYH��7KH�SUDFWLFHRI� FRPSXWLQJ� ILUVW�GLIIHUHQFHV� RI� WKH� RULJLQDO� GDWD�PLJKW� FRQWULEXWH� RQO\� PDUJLQDOO\� WR� WKHUHGXFWLRQ�RI� WKH�GRZQZDUG�ELDV� LQ� WKH� HVWLPDWHG� HIIHFW� RI� LPPLJUDWLRQ��7KH� UHDVRQ� IRU� WKLVUHVXOW�PLJKW�EH�GXH�WR�WKH�GDWD�XVHG�LQ�WKH�SULPDU\�VWXGLHV��6LQFH�PDQ\�SULPDU\�VWXGLHV�XVHFHQVXV� GDWD�� WKH� ILUVW� GLIIHUHQFHV� DUH� FRPSXWHG� RYHU� ILYH� RU� WHQ�\HDU� SHULRGV�� LPSOLFLWO\DVVXPLQJ�VXFK�FLW\�VSHFLILF�UHJLRQDO�FKDUDFWHULVWLFV�WR�UHPDLQ�FRQVWDQW�RYHU�D�UDWKHU�ORQJ�WLPHSHULRG�7KH�IHPDOH�ODERXU�IRUFH�SDUWLFLSDWLRQ�UDWH�VHHPV�WR�UHDFW�PRUH�WR�FKDQJHV�LQ�ZDJHV�DQG�LQXQHPSOR\PHQW�UDWHV�WKDQ�WKH�PDOH�ODERXU�IRUFH�SDUWLFLSDWLRQ�UDWH��VHH��H�J���%RUMDV���������$VD�UHVXOW��WKH�HIIHFW�RI�LPPLJUDWLRQ�RQ�ZDJHV�LV�SUREDEO\�PRUH�FOHDUO\�HVWLPDWHG�IRU�PHQ�WKDQIRU�ZRPHQ��,Q�VXFK�FDVH�ZH�ZRXOG�H[SHFW�D�PRUH�QHJDWLYH�HIIHFW�RI�LPPLJUDWLRQ�RQ�PDOH�WKDQRQ�IHPDOH�ZRUNHUV��6RPH�DXWKRUV��H�J���%RUMDV��������VXJJHVW�WKDW�LPPLJUDQWV�DUH�OLNHO\�WR�EHVXEVWLWXWHV�IRU�ORZ�VNLOO�QDWLYHV�DQG�IRU�IHPDOHV��ZKLOH�WKH\�DUH� OLNHO\�WR�FRPSOHPHQW�KLJKO\VNLOOHG�QDWLYHV��:H�ZRXOG�WKHQ�H[SHFW�LPPLJUDQWV�WR�KDYH�D�ELJJHU�LPSDFW�RQ�IHPDOHV�WKDQ�RQ



��

PDOHV��DQG�RQ�ORZ��UDWKHU�WKDQ�RQ�KLJK�VNLOOHG�ZRUNHUV��7DEOH���VKRZV�D�PRUH�QHJDWLYH�ZDJHHIIHFW�RQ�PDOHV�±�UDWKHU�WKDQ�RQ�IHPDOHV�±�DQG�RQ�ORZ�VNLOO�±�UDWKHU�WKDQ�RQ�KLJKO\�VNLOOHG�±ZRUNHUV��� +RZHYHU��WKH�UHJUHVVLRQ�UHVXOWV�LQ�7DEOH���VKRZ�WKDW�WKH�FRHIILFLHQWV�RI�WKH�JHQGHU�GXPPLHV�WHQG�WR�EH�QRW�VLJQLILFDQW��VXJJHVWLQJ�WKDW�LPPLJUDWLRQ�KDV�WKH�VDPH�HIIHFW�RQ�ERWKPDOHV�DQG�IHPDOHV��7KHUHIRUH��WKH�JHQGHU�GLIIHUHQFHV�KLJKOLJKWHG�LQ�7DEOH���PLJKW�EH�GXH�WRGLIIHUHQW�VNLOO�FRPSRVLWLRQV�RI�PDOHV�DQG�IHPDOHV�JURXSV��2Q� WKH�RWKHU�KDQG�� WKH� UHJUHVVLRQFRHIILFLHQWV�FOHDUO\�VXJJHVW�WKDW�LPPLJUDQWV�DUH�PRUH�LQ�FRPSHWLWLRQ�±�DQG�WKHUHIRUH�WR�KDYH�DELJJHU�GHSUHVVLQJ�HIIHFW�±�RQ�ORZ��WKDQ�KLJK�VNLOOHG�QDWLYH�ZRUNHUV��7KHUHIRUH��RXU�ILQGLQJ�RILQVLJQLILFDQW�FRHIILFLHQWV�RI�WKH�µ$UHD�DQG�2FFXSDWLRQ¶�GXPP\��WRJHWKHU�ZLWK�WKH�VLJQLILFDQWFRHIILFLHQWV� RI� WKH� µ1DWLYHV¶� 6NLOOV¶� GXPPLHV� WHQG� WR� VXSSRUW�%RUMDV¶V� ������� FODLP� WKDW� DFDUHIXO� GHILQLWLRQ� RI�ZRUNHUV¶� VNLOOV� VKRXOG� DOORZ� WKH� VROXWLRQ� RI� WKH� SUREOHP� RI� QHJOHFWHGHTXDOLVLQJ�IDFWRUV�$V� QRWHG� HDUOLHU�� QDUUDWLYH� VXUYH\V� RI� WKH� HPSLULFDO� OLWHUDWXUH� FRQFOXGH� WKDW� WKH� HIIHFW� RILPPLJUDWLRQ�RQ�QDWLYHV¶�ZDJHV�LV�UDWKHU�VPDOO��VHH��H�J���%RUMDV������ DQG�)ULHGEHUJ�DQG�+XQW�������� ,Q� SDUWLFXODU�� )ULHGEHUJ� DQG� +XQW� ������� FRPSDUH� WKH� FURZGLQJ� HIIHFWV� RQ� ODERXUPDUNHW� RI� EDE\�ERRPHUV� DV� HVWLPDWHG� E\�:HOFK� ��������ZLWK� WKH� HPSLULFDO� ILQGLQJV� RI� WKHLPPLJUDWLRQ�OLWHUDWXUH��:KLOH�WKH�HIIHFW�RI�EDE\�ERRPHUV�JHQHUDWHG�D�WZHOYH�SHUFHQW�GURS�LQWKH�ZDJHV�RI�FRPSHWLQJ�ZRUNHUV��WKH�HIIHFW�RI�LPPLJUDWLRQ�DSSHDUV�WR�EH�QHJOLJLEOH��XVXDOO\OHVV�WKDQ�RQH�SHUFHQW���6XFK�D�GLIIHUHQFH��ZKLFK�PLJKW�VHHP�UDWKHU�VXUSULVLQJ��LV�SUREDEO\�GXHWR�WKH�GLIIHUHQFH�LQ�WKH�H[WHQW�RI�ZRUNHUV�VXEVWLWXWDELOLW\��:HOFK¶V� �������EDE\�ERRPHUV�DUHOLNHO\�WR�EH�D FORVH�VXEVWLWXWHV�IRU�VRPHZKDW�HDUOLHU�RU� ODWHU�FRKRUWV��DQG� WKHUHIRUH� LQ�VWURQJFRPSHWLWLRQ� ZLWK� HDFK� RWKHU�� %HFDXVH� RI� FHUWDLQ� FKDUDFWHULVWLFV�� VXFK� DV� ODQJXDJH� VNLOOV�HGXFDWLRQ�REWDLQHG�LQ�WKH�KRPH�FRXQWU\�DQG�FXOWXUH��LPPLJUDQWV�PLJKW�QRW�EH�FORVH�VXEVWLWXWHVIRU�QDWLYH�ZRUNHUV��$V�D� UHVXOW�� LPPLJUDQWV�PLJKW�QRW�GHFUHDVH�QDWLYHV¶�ZDJHV�VLJQLILFDQWO\�$OWKRXJK� RXU� PHWD�DQDO\VLV� GRHV� QRW� DOORZ� WKH� LGHQWLILFDWLRQ� RI� WKH� H[DFW� HIIHFW� RILPPLJUDWLRQ�RQ�QDWLYHV¶�ZDJHV�� LW� FDQ�� QHYHUWKHOHVV�� SURYLGH� DQ� LQWHUHVWLQJ� LQWHUSUHWDWLRQ� RIWKH� VPDOO� HIIHFW� JHQHUDOO\� IRXQG� E\� WKH� HPSLULFDO� OLWHUDWXUH�� 7KH� UHVXOWV� LQ� 7DEOH� �� FOHDUO\LQGLFDWH� WKDW� LPPLJUDQWV� KDYH� D� VLJQLILFDQWO\� ELJJHU� GHSUHVVLQJ� HIIHFW� RQ� ZDJHV� RI� RWKHULPPLJUDQWV�WKDQ�RQ�QDWLYHV¶�ZDJHV�7KRXJK�WKH�PDMRULW\�RI�VWXGLHV�DVVXPH�WKDW�LPPLJUDQWV�DUH�ORZ�VNLOOHG�ZRUNHUV��)ULHGEHUJ������� DQG� +XQW� ������� DQDO\VH� WKH� HIIHFW� RI� LPPLJUDQWV� �5XVVLDQV� LQ� ,VUDHO� DQG� )UHQFKUHSDWULDWHV� IURP�$OJHULD��ZKR� DUH� UHODWLYHO\� KLJKO\� VNLOOHG�� )XUWKHUPRUH��%DXHU� ������� DQG
�� 6NLOOV�DUH�GHILQHG�LQ�WHUPV�RI�HGXFDWLRQ�DQG�RU�RFFXSDWLRQ��EOXH�YHUVXV�ZKLWH�FROODUV��DQG�RU�H[SHULHQFH�
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*UHHQZRRG�HW�DO���������HVWLPDWH�WKH�HIIHFW�RI�LPPLJUDQWV�RI�GLIIHUHQW�VNLOO�OHYHOV��7KH�UHVXOWVRI�7DEOH���VKRZ�WKDW� WKH�HIIHFW�RI�KLJK�VNLOOHG�LPPLJUDQWV� LV�QRW�VLJQLILFDQWO\�GLIIHUHQW� WKDQWKH�HIIHFW�RI�ORZ�VNLOOHG�RQHV�:LQWHU�(EPHU� DQG� =LPPHUPDQQ� ������� DQG� +RIHU� DQG� +XEHU� ������� DUJXH� WKDW� WKHREVHUYHG�HIIHFW� RI� LPPLJUDWLRQ� RQ�ZDJHV�PLJKW� EH� XQGHUHVWLPDWHG� EHFDXVH� RI� WKH� HIIHFW� RILQWHUQDWLRQDO�WUDGH�RQ�WKH�DOORFDWLRQ�RI�ODERXU�DFURVV�VHFWRUV��,Q�7DEOH���WKH�PHDQ�HIIHFW�VL]HFRPSXWHG�IURP�VWXGLHV�WKDW�H[SOLFLWO\�DFFRXQW�IRU�WKH�HIIHFW�RI�IRUHLJQ�WUDGH�LV�DOPRVW�LGHQWLFDOWR� WKH�PHDQ� HIIHFW� VL]H� FRPSXWHG� IURP� WKRVH� VWXGLHV� WKDW� QHJOHFW� VXFK� HIIHFW�� DOWKRXJK� WKHQXPEHU�RI�REVHUYDWLRQV�RQ�WKH�IRUPHU�ZDV�UDWKHU�VPDOO��2Q�WKLV�LVVXH��WKH�UHVXOWV�RI�7DEOH��DUH�UDWKHU�LQFRQFOXVLYH�$FFRUGLQJ�WR�%RUMDV�HW�DO���������DQG�WR�)ULHGEHUJ���������WKH�VWXGLHV�DSSO\LQJ�WKH�IDFWRUSURSRUWLRQV�DSSURDFK�WHQG�WR�ILQG�D�ODUJHU�ZDJH�HIIHFW�RI�LPPLJUDWLRQ�WKDQ�WKRVH�DSSO\LQJ�WKHDUHD� DSSURDFK�� 7KH� HYLGHQFH� LQ� 7DEOH� �� FRQWUDGLFWV�%RUMDV¶V� HW� DO�� ������� DQG� )ULHGEHUJ¶V�������UHPDUN��DQG�FOHDUO\�VXJJHVWV�WKDW�WKH�IDFWRU�DSSURDFK�WHQGV�WR�HVWLPDWH�HIIHFW�VL]HV�WKDWDUH�VLJQLILFDQWO\�FORVHU�WR�]HUR��7KLV�LVVXH�ZLOO�EH�GHYHORSHG�IXUWKHU�EHORZ�:H�DOVR�DQDO\VH�WKH�HIIHFW�RI�GLIIHUHQW�GHILQLWLRQV�RI�LPPLJUDQWV�E\�FRPSDULQJ�HIIHFW�VL]HVIRFXVLQJ�RQ�UHFHQW�LPPLJUDQWV�DQG�RQ�ZRUNHUV¶�HWKQLFLW\��5HFHQW�LPPLJUDQWV�DUH�KHUH�GHILQHGDV�IRUHLJQ�ERUQ�ZRUNHUV�ZKR�KDYH�UHVLGHG�OHVV�WKDQ����\HDUV�LQ�WKH�KRVW�FRXQWU\��7KH�HIIHFW�RQQDWLYH� ZDJHV� RI� UHFHQW� LPPLJUDQWV� PD\� EH� H[SHFWHG� WR� EH� OHVV� WKDQ� WKH� HIIHFW� RI� HDUOLHULPPLJUDQWV��VLQFH�WKH�ODWWHU�KDYH�EHFRPH��WKURXJK�WKH�SURFHVV�RI�DGDSWDWLRQ��FORVHU�VXEVWLWXWHVWR�QDWLYHV��7KH�GHILQLWLRQ�RI�HWKQLFLW\�RI�PLJUDQWV�PD\�LQYROYH�QRW�RQO\�WKH�LGHQWLILFDWLRQ�RIWKH�ZRUNHU¶V�ELUWKSODFH��EXW�DOVR�WKH�LGHQWLILFDWLRQ�RI�KLV�KHU�SDUHQWV¶�ELUWKSODFH��+DUWRJ�DQG=RUOX���������2EYLRXVO\��WKH�ILUVW�GHILQLWLRQ�RI�LPPLJUDQWV�LV�PXFK�QDUURZHU�WKDQ�WKH�VHFRQGRQH��7KH�PDMRULW\�RI� VWXGLHV�� KRZHYHU�� GHILQH� LPPLJUDQWV�RQ� WKH�EDVLV�RI� WKHLU� ELUWKSODFH�±µIRUHLJQ�ERUQ¶�LV�WKH�W\SLFDO�GHILQLWLRQ�RI�86�VWXGLHV�±�RU�RQ�WKH�EDVLV�RI�WKHLU�QDWLRQDOLW\��7KLVODVW� GHILQLWLRQ� ±� µQRQ�QDWLRQDOV¶� ±� LV� W\SLFDO� RI� (8� VWXGLHV�� :KLOH� HVWLPDWHV� IRU� UHFHQWLPPLJUDQWV�DQG�IRU� LPPLJUDQWV�RI�DQ�HWKQLFLW\�RWKHU� WKDQ� WKH�GRPLQDQW�QDWLYH�RQH� FRXOG�EHLGHQWLILHG�� WKH�GHILQLWLRQV�RI� IRUHLJQ�ERUQ�DQG�QRQ�QDWLRQDOV�DUH�RYHUODSSLQJ�IRU�(8�DQG�86VWXGLHV��)RU�WKLV�UHDVRQ�ZH�JURXSHG�WKHP�LQ�WKH�VDPH�FDWHJRU\��7KH�PHWD�UHJUHVVLRQ�VXJJHVWVWKDW�WKH�HIIHFW�VL]HV�HVWLPDWLQJ�WKH�LPSDFW�RI�UHFHQW�LPPLJUDQWV�WHQG�WR�KDYH�D�SRVLWLYH�VLJQ�EXW� WKH� HIIHFW� LV� QRW� DOZD\V� VLJQLILFDQW�� 7KH� UHJUHVVLRQ� DOVR� VXJJHVWV� WKDW� SULPDU\� VWXGLHVDQDO\VLQJ�WKH�HIIHFW�RI�HWKQLF�LPPLJUDQWV�JHQHUDOO\�HVWLPDWH�HIIHFW�VL]HV�WKDW�DUH�OHVV�QHJDWLYH�ZHDNHU��WKDQ�WKH�DYHUDJH��+RZHYHU��VLQFH�RQO\�RQH�VWXG\�LQ�RXU�VDPSOH�GHILQHV�LPPLJUDQWV
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LQ�WHUPV�RI�HWKQLFLW\��WKLV�UHVXOW�PLJKW�DOVR�EH�GXH�WR�RWKHU�FKDUDFWHULVWLFV�WKDW�DUH�VSHFLILF�WRWKLV�VWXG\�:H� ILQDOO\� FRPSXWHG� VHSDUDWH� PHDQ� HIIHFW� VL]HV� IRU� WKRVH� VWXGLHV� IRFXVLQJ� RQ� DQQXDO�PRQWKO\�� ZHHNO\�� GDLO\� RU� KRXUO\� ZDJHV�� :H� ZRXOG� H[SHFW� WKDW� LI� DQ� LPPLJUDWLRQ� VKRFNORZHUV� KRXUO\� ZDJHV�� DQG� WKH� ODERXU� VXSSO\� UHODWLRQVKLS� RI� QDWLYHV� LV� XSZDUG� VORSLQJ�� WKHHIIHFW�RQ�DQQXDO�HDUQLQJV�RI�QDWLYHV�LV�JUHDWHU�WKDQ�RQ�KRXUO\�ZDJHV��� $OWKRXJK�WKHUH�LV�VRPHYDULDWLRQ�� WKH� ZDJH� LPSDFW� GRHV� DSSHDU� WR� EH� VLJQLILFDQWO\� PRUH� SRVLWLYH� IRU� PRQWKO\� DQGVLJQLILFDQWO\�QHJDWLYH�IRU�DQQXDO��FRPSDUHG�WR�ZHHNO\��ZDJHV��7KLV�LV�FRQVLVWHQW�ZLWK�7DEOH���DQG�VXJJHVWV�D�EDFNZDUG�EHQGLQJ�VXSSO\�FXUYH�UDWKHU�WKDQ�DQ�XSZDUG�VORSLQJ�RQH��,I�KRXUO\ZDJHV�DUH�UHGXFHG��EXW�PRQWKO\�HDUQLQJV�DUH�UHGXFHG� OHVV��ZRUNHUV�PXVW�KDYH� LQFUHDVHG� WKHWRWDO�KRXUV�RI�ZRUN�SHU�PRQWK�$V� SUHYLRXVO\� PHQWLRQHG�� WZR� FRPSHWLQJ� DSSURDFKHV� EDVHG� RQ� GLIIHUHQW� K\SRWKHVHV�DVVXPSWLRQV�DQG�PHWKRGRORJLHV�±�WKH�IDFWRU�SURSRUWLRQV�DQG�DUHD�DSSURDFKHV�±�FDQ�EH�XVHG�WRDQDO\VH� WKH� HIIHFW� RI� LPPLJUDWLRQ� RQ� QDWLYHV�� 7KH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� DSSURDFKHVPLJKW�UDLVH�GRXEWV�DERXW�WKHLU�FRPSDUDELOLW\�LQ�WKH�VDPH�PHWD�DQDO\VLV��,W�FDQ�EH�DUJXHG�WKDWWKH�XVH�RI�RQH�GXPP\�±�WKH�)DFWRU�$SSURDFK�GXPP\�±�PLJKW�EH�WRR�VLPSOLVWLF�DQG�WKHUHIRUHLQVXIILFLHQW�WR�PRGHO�VXFK�GLIIHUHQFHV��)RU�WKLV�UHDVRQ�ZH�UH�HVWLPDWHG�PRGHO�����RI�7DEOH��VHSDUDWHO\�IRU�WKH�IDFWRU�DQG�DUHD�DSSURDFKHV��� 7KH�PRGHO�UHVXOWV�FRPSXWHG�RQ�WKH�����HIIHFWVL]HV�REWDLQHG�IURP�WKRVH�SULPDU\�VWXGLHV�DSSO\LQJ�WKH�DUHD�DSSURDFK�DUH�YHU\�VLPLODU�WR�WKRVHDOUHDG\�VKRZQ�LQ�7DEOH����+RZHYHU�� WKH�PRGHO�FRPSXWHG�RQ� WKH�UHPDLQLQJ�����HIIHFW�VL]HVREWDLQHG� IURP� WKRVH� SULPDU\� VWXGLHV� DSSO\LQJ� WKH� IDFWRU� DSSURDFK� GRHV� QRW� VKRZ� PDQ\VLJQLILFDQW�FRHIILFLHQWV��)XUWKHUPRUH��EHFDXVH�WKH�KLJK�KRPRJHQHLW\�RI�VXFK�VWXGLHV��PDQ\�RIWKH�GXPP\�YDULDEOHV� LGHQWLILHG� LQ�7DEOH��� DQG� LQ�7DEOH��� FRXOG� QRW� EH� HVWLPDWHG��:H� FDQ�WKHUHIRUH��FRQFOXGH�WKDW�WKH�IDFWRU�DSSURDFK�LV�OHVV�LQIRUPDWLYH�LQ�LGHQWLI\LQJ�WKH�ZDJH�LPSDFWRI�LPPLJUDWLRQ�7KH�VHFRQG�VHQVLWLYLW\�DQDO\VLV�DLPV�DW� LQYHVWLJDWLQJ�WKH�HIIHFW�RI� WKH�GDWD�WUDQVIRUPDWLRQWKDW� ZH� DSSOLHG� WR� PDNH� WKH� HIIHFW� VL]HV� FRPSDUDEOH�� VHH� HTXDWLRQ� ����� :H� WKHUHIRUH� UH�HVWLPDWHG�WKH�PRGHO�VHSDUDWHO\�IRU� WKH� WZR�JURXSV�RI�SULPDU\�VWXGLHV�� WKRVH�IURP�ZKLFK�ZHGLUHFWO\� FROOHFWHG� WKH� HIIHFW� VL]HV� XVHG� LQ� WKH� PHWD�DQDO\VLV�� DQG� WKRVH� IRU� ZKLFK� GDWD
�� ,Q�RXU�VDPSOH�RI�VWXGLHV�WKH�GHILQLWLRQ�RI�ZDJHV�LV�TXLWH�KHWHURJHQHRXV��:H� WKHUHIRUH�VXVSHFW� WKDW� WKHVH� ODVWGXPP\�YDULDEOHV�PLJKW�FDSWXUH�HIIHFWV�GLIIHUHQW� WKDQ�WKH�RQHV� WKDW� WKH\� LQWHQG� WR�PHDVXUH��)RU� WKLV� UHDVRQ� WKHFRHIILFLHQWV�RI�VXFK�YDULDEOHV�KDYH�WR�EH�LQWHUSUHWHG�FDXWLRXVO\�
�� 7KH�UHVXOWV�DUH�QRW�SUHVHQWHG�KHUH�EXW�DUH�DYDLODEOH�IURP�WKH�DXWKRUV�RQ�UHTXHVW�
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WUDQVIRUPDWLRQ�ZDV�QHHGHG��� 7KH�UHJUHVVLRQ�FRPSXWHG�RQ�WKH�����REVHUYDWLRQV�IRU�ZKLFK�QRSUH�SURFHVVLQJ�ZDV�QHHGHG�VKRZ�FRHIILFLHQWV�WKDW�DUH�VLPLODU�WR�WKH�RQHV�HVWLPDWHG�LQ�7DEOH���WKXV� JHQHUDOO\� FRUURERUDWLQJ� ±� VRPHWLPHV� VWUHQJWKHQLQJ� ±� RXU� SUHYLRXV� FRQFOXVLRQV�� 7KHPRGHO� FRPSXWHG� RQ� WKH� UHPDLQLQJ� ���� HIIHFW� VL]HV�� IRU� ZKLFK� WUDQVIRUPDWLRQ� ZDV� QHHGHG�GRHV�QRW�VKRZ�PDQ\�VLJQLILFDQW�FRHIILFLHQWV��7KLV�PD\�EH�GXH�WR�LPSUHFLVLRQ�LQ�WKH�HVWLPDWHVRI�VDPSOH�PHDQV�WKDW�ZH�JDXJHG�IURP�WKH�SXEOLFDWLRQV�LQ�RUGHU�WR�FRQYHUW�HODVWLFLWLHV�WR�HIIHFWVL]HV�$V�D�WKLUG�VHQVLWLYLW\�DQDO\VLV�ZH�HVWLPDWH�RXU�PRGHO�DIWHU�ZHLJKWLQJ�HDFK�HIIHFW�VL]H�E\�DPHDVXUH�RI� LWV�TXDOLW\��$�JHQHUDO� FULWLFLVP� WR�PHWD�DQDO\VLV� UHODWHV� WR� WKH�SUDFWLFH�RI� JLYLQJHTXDO� LPSRUWDQFH� WR� DOO� SULPDU\� VWXGLHV�� LQGHSHQGHQWO\� RQ� WKHLU� TXDOLW\�� $V� D� UHVXOW�� WKHSUHVHQFH�RI�EDG�TXDOLW\�HVWLPDWLRQV�DPRQJ�WKH�HIIHFW�VL]HV�RI�WKH�PHWD�VDPSOH�PLJKW�ELDV�WKHFRHIILFLHQWV�RI� WKH�PHWD�UHJUHVVLRQ��:RRGZDUG�DQG�:XL��������DWWHPSW� WR�FRQWURO� IRU� VWXG\TXDOLW\�E\�LQFOXGLQJ�VSHFLILF�GXPP\�YDULDEOHV�WR�GLIIHUHQWLDWH�EHWZHHQ�VWXGLHV�ZLWK�KLJK��DQGORZ��TXDOLW\�GDWD��HFRQRPHWULFV��HWF��:H�XVH�KHUH�D�GLIIHUHQW�DSSURDFK��7R�ORZHU�WKH�LQIOXHQFHRI� ORZ�TXDOLW\� SULPDU\� VWXGLHV� ±� RU� HIIHFW� VL]HV� ±� ZH� FDQ� ZHLJK� HDFK� PHWD�REVHUYDWLRQ�WKHUHE\�LQWURGXFLQJ�RI�FRXUVH�VRPH�VXEMHFWLYLW\�LQWR�WKH�DQDO\VLV�:H�FRPSXWH�IRXU�JURXSV�RI�TXDOLW\�LQGLFHV��7KH�ILUVW�JURXS�JLYHV�D�KLJKHU�ZHLJKW��HTXDO�WRWZR��WR�WKRVH�SULPDU\�VWXGLHV�SXEOLVKHG�LQ�JRRG�TXDOLW\�MRXUQDOV�DQG�D�ORZHU�ZHLJKW��HTXDO�WRRQH�� WR� WKH� RWKHU� VWXGLHV�� ,Q� WKLV� FDVH�� DOO� HIIHFW� VL]HV� EHORQJLQJ� WR� WKH� VDPH�SULPDU\� VWXG\KDYH� WKH� VDPH� ZHLJKW�� 6LPLODUO\�� WKRVH� SULPDU\� VWXGLHV� UHSRUWLQJ� UREXVW� VWDQGDUG� HUURUVJHQHUDOO\�VHHP�WR�EH�RI�EHWWHU�TXDOLW\�WKDQ�WKRVH�WKDW�UHSRUW�QRQ�FRUUHFWHG�VWDQGDUG�HUURUV��)RUWKLV� UHDVRQ� WKH� VHFRQG� JURXS�RI�ZHLJKWV� JLYHV� D�KLJKHU�YDOXH� �HTXDO� WR� WZR�� WR� WKRVH� HIIHFWVL]HV�IRU�ZKLFK�UREXVW�VWDQGDUG�HUURUV�DUH�UHSRUWHG��$OO�RWKHU�HIIHFW�VL]HV�KDYH�ZHLJKWV�HTXDOWR� RQH�� 6LQFH� FRPSXWDWLRQ� �RU� QRW�� RI� UREXVW� VWDQGDUG� HUURUV� LV� D� SUDFWLFH� WKDW� LV� XVXDOO\DSSOLHG�WR�DOO�HIIHFW�VL]HV�HVWLPDWHG�LQ�WKH�VDPH�SULPDU\�VWXG\��DJDLQ�DOO�HIIHFW�VL]HV�FROOHFWHGIURP�WKH�VDPH�SULPDU\�VWXG\�KDYH�DOVR�WKH�VDPH�ZHLJKW��7KH�WKLUG�JURXS�RI�ZHLJKWV�LQWHQGV�WRGLVWLQJXLVK�EHWZHHQ�WKH�HFRQRPHWULF�DSSURDFKHV�XVHG��:H�JLYH�ORZHU�ZHLJKW��HTXDO�WR�RQH��WRWKRVH�HIIHFW�VL]HV�HVWLPDWHG�E\�2/6�DQG�KLJKHU�ZHLJKW��HTXDO�WR�WZR��WR�DOO�HIIHFW�VL]HV�XVLQJPRUH�DGYDQFHG�HVWLPDWRUV��L�H��WKRVH�WKDW�FRQWURO�IRU�HQGRJHQHLW\�RI�LPPLJUDWLRQ���)LQDOO\��WKHIRXUWK�JURXS�RI�ZHLJKWV�JLYHV�KLJKHU�ZHLJKWV��HTXDO�WR�WZR��WR�WKRVH�HIIHFW�VL]HV�FRPSXWHG�RQILUVW�GLIIHUHQFHG�GDWD�DQG�ORZHU�ZHLJKWV��HTXDO�WR�RQH��WR�WKRVH�HIIHFW�VL]HV�FRPSXWHG�RQ�GDWDRQ�OHYHOV��)LQDOO\�� WKH�DJJUHJDWH�ZHLJKWV�RI�HDFK�HIIHFW�VL]H�DUH�FRPSXWHG�DV� WKH�VXP�RI� WKH
�� 7KH�UHVXOWV�DUH�QRW�SUHVHQWHG�KHUH�EXW�DUH�DYDLODEOH�IURP�WKH�DXWKRUV�RQ�UHTXHVW�
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IRXU�VHSDUDWH�JURXSV�RI�ZHLJKWV��7KH�PLQLPXP�DJJUHJDWH�ZHLJKW�LV�WKHUHIRUH�IRXU��ZKLOH�WKHPD[LPXP�ZHLJKW�LV�HLJKW�7KH�PRGHO�LQ�ZKLFK�HDFK�REVHUYDWLRQ�LV�ZHLJKWHG�E\�LWV�TXDOLW\�KDV�EHHQ�HVWLPDWHG�XVLQJ:/6��7KH�UHVXOWV�DUH�VKRZQ�LQ�FROXPQ�����RI�7DEOH����7KH\�DUH�JHQHUDOO\�FRQVLVWHQW�ZLWK�WKHLPSRUWDQW�HIIHFWV�LGHQWLILHG�HDUOLHU���$OVR��ZH�QRZ�ILQG�WKH�H[SHFWHG�UHODWLRQVKLS�EHWZHHQ�WKHHIIHFW�VL]HV�DQG�WKH�VL]H�RI� WKH�ODERXU�PDUNHW�DUHD��7KH�HIIHFW� LV�VLJQLILFDQWO\�PRUH�QHJDWLYHIRU�ODUJH�DUHDV�WKDQ�IRU�VPDOO�DUHDV�DQG��LQ�WXUQ��PRUH�QHJDWLYH�IRU�FRXQWU\�DUHDV�WKDQ�IRU�ODUJHDUHDV�$� QDWXUDO� VWHS� IRUZDUG� LQ� WKH� HVWLPDWLRQV� LV� WR� FRPELQH� WKH� WZR�:/6� HVWLPDWRUV�� 7KHUHVXOWV�RI�FROXPQ�����DUH�FRPSXWHG�E\�PHDQV�RI�:/6�ZLWK�ZHLJKWV�HTXDO�WR�WKH�SURGXFW�RI�WKHTXDOLW\�ZHLJKWV�±�DV�LQ�FROXPQ�����±�DQG�WKH�LQYHUVH�VWDQGDUG�HUURUV�RI�WKH�HIIHFW�VL]HV��DV�LQFROXPQ� ����� 6XFK� D� FRPELQDWLRQ� LV� H[SHFWHG� WR� �SDUWLDOO\�� RYHUFRPH� WKH� DERYH�PHQWLRQHGSUREOHP�RI�FRPSDUDELOLW\�RI�µUREXVW¶�DQG�µQRQ�UREXVW¶�VWDQGDUG�HUURUV�RI�WKH�SULPDU\�VWXGLHV�7KH�ILQDO�UHJUHVVLRQ�UHVXOWV�DUH�JHQHUDOO\�FRQVLVWHQW�ZLWK�WKH�SUHYLRXV�HVWLPDWLRQV�6RPH� UHVXOWV� DUH� UREXVW� RYHU� DOO� PHWD�UHJUHVVLRQ� PRGHO� VSHFLILFDWLRQV� DQG� HVWLPDWLRQWHFKQLTXHV�� )LUVW�� LPPLJUDQWV� KDYH� D�PRUH� GHSUHVVLQJ� HIIHFW� RQ�ZDJHV� RI� RWKHU� LPPLJUDQWVWKDQ�RQ�ZDJHV�RI�QDWLYHV��7KH�HIIHFW�RI�LPPLJUDWLRQ�LV�VLPLODU�IRU�ERWK�JHQGHUV��DQG�GRHV�QRWVHHP�WR�GHSHQG�PXFK�RQ�WKH�LPPLJUDQWV¶�VNLOOV��)XUWKHUPRUH��ORZ�VNLOOHG�QDWLYHV�VHHP�WR�EHPRUH�QHJDWLYHO\�DIIHFWHG�E\�LPPLJUDWLRQ�WKDQ�KLJK�VNLOOHG�QDWLYHV��7KLV�VXJJHVWV�D�JHQHUDOO\ORZ�VXEVWLWXWDELOLW\�EHWZHHQ�QDWLYHV�DQG�LPPLJUDQWV��DQG�WKDW�VXFK�GHJUHH�RI�VXEVWLWXWDELOLW\�LVKLJKHU�ZLWK�ORZ�VNLOOHG�QDWLYHV��EXW�GRHV�QRW�GHSHQG�RQ�JHQGHU�7KH� UHJUHVVLRQV� DOVR� FRQILUP� WKDW� WKH� HIIHFW� VL]HV� HVWLPDWHG� IRU� (8� FRXQWULHV� DUH� PRUHQHJDWLYH�WKDQ�WKH�RQHV�HVWLPDWHG�IRU�WKH�86��DQG�WKDW�WKH�HIIHFW�VL]HV�HVWLPDWHG�E\�PHDQV�RIWKH�IDFWRU�DSSURDFK�DUH�FORVHU�WR�]HUR�WKDQ�WKH�RQHV�HVWLPDWHG�XVLQJ�WKH�DUHD�DSSURDFK�
���&21&/86,216,Q� WKLV� SDSHU� ZH� KDYH� LQYHVWLJDWHG� WKH� UHVXOW� RI� SUHYLRXV� VWXGLHV� DQDO\VLQJ� WKH� HIIHFW� RILPPLJUDWLRQ� RQ� QDWLYHV¶�ZDJHV��$V� DOUHDG\� QRWHG� E\�%RUMDV� �������� WKH� HVWLPDWHG� HIIHFW� RILPPLJUDWLRQ�RQ�WKH�ZDJH�RI�QDWLYH�ZRUNHUV�YDULHV�ZLGHO\�IURP�VWXG\�WR�VWXG\�DQG�VRPHWLPHVHYHQ�ZLWKLQ�WKH�VDPH�VWXG\�%\�PHDQV�RI�PHWD�DQDO\VLV�WHFKQLTXHV�ZH�VWDWLVWLFDOO\�VXPPDULVHG�����HVWLPDWHV�FROOHFWHGIURP�D�VDPSOH�RI�HLJKWHHQ�VWXGLHV�FRPSXWLQJ�WKH�SHUFHQWDJH�FKDQJH�LQ�WKH�ZDJH�RI�D�QDWLYHZRUNHU�ZLWK�UHVSHFW�WR�D�RQH�SHUFHQWDJH�SRLQW�LQFUHDVH�LQ�WKH�UDWLR�RI�LPPLJUDQWV�RYHU�QDWLYH
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ZRUNHUV��,VVXHV�VXFK�DV�SXEOLFDWLRQ�ELDV�DQG�VWXG\�TXDOLW\�ZHUH�DGGUHVVHG��2YHUDOO��WKH�HIIHFWLV�YHU\�VPDOO��$�RQH�SHUFHQWDJH�SRLQW�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�LPPLJUDQWV�LQ�WKH�ODERXUIRUFH�ORZHUV�ZDJHV�DFURVV�WKH�LQYHVWLJDWHG�VWXGLHV�E\�RQO\�������SHUFHQW�:H�IRXQG�WKDW�WKH�QHJDWLYH�LPSDFW RI�LPPLJUDWLRQ�RQ�ZDJHV�LV�ODUJHU�LQ�(8�FRXQWULHV�WKDQLQ�WKH�86��+RZHYHU��VXFK�GLIIHUHQFHV�VKRXOG�QRW�EH�DWWULEXWHG�WR�WKH�JHRJUDSKLFDO�VL]H�RI�WKHORFDO� ODERXU�PDUNHWV� WKDW� FRQVWLWXWH� WKH� REVHUYDWLRQV� LQ� WKH� SULPDU\� VWXGLHV��:H� DOVR� IRXQGWKDW��RWKHU�WKLQJV�HTXDO��LPPLJUDQWV�DUH�PRUH�LQ�FRPSHWLWLRQ�ZLWK�RWKHU�LPPLJUDQWV�WKDQ�ZLWKQDWLYHV��+RZHYHU�� LPPLJUDWLRQ�GRHV�QRW� DSSHDU� WR�KDYH� GLIIHUHQW� HIIHFWV� RQ� IHPDOH� WKDQ� RQPDOH�ZRUNHUV�0XFK�ZRUN�UHPDLQV�WR�EH�GRQH�RQ�DVVHVVLQJ�WKH�LPSDFW�RI�LPPLJUDWLRQ�RQ�ODERXU�PDUNHWV�7KH�EURDG�FRQFOXVLRQ�RI����\HDUV�RI� UHVHDUFK�VLQFH�*URVVPDQ¶V� �������HVWLPDWHV� LV� WKDW� WKHLPSDFW�RI�LPPLJUDWLRQ�RQ�ZDJHV�LV�VWDWLVWLFDOO\�VLJQLILFDQW�EXW�TXDQWLWDWLYHO\�VPDOO��7KLV�KDVEHHQ�LQGHHG�FRQILUPHG�E\�RXU�PHWD�DQDO\VLV��7KH�FKDOOHQJH�IRU�IXUWKHU�UHVHDUFK�LV�WR�LGHQWLI\DQG�VHSDUDWH�FDUHIXOO\�WKH�PDQ\�DGMXVWPHQW�SURFHVVHV�WKDW�KDYH�JLYHQ�ULVH�WR�WKLV�REVHUYDWLRQ�5HVHDUFK� RQ� FDSLWDO� IORZV�� VHFWRUDO� FKDQJH�� HFRQRPLHV� RI� VFDOH� DQG� WHFKQRORJLFDO� FKDQJHLQGXFHG� E\� LPPLJUDWLRQ�ZRXOG� QHHG� KLJK� SULRULW\��0RUHRYHU�� LW� LV� OLNHO\� WKDW� WKH� VKRUW�UXQLPSDFW� RI� LPPLJUDWLRQ� GLIIHUV� VWURQJO\� IURP� WKH� PHGLXP� DQG� ORQJ�WHUP� LPSDFW�� VR� WKDWG\QDPLF� DQDO\VLV�ZLWK� WLPH�VHULHV�GDWD�RQ� ODERXU�PDUNHWV� DQG� ORQJLWXGLQDO� GDWD�RQ�ZRUNHUVVKRXOG�QRZ�UHSODFH�WKH�FRQYHQWLRQDO�FURVV�VHFWLRQDO�DUHD�DQG�IDFWRU�SURSRUWLRQV�DSSURDFKHV�
5()(5(1&(6$GGLVRQ��7��DQG�:RUVZLFN��&�� �������7KH� ,PSDFW�RI� ,PPLJUDWLRQ�RQ� WKH�(DUQLQJV�RI�1DWLYHV��(YLGHQFH� IURP$XVWUDOLDQ�0LFUR�'DWD��7KH�(FRQRPLF�5HFRUG���������������$OWRQML�� -��*��DQG�&DUG��'�� �������7KH�(IIHFW�RI� ,PPLJUDWLRQ�RQ� WKH�/DERU�0DUNHW�2XWFRPHV�RI�/HVV�6NLOOHG1DWLYHV��LQ�,PPLJUDWLRQ��7UDGH�DQG�WKH�/DERU�0DUNHW��HG��E\�-��0��$ERZG�DQG�5��%��)UHHPDQ��1%(5���������$VKHQIHOWHU�� 2��� +DUPRQ�� &�� DQG�2RVWHUEHHN�� +�� ������� $� 5HYLHZ� RI� (VWLPDWHV� RI� WKH� 6FKRROLQJ�(DUQLQJV5HODWLRQVKLS��ZLWK�7HVWV�IRU�3XEOLFDWLRQ�%LDV��/DERXU�(FRQRPLFV����������������%DXHU��7���������'R�,PPLJUDQWV�5HGXFH�1DWLYHV
�:DJHV"�(YLGHQFH�IURP�*HUPDQ\��'HSW��RI�(FRQRPLFV�5XWJHUV8QLYHUVLW\�:RUNLQJ�3DSHU�1R����������%RUMDV�� *�� ������� 'RHV� ,PPLJUDWLRQ� *UHDVH� WKH�:KHHOV� RI�/DERU� 0DUNHW"�� %URRNLQJV� 3DSHUV� RQ� (FRQRPLF$FWLYLW\�������� �������%RUMDV�� *�� -�� ������� ,PPLJUDQWV��0LQRULWLHV�� DQG�/DERU�0DUNHW� &RPSHWLWLRQ��,QGXVWULDO� DQG�/DERU� 5HODWLRQV5HYLHZ�����������������%RUMDV��*��-���������/DERU�(FRQRPLFV��1HZ�<RUN��0F*UDZ�+LOO�%RUMDV�� *�� -�� ������� 7KH� (FRQRPLF� $QDO\VLV� RI� ,PPLJUDWLRQ�� LQ�+DQGERRN� RI� /DERU� (FRQRPLFV�� HG�� E\� 2�$VKHQIHOWHU�DQG�'��&DUG��1RUWK�+ROODQG������������%RUMDV��*��-���������7KH�/DERU�'HPDQG�&XUYH�,V�'RZQZDUG�6ORSLQJ��5HH[DPLQLQJ�WKH�,PSDFW�RI�,PPLJUDWLRQRQ�WKH�/DERU�0DUNHW��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��������������������%RUMDV�� *�� -��� )UHHPDQ�� 5�� %�� DQG� .DW]�� /�� )�� ������� 6HDUFKLQJ� IRU� WKH� (IIHFW� RI� ,PPLJUDWLRQ� RQ� WKH�/DERU0DUNHW��7KH�$PHULFDQ�(FRQRPLF�5HYLHZ�����������������
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%RUMDV��*��-���)UHHPDQ��5��%��DQG�.DW]��/��)���������+RZ�0XFK�'R�,PPLJUDWLRQ�DQG�7UDGH�$IIHFW�/DERU�0DUNHW2XWFRPHV"��%URRNLQJV�3DSHUV�RQ�(FRQRPLF�$FWLYLW\��������������&DUG��'���������7KH�,PSDFW�RI�WKH�0DULHO�%RDWOLIW�RQ�WKH�0LDPL�/DERU�0DUNHW��,QGXVWULDO�DQG�/DERU�5HODWLRQV5HYLHZ�����������������&DUG��'�� ������� ,PPLJUDQW� ,QIORZV��1DWLYH�2XWIORZV�� DQG� WKH� /RFDO�0DUNHW� ,PSDFWV� RI�+LJKHU� ,PPLJUDWLRQ�-RXUQDO�RI�/DERU�(FRQRPLFV���������������&DUG��'��DQG�'L1DUGR��-��(���������'R�,PPLJUDQW�,QIORZV�/HDG�WR�1DWLYH�2XWIORZV"��1%(5�:RUNLQJ�3DSHU�1R������&DUG�� '�� DQG� .UXHJHU�� $�� %�� ������� 7LPH�6HULHV� 0LQLPXP�:DJH� 6WXGLHV�� $� 0HWD�$QDO\VLV��7KH� $PHULFDQ(FRQRPLF�5HYLHZ�����������������&DVWOHV��6��DQG�0LOOHU��0��-���������7KH�$JH�RI�0LJUDWLRQ��/RQGRQ��0DFPLOODQ�&RRSHU�� +�� DQG�+HGJHV�� /�� 9�� ������� �(GV���7KH� +DQGERRN� RI� 5HVHDUFK� 6\QWKHVLV�� 1HZ� <RUN��5XVVHO� 6DJH)XQGDWLRQ'H�1HZ��-��3��DQG�=LPPHUPDQQ��.��)���������1DWLYH�:DJH�,PSDFWV�RI�)RUHLJQ�/DERU��$�5DQGRP�(IIHFWV�3DQHO$QDO\VLV��-RXUQDO�RI�3RSXODWLRQ�(FRQRPLFV������������'MDLMH��6����������(GV���,QWHUQDWLRQDO�0LJUDWLRQ��7UHQGV��3ROLFLHV�DQG�(FRQRPLF�,PSDFW��/RQGRQ��5RXWOHGJH'RXFRXOLDJRV��&���������:RUNHU�3DUWLFLSDWLRQ�DQG�3URGXFWLYLW\� LQ�/DERU�0DQDJHG�DQG�3DUWLFLSDWRU\�&DSLWDOLVW)LUPV��$�0HWD�$QDO\VLV��,QGXVWULDO�DQG�/DERU�5HODWLRQV�5HYLHZ���������������'RXFRXOLDJRV�� &�� ������� 7KH� $JJUHJDWH� 'HPDQG� IRU� /DERXU� LQ� $XVWUDOLD�� $� 0HWD�$QDO\VLV��$XVWUDOLDQ(FRQRPLF�3DSHUV������������������(QFKDXWHJXL�� 0�� (�� ������� (IIHFWV� RI� ,PPLJUDQWV� RQ� WKH� ���������� 8�6�� :DJH� ([SHULHQFH��&RQWHPSRUDU\(FRQRPLF�3ROLF\��;,,,�������)ORUD[��5��-��*��0�������D��$FFRXQWLQJ�IRU�'HSHQGHQFH�DPRQJ�6WXG\�5HVXOWV� LQ�0HWD�$QDO\VLV��0HWKRGRORJ\DQG�$SSOLFDWLRQV� WR� WKH� 9DOXDWLRQ� DQG�8VH� RI� 1DWXUDO� 5HVRXUFHV�� 'HSW� RI� 6SDWLDO� (FRQRPLFV�� 9ULMH8QLYHUVLWHLW��5HVHDUFK�0HPRUDQGXP��������)ORUD[�� 5�� -�� *�� 0�� �����E�� 0HWKRGRORJLFDO� 3LWIDOOV� LQ� 0HWD�$QDO\VLV�� 3XEOLFDWLRQ� %LDV�� LQ�&RPSDUDWLYH(QYLURQPHQWDO� (FRQRPLF� $VVHVVPHQW�� HG�� E\� 5�� -�� *�� 0�� )ORUD[�� 3�� 1LMNDPS� DQG� .�� *�� :LOOLV�&KHOWHQKDP��(GZDUG�(OJDU����������)ULHGEHUJ��5��0���������7KH�,PSDFW�RI�0DVV�0LJUDWLRQ�RQ�WKH�,VUDHOL�/DERU�0DUNHW��7KH�4XDUWHUO\�-RXUQDO�RI(FRQRPLFV��������������������)ULHGEHUJ�� 5��0�� DQG�+XQW�� -�� ������� 7KH� ,PSDFW� RI� ,PPLJUDQWV� RQ� +RVW� &RXQWU\�:DJHV�� (PSOR\PHQW� DQG*URZWK��7KH�-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV��������������*OHVHU��/��-��DQG�2ONLQ��,���������6WRFKDVWLFDOO\�'HSHQGHQW�(IIHFW�6L]HV��LQ�7KH�+DQGERRN�RI�5HVHDUFK�6\QWKHVLV�HG��E\�+��&RRSHU�DQG�/��9��+HGJHV��1HZ�<RUN��5XVVHO�6DJH�)RXQGDWLRQ����������*RUWHU�� &���1LMNDPS�� 3�� DQG� 3RRW�� -�� ������� �(GV���&URVVLQJ� %RUGHUV�� 5HJLRQDO� DQG� 8UEDQ� 3HUVSHFWLYHV� RQ,QWHUQDWLRQDO�0LJUDWLRQ��$OGHUVKRW��$VKJDWH*UHHQH��:��+���������(FRQRPHWULF�$QDO\VLV���3HDUVRQ�(GXFDWLRQ�*UHHQZRRG��0��-���+XQW��*��/��DQG�.RKOL��8���������7KH�)DFWRU�0DUNHW�&RQVHTXHQFHV�RI�8QVNLOOHG�,PPLJUDWLRQWR�WKH�8QLWHG�6WDWHV��/DERXU�(FRQRPLFV�������������*URVVPDQ��-��%���������7KH�6XEVWLWXWDELOLW\�RI�1DWLYHV�DQG�,PPLJUDQWV�LQ�3URGXFWLRQ��7KH�5HYLHZ�RI�(FRQRPLFVDQG�6WDWLVWLFV�����������������+DUWRJ�� -�� DQG� =RUOX�� $�� ������� 7KH� (IIHFW� RI� ,PPLJUDWLRQ� RQ� :DJHV� LQ� 7KUHH� (XURSHDQ� &RXQWULHV�� ,=$'LVFXVVLRQ�3DSHU�1R������+RIHU��+�� DQG�+XEHU�� 3�� �������:DJH� DQG�0RELOLW\� (IIHFWV� RI� 7UDGH� DQG�0LJUDWLRQ� RQ� WKH� $XVWULDQ� /DERXU0DUNHW��(PSLULFD�������������+XQW��-�� �������7KH�,PSDFW�RI� WKH������5HSDWULDWHV� IURP�$OJHULD�RQ� WKH�)UHQFK�/DERU�0DUNHW��,QGXVWULDO�DQG/DERU�5HODWLRQV�5HYLHZ�����������������,20��������:RUOG�0LJUDWLRQ�5HSRUW��,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�0LJUDWLRQ�-DUUHO��6��%��DQG�6WDQOH\��7��'���������$�0HWD�$QDO\VLV�RI�WKH�8QLRQ�1RQXQLRQ�:DJH�*DS��,QGXVWULDO�DQG�/DERU5HODWLRQV�5HYLHZ���������������1HXPDUN��'��DQG�:DVFKHU��:���������,V�WKH�7LPH�6HULHV�(YLGHQFH�RQ�0LQLPXP�:DJH�(IIHFWV�&RQWDPLQDWHG�E\3XEOLFDWLRQ�%LDV"��(FRQRPLF�,QTXLU\�����������������1LMNDPS��3��DQG�3RRW��-���)RUWKFRPLQJ��7KH�/DVW�:RUG�RQ�WKH�:DJH�&XUYH"��-RXUQDO�RI�(FRQRPLF�6XUYH\V�3HGDFH��5���������7KH�,PSDFW�RI�,PPLJUDWLRQ�RQ�WKH�/DERU�0DUNHW�IRU�1DWLYH�%RUQ�:RUNHUV��,QFRUSRUDWLQJ�WKH'\QDPLFV�RI�,QWHUQDO�0LJUDWLRQ��(DVWHUQ�(FRQRPLF�-RXUQDO�����������������3RRW��-���1DQD��*��DQG�3KLOSRWW��%�� ������� ,QWHUQDWLRQDO�0LJUDWLRQ�DQG� WKH�1HZ�=HDODQG�(FRQRP\�� ,QVWLWXWH�RI3ROLF\�6WXGLHV�6KDGLVK��:��5��DQG�+DGGRFN��&��.���������&RPELQLQJ�(VWLPDWHV�RI�(IIHFW�6L]H��LQ�7KH�+DQGERRN�RI�5HVHDUFK6\QWKHVLV��HG��E\�+��&RRSHU�DQG�/��9��+HGJHV��1HZ�<RUN��5XVVHO�6DJH�)RXQGDWLRQ����������6WDONHU��3�� �������7KH�:RUN�RI�6WUDQJHUV��$�6XUYH\�RI� ,QWHUQDWLRQDO�/DERXU�0LJUDWLRQ��*HQHYD�� ,QWHUQDWLRQDO/DERXU�2IILFH�



��

6WDQOH\��7��'���������:KHDW�IURP�&KDII��0HWD�$QDO\VLV�DV�4XDQWLWDWLYH�/LWHUDWXUH�5HYLHZ��-RXUQDO�RI�(FRQRPLF3HUVSHFWLYHV�����������������6WDQOH\��7��'���)ORUD[��5��-��*��0��DQG�GH�*URRW��+��/��)���������,W
V�$OO�$ERXW�3RZHU��'LIIHUHQWLDWLQJ�*HQXLQH(PSLULFDO�6LJQLILFDQFH�IURP�WKH�$UWLIDFW�RI�3XEOLFDWLRQ�%LDV��0LPHR�6WDQOH\��7��'��DQG�-DUUHO��6��%���������*HQGHU�:DJH�'LVFULPLQDWLRQ�%LDV"�$�0HWD�5HJUHVVLRQ�$QDO\VLV��-RXUQDORI�+XPDQ�5HVRXUFHV�����������������6XWWRQ��$��-���$EUDPV��.��5��� -RQHV��'��5���6KHOGRQ��7��$��DQG�6RQJ��)�� �������0HWKRGV� IRU�0HWD�$QDO\VLV� LQ0HGLFDO�5HVHDUFK��1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV�7KH�(FRQRPLVW��������7KH�/RQJHVW�-RXUQH\��$�6XUYH\�RI�0LJUDWLRQ��6XSSOHPHQW�7R��7KH�(FRQRPLVW 1RYHPEHU��7KRPSVRQ��6��*���������:K\�DQG�+RZ�6RXUFHV�RI�+HWHURJHQHLW\�6KRXOG�%H�,QYHVWLJDWHG��LQ�6\VWHPDWLF�5HYLHZVLQ�+HDOWK�&DUH��HG��E\�0��(JJHU��*��'��6PLWK�DQG�'��*��$OWPDQ��%0-����������YDQ�GHQ�%HUJK��-��&��-��0���%XWWRQ��.��-���1LMNDPS��3��DQG�3HSSLQJ��*��&���������0HWD�$QDO\VLV�LQ�(QYLURQPHQWDO(FRQRPLFV���.OXZHU�$FDGHPLF�3XEOLVKHUV�:HOFK�� )�� ������� (IIHFWV� RI� &RKRUW� 6L]H� RQ� (DUQLQJV�� 7KH� %DE\� %RRP� %DELHV
� )LQDQFLDO� %XVW��-RXUQDO� RI3ROLWLFDO�(FRQRP\�����������6���6���:LQWHU�(EPHU��5��DQG�=LPPHUPDQQ��.��)�� �������(DVW�:HVW�7UDGH�DQG�0LJUDWLRQ��7KH�$XVWUR�*HUPDQ�&DVH�,=$�'LVFXVVLRQ�3DSHU�1R����:LQWHU�(EPHU��5��DQG�=ZHLPXOOHU��-��������� ,PPLJUDWLRQ�DQG� WKH�(DUQLQJV�RI�<RXQJ�1DWLYH�:RUNHUV��2[IRUG(FRQRPLF�3DSHUV�����������������:RRGZDUG�� 5�� 7�� DQG� :XL�� <��6�� ������� 7KH� (FRQRPLF� 9DOXH� RI� :HWODQG� 6HUYLFHV�� $� 0HWD�$QDO\VLV�(FRORJLFDO�(FRQRPLFV�������������=LPPHUPDQQ��.��)�� DQG�%DXHU��7��.�� �������7KH�(FRQRPLFV� RI�0LJUDWLRQ�� ��9ROXPHV��&KHOWHQKDP��8.� DQG1RUWKDPSRWRQ��0DVV��(GZDUG�(OJDU�
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7$%/(6
7DEOH��� 1XPEHU�RI�HIIHFW�VL]HV�SHU�VWXG\6WXG\¶V,GHQWLILFDWLRQ�1XPEHU $XWKRU�V� 1XPEHU�RI(IIHFW�6L]HV�&ROOHFWHG� *URVVPDQ������� �� %RUMDV������� ��� $OWRQML�DQG�&DUG������� ��� +XQW������� �� 'H�1HZ�DQG�=LPPHUPDQQ������� �� (QFKDXWHJXL������� ��� %RUMDV�HW�DO�������� ��� :LQWHU�(EPHU�DQG�=ZHLPXOOHU������� �� *UHHQZRRG�HW�DO�������� ���� %DXHU������� ���� 3HGDFH������� ���� :LQWHU�(EPHU�DQG�=LPPHUPDQQ������� ��� &DUG������� ���� )ULHGEHUJ������� ���� $GGLVRQ�DQG�:RUVZLFN������� ���� +DUWRJ�DQG�=RUOX������� ���� %RUMDV������� ���� +RIHU�DQG�+XEHU������� �7RWDO ���



��

7DEOH����'HVFULSWLYH�6WDWLVWLFV 1R� 0HDQ 6WG��'HY� 0LQ 0D[7RWDO�VDPSOH ��� ������ ����� ������ �����6L]H�RI�/DERXU�0DUNHW�$UHD /DUJH�$UHDV �� ������ ����� ������ �����&RXQWU\�$UHDV �� ������ ����� ������ �����6PDOO�$UHDV���� ��� ������ ����� ������ �����&RXQWU\ 86���� ��� ������ ����� ������ �����(8 �� ������ ����� ������ �����2WKHU�&RXQWULHV �� ������ ����� ������ �����'HILQLWLRQ�RI�/DERXU�0DUNHW $UHDV���� �� ������ ����� ������ �����$UHDV�DQG�2FFXSDWLRQ ��� ������ ����� ������ �����(VWLPDWRU 1RW�,QVWUXPHQWHG ��� ������ ����� ������ �����,QVWUXPHQWHG���� �� ������ ����� ������ �����7UDQVIRUPDWLRQ�RI�WKH�'DWD )LUVW�'LIIHUHQFH���� �� ������ ����� ������ �����1R�7UDQVIRUPDWLRQV ��� ������ ����� ������ �����$IIHFWHG�*URXS��*HQGHU 0HQ���� ��� ������ ����� ������ �����:RPHQ �� ������ ����� ������ ������%RWK�*HQGHUV ��� ������ ����� ������ �����$IIHFWHG�*URXS��6NLOO�/HYHO +LJK�6NLOO �� ����� ����� ������ �����/RZ�6NLOO���� �� ������ ����� ������ �����$OO�6NLOOV ��� ������ ����� ������ �����$IIHFWHG�*URXS��6XE�*URXS ,PPLJUDQWV �� ������ ����� ������ �����1DWLYHV���� ��� ������ ����� ������ �����1DWLYHV�DQG�,PPLJUDQWV � ������ ����� ������ �����,PPLJUDQWV¶�6NLOOV +LJK�6NLOO �� ������ ����� ������ �����/RZ�6NLOO���� �� ������ ����� ������ �����$OO�6NLOOV ��� ������ ����� ������ �����,QWHUQDWLRQDO�7UDGH $FFRXQWHG�IRU �� ������ ����� ������ �����1RW�$FFRXQWHG�IRU���� ��� ������ ����� ������ ����$SSURDFK )DFWRU ��� ������ ����� ������ �����$UHD���� ��� ������ ����� ������ �����'HILQLWLRQ�RI�,PPLJUDQWV 5HFHQW�,PPLJUDQWV �� ������ ����� ������ �����(WKQLFLW\ �� ����� ����� ������ �����2WKHU���� ��� ������ ����� ������ �����'HILQLWLRQ�RI�:DJHV $QQXDO ��� ������ ����� ������ �����0RQWKO\ �� ����� ����� ������ �����:HHNO\���� ��� ������ ����� ������ �����'DLO\ �� ������ ����� ������ �����+RXUO\ �� ������ ����� ������ �����1R�GHWDLOV � ������ ����� ������ ����������7KHVH�DUH�XVHG�DV�UHIHUHQFH�FDWHJRULHV�LQ�WKH�IROORZLQJ�UHJUHVVLRQV



��

7DEOH����0HWD�5HJUHVVLRQV6WXG\�)HDWXUH &DWHJRULHV ���2/6 ���2/6 ���:/6�D ���0L[HG�(IIHFW ���:/6�E ���:/6�F7UDQVIRUPDWLRQ�RI�WKH�'DWD 1R�7UDQVIRUPDWLRQ ������ ������ ������� ������� � ��������� �������� �������� ��������)LUVW�'LIIHUHQFHV � � � � � �
(VWLPDWRU 1R�&RQWURO�IRU�(QGRJHQHLW\ ������ ������ ������ ������ ������ �������������� �������� �������� �������� �������� ��������,QVWUXPHQWDO�9DULDEOHV � � � � � �
$SSURDFK )DFWRU�$OORFDWLRQ�0RGHO ������ ������ ������ ������� ������ �������������� �������� �������� �������� �������� ��������$UHD�$SSURDFK � � � � � �
&RXQWU\ (8 ������� ������� ������� �������� ������� ��������������� �������� �������� �������� �������� ��������2WKHU�&RXQWULHV ������ ������ ������� ������� ������ ��������������� �������� �������� �������� �������� ��������86$ � � � � � �
6L]H�RI�/DERXU�0DUNHW�$UHD &RXQWU\�$UHDV ������� ������� ������� ������ ������� �������������� �������� �������� ��������� �������� ��������/DUJH�$UHDV ������� ������� ������ ������� ������� �������������� �������� �������� �������� �������� ��������6PDOO�$UHDV � � � � � �
'HILQLWLRQ�RI�/DERXU�0DUNHW $UHD�DQG�2FFXSDWLRQ�6SHFLILF ������� ������� ������� �������� ������� ��������������� �������� �������� �������� �������� ��������$UHD�2QO\ � � � � � �
,QWHUQDWLRQDO�7UDGH $FFRXQWHG�IRU ������� ������� ������� ������� ������� ��������������� �������� �������� ��������� �������� ��������1RW�$FFRXQWHG�IRU � � � � � �



��

$IIHFWHG�*URXS ,PPLJUDQWV ������� ������� ������� ������� ������� ��������������� �������� �������� �������� �������� ��������1DWLYHV�DQG�,PPLJUDQWV�7RJHWKHU ������ ������ ������ ������ ������ �������������� �������� �������� �������� �������� ��������1DWLYHV � � � � � �
7\SH�RI�,PPLJUDQWV 5HFHQW�,PPLJUDQWV ������ ������ ������ ������� ������ �������������� �������� �������� �������� �������� ��������(WKQLFLW\ ������ ������ ������ ������� ������ �������������� �������� �������� ��������� �������� ��������)RUHLJQ�ERUQ�1RQ�QDWLRQDOV � � � � � �
,PPLJUDQWV¶�6NLOOV +LJK�6NLOOHG�,PPLJUDQWV ������� ������� ������� ������� ������� ��������������� �������� �������� �������� �������� ��������,PPLJUDQWV�RI�$OO�6NLOOV ������� ������� ������� ������� ������� ��������������� �������� �������� �������� �������� ��������/RZ�6NLOOHG�,PPLJUDQWV � � � � � �
$IIHFWHG�6NLOO�*URXS +LJK�6NLOOHG�:RUNHUV ������ ������ ������� ������ ������ ��������������� �������� �������� �������� �������� ��������:RUNHUV�RI�$OO�6NLOOV ������ ������ ������ ������ ������ �������������� �������� �������� �������� �������� ��������/RZ�6NLOOHG�:RUNHUV � � � � � �
*HQGHU�RI�$IIHFWHG�:RUNHUV :RPHQ ������ ������ ������� ������� ������ ��������������� �������� �������� �������� �������� ��������%RWK�*HQGHUV ������� ������� ������ ������� ������� �������������� �������� �������� �������� �������� ��������0HQ � � � � � �
'HILQLWLRQ�RI�:DJHV $QQXDO ������� ������� ������� ������� ������� ��������������� �������� �������� �������� �������� ��������0RQWKO\ ������ ������ ������ ������ ������ �������������� �������� �������� ��������� �������� ��������'DLO\ ������ ������ ������ ������� ������ ������
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�������� �������� �������� ��������� �������� ��������+RXUO\ ������� ������� ������ ������� ������� �������������� �������� �������� �������� �������� ��������1R�'HWDLOV ������� ������� ������� �������� ������� ��������������� �������� �������� ��������� �������� ��������:HHNO\ � � � � � �
3XEOLFDWLRQ�%LDV� 6WDQGDUG�(UURU ������� � � � � ���������&RQVWDQW ������� ������� ������ ������ ������� �������������� �������� �������� �������� �������� ��������
2EVHUYDWLRQV ��� ��� ��� ��� ��� ���&RUUHODWLRQ�EHWZHHQ�REVHUYHG�DQG�ILWWHG�HIIHFW�VL]HV ������ ������ ������ ������ ������ ������

1RWHV��:KLWH�UREXVW�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV���VLJQLILFDQW�DW�������VLJQLILFDQW�DW������VLJQLILFDQW�DW����D :/6�ZHLJKWHG�E\�WKH�LQYHUVH�VWDQGDUG�HUURU�RI�WKH�HIIHFW�VL]HV��E :/6�ZHLJKWHG�E\�WKH�DVVLJQHG�TXDOLW\�RI�WKH�HIIHFW�VL]HV��F :/6�ZHLJKWHG�E\�WKH�DVVLJQHG�TXDOLW\RI�WKH�HIIHFW�VL]HV�PXOWLSOLHG�E\�WKH�LQYHUVH�RI�WKH�VWDQGDUG�HUURUV�RI�WKH�HIIHFW�VL]HV
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),*85(6

)LJXUH����(IIHFW�VL]HV�RUGHUHG�E\�VL]H

)LJXUH����'LVWULEXWLRQ�RI�WKH�HIIHFW�VL]HV�DIWHU�RPLWWLQJ�WKH�RXWOLHUV

(IIHFW�6L]HV
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6HULHV� (67,0$7,216DPSOH � ���2EVHUYDWLRQV ���
0HDQ������ ���������0HGLDQ�� ���������0D[LPXP� ��������0LQLPXP� ���������6WG��'HY��� ��������6NHZQHVV�� ���������.XUWRVLV�� ��������
-DUTXH�%HUD ��������3UREDELOLW\ ��������


