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7KHRUHPD �JHQHUDWHV �VWHS�E\�VWHS �QDWXUDO �ODQJXDJH �LOOXVWUDWLRQ �LQ �HDFK �VWHS �RI �SURYLQJ� �VWXGHQWV �FDQ �JUDVS

KRZ�ORJLFDO�GHGXFWLRQ�JRHV�ZLWKRXW�PXFK�GLIILFXOW\��$�IURQWHQG�LQWHUIDFH�WR�WKH�VLPXODWRU�VHQG�D�UHTXHVW�IRU

SURYLQJ�WR�RQH�RI�WKH�7KHRUHPD¶V�SURYHUV�WR�JHQHUDWH�YHUEDOL]HG�ORJLFDO�H[SODQDWLRQV�LQ�WHUPV�RI�D�SURRI�WUHH

�)LJXUH ���� �,Q �WKLV �ZD\� �VWXGHQWV �FDQ �LQYRNH �JUDSKLQJ �FDOFXODWRU �SDUW �DV �ZHOO �DV �ORJLFDO �GHGXFWLRQ �SDUW �WR

H[SORUH�GHHS�VLGHV�RI�PDWKHPDWLFV��7KH�IROORZLQJ�ILJXUHV�SUHVHQWV�KRZ�SURSRVLWLRQDO�VWDWHPHQW�LV�SURYHQ�LQ

XVHU�IULHQGO\�LQWHUIDFH��7KH�WDUJHW�WDVN�LV��SURYH#+3w4/y++» 3/ Á4/'�
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)LJ�����7KH�VLPXODWRU¶V�VFUHHQ�DQG�3UHGLFDWH3URYHU¶V�VWHS�E\�VWHS�SURRI

� ([SORUDWRU\�OHDUQLQJ�ZLWK�V\OORJLVP�WDVNV

$FFRUGLQJ�WR�%XFKEHUJHU�>�@��WKH�XVH�RI�7KHRUHPD�FDQ�EH�DSSOLHG�WR�WKHRU\�H[SORUDWLRQ�UDWKHU�WKDQ�SURYLQJ

LVRODWHG�WKHRUHPV��&RQVLGHULQJ�WKH�IDFW�WKDW�VHFRQGDU\�PDWKHPDWLFV�WH[WERRNV�FRQWDLQ�RQO\�VHYHUDO�GR]HQV�RI

WKHRUHPV �LQ �JHRPHWU\� �SURYLQJ �LV �QRW �UHJDUGHG �DV �PDLQ �PHQWDO �DFWLYLWLHV �LQ �VHFRQGDU\ �VFKRROV� �+RZHYHU�

SURRI �WUDLQLQJ �LV �LQGLVSHQVDEOH �IRU �KLJK�OHYHO �PDWKHPDWLFV� �7KLV �DVSHFW �LPSOLHV �WKH �LPSRUWDQFH �RI �PDNLQJ

VWXGHQWV �EH �HQJDJHG �ZLWK �UHDVRQLQJ �WDVNV� �:LWK �WKLV �PRWLYDWLRQDO �WKLQJ �LQ �PLQG� �ZH �FRQVLGHU �WUDGLWLRQDO

ORJLFDO�WDVNV��FDOOHG�V\OORJLVPV��7KHUH�DUH�WKUHH�PHWKRGV�WR�GHDO�ZLWK�WKHP��GLDJUDP�EDVHG��HTXDWLRQDO�ORJLF

DQG�SUHGLFDWH�FDOFXOXV��$OO�RI�WKHVH�PHWKRGV�PLJKW�EH�GLIILFXOW�IRU�KLJK�VFKRRO�VWXGHQWV��+RZHYHU��VWXGHQWV

FDQ�YLVXDOL]H�WKHLU�WKLQNLQJ�ZLWK�GLDJUDPV�DQG�WUDQVODWH�PDWKHPDWLFDO�WKLQNLQJ�LQWR�DOJHEUDLF�IRUPXOD��$W�WKH

HQG� �WKH\ �FDQ �YHULI\ �WKHLU �FRQFOXVLRQV �E\ �LPSOLFLWO\ �FDOOLQJ �3UHGLFDWH3URYHU �DYDLODEOH �LQ �7KHRUHPD�V\VWHP�

%\�UHDGLQJ�VWHS�E\�VWHS�DQQRWDWLRQV�LQ�HDFK�SURYHG�WH[W��VWXGHQWV�FDQ�XQGHUVWDQG�KRZ�HDFK�SURRI�LV�GHULYHG��
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&RPSDUHG�WR�H[SHUW�PDWKHPDWLFLDQV�ZKR�H[SORUH�PDWKHPDWLFV�LGHDV�IURP�VFUDWFK�WR�JUDVS�FRKHUHQW�LGHDV�LQ

DQ�LQWHJUDWHG�ZD\�E\�ZRUNLQJ�ZLWK�HDFK�SDUW��OD\HU��RI�WKH�ZKROH�SURFHGXUH��VWXGHQWV�XVXDOO\�WHQG�WR�IROORZ�D

WULDO�DQG�HUURU�DSSURDFK��,Q�GRLQJ�VR��WKH\�FDQ�XVH�IRUPXODH��GLDJUDPV��HTXDWLRQV�WR�ILQG�PHDQLQJIXO�GHULYD�

WLRQV��,Q�WKLV�SDSHU��LW�LV�DVVXPHG�WKDW�DOJHEUDLF�WUDQVIRUPDWLRQ�UXOHV�ZLWK�SUHGLFDWH�FDOFXOXV�FDQ�OHDG�VWXGHQWV

WR�H[SORUH�YDULRXV�SURSHUWLHV�DV�WKH\�DFFXPXODWH�DOJRULWKPLF�WKLQNLQJ��)RU�H[DPSOH��D�VWXGHQW�PLJKW�ZDQW�WR

GUDZ�D�YDOLG�FRQFOXVLRQ�IRU�WKH�IROORZLQJ�WDVN��³$OO�SKLORVRSKHUV�DUH�SURIHVVRU��$OO�SURIHVVRUV�DUH�ORJLFLDQV�´

7R�WDFNOH�ZLWK�VXFK�D�WDVN��RQH�PD\�XVH�D�9HQQ�'LDJUDP�E\�DEVWDFW�VHW�QRWDWLRQ��*LYHQ�D�VWDWHPHQW��³$OO�$V

DUH �%V� �$OO �%V �DUH �&V�´� �WKH �YDOLG�FRQFOXVLRQ� �³$OO �$V �DUH �&V�´ �PLJKW �EH �HDVLO\ �GUDZQ�HLWKHU �SURSRVLWLRQDO

FDOFXOXV�RU�D�9HQQ�'LDJUDP��

$QRWKHU�LQWHUHVWLQJ�PHWKRG�LV�WR�WUDQVIRUP�VXFK�V\OORJLVP�SUHPLVHV�LQWR�HTXDWLRQV��7KH�IROORZLQJ�HTXDWLRQV

DUH�WKRVH�LQ�WKLV�FDVH��$
% $��%
& %��7KHQ�$ $
% $
%
& $
&��VR�ZH�KDYH�$
& $�ZKLFK�PHDQV�$OO

$V�DUH�&V��7R�YHULI\�WKLV�FRQFOXVLRQ��ZH�FDQ�FDOO�7KHRUHPD¶V�SUHGLFDWH�SURYHU�E\�FRQYHUWLQJ�WZR�SUHPLVHV

LQWR �SUHGLFDWH �FDOFXOXV �IRUP� �$V �IRU �DQRWKHU �WDVN� �³$OO �$�DUH �%� �6RPH�%�DUH �QRW �&´� �WKH �LQWHUQDO �FRGH �IRU

FKHFNLQJ�WKH�FRQFOXVLRQ�³6RPH�$�DUH�QRW�&´�ORRNV�OLNH�LQ�WKH�IROORZLQJ�ZD\�ZLWK�WKH�UHVXOW�³SURYHG´�

3URSRVLWLRQ#�$DE2EF�2DF�� DQ\#$� %� &'� +$ ° % Â % Q &/ Á $ Q &'

3URYH#3URSRVLWLRQ#�$DE2EF�2DF�'�
XVLQJ � ;'HILQLWLRQ#�$OO $ DUH %� $DE�'� 'HILQLWLRQ#�6RPH $ DUH QRW %� 2DE�'?�
E\ � 3UHGLFDWH3URYHU' ss /DVW

SURYHG

7KH �PDLQ �SURYHU� �FDOOHG �3UHGLFDWH3URYHU� �XVXDOO\ �VWDUWV �ZLWK �QHJDWLQJ �WKH �FRQFOXVLRQ �WR �ILQG �DQ\ �RFFXUUHG

FRQWUDGLFWLRQ� �,Q �VRPH �FDVHV� �WKH �SURYHU �SURGXFHV �³IDLOHG´ �UHVXOW� �ZKLFK �PHDQV �WKH �FRQFOXVLRQ �FDQ �QRW �EH

SURYHG��$OVR�QRWLFH�WKDW�WKHUH�DUH�VHYHUDO�V\OORJLVPV�WKDW�GR�QRW�KDYH�YDOLG�FRQFOXVLRQV��,Q�WKRVH�V\OORJLVPV�

LW �LV �UDWKHU �GLIILFXOW �IRU �VWXGHQWV �WR �HQFRGH �WZR�SUHPLVHV �LQ �D �FRUUHFW �ZD\�WR �GUDZ�DQ\�FRQFOXVLRQ� �,Q �VXFK

FDVHV�PXOWLSOH�UHSUHVHQWDWLRQV�DUH�YHU\�KHOSIXO�WR�DVVLVW�WKHLU�WKLQNLQJ��,Q�V\OORJLVP�WDVNV��WKHUH�DUH�WZR�ZD\V

RI �UHSUHVHQW �V\OORJLVPV� �HTXDWLRQDO �ORJLF �DQG �9HQQ �GLDJUDP� �)RU �WKH �ILUVW �UHSUHVHQWDWLRQ� �V\OORJLVPV �DUH

UHSUHVHQWHG �LQ �DOJHEUDLF �IRUPV �MXVW �OLNH �KLJK �VFKRRO �DOJHEUD �VROYLQJ� �7KH �VLPXODWRU �SDUW �FDQ �DOVR �SURGXFH

VWHS�E\�VWHS �VROXWLRQV �XVLQJ �HTXDWLRQDO �UHZULWLQJ �PHWKRG� �$QRWKHU �UHSUHVHQWDWLRQ��9HQQ �GLDJUDP� �UHTXLUHV

UDWKHU�VRSKLVFDWHG�LPSOHPHQWDWLRQ�GHWDLOV�WKDW�H[HFXWH�FRQYHUVLRQ�SURFHVV�IURP�D�9HQQ�GLDJUDP�WR�DOJHEUDLF

HTXDWLRQV �DQG �YLFH �YHUVD� �7KH �LPSOHPHQWDWLRQ �RI �WKLV �9HQQ �GLDJUDP �FRQYHUVLRQ �SURFHVV �LV �OHIW �DV �SDUW �RI

ORJLFR�JUDSKLF�IHDWXUH�DYDLODEOH�LQ�WKH�IXWXUH�YHUVLRQ�RI�0DWKHPDWLFD�

:LWK�YHUVDWLOH�IHDWXUHV�DYDLODEOH�IURP�7,���VLPXODWRU��LW �LV�WKHQ�XS�WR�VWXGHQWV�ZKR�FDQ�WRXFK�XSRQ�VHYHUDO

OD\HUV �RI �PDWK �FRQWHQWV �WR �LQYHVWLJDWH �DQ\ �PHDQLQJIXO �SURSHUWLHV �ZLWK �VHYHUDO �SURYHUV �HPEHGGHG �LQ �WKH

7KHRUHPD� �,Q �WKLV �ZD\� �FRPSXWHU �DOJHEUD�LQ �7,��� �FDQ�EH �FRPELQHG�ZLWK�7KHRUHPD¶V�VROYLQJ�DQG�SURYLQJ

IXQFWLRQDOLW\�WR�SURPRWH�VWXGHQWV¶�H[SODURWDU\�OHDUQLQJ��7KH�RYHUDOO�GHPRQVWUDWLRQ�RI�WKLV�VLPXODWRU�LQGLFDWHV

IXWXUH �ZRUN �WR �HQKDQFH �VHYHUDO �WKLQJV �LQFOXGLQJ �LQWHUIDFH� �DOJHEUDLF �H[SUHVVLRQV� �LQWHUDFWLYH �VROYLQJ �ZLWK

IHHGEDFN�DQG�PHWD�UXOHV�IRU�LQYRNLQJ�7KHRUHPD¶V�VHYHUDO�SURYHUV��
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� &RQFOXVLRQ

7KLV�SDSHU�LOOXVWUDWHV�KRZ�WKH�FRPELQLDWLRQ�RI�FRPSXWHU�DOJHEUD�V\VWHP�DQG�DXWRPDWHG�GHGXFWLRQ�V\VWHP�FDQ

EH �DSSOLHG �IRU �SHGDJRJLFDO �SXUSRVHV� �:LWK �WKH �DVVXPSWLRQ �WKDW �VHFRQGDU\ �PDWKHPDWLFV �OHDUQLQJ �FDQ �EH

GLUHFWHG �WR �VWXGHQW�RULHQWHG �H[SORUDWRU\ �OHDUQLQJ �LQVWHDG �RI �SDVVLYH �OHDUQLQJ� �LW �LV �WKH �DLP �RI �WKLV �VWXG\ �WR

GHVLJQ �DQG �GHYHORS �7,��� �VLPXODWRU �WKDW �FDQ �PLPLF �7, �JUDSKLFV �FDOFXODWRU �EDVHG �RQ �0DWKHPDWLFD �DQG

7KHRUHPD��(YHQ�WKRXJK�FRPSXWLQJ�DQG�VROYLQJ�LV�GRPLQDQW�LQ�PRVW�SDUWV�RI�VHFRQGDU\�VFKRRO�PDWKHPDWLFV�

WKH �FXUUHQW �WUHQG �RI �XVLQJ �&$6 �VXJJHVWV �YDULRXV �ZD\V �RI �XWLOL]LQJ �LW �WR �SURPRWH �VWXGHQWV �WR �HQJDJH

KHUVHOI�KLPVHOI�LQ�PRUH�FRQFHSWXDO�OHYHOV�RI�PDWKHPDWLFDO�WKLQNLQJ��7KHRUHPD¶V�FRPSXWDWLRQDO�DQG�SURYLQJ

FDSDELOLW\ �KDV �VKRZQ �WKDW �KRZ �7, �FDOFXODWRUV �FDQ �EH �LPSOHPHQWHG �IRU �SHGDJRJLFDO �SXUSRVH �ZLWK �UHVHDUFK�

RULHQWHG�&$6�VXFK�DV�0DWKHPDWLFD�DQG�7KHRUHPD��7KH�IXWXUH�VWXG\�ZLOO�GHDO�ZLWK�YHULILFDWLRQ�PHWKRG�WKDW

HQVXUHV�SHGDJRJLFDOO\�DQG�ORJLFDOO\�VRXQG�JURXQG�LQ�HDFK�SUREOHP�VROYLQJ�VWHS��7KH�HPSKDVLV�RI�H[SRUDWRU\

OHDUQLQJ�FDVW�LQ�WKLV�SDSHU�RQO\�VXJJHVWV�KRZ�&$6�RULHQWHG�VLPXODWRU�FDQ�EH�SHGDJRJLFDO�WRRO�WKDW�FDQ�KHOS

VWXGHQWV�WR�SXUVXH�KLV�KHU�RZQ�LGHDV�LQ�DQ�LQWHUJUDWHG�HQYLURQPHQW�RI�&$6�DQG�DXWRPDWHG�GHGXFWLRQ�V\VWHP�

7KHUH�DUH�WZR�WKLQJV�WKDW�QHHG�UHIOHFWLYH�WKRXJKWV�IRU�WKH�XVH�RI�&$6�DQG�DXWRPDWHG�GHGXFWLRQ�IRU�SHGDJRJL�

FDO�SXUSRVHV�OD\HG�RXW�LQ�WKLV�SDSHU��)LUVW��FKDUDFWHULVWLFV�RI�VWXGHQWV¶�H[SORUDWRU\�OHDUQLQJ�PLJKW�EH�GLIIHUHQW

FRPSDUHG �RI �PDWKHPDWLFLDQ¶V �H[SORUDWRU\ �VW\OH� �0RUH �GHWDLOHG �DQDO\VLV �RI �VWXGHQW�FHQWHUHG �H[SORUDWRU\

DFWLYLWLHV �DUH�UHTXLUHG��7KLV �DVSHFW �PLJKW�VKHG�OLJKW�RQ�KRZ�WR�GHVLJQ�&$6�ZLWK�SRVVLEOH�XVH�RI�DXWRPDWHG

GHGXFWLRQ �IRU �VFKRRO �PDWKHPDWLFV� �7KH �VHFRQG �SRLQW �UHIOHFWV �ZKLFK �HTXLYDOHQW �FRPPDQGV �RU �PHWKRGV �DUH

GLUHFWO\�DSSHDOLQJ�WR�VWXGHQWV¶�H[SORUDWRU\�OHDUQLQJ��)RU�H[DPSOH�DV�VKRZQ�SURYH#+3w4/y++» 3/ Á4/'��WKH
SURSRVLWLRQDO�VWDWHPHQW�FDQ�EH�FKHFNHG�ZLWK�WUXWK�WDEOHV�DYDLODEOH�LQ�7,����FDOFXODWRU�IRU�VFKRRO�PDWKHPDW�

LFV�HYHQ�WKRXJK�7,����VLPXODWRU�FDQ�SURYLGH�SUHGLFDWH�FDOFXOXV�VW\OHV��)URP�VWXGHQWV¶�SHUVSHFWLYH��LW�VHHPV

YHU\�LPSRUWDQW�IRU�WKHP�WR�VHOHFW�WKH�PRVW�DSSHDOLQJ�FRPPDQGV�RXW�RI�HTXLYDOHQW�FODVVHV�JLYHQ�D�FRPDQG�RU

PHWKRG�
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7KLV�ZRUN�KDV�EHHQ�FDUULHG�RXW�LQ�WKH�IUDPH�RI�WKH�7KHRUHPD�SURMHFW�DW�WKH�5,6&�LQVWLWXWH��VXSSRUWHG�E\

WKH ��6SH]LDOIRUVFKXQJVEHUHLFK �IRU �1XPHULFDO �DQG �6\PEROLF �6FLHQWLILF �&RPSXWLQJ� ��6)% �)���� �DW �WKH

8QLYHUVLW\�RI�/LQ]��,�WKDQN�'U��%UXQR�%XFKEHUJHU�ZKR�KHOSHG�PH�WR�SUHSDUH�WKLV�SDSHU�
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