
��

&KDSWHU��� 5HILQHPHQWV�DQG�([WHQVLRQV

,QWURGXFWLRQ

�,Q�WKH�SUHYLRXV�FKDSWHUV��,�LQWURGXFHG�WKH�EDVLF�DOJRULWKPV�LQ�PRGHO�DQDO\VLV�WR�PRGHO

DQG�HYDOXDWH�VWXGHQW�OHDUQLQJ�RI�SK\VLFV���'HWDLOHG�H[DPSOHV�ZLWK�)&,�GDWD�KDYH�EHHQ

GLVFXVVHG�H[WHQVLYHO\�LQ�FKDSWHU�����,Q�WKLV�FKDSWHU��,�LQWURGXFH�WZR�DGGLWLRQDO�DSSOLFDWLRQV

ZLWK�PRGHO�DQDO\VLV���7KH�ILUVW�H[DPSOH�LV�IRU�WKH�VWXG\�RI�VWXGHQW�PRGHOV�RI�PHFKDQLFDO

ZDYHV�EDVHG�RQ�D�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH�TXHVWLRQ�RQ�ZDYH�FRQFHSWV�
�
��7KH

VHFRQG�H[DPSOH�LV�EDVHG�RQ�GDWD�IURP�WKH�)0&(��)RUFH�0RWLRQ�&RQFHSW�(YDOXDWLRQ��WHVW�

ZKLFK�DOVR�GHDOV�ZLWK�WKH�VDPH�WRSLFV�RI�SK\VLFV��LQWURGXFWRU\�FODVVLFDO�PHFKDQLFV��DV�WKH

)&,�GRHV���$V�ZH�ZLOO�VHH�LQ�ODWHU�WKLV�FKDSWHU��WKHVH�WZR�H[DPSOHV�LQYROYH�DGGLWLRQDO

LVVXHV�LQ�WKH�SURFHVV�RI�¦H[WUDFWLQJ�WKH�LQIRUPDWLRQ§�WKDQ�WKRVH�ZLWK�D�VLPSOH�PXOWLSOH�

FKRLFH�VLQJOH�UHVSRQVH�WHVW�VXFK�DV�)&,���,Q�UHVSRQGLQJ�WR�WKHVH�QHZ�VLWXDWLRQV��IXUWKHU

UHILQHPHQWV�DQG�H[WHQVLRQV�KDYH�EHHQ�PDGH�WR�WKH�PRGHO�DQDO\VLV�DOJRULWKPV���,Q�WKLV

FKDSWHU��,�ZLOO�DOVR�GLVFXVV�D�IXUWKHU�GHYHORSPHQW�RQ�DQDO\]LQJ�VWXGHQW�PRGHOV�ZLWK

SK\VLFDO�IHDWXUHV���7KHVH�H[DPSOHV�DUH�DOVR�XVHG�DV�GHPRQVWUDWLRQV�RQ�KRZ�PRGHO�DQDO\VLV

FDQ�EH�DSSOLHG�LQ�YDULRXV�FRQWH[WV�

$SSOLFDWLRQ�ZLWK�6WXGHQW�0RGHOV�RI�0HFKDQLFDO�:DYHV��DQ�H[DPSOH�ZLWK

D�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH�WHVW

7KH�:DYH�7HVW�LV�GHVLJQHG�E\�0LFKDHO�:LWWPDQQ�DW�80G�WR�SUREH�VWXGHQW

XQGHUVWDQGLQJ�RQ�FRQFHSWV�RI�PHFKDQLFDO�DQG�VRXQG�ZDYHV���,W�LQFOXGHV�PDQ\�TXHVWLRQV�RI

D�YDULHW\�RI�W\SHV���+HUH�,�ZLOO�RQO\�DQDO\]H�D�VLQJOH�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH

�0&05��TXHVWLRQ�WR�VKRZ�WKDW�D�VLQJOH�TXHVWLRQ�RI�WKLV�W\SH�DOORZV�WKH�H[WUDFWLRQ�RI

PXOWLSOH�VWXGHQW�PRGHOV���7KH�TXHVWLRQ�LV�VKRZQ�LQ�ILJXUH�����

$V�LQGLFDWHG�E\�UHVHDUFK��WKHUH�DUH�WKUHH�SK\VLFDO�PRGHOV�LQYROYHG�
�

0RGHO��� &RPPXQLW\�ZDYH�PRGHO��WKH�VSHHG�RI�WKH�SXOVH�GHSHQGV�RQO\�RQ�WKH

SURSHUWLHV�RI�WKH�PHGLD��GHQVLW\��WHQVLRQ��HWF�����&RUUHFW�

0RGHO��� 3DUWLFOH�SXOVH�OLNH�PRGHO��ZKHUH�VWXGHQWV�WUHDW�WKH�ZDYH�SXOVHV�DV�SDUWLFOHV

WKLQNLQJ�WKDW�WKH�VSHHG�RI�D�WUDYHOLQJ�SXOVH�LV�DIIHFWHG�E\�WKH�DPSOLWXGH�RI

WKH�SXOVH��HWF���,QFRUUHFW�

0RGHO��� 2WKHU�LUUHOHYDQW�PRGHOV�DQG�LGHDV�DQG�LQFRPSOHWH�DQVZHUV���QXOO�PRGHO�

7KH�GDWD�LV�FROOHFWHG�IURP���80G�FODVVHV�ZLWK�VLPLODU�LQVWUXFWLRQ�H[FHSW�WKDW�WZR�FODVVHV

KDG�D�WXWRULDO�RQ�ZDYHV��7KH�UHVSRQVHV�RI�WKH�TXHVWLRQ�FDQ�EH�PRGHOHG�ZLWK�WDEOH�����

7DEOH������0RGHO�VFKHPH�IRU�WKH�0&05�TXHVWLRQ�LQ�:DYH�7HVW

0RGHOV 0RGHO�� 0RGHO�� 0RGHO��

5HVSRQVHV H��I��J��K D��E��F��G��L��M N



��

6LQFH�LW�LV�D�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH�TXHVWLRQ��WKH�IRUPXODWLRQ�RI�WKH�VWXGHQW

PRGHO�YHFWRUV�LV�D�OLWWOH�GLIIHUHQW���,Q�WKH�IRUPXODWLRQ��WKH�ZKROH�TXHVWLRQ�LV�VWLOO�FRQVLGHUHG

DV�RQH�SK\VLFDO�FRQWH[W���%XW�ZLWK�PXOWLSOH�UHVSRQVHV��LW�LV�SRVVLEOH�WR�XVH�D�VLQJOH�TXHVWLRQ

WR�GHWHFW�D�PL[HG�PRGHO�VWDWH��DOWKRXJK�WKH�UHVROXWLRQ�LV�ORZ���,Q�WKH�FDOFXODWLRQ��WKH

QXPEHU�RI�VWXGHQW�UHVSRQVHV�FRUUHVSRQGLQJ�WR�LQGLYLGXDO�SK\VLFDO�PRGHOV�FDQQRW�EH�XVHG

DV�PRGHO�WULJJHULQJ�SUREDELOLW\�LQ�WKH�FRQVWUXFWLRQ�RI�WKH�VLQJOH�VWXGHQW�PRGHO�VWDWHV�

%HFDXVH�WKLV�TXHVWLRQ�RQO\�IRUPV�RQH�FRQWH[W�LQVWDQFH�DQG�RQFH�D�PRGHO�VWDWH�LV�WULJJHUHG

E\�WKLV�FRQWH[W��WKH�VWXGHQW�ZLOO�XVH�WKLV�PRGHO�VWDWH�WR�JHQHUDWH�UHVXOWV���7KHUHIRUH�ZH�FDQ

RQO\�JHW�WKH�LQIRUPDWLRQ�RQ�ZKHWKHU�WKH�VWXGHQW�KDV�D�SXUH�PRGHO�RU�LV�LQ�D�PL[HG�PRGHO

VWDWH���7R�REWDLQ�IXUWKHU�GHWDLOV�RQ�WKH�VWUXFWXUH�RI�WKH�LQGLYLGXDO�VWXGHQW�PRGHO�VWDWH

UHTXLUHV�ODUJHU�QXPEHU�RI�TXHVWLRQV�

:DYH�7HVW�4XHVWLRQ

$�ORQJ��WDXW�VWULQJ�LV�DWWDFKHG�WR�D�GLVWDQW�ZDOO��VHH�ILJXUH����$

GHPRQVWUDWRU�PRYHV�KHU�KDQG�XS�DQG�GRZQ�H[DFWO\�RQFH�DQG�FUHDWHV�D�YHU\

VPDOO�DPSOLWXGH�SXOVH�ZKLFK�UHDFKHV�WKH�ZDOO�LQ�D�WLPH�W��� +RZ��LI�DW�DOO��FDQ

WKH�GHPRQVWUDWRU�UHSHDW�WKH�RULJLQDO�H[SHULPHQW�WR�SURGXFH�D�SXOVH�WKDW�WDNHV

D�OHVV�WLPH�WR�UHDFK�WKH�ZDOO�

3LFN�DQ\�FRUUHFW�VWDWHPHQWV�IURP�WKH�IROORZLQJ�OLVW�

D�� 0RYH�KHU�KDQG�PRUH�TXLFNO\��EXW�VWLOO�RQO\�XS�DQG�GRZQ�RQFH�DQG�VWLOO�E\

WKH�VDPH�DPRXQW��

E�� 0RYH�KHU�KDQG�PRUH�VORZO\��EXW�VWLOO�RQO\�XS�DQG�GRZQ�RQFH�DQG�VWLOO�E\

WKH�VDPH�DPRXQW��

F�� 0RYH�KHU�KDQG�D�ODUJHU�GLVWDQFH�EXW�XS�DQG�GRZQ�LQ�WKH�VDPH�DPRXQW�RI

WLPH�

G�� 0RYH�KHU�KDQG�D�VPDOOHU�GLVWDQFH�EXW�XS�DQG�GRZQ�LQ�WKH�VDPH�DPRXQW

RI�WLPH�

H�� 8VH�D�KHDYLHU�VWULQJ�RI�WKH�VDPH�OHQJWK��XQGHU�WKH�VDPH�WHQVLRQ

I�� 8VH�D�OLJKWHU�VWULQJ�RI�WKH�VDPH�OHQJWK��XQGHU�WKH�VDPH�WHQVLRQ

J�� 8VH�D�VWULQJ�RI�WKH�VDPH�GHQVLW\��EXW�GHFUHDVH�WKH�WHQVLRQ�

K�� 8VH�D�VWULQJ�RI�WKH�VDPH�GHQVLW\��EXW�LQFUHDVH�WKH�WHQVLRQ�

L�� 3XW�PRUH�IRUFH�LQWR�WKH�ZDYH�

M�� 3XW�OHVV�IRUFH�LQWR�WKH�ZDYH�

N�� 1RQH�RI�WKH�DERYH�

)LJXUH������7KH�0&05�TXHVWLRQ�LQ�:DYH�7HVW�GHYHORSHG�DW�80G
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7KH�0&05�TXHVWLRQ�LV�OLNH�D�VHULHV�RI�WUXH�IDOVH�TXHVWLRQV�FRQVWUXFWHG�ZLWK�RQH

SK\VLFV�FRQWH[W���:H�FDQ�FKRRVH�WKH�ZHLJKWV�RQ�WKH�FRUUHVSRQGLQJ�SK\VLFDO�PRGHOV�IRU�D

VLQJOH�VWXGHQW�UHVSRQVH�YHFWRU�WR�EH�HLWKHU���RU�����7KH�UHVSRQVH�YHFWRU�IRU�RQH�VWXGHQW�FDQ

EH�ZULWWHQ�DV�
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�SK\VLFDO�PRGHO�DQG�\K� ���ZKHQ�DW

OHDVW�RQH�UHVSRQVH�LV�DVVRFLDWHG�ZLWK�WKH�KWK
�SK\VLFDO�PRGHO��7KH�VWXGHQW�PRGHO�YHFWRU�FDQ

EH�REWDLQHG�ZLWK�

¸̧
¸
¸

¹

·

¨̈
¨
¨

©

§

 

¦
 K

K �

�

�

�

�

N

\

\

\

\

�
X �����

6LQFH�WKH�FKRLFH�FRUUHVSRQGLQJ�WR�WKH�WKLUG�SK\VLFDO�PRGHO�LV�D�¦QRQH�RI�WKH�DERYH§�W\SH��LW

LV�ORJLFDOO\�LPSRVVLEOH�WR�KDYH�DQ\�PL[LQJ�EHWZHHQ�WKLV�PRGHO�DQG�WKH�ILUVW�WZR�

7KHUHIRUH��LQ�WKLV�FDVH�WKHUH�DUH�RQO\�IRXU�SRVVLEOH�VWXGHQW�PRGHO�YHFWRUV�
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)ROORZLQJ�VLPLODU�SURFHGXUHV�GHVFULEHG�LQ�FKDSWHU����WKH�FODVV�PRGHO�VWDWHV�DUH�DQDO\]HG

DQG�SORWWHG�LQ�ILJXUH�����

:DYH�0RGHOV

�

���

�

� ��� �

3DUWLFOH 3XOVH 0RGHO

3UHIHUUHG

0RGHO

3RVWB7XW

3UHB$OO

3RVWB7UG

)LJXUH�������6WXGHQW�PRGHO�VWDWH�RI�ZDYHV
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$V�ZH�FDQ�VHH�WKH�LQLWLDO�VLWXDWLRQV�DUH�VLPLODU�IRU�DOO�FODVVHV���7KH�VWXGHQWV�DOO�VWDUW

ZLWK�D�PL[HG�PRGHO�VWDWH���)RU�WKRVH�VWXGHQWV�ZLWK�WKH�ZDYH�WXWRULDO��WKH�ILQDO�VWDWHV�PRYH

LQWR�WKH�IDYRUDEOH�FRUQHU���7KH�VWXGHQWV�ZLWKRXW�WKH�ZDYH�WXWRULDO�UHPDLQ�LQ�WKH�PL[HG

UHJLRQ���7KH�QXPHULFDO�HYDOXDWLRQ�RI�VWXGHQW�LPSURYHPHQW�IRU�ERWK�W\SHV�RI�LV�FDOFXODWHG�LQ

WDEOH�����

$SSOLFDWLRQ�ZLWK�)0&(�7HVW

7KH�)0&(�WHVW�LV�GHYHORSHG�E\�5�.��7KRUQWRQ�DQG�'��6RNRORII�DW�7XIWV�8QLYHUVLW\�
�
��,W

KDV����PXOWLSOH�FKRLFH�TXHVWLRQV�RQ�FRQFHSWV�UHODWHG�WR�GLDJUDPV��YHORFLW\��IRUFH��HWF���

IRUFH�PRWLRQ��1HZWRQ�,,,��DQG�ZRUN�DQG�HQHUJ\�
�
��$�FRS\�RI�WKLV�WHVW�LV�LQFOXGHG�LQ

$SSHQGL[�$�

&RQFHQWUDWLRQ�$QDO\VLV�RI�)0&(�'DWD

7KH�VWXGHQW�GDWD�XVHG�LQ�RXU�DQDO\VLV�LV�IURP�&DOLIRUQLD�3RO\WHFKQLF�DW�6DQ�/XLV�2ELVSR

�&DO3��
�
��7KH�FODVVHV�DUH�FDOFXOXV�EDVHG�ZLWK�WZR�GLIIHUHQW�LQVWUXFWLRQV��WUDGLWLRQDO�OHFWXUH

ZLWK�WUDGLWLRQDO�ODE��DQG�5HDO�7LPH�3K\VLFV��573��
�

x &RQFHQWUDWLRQ�(YDOXDWLRQ�XQGHU�'LIIHUHQW�4XHVWLRQ�6HWWLQJV

8QOLNH�)&,�TXHVWLRQV�ZKHUH�WKH�QXPEHU�RI�FKRLFHV�IRU�HDFK�TXHVWLRQ�LV�DOPRVW�WKH

VDPH��P� ���H[FHSW�IRU�TXHVWLRQ������WKH�QXPEHU�RI�FKRLFHV�IRU�)0&(�TXHVWLRQV�YDULHV

EHWZHHQ���DQG�����7KH�HTXDWLRQV�XVHG�WR�FDOFXODWH�WKH�FRQFHQWUDWLRQ�IDFWRU�RI�)0&(�GDWD

ZLOO�KDYH�GLIIHUHQW�P©V��VHH�FKDSWHU���(T���������:H�QHHG�WR�FRQVLGHU�ZKHWKHU�WKLV�ZLOO

FDXVH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�DQDO\VLV�RI�TXHVWLRQV�KDYLQJ�GLIIHUHQW�P©V���:LWK�WKLV

H[DPSOH��WKH�FRQFHQWUDWLRQ�IDFWRU�LV�XVHG

x WR�HYDOXDWH�WKH�FRQFHQWUDWLRQ�IHDWXUHV�RI�DOO�WKH�)0&(�TXHVWLRQV�DQG�WR�FRPSDUH

WKHP�

x DQG�WR�FRPSDUH�WKH�GLIIHUHQFH�RQ�WKH�FRQFHQWUDWLRQ�EHWZHHQ�WKH�)&,�DQG�)0&(

TXHVWLRQV�

7R�GR�VR��ZH�QHHG�WR�NQRZ�ZKDW�HIIHFW�FDQ�EH�FDXVHG�E\�WKLV�YDULDWLRQ�RQ�GLIIHUHQW�P©V�IRU

GLIIHUHQW�TXHVWLRQV���:H�FDQ�JHW�VRPH�LQVLJKW�LI�ZH�XVH�(T������LQ�WHUPV�RI�WKH�VFDOHG

OHQJWK�RI�D�UHVSRQVH�YHFWRU��U��

7DEOH�������6WXGHQW�LPSURYHPHQW�RQ�PHQWDO�PRGHOV�RI�PHFKDQLFDO�ZDYHV

�0�LV�WKH�IUDFWLRQ�RI�PRGHO�LPSURYHPHQW�GHILQHG�LQ�FKDSWHU���

&ODVVHV 0

7XWRULDO ����

1RQ�7XWRULDO ����
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)RU�WKH�VDPH�U���ZLWK�GLIIHUHQW�P©V��(T��������ZLOO�JHQHUDWH�GLIIHUHQW�&©V���)LJXUH�����
UHYHDOV�WKH�UHODWLRQ�EHWZHHQ�WKH�&�DQG�U��DW�GLIIHUHQW�P©V�

,W�LV�HDV\�WR�VHH�WKDW�IRU�WKH�VDPH�U��ODUJHU�P©V�ZLOO�SURGXFH�ODUJHU�&©V���)URP�(T�������LW

LV�HDV\�WR�VHH�WKDW�WKH�YDOXH�RI�U��KDV�PDMRU�FRQWULEXWLRQV�IURP�ODUJH�HOHPHQWV�RI�WKH

UHVSRQVH�YHFWRU����)RU�H[DPSOH��VXSSRVH�ZH�KDYH�D�WRWDO�RI�����UHVSRQVHV�RQ�RQH�TXHVWLRQ�

&RQVLGHU�WKH�IROORZLQJ�WZR�UHVSRQVH�YHFWRUV�VKRZQ�LQ�WDEOH�����
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)LJXUH������&RPSDULVRQ�RI�FRQFHQWUDWLRQ�IDFWRUV

ZLWK�P� ���WR��
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$V�ZH�FDQ�VHH��WKH�GLVWULEXWLRQ�RI�WKH�HOHPHQWV�ZLWK�ODUJH�YDOXHV�IRU�ERWK�YHFWRUV�LV

VLPLODU�DQG�U��DOVR�JLYHV�VLPLODU�UHVXOWV�IRU�WKH�WZR�YHFWRUV���)RU�WKH�FDVH�RI�U���VLQFH�WKH

GLVWULEXWLRQ�RFFXUV�LQ�D�FRQWH[W�ZLWK�ODUJHU�IUHHGRP�RQ�FKRLFHV��ODUJHU�P���WKH

FRQFHQWUDWLRQ�IDFWRU�LQ�WKLV�FDVH��P� ����ZLOO�EH�ODUJHU�WKDQ�WKH�FRQFHQWUDWLRQ�RI�D�VLPLODU

GLVWULEXWLRQ�LQ�D�FRQWH[W�ZLWK�VPDOOHU�IUHHGRP�RQ�FKRLFHV��P� ������7KHUHIRUH��ZKHQ

HYDOXDWLQJ�D�VDPH�UHVSRQVH�YHFWRU��WKH�FRQFHQWUDWLRQ�IDFWRU�WDNHV�LQWR�DFFRXQW�WKH�HIIHFW�RI

DOO�SRVVLEOH�GLVWULEXWLRQV�IRU�D�SDUWLFXODU�TXHVWLRQ�VHWWLQJ���2Q�WKH�RWKHU�KDQG�U��JLYHV�WKH

HYDOXDWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�WKH�GRPLQDQW�HOHPHQWV�RI�WKH�UHVSRQVH�YHFWRU���$V�D�UHVXOW�

ZKHQ�FRPSDULQJ�WKH�FRQFHQWUDWLRQ�RI�GLIIHUHQW�UHVSRQVH�YHFWRUV�ZLWK�GLIIHUHQW�GLPHQVLRQV

�P©V���ZH�FDQ�FRQVLGHU�XVLQJ�U��LQVWHDG�RI�&���+RZHYHU��WKLV�DOWHUQDWLYH�GRHVQ©W�FRPH

ZLWKRXW�D�SULFH���:KHQ�XVLQJ�U���WKH�FRQWULEXWLRQ�IURP�WKH�GLPHQVLRQV�ZLWK�VPDOO�HOHPHQWV

LV�KDUGO\�UHIOHFWHG�LQ�WKH�UHVXOW���7KXV��RQO\�ZKHQ�WKHVH�GLPHQVLRQV�DUH�FRQVLGHUHG

LQVLJQLILFDQW��L�H���KDUGO\�DQ\RQH�ZLOO�FKRRVH�WKRVH�FKRLFHV��FDQ�ZH�WKHQ�XVH�U��LQ�RXU

DQDO\VLV�

$PRQJ�)0&(�TXHVWLRQV��WKH�GLIIHUHQW�P©V��P�|���r���FDQ�FUHDWH�D�PD[LPXP
GLIIHUHQFH�#������EHWZHHQ�P� ���DQG�P� ���DW�U��a�������IRU�WKH�FRQFHQWUDWLRQV�IDFWRUV���)RU
PRVW�TXHVWLRQV��U��LV�DURXQG�����DQG�WKH�HUURU�LV�OHVV�WKDQ�������ZKLFK�LV�UDWKHU�LQVLJQLILFDQW�

7KHUHIRUH��ZH�FDQ�XVH�(T������GLUHFWO\�WR�FDOFXODWH�WKH�FRQFHQWUDWLRQV�RI�DOO�)0&(

TXHVWLRQV�DQG�SUHVHQW�WKHP�WRJHWKHU�

:LWK�)&,�TXHVWLRQV��WKH�QXPEHU�RI�FKRLFHV�LQ�HDFK�TXHVWLRQ�LV�VLJQLILFDQWO\�ORZHU�WKDQ

WKDW�RI�WKH�)0&(�TXHVWLRQV��P� ���IRU�)&,�DQG�P�a���IRU�)0&(����$�GLUHFW�FRPSDULVRQ�RI

WKH�&©V�FDQ�FUHDWH�ODUJH�HUURUV���7KH�DOWHUQDWLYH�ZD\�LV�WR�XVH�U����$FFRUGLQJ�WR�WKH�GDWD�

VWXGHQW�UHVSRQVHV�DUH�PDLQO\�FRQFHQWUDWHG�RQ�WKUHH�RI�WKH�FKRLFHV�IRU�PRVW�TXHVWLRQV�

(VSHFLDOO\�ZLWK�)0&(�TXHVWLRQV��PRUH�WKDQ�����RI�WKH�UHVSRQVHV�DUH�FRQFHQWUDWHG�RQ

DERXW�KDOI�RI�WKH�FKRLFHV���)RU�HDFK�TXHVWLRQ��WKHUH�DUH�RIWHQ��a��FKRLFHV�WKDW�DOPRVW�QHYHU

JHW�FKRVHQ���7KHUHIRUH��ZH�ZLOO�DVVXPH�WKHVH�FKRLFHV�LQVLJQLILFDQW�DQG�XVH�U��WR�PDNH

FRPSDULVRQ�RQ�WKH�FRQFHQWUDWLRQ�RI�VWXGHQW�UHVSRQVHV�RQ�)&,�DQG�)0&(�TXHVWLRQV���$Q

LQWHUHVWLQJ�HIIHFW�LV�WKDW�ZKHQ�ZH�LJQRUH�WKRVH�LQVLJQLILFDQW�FKRLFHV�LQ�)0&(�TXHVWLRQV�

WKH�)&,�DQG�)0&(�TXHVWLRQV�DSSHDU�WR�KDYH�D�VLPLODU�¦HIIHFWLYH§�GLPHQVLRQ��QXPEHU�RI

HIIHFWLYH�GLVWUDFWHUV��

x &RQFHQWUDWLRQ�$QDO\VLV�IRU�)0&(�'DWD

7KH�SUH�LQVWUXFWLRQDO�FRQFHQWUDWLRQ�IDFWRUV�IRU�WKH�)0&(�TXHVWLRQV�DUH�FDOFXODWHG�DQG

SORWWHG�LQ�ILJXUH�������)URP�ILJXUH������LW�LV�HDV\�WR�VHH�WKDW�WKH����)0&(�TXHVWLRQV�FDQ�EH

JURXSHG�LQWR�IRXU�JURXSV��/+��/0��00��DQG�++��EDVHG�RQ�WKH�W\SHV�RI�VWXGHQW�UHVSRQVHV

�VHH�FKDSWHU���IRU�GHWDLOV�RQ�UHVSRQVH�W\SHV�DQG�TXDQWL]DWLRQ�UXOHV��

7DEOH������([DPSOHV�IRU�UHVSRQVH�YHFWRUV�ZLWK�VLPLODU�GLVWULEXWLRQ�EXW�ZLWK�GLIIHUHQW�P©V

P 5HVSRQVH�9HFWRU��1 ���� U� &

� U�� ������������������������������� ����� �����

� U�� �������������������� ����� �����
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$V�GLVFXVVHG�LQ�FKDSWHU����TXHVWLRQV�ZLWK�/+�W\SH�HDFK�KDV�D�VWURQJ�LQFRUUHFW�DWWUDFWRU�

TXHVWLRQV�ZLWK�/0�RIWHQ�KDYH�WZR�LQFRUUHFW�DWWUDFWRUV��TXHVWLRQV�ZLWK�00�W\SH�KDYH�WZR

DWWUDFWRUV��RQH�FRUUHFW�DQG�RQH�LQFRUUHFW���TXHVWLRQV�ZLWK�++�W\SH�HDFK�KDV�D�VWURQJ�FRUUHFW

DWWUDFWRU����7KH�LQGLYLGXDO�TXHVWLRQV�LQ�WKH�IRXU�JURXSV�DUH�OLVWHG�LQ�WDEOH�����

$V�ZH�FDQ�VHH�����RXW�RI�WKH����)0&(�TXHVWLRQV�KDYH�/+�RU�/0�W\SHV�RI�LQLWLDO

UHVSRQVHV����7KLV�LQGLFDWHV�WKDW�PDQ\�VWXGHQWV�KDYH�VWURQJ�LQFRUUHFW�LQLWLDO�PRGHOV�RQ�WKH

FRQFHSWV�UHODWHG�WR�WKHVH�TXHVWLRQV�

$�VLPSOH�FRPSDULVRQ�EHWZHHQ�WKH�)0&(�UHVXOWV�VKRZQ�LQ�ILJXUH�����DQG�WKH�)&,

UHVXOWV�LQ�FKDSWHU����VHH�ILJXUH������UHYHDOV�WKDW�)0&(�TXHVWLRQV�VHHP�WR�KDYH�KLJKHU

FRQFHQWUDWLRQV�WKDQ�)&,�TXHVWLRQV���(VSHFLDOO\�IRU�WKH�ORZ�SHUIRUPDQFH�TXHVWLRQV��ORZ

VFRUHV�ZLWK�//��/0��DQG�/+�W\SHV���)0&(�TXHVWLRQV�KDYH�ORZHU�DYHUDJH�VFRUHV�DQG

KLJKHU�DYHUDJH�FRQFHQWUDWLRQV���6HH�WDEOH�����

�

� ��

� ��

� ��

� ��

�

� � �� � �� � �� � �� �
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)LJXUH������6�&�SORW�RI�SUH�LQVWUXFWLRQDO�)0&(�GDWD

�HDFK�SRLQW�UHSUHVHQWV�WKH�6�&�UHVXOW�RI�D�TXHVWLRQ�

7DEOH������7KH�FRQFHQWUDWLRQ�UHVSRQVH�W\SHV�RI�WKH�)0&(�TXHVWLRQV

7\SHV 4XHVWLRQV �6! �&!
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6LQFH�)&,�DQG�)0&(�TXHVWLRQV�KDYH�VLJQLILFDQWO\�GLIIHUHQW�P©V��WKH�UHVXOWV�RI�&�DUH�LQ

JHQHUDO�QRW�GLUHFWO\�FRPSDUDEOH���$V�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��LQ�WKLV�FDVH��ZH�FDQ

XVH�U��DV�D�VWDQGDUG�WR�FRPSDUH�WKH�UHVXOWV�IURP�)&,�DQG�)0&(�WHVWV���,Q�WDEOH������WKH

DYHUDJH�YDOXHV�RI�U��IRU�WKH�ORZ�SHUIRUPDQFH�TXHVWLRQV�DUH�DOVR�FDOFXODWHG���$V�ZH�FDQ�VHH�

WKH�GLIIHUHQFH�LV�VPDOO���7KLV�UHVXOW�LQGLFDWHV�WKDW�IRU�WKH�ORZ�SHUIRUPDQFH�TXHVWLRQV�

DOWKRXJK�)0&(�TXHVWLRQV�KDYH�D�ODUJH�QXPEHU�RI�FKRLFHV��WKH�GLVWULEXWLRQ�RI�WKH�SULQFLSDO

HOHPHQWV�RI�VWXGHQW�UHVSRQVHV�LV�VLPLODU�WR�WKDW�IURP�WKH�)&,�TXHVWLRQV���7KLV�LPSOLHV

VLPLODUO\�DWWUDFWLYH�GLVWUDFWHUV�LQ�WKHVH�ORZ�SHUIRUPDQFH�TXHVWLRQV�RI�ERWK�WHVWV�

7KH�GLVWULEXWLRQ�RI�WKH�FRQFHQWUDWLRQ�IRU�TXHVWLRQV�LQ�ERWK�WHVWV�DOVR�UHYHDOV�D

VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�)&,�DQG�)0&(�TXHVWLRQV���)RU�)&,�TXHVWLRQV��RQO\����

RI�WKH�TXHVWLRQV�KDYH�WKH�/+�RU�/0�W\SH�RI�UHVSRQVHV��SUH�LQVWUXFWLRQ����2Q�WKH�RWKHU�KDQG�

WKH�SUH�LQVWUXFWLRQDO�GDWD�VKRZV�WKDW�����RI�WKH�)0&(�TXHVWLRQV�KDYH�/+�RU�/0�W\SHV�RI

UHVSRQVHV���6LQFH�TXHVWLRQV�ZLWK�/+�RU�/0�W\SH�RI�UHVSRQVHV�DUH�RIWHQ�UHODWHG�WR�WKH

SUHVHQFH�RI�VWURQJ�LQFRUUHFW�VWXGHQW�PRGHOV��LW�DSSHDUV�WKDW�WKH�)0&(�WHVW�KDV�PRUH

HIIHFWLYH�TXHVWLRQV�WR�SUREH�VWXGHQW�PRGHOV�
�
��7R�VWXG\�WKH�GHWDLOV�RI�VWXGHQW�PRGHOV��ZH

QHHG�WR�ORRN�DW�WKH�VWUXFWXUHV�RI�VSHFLILF�TXHVWLRQV���,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�GR

PRGHO�HYDOXDWLRQ�ZLWK�)0&(�GDWD�DQG�GLVFXVV�PRUH�GHWDLOV�RQ�VWXGHQW�PRGHOV�DQG�WKH�WZR

LQVWUXPHQWV�

0RGHO�(YDOXDWLRQ�RI�)0&(�7HVW

6LPLODU�WR�WKH�DQDO\VLV�RI�)&,�TXHVWLRQV�LQ�FKDSWHU����LQ�WKLV�H[DPSOH�,�IRFXV�RQ�WZR

FRQFHSW�JURXSV���WKH�)RUFH�0RWLRQ�DQG�1HZWRQ�,,,���)RU�WKH�)RUFH�0RWLRQ�FRQFHSW

GRPDLQ��WKHUH�DUH�PDQ\�TXHVWLRQV�UHODWHG�WR�WKLV�WRSLF�LQ�WKH�)0&(�WHVW��TXHVWLRQV�������

����������������HWF����0RVW�RI�WKHVH�TXHVWLRQV�KDYH�/+�W\SH�RI�UHVSRQVHV��VHH�WDEOH������

7KH�TXHVWLRQV�ZH�FKRRVH�WR�GR�PRGHO�DQDO\VLV�RQ�LQFOXGH�TXHVWLRQV�����������DQG������7KHVH

TXHVWLRQV�DUH�VHOHFWHG�IRU�WZR�UHDVRQV��)LUVW��WKH�TXHVWLRQV�DOO�KDYH�VLPSOH�UHVSRQVHV

ZLWKRXW�DGGLWLRQDO�LVVXHV�VXFK�DV�WKH�LQWHUSUHWDWLRQ�RI�JUDSKV����4XHVWLRQV������������DOVR

GHDO�ZLWK�IRUFH�PRWLRQ�EXW�WKH�LQYROYHPHQW�RI�JUDSKV�PD\�LQFXU�DGGLWLRQDO�GLIILFXOWLHV�WR

VWXGHQWV��L�H���VWXGHQWV�PD\�EH�XQDEOH�WR�H[SUHVV�WKHLU�PRGHOV�FRUUHFWO\�ZLWK�JUDSKV��

6HFRQG��ZH�WU\�WR�XVH�TXHVWLRQV�ZLWK�GLIIHUHQW�FRQWH[WV��VWRU\�OLQHV����$V�GLVFXVVHG�LQ

FKDSWHU����WKH�PRGHO�WULJJHULQJ�GHSHQGV�KHDYLO\�RQ�WKH�FRQWH[W�RI�WKH�TXHVWLRQV���'LYHUVH

FRQWH[WV�VWRU\�OLQHV�DOORZ�VWXGHQWV�WR�IXOO\�PDQLIHVW�WKHLU�PRGHOV���,Q�WKH�)0&(�WHVW�

TXHVWLRQV������DOO�GHDO�ZLWK�VLPLODU�SK\VLFDO�FRQWH[WV���8VLQJ�RQO\�TXHVWLRQV�IURP�WKLV

JURXS�LV�QRW�D�IDYRUDEOH�VHWWLQJ�IRU�GHWHFWLQJ�PL[HG�VWXGHQW�PRGHO�VWDWHV���7KHUHIRUH�

TXHVWLRQV�����������DQG����DUH�VHOHFWHG�WR�PDNH�WKH�FRQWH[WV�DV�GLYHUVH�DV�SRVVLEOH�

7DEOH������)&,�DQG�)0&(�FRPSDULVRQ�RQ�DYHUDJH�UHVXOWV��SUH�LQVWUXFWLRQ�

RI�ORZ�SHUIRUPDQFH�TXHVWLRQV��VFRUH���������7KH�)&,�UHVXOWV�DUH�IURP

80G�DQG�3*&&�VWXGHQWV�DQG�WKH�)0&(�UHVXOWV�DUH�IURP�&DO3�VWXGHQWV�

)&, )0&(
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)RU�WKH�)RUFH�0RWLRQ�FRQFHSW��WKH�SK\VLFDO�PRGHOV�DUH�DOO�EDVHG�RQ�WKH�¦)RUFH�

9HORFLW\§�UHODWLRQ��L�H���RQO\�RQH�SK\VLFDO�IHDWXUH��WKH�YHORFLW\��LV�LQYROYHG���7KH�TXHVWLRQV

DOVR�KDYH�HLWKHU�D�RQH�WR�RQH�RU�D�PDQ\�WR�RQH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�FKRLFHV�DQG

WKH�SK\VLFDO�PRGHOV���7KHUHIRUH��ZH�FDQ�XVH�WKH�LWHP�EDVHG�PRGHOLQJ�PHWKRG�WR�PRGHO

WKHVH�TXHVWLRQV���7KH�FRUUHVSRQGLQJ�PRGHOV�DQG�WKH�UHVSRQVHV�WR�WKH�TXHVWLRQV�DUH�OLVWHG

EHORZ�DQG�LQ�WDEOH�����

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���1XOO�PRGHO�

)ROORZLQJ�VLPLODU�SURFHGXUHV�DV�LQ�FKDSWHU����WKH�VWXGHQW�FODVV�PRGHO�VWDWHV�DUH

FDOFXODWHG�DQG�SORWWHG�LQ�ILJXUH������$V�ZH�FDQ�VHH��WKLV�UHVXOW�LV�VLPLODU�WR�WKH�UHVXOWV�IURP

)&,�GDWD��VHH�ILJXUH�������

7DEOH������0RGHO�VFKHPH�IRU�)RUFH�0RWLRQ�TXHVWLRQV�LQ�)0&(�WHVW

4XHVWLRQ 0RGHO�� 0RGHO�� 0RGHO��

� ' % RWKHUV

� ' % RWKHUV

�� $ * RWKHUV

�� $ ' RWKHUV

)0�0RGHO�3ORW

�

���

���

���

���

�

� ��� �

573�3UH

573�3RVW

7UG�3UH

7UG�3RVW

0RGHO��

0RGHO��

)LJXUH������6WXGHQW�PRGHO�SORW�RQ�)RUFH�0RWLRQ��)0&(�
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1RZ�ZH�KDYH�VHHQ�WKH�DQDO\VLV�RI�WKH�VDPH�SK\VLFV�FRQFHSW�ZLWK�WZR�GLIIHUHQW�WHVWV�

6LQFH�WKH�TXHVWLRQV�DUH�GLIIHUHQW��LW�LV�GLIILFXOW�WR�GLUHFWO\�FRPSDUH�WKH�VFRUHV�IURP�WKH�WZR

WHVWV���2QH�RI�WKH�DGYDQWDJHV�RI�XVLQJ�PRGHO�DQDO\VLV�LV�WKDW�HYHQ�WKRXJK�WKH�TXHVWLRQV�DUH

YHU\�GLIIHUHQW��LI�WKH\�DUH�GHVLJQHG�WR�SUREH�WKH�VDPH�FRQFHSW��WKH�GDWD�FDQ�EH�WUDQVIHUUHG

LQWR�WKH�VDPH�PRGHO�VSDFH���7KHQ�WKH�REWDLQHG�PRGHO�VWDWHV��ZKLFK�UHIOHFW�ERWK�WKH�VWXGHQW

XQGHUVWDQGLQJV�DQG�WKH�IHDWXUHV�RI�WKH�LQVWUXPHQWV��FDQ�EH�PDGH�XVHIXO�WR�HYDOXDWH�WKH

GLIIHUHQW�SURSHUWLHV�RI�ERWK�LVVXHV�XQGHU�GLIIHUHQW�VHWWLQJV���)RU�H[DPSOH��ZLWK�D�JURXS�RI

VWXGHQWV�ZLWK�NQRZQ�EDFNJURXQG��ZH�FDQ�VWXG\�WKH�PRGHO�WULJJHULQJ�IHDWXUHV�RI�GLIIHUHQW

LQVWUXPHQWV��ZLWK�D�FDOLEUDWHG�LQVWUXPHQW��ZH�FDQ�VWXG\�WKH�PRGHOLQJ�RI�VWXGHQWV�ZLWK

XQNQRZQ�EDFNJURXQG�

x &RPELQHG�3DWWHUQ�$QDO\VLV�IRU�0RGHOLQJ�1HZWRQ�,,,�4XHVWLRQV

7KHUH�DUH����)0&(�TXHVWLRQV�RQ�1HZWRQ�,,,��TXHVWLRQV������������4XHVWLRQV��������
DUH�QRW�XVHG�VLQFH�WZR�RI�WKHP����������DUH�LGHQWLFDO�WR�WKH�UHODWHG�)&,�TXHVWLRQV��TXHVWLRQV

���������DQG�ZH�DUH�LQWHUHVWHG�LQ�FRPSDULQJ�TXHVWLRQV�ZLWK�GLIIHUHQW�VWUXFWXUHV���+RZHYHU�

WKH�WZR�LGHQWLFDO�TXHVWLRQV�SURYLGH�DQ�RSSRUWXQLW\�WR�HYDOXDWH�WKH�WZR�VWXGHQW�SRSXODWLRQV

ZLWK�D�VLPLODU�VWDQGDUG���7KLV�ZLOO�EH�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ��

$V�GLVFXVVHG�LQ�FKDSWHU����WKH�VWXGHQW�PRGHOV�RQ�1HZWRQ�,,,�LQYROYH�PXOWLSOH�SK\VLFDO

IHDWXUHV�¤�YHORFLW\��DFFHOHUDWLRQ��PDVV��HWF���6WXGHQWV�FDQ�FRQVWUXFW�PRGHOV�ZLWK�GLIIHUHQW

HPSKDVLV�RQ�WKHVH�SK\VLFDO�IHDWXUHV�XQGHU�GLIIHUHQW�FRQWH[WV���7KH�FRPELQDWLRQ�RI�D�YDULHW\

RI�SK\VLFDO�IHDWXUHV�LQ�RQH�TXHVWLRQ�FDQ�PDNH�WKH�VLWXDWLRQ�PXFK�PRUH�FRPSOLFDWHG���)RU

WKH�)0&(�TXHVWLRQV�XVHG�LQ�RXU�DQDO\VLV��TXHVWLRQV�����������WZR�SK\VLFDO�IHDWXUHV�DUH
FRQVLVWHQWO\�LQYROYHG�DOO�ILYH�TXHVWLRQV�

��� )RUFH�¤�9HORFLW\� 0DQ\�VWXGHQWV�KDYH�D�PRGHO�WKDW�DQ�REMHFW�ZLWK�D�ODUJHU�YHORFLW\

ZLOO�H[HUW�D�ODUJHU�IRUFH�RQ�DQ�REMHFW�ZLWK�VPDOOHU�YHORFLW\�

��� )RUFH�¤�0DVV� 0DQ\�VWXGHQWV�KDYH�D�PRGHO�WKDW�DQ�REMHFW�ZLWK�D�ODUJHU�PDVV�ZLOO

H[HUW�D�ODUJHU�IRUFH�RQ�DQ�REMHFW�ZLWK�D�VPDOOHU�PDVV�

&RQVLGHULQJ�DOO�SRVVLEOH�FRPELQDWLRQV�RI�ERWK�SK\VLFDO�IHDWXUHV��VWXGHQWV�FDQ�FRQVWUXFW

WKUHH�LQFRUUHFW�SK\VLFDO�PRGHOV�DQG�RQH�FRUUHFW�H[SHUW�PRGHO���7KHUHIRUH��IRU�WKLV�JURXS�RI

)0&(�TXHVWLRQV��ZH�FDQ�VHW�XS�ILYH�GLIIHUHQW�SK\VLFDO�PRGHOV�DV�



0�� 1XOO�PRGHO�

0�� 'XULQJ�WKH�LQWHUDFWLRQ��ERWK�REMHFWV�DOZD\V�H[HUW�WKH�VDPH�DPRXQW�RI�IRUFH�WR

WKH�RWKHU�UHJDUGOHVV�RI�HLWKHU�PDVV�RU�YHORFLW\�RI�WKH�REMHFW���&RUUHFW�

0�� 'XULQJ�WKH�LQWHUDFWLRQ��WKH�WZR�REMHFWV�FDQ�H[HUW�XQHTXDO�DPRXQW�RI�IRUFH�WR�WKH

RWKHU�DQG�WKH�RQH�H[HUWV�WKH�ODUJHU�IRUFH�GRHVQ©W�GHSHQG�RQ�PDVV�EXW�LW�GRHV

GHSHQG�RQ�WKH�YHORFLW\�RI�WKH�REMHFW� �,QFRUUHFW�

������������������������������������������������

 7KH QXPEHULQJ V\VWHP RI SK\VLFDO PRGHOV LV GLIIHUHQW IURP ZKDW LV XVHG LQ FKDSWHU � DQG �� 7KLV PDNHV LW
FRQYHQLHQW WR VWXG\ PXOWL�GLPHQVLRQDO PRGH VSDFH LQFOXGLQJ VXE�VSDFHV �ZLWK SK\VLFDO IHDWXUHV��
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0�� 'XULQJ�WKH�LQWHUDFWLRQ��WKH�WZR�REMHFWV�FDQ�H[HUW�XQHTXDO�DPRXQW�RI�IRUFH�WR�WKH

RWKHU�DQG�WKH�RQH�H[HUWV�WKH�ODUJHU�IRUFH�GHSHQGV�RQ�WKH�PDVV�EXW�LW�GRHV�QRW

GHSHQG�RQ�WKH�YHORFLW\�RI�WKH�REMHFW���,QFRUUHFW�

0�� 'XULQJ�WKH�LQWHUDFWLRQ��WKH�WZR�REMHFWV�FDQ�H[HUW�XQHTXDO�DPRXQW�RI�IRUFH�WR�WKH

RWKHU�DQG�WKH�RQH�H[HUWV�WKH�ODUJHU�IRUFH�GHSHQGV�RQ�ERWK�WKH�PDVV�DQG�WKH

YHORFLW\�RI�WKH�REMHFW���,QFRUUHFW�

7KH�FKRLFHV�LQ�)0&(�TXHVWLRQV�RIWHQ�KDYH�RQH�WR�PDQ\�FKRLFH�WR�PRGHO

FRUUHVSRQGHQFH��RQH�FKRLFH�WR�PDQ\�PRGHOV����)RU�H[DPSOH��TXHVWLRQ����GHVFULEHV�D�KHDG

RQ�FROOLVLRQ�EHWZHHQ�D�ELJ�WUXFN�DQG�D�FDU�ZKHUH�ERWK�YHKLFOHV�DUH�PRYLQJ�DW�D�VDPH�VSHHG

�VHH�$SSHQGL[�$�RU�ILJXUH���������7KH�TXHVWLRQ�DVNV�WKH�VWXGHQWV�WR�FRPSDUH�WKH�IRUFH

EHWZHHQ�WKH�WUXFN�DQG�WKH�FDU�GXULQJ�WKH�FROOLVLRQ���$V�ZH�FDQ�VHH��VWXGHQWV�ZLWK�WKH�H[SHUW

PRGHO��0���DQG�VWXGHQWV�ZLWK�WKH�LQFRUUHFW�0��ZLOO�DOO�FRPH�XS�ZLWK�WKH�VDPH�UHVSRQVH

WKDW�WKH�IRUFH�KDV�VDPH�PDJQLWXGH��ZKLFK�LV�DOVR�WKH�FRUUHFW�DQVZHU���7KHUHIRUH��IURP�WKH

VWXGHQW�UHVSRQVH�RQ�WKLV�TXHVWLRQ�DORQH��ZH�FDQ�QRW�GHWHUPLQH�ZKLFK�W\SH�RI�PRGHO�WKH

VWXGHQW�PLJKW�KDYH���$V�D�UHVXOW��VWXGHQW�UHVSRQVHV�RQ�WKLV�JURXS�RI�)0&(�TXHVWLRQV

FDQQRW�EH�FRGHG�ZLWK�LWHP�EDVHG�PRGHOLQJ�

7R�GHDO�ZLWK�WKLV�VLWXDWLRQ��,�LQWURGXFH�DQ�DGGLWLRQDO�PRGHOLQJ�DOJRULWKP�¤�&RPELQHG

3DWWHUQ�$QDO\VLV��&3$����,W�LV�GHYHORSHG�EDVHG�RQ�WKH�LGHD�RI�ORRNLQJ�IRU�FRKHUHQFH�LQ�WKH

VWXGHQW�UHVSRQVHV�RYHU�GLIIHUHQW�TXHVWLRQV�WR�H[WUDFW�WKH�XQGHUO\LQJ�PRGHOV�

&RQVLGHU�LI�ZH�KDYH�D�VHULHV�RI�TXHVWLRQV�DOO�GHDOLQJ�ZLWK�D�VDPH�SK\VLFV�FRQFHSW�

7KHQ�GLIIHUHQW�PRGHOV�ZLOO�RIWHQ�JHQHUDWH�GLIIHUHQW�SDWWHUQV�RI�UHVSRQVHV�RYHU�D�VHULHV�RI

TXHVWLRQV��DVVXPLQJ�WKH�TXHVWLRQV�DUH�VR�GHVLJQHG�����)RU�H[DPSOH��VXSSRVH�ZH�KDYH�ILYH

TXHVWLRQV�LQ�D�FRQFHSW�JURXS�ZLWK�WZR�PRGHOV�GHQRWHG�DV�0��DQG�0����6XSSRVH�D�VWXGHQW

ZLWK�D�FRQVLVWHQW�PRGHO��0���ZLOO�FUHDWH�D�UHVSRQVH�SDWWHUQ�RI�¦$%%&$§�DQG�D�VWXGHQW�ZLWK

D�FRQVLVWHQW�PRGHO��0���ZLOO�FUHDWH�D�SDWWHUQ�RI�¦$&&&%§���7KHQ�LW�LV�REYLRXV�WKDW�TXHVWLRQ

��DQG����JLYLQJ�VDPH�DQVZHUV�IRU�ERWK�PRGHOV��FDQQRW�EH�XVHG�WR�GHWHUPLQH�WKH�DFWXDO

VWXGHQW�PRGHOV���%XW�ZKHQ�ZH�FRPELQH�DOO�WKH�UHVSRQVHV�WRJHWKHU�DQG�DQDO\]H�WKH

FRPELQHG�SDWWHUQV��WKH�VWXGHQW�PRGHOV�FDQ�EH�PHDVXUHG�EDVHG�RQ�WKH�DJUHHPHQW�RI�WKH

VWXGHQW�UHVSRQVH�SDWWHUQ�DQG�WKH�UHVSRQVH�SDWWHUQ�RI�D�VSHFLILF�PRGHO���)RU�WKH�WZR�PRGHO

H[DPSOH��WKLV�PHWKRG�GRHVQ©W�VKRZ�PXFK�DGYDQWDJH��VLQFH�ZH�FDQ�GLVFDUG�WKRVH�TXHVWLRQV

ZLWK�LGHQWLFDO�UHVSRQVHV��LI�ZH�KDYH�HQRXJK�TXHVWLRQV����%XW�IRU�D�VLWXDWLRQ�ZLWK�PRUH�WKDQ

WZR�PRGHOV��WKH�RYHUODS�RI�UHVSRQVHV�FDQ�EH�LQ�GLIIHUHQW�SODFHV�IRU�GLIIHUHQW�PRGHOV���7KHQ

ZH�PD\�QRW�EH�DEOH�WR�GLVFDUG�DQ\�TXHVWLRQV�DQG�ZH�KDYH�WR�PDWFK�WKH�HQWLUH�SDWWHUQ�IRU

GLIIHUHQW�PRGHOV�

x 7KH�IRUPXODWLRQ�RI�WKH�FRPELQHG�SDWWHUQ�DQDO\VLV��&3$�

6XSSRVH�ZH�KDYH�¦P§�PXOWLSOH�FKRLFH�TXHVWLRQV�DVVRFLDWHG�ZLWK�Z�PRGHOV���(DFK

TXHVWLRQ�FRQWDLQV�¦K§�FKRLFHV���'HQRWH�WKH�GLIIHUHQW�PRGHOV�DV�0K��ZKHUH�K� ���������Z���

)RU�FRQYHQLHQFH��0��LV�XVHG�WR�UHSUHVHQW�WKH�QXOO�PRGHO���6R�WKH�WRWDO�QXPEHU�RI�SK\VLFDO

PRGHOV�HTXDOV�Z��ZKLFK�LV�DOVR�WKH�GLPHQVLRQ�RI�WKH�PRGHO�VSDFH���'HILQH�3K�DV�WKH

UHVSRQVH�SDWWHUQ�RI�D�SXUH�FRQVLVWHQW�PRGHO�0K����7KHQ�3K�FDQ�EH�ZULWWHQ�DV



���

7

P��
�&�����&�&�

KKKK
 3 �����

ZKHUH�&KM�LV�WKH�V\PERO�UHSUHVHQWLQJ�WKH�FKRLFH�RI�WKH�M
WK
�TXHVWLRQ�FRUUHVSRQGLQJ�WR�WKH

SK\VLFDO�PRGHO�0K�

)RU�WKH�H[DPSOH�KHUH��WKH�WRWDO�QXPEHU�RI�SRVVLEOH�SDWWHUQV�HTXDOV�K
P
���,Q�JHQHUDO�FDVHV�

WKH�QXPEHU�RI�WKH�SDWWHUQV�IRU�WKH�QRQ�QXOO�PRGHOV�LV�Z����HDFK�PRGHO�FRUUHVSRQGV�WR�D

VLQJOH�SDWWHUQ����7KHQ�WKH�QXPEHU�RI�SRVVLEOH�SDWWHUQV�DVVRFLDWHG�RQO\�ZLWK�WKH�QXOO�PRGHO

ZLOO�EH�K
P
���Z�����1RWLFH�WKDW�WKHUH�LV�D�SUREDELOLW\�LQ�WKH�RUGHU�RI���KP�WKDW�DQ\�JLYHQ

PRGHO�SDWWHUQ�ZLOO�DSSHDU�HYHQ�ZKHQ�WKH�VWXGHQW�LV�XVLQJ�D�QXOO�PRGHO���7KLV�LV�RQO\

VLJQLILFDQW�ZKHQ�¦K§�LV�VPDOO��d�������6LQFH�ZH�ZRQ©W�VWXG\�WKH�GHWDLOV�RI�WKH�GLIIHUHQW
SRVVLEOH�FRQILJXUDWLRQV�RI�WKH�QXOO�PRGHOV��ZH�FDQ�VWLOO�UHSUHVHQW�WKHP�ZLWK�0����7KHUHIRUH�

0��ZLOO�RIWHQ�EH�DVVRFLDWHG�ZLWK�TXLWH�D�QXPEHU�RI�UDQGRP�SDWWHUQV�

1H[W��OHW�XV�GHILQH�WKH�VWXGHQW�UHVSRQVH�SDWWHUQ�DV�6N��ZKHUH�N� �������1�UHSUHVHQWV�WKH

GLIIHUHQW�VWXGHQWV���:ULWH�6N�LQ�WKH�IRUP�RI�D�YHFWRU
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1RZ�,�ZLOO�LQWURGXFH�D�ORJLFDO�RSHUDWLRQ�¦$§�WKDW�PHDVXUHV�WKH�DJUHHPHQW�RI�WZR
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ZKHUH�;�DQG�<�DUH�WZR�DUELWUDU\�V\PEROV���$�YHFWRU�RSHUDWLRQ�FDQ�DOVR�EH�GHILQHG�E\
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7KLV�JLYHV�D�YDOXH�EHWZHHQ���DQG�WKH�GLPHQVLRQ�RI�WKH�YHFWRU���,W�FDQ�EH�XVHG�WR�HYDOXDWH

WKH�V\PEROLF�DJUHHPHQW�RI�WZR�YHFWRUV�

x 0RGHOLQJ�6WXGHQW�5HVSRQVHV�ZLWK�&3$

*LYHQ�D�VWXGHQW�UHVSRQVH�SDWWHUQ�6N��ZH�FDQ�FUHDWH�WKH�VWXGHQW�PRGHO�YHFWRU�ZLWK�WKH

IROORZLQJ�SURFHGXUHV���)LUVW��6N�LV�FRPSDUHG�WR�DOO�WKH�3K©V���,I�D�SHUIHFW�PDWFK�LV�IRXQG��WKH

FRUUHVSRQGLQJ�0K�ZLOO�EH�XVHG�DV�WKH�VWXGHQW�PRGHO���,I�QR�SHUIHFW�PDWFK�LV�IRXQG��WKHQ�WKH

DJUHHPHQW�ZLWK�HDFK�3K�ZLOO�EH�VWRUHG�LQ�D�ZHLJKW�YHFWRU�GHILQHG�DV
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�UHSUHVHQWV�WKH�FRQWULEXWLRQ�IURP�WKH�QXOO�PRGHO�DQG�LW�LV�HTXDO�WR�WKH�WRWDO�QXPEHU

RI�WKRVH�HOHPHQWV�LQ�6N�WKDW�KDYH�QRW�PDGH�FRQWULEXWLRQ�WR�DQ\�*K

N
�ZLWK�K!���

,Q�VRPH�FDVHV��VRPH�RI�WKH�PXOWLSOH�FKRLFH�UHVSRQVHV�PD\�EH�LQWHUSUHWHG�DV�PDWFKLQJ

PRUH�WKDQ�RQH�PRGHO��WKHUHIRUH��LW�LV�SRVVLEOH�WR�KDYH
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6LQFH�WKH�RYHUODSSLQJ��RQH�WR�PDQ\��KDSSHQV�LQ�WKH�PRGHOHG�SDUW�RI�WKH�ZHLJKW�YHFWRU��*K
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7KH�VWHSV�WR�JHW�FODVV�PRGHO�GHQVLW\�PDWUL[�DQG�VWXGHQW�PRGHO�VWDWHV�ZLOO�EH�WKH�VDPH�DV�LQ

PRGHO�DQDO\VLV�GLVFXVVHG�LQ�&KDSWHU���

x $QDO\VLV�RI�)0&(�4XHVWLRQV�ZLWK�1HZWRQ�,,,

4XHVWLRQV����WR����DUH�XVHG�LQ�RXU�DQDO\VLV���,Q�WDEOH������WKH�IRXU�SK\VLFDO�PRGHOV�ZLWK

WKH�FRQILJXUDWLRQV�RI�WKH�FRUUHVSRQGLQJ�SK\VLFDO�IHDWXUHV�DUH�OLVWHG���$�ELQDU\�FRGLQJ�LV

XVHG�WR�UHSUHVHQW�WKH�GLIIHUHQW�FRQILJXUDWLRQV�ZKHUH�D�YDOXH�¦�§��¦�§��VWDQGV�IRU�WKH

H[LVWHQFH�RI�D�GHSHQGHQW��LQGHSHQGHQW��UHODWLRQ���7KH�UHVSRQVH�SDWWHUQV�IRU�WKH�ILYH

TXHVWLRQV�DUH�DOVR�OLVWHG�
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$V�ZH�FDQ�VHH��RQ�TXHVWLRQ����VWXGHQWV�ZLWK�DOO�WKH�GLIIHUHQW�PRGHOV�ZLOO�SURGXFH�WKH

VDPH�UHVSRQVH���7KHUHIRUH��WKLV�TXHVWLRQ�LV�QRW�LQFOXGHG�LQ�ODWHU�FDOFXODWLRQ���8VLQJ�WKH

&3$�PHWKRG��WKH�SUH�LQVWUXFWLRQDO�VWXGHQW�FODVV�PRGHO�GHQVLW\�PDWUL[�LV�FDOFXODWHG�ZLWK

GDWD�IURP�TXHVWLRQV�������������DQG������7KH�GHQVLW\�PDWUL[�LV�VKRZQ�LQ�WDEOH�����

7KH�GHQVLW\�PDWUL[�KDV���GLPHQVLRQV�ZLWK�0��DV�WKH�QXOO�PRGHO���)URP�WKH�GHQVLW\

PDWUL[��ZH�FDQ�VHH�WKDW�EHIRUH�LQVWUXFWLRQ��WKH�PDMRULW\�RI�WKH�VWXGHQWV�DUH�FRQFHQWUDWHG�RQ

WKH�LQFRUUHFW�PRGHOV��0����0���DQG�0��KDV�WKH�GRPLQDQW�SRSXODWLRQ���,W�FDQ�DOVR�EH

REVHUYHG�WKDW�WKH�RII�GLDJRQDO�HOHPHQWV�LQYROYLQJ�0��DUH�VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH

LQYROYLQJ�0���0���DQG�0����7KLV�LQGLFDWHV�WKDW�VWXGHQWV�JLYLQJ�UHVSRQVHV�FRUUHVSRQGLQJ�WR

WKH�FRUUHFW�PRGHO��0���DUH�TXLWH�FRQVLVWHQW�RQ�XVLQJ�WKHLU�PRGHO��ZKLFK�DOVR�LPSOLHV�WKDW

VWXGHQWV�XVLQJ�RQH�RI�WKH�LQFRUUHFW�PRGHOV�KDYH�D�VWURQJHU�WHQGHQF\�WR�VZLWFK�EHWZHHQ

GLIIHUHQW�LQFRUUHFW�PRGHOV��L�H���WKH�PL[LQJ�ZLWKLQ�WKH�JURXS�RI�LQFRUUHFW�PRGHOV�DUH�PXFK

KLJKHU�WKDQ�WKH�PL[LQJ�EHWZHHQ�WKH�FRUUHFW�PRGHO�DQG�WKH�LQFRUUHFW�PRGHOV�

7KH�FODVV�PRGHO�GHQVLW\�PDWUL[�IRU�SRVW�LQVWUXFWLRQDO�GDWD�LV�DOVR�FDOFXODWHG�DQG�VKRZQ

LQ�WDEOH�������7KH�GDWD�LV�IURP�FODVVHV�ZLWK�5HDO�7LPH�3K\VLFV��'DWD�IURP�FODVVHV�ZLWK

WUDGLWLRQDO�LQVWUXFWLRQ�VKRZ�OLWWOH�GLIIHUHQFH�EHWZHHQ�SUH�DQG�SRVW�WHVW�UHVXOWV�DQG�LV�QRW

XVHG�KHUH���$OO�GDWD�DUH�IURP�&DO3�IRU�WKH�VHPHVWHU�RI�VSULQJ������

7KH�UHVXOWV�VKRZ�WKDW�PDQ\�VWXGHQWV�VZLWFKHG�WR�WKH�FRUUHFW�PRGHO��0���DIWHU

LQVWUXFWLRQ���7KH�QXPEHU�RI�VWXGHQWV�XVLQJ�WKH�LQFRUUHFW�PRGHOV�LV�VLJQLILFDQWO\�UHGXFHG�

$JDLQ�ZH�FDQ�VHH�WKDW�VWXGHQWV�ZLWK�D�FRUUHFW�PRGHO�DUH�TXLWH�FRQVLVWHQW�LQ�XVLQJ�LW�DQG

VWXGHQWV�ZLWK�LQFRUUHFW�PRGHOV�DUH�OLNHO\�WR�VZLWFK�EHWZHHQ�WKH�GLIIHUHQW�LQFRUUHFW�RQHV�

7DEOH������6WXGHQW�PRGHOV�DQG�UHVSRQVH�SDWWHUQV�RQ

1HZWRQ�,,,�TXHVWLRQ�LQ�)0&(�WHVW

0DVV 9HORFLW\ 4���4��
0� � � (((((

0� � � (%%(%

0� � � $$$((

0� � � $)%(%��$))(%

7DEOH������7KH�FODVV�PRGHO�GHQVLW\�PDWUL[�IRU�)0&(

TXHVWLRQV�RQ�1HZWRQ�,,,��SUH�LQVWUXFWLRQ�

0� 0� 0� 0� 0�
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0� � ����� ����� ����� �����
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7R�VHH�PRUH�GHWDLOV�RQ�VWXGHQW�FODVV�PRGHO�VWDWHV��WKH�HLJHQYHFWRUV�RI�WKH�SUH�DQG�SRVW�

LQVWUXFWLRQDO�PRGHO�GHQVLW\�PDWULFHV�DUH�FDOFXODWHG�DQG�SORWWHG�LQ�ILJXUH�����

7DEOH������7KH�FODVV�PRGHO�GHQVLW\�PDWUL[�IRU�)0&(�TXHVWLRQV�RQ

1HZWRQ�,,,��SRVW�LQVWUXFWLRQ�ZLWK�5HDO�7LPH�3K\VLFV�
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�D� 0RGHO HOHPHQWV RI WKH ILUVW WZR HLJHQVWDWHV ZLWK ODUJHVW DQG VHFRQG ODUJHVW HLJHQYDOXHV

�E� 'LVWULEXWLRQ RI HLJHQYDOXHV IRU DOO ILYH HLJHQVWDWHV

)LJXUH�������0RGHO�HOHPHQWV�DQG�HLJHQYDOXH�GLVWULEXWLRQV�RI�WKH�ILUVW�WZR�HLJHQYHFWRUV
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7KH�HLJHQVWDWHV�DUH�QXPEHUHG�DFFRUGLQJ�WR�WKH�YDOXH�RI�WKHLU�HLJHQYDOXHV��IURP�ODUJH�WR

VPDOO����6LQFH�WKH�VXP�RI�WKH�HLJHQYDOXHV�RI�WKH�ILUVW�WZR�FODVV�PRGHO�VWDWHV�LV�ODUJHU�WKDQ

������RQO\�WKHVH�WZR�PRGHO�VWDWHV�DUH�SORWWHG�LQ�ILJXUH����D��LQ�PRGHO�HQHUJ\��VHH�FKDSWHU

�����,Q�ILJXUH����E��WKH�GLVWULEXWLRQ�RI�WKH�HLJHQYDOXHV�IRU�DOO�HLJHQYHFWRUV�DUH�DOVR�SORWWHG

IRU�ERWK�SUH�DQG�SRVW�UHVXOWV���+HUH��ZH�FDQ�DOVR�VHH�WKDW�WKH�VWXGHQWV�RIWHQ�KDYH�TXLWH

GLIIHUHQW�PRGHO�VWDWH��HLWKHU�FRUUHFW�RU�LQFRUUHFW����7KHUHIRUH��HYHQ�WKRXJK�WKH�HLJHQYDOXH

IRU�WKH�SULPDU\�VWDWH�LV�FRPSDUDWLYHO\�VPDOO��ZH�FDQ�VWLOO�XVH�HLJHQYDOXH�GHFRPSRVLWLRQ�WR

DQDO\]H�WKH�FODVV��VHH�FKDSWHU���IRU�PRUH�GHWDLOV��

$�FRPSDULVRQ�RI�WKH�SULPDU\�PRGHO�VWDWHV�VKRZV�FOHDU�FRQFHQWUDWLRQ�RQ�0��IRU�SUH�GDWD

DQG�0��IRU�SRVW�GDWD���7KH�VHFRQGDU\�PRGHO�IRU�SUH�LQVWUXFWLRQDO�GDWD�VKRZV�PRUH�PL[LQJ

LQ�EHWZHHQ�WKH�LQFRUUHFW�PRGHOV���7KH�SRVW�LQVWUXFWLRQDO�PRGHOV�LQGLFDWH�YHU\�FRQVLVWHQW

0��DQG�0��DOWKRXJK�WKH�PL[LQJ�DPRQJ�WKH�LQFRUUHFW�PRGHOV�LV�VWLOO�KLJKHU�WKDQ�WKDW

EHWZHHQ�WKH�FRUUHFW�DQG�LQFRUUHFW�PRGHOV�

$V�LPSOLHG�E\�WKH�DQDO\VLV��0��DQG�0��DUH�QRW�YHU\�SRSXODU��VPDOO�GLDJRQDO�HOHPHQWV�

DQG�VWXGHQWV�ZLWK�WKHVH�WZR�PRGHOV�DUH�PRUH�OLNHO\�WR�PL[�ZLWK�0��WKDQ�VWXGHQWV�ZLWK�0��

7KHUHIRUH��ZH�FDQ�FROODSVH�0���0��DQG�0��LQWR�RQH�LQFRUUHFW�PRGHO�GHQRWHG�DV�0�c�DQG
IRUP�D���'�PRGHO�VSDFH�ZLWK�0��FRUUHFW���0�c�LQFRUUHFW��DQG�0���QXOO�PRGHO����$V�ZH�FDQ

VHH��WKLV�UHVXOW�DJUHHV�ZLWK�WKH�GRPLQDQW�DJHQW�PRGHO�GLVFXVVHG�LQ�FKDSWHU�����7KH���'

PRGHO�VSDFH�FDQ�VLJQLILFDQWO\�VLPSOLI\�WKH�FDOFXODWLRQV�DQG�PDNHV�LW�HDVLHU�WR�FRPSDUH�ZLWK

WKH�UHVXOWV�IURP�RWKHU���PRGHO�H[DPSOHV�VXFK�DV�)&,�UHVXOWV���6LQFH�TXHVWLRQ����GRHV�QRW

GLVWLQJXLVK�WKH�PRGHOV��LW�LV�UHPRYHG�IURP�RXU�GDWD�VHW�

7KH�FRQVWUXFWLRQ�RI�WKH�FRPELQHG���'�PRGHO�VSDFH�LV�VKRZQ�LQ�WDEOH��������$V�ZH�FDQ

VHH��0�c��WKH�PDMRU�LQFRUUHFW�PRGHO��LQFOXGHV�WKH�HOHPHQWV�IURP�0���0��DQG�0����7KH

GHWDLOV�RI�WKH�WUDQVLWLRQV�EHWZHHQ�WKHVH�LQFRUUHFW�PRGHOV�DUH�ILQH�VWUXFWXUHV�ZLWKLQ�WKH

JHQHUDO�0�c�VWDWH�DQG�ZLOO�QRW�EH�GLVFXVVHG�LQ�WKLV�GLVVHUWDWLRQ���+HUH�WKH�FDOFXODWLRQ�LV
IRFXVHG�RQ�VWXGHQW�PRGHO�PL[LQJ�EHWZHHQ�0��DQG�0�c�

7KH�WKUHH�QHZ�PRGHOV�FDQ�WKHQ�EH�GHVFULEHG�DV�

0�� 1XOO�PRGHO

0�� 'XULQJ�WKH�LQWHUDFWLRQ��WKH�IRUFH�GRHV�QRW�GHSHQG�RQ�HLWKHU�PDVV�RU�YHORFLW\�RI

� WKH�REMHFW���&RUUHFW�

0�c� 'XULQJ�WKH�LQWHUDFWLRQ��WKH�IRUFH�LV�GHSHQGHQW�RQ�PDVV��YHORFLW\�RU�ERWK�

� �,QFRUUHFW�

7DEOH��������5HRUJDQL]H�WKH���'�PRGHO�VSDFH��1���RI�WKH

)0&(�TXHVWLRQV�WR�D���'�PRGHO�VSDFH

9HFWRU 1RWHV 4��������������

0�c ��� ,QFRUUHFW
$)%%��$))%

(%%%���$$$(

0� ��� &RUUHFW ((((

0� ��� 1RLVH 2WKHU
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%DVHG�RQ�WKH�SDWWHUQV�LQ�WDEOH�������ZH�FDQ�XVH�&3$�DJDLQ�WR�PRGHO�WKH�VWXGHQW

UHVSRQVHV���1RWLFH�WKDW�WKHUH�DUH���SDWWHUQV�FRUUHVSRQGLQJ�WR�0�c���,Q�WKH�FDOFXODWLRQ��ILUVW�
VWXGHQW�UHVSRQVHV�DUH�PDWFKHG�ZLWK�DOO�IRXU�SDWWHUQV���,I�D�SHUIHFW�PDWFK�LV�IRXQG��WKH

VWXGHQW�ZLOO�EH�DVVLJQHG�ZLWK�0�c���,I�QR�SHUIHFW�PDWFK�LV�IRXQG��WKH�ODUJHVW�ZHLJKLQJ�IDFWRU
IURP�WKH�IRXU�PDWFKHV�LV�XVHG�DV�WKH�ZHLJKW�IRU�0�c���'HILQH�WKH���'�VWXGHQW�PRGHO
UHVSRQVH�YHFWRU�DV�UN�ZH�FDQ�ZULWH
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ZKHUH�WKH�IXQFWLRQ�0D[���UHWXUQV�WKH�PD[LPXP�YDOXH�IURP�WKH�LQSXW�YDULDEOHV���7KH

FRUUHVSRQGLQJ�VWXGHQW�PRGHO�YHFWRU�XN�LV
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:LWK�WKH�WKUHH�PRGHO�VSDFH��VWXGHQW�GDWD�FDQ�EH�DQDO\]HG�VLPLODUO\�DV�GHVFULEHG�LQ

FKDSWHU�����7KH�VWXGHQW�PRGHO�VWDWHV�DUH�SORWWHG�LQ�ILJXUH�����
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7UG�3UH

7UG�3RVW

5WS�3UH
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)LJXUH�������&DO3�VWXGHQW�PRGHO�SORW�RQ�1HZWRQ�,,,�FDOFXODWHG

ZLWK�)0&(�TXHVWLRQV�������������DQG���
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$V�ZH�FDQ�VHH��ERWK�JURXSV�RI�VWXGHQWV�VWDUW�DW�D�YHU\�VLPLODU�VLWXDWLRQ���7KH�VWXGHQWV

ZLWK�5HDO�7LPH�3K\VLFV�ODEV�KDYH�D�JUHDWHU�LPSURYHPHQW�WRZDUG�WKH�FRUUHFW�SK\VLFDO

PRGHO�WKDQ�WKH�VWXGHQWV�ZLWK�WUDGLWLRQDO�ODEV���7KH�IUDFWLRQ�RI�WKH�SRVVLEOH�PRGHO�JDLQ

DWWDLQHG�LV�DOVR�FDOFXODWHG�LQ�WDEOH������

)URP�WKH�UHVXOWV��WKH�PRGHO�EDVHG�SHUIRUPDQFH�RI�WKH�VWXGHQWV�ZLWK�573�LV�VLPLODU�WR

WKDW�RI�WKH�VWXGHQWV�ZLWK�WXWRULDOV�IRXQG�ZLWK�)&,�GDWD�LQ�FKDSWHU�����7KHVH�FODVVHV�DOVR

KDYH�VLPLODU�SRVVLEOH�PRGHO�JDLQV���+RZHYHU�WKH�DEVROXWH�ILQDO�PRGHO�VWDWHV�DUH�VWLOO�PXFK

OHVV�IDYRUDEOH�WKDQ�WKH�UHVXOWV�IURP�)&,���)RU�VWXGHQWV�ZLWK�WUDGLWLRQDO�LQVWUXFWLRQV��WKH

SHUIRUPDQFH�LV�PXFK�SRRUHU�RQ�WKH�)0&(�

6LQFH�WKHVH�UHVXOWV�DUH�IURP�WZR�GLIIHUHQW�JURXSV�RI�VWXGHQWV�XQGHU�GLIIHUHQW

LQVWUXFWLRQV��DQG�WKH�GDWD�LV�REWDLQHG�ZLWK�GLIIHUHQW�WHVWV��WKHUH�DUH�PDQ\�XQFHUWDLQ�IDFWRUV

WKDW�PD\�FDXVH�WKH�GLIIHUHQFH���$V�SRLQWHG�RXW�HDUOLHU��WKHUH�DUH�WZR�LGHQWLFDO�TXHVWLRQV�LQ

ERWK�WHVWV���7KHUHIRUH��ZH�FDQ�XVH�WKHVH�WZR�TXHVWLRQV�WR�ILQG�RXW�WKH�GLIIHUHQFH�EHWZHHQ

WKH�WZR�JURXSV�RI�VWXGHQWV�

x &RPSDULVRQ�RI�6WXGHQW�3HUIRUPDQFH�RQ�)&,�DQG�)0&(

8VLQJ�WKH�WZR�LGHQWLFDO�TXHVWLRQV��)&,�������DQG�)0&(���������WKH�FODVV�PRGHO�VWDWHV

IRU�WKH�WZR�JURXSV�RI�VWXGHQWV��80G�DQG�&DO3��DUH�FDOFXODWHG���7KH�VDPH���'�PRGHO�VSDFH

GLVFXVVHG�LQ�FKDSWHU���LV�XVHG�DQG�WKH�VWXGHQW�UHVSRQVHV�DUH�FRGHG�ZLWK�LWHP�EDVHG�PRGHO

DVVLJQPHQW��VHH�WDEOH�������

7KH�UHVXOWV�RI�WKH�FODVV�PRGHO�VWDWHV�IRU�WKH�WZR�JURXSV�RI�VWXGHQWV�DUH�VKRZQ�LQ�ILJXUH

������)RU�HDV\�FRPSDULVRQ��WKH�FODVV�PRGHO�VWDWHV�REWDLQHG�ZLWK�)0&(�TXHVWLRQV�������DUH

DOVR�SORWWHG��WKHVH�VWDWHV�DUH�WKH�VDPH�RQHV�LQ�ILJXUH������

7DEOH�������7KH�IUDFWLRQ�RI�SRVVLEOH

PRGHO�JDLQ�RQ�1HZWRQ�,,,��)0&(�

0

7UDGLWLRQDO �����
573 �����

7DEOH�������0RGHOLQJ�VFKHPH�RI�WKH�WZR�LGHQWLFDO�TXHVWLRQV�RQ�)&,�DQG�)0&(�WHVW

4XHVWLRQ &RUUHFW ,QFRUUHFW 1XOO

�� D E��F G��H��M
)0&(

�� H E��G D��F��M

�� H E��G D��F
)&,

�� D E��F G��H
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7KH�UHVXOWV�VKRZ�WKDW�VWXGHQWV�IURP�WKH�WZR�VFKRROV�KDYH�QRWLFHDEO\�GLIIHUHQW�LQLWLDO

VWDWHV��VHH�JURXS�¦E§�DQG�JURXS�¦F§����7KLV�LQGLFDWHV�WKDW�WKH�EDFNJURXQGV�RI�WKH�VWXGHQWV

IURP�WKH�WZR�VFKRROV�DUH�GLIIHUHQW���6WXGHQWV�DW�&DO3�KDYH�D�PRUH�GRPLQDQW�LQFRUUHFW�LQLWLDO

VWDWH��ODUJHU�HLJHQYDOXHV�ZKLFK�FDQ�EH�LQIHUUHG�IURP�WKH�VKRUWHU�GLVWDQFH�EHWZHHQ�WKH

PRGHO�VWDWHV�DQG�WKH�XSSHU�ERXQGDU\�OLQH����,Q�DGGLWLRQ��WKH�PRGHO�VWDWHV�DUH�DOVR�PRUH
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)0&(�7UG�3UH

)0&(�7UG�3RVW

)0&(�573�3UH

)0&(�573�3RVW

)&,�7UG�3UH

)&,�7UG�3RVW

)&,�7XW�3UH

)&,�7XW�3RVW

)0&(������

)LJXUH������&RPSDULVRQ�RI�FODVV�PRGHO�VWDWHV�RQ�1��XQGHU�GLIIHUHQW

VLWXDWLRQV���$OO�VWDWHV�ZLWK�DUURZV�VKRZLQJ�WKH�SUH�DQG�SRVW�UHVXOWV�VKLIWV

DUH�REWDLQHG�ZLWK�WKH�WZR�LGHQWLFDO�TXHVWLRQV���7KH�)&,�GDWD�LV�WDNHQ

IURP�80G���7KH�)0&(�GDWD�LV�IURP�&DO3���7KH�TXHVWLRQ�JURXSV�DUH�

$��)0&(�TXHVWLRQV����DQG������%��)0&(�TXHVWLRQV�������������DQG

�����&��)&,�TXHVWLRQV����DQG�������*URXS�$�DQG�&�DUH�LGHQWLFDO�

D��7KH�WZR�LQLWLDO�VWDWHV�VKRZQ�LQ�ILJXUH������ZKLFK�LV�REWDLQHG�IURP

)0&(�TXHVWLRQV��JURXS�%��

E��7KH�WZR�LQLWLDO�VWDWHV�REWDLQHG�ZLWK�WKH�WZR�LGHQWLFDO�TXHVWLRQV�

)0&(�TXHVWLRQV��JURXS�$���IURP�WKH�VDPH�JURXS�RI�VWXGHQW�DV�LQ�¦D§�

F��7KH�WZR�LQLWLDO�VWDWHV�REWDLQHG�ZLWK�WKH�WZR�LGHQWLFDO�TXHVWLRQV��)&,

TXHVWLRQV��JURXS�&���IURP�80G�VWXGHQWV�

G��7KH�SRVW�LQVWUXFWLRQ�PRGHO�VWDWH�RI�&DO3�VWXGHQWV�ZLWK�WUDGLWLRQDO

LQVWUXFWLRQ��REWDLQHG�ZLWK�)0&(�TXHVWLRQV�¤�JURXS�&��
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FRQVLVWHQW��OHVV�PL[LQJ����7KHVH�UHVXOWV�LQGLFDWH�WKDW�FRPSDUHG�WR�80G�VWXGHQWV��WKHUH�DUH

PRUH�&DO3�VWXGHQWV�KDYLQJ�TXLWH�FRQVLVWHQW�LQFRUUHFW�LQLWLDO�PRGHOV�RQ�1��

:LWK�WZR�GLIIHUHQW�VHWV�RI�TXHVWLRQV��JURXS�$�¤�TXHVWLRQ����DQG�����JURXS�%�¤

TXHVWLRQV�������������DQG������WKH�VWXGHQWV�IURP�&DO3�VKRZ�FRPSDUDWLYHO\�VLPLODU�LQLWLDO

VWDWHV��VHH�ILJXUH�����IRU�FDVHV�¦D§�DQG�¦E§����7KLV�LQGLFDWHV�WKDW�ERWK�VHWV�RI�TXHVWLRQV�JLYH

IDLUO\�FRQVLVWHQW�PHDVXUHPHQW�RQ�VWXGHQW�PRGHOV�RI�1��

6WLOO��ZH�ZRXOG�OLNH�WR�XQGHUVWDQG�ZKDW�GLIIHUHQW�DVSHFWV�PLJKW�EH�SUREHG�E\�XVLQJ�WKH

WZR�GLIIHUHQW�WHVWV���7R�GR�VR��ZH�QHHG�WR�ILQG�WZR�VLPLODU�VWXGHQW�SRSXODWLRQV���)URP�ILJXUH

�����ZH�FDQ�VHH�WKDW�WKH�ILQDO�PRGHO�VWDWH�RI�WKH�VWXGHQWV�IURP�&DO3�ZLWK�WUDGLWLRQDO

LQVWUXFWLRQ�LV�DOPRVW�LGHQWLFDO�WR�WKH�LQLWLDO�VWDWHV�RI�VWXGHQWV�IURP�80G���7KHUHIRUH��ZH�FDQ

XVH�WKH�UHVXOWV�IURP�WKHVH�WZR�JURXSV�RI�VWXGHQWV�WR�FRPSDUH�WKH�GLIIHUHQW�IHDWXUHV�RI�WKH

WZR�WHVWV�

(YDOXDWLRQ�RI�0XOWLSOH�&KRLFH�'LDJQRVWLF�,QVWUXPHQWV

0RGHO�7ULJJHULQJ�3URSHUWLHV

$V�GLVFXVVHG�LQ�FKDSWHU����VWXGHQW�PRGHOV�DUH�KLJKO\�FRQWH[W�GHSHQGHQW���7KH�VWUXFWXUH

RI�D�WHVW�TXHVWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�VWXGHQW�PRGHO�WULJJHULQJ�SURFHVV���2XU�JRDO

KHUH�LV�WR�PHDVXUH�WKH�VWXGHQW�PRGHO�VWDWHV��ZKLFK�DUH�RIWHQ�PL[HG�VWDWHV���7KHUHIRUH��KRZ

GLIIHUHQW�VHWWLQJV�RI�WHVW�TXHVWLRQV�FDQ�DIIHFW�WKH�VWXGHQW�PRGHO�WULJJHULQJ�SURFHVV�DQG�WKH

PHDVXUHPHQW�RI�WKH�FRUUHVSRQGLQJ�VWXGHQW�PRGHO�VWDWHV�DUH�RI�JUHDW�LPSRUWDQFH�WR

UHVHDUFKHUV�IRU�ERWK�FRUUHFW�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�DQG�WKH�GHVLJQ�RI�HIIHFWLYH

LQVWUXPHQWV���,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�LQWURGXFH�WKUHH�PDWKHPDWLFDO�WRROV�WKDW�FDQ

SURYLGH�DVVHVVPHQW�RQ�GLIIHUHQW�PRGHO�WULJJHULQJ�IHDWXUHV�RI�WHVW�TXHVWLRQV�

0RGHO�+RSSLQJ�¤�$�GLIIHUHQWLDO�HYDOXDWLRQ�RI�PRGHO�WULJJHULQJ�IHDWXUHV

)URP�ILJXUH������ZH�FDQ�VHH�WKDW�IRU�WKH�VDPH�VWXGHQWV��&DO3��WUDGLWLRQDO�LQVWUXFWLRQ��

WKH�WZR�JURXSV�RI�TXHVWLRQV��JURXS�$�¤�TXHVWLRQ����DQG�����JURXS�%�¤�TXHVWLRQV������������

DQG�����JHQHUDWH�TXLWH�GLIIHUHQW�FODVV�PRGHO�VWDWHV�IURP�SRVW�LQVWUXFWLRQDO�GDWD���6LQFH�WKH

VWXGHQWV�DUH�WKH�VDPH��WKH�GLIIHUHQFH�KDV�WR�EH�FDXVHG�E\�GLIIHUHQW�VHWWLQJV�RI�WKH�TXHVWLRQV�

7KH�VWDWH�IURP�JURXS�%�LQGLFDWHV�D�PRUH�FRQVLVWHQW�LQFRUUHFW�PRGHO���7KH�GHWDLOV�RI�WKH

TXHVWLRQV�LQ�JURXS�%��VHH�$SSHQGL[�$��UHYHDO�WKDW�DOO�IRXU�TXHVWLRQV�LQ�WKH�JURXS�GHDO�ZLWK

D�VLPLODU�FRQWH[W�VWRU\�OLQH�RI�¦FDU�¤�WUXFN�FROOLVLRQ§�DQG�WKH�TXHVWLRQV�DUH�DOO�JURXSHG

WRJHWKHU���7KH�WZR�TXHVWLRQV�LQ�JURXS�$�GHDO�ZLWK�WZR�GLIIHUHQW�FRQWH[WV���,Q�DGGLWLRQ��WKH

WZR�JURXSV�RI�TXHVWLRQV�DOVR�GHDO�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV���*URXS�$�GHDOV�ZLWK�WKH

VRXUFH�RI�WKH�IRUFH�DQG�WKH�PDVV�LVVXH��ZKLOH�JURXS�%�GHDOV�ZLWK�WKH�PDVV�LVVXH�DQG�WKH

YHORFLW\�LVVXH���7KLV�FDQ�DOVR�FRQWULEXWH�WR�WKH�GLIIHUHQFH�

6LQFH�WKH�PRGHOV�LQ�1��LQYROYH�PXOWLSOH�SK\VLFDO�IHDWXUHV��ZLWK�WKH�DYDLODEOH�TXHVWLRQV�

LW�LV�GLIILFXOW�WR�LVRODWH�HIIHFWV�FDXVHG�E\�WKH�LQGLYLGXDO�SK\VLFDO�IHDWXUHV�DQG�WKH�VWUXFWXUH

RI�WKH�GLIIHUHQW�VWRU\�OLQHV���7R�VLPSOLI\�WKH�VWXG\�RI�WKH�FRQWH[W�LVVXH��,�FKRRVH�WKH�)RUFH�¤

0RWLRQ�FRQFHSW�GRPDLQ��ZKLFK�LQYROYHV�RQO\�RQH�SK\VLFDO�IHDWXUH��YHORFLW\�
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7R�VWXG\�WKH�PRGHO�WULJJHULQJ�SURSHUWLHV�RI�WKH�TXHVWLRQV��,�ZLOO�LQWURGXFH�D�QHZ

PHDVXUHPHQW��WKH�PRGHO�KRSSLQJ�IUHTXHQF\���,W�FDQ�EH�HYDOXDWHG�LQ�WZR�ZD\V���2QH�ZD\�LV

WR�VWXG\�WKH�TXHVWLRQV�DQG�WKH�RWKHU�LV�WR�VWXG\�WKH�VWXGHQWV���$VVXPH�ZH�KDYH�D�VHW�RI

TXHVWLRQV�DOO�GHDOLQJ�ZLWK�D�VDPH�SK\VLFV�FRQFHSW���:KHQ�VWXG\LQJ�WKH�TXHVWLRQV��IK�LV

GHILQHG�DV�WKH�DYHUDJH�SUREDELOLW\�WKDW�D�SDUWLFXODU�TXHVWLRQ�ZLWKLQ�D�VHULHV�RI�TXHVWLRQV

ZLOO�WULJJHU�VWXGHQWV�WR�XVH�D�GLIIHUHQW�PRGHO�WKDQ�KH�VKH�GLG�RQ�RWKHU�TXHVWLRQV���:KHQ

VWXG\LQJ�D�VLQJOH�VWXGHQW��GHILQH�IV�DV�WKH�VLQJOH�VWXGHQW�PRGHO�KRSSLQJ�IUHTXHQF\�ZKLFK

JLYHV�WKH�DYHUDJH�QXPEHU�RI�WLPHV�WKDW�D�VLQJOH�VWXGHQW�ZLOO�FKDQJH�PRGHOV�WR�VROYH�D�VHW�RI

TXHVWLRQV���)RU�H[DPSOH��ZLWK�D�VHW�RI�ILYH�TXHVWLRQV��LI�D�VWXGHQW�XVH�PRGHOV�LQ�WKH�RUGHU�RI

����������������WKHUH�LV�RQH�FKDQJH�EHWZHHQ�WKH�ILUVW�DQG�WKH�VHFRQG�TXHVWLRQ�DQG�RQH�FKDQJH

EHWZHHQ�WKH�WKLUG�DQG�IRXUWK�TXHVWLRQ���6FDOHG�ZLWK�WKH�ODUJHVW�QXPEHU�RI�SRVVLEOH�PRGHO

FKDQJHV��� �����IV�LV�IRXQG�WR�EH����� �������7KHUHIRUH��IV�FDQ�EH�FDOFXODWHG�ZLWK

FKDQJHVPRGHOSRVVLEOHRI1XPEHU

FKDQJHVPRGHORI1XPEHU
I
V
 �����

1RWLFH�WKDW�IV�LV�DOZD\V�REWDLQHG�ZLWK�D�GHILQLWH�VHW�RI�TXHVWLRQV�LQ�D�JLYHQ�RUGHU���(YHQ�LI

RQO\�WKH�RUGHU�RI�TXHVWLRQV�LV�FKDQJHG��IV�QHHGV�WR�EH�PHDVXUHG�DQG�FDOFXODWHG�DJDLQ�

EHFDXVH�WKH�RUGHULQJ�RI�TXHVWLRQV�LV�DOVR�SDUW�RI�WKH�FRQWH[WXDO�LQIRUPDWLRQ�WKDW�PLJKW

UHVXOW�LQ�D�WULJJHULQJ�RI�GLIIHUHQW�PRGHOV��HVSHFLDOO\�ZKHQ�TXHVWLRQV�DUH�JURXSHG�QH[W�WR

HDFK�RWKHU��H�J��)0&(�TXHVWLRQV���a�����

:LWK�WKH�DERYH�H[DPSOH��VXSSRVH�WKH�ILYH�TXHVWLRQV�DUH�QRW�JURXSHG�WRJHWKHU�DQG�KDYH

GLIIHUHQW�FRQWH[W�VWUXFWXUHV�VR�HDFK�TXHVWLRQ�LQLWLDWHV�DQ�LQGHSHQGHQW�PRGHO�WULJJHULQJ

SURFHVV��H�J��)&,�TXHVWLRQV���������������������$VVXPH�WKH�VWXGHQW�GRHVQ©W�FKDQJH���7KHQ�ZH

H[SHFW�WKDW�ZH�FDQ�UHRUGHU�WKH�TXHVWLRQV�ZLWKRXW�FDXVLQJ�PXFK�GLIIHUHQFH�WR�WKH�GDWD���,I

ZH�VZLWFK�WKH�WKLUG�DQG�IRXUWK�TXHVWLRQ��WKH�PRGHO�XVHG�E\�WKH�VDPH�VWXGHQW�ZRXOG�EH����

��������������7KH�FRUUHVSRQGLQJ�IV�LV�IRXQG�WR�EH�����$V�ZH�FDQ�VHH��IV�KDV�VWURQJ�GHSHQGHQFH

RQ�WKH�RUGHULQJ�RI�WKH�TXHVWLRQV���7KLV�FDQ�FDXVH�SUREOHPV�ZKHQ�VWXG\LQJ�¦VWDQG�DORQH§

TXHVWLRQV�HDFK�ZLWK�UHDVRQDEO\�LQGHSHQGHQW�PRGHO�WULJJHULQJ�SURFHVV���,Q�VXFK�VLWXDWLRQV�

WKH�RUGHU�RI�WKH�TXHVWLRQV�VKRXOG�QRW�LPSRVH�VLJQLILFDQW�HIIHFW�RQ�WKH�UHVXOWV�

7R�REWDLQ�D�PRUH�FRPSOHWH�SLFWXUH�RI�WKH�PRGHO�WULJJHULQJ�IHDWXUHV�ZLWK�HPSKDVLV�RQ

TXHVWLRQV��,�ZRXOG�OLNH�WR�LQWURGXFH�D�PRGHO�KRSSLQJ�PDWUL[�)K�DV
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7KH�GLPHQVLRQ�RI�WKLV�PDWUL[�LV�WKH�QXPEHU�RI�TXHVWLRQV�LQ�WKH�TXHVWLRQ�VHW��¦P§��DQG�WKH

TXHVWLRQV�DUH�LQGH[HG�IURP���WKURXJK�P���7KH�HOHPHQW�IK
LM
�GHVFULEHV�WKH�PRGHO�KRSSLQJ

IUHTXHQF\�EHWZHHQ�TXHVWLRQ�L�DQG�M���'HQRWH�WKH�PRGHO�XVHG�E\�WKH�N
WK
�VWXGHQW�RQ�TXHVWLRQ�L

DV�0N
L
���)RU�D�WRWDO�RI�1�VWXGHQWV��IK

LM
�LV�FDOFXODWHG�ZLWK
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2EYLRXVO\��WKH�GLDJRQDO�HOHPHQWV�DUH�DOZD\V�]HUR���:KHQ�FRQVLGHULQJ�TXHVWLRQ�RUGHULQJ��LQ

JHQHUDO�IK
LM
�z�IK

ML
�DQG�WR�GHWHUPLQH�WKH�WZR�HOHPHQWV��ZH�QHHG�WR�DFWXDOO\�FDUU\�RXW�WZR

PHDVXUHPHQW�ZLWK�WZR�VHWV�RI�TXHVWLRQV�LQ�WKH�GLIIHUHQW�RUGHUV�

:KHQ�TXHVWLRQ�RUGHULQJ�LV�FRQVLGHUHG�LQVLJQLILFDQW��ZH�FDQ�XVH�XSSHU�KDOI�RI�WKH�PDWUL[

WR�VWRUH�GDWD�DQG�WKH�RYHUDOO�DYHUDJH�PRGHO�KRSSLQJ�IUHTXHQF\��IK��FDQ�EH�REWDLQHG�ZLWK
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,Q�WKH�)0&(�WHVW����TXHVWLRQV����������������������DUH�XVHG�WR�VWXG\�WKH�)0�PRGHO�

4XHVWLRQV���DQG���DUH�EDVHG�RQ�RQH�VWRU\�OLQH�EXW�ZLWK�WZR�GLIIHUHQW�VHWWLQJV�RQ�WKH�PRWLRQ

�SXVKLQJ�D�VOHG�RQ�LFH�VXUIDFH����4XHVWLRQV��������������DOO�GHDO�ZLWK�D�YHU\�VLPLODU�VWRU\�

OLQH�DQG�FRQWH[W�VHWWLQJV��WRVVLQJ�D�FRLQ�DQG�SXVKLQJ�D�FDUW�XS�DQ�LQFOLQHG�UDPS����7DEOH���

���JLYHV�WKH�PRGHO�KRSSLQJ�IHDWXUHV�IRU�DOO�VL[�TXHVWLRQV�ZLWK�WKUHH�JURXSV�RI�VWXGHQWV�

,Q�WDEOH�������WKH�TXHVWLRQV�LV�UHJURXSHG�LQ�WZR�JURXSV�WR�FDOFXODWH�WKH�IV���7KH�GDWD

XQGHU�HDFK�TXHVWLRQ�VKLIW�GHVFULEHV�WKH�DYHUDJH�QXPEHU�RI�PRGHO�FKDQJHV�RYHU�DOO�VWXGHQWV�

7KH�GDWD�XQGHU�¦3XUH§�GHVFULEHV�WKH�SHUFHQWDJH�RI�VWXGHQWV�ZKR�QHYHU�FKDQJH�WKHLU�PRGHO

RQ�DOO�TXHVWLRQV�LQ�WKH�JURXS�

)URP�WDEOH�������ZH�FDQ�VHH�WKDW�WKH�PRGHO�KRSSLQJ�DPRQJ�TXHVWLRQV��������������LV

VLJQLILFDQWO\�ORZHU�WKDQ�LI�TXHVWLRQ���RU���LV�LQYROYHG���,W�UHYHDOV�TXLWH�FOHDU�JURXSLQJ�RI

WZR�TXHVWLRQ�JURXSV��������DQG������������������7KLV�SKHQRPHQRQ�FDQ�EH�VHHQ�PRUH�FOHDUO\

LQ�WDEOH������ZKHUH�WKH�PRGHO�KRSSLQJ�IUHTXHQF\�EHWZHHQ�TXHVWLRQ���DQG���LV�VLJQLILFDQWO\
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D�GLIIHUHQW�PRGHO�DQG�GRHV�QRW�UHIOHFW�WKH�DEVROXWH�XVH�RI�D�SDUWLFXODU�PRGHO���7KDW�LV�ZLWK
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EDVHG�PRGHO�WULJJHULQJ�FRUUHODWLRQ�PDWUL[�IRU�WKH�N
WK
�VWXGHQW�ZLWK�5W

N
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7KHQ�WKH�TXHVWLRQ�EDVHG�PRGHO�WULJJHULQJ�FRUUHODWLRQ�PDWUL[�IRU�WKH�ZKROH�FODVV��GHQRWHG

ZLWK�5W��FDQ�EH�ILQG�ZLWK�

7DEOH�������4XHVWLRQ�EDVHG�PRGHO�WULJJHULQJ

SUREDELOLW\�RQ�WKH�SURMHFWLRQ�RI�WKH�FRUUHFW�PRGHO

7UG�3UH 7UG�3RVW 7XW�3RVW
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7KH�FUHDWLRQ�RI�WKLV�FRUUHODWLRQ�PDWUL[�LV�GLIIHUHQW�IURP�WKH�PHWKRG�XVHG�LQ�WUDGLWLRQDO

IDFWRU�DQDO\VLV���7KH�PHWKRG�XVHG�KHUH�LV�FDOOHG�PRGHO�EDVHG�FRUUHODWLRQ�FRQVWUXFWLRQ

ZKHUH�WKH�FRUUHODWLRQ�RI�WZR�PRGHO�VWDWHV�LV�FDOFXODWHG�ZLWK�WKH�VLPLODULW\�EHWZHHQ�WKH�WZR

VWDWHV��D�GRW�SURGXFW�EHWZHHQ�WZR�XQLWDU\�YHFWRUV��
�

8VLQJ�5W��ZH�FDQ�SHUIRUP�IDFWRU�DQDO\VLV�WR�VWXG\�LI�WKHUH�H[LVWV�DQ\�JHQHUDO�SDWWHUQV�RQ

WULJJHULQJ�VLPLODU�PRGHOV�ZLWK�GLIIHUHQW�TXHVWLRQV���$V�DQ�H[DPSOH��WKH�TXHVWLRQ�EDVHG

PRGHO�FRQVLVWHQF\�FRUUHODWLRQ�PDWUL[�FDOFXODWHG�LQ�WDEOH������ZLWK�SRVW�LQVWUXFWLRQ�)&,

GDWD��WXWRULDO�FODVVHV�DW�80G��

)URP�WDEOH�������ZH�FDQ�VHH�WKDW�WKH�PRGHO�VWDWHV�WULJJHUHG�ZLWK�TXHVWLRQV�������DQG���

KDYH�KLJK�FRUUHODWLRQ��PRGHO�VWDWHV�DUH�VLPLODU����7KH�PRGHO�VWDWHV�WULJJHUHG�ZLWK�TXHVWLRQ

� � �� �� ��

� � ���� ���� ���� ����
� ���� � ���� ��� ����
�� ���� ���� � ���� ����
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)LJXUH�������%LQDU\�UHODWLRQ�RI�WKH�PRGHO�FRQVLVWHQF\�FRUUHODWLRQ�PDWUL[�IRU

WKUHVKROG����

7DEOH�������4XHVWLRQ�EDVHG�PRGHO�FRQVLVWHQF\�FRUUHODWLRQ

PDWUL[�ZLWK�SRVW�WXWRULDO�)&,�GDWD��80G�VWXGHQWV�

� � �� �� ��

� � ���� ���� ���� ����
� ���� � ���� ��� ����
�� ���� ���� � ���� ����
�� ���� ��� ���� � ����
�� ���� ���� ���� ���� �
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���DQG����DUH�PXFK�OHVV�VLPLODU���7KLV�UHODWLRQ�FDQ�EH�VKRZQ�PRUH�FOHDUO\�E\�GHFRPSRVLQJ

WKH�FRUUHODWLRQ�PDWUL[�ZLWK�D�WKUHVKROG��VHH�ILJXUH�������
�
��7KHVH�UHVXOWV�VKRZ�FOHDU

JURXSLQJ�RI�TXHVWLRQV�������DQG����EDVHG�RQ�WKH�VLPLODULWLHV�RI�WKH�PRGHO�VWDWHV�WULJJHUHG�E\

WKHVH�TXHVWLRQV���7KH�PRGHO�VWDWHV�WULJJHUHG�E\�TXHVWLRQ����DQG����KDYH�UHODWLYHO\�ODUJH

GLIIHUHQFHV�FRPSDUHG�WR�WKH�RWKHU�WKUHH�TXHVWLRQV���$OWKRXJK�EHWZHHQ�WKH�WZR�TXHVWLRQV�WKH

FRUUHODWLRQ�LV�VOLJKWO\�KLJKHU��WKH�DEVROXWH�YDOXH�LV�VWLOO�VPDOO��a��������7KLV�LQGLFDWHV�WKDW

WKH�WZR�TXHVWLRQV�DOVR�WULJJHU�GLIIHUHQW�PRGHO�VWDWHV���&RPELQLQJ�WKH�UHVXOWV�IURP�WKH

PRGHO�WULJJHULQJ�SUREDELOLW\��LW�LPSOLHV�WKDW�TXHVWLRQ����DQG����KDV�OHVV�SUREDELOLW\�WR

WULJJHU�D�FRUUHFW�PRGHO�EXW�VWXGHQWV�DUH�RIWHQ�DIIHFWHG�E\�RQH�RI�WKH�WZR�TXHVWLRQV�DW�D

WLPH��QRW�ERWK���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�IURP�PRGHO�KRSSLQJ�DQG

TXHVWLRQ�EDVHG�PRGHO�WULJJHULQJ�SUREDELOLW\�

$V�ZH�FDQ�VHH��WKH�GLIIHUHQW�PHWKRGV�JLYH�GLIIHUHQW�DVSHFWV�RI�WKH�PRGHO�WULJJHULQJ

IHDWXUHV�RI�WKH�TXHVWLRQ�ZLWK�GLIIHUHQW�HPSKDVLV���,Q�RUGHU�WR�JHW�D�FRPSOHWH�SLFWXUH��ZH

QHHG�WR�DFWLYHO\�XVH�DOO�WKH�PHWKRGV�DQG�FRPELQH�WKH�UHVXOWV�WR�REWDLQ�DSSURSULDWH

LQWHUSUHWDWLRQV�

6WUXFWXUHV�RI�6WXGHQW�0RGHOV

6WXGHQW�PRGHOV�DUH�FRQWH[W�GHSHQGHQW���7KH�FRQWH[WXDO�LQIRUPDWLRQ�LV�VWURQJO\

LQYROYHG�LQ�WKH�PHQWDO�SURFHVVHV�RI�PRGHO�FRQVWUXFWLRQ��PRGHO�WULJJHULQJ�DQG�PRGHO

DSSOLFDWLRQ���7R�XQGHUVWDQG�VWXGHQW�PRGHO�VWUXFWXUHV�DQG�PRGHO�RSHUDWLRQ��LW�LV�LPSRUWDQW�WR

V\VWHPDWLFDOO\�VWXG\�WKH�FRQWH[W�GHSHQGHQFH�RI�VWXGHQW�PRGHOV�

3K\VLFDO�)HDWXUHV

3K\VLFDO�FRQWH[WV�H[LVW�LQ�YDULRXV�IRUPV�DQG�FRQWDLQ�QXPHURXV�GLIIHUHQW�IHDWXUHV���)RU�D

SDUWLFXODU�SK\VLFV�FRQFHSW�GRPDLQ��WKURXJK�V\VWHPDWLF�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK

ZH�FDQ�LGHQWLI\�D�ILQLWH�VHW�RI�UHOHYDQW�IHDWXUHV��GHILQHG�DV�SK\VLFDO�IHDWXUHV���$�SK\VLFDO

IHDWXUH�GHVFULEHV�D�XQLTXH�FRQWH[WXDO�DVSHFW�RI�D�SK\VLFV�UHSUHVHQWDWLRQ�DQG�LV�FRQVLGHUHG

UHOHYDQW�WR�WKH�SK\VLFV�FRQFHSW�RI�LQWHUHVWV�E\�H[SHUWV�DQG�VWXGHQWV���,Q�JHQHUDO��SK\VLFDO

IHDWXUHV�KDYH�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

��� 7KH�GHILQLWLRQ�RI�SK\VLFDO�IHDWXUHV�IRU�D�SDUWLFXODU�SK\VLFV�FRQFHSW�GRPDLQ�LV
SRSXODWLRQ�GHSHQGHQW�

$�SK\VLFV�FRQWH[W�FDQ�LQYROYH�PDQ\�GLIIHUHQW�IHDWXUHV�DQG�FDQ�DOVR�EH�UHODWHG�PDQ\

GLIIHUHQW�SK\VLFV�FRQFHSWV���:LWK�GLIIHUHQW�SK\VLFV�FRQFHSWV��GLIIHUHQW�VHWV�RI�SK\VLFDO

IHDWXUHV�FDQ�EH�GHILQHG�IRU�WKH�VDPH�FRQWH[W�DQG�WKH�GHILQLWLRQ�LV�GHSHQGHQW�RQ�WKH

EDFNJURXQG�RI�WKH�VWXGHQW�SRSXODWLRQ���)RU�H[DPSOH��ZKHQ�FRQVLGHULQJ�1HZWRQ�,,,�

H[SHUWV�NQRZ�WKDW�XQGHU�DQ\�FLUFXPVWDQFHV��WKH�IRUFH�GXULQJ�DQ�LQWHUDFWLRQ�LV�RSSRVLWH

DQG�KDV�WKH�VDPH�PDJQLWXGH���2Q�WKH�RWKHU�KDQG��WR�D�JURXS�RI�QDwYH�VWXGHQWV��WKH\

RIWHQ�FRQVLGHU�WKDW�YHORFLW\��PDVV��DFFHOHUDWLRQ�DQG�VRXUFH�RI�WKH�IRUFH�ZLOO�PDNH

GLIIHUHQFHV�WR�WKH�IRUFH�GXULQJ�DQ�LQWHUDFWLRQ���7R�RYHUO\�QDwYH�VWXGHQWV��H�J�

NLQGHUJDUWHQ�VWXGHQWV���LW�LV�DOVR�SRVVLEOH�IRU�WKHVH�VWXGHQWV�WR�FRQVLGHU�WKH�VL]H�RI�WKH

REMHFW�DV�DQ�LPSRUWDQW�IDFWRU���7KHUHIRUH��ZKHQ�GHILQLQJ�SK\VLFDO�IHDWXUHV��ZH�QHHG�WR

WDNH�LQWR�DFFRXQW�WKH�VWXGHQW�EDFNJURXQG�DQG�LGHQWLI\�WKHVH�SK\VLFDO�IHDWXUHV�WKURXJK

V\VWHPDWLF�UHVHDUFK�



���

��� 7KH�LQWHUSUHWDWLRQ�RI�D�SK\VLFDO�IHDWXUH�PD\�EH�GLIIHUHQW�IRU�GLIIHUHQW�SRSXODWLRQ�
)RU�D�SDUWLFXODU�SK\VLFDO�IHDWXUH��GLIIHUHQW�SHRSOH�PD\�KDYH�GLIIHUHQW�LQWHUSUHWDWLRQV

DOWKRXJK�WKH\�PD\�EH�XVLQJ�WKH�VDPH�WHUPLQRORJ\���7KLV�FDQ�DOVR�EH�D�UHDVRQ�IRU�PDQ\

VWXGHQW�GLIILFXOWLHV�ZKHUH�WKH\�DUH�XVLQJ�WKH�VDPH�ZRUGV�DV�H[SHUWV�ZRXOG�XVH�EXW

FRQVWUXFWLQJ�D�WRWDOO\�GLIIHUHQW�SLFWXUH�WKDQ�ZKDW�H[SHUWV�ZRXOG�H[SHFW���,Q�GHILQLQJ

SK\VLFDO�IHDWXUHV��WKH�UHFRJQL]HG�LQWHUSUHWDWLRQV�IURP�RXU�VFLHQFH�FRPPXQLW\�DUH�XVHG�

,Q�GHYHORSLQJ�GLDJQRVWLF�LQVWUXPHQWV��ZH�QHHG�WR�FRQVLGHU�VXFK�PLVLQWHUSUHWDWLRQ�DQG

GHVLJQ�DSSURSULDWH�WRROV�WR�PHDVXUH�WKLV�LQIRUPDWLRQ�

8VLQJ�SK\VLFDO�IHDWXUHV��ZH�FDQ�VWXG\�WKH�ILQH�GHWDLOV�RI�WKH�VWUXFWXUHV�RI�VWXGHQW

PRGHOV�IRU�D�SDUWLFXODU�SK\VLFV�FRQFHSW���:H�FDQ�DOVR�VWXG\�WKH�G\QDPLFDO�SURFHVV�RI

VWXGHQW�PRGHO�RSHUDWLRQ�ZLWK�UHVSHFWV�WR�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV���)RU�H[DPSOH��ZH

FDQ�VWXG\�WKH�GHWDLOV�RI�PRGHO�WULJJHULQJ�IHDWXUHV�WR�VHH�LI�GLIIHUHQW�SK\VLFDO�IHDWXUHV�PD\

KDYH�VLPLODU�RU�GLIIHUHQW�FRQWULEXWLRQV�WR�WKH�WULJJHULQJ�RI�D�SDUWLFXODU�VWXGHQW�PRGHO�VWDWH�

:H�FDQ�DOVR�VWXG\�VWXGHQW�PRGHO�HYROXWLRQ�SURFHVV�WR�VHH�LI�VWXGHQWV�KDYH�VLPLODU�RU

GLIIHUHQW�PRGHO�FKDQJH�SDWWHUQV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�

([DPSOHV�RI�3K\VLFDO�)HDWXUHV�DQG�&XUUHQW�,QVWUXPHQWV

7KH�WZR�FRQFHSW�GRPDLQV��)RUFH�0RWLRQ�DQG�1HZWRQ�,,,��LQ�PHFKDQLFV�KDYH�TXLWH

GLIIHUHQW�VWUXFWXUHV�RQ�SK\VLFDO�IHDWXUHV���:LWK�)RUFH�0RWLRQ��WKHUH�LV�RQO\�RQH�SK\VLFDO

IHDWXUH�LQYROYHG�¤�YHORFLW\���6WXGHQWV�RIWHQ�WKLQN�WKDW�WKHUH�LV�D�IRUFH�LQ�WKH�GLUHFWLRQ�RI

PRWLRQ�DQG�WKH�PDJQLWXGH�RI�WKH�IRUFH�LV�UHODWHG�WR�WKH�YHORFLW\���,Q�WKLV�FDVH��WKH�GHVLJQ�RI

GLDJQRVWLF�LQVWUXPHQWV�DQG�WKH�DQDO\VLV�RI�VWXGHQW�GDWD�DUH�TXLWH�VWUDLJKWIRUZDUG�

2Q�WKH�RWKHU�KDQG��WKH�1HZWRQ�,,,�LV�IDU�PRUH�FRPSOLFDWHG�WKDQ�)RUFH�0RWLRQ���)URP

UHVHDUFK��ZH�FDQ�LGHQWLI\�IRXU�GLIIHUHQW�SK\VLFDO�IHDWXUHV��YHORFLW\��9���PDVV��0��

DFFHOHUDWLRQ��$��DQG�VRXUFH�RI�WKH�IRUFH��RU�ZKR�LV�SXVKLQJ��GHQRWHG�ZLWK�3��
��
��,Q�WKH

OLWHUDWXUH��UHVHDUFKHUV�RIWHQ�FKDUDFWHUL]H�WKH�FRPPRQ�LQFRUUHFW�VWXGHQW�PRGHO�LQ�1HZWRQ�,,,

ZLWK�WKH�VR�FDOOHG�GRPLQDQW�DJHQW�PRGHO��ZKHUH�VWXGHQWV�RIWHQ�WKLQN�WKDW�GXULQJ

LQWHUDFWLRQ��D�GRPLQDQW�DJHQW�ZLOO�H[HUW�D�ODUJHU�IRUFH�
��
��7KH�GRPLQDQW�DJHQW�FDQ�EH�D

SDUWLFXODU�SK\VLFDO�IHDWXUH�VXFK�DV�PDVV��YHORFLW\��WKH�VRXUFH�RI�WKH�IRUFH��HWF���RU�LW�FDQ�EH�D

FRPELQDWLRQ�RI�VHYHUDO�GLIIHUHQW�SK\VLFDO�IHDWXUHV���+RZHYHU��LQ�WKH�OLWHUDWXUH��WKHUH�LV�QRW

DGHTXDWH�UHVHDUFK�RQ�KRZ�WKH�LQGLYLGXDO�SK\VLFDO�IHDWXUHV�RU�WKH�FRPELQDWLRQ�RI�WKHP�PD\

FRQWULEXWH�WR�WKH�VWXGHQW�PRGHO�VWUXFWXUHV�DQG�PRGHO�RSHUDWLRQV���$V�GLVFXVVHG�HDUOLHU��WKH

TXHVWLRQV�LQ�ERWK�WKH�)&,�DQG�)0&(�WHVWV�DUH�QRW�GHVLJQHG�ZLWK�FOHDU�LVRODWLRQ�RI�WKHVH

GLIIHUHQW�SK\VLFDO�IHDWXUHV���7KHUHIRUH��LQ�SUHYLRXV�GLVFXVVLRQV�ZLWK�)&,�DQG�)0&(�WHVWV�

WKH�GLIIHUHQW�W\SH�RI�VWXGHQW�PRGHOV�ZLWK�HPSKDVLV�RQ�GLIIHUHQW�SK\VLFDO�IHDWXUHV�ZHUH

FROODSVHG�LQWR�D�VLQJOH�JHQHUDO�GRPLQDQW�DJHQW�PRGHO���7KH�GHWDLO�RI�KRZ�LQGLYLGXDO

SK\VLFDO�IHDWXUHV�PD\�FRQWULEXWH�WR�VWXGHQW�PRGHOV�LV�FRQVLGHUHG�DV�WKH�ILQH�VWUXFWXUHV�RI

WKH�JHQHUDO�PRGHO�
��

0DQ\�RI�WKH�TXHVWLRQV�LQ�FXUUHQW�LQVWUXPHQWV�DUH�QRW�GHVLJQHG�ZLWK�LVRODWHG�SK\VLFDO

IHDWXUHV���)RU�H[DPSOH��WKH�TXHVWLRQ�VKRZQ�LQ�ILJXUH������PL[HV�WZR�SK\VLFDO�IHDWXUHV�

PDVV�DQG�SXVKLQJ��WRJHWKHU���,I�D�VWXGHQW�DQVZHUV�WKDW�WKH�ELJ�JX\�H[HUWV�D�ODUJHU�IRUFH�

WKHUH�LV�QR�IXUWKHU�HYLGHQFH�WR�WHOO�LI�WKH�LQFRUUHFW�UHVSRQVH�LV�JHQHUDWHG�EDVHG�RQ

FRQVLGHUDWLRQV�RQ�WKH�PDVV�RU�RQ�WKH�SXVKLQJ�



���

$�1HZ�0XOWLSOH�&KRLFH�,QVWUXPHQW�ZLWK�,VRODWHG�3K\VLFDO�)HDWXUHV

,Q�RUGHU�WR�SUREH�WKH�GHWDLOV�RI�VWXGHQW�PRGHOV�ZLWK�LQGLYLGXDO�SK\VLFDO�IHDWXUHV��ZH

QHHG�WR�GHVLJQ�DSSURSULDWH�LQVWUXPHQW�ZLWK�LVRODWHG�SK\VLFDO�IHDWXUHV���$V�DQ�H[DPSOH��LQ

WKLV�VHFWLRQ�,�LQWURGXFH�D�QHZ�PXOWLSOH�FKRLFH�LQVWUXPHQW�IRU�1HZWRQ�,,,�ZKHUH�HDFK

TXHVWLRQ�RQO\�GHDOV�ZLWK�RQH�SK\VLFDO�IHDWXUH���,Q�WKLV�LQVWUXPHQW��IRU�HDFK�RI�WKH�IRXU

SK\VLFDO�IHDWXUHV�WKUHH�TXHVWLRQV�ZLWK�GLIIHUHQW�FRQWH[W�VHWWLQJV�DUH�GHVLJQHG���)LJXUH������

VKRZV�WZR�H[DPSOHV��RQH�RQ�YHORFLW\�DQG�RQH�RQ�SXVKLQJ���7KH�FRPSOHWH�WHVW�LV�LQFOXGHG�LQ

$SSHQGL[�&�

���NJ

����NJ

)LJXUH�������6DPSOH�TXHVWLRQ�RQ�1HZWRQ�,,,�ZLWK

PL[HG�SK\VLFDO�IHDWXUHV�RI�PDVV�DQG�SXVKLQJ

9HORFLW\

7KH�VPDOO�WUXFN�KDV�WKH�VDPH�ZHLJKW

DV�WKH�FDU�GRHV���$W�WKH�WLPH�RI

FROOLVLRQ��ERWK�YHKLFOHV�WUDYHO�DW�D

FRQVWDQW�VSHHG�EXW�WKH�VPDOO�WUXFN�LV

PRYLQJ�DW�D�VORZHU�VSHHG�WKDQ�WKH�FDU�

$P\ -DQH
7KH\�ERWK�KDYH�D�VDPH�PDVV�RI����NJ��$P\�WKHQ

VXGGHQO\�SXVKHV�RXWZDUG�ZLWK�KHU�KDQG��FDXVLQJ

ERWK�WR�PRYH���,Q�WKLV�VLWXDWLRQ��ZKLOH�$P\
V

KDQGV�DUH�LQ�FRQWDFW�ZLWK�-DQH��ZKLFK�FKRLFH

GHVFULEHV�WKH�IRUFHV"

�

3XVKLQJ

)LJXUH�������1HZO\�GHVLJQHG�TXHVWLRQV�RQ�1HZWRQ�,,,�ZLWK�LVRODWHG�SK\VLFDO�IHDWXUHV



���

0DWKHPDWLFDO�0RGHOLQJ�DQG�$OJRULWKPV

x 0LFURVWDWH�0RGHO�(YDOXDWLRQ

)RU�HDFK�SK\VLFDO�IHDWXUH��ZH�FDQ�GHILQH�D�VHW�RI�SK\VLFDO�PRGHOV�DQG�FRQVWUXFW�D�PRGHO

VXE�VSDFH���5HSUHVHQW�WKH�SK\VLFDO�PRGHOV�ZLWK�0K

O
�ZKHUH�O�UHSUHVHQWV�WKH�GLIIHUHQW

SK\VLFDO�IHDWXUHV�DQG�K�LGHQWLILHV�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV�IRU�WKH�O
WK
�SKV\LFDO�IHDWXUH�

6XSSRVH�ZH�KDYH�D�WRWDO�RI�/�SK\VLFDO�IHDWXUHV�LQYROYHG���7KHQ�O� �������/���:LWK�WKH

H[DPSOH�RI�1HZWRQ�,,,��WKHUH�DUH�IRXU�SK\VLFDO�IHDWXUHV��/� ����DQG�ZH�FDQ�ODEHO�WKHP�DV

9��O ����0��O ����3��O ����DQG�$��O �����)RU�HDFK�RI�WKH�SK\VLFDO�IHDWXUHV��ZH�FDQ�FRQVWUXFW

D���GLPHQVLRQ�PRGHO�VXE�VSDFH��,Q�RWKHU�FDVHV��LW�LV�SRVVLEOH�WKDW�WKH�QXPEHUV�RI�SK\VLFDO

PRGHOV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�FDQ�EH�GLIIHUHQW����8VLQJ�WKH�SK\VLFDO�IHDWXUH�RI

SXVKLQJ��3��DV�DQ�H[DPSOH��ZH�FDQ�GHILQH�WKH�IROORZLQJ�SK\VLFDO�PRGHOV�

0�
�
� 7KH�QXOO�PRGHO

0�
�
� 7KH�IRUFH�KDV�WKH�VDPH�PDJQLWXGH�DQG�RSSRVLWH�GLUHFWLRQ�GXULQJ�WKH�LQWHUDFWLRQ

UHJDUGOHVV�WKH�VRXUFH�RI�WKH�IRUFH����FRUUHFW�H[SHUW�PRGHO�

0�
�
� 7KH�SDUW\�H[HUWLQJ�WKH�IRUFH�ZLOO�H[HUW�D�ODUJHU�IRUFH�GXULQJ�LQWHUDFWLRQ�

�LQFRUUHFW�VWXGHQW�PRGHO�

:LWK�D�VHW�RI�TXHVWLRQV�GHVLJQHG�ZLWK�D�SDUWLFXODU�SK\VLFDO�IHDWXUH��ZH�FDQ�PHDVXUH�WKH

SUREDELOLW\�IRU�D�VLQJOH�VWXGHQW�WR�XVH�WKH�GLIIHUHQW�SK\VLFDO�PRGHOV���7KHQ�WKH�VLQJOH

VWXGHQW�PRGHO�VWDWH�IRU�WKH�N
WK
�VWXGHQW�LQ�D�FODVV�FDQ�EH�UHSUHVHQWHG�ZLWK��VHH�FKDSWHU���DQG

FKDSWHU���IRU�GHWDLOV�RQ�GHILQLWLRQV�RI�VLQJOH�VWXGHQW�PRGHO�VWDWHV��
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6LQFH�ZH�DUH�ORRNLQJ�DW�WKH�VXE�VSDFH�RI�D�JHQHUDO�PRGHO�VWUXFWXUH��WKH�PRGHO�VWDWH�ZLWK�D

SDUWLFXODU�SK\VLFDO�IHDWXUH�LV�FDOOHG�D�PLFURVWDWH���:KHQ�RQO\�RQH�SK\VLFDO�IHDWXUHV�LV

LQYROYHG��H�J��WKH�)RUFH�0RWLRQ��WKH�PLFURVWDWH�EHFRPHV�WKH�VDPH�DV�WKH�JHQHUDO�PRGHO

VWDWH�GHILQHG�LQ�SUHYLRXV�FKDSWHUV�

8VLQJ�WKH�VLQJOH�VWXGHQW�PLFURVWDWH��ZH�FDQ�FRQVWUXFW�FODVV�PLFURVWDWH�PRGHO�GHQVLW\

PDWUL[�ZLWK�D�SDUWLFXODU�SK\VLFDO�IHDWXUHV���'HQRWH�WKLV�PDWUL[�ZLWK�' O���:H�FDQ�ZULWH�
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8VLQJ�' O��ZH�FDQ�SHUIRUP�HLJHQVWDWH�DQDO\VLV�RU�FOXVWHULQJ�DQDO\VLV�LQ�D�VLPLODU�PDQQHU

GHVFULEHG�LQ�FKDSWHU������
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x 0DFURVWDWH�0RGHO�(YDOXDWLRQ

:KHQ�WKH�RYHUDOO�VWXGHQW�PRGHO�VWUXFWXUH�ZLWK�DOO�WKH�LQYROYHG�SK\VLFDO�IHDWXUHV�LV�RI

WKH�LQWHUHVWV��ZH�FDQ�FRQVWUXFW�PRGHO�VWDWHV�UHSUHVHQWLQJ�GLIIHUHQW�PDFURVFRSLF�IHDWXUHV�RI

VWXGHQW�PRGHO�VWUXFWXUH���7KHVH�PRGHO�VWDWHV�DUH�FDOOHG�PDFURVWDWHV���)RU�VLPSOLFLW\��LW�LV

DVVXPHG�WKDW�WKH�PLFURVWDWHV�DOO�KDYH�WKH�VDPH�GLPHQVLRQ���7KHQ�SXWWLQJ�WRJHWKHU�DOO�WKH

PLFURVWDWHV�RI�D�VLQJOH�VWXGHQW�RQ�GLIIHUHQW�SK\VLFDO�IHDWXUHV��ZH�FDQ�FRQVWUXFW�D�Z�E\�/

VWXGHQW�PRGHO�GDWD�PDWUL[�LQ�D�VLPLODU�PDQQHU�DV�LQ�(T�����������7KXV�ZH�FDQ�ZULWH�
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6LPLODUO\��ZH�FDQ�VWXG\�WKH�SURMHFWLRQ�RI�WKH�PRGHO�GDWD�PDWUL[�RQ�D�SDUWLFXODU�PRGHO�VWDWH

GHILQHG�ZLWK�D�WHPSODWH�PRGHO�VWDWH�
P

9 ���$�VSHFLILF�SURMHFWLRQ�LV�GHILQHG�DV�D�PDFURVWDWH

ZKLFK�UHSUHVHQWV�WKH�FRQWULEXWLRQV��LQ�SUREDELOLWLHV��IURP�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV�WR

D�SDUWLFXODU�PRGHO�VWDWH��ZH�FDQ�SHUIRUP�WZR�GLIIHUHQW�SURMHFWLRQV�¤�H[FOXVLYH�DQG�QRQ�

H[FOXVLYH�DV�GLVFXVVHG�SUHYLRXVO\����'HQRWH�WKH�PWK
�PDFURVWDWH�RI�WKH�N
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,Q�FDVHV�ZKHUH�WKH�GLPHQVLRQV�RI�WKH�PLFURVWDWHV�DUH�QRW�WKH�VDPH��ZH�QHHG�WR�GR

DGGLWLRQDO�WUHDWPHQW�GHSHQGLQJ�RQ�WKH�JRDOV�RI�WKH�DQDO\VLV��H�J��UHRUJDQL]LQJ�RU�PDQXDOO\

VHOHFWLQJ�PRGHO�HOHPHQWV�LQ�D�PLFURVWDWH�WR�H[WUDFW�UHOHYDQW�LQIRUPDWLRQ�

8VLQJ�WKH�PDFURVWDWHV��ZH�FDQ�DOVR�FRQVWUXFW�FODVV�PDFURVWDWH�PRGHO�GHQVLW\�PDWUL[

GHQRWHG�DV�)P��ZKLFK�FDQ�EH�REWDLQHG�ZLWK�
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6LPLODUO\�ZH�FDQ�SHUIRUP�HLJHQVWDWH�DQDO\VLV�DQG�FOXVWHULQJ�DQDO\VLV�WR�VWXG\�WKH�XQLTXH

DVSHFWV�RI�WKH�VWXGHQW�PRGHOV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�

x 0LFURVWDWH�0RGHO�&RQVLVWHQF\

6RPHWLPHV��LW�LV�XVHIXO�WR�ORRN�DW�WKH�HIIHFWV�IURP�GLIIHUHQW�SK\VLFDO�IHDWXUHV�RQ�WKH

FRPSOHWH�PLFURVWDWH�UDWKHU�WKDQ�D�SDUWLFXODU�SURMHFWLRQ���,Q�WKLV�FDVH��ZH�FDQ�VWXG\�WKH

FRQVLVWHQF\�RI�WKH�PLFURVWDWHV�ZLWK�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV���8VLQJ�VLPLODU

IRUPXODWLRQV�LQ�(T����������ZH�FDQ�FRQVWUXFW�WKH�VLQJOH�VWXGHQW�PLFURVWDWH�FRUUHODWLRQ

PDWUL[�5)
N
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7KH�FODVV�PLFURVWDWH�FRUUHODWLRQ�PDWUL[��5)��FDQ�EH�REWDLQHG�ZLWK�
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6LPLODUO\��ZH�FDQ�SHUIRUP�IDFWRU�DQDO\VLV�WR�VWXG\�LI�WKHUH�H[LVW�DQ\�JHQHUDO�SDWWHUQV�IRU

PLFURVWDWHV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�

$QDO\VLV�5HVXOWV

x 7KH�6WXGHQWV

7KH�GDWD�XVHG�LQ�WKLV�DQDO\VLV�LV�FROOHFWHG�DW�WKH�.DQVDV�6WDWH�8QLYHUVLW\�ZLWK�WKH�QHZO\

GHYHORSHG�PXOWLSOH�FKRLFH�WHVW�RQ�1HZWRQ�,,,���&XUUHQWO\��RQO\�SUHWHVW�GDWD�LV�DYDLODEOH�IRU

DQDO\VLV���7KH�VWXGHQWV�LQ�WKLV�VWXG\�DUH�IURP�ILYH�GLIIHUHQW�FRXUVHV�GHVFULEHG�LQ�WDEOH������

x 0LFURVWDWH�$QDO\VLV

7KH�VWXGHQW�FODVV�PLFURVWDWHV�ZLWK�WKH�IRXU�SK\VLFDO�IHDWXUHV�RI�1HZWRQ�,,,�DUH

FDOFXODWHG�DQG�SORWWHG�LQ�ILJXUH��������&XUUHQWO\��RQO\�WKH�SUH�LQVWUXFWLRQDO�GDWD�LV

DYDLODEOH��VR�WKH�PRGHO�VWDWHV�SORWWHG�LQ�ILJXUH������UHSUHVHQW�WKH�LQLWLDO�VWDWHV�IRU�HDFK

FODVV���+RZHYHU��IURP�WKH�GHVFULSWLRQ�RI�WKH�VWXGHQW�SRSXODWLRQ��WDEOH��������JHQHUDO

SK\VLFV����*3���DQG�HQJLQHHULQJ�SK\VLFV����(3���DUH�WKH�VHFRQG�FRXUVHV�LQ�WKH

LQWURGXFWRU\�VHULHV�DQG�PHFKDQLFV�LV�WKH�WRSLF�RI�WKH�ILUVW�FRXUVHV��JHQHUDO�SK\VLFV���DQG

HQJLQHHULQJ�SK\VLFV������7KHUHIRUH��ZH�FDQ�XVH�WKH�GDWD�IURP�*3��DQG�(3��DV�WKH�GDWD�RI

SRVW�WUDGLWLRQDO�LQVWUXFWLRQ��DSSUR[LPDWHO\��

)URP�ILJXUH�������ZH�FDQ�VHH�WKDW�IRU�WKH�SK\VLFDO�IHDWXUHV�RI�PDVV�DQG�YHORFLW\�

VWXGHQWV�DOO�KDYH�D�GRPLQDQW�FRQVLVWHQW�LQFRUUHFW�PRGHO���7KH�SRSXODULW\�RI�WKH�LQFRUUHFW

PRGHO�GHFUHDVHV�VRPHZKDW�DV�WKH�OHYHO�RI�FRXUVHV�JHWV�KLJKHU�¤�IURP������*3���WR����

�(3�����7KH�VHFRQGDU\�PRGHO�VWDWHV�RI�*3��DQG�(3��DUH�DOVR�SORWWHG�ZKLFK�LQGLFDWHV�D

7DEOH�������%DFNJURXQGV�RI�VWXGHQWV�IURP�.DQVDV�6WDWH�8QLYHUVLW\��WUDGLWLRQDO�LQVWUXFWLRQ�

&RXUVHV 7\SHV�RI�&RXUVHV 0DMRUV 0DWK�3UH�UHTXLVLWHV

3K\VLFDO�:RUOG $OJHEUD��0HFK� /LEHUDO�DUWV 1R�PDWK

*HQHUDO�3K\VLFV�� $OJHEUD��0HFK� /LIH�VFLHQFH $OJHEUD

*HQHUDO�3K\VLFV�� $OJHEUD��(	0 /LIH�VFLHQFH $OJHEUD

(QJLQHHULQJ�3K\VLFV�� &DOFXOXV��0HFK� (QJ�DQG�3K\V &DOFXOXV

(QJLQHHULQJ�3K\VLFV�� &DOFXOXV��(	0 (QJ�DQG�3K\V &DOFXOXV
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FRQVLVWHQW�FRUUHFW�PRGHO���$V�ZH�FDQ�VHH�WKDW�IRU�DOO�FODVVHV�VWXGHQW�PRGHOV�DUH�YHU\

FRQVLVWHQW��L�H��YHU\�IHZ�PL[HG�VWDWHV���,Q�WKLV�FDVH��VWXGHQWV�LQ�D�FODVV�FDQ�EH�SDUWLWLRQHG�LQ

WZR�JURXSV��RQH�ZLWK�D�FRQVLVWHQW�LQFRUUHFW�PRGHO�DQG�WKH�RWKHU�ZLWK�D�FRQVLVWHQW�FRUUHFW

PRGHO���7KH�HLJHQYDOXH�RI�WKH�FRUUHVSRQGLQJ�PRGHO�VWDWH�YHFWRU�JLYHV�DQ�HVWLPDWLRQ�RI�WKH

VL]H�RI�WKH�JURXS�

6WXGHQW�PRGHO�VWDWHV�ZLWK�WKH�SK\VLFDO�IHDWXUH�RI�DFFHOHUDWLRQ�VKRZ�WKH�RSSRVLWH�WR�WKH

VLWXDWLRQV�ZLWK�PDVV�DQG�YHORFLW\���,Q�WKLV�FDVH��PRVW�VWXGHQWV�KROG�D�FRQVLVWHQW�¦FRUUHFW§

PRGHO�ZKHUH�WKH\�FRQVLGHU�DFFHOHUDWLRQ�LUUHOHYDQW���6WXGHQW�PRGHO�VWDWHV�DUH�DOVR�TXLWH

FRQVLVWHQW��OLWWOH�PL[LQJ����$OWKRXJK�VWXGHQWV�JLYH�FRUUHFW�UHVSRQVHV�RQ�WKH�UHODWHG

TXHVWLRQ��LW�GRHV�QRW�PHDQ�WKDW�VWXGHQW�PRGHOV�DUH�WKH�VDPH�DV�WKH�H[SHUW�PRGHO���$V

LQGLFDWHG�IURP�LQWHUYLHZV��WKH�UHDVRQ�IRU�VWXGHQWV�WR�FRQVLGHU�DFFHOHUDWLRQ�LUUHOHYDQW�LV�QRW

WKDW�WKH\�WUXO\�XQGHUVWDQG�WKH�QDWXUH�RI�1HZWRQ�,,,�EXW�UDWKHU�WKDW�WKH\�FRQVLGHU�WKH

YHORFLW\�LV�WKH�PDMRU�IDFWRU�DQG�DFFHOHUDWLRQ�LV�VRPHWKLQJ�UHODWHG�WR�YHORFLW\�DQG�ZLOO�QRW

PDNH�GLUHFW�HIIHFW���4XLWH�LQWHUHVWLQJO\��WKH�UHVXOWV�LQGLFDWH�WKDW�PRUH�VWXGHQWV�LQ�KLJKHU

OHYHO�FODVVHV�FKDQJH�WKHLU�LGHDV�RQ�WKLV�LVVXH�
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)LJXUH�������6WXGHQW�FODVV�PLFURVWDWHV�IRU�1HZWRQ�,,,�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV
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:LWK�WKH�SK\VLFDO�IHDWXUH�RI�SXVKLQJ��VWXGHQW�PRGHO�VWDWHV�VKRZ�FRPSOHWHO\�GLIIHUHQW

SDWWHUQV���7KH�ORZ�OHYHO�FODVVHV�VWLOO�VKRZ�D�GRPLQDQW�FRQVLVWHQW�LQFRUUHFW�PRGHO���$V�WKH

OHYHO�RI�VWXGHQWV�JHWV�KLJKHU��VWXGHQW�PRGHO�VWDWHV�EHFRPH�PRUH�PL[HG���7KH�PRVW

DGYDQFHG�FODVV��(3���KDV�QHDUO\�D�SHUIHFWO\�PL[HG�PRGHO�VWDWH�ZLWK�D�TXLWH�ODUJH

HLJHQYDOXH��a�����ZKLFK�LQGLFDWHV�WKDW�PRVW�VWXGHQWV�KDYH�VLPLODU�PRGHO�VWDWHV���7KLV�LV

YHU\�GLIIHUHQW�IURP�WKH�VLWXDWLRQV�ZLWK�WKH�RWKHU�SK\VLFDO�IHDWXUHV�DQG�LPSOLHV�D�GLIIHUHQW

FRQFHSW�FKDQJH�SURFHVV�

x 0DFURVWDWH�$QDO\VLV

8VLQJ�(T����������WKH�PDFURVWDWHV�FUHDWHG�ZLWK�QRQ�H[FOXVLYH�SURWHFWLRQ�RQ�LQFRUUHFW

VWXGHQW�PRGHOV�DUH�FDOFXODWHG�DQG�WKH�SUREDELOLW\�SORW�LV�JUDSKHG�LQ�ILJXUH��������6LQFH�IRU

DOO�FODVVHV��WKH�HLJHQYDOXHV�IRU�WKH�SULPDU\�PDFURVWDWHV�DUH�DURXQG������XVLQJ�WKHVH�VWDWHV

DORQH�LV�HQRXJK�WR�VKRZ�WKH�FODVVHV©�EHKDYLRU�

$V�ZH�FDQ�VHH��IRU�WKH�FODVVHV��3�ZRUOG��*3���(3���ZLWKRXW�LQVWUXFWLRQ�RQ�PHFKDQLFV�

WKH�IRXU�SK\VLFDO�IHDWXUHV�DOO�KDYH�VLPLODU�FRQWULEXWLRQV�WR�WKH�LQFRUUHFW�PRGHOV���$IWHU

LQVWUXFWLRQ�ZLWK�PHFKDQLFV��WKH�SK\VLFDO�IHDWXUH�RI�PDVV�KDV�UHODWLYHO\�ODUJH�SUREDELOLWLHV�WR

WULJJHU�LQFRUUHFW�PRGHOV���7KLV�UHVXOW�LV�FRQVLVWHQW�ZLWK�WKH�PRGHO�SORW�VKRZQ�LQ�ILJXUH

�������1RWLFH�WKDW�DOWKRXJK�WKH�RYHUDOO�FRQWULEXWLRQ�IURP�WKH�SK\VLFDO�IHDWXUH�RI�SXVKLQJ�LV

VLPLODU�WR�WKDW�IURP�YHORFLW\��IURP�WKH�PRGHO�SORW�LQ�ILJXUH�������ZH�NQRZ�WKDW�WKH
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3UREDELOLW\�IRU�,QFRUUHFW�0RGHOV

)LJXUH�������3UREDELOLWLHV�IRU�VWXGHQWV�WR�XVH�WKH�LQFRUUHFW�PRGHOV�ZLWK�GLIIHUHQW

SK\VLFDO�IHDWXUHV���7KH�PDFURVWDWH�LV�FDOFXODWHG�EDVHG�RQ�D�VLPLODULW\�SURMHFWLRQ

�QRQ�H[FOXVLYH����7KH�SUREDELOLW\�LV�FDOFXODWHG�ZLWK�WKH�SULPDU\�PDFURVWDWHV��IRU

DOO�FODVVHV��WKH�HLJHQYDOXHV�IRU�WKH�SULPDU\�PDFURVWDWHV�DUH�DURXQG������
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FRQWULEXWLRQ�ZLWK�YHORFLW\�LV�IURP�D�FRQVLVWHQW�LQFRUUHFW�PRGHO�DQG�WKH�FRQWULEXWLRQ�ZLWK

SXVKLQJ�LV�IURP�D�FRPSRQHQW�RI�D�PL[HG�PRGHO�VWDWH���7KLV�W\SH�RI�LQIRUPDWLRQ�FDQ�DOVR�EH

H[WUDFWHG�ZLWK�PDFURVWDWH�ZKHQ�XVLQJ�H[FOXVLYH�SURMHFWLRQ�

x 0RGHO�&RQVLVWHQF\

8VLQJ�WKH�PHWKRG�GLVFXVVHG�LQ�(T����������ZH�FDQ�HYDOXDWH�WKH�FRQVLVWHQF\�RI�WKH

VWXGHQW�PLFURVWDWHV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV���7R�DQDO\]H�WKLV�FRQVLVWHQF\��ZH�FDQ

XVH�PRGHO�EDVHG�IDFWRU�DQDO\VLV�
��
��,Q�ILJXUH�������WKH�UHVXOWV�IRU�WZR�FODVVHV�DUH�SORWWHG�

)URP�ILJXUH�������LQ�WKH�ORZ�OHYHO�FODVV��ZLWKRXW�LQVWUXFWLRQ�RQ�PHFKDQLFV���WKH�WKUHH

SK\VLFDO�IHDWXUHV��9��0�DQG�3��DOO�WULJJHU�VLPLODU�VWXGHQW�PLFURVWDWHV�DQG�WKH�SK\VLFDO

IHDWXUH�RI�DFFHOHUDWLRQ��$��WULJJHUV�D�GLIIHUHQW��QHDUO\�RUWKRJRQDO��VWXGHQW�PLFURVWDWH���,Q

WKH�DGYDQFHG�FODVV�DIWHU�LQVWUXFWLRQ�ZLWK�PHFKDQLFV��ZH�FDQ�VHH�WKDW�WKH�9�DQG�0�VWLOO�VWD\

FORVH�EXW�WKH�3�KDV�VLJQLILFDQW�FKDQJHV���7KLV�UHVXOW�LV�FRQVLVWHQW�ZLWK�WKH�PRGHO�SORW�VKRZQ

LQ�ILJXUH������

6WXGHQW�0RGHO�(YROXWLRQ

)URP�WKH�GLIIHUHQW�DQDO\VLV��ZH�FDQ�VHH�WKDW�WKH�VWXGHQWV�KDYH�GLIIHUHQW�PRGHO�VWUXFWXUHV

ZLWK�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV���6WXGHQW�PRGHO�FKDQJHV�DOVR�IROORZ�GLIIHUHQW�SDWKV

ZLWK�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV���,Q�WKH�FRQWH[W�RI�1HZWRQ�,,,��WKH�UHVXOWV�LQGLFDWH�WKDW

DIWHU�WUDGLWLRQDO�LQVWUXFWLRQ�VWXGHQWV�RIWHQ�FKDQJH�WR�PL[HG�PRGHO�VWDWHV�ZLWK�WKH�SK\VLFDO

*HQHUDO�3K\VLFV�� (QJLQHHULQJ��3K\VLFV��
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)LJXUH��������0RGHO�FRQVLVWHQF\�IDFWRUV
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IHDWXUH�RI�SXVKLQJ���$V�GLVFXVVHG�E\�PDQ\�UHVHDUFKHUV��WKH�VWDJH�RI�PL[HG�PRGHO�VWDWHV�LV

RIWHQ�DQ�LPSRUWDQW�LQWHUPHGLDWH�VWHS�IRU�D�FRPSOHWH�IDYRUDEOH�FRQFHSW�FKDQJH�
��

7R�IXUWKHU�VWXG\�VWXGHQW�PRGHO�HYROXWLRQ�SURFHVV��TXDOLWDWLYH�UHVHDUFK�LV�LPSRUWDQW���$V

LQGLFDWHG�IURP�LQWHUYLHZV�����VWXGHQWV�IURP�.68�LQ�WKH�OHYHO�RI�3�ZRUOG����7KH�LQLWLDO

VWDWHV�RI�WKHVH�VWXGHQWV�DUH�WKH�VDPH�DV�VWXGHQWV�LQ�3�ZRUOG���$IWHU�LQVWUXFWLRQ������RI�WKH

VWXGHQWV�VWLOO�KDYH�VWURQJ�FRQVLVWHQW�PRGHO�ZLWK�9��0���%XW��DOPRVW�HYHU\�RQH�RI�WKHP�VWDUW

WR�FKDOOHQJH�WKHLU�UHDVRQLQJV�ZLWK�3���+RZHYHU��PRVW�RI�WKHP�DUH�VWLOO�LQ�DQ�XQFHUWDLQ

PL[HG�VWDWH���2Q�DFFHOHUDWLRQ��PRVW�������RI�WKHP�WKLQN�LW�LUUHOHYDQW�DQG�WKH\�DOZD\V�SXOO

RXW�WKH�9�LVVXH�DV�UHDVRQLQJ�

:KHQ�DVNHG�IRU�WKH�UHDVRQLQJ�RQ�WKH�SK\VLFDO�IHDWXUHV�RI�SXVKLQJ��PRVW�VWXGHQWV

VSHFLILFDOO\�TXRWHG�WKDW�¦ZKHQ�\RX�SXVKLQJ�VRPHWKLQJ��\RX�JHW�SXVKHG�EDFN§���0DQ\�RI

WKHP�HYHQ�UHSHDW�WKH�VHQWHQFH�WKDW�¦WKH�IRUFH�LV�HTXDO�DQG�RSSRVLWH§�DQG�WKH\�WULHG�WR�XVH

WKLV�LGHD�WR�UHDVRQ�WKURXJK�WKH�SUREOHPV���,Q�LQWHUYLHZV��VHYHUDO�REVHUYDWLRQV�DUH�TXLWH

FRPPRQ�WR�PRVW�VWXGHQWV�

��� 7KH\�RIWHQ�XVH�WKH�WZR�VHQWHQFH�LQ�WKH�TXHVWLRQV�ZKHUH�SXVKLQJ�LV�WKH�PDMRU�LVVXH�
2WKHUZLVH��WKH\�XVH�0�RU�9�LQVWDQWO\�ZLWKRXW�HYHQ�ERWKHU�WR�UHFDOO�WKH�WZR

VHQWHQFHV��ZKLFK�DOO�RI�WKHP�FDQ�PHPRUL]H��HVSHFLDOO\�IRU�WKH�ILUVW�RQH��ZKLFK�WKH\

RIWHQ�JLYH�H[DPSOHV�ZLWK�SHUVRQDO�H[SHULHQFH���,W�VHHPV�WKDW�WKH�WZR�VHQWHQFHV�ZHUH

WLHG�ZLWK�SXVKLQJ�RQO\�

��� :KHQ�WKH\�XVH�WKH�WZR�VHQWHQFHV��ILUVW�RQH�LV�QR�D�SUREOHP��EXW�WKH\�VWLOO�KDYH

SUREOHPV�ZLWK�WKH�VHFRQG�RQH�DQG�KDYH�WKH�WHQGHQF\�WR�WKLQN�WKH�SXVKHU�H[HUW

ODUJHU�IRUFH���6R�WKH\�FDQ�JLYH�FRQWUDGLFWRU\�DQVZHUV�RQ�VLPLODU�TXHVWLRQV�UHVXOWLQJ

LQ�D�PL[HG�PRGHO�VWDWH�

��� ,W�DSSHDUV�ZKHQ�PXOWLSOH�SK\VLFDO�IHDWXUHV�DUH�LQYROYHG�DW�WKH�VDPH�WLPH��VWXGHQWV
FDQ�JHW�FRQIXVHG��PRUH�XQGHFLGHG����7KH\�KDYH�D�WHQGHQF\�WR�IDYRU�WKH�¦VWURQJHU

SK\VLFDO�IHDWXUHV§�ZKLFK�DUH�RIWHQ�9�DQG�0�

��� $Q�HPEHGGHG�JHQHUDO�¦URRW§�IRU�DOO�WKHVH�SUREOHPV�LV�WKDW�VWXGHQWV�RIWHQ�WDNH�WKH
UHVXOWV��HIIHFW��DV�WKH�FDXVHV�LQ�UHDVRQLQJ�

:LWK�WKH�UHVXOWV�IURP�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV��ZH�FDQ�LQIHU�D�SRVVLEOH

H[SODQDWLRQ�IRU�WKH�IDFW�WKDW�WKH�PRGHO�FKDQJHV�LQ�1HZWRQ�,,,�VWDUWV�ZLWK�WKH�SK\VLFDO

IHDWXUH�RI�SXVKLQJ��,W�DSSHDUV�WKDW�¦3XVKLQJ§�LV�RIWHQ�WKH�PRVW�FRPPRQ�H[DPSOH�XVHG�WR

LQWURGXFH�1HZWRQ�,,,�DQG�VWXGHQWV�FDQ�DOVR�HDVLO\�OHDUQ�WKH�H[SHULHQFH�RI�EHLQJ�SXVKHG

EDFN����7KHUHIRUH��VWXGHQWV�FDQ�KDYH�VLJQLILFDQW�PRGHO�FKDQJHV�RQ�WKLV�SK\VLFDO�IHDWXUH

HYHQ�ZLWK�WUDGLWLRQDO�LQVWUXFWLRQ���2Q�WKH�FRQWUDU\��VWXGHQW�PRGHO�FKDQJHV�ZLWK�RWKHU

SK\VLFDO�IHDWXUHV�DUH�IDLUO\�LQVLJQLILFDQW�

$V�D�VKRUW�VXPPDU\��IURP�WKH�VWXG\�RI�WKLV�H[DPSOH��VWXGHQW�PRGHOV�VKRZ�GLIIHUHQW

VWUXFWXUHV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�DQG�WKH�VWXGHQW�PRGHO�HYROXWLRQ�DOVR�VKRZ

GLIIHUHQW�SDWWHUQV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV���6XFK�LQIRUPDWLRQ�LV�RIWHQ�XQDYDLODEOH

ZKHQ�XVLQJ�LQVWUXPHQWV�GHVLJQHG�ZLWK�PL[HG�SK\VLFDO�IHDWXUHV���$V�DQ�H[DPSOH��WKH�QHZ

LQVWUXPHQW�DQG�DOJRULWKPV�DUH�IRXQG�XVHIXO�LQ�PHDVXULQJ�DQG�DQDO\]LQJ�WKH�GHWDLOV�RI�WKH

VWUXFWXUHV�RI�VWXGHQW�PRGHOV���:LWK�WKLV�QHZ�PHWKRG�ZH�FDQ�REWDLQ�GHWDLOHG�TXDQWLWDWLYH

LQIRUPDWLRQ�RI�VWXGHQW�PRGHOV�ZLWK�D�SDUWLFXODU�SK\VLFDO�IHDWXUHV�DV�ZHOO�DV�WKH
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PDFURVFRSLF�DVSHFWV�RI�VWXGHQW�PRGHOV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV���,Q�DGGLWLRQ��WKH

UHVXOWV�IURP�WKHVH�HYDOXDWLRQV�FDQ�SURYLGH�GLUHFW�LQVLJKWIXO�LQIRUPDWLRQ�RQ�VWXGHQW

XQGHUVWDQGLQJV�IRU�ERWK�UHVHDUFK�DQG�LQVWUXFWLRQ�

,PSOLFDWLRQV�RQ�,QVWUXPHQW�'HVLJQ

0RGHO�0HDVXUHPHQW�ZLWK�0XOWLSOH�FKRLFH�4XHVWLRQV

$V�GLVFXVVHG�LQ�FKDSWHU���DQG����WKHUH�DUH�LQ�JHQHUDO�WZR�ZD\V�WR�PRGHO�VWXGHQW

UHVSRQVHV�RQ�PXOWLSOH�FKRLFH�TXHVWLRQV��WKH�LWHP�EDVHG�PRGHOLQJ��,E0��DQG�WKH�&3$�

:LWK�LWHP�EDVHG�PRGHOLQJ��DOO�FKRLFHV�RI�PXOWLSOH�FKRLFH�TXHVWLRQV�VKRXOG�KDYH�RQH�WR�

RQH�RU�PDQ\�WR�RQH�FKRLFH�WR�PRGHO�FRUUHVSRQGHQFH���:LWK�&3$��VRPH�RI�WKH�TXHVWLRQV�LQ

D�JURXS�FDQ�KDYH�RQH�WR�PDQ\�FKRLFH�WR�PRGHO�FRUUHVSRQGHQFH��KRZHYHU��D�ODUJH�RYHUODS

RI�WKH�UHVSRQVH�SDWWHUQV�RIWHQ�LQFUHDVHV�WKH�XQFHUWDLQW\�RI�PHDVXUHG�PRGHO�VWDWHV�

7KH�FKRLFHV�RI�WKH�TXHVWLRQV�QHHG�WR�EH�FDUHIXOO\�GHVLJQHG�DQG�YDOLGDWHG�WKURXJK

UHVHDUFK���8VXDOO\��ZH�ZDQW�WKH�FKRLFHV�WR�EH�VWUDLJKWIRUZDUG�WR�DVVXUH�D�KLJK�VXFFHVVIXO

UDWH�IRU�VWXGHQWV�WR�FRUUHFWO\�DSSO\�WKHLU�PRGHOV�WULJJHUHG�E\�WKH�TXHVWLRQV���,W�LV�DOVR

SRVVLEOH�WR�GHVLJQ�D�VHTXHQFH�RI�TXHVWLRQV�ZLWK�VLPLODU�FRQWH[W�VHWWLQJV�EXW�GLIIHUHQW�OHYHOV

RI�FRPSOH[LW\�WR�REWDLQ�DQ�HYDOXDWLRQ�RQ�WKH�DELOLW\�RI�VWXGHQWV�DSSO\LQJ�WKHLU�PRGHOV

FRUUHFWO\���6XFK�LQVWUXPHQWV�QHHG�WR�EH�VXSSRUWHG�E\�H[WHQVLYH�TXDOLWDWLYH�UHVHDUFK�WR

HQVXUH�FRUUHFW�LQWHUSUHWDWLRQV�RI�WKH�UHVXOWV�

5HVROXWLRQ�RI�0RGHO�0HDVXUHPHQW

7KH�UHVROXWLRQ�RI�PRGHO�PHDVXUHPHQW�LV�SULPDULO\�GHWHUPLQHG�E\�WKH�QXPEHU�RI

TXHVWLRQV���,Q�RUGHU�WR�GHWHFW�WKH�PL[LQJ�RI�WZR�SK\VLFDO�PRGHOV��LW�UHTXLUHV�D�PLQLPXP�RI

WZR�0&65�W\SH�TXHVWLRQV���8VLQJ�0&05�W\SH�TXHVWLRQV��LW�LV�SRVVLEOH�WR�GHWHFW�PRGHO

PL[LQJ�ZLWK�RQH�TXHVWLRQ���7R�HYDOXDWH�FODVV�PRGHO�VWDWHV��WKH�QXPEHU�RI�TXHVWLRQV�IRU

HDFK�SK\VLFV�FRQFHSW�LV�UHFRPPHQGHG�WR�EH�ODUJHU�WKDQ�WKH�QXPEHU�RI�SK\VLFDO�PRGHOV

LQYROYHG��ZKHQ�PXOWLSOH�SK\VLFDO�IHDWXUHV�DUH�LQYROYHG��IRU�HDFK�SK\VLFDO�IHDWXUH��ZH�QHHG

WR�PDNH�WKH�QXPEHU�RI�TXHVWLRQV�EH�ODUJHU�WKDQ�WKH�QXPEHU�RI�SK\VLFDO�PRGHOV�ZLWK�WKDW

SK\VLFDO�IHDWXUH����7R�REWDLQ�DQ�DFFXUDWH�PHDVXUHPHQW�RI�D�VLQJOH�VWXGHQW�PRGHO�VWDWH��WKH

QXPEHU�RI�TXHVWLRQV�QHHGV�WR�EH�VLJQLILFDQWO\�ODUJHU�WKDQ�WKH�QXPEHU�RI�SK\VLFDO�PRGHOV�

6HH�(T��������DQG�ILJXUH������IRU�GHWDLOV�RI�WKH�XQFHUWDLQW\�UHODWLRQ�LQ�PRGHO�PHDVXUHPHQW�

)LQH�6WUXFWXUH�RI�0RGHOV��,VRODWLRQ�RI�SK\VLFDO�IHDWXUHV

:KHQ�VWXGHQW�PRGHOV�DUH�DVVRFLDWHG�ZLWK�D�YDULHW\�RI�SK\VLFDO�IHDWXUHV��H�J���WKH

1HZWRQ�,,,��ZH�FDQ�GHVLJQ�TXHVWLRQV�WR�LVRODWH�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV�DQG�WR�REWDLQ

PHDVXUHPHQW�RQ�WKH�ILQHU�GHWDLOV�RI�VWXGHQW�PRGHOV�ZLWK�D�SDUWLFXODU�SK\VLFDO�IHDWXUH�

,QVWUXPHQWV�ZLWK�LVRODWHG�IHDWXUHV�DOORZ�XV�WR�VHH�GLIIHUHQW�VWXGHQW�PRGHO�VWUXFWXUHV�ZLWK

GLIIHUHQW�SK\VLFDO�IHDWXUHV�DQG�GLIIHUHQW�PRGHO�HYROXWLRQ�SURFHVVHV�ZLWK�GLIIHUHQW�SK\VLFDO

IHDWXUHV���,Q�JHQHUDO��ZKHQ�PXOWLSOH�SK\VLFDO�IHDWXUHV�H[LVW��ZH�QHHG�WR�FRQGXFW�DSSURSULDWH

TXDOLWDWLYH�UHVHDUFK�DQG�GHVLJQ�LQVWUXPHQWV�WKDW�DOORZ�WKH�PHDVXUHPHQW�RI�VWXGHQW�PRGHOV

ZLWK�WKH�GLIIHUHQW�SK\VLFDO�IHDWXUHV�RU�WKH�FRPELQDWLRQ�RI�WKHP�
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&RQWH[W�6HWWLQJV�RI�4XHVWLRQV

$V�LQGLFDWHG�IURP�WKH�DQDO\VLV�UHVXOWV��VSHFLILF�FRQWH[W�VWUXFWXUHV�RI�TXHVWLRQV�FDQ

PDNH�VLJQLILFDQW�FRQWULEXWLRQV�WR�WKH�VWXGHQW�PRGHO�WULJJHULQJ�SURFHVVHV���7KHUHIRUH��LQ

RUGHU�WR�REWDLQ�UREXVW�PHDVXUHPHQW�RI�VWXGHQW�PRGHO�VWDWHV��ZH�QHHG�WR�LQFOXGH�TXHVWLRQV

ZLWK�GLYHUVH�FRQWH[W�VHWWLQJV���7KLV�QRW�RQO\�FDQ�SURYLGH�PRUH�VWDEOH�PHDVXUHPHQW�RQ

PL[HG�PRGHO�VWDWHV��EXW�DOVR�FDQ�UHGXFH�SRVVLEOH�ELDV�LQ�WKH�DVVHVVPHQW�ZKHUH�VWXGHQWV

PD\�EH�GRLQJ�ZHOO�RQ�RQH�W\SH�RI�FRQWH[W�VHWWLQJV�DQG�VWLOO�KDYH�D�ORW�RI�SUREOHPV�ZLWK

VRPH�RWKHU�FRQWH[WV�UHODWHG�WR�WKH�VDPH�FRQFHSW�

7KH�&\FOLF�3URFHVV�WR�'HYHORS�0RGHO�%DVHG�'LDJQRVWLF�,QVWUXPHQW

$V�ZLGHO\�UHFRJQL]HG�LQ�WKH�3(5�FRPPXQLW\��WKH�GHYHORSPHQW�RI�D�UHVHDUFK�EDVHG

GLDJQRVWLF�LQVWUXPHQW�QHHG�WR�EH�LQWHJUDWHG�LQ�WKH�F\FOLF�SURFHVV�RI�UHVHDUFK��LQVWUXFWLRQ

DQG�GHYHORSPHQW���:LWK�PRGHO�DQDO\VLV��ZH�FDQ�GHVLJQ�PRGHO�EDVHG�GLDJQRVWLF

LQVWUXPHQWV���7KH�PHWKRGRORJLHV�DQG�DOJRULWKPV�LQ�PRGHO�DQDO\VLV�QRW�RQO\�FDQ�EH�XVHG�WR

REWDLQ�TXDQWLWDWLYH�HYDOXDWLRQV�RI�VWXGHQW�XQGHUVWDQGLQJV�EXW�DOVR�FDQ�EH�XVHG�LQ�WKH

SURFHVV�RI�GHYHORSLQJ�PRGHO�EDVHG�PXOWLSOH�FKRLFH�LQVWUXPHQWV�WR�PDNH�TXDQWLWDWLYH

DVVHVVPHQW�RI�YDULRXV�IHDWXUHV�RI�D�WHVW���)LJXUH������LV�D�VFKHPDWLF�GLDJUDP�WKDW�VKRZV

KRZ�WKH�GLIIHUHQW�PHWKRGV�DQG�WRROV�LQ�PRGHO�DQDO\VLV�FDQ�EH�DSSOLHG�LQ�WKH�SURFHVV�RI

GHYHORSLQJ�D�PRGHO�EDVHG�GLDJQRVWLF�LQVWUXPHQW�

4XDOLWDWLYH�5HVHDUFK &RQGXFW�UHVHDUFK�WR�LGHQWLI\�FRPPRQ�VWXGHQW�PRGHOV

DQG�UHOHYDQW�SK\VLFDO�IHDWXUHV

3URWRW\SLQJ

'HVLJQ�WKH�ILUVW�YHUVLRQ�RI�D�FRQFHSWXDO�PXOWLSOH�FKRLFH

WHVW���'HWHUPLQH�WKH�W\SH�RI�TXHVWLRQV��0&65��0&05�

WR�EH�XVHG�ZLWK�,E0�RU�&3$����'HWHUPLQH�WKH�UHVROXWLRQ

�QXPEHU�RI�TXHVWLRQV�IRU�HDFK�FRQFHSW�SK\VLFDO�IHDWXUH��

)LHOG�7HVWLQJ

8VH�FRQFHQWUDWLRQ�IDFWRUV�WR�VFUHHQ�WKH�TXHVWLRQV���8VH

PRGHO�HYDOXDWLRQ�WR�REWDLQ�VWXGHQW�PRGHO�VWDWHV��QHHG

DOVR�SD\�DWWHQWLRQ�WR�WKH�QXOO�PRGHO�HOHPHQWV���/DUJH�QXOO

HOHPHQWV�LQGLFDWH�DQ�LQDSSURSULDWH�PRGHO�VSDFH��

(YDOXDWH�WKH�PRGHO�WULJJHULQJ�IHDWXUHV�RI�WKH�TXHVWLRQV

DQG�GHWHUPLQH�LI�WKH�FRQWH[W�VHWWLQJV�RI�WKH�TXHVWLRQV

PHHW�WKH�UHTXLUHPHQW���(YDOXDWH�PRGHO�VWUXFWXUHV�DQG

DVSHFWV�RI�LQVWUXPHQWV�ZLWK�GLIIHUHQW�SK\VLFDO�IHDWXUHV�

&RQILUPDWLYH

4XDOLWDWLYH�5HVHDUFK

&RQGXFW�TXDOLWDWLYH�UHVHDUFK�WR�YDOLGDWH�DOO�UHVXOWV

REWDLQHG�IURP�WKH�TXDQWLWDWLYH�HYDOXDWLRQV�

5HYLVLRQ

)LJXUH�������7KH�F\FOLF�SURFHVV�RI�PRGHO�EDVHG�PXOWLSOH�FKRLFH�LQVWUXPHQW�GHVLJQ
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6XPPDU\

,Q�WKLV�FKDSWHU��,�KDYH�GVLFXVVHG�VHYHUDO�H[DPSOHV�WKDW�UHTXLUH�DGGLWLRQDO�DOJRULWKPV�IRU

GDWD�SURFHVVLQJ���7KH�ILUVW�H[DPSOH�LV�EDVHG�RQ�D�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH

TXHVWLRQ�XVHG�WR�VWXG\�VWXGHQW�XQGHUVWDQGLQJ�RI�PHFKDQLFDO�ZDYHV���6WXGHQWV�DUH�IRXQG�WR

KDYH�D�PL[HG�LQLWLDO�PRGHO�VWDWH�ZKHUH�WKH\�WUHDW�ZDYHV�DV�SDUWLFOHV�DQG�DV�ZDYHV�XVLQJ

ERWK�W\SHV�RI�PRGHOV�LQFRQVLVWHQWO\���7KH�VWXGHQWV�LQ�WXWRULDO�FODVVHV�DUH�IRXQG�WR�PRYH�WR

UHDVRQDEO\�FRQVLVWHQW�FRUUHFW�PRGHO�DIWHU�LQVWUXFWLRQ�ZKLOH�VWXGHQWV�ZLWK�WUDGLWLRQDO

LQVWUXFWLRQ�VWLOO�VWUXJJOH�ZLWK�PL[HG�PRGHOV�

7KH�VHFRQG�H[DPSOH�LV�WKH�)0&(�WHVW��ZKLFK�GHDOV�ZLWK�VLPLODU�FRQFHSWV�DV�WKH�)&,

GRHV���+RZHYHU��PDQ\�)0&(�TXHVWLRQV�RIWHQ�LQYROYH�PXOWLSOH�SK\VLFDO�IHDWXUHV�DQG�WKH

GLIIHUHQW�SK\VLFDO�PRGHOV�RIWHQ�KDYH�RYHUODSSLQJ�UHVSRQVHV����7KXV�WKHVH�TXHVWLRQV�FDQQRW

EH�PRGHOHG�ZLWK�UHVSRQVH�IURP�D�VLQJOH�TXHVWLRQ���,Q�UHVSRQGLQJ�WR�VXFK�VLWXDWLRQ��,

GHYHORSHG�D�QHZ�PRGHOLQJ�VFKHPH�¤�WKH�&3$��ZKLFK�XVHV�WKH�FRKHUHQFH�RI�WKH�VWXGHQW

UHVSRQVHV�RQ�D�VHULHV�RI�TXHVWLRQV���:LWK�WKH�&3$��VWXGHQW�PRGHOV�DUH�VWXGLHG�DQG

FRPSDUHG�ZLWK�WKH�UHVXOWV�IURP�)&,���,Q�DGGLWLRQ��WKH�PRGHO�WULJJHULQJ�IHDWXUHV�RI�WKH�WZR

WHVWV�DUH�DOVR�VWXGLHG�ZLWK�VHYHUDO�QHZ�PHDVXUHPHQWV��WKH�PRGHO�KRSSLQJ�IUHTXHQF\�

TXHVWLRQ�EDVHG�PRGHO�WULJJHULQJ�SUREDELOLW\��DQG�TXHVWLRQ�EDVHG�PRGHO�FRQVLVWHQF\

HYDOXDWLRQ���7KH�)&,�TXHVWLRQV��ZLWK�PRUH�GLYHUVH�FRQWH[W�VHWWLQJV��DUH�IRXQG�WR�KDYH�D

PRUH�XQLIRUPO\�GLVWULEXWHG�SUREDELOLWLHV�IRU�WULJJHULQJ�GLIIHUHQW�VWXGHQW�PRGHOV�

$V�D�IXUWKHU�GHYHORSPHQW�RI�PRGHO�DQDO\VLV��VWXGHQW�PRGHO�VWUXFWXUHV�DQG�PRGHO

HYROXWLRQ�SURFHVV�DUH�VWXGLHG�EDVHG�RQ�SK\VLFDO�IHDWXUHV���%DVHG�RQ�WKLV�LGHD��DQ�PXOWLSOH�

FKRLFH�LQVWUXPHQW�RQ�1HZWRQ�,,,�ZLWK�LVRODWHG�SK\VLFDO�IHDWXUHV�LV�GHYHORSHG���6HYHUDO�QHZ

DOJRULWKPV�DUH�DOVR�GHYHORSHG�WR�GR�GDWD�DQDO\VLV�
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5HIHUHQFHV�DQG�(QGQRWHV�

������������������������������������������������
�
�0��:LWWPDQQ��¦0DNLQJ�VHQVH�RI�KRZ�VWXGHQWV�FRPH�WR�DQ�XQGHUVWDQGLQJ�RI�SK\VLFV��$Q

H[DPSOH�IURP�PHFKDQLFDO�ZDYHV�§�3K�'��GLVVHUWDWLRQ��8QLYHUVLW\�RI�0DU\ODQG�������

�
��6HH�UHIHUHQFH���

�
�7KH�7RROV�IRU�6FLHQWLILF�7KLQNLQJ��767��)RUFH�DQG�0RWLRQ�&RQFHSWXDO�(YDOXDWLRQ�LV

DYDLODEOH�IURP�WKH�&HQWHU�IRU�6FLHQFH�DQG�0DWKHPDWLFV�7HDFKLQJ����&ROE\�6W���7XIWV

8QLYHUVLW\��0HGIRUG��0$�������

�
��5��.��7KRUQWRQ��¦(QKDQFLQJ�DQG�HYDOXDWLQJ�VWXGHQWV©�OHDUQLQJ�RI�PRWLRQ�FRQFHSWV�§

&KDSWHU�LQ�,QWHOOLJHQW�/HDUQLQJ�(QYLURQPHQWV�DQG�.QRZOHGJH�$FTXLVLWLRQ�LQ�3K\VLFV��$�

7LEHUJKLHQ�DQG�+��0DQGO��HGV���%HUOLQ�+HLGHOEHUJ�1HZ�<RUN��6SULQJHU�9HUODJ��1$72

6FLHQFH�6HULHV�������

�
��'DWD�FROOHFWHG�E\�/��+DGOH\�/��80G�

�
��5��.��7KRUQWRQ��¦&RQFHSWXDO�'\QDPLFV��&KDQJLQJ�6WXGHQW�9LHZV�RI�)RUFH�DQG�0RWLRQ�§

3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7KLQNLQJ�6FLHQFH�IRU�7HDFKLQJ��WKH�&DVH

RI�3K\VLFV���5RPH��6HSW������

�
��7KLV�H[SODLQV�WKH�UHVXOW�REVHUYHG�E\�7KRUQWRQ��SULYDWH�FRPPXQLFDWLRQ��WKDW�)&,�DQG

)0&(�VFRUHV�FRUUHODWH�ZHOO�H[FHSW�RQ�WKH�ORZ�HQG��ZKHUH�)0&(�JUDGHV�DUH�IRXQG�QHDU

]HUR��EXW�IHZ�)&,�JUDGHV�DUH�ORZHU�WKDQ�����

�
�3OHDVH�FRQWDFW�WKH�DXWKRU�IRU�PRUH�GHWDLOV�RQ�PRGHO�EDVHG�FRUUHODWLRQ�FRQVWUXFWLRQ�DQG

PRGHO�EDVHG�IDFWRU�DQDO\VLV�

�
��7KLV�PHWKRG�LV�VLPLODU�WR�WKH�ELQDU\�UHODWLRQ�XVHG�LQ�FOXVWHU�DQDO\VLV��(�J��$��.��-DLQ�DQG

5��&��'XEHV��$OJRULWKPV�IRU�&OXVWHULQJ�'DWD��3UHQWLFH�+DOO�

��
��$�VLJQLILFDQW�SDUW�RI�TXDOLWDWLYH�UHVHDUFK��VWXGHQW�LQWHUYLHZV��LV�FRQGXFWHG�DW�WKH�.DQVDV

6WDWH�8QLYHUVLW\���,Q�OLWHUDWXUH��WKHUH�DUH�DOVR�D�ORW�RI�SXEOLVKHG�UHVXOWV�WKDW�LQGLFDWH�WKH

H[LVWHQFH�RI�WKH���SK\VLFDO�IHDWXUHV�

��
�,��+DOORXQ�DQG�'��+HVWHQHV��¦7KH�LQLWLDO�NQRZOHGJH�VWDWH�RI�FROOHJH�SK\VLFV�VWXGHQWV�§
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