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&KDSWHU��� 6XPPDU\�DQG�6SHFXODWLRQV

,Q�WKLV�GLVVHUWDWLRQ��D�QHZ�WKHRUHWLFDO�DQG�PDWKHPDWLFDO�IUDPHZRUN�LV�GHYHORSHG�LQ

DWWHPSW�WR�EXLOG�D�FRKHUHQW�PRGHO�WR�VWXG\�WKH�VWXGHQW�OHDUQLQJ�RI�SK\VLFV���7KH�WKHRUHWLFDO

IRXQGDWLRQ�LV�EDVHG�RQ�WKH�PDQ\�LGHDV�DQG�WKHRULHV�GHYHORSHG�E\�UHVHDUFKHUV�LQ�FRJQLWLYH

VFLHQFH�DQG�SK\VLFV�HGXFDWLRQ���,Q�WKH�IROORZLQJ�VHFWLRQV��,�VXPPDUL]H�VHYHUDO�NH\

HOHPHQWV�LQ�WKH�QHZ�WKHRU\�ZLWK�HPSKDVLV�RQ�WKH�QXPHULFDO�PHWKRGV���,�ZLOO�QRW�GLVFXVV�WKH

DSSOLFDWLRQV�LQ�WKH�VWXG\�RI�VWXGHQW�XQGHUVWDQGLQJ�RI�TXDQWXP�PHFKDQLFV�

.H\�(OHPHQWV�LQ�WKH�1HZ�7KHRU\

6WXGHQW�0RGHOV

,Q�RXU�UHVHDUFK��ZH�GHVFULEH�WKH�GLIIHUHQW�VWXGHQW�YLHZV�DQG�XQGHUVWDQGLQJV�RI�SK\VLFV

FRQFHSWV�ZLWK�¦VWXGHQW�PRGHOV§���$�VWXGHQW�PRGHO�LV�GHILQHG�DV�D�SURGXFWLYH�PHQWDO

VWUXFWXUH�WKDW�FDQ�EH�DSSOLHG�WR�D�YDULHW\�RI�GLIIHUHQW�SK\VLFDO�FRQWH[WV�WR�JHQHUDWH

H[SODQDWRU\�UHVXOWV���7KH�IRUPDWLRQ�DV�ZHOO�DV�WKH�DSSOLFDWLRQ�RI�D�PRGHO�KDV�VWURQJ

LQYROYHPHQW�RI�SK\VLFDO�FRQWH[WV��L�H���WKH�PRGHOV�DUH�KLJKO\�FRQWH[W�GHSHQGHQW�

3K\VLFV�0RGHOV

)RU�D�SDUWLFXODU�SK\VLFV�FRQFHSW��WKURXJK�V\VWHPDWLF�UHVHDUFK��ZH�FDQ�LGHQWLI\�D�ILQLWH

VHW�RI�FRPPRQO\�UHFRJQL]HG�VWXGHQW�PRGHOV���7KHVH�PRGHOV�XVXDOO\�FRQVLVW�RI�RQH�FRUUHFW

H[SHUW�PRGHO�DQG�D�IHZ�LQFRUUHFW�RU�SDUWLDOO\�FRUUHFW�VWXGHQW�PRGHOV���7KHVH�PRGHOV�DUH

GHILQHG�DV�3K\VLFDO�0RGHOV�VLQFH�WKH\�DUH�FRPPRQ�WR�D�JURXS�RI�VWXGHQWV�ZLWK�VLPLODU

EDFNJURXQG�DQG�WKH�H[LVWHQFH�RI�WKHVH�PRGHOV�FDQ�EH�YHULILHG�UHSHDWHGO\�WKURXJK�UHVHDUFK�

6WXGHQW�0RGHO�6WDWH

)RU�D�VLQJOH�VWXGHQW�VROYLQJ�D�VHW�RI�SUREOHPV�UHODWHG�WR�D�VLQJOH�SK\VLFV�FRQFHSW��WKHUH

DUH�XVXDOO\�WZR�GLIIHUHQW�VLWXDWLRQV�

��� 7KH�VWXGHQW�FDQ�XVH�RQH�RI�WKH�SK\VLFDO�PRGHOV�DQG�EH�FRQVLVWHQW�LQ�XVLQJ�LW�LQ

VROYLQJ�DOO�TXHVWLRQV���7KH�PRGHO�FDQ�EH�HLWKHU�WKH�H[SHUW�PRGHO�RU�DQRWKHU�SK\VLFDO

PRGHO��H�J��DQ�LQFRUUHFW�VWXGHQW�PRGHO��

��� 7KH�VWXGHQW�FDQ�KROG�GLIIHUHQW�SK\VLFDO�PRGHOV�DW�WKH�VDPH�WLPH�DQG�EH�LQFRQVLVWHQW

LQ�XVLQJ�WKHP��L�H��WKH�VWXGHQW�FDQ�XVH�RQH�RI�WKH�SK\VLFDO�PRGHOV�RQ�FHUWDLQ

TXHVWLRQV�DQG�XVH�DQRWKHU�RQH�RQ�RWKHU�TXHVWLRQV�DOWKRXJK�DOO�WKH�TXHVWLRQV�DUH

UHODWHG�WR�D�VDPH�FRQFHSW�DQG�WKH�TXHVWLRQV�DUH�VHHQ�DV�HTXLYDOHQW�E\�H[SHUWV�

7KHQ�WKH�GLIIHUHQW�VLWXDWLRQV�RI�VWXGHQWV�XVLQJ�WKHLU�PRGHOV�DUH�GHVFULEHG�ZLWK�GLIIHUHQW

VWXGHQW�PRGHO�VWDWHV���7KH�ILUVW�FDVH�FRUUHVSRQGV�WR�D�FRQVLVWHQW�PRGHO�VWDWH�DQG�WKH�VHFRQG

FDVH�LV�FRQVLGHUHG�DV�D�PL[HG�PRGHO�VWDWH�

:LWK�D�VHW�RI�TXHVWLRQV�GHVLJQHG�DURXQG�D�VLQJOH�SK\VLFV�FRQFHSW�GRPDLQ��ZH�FDQ

PHDVXUH�WKH�SUREDELOLW\�IRU�D�VLQJOH�VWXGHQW�WR�EH�WULJJHUHG�LQWR�WKH�GLIIHUHQW�SK\VLFDO
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PRGHOV�LQ�VROYLQJ�WKHVH�SUREOHPV���)RU�GLIIHUHQW�VWXGHQWV��WKH�GLVWULEXWLRQV�RI�SUREDELOLW\

ZLOO�EH�GLIIHUHQW���7KHUHIRUH��ZH�FDQ�XVH�WKHVH�SUREDELOLWLHV�WR�UHSUHVHQW�VWXGHQW�PRGHO

VWDWH���7KXV��WKH�VWXGHQW�PRGHO�VWDWH�LV�GHILQHG�DV�D�VSHFLILF�FRQILJXUDWLRQ�RI�SUREDELOLWLHV

IRU�D�VWXGHQW�WR�XVH�GLIIHUHQW�SK\VLFDO�PRGHOV�LQ�SUREOHP�VROYLQJ�FRQWH[WV�UHODWHG�WR�D

SDUWLFXODU�SK\VLFDO�FRQFHSW�GRPDLQ�

5DQGRP�3URFHVV�LQ�0RGHO�7ULJJHULQJ

+RZ�D�VWXGHQW�LV�WULJJHUHG�LQWR�D�VSHFLILF�SK\VLFDO�PRGHO�LV�D�YHU\�FRPSOLFDWHG�SURFHVV�

,W�GHSHQGV�RQ�ERWK�WKH�VWXGHQWV©�EDFNJURXQG�DQG�WKH�VWUXFWXUDO�LQIRUPDWLRQ�RI�WKH

TXHVWLRQV���7KH�VLWXDWLRQ�FDQ�EH�HYHQ�ZRUVH�ZKHQ�ZH�VWXG\�D�ODUJH�SRSXODWLRQ�RI�VWXGHQWV

ZLWK�GLYHUVH�EDFNJURXQGV���,Q�WKLV�GLVVHUWDWLRQ��,�ZLOO�QRW�JR�LQWR�WKH�GHWDLOV�RI�PRGHO

WULJJHULQJ�EXW�UDWKHU�FKDUDFWHUL]H�LW�DV�D�FRQGLWLRQHG�UDQGRP�SURFHVV�WKDW�LV�FRQVWUDLQHG�E\

WKH�EDFNJURXQG�RI�WKH�VWXGHQWV�DQG�WKH�SK\VLFDO�IHDWXUHV�RI�WKH�TXHVWLRQV�

7KH�PHDQLQJ�RI�WKLV�FRQGLWLRQHG�UDQGRP�SURFHVV�LV�GHILQHG�DV�WKH�IROORZLQJ��,Q�D�ZHOO�

GHILQHG�GRPDLQ�RI�SK\VLFV�FRQWH[W�UHODWHG�WR�RQH�SK\VLFV�FRQFHSW��VWXGHQWV�FDQ�FRPH�XS

ZLWK�D�ILQLWH�VHW�RI�PRGHOV�WR�GHDO�ZLWK�WKH�YDULRXV�SUREOHP�VROYLQJ�VLWXDWLRQV�ZLWKLQ�WKH

FRQWH[W�GRPDLQ���:KDW�W\SH�RI�PRGHO�LV�WR�EH�WULJJHUHG�E\�D�VSHFLILF�SK\VLFDO�FRQWH[W�LV�D

UDQGRP�SURFHVV�WR�DQ�H[WHUQDO�REVHUYHU��KRZHYHU��WKH�VHW�RI�WKH�SRVVLEOH�PRGHOV�LV

ERXQGHG�DQG�NQRZQ��WKHVH�DUH�GHILQHG�DV�SK\VLFDO�PRGHOV��

0RGHO�6SDFH

)RU�D�VSHFLILF�SK\VLFV�FRQFHSW�GRPDLQ��ZH�FDQ�UHSUHVHQW�WKH�FRPSOHWH�VHW�RI�SK\VLFV

PRGHOV�ZLWK�D�VHW�RI�RUWKRJRQDO�XQLWDU\�YHFWRUV�
K

H ��GHILQHG�DV�WKH�SK\VLFDO�PRGHO�YHFWRUV�
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ZKHUH�¦Z§�LV�WKH�WRWDO�QXPEHU�RI�SK\VLFDO�PRGHOV�DVVRFLDWHG�ZLWK�WKH�VSHFLILF�FRQFHSW

XQGHU�FRQVLGHUDWLRQ��D�QXOO�PRGHO�LV�DOVR�LQFOXGHG��

7KH�VSDFH�VSDQQHG�E\�DOO�WKHVH�SK\VLFDO�PRGHO�YHFWRUV�LV�GHILQHG�DV�WKH�PRGHO�VSDFH�

7KHQ�WKH�PRGHO�VWDWH�IRU�D�VLQJOH�VWXGHQW��WKH�N
WK
�VWXGHQW�LQ�D�FODVV��FDQ�EH�UHSUHVHQWHG�ZLWK

D�XQLWDU\�YHFWRU�XN�
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7KLV�QRUPDOL]DWLRQ�LV�FRQVWUDLQHG�E\�WKH�UHTXLUHPHQW�WKDW�WKH�SK\VLFDO�PRGHOV�IRUP�D

FRPSOHWH�VHW�DQG�WKH�SUREDELOLW\�IRU�D�VWXGHQW�WR�EH�WULJJHUHG�LQWR�D�PRGHO�LQ�WKH�VHW�LV

WKHUHIRUH���

0RGHO�$QDO\VLV

0RGHO�DQDO\VLV�FRQVLVWV�D�VHW�RI�QXPHULFDO�DOJRULWKPV�GHYHORSHG�EDVHG�RQ�WKH�WKHRU\�

7KH�DOJRULWKPV�DUH�GHVLJQHG�WR�SURYLGH�TXDQWLWDWLYH�HYDOXDWLRQV�RI�VWXGHQW�PRGHOV�ZLWK

UHVHDUFK�EDVHG�PXOWLSOH�FKRLFH�TXHVWLRQV���,Q�WKH�IROORZLQJ�VHFWLRQV���������,�VSHFLILFDOO\

VXPPDUL]H�WZR�EDVLF�DOJRULWKPV���,Q�FKDSWHU����DGGLWLRQDO�PHWKRGV�DUH�GLVFXVVHG�WR�GHDO

ZLWK�VSHFLILF�IHDWXUHV�RI�GLIIHUHQW�W\SHV�RI�PXOWLSOH�FKRLFH�LQWHUPHQWV�

x 0RGHO�(YDOXDWLRQ

:LWK�D�VHW�RI�UHVHDUFK�EDVHG�TXHVWLRQV��VWXGHQW�UHVSRQVHV�FDQ�EH�XVHG�WR�LQIHU�WKH

PRGHOV�WKH\�XVHG�WR�VROYH�WKH�TXHVWLRQV���8VLQJ�D�FHUWDLQ�VHW�RI�TXHVWLRQV�DVVRFLDWHG�ZLWK�D

VLQJOH�SK\VLFV�FRQFHSW�GRPDLQ��H�J��1HZWRQ�,,,���ZH�FDQ�REWDLQ�WKH�VLQJOH�VWXGHQW�PRGHO

VWDWH�DV�
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ZKHUH�N�UHSUHVHQWV�WKH�N
WK
�VWXGHQW�DQG�P�LV�WKH�QXPEHU�RI�TXHVWLRQV�XVHG�LQ�WKH

PHDVXUHPHQW���,Q�WKH�HTXDWLRQ��QKN�UHVSRQGHQWV�WKH�QXPEHU�RI�TXHVWLRQV�DQVZHUHG�ZLWK

SK\VLFDO�PRGHO�K�E\�WKH�NWK
�VWXGHQW���7KHQ�ZH�FDQ�FRQVWUXFW�WKH�VLQJOH�VWXGHQW�PRGHO

GHQVLW\�PDWUL[�RI�WKH�N
WK
�VWXGHQW�DV�
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ZKLFK�FDQ�EH�XVHG�WR�IRUP�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[�
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%\�DQDO\]LQJ�WKH�FODVV�PRGHO�GHQVLW\�PDWUL[��ZH�FDQ�VWXG\�WKH�IHDWXUHV�RI�WKH�PRGHOV

XVHG�E\�WKH�VWXGHQWV�LQ�WKH�FODVV���$�JUDSKLFDO�UHSUHVHQWDWLRQ��WKH�PRGHO�SORW��LV�RIWHQ�XVHG

WR�SUHVHQW�WKH�UHVXOWV�RI�VWXGHQW�PRGHOV��6HH�ILJXUH������



���

x 7KH�&RQFHQWUDWLRQ�)DFWRU

%DVHG�RQ�RXU�XQGHUVWDQGLQJ�RI�VWXGHQW�OHDUQLQJ��WKH�VWXGHQW�UHVSRQVHV�DUH�FRQVLGHUHG�DV

WKH�RXWSXW�RI�VWXGHQWV�DSSO\LQJ�WKHLU�PRGHOV�LQ�YDULRXV�SK\VLFDO�FRQWH[WV���7KHUHIRUH��LI

VWXGHQWV�KDYH�D�IHZ�FRQVLVWHQW�PRGHOV�RI�SK\VLFV��WKH�UHVSRQVHV�VKRXOG�EH�PRUH

FRQFHQWUDWHG�RQ�WKRVH�FKRLFHV�UHSUHVHQWLQJ�WKH�FRUUHVSRQGLQJ�PRGHOV���2Q�WKH�RWKHU�KDQG�

LI�VWXGHQWV�KDYH�QR�PRGHOV��RU�KDYH�D�ZLGH�YDULHW\�RI�PRGHOV�DQG�XVH�WKHP�LQFRQVLVWHQWO\�

WKHLU�UHVSRQVHV�ZLOO�EH�PRUH�UDQGRPO\�GLVWULEXWHG�DPRQJ�WKH�FKRLFHV���7KHUHIRUH��WKH�ZD\

LQ�ZKLFK�WKH�VWXGHQWV©�UHVSRQVHV�RQ�PXOWLSOH�FKRLFH�TXHVWLRQV�DUH�GLVWULEXWHG�UHYHDOV

LPSRUWDQW�LQIRUPDWLRQ�RQ�VWXGHQW�PRGHOV�

7R�VWXG\�WKH�VWXGHQW�UHVSRQVHV��LW�LV�FRQYHQLHQW�WR�KDYH�D�VLPSOH�PHDVXUH�WKDW�JLYHV�WKH

LQIRUPDWLRQ�RQ�WKH�GLVWULEXWLRQ�RI�WKH�UHVSRQVHV���,W�LV�GHILQHG�DV�WKH�FRQFHQWUDWLRQ�IDFWRU�

GHQRWHG�DV�&��ZLWK�D�YDOXH�LQ�WKH�UDQJH�>���@��ZKHUH�D�ODUJH�YDOXH�UHSUHVHQWV�KLJKO\

FRQFHQWUDWHG�UHVSRQVHV�

7R�IRUPXODWH�&��ILUVW�VXP�XS�DOO�WKH�VWXGHQW�UHVSRQVHV�RQ�RQH�TXHVWLRQ�LQ�D�YHFWRU�IRUP

DQG�JHW�WKH�WRWDO�UHVSRQVH�YHFWRU�IRU�WKDW�TXHVWLRQ�
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ZKHUH�QL�LV�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�ZKR�VHOHFWHG�FKRLFH�L���6LQFH�WKHUH�LV�D�WRWDO�RI�1

UHVSRQVHV��ZH�KDYH
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ZKHUH�1�!!�P�LV�UHTXLUHG�

7R�XVH�WKH�FRQFHQWUDWLRQ�IDFWRU��WKH�ILUVW�PHWKRG�LV�WR�FRPELQH�WKH�FRQFHQWUDWLRQ�IDFWRU

ZLWK�VFRUHV�WR�IRUP�UHVSRQVH�SDWWHUQV���$�ORZ�VFRUH�DQG�ORZ�FRQFHQWUDWLRQ�W\SH�VKRZV�WKDW

PRVW�RI�WKH�VWXGHQWV�KDYH�QR�GRPLQDWLQJ�PRGHO�RQ�WKH�WRSLF��DW�OHDVW�DV�UHYHDOHG�E\�WKH�WHVW

EHLQJ�VWXGLHG��DQG�WKHLU�UHVSRQVHV�DUH�PRUH�OLNH�WKH�UHVXOWV�RI�UDQGRP�JXHVVHV���2Q�WKH

RWKHU�KDQG��D�ORZ�VFRUH�EXW�KLJK�FRQFHQWUDWLRQ�W\SH�LPSOLHV�WKDW�WKH�VWXGHQWV�SUREDEO\�KDYH

D�VWURQJ�LQFRUUHFW�PRGHO�RQ�WKH�UHODWHG�FRQFHSW���,I�WKH�UHVXOWV�DUH�IURP�D�SUH�WHVW��WKH

LQVWUXFWRUV�FDQ�EH�LQIRUPHG�E\�WKHVH�LQFRUUHFW�LQLWLDO�VWXGHQW�PRGHOV�DQG�SUHSDUH�IRU

DSSURSULDWH�LQVWUXFWLRQ�

:H�FDQ�DOVR�UHSUHVHQW�WKH�UHVXOWV�RQ�D�¦6�&§�SORW��XVLQJ�WKH�VFRUH�DV�WKH�KRUL]RQWDO�D[LV
DQG�WKH�FRQFHQWUDWLRQ�DV�WKH�YHUWLFDO�D[LV���7KHQ�WKH�UHVSRQVH�RI�HDFK�TXHVWLRQ�FRXOG�EH

UHSUHVHQWHG�DV�D�SRLQW�RQ�WKH�6�&�SORW���7KH�VKLIW�RI�WKH�UHVSRQVH�FDQ�EH�UHSUHVHQWHG�ZLWK�D
YHFWRU�VWDUWLQJ�IURP�WKH�SRLQW�UHSUHVHQWLQJ�WKH�LQLWLDO�VWDWH�WRZDUGV�WKH�SRLQW�IRU�WKH�ILQDO

VWDWH�

$SSOLFDWLRQ�([DPSOHV

7R�LOOXVWUDWH�KRZ�WKH�DOJRULWKPV�DUH�DSSOLHG��,�VXPPDUL]H�WZR�H[DPSOHV�ZLWK�)&,�GDWD

IURP�80G�VWXGHQWV���7KHVH�WZR�H[DPSOHV�DUH�DOO�RQ�WKH�FRQFHSW�RI�)RUFH�DQG�0RWLRQ

UHODWLRQ��ZKLFK�LQYROYH���)&,�TXHVWLRQV�DUH�DVVRFLDWHG�ZLWK�WKLV�FRQFHSW��TXHVWLRQV������

�������DQG�����

6WXGHQW�&ODVV�0RGHO�6WDWHV

$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�
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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�

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

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

)ROORZLQJ�WKH�DOJRULWKP�SURFHGXUHV��ZH�FDQ�FRQVWUXFW�VWXGHQW�PRGHO�GHQVLW\�PDWUL[

DQG�SHUIRUP�HLJHQYDOXH�GHFRPSRVLWLRQ�RQ�LW���7KH�SULPDU\�VWXGHQW�FODVV�PRGHO�VWDWHV�DUH

VKRZQ�LQ�ILJXUH�������7KH�GDWD�LV�IURP���WXWRULDO�FODVVHV�DQG���WUDGLWLRQDO�FODVVHG�LQ�80G�

$V�ZH�FDQ�VHH�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�

$OWKRXJK�VWLOO�LQ�WKH�PL[HG�PRGHO�UHJLRQ��WKH�WXWRULDO�FODVVHV�PDNH�D�TXLWH�ODUJH�IDYRUDEOH

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

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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7XW�3UH

7XW�3RVW

7UG�3UH

7UG�3RVW

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

&RQFHQWUDWLRQ�RI�6WXGHQW�5HVSRQVHV�RQ�)&,

7KH�SUH�LQVWUXFWLRQ�)&,�GDWD�RI����80G�FODVVHV�DUH�DQDO\]HG�ZLWK�D�WKUHH�OHYHO

PRGHOLQJ�VFKHPH�GHVFULEHG�LQ�FKDSWHU�����7KH�UHVXOWV�DUH�YHU\�VLPLODU�IRU�DOO�FODVVHV���7KLV

LV�H[SHFWHG�VLQFH�WKH�EDFNJURXQG�RI�WKH�LQFRPLQJ�VWXGHQWV�LV�VLPLODU���7KHUHIRUH��WKH�UHVXOWV

RI�WKH�SUH�GDWD�DQDO\VLV�DUH�FRPELQHG���7DEOH�����LV�D�OLVW�RI�WKH�FRGLQJ�RI�WKH�SUH�WHVW

UHVSRQVH�W\SHV�IRU�DOO����TXHVWLRQV�RQ�WKH�)&,�WHVW�

$�ORRN�DW�WKH�GHWDLOV�RI�WKH�TXHVWLRQV�VXJJHVWV�WKDW�PRVW�RI�WKH�TXHVWLRQV�ZLWK�/0�DQG

/+�W\SHV�DUH�GHDOLQJ�ZLWK�WZR�SK\VLFV�FRQFHSWV��WKH�UHODWLRQ�RI�IRUFH�DQG�PRWLRQ�DQG

1HZWRQ�,,,��VHH�FKDSWHU���IRU�GHWDLOV�RQ�WKH�WZR�FRQFHSW�JURXSV��

$GYDQWDJHV�RI�0RGHO�$QDO\VLV

7KLV�PHWKRG�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�WKHLU�PHQWDO

PRGHOV�

:LWK�WKLV�PHWKRG��VWXGHQW�UDZ�GDWD�DUH�WUDQVIHUUHG�LQWR�VWDWHV�LQ�WKH�PRGHO�VSDFHV�

6LQFH�IRU�HDFK�SK\VLFV�FRQFHSW�GRPDLQ��WKH�VWUXFWXUH�RI�WKH�DVVRFLDWHG�PRGHO�VSDFH�LV

GHILQLWH��WKH�VWXGHQW�PRGHO�VWDWHV�REWDLQHG�ZLWK�GLIIHUHQW�LQVWUXPHQWV�FDQ�EH�GLUHFWO\

FRPSDUHG�LQ�WKH�PRGHO�VSDFH���7KH�UHVXOWV�FDQ�EH�XVHG�WR�DQDO\]H�VWXGHQW�XQGHUVWDQGLQJ

DQG�RU�WKH�IHDWXUHV�RI�WKH�LQVWUXPHQWV���0RGHO�DQDO\VLV�FDQ�DOVR�SURYLGH�PRUH�H[SOLFLW

LQIRUPDWLRQ�RQ�KRZ�WR�LPSURYH�LQVWUXFWLRQ���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�MXVW�WKH�GLIILFXOW\�LWVHOI���7KHUHIRUH�ZH�FDQ�GHYHORS�PRUH

DSSURSULDWH�LQVWUXFWLRQ�VWUDWHJLHV�ULJKW�WR�WKH�ZHDN�SRLQWV�DQG�KHOS�WKH�VWXGHQW�PRUH

HIIHFWLYHO\�

7DEOH������3UH�LQVWUXFWLRQ�)&,�UHVSRQVH�W\SHV��80G��WDEOH����E�
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6SHFXODWLRQV�RQ�0RGHOLQJ�WKH�/HDUQLQJ�3URFHVV

:KDW�WRRO�FDQ�ZH�XVH�WR�HIIHFWLYHO\�PRGHO�WKH�OHDUQLQJ�SURFHVV"��0DQ\�LQVWUXPHQWV�DQG

PHWKRGV�KDYH�EHHQ�GHYHORSHG�IRU�YDULRXV�FRQWH[WV���$�QRQ�FRQFOXVLYH�OLVW�LQFOXGHV�RSHQ�

HQGHG�FRQFHSWXDO�TXHVWLRQV��VWXGHQW�LQWHUYLHZV��PXOWLSOH�FKRLFH�VXUYH\V�DQG�FRQFHSW

PDSSLQJ�

$�&UXFLDO�3UREOHP�RQ�3UHFLVH�0RGHOLQJ�RI�6WXGHQW�8QGHUVWDQGLQJ

$OO�WKHVH�PHWKRGV�DUH�LQIOXHQFHG�E\�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�PHDVXUHPHQW��WKH

FRPPXQLFDWLRQ�EHWZHHQ�WKH�VWXGHQWV�DQG�WKH�LQYHVWLJDWRUV��RU�WKH�ODQJXDJH�LVVXH�IRU

VLPSOLFLW\����7KH�VWXGHQW�DFWXDO�WKLQNLQJ�FDQ�EH�PLVFRPPXQLFDWHG��L�H���WKH�VWXGHQWV�RIWHQ

XVH�WKH�¦ZRUGV§�RU�SK\VLFDO�WHUPV�LQ�ZD\V�GLIIHUHQW�WKDQ�ZKDW�H[SHUWV�ZRXOG�H[SHFW�

6WXGHQWV�DQG�H[SHUWV�FDQ�XVH�WKH�VDPH�ODQJXDJH�EXW�PHDQ�FRPSOHWHO\�GLIIHUHQW�WKLQJV�

7KHUHIRUH��VWXGHQW�UHVSRQVHV�FRGHG�ZLWK�WKH�UHSUHVHQWDWLRQV�RI�VLPSOH�ODQJXDJH�RU�RWKHU

VLPLODU�IRUPDWV��H�J��OLQNV�LQ�FRQFHSW�PDSV��FDQ�FDXVH�SUREOHPV�LQ�FRQYH\�WKH�DFWXDO

WKRXJKWV�XVHG�WR�JHQHUDWH�WKRVH�UHVSRQVHV�

7KH�$YDLODEOH�0HWKRGV

x 6WXGHQW�,QWHUYLHZV

$�ZHOO�FRQGXFWHG�LQWHUYLHZ�LV�E\�IDU�WKH�PRVW�HIIHFWLYH�PHWKRG�WR�LGHQWLI\�WKH�¦WUXH§

UHDVRQLQJ�RI�VWXGHQWV���,Q�LQWHUYLHZV��WKH�LQYHVWLJDWRU�FDQ�KDYH�WKH�RSSRUWXQLW\�QRW�RQO\�WR

FROOHFW�ZKDW�WKH�VWXGHQW�DUH�VD\LQJ�EXW�DOVR�WR�SUREH�LQ�UHDO�WLPH�ZKDW�WKH�VWXGHQWV�GR�PHDQ

E\�XVLQJ�WKRVH�ZRUGV���'HWDLOHG�DQDO\VLV�RI�D�JRRG�LQWHUYLHZ�FDQ�SURYLGH�WKH�PRVW

LQVLJKWIXO�LQIRUPDWLRQ�RQ�WKH�VWXGHQW�XQGHUVWDQGLQJV�

$OWKRXJK�VWXGHQW�LQWHUYLHZ�LV�DQ�HIIHFWLYH�PHWKRG��LW�LV�YHU\�WLPH�FRQVXPLQJ�WR

FRQGXFW�WKH�UHVHDUFK�DQG�WR�DQDO\]H�WKH�GDWD���$�ZHOO�GLVWULEXWHG�SRSXODWLRQ�RI�VWXGHQWV�IRU

WKH�LQWHUYLHZ�LV�DOVR�GLIILFXOW�WR�REWDLQ���,Q�DGGLWLRQ��WKH�H[SHULHQFH�RI�WKH�LQYHVWLJDWRUV�DQG

WKH�TXDOLW\�RI�WKH�LQWHUYLHZ�SURWRFROV�FDQ�DOVR�DIIHFW�WKH�UHVXOWV�VLJQLILFDQWO\���$OO�WKHVH

PDNH�LW�LPSUDFWLFDO�WR�XVH�LQWHUYLHZV�DV�D�JHQHUDO�HYDOXDWLRQ�WRRO�LQ�LQVWUXFWLRQ�

x 2SHQ�HQGHG�&RQFHSWXDO�4XHVWLRQV

2SHQ�HQGHG�FRQFHSWXDO�TXHVWLRQV��GHSHQGLQJ�RQ�WKH�GHVLJQ�RI�WKH�TXHVWLRQV��FDQ

SURYLGH�FRPSDUDWLYHO\�ULFK�LQIRUPDWLRQ�RQ�VWXGHQW�UHDVRQLQJ���+RZHYHU��LW�VWLOO�EHDUV�WKH

SUREOHP�RI�PLVFRPPXQLFDWLRQ��VLQFH�ZH�GRQ©W�KDYH�D�VHFRQG�FKDQFH�WR�IXUWKHU�SUREH�WKH

VWXGHQWV�ZKHQ�ZH�KDYH�FRQIXVLRQV�RQ�ZKDW�WKH\�DUH�VD\LQJ���1HLWKHU�FDQ�ZH�LQYHVWLJDWH�LI

ZKDW�WKH\�VD\�UHDOO\�PHDQV�ZKDW�LW�LV�PHDQW�WR�EH���7KH�GDWD�DQDO\VLV�RI�WKH�RSHQ�HQGHG

TXHVWLRQV�LV�DOVR�WLPH�FRQVXPLQJ��ZKLFK�PDNHV�LW�GLIILFXOW�WR�LPSOHPHQW�WKLV�PHWKRG�LQ

ODUJH�FODVVHV�

x 0XOWLSOH�FKRLFH�4XHVWLRQV

0XOWLSOH�FKRLFH�TXHVWLRQV�RIWHQ�SURYLGH�WKH�OHDVW�LQIRUPDWLRQ�RQ�VWXGHQW�WKLQNLQJ

HVSHFLDOO\�ZKHQ�XVLQJ�VFRUH�EDVHG�HYDOXDWLRQV���,I�WKH�TXHVWLRQV�DUH�QRW�SURSHUO\�GHVLJQHG�
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WKH�UHVXOWV�FDQ�HYHQ�SURYLGH�PLVOHDGLQJ�LQWHUSUHWDWLRQV���+RZHYHU��PXOWLSOH�FKRLFH

LQVWUXPHQW�GRHV�KDYH�PDQ\�DGYDQWDJHV���7KH�GDWD�FROOHFWLRQ�DQG�DQDO\VLV�DUH�HDV\�WR

FRQGXFW�ZKLFK�PDNH�LW�DQ�LGHDO�LQVWUXPHQW�IRU�ODUJH�FODVVHV�

x &RQFHSW�0DSSLQJ

&RQFHSW�PDS�RIWHQ�UDLVHV�D�ORW�RI�GLVSXWHV�RQ�ZKDW�DFWXDOO\�LV�EHLQJ�PHDVXUHG���$V�IDU

DV�WKH�¦FRPPXQLFDWLRQ§�LVVXH�LV�FRQFHUQHG��ZKHQ�VWXGHQWV�GUDZ�OLQNV�EHWZHHQ�GLIIHUHQW

FRQFHSWV�GHQRWHG�E\�¦ZRUGV§�RQ�WKH�SDSHU��ZKLFK�WKH�VWXGHQWV�KDYH�KHDUG�IRU�PDQ\�WLPHV�

LW�LV�IDLUO\�GLIILFXOW�WR�GHFLGH�ZKDW�WKRVH�OLQNV�DFWXDOO\�PHDQ���)RU�H[DPSOH��VXSSRVH�ZH

JLYH�VWXGHQWV�IRXU�FRQFHSWV�GHVFULEHG�ZLWK�¦ZDYHV§��¦DPSOLWXGH§��¦IUHTXHQF\§��DQG

¦ZDYHOHQJWK§���7KURXJK�SXUH�PHPRUL]DWLRQ��PDQ\�VWXGHQWV�NQRZ�WKDW�DOO�WKH�¦ZRUGV§�DUH

UHODWHG��UHJDUGOHVV�ZKDW�WKHVH�ZRUGV�DFWXDOO\�PHDQ�WR�WKH�LQGLYLGXDO�VWXGHQWV����7KHUHIRUH�

WKH�OLQNV�LQ�WKH�FRQFHSW�PDSV�FRQVWUXFWHG�E\�WKH�VWXGHQWV�FDQ�EH�TXLWH�VLPLODU�WR�WKRVH�IURP

H[SHUWV��H[SHUWV�DQG�QRYLFHV�FDQ�KDYH�GLIIHUHQWO\�VWUXFWXUHG�FRQFHSW�PDSV��EXW�WKH

LQIRUPDWLRQ�WKDW�FDQ�EH�H[WUDFWHG�IURP�VXFK�VWUXFWXUHV�LV�OLPLWHG�DQG�GRHV�QRW�SURYLGH

DSSOLFDEOH�JXLGDQFH����:KDW�FDQ�WKLV�WHOO�XV�DERXW"��,W�VHHPV�WKDW�D�VLPSOH�FRQFHSW�PDS

RQO\�JLYH�WKH�DVVRFLDWLRQV�EHWZHHQ�GLIIHUHQW�¦ZRUGV§�PHPRUL]HG�E\�WKH�VWXGHQWV���7KH

OLQNV�WKHPVHOYHV�GRHV�QRW�SURYLGH�PXFK�LQIRUPDWLRQ��LI�DQ\���:KDW�LV�LPSRUWDQW�LV�WKH

TXDOLW\�RI�WKH�OLQNV��L�H���WKH�FRQWHQW�RI�WKH�XQGHUVWDQGLQJV�WKDW�WKH�OLQNV�UHSUHVHQW��DQG�LW�LV

XQOLNHO\�WR�UHSUHVHQW�VXFK�VXEWOH�LVVXHV�ZLWK�OLQHV�EHWZHHQ�ZRUGV���$OWKRXJK�E\�DQDO\]LQJ

WKH�VWUXFWXUH�RI�WKH�ZKROH�FRQFHSW�PDS��ZH�FDQ�REWDLQ�FHUWDLQ�LQIRUPDWLRQ�RQ�WKH�VWXGHQW

NQRZOHGJH�VWUXFWXUH���&RQFHSW�PDSSLQJ�RIWHQ�IDLO�WR�SURYLGH�SUHFLVH�LQIRUPDWLRQ�RQ

VSHFLILF�VWXGHQW�XQGHUVWDQGLQJV�

7KH�0HWKRG�RI�0RGHO�$QDO\VLV

0RGHO�DQDO\VLV�LQWHJUDWHV�VWXGHQW�LQWHUYLHZV�DQG�PXOWLSOH�FKRLFH�TXHVWLRQV�WRJHWKHU�

7KH�LQVWUXPHQW��WKH�PRGHO�EDVHG�PXOWLSOH�FKRLFH�WHVW��FDQ�EH�HDVLO\�LPSOHPHQWHG�LQ�ODUJH

FODVVHV�WR�REWDLQ�TXDQWLWDWLYH�HYDOXDWLRQV�RQ�VWXGHQW�PRGHOV�DQG�WKH�UHVXOWV�DUH�YDOLGDWHG�E\

UHVHDUFK���7KH�NH\�HOHPHQWV�RI�WKLV�PHWKRG�LQFOXGH�WKH�IROORZLQJV�

��� 7KURXJK�V\VWHPDWLF�UHVHDUFK�DQG�GHWDLOHG�VWXGHQW�LQWHUYLHZV��FRPPRQ�VWXGHQW

PRGHOV�DUH�LGHQWLILHG�DQG�YDOLGDWHG���7KH�VWXGHQW�PRGHOV�DUH�UHOLDEOH�IRU�D�ODUJH

SRSXODWLRQ�RI�VWXGHQWV�ZLWK�VLPLODU�EDFNJURXQG��H�J��WKH�VWXGHQWV�LQ�FDOFXOXV�EDVHG

LQWURGXFWRU\�SK\VLFV�FODVVHV����7KHVH�VWXGHQW�PRGHOV�DUH�WKHQ�XVHG�WR�PRGHO�WKH

OHDUQLQJ�RI�VWXGHQWV�ZLWK�VLPLODU�EDFNJURXQG�

��� 7KH�PXOWLSOH�FKRLFH�TXHVWLRQV�XVHG�ZLWK�PRGHO�DQDO\VLV�DUH�GHYHORSHG�EDVHG�RQ�WKH

NQRZOHGJH�RI�VWXGHQW�PRGHOV�LGHQWLILHG�WKURXJK�TXDOLWDWLYH�UHVHDUFK���7KH�FKRLFHV

RI�WKH�TXHVWLRQV�DUH�GHVLJQHG�WR�UHSUHVHQW�WKH�FRPPRQ�VWXGHQWV�PRGHOV�DQG�DUH

YDOLGDWHG�WKURXJK�UHVHDUFK�

��� 7KH�QXPHULFDO�DOJRULWKPV�XVH�WKH�VWXGHQW�IXOO�UHVSRQVHV�UDWKHU�WKDQ�MXVW�WKH�VFRUHV�

6WXGHQW�UHVSRQVHV�DUH�DQDO\]HG�LQ�PRGHO�VSDFH�DQG�WKH�UHVXOWV�FDQ�JLYH�H[SOLFLW

LQIRUPDWLRQ�RQ�WKH�VWXGHQW�XQGHUVWDQGLQJV��PRGHOV��
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0RGHO�DQDO\VLV�UHOLHV�KHDYLO\�RQ�TXDOLWDWLYH�PHWKRGV���%\�FRQGXFWLQJ�V\VWHPDWLF

UHVHDUFK��LW�LV�H[SHFWHG�WKDW�WKH�LGHQWLILHG�VWXGHQW�PRGHOV�UHIOHFW�WKH�PDMRULW\�RI�GLIIHUHQW

W\SHV�RI�VWXGHQW�XQGHUVWDQGLQJV��DQG�WKH�PXOWLSOH�FKRLFH�LQVWUXPHQWV�GR�QRW�FRQWDLQ

VLJQLILFDQW�FRPPXQLFDWLRQ�SUREOHPV���,Q�RWKHU�ZRUGV��ZH�XVH�LQWHUYLHZV�WR�LGHQWLI\�WKH

VWXGHQW�DFWXDO�WKLQNLQJ�XQGHU�FHUWDLQ�FRQWH[WV�DQG�XVH�PXOWLSOH�FKRLFH�LQVWUXPHQWV�WR

PHDVXUH�WKH�VWXGHQWV©�XVLQJ�RI�WKHVH�LGHQWLILHG�GLIIHUHQW�XQGHUVWDQGLQJV���7KH�FRPELQDWLRQ

RI�WKH�WZR�PHWKRGV�FDQ�SDUWLDOO\�VROYH�WKH�FRPPXQLFDWLRQ�SUREOHP�DQG�SURYLGH�DQ

HIIHFWLYH�DQG�VWDEOH�WRRO�WR�SUREH�ODUJH�FODVVHV�

2QFH�D�UHOLDEOH�SDFNDJH�LV�GHYHORSHG��LQVWUXFWRUV�ZLWK�VRPH�WUDLQLQJ�FDQ�HDVLO\

LPSOHPHQW�PRGHO�DQDO\VLV�LQVWUXPHQWV�LQ�ODUJH�FODVVHV�WR�REWDLQ�LPPHGLDWH�IHHGEDFN�IURP

VWXGHQWV�ZLWK�FRPSDUDWLYHO\�ULFK�LQIRUPDWLRQ�RQ�WKH�VWXGHQW�DFWXDO�XQGHUVWDQGLQJV�


