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$EVWUDFW
7KH�UHFHQW� �GHYHORSPHQW�RI�PXOWLOHYHO�,57�PRGHOV��)R[�	�*ODV��������������KDYH�VKRZQ�WR�EH�YHU\
XVHIXO� IRU� DQDO\]LQJ� UHODWLRQVKLSV� EHWZHHQ� REVHUYHG� YDULDEOHV� RQ� GLIIHUHQW� OHYHOV� FRQWDLQLQJ
PHDVXUHPHQW�HUURU��0RGHO�SDUDPHWHU�HVWLPDWHV�DQG�WKHLU�VWDQGDUG�GHYLDWLRQV�DUH�FRQFXUUHQWO\�HVWLPDWHG
WDNLQJ� DFFRXQW� RI� PHDVXUHPHQW� HUURU� LQ� REVHUYHG� YDULDEOHV�� 7KH� PXOWLOHYHO� ,57� PRGHOV� DUH�� LQ
SDUWLFXODU�� XVHIXO� LQ� WKH� DQDO\VLV� RI� VFKRRO� HIIHFWLYHQHVV� UHVHDUFK� GDWD� VLQFH� KLHUDUFKLFDO� VWUXFWXUHG
HGXFDWLRQDO� GDWD� DUH� VXEMHFW� WR� HUURU�� %\� UH�H[DPLQLQJ� VRPH� VFKRRO� HIIHFWLYHQHVV� VWXGLHV� WKH� EDVLF
DVSHFWV�RI�WKLV�QHZ�PRGHO�DQG�FRQVHTXHQFHV�RI�PHDVXUHPHQW�HUURU�DUH�VKRZQ�
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,QWURGXFWLRQ7KH� ODVW� GHFDGH�� WKHUH� LV� DQ� LQFUHDVLQJ� LQWHUHVW� LQ� WKH� DFFRXQWDELOLW\� RI� HGXFDWLRQDO� LQVWLWXWLRQV�
5HVHDUFK� KDV� IRFXVHG� RQ� PHDVXULQJ� WKH� CTXDOLW\
� RI� VFKRROV� DQG� PDNLQJ� TXDQWLWDWLYH� FRPSDULVRQV
EHWZHHQ�VFKRROV��0RVW�RI�WKH�GHEDWH�LQ�WKH�OLWHUDWXUH�FRQFHUQV�WKH�EHVW�FKRLFH�RI�LQGLFDWRU�PHDVXUHV��DV
D�VWDWLVWLFDO�PHDVXUHPHQW�RQ�D�VFKRRO�ZKLFK�LV�LQWHQGHG�WR�EH�UHODWHG�WR�WKH�TXDOLW\�RI� LWV� IXQFWLRQLQJ�
7KHVH� VR�FDOOHG� CSHUIRUPDQFH� LQGLFDWRUV
� FDQ�EH�XVHG� WR� MXGJH� VFKRRO� HIIHFWLYHQHVV� DQG� WR� GHWHUPLQH
ZKDW�PHDVXUHV�FDQ�EH� WDNHQ� IRU� LPSURYHPHQW��REWDLQLQJ�NQRZOHGJH�DERXW� WKH� UHODWLYH� VL]H� RI� VFKRRO
GLIIHUHQFHV��DQG�WR�ZKDW�H[WHQW�RWKHU�LQGLFDWRUV�PD\�H[SODLQ�GLIIHUHQFHV��:LWKLQ�WKLV�FRQWH[W��DWWHQWLRQ
KDV�IRFXVHG�RQ�FRQWH[WXDO�GLIIHUHQFHV�DQG�WKH�DSSURSULDWH�VSHFLILFDWLRQ�RI�D�VWDWLVWLFDO�PRGHO�
7KH�REMHFW� LQ� VFKRRO� HIIHFWLYHQHVV� UHVHDUFK� LV� WR� H[SORUH� GLIIHUHQFHV�ZLWKLQ� DQG�EHWZHHQ� VFKRROV�� E\
LQYHVWLJDWLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� H[SODQDWRU\� DQG� RXWFRPH� IDFWRUV�� 7KLV� LQYROYHV� FKRRVLQJ� DQ
RXWFRPH� YDULDEOH�� VXFK� DV� H[DPLQDWLRQ� DFKLHYHPHQW�� DQG� VWXG\LQJ� GLIIHUHQFHV� DPRQJ� VFKRROV� DIWHU
DGMXVWLQJ�IRU�UHOHYDQW�EDFNJURXQG�YDULDEOHV��$�JHQHUDO�DFFHSWDEOH�VWDWLVWLFDO�PRGHO�LQ�WKH�DVVHVVPHQW�RI
VFKRRO� HIIHFWLYHQHVV� UHTXLUHV� WKH� GHSOR\PHQW� RI� PXOWLOHYHO� DQDO\VLV� WHFKQLTXHV�� $� PXOWLOHYHO� PRGHO
GHVFULEHV� WKH� UHODWLRQVKLSV� EHWZHHQ� RQH� RU�PRUH� CRXWFRPH
� YDULDEOHV� �H[DPLQDWLRQ� UHVXOWV�� DWWLWXGHV��
VFKRRO� DQG� WHDFKHU� FKDUDFWHULVWLFV� �WHDFKHUV
� DWWLWXGHV�� ILQDQFLDO� UHVRXUFHV�� FODVV� VL]H��� DQG� VWXGHQWV

FKDUDFWHULVWLFV��DFKLHYHPHQWV��VRFLDO�EDFNJURXQG���7KH�PRGHO� LV�DSSURSULDWH�IRU� WKH�DQDO\VLV�RI�PXOWL�
VWDJH� QHVWHG� GHVLJQV�� 7KH� VDPSOLQJ� GHVLJQ� UHIOHFWV� WKH� VWUXFWXUH�ZLWK� VWXGHQWV� QHVWHG� LQ� FODVVHV�� DQG
FODVVHV�ZLWKLQ�VFKRROV��$�PXOWLOHYHO�DQDO\VLV�WDNHV�WKLV�VWUXFWXUH�LQWR�DFFRXQW��DQG�YDULDQFH�FRPSRQHQWV
DUH�PRGHOHG�DW�HDFK�VDPSOLQJ�OHYHO��WKDW�LV�VFKRROV�DQG�FODVVHV�DUH�UHJDUGHG�DV�UDQGRP�HIIHFWV��)XUWKHU�
WKH�PRGHO�WDNHV�LQWR�DFFRXQW�WKH�KRPRJHQHLW\�RI�UHVXOWV�RI�LQGLYLGXDO�SXSLOV�LQ�WKH�VDPH�VFKRRO��VLQFH
SXSLOV�LQ�WKH�VDPH�VFKRRO�VKDUH�FRPPRQ�H[SHULHQFHV��7KH�DSSURSULDWHQHVV�RI�PXOWLOHYHO�PRGHOV�LQ�WKH
DVVHVVPHQW�RI�VFKRRO�HIIHFWLYHQHVV�ZDV�VKRZQ�E\�$LWNLQ�DQG�/RQJIRUG���������)URP�WKDW�WLPH��PRVW�RI
WKH� UHVHDUFK� KDV� IRFXVHG� RQ� PXOWLOHYHO� PRGHOLQJ� RI� KLHUDUFKLFDO� VWUXFWXUHG� HGXFDWLRQDO� GDWD� DQG� WKH
DVVHVVPHQW� RI� UHOHYDQW� LQSXW� DQG� RXWSXW� LQGLFDWRUV� �VHH�� H�J��� *ROGVWHLQ�� ������ /RQJIRUG� �����
6FKHHUHQV�	�%RVNHU��������6QLMGHUV�	�%RVNHU���������$LWNLQ�DQG�ORQJIRUG��������DQG�*ROGVWHLQ�������
SRLQWHG� RXW� WKH� LPSRUWDQFH� RI� UHOLDEOH� IDFWRUV� WKDW� UHIOHFW� FKDUDFWHULVWLFV� RI� LQGLYLGXDOV� DQG� VFKRROV�
+RZHYHU�� WKH� CWUDGLWLRQDO
� PXOWLOHYHO� DQDO\VLV� WHFKQLTXHV� DVVXPH� WKDW� WKH� LQGLFDWRUV� DUH� PHDVXUHG
ZLWKRXW� HUURU�� 4XDQWLILDEOH� XQFHUWDLQWLHV� SODFH� OLPLWDWLRQV� RQ� WKH� SUHFLVLRQ� DQG� WKH� FRUUHFWQHVV� ZLWK
ZKLFK� VFKRROV� DUH� FRPSDUHG�� (GXFDWLRQDO� V\VWHPV� FDQ� EH� FRPSDUHG� ZLWK� HDFK� RWKHU� UHJDUGLQJ� WKHLU
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SHUIRUPDQFHV�� DGMXVWHG� IRU� FRQWH[W�� JLYHQ� DFFXUDWH� PHDVXUHV� RI� DOO� LQGLFDWRUV�� 7KH� LPSRUWDQFH� RI
UHOLDEOH�PHDVXUHPHQWV�LV�ZHOO�NQRZQ��*ROGVWHLQ���������EXW�REWDLQLQJ�DQG�KDQGOLQJ�PHDVXUHPHQW�HUURU
YDULDQFHV� LQ� WKH� DQDO\VLV� ZDV� SUREOHPDWLF�� 7KHUHIRUH�� )R[� DQG� *ODV� ������� ������ GHYHORSHG� D� QHZ
DSSURDFK� WR� PXOWLOHYHO� PRGHOLQJ� WKDW� WDNHV� LQWR� DFFRXQW� WKH� XQFHUWDLQW\� UHJDUGLQJ� WKH� SHUIRUPDQFH
LQGLFDWRUV�RQ�GLIIHUHQW�OHYHOV�

7KH�SUHVHQW�SDSHU�LOOXVWUDWHV� WKH�LPSRUWDQFH�RI� WDNLQJ�PHDVXUHPHQW�HUURU� LQWR�DFFRXQW� LQ� WKH
PXOWLOHYHO� DQDO\VLV��7KHUHIRUH�� WKUHH�GLIIHUHQW� LQWHUHVWLQJ� DSSOLFDWLRQV�ZLWKLQ� WKH� HGXFDWLRQDO� UHVHDUFK
DUH� SUHVHQWHG�� 7KH\� VKRZ� WKH� PRGHO� VSHFLILFDWLRQ� RSWLRQV� DQG� WKH� HIIHFWV� RI� PRGHOLQJ� H[SOLFLWO\
PHDVXUHPHQW�HUURUV��$IWHU�WKLV�LQWURGXFWLRQ��D�GHVFULSWLRQ�RI�PHDVXUHPHQW�HUURU�PRGHOV�ZLOO�EH�JLYHQ�
,Q�WKH�QH[W�VHFWLRQ��D�QHZ�DSSURDFK�WR�PXOWLOHYHO�PRGHOLQJ�LV�GHVFULEHG��7KHQ��WKUHH�UHDO�GDWD�H[DPSOHV
ZLOO�EH�JLYHQ��7KH�ODVW�VHFWLRQ�FRQWDLQV�D�GLVFXVVLRQ�DQG�VXJJHVWLRQV�IRU�IXUWKHU�UHVHDUFK�

0HDVXUHPHQW�(UURU
0RVW�PHDVXUHPHQWV�LQ�HGXFDWLRQDO�UHVHDUFK�DUH�VXEMHFW�WR�HUURU��7KDW�LV��LQGHSHQGHQWO\�DQG�UHSHDWHGO\
PHDVXULQJ�GRHV�QRW�SURGXFH�DQ�LGHQWLFDO�UHVXOW��EXW�GLIIHUHQW�REVHUYHG�YDOXHV�ZRXOG�EH�REWDLQHG��6FRUHV
REWDLQHG� IURP� D�PHDVXUHPHQW� LQVWUXPHQW� FDQ� EH� DIIHFWHG� E\� LWHP� LQFRQVLVWHQF\�� IOXFWXDWLRQV� ZLWKLQ
LQGLYLGXDOV��DQG�WKH�HQYLURQPHQW�ZKHUH�WKH�WHVW�WRRN�SODFH��7KH�HIIHFWV�RI�PHDVXUHPHQW�HUURU�KDYH�EHHQ
VWXGLHG� �VHH�� H�J��� *ROGVWHLQ�� ������ DQG� VKRZHG� WKDW� WKH� XVH� RI� XQUHOLDEOH� H[SODQDWRU\� YDULDEOHV
SURGXFHV� ELDV� LQ� WKH� HVWLPDWLRQ� RI� WKH� UHJUHVVLRQ� FRHIILFLHQWV�� 'LIIHUHQFHV� EHWZHHQ� VFKRROV� DQG
LQGLYLGXDOV� DUH� EOXUUHG� GXH� WR� PHDVXUHPHQW� HUURU� LQ� WKH� REVHUYHG� YDULDEOHV�� 2Q� WKH� RWKHU� KDQG�
HVWLPDWHV�RI�WKH�YDULDQFH�FRPSRQHQWV�DUH�WRR�ORZ�VLQFH�WKH�REVHUYHG�YDULDEOHV�DUH�WUHDWHG�DV�PHDVXUHG
ZLWKRXW� HUURU�� 7KHUHIRUH�� IDFWRUV� RU� VFKRRO� HIIHFWV� ZLWK� QR� LQIOXHQFH�� ZKHQ� WDNLQJ� WKH� PHDVXUHPHQW
HUURU�LQ�WKH�REVHUYHG�YDULDEOHV�LQWR�DFFRXQW��PD\�DSSHDU�WR�EH�SUHVHQW�ZKHQ�LJQRULQJ�WKH�PHDVXUHPHQW
HUURU�� 2U� VFKRRO� HIIHFWV� DSSHDU� WR� EH� VLJQLILFDQWO\� GLIIHUHQW� EXW� PD\� EH� FRPSDUDEOH� ZKHQ� WDNLQJ
PHDVXUHPHQW�HUURU�LQWR�DFFRXQW�

,WHP�5HVSRQVH�7KHRU\
0HDVXULQJ� LQGLYLGXDO�GLIIHUHQFHV� LQ�DELOLW\� LV�GLIILFXOW�� VLQFH�H[DPLQHHV¶� DELOLWLHV� FDQQRW� EH� REVHUYHG
GLUHFWO\��7HVWV�RU�TXHVWLRQQDLUHV�DUH�QHHGHG�WR�PHDVXUH�WKH�LQGLYLGXDO�DELOLWLHV��,Q�D�FRQYHQWLRQDO�WHVWLQJ
SURFHGXUH�WKH�H[DPLQHHV�DQVZHU�LWHPV�VFRUHG�DV�FRUUHFW�RU�LQFRUUHFW��WKDW�LV��GLFKRWRPRXV�VFRUHG�LWHPV�
7KH�PRVW� HDVLHVW� ZD\� LV� WR� FRQVLGHU� WKH� QXPEHU� RI� FRUUHFW� DQVZHUV� DV� D� WHVW� VFRUH� UHSUHVHQWLQJ� WKH
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DELOLW\�� $Q� LPSRUWDQW� DVSHFW� LV� WKH� DFFXUDF\� RI� WKH� WHVW� VFRUH�� 7HVW� VFRUHV� EDVHG� RQ� D� IHZ� LWHPV� DUH
XQUHOLDEOH�� 2EYLRXVO\�� WKH� DFFXUDF\� RI� WKH� WHVW� VFRUH� LQFUHDVHV� DV� WKH� QXPEHU� RI� � DQVZHUHG� LWHPV
LQFUHDVHV�� 7KLV� WHVW� VFRUH� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� DOO� LWHPV� SURYLGH� HTXDO� LQIRUPDWLRQ� LQ
HVWLPDWLQJ� WKH�DELOLW\��$�PRUH�DGYDQFHG� VFRUH�FRQVLVWV�RI� D�ZHLJKWHG� VFRUH�RI� WKH� QXPEHU� RI� FRUUHFW
LWHPV�� %XW� WKHUH� DUH� RWKHU� LPSRUWDQW� DVSHFWV� WKDW� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� PHDVXULQJ
H[DPLQHHV¶�DELOLWLHV��7KH�FKDUDFWHULVWLFV�RI�WKH�WHVW�DQG�WKDW�RI�WKH�H[DPLQHHV��VKRXOG�EH�VHSDUDWHG��7KLV
PHDQV�WKDW�WKH�WHVW�VFRUH�LV�QRW�WHVW�GHSHQGHQW��DQG�PDNHV�LW�SRVVLEOH�WR�FRPSDUH�H[DPLQHHV�ZKR�WDNH
GLIIHUHQW� WHVWV�� 7KH� HUURUV� RI� PHDVXUHPHQWV� GLIIHU� IRU� H[DPLQHHV� RI� GLIIHUHQW� DELOLW\�� &RQVLGHU� DQ
H[DPLQHH� WKDW� PDNHV� DOO� LWHPV� LQFRUUHFW�� 7KH� WHVW� VFRUH� LQGLFDWHV� D� ORZ� DELOLW\� EXW� SURYLGHV� QR
LQIRUPDWLRQ�DERXW�H[DFWO\�KRZ�ORZ��0RUH�SUHFLVH�LQIRUPDWLRQ�LV�REWDLQHG�ZKHQ�DQ�H[DPLQHH�JHWV�VRPH
LWHPV�ULJKW�DQG�VRPH�ZURQJ��

7KHVH�DQG�RWKHU�IHDWXUHV�FDQ�EH�REWDLQHG�ZLWKLQ�WKH�IUDPHZRUN�RI�LWHP�UHVSRQVH�WKHRU\��,57��
7KH�FODVV�RI�LWHP�UHVSRQVH�WKHRU\��,57��PRGHOV�GHVFULEH�WKH�UHODWLRQVKLS�EHWZHHQ�DQ�H[DPLQHH
V�DELOLW\
DQG� UHVSRQVHV� EDVHG� RQ� WKH� FKDUDFWHULVWLFV� RI� WKH� LWHPV� RI� WKH� WHVW�� 7KH� GHSHQGHQFH� RI� WKH� REVHUYHG
UHVSRQVHV� WR� GLFKRWRPRXV� RU� SRO\WRPRXV� VFRUHG� LWHPV� RQ� DQ� DELOLW\� LV� IXOO\� VSHFLILHG� E\� WKH� LWHP
FKDUDFWHULVWLF� IXQFWLRQ��ZKLFK� LV� WKH� UHJUHVVLRQ�RI� LWHP�VFRUH�RQ� WKH� ODWHQW� DELOLW\��7KH� LWHP� UHVSRQVH
IXQFWLRQ�LV�XVHG�WR�PDNH�LQIHUHQFHV�DERXW�WKH�ODWHQW�DELOLW\�IURP�WKH�REVHUYHG�LWHP�UHVSRQVHV��7KH�LWHP
FKDUDFWHULVWLF�IXQFWLRQV�FDQQRW�EH�REVHUYHG�GLUHFWO\�EHFDXVH�WKH�DELOLW\�SDUDPHWHU�LV�QRW�REVHUYHG��%XW
XQGHU� FHUWDLQ� DVVXPSWLRQV� LW� LV� SRVVLEOH� WR� LQIHU� WKH� LQIRUPDWLRQ� RI� LQWHUHVW� IURP� WKH� H[DPLQHH
V
UHVSRQVHV�WR�WKH�WHVW�LWHPV��VHH��/RUG�DQG�1RYLFN��������RU�/RUG��������

2QH�RI�WKH�IRUPV�RI� WKH�LWHP�UHVSRQVH�IXQFWLRQ�IRU�D�GLFKRWRPRXV�LWHP�LV� WKH�WZR�SDUDPHWHU
PRGHO��7KH�SUREDELOLW\�WKDW�DQ�H[DPLQHH�DQVZHUV�DQ�LWHP�FRUUHFWO\�GHSHQGV�RQ�KLV�DELOLW\��WKH�GLIILFXOW\
RI� WKH� LWHP��DQG� WKH�GLVFULPLQDWLQJ�EHKDYLRU�RI� WKH� LWHP��7KH�GLIILFXOW\�SDUDPHWHU� LV� WKH�SRLQW�RQ� WKH
DELOLW\�VFDOH�ZKHUH�WKH�SUREDELOLW\�RI�D�FRUUHFW�UHVSRQVH�LV������7KH�JUHDWHU�WKH�YDOXH�RI�WKH�GLIILFXOW\
SDUDPHWHU��WKH�JUHDWHU�WKH�DELOLW\�WKDW�LV�UHTXLUHG�WR�KDYH�D�����FKDQFH�RI�JHWWLQJ�WKH�LWHP�FRUUHFW��7KH
GLVFULPLQDWLRQ�SDUDPHWHU� LV�SURSRUWLRQDO� WR�WKH�VORSH�RI� WKH�LWHP�UHVSRQVH�IXQFWLRQ�DW� WKH�SRLQW�RI� WKH
GLIILFXOW\�SDUDPHWHU�RQ�WKH�DELOLW\�VFDOH��,WHPV�ZLWK�KLJK�GLVFULPLQDWLRQ�SDUDPHWHU�YDOXHV�DUH�XVHIXO�IRU
VHSDUDWLQJ�H[DPLQHHV� LQWR�GLIIHUHQW�DELOLW\� OHYHOV�� ,Q�)LJXUH��� WZR�GLIIHUHQW� LWHP�FKDUDFWHULVWLF� FXUYHV
DUH�SORWWHG��7KH�FXUYHV�GLIIHU�E\�ORFDWLRQ�RQ�WKH�DELOLW\�VFDOH�DQG�E\�WKH�VORSHV��,WHP���LV�PRUH�GLIILFXOW
DQG�VKLIWHG�WR�WKH�ULJKW�RQ�WKH�DELOLW\�VFDOH��7KH�LWHP�FKDUDFWHULVWLF�FXUYH�RI�,WHP���FRUUHVSRQGV�ZLWK�D
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KLJKHU�GLVFULPLQDWLRQ�SDUDPHWHU��$V�D� UHVXOW�� D� VPDOO� LQFUHDVH� LQ� DELOLW\� OHDGV� WR� D� KLJKHU� LQFUHDVH� LQ
SUREDELOLW\�RI�VFRULQJ�FRUUHFW�LQ�FRPSDULVRQ�WR�LWHP���

$Q�DVVXPSWLRQ�RI�WKH�WZR�SDUDPHWHU�,57�PRGHO�LV�WKDW�RQO\�RQH�DELOLW\�LV�PHDVXUHG�E\�D�VHW�RI
LWHPV� LQ� D� WHVW�� 7KH� DELOLW\� RI� DQ� H[DPLQHH� LV� WKH� RQO\� IDFWRU� LQIOXHQFLQJ� LWV� UHVSRQVHV� WR� WHVW� LWHPV�
7KHUH� H[LVW� QR� UHODWLRQVKLS� EHWZHHQ� WKH� H[DPLQHH¶V� UHVSRQVHV� JLYHQ� WKH� H[DPLQHH¶V� DELOLW\��$Q� ,57
PRGHO�PD\�SURYLGH�DQ�DGHTXDWH� 3UREDELOLW\�RI�D�FRUUHFW�UHVSRQVHGHVFULSWLRQ�RI�WKH�WHVW�GDWD��,W�LV�HVVHQWLDO�WR�WHVW�WKH�ILW�RI�WKH�PRGHO�WR
WKH�GDWD 3UREDELOLW\�RI�D�FRUUHFW�UHVSRQVH��7KH� H[DPLQHHV¶� DELOLWLHV� DUH� XQREVHUYDEOH� EXW� FDQ�EH� HVWLPDWHG��$Q� ,57�PRGHO� SURYLGHV� D
IUDPHZRUN�IRU�WKH�XQFHUWDLQW\�UHJDUGLQJ�WKH�HVWLPDWH�RI� WKH�DELOLW\��6R��DQ� ,57�PRGHO�FDQ�EH�XVHG� WR
PHDVXUH� WKH� DELOLWLHV� RI� WKH� H[DPLQHHV�� DQG� TXDQWLILHV� WKH� XQFHUWDLQW\� UHJDUGLQJ� WKH� HVWLPDWH�� $Q
RYHUYLHZ�RI�GLIIHUHQW�,57�PRGHOV��WR�KDQGOH�WKH�HIIHFW�RI�JXHVVLQJ�RU�SRO\WRPRXVO\�VFRUHG�LWHPV��VHH�
H�J���+DPEOHWRQ�DQG�6ZDPLQDWKDQ��������RU�YDQ�GHU�/LQGHQ�DQG�+DPEOHWRQ��������

)LJXUH����7ZR�SDUDPHWHU�LWHP�FKDUDFWHULVWLF�FXUYHV�IRU�WZR�GLIIHUHQW�LWHPV�
�� �� � � ����

���

���
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0XOWLOHYHO�,WHP�5HVSRQVH�7KHRU\��,57��0RGHO
,Q�PRVW�RI�WKH�HGXFDWLRQDO�UHVHDUFK��PHDVXUHPHQWV�DUH�QHHGHG�DW�WKH�LQGLYLGXDO�DQG�WKH�JURXS

OHYHO��)RU�H[DPSOH��VWXGHQWV
�SUH�WHVW�VFRUHV��VRFLRHFRQRPLF�VWDWXV��6(6��RU�LQWHOOLJHQFH�DUH�RIWHQ�XVHG
DV�H[SODQDWRU\�YDULDEOHV�LQ�SUHGLFWLQJ�VWXGHQWV
�H[DPLQDWLRQ�UHVXOWV��6WXGHQWV
�H[DPLQDWLRQ�UHVXOWV�FDQ
EH�VHHQ�DV�DQ�LQGLFDWRU�IRU�WKH�VWXGHQWV¶�DELOLWLHV��7KH\�DUH�PHDVXUHG�VXEMHFW�WR�HUURU��7KH�H[SODQDWRU\
YDULDEOHV��6(6�DQG�LQWHOOLJHQFH��FDQQRW�EH�REVHUYHG�GLUHFWO\�DQG�WHVW�GDWD�DUH�QHHGHG�WR�HVWLPDWH�WKHVH
SUHGLFWRUV�� ,Q� VXPPDU\�� REVHUYHG� WHVW� GDWD� FDQ� EH� VHHQ� DV� LQGLFDWRUV� IRU� WKH� ODWHQW� YDULDEOHV�� VD\�
DELOLWLHV�RU�FKDUDFWHULVWLFV��7KH�ODWHQW�YDULDEOHV�FDQ�EH�LQFRUSRUDWHG�LQ�D�PXOWLOHYHO�PRGHO�

7KH�LGHD�EHKLQG�WKH�PXOWLOHYHO�,57�PRGHO� LV� WR�PHDVXUH�HDFK� ODWHQW�YDULDEOH� LQFRUSRUDWHG� LQ
WKH�PXOWLOHYHO�PRGHO�ZLWK�DQ�,57�PRGHO��/HW�\LMN�GHQRWH�WKH�REVHUYHG�LWHP�UHVSRQVH�RI�WKH�LWK�VWXGHQW�LQWKH�MWK�VFKRRO�WR�LWHP�N��/HW�D�WZR�SDUDPHWHU�,57�PRGHO�UHODWHV�WKH�REVHUYHG�GLFKRWRPRXV�LWHP�UHVSRQVH
ZLWK�WKH�VWXGHQWV¶�ODWHQW�DELOLW\�� LM �T �WKDW�LV���� �� �� ���_ � �LMN LM N N N LM N3 < D E D ET T)    �� ���
ZKHUH�-�LV�WKH�FXPXODWLYH�QRUPDO�GLVWULEXWLRQ��DN�DQG�EN�DUH�WKH�GLVFULPLQDWLRQ�DQG�GLIILFXOW\�SDUDPHWHURI� LWHP�N�� UHVSHFWLYHO\��7KH� ODWHQW�YDULDEOH�FDQ�EH� LQFRUSRUDWHG� LQ�D�PXOWLOHYHO�PRGHO� DV�D�GHSHQGHQW
YDULDEOH�WR�H[SORUH�GLIIHUHQFHV�DPRQJ�VWXGHQWV¶�DELOLWLHV�

� � �LM M M LM 4M 4LM LM; ; HT E E E  �� �� �� ��! ���
DQG

� � �TM T T TM T6 6TM TM: : XE J J J  �� �� �� ��! ���
IRU� �� �T 4  ! �� %RWK� UHVLGXDOV�� LMH � DQG� �TMX DUH� DVVXPHG� WR� EH� QRUPDOO\� GLVWULEXWHG�� 7KH� RWKHU
DVVXPSWLRQV�RI�WKH�PXOWLOHYHO�PRGHO�FDQ�EH�IRXQG�LQ�6QLMGHUV�DQG�%RVNHU���������7KH�HTXDWLRQV�����WR
����GHILQH�D�PXOWLOHYHO�,57�PRGHO��ZLWK�D�ODWHQW�GHSHQGHQW�YDULDEOH�PHDVXUHG�E\�D�WZR�SDUDPHWHU�,57
PRGHO��+HUH��D� ODWHQW�YDULDEOH�LV�XVHG�DV�D�GHSHQGHQW�YDULDEOH��7KHQ�� WKH�,57�PRGHO�FDQ�EH�VHHQ�DV�D
OHYHO�ZLWKLQ�WKH�PXOWLOHYHO�PRGHO��7KH�LWHP�UHVSRQVHV�DUH�/HYHO���XQLWV��DQG�WKH�H[DPLQHHV�DUH�QHVWHG
ZLWKLQ� WKH� LWHP� UHVSRQVHV�� 7KH� PXOWLOHYHO� ,57� PRGHO� SUHVHQWHG� LV� MXVW� RQH� IRUP� RI� WKH� YDULRXV
SRVVLELOLWLHV�� /DWHQW� YDULDEOHV� FDQ� DOVR� EH� LQFRUSRUDWHG� DV� DQ� H[SODQDWRU\� YDULDEOH� DW� WKH� VWXGHQW� RU
VFKRRO� OHYHO��$�PXOWLOHYHO� ,57�PRGHO�FDQ�DOVR�FRQVLVW�RI� D�PXOWLOHYHO�PRGHO� WKDW�GHILQHV� WKH� UHODWLRQ
EHWZHHQ� GLIIHUHQW� ODWHQW� YDULDEOHV�� DQG� YDULRXV� ,57� PRGHOV� IRU� PHDVXULQJ� WKH� ODWHQW� YDULDEOHV�
)XUWKHUPRUH�� GLIIHUHQW� ,57�PRGHOV� FDQ� EH� XVHG� WR�PHDVXUH� D� ODWHQW� YDULDEOH�� )RU� H[DPSOH�� D� JUDGHG
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UHVSRQVH� ,57� PRGHO� FDQ� EH� XVHG� WR� KDQGOH� SRO\WRPRXV� UHVSRQVH� GDWD�� 7KLV� PHDVXUHPHQW� PRGHO
DVVXPHV�WKDW�WKH�DYDLODEOH�LWHP�FDWHJRULHV�WR�ZKLFK�D�VWXGHQW�UHVSRQGV�FDQ�EH�RUGHUHG��7KH�SUREDELOLW\
WKDW� WKH�VWXGHQW�ZLWK�ODWHQW�DELOLW\� LMT REWDLQV�D�JUDGH�F��RU�JLYHV�D�UHVSRQVH�IDOOLQJ�LQWR�FDWHJRU\�F�RQ
LWHP�N�LV�GHILQHG�E\ �� �� �� �� �� ��LMN �3 < _ � �LM N N NF N LM NF N LMF D E D E DT T T) ) ��    �� �� ��E ���
ZKHUH�ENF�DQG�ENF���DUH� WKH�WKUHVKROG�SDUDPHWHUV�RI�FDWHJRU\�F��7KLV�JUDGHG�UHVSRQVH�,57�PRGHO� LV�� LQSDUWLFXODU�� XVHIXO� IRU� UHVSRQVHV� WR� /LNHUW�W\SH� LWHPV�� ZKRVH� UHVSRQVHV� DUH� VFRUHG� LQ� JUDGHG� IDVKLRQ�
7KHVH�W\SH�RI� LWHPV�ZHUH�XVHG� LQ� WKH� WKLUG�DSSOLFDWLRQ�ZKHUH� WKH�JUDGHG�UHVSRQVH�PRGHO� LV�XVHG�DV�D
PHDVXUHPHQW�PRGHO�

$� VHFRQG� FKDUDFWHULVWLF� RI�PXOWLOHYHO� ,57�PRGHOLQJ� LV� WR� HVWLPDWH� VLPXOWDQHRXVO\� DOO�PRGHO
SDUDPHWHUV��7KLV�PHDQV�WKDW�WKH�XQFHUWDLQW\�LQ�WKH�PHDVXUHPHQWV�RI�WKH�ODWHQW�YDULDEOHV�DUH�WDNHQ�LQWR
DFFRXQW� LQ� WKH� HVWLPDWLRQ�RI� WKH� RWKHU�PRGHO� SDUDPHWHUV�� ,Q�PRVW� FDVHV�� LQGLYLGXDO� DELOLWLHV� RU� JURXS
FKDUDFWHULVWLFV�DUH�HVWLPDWHG�DQG� LPSXWHG� LQ� WKH�PXOWLOHYHO� DQDO\VLV�� 6XEVHTXHQWO\�� WKH�PHDVXUHPHQWV
DUH� DVVXPHG� WR� EH� REVHUYHG� ZLWKRXW� DQ� HUURU�� $V� D� UHVXOW�� WKH� HVWLPDWHG� UHJUHVVLRQ� FRHIILFLHQWV� DUH
ELDVHG�DQG�WKHLU�VWDQGDUG�GHYLDWLRQV�DUH�WR�VPDOO�

%D\HV� )DFWRU� �%)�� FDQ� EH� XVHG� ZKHQ� FKRRVLQJ� EHWZHHQ� D� VHW� RI� FRPSHWLQJ�PXOWLOHYHO� ,57
PRGHOV��6XSSRVH�WKDW�WKHUH�DUH�WZR�PRGHOV�0��DQG�0��DQG�OHW�\�GHQRWH�WKH�REVHUYHG�GDWD��7KH�TXDQWLW\�� ���� ����__S 0%) S 0  \\ ���
LV�WKH�%D\HV�IDFWRU�DQG�GHILQHV�WKH�UDWLR�RI�WKH�SRVWHULRU�RGGV�RI�0��RYHU�0���,Q�SUDFWLFH��YDOXHV�RI�WKH
%)�DUH�HYDOXDWHG�RQ�D�ORJ�VFDOH��,I� �� ����ORJ %) ��!! � WKHQ�LW�FDQ�EH�VWDWHG� WKDW�PRGHO�0�� LV�PRUH� OLNHO\
WKDQ�PRGHO�0��7KH�VWDQGDUG�PXOWLOHYHO� VRIWZDUH� �+/0��5DXGHQEXVK�HW� DO���������0/ZL1��*ROGVWHLQ�HW� DO��
������FDQQRW�EH�XVHG�WR�HVWLPDWH�VLPXOWDQHRXVO\�DOO�SDUDPHWHUV�RI�D�PXOWLOHYHO�,57�PRGHO��7KHUHIRUH�
VRIWZDUH��ZKLFK�LV�IUHHO\�DYDLODEOH�YLD�WKH�LQWHUQHW��)R[���������KDV�EHHQ�GHYHORSHG�WR�PDNH�PXOWLOHYHO
,57�PRGHOLQJ� DFFHVVLEOH� IRU� RWKHU� UHVHDUFKHUV��'HWDLOV� DERXW� WKH� HVWLPDWLRQ�PHWKRG� FDQ� EH� IRXQG� LQ
)R[� ������� DQG� )R[� DQG�*ODV� ������� ������� 7KH� FRPSXWDWLRQV� IRU� WKH� DSSOLFDWLRQV� EHORZ� DUH� GRQH
XVLQJ�WKH�PXOWLOHYHO��,57�VRIWZDUH�
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7KUHH�$SSOLFDWLRQV
7KH�DSSOLFDWLRQV�IRFXV�RQ�VFKRRO�HIIHFWLYHQHVV�UHVHDUFK�ZLWK�IXQGDPHQWDO� LQWHUHVW� LQ�WKH�GHYHORSPHQW
RI�NQRZOHGJH�DQG�VNLOO�RI�LQGLYLGXDO�VWXGHQWV�LQ�UHODWLRQ�WR�VFKRRO�FKDUDFWHULVWLFV��'DWD�DUH�DQDO\]HG�DW
WKH�LQGLYLGXDO�OHYHO�DQG�LW�LV�DVVXPHG�WKDW�FODVVURRPV��VFKRROV��DQG�H[SHULPHQWDO�LQWHUYHQWLRQV�KDYH�DQ
HIIHFW�RQ�DOO� VWXGHQWV�H[SRVHG� WR� WKHP�� ,Q�VFKRRO�RU� WHDFKHU�HIIHFWLYHQHVV� UHVHDUFK��ERWK� OHYHOV�RI� WKH
PXOWLOHYHO�PRGHO�DUH�RI�LPSRUWDQFH�EHFDXVH�WKH�REMHFWV�RI�LQWHUHVW�DUH�VFKRROV�DQG�WHDFKHUV�DV�ZHOO�DV
VWXGHQWV�� ,QWHUHVW� PD\� H[LVW� LQ� WKH� HIIHFW� RQ� VWXGHQW� OHDUQLQJ� RI� WKH� RUJDQL]DWLRQDO� VWUXFWXUH� RI� WKH
VFKRRO��FKDUDFWHULVWLFV�RI�D�WHDFKHU��DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�VWXGHQW�

$�'XWFK�3ULPDU\�6FKRRO�0DWKHPDWLFV�7HVW
7KH�PDWKHPDWLFDO� VNLOOV�RI�JUDGH���VWXGHQWV�DFURVV�VFKRROV�ZHUH�FRPSDUHG� �'RRODDUG���������2QH�RI
WKH�UHVHDUFK�TXHVWLRQV�LQ�WKH�VWXG\�ZDV�ZKHWKHU�VFKRROV�WKDW�SDUWLFLSDWH�RQ�D�UHJXODU�EDVLV�LQ�WKH�FHQWUDO
SULPDU\�VFKRRO�OHDYLQJ�WHVW�LQ�WKH�1HWKHUODQGV�SHUIRUP�EHWWHU�WKDQ�VFKRROV�WKDW�GR�QRW�SDUWLFLSDWH�RQ�D
UHJXODU� EDVLV�� 7KLV� GDWD� VHW� ZDV� DOVR� DQDO\]HG� E\� )R[� DQG� *ODV� �������� 6WXGHQWV� RI� JUDGH� �� RI� ��
VFKRROV� ZHUH� JLYHQ� D� PDWKHPDWLFV� WHVW� FRQVLVWLQJ� RI� ��� PDWKHPDWLFV� LWHPV� �FRUUHFW�LQFRUUHFW�� WDNHQ
IURP�WKH�VFKRRO�OHDYLQJ�H[DPLQDWLRQ�GHYHORSHG�E\�WKH�1DWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�0HDVXUHPHQW
�&LWR���2I�WKH����VFKRROV�VDPSOHG�����VFKRROV�UHJXODUO\�SDUWLFLSDWHG�LQ�WKH�VFKRRO�OHDYLQJ�H[DPLQDWLRQ
�&LWR�� � QR�� � \HV��� 7KH� WRWDO� QXPEHU� RI� VWXGHQWV� IRU� ZKLFK� GDWD� ZHUH� DYDLODEOH� ZDV� ������ 7KUHH
VWXGHQWV
�FKDUDFWHULVWLFV�ZHUH�XVHG�DV�D�SUHGLFWRU� IRU� WKH� VWXGHQWV
� DFKLHYHPHQW�� VRFLRHFRQRPLF� VWDWXV
�6(6���QRQ�YHUEDO�LQWHOOLJHQFH�WHVW��,6,��DQG�*HQGHU��� PDOH��� IHPDOH��

,Q� WKH� PXOWLOHYHO� ,57� DQDO\VLV�� D� WZR�SDUDPHWHU� ,57�PRGHO� ZDV� XVHG� WR� PHDVXUH� WKH� PDWK
DELOLWLHV� RI�WKH�VWXGHQWV��$�PXOWLOHYHO�PRGHO�ZDV�XVHG�WR�H[SODLQ�GLIIHUHQFHV�LQ�WKH�PDWK�DELOLWLHV��7KH
PXOWLOHYHO�,57�DQDO\VLV�ZDV�FRPSDUHG�ZLWK�D�PXOWLOHYHO�DQDO\VLV�XVLQJ�REVHUYHG�VXP�VFRUHV��WKH�VXP�RI
WKH� QXPEHU� RI� FRUUHFW� DQVZHUV�� DV� D� PHDVXUHPHQW� IRU� WKH� PDWK� DELOLWLHV�� )XUWKHU� RQ�� D� PXOWLOHYHO
DQDO\VLV�XVLQJ�REVHUYHG�VXP�VFRUHV�ZLOO�EH�GHQRWHG�DV�D�VWDQGDUG�PXOWLOHYHO�DQDO\VLV��DQG�D�PXOWLOHYHO
PRGHO�LQFOXGLQJ�REVHUYHG�VXP�VFRUHV�ZLOO�EH�GHQRWHG�DV�D�VWDQGDUG�PXOWLOHYHO�PRGHO��7KH�UHOLDELOLW\�RI
WKH�VFDOH�VFRUHV��&URQEDFK¶V�.��HTXDOV������1RWLFH�WKDW�WKH�UHOLDELOLW\�FRHIILFLHQW�UHODWHV�WR�WKH�REVHUYHG
VXP� VFRUHV� DQG�RQO\�PDNHV� VHQVH� LQ� WKH� VWDQGDUG�PXOWLOHYHO� DQDO\VLV�� )RU� FRPSDUDWLYH� SXUSRVHV�� WKH
GHSHQGHQW�YDULDEOH�LQ�WKH�VWDQGDUG�PXOWLOHYHO�DQG�PXOWLOHYHO�,57�PRGHO�DQG�WKH�/HYHO���SUHGLFWRUV��,6,
DQG�6(6��ZHUH�QRUPDOO\�VWDQGDUGL]HG��7DEOH���UHSRUWV�WKH�SDUDPHWHU�HVWLPDWHV�RI�ERWK�HPSW\�PRGHOV�
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,QVHUW�7DEOH���DERXW�KHUH
7KH� JURXSLQJ� RI� VWXGHQWV� LQ� VFKRROV� H[SODLQHG� D� ORW� RI� YDULDQFH� LQ� WKH� PDWK� DELOLWLHV�� 7KH

PXOWLOHYHO�,57�SDUDPHWHU�HVWLPDWHV�VKRZ�WKDW�����RI�WKH�LQGLYLGXDO�YDULDQFH�LV�H[SODLQHG�DW�WKH�VFKRRO
OHYHO�� )URP� WKH� VWDQGDUG�PXOWLOHYHO� DQDO\VLV� IROORZV� WKDW� RQO\� ���� LV� H[SODLQHG� DW� WKH� VFKRRO� OHYHO�
7KXV�� PRUH� SURSRUWLRQ� RI� YDULDQFH� LV� H[SODLQHG� DW� WKH� VFKRRO� OHYHO� DFFRUGLQJ� WR� WKH� PXOWLOHYHO� ,57
PRGHO��1RWLFH� WKDW� WKH� GHSHQGHQW� YDULDEOHV� LQ� ERWK�PRGHOV� DUH� QRUPDOO\� VWDQGDUGL]HG�� 7KH� VWDQGDUG
HUURUV�DUH�VRPHZKDW�ODUJHU�LQ�WKH�PXOWLOHYHO�,57�PRGHO��VLQFH�WKH�PHDVXUHPHQW�HUURU�LQ�WKH�GHSHQGHQW
YDULDEOH�LV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�HVWLPDWLRQ�RI�WKH�RWKHU�PRGHO�SDUDPHWHUV�

7R� H[SODLQ� YDULDQFH� DW� WKH� LQGLYLGXDO� OHYHO�� WKUHH� /HYHO� �� H[SODQDWRU\� YDULDEOHV� ZHUH
LQWURGXFHG��)XUWKHU��WKH�/HYHO���YDULDEOH�&LWR�ZDV�LQFRUSRUDWHG��7KH�LWHP�UHVSRQVHV�IRU�PHDVXULQJ�6(6
DQG�,6,�ZHUH�QRW�DYDLODEOH��WKHUHIRUH��WKH�FRPSXWHG�VFRUHV�ZHUH�GLUHFWO\�XVHG�LQ�WKH�DQDO\VLV��7KH�PDLQ
UHVXOW� RI� WKH� DQDO\VLV� �7DEOH� ��� ZDV� WKDW� FRQGLWLRQDOO\� RQ� 6(6�� ,6,� DQG� *HQGHU�� WKH� &LWR� VFKRROV
SHUIRUPHG�EHWWHU�WKDQ�WKH�QRQ�&LWR�VFKRROV��7KDW�LV��D�VLJQLILFDQW�SRVLWLYH�HIIHFW�RQ�WKH�VWXGHQWV¶�PDWK
DELOLWLHV�ZDV�IRXQG�IURP�VFKRROV�WKDW�SDUWLFLSDWH�RQ�D�UHJXODU�EDVLV�LQ�WKH�FHQWUDO�SULPDU\�VFKRRO�OHDYLQJ
WHVW�� 7KH� SRVLWLYH� HIIHFWV� RI� WKH� /HYHO� �� SUHGLFWRUV� ,6,� DQG� 6(6� VKRZ� WKDW� VWXGHQWV� ZLWK� D� KLJK
VRFLRHFRQRPLF�VWDWXV�DQG�KLJK�VFRUH�RQ�WKH�QRQ�YHUEDO� LQWHOOLJHQFH�WHVW�SHUIRUPHG�EHWWHU�RQ� WKH�PDWK
WHVW��7KH�HIIHFW�RI�*HQGHU�ZDV�DOVR�VLJQLILFDQW�DQG�QHJDWLYH�PHDQLQJ�WKDW�WKH�ER\V�RXWSHUIRUPHG�JLUOV
RQ�WKH�PDWK�WHVW�

,QVHUW�7DEOH���DERXW�KHUH
)URP�7DEOH��� LW�FDQ�EH�VHHQ� WKDW� WKH� VWDQGDUG�PXOWLOHYHO� DQDO\VHV� OHG� WR�GLIIHUHQW�RXWFRPHV�

7KH�HVWLPDWHG�HIIHFWV�RI� WKH�SUHGLFWRUV�FRUUHVSRQGLQJ�WR�WKH�PXOWLOHYHO� ,57�PRGHO�DUH�DOO�KLJKHU� WKDQ
WKH�HIIHFWV�RI�WKH�PXOWLOHYHO�PRGHO�ZLWK�DQ�REVHUYHG�VXP�VFRUH�DV�WKH�GHSHQGHQW�YDULDEOH��'LIIHUHQFHV
EHWZHHQ�VWXGHQWV¶�PDWKHPDWLFV�DELOLWLHV�DQG�WKH�HIIHFWV�RI� WKH� LQGLYLGXDO�FKDUDFWHULVWLFV�EHFRPH�PRUH
DSSDUHQW��7KH�PHDVXUHPHQW�HUURU�LQ�WKH�REVHUYHG�VXP�VFRUHV�FDXVHV�WKDW�WKH�HIIHFWV�RI�WKH�/HYHO���DQG
/HYHO� �� SUHGLFWRUV� DUH� DWWHQXDWHG� WRZDUGV� ]HUR�� 7KH� PHDVXUHPHQW� EDVHG� RQ� WKH� WZR�SDUDPHWHU� ,57
PRGHO�UHVXOWHG�LQ�D�VKDUSHU�GLVWLQFWLRQ�EHWZHHQ�VWXGHQWV¶�RXWFRPHV�WKDQ�WKH�REVHUYHG�VXP�VFRUHV��$V�D
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UHVXOW�� PRUH� YDULDQFH� LV� XQH[SODLQHG� DW� /HYHO� �� DQG� WKH� YDULDQFH� H[SODLQHG� GXH� WR� WKH� JURXSLQJ� LV
FRQVLGHUDEOH�ORZHU�LQ�WKH�VWDQGDUG�PXOWLOHYHO�DQDO\VLV��$�VXEVWDQWLDO�SURSRUWLRQ�RI�YDULDQFH�LV�H[SODLQHG
E\�WKH�H[SODQDWRU\�YDULDEOHV�� LQ�WKH�PXOWLOHYHO� ,57�DQDO\VLV������DW� WKH�VWXGHQW� OHYHO�DQG�����DW� WKH
VFKRRO�OHYHO��LQ�WKH�VWDQGDUG�PXOWLOHYHO�DQDO\VLV������DQG������UHVSHFWLYHO\��7KXV��IURP�WKH�PXOWLOHYHO
,57�DQDO\VLV�IROORZV�D�PXFK�KLJKHU�LPSRUWDQFH�RI�WKH�/HYHO���H[SODQDWRU\�YDULDEOHV�

,Q�WKH�PXOWLOHYHO�,57�DQDO\VLV��WKH�PHDVXUHPHQW�HUURU�LQ�WKH�HVWLPDWHG�PDWK�DELOLWLHV�LV�WDNHQ
LQWR�DFFRXQW�LQ�WKH�HVWLPDWLRQ�RI�WKH�RWKHU�SDUDPHWHUV��7KHUHIRUH��WKH�VWDQGDUG�HUURUV�RI�WKH�SDUDPHWHU
HVWLPDWHV� FRUUHVSRQGLQJ� WR� WKH� PXOWLOHYHO� ,57� PRGHO� DUH� VRPHZKDW� KLJKHU�� 7KHVH� VWDQGDUG� HUURUV
SURYLGH�D�PRUH�UHOLDEOH�EDVLV�IRU�WHVWLQJ�WKH�LPSRUWDQFH�RI�WKH�SUHGLFWRU�YDULDEOHV��VLQFH�WKH�LQDFFXUDF\
RI�WKH�PHDVXUHPHQW�RI�WKH�PDWK�DFKLHYHPHQWV�LV�WDNHQ�LQWR�DFFRXQW�

&RQWULEXWLRQ�RI�$GDSWLYH�,QVWUXFWLRQ�WR�3XSLOV¶�3HUIRUPDQFHV
$�PDWKHPDWLFV�WHVW�RI����LWHPV��FRUUHFW�LQFRUUHFW��ZDV�DGPLQLVWHUHG�WR������SXSLOV�RI�JUDGH���LQ����
UHJXODU�SULPDU\� VFKRROV� �%RVNHU��%ODWFKIRUG��	�0HLMQHQ�� ������� ,QWHUHVW�ZDV� IRFXVHG�RQ� WKH� UHODWLRQ
EHWZHHQ� DFKLHYHPHQW� LQ� PDWKHPDWLFV�� HGXFDWLRQDO� SURYLVLRQV� DW� WKH� VFKRRO� OHYHO� DQG� DGDSWLYH
LQVWUXFWLRQ�E\�WHDFKHUV��$�WHVW�RI����LWHPV��FRUUHFW�LQFRUUHFW��PHDVXULQJ�WKH�ZLOOLQJQHVV�DQG�FDSDELOLW\
WR� LQWURGXFH� DGDSWLYH� LQVWUXFWLRQ� �$,�� ZDV� WDNHQ� E\� WHDFKHUV�� $GDSWLYH� HGXFDWLRQ�� HGXFDWLRQ� WKDW� LV
DGDSWHG� WR� GLIIHUHQFHV� LQ� WKH� FODVVURRP�� LV� D� WRSLF� WKDW� ODWHO\� UHFHLYHG� PXFK� DWWHQWLRQ� LQ� SULPDU\
HGXFDWLRQ��7KH�LGHD�LV�WKDW�GLIIHUHQFHV�EHWZHHQ�SXSLOV�DUH�WDNHQ�LQWR�DFFRXQW�LQ�VXFK�D�ZD\�WKDW�SXSLOV
OHDUQ�LQ�GLIIHUHQW�ZD\V�DQG�DW�D�GLIIHUHQW�SODFH��7KHUHIRUH��WKH�HGXFDWLRQ�VKRXOG�FRQVLVW�RI�D�YDULHW\�RI
LQVWUXFWLRQDO� DSSURDFKHV� DQG� OHDUQLQJ� PHWKRGV� LQ� RUGHU� WR� DGDSW� HGXFDWLRQ� WR� WKH� SXSLOV�� 7HDFKHUV
VKRXOG�EH�DZDUH�RI�GLIIHUHQFHV�EHWZHHQ�SXSLOV�DQG�DGDSWLQJ�WKH�LQVWUXFWLRQ��7KH�H[SHFWDWLRQV�DERXW�WKH
FRQWULEXWLRQ�RI�DGDSWLYH�LQVWUXFWLRQ�WR�SXSLOV¶�SHUIRUPDQFHV�DUH�KLJK��+RZHYHU��WKH�HIIHFWV�RI�DGDSWLYH
LQVWUXFWLRQ� RQ� SXSLOV¶� SHUIRUPDQFHV� LQ� 'XWFK� SULPDU\� VFKRROV� ZHUH� QRW� IRXQG� �)OHWFKHU�&DPSEHOO�
0HLMHU��	�3LMO��������

$Q�LQWHOOLJHQFH�WHVW�RI����LWHPV��,4��FRUUHFW�LQFRUUHFW��ZDV�DGPLQLVWHUHG�WR�WKH�SXSLOV��DQG�,4
ZDV�XVHG�DV�D�VWXGHQW�OHYHO�H[SODQDWRU\�YDULDEOH��7KH�PXOWLOHYHO�PRGHO�ZDV�XVHG�WR�H[SODLQ�YDULDQFH�LQ
WKH�VWXGHQWV¶�PDWK�DELOLWLHV��WKH�GHSHQGHQW�YDULDEOH��GXH�WR�WKH�JURXSLQJ��)XUWKHU��LW�ZDV�LQYHVWLJDWHG�LI
$,�DQG�,4�KDG�D�VLJQLILFDQW�HIIHFW�RQ�SXSLOV¶�PDWK�DFKLHYHPHQWV��6R��WKHUH�ZDV�D�PHDVXUHPHQW�QHHGHG
IRU� WKH� PDWK� DELOLWLHV�� SXSLOV¶� LQWHOOLJHQFH�� DQG� WHDFKHUV¶� FDSDELOLW\� RI� DGDSWLYH� LQVWUXFWLRQ�� ,Q� WKH
µVWDQGDUG¶� PXOWLOHYHO� PRGHOLQJ� DSSURDFK�� VXP� VFRUHV� ZHUH� XVHG� DV� PHDVXUHPHQWV� IRU� WKHVH� ODWHQW
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YDULDEOHV�� 7KH� PHDVXUHPHQWV� IRU� WKH� PDWK� DELOLWLHV�� LQWHOOLJHQFH� DQG� DGDSWLYH� LQVWUXFWLRQ� KDG� D
UHOLDELOLW\� RI� ������ ������ DQG� ������ UHVSHFWLYHO\�� ,Q� WKH� PXOWLOHYHO� ,57� PRGHOLQJ� DSSURDFK� WKH� WZR�
SDUDPHWHU�,57�PRGHO�ZDV�XVHG�WR�PHDVXUH�WKHVH�ODWHQW�YDULDEOHV��$JDLQ��LQ�ERWK�PXOWLOHYHO�DQDO\VLV��DOO
ODWHQW�YDULDEOHV�ZHUH�QRUPDOO\�VWDQGDUGL]HG�WR�PDNH�WKH�RXWFRPHV�FRPSDUDEOH�

7KH� VWDQGDUG� PXOWLOHYHO� DQDO\VLV� RI� WKH� HPSW\� PRGHO� �7DEOH� ��� UHYHDOV� WKDW� ���� RI� WKH
YDULDQFH�LQ�PDWKHPDWLFV�DFKLHYHPHQW�LV�H[SODLQHG�DW�WKH�VFKRRO�OHYHO��7KH�RWKHU�����DW�WKH�LQGLYLGXDO
OHYHO��7KLV� UHVXOW� LV� FRPSDUDEOH� WR� UHVXOWV� RI�%RVNHU� DQG�:LW]LHUV� ��������7KH\� IRXQG� LQ� WKHLU�PHWD�
DQDO\VLV� WKDW�����RI� WKH�YDULDQFH� LQ�DFKLHYHPHQW�FDQ�EH�DWWULEXWHG� WR�GLIIHUHQFHV�EHWZHHQ� VFKRROV� LQ
ZHVWHUQ� FRXQWULHV�� 7KH� PXOWLOHYHO� ,57� DQDO\VLV� VKRZV� WKDW� ���� RI� WKH� YDULDQFH� LV� H[SODLQHG� DW� WKH
VFKRRO� OHYHO�� 7KLV� H[DPSOH� DOVR� VKRZV� WKDW� PRUH� YDULDQFH� LV� H[SODLQHG� DW� WKH� VFKRRO� OHYHO� LQ� WKH
PXOWLOHYHO� ,57� DQDO\VLV�� PHDQLQJ� WKDW� VFKRROV� GLIIHU� PRUH� WKDQ� H[SHFWHG� RQ� WKH� EDVLV� RI� D� VWDQGDUG
PXOWLOHYHO�DQDO\VLV�

,QVHUW�7DEOH���DERXW�KHUH
7KH�HPSW\�PRGHOV��7DEOH����DVVXPH�WKDW�WKH�PDWKHPDWLFDO�VNLOO�RI�WKH�VWXGHQWV�FDQ�EH�EURNHQ

GRZQ� LQ� D� VFKRRO� FRQWULEXWLRQ�� �� � �MXJ �� � DQG� D� GHYLDWLRQ�� �LMH � IRU� HDFK� VWXGHQW� IURP� WKHLU� VFKRRO¶V
FRQWULEXWLRQ�

�� � �LM M LMX HT J  �� �� ���
7KH�PXOWLOHYHO�,57�PRGHO�XVHG�WKH�LWHP�UHVSRQVHV�DQG�DQ�,57�PRGHO��HTXDWLRQ������DQG� WKH�VWDQGDUG
PXOWLOHYHO�PRGHO�XVHG�WKH�VWXGHQW¶V�REVHUYHG�VXP�VFRUH�WR�HVWLPDWH�WKH�ODWHQW�DELOLW\�RI�VWXGHQW�LM��%RWK
PRGHOV�GR�QRW�GLIIHU�PXFK�LQ�WKH�HVWLPDWH�RI� ��J ��EXW�GLIIHU�LQ�WKHLU�VFKRRO¶V�FRQWULEXWLRQ��7DEOH���JLYHV
WKH� VFKRRO�HIIHFWV�� � �MX DQG� UDQNLQJV�RI� WKH� ILUVW���� VFKRROV� LQ� WKH� VDPSOH� IRU� ERWK�PRGHOV�� ,W� FDQ�EH
VHHQ� WKDW� WKH� HVWLPDWHG� VFKRRO� HIIHFWV� GLIIHU� DQG� WKLV� PD\� LQIOXHQFH� WKH� VWDWLVWLFDO� LQIHUHQFH� ZKHQ
DGMXVWLQJ�WKH�VFKRRO�HIIHFWV�IRU�DQ\�VFKRRO�FKDUDFWHULVWLFV��7KH�ORZHVW�DQG�KLJKHVW�VFKRRO�HIIHFWV�XQGHU
ERWK� PRGHOV� FRUUHVSRQG� ZLWK� WKH� VDPH� VFKRROV�� +RZHYHU�� WKH� HIIHFWV� DUH� VPDOOHU� IRU� WKH� VWDQGDUG
PXOWLOHYHO�PRGHO�VLQFH�WKH�REVHUYHG�VXP�VFRUH�GLVWULEXWLRQ�LV�QHJDWLYHO\�VNHZHG�

,QVHUW�7DEOH���DERXW�KHUH
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7R�H[SODLQ�GLIIHUHQFHV�LQ�WKH�PDWKHPDWLFV�DFKLHYHPHQWV��WKH�H[SODQDWRU\�YDULDEOHV�,4�DQG�$,
ZHUH� LQWURGXFHG�� 7KH� VWDQGDUG� PXOWLOHYHO� DQDO\VLV� LV� EDVHG� RQ� WKUHH� REVHUYHG� VXP� VFRUHV� IRU� WKH
GHSHQGHQW�DQG�H[SODQDWRU\�YDULDEOHV� JLYHQ� WKH�REVHUYHG� LWHP� UHVSRQVHV��7KH�PXOWLOHYHO� ,57�DQDO\VLV
FRPSUHKHQGV� WKH�HVWLPDWLRQ�RI� WKUHH� WZR�SDUDPHWHU� ,57�PRGHOV�DQG� WKH�SDUDPHWHUV�RI� WKH�PXOWLOHYHO
PRGHO� FRQWDLQLQJ� WKH� FRUUHVSRQGLQJ� ODWHQW� YDULDEOHV�� 7KH� PXOWLOHYHO� ,57� VRIWZDUH� HQDEOHV� WKH
UHVHDUFKHU� WR� HVWLPDWH� VLPXOWDQHRXVO\� DOO� SDUDPHWHUV�� 6R�� WKH� VRXUFHV� RI� WKH� PHDVXUHPHQW� HUURUV� DUH
PRGHOHG�ZLWK�,57�PRGHOV�DQG�WKH�PHDVXUHPHQW�HUURUV�DUH�WDNHQ�LQWR�DFFRXQW� LQ�WKH�HVWLPDWLRQ�RI� WKH
PXOWLOHYHO�PRGHO�SDUDPHWHUV�

,QVHUW�7DEOH���DERXW�KHUH
7DEOH� �� SUHVHQWV� WKH� SDUDPHWHU� HVWLPDWHV� RI� ERWK� DQDO\VLV�� 7KH� LWHP� SDUDPHWHU� HVWLPDWHV

FRUUHVSRQGLQJ�WR�WKH�PXOWLOHYHO�,57�PRGHO�DUH�QRW�JLYHQ��VLQFH�WKH\�GR�QRW�FRQWDLQ�UHOHYDQW�LQIRUPDWLRQ
IRU�WKLV�H[DPSOH��7KH\�PHUHO\�VKRZ�WKH�FKDUDFWHULVWLFV�RI�WKH�LWHPV�DQG�DUH�RI�LPSRUWDQFH�ZKHQ�RQH�LV
LQWHUHVWHG�LQ�WKH�TXDOLW\�DQG�FKDUDFWHULVWLFV�RI�WKH�PHDVXUHPHQW�

7KH� PDLQ� UHVXOW� RI� WKH� VWDQGDUG� PXOWLOHYHO� DQDO\VLV�� XVLQJ� REVHUYHG� VXP� VFRUHV�� ZDV� WKDW�
FRQGLWLRQDOO\� RQ� ,4� DGDSWLYH� LQVWUXFWLRQ� KDYH� D� VPDOO� SRVLWLYH� HIIHFW� RQ� VWXGHQWV¶� PDWKHPDWLFV
DFKLHYHPHQWV��7KLV�PHDQV�WKDW�WKH�SHUIRUPDQFH�RI�WKH�VWXGHQWV�LQFUHDVHV�ZKHQ�WKH�HGXFDWLRQ�LV�DGDSWHG
WR� WKHLU�QHHGV��)XUWKHU�� D�KLJK� ,4� VFRUH� KDV� D� SRVLWLYH� HIIHFW� RQ� WKH�PDWK� DELOLW\��7KH�/HYHO� �� DQG��
SUHGLFWRUV�WRJHWKHU�DFFRXQW� IRU�D�VXEVWDQWLDO�SURSRUWLRQ�RI�YDULDWLRQ� LQ�VWXGHQWV
�DFKLHYHPHQW������RI
WKH�VWXGHQW�OHYHO�DQG�����RI�WKH�VFKRRO�OHYHO�YDULDQFH��7KH�RXWFRPHV�IURP�WKH�PXOWLOHYHO�,57�DQDO\VLV
DUH�VOLJKWO\�GLIIHUHQW��%RWK�HIIHFWV�RI�,4�DQG�$,�DUH�SRVLWLYH�EXW�WKH�HIIHFW�RI�,4�RQ�WKH�PDWK�DELOLWLHV�LV
PXFK�KLJKHU��DQG�WKH�HIIHFW�RI�$,�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��$OPRVW�����RI�WKH�SURSRUWLRQ
RI� /HYHO� �� YDULDQFH� LV� H[SODLQHG� E\� WKH� ,4� YDULDEOH�� 7KH� PXOWLOHYHO� ,57� DQDO\VLV� UHYHDOV� WKDW
LQWHOOLJHQFH�LV�D�PRUH�LPSRUWDQW�SUHGLFWRU�IRU�WKH�PDWKHPDWLFV�DFKLHYHPHQW�WKDQ�ZDV�H[SHFWHG�IURP�WKH
VWDQGDUG� PXOWLOHYHO� DQDO\VLV�� ,Q� WKH� PXOWLOHYHO� ,57� DQDO\VLV�� WKH� SRVLWLYH� HIIHFW� RI� SUHGLFWRU� $,� LV
VOLJKWO\� ORZHU� WKDQ� LQ� WKH� VWDQGDUG�PXOWLOHYHO� DQDO\VLV� EXW� QRW� VLJQLILFDQW� DW� WKH� ���� OHYHO�� ,W� IROORZV
IURP�ERWK�DQDO\VLV� WKDW� WKH�/HYHO���SUHGLFWRU� H[SODLQV� DOPRVW� WKH� VDPH�SURSRUWLRQ�RI� YDULDQFH�� ����
7KLV�VKRZV�WKDW�WKH�PHDVXUHPHQW�HUURU�FRQFHUQLQJ�WKH�HVWLPDWH�RI�WKH�ODWHQW�YDULDEOH�$,�FDXVHV�WKDW�WKH
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HIIHFW� LV� QR� ORQJHU� VLJQLILFDQW�� 7KH� XQGHUO\LQJ� FKDUDFWHULVWLF�� WHDFKHUV¶� FDSDELOLW\� RI� DGDSWLYH
LQVWUXFWLRQ��ZDV�PHDVXUHG�E\����� WHDFKHUV�XVLQJ�D� WHVW�RI���� LWHPV��7KH� UHODWLYHO\� VPDOO� VDPSOH� VL]H
FDXVHV� UHODWLYHO\� ODUJH� VWDQGDUG� HUURUV� RI� WKH� HVWLPDWHV� UHVXOWLQJ� LQ� D� QRQ�VLJQLILFDQW� HIIHFW� RI� WKH
SUHGLFWRU�$,�� ,W�PXVW�EH�FRQFOXGHG� WKDW� LW� UHPDLQV�GRXEWIXO�RQ�EDVLV�RI� WKH�PXOWLOHYHO� ,57�DQDO\VLV� LI
DGDSWLYH�LQVWUXFWLRQ�LQFUHDVHV�WKH�SHUIRUPDQFHV�RI�WKH�VWXGHQWV�RQ�D�PDWK�WHVW��7KLV�LQ�FRQWUDVW�ZLWK�WKH
FRQFOXVLRQ�IURP�WKH�VWDQGDUG�PXOWLOHYHO�DQDO\VLV�WKDW�LJQRUHV�WKH�PHDVXUHPHQW�HUURU�

6FKRRO�(IIHFWV�LQ�WKH�:HVW�%DQN
$�PDWKHPDWLFV�WHVW�FRQVLVWHG�RI����GLFKRWRPRXV�VFRUHG� LWHPV��FRUUHFW�LQFRUUHFW��ZDV�DGPLQLVWHUHG� WR
������ JUDGH� �� VWXGHQWV� LQ� ���� VFKRROV� ORFDWHG� LQ� WKH�:HVW� %DQN�� ,QWHUHVW� ZDV� IRFXVHG� RQ� H[SORULQJ
GLIIHUHQFHV�ZLWKLQ�DQG�EHWZHHQ�VFKRROV�LQ�WKH�:HVW�%DQN�DQG�HVWDEOLVKLQJ�IDFWRUV�ZKLFK�H[SODLQ�WKHVH
GLIIHUHQFHV� ZLWK� UHVSHFW� WR� VWXGHQWV
� PDWKHPDWLFV� DELOLWLHV�� &KDUDFWHULVWLFV� RI� VWXGHQWV�� WHDFKHUV�� DQG
VFKRROV�ZHUH�DGPLQLVWHUHG��$Q� LQWHOOLJHQFH� WHVW� �,4��ZDV�DGPLQLVWHUHG��JHQGHU�ZDV� UHFRUGHG�� DV�]HUR
IRU�PDOH�DQG�RQH�IRU�ZRPDQ��DQG�VRFLRHFRQRPLF�VWDWXV��6(6��ZDV�PHDVXUHG�E\�WKH�HGXFDWLRQDO�OHYHO�RI
WKH� SDUHQWV�� 7HVWV� ZHUH� WDNHQ� E\� WHDFKHUV� DQG� VFKRRO� SULQFLSOHV� WR� PHDVXUH� DVSHFWV�� DV� WKH� VFKRRO
FOLPDWH��&OLPDWH��DQG�OHDGHUVKLS��/HDGHU��RI�WKH�SULQFLSOH��7KH�LWHP�UHVSRQVHV�RI�,4�DQG�6(6�ZHUH�QRW
DYDLODEOH��WKHUHIRUH��QRUPDOO\�VWDQGDUGL]HG�REVHUYHG�VFRUHV�ZHUH�XVHG�

)URP�WHDFKHU
V�SHUVSHFWLYH��WKH�VFKRRO�FOLPDWH�ZDV�PHDVXUHG�E\������SRLQW�/LNHUW�LWHPV��DQG
OHDGHUVKLS�ZDV�PHDVXUHG�E\������SRLQW�/LNHUW�LWHPV��,Q�WKH�VDPSOLQJ�GHVLJQ�RQO\�RQH�FODVV�ZDV�VHOHFWHG
IURP�HDFK�VFKRRO��VR�WKH�GDWD�FRPSUHKHQGHG�D�VWXGHQW��/HYHO����DQG�VFKRRO�OHYHO��/HYHO�����$�VWUDWLILHG
VDPSOH� RI� VFKRROV� HQVXUHG� WKDW� DOO� VFKRRO� W\SHV� DQG� DOO� JHRJUDSKLFDO� GLVWULFWV� ZHUH� UHSUHVHQWHG�� 7KH
DYHUDJH�QXPEHU�RI�VWXGHQWV�SHU�FODVV�LV�����ZLWK�D�PLQLPXP�RI����DQG�D�PD[LPXP�RI����VWXGHQWV��$
FRPSOHWH� GHVFULSWLRQ� RI� WKH� GDWD�� LQFOXGLQJ� WKH� GDWD� FROOHFWLRQ� SURFHGXUH� DQG� WKH� GLIIHUHQW
TXHVWLRQQDLUHV��FDQ�EH�IRXQG�LQ�6KDODEL��������

,Q� WKH�PXOWLOHYHO� ,57� DQDO\VLV�� D� WZR�SDUDPHWHU� ,57�PRGHO� ZDV� XVHG� WR�PHDVXUH� WKH� ODWHQW
PDWKHPDWLFV� DELOLWLHV� JLYHQ� WKH�GLFKRWRPRXV� UHVSRQVHV��7KH� ODWHQW� YDULDEOHV� DW� /HYHO� ���&OLPDWH� DQG
/HDGHU��ZHUH�HDFK�PHDVXUHG�E\�D�JUDGHG�UHVSRQVH�,57�PRGHO�WR�KDQGOH�WKH�SRO\WRPRXV�UHVSRQVH�GDWD
IURP�/LNHUW�W\SH�LWHPV�

7KH�ODWHQW�YDULDEOHV�LQ�WKH�PXOWLOHYHO�,57�PRGHO�ZHUH�QRUPDOO\�VWDQGDUGL]HG��,Q�WKH�VWDQGDUG
PXOWLOHYHO� DQDO\VLV�� QRUPDOO\� VWDQGDUGL]HG� REVHUYHG� VXP� VFRUHV� ZHUH� XVHG� DV� PHDVXUHPHQWV� IRU� WKH



$SSOLFDWLRQV�RI�PXOWLOHYHO�,57

������

ODWHQW� YDULDEOHV� &OLPDWH� DQG� /HDGHU�� 7KH� UHOLDELOLWLHV� FRQFHUQLQJ� WKH� PHDVXUHPHQWV� RI� &OLPDWH� DQG
/HDGHU�ZHUH������DQG�������UHVSHFWLYHO\�

7KH� YDULDWLRQ� LQ� WKH� LQGLYLGXDOV�PDWKHPDWLFV� DELOLWLHV� DQG� KHWHURJHQHLW\� DFURVV� VFKRROV� ZDV
PHDVXUHG� ZLWK� DQ� HPSW\� VWDQGDUG� PXOWLOHYHO� DQG� DQ� HPSW\� PXOWLOHYHO� ,57� PRGHO�� WKDW� LV�� RQO\� DQ
LQWHUFHSW� DW� /HYHO� �� YDU\LQJ� DFURVV� VFKRROV�� 7DEOH� �� SUHVHQWV� WKH� UHVXOWV� RI� WKH� SDUDPHWHU� HVWLPDWHV�
$JDLQ��LQ�WKH�PXOWLOHYHO�,57�DQDO\VLV�PRUH�YDULDQFH�LV�H[SODLQHG�DW�WKH�VFKRRO�OHYHO��7KDW�LV��DERXW����
RI�WKH�YDULDQFH�EHWZHHQ�VWXGHQWV¶�PDWKHPDWLFV�DELOLWLHV�LV�H[SODLQHG�GXH�WR�VFKRRO�GLIIHUHQFHV��DQG����
LQ�WKH�VWDQGDUG�PXOWLOHYHO�DQDO\VLV�

,QVHUW�7DEOH���DERXW�KHUH
7KH�PRGHO�ZDV�HODERUDWHG�WR�LQFOXGH�6(6��*HQGHU��DQG�,4�DV�VWXGHQW�FKDUDFWHULVWLFV��VHH�7DEOH

��� 7KH� WKUHH� /HYHO� �� SUHGLFWRUV� DOO� KDYH� D� SRVLWLYH� VLJQLILFDQW� HIIHFW� RQ� VWXGHQWV
� PDWKHPDWLFV
DFKLHYHPHQW�� )HPDOH� VWXGHQWV� SHUIRUPHG� EHWWHU� WKDQ� PDOH� VWXGHQWV�� 7KH� WKUHH� /HYHO� �� YDULDEOHV
WRJHWKHU�DFFRXQW�IRU�D�VXEVWDQWLDO�SURSRUWLRQ�RI�YDULDWLRQ�LQ�VWXGHQWV
�DFKLHYHPHQW������RI�WKH�VWXGHQW
OHYHO�DQG�����RI�WKH�VFKRRO�OHYHO�YDULDQFH��DQG�IRU�����DQG�����LQ�WKH�VWDQGDUG�PXOWLOHYHO�DQDO\VLV�
7KXV�� LQ� WKH� PXOWLOHYHO� ,57� DQDO\VLV�� WKH� /HYHO� �� SUHGLFWRUV� GLVFULPLQDWH� EHWWHU� EHWZHHQ� VWXGHQWV¶
DELOLWLHV��ZKLFK�LV�FRPSUHKHQGHG��LQ�KLJKHU�HIIHFWV��DQG�D�KLJKHU�UHGXFWLRQ�LQ�/HYHO���YDULDQFH�

,QVHUW�7DEOH���DERXW�KHUH
,Q� WKH� QH[W� PRGHO�� /HYHO� �� H[SODQDWRU\� YDULDEOHV� ZHUH� LQFRUSRUDWHG� WR� H[SODLQ� GLIIHUHQFHV

EHWZHHQ�VFKRROV� ,Q� WKH� PXOWLOHYHO� ,57� DQDO\VLV�� ,57� PRGHOV� ZHUH� XVHG� WR� HVWLPDWH� &OLPDWH� DQG
/HDGHUVKLS� JLYHQ� WKH� SRO\WRPRXV� RXWFRPHV�� DQG� REVHUYHG� VXP� VFRUHV� ZHUH� XVHG� LQ� WKH� VWDQGDUG
PXOWLOHYHO�DQDO\VLV��,W�ZDV�DOVR�LQYHVWLJDWHG�LI�WKH�HIIHFW�RI�6(6�YDULHG�IURP�VFKRRO�WR�VFKRRO�

,QVHUW�7DEOH���DERXW�KHUH
,W� IROORZV� �7DEOH� ��� WKDW� WKH� YDULDEOH� /HDGHU� KDV� D� SRVLWLYH� VLJQLILFDQW� HIIHFW� RQ� WKH� PDWK

DELOLWLHV��EXW�WKH�HIIHFW�RI�YDULDEOH�&OLPDWH�LV�QHJDWLYH�DQG�QRQ�VLJQLILFDQW��7KH�PXOWLOHYHO�,57�PRGHO
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LQFOXGLQJ�WKHVH�/HYHO����YDULDEOHV��PRGHO�����FDQ�EH�FRPSDUHG�WR�WKH�PRGHO�LQ�7DEOH����PRGHO����XVLQJ
%D\HV�)DFWRU��7KH�%D\HV�)DFWRU��LQ�IDYRU�RI�PRGHO���LV� �� ����ORJ ��������������  ���� ��7KXV��WKH�ODWHQW
YDULDEOHV� DW� /HYHO� �� GLG� QRW� UHVXOW� LQ� D� EHWWHU�PRGHO� ILW��&OLPDWH� DQG�/HDGHUVKLS� SURYHG� WR� KDYH� QRW
PXFK� RI� DQ� LQIOXHQFH� RQ� WKH� VWXGHQWV
� PDWKHPDWLFV� DELOLWLHV� EXW� WKH\� DUH� UDUHO\� LQYHVWLJDWHG� LQ
GHYHORSLQJ� FRXQWULHV�� 7KH� HVWLPDWHG� HIIHFWV� RI� /HDGHU� DQG�&OLPDWH� DUH� KLJKHU� LQ� WKH�PXOWLOHYHO� ,57
DQDO\VLV�� DQG� WKH\� KDYH� KLJKHU� VWDQGDUG� HUURUV�� 7DNLQJ� DFFRXQW� RI� WKH� PHDVXUHPHQW� HUURU� LQ� WKH
PHDVXUHPHQWV� RI� WKH� /HYHO� �� YDULDEOHV� GLG� QRW� UHVXOW� LQ� D� GLIIHUHQW� FRQFOXVLRQ� UHJDUGLQJ� WKH
VLJQLILFDQFH� RI� WKH� SUHGLFWRUV�� %RWK� DQDO\VLV� VKRZ� WKDW� WKH� HIIHFW� RI� 6(6� YDULHG� VLJQLILFDQWO\� IURP
VFKRRO� WR� VFKRRO�� ,Q� WKH� PXOWLOHYHO� ,57� DQDO\VLV� PRUH� YDULDQFH� LV� H[SODLQHG� GXH� WR� WKH� GLIIHUHQWLDO
VFKRRO�HIIHFW�RI�6(6�

7KH�SULPDU\�VFKRROV�LQ�WKH�:HVW�%DQN�GLIIHU�D�ORW��FRQVLGHULQJ�WKH�PDWKHPDWLFV�DELOLWLHV�RI�WKH
VWXGHQWV��EXW� WKH�SURFHVV�IDFWRUV��PHDVXUHG�E\�&OLPDWH�DQG�/HDGHU��GLG�QRW�H[SODLQ�PXFK�YDULDWLRQ�DW
/HYHO� ��� 7KH� /HYHO� �� FKDUDFWHULVWLFV� 6(6�� ,4� DQG� JHQGHU� H[SODLQHG� D� ORW� RI� YDULDWLRQ� DW� WKH� VWXGHQW
OHYHO�� 7KH� PXOWLOHYHO� ,57� PRGHO�� WKDW� LV�� PRGHOLQJ� PHDVXUHPHQW� HUURU� LQ� WKH� ODWHQW� GHSHQGHQW� DQG
LQGHSHQGHQW�H[SODQDWRU\�YDULDEOHV�UHVXOWHG�LQ�ODUJHU�HIIHFWV�DQG�PRUH�H[SODLQHG�YDULDQFH�DW�ERWK�OHYHOV�
7KH�HIIHFWV�ZHUH�DWWHQXDWHG�ZKHQ�WUDGLWLRQDO�PHWKRGV��WKH�VWDQGDUG�PXOWLOHYHO�PRGHO��ZHUH�XVHG�ZKLFK
LJQRUHG� WKH�PHDVXUHPHQW�HUURU�� IRU�H[DPSOH��XVLQJ�REVHUYHG� VXP�VFRUHV�DV�DQ�HVWLPDWH� IRU� WKH� ODWHQW
YDULDEOHV�

'LVFXVVLRQ
)R[�DQG�*ODV��������������LQWURGXFHG�D�PXOWLOHYHO�,57�PRGHO�IRU�KDQGOLQJ�KLHUDUFKLFDO�VWUXFWXUHG�GDWD
DQG�KDQGOLQJ�PHDVXUHPHQW�HUURU�LQ�SHUIRUPDQFH�LQGLFDWRUV�XVLQJ�,57�PRGHOV��,57�PRGHOV�GHVFULEH�WKH
UHODWLRQVKLS� EHWZHHQ� DQ� XQGHUO\LQJ� FKDUDFWHULVWLF�� IRU� H[DPSOH�� DQ� H[DPLQHH
V� DELOLW\�� DQG� REVHUYHG
LWHP� UHVSRQVHV� EDVHG� RQ� FKDUDFWHULVWLFV� RI� WKH� LWHPV�� $� VKDUSHU� GLVWLQFWLRQ� EHWZHHQ� HVWLPDWHV� RI� WKH
XQGHUO\LQJ� DELOLWLHV� FDQ�EH�REWDLQHG� VLQFH� WKH\� DUH� EDVHG�RQ� FRPSOHWH� UHVSRQVH�SDWWHUQV� LQVWHDG� RI� D
VXP�RI�WKH�REVHUYHG�LWHP�VFRUHV��RU�QXPEHU�FRUUHFW�VFRUHV��DV� LQ� WKH�FODVVLFDO� WHVW� WKHRU\�PRGHO� �VHH�
H�J���/RUG��������/RUG�	�1RYLFN��������
������������������������������������������������������������ ,Q� IDFW�D�SVHXGR�%D\HV�)DFWRU��ZKLFK� LV�DQ�DSSUR[LPDWLRQ�RI� WKH�%)�� LV� FRPSXWHG�� VLQFH� LW� UHTXLUHVOHVV�LQWHQVLYH�FRPSXWDWLRQV�
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7KH�PXOWLOHYHO�,57�PRGHO�LV�SDUWLFXODU�XVHIXO�LQ�VFKRRO�HIIHFWLYHQHVV�UHVHDUFK��EHFDXVH�LW�WDNHV
DOO� VRXUFHV� RI� YDULDWLRQ� LQWR� DFFRXQW�� 6LQFH� DQ� ,57� PRGHO� PHDVXUHV� PRUH� YDULDELOLW\� EHWZHHQ
H[DPLQHHV
� ODWHQW� FKDUDFWHULVWLFV�� DQG� SDUDPHWHU� HVWLPDWHV� DUH� DGMXVWHG� IRU� PHDVXUHPHQW� HUURU�� PRUH
UHDOLVWLF� DQG� PRUH� SUHFLVH� SDUDPHWHU� HVWLPDWHV� DUH� REWDLQHG�� ,Q� WKH� WUDGLWLRQDO� ZD\� RI� VFKRRO
HIIHFWLYHQHVV� UHVHDUFK��HGXFDWLRQDO�GHFLVLRQV�DUH�PDGH�RQ� WKH�EDVLV�RI�REVHUYHG�VFRUHV�ZKLFK� LQFOXGH
PHDVXUHPHQW�HUURUV��7KH�GHYHORSHG�PXOWLOHYHO�,57�PRGHOV�FDQ�EH�XVHG�WR�DVVHVV�VFKRRO�HIIHFWLYHQHVV�
DIWHU� DGMXVWLQJ�REVHUYHG�YDULDEOHV� IRU�PHDVXUHPHQW� HUURU��7KH� UDQN�RUGHULQJV� RI� VFKRROV�ZLOO� FKDQJH
ZKHQ� WDNLQJ� DFFRXQW� RI� XQHTXDO� SUHFLVLRQ� RI� REVHUYHG� YDULDEOHV�� 8QUHOLDEOH� REVHUYDWLRQV� ZLWKLQ� D
VFKRRO�FDXVH�WKDW�WKH�VFKRRO�HIIHFW�ZLOO�VKUXQN�WRZDUGV�WKH�RYHUDOO�PHDQ��:KHQ�PRGHOLQJ�DOO�VRXUFHV�RI
XQFHUWDLQW\��GLIIHUHQFHV�LQ�WKH�UDQNLQJ�FDQ�EH�WDNHQ�PRUH�VHULRXVO\��2Q�WKH�RWKHU�KDQG��ZKHQ�DFFXUDWH
PHDVXUHPHQWV�DUH�DYDLODEOH�GLIIHUHQFHV�EHWZHHQ� WKH� WZR�DSSURDFKHV�ZLOO�GLVDSSHDU��([DFW� FRQGLWLRQV
LQGLFDWLQJ�ZKHQ�LW�LV�EHWWHU�WR�XVH�D�PXOWLOHYHO�,57�PRGHO�UHPDLQV�D�SRLQW�RI�IXUWKHU�VWXG\�

,W�ZDV�VKRZQ� LQ� WKH�GLIIHUHQW�DSSOLFDWLRQV� WKDW�ZLWK� WKH�PXOWLOHYHO� ,57�PRGHO�PRUH�YDULDQFH
ZDV�H[SODLQHG�DW�ERWK�OHYHOV��DQG�WKH�HIIHFWV�RI� WKH�SUHGLFWRUV�ZHUH�KLJKHU��,W�PXVW�EH�PHQWLRQHG� WKDW
WKHVH� VSHFLILF� GDWDVHWV� ZHUH� QRW� UDQGRPO\� FKRVHQ�� WKH\� ZHUH� MXVW� DYDLODEOH� DW� WKH� OHYHO� RI� LWHP
UHVSRQVHV�� ,Q� VRPH�FDVHV��ZURQJ�GHFLVLRQV�FDQ�EH�PDGH�ZKHQ� LJQRULQJ� WKH�PHDVXUHPHQW� HUURU�� DV� LQ
H[DPSOH� ��� ,W� WXUQHG� RXW� WKDW� WKH� HIIHFW� RI� DGDSWLYH� LQVWUXFWLRQ� ZDV� QRW� VLJQLILFDQW� ZKHQ� WDNLQJ� WKH
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PDLQ� GLIIHUHQFH� EHWZHHQ� 6(0� DQG� PXOWLOHYHO� ,57� PRGHOLQJ� LV� WKH� XVH� RI� DQ� ,57� PRGHO� DV� D
PHDVXUHPHQW�PRGHO�

0XOWLOHYHO� ,57�PRGHOLQJ� FDQ� EH� XVHG�� DV� DQ� DOWHUQDWLYH� WR� WKH� WUDGLWLRQDO�ZD\� RI�PXOWLOHYHO
PRGHOLQJ��E\�RWKHU�UHVHDUFKHUV�LQ�WKH�ILHOG�RI�HGXFDWLRQDO�UHVHDUFK��2WKHU�UHVHDUFK�DUHDV�PD\�EHQHILW�DV
ZHOO�IURP�WKH�GHYHORSPHQW�RI�PXOWLOHYHO�,57�PRGHOLQJ��)RU�H[DPSOH��D�FRPSDULVRQ�RI�LQVWLWXWLRQV��OLNH
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KRVSLWDOV��LV�GRQH�ZLWK�KLHUDUFKLFDO�VWUXFWXUHG�GDWD�FRQWDLQLQJ�PHDVXUHPHQW�HUURUV�DQG�FDQ�EH�DQDO\]HG
ZLWK�D�PXOWLOHYHO�,57�PRGHO�UHVXOWLQJ�LQ�PHDVXUHPHQW�HUURU�DGMXVWHG�SDUDPHWHU�HVWLPDWHV�

5HIHUHQFHV$LWNLQ��0���	�/RQJIRUG��1����������6WDWLVWLFDO�PRGHOOLQJ�LQ�VFKRRO�(IIHFWLYHQHVV�VWXGLHV��-RXUQDO�RI�WKH5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$��������²���
%RVNHU��5�-���	�:LW]LHUV��%���������$SULO���7KH�PDJQLWXGH�RI�VFKRRO�HIIHFWV��'RHV�LW�UHDOO\�PDWWHU�ZKLFKVFKRRO� D� VWXGHQW� DWWHQGV"� 3DSHU� SUHVHQWHG� DW� WKH� $QQXDO� 0HHWLQJ� RI� WKH� $PHULFDQ� (GXFDWLRQDO5HVHDUFK�$VVRFLDWLRQ��1HZ�<RUN�
%RVNHU��5�-���%ODWFKIRUG��3���	�0HLMQHQ��*�:�� ��������(QKDQFLQJ� HGXFDWLRQDO� H[FHOOHQFH�� HTXLW\� DQGHIILFLHQF\��,Q�5�-��%RVNHU��%�3�0��&UHHPHUV�	�6��6WULQJILHOG��(GV����(YLGHQFH�IURP�HYDOXDWLRQV�RIV\VWHPV�DQG�VFKRROV�LQ�FKDQJH��SS�����������'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV�
'RRODDUG�� 6�� �������� 6WDELOLW\� DQG� FKDQJH� LQ� UHVXOWV� RI� VFKRROLQJ�� %ULWLVK� (GXFDWLRQDO� 5HVHDUFK-RXUQDO���������²����
)R[�� -��3�� �������� 0XOWLOHYHO� ,57�� $� %D\HVLDQ� SHUVSHFWLYH� RQ� HVWLPDWLQJ� SDUDPHWHUV� DQG� WHVWLQJVWDWLVWLFDO�K\SRWKHVHV��3K�'��WKHVLV��7ZHQWH�8QLYHUVLW\��(QVFKHGH��1HWKHUODQGV�
)R[��-��3����������0XOWLOHYHO�,57�0DQXDO��&RPSXWHU�VRIWZDUH�DQG�GRFXPHQWDWLRQ�FDQ�EH�UHWULHYHG�IURP7ZHQWH�8QLYHUVLW\��'HSDUWPHQW�RI�UHVHDUFK�PHWKRGRORJ\��PHDVXUHPHQW�DQG�GDWD�DQDO\VLV��ZHEVLWH�KWWS���XVHUV�HGWH�XWZHQWH�QO�)R[�
)R[�� -��3��� 	� *ODV�� &�$�:�� �������� %D\HVLDQ� HVWLPDWLRQ� RI� D� PXOWLOHYHO� ,57� PRGHO� XVLQJ� *LEEVVDPSOLQJ��3V\FKRPHWULND���������²����
)R[�� -��3��� 	�*ODV�� &�$�:�� �������� %D\HVLDQ� PRGHOLQJ� RI� PHDVXUHPHQW� HUURU� LQ� SUHGLFWRU� YDULDEOHVXVLQJ�LWHP�UHVSRQVH�WKHRU\��3V\FKRPHWULND���������²����
)OHWFKHU�&DPSEHOO�� )��� 0HLMHU�� &�-�:��� 	� 3LMO�� <�-�� �������� ,QWHJUDWLRQ� SROLF\� DQG� SUDFWLFH�� ,Q� 5�-�%RVNHU��%�3�0��&UHHPHUV�	�6��6WULQJILHOG��(GV����(YLGHQFH�IURP�HYDOXDWLRQV�RI�V\VWHPV�DQG�VFKRROVLQ�FKDQJH��SS����������'RUGUHFKW��.OXZHU�$FDGHPLF�3XEOLVKHUV�
*ROGVWHLQ��+����������6RPH�PRGHOV�IRU�DQDO\VLQJ�ORQJLWXGLQDO�GDWD�RQ�HGXFDWLRQDO�DWWDLQPHQW��-RXUQDORI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$����������²����
*ROGVWHLQ��+����������0XOWLOHYHO�VWDWLVWLFDO�PRGHOV���QG�HG����/RQGRQ��(GZDUG�$UQROG�
*ROGVWHLQ��+���5DVEDVK��-���3OHZLV��,���'UDSHU��'���%URZQH��:���<DQJ��0���:RRGKRXVH��*���	�+HDO\��0��������� $� XVHU
V� JXLGH� WR� 0/ZL1�� /RQGRQ�� 0XOWLOHYHO� 0RGHOV� 3URMHFW�� ,QVWLWXWH� RI(GXFDWLRQ�8QLYHUVLW\�RI�/RQGRQ�
+DPEOHWRQ�� 5�.��� 	� 6ZDPLQDWKDQ�� +�� �������� ,WHP� UHVSRQVH� WKHRU\�� 3ULQFLSOHV� DQG� DSSOLFDWLRQV�%RVWRQ��.OXZHU�1LMKRII�3XEOLVKLQJ�
/RQJIRUG��1�7����������5DQGRP�FRHIILFLHQW�PRGHOV��1HZ�<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�
/RUG��)�0�����������$SSOLFDWLRQV�RI�LWHP�UHVSRQVH�WKHRU\�WR�SUDFWLFDO�WHVWLQJ�SUREOHPV��+LOOVGDOH��1HZ-HUVH\��/DZUHQFH�(UOEDXP�$VVRFLDWHV�
/RUG��)�0���	�1RYLFN��0�5����������6WDWLVWLFDO�WKHRULHV�RI�PHQWDO�WHVW�VFRUHV��5HDGLQJ��0$��$GGLVRQ�:HVOH\�
5DXGHQEXVK�� 6�:��� %U\N�� $�6��� &KHRQJ�� <�)��� 	� &RQJGRQ�� 5�7��� -U�� ��������+/0� ��� +LHUDUFKLFDO/LQHDU�DQG�QRQOLQHDU�PRGHOLQJ��/LQFROQZRRG��,/��6FLHQWLILF�6RIWZDUH�,QWHUQDWLRQDO��,QF�
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6FKHHUHQV��-���	�%RVNHU��5�-����������7KH�IRXQGDWLRQV�RI�HGXFDWLRQDO�HIIHFWLYHQHVV��2[IRUG��3HUJDPRQ�
6KDODEL��)�� ��������(IIHFWLYH�VFKRROLQJ� LQ� WKH�:HVW�%DQN��3K�'�� WKHVLV��7ZHQWH�8QLYHUVLW\��(QVFKHGH�1HWKHUODQGV�
6QLMGHUV��7�$�%���	�%RVNHU��5�-����������0XOWLOHYHO�DQDO\VLV��/RQGRQ��6DJH�
YDQ�GHU�/LQGHQ��:�-���	�+DPEOHWRQ��5�.�� �(GV��� ��������+DQGERRN�RI�PRGHUQ� LWHP�UHVSRQVH� WKHRU\�1HZ�<RUN��1<��6SULQJHU�
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 ���� ������
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5$1'20��:LWKLQ�VFKRROV ���� ���� ���� ������%HWZHHQ�VFKRROV ���� ���� ���� ����
1RWH��
1RW�VLJQLILFDQW�DW�WKH�����OHYHO�
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� ���� �� ���� ��� ���� �� ���� ��� ���� �� ���� ��� ����� ��� ���� ��� ����� ��� ����� ���� ����� ��� ����� ���� ����� ��� ����� ���� ����� ��� ����� ���� ����� ��� ����� ����� ����� ��� ����� ���
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