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RUJDQL]DWLRQV�WR�JUHDWHU�VFUXWLQ\���8QLYHUVLWLHV�DUH�QR�H[FHSWLRQ�DQG�WKHVH�GHYHORSPHQWV�KDV�VSXUUHG

FRQVLGHUDEOH�VFKRODUO\�LQYHVWLJDWLRQ���6RPH�UHVHDUFKHUV�KDYH�XVHG�PXOWL�SURGXFW�FRVW�IXQFWLRQV�WR

H[SORUH��SULPDULO\��HFRQRPLHV�RI�VFDOH�DQG�VFRSH�LQ�LQVWLWXWLRQV�RI�KLJKHU�HGXFDWLRQ����2I�JUHDWHU�LQWHUHVW

KHUH��KRZHYHU��LV�WKH�ZRUN�RI�RWKHU�UHVHDUFKHUV�ZKR�KDYH�XVHG�IURQWLHU�SURGXFWLRQ�PHWKRGV�WR

LQYHVWLJDWH�WKH�UHODWLYH�HIILFLHQFLHV�RI��XVXDOO\��XQLWV�ZLWKLQ�XQLYHUVLWLHV�WKH�UHVXOWV�RI�ZKLFK�PD\�EH

DSSOLHG�LQ�HIIRUWV�WR�HQKDQFH�WKH�XWLOL]DWLRQ�RI�UHVRXUFHV�ZLWKRXW�QHFHVVDULO\�FKDQJLQJ�VL]H�RU�VFRSH

�H�J���$EERWW�DQG�'RXFRXOLDJRV��������$KQ�HW�DO��������DQG�������$KQ�DQG�6HLIRUG�������

$WKDQDVVDSRXORV�DQG�6KDOH��������+DNVHYHU�DQG�0XUDJLVKL��������,]DGL�HW�DO���������-RKQHV�DQG�-RKQHV�

������0DGGHQ�DQG�6DYDJH��������0F0LOODQ�DQG�'DWWD��������6DUDIRJORX�DQG�+D\QHV��������6LQXDQ\�

6WHUQ�HW�DO���������7KXUVE\��������DQG�7RPNLQV�DQG�*UHHQ������������7KHVH�VWXGLHV�KDYH�HDFK�XVHG�D

VLQJOH�PHWKRGRORJ\�WR�GHWHUPLQH�HIILFLHQF\���+RZHYHU��DV�'H�%RUJHU�DQG�.HUVWHQV��������DQG�RWKHUV

QRWH��WKH�HIILFLHQF\�UDQNLQJV�JHQHUDWHG�E\�DOWHUQDWLYH�PHWKRGRORJLHV�DUH�QRW�DOZD\V�XQLIRUP���,I

HFRQRPLF�DQDO\VLV�LV�WR�EH�XVHG�IRU�SROLF\�SXUSRVHV��LW�LV�LPSRUWDQW�WKDW�WKH�RXWFRPHV�DUH�UHOLDEOH���,I

SROLF\�LPSOLFDWLRQV�IURP�DOWHUQDWLYH�PHWKRGRORJLHV�DUH�FRQVLVWHQW��RQH�FDQ�KDYH�JUHDWHU�FRQILGHQFH

ZKHQ�PDNLQJ�SROLF\�FKRLFHV���+HQFH��PHWKRGRORJ\�FURVV�FKHFNLQJ�LV�YDOXDEOH���,Q�DGGLWLRQ��GLIIHUHQW

DSSURDFKHV�PD\�DIIRUG�GLIIHUHQW�LQVLJKWV���/LQNLQJ�WKRVH�WRJHWKHU�PD\�HQKDQFH�WKH�TXDOLW\�RI�WKH�ILQDO

DQDO\VLV��0D\VWRQ�DQG�-HVVRQ��������

,Q�WKH�SXUVXLW�RI�YHULILFDWLRQ�WKURXJK�FRPSDUDWLYH�DQDO\VLV��WKH�IRFXV�RI�WKLV�SDSHU�LV�RQ�WKH

FRQVLVWHQF\�RI�UHODWLYH�HIILFLHQF\�PHDVXUHV�GHULYHG�IURP�SRSXODU�DOWHUQDWLYH�PHWKRGV���8VLQJ�RQH�\HDU¶V

GDWD�IURP����&DQDGLDQ�XQLYHUVLWLHV��ZH�FRPSDUH�WKH�HIILFLHQF\�VFRUHV�IURP�GDWD�HQYHORSPHQW�DQDO\VLV

�'($���D�QRQ�VWRFKDVWLF�OLQHDU�SURJUDPPLQJ�EDVHG�DSSURDFK��WR�WKRVH�GHULYHG�IURP�WKH�VWRFKDVWLF

PHWKRG�RI�$LJQHU�HW�DO���������DQG�0HHXVVHQ�DQG�YDQ�GHQ�%URHFN����������%RWK�DUH�IURQWLHU�PHWKRGV��

7KDW�LV��ERWK�DUH�EDVHG�RQ�LGHQWLI\LQJ�WKH�EHVW�SUDFWLFH�WHFKQRORJ\�IRU�SURGXFLQJ�RXWSXWV�DQG�RQ

FRPSDULQJ�LQGLYLGXDO�GHFLVLRQ�PDNLQJ�XQLW�SHUIRUPDQFH�WR�EHVW�SUDFWLFHV���7KH�WZR�PHWKRGV��KRZHYHU�

KDYH�VRPHZKDW�GLIIHUHQW�VWUHQJWKV�DQG�OLPLWDWLRQV���8QIRUWXQDWHO\��WKHUH�DUH�QR�HVWDEOLVKHG�PHWKRGV�RU

FULWHULD�IRU�FKRRVLQJ�EHWZHHQ�WKHP���6RPHZKDW�VXUSULVLQJO\��WKLV�ZRUN�LV�DOVR�D�UDUH�LQVWDQFH�RI



VWRFKDVWLF�IURQWLHU�DQDO\VLV�EHLQJ�DSSOLHG�WR�XQLYHUVLWLHV��DOVR�VHH�,]DGL�HW�DO���������EHFDXVH�SUHYLRXV

VWXGLHV�KDYH�UHOLHG�DOPRVW�H[FOXVLYHO\�XSRQ�'($�

7KH�LQWHUHVW�LQ�SURGXFWLRQ�DQG�FRVW�HIILFLHQF\�KDV�OHG�WR�WKH�ZLGHVSUHDG�DSSOLFDWLRQ�RI�IURQWLHU

PHWKRGV�LQ�HIIRUWV�WR�GHWHUPLQH�SURGXFWLRQ�WHFKQRORJLHV�DQG�UHODWLYH�HIILFLHQFLHV���3RSXODU�DUHDV�RI

DQDO\VLV�LQFOXGH�IDUPV��EDQNV��XWLOLWLHV��DQG�LQGXVWULDO�SODQWV����0DQ\�VWXGLHV�KDYH�H[DPLQHG�SXEOLF�RU

QRQ�SURILW�VHFWRU�DFWLYLWLHV�LQFOXGLQJ��EHVLGHV�LQVWLWXWLRQV�RI�KLJKHU�HGXFDWLRQ��KRVSLWDOV��QXUVLQJ�KRPHV�

VFKRROV��ORFDO�JRYHUQPHQWV��OLEUDULHV�DQG�SROLFLQJ�DPRQJ�RWKHUV����$OWKRXJK�WKHUH�DUH�PDQ\�VWXGLHV�RI

UHODWLYH�HIILFLHQF\��IHZ�FRPSDUH�WKH�UHVXOWV�RI�DSSO\LQJ�DOWHUQDWLYH�PHWKRGV�WR�WKH�VDPH�GDWD�VHW���,Q

SDUWLFXODU��ZH�DUH�XQDZDUH�RI�DQ\�RWKHU�UHVHDUFK�WKDW�FRPSDUHV�WKH�RXWFRPHV�RI�GLIIHUHQW�PHWKRGV�ZKHQ

DSSOLHG�WR�XQLYHUVLWLHV�

%HVLGHV�WKH�FKRLFH�RI�IURQWLHU�PHWKRGRORJ\��HIILFLHQF\�VFRUHV�PD\�EH�VHQVLWLYH�WR�FKRLFHV�DPRQJ

UHDVRQDEOH�DOWHUQDWLYH�VSHFLILFDWLRQV�RI�WKH�PRGHOV���'HILQLWLRQ�DQG�FKRLFH�RI�LQSXWV�DQG�RXWSXWV�FDQ

YDU\���,Q�DGGLWLRQ��HIILFLHQF\�PD\�EH�LQIOXHQFHG�E\�HQYLURQPHQWDO�IDFWRUV��WKDW�LV��GHWHUPLQDQWV�EH\RQG

WKH�LQSXWV�DQG�RXWSXWV�WKDW�UHIOHFW�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�SURGXFWLRQ�SURFHVV�WDNHV�SODFH��

+HQFH��ZH�FRQVLGHU�DOWHUQDWLYH�VSHFLILFDWLRQV�DQG�LQWURGXFH�HQYLURQPHQWDO�IDFWRUV�LQWR�ERWK�WKH�'($

DQG�VWRFKDVWLF�DQDO\VHV���7KH�UHVXOW�LV�WHQ�VHWV�RI�HIILFLHQF\�VFRUHV���7KH�HIILFLHQF\�UDQNLQJV�RI�WKH

REVHUYDWLRQV�YDU\�DPRQJ�WKHP���0XOWLSOH�RXWFRPHV�DUH�QRW�XVXDOO\�SUHVHQWHG�DQG�VR�WKH�SRVVLELOLW\�RI

LQFRQVLVWHQW�UDQNLQJV��ZKLFK�H[LVWV�UHJDUGOHVV�RI�WKH�IURQWLHU�PHWKRGRORJ\�XVHG��LV�QRW�RIWHQ�DGGUHVVHG��

:H�H[WHQG�WKH�DQDO\VLV�WR�ORRN�IRU�DQG�DVVHVV�FRQVLVWHQF\�DFURVV�WKH�RXWFRPHV�DQG��LQ�DQ�HIIRUW�WR

EHQHILW�IURP�WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�DOWHUQDWLYH�DSSURDFKHV��ZH�XWLOL]H�D�SURFHGXUH�SURYLGLQJ�D

UHODWLYHO\�UHOLDEOH�UDQJH�IRU�WKH�UDQN�RI�HDFK�XQLYHUVLW\�

7R�VXPPDUL]H��WKH�SDSHU��LQ�SDUW��SURYLGHV�D�FRPSDULVRQ�RI�HIILFLHQF\�PHDVXUHV�SURYLGHG�E\

'($�DQG�VWRFKDVWLF�PHWKRGV���,W�DOVR�SUHVHQWV�UHVXOWV�IURP�DOWHUQDWLYH�EXW�SDUDOOHO�VSHFLILFDWLRQV�XQGHU

HDFK�IURQWLHU�DSSURDFK���)LQDOO\��IDFHG�ZLWK�D�VHW�RI�VRPHZKDW�LQFRQVLVWHQW�HIILFLHQF\�UDQNLQJV��ZH

GHWHUPLQH�WKH�UDQJH�RI�SRWHQWLDO�UDQNLQJV�IRU�HDFK�LQVWLWXWLRQ���7KH�SURGXFW�RIIHUV�LQVLJKW�LQWR�WKH�FKRLFH

RI�HIILFLHQF\�GHWHUPLQDWLRQ�PHWKRGV��DOWHUQDWLYH�VSHFLILFDWLRQV��DQG�XVH�RI�WKH�RXWFRPHV�ZKLFK�FDQ�EH�RI

DVVLVWDQFH�WR�GHFLVLRQ�PDNHUV�

7KLV�SDSHU�LV�DUUDQJHG�LQ�QLQH�SDUWV���,QLWLDOO\��WKH�'($�PHWKRG�LV�RXWOLQHG���7KDW�LV�IROORZHG�E\

WKH�GHVFULSWLRQ�RI�WKH�VWRFKDVWLF�PHWKRG�ZKLFK�LQ�WKLV�FDVH�LV�DSSOLHG�WR�D�JHQHUDOL]HG�FRVW�IXQFWLRQ��

%HFDXVH�HIILFLHQF\�FDQ�EH�LQIOXHQFHG�E\�ILUP�VSHFLILF�RU�HQYLURQPHQWDO�IDFWRUV��PRGHOV�LQFRUSRUDWLQJ



WKDW�H[WHQVLRQ�DUH�DOVR�HPSOR\HG���7KH�GDWD�DUH�GLVFXVVHG�QH[W���7KH�GDWD�DUH�VLPLODU�WR�WKRVH�HPSOR\HG

E\�RWKHUV�DQG��DV�HOVHZKHUH��KDYH�VHYHUDO�UHFRJQL]HG�OLPLWDWLRQV���7KH�UHVXOWV�RI�DSSO\LQJ�WKH�'($�DQG

WKH�VWRFKDVWLF�IURQWLHU��6)��SURFHGXUHV�WR�WKH�GDWD�IROORZ���7KRVH�UHVXOWV�DUH�WKHQ�FRPSDUHG�DQG

FRQVLVWHQF\�LQ�WKH�HIILFLHQF\�UDQNLQJV�DQDO\VHG���&RQFOXVLRQV�DQG�LPSOLFDWLRQV�DUH�GLVFXVVHG�LQ�WKH�ILQDO

VHFWLRQ���7R�EULHIO\�VXPPDUL]H�RXU�RYHUDOO�FRQFOXVLRQV��RXU�DQDO\VHV��QRW�VXUSULVLQJO\��RIWHQ�\LHOG

FRQVLGHUDEOH�GLIIHUHQFHV�LQ�WKH�HIILFLHQF\�VFRUHV�DQG�WKH�UDQNLQJV�RI�XQLYHUVLWLHV�GHULYHG�IURP�DOWHUQDWLYH

PHWKRGV�DQG�VSHFLILFDWLRQV���<HW��ZKHQ�UDQNLQJV�DUH�DVVHVVHG�DFURVV�WKH�VHW�RI�RXWFRPHV��WKHUH�LV

HYLGHQFH�RI�FRQVLVWHQF\�LQ�XQLYHUVLWLHV¶�UHODWLYH�SRVLWLRQV�\LHOGLQJ�D�VHQVH�RI�UHOLDELOLW\�LQ�WKH�ORZ�DQG

KLJK�HIILFLHQF\�XQLYHUVLWLHV�LGHQWLILHG���'HFLVLRQ�PDNHUV�DUH�DGYLVHG�WR�FRQVLGHU�WKH��UHVXOWV�RI�HIILFLHQF\

DQDO\VHV�FDUHIXOO\�DQG��HVSHFLDOO\�LQ�VPDOO�QXPEHUV�DQG�ZLWKRXW�IXUWKHU�DQDO\VLV��UHJDUG�WKHP�ZLWK

FDXWLRQ�

����)URQWLHU�3URGXFWLRQ�$QDO\VLV��$Q�,QWURGXFWLRQ�

7KH�EDVLF�FRQFHSWV�RI�IURQWLHU�SURGXFWLYLW\�FDQ�EH�GHPRQVWUDWHG�ZLWK�)LJXUH���ZKLFK�LOOXVWUDWHV

WKH�VLWXDWLRQ�IRU�GHFLVLRQ�PDNLQJ�XQLWV��'08V���H�J���ILUPV��SURGXFLQJ�RQH�RXWSXW�XVLQJ�WZR�LQSXWV�ZLWK

D�FRQVWDQW�UHWXUQV�WR�VFDOH�WHFKQRORJ\���7KH�D[HV�VKRZ�WKH�LQSXWV�SHU�XQLW�RI�RXWSXW���44¶�UHSUHVHQWV

WKH�LQSXW�XQLW�RXWSXW�FRPELQDWLRQV�SRVVLEOH�ZKHQ�WKH�DYDLODEOH�WHFKQRORJ\�LV�HIILFLHQWO\�XWLOL]HG��L�H��WKH

XQLW�LVRTXDQW�RI�WKH�HIILFLHQW�SURGXFHU���$�'08¶V�RSHUDWLRQ�FDQ�EH�UHSUHVHQWHG�E\�D�SRLQW�RQ�RU�DERYH

44¶���3RLQW�'�UHSUHVHQWV�D�SDUWLFXODU�SURGXFHU���'�LV�QRW�RQ�44¶�VR�'08�'�LV�QRW�DQ�HIILFLHQW�SURGXFHU

EHFDXVH�LQSXW�SHU�XQLW�RXWSXW�H[FHHGV�WKDW�WHFKQLFDOO\�SRVVLEOH���7HFKQLFDO�HIILFLHQF\�FRXOG�EH�UHDOL]HG

E\�D�SURSRUWLRQDO�RU�UDGLDO�UHGXFWLRQ�LQ�LQSXWV�DORQJ�2'�WR�WKH�SRLQW�7�RQ�44¶���7HFKQLFDO�LQHIILFLHQF\

LV�UHIOHFWHG�LQ�WKH�GLVWDQFH�'7�DQG�WHFKQLFDO�HIILFLHQF\�FDQ�EH�PHDVXUHG�DV�27�2'�

)LJXUH��

$�'08�DW�7�ZRXOG�EH�WHFKQLFDOO\�HIILFLHQW�EXW�QRW�QHFHVVDULO\�HFRQRPLFDOO\�HIILFLHQW���(FRQRPLF

HIILFLHQF\�DOVR�UHTXLUHV�DOORFDWLYH�HIILFLHQF\���$OORFDWLYH�HIILFLHQF\�QHFHVVLWDWHV�XVLQJ�WKH�DSSURSULDWH

FRPELQDWLRQ�RI�LQSXWV�RQ�WKH�LVRTXDQW�44¶����WKDW�FRPELQDWLRQ�EHLQJ�GHWHUPLQHG�E\�UHODWLYH�LQSXW

SULFHV���%�%�¶�UHSUHVHQWV�WKH�PLQLPXP�FRVW�RU�EXGJHW�QHFHVVDU\�WR�UHDOL]H�D�XQLW�RI�RXWSXW�IRU�D�JLYHQ�VHW

RI�LQSXW�SULFHV���*LYHQ�WKRVH�SULFHV��WKH�OHDVW�FRVW�SRLQW�LV�DW�(�RQ�44¶�UDWKHU�WKDQ�DW�7���3URGXFWLRQ�DW�7

UHTXLUHV�D�EXGJHW�RI�%��ZKLFK�H[FHHGV�%����$OORFDWLYH�LQHIILFLHQF\�LV�UHSUHVHQWHG�E\�WKH�GLVWDQFH�$7�DQG



DOORFDWLYH�HIILFLHQF\�E\�2$�27���7KXV��WKH�WRWDO�LQHIILFLHQF\�RI�'��$'��LV�D�FRPELQDWLRQ�RI�WHFKQLFDO

LQHIILFLHQF\��'7��DQG�DOORFDWLYH�LQHIILFLHQF\��$7����7KH�PHDVXUH�RI�HFRQRPLF�HIILFLHQF\�LV�2$�2'���

'XH�WR�WKH�ODFN�RI�LQSXW�SULFH�YDULDELOLW\�RU�GXH�WR�QR�RU�SRRU�LQSXW�SULFH�GDWD��PDQ\�HIILFLHQF\�VWXGLHV�

DV�WKLV�RQH��GHWHUPLQH�RQO\�WHFKQLFDO�HIILFLHQF\�

&HQWUDO�WR�IURQWLHU�SURGXFWLYLW\�DQDO\VLV�LV�GHWHUPLQLQJ�WKH�HIILFLHQW�SURGXFWLRQ�WHFKQRORJ\��L�H��

WKH�44¶�LQ�)LJXUH�����9DULRXV�PHWKRGV�DUH�XVHG���7KH�PDMRU�GLVWLQFWLRQ�LV�EHWZHHQ�HFRQRPHWULF�DQG

PDWKHPDWLFDO�SURJUDPPLQJ�PHWKRGV���(FRQRPHWULF�PHWKRGV�DUH�VWRFKDVWLF�DQG�SDUDPHWULF�ZKLOH�WKH

PDWKHPDWLFDO�SURJUDPPLQJ�PHWKRGV�DUH�QRQ�VWRFKDVWLF�DQG�QRQ�SDUDPHWULF����7KH�WZR�PHWKRGV�KDYH

GLIIHUHQW�UHODWLYH�PHULWV���7KH�HFRQRPHWULF�DSSURDFK�PXVW�HVWLPDWH�D��OLNHO\�XQNQRZQ��XQGHUO\LQJ�LQSXW�

RXWSXW�SURGXFWLRQ�UHODWLRQVKLS�ZKLFK�FKDUDFWHUL]HV�WKH�GDWD��&KRLFH�RI�IXQFWLRQDO�IRUP�DQG�HUURUV�LQ�WKH

VSHFLILFDWLRQ�RI�WKH�SURGXFWLRQ�IXQFWLRQ�PD\�UHVXOW�DQG�FRQVWUDLQ�WKH�HVWLPDWHV���+RZHYHU��WKH�VWRFKDVWLF

SURFHVV�DOORZV�VWDWLVWLFDO�WHVWLQJ�RI�DOWHUQDWLYH�VSHFLILFDWLRQV�DQG�UHYHDOV�LQIRUPDWLRQ�DERXW�WKH

VLJQLILFDQFH�DQG�UROHV�RI�WKH�LQFOXGHG�YDULDEOHV��,W�DOVR�DOORZV�IRU�QRLVH�LQ�WKH�GDWD���7KH�PDWKHPDWLFDO

SURJUDPPLQJ�DSSURDFK�LV�OHVV�UHVWULFWLYH�DERXW�WKH�FKDUDFWHU�RI�WKH�SURGXFWLRQ�UHODWLRQVKLS��L�H���LW�GRHV

QRW�LPSRVH�DQ\�IXQFWLRQDO�IRUP��EXW��LQVWHDG��WDNHV�WKH�ERXQGLQJ�REVHUYDWLRQV�DV�GHILQLQJ�WKH�EHVW

SUDFWLFH�HIILFLHQW�IURQWLHU���2Q�WKH�RWKHU�KDQG��WKHUH�DUH�QR�WHVWV�LQ�PDWKHPDWLFDO�SURJUDPPLQJ�WR�KHOS

GHWHUPLQH�WKH�DSSURSULDWH�VHOHFWLRQ�RU�GHILQLWLRQ�RI�LQSXWV�DQG�RXWSXWV���$Q\�DQG�DOO�YDULDWLRQ�EHWZHHQ

REVHUYHG�XQLWV�DQG�WKH�IURQWLHU�LV�DWWULEXWHG�WR�LQHIILFLHQF\�ZKLOH��LQ�WKH�HFRQRPHWULF�PHWKRG��WKDW

YDULDWLRQ�LV��EXW�DOVR�PXVW�EH��VHSDUDWHG�LQWR�LQHIILFLHQF\�DQG�UDQGRP�HUURU�����7KH�HFRQRPHWULF

DSSURDFK�PD\�HVWLPDWH�WKH�SURGXFWLRQ�IXQFWLRQ�LWVHOI�RU��ZLWK�DGHTXDWH�LQIRUPDWLRQ�RQ�LQSXW�RU�RXWSXW

SULFHV��WKH�DVVRFLDWHG�GXDO�FRVW�RU�SURILW�IXQFWLRQV�PD\�EH�HVWLPDWHG���7KHVH�ODWWHU�VSHFLILFDWLRQV�RIIHU

RSWLRQV�WKDW�PD\�EH�PRUH�FRQVLVWHQW�ZLWK�WKH�EHKDYLRXUDO�REMHFWLYHV�RI�WKH�RUJDQL]DWLRQV��H�J���FRVW

PLQLPL]DWLRQ�YHUVXV�SURILW�PD[LPL]DWLRQ���:LWK�SULFH�LQIRUPDWLRQ��ERWK�WKH�HFRQRPHWULF�DQG

SURJUDPPLQJ�PHWKRGV�FDQ�EH�XVHG�WR�VROYH�IRU�DOORFDWLYH�HIILFLHQF\�DV�ZHOO�DV�WHFKQLFDO�HIILFLHQF\��

0DWKHPDWLFDO�SURJUDPPLQJ�LQFOXGHV�WKH�IUHH�GLVSRVDO�KXOO��)'+��PRGHO�DQG�WKH�PRUH�FRPPRQ�GDWD

HQYHORSPHQW�DQDO\VLV��'($��PRGHO���7KH�HIILFLHQF\�VFRUHV�IURP�ERWK�HFRQRPHWULF�DQG�SURJUDPPLQJ

DSSURDFKHV�DUH�RIWHQ�VXEMHFW�WR�VHFRQG�VWDJH�UHJUHVVLRQ�DQDO\VLV�WR�KHOS�GHWHUPLQH�WKH�LPSDFW�RI

HQYLURQPHQWDO�IDFWRUV�EH\RQG�GHFLVLRQ�PDNHU�FRQWURO�XSRQ�HIILFLHQF\��

%RWK�'($�DQG�6)�DQDO\VLV�DUH�SRSXODU�PHWKRGV�IRU�DVVHVVLQJ�UHODWLYH�HIILFLHQF\���8QIRUWXQDWHO\�

WKHUH�LV�QR�GHILQLWLYH�PHFKDQLVP�IRU�VHOHFWLQJ�EHWZHHQ�WKHP���7KH�GHFLVLRQ�LV�D�MXGJHPHQW�FDOO���&OHDUO\�





ZKHUH�XUN�LV�WKH�ZHLJKW�DVVLJQHG�HDFK�XQLW�RI�RXWSXW�U�IURP�'08N�DQG�YLN�LV�WKH�ZHLJKW�DVVLJQHG�HDFK

XQLW�RI�LQSXW�L�XVHG�E\�'08N���7KDW�LV��VROXWLRQV�DUH�VRXJKW�WR�PD[LPL]H�WKH�UDWLR�RI�ZHLJKWHG�RXWSXW�WR

ZHLJKWHG�LQSXW�IRU�HDFK�'08��WKH�UDWLR�RI�YLUWXDO�RXWSXW�WR�YLUWXDO�LQSXW����%\�QRUPDOL]DWLRQ��WKH

HIILFLHQF\�VFRUHV�UDQJH�IURP�]HUR�WR�RQH���7KH�VDPH�ZHLJKWV��YLUWXDO�PXOWLSOLHUV��WKDW�PD[LPL]H�KN�IRU

'08N�DUH�DSSOLHG�WR�WKH�LQSXWV�DQG�RXWSXWV�RI�DOO�'08V�LQ�WKH�VROXWLRQ�WR�WKH�SUREOHP�IRU�'08N���7KLV

VROXWLRQ�SURFHVV�LV�UHSHDWHG�IRU�HDFK�'08���+HQFH��EHFDXVH�WKH�ZHLJKWV�FDQ�YDU\�IRU�HDFK�VROXWLRQ��WKH

HIILFLHQF\�VFRUHV�GHWHUPLQHG�DUH�WKRVH�PRVW�IDYRXUDEOH�WR�HDFK�'08�

7KH�DERYH�LV�D�IUDFWLRQDO�SURJUDPPLQJ�SUREOHP���8VLQJ�D�WUDQVIRUPDWLRQ�SURFHVV��&KDUQHV�

&RRSHU�DQG�5KRGHV��������FRQYHUWHG�WKLV�QRQ�OLQHDU�SUREOHP�LQWR�D�VWDQGDUG�OLQHDU�SURJUDPPLQJ

SUREOHP���7KDW�WUDQVIRUPDWLRQ�LV�LQGLFDWHG�E\�WKH�XVH�RI�QHZ�YDULDEOHV� �DQG� ��IRU�X�DQG�Y���1RZ�WKH

WUDQVIRUPHG�SURJUDPPLQJ�SUREOHP�EHFRPHV�
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IRU�WKH�LQSXW�RULHQWHG��YDULDEOH�UHWXUQV�WR�VFDOH�'($�PRGHO����,Q�WKDW�WKLV�IRUP�VROYHV�IRU�WKH�PXOWLSOLHUV

�DQG� ��WKLV�LV�WKH�PXOWLSOLHU�SUREOHP�

7KH�FRUUHVSRQGLQJ�GXDO�SUREOHP�VROYHV�IRU�WKH�VXUIDFH�ZKLFK�HQYHORSV�WKH�GDWD���7KLV
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$Q\�LQHTXDOLW\�LQ�WKH�ILUVW�WZR�FRQGLWLRQV�LPSOLHV�D�VODFN�YDULDEOH���6ODFNV�UHSUHVHQW�H[FHVV�LQSXWV�JLYHQ

WKH�OHYHO�RI�RXWSXW�RU�WKH�SRWHQWLDO�WR�H[SDQG�RXWSXW�JLYHQ�WKH�LQSXWV���6ODFNV�RQO\�DSSHDU�ZKHQ�'08V

DUH�LQHIILFLHQW���7KHWD�� ��LV�WKH�UDGLDO��'HEUHX�)DUUHOO��PHDVXUH�RI�WHFKQLFDO�HIILFLHQF\�LQ�WKDW�LW�UHSRUWV

WKH�SURSRUWLRQ�RI�LQSXWV�QHHGHG�WR�SURGXFH�SUHVHQW�RXWSXW�LI�WKH�'08�RSHUDWHG�HIILFLHQF\���+RZHYHU�

DGGLWLRQDO��QRZ�QRQ�SURSRUWLRQDO��FKDQJHV�WR�LQSXWV��DQG�SRVVLEO\�HYHQ�VRPH�RXWSXW�FKDQJH��PLJKW

IXUWKHU�LPSURYH�HIILFLHQF\�LQ�VRPH�LQVWDQFHV��WKDW�LV��LI�WKH�UDGLDOO\�HIILFLHQW�SRLQW�LV�RQ�D�SRUWLRQ�RI�WKH

LVRTXDQW�SDUDOOHOOLQJ�DQ�D[LV�����$OVR�UHFRJQL]LQJ�WKHVH�SRVVLELOLWLHV�FRQIRUPV�WR�WKH�.RRSPDQ¶V�FRQFHSW

RI�HIILFLHQF\���:KLOH�WKH�.RRSPDQ¶V�FRQFHSW�LV�PRUH�VWULQJHQW�DQG�DSSHDOLQJ��LW�LV�PRUH�GLIILFXOW�WR

PHDVXUH��/RYHOO����������7KH�'($�PHWKRG�XVHG�IRU�WKLV�VWXG\��,'($6��FDOFXODWHV�HIILFLHQF\�PHDVXUHV

ZKLFK�SUR[\�WKH�.RRSPDQ¶V�DSSURDFK�

7KH�PDWKHPDWLFDO�SURJUDPPLQJ�SUREOHPV�SUHVHQWHG�DERYH�UHSUHVHQW�WKH�YDULDEOH�UHWXUQV�WR�VFDOH

LQSXW�RULHQWHG�YHUVLRQ�RI�WKH�'($�PRGHO���,I�FRQVWDQW�UHWXUQV�WR�VFDOH�LV�DVVXPHG��WKH� M� ���FRQVWUDLQW

GLVDSSHDUV�IURP�WKH�HQYHORSPHQW�SUREOHP�DQG�WKH�X
  ���IURP�WKH�PXOWLSOLHU�SUREOHP���2WKHU�VFDOH

UHVWULFWLRQV�FDQ�EH�LPSRVHG���'($�PRGHOV�PD\�EH�LQSXW�RU�RXWSXW�RULHQWHG���,QSXW�PRGHOV�PHDVXUH

HIILFLHQF\�LQ�WHUPV�RI�WKH�SRWHQWLDO��SURSRUWLRQDO��UHGXFWLRQ�LQ�LQSXW�XVH�ZKLOH�RXWSXW�PRGHOV�PHDVXUH

HIILFLHQF\�LQ�WHUP�RI�WKH�SRWHQWLDO��SURSRUWLRQDO��RXWSXW�LQFUHDVH���:KLOH�WKH�HIILFLHQW�DQG�LQHIILFLHQW�XQLWV

GR�QRW�FKDQJH��WKH�HIILFLHQF\�VFRUHV�FDQ�GLIIHU�EHWZHHQ�WKH�WZR�RULHQWDWLRQV���6XFK�GLIIHUHQFHV�GR�QRW

DULVH�LQ�WKH�FRQVWDQW�UHWXUQV�WR�VFDOH�FDVH���6HH��IRU�H[DPSOH��$OL�DQG�6HLIRUG����������

7KLV�DSSOLFDWLRQ�RI�'($�DGRSWV�WKH�LQSXW�RULHQWHG�YDULDEOH�UHWXUQV�WR�VFDOH�PRGHO���7KH�LQSXW

RULHQWDWLRQ�LV�VHOHFWHG�EHFDXVH�ZH�VXVSHFW�WKDW��DW�OHDVW�IURP�D�ORQJHU�WHUP�SHUVSHFWLYH��WKDW�RXWSXWV

�H�J���VWXGHQW�QXPEHUV��DUH�OHVV�'08�FKRLFH�YDULDEOHV�WKDQ�LQSXWV�IRU�RXU�XQLYHUVLWLHV�VR�LQSXW�FKRLFHV

DUH�DVVXPHG�WR�SUHGRPLQDWH���,Q�XQGHUWDNLQJ�SUHYLRXV�ZRUN��0F0LOODQ�DQG�'DWWD���������FRPSDULVRQV

RI�LQSXW�DQG�RXWSXW�RULHQWHG�'($�DQDO\VHV�VXJJHVWHG�WKDW�WKH�UHVXOWV�ZHUH�QRW�VHQVLWLYH�WR�RULHQWDWLRQ��

$OWKRXJK�QRW�XQDQLPRXV��WKH�LQSXW�RULHQWDWLRQ�DSSHDUV�WR�EH�WKH�SUHGRPLQDQW�FKRLFH�LQ�RWKHU�'($

VWXGLHV�RI�XQLYHUVLW\�HIILFLHQF\��7KH�YDULDEOH�UHWXUQV�WR�VFDOH�PRGHO�LV�PRUH�IOH[LEOH�DQG�WKH�SUHYLRXV



ZRUN�LQGLFDWHG�WKDW�WKLV�ZDV�D�OHJLWLPDWH�FKRLFH�

$�FRVW�YHUVLRQ�RI�WKH�'($�PHWKRG�LV�HPSOR\HG�KHUH���7KDW�LV��WKH�FRVW�RU�H[SHQGLWXUH�PDGH�WR

SURGXFH�WKH�RXWSXWV�UHSODFHV�WKH�VHYHUDO�SK\VLFDO�LQSXWV�LQ�WKH�DQDO\VLV���,Q�WKLV�FDVH��FN��WKH�FRVW�RI

'08N��UHSODFHV�WKH�[LN�LQ�HTXDWLRQV������DQG�����8QSULFHG�PXOWLSOH�RXWSXWV�UHPDLQ�DV�LQ�WKH�XVXDO

SURGXFWLRQ�IRUP���)DUH�DQG�*URVVNRSI��������DQG�)DUH��*URVVNRSI�DQG�/RYHOO��������VKRZ�WKH

FRUUHVSRQGHQFH�EHWZHHQ�WKH�SULPDO�SURGXFWLRQ�DSSURDFK�DQG�WKH�GXDO�FRVW�DSSURDFK���7KLV�FRVW�LQGLUHFW

SURGXFWLRQ�FRUUHVSRQGHQFH�LV�DSSURSULDWH�IRU�HYDOXDWLQJ�SURGXFWLRQ�HIILFLHQF\�ZKHQ�RXWSXW�LV�QRW�SULFHG

EXW�LQSXWV�DUH��VR�UHVRXUFH�XVDJH�LV�UHIOHFWHG�LQ�FRVWV���7KLV�DSSURDFK�HYDOXDWHV�RXWSXW�SURYLGHG�IRU

JLYHQ�H[SHQGLWXUH�

����6WRFKDVWLF�)URQWLHU�(VWLPDWLRQ���

7KH�PDMRU�GHYHORSPHQW�XSRQ�ZKLFK�PRVW�FXUUHQW�VWRFKDVWLF�HVWLPDWLRQ�RI�SURGXFWLRQ��DQG

UHODWHG��IURQWLHUV�LV�EDVHG�RQ�LV�WKH�ZRUN�E\�$LJQHU��/RYHOO�DQG�6FKPLGW��������DQG�0HHXVHQ�DQG�YDQ

GHQ�%URHFN��������ZKLFK�DGYDQFHG�WKH�FRPSRVHG�HUURU�WHUP

HN� �XN���YN
IRU�REVHUYDWLRQ�N�ZKHUH�YN�LV�WKH�FRQYHQWLRQDO�V\PPHWULF�UDQGRP�HUURU�WHUP�ZKLFK�LV�LQGHSHQGHQWO\�DQG

LGHQWLFDOO\�GLVWULEXWHG�ZLWK�]HUR�PHDQ��L�H��1��� Y
����DQG�XN���UHSUHVHQWLQJ�LQHIILFLHQF\��ZKLFK�KDV�D�RQH�

VLGHG�GLVWULEXWLRQ��FRPPRQO\�KDOI�QRUPDO�RU�H[SRQHQWLDO��VXFK�WKDW�_X_�LV�1��� X
�����7KH�X�DQG�Y�DUH

XQUHODWHG���)RU�WKH�SURGXFWLRQ�IXQFWLRQ�

\N� �I�[N���%��H[S�YN���XN��

ZKHUH�\N�LV�ILUP�RXWSXW��[N�LV�WKH�YHFWRU�RI�LQSXWV�DQG�%�LV�WKH�VHW�RI�SDUDPHWHUV�WR�EH�HVWLPDWHG���,I�ILUP

N�LV�HIILFLHQW��LW�KDV�XN� ���DQG�RSHUDWHV�RQ�WKH�IURQWLHU�OQ�\N� �OQ�I�[N ��%����YN����,I�WKH�ILUP�LV�LQHIILFLHQW�

XN�!���DQG�WKH�ILUP�SURGXFHV�OHVV�WKDQ�WKH�RXWSXW�SRVVLEOH�IURP�WKH�LQSXWV�XVHG��L�H��OQ�\N���OQ�I��[N���%���

YN����7KH�IURQWLHU�LWVHOI�LV�VWRFKDVWLF���7KH�FRUUHVSRQGLQJ�FRVW�UHSUHVHQWDWLRQ��WKH�IURQWLHU�FRVW�IXQFWLRQ

�VHH�6FKPLGW�DQG�/RYHOO���������LV�RI�WKH�IRUP

FN� �F�\N���ZN���%��H[S�XN���YN�

RU

OQ�FN� �OQ�F�\N���ZN���%����XN���YN
ZKHUH�FN�LV�FRVW��ZN�LV�WKH�VHW�RI�LQSXW�SULFHV�IDFLQJ�ILUP�N�ZKLOH�WKH�RWKHU�YDULDEOHV�DUH�DV�EHIRUH���



$OWKRXJK�WKH�FRVW�IXQFWLRQ�DERYH�LV�ZULWWHQ�LQ�WHUPV�RI�D�VLQJOH�RXWSXW��PXOWLSOH�RXWSXWV�FDQ�EH

DFFRPPRGDWHG���%HVLGHV�WKH�FRVW�DQG�SURGXFWLRQ�DSSURDFKHV��SURILW�DQG�GLVWDQFH�IXQFWLRQV�FDQ�DOVR�EH

GHILQHG�DQG�HVWLPDWHG��7KH�PRGHO�FDQ�EH�H[SDQGHG�WR�LQFOXGH�LQSXW�EXGJHW�VKDUH�HTXDWLRQV�EXW��EHFDXVH

ZH�ZRUN�ZLWK�WKH�VLQJOH�HTXDWLRQ�FRVW�IXQFWLRQ��ZH�FRQWLQXH�ZLWK�WKH�GLVFXVVLRQ�RI�WKDW�DSSURDFK�

2I�IXUWKHU�LQWHUHVW�IRU�HVWLPDWLRQ�LV�WKDW�WKH�$LJQHU��/RYHOO�DQG�6FKPLGW��������FRPSRVHG�HUURU

PRGHO�SURYLGHV�DQ�HVWLPDWH�RI�DYHUDJH�LQHIILFLHQF\��X���EXW�QRW�RI�WKH�XL�IRU�LQGLYLGXDO�ILUPV�ZKLFK�DUH�RI

LQWHUHVW�IRU�SROLF\�SXUSRVHV���-RQGURZ��/RYHOO��0DWHURY�DQG�6FKPLGW��������SURYLGH�D�PHDQV�RI

HVWLPDWLQJ�WKH�XL���D�SLHFH�RI�LQIRUPDWLRQ�LPSRUWDQW�IRU�SROLF\�DQG�SDUWLFXODUO\�IRU�WKH�FRPSDULVRQ�RI

HIILFLHQF\�HVWLPDWHV�IURP�'($�DQG�VWRFKDVWLF�DOWHUQDWLYHV�

:H�HVWLPDWH�VWRFKDVWLF�IURQWLHU�FRVW�IXQFWLRQV�XVLQJ�PD[LPXP�OLNHOLKRRG�����7KH�FRVW�PRGHO�LV

VHOHFWHG�EHFDXVH�LW�DFFRPPRGDWHV�ZHOO�PXOWLSOH�RXWSXWV���$OVR��WKH�FRVW�PRGHO�VHHPV�WR�VXLW�UHDVRQDEO\

ZHOO�WKH�XQLYHUVLW\�GHFLVLRQ�PDNLQJ�HQYLURQPHQW���7KDW�LV��ZLWK�LQSXW�SULFHV�H[RJHQRXV�DQG�XQLYHUVLW\

RXWSXW��RU�WKH�RXWSXW�H[SHFWDWLRQV�RI�SXEOLF�XQLYHUVLWLHV��JLYHQ��WKH�XQLYHUVLW\�LV�PRWLYDWHG�WR�ILQG�LQSXW

FRPELQDWLRQV�PLQLPL]LQJ�FRVW�ZKLFK�LV�WKH�EDVLV�RI�WKH�FRVW�PRGHO�

����,QFRUSRUDWLQJ�(QYLURQPHQWDO�)DFWRUV

,Q�ERWK�GDWD�HQYHORSPHQW�DQG�VWRFKDVWLF�IURQWLHU�DQDO\VLV��LW�LV�FRPPRQ�WR�H[SORUH�WKH

GHWHUPLQDQWV�RI�LQHIILFLHQF\�LQ�D�WZR�VWDJH�SURFHVV���7KDW�LV���LQ�HIILFLHQF\�LV�GHWHUPLQHG�E\�WKH�ILUVW�VWHS

SURFHGXUHV�VXFK�DV�WKRVH�DOUHDG\�GLVFXVVHG�DQG�WKHQ��LQ�D�VHFRQG�VWHS��WKH�LQHIILFLHQF\�VFRUHV�DUH

UHJUHVVHG�DJDLQVW�YDULDEOHV�WKDW�ZRXOG�QRW�EH�SDUW�RI�WKH�SURGXFWLRQ�RU�FRVW�IXQFWLRQ�GLUHFWO\�EXW�DUH

EHOLHYHG�WR�DIIHFW�ILUP�SHUIRUPDQFH�����7R�EURDGHQ�RXU�FRPSDULVRQ�RI�HIILFLHQF\�HVWLPDWHV��WKRVH�LPSOLHG

DIWHU�FRQWUROOLQJ�IRU�HQYLURQPHQWDO�IDFWRUV�DUH�DOVR�H[DPLQHG�LQ�WKLV�DQDO\VLV�

.XPEKDNDU�HW�DO���������UDLVH�FRQFHUQV�DERXW�WKH�WZR�VWDJH�SURFHVV�LQ�WKH�VWRFKDVWLF�IURQWLHU

FRQWH[W���3UREOHPV�DULVH�EHFDXVH�WKH�ILUVW�VWDJH�HVWLPDWLRQ�DVVXPHV�WKH�LQHIILFLHQF\�HIIHFWV�DUH�LGHQWLFDOO\

GLVWULEXWHG�ZKLOH�VHHNLQJ�DQ�H[SODQDWLRQ�RI�WKH�LQHIILFLHQF\�PHDVXUHG�LQ�WKH�VHFRQG�VWDJH�LPSOLHV�WKDW�WKH

HUURUV�DUH�QRW�LGHQWLFDOO\�GLVWULEXWHG�����.XPEKDNDU�HW�DO���������UHVROYH�WKLV�SUREOHP�E\�LQFRUSRUDWLQJ

WKH�HVWLPDWLRQ�RI�WKH�GHWHUPLQDQWV�RI�LQHIILFLHQF\�ZLWK�HVWLPDWLRQ�RI�WKH�SURGXFWLRQ�IURQWLHU�����,Q�WKHLU

FRPSRVHG�HUURU�WHUP��HN� �XN���YN���WKH\�PDNH�WKH�RQH�VLGHG�LQHIILFLHQF\�FRPSRQHQW�D�IXQFWLRQ�RI��]�DQG

Z�VXFK�WKDW�XN�]�Z�� �] ���ZN�ZKHUH�]�LV�D�YHFWRU�RI�GHWHUPLQDQWV�RI�ILUP�HIILFLHQF\�� �LV�WKH�YHFWRU�RI



SDUDPHWHUV�WR�EH�HVWLPDWHG��DQG�Z�LV�WKH�UDQGRP�HUURU�RI�WKH�LQHIILFLHQF\�FRPSRQHQW�X���$V�EHIRUH��Y�LV

WKH�UDQGRP��HUURU�RI�WKH�FRPSRVHG�HUURU�WHUP���7R�H[WHQG�DQG�HQKDQFH�WKH�WUHDWPHQW�RI�WKH

HQYLURQPHQWDO�YDULDEOHV��ZH�DOVR�HVWLPDWH�WKLV�.*0��.XPEKDNDU��*KRVK�DQG�0F*XFNLQ��VSHFLILFDWLRQ

RI�WKH�VWRFKDVWLF�FRVW�IURQWLHU�PRGHO�

7KH�WZR�VWHS�SURFHVV�LV�DOVR�QRW�WKH�RQO\�PHWKRG�RI�DGGUHVVLQJ�HQYLURQPHQWDO�YDULDEOHV�LQ�'($��

6RPH�XVHUV�LQFOXGH�DOO�WKH�YDULDEOHV�LQ�D�RQH�VWHS�SURFHGXUH�LQ�FRPELQDWLRQ�ZLWK�FRPSXWDWLRQDO

H[WHQVLRQV�WR�FDOFXODWHG�HIILFLHQF\�VFRUHV��H�J���5XJJHULR����������0F&DUW\�DQG�<DLVDZDUQJ�������

FRPSDUHG�WKH�WZR�PHWKRGV�DQG�IRXQG�WKDW�WKH\�JHQHUDWHG�VLPLODU�UHVXOWV���:DQJ�DQG�6FKPLGW�������

FRPSDUH�RQH�VWHS�DQG�WZR�VWHS�SURFHGXUHV�IRU�D�VWRFKDVWLF�PRGHO�DQG�IRXQG�WKH�WZR�VWHS�SURFHGXUH�OHG

WR�ELDVHG�UHVXOWV�DQG�VR�UHFRPPHQG�DJDLQVW�WKDW�DSSURDFK�

8QIRUWXQDWHO\��DV�LV�GLVFXVVHG�EHORZ��WKHUH�FDQ�EH�XQFHUWDLQW\�DV�WR�MXVW�ZKDW�DUH�RXWSXW

PHDVXUHV�DQG�ZKDW�DUH�HQYLURQPHQWDO�IDFWRUV���7KDW�VLWXDWLRQ�RFFXUV�KHUH���&RQVHTXHQWO\��UHVXOWV�DUH

SUHVHQWHG�IRU�D�QDUURZ�DQG�D�EURDG�GHILQLWLRQ�RI�RXWSXW��ZLWK�FRUUHVSRQGLQJ�DGMXVWPHQW�WR�ZKDW�DUH

HQYLURQPHQWDO�YDULDEOHV��

7R�UHYLHZ��WKUHH�YDULDWLRQV�RI�WKH�VWRFKDVWLF�IURQWLHU�DSSURDFK�DUH�FRQVLGHUHG�LQ�WKLV�SDSHU��

)LUVW��ZH�HVWLPDWH�D�UHODWLYHO\�VLPSOH�IXQFWLRQ�SDUDOOHOOLQJ�WKH�VSHFLILFDWLRQ�RI�RXU�'($�PRGHO���6HFRQG�

ZH�FRQVLGHU�WKH�FRQVHTXHQFHV�RI�LQWURGXFLQJ�HQYLURQPHQWDO�IDFWRUV�XVLQJ�WKH�FRPPRQ�VHFRQG�VWDJH

UHJUHVVLRQ���)LQDOO\��ZH�DGG�WKH�.*0�YDULDWLRQ�DV�D�SUHIHUUHG�PHFKDQLVP�IRU�LQFRUSRUDWLQJ�WKH

GHWHUPLQDQWV�RI�LQHIILFLHQF\�LQWR�WKH�VSHFLILFDWLRQ���(DFK�LV�GRQH�IRU�WKH�QDUURZ�DQG�EURDG�RXWSXW

GHILQLWLRQV����:H�FRPSDUH�WKHVH�6)�UHVXOWV�WR�WKRVH�IURP�WKH�FRUUHVSRQGLQJ�'($�RQ�WKH�VDPH�GDWD

ZLWKLQ�WKH�QDUURZ�DQG�EURDG�RXWSXW�GHILQLWLRQ�UHVXOWV���,Q�SDUWLFXODU��ZH�FRPSDUH�WKH�HIILFLHQF\�VFRUHV

IURP�WKH�VWDQGDUG�'($�WR�WKRVH�IURP�WKH�VWDQGDUG�6)��DQG�WKRVH�IURP�WKH�VHFRQG�VWDJH�UHJUHVVLRQ

HQYLURQPHQW�DGMXVWPHQWV�IRU�ERWK�WKH�'($�DQG�6)�RXWFRPHV��DQG�WKHVH�ODWWHU�WZR�WR�WKRVH�VFRUHV�IURP

WKH�.*0�YDULDWLRQ�RI�WKH�6)�PRGHO���:H�FRQVLGHU�WKH�YDULRXV�VSHFLILFDWLRQV�PRUH�FORVHO\�EHORZ��

%HIRUH�GRLQJ�WKDW�DQG�ORRNLQJ�DW�WKH�UHVXOWV��ZH�GLVFXVV�WKH�GDWD�

����7KH�'DWD

7KH�GDWD�XVHG�IRU�RXU�GDWD�HQYHORSPHQW�DQG�VWRFKDVWLF�IURQWLHU�DQDO\VHV�FRYHUV����&DQDGLDQ

XQLYHUVLWLHV�IRU�WKH�DFDGHPLF�\HDU�������������7KH�GDWD�FRPH�SULPDULO\�IURP�WKH�&DQDGLDQ�$VVRFLDWLRQ



RI�%XVLQHVV�2IILFHUV��&$8%2��DQG�IURP�GDWD�FROOHFWHG�E\�WKH�$VVRFLDWLRQ�RI�8QLYHUVLWLHV�DQG�&ROOHJHV

RI�&DQDGD��$8&&����7KHVH�GDWD�ZHUH�VXSSOHPHQWHG�E\�6WDWLVWLFV�&DQDGD�GDWD�DV�UHTXLUHG���7KH������

���GDWD�ZHUH�VHOHFWHG�LQLWLDOO\�EHFDXVH�RI�WKH�UHODWLYHO\�ODUJHU�QXPEHU�RI�REVHUYDWLRQV�DYDLODEOH�IRU�WKDW

\HDU���7KH�GDWD�DQG�VRXUFHV�DUH�OLVWHG�LQ�7DEOH���DQG�WKH�PHDQV�DQG�UDQJHV�LQ�7DEOH�����7KH�GDWD�FRYHU

WKH�IXOO�UDQJH�RI�&DQDGLDQ�XQLYHUVLWLHV���7KUHH�PDMRU�JURXSV�KDYH�EHHQ�LGHQWLILHG��SULPDULO\

XQGHUJUDGXDWH��FRPSUHKHQVLYH�ZLWKRXW�PHGLFDO�VFKRROV��DQG�FRPSUHKHQVLYH�ZLWK�PHGLFDO�VFKRROV��

8WLOL]LQJ�GDWD�IURP�WKH�IXOO�UDQJH�RI�XQLYHUVLWLHV�SRVHG�QR�GLIILFXOWLHV�DQG�SURYHG�VXFFHVVIXO�LQ�0F0LOODQ

DQG�'DWWD��������DQG�LV�FRQWLQXHG�IRU�WKLV�DQDO\VLV���

7DEOHV���DQG��

2XU�GDWD�DUH�TXLWH�VLPLODU�WR�WKRVH�XVHG�LQ�PRVW�RWKHU�VWXGLHV�RI�XQLYHUVLW\�FRVW�DQG�HIILFLHQF\

DQG��LQ�SDUW��FRQWDLQ�WKH�VDPH�ZHDNQHVVHV�����)RU�H[DPSOH��XQLYHUVLW\�RXWSXW�LV�JHQHUDOO\�UHFRJQL]HG�DV

EHLQJ�WHDFKLQJ��UHVHDUFK�DQG�VHUYLFH���$JJUHJDWHG�DW�WKH�XQLYHUVLW\�OHYHO�HVSHFLDOO\��QHLWKHU�WHDFKLQJ�RU

UHVHDUFK�LV�SDUWLFXODUO\�ZHOO�PHDVXUHG�DQG�VHUYLFH�LV�XVXDOO\�HQWLUHO\�XQPHDVXUHG���7R�PHDVXUH�WHDFKLQJ�

ZH�XVH�WKH�IXOO�WLPH�HTXLYDOHQW��IWH��HQUROPHQW�LQ�SURJUDPV���$PRQJ�XQGHUJUDGXDWHV��ZH�GLVWLQJXLVK

EHWZHHQ�WKRVH�LQ�VFLHQFH�DUHDV�DQG�RWKHUV�DQG��DW�WKH�JUDGXDWH�OHYHO��ZH�KDYH�WKH�DGYDQWDJH�RYHU�PDQ\

VWXGLHV�RI�EHLQJ�DEOH�WR�GLVWLQJXLVK�EHWZHHQ�PDVWHU¶V�DQG�GRFWRUDO�VWXGHQWV���$V�KDYH�PDQ\�RWKHUV��ZH

UHOXFWDQWO\��HVSHFLDOO\�LQ�UHJDUGV�WR�WKH�ILQH�DUWV��KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV��UHVRUW�WR�WKH�DPRXQW�RI

VSRQVRUHG�UHVHDUFK�IXQGLQJ�DV�WKH�PHDVXUH�RI�UHVHDUFK�RXWSXW���7KHVH�YDULDEOHV�FRQVWLWXWH�WKH�QDUURZ

GHILQLWLRQ�RI�RXWSXW���7KH�EURDG�GHILQLWLRQ�LV�LQWURGXFHG�WR�UHFRJQL]H�VRPH�SRWHQWLDOO\�LPSRUWDQW

DGGLWLRQDO�FKDUDFWHULVWLFV�RI�XQLYHUVLW\�RXWSXW��FKDUDFWHULVWLFV�WKDW�PLJKW�EH�FRQVLGHUHG�D�UHILQHPHQW�RI

WKH�RXWSXW�PHDVXUHPHQW����,Q�DQ�HIIRUW�WR�UHFRJQL]H�SRWHQWLDO�YDULDWLRQ�LQ�UHVHDUFK��DQG�JUDGXDWH

HGXFDWLRQ��TXDOLW\��ZH�LQFOXGH�GDWD�RQ�WKH�UHODWLYH�VXFFHVV�RI�HOLJLEOH�IDFXOW\�LQ�VHFXULQJ�UHVHDUFK

IXQGLQJ�IURP�WKH�QDWLRQDO�JUDQWLQJ�FRXQFLOV���,Q�DGGLWLRQ��WR�UHFRJQL]H�EHWWHU�WKH�GLYLVLRQ�EHWZHHQ

VFLHQFH�DQG�RWKHU�UHVHDUFK��DQG�SRVVLEO\�JUDGXDWH�HGXFDWLRQ���ZH�DGG�WKH�SHUFHQWDJH�RI�IDFXOW\�LQ�WKH

PHGLFDO��QDWXUDO�DQG�HQJLQHHULQJ�VFLHQFHV�DV�D�EURDG�GHILQLWLRQ�RXWSXW�YDULDEOH�

0HDVXULQJ�XQLYHUVLW\�LQSXWV�SRVHV�IHZHU�GLIILFXOWLHV�WKDQ�RXWSXWV�EXW�LV�QRW�FRPSOHWHO\�IUHH�RI

SUREOHPV�HYHQ�ZKHQ�WKH�RQO\�LQSXW�LV�WDNHQ�WR�EH�H[SHQGLWXUH���&DSLWDO�LQSXW�LV�D�SUREOHP�DQG��DV�KHUH�

LV�RIWHQ�H[FOXGHG�IURP�WKH�PRGHOV���7RWDO�H[SHQGLWXUH�KHUH�LV�WRWDO�RSHUDWLQJ�H[SHQGLWXUH�SOXV�VSRQVRUHG



UHVHDUFK�H[SHQGLWXUH���([FOXGHG�DUH�DQFLOODU\�HQWHUSULVHV��VSHFLDO�SXUSRVH�DQG�WUXVW�IXQGV�DQG�QRQ�

RSHUDWLQJ�SODQW�FRVWV���8QIRUWXQDWHO\�IRU�WKH�FRVW�IXQFWLRQ�DSSURDFK��VDWLVIDFWRU\�LQSXW�SULFH�LQGLFHV�

HYHQ�IRU�PDMRU�FXUUHQW�LQSXWV��H�J���DFDGHPLF�DQG�QRQ�DFDGHPLF�VWDII���DUH�QRW�FRPPRQ���:H�GR�HQJDJH

RQH�SULFH�YDULDEOH��WKDW�LV��DYHUDJH�IDFXOW\�VDODU\�DV�D�SUR[\�IRU�WKH�SULFH�RI�DFDGHPLF�VWDII���/RRNLQJ

DKHDG��WKLV�YDULDEOH�GLG�QRW�SURYH�LPSRUWDQW�����:H�VXVSHFW�WKDW��HVSHFLDOO\�LI�TXDOLW\�DGMXVWHG��WKH�SULFHV

RI�PRVW�LPSRUWDQW�YDULDEOH�LQSXWV�DUH�OLNHO\�WR�EH�TXLWH�XQLIRUP�WR�XQLYHUVLWLHV�DFURVV�WKH�FRXQWU\��

+RZHYHU��EHFDXVH�SULFH�LV�D�FRQFHSWXDOO\�LPSRUWDQW�YDULDEOH��$96$/$5<�LV�UHWDLQHG�LQ�WKH�HTXDWLRQV

HVWLPDWHG�

7KH�VDPH�GDWD�DUH�XVHG�IRU�HDFK�RI�WKH�IURQWLHU�DQDO\VHV�UHSRUWHG���:H�WXUQ�WR�WKH�HIILFLHQF\

DQDO\VHV�DQG�WKRVH�UHVXOWV�QH[W���'LVFXVVLRQ�RI�WKH�HQYLURQPHQWDO�YDULDEOHV�LV�GHIHUUHG�

����(IILFLHQF\�0HDVXUHV�IURP�$OWHUQDWLYH�)URQWLHU�$QDO\VHV

����7KH�'DWD�(QYHORSPHQW�$QDO\VHV

����D��6WDQGDUG�'($�6FRUHV

7KH�UHVXOWV�IRU�WKH�QDUURZ�DQG�EURDG�RXWSXW�'($�PRGHOV�DUH�GHVLJQDWHG�'($�Q�DQG�'($�E

UHVSHFWLYHO\���7KH�RXWSXWV�LQ�'($�Q�DUH�WKH�IRXU�IXOO�WLPH�HTXLYDOHQW�VWXGHQW�HQUROPHQWV��8*�6&,��8*

27+(5��0$67(5¶6�DQG�'2&725$/��DQG�VSRQVRUHG�UHVHDUFK�H[SHQGLWXUHV��5(6($5&+����0RGHO

'($�E�DGGV�YDULDEOHV�UHIOHFWLQJ�WKH�IDFXOW\¶V�VXFFHVV�DW�REWDLQLQJ�UHVHDUFK�FRXQFLO�JUDQWV���66+5&

DQG��05&16(��LQ�DQ�HIIRUW�WR�FDSWXUH�UHVHDUFK�DQG�JUDGXDWH�HGXFDWLRQ�TXDOLW\�DQG��LQ�DGGLWLRQ��WKH

YDULDEOH���6&,)$&��WKH�VKDUH�RI�VFLHQFH�IDFXOW\��WR�UHIOHFW�WKH�W\SH��DQG�SHUKDSV�WKH�FRVW��RI�UHVHDUFK

DQG�JUDGXDWH�HGXFDWLRQ���7\SLFDOO\�LQ�'($��YDULDEOHV�PHDVXULQJ�YDULRXV�SK\VLFDO�LQSXWV�DUH�DOVR�DGGHG��

+HUH��KRZHYHU��WR�SDUDOOHO�WR�WKH�IURQWLHU�FRVW�IXQFWLRQ��WKH�RQO\�LQSXW�YDULDEOH�LV�WKH�WRWDO�GROODU�YDOXH�RI

RSHUDWLQJ�H[SHQGLWXUHV�SOXV�VSRQVRUHG�UHVHDUFK�RXWOD\V��727$/(;3���$V�VHHQ�IURP�WKH�UHVXOWV�RI�WKH

QXPHURXV�VSHFLILFDWLRQV�UHSRUWHG�LQ�0F0LOODQ�DQG�'DWWD����������LQSXW�FRVW�YHUVLRQV�RI�WKH�'($�ZHUH

TXLWH�FRPSDWLEOH�ZLWK�WKRVH�XVLQJ�SK\VLFDO�LQSXW�PHDVXUHV���+RZHYHU��VRPH�XQLYHUVLWLHV�IRXQG�HIILFLHQW

ZKHQ�XVLQJ�SK\VLFDO�PHDVXUHV�ZHUH�QRW�FRVW�HIILFLHQW���

7KH�HIILFLHQF\�VFRUHV�IRU�WKH�WZR�PRGHOV�DUH�UHSRUWHG�LQ�WKH�ILUVW�WZR�FROXPQV�RI�7DEOH����



(IILFLHQF\�VFRUHV�UDQJH�IURP�������WR�����LQ�WKH�FDVH�RI�'($�Q���(LJKWHHQ�RI�WKH����XQLYHUVLWLHV�UDWH

HIILFLHQW�DQG�WKH�DYHUDJH�VFRUH�LV���������$�PL[�RI�HIILFLHQW�DQG�LQHIILFLHQW�XQLYHUVLWLHV�H[LVW�LQ�HDFK�RI

WKH�WKUHH�XQLYHUVLW\�FODVVHV���7KH�LQFOXVLRQ�RI�WKH�JUDQW�VXFFHVV�DQG�WKH�VKDUH�RI�VFLHQFH�IDFXOW\�YDULDEOHV

LQ�'($�E�UHVXOWV�LQ����PRUH�����LQ�WRWDO��VFRULQJ�HIILFLHQW�DQG�\LHOGLQJ�D�KLJK�DYHUDJH�HIILFLHQF\�VFRUH�RI

��������7KH�UDQJH�RI�WKH�VFRUHV�QDUURZHG�WR�������WR�������$JDLQ��HIILFLHQW�DQG�LQHIILFLHQW�XQLYHUVLWLHV

DUH�IRXQG�LQ�HDFK�FODVV���:LWK�WKH�EURDG�GHILQLWLRQ��WKH����XQLYHUVLWLHV�GHHPHG�HIILFLHQW�XQGHU�WKH�QDUURZ

GHILQLWLRQ�RI�RXWSXW�UHPDLQHG�HIILFLHQW���5HODWLYHO\�OLWWOH�FKDQJH�LQ�HIILFLHQF\�LV�REVHUYHG�LQ�WKH�FDVH�RI���

XQLYHUVLWLHV��LQFOXGLQJ�ILYH�WKDW�JR�IURP�UHODWLYHO\�KLJK�VFRUHV�������WR�������WR�������)RU����RWKHU

XQLYHUVLWLHV��KRZHYHU��WKH�VFRUHV�FKDQJH�FRQVLGHUDEO\��L�H���E\�PRUH�WKDQ��������6RPH�XQLYHUVLWLHV¶

VFRUHV�DUH�VHQVLWLYH�WR�WKH�LQWURGXFWLRQ�RI�WKH�JUDQW�VXFFHVV�YDULDEOHV�DQG�VRPH�WR�WKH�SURSRUWLRQ�RI

VFLHQFH�IDFXOW\���:KLOH�WKH�FKDQJHV�LQ�HIILFLHQF\�VFRUHV�IRU�HLJKW�XQLYHUVLWLHV�DUH������RU�JUHDWHU��WKH

FKDQJHV�IRU�WZR�VWDQG�RXW���7KDW�IRU�3(,�LQFUHDVHG�IURP������WR�����DQG�WKDW�IRU�/HWKEULGJH�IURP�����

WR�������/HWKEULGJH¶V�VFRUH�LV�VHQVLWLYH�WR�JUDQW�VXFFHVV�ZKLOH�WKDW�IRU�3(,�LV�VHQVLWLYH�WR�WKH�VKDUH�RI

VFLHQFH�IDFXOW\���2QH�QHHGV�WR�UHJDUG�WKH�LQFUHDVH�LQ�HIILFLHQF\�VFRUHV�ZLWK�VRPH�FDXWLRQ�EHFDXVH

DGGLWLRQDO�YDULDEOHV�PD\�DWWUDFW�D�ODUJH�ZHLJKW�UHODWLYH�WR�WKH�SUHYLRXV�YDULDEOHV��H�J���WKH�VHQVLWLYLW\

LVVXH�QRWHG�DERYH��DQG�DOVR�EHFDXVH�DGGLWLRQDO�YDULDEOHV�LQFUHDVH�WKH�OLNHOLKRRG�RI�HIILFLHQW�'($�VFRUHV

ZKHWKHU�RU�QRW�WKH�YDULDEOHV�DUH�LPSRUWDQW���7KHVH�UHVXOWV�DOVR�LOOXVWUDWH�WKH�SRWHQWLDO�VHQVLWLYLW\�RI�'($

UHVXOWV�WR�YDULDEOH�VHOHFWLRQ�

7DEOH��

����E��'($�6FRUHV�$GMXVWHG�IRU�(QYLURQPHQWDO�)DFWRUV

$V�D�PDQDJHPHQW�WRRO��'($�IRFXVHV�RQ�WKH�YDULDEOHV�XQGHU�GHFLVLRQ�PDNHUV¶�FRQWURO��

(IILFLHQF\�PD\��KRZHYHU��EH�LQIOXHQFHG�E\�IDFWRUV�EH\RQG�WKH�FRQWURO�RI�WKH�GHFLVLRQ�PDNLQJ�XQLWV¶

PDQDJHUV���6XFK�IDFWRUV�DUH�ZLGHO\�UHIHUUHG�WR�DV�HQYLURQPHQWDO�YDULDEOHV���2QH�VKRXOG�WDNH�LQWR

DFFRXQW�WKH�LPSDFWV�RI�HQYLURQPHQWDO�YDULDEOHV�LQ�DVVHVVLQJ�SHUIRUPDQFH���7KHUHIRUH��DQDO\VWV�RIWHQ�VHHN

WR�H[SODLQ�HIILFLHQF\�VFRUHV�XVLQJ�HQYLURQPHQWDO�YDULDEOHV�DQG�UHJUHVVLRQ�DQDO\VLV���7\SLFDOO\��7RELW

UHJUHVVLRQ�LV�XVHG�WR�H[SODLQ�WKH�LQHIILFLHQF\�VFRUHV��L�H���RQH�PLQXV�WKH�HIILFLHQF\�VFRUH��DQG�ZH�IROORZ

WKDW�DSSURDFK�



%HIRUH�WXUQLQJ�WR�RXU�XVH�RI�WKH�VHFRQG�VWDJH�UHJUHVVLRQ�PHWKRG��D�QRWH�RQ�HQYLURQPHQWDO

YDULDEOHV�LV�KHOSIXO���8QIRUWXQDWHO\��WKH�GLVWLQFWLRQ�EHWZHHQ�GHFLVLRQ�PDNHU�FRQWUROOHG�DQG�HQYLURQPHQWDO

YDULDEOHV�LV�QRW�DOZD\V�GLVWLQFW���*HQHUDOO\��KRZHYHU��WKH�DFWXDO�LQSXWV�DQG�RXWSXWV�EHORQJ�LQ�WKH�'($

ZKLOH�IDFWRUV�H[SODLQLQJ�WKH�HIILFLHQF\�ZLWK�ZKLFK�LQSXWV�SURGXFH�RXWSXWV�EHORQJ�LQ�WKH�VHFRQG�VWDJH

UHJUHVVLRQ��/RYHOO����������(LJKW�HQYLURQPHQWDO�YDULDEOHV�DUH�GHILQHG�LQ�7DEOH�����2I�WKRVH��WKH�RQO\

YDULDEOH�WKDW�LV�XQTXHVWLRQDEO\�SXUHO\�H[RJHQRXV�WR�XQLYHUVLW\�GHFLVLRQ�PDNHUV�LV�(152/�����WRWDO

HQUROPHQWV�LQ�XQLYHUVLWLHV�ZLWKLQ�����NP����7KH�RWKHUV��LW�FRXOG�EH�DUJXHG��LI�QRW�FKRLFH�YDULDEOHV�DW�OHDVW

PLJKW�EH�LQIOXHQFHG�E\�PDQDJHPHQW��HVSHFLDOO\�LQ�WKH�ORQJHU�WHUP��DOWKRXJK�WKH�HQYLURQPHQW�RI�WKH

SXEOLF�XQLYHUVLW\�PD\�FRQVWUDLQ�VRPH�PRUH�WKDQ�RWKHUV���3URGXFWLRQ�PHWKRG�IDFWRUV�OLNH�SDUW�WLPH

HQUROPHQWV��SURJUDP�GLYHUVLW\�DQG�FODVV�VL]HV�DUH�H[DPSOHV���$OVR��DV�DOUHDG\�PHQWLRQHG��IDFWRUV

FKDUDFWHUL]LQJ�RXWSXWV��H�J���VFLHQFH�IDFXOW\�VKDUH��JUDQW�VXFFHVV��UHSUHVHQW�DQRWKHU�W\SH�RI�YDULDEOH��

(QYLURQPHQWDO�YDULDEOHV�KHUH�LQFOXGH�SXUHO\�H[RJHQRXV�YDULDEOHV�DV�ZHOO�DV�XQLYHUVLW\�VSHFLILF��PRUH

JHQHUDOO\�FDOOHG�ILUP�VSHFLILF��YDULDEOHV�UHSUHVHQWLQJ�SURGXFWLRQ�PHWKRGV�DQG�RXWSXW�FKDUDFWHULVWLFV���:H

XVH�WKH�WHUPV�HQYLURQPHQWDO�YDULDEOHV�DQG�ILUP�VSHFLILF�YDULDEOHV�LQWHUFKDQJHDEO\�WR�UHIHU�WR�WKLV�EURDG

VHW�RI�IDFWRUV�WKDW�PD\�LQIOXHQFH�XQLYHUVLW\�HIILFLHQF\���:H�UHJDUG�WKHVH�SRWHQWLDO�UHJUHVVLRQ�YDULDEOHV�DV

XQLYHUVLW\�VSHFLILF�FRQWURO�YDULDEOHV�

8WLOL]LQJ�WKH�VHFRQG�VWDJH�UHJUHVVLRQ�DSSURDFK��ZH�DGMXVW�WKH�HIILFLHQF\�VFRUHV�WR�DFFRXQW�IRU

HQYLURQPHQWDO�YDULDEOHV���7KH�PHWKRGRORJ\�DQG�VHOHFWLRQ�RI�WKH�HQYLURQPHQWDO�YDULDEOHV�QRWHG�LQ�7DEOH

��DUH�GLVFXVVHG�LQ�0F0LOODQ�DQG�'DWWD�DQG�LOOXVWUDWLYH�UHVXOWV�IURP�7RELW�UHJUHVVLRQV�DUH�UHSRUWHG�WKHUH��

7R�H[SODLQ�WKH�LQHIILFLHQF\�VFRUHV�IURP�'($�Q���66+5&���05&16(�DQG��6&,)$&�DUH�WUHDWHG�DV

HQYLURQPHQWDO��ILUP�VSHFLILF��YDULDEOHV�DV�ZHOO���,Q�WKH�VHFRQG�VWDJH�7RELW�UHJUHVVLRQ���66+5&�

�6&,)$&�DQG�)7(�727$/�KDG�FRHIILFLHQWV�VLJQLILFDQW�DW�WKH�ILYH�SHUFHQW�OHYHO�ZKLOH�WKH�FRHIILFLHQW�RI

&/$66�6,=(�ZDV�VLJQLILFDQW�DW�WKH����SHUFHQW�OHYHO���7R�H[SODLQ�WKH�LQHIILFLHQF\�VFRUHV�IURP�'($�E�

RQO\�WKH�HLJKW�HQYLURQPHQWDO�YDULDEOHV�OLVWHG�LQ�7DEOH���DSSHDUHG�LQ�WKH�UHJUHVVLRQ�EHFDXVH�WKH�WKUHH

QRWHG�ZHUH�WUHDWHG�DV�RXWSXWV���,Q�WKDW�UHJUHVVLRQ��RQO\�3$57�7,0(�DSSHDUHG�ZLWK�D�VLJQLILFDQW

FRHIILFLHQW�DQG�LW�ZDV�DW�WKH����SHUFHQW�OHYHO���7UHDWLQJ��66+5&���05&16(�DQG��6&,)$&�DV

RXWSXWV�VXEVWDQWLDOO\�UHGXFHG�WKH�H[SODQDWRU\�SRZHU�RI�WKH�VHFRQG�VWDJH�UHJUHVVLRQ���7KH�UHVXOWV�IURP

WKH�WZR�7RELW�UHJUHVVLRQV�ZHUH�XVHG�WR�DGMXVW�WKH�HIILFLHQF\�VFRUHV�IURP�WKH�'($�IRU�GLIIHUHQFHV�LQ�WKH

FRQWURO�YDULDEOHV�IURP�WKHLU�PHDQ�YDOXHV���7KH�UHVXOWLQJ�HIILFLHQF\�VFRUHV�DUH�UHSRUWHG�LQ�WKH�ILQDO�WZR

FROXPQV�RI�7DEOH�����7KDW�LV��WKH�UHSRUWHG�VFRUHV�DUH�WKH�SUHGLFWHG�HIILFLHQF\�VFRUHV�LI�DOO�XQLYHUVLWLHV



ZHUH�H[SRVHG�WR�WKH�VDPH�XQLYHUVLW\�VSHFLILF�FRQGLWLRQV�

7KH�HQYLURQPHQW�DGMXVWHG�HIILFLHQF\�VFRUHV�GLIIHU�IURP�WKRVH�RI�WKH�VWDQGDUG�'($���)HZ

XQLYHUVLWLHV�DFKLHYH�D�SHUIHFW�HIILFLHQF\�VFRUH��L�H��������EXW�WKH�EXON�RI�WKH�VFRUHV��SDUWLFXODUO\�XQGHU�WKH

EURDG�GHILQLWLRQ��DUH�GLVWULEXWHG�EHWZHHQ�������DQG���������7KH�DYHUDJH�HIILFLHQF\�VFRUHV�FKDQJH�YHU\

OLWWOH���$�PDLQ�HIIHFW�RI�WKH�FRQWURO�YDULDEOHV�LV�D�JUHDWHU�GLVSHUVLRQ�RI�HIILFLHQF\�VFRUHV�DW�WKH�XSSHU�HQG

RI�WKH�GLVWULEXWLRQ���$W�WKH�ORZHU�HQG��WKH�QXPEHU�RI�XQLYHUVLWLHV�GR�QRW�FKDQJH�WKDW�PXFK�EXW�WKH

PLQLPXP�VFRUHV�LQFUHDVH��IURP������WR�������IRU�3(,�LQ�WKH�FDVH�RI�$GM�'($�Q�DQG�IURP������

�0HPRULDO��WR��������&KLFRXWLPL��IRU�$GM�'($�E���7KH�LQGLYLGXDO�VFRUHV�DUH�W\SLFDOO\�UHODWLYHO\�FORVH�WR

WKRVH�IURP�WKH�VWDQGDUG�'($�EXW��IRU�VRPH��WKH�FKDQJH�LV�QRWDEOH���7ZHOYH�XQLYHUVLWLHV�LQ�WKH�FDVH�RI

$GM�'($�Q�DQG�HLJKW�XQLYHUVLWLHV�LQ�WKH�FDVH�RI�$GM�'($�E�KDYH�VFRUHV�WKDW�FKDQJH�E\�DW�OHDVW�������

)RU�$GM�'($�Q��IRXU�KDYH�FKDQJHV�H[FHHGLQJ�������81%��+XOO�DQG�3(,��ZKLOH�WKDW�IRU�/HWKEULGJH

FKDQJHV�IURP�������WR���������)RU�$GM�'($�E��/DXUHQWLDQ�DQG�9LFWRULD�VHH�LQFUHDVHV�H[FHHGLQJ�����

ZKLOH�WKRVH�IRU�0HPRULDO�DQG�+XOO�DUH�DERXW��������,I�PDNLQJ�DQ�HYDOXDWLRQ�RI�XQLYHUVLW\�SHUIRUPDQFH�

WKH�GLIIHUHQFHV�DSSHDU�LPSRUWDQW�HQRXJK�WKDW��LI�XQLWV�DUH�WR�EH�DVVHVVHG�RQ�D�FRPSDUDEOH�EDVLV�

HQYLURQPHQWDO�IDFWRUV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW���1RWH��KRZHYHU��WKH�DGMXVWPHQW�IRU�HQYLURQPHQWDO

IDFWRUV�KDV�QRW�HOLPLQDWHG�GLIIHUHQFHV�DULVLQJ�EHWZHHQ�WKH�QDUURZ�DQG�EURDG�GHILQLWLRQ�RI�RXWSXW���)RU

ILYH�XQLYHUVLWLHV��WKH�GLIIHUHQFHV�LQ�WKH�HIILFLHQF\�VFRUHV�EHWZHHQ�$GM�'($�Q�DQG�$GM�'($�E�H[FHHG

�����ZLWK�WKDW�IRU�3(,��ZKLFK�FKDQJHV�IURP�������WR��������EHLQJ�WKH�ODUJHVW���)RU�D�QXPEHU�RI

XQLYHUVLWLHV��ZKHWKHU�YDULDEOHV�DUH�WUHDWHG�DV�RXWSXWV�RU�HQYLURQPHQWDO�YDULDEOHV�LV�FULWLFDO�

�����7KH�6WRFKDVWLF�)URQWLHU�$QDO\VHV

����D��7KH�6WDQGDUG�0RGHO

2WKHU�WKDQ�IRU�WKH�IDFW�WKDW�LW�LV�WKH�IURQWLHU�FRVW�IXQFWLRQ�WKDW�LV�HVWLPDWHG��WKH�FRVW�IXQFWLRQ�LV

VLPLODU�WR�WKH�FRQYHQWLRQDO�KLJKHU�HGXFDWLRQ�PXOWL�SURGXFW�FRVW�IXQFWLRQV�DSSHDULQJ�LQ�WKH�OLWHUDWXUH

VLQFH�WKH�LQLWLDO�ZRUN�RI�&RKQ�HW�DO�������������7KH�SULPDU\�PHDVXUHG�RXWSXWV�DUH�WHDFKLQJ�DQG�UHVHDUFK��

8QGHUJUDGXDWH�LQVWUXFWLRQ�LV�FDSWXUHG�E\�WKH�IWH�HQUROPHQWV�LQ�VFLHQFH�DQG�RWKHU�SURJUDPV��8*�6&,�DQG

8*�27+(5���$JDLQ��JUDGXDWH�LQVWUXFWLRQ�LV�PHDVXUHG�E\�0$67(5¶6�DQG�'2&725$/���$�GXPP\

YDULDEOH�HTXDO�WR�RQH�LI�WKHUH�LV�QR�3K'�SURJUDP�LV�DOVR�LQFOXGHG���5HVHDUFK�RXWSXW�LV�LQGH[HG��DOEHLW





WR�D�EURDG�GHILQLWLRQ�RI�RXWSXW�FDXVHV�WKH�VFRUHV�RI����XQLYHUVLWLHV�WR�FKDQJH�E\�DW�OHDVW������EXW�WKRVH

IRU�IRXU��6DVNDWFKHZDQ��0HPRULDO��%LVKRS¶V�DQG�:�/DXULHU��FKDQJH�E\�DW�OHDVW������DQG�0HPRULDO¶V

VFRUH�E\���������:KLOH�HIILFLHQF\�VFRUHV�LPSURYH�IRU�D�QXPEHU�RI�XQLYHUVLWLHV��WKH\�GHFUHDVH�IRU�HLJKW�RI

WKH����

7DEOH��

����E�7KH�6WDQGDUG�0RGHO�ZLWK�(QYLURQPHQWDO�$GMXVWPHQW

(QYLURQPHQWDO�IDFWRUV�PD\�DIIHFW�SHUIRUPDQFH���+HQFH�KHUH��DV�ZLWK�WKH�'($�DQDO\VLV��WKH

UHVXOWV�RI�D�VHFRQG�VWDJH�UHJUHVVLRQ�WR�H[SODLQ�LQHIILFLHQF\�LV�XVHG�WR�DGMXVW�WKH�HIILFLHQF\�VFRUHV

REWDLQHG�IURP�WKH�VWDQGDUG�VWRFKDVWLF�IURQWLHU�PRGHO�����7KH�H[SODQDWRU\�YDULDEOHV�XVHG�LQ�WKH�7RELW

UHJUHVVLRQV�RQ�WKH�LQHIILFLHQF\�VFRUHV�IURP�WKH�6WG�6)�Q�VSHFLILFDWLRQ�DUH�(152/�����8*�'(*�

3$57�7,0(��&/$66�6,=(��+�,1'(;��(152/�&+$1*(��)81'�&+$1*(�DQG�DOVR��66+5&�

�05&16(�DQG��6&,)$&���,Q�WKH�FDVH�RI�WKH�VHFRQG�VWDJH�UHJUHVVLRQ�RQ�WKH�VFRUHV�IURP�6WG�6)�E�

WKH�ODVW�WKUHH�YDULDEOHV�OLVWHG�DUH��RI�FRXUVH��QRW�LQFOXGHG���7KHVH�VHFRQG�VWDJH�UHJUHVVLRQV�SHUIRUP

SRRUO\���7KH�RQO\�YDULDEOH�WR�KDYH�D�VLJQLILFDQW�FRHIILFLHQW�ZDV�3$57�7,0(�LQ�WKH�QDUURZ�GHILQLWLRQ

FDVH�DQG�WKH�VTXDUHG�FRUUHODWLRQV�EHWZHHQ�SUHGLFWHG�DQG�DFWXDO�LQHIILFLHQF\�VFRUHV�DUH�RQO\�������DQG

������IRU�WKH�QDUURZ�DQG�EURDG�GHILQLWLRQ�PRGHOV�UHVSHFWLYHO\�����5HJDUGOHVV��IRU�FRPSDULVRQ�ZLWK�WKH

DOWHUQDWLYH�.*0�VWRFKDVWLF�PRGHO��WKH�DGMXVWPHQWV�LPSOLHG�DUH�PDGH�WR�WKH�HIILFLHQF\�VFRUHV���7KDW�LV�

WKH�VFRUHV�UHSRUWHG�DUH�IRU�DOO�XQLWV�ZKHQ�H[SHULHQFLQJ�WKH�PHDQ�YDOXH�RI�WKH�HQYLURQPHQWDO

FKDUDFWHULVWLFV���7KH�UHVXOWLQJ�VFRUHV�DSSHDU�LQ�7DEOH���DV�WKH��QG�6WDJH�$GMXVWHG�VFRUHV�IRU�WKH�WZR

PRGHOV��L�H���$GM�6)�Q�DQG�$GM�6)�E���7KH�UDQJHV�RI�WKH�HIILFLHQF\�VFRUHV�DUH�IURP�������WR�������IRU

WKH�QDUURZ�GHILQLWLRQ�DQG�������WR�������IRU�WKH�EURDG���7KH�PHDQV��������DQG�������UHVSHFWLYHO\��DUH

TXLWH�VLPLODU����7KH�DGMXVWPHQW�IRU�HQYLURQPHQWDO�IDFWRUV�UHGXFHV�WKH�WRS�VFRUHV�LQ�ERWK�FDVHV�EXW�UDLVHV

WKH�ERWWRP�VFRUHV�RQO\�LQ�WKH�FDVH�RI�$GM�6)�E���)RU�ERWK�WKH�QDUURZO\�DQG�EURDGO\�GHILQHG�RXWSXW

FDVHV��WKH�HQYLURQPHQWDO�DGMXVWPHQW�RQO\�FKDQJHV�WKH�HIILFLHQF\�VFRUHV�RI�WKUHH�XQLYHUVLWLHV��GLIIHUHQW�LQ

HDFK�FDVH��E\�PRUH�WKDQ������

�����7KH�.*0�6WRFKDVWLF�)URQWLHU�0RGHO



7R�VROYH�SUREOHPV�ZLWK�LQFRQVLVWHQFLHV�LQ�WKH�XQGHUO\LQJ�DVVXPSWLRQV�RI�WKH�WZR�VWDJH

UHJUHVVLRQ�DSSURDFK�IRU�DFFRXQWLQJ�IRU�HQYLURQPHQWDO��RU�ILUP�VSHFLILF��IDFWRUV��.XPEKDNDU��*KRVK�DQG

0F*XNLQ��������SURSRVHG��VHH�VHFWLRQ����HVWLPDWLQJ�DQ�HUURU�WHUP�LQFRUSRUDWLQJ�WKH�HQYLURQPHQWDO

YDULDEOHV���7KDW�PHWKRGRORJ\�LV�XWLOL]HG�KHUH�WR�HVWLPDWH�ZKDW�ZH�UHIHU�WR�DV�WKH�.*0�VWRFKDVWLF

IURQWLHU�PRGHO�����(VWLPDWLRQ�LV�GRQH�XVLQJ�WKH�)URQWLHU�����SURJUDP��&RHOOL��������ZKLFK�LV�EDVHG�RQ�WKH

PRGHO�RI�%DWWHVH�DQG�&RHOOL��������IRU�HVWLPDWLQJ�WKLV�VSHFLILFDWLRQ�

7KH�HVWLPDWLRQ�UHVXOWV�DUH�UHSRUWHG�LQ�7DEOH�����%RWK�WKH�QDUURZ�DQG�EURDG�GHILQLWLRQ�YHUVLRQV�RI

WKH�PRGHO�DUH�HVWLPDWHG�XVLQJ�WKH�VDPH�QRQ�HQYLURQPHQWDO�YDULDEOHV�DV�EHIRUH���7KHVH�HVWLPDWLRQ�UHVXOWV

SDUDOOHO�FORVHO\�WKRVH�IURP�WKH�VWDQGDUG�VWRFKDVWLF�IURQWLHU�PRGHOV���7KH�RQO\�FKDQJHV�WR�QRWH�DUH�WKDW

/8*�6&,�QRZ�DSSHDUV�ZLWK�D�QHJDWLYH��EXW�QRW�VLJQLILFDQW��FRHIILFLHQW��WKH�FRHIILFLHQW�IRU�/0$67(5¶6

LV�ODUJHU�DQG�QRZ�VLJQLILFDQW��DQG��IRU�.*0�Q��WKH�FRHIILFLHQW�IRU�/$96$/$5<�LV�VLJQLILFDQW��WKH�RQO\

RFFDVLRQ�LQ�WKH�VHW�RI�HVWLPDWHV����$JDLQ��WKH�SVHXGR�5���H[FHHGLQJ�������DUH�KLJK���

2I�SDUWLFXODU�LQWHUHVW�KHUH�DUH�WKH�UHVXOWV�RI�LQWURGXFLQJ�HQYLURQPHQWDO�YDULDEOHV�LQ�WKH�HUURU

WHUP���)LUVW��QRWH�WKDW��05&16(���66+5&�DQG��6&,)$&�GLG�QRW�SHUIRUP�YHU\�ZHOO�DV

HQYLURQPHQWDO�YDULDEOHV�LQ�.*0�Q�ZLWK�QRQH�RI�WKH�WKUHH�KDYLQJ�D�FRHIILFLHQW�VLJQLILFDQW�DW�WKH�ILYH

SHUFHQW�OHYHO���+RZHYHU��LQWURGXFLQJ�WKHVH�YDULDEOHV��LQVWHDG��DV�RXWSXWV��L�H���WKH�EURDG�GHILQLWLRQ��

UHVXOWHG�LQ�HDFK�KDYLQJ�D�FRHIILFLHQW�VLJQLILFDQW�DW�WKH�ILYH�SHUFHQW�OHYHO�RU�EHWWHU�����%HFDXVH�WKH

FRQWULEXWLRQV�RI�WKH�RWKHU�HQYLURQPHQWDO�YDULDEOHV�GLIIHUHG�IURP�WKH�UHVXOWV�LQ�WKH�WZR�VWDJH�PRGHO��ZH

H[SHULPHQWHG�ZLWK�DOWHUQDWLYHV�DQG�ILQDOO\�VHOHFWHG�WKRVH�SUHVHQWHG�����7KUHH�HQYLURQPHQWDO�YDULDEOHV�DUH

FRPPRQ�WR��WKH�QDUURZO\�DQG�EURDGO\�GHILQHG�.*0�PRGHOV��(152/�����&/$66�6,=(�DQG�+�

,1'(;�����3$57�7,0(�ZDV�LQFOXGHG�RQO\�IRU�WKH�QDUURZ�GHILQLWLRQ�FDVH�EHFDXVH�LW�ZDV�WKH�RQO\

XQLYHUVLW\�VSHFLILF�YDULDEOH�ZLWK�D�VLJQLILFDQW�FRHIILFLHQW�LQ�WKDW�WZR�VWDJH�PRGHO��DOWKRXJK�LWV

VLJQLILFDQFH�LV�RQO\�DW�WKH����SHUFHQW�OHYHO�KHUH���)RU�.*0�Q��WKH�RWKHU�WKUHH�YDULDEOHV�GR�QRW�KDYH

VLJQLILFDQW�FRHIILFLHQWV���)RU�.*0�E��KRZHYHU��&/$66�6,=(�KDV�D�VLJQLILFDQW�FRHIILFLHQW�DW�WKH�ILYH

SHUFHQW�OHYHO��+�,1'(;�DW����SHUFHQW��EXW�WKDW�IRU�(152/����LV�QRW�VLJQLILFDQW�����%HFDXVH�WKH�.*0

DQG�VWDQGDUG�PRGHOV�DUH�QRW�VSHFLDO�FDVHV�RI�HDFK�RWKHU��L�H���WKH\�DUH�QRQ�QHVWHG���LW�LV�QRW�SRVVLEOH�WR

SHUIRUP�D�OLNHOLKRRG�UDWLR�WHVW�LQ�UHJDUGV�WR�WKH�DGGLWLRQ�RI�WKH�HQYLURQPHQWDO�WHUPV�LQ�WKH�HUURU�

7KH�.*0�PRGHO�LV�HVWLPDWHG�KHUH�XVLQJ�D�WUXQFDWHG�QRUPDO�GLVWULEXWLRQ���1RWH�DOVR��HIIRUWV�WR

HVWLPDWH�WKH�VWDQGDUG�VWRFKDVWLF�IURQWLHU��ZLWK�)URQWLHU������GLG�QRW�FRQYHUJH�IRU�HLWKHU�WKH�KDOI�QRUPDO

RU�WKH�WUXQFDWHG�QRUPDO�VSHFLILFDWLRQV�RI�WKH�HUURU���5HFDOO�WKDW�WKH�VWDQGDUG�VWRFKDVWLF�IURQWLHU�ZDV



HVWLPDWHG�IRU�DQ�H[SRQHQWLDO�GLVWULEXWLRQ�EHFDXVH�LW�RXW�SHUIRUPHG�WKH�RWKHU�WZR���8QIRUWXQDWHO\��WKH

)URQWLHU�SDFNDJH�GRHV�QRW�RIIHU�WKH�H[SRQHQWLDO�DOWHUQDWLYH���+HQFH��WKH�.*0�PRGHO�HVWLPDWHG�KHUH

ZLWK�WKH�WUXQFDWHG�QRUPDO�GLVWULEXWLRQ�LV�YHU\�OLNHO\�D�VHFRQG�EHVW�DOWHUQDWLYH���7R�EH�QRWHG��KRZHYHU��LV

WKDW�WKH�DGGLWLRQ�RI�WKH�.*0�HUURU�WHUP�DOORZHG�HVWLPDWLRQ�ZLWK�WKH�WUXQFDWHG�QRUPDO�ZKLFK�LWVHOI

LPSOLHV�D�VXSHULRU�VSHFLILFDWLRQ���7KH�JDPPDV�� ��WKH�HVWLPDWHG�VKDUHV�RI�WKH�WRWDO�YDULDQFH�RI�WKH�HUURU

WHUPV�WKDW�DUH�DWWULEXWHG�WR�WKH�LQHIILFLHQF\�WHUPV��DUH������DQG������IRU�WKH�QDUURZ�DQG�EURDG�FDVHV

UHVSHFWLYHO\���2QO\�WKH�YDOXH�IRU�WKH�EURDG�FDVH�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR���

7KH�HIILFLHQF\�VFRUHV�HVWLPDWHG�E\�WKH�.*0�PRGHOV�DUH�UHSRUWHG�LQ�7DEOH�����7KH�UDQJHV�DQG�WKH

PHDQV�IRU�WKH�QDUURZ�DQG�EURDG�PRGHOV�DUH�FORVH�ZLWK�UDQJHV�RI�������WR�������DQG�������WR�������DQG

PHDQV�RI�������DQG�������UHVSHFWLYHO\�

����&RPSDULVRQ�RI�(IILFLHQF\�2XWFRPHV

+DYLQJ�REWDLQHG�HIILFLHQF\�VFRUHV�XVLQJ�YDULRXV�UHDVRQDEOH�VSHFLILFDWLRQV�RI�ERWK�WKH�'($�DQG

VWRFKDVWLF�IURQWLHU�PHWKRGV��LW�LV�QRZ�SRVVLEOH�WR�FRPSDUH�WKH�UHVXOWV���&RPSDULVRQV�DUH�PDGH�XVLQJ

FRUUHODWLRQV��VFDWWHU�GLDJUDPV�DQG�E\�ORRNLQJ�IRU�FRQVLVWHQF\�LQ�WKH�UHODWLYH�SRVLWLRQV�LQ�WKH�UDQNLQJV���

����&RUUHODWLRQV

&RUUHODWLRQV�EHWZHHQ�WKH�HIILFLHQF\�VFRUHV�REWDLQHG�IURP�WKH�YDULRXV�DSSURDFKHV�DUH�SURYLGHG�LQ

7DEOH�����7KH�FRUUHODWLRQ�FRHIILFLHQWV�RI�SDUWLFXODU�LQWHUHVW��H�J���WKRVH�EHWZHHQ�SDUDOOHO�'($�DQG�6)

PHWKRGV��DUH�LQ�EROG���1RWH�ILUVW�WKH�VLPSOH�FRUUHODWLRQV�LQ�3DUW�$�RI�WKH�7DEOH���/RRNLQJ�LQLWLDOO\�DW�WKH

FRUUHODWLRQV�IURP�WKH�UHVXOWV�ZKHQ�XVLQJ�WKH�QDUURZ�GHILQLWLRQ�RI�RXWSXW��WKDW�IRU�'($�Q�YV�6WG�6)�Q��LV

�����ZKLOH�WKH�FRUUHODWLRQV�IRU�WKH�HQYLURQPHQWDO�DGMXVWHG�VFRUHV�IURP�$GM�'($�Q�DQG�$GM�6)�Q�DQG

.*0�Q�DUH������DQG������UHVSHFWLYHO\���7KHVH�LQGLFDWH�UHODWLYHO\�JRRG�FRUUHODWLRQV�DQG�WKH\�DUH�QRW

XQOLNH�ZKDW�VRPH�RWKHU�FRPSDUDWLYH�DQDO\VHV�KDYH�UHSRUWHG���:KHQ�RQH�WXUQV�WR�WKH�FRUUHODWLRQV�ZKHQ

WKH�EURDG�GHILQLWLRQ�RI�RXWSXW�LV�XVHG��WKH�FRUUHODWLRQV�DUH�PXFK�ORZHU���7KH�KLJKHVW�LV�WKDW�EHWZHHQ

'($�E�DQG�6WG�6)�E�DW��������7KRVH�EHWZHHQ�$GM�'($�E�DQG�$GM�6)�E�DQG�.*0�E�DUH�HYHQ�QHJDWLYH

DW�������DQG���������,Q�WKH�FDVH�RI�WKH�EURDG�RXWSXW�GHILQLWLRQ��WKHUH�LV�HVVHQWLDOO\�QR�FRUUHODWLRQ�DPRQJ

WKH�HIILFLHQF\�VFRUHV�IURP�SDUDOOHO�'($�DQG�6)�DSSURDFKHV�



7DEOH��

&OHDUO\��WKH�GHILQLWLRQ�RI�RXWSXW�PDWWHUV�KHUH���7KH�FRUUHODWLRQV�DORQJ�WKH�GLDJRQDO�LQ�WKH�ORZHU

ULJKW�KDQG�FRUQHU�RI�WKH�PDWUL[�VKRZ�WKH�FRUUHODWLRQV�EHWZHHQ�HDFK�PHWKRG�ZKHQ�RQO\�WKH�GHILQLWLRQ�RI

RXWSXW�GLIIHUV���7KH�KLJKHVW�FRUUHODWLRQ��DW�RQO\�������LV�EHWZHHQ�6WG�6)�Q�DQG�6WG�6)�E���7KH�VFRUHV

IURP�WKH�WZR�.*0�HVWLPDWHV�DUH�WKH�ORZHVW�DW��������%HFDXVH�DGGLQJ�YDULDEOHV�SHUPLWV�JUHDWHU

GLVWLQFWLRQV�WR�EH�PDGH��LW�LV�QRW�VXUSULVLQJ�WKDW�WKH�HIILFLHQF\�VFRUHV�YDU\�EHWZHHQ�WKH�WZR�RXWSXW

GHILQLWLRQV���:KDW�LV�VXUSULVLQJ�LV�WKH�H[WHQW�RI�WKH�GLIIHUHQFH�

2QH�FDQ�DOVR�QRWH�IURP�WKLV�PDWUL[�WKDW�DGMXVWPHQWV�IRU�HQYLURQPHQWDO�RU�ILUP�VSHFLILF�IDFWRUV

PDWWHUV���$OVR��WKH�FRUUHODWLRQV�EHWZHHQ�WKH�$GM�6)�DQG�.*0�RXWFRPHV��HVSHFLDOO\�LQ�WKH�FDVH�RI�WKH

EURDG�GHILQLWLRQ��LQGLFDWH�WKDW�WKH�PHWKRG�RI�LQFRUSRUDWLQJ�WKH�HQYLURQPHQWDO�DGMXVWPHQW�DIIHFWV�WKH

SDWWHUQ�RI�WKH�HIILFLHQF\�VFRUHV�WKDW�UHVXOW�

7KH�UDQN�FRUUHODWLRQV�DSSHDU�LQ�SDQHO�%�RI�7DEOH�����$OWKRXJK�WKH�QXPEHUV�YDU\�VRPHZKDW��WKH

EURDG�SDWWHUQ�SDUDOOHOV�WKDW�IRU�WKH�VLPSOH�FRUUHODWLRQV�

����6FDWWHU�'LDJUDPV

6FDWWHU�GLDJUDPV�OHQG�D�YLVXDO�SHUVSHFWLYH�WR�FRUUHODWLRQV���:KLOH��IRU�UHDVRQV�RI�VSDFH��QR

VFDWWHU�GLDJUDPV�DUH�SUHVHQWHG�KHUH��D�IHZ�FRPPHQWV�DERXW�WKRVH�ZKLFK�SORW�WKH�HIILFLHQF\�VFRUHV�E\

'($�DJDLQVW�WKH�VFRUHV�IURP�WKH�SDUDOOHO�6)�PHWKRG�DUH�KHOSIXO���,I�WKH�PHWKRGV�\LHOGHG�FRQVLVWHQW

UHVXOWV��WKH�VFRUHV�ZRXOG�SORW�D�OLQH�SDVVLQJ�WKURXJK�WKH������������SRLQW���,Q�IDFW��RQH�FDQ�VHH�VXEVWDQWLDO

VFDWWHU�DERXW�DQ\�SRWHQWLDO�OLQH�LI��LQGHHG��DQ\�HYLGHQFH�RI�D�OLQH�DW�DOO���7KH�SORWV�IRU�$GM�'($�Q�DQG

.*0�Q��KDYLQJ�D�VLPSOH�FRUUHODWLRQ�RI�������DUH�PRVW�OLNH�ZKDW�LV�H[SHFWHG�EXW��HYHQ�WKHUH��LW�LV�QRW

GLIILFXOW�WR�ILQG�REVHUYDWLRQV�GLIIHULQJ�E\�DW�OHDVW������DQG�VR�LPSO\LQJ�VRPH�FRQVLGHUDEOH�GLIIHUHQFH�LQ

UDQN��EHWZHHQ�WKH�WZR�DSSURDFKHV���7KH�GLVSHUVLRQ�RI�WKH�SRLQWV�LV�JUHDWHU�IRU�WKH�RWKHU�UHVXOWV�XVLQJ�WKH

QDUURZ�GHILQLWLRQ�RI�RXWSXW���7KH�SUREOHP�LV�DJJUDYDWHG�ZKHQ�WKH�EURDG�GHILQLWLRQ�RI�RXWSXW�LV

HPSOR\HG���)RU�H[DPSOH��ZKHQ�ORRNLQJ�DW�WKH�SORWV�RI�'($�E�YHUVXV�6WG�6)�E��VLPSOH�FRUUHODWLRQ�RI

�������IHZ�REVHUYDWLRQV�DUH�IRXQG�LQ�WKH�LQWHULRU�DV�PRVW�OLH�VFDWWHUHG�DORQJ�WKH�����ERXQGDULHV��,Q�WKH

FDVH�RI�$GM�'($�Q�DQG�.*0�Q��VLPSOH�FRUUHODWLRQ�RI��������WKH�SRLQWV�HVVHQWLDOO\�IRUP�D�ULJKW�DQJOH�RI

SRLQWV�QHDU�WKH�����ERXQGDULHV�ZLWK�YLUWXDOO\�QR�LQWHULRU�SRLQWV�



�)LJXUHV�����DUH�LOOXVWUDWLYH�DQG�DUH�SURYLGHG�RQO\�IRU�WKH�UHIHUHHV¶�LQIRUPDWLRQ��

����)LQGLQJ�&RQVLVWHQF\�$FURVV�WKH�5HVXOWV

$W�WKLV�SRLQW��WKH�HYLGHQFH�LQGLFDWHV�WKDW�WKH�HIILFLHQF\�VFRUHV�DQG�HIILFLHQF\�UDQNLQJV�IRU�RXU

XQLYHUVLWLHV�DUH�TXLWH�VHQVLWLYH�WR�WKH�PHWKRG�RI�HVWLPDWLQJ�HIILFLHQF\��'($�YHUVXV�6)���WKH�GHILQLWLRQ�RI

RXWSXW�XVHG��QDUURZ�DQG�EURDG���DQG�ERWK�PDNLQJ�DQ�DGMXVWPHQW�DQG�WKH�PHWKRG�RI�DGMXVWLQJ��RQH��RU

WZR�VWDJH��IRU�ILUP�VSHFLILF�IDFWRUV���7KHVH�UHVXOWV�VKRXOG�EH�TXLWH�GLVFRXUDJLQJ�IRU�WKRVH�ZDQWLQJ�WR�XVH

HIILFLHQF\�HVWLPDWHV�IURP��HVSHFLDOO\�D�VLQJOH��IURQWLHU�DQDO\VLV�IRU�PDQDJHPHQW�DQG�SROLF\�SXUSRVHV

EHFDXVH�LQDSSURSULDWH�FRQFOXVLRQV�FRXOG�EH�GUDZQ�DQG�HIIRUWV�WR�HQKDQFH�HIILFLHQF\�PLJKW�HDVLO\�EH

DSSOLHG�WR�WKH�ZURQJ�LQVWLWXWLRQV���,Q�WKLV�VHFWLRQ��ZH�GHPRQVWUDWH�WKDW�WKH�UHVXOWV�DUH�QRW�DV�GLVPDO�DV

WKH\�VHHP���,Q�IDFW��WKHUH�LV�DQ�XQGHUO\LQJ�FRQVLVWHQF\�WKDW�PD\�EH�KHOSIXO�WR�SROLF\�DQDO\VWV���7KH

LPSOLFDWLRQV�DUH��KRZHYHU��QRW�DV�SUHFLVH�DV�PDQ\�PLJKW�OLNH�QRU�DV�SUHFLVH�DV�PXFK�HPSLULFDO�DQDO\VLV

DSSHDUV�WR�VXJJHVW�

����D�.UXVNDO�:DOOLV�7HVWV

7KH�.UXVNDO�:DOOLV�QRQ�SDUDPHWULF�$129$�WHVW�SURYLGHV�D�PHDQV�RI�WHVWLQJ�VWDWLVWLFDOO\

ZKHWKHU�DQ�LQGLYLGXDO�XQLW�PDLQWDLQV�D�UHODWLYH�SRVLWLRQ��L�H���LWV�RUGLQDO�UDQN��LQ�D�JURXS�DFURVV�GLIIHUHQW

UDQNLQJV�����7KDW�LV��LW�LV�D�WHVW�RI�ZKHWKHU�WKHUH�LV�VRPH�FRQVLVWHQF\�LQ�WKH�UDQNLQJV���7KH�.UXVNDO�:DOOLV

WHVW�VWDWLVWLF�LV�

ZKHUH�

Q� �WKH�QXPEHU�RI�XQLYHUVLWLHV�

N� �WKH�QXPEHU�RI�UDQNLQJV�DFURVV�ZKLFK�FRPSDULVRQV�DUH�EHLQJ�PDGH��DQG

�����������5M� �WKH�VXP�RI�UDQNV�IRU�XQLYHUVLW\�M���

7KH�+�VWDWLVWLF�KDV�D�3��GLVWULEXWLRQ�ZLWK�Q���GHJUHHV�RI�IUHHGRP���5HMHFWLQJ�WKH�QXOO�K\SRWKHVLV��WKDW�DOO

Q�XQLYHUVLWLHV�KDYH�WKH�VDPH�GLVWULEXWLRQ�RI�RUGLQDO�UDQNLQJV��LPSOLHV�WKDW�WKHUH�LV�VRPH�FRQVLVWHQF\�LQ�WKH

UHODWLYH�SRVLWLRQV�RI�XQLYHUVLWLHV�DFURVV�DOWHUQDWLYH�UDQNLQJV�



:H�DSSO\�WKH�.UXVNDO�:DOOLV�WHVW�WR�VHYHQ�VHWV�RI�WKH�RUGLQDO�UDQNLQJV�GHULYHG�IURP�RXU�IURQWLHU

DQDO\VHV���7KRVH�VHWV�DUH�DOO�WHQ�UHVXOWV�IURP�ERWK�WKH�'($�DQG�WKH�6)�PHWKRGV��WKH�'($�DQG�WKH�6)

RXWFRPHV�VHSDUDWHO\��WKH�UHVXOWV�IURP�WKH�QDUURZ�DQG�EURDG�GHILQLWLRQV�RI�RXWSXWV�VHSDUDWHO\��DQG�

ILQDOO\��WKH�UDQNLQJV�IRU�WKH�HIILFLHQF\�DGMXVWHG�DQG�XQDGMXVWHG�UHVXOWV�VHSDUDWHO\���7KH�UHVXOWLQJ�+�YDOXHV

DUH�UHSRUWHG�LQ�7DEOH���ZLWK�WKH�QXOO�K\SRWKHVLV�WHVW�UHVXOWV���)RU�ILYH�RI�WKH�VHYHQ�VHWV�RI�UDQNLQJV��WKH

QXOO�LV�UHMHFWHG�DW�WKH�RQH��SHUFHQW�OHYHO�RI�VLJQLILFDQFH�DQG�D�VL[WK��DOO�WKRVH�RXWFRPHV�ZLWKRXW�HIILFLHQF\

DGMXVWPHQW��LV�VLJQLILFDQW�DW�WKH�ILYH��EXW�QRW�DW�WKH�RQH��SHUFHQW�OHYHO���2QO\�WKRVH�UDQNLQJV�XVLQJ�WKH

EURDG�GHILQLWLRQ�RI�RXWSXW�IDLO�WR�VKRZ�FRQVLVWHQF\�LQ�WKH�UDQNLQJV�RI�WKH�XQLYHUVLWLHV���+HQFH��GHVSLWH

WKH�QRWDEOH�YDULDWLRQ�LQ�WKH�VFRUHV�DQG�UDQNLQJV��UHSRUWHG�DERYH��WKHUH�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW

XQGHUO\LQJ�FRQVLVWHQF\�LQ�WKH�UHODWLYH�SRVLWLRQV�RI�WKH�XQLYHUVLWLHV�DQG�WKLV�FRQVLVWHQF\�KROGV�DFURVV

DOPRVW�DOO�RI�WKH�PHWKRGV�DQG�SURFHGXUHV�XWLOL]HG�

7DEOH��

����E�5DQN�RI�6XP�RI�5DQNV

7KH�.UXVNDO�:DOOLV�WHVWV�RQO\�UHYHDOV�WKDW�VRPH�FRQVLVWHQF\�LQ�UDQNLQJ�H[LVWV���7DEOH���LQGLFDWHV

WKH�FRQVLVWHQF\�LQ�WKH�UHODWLYH�SRVLWLRQV�PDLQWDLQHG�E\�WKH�GLIIHUHQW�XQLYHUVLWLHV�XVLQJ�WKH�UDQN�RI�WKH�VXP

RI�UDQNV�PHWKRG���)RU�HDFK�DOWHUQDWLYH�VHW�WHVWHG��WKH�WDEOH�UHSRUWV�WKH�UDQN�RI�WKH�VXP�RI�UDQNV�IRU�HDFK

XQLYHUVLW\��DQG�WKH�DYHUDJH�DQG�WKH�UDQJH�RI�WKRVH�UDQNV�DFURVV�WKH�VHYHQ�VHWV���7KH�XQLYHUVLWLHV�DUH

RUGHUHG�IURP�WKH�ORZHVW�DYHUDJH�UDQN��RI�VXP�RI�UDQNV���WKH�PRVW�HIILFLHQW�XQLYHUVLWLHV��WR�WKH�KLJKHVW

DYHUDJH��WKH�OHDVW�HIILFLHQW�XQLYHUVLWLHV���:KLOH�WKHUH�DUH�RFFDVLRQDO�DEQRUPDOLWLHV��RQH�W\SLFDOO\�REVHUYHV

D�VWULNLQJ�FRQVLVWHQF\�LQ�WKH�UDQNLQJV�RI�WKH�VXP�RI�UDQNV�DFURVV�WKH�VHYHQ�VHWV���)RU�H[DPSOH��7RURQWR

QHYHU�UDQNV�OHVV�WKDQ�ILIWK��*XHOSK�DOZD\V�EHWZHHQ����DQG�����0HPRULDO�QHYHU�DERYH������3ULPDULO\�GXH

WR�D�EURDG�UDQJH��%LVKRS¶V��%UDQGRQ��&KLFRXWLPL��/DXUHQWLDQ��3(,��6KHUEURRNH��7�5LYLHUH�DQG�:HVWHUQ

UHSUHVHQW�WKH�PRUH�QRWDEOH�DQRPDOLHV���6XFK�YDULDWLRQV�VKRXOG�FDXVH�UHIOHFWLRQ��HVSHFLDOO\�EHFDXVH�ZLGH

GLIIHUHQFHV�DUH�RIWHQ�REVHUYHG�LQ�WKH�UDQNLQJV�SURYLGHG�E\�'($�DQG�6)�����7KH�SUHYDLOLQJ�FRQVLVWHQF\�RI

WKH�UDQNLQJV�DUH�UHIOHFWHG�LQ�WKH�ILQDO�WZR�FROXPQV�ZKLFK�VKRZ�WKH�QXPEHU�RI�WLPHV�WKDW�WKH�XQLYHUVLW\

UDQNHG�LQ�WKH�WRS����RU�WKH�ERWWRP������8QLYHUVLWLHV�UDQNHG�DPRQJ�WKH�PRVW�HIILFLHQW�����DERYH

&RQFRUGLD��QHYHU�KDYH�D�UDQN�RI�VXP�RI�UDQNV�IDOOLQJ�DPRQJ�WKH�ERWWRP����DQG�XQLYHUVLWLHV�DPRQJ�WKH

���OHDVW�HIILFLHQW��EHORZ�81%��UDUHO\�DSSHDU�DPRQJ�WKH�WRS������+HQFH��WKH�µDYHUDJLQJ¶�RI�WKH�FROOHFWLYH



UDQNLQJ��YLD�WKH�VXP�RI�UDQNV��IRU�D�XQLYHUVLW\�DFURVV�D�VHW�RI�VHYHUDO�HIILFLHQF\�VFRUH�DQDO\VHV

VXSSUHVVHV�WKH�YDULDWLRQV�LQ�WKH�LQGLYLGXDO�UDQNV�WKDW�JDYH�WKH�GLVFRUGDQW�UHVXOWV�QRWHG�HDUOLHU�DQG�

LQVWHDG��UHYHDOV�D�FRQVLVWHQF\�LQ�UDQNLQJ�QRW�SUHYLRXVO\�DSSDUHQW�

7DEOH��

:KLOH�WKH�FRQVLVWHQF\�QRWHG�LV�HQFRXUDJLQJ��LW�KDV�OLPLWDWLRQV���7R�GHPRQVWUDWH��ZH�WHVW�EHWZHHQ

SDLUV�IRU�VLJQLILFDQFH�GLIIHUHQFHV�LQ�WKH�PHDQ�UDQNLQJV�RI�WKH�VXP�RI�UDQNV�GLVWULEXWLRQ�LQ�7DEOH�������7KH

UHVXOWV�DSSHDU�LQ�7DEOH�����7KH�FROXPQV�UHSRUWLQJ�WKRVH�XQLYHUVLWLHV�ZLWK�D�PHDQ�UDQN�QRW�VLJQLILFDQWO\

GLIIHUHQW�IURP�WKDW�RI�WKH�VSHFLILF�XQLYHUVLW\�GHPRQVWUDWH�WKDW�QR�XQLYHUVLW\�KDV�D�UDQN�VLJQLILFDQWO\

GLIIHUHQW�IURP�WKRVH�RI�HYHU\�RWKHU�XQLYHUVLW\���,Q�IDFW��WKH�PHDQ�UDQNV�RI�PDQ\�XQLYHUVLWLHV�DUH�QRW

VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�RI�PDQ\�RWKHUV���7RURQWR��:LQQLSHJ�DQG�0RQWUHDO�HDFK�KDYH�PHDQ

UDQNV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�VHYHQ�RWKHU�XQLYHUVLWLHV���(LJKW�XQLYHUVLWLHV�FRXOG�KDYH�D�FODLP�WR

ILUVW�SODFH���0HPRULDO��UDQNHG���WK��KDV�D�PHDQ�UDQN�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKUHH�RWKHU

XQLYHUVLWLHV���7KDW�LV��IRXU�XQLYHUVLWLHV�FRXOG�KDYH�D�FODLP�WR�ODVW�SODFH���0DQ\�XQLYHUVLWLHV�KDYH�PHDQV

QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�PDQ\�RWKHUV���)RU�H[DPSOH�����XQLYHUVLWLHV�KDYH�PHDQV�QRW�VLJQLILFDQWO\

GLIIHUHQW�IURP����RU�PRUH�RWKHU�XQLYHUVLWLHV���1LQH�XQLYHUVLWLHV¶�PHDQV�DUH�QHYHU�VLJQLILFDQWO\�GLIIHUHQW

IURP�D�XQLYHUVLW\�UDQNHG���UG�RU�ORZHU���6L[�KDYH�PHDQV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�XQLYHUVLWLHV

UDQNHG���WK�RU�KLJKHU�DQG�RQO\�HLJKW�KDYH�PHDQV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�XQLYHUVLWLHV�UDQNHG���UG

RU�KLJKHU���4XLWH�D�QXPEHU�RI�XQLYHUVLWLHV�KDYH�PHDQV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�LQ�WKH

VHYHQWK�RU�HLJKWK�SRVLWLRQ�DW�WKH�XSSHU�HQG�EXW�UDQJLQJ�WR�WKH�XSSHU�WKLUWLHV�RU�HYHQ�WKH�ORZ�IRUWLHV

SRVLWLRQV�DW�WKH�ORZ�HQG���7KXV��ZKLOH�WKHUH�LV�FRQVLGHUDEOH�VFRSH�IRU�YDULDWLRQ�LQ�WKH�UDQNLQJV��WKHUH

DSSHDUV�WR�EH�D�UHODWLYH�VPDOO�JURXS�RI�KLJKO\�HIILFLHQW�XQLYHUVLWLHV��D�UHODWLYHO\�VPDOO�JURXS�RI�ORZ

HIILFLHQF\�XQLYHUVLWLHV��DQG�D�ODUJH�JURXS�RI�WKRVH�LQ�EHWZHHQ���7KXV��HYHQ�DW�WKLV�UHODWLYHO\�DJJUHJDWHG

OHYHO��UDQNV�RI�VXP�RI�UDQNV���WKH�LQGLYLGXDO�PHDQ�HIILFLHQF\�VFRUHV�GR�QRW�UHYHDO�D�XQLYHUVLW\¶V�UDQNLQJ

ZLWK�PXFK�SUHFLVLRQ�EXW�SUREDEO\�GRHV�UHYHDO�WKH�UDQJH�RI�LWV�UHODWLYH�SRVLWLRQ�RQ�WKH�HIILFLHQF\�VFDOH

ZLWK�VRPH�UHOLDELOLW\���7KH�H[WHQGHG�DQDO\VLV�XQGHUWDNHQ�KHUH�GHPRQVWUDWHV�WKH�SRWHQWLDO�UDQJHV�LQ�WKH

UDQNLQJV�DQG�DOVR�UHYHDOV��IRU�WKLV�GDWD��JURXSLQJV�RI��ORZ�DQG�KLJK�HIILFLHQF\�XQLYHUVLWLHV�LQ�ZKLFK�WKHUH

FDQ�EH�VRPH�FRQILGHQFH��



7DEOH��

����6XPPDU\�DQG�&RQFOXVLRQ

,W�LV�FRPPRQ�WR�UHSRUW�HIILFLHQF\�VFRUHV�GHWHUPLQHG�IURP�HLWKHU�WKH�QRQ�SDUDPHWULF�'($

PHWKRG�RU�WKH�VWRFKDVWLF�IURQWLHU��6)��PHWKRG���)RU�HIILFLHQF\�DQDO\VLV�WR�EH�D�UHOLDEOH�DQG�YDOXDEOH

PDQDJHPHQW�WRRO��HIILFLHQF\�VFRUHV�RU�UDQNLQJV�VKRXOG�EH�FRQVLVWHQW�DQG�UHODWLYHO\�LQVHQVLWLYH�WR�WKH

HIILFLHQF\�GHWHUPLQDWLRQ�PHWKRG���2WKHUZLVH��UHOLDQFH�RQ�WKH�RXWFRPHV�RI�RQH�RU�DQRWKHU�PHWKRG�PD\

OHDG�WR�LQDSSURSULDWH�SROLFLHV�DQG�GHFLVLRQV���7KLV�SDSHU�ZDV�XQGHUWDNHQ�LQ�WKH�VSLULW�RI�PHWKRGRORJLFDO

FURVV�FKHFNLQJ�DQG�WR�OLQN�WRJHWKHU��DV�DGYRFDWHG�E\�0D\VWRQ�DQG�-HVVRQ���������LQIRUPDWLRQ�IURP

DOWHUQDWLYH�PRGHOV�WR�LGHQWLI\�SUREOHP�DUHDV�

7KH�DQDO\VHV�LQ�WKH�SDSHU�IRFXV�RQ�WKH�FRQVLVWHQF\�RI�HIILFLHQF\�PHDVXUHV�GHWHUPLQHG�E\�'($

DQG�6)�PHWKRGV���(IILFLHQF\�VFRUHV�ZHUH�GHWHUPLQHG�IRU����&DQDGLDQ�XQLYHUVLWLHV�EDVHG�RQ��������

GDWD�IRU�UHODWLYHO\�VLPSOH�'($�DQG�6)�PRGHOV�DQG�IRU�VRPH�YDULDWLRQV���7KH�YDULDQWV�DOORZHG�IRU�D

QDUURZ�DQG�D�EURDG�GHILQLWLRQ�RI�RXWSXWV��PDGH�DGMXVWPHQWV�IRU�HQYLURQPHQWDO�ILUP�VSHFLILF�IDFWRUV

H[SHFWHG�WR�LQIOXHQFH�SHUIRUPDQFH��DQG�XWLOL]HG�WZR�DSSURDFKHV�IRU�DGMXVWLQJ�IRU�HQYLURQPHQWDO�IDFWRUV

�L�H���VHFRQG�VWDJH�UHJUHVVLRQ�DQG�D�VLQJOH�VWDJH�DSSURDFK�LQFRUSRUDWHG�WKRVH�YDULDEOHV�GLUHFWO\�LQWR�WKH

6)�HVWLPDWLRQ�HTXDWLRQ����'LIIHUHQFHV�LQ�WKH�RXWFRPHV�DUH�WR�EH�H[SHFWHG���7KH�PHWKRGV�DUH�GLIIHUHQW�

WKH�DVVXPSWLRQV�DUH�GLIIHUHQW��WKH�YDULDEOHV�LQFOXGHG�YDU\�VRPHZKDW��WKH�ZD\�YDULDEOHV�LQWHUDFW��L�H���WKH

SDUWLFXODU�VSHFLILFDWLRQV��FDQ�GLIIHU��HWF���6WLOO��'($�DQG�6)�DQDO\VLV�DUH�ERWK�DFFHSWDEOH�PHWKRGV�IRU

GHWHUPLQLQJ�UHODWLYH�HIILFLHQF\��WKHUH�LV�QR�GHILQLWLYH�SURFHGXUH�IRU�WHVWLQJ�RQH�DJDLQVW�WKH�RWKHU��DQG�WKH

SDUWLFXODU�YDULDWLRQV�HPSOR\HG�DUH�UHDVRQDEOH�RSWLRQV���+HQFH��WKH�QHHG�WR�FRPSDUH�RXWFRPHV�DQG�GUDZ

XSRQ�WKH�UHVXOWV�RI�ERWK�

&RPSDULVRQ�RI�HIILFLHQF\�RXWFRPHV�IURP�SDUDOOHO�'($�DQG�6)�PRGHOV��RQH�DJDLQVW�WKH�RWKHU�

UHYHDOHG�FRQVLGHUDEOH�YDULDWLRQ���6SHFLILFDWLRQV�XVLQJ�WKH�EURDG�GHILQLWLRQ�RI�RXWSXWV�VKRZHG�OLWWOH�RU�QR

FRQVLVWHQF\�EHWZHHQ�WKH�'($�DQG�6)�GHWHUPLQHG�HIILFLHQF\�VFRUHV�DQG�UDQNLQJV���:KHQ�WKH�QDUURZ

GHILQLWLRQ�ZDV�HPSOR\HG��WKHUH�ZDV�PXFK�JUHDWHU�FRQVLVWHQF\�ZLWK��IRU�H[DPSOH��FRUUHODWLRQ�FRHIILFLHQWV

VLPLODU�WR�WKRVH�UHSRUWHG�LQ�WKH�IHZ�RWKHU�VWXGLHV�FRPSDULQJ�'($�DQG�6)�UHVXOWV���+RZHYHU��HYHQ�WKHUH�

VXEVWDQWLDO�GLIIHUHQFHV�ZHUH�IRXQG�IRU�VRPH�REVHUYDWLRQV��PRUH�WKDQ�HQRXJK�WR�FRQIRXQG�GHFLVLRQ

PDNHUV����%HVLGHV�WKH�PHWKRG�RI�GHWHUPLQLQJ�HIILFLHQF\�DQG�RXWSXW�GHILQLWLRQ��HIILFLHQF\�UHVXOWV�ZHUH



IRXQG�WR�EH�VHQVLWLYH��DV�H[SHFWHG��WR�DGMXVWPHQW�IRU�HQYLURQPHQWDO�IDFWRUV�DQG�DOVR��QRW�QHFHVVDULO\

DQWLFLSDWHG��WR�WKH�PHDQV�E\�ZKLFK�WKDW�DGMXVWPHQW�ZDV�LQWURGXFHG���2YHUDOO��UHOLDQFH�RQ�HIILFLHQF\

RXWFRPHV�IURP�DQ\�RQH�PHWKRG�FRXOG�EH�SUREOHPDWLF�DQG��DW�OHDVW�IRU�WKLV�GDWD��FRXOG�EH�PLVOHDGLQJ�DQG

VR�UHVXOW�LQ��DW�OHDVW�IRU�VRPH�'08V��LQDSSURSULDWH�GHFLVLRQV�

)URP�D�PRUH�FRPSUHKHQVLYH�SHUVSHFWLYH��KRZHYHU��WKH�UHVXOWV�ZHUH�QRW�DV�QHJDWLYH�DV�WKXV�IDU

VXJJHVWHG���7KH�DQDO\VLV�RI�HIILFLHQF\�UDQNLQJV�DFURVV�DOWHUQDWLYH�VHWV�RI�HIILFLHQF\�RXWFRPHV��XVLQJ�WKH

.UXVNDO�:DOOLV�WHVW�EDVHG�RQ�WKH�VXP�RI�UDQNV��UHYHDOHG�D�VLJQLILFDQW�FRQVLVWHQF\�LQ�XQLYHUVLWLHV¶�UHODWLYH

SRVLWLRQV���$QDO\VLV�RI�WKH�PHDQV�RI�WKH�UDQNV�RI�WKH�VXP�RI�UDQNV�GHPRQVWUDWHV�WKDW�PRVW�XQLYHUVLWLHV

KDYH�PHDQ�UDQNV�WKDW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�PHDQV�RI�PDQ\�RWKHU�XQLYHUVLWLHV����'HVSLWH

WKDW��D�VPDOO�QXPEHU�RI�XQLYHUVLWLHV�FDQ�VWLOO�EH�LGHQWLILHG�DV�EHORQJLQJ�WR�D�KLJK�HIILFLHQF\�JURXS�DQG�D

VPDOO�QXPEHU�WR�D�ORZ�HIILFLHQF\�JURXS���:H�VXVSHFW�WKDW�WKHVH�UHVXOWV�SURYLGH�D�PRUH�UHDOLVWLF

DVVHVVPHQW�RI�UHODWLYH�HIILFLHQF\�WKDQ�WKDW�VXJJHVWHG�E\�PDQ\�VWXGLHV���+HQFH��HIILFLHQF\�DQDO\VHV��ZLWK

GDWD�VXFK�DV�RXUV��PD\�\LHOG�LQIRUPDWLRQ�LQ�ZKLFK�GHFLVLRQ�PDNHUV�FDQ�SODFH�VRPH�FRQILGHQFH���5HOLDEOH

LQIRUPDWLRQ�DERXW�HIILFLHQF\�UDQNLQJ�LV�QRW�WKH�SURGXFW�RI�D�VLQJOH�HIILFLHQF\�DQDO\VLV�GHVSLWH�WKHVH

PHWKRGV¶�SRWHQWLDOO\�EHJXLOLQJ�VHQVH�RI�SUHFLVLRQ������7KLV�ZRUN�VXJJHVWV�WKDW�PDQ\�UHDVRQDEOH

DOWHUQDWLYHV��ZKHWKHU�IROORZLQJ�RQH�RU�PRUH�PHWKRGV��PD\�QHHG�WR�EH�HVWLPDWHG�DQG�WKHLU�UHVXOWV

DQDO\]HG�

2XU�DQDO\VLV�FRXOG�EH�H[WHQGHG�LQ�YDULRXV�ZD\V���2QH�ZD\�LV�WR�H[WHQG�WKH�GDWD�WR�SDQHO�GDWD��

%HVLGHV�WKH�EHQHILWV�RI�VLPSO\�PRUH�GDWD��VXFK�DV�SHUPLWWLQJ�WKH�HVWLPDWLRQ�RI�PRUH�IOH[LEOH�IXQFWLRQDO

IRUPV�RI�WKH�VWRFKDVWLF�PRGHOV���SDQHO�GDWD�ZRXOG�DOORZ�VHDUFKLQJ�IRU�WUHQGV�DQG�PRUH�RSWLRQV�IRU

VHHNLQJ�FRQVLVWHQF\�LQ�WKH�RXWFRPHV�RI�LQGLYLGXDO�REVHUYDWLRQV���+RZHYHU��DV�WKH�LQWHU�\HDU�GLIIHUHQFHV

LQ�HIILFLHQFLHV�WKDW�DUH�IUHTXHQWO\�UHSRUWHG�LQ�SDQHO�GDWD�VWXGLHV�LPSO\��WKHUH�PD\�DOVR�EH�DGGLWLRQDO

LQIOXHQFHV�WR�H[SODLQ���$OVR�LQWHUHVWLQJ�ZRXOG�EH�WR�FRPSDUH�WKHVH�UHVXOWV�ZLWK�WKRVH�IURP�GHWHUPLQLQJ

FRQILGHQFH�LQWHUYDOV�IRU�HIILFLHQF\�VFRUHV�IURP�LQGLYLGXDO�HYDOXDWLRQV�

7R�FRQFOXGH��LI�RXU�GDWD�DUH�UHSUHVHQWDWLYH��WKLV�DQDO\VLV�VXJJHVWV�WKDW��JLYHQ�WKH�VWDWH�RI
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&DQDGLDQ�(GXFDWLRQ�6WDWLVWLFV�&RXQFLO���������$�6WDWLVWLFDO�3RUWUDLW�RI�(GXFDWLRQ�DW�WKH�8QLYHUVLW\
/HYHO�LQ�&DQDGD��6WDWLVWLFV�&DQDGD�SXEOLFDWLRQ���������;3%��6WDWLVWLFV�&DQDGD��2WWDZD
DQG�&RXQFLO�RI�0LQLVWHUV�RI�(GXFDWLRQ��7RURQWR�

&KDUQHV��$EUDKDP��:LOOLDP�:�&RRSHU��$ULH�<�/HZLQ�DQG�/DZUHQFH�0�6HLIRUG���������'DWD�
(QYHORSPHQW�$QDO\VLV��7KHRU\��0HWKRGRORJ\�DQG�$SSOLFDWLRQV��%RVWRQ��.OXZHU�
$FDGHPLF�3XEOLVKHUV�

&KDUQHV��$EUDKDP��:LOOLDP�:�&RRSHU�DQG�(�5KRGHV���������³0HDVXULQJ�WKH�(IILFLHQF\�RI
'HFLVLRQ�0DNLQJ�8QLWV�´�(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�������������

&RHOOL��7�-���������³5HFHQW�'HYHORSPHQWV�LQ�)URQWLHU�0RGHOOLQJ�DQG�(IILFLHQF\�0HDVXUHPHQW�´�
$XVWUDOLDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV������������������

&RHOOL��7�-������D���$�*XLGH�WR�)5217,(5�9HUVLRQ������&HQWUH�IRU�(IILFLHQF\�DQG�3URGXFWLYLW\
$QDO\VLV��:RUNLQJ�3DSHU�QR��������8QLYHUVLW\�RI�1HZ�(QJODQG��$UPLGDOH��$XVWUDOLD�

&RHOOL��7�-������E���$�*XLGH�WR�'($3�9HUVLRQ������$�'DWD�(QYHORSPHQW��&RPSXWHU��3URJUDP�
&(3$�:RUNLQJ�3DSHU�QR��������8QLYHUVLW\�RI�1HZ�(QJODQG��$UPLGDOH��$XVWUDOLD�

&RHOOL��7LP��6HUJLR�3HUHOPDQ�DQG�(OOLRW�5RPDQR���������³$FFRXQWLQJ�IRU�(QYLURQPHQWDO
,QIOXHQFHV�LQ�6WRFKDVWLF�)URQWLHU�0RGHOV��:LWK�$SSOLFDWLRQV�WR�,QWHUQDWLRQDO�$LUOLQHV�´
-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV��9RO������-XQH����������

&RKQ��(OFKDQDQ��6KHUULH�/�:�5KLQH�DQG�0DULD�&�6DQWRV���������³,QVWLWXWLRQV�RI�+LJKHU�
(GXFDWLRQ�DV�0XOWL�3URGXFW�)LUPV��(FRQRPLHV�RI�6FDOH�DQG�6FRSH�´�5HYLHZ�RI�



(FRQRPLFV�DQG�6WDWLVWLFV������0D\����������

'DYLV��0LFKDHO�/�DQG�.DWK\�+D\HV���������³7KH�'HPDQG�IRU�*RRG�*RYHUQPHQW�´�5HYLHZ�RI�
(FRQRPLFV�DQG�6WDWLVWLFV����������)HEUXDU\����������

'H�%RUJHU��%UXQR�DQG�.ULVWLDDQ�.HUVWHQV���������³&RVW�(IILFLHQF\�RI�%HOJLDQ�/RFDO�
*RYHUQPHQWV��$�&RPSDUDWLYH�$QDO\VLV�RI�)'+��'($�DQG�(FRQRPHWULF�$SSURDFKHV�´�
5HJLRQDO�6FLHQFH�DQG�8UEDQ�(FRQRPLFV��������������

GH�*URRW��+DV��:DOWHU�:�0F0DKRQ��DQG�-�)UHGHULFNV�9RONZHLQ���������³7KH�&RVW�6WUXFWXUH�RI�
$PHULFDQ�5HVHDUFK�8QLYHUVLWLHV�´�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV������$XJXVW������
����

'HOOHU��6�&�DQG�(�5XGQLFNL���������³0DQDJHULDO�(IILFLHQF\�LQ�/RFDO�*RYHUQPHQW��,PSOLFDWLRQV�
RI�-XULVGLFWLRQDO�&RQVROLGDWLRQ�´�3XEOLF�&KRLFH����������6HSWHPEHU����������

'LHZHUW��:�(UZLQ�DQG�$OLFH�2�1DNDPXUD���������³%HQFKPDUNLQJ�DQG�WKH�0HDVXUHPHQW�RI�%HVW�
3UDFWLFH�(IILFLHQF\��$Q�(OHFWULFLW\�*HQHUDWLRQ�$SSOLFDWLRQ�´�&DQDGLDQ�-RXUQDO�RI�
(FRQRPLFV����������$SULO����������

'XQEDU��+DOLO�DQG�'DUUHOO�5�/HZLV���������³'HSDUWPHQWDO�3URGXFWLYLW\�LQ�$PHULFDQ�8QLYHUVLWLHV��
(FRQRPLHV�RI�6FDOH�DQG�6FRSH�´�(FRQRPLFV�RI�(GXFDWLRQ�5HYLHZ������������������

(NDQD\DNH��6�$�%�DQG�6�.�-D\DVXUL\D���������³0HDVXUHPHQW�RI�)LUP�6SHFLILF�7HFKQLFDO�
(IILFLHQF\��$�&RPSDULVRQ�RI�0HWKRGV�´�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV����������
-DQXDU\����������

)DUH��5ROI�DQG�6KDZQD�*URVVNRSI���������³$�1RQSDUDPHWULF�&RVW�$SSURDFK�WR�6FDOH�
(IILFLHQF\�´�6FDQGLQDYLDQ�-RXUQDO�RI�(FRQRPLFV������������������

)DUH��5��6�*URVVNRSI�DQG�&$�.�/RYHOO���������³$Q�,QGLUHFW�$SSURDFK�WR�WKH�(YDOXDWLRQ�RI�
3URGXFHU�3HUIRUPDQFH�´�-RXUQDO�RI�3XEOLF�(FRQRPLFV����������2FWREHU��������

)HUULHU��*DU\�'�DQG�&�$�.QR[�/RYHOO���������³0HDVXULQJ�&RVW�(IILFLHQF\�LQ�%DQNLQJ��
(FRQRPHWULF�DQG�/LQHDU�3URJUDPPLQJ�(YLGHQFH�´�-RXUQDO�RI�(FRQRPHWULFV�������������

)RUVXQG��)LQQ�5���������³$�&RPSDULVRQ�RI�3DUDPHWULF�DQG�1RQ�3DUDPHWULF�(IILFLHQF\�0HDVXUHV��
7KH�&DVH�RI�1RUZHJLDQ�)HUULHV�´�-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV�����������

)RUVXQG��)LQQ�5�DQG�(LOHY�6�-DQVHQ���������³2Q�(VWLPDWLQJ�$YHUDJH�DQG�%HVW�3UDFWLFH�
+RPRWKHWLF�3URGXFWLRQ�)XQFWLRQV�´�,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ����������-XQH������
����

*ODVV��-�&�DQG�'�*�0F.LOORS���������³7KH�$FKLHYHPHQW�RI�6FDOH�(IILFLHQF\�LQ�8.�8QLYHUVLWLHV��
$�0XOWLSOH�,QSXW�0XOWLSOH�2XWSXW�$QDO\VLV�´�(GXFDWLRQ�(FRQRPLFV���������'HFHPEHU��
��������

*UHHQH��:LOOLDP�+���������³7KH�(FRQRPHWULF�$SSURDFK�WR�(IILFLHQF\�$QDO\VLV�´�LQ�7KH
0HDVXUHPHQW�RI�3URGXFWLYH�(IILFLHQF\��7HFKQLTXHV�DQG�$SSOLFDWLRQV��HGV��+DUROG�2�)ULHG�
&�$�.QR[�/RYHOO�DQG�6KHOWRQ�6�6FKPLGW���2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV������ ����

*UHHQH��:LOOLDP�+���������/,0'(3�9HUVLRQ�����5HIHUHQFH�*XLGH���1HZ�<RUN��1HZ�<RUN



8QLYHUVLW\��

*UHHQH��:LOOLDP�+���������³)URQWLHU�3URGXFWLRQ�)XQFWLRQV�´�LQ�+DQGERRN�RI�$SSOLHG
(FRQRPHWULF��9RO��,,��0LFURHFRQRPLFV��HGV��0�+�3HVDUVDQ�DQG�3�6FKPLGW���2[IRUG�
%ODFNZHOO����������

*URVVNRSI��6KDZQD��.DWK\�-�+D\HV��/RUL�/�7D\ORU�DQG�:LOOLDP�/�:HEHU���������³%XGJHW�
&RQVWUDLQHG�)URQWLHU�0HDVXUHV�RI�)LVFDO�(TXDOLW\�DQG�(IILFLHQF\�LQ�6FKRROLQJ�´�5HYLHZ� RI�
(FRQRPLFV�DQG�6WDWLVWLFV����������)HEUXDU\����������

*URVVPDQ��3KLOLS�-��3DQD\LRWLV�0DYURV�DQG�5REHUW�:�:DVVPHU���������³3XEOLF�6HFWRU�7HFKQLFDO
,QHIILFLHQF\�LQ�/DUJH�8�6��&LWLHV�´�-RXUQDO�RI�8UEDQ�(FRQRPLFV������6HSWHPEHU����������

+VNVHYHU��&HQJL]�DQG�<XUL�0XUDJLKL���������³0HDVXULQJ�9DOXH�LQ�0%$�3URJUDPV�´�(GXFDWLRQ
(FRQRPLFV���������$SULO��������

+DVKLPRWR��.�DQG�(�&RKQ���������³(FRQRPLHV�RI�6FDOH�DQG�6FRSH�LQ�-DSDQHVH�3ULYDWH�
8QLYHUVLWLHV�´�(GXFDWLRQ�(FRQRPLFV���������$XJXVW����������

+D\HV��.DWK\�DQG�6HPRRQ�&KDQJ���������³7KH�5HODWLYH�(IILFLHQF\�RI�&LW\�0DQDJHU�DQG�0D\RU�
&RXQFLO�)RUPV�RI�*RYHUQPHQW�´�6RXWKHUQ�(FRQRPLF�-RXUQDO���������-XO\����������

+MDOPDUVVRQ��/HQQDUW��6XEDO�&�.XPEKDNDU�DQG�$OPDV�+HVKPDWL���������³'($��')$�DQG�6)$��
$�&RPSDULVRQ�´�-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV�������������

+RUUDFH��:LOOLDP�&�DQG�3HWHU�6FKPLGW���������³&RQILGHQFH�6WDWHPHQWV�IRU�(IILFLHQF\�(VWLPDWHV
IURP�6WRFKDVWLF�)URQWLHU�0RGHOV�´�-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV�������������

,]DGL��+��*�-RKQHV��5�2VNURFKL�DQG�5�&URXFKOH\���������³6WRFKDVWLF�)URQWLHU�(VWLPDWLRQ�RI�D
&(6�&RVW�)XQFWLRQ��7KH�&DVH�RI�+LJKHU�(GXFDWLRQ�LQ�%ULWDLQ�´�(FRQRPLFV�RI�(GXFDWLRQ
5HYLHZ������������

-HQVHQ��8ZH���������³,V�,W�(IILFLHQW�WR�$QDO\VH�(IILFLHQF\�5DQNLQJV"�´�(PSLULFDO�(FRQRPLFV�����
��������

-RKQHV��*HUDLQW���������³0XOWL�3URGXFW�&RVW�)XQFWLRQV�DQG�WKH�)XQGLQJ�RI�7XLWLRQ�LQ�8.
8QLYHUVLWLHV�´�$SSOLHG�(FRQRPLFV�/HWWHUV�������������

-RKQHV��-�DQG�*�-RKQHV���������³5HVHDUFK�)XQGLQJ�DQG�3HUIRUPDQFH�LQ�8.�8QLYHUVLW\�
'HSDUWPHQWV�RI�(FRQRPLFV��$�)URQWLHU�$QDO\VLV�´�(FRQRPLFV�RI�(GXFDWLRQ�5HYLHZ������
��������

-RQGURZ��-DPHV��&�$�.QR[�/RYHOO��,YDQ�6�0DWHURY�DQG�3HWHU�6FKPLGW���������³2Q�WKH�
(VWLPDWLRQ�RI�7HFKQLFDO�,QHIILFLHQF\�LQ�WKH�6WRFKDVWLF�)URQWLHU�3URGXFWLRQ�)XQFWLRQ�
0RGHO�´�-RXUQDO�RI�(FRQRPHWULFV������$XJXVW����������

.RVKDO��5DMLQGDU�.�DQG�0DQMXOLND�.RVKDO���������³(FRQRPLHV�RI�6FDOH�DQG�6FRSH�LQ�+LJKHU�
(GXFDWLRQ��$�&DVH�RI�&RPSUHKHQVLYH�8QLYHUVLWLHV�´�(FRQRPLFV�RI�(GXFDWLRQ�5HYLHZ



.RVKDO��5DMLQGDU�.��0DQMXOLND�.RVKDO�DQG�$VKRN�*XSWD���������³0XOWL�3URGXFW�7RWDO�&RVW
)XQFWLRQ�IRU�+LJKHU�(GXFDWLRQ��$�&DVH�RI�%LEOH�&ROOHJHV�´�(FRQRPLFV�RI�(GXFDWLRQ
5HYLHZ��������������

.XPEKDNDU��6XEDO�&��6RXPHQGUD�*KRVK�DQG�-�7KRPDV�0F*XFNLQ����������³$�*HQHUDOL]HG
3URGXFWLRQ�)URQWLHU�$SSURDFK�IRU�(VWLPDWLQJ�'HWHUPLQDQWV�RI�,QHIILFLHQF\�LQ�8�6��'DLU\
)DUPV�´�-RXUQDO�RI�%XVLQHVV�DQG�(FRQRPLF�6WDWLVWLFV���������-XO\����������

/RYHOO��&�$�.QR[���������³3URGXFWLRQ�)URQWLHUV�DQG�3URGXFWLYH�(IILFLHQF\�´�LQ�7KH�
0HDVXUHPHQW�RI�3URGXFWLYH�(IILFLHQF\��7HFKQLTXHV�DQG�$SSOLFDWLRQV��HGV��+DUROG�2�
)ULHG��&�$�.QR[�/RYHOO�DQG�6KHOWRQ�6�6FKPLGW��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�������

0DGGHQ��*DU\�DQG�6FRWW�6DYDJH���������³0HDVXULQJ�3XEOLF�6HFWRU�(IILFLHQF\��$�6WXG\�RI�
(FRQRPLFV�'HSDUWPHQWV�DW�$XVWUDOLDQ�8QLYHUVLWLHV�´�(GXFDWLRQ�(FRQRPLFV������������� ����

0D\VWRQ��'DYLG�DQG�'DYLG�-HVVRQ���������³'HYHORSLQJ�0RGHOV�RI�(GXFDWLRQDO�$FFRXQWDELOLW\�´
2[IRUG�5HYLHZ�RI�(GXFDWLRQ������������������

0F&DUW\��7$�DQG�6�<DLVDZDUQJ���������³7HFKQLFDO�(IILFLHQF\�LQ�1HZ�-HUVH\�6FKRRO�'LVWULFWV�´�LQ
7KH�0HDVXUHPHQW�RI�3URGXFWLYH�(IILFLHQF\��7HFKQLTXHV�DQG�$SSOLFDWLRQV��HGV��+DUROG�2
)ULHG��&�$�.QR[�DQG�6KHOWRQ�6�6FKPLGW��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

0F0LOODQ��0HOYLOOH�/�DQG�'HEDVLVK�'DWWD���������³7KH�5HODWLYH�(IILFLHQFLHV�RI�&DQDGLDQ��
8QLYHUVLWLHV��$�'($�3HUVSHFWLYH�´�&DQDGLDQ�3XEOLF�3ROLF\������������������

0HHXVHQ��:�DQG�-�YDQ�GHQ�%URHFN���������³(IILFLHQF\�(VWLPDWLRQ�IURP�&REE�'RXJODV�
3URGXFWLRQ�)XQFWLRQV�ZLWK�&RPSRVHG�(UURU�´�,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ����������
-XQH����������

0VDILUL��0EDJD��5REHUW�5RPDLQ��%UXQR�/DUXH�DQG�/XF�/HEHO���������³0HDVXUHV�RI�7HFKQLFDO
(IILFLHQF\�LQ�'DLU\�3URGXFWLRQ��&RPSDULVRQ�DQG�'HFRPSRVLWLRQ�´�SDSHU�SUHVHQWHG�DW�WKH
0HHWLQJV�RI�WKH�&DQDGLDQ�$JULFXOWXUDO�(FRQRPLFV�6RFLHW\��9DQFRXYHU��-XQH�������

1HOVRQ��5DQG\�DQG�.DWKOHHQ�7�+HYHUW��³(IIHFW�RI�&ODVV�6L]H�RQ�(FRQRPLHV�RI�6FDOH�DQG�
0DUJLQDO�&RVWV�LQ�+LJKHU�(GXFDWLRQ�´�$SSOLHG�(FRQRPLFV������0D\����������

3DULNK��$VKRN��)DUPDQ�$OL�DQG�0LU�.DODQ�6KDK���������³0HDVXUHPHQW�RI�(FRQRPLF�(IILFLHQF\�LQ
3DNLVWDQL�$JULFXOWXUH�´�$PHULFDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV������$XJXVW������
����

5HLIVFKQHLGHU��'DYLG�DQG�5RGQH\�6WHYHQVRQ���������³6\VWHPDWLF�'HSDUWXUHV�IURP�WKH�)URQWLHU��$
)UDPHZRUN�IRU�WKH�(IILFLHQF\�$QDO\VLV�RI�)LUP�,QHIILFLHQF\�´�,QWHUQDWLRQDO�(FRQRPLF
5HYLHZ������$XJXVW����������

5XJJLHUR��-RKQ���������³2Q�WKH�0HDVXUHPHQW�RI�7HFKQLFDO�(IILFLHQF\�LQ�WKH�3XEOLF�6HFWRU�´
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQV�5HVHDUFK��������������

6DUDIRJORX��1�DQG�.�(�+D\QHV���������³8QLYHUVLW\�3URGXFWLYLW\�LQ�6ZHGHQ��$�'HPRQVWUDWLRQ�
DQG�([SODQDWRU\�$QDO\VLV�IRU�(FRQRPLFV�DQG�%XVLQHVV�3URJUDPV�´�$QQDOV�RI�5HJLRQDO�
6FLHQFH��������������

6FKPLGW��3HWHU�DQG�&�$�.QR[�/RYHOO���������³(VWLPDWLQJ�7HFKQLFDO�DQG�$OORFDWLYH�,QHIILFLHQF\�



5HODWLYH�WR�6WRFKDVWLF�3URGXFWLRQ�DQG�&RVW�)URQWLHUV�´�-RXUQDO�RI�(FRQRPHWULFV�����
)HEUXDU\����������

6HLIRUG��/�0�DQG�5�0�7KDOO���������³5HFHQW�'HYHORSPHQWV�LQ�'($��7KH�0DWKHPDWLFDO�
3URJUDPPLQJ�$SSURDFK�WR�)URQWLHU�$QDO\VLV�´�-RXUQDO�RI�(FRQRPHWULFV�����������

6KDUPD��.KHP��3LQJVXQ�/HXQJ�DQG�+DOLQD�0�=DOHVNL���������³3URGXFWLYH�(IILFLHQF\�RI�WKH�
6ZLQH�,QGXVWU\�LQ�+DZDLL��6WRFKDVWLF�)URQWLHU�YV��'DWD�(QYHORSPHQW�$QDO\VLV�´�-RXUQDO�
RI�3URGXFWLYLW\�$QDO\VLV�������������

6LPDU��/HRSROG�DQG�3DXO�:�:LOVRQ���������³6HQVLWLYLW\�$QDO\VLV�RI�(IILFLHQF\�6FRUHV��+RZ�WR
%RRWVWUDS�LQ�1RQSDUDPHWULF�)URQWLHU�0RGHOV�´�0DQDJHPHQW�6FLHQFH������-DQXDU\��������

6LPDU��/HRSROG�DQG�3DXO�:�:LOVRQ���������³6WDWLVWLFDO�,QIHUHQFH�LQ�1RQSDUDPHWULF�)URQWLHU
0RGHOV��7KH�6WDWH�RI�WKH�$UW�´�-RXUQDO�RI�3URGXFWLYLW\�$QDO\VLV������������

6LQXDQ\�6WHUQ��=��$�0HKUH]�DQG�$�%DUER\���������³$FDGHPLF�'HSDUWPHQWV¶�(IILFLHQF\�YLD�
'($�´�&RPSXWHUV�DQG�2SHUDWLRQV�5HVHDUFK��������������

7D\ORU��7LPRWK\�*�DQG�-�6FRWW�6KRQNZLOHU���������³$OWHUQDWLYH�6WRFKDVWLF�6SHFLILFDWLRQ�RI�WKH�
)URQWLHU�3URGXFWLRQ�)XQFWLRQ�LQ�WKH�$QDO\VLV�RI�$JULFXOWXUDO�&UHGLW�3URJUDPV�DQG�
7HFKQLFDO�(IILFLHQF\�´�-RXUQDO�RI�'HYHORSPHQW�(FRQRPLFV��������������

7KXUVE\��-HUU\�*���������³:KDW�'R�:H�6D\�$ERXW�2XUVHOYHV�DQG�:KDW�'RHV�,W�0HDQ"��<HW
$QRWKHU�/RRN�DW�(FRQRPLFV�'HSDUWPHQW�5HVHDUFK�´�-RXUQDO�RI�(FRQRPLF�/LWHUDWXUH�����
����-XQH����������

7RPNLQV��&�DQG�5�*UHHQ���������³$Q�([SHULPHQW�LQ�WKH�8VH�RI�'DWD�(QYHORSPHQW�$QDO\VLV�IRU�
(YDOXDWLQJ�WKH�(IILFLHQF\�RI�8.�8QLYHUVLW\�'HSDUWPHQWV�RI�$FFRXQWLQJ�´�)LQDQFLDO�
$FFRXQWDELOLW\�DQG�0DQDJHPHQW�������������

9DQGHQ�(HFKDXW��3KLOOLSSH��+HQU\�7XONHQV�DQG�0DULH�$VWULG�-DPDU���������³&RVW�(IILFLHQF\�LQ�
%HOJLXP�0XQLFLSDOLWLHV�´�LQ�0HDVXUHPHQW�RI�3URGXFWLYH�(IILFLHQF\��7HFKQLTXHV�DQG�
$SSOLFDWLRQV��HGV��+DUROG�2�)ULHG��&�$�.QR[�/RYHOO�DQG�6KHOWRQ�6�6FKPLGW��2[IRUG��
2[IRUG�8QLYHUVLW\�3UHVV����������

9LWDOLDQR��'RQDOG�)���������³;�LQHIILFLHQF\�LQ�WKH�3XEOLF�6HFWRU��7KH�&DVH�RI�/LEUDULHV�´�3XELF�
)LQDQFH�5HYLHZ����������1RYHPEHU����������

9LWDOLDQR��'RQDOG�)�DQG�0DUN�7RUHQ���������³+RVSLWDO�&RVW�DQG�(IILFLHQF\�LQ�D�5HJLPH�RI�
6WULQJHQW�5HJXODWLRQ�´�(DVWHUQ�(FRQRPLF�-RXUQDO����������6SULQJ�����������
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