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&KDSWHU��� 0RGHO�$QDO\VLV�$OJRULWKPV�,,��0RGHO�(VWLPDWLRQ

,QWURGXFWLRQ

6WXGHQW�PHQWDO�PRGHO�VWDWHV�DUH�QRW�GLUHFWO\�PHDVXUDEOH���7KH�RQO\�REVHUYDEOH�GDWD�WKDW

ZH�FDQ�JHW�IURP�DQ�H[SHULPHQW�LV�VWXGHQW�UHVSRQVHV�LQ�D�YDULHW\�RI�HQYLURQPHQWV�LQFOXGLQJ

LQWHUYLHZV�DQG�GLIIHUHQW�SUREOHP�VROYLQJ�VLWXDWLRQV���$FFRUGLQJ�WR�RXU�PRGHO�RI�WKH

OHDUQLQJ�SURFHVV��HDFK�TXHVWLRQ�LV�FRQVLGHUHG�DV�DQ�LQVWDQFH�RI�D�SK\VLFV�FRQWH[W�DQG

VKRXOG�WULJJHU�VWXGHQWV�IRU�DVVRFLDWLRQV�WR�FHUWDLQ�PRGHOV���7KH�VWXGHQW�UHVSRQVHV�DUH

FRQVLGHUHG�DV�WKH�RXWFRPH�RI�WKH�VWXGHQWV©�DSSO\LQJ�WKHVH�PRGHOV�LQWR�WKH�SK\VLFV�FRQWH[WV�

8VLQJ�VWXGHQW�UHVSRQVHV�DV�LQSXW��ZLWK�SURSHU�DOJRULWKPV��ZH�FDQ�REWDLQ�TXDQWLWDWLYH

LQIRUPDWLRQ�RI�VWXGHQWV�XVLQJ�WKHLU�PRGHOV�

,Q�3(5��WKH�LQVWUXPHQWV�PRVW�FRPPRQO\�XVHG�WR�VWXG\�VWXGHQW�XQGHUVWDQGLQJV�LQFOXGH

IUHH�UHVSRQVH�TXHVWLRQV��LQWHUYLHZV��DQG�PXOWLSOH�FKRLFH�TXHVWLRQV���)UHH�UHVSRQVH

TXHVWLRQV�DQG�LQWHUYLHZV�RIWHQ�SURYLGH�YHU\�ULFK�LQIRUPDWLRQ�RQ�VWXGHQW�XQGHUVWDQGLQJV�

%XW�WKH\�DUH�DOVR�YHU\�GLIILFXOW�WR�DQDO\]H�DQG�H[SHQVLYH�WR�FRQGXFW���0XOWLSOH�FKRLFH�WHVWV

KDYH�WKH�DGYDQWDJH�RI�EHLQJ�HDV\�WR�DQDO\]H�DQG�FKHDS�WR�FRQGXFW�LQ�ODUJH�VFDOH���%XW�WKH

WUDGLWLRQDO�ZD\�RI�DQDO\]LQJ�VFRUHV�GRHVQ©W�SURYLGH�PXFK�XVHIXO�LQIRUPDWLRQ�HVSHFLDOO\�RQ

VWXGHQW�UHDO�XQGHUVWDQGLQJV�RI�SK\VLFV�

7KH�JRDO�RI�WKLV�FKDSWHU�LV�WR�GHYHORS�DQ�DOJRULWKP�WRRO�WR�GR�QXPHULFDO�DQDO\VLV�RI

VWXGHQW�GDWD�RQ�PXOWLSOH�FKRLFH�WHVWV�WR�REWDLQ�TXDQWLWDWLYH�HYDOXDWLRQV�RI�VWXGHQW�PRGHOV�

,Q�RUGHU�WR�GR�VR��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�JHQHUDO�EHKDYLRU�RI�RXU�VWXGHQWV���$V

LQGLFDWHG�E\�3(5��IRU�D�VDPH�SK\VLFDO�FRQFHSW��D�VLQJOH�VWXGHQW�FDQ�KDYH

x D�GRPLQDQW�PRGHO��QRW�QHFHVVDULO\�D�FRUUHFW�RQH���ZKLFK�LV�XVHG�FRQVLVWHQWO\

WKURXJK�RXW�YDULRXV�TXHVWLRQV�UHODWHG�WR�D�VDPH�FRQFHSW

x D�PL[HG�PRGHO�VWDWH�ZKHUH�WKH�VWXGHQW�XVHV�VHYHUDO�PRGHOV��FRUUHFW�DQG�LQFRUUHFW

RQHV��LQ�DQ�LQFRQVLVWHQW�ZD\��VOLJKWO\�GLIIHUHQW�TXHVWLRQV�RQ�WKH�VDPH�FRQFHSW�FDQ

WULJJHU�GLIIHUHQW�PRGHOV�

x RU�QR�PRGHO�DW�DOO��ZKLFK�RIWHQ�OHDG�WKH�VWXGHQW�WR�JLYH�D�UHVSRQVH�EDVHG�RQ�UDQGRP

JXHVVLQJ��QR�VHULRXV�ORJLFDO�UHDVRQLQJ�LQYROYHG��

,Q�JHQHUDO��DQ�DYHUDJH�VWXGHQW�LQ�RXU�LQWURGXFWRU\�SK\VLFV�FODVV�LV�RIWHQ�IRXQG�WR�EH�LQ�D

PL[HG�PRGHO�VWDWH�ZKHUH�GLIIHUHQW�PRGHOV�DUH�XVHG�LQFRQVLVWHQWO\�

&RQVLGHU�WKH�FDVH�ZKHUH�ZH�KDYH�D�ZKROH�FODVV�RI�VWXGHQWV�DQG�HDFK�VWXGHQW�KDV�D

XQLTXH�PRGHO�VWDWH��FRQVLVWHQW�DQG�LQFRQVLVWHQW��FRUUHFW�DQG�LQFRUUHFW�����7KHQ�WKH�VWXGHQW

UHVSRQVHV�DUH�JHQHUDWHG�E\�D�ODUJH�QXPEHU�RI�GLIIHUHQW�PRGHO�RSHUDWLRQV��WULJJHULQJ�DQG

DSSO\LQJ��ZLWK�DOO�VRUWV�RI�PRGHOV��FRUUHFW��LQFRUUHFW��PL[HG�DQG�UDQGRP����7KHUHIRUH��WKH

UHVXOWV�FDQ�EH�YHU\�FRPSOLFDWHG�DQG�D�VLPSOH�DQDO\VLV�XVLQJ�VFRUHV�DORQH�RIWHQ�IDLO�WR

SURYLGH�XVHIXO�LQIRUPDWLRQ�RQ�WKH�VWXGHQW�UHDO�XQGHUVWDQGLQJ�RI�WKH�SK\VLFV�FRQFHSW���)RU

H[DPSOH��D�ORZ�VFRUH�FDQ�EH�FDXVHG�E\�D�FRQVLVWHQW�LQFRUUHFW�PRGHO��UDQGRP�JXHVVLQJ��RU�D

WHPSRUDULO\�WULJJHUHG�LQFRUUHFW�PRGHO�LQ�D�PL[HG�PRGHO�VWDWH���7KHVH�GLIIHUHQW�VLWXDWLRQV
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UHIOHFW�LPSRUWDQW�LQIRUPDWLRQ�RQ�VWXGHQW�XQGHUVWDQGLQJ�RI�SK\VLFV���%XW�QRQH�RI�WKHVH�FDQ

EH�REWDLQHG�ZLWK�DQDO\VLV�EDVHG�VROHO\�RQ�VFRUHV�

,Q�HGXFDWLRQ�UHVHDUFK��IDFWRU�DQDO\VLV�LV�D�YHU\�SRSXODU�WRRO�WKDW�UHVHDUFKHUV�RIWHQ�XVH�WR

VWXG\�WKH�SRVVLEOH�PRGHOV�XQGHUO\LQJ�VWXGHQW�DQVZHUV�RQ�D�WHVW�
�
��,W�FDOFXODWHV�WKH

FRUUHODWLRQ�EHWZHHQ�VWXGHQW�VFRUHV�RQ�GLIIHUHQW�TXHVWLRQV�DQG�XVHV�WKLV�FRUUHODWLRQ��ZKLFK

PHDVXUHV�WKH�FRQVLVWHQF\�RI�VWXGHQW�VFRUHV�RQ�GLIIHUHQW�TXHVWLRQV��WR�LQIHU�SRVVLEOH

¦IDFWRUV§��PRGHOV��IURP�WKH�GDWD���)RU�PRUH�GHWDLOV�RQ�IDFWRU�DQDO\VLV��SOHDVH�VHH�UHODWHG

UHIHUHQFHV�LQ�WKH�HQG�RI�WKLV�FKDSWHU���,Q�WKH�ODWHU�SDUW�RI�WKLV�FKDSWHU��,�ZLOO�JLYH�D�PRUH

GHWDLOHG�FRPSDULVRQ�EHWZHHQ�IDFWRU�DQDO\VLV�DQG�PRGHO�DQDO\VLV�

$�PDMRU�GLVDGYDQWDJH�RI�IDFWRU�DQDO\VLV�LV�WKDW�LW�RQO\�HYDOXDWHV�WKH�FRQVLVWHQF\�RI

VWXGHQW�VFRUHV�DQG�GRHVQ©W�ORRN�DW�WKH�V\VWHPDWLFV�RI�LQFRUUHFW�DQVZHUV���8QGHUO\LQJ�WKLV�LV

WKH�DVVXPSWLRQ�WKDW�WKH�LQGLYLGXDO�VWXGHQW�LV�FRQVLVWHQW�ZLWK�WKHLU�PRGHOV���)RU�H[DPSOH�

VXSSRVH�ZH�JLYH�VWXGHQWV�D�WHVW�FRQWDLQLQJ�WZR�JURXSV�RI�TXHVWLRQV��RQH�JURXS�RQ�1HZWRQ

,,,�DQG�RQH�JURXS�RQ�)RUFH�0RWLRQ���,I�DOO�VWXGHQWV�KDYH�FRQVLVWHQW�PRGHOV�UHODWHG�WR�WKH

WZR�SK\VLFV�FRQFHSWV��WKH�FRUUHODWLRQ��FRQVLVWHQF\��RI�VWXGHQWV©�VFRUHV�RQ�WKH�TXHVWLRQV

ZLWKLQ�VDPH�JURXS�VKRXOG�EH�KLJKHU�WKDQ�WKH�FRUUHODWLRQ�RI�VFRUHV�RQ�TXHVWLRQV�IURP

GLIIHUHQW�JURXSV���,Q�WKLV�FDVH��IDFWRU�DQDO\VLV�ZLOO�JLYH�WZR�IDFWRUV��ZKLFK�FDQ�EH�LQIHUUHG

DV�WZR�¦PRGHOV§�WKDW�VWXGHQWV�XVH�FRQVLVWHQWO\�WR�VROYH�SUREOHPV�LQ�WKH�WZR�JURXSV�

$V�ZH�FDQ�VHH��IDFWRU�DQDO\VLV�GRHV�QRW�FRQVLGHU�WKH�SRVVLELOLW\�WKDW�WKH�VWXGHQWV�PD\

HDFK�SRVVHVV�PRUH�WKDQ�RQH�PRGHO�DQG�PD\�EH�LQFRQVLVWHQW�LQ�XVLQJ�WKHVH�PRGHOV���:LWK

WKH�DERYH�H[DPSOH��LI�WKH�VWXGHQWV�KDYH�PRUH�WKDQ�RQH�PRGHO�RQ�1HZWRQ�,,,�DQG�RU�RQ

)RUFH�0RWLRQ�DQG�DUH�LQFRQVLVWHQW��WKHLU�VFRUHV�ZLOO�VKRZ�D�JUHDW�GHDO�RI�UDQGRPQHVV�DQG

QR�IDFWRUV�ZLOO�EH�REWDLQHG���7KLV�UHVXOW�KDV�EHHQ�GHPRQVWUDWHG�LQ�WKH�OLWHUDWXUH��D�JRRG

H[SODQDWLRQ�FDQ�EH�LPSOLHG�IURP�WKH�GLVFXVVLRQ�LQ�WKLV�FKDSWHU��
�
��$�PRUH�GHWDLOHG�DQDO\VLV

RQ�WKH�IDFWRU�DQDO\VLV�LV�GLVFXVVHG�LQ�ODWHU�SDUW�RI�WKLV�FKDSWHU�

)URP�WKH�DERYH�H[DPSOH��ZH�FDQ�DOVR�VHH�WKDW�IDFWRU�DQDO\VLV�GRHV�QRW�SURYLGH�H[SOLFLW

PHDQLQJV�RQ�WKH�QDWXUH�RI�WKH�LQIHUUHG�¦IDFWRUV§���,Q�IDFW�HDFK�RI�WKH�WZR�IDFWRUV�RQO\

LPSOLHV�D�EURDGO\�GHILQHG�¦PRGHO§�WKDW�DIIHFWV�WKH�FRQVLVWHQF\�RI�VWXGHQW�VFRUHV���7KLV�W\SH

RI�¦PRGHO§�GRHV�QRW�JLYH�WKH�RSHUDWLRQDO�GHWDLOV�RQ�KRZ�D�VWXGHQW�PD\�XVH�LW�WR�JHQHUDWH�D

UHVSRQVH���7KHUHIRUH��WKH�¦PRGHOV§�FRUUHVSRQGLQJ�WR�WKH�IDFWRUV�IURP�IDFWRU�DQDO\VLV�DUH

IXQGDPHQWDOO\�GLIIHUHQW�IURP�WKH�VWXGHQW�PRGHOV�ZH�DUH�WDONLQJ�DERXW���$FFRUGLQJ�WR�RXU

XQGHUVWDQGLQJ�RI�OHDUQLQJ��WKH�DFWXDO�SURFHVV�WR�JHQHUDWH�FRQVLVWHQW�LQFRQVLVWHQW�VFRUHV�LV

YHU\�FRPSOLFDWHG�DQG�FDQ�QRW�EH�GHVFULEHG�E\�WKH�UHVXOWV�IURP�D�IDFWRU�DQDO\VLV�

)RU�H[DPSOH��FRQVLGHU�WKH�FDVH�WKDW�RQH�JURXS�RI�TXHVWLRQV�RQ�D�VLQJOH�SK\VLFV�FRQFHSW

LV�JLYHQ�WR�D�FODVV�RI�VWXGHQWV���6XSSRVH�HDFK�LQGLYLGXDO�VWXGHQW�KDV�PRUH�WKDQ�RQH�PRGHO

DQG�LV�LQFRQVLVWHQW�LQ�XVLQJ�WKHVH�PRGHOV��VHH�WKH�UDQGRP�SURFHVV�LQ�PRGHO�WULJJHULQJ

GHVFULEHG�LQ�FKDSWHU������6LQFH�WKH�LQGLYLGXDO�VWXGHQW�PD\�XVH�GLIIHUHQW�PRGHOV�RQ

TXHVWLRQV�UHODWHG�WR�D�VLQJOH�SK\VLFV�FRQFHSW��WKH�FRUUHODWLRQ�EHWZHHQ�VFRUHV�LV�ORZ�DQG�QR

GRPLQDQW�IDFWRUV�FDQ�EH�LGHQWLILHG���7KLV�LPSOLHV�WKDW�WKH�VWXGHQWV©�EHKDYLRUV�DUH�UDQGRP

�VRPHWLPHV�JLYLQJ�FRUUHFW�DQVZHUV�DQG�VRPHWLPHV�JLYLQJ�LQFRUUHFW�RQHV�ZLWK�QR�V\VWHPDWLF

UHODWLRQ���%XW�GLIIHUHQW�W\SHV�RI�UDQGRPQHVV�DUH�LQYROYHG����6WXGHQWV�ZLWK�LQFRQVLVWHQW

VFRUHV�FDQ�EH�FRQVLVWHQW�RQ�JLYLQJ�LQFRUUHFW�UHVSRQVHV�RI�WKH�VDPH�W\SH���:H�PD\�REVHUYH



��

VWXGHQW�UHVSRQVHV�VZLWFKLQJ�EHWZHHQ�FRUUHFW�DQVZHUV�DQG�LQFRUUHFW�RQHV�WKDW�FDQ�EH

DVVRFLDWHG�ZLWK�D�VLQJOH�LQFRUUHFW�PRGHO���7KLV�W\SH�RI�UDQGRP�SURFHVV�KDSSHQV�LQ�PRGHO

WULJJHULQJ�DQG�LV�IXQGDPHQWDOO\�GLIIHUHQW�IURP�WKH�UDQGRP�EHKDYLRU�ZKHQ�VWXGHQWV�JHQHUDWH

DQVZHUV�E\�JXHVVLQJ��QR�PRGHO�LQYROYHG���RU�E\�KXPDQ�HUURUV��PLVWDNHV����:LWK�QR

LQIRUPDWLRQ�RQ�WKH�LQFRUUHFW�UHVSRQVHV��IDFWRU�DQDO\VLV�ZRQ©W�ZRUN�ZLWK�VXFK�PRGHO�EDVHG

UDQGRP�SURFHVVHV�

1RZ�FRQVLGHU�WKH�FDVH�ZKHUH�HDFK�LQGLYLGXDO�VWXGHQW�LV�FRQVLVWHQW�LQ�XVLQJ�D�PRGHO�

L�H���LQ�WKH�FODVV��VRPH�RI�WKH�VWXGHQWV�XVH�RQH�FRUUHFW�PRGHO�FRQVLVWHQWO\�ZKLOH�RWKHUV�XVH�D

VHFRQG��LQFRUUHFW��PRGHO�FRQVLVWHQWO\���,Q�WKLV�FDVH��VWXGHQW�VFRUHV�ZLOO�KDYH�YHU\�KLJK

FRUUHODWLRQ�FRQVLVWHQF\�RQ�DOO�WKH�TXHVWLRQV��HLWKHU�DOO�FRUUHFW�RU�DOO�ZURQJ�GHSHQGLQJ�RQ

WKH�PRGHOV�XVHG����7KHQ�IDFWRU�DQDO\VLV�ZLOO�LGHQWLI\�RQH�IDFWRU�IURP�WKHVH�GDWD��ZKLFK

UHIOHFWV�WKH�FRQVLVWHQF\�RI�VWXGHQW�VFRUHV�RQ�WKLV�VHW�RI�TXHVWLRQV���%XW�VWLOO�WKLV�IDFWRU�GRHV

QRW�KDYH�DQ\�LQIRUPDWLRQ�RQ�ZK\�VWXGHQWV�DUH�FRQVLVWHQWO\�JLYLQJ�FRUUHFW�RU�LQFRUUHFW

DQVZHUV���$OO�ZH�FDQ�WHOO�LV�WKDW�WKHUH�PLJKW�EH�RQH�KLGGHQ�IDFWRU�XQGHUO\LQJ�WKH�VWXGHQW

VFRUHV�RQ�WKLV�VHW�RI�TXHVWLRQV�VR�WKDW�WKH�DQVZHUV�IURP�WKH�LQGLYLGXDO�VWXGHQWV�ZLOO�HLWKHU

EH�FRUUHFW�RU�LQFRUUHFW�WR�DOO�TXHVWLRQV�

:KDW�PDNHV�WKH�VWXGHQWV�EHKDYH�OLNH�WKLV�LV�QRW�H[SOLFLWO\�UHIOHFWHG�E\�WKH�UHVXOW���,Q

IDFW��LQ�WKLV�FDVH��IDFWRU�DQDO\VLV�LPSOLHV�D�ZURQJ�VWRU\�¤�RQO\�RQH�¦IDFWRU§�LQ�VWXGHQW�GDWD

UDWKHU�WKDQ�WKDW�WKDW�VWXGHQWV�DUH�FRQVLVWHQWO\�XVLQJ�GLIIHUHQW�PRGHOV�LQ�JHQHUDWLQJ�WKHLU

UHVSRQVHV���:LWK�WKLV�H[DPSOH��HYHQ�LQ�FDVHV�ZKHUH�VWXGHQWV�DOO�KDYH�FRQVLVWHQW�PRGHOV�

IDFWRU�DQDO\VLV�IDLOV�WR�JLYH�D�FRUUHFW�GHVFULSWLRQ�RI�VWXGHQW�PRGHOLQJ�VLWXDWLRQV���,Q

DGGLWLRQ��VXSSRVH�HDFK�TXHVWLRQ�LV�GHVLJQHG�ZLWK�D�VXEVWDQWLDO�QXPEHU�RI�FKRLFHV��ZKLFK

PDNHV�D�VPDOO�SUREDELOLW\�RQ�JXHVVLQJ�RXW�D�FRUUHFW�DQVZHU��,Q�WKLV�VLWXDWLRQ��IDFWRU

DQDO\VLV�ZLOO�DJDLQ�IDLO�WR�LGHQWLI\�WKH�GLIIHUHQFH�EHWZHHQ�VWXGHQWV�ZKR�DOZD\V�JHW�WKH�VDPH

W\SH�RI�LQFRUUHFW�DQVZHUV��ZKLFK�LQGLFDWHV�D�FRKHUHQW�LQFRUUHFW�PRGHO��DQG�VWXGHQWV�ZKR

JHW�DOO�GLIIHUHQW�NLQGV�RI�LQFRUUHFW�DQVZHUV��ZKLFK�LV�DSSDUHQWO\�E\�UDQGRP�JXHVVLQJ��QR

FRKHUHQW�PRGHO����7KH�LQIRUPDWLRQ�RI�VWXGHQWV�XVLQJ�WKHLU�LQFRUUHFW�PRGHOV�LV�HPEHGGHG�LQ

WKH�LQFRUUHFW�DQVZHUV�FKRVHQ�E\�WKH�VWXGHQWV���&RQVLVWHQW�LQFRUUHFW�PRGHOV�ZLOO�UHVXOW�LQ

FRQVLVWHQW�LQFRUUHFW�DQVZHUV�DQG�ZH�KDYH�WR�ORRN�IRU�WKLV�LQIRUPDWLRQ�LQ�RUGHU�WR�GHFLGH�WKH

UHDO�VWRU\�DERXW�RXU�VWXGHQWV���6LQFH�IDFWRU�DQDO\VLV�XVHV�RQO\�VFRUHV��LW�FDQ©W�SURYLGH

LQIRUPDWLRQ�RQ�KRZ�DQG�ZK\�WKH�VWXGHQWV�DUH�GRLQJ�ZURQJ�

�� �$V�D�VKRUW�VXPPDU\�IRU�WKH�DERYH�GLVFXVVLRQV��VLQFH�IDFWRU�DQDO\VLV�LV�EDVHG�RQ�VFRUHV�

WKHUH�LV�QR�ZD\�IRU�LW�WR�GLVWLQJXLVK�WKH�GLIIHUHQW�PRGHO�RSHUDWLRQV�DPRQJ�VWXGHQWV���7KH

UHVXOWV�RI�IDFWRU�DQDO\VLV�RQO\�JLYH�WKH�LQIRUPDWLRQ�RQ�WKH�FRQVLVWHQF\�RI�VWXGHQW�FRUUHFW

VFRUHV�RQ�GLIIHUHQW�TXHVWLRQV��DQG�WKLV�LV�QRW�HQRXJK�WR�H[WUDFW�WKH�UHDO�VWUXFWXUH�RI�VWXGHQW

PRGHOV�

0RUH�VRSKLVWLFDWHG�YHUVLRQV�RI�IDFWRU�DQDO\VLV�RIWHQ�LQFOXGH�D�VWXGHQW�DELOLW\�WHUP�WR

DFFRXQW�IRU�SRVVLEOH�VWXGHQW�¦ODWHQW§�PRGHOV�
�
��%XW�DJDLQ�LQIRUPDWLRQ�RQ�VWXGHQW�¦PRGHOV§

LV�LPSOLFLW�DQG�GHULYHG�VROHO\�RQ�WKH�FRUUHODWLRQ�RI�WKH�VFRUHV��ZKLFK�FRQWDLQV�QR

LQIRUPDWLRQ�RQ�VWXGHQW�LQFRUUHFW�UHVSRQVHV�
�
��7KHUHIRUH��IDFWRU�DQDO\VLV��HYHQ�WKH�PRGLILHG

YHUVLRQV�RI�LW��GRHVQ©W�SURYLGH�H[SOLFLW�LQIRUPDWLRQ�RQ�ZKDW�PDNHV�VWXGHQWV�SURGXFH

KLJK�ORZ�VFRUHV��ZKDW�PDNHV�D�TXHVWLRQ�EH�HDV\�GLIILFXOW��RU�ZKDW�PDNHV�D�VWXGHQW�SHUIRUP

FRQVLVWHQWO\�UDQGRPO\�RQ�VLPLODU�TXHVWLRQV�UHODWHG�WR�D�VLQJOH�FRQFHSW�
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7KHUHIRUH��WR�XQGHUVWDQG�VWXGHQW�PRGHOLQJ�ZLWK�PXOWLSOH�FKRLFH�GDWD��ZH�QHHG�WR

DQDO\]H�WKH�FRPSOHWH�VWUXFWXUDO�LQIRUPDWLRQ�RI�UHVSRQVHV�IURP�HDFK�VWXGHQW��5��7KRUQWRQ

KDV�FRQGXFWHG�UHVHDUFK�XVLQJ�VWXGHQWV©�LQFRUUHFW�UHVSRQVHV�WR�VWXG\�WKHLU�PRGHOV�ZKHUH

VWXGHQW�PL[HG�PRGHO�VWDWH�LV�FKDUDFWHUL]HG�DV�D�¦WUDQVLWLRQDO�VWXGHQW�YLHZ§�
�

,Q�GDWD�SURFHVVLQJ��LI�WKH�UHVXOWV�DUH�EDVHG�RQ�FDOFXODWLQJ�WKH�WRWDO�QXPEHU�RI�VWXGHQWV

KROGLQJ�GLIIHUHQW�W\SHV�RI�PRGHOV��WKHQ�WKH�UHVXOWV�RQO\�FRQWDLQ�WKH�SURSRUWLRQ�RI�VWXGHQWV

LQIHUUHG�DV�KDYLQJ�GLIIHUHQW�PRGHOV�E\�WKHLU�UHVSRQVHV�DQG�WKH�VWUXFWXUDO�LQIRUPDWLRQ�IRU

LQGLYLGXDO�VWXGHQW�UHVSRQVHV�LV�ORVW�GXULQJ�WKH�DYHUDJLQJ�SURFHVV���$V�D�UHVXOW��WKH

SRVVLELOLW\�WKDW�LQGLYLGXDO�VWXGHQW�FDQ�KDYH�PXOWLSOH�PRGHOV�DW�WKH�VDPH�WLPH�LV�QRW�IXOO\

UHSUHVHQWHG��DQG�WKH�VWUXFWXUDO�LQIRUPDWLRQ�RI�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWH�LV�QRW

UHWDLQHG�

,Q�WKLV�FKDSWHU��,�LQWURGXFH�D�QHZ�PHWKRG�WR�DQDO\]H�WKH�VWUXFWXUDO�LQIRUPDWLRQ�RI�WKH

LQGLYLGXDO�VWXGHQW©V�UHVSRQVHV�DQG�WR�REWDLQ�TXDQWLWDWLYH�HYDOXDWLRQV�RI�VWXGHQW�PRGHO

VWDWHV�LQFOXGLQJ�GHWDLOHG�LQIRUPDWLRQ�RQ�VWXGHQWV�XVH�RI�PL[HG�PRGHOV���6LQFH�WKH

GHYHORSPHQW�RI�WKLV�PHWKRG�GHSHQGV�KHDYLO\�RQ�RXU�XQGHUVWDQGLQJ�RI�VWXGHQW�PRGHOV��DQG

WKH�UHVXOWV�DOVR�SURYLGH�H[SOLFLW�LQIRUPDWLRQ�RQ�VWXGHQW�PRGHO�VWDWHV��WKLV�WRRO�LV�FDOOHG

0RGHO�$QDO\VLV�

7KH�EDVLF�DSSURDFK�LV�WR�VWXG\�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�DOO�WKH�VWXGHQW�UHVSRQVHV

UDWKHU�WKDQ�MXVW�WKH�FRUUHFW�RQHV���7KH�VWXGHQWV©�IXOO�UHVSRQVH�SDWWHUQV�DUH�DQDO\]HG�DQG

VWRUHG�LQ�D�PRGHO�GHQVLW\�PDWUL[�WKDW�UHWDLQV�SDUW�RI�WKH�VWUXFWXUDO�LQIRUPDWLRQ�RI�WKH

LQGLYLGXDO�VWXGHQW�UHVSRQVHV���7KLV�PRGHO�GHQVLW\�PDWUL[�LV�WKHQ�DQDO\]HG�WR�H[WUDFW

LQIRUPDWLRQ�RQ�VWXGHQW�PRGHOV�

,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�ILUVW�LQWURGXFH�ZD\V�WR�LGHQWLI\�VWXGHQWV©�PRGHOV�EDVHG

RQ�WKHLU�UHVSRQVHV�RQ�D�PXOWLSOH�FKRLFH�WHVW���:LWK�WKLV�PRGHOLQJ�SURFHVV��VWXGHQW�UDZ

UHVSRQVHV�DUH�WUDQVIRUPHG�LQWR�PRGHO�EDVHG�UHVSRQVHV���8VLQJ�WKHVH�PRGHO�EDVHG

UHVSRQVHV��D�PRGHO�GHQVLW\�PDWUL[��IRU�D�FODVV��FDQ�EH�FRQVWUXFWHG��ZKLFK�SUHVHUYHV

LPSRUWDQW�LQIRUPDWLRQ�RQ�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWH���7KHQ�WKH�GHQVLW\�PDWUL[�LV

GHFRPSRVHG�WR�REWDLQ�HLJHQYDOXHV�DQG�HLJHQYHFWRUV���7KHVH�HLJHQYHFWRUV�FDQ�EH�XVHG�WR

UHSUHVHQW�WKH�FRPPRQ�VWXGHQW�PRGHO�VWDWHV�DQG�WKH�HLJHQYDOXHV�JLYH�WKH�SUHYDOHQFH�RI�WKH

UHVSHFWLYH�PRGHOV���'LIIHUHQW�ZD\V�WR�SUHVHQW�DQG�DQDO\]H�WKH�PRGHO�VWDWHV�ZLOO�EH

GLVFXVVHG�LQ�GHWDLO���,Q�WKH�ILQDO�SDUW�RI�WKH�FKDSWHU��,�ZLOO�XVH�WKLV�PHWKRG�WR�DQDO\]H�)&,

GDWD�DQG�GLVFXVV�WKH�UHVXOWV���7KLV�PHWKRG�FDQ�EH�XVHG�WR�LQYHVWLJDWH�D�VLQJOH�VWXGHQW�PRGHO

VWDWH�DV�ZHOO�DV�WKH�RYHUDOO�PRGHO�VWDWHV�RI�D�FODVV�
�
��'XH�WR�WKH�DYDLODELOLW\�RI�WHVW�GDWD��WKH

PHWKRG�GHYHORSHG�LQ�WKLV�FKDSWHU�LV�IRFXVHG�RQ�HYDOXDWLQJ�WKH�PRGHO�VWDWHV�IRU�D�FODVV�

,GHQWLI\LQJ�WKH�3K\VLFDO�0RGHOV

%HIRUH�ZH�FDQ�PDNH�PHDVXUHPHQWV�RQ�VWXGHQW�PRGHOV��ZH�QHHG�WR�NQRZ�WKH�SK\VLFDO

PRGHOV�DVVRFLDWHG�ZLWK�WKH�WRSLFV�RI�VWXG\���7KHQ�ZH�FDQ�GHVLJQ�DSSURSULDWH�LQVWUXPHQWV

VXFK�DV�PXOWLSOH�FKRLFH�FRQFHSW�WHVWV�WR�SUREH�VWXGHQWV©�XVH�RI�WKHVH�PRGHOV���7KHUHIRUH�

WKH�ILUVW�VWHS�WR�GR�PRGHO�DQDO\VLV�LV�DOZD\V�D�V\VWHPDWLF�DQG�GHWDLOHG�LQYHVWLJDWLRQ�RI

VWXGHQW�GLIILFXOWLHV�RQ�D�SK\VLFV�FRQFHSW���,Q�WKHVH�UHVHDUFKHV��ZH�RIWHQ�JLYH�VWXGHQWV�IUHH�

UHVSRQVH�FRQFHSWXDO�TXHVWLRQV�WR�SUREH�WKHLU�JHQHUDO�XQGHUVWDQGLQJV�RI�WKH�SK\VLFDO
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FRQFHSWV�DQG�FRQGXFW�LQWHUYLHZV�WR�REWDLQ�PRUH�GHWDLOV�RI�WKHLU�XQGHUVWDQGLQJ���7KH

LQWHUYLHZV�FDQ�DOVR�EH�XVHG�WR�FRQILUP�DQG�HODERUDWH�ZKDW�ZH�KDYH�OHDUQHG�IURP�WKH

VWXGHQW�UHVSRQVHV�RQ�VKRUW�DQVZHU�TXHVWLRQV�

%DVHG�RQ�WKHVH�GHWDLOHG�VWXGLHV��ZH�FDQ�GHILQH�WKH�VHW�RI�SK\VLFDO�PRGHOV�DV�WKRVH

IRXQG�WR�EH�FRPPRQ�WR�WKH�VWXGHQWV���(DFK�VHW�RI�SK\VLFDO�PRGHOV�XVXDOO\�FRQVLVWV�RI�RQH

FRUUHFW�PRGHO��D�IHZ�LQFRUUHFW�RQHV�DQG�D�QXOO�PRGHO�WR�DFFRXQW�IRU�XQFHUWDLQ�VWXGHQW

EHKDYLRUV�
�
��'LIIHUHQW�SK\VLFV�FRQFHSW�GRPDLQV�PD\�KDYH�GLIIHUHQW�VHWV�RI�SK\VLFDO�PRGHOV

DVVRFLDWHG�ZLWK�WKHP�DQG�WKH�VWUXFWXUH�RI�WKHVH�PRGHOV�PD\�DOVR�EH�DIIHFWHG�E\�WKH

EDFNJURXQG�RI�WKH�VWXGHQWV���$V�RIWHQ�REVHUYHG�LQ�UHVHDUFK��VWXGHQWV�PRGHOV�PD\�LQYROYH

QRW�RQO\�PLVXVH�RI�SK\VLFV�SULQFLSOHV�EXW�DOVR�LQDSSURSULDWH�XQGHUVWDQGLQJV�RI�WKH�SK\VLFV

FRQFHSWV�FRPSOHWHO\�GLIIHUHQW�IURP�WKRVH�WUDGLWLRQDOO\�XVHG�E\�SK\VLFLVWV����)RU�H[DPSOH�

IRU�D�SK\VLFLVW��YHORFLW\�DQG�DFFHOHUDWLRQ�UHSUHVHQW�WZR�GLVWLQFW�FRQFHSWV���%XW�IRU�VRPH

VWXGHQWV��WKHVH�DUH�FRPELQHG�LQ�D�VLQJOH�XQGLIIHUHQWLDWHG�FRQFHSW�RI�¦PRWLRQ§���,Q�RWKHU

FDVHV��VWXGHQWV�PD\�GLIIHUHQWLDWH�D�VLQJOH�SK\VLFV�FRQFHSW�LQWR�WZR�SDUWV���)RU�H[DPSOH��D

VWXGHQW�PD\�GHFLGH�WKDW�VRPH�PRYLQJ�REMHFWV�¦ZDQW�WR�VWRS§��D�ER[�VOLGLQJ�RQ�D�URXJK

IORRU���ZKLOH�RWKHUV��D�WKURZQ�EDVHEDOO��¦ZDQW�WR�NHHS�JRLQJ§���$�SK\VLFLVW�ZRXOG�FODVVLI\

ERWK�WKH�VDPH�EXW�VD\�WKDW�RQH��WKH�ER[��LV�DFWHG�RQ�E\�DQ�RXWVLGH�IRUFH��IULFWLRQ��

7KHUHIRUH��ZKHQ�ZH�VWXG\�VWXGHQW�PRGHOV��ZH�KDYH�WR�EH�YHU\�VSHFLILF�DERXW�ERWK�WKH

SK\VLFV�FRQFHSW�DQG�WKH�EDFNJURXQG�RI�WKH�VWXGHQWV���:H�DOVR�KDYH�WR�H[HUFLVH�FRQVLGHUDEOH

FDUH�DQG�HIIRUW�LQ�GHWHUPLQLQJ�DQG�VHOHFWLQJ�FRPPRQ�VWXGHQW�PRGHOV�

2QFH�WKH�SK\VLFDO�PRGHOV�DUH�GHWHUPLQHG�DQG�FRQILUPHG�E\�UHVHDUFK��ZH�FDQ�VWDUW�WR

GHVLJQ�PXOWLSOH�FKRLFH�TXHVWLRQV�WKDW�FDQ�EH�XVHG�WR�VWXG\�VWXGHQWV©�XVH�RI�WKHVH�PRGHOV�

1RW�DOO�W\SHV�RI�PXOWLSOH�FKRLFH�TXHVWLRQV�DUH�DSSURSULDWH�WR�XVH�ZLWK�PRGHO�DQDO\VLV���7KH

TXHVWLRQV�KDYH�WR�EH�FDUHIXOO\�GHVLJQHG�VR�WKDW�WKH�FKRLFHV�RI�WKH�TXHVWLRQV�UHSUHVHQW

DWWUDFWLYH�UHVXOWV�FRUUHVSRQGLQJ�WR�WKH�FRPPRQ�VWXGHQW�PRGHOV���(DFK�SK\VLFDO�PRGHO

QHHGV�DW�OHDVW�RQH�FKRLFH�WR�UHSUHVHQW�LW���7KH�GHVLJQ�RI�WKHVH�FKRLFHV�VKRXOG�DOVR�DYRLG

VLWXDWLRQV�ZKHUH�VWXGHQWV�ZLWK�GLIIHUHQW�SK\VLFDO�PRGHOV�FDQ�OHJLWLPDWHO\�JHQHUDWH�WKH�VDPH

FKRLFH���7R�UHGXFH�WKH�PHDVXUHPHQW�XQFHUWDLQW\��FKDQFHV�RI�UDQGRP�HUURUV��DQG�LQFRUUHFW

PRGHO�DVVLJQPHQW�WR�VWXGHQWV�ZKR�GR�QRW�KROG�WKH�PRGHO��LW�LV�DOVR�QHFHVVDU\�WR�LQFOXGH�D

VLJQLILFDQW�QXPEHU�RI�FKRLFHV�LQ�HDFK�TXHVWLRQ���$OO�TXHVWLRQV�QHHG�WR�EH�WHVWHG�DQG

FRQILUPHG�E\�UHVHDUFK�WR�PDNH�VXUH�WKDW�WKH�UHVXOWV�RQH�LV�JHWWLQJ�IURP�WKH�WHVWV�DJUHH�ZLWK

WKH�LQWHUYLHZ�UHVXOWV�

%DVHG�RQ�WKHVH�FULWHULD��TXHVWLRQV�GHVLJQHG�WR�LQWHQWLRQDOO\�HOLPLQDWH�WKH�DWWUDFWLYH

GLVWUDFWHUV�DUH�QRW�DSSURSULDWH���2Q�VXFK�TXHVWLRQV��VWXGHQWV�XQDEOH�WR�JHQHUDWH�WKH�FRUUHFW

UHVSRQVHV�ZLOO�EH�IRUFHG�WR�PDNH�D�JXHVV�RU�WR�XVH�¦H[DP�VNLOOV§���7KXV��WKH�UHVXOWV�GR�QRW

FRQWDLQ�DFFXUDWH�LQIRUPDWLRQ�RQ�ZK\�VWXGHQWV�JHW�WKH�TXHVWLRQV�ZURQJ�

7KH�)&,�TXHVWLRQV�DUH�GHYHORSHG�EDVHG�RQ�UHVHDUFK�DQG�WKH�GLVWUDFWHUV�DUH�GHVLJQHG�WR

UHSUHVHQW�WKH�LQFRUUHFW�PRGHOV�IRXQG�LQ�LQWHUYLHZV���8VXDOO\��WKHUH�DUH�VHYHUDO�FRQFHSW

JURXSV�LQ�D�WHVW���:LWK�WKH�)&,�WHVW��,�ZLOO�IRFXV�RQ�WKH�TXHVWLRQV�WKDW�SUREH�VWXGHQW

XQGHUVWDQGLQJ�RQ�WZR�SK\VLFDO�FRQFHSWV��1HZWRQ�,,,��1���DQG�)RUFH�0RWLRQ��)0����)RU

VLPSOLFLW\��WKH�)0�JURXS�LV�XVHG�DV�WKH�H[DPSOH�LQ�GHYHORSLQJ�WKH�DOJRULWKP�
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7KH�)&,�WHVW�KDV���TXHVWLRQV�LQ�WKH�)0�JURXS���������������DQG�����VHH�FKDSWHU���DQG

$SSHQGL[�$�IRU�GHWDLOV����$V�GLVFXVVHG�LQ�FKDSWHU����VWXGHQW�UHVSRQVHV�WR�WKH�ILYH�)&,

TXHVWLRQV�LQYROYH�WKUHH�SK\VLFDO�PRGHOV�

0RGHO��� ,W�LV�QRW�QHFHVVDU\�WR�KDYH�D�IRUFH�WR�PDLQWDLQ�PRWLRQ�DQG�WKHUH�LV�QR�VXFK

WKLQJ�DV�D�¦IRUFH�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ§���&RUUHFW�

0RGHO���� $�IRUFH�LV�QHHGHG�WR�PDLQWDLQ�PRWLRQ���7KLV�PRGHO�DOVR�LQFOXGHV�WKH�LGHDV

WKDW�WKHUH�LV�DOZD\V�D�IRUFH�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ�DQG�WKDW�WKH�IRUFH�LV

GLUHFWO\�UHODWHG�WR�WKH�YHORFLW\�RI�PRWLRQ���,QFRUUHFW�

0RGHO��� 2WKHU�LGHDV�DQG�LQFRPSOHWH�DQVZHUV���$�QXOO�PRGHO�

7KHVH�SK\VLFDO�PRGHOV�UHSUHVHQW�GLIIHUHQW�W\SHV�RI�UHDVRQLQJV�DQG�ZH�FDQ�UHSUHVHQW

WKHP�ZLWK�WKUHH�RUWKRJRQDO�YHFWRUV��H���H���DQG�H��GHILQHG�DV�WKH�SK\VLFDO�PRGHO�YHFWRUV�

ZKLFK�DOVR�VSDQ�WKH�PRGHO�VSDFH��VHH�FKDSWHU���IRU�GHWDLOV����)RU�FRQYHQLHQFH��WKH�JUDSKLFDO

UHSUHVHQWDWLRQ�RI�D���'�PRGHO�VSDFH��ILJXUH������LV�UHSURGXFHG�LQ�ILJXUH�����

7KH�VWXGHQW�PRGHOV�FDQ�EH�DQDO\]HG�LQ�WZR�ZD\V���2QH�LV�WR�PRGHO�WKH�ZKROH�FODVV�IRU

WKH�FODVV©V�PRGHO�VWDWH���7KH�RWKHU�LV�WR�PRGHO�DQ�LQGLYLGXDO�VWXGHQW�WR�ILQG�WKH�VLQJOH

VWXGHQW©V�PRGHO�VWDWH���6LQFH�WKH�UHVROXWLRQ�RI�WKH�HVWLPDWHG�PRGHO�VWDWH�GHSHQGV�RQ�WKH

VDPSOH�VL]H�DQG�WKHUH�DUH�RQO\���TXHVWLRQV�EXW���SK\VLFDO�PRGHOV�LQ�WKH�)0�JURXS��WKH

XQFHUWDLQW\�IRU�DQ�HVWLPDWHG�VLQJOH�VWXGHQW�PRGHO�VWDWH�ZLOO�EH�YHU\�ODUJH���$V�GLVFXVVHG�LQ

FKDSWHU����WKLV�XQFHUWDLQW\�LV�HVWLPDWHG�ZLWK�D�VROLG�DQJOH���$FFRUGLQJ�WR�(T�������ZLWK��

PHDVXUHPHQWV����TXHVWLRQV���WKH�XQFHUWDLQW\�IRU�WKH�HVWLPDWHG�VWXGHQW�PRGHO�YHFWRU�LV�S����
L�H���DQ�HVWLPDWHG�VLQJOH�VWXGHQW�PRGHO�YHFWRU�FDQ�EH�LQ�DQ�XQFHUWDLQ�GLUHFWLRQ�ZLWKLQ�D�VROLG

DQJOH�HTXDO�WR�S����

:LWK�D�FODVV��VLQFH�WKHUH�DUH�PDQ\�VWXGHQWV�DV�LQSXW��WKH�XQFHUWDLQW\�RI�WKH�HVWLPDWHG

FODVV�PRGHO�VWDWH�ZLOO�EH�PXFK�VPDOOHU���,Q�WKH�IROORZLQJ�GLVFXVVLRQ��,�IRFXV�PRVWO\�RQ

DQDO\]LQJ�WKH�FODVV�PRGHO�VWDWH�

XN

H
�

H
�

H
�

)LJXUH������$���'�PRGHO�VSDFH�
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0RGHOLQJ�5HVSRQVHV�RI�D�6LQJOH�6WXGHQW

)RU�WKH�WKUHH�SK\VLFDO�PRGHOV�LQ�)0�JURXS��WKH�DVVRFLDWLRQV�RI�WKH�UHVSRQVHV

FRUUHVSRQGLQJ�WR�WKH�)&,�TXHVWLRQV�LQ�)0�FOXVWHU�DUH�OLVWHG�LQ�WDEOH�����

7KHQ�WKH�VWXGHQW�UDZ�UHVSRQVHV�DUH�FROODSVHG�LQWR�PRGHO�EDVHG�UHVSRQVHV���8VLQJ�WDEOH

�����HDFK�VWXGHQW©V�UHVSRQVH�IRU�HDFK�TXHVWLRQ�FDQ�EH�PRGHOHG�E\�RQH�RI�WKH�EDVH�YHFWRUV

�H���H���DQG�H���LQ�WKH�SK\VLFDO�PRGHO�VSDFH���)RU�H[DPSOH��LI�D�VWXGHQW�DQVZHUV�WKH�ILYH

TXHVWLRQV�ZLWK�¦D§��¦G§��¦D§��¦G§�DQG�¦E§��WKH�ILYH�UHVSRQVHV�DUH�WUDQVIRUPHG�WR�IRXU

YHFWRUV�DV������
7
�������

7
�������

7
�������

7
�DQG������

7
�UHVSHFWLYHO\���7KH�ILYH�YHFWRUV�DUH�WKHQ

VXPPHG�XS�WR�JHW�DQ�RYHUDOO�PRGHO�UHVSRQVH�YHFWRU�IRU�WKDW�VWXGHQW��ZKLFK�LQ�WKLV�FDVH�LV

IRXQG�WR�EH������
7
���'HILQH�WKH�PRGHO�UHVSRQVH�YHFWRU�RI�WKH�N

WK
�VWXGHQW�DV�UN���$VVXPLQJ

ZH�KDYH�D�WRWDO�RI�1�VWXGHQWV�LQ�D�FODVV��UN�FDQ�EH�UHSUHVHQWHG�DV�
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ZKHUH�QKN�LV�WKH�QXPEHU�RI�TXHVWLRQV�LQ�WKH�FRQFHSW�JURXS�WKDW�WKH�N
WK
�VWXGHQW�DQVZHUV

XVLQJ�WKH�KWK
�SK\VLFDO�PRGHO���2EYLRXVO\�

Q�N���Q�N���Q�N� �P �����

ZKHUH�P�LV�WKH�WRWDO�QXPEHU�RI�TXHVWLRQV�LQ�WKH�JURXS����LQ�WKLV�FDVH��

(UURU�$QDO\VLV�RQ�,WHP�%DVHG�0RGHOLQJ��,E0�

7KH�DERYH�PRGHOLQJ�SURFHGXUH�LV�DQ�LWHP�EDVHG�PRGHOLQJ��,E0��SURFHVV���7KDW�LV�

ZKHQ�ZH�GHWHFW�D�UHVSRQVH�IURP�D�VWXGHQW��WKH�FRUUHVSRQGLQJ�SK\VLFDO�PRGHO�LV�DVVLJQHG�DV

WKH�VWXGHQW©V�PRGHO�VWDWH�LQ�WKDW�LQVWDQFH���%XW�WKHUH�DUH�PDQ\�UDQGRP�SURFHVV�LQYROYHG���$

VWXGHQW�FDQ�JHQHUDWH�D�UHVSRQVH�E\�UDQGRP�JXHVVLQJ�RU�E\�LQFRUUHFWO\�DSSO\LQJ�D�PRGHO

XQUHODWHG�WR�WKH�UHVSRQVH���7KHUHIRUH��ZH�KDYH�WR�DQDO\]H�WKH�XQFHUWDLQW\�RI�WKLV�PRGHOLQJ

SURFHVV���7KH�IROORZLQJ�LV�D�GLVFXVVLRQ�RQ�WKH�PDWKHPDWLFDO�DQDO\VLV�RI�WKH�XQFHUWDLQW\

XVLQJ�LWHP�EDVHG�PRGHOLQJ�PHWKRG���:H�ZLOO�VHH�WKDW�LQ�PRVW�VLWXDWLRQV��VXFK�XQFHUWDLQW\

GRHV�QRW�VLJQLILFDQWO\�GHJUDGH�WKH�UHVXOWV���7KHUHIRUH��DOWKRXJK�,�VKRZ�WKH�PDWKHPDWLFV�DV

KRZ�RQH�PD\�KDQGOH�WKH�SUREOHP��LW�LV�QRW�DSSOLHG�LQ�ODWHU�DQDO\VLV�

7DEOH������0RGHOLQJ�RI�VWXGHQW�UHVSRQVHV�IRU�)0�JURXS

4XHVWLRQ 0RGHO�� 0RGHO�� 0RGHO��

� G D��E��F H

� D��G E��F H

�� E D��H F��G

�� D��G E��F��H

�� F D��G��H E
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7R�VLPSOLI\�WKH�GLVFXVVLRQ��,�XVH�D���PRGHO�H[DPSOH�VLPLODU�WR�WKH�)0�FDVH�GLVFXVVHG

SUHYLRXVO\���$VVXPH�ZH�KDYH�D�JURXS�RI�¦P§�TXHVWLRQV�ZLWK���SK\VLFDO�PRGHOV�GHQRWHG�DV

0���0���DQG�0����0��LV�GHILQHG�DV�WKH�UDQGRP�QXOO�PRGHO���/HW�HDFK�TXHVWLRQ�KDYH�¦/§

QXPEHU�RI�GLIIHUHQW�FKRLFHV���'HILQH�4���4���DQG�4��DV�WKH�WKUHH�W\SHV�RI�UHVSRQVHV

FRUUHVSRQGLQJ�WR�WKH�WKUHH�SK\VLFDO�PRGHOV���7KHVH�UHSUHVHQW�WKH�W\SHV�RI�UHVSRQVHV�QRW�WKH

UHDO�UHVSRQVH�LWVHOI���)RU�H[DPSOH��D�TXHVWLRQ�FDQ�EH�GHVLJQHG�ZLWK�PXOWLSOH�FKRLFHV

FRUUHVSRQGLQJ�WR�RQH�PRGHO�DQG�DOO�WKHVH�UHVSRQVHV�ZLOO�EH�FKDUDFWHUL]HG�ZLWK�WKH�VDPH�4K

IRU�WKDW�PRGHO���'HILQH�T���T���DQG�T��DV�WKH�SUREDELOLW\�IRU�D�VWXGHQW�WR�EH�WULJJHUHG�LQWR�WKH

FRUUHVSRQGLQJ�SK\VLFDO�PRGHO�VWDWHV���2EYLRXVO\��ZH�FDQ�ZULWH

��� T����T����T�� ��

7KDW�LV��D�VWXGHQW�KDV�WR�EH�WULJJHUHG�LQWR�RQH�RI�WKH�SK\VLFDO�PRGHO�VWDWHV��VLQFH�RQH�RI

WKH�FDWHJRULHV�LV�¦QRQH�RI�WKH�DERYH�PRGHOV§����:KHQ�D�VWXGHQW�LV�WULJJHUHG�LQWR�D�FHUWDLQ

SK\VLFDO�PRGHO�VWDWH��LW�LV�VWLOO�QRW�JXDUDQWHHG�WKDW�WKLV�VWXGHQW�ZLOO�JHQHUDWH�D�UHVSRQVH

FRUUHVSRQGLQJ�WR�WKLV�SK\VLFDO�PRGHO���:H�FDQ�GHILQH�D�VHW�RI�DELOLW\�YDULDEOHV��DK��K� ���
�������DV�WKH�SUREDELOLW\�IRU�D�VWXGHQW�XVLQJ�PRGHO�K�WR�FRUUHFWO\�JHQHUDWH�WKH�DQVZHUV
FRUUHVSRQGLQJ�WR�WKDW�PRGHO���7KLV�SUREDELOLW\�FDQ�EH�PHDVXUHG�ZLWK�LQWHUYLHZV�ZKHUH

VWXGHQWV�VROYH�D�SUREOHP�DORXG���6LQFH�VWXGHQWV�RIWHQ�KDYH�PRUH�H[SHULHQFH�ZLWK�WKHLU�ROG

PRGHOV�WKDQ�ZLWK�WKH�QHZ�RQHV��WKH�DELOLWLHV�IRU�DSSO\LQJ�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV�PD\

EH�GLIIHUHQW���)RU�WKH�UDQGRP�PRGHO��WKH�DELOLW\�WR�JXHVV�D�UHVSRQVH�LV�FRQVLGHUHG�WR�EH���

,Q�WKH�FRQWH[W�RI�WKH�1��DQG�)0�H[DPSOHV��WKH�ORJLFDO�UHDVRQLQJ�DQG�PDWKHPDWLFDO

RSHUDWLRQV�LQYROYHG�LQ�ERWK�WKH�FRUUHFW�DQG�LQFRUUHFW�SK\VLFDO�PRGHOV�DUH�VLPLODU�

7KHUHIRUH��IRU�VLPSOLFLW\��D�VLQJOH�DELOLW\�YDULDEOH��D��LV�DVVXPHG�IRU�DOO�WKH�QRQ�UDQGRP
SK\VLFDO�PRGHOV�

6XSSRVH�ZH�GHWHFW�D�UHVSRQVH�RI�4����:KDW�DUH�WKH�SUREDELOLWLHV�IRU�WKH�VWXGHQW�WR�EH�LQ

DQ\�RI�WKH�GLIIHUHQW�SK\VLFDO�PRGHO�VWDWHV"��)RU�VLPSOLFLW\��LQ�WKLV�H[DPSOH��LW�LV�DVVXPHG

WKDW�4��DQG�4��HDFK�FRQVLVWV�RI���FKRLFH�DQG�WKH�UDQGRP�UHVSRQVH�4��FRQVLVWV�RI�¦K§

UDQGRP�FKRLFHV��ZKHUH�/� �K�����
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�SK\VLFDO�PRGHO�VWDWH��0K��WR�JHQHUDWH�D

PWK
�W\SH�RI�UHVSRQVH��4P����7KHQ�WKH�SK�©V�FDQ�EH�IRXQG�DV�LQ�WDEOH������ZKHUH
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WULJJHUHG�LQWR�0��JHQHUDWHV�D�4����7KH�VHFRQG�WHUP

UHSUHVHQWV�WKDW�D�VWXGHQW�ZLWK�0��JHQHUDWHV�D
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$�GHWDLOHG�VFKHPDWLF�IRU�S���LV�VKRZQ�LQ�ILJXUH�����
�

$V�ZH�FDQ�VHH��LW�LV�SRVVLEOH�IRU�D�VWXGHQW�LQ�GLIIHUHQW�SK\VLFDO�PRGHO�VWDWHV�WR�JHQHUDWH

D�VDPH�UHVSRQVH�EXW�ZLWK�GLIIHUHQW�SUREDELOLWLHV���2QFH�D�GHILQLWH�UHVSRQVH�LV�GHWHFWHG��WKH

LQIHUHQWLDO�SUREDELOLWLHV�IRU�D�VWXGHQW�WR�EH�LQ�HLWKHU�RI�WKH�SK\VLFDO�PRGHO�VWDWHV�DUH�GLUHFWO\

UHODWHG�WR�WKH�SKP©V���)RU�H[DPSOH��LI�S���LV�PXFK�ODUJHU�WKDQ�WKH�RWKHU�SK�©V��ZKHQ�D�4��LV

GHWHFWHG��WKH�VWXGHQW�ZLOO�KDYH�D�PXFK�ODUJHU�SUREDELOLW\�WR�EH�LQ�D�0��VWDWH�

7KHQ�GHILQH�3KP�DV�WKH�LQIHUHQWLDO�SUREDELOLWLHV�RI�D�VWXGHQW�WKDW�KDYH�JHQHUDWHG�D�P
WK

W\SH�RI�UHVSRQVH�EXW�LV�LQ�KWK
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ZKHUH�Z�LV�WKH�WRWDO�QXPEHU�RI�SK\VLFDO�PRGHOV� �:LWK�WKLV�H[DPSOH��LI�D�4��LV�GHWHFWHG��WKH
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7KDW�LV��D�VWXGHQW�KDV�WR�EH�LQ�RQH�RI�WKH�SK\VLFDO�PRGHO�VWDWHV��ZKLFK�H[SODLQV�ZK\�D
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7KDW�WKH�K�LV�LQFOXGHG�LQ�SK��LV�EHFDXVH�WKH�SUREDELOLW\�WR�JXHVV

RQH�RI�WKH�K�UDQGRP�UHVSRQVHV�IURP�WKH�WRWDO�/�FKRLFHV�LV�K�/�

7KH�SURFHVV�RI�D�VWXGHQW�JHQHUDWLQJ�D�UHVSRQVH�FDQ�EH�UHSUHVHQWHG�DV�LQ�ILJXUH�����

%DVHG�RQ�WKH�SKP©V��ZH�FDQ�FDOFXODWH�WKH�3KP©V�IRU�DOO�WKH�GLIIHUHQW�VLWXDWLRQV���7KH�ILQDO

UHVXOWV�DUH�SXW�LQ�D�PDWUL[�IRUP�DV�
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7KLV�3�LV�GHILQHG�DV�WKH�PRGHO�UHOLDELOLW\�PDWUL[�RI�D�WHVW���$V�DQ�H[DPSOH�IRU�DQ�DYHUDJH

VWXGHQW��VXSSRVH�ZH�KDYH
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7KH�UHOLDELOLW\�PDWUL[�IRU�WKLV�H[DPSOH�3$�LV�FDOFXODWHG�WR�EH

7DEOH������7KH�SUREDELOLW\�RI�D�VWXGHQW�WR�JHQHUDWH�4��DQG�4��ZLWK�GLIIHUHQW�0K
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7KH�GLDJRQDO�HOHPHQWV�UHSUHVHQW�WKH�SUREDELOLWLHV�RI�FRUUHFW�PDWFKHV�EHWZHHQ�UHVSRQVHV

DQG�VWXGHQW�PRGHO�VWDWHV�ZKLOH�WKH�RII�GLDJRQDO�HOHPHQWV�UHSUHVHQW�WKH�¦FURVV�WDON§�IURP

PLVPDWFKHG�PRGHO�VWDWHV�DQG�UHVSRQVHV���7KHUHIRUH��ODUJHU�GLDJRQDO�HOHPHQWV�LQGLFDWH

KLJKHU�UHOLDELOLW\�IRU�WKH�FRUUHVSRQGLQJ�LWHP�EDVHG�PRGHOLQJ�VFKHPHV���:LWK�WKLV�H[DPSOH�

WKH�PRGHOLQJ�IRU�0��DQG�0��LV�FRPSDUDWLYHO\�UHOLDEOH�ZLWK�XQFHUWDLQWLHV�DURXQG�������7KH

PRGHOLQJ�IRU�WKH�UDQGRP�PRGHO�0��LV�TXLWH�XQUHOLDEOH�ZLWK�D�WRWDO�XQFHUWDLQW\�HTXDO�WR

������6LQFH�0��LV�D�UDQGRP�PRGHO�DQG�RIWHQ�DIIHFWV�OHVV�WKDQ�����RI�WKH�VWXGHQWV��VHH�WKH

DQDO\VLV�ZLWK�UHDO�GDWD�LQ�ODWHU�SDUW�RI�WKLV�FKDSWHU���WKH�ORZ�UHOLDELOLW\�RI�WKLV�PRGHO

PHDVXUHPHQW�ZLOO�QRW�FDXVH�ODUJH�HUURUV�WR�WKH�RYHUDOO�UHVXOWV�

)URP�D�VLJQDO�SURFHVVLQJ�SRLQW�RI�YLHZ��RQH�RIWHQ�XVHV�VLJQDO�WR�QRLVH�UDWLR��615��WR

HYDOXDWH�KRZ�PXFK�WKH�¦FURVV�WDON§�FDQ�GHJUDGH�WKH�DFFXUDF\�RI�D�PHDVXUHPHQW���)RU�D�KWK

UHVSRQVH��GHILQH�615K�DV�WKH�615�EHWZHHQ�WKH�VLJQDO�IURP�D�FRUUHFW�PDWFK�DQG�WKRVH�IURP

WKH�¦FURVV�WDONV§���615K�FDQ�EH�FDOFXODWHG�DV��LQ�G%�
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)RU�WKH�H[DPSOH�KHUH��WKH�GLIIHUHQW�615K©V�DUH�IRXQG�WR�EH

615�� ������G%� 615�� �����G%� 615�� �������G%

7KH�QHJDWLYH�YDOXH�RI�615��PHDQV�WKDW�WKH�QRLVH�LV�ODUJHU�WKDQ�WKH�VLJQDO���,I�D�YDOXH�RI

]HUR�LV�REWDLQHG��LW�UHSUHVHQWV�WKH�FDVH�ZKHUH�WKH�VLJQDO�DQG�WKH�QRLVH�DUH�DW�WKH�VDPH�OHYHO

DQG�WKH�LWHP�EDVHG�PRGHOLQJ�LV�QRW�XVDEOH������XQFHUWDLQW\��

7KH�,PSOLFDWLRQV�IRU�4XHVWLRQ�'HVLJQ

7R�GHVLJQ�D�UHOLDEOH�WHVW��ZH�ZDQW�WKH�UHOLDELOLW\�PDWUL[�WR�KDYH�ODUJH�GLDJRQDO�HOHPHQWV�

7DEOH�����OLVWV�VRPH�UHVXOWV�IRU�WKH�GLDJRQDO�HOHPHQWV�RI�3�XQGHU�GLIIHUHQW�FRQGLWLRQV�

$V�ZH�FDQ�VHH��D�����YDULDWLRQ�RI�WKH�VWXGHQW�DELOLW\�DQG�PRGHO�WULJJHULQJ�SUREDELOLWLHV

RQO\�UHVXOW�LQ�����FKDQJHV�RI�WKH�GLDJRQDO�HOHPHQWV���7KHUHIRUH��LI�D�DQG�TK©V�DUH�QRW�WRR
LOO�FRQGLWLRQHG��FORVH�WR�]HUR���WKH�UHOLDELOLW\�RI�WKH�WHVW�VKRXOG�EH�DFFHSWDEOH��3KK�a������

7DEOH������'LDJRQDO�HOHPHQWV�RI�3�DW�GLIIHUHQW�VHWWLQJV
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7KH�FKDQJH�RI�WKH�TK©V�UHIOHFWV�D�UHVWUXFWXULQJ�RI�VWXGHQW�PRGHO�VWDWHV��ZKLFK�LV�SDUW�RI

WKH�GDWD�DQG�LV�GHSHQGHQW�RQ�WKH�LQGLYLGXDO�VWXGHQWV���6PDOOHU�TK©V�ORZHU�WKH�UHOLDELOLW\�RI

WKH�GHWHFWLRQ�RI�OHVV�IDYRUDEOH�PRGHOV��KRZHYHU��LW�DOVR�LQFUHDVHV�WKH�UHOLDELOLW\�RI�WKH

GHWHFWLRQ�RI�PRGHOV�WKDW�DUH�SRSXODU� 2Q�WKH�RWKHU�KDQG��WKH�GHFUHDVH�RI�D�UHGXFHV�WKH
UHOLDELOLW\�RQ�WKH�GHWHFWLRQ�RI�DOO�WKH�PRGHOV���)RU�WKLV�FDVH��RQH�PXVW�FDUHIXOO\�GHVLJQ�WKH

TXHVWLRQV�VR�WKDW�WKH�SK\VLFV�DQG�PDWKHPDWLFV�LQYROYHG�DUH�ZHOO�PDWFKHG�ZLWK�WKH�OHYHO�RI

WKH�VWXGHQWV��WR�PDNH�VXUH�WKDW�WKH�PDMRULW\�RI�VWXGHQWV�ZRQ©W�KDYH�RSHUDWLRQDO�GLIILFXOWLHV

RQ�WKH�FRQWHQW�RI�WKH�TXHVWLRQV���7KH�VWXGHQW�DELOLW\�DOVR�GHSHQGV�KHDYLO\�RQ�FRUUHFW

LQWHUSUHWDWLRQ�RI�WKH�TXHVWLRQV���7KHUHIRUH��WKH�ZRUGLQJ�DQG�VWUXFWXUH�RI�D�TXHVWLRQ�VKRXOG

DOVR�EH�VWUDLJKWIRUZDUG�WR�WKH�VWXGHQWV�WR�PLQLPL]H�DQ\�SRVVLEOH�FRQIXVLRQV���$

PLVLQWHUSUHWDWLRQ�RI�D�TXHVWLRQ�FDQ�DOVR�UHVXOW�LQ�D�WULJJHULQJ�RI�DQ�LQDSSURSULDWH�PRGHO�

7KLV�PXVW�EH�HYDOXDWHG�WKURXJK�LQWHUYLHZV�

6WXGHQW�DELOLWLHV�RI�DSSO\LQJ�GLIIHUHQW�SK\VLFDO�PRGHOV�LQ�YDULRXV�FRQWH[WV�FDQ�RIWHQ�EH

HYDOXDWHG�ZLWK�SUREOHP�VROYLQJ�LQWHUYLHZV���%DVHG�RQ�UHVHDUFK��ZH�FDQ�DOVR�GHYHORS

PXOWLSOH�FKRLFH�TXHVWLRQV�WR�DVVHVV�WKH�DELOLW\���)RU�H[DPSOH��RQ�D�WHVW�ZH�FDQ�GHVLJQ�D

FOXVWHU�RI�TXHVWLRQV�WR�PHDVXUH�D�SDUWLFXODU�PRGHO�VWDUWLQJ�ZLWK�VHYHUDO�VLPSOH�TXHVWLRQV�WR

LGHQWLI\�WKH�WULJJHULQJ�RI�FHUWDLQ�PRGHOV���2XU�GDWD�DQDO\VLV�LQGLFDWHV�WKDW�ZLWKLQ�D�FOXVWHU

RI�TXHVWLRQV�ZLWK�VLPLODU�FRQWH[W�VHWWLQJV��XVXDOO\�RQO\�RQH�SK\VLFDO�PRGHO�LV�WULJJHUHG��VHH

FKDSWHU���IRU�GHWDLOV����7KHQ�ZLWK�VLPLODU�FRQWH[W�VHWWLQJV��ZH�FDQ�LQFOXGH�D�IHZ�TXHVWLRQV

LQ�ZKLFK�VWXGHQWV�QHHG�WR�DSSO\�WKHLU�PRGHOV���%\�DQDO\]LQJ�WKH�UHVSRQVHV�RQ�WKH�TXHVWLRQV

LQ�WKH�FOXVWHU��ZH�FDQ�H[WUDFW�LQIRUPDWLRQ�DERXW�VWXGHQW�DELOLW\�LQ�DSSO\LQJ�WKH

FRUUHVSRQGLQJ�SK\VLFDO�PRGHO���$JDLQ��DOO�WKH�GHVLJQ�RI�WKH�TXHVWLRQV�DQG�WKH

LQWHUSUHWDWLRQV�RI�WKH�UHVXOWV�VKRXOG�EH�EDVHG�RQ�ULJRURXV�TXDOLWDWLYH�UHVHDUFKHV�

)URP�WDEOH�����DQG�WDEOH������LW�LV�HDV\�WR�VHH�WKDW�LQ�RUGHU�WR�LQFUHDVH�WKH�615��D�ODUJHU

/�LV�KHOSIXO���:LWK�/� ���LQ�WKH�H[DPSOH��WKH�SUREDELOLW\�RI�D�VWXGHQW�JXHVVLQJ�DQ\�QRQ�

UDQGRP�UHVSRQVH�LV�DERXW�����

,Q�WKH�SUHYLRXV�GLVFXVVLRQ��,�KDYH�DVVXPHG�WKDW�HDFK�QRQ�UDQGRP�SK\VLFDO�PRGHO�RQO\

KDV�RQH�FRUUHVSRQGLQJ�UHVSRQVH���,Q�VRPH�FDVHV��VWXGHQWV�FDQ�JHQHUDWH�UHVSRQVHV�ZLWK

VRPH�YDULDWLRQ�RQ�FHUWDLQ�LQVLJQLILFDQW�IHDWXUHV���)RU�H[DPSOH��RQ�WKH�)0�FRQFHSW��WKH

PDMRU�LQFRUUHFW�PRGHO�HPSKDVL]HV�ZKHWKHU�WKHUH�LV�DOZD\V�D�IRUFH�LQ�WKH�GLUHFWLRQ�RI

PRWLRQ���+RZHYHU��LQ�VROYLQJ�GLIIHUHQW�SUREOHPV��VWXGHQWV�PD\�FRPH�XS�ZLWK�D�YDULHW\�RI

UHVSRQVHV�RQ�WKH�EHKDYLRU�RI�VXFK�D�IRUFH��FKDQJLQJ�RU�FRQVWDQW��ZKDW�FDXVHV�LW��HWF�����$OO

WKHVH�GLIIHUHQW�UHVSRQVHV�VWLOO�UHIOHFW�WKH�FRPPRQ�LQFRUUHFW�SK\VLFDO�PRGHO���7KHUHIRUH��LQ

WKHVH�FDVHV��KDYLQJ�PRUH�WKDQ�RQH�FKRLFH�WR�LQFOXGH�WKH�GLIIHUHQW�SRVVLEOH�VWXGHQW

UHVSRQVHV�FDQ�KHOS�WKH�GHWHFWLRQ�RI�VWXGHQW�PRGHOV�

)LQDOO\��WKH�PRVW�LPSRUWDQW�FULWHULD�IRU�D�WHVW�WR�EH�XVDEOH�ZLWK�LWHP�EDVHG�PRGHOLQJ�LV

WKDW�D�FKRLFH�LQ�D�TXHVWLRQ�FDQQRW�EH�UHODWHG�WR�PRUH�WKDQ�RQH�SK\VLFDO�PRGHO���$�H[DPSOH

LV�TXHVWLRQ����LQ�WKH�)0&(�WHVW��VHH�$SSHQGL[�$���ZKHUH�VWXGHQWV�ZLWK�IRXU�GLIIHUHQW

PRGHOV�FDQ�OHJLWLPDWHO\�JHQHUDWH�WKH�VDPH�UHVSRQVH��PRUH�GHWDLOV�DUH�GLVFXVVHG�LQ�FKDSWHU

���
�
��,Q�VXFK�FDVHV�WKH�XQFHUWDLQW\�IRU�WKH�LWHP�EDVHG�PRGHOLQJ�LV�YHU\�KLJK��!����ZKHQ

WKHUH�DUH�IRXU�SRVVLEOH�PRGHOV����$V�GLVFXVVHG�HDUOLHU��ZKHQ�WKH�XQFHUWDLQW\�LV�JUHDWHU�WKDQ

�����WKH�QRLVH�LV�ODUJHU�WKDQ�WKH�VLJQDO���7KHUHIRUH��WKH�LWHP�EDVHG�PHWKRG�LV�QRW�XVDEOH�LQ

VXFK�FDVHV�DQG�ZH�KDYH�WR�XVH�RWKHU�PHWKRGV�WR�H[WUDFW�WKH�LQIRUPDWLRQ�
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6WXGHQW�0RGHO�'HQVLW\�0DWUL[

,Q�WKH�QH[W�IHZ�VHFWLRQV��,�ZLOO�GLVFXVV�WKH�GHWDLOV�RI�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�RI

WKH�PRGHO�HYDOXDWLRQ�DOJRULWKP���%HIRUH�JRLQJ�LQWR�DOO�WKH�PDWKHPDWLFV��,�ZRXOG�OLNH�WR

GHILQH�WKH�YDULDEOHV�DQG�LQGLFHV�DV�LQ�WDEOH�����

,Q�WKLV�VHFWLRQ��,�LQWURGXFH�D�FUXFLDO�HOHPHQW�LQ�WKLV�DOJRULWKP�¤�WKH�VWXGHQW�PRGHO

GHQVLW\�PDWUL[�GHQRWHG�DV�'���6WXGHQW�UHVSRQVHV�ZLOO�EH�UHSUHVHQWHG�ZLWK�WKLV�'�LQ�WKH

PRGHO�VSDFH���7KLV�PDWUL[�UHWDLQV�WKH�VWUXFWXUDO�LQIRUPDWLRQ�RQ�LQGLYLGXDO�VWXGHQW�UHVSRQVHV

ZLWK�UHVSHFW�WR�GLIIHUHQW�SK\VLFDO�PRGHOV���)RU�WKH�WKUHH�PRGHO�H[DPSOH�GLVFXVVHG�HDUOLHU�

WKH�GHQVLW\�PDWUL[�LV�D��u��PDWUL[�

&UHDWLQJ�WKH�6LQJOH�6WXGHQW�0RGHO�'HQVLW\�0DWUL[

7R�FUHDWH�'��WKH�ILUVW�VWHS�LV�WR�ILQG�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWHV���7KH�VWXGHQW

PRGHO�UHVSRQVH�YHFWRU�UN��ZKHQ�QRUPDOL]HG��JLYHV�WKH�HVWLPDWLRQ�RQ�WKH�SUREDELOLWLHV�IRU�D

VLQJOH�VWXGHQW�WR�EH�WULJJHUHG�LQWR�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV���$V�GHILQHG�LQ�FKDSWHU���

WKH�VWXGHQW�PRGHO�YHFWRU��XN��LV�REWDLQ�E\�WDNLQJ�WKH�VTXDUH�URRW�RI�WKH�HOHPHQWV�RI�WKH

QRUPDOL]HG�PRGH�UHVSRQVH�YHFWRU�
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7DEOH�������'HILQLWLRQ�RI�YDULDEOHV�DQG�LQGLFHV

,WHPV 'HVFULSWLRQ

N LQGLFHV�IRU�VWXGHQWV

1 WRWDO�QXPEHU�RI�VWXGHQWV

P WRWDO�QXPEHU�RI�TXHVWLRQV�LQ�D�FRQFHSW�JURXS

Z WRWDO�QXPEHU�RI�SK\VLFDO�PRGHOV�LQ�D�FRQFHSW�JURXS

K��P LQGLFHV�IRU�GLIIHUHQW�SK\VLFDO�PRGHOV�DQG�VWXGHQW�FODVV�PRGHO�VWDWHV

' VWXGHQW�PRGHO�GHQVLW\�PDWUL[

UKP DQ�HOHPHQW�RI�'

' N VWXGHQW�PRGHO�GHQVLW\�PDWUL[�IRU�WKH�N
WK
�VWXGHQW

UKP
N DQ�HOHPHQW�RI�5N

9 VWXGHQW�PRGHO�YHFWRU�PDWUL[�¤�HLJHQYHFWRU�PDWUL[�RI�'

YP WKH�PWK
�HLJHQYHFWRU�RI�'

YPK DQ�HOHPHQW�RI�9

XN WKH�N
WK
�VWXGHQW�PRGHO�YHFWRU�REWDLQHG�ZLWK�VWXGHQW�UHVSRQVHV

UN WKH�N
WK
�VWXGHQW�PRGHO�UHVSRQVH�YHFWRU

VP
�

WKH�HLJHQYDOXH�FRUUHVSRQGLQJ�WR�WKH�PWK
�HLJHQYHFWRU�RI�'

HK WKH�EDVH�YHFWRU�UHSUHVHQWLQJ�WKH�KWK
�SK\VLFDO�PRGHO
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$V�ZH�FDQ�VHH��XN�UHSUHVHQWV�WKH�SUREDELOLW\�DPSOLWXGH�

7KHQ�ZH�FDQ�FRQVWUXFW�WKH�VLQJOH�VWXGHQW�PRGHO�GHQVLW\�PDWUL[�RI�WKH�N
WK
�VWXGHQW�DV�
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6LQFH�'�LV�V\PPHWULF�DQG�DOO�GDWD�DUH�UHDO��LW�LV�D�+HUPLWLDQ�PDWUL[���7KHUHIRUH��ZH�FDQ

SHUIRUP�HLJHQYDOXH�GHFRPSRVLWLRQ�RQ�LW�WR�JHW�LWV�XQLTXH�VHW�RI�HLJHQYHFWRUV�DQG
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HLJHQYDOXHV���6XSSRVH�ZH�DUH�JLYHQ�WKH�VWXGHQW�FODVV�PRGHO�VWDWHV�UHSUHVHQWHG�E\�YP�ZLWK

HLJHQYDOXHV�VP
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�SK\VLFDO�PRGHO�LV�YKP���7KHUHIRUH��WKLV�PRGHO�VWDWH�ZLOO

KDYH�D�FRQWULEXWLRQ�HTXDO�WR�YKP
�
�IURP�WKH�KWK

�SK\VLFDO�PRGHO���,Q�DGGLWLRQ��IURP�WKH

HLJHQYDOXHV��ZH�NQRZ�WKDW�VP
�
�UHSUHVHQWV�WKH�ZHLJKW�RQ�YP���7KHQ�WKH�IUHTXHQF\�RI�WKH

VWXGHQW�UHVSRQVHV�UHIOHFWLQJ�WKH�KWK
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7KH�HLJHQYDOXHV�DQG�HLJHQYHFWRUV�RI�'�ZLOO�EH�XVHG�WR�VWXG\�WKH�VWXGHQW�FODVV�PRGHO

VWDWHV���7KHVH�HLJHQYHFWRUV�UHSUHVHQW�WKH�PRGHO�VWDWHV�RI�WKH�FODVV�RI�VWXGHQWV���%HIRUH

JRLQJ�LQWR�PRUH�GHWDLOV�RI�KRZ�WR�XVH�WKHVH�HLJHQYDOXHV�DQG�HLJHQYHFWRUV��LW�LV�KHOSIXO�WR

NQRZ�WKH�PHDQLQJV�RI�DOO�WKHVH�QHZ�HOHPHQWV�VXFK�DV�WKH�GHQVLW\�PDWUL[��WKH�HLJHQYDOXHV�

DQG�WKH�HLJHQYHFWRUV���,Q�WKH�IROORZLQJ�GLVFXVVLRQ��,�ZLOO�RQO\�IRFXV�RQ�WKH�VWXGHQW�FODVV

PRGHO�VWDWHV�

7KH�0HDQLQJ�RI�0RGHO�'HQVLW\�0DWUL[�DQG�6WXGHQW�0RGHO�6WDWHV

7KH�SXUSRVH�RI�LQWURGXFLQJ�WKH�PRGHO�GHQVLW\�PDWUL[�LV�WKDW�WKLV�PDWUL[�FDQ�VWRUH

LPSRUWDQW�VWUXFWXUDO�LQIRUPDWLRQ�DERXW�WKH�LQGLYLGXDO�VWXGHQW�PRGHOV���,Q�JHQHUDO��WKHUH�DUH
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WKUHH�W\SLFDO�PRGHO�FRQGLWLRQV�IRU�D�FODVV�RI�VWXGHQWV���$�FODVV�FDQ�EH�LQ�HLWKHU�RQH�RI�WKHVH

W\SHV�RU�LQ�D�PL[HG�VLWXDWLRQ�IRUPHG�E\�D�FRPELQDWLRQ�RI�WKHVH�W\SHV�

��� 0RVW�VWXGHQWV�KDYH�WKH�VDPH�SK\VLFDO�PRGHO��QRW�QHFHVVDULO\�D�FRUUHFW�RQH��DQG

WKH\�DUH�DOZD\V�FRQVLVWHQW�DERXW�LW�

��� 6WXGHQWV�KDYH�VHYHUDO�GLIIHUHQW�SK\VLFDO�PRGHOV�EXW�HDFK�VWXGHQW�KDV�RQO\�RQH
PRGHO�DQG�LV�FRQVLVWHQW�DERXW�LW���7KXV�WKH�FODVV�RI�VWXGHQWV�FDQ�EH�SDUWLWLRQHG�LQWR

VHYHUDO�JURXSV�HDFK�ZLWK�D�GLIIHUHQW�EXW�FRQVLVWHQW�SK\VLFDO�PRGHO�

��� 0DQ\�VWXGHQWV�LQ�WKH�FODVV�FDQ�HDFK�KDYH�PXOWLSOH�SK\VLFDO�PRGHOV�DQG�WKH\�DUH�QRW

FRQVLVWHQW�LQ�XVLQJ�WKHVH�PRGHOV�

7KH�PRGHO�GHQVLW\�PDWUL[�KDV�YHU\�GLIIHUHQW�IRUPV�FRUUHVSRQGLQJ�WR�WKHVH�GLIIHUHQW

W\SHV�RI�VLWXDWLRQV���7KH�GLDJRQDO�HOHPHQWV�RI�WKH�'�UHIOHFW�SRSXODWLRQ�RI�VWXGHQWV�ZLWK

PRGHO�EDVHG�UHVSRQVHV�FRUUHVSRQGLQJ�WR�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV�DQG�WKH�RII�GLDJRQDO

HOHPHQWV�LQGLFDWH�WKH�PL[LQJ�RI�VWXGHQWV�XVLQJ�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV�LQ�JHQHUDWLQJ

WKHLU�UHVSRQVHV���/DUJH�RII�GLDJRQDO�HOHPHQWV�LQGLFDWH�ORZ�FRQVLVWHQF\�LQ�XVLQJ�WKH

SK\VLFDO�PRGHOV��YHU\�PL[HG�VWXGHQW�PRGHO�VWDWHV��

)RU�WKH�DERYH�WKUHH�VLWXDWLRQV��LI�PRVW�RI�WKH�VWXGHQWV�DUH�LQ�IDYRU�RI�RQH�FOHDU�DQG

FRQVLVWHQW�PRGHO��RQH�RI�WKH�GLDJRQDO�HOHPHQWV�ZLOO�EH�PXFK�ODUJHU�WKDQ�WKH�RWKHU�GLDJRQDO

HOHPHQWV�DQG�WKH�RII�GLDJRQDO�RQHV�ZLOO�EH�DOPRVW�����,I�WKH�LQGLYLGXDO�VWXGHQWV�DUH�VWLOO

FRQVLVWHQW�LQ�XVLQJ�WKHLU�PRGHOV�EXW�GLIIHUHQW�VWXGHQWV�PD\�KDYH�GLIIHUHQW�W\SHV�RI�PRGHOV�

WKH�RII�GLDJRQDO�HOHPHQWV�DUH�VWLOO�]HUR���,I�D�VLJQLILFDQW�QXPEHU�RI�VWXGHQWV�DUH�LQFRQVLVWHQW

LQ�XVLQJ�WKHLU�PRGHOV��WKH�RII�GLDJRQDO�HOHPHQWV�RI�'�ZLOO�EH�FRPSDUDWLYHO\�ODUJH�

,Q�JHQHUDO��WKH�GLDJRQDO�HOHPHQWV�JLYH�WKH�GLVWULEXWLRQ�RI�WKH�SUREDELOLW\�RI�VWXGHQWV©

XVLQJ�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV��ZKLOH�WKH�RII�GLDJRQDO�HOHPHQWV�LQGLFDWH�FRQVLVWHQF\

RI�WKH�LQGLYLGXDO�VWXGHQWV©�XVLQJ�WKHLU�PRGHOV���)LJXUH�����VKRZV�WKUHH�H[DPSOHV�ZLWK

GLIIHUHQW�VWXGHQW�PRGHOLQJ�VLWXDWLRQV�

:KHQ�VWXGHQWV�KDYH�FRQVLVWHQW�PRGHOV��WKH�GHQVLW\�PDWUL[�ZLOO�RQO\�KDYH�GLDJRQDO

HOHPHQWV�DQG�WKH�EDVH�YHFWRUV�IRU�WKH�SK\VLFDO�PRGHO�VSDFH��H���H���DQG�H���DUH�WKH

HLJHQYHFWRUV�RI�WKH�GHQVLW\�PDWUL[��VHH�ILJXUH������D��DQG��E�����7KHQ�WKH�FODVV�PRGHO�VWDWHV

DUH�WKH�HLJHQVWDWHV�RI�WKH�SK\VLFDO�PRGHO�VSDFH���7KH�HLJHQYDOXHV�DUH�WKH�GLDJRQDO�HOHPHQWV

RI�'��UHSUHVHQWLQJ�WKH�SURSRUWLRQV�RI�WKH�VWXGHQWV�ZLWK�WKH�FRUUHVSRQGLQJ�PRGHOV�

+RZHYHU��LQ�PRVW�FDVHV�VWXGHQWV�RIWHQ�KDYH�LQFRQVLVWHQW�PRGHOV��VR�WKH�GHQVLW\�PDWUL[�ZLOO

KDYH�ERWK�GLDJRQDO�DQG�RII�GLDJRQDO�HOHPHQWV�DQG�WKH�FODVV�PRGH�VWDWHV�ZLOO�QRW�EH�WKH

EDVLV�YHFWRUV�RI�'�

)URP�FDVH��E��DQG��F��LQ�ILJXUH������LW�LV�HDV\�WR�VHH�WKDW�WKH�VWXGHQWV�ZLWK�FRQVLVWHQW

PRGHOV�DQG�LQFRQVLVWHQW�PL[HG�PRGHOV�FDQ�JHQHUDWH�WKH�VDPH�PRGHO�EDVHG�UHVSRQVHV

FRUUHVSRQGLQJ�WR�GLIIHUHQW�SK\VLFDO�PRGHOV��WKH�GLDJRQDO�HOHPHQWV����7KHUHIRUH��HYHQ�LI�ZH

PRGHO�WKH�VWXGHQW�UHVSRQVHV�ZLWK�WKH�SK\VLFDO�PRGHOV�EXW�RQO\�FRXQW�WKH�QXPEHUV��ZKLFK

FDQ�SURGXFH�WKH�GLDJRQDO�HOHPHQWV��WKHUH�LV�VWLOO�QRW�HQRXJK�LQIRUPDWLRQ�WR�WHOO�LI�WKH

PRGHOV�RI�WKH�LQGLYLGXDO�VWXGHQWV�DUH�PL[HG�RU�FRQVLVWHQW���:LWK�D�PRGHO�GHQVLW\�PDWUL[�
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LQIRUPDWLRQ�IRU�VXFK�GLIIHUHQFHV�LV�VWRUHG�LQ�WKH�RII�GLDJRQDO�HOHPHQWV�DQG�FDQ�EH�H[WUDFWHG

IRU�IXUWKHU�DQDO\VLV�

1RZ�OHW�XV�VHH�KRZ�H[DFWO\�WKH�LQIRUPDWLRQ�RI�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWHV�LV

VWRUHG�LQ�'�DQG�ZKDW�WKH�HLJHQYDOXHV�DQG�HLJHQYHFWRUV�UHSUHVHQW���&RQVLGHU�D�FODVV�ZLWK�1

VWXGHQWV���7KH�N
WK
�VWXGHQW�PRGHO�YHFWRU�LV�UHSUHVHQWHG�ZLWK�_XN²��ZKHUH�N� ������1���7KHQ

WKH�FODVV�PRGHO�GHQVLW\�PDWUL[�LV
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)LJXUH������6DPSOHV�RI�VWXGHQW�FODVV�PRGHO�GHQVLW\�PDWUL[���D��DQ�H[WUHPH�FDVH

FRUUHVSRQGLQJ�WR�WKH�ILUVW�W\SH�RI�FODVV�PRGHO�FRQGLWLRQ�ZKHUH�HYHU\RQH�KDV�WKH

VDPH�SK\VLFDO�PRGHO��PRGHO������E��WKH�VHFRQG�W\SH�RI�FODVV�PRGHO�FRQGLWLRQ�ZKHUH

WKH�FODVV�FRQVLVWV�RI�WKUHH�GLIIHUHQW�JURXSV�RI�VWXGHQWV�HDFK�ZLWK�D�FRQVLVWHQW

SK\VLFDO�PRGHO���F��WKH�WKLUG�W\SH�RI�FODVV�PRGHO�FRQGLWLRQ�ZKHUH�PDQ\�VWXGHQWV

KDYH�PXOWLSOH�SK\VLFDO�PRGHOV�DQG�DUH�LQFRQVLVWHQW�LQ�XVLQJ�WKHVH�PRGHOV�
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DUH�WKH�VHW�RI�VWDWHV�WKDW�PRVW�UHVHPEOH�WKH�VDOLHQW�IHDWXUHV�RI�DOO�WKH�LQGLYLGXDO�VWXGHQW

PRGHO�YHFWRUV�
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7KLV�UHVXOW�LQGLFDWHV�WKDW�WKH�PWK
�HLJHQYDOXH�LV�WKH�DYHUDJH�RI�WKH�VTXDUHV�RI�WKH

DJUHHPHQWV�EHWZHHQ�WKH�PWK
�HLJHQYHFWRU�DQG�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�YHFWRUV���6LQFH

WKH�DJUHHPHQW�DPN�LV�D�GRW�SURGXFW�RI�WZR�YHFWRUV��LW�LV�SRVVLEOH�IRU�DPN�WR�KDYH�QHJDWLYH

YDOXHV���7KH�RXWFRPH�RI�WKH�GRW�SURGXFW�JLYHV�WKH�DJUHHPHQW�RI�WZR�PRGHO�YHFWRUV�LQ

SUREDELOLW\�DPSOLWXGHV���2Q�WKH�RWKHU�KDQG��DPN
�
�LV�DOZD\V�SRVLWLYH�DQG�JLYHV�WKH�DJUHHPHQW

EDVHG�RQ�UHVSRQVH�RXWSXW��WKH�PRGHO�YHFWRU�LV�DPSOLWXGH�EDVHG�DQG�WKH�VTXDUHV�RI�WKH

HOHPHQWV�RI�D�PRGHO�YHFWRU�SURGXFH�WKH�QRUPDOL]HG�PRGHO�UHVSRQVHV����7KHUHIRUH��DQ

HLJHQYDOXH�UHSUHVHQWV�WKH�DYHUDJH�UHVSRQVH�EDVHG�DJUHHPHQW�EHWZHHQ�WKH�FRUUHVSRQGLQJ

HLJHQYHFWRU�DQG�DOO�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�YHFWRUV�

,W�FDQ�EH�LQIHUUHG�IURP�(T���������WKDW�WKH�HLJHQYDOXH�LV�DIIHFWHG�E\�ERWK�WKH�VLPLODULW\

RI�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�YHFWRUV�DQG�WKH�QXPEHU�RI�VWXGHQWV�ZLWK�VLPLODU�PRGHO

YHFWRUV���,Q�RUGHU�WR�KDYH�D�ODUJH�HLJHQYDOXH��LW�LV�QHHGHG�WR�KDYH�QRW�RQO\�ODUJH�LQGLYLGXDO
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DPN
�
��EXW�DOVR�D�JRRG�QXPEHU�RI�WKHP��ZKLFK�LPSOLHV�WKDW�PRUH�VWXGHQWV�LQ�WKH�FODVV�KDYH

PRUH�VLPLODU�VLQJOH�VWXGHQW�PRGHO�YHFWRUV���7KDW�LV��WKH�VWXGHQWV�LQ�WKH�FODVV�EHKDYH�PRUH

VLPLODUO\�WR�HDFK�RWKHU��WKH�FRQVLVWHQF\�EHWZHHQ�VWXGHQWV�LV�KLJK��

,Q�FDVHV�ZKHQ�WKH�SHUIRUPDQFHV�RI�VWXGHQWV�DUH�YHU\�VLPLODU�WR�HDFK�RWKHU��DQ

HLJHQYDOXH�ZLOO�EH�PRVWO\�GHWHUPLQHG�E\�WKH�QXPEHU�RI�VWXGHQWV�ZLWK�PRGHO�YHFWRUV

VLPLODU�WR�WKH�HLJHQYHFWRU�FRUUHVSRQGLQJ�WR�WKDW�HLJHQYDOXH�

$V�DQ�H[DPSOH��VXSSRVH�WKHUH�DUH�1�VWXGHQWV�LQ�D�FODVV�DQG�WKH\�FDQ�EH�SDUWLWLRQHG�LQWR

VHYHUDO�JURXSV�ZKHUH�VWXGHQWV�LQ�HDFK�JURXS�DUH�VLPLODU�WR�HDFK�RWKHU�DQG�KDYH�D�VDPH

VLQJOH�VWXGHQW�PRGHO�VWDWH���6WXGHQWV�EHORQJ�WR�GLIIHUHQW�JURXSV�ZLOO�KDYH�GLIIHUHQW�VLQJOH

VWXGHQW�PRGHO�VWDWHV���7KHVH�VLQJOH�VWXGHQW�PRGHO�VWDWHV�FDQ�EH�PL[HG�VWDWHV��EXW�ZH

DVVXPH�WKHP�WR�EH�RUWKRJRQDO�WR�HDFK�RWKHU�VR�WKDW�WKH�VLPLODULW\�EHWZHHQ�GLIIHUHQW�VWXGHQW

PRGHO�YHFWRUV�DUH������7KLV�DVVXPSWLRQ�DOVR�GHWHUPLQHV�WKDW�WKH�WRWDO�QXPEHU�RI�VXFK

VWXGHQW�JURXSV�REWDLQHG�ZLWK�WKLV�PHWKRG�ZLOO�DOZD\V�EH�OHVV�WKDQ�WKH�GLPHQVLRQ�RI�WKH

PRGHO�VSDFH�¤�WKLV�PHWKRG�ZLOO�FROODSVH�DOO�WKH�VWXGHQWV�LQWR�WKUHH�JURXSV�WKDW�EHVW

UHVHPEOH�WKH�DFWXDO�VLWXDWLRQ�����'HILQH�1P�DV�WKH�QXPEHU�RI�WKH�VWXGHQWV�LQ�D�JURXS�ZLWK�D

VDPH�VWXGHQW�PRGHO�YHFWRU�YP��ZKLFK�FDQ�EH�D�PL[HG�VWDWH�RI�WKH�SK\VLFDO�PRGHOV�

$FFRUGLQJ�WR�(T����������HDFK�JURXS�RI�VWXGHQW�PRGHO�YHFWRUV�ZLOO�SURGXFH�DQ�HLJHQYHFWRU

H[DFWO\�WKH�VDPH�DV�WKHPVHOYHV�EHFDXVH�LQ�WKLV�FDVH��DPN�ZLOO�EH�HLWKHU���RU�����7KXV��WKH

HLJHQYHFWRUV�RI�'�ZLOO�EH�WKH�VDPH�DV�WKHVH�VWXGHQW�PRGHO�YHFWRUV���7KH�HLJHQYDOXHV�FDQ�EH

FDOFXODWHG�ZLWK
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7KHUHIRUH�LQ�WKLV�FDVH��VP

�
�UHIOHFWV�WKH�SRSXODWLRQ�RI�WKH�VWXGHQWV�ZLWK�WKH�PRGHO�YHFWRU

UHSUHVHQWHG�E\�YP�

,I�WKH�VWXGHQWV�DUH�QRW�FRQVLVWHQW�WR�HDFK�RWKHU�DQG�KDYH�GLIIHUHQW�PRGHO�VWDWHV��WKH

HLJHQYDOXH�ZLOO�QRW�KDYH�D�GLUHFW�DVVRFLDWLRQ�ZLWK�D�JURXS�RI�VWXGHQWV���+RZHYHU��LW�VWLOO

SDUWLDOO\�UHIOHFWV�WKH�VL]H�RI�D�PRUH�FRQVLVWHQW�JURXS�RI�VWXGHQWV���,Q�JHQHUDO��ZKHQ�DPN
�
�KDV

YDOXHV�FORVH�WR�D�����ELQDU\�PRGH��WKH�HLJHQYDOXH�ZLOO�FRQWDLQ�PRUH�LQIRUPDWLRQ�RQ�WKH

VWXGHQW�SRSXODWLRQ�GLVWULEXWLRQ�IRU�WKH�GLIIHUHQW�PRGHO�VWDWHV�

,Q�WKH�DERYH�GLVFXVVLRQ��WKHUH�DUH�WZR�W\SHV�RI�FRQVLVWHQF\�LQYROYHG�WKDW�ZLOO�DIIHFW

GLIIHUHQW�DVSHFWV�RI�WKH�UHVXOWV���7KH�FRQVLVWHQF\�RI�LQGLYLGXDO�VWXGHQWV�XVLQJ�GLIIHUHQW

SK\VLFDO�PRGHOV�LV�UHIOHFWHG�E\�WKH�RII�GLDJRQDO�HOHPHQWV�RI�'�DQG�GHWHUPLQHV�WKH

VWUXFWXUHV�RI�WKH�FODVV�PRGHO�VWDWHV��PL[HG�PRGHOV�RU�SXUH�SK\VLFDO�PRGHOV����7KH

FRQVLVWHQF\�DPRQJ�GLIIHUHQW�VWXGHQWV�GHWHUPLQHV�WKH�HLJHQYDOXHV�

6WXGHQW�&ODVV�0RGHO�6WDWHV

:KHQ�VWXGHQWV�KDYH�LQFRQVLVWHQW�PRGHOV��DV�LQ�FDVH��F��RI�ILJXUH������WKH�FODVV�PRGHO

GHQVLW\�PDWUL[�ZLOO�QRW�EH�D�GLDJRQDO�PDWUL[���7R�ILQG�WKH�HLJHQYDOXHV�DQG�HLJHQYHFWRUV�RI
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'�LQ�VXFK�VLWXDWLRQV��ZH�FDQ�SHUIRUP�HLJHQYDOXH�GHFRPSRVLWLRQ���)RU�WKH�WKUHH�PRGHO

H[DPSOH�KHUH��WKH�HLJHQYHFWRU�PDWUL[��9��FDQ�EH�ZULWWHQ�DV
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7KHQ�ZH�FDQ�UHSUHVHQW�YL�E\�D�YHFWRU�LQ�WKH�SK\VLFDO�PRGHO�VSDFH�ZLWK�FRHIILFLHQW��YKP�

DV�FRPSRQHQW�RQ�WKH�KWK
�EDVH���)RU�WKH�H[DPSOH�LQ�ILJXUH�����F���WKH�HLJHQYDOXHV�DQG

HLJHQYHFWRUV�DUH�IRXQG�WR�EH�
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7KH�HLJHQYHFWRUV�IRU�VWXGHQW�PRGHO�VWDWHV�FDQ�EH�UHSUHVHQWHG�DV�LQ�ILJXUH�������,Q�WKH�ILJXUH�

RQO\�WKH�FRPSRQHQWV�RI�Y��DUH�VKRZQ���7KH�HLJHQYDOXHV�DUH�UHSUHVHQWHG�DV�SRLQWV�RQ�WKH

FRUUHVSRQGHQW�HLJHQYHFWRUV���,Q�JHQHUDO��WKH�QHZ�HLJHQYHFWRUV�KDYH�FRPSRQHQWV�RQ�DOO

EDVLV�YHFWRUV�

$V�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�FODVV�PRGHO�YHFWRUV�DUH�WKH�ZHLJKWHG�DYHUDJH

RI�DOO�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�YHFWRUV���$V�D�UHVXOW��D�FODVV�PRGHO�VWDWH�FRQWDLQV�DOO�WKH

VLJQDWXUH�LQIRUPDWLRQ�IURP�DOO�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWHV�ZLWK�FRQWULEXWLRQV

FRQWUROOHG�E\�WKH�VLPLODULW\�EHWZHHQ�WKHP���7KHUHIRUH��WKH�VWUXFWXUH�RI�D�FODVV�PRGHO�VWDWH

RIWHQ�UHSUHVHQWV�DQ�RXWVWDQGLQJ�VDOLHQW�IHDWXUH�HPEHGGHG�LQ�D�ODUJH�QXPEHU�RI�WKH

LQGLYLGXDO�VWXGHQW�PRGHO�VWDWHV���7KH�SUHYDOHQFH�RI�VXFK�IHDWXUHV�LV�GHVFULEHG�E\�WKH

HLJHQYDOXHV�
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$�ODUJH�GRPLQDQW�HLJHQYDOXH�LQGLFDWHV�WKDW�PDQ\�VWXGHQWV�DUH�VLPLODU�WR�HDFK�RWKHU�DQG

WKH�VLQJOH�VWXGHQW�PRGHO�YHFWRUV�IRU�GLIIHUHQW�VWXGHQWV�DUH�VLPLODU���2Q�WKH�RWKHU�KDQG��LI

VWXGHQWV�DUH�DOO�GLIIHUHQW�IURP�RQH�DQRWKHU��WKH�LQGLYLGXDO�VWXGHQW�PRGHO�YHFWRUV�ZLOO�KDYH

GLIIHUHQW�VWUXFWXUHV���$V�D�UHVXOW��LW�LV�GLIILFXOW�WR�ILQG�D�YHFWRU�WKDW�DJUHHV�ZHOO�ZLWK�D�ODUJH

QXPEHU�RI�GLIIHUHQW�VLQJOH�VWXGHQW�PRGHO�YHFWRUV���,Q�VXFK�FDVHV��WKHUH�ZLOO�EH�QR�GRPLQDQW

HLJHQYDOXHV���7KHUHIRUH��WKH�HLJHQYDOXHV�FDQ�EH�XVHG�DV�D�PHDVXUH�WR�WHOO�LI�WKH�VWXGHQWV�DUH

VLPLODU�RU�GLIIHUHQW�IURP�RQH�DQRWKHU���7KH�REWDLQHG�FODVV�PRGHO�VWDWHV�XVXDOO\�KDYH

FRPSRQHQWV�IURP�DOO�WKH�EDVLF�SK\VLFDO�PRGHOV���7R�VHH�KRZ�WKH�FODVV�PRGHO�VWDWHV�DJUHH

ZLWK�WKH�SK\VLFDO�PRGHOV��ZH�FDQ�FDOFXODWH�WKH�DJUHHPHQW�ZLWK�D�GRW�SURGXFW�RI�WKH�YP©V

DQG�HK©V���6LQFH�WKH�FODVV�PRGHO�VWDWHV�UHSUHVHQW�WKH�SUREDELOLW\�DPSOLWXGH��WKH�SUREDELOLW\�

EDVHG�DJUHHPHQW�EHWZHHQ�D�SK\VLFDO�PRGHO�DQG�D�VWXGHQW�FODVV�PRGHO�VWDWH�LV�GHILQHG�DV�WKH

VTXDUH�RI�WKH�GRW�SURGXFW�EHWZHHQ�WKH�WZR�PRGHO�YHFWRUV

�
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7KH�KLJKHU�WKH�DJUHHPHQW�WKH�EHWWHU�WKH�VWXGHQW�PRGHOV�DJUHH�ZLWK�WKH�SK\VLFDO�PRGHOV�

)RU�D�PRUH�FRPSOHWH�HYDOXDWLRQ��WKH�HLJHQYDOXHV�DOVR�QHHG�WR�EH�FRQVLGHUHG���6LQFH�ODUJHU

HLJHQYDOXH�LQGLFDWHV�PRUH�VWXGHQWV�ZLWK�VLQJOH�VWXGHQW�PRGHO�VWDWHV�VLPLODU�WR�WKH

FRUUHVSRQGLQJ�FODVV�PRGHO�VWDWH��ZH�ZRXOG�OLNH�WR�KDYH�D�ODUJH�HLJHQYDOXH�IRU�WKH�PRGHO

VWDWH�WKDW�DJUHHV�EHVW�ZLWK�WKH�IDYRUDEOH�SK\VLFDO�PRGHO�

(YDOXDWLQJ�DQG�3UHVHQWLQJ�6WXGHQW�0RGHO�6WDWHV

&ODVV�PRGHO�VWDWHV�GHULYHG�IURP�WKH�FODVV�GHQVLW\�PDWUL[�FDQ�EH�XVHG�DV�DQ�HYDOXDWLRQ

WR�DVVHVV�FODVV�SHUIRUPDQFH���,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�LQWURGXFH�D�IHZ�WRROV

GHYHORSHG�WR�SUHVHQW�WKHVH�VWXGHQW�PRGHO�VWDWHV�DQG�WR�REWDLQ�QXPHULFDO�HYDOXDWLRQV�RQ

YDULRXV�IHDWXUHV�RI�VWXGHQW�PRGHOV�

0RGHO�3ODQH�3ORW

,Q�PDQ\�FDVHV��VWXGHQWV�RIWHQ�KDYH�PRGHO�VWDWHV�VWUXFWXUHG�ZLWK�GRPLQDQW�FRPSRQHQWV

RQ�WZR�SK\VLFDO�PRGHOV��D�FRUUHFW�RQH�DQG�D�PDMRU�¦PLVFRQFHSWLRQ§���,Q�WKLV�FDVH�WKH�QXOO

PRGHO�HOHPHQW�LV�RIWHQ�YHU\�VPDOO��IRU�D�WKUHH�PRGHO�VLWXDWLRQ����)RU�PDQ\�H[DPSOHV�LQ�RXU
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)LJXUH������6WXGHQW�FODVV�PRGH�VWDWH�YHFWRUV
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GDWD�DQDO\VLV��WKH�PHDVXUHG�QXOO�HOHPHQWV�DUH�DURXQG������7KHQ��ZH�FDQ�FRQVWUXFW�D�WZR�

GLPHQVLRQDO�PRGHO�SODQH�E\�XVLQJ�WKH�WZR�SK\VLFDO�PRGHOV�DV�D[HV���(DFK�FODVV�PRGHO�VWDWH

REWDLQHG�IURP�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[�LV�UHSUHVHQWHG�ZLWK�D�SRLQW�RQ�WKLV�WZR�

GLPHQVLRQDO�PRGHO�SODQH���$V�VKRZQ�LQ�ILJXUH������D�FODVV�PRGHO�VWDWH��YP��LV�UHSUHVHQWHG

E\�SRLQW�%�RQ�WKH�PRGHO�SODQH�ZLWK�VP

�
Y�P

�
�DV�WKH�KRUL]RQWDO�FRPSRQHQW�DQG�VP

�
Y�P

�
�DV�WKH

YHUWLFDO�FRPSRQHQW���2EYLRXVO\��ZKHQ�WKH�HLJHQYDOXH�IRU�D�VSHFLILF�FODVV�PRGHO�VWDWH�LV

VPDOO��WKH�PRGHO�SRLQW�ZLOO�EH�FORVH�WR�WKH�RULJLQ���$V�GLVFXVVHG�HDUOLHU��VPDOO�HLJHQYDOXHV

UHSUHVHQW�LQVLJQLILFDQW�PRGHO�VWDWHV��OHVV�SRSXODU����,I�WKHUH�H[LVWV�D�GRPLQDQW�VWDWH��ZLWK�DQ

HLJHQYDOXH�ODJHU�WKDQ������WKLV�VWDWH�DORQH�LV�RIWHQ�HQRXJK�WR�UHSUHVHQW�WKH�ZKROH�FODVV���,Q

VXFK�FDVHV��XVXDOO\�RQO\�WKH�GRPLQDQW�VWDWH�LV�SORWWHG�DQG�LW�LV�FRQVLGHUHG�DV�WKH�SULPDU\

PRGHO�VWDWH�

6LQFH�WKH�HLJHQYHFWRU�LV�XQLWDU\��WKH�VXP�RI�VTXDUHV�RI�WKH�WKUHH�FRPSRQHQWV�VKRXOG�EH

HTXDO�WR�WKH�HLJHQYDOXH��VP

�
���8QGHU�VXFK�FRQVWUDLQW��LI�WKH�WKLUG�PRGHO��WKH�QXOO�PRGHO�

FRPSRQHQW��Y�P��LV�]HUR��WKH�SRLQW�UHSUHVHQWLQJ�D�PRGHO�VWDWH�ZLOO�EH�RQ�D�OLQH�JRLQJ

WKURXJK�SRLQW�����VP

�
��DQG��VP

�
�������7KLV�OLQH�LV�FDOOHG�DV�WKH�LGHDO�PRGHO�OLQH���,I�Y�P�LV�QRW

]HUR��WKHQ�WKH�PRGHO�OLQH�ZLOO�JR�WKURXJK�WKH�SRLQWV�����VP

�
���Y�P

�
���DQG��VP

�
���Y�P

�
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7KXV�E\�VKRZLQJ�WKH�WZR�PRGHO�OLQHV�WRJHWKHU��WKH�WKLUG�FRPSRQHQW�RI�WKH�HLJHQYHFWRU�FDQ

EH�UHSUHVHQWHG�ZLWK�WKH�VKLIW�EHWZHHQ�WKH�WZR�PRGHO�OLQHV�

,Q�ILJXUH������DOO�WKH�PRGHO�OLQHV�DUH�UHSUHVHQWHG�ZLWK�GDVKHG�OLQHV�DQG�WKH�LGHDO�PRGHO

OLQHV�DUH�LQ�VROLG�OLQHV���)RU�WKH�H[WUHPH�FDVH�RI�D������PRGHO�FRQFHQWUDWLRQ��L�H���VL
�

HTXDOV����WKH�LGHDO�PRGHO�OLQH�ZLOO�JR�WKURXJK�WKH�SRLQWV��������DQG���������ZKLFK�LV�WKH

XSSHU�ERXQGDU\�RI�WKH�PRGHO�UHJLRQ���1R�PRGHO�SRLQWV�FDQ�H[LVW�DERYH�WKLV�OLQH���7KLV�DOVR

JLYHV�D�ZD\�WR�UHSUHVHQW�WKH�HLJHQYDOXHV�¤�WKH�GLVWDQFH�EHWZHHQ�WKH�LGHDO�PRGHO�OLQHV�DQG

WKH�XSSHU�PRGHO�ERXQGDU\�ZKHUH�ODUJHU�GLVWDQFH�FRUUHVSRQGV�WR�D�VPDOOHU�HLJHQYDOXH�

$FFRUGLQJ�WR�RXU�H[SHULHQFH�ZLWK�VWXGHQW�GDWD��WKH�VTXDUH�RI�WKH�WKLUG�FRPSRQHQWV

�UHSUHVHQWV�WKH�QXOO�PRGHO��RI�WKH�SULPDU\�PRGHO�YHFWRU��HLJHQYHFWRU�ZLWK�ODUJHVW

HLJHQYDOXH��LV�RIWHQ�VPDOO��a���������7KHUHIRUH��ZH�FDQ�PDNH�DQ�DSSUR[LPDWLRQ�WR�ZULWH
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)LJXUH������6DPSOH�VWXGHQW�PRGHO�SORW
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7KLV�LQGLFDWHV�WKDW�WKH�PRGHO�SRLQWV�DUH�RIWHQ�YHU\�FORVH�WR�WKHLU�LGHDO�PRGHO�OLQH���7KXV�WKH

GLVWDQFH�EHWZHHQ�D�PRGHO�SRLQW�DQG�WKH�XSSHU�ERXQGDU\�LV�DSSUR[LPDWHO\�HTXDO�WR�WKH

GLVWDQFH�EHWZHHQ�LWV�LGHDO�PRGHO�OLQH�DQG�WKH�XSSHU�ERXQGDU\��ZKLFK�LV�GLUHFWO\�DVVRFLDWHG

ZLWK�WKH�HLJHQYDOXH���7KHUHIRUH��RQ�WKH�PRGHO�SORW�WKH�GLVWDQFH�EHWZHHQ�D�PRGHO�SRLQW�DQG

WKH�XSSHU�ERXQGDU\�OLQH�FDQ�EH�XVHG�WR�JHW�DQ�HVWLPDWLRQ�RI�WKH�HLJHQYDOXH�RI�WKH

FRUUHVSRQGLQJ�PRGHO�VWDWH�

$V�ZH�FDQ�VHH�IURP�ILJXUH������PRGHO�SRLQWV�RQ�WKH�ERXQGDU\�OLQH�������FRQFHQWUDWLRQ

RQ�RQH�HLJHQYHFWRU��ZLOO�KDYH�DQ�HLJHQYDOXH�HTXDO�WR�����7KH�PRGHO�SRLQW�DW�������KDV�WKH

ODUJHVW�GLVWDQFH�� ��������DQG�WKH�HLJHQYDOXH�LV�HTXDO�WR����XQGHU�WKH�DVVXPSWLRQ�RI�Y�P
�

EHLQJ�QHJOLJLEOH����7KXV�WKH�HLJHQYDOXHV�RI�PRGHO�SRLQWV�DW�RWKHU�SODFHV�RQ�WKH�PRGHO�SODQH

FDQ�EH�DSSUR[LPDWHG�ZLWK
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ZKHUH�¦G§�LV�WKH�GLVWDQFH�EHWZHHQ�WKH�PRGHO�SRLQW�DQG�WKH�XSSHU�ERXQGDU\�OLQH�

$OVR�LQ�ILJXUH������D�FHQWHUOLQH��JRLQJ�WKURXJK�SRLQW��������DQG�������������VHSDUDWHV�WKH

PRGHO�SORW�LQWR�WZR�UHJLRQV���7KH�ORZHU�ULJKW�SDUW�LV�WKH�UHJLRQ�IRU�PRGHO�VWDWHV�ZLWK

SUHIHUHQFH�RQ�WKH�LQFRUUHFW�PRGHO��PRGHO����DQG�WKH�XSSHU�OHIW�UHJLRQ�LV�IRU�PRGHO�VWDWHV

ZLWK�PRUH�SUHIHUHQFH�RQ�WKH�H[SHUW�PRGHO��PRGHO������:KHQ�PRGHO�SRLQWV�DUH�FORVH�WR�WKH

FHQWHUOLQH��WKHLU�PRGHO�FRPSRQHQWV�RQ�PRGHO���DQG�PRGHO���ZLOO�KDYH�VLPLODU�YDOXHV�

LQGLFDWLQJ�PRUH�PL[HG�PRGHO�VWDWHV���:KHQ�WKH�PRGHO�SRLQWV�DUH�FORVHU�WR�WKH�WZR�FRUQHUV

DW��������DQG���������RQH�RI�WKH�PRGHO�FRPSRQHQWV�ZLOO�EH�PXFK�ODUJHU�WKDQ�WKH�RWKHU��ZKLFK

LPSOLHV�WKDW�WKH�VWXGHQW�PRGHO�VWDWHV�DUH�PRUH�FRQVLVWHQW�DQG�FORVH�WR�WKH�SK\VLFDO�PRGHOV�

7KH�SRLQW�RI��������DQG��������UHSUHVHQW�SXUH�SK\VLFDO�PRGHOV�RI�¦0RGHO��§�DQG�¦0RGHO��§�

,Q�VXFK�VLWXDWLRQV��'�LV�GLDJRQDO�DQG�VWXGHQW�PRGHO�VWDWHV�DUH�LGHQWLFDO�WR�WKH�SK\VLFDO

PRGHOV�

$QJXODU�3UHVHQWDWLRQV�RI�0RGHO�6WDWHV�DQG�0RGHO�0L[LQJ�)HDWXUHV

:KHQ�DQDO\]LQJ�VWXGHQW�PRGHO�VWUXFWXUHV��ZH�FDQ�SURMHFW�WKH�VWXGHQW�PRGHO�VWDWHV�RQ

WKH�SODQH�VSDQQHG�E\�WKH�WZR�GRPLQDQW�SK\VLFDO�PRGHOV���7KHQ�ZH�FDQ�XVH�WKH�DQJOHV

EHWZHHQ�WKH�SK\VLFDO�PRGHOV�DQG�WKH�SURMHFWLRQV�RI�WKH�VWXGHQW�PRGHO�VWDWHV�WR�UHSUHVHQW

WKH�PL[LQJ�IHDWXUH�RI�D�PRGHO�VWDWH��8VLQJ�IKP�WR�UHSUHVHQW�WKH�PRGHO�SURMHFWLRQ�DQJOH�RQ
WKH�SODQH�VSDQQHG�E\�WKH�KWK

�DQG�WKH�PWK
�SK\VLFDO�PRGHOV��ZH�FDQ�ZULWH��VHH�(T�������

¸
¸

¹

·

¨
¨

©

§
 I

K

P

KP

T

T
DUFWJ �

1RWLFH�WKDW�IKP�LV�JHQHUDOO\�GHILQHG�VR�WKDW�LW�FDQ�EH�XVHG�IRU�ERWK�WKH�PHDVXUHG�VLQJOH
VWXGHQW�PRGHO�VWDWHV�DQG�WKH�FDOFXODWHG�FODVV�PRGHO�VWDWHV���7KHQ�ZH�FDQ�UHSUHVHQW�WKH
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VWXGHQW�PRGHO�VWDWHV�RQ�DQ�DQJXODU�GLVWULEXWLRQ�SORW�VKRZQ�LQ�ILJXUH����E���7KH�DQJXODU

GLVWULEXWLRQ�SORW�LV�HYHQO\�SDUWLWLRQHG�IRU�DQ�HDV\�HVWLPDWLRQ�RQ�WKH�PL[LQJ�IHDWXUHV�RI

VWXGHQW�PRGHO�VWDWHV�

:KHQ�DQDO\]LQJ�FODVV�PRGHO�VWDWH��WKH�PRGHO�SORW�VKRZQ�LQ�ILJXUH�����LV�D�EHWWHU�WRRO

VLQFH�LW�JLYHV�WKH�HLJHQYDOXHV�DQG�LV�SORWWHG�LQ�WHUPV�RI�SUREDELOLW\���'HILQH�WKH�PRGHO

DQJOH�RQ�WKH�PRGHO�SORW�ZLWK�)KP��WKHQ�ZH�FDQ�ZULWH�
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7KHQ�WKH�ERXQGDULHV�VHSDUDWLQJ�GLIIHUHQW�PRGHO�UHJLRQV�LQ�WKH�PRGHO�VWDWHV�DQJXODU

GLVWULEXWLRQ�SORW�FDQ�EH�WUDQVODWHG�LQWR�WKH�PRGHO�SORW�DV�WZR�VWUDLJKW�OLQHV�IURP�WKH�RULJLQ

ZLWK�D�VORS�HTXDO�WR�����DQG���UHVSHFWLYHO\��VHH�ILJXUH������DQG�WJ
�
�S��� �����

,Q�WKH�WKUHH�PRGHO�H[DPSOH��WKH�PRGHO�SORW�LV�SDUWLWLRQHG�LQWR�IRXU�UHJLRQV��WKH

¦PRGHO���UHJLRQ§��WKH�¦PRGHO���UHJLRQ§��WKH�¦PL[HG�UHJLRQ§�DQG�WKH�¦VHFRQGDU\�PRGHO

UHJLRQ§�DV�VKRZQ�LQ�ILJXUH�������7KH�¦PRGHO���UHJLRQ§��DQG�¦PRGHO���UHJLRQ§��FRQWDLQV

PRGHOV�ZLWK�GRPLQDQW�PRGHO����DQG�PRGHO����FRPSRQHQWV���)RU�WKH�H[DPSOH�GHVFULEHG�LQ

WDEOH������PRGHOV�LQ�WKH�¦PRGHO���UHJLRQ§�ZLOO�WKHQ�LQGLFDWH�D�VWURQJ�PLVFRQFHSWLRQ�RQ�)0

DQG�PRGHOV�LQ�WKH�¦PRGHO���UHJLRQ§�ZLOO�LPSO\�JRRG�XQGHUVWDQGLQJV�RQ�)0�

0RGHO�SRLQWV�LQ�WKH�¦PL[HG�UHJLRQ§�FDQ�UHSUHVHQW�D�PL[HG�PRGHO�VWDWH��ZKHUH�QR

SK\VLFDO�PRGHO�LV�LQ�GRPLQDWLRQ�DQG�WKH�LQGLYLGXDO�VWXGHQWV�DUH�LQFRQVLVWHQW�LQ�XVLQJ�WKH

GLIIHUHQW�SK\VLFDO�PRGHOV���7KH�¦VHFRQGDU\�PRGHO�UHJLRQ§�UHSUHVHQWV�PRGHO�VWDWHV�ZLWK

VPDOO�HLJHQYDOXHV�DQG�WKHUHIRUH�WKH\�DUH�XVXDOO\�FRQVLGHUHG�VHFRQGDU\�ZLWK�PXFK�VPDOOHU

HIIHFWV�RQ�WKH�RYHUDOO�FODVV�SHUIRUPDQFH���,Q�PRVW�FDVHV�IURP�RXU�GDWD��WKHUH�LV�RIWHQ�RQH

SULPDU\�PRGHO�VWDWH�ZLWK�DQ�HLJHQYDOXH���WR���WLPHV�ODUJHU�WKDQ�WKH�VHFRQG�ODUJHVW

HLJHQYDOXH���7KHUHIRUH�LQ�WKHVH�FDVHV��VKRZLQJ�WKH�SULPDU\�PRGHO�VWDWH�DORQH�FDQ�SURYLGH�D

JRRG�RYHUYLHZ�RI�WKH�VWXGHQW�PRGHO�VLWXDWLRQV�

0RGHO�K

0RGHO�P
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0RGHO�K
5HJLRQ

0RGHO�P
5HJLRQ

0L[HG

5HJLRQ

E��0RGHO�VWDWHV�DQJXODU�GLVWULEXWLRQ

)LJXUH������6FKHPDWLFV�RI�PRGHO�SURMHFWLRQ�DQJOH�DQG�PRGHO�VWDWHV�DQJXODU�GLVWULEXWLRQ�
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7KH�PRGHO�SODQH�DOORZV�XV�WR�YLVXDOO\�SUHVHQW�PRVW�LQIRUPDWLRQ�DERXW�WKH�VWXGHQW

PRGHO�VWDWHV�RQ�WKH�VDPH�JUDSK���:H�FDQ�DOVR�SXW�WKH�SUH�DQG�SRVW�PRGHO�VWDWHV�IURP

GLIIHUHQW�FODVVHV�WRJHWKHU�RQ�WKH�VDPH�SORW��PDNLQJ�LW�PXFK�FOHDUHU�WR�VHH�WKH�SDWWHUQV�DQG

VKLIWV�RI�WKH�GLIIHUHQW�VWXGHQW�PRGHO�VWDWHV���)XUWKHUPRUH��LW�DOORZV�XV�WR�GR�TXDQWLWDWLYH

DQDO\VLV�RI�WKH�VWXGHQW�PRGHO�FKDQJHV�

0RGHO�,PSURYHPHQW

%DVHG�RQ�WKH�PRGHO�SODQH�SORW��ZH�FDQ�FRQVWUXFW�D�QXPHULFDO�HYDOXDWLRQ��WKH�IUDFWLRQ�RI

SRVVLEOH�PRGHO�LPSURYHPHQW��GHQRWHG�DV�0��WR�HYDOXDWH�WKH�VKLIW�RI�WKH�VWXGHQW�PRGHOV�RQ

SUH�DQG�SRVW�WHVWV���)LJXUH�����VKRZV�D�W\SLFDO�PRGHO�SORW�ZLWK�SRLQW�$�DV�WKH�LQLWLDO�VWDWH

DQG�SRLQW�%�DV�WKH�ILQDO�VWDWH�
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([SHUW�0RGHO
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0L[HG 0RGHO

5HJLRQ
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)LJXUH������6KLIWV�RI�PRGHO�VWDWHV
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'HILQH�6��DQG�6��DV�WKH�WZR�YHFWRUV�WR�UHSUHVHQW�WKH�LQLWLDO�DQG�ILQDO�VWXGHQW�PRGHO

VWDWHV���7KH�WKLUG�YHFWRU��6���UHSUHVHQWV�WKH�PRVW�IDYRUDEOH�ILQDO�VWDWH��DVVXPLQJ�PRGHO���LV

WKH�IDYRUDEOH�SK\VLFDO�PRGHO���)RU�HDFK�LQLWLDO�6���WKH�EHVW�VKLIW�LW�FDQ�JHW�LV�6����6����7KH

UHDO�VKLIW��KRZHYHU��LV�6� ��6����7KH�IUDFWLRQ�RI�SRVVLEOH�PRGHO�LPSURYHPHQW�LV�WKHQ

FDOFXODWHG�ZLWK
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8VLQJ�(T����������0�KDV�D�YDOXH�ZLWKLQ�WKH�UDQJH���f���@����IRU�WKH�PRVW�IDYRUDEOH�VKLIW��
7KH�QHJDWLYH�YDOXHV�LQGLFDWH�D�VKLIW�WRZDUGV�WKH�XQIDYRUDEOH�PRGHO���:H�FDQ�DOVR�UH�VFDOH

WKH�XQIDYRUDEOH�VKLIW�WR�EH�ZLWKLQ�WKH�UDQJH�>�����@���7R�GR�VR��ZH�QHHG�WR�ORFDWH�DQ

XQIDYRUDEOH�PRGHO�VWDWH�DQG�UHSODFH�WKH�YHFWRU�6��ZLWK�WKH�YHFWRU�VWDUWLQJ�IURP�WKH�LQLWLDO

VWDWH�WR�WKH�XQIDYRUDEOH�VWDWH���7KXV�(T���������ZLOO�KDYH�WZR�IRUPV�GHSHQGLQJ�RQ�WKH

GLUHFWLRQ�RI�WKH�VWXGHQW�PRGHOV�FKDQJHV�DQG�FDQ�JLYH�D�VFDOHG�HYDOXDWLRQ�IURP�¤��WR��

$OWKRXJK�WKLV�FDOFXODWLRQ�XVHV�D�WZR�PRGHO�H[DPSOH��WKH�JHQHUDO�IRUPXODWLRQ�LV�WKH�VDPH

IRU�PXOWL�GLPHQVLRQ�PRGHO�VSDFHV�

5HODWLYH�0RGHO�0L[LQJ�5DWH

$V�GLVFXVVHG�LQ�SUHYLRXV�VHFWLRQV��WKH�GLDJRQDO�HOHPHQWV�RI�WKH�FODVV�PRGHO�GHQVLW\

PDWUL[�JLYH�WKH�SUREDELOLWLHV�RI�WKH�FODVV�XVLQJ�GLIIHUHQW�SK\VLFDO�PRGHOV���:LWK�VDPH

GLDJRQDO�HOHPHQWV��WKH�RII�GLDJRQDO�HOHPHQWV�FDQ�KDYH�GLIIHUHQW�YDOXHV�FRUUHVSRQGLQJ�WR

GLIIHUHQW�VWUXFWXUHV�RI�WKH�PHDVXUHG�VLQJOH�VWXGHQW�PRGHO�VWDWHV���7KHUHIRUH��ZLWK�D�JLYHQ

GLVWULEXWLRQ�RI�WKH�GLDJRQDO�HOHPHQWV��WKH�ODUJHVW�PRGHO�PL[LQJ�KDSSHQV�ZKHQ�DOO�VWXGHQWV

KDYH�WKH�VDPH�PRGHO�VWDWH�WKDW�JLYHV�WKH�SUREDELOLW\�GLVWULEXWLRQ�HTXDO�WR�WKH�GLDJRQDO

HOHPHQWV���,Q�D�WKUHH�PRGHO�H[DPSOH��XQGHU�WKLV�PD[LPXP�PRGHO�PL[LQJ�VLWXDWLRQ�ZH�FDQ

ZULWH�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[�DV�
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'HILQH�JKP�DV�WKH�UHODWLYH�PRGHO�PL[LQJ�UDWH�EHWZHHQ�SK\VLFDO�PRGHO�K�DQG�SK\VLFDO
PRGH�P���7KHQ�ZH�FDQ�ZULWH
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ZKHUH�UKP�LV�WKH�PHDVXUHG�RII�GLDJRQDO�HOHPHQWV���7KH�UHODWLYH�PRGHO�PL[LQJ�UDWH�JLYHV�WKH
VLPLODULW\�EHWZHHQ�D�PHDVXUHG�FODVV�DQG�WKH�SRVVLEOH�PD[LPXP�PRGHO�PL[LQJ�VLWXDWLRQ

ZLWK�VDPH�GLDJRQDO�HOHPHQWV���7KHUHIRUH��LI�WKHUH�H[LWV�VHYHUDO�JURXSV�RI�VWXGHQWV�HDFK�ZLWK

D�TXLWH�FRQVLVWHQW�PRGHO�VWDWH��VLPLODU�WR�FDVH�E�LQ�ILJXUH�������JKP�ZLOO�JLYH�D�YDOXH�FORVH�WR
����,I�DOO�VWXGHQWV�DUH�KDYLQJ�D�VLPLODU�PRGHO�VWDWH��JKP�ZLOO�JLYH�D�YDOXH�FORVH�WR�����,Q�WKLV
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FDVH��WKH�FRPPRQ�VWXGHQW�PRGHO�VWDWH�LV�FORVH�WR�WKH�RQH�UHIOHFWHG�E\�WKH�GLDJRQDO�HOHPHQWV

RI�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[���7KXV�JKP�FDQ�JLYH�XV�DQ�HVWLPDWLRQ�RQ�ZKHWKHU�WKH
VWXGHQWV�LQ�D�FODVV�DUH�KDYLQJ�VLPLODU�PL[HG�PRGHO�VWDWHV�RU�WKH\�PD\�KDYH�GLIIHUHQW�W\SHV

RI�PRGHO�VWDWHV��FRQVLVWHQW�DQG�PL[HG����6XFK�LQIRUPDWLRQ�LV�DOVR�UHIOHFWHG�LQ�WKH

HLJHQYDOXHV��KRZHYHU�JKP�FDQ�JLYH�D�FRPSDUDWLYHO\�GLUHFW�HVWLPDWLRQ�RQ�WKH�UHODWLYH�PRGHO
PL[LQJ�VLWXDWLRQ�EHWZHHQ�DQ\�WZR�SK\VLFDO�PRGHOV�RI�LQWHUHVWV���7R�XVH�JKP��LW�LV�QHFHVVDU\
WR�VKRZ�WKDW�(T���������DOZD\V�JHQHUDWHV�D�YDOXH�EHWZHHQ���DQG�����7KH�PDWKHPDWLFDO�SURRI

LV�GLVFXVVHG�LQ�$SSHQGL[�&�

0HDVXUHPHQW�&RQFHUQ�RQ�0RGHO�6WDWH

7KH�PRGHO�DQJOH�RI�D�PHDVXUHG�VWXGHQW�PRGHO�VWDWH�KDV�D�QRQ�OLQHDU�GHSHQGHQFH�ZLWK

UHVSHFW�WR�WKH�PHDVXUHPHQW�LQ�WHUPV�RI�QXPEHUV�RI�TXHVWLRQV���)RU�H[DPSOH��VXSSRVH�WKHUH

DUH�WZR�SK\VLFDO�PRGHOV�DQG�WKH�WRWDO�QXPEHU�RI�TXHVWLRQV�XVHG�LQ�WKH�PHDVXUHPHQW�LV�P�

7KH�PHDVXUHG�PRGHO�DQJOH�FDQ�EH�FDOFXODWHG�ZLWK�
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ZKHUH�Q���Q���UHSUHVHQWV�WKH�QXPEHU�RI�TXHVWLRQV�WKDW�WKH�VWXGHQW�XVHV�SK\VLFDO�PRGHO��

�SK\VLFDO�PRGHO������2EYLRXV��Q����Q�� �P���7KHQ�WKH�DQJXODU�GHSHQGHQFH�RI�WKH�PHDVXUHG

VWXGHQW�PRGHO�VWDWH�FDQ�EH�JUDSKHG�DV�VKRZQ�LQ�ILJXUH������
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0HDVXUHG
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)LJXUH�������$QJXODU�GHSHQGHQFH�RI�PHDVXUHG�VWXGHQW�PRGHO�VWDWH
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$V�ZH�FDQ�VHH��WKH�XQFHUWDLQW\�RI�WKH�PHDVXUHG�PRGHO�DQJOH�LV�QRW�OLQHU�DQG�LW�JHWV

ODUJHU�ZKHQ�WKH�PRGHO�DQJOH�LV�FORVHU�WR���RU�S����PRGHO�VWDWH�FORVH�WR�SK\VLFDO�PRGHO���RU
�����,Q�WKH�FHQWHU��SHUIHFWO\�PL[HG�PRGHO�VWDWH���WKH�XQFHUWDLQW\�LV�UHGXFHG���7KHUHIRUH�

ZKHQ�VHWWLQJ�WKH�UHVROXWLRQ�IRU�PHDVXULQJ�VLQJOH�VWXGHQW�PRGHO�VWDWHV��ZH�QHHG�WR�WDNH�LQWR

DFFRXQW�WKLV�QRQ�OLQHDU�HIIHFW���,I�PRVW�VWXGHQWV©�PRGHO�VWDWHV�DUH�FORVH�WR�WKH�SK\VLFDO

PRGHOV��ZH�QHHG�WR�LQFUHDVH�WKH�QXPEHU�RI�TXHVWLRQV�XVHG�LQ�PHDVXUHPHQW�

$SSOLFDWLRQ�([DPSOHV

6WXGHQW�0RGHO�6WDWHV�IURP�)&,�GDWD

,Q�WKLV�VHFWLRQ��,�GLVFXVV�VRPH�DSSOLFDWLRQ�H[DPSOHV�ZLWK�)&,�GDWD���7KH�PDLQ�JRDO�RI

WKLV�H[HUFLVH�LV�WR�VHH�KRZ�WKLV�WRRO�SHUIRUPV�LQ�SUDFWLFDO�VLWXDWLRQV���7KH�GDWD�VHW�XVHG�LQ

WKH�DQDO\VLV�LQFOXGHV�SUH�DQG�SRVW�)&,�UHVXOWV�IURP����3K\VLFV�����FODVVHV�DW�80G

�FDOFXOXV�EDVHG�SK\VLFV�IRU�HQJLQHHUV����2XU�VWXG\�ZLOO�IRFXV�RQ�WZR�JURXSV�RI�TXHVWLRQV�RI

WKH�)&,�WHVW��WKH�1��JURXS�DQG�WKH�)0�JURXS���,Q�WKH�OLWHUDWXUH��LW�KDV�DOUHDG\�EHHQ�VKRZQ

WKDW�RQ�)&,�WHVW�WKH�SHUIRUPDQFHV�RI�WKH�VWXGHQWV�IURP�WXWRULDO�FODVVHV�DQG�WUDGLWLRQDO

FODVVHV�DUH�YHU\�GLIIHUHQW�
��
��+HUH�,�ZLOO�DOVR�FRPSDUH�WKH�UHVXOWV�IURP�WKH�WZR�W\SHV�RI

FODVVHV���7KH�SXUSRVH�LV�QRW�WR�UHGLVFRYHU�DQ\�RI�WKH�NQRZQ�GLIIHUHQFHV�EXW�WR�ORRN�IRU�QHZ

ZD\V�RI�VWXG\LQJ�WKH�SUREOHP�DQG�H[WUDFWLQJ�LQIRUPDWLRQ��ZKLFK�LV�XQDYDLODEOH�ZLWK

WUDGLWLRQDO�DQDO\VLV�PHWKRGV�

x 0RGHOLQJ�WKH�7HVW

7KH�WKUHH�SK\VLFDO�PRGHOV�RI�WKH�)0�JURXS�KDYH�DOUHDG\�EHHQ�GLVFXVVHG�LQ�WKH

SUHYLRXV�VHFWLRQV���1RZ�ZH�QHHG�WR�PRGHO�WKH�1��JURXS�FRQVLVWLQJ�RI���TXHVWLRQV��������

DQG����VHH�FKDSWHU���IRU�GHWDLOV����)RU�)&,�TXHVWLRQV��WKH�1��JURXS�FDQ�DOVR�EH�VXPPDUL]HG

LQWR�WKUHH�SK\VLFDO�PRGHOV��VHH�FKDSWHU���IRU�GHWDLOHG�GLVFXVVLRQ�RQ�WKH�SK\VLFDO�PRGHOV

ZLWK�1HZWRQ©V�7KLUG�/DZ��

0RGHO��� 7KH�IRUFH�KDV�WKH�VDPH�PDJQLWXGH�DQG�RSSRVLWH�GLUHFWLRQ��FRUUHFW��

0RGHO��� 7KH�IRUFH�LV�UHODWHG�WR�WKH�GRPLQDQW�DJHQW��PDVV��YHORFLW\��DFFHOHUDWLRQ�

HWF��
��
��LQFRUUHFW��

0RGHO��� 2WKHU�LUUHOHYDQW�LGHDV��QXOO�PRGHO��

7KH�PRGHO�VFKHPH�IRU�WKH�FRUUHVSRQGLQJ�VWXGHQW�UHVSRQVHV�LV�OLVWHG�LQ�WDEOH�����

$V�ZH�FDQ�VHH��WKH�PRGHOLQJ�RI�WKH�1��JURXS�LV�D�OLWWOH�PRUH�FRPSOLFDWHG�WKDQ�WKH�)0

JURXS�GHVFULEHG�LQ�WDEOH�������7KH�1��FRQFHSW�GRPDLQ�LQYROYHV�PXOWLSOH�SK\VLFDO�IHDWXUHV

7DEOH������0RGHOLQJ�WKH�5HVSRQVHV�RI�WKH�1��*URXS��)&,�

4XHVWLRQ 0RGHO�� 0RGHO�� 0RGHO��

� H D E��F��G

�� H G��E D��F

�� D F��E G��H
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VXFK�DV�PDVV��YHORFLW\��DFFHOHUDWLRQ��HWF���,GHDOO\��ZH�ZRXOG�OLNH�WR�KDYH�IRU�HDFK�SK\VLFDO

DJHQW�D�IHZ�TXHVWLRQV�ZLWK�GLIIHUHQW�FRQWH[WV�VR�WKDW�ZH�FDQ�LVRODWH�WKH�VWXGHQW

XQGHUVWDQGLQJV�RQ�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV�DQG�KDYH�PRUH�LQGHSHQGHQW�LQIRUPDWLRQ�

8QIRUWXQDWHO\��WKH�)&,�TXHVWLRQV�DUH�QRW�GHVLJQHG�WR�LVRODWHG�WKHVH�SK\VLFDO�IHDWXUHV�

WKHUHIRUH��ZH�KDYH�WR�FROODSVH�DOO�WKH�LQFRUUHFW�VWXGHQW�PRGHOV�LQWR�RQH�JHQHUDOO\�GHILQHG

¦GRPLQDQW�DJHQW§�PRGHO�

x 6WXGHQW�&ODVV�0RGHO�6WDWHV

7R�ILQG�WKH�DYHUDJHG�VWXGHQW�PRGHO�VWDWH��,�DQDO\]HG�WKH�GDWD�IURP�VHYHQ�WXWRULDO

FODVVHV�ZLWK�DERXW�����VWXGHQWV�DQG�VHYHQ�WUDGLWLRQDO�FODVVHV�ZLWK�DERXW�����VWXGHQWV���7KH

DYHUDJH�UHVXOWV�DUH�REWDLQHG�E\�SXWWLQJ�DOO�WKH�VWXGHQWV�IURP�WKH�VDPH�JURXS�RI�FODVVHV

WRJHWKHU���7DEOH�����OLVWV�WKH�FDOFXODWHG�UHVXOWV�RI�WKH�DYHUDJHG�GHQVLW\�PDWULFHV�

HLJHQYDOXHV�DQG�HLJHQYHFWRUV�IRU�WKH�WZR�W\SHV�RI�FODVVHV�

)URP�WKH�GLDJRQDO�HOHPHQWV�RI�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[��ZH�FDQ�URXJKO\�VHH�WKH

GLVWULEXWLRQ�RI�VWXGHQW�UHVSRQVHV�RQ�WKH�SK\VLFDO�PRGHOV���,Q�WDEOH������LW�DSSHDUV�WKDW��ZLWK

VLPLODU�LQLWLDO�VLWXDWLRQV��WKH�WXWRULDO�FODVVHV�KDYH�ODUJHU�ILUVW�GLDJRQDO�HOHPHQWV��U����IRU

WKHLU�GHQVLW\�PDWULFHV�RQ�WKH�SRVW�WHVW��VKRZLQJ�ODUJHU�VKLIWV�WRZDUGV�WKH�IDYRUDEOH�PRGHO�

7KH�SULPDU\�PRGHO�YHFWRUV�RI�WKH�SRVW�GHQVLW\�PDWULFHV�IRU�WKH�WXWRULDO�FODVVHV�DOVR�KDYH

ODUJHU�HOHPHQWV�RQ�WKH�IDYRUDEOH�SK\VLFDO�PRGHOV��LQGLFDWLQJ�WKH�LQGLYLGXDO�VWXGHQWV�DUH

PRUH�FRQVLVWHQW�LQ�XVLQJ�WKH�IDYRUDEOH�SK\VLFDO�PRGHOV���,Q�WKH�IROORZLQJ�VHFWLRQV��PRUH

GHWDLOV�RI�WKH�VWXGHQW�PRGHOV�DUH�GLVFXVVHG�XVLQJ�WKH�QHZ�WRROV�GHYHORSHG�LQ�WKH�SUHYLRXV

VHFWLRQV�

��� 6WXGHQW�PRGHO�VWDWHV�IRU�WKH�1��JURXS�

%DVHG�RQ�WKH�FDOFXODWLRQ�LQ�WDEOH������WKH�DYHUDJHG�UHVXOWV�RI�VWXGHQW�PRGHO�VWDWHV�LQ�1�

JURXS�DUH�SORWWHG�LQ�ILJXUH��������7KH�UHVXOWV�RI�WKH�LQGLYLGXDO�FODVVHV�DUH�DOVR�SORWWHG�LQ

$SSHQGL[�&���$V�GLVFXVVHG�HDUOLHU��PRGHO����WKH�KRUL]RQWDO�D[LV��UHSUHVHQWV�WKH�PDMRU

7DEOH������5HVXOWV�IRUP�VWXGHQW�)&,�GDWD��80G�

7XWRULDO 7UDGLWLRQDO

'HQVLW\ 0DWUL[
(LJHQ

YDOXH

(LJHQ YHFWRU

Y� Y� Y�
'HQVLW\ 0DWUL[
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PLVFRQFHSWLRQ�DQG�WKH�PRGHO����WKH�YHUWLFDO�D[LV��LV�WKH�IDYRUDEOH�SK\VLFDO�PRGHO���6LQFH

WKH�ODUJHVW�HLJHQYDOXHV�IRU�DOO�WKH�FODVVHV�DUH�DURXQG�����DQG�DUH��a��WLPHV�ODUJHU�WKDQ�WKH

VHFRQG�ODUJHVW�RQH��WKH�SULPDU\�PRGHO�FDQ�ZHOO�UHSUHVHQW�DERXW�����RI�WKH�VWXGHQWV�DQG

VKRXOG�JLYH�D�SUHWW\�JRRG�GHVFULSWLRQ�RI�WKH�FODVV�SHUIRUPDQFH���7KHUHIRUH��RQO\�WKH

SULPDU\�PRGHOV��PRGHOV�ZLWK�ODUJHVW�HLJHQYDOXHV��DUH�SORWWHG�LQ�WKH�JUDSK�

7KH�JUDSK�VKRZV�WKDW�WKH�LQLWLDO�VWDWHV�RI�ERWK�W\SHV�RI�FODVVHV�DUH�YHU\�FORVH�WR�HDFK

RWKHU�DQG�WKHVH�VWDWHV�DUH�DW�WKH�ERXQGDU\�RI�WKH�PRGHO���UHJLRQ���7KH�VWXGHQW�LQLWLDO�PRGHO

FDQ�EH�LQWHUSUHWHG�DV�D�TXLWH�FRQVLVWHQW�LQFRUUHFW�PRGHO�ZLWK�D�VWURQJ�EHOLHI�WKDW�¦DQ�REMHFW

ZLWK�GRPLQDQW�DJHQW�ZLOO�H[HUW�ODUJHU�IRUFH�GXULQJ�WKH�LQWHUDFWLRQ§���$IWHU�WKH�LQVWUXFWLRQ�

WKH�WXWRULDO�FODVVHV�PRYH�WR�WKH�PRGHO���UHJLRQ�VKRZLQJ�WKDW�PRVW�VWXGHQWV��V�

�
�|�����DUH

KDYLQJ�D�PRUH�FRQVLVWHQW�PRGHO�LQ�IDYRU�RI�WKH�FRUUHFW�FRQFHSW���7KH�WUDGLWLRQDO�FODVVHV

RQO\�PDNH�WR�WKH�PL[HG�PRGHO�UHJLRQ�RQ�WKH�PRGHO���VLGH��LQGLFDWLQJ�WKDW�WKHLU�PRGHO

VWDWHV�DUH�VWLOO�YHU\�PL[HG�DQG�LQFRQVLVWHQW�ZLWK�VLJQLILFDQW�LQIOXHQFH�IURP�WKH

PLVFRQFHSWLRQ���)URP�WKH�PRGHO�SORW��ZH�FDQ�VHH�WKDW�WKH�WXWRULDO�FODVVHV�KDYH�D�PXFK

ODUJHU�VKLIW��DERXW�WZLFH�DV�PXFK��WRZDUGV�WKH�IDYRUDEOH�SK\VLFDO�PRGHO�

��� 6WXGHQW�PRGHO�VWDWHV�IRU�WKH�)0�JURXS�

6LPLODUO\�WKH�DYHUDJHG�UHVXOWV�RI�WKH�VWXGHQW�PRGHO�VWDWHV�IRU�WKH�)0�JURXS�DUH�SORWWHG

LQ�ILJXUH��������7KH�UHVXOWV�RI�WKH�LQGLYLGXDO�FODVVHV�DUH�VKRZQ�LQ�$SSHQGL[�&����$V�ZH�FDQ

VHH�LQ�WKLV�FDVH��WKH�LQLWLDO�VWDWHV�RI�ERWK�W\SHV�RI�FODVVHV�IDOO�LQWR�WKH�PRGHO���UHJLRQ��ZKLFK

LQGLFDWHV�WKDW�WKH�VWXGHQWV�DUH�KDYLQJ�D�FRQVLVWHQW�EXW�LQFRUUHFW�PRGHO��VWURQJ

PLVFRQFHSWLRQ��¤�¦WKHUH�LV�DOZD\V�D�IRUFH�LQ�WKH�GLUHFWLRQ�RI�PRWLRQ§���$IWHU�WKH�LQVWUXFWLRQ�

WKH�WXWRULDO�FODVVHV�VKRZ�VRPH�SURPLVLQJ�LPSURYHPHQW�WRZDUGV�WKH�IDYRUDEOH�PRGHO�

$YHUDJHG�1��0RGHO�6WDWHV

�

���

���

���

���

�

� ��� �

7XW�3UH

7XW�3RVW

7UG�3UH

7UG�3RVW

0RGHO��

0RGHO��

)LJXUH�������6WXGHQW�PRGHOV�RQ�1HZWRQ�,,,��)&,��80G�
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$OWKRXJK�VWLOO�LQ�WKH�PL[HG�PRGHO�UHJLRQ��WKH�WXWRULDO�FODVVHV�PDNH�D�TXLWH�ODUJH�IDYRUDEOH

VKLIW�FRPSDULQJ�WR�LWV�SUREOHPDWLF�LQLWLDO�VWDWH���2Q�WKH�RWKHU�KDQG��WKH�VLWXDWLRQ�IRU�WKH

WUDGLWLRQDO�FODVVHV�LV�QRW�VR�RSWLPLVWLF���,WV�ILQDO�VWDWH�GRHVQ©W�HYHQ�FURVV�WKH�FHQWHUOLQH��L�H��

WKH�SULPDU\�PRGHO�IDLOV�WR�PDNH�WKH�WUDQVLWLRQ�WR�WKH�IDYRUDEOH�VLGH���7KLV�VLWXDWLRQ

LQGLFDWHV�WKDW�PDQ\�VWXGHQWV�DUH�VWLOO�LQ�IDYRU�RI�WKHLU�LQLWLDO�PLVFRQFHSWLRQ���6LQFH�WKH�ILQDO

VWDWH�LV�DOVR�YHU\�FORVH�WR�WKH�FHQWHUOLQH��WKH�VWXGHQW�PRGHO�FDQ�EH�LQWHUSUHWHG�DV�YHU\�PL[HG

DQG�LQFRQVLVWHQW�XQGHU�HTXDO�LQIOXHQFHV�IURP�WKH�FRUUHFW�SK\VLFDO�PRGHO�DQG�WKH�LQLWLDO

PLVFRQFHSWLRQ�

��� 1XPHULFDO�HYDOXDWLRQV

7KH�QXPHULFDO�HYDOXDWLRQV�UHYHDO�VLPLODU�UHVXOWV���,Q�WDEOH������WKH�TXDQWLWDWLYH

HYDOXDWLRQV�DUH�FDOFXODWHG�

7KH�UHVXOWV�DOVR�VKRZ�WKDW�WKH�VWXGHQWV�RI�WKH�WXWRULDO�FODVVHV�KDYH�DERXW�WZLFH�DV�PXFK

LPSURYHPHQW�WRZDUGV�WKH�IDYRUDEOH�PRGHO���,W�DSSHDUV�WKDW�WKH�)0�JURXS�LV�PRUH�GLIILFXOW

$YHUDJHG�)0�0RGHO�3ORW

���

���

���

���

���

���

��� ��� ���

0RGHO �

0RGHO �

7XW�3UH

7XW�3RVW

7UG�3UH

7UG�3RVW

)LJXUH�������6WXGHQW�PRGHOV�RQ�)RUFH�0RWLRQ��)&,��80G�

7DEOH������,PSURYHPHQW�RI�VWXGHQW�FODVV�PRGHO�VWDWHV��)&,��80G�

&RQWH[W

'RPDLQ
&ODVVHV

3RVVLEOH�0RGHO

,PSURYHPHQW��0�

7XWRULDO ����1�

*URXS 7UDGLWLRQDO ����

7XWRULDO ����)0

*URXS 7UDGLWLRQDO ����
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IRU�WKH�VWXGHQWV�FRPSDUHG�WR�WKH�1��JURXS��EXW�WKH�WXWRULDO�FODVVHV�VWLOO�KDYH�LPSURYHPHQW

DERXW�WZLFH�ODUJHU�WKDQ�WKH�WUDGLWLRQDO�FODVVHV�

&RPSDULVRQ�ZLWK�)DFWRU�$QDO\VLV

,Q�WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU��,�KDYH�GLVFXVVHG�FHUWDLQ�SUREOHPV�ZLWK�IDFWRU�DQDO\VLV�

$IWHU�WKH�LQWURGXFWLRQ�RI�WKH�EDVLF�DOJRULWKPV�LQ�PRGHO�DQDO\VLV��,�ZRXOG�OLNH�WR�PDNH�PRUH

GHWDLOHG�FRPSDULVRQ�RQ�WKH�WZR�PHWKRGV�

'LIIHUHQW�DVVXPSWLRQV�DQG�GDWD�PRGHOV

7KH�IXQGDPHQWDO�DVVXPSWLRQV�RI�IDFWRU�DQG�PRGHO�DQDO\VLV�DUH�GLIIHUHQW��7KH�PRGHO

DQDO\VLV�LV�FRQVWUXFWHG�RQ�RXU�XQGHUVWDQGLQJV�RI�VWXGHQW�PRGHOV���,W�KDV�SK\VLFDO�PRGHOV

ILUVW��L�H���WKH�EDVLV�RI�WKH�SK\VLFDO�PRGHO�VSDFH�IRU�D�SK\VLFV�FRQFHSW�GRPDLQ�LV�DOUHDG\

GHWHUPLQHG�DQG�PRGHO�DQDO\VLV�LV�XVHG�WR�VWXG\�DOO�GLIIHUHQW�SRVVLELOLWLHV�RI�VWXGHQWV�XVLQJ

WKHLU�PRGHOV���2Q�WKH�RWKHU�KDQG��IDFWRU�DQDO\VLV�LV�WR�IDFWRU�RXW�D�SRVVLEOH�PRGHO���:KHQ�D

IDFWRU�LV�IRXQG�RXW��WKH�SK\VLFDO�LQWHUSUHWDWLRQ�IRU�VXFK�D�IDFWRU�LV�VWLOO�XQFHUWDLQ�DQG�QRW

XQLTXH���:LWK�PRGHO�DQDO\VLV��WKH�SK\VLFDO�PHDQLQJ�LV�DOZD\V�FOHDU�DQG�UHSUHVHQWV�WKH

G\QDPLFDO�SURFHVV�RI�VWXGHQW�PRGHOLQJ�LQ�OHDUQLQJ���%DVHG�RQ�WKH�VWXGHQW�PRGHO�VWDWHV��ZH

FDQ�HYHQ�UHFRQVWUXFW�WKH�PRGHO�GHQVLW\�PDWUL[�DQG�PDNH�SUHGLFWLRQV�RQ�RWKHU�WHVWV�ZLWK

VLPLODU�SK\VLFDO�FRQWH[WV�

'HQVLW\�PDWUL[�DQG�FRUUHODWLRQ�PDWUL[

,Q�IDFWRU�DQDO\VLV��D�FRUUHODWLRQ�PDWUL[�LV�XVHG�ZKHUH�WKH�GLDJRQDO�HOHPHQWV�DUH�DOZD\V

HTXDO�WR���DQG�WKH�RII�GLDJRQDO�HOHPHQWV�LQGLFDWH�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VWXGHQW�VFRUHV

RQ�GLIIHUHQW�TXHVWLRQV���:LWK�PRGHO�DQDO\VLV��ZH�KDYH�D�PRGHO�GHQVLW\�PDWUL[�ZKHUH�WKH

GLDJRQDO�HOHPHQWV�UHSUHVHQW�WKH�SUREDELOLW\�RI�VWXGHQWV�XVLQJ�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV

DQG�WKH�RII�GLDJRQDO�HOHPHQWV�UHSUHVHQWV�WKH�FRQVLVWHQF\�RI�WKH�LQGLYLGXDO�VWXGHQWV�XVLQJ

WKHVH�PRGHOV�

'LIIHUHQW�PRGHOV�RI�UDQGRP�SURFHVV

:LWK�PRGHO�DQDO\VLV��WKHUH�DUH�WKUHH�W\SHV�RI�UDQGRP�SURFHVVHV��VHH�FKDSWHU���IRU

GHWDLOV����7KH�ILUVW�RQH�LV�WKH�UDQGRP�SURFHVV�KDSSHQV�LQ�WKH�PRGHO�WULJJHULQJ�ZKHUH�WKH

FRQWH[W�FDQ�WULJJHU�D�YDULHW\�RI�VWXGHQW�PRGHOV���7KH�VHFRQG�RQH�LV�WKDW�D�VWXGHQW�FDQ

SURGXFH�D�UHVSRQVH�E\�UDQGRP�JXHVVLQJ���7KH�WKLUG�RQH�LV�WKH�UDQGRP�HUURU�GXH�WR�KXPDQ

PLVWDNHV�

,Q�IDFWRU�DQDO\VLV��WKHUH�LV�RQO\�RQH�UDQGRP�YDULDEOH�FRUUHVSRQGLQJ�WR�KXPDQ�HUURUV�DQG

JXHVVLQJ���7KH�GDWD�PRGHO�LV�RIWHQ�ZULWWHQ�DV

H76 � 

ZKHUH�6�LV�WKH�VWXGHQW�VFRUH��7�LV�WKH�¦WUXH§�VFRUH��DQG�¦H§�LV�WKH�HUURU�
��
��6LQFH�RQO\�WKH

VFRUH�LV�HYDOXDWHG�LQ�WKLV�PRGHO��WKHUH�LV�QR�GLUHFW�LQIRUPDWLRQ�WKDW�FDQ�EH�REWDLQHG�WR�VWXG\

WKH�VWXGHQW�XQGHUO\LQJ�PRGHOV���,Q�DGGLWLRQ��IRU�VRPH�TXHVWLRQV��VWXGHQWV�ZLWK�GLIIHUHQW
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PRGHOV�FDQ�VRPHWLPHV�SURGXFH�WKH�VDPH�VFRUH���7KLV�FDQ�FUHDWH�YHU\�FRQIXVLQJ�UHVXOWV�LI

RQO\�WKH�VFRUH�LV�FRQVLGHUHG��H[DPSOHV�DUH�GLVFXVVHG�LQ�FKDSWHU����

$Q�H[DPSOH�RQ�GLIIHUHQFHV�EHWZHHQ�PRGHO�DQDO\VLV�DQG�IDFWRU�DQDO\VLV

6XSSRVH�ZH�JLYH�IRXU�PXOWLSOH�FKRLFH�TXHVWLRQV�WR�D�FODVV�RI�����VWXGHQWV��P ��

1 �������$OO�IRXU�TXHVWLRQV�DUH�EDVHG�RQ�RQH�SK\VLFV�FRQFHSW�GRPDLQ��ZKLFK�KDV�WZR

SK\VLFDO�PRGHOV��PRGHO�$�DQG�PRGHO�%��Z �����&RQVLGHU�WZR�FDVHV�

&DVH����$OO�VWXGHQWV�LQ�WKH�FODVV�DUH�FRQVLVWHQW�DQG�KDOI�RI�WKHP�XVH�PRGHO�$�DQG�WKH

RWKHU�KDOI�XVH�PRGHO�%�

&DVH����$OO�VWXGHQWV�DUH�HTXDOO\�PL[HG�EHWZHHQ�PRGHO�$�DQG�PRGHO�%�

7KH�IROORZLQJ�FDOFXODWLRQV�DUH�SHUIRUPHG�RQ�FRPSXWHU�VLPXODWHG�GDWD�JHQHUDWHG�EDVHG

RQ�WKH�GHILQLWLRQ�RI�WKH�H[DPSOH���)RU�FDVH����WKH�UHVXOWV�IURP�ERWK�PHWKRGV�DUH�FDOFXODWHG

LQ�WDEOH��������$V�ZH�FDQ�VHH��ZLWK�PRGHO�DQDO\VLV��WKH�UHVXOWV�UHSUHVHQW�WKDW�WKH�ZKROH

FODVV�KDV�WZR�FRQVLVWHQW�PRGHOV�ZLWK�HTXDO�ZHLJKWLQJV���7KH�UHVXOW�IURP�IDFWRU�DQDO\VLV

JLYHV�D�VLQJOH�IDFWRU���7KLV�UHVXOW�LQGLFDWHV�WKDW�DOO�WKH�VWXGHQWV�DUH�FRQVLVWHQW�¤�WKH�VWXGHQWV

JLYH�HLWKHU�DOO�FRUUHFW�DQVZHUV�RU�DOO�LQFRUUHFW�DQVZHUV���+RZHYHU��LW�GRHVQ©W�WHOO�LQ�ZKLFK

ZD\�WKH�VWXGHQWV�DUH�EHLQJ�FRQVLVWHQW���,Q�IDFW��ZKHQ�WKH�VWXGHQWV�DUH�FRQVLVWHQW�WKH�VDPH

IDFWRU�FDQ�EH�REWDLQHG�UHJDUGOHVV�KRZ�PDQ\�RI�WKH�VWXGHQWV�JHW�WKH�TXHVWLRQV�FRUUHFW�RU

ZURQJ���7KHUHIRUH��WKH�UHVXOWV�IURP�IDFWRU�DQDO\VLV�FDQ�RQO\�SURYLGH�OLPLWHG�DQG�LQGLUHFW

LQIRUPDWLRQ�RQ�VWXGHQW�EHKDYLRU�

:KHQ�WKH�LQGLYLGXDO�VWXGHQWV�DUH�LQFRQVLVWHQW�DV�LQ�FDVH����IDFWRU�DQDO\VLV�RIWHQ�IDLO�WR

SURYLGH�XVHIXO�LQIRUPDWLRQ���7KH�UHVXOWV�IRU�FDVH���DUH�FDOFXODWHG�LQ�WDEOH���������,Q�ERWK

FDVHV��HLJHQYHFWRUV�ZLWK�HLJHQYDOXHV�HTXDO�WR�]HUR�DUH�RPLWWHG��

7DEOH�������5HVXOWV�IURP�PRGHO�DQDO\VLV�DQG�IDFWRU�DQDO\VLV�IRU�VWXGHQWV�ZLWK

FRQVLVWHQW�PRGHOV

0RGHO�$QDO\VLV )DFWRU�$QDO\VLV

'HQVLW\
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7KH�VWXGHQWV�DUH�DVVXPHG�WR�EH�HTXDOO\�PL[HG�ZLWK�PRGHO�$�DQG�PRGHO�%���7KHUHIRUH�

LQ�GRLQJ�WKH�FDOFXODWLRQ��WKH�SUREDELOLW\�IRU�D�VLQJOH�VWXGHQW�WR�XVH�HLWKHU�PRGHO�$�RU�PRGHO

%�LV�VHW�HTXDO�IRU�DOO�WKH�TXHVWLRQV���$V�ZH�FDQ�VHH��WKH�UHVXOWV�IURP�PRGHO�DQDO\VLV�LQGLFDWH

D�SHUIHFWO\�PL[HG�FODVV�PRGHO�VWDWH�ZLWK������GRPLQDQFH��V�
 �����7KH�UHVXOWV�IURP�IDFWRU

DQDO\VLV�VKRZ�QR�GRPLQDQW�IDFWRUV���6LQFH�WKH�VWXGHQWV�DUH�LQFRQVLVWHQW�LQ�DQVZHULQJ�WKH

TXHVWLRQV��IDFWRU�DQDO\VLV�RQO\�JLYHV�LQVLJQLILFDQW�UDQGRP�OLNH�FRUUHODWLRQ�EHWZHHQ�WKH

GLIIHUHQW�TXHVWLRQV���&RQVHTXHQWO\��VXFK�VLWXDWLRQV�DUH�RIWHQ�LQWHUSUHWHG�DV�LI�WKHUH�LV�QR

IDFWRUV�LQ�WKH�WHVW�GDWD�

7KLV�H[DPSOH�VKRZV�WKDW�IDFWRU�DQDO\VLV�FDQQRW�GHDO�ZLWK�WKH�UDQGRP�SURFHVV�LQ�PRGHO

WULJJHULQJ�

7KH�6SHFLDO�)HDWXUHV�RI�0RGHO�$QDO\VLV

7R�MXVWLI\�WKH�XVLQJ�RI�0RGHO�$QDO\VLV��,�KDYH�WR�FODULI\�WZR�IUHTXHQWO\�UDLVHG

TXHVWLRQV�

��� ,V�LW�ZRUWK�GRLQJ�WKH�DGGLWLRQDO�PDWK"��:KDW�LV�LW�WKDW�WKH�PRGHO�DQDO\VLV�FDQ

SURYLGH�DQG�D�VLPSOH�HYDOXDWLRQ�RI�VFRUHV�FDQ�QRW"

��� &DQ�ZH�RQO\�XVH�WKH�PRGHO�UHVSRQVH�YHFWRUV�UDWKHU�WKDQ�WKH�PRGHO�GHQVLW\�PDWUL["

7KH�VFRUH�GRHVQ©W�WHOO�WKH�ZKROH�VWRU\

,W�LV�REYLRXV�WKDW�WKH�PDMRU�GLVDGYDQWDJH�RI�VFRUH�EDVHG�HYDOXDWLRQV�LV�WKDW�WKH\�GRQ©W

SURYLGH�DQ\�LQIRUPDWLRQ�RQ�ZK\�VWXGHQWV�DUH�GRLQJ�ZURQJ���(VSHFLDOO\�ZKHQ�WKH�VFRUH�LV

ORZ��WKH�LQIRUPDWLRQ�RQ�WKH�EHKDYLRU�RI�WKH�PDMRULW\�RI�VWXGHQWV�LV�FRPSOHWHO\�ORVW���:LWK

PRGHO�DQDO\VLV��WKH�FRPSOHWH�VHW�RI�GDWD�LV�XVHG�DQG�WKH�UHVXOWV�UHIOHFW�WKH�EHKDYLRU�RI�DOO

7DEOH�������5HVXOWV�IURP�PRGHO�DQDO\VLV�DQG�IDFWRU�DQDO\VLV�IRU�VWXGHQWV�ZLWK�D�HTXDOO\

PL[HG�PRGHO

0RGHO�$QDO\VLV )DFWRU�$QDO\VLV

'HQVLW\
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WKH�VWXGHQWV�LQFOXGLQJ�WKRVH�JLYLQJ�FRUUHFW��LQFRUUHFW��DQG�UDQGRP�W\SHV�RI�UHVSRQVHV���7KLV

HYDOXDWLRQ�SURYLGHV�FRPSUHKHQVLYH�LQIRUPDWLRQ�ZLWK�FOHDU�DQG�VWUDLJKWIRUZDUG�PHDQLQJV�

2Q�WKH�RWKHU�KDQG��ZKDW�D�VFRUH�FDQ�UHDOO\�WHOO�LV�RIWHQ�TXLWH�DQ�DUJXPHQW�DQG�GHSHQGV

KHDYLO\�RQ�WKH�EDFNJURXQG�RI�WKH�VWXGHQWV�DV�ZHOO�DV�WKH�GHVLJQ�RI�WKH�VSHFLILF�TXHVWLRQV

�KRZ�VWXGHQWV�IDLO�WR�JLYH�FRUUHFW�DQVZHUV�LV�LPSOLFLW�ZLWK�WKH�VFRUH�EDVHG�HYDOXDWLRQV��

$FFRUGLQJ�WR�RXU�PRGHO�RI�OHDUQLQJ��WKH�VWXGHQW�GDWD�UHSUHVHQWV�D�PXOWL�GLPHQVLRQDO

RXWSXW�EDVHG�RQ�PXOWLSOH�XQGHUO\LQJ�PRGHOV���7KHUH�DUH�DOVR�GLIIHUHQW�UDQGRP�SURFHVVHV

LQYROYHG���7KH�VFRUH�EDVHG�HYDOXDWLRQ�RQO\�SURYLGHV�D�RQH�GLPHQVLRQDO�GDWD�VHW��WKHUHIRUH

LW�LV�YHU\�GLIILFXOW��LI�QRW�LPSRVVLEOH��WR�H[WUDFW�WKH�PXOWL�GLPHQVLRQDO�PRGHO�EDVHG

LQIRUPDWLRQ�ZLWK�RQH�GLPHQVLRQDO�GDWD���(YHQ�ZKHQ�IDQF\�VWDWLVWLFDO�WRROV�DUH�XVHG��VXFK�DV

/DWHQW�&ODVV�0RGHO�DQDO\VLV��ZKLFK�LV�LQWULQVLFDOO\�VLPLODU�WR�IDFWRU�DQDO\VLV���WKH�UHVXOW�LV

VWLOO�FRQVWUDLQHG�E\�LWV�RQH�GLPHQVLRQDO�QDWXUH���7KHUHIRUH��WKHUH�FDQ�EH�PDQ\�XQFHUWDLQWLHV

EHFDXVH�GLIIHUHQW�FRQILJXUDWLRQV�RI�DQ\�PXOWL�GLPHQVLRQDO�VWUXFWXUH�FDQ�RIWHQ�FUHDWH�D�VDPH

��'�SURMHFWLRQ���7KH�UHVXOWV�DUH�DOVR�YHU\�PXFK�GHSHQGHQW�RQ�WKH�VHOHFWLRQ�RI�ZD\V�WR
FDUU\�RXW�WKH���'�SURMHFWLRQ���7KHUHIRUH��LW�LV�OLNHO\�WKDW�VRPHWLPH�D�VFRUH�EDVHG�DQDO\VLV

JLYHV�UHDVRQDEOH�UHVXOWV�DQG�VRPHWLPH�LW�GRHVQ©W�ZRUN�DW�DOO�

6FRUH�EDVHG�PHWKRGV�DUH�DOVR�YXOQHUDEOH�WR�DQ\�PRGHO�EDVHG�UDQGRP�SURFHVVHV�LQ

PRGHO�WULJJHULQJ��WKHVH�DSSHDU�WR�EH�FRORUHG�QRLVHV�FRPSDUHG�WR�WKH�ZKLWH�UDQGRP�QRLVH��

)RU�H[DPSOH��WKH�PRGLILHG�YHUVLRQV�RI�IDFWRU�DQDO\VLV�RIWHQ�FKDUDFWHUL]HV�VWXGHQW

LQYROYHPHQW�RU�WKHLU�ODWHQW�PRGHOV�ZLWK�DQ�DELOLW\�IDFWRU���,W�UHSUHVHQWV�WKH�SUREDELOLW\�RI

VWXGHQWV�ZLWK�D�FHUWDLQ�EDFNJURXQG�WR�JHW�D�TXHVWLRQ�FRUUHFW���%XW�WKH�DELOLW\�LV�D�YHU\

IX]]LO\�GHILQHG�FRQFHSW���,W�VWLOO�GRHVQ©W�VD\�H[DFWO\�ZK\�D�VWXGHQW�PDNHV�PLVWDNHV���)URP

RXU�UHVHDUFK�DV�ZHOO�DV�PDQ\�RWKHUV��LW�LV�REVHUYHG�WKDW�LQ�PDQ\�VLWXDWLRQV��VWXGHQWV�KDYH

WKH�¦DELOLW\§�LI�PHDVXUHG�ZLWK�PDWK��ODQJXDJH�FRPSUHKHQVLRQ�DQG�ORJLFDO�UHDVRQLQJ���%XW

WKH\�RIWHQ�SRVVHVV�DQ�LQFRUUHFW�PHQWDO�PRGHO�RQ�WKH�WRSLF�RI�WKH�TXHVWLRQ���7KHUHIRUH��WKHLU

IDLOXUH�WR�JLYH�D�FRUUHFW�DQVZHU�LV�GXH�WR�WKDW�WKH\�DUH�XVLQJ�WKHLU�¦DELOLW\§�WR�JHQHUDWH�DQ

LQFRUUHFW�DQVZHU��ZKLFK�LV�UHDVRQDEOH�WR�WKHP�EDVHG�RQ�DQ�LQFRUUHFW�PRGHO���7KHLU�¦DELOLW\§

LQ�XVLQJ�VXFK�PRGHOV��LQFOXGLQJ�WKH�FRUUHFW�RQHV�LI�WKH\�KDYH�WKHP��LV�QRW�EDG���+RZHYHU��LQ

WKHVH�VLWXDWLRQV��WKH�UHVXOWV�FRPLQJ�RXW�RI�WKH�VFRUH�EDVHG�DQDO\VLV�ZLOO�RIWHQ�FKDUDFWHUL]H

WKH�VWXGHQWV�ZLWK�D�ORZ�¦DELOLW\§��ZKLFK�LPSOLHV�D�FRPSOHWHO\�GLIIHUHQW�VWRU\�¤�VWXGHQWV

ZLWK�SRRU�¦DELOLW\§�RQ�EDVLF�PDWKHPDWLFDO�ORJLFDO�RSHUDWLRQV�DQG�VWXGHQWV�ZLWK�JRRG

¦DELOLW\§�EXW�LQFRUUHFW�PRGHOV�FDQ�JHQHUDWH�WKH�VDPH�ORZ�VFRUH����7KH�VFRUH�EDVHG

HYDOXDWLRQ�PHWKRGV�KDYH�QR�ZD\�WR�GLVWLQJXLVK�WKHVH�WZR�GLIIHUHQW�FDVHV�

/HW©V�VHH�DQRWKHU�H[DPSOH���&RQVLGHU�LI�ZH�KDYH�D�FODVV�RI�����VWXGHQWV�ZLWK�DYHUDJH

VFRUH�RI�����RQ�TXHVWLRQV�LQ�D�FRQFHSW�JURXS���)URP�WKH�VFRUH��ZKDW�ZH�NQRZ�LV�WKDW�DQ

DYHUDJH�VWXGHQW�ZLOO�PRVW�OLNHO\�DQVZHU�KDOI�RI�WKH�TXHVWLRQV�FRUUHFWO\���%XW�WKHUH�LV�VWLOO�D

ORW�PRUH�ZH�ZRXOG�OLNH�WR�NQRZ���)RU�H[DPSOH��ZKDW�PDNHV�WKH�VWXGHQWV�JR�ZURQJ"��$UH

WKH\�SLFNLQJ�LQFRUUHFW�UHVSRQVHV�UDQGRPO\�RU�ZLWK�VRPH�SUHIHUHQFH�RQ�FHUWDLQ�LQFRUUHFW

FKRLFHV"���$UH�WKHVH�VWXGHQWV�FRQVLVWHQW�ZLWK�WKHPVHOYHV��DUH�WKH\�DOZD\V�XVLQJ�WKH�VDPH

PRGHO�RU�XVLQJ�GLIIHUHQW�RQHV�DW�GLIIHUHQW�WLPHV�"��$UH�WKHVH�VWXGHQWV�FRQVLVWHQW�ZLWK�HDFK

RWKHU��ZLWK�UHJDUGV�WR�QRW�RQO\�WKH�VFRUHV�EXW�DOVR�WKH�LQFRUUHFW�UHVSRQVHV�"��$OO�WKHVH

TXHVWLRQV�DUH�QRW�OLNHO\�WR�EH�DQVZHUHG�E\�GRLQJ�VFRUH�EDVHG�HYDOXDWLRQV�



��

:LWK�PRGHO�DQDO\VLV��WKHVH�TXHVWLRQV�FDQ�EH�DQVZHUHG�DQG�PRVW�RI�WKH�LQIRUPDWLRQ�LV

LQFOXGHG�LQ�WKH�PRGHO�SORW���)LJXUH������LV�D�VFDWWHU�SORW�RI�VRPH�SRVVLEOH�PRGHO�VWDWHV�ZLWK

WKH�VDPH�VFRUH�HTXDO�WR������WKH�GDWD�LV�IURP�FRPSXWHU�VLPXODWLRQV�IRU�GLIIHUHQW�SRVVLEOH

FRQILJXUDWLRQV�RI�VWXGHQW�UHVSRQVHV����'XH�WR�WKH�FRPSOH[LW\�RI�WKH�FDOFXODWLRQ��WKHUH�DUH

RQO\�D�KDQGIXO�RI�VLPXODWHG�GDWD�SRLQWV���%XW�WKHVH�VKRXOG�JLYH�WKH�EDVLF�LGHD�

$V�ZH�FDQ�VHH�IURP�WKH�GLDJUDP��ZLWK�WKH�VDPH�VFRUH��LW�LV�SRVVLEOH�IRU�PRGHO�VWDWHV�WR

EH�LQ�GLIIHUHQW�SODFHV�LQ�D�FRPSDUDWLYHO\�ODUJH�UHJLRQ��PDUNHG�ZLWK�WKH�GDVKHG�OLQHV����,

ZLOO�QRW�JR�LQWR�WKH�GHWDLOV�RI�GHILQLQJ�WKH�ERXQGDULHV�RI�WKLV�UHJLRQ���(YHQ�ZLWK�WKH�OLPLWHG

QXPEHU�RI�GDWD�SRLQWV�KHUH��ZH�FDQ�VHH�YHU\�GLIIHUHQW�SK\VLFDO�PHDQLQJV�UHIOHFWHG�E\�WKHVH

VWDWHV�

3RVVLEOH�0RGHO�6WDWHV�DW�6FRUH� ����

�

���

�

� ��� �

0RGHO��

0RGHO��

$
%

8SSHU

ERXQGDU\

)LJXUH�������6FDWWHU�SORW�RI�SRVVLEOH�PRGHO�VWDWHV�DW

6� �����IURP�VLPXODWHG�GDWD���3RLQW�¦$§�UHSUHVHQWV

WKH�FDVH�ZKHUH�DOO�VWXGHQWV�KDYH�D�SHUIHFWO\��HTXDOO\�

PL[HG�PRGHO�VWDWH���3RLQW�¦%§�UHSUHVHQWV�WKH�FDVH

ZKHUH�KDOI�WKH�VWXGHQWV�KDYH�D�SXUH�PRGHO���VWDWH��WKH

UHPDLQLQJ�KDOI�FDQ�KDYH�DQ\�W\SH�RI�PRGHO�VWDWH

FRQILJXUDWLRQV�EHWZHHQ�PRGHO���DQG�PRGHO���EXW�ZLWK

QR�PRGHO���HOHPHQW����$OO�RWKHU�SRLQWV�UHSUHVHQW�RWKHU

VLPXODWHG�FDVHV�ZKHUH�WKH�PRGHO�VWDWHV�DUH�VRPHZKHUH

EHWZHHQ�FDVH�$�DQG�%�
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$V�GLVFXVVHG�HDUOLHU��WKH�FORVHU�D�SRLQW�LV�WR�WKH�XSSHU�PRGHO�ERXQGDU\��WKH�ODUJHU�WKH

HLJHQYDOXH�ZLOO�EH���7KHUHIRUH��IRU�WKH�H[DPSOH�VKRZQ�LQ�ILJXUH�������SRLQW�¦$§�GHVFULEHV�D

VLWXDWLRQ�ZKHUH�WKH�HLJHQYDOXH�RI�WKH�SULPDU\�PRGHO�LV���LQGLFDWLQJ�WKDW�WKH�EHKDYLRUV�RI�DOO

WKH�VWXGHQWV�DUH�LGHQWLFDO��ZKLFK�DOVR�LPSOLHV�WKDW�WKH\�DOO�KDYH�WKH�VDPH�VLQJOH�VWXGHQW

PRGHO�VWDWH����6LQFH�WKH�PRGHO�VWDWH�LV�DOVR�LQ�WKH�FHQWHU�RI�WKH�PL[HG�PRGHO�UHJLRQ��WKH

VWXGHQW�PRGHO�LV�DOVR�D�SHUIHFWO\�PL[HG�VWDWH��ZKLFK�FDQ�EH�UHSUHVHQWHG�DV
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3RLQW�¦%§�UHSUHVHQWV�DQRWKHU�VLWXDWLRQ�ZKHUH�WKH�PRGHO�VWDWH�LV�D�SXUH�¦0RGHO��§�DQG

WKH�HLJHQYDOXH�RI�WKH�FRUUHVSRQGLQJ�VWDWH�LV������LW�LV�RQ�D�PRGHO�OLQH�KDOI�ZD\�EHWZHHQ�WKH

RULJLQ�DQG�WKH�XSSHU�PRGHO�ERXQGDU\���7KLV�LQGLFDWHV�WKDW�H[DFWO\�KDOI�RI�WKH�VWXGHQWV�KDYH

SHUIHFW�DQG�FRQVLVWHQW�¦0RGHO��§���7KH�UHVW�RI�WKH�VWXGHQWV��GHSHQGLQJ�RQ�WKH�PRGHO�VWDWHV

RI�WKH�VHFRQG�DQG�WKLUG�FODVV�PRGHO�VWDWHV��QRW�VKRZQ�LQ�ILJXUH��������FDQ�EH�HLWKHU�ZLWK

SXUH�¦0RGHO��§��SXUH�¦0RGHO��§�RU�DQ\�PL[HG�VWDWHV�RI�ERWK��ZKDW�LV�FHUWDLQ�KHUH�LV�WKDW

WKH�VHFRQG�DQG�WKLUG�PRGHO�VWDWHV�ZLOO�EH�SRLQWV�RQ�WKH�KRUL]RQWDO�D[LV�ZLWK�]HUR

FRPSRQHQWV�RQ�0RGHO���D[LV�GXH�WR�WKH�FRQVWUDLQW�RI�6 �����

$OO�RWKHU�PRGHO�SRLQWV�UHSUHVHQW�VRPH�LQWHUPHGLDWH�VLWXDWLRQV�EHWZHHQ�WKHVH�WZR

H[WUHPH�FDVHV���7KHVH�YDULDWLRQV�RQ�WKH�VWXGHQW�PRGHOV�DUH�DOO�XQGHU�WKH�FRQVWUDLQW�RI�WKH

VFRUH�EHLQJ�������6XSSRVH�ZH�RQO\�KDYH�WKH�LQIRUPDWLRQ�RQ�WKH�VFRUH��DOO�WKHVH�VXEWOH

GHWDLOV�RI�WKH�VWXGHQW�PRGHO�VWDWHV�ZLOO�WKHQ�EH�XQDYDLODEOH���7KHUHIRUH��0RGHO�$QDO\VLV�FDQ

SURYLGH�D�PXFK�PRUH�FRPSOHWH�GHVFULSWLRQ�RI�WKH�VWXGHQW�XQGHUVWDQGLQJ�WKDQ�ZKDW�VFRUHV

FDQ�WHOO�

'HQVLW\�PDWUL[�YV��PRGHO�UHVSRQVH�YHFWRU

:RUNLQJ�ZLWK�WKH�PRGHO�UHVSRQVH�YHFWRU�LV�PXFK�VLPSOHU�WKDQ�ZRUNLQJ�ZLWK�PRGHO

GHQVLW\�PDWUL[���)RU�WKH�FDVH�RI�D�VLQJOH�VWXGHQW��WKH�PRGHO�UHVSRQVH�YHFWRU�SURYLGHV�WKH

VDPH�LQIRUPDWLRQ�RQ�VWXGHQW�PRGHO�VWUXFWXUHV�DV�WKH�GHQVLW\�PDWUL[�GRHV��XQGHU�WKH

DVVXPSWLRQ�WKDW�RQO\�RQH�UHVSRQVH�YHFWRU�LV�FDOFXODWHG�IRU�D�VLQJOH�VWXGHQW����,I�ZH�VLPSO\

DGG�DOO�WKH�PRGHO�UHVSRQVHV�IURP�GLIIHUHQW�VWXGHQWV�WRJHWKHU�DQG�ILQG�DQ�DYHUDJHG�PRGHO

YHFWRU��WKLV�PRGHO�YHFWRU�FDQ�RQO\�PDLQWDLQ�WKH�LQIRUPDWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�WKH

VWXGHQW�PRGHO�EDVHG�UHVSRQVHV�JHQHUDWHG�ZLWK�GLIIHUHQW�SK\VLFDO�PRGHOV���$OO�RWKHU

LQIRUPDWLRQ�FRQFHUQLQJ�WKH�FRQVLVWHQF\�RI�VWXGHQWV��GHVFULEHG�ZLWK�HLJHQYDOXHV��DQG�WKH

VWUXFWXUH�RI�LQGLYLGXDO�VWXGHQW�PRGHOV��GHVFULEHG�E\�WKH�GLIIHUHQW�PRGHO�VWDWHV��ZLOO�QR

ORQJHU�H[LVW�

$V�DQ�H[DPSOH�ZLWK���SK\VLFDO�PRGHOV��VXSSRVH�ZH�KDYH����VWXGHQWV�DQVZHULQJ�D

JURXS�RI���TXHVWLRQV���,I�ZH�VXP�XS�DOO�WKH�PRGHO�UHVSRQVHV��ZH�FDQ�REWDLQ�DQ�DYHUDJH

PRGHO�UHVSRQVH�YHFWRU���)RU�D�VDPH�DYHUDJHG�UHVSRQVH�YHFWRU��WKHUH�FDQ�EH�D�YDULHW\�RI

GLIIHUHQW�FRQILJXUDWLRQV�RI�WKH�LQGLYLGXDO�PRGHO�UHVSRQVHV����7DEOH������OLVWV�WZR�W\SLFDO

FDVHV�WKDW�ZLOO�ERWK�JHQHUDWH�DQ�DYHUDJH�UHVSRQVH�YHFWRU�HTXDO�WR������������7�
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$V�ZH�FDQ�VHH�IURP�WDEOH�������WKH�WZR�W\SHV�RI�UHVSRQVHV�UHYHDO�YHU\�GLIIHUHQW�VWXGHQW

PRGHO�VLWXDWLRQV���)RU�W\SH����WKHUH�DUH�WKUHH�JURXSV�RI�VWXGHQWV�DQG�ZLWKLQ�HDFK�JURXS�DOO

VWXGHQWV�KDYH�D�VDPH�FRQVLVWHQW�SXUH�SK\VLFDO�PRGHO���)RU�W\SH����WKHUH�DUH�DOVR�WKUHH

JURXSV�RI�VWXGHQWV�DQG�ZLWKLQ�HDFK�JURXS�DOO�VWXGHQWV�KDYH�WKH�VDPH�PL[HG�PRGHO�VWDWH�

6LQFH�ERWK�FDVHV�SURGXFH�WKH�VDPH�DYHUDJH�PRGHO�UHVSRQVH�YHFWRU���,W�ZLOO�EH�LPSRVVLEOH�WR

GLVWLQJXLVK�WKHVH�WZR�FDVHV�LI�ZH�RQO\�NHHS�WKH�DYHUDJH�YHFWRU�

7KHVH�WZR�FDVHV�DUH�YHU\�VLPSOH�H[DPSOHV�RI�SRVVLEOH�IRUPV�RI�VWXGHQW�UHVSRQVHV���,Q

UHDOLW\��WKH�VWXGHQW�UHVSRQVHV�FDQ�EH�YHU\�FRPSOLFDWHG���7KHUHIRUH��LQ�RUGHU�WR�UHWDLQ�WKH

GHWDLOHG�LQIRUPDWLRQ�RQ�LQGLYLGXDO�VWXGHQW�PHQWDO�PRGHO�VWUXFWXUHV��LW�LV�QHFHVVDU\�WR�XVH

PRGHO�GHQVLW\�PDWUL[�

)URP�WKHVH�FDOFXODWLRQV��LW�FDQ�DOVR�EH�LPSOLHG�WKDW�LQ�RUGHU�WR�LGHQWLI\�WKH�PL[HG�PRGHO

VWDWHV��WKH�QXPEHU�RI�TXHVWLRQV�LQ�D�FRQFHSW�JURXS�KDV�WR�EH�ODUJHU�WKDQ����WKH�ODUJHU�WKH

EHWWHU����$FFRUGLQJ�WR�WKH�XQFHUWDLQW\�UHODWLRQ�EHWZHHQ�PRGHO�VWDWHV�DQG�PHDVXUHPHQW

LQVWDQFHV��LI�ZH�RQO\�KDYH�RQH�TXHVWLRQ��WKH�XQFHUWDLQW\�IRU�SRVVLEOH�PL[HG�PRGHO�VWDWHV�LV

WKH�ZKROH�PRGHO�VSDFH���7KDW�LV�WKH�VWXGHQWV�FDQ�EH�LQ�D�GHILQLWH�SK\VLFDO�PRGHO�VWDWH�DW�RQH

LQVWDQFH�DQG�JHW�WULJJHUHG�LQ�D�GLIIHUHQW�VWDWH�DW�WKH�QH[W�LQVWDQFH���$QG�WKH�SUREDELOLW\�RI

VXFK�PRGHO�WULJJHULQJ�FDQ�QRW�EH�REWDLQHG�ZLWK�RQO\�RQH�TXHVWLRQ���,Q�RWKHU�ZRUGV��ZLWK

RQO\�RQH�TXHVWLRQ��WKH�UHVROXWLRQ�LV�VR�ORZ�WKDW�LW�LV�LPSRVVLEOH�WR�GHWHFW�DQ\�PL[HG�PRGHO

VWDWHV�

/LPLWDWLRQV�RI�(LJHQYHFWRUV

$V�LQGLFDWHG�IURP�(T���������DQG�(T����������WKH�SULPDU\�HLJHQYHFWRU�FRQWDLQV�WKH�PRVW

GRPLQDQW�IHDWXUHV�RI�DOO�VLQJOH�VWXGHQW�PRGHO�YHFWRUV���7KH�DGGLWLRQDO�HLJHQYHFWRUV�DFW�DV

FRUUHFWLRQV�ZKLFK�UHIOHFW�OHVV�SRSXODU�IHDWXUHV���:KHQ�FRQVLGHULQJ�WKH�FODVV�D�VLQJOH�XQLW�

WKH�SULPDU\�HLJHQYHFWRU�JLYHV�JRRG�HYDOXDWLRQ�RQ�WKH�RYHUDOO�PRGHO�VWUXFWXUH�RI�WKH�FODVV�

+RZHYHU��LI�ZH�UHJDUG�WKH�FODVV�DV�D�FRPSRVLWLRQ�RI�LQGLYLGXDO�VWXGHQWV��WKHUH�FDQ�H[LVWV

FRORUIXO�GHWDLOV�WKDW�DUH�RIWHQ�XQDEOH�WR�EH�H[WUDFWHG�ZLWK�VLPSOH�HLJHQYDOXH�GHFRPSRVLWLRQ�

7DEOH�������'LIIHUHQW�PRGHO�VWDWHV�ZLWK�VDPH�DYHUDJH�PRGHO�UHVSRQVH

7\SH�� 7\SH��
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)RU�H[DPSOH��D�FODVV�FDQ�FRQWDLQ�VHYHUDO�JURXSV�RI�VWXGHQWV��ZKHUH�VWXGHQWV�LQ�HDFK

JURXS�DOO�KDYH�YHU\�VLPLODU�PRGHO�VWDWHV�DQG�VWXGHQWV�IURP�GLIIHUHQW�JURXSV�KDYH�GLIIHUHQW

PRGHO�VWDWHV���)RU�WKH�IROORZLQJ�WZR�VLWXDWLRQV��HLJHQYDOXH�GHFRPSRVLWLRQ�FDQ�JLYH�JRRG

UHVXOWV������:KHQ�WKH�PRGHO�VWDWHV�IURP�GLIIHUHQW�JURXSV�DUH�YHU\�GLIIHUHQW��RUWKRJRQDO��

HLJHQYDOXH�GHFRPSRVLWLRQ�ZLOO�SURGXFH�HLJHQYHFWRUV�WKDW�UHSUHVHQW�WKHVH�PRGHO�VWDWHV�

���:KHQ�RQH�RI�WKHVH�JURXSV�KDV�D�GRPLQDQW�SRSXODULW\��HLJHQYDOXH�GHFRPSRVLWLRQ�ZLOO

SURGXFH�D�SULPDU\�YHFWRU�YHU\�FORVH�WR�WKLV�GRPLQDQW�VWDWH���7KDW�LV��HLJHQYDOXH

GHFRPSRVLWLRQ�FDQ�JLYH�JRRG�UHVXOWV�ZKHQ�PRVW�VWXGHQWV�DUH�VLPLODU�WR�HDFK�RWKHU�RU�ZKHQ

VWXGHQWV�DUH�YHU\�GLIIHUHQW��ZLWK�RUWKRJRQDO�PRGHO�VWDWHV����,Q�WKH�FDVH�ZKHQ�VWXGHQWV�DUH

GLIIHUHQW�EXW�QRW�¦WKDW§�GLIIHUHQW��ZLWK�GLIIHUHQW�EXW�QRQ�RUWKRJRQDO�PRGHO�VWDWHV���DQG�LI�ZH

ZDQW�WR�LGHQWLI\�WKH�GLIIHUHQW�JURXSV�ZLWK�VXFK�GLIIHUHQW�EXW�QRQ�RUWKRJRQDO�PRGHO�VWDWHV��LW

LV�QRW�KHOSIXO�WR�XVH�HLJHQYDOXH�GHFRPSRVLWLRQ���,Q�VXFK�FDVHV��ZH�FDQ�XVH�PRGHO�EDVHG

FOXVWHU�DQDO\VLV�WR�LGHQWLI\�WKHVH�FOXVWHUV�RI�VWXGHQW�PRGHO�VWDWHV�
��
��7R�LGHQWLI\�FOXVWHUV�RI

LQGLYLGXDO�VWXGHQW�PRGHO�VWDWHV��LW�LV�QHFHVVDU\�WR�KDYH�D�UHODWLYHO\�KLJK�UHVROXWLRQ�LQ

PHDVXULQJ�WKH�VLQJOH�VWXGHQW�PRGHO�VWDWHV���2WKHUZLVH��WKH�LGHQWLILHG�FOXVWHU�PRGHO�VWDWHV

FDQ�KDYH�KLJK�XQFHUWDLQW\�DQG�FRPSOLFDWH�WKH�LQWHUSUHWDWLRQ���$V�DQ�HPSLULFDO

UHFRPPHQGDWLRQ��ZKHQ�WKH�HLJHQYDOXH�RI�D�SULPDU\�HLJHQYHFWRU�LV�OHVV�WKDQ������DQG�WKH

VWXGHQW�PRGHO�VWDWHV�DUH�QRW�RUWKRJRQDO��LW�LV�VXJJHVWHG�WR�XVH�FOXVWHU�DQDO\VLV�WR�VWXG\�WKH

GHWDLOV�RI�WKH�VWXGHQW�PRGHO�VWUXFWXUHV���,Q�RXU�GDWD��ZH�RIWHQ�JHW�SULPDU\�HLJHQYDOXHV�FORVH

WR������ZKLFK�LQGLFDWHV�WKDW�PRVW�VWXGHQWV�KDYH�VLPLODU�PRGHO�VWDWHV���,Q�WKHVH�FDVHV��WKH

SULPDU\�HLJHQYHFWRU�FDQ�JLYH�JRRG�HYDOXDWLRQ�RI�WKH�FODVV�DQG�WKH�LQGLYLGXDO�VWXGHQWV�

$GYDQWDJHV�RI�8VLQJ�0RGHO�$QDO\VLV

8VLQJ�PRGHO�DQDO\VLV�WRRO��ZH�FDQ�REWDLQ�XVHIXO�UHVXOWV�DERXW�WKH�VWXGHQW�PRGHOV�LQ

XQGHUVWDQGLQJ�SK\VLFV��ZKLFK�DUH�XQDYDLODEOH�ZLWK�VFRUH�EDVHG�DQDO\VLV��7KHUH�DUH�FHUWDLQ

DGYDQWDJHV�WR�XVH�WKLV�PHWKRG�

$�PDMRU�DGYDQWDJH�LV�WKDW�ZLWK�PRGHO�DQDO\VLV��WKH�GDWD�LV�WUDQVIHUUHG�LQWR�PRGHO�VSDFH�

,W�LV�RIWHQ�D�SUREOHP�WKDW�WKH�UHVHDUFK�LQ�3(5�LV�YHU\�PXFK�GHSHQGHQW�RQ�WKH�EDFNJURXQG

DQG�FRQWH[W�RI�WKH�H[SHULPHQW���)RU�H[DPSOH��ZLWK�D�VLPLODU�WRSLF�UHVHDUFKHV�E\�GLIIHUHQW

UHVHDUFKHUV�DUH�RIWHQ�DIIHFWHG�E\�PDQ\�IDFWRUV�LQFOXGLQJ�VWXGHQW�EDFNJURXQG��LQVWUXFWLRQV�

DQG�UHVHDUFK�LQVWUXPHQWV���'XH�WR�WKH�¦KXPDQ�VWXG\§�QDWXUH�RI�WKH�UHVHDUFK��LW�LV�DOVR�YHU\

GLIILFXOW�WR�UHSHDW�DQ\�H[SHULPHQW�ZLWK�WKH�VDPH�H[DFW�FRQGLWLRQ���-XVW�OLNH�LQ�TXDQWXP

PHFKDQLFV��RQFH�D�PHDVXUHPHQW�LV�SHUIRUPHG��WKH�RULJLQDO�VWXGHQW�VWDWHV�ZLOO�DOVR�EH

FKDQJHG���7KHUHIRUH��YDULDWLRQV�RI�WKH�EDFNJURXQGV�RI�VWXGHQWV�DQG�WKH�GLIIHUHQW�SURELQJ

LQVWUXPHQWV�XVHG�LQ�GLIIHUHQW�VWXGLHV�DOO�PDNH�LW�YHU\�GLIILFXOW�WR�GLUHFWO\�FRPSDUH�WKH

UHVXOWV�IURP�GLIIHUHQW�H[SHULPHQWV���8VLQJ�PRGHO�DQDO\VLV��WKH�LQVWUXPHQWV�DUH�UHVHDUFK

EDVHG�DQG�YDOLGDWHG���7KLV�FDQ�VLJQLILFDQWO\�UHGXFH�WKH�YDULDWLRQV�RI�WKH�UHVXOWV�GXH�WR�WKH

XVH�RI�LQGLYLGXDOO\�GHVLJQHG�SUREHV���,Q�DGGLWLRQ��UHVXOWV�IURP�PRGHO�DQDO\VLV�DUH

UHSUHVHQWHG�DQG�DQDO\]HG�LQ�PRGHO�VSDFH��ZKLFK�FDQ�UHGXFH�SRVVLEOH�PLVLQWHUSUHWDWLRQV�RI

VWXGHQW�UHDO�XQGHUVWDQGLQJV�GXH�WR�WKH�ZHDNQHVV�RI�VFRUH�EDVHG�HYDOXDWLRQV�

6LQFH�PRGHO�DQDO\VLV�LV�FRQVWUXFWHG�EDVHG�RQ�VWXGHQW�PRGHOV��WKH�SK\VLFDO�PHDQLQJV�LQ

DOO�WKH�SURFHVVHV�DUH�VWUDLJKWIRUZDUG���7KH�PRGHO�GHQVLW\�PDWUL[�DOVR�UHWDLQV�D�ORW�RI�XVHIXO

LQIRUPDWLRQ�RI�WKH�VWXGHQW�GDWD���7KHUHIRUH��LW�LV�D�PRUH�XVHIXO�IRUPDW�WR�VWRUH�WKHVH�GDWD�

,Q�DGGLWLRQ��WKH�UHVXOWV�RI�VWXGHQW�PRGHO�VWDWHV�SURYLGH�LQIRUPDWLRQ�RQ�VWXGHQW�UHDO



��

XQGHUVWDQGLQJ�RI�WKH�UHODWHG�WRSLFV��ZKLFK�LV�YHU\�LPSRUWDQW�LQ�GHVLJQLQJ�QHZ�LQVWUXFWLRQV

WR�KHOS�VWXGHQWV�

6XPPDU\

,Q�WKLV�FKDSWHU��,�KDYH�LQWURGXFHG�D�QHZ�DOJRULWKP�WR�GR�TXDQWLWDWLYH�HYDOXDWLRQV�RI

VWXGHQW�PHQWDO�PRGHOV���,W�PDNHV�PRUH�XVH�RI�WKH�GDWD�WKDQ�VFRUH�EDVHG�DQDO\VLV�

�WUDGLWLRQDOO\�LI�ZH�RQO\�FDOFXODWH�WKH�FRUUHFW�DQVZHUV��D�ORW�RI�LQIRUPDWLRQ�LV�ZDVWHG��DQG

DOORZV�XV�WR�VWXG\�WKH�VWXGHQW�PRGHOV�LQ�D�TXDQWLWDWLYH�ZD\���,W�FDQ�VHUYH�DV�D�PRUH

FRPSUHKHQVLYH�TXDQWLWDWLYH�HYDOXDWLRQ�IRU�WKH�VWXGHQW�SHUIRUPDQFH��HVSHFLDOO\�ZLWK�UHVSHFW

WR�WKH�VWXGHQW�PRGHOV�

:LWK�WKLV�PHWKRG��VWXGHQW�UDZ�GDWD�DUH�WUDQVIHUUHG�LQWR�VWDWHV�LQ�WKH�PRGHO�VSDFH��7KH

UHVXOWV�FDQ�EH�XVHG�WR�DQDO\]H�VWXGHQW�XQGHUVWDQGLQJV�DQG�RU�WKH�IHDWXUHV�RI�WKH

LQVWUXPHQWV�

0RGHO�DQDO\VLV�FDQ�DOVR�SURYLGH�PRUH�H[SOLFLW�LQIRUPDWLRQ�RQ�KRZ�WR�LPSURYH

LQVWUXFWLRQV���6LQFH�LW�JLYHV�PRUH�GHWDLOHG�NQRZOHGJH�RI�WKH�PRGHOV�WKH�VWXGHQWV�KDYH��LW

DOORZV�XV�WR�VHH�PRUH�GLUHFWO\�DERXW�WKH�SRVVLEOH�FDXVHV�RI�WKH�VWXGHQW�GLIILFXOWLHV�UDWKHU

WKDQ�WKH�MXVW�WKH�GLIILFXOW\�LWVHOI���7KHUHIRUH�ZH�FDQ�GHYHORS�PRUH�DSSURSULDWH�LQVWUXFWLRQ

VWUDWHJLHV�ULJKW�XSRQ�WKH�ZHDN�SRLQWV�DQG�KHOS�WKH�VWXGHQW�PRUH�HIIHFWLYHO\�

7KH�UHVXOWV�IURP�PRGHO�DQDO\VLV�PDWFK�YHU\�ZHOO�ZLWK�WKH�UHFRJQL]HG�H[SHFWDWLRQV

IURP�RWKHU�UHVHDUFKHV�XVLQJ�GLIIHUHQW�HYDOXDWLRQ�PHWKRGV���7KHVH�FDQ�EH�HYLGHQFHV�IRU�WKH

SODXVLELOLW\�RI�WKH�UHVXOWV�IURP�PRGHO�DQDO\VLV���,Q�DGGLWLRQ��PRGHO�DQDO\VLV�DOVR�SURYLGHV

PRUH�GHWDLOHG�TXDQWLWDWLYH�LQIRUPDWLRQ�RQ�WKH�VWXGHQW�PRGHOV��ZKLFK�LV�RWKHUZLVH

XQDYDLODEOH�IURP�WUDGLWLRQDO�VFRUH�EDVHG�HYDOXDWLRQV��7KH�GHQVLW\�PDWUL[�FDQ�EH�XVHG�DV�D

QHZ�ZD\�WR�VWRUH�WKH�VWXGHQW�UHVSRQVHV��ZKHUH�D�ORW�RI�LQIRUPDWLRQ�LV�UHWDLQHG�DQG�FDQ�EH

HDVLO\�H[WUDFWHG�IRU�GLIIHUHQW�SXUSRVHV���7KH�YDULRXV�JUDSKLFDO�UHSUHVHQWDWLRQV�RI�WKH�GDWD

DOVR�PDNH�WKH�UHVXOWV�PXFK�HDVLHU�WR�XQGHUVWDQG�
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5HIHUHQFHV�DQG�(QGQRWHV�

������������������������������������������������
�
��(��(��&XUHWRQ�DQG�5��%��'©$JRVWLQR��)DFWRU�$QDO\VLV�$Q�$SSOLHG�$SSURDFK��/DZUHQFH

(UOEDXP�������

�
��'��+XIIPDQ�DQG�3��+HOOHU��¦:KDW�GRHV�WKH�IRUFH�FRQFHSW�LQYHQWRU\�DFWXDOO\�PHDVXUH"§

3K\V��7HDFK��������������������

�
�:��-��YDQ�GHU�/LQGHQ��5��.��+DPEOHWRQ��(GV��+DQGERRN�RI�0RGHUQ�,WHP�5HVSRQVH

7KHRU\��6SULQJHU�������

�
��7KHRUHWLFDOO\��ZH�FDQ�FRQVWUXFW�D�WHVW�WKDW�HDFK�TXHVWLRQ�SUREHV�RQH�PRGHO�DW�D�WLPH���,Q

VXFK�FDVHV��ZH�QHHG�WR�GHVLJQ�TXHVWLRQV�WR�XVH�LQFRUUHFW�UHVSRQVHV�DV�VFRUHV�ZKLFK�VHHPV

DZNZDUG���6D\�LI�ZH�ZDQW�VWXGHQW�UHVSRQVHV�RQ�1HZWRQ�,,,��ZH�QHHG�D�VHW�RI�TXHVWLRQV

WKDW�RQO\�SURYLGH�LQFRUUHFW�UHVSRQVHV�VXFK�DV�¦ELJ�ER\�H[HUWV�PRUH�IRUFH§�DQG�QR�FRUUHFW

RQHV��VR�WKDW�VWXGHQWV�ZLWK�LQFRUUHFW�PRGHOV�ZLOO�SLFN�WKLV�RQH�DQG�VWXGHQW�ZLWK�FRUUHFW

PRGHO�ZLOO�SLFN�¦QRQH�RI�DERYH§���%XW�WKHVH�DUH�XQQHFHVVDU\�ZLWK�PRGHO�DQDO\VLV�ZKHUH

WKH�IXOO�UHVSRQVH�LV�XVHG�

�
��5��.��7KRUQWRQ��¦&RQFHSWXDO�'\QDPLFV��&KDQJLQJ�6WXGHQW�9LHZV�RI�)RUFH�DQG�0RWLRQ�§

3URFHHGLQJV�RI�WKH�,QW��&RQI��RQ�7KLQNLQJ�6FLHQFH�IRU�7HDFKLQJ��7KH�&DVH�RI�3K\VLFV�

5RPH��6HSW�������

�
��)RU�DQDO\VLV�RI�VLQJOH�VWXGHQW�PRGHO�VWDWH��ZLWK�PXOWLSOH�FKRLFH�VLQJOH�UHVSRQVH

TXHVWLRQV��ZH�FDQ�PHDVXUH�WKH�SUREDELOLWLHV�GLUHFWO\��VHH�FKDSWHU������:LWK�PXOWLSOH�

FKRLFH�PXOWLSOH�UHVSRQVH�TXHVWLRQV��GHSHQGLQJ�RQ�WKH�GHVLJQ�RI�WKH�TXHVWLRQV��XVXDOO\

HDFK�LQGLYLGXDO�TXHVWLRQ�GRHVQ©W�JLYH�WKH�PHDVXUHPHQW�RQ�WKH�SUREDELOLW\�DQG�LI�PXOWLSOH

TXHVWLRQV�DUH�XVHG��ZH�RIWHQ�QHHG�WR�XVH�PRGHO�GHQVLW\�PDWUL[�DJDLQ��VHH�ODWHU�SDUW�RI�WKLV

FKDSWHU�DQG�H[DPSOHV�LQ�FKDSWHU����

�
��6HH�FKDSWHU���IRU�PRUH�GHWDLOHG�GHILQLWLRQV�RQ�SK\VLFDO�PRGHOV�

�
��,W�LV�DVVXPHG�WKDW�ZKHQ�D�VWXGHQW�LV�XQVXFFHVVIXO�LQ�DSSO\LQJ�D�SK\VLFDO�PRGHO��WKHUH

ZRQ©W�EH�D�FKRLFH�FRLQFLGH�ZLWK�WKH�UHVXOW�WKH�VWXGHQW�ZLOO�SURGXFH�

�
��,W�LV�EHOLHYHG�WKDW�FHUWDLQ�TXHVWLRQV�LQ�)0&(�WHVW�DUH�XVHG�IRU�VSHFLDO�SXUSRVHV�E\�WKH

GHVLJQHU�DQG�VKRXOG�QRW�EH�WUHDWHG�ZLWK�WUDGLWLRQDO�HYDOXDWLRQ���+HUH�LQ�WKH�GLVFXVVLRQ��ZH

RQO\�VWXG\�WKH�JHQHUDO�PHWKRG�WR�GHVLJQ�D�TXHVWLRQ�WR�EH�XVHG�ZLWK�,E0�DQG�GR�QRW

LQWHQG�WR�DQDO\]H�WKH�IHDWXUHV�RI�D�SDUWLFXODU�WHVW�

��
��5��5��+DNH��¦,QWHUDFWLYH�HQJDJHPHQW�YHUVXV�WUDGLWLRQDO�PHWKRGV��$�VL[�WKRXVDQG�

VWXGHQW�VXUYH\�RI�PHFKDQLFV�WHVW�GDWD�IRU�LQWURGXFWRU\�SK\VLFV�FRXUVHV�§�$P��-��3K\V�����

���������������7KLV�SDSHU�SUHVHQWV�SUH�DQG�SRVW�)&,�GDWD�IURP�D�ODUJH�QXPEHU�RI�FODVVHV

DW�PDQ\�KLJK�VFKRROV��FROOHJHV��DQG�XQLYHUVLWLHV���0RVW�DFWLYH�HQJDJHPHQW�FODVVHV

VKRZHG�PXFK�JUHDWHU�LPSURYHPHQW�WKDQ�WUDGLWLRQDO�FODVVHV�
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��
��,��$��+DOORXQ�DQG�'��+HVWHQHV��¦&RPPRQ�VHQVH�FRQFHSWV�DERXW�PRWLRQ�§�$P��-��3K\V�

���������1RY�������

��
�(��-��3HGKD]XU�DQG�/��3��6FKPHONLQ��0HDVXUHPHQW��GHVLJQ��DQG�DQDO\VLV��DQ�LQWHJUDWHG

DSSURDFK��+LOOVGDOH��1�-���/($�������

��
��$�VHW�RI�PRGHO�EDVHG�FOXVWHU�DQDO\VLV�DOJRULWKPV�KDYH�EHHQ�GHYHORSHG�WR�GHDO�ZLWK�WKHVH

VLWXDWLRQV���'XH�WR�WLPH�OLPLWDWLRQ��WKH�GHWDLOV�DUH�QRW�LQFOXGHG�LQ�WKLV�GLVVHUWDWLRQ���:H

ZLOO�UHSRUW�WKLV�PHWKRG�DQG�UHVXOWV�LQ�D�SDSHU�LQ�SUHSDUDWLRQ���3UH�SULQWV�DQG�GHWDLOV�DUH

DYDLODEOH�XSRQ�UHTXHVWV�


