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���7KH�FKRLFH�RI�WKH�VXEMHFW�RI�WKH�SUHVHQW�DGGUHVV

7KH� RSHQLQJ� DGGUHVV� WR� WKH� FRQIHUHQFH� RQ� PDWKHPDWLFDO� HGXFDWLRQ� LQ� /HLS]LJ� LV� PHDQW� WR
FRQVLGHU���LQ�DFFRUGDQFH�ZLWK�WKH�ZLVKHV�H[SUHVVHG�E\�WKH�RUJDQL]LQJ�ERG\���WKH�HYROXWLRQ�RI
PDWKHPDWLFDO�HGXFDWLRQ�LQ�(DVW�DQG�:HVW�*HUPDQ\�WKURXJKRXW�WKH�ODVW����\HDUV�
$PRQJ� WKH� ODUJH� QXPEHU� RI� FRPSRQHQWV� WKDW� LQIOXHQFHG� WKH� KLVWRULFDO� HYROXWLRQ� RI
PDWKHPDWLFDO�HGXFDWLRQ��VFLHQWLILF�RULHQWDWLRQ�ZDV�D�YHU\�SRZHUIXO�RQH�
:H�DUH�JRLQJ�WR�GHDO�RQO\�ZLWK�WKLV�VXEMHFW�LQ�WKH�SUHVHQW�DGGUHVV�

���6FLHQWLILF�RULHQWDWLRQ�DQG�WKH�JUHDW�FXUULFXOXP�UHIRUP�RI�PDWKHPDWLFDO�LQVWUXFWLRQ

'XULQJ� WKH� VL[WLHV� DQG� VHYHQWLHV� D� WUXH� UHYROXWLRQ� LQ� WKH� DUHD� RI� PDWKHPDWLFDO� HGXFDWLRQ
HYROYHG�DOO�FLYLOL]HG�FRXQWULHV�DURXQG�WKH�ZRUOG��2QH�MRLQW�LGHD�RI�WKH�JUHDW�FXUULFXOXP�UHIRUP
ZDV�VKDUHG�E\�DOO�VXFK�FRXQWULHV��QDPHO\�WR�SURYLGH�VWXGHQWV�ZLWK�DQ�DSSURSULDWH�SLFWXUH�RI�WKH
FXOWXUDO�SKHQRPHQRQ�RI�PDWKHPDWLFV��7KH�JUHDW�FXUULFXOXP�UHIRUP�RI�PDWKHPDWLFDO�HGXFDWLRQ
ZDV�GLUHFWHG�WRZDUGV�D�VFLHQWLILF�DSSURDFK�

���3ROLWLFDO�UHDVRQV�IRU�WKH�VFLHQWLILF�RULHQWDWLRQ�DQG�LWV�FRQVHTXHQFHV�IRU�WKH

RUJDQL]DWLRQ�RI�VFKRRO�DQG�WHDFKHUV
�WUDLQLQJ�V\VWHPV

,Q�ERWK�SROLWLFDO�V\VWHPV�LQ�(DVW�DQG�:HVW�*HUPDQ\�SUHYDLOLQJ�SROLWLFDO�UHDVRQV�LQWHQVLILHG�WKH
GHPDQG�IRU�VFLHQWLILF�RULHQWDWLRQ�RI�WKH�HQWLUH�HGXFDWLRQDO�V\VWHP��LQFOXVLYH�RI�PDWKHPDWLFV�

,Q�:HVW�*HUPDQ\��WKUHH�D[LRPV�WXUQHG�RXW�WR�EH�GHFLVLYH�
����7KH�ZHOO�EHLQJ�RI�WKH�SRSXODWLRQ�LV�WLJKWO\�FRQQHFWHG�WR�D�KLJK�OHYHO�RI�VFLHQWLILF�HGXFDWLRQ

>����@�
����VFLHQWLILF� HGXFDWLRQ� RI� WKH� SRSXODWLRQ� LV� UHTXLUHG� WR� HQVXUH� SURSHU� IXQFWLRQLQJ� RI� D

SDUOLDPHQWDU\�GHPRFUDF\�
����VFLHQWLILF�HGXFDWLRQ�DYDLODEOH�IRU�HYHU\ERG\� LV�D�PDMRU�SURRI�RI� WKH�HTXDO�YDOXH�RI�HYHU\

FLWL]HQ�DQG�WKXV�KHOSV�FUHDWH�VRFLDO�MXVWLFH�

$V�D�UXOH��QR�HGXFDWLRQDO�VXEMHFW�VKRXOG�EH�ZLWKKHOG�IURP�SDUW�RI�WKH�SRSXODWLRQ�
$V� D� FRQVHTXHQFH� RI� WKLV� RUJDQLVDWLRQ�� WKH� HOHPHQWDU\� FRPPRQ� VFKRRO� �9RONVVFKXOH�� ZDV
DEROLVKHG�LQ�������7KLV�W\SH�RI�VFKRRO�ZDV��DV�LQGLFDWHG�E\�LWV�QDPH���WKH�VFKRRO�IRU�SRSXODU
HGXFDWLRQ� DQG� YLWDO� SUDFWLFDO� DOLJQPHQW�� 7KLV� VFKRRO� ZDV� VHSDUDWHG� IURP� VFLHQWLILF� DQG
LQWHOOHFWXDO�HGXFDWLRQ��ZKLFK�ZDV�WKH�REMHFWLYH�RI�DGYDQFHG�VFKRROV�DQG�XQLYHUVLWLHV��3RSXODU
HGXFDWLRQ�ZDV�DOVR�HPRWLRQDOO\�FRQQHFWHG�WR�WKH�PDWWHUV�RI�WKH�ZRUOG��3URYLGLQJ�GDLO\�SUDFWLFH
DQG� H[SHULHQFH�ZLWK� D� FRQFHSWXDO� RUGHU� DQG� WKHRU\��ZKLFK�ZDV� WKH� FKDUDFWHULVWLF� IHDWXUH� RI
LQWHOOHFWXDO�HGXFDWLRQ��ZDV�QRW�GHHPHG�QHFHVVDU\��>���@
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7KH�HOHPHQWDU\�FRPPRQ�VFKRRO� �9RONVVFKXOH��ZDV�QR� ORQJHU�XS�WR�GDWH�� ,W�ZDV� UHSODFHG�E\
WKH�SULPDU\�VFKRRO��*UXQGVFKXOH��DQG�FDUU\LQJ�RQ�IURP�LW��E\�WKH�PDLQ�VFKRRO��+DXSWVFKXOH��
KLJK�VFKRRO��5HDOVFKXOH��DQG�JUDPPDU�VFKRRO� �*\PQDVLXP���$�PLQLPXP�VFKRRO�DWWHQGDQFH
GXULQJ���\HDUV�ZDV�FRPSXOVRU\�

,Q� DOO� WKHVH� VFKRROV� VFLHQWLILFDOO\� GLUHFWHG� WHDFKLQJ� ZDV� WR� EH� SHUIRUPHG�� 7KH� VWUXFWXUH� RI
WHDFKLQJ� SURFHGXUHV� ZDV� WKHUHIRUH� PRGLILHG�� ,QVWHDG� RI� WKH� WHDFKHU� EHLQJ� LQ� FKDUJH� RI� D
VSHFLILF�JUDGH�LQ�WKH�HOHPHQWDU\�FRPPRQ�VFKRROV��9RONVVFKXOH��ZKR�ZDV�WR�WHDFK�DOO�VXEMHFWV�
WKH� VXEMHFW� WHDFKHU�ZDV� LQWURGXFHG� LQWR� WKH�PDLQ� VFKRRO� �+DXSWVFKXOH�� WRR�� 7KH� HPSOR\� RI
VSHFLDOL]HG� WHDFKHUV� ZDV� DOUHDG\� FXVWRPDU\� LQ� WKH� KLJK� VFKRRO� �5HDOVFKXOH�� DQG� LQ� WKH
JUDPPDU�VFKRRO��*\PQDVLXP��
%HVLGHV� WKH� PDLQ� VXEMHFWV�� WKDW� LV� *HUPDQ� DQG� 0DWKHPDWLFV�� (QJOLVK� ODQJXDJH� FODVVHV�
LQVWUXFWLRQ�RQ� ODERU� LVVXHV� �$UEHLWVOHKUH��DQG�VRFLDO� VWXGLHV�ZHUH� LQWURGXFHG� IRU�DOO� W\SHV�RI
SXSLOV��HYHQ�LQ�WKH�PDLQ�VFKRRO��+DXSWVFKXOH��
(QGHDYRXUV� WR� VWDUW� RII� ZLWK� VSHFLDOL]HG� WHDFKHUV� LQ� WKH� ILUVW� JUDGH� RI� SULPDU\� VFKRROV
�*UXQGVFKXOH��IDLOHG�

$� ODUJH�PLQRULW\�RI� WKH�ZHVWHUQ�SRSXODWLRQ� IHOW� WKDW� VRFLDO� LQWHJUDWLRQ�RI�SXSLOV� HGXFDWHG� LQ
WKUHH� GLIIHUHQW� W\SHV� RI� VFKRROV� ZDV� LQDGHTXDWHO\� DFKLHYHG�� &RPSUHKHQVLYH� VFKRROV
�*HVDPWVFKXOHQ��ZHUH�WKHUHIRUH�VHW�XS��ZKHUH�UHVLGXDO�SDUWV�RI�WKH�WKUHH�IROG�VFKRROLQJ�V\VWHP
UHPDLQHG� YLVLEOH� LQ� WKH� VWDQGDUG� FODVVHV� �OHYHOV��1LYHDXNXUVH��ZKHUH�*HUPDQ��0DWKHPDWLFV
DQG�(QJOLVK�ZHUH�WDXJKW�DV�PDMRU�VXEMHFWV�

7KH�PRUH�H[DFWLQJ� WHDFKLQJ�REMHFWLYHV� UHTXLUHG�D�QHZ�W\SH�RI� WUDLQLQJ�IRU� WKH� WHDFKHUV��7KH
WHDFKHU� RI� WKH� HOHPHQWDU\� FRPPRQ� VFKRRO� �9RONVVFKXOH�� KDG� EHHQ� WUDLQHG� LQ� WUDLQLQJ
DFDGHPLHV��7KHVH�ZHUH�DZDUGHG�ZLWK�WKH�VWDWXV�RI�LQVWLWXWLRQV�RI�DGYDQFHG�WHDFKLQJ�DQG�ZHUH
FDOOHG��SHGDJRJLFDO�FROOHJHV���3lGDJRJLVFKH�+RFKVFKXOHQ���7KH\�WRRN�RQ�WKH�WDVN�RI�WUDLQLQJ
WHDFKHUV�IRU�SULPDU\�VFKRROV��*UXQGVFKXOHQ���PDLQ�VFKRROV��+DXSWVFKXOHQ��DQG�KLJK�VFKRROV
�5HDOVFKXOHQ�� DV� ZHOO� DV� UHVHDUFK� DFWLYLWLHV� LQ� WKH� DUHDV� RI� WHDFKLQJ�OHDUQLQJ� UHVHDUFK� RQ
VXEMHFWV�WDXJKW�LQ�WKH�DIRUHPHQWLRQHG�VFKRROV�
7KHUHIRUH�HVSHFLDOO\�PDWKHPDWLFDO�HGXFDWLRQ�ZDV�HVWDEOLVKHG�LQ�WHUPV�RI�D�VFLHQWLILF�GLVFLSOLQH
ZLWK�LQGHSHQGHQW�SURIHVVRUVKLSV�IRU�PDWKHPDWLFV�DQG�PDWKHPDWLFDO�HGXFDWLRQ�

,Q� (DVW� *HUPDQ\� �*'5�� RQO\� RQH� VFKRRO� ZDV� VHW� XS�� WKH� SRO\WHFKQLF� KLJK� VFKRRO
�3RO\WHFKQLVFKH� 2EHUVFKXOH�� ZLWK� WHQ� \HDUV� RI� VFKRROLQJ� IRU� HYHU\� VWXGHQW�� ZKHUH
PDWKHPDWLFDO� WHDFKLQJ�FRPSULVHG�LGHQWLFDO�VXEMHFWV�IRU�DOO�VWXGHQWV��7KH� WUDLQLQJ�RI� WHDFKHUV
H[SHFWHG� WR� HGXFDWH� JUDGHV� ILYH� WR� WHQ� ZDV� HQVXUHG� LQ� XQLYHUVLWLHV� DQG� WHDFKHUV
� WUDLQLQJ
FROOHJHV��7HDFKLQJ�OHDUQLQJ�UHVHDUFK�LQ�WKH�HGXFWLRQDO�DUHD�ZDV�FDUULHG�RXW�E\�SURIHVVRUV�IRU
PHWKRGRORJ\�RI�PDWKHPDWLFDO�WUDLQLQJ�HGXFDWLRQ�

���7KH�FRQVLVWHQW�VFLHQWLILF�RULHQWDWLRQ�LQ�(DVW�*HUPDQ\

,Q�(DVW�*HUPDQ\� �*'5��VFLHQWLILF�PDWKHPDWLFDO�HGXFDWLRQ�ZDV�GHYHORSHG�E\� WKH�SURIHVVRUV
IRU�PHWKRGRORJ\�RI�PDWKHPDWLFDO�WUDLQLQJ�HGXFDWLRQ�WRJHWKHU�ZLWK�WKH�DFDGHP\�RI�SHGDJRJLFDO
VFLHQFHV�DQG� WKH� LQVWLWXWH�RI�VFKRRO�PDWKHPDWLFV�RI� WKH�+XPEROGW�8QLYHUVLW\� LQ�(DVW�%HUOLQ�
IXUWKHU� WR� GHEDWHV� WKDW� ZHUH� FRQWURYHUVLDO� LQ� PDQ\� UHVSHFWV�� 7KH� UHVXOW� ZDV� D� FRQVLVWHQW
VFLHQWLILF� RULHQWDWLRQ� RI� PDWKHPDWLFV�� WKDW� LV� DW� SUHVHQW� EHLQJ� WDXJKW� DW� VXFK� XQLYHUVLWLHV�



��

0RUHRYHU�WKH�ORJLFDO�SHQHWUDWLRQ�RI� WKH�HQWLUH�PDWKHPDWLFDO� WHDFKLQJ�RI� WKH�ILUVW� WR�WKH�WHQWK
JUDGH�ZDV�SURYLGHG�

7KH�IROORZLQJ�H[DPSOHV�PD\�VHUYH�DV�SURRI�IRU�WKLV�VWDWHPHQW�>����������������������@��
��� $V�D�UXOH��YDULDEOHV�DUH�XVHG�VWDUWLQJ�ZLWK�WKH�ILUVW�JUDGH�
��� 7KH� ³,I���WKHQ����IRUP³�� ZKLFK� LV� RIWHQ� XVHG� LQ� PDWKHPDWLFV�� LV� DOVR� JHQHUDOO\� XVHG

�H[DPSOH�RI�WKH�ILUVW�JUDGH��LI�[� ����WKHQ�[��� ���
��� 7KH� LQWURGXFWLRQ� RI�PXOWLSOLFDWLRQ� RI� QDWXUDO� QXPEHUV� LV� SHUIRUPHG� RQ� WKH� EDVLV� RI� WKH

&DUWHVLDQ�SURGXFW�
��� *HRPHWULF�ILJXUHV�DUH�XQGHUVWRRG�DV�VHWV�RI�SRLQWV�RI�WKH�SODQH�
��� 3URRIV�DUH� LQWURGXFHG� LQ� WKH��WK�JUDGH� LQ�FRQQHFWLRQ�ZLWK� WKHRUHPV�RI� WKH�GLYLVLELOLW\�RI

QXPEHUV��7KH\�DUH�FXOWLYDWHG�DOVR�LQ�D�VWHUQ�PDQQHU�LQ�WKH�VXEVHTXHQW�JUDGHV�
��� 7KH�SRVLWLYH� UDWLRQDO� QXPEHUV� DUH� LQWURGXFHG� DV� HTXLYDOHQFH� FODVVHV� RI� RUGHUHG� SDLUV� RI

QDWXUDO�QXPEHUV��7KH�QHJDWLYH�UDWLRQDO�QXPEHUV�DUH�LQWURGXFHG�DV�HTXLYDOHQFH�FODVVHV�RI
RUGHUHG�SDLUV�RI�SRVLWLYH�UDWLRQDO�QXPEHUV�

��� 7KH�HPEHGGLQJ�RI�WKH�QXPEHUV�LQWR�WKH�QHZO\�FRQVWUXFWHG�FRPSUHKHQVLYH�VHW�RI�QXPEHUV
LV�SHUIRUPHG�XVLQJ�DQ�LVRPRUSKLVP�

��� 7KH� SUREOHPV� RI� WKH� SHUFHQWDJH�FDOFXODWLRQ� DQG� WKH� �UHJHO� GH� WUL�� DUH� VROYHG� ZLWK
SURSRUWLRQV�DQG�WKH�IRUPDO�QRWDWLRQ�RI�DOJHEUD�

��� 5HIOHFWLRQ��UHYROXWLRQ�DQG�WUDQVODWLRQ�DUH�XQGHUVWRRG�DV�DSSOLFDWLRQV�RI�WKH�ZKROH�SODQH�
����7KH�WULJRQRPHWU\��FRPSXWDWLRQ�RI�WULDQJOHV��LV�LQWURGXFHG�DIWHU�GHILQLWLRQ�RI�WKH�IXQFWLRQV

VLQ�DQG�FRV�ZLWK�WKH�VHW�RI�DOO�UHDO�QXPEHUV�DV�VHW�RI�GHILQLWLRQ�
����7KH� WHUPLQRORJ\� DV� HPSOR\HG� DW� SUHVHQW� DW� WKH� XQLYHUVLWLHV� LV� DOVR� FRQVLVWHQWO\� XVHG� LQ

FODVVURRPV��7KH�VWXGHQW� LV� WR�EH�PRWLYDWHG�ZLWK� UHVSHFW� WR� WKH�SURIHVVLRQDO� WHUPLQRORJ\�
)RU� LQVWDQFH�� WKH�SOXV�WDVNV�DUH�FDOOHG�DGGLWLRQ� WDVNV��7KH�DOJHEUDLF� WHUPLQRORJ\�VXFK� DV
VXP��SURGXFW��IDFWRU��GLYLGHQG��GLYLVRU��TXRWLHQW��WHUP��FRPPXWDWLYLW\�RI�DGGLWLRQ�HWF��DUH
HPSOR\HG�YHU\�HDUO\��*HUPDQ�WHUPV�LQVWHDG�RI�ZRUGV�RI�/DWLQ�RULJLQ�ZHUH�SURKLELWHG�

7KLV�FRQVLVWHQW�VFLHQWLILF�RULHQWDWLRQ��IRU�ZKLFK�DOVR�VRPH�RI�WKH�WHDFKHUV�DW�JUDPPDU�VFKRROV
�*\PQDVLXP�� LQ�:HVW�*HUPDQ\� GHPRQVWUDWHG� SRVLWLYH� IHHOLQJV�� ZDV� SDUWO\� UHWUDFWHG� LQ� WKH
HLJKWLHV��3DUWLFXODUO\� WKH� LQWURGXFWLRQ�RI�PXOWLSOLFDWLRQ�ZLWK� WKH�&DUWHVLDQ�SURGXFW�RI� VHWV�DV
ZHOO�DV�WKH�LQWURGXFWLRQ�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�UDWLRQDO�QXPEHUV�DV�HTXLYDOHQFH�FODVVHV
ZHUH�VOLJKWO\�UHWUDFWHG�7KH�LQWHJUDWLRQ�E\�PHDQV�RI�LVRPRUSKLVPV�YDQLVKHG��3HUFHQWDJH�WDVNV
DQG� �UHJHO� GH� WUL�� WDVNV� ZHUH� DOVR� VROYHG� E\� RSHUDWLRQV� XVLQJ� WKH� SDVVDJH� LQWR� WKH� IDFWXDO
VLWXDWLRQ��>�����������@

7KH�FRQVLVWHQW�VFLHQWLILF�RULHQWDWLRQ��KRZHYHU��UHPDLQHG�SUHVHQW�DV�DQ�LPSRUWDQW�LGHD�
7KLV� LGHD� LV� DOVR� HIIHFWLYH� LQ� WKH� HDVWHUQ� SDUW� RI� WKH� UHXQLILHG� *HUPDQ\��0DQ\� WHDFKHUV� RI
PDWKHPDWLFV�GR�QRW�XVH�FHUWDLQ�WHUPV�MXVW�EHFDXVH�WKH\�GR�QRW�IRUP�SDUW�RI�WKH�WHUPLQRORJ\�RI
XQLYHUVLW\�PDWKHPDWLFV�

���7KH�VFLHQWLILF�2ULHQWDWLRQ�RI�0DWKHPDWLFV�DW�WKH�*UDPPDU�6FKRRO��*\PQDVLXP��LQ

:HVW�*HUPDQ\

7KH�VFLHQWLILF�RULHQWDWLRQ�RI�PDWKHPDWLFV�DW�JUDPPDU�VFKRROV��*\PQDVLXP��ZDV�XQREMHFWHG�
+RZHYHU��D�XQLTXH�GHEDWH�HYROYHG�DERXW�LWV�W\SH���%HVLGHV�WKH�FRQVLVWHQW�VFLHQWLILF�RULHQWDWLRQ
D� GLIIHUHQW� NLQG� ZDV� XQGHU� GLVFXVVLRQ�� FDOOHG� WKH� JHQHWLF� VFLHQWLILF� RULHQWDWLRQ�� ZKLFK



��

FRPSULVHV� DOVR� DQ� RULHQWDWLRQ� WRZDUGV� WKH� LQWHOOHFWXDO� SRZHU� RI� WKH� VWXGHQWV� DQG� WRZDUGV� D
QDWXUDOO\�HYROYLQJ�OHDUQLQJ�DQG�SHUFHSWLRQ�SURFHVV��>����@
$W� WKH� EDVH� OHYHO� WKHUH� DUH� LPDJLQDWLRQV� LQVWHDG� RI� FRQFHSWV� IL[HG� E\� FRQGLWLRQV�� 7KHVH
LPDJLQDWLRQV�DUH�WKH�EDVLV�IRU�WKLQNLQJ�DW�WKDW�OHYHO��>����@
,QVWHDG�RI�IRUPDO�SURRIV��WKHUH�LV�LQWXLWLYH�LQVLJKW�LQWR�REYLRXV�VLWXDWLRQV�RU�LQVLJKW�ERXQG�WR
IDFWV��SUHIRUPDO�SURRIV���>��������@
,PSRUWDQW� LV� DQ� RULHQWDWLRQ� WRZDUGV� WKH� SURSHU� VXEVWDQFH� RI� PDWKHPDWLFV�� 7KDW� LV� JHQHWLF
VFLHQWLILF�RULHQWDWLRQ�DQG�QRW�WKH�WHQGHQF\�WR�EXLOGLQJ�XS�D�WHUPLQRORJ\�LQ�PDWKHPDWLFV�WKDW�LV
DW�SUHVHQW�HPSOR\HG�DW�XQLYHUVLWLHV��>����@

���3HGDJRJLFDOO\�RULHQWDWHG�VXEMHFW�DQDO\VLV

,I� WHDFKLQJ�RI�PDWKHPDWLFV� LV� FRQVLVWHQWO\�GLUHFWHG� WRZDUGV� WKH� VFLHQWLILF� DSSURDFK�� WKHQ� WKH
SRVLWLYH�UDWLRQDO�QXPEHUV�PXVW�EH�LQWURGXFHG�DV�HTXLYDOHQFH�FODVVHV�RI�QDWXUDO�QXPEHUV��,I�WKH
LQVWUXFWLRQ�LV�JHQHWLFDOO\�GLUHFWHG�WRZDUGV�WKH�VFLHQWLILF�DSSURDFK��WKHQ�WKH�WHDFKHU�PD\�GLYLGH
D�SL]]D�RU�D�FDNH�LQWR�IRU�LQVWDQFH���SDUWV�DQG�FDOO�HDFK�SDUW�RQH�VL[WK�RI�WKH�ZKROH�SL]]D�RU
FDNH��0D\�ZH�FDOO�WKLV�W\SH�RI�WHDFKLQJ�VFLHQWLILF"�,V�WKLV�PDWKHPDWLFV�DW�DOO�"�2QH�FDQ�HQWHU
LQWR� WKH� VDPH� GHEDWH� ZLWK� UHJDUG� WR� WKH� FXVWRPDU\� LQVWUXFWLRQ� RI� WKH� IROORZLQJ� VXEMHFWV�
LQWURGXFWLRQ�RI�TXDQWLWLHV�DQG�FDOFXODWLRQ�XVLQJ� WKHP�� LQWURGXFWLRQ�RI�QHJDWLYH�QXPEHUV� DQG
FDOFXODWLRQ� XVLQJ� WKHP�� �UHJHO� GH� WUL��� SHUFHQWDJH�FDOFXODWLRQ�� 7KH� TXHVWLRQ� ZKHWKHU� WKH
FXVWRPDU\� LQVWUXFWLRQ� RI� WKHVH� VXEMHFWV� ZDV� VFLHQWLILFDOO\� MXVWLILHG� ZDV� RQH� RI� WKH� PDMRU
FKDOOHQJHV�ZLWKLQ�PDWKHPDWLFDO�HGXFDWLRQ�LQ�:HVW�*HUPDQ\�LQ�WKH�VL[WLHV�DQG�VHYHQWLHV��>������
�������������������������������������@

7KH� DQDO\VLV� RI� PDWKHPDWLFDO� VXEMHFWV� ZDV� QR� FRQFHUQ� LQVRIDU� DV� SRSXODU� HGXFDWLRQ� ZDV
FRQFHUQHG��7KH�ILUVW�PDWKHPDWLFLDQ�WR�PRGLI\�WKLV�SRLQW�RI�YLHZ�ZDV�:DOWHU�%UHLGHQEDFK�ZKR
WDXJKW�DW�WKH�WHDFKHUV
�WUDLQLQJ�FROOHJH�DW�2VQDEU�FN��%DFNJURXQG�WKHRULHV�HPHUJHG�WKDW�ZHUH
VXSSRVHG� WR�GHPRQVWUDWH� WKDW� WKH� VXEMHFW� KDG� D�PDWKHPDWLFDOO\� XQREMHFWLRQDEOH� EDFNJURXQG
DQG� WKDW� WHDFKLQJ�RI� WKLV� VXEMHFW�FRXOG�EH� UHDVRQDEO\�FDOOHG�VFLHQWLILF��'LIIHUHQW�EDFNJURXQG
WKHRULHV� ZHUH� EXLOW� XS� IRU� IUDFWLRQDO� QXPEHUV�� LQ� DFFRUGDQFH� ZLWK� ZKLFK� WKH� IUDFWLRQDO
QXPEHUV�ZHUH�LQWURGXFHG�DV�RSHUDWRUV�>������@�RU�DV�QXPEHUV�RI�PHDVXUHPHQW�>�����������@�RU
TXDVLFDUGLQDO�DV�QXPEHUV�RI�IUDFWLRQDO�SDUWV�>���@�
7KH� GHFLVLRQ� DV� WR� ZKLFK� RI� WKHVH� EDFNJURXQG� WKHRULHV� ZHUH� DSSURSULDWH� IRU� D� FXUULFXOXP
FDQQRW�EH�PDGH�E\�PHDQV�RI�PDWKHPDWLFDO�DQDO\VLV��LW�UHTXLUHV�WKH�DSSOLFDWLRQ�RI�SHGDJRJLFDO�
SV\FKRORJLFDO�DQG�HGXFDWLRQDO�DVSHFWV��7KHUHIRUH� VXFK�EDFNJURXQG� WKHRULHV�ZHUH�DOVR�FDOOHG
GLGDFWLFDOO\� �SHGDJRJLFDOO\�� GLUHFWHG� VXEMHFW� DQDO\VLV�� EHFDXVH� WKH\� GHSHQG� RQ� GLGDFWLF
GHFLVLRQV�>����@�
7KH� GLGDFWLFDOO\� �SHGDJRJLFDOO\�� GLUHFWHG� VXEMHFW� DQDO\VLV� DOVR� VHUYHV� WKH� SXUSRVH� WR� DVVLVW
ZLWK�SUHFLVH�ILQGLQJ�RI�REMHFWLYHV�DQG�WR�VROYH�SUREOHPV�LQKHUHQW�WR�VXEMHFW�HGXFDWLRQ�

7KHUH�ZHUH�DOVR�GLGDFWLFDOO\�GLUHFWHG�EDFNJURXQG�WKHRULHV�RQ�$OJHEUD�>����@��7KH�SXUSRVH�ZDV
WR�PDNH� LQVWUXFWLRQ�RI�$OJHEUD�PRUH�VHQVLEOH�DQG�PRUH�HIIHFWLYH��$OVR� WKH�XVH�RI�KHOSV�� IRU
LQVWDQFH� WKH� XVH� RI� WKH� ZHLJKLQJ� PDFKLQHV� WR� VXEVWDQWLDWH� WKH� UXOHV� IRU� WUDQVIRUPDWLRQ� RI
HTXDWLRQV��VKRXOG�EH�VKRZQ�DV�VFLHQWLILFDOO\�DGPLVVLEOH�



��

���6FLHQWLILF�RULHQWDWLRQ�RI�WHDFKLQJ�RI�PDWKHPDWLFV�LQ�SULPDU\�VFKRROV

7KH� IRUPHU� HOHPHQWDU\� FRPPRQ� VFKRROV� �9RONVVFKXOH�� JRYHUQHG� E\� WKH� LGHD� RI� SRSXODU
HGXFDWLRQ� LJQRUHG� WKH� VXEMHFW� RI� PDWKHPDWLFV�� 7KH� FRUUHVSRQGLQJ� VXEMHFW� ZDV� FDOOHG
�DULWKPHWLFV���5HFKQHQ��DQG�WKH�VXPPXP�RI�WKH�DULWKPHWLF�VXEMHFW�ZDV�FDOFXODWLQJ�LQ�IDFWXDO
VLWXDWLRQV��WKXV�DSSO\LQJ�WKH�DULWKPHWLF�RSHUDWLRQV�WR�IDFWV�DQG�ILJXUHV�RI�HYHU\�GD\�OLIH�

:LWK� WKH� IRXQGDWLRQ� RI� SULPDU\� VFKRROV� LQ� ������ WKH� LGHD� RI� VFLHQWLILF� PHWKRG� ZDV� QRW
DXWRPDWLFDOO\�DSSOLHG�WR�WKLV�W\SH�RI�VFKRRO��$�GHEDWH�RQ�WKLV�LVVXH�ZDV�JRLQJ�RQ��6SHDNHU�LQ
IDYRU� RI� D� VFLHQWLILF� RULHQWDWLRQ� ZDV� $UQROG� )ULFNH� �WHDFKHUV
� WUDLQLQJ� FROOHJH� DW
%UDXQVFKZHLJ��� EXW� DOVR� +HLQULFK� :LQWHU� �WHDFKHUV
� WUDLQLQJ� FROOHJH� DW� 1HX�� DQG� ODWHU
'RUWPXQG��
$UQROG� )ULFNH� ZDV� WKH� ILUVW� WR� FDOO� KLV� WH[WERRN� LQ� ����� �0DWKHPDWLFV� LQ� SULPDU\� VKRRO
�0DWKHPDWLN�LQ�GHU�*UXQGVFKXOH��>���@��7KLV�ERRN�ZDV�ZULWWHQ� LQ�FRRSHUDWLRQ�ZLWK�+HLQULFK
%HVXGHQ� �WHDFKHUV
� WUDLQLQJ� FROOHJH� DW�2OGHQEXUJ���$UQROG� )ULFNH� VSHFLILHG� WKDW� WHDFKLQJ� RI
DULWKPHWLFV�VKRXOG�DOVR�EH�SHUIRUPHG�LQ�WKH�VSLULW�RI�PDWKHPDWLFV��+H�LQVLVWHG�WKDW�WKH�QHW�RI
UHODWLRQV�EHWZHHQ�QXPEHUV��DULWKPHWLFDO�RSHUDWLRQV�DQG�HTXDWLRQV�ZDV�W\SLFDO�RI�PDWKHPDWLFV�
7KHUHIRUH� LQ� KLV� WH[WERRN� WKH� QHW� EHWZHHQ� WKH� DULWKPHWLFDO� LVVXHV� ZDV� HPSKDVL]HG� DQG
LQWHJUDWHG�E\�VROYLQJ�WKH�DULWKPHWLFDO�WDVNV�
)ULFNH�DQG�%HVXGHQ�DOVR�GHULYHG�WKHLU�RSLQLRQV�IURP�WKH�SV\FKRORJ\�DV�LQWHUSUHWHG�E\�3LDJHW�
7R�$UQROG�)ULFNH��SUREOHP�VROYLQJ�ZDV�DOVR�HVVHQWLDO�LQ�PDWKHPDWLFV��+H�UHTXHVWHG�WKHUHIRUH
WKDW� LQ� SULPDU\� VFKRROV� DOVR� PDWKHPDWLFDO� WKLQNLQJ� KDG� WR� VWDUW� RII� IURP� PRWLYDWLQJ
SUREOHPDWLF�VLWXDWLRQV�WKDW�KDG�WR�SURGXFH�VROYLQJ�DWWHPSWV�
7KH� SUREOHPDWLF� VLWXDWLRQ� LWVHOI�PXVW� QRW� HPHUJH� IURP� D� IDFWXDO� VLWXDWLRQ� EXW�PD\� EH� RIWHQ
PRUH� FRQYLQFLQJ� IURP� DQ� LQWULQVLF� PDWKHPDWLFDO� TXHVWLRQ�� 7KLV� DVSHFW� RI� DQ� LQWULQVLF
PDWKHPDWLFDO�SUREOHPDWLF�VLWXDWLRQ�ZDV�HQWLUHO\�QRYHO��7KH� WHDFKLQJ� LQ�HOHPHQWDU\�FRPPRQ
VFKRROV��9RONVVFKXOHQ���HVSHFLDOO\�ZKHQ�GLUHFWHG�DW�UHIRUP�SHGDJRJLFDO�SULQFLSOHV��ZRXOG�QRW
ZRUN� RXW�� 2QO\� WKH� LQVWUXFWLRQ� LQ� JUDPPDU� VFKRROV� �*\PQDVLHQ�� VKRXOG� VWHP� IURP� VXFK
LQWULQVLF�PDWKHPDWLFDO�SUREOHPV�

$Q�H[WUHPHO\�FRQVLVWHQW�VFLHQWLILF�RULHQWDWLRQ�ZDV�DGYRFDWHG�E\�+HLQ]�6FKOHFKWZHJ��WHDFKHUV

WUDLQLQJ�FROOHJH�DW�'XLVEXUJ���+H�UHTXHVWHG�WKDW�WKRVH�VWUXFWXUHV�WKDW�KH�IHOW�WR�EH�HVVHQWLDO�IRU
PDWKHPDWLFV�EH�WDXJKW�LQ�SULPDU\�VFKRROV��WRR�>����@�
7KLV� RSLQLRQ� ZDV� WRWDOO\� H[FHVVLYH�� +H� SURSRVHG� WR� LQWURGXFH� PXOWLSOLFDWLRQ� RI� QDWXUDO
QXPEHUV� RQ� WKH� EDVLV� RI�&DUWHVLDQ� SURGXFW� RI� VHWV�� 7KLV� FRXOG� KDUGO\� EH� DFKLHYHG� E\� DQ\
WHDFKHU�

$Q� RSSRQHQW� WR� VFLHQWLILF� RULHQWDWLRQ� RI� DULWKPHWLF� ZDV� .DUDVFKHZVNL� �WHDFKHUV
� WUDLQLQJ
FROOHJH� DW� %LHOHIHOG�� >��� @�� .DUDVFKHZVNL� IHHOV� WKDW�PDWKHPDWLFV� FRQVLVWV� RI� IRUPDO� SURRIV�
7KHUHIRUH� PDWKHPDWLFV� FDQQRW� EH� WDXJKW� LQ� SULPDU\� VFKRROV�� .DUDVFKHZVNL
V� LGHD� RI
PDWKHPDWLFV� LV� YHU\� QDUURZ�� +H� IRFXVVHV� RQ� RQH� FRPSRQHQW� RQO\� RXW� RI� D� VSHFWUXP� RI
FRPSRQHQWV� WKDW� GLVWLQJXLVK� PDWKHPDWLFV�� $FFRUGLQJ� WR� WKLV� QDUURZ� LGHD� RI� PDWKHPDWLFV�
JHRPHWU\�DV� WDXJKW� LQ�JUDPPDU�VFKRROV� �*\PQDVLXP���IRU� LQVWDQFH�JHRPHWULFDO�FRQVWUXFWLRQ
RI�WULDQJOHV�RU�ERGLHV��ZHUH�QR�PDWKHPDWLFV��DV�WKH\�DUH�QRW�VXEVWDQWLDWHG�E\�IRUPDO�SURRIV�



��

���6FLHQFH�RULHQWDWHG�WHDFKLQJ�LQ�PDLQ�VFKRROV��+DXSWVFKXOHQ�

7KH� PDLQ� VFKRRO� �+DXSWVFKXOH�� FRPSULVHV� JUDGHV� �� WR� ��� ,Q� JUDGHV� �� WR� �� RI� WKH� IRUPHU
HOHPHQWDU\� FRPPRQ� VFKRRO� �9RONVVFKXOH��� WKH� IROORZLQJ� FDOFXODWLQJ� VXEMHFW� PDWWHUV� ZHUH
GHDOW� ZLWK�� IUDFWLRQV�� SHUFHQWDJHV� DQG� FDOFXODWLRQ� RI� LQWHUHVW�� DFFRXQW� RI� VHWWOHPHQW�� UDWLR
FDOFXODWLRQ��FDOFXODWLRQ�RI�PL[LQJ��FDOFXODWLRQ�RI�DUHD�RU�YROXPH�LQ�WZR��RU�WKUHH�GLPHQVLRQDO
JHRPHWU\� DQG� FDOFXODWLRQ� LQ� IDFWXDO� VLWXDWLRQV�,QWUD�PDWKHPDWLFDO� SUREOHP� FRQILJXUDWLRQV
KDUGO\� H[LVWHG��7KH� WKHRU\�RI�GLYLVLELOLW\�ZDV� LQWHJUDWHG� LQWR� IUDFWLRQ� FDOFXODWLRQ� DQG� WDXJKW
LQVRIDU�RQO\�DV� WKLV�ZDV� UHTXLUHG� IRU� VLPSOLI\LQJ�RI� IUDFWLRQV� DQG�GHWHUPLQDWLRQ�RI� FRPPRQ
GHQRPLQDWRUV�
*LYHQ�WKH�IDFW�WKDW�LQ�SULQFLSOH�QR�PDWKHPDWLFDO�FRQWHQWV�FXUUHQWO\�WDXJKW�DW�JUDPPDU�VFKRROV
�*\PQDVLHQ�� ZHUH� WR� EH� ZLWKKHOG� IURP� SXSLOV�� WKH� IROORZLQJ� VXEMHFWV� ZHUH� LQWHJUDWHG� LQ
DGGLWLRQ� WR� WKH� UDQJH� RI� VXEMHFWV� DV� WDXJKW� DW� PDLQ� VFKRROV� �+DXSWVFKXOHQ��� JHRPHWULFDO
WUDQVIRUPDWLRQV� �UHIOHFWLRQV�� URWDWLRQV�� WUDQVODWLRQV��� WKH� WKHRU\� RI� JHRPHWULFDO� ILJXUHV
�WULDQJOHV� DQG� TXDGUDQJOHV�� LQGHSHQGHQW� IURP� FDOFXODWLRQ� LQ� WZR�� RU� WKUHH�GLPHQVLRQDO
JHRPHWU\�� WKH� DQJOH� WKHRUHPV�XS� WR� WKH� WKHRUHP�RI�7KDOHV�� WKH� WKHRU\�RI� VLPLOLWXGH� DQG� WKH
FHQWULF�VWUHWFKHUV��+RZHYHU��SURRIV�ZHUH�QHJOHFWHG�DQG�LQWXLWLYH�LQVLJKW�ZDV�FXOWLYDWHG�LQVWHDG�
7KH� WKHRU\� RI� GLYLVLELOLW\� ZDV� WDXJKW�� ZLWKRXW� WDNLQJ� LQWR� DFFRXQW� IUDFWLRQV� LQ� WHUPV� RI� DQ
LQGHSHQGHQW�PDWKHPDWLFDO�VHFWLRQ�
$� QHZ� VHFWLRQ� RI� DULWKPHWLFV� ZDV� LQWURGXFHG�� L�H�� QHJDWLYH� QXPEHUV� DQG� FDOFXODWLRQ� ZLWK
UDWLRQDO� QXPEHUV� DV� ZHOO� DV� HOHPHQWV� RI� SUREDELOLW\� DQG� VWDWLVWLFV�� $OJHEUD� �IURP
WUDQVIRUPDWLRQ�RI� WHUPV�WKURXJK� WR�ELQRPLDO� IRUPXODV��HTXDWLRQV� WKURXJK� WR� OLQHDU�HTXDWLRQV
ZLWK�WZR�YDULDEOHV�DQG�WKH�TXDGUDWLF�HTXDWLRQV�DQG�OLQHDU�IXQFWLRQV�ZLWK�WKHLUV�JUDSKV��ZHUH
LQWHJUDWHG�WR�D�ODUJH�H[WHQW�LQWR�WKH�UDQJH�RI�VXEMHFWV�
:RUNLQJ� ZLWK� DOJHEUD� FRPSULVHV� QHFHVVDULO\� ZRUNLQJ� LQ� WKH� SXUHO\� VLJQLWLYH� VHFWRU� ZKLFK
FDXVHG�� DV� H[SHULHQFH� KDG� WDXJKW�� SUREOHPV� FRPSUHKHQVLRQ� WR� SXSLOV� RI� PDLQ� VFKRROV
�+DXSWVFKXOHQ���GLIIHUHQWLDWHG�DOJHEUD�FXUULFXODUV�RI�YDU\LQJ�OHYHOV�ZHUH�QRZ�GHYHORSHG��7KH
ORZHVW� OHYHO� FRPSULVHG� RQO\� GHDOLQJ� ZLWK� FDOFXODWLRQ� IRUPXODV� ZLWK� SRVLWLYH� QXPEHUV� RU
TXDQWLWLHV�DV�FXVWRPDU\�LQ�SURIHVVLRQV�DQG�SURIHVVLRQDO�VFKRROV��%HUXIVVFKXOHQ���,Q�SULQFLSOH�
WKH�SXSLOV�RI�PDLQ�VFKRROV��+DXSWVFKXOHQ��ZHUH�WR�EH�IDFHG�ZLWK�UHGXFWLRQV�RI�WKH�VXEMHFW�LQ
FDVH� WKH\� ZHUH� OLNHO\� WR� EH� XQGXO\� FKDOOHQJHG� RWKHUZLVH�� 7KH� PLQLPXP� REMHFWLYH� RI
PDWKHPDWLFDO� WHDFKLQJ� LQ�PDLQ�VFKRROV� �+DXSWVFKXOHQ��ZDV� WR�EH� WKH�FUHDWLRQ�RI�D�EDVLV� IRU
GHDOLQJ� ZLWK� HYHU\�GD\�OLIH�VLWXDWLRQV� LQ� WHUPV� RI� FDOFXODWLQJ� DV� ZHOO� DV� ZLWK� UHOHYDQW
UHTXLUHPHQWV�IRU�SURIHVVLRQDO�SXUSRVHV�DQG�SURIHVVLRQDO�VFKRROV��%HUXIVVFKXOHQ���'HYHORSLQJ
PDWKHPDWLFDO� FXUULFXOD� IRU� PDLQ� VFKRROV� �+DXSWVFKXOHQ�� DQG� VROYLQJ� RI� GLIIHUHQWLDWLRQ
SUREOHPV� DULVLQJ� WKHUHIURP�ZHUH� RQH� DPRQJ� WKH�PDMRU� FKDOOHQJHV� LQ�ZHVWHUQ�PDWKHPDWLFDO
WHDFKLQJ� LQ� WKH� VHYHQWLHV�� /HIW� DVLGH� DXWKRUV� RI� WH[WERRNV�� RQO\� YHU\� IHZ� PDWKHPDWLFDO
GLGDFWLFLDQV� KDG� D� FORVH� ORRN� DW� WKLV� SUREOHP��$�PLQXWH� QXPEHU� RI� SXEOLFDWLRQV� RI�ZHVWHUQ
PDWKHPDWLFDO� GLGDFWLFLDQV� IRU� PDLQ� VFKRROV� �+DXSWVFKXOHQ�� LV� DYDLODEOH� �� ZKLFK� LV� QRW� D
JORULRXV� LVVXH� LQ� WHUPV� RI� ZHVWHUQ� PDWKHPDWLFDO� GLGDFWLFLVP�� +RZHYHU�� WKH� LPSDFW� RI� WKH
SUREOHP�LV�UHGXFHG�DV�PDLQ�VFKRROV��+DXSWVFKXOHQ��ILQG�HYHU�OHVV�VXSSRUWHUV�

���+LJK�VFKRROV��5HDOVFKXOHQ�

7KH� KLJK� VFKRRO� �5HDOVFKXOH�� LQ� WHUPV� RI� FORVH�WR�SUDFWLFH� WHFKQLFDO� DQG� SURIHVVLRQDOO\
RULHQWDWHG� VFKRRO� KDV� DOZD\V� EHHQ� JXLGHG� DORQJ� ZLWK� WKH� FXUULFXOXP� RI� JUDPPDU� VFKRROV
�*\PQDVLXP�� DQG� LQWURGXFHG� RQO\� D� IHZ� GHYLDWLRQV� IURP� LW�� 7KLV� WHQGHQF\� JRHV� LQFUHDVLQJ



��

GXULQJ�WKH�VL[WLHV�DQG�VHYHQWLHV��$W�SUHVHQW�V\PSWRPV�DUH�WR�EH�GLVWLQJXLVKHG�WKDW�ZRXOG�UDWKHU
VXJJHVW�DQ�LQYHUVLRQ�RI�VXFK�WHQGHQFLHV�

����:K\�QR�JHQHWLF�RULHQWDWLRQ�RI�VFLHQFH�LQ�WKH�(DVW"

7KH� UHVSRQVH� WR� WKH� TXHVWLRQ� LQ� WKH� KHDGLQJ� PD\� EH� H[SODLQHG� E\� WKH� UHIXVDO� RI� UHIRUP
WHDFKLQJ�VFLHQFH�LQ�WKH�(DVW��7KH�JXLGLQJ�UROH�RI�WKH�WHDFKHU�ZDV�DVVXPHG�WR�EH�UDWKHU�PRUH
VXSSRUWLQJ�DQG�HIIHFWLYH��:KHQ�IDFHG�ZLWK� WKH�DOWHUQDWLYH�RI�HLWKHU�JXLGLQJ�RU� OHDYLQJ� URRP
IRU�FKLOGUHQµV� VSRQWDQHLW\�DQG� LQGLYLGXDO�G\QDPLFV�� LW�ZDV�JXLGDQFH�E\� WKH� WHDFKHU� WKDW�ZDV
DGRSWHG��PD\EH�DOVR�EHFDXVH�VXSHUYLVLRQ�LQ�WKH�RWKHU�HYHQW�ZRXOG�KDYH�EHHQ�PRUH�GLIILFXOW�WR
DFKLHYH�
$� IXUWKHU� UHDVRQ� LV� WKDW� HDVWHUQ� SV\FKRORJ\� XQGHUHVWLPDWHG� WKH� VLJQLILFDWLRQ� RI� LQGLYLGXDO
DFWLYLW\�LQ�WKH�OHDUQLQJ�SURFHVV�

����/DUJH�RU�QDUURZ�QRWLRQ�RI�PDWKHPDWLFV�LQ�WKH�(DVW"

:DV�D�QDUURZ�RU�ZLGH� QRWLRQ� RI�PDWKHPDWLFV� FXVWRPDU\� LQ� WKH�(DVW"�$V� IDU� DV� ,� NQRZ�� QR
H[SOLFLW� VWDWHPHQWV� DUH� WR� EH� IRXQG� LQ� WKH� HDVWHUQ�PDJD]LQ� Ä0DWKHPDWLFV� LQ� 6FKRRO³�� ,I�ZH
UHFDOO�UHVSRQVH�E\�WKH�WHDFKHUVKLS�WR�WKH�FKDOOHQJH�IURP�WKH�:HVW�IXUWKHU�WR�WKH�UHXQLILFDWLRQ
SURFHVV��ZH�PLJKW�DVVXPH�WKDW�WKH\�KDG�D�QDUURZ�QRWLRQ�RI�PDWKHPDWLFV�
�+RZHYHU�� WKHUH�DUH�DOVR�H[DPSOHV� WKDW�PD\�EH�TXRWHG�DV�SURRIV�RI� WKH�RSSRVLWH��7KH\�VWHP
IURP�.ODXV�+lUWLJ� �3URIHVVRU� IRU� /RJLFV� DW� WKH�+XPEROGW�8QLYHUVLW\� %HUOLQ� DQG� OHDGLQJ� DV
UHJDUGV�WKH�UHIRUP�RI�PDWKHPDWLFDO�WHDFKLQJ�LQ�WKH�(DVW�LQ�WKH�VL[WLHV�DQG�VHYHQWLHV���7KH�ILUVW
H[DPSOH� GHDOV� ZLWK� WKH� SURRI� RI� WKH� HTXDWLRQ� IRU� ELQRPLDO� FRHIILFLHQWV�� +lUWLJ� DUJXHV� LQ
FRQQHFWLRQ�ZLWK�IDFWXDO�PDWWHUV��³,Q�D�IRUHVW�ZLWK�Q�WUHHV��N�WUHHV�DUH�WR�EH�FXW�GRZQ��$�IRUHVWHU

KDV�WZR�DOWHUQDWLYHV�KRZ�WR�LQGLFDWH�WKLV�WR�WKH�OXPEHUMDFNV��(LWKHU�KH�PDUNV�WKH�WUHHV�WR�EH�FXW
GRZQ�RU�KH�PDUNV�WKH�WUHHV�WKDW�DUH�QRW�WR�EH�FXW�GRZQ��(DFK�PDUNLQJ�RI�RQH�W\SH�JRHV�ZLWK
H[DFW�RQH�PDUNLQJ�RI�WKH�RWKHU�W\SH���7KH�QXPEHU�RI�SRVVLELOLWLHV�WR�FXW�GRZQ�N�WUHHV�RXW�RI�Q
WUHHV�LV�HTXDO�R�WKH�QXPEHU�RI�SRVVLELOLWLHV�QRW�WR�FXW�GRZQ�Q���N�WUHHV�´
�7KH�HTXDWLRQ�LV�WKHUHIRUH�

7KLV�LV�D�WUDGLWLRQDO�H[DPSOH�IRU�UHDVRQLQJ�LQ�WHUPV�RI�IDFWXDO�VLWXDWLRQV��,W�LV�DOVR�OHJLWLPDWH
PDWKHPDWLFV�
7KH�VHFRQG�H[DPSOH�E\�+lUWLJ�GHDOV�ZLWK� WKH�QRWLRQ�RI�PDWKHPDWLFDO� VWULFWQHVV��$W� D� ORZHU
OHYHO�� VWULFWQHVV� RQO\� PHDQV� FRUUHFWQHVV�� +lUWLJ� TXRWHV� DV� H[DPSOH� WKH� HQWLUHO\� FRUUHFW
H[SODQDWLRQ�RI�WKH�QRWLRQ�RI�D�SULPH�QXPEHU�LQ�D�ILUVW�JUDGH�>���@�$�SULPH�QXPEHU�LV�D�QXPEHU
WKDW�GRHV�QRW�HPHUJH�IURP�DQ\��UHDO��PXOWLSOLFDWLRQ�WDVN��0XOWLSOLFDWLRQ�WDVNV�ZLWK�WKH�IDFWRU��
DUH�QR��UHDO��SUREOHPV��7KH�PDWKHPDWLFLDQ�ZRXOG�VD\��WULYLDO��LQVWHDG�RI��UHDO��
0DWKHPDWLFV�GR�QRW�RQO\�FRPSULVH�WKH�IRUPDO�IRUPXODWLRQ�
)XUWKHU�H[DPSOHV�TXRWHG�E\�+lUWLJ�FRXOG�EH�LQGLFDWHG�>����@��7KH\�VKRZ�WKDW�WKH�WHQGHQF\�IRU
D�ZLGH�QRWLRQ�RI�PDWKHPDWLFV�LQ�WKH�(DVW�H[LVWHG���DW�DQ\�HYHQW���LQ�WKH�HLJKWLHV�
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0D\� VFLHQWLILFDOO\� RULHQWDWHG� WHDFKLQJ� ORRN� IRUZDUG� WR� D� IXWXUH�� DIWHU� DOO"� 6KRXOG� QRW�PRUH
ZLGHO\� RSHQHG� WHDFKLQJ� PHWKRGV� EH� DGYRFDWHG� LQVWHDG�� ZKHUH� WKH� SXSLO� LV� WKH� FHQWHU� RI
WHDFKLQJ�HIIRUWV"
6KRXOG� WHDFKLQJ� QRW� EH� UDWKHU� VHHQ� IURP� WKH� SXSLO
V� YLHZ� DQG� WDNH� LQWR� DFFRXQW� FKLOGUHQ
V
LQGLYLGXDO� LQLWLDWLYH� DQG� IXQ� LQ� GLVFRYHULQJ� DQG� WKHLU� SDUWLFLSDWLRQ� LQ� UHVSRQVLELOLW\� RI� WKHLU
RZQ�OHDUQLQJ�SURFHVV�EH�UHLQIRUFHG�"�,Q�WKH�:HVW�VXFK�LGHDV�HPHUJH�HYHU�PRUH�IUHTXHQWO\�
'RXEWOHVV� WHDFKLQJ�RULHQWDWHG�PDLQO\�WRZDUGV�VXEMHFWV�DQG� WKHLU�VFLHQWLILF�FRQWHQWV� IDFHV� WKH
ULVN� RI� GLVUHJDUGLQJ� OHDUQLQJ� LQWHUHVWV� DQG� VXJJHVWLRQV� RI� WKH� FKLOGUHQ� DQG� QRW� WR� WDNH
VXIILFHQWO\� LQWR� DFFRXQW� WKH� LQGLYLGLXDO� SUHUHTXLVLWHV� IRU� OHDUQLQJ�� SUHYLRXV� H[SHULHQFHV� DQG
FDSDELOLWLHV�RI�WKH�SXSLOV�
2Q� WKH� RWKHU� KDQG�� LQ� VRPH� HOHPHQWDU\� VFKRRO� PDJD]LQHV�� H[DPSOHV� RI� WHDFKLQJ� PXOWLSO\
ZKHUH�QRWKLQJ�FDQ�EH�WUDFHG�DV�UHJDUGV�WKH�VXEVWDQFH�RI�PDWKHPDWLFV�
$�PHWKRG�RI� WHDFKLQJ� RULHQWDWHG�PDLQO\� WRZDUGV� WKH� SXSLO� LV� UXQQLQJ� D� ULVN� RI� WXUQLQJ� LQWR
SXUH�DFWLRQLVP��ZKHUH�WKH�OHDUQLQJ�SURJUHVV�RI�SXSLOV�LV�LJQRUHG�DQG�RI�EHFRPLQJ�GHSHQGHQW
RQ�VLWXDWLYH�FRLQFLGHQFHV�>����@�
$V�FKLOGUHQ�PRGLILHG�WKHLU�DWWLWXGH�GXULQJ�WKH�ODVW����\HDUV��WHDFKLQJ�LV�EHFRPLQJ�LQFUHDVLQJO\
GLIILFXOW��7KH�WHDFKHU�LV� IDFHG�ZLWK�PRUH� LPPHGLDWH�SUREOHPV� WKDQ�VFLHQWLILF�RULHQWDWLRQ�DQG
JUDVSV�WKH�VWUDZ�RI�SXUH�DFWLYLVP�DV�D�ZD\�RXW�
2QH� RI� WKH�PDMRU� SUREOHPV� RI� PDWKHPDWLFDO� WHDFKLQJ� RI� WKH� IXWXUH� LV� WKHUHIRUH� WR� GHYHORS
FXUULFXOD� DSW� WR� PDNH� OHDUQLQJ� WKH� LQGLYLGXDO� SUREOHP� RI� WKH� SXSLO�� ZLWK� IUHH� URRP� IRU
SDUWLFLSDWLRQ�LQ�UHVSRQVLELOLW\�DQG�RUJDQL]DWLRQ�RI�OHVVRQV�E\�WKH�SXSLO�
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