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XVHG�൴Q�PRGHO�HVW൴PDW൴RQ��7KH�SU൴PDU\�GDWD�WKDW�FRQVW൴WXWH�WKH�PD൴Q�PDWHU൴DO�RI�WKH�VWXG\�ZHUH�REWD൴QHG�DV�D�
UHVXOW�RI�WKH�VXUYH\�FRQGXFWHG�Z൴WK�����FRQVXPHUV�O൴Y൴QJ�൴Q�WKH�FHQWUDO�SURY൴QFHV�RI�ø]P൴U��7KH�GHSHQGHQW�
YDU൴DEOH�൴Q�WKH�PRGHO�൴V��&RQVXPHUV�GR�QRW�FRQVXPH�RU�FRQVXPH�SU൴YDWH�ODEHO�IRRG�SURGXFWV���,Q�WKH�VWXG\��
WZHQW\�¿YH� ൴QGHSHQGHQW�YDU൴DEOHV�ZHUH�H[DP൴QHG�XQGHU�VHYHQ�PD൴Q� WRS൴FV� WKDW�FRXOG� ൴QÀXHQFH�FRQVXPHUV�
WRZDUGV�SU൴YDWH�ODEHO�IRRG�SURGXFW�FRQVXPSW൴RQ��6HYHQ�PD൴Q�WRS൴FV��PDUNHW�VKRSS൴QJ�EHKDY൴RUV��൴PSRUWDQW�
HOHPHQWV� ൴Q� IRRG� VKRSS൴QJ�� SDFNDJH� DQG� SU൴FH� WDJV� UHDG൴QJ� KDE൴WV�� IRRG� VKRSS൴QJ� FKDUDFWHU൴VW൴FV�� VRF൴DO�
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7KH�TXDO൴W\�DQG�WKH�FRVW�RI�SURGXFWV�DUH�WKH�PRVW�HVVHQW൴DO�FRPPRQ�UHTX൴UHPHQWV�IRU�WRGD\
V�FRQVXPHUV��0RVW�SHRSOH�SUHIHU�
WR� SXUFKDVH� ORZ� FRVW� DQG� K൴JK�TXDO൴W\� SURGXFWV�� SDUW൴FXODUO\� EHFDXVH� RI� WKH� ൴QFUHDV൴QJ� KDUGVK൴SV� ൴Q� WKH� FXUUHQW� HFRQRP൴F�
FRQG൴W൴RQV��7K൴V�FXVWRPHU�SUHIHUHQFH�ZDV�DEOH�WR�EU൴QJ�WKH�SU൴YDWH�ODEHO�EUDQGV�൴QWR�WKH�IRRG�UHWD൴O�൴QGXVWU\��3U൴YDWH�ODEHO�SURGXFWV�
DUH�JRRGV�SURGXFHG�E\�D�SDUW൴FXODU�UHWD൴OHU�RU�SURFXUHG�H[WHUQDOO\�E\�UHWD൴OHUV�DQG�VROG�XV൴QJ�WKH�QDPH�RI�WKH൴U�RZQ�ODEHO�RU�VWRUH�
EUDQG��%DOWDV����������

&XUUHQW�IRRG�UHWD൴OHUV��O൴NH�PRVW�QDW൴RQDO�EUDQG�PDQXIDFWXUHUV��PXVW�XQGHUVWDQG�WKH�FRQVXPHUV��GHWHUP൴QH�WKH൴U�SURGXFW�
UHTX൴UHPHQWV�DQG�GHV൴UHV��QRW൴FH�WKH�DOWHUDW൴RQV�൴Q�WKH൴U�UHTX൴UHPHQWV�DQG�SURY൴GH�D�YDU൴HW\�RI�DGYDQWDJHV�WR�FXVWRPHUV�WKDW�FUHDWH�D�
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G൴VW൴QFW൴YH�HQKDQFHPHQW�RQ�WKH൴U�SURGXFWV�DV�RSSRVHG�WR�RWKHU�EUDQGV��2UHO���������
7KH�FRQVXPHU�EHKDY൴RU�WRZDUGV�SU൴YDWH�EUDQG�SURGXFWV�ZK൴FK�DUH�UDS൴GO\�GHYHORS൴QJ�൴Q�7XUNH\�൴Q�SDUDOOHO�Z൴WK�WKH�൴QFUHDVH�

൴Q�FXVWRPHU�GHPDQG�GXU൴QJ�WKH�¿QDQF൴DO�FU൴V൴V�൴Q�������ZK൴FK�ZHUH�DOUHDG\�YHU\�SRSXODU�൴Q�86$�DQG�(XURSH�IRU�PDQ\�\HDUV��YHU\�
൴PSRUWDQW�IRU�WKH�PDUNHW൴QJ�WDUJHWV�RI�SU൴YDWH�EUDQG�SURGXFHUV�DQG�UHWD൴O�PDUNHWV�

$OWKRXJK�SU൴YDWH�ODEHO�EUDQGV�KDYH�EHHQ�GHDOW�Z൴WK�൴Q�WKH�ZRUOG�IRU�WKH�¿UVW�W൴PH�൴Q������ZKHQ�)UDQN�DQG�K൴V�FROOHDJXHV�
H[DP൴QHG� WKH�SXUFKDV൴QJ�EHKDY൴RU�RI�KRXVHKROGV�� UHVHDUFKHUV�KDYH�EHJXQ� WR� VKRZ�PRUH� ൴QWHUHVW� ൴Q� WKH�VXEMHFW� ൴Q� WKH���
V���
5൴FKDUGVRQ�HW�DO���������D൴PHG�WR�FDWHJRU൴]H�KRXVHKROG�PHPEHUV
�SURSHQV൴W\�IRU�SU൴YDWH�ODEHO�EUDQGV��DQG�FDPH�WR�D�FRQFOXV൴RQ�
WKDW�WKH�൴QFRPH�DQG�U൴VN�SHUFHSW൴RQ�RI�WKH�KRXVHKROG�PHPEHUV�FDXVHG�D�QHJDW൴YH�H൵HFW�RQ�WKH�SUHIHUHQFHV�IRU�VWRUH�EUDQGV��ZK൴OH�
WKH�KRXVHKROG�V൴]H�KDG�D�IDYRUDEOH�H൵HFW��%DOWDV��������DQDO\]HG�WKH�WHQGHQF\�RI�%U൴W൴VK�FRQVXPHUV�WR�EX\�SU൴YDWH�ODEHO�EUDQGV��
XV൴QJ�ORJ൴VW൴F�UHJUHVV൴RQ�DQDO\V൴V��XQGHU�IRXU�PD൴Q�FDWHJRU൴HV�DQG�WKUHH�൴QGHSHQGHQW�YDU൴DEOHV��PDUNHW�KDE൴WV��UHDVRQV�IRU�EX\൴QJ�
SU൴YDWH�ODEHO��WKH�UHODW൴RQVK൴S�EHWZHHQ�SU൴YDWH�ODEHO�DQG�FRQVXPHU�G൴DJUDPV��DQG�FXVWRPHU�DSSUD൴VDO�IRU�HDFK�FDWHJRU\�HYDOXDWHG��
7KH�PRGHO�RXWFRPH�ZDV������UDWH�RI�FRUUHFW�FODVV൴¿FDW൴RQ�

&RQVXPHU�UHVHDUFK�൴V�RQH�RI�WKH�PRVW�G൴൶FXOW�W\SHV�RI�UHVHDUFK��,Q�UHFHQW�\HDUV��PRGHO൴QJ�VWXG൴HV�RQ�FRQVXPHUV�KDYH�EHHQ�
IUHTXHQWO\�DQDO\]HG�XV൴QJ�ORJ൴VW൴F�UHJUHVV൴RQ�DQG�V൴P൴ODU�VWDW൴VW൴FDO�PHWKRGV��$UW൴¿F൴DO�QHXUDO�QHWZRUNV��WKDW�DUH�UHJDUGHG�DV�
DOWHUQDW൴YHV� WR� VWDW൴VW൴FDO�PHWKRGV�� DUH� O൴P൴WHG� ൴Q� WKH൴U�PRGHO൴QJ�H൵RUWV��.XPDU� HW� DO�� ������� DVVHVVPHQW�RXWFRPHV�RI� WKH൴U�
H[SHU൴PHQWDO� UHVHDUFK� XV൴QJ� DQ� DUW൴¿F൴DO� QHXUDO� QHWZRUN� DQG� WKH� ORJ൴VW൴F� UHJUHVV൴RQ� DQDO\VHV� UHVXOWHG� ൴Q� TXDO൴WDW൴YH� GDWD��
$FFRUG൴QJ�WR�WKH�DXWKRUV��,I�ORJ൴VW൴F�UHJUHVV൴RQ�൴QWHUSUHWDE൴O൴W\��RXWFRPH�PHWKRGV��VWDW൴VW൴FDO�WHVWV�DQG�H[WUDSRODW൴YH�DWWU൴EXWHV�DUH�
DSSO൴FDEOH��SOD൴Q�DUW൴¿F൴DO�QHXUDO�QHWZRUN��FRUUHFW�FODVV൴¿FDW൴RQ��P൴[HG� ൴QWHUIHUHQFH�DQG� ൴QWHUSRODW൴YH�DWWU൴EXWHV�FDQ�DOVR�EH�
DSSO൴HG��$JUDZDO�DQG�6FKRUO൴QJ��������H[SHU൴PHQWHG�RQ�FRPSDU൴QJ�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�RQ�D�UHWD൴OHU
V�WKUHH�K൴JKHVW�VHOO൴QJ�
JRRGV�Z൴WK�WKH�DUW൴¿F൴DO�QHXUDO�QHWZRUN
V�HVW൴PDW൴YH�SUREDE൴O൴W\��:HVW�HW�DO���������H[DP൴QHG�WKH�FXVWRPHU�൴QFO൴QDW൴RQ�WRZDUGV�
VWRUH�FKDUDFWHU൴VW൴FV�DQG�TXDO൴W\�XV൴QJ�WKH�DUW൴¿F൴DO�QHXUDO�QHWZRUN��WKH�ORJ൴VW൴F�UHJUHVV൴RQ�DQG�WKH�G൴VFU൴P൴QDQW�DQDO\VHV��*DQ�HW�DO��
�������DWWHPSWHG�WR�DQDO\]H�WKH�EDQN൴QJ�SUHIHUHQFHV�RI�FO൴HQWV�E\�XV൴QJ�D�ORJ൴VW൴F�PRGHO�Z൴WK�D�PXOW൴�OD\HUHG��IHHG�IRUZDUG�
DUW൴¿F൴DO�QHXUDO�QHWZRUN�DQDO\V൴V�DQG�RWKHU�SRVV൴EOH�QHXUDO�QHWZRUN�PHWKRGV�DQG�FRPSDUHG�WKH�HVW൴PDW൴YH�SUREDE൴O൴W\�RI�WKHVH�
PHWKRGV��

,Q�7XUNH\�� WKRXJK� WKHUH� KDYH� EHHQ�PDQ\�G൴൵HUHQW� VWXG൴HV� FRQGXFWHG� RQ� FRQVXPHU� DWW൴WXGHV� WRZDUGV� VWRUH� EUDQG൴QJ��
VKRSS൴QJ�KDE൴WV�DQG�VWRUH�EUDQG�FKR൴FHV��.XUWXOXú�HW�DO���������$\GÕQ��������2UHO��������$NSÕQDU��������$OED\UDN�DQG�'|OHNR÷OX��
������$NÕQ�DQG�<ROGDú���������DQG�HYHQ�VRPH�RI� WKHVH�VWXG൴HV�ZHUH�FRQFHQWUDWHG� ൴Q�ø]P൴U� �6DYDúoÕ�������<XUWJ�GHU�������
)HWWDKOÕR÷OX��������$�VWXG\�VKRZ൴QJ�WKH�IDFWRUV�WKDW�D൵HFW�WKH�FRQVXPSW൴RQ�RI�SU൴YDWH�ODEHO�IRRG�SURGXFWV�൴Q�ø]P൴U�KDV�QHYHU�EHHQ�
VHHQ� XQW൴O� QRZ�� 7KH� UHVXOWV� RI� WK൴V� VWXG\� DUH� H[SHFWHG� WR� KROG� D� SDUW൴FXODU� V൴JQ൴¿FDQFH� IRU� ORFDO� UHWD൴O� WUDGHUV� DQG� VPDOO�
PDQXIDFWXU൴QJ�EXV൴QHVVHV�DV�൴W�൴V�H[DP൴Q൴QJ�WKH�FXVWRPHU�EHKDY൴RU�WRZDUGV�IRRG�SURGXFWV�൴Q�SDUW൴FXODU�DQG�WKH�UHVXOWV�FRXOG�
SHUKDSV�J൴YH�WKHP�D�FKDQFH�WR�GHWHUP൴QH�WKH�൴PSURYHPHQWV�WKH\�FRXOG�PDNH�൴Q�WKH�PDUNHW��,W�൴V�DOVR�H[SHFWHG�WKDW�WK൴V�VWXG\��ZK൴FK�
൴QFOXGHV�D�FRPSDUDW൴YH�DQDO\V൴V�RI�PHWKRGV�XVHG�IRU�WKH�DQDO\V൴V�RI�GDWD�DQG�DSSO൴FDW൴RQ�RI�DUW൴¿F൴DO�QHXUDO�QHWZRUNV��Z൴OO�PDNH�D�
V൴JQ൴¿FDQW�FRQWU൴EXW൴RQ�WR�WKH�FXUUHQW�O൴WHUDWXUH�

���0$7(5,$/6�DQG�0(7+2'6

7KH�PD൴Q�PDWHU൴DO�RI�WK൴V�VWXG\�ZDV�REWD൴QHG�IURP�WKH�RU൴J൴QDO�TXDO൴WDW൴YH�GDWD�FROOHFWHG�IURP�WKH�VXUYH\�WKDW�൴PSOHPHQWHG�
IDFH�WR�IDFH�൴QWHUY൴HZV�Z൴WK�FRQVXPHUV�ZKR�UHV൴GH�൴Q�WKH�FHQWUDO�G൴VWU൴FW�RI�,]P൴U�
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(YHU\�KRXVHKROG�൴Q�FHQWUDO�ø]P൴U�൴V�FRQV൴GHUHG�WR�EH�WKH�SRSXODW൴RQ�൴Q�WKH�VWXG\�൴I�RQH�൴QG൴Y൴GXDO�൴V�FRQV൴GHUHG�WR�EH�WKH�

IUHTXHQW�JURFHU\�VKRSSHU�൴Q�HDFK�IDP൴O\��7KH�WRWDO�VDPSOH�V൴]H�ZDV�FRPSXWHG�E\�HVW൴PDW൴QJ�WKH�SRSXODW൴RQ�SURSRUW൴RQ��1HZEROG��
�������
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1�൴V�WKH�QXPEHU�RI�WRWDO�KRXVHKROGV�O൴Y൴QJ�൴Q�FHQWUDO�ø]P൴U��1 ����������%\�WK൴V�IRUPXOD��WKH�P൴Q൴PXP�VDPSOH�V൴]H�IRU�WKH�
JURFHU\�VKRSS൴QJ�FRQVXPHUV�൴Q�FHQWUDO�ø]P൴U�ZDV�IRXQG�DV�DERXW�����Z൴WK�D�����FRQ¿GHQFH�൴QWHUYDO�DQG�D����PDUJ൴Q�RI�HUURU��
+RZHYHU��EHFDXVH�WKH�DUW൴¿F൴DO�QHXUDO�QHWZRUN�DQDO\V൴V�UHTX൴UHV�D�ODUJH�QXPEHU�RI�VDPSOHV�GXU൴QJ�WKH�PRGHO൴QJ�SKDVH��WKH�
VDPSO൴QJ�V൴]H��൴Q൴W൴DOO\�D൴PHG�WR�EH������ZDV�DEOH�WR�UHDFK�൴WV�൴QWHQGHG�DPRXQW��7KH�VXUYH\V�ZHUH�JDWKHUHG�GXU൴QJ�WKH�ODVW�IHZ�
PRQWKV�RI������E\�IDFH�WR�IDFH�൴QWHUY൴HZV��J൴YHQ�E\�WKH�FRQVXPHUV�ZKR�KDG�MXVW�FRPSOHWHG�WKH൴U�JURFHU\�VKRSS൴QJ��

�����0HWKRGV
,Q�RUGHU�WR�GHWHUP൴QH�WKH�IDFWRUV�D൵HFW൴QJ�WKH�FRQVXPSW൴RQ�RI�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFW��WZR�DOWHUQDW൴YH�PHWKRGV�ZHUH�

XVHG��ORJ൴VW൴F�UHJUHVV൴RQ�DQG�DUW൴¿F൴DO�QHXUDO�QHWZRUNV�PHWKRGV�
/RJ൴VW൴F�UHJUHVV൴RQ��RQH�RI�WKH�UHJUHVV൴RQ�DQDO\VHV�WKDW�GH¿QH�WKH�UHODW൴RQVK൴S�EHWZHHQ�DQ�DQVZHU�YDU൴DEOH�DQG�RQH�RU�PRUH�

H[SODQDWRU\�YDU൴DEOHV��൴V�RIWHQ�RQH�RI�WKH�PRVW�IUHTXHQWO\�XVHG�PHWKRGV�ZKHQ�WKH�RXWFRPH�YDU൴DEOH�൴V�G൴Y൴GHG�൴QWR�WZR�RU�PRUH�
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SRVV൴EOH�YDOXHV��
7KH�3 �SUREDE൴O൴W\�UDWH�൴Q�WK൴V�ORJ൴VW൴F�PRGHO��RU�൴Q�VKRUW�NQRZQ�DV�
ORJ൴W
��൴V�VKRZQ�DV��൴

� � � � � � ���

DQG�൴W�൴V�UHIHUUHG�WR�DV�WKH�ORJ൴VW൴F�IXQFW൴RQ��6൴QFH�WKH�GHSHQGHQW�YDU൴DEOH�KDV�D�E൴QDU\�YDU൴DEOH�൴Q�WK൴V�PRGHO��WKH�HUURU�WHUP�
KDV�D�G൴VWU൴EXW൴RQ�Z൴WK�PHDQ�]HUR�DQG�YDU൴DQFH�HTXDO�WR�3���3���7KH�HUURU�WHUP�Z൴WK�WKHVH�SDUDPHWHUV�KDV�D�E൴QRP൴DO�G൴VWU൴EXW൴RQ�
DQG�WKH�DQDO\V൴V�UHO൴HV�RQ�WK൴V�WKHRUHW൴FDO�EDV൴V��7KH�DVVXPSW൴RQV�RQ�WKH�ORJ൴VW൴F�PRGHO�DUH�EU൴HÀ\�GHVFU൴EHG�DV��7DWOÕG൴O��������

���< ��< ��«��< �YDOXHV�DUH�VWDW൴VW൴FDOO\�൴QGHSHQGHQW�� � Q

���,QGHSHQGHQW�YDU൴DEOHV��[ ��DUH�൴QGHSHQGHQW�RI�RQH�DQRWKHU�N

���< �������� � � ൴ ��������������Q൴

���3�< ��[ � 3 � � ൴ ��������������Q൴ ൴ ൴

0HWKRGV�PRVW�RIWHQ�XVHG�IRU�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�PRGHO
V�SDUDPHWHU�HVW൴PDW൴RQV�DUH�WKH�PD[൴PXP�O൴NHO൴KRRG�PHWKRG�DQG�
WKH�PHWKRG�RI�ZH൴JKWHG�OHDVW�VTXDUHV��$IWHU�WKH�FRH൶F൴HQW�HVW൴PDW൴RQV�൴Q�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�DQDO\V൴V��DGHTXDWH�YDU൴DEOHV�PXVW�
EH�DVVHVVHG�IRU�V൴JQ൴¿FDQFH��7KHUH�DUH�WKUHH�FRPPRQO\�XVHG�WHVWV�WR�GHWHUP൴QH�ZKHWKHU�WKH�YDU൴DEOHV�DUH�V൴JQ൴¿FDQW�RU�QRW�൴Q�D�
ORJ൴VW൴F�UHJUHVV൴RQ�PRGHO��7KHVH�WHVWV�DUH��WKH�O൴NHO൴KRRG�UDW൴R�WHVW��WKH�:DOG�WHVW��DQG�WKH�VFRUH�WHVW��UHVSHFW൴YHO\��$IWHU�WKH�WHVWV��WKH�
JHQHUDO�V൴JQ൴¿FDQFH�PXVW�EH�DVVHVVHG��,Q�RUGHU�WR�DVVHVV�WKH�JHQHUDO�V൴JQ൴¿FDQFH��*�WHVW�VWDW൴VW൴FV��D�WHVW�V൴P൴ODU�WR�WKH�)�WHVW�൴Q�WKH�
PXOW൴�O൴QHDU�UHJUHVV൴RQ�PRGHO��PXVW�EH�XVHG�Z൴WK�N���GHJUHHV�RI�IUHHGRP�DQG�FK൴�VTXDUH�G൴VWU൴EXW൴RQ��7KH�FRUUHFW�FODVV൴¿FDW൴RQ�
UDWH�൴V�XVHG�൴Q�RUGHU�WR�WHVW�WKH�¿W�RI�WKH�SUHG൴FWHG�PRGHO�

7KH�DUW൴¿F൴DO�QHXUDO�QHWZRUN��$11��൴V�D�SDUDOOHO�DQG�G൴VWU൴EXWHG�GDWD�SURFHVV൴QJ�V\VWHP�൴QVS൴UHG�E\�WKH�KXPDQ�EUD൴Q��,W�XVHV�
DGDSWHG�ZH൴JKW�FRQQHFW൴RQV�WR�FRQQHFW�HDFK�SURFHVV൴QJ�HOHPHQW�WR�RQH�DQRWKHU�DQG�HDFK�KDV�൴WV�RZQ�൴QSXW�PHPRU\��$11 ��൴Q�RWKHU�V

ZRUGV��DUH�FRPSXWHU�SURJUDPV�WKDW�൴P൴WDWH�E൴RORJ൴FDO�QHXUDO�QHWZRUNV��(OPDV��������
$�QHXUDO�QHWZRUN�FRQV൴VWV�RI�PDQ\�V൴PSOH�SURFHVV൴QJ�XQ൴WV�DOVR�UHIHUUHG�WR�DV�QHXURQV�RU�QRGHV��(DFK�QRGH�FRPE൴QHV�D�

QXPEHU�RI�൴QFRP൴QJ�V൴JQDOV�DQG�SURGXFHV�DQ�RXWJR൴QJ�V൴JQDO��7KH�RXWSXW�RI�WKH�QRGH�൴V�GHWHUP൴QHG�E\�D�WUDQVIHU�IXQFW൴RQ�WKDW�
VXPPDU൴]HV�WKH�ZH൴JKWHG�൴QSXWV��DQG�DQ�DFW൴YDW൴RQ�IXQFW൴RQ�WKDW�SURGXFHV�WKH�RXWSXW�YDOXH��2IWHQ��D�QRGH�DOVR�XVHV�D�E൴DV��DOVR�
FDOOHG�WKUHVKROG��ZK൴FK�൴V�DQ�൴QFRP൴QJ�V൴JQDO�Z൴WK�D�FRQVWDQW�YDOXH��$Q�DFW൴YDW൴RQ�IXQFW൴RQ�RIWHQ�SURGXFHV�DQ�RXWSXW�V൴JQDO�൴Q�WKH�
UDQJH�>����@�RU�>í����@��7KH�RXWSXW�V൴JQDO�P൴JKW�EH�DQ�൴QSXW�IRU�DQRWKHU�QHXURQ��$�VFKHPDW൴F�G൴DJUDP�RI�D�QHXURQ�൴V�SUHVHQWHG�൴Q�
)൴JXUH����

:KHQ�DUW൴¿F൴DO�QHXURQV�FRQJUHJDWHG��WKH\�PDNH�XS�WKH�DUW൴¿F൴DO�QHXUDO�QHWZRUN��7KHVH�QHXURQV�GR�QRW�PHUJH�൴Q�D�UDQGRP�
RUGHU��*HQHUDOO\��PRVW�QHXURQV�FRPH�WRJHWKHU�൴Q�WKUHH�OD\HUV�DQG�HDFK�OD\HU�FRPHV�WRJHWKHU�൴Q�SDUDOOHO�WR�RQH�DQRWKHU�WR�FUHDWH�WKH�
QHWZRUN��

7KH�OD\HU�DPRXQW��WKH�QHXURQ�DPRXQW�൴Q�HDFK�OD\HU��DQG�WKH�QHXURQV
�൴QSXW�DQG�RXWSXW�O൴QNV�Z൴WK�RQH�DQRWKHU�DUH�FRQV൴GHUHG�
WKH�DUFK൴WHFWXUH�RI�DQ�DUW൴¿F൴DO�QHXUDO�QHWZRUN��$11
V�DUH� W\S൴FDOO\�GH¿QHG�E\�WKUHH� W\SHV�RI�SDUDPHWHUV�� ൴QWHUFRQQHFW൴RQV��
OHDUQ൴QJ�SURFHVVHV��DQG�OD\HU�DPRXQWV��

&XUUHQWO\��WKH�PRVW�FRPPRQO\�XVHG�PRGHO�RI�DUW൴¿F൴DO�QHXUDO�QHWZRUNV�൴V�WKH�PXOW൴OD\HU�SHUFHSWURQ�QHWZRUN��0XOW൴OD\HU�
SHUFHSWURQ��0/3��൴V�UHTX൴UHG�WR�EH�WUD൴QHG�EHIRUH�EH൴QJ�XVHG�IRU�SUHG൴FW൴RQ��%U൴HÀ\��WKH�OHDUQ൴QJ�PHWKRG�,Q�0/3�൴V�WR�GHWHUP൴QH�
WKH�ZH൴JKW�FRQQHFW൴RQV�E\�D�FDOFXODW൴RQ�RI�WKH�H[SHFWHG�RXWSXW��7KHUH�DUH�PDQ\�HQKDQFHG�OHDUQ൴QJ�DOJRU൴WKPV�൴Q�WKH�O൴WHUDWXUH��
EDFNSURSDJDW൴RQ�DOJRU൴WKP�DV�EH൴QJ�WKH�PRVW�FRPPRQO\�XVHG�DOJRU൴WKP�DPRQJ�WKHP�

%DFNSURSDJDW൴RQ�DOJRU൴WKP�P൴Q൴P൴]HV�WKH�WRWDO�RI�HUURUV�E\�RSW൴P൴]൴QJ�WKH�ZH൴JKWV��Z൴WK�WKH�JUDG൴HQW�GHVFHQW�PHWKRG�
�%D\UDPR÷OX���������7KHUH�DUH�DOVR�PDQ\�QRQ�O൴QHDU�RSW൴P൴]DW൴RQ�PHWKRGV�൴Q�OHDUQ൴QJ�RWKHU�WKDQ�WKH�JUDG൴HQW�GHVFHQW�PHWKRG��
6RPH�RI�WKHVH�PHWKRGV�FDQ�EH�O൴VWHG�DV�7KH�*UDG൴HQW�'HVFHQW�PHWKRG��WKH�&RQMXJDWH�*UDG൴HQWV�PHWKRG��WKH�4XDV൴�1HZWRQ�

'HWHUPLQDWLRQ�RI�)DFWRUV�$൵HFWLQJ�7KH�&RQVXPSWLRQ�RI�3ULYDWH�/DEHO�)RRG�3URGXFWV�E\�8VLQJ�$UWL¿FLDO�1HXUDO�1HWZRUNV�DQG�/RJLVWLF�5HJUHVVLRQ�0RGHO��
&DVH�RI�ø]PLU�3URYLQFH
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���



PHWKRGV��DQG�WKH�/HYHQEHUJ�0DUTXDUGW�PHWKRG��$NÕQ��������
1HXUDO�QHWZRUNV�R൵HU�D�QXPEHU�RI�DGYDQWDJHV��൴QFOXG൴QJ�UHTX൴U൴QJ�OHVV�IRUPDO�VWDW൴VW൴FDO�WUD൴Q൴QJ��DE൴O൴W\�WR�൴PSO൴F൴WO\�

GHWHFW�FRPSOH[�QRQO൴QHDU�UHODW൴RQVK൴SV�EHWZHHQ�GHSHQGHQW�DQG�൴QGHSHQGHQW�YDU൴DEOHV��DE൴O൴W\�WR�GHWHFW�DOO�SRVV൴EOH�൴QWHUDFW൴RQV�
EHWZHHQ�SUHG൴FWRU�YDU൴DEOHV��DQG�WKH�DYD൴ODE൴O൴W\�RI�PXOW൴SOH�WUD൴Q൴QJ�DOJRU൴WKPV��'൴VDGYDQWDJHV�൴QFOXGH�൴WV��EODFN�ER[��QDWXUH��
JUHDWHU�FRPSXWDW൴RQDO�EXUGHQ��SURQHQHVV�WR�RYHU¿WW൴QJ��DQG�WKH�HPS൴U൴FDO�QDWXUH�RI�PRGHO�GHYHORSPHQW��7X��������

���5(68/76�DQG�',6&866,21

7KH�SURFHVV�PRGHO�IRU�WKH�FRQVXPHU
V�GHF൴V൴RQ�WR�FRQVXPH�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFWV�൴V�VKRZQ�൴Q�)൴JXUH����
7KH� IDFWRUV� ൴QYROYHG� ൴Q� WKH�PRGHO�ZHUH�H[DP൴QHG� ൴Q� WKUHH�JURXSV�� IDFWRUV� UHODWHG� WR� WKH� ൴PSRUWDQW�HOHPHQWV� ൴Q� IRRG�

VKRSS൴QJ��IDFWRUV�UHODWHG�WR�WKH�UHDG൴QJ�KDE൴WV�RI�SDFNDJ൴QJ�DQG�SU൴FH�WDJV�ZKHQ�EX\൴QJ�IRRG�SURGXFWV��IDFWRUV�UHODWHG�WR�WKH�
JURFHU\� VKRSS൴QJ� EHKDY൴RUV��$FNQRZOHGJHPHQWV� RI� FRQVXPHUV� SDUW൴F൴SDW൴QJ� ൴Q� WKH� VXUYH\�� RI� WKH� DSSURSU൴DWHO\� SUHSDUHG�
VWDWHPHQWV��ZHUH�PHDVXUHG�൴Q�¿YH�SR൴QWV�/൴NHUW�VFDOH��SUHSDUHG�൴Q�WKUHH�G൴൵HUHQW�ZD\V��

)൴UVW�RI�DOO��WKH�UHO൴DE൴O൴W\�RI����VWDWHPHQWV��ZK൴FK�ZHUH�PHDVXUHG�E\�WKH�¿YH�SR൴QW�/൴NHUW�VFDOH��ZDV�WHVWHG�WR�GHWHUP൴QH�WKH�
KDE൴WV�RI�JURFHU\�VKRSS൴QJ��$FFRUG൴QJ�WR�WKH�UHVXOWV�REWD൴QHG��WKH�OHYHO�RI�KRPRJHQH൴W\�EHWZHHQ����H[SUHVV൴RQV�൴V�K൴JK��7KH�
&URQEDFK
V�DOSKD�FRH൶F൴HQW�൴V������DQG�൴V�UHO൴DEOH��$W�WKH�VDPH�W൴PH��WKHUH�൴V�D�G൴൵HUHQFH�EHWZHHQ�WKH�DYHUDJHV�RI����VWDWHPHQWV�
DFFRUG൴QJ�WR�WKH�UHVXOWV�RI�+RWHOO൴QJ�7ํ� �����������S� �������WHVW��DV�ZHOO��$FFRUG൴QJ�WR�WKHVH�UHVXOWV��WKH�VFDOH�XVHG�WR�GHWHUP൴QH�
WKH�JURFHU\�VKRSS൴QJ�KDE൴WV�൴V�UHO൴DEOH�DQG�YDO൴G��)RU�WK൴V�SXUSRVH��IDFWRU�DQDO\V൴V�ZDV�SHUIRUPHG�IRU����YDU൴DEOHV��$V�D�UHVXOW�RI�WKH�
IDFWRU�DQDO\V൴V��WKH�SUREOHP�RI�FRPPRQDO൴W\�DQG�FRPSOH[�VWUXFWXUH�KDV�EHHQ�HQFRXQWHUHG��,Q�RUGHU�WR�RYHUFRPH�WKHVH�SUREOHPV��
IDFWRU�DQDO\V൴V�GHGXFWHG�IURP���YDU൴DEOH�DQDO\VHV�ZDV�SHUIRUPHG�DJD൴Q��([SUHVV൴RQV�UHODWHG�WR�WKH�U൴VNV�RI�SXUFKDV൴QJ�GHF൴V൴RQV�RI�
WKH�FRQVXPHUV�ZHUH�SUHSDUHG�EDVHG�RQ�WKH�U൴VN�GHVFU൴SW൴RQV�VWDWHG�൴Q�WKH�ZRUNV�RI�<XUWJ�GHU��������DQG�%DUGDNF൴���������

6DSPD]��<HUFDQ���7DUÕP�(NRQRP൴V൴�'HUJ൴V൴�������������

���



7KH����VWDWHPHQW�VFDOH�XVHG�WR�൴GHQW൴I\�WKH�IDFWRUV�WKDW�FRQVXPHUV�FDUH�DERXW�GXU൴QJ�JURFHU\�VKRSS൴QJ��൴V�UHO൴DEOH�GXH�WR�WKH�
UHVXOW൴QJ� &URQEDFK
V� DOSKD� FRH൶F൴HQW� RI� ������� 7KH� G൴൵HUHQFH� EHWZHHQ� WKH� DYHUDJHV� RI� WKHVH� VWDWHPHQWV� ൴V� VWDW൴VW൴FDOO\�

�V൴JQ൴¿FDQW��+RWHOO൴QJ�7 � �����������S� ���������
7KH�SU൴FH�DQG�XQ൴W�SU൴FH�൴V�WKH�൴QIRUPDW൴RQ�FRQWD൴QHG�൴Q�WKH�SU൴FH�WDJV�RI�WKH�SURGXFWV�WKDW�DUH�RQ�WKH�VKHOI�RI�WKH�UHWD൴OHUV��7KH�

RWKHU�VWDWHPHQWV�DUH�RQ�WKH�SDFNDJ൴QJ�RI�IRRG�SURGXFWV��7KH����VWDWHPHQW�VFDOH�XVHG�WR�൴GHQW൴I\�WKH�SDFNDJ൴QJ�DQG�SU൴FH�WDJ�
UHDG൴QJ�KDE൴WV�RI�WKH�FRQVXPHUV�GXU൴QJ�VKRSS൴QJ��൴V�UHO൴DEOH�GXH�WR�WKH�UHVXOW൴QJ�UDW൴R�RI������DQG�൴V�YDO൴G�DFFRUG൴QJ�WR�WKH�WHVW�

�UHVXOWV��DV�ZHOO��&URQEDFK�� �������+RWHOO൴QJ�7 � ����������S ��������
$V�D�UHVXOW�RI�WKH�DQDO\V൴V��WKH�IDFWRUV�UHODWHG�WR�൴PSRUWDQW�HOHPHQWV�൴Q�JURFHU\�VKRSS൴QJ��IDFWRUV�UHODWHG�WR�WKH�KDE൴WV�RI�

UHDG൴QJ�WKH�SDFNDJ൴QJ�DQG�SU൴FH�WDJV�GXU൴QJ�JURFHU\�VKRSS൴QJ�DQG�IDFWRUV�UHODWHG�WR�JURFHU\�VKRSS൴QJ�EHKDY൴RUV�ZHUH�GHWHUP൴QHG�
�7DEOH�����6FRUH�WHVW�YDOXHV�RQ�WKH�IDFWRUV�REWD൴QHG�IROORZ൴QJ�WKH�DQDO\V൴V�ZHUH�XVHG�൴Q�WK൴V�PRGHO�

)൴JXUH����&RQVXPHU�GHF൴V൴RQ�PDN൴QJ�SURFHVV�PRGHO��*DQ�HW�DO������

'HWHUPLQDWLRQ�RI�)DFWRUV�$൵HFWLQJ�7KH�&RQVXPSWLRQ�RI�3ULYDWH�/DEHO�)RRG�3URGXFWV�E\�8VLQJ�$UWL¿FLDO�1HXUDO�1HWZRUNV�DQG�/RJLVWLF�5HJUHVVLRQ�0RGHO��
&DVH�RI�ø]PLU�3URYLQFH
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*URFHU\�VKRSS൴QJ�EHKDY൴RUV��

3UH�VKRSS൴QJ�
EHKDY൴RU�
IDFWRU�

%HKDY൴RU�IDFWRU�
൴Q�VKRSS൴QJ�

RUGHU�

3RVW�VKRSS൴QJ�
EHKDY൴RU�
IDFWRU�

5൴VN��
IDFWRU�

,�GR�P\�JURFHU\�VKRSS൴QJ�GXU൴QJ�G൴VFRXQW�GD\V�� ������ ������ ������� �������
,�H[DP൴QH�WKH�À൴HUV�RI�UHWD൴OHUV�DQG�PDNH�SU൴FH�
FRPSDU൴VRQV�� ������ ������ ������ ������
,�JR�VKRSS൴QJ�WR�EX\�WKH�FKHDSHVW�SU൴FH�HYHQ�൴I�,�
GR�QRW�QHHG�൴W�� ������ ������ ����� �������
,�EX\�WKH�FKHDSHVW�SU൴FH�EHFDXVH�WKHUH�DUH�QRW�E൴J�
G൴൵HUHQFHV�൴Q�TXDO൴W\�GXH�WR�OHJDO�UHJXODW൴RQV�� ������ ������ ������ ������
,�EX\�SURGXFWV�൴Q�G൴VFRXQW�DQG�൴Q�WKH�SURPRW൴RQ�
GXU൴QJ�JURFHU\�VKRSS൴QJ�Z൴WKRXW�KDY൴QJ�WR�
FRPSDUH�WKHP�Z൴WK�RWKHU�SURGXFWV��

������ ������ ������ ������

,�GH¿Q൴WHO\�GHFODUH�ERWK�P\�VDW൴VIDFW൴RQ�DQG�P\�
FRPSOD൴QWV�WR�WKH�DXWKRU൴W\�FRQFHUQHG�� �������� ������� ������ ������
,�WHOO�ERWK�P\�VDW൴VIDFW൴RQ�DQG�P\�FRPSOD൴QWV�WR�
P\�FORVH�F൴UFOH�� ������� ������ ������ �������
,�UHWXUQ�WKH�SURGXFW�,�SXUFKDVHG�൴Q�FDVHV�൴I�,�DP�
QRW�VDW൴V¿HG�Z൴WK�WKH�SURGXFW�� ������ ������� ������ ������

,�EX\�WKH�SURGXFWV�RI�WKH�EUDQG�,�ERXJKW�DQG�
HQMR\HG�EHIRUH��3HUIRUPDQFH�5൴VN�� ������� ������ ������ ������
6൴QFH�WKH�VDW൴VIDFW൴RQ�RI�P\�IDP൴O\�DQG�IU൴HQGV�൴V�
൴PSRUWDQW�WR�PH��,�GR�QRW�WU\�QHZ�DQG�G൴൵HUHQW�
SURGXFWV�DQG�DOZD\V�XVH�WKH�VDPH�EUDQG�SURGXFWV�
�6RF൴DO�5൴VN��

�������� ������ ������ �����

,�GR�QRW�ZDQW�WR�VSHQG�W൴PH�EX\൴QJ�D�SURGXFW�Z൴WK�
D�EUDQG�WKDW�,�GRQ
W�NQRZ��7൴PH�/RVV�5൴VN�� ������� ������ ������� ������

.D৻VHU�0H\HU�2ON৻Q�0HDVXUH�RI�6DPSO৻QJ�$GHTXDF\�������� �
%DUWOHWW¶V�7HVW�RI�6SKHU৻F৻W\������������S���������
�

,PSRUWDQW�HOHPHQWV�൴Q�IRRG�VKRSS൴QJ��
3HUVRQDO�DQG�
IDP൴O\�IDFWRU�

$FTXD൴QWDQFHV
�
5HFRPPHQGDW൴RQ�

IDFWRU�

%UDQG�DQG�
TXDO൴W\�RI�WKH�
SURGXFW�IDFWRU�

3HUVRQDO�GHV൴UHV�DQG�Z൴VKHV� ������ ������ ������ �
3HUVRQDO�H[SHU൴HQFHV� ������ ������ ������ �
7KH�Z൴VKHV�DQG�GHV൴UHV�RI�IDP൴O\�PHPEHUV� ������ ������ ������ �
5HFRPPHQGDW൴RQV�IURP�H[SHUWV�൴Q�WHOHY൴V൴RQ�SURJUDPV � �������� ������� ������� �
([SHU൴HQFHV�RI�FORVH�IU൴HQGV� ������� ������ ������ �
3HUVRQDO�GHV൴UHV�DQG�Z൴VKHV� ������ ������ ������ �
%UDQG�RI�WKH�3URGXFW� ������� ������ ������ �
4XDO൴W\�RI�WKH�3URGXFW� ������� ������ ������ �
.D৻VHU�0H\HU�2ON৻Q�0HDVXUH�RI�6DPSO৻QJ�$GHTXDF\������� �
%DUWOHWW¶V�7HVW�RI�6SKHU৻F৻W\������������S���������
�

3DFNDJH�DQG�SU൴FH�WDJV�UHDG൴QJ�KDE൴WV�

'HWD൴OHG�
SDFNDJH�UHDG൴QJ�
KDE൴W�IDFWRU�

3URGXFW൴RQ�DQG�
H[S൴UDW൴RQ�GDWH�

FKHFN�KDE൴W�IDFWRU�
8Q൴W�SU൴FH�UHDG൴QJ�

KDE൴W�IDFWRU� �
1XWU൴W൴RQDO�YDOXH�&DORU൴HV� ������ ������ ������� �
2U൴J൴Q�RI�WKH�SURGXFW��FRXQWU\�UHJ൴RQ�F൴W\�� ������ ������ ������ �
,QJUHG൴HQWV�O൴VW� ������ ������ ������� �
0DQXIDFWXUHU�RI�WKH�SDFNDJ൴QJ� ������ ������� ������ �
6WRUDJH�&RQG൴W൴RQV� ������ ������ ������� �
([S൴U\�'DWH� ������� ������ ������� �
0DQXIDFWXU൴QJ�'DWH� ������ ������ ������ �
8Q൴W�3U൴FH� ������� ������� ������ �
0DQXIDFWXUHU� ������ ������ ������ �
.D৻VHU�0H\HU�2ON৻Q�0HDVXUH�RI�6DPSO৻QJ�$GHTXDF\ ��������
%DUWOHWW¶V�7HVW�RI�6SKHU৻F৻W\������������S�������� �
�

7DEOH����1DP൴QJ�RI�)DFWRU�*URXSV

6DSPD]��<HUFDQ���7DUÕP�(NRQRP൴V൴�'HUJ൴V൴�������������

���



7ZR�DOWHUQDW൴YH�PHWKRGV�KDYH�EHHQ�XVHG�WR�GHWHUP൴QH�WKH�IDFWRUV�D൵HFW൴QJ�WKH�FRQVXPSW൴RQ�RI�WKH�SU൴YDWH�ODEHO�IRRG�
SURGXFW��ORJ൴VW൴F�UHJUHVV൴RQ�DQG�DUW൴¿F൴DO�QHXUDO�QHWZRUN�PHWKRGV�

�����'HWHUPLQDWLRQ�RI�)DFWRUV�E\�/RJLVWLF�5HJUHVVLRQ�$QDO\VLV
$VVHVVPHQWV�RQ�GHSHQGHQW�DQG�൴QGHSHQGHQW�YDU൴DEOHV�XVHG�WR�HVW൴PDWH�WKH�PRGHO�Y൴D�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�DQDO\V൴V�DUH�

VKRZQ�൴Q�7DEOH����7KH�GHSHQGHQW�YDU൴DEOH�൴Q�WKH�PRGHO�൴V�GHU൴YHG�IURP�WKH�DQVZHUV�³\HV´�RU�³QR´�J൴YHQ�E\�WKH�VXEMHFWV�WR�WKH�
TXHVW൴RQ�³'R�\RX�FRQVXPH�SU൴YDWH�ODEHO�IRRG�SURGXFWV"´�൴Q�WKH�VXUYH\�DQG�IRU�WKRVH�ZKR�FRQVXPH�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFW��
WKH�GHSHQGHQW�YDU൴DEOH�WDNHV�WKH�YDOXH���ZK൴OH�WKH�YDOXH�IRU�WKH�QRQ�FRQVXPHUV�൴V���

�

'HSHQGHQW�9DU൴DEOHV �
'R�\RX�FRQVXPH�SU൴YDWH�ODEHO�IRRG�SURGXFWV"� &RQVXPH� ������� �

1RW�&RQVXPH� �� �
,QGHSHQGHQW�9DU൴DEOHV � � �
� � 'XPP\� � 'XPP\� �

*HQGHU� PDOH � � � �
IHPDOH � � � �

0DUW൴DO�6WDWXV� PDUU൴HG � � � �
RWKHU � � � �

:KHWKHU�WKH�KRXVHKROG�KDV�D�P൴QRU� \HV � � � �
QR � � � �

/DERXU� \HV � � � �
QR � � � �

+RXVH�2ZQHU� \HV � � � �
QR � � � �

&DU�2ZQHU� \HV � � � �
QR � � � �

&UHG൴W�&DUG�2ZQHU� \HV � � � �
QR � � � �

(GXFDW൴RQDO�/HYHO�
ORZ � � � � �
PHG൴XP � � � � �
K൴JK � � � � �

,QFRPH�*URXS�
���������� � � � � �
������������� � � � � �
������ �DERYH � � � � �

0RQWKO\�VSHQG൴QJ�RQ�IRRG�VKRSS൴QJ �
������ � � � � �
�������� � � � � �
���� �DERYH � � � � �

7KH�IUHTXHQF\�RI�VHUY൴QJ�WR�KRXVH�
JXHVWV�

KDUGO\�HYHU� � � � � �
GD\�RU�Q൴JKW � � � � �
GD\�DQG�Q൴JKW � � � � �

6KRSS൴QJ�IUHTXHQF\�
HYHU\�GD\� � � � � �
��RU���W൴PHV�D�ZHHN � � � � �
��RU���W൴PHV�D�PRQWK� � � � � �

$JH� \HDU �
1XPEHU�RI�KRXVHKROG�PHPEHUV� QXPEHU�RI�SHRSOH �
1XPEHU�RI�IDP൴O\�PHPEHUV�Z൴WK�DQ�ODERXU� QXPEHU�RI�SHRSOH �
3UH�VKRSS൴QJ�EHKDY൴RU�IDFWRU� IDFWRU�VFRUH �
%HKDY൴RU�IDFWRU�൴Q�VKRSS൴QJ�RUGHU� IDFWRU�VFRUH �
3RVW�VKRSS൴QJ�EHKDY൴RU�IDFWRU� IDFWRU�VFRUH �
5൴VN�IDFWRU� IDFWRU�VFRUH �
3HUVRQDO�DQG�IDP൴O\�IDFWRU� IDFWRU�VFRUH �
$FTXD൴QWDQFHV
�UHFRPPHQGDW൴RQ�IDFWRU � IDFWRU�VFRUH �
%UDQG�DQG�TXDO൴W\�RI�WKH�SURGXFW �IDFWRU � IDFWRU�VFRUH �
'HWD൴OHG�SDFNDJH�UHDG൴QJ�KDE൴W�IDFWRU� IDFWRU�VFRUH �
3URGXFW൴RQ�DQG�H[S൴UDW൴RQ�GDWH�FKHFN�KDE൴W�IDFWRU � IDFWRU�VFRUH �
8Q൴W�SU൴FH�UHDG൴QJ�KDE൴W�IDFWRU� IDFWRU�VFRUH �

7DEOH����'HSHQGHQW�DQG�൴QGHSHQGHQW�YDU൴DEOHV�IRU�PRGHO

'HWHUPLQDWLRQ�RI�)DFWRUV�$൵HFWLQJ�7KH�&RQVXPSWLRQ�RI�3ULYDWH�/DEHO�)RRG�3URGXFWV�E\�8VLQJ�$UWL¿FLDO�1HXUDO�1HWZRUNV�DQG�/RJLVWLF�5HJUHVVLRQ�0RGHO��
&DVH�RI�ø]PLU�3URYLQFH

���



7KH�PD[൴PXP�O൴NHO൴KRRG�PHWKRG�ZDV�XVHG�൴Q�RUGHU�WR�HVW൴PDWH�WKH�PRGHO�WKDW�ZDV�DQDO\]HG�E\�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�
DQDO\V൴V��,Q�FDVH�RI�WDN൴QJ�൴QWR�FRQV൴GHUDW൴RQ�WKDW�WKH�UHVHDUFK�൴Q�WKH�VWXG\�൴V�FURVV�VHFW൴RQDO��WKH�SUHG൴FWHG�PRGHO
V�FRH൶F൴HQW�
YDOXH� �������� ൴V� TX൴WH� D� JRRG� OHYHO�� � (VW൴PDWHG� PRGHO� �7DEOH� ��� ൴V� V൴JQ൴¿FDQW� DFFRUG൴QJ� WR� WKH� *�VWDW൴VW൴FV� UHVXOW�

��S�[ ����!�������� ��������

7KH�PRGHO�UHVXOWV�VWDWHG�WKDW�WKHVH�YDU൴DEOHV��DJH��൴QFRPH��PRQWKO\�IRRG�VKRSS൴QJ�H[SHQVH��VKRSS൴QJ�IUHTXHQF\��WKH�VWDWXV�
RI�VHUY൴QJ�WR�KRXVHJXHVWV��SUH�VKRSS൴QJ�EHKDY൴RU�IDFWRU��EHKDY൴RU�IDFWRU�൴Q�VKRSS൴QJ�RUGHU��U൴VN�IDFWRU��SURGXFW൴RQ��DQG�H[S൴UDW൴RQ�
GDWH�FKHFN�KDE൴W�IDFWRU��EUDQG�DQG�TXDO൴W\�RI�WKH�SURGXFW�IDFWRU�DQG�GHWD൴OHG�SDFNDJH�UHDG൴QJ�KDE൴W�IDFWRU��KDYH�DQ�൴PSDFW�RQ�WKH�
SUREDE൴O൴W\�RI�FRQVXPSW൴RQ�IRU�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFW�DQG�WKH�൴PSDFW�UDWH�FDQ�EH�REVHUYHG�EHORZ�

,QFRPH�൴V�WKH�YDU൴DEOH�WKDW�KDV�WKH�PRVW�൴PSDFW�RQ�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFW�FRQVXPSW൴RQ��,Q�WKH�UHVHDUFK�IRU�൴QFRPH�
YDU൴DEOHV�WKDW�൴V�G൴Y൴GHG�൴QWR�WKUHH�FDWHJRU൴HV��WKH�UHIHUHQFH�JURXS�ZDV�WKH�K൴JK�൴QFRPH�JURXS�ʁ�Z൴WK�DQ�DYHUDJH�������ʁ�൴QFRPH��
�/RZ�൴QFRPH�JURXS��HDUQV�DQ�൴QFRPH�RI�������������P൴GGOH�൴QFRPH�JURXS��HDUQV�������������ʁ�DQG��K൴JK�൴QFRPH�JURXS��
UHFH൴YHV�������ʁ�DQG�DERYH��7KH�൴QFO൴QDW൴RQ�WRZDUGV�FRQVXP൴QJ�SU൴YDWH�ODEHO�൴V������W൴PHV�K൴JKHU�IRU�FRQVXPHUV�൴Q�WKH�൴Q�WKH�ORZ�
൴QFRPH�JURXS�FRPSDUHG�WR�WKH�FRQVXPHUV�൴Q�K൴JK�൴QFRPH�JURXS�

:K൴OH�FRQVXPHUV� ൴QFUHDVH� WKH൴U� IUHTXHQF\�RI�VKRSS൴QJ�� WKH� O൴NHO൴KRRG�RI�FRQVXP൴QJ�SU൴YDWH� ODEHO�IRRG�SURGXFWV�DOVR�

�� FRH൶F൴HQW� VWDQGDUG�
HUURU� :DOG�� V൴JQ൴¿FDQW� RGGV�UDW൴R�

&RQVWDQW�� ������� ������ ������ ������ ������
3UH�VKRSS൴QJ�EHKDY൴RU�IDFWRU�� ������ ������ ������� ������ ������
3RVW�VKRSS൴QJ�EHKDY൴RU�IDFWRU� ������ ������ ������ ������ ������
%HKDY൴RU�IDFWRU�൴Q�VKRSS൴QJ�RUGHU�� ������ ������ ������� ������ ������
5൴VN�IDFWRU�� ������� ������ ������� ������ ������
3HUVRQDO�DQG�IDP൴O\�IDFWRU� ������� ������ ������ ������ ������
$FTXD൴QWDQFHV
�UHFRPPHQGDW൴RQ�IDFWRU� ������� ������ ������ ������ ������
%UDQG�DQG�TXDO൴W\�RI�WKH�SURGXFW�IDFWRU�� ������� ������ ������� ������ ������
'HWD൴OHG�SDFNDJH�UHDG൴QJ�KDE൴W�IDFWRU�� ������� ������ ������� ������ ������
3URGXFW൴RQ�DQG�H[S൴UDW൴RQ�GDWH�FKHFN�KDE൴W�IDFWRU�� ������ ������ ������ ������ ������
8Q൴W�SU൴FH�UHDG൴QJ�KDE൴W�IDFWRU� ������� ������ ������ ������ ������
*HQGHU� ������� ������ ������ ������ ������
$JH�� ������ ������ ������ ������ ������
0DUW൴DO�VWDWXV� ������� ������ ������ ������ ������
(GXFDW൴RQDO�/HYHO� � � ������ ������ �
(GXFDW൴RQDO�/HYHO��/RZ�� ������� ������ ������ ������ ������
(GXFDW൴RQDO�/HYHO��0HG൴XP�� ������ ������ ������ ������ ������
/DERXU� ������� ������ ������ ������ ������
1XPEHU�RI�KRXVHKROG�PHPEHUV� ������ ������ ������ ������ ������
1XPEHU�RI�IDP൴O\�PHPEHUV�Z൴WK�DQ�ODERXU� ������ ������ ������ ������ ������
:KHWKHU�WKH�KRXVHKROG�KDV�D�P൴QRU� ������ ������ ������ ������ ������
,QFRPH� � � ������ ������ �
,QFRPH������������ ��� ������ ������ ������ ������ ������
,QFRPH�������������� ��� ������ ������ ������ ������ ������
0RQWKO\�IRRG�VKRSS൴QJ�H[SHQVH� � � ������ ������ �
0RQWKO\�IRRG�VKRSS൴QJ�H[SHQVH�������� ��� ������ ������ ������ ������ ������
0RQWKO\�IRRG�VKRSS൴QJ�H[SHQVH���������� �� ������ ������ ������ ������ ������
6KRSS൴QJ�IUHTXHQF\�� � � ������ ������ �
6KRSS൴QJ�IUHTXHQF\��HYHU\�GD\��� ������ ������ ������ ������ ������
6KRSS൴QJ�IUHTXHQF\����RU���W൴PHV�D�ZHHN��� ������ ������ ������ ������ ������
7KH�IUHTXHQF\�RI�VHUY൴QJ�WR�KRXVH�JXHVWV�� � � ������ ������ �
7KH�IUHTXHQF\�RI�VHUY൴QJ�WR�KRXVH�JXHVWV��KDUGO\�HYHU�� ������� ������ ������ ������ ������
7KH�IUHTXHQF\�RI�VHUY൴QJ�WR�KRXVH�JXHVWV��GD\�RU�Q൴JKW��
� ������� ������ ������ ������ ������
+RXVH�2ZQHU� ������� ������ ������ ������ ������
&DU�2ZQHU� ������ ������ ������ ������ ������
&UHG൴W�&DUG�2ZQHU� ������� ������ ������ ������ ������
*�WHVW�VWDW൴VW൴FV� 3�F������!�������� �������
1DJHONHUNH�5�� ������
+RVPHU�	�/HPHVKRZ�7HVW� 3�F�����!������� ��������

�UHSUHVHQW�����V৻JQ৻¿FDQW�OHYHO���UHSUHVHQW�����V৻JQ৻¿FDQW�OHYHO���UHSUHVHQW������V৻JQ৻¿FDQW�OHYHO�

7DEOH����2XWFRPHV�UHODWHG�WR�WKH�PRGHO�REWD൴QHG�DV�D�UHVXOW�RI�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�DQDO\V൴V

6DSPD]��<HUFDQ���7DUÕP�(NRQRP൴V൴�'HUJ൴V൴�������������

���



൴QFUHDVHV��7KRVH�ZKR�VKRS�HYHU\�GD\�RI�WKH�ZHHN�KDV������W൴PHV�K൴JKHU�WHQGHQF\�WRZDUGV�SXUFKDV൴QJ�SU൴YDWH�ODEHO�FRPSDUHG�WR�
WKH�FRQVXPHUV�ZKR�VKRS�RQFH�RU�WZ൴FH�D�PRQWK�ZKHUHDV�WKRVH�ZKR�VKRS�RQFH�RU�WZ൴FH�D�ZHHN�KDV������W൴PHV�K൴JKHU�FRQVXPSW൴RQ�
WHQGHQF\��

$QRWKHU�V൴JQ൴¿FDQW�IDFWRU�IROORZ൴QJ�൴QFRPH�DQG�VKRSS൴QJ�IUHTXHQF\�IDFWRUV�൴V�WKH�EHKDY൴RUV�WKDW�FRQVXPHUV�SRUWUD\HG�
ZK൴OH�VKRSS൴QJ��&RQVXPHUV�PD\�SXUFKDVH�WKH൴U�IRRG�SURGXFWV�Z൴WKRXW�SD\൴QJ�DWWHQW൴RQ�WR�WKH�EUDQG��7KH�H[൴VWHQFH�RI�VWDWXWRU\�
UHJXODW൴RQV�KDV�OHG�WR�WKH�EHO൴HI�WKDW�WKHUH�൴V�QR�TXDO൴W\�G൴൵HUHQFH�EHWZHHQ�WKH�SURGXFWV��$ORQJ�Z൴WK�WKH�ORZHU�SU൴FHV��SURPRW൴RQV��
G൴VFRXQWV��DQG�DGYHUW൴VHPHQWV�RQ�WKH�SDFNDJ൴QJ��WKH�FRQVXPHU
V�GHF൴V൴RQ�WR�SXUFKDVH�SU൴YDWH�ODEHO�൴V�JUHDWO\�D൵HFWHG��(YHU\�W൴PH�
WKH�OHYHO�RI�WK൴V�൴PSDFW�U൴VHV�E\���XQ൴W��WKH�FRQVXPHU
V�WHQGHQF\�WRZDUGV�SXUFKDV൴QJ�D�SU൴YDWH�ODEHO�൴QFUHDVHV������W൴PHV��DV�ZHOO�

$QRWKHU�YDU൴DEOH� WKDW�D൵HFWV� WKH�FRQVXPHU
V�SU൴YDWH� ODEHO�SXUFKDV൴QJ� WHQGHQF\� ൴V� WKH൴U�DYHUDJH�PRQWKO\�VSHQG൴QJ�RQ�
JURFHU\��&RQVXPHUV
�DYHUDJH�PRQWKO\�VSHQG൴QJ�RQ�JURFHU\�KDV�EHHQ�H[DP൴QHG�WKURXJK�WKUHH�FDWHJRU൴HV�DQG�WKH�UHIHUHQFH�JURXS�
ZDV�D�����ʁ�K൴JK�VSHQG൴QJ�JURXS��&RPSDUHG�WR�WKH�IDP൴O൴HV�WKDW�VSHQG�����ʁ�RQ�PDUNHW�SHU�PRQWK��WKH�IDP൴O൴HV�ZKR�VSHQG�����ʁ�
DQG�EHORZ�RQ�PDUNHW�SHU�PRQWK�KDG�WZR�W൴PHV�K൴JKHU�൴QFO൴QDW൴RQ�WRZDUGV�SXUFKDV൴QJ�SU൴YDWH�ODEHO�

&RQVXPHUV�PD\�REVHUYH�WKH�VXSHUPDUNHW�EURFKXUHV�EHIRUH�JR൴QJ�VKRSS൴QJ�DQG�NHHS�WUDFN�RI�G൴VFRXQW�GD\V��DV�D�UHVXOW��JR�
WR�WKH�VXSHUPDUNHW�IRU�WKH�FKHDSHVW�SU൴FHV��7KH�FRQVXPHUV�ZKR�KDYH�WKRVH�IUXJDO�KDE൴WV�KDYH������W൴PHV�K൴JKHU�൴QFO൴QDW൴RQ�WRZDUGV�
SXUFKDV൴QJ�SU൴YDWH�ODEHO�FRPSDUHG�WR�WKRVH�ZKR�GR�QRW�KDYH�VXFK�KDE൴WV�

$V�WKH�KDE൴W�RI�UHDG൴QJ�WKH�SDFNDJH�GHWD൴OV�൴QFUHDVHV��WKH�SU൴YDWH�ODEHO�FRQVXPSW൴RQ�SUREDE൴O൴W\�GHFUHDVHV�E\����������DV�
ZHOO��$V�H[S൴UDW൴RQ�DQG�SURGXFW൴RQ�GDWH�FKHFN൴QJ�KDE൴WV�U൴VH��WK൴V�SUREDE൴O൴W\�JURZV������W൴PHV�K൴JKHU��

7KH� SUREDE൴O൴W\� RI� SXUFKDV൴QJ� SU൴YDWH� ODEHO� U൴VHV� DV� WKH� FRQVXPHU
V� DJH� JURZV� ROGHU�� 7KH� FRQVXPHU
V� SU൴YDWH� ODEHO�
FRQVXPSW൴RQ�SUREDE൴O൴W\�U൴VHV������W൴PHV�Z൴WK�HYHU\�DJH�

$V� WKH� ൴PSRUWDQFH�RI� WKH�EUDQG�DQG�TXDO൴W\�RI� WKH�SURGXFW� ൴Q� WKH�H\HV�RI� WKH�FRQVXPHUV� ൴QFUHDVH�� WKH�SUREDE൴O൴W\�RI�
FRQVXP൴QJ�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFW�GHFUHDVHV�E\��������
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VRF൴DO�U൴VN��SHUIRUPDQFH��DQG�W൴PH�ORVV�U൴VN�UDWHV�U൴VH��WKH�FRQVXPHUV
�SUREDE൴O൴W\�RI�SU൴YDWH�ODEHO�FRQVXPSW൴RQ�GHFUHDVHV��:൴WK�
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)RU�WKRVH�KRXVHKROGV�ZKR�KRVW�JXHVWV��DV�WKH൴U�JXHVW�Y൴V൴WDW൴RQ�IUHTXHQF\�U൴VHV��WKH൴U�SUREDE൴O൴W\�WR�FRQVXPH�SU൴YDWH�ODEHO�
EUDQG�DOVR�U൴VHV��$�IDP൴O\��ZKR�KRVW�JXHVWV�ERWK�RQ�GD\�DQG�Q൴JKW��KDV�D�SUREDE൴O൴W\�WR�SXUFKDVH�VWRUH�EUDQG�WZ൴FH�PRUH�WKDQ�D�
IDP൴O\�ZKR�KRVWV�JXHVWV�GXU൴QJ�MXVW�WKH�GD\�RU�WKH�Q൴JKW�

,Q�RUGHU�WR�WHVW�WKH�FRPSDW൴E൴O൴W\�IRU�WKH�PRGHO�HVW൴PDW൴RQ��WKH�FRUUHFW�FODVV൴¿FDW൴RQ�PHWKRG�ZDV�XVHG��,W�൴V�HY൴GHQW�൴Q�WKH�
WDEOH� RI� FODVV൴¿FDW൴RQ�� VKRZQ� ൴Q�7DEOH� �� WKDW� ���� RXW� RI� D� WRWDO� QXPEHU� RI� ���� FRQVXPHUV� KDG� D� �������� UDWH� RI� FRUUHFW�
FODVV൴¿FDW൴RQ��7KH�PRGHO�KDV�D������VXFFHVV�UDWH�RI�FRUUHFW�FODVV൴¿FDW൴RQ�
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WKH�OHDUQ൴QJ�SDUDG൴JP��DQG�WKH�OHDUQ൴QJ�UXOH��$�QHWZRUN�WKDW�൴V�DYD൴ODEOH�IRU�UHVHDUFK�൴V�D�QHWZRUN�WKDW�൴V�PDGH�XS�RI�D�PXOW൴�OD\HUHG�
GHWHUP൴Q൴VW൴F�PRGHO�Z൴WK�WKUHH�OD\HUV�DQG�D�IHHGIRUZDUG�FRQQHFW൴RQ��

$OO�RI�WKH�൴QGHSHQGHQW�YDU൴DEOHV�WKDW�DUH�FRQV൴GHUHG�WR�D൵HFW�SU൴YDWH�ODEHO�FRQVXPSW൴RQ�PDNH�XS�HDFK�൴QSXW�൴Q�WKH�PRGHO��
&RQW൴QXRXV�൴QSXWV�DUH��IDFWRU�VFRUHV�REWD൴QHG�RQ�HVVHQW൴DO�JURFHU൴HV��IDFWRU�VFRUHV�RQ�WKH�KDE൴WV�RI�UHDG൴QJ�WKH�SDFNDJ൴QJ�DQG�WKH�
SU൴FH�WDJV�GXU൴QJ�JURFHU\�VKRSS൴QJ��IDFWRU�VFRUHV�RQ�JURFHU\�VKRSS൴QJ�KDE൴WV��WKH�DJH�RI�WKH�൴QG൴Y൴GXDOV�WKDW�GHDOV�Z൴WK�WKH�
VKRSS൴QJ��WKH�QXPEHU�RI�WKH�IDP൴O\�PHPEHUV��DQG�WKH�QXPEHU�RI�WKH�IDP൴O\�PHPEHUV�ZKR�KROGV�D�MRE��&DWHJRU൴]HG�൴QSXWV�DUH��
JHQGHU��MRE�VWDWXV��PDU൴WDO�VWDWXV��HGXFDW൴RQ�OHYHO��ZKHWKHU�WKHUH�൴V�D�P൴QRU�KRXVHKROG�PHPEHU�XQGHU����\HDUV�RI�DJH��SRVVHVV൴RQ�RI�
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ZDV�DEOH�WR�FODU൴I\�DQG�GH¿QH�WKH�H[DP൴QHG�YDU൴DEOHV�WKDW�൴PSDFW�SU൴YDWH�ODEHO�EUDQG�SURGXFWV��PXFK�PRUH�H൵RUWOHVVO\��,Q�IDFW��WKH�
UHVXOWV�IRXQG�WKURXJK�WKH�ORJ൴VW൴F�UHJUHVV൴RQ�FRQWU൴EXWHG�൴Q�REWD൴Q൴QJ�WKH�SDUDPHWHU�HVW൴PDW൴RQV��DQG�WKH�QHJDW൴YH�SRV൴W൴YH�GHJUHHV�
RI�൴QÀXHQFH�IRU�WKH�DQDO\]HG�YDU൴DEOHV��.XPDU�HW�DO���������$JUDZDO�DQG�6FKRUO൴QJ��������HYDOXDWHG�WKH൴U�DUW൴¿F൴DO�QHXUDO�QHWZRUN�
DQG�ORJ൴VW൴F�UHJUHVV൴RQ�DQDO\VHV�DSSURDFK�V൴P൴ODUO\��UHO\൴QJ�RQ�WKH൴U�H[SHU൴PHQWDO�VWXG\�UHVXOWV�
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$FFRUG൴QJ�WR�WKH�UHVXOWV�RI�ERWK�PHWKRGV��:K൴OH�WKH�PRVW�H൵HFW൴YH�YDU൴DEOH�൴Q�WKH�FRQVXPSW൴RQ�RI�SU൴YDWH�ODEHO�EUDQG�IRRG�
SURGXFWV�SDUW൴F൴SDW൴QJ�൴Q�WKH�UHVHDUFK�൴V�൴QFRPH�YDU൴DEOH��VKRSS൴QJ�IUHTXHQF\��DQG�EHKDY൴RUDO�IDFWRUV�GXU൴QJ�VKRSS൴QJ�DUH�RWKHU�
H൵HFW൴YH�YDU൴DEOHV��7KH�൴QFRPH�YDU൴DEOH��ZK൴FK�൴V�WKH�PRVW�൴QÀXHQW൴DO�IDFWRU�൴Q�WKH�FRQVXPSW൴RQ�RI�WKH�SU൴YDWH�ODEHO�IRRG�SURGXFWV��
൴V�YHU\� ൴PSRUWDQW� UHJDUG൴QJ�PDUNHW൴QJ�PDQDJHUV��7KH� WDUJHW�JURXS� IRU�SU൴YDWH� ODEHO�EUDQGV��ZK൴FK� ORZ�DQG�P൴GGOH�൴QFRPH�
FRQVXPHUV�SUHIHU�PRUH�WKDQ�K൴JK�൴QFRPH�FRQVXPHUV��VKRXOG�EH�ORZ�DQG�P൴GGOH�൴QFRPH�JURXSV��,Q�DGG൴W൴RQ��൴W�൴V�VWDWHG�൴Q�WKH�
VWXG\� WKDW�FRQVXPHUV�ZKR�IUHTXHQWO\�GR�JURFHU\�VKRSS൴QJ�SUHIHU�SU൴YDWH� ODEHO�EUDQGV�PRUH�IUHTXHQWO\�� ,W�Z൴OO�GH¿Q൴WHO\�EH�
DGYDQWDJHRXV�WR�VSUHDG�WKH�VPDOO�VWRUH�FRQFHSWV�VSUHDG�DPRQJ�WKH�QH൴JKERUKRRG�ZKHUH�WKH�FRQVXPHU�FDQ�UHDFK�VKRSS൴QJ�HDV൴O\�
DQG�IUHTXHQWO\��FRPSDUHG�WR�WKH�FRQFHSW�RI�WKH�ODUJH�VFDOH�VXSHUPDUNHWV�Z൴WK൴Q�VKRSS൴QJ�FHQWHUV��7KH�IDFW��WKDW�WKH�FRQVXPHU�
EHKDY൴RU�IDFWRU�GXU൴QJ�VKRSS൴QJ�൴V�RQH�RI�WKH�PRVW�൴QÀXHQW൴DO�IDFWRUV��DOVR�VXSSRUWV�WKH�FRQFHSW�RI�WKH�VPDOO�JURFHU\�VWRUH��
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SUDFW൴FH��ZK൴FK�൴V�UDUHO\�HQFRXQWHUHG�WKHVH�GD\V�GHVS൴WH�EH൴QJ�RQH�RI�WKH�PRVW�IUHTXHQWO\�XVHG�PHWKRGV�WR�GHWHUP൴QH�WKH�IDFWRUV�
D൵HFW൴QJ�WKH�FRQVXPHUV
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