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3UHFLHV�YLMI�MDDU�QD�KHW�EHJLQ�YDQ�PLMQ�SURPRWLHRQGHU]RHN�LV�PLMQ�SURHIVFKULIW�GDDU�
7RHQ�LN�YLMI�MDDU�JHOHGHQ�DOV�QHW�DIJHVWXGHHUG�QDWXXUNXQGLJH�ELM�GH�YDNJURHS�3H7L7
ELQQHQNZDP�� YHUZDFKWWH� LN� WH� ]XOOHQ� VDPHQZHUNHQ� ELQQHQ� GH� OHHUSV\FKRORJLVFKH
WDN� YDQ� GH� YDNJURHS�� $O� VQHO� YHUGZHHQ� GH� HQH� QD� GH� DQGHUH� OHHUSV\FKRORRJ�� HQ
XLWHLQGHOLMN�EOHHI� LN�DOV�HQLJH�RYHU��*HOXNNLJ�ZDUHQ�HU�QRJ�DQGHUH� DLR·V�� HQ�YLHO� HU
DOWLMG� ZHO� HUJHQV� LHWV� VDPHQ� WH� ZHUNHQ�� WH� RYHUOHJJHQ� RI� ]RPDDU� WH� EHVSUHNHQ�
9RRUDO� GDQN]LM� PLMQ� EHLGH� NDPHUJHQRWHQ� HQ� GH� NRIILHSDX]HJURHS� ]LMQ� YLMI� MDDU
RPJHYORJHQ��$QQHORHV��$VWHULD��0DUJLH��<YRQQH�HQ�DQGHUHQ��EHGDQNW�

'DDUQDDVW� ZDUHQ� HU� GH� 7ZHQWVH� FROOHJD·V�� 2Q]H� 3UR,67� RQWPRHWLQJHQ� ZDUHQ� WHU
OHULQJ� HQGH� YHUPDHFN�� -DQLQH� YHUGLHQW� ELM]RQGHUH� YHUPHOGLQJ� RPGDW� ]H�PLM� YDQDI
KHW� EHJLQ� ZHJZLMV� KHHIW� JHPDDNW� ELM� GH� YDNJURHS� ,67� HQ� RPGDW� ZH� VDPHQ� KHW
NDUDNWHU�YDQ�RQ]H�EHJHOHLGHU�NRQGHQ�DQDO\VHUHQ�

'H� EHJHOHLGHUV� YHUGLHQHQ� QDWXXUOLMN� RRN� ELM]RQGHUH� GDQN�� -XOHV�� DOV� OXLVWHUHQGH
EHJHOHLGHU�RS�DIVWDQG��0RQLFD��RPGDW�]LM�EHJULMSW�KRH�HHQ�I\VLFXV�GHQNW�HQ�WRW�VORW
7RQ��RPGDW�KLM��ELMQD��DOWLMG�GH�DQGHUH�NDQW�YHUWHJHQZRRUGLJGH�

'DDUQDDVW�KHEEHQ�QRJ�DQGHUHQ�HHQ�ELMGUDJH�JHOHYHUG�DDQ�GLW�SURHIVFKULIW��,YR�YDQ
GHU�/DQV�KHHIW�PHHJHGDFKW�RYHU�GH�VWDWLVWLVFKH�DQDO\VH�YDQ�GH�H[SHULPHQWHQ�LQ�GHHO
$�YDQ� GLW� SURHIVFKULIW��&HHV�$OGHUOLHVWHQ��5XG\�%RUNXV��*HU�(QJHOEHUWLQN� HQ� -DQ
.XSHUXV� KHEEHQ� KHW� H[SHULPHQW� LQ� GHHO� %� PHGH� PRJHOLMN� JHPDDNW� HQ� 6WHYHQ
5DOVWRQ�KHHIW�]LFK�JHERJHQ�RYHU�KHW�(QJHOV�

7RW�VORW�EHGDQN�LN�$QQHW�GLH�YDDN�QLHW�RYHU�RQGHU]RHN�ZLOGH�SUDWHQ�HQ�VRPV�RRN
ZHO��HQ�GLH�GDDU�JURRW�JHOLMN�LQ�KHHIW�

(OZLQ�6DYHOVEHUJK

%HUOLMQ��MXOL�����
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���*HQHUDO�LQWURGXFWLRQ

7KLV� UHVHDUFK� DGGUHVVHV� WKH� UROH�PHQWDO� UHSUHVHQWDWLRQV� SOD\� LQ� SK\VLFV� SUREOHP
VROYLQJ�� 7KH� PHQWDO� UHSUHVHQWDWLRQ� RI� D� SUREOHP� KDV� EHHQ� UHFRJQLVHG� DV� DQ
LPSRUWDQW�GHWHUPLQDQW�RI�SUREOHP�VROYLQJ�SHUIRUPDQFH��$� FRUUHFW� DQG� DGHTXDWH
SUREOHP� UHSUHVHQWDWLRQ�� LV� D� EDVLF� UHTXLUHPHQW� IRU� IOXHQW� UHDVRQLQJ� WRZDUGV� D
VROXWLRQ�

7R�EHFRPH�SURILFLHQW�SK\VLFV�SUREOHP�VROYHUV��VWXGHQWV�PXVW� � OHDUQ�WR�FRQVWUXFW
SURSHU�PHQWDO� SUREOHP� UHSUHVHQWDWLRQV�� &OHDUO\�� VRPH� DUH� PRUH� VXFFHVVIXO� WKDQ
RWKHUV�LQ�WKLV�OHDUQLQJ�SURFHVV��7R�VXSSRUW�ZHDNHU�VWXGHQWV·�OHDUQLQJ��ZKLFK�LV�WKH
XOWLPDWH� JRDO� RI� RXU� UHVHDUFK�� ZH� ILUVW� QHHG� WR� XQGHUVWDQG� ZKDW� NLQGV� RI
UHSUHVHQWDWLRQDO�VNLOOV�DUH�QHHGHG�DQG�ZKDW�VNLOOV�VWXGHQWV�ODFN��7KLV�NQRZOHGJH�FDQ
WKHQ�EH�XVHG�WR�GHVLJQ�PRUH�HIIHFWLYH�SK\VLFV�WHDFKLQJ�DSSURDFKHV�

,Q� WKH� ILUVW� SDUW� RI� WKLV� GLVVHUWDWLRQ�� RXU� IRFXV� LV� RQ� GHVFULELQJ� SUREOHP
UHSUHVHQWDWLRQV� RI� ERWK� SK\VLFLVWV� DQG� SK\VLFV� VWXGHQWV� ZLWK� GLIIHUHQW� OHYHOV� RI
FRPSHWHQFH�� DQG� RQ� XQGHUVWDQGLQJ� WKH� UROH� SUREOHP� UHSUHVHQWDWLRQV� SOD\� LQ
SUREOHP�VROYLQJ��,Q�WKH�VHFRQG�SDUW�ZH�VHHN�WR�LPSURYH�SUREOHP�UHSUHVHQWDWLRQV
SK\VLFV�VWXGHQWV�IRUP�LQ�HGXFDWLRQ�

,Q�WKH�FXUUHQW�FKDSWHU�ZH�DGGUHVV�WKH�QDWXUH�RI�SK\VLFV�SUREOHP�VROYLQJ��FRPSDUH
SK\VLFV�SUREOHP�VROYLQJ�WR��UHDVRQLQJ�LQ�RWKHU�GRPDLQV��GLVFXVV�WKH�UROH�RI�PHQWDO
UHSUHVHQWDWLRQV� LQ�SK\VLFV�SUREOHP�VROYLQJ��DQG�UHYLHZ�ZKDW� LV�NQRZQ�DERXW� WKH
UHODWLRQ�EHWZHHQ�SUREOHP�UHSUHVHQWDWLRQV�DQG�FRPSHWHQFH��7KH�FKDSWHU�HQGV�ZLWK
WKH�PDLQ�UHVHDUFK�TXHVWLRQV�DQG�DQ�RXWOLQH�RI�WKH�UHVW�RI�WKH�ERRN�

����3K\VLFV�SUREOHP�VROYLQJ

7KH�SUREOHP� LV� WKLV�� DUH� WKH�SK\VLFDO� ODZV� V\PPHWULFDO� XQGHU� UHIOHFWLRQ��3XW� LW
WKLV� ZD\�� VXSSRVH� ,� EXLOG� D� SLHFH� RI� HTXLSPHQW�� OHW·V� VD\� D� FORFN�� ZLWK� ORWV� RI
ZKHHOV� DQG� WKLQJV� DQG� KDQGV� DQG� QXPEHUV�� DQG� HYHU\WKLQJ�� DQG� LW� WLFNV� DQG
ZRUNV�DQG�LW�JRW�VSULQJV�ZRXQG�XS�LQVLGH��,�ORRN�DW�WKH�FORFN�LQ�WKH�PLUURU��DQG
LW�LV�QRW�WKH�WKLQJ�WKDW�,�ZDQW�WR�NQRZ�KRZ�LW�ORRNV�LQ�WKH�PLUURU��WKDW·V�QRW�WKH
WKLQJ��7KH�TXHVWLRQ�LV�WKLV��,�EXLOG�DQRWKHU�FORFN��ZKLFK�LV�H[DFWO\�WKH�VDPH�DV
WKDW� FORFN� ORRNV� LQ� WKH�PLUURU��(YHU\� WLPH� WKHUH� LV� D� VFUHZ�ZLWK� D� ULJKW� KDQG
WKUHDG�LQ�KHUH��,�SXW�D�VFUHZ�ZLWK�D�OHIW�KDQG�WKUHDG�LQ�WKH�FRUUHVSRQGLQJ�SODFH�
:KHQ�WKH�WKLQJ�KDV�D�¶WZR·�PDUNHG�RQ�WKH�IDFH�,�PDUN�¶WZR·�EDFNZDUGV�RQ�WKH
IDFH� RYHU�KHUH��(DFK�ZKHHO�� HDFK� FRLO�� VSULQJ�� KRZ�KLJK� D� VSULQJ� LV� WZLVWHG� RQH
ZD\�� WZLVWHG� LQ� WKH�PLUURU� LPDJH� WKH�RWKHU�ZD\��6R��ZKHQ�,�DP�DOO� ILQLVKHG�� ,
KDYH� WZR� WKLQJV�� ZKLFK� KDYH«� ERWK� SK\VLFDO�� ZKLFK� EHDU� WR� HDFK� RWKHU� WKH
UHODWLRQ�RI�DQ�REMHFW�DQG�LWV�PLUURU�LPDJH��DOWKRXJK�WKH\�DUH�ERWK�REMHFWV��WKDW�,
ZLVK� WR� HPSKDVLVH��7KXV� LW� LV� D� SK\VLFDO� TXHVWLRQ�� QRW� D� WKHRUHWLFDO� RQH� DORQH�
1RZ��WKH�SK\VLFDO�TXHVWLRQ�LV��LI�WKH�WZR�WKLQJV�DUH�VWDUWHG�LQ�WKH�VDPH�FRQGLWLRQ�

���������������������������������������������
��3UREOHP�UHSUHVHQWDWLRQ�LV�VKRUW�IRU�PHQWDO�SUREOHP�UHSUHVHQWDWLRQ ��2FFDVLRQDOO\��ZH�XVH�PHQWDO
UHSUHVHQWDWLRQ�DV�DQ�HTXLYDOHQW��WR�GLVWLQJXLVK�WKHP�IURP�H[WHUQDO�UHSUHVHQWDWLRQV�
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WKH�VSULQJV�DUH�ZRXQG�ZLWK�FRUUHVSRQGLQJ�WLJKWQHVVHV�DQG�HYHU\WKLQJ��ZKHWKHU�WKH
WZR�FORFNV�ZLOO�WLFN�DQG�JR�DURXQG�DQG�ORRN�IRUHYHU�DIWHU�DV�H[DFW�PLUURU�LPDJHV�
,� WKLQN�\RXU� LQWXLWLRQ�DERXW� WKH� ODZV�RI�SK\VLFV�ZRXOG� VXJJHVW� WKDW� WKH\�ZRXOG
�IURP�D�OHFWXUH�E\�5LFKDUG�)H\QPDQ��������������

$WWHQGLQJ�D� OHFWXUH�OLNH�)H\QPDQ·V�PLJKW�PRWLYDWH�VWXGHQWV� WR�ZRQGHU�DERXW�WKH
PLUURU�LPDJH�RI�D�PDJQHWLF�ILHOG�LQGXFHG�E\�D�FXUUHQW�ORRS��/LNHZLVH��H[SORULQJ�D
SK\VLFV�GRPDLQ�ZLWK�D� FRPSXWHU� VLPXODWLRQ�FOHDUO\�PRWLYDWHV� VWXGHQWV� DQG�KHOSV
WKHP� WR� EHFRPH� DFTXDLQWHG� ZLWK� GRPDLQ� FRQFHSWV�� 0DVWHULQJ� SK\VLFV� LV� DQ
H[DFWLQJ�XQGHUWDNLQJ��KRZHYHU��DQG�LW�LV�RQO\�DIWHU�WKLV�ILUVW�HQFRXQWHU�WKDW�VWXGHQWV
EHJLQ�WR�OHDUQ�KRZ�WR�VROYH�SUREOHPV�LQ�WKH�GRPDLQ��,W�LV�FRPPRQ�WKDW�LPSDVVHV
DQG�PLVXQGHUVWDQGLQJV�DULVH�GXULQJ�WKH�SURFHVV��DQG�RIWHQ�LQVLJKW�RQO\�FRPHV�DIWHU
D�SHULRG�RI�¶ZDQGHULQJ�LQ�WKH�GDUN·��$IWHU�WKH�LQLWLDO�FRQFHSWXDO�EDUULHUV�KDYH�EHHQ
RYHUFRPH�� LW� VWLOO� UHTXLUHV� FRQVLGHUDEOH� SUDFWLFH� WR� EHFRPH� JRRG� DW� VHOHFWLQJ� WKH
ULJKW�VROXWLRQ�VWHS�LQ�SDUWLFXODU�FLUFXPVWDQFHV��UHFRYHULQJ�IURP�HUURUV��DQG�FDUU\LQJ
RXW� WKH� VHOHFWHG� VROXWLRQ� VWHSV�� $V� IOXHQW� SUREOHP�VROYLQJ� LV� D� FRUH� DVSHFW� RI
SK\VLFV� H[SHUWLVH�� WKH� GHYHORSPHQW� RI� WKH� SUREOHP�VROYLQJ� DELOLW\� LV� RI� PDMRU
LQWHUHVW�QRW�RQO\� WR�FRJQLWLYH�SV\FKRORJLVWV� VWXG\LQJ�SK\VLFV� OHDUQLQJ��EXW�DOVR� WR
SK\VLFV�LQVWUXFWRUV�DQG�SK\VLFV�VWXGHQWV�WKHPVHOYHV�

,Q� UHFHQW� VFLHQFH�WHDFKLQJ� UHVHDUFK�� WKH� HPSKDVLV� KDV� VKLIWHG� IURP� IRUPDO
SUREOHP�VROYLQJ�WR�FRQFHSWXDO�XQGHUVWDQGLQJ��DQG�WR�XQGHUVWDQGLQJ�WKH�QDWXUH�RI
WKH� VFLHQWLILF� HQWHUSULVH�� 7KLV� VKLIW� LQ� DWWHQWLRQ� KDV� EHHQ� PRWLYDWHG� ERWK� E\
FKDQJLQJ�SV\FKRORJLFDO�LQVLJKWV�DQG�E\�FKDQJHV�LQ�WKH�NLQGV�RI�NQRZOHGJH�YDOXHG
LQ�VRFLHW\��2QH�RI�WKH�SV\FKRORJLFDO�UHDVRQV�LV�WKDW�VWXGHQWV�SURILFLHQW�LQ�SUREOHP�
VROYLQJ�PD\� VWLOO� HQWHUWDLQ� DQ� HUURQHRXV�TXDOLWDWLYH�XQGHUVWDQGLQJ� �GL6HVVD�� �����
+HVWHQHV��:HOOV�� 	� 6ZDFNKDPPHU�� ������0F&ORVNH\�� ������0LQVWHOO�� ������ DQG
WKDW�WKH\�GR�QRW�WUDQVIHU�VFKRRO�NQRZOHGJH�WR�RXW�RI�VFKRRO�FRQWH[WV��/DYH��������
,W�KDV�DOVR�EHHQ�DUJXHG�WKDW�PHDQLQJIXO�OHDUQLQJ�UHTXLUHV�FRQFHSWXDO�XQGHUVWDQGLQJ
WR� SUHFHGH� IRUPDO� UHDVRQLQJ� �9DQ� +LHOH�� ������ ������ EXW� VHH� +HVWHQHV�� �����
:KLWH�� ������ VHH� DOVR� 3O|W]QHU� 	� 6SDGD�� ������� $SDUW� IURP� WKH� RUGHU� RI
SUHVHQWDWLRQ�� VHYHUDO� HGXFDWRUV� DQG� SK\VLFLVWV� KDYH� DUJXHG� WKDW� WKH� IRUPDO
PDWKHPDWLFDO�UHSUHVHQWDWLRQ�DQG�PDWKHPDWLFDO�GHGXFWLRQ�FRQWULEXWH�HVVHQWLDO�SDUWV
WR� SK\VLFV� XQGHUVWDQGLQJ� �)H\QPDQ�� ������ +HVWHQHV�� ������ D� VLPLODU� SRLQW� IRU
PDWKHPDWLFV�LV�PDGH�E\�.HXQH���������:H�DGKHUH�WR�WKLV�YLHZSRLQW�LQ�WKDW�IRUPDO
UHDVRQLQJ� DQG� FRQFHSWXDO� XQGHUVWDQGLQJ� LQIOXHQFH� HDFK� RWKHU�� DQG� WKDW� HIIHFWLYH
LQVWUXFWLRQ�DGGUHVVHV�ERWK��&OHDUO\��VRPH�SK\VLFV�SKHQRPHQD�DUH�HDVLO\�DFFHVVLEOH
WR� KXPDQ� VHQVDWLRQ�� DQG� VRPH� RI� WKHVH� FDQ� EH� GHVFULEHG� DFFXUDWHO\� XVLQJ
SURSRUWLRQDO� UHODWLRQVKLSV�� )RU� VXFK� SKHQRPHQD� TXDOLWDWLYH� FRQFHSWXDO
XQGHUVWDQGLQJ� PD\� VXIILFH� IRU� PRVW� SHRSOH�� 0RUH� VXEWOH� SKHQRPHQD�� VXFK� DV
TXDQWXP� DQG� UHODWLYLW\� HIIHFWV�� EXW� DOVR� DGYDQFHG� FODVVLFDO� PHFKDQLFV� RU
HOHFWURPDJQHWLVP�� E\� FRQWUDVW�� FDQQRW� EH� XQGHUVWRRG� DW� D� SXUHO\� TXDOLWDWLYH
FRQFHSWXDO� OHYHO�� 8QGHUVWDQGLQJ� UHODWLYLW\� WKHRU\� DV� D� QHFHVVDU\� VXSSOHPHQW� WR

���������������������������������������������
��7UDQVFULSW�RI�SXEOLVKHG�UHFRUGLQJ��)H\QPDQ �������
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1HZWRQ·V� FODVVLFDO� PHFKDQLFV�� IRU� LQVWDQFH�� � UHTXLUHV� DQ� DGYDQFHG� VHQVH� RI
IRUPDOLVP�

$W� OHDVW� DV� LPSRUWDQW� WR� WKH� FKDQJLQJ� HPSKDVHV� LQ� VFLHQFH� HGXFDWLRQ� LV� VRFLHW\·V
FKDQJLQJ� DSSUHFLDWLRQ� RI� NQRZOHGJH�� 3ROLF\�PDNHUV� DQG� FXUULFXOXP� GHVLJQHUV� LQ
PDQ\�FRXQWULHV�KDYH�FRPH�WR�YLHZ�D�TXDOLWDWLYH�XQGHUVWDQGLQJ�RI�SK\VLFV�²�PRUH
EURDGO\� VFLHQFH� ²�� DQG� RI� WKH� VFLHQWLILF� HQWHUSULVH�� DV� UHTXLUHPHQWV� IRU� JRRG
FLWL]HQVKLS� �FRPSDUH�� LQ� 7KH� 1HWKHUODQGV�� LQWURGXFWLRQ� RI� QHZ� H[DPLQDWLRQ
SURJUDPV�LQ�VHFRQGDU\�HGXFDWLRQ��*UDYHQEHUFK��������� LQ� WKH�86$��SURMHFW�����
�5XWKHUIRUG�	�$KOJUHQ�� ��������$� VLPLODU� VKLIW� KDV�RFFXUUHG� LQ�RWKHU� VXEMHFWV� LQ
VHFRQGDU\� HGXFDWLRQ� VXFK� DV� PDWK� HGXFDWLRQ�� $OWKRXJK� VXFK� TXDOLWDWLYH
XQGHUVWDQGLQJ�RI�VFLHQFH� LV� LPSRUWDQW�� LW� UHTXLUHV�DGGLWLRQDO�DELOLWLHV� WR�EHFRPH�D
VFLHQWLVW� RU� DQ� HQJLQHHU��$V� LW� WDNHV� FRQVLGHUDEOH� SUDFWLFH� WR� EHFRPH� IOXHQW�ZLWK
IRUPDO�UHSUHVHQWDWLRQV��LW�PD\�EH�DGYLVDEOH�IRU�VHFRQGDU\�HGXFDWLRQ�WR�UH�YDOXH�LWV
UROH�DV�D�SUHSDUDWLRQ�IRU�XQLYHUVLW\�HGXFDWLRQ��7KH�SK\VLFV�FRPPXQLW\�FOHDUO\�KDV�D
VWDNH�LQ�WKLV�LVVXH��DQG�LW�LV�UHPDUNDEOH�KRZ�OLWWOH�SK\VLFLVWV�PDNH�WKHPVHOYHV�KHDUG
LQ� WKH� GHEDWH�� 2XU� UHVHDUFK� LV� SULPDULO\� DLPHG� WRZDUGV� XQLYHUVLW\� SK\VLFV
HGXFDWLRQ�� KRZHYHU�� ZKHUH� WKH� LPSRUWDQFH� RI� D� IRUPDO� SUREOHP�VROYLQJ� DELOLW\
UHPDLQV�ODUJHO\�XQFKDOOHQJHG�

%HIRUH�WXUQLQJ�WR�UHTXLUHPHQWV�IRU�EHFRPLQJ�D�VXFFHVVIXO�SK\VLFV�SUREOHP�VROYHU�
ZH�KDYH� WR�GHILQH�ZKDW�NLQGV�RI�SUREOHP�VROYLQJ�ZH�DUH�DIWHU��$FFRUGLQJ� WR� WKH
*HVWDOW� SV\FKRORJLVW� 'XQFNHU� ������� S�� ���� ¶D� SUREOHP� H[LVWV� ZKHQ� D� OLYLQJ
RUJDQLVP�KDV� D� JRDO� EXW� GRHV� QRW� NQRZ�KRZ� WKLV� JRDO� KDV� WR� EH� UHDFKHG·�� 7KLV
GHILQLWLRQ�RI�SUREOHP�VROYLQJ�FOHDUO\�VWUHWFKHV�RXW�EH\RQG�WKH�W\SHV�RI�SUREOHPV�D
SK\VLFLVW� VKRXOG� EH� DEOH� WR� GHDO� ZLWK� DV� D� SURIHVVLRQDO��+RZHYHU�� WKH� GHILQLWLRQ
DOVR� H[FOXGHV� VRPH� NLQGV� RI� EHKDYLRXUV� WKDW� RIWHQ� KDYH� EHHQ� WHUPHG� SUREOHP�
VROYLQJ�WRR�³�WKDW�LV��WKRVH�TXHVWLRQV�ZKHUH�WKH�DQVZHU�LV�REYLRXV�WR�WKH�VXEMHFW�
DQG� WKRVH� JRDOV� WKDW� FDQ� EH� DFKLHYHG� ZLWKRXW� FRQVFLRXV� PHQWDO� HIIRUW�� /LNH
'XQFNHU��ZH�H[FOXGH�¶URXWLQH�SUREOHPV·�IURP�RXU�GHILQLWLRQ�

7KH� IRFXV� RI� RXU� VWXGLHV� LV� RQ� SURILFLHQF\� LQ� SK\VLFV� SUREOHP�VROYLQJ�� $V� D
GRPDLQ�ZH�XVH�HOHFWURG\QDPLFV�WRSLFV�WKDW�DUH�D�VWDQGDUG�SDUW�RI�XQLYHUVLWLHV·�ILUVW�
\HDU�SK\VLFV�FXUULFXOD���7KH�HOHFWURG\QDPLFV�GRPDLQ�VKDUHV�HVVHQWLDO�FKDUDFWHULVWLFV
ZLWK�RWKHU�SK\VLFV�GRPDLQV�WKDW�DUH�QRW�FRPPRQO\�IRXQG�LQ�RWKHU�GRPDLQV��)LUVW�
PRVW� SUREOHPV� LQ� WKH� GRPDLQ� DUH� FRPSOH[� SUREOHPV� ³� WKDW� LV�� LQYROYLQJ
VWUXFWXUHG� PXOWL�HOHPHQW� VLWXDWLRQV� DQG� PXOWL�VWHS� VROXWLRQ� SURFHGXUHV�� 6HFRQG�
HOHFWURG\QDPLFV�LV�D�FRQFHSWXDO�GRPDLQ��ZKLFK�LPSOLHV�WKDW�PDQ\�RI�WKH�REMHFWV�LQ
WKH�GRPDLQ�DUH�QRW�GLUHFWO\�SHUFHLYDEOH�³�WKH\�DUH�PRUH�RU�OHVV�DEVWUDFW�FRQFHSWV�
7KLUG�� LW� LV� D� IRUPDO� GRPDLQ��ZKLFK�PHDQV� WKHUH� LV� D� OLPLWHG� VHW� RI�ZHOO�GHILQHG
FRQFHSWV�DQG�ODZV�WKDW�FDQ�EH�DSSOLHG�ZLWKLQ�D� OLPLWHG�DQG�ZHOO�GHILQHG�UDQJH�RI
SUREOHPV�� 7KH� ILQDO� FKDUDFWHULVWLF� VKDUHG� EHWZHHQ� HOHFWURG\QDPLFV� DQG� RWKHU

���������������������������������������������
��7\SLFDO�FRXUVH�WLWOHV�DUH��¶(OHFWULFLW\�	�0DJQHWLVP·��¶(OHFWULFLW\�7KHRU\·�DQG�¶(OHFWURG\QDPLFV·�
7RSLFV�LQFOXGH��FKDUJH�GLVWULEXWLRQV��V\PPHWULHV��&RXORPE·V�ODZ��*DXVV·�ODZ��ILHOG�HQHUJ\�
GLSROHV�DQG�PXOWLSROHV��FRQGXFWRUV��LPDJH�FKDUJHV�� /DSODFH·V�ODZ��$PSHUH·V�ODZ��/RUHQW]�IRUFH�
PDJQHWLF�IOX[��DQG�LQGXFWDQFH�
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SK\VLFV� GRPDLQV� LV� WKDW� SUREOHPV� FDQ� EH� UHSUHVHQWHG� LQ�PXOWLSOH� ZD\V�� 7KRXJK
WKHVH� GLIIHUHQW� UHSUHVHQWDWLRQV� FDQ� EH�PDSSHG� RQWR� HDFK� RWKHU� ZLWKRXW� ORVV� RI
LQIRUPDWLRQ�� RQH� ZD\� PD\� EH� PRUH� DSW� WKDQ� DQRWKHU� LQ� D� JLYHQ� VLWXDWLRQ�� 7KH
H[LVWHQFH�RI�IRUPDOO\�HTXLYDOHQW�IRUPXODWLRQV�GLVWLQJXLVKHV�SK\VLFV�IURP�D�GRPDLQ
OLNH�PHGLFLQH�� $OWKRXJK� D�PHGLFDO� SUREOHP� FDQ� EH� GHVFULEHG� HLWKHU� LQ� WHUPV� RI
FOLQLFDO� NQRZOHGJH� RU� LQ� WHUPV� RI� ELRPHGLFDO� NQRZOHGJH�� WKHUH� LV� QR� IRUPDO
HTXLYDOHQFH�EHWZHHQ�WKH�WZR�GHVFULSWLRQV�

%HVLGHV� FRPPRQDOLWLHV� WKHUH� DUH� DOVR� GLVWLQFWLRQV� EHWZHHQ� HOHFWURG\QDPLFV� DQG
RWKHU� SK\VLFV� GRPDLQV�� 6HYHUDO� RI� WKH� PRUH� ZHOO� NQRZQ� VWXGLHV� RQ� SUREOHP�
VROYLQJ�DQG�UHDVRQLQJ�LQ�FRQFHSWXDO�GRPDLQV�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�ILHOG�RI
PHFKDQLFV� �&KL�� )HOWRYLFK�� 	� *ODVHU�� ������ &KL� 	� %DVVRN�� ������ /DUNLQ�� �����
0F&ORVNH\�� ������ GL6HVVD�� �������0HFKDQLFV� LV�PRUH� FORVHO\� UHODWHG� WR� HYHU\GD\
H[SHULHQFH� WKDQ� HOHFWURG\QDPLFV� LV�� 7KHUHIRUH�� RQH� FRXOG� H[SHFW� SHRSOH·V� QDLYH
LGHDV�FRQFHUQLQJ�PHFKDQLFV�DQG�PRWLRQ�WR�EH�VXEVWDQWLDOO\�PRUH�HVWDEOLVKHG�WKDQ
WKHLU�LGHDV�ZLWK�UHJDUG�WR�HOHFWURG\QDPLFV��$�IXUWKHU�GLVWLQJXLVKLQJ�IHDWXUH�LV�WKDW
HOHFWURG\QDPLFV�LV�PXFK�FRQFHUQHG�ZLWK�V\PPHWU\�ULJKW�IURP�WKH�VWDUW��ZKHUHDV�LQ
LQLWLDO�PHFKDQLFV�FRXUVHV��IRU�LQVWDQFH��WKH�XVH�RI�V\PPHWULHV�LV�QRW�SURIRXQG��DQG
VRPHWLPHV� HYHQ� PLVOHDGLQJ� �GL6HVVD�� ������� 2Q� WKH� RWKHU� KDQG�� LQ� PHFKDQLFV�
FRQVHUYDWLRQ�ODZV�KDYH�D�FHQWUDO�UROH��%RWK�FRQVHUYDWLRQ�ODZV�DQG�V\PPHWULHV�FDQ
EH�XVHG�WR�VLPSOLI\�WKH�SUREOHP��DQG�LQ�ERWK�FDVHV�WKLV�UHTXLUHV�WKH�SUREOHP�VROYHU
WR� VHDUFK� IRU� FRQVWUDLQWV�� ZKLFK� LV� TXLWH� GLIIHUHQW� IURP� WKH� QDLYH� DSSURDFK� RI
UXQQLQJ�D�PHQWDO�VLPXODWLRQ��FRPSDUH�'\QDPLF�EHKDYLRXU�LQ�6HFWLRQ������

7R�VXPPDULVH��ZH�DVVHUW�WKDW�WKH�SV\FKRORJ\�RI�HOHFWURG\QDPLFV�SUREOHP�VROYLQJ
LV� VLPLODU� WR� WKDW� RI� SUREOHP�VROYLQJ� LQ� RWKHU� SK\VLFV� GRPDLQV�� ,Q� RWKHU� ILHOGV
VLPLODU�SURFHVVHV�PD\�EH� IRXQG��SDUWLFXODUO\� LQ� WKRVH� IRUPDO� FRQFHSWXDO�GRPDLQV
ZKHUH�SUREOHPV�FDQ�KDYH�PXOWLSOH�UHSUHVHQWDWLRQV�

����3UREOHP�UHSUHVHQWDWLRQV�LQ�SK\VLFV

������3UREOHP�UHSUHVHQWDWLRQV

,Q� WKHLU� FODVVLF� ¶+XPDQ� SUREOHP� VROYLQJ·�� 1HZHOO� DQG� 6LPRQ� ������� GLVWLQJXLVK
WZR�PDLQ�SURFHVVHV�LQ�SUREOHP�VROYLQJ��XQGHUVWDQGLQJ�WKH�SUREOHP�DQG�VHDUFKLQJ
IRU�WKH�VROXWLRQ�URXWH��/LNH�PRVW�VWXGLHV�IURP�WKDW�SHULRG��WKH\�IRFXV�RQ�SUREOHPV
WKDW� UHTXLUH� OLWWOH� EDFNJURXQG� NQRZOHGJH�� 6XFK� SUREOHPV� DUH� JHQHUDOO\� HDV\� WR
XQGHUVWDQG��7KHUHIRUH�� LQ� WKHVH� VWXGLHV� WKH� IRFXV� KDV� EHHQ� RQ� VHDUFK� SURFHVVHV�
DQG�WKH�LQWHUSUHWDWLRQ�RI�WKH�SUREOHP�KDV�EHHQ�QHJOHFWHG�DV�EHLQJ�D�WULYLDO�SURFHVV�
&RQWUDVWLQJO\��LQ�NQRZOHGJH�LQWHQVLYH�GRPDLQV��VXFK�DV�SK\VLFV��XQGHUVWDQGLQJ�WKH
SUREOHP� LV� RIWHQ� QRW� WULYLDO�� (VSHFLDOO\� ZLWK� FRPSOH[� RU� LOO�GHILQHG� SUREOHPV�� D
SURSHU� UHSUHVHQWDWLRQ� RI� WKH� VLWXDWLRQ� FDQ� EH� WKH� NH\� WR� VHOHFWLQJ� D� VROXWLRQ
PHWKRG��DQG�WR�LQWHUSUHWLQJ�WKH�RXWFRPH�

&RPSOH[� DQG� LOO�GHILQHG�SUREOHPV� WRRN� D� FHQWUDO� SODFH� LQ� WKH�ZRUN�E\�'XQFNHU
DQG� RWKHU� *HVWDOW� SV\FKRORJLVWV�� DQG� ZH� FDQ� QHDWO\� LOOXVWUDWH� WKH� LPSRUWDQFH� RI
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SUREOHP�UHSUHVHQWDWLRQV�ZLWK�WKH�IROORZLQJ�H[DPSOH�IURP�'XQFNHU·V�ZHOO�NQRZQ
H[SHULPHQWV�RQ�WKH�¶UDGLDWLRQ�SUREOHP·�

*LYHQ� D� KXPDQ� EHLQJ� ZLWK� DQ� LQRSHUDEOH� VWRPDFK� WXPRXU�� DQG� UD\V� ZKLFK
GHVWUR\�RUJDQLF�WLVVXH�DW�VXIILFLHQW�LQWHQVLW\��E\�ZKDW�SURFHGXUH�FDQ�RQH�IUHH�KLP�RI
WKH�WXPRXU�E\�WKHVH�UD\V�DQG�DW�WKH�VDPH�WLPH�DYRLG�GHVWUR\LQJ�WKH�KHDOWK\�WLVVXH
ZKLFK�VXUURXQGV�LW"��'XQFNHU��������S����

7KH� IROORZLQJ� VXPPDULVHG� IUDJPHQW� RI� D� SURWRFRO� E\� RQH� RI� 'XQFNHU·V
H[SHULPHQWDO�VXEMHFWV�JLYHV�DQ�LPSUHVVLRQ�RI�WKH�ZD\�VXEMHFWV�W\SLFDOO\�DSSURDFKHG
WKH�SUREOHP�

�� 6HQG�UD\V�WKURXJK�WKH�HVRSKDJXV�
�� 'HVHQVLWLVH�WKH�KHDOWK\�WLVVXH�E\�PHDQV�RI�D�FKHPLFDO�LQMHFWLRQ�
�� ([SRVH�WKH�WXPRXU�E\�RSHUDWLQJ�
�� 2QH�RXJKW�WR�GHFUHDVH�WKH�LQWHQVLW\�RI�WKH�UD\V�RQ�WKHLU�ZD\��IRU�H[DPSOH²ZRXOG�WKLV

ZRUN"�²�WXUQ�WKH�UD\V�RQ�DW�IXOO�LQWHQVLW\�RQO\�DIWHU�WKH�WXPRXU�KDV�EHHQ�UHDFKHG�
�([SHULPHQWHU��)DOVH�DQDORJ\��QR�LQMHFWLRQ�LV�LQ�TXHVWLRQ��

�� 2QH�VKRXOG�VZDOORZ�VRPHWKLQJ�LQRUJDQLF��ZKLFK�ZRXOG�QRW�DOORZ�WKH�SDVVDJH�RI�WKH
UD\V��WR�SURWHFW�WKH�KHDOWK\�VWRPDFK�ZDOOV���(��LW�LV�QRW�PHUHO\�WKH�VWRPDFK�ZDOOV�WKDW
DUH�WR�EH�SURWHFWHG��

�

��� 6RPHKRZ�GLYHUW�«�GLIIXVH�UD\V�«�GLVSHUVH�«�VWRS��6HQG�D�EURDG�DQG�ZHDN
EXQGOH�RI�UD\V�WKURXJK�D�OHQV�LQ�VXFK�D�ZD\�WKDW�WKH�WXPRXU�OLHV�DW�WKH�IRFDO�SRLQW
DQG�WKXV�UHFHLYHV�LQWHQVLYH�UDGLDWLRQ���'XQFNHU��������S����

$SDUW� IURP� WKH� LGHD�RI� XVLQJ� D� OHQV��ZKLFK� GRHV� QRW�ZRUN�ZLWK� J�UD\V�� WKH� ILQDO
SURSRVDO�FRPHV�FORVH�WR�D�UHDOLVWLF�VROXWLRQ��'XQFNHU�LQWHUSUHWHG�WKH�LPSUDFWLFDEOH
VROXWLRQV�SURSRVHG�DV�DULVLQJ�IURP�DQ�LQFRUUHFW�UHSUHVHQWDWLRQ�RI�WKH�VLWXDWLRQ��WKH
SURSRVHG�VROXWLRQV�ZRXOG�ZRUN�LI�WKH�VLWXDWLRQ�ZHUH�WKH�ZD\�LW�LV�XQGHUVWRRG�E\�WKH
VXEMHFW��7KHUHIRUH��KH�VWUHVVHG�WKH�UROH�RI�WKH�GHYHORSLQJ�SUREOHP�UHSUHVHQWDWLRQ�
DQG�RI�UHIRUPXODWLQJ�WKH�JRDO� LQ�SDUWLFXODU��$FFRUGLQJ�WR�'XQFNHU��UHIRUPXODWLQJ
WKH� SUREOHP� OHDGV� WR� D� VKDUSHU��PRUH� VSHFLILF� SUREOHP� UHSUHVHQWDWLRQ� WKDW� JLYHV
ULVH�WR�QHZ�VROXWLRQ�DSSURDFKHV�DQG�IXUWKHU�UHIRUPXODWLRQV�

������3UREOHP�UHSUHVHQWDWLRQV��PHQWDO�PRGHOV�DQG�VFKHPDV

+DYLQJ� GHPRQVWUDWHG� WKH� LPSRUWDQFH� RI� SUREOHP� UHSUHVHQWDWLRQV� IRU� SUREOHP�
VROYLQJ�� ZH� DUH� UHDG\� WR� GHILQH� SUHFLVHO\� ZKDW� LV� PHDQW� E\� WKH� WHUP� SUREOHP
UHSUHVHQWDWLRQ� DQG� KRZ� SUREOHP� UHSUHVHQWDWLRQV� FRPSDUH� WR� UHODWHG� FRQVWUXFWV�
VXFK� DV� PHQWDO� PRGHOV� DQG� SUREOHP� VFKHPDV�� ¶7KH� 3HQJXLQ� 'LFWLRQDU\� RI
3V\FKRORJ\·���5HEHU��������GHILQHV�UHSUHVHQWDWLRQ�DV�

$� WKLQJ� WKDW� VWDQGV� IRU�� WDNHV� WKH� SODFH� RI�� V\PEROLVHV� RU� UHSUHVHQWV� DQRWKHU
WKLQJ�� ,Q� VWXGLHV� RI� SHUFHSWLRQ� DQG� FRJQLWLRQ� RQH� RIWHQ� VHHV� UHIHUHQFH� WR� WKH
PHQWDO�UHSUHVHQWDWLRQ�RI�D�VWLPXOXV�HYHQW�ZKLFK��GHSHQGLQJ�XSRQ�WKHRUHWLFDO
RULHQWDWLRQ��PD\�EH�FKDUDFWHULVHG�DV�D�GLUHFW�PDSSLQJ�RI�WKH�VWLPXOXV��VHH�GLUHFW
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UHDOLVP���DQ�HODERUDWLRQ�RI�WKH�VWLPXOXV��VHH�FRQVWUXFWLYLVP���D�PHQWDO�FRGH�RI�LW
�VHH�LGHD��LPDJH��RU�DQ�DEVWUDFW�FKDUDFWHULVDWLRQ�RI�LW��VHH�SURSRVLWLRQ�«

,Q� WKH�FDVH�RI�D�SUREOHP�UHSUHVHQWDWLRQ�� WKH� ¶VWLPXOXV·� FOHDUO\� LV� D�GHVFULSWLRQ�RI
WKH� SUREOHP��$V� D� FRQVHTXHQFH�� UHSUHVHQWLQJ� D� SUREOHP� LQYROYHV� UHSUHVHQWLQJ� D
SK\VLFDO�VLWXDWLRQ��,Q�DGGLWLRQ��D�VHQVH�RI�SXUSRVH�LV�UHTXLUHG�WR�PDNH�LW�D�SUREOHP
UHSUHVHQWDWLRQ��$V�EHFDPH�FOHDU� LQ�WKH�'XQFNHU�H[DPSOH�HDUOLHU��D� UHSUHVHQWDWLRQ
RI� D� FRPSOH[� SUREOHP� LV� DQ� HODERUDWLRQ� RI� WKH� VWLPXOXV�� UDWKHU� WKDQ� D� GLUHFW
PDSSLQJ�RI�LW��7KH�ILQDO�WZR�SRVLWLRQV�UHIHUUHG�WR�LQ�WKH�DERYH�OHPPD�WRXFK�XSRQ
WKH� HPSLULFDO� LVVXH� RI� ZKHWKHU� DQ� REMHFW� LV� UHSUHVHQWHG� YLVXR�VSDWLDOO\�� RU
SURSRVLWLRQDOO\��:H�ZLOO�UHWXUQ�WR�WKLV�LVVXH�LQ�ODWHU�FKDSWHUV�

,Q� WKH� VDPSOH� IURP�'XQFNHU·V� UDGLDWLRQ�SUREOHP�� WKH� VXEMHFW� DSSDUHQWO\�KDG�QR
SUHYLRXV� FRQWHQW� NQRZOHGJH�� DQG� WKH� UHSUHVHQWDWLRQ� RI� WKH� SUREOHP� KDG� WR� EH
FRQVWUXFWHG�IURP�VFUDWFK��,I�WKH�VXEMHFW�KDG�KDG�SUHYLRXV�H[SHULHQFH�LQ�WKH�ILHOG�
WKHQ� HSLVRGHV� DQG� DEVWUDFWHG� VLWXDWLRQV� UHFDOOHG� IURP� ORQJ�WHUP�PHPRU\� �/70�
FRXOG�KDYH�KHOSHG� WR� LQWHUSUHW� WKH�SUREOHP��:H�XVH� WKH� WHUP� UHSUHVHQWDWLRQ� IRU
VXFK� VLWXDWLRQV� UHSUHVHQWHG� LQ�/70�DV�ZHOO�� HYHQ� WKRXJK� WKH�RULJLQDO� VWLPXOXV� LV
ORQJ� JRQH�� 6R�� LQ� RXU� YLHZ�� SUREOHP� UHSUHVHQWDWLRQV� PLJKW� EH� IRXQG� ERWK� LQ
ZRUNLQJ�PHPRU\�DQG�LQ�ORQJ�WHUP�PHPRU\��$�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH�WZR
LV� WKDW� WKH�FXUUHQW�FRQFUHWH�SUREOHP� LV� UHSUHVHQWHG� LQ�ZRUNLQJ�PHPRU\��ZKHUHDV
UHSUHVHQWDWLRQV� LQ� ORQJ�WHUP�PHPRU\�DUH� LQGHSHQGHQW�RI� WKLV�SDUWLFXODU� VLWXDWLRQ
DQG�PD\�EH�SDUW�RI�D�ODUJHU�NQRZOHGJH�VWUXFWXUH�

1RZDGD\V��PHQWDO�PRGHO� DSSURDFKHV�DUH� D�GRPLQDQW�ZD\�RI�GHVFULELQJ�ZRUNLQJ
PHPRU\� SUREOHP� UHSUHVHQWDWLRQV��7ZR�ERRNV� KDYH� EHHQ� VHPLQDO� WR� WKH� ILHOG� RI
PHQWDO�PRGHOV�UHVHDUFK��RQH�LV�D�PRQRJUDSK�E\�-RKQVRQ�/DLUG���������WKH�RWKHU�LV
D�FROOHFWLRQ�RI�SDSHUV�HGLWHG�E\�*HQWQHU�DQG�6WHYHQV���������,Q�WKH�ODWWHU�YROXPH�
SDSHUV�E\�GL6HVVD��E\�/DUNLQ��DQG�E\�'H�.OHHU�DQG�%URZQ�DUH�RI�SDUWLFXODU�LQWHUHVW
LQ�WKH�SUHVHQW�FRQWH[W��,Q�ERWK�ERRNV�DWWHPSWV�DUH�PDGH�WR�GHILQH�PHQWDO�PRGHOV�
,Q�WKH�DSSURDFK�DGRSWHG�E\�-RKQVRQ�/DLUG��PHQWDO�PRGHOV�DUH�SULPDULO\�DSSOLHG�WR
V\OORJLVWLF�UHDVRQLQJ��,Q�WKH�SDSHUV�FROOHFWHG�E\�6WHYHQV�DQG�*HQWQHU��E\�FRQWUDVW�
WKH� HPSKDVLV� LV� RQ� ²� SK\VLFDO� ²� V\VWHPV� GHYHORSLQJ� LQ� WLPH�� $V� D� FRQVHTXHQFH�
-RKQVRQ�/DLUG·V�PHQWDO�PRGHO�WKHRU\�GRHV�QRW�FRPSULVH�WLPH��ZKHUHDV�LQ�6WHYHQV
DQG� *HQWQHU·V� WKHRU\� WLPH� KDV� D� FHQWUDO� UROH�� 7KLV� PD\� EH� WKH� PRVW� SURIRXQG
GLIIHUHQFH� EHWZHHQ� WKH� WZR�� ,W� LV� RXU� IHHOLQJ� WKDW� GHVSLWH� VHYHUDO� VLJQLILFDQW
GLIIHUHQFHV� EHWZHHQ� WKH� WZR�PHQWDO�PRGHO� QRWLRQV�� WKH\� KDYH� FUXFLDO� DVSHFWV� LQ
FRPPRQ�FRQFHUQLQJ�WKH�VWUXFWXUH�DQG�VHPDQWLFV�RI�PHQWDO�PRGHOV��7KH�ILUVW�SRLQW
WKH\�DJUHH�XSRQ�LV�WKDW�D�PHQWDO�PRGHO�LV�D�VWUXFWXUDO�DQDORJXH�RI�WKH�ZRUOG��7KLV
LPSOLHV�WKDW�WKH�HOHPHQWV�RI�WKH�PHQWDO�PRGHO��DQG�WKH�UHODWLRQV�EHWZHHQ�HOHPHQWV
LQ� WKH� PHQWDO� PRGHO�� FDQ� EH� PDSSHG� LQ� D� RQH�WR�RQH� IDVKLRQ� WR� HOHPHQWV� DQG
UHODWLRQV� LQ�WKH�ZRUOG��$�VHFRQG�SRLQW�RI�FRUUHVSRQGHQFH�EHWZHHQ�ERWK�YLHZV� LV
KRZ� WKH�PHQWDO� PRGHO� DOORZV� VXEMHFWV� WR� UHDVRQ� DERXW� WKH� ZRUOG�� ,Q� -RKQVRQ�
/DLUG·V�WKHRU\��WKH�UHDVRQLQJ�LV�DERXW�ZKHWKHU�D�SURSRVLWLRQ�LV�FRPSDWLEOH�ZLWK�WKH
VXEMHFW·V�PRGHO�RI�WKH�ZRUOG��,Q�*HQWQHU�DQG�6WHYHQV·�WKHRU\��UHDVRQLQJ�LV�DERXW
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KRZ�D�SK\VLFDO�V\VWHP�ZLOO�EHKDYH�LQ�WLPH��,Q�ERWK�WKHRULHV�UHDVRQLQJ�LV�PXFK�OLNH
¶VHHLQJ�LW�KDSSHQ�LQ�WKH�PLQG·V�H\H·��DV�RSSRVHG�WR�FRQVFLRXVO\�DSSO\LQJ�UXOHV�

8OWLPDWHO\�� IRUPDO� SK\VLFV� SUREOHPV� DUH� VROYHG� E\� DSSO\LQJ� VROXWLRQ� SURFHGXUHV
UDWKHU�WKDQ�E\�LPDJLQLQJ�WKH�VLWXDWLRQ��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�SURFHVVHV�LV
UHIOHFWHG� LQ� <RXQJ·V� ������� GLVWLQFWLRQ� EHWZHHQ� VXUURJDWH� PRGHOV�� ZKLFK� DUH
PHQWDO�PRGHOV�LQ�WKH�VHQVH�ZH�KDYH�GLVFXVVHG�DERYH��YHUVXV�WDVN�DFWLRQ�PDSSLQJV�
ZKLFK�DOVR�DUH�PHQWDO�PRGHOV��EXW�ZLWK�D�GLIIHUHQW�FRQWHQW��7DVN�DFWLRQ�PDSSLQJV�
DFFRUGLQJ� WR�<RXQJ�� DUH�PHQWDO� UHSUHVHQWDWLRQV�RI� JRDOV� VWDWHV� DQG�RI� VWHSV� WKDW
KDYH�WR�EH�WDNHQ�WR�UHDFK�WKHVH�VWDWHV��)RU�SUREOHP�VLWXDWLRQV�ZLWK�OLWWOH�VWUXFWXUH
RI� WKHLU� RZQ�� VXFK� DV� WKH� ¶7RZHUV� RI� +DQRL·� SUREOHP�� WKH� GLVWLQFWLRQ� EHWZHHQ
VXUURJDWH� PRGHO� DQG� WDVN�DFWLRQ� PDSSLQJ� GRHV� QRW� DSSO\�� )RU� FDOFXODWRU� XVH�
ZKLFK� LV� WKH�GRPDLQ�RI�<RXQJ·V�UHVHDUFK�� WKH�WDVN�DFWLRQ�PDSSLQJ�PLJKW� LQGHHG
EH�GLIIHUHQW�IURP�WKH�VXUURJDWH�PRGHO�RI�WKH�GHYLFH��)RU�IRUPDO�SK\VLFV�SUREOHPV
WKHUH�PRVW�FHUWDLQO\�LV�D�GLIIHUHQFH�EHWZHHQ�WKH�UHSUHVHQWDWLRQ�RI�WKH�VLWXDWLRQ�DQG
WKH�UHSUHVHQWDWLRQ�RI�WKH�VROXWLRQ�DSSURDFK��7KH�FRQFHSW�RI�WDVN�DFWLRQ�PDSSLQJV
FOHDUO\� UHPLQGV� XV� RI� 1HZHOO� DQG� 6LPRQ·V� ������� QRWLRQ� RI� SUREOHP� VSDFHV�
DOWKRXJK�WKHLU�FRQFHSW�RI�SUREOHP�VSDFH�GRHV�QRW�UHIHU�WR�D�PHQWDO�UHSUHVHQWDWLRQ
LQ�WKH�ILUVW�SODFH��$V�D�ILQDO�UHPDUN�RQ�<RXQJ·V�WDVN�DFWLRQ�PDSSLQJV��LW�KDV�WR�EH
VDLG� WKDW� FDOFXODWRUV� DUH� ODVWLQJ� GHYLFHV�� ZKHUHDV� D� SK\VLFV� SUREOHP� LV� LQVWDQW�
ZKLFK�PLJKW� H[SODLQ�ZK\�<RXQJ�GRHV� QRW� FOHDUO\� GLVWLQJXLVK� EHWZHHQ� ORQJ�WHUP
DQG�ZRUNLQJ�PHPRU\�UHSUHVHQWDWLRQV�

5HSUHVHQWDWLRQV�LQ�ORQJ�WHUP�PHPRU\�FDQ�HLWKHU�EH�HSLVRGLF�PHPRULHV�RI�SUHYLRXV
H[SHULHQFHV� �7XOYLQJ��������RU�JHQHUDOLVHG� UHSUHVHQWDWLRQV��7KH�JHQHUDOLVHG� ORQJ�
WHUP�PHPRU\�UHSUHVHQWDWLRQ� LV�PRVW�FRPPRQO\� UHIHUUHG� WR�DV� ¶VFKHPD·� �%DUWOHWW�
������5XPHOKDUW�	�2UWRQ\���������RU��PRUH�VSHFLILFDOO\��SUREOHP�VFKHPD��+LQVOH\�
+D\HV��	�6LPRQ��������&KL�HW�DO����������6FKHPDV�DUH�VWDEOH�PHQWDO�VWUXFWXUHV�WKDW
RUJDQLVH� D� VHW� RI� UHODWHG� FRQFHSWV�� SURSRVLWLRQV�� DQG� SURFHGXUHV� �5XPHOKDUW� 	
2UWRQ\���������,Q�WKH�VSHFLILF�FDVH�RI�D�SUREOHP�VFKHPD��NQRZOHGJH�HOHPHQWV�DUH
RUJDQLVHG� RQ� WKH� EDVLV� RI� WKHLU� UHOHYDQFH� WR� VROYLQJ� D� W\SH� RI� SUREOHP�� ,W� LV
SURSRVHG� WKDW� VFKHPDV�FRPSULVH� JHQHULF�GHVFULSWLRQV�RI� VLWXDWLRQV��ZKLFK�SOD\� D
UROH� DV� DFWLYH� UHFRJQLWLRQ� GHYLFHV� �5XPHOKDUW� 	� 1RUPDQ�� ������� 7KH� JHQHULF
VLWXDWLRQ�UHSUHVHQWDWLRQ�FRPHV�ZLWK�GHIDXOW�SURSHUWLHV�WR�GHVFULEH�WKH�SURWRW\SLFDO
VLWXDWLRQ�DVVRFLDWHG�ZLWK�WKH�VFKHPD��:KHQ�WKH�VFKHPD�LV�XVHG�LQ�UHDVRQLQJ��WKHVH
GHIDXOWV�FDQ�EH�RYHUULGGHQ��KRZHYHU�

:LWK� VFKHPDV�� OLNH� ZLWK� ZRUNLQJ� PHPRU\� UHSUHVHQWDWLRQV�� ZH� FDQ� GLVWLQJXLVK
EHWZHHQ�WKH�SK\VLFDO�VLWXDWLRQ�DQG�WKH�DFWLRQV�WR�EH�WDNHQ�WR�VROYH�WKH�SUREOHP��,Q
¶IUDPHV·� �0LQVN\���������DQG� ¶VFULSWV·� �6FKDQN�	�$EHOVRQ��������� WKH�HPSKDVLV� LV
RQ�UHSUHVHQWLQJ�D�²�GHYHORSLQJ�²�VLWXDWLRQ��0DUWLQ��������GLVWLQJXLVKHV�¶SODQV·�DV�D
W\SH�RI�VFKHPDV� WKDW�DUH�DFWLYDWHG� WR�SHUIRUP�SDUWLFXODU� WDVNV�� ¶D�SODQ� LV� D� VHW�RI
VHTXHQFHG�FRJQLWLYH�RSHUDWLRQV�WKDW�ZH�DSSO\�WR�LQIRUPDWLRQ�WR�FRPSOHWH�D�WDVN·�
3UREOHP� VFKHPDV� RUJDQLVH� ERWK� NQRZOHGJH� RI� VROXWLRQ� SURFHGXUHV� DQG� RI
VLWXDWLRQV��&KL�HW�DO����������ZLWK�WKH�NQRZOHGJH�RI�VLWXDWLRQV�LQ�PRVW�YLHZV�VHUYLQJ
WR� WULJJHU� WKH� VFKHPD� LQ� WKH� SURSHU� FLUFXPVWDQFH� �&KL� HW� DO�� ������ FRPSDUH�



�

¶VLWXDWLRQDO� NQRZOHGJH·� �'H� -RQJ� 	� )HUJXVRQ�+HVVOHU�� ������ ������� ¶FRQGLWLRQDO
NQRZOHGJH·��$OH[DQGHU�	�-XG\���������

1RWZLWKVWDQGLQJ�WKH�GLIIHUHQFHV��VFKHPDWD�DQG�PHQWDO�PRGHOV�DUH�FORVH�UHODWLYHV�
ERWK�FRQVWUXFWV�GHVFULEH�WKH�RUJDQLVDWLRQ�RI�NQRZOHGJH�LQ�FOXVWHUV��DQG�ERWK�W\SHV
RI�WKHRULHV�JLYH�DQ�DFFRXQW�RI�KRZ�VROXWLRQ�LQIRUPDWLRQ�LV�WULJJHUHG�ZKHQ�UHDGLQJ
D�SUREOHP�GHVFULSWLRQ��6FKHPD�WKHRULHV�WHQG�WR�HPSKDVLVH�WKH�ORQJ�WHUP�VWUXFWXUH
LQ� WKH�PLQG�ZKHUHDV�PHQWDO�PRGHO� WKHRULHV� LQ� JHQHUDO� DUH�PRUH� IRFXVHG� RQ� WKH
VWUXFWXUH�WKDW�LV�EXLOW�LQ�WKH�ZRUNLQJ�PHPRU\�GXULQJ�WKH�SUREOHP�VROYLQJ�SURFHVV�
,W� LV� HYLGHQW�� KRZHYHU�� WKDW�� WR� EXLOG� D� PHQWDO� PRGHO�� VRPH� IRUP� RI� ORQJ�WHUP
PHPRU\�LQIRUPDWLRQ�LV�QHHGHG�IURP�ZKLFK�WR�FRQVWUXFW� WKH�PRGHO��0RUHRYHU�� LI
WKH� PHQWDO� PRGHO� LV� VXSSRVHG� WR� WULJJHU� D� VROXWLRQ� VFKHPD� LQ� WKH� ORQJ�WHUP
PHPRU\�� LW� FDQ� EH� H[SHFWHG� WKDW� WKHUH� LV� D� FORVH� FRUUHVSRQGHQFH� EHWZHHQ� WKH
HOHPHQWV�RI�WKH�PHQWDO�PRGHO�DQG�WKH�NQRZOHGJH�RI�FRQGLWLRQV�WKDW�UHVLGHV�LQ�WKH
ORQJ�WHUP�PHPRU\��,Q�WKLV�GLVVHUWDWLRQ�SUREOHP�UHSUHVHQWDWLRQ�ZLOO�EH�XVHG�DV�D�JHQHULF
WHUP� WR� UHIHU� ERWK� WR� WKH� ZRUNLQJ� PHPRU\� UHSUHVHQWDWLRQ� DQG� WR� ORQJ�WHUP
PHPRU\�UHSUHVHQWDWLRQV��:KHQ�ZH�UHIHU�WR�UHSUHVHQWDWLRQV�LQ�ZRUNLQJ�PHPRU\�RU
LQ� ORQJ�WHUP� PHPRU\� VSHFLILFDOO\�� ZH� XVH� WKH� WHUPV� PHQWDO� PRGHO� DQG� VFKHPD
UHVSHFWLYHO\�

������5ROHV�RI�SUREOHP�UHSUHVHQWDWLRQV�LQ�SK\VLFV�SUREOHP�VROYLQJ

,Q� SK\VLFV�� D� SUREOHP� UHSUHVHQWDWLRQ� FDQ� KDYH� VHYHUDO� UROHV�� )LUVW�� WKH� SUREOHP
UHSUHVHQWDWLRQ� JXLGHV� LQWHUSUHWDWLRQ� RI� QHZ� LQIRUPDWLRQ�� 7KLV� UHTXLUHV� WKH
OLQJXLVWLF�VWUXFWXUH�RI�WKH�VWRU\�WR�EH�UHSUHVHQWHG��VR�WKDW�UHIHUHQFHV�EHWZHHQ�SDUWV
RI� WKH� SUREOHP� GHVFULSWLRQ� FDQ� EH� LQWHUSUHWHG�� ,W� DOVR� UHTXLUHV� WKH� SK\VLFDO
VWUXFWXUH�RI�WKH�VLWXDWLRQ�WR�EH�UHSUHVHQWHG��VR�WKDW�WRSRORJLFDO�UHODWLRQV��OLNH�DERYH
RU� LQVLGH�� FDQ� EH� LQWHUSUHWHG� �-RKQVRQ�/DLUG�� ������ .LQWVFK�� ������� 6HFRQG�� WKH
SUREOHP�UHSUHVHQWDWLRQ�FDQ�EH�WKH�EDVLV�IRU�TXDOLWDWLYH�UHDVRQLQJ�WR� LQIHU� IXUWKHU
SURSHUWLHV�EDVHG�RQ�LQLWLDO�NQRZOHGJH�RI�VLWXDWLRQ�SURSHUWLHV��RU�WR�SUHGLFW�KRZ�WKH
VLWXDWLRQ� GHYHORSV� RYHU� WLPH�� 7KLV� UHTXLUHV� SK\VLFV� UHODWLRQV� EHWZHHQ� HOHPHQWV
�VXFK�DV�DWWUDFWV�RU�IL[HG��WR�EH�UHSUHVHQWHG�LQ�VXFK�D�IRUP�WKDW�WKH�SK\VLFDO�V\VWHP
FDQ� EH� VLPXODWHG� �%UHGHZHJ�� ������ 'H� .OHHU� 	� %URZQ�� ������ -RKQVRQ�/DLUG�
������/DUNLQ�� ������� 7KH� ILQDO� XVH� RI� WKH�PHQWDO� UHSUHVHQWDWLRQ� LV� WKDW� LW� KDV� WR
WULJJHU�WKH�SURSHU�VROXWLRQ�PHWKRG�IRU�WKH�SUREOHP��7KLV�UHTXLUHV�D�IRUPDO�SK\VLFV
UHSUHVHQWDWLRQ�RI�WKH�SUREOHP��ZKLFK�PD\�EH�UDWKHU�GLIIHUHQW�IURP�WKH�LQIRUPDWLRQ
UHTXLUHG�IRU�TXDOLWDWLYH�UHDVRQLQJ�DQG�PHQWDO�VLPXODWLRQ��&KL�HW�DO���������/DUNLQ�
������3O|W]QHU��������

,W�LV�LPSRUWDQW�WR�UHFRJQLVH�WKDW�LQ�SK\VLFV��PDQ\�SUREOHPV�FDQ�EH�UHSUHVHQWHG�LQ
PXOWLSOH�� IRUPDOO\� HTXLYDOHQW�� ZD\V�� *LYHQ� WKH� GLIIHUHQW� UROHV� WKH�PHQWDO� PRGHO
SOD\V��DQG�DFFRUGLQJO\�WKH�GLIIHUHQW�NLQGV�RI�LQIRUPDWLRQ�WKHUH�DUH�LQ�WKH�PRGHO��LW
LV� FOHDU� WKDW� D�PHQWDO�PRGHO� LV�PRUH� WKDQ� WKH� HQXPHUDWLRQ� RI� D�PLQLPDO� VHW� RI
SURSRVLWLRQV�WKDW�ZRXOG�VXIILFH�WR�VSHFLI\�WKH�SUREOHP�IRUPDOO\��,QVWHDG�WKHUH�DUH
GLIIHUHQW� UHSUHVHQWDWLRQV� RI� D� VLQJOH� SK\VLFDO� VLWXDWLRQ� DQG� HDFK� RI� WKH
UHSUHVHQWDWLRQV� PD\� WULJJHU� SDUWLFXODU� FRQFOXVLRQV� WKDW� DUH� QRW� GUDZQ
VWUDLJKWIRUZDUGO\� IURP� RWKHU� UHSUHVHQWDWLRQV�� $V� 6ORPDQ� ������� SXWV� LW�� WZR
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UHSUHVHQWDWLRQV� WKDW� KDYH� WKH� VDPH� H[SUHVVLYH� SRZHU� VWLOO� PD\� GLIIHU� LQ� KHXULVWLF
SRZHU�

7KH� LPSRUWDQFH� RI� WKH� PHQWDO� UHSUHVHQWDWLRQ� RI� D� SUREOHP� KDV� QRZ� EHHQ
UHFRJQLVHG� LQ� VHYHUDO� GRPDLQV�� UDQJLQJ� IURP� DQ� LOO�GHILQHG� GRPDLQ� OLNH� GHVLJQ
�*RHO�	�3LUROOL��������YLD�PHGLFLQH��%RVKXL]HQ�	�6FKPLGW��������DQG�FKHVV� �'H
*URRW�� ������� WR� DQ� DOOHJHGO\� ZHOO�GHILQHG� GRPDLQ� OLNH� DOJHEUD� ZRUG� SUREOHPV
�1DWKDQ�� .LQWVFK�� 	� <RXQJ�� ������ RU� SK\VLFV� �&KL� HW� DO��� ������ GL6HVVD�� �����
�������,W�KDV�EHHQ�ZLGHO\�UHFRJQLVHG�WKDW�H[SHUWV·�PHQWDO�UHSUHVHQWDWLRQV�DUH�PRUH
KHOSIXO�WR�SUREOHP�VROYLQJ�WKDQ�EHJLQQHUV·�UHSUHVHQWDWLRQV�DUH��DQG�WKDW�SURILFLHQW
EHJLQQHUV·�UHSUHVHQWDWLRQV�DUH�PRUH�KHOSIXO�WKDQ�WKRVH�RI�ZHDN�EHJLQQHUV��&KL�HW
DO���������&KL�	�%DVVRN��������'H�-RQJ�	�)HUJXVRQ�+HVVOHU��������������/DUNLQ�
������

����3UREOHP�VROYLQJ�FRPSHWHQFH�DQG�H[SHUWLVH

,Q� UHFHQW� GHFDGHV�� WKH� ¶H[SHUW�QRYLFH� SDUDGLJP·� KDV� EHFRPH� D� GRPLQDQW
PHWKRGRORJLFDO�DSSURDFK�WR�WKH�VWXG\�RI�OHDUQLQJ��6WHZDUW�	�$WNLQ��������&RRNH�
�������,W�FRPSDUHV�H[SHUWV·�DQG�QRYLFHV·�FRPSHWHQFH�DQG�NQRZOHGJH� LQ�D�FHUWDLQ
ILHOG�� WKH�GLIIHUHQFHV� IRXQG� DUH� VXSSRVHG� WR�EH� LQIRUPDWLYH� RI� OHDUQLQJ��8VXDOO\�
H[SHUWV� DUH� LQGLYLGXDOV� ZKR� KDYH� PDQ\� \HDUV� RI� SURIHVVLRQDO� H[SHULHQFH�� RU
DGYDQFHG�JUDGXDWH�VWXGHQWV��7KH�GHILQLWLRQ�RI�QRYLFHV�H[KLELWV�D�IDU�JUHDWHU�YDULHW\�
LQ� VRPH� VWXGLHV� QRYLFHV� GR� QRW� KDYH� DQ\� GRPDLQ� NQRZOHGJH� SULRU� WR� WKH
H[SHULPHQW��(JDQ�	�6FKZDU]��������/HZLV���������DW�WKH�RWKHU�H[WUHPH�� ¶QRYLFHV·
PD\�KDYH�\HDUV�RI� H[SHULHQFH� LQ� WKH�GRPDLQ� �'H�*URRW�� ������� ,Q�PRVW� VWXGLHV�
KRZHYHU�� QRYLFHV� DUH� VWXGHQWV� ZKR� KDYH� WDNHQ� D� UHOHYDQW� FRXUVH� SULRU� WR� WKH
H[SHULPHQW��&KL�HW�DO���������&KL�	�%DVVRN��������/DUNLQ��������)HUJXVRQ�+HVVOHU
	�'H�-RQJ��������������'H�-RQJ�	�)HUJXVRQ�+HVVOHU�������������

7KH� H[SHUW�QRYLFH� DSSURDFK� KDV� EHHQ� FULWLFLVHG� IRU� LQWHUSUHWLQJ� EHWZHHQ�JURXS
GLIIHUHQFHV�DV�GHYHORSPHQWDO�SDWWHUQV��DQG�IRU�XQFULWLFDOO\�DWWULEXWLQJ�GLIIHUHQFHV�LQ
SHUIRUPDQFH�WR�WKH�GLIIHUHQFH�LQ�H[SHULHQFH��LJQRULQJ��IRU�LQVWDQFH��GLIIHUHQFHV�LQ
DSWLWXGH��DJH�DQG�IRUPDO� WUDLQLQJ� �6FKRHQIHOG�	�+HUPDQQ��������:LOOVRQ��������
%RWK�:LOOVRQ��DQG�6FKRHQIHOG�DQG�+HUPDQQ�FRQFOXGH�WKDW�D�ORQJLWXGLQDO�DSSURDFK
FRXOG� JLYH� PRUH� GLUHFW� LQVLJKW� LQWR� GHYHORSPHQWDO� SDWWHUQV�� 6WLOO�� HYHQ� ZLWK� D
ORQJLWXGLQDO�GHVFULSWLYH�DSSURDFK��RQH�FRXOG�RQO\�SURYH�FRUUHODWLRQV��3URYLQJ�WKH
FDXVDO� UROH� RI� VRPH� NLQG� RI� NQRZOHGJH� RU� VRPH� SURFHVV� UHTXLUHV� GLUHFW
H[SHULPHQWDO�PDQLSXODWLRQ��$V�D�IXUWKHU�SUREOHP�ZLWK�WKH�H[SHUW�QRYLFH�DSSURDFK�
VHYHUDO� UHVHDUFKHUV� IRXQG� HYLGHQFH� WKDW�� LQ� VHYHUDO� GLVFLSOLQHV�� OHDUQLQJ� LV� QRW� D
PRQRWRQRXV�WUDQVIRUPDWLRQ�RI�QRYLFHV�LQWR�H[SHUWV��EXW�WKDW�WKHUH�DUH�TXDOLWDWLYHO\
GLIIHUHQW� LQWHUPHGLDWH� SKDVHV� �%RVKXL]HQ� 	� 6FKPLGW�� ������ /HVJROG�� 5XELQVRQ�
)HOWRYLFK��*ODVHU��.ORSIHU��	�:DQJ�� �������$OWKRXJK� H[SHUW� NQRZOHGJH� UHPDLQV
WKH� XOWLPDWH� OHDUQLQJ� JRDO�� LQIRUPDWLRQ� DERXW� LQWHUPHGLDWH� OHYHOV�PLJKW� EH�PRUH
UHOHYDQW�WR�QRYLFH�OHDUQLQJ�

$�VOLJKWO\�GLIIHUHQW�DSSURDFK�WKDW�KDV�EHHQ�DGYRFDWHG�E\�VHYHUDO�UHVHDUFKHUV��&KL
	�%DVVRN�� ������'H� -RQJ�	�)HUJXVRQ�+HVVOHU�� ������ ������)HUJXVRQ�+HVVOHU�	
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'H� -RQJ�� ������ ������ LV� WR� FRPSDUH� VXFFHVVIXO� DQG� OHVV� VXFFHVVIXO� OHDUQHUV� LQ� D
GRPDLQ��7KH�DPRXQW�RI�H[SHULHQFH�LV�DERXW�HTXDO�IRU�LQGLYLGXDOV�LQ�ERWK�JURXSV�
EXW�WKH�VXFFHVVIXO�VWXGHQWV�KDYH�EHFRPH�PRUH�FRPSHWHQW�SUREOHP�VROYHUV��:LWK
WKLV� DSSURDFK�� WKHUH� LV� QR� FODLP� WKDW� GHYHORSPHQWDO� SDWWHUQV� DUH� GHVFULEHG�
6XFFHVVIXO�VWXGHQWV·�NQRZOHGJH�LV�PRUH�UHSUHVHQWDWLYH�IRU�ZHDN�VWXGHQWV·�OHDUQLQJ
JRDOV�WKDQ�H[SHUWV·�NQRZOHGJH��KRZHYHU��DQG�LQVWUXFWLRQ�PLJKW�DLP�DW�UHGXFLQJ�WKH
GLIIHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV�

����5HVHDUFK�TXHVWLRQV�DQG�RXWOLQH�RI�WKH�ERRN

7KH�PDLQ�TXHVWLRQ�ZH�DUH�DGGUHVVLQJ�LV�KRZ�WR�LPSURYH�SK\VLFV�VWXGHQW·V�PHQWDO
SUREOHP� UHSUHVHQWDWLRQV�� 7R� DQVZHU� WKLV�� RWKHU� TXHVWLRQV� QHHG� WR� EH� DGGUHVVHG
ILUVW��7R�EHJLQ�ZLWK��WKH�SURSHUWLHV�RI�PHQWDO�UHSUHVHQWDWLRQV�QHHG�WR�EH�LGHQWLILHG�
HVSHFLDOO\� WKH� SURSHUWLHV� WKDW� DUH� GLIIHUHQW� EHWZHHQ� JRRG� DQG� ZHDN� VWXGHQWV� RU
EHWZHHQ� H[SHUWV� DQG� EHJLQQHUV�� ,Q� DGGLWLRQ�� ZH� QHHG� WR� XQGHUVWDQG� KRZ� WKHVH
GLIIHUHQFHV� DULVH� LQ� WKH� FRQVWUXFWLRQ� RI� WKH� SUREOHP� UHSUHVHQWDWLRQV�� 2QO\� DIWHU
WKHVH�LVVXHV�DUH�FODULILHG�FDQ�RXU�PDLQ�SUREOHP�EH�DVVHVVHG�IUXLWIXOO\�

$V� WKH� XOWLPDWH� JRDO� RI� RXU� UHVHDUFK� LV� WR� HQKDQFH� OHDUQHUV·� SUREOHP
UHSUHVHQWDWLRQV��WKH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�IRFXVHV�RQ�WKH�UHODWLRQ
EHWZHHQ�SUREOHP�UHSUHVHQWDWLRQV�DQG�FRPSHWHQFH��$�SHUVRQ·V�LQGLYLGXDO�FRJQLWLYH
VW\OH� �(QWZLVWOH� 	� 5DPVGHQ�� ������ 3DVN�� ������ 9HUPXQW�� ������ PD\� DIIHFW
SUREOHP�UHSUHVHQWDWLRQV�DV�ZHOO��DQG�LW�PD\�DOVR�DIIHFW�ZKDW�W\SHV�RI�VXSSRUW�DUH
PRVW�HIIHFWLYH��5LGLQJ�	�'RXJODV��������%HLVKXL]HQ��6WRXWMHVGLMN��	�9DQ�3XWWHQ�
������� 6WLOO�� LQGLYLGXDOV� FOHDUO\� GLIIHU� LQ� WKH� TXDOLW\� RI� WKHLU� SUREOHP
UHSUHVHQWDWLRQV�� DQG� WKH� TXDOLW\� RI� SUREOHP� UHSUHVHQWDWLRQV� FOHDUO\� DIIHFWV
SUREOHP�VROYLQJ�SHUIRUPDQFH� �&KL� HW� DO��� ������&KL�	�%DVVRN��������'H� -RQJ�	
)HUJXVRQ�+HVVOHU�� ������ /DUNLQ�� ������� 7KHUHIRUH�� LQ� PRVW� RI� RXU� ZRUN�� ZH
FRQFHQWUDWH�RQ�GLIIHUHQFHV�EHWZHHQ�FRPSHWHQFH�JURXSV��DQG�RQO\�RFFDVLRQDOO\�ZH
WRXFK�XSRQ�WKH�LQGLYLGXDO�GLIIHUHQFHV�EHWZHHQ�PHPEHUV�RI�D�FRPSHWHQFH�JURXS�

7KH� GLIIHUHQFHV� EHWZHHQ� H[SHUWV·� SUREOHP� UHSUHVHQWDWLRQV� DQG� EHJLQQHUV·�� DQG
EHWZHHQ� WKRVH�RI�SURILFLHQW�EHJLQQHUV� DQG� WKRVH� RI�ZHDN�EHJLQQHUV�� DUH� EURDGO\
VXPPDULVHG�DV�GLIIHUHQFHV�LQ�¶GHSWK·�RI�UHSUHVHQWDWLRQ��7KLV� LV�D�YHU\�JOREDO�WHUP
DQG� � LW� LV� XQFOHDU� KRZ� WKHVH� GHHS� PRGHOV� DUH� FRQVWUXFWHG�� ,Q� 3DUW� $� RI� WKLV
GLVVHUWDWLRQ�ZH�DGGUHVV�ERWK�LVVXHV��,Q�6HFWLRQ���ZH�WU\�WR�XQUDYHO�WKH�FRQFHSW�RI
GHSWK�E\�JLYLQJ�D�GHWDLOHG�HPSLULFDO�DFFRXQW�RI�GLIIHUHQFHV�EHWZHHQ�H[SHUWV·��DQG
JRRG�DQG�ZHDN�QRYLFHV·�UHSUHVHQWDWLRQV��,Q�6HFWLRQ���ZH�WKHQ�SURFHHG�WR�LGHQWLI\
UHDVRQLQJ�SURFHVVHV�WKDW�OHDG�WR�WKH�GLIIHUHQW�SUREOHP�UHSUHVHQWDWLRQV�RI�JRRG�DQG
ZHDN�QRYLFHV�

3DUW�%� UHSRUWV� RQ� WKH� GHVLJQ�� WKH� LPSOHPHQWDWLRQ�� DQG� WKH� WHVWLQJ� RI� D� OHDUQLQJ
HQYLURQPHQW�ZH�GHVLJQHG�WR�SURPRWH�WKH�FRQVWUXFWLRQ�RI�SUREOHP�UHSUHVHQWDWLRQV
LQ�QRYLFHV��EDVHG�RQ�WKH�ILQGLQJV�UHSRUWHG�LQ�3DUW�$�



3DUW�$��3UREOHP�VROYLQJ�DQG�UHSUHVHQWDWLRQ

$O�ZDW�LN�]HOI�EHJUHSHQ�KHE
YDQ�HQ�LQ�GLW�UXLPWH�ZHE
GDW�HONH�VLPSHOH�GUDDG�EHKHHUVW
]LMQ�GH�ZRRUGHQ�MD�PDDU�HHUVW�

=HJ�E�Y��GDW�MH�¶YDQ]HOI·
ZDWHUWDQGW�DOV�MH�LHWV�OHNNHUV�]LHW�
-D�PDDU�HHUVW
ZDQW�]R�HHQYRXGLJ�LV�GDW�QLHW�

(HUVW�YRUPW�]LFK��GDPHV�HQ�KHUHQ
RP�YDQ�NLQGHUHQ�PDDU�WH�]ZLMJHQ
²GRRU�GUDDLLQJ�YDQ�KHW�KRRIG�HQ�NHUHQ
��YDQ�GH�RJHQ�GLH�KXQ�EHYHOHQ�NULMJHQ�YDQ
��KDOV��VFKRXGHU��HQ�RRJEDOVSLHUHQ
��GLH�YDQ�HONDDU�EHYHOHQ�NULMJHQ
��RP�HONDDU�WH�VSDQQHQ�RI�WH�ODWHQ�YLHUHQ
��HQ�GLH�YDQ�GH�KHUVHQV�EHYHOHQ�NULMJHQ
��GLH�HLJHQOLMN�YDQ�GH�WZHH�QHWYOLH]HQ
��EHYHOHQ�NULMJHQ
��ZDDURS�RI�ZDDUEXLWHQ�MH�ZLOW�NLH]HQ
��ZDW�MH�KHW�PHHVWH�LQWHUHVVHHUW²

���

/HR��9URPDQ��¶/LHIGH�VWHUN�XLWYHUJURRW·
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���&RPSHWHQFH�UHODWHG�GLIIHUHQFHV�LQ�SUREOHP�UHSUHVHQWDWLRQ

6HYHUDO� VWXGLHV�KDYH�GHPRQVWUDWHG� WKDW� H[SHUWV·� UHSUHVHQWDWLRQV� DUH�PRUH�KHOSIXO
WR� SUREOHP� VROYLQJ� WKDQ� EHJLQQHUV·� UHSUHVHQWDWLRQV� DUH�� DQG� WKDW� SURILFLHQW
EHJLQQHUV·� UHSUHVHQWDWLRQV� DUH� EHWWHU� WKDQ� WKRVH� RI� ZHDN� EHJLQQHUV� �&KL� HW� DO��
������ &KL� 	� %DVVRN�� ������ 'H� -RQJ� 	� )HUJXVRQ�+HVVOHU�� ������ /DUNLQ�� ������
:LWK�D�EURDG�WHUP��WKHVH�FRPSHWHQFH�UHODWHG�GLIIHUHQFHV�KDYH�EHHQ�VXPPDULVHG�DV
GLIIHUHQFHV�LQ�WKH�¶GHSWK·�RI�WKH�UHSUHVHQWDWLRQ��,Q�WKLV�VHFWLRQ�ZH�JR�EH\RQG�WKH
JOREDO� FRQFHSW� RI� GHSWK� E\� JLYLQJ� D� GHWDLOHG� DFFRXQW� RI� GLIIHUHQFHV� EHWZHHQ
H[SHUWV·� DQG� JRRG� DQG� ZHDN� QRYLFHV·� SUREOHP� UHSUHVHQWDWLRQV�� :H� EHJLQ� E\
UHYLHZLQJ� GLIIHUHQFHV� SURSRVHG� LQ� WKH� OLWHUDWXUH�� DQG� WKHQ� ZH� VHDUFK� HPSLULFDO
VXSSRUW�IRU�WKH�H[LVWHQFH�RI�WKHVH�GLIIHUHQFHV�

����$VSHFWV�RI�VLWXDWLRQV�NQRZOHGJH

7R� VWDUW� ZLWK�� ZH� UHYLHZ� SURSHUWLHV� WKDW� KDYH� EHHQ� DVFULEHG� WR� GHHS
UHSUHVHQWDWLRQV� LQ� OLWHUDWXUH�� 7R� VWUXFWXUH� RXU� UHYLHZ�� ZH� JURXS� SURSHUWLHV� LQWR
IRXU� PDMRU� FOXVWHUV�� )LUVW�� WZR� SUREOHP� VROYHUV� PD\� GLIIHU� ZLWK� UHVSHFW� WR� WKH
FRQWHQW�DQG�WKH�VWUXFWXUH�RI�WKHLU�SUREOHP�UHSUHVHQWDWLRQV��0RUHRYHU��VLQFH�SURILFLHQW
SUREOHP�VROYLQJ�UHTXLUHV�WKH�XVH�RI�PXOWLSOH�UHSUHVHQWDWLRQV��D�IXUWKHU�GLIIHUHQFH
PLJKW� EH� WKDW� VRPH� SUREOHP� VROYHUV� XVH� WKHVH� PXOWLSOH� UHSUHVHQWDWLRQV� PRUH
IOH[LEO\� WKDQ� RWKHUV�� )LQDOO\�� DOWKRXJK� WKH� FRQWHQW� DQG� VWUXFWXUH� RI� D� PHQWDO
UHSUHVHQWDWLRQ� SDUWLDOO\� GHILQH� KRZ� WKH� UHSUHVHQWDWLRQ� LV� XVHG� LQ� UHDVRQLQJ�� WKH
OLWHUDWXUH� VXJJHVWV� WKDW� WKHUH� PD\� EH� RWKHU�� TXDOLWDWLYH�� GLIIHUHQFHV� LQ� WKH� ZD\
SHRSOH�XVH�WKHLU�PHQWDO�PRGHO�RI�D�VLWXDWLRQ��7KHVH�GLIIHUHQFHV�DUH�WHUPHG�G\QDPLF
EHKDYLRXU�� ,Q� RXU� UHYLHZ� RI� PHQWDO� UHSUHVHQWDWLRQ� FKDUDFWHULVWLFV� EHORZ�� ZH� ZLOO
GLVFXVV�FRQWHQW��VWUXFWXUH��IOH[LELOLW\�DQG�G\QDPLF�EHKDYLRXU�LQ�WKLV�RUGHU�

&RQWHQW

7KH�ILUVW�JURXS�RI�FKDUDFWHULVWLFV�UHIHUV�WR�WKH�FRQWHQW�RI�WKH�UHSUHVHQWDWLRQ��$�ILUVW
DVSHFW�RI�FRQWHQW� LV� WKH�DEVWUDFWQHVV�RI� WKH�HQWLWLHV� UHIHUUHG� WR�� ,Q�PHFKDQLFV� IRU
LQVWDQFH�� D� IRUFH� SUREOHP� PLJKW� EH� UHIRUPXODWHG� DV� DQ� HQHUJ\� SUREOHP�� WKH
DEVWUDFWQHVV� RI� WKH� FRQFHSWV� LV� FOHDUO\� GLIIHUHQW� LQ� ERWK� IRUPXODWLRQV�� 6HYHUDO
DXWKRUV�KDYH�VXJJHVWHG�WKDW�GRPDLQ�FRQFHSWV�DUH�RUGHUHG�LQ�D�KLHUDUFKLFDO�ZD\�DQG
WKDW�VXEMHFWV�VWDUW�OHDUQLQJ�WKH�FRQFUHWH�FRQFHSWV��ZLWK�WKH�DEVWUDFW�FRQFHSWV�EHLQJ
DFTXLUHG� ODWHU� �5HLI��������5HLI�	�+HOOHU��������9DQ�+LHOH���������)ROORZLQJ� WKLV
LGHD��RQH�FRXOG�DVVXPH�WKDW�QRYLFHV�WKLQN�RI�SUREOHP�VLWXDWLRQV�LQ�PRUH�FRQFUHWH
WHUPV�WKDQ�H[SHUWV�GR�

$� IXUWKHU� DVSHFW� RI� FRQWHQW� LV� WKH� GLVWLQFWLRQ�RI� IXQFWLRQDO� UHODWLRQV� RQ� WKH� RQH
KDQG�DQG�WRSRORJLFDO�DQG�JHRPHWULFDO�UHODWLRQV�RQ�WKH�RWKHU��'H�.OHHU�DQG�%URZQ
������� ������ GLVFXVV� KRZ� PHQWDO� PRGHOV� RI� SK\VLFDO� GHYLFHV� DUH� FRQVWUXFWHG�
$FFRUGLQJ� WR� WKHLU� WKHRU\�� WKH� FRQVWUXFWLRQ� RI� D� PHQWDO� PRGHO� EHJLQV� ZLWK� D
WRSRORJLFDO�PRGHO��ZKLFK�LV�D�UHSUHVHQWDWLRQ�RI�WKH�GHYLFH·V�FRPSRQHQWV�DQG�WKHLU
SK\VLFDO�RUJDQLVDWLRQ��1H[W�� WKH� IXQFWLRQV�RI� WKH�FRPSRQHQWV� DUH� LQIHUUHG�� DQG�D
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FDXVDO�PRGHO�LV�FRQVWUXFWHG��ZKLFK�GHVFULEHV�WKH�IXQFWLRQLQJ�RI�WKH�GHYLFH��)LQDOO\�
WKH� FDXVDO� PRGHO� FDQ� EH� XVHG� WR� UXQ� D� PHQWDO� VLPXODWLRQ�� ,Q� SK\VLFV� SUREOHP�
VROYLQJ� WKLV� LV� RQO\� DQ� LQWHUPHGLDWH� VWHS�� KRZHYHU�� EHFDXVH� WKH� ILQDO� RXWFRPH
VKRXOG� EH� D� IRUPDO� VROXWLRQ�� 5XQQLQJ� PHQWDO� VLPXODWLRQV� KDV� W\SLFDOO\� EHHQ
DVVRFLDWHG� ZLWK� QRYLFH� WKLQNLQJ� �*RHL�� ������ /DUNLQ�� ������ 6WHQQLQJ�� ������
([SHUWV��LQ�FRQWUDVW��PDNH�H[WHQVLYH�XVH�RI�WKH�JHRPHWU\�RI�D�VLWXDWLRQ�WR�VLPSOLI\
WKH� SUREOHP��7KHUHIRUH�� VXSSRVHGO\� H[SHUWV� KDYH� GHWDLOHG� UHSUHVHQWDWLRQV� RI� WKH
WRSRORJ\�DQG�JHRPHWU\�RI�D�VLWXDWLRQ��ZKHUHDV�LQ�QRYLFHV·�SUREOHP�UHSUHVHQWDWLRQV
WKHUH�LV�PRUH�HPSKDVLV�RQ�IXQFWLRQDO�UHODWLRQV�

$� ILQDO� DVSHFW� RI� FRQWHQW� LV� WKH� FRQWUDVW� EHWZHHQ� TXDOLWDWLYH� DQG� QXPHULFDO
UHSUHVHQWDWLRQV�� 6HYHUDO� DXWKRUV� KDYH� VXJJHVWHG� WKHUH� DUH� H[SHUWLVH�GHSHQGHQW
GLIIHUHQFHV� LQ�WKH�XVH�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH� UHSUHVHQWDWLRQV��0F'HUPRWW
DQG� /DUNLQ� ������� /DUNLQ�� ������ GHVFULEH� KRZ� TXDOLWDWLYH� UHSUHVHQWDWLRQV� DUH
DVVRFLDWHG�ZLWK�H[SHUWV��3O|W]QHU�DQG�6SDGD� �������FODLP�WKDW�H[SHUWV·�TXDOLWDWLYH
DQG�TXDQWLWDWLYH�UHSUHVHQWDWLRQV�DUH� WLJKWO\� UHODWHG��ZKHUHDV�QRYLFHV�RIWHQ�GR�QRW
UHODWH�WKHVH�WZR�W\SHV�RI�UHSUHVHQWDWLRQV�

6WUXFWXUH

$V�D�ILUVW�DVSHFW�RI�VWUXFWXUH��WKHUH�LV�D�FRQWUDVW�EHWZHHQ�IUDJPHQWDU\�DQG�FRKHUHQW
PRGHOV��,Q�D�IUDJPHQWDU\�UHSUHVHQWDWLRQ��SLHFHV�RI�LQIRUPDWLRQ�DUH�VPDOO�DQG�RQO\
ZHDNO\� FRQQHFWHG�� ZKHUHDV� LQ� D� FRKHUHQW� UHSUHVHQWDWLRQ� UHODWLRQV� EHWZHHQ� WKH
REMHFWV�IRUP�SDUW�RI�WKH�UHSUHVHQWDWLRQ��GL6HVVD��������+DPPHU��������

6HFRQG�� /DUNLQ·V� ������� GLVWLQFWLRQ� EHWZHHQ� QRYLFH·V� WUHH�VWUXFWXUHG� PHQWDO
UHSUHVHQWDWLRQV�ZLWK�VLQJOH�LQIHUHQFH�VRXUFHV�YHUVXV�H[SHUW·V�JUDSK�VWUXFWXUHV�ZLWK
PXOWLSOH�UHGXQGDQW�LQIHUHQFH�VRXUFHV�SRLQWV�WR�D�PRUH�TXDOLWDWLYH�GLIIHUHQFH�LQ�WKH
ZD\�HOHPHQWV�DUH�PHQWDOO\�WLHG�WRJHWKHU�

7KLUG��DV�D�ILQDO�DVSHFW�RI�VWUXFWXUH��LW�KDV�EHHQ�FODLPHG�WKDW�DOO�HQWLWLHV�LQ�DQ�H[SHUW
VLWXDWLRQ�PRGHO�QHHG�WR�KDYH�ORFDOLVHG�SURSHUWLHV��/DUNLQ��������FRPSDUH��GH�.OHHU
	�%URZQ���������������7KLV�PHDQV�WKDW�SURSRVLWLRQV�UHIHUULQJ�WR�D�SDUW�RI�D�GHYLFH
VKRXOG�QRW�UHIHU�WR�WKH�RYHUDOO�GHYLFH��'H�.OHHU�DQG�%URZQ��ZKR�ILUVW�LQWURGXFHG
WKH�FRQFHSW��FODLP�WKDW�PHQWDO�VLPXODWLRQV�FDQ�EH�UXQ�PRUH�UHOLDEO\�LI�WKH�PHQWDO
PRGHO� LV� EXLOW� ZLWK� ORFDOLVHG� SURSHUWLHV�� $V� ZH� KDYH� GLVFXVVHG� HDUOLHU�� UXQQLQJ
TXDOLWDWLYH� VLPXODWLRQV� LV� W\SLFDOO\� DVVRFLDWHG� ZLWK� QRYLFH� UHDVRQLQJ�� KRZHYHU�
([SHUWV�� LQ� FRQWUDVW�� VHDUFK� WR� VLPSOLI\� SUREOHPV� E\� XVLQJ� JOREDO� SURSHUWLHV� RI
VLWXDWLRQV� VXFK� DV� V\PPHWULHV� DQG� FRQVHUYDWLRQ� SULQFLSOHV�� ,Q� HOHFWURVWDWLFV�� IRU
LQVWDQFH�� JOREDO� VSDWLDO� V\PPHWULHV� SOD\� DQ� HVVHQWLDO� UROH�� 6LQFH� WKHVH� SURSHUWLHV
UHIHU� WR� WKH� VLWXDWLRQ�DV� D�ZKROH�� LW� IROORZV� WKDW� ORFDOLVHG�SURSHUWLHV� LQ� WKH� VHQVH
GHILQHG�E\�/DUNLQ�FDQQRW�EH�FKDUDFWHULVWLF�RI�H[SHUW�PHQWDO�UHSUHVHQWDWLRQV��$OVR
LQ� WKHVH� FDVHV�� KRZHYHU�� WKHUH� LV� D� GLIIHUHQFH� EHWZHHQ� WKH� QRYLFH·V� LQLWLDO
UHSUHVHQWDWLRQ� RI� D� SURSHUW\� DQG� WKH� PRUH� DGYDQFHG� UHSUHVHQWDWLRQ� RI� WKH
SURSHUW\�� 7KLV� GLIIHUHQFH� FDQ� EH� GHVFULEHG� XVLQJ� WKH� ¶OHYHOV� RI� XQGHUVWDQGLQJ·
LQWURGXFHG�E\�9DQ�+LHOH���������$FFRUGLQJ�WR�9DQ�+LHOH��VWXGHQWV�ZKR�DUH�LQ�WKH
LQLWLDO�SKDVH�RI� OHDUQLQJ�UHFRJQLVH�D�FRQFHSW�DV�D�ZKROH��ZKLOH�WKH�SURSHUWLHV�WKDW
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PDNH� WKH� FRQFHSW� DSSOLFDEOH� UHPDLQ� LQDUWLFXODWH�� ,W� UHTXLUHV� DQ� DGYDQFHG
XQGHUVWDQGLQJ� WR� H[SODLQ�ZKDW�SURSHUWLHV�PDNH� WKH� FRQFHSW� DSSO\� LQ� D� VLWXDWLRQ�
DQG�LW�UHTXLUHV�DQ�HYHQ�PRUH�DGYDQFHG�OHYHO�RI�XQGHUVWDQGLQJ�WR�IRUPDOO\�GHGXFH
ZKHWKHU� D� VWDWHPHQW� LV� WUXH� DERXW� D� JLYHQ� VLWXDWLRQ��:H�ZLOO� XVH� WKH� WHUP� ¶QRQ�
ORFDOLW\·� WR� UHIHU� WR� WKH� IX]]\� XQGHUVWDQGLQJ� RI� FRQFHSWV� LQ� WKH� ILHOG� WKDW� LV
DVVRFLDWHG�ZLWK�²�ZHDN�²�QRYLFH�SUREOHP�UHSUHVHQWDWLRQV��DFFRUGLQJ�WR�9DQ�+LHOH�

)OH[LELOLW\

:H� GHILQH� IOH[LELOLW\� DV� WKH� DELOLW\� WR� XVH� DOWHUQDWLYH� UHSUHVHQWDWLRQV� DGDSWLYHO\�
7KXV��D�ILUVW�UHTXLUHPHQW�IRU�IOH[LELOLW\� LV� WKDW�RQH�KDV�DOWHUQDWLYH� UHSUHVHQWDWLRQV
DYDLODEOH�� ,Q�SK\VLFV��XQOLNH� LQ� DQ� LOO�GHILQHG�GRPDLQ� OLNH� HWKLFV�� WKHVH� DOWHUQDWLYH
UHSUHVHQWDWLRQV�DUH�IRUPDOO\�UHGXQGDQW��(YHQ�VR��WKH\�PD\�WULJJHU�QHZ�DSSURDFKHV
WR� VLPSOLI\� DQG� VROYH� WKH�SUREOHP��$PRQJ� WKH�PRVW� LPSRUWDQW� FRPELQDWLRQV� RI
UHSUHVHQWDWLRQV� DUH� FRPELQDWLRQV� RI� FRQFUHWH� DQG� DEVWUDFW� UHSUHVHQWDWLRQV�
$QRWKHU�LPSRUWDQW�FRPELQDWLRQ�LV�EHWZHHQ�SURSRVLWLRQDO�DQG�SLFWXUDO�GHVFULSWLRQV
�'H� -RQJ� 	� )HUJXVRQ�+HVVOHU�� ������� $� ILQDO� FRPELQDWLRQ� WKDW� LV� SDUWLFXODUO\
LQWHUHVWLQJ� WR� SK\VLFV� SUREOHP�VROYLQJ�� LV� EHWZHHQ� WKH� UHSUHVHQWDWLRQ� RI� WKH
VLWXDWLRQ�DQG�WKH� ¶WDVN�DFWLRQ�UHSUHVHQWDWLRQ·�³�D�WHUP�FRLQHG�E\�<RXQJ��������
ZKLFK�UHIHUV�WR�WKH�UHSUHVHQWDWLRQ�RI�WKH�VWHSV�WR�EH�WDNHQ�WR�VROYH�WKH�SUREOHP�

$� VHFRQG� UHTXLUHPHQW� IRU�XVLQJ� UHSUHVHQWDWLRQV� DGDSWLYHO\� LV� WKDW� WKH� DOWHUQDWLYH
UHSUHVHQWDWLRQV� DUH� FRQVLVWHQW�� ,I� RQH� KDV� DOWHUQDWLYH�PHQWDO� UHSUHVHQWDWLRQV� WKDW
DUH� LQFRQVLVWHQW� ZLWK� HDFK� RWKHU�� LW� LV� LPSRVVLEOH� WR� VZLWFK� EHWZHHQ� WKHP
DGDSWLYHO\��FRPSDUH��GH�.OHHU�	�%URZQ��������

'\QDPLF�EHKDYLRXU

$V�D�ILQDO�JURXS�RI�SURSHUWLHV�ZH�FRQVLGHU� WKH�G\QDPLF�EHKDYLRXU�RI� WKH�PHQWDO
UHSUHVHQWDWLRQ� XVHG� LQ� UHDVRQLQJ�� 7UDGLWLRQDOO\��PHQWDO�PRGHOV·� DSSURDFKHV� KDYH
EHHQ� IRFXVHG� RQ� VLPXODWLRQ�EDVHG� UHDVRQLQJ� �FRPSDUH�� -RKQVRQ�/DLUG�� �����
*HQWQHU�	�6WHYHQV���������$V�ZH�KDYH�KLQWHG�DW�D�IHZ�WLPHV�DOUHDG\��H[SHUWV�XVH�D
GLIIHUHQW� DSSURDFK� �*RHL�� ������ /DUNLQ�� ������ 6WHQQLQJ�� ������� %HFDXVH� WKH
FDSDFLW\� RI� ZRUNLQJ� PHPRU\� LV� OLPLWHG�� VLPXODWLRQ�EDVHG� UHDVRQLQJ� LV� RQO\
HIIHFWLYH� IRU� UHODWLYHO\� VLPSOH� SUREOHPV�� ,Q� VHYHUDO� GRPDLQV� WKHUH� DUH� SRZHUIXO
IRUPDOLVPV�WR�UH�GHVFULEH�VLWXDWLRQV�LQ�D�PRUH�WUDFWDEOH�ZD\��,Q�ORJLF��IRU�LQVWDQFH�
H[SHUWV� FDQ� UHSUHVHQW� VLWXDWLRQV� LQ� WHUPV� RI� DEVWUDFW� JURXSV�� WR� ZKLFK� DEVWUDFW
UHODWLRQV�DSSO\��UDWKHU�WKDQ�XVLQJ�WKH�UHSUHVHQWDWLYH�VDPSOH�DSSURDFK�DV�GHVFULEHG
E\�-RKQVRQ�/DLUG��6WHQQLQJ���������6WHQQLQJ�FDOOV�WKH�WZR�W\SHV�RI�PRGHOV�DQDO\WLF
DQG� DJJORPHUDWLYH�� ,Q� SK\VLFV�� H[SHUWV� FDQ� UHSUHVHQW� D� SURFHVV� LQ� WHUPV� RI
TXDQWLWLHV� WKDW� UHPDLQ�FRQVWDQW� �FRQVWUDLQWV�� UDWKHU� WKDQ� LQ� WKH�YDU\LQJ�TXDQWLWLHV
WKDW�ZRXOG�EH�XVHG�LQ�D�WLPH�EDVHG�PRGHO��/DUNLQ���������$OVR��LQ�VWDWLF�VLWXDWLRQV�
VXFK� DV� WKRVH� HQFRXQWHUHG� LQ� HOHFWURVWDWLFV�� D� JLYHQ� FRQILJXUDWLRQ� FDQ� EH� UH�
GHVFULEHG� LQ� WHUPV� RI� FRQVWUDLQWV� �VXFK� DV� V\PPHWULHV�� WKDW� KHOS� WR� VLPSOLI\� WKH
SUREOHP��,W�VWURQJO\�GHSHQGV�RQ�WKH�NLQG�RI�FRQFHSWV�D�PRGHO�FRQVLVWV�RI�ZKHWKHU
LW�VXSSRUWV�WLPH�EDVHG�RU�FRQVWUDLQW�EDVHG�UHDVRQLQJ��6ORWWD��&KL��	�-RUDP�������
GL6HVVD�� ������ )XVRQ� 	� &DUUROO�� ������� 7KHUH� LV� QR� RQH�WR�RQH� UHODWLRQVKLS�
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KRZHYHU�� DV� RQH�PD\� VWDWH� D� SUREOHP� LQ� DEVWUDFW� TXDQWLWLHV� EXW� WKHQ� IDLO� WR� XVH
WKHVH�WR�VLPSOLI\�WKH�SUREOHP�

:H�KDYH�GLVFXVVHG�VHYHUDO�GLPHQVLRQV�RQ�ZKLFK�PHQWDO�PRGHOV�PD\�GLIIHU��7DEOH
����SUHVHQWV�DQ�RYHUYLHZ�RI�DOO�SURSHUWLHV�GLVFXVVHG��,Q�WKLV�VWXG\�ZH�H[SORUH�KRZ
SUREOHP� UHSUHVHQWDWLRQV� GLIIHU� DORQJ� WKHVH� GLPHQVLRQV� EHWZHHQ� SHUVRQV� RI
GLIIHUHQW� H[SHUWLVH�� 0DQ\� VWXGLHV� KDYH� SRLQWHG� WR� GLIIHUHQFHV� LQ� SUREOHP
UHSUHVHQWDWLRQV�� EXW� WKHUH� LV� D� ODFN� RI� PHWKRGV� WR� GHWHUPLQH� WKH� TXDOLWLHV� RI
SUREOHP�UHSUHVHQWDWLRQV� LQ� D�GHWDLOHG�DQG�GLUHFW�ZD\��7KHUHIRUH�� WKH� ILUVW� DLP�RI
RXU� VWXG\� ZDV� WR� GHYLVH� D� PHWKRG� WKDW� ZRXOG� HQDEOH� XV� WR� JDLQ� D� PRUH� GLUHFW
LQVLJKW� LQWR� WKH� TXDOLWLHV� RI� SUREOHP� UHSUHVHQWDWLRQV� LQ� VXEMHFWV�� :H� XVH� WKLV
PHWKRG� WR�DGGUHVV�RXU�PDLQ�TXHVWLRQ�� LQ�ZKDW�ZD\V�GR�SUREOHP� UHSUHVHQWDWLRQV
GLIIHU� EHWZHHQ� VXEMHFWV�� DQG� EHWZHHQ� VXEMHFWV� RI� GLIIHUHQW� FRPSHWHQFH� OHYHOV� LQ
SDUWLFXODU"

7DEOH������ 6XPPDU\�RI�FKDUDFWHULVWLFV�RI�SUREOHP�UHSUHVHQWDWLRQV�

PDLQO\�QRYLFH PDLQO\�H[SHUW

FRQWHQW
SKHQRPHQRORJLFDO�FRQFUHWH

IXQFWLRQDO
�QXPHULFDO

YV�
YV�
YV�

DEVWUDFW�HQWLWLHV
WRSRORJLFDO�DQG�JHRPHWULFDO�UHODWLRQV
TXDOLWDWLYH�VSHFLILFDWLRQV

VWUXFWXUH
IUDJPHQWDU\

WUHH�VWUXFWXUH��VLQJOH�LQIHUHQFH�VRXUFH
GLIIXVHG

YV�
YV�
YV�

FRKHUHQW
JUDSK�VWUXFWXUH��UHGXQGDQW�LQIHUHQFH�VRXUFHV
ORFDOLVHG�SURSHUWLHV

IOH[LELOLW\
VLQJOH

SUREOHP�DQG�VROXWLRQ�DUH�VHSDUDWH
LQFRQVLVWHQW

YV�
YV�
YV�

PXOWLSOH�UHGXQGDQW�UHSUHVHQWDWLRQV
LQWHJUDWHG�VROXWLRQ�LQIRUPDWLRQ
FRQVLVWHQW�UHSUHVHQWDWLRQV

G\QDPLF�EHKDYLRXU
DJJORPHUDWLYH

WLPH�EDVHG
YV�
YV�

DQDO\WLF�PRGHO
FRQVWUDLQW�EDVHG�UHDVRQLQJ

����0HWKRG

������3UREOHP�FRQVWUXFWLRQ

$�YDULHW\�RI�PHWKRGV� IRU� DVVHVVLQJ�SUREOHP�UHSUHVHQWDWLRQV�FDQ�EH� IRXQG� LQ� WKH
OLWHUDWXUH��$Q� H[WHQVLYH� UHYLHZ�RI� WKHVH�PHWKRGV� LV� IRXQG� LQ�5R\HU�� &LVHUR�� DQG
&DUOR���������,Q�WKHLU�UHYLHZ��WKH�VHFWLRQV�SHUWDLQLQJ�WR�WKH�DVVHVVPHQW�RI��GHSWK�RI
UHSUHVHQWDWLRQ�DQG�WKH�DVVHVVPHQW�RI�PHQWDO�PRGHOV�EHVW�PDWFK�RXU�UHVHDUFK�TXHVWLRQ�
7KH� PDLQ� WHFKQLTXHV� WKH\� GLVFXVV� LQ� UHODWLRQ� WR� GHSWK� RI� UHSUHVHQWDWLRQ� DUH
UHSURGXFWLRQ�WDVNV��SUREOHP�VRUWLQJ�WDVNV��DQG�DVNLQJ�OHDUQHUV�WR�PDNH�MXGJHPHQWV
DERXW�SUREOHPV�RU�VLWXDWLRQV��7KH�WHFKQLTXHV�IRU�DVVHVVLQJ�PHQWDO�PRGHOV�DUH�DOO
EDVHG�RQ�DVNLQJ� WKH�VXEMHFW� WR�SUHGLFW�RU� LQIHU� VRPHWKLQJ� IURP�D�JLYHQ� VLWXDWLRQ
GHVFULSWLRQ�� 1RQH� RI� WKHVH� WHFKQLTXHV� GLUHFWO\� DVVHVVHV� SUREOHP� UHSUHVHQWDWLRQV
FRQVWUXFWHG�E\�WKH�VXEMHFWV�WKHPVHOYHV��,Q�DOO�WHFKQLTXHV�WKH�VLWXDWLRQ�LV�SUHVHQWHG
WR� WKH� OHDUQHU�� RU� WKH� GDWD� RQO\� JLYH� LQGLUHFW� LQIRUPDWLRQ� DERXW� WKH� SUREOHP
UHSUHVHQWDWLRQ��RU�ERWK�
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$�VWUDLJKWIRUZDUG�DSSURDFK�WR�DVVHVVLQJ�SUREOHP�UHSUHVHQWDWLRQV�ZRXOG�EH�WR�KDYH
VXEMHFWV�WKLQN�DORXG�ZKLOH�UHDGLQJ�DQG�LQWHUSUHWLQJ�WKH�SUREOHP��7KLV�ZRXOG�DOVR
JLYH�LQVLJKW�LQWR�WKH�SURFHVV�RI�FRQVWUXFWLQJ�WKH�UHSUHVHQWDWLRQ��7KH�DSSURDFK�IDLOV�
KRZHYHU�� EHFDXVH� DQ� LQLWLDO� SUREOHP� UHSUHVHQWDWLRQ� FDQ� HPHUJH� LQVWDQWO\�� HYHQ
DIWHU�UHDGLQJ�WKH�ILUVW�IHZ�ZRUGV�RI�WKH�SUREOHP�GHVFULSWLRQ��+LQVOH\�HW�DO��������
&KL�HW�DO���������

'H�-RQJ�DQG�)HUJXVRQ�+HVVOHU��������DWWHPSWHG�WR�DVVHVV�SUREOHP�UHSUHVHQWDWLRQV
FRQVWUXFWHG� E\� VXEMHFWV� WKHPVHOYHV� IURP� WKHLU� RZQ� NQRZOHGJH�� E\� XVLQJ� D
SUREOHP�UHFDOO�WDVN�ZLWK�YHU\�VKRUW�GLVSOD\�WLPHV�IRU�WKH�VWLPXOXV�SUREOHPV��:LWK
VXFK� D� VHW�XS�� VXEMHFWV� FDQ� KDUGO\� PHPRULVH� DQ\WKLQJ�� DQG� PRVW� LQIRUPDWLRQ
UHSURGXFHG�ZRXOG�FRPH�IURP�ORQJ�WHUP�PHPRU\��:LWK�WKLV�WHFKQLTXH��ZKLFK�WKH\
UHIHU�WR�DV�¶SUREOHP�UHFRQVWUXFWLRQ·��WKH�VWLPXOXV�SUREOHP�RQO\�VHUYHV�DV�D�FXH�WR
DFWLYDWH� SUREOHP� VFKHPDV� LQ� ORQJ�WHUP� PHPRU\�� 1HYHUWKHOHVV�� VXEMHFWV� PD\
UHPHPEHU� IUDJPHQWV�� DQG�� PRUH� LPSRUWDQWO\�� WKH� VWLPXOXV� SURYLGHV� D� FXH� WR
UHFRQVWUXFWLQJ�WKH�SUREOHP�LQ�D�SDUWLFXODU�IRUPDW�

,Q�WKH�SUHVHQW�DSSURDFK�PDWWHU�DUH�WDNHQ�RQH�VWHS�IXUWKHU�E\�XVLQJ�D�GLIIHUHQW�FXH�
VR�WKDW�VXEMHFWV�KDYH�WR�FRQVWUXFW�WKH�SUREOHP�UHSUHVHQWDWLRQV�LQ�WKHLU�HQWLUHW\��$V
RQH� RI� WKH� UROHV� RI� SUREOHP� UHSUHVHQWDWLRQV� LV� WR� JLYH� DFFHVV� WR� VROXWLRQ
LQIRUPDWLRQ��ZH�H[SHFWHG�WKDW�VXEMHFWV�SURPSWHG�ZLWK�VROXWLRQ�LQIRUPDWLRQ��PLJKW
EH�DEOH�WR�WHOO�LQ�ZKLFK�VLWXDWLRQV�WKLV�LQIRUPDWLRQ�DSSOLHV��%HFDXVH�WKH�FRQQHFWLRQ
EHWZHHQ� VLWXDWLRQ� DQG� VROXWLRQ� LQIRUPDWLRQ�KDV� D�SUHIHUUHG�GLUHFWLRQ� �$QGHUVRQ�
�������WKLV�W\SH�RI�VWLPXOXV�PD\�IDLO�WR�WULJJHU�DOO�UHOHYDQW�VLWXDWLRQV�NQRZOHGJH��7R
REWDLQ�D�PRUH�FRPSOHWH� LPDJH�RI�VXEMHFWV·� VLWXDWLRQV�NQRZOHGJH�� VXEMHFWV�FDQ�EH
SURPSWHG�ZLWK�VHYHUDO� IRUPV�RI�VROXWLRQ� LQIRUPDWLRQ�VXEVHTXHQWO\��1RZ��DV� WKLV
WDVN� UHYHUVHV� WKH� XVXDO�ZRUNLQJ� RUGHU�� DXWRPDWLFLW\�ZLOO� EH� EURNHQ�� DQG�ZH�PD\
IUXLWIXOO\� XVH� D� ¶WKLQN� DORXG·� DSSURDFK� WR� JDLQ� LQVLJKW� LQWR� WKH� NQRZOHGJH� WKDW� LV
XVHG� WR� FRQVWUXFW� WKH� SUREOHP� UHSUHVHQWDWLRQ�� 2XU� DSSURDFK� GLIIHUV� IURP� WKH
DSSURDFK� E\�(ULFVVRQ� DQG� 6LPRQ� �������� KRZHYHU�� DV� ZH� GHVFULEH� WKH� UHVXOWLQJ
PHQWDO�UHSUHVHQWDWLRQ�UDWKHU�WKDQ�WKH�SURFHVV�
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6XUIDFH�FKDUJH

D�� :KDW�GRHV�WKH�IRUPXOD�PHDQ"

E�� :KDW�GRHV�WKH�NH\ZRUG�PHDQ"

F�� :KDW�NLQG�RI�SUREOHP�FRPHV�WR�PLQG"

G�� 'HVFULEH�¤� LQ�EULHI� ¤� D� VLWXDWLRQ� LQ�ZKLFK� ERWK

WKH�IRUPXOD�DQG�WKH�NH\ZRUG�DSSO\�

H�� 'HVFULEH�¤�DJDLQ�LQ�EULHI�¤�D�VHFRQG�VLWXDWLRQ�LQ

ZKLFK�ERWK� WKH�IRUPXOD�DQG� WKH�NH\ZRUG� DSSO\�

DQG� ZKLFK� GLIIHUV� IURP� WKH� ILUVW� VLWXDWLRQ� DV

PXFK�DV�SRVVLEOH�

I�� ([SODLQ�ZKDW�LV�GLIIHUHQW�DQG�ZKDW� LV�VLPLODU� LQ

WKH�WZR�FDVHV�

)LJXUH������ 2QH�RI�WKH�VWLPXOL�XVHG�LQ�WKH�H[SHULPHQW�ZDV�&RXORPEV�/DZ�FRPELQHG�ZLWK�WKH
NH\ZRUG�¶VXUIDFH�FKDUJH·��RULJLQDO�LQ�'XWFK��

%DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��ZH�PDGH�D�VWLPXOXV�GHVLJQ�VKRZQ�LQ�)LJXUH������,Q
WKLV� GHVLJQ� WKH� VWLPXOXV� FRQVLVWV� RI� RQH� SK\VLFV� ODZ�� VWDWHG� DV� D� IRUPXOD�� SOXV� D
NH\ZRUG�UHIHUULQJ�WR�D�VXE�VHW�RI�WKH�SUREOHPV�IRU�ZKLFK�WKH�IRUPXOD�FDQ�EH�XVHG�
7KH�NH\ZRUG�ZDV�LQFOXGHG�WR�PDNH�WKH�VXEMHFWV�JR�EH\RQG�VWHUHRW\SLFDO�SUREOHP
VLWXDWLRQV� UHFDOOHG� IURP� WH[WERRN� H[DPSOHV�� 7KH� PDWHULDO� ZDV� SUHVHQWHG� WR� WKH
VXEMHFW�IROORZHG�E\�VRPH�TXHVWLRQV��)LUVW��WKH\�KDG�WR�H[SODLQ�WKH�PHDQLQJ�RI�WKH
IRUPXOD�DQG�WKH�NH\ZRUG��VR�WKDW�WKH\�ZRXOG�WDNH�QRWLFH�RI�ERWK��7KHQ��WKH\�ZHUH
DVNHG� WR� GHVFULEH� WKH� W\SH� RI� SUREOHP� FRUUHVSRQGLQJ� WR� WKH� VWLPXOXV�� 7KLV
TXHVWLRQ� ZDV� LQFOXGHG� WR� VWLPXODWH� WKH� VXEMHFWV� WR� GHVFULEH� DQ\� JHQHUDOLVHG
UHSUHVHQWDWLRQ� WKH\�PLJKW�KDYH��1H[W�� WKH\�ZHUH� DVNHG� WR�GHVFULEH� WZR�GLIIHUHQW
VLWXDWLRQV� WKDW� ZRXOG� LQYROYH� IRUPXOD� DQG� NH\ZRUG�� DQG� DV� D� ILQDO� TXHVWLRQ� ZH
DVNHG�WKHP�WR�VXPPDULVH�GLIIHUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ�WKH� WZR�VLWXDWLRQV�
7KH�DLP�RI�WKH�ILQDO�TXHVWLRQ�ZDV�WR�JLYH�VRPH�LQVLJKW�LQWR�WKH�UHODWLYH�LPSRUWDQFH
WKH�VXEMHFWV�DWWULEXWHG�WR�WKH�GLIIHUHQW�HOHPHQWV�LQ�WKH�SUREOHP�GHVFULSWLRQ�

:H�VHOHFWHG�HLJKW�ODZV�DQG�IRUPXODV�WKDW�WRJHWKHU�FRYHUHG�D�FRKHUHQW�SDUW�RI�WKH
VXEMHFW�PDWWHU��WKDW�LV��WKH�HOHFWURG\QDPLFV�FRXUVH�WKDW�LV�GHVFULEHG�LQ�6HFWLRQ�����
VHH�IRRWQRWH���RQ�SDJH�����7KHVH�HLJKW�IRUPXODV�ZHUH�XVHG�WR�FRQVWUXFW�D�WRWDO�RI
WZHQW\�GLIIHUHQW�DVVLJQPHQWV��(DFK�DVVLJQPHQW�ZDV�SUHVHQWHG�RQ�D�VHSDUDWH�VKHHW
RI� SDSHU�� $IWHU� WKH� ILUVW� F\FOH� RI� HLJKW� GLIIHUHQW� IRUPXODV�� WKH� VDPH� IRUPXODV
UHDSSHDUHG�� WKLV� WLPH� MRLQHG� E\� GLIIHUHQW� NH\ZRUGV�� ,Q� WRWDO�� HYHU\� IRUPXOD� ZDV
SUHVHQWHG�WZR�WR�WKUHH�WLPHV��ZLWK�D�GLIIHUHQW�NH\ZRUG�HDFK�WLPH�WR�REWDLQ�D�PRUH
FRPSOHWH�FRYHUDJH�RI�WKH�VXEMHFWV·�NQRZOHGJH�

%HIRUH�WXUQLQJ�WKH�ILUVW�SDJH�RI�WKH�VHW�RI�DVVLJQPHQWV��VXEMHFWV�ZHUH�LQVWUXFWHG�WR
VWDUW� WKLQNLQJ� DORXG� LPPHGLDWHO\� DQG� QRW� IRFXV� RQ� WKH� FRUUHFWQHVV� RI�ZKDW� WKH\
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VDLG��7KH\�ZHUH� LQVWUXFWHG� WR�DVN� LI� WKH\�GLG�QRW� UHFRJQLVH� D�YDULDEOH��7KHQ� WKH\
KDG� WR� WXUQ� WKH� SDJH� DQG� VWDUW�ZRUNLQJ� RQ� WKH� ILUVW� FDVH�� 7KH� ILUVW� FDVH�ZDV� IRU
WUDLQLQJ� RQO\�� $Q� DQDO\VLV� RI� WKH� GDWD� VXJJHVWV� WKDW� VXEMHFWV� PDVWHU� WKH� WDVN
VXIILFLHQWO\�ZHOO�DIWHU�WKH�WUDLQLQJ�FDVH�WR�SURGXFH�DFFHSWDEOH�SUREOHP�GHVFULSWLRQV
IURP�WKHQ�RQ��7KH� WDVN�RI� WKH�H[SHULPHQWHU�ZDV� WR�NHHS� VXEMHFWV� WDONLQJ�DQG� WR
UHPLQG�WKHP�WR�DQVZHU�WKH�TXHVWLRQV�LQ�WKH�ULJKW�RUGHU�HYHU\�QRZ�DQG�WKHQ��1R
WLPH�OLPLWV�ZHUH�LPSRVHG�LQ�WKLV�H[SHULPHQW��$OO�VXEMHFWV�ZHUH�WKXV�DEOH�WR�ILQLVK
WKH�FRPSOHWH�VHW�RI�DVVLJQPHQWV�

������6XEMHFWV

,Q� WKLV� H[SHULPHQW��ZH� FRPSDUHG� JRRG� QRYLFHV� WR�ZHDN� QRYLFHV� DQG� QRYLFHV� WR
H[SHUWV�� 7KH� QRYLFH� JURXS� FRQVLVWHG� RI� SURILFLHQW� DQG� ZHDN� ILUVW�\HDU� SK\VLFV
VWXGHQWV�ZKR�KDG�MXVW�FRPSOHWHG�WKH�FRXUVH�DQG�ZKR�KDG�DWWHPSWHG�WKH�ILQDO�WHVW�
7KH�H[SHUWV�ZHUH�VHOHFWHG�IURP�WZR�GLIIHUHQW�VXEJURXSV��WKH�XOWLPDWH�H[SHUW� LQ�D
QDUURZHU� VHQVH� LV� WKH� OHFWXUHU� ZKR� WHDFKHV� WKH� FRXUVH�� 7KH� OHFWXUHU·V� H[SHUWLVH�
KRZHYHU��GRHV�QRW�UHIOHFW�WKH�NLQG�RI�H[SHUWLVH�WKH�VWXGHQWV�DUH�ZRUNLQJ�WRZDUGV
DOO� WKDW� ZHOO�� DQG� WKHUHIRUH�� LQ� DGGLWLRQ� WKUHH� 3K'� FDQGLGDWHV� ZHUH� LQFOXGHG� DV
H[SHUWV�

7KH� VWXGHQWV�ZHUH� VHOHFWHG� IURP�D�SRSXODWLRQ�RI����� ILUVW�\HDU�SK\VLFV� VWXGHQWV�
7KH�VWXGHQWV�ZHUH�FODVVLILHG�DV�JRRG�RU�ZHDN�RQ�WKH�EDVLV�RI�WKHLU�JUDGHV�IRU�WKH
(OHFWULFLW\�	�0DJQHWLVP�WHVW�DQG�WKHLU�JUDGHV�IRU�WKH�0HFKDQLFV�WHVW��2Q�WKH�EDVLV
RI�WKLV�LQIRUPDWLRQ�ZH�UHFUXLWHG�VL[�SURILFLHQW�VWXGHQWV�DQG�VL[�ZHDN�VWXGHQWV�IRU
SDUWLFLSDWLRQ�LQ�WKH�H[SHULPHQW��3URILFLHQW�VXEMHFWV�ZHUH�VHOHFWHG�IURP�WKRVH�ZKR
KDG� VFRUHG� DPSO\� VXIILFLHQW� RU� EHWWHU� �JUDGH� ¶�·� RU� KLJKHU�� RQ� WKH� (OHFWULFLW\� 	
0DJQHWLVP� WHVW�� DQG�ZKR�� LQ� DGGLWLRQ��KDG� VFRUHG� VXIILFLHQW�RU�EHWWHU� �JUDGH� ¶�·� RU
KLJKHU��RQ�WKHLU�0HFKDQLFV�WHVW�D�PRQWK�HDUOLHU���:HDN�VXEMHFWV�ZHUH�VHOHFWHG�IURP
WKRVH� ZKR� KDG� VFRUHG� ORZ� WR� LQVXIILFLHQW� �� JUDGH� ¶�·� WR� ¶�·�� RQ� WKH� (OHFWULFLW\� 	
0DJQHWLVP� H[DPLQDWLRQ�� DQG� ZKR�� LQ� DGGLWLRQ�� KDG� VFRUHG� QR� EHWWHU� WKDQ
LQVXIILFLHQW� RQ� WKH� 0HFKDQLFV� WHVW�� 6WXGHQWV� ZHUH� SDLG� ¦����� �DSSUR[LPDWHO\
86�������IRU�WKHLU�SDUWLFLSDWLRQ�

%HIRUH�WKH�H[SHULPHQW�VWDUWHG��VWXGHQWV�ZHUH�DVNHG�IRU�WKH�XQLYHUVLW\�PDWK�JUDGHV
WKH\�KDG�REWDLQHG�� DQG� IRU� WKHLU� ILQDO� KLJK� VFKRRO� JUDGHV� LQ� WKH� VFLHQFHV��7KHVH�
WRJHWKHU�ZLWK�WKH�JUDGHV�IRU�0HFKDQLFV��DQG�(OHFWULFLW\�	�0DJQHWLVP��FRPSRVHG�D
VHW� RI� QLQH� JUDGHV� LQ� WRWDO�� ZKLFK� VKRZHG� D� KLJK� LQWHUQDO� FRKHUHQFH

�&URQEDFK�D�!������Q� ������7KH� UDQNLQJ�RI� VWXGHQWV� DFFRUGLQJ� WR� WKLV� VFDOH�ZDV
FRQVLVWHQW�ZLWK�WKH�GLYLVLRQ�LQWR�SURILFLHQW�DQG�ZHDN�VXEMHFWV�EDVHG�RQ�JUDGHV�IRU
(OHFWULFLW\�	�0DJQHWLVP�DQG�0HFKDQLFV�

���������������������������������������������
��,Q�WKH�'XWFK�VFKRRO�V\VWHP��JUDGHV�UDQJH�IURP���WR��������EHLQJ�WKH�PD[LPXP�VFRUH��7KH
PLQLPXP�UHTXLUHPHQW�IRU�D�SDVV�LV�D�¶�·�



��

����5HVXOWV

6LQFH��WKH�SURSHUWLHV�RI�SUREOHP�UHSUHVHQWDWLRQV�DUH�UHODWHG�WR�GLIIHUHQW�VFDOH�VL]HV
�WKH�VWUXFWXUH�RI�WKH�ZKROH�UHSUHVHQWDWLRQ��VLQJOH�SURSRVLWLRQV��DQG�FRQFHSWV�XVHG��
WKHUH� LV� QR� VLQJOH� ZD\� WR� DQDO\VH� SUREOHP� GHVFULSWLRQV� VXFK� WKDW� DOO� IDFWRUV� RI
LQWHUHVW� DUH� FDSWXUHG�� 7KHUHIRUH�� ZH� XVHG� GLIIHUHQW� DSSURDFKHV� IRU� WKH� GLIIHUHQW
OHYHOV� RI� DJJUHJDWLRQ�� D� ZRUG�OHYHO� DSSURDFK�� D� VHQWHQFH�OHYHO� DSSURDFK�� DQG� D
VLWXDWLRQ�OHYHO� DSSURDFK�� 7R� GR� WKHVH� DQDO\VHV� ZH� ILUVW� PDGH� WUDQVFULSWV� RI� DOO
SUREOHP� GHVFULSWLRQV� E\� DOO� VXEMHFWV�� ,Q� WKH� IROORZLQJ�� ILUVW� WKH� UHVXOWV� RI� WKH
DQDO\VLV�DW� WKH�ZRUG� OHYHO�DUH�SUHVHQWHG�� IROORZHG�E\�D�VHFWLRQ�RQ� WKH�DQDO\VLV�RI
VHQWHQFHV��)LQDOO\��WKH�UHVXOWV�RI�WKH�VLWXDWLRQ�OHYHO�DQDO\VLV�DUH�SUHVHQWHG�

������:RUGV

$W� WKH� OHYHO� RI� VLQJOH� ZRUGV�� ZH� SULPDULO\� H[SHFWHG� WKH� FRQWHQW� RI� WKH� PHQWDO
UHSUHVHQWDWLRQ� WR� EH� UHIOHFWHG�� 7KH� ILUVW� FRQWHQW�UHODWHG� IHDWXUH� ZH� GLVFXVV� LV
DEVWUDFWQHVV��:H�H[SHFWHG�WKDW�D�PRUH�DEVWUDFW�PHQWDO�UHSUHVHQWDWLRQ�FRXOG�OHDG�WR
WKH� IUHTXHQW�XVH�RI�ZRUGV� UHIHUULQJ� WR�DEVWUDFW� FRQFHSWV��7KH� VHFRQG� IHDWXUH�ZH
IRFXV�RQ�LV�WKH�GLVWLQFWLRQ�EHWZHHQ�IXQFWLRQDO�DQG�WRSRORJLFDO�PRGHOV��ZKLFK�FDQ
EH�UHIOHFWHG�LQ�WKH�W\SHV�RI�UHODWLRQV�PHQWLRQHG��VXFK�DV� FDUULHV�YHUVXV�DERYH���7KH
ILQDO�FRQWHQW�UHODWHG�IHDWXUH�LV�WKH�FRQWUDVW�EHWZHHQ�TXDOLWDWLYH�YHUVXV�TXDQWLWDWLYH
UHSUHVHQWDWLRQV�� ZKLFK� FRXOG� EH� UHIOHFWHG� LQ� WKH� XVH� RI� QXPEHUV�� XQLWV� DQG
IRUPXODV�� ,Q� DGGLWLRQ� WR� WKHVH� FRQWHQW�UHODWHG� IHDWXUHV� ZH� H[SHFWHG� WR� ILQG
HYLGHQFH�RI�RQH�VWUXFWXUH�UHODWHG�IHDWXUH��QDPHO\�FRKHUHQFH��,Q�D�FRKHUHQW�PHQWDO
UHSUHVHQWDWLRQ�RI�D�SK\VLFV�SUREOHP��DOJHEUDLF�� ORJLFDO�� DQG�VSDWLDO�WHPSRUDO�HQWL�
WLHV� VSHFLI\� DWWULEXWHV� RQ� SK\VLFDO� REMHFWV� RU� VSHFLI\� UHODWLRQV� EHWZHHQ� WKHP��� 7KH
GLVWLQFWLRQ�EHWZHHQ�REMHFWV��DWWULEXWHV�DQG�UHODWLRQV�LV�YDOXDEOH��DV�LW�UHODWHV�WR�WKH
FRKHUHQFH�RI�D�SUREOHP�VLWXDWLRQ�DW�WKH�ZRUG�OHYHO�

)RU�RXU�DQDO\VLV��DOO�IUHTXHQW�¶SK\VLFV�ZRUGV·�KDG�WR�EH�FODVVLILHG�XVLQJ�WKH�DERYH
DVSHFWV��7KHUHIRUH��DQ�LQYHQWRU\�RI�IUHTXHQW�SK\VLFV�ZRUGV�ZDV�PDGH��3ULRU�WR�WKH
DQDO\VLV� RI�ZRUG� RFFXUUHQFHV�� DOO� WH[W� VSRNHQ� E\� WKH� H[SHULPHQWHU�ZDV� UHPRYHG
IURP�WKH�SURWRFROV��7KHQ��ZH�PDGH�DQ�LQYHQWRU\�RI�WKH�WRS����PRVW�XVHG�SK\VLFV
ZRUGV�LQ�DOO�WH[WV��$SSHQGL[�%���7KH�UDWLRQDOH�EHKLQG�WKH�SDUWLFXODU�FKRLFH�RI�WKH
QXPEHU����LV�SUDJPDWLF��ZH�WKRXJKW�LW�QHFHVVDU\�WKDW�WKH�OLVW�FRYHUHG�DW�OHDVW�WZR�
WKLUG�RI�WKH�SK\VLFV�ZRUG�RFFXUUHQFHV�WR�PDNH�WKH�FRQFOXVLRQV�UHSUHVHQWDWLYH�IRU
DOO�SK\VLFV�ZRUGV��(YHQ�ZKHQ�ZH�DGRSW�D�ZLGH�GHILQLWLRQ�RI� ¶SK\VLFV�ZRUGV·�� WKH
WRS���� FRYHUV� DERXW� ����RI� WKH� WRWDO� SK\VLFV�ZRUG� RFFXUUHQFHV�� 7KH� ��WK�ZRUG
ZDV� XVHG� DERXW� ���� WLPHV� RQ� DYHUDJH� E\� HDFK� VXEMHFW�� 7R� H[FOXGH� HIIHFWV� RI
LQGLYLGXDO� VXEMHFWV·� LGLRV\QFUDWLF� ZRUG� SDWWHUQV�� LW� ZDV� YHULILHG� WKDW� QRQH� RI� WKH
ZRUGV�ZDV�XVHG�E\�IHZHU�WKDQ�WKUHH�VXEMHFWV�

���������������������������������������������
��'H�.OHHU�	�%URZQ��������SUHVHQW�D�IUDPHZRUN�LQ�ZKLFK�WKHVH�WKUHH�HOHPHQWV�DUH�WKH�EXLOGLQJ
EORFNV�RI�PHQWDO�UHSUHVHQWDWLRQV��7KHLU�YLHZ�RI�PHQWDO�UHSUHVHQWDWLRQ�LV�SULPDULO\�JURXQGHG�LQ
DUWLILFLDO�LQWHOOLJHQFH��KRZHYHU��DQG�WKHLU�DSSURDFK�LV�DLPHG�DW�VSHFLI\LQJ�PHQWDO�PRGHOV�IRU
UREXVW�VLPXODWLRQV��,Q�KXPDQ�PHQWDO�PRGHOV�ZH�ILQG�GLIIXVHG�SURSHUWLHV��JOREDO�FRQVWUDLQWV�DQG
UHGXQGDQW�VSHFLILFDWLRQV��ZKLFK�FDQQRW�EH�UHSUHVHQWHG�LQ�GH�.OHHU �DQG�%URZQ·V�IUDPHZRUN�



��

7KH�DXWKRU�DQG�DQRWKHU�SK\VLFLVW�LQGHSHQGHQWO\�VFRUHG�WKH�ZRUGV�DFFRUGLQJ�WR�WKH
DERYH� DVSHFWV�� ,I� WKHUH� ZDV� DQ\� GRXEW� DERXW� WKH� FODVVLILFDWLRQ� RI� D� ZRUG� RQ� D
FHUWDLQ� DVSHFW�� WKH� ZRUG� JRW� QR�PDUN� RQ� WKDW� DVSHFW�� 7KHQ� IRU� HDFK� DVSHFW� WKH
ZRUGV�XSRQ�ZKLFK�WKH�WZR�DJUHHG�ZHUH�NHSW��ZKLOH� WKH�UHVW�RI� WKH�ZRUGV�JRW�QR
PDUN��7KH�GLVWLQFWLRQ�EHWZHHQ�DEVWUDFW�ZRUGV�DQG�FRQFUHWH�ZRUGV�ZDV�WKH�KDUGHVW
RQH�WR�PDNH��IRU�VHYHUDO�ZRUGV�FDQ�UHIHU�WR�ERWK�FRQFUHWH�DQG�DEVWUDFW�FRQFHSWV�
7KH�ZRUG�FDSDFLWRU�IRU�LQVWDQFH�UHIHUV�WR�WKH�YHU\�WDQJLEOH�SK\VLFDO�REMHFW�FRQVLVWLQJ
RI� WZR� SDUDOOHO� SODWHV�� DV� ZHOO� DV� WR� WKH� PRUH� LPSDOSDEOH� FRQFHSW� RI� KDYLQJ
FDSDFLW\�� $V� D� FRQVHTXHQFH� WKLV� ZRUG�ZDV� VFRUHG� QHLWKHU� DEVWUDFW� QRU� FRQFUHWH�
(YHQ�ZRUGV�OLNH�SODFH�RU�SRVLWLRQ��ZKLFK�DUH�FRQVLGHUHG�WR�EH�¶FRQFUHWH·�ZRUGV��FDQ
UHIHU�WR�DQ�DEVWUDFW�FRQFHSW�ZKHQ�WKH\�DUH�SODFHG�LQ�SDUWLFXODU�FRQWH[WV��¶WKH�IRUFH
H[HUWHG� RQ� D� SRLQW� FKDUJH� LQ� D� SULYLOHJHG� SRVLWLRQ·� ³� ZKHUH� WKH� UHIHUHQFH� WR
V\PPHWULHV� LV� REYLRXV��:H� DOVR� IRXQG� VRPH�ZRUGV� WKDW� FDQ� UHSUHVHQW� HLWKHU� DQ
REMHFW�RU�DQ�DWWULEXWH�GHSHQGLQJ�RQ�WKHLU�FRQWH[W��&KDUJH�IRU�LQVWDQFH�LV�DQ�DWWULEXWH
LQ�D�VHQWHQFH�OLNH� ¶WKH�FKDUJH�RI�WKH�VSKHUH� LV����QDQR�&RXORPE·��ZKHUHDV� LQ�WKH
VHQWHQFH�¶WKH�FKDUJH�LQ�WKH�VSKHUH�WULHV�WR�PRYH�WR�WKH�RXWVLGH�RI�WKH�VSKHUH·��WKH
ZRUG� FKDUJH� UHIHUV� WR� DQ� REMHFW�OLNH� FRQFHSW�� 7KH� ZRUG� FXUUHQW� FDUULHV� WKH� VDPH
NLQG�RI�DPELJXLW\��6WLOO��ERWK�UDWHUV�DJUHHG�RQ�WKH�SUHGRPLQDQW�PHDQLQJ�RI�PDQ\
ZRUGV�� $V� WKHUH� ZHUH� KDUGO\� DQ\� TXDQWLWDWLYH� GHVFULSWLRQV� LQ� WKH� HQWLUH� VHW� RI
SUREOHP�GHVFULSWLRQV��ZH�H[FOXGHG� WKLV� DVSHFW� IURP�IXUWKHU� DQDO\VLV�� DQG�ZH� FDQ
RQO\� FRQFOXGH� WKDW� DOO� VXEMHFWV� GR�KDYH� TXDOLWDWLYH� SUREOHP� UHSUHVHQWDWLRQV��7KH
FODVVLILFDWLRQ� RI� DOO� ZRUGV� ZLWK� UHVSHFW� WR� WKH� RWKHU� DVSHFWV� LV� SUHVHQWHG� LQ
$SSHQGL[�%�

:H�ILUVW�WXUQ�WR�WKH�FRQWUDVW�RI�DEVWUDFW�YHUVXV�FRQFUHWH�UHSUHVHQWDWLRQV��,Q�7DEOH
���� WKH�DYHUDJH� IUHTXHQFLHV�RI� ¶DEVWUDFW�ZRUGV·� �VXFK�DV� ILHOG�� LQGXFWDQFH�� HQHUJ\� DQG
IOX[��DQG�¶FRQFUHWH�ZRUGV·��VXFK�DV�SODWH��VSKHUH��SDUWLFOH�DQG�FKDUJH��DUH�SUHVHQWHG��7KH
YDOXHV�UHSRUWHG�� OLNH�DOO�IXUWKHU�YDOXHV��ZHUH�DFFXPXODWHG�RYHU�DOO����VWLPXOL��7KH
GDWD� DUH� VRPHZKDW� FRPSOH[� WR� DQDO\VH� EHFDXVH� WKHUH� DUH� VHYHUDO� JURXSV� RI
VXEMHFWV�� ZLWK� PXOWLSOH� VXEMHFWV� LQ� HDFK� JURXS�� DQG� PXOWLSOH� REVHUYDWLRQV� RI� D
QRPLQDO�YDULDEOH�IRU�HDFK�VXEMHFW��0RUHRYHU��WKH�QXPEHU�RI�VXEMHFWV�SHU�H[SHUWLVH
JURXS�LV�VPDOO��7KH�EHVW�DSSURDFK�WR�VXFK�D�VLWXDWLRQ� LV� WR�XVH�DQ�H[DFW� WHVW��)RU
WKH�JLYHQ�GDWD�VWUXFWXUH��D�SHUPXWDWLRQ�WHVW�LV�D�VXLWDEOH�W\SH�RI�WHVW��*RRG�������
0DQO\���������$�SHUPXWDWLRQ�WHVW�FDQ�EH�XVHG�WR�DVVHVV�WKH�RYHUDOO�VLJQLILFDQFH�RI
EHWZHHQ�JURXS�GLIIHUHQFHV� LQ� WKH�SDWWHUQV�RI�REVHUYHG� IUHTXHQFLHV��:H� IROORZHG
DQ� DSSURDFK� RULJLQDOO\� GHVFULEHG� E\�0DQO\� �������� ZLWK� D� VOLJKWO\� PRGLILHG� WHVW
VWDWLVWLF� �$SSHQGL[�$�SURYLGHV�D�GHWDLOHG�DFFRXQW�RI� WKH�SURFHGXUH���$OO�S�YDOXHV
DUH� EDVHG�RQ� WKH� RXWFRPHV� DIWHU� ����� UDQGRP�SHUPXWDWLRQV��$V� FDQ� EH� VHHQ� LQ
7DEOH� ����� WKH�ZHDN� VWXGHQWV� XVHG� SURSRUWLRQDOO\� IHZHU� DEVWUDFW� ZRUGV� WKDQ� WKH
SURILFLHQW�VWXGHQWV�GLG��7KH�RYHUDOO�GLIIHUHQFH�EHWZHHQ�H[SHUWLVH�JURXSV�LV�FOHDUO\
QRW�VLJQLILFDQW�KRZHYHU��S� �����



��

7DEOH������ $YHUDJH�IUHTXHQFLHV�DQG�SURSRUWLRQV�RI�DEVWUDFW�DQG�FRQFUHWH�ZRUGV�E\�OHYHO�RI
H[SHUWLVH�

OHFWXUHU
�Q ��

3K'�FDQGLGDWH
�Q ��

JRRG�VWXGHQW
�Q ��

ZHDN�VWXGHQW
�Q ��

0��6'� � 0��6'� � 0��6'� � 0��6'� �

FRQFUHWH ������������ ���� ������������ ���� ������������ ���� ������������ ����
DEVWUDFW ������������ ���� ������������ ���� ������������ ���� ����������� ����

7KH�QH[W�FRQWUDVW�WR�EH�GLVFXVVHG�LV�WKDW�RI�WRSRORJLFDO�YHUVXV�IXQFWLRQDO�ZRUGV��,Q
7DEOH� ���� WKH� UHODWLYH� SURSRUWLRQV� RI� WRSRORJLFDO� �VXFK� DV� EHWZHHQ�� GLVWDQFH� DQG
RXWVLGH�� DQG� IXQFWLRQDO� �VXFK� DV� IRUFH�� WHQVLRQ� DQG� FDXVH�� UHODWLRQV� DUH� JLYHQ�� 7KH
SURSRUWLRQV� DUH� UHPDUNDEO\� VLPLODU� EHWZHHQ� GLIIHUHQW� H[SHUWLVH� JURXSV�� DQG� ZH
IRXQG�QR�HYLGHQFH�RI�DQ\�H[SHUWLVH�GHSHQGHQW�GLIIHUHQFHV��S� ������6R��DW�WKH�ZRUG
OHYHO��ZH�IRXQG�QR�HYLGHQFH�RI�DQ\�H[SHUWLVH�GHSHQGHQW�GLIIHUHQFHV� LQ� WKH�FRQWHQW
RI�PHQWDO�UHSUHVHQWDWLRQV�

7DEOH������ �$YHUDJH�IUHTXHQFLHV�DQG�SURSRUWLRQV�RI�WRSRORJLFDO�DQG�IXQFWLRQDO�UHODWLRQV�E\�OHYHO
RI�H[SHUWLVH�

OHFWXUHU
�Q ��

3K'�FDQGLGDWH
�Q ��

JRRG�VWXGHQW
�Q ��

ZHDN�VWXGHQW
�Q ��

0��6'� � 0��6'� � 0��6'� � 0��6'� �

WRSRORJLFDO ����������� ���� ����������� ���� ���������� ���� ����������� ����
IXQFWLRQDO ���������� ���� ����������� ���� ���������� ���� ����������� ����

%HVLGH� FRQWHQW��ZH�ZHUH� DOVR� VHDUFKLQJ� IRU� VWUXFWXUH� UHIOHFWHG� DW� WKH�ZRUG� OHYHO�
7KHUHIRUH�� ZH� QRZ� WXUQ� WR� WKH� GLVWLQFWLRQ� EHWZHHQ�REMHFWV�� DWWULEXWHV� DQG� UHODWLRQV�
$YHUDJH� IUHTXHQFLHV� RI� WKHVH� ZRUG� W\SHV� DUH� JLYHQ� LQ� 7DEOH� ����� 8VLQJ� WKH
SHUPXWDWLRQ� WHVW�� ZH� IRXQG� WKDW� WKH� REVHUYHG� SDWWHUQ� RI� IUHTXHQFLHV� GLIIHUV
EHWZHHQ�H[SHUWLVH�JURXSV��S� ������

7DEOH������ �$YHUDJH�IUHTXHQFLHV�DQG�SURSRUWLRQV�RI�REMHFW��DWWULEXWH��DQG�UHODWLRQ�ZRUGV�E\�OHYHO
RI�H[SHUWLVH�

OHFWXUHU
�Q ��

3K'�FDQGLGDWH
�Q ��

JRRG�VWXGHQW
�Q ��

ZHDN�VWXGHQW
�Q ��

0��6'� � 0��6'� � 0��6'� � 0��6'� �

REMHFW ������������ ���� ������������ ���� ������������ ���� ������������ ����
DWWULEXWH ����������� ���� ������������ ���� ����������� ���� ����������� ����
UHODWLRQ ���������� ���� ����������� ���� ����������� ���� ����������� ����

7KH� H[SHUWLVH� GHSHQGHQFH� LQ� WKH� XVH� RI� REMHFW�� DWWULEXWH� DQG� UHODWLRQ�ZRUGV� FDQ
QRZ� EH� IXUWKHU� H[SORUHG� ZLWK� FRUUHVSRQGHQFH� DQDO\VLV� �*UHHQDFUH�� ������� 7KLV
WHFKQLTXH�FDQ�EH�XVHG�WR�JUDSKLFDOO\�UHSUHVHQW�WKH�EHWZHHQ�VXEMHFWV·�GLIIHUHQFHV�LQ
IUHTXHQF\� SURILOHV�� 7KH� DQDO\VLV� ZDV� GRQH� RQ� D� WDEOH� RI� IUHTXHQFLHV�� ZLWK� WKH
VXEMHFWV� DV� URZV� DQG� WKH� W\SHV� RI� ZRUGV� DV� FROXPQV�� :H� FRPSXWHG� D� WZR
GLPHQVLRQDO�VROXWLRQ�IRU�ZKLFK�WKH�FRUUHVSRQGHQFH�SORWV�DUH�SUHVHQWHG� LQ�)LJXUH
�����7KH�ILUVW�GLPHQVLRQ�UHSUHVHQWV�����RI�WKH�WRWDO�LQHUWLD��WKDW�LV��WKH�DVVRFLDWLRQ
EHWZHHQ� URZV� DQG� FROXPQV�� LQ� WKH� WDEOH��$V� WKH� FROXPQ�YDULDEOH� RQO\� KDV� WKUHH
YDOXHV��WKH�PD[LPXP�QXPEHU�RI�GLPHQVLRQV�LQ�WKH�FRUUHVSRQGHQFH�DQDO\VLV�LV�WZR�
DQG�WKH�SORW�LQ�)LJXUH�����GHVFULEHV�DOO�WKH�LQHUWLD�
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)LJXUH������ 7KH�UHODWLRQ�EHWZHHQ�H[SHUWLVH�OHYHO�DQG�WKH�XVH�RI�ZRUG�W\SHV��FRUUHVSRQGHQFH
DQDO\VLV��FDQRQLFDO�QRUPDOLVDWLRQ��

7KH�RULJLQ�RI�WKH�SORW�UHSUHVHQWV�WKH�DYHUDJH�IUHTXHQF\�SURILOH��VXEMHFWV�ZLWK�PRUH
GHYLDQW� IUHTXHQF\� SURILOHV� DUH� SORWWHG� IDUWKHU� IURP� WKH� RULJLQ�� 7KH� ZRUG�W\SH
YHFWRUV� �WKH�YHFWRUV�SRLQWLQJ� IURP� WKH�RULJLQ� WR� D� ¶ZRUG�W\SH·� ODEHO��SRLQW� LQ� WKH
GLUHFWLRQ�WKDW�IUHTXHQW�XVHUV�RI�WKDW�W\SH�RI�ZRUG�DUH�IRXQG��,Q�DGGLWLRQ�WR�YDOXHV
IRU� LQGLYLGXDO� VXEMHFWV�� WKH� PHDQV� SHU� H[SHUWLVH� JURXS� DUH� LQGLFDWHG�� 7KH� SORW
FOHDUO\� VKRZV� WKDW�ZHDN�VWXGHQWV�PDLQO\�GLIIHU� IURP�JRRG�VWXGHQWV� WKURXJK� WKHLU
JUHDWHU�XVH�RI�UHODWLRQ�ZRUGV��8SRQ�FORVHU�H[DPLQDWLRQ�RI�WKH�GDWD��LW�DSSHDUV�WKDW
ZHDN�VWXGHQWV�PHQWLRQ�UHODWLRQV�ZLWKRXW�PHQWLRQLQJ�WKH�REMHFWV�WKDW�WKH�UHODWLRQ�LV
EHWZHHQ�PRUH�RIWHQ�WKDQ�JRRG�VWXGHQWV�GR��$V�DQ�H[DPSOH�RI�D�UHODWLRQ�ZLWK�QR
REMHFW� VSHFLILHG�� FRQVLGHU� WKH� IROORZLQJ� IUDJPHQWV�� ERWK� LQ� UHVSRQVH� WR� %LRW�
6DYDUW·V�ODZ��ZLWK�¶HOHFWULF�ZLUH·�DV�D�NH\ZRUG�

���� LQ� RQH� FDVH� \RX� KDYH� D� VWUDLJKW� ZLUH�� LQ� WKDW� FDVH� D� WXUQHG� PRWLRQ� LQ� WKH
PDJQHWLF�ILHOG�LV�FDXVHG��DQG�LI�\RX�PDNH�WKH�ZLUH�FRLOHG��\HV�� LW�GRHV�JR�URXQG�
EXW�LQVLGH�WKH�FRLO�LW�LV�DOPRVW�SDUDOOHO������ZHDN�VWXGHQW��LG���

���� FRPSXWH� WKH� PDJQHWLF� ILHOG� FDXVHG� E\� WKH� FLUFXODWLQJ� FXUUHQW�� FRPSXWH� WKH
PDJQHWLF� ILHOG� FDXVHG� E\� DQ� LQILQLWHO\� ORQJ� VWUDLJKW� ZLUH� ���� �JRRG� VWXGHQW�
LG���

,Q� ERWK� IUDJPHQWV� WKH� UHODWLRQ� ZRUGV� DUH� XQGHUOLQHG�� ,Q� WKH� ILUVW� IUDJPHQW� LW
UHPDLQV�XQFOHDU�ZKDW�KDV�D�¶WXUQHG�PRWLRQ·�UHODWLYH�WR�ZKDW��ZKDW�LV�FDXVLQJ�ZKDW�
DQG�ZKDW�LV�SDUDOOHO�WR�ZKDW��,Q�WKH�VHFRQG�IUDJPHQW�UHODWLRQ�ZRUGV�DUH�XVHG�PRUH
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SURSHUO\�� 6R�� HYHQ� WKRXJK�ZHDN� QRYLFHV�PHQWLRQ� UHODWLRQ�ZRUGV� IUHTXHQWO\�� WKLV
FRQWULEXWHV�OLWWOH�WR�WKH�VWUXFWXUH�RI�WKHLU�SUREOHP�GHVFULSWLRQV�

$�IXUWKHU�LQWHUHVWLQJ�GLIIHUHQFH�WKDW�DSSHDUV�IURP�WKH�SORW�LQ�)LJXUH�����LV�WKDW�WKH
H[SHUW� JURXSV� PDLQO\� GLIIHU� IURP� WKH� QRYLFHV� E\� WKH� IDFW� PRUH� DWWULEXWHV� DUH
PHQWLRQHG�� 7KLV� PLJKW� EH� EHFDXVH� WKH� H[SHUW·V� SUREOHP� GHVFULSWLRQV� DUH� PRUH
SUHFLVH��DV�LQ�WKH�IROORZLQJ�H[DPSOH��DJDLQ�LQ�UHVSRQVH�WR�%LRW�6DYDUW·V�ODZ�ZLWK�WKH
NH\ZRUG�HOHFWULF�ZLUH�

DQ� LQILQLWHO\� ORQJ� VWUDLJKW� HOHFWULF� ZLUH� WKDW� KDV� DQ� LQILQLWHVLPDO� GLDPHWHU
�OHFWXUHU��LG���

7R�VXPPDULVH�RXU�ILQGLQJV�DW�WKH�ZRUG�OHYHO��ZRUG�IUHTXHQFLHV�JDYH�OLWWOH�HYLGHQFH
IRU�FRPSHWHQFH�UHODWHG�GLIIHUHQFHV�LQ�FRQWHQW��,W�DSSHDUHG��KRZHYHU��WKDW�²�ZHDN�²
QRYLFHV�XVH�ZRUGV�GLIIHUHQWO\��DQG�PRUH�LQ�SDUWLFXODU��WKH\�XVH�ZRUGV�LPSUHFLVHO\�
7KLV� ZDV� FRQILUPHG� ZKHQ� ZH� ORRNHG� DW� WKH� VWUXFWXUH�UHODWHG� GLVWLQFWLRQ� EHWZHHQ
REMHFW��DWWULEXWH�DQG�UHODWLRQ�ZRUGV��+HUH�ZH�IRXQG�WKDW�ZHDN�QRYLFHV�IUHTXHQWO\
XVH�UHODWLRQ�ZRUGV�DPELJXRXVO\��DQG�WKDW� WKH�SUHFLVH�VSHFLILFDWLRQ�RI�DWWULEXWHV� LV
FKDUDFWHULVWLF�IRU�H[SHUWV�

������6HQWHQFHV

7KH�VHFRQG�OHYHO�RI�DQDO\VLV�LV�WKH�OHYHO�RI�VLQJOH�VHQWHQFHV��$W�WKH�VHQWHQFH�OHYHO
ZH�H[SHFWHG�WR�ILQG�DVSHFWV�RI� VWUXFWXUH� WKDW�FRXOG�QRW�EH�DVVHVVHG�DW� WKH� OHYHO�RI
ZRUGV��$Q�DVSHFW�WKDW�VKRXOG�EH�UHIOHFWHG�FOHDUO\�DW�WKH�VHQWHQFH�OHYHO�LV�UHGXQGDQF\�
$�VHQWHQFH�ZKHUH�WKH�VXEMHFW�HODERUDWHV�RQ�LQIRUPDWLRQ�PHQWLRQHG�EHIRUH�FDQ�EH
GHILQHG� DV� UHGXQGDQW�� :H� DOVR� H[SHFWHG� WKH� ORFDOLW\� YHUVXV� GLIIXVHGQHVV� RI� WKH
FRQFHSWV� XVHG� WR� EH� UHIOHFWHG�� ,I� D� VXEMHFW� FRQVWUXFWV� WZR� GLIIHUHQW� SUREOHP�
VLWXDWLRQV�XVLQJ�FRQFHSWV�ZLWK�RQO\� D� ¶GLIIXVH·�PHDQLQJ�� WKH�SHUVRQ�PLJKW� ILQG� LW
KDUG�WR�H[SODLQ�GLIIHUHQFHV�EHWZHHQ� WZR�VLWXDWLRQV��6R�� WKHUH� LV� OLWWOH� LQIRUPDWLRQ
UHJDUGLQJ�GLIIHUHQFHV�LQ�WKH�SURWRFRO�

7R�DVVHVV�WKH�DERYH�DVSHFWV��ZH�KDG�WR�FODVVLI\�VHQWHQFHV�DFFRUGLQJ�WR�WKHLU�IXQF�
WLRQ� LQ� WKH� SUREOHP� GHVFULSWLRQ��:LWK� WKLV� JRDO� LQ�PLQG�ZH� GHYHORSHG� D� FRGLQJ
VFKHPD� WKURXJK� LQGXFWLRQ��)LUVW�� WKH� WUDQVFULSWV�KDG� WR�EH� VHJPHQWHG�� 6HQWHQFHV
ZHUH� GHILQHG� DV� WKH� VPDOOHVW� PHDQLQJIXO� XQLWV� LQ� WKH� WH[W�� $V� DQ� RSHUDWLRQDO
GHILQLWLRQ�ZH�GHFLGHG�WR�PDUN�WKH�HQG�RI�D�VHJPHQW�DW�HDFK�SXQFWXDWLRQ�PDUN��DQG
DW� HDFK�RFFXUUHQFH�RI� WKH�ZRUGV� ¶RU·�� RU� ¶DQG·��7KH� VHJPHQWDWLRQ�SURFHGXUH�ZDV
H[HFXWHG�DXWRPDWLFDOO\��7KRXJK�WKLV�SURFHGXUH�FRXOG�EH�VHQVLWLYH�WR�YDULDWLRQV�LQ
WUDQVFULSWLRQ� VW\OH�� LW� DSSHDUHG� WKDW� ZKHQ� WKH� UHVXOW� ZDV� FKHFNHG� PDQXDOO\
DIWHUZDUGV�� RQO\�PLQRU� FRUUHFWLRQV�ZHUH� QHHGHG��$IWHU� VHYHUDO� LWHUDWLYH� VWHSV�ZH
DUULYHG�DW�WKH�FRGLQJ�VFKHPD�SUHVHQWHG�LQ�7DEOH�����

���������������������������������������������
��'XWFK�SXQFWXDWLRQ�GLIIHUV�VOLJKWO\�IURP�(QJOLVK�SXQFWXDWLRQ��LQ�'XWFK�FRPPDV�DUH�XVHG�DOPRVW
H[FOXVLYHO\�WR�VHSDUDWH�VXE�VHQWHQFHV��UDWKHU�WKDQ�VLQJOH�ZRUGV�
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7DEOH������ &ODVVLILFDWLRQ�VFKHPD�IRU�VHQWHQFHV�

UHP UHPDUN�E\�WKH�H[SHULPHQWHU
H[SO H[SODQDWLRQ�RI�WKH�IRUPXOD�NH\ZRUG
HSLV HSLVRGH�FRQFHUQLQJ�WKH�FRQWH[W�KLVWRU\�RI�WKH�SUREOHP
HYDO HYDOXDWLYH�UHPDUN�UHJDUGLQJ�WKH�SUREOHP�RU�WKH�VWLPXOXV
GLII GLIIHUHQFH�VLPLODULW\�EHWZHHQ�WZR�VLWXDWLRQV�PHQWLRQHG
PHWK VROXWLRQ�PHWKRG
JRDO JRDO��ZKDW�LV�WR�EH�VROYHG�
HODE HODERUDWLRQ�RQ�LQIRUPDWLRQ�DOUHDG\�JLYHQ
JLYHQ LQIRUPDWLRQ�UHJDUGLQJ�WKH�SUREOHP�VLWXDWLRQ
PLVF PLVFHOODQHRXV

:H� GLVWLQJXLVKHG� QLQH� GLIIHUHQW� IXQFWLRQV� RI� VHQWHQFHV�� DQG� ZH� DGGHG� D
PLVFHOODQHRXV�FDWHJRU\�IRU�LQFRPSOHWH�IUDJPHQWV�DQG�IUDJPHQWV�WKDW�KDG�QR�FOHDU
IXQFWLRQ��7KH�FDWHJRULHV�DV�WKH\�DSSHDU�LQ�7DEOH�����DUH�OLVWHG�LQ�RUGHU�RI�SULRULW\�
VR�D�VHQWHQFH�ZDV�ODEHOOHG�ZLWK�WKH�WRSPRVW�ODEHO�DSSOLFDEOH��$V�D�FRQVHTXHQFH�RI
WKH�LQGXFWLYH�DSSURDFK�ZH�XVHG��QRW�DOO�FRGHV�DUH�GLUHFWO\�UHODWHG�WR�WKH�SURSHUWLHV
OLVWHG�LQ�7DEOH������+HUH��ZH�ZLOO�IRFXV�RQ�WKRVH�FRGHV�WKDW�KDYH�D�GLUHFW�UHODWLRQ�WR
WKHVH� SURSHUWLHV�� 7R� EHJLQ� ZLWK�� WKH� FRGHV�UHPDUN� DQG� H[SODQDWLRQ� ZHUH� DVVLJQHG
RQO\� WR� H[FOXGH� VHQWHQFHV� IURP� IXUWKHU� DQDO\VLV��(SLVRGH� DQG� HYDOXDWLRQ� FDQQRW
VWUDLJKWIRUZDUGO\�EH�SODFHG�LQ�WKH�IUDPHZRUN�ZH�DUH�XVLQJ��QHYHUWKHOHVV�WKH\�PD\
JLYH� UHOHYDQW� LQIRUPDWLRQ� DERXW� NQRZOHGJH� DQG� OHDUQLQJ� �VHH� 7XOYLQJ�� �����
.RORGQHU��������DQG�)HUJXVRQ�+HVVOHU�	�'H�-RQJ������UHVSHFWLYHO\���7KH�DELOLW\
WR�PHQWLRQ�GLIIHUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ�VLWXDWLRQV�UHODWHV�WR�WKH�¶GLIIXVHGQHVV
YHUVXV� ORFDOLW\·� DVSHFW� RI� VWUXFWXUH�� EHFDXVH� LW� ZRXOG� EH� LPSRVVLEOH� WR� GHVFULEH
GLIIHUHQFHV�DQG�VLPLODULWLHV�RQ�WKH�EDVLV�RI�FRQFHSWV�ZLWK�D�GLIIXVH�PHDQLQJ�DORQH�
:KHQ�VROXWLRQ�PHWKRGV�DUH�GLVFXVVHG�ZLWKLQ�D�VLWXDWLRQ�GHVFULSWLRQ��ZH�WDNH�WKLV�DV
HYLGHQFH� WKDW� WKH� WZR� DUH� PHQWDOO\� LQWHJUDWHG�� ZKLFK� LV� DQ� DVSHFW� RI� IOH[LELOLW\�
$ZDUHQHVV�RI�JRDOV� LV�FRQVLGHUHG�LPSRUWDQW�WR�SUREOHP�VROYLQJ��$QGHUVRQ��������
EXW� WKH� OLWHUDWXUH� VXJJHVWV� QR� VSHFLILF� K\SRWKHVHV� DERXW� FRPSHWHQFH�UHODWHG
GLIIHUHQFHV� LQ� WKH� UROH� JRDOV� SOD\� LQ� SUREOHP� UHSUHVHQWDWLRQV�� $Q� HODERUDWHG
GHVFULSWLRQ�RI�D�SUREOHP�VLWXDWLRQ�LQGLFDWHV�WKDW�WKH�VXEMHFW�KDV�D�JUDSK�VWUXFWXUHG
UHSUHVHQWDWLRQ� ZLWK� PXOWLSOH� LQIHUHQFH� VRXUFHV�� ZKLFK� DJDLQ� LV� DQ� DVSHFW� RI
VWUXFWXUH�� $OO� RWKHU� VWDWHPHQWV� WKDW� LQWURGXFHG� LQIRUPDWLRQ� DERXW� WKH� SUREOHP
VLWXDWLRQ� ZHUH� FRGHG� JLYHQ�� )LQDOO\�� WKH� UHPDLQLQJ� VHQWHQFHV� ZHUH� FRGHG
PLVFHOODQHRXV�

([DPSOHV� RI� DOO� FDWHJRULHV� DUH� JLYHQ� LQ� $SSHQGL[� &�� $� VPDOO� IUDJPHQW� E\� D
SURILFLHQW� VWXGHQW� VKRZV� KRZ� WKH� FRGLQJ� ZDV� DSSOLHG� �JRRG� VWXGHQW� LG��� LQ
UHDFWLRQ�WR�WKH�VWLPXOXV�VKRZQ�LQ�)LJXUH������'XH�WR�WKH�WUDQVODWLRQ�� WKH�RULJLQDO
SXQFWXDWLRQ�KDV�FKDQJHG��

JLYHQ WKH� W\SH� RI� SUREOHP� FDQ� EH� D� FKDUJHG� VSKHUH� ZLWK� FKDUJH� DW� WKH� HGJH
RQO\��D�VXUIDFH�FKDUJH�

HODE WKDW�LV�EHFDXVH�WKH�FKDUJHV�H[HUW� IRUFH�RQ�HDFK�RWKHU��DV�D�FRQVHTXHQFH
WKH\�PRYH�DV� IDU� DZD\� IURP� HDFK� RWKHU� DV� WKH\� FDQ�� WKLV� UHVXOWV� LQ�D
VXUIDFH�FKDUJH�

JLYHQ D�FDSDFLWRU�WKDW�LV�FKDUJHG�
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JLYHQ DQG�JURXQGHG�DW�RQH�VLGH�
HODE WKHQ�ZH�KDYH�D�VXUIDFH�FKDUJH�DOVR��VLQFH�EHFDXVH�RI�WKH�IRUFHV�DOO�FKDUJH

LV�GULYHQ�WR�RQH�VXUIDFH�
PLVF GLIIHUHQFH�LV�WKDW�WKH�QDWXUH�RI�WKH�IRUFHV�
GLII ZHOO��\HV��WKH�VLPLODULW\�LQ�IDFW�� LV� WKDW� WKHUH�DUH� IRUFHV� WKDW�PDNH�WKH

FKDUJH�GULIW�WR�WKH�VXUIDFH�
GLII GLIIHUHQFH�LV�WKDW�RQH�KDV�D�UDGLDO�IRUFH�
GLII ZKHUHDV�ZLWK�WKH�FDSDFLWRU�DOO�IRUFHV�KDYH�WKH�VDPH�RULHQWDWLRQ�

7KH� FRGLQJ� V\VWHP� ZDV� WHVWHG� E\� WZR� LQGHSHQGHQW� UDWHUV�� %RWK� UDWHUV� ZHUH
SK\VLFLVWV��DQG�RQH�RI�WKHP�DOVR�KDG�DPSOH�WHDFKLQJ�H[SHULHQFH�ZLWK�WKH�(OHFWULFLW\

	�0DJQHWLVP�FRXUVH��7KH� LQWHU�UDWHU�UHOLDELOLW\�ZDV�VDWLVIDFWRU\��N� ������Q� �����
7KH�UHVXOWV�RI�WKH�DQDO\VLV�DW�WKH�VHQWHQFH�OHYHO�DUH�VXPPDULVHG�LQ�7DEOH�����

7DEOH������ �$YHUDJH�IUHTXHQFLHV�DQG�SURSRUWLRQV�RI�VHQWHQFH�W\SHV�E\�OHYHO�RI�H[SHUWLVH�

OHFWXUHU
�Q ��

3K'�FDQGLGDWH
�Q ��

JRRG�VWXGHQW
�Q ��

ZHDN�VWXGHQW
�Q ��

0��6'� � 0��6'� � 0��6'� � 0��6'� �

JLYHQ ����������� ���� ������������ ���� ����������� ���� ����������� ����
HODERUDWLRQ ����������� ���� ����������� ��� ����������� ��� ����������� ���
JRDO ����������� ��� ����������� ��� ����������� ���� ����������� ����
GLIIHUHQFH ����������� ��� ����������� ���� ����������� ���� ����������� ����
PHWKRG ���������� ��� ����������� ��� ����������� ��� ��������� ���
HYDOXDWLRQ ���������� ��� ���������� ��� ��������� ��� ���������� ���
HSLVRGH ��������� ��� ��������� ��� ��������� ��� ��������� ���
PLVFHOODQHRXV ������������ ���� ������������� ���� ����������� ���� ����������� ����

WRWDO�FRXQW ������������� ��� ������������� ��� ������������ ��� ������������ ���

8VLQJ� WKH� SHUPXWDWLRQ� WHVW� GLVFXVVHG� HDUOLHU�� ZH� FRXOG� GHPRQVWUDWH� D� GLIIHUHQFH
EHWZHHQ� H[SHUWLVH� JURXSV�� S� ������ 7R� IXUWKHU� H[SORUH� WKH� UHODWLRQV� EHWZHHQ
H[SHUWLVH� DQG� VHQWHQFH� SDWWHUQV�� ZH� PDGH� D� FRUUHVSRQGHQFH� DQDO\VLV� ZLWK� WKH
VXEMHFWV� GHILQLQJ� WKH� URZV� DQG� WKH� VHQWHQFH� W\SHV� GHILQLQJ� WKH� FROXPQV�� 7KH
LQHUWLD� H[SODLQHG� ZDV� ���� IRU� WKH� ILUVW� GLPHQVLRQ� DQG� ���� IRU� WKH� VHFRQG
GLPHQVLRQ��:H�VHWWOHG�XSRQ�D�FRUUHVSRQGHQFH�DQDO\VLV�LQ�WZR�GLPHQVLRQV��EHFDXVH
WKH� WRWDO� LQHUWLD� H[SODLQHG�ZLWK� WZR�GLPHQVLRQV�ZDV������DQG� WKH� LQFOXVLRQ�RI� D
WKLUG� GLPHQVLRQ� RQO\� DGGHG� DQRWKHU� ����� ZKLFK� LV� DERXW� FKDQFH� YDOXH�� 7KH
UHVXOWLQJ�FRUUHVSRQGHQFH�SORW�LV�SUHVHQWHG�LQ�)LJXUH�����
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)LJXUH������ 7KH�UHODWLRQ�EHWZHHQ�H[SHUWLVH�OHYHO�DQG�WKH�XVH�RI�VHQWHQFH�W\SHV��FRUUHVSRQGHQFH
DQDO\VLV��FDQRQLFDO�QRUPDOLVDWLRQ��

)LJXUH�����VKRZV�KRZ�WKH�GLIIHUHQW�H[SHUWLVH�JURXSV�FDQ�EH�VHSDUDWHG�RQ�WKH�EDVLV
RI� WKHLU� GLIIHUHQW� XVH� RI� SDUWLFXODU� VHQWHQFH� W\SHV�� 7KH� H[SHUW�QRYLFH� FRQWUDVW� LV
PDLQO\�DORQJ�WKH�YHUWLFDO�GLPHQVLRQ��ZKLOH�WKH�JRRG�QRYLFHV�DUH�VHSDUDWHG�IURP�WKH
ZHDN�QRYLFHV�DORQJ� WKH�KRUL]RQWDO��7KH� OHFWXUHUV� DQG� WKH�3K'�FDQGLGDWHV� FOHDUO\
RYHUODS��DQG�EHFDXVH�WKHLU�QXPEHUV�DUH�WRR�VPDOO� WR�SHUPLW�DQ\�VHQVLEOH�DQDO\VLV�
ERWK�NLQGV�RI�H[SHUWV�DUH�WDNHQ�WRJHWKHU�IRU�IXUWKHU�FRPSDULVRQ��7KH�JUDSK�VKRZV
WKDW� WKH� IUHTXHQW� PHQWLRQLQJ� RI� HODERUDWLRQV� FRPELQHV� ZLWK� DQ� HPSKDVLV� RQ
GLIIHUHQFHV��DQG�ZLWK�IHZ�HYDOXDWLYH�UHPDUNV��$�VXEMHFW·V��SRVLWLRQ�DORQJ�WKH�GLPHQVLRQ
VSDQQHG�E\�WKHVH�SURSHUWLHV�UHIOHFWV�VWUXFWXUH�UHODWHG�DVSHFWV��*RRG�VWXGHQWV�GLIIHU
IURP�ZHDN�VWXGHQWV� WKURXJK� WKH�JUHDWHU�QXPEHU�RI� HODERUDWLRQV� DQG�GLIIHUHQFHV�
DQG� IHZHU� HYDOXDWLYH� UHPDUNV�� 8SRQ� FORVHU� H[DPLQDWLRQ� LW� DSSHDUHG� WKDW� PRVW
HYDOXDWLYH� UHPDUNV� E\� ZHDN� QRYLFHV� MXVW� VWDWHG� D� JHQHUDO� ODFN� RI� XQGHUVWDQGLQJ�
ZKLFK� LV� FRQVLVWHQW� ZLWK� RXU� LQWHUSUHWDWLRQ�� 7KH� JUDSK� DOVR� VKRZ� WKDW�JRDOV� DUH
DOPRVW� H[FOXVLYHO\� PHQWLRQHG� E\� QRYLFHV�� ZKHUHDV�PHWKRGV� DUH� PRUH� IUHTXHQW
DPRQJ�H[SHUWV�WKDQ�DPRQJ�QRYLFHV��7KHVH�WZR�SURSHUWLHV�VSDQ�D�GLPHQVLRQ�WKDW�LV
DSSUR[LPDWHO\�RUWKRJRQDO�WR�WKH�ILUVW��7KLV�VHFRQG�GLPHQVLRQ�FRXOG�EH�LQWHUSUHWHG
DV�ZKHUH� WR�JR�YHUVXV�KRZ� WR� JR�� LW� LV� UHODWHG�WR�WKH�ILQDO�DVSHFW�RI�IOH[LELOLW\��QDPHO\
SUREOHP�DQG�VROXWLRQ�PHWKRG�DUH�VHSDUDWH�YHUVXV�LQWHJUDWHG��7KH�RXWFRPHV�VKRZ�WKDW�WKH
¶H[SHUW� YHUVXV� QRYLFH·� FRQWUDVW� LV� TXDOLWDWLYHO\� GLIIHUHQW� IURP� WKH� ¶JRRG� YHUVXV
ZHDN·�EHJLQQHU�FRQWUDVW�
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������(QWLUH�VLWXDWLRQV

$W� WKH� OHYHO�RI� WKH� HQWLUH� VLWXDWLRQ��ZH�ZHUH�SULPDULO\� LQWHUHVWHG� LQ� TXDOLWLHV� WKDW
FRXOG�QRW�EH�DVVHVVHG�DW�WKH�ORZHU�OHYHOV��:LWK�UHJDUG�WR�IOH[LELOLW\��ZH�ZRXOG�OLNH�WR
NQRZ� ZKHWKHU� WKH� VXEMHFW� KDV� PXOWLSOH� UHSUHVHQWDWLRQV� RI� D� VLWXDWLRQ�� DQG� LQ
SDUWLFXODU�ZKHWKHU� WKHVH� UHSUHVHQWDWLRQV� DUH� DW� GLIIHUHQW� OHYHOV� RI� DEVWUDFWLRQ��$V
UHJDUGV� WKH� VWUXFWXUH� RI� WKH� SUREOHP��ZH�ZRXOG� OLNH� WR� DVVHVV� WKH� FRKHUHQFH� RI
SUREOHP�GHVFULSWLRQV��)XUWKHUPRUH��ZH�H[SHFWHG�WKDW�WKH�DYDLODELOLW\�RI�D�FRKHUHQW
DQG� IOH[LEOH� SUREOHP� UHSUHVHQWDWLRQ� ²� WKDW� LV� OLQNHG� WR� VROXWLRQ� LQIRUPDWLRQ� ²
ZRXOG�HQDEOH�D�SHUVRQ�WR�IRUPXODWH�SUREOHPV�WKDW�GLIIHU�LQ�D�UHOHYDQW�ZD\��DQG�WR
H[SODLQ� WKHVH� GLIIHUHQFHV�� 7KHUHIRUH�� WKH� UHOHYDQFH� RI� DOWHUQDWLYHV� DQG� RI
GLIIHUHQFHV�PHQWLRQHG� KDG� WR� EH� MXGJHG� WRR��:H� FKRRVH� D� VHW� RI� IRXU� SUREOHP
GHVFULSWLRQV�WKDW�ZHUH�DQDO\VHG�IRU�DOO�VXEMHFWV��$OO�MXGJHPHQWV�ZHUH�ILUVW�PDGH�E\
WKH� DXWKRU� DQG� DQRWKHU� SK\VLFLVW� LQGHSHQGHQWO\�� DIWHU� ZKLFK� GLIIHUHQFHV� ZHUH
UHVROYHG�E\�GLVFXVVLRQ��7KH� HQWLUH� UDWLQJ� SURFHGXUH�ZDV� FDUULHG� RXW� EOLQGO\�ZLWK
UHVSHFW�WR�VXEMHFW·V�H[SHUWLVH�OHYHO�

7KH�ILUVW�IHDWXUH�LV�WKH�OHYHO�RI�JHQHUDOLW\�DVVRFLDWHG�ZLWK�WKH�SUREOHP�GHVFULSWLRQ�
$�SUREOHP�GHVFULSWLRQ�PD\�HLWKHU�VWDUW�IURP�D�JHQHULF�OHYHO�DQG�WKHQ�EHFRPH�PRUH
VSHFLILF��RU�LW�PD\�EH�D�PL[WXUH�RI�JHQHULF�DQG�VSHFLILF�HOHPHQWV��RU�WKH�HQWLUH�GH�
VFULSWLRQ� PLJKW� EH� DW� D� VLQJOH� OHYHO�� :H� IRXQG� WKDW� WKHUH� LV� QR� XQDPELJXRXV
VWDQGDUG� IRU� GHFLGLQJ� ZKHWKHU� D� VLQJOH� GHVFULSWLRQ� LV� LQVWDQWLDWHG� RU� JHQHULF�
%HVLGHV�LW� LV�GRXEWIXO�ZKHWKHU�VXFK�D�PHDVXUH�ZRXOG�EH�YHU\�XVHIXO��:KHWKHU�DQ
XWWHUDQFH�LV�FRQVLGHUHG�WR�EH�LQVWDQWLDWHG�GHSHQGV�RQ�WKH�FRQWH[W�RI�WKH�XWWHUDQFH�
DQG� LQ� SDUWLFXODU� RQ� WKH� VWLPXOXV� WKDW� WKH� XWWHUDQFH� ZDV� D� UHVSRQVH� WR�� 2Q� WKH
RWKHU� KDQG�� LW� LV� UHODWLYHO\� FOHDU� ZKHWKHU� D� SURSRVLWLRQ� LV� DQ� LQVWDQWLDWLRQ� RI� D
IRUHJRLQJ�RQH��$V�DQ�H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�IUDJPHQWV��ERWK�LQ�UHVSRQVH
WR�*DXVV·�ODZ�ZLWK�NH\ZRUG�¶VXUIDFH�FKDUJH·��WKH�ILUVW�E\�D�OHFWXUHU��WKH�VHFRQG�E\�D
ZHDN�VWXGHQW�

ZKHQ�\RX�WKLQN�RI�VXUIDFH�FKDUJH��LQ�WKLV�FDVH�WKDW�LPSOLHV�FRQGXFWRUV��VR�LQ�WKH
LQVLGH�WKH�HOHFWULFDO�LQWHQVLW\�DPRXQWV�WR�]HUR��DV�D�FRQVHTXHQFH�WKHUH�LV�QR�VSDWLDO
FKDUJH� «\HV�� ,� WKLQN� RI� D� SUREOHP� WKDW� LQFOXGHV� D� F\OLQGHU�� F\OLQGHUV� SXW
WRJHWKHU�� DQG� VSKHUHV� SXW� WRJHWKHU�� OHDGLQJ� WR� FKDUJHV� RQ� WKH� LQVLGH� DQG� RQ� WKH
RXWVLGH��LQ�ZKLFK�FDVH�FRPSRQHQWV�FDQFHO�RXW�GXH�WR�V\PPHWULHV��ZKLFK�PDNHV�WKH
LQWHJUDO�HDVLHU�WR�HYDOXDWH«�OHFWXUHU��LG��

WZR� FDSDFLWRU� SODWHV� DW� SUR[LPDWH� SRVLWLRQV�� \RX� KDYH� WR� FRPSXWH� HOHFWULFDO
LQWHQVLW\�� VRPHWKLQJ� OLNH� WKDW�� ,� FDQ·W� WKLQN� RI� D� UHDO� GLIIHUHQFH� VLQFH� WKHVH
SUREOHPV� DOZD\V� FRQFHUQ� FDSDFLWRUV�� \HDK�� HLWKHU� IODW� SODWHV� RU� F\OLQGHUV� SXW
WRJHWKHU«�ZHDN�VWXGHQW��LG���

,Q� WKH� ILUVW� IUDJPHQW� D� UHGXQGDQW� GHVFULSWLRQ� LV� JLYHQ� ZLWK� WKH� UHGXQGDQW
HODERUDWLRQV�XQGHUOLQHG��7KH�ILUVW�HODERUDWLRQV�DUH�PRUH�DEVWUDFW�SURSHUWLHV�RI�WKH
FRQGXFWRU�PHQWLRQHG��7KH� ODVW� WZR�HODERUDWLRQV�DUH� DEVWUDFWLRQV�RI� WKH�FRQFUHWH
VLWXDWLRQ� DV�ZHOO�� EXW�� LQ� DGGLWLRQ�� WKH\� DOVR� UHIHU� WR� WKH� VROXWLRQ�PHWKRG�� ,Q� WKH
VHFRQG� IUDJPHQW�� LQ� FRQWUDVW�� DOO� FRQFHSWV� PHQWLRQHG� DUH� DW� WKH� VDPH� OHYHO� RI
DEVWUDFWLRQ��7KH�TXDQWLWDWLYH�RXWFRPH�RI�WKH�DQDO\VLV�LV�SUHVHQWHG�LQ�)LJXUH������,W
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WXUQV�RXW�WKDW�WKH�XVH�RI�PXOWLSOH�OHYHOV�FOHDUO\�LQFUHDVHV�ZLWK�FRPSHWHQFH��U6� �����
GI�  � ���� S� �� ������:HDN� VWXGHQWV� KDUGO\� XVH� PXOWLSOH� OHYHOV�� 7KLV� LPSOLHV�� WKH\
HLWKHU�JLYH�DQ�DEVWUDFW�GHVFULSWLRQ�RU�WKH\�JLYH�D�FRQFUHWH�GHVFULSWLRQ��EXW�WKH\�GR
QRW�FRQQHFW�WKH�GLIIHUHQW�OHYHOV�
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)LJXUH������ 3UHVHQFH�RI�PXOWLSOH�OHYHOV�LQ�D�SUREOHP�GHVFULSWLRQ�

7KH�QH[W�IHDWXUH�WKDW�KDV�RQO\�VLJQLILFDQFH�IRU�WKH�HQWLUH�VLWXDWLRQ�LV�FRKHUHQFH��$
GHVFULSWLRQ� FDQ� EH� IOXHQW� RU� LW� PD\� FRQWDLQ� DOO� NLQGV� RI� VWUDQJH� OHDSV�� ,Q� WKH
H[WUHPH� FDVH� LW� LV� KDUGO\� SRVVLEOH� WR� JLYH� DQ\� PHDQLQJ� WR� WKH� GHVFULSWLRQ�
�,Q�FRKHUHQFH�ZDV�MXGJHG�RQ�D�ILYH�SRLQW�VFDOH�UDQJLQJ�IURP�¶QR�LQFRKHUHQFHV·�YLD
¶D�VLQJOH� LQFRKHUHQW�VWHS·�� ¶VRPH�LQFRKHUHQW�VWHSV��VWLOO�HDVLO\�XQGHUVWDQGDEOH·��DQG
¶VHYHUDO� LQFRKHUHQW� VWHSV�� KDUG� WR� XQGHUVWDQG·�� WR� ¶FRPSOHWHO\� LQFRKHUHQW·�
&RPSDUH��IRU�LQVWDQFH��WKH�IROORZLQJ�WZR�GHVFULSWLRQV��ERWK�LQ�UHDFWLRQ�WR�*DXVV·
ODZ�ZLWK�NH\ZRUG�¶VSKHULFDO�V\PPHWU\·

$�VSKHUH�LV�QRW�D�ILHOG��EXW��,�GRXEW�ZKHWKHU�WKDW�LV�UHOHYDQW�«�7KHUH�PD\�EH�D
ILHOG�LQVLGH�WKH�VSKHUH��EXW��ZHOO�LI�WKHUH·V�QR�FKDUJH�DW�OHDVW���([SHULPHQWHU��GR
\RX�VHH�D�SUREOHP�WKDW�HPSOR\V�ERWK"��LQ�IDFW�,�GR�EXW��\HV��D�VSKHUH�RND\��EXW
VSKHULFDO�V\PPHWU\�«�\RX�PD\��D�VSKHUH��RU�XK��WZR�VSKHUHV�SXW�WRJHWKHU��ZKHUH�
LI�RQ�RQH�VSKHUH� \RX�SXW� WKLV�DPRXQW�RI� FKDUJH��DQG�RQ� WKH�RWKHU� \RX�SXW� WKDW
DPRXQW��\RX�FDQ�FRPSXWH�XVLQJ�WKH�HQFORVHG�FKDUJH��\RX�PD\�FRPSXWH�WKH�ILHOG��RU
ZKHQ� WKHUH� LV� VSDWLDO� FKDUJH� LQVLGH� WKH� VSKHUH�� \RX� PD\� FRPSXWH� WKDW� DV
ZHOO«�ZHDN�VWXGHQW��LG���

$�FKDUJHG�VSKHUH�� IRU�LQVWDQFH��WKH�HOHFWULF� ILHOG�FOHDUO\�LV�D�VSKHULFDO�V\PPHWU\�
DQG�ZLWK�D�*DXVV�ER[��D�VSKHUH�DURXQG�LW�IRU�H[DPSOH��VR�\RX�FDQ�FRPSXWH�WKH
ILHOG�DW�D�JLYHQ�GLVWDQFH�IURP�WKH�VSKHUH��DQG�WKH�RWKHU�ZD\�URXQG��ZLWK�D�JLYHQ
VSKHUH�RU�*DXVV�ER[��DQG�\RX�PHDVXUH�D�FHUWDLQ�ILHOG�LQWHQVLW\�DW�WKDW�GLVWDQFH�
\RX�FDQ�XVH�WKH�IRUPXOD�WR�FRPSXWH�WKH�FKDUJH�WKDW�LV�LQ�WKH�*DXVV�ER[��LQ�WKH
*DXVV�VSKHUH�����JRRG�VWXGHQW��LG���

7KH� ILUVW� IUDJPHQW�� E\� D� ZHDN� VWXGHQW�� ZDV� FRQVLGHUHG� WR� EH� ¶ZLWK� VHYHUDO
LQFRKHUHQW� VWHSV·��7KH� IUDJPHQW�� DV� D� W\SLFDO� H[DPSOH�� LOOXVWUDWHV� WKH� IUDJPHQWDU\
QDWXUH� RI� ZHDN� QRYLFH� SUREOHP� GHVFULSWLRQV�� 7KH� IUDJPHQW� LV� PDLQO\� DQ
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HQXPHUDWLRQ�RI�LVRODWHG�HOHPHQWV�DQG�VRPH�SURSRVLWLRQV��,Q�WKH�ILUVW�IHZ�OLQHV�WKH
VWXGHQW� LV� DSSDUHQWO\� WU\LQJ� WR� JHW� VRPH� JULS� RQ� WKH� WHUPV� XVHG�� 7KHQ�� DIWHU� DQ
LQWHUYHQWLRQ� E\� WKH� H[SHULPHQWHU�� D� VLWXDWLRQ� LV� GHVFULEHG�� 7KH�ZRUGLQJ� UHPDLQV
IX]]\�� DQG� WKH� UHODWLRQV� EHWZHHQ� REMHFWV� UHPDLQ� LPSOLFLW� RU� DPELJXRXV�� 7KH
VSKHUHV��IRU�LQVWDQFH��DUH�¶SXW�WRJHWKHU·��SUREDEO\�FRQFHQWULF���DQG�\RX�KDYH�WR�XVH
WKH�¶HQFORVHG�FKDUJH·��SUREDEO\�ZLWKLQ�D�VXUIDFH�MXVW�RXWVLGH�WKH�RXWHU�VSKHUH���DQG
ILQDOO\�D�ILHOG�LV�WR�EH�FRPSXWHG�ZLWKRXW�VSHFLILFDWLRQ�RI�WKH�SODFH�ZKHUH�LW�FRXOG
EH� FRPSXWHG�� 7KH� ILQDO� VHQWHQFH� VWDWHV� WKDW� \RX� PLJKW� FRPSXWH� ¶WKDW·�� ZLWKRXW
VSHFLI\LQJ�ZKDW�¶WKDW·�LV��7KRXJK�LQ�PRVW�FDVHV�WKHUH�LV�D�VHQVLEOH�LQWHUSUHWDWLRQ�WR
WKH� VWXGHQW·V� VWDWHPHQWV�� PDQ\� RI� WKH� VWDWHPHQWV� DQG� HVSHFLDOO\� WKH� UHODWLRQV
EHWZHHQ�WKHP�DUH�XQFOHDU��,Q�WKH�VHFRQG�IUDJPHQW��E\�D�SURILFLHQW�VWXGHQW�� WKHUH
DUH�IDU� IHZHU�DPELJXLWLHV��DQG� WKH� UHODWLRQ�EHWZHHQ�D�VWDWHPHQW�DQG� WKH�SUHYLRXV
VWDWHPHQW�LV�JHQHUDOO\�FOHDU�

6FRUHV�DUH�SUHVHQWHG�LQ�)LJXUH������7KH�DYHUDJH�FRKHUHQFH�RI�D�VXEMHFW·V�SUREOHP
GHVFULSWLRQV�GHSHQGV�VLJQLILFDQWO\�RQ�FRPSHWHQFH��U6� ������GI� �����S� �������7KH
LPDJH�LV�FOHDU��OHFWXUHUV·�SUREOHP�GHVFULSWLRQV�DUH�PRUH�FRKHUHQW�WKDQ�WKRVH�RI�WKH
RWKHUV��3URILFLHQW�VWXGHQWV� WHOO�PRUH�FRKHUHQW�VWRULHV� WKDQ�ZHDN�VWXGHQWV�GR��DQG
WKH� GLIIHUHQFH� EHWZHHQ�3K'�FDQGLGDWHV� DQG� JRRG� XQGHUJUDGXDWH� VWXGHQWV� LV� QRW
WRR� FOHDU�� DSDUW� IURP� WKH� IDFW� WKDW� 3K'� FDQGLGDWHV� GR� QRW� WHOO� FRPSOHWHO\
LQFRKHUHQW� VWRULHV��:H�KDYH�DOVR� VHDUFKHG� IRU� LQFRQVLVWHQW�SUREOHP�GHVFULSWLRQV�
EXW�ZH�FRXOG�ILQG�RQO\�IHZ��SHUKDSV�EHFDXVH�PRVW�LQFRQVLVWHQW�GHVFULSWLRQV�ZHUH
LQFRPSUHKHQVLEOH�LQ�WKH�ILUVW�SODFH�
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 5 :  c o m p l e t e l y  i n c o h e r e n t
 

 4 :  s e v e r a l  i n c o h e r e n t  s t e p s ,
    h a r d  t o  u n d e r s t a n d

 3 :  s o m e  i n c o h e r e n t  s t e p s ,
    m e a n i n g  i s  c l e a r

 
2 :  a  s i n g l e  i n c o h e r e n t  s t e p
 

 1 :  n o  i n c o h e r e n c e s

)LJXUH������ 7KH�LQFRKHUHQFH�RI�SUREOHP�GHVFULSWLRQV�E\�OHYHO�RI�H[SHUWLVH�

:H�KDG�DVNHG�VXEMHFWV�WR�GHVFULEH�WZR�GLIIHUHQW�VLWXDWLRQV�LQ�UHVSRQVH�WR�D�VLQJOH
VWLPXOXV�� 7KH� QH[W� PHDVXUH� LV� KRZ� ZHOO� WKH\� VXFFHHGHG� LQ� GRLQJ� WKLV�� 6XEMHFWV
FRXOG�HLWKHU�GHVFULEH� WZR�VLWXDWLRQV� WKDW�ZHUH�GLIIHUHQW� LQ� D�ZD\� UHOHYDQW� IURP�D
SK\VLFV�SRLQW�RI�YLHZ��LUUHOHYDQW�IURP�D�SK\VLFV�SRLQW�RI�YLHZ��RU�WKH\�GLG�QRW�JLYH
DQ� DOWHUQDWLYH� DW� DOO�� $� W\SLFDO� H[FHUSW� IURP� D� ZHDN� QRYLFH� SUREOHP� GHVFULSWLRQ
VKRZV� WKDW� DOWHUQDWLYH� SUREOHP� GHVFULSWLRQV� JHQHUDWHG� E\� ZHDN� QRYLFHV� GR� QRW
LQYROYH�DQ\�TXDOLWDWLYHO\�GLIIHUHQW�SK\VLFV�
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WZR� FKDUJHV� SODFHG� DW� DQ� D[LV� DW� HTXDO� GLVWDQFH�� WKDW� FDQFHO� RXW� FRPSOHWHO\� RU
SDUWLDOO\��RU�VHYHUDO�FKDUJHV��DQG�WKHQ�FRPSXWH� WKH� IRUFH�RI� WKH� WKLUG�FKDUJH��\HV
WKH� IRUFHV� WKDW� LV� H[HUWHG� RQ� WKH� WKLUG� FKDUJH�� VHFRQG� VLWXDWLRQ�� WKDW� \RX� KDYH
VHYHUDO�FKDUJHV�RI�WKH�VDPH��RU�RI�GLIIHUHQW��\RX�KDYH�GLIIHUHQW�NLQGV�RI�FKDUJHV�«
WKDW�DPSOLI\�HDFK�RWKHU�SURSRUWLRQDOO\��RU�DPSOLI\���([SHULPHQWHU��ZKDW�H[DFWO\
GR�\RX�PHDQ�E\�WKDW"��ERWK�FDXVH�WKH�VDPH�IRUFH�LQ�WKH�VDPH�GLUHFWLRQ��GLIIHUHQFH
LV�WKDW�LQ�WKH�ILUVW�VLWXDWLRQ�\RX�KDG�GLIIHUHQW��RU�WZR�HTXDO�FKDUJHG�WKDW�FDQFHOOHG
RXW� HDFK� RWKHU�� LQ� WKH� RWKHU� \RX� KDG� WKH� VDPH�� RU� \HV� GLIIHUHQW� FKDUJHV� WKDW
DPSOLILHG�HDFK�RWKHU��ZHDN�VWXGHQW��LG���

,Q�WKLV�H[DPSOH�WKH�VLWXDWLRQV�GHVFULEHG�DUH�LGHQWLFDO�IRU�ERWK�SUREOHPV��RQO\�WKH
UHODWLYH�PDJQLWXGH�RI� WKH� FKDUJHV� LQYROYHG� FKDQJHV��ZKLFK� LQ� WKLV� FDVH� GRHV� QRW
OHDG� WR� DQ\� GLIIHUHQFHV� LQ� WKH� VROXWLRQ� DSSURDFK�� 7KH� VWXGHQW� GLG� QRW� JLYH� DQ\
LQGLFDWLRQ�WKDW�KH�ZDV�GLVVDWLVILHG�ZLWK�WKH�DOWHUQDWLYH�KH�GHVFULEHG��7KLV�ZRXOG�EH
GLIIHUHQW�LQ�SURWRFROV�E\�PRUH�SURILFLHQW�VXEMHFWV��ZKR��LQ�JHQHUDO��SURGXFHG�PRUH
UHOHYDQW�DOWHUQDWLYHV�DQG� LQ�FDVH� WKH\�KDG�JHQHUDWHG�DQ� LUUHOHYDQW� DOWHUQDWLYH� WKH\
ZRXOG�EH�GLVVDWLVILHG�ZLWK�LW�DW�OHDVW��:H�WDNH�WKLV�DV�HYLGHQFH�WKDW��LQ�WKH�PLQGV�RI
PRUH� SURILFLHQW� VXEMHFWV�� VROXWLRQ� PHWKRGV� DUH� DVVRFLDWHG� ZLWK� SUREOHP
UHSUHVHQWDWLRQV�� )LJXUH� ���� SUHVHQWV� WKH� TXDQWLWDWLYH� ILQGLQJV� RQ� WKH� SUHVHQFH� RI
DOWHUQDWLYHV� LQ� SUREOHP� GHVFULSWLRQV�� 7KH� LQFUHDVH� RI� UHOHYDQW� DOWHUQDWLYHV� ZLWK
FRPSHWHQFH�LV�VLJQLILFDQW��U6� ������GI� �����S� ������
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)LJXUH������ 7KH�SUHVHQFH�RI�DOWHUQDWLYHV�LQ�WKH�SUREOHP�GHVFULSWLRQ�E\�OHYHO�RI�H[SHUWLVH�

$SDUW� IURP� JLYLQJ� DOWHUQDWLYHV�� VXEMHFWV� ZHUH� DVNHG� WR� PDNH� H[SOLFLW� ZKDW
DOWHUQDWLYHV� WKH\� KDG� LQWURGXFHG� LQ� WKHLU� GHVFULSWLRQ�� 7KH\� FRXOG� PHQWLRQ
GLIIHUHQFHV� EHWZHHQ� WZR� VLWXDWLRQV� RU� GLIIHUHQFHV� EHWZHHQ� WKH� ZD\V� WKH� WZR
SUREOHPV�ZHUH� VROYHG��ZKLFK� LV� LOOXVWUDWHG� LQ� WKHVH� WZR� H[DPSOHV� E\� RQH� RI� WKH
SURILFLHQW�VWXGHQWV�

ZHOO��\HV��WKH�VLPLODULW\�LQ�IDFW�LV�WKDW�WKHUH�DUH�IRUFHV�WKDW�PDNH�WKH�FKDUJH�GULIW
WR�WKH�VXUIDFH��GLIIHUHQFH�LV�WKDW�RQH�KDV�D�UDGLDO�IRUFH��ZKHUHDV�ZLWK�WKH�FDSDFLWRU
DOO�IRUFHV�KDYH�WKH�VDPH�RULHQWDWLRQ
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GLIIHUHQFH�LV�WKDW�ZLWK�D�FORVHG�FLUFXLW��DOO�SLHFHV�DUH�UHDOO\�VXPPHG�XS��ZKHUHDV
ZLWK�DQ�LQILQLWHO\�ORQJ�ZLUH��ZH�LQWHJUDWH�WR�LQILQLW\��WKH\�DUH�VLPLODU�LQ�WKDW�WKH
VDPH�IRUPXOD�LV�YDOLG��JRRG�VWXGHQW�LG����

7KH�TXDQWLWDWLYH�UHVXOWV�DUH�VXPPDULVHG�LQ�7DEOH�����

7DEOH������ �$YHUDJH�SURSRUWLRQ�RI�FDVHV�ZKHUH�GLIIHUHQFHV�ZHUH�PHQWLRQHG�H[SOLFLWO\��E\�OHYHO�RI
H[SHUWLVH�

OHFWXUHU
�Q ��

3K'�FDQGLGDWH
�Q ��

JRRG�VWXGHQW
�Q ��

ZHDN�VWXGHQW
�Q ��

0��6'� 0��6'� 0��6'� 0��6'�

GLIIHUHQFH�LQ�SK\VLFDO�VLWXDWLRQ ����������� ����������� ����������� �����������
GLIIHUHQFH�LQ�VROXWLRQ�PHWKRG ����������� ����������� ����������� �����������

$SSDUHQWO\�� WKH� H[SHUWV� RI� ERWK� NLQGV� PHQWLRQ� VRPHZKDW� PRUH� GLIIHUHQFHV
EHWZHHQ� WKH� VLWXDWLRQV�� EXW� WKH� UHODWLRQ�ZLWK� FRPSHWHQFH� LV� QRW� VLJQLILFDQW�� U6� 
�����GI� �����S� ������'LIIHUHQFHV�LQ�VROXWLRQV�PHWKRGV�ZHUH�QRW�PHQWLRQHG�RIWHQ
E\�HLWKHU�H[SHUWV�RU�VWXGHQWV��DQG�WKHUH�GR�QRW�DSSHDU�DQ\�PHDQLQJIXO�GLIIHUHQFHV
�U6� ������GI� �����S� ������

����'LVFXVVLRQ�DQG�FRQFOXVLRQV

7KLV� FKDSWHU� VHW� RXW� WR� VSHFLI\� FRPSHWHQFH�UHODWHG� FKDUDFWHULVWLFV� RI� SK\VLFV
SUREOHP� UHSUHVHQWDWLRQV�� $W� WKUHH� GLIIHUHQW� OHYHOV� RI� DQDO\VLV� ZH� VRXJKW� IRU
FKDUDFWHULVWLFV� WKDW� GLIIHU� EHWZHHQ� SUREOHP� VROYHUV� RI� GLIIHUHQW� FRPSHWHQFH�� $Q
LPSRUWDQW�JDLQ�IURP�WKH�DQDO\VLV�DW�GLIIHUHQW�OHYHOV�LV�WKDW�ZH�FRXOG�WULDQJXODWH�RXU
DQDO\VHV��DQG�LQWHUSUHW�ILQGLQJV�DW�RQH�OHYHO�E\�WKH�XVH�RI�ILQGLQJV�DW�DQRWKHU�OHYHO�
2XU�ILQGLQJV�SULPDULO\�DSSO\�WR�SUREOHPV�LQ�IRUPDO�FRQFHSWXDO�GRPDLQV�³�PRUH
LQ�SDUWLFXODU�SK\VLFV�SUREOHPV��$V�D�IXUWKHU�UHVWULFWLRQ��ZH�OLPLW�RXU�GLVFXVVLRQ�WR
SUREOHPV� WKDW� FDQ� EH� VROYHG� XVLQJ� D� NQRZQ� WKHRU\�� VXFK� DV� WKH� ILQG�SUREOHPV�
SURRI�SUREOHPV�DQG�SUHGLFWLRQ�SUREOHPV�IRXQG� LQ�VWDQGDUG�SK\VLFV� WH[WERRNV�� ,W
LV�RQO\�IRU�WKHVH�W\SHV�RI�SUREOHPV�WKDW� LVVXHV�ZH�KDYH�GLVFXVVHG� LQ�WKLV�FKDSWHU�
VXFK�DV�H[SHUWLVH��GHSWK�RI�UHSUHVHQWDWLRQ��DQG�FRPSOH[LW\�RI�WKH�SUREOHP��FDQ�EH
VSHFLILHG�LQ�D�SUHFLVH�ZD\�

7KH�H[SHULPHQWDO�PHWKRG�ZDV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�YHUEDO�GHVFULSWLRQV�RI
SUREOHPV��UHWDLQ�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�XQGHUO\LQJ�PHQWDO�UHSUHVHQWDWLRQV�
7KHUH�PD\�EH� VRPH�SUREOHPV�ZLWK� WKLV� DVVXPSWLRQ�� ILUVWO\�� VXEMHFWV�PD\� FHQVRU
WKHLU�XWWHUDQFHV��VHFRQGO\��SURSRVLWLRQV�PD\�QRW�EH�WKH�IRUPDW�LQ�ZKLFK�SUREOHPV
DUH� UHSUHVHQWHG� PHQWDOO\�� DQG� ILQDOO\� WKH� YHUEDO� GHVFULSWLRQ� RI� D� SUREOHP
UHSUHVHQWDWLRQ� FRXOG� EH� GLVUXSWHG� E\� D� ODFN� RI� YHUEDO� DELOLW\�� 7R� VROYH� WKH� ILUVW
SUREOHP�ZH�PDGH� VXEMHFWV�YHUEDOLVH� WKHLU� WKRXJKWV� FRQFXUUHQWO\��7KLV�PHWKRG� LV
NQRZQ� WR�EH�HIIHFWLYH� IRU� WKLQN�DORXG�SURWRFROV� �(ULFVVRQ�	�6LPRQ�� �������7KH
VHFRQG�SUREOHP�UHJDUGLQJ�WKH�YHUEDO�QDWXUH�RI�D�SUREOHP�UHSUHVHQWDWLRQ� LV�PRUH
IXQGDPHQWDO��+RZHYHU��HYHQ�WKURXJK�WKH�VWLPXOXV�PDWHULDO�ZDV�GHVLJQHG�WR�HYRNH
GLIIHUHQW�W\SHV�RI�SUREOHP�UHSUHVHQWDWLRQV��WKHUH�ZDV�D�FRQVHQVXV�DPRQJ�VXEMHFWV
DERXW�WKH�IRUPDW�RI�SUREOHP�GHVFULSWLRQV��3UREOHPV�ZHUH�GHVFULEHG�YHUEDOO\��DQG
VRPHWLPHV� D� GUDZLQJ� ZDV� DGGHG� WR� FODULI\� WKH� JHRPHWU\�� 7KHUH� DOVR� ZDV� DQ
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DJUHHPHQW� RQ� WKH� OHYHO� RI� VSHFLILFDWLRQ�� QXPEHUV� DQG� YDULDEOH� QDPHV� ZHUH
JHQHUDOO\� OHIW� RXW��7KLV� LV� QRW� WRR� VXUSULVLQJ� DV� WKH� WKHRU\� RI� WKH� GRPDLQ� LV� LQ� D
SURSRVLWLRQDO� IRUPDW�� DQG� WKXV� YHUEDO� UHDVRQLQJ� FDQ� EH� DVVXPHG� WR� SOD\� DQ
LPSRUWDQW� UROH�� 7KDW� FRXOG� DOVR� EH� DQ� DQVZHU� WR� WKH� WKLUG� SUREOHP�� LI� YHUEDO
UHDVRQLQJ�LV�VR�LPSRUWDQW��SRRU�YHUEDO�DELOLW\�PLJKW�YHU\�ZHOO�UHVXOW�LQ�SRRU�PHQWDO
UHSUHVHQWDWLRQV�

:H� KDG� SURSRVHG� WKDW� H[SHUWLVH�GHSHQGHQW� FKDUDFWHULVWLFV� RI� SUREOHP
UHSUHVHQWDWLRQV�FDQ�EH�RUGHUHG�LQ�IRXU�PDMRU�JURXSV��FRQWHQW��VWUXFWXUH��IOH[LELOLW\
DQG�G\QDPLF�EHKDYLRXU��:H�VHDUFKHG�IRU�FRQWHQW�UHODWHG�SURSHUWLHV�DW�WKH�OHYHO�RI
VLQJOH�ZRUGV��$W� WKLV� OHYHO�ZH� IRXQG� QR� HYLGHQFH� IRU� DGYDQFHG� SUREOHP�VROYHUV
XVLQJ�GLIIHUHQW�FRQFHSWV�LQ�WKHLU�PHQWDO�PRGHOV�

,Q�WKH�VWUXFWXUH�RI�SUREOHP�UHSUHVHQWDWLRQV��KRZHYHU��ZH�IRXQG�FOHDU�GLIIHUHQFHV�
:H�VHDUFKHG�IRU�VWUXFWXUH�UHODWHG�GLIIHUHQFHV�DW�DOO�WKUHH�OHYHOV�RI�DQDO\VLV��$W�WKH
OHYHO� RI� ZRUGV� ZH� IRXQG� WKDW� ZHDN� EHJLQQHUV� WHQG� WR� PHQWLRQ� PRUH� ¶UHODWLRQ
ZRUGV·��8SRQ�FORVHU� LQVSHFWLRQ�LW�DSSHDUV�WKDW�WKH�ZHDN�EHJLQQHUV�PHQWLRQ�WKHVH
UHODWLRQ�ZRUGV�ZLWKRXW� VSHFLI\LQJ� EHWZHHQ�ZKLFK� REMHFWV� WKH� UHODWLRQ� H[LVWV� �IRU
H[DPSOH��¶WKHUH�LV�D�IRUFH·���6R��WKH�ZHDN�QRYLFH·V�XVH�RI�UHODWLRQ�ZRUGV�FRQWULEXWHV
OLWWOH�WR�WKH�RYHUDOO�FRKHUHQFH�RI�WKH�SUREOHP�GHVFULSWLRQ��$W�WKH�OHYHO�RI�VHQWHQFHV�
ZH� IRXQG� HYLGHQFH� WKDW� ZHDN� QRYLFHV� KDYH� IHZ� UHGXQGDQW� HODERUDWLRQV� LQ� WKHLU
SUREOHP�GHVFULSWLRQ��DQG�WKDW� WKH\�FDQ�RQO\�JLYH�D�GLIIXVH�PHDQLQJ�WR�WKH�ZRUGV
WKH\�XVH��$W� WKH� OHYHO�RI� WKH�HQWLUH�SUREOHP�GHVFULSWLRQ�ZH�GHPRQVWUDWHG�D� FOHDU
LQFUHDVH�RI�FRKHUHQFH�ZLWK�LQFUHDVLQJ�SURILFLHQF\�

7KH�QH[W�JURXS�RI�SURSHUWLHV�LV�UHODWHG�WR�WKH�IOH[LELOLW\�RI�WKH�UHSUHVHQWDWLRQ��7KH
GLIIHUHQFHV�LQ�WKH�SUHVHQFH�RI�PXOWLSOH�UHSUHVHQWDWLRQV�DUH�FOHDUO\�DPRQJ�WKH�PRUH
FRQYLQFLQJ�LQ�WKLV�VWXG\��7KLV�VXJJHVWV�WKDW�WKH�FRXSOLQJ�EHWZHHQ�UHSUHVHQWDWLRQV�²
DQG�EHWZHHQ�FRQFUHWH�DQG�DEVWUDFW�UHSUHVHQWDWLRQV� LQ�SDUWLFXODU�²�PLJKW�EH�PRUH
LPSRUWDQW�WKDQ�WKH�VROH�XVH�RI�D�SDUWLFXODU�W\SH�RI�UHSUHVHQWDWLRQ��$W�WKH�VHQWHQFH
OHYHO� WKHUH� ZDV� VRPH� HYLGHQFH� WKDW� H[SHUW� SUREOHP�VROYHUV� KDYH� PRUH� VROXWLRQ
LQIRUPDWLRQ� DV� SDUW� RI� WKHLU� SUREOHP� UHSUHVHQWDWLRQV�� 7KH� DQDO\VLV� RI� WKH
DOWHUQDWLYHV� WKDW� ZHUH� PHQWLRQHG� E\� WKH� VXEMHFWV� FOHDUO\� VKRZV� WKDW� WKHUH� LV� DQ
LQFUHDVH� LQ� WKH� DPRXQW� RI� UHOHYDQW� DOWHUQDWLYHV� PHQWLRQHG� ZLWK� LQFUHDVLQJ
H[SHUWLVH��:H�WDNH�WKLV�DV�HYLGHQFH�WKDW� LQ�WKH�PLQGV�RI�PRUH�SURILFLHQW�VXEMHFWV
VROXWLRQ�PHWKRGV�DUH�DVVRFLDWHG�ZLWK�SUREOHP�UHSUHVHQWDWLRQV��:H�KDG�KRSHG� WR
ILQG�IXUWKHU�HYLGHQFH�RQ�WKLV�SRLQW�IURP�WKH�ZD\V�VXEMHFWV�H[SODLQ�WKH�GLIIHUHQFHV
EHWZHHQ�WKH�VLWXDWLRQV�WKH\�PHQWLRQHG��7KH�LQIRUPDWLRQ�RQ�WKH�GLIIHUHQFHV�LV�KDUG
WR� LQWHUSUHW� KRZHYHU�� WKH� DYHUDJH� VFRUHV� RQ� WKLV� DVSHFW� ZHUH� ORZ� DQG� VHYHUDO
VXEMHFWV�ZHUH�VOLJKWO\� LUULWDWHG�E\�EHLQJ�GHPDQGHG� WR� VXPPDULVH�GLIIHUHQFHV� WKH\
IHOW�WR�EH�REYLRXV��6WLOO��WKH�ILQGLQJV�UHJDUGLQJ�VROXWLRQV�LQIRUPDWLRQ�LQGLFDWH�WKDW
LQ� PRUH� DGYDQFHG� SUREOHP�VROYHUV� WKH� UHSUHVHQWDWLRQ� RI� WKH� SUREOHP� LV� PRUH
WLJKWO\� LQWHUZRYHQ� ZLWK� VROXWLRQ� UHSUHVHQWDWLRQV� WKDQ� LW� LV� LQ� OHVV� SURILFLHQW
SUREOHP�VROYHUV�

7KH�ILQDO�JURXS�RI�SURSHUWLHV�LV�UHODWHG�WR�WKH�XVH�RI�WKH�PRGHO�LQ�UHDVRQLQJ��6LQFH
RXU� PDWHULDO� FRQVLVWHG� RI� VWDWLF� GHVFULSWLRQV�� DQG�� LQ� DGGLWLRQ�� PRVW� RI� WKH
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SUREOHPV�ZHUH�DERXW�HOHFWURVWDWLFV�RU�PDJQHWRVWDWLFV��ZH�FRXOG�QRW�KRSH� WR� ILQG
H[WHQVLYH� LQIRUPDWLRQ� RQ� WKH� G\QDPLFV� RI� UHDVRQLQJ�� 1HYHUWKHOHVV�� ZH� IRXQG
TXDOLWDWLYH� HYLGHQFH� RI� WLPH�EDVHG� UHDVRQLQJ� LQ� SUREOHP� GHVFULSWLRQV�� :H� FDQ
GLVWLQJXLVK�EHWZHHQ�SUREOHPV�WKDW� LQYROYH�FKDQJLQJ�VLWXDWLRQV�DQG�VLWXDWLRQV�WKDW
UHODWH�WR�RQH�VWDWLF�VLWXDWLRQ�RQO\��,Q�WKH�FDVH�RI�FKDQJLQJ�VLWXDWLRQV��ERWK�H[SHUWV
DQG�QRYLFHV�JDYH�VFULSW�OLNH�GHVFULSWLRQV�DV�LQ�WKH�IROORZLQJ�IUDJPHQW��ZKLFK�ZDV�D
UHVSRQVH�WR�WKH�IRUPXOD�IRU�/RUHQW]�IRUFH�SOXV�WKH�NH\ZRUG�¶HOHFWULF�ZLUH·�

IRU�H[DPSOH�D��\HV�D�EDU�ZLWK�D�URSH�DWWDFKHG��DQG�D�PDVV�WKDW�GURSV�GRZQ��DQG
LW�SXOOV�WKH�EDU�IRUZDUG�OLNH�WKDW��DQG�WKHQ�WKH�EDU�UROOV�IRUZDUG�OLNH�WKDW��DQG
WKHQ�KHUH�\RX�KDYH��VTXDUH��VR�LQ�IDFW�\RX�KDYH�D�ORRS��DQG�VR�WKH�IOX[�FKDQJHV�
DQG� WKHQ� \RX� KDYH�� DQG� WKHQ� \RX� FDQ� FRPSXWH� WKH� ZKDW� WKH� LQWHQVLW\� RI� WKH
PDJQHWLF� ILHOG�PXVW� EH�� WR�PDNH� LW� VWDQG� VWLOO�� VR� WKDW� D�/RUHQW]� IRUFH� �3K'
FDQGLGDWH��LG���

,Q� WKH�GHVFULSWLRQV�RI�SUREOHPV� LQYROYLQJ�D� VWDWLF� VLWXDWLRQ��ZH�DOVR� IRXQG�VRPH
GHVFULSWLRQV�WKDW�VXJJHVWHG�D�WLPH�FRXUVH��EXW�WKHVH�ZHUH�PRVW�IUHTXHQWO\�IRXQG�LQ
QRYLFH� GHVFULSWLRQV�� DV� LQ� WKH� IROORZLQJ� H[DPSOH�� ZKLFK� ZDV� D� UHVSRQVH� WR
&RXORPE·V�ODZ�ZLWK�WKH�NH\ZRUG�¶VXUIDFH�FKDUJH·�

NLQG�RI�SUREOHP�FDQ�EH�D�FKDUJHG�VSKHUH��ZKHUH�WKH�FKDUJH�LV� IRXQG�RQO\�DW�WKH
HGJH��VR�VXUIDFH�FKDUJH��DQG�WKDW�LV�EHFDXVH�WKH�FKDUJHV�H[HUW�D�IRUFH�RQ�HDFK�RWKHU�
ZKLFK�PDNHV� WKHP� WU\� WR� JHW� DZD\� IURP� HDFK� RWKHU� DV� IDU� DV� SRVVLEOH�� VR� WKDW
VXUIDFH�FKDUJH�UHVXOWV��SURILFLHQW�VWXGHQW��LG���

)URP� WKH� GDWD� D� IXUWKHU� GLIIHUHQFH� HPHUJHV� WKDW� GRHV� QRW� ILW� LQ� RXU� IUDPHZRUN
VWUDLJKWIRUZDUGO\��)URP�WKH�DQDO\VLV�DW�WKH�VHQWHQFH�OHYHO��LW�DSSHDUV�WKDW�EHJLQQHUV
PHQWLRQ�¶VROXWLRQ�JRDOV·�IDU�PRUH�RI�WKDQ�H[SHUWV�GR��7KLV�WHQGHQF\�PD\�EH�UHODWHG
WR� WKH� GLIIHUHQFH� EHWZHHQ� EDFNZDUG� DQG� IRUZDUG� WKLQNLQJ� LQ� SUREOHP�VROYLQJ�
%HJLQQHUV�WHQG�WR�VWDUW�WKHLU�UHDVRQLQJ�IURP�WKDW�ZKLFK�ZDV�¶DVNHG�IRU·��ORRNLQJ�IRU
D�IRUPXOD�WKDW�KDV�WKH�GHVLUHG�HQWLW\�DV�LWV�RXWFRPH��ZKHUHDV�H[SHUWV�VROYH�VLPSOH
SUREOHPV� LQ� D� PRUH� IRUZDUG� IDVKLRQ�� VWDUWLQJ� IURP� DQ� DQDO\VLV� RI� WKH� JLYHQ
VLWXDWLRQ� �/DUNLQ��0F'HUPRWW��6LPRQ��	�6LPRQ��������6ZHOOHU��0DZHU��	�:DUG�
������EXW�VHH�3ULHVW�	�/LQGVD\���������,I�²�ZHDN�²�EHJLQQHUV�UHDOO\�DUH�XQDEOH� WR
FRQVWUXFW� D� FRKHUHQW� UHSUHVHQWDWLRQ� RI� D� SUREOHP�� WKLV� VKHGV� QHZ� OLJKW� RQ� WKH
ILQGLQJ� WKDW� WKH\� WHQG� WR� VNLS� WKH� WKRURXJK� DQDO\VLV� RI� WKH� SUREOHP� VWDWHPHQW
ZKHQ�WKH\�DUH�WU\LQJ�WR�VROYH�WKH�SUREOHP��GH�-RQJ���������VLQFH�WKH\�DUH�XQDEOH�WR
FRQVWUXFW� D� FRKHUHQW� UHSUHVHQWDWLRQ�� WKHLU� EHVW� EHW� LV� WR� IROORZ� D� NLFN�DQG�UXVK
VWUDWHJ\�� VWDUWLQJ� IURP� VRPHWKLQJ� WKH\� QHHG� WR� NQRZ� DQ\ZD\�� WKH� HQWLW\� WKDW� LV
EHLQJ�DVNHG�IRU�

)URP� WKH� SUHVHQW� VWXG\� LW� DSSHDUHG� WKDW� ZHDN� EHJLQQHUV� PRVWO\� KDYH� UDWKHU
LQFRKHUHQW�VLQJOH�OHYHO�SUREOHP�UHSUHVHQWDWLRQV��$SSDUHQWO\�� VXFFHVVIXO�DQG�PRUH
DGYDQFHG�SUREOHP�VROYHUV�HODERUDWH�RQ�WKH� LQLWLDO�HOHPHQWV� WR�FUHDWH�D�ULFKHU�DQG
PRUH�FRKHUHQW�UHSUHVHQWDWLRQ�RI�WKH�SUREOHP��7KH�ILQGLQJ�WKDW�²�ZHDN�²�EHJLQQHUV
KDYH� VR�PDQ\� LQFRKHUHQFHV� LQ� WKHLU� SUREOHP� UHSUHVHQWDWLRQ� LV� VXJJHVWLYH� RI� WKH
K\SRWKHVLV� WKDW� WKH� IXQGDPHQWDO� HQWLW\� LQ� D� EHJLQQHU·V� SUREOHP� UHSUHVHQWDWLRQ� LV
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QRW�WKH�HQWLUH�SUREOHP�VLWXDWLRQ��EXW�UDWKHU�D�VPDOOHU�XQLW��7KHVH�GLIIHUHQFHV�OHG�XV
WR� VWXG\� WKH� SURFHVV� RI� LQWHJUDWLQJ� LQLWLDOO\� XQVWUXFWXUHG� SURSRVLWLRQV� LQWR� DQ
HQULFKHG�SUREOHP�UHSUHVHQWDWLRQ��,Q�WKH�QH[W�FKDSWHU��ZH�FODULI\�WKLV�SURFHVV��DJDLQ
ZLWK�D�IRFXV�RQ�GLIIHUHQFHV�EHWZHHQ�SURILFLHQW�DQG�ZHDN�VWXGHQWV�



��

���7KH�LPSRUWDQFH�RI �DQ�HQKDQFHG�SUREOHP�UHSUHVHQWDWLRQ

,W� LV� D� ZHOO� NQRZQ� ILQGLQJ� WKDW� QRYLFHV�� ZKHQ� SURPSWHG� WR� FDWHJRULVH� D� VHW� RI
SUREOHP�GHVFULSWLRQV��GR�QRW� VRUW� WKH�SUREOHPV�DFFRUGLQJ� WR� VROXWLRQ�SULQFLSOHV�
,QVWHDG�WKH\�VRUW�WKH�FDUGV�DFFRUGLQJ�WR�UDWKHU�VXSHUILFLDO�VLPLODULWLHV�EHWZHHQ�WKH
SUREOHP�GHVFULSWLRQV��&KL�HW�DO����������7KLV�ILQGLQJ�KDV�EHHQ�LQWHUSUHWHG�WR�LPSO\
WKDW�QRYLFHV�KDYH�QRW�VWUXFWXUHG�WKHLU�NQRZOHGJH�LQ�SUREOHP�VFKHPDV��$�SUREOHP
VFKHPD�LV�VXSSRVHG�WR�EH�DQ�/70�VWUXFWXUH�FHQWUHG�RQ�D�VROXWLRQ�PHWKRG��ZKLFK
FRPSULVHV� NQRZOHGJH� RI� FRQFHSWV� DQG� SURFHGXUHV�� DQG� JHQHUDOLVHG� SUREOHP
VLWXDWLRQ� UHSUHVHQWDWLRQV� �VHH� 6HFWLRQ� �������� 7KHVH� JHQHULF� SUREOHP
UHSUHVHQWDWLRQV� DUH� WKH� DFWLYDWLRQ�SDWWHUQV� IRU� WKH� VFKHPD�� WKXV� SURYLGLQJ� D� OLQN
IURP� D� FRQFUHWH� VLWXDWLRQ� WR� WKH� DSSURSULDWH� VROXWLRQ� PHWKRG�� *LYHQ� WKLV
GHILQLWLRQ�� WKH�HPSLULFDO� ILQGLQJV� FRXOG� HTXDOO\�ZHOO� LPSO\� WKDW�� DOWKRXJK�QRYLFHV
GR� NQRZ� VROXWLRQ� PHWKRGV� DQG� JHQHULF� SUREOHP� W\SHV�� WKH\� IDLO� WR� PDS� WKH
SUREOHP�DW�KDQG� WR�RQH�RI� WKH�JHQHULF�SUREOHP� W\SHV� WKH\�NQRZ��7KLV� FRXOG�EH
FDXVHG�HLWKHU�E\�WKH�JHQHULF�SUREOHP�UHSUHVHQWDWLRQV�EHLQJ�WRR�VSHFLILF�WR�EH�HDVLO\
PDWFKHG��RU�E\�WKH�IDLOXUH�WR�HODERUDWH�RQ�D�JLYHQ�FRQFUHWH�SUREOHP�GHVFULSWLRQ�WR
UHQGHULQJ�LW�D�ULFKHU�¶SK\VLFV�UHSUHVHQWDWLRQ·�WKDW�FRXOG�DFWLYDWH�D�VFKHPD��,W�LV�RXU
REMHFWLYH� WR� GLVFULPLQDWH� EHWZHHQ� WKH� DERYH� PHFKDQLVPV� DQG� WR� MXGJH� WKHLU
UHODWLYH�LPSRUWDQFH�

7KHUH� DUH� VHYHUDO� VWXGLHV�� ERWK� HPSLULFDO� DQG� WKHRUHWLFDO�� WKDW� SURYLGH� XV� ZLWK
HYLGHQFH� WKDW� WKH�ZD\� SUREOHPV� DUH� UHSUHVHQWHG�PHQWDOO\�� LQIOXHQFHV� WKH� SK\VLFV
SUREOHP�VROYLQJ�DELOLW\��(OLR�	�6FKDUI��������/DUNLQ��������3O|W]QHU���������,Q�WKH
SUHYLRXV� FKDSWHU� ZH� LGHQWLILHG� FKDUDFWHULVWLFV� RI� SUREOHP� UHSUHVHQWDWLRQV� WKDW
GLIIHU�EHWZHHQ�SUREOHP� VROYHUV�RI�GLIIHUHQW� FRPSHWHQFH� OHYHOV�� ,Q� WKDW� VWXG\�ZH
PDGH� D� FRPSDULVRQ� EHWZHHQ� GLIIHUHQW� NLQGV� RI� H[SHUWV�� DQG� JRRG� DQG� ZHDN
QRYLFHV�ZKR�KDG�WR�FRQVWUXFW�DQG�GHVFULEH�SUREOHP�VLWXDWLRQV��$PRQJ�WKH�PDMRU
UHVXOWV� IURP� WKDW� VWXG\� ZHUH� WKH� JUHDWHU� FRKHUHQFH� DQG� FRQVLVWHQF\� RI� SUREOHP
GHVFULSWLRQV� JLYHQ� E\� H[SHUWV�� FRPSDUHG� WR� WKRVH� RI� QRYLFHV�� DQG� RI� SUREOHP
GHVFULSWLRQV� JLYHQ� E\� JRRG� QRYLFHV� FRPSDUHG� WR� WKRVH� RI� E\� ZHDN� QRYLFHV�
&RKHUHQFH�� LQ� WKLV� FRQWH[W�� PHDQV� WKDW� WKH� UHODWLRQV� EHWZHHQ� HOHPHQWV� LQ� WKH
VLWXDWLRQ�GHVFULSWLRQ�DUH�QRW�MXVW�LPSOLHG��EXW�DUH�PDGH�H[SOLFLW��&RQVLVWHQF\�UHIHUV
WR� WKH� DEVHQFH� RI� FRQWUDGLFWLRQV� LQ� WKH� GHVFULSWLRQ�� $� UHODWHG� RXWFRPH� RI� WKH
SUHYLRXV� VWXG\� ZDV� WKH� GLIIHUHQFH� LQ� WKH� XVH� RI� HODERUDWLRQV�� JRRG� QRYLFHV�� LQ
FRQWUDVW� WR� ZHDN� QRYLFHV�� HODERUDWHG� RQ� D� VLWXDWLRQ� DIWHU� JLYLQJ� DQ� LQLWLDO
GHVFULSWLRQ� �FRPSDUH�� )LJXUH� ������ 7KH� XVH� RI� HODERUDWLRQV� ZDV� HYHQ� PRUH
SURPLQHQW�DPRQJ�H[SHUWV��$Q� LPSRUWDQW� UROH�RI� WKH�HODERUDWLRQV� LQ� WKH�SUREOHP
GHVFULSWLRQV�DQDO\VHG��ZDV�WR�H[SUHVV�WKH�UHODWLRQ�EHWZHHQ�WKH�FRQFUHWH�VLWXDWLRQ�DW
KDQG� DQG� WKH� DEVWUDFW� XQGHUO\LQJ� SK\VLFV� VWUXFWXUH� RI� WKH� SUREOHP�� ,Q� RUGHU� WR
FODULI\� LQ� ZKDW� ZD\V� FRKHUHQFH�� FRQVLVWHQF\�� DQG� HODERUDWHQHVV� RI� WKH� SUREOHP
UHSUHVHQWDWLRQ� PD\� LQIOXHQFH� WKH� SUREOHP�VROYLQJ� SURFHVV�� ZH� ZLOO� SURSRVH� D
VWUXFWXUH�PRGHO�IRU�WKH�HOHPHQWV�RI�WKH�SUREOHP�VROYLQJ�SURFHVV�LQ�WKH�IROORZLQJ
VHFWLRQ�
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7KH� FXUUHQW� VWXG\� IRFXVHV� RQ� WKH� GLIIHUHQFHV� EHWZHHQ� JRRG� DQG� ZHDN� QRYLFHV�
)URP� DQ� HGXFDWLRQDO� SRLQW� RI� YLHZ�� WKH� GLIIHUHQFHV� EHWZHHQ� JRRG� DQG� ZHDN
QRYLFHV� DUH� SDUWLFXODUO\� LQWHUHVWLQJ�� EHFDXVH� WKH\� PD\� SURYLGH� LQVLJKW� LQWR� ZKDW
PDNHV�VRPH�VWXGHQWV�OHVV�VXFFHVVIXO�WKDQ�RWKHUV��DQG�WKDW� LQ�WXUQ�PD\�FRQWULEXWH
WR� LPSURYLQJ� HGXFDWLRQ�� )URP� WKH� SHUVSHFWLYH� RI� H[SHULPHQWDO� SV\FKRORJ\� WKH
GLIIHUHQFH� EHWZHHQ� JRRG� DQG� ZHDN� QRYLFHV� LV� LQWHUHVWLQJ� EHFDXVH� ERWK� JURXSV
UHFHLYHG�DERXW�WKH�VDPH�DPRXQW�RI�WUDLQLQJ��DQG�VWXGLHG�WKH�VDPH�LQIRUPDWLRQ��VR
WKDW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV�FDQ�EH�DWWULEXWHG�WR�GLIIHUHQFHV�LQ�WKH�ZD\
WKH\�SURFHVVHG�WKH�LQIRUPDWLRQ�

����7KH�UROH�RI�HODERUDWLRQV�LQ�SK\VLFV�SUREOHP�VROYLQJ

������7KH�SUREOHP�VROYLQJ�SURFHVV

,Q�WKLV�VHFWLRQ�ZH�GLVFXVV�WKH�SV\FKRORJLFDO�SURFHVV�RI�VROYLQJ�D�SK\VLFV�SUREOHP�
2XU� IRFXV�ZLOO�EH�RQ� ¶WUXH·� SUREOHPV�³� � WKDW� LV�� SUREOHPV�ZKLFK� DUH�QRW� WULYLDO
IURP�WKH�YLHZSRLQW�RI�WKH�SUREOHP�VROYHU��7KLV�W\SH�RI�SUREOHP�FDQQRW�EH�VROYHG
RQ� WKH�EDVLV�RI�GLUHFW� UHFDOO� RI� VSHFLILF� H[SOLFLW� IHDWXUHV� HQFRXQWHUHG� LQ� SUHYLRXV
SUREOHP�VROYLQJ�H[SHULHQFHV��EXW�UDWKHU�LW�LV�QHFHVVDU\�WR�UHFRJQLVH�WKH�XQGHUO\LQJ
SK\VLFV�VWUXFWXUH�RI�WKH�VLWXDWLRQ��7KRXJK�HYHQ�LQ�WKHVH�FDVHV�WKH�ILQDO�JRDO�LV�ZHOO�
GHILQHG� LQ� SK\VLFV� SUREOHPV�� SUREOHP�VROYLQJ� LQ� SK\VLFV� VKDUHV� VRPH
FKDUDFWHULVWLFV�ZLWK�SUREOHP�VROYLQJ�LQ�LOO�GHILQHG�GRPDLQV�VXFK�DV�GHVLJQ��*RHO�	
3LUROOL�� ������� ZKLFK� DUH� QRW� SURPLQHQW� LQ� WUDGLWLRQDO� ILHOGV� RI� SUREOHP�VROYLQJ
UHVHDUFK� OLNH� DULWKPHWLF�� ORJLF� UHDVRQLQJ�� DQG� SX]]OHV�� ,Q� HDUO\� ZRUN� ZLWKLQ� WKH
LQIRUPDWLRQ� SURFHVVLQJ� SDUDGLJP�� WKHVH� SUREOHP� W\SHV� ZHUH� WKH� PDLQ� IRFXV� RI
UHVHDUFK��,Q�WKLV�HDUO\�UHVHDUFK�WZR�PDMRU�SURFHVVHV�ZHUH�GLVWLQJXLVKHG�LQ�SUREOHP�
VROYLQJ�� XQGHUVWDQGLQJ� DQG� VHDUFK�� 8QGHUVWDQGLQJ� ZDV� FRQVLGHUHG� WKH� OHVV
LQWHUHVWLQJ� RI� WKH� WZR� DQG� FRQVHTXHQWO\� PRVW� DWWHQWLRQ� ZDV� SDLG� WR� VHDUFK
SURFHVVHV� �9DQ/HKQ�������� FRPSDUH��1HZHOO�	�6LPRQ���������)RU�SUREOHPV� OLNH
WKH� RQHV� ZH� XVH�� XQGHUVWDQGLQJ� WKH� SUREOHP� LV� OHVV� WULYLDO�� DQG�� PRUHRYHU�� WKH
GLVWLQFWLRQ� EHWZHHQ� XQGHUVWDQGLQJ� DQG� VHDUFK� LV� OHVV� FOHDU� FXW� WKDQ� ZLWK� ZHOO�
GHILQHG��NQRZOHGJH�OHDQ��SUREOHPV�

$PRQJ� WKH� IHDWXUHV� WKDW� GLVWLQJXLVK� SK\VLFV� SUREOHP�VROYLQJ� IURP� ¶VLPSOH·
SUREOHP�VROYLQJ�� WKH�PRVW� UHPDUNDEOH�PD\�EH� WKH� DPRXQW�RI� ¶UHVWUXFWXULQJ·� WKDW
WKH�SUREOHP� UHTXLUHV� �VLQFH� WKHUH� DUH�PDQ\�ZD\V� RI� UHVWDWLQJ� DQG� HQKDQFLQJ� WKH
LQIRUPDWLRQ�IURP�WKH�RULJLQDO�SUREOHP�GHVFULSWLRQ�LQ�ZD\V�WKDW�PDNH�PRUH�RU�OHVV
VHQVH� IURP� D� SK\VLFV� SRLQW� RI� YLHZ��� $V� D� FRQVHTXHQFH�� WKH� SUREOHP� VSDFH
EHFRPHV� DQ� LQWULFDWH� VWUXFWXUH�ZKHUH� D� URXWH� WKDW� OHDGV� WR� D� GHDG� HQG�� DQG� WKXV
IRUFHV�WKH�SUREOHP�VROYHU�WR�JR�EDFN��VWLOO�PD\�UHVXOW�LQ�D�PRGLILHG�UHSUHVHQWDWLRQ
RI�WKH�SUREOHP��*UHHQR�	�%HUJHU��������*RHO�	�3LUROOL���������$�VHFRQG�²�UHODWHG
²�IHDWXUH�FRPPRQ�WR�PDQ\�LOO�GHILQHG�SUREOHPV�DQG�SK\VLFV�SUREOHPV�LV�WKH�ODFN
RI� D� SDUDPHWHU� WKDW� ZRXOG� LQGLFDWH� KRZ� FORVH� RQH� LV� WR� D� VROXWLRQ�� 6XFK� D
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SDUDPHWHU� ZRXOG� EH� D� SUHUHTXLVLWH� WR� WKH� IUXLWIXO� DSSOLFDWLRQ� RI� ZHDN� JHQHUDO
SUREOHP�VROYLQJ�VWUDWHJLHV�VXFK�DV�KLOO�FOLPELQJ��

7KH�SURFHVV�RI�UHVWUXFWXULQJ�WKH�SUREOHP�LPSOLHV�WKDW��EHWZHHQ�UHDGLQJ�WKH�ZRUGV
RI�WKH�SUREOHP�GHVFULSWLRQ�DQG�ILQGLQJ�D�VROXWLRQ�WR�WKH�SUREOHP��WKH�ZRUGV�DQG
SURSRVLWLRQV�IURP�WKH�LQLWLDO�SUREOHP�UHSUHVHQWDWLRQ�VRPHKRZ�EHFRPH�FRQQHFWHG�
ZLWK� WKH� DGGLWLRQ� RI� NQRZOHGJH� IURP� /70�� WR� IRUP� D� PRUH� RU� OHVV� VWUXFWXUHG
PHQWDO� UHSUHVHQWDWLRQ�RI� WKH�SUREOHP��$�VWUXFWXUHG� UHSUHVHQWDWLRQ� LPSOLHV� D� ULFK
�WKDW� LV�� UHGXQGDQW�� PHQWDO� HQFRGLQJ� RI� WKH� VLWXDWLRQ�� 6XFK� D� ULFK� HQFRGLQJ
SURYLGHV�PRUH�FXHV�WR�VHOHFW�WKH�SURSHU�VROXWLRQ�UHSUHVHQWDWLRQ��DQG��PRUHRYHU��LV
PRUH� UREXVW� �WKDW� LV�� OHVV� YXOQHUDEOH� WR� LQFRQVLVWHQFLHV��� :H� ZLOO� UHIHU� WR� WKHVH
DGGHG�DVVHUWLRQV�E\�WKH�QDPH�RI�HODERUDWLRQV��)ROORZLQJ�9DQ/HKQ��������S��������ZH
GHILQH�HODERUDWLRQV�DV� IROORZV�� ¶$Q� HODERUDWLRQ� LV� DQ� DVVHUWLRQ� WKDW� LV� DGGHG� WR� WKH� VWDWH
ZLWKRXW� UHPRYLQJ� DQ\� RI� WKH� ROG� DVVHUWLRQV� RU� GHFUHDVLQJ� WKHLU� SRWHQWLDO� UHOHYDQFH·�� 9DQ/HKQ
IXUWKHU� FRPPHQWV� WKDW� IRU� SUREOHP� W\SHV� ZKHUH� HODERUDWLRQ� SOD\V� DQ� LPSRUWDQW
UROH�� WKH� GLVWLQFWLRQ� EHWZHHQ� XQGHUVWDQGLQJ� DQG� VHDUFK� EHFRPHV� EOXUUHG�� 7KH
SURFHVV�RI�HODERUDWLRQ�RQ�WKH�LQLWLDO�SUREOHP�UHSUHVHQWDWLRQ�LV�DOVR�NQRZQ�E\�WKH
QDPH�RI�¶GHHS�SURFHVVLQJ·��&UDLN�DQG�/RFNKDUW���������IRU�LQVWDQFH��LQ�WKHLU�FODVVLF
SDSHU�RQ�¶OHYHOV�RI�SURFHVVLQJ·��DUJXH�WKDW�

>7KH@�FRQFHSWLRQ�RI�D�VHULHV�RU�KLHUDUFK\�RI�SURFHVVLQJ�VWDJHV�LV�RIWHQ�UHIHUUHG�WR�DV
´GHSWK�RI�SURFHVVLQJµ�ZKHUH�JUHDWHU�´GHSWKµ�LPSOLHV�D�JUHDWHU�GHJUHH�RI�VHPDQWLF
RU� FRJQLWLYH� DQDO\VLV�� $IWHU� WKH� VWLPXOXV� KDV� EHHQ� UHFRJQLVHG�� LW� PD\� XQGHUJR
IXUWKHU� SURFHVVLQJ� E\� HQULFKPHQW� RU� HODERUDWLRQ�� )RU� H[DPSOH�� DIWHU� D� ZRUG� LV
UHFRJQLVHG�LW�PD\�WULJJHU�DVVRFLDWLRQV��LPDJHV�RU�VWRULHV�RQ�WKH�EDVLV�RI�WKH�VXEMHFWV
SDVW�H[SHULHQFH�ZLWK�WKH�ZRUG��6XFK�´HODERUDWLRQ�FRGLQJµ�>«@�LV�QRW�UHVWULFWHG
WR�YHUEDO�PDWHULDO���&UDLN�	�/RFNKDUW��������S������

4XLWH�FRQIXVLQJO\��WKH�WHUP�¶GHSWK·�KDV�WKXV�EHHQ�XVHG�ERWK�WR�UHIHU�WR�WKH�DPRXQW
RI�SURFHVVLQJ�DQG�� DV�ZH�KDYH� VHHQ� LQ�&KDSWHU���� WR� DQ� LQKHUHQW�SURSHUW\�RI� WKH
SUREOHP� UHSUHVHQWDWLRQ� LWVHOI�� 7KDW� WKH� WZR� XVHV� UHIHU� WR� GLIIHUHQW� PHDQLQJV� LV
LOOXVWUDWHG�E\�WKH�IROORZLQJ��RQ�WKH�RQH�KDQG��LQ�WKH�FDVH�RI�D�FKLOG�RQ�D�PHUU\�JR�
URXQG��WKH�REVHUYDWLRQ�WKDW�WKHUH�LV�D�IULFWLRQ�IRUFH�EHWZHHQ�EHKLQG�DQG�EHQFK�LV
MXVW� DV� GHHS� �LQ� WKH�&UDLN� DQG�/RFNKDUW� VHQVH�� DV� WKH� REVHUYDWLRQ� WKDW� WKH� FKLOG
EHFRPHV�GL]]\��7KH�JRDO��DQG�WKH�SUHVFULEHG�FRQWH[W�RI�SK\VLFV�WKHRU\�PDNH�RQH
REVHUYDWLRQ�¶GHHSHU·�WKDQ�WKH�RWKHU��LQ�WKH�VHFRQG�VHQVH���2Q�WKH�RWKHU�KDQG��LQ�D
SUREOHP�ZKHUH� RQH� LV� DVNHG� WR� FRPSXWH� WKH� FHQWULSHWDO� IRUFH� IRU� D� SRLQW�PDVV
RUELWLQJ�DW�D�JLYHQ�UDGLXV�IURP�WKH�RULJLQ�DQG�ZLWK�JLYHQ�DQJXODU�YHORFLW\��WKHUH�LV
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��7KH�DFFHSWHG�GHILQLWLRQ�RI�D�ZHOO�GHILQHG�SUREOHP�WDNHV�LQWR�DFFRXQW�ZKHWKHU�WKH�LQLWLDO�VWDWH�
WKH�ILQDO�VWDWH��DQG�WKH�RSHUDWRUV�DUH�ZHOO�GHILQHG��%XQJH �������S�������/DQGD��������FLWHG�LQ
0HWWHV�DQG�3LORW��������S�������6LPRQ��������9DQ/HKQ���������7R�WKH�SV\FKRORJ\�RI�SUREOHP�
VROYLQJ�WKHVH�SDUDPHWHUV�PLJKW�QRW�EH�WKH�PRVW�LPSRUWDQW�RQHV��KRZHYHU��&KHVV�SUREOHPV�DUH
ZHOO�GHILQHG�DFFRUGLQJ�WR�WKLV�GHILQLWLRQ��EXW��EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI�PRYHV�LQ�EHWZHHQ
WKH�LQLWLDO�DQG�WKH�ILQDO�VWDWH��DQG�EHFDXVH�RI�WKH�ODUJH�QXPEHU�RI�RSHUDWRUV��PRYHV��WKDW�FDQ�EH
DSSOLHG��NQRZLQJ�WKH�GHVLUHG�ILQDO�VWDWH�DQG�DOO�OHJDO�PRYHV�LV�RI�OLWWOH�KHOS��7KHUH�PD\�EH�PRUH
SV\FKRORJLFDO�LPSRUWDQFH�WR�ZKHWKHU�WKH�VXE�JRDOV�DUH�ZHOO�GHILQHG��LQ�FKHVV�²�DQG�LQ�SK\VLFV�²
JHQHUDOO\�WKH\�DUH�QRW�
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QRWKLQJ�GHHS��LQ�WKH�&UDLN�DQG�/RFNKDUW�VHQVH��DERXW�WKH� ¶GHHS�VWUXFWXUH·�RI� WKH
SUREOHP��7R�DYRLG�FRQIXVLRQ��LQKHUHQW�SURSHUWLHV�RI�SUREOHP�UHSUHVHQWDWLRQV�PD\
EH�PRUH�DSWO\� UHIHUUHG� WR� LQ� WHUPV�RI�QDwYH�YHUVXV�SK\VLFV� UHSUHVHQWDWLRQV��RU� LQ
WHUPV�RI�WKH�VSHFLILF�SURSHUWLHV�ZH�KDYH�GLVFXVVHG�LQ�&KDSWHU���

,I�WKH�SUREOHP�GHVFULSWLRQ�LV�WH[WXDO���WKH�LQLWLDO�PHQWDO�HQFRGLQJ�ZLOO�FORVHO\�IROORZ
WKH�VWUXFWXUH�RI�WKH�WH[W��,Q�WKH�FRXUVH�RI�UHVWUXFWXULQJ�WKH�SUREOHP�UHSUHVHQWDWLRQ�
WKH�PHQWDO�UHSUHVHQWDWLRQ�ZLOO�WDNH�D�VWUXFWXUH�WKDW�EHFRPHV�OHVV�GHSHQGHQW�RQ�WKH
WH[WXDO� GHVFULSWLRQ� DQG� WKDW� LV�PRUH� GRPLQDWHG� E\� WKH� VWUXFWXUH� RI� WKH� VLWXDWLRQ
EHLQJ� GHVFULEHG�� 7KLV� SURFHVV� KDV� EHHQ� UHFRJQLVHG� LQ� PRGHO� RI� ODQJXDJH
FRPSUHKHQVLRQ� WRR��.LQWVFK�� IRU� LQVWDQFH�� LQ� KLV� FRQVWUXFWLRQ� LQWHJUDWLRQ�PRGHO
SURSRVHV�WKH�IROORZLQJ�SKDVHV�LQ�WKH�LQLWLDO�FRPSUHKHQVLRQ�SURFHVV�

D��IRUPLQJ�WKH�FRQFHSWV�DQG�SURSRVLWLRQV�GLUHFWO\�FRUUHVSRQGLQJ�WR�OLQJXLVWLF�LQSXW�
E�� HODERUDWLQJ� HDFK� RI� WKHVH� HOHPHQWV� E\� VHOHFWLQJ� D� VPDOO� QXPEHU� RI� LWV� PRVW
FORVHO\�DVVRFLDWHG�QHLJKERXUV�IURP�WKH�JHQHUDO�NQRZOHGJH�QHW��F�� LQIHUULQJ�FHUWDLQ
DGGLWLRQDO� SURSRVLWLRQV�� DQG� G�� DVVLJQLQJ� FRQQHFWLRQ� VWUHQJWKV� WR� DOO� SDLUV� RI
HOHPHQWV�WKDW�KDYH�EHHQ�FUHDWHG���.LQWVFK��������S������

7KRXJK�WKH�LPSRUWDQFH�RI�HODERUDWLRQV�LQ�SUREOHP�VROYLQJ�LV�FOHDUHVW�IRU�FRPSOH[
VHPDQWLFDOO\� ULFK� SUREOHPV� OLNH� SK\VLFV� SUREOHPV�� HODERUDWLRQV� PD\� SOD\� DQ
LPSRUWDQW�UROH�LQ�RWKHU�GRPDLQV�WRR��/RJLFDO�UHDVRQLQJ��IRU�LQVWDQFH�� LV�D�GRPDLQ
ZKHUH� PXFK� HPSKDVLV� KDV� EHHQ� SODFHG� RQ� VLWXDWLRQ�PRGHO� EDVHG� UHDVRQLQJ
�-RKQVRQ�/DLUG���������7KHUH�LV�VRPH�HYLGHQFH�KRZHYHU��WKDW��DOVR�LQ�WKLV�GRPDLQ�
ZKHUH�WKH�XQGHUVWDQGLQJ�RI�WKH�SUREOHP�KDV�WUDGLWLRQDOO\�EHHQ�WDNHQ�IRU�JUDQWHG�
UHVWUXFWXULQJ�WKH�SUREOHP�DQG�HODERUDWLQJ�RQ�WKH�RULJLQDO�SUREOHP�VWDWHPHQW�PD\
SOD\�DQ�LPSRUWDQW�UROH� LQ�VROYLQJ�WKH�SUREOHP��3RON�DQG�1HZHOO� �������SUHVHQW�D
UHDQDO\VLV� RI� UHDVRQLQJ� SURWRFROV� REWDLQHG� ZLWK� FDWHJRULFDO� V\OORJLVPV� WKDW� ZHUH
SUHVHQWHG�YHUEDOO\��7KH\�SURSRVH�WKDW� WKH�UHDVRQLQJ�SURFHVV� LQ� WKHVH�FDVHV�FRXOG
HTXDOO\�ZHOO�EH�H[SODLQHG�LQ�WHUPV�RI�YHUEDO�UHDVRQLQJ��WKDW�LV��UHSHDWHG�YHUEDO�UH�
HQFRGLQJ��LQVWHDG�RI�PDQLSXODWLRQ�RI�D�VLWXDWLRQ�PRGHO��7KH\�VXJJHVW�WKDW�PHQWDO
PRGHOV�GR�SOD\�D�UROH�LQ�SUREOHPV�WKDW�GHPDQG�WKH�XVH�RI�H[WHUQDO�NQRZOHGJH��DQG
LQ�SUREOHPV�SUHVHQWHG�LQ�D�YLVXDO�IRUPDW��EXW�WKDW�LQ�YHUEDOO\�SUHVHQWHG�SUREOHPV
WKDW� UHTXLUH� QR� H[WHUQDO� NQRZOHGJH� ²� VXFK� DV� ORJLF� SUREOHPV� ²� D� YHUEDO
UHSUHVHQWDWLRQ�RI�WKH�SUREOHP�PD\�VXIILFH�

,Q� RXU� IUDPHZRUN� WKH� SURFHVV� RI� HODERUDWLRQ� KDV� WKH� UROH� RI� WUDQVIRUPLQJ� WKH
LQLWLDO� PHQWDO� UHSUHVHQWDWLRQ� RI� D� SUREOHP�� ZKLFK� LV� D� VSDUVH� VHW� RI� LVRODWHG
SURSRVLWLRQV�� LQWR�D�PXFK�ULFKHU�VWUXFWXUH��,Q�PDQ\�VWXGLHV� LW�KDV�EHHQ�SURSRVHG
WKDW� WKLV� HYROXWLRQ� LV� FRQWUROOHG� E\� D� VHSDUDWH� FRJQLWLYH� SURFHVV�� WKDW� UHTXLUHV
VSHFLILF� FRQWURO� NQRZOHGJH� �VXFK� DV� PHWDFRJQLWLRQ�� VWUDWHJLF� NQRZOHGJH�� HWF���
+RZHYHU�� DVVXPLQJ� VXFK� D� JHQHUDO� FRQWURO� PHFKDQLVP� LQWURGXFHV� VHULRXV
FRQFHSWXDO� SUREOHPV� �%DGGHOH\�� ������ 'HQQHWW� 	� .LQVERXUQH�� ������ DQG�
PRUHRYHU��VHYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�FRQWHQW�NQRZOHGJH� LWVHOI�FDQ�RUJDQLVH
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��,I�WKH�LQLWLDO�SUREOHP�GHVFULSWLRQ�LV�LQ�D�SLFWRULDO�IRUPDW��WKH�WKHRUHWLFDO�GHVFULSWLRQ�RI�WKH
SURFHVV�EHFRPHV�PRUH�FRPSOLFDWHG�EHFDXVH�SLFWXUHV�FDQ�EH�UHFRJQLVHG�DV�D�ZKROH�
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WKH� UHDVRQLQJ� SURFHVV� �$QGHUVRQ�� ������ 5XPHOKDUW�� 0F&OHOODQG�� 	� WKH� 3'3
UHVHDUFK� JURXS�� ������� 6LQFH� RXU� LQWHUHVW� LQ� WKLV� VWXG\� LV� LQ� WKH� UROH� GRPDLQ
NQRZOHGJH�SOD\V� LQ� UHDVRQLQJ��ZH�ZLOO�FKRRVH� WKH�VHFRQG�DSSURDFK�� VWUHVVLQJ� WKH
DVVRFLDWLYH� VWUXFWXUHV� LQ� /70� WKDW� JLYH� ULVH� WR� D� VHOI�HYROYLQJ�PHQWDO�PRGHO�³
ZKLFK�LV�QRW�WR�VD\�WKDW�FRQVFLRXV�FRQWURO�DQG�GLUHFWHG�DWWHQWLRQ�KDYH�QR�UROH�

1H[W� WR� UHDVRQLQJ� DERXW� WKH� SUREOHP� VLWXDWLRQ�� UHDVRQLQJ� DERXW� WKH� VROXWLRQ
PHWKRG�LV�DOVR�DQ�DVSHFW�RI�SUREOHP�VROYLQJ��%RWK�WKH�VLWXDWLRQ�DQG�WKH�VROXWLRQ
PHWKRG� FDQ� EH� PHQWDOO\� UHSUHVHQWHG�� :H� FDOO� WKHVH� VWUXFWXUHV� WKH� VLWXDWLRQ
UHSUHVHQWDWLRQ� DQG� WKH� VROXWLRQ� UHSUHVHQWDWLRQ�� UHVSHFWLYHO\�� %RWK� WKH
UHSUHVHQWDWLRQ�RI�WKH�VLWXDWLRQ�DQG�WKH�UHSUHVHQWDWLRQ�RI�WKH�VROXWLRQ�PHWKRG�PD\
EHFRPH�DFWLYH�VWUXFWXUHV�WKDW�JXLGH�IXUWKHU�UHDVRQLQJ��7KH�VLWXDWLRQ�UHSUHVHQWDWLRQ
VXSSRUWV�PHQWDO�VLPXODWLRQ��ZKHUHDV�WKH�UHPHPEHUHG�VROXWLRQ�PHWKRG� LV�D�JXLGH
WR� IRUPDO�SUREOHP�VROYLQJ��:H� DVVXPH� WKDW� WKHUH� LV� D� FORVH� FRQQHFWLRQ�EHWZHHQ
WKH� WZR� LQ� SURILFLHQW� SUREOHP� VROYHUV� ZKR� KDYH� WKHLU� NQRZOHGJH� RUJDQLVHG� LQ
SUREOHP� VFKHPDV� WKDW� LQYROYH� ERWK� JHQHUDOLVHG� VLWXDWLRQ� PRGHOV� DQG� VROXWLRQ
DSSURDFKHV�

7KH� SURFHVV� WKDW� ZH� KDYH� GHVFULEHG� KHUH� LV� PDLQO\� GDWD�GULYHQ� DW� ILUVW�� ,Q� WKH
FRXUVH� RI� UHDVRQLQJ� DERXW� WKH� SUREOHP� WKHUH� LV� D� VKLIW� WRZDUGV� VFKHPD�GULYHQ
UHDVRQLQJ�� 7KLV� VKLIW� HLWKHU� RFFXUV� JUDGXDOO\�� RU� DV� D� PRPHQW� RI� ¶LQVLJKW·� WKDW
FRPHV�LQ�DQ�DOO�RU�QRWKLQJ�IDVKLRQ��FRPSDUDEOH�WR�WKH�UHFRJQLWLRQ�RI�D�*HVWDOW���,Q
WKH� SK\VLFV� SUREOHP�VROYLQJ� FRQWH[W�� WKH� *HVWDOW� ZRXOG� UHSUHVHQW� D� PHDQLQJIXO
W\SH�RI�SUREOHP��$V�VRRQ�DV�D�¶VFKHPD�VWUXFWXUH·�LV�PDWFKHG�VXIILFLHQWO\�ZHOO��WKH
LQVWDQWLDWHG�VFKHPD�PD\�GLUHFW�IXUWKHU�UHDVRQLQJ��7KLV�WUDQVLWLRQ�LV�D�FULWLFDO�HYHQW
LQ�WKH�SUREOHP�VROYLQJ�SURFHVV���
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��$�QRWDEOH�GLIIHUHQFH�EHWZHHQ�WKH�W\SHV�RI�SUREOHPV�WKDW�ZHUH�XVHG�LQ�WUDGLWLRQDO�*HVWDOW
SV\FKRORJ\��OLNH�'XQFNHU·V��������UDGLDWLRQ�SUREOHP��RU�0DLHU ·V��������WZR�VWULQJ�SUREOHP���DQG
WKH�SK\VLFV�SUREOHPV�WKDW�ZH�XVHG��LV�WKDW�LQ�WUDGLWLRQDO�*HVWDOW�SUREOHPV��WKHUH�LV�D�YHU\�GLUHFW
UHODWLRQ�EHWZHHQ�HODERUDWLRQV�DQG�SUREOHP�VROYLQJ�DFWLRQV��HODERUDWLRQV�DOZD\V�UHODWHG�WR�¶KRZ�WR
XVH�WKH�SURSHUWLHV�RI�DQ�REMHFW·�³�OLNH�IRU�LQVWDQFH�WKH�VFLVVRUV�WKDW�FDQ�EH�XVHG�DV�D�PDVV�WR
PDNH�D�SHQGXOXP�VZLQJ��,Q�SK\VLFV�SUREOHP�VROYLQJ��E\�FRQWUDVW��XQGHUVWDQGLQJ�WKH�VLWXDWLRQ�LV�D
JRDO�LQ�LWVHOI�DQG�LW�FDQ�EH�XVHIXO�WR�HQKDQFH�WKH�PHQWDO�PRGHO�RI�WKH�VLWXDWLRQ�HYHQ�ZLWKRXW
GLUHFWO\�ILQGLQJ�D�IRUPDO�VROXWLRQ�PHWKRG�
���:LWK�WKH�GHYHORSPHQW�RI�H[SHUWLVH��WKH�SUREOHP�VFKHPD�VWUXFWXUH�ZLOO�EHFRPH�LQFUHDVLQJO\
SRZHUIXO��$V�D�FRQVHTXHQFH��WKH�VFKHPD�LV�PDWFKHG�PRUH�HDVLO\�DQG�PRUH�UDSLGO\��VR�WKDW�OHVV
GDWD�GULYHQ�UHDVRQLQJ�LV�UHTXLUHG�IRU�FRPPRQ�SUREOHPV��7KLV�WUDQVLWLRQ�LV�TXLWH�FRPSDUDEOH�WR
WKH�NQRZOHGJH�HQFDSVXODWLRQ�SURFHVV�WKDW�KDV�EHHQ�REVHUYHG�LQ�SK\VLFLDQV��%RVKXL]HQ �	
6FKPLGW�������
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VROXWLRQV

NQRZOHGJH

SODQQLQJ

OH[LFDO
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)LJXUH������ 0RGHO�RI�WKH�VWDWHV��SURFHVVHV�DQG�LQIRUPDWLRQ�IORZV�LQ�WKH�SUREOHP�VROYLQJ�SURFHVV�
,Q�WKH�ERWWRP�UHFWDQJOH��WKH�WKUHH�W\SHV�RI�/70�DVVRFLDWLRQV�DUH�GHSLFWHG�

7KHVH�FRQVLGHUDWLRQV�KDYH�OHG�WR�D�VWUXFWXUH�PRGHO�RI�WKH�SUREOHP�VROYLQJ�SURFHVV
WKDW� LV�GHSLFWHG�JUDSKLFDOO\� LQ�)LJXUH� �����7KH� DLP�RI� WKH�PRGHO� LV� QRW� WR� JLYH� D
FKURQRORJLFDO�DFFRXQW�RI�WKH�SUREOHP�VROYLQJ�SURFHVV��EXW�UDWKHU�WR�GHOLQHDWH�WKH
VWDWHV�� SURFHVVHV�� DQG� LQIRUPDWLRQ� IORZV� WKDW� SOD\� D� UROH���� ,Q� WKH� PRGHO� WKUHH
VXESURFHVVHV� FDQ� EH� GLVWLQJXLVKHG�� WKH� SURFHVVLQJ� RI� OH[LFDO� LQIRUPDWLRQ�� WKH
TXDOLWDWLYH� UHDVRQLQJ� SURFHVV� WKDW� HODERUDWHV� RQ� WKH� SUREOHP� UHSUHVHQWDWLRQ�� DQG
WKH�SODQQLQJ�SURFHVV�WKDW�UHVXOWV�LQ�D�VROXWLRQ�UHSUHVHQWDWLRQ��%H\RQG�WKHVH�VWHSV�
WKH� LPSOHPHQWDWLRQ� RI� WKH� VROXWLRQ� IROORZV�� 7KH� SURFHVV� OHDGLQJ� WR� WKH
LPSOHPHQWDWLRQ�RI�WKH�VROXWLRQ�LV�EH\RQG�WKH�VFRSH�RI�RXU�UHVHDUFK��DQG�KDV�EHHQ
RPLWWHG�IURP�WKH�PRGHO��(DFK�RI�WKH�VXESURFHVVHV�LQ�)LJXUH�����FRUUHVSRQGV�WR�D
SDUWLFXODU� W\SH� RI� NQRZOHGJH� VWUXFWXUH�� 7KH� ILUVW� SURFHVV�� OH[LFDO� LQIRUPDWLRQ
SURFHVVLQJ��GHPDQGV�NQRZOHGJH�RI�KRZ�ZRUGV�PDS�WR�FRQFHSWV��,Q�)LJXUH�����WKLV
W\SH� RI� NQRZOHGJH� LV� UHSUHVHQWHG� E\�� ¶FRQGXFWRU· �� 7KH� VHFRQG� SURFHVV�
TXDOLWDWLYH� UHDVRQLQJ�� HODERUDWHV� RQ� WKH� SUREOHP� UHSUHVHQWDWLRQ�� E\� DGGLQJ
PDWFKLQJ�HODERUDWLRQV�WR�WKH�FXUUHQW�PRGHO�RI�WKH�SUREOHP��7KHVH�LQIHUHQFHV�PD\
EH�UHSUHVHQWHG�LQ�/70�LQ�WKH�IROORZLQJ�IRUPDW�� ¶,)�SURSHUW\�$�>$1'�SURSHUW\�%@

���������������������������������������������
���,Q�DFWXDO�SUREOHP�VROYLQJ��WKH�SURFHVVHV�RXWOLQHG�LQ�WKH�PRGHO�ZLOO�RIWHQ�DOWHUQDWH��UDWKHU�WKDQ
EHLQJ�H[HFXWHG�LQ�D�VLPSOH�OLQHDU�IDVKLRQ��7KLV�LV�QRW�RQO\�WUXH�IRU�EHJLQQHUV�LQ�D�GRPDLQ��EXW
DOVR�IRU�H[SHUWV�ZKHQ�WKH\�DUH�ZRUNLQJ�RQ�FRPSOH[�SUREOHPV��&KL��*ODVHU��	�5HHV��������'H
-RQJ��������+D\HV�	�6LPRQ�������������/DUNLQ��������
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$33/,(6�7+(1�$/62�SURSHUW\�&�$33/,(6·����,Q�)LJXUH�����WKLV�W\SH�RI�NQRZOHGJH�LV
UHSUHVHQWHG�E\�� ��)LQDOO\��WKH�WKLUG�SURFHVV�PDNHV�DQ�DSSHDO�WR�NQRZOHGJH

RI�VROXWLRQ�PHWKRGV��$JDLQ��NQRZOHGJH�RI�WKLV�W\SH�FRPSULVHV�D�FHUWDLQ�SDWWHUQ�RI
VLWXDWLRQDO� SURSHUWLHV� WKDW� KDV� WR� EH� PDWFKHG� VXIILFLHQWO\� ZHOO� WR� DFWLYDWH� WKH
VROXWLRQ� LQIRUPDWLRQ�� ,Q� WKLV�FDVH�KRZHYHU�� WKH�FRUUHVSRQGLQJ�SURGXFWLRQ�ZRXOG
EH�RI�WKH�IRUPDW��¶,)�SURSHUW\�$�>$1'�SURSHUW\�%@�$33/,(6�7+(1�$33/<�PHWKRG
&·����,Q�WKH�ILJXUH��WKLV�W\SH�RI�NQRZOHGJH�LV�UHSUHVHQWHG�E\�� .LUFKKRI·VBODZ�

,Q� WKH� IROORZLQJ� ZH� ZLOO� IRFXV� RXU� DWWHQWLRQ� WR� ZKDW� KDSSHQV� SULRU� WR� WKH
LQVWDQWLDWLRQ�RI�WKH�IXOO�VFKHPD�

������(ODERUDWLRQV

$V�ZH�KDYH�DUJXHG�LQ�WKH�SUHYLRXV�VHFWLRQ��HODERUDWLRQV�SOD\�DQ�LPSRUWDQW�UROH�LQ
SUREOHP�VROYLQJ��,Q�WKLV�VWXG\��RXU�VSHFLILF�LQWHUHVW�LV�LQ�WKH�UROH�HODERUDWLRQV�SOD\
LQ�TXDOLWDWLYH�UHDVRQLQJ��HVSHFLDOO\�GXULQJ�WKH� LQLWLDO�SKDVHV�RI�WKH�VWUXFWXULQJ�DQG
UHVWUXFWXULQJ� RI� LQIRUPDWLRQ� IURP� WKH� SUREOHP� GHVFULSWLRQ� WR� IRUP� D� FRKHUHQW
PHQWDO� UHSUHVHQWDWLRQ� RI� WKH� SUREOHP�� 5HDVRQLQJ� LQ� WKLV� LQLWLDO� SKDVH� LV� LQ� SDUW
DXWRPDWLF��DQG�UHDVRQLQJ�HSLVRGHV�PD\�KDYH�D�GXUDWLRQ�DV�VKRUW�DV�D�IHZ�KXQGUHG
PLOOLVHFRQGV� �6KDVWUL� 	� $MMDQDJDGGH�� ������� &RQVHTXHQWO\� WKH� GHSWK� RI� VXFK
UHDVRQLQJ� LV�TXLWH� OLPLWHG��7KLV� W\SH�RI� UHDVRQLQJ� LV�NQRZQ�XQGHU�VXFK�QDPHV�DV
RQ�OLQH� LQIHUHQFH� �1RRUGPDQ�� 9RQN�� 	� .HPSII�� ������� RU� UHIOH[LYH� UHDVRQLQJ
�6KDVWUL�	�$MMDQDJDGGH�� �������'XH� WR� LWV� DXWRPDWLFLW\�� WKH�SURFHVV� WKDW� OHDGV� WR
WKH� LQLWLDO� LQWHUSUHWDWLRQ� RI� WKH� VLWXDWLRQ� FDQQRW� EH� FDSWXUHG� LQ� WKLQN�DORXG
SURWRFROV� �VHH�DOVR��(ULFVVRQ�	�6LPRQ��������GH�*URRW��������� ,Q�PRVW�FDVHV�� DW
OHDVW�ZLWK�QRYLFH�SUREOHP�VROYHUV��UHIOH[LYH�UHDVRQLQJ�GRHV�QRW�VXIILFH�WR�WULJJHU�D
SUREOHP�VFKHPD��VR�WKDW�D�PRUH�GHOLEHUDWH�TXDOLWDWLYH�UHDVRQLQJ�HIIRUW�LV�UHTXLUHG�
7KLV� HIIRUW� OHDGV� WR� PRUH� FRPSOH[� HODERUDWLRQV� EHLQJ� PDGH�� DQG� GHHSHU
FRQFOXVLRQV�EHLQJ�GUDZQ�

,Q� OLQH� ZLWK� RXU� PRGHO�� ZKLFK� VWUHVVHV� WKH� DVVRFLDWLYH� QDWXUH� RI� UHDVRQLQJ�� ZH
SURSRVH�WKDW�WKHUH�LV�QR�UHDVRQ�ZK\�HODERUDWLRQV�VKRXOG�EH�DFWLYDWHG�LQ�DQ�DOO�RU�
QRWKLQJ�IDVKLRQ��5DWKHU��ZH�DGRSW�D�PHFKDQLVP�VLPLODU�WR�WKH�RQH�GHVFULEHG�LQ�WKH
$&7
�PRGHO�E\�$QGHUVRQ��������VWDWLQJ�WKDW�HDFK�QRGH�LQ�D�NQRZOHGJH�QHWZRUN
KDV� D� FHUWDLQ� DFWLYDWLRQ� VWUHQJWK�� $FFRUGLQJ� WR� VXFK� D� PRGHO� DFWLYDWLRQ� VSUHDGV
RYHU� WKH� NQRZOHGJH� QHWZRUN� LQ� /70�� DQG� WKH� DFWLYDWLRQ� RI� D� VXEVHTXHQW

���������������������������������������������
���$OWHUQDWLYHO\��WKH�PHQWDO�PRGHO�RI�WKH�SUREOHP�PD\�EH�WKRXJKW�RI�DV�D�SDWWHUQ�UDWKHU�WKDQ�D
YHUEDO�VWDWHPHQW��7KH�/70�UHSUHVHQWDWLRQ�RI�WKH�LQIHUHQFHV�ZRXOG�WKHQ�EH�WULJJHUHG�E\�D
PDWFKHG�DFWLYDWLRQ�SDWWHUQ�UDWKHU�WKDQ�D�IRUPDO�FRQGLWLRQ��)URP�WKDW�YLHZSRLQW�WKH�UXOH�IRUPDW
WKDW�LV�SUHVHQWHG�KHUH��PD\�EH�DFFHSWHG�DV�DQ�DSSUR[LPDWLRQ�WR�WKH�¶UHDO·�VWUXFWXUH��FI��6PROHQVN\ �
������
���,W�LV�LPSRUWDQW�WR�UHFRJQLVH�WKDW�D�SULPDU\�GLIIHUHQFH�EHWZHHQ�UHDVRQLQJ�DERXW�D�SUREOHP
VLWXDWLRQ��DQG�UHDVRQLQJ�DERXW�D�VROXWLRQ�PHWKRG�LV�WKDW�ERWK�SURFHVVHV�KDYH�D�GLIIHUHQW�IRFXV��,Q
WKH�IRUPHU�SURFHVV��WKH�SK\VLFDO�V\VWHP�LV�WKH�VXEMHFW��ZKHUHDV�LQ�WKH�ODWWHU�SURFHVV��WKH�UHDVRQLQJ
SURFHVV�FRQFHUQV�VROXWLRQ�SURFHGXUHV��(TXLYDOHQWO\��LQ�WKH�IRUPHU�SURFHVV��WKH�TXHVWLRQ�EHLQJ
SRVHG�LV�DIWHU�D�SURSHUW\�RI�WKH�V\VWHP��ZKHUHDV�LQ�WKH�VHFRQG�SURFHVV�WKH�TXHVWLRQ�EHLQJ�SRVHG
LV�KRZ�WR�GHWHUPLQH�D�SURSHUW\�RI�WKH�V\VWHP��7KH�WZR�TXHVWLRQV�DUH�FORVHO\�UHODWHG�EXW�QRW
HTXLYDOHQW�



��

HODERUDWLRQ� ZRXOG� EH� LQYHUVHO\� SURSRUWLRQDO� WR� WKH� QXPEHU� RI� HODERUDWLRQV
DFFHVVLEOH�IURP�WKH�LQLWLDO�NQRZOHGJH�HOHPHQW�

,Q�RUGHU� WR�JDLQ� LQVLJKW� LQWR�WKH�W\SHV�RI�HODERUDWLRQV�WKDW�FDQ�EH�PDGH��DQG� WKH
UROH� WKH\� SOD\��ZH� DQDO\VHG� D� QXPEHU� RI� SK\VLFV� SUREOHPV�� )RU� HDFK� SUREOHP� D
K\SRWKHWLFDO� ¶UHDVRQLQJ� WUDFH·� ZDV� FRQVWUXFWHG�� FRQVLVWLQJ� RI� DOO� WKH� ²� DWRPLF� ²
UHDVRQLQJ� VWHSV� WKDW� ZRXOG� EH� QHFHVVDULO\�PDGH� WR� EH� DEOH� WR� SODQ� WKH� VROXWLRQ
SURFHGXUH�IRU�WKH�SUREOHP��8QGHUO\LQJ�DQ\�FRQFOXVLRQ�WR�EH�GUDZQ�ZH�SRVLWHG�D
JHQHUDOLVHG�UXOH��WKH�¶LQIHUHQFH�UXOH·��7KHVH�LQIHUHQFH�UXOHV�UDQJH�IURP�YHU\�VLPSOH�
EURDGO\�DSSOLFDEOH�UXOHV��WR�FRPSOH[��KLJKO\�GHGLFDWHG�UXOHV��7KH�FRQFOXVLRQ�WKDW�D
ERG\� LV� D� FRQGXFWRU�� JLYHQ� WKDW� LW� FRQVLVWV�RI� FRSSHU�� LV� DQ� H[DPSOH� RI� D� VLPSOH
HODERUDWLRQ�WKDW�FDQ�EH�LQIHUUHG�XVLQJ�WKH�IROORZLQJ�UXOH�

,)�PHGLXP�2� FRSSHU�$33/,(6�7+(1�$/62�PHGLXP�2� FRQGXFWRU
$33/,(6

7KLV�HODERUDWLRQ�FDQ�EH�VDLG�WR�EH�DW�WKH�ORZHVW�OHYHO�RI�FRPSOH[LW\��EHFDXVH�LW�LV�D
RQH�WR�RQH� PDSSLQJ� RI� D� VWDWHPHQW� IURP� WKH� SUREOHP� GHVFULSWLRQ� WR� D� QHZ
VWDWHPHQW�� $� VRPHZKDW� PRUH� FRPSOH[� HODERUDWLRQ� FDQ� EH� LQIHUUHG� ZKHQ� WZR
REMHFWV�DUH�FRQFHQWULF��DQG�RQH�KDV�D�VPDOOHU�UDGLXV�WKDQ�WKH�RWKHU��7KH�FRQFOXVLRQ
WKDW�WKH�ILUVW�REMHFW�LV�LQVLGH�WKH�VHFRQG�REMHFW�PD\�EH�GUDZQ�DFFRUGLQJ�WR�

,)�FRQFHQWULF�2��2���$1'�VKDSH�UDGLXV�2���VKDSH�UDGLXV�2��
$33/,(6�7+(1�$/62�SRVLWLRQ�2��2�� LQ�$33/,(6��

7KLV�HODERUDWLRQ�LV�DW�D�KLJKHU�OHYHO�RI�FRPSOH[LW\��EHFDXVH�LW�FRPELQHV�WZR�SLHFHV
RI� LQIRUPDWLRQ� WR� LQIHU� VRPHWKLQJ� QHZ�� /LNHZLVH�� ZH� FRXOG� JR� RQ� ZLWK� KLJKHU
OHYHOV�RI�FRPSOH[LW\��,Q�RXU�DQDO\VLV�ZH�IRXQG�VHYHUDO�H[DPSOHV�RI�VWDWHPHQWV�WKDW
LQWHJUDWH�ILYH�ELWV�RI�LQIRUPDWLRQ�IURP�WKH�RULJLQDO�SUREOHP�VWDWHPHQW�WR�UHDFK�WKH
QH[W� FRQFOXVLRQ�� 7\SLFDOO\�� WKHVH� FRQFOXVLRQV� FRXOG� EH� UHDFKHG� YLD� LQWHUPHGLDWH
UHDVRQLQJ�VWHSV�WKDW�FRPELQHG�RQO\�WZR�RU�WKUHH�SLHFHV�RI� LQIRUPDWLRQ�DW�D�WLPH�
,Q�VRPH�FDVHV��KRZHYHU��QR�LQWHUPHGLDWH�VWHSV�FRXOG�EH�GHILQHG��DQG�LQ�WKHVH�FDVHV
D� WUXO\� FRPSOH[� HODERUDWLRQ� UHVXOWV��:H�PD\� VXSSRVH� WKDW� WKHVH� KLJKO\� FRPSOH[
HODERUDWLRQV�FRUUHVSRQG� WR� LPSDVVHV� LQ� WKH�SUREOHP�VROYLQJ�SURFHVV��$� W\SLFDO� ²
K\SRWKHWLFDO� ²� UHDVRQLQJ� WUDFH� WHQGV� WR� VWDUW� ZLWK� VLPSOH� HODERUDWLRQV�� DQG
SURFHHGV� ZLWK� PRUH� GHPDQGLQJ� HODERUDWLRQV� EHLQJ� PDGH� ZKHQ� UHDVRQLQJ
SURJUHVVHV��7ZR�K\SRWKHWLFDO�¶UHDVRQLQJ�WUDFHV·�DUH�SUHVHQWHG�LQ�$SSHQGL[�'���

���������������������������������������������
���¶VKDSH�UDGLXV�2��·�'HQRWHV�WKH�¶UDGLXV·�DVSHFW�RI�WKH�¶VKDSH·�DWWULEXWH�RI�REMHFW�2 ���2QH�PD\
DUJXH�WKDW�WKH�WZR�REMHFWV�ERWK�VKRXOG�KDYH�D�UHJXODU�VKDSH�LQ�RUGHU�IRU�WKH�DERYH�UXOH�WR�EH
YDOLG��DGDSWLQJ�WKH�UXOH�DFFRUGLQJO\�ZRXOG�UHQGHU�LW�DQ�HYHQ�PRUH�FRPSOH[�UXOH�
���7KLV�W\SH�RI�¶UHDVRQLQJ·�EHDUV�VWURQJ�UHVHPEODQFH�WR�WUDYHUVLQJ�WKH�SUREOHP�VSDFH�E\�H[HFXWLQJ
SURGXFWLRQV�XVLQJ�D�EUHDGWK�ILUVW�VWUDWHJ\��7KHUH�LV�D�GLIIHUHQFH�LQ�WKDW�WKHUH�LV�QR�¶RSHUDWLRQ·�WKDW
FKDQJHV�WKH�VWDWH�RI�WKH�V\VWHP�OLNH�WKHUH�LV�LQ�PRVW�SX]]OH�SUREOHPV��$�VHFRQG�LPSRUWDQW
GLIIHUHQFH�LV�WKDW�LQ�WKH�SUHVHQW�W\SH�RI�UHDVRQLQJ�WKH�RULJLQDO�SUREOHP�GHVFULSWLRQ�LV�QRW�UHSODFHG
ZLWK�D�PRGLILHG�RQH��EXW�LQVWHDG�WKH�SUREOHP�GHVFULSWLRQ�EHFRPHV�HQKDQFHG�ZLWK�VRPH�QHZ
LQIRUPDWLRQ�



��

7KH� HODERUDWLRQV� ZH� KDYH� GLVFXVVHG� WHQG� WR� FRPELQH� PXOWLSOH� SLHFHV� RI
LQIRUPDWLRQ�WR�JHQHUDWH�VRPHWKLQJ�QHZ��$V�LV�DSSDUHQW�IURP�WKH�IRUHJRLQJ��WKHUH
DUH� PRUH� DQG� OHVV� FRPSOH[� HODERUDWLRQV�� ,W� PD\� EH� FRQMHFWXUHG� WKDW� FRPSOH[
HODERUDWLRQV�FDQ�RQO\�EH�PDGH�RQ� WKH�EDVLV�RI� WKH�VLPXOWDQHRXV�DZDUHQHVV�RI�DOO
UHOHYDQW�SUREOHP�IHDWXUHV��7KXV��PDQ\�SUREOHP�IHDWXUHV�KDYH�WR�EH�UHSUHVHQWHG�LQ
ZRUNLQJ�PHPRU\� VLPXOWDQHRXVO\��$V�ZRUNLQJ�PHPRU\�KDV� D� OLPLWHG� FDSDFLW\� IRU
XQVWUXFWXUHG� LQIRUPDWLRQ� �'H� *URRW�� ������� WKLV� UHTXLUHV� DQ� LQWHJUDWHG
UHSUHVHQWDWLRQ�RI�WKH�SUREOHP�VLWXDWLRQ��2Q�WKH�RWKHU�KDQG��DV�D�UHVXOW�RI�DGGLQJ
HODERUDWLRQV� UHODWLRQV�EHWZHHQ�HOHPHQWV� LQ� WKH�SUREOHP� VLWXDWLRQ� DUH� HVWDEOLVKHG�
OHDGLQJ�WR�D�PRUH�LQWHJUDWHG�SUREOHP�UHSUHVHQWDWLRQ��7KHUHIRUH��HODERUDWLRQV�PD\
EH� VHHQ� DV� WUDQVIRUPLQJ� D� FROOHFWLRQ� RI� LQLWLDOO\� LVRODWHG� SURSRVLWLRQV� LQWR� D
VWUXFWXUHG�PHQWDO�PRGHO�

1RZ� WKDW� ZH� KDYH� VKRZQ� WKDW� HODERUDWLRQ� FDQ� EH� LPSRUWDQW� IRU� SUREOHP
UHSUHVHQWDWLRQ� UHVWUXFWXULQJ�� WKH� QH[W� LVVXH� WR� DGGUHVV� LV� XQGHU� ZKDW� FRQGLWLRQV
SDUWLFXODU� HODERUDWLRQV� DUH�PDGH�� 7KHUH� DUH� VHYHUDO� IDFWRUV� WKDW� GHWHUPLQH� ZKHQ
HODERUDWLRQV� DUH�PDGH�� DQG�ZKDW� HODERUDWLRQV� DUH�PDGH�� 6RPH� IDFWRUV� OLH� LQ� WKH
LQGLYLGXDO��ZKHUHDV�RWKHU� IDFWRUV�DUH�GHWHUPLQHG�E\� WKH� LQSXW�PDWHULDO�� VXFK�DV� D
SUREOHP�GHVFULSWLRQ��$Q�LPSRUWDQW�IDFWRU�GHWHUPLQHG�E\�WKH�SUREOHP�VROYHU�PLJKW
EH� WKH� JRDO� WKH� SHUVRQ� KDV� LQ� PLQG�� 6RPH� HYLGHQFH� WKDW� WKLV� IDFWRU� QRW� RQO\
LQIOXHQFHV� FRQVFLRXV� UHDVRQLQJ� HIIRUWV� EXW� DOVR� WKH� PRUH� DXWRPDWLF� UHIOH[LYH
UHDVRQLQJ�� FRPHV� IURP� D� VWXG\� E\� 1RRUGPDQ� HW� DO�� �������� ZKR� DGGUHVVHG� WKH
LQIOXHQFH�RI�WKH�JRDO�D�UHDGHU�KDV�LQ�PLQG�ZKLOH�UHDGLQJ�D�WH[W��7KH\�VKRZHG�WKDW
WKH�UHDGHU·V�JRDO�GHWHUPLQHV�ZKDW�LQIHUHQFHV�DUH�PDGH�RQ�OLQH�ZKLOH�UHDGLQJ�

0F1DPDUD��.LQWVFK��%XWOHU�6RQJHU��DQG�.LQWVFK��������DQG�5HGHU��&KDUQH\��DQG
0RUJDQ� �������GHPRQVWUDWHG�KRZ�SURSHUWLHV�RI� WKH� LQSXW�PDWHULDO� FDQ� LQIOXHQFH
WKH� UHDVRQLQJ� SURFHVV�� ,Q� ERWK� VWXGLHV�� WKH� HIIHFW� WH[W� FRKHUHQFH� KDV� RQ� WKH
UHDVRQLQJ� SURFHVV� ZDV� LQYHVWLJDWHG�� 0F1DPDUD� HW� DO�� ������� FRPSDUHG� OHDUQLQJ
IURP� PRUH� DQG� OHVV� FRKHUHQW� VWXG\� WH[WV� E\� KLJK� DQG� ORZ� SULRU� NQRZOHGJH
VXEMHFWV��7ZR�W\SHV�RI�OHDUQLQJ�RXWFRPH�ZHUH�GLVWLQJXLVKHG��UHFDOO�RI�WKH�WH[W�EDVH
DQG�WKH�TXDOLW\�RI� WKH�VLWXDWLRQ�PRGHO�VXEMHFWV�KDG�FRQVWUXFWHG��7KH\�IRXQG�WKDW
WKH�OHVV�FRKHUHQW�WH[W�LPSDLUHG�UHFDOO�RI�WKH�WH[W�LQ�ERWK�KLJK�DQG�ORZ�NQRZOHGJH
VXEMHFWV�� ,Q� FRQWUDVW�� WKH� DFTXLVLWLRQ� RI� D� VLWXDWLRQ� PRGHO� ZDV� SURPRWHG� E\
SUHVHQWLQJ� D� OHVV� FRKHUHQW� WH[W� IRU� KLJK� NQRZOHGJH� VXEMHFWV� EXW� QRW� IRU� ORZ
NQRZOHGJH� VXEMHFWV�� 6R�� IURP� WKLV� VWXG\� ZH� DOVR� KDYH� HYLGHQFH� IRU� DQRWKHU
SUREOHP�VROYHU� IDFWRU�� QDPHO\� SULRU� NQRZOHGJH�� 7KH� ILQGLQJV� DUH� LQWHUSUHWHG� DV
HYLGHQFH� WKDW� KLJK� NQRZOHGJH� VXEMHFWV� DUH� DEOH� WR� LQIHU� WKH� PLVVLQJ� UHODWLRQV
WKHPVHOYHV�� DQG� WKDW� WKH� SURFHVV� RI� LQIHUULQJ� KHOSHG� WKHP� WR� HQJDJH� LQ� DFWLYHO\
FRQVWUXFWLQJ�D�VLWXDWLRQ�PRGHO��5HGHU�HW�DO�� �������PDQLSXODWHG� WKH�HODERUDWHQHVV
RI�WH[WV�WRR��7KH\�PDGH�GLIIHUHQW�YHUVLRQV�RI�D�PDQXDO�IRU�D�FRPSXWHU�WDVN��7KH\
KDG� WZR� W\SHV�RI� HODERUDWHG� WH[WV�� RQH�YHUVLRQ�KDG� ¶FRQFHSWXDO� HODERUDWLRQV·� WKH
RWKHU�YHUVLRQ�KDG�SURFHGXUDO�HODERUDWLRQV�� V\QWD[�HODERUDWLRQ���7KH�YHUVLRQ�ZLWK
V\QWD[� HODERUDWLRQV� OHG� WR� VXSHULRU� SHUIRUPDQFH� RQ� WKH� WDVN�� ZKHUHDV� WKH
FRQFHSWXDO� HODERUDWLRQV� KDG� QR� HIIHFW�� 7KRXJK�0F1DPDUD� HW� DO�� ������� GLG� QRW
GLVWLQJXLVK� EHWZHHQ� FRQFHSWXDO� DQG� SURFHGXUDO� HODERUDWLRQV�� WKH� H[DPSOHV� WKH\
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JLYH� PDNH� FOHDU� WKDW� WKHLU� PDQLSXODWLRQ� DIIHFWHG� WKH� DPRXQW� RI� FRQFHSWXDO
HODERUDWLRQV� LQ� WKH� VWXG\� WH[W�� 7KXV�� WKHVH� VWXGLHV� LOOXVWUDWH� WKDW� WKH� HIIHFWV� RI
DGGLQJ�FRQFHSWXDO�HODERUDWLRQV�WR�D� WH[W�PD\�YDU\�GHSHQGLQJ�RQ�WKH�W\SH�RI� WDVN
DQG�WKH�SHUIRUPDQFH�PHDVXUH�WKDW�LV�XVHG�

������5HVHDUFK�TXHVWLRQV�DQG�UHODWHG�H[SHULPHQWV

1RZ� WKDW� ZH� KDYH� GLVFXVVHG� WKH� SUREOHP�VROYLQJ� SURFHVV�� DQG� WKH� UROH
HODERUDWLRQV�PD\�SOD\�LQ�WKLV�SURFHVV��ZH�DUH�UHDG\�WR�DGGUHVV�RXU�PDMRU�TXHVWLRQV�
ILUVW�� ZKDW� PDNHV� EHJLQQHUV� SHUIRUP� ZRUVH� WKDQ� H[SHUWV� ZKHQ� LW� FRPHV� WR
UHFRJQLVLQJ� WKH� W\SH� RI� VROXWLRQ� D� SUREOHP� UHTXLUHV�� DQG� VHFRQG�� ZKDW� PDNHV
SURILFLHQW�EHJLQQHUV�SHUIRUP�EHWWHU�WKDQ�ZHDN�EHJLQQHUV"�:H�VWDUWHG�WKLV�FKDSWHU
E\� GHVFULELQJ� WZR� SRVVLEOH� UHDVRQV� ZK\� QRYLFHV� IDLO� WR� UHFRJQLVH� WKH� SURSHU
VROXWLRQ�W\SH�IRU�D�SDUWLFXODU�SUREOHP��(LWKHU�WKH\�GR�QRW�NQRZ�DQ\�VROXWLRQ�W\SHV
DW� DOO�� RU� WKH� FRUH� SUREOHP� WR� ZHDN� SUREOHP� VROYHUV� LV� QRW� WKDW� WKH\� KDYH� QR
VFKHPDWD��RU�WKDW�WKH\�GR�QRW�VHH�VROXWLRQ�SULQFLSOHV�DV�LPSRUWDQW��EXW�UDWKHU�WKDW
WKH\� IDLO� WR� WUDQVODWH� EHWZHHQ� WKH� SUREOHP� DW� KDQG� DQG� WKH� SUREOHP� W\SHV� WKH\
NQRZ��2XU�ILUVW�K\SRWKHVLV� LV�WKDW�WKH�ODWWHU� LV�WUXH�IRU�WKH�NLQG�RI�QRYLFH�ZH�DUH
VWXG\LQJ��WKDW�LV��VWXGHQWV�ZKR�KDYH�DWWHQGHG�DQ�LQLWLDO�XQLYHUVLW\�OHYHO�FRXUVH�DQG
ZKR�KDYH�DWWHPSWHG�WR�SDVV�WKH�WHVW��

$�SRZHUIXO�PHWKRG�IRU�LQYHVWLJDWLQJ�VXEMHFWV·�VFKHPDWD�LV�WKH�XVH�RI�FDWHJRULVDWLRQ
WDVNV��,Q�WKLV�W\SH�RI�WDVN�WKH�VXEMHFWV�KDYH�WR�VRUW�D�SLOH�RI�SUREOHPV�DFFRUGLQJ�WR
WKH�VLPLODULWLHV�EHWZHHQ�WKHLU�VROXWLRQV��7KLV�WDVN�FDQQRW�EH�FRPSOHWHG�VXFFHVVIXOO\
XVLQJ�D�PHFKDQLFDO�WULDO�DQG�HUURU�DSSURDFK��,Q�FRQWUDVW��LW�LV�QHFHVVDU\�WR�UHFRJQLVH
WKH�JOREDO�VWUXFWXUH�RI�WKH�VROXWLRQ�ZLWKRXW�DFWXDOO\�H[HFXWLQJ�DOO�WKH�VWHSV��ZKLFK
LV� H[DFWO\� WKH� NLQG� RI� UHDVRQLQJ� ZH� DUH� LQWHUHVWHG� LQ�� 7KHUHIRUH�� LQ� WKH� SUHVHQW
H[SHULPHQW��ZH�XVHG�WKH�PHWKRG�RI�FDUG�VRUWLQJ�

,I� LW� LV� WUXH� WKDW� HYHQ� ZHDN� EHJLQQHUV� EDVLFDOO\� NQRZ� WKH� W\SHV� RI� VROXWLRQV
SUHYDOHQW� LQ� WKH� ILHOG��ZH� VKRXOG� H[SHFW� WKHP� WR� QDPH� WKHLU� SUREOHP� FDWHJRULHV
DFFRUGLQJO\�ZKHQ�WKH\�DUH�WU\LQJ�WR�VRUW�SUREOHPV�DFFRUGLQJ�WR�VROXWLRQ�PHWKRGV�
7KHUHIRUH�� RXU� ILUVW� K\SRWKHVLV� SUHGLFWV� WKDW� D� W\SLFDO� ²�ZHDN� ²� EHJLQQHU� VRUWLQJ
ZRXOG�QRW�EH�V\VWHPDWLFDOO\�GLIIHUHQW�IURP�WKH�H[SHUWV�RXWFRPH��EXW�UDWKHU� WKH�²
ZHDN�²�EHJLQQHUV� VKRXOG�EH�H[SHFWHG� WR�FRPH�XS�ZLWK� VRPHWKLQJ� OLNH� D�EOXUUHG
LPDJH�RI�WKH�H[SHUWV�VRUWLQJ�

7KLV�NLQG�RI�H[SHULPHQW��ZLWK�VLPLODU�VXEMHFWV��KDV�EHHQ�GRQH�E\�&KL�HW�DO��������
WRR��7KH\�IRXQG�PDMRU�TXDOLWDWLYH�GLIIHUHQFHV�EHWZHHQ�H[SHUW�VRUWLQJV�DQG�QRYLFH
VRUWLQJV��+RZHYHU��LQ�WKHLU�VRUWLQJ�H[SHULPHQWV�WKH\�KDG�RQO\�IHZ�VXEMHFWV��VR�WKDW
WKH\�FRXOG�QRW�FDUU\�RXW�D�VWDWLVWLFDO�DQDO\VLV��0RUHRYHU��DV�SRLQWHG�RXW�E\�7DFRQLV
�������� WKHLU� VWXG\� KDV� VRPH� PHWKRGRORJLFDO� OLPLWDWLRQV�� ERWK� GXH� WR� WKH
LQVWUXFWLRQ�WKH\�JDYH�WR�WKHLU�VXEMHFWV�DQG�GXH�WR�WKH�SUREOHP�VHW�WKH\�XVHG�

:LWK�UHVSHFW�WR�WKH�LQVWUXFWLRQDO�IRUPDW��LW�VKRXOG�EH�QRWHG�WKDW�&KL�HW�DO�� ������
GLG�QRW� JLYH� DQ\� LQGLFDWLRQ�RI� WKH� FULWHULD�ZLWK�ZKLFK� WKH� � SUREOHPV�ZHUH� WR� EH
VRUWHG��'LIIHUHQFHV�LQ�LQVWUXFWLRQDO�IRUPDW�PD\�H[SODLQ�WKH�PL[HG�ILQGLQJV�LQ�RWKHU
VWXGLHV�WRR��*UXEHU�DQG�=LHJOHU��������IRU�LQVWDQFH�IRXQG�WKDW�FKHVV�QRYLFHV��ZKHQ
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FDWHJRULVLQJ�FKHVV�SRVLWLRQV��ODEHOOHG�WKHLU�FOXVWHUV�TXDOLWDWLYHO\�GLIIHUHQWO\�IURP�WKH
H[SHUWV·�ODEHOV��,Q�WKH�*UXEHU�DQG�=LHJOHU�H[SHULPHQW�WKH�LQVWUXFWLRQ�JDYH�QR�FOXH
DV� WR� ZKDW� NLQG� RI� FDWHJRULVDWLRQ� ZDV� GHVLUHG�� 7DFRQLV� ������� KDG� KLJK� VFKRRO
VWXGHQWV� VRUW� SK\VLFV� SUREOHPV�� +H� WHVWHG� WKH� HIIHFW� RI� GLIIHUHQW� NLQGV� RI
LQVWUXFWLRQ��+H�FRPSDUHG�D�YHUVLRQ�WKDW�JDYH�QR�FULWHULD��D�YHUVLRQ�PHQWLRQLQJ�WKDW
¶SUREOHPV�\RX�FDQ�VROYH�LQ�WKH�VDPH�ZD\·�ZHUH�WR�EH�SXW�WRJHWKHU��D�YHUVLRQ�ZKHUH
H[DPSOHV�ZHUH�JLYHQ�WRR��DQG�D�YHUVLRQ�ZLWK�DOO�SLOH�ODEHOV�SURYLGHG��5HVXOWV�FOHDUO\
YDULHG�ZLWK�WKH�W\SH�RI�LQVWUXFWLRQ�

:LWK� UHVSHFW� WR� WKH� VHFRQG� IDFWRU�� WKH� FRPSRVLWLRQ� RI� WKH� SUREOHP� VHW�� LW� LV
LPSRUWDQW�WR�QRWH�WKDW�&KL�HW�DO��XVHG�D�SUREOHP�VHW�ZLWK�¶PLVOHDGLQJ·�FRYHU�VWRULHV
LQ� WKHLU� H[SHULPHQW�� ,Q� WKHLU� DUWLFOH� WKH\� UHSRUWHG�RQ� WZR�SUREOHP� VRUWLQJ� WDVNV�
7KH�ILUVW�WDVN��ZLWK���H[SHUW�DQG���QRYLFH�VXEMHFWV��OHG�WR�WKH�FRQFOXVLRQ�WKDW�WKH
QRYLFHV�JDYH�GLIIHUHQW�QDPHV� WR� WKHLU� FOXVWHUV�� ,Q� WKH� VHFRQG�YHUVLRQ�RI� WKH� WDVN
�ZKHUH� WKH\� UHSRUWHG�RQ���VXEMHFWV�RI�GLIIHUHQW�H[SHUWLVH� OHYHOV�� WKH\�GHOLEHUDWHO\
FKRVH� WKHLU� SUREOHPV� LQ� VXFK� D� ZD\� WKDW� WKH� VXUIDFH� SURSHUWLHV� RI� WKH� SUREOHP
VXJJHVWHG�D�GLIIHUHQW�RUGHULQJ�WKDQ�WKH�RUGHULQJ�EDVHG�RQ�VROXWLRQ�SURFHGXUHV��,Q
WKLV� H[SHULPHQW� WKH\� IRXQG� WKDW� WKH� QRYLFH� VXEMHFW� UHVSRQGHG� WR� VXUIDFH
SURSHUWLHV�� WKH� H[SHUW� UHVSRQGHG� WR� ¶GHHS·� SURSHUWLHV�� DQ� DGYDQFHG� LQWHUPHGLDWH
VRUWHG�DFFRUGLQJ�WR�VROXWLRQ�SULQFLSOHV�EXW�HUUHG�VRPHWLPHV��DQG�D� OHVV�DGYDQFHG
LQWHUPHGLDWH�VXEMHFW�GLG�VRPH�K\EULG�VRUWLQJ�GLVWLQJXLVKLQJ�SLOHV�ERWK�RQ�WKH�EDVLV
RI� VROXWLRQ� SULQFLSOHV� DQG� VXUIDFH� SURSHUWLHV�� ,Q� SK\VLFV�� KRZHYHU�� XQOLNH� LQ
DOJHEUDLF� ZRUG� SUREOHPV�� WKH� ¶FRYHU� VWRU\·� RI� WKH� SUREOHP� LV� QRW� QRUPDOO\
LQGHSHQGHQW� RI� WKH� GHHS� VWUXFWXUH�� 3UREOHP� VWDWHPHQWV� LQ� WUDGLWLRQDO� XQLYHUVLW\
OHYHO�SK\VLFV�WH[W�ERRNV�JHQHUDOO\�JR�QR�IXUWKHU�WKDQ�WKH�UHOHYDQW�SK\VLFV�FRQWH[W�
7KH� SUREOHPV� XVHG� LQ� RXU� H[SHULPHQW� ZHUH� IRUPXODWHG� DFFRUGLQJO\�� ,Q� PDQ\
UHFHQW�WH[W�ERRNV��VHH�IRU� LQVWDQFH��+DOOLGD\��5HVQLFN��	�:DONHU��������<RXQJ�	
)UHHGPDQ�� ������ SUDFWLFH� SUREOHPV� DUH� HPEHGGHG� LQ� D� ¶KXPDQ� LQWHUHVW·� FRYHU
VWRU\��ZKLFK�LV�DOVR�WKH�ZD\�LQ�ZKLFK�SUREOHPV�ZHUH�SUHVHQWHG�LQ�WKH�H[SHULPHQWV
E\�&KL�HW�DO�� ��������6XFK�KXPDQ� LQWHUHVW�FRYHU�VWRULHV�FDQ�EH�TXLWH�XQUHODWHG� WR
WKH�GHHS�VWUXFWXUH�RI�WKH�SUREOHP����,W�LV�FRQFHLYDEOH�WKDW�WKLV�W\SH�RI�FRYHU�VWRULHV
FRQYH\V�D�NLQG�RI�LQIRUPDWLRQ�WKDW�LV�SDUWLFXODUO\�VDOLHQW�WR�EHJLQQHUV��DQG�WKDW�LW�LV
WKLV�W\SH�RI� LQIRUPDWLRQ�WKDW�FDXVHG�&KL�HW�DO�·V�VXEMHFWV� WR� LQGXFH�WKH�VXSHUILFLDO
VRUWLQJ�FULWHULD�

,I�RXU�ILUVW�K\SRWKHVLV�SURYHV�WR�EH�WUXH�²�WKDW�LV��LI�QRYLFHV�DSSHDU�WR�NQRZ�VRPH
UXGLPHQWDU\�IRUP�RI�D�SUREOHP�VFKHPD�²�WKHLU�IUHTXHQW�IDLOXUHV� WR�UHFRJQLVH�WKH
SURSHU�VFKHPD�FDQ�KDYH�WZR�GLIIHUHQW�FDXVHV��(LWKHU�LW�LV�EHFDXVH�WKHLU�FRQFHSWLRQ
RI�WKH�JHQHULF�SUREOHP�W\SH�LV�WRR�QDUURZ�RU�LW�LV�EHFDXVH�WKH\�IDLO�WR�HODERUDWH�RQ
WKH�FXUUHQW�SUREOHP�SURSHUO\��,I�WKH�HODERUDWLRQV�SOD\�WKH�UROH�ZH�DVVXPH�WKH\�GR�

���������������������������������������������
���$V�DQ�H[DPSOH�FRQVLGHU�WKH�IROORZLQJ�SUREOHP�ZKHUH�PRVW�RI�WKH�FRYHU�VWRU\�FDQ�EH�QHJOHFWHG�
:KDW�6KDNHVSHDUH�'LGQªW�7HOO�8V��5RPHR�LV�WRVVLQJ�SHEEOHV�DW�-XOLHW·V�ZLQGRZ�WR�ZDNH�KHU��8QIRUWXQDWHO\
VKH�LV�D�VRXQG�VOHHSHU��+H�ILQDOO\�WKURZV�WRR�ODUJH�D�SHEEOH�WRR�IDVW��-XVW�EHIRUH�FUDVKLQJ�WKURXJK�WKH�JODVV��WKH
SHEEOH�LV�PRYLQJ�KRUL]RQWDOO\��KDYLQJ�WUDYHOOHG�KRUL]RQWDOO\�D�GLVWDQFH�[�DQG�YHUWLFDOO\�D�GLVWDQFH�\�DV�D�SURMHFWLOH�
)LQG�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�SHEEOH·V�YHORFLW\�DV�LW�OHDYHV�5RPHR·V�KDQG���<RXQJ�	�)UHHGPDQ�
�����
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LW� PD\� EH� VXSSRVHG� WKDW�� GHSHQGLQJ� RQ� WKH� VXEMHFW·V� OHYHO� RI� H[SHUWLVH�� VRPH
HODERUDWLRQV� DUH� PDGH� DXWRPDWLFDOO\� XSRQ� ILUVW� VLJKW� RI� D� SUREOHP�� 2WKHU
HODERUDWLRQV�DUH�VLPSO\�WRR�FRPSOH[�DQG�ZLOO�QHYHU�EH�PDGH��DQG�HYHQ�LI�WKH\�ZHUH
PDGH��RU�WROG�� WKH\�ZRXOG�QRW� WULJJHU�DQ\�UHOHYDQW� WKRXJKW��EHFDXVH�WKH\�DUH�QRW
FRQQHFWHG�WR�DQ\WKLQJ�NQRZQ��,Q�EHWZHHQ�WKHVH�WZR�H[WUHPHV�� WKHUH�PXVW�EH�DQ
LQWHUPHGLDWH� OHYHO� ZKHUH� HODERUDWLRQV� QR� ORQJHU� DUH� XQSUREOHPDWLF�� ,W� PD\� EH
VXSSRVHG�WKDW�SUHVHQWLQJ�VRPHRQH�ZLWK�DQ�HODERUDWLRQ�RI�WKLV�OHYHO�RI�FRPSOH[LW\
PD\�SURYLGH�D�VFDIIROG��WKDW�HQDEOHV�WKH�SUREOHP�VROYHU�WR�VROYH�D�PRUH�FRPSOH[
SUREOHP�� ,I� WKH� OHYHO�RI� WKH� JLYHQ� HODERUDWLRQ� LV� WRR�KLJK�� LW�ZLOO� QRW� FRQQHFW� WR
DQ\WKLQJ��DQG�WKXV�LW�ZLOO�QRW�KHOS��,I�WKH�OHYHO�RI�WKH�JLYHQ�HODERUDWLRQ�LV�WRR�ORZ�
KRZHYHU�� WKH� JLYHQ� LQIRUPDWLRQ�PD\� HYHQ� KDPSHU� WKH� DFWLYH� UHDVRQLQJ� SURFHVV�
DQG� WKXV� WKH� IRUPDWLRQ� RI� D� VLWXDWLRQ� PRGHO� �0F1DPDUD�� ������� :KHWKHU� DQ
HODERUDWLRQ� LV� WRR� HDV\�� WRR� GLIILFXOW�� RU� KDV� WKH� SURSHU� OHYHO�� GHSHQGV� RQ� WKH
SURILFLHQF\� RI� WKH� SUREOHP� VROYHU�� ,I� ERWK� SURILFLHQW� DQG� ZHDN� EHJLQQHUV� GR
HQJDJH� LQ� WKLV� NLQG� RI� HODERUDWLYH� UHDVRQLQJ�� ZH� VKRXOG� WKXV� H[SHFW� WKDW� ZKHQ
HODERUDWLRQV� DUH� JLYHQ� DW� D� YHU\� VLPSOH� OHYHO�� ZHDN� EHJLQQHUV� SURILW� PRUH� WKDQ
SURILFLHQW� EHJLQQHUV� GR�� ZKLFK� LV� RXU� VHFRQG� K\SRWKHVLV�� ,Q� RUGHU� WR� WHVW� WKLV
K\SRWKHVLV� ZH�PDGH� DQRWKHU� YHUVLRQ� RI� RXU� SUREOHP�VRUWLQJ� WDVN� ZLWK� DQ� H[WUD
HODERUDWLRQ�JLYHQ�ZLWK�HDFK�SUREOHP��:H�DGMXVWHG�WKH�HODERUDWLRQV�ZH�JDYH�WR�EH
DV� VLPSOH� DV� SRVVLEOH�� LQ� RWKHU� ZRUGV�� WR� EH� YHU\� FORVH� WR� WKH� RULJLQDO� SUREOHP
VWDWHPHQW�

����0HWKRG

������0DWHULDO

$V� D� VXEMHFW� PDWWHU� ZH� FKRVH� WKH� ILHOG� RI� HOHFWULFLW\� DQG� PDJQHWLVP�� 7KH
SDUWLFXODULWLHV� RI� WKLV� GRPDLQ� FRPSDUHG� WR� RWKHU� GRPDLQV� ZHUH� GLVFXVVHG� LQ
6HFWLRQ������ ,Q�RUGHU� WR�PHDVXUH� WKH� HIIHFW�RI� HODERUDWLRQV�� WZR�GLIIHUHQW� VHWV�RI
SUREOHPV�ZHUH� UHTXLUHG�� WR� OHW� HDFK� VWXGHQW�ZRUN� RQ� DQ� HODERUDWHG� DQG� D� QRQ�
HODERUDWHG� YHUVLRQ� RI� WKH� WDVN��:H� FRQVWUXFWHG� WZR� VHWV� RI� SUREOHPV� IURP� WKH
GRPDLQ�RI� HOHFWULFLW\� DQG�PDJQHWLVP��2QH� VHW� FRPSULVHG� ��� SUREOHPV� IURP� WKH
ILHOG� RI� HOHFWULFLW\�� WKH� RWKHU� VHW� FRQVLVWHG� RI� ��� SUREOHPV� RQ� PDJQHWLVP�� 2XU
LQWHQWLRQ�ZDV�WR�GHVLJQ�ERWK�VHWV� LQ�VXFK�D�ZD\� WKDW�DQ�H[SHUW�ZRXOG�GLVWLQJXLVK
IRXU� GLIIHUHQW� FOXVWHUV� RI� SUREOHPV� LQ� WKH� VHW�� :H� WULHG� WR� PDNH� WKH� SUREOHPV
ZLWKLQ� D� FOXVWHU� VXIILFLHQWO\� YDULHG�� ERWK� LQ� WKHLU� ZRUGLQJ� DQG� LQ� WKHLU� SK\VLFV
FRQWHQW�� 7KH� FRQVWUDLQW� ZH� XVHG� ZDV� WKDW� ZH� GLG� QRW� ZDQW� WR� LQFOXGH� FDWFK
SUREOHPV� RI� W\SHV� WKH� VWXGHQWV� GLG� QRW� UHJXODUO\� HQFRXQWHU� LQ� WKHLU� SUDFWLFH
SUREOHPV�� 7KH� GHVLJQ� SURFHGXUH� VWDUWHG� IURP� D� ODUJHU� VHW� RI� SUREOHPV� WKDW� ZDV
SUHVHQWHG�WR�VHYHUDO�H[SHUWV����3UREOHPV�WKDW�ZHUH�QRW�FODVVLILHG�LQ�D�PRUH�RU� OHVV
FRQVLVWHQW�ZD\�ZHUH�UHPRYHG�IURP�WKH�VHW��DV�ZHOO�DV�SUREOHPV�WKDW�ZHUH�WRR�KDUG
IRU� XQGHUJUDGXDWHV� DFFRUGLQJ� WR� WKH� H[SHUWV�� 7KH� FRPSRVLWLRQ� RI� WKH� UHPDLQLQJ
WZR� VHWV� RI� ��� SUREOHPV� HDFK� LV� VXPPDULVHG� LQ� 7DEOH� ����� 7KHQ� ZH� XVHG� WKH

���������������������������������������������
���$Q�H[SHUW�ZDV�GHILQHG�DV�VRPHRQH�ZKR�KDG�UHFHQWO\�EHHQ�LQYROYHG�LQ�WHDFKLQJ�WKH�VXEMHFW�RI
HOHFWURG\QDPLFV�DW�WKH�XQGHUJUDGXDWH�OHYHO�
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MXGJHPHQWV�RI�IRXU�LQGHSHQGHQW�H[SHUWV�WR�GHWHUPLQH�ZKLFK�SUREOHPV�ZLWKLQ�D�VHW
ZHUH�YHU\�VLPLODU��WKDW�LV��EHORQJLQJ�WR�WKH�VDPH�FOXVWHU�DFFRUGLQJ�WR�DW�OHDVW���RI
WKH�H[SHUWV��DQG�ZKLFK�SUREOHPV�ZHUH�YHU\�GLVVLPLODU��WKDW�LV��QRQH�RI�WKH�H[SHUWV
SODFHG�WKHP�WRJHWKHU���7KH�UHVXOWV�DUH�VXPPDULVHG� LQ�$SSHQGL[�(��7KHVH� UHVXOWV
ZHUH�WKH�VWDQGDUG�DJDLQVW�ZKLFK�WKH�VWXGHQWV·�VRUWLQJV�ZHUH�MXGJHG�

7DEOH������ 7KH�GLVWULEXWLRQ�RI�WKH�SUREOHPV�RYHU�WRSLFV�DFFRUGLQJ�WR�WKH�H[SHULPHQWHUV�

VHW����HOHFWULFLW\ QXPEHU�RI�SUREOHPV VHW����PDJQHWLVP QXPEHU�RI�SUREOHPV

*DXVV·�ODZ
LPDJH�FKDUJHV
GLSROH�DSSUR[LPDWLRQ
&RXORPE·V�ODZ�VXSHUSRVLWLRQ

�
�
�
�

$PSHUH·V�ODZ
GLSROH�DSSUR[LPDWLRQ
LQGXFWLRQ�IOX[
%LRW�6DYDUW·V�ODZ

�
�
�
�

)RU�HDFK�RI�WKH�SUREOHPV�DQ�HODERUDWLRQ�ZDV�FRQVWUXFWHG�WKDW�KDG�D� ORZ�OHYHO�RI
FRPSOH[LW\��+HQFH��WKHUH�ZHUH�WZR�YHUVLRQV�RI�HDFK�VHW��RQH�ZLWK�DQG�RQH�ZLWKRXW
HODERUDWLRQ��$OO� VWXGHQWV�ZHUH� WR� VRUW� RQH� RI� WKH� VHWV�ZLWK� HODERUDWLRQV� DQG� WKH
RWKHU�VHW�ZLWKRXW�HODERUDWLRQV��([DPSOHV�RI�WKH�SUREOHP�FDUGV�DUH�JLYHQ�LQ�7DEOH
����

7DEOH������ 7ZR�H[DPSOHV�RI�SUREOHPV�XVHG�LQ�WKH�H[SHULPHQW��)RU�ERWK�SUREOHPV�WKHUH�ZDV�DQ
HODERUDWHG�YHUVLRQ�DQG�D�QRQ�HODERUDWHG�YHUVLRQ��7KH�QRQ�HODERUDWHG�YHUVLRQ�RQO\�JDYH�WKH
QRUPDO�SULQWHG�WH[W��WKH�HODERUDWHG�YHUVLRQ�DOVR�JDYH�WKH�LWDOLFLVHG�WH[W�

HOHFWULFLW\��*DXVV·�ODZ�SUREOHP PDJQHWLVP��LQGXFWLRQ�IOX[�SUREOHP

(���&RPSXWH�WKH�ILHOG�RI�D�SODQDU�FKDUJH�GLVWULEXWLRQ�WKDW
H[WHQGV�WR�LQILQLW\

7KH� ILHOG� RI� DQ� LQILQLWHO\� ODUJH� SODQDU� FKDUJH� GLVWULEXWLRQ
KDV�D�ILHOG�FRPSRQHQW�SHUSHQGLFXODU�WR�WKH�SODQH�RQO\

0�� $� FRLO� ZLWK� UDGLXV� U�� OHQJWK� O� DQG� 1� WXUQV�� LV� EHLQJ

URWDWHG�DW�DQJXODU�YHORFLW\�Z�LQ�D�KRPRJHQHRXV�PDJQHWLF
ILHOG�� 7KH� D[LV� RI� URWDWLRQ� LV� SHUSHQGLFXODU� WR� WKH� ILHOG�
&RPSXWH�WKH�YROWDJH�LQGXFHG�LQ�WKH�FRLO�

$V� D� FRQVHTXHQFH� RI� WKH� URWDWLRQ� WKH� PDJQHWLF� IOX[
WKURXJK�WKH�FRLO�FKDQJHV

������3URFHGXUH

)URP�SUHYLRXV�UHVHDUFK�LW�DSSHDUHG�WKDW�WKH�LQVWUXFWLRQ�WKDW�LV�JLYHQ�WR�WKH�VXEMHFWV
VWURQJO\�LQIOXHQFHV�WKH�RXWFRPH�RI�WKH�H[SHULPHQW��7DFRQLV���������,Q�WKH�SUHVHQW
H[SHULPHQW�� WKH�JRDO�ZDV� WR� LQYHVWLJDWH�KRZ�ZHOO� WKH� VXEMHFWV�ZHUH� DEOH� WR� IRUP
PHDQLQJIXO�FDWHJRULHV�EDVHG�RQ�VROXWLRQ�PHWKRGV�DQG�KRZ�ZHOO�WKH\�ZHUH�DEOH�WR
VHH�WR�ZKDW�FDWHJRU\�HDFK�SUREOHP�EHORQJV��LQVWHDG�RI�WHVWLQJ�ZKHWKHU�WKH�VXEMHFWV
ZRXOG� SHUFHLYH� WKLV� W\SH� RI� RUGHULQJ� DV� WKH� PRVW� QDWXUDO� RQH�� 7KHUHIRUH�� WKH
LQVWUXFWLRQ�ZDV�TXLWH�H[SOLFLW�DERXW�WKH�RUGHULQJ�SULQFLSOH�WKDW�ZDV�LQWHQGHG�LQ�WKH
H[SHULPHQW��$�VWUDLJKWIRUZDUG�ZD\�RI� OD\LQJ�RXW� WKH� LQWHQGHG�VWUXFWXUH�ZRXOG�EH
WR�JLYH�DQ�H[DPSOH��+RZHYHU��DQ�H[DPSOH� IURP�DQ�DGMDFHQW�SK\VLFV�GRPDLQ� �VD\
PHFKDQLFV���ZDV� IHOW� LQDSSURSULDWH� EHFDXVH� LW�ZRXOG� JLYH� WRR�PXFK� LQIRUPDWLRQ�
:LWK� WKHVH�FRQVLGHUDWLRQV� LQ�PLQG� LW�ZDV�GHFLGHG� WR�EDVH� WKH� LQVWUXFWLRQV�RQ� DQ
H[DPSOH� IURP� DQ� HQWLUHO\� GLIIHUHQW� GRPDLQ�� FRRNLQJ�� 7KH� LQVWUXFWLRQDO� WH[W
H[SODLQHG�KRZ�D�FRRN�PLJKW�DQVZHU�ZKHQ�KH�ZRXOG�EH�DVNHG�ZKDW�GLVKHV�ZKHUH
VLPLODU��([DPSOHV�PHQWLRQHG�ZHUH�FUHDP�RI�FKLFNHQ� VRXS�DQG�FKHHVH� VDXFH� WKDW
ZHUH�FDWHJRULVHG�WRJHWKHU�EHFDXVH�ERWK�UHFLSHV�LQYROYHG�SUHSDULQJ�D�URX[��DQG�DQ
DSSOH� WXUQRYHU�DQG�D�VDYRXU\�SLH� WKDW�ERWK� LQYROYH�PDNLQJ�SDVWU\� DQG�EDNLQJ� LQ
WKH�RYHQ��7KH�LQVWUXFWLRQ�ZHQW�RQ�VD\LQJ�WKDW�WKH�VWXGHQW�ZDV�VXSSRVHG�WR�UHDG�DOO



��

SUREOHP�FDUGV�LQ�WKH�SUHVHQW�VHW��SULRU�WR�GRLQJ�DQ\�VRUWLQJ��:KHQ�WKH�VRUWLQJ�ZDV
GRQH� WKH� VWXGHQW� ZRXOG� FRS\� WKH� QXPEHUV� RI� DOO� SUREOHPV� LQ� D� FDWHJRU\� RQ� D
UHVXOWV�IRUP��WRJHWKHU�ZLWK�WKH�PRVW�DSSURSULDWH�QDPH�IRU�WKDW�FDWHJRU\��6XEMHFWV
ZKR�DVNHG�IRU�D�SURSHU�QXPEHU�RI�FOXVWHUV�ZHUH�WROG�WKDW�QHLWKHU�RQH�ELJ�FOXVWHU
FRQWDLQLQJ�DOO�SUREOHPV��QRU����VHSDUDWH�SUREOHPV�ZHUH�FRQVLGHUHG�GHVLUDEOH�

%HIRUH�VWDUWLQJ��WKH�VXEMHFWV�ZHUH�WROG�WKDW�WKH�ILUVW�VHW�ZRXOG�WDNH�DSSUR[LPDWHO\
���PLQXWHV�WR�FRPSOHWH��7KHQ�WKHUH�ZRXOG�EH�D�FRIIHH�EUHDN�RI�DERXW����PLQXWHV
DIWHU� ZKLFK� WKH� VHFRQG� VHW� ZRXOG� EH� VRUWHG� LQ� DERXW� ���PLQXWHV�� 6XEMHFWV� ZKR
FRXOG�QRW�ILQLVK�WKH�ILUVW�WDVN�ZLWKLQ����PLQXWHV�ZHUH�SHUPLWWHG�WR�ZRUN�RQ�GXULQJ
WKH� FRIIHH�EUHDN�� 2Q� WKH� VHFRQG� WDVN�� VXEMHFWV� FRXOG� ZRUN� RQ� XQWLO� WKH\� ZHUH
ILQLVKHG��EXW�RQO\�D�IHZ�SHRSOH�VSHQW�PRUH�WKDQ����PLQXWHV�

������6XEMHFWV

6XEMHFWV�ZHUH�ILUVW�\HDU�SK\VLFV�VWXGHQWV�ZKR�KDG�FRPSOHWHG�DQ� LQLWLDO�FRXUVH�RQ
HOHFWURG\QDPLFV�LQ�YDFXXP��%DVHG�RQ�SRZHU�FRQVLGHUDWLRQV��LW�ZDV�HVWLPDWHG�WKDW
ZH� QHHGHG� DERXW� ��� VXEMHFWV� WR� HVWDEOLVK� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� HIIHFW� RI
HODERUDWLRQ� DQG� WKH� VWXGHQW� OHYHO�� 6XEMHFWV� ZHUH� UHFUXLWHG� IURP� WZR� GLIIHUHQW
XQLYHUVLWLHV� �KHUHDIWHU� ¶8QLYHUVLW\�$·� DQG� ¶8QLYHUVLW\�%·��� EHFDXVH� WKH� SRSXODWLRQ
ZLWKLQ�HDFK�XQLYHUVLW\�ZDV�WRR�VPDOO�WR�SURYLGH�XV�ZLWK�WKH�VXEMHFWV�ZH�QHHGHG���

)LUVW�\HDU�VWXGHQWV�VHOHFWHG�IURP�WKH�IDFXOW\·V�SKRQH�GLUHFWRU\�ZHUH�DSSURDFKHG�E\
WHOHSKRQH�XQWLO�WKH�GHVLUHG�QXPEHU�RI����SDUWLFLSDQWV�ZDV�UHDFKHG��6XEMHFWV�ZHUH

SDLG�g���²���86����DSSUR[LPDWHO\��IRU�WKHLU�SDUWLFLSDWLRQ�

6WXGHQWV�ZHUH� FODVVLILHG� DV� SURILFLHQW� RU�ZHDN� VWXGHQWV� RQ� WKH� EDVLV� RI� SDVW� WHVW
UHVXOWV�� %RWK� KLJK� VFKRRO� ILQDO� H[DPLQDWLRQ� JUDGHV� DQG� WKH� VFRUHV� REWDLQHG� RQ
VHYHUDO�XQLYHUVLW\�SK\VLFV�WHVWV�ZHUH�DYDLODEOH��,Q�6HFWLRQ�������ZH�DOUHDG\�DQDO\VHG
WKH� FRKHUHQFH� DPRQJ� VHYHUDO� JUDGHV�� 7KH� FXUUHQW� VDPSOH� FRPSULVHG� IDU� PRUH
VXEMHFWV��VR�LW�UHQGHUHG�PRUH�DFFXUDWH�LQIRUPDWLRQ�DERXW�UHODWLRQV�EHWZHHQ�JUDGHV�
$IWHU� FRPSDULVRQ�ZLWK� WKH� FXUUHQW� VHW� RI� GDWD��ZH� GURSSHG� KLJK� VFKRRO� ELRORJ\
IURP�WKH�VFDOH�EHFDXVH�FRUUHODWLRQV�ZLWK�WKH�RWKHU�JUDGHV�ZHUH�UDWKHU�ORZ�

'XH�WR�WKH�XVH�RI�VXEMHFWV�IURP�WZR�XQLYHUVLWLHV��WKH�XQLYHUVLW\�SK\VLFV�WHVW�UHVXOWV
ZHUH� QRW� GLUHFWO\� FRPSDUDEOH� IRU� PHPEHUV� RI� WKH� GLIIHUHQW� VXEJURXSV�� 7KH
SUREOHP�ZDV�UHVROYHG�E\�ILUVW�FRQYHUWLQJ�DOO�VFRUHV� LQWR�]�VFRUHV��WKHQ�WKH�PHDQV

���������������������������������������������
���7KHUH�DUH�VRPH�GLIIHUHQFHV�EHWZHHQ�WKH�XQLYHUVLWLHV��DQG�EHWZHHQ�WKHLU�UHVSHFWLYH�SRSXODWLRQV�
WKDW�VKRXOG�EH�QRWHG�KHUH��$W�8QLYHUVLW\ �$��WKH�FRXUVH�RQ�HOHFWURG\QDPLFV�LV�SODFHG�LQ�WKH
HQWUDQFH�VHPHVWHU��DW�8QLYHUVLW\�%��HOHFWURG\QDPLFV�LV�WDXJKW�LQ�WKH�VHFRQG�VHPHVWHU��7KLV
GLIIHUHQFH�PD\�LQIOXHQFH�WKH�DWWLWXGH�WKH�VWXGHQWV�KDYH�WRZDUGV�SK\VLFV�OHDUQLQJ�DW�WKH�WLPH�WKH\
VWXGLHG�WKH�VXEMHFW��$�VHFRQG�GLIIHUHQFH�LV�WKDW�DW�8QLYHUVLW\� $��ILUVW��ERWK�PDJQHWLVP�DQG
HOHFWULFLW\�DUH�WUHDWHG�IRU�LQ�YDFXXP�V\VWHPV��7KLV�FRXUVH�LV�IROORZHG�E\�D�VHFRQG�FRXUVH�WKDW
LQFOXGHV�WKH�SUHVHQFH�RI�GLHOHFWULF�PDWHULDOV��$W�8QLYHUVLW\ �%��LQ�FRQWUDVW��HOHFWULFLW\��ZLWK�DQG
ZLWKRXW�GLHOHFWULF�LV�FRYHUHG�LQ�D�ILUVW�FRXUVH�DQG�LQ�WKH�VHTXHO�WR�WKLV�FRXUVH��PDJQHWLVP�JHWV�IXOO
FRYHUDJH��$�WKLUG�GLIIHUHQFH�EHWZHHQ�WKH�WZR�LQVWLWXWHV�LV�WKDW�8QLYHUVLW\ �$�LV�D�SRO\WHFKQLFV
LQVWLWXWH��ZKHUHDV�8QLYHUVLW\�%�LV�D�JHQHUDO�XQLYHUVLW\��7KHUH�LV�QR�HYLGHQFH�RI�DQ\�TXDOLWDWLYH
GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VXE�SRSXODWLRQV·�FRPSHWHQFLHV��KRZHYHU��DQG�ZH�WKHUHIRUH�WUHDW
WKHP�DV�D�VLQJOH�SRSXODWLRQ�
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DQG� YDULDQFHV� RQ� WKH� KLJK� VFKRRO� ILQDO� H[DPLQDWLRQ� VFRUHV� ZHUH� GHWHUPLQHG� IRU
HDFK�VXEJURXS��,W�DSSHDUHG�WKDW�WKH�YDULDQFH�ZDV�DERXW�HTXDO�IRU�ERWK�VXEJURXSV�
EXW� WKDW� WKH� PHDQ� RI� WKH� KLJK� VFKRRO� ILQDO� H[DPLQDWLRQ� VFRUHV� IRU� VWXGHQWV� RI
XQLYHUVLW\�%� ZDV� VLJQLILFDQWO\� KLJKHU�� :LWK� WKH� KHOS� RI� WKLV� LQIRUPDWLRQ�� WKH
XQLYHUVLW\� WHVW� VFRUHV� IRU� ERWK� XQLYHUVLWLHV� FRXOG� EH� PDWFKHG�� 'XH� WR� WKH
FRQVWUXFWLRQ�SURFHGXUH�RI�WKH�VFDOHV�IURP�VXE�VFDOHV��ZH�ZHUH�OHIW�ZLWK�UHOLDELOLW\
FRHIILFLHQWV� IRU� WKH� VXE�VFDOHV� DQG� IRU� WKH� FRPELQDWLRQ�RI� VFDOHV��$V� D� UHOLDELOLW\

FRHIILFLHQW�&URQEDFK�D�ZDV�XVHG��7KH�IROORZLQJ�YDOXHV�ZHUH�REWDLQHG��KLJK�VFKRRO

ILQDO� H[DPLQDWLRQ��D� ������ WHVW� VFRUHV� XQLYHUVLW\�$��D� ������ WHVW� VFRUHV� XQLYHU�

VLW\�%��D� ������WKH�UHOLDELOLW\�RI� WKH�UHVXOWLQJ�FRPELQHG�VFDOH��D� ������7KH� ODWWHU
YDOXH� LV� FRQVLGHUHG� WR�EH�TXLWH� DFFHSWDEOH��2Q� WKH�EDVLV�RI� WKH� UHVXOWLQJ� VFDOH�� D
PHGLDQ� VSOLW� ZDV� FDUULHG� RXW�� UHVXOWLQJ� LQ� KLJK� DQG� ORZ� SHUIRUPDQFH� JURXSV� RI
HTXDO�VL]H�WKDW�ZHUH�XVHG�IRU�IXUWKHU�DQDO\VLV

7KH�H[SHULPHQW�FRXOG�RQO\�EH�FDUULHG�RXW�ZKHQ�DOO�WKH�UHOHYDQW�PDWHULDO�KDG�EHHQ
FRYHUHG�LQ�WKH�(OHFWULFLW\�	�0DJQHWLVP�FRXUVH��7R�PDNH�VXUH�WKDW�WKH�VWXGHQWV�KDG
UHDOO\�VSHQW�VRPH�WLPH�RQ�WKH�WRSLF�VR�WKDW�WKH\�ZRXOG�DW�OHDVW�XQGHUVWDQG�DOO�WKH
ZRUGV� LQ� WKH� SUREOHPV� GHVFULSWLRQV�� WKH� H[SHULPHQW� FRXOG� QRW� EH� FDUULHG� RXW
EHIRUH�WKH�ILQDO�WHVW�KDG�EHHQ�WDNHQ��)RU�8QLYHUVLW\�$�WKLV� LPSOLHG�WKDW�ZH�FRXOG
VWDUW�H[SHULPHQWLQJ�DIWHU�WKH�ILUVW�VHPHVWHU�KDG�EHHQ�FRPSOHWHG��'XH�WR�SUDFWLFDO
UHDVRQV�WKHUH�ZDV�D�ODSVH�RI�WKUHH�PRQWKV�EHWZHHQ�WKH�ILUVW�RSSRUWXQLW\�WR�WDNH�WKH
ILQDO�WHVW�DQG�WKH�VWDUW�RI�WKH�H[SHULPHQW��,Q�IDFW��GXULQJ�WKLV�SHULRG��VRPH�RI�WKH
VXEMHFWV� KDG� WDNHQ� SDUW� LQ� WKH� VHFRQG� RSSRUWXQLW\� WR� GR� WKH� ILQDO� WHVW� DOUHDG\�
7KHVH� FLUFXPVWDQFHV� PD\� KDYH� FDXVHG� VRPH� H[WUD� ¶QRLVH·� LQ� WKH� GDWD�� $W
8QLYHUVLW\�%�FRYHUDJH�RI�WKH�UHOHYDQW�WRSLFV�H[WHQGHG�RYHU�WZR�FRXUVHV�WKDW�VSUHDG
DFURVV� WKH� HQWLUH� VHFRQG� VHPHVWHU��$W� WKLV� XQLYHUVLW\� WKH� H[SHULPHQW�ZDV� VWDUWHG
LPPHGLDWHO\�DIWHU�WKH�ILQDO�WHVW�RI�WKH�VHFRQG�FRXUVH�

(IIHFWV�RI�RUGHU�ZHUH�DYHUDJHG�RXW�E\�XVLQJ�WKH�GHVLJQ�VKRZQ�LQ�7DEOH������7KH
GLVWULEXWLRQ�RI�SURILFLHQW� DQG�ZHDN� VWXGHQWV�RYHU� WKH�FHOOV�ZDV�FRQWUROOHG� IRU�E\
DVNLQJ� WKH� VWXGHQWV�� SULRU� WR� DVVLJQLQJ� WKHP� WR� D� FRQGLWLRQ�� ZKHWKHU� WKH\� KDG
SDVVHG�WKHLU�ILUVW�(OHFWULFLW\�	�0DJQHWLVP�WHVW�RU�QRW��6LQFH�RQO\�DERXW�KDOI�RI�WKH
VDPSOH�KDG�SDVVHG�WKH�WHVW��WKLV�FULWHULRQ�OHG�WR�HTXDOO\�VL]HG�VXFFHVVIXO�DQG�ZHDN
JURXSV���� 7KH� GLVWULEXWLRQ� RI� VXEMHFWV� IURP� ERWK� VXE�SRSXODWLRQV� RYHU
H[SHULPHQWDO�FRQGLWLRQV�ZDV�DOVR�FRQWUROOHG�

���������������������������������������������
���7KLV�²�URXJK�²�FULWHULRQ�ZDV�RQO\�XVHG�WR�FRQWURO�WKH�GLVWULEXWLRQ�RI�VXEMHFWV�RYHU�H[SHULPHQWDO
FRQGLWLRQV��,Q�WKH�DQDO\VHV�ZH�XVHG�WKH�FULWHULRQ�WKDW�ZDV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�
ZKLFK�WDNHV�LQWR�DFFRXQW�SHUIRUPDQFH�RQ�VHYHUDO�PRUH�SUHYLRXV�WHVWV�
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7DEOH������ 7KH�H[SHULPHQWDO�VHW�XS

ILUVW�ZLWK
HODERUDWLRQ

ILUVW�ZLWKRXW
HODERUDWLRQ

SURILFLHQW�VWXGHQW
ILUVW�HOHFWULFLW\

� ILUVW�PDJQHWLVP
Q� ���
Q� ���

Q� ���
Q� ���

ZHDN�VWXGHQW
� ILUVW�HOHFWULFLW\

ILUVW�PDJQHWLVP
Q� ���
Q� ���

Q� ���
Q� ���

����5HVXOWV

������7KH�VHDUFK�IRU�D�¶ZHDN�EHJLQQHU�FULWHULRQ·

7KH�ILUVW�TXHVWLRQ�ZH�ZLOO�WU\�WR�DQVZHU�LV�ZKHWKHU�WKH�EHWWHU�DQG�ZHDNHU�VWXGHQWV
DSSO\�GLIIHUHQW�VRUWLQJ�FULWHULD�IURP�WKH�FULWHULD�DSSOLHG�E\�WKH�H[SHUWV��RU�ZKHWKHU
WKH\�WU\�WR�DSSO\�WKH�VDPH�FULWHULD�DQG�DUH� MXVW� OHVV�DEOH� WR�GR�VR��7R�DQVZHU� WKLV
TXHVWLRQ��ZH�FRQVLGHUHG�ERWK�WKH�FOXVWHUV�WKDW�HPHUJHG�DQG�WKH�W\SHV�RI�SLOH�QDPHV
VWXGHQWV�XVHG��:H�SHUIRUPHG�WKH�VDPH�DQDO\VLV�ERWK�IRU�WKH�HOHFWURVWDWLFV�SUREOHP
VHW�DQG�IRU�WKH�PDJQHWLVP�SUREOHP�VHW�

7DEOH������ $YHUDJH�QXPEHUV�RI�SLOHV�IRU�DOO�JURXSV�

HOHFWULFLW\ PDJQHWLVP

H[SHULPHQWHUV·�SURSRVHG�FDWHJRULVDWLRQ � �

RWKHU�H[SHUWV
 0��6'�
Q� ��

����������� �����������

SURILFLHQW�VWXGHQWV 0��6'�
Q� ���

����������� �����������

ZHDN�VWXGHQWV 0��6'�
Q� ���

����������� �����������


��7KH�SUREOHP�VHWV�SUHVHQWHG�WR�WKH�H[SHUWV�ZHUH�VOLJKWO\�ODUJHU�WKDQ�WKRVH�SUHVHQWHG�WR�WKH�VWXGHQWV

7R� FRPSDUH� WKH� VRUWLQJV� IRU� SURILFLHQW� VWXGHQWV� DQG�ZHDN� VWXGHQWV�� WKH� VWXGHQW
OHYHO� VFDOH� KDG� WR� EH� GLFKRWRPLVHG�� :H� FKRVH� WR� GUDZ� WKH� FXW�RII� OLQH� DW� WKH
PHGLDQ�WR�JHW�WZR�JURXSV�RI�HTXDO�VL]H��2XW�RI�WKH����VXEMHFWV�ZKR�SDUWLFLSDWHG�LQ
WKH�SUREOHP�VRUWLQJ�H[SHULPHQW����VXEMHFWV�KDG�HLWKHU�RPLWWHG�D�FDUG�IURP�RQH�RI
WKHLU�SUREOHP�VRUWLQJ�IRUPV��KDG�PHQWLRQHG�D�FDUG�WZLFH��RU�FRXOG�QRW�EH�FODVVLILHG
DV�SURILFLHQW�RU�ZHDN�EHFDXVH�RI�PLVVLQJ� LQIRUPDWLRQ��7KHUHIRUH�� WKH�QXPEHU�RI
YDOLG�REVHUYDWLRQV�IRU�DOO� WKH�DQDO\VHV� LQ� WKLV�VWXG\�ZLOO� LV�1� �����$IWHU�DSSO\LQJ
WKH�PHGLDQ�VSOLW�SURFHGXUH��ZH�ZHUH�OHIW�ZLWK�D�JURXS�RI����SURILFLHQW�VWXGHQWV�DQG
D� JURXS�RI� ���ZHDN� VWXGHQWV���� ,Q�7DEOH�����ZH� JLYH�� DV� D� ILUVW� GHVFULSWRU� RI� WKH
GDWD��WKH�PHDQ�QXPEHUV�RI�FOXVWHUV�ZH�IRXQG�IRU�JRRG�DQG�ZHDN�QRYLFHV�DQG�IRU
H[SHUWV�IRU�ERWK�SUREOHP�VHWV�

���������������������������������������������
���7KH�JHQHUDO�SHUIRUPDQFH�OHYHO�RI�VWXGHQWV�DW�8QLYHUVLW\�%�ZDV�VRPHZKDW�KLJKHU�WKDQ�WKDW�RI
VWXGHQWV�DW�8QLYHUVLW\�$��7KHUHIRUH��LQ�WKH�JRRG�VWXGHQWV�JURXS�ZH�ILQG����VWXGHQWV�IURP
8QLYHUVLW\�$�DQG����VWXGHQWV�IURP�8QLYHUVLW\�%��7KH�ZHDN�VWXGHQWV�JURXS�FRQVLVWV�RI����VWXGHQWV
IURP�8QLYHUVLW\�$�DQG����VWXGHQWV�IRU�8QLYHUVLW\�%�
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:H� XVHG� D� KLHUDUFKLFDO� FOXVWHU� DQDO\VLV� WR� VWXG\� WKH� FOXVWHUV� RI� SUREOHPV� WKDW
HPHUJHG� LQ� WKH� SURILFLHQW� DQG� ZHDN� VWXGHQWV·� VRUWLQJV� UHVSHFWLYHO\�� )RU� WKH
SXUSRVH�RI�WKLV�DQDO\VLV�ZH�PDGH�QR�GLVWLQFWLRQ�EHWZHHQ�WKH�HODERUDWHG�DQG�QRQ�
HODERUDWHG�YHUVLRQV��EHFDXVH�WKDW�ZRXOG�OHDYH�XV�ZLWK�JURXSV�WRR�VPDOO�WR�SHUPLW
DQ\� VHQVLEOH� DQDO\VLV��0RUHRYHU��ZH�KDG�QR� UHDVRQ� WR� H[SHFW� WKDW� WKH� HODERUDWHG
DQG�QRQ�HODERUDWHG�YHUVLRQV�ZRXOG�EH�VRUWHG�LQ�IXQGDPHQWDOO\�GLIIHUHQW�ZD\V�

7KH�KLHUDUFKLFDO�FOXVWHU�DQDO\VLV�SURFHGXUH�GHPDQGHG�WKDW�WKH�GDWD�ZHUH�VWUXFWXUHG
LQ�D�SDUWLFXODU�ZD\��IRU�DOO�WKH�VXEMHFWV�LQ�WKH�H[SHULPHQW�D�FRUUHVSRQGHQFH�PDWUL[
ZDV�FRPSXWHG�IRU�HDFK�SUREOHP�VRUWLQJ��6XFK�D�FRUUHVSRQGHQFH�PDWUL[�FRQVLVWV�RI
��� URZV�� RQH� IRU� HDFK� SUREOHP� FDUG�� 7KHUH� DOVR� DUH� ��� FROXPQV�� RQH� IRU� HDFK
SUREOHP�FDUG��$�SRVLWLRQ�WDNHV�WKH�YDOXH�¶�·�LI�WZR�SUREOHPV�DUH�SODFHG�LQ�WKH�VDPH
SLOH�� RU� LI� WKH� SRVLWLRQ� LV� RQ� WKH� GLDJRQDO� RI� WKH�PDWUL[��2WKHUZLVH� WKH� SRVLWLRQ
WDNHV�WKH�YDOXH�¶�·��7KH�FRUUHVSRQGHQFH�PDWULFHV�IRU�DOO�VXEMHFWV�ZHUH�FRQFDWHQDWHG
WR� D� VLQJOH� ILOH�� )URP� WKLV� ILOH� (XFOLGHDQ� GLVWDQFHV� EHWZHHQ� SUREOHPV� ZHUH
FRPSXWHG�IRU�ERWK� WKH�EHORZ�DQG�DERYH�PHGLDQ�JURXSV��7KHQ�D�FOXVWHU� DQDO\VLV
ZDV�SHUIRUPHG�XVLQJ�WKH�¶DYHUDJH�OLQNLQJ·�DOJRULWKP�

7KH� UHVXOWV�ZHUH� VXPPDULVHG� LQ�GHQGURJUDPV� WKDW� DUH�SUHVHQWHG� LQ�$SSHQGL[�)�
$V� FDQ� EH� VHHQ� IURP� WKHVH� GHQGURJUDPV�� WKH� H[SHUW� FOXVWHUV� FDQ� EH� FOHDUO\
UHFRJQLVHG� LQ� ERWK� WKH� ZHDN� DQG� WKH� SURILFLHQW� VWXGHQWV� VRUWLQJV�� 7KH� PDLQ
GLIIHUHQFH� EHWZHHQ� SURILFLHQW� DQG� ZHDN� VWXGHQW� FOXVWHULQJV� LV� WKDW� WKH� GLVWDQFHV
ZLWKLQ� D� FOXVWHU� DUH� ODUJHU� IRU� WKH�ZHDN� VWXGHQW� VRUWLQJV�� ZKLFK� LPSOLHV� WKDW� WKH
SUREOHPV�ZLWKLQ�WKH�FOXVWHU�DUH� OHVV� WLJKWO\�ERXQG� WRJHWKHU�� ,Q�JHQHUDO�ZKHUH� WKH
VWXGHQW�FOXVWHULQJ�GHYLDWHV�IURP�WKH�¶QRUP·��WKHUH�LV�DW�OHDVW�RQH�RI�WKH�H[SHUWV�ZKR
¶GHYLDWHG·�LQ�WKH�VDPH�ZD\�

)RU� WKH� HOHFWULFLW\� SUREOHPV�� WKH� SURILFLHQW� VWXGHQWV·� FOXVWHULQJ� ZDV� HQWLUHO\
DFFRUGLQJ� WR� WKH�QRUP�H[FHSW� IRU�RQH�SUREOHP�FDUG� �(�����7KH� ¶PLVSODFHG·� FDUG
ZDV� DOVR� WKH� FDUG� WKDW� KDG� WKH� ZHDNHVW� DVVRFLDWLRQ� WR� LWV� FOXVWHU�� 7KH� UHVXOWLQJ
FRPELQDWLRQV� ZLWK� WKUHH� SUREOHPV� LQ� WKH� FOXVWHU� &RXORPE·V� ODZ�VXSHUSRVLWLRQ
ZHUH�PDGH� E\� QRQH� RI� WKH� H[SHUWV�� ,Q� WKH�ZHDN� VWXGHQWV·� FOXVWHULQJ� WKUHH� FDUGV
ZHUH�SODFHG�LQ�FOXVWHUV�GLIIHUHQW�IURP�WKH�¶QRUP·��(���(����DQG�(�����7KHVH�WKUHH
FDUGV�WKDW�ZHUH�SODFHG�GLIIHUHQWO\�UHQGHUHG�RQO\�RQH�FRPELQDWLRQ�WKDW�QRQH�RI�WKH
H[SHUWV� PDGH� �(�� ZLWK� (����� )RU� WKH� PDJQHWLVP� SUREOHPV�� WKH� FOXVWHUV� IRU
SURILFLHQW� DQG� ZHDN� VWXGHQWV� ZHUH� LGHQWLFDO�� %RWK� WKH� SURILFLHQW� DQG� WKH� ZHDN
VWXGHQWV�SODFHG�WZR�FDUGV��0��DQG�0����LQ�SLOHV�GLIIHUHQW�IURP�WKH�¶QRUP·��)RXU
RI�WKH�UHVXOWLQJ�FRPELQDWLRQV�RI�0���DQG�SUREOHPV�LQ�WKH�FOXVWHU� ¶$PSHUH·�ZHUH
PDGH�E\�QRQH�RI�WKH�H[SHUWV��7ZR�RI�WKH�FDUGV�WKDW�SRVHG�PRVW�SUREOHPV�WR�WKH
QRYLFHV�DUH�SUHVHQWHG�LQ�7DEOH�����

7DEOH������ 7ZR�IUHTXHQWO\�¶PLVSODFHG·�SUREOHPV

(���*LYHQ� DUH� WZR� SDUDOOHO� WKLQ�PHWDO� F\OLQGHUV�� FDUU\LQJ
RSSRVLWH� FKDUJH� 4� DQG� �4�� 7KH� OHQJWK� RI� ERWK� F\OLQGHUV
DPRXQWV���>P@�DQG� WKH�GLVWDQFH�EHWZHHQ�ERWK�F\OLQGHUV
DPRXQWV���>PP@��&RPSXWH�WKH�ILHOG�LQ�D�SRVLWLRQ���PHWHU
DZD\�IURP�WKH�ZLUHV�LQ�WKH�SHUSHQGLFXODU�ELVHFWULF�SODQH�WR
WKH�F\OLQGHUV��LQWHQGHG�FOXVWHU��GLSROH�DSSUR[LPDWLRQ�

0���*LYHQ� LV�D�GHQVHO\�ZRXQG� IODW� FRLO� WKDW�KDV�1� WXUQV�
7KH� LQQHU�GLDPHWHU�RI� WKH� FRLO� LV� U� WKH�RXWHU� GLDPHWHU�RI
WKH�FRLO� LV��U��$OO� WXUQV�RI� WKH�FRLO�DUH� LQ� WKH�VDPH�SODQH�
&RPSXWH� WKH� ILHOG� DW� WKH� FHQWUH� RI� WKH� FRLO� �LQWHQGHG
FOXVWHU��%LRW�6DYDUW·V�ODZ�
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7KRXJK� WKH� FOXVWHU� DQDO\VLV� GLG� QRW� VXJJHVW� D� IXQGDPHQWDOO\� GLIIHUHQW� ¶ZHDN
EHJLQQHU�SUREOHP�VRUWLQJ�FULWHULRQ·��ZH�ZHQW�RQ�DQDO\VLQJ�WKH�QDPHV�VXEMHFWV�JDYH
WR�WKH�SLOHV�WKH\�PDGH��VHDUFKLQJ�IRU�WKH�¶ZHDN�EHJLQQHU�FULWHULRQ·��%HFDXVH�WKLV�LV�D
PRUH�ODERULRXV�W\SH�RI�DQDO\VLV��ZH�RQO\�GLG�WKLV�DQDO\VLV�IRU�D�VXEVHW�RI�WKH�GDWD�
:H�WRRN�WKH�ODEHOV�LQYHQWHG�E\����VXEMHFWV�ZKR�ZHUH�UDQGRPO\�VHOHFWHG�IURP�WKH
���PRVW�SURILFLHQW�VXEMHFWV��DQG�FRPSDUHG�WKHP�WR�WKH� ODEHOV� WKDW�ZHUH�JLYHQ�E\
���VXEMHFWV�ZKR�ZHUH�VHOHFWHG�IURP�WKH���� OHDVW�SURILFLHQW�VXEMHFWV��6LQFH�DOO� WKH
VXEMHFWV�KDG�PDGH�WZR�SUREOHP�VRUWLQJV��ZH�KDG�WZR�FROOHFWLRQV�RI�ODEHOV��RQH�IRU
WKH� HOHFWULFLW\� SUREOHPV� DQG� DQRWKHU� IRU� WKH� PDJQHWLVP� SUREOHPV�� ,Q� WRWDO� WKH
VHOHFWHG� VXEMHFWV� KDG� ���� QDPHG� FOXVWHUV� IRU� WKH� HOHFWULFLW\� SUREOHPV�� DQG� ���
FOXVWHUV�IRU�WKH�PDJQHWLVP�SUREOHPV��7R�HQDEOH�D�FRPSDULVRQ�EHWZHHQ� ODEHOV��DOO
ODEHOV�ZLWK�DQ�HTXLYDOHQW�PHDQLQJ�KDG�WR�EH�FOXVWHUHG�WRJHWKHU�ILUVW��7KLV�ZDV�GRQH
LQGHSHQGHQWO\� E\� WZR� SK\VLFV� H[SHUWV�� DIWHU� ZKLFK� GLIIHUHQFHV� ZHUH� UHVROYHG� E\
GLVFXVVLRQ��'XULQJ�WKH�SURFHVV�WKH�H[SHUWV�GLG�QRW�NQRZ�ZKHWKHU�D�ODEHO�ZDV�JLYHQ
E\� D� SURILFLHQW� RU� E\� D� ZHDN� VWXGHQW�� 7KH� H[SHUWV� DJUHHG� WKDW� WKHUH� ZHUH� ��
GLIIHUHQW� PHDQLQJV� LQ� WKH� HOHFWULFLW\� ODEHOV�� ZLWK� �� XQFODVVLILHG� ODEHOV�� )RU� WKH
PDJQHWLVP� SUREOHPV�� WKHUH� ZHUH� ��� FDWHJRULHV� RI� PHDQLQJ�� ZLWK� ��� ODEHOV
XQFODVVLILHG��7KH�UHVXOWLQJ�FRQWHQW�FDWHJRULHV�ZHUH�WKHQ�FODVVLILHG�DFFRUGLQJ�WR�WKH
W\SH� RI� LQIRUPDWLRQ� WKH\� H[SUHVVHG�� 7KH� UHVXOWLQJ� VFKHPH� LV� SUHVHQWHG� LQ� 7DEOH
����

7DEOH������ 7D[RQRP\�RI�FDWHJRU\�ODEHOV��LWHPV�SULQWHG�LQ�LWDOLFV�UHSUHVHQW�D� FODVV�RI�FRQWHQW�ODEHOV
UDWKHU�WKDQ�DFWXDO�ODEHOV�

W\SH�RI�ODEHO HOHFWULFLW\�ODEHO�FDWHJRU\ PDJQHWLVP�ODEHO�FDWHJRU\

VWURQJ�SK\VLFV�SURFHGXUH *DXVV·�ODZ
*DXVV·�ODZ�LQ�GLIIHUHQWLDO�IRUP
&RXORPE·V�ODZ
LPDJH�FKDUJHV
GLSROH�DSSUR[LPDWLRQ

$PSHUH·V�ODZ
%LRW�6DYDUW·V�ODZ
GLSROH�DSSUR[LPDWLRQ

JHQHUDO�SK\VLFV�SURFHGXUH VXSHUSRVLWLRQ�	�DOJHEUDLF�PHWK�
SRWHQWLDO�	�DOJHEUDLF�PHWKRG
FKDUJH�GLVWULEXWLRQ�	�PHWKRG

VXSHUSRVLWLRQ�	�DOJHEUDLF�PHWK�

SK\VLFDO�UHODWLRQ IRUFH�LQ�ILHOG
VXSHUSRVLWLRQ
FRQGXFWRU�	�LQGXFHG�FKDUJH

/RUHQW]�IRUFH
VXSHUSRVLWLRQ
LQGXFWLRQ

SK\VLFV�TXDQWLW\�	�JHRPHWU\ ILHOG�	�JHRPHWU\
SRWHQWLDO�	�JHRPHWU\

IOX[�	�JHRPHWU\
ILHOG�	�JHRPHWU\

SK\VLFV�TXDQWLW\ ILHOG
SRWHQWLDO
FKDUJH�GHQVLW\�GLVWULEXWLRQ

IOX[
ILHOG

JHRPHWU\ FDSDFLWRU JHRPHWU\

DOJHEUDLF�SURFHGXUH LQWHJUDWLRQ�DOJHEUDLF�PHWKRG LQWHJUDWLRQ�DOJHEUDLF�PHWKRG

RWKHU�FRQWHQW�UHODWHG�ODEHOV RWKHU�FRQWHQW�UHODWHG�ODEHO RWKHU�FRQWHQW�UHODWHG�ODEHO

QRW�FRQWHQW�UHODWHG QRW�FRQWHQW�UHODWHG QRW�FRQWHQW�UHODWHG

¶,�GRQ·W�NQRZ· ,�GRQ·W�NQRZ ,�GRQ·W�NQRZ

7KH�SURSRUWLRQV�RI� ODEHOV� LQ� WKH� GLIIHUHQW� FDWHJRULHV� DUH� SUHVHQWHG� LQ�)LJXUH� ���
DQG� )LJXUH� ���� IRU� HOHFWULFLW\� DQG�PDJQHWLVP� SUREOHPV� UHVSHFWLYHO\�� $SSDUHQWO\�
IRU� ERWK� SURILFLHQW� DQG� ZHDN� VWXGHQWV� WKH� SURSRUWLRQ� RI� ¶VWURQJ� SK\VLFV
SURFHGXUHV·� ODEHOV� LV� KLJKHVW��7KH�PDLQ� GLIIHUHQFHV� EHWZHHQ�SURILFLHQW� DQG�ZHDN
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VWXGHQWV� DUH� WKDW� SURILFLHQW� VWXGHQWV� WHQG� WR� PHQWLRQ� PRUH� ¶VWURQJ� SK\VLFV
SURFHGXUHV·� DQG� WKH� ZHDN� VWXGHQWV� WHQG� WR� PHQWLRQ� PRUH� ¶QRW� FRQWHQW�UHODWHG·
ODEHOV��7KH�ODWWHU�HIIHFW�LV�PDLQO\�DFFRXQWHG�IRU�E\�D�VLQJOH�LQGLYLGXDO�LQ�WKH�ZHDN
VWXGHQWV�JURXS��ZKR�XVHG�¶QRW�FRQWHQW�UHODWHG·�ODEHOV�RQO\�

GRQ
W�NQRZ

QRW�FRQW��UHO�

RWKHU�FRQW��UHO�

DOJHEUDLF�SURF�

JHRP
HWU\

TXDQWLW\

TXDQW���JHRP
�

SK\V��UHODWLRQ

JHQ��SK\V��SURF�

VWURQJ�SK\V��SURF�

D
Y
H
UD
J
H
�Q
X
P
E
H
U�
S
H
U�
V
X
E
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F
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VWXGHQW�OHYHO

ZHDN

JRRG

)LJXUH������ 'LVWULEXWLRQ�RI�ODEHOV�IRU�HOHFWULFLW\�SUREOHPV

GRQ
W�NQRZ

QRW�FRQW��UHO�

RWKHU�FRQW��UHO�

DOJHEUDLF�SURF�

JHRP
HWU\

TXDQWLW\

TXDQW����JHRP
�

SK\V��UHODWLRQ

JHQ��SK\V��SURF�

VWURQJ�SK\V��SURF�

D
Y
H
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J
H
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VWXGHQW�OHYHO

ZHDN

JRRG

)LJXUH������ 'LVWULEXWLRQ�RI�ODEHOV�IRU�PDJQHWLVP�SUREOHPV

������6LPLODULW\�WR�H[SHUW�VRUWLQJ

��������7KH�SUREOHP�VRUWLQJ�SHUIRUPDQFH�VFDOH�DQG�GHVFULSWLYHV

1RZ�WKDW�ZH�KDYH�GHPRQVWUDWHG�WKDW�WKH�FOXVWHU�VROXWLRQ�IRU�WKH�JRRG�DQG�ZHDN
EHJLQQHU�JURXSV�DV�D�ZKROH�DUH�VLPLODU�WR�HDFK�RWKHU�DQG�WR�WKH�H[SHUWV·�VROXWLRQ�
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ZH�ZDQW�WR�DVVHVV�WKH�TXDOLW\�RI�LQGLYLGXDO�VRUWLQJV�WR�WHVW�ZKHWKHU�WKH�HODERUDWLRQV
KDG� DQ� HIIHFW��:H� WKHUHIRUH� FRQVWUXFWHG� D� IRUPXOD� WKDW� H[SUHVVHV� WKH� VLPLODULW\
EHWZHHQ�VRUWLQJV� LQ�D�VLQJOH�QXPHUDO��)URP�WKH�DQDO\VLV�RI� WKH�H[SHUW� VRUWLQJV�� LW
DSSHDUHG�WKDW�VRPH�SDLUV�RI�SUREOHPV�RFFXU�IUHTXHQWO\�LQ�H[SHUW�VRUWLQJV�DQG�WKDW
VRPH�FRPELQDWLRQV�QHYHU�RFFXU��$� FRPELQDWLRQ�ZDV� MXGJHG� WR� RFFXU� IUHTXHQWO\
DPRQJ�H[SHUWV�LI�WKH�H[SHULPHQWHUV�DQG�DW�OHDVW�WZR�RXW�RI�WKH�WKUHH�RWKHU�H[SHUWV
KDG�PDGH�WKH�FRPELQDWLRQ��7KH�VLPLODULW\�PHDVXUH�ZDV�EDVHG�RQ�WKHVH�WZR�JURXSV
RI�SDLUV��DOO�RWKHU�FRPELQDWLRQV�ZHUH�QHJOHFWHG� LQ�FRPSXWLQJ� WKH�H[SHUW�OLNHQHVV�
7KXV�IRU�HDFK�VXEMHFW�ZH�KDG�WZR�VFRUHV�SHU�VRUWLQJ�

1H[S�OLNH� QXPEHU�RI�FRPELQDWLRQV�WKH�VXEMHFW�PDGH��WKDW�DUH�PDGH�E\�²�DOPRVW�²�DOO�H[SHUWV�WRR�
1QRW�H[S�OLNH� QXPEHU�RI�FRPELQDWLRQV�WKH�VXEMHFW�PDGH��WKDW�QR�H[SHUW�PDNHV�

)RU�HDFK�VHW�RI�FDUGV�ZH�KDG�WZR�QRUPDOLVDWLRQ�SDUDPHWHUV�

1H[S�DOZD\V� QXPEHU�RI�FRPELQDWLRQV�WKDW�DUH�PDGH�E\�²�DOPRVW�²�DOO�H[SHUWV�
1H[S�QHYHU� QXPEHU�RI�FRPELQDWLRQV�WKDW�QR�H[SHUW�PDNHV�

7KH� UHVXOWLQJ� ¶H[SHUW�OLNHQHVV·� VFRUH� ¶(·� IRU� VXEMHFW� ¶L·� ZDV� FRPSXWHG� IURP� WKH
IROORZLQJ�IRUPXOD�

��QHYHU������H[S

OLNH�H[SQRW��L�

DOZD\V�H[S

���OLNH�H[S�L�

L
1

1
����

1

1
(  

7KH�GHQRPLQDWRUV�LQ�ERWK�IUDFWLRQV�DUH�GLIIHUHQW�IRU�WKH�VHW�RI�HOHFWULFLW\�SUREOHPV
DQG� WKH� VHW� RI�PDJQHWLVP� SUREOHPV� �YDOXHV� FDQ� EH� IRXQG� LQ�$SSHQGL[� (��� 7KH
QXPHUDWRUV� DUH� PHDVXUHV� RI� D� SDUWLFXODU� VWXGHQWV·� SUREOHP� VRUWLQJ�� 7KH� VFRUH
DFFRUGLQJ� WR� WKLV� IRUPXOD� LV� D� UDWKHU�ZHOO�EHKDYHG� VLPLODULW\�PHDVXUH�� D� ¶SHUIHFW·
VRUWLQJ� ZRXOG� \LHOG� WKH�PD[LPXP� VFRUH�� ¶�·�� DOO� SUREOHPV� WKURZQ� WRJHWKHU� LQ� D
VLQJOH�SLOH�ZRXOG�JLYH� ¶�·� DV� DQ�RXWFRPH��ZKLFK�ZRXOG� DOVR�EH� WKH� UHVXOW� LI� HDFK
SUREOHP�LV�VRUWHG�LQ�D�VHSDUDWH��RQH�FDUG��SLOH�

$�UHPDUNDEOH�GLIIHUHQFH�EHWZHHQ�WKH�HOHFWULFLW\�DQG�WKH�PDJQHWLVP�SUREOHP�VHWV�LV
WKDW�� DOWKRXJK�ERWK� VHWV� KDYH� D� FRPSDUDEOH� ²� ODUJH� ²� QXPEHU� RI� QRW�H[SHUW�OLNH
FRPELQDWLRQV�� WKH� QXPEHUV� RI� SUREOHPV� WKDW� DUH� SXW� WRJHWKHU� E\� DOO� H[SHUWV� LV
UDWKHU�GLIIHUHQW��EHLQJ����IRU�HOHFWULFLW\�DQG�RQO\����IRU�PDJQHWLVP�SUREOHPV��$V�D
FRQVHTXHQFH� WKH�VFRUH� IRU�PDJQHWLVP�SUREOHPV� LV� OHVV� UREXVW� WKDQ� WKH� VFRUH� IRU
HOHFWULFLW\�SUREOHPV�

7R� WHVW� WKH� H[SHUW�OLNHQHVV� VFRUH� (·V� VHQVLWLYLW\� WR� UDQGRP� YDULDWLRQV�� DQG� WR
FRPSDUH�WKH�SHUIRUPDQFH�RI�WKH�VXEMHFWV�WKH�DYHUDJH�VFRUH�IRU�D�¶EOLQG·�VRUWLQJ��ZH
JHQHUDWHG�D�VHW�RI������UDQGRP�VRUWLQJV��,Q�WKHVH�VRUWLQJV�WKH�QXPEHU�RI�SLOHV�SHU
VRUWLQJ�ZDV�GLVWULEXWHG�ELQRPLQDOO\�ZLWK�WKH�DYHUDJH�QXPEHU�RI�FOXVWHUV�VHW�WR�����
ZKLFK�FORVHO\�FRUUHVSRQGV�WR�WKH�DYHUDJH�QXPEHU�RI�SLOHV� LQ�WKH�UHDO�GDWD� �7DEOH
������ %RWK� WKH� VFRUHV� IRU� UHDO� QRYLFHV� DQG� WKH� DUWLILFLDOO\� JHQHUDWHG� VFRUHV� DUH
GHVFULEHG�LQ�7DEOH������)URP�WKHVH�GDWD�ZH�FDQ�FRQFOXGH�WKDW��WKRXJK�WKH�VFRUHV
IRU�PDJQHWLVP�SUREOHPV� LQGHHG� VKRZ�D� JUHDWHU� YDULDQFH� WKDQ� WKH� VFRUHV� IRU� WKH
HOHFWULFLW\�SUREOHPV�GR��WKH�DYHUDJH�UDQGRP�VFRUHV�DUH�FOHDUO\�VPDOO�FRPSDUHG�WR
WKH�UHDO�VFRUHV�IRU�ERWK�WKH�HOHFWULFLW\�DQG�WKH�PDJQHWLVP�FDUGV�
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7DEOH������ 0HDQV�DQG�VWDQGDUG�GHYLDWLRQV�RI�WKH�H[SHUW�OLNHQHVV�VFRUH�(�SHU�H[SHULPHQWDO�JURXS
IRU�UHDO�GDWD�DQG�IRU�DUWLILFLDOO\�JHQHUDWHG�UDQGRP�GDWD�

HOHFWULFLW\ PDJQHWLVP
ZLWKRXW

HODERUDWLRQ
ZLWK

HODERUDWLRQ
ZLWKRXW

HODERUDWLRQ
ZLWK

HODERUDWLRQ

ZHDN�VWXGHQWV 0��6'�
Q

���������
��

���������
��

���������
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���������
��

SURILFLHQW�VWXGHQWV 0��6'�
Q

���������
��

���������
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���������
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���������
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UDQGRP�GDWD 0��6'�
1

�����������
����

�����������
����

��������(IIHFW�RI�VWXGHQW�OHYHO�DQG�HODERUDWLRQ

3UREOHP�VRUWLQJ�SHUIRUPDQFH�ZDV�VXSSRVHG�WR�GHSHQG�RQ�WKH�OHYHO�RI�WKH�VWXGHQW�
RQ�ZKHWKHU�RU�QRW�WKH�SUREOHP�ZDV�SUHVHQWHG�LQ�DQ�HODERUDWHG�IRUPDW��DQG�RQ�WKH
LQWHUDFWLRQ�EHWZHHQ�ERWK�IDFWRUV��,Q�RUGHU�WR�YLVXDOLVH�WKH�HIIHFWV�RI�HODERUDWLRQV�
ZH� QHHGHG� WR� FRPSDUH� VFRUHV� IRU� HOHFWULFLW\� SUREOHPV� WR� WKRVH� IRU� PDJQHWLVP
SUREOHPV��7KHUHIRUH�� WKH� VFRUHV�RQ� DOO� HOHFWULFLW\�SUREOHPV�ZHUH� FRQYHUWHG� WR� ]�
VFRUHV� DQG� WKH� VDPH� ZDV� GRQH� IRU�PDJQHWLVP� SUREOHPV�� $V� D� FRQVHTXHQFH� WKH
V\VWHPDWLF�GLIIHUHQFH�LQ�VFRUHV�EHWZHHQ�PDJQHWLVP�DQG�HOHFWULFLW\�SUREOHP�VRUWLQJV
�FRPSDUH�� 7DEOH� ����� ZDV� HOLPLQDWHG�� 7KH� GDWD� DUH� SUHVHQWHG� LQ� WKH� IROORZLQJ
JUDSK�
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)LJXUH������ ([SHUW�OLNHQHVV�VFRUH�E\�VWXGHQW�OHYHO��7KH�YDOXHV�DORQJ�WKH�YHUWLFDO�D[LV�DUH
VWDQGDUGLVHG�VFRUHV��7KH�YHUWLFDO�EDUV�LQGLFDWH�WKH�����FRQILGHQFH�LQWHUYDO�IRU�WKH�PHDQ�

,Q� WKH� H[SHULPHQW� ZH� KDG� WZR� EORFNLQJ� IDFWRUV�� QDPHO\� WKH� H[SHULPHQWDO� WDVN
YHUVLRQ�DQG�WKH�RUGHU�RI�WKH�WDVNV��7KH�PDLQ�HIIHFWV�RI�WKHVH�IDFWRUV�DUH�EHWZHHQ
VXEMHFWV�� 7KH� IDFWRU� ZH� DUH� LQWHUHVWHG� LQ� �ZLWK�ZLWKRXW� HODERUDWLRQ�� LV� YDULHG
ZLWKLQ�VXEMHFWV��$V�ZH�H[SHFWHG�QR�LQWHUDFWLRQV�EHWZHHQ�WKH�EORFNLQJ�IDFWRUV�DQG
WKH�H[SHULPHQWDO�IDFWRU��WKH�EORFNLQJ�IDFWRUV�GLG�QRW�QHHG�WR�EH�LQFOXGHG�DV�IDFWRUV
LQ�WKH�DQDO\VLV�



��

$�UHSHDWHG�PHDVXUHV�DQDO\VLV�FRQILUPHG� WKDW� WKHUH�ZDV�D�PDLQ�HIIHFW� IRU�VWXGHQW
OHYHO�� )�������� ������� S��������� DQG� DOVR� D� PDLQ� HIIHFW� IRU� WKH� SUHVHQFH� RI
HODERUDWLRQV� LQ� WKH�PDWHULDO��)�������� ������� S� �������0RUHRYHU�� WKH� LQWHUDFWLRQ
EHWZHHQ� VWXGHQW� OHYHO� DQG� WKH� SUHVHQFH� RI� HODERUDWLRQ� ZDV� FRQILUPHG�
)�������� ������S� �������$�IXUWKHU�DQDO\VLV�ZLWKLQ�WKH�SURILFLHQW�DQG�OHVV�SURILFLHQW
VXEJURXSV�VKRZV�WKDW�IRU�SURILFLHQW�VWXGHQWV�WKHUH�LV�DQ�HIIHFW�RI�WKH�SUHVHQFH�RI
HODERUDWLRQV��)�������� �������S���������ZKHUHDV�IRU�WKH�OHVV�SURILFLHQW�VWXGHQWV�ZH
FRXOG�QRW�GHPRQVWUDWH�DQ\�HIIHFW�DW�DOO��)�������� �������S� ������

7KH� HIIHFW� VL]HV�� LQ� WHUPV� RI� H[SODLQHG� YDULDQFH�� ZHUH�PRGHUDWH��PDLQ� HIIHFW� RI

VWXGHQW� OHYHO��K�� �������PDLQ� HIIHFW� RI� WKH� SUHVHQFH� RI� HODERUDWLRQV��K�� ������

LQWHUDFWLRQ� EHWZHHQ� VWXGHQW� OHYHO� DQG� WKH� SUHVHQFH� RI� HODERUDWLRQV�� K�� ������
$OWKRXJK�WKHVH�HIIHFW�VL]HV�DUH�WRR�VPDOO�IRU�WKH�LQWHUYHQWLRQ�WR�EH�GLUHFWO\�XVHG�LQ
LQVWUXFWLRQ��WKH\�DUH�ODUJH�HQRXJK�WR�KDYH�LPSOLFDWLRQV�IRU�SV\FKRORJLFDO�WKHRU\�

����'LVFXVVLRQ�DQG�FRQFOXVLRQ

2XU�K\SRWKHVLV�ZDV�WKDW�DOO�RXU�VXEMHFWV�ZRXOG�KDYH�VRPH�NQRZOHGJH�RI�SUREOHP
W\SHV�DQG�WKHLU�VROXWLRQV��DQG�WKDW�WKHLU�PDMRU�SUREOHP�ZDV�WR�FKRRVH�WKH�SURSHU
SUREOHP�W\SH�IRU�D�JLYHQ�VLWXDWLRQ��,Q�OLQH�ZLWK�WKLV�K\SRWKHVLV��ZH�IRXQG�WKDW�WKH
UHVXOW�RI�WKH�FOXVWHU�DQDO\VLV�IRU�WKH�EHJLQQHUV�JURXSV�EDVLFDOO\�UHVHPEOHV�WKH�H[SHUW
VRUWLQJ��DQG�WKDW�EHJLQQHUV�RIWHQ�JLYH�WKHLU�SLOHV�SURSHU�QDPHV�DV�ZHOO��:H�IRXQG
QR� HYLGHQFH� RI� D� V\VWHPDWLFDOO\� GHYLDQW� ¶EHJLQQHU� VRUWLQJ·�� EXW� UDWKHU� UDQGRP
IDLOXUHV�WR�VHH�WKH�SURSHU�SUREOHP�W\SH��7KXV�WKH�FRQFOXVLRQ�E\�&KL�HW�DO�� ������
WKDW� QRYLFHV� VRUW� DFFRUGLQJ� WR� VXSHUILFLDO� FULWHULD� DQG� QDPH� WKHLU� FDWHJRULHV
DFFRUGLQJO\�� VKRXOG�EH�TXDOLILHG� WR� DSSO\� LQ�SDUWLFXODU� FRQGLWLRQV� RQO\��$V� QRWHG
HDUOLHU� E\� 7DFRQLV� ������� WZR� IDFWRUV� PD\� H[SODLQ� IRU� WKH� GLIIHUHQW� UHVXOWV�� WKH
LQVWUXFWLRQDO�IRUPDW�DQG�WKH�FRPSRVLWLRQ�RI�WKH�SUREOHP�VHW��0RVW�QRWDEO\��VRUWLQJ
WKH� SUREOHP� VHW� XVHG� E\� &KL� HW� DO�� UHTXLUHV� VWXGHQWV� WR� KDYH� JHQHUDOLVHG� WKHLU
XQGHUVWDQGLQJ�RI�SUREOHP�W\SHV�EH\RQG�ZKDW� LV�QHHGHG�IRU�SUREOHPV�FRPPRQO\
HQFRXQWHUHG�LQ�WKH�VWDQGDUG�FXUULFXOXP��ZKLFK�ZRXOG��EH�D�UHPDUNDEOH�IHDW�

:H� KDG� SUHGLFWHG� WKDW� WKH� DYDLODELOLW\� RI� VLPSOH� HODERUDWLRQV� ZRXOG� EH� PRUH
KHOSIXO�WR�ZHDN�EHJLQQHUV�WKDQ�WKH\�ZRXOG�EH�WR�JRRG�EHJLQQHUV��EXW�ZH�IRXQG�WKH
RSSRVLWH�� $V�ZH� KDYH� SRLQWHG� RXW�� WKH� HODERUDWLRQV� WKDW� ZH� SURYLGHG� ZRXOG� EH
KHOSIXO� LQ� WKH� SURFHVV� RI� DQDO\VLQJ�� UHVWUXFWXULQJ� DQG� VROYLQJ� WKH� SUREOHP��2XU
WHQWDWLYH� FRQFOXVLRQ� LV� WKDW� WKH�ZHDN� VWXGHQWV� KDG� QR�PRGHO� RI� WKH� VLWXDWLRQ� DW
KDQG�WKDW�FRXOG�VHUYH�WR�LQWHJUDWH�WKH�JLYHQ�HODERUDWLRQV�LQWR�D�FRKHUHQW�ZKROH��$
WH[W�EDVH�RU�GLVFRXUVH�UHSUHVHQWDWLRQ�ZRXOG�EH�RI�OLWWOH�KHOS�LQ�GRLQJ�VR��ZKHUHDV�D
VLWXDWLRQ� PRGHO� ZRXOG�� 7KLV� LV� EHFDXVH� WKH� JLYHQ� HODERUDWLRQV� ZHUH� UHGXQGDQW
IURP� D� SK\VLFV� SRLQW� RI� YLHZ�� EXW� QRW� IURP� D� GLVFRXUVH� SRLQW� RI� YLHZ�� DV� WKH\
DSSHDOHG�WR�H[WHUQDO�SK\VLFV�NQRZOHGJH��,Q�WKH�SUHVHQW�H[SHULPHQW�LW�ZDV�WDNHQ�IRU
JUDQWHG�WKDW�DOO�VXEMHFWV�PDVWHUHG�WKH�NQRZOHGJH�XQGHUO\LQJ�WKH�HODERUDWLRQV��7KLV
LV�D�UHDVRQDEOH�DVVXPSWLRQ�VLQFH�WKH�HODERUDWLRQV�SUHVHQWHG�ZHUH�YHU\�VLPSOH��7R
UXOH� RXW� WKH� SRVVLELOLW\� WKDW� WKH� ZHDN� VWXGHQWV� VLPSO\� PLVVHG� WKH� FRQFHSWXDO
SK\VLFV� NQRZOHGJH� WKDW� ZRXOG� EH� QHFHVVDU\� WR� FRPSUHKHQG� WKH� HODERUDWLRQV
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SUHVHQWHG�� WKLV� DVVXPSWLRQ� FRXOG� EH� VXEMHFW� WR� GLUHFW�PHDVXUHPHQW� LQ� D� IXUWKHU
H[SHULPHQW�

7KHUH�DUH�WZR�SRVVLEOH�PHFKDQLVPV�WKDW�ZRXOG�H[SODLQ�KRZ�SURILFLHQW�VWXGHQWV�GR
SURILW� IURP� WKH� HODERUDWLRQV� ZH� JDYH�� HLWKHU� WKH\� KDG� DOUHDG\� LQIHUUHG� D
FRUUHVSRQGLQJ� HODERUDWLRQ� WKHPVHOYHV�� RU� WKH\� KDG� QRW�� ,Q� WKH� ILUVW� FDVH�� WKH
VXSSRUWLYH�HIIHFW�RI�JLYLQJ�HODERUDWLRQV�VKRXOG�EH�H[SODLQHG�LQ�WHUPV�RI�IRFXVLQJ
DWWHQWLRQ� WR��RU� LQFUHDVLQJ� DFWLYDWLRQ�RI� D� SDUWLFXODU� SLHFH� RI� LQIRUPDWLRQ�� ,Q� WKH
ODWWHU�FDVH��WKH�HODERUDWLRQ�UHDOO\�DGGHG�VRPHWKLQJ�WR�WKH�SUREOHP�UHSUHVHQWDWLRQ�
7KH� WZR�PHFKDQLVPV�FRXOG�EH�GLVWLQJXLVKHG�H[SHULPHQWDOO\�E\� ILUVW� SUHVHQWLQJ� D
¶PLQLPXP·�SUREOHP�GHVFULSWLRQ�� DQG� WKHQ�SUHVHQWLQJ� DQ� HODERUDWLRQ��7KH� WLPH� D
VXEMHFW�XVHV�WR�LQWHUSUHW�DQ�HODERUDWLRQ�KH�DOUHDG\�LQIHUUHG�ZRXOG�EH�VKRUWHU�WKDQ
WKH�WLPH�UHTXLUHG�WR�LQWHUSUHW�DQ�HODERUDWLRQ�WKDW�ZDV�QRW�LQIHUUHG�\HW��1RRUGPDQ
HW�DO���������

%HFDXVH�WKH�W\SH�RI�HODERUDWLRQV�WKDW�ZH�JDYH�FRXOG�EH�RQO\�XVHIXO�LQVRIDU�DV�WKH\
FRQWULEXWHG� WR� LQGXFLQJ�D� VLWXDWLRQ�PRGHO��ZH� LQWHUSUHW�RXU� UHVXOWV� WR� LPSO\� WKDW
SURILFLHQW� VWXGHQWV� DUH� LQGXFLQJ� D� VLWXDWLRQ� PRGHO� IURP� WKHLU� WH[W�EDVH
UHSUHVHQWDWLRQ�� ZKHUHDV�ZHDN� VWXGHQWV� DUH� XQDEOH� WR� LQGXFH� VXFK� D�PRGHO�� 7KLV
FRQFOXVLRQ� LV� LQ� OLQH� ZLWK� 'H� -RQJ� DQG� )HUJXVRQ�+HVVOHU� �������� ZKR� PDGH
VXEMHFWV� UHFRQVWUXFW� SUREOHP� VWDWHPHQWV� WKDW� ZHUH� SUHVHQWHG� RQO\� EULHIO\�� 7KH\
IRXQG� QR� GLIIHUHQFH� EHWZHHQ� SURILFLHQW� DQG� ZHDN� VWXGHQWV� ZKHQ� LW� FDPH� WR
UHFRQVWUXFWLRQ�RI�LQIRUPDWLRQ�LQ�WKH�VDPH�IRUPDW�WKDW�LW�ZDV�SUHVHQWHG�LQ��ZKHUHDV
LI� WKH� UHFRQVWUXFWLRQ�ZDV� WR�EH� LQ� D�GLIIHUHQW�PRGH� �YHUEDO� YV�� YLVXDO��� UHVXOWV�RI
SURILFLHQW�VWXGHQWV�SURYHG�WR�EH�EHWWHU��6LQFH�WKH�ODWWHU�WDVN�ZRXOG�UHTXLUH�D�PHQWDO
PRGHO�RI�WKH�VLWXDWLRQ��ZKHUHDV�WKH�ILUVW�WDVN�FRXOG�EH�GRQH�UHO\LQJ�RQ�D�WH[W�EDVH
UHSUHVHQWDWLRQ�� WKH\� FRQFOXGHG� WKDW� ZHDN� VWXGHQWV� KDG� SUREOHPV� FRQVWUXFWLQJ� D
PHQWDO�PRGHO�RI�WKH�VLWXDWLRQ�

)URP� WKH� SUHVHQW� ILQGLQJV�� ZH� FRQMHFWXUH� WKDW� ZHDN� VWXGHQWV�� EHLQJ� XQDEOH� WR
LQGXFH� D� VLWXDWLRQ� PRGHO� IURP� WH[W�� PD\� EH� EHWWHU� RII� LI�� LQVWHDG� RI� KDYLQJ� WR
LQGXFH�D�VLWXDWLRQ�PRGHO�IURP�VFUDWFK��WKH\�DUH�SURYLGHG�ZLWK�D�UHSUHVHQWDWLRQ�WKDW
PDWFKHV� WKH� LQKHUHQW� VWUXFWXUH� RI� WKH� VLWXDWLRQ� PRGHO� PXFK� FORVHU�� QDPHO\� D
VLWXDWLRQ�UHSUHVHQWDWLRQ�LQ�WKH�ILJXUDO�PRGH��,I�D�ZHDN�VWXGHQW�KDV�D�SURSHU�W\SH�RI
GUDZLQJ� DYDLODEOH� LQ� DGGLWLRQ� WR� WKH� WH[WXDO� GHVFULSWLRQ� RI� WKH� SUREOHP�� KH�PD\
LQIHU�UHODWLRQV�EHWZHHQ�WKH�WZR�GHGXFWLYHO\��ZKLFK�ZRXOG�EH�OHVV�GHPDQGLQJ�WR�KLV
FRQVWUXFWLYH�DELOLWLHV��7KLV�K\SRWKHVLV�FRXOG�EH�WHVWHG�LQ�D�IXUWKHU�H[SHULPHQW�WKDW
EDVLFDOO\�ZRXOG�EH�D� UHSOLFDWLRQ�RI� WKH� FXUUHQW� H[SHULPHQW�� DSDUW� IURP�SURYLGLQJ
GLDJUDPV�RI�WKH�SUREOHP�DV�DQ�HODERUDWLRQ��LQVWHDG�RI�WKH�WH[WXDO�HODERUDWLRQV�WKDW
ZH�HPSOR\HG�LQ�WKH�FXUUHQW�H[SHULPHQW�

7KLV� VWXG\� VXJJHVWV� WKDW�� IRU� ZHDN� VWXGHQWV�� WKH� SD\�RII� RI� D� PRUH� H[WHQVLYH
DQDO\VLV�RI�WKH�SUREOHP�VWDWHPHQW�ZRXOG�EH�VPDOO��7KLV�ILQGLQJ�VKHGV�QHZ�OLJKW�RQ
WKH� GLVDSSRLQWLQJ� UHVXOWV� DQG� HVSHFLDOO\� WKH� ODFN� RI� WUDQVIHU� RI� JHQHUDO� SUREOHP�
VROYLQJ� VNLOOV� SURJUDPV� �0DQVILHOG�� %XVVH�� 	� .UHSHOND�� ������ )HXHUVWHLQ�� �����
0HWWHV��3LORW��	�5RRVVLQN�������'H�-RQJ���������7KH�SUHVHQW�VWXG\�VXJJHVWV� WKDW
ZHOO�FKRVHQ� FRQWHQW�UHODWHG� VXSSRUW� PD\� EH� PRUH� VXFFHVVIXO� LQ� DGYDQFLQJ� WKH
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UHDVRQLQJ�SURFHVV� GXULQJ� SUREOHP�VROYLQJ��7R� FRQFOXGH��ZH�SURSRVH� WKDW� YHUEDO
UHDVRQLQJ� GHVHUYHV� IXUWKHU� DWWHQWLRQ� DV� D� SRWHQWLDOO\� LPSRUWDQW� SKDVH� LQ� WKH
FRQVWUXFWLRQ�RI�D�VLWXDWLRQ�PRGHO�LQ�²�SK\VLFV�²�SUREOHP�VROYLQJ�



��
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3DUW�%��6XSSRUWLQJ�SUREOHP�UHSUHVHQWDWLRQV�LQ�OHDUQLQJ

6WLOO�,�GLGQ
W�ZDQW�WR�OHDYH�DQ\�VWXGHQW�FRPSOHWHO\�EHKLQG�
DV� SHUKDSV� ,� GLG�� ,� WKLQN� RQH� ZD\� ZH� FRXOG� KHOS� WKH
VWXGHQWV� PRUH� ZRXOG� EH� E\� SXWWLQJ� PRUH� KDUG� ZRUN� LQ
GHYHORSLQJ�D� VHW� RI� SUREOHPV�ZKLFK�ZRXOG� HOXFLGDWH� VRPH
RI� WKH� LGHDV� LQ� WKH� OHFWXUHV�� 3UREOHPV� JLYH� D� JRRG
RSSRUWXQLW\� WR� ILOO� RXW� WKH� PDWHULDO� RI� WKH� OHFWXUHV� DQG
PDNH�PRUH� UHDOLVWLF��PRUH� FRPSOHWH�� DQG�PRUH� VHWWOHG� LQ
WKH�PLQGV�WKDW�KDYH�EHHQ�H[SRVHG�

5LFKDUG�)H\QPDQ��SUHIDFH�WR�WKH�/HFWXUHV



��
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���$�OHDUQLQJ�HQYLURQPHQW�IRU�SK\VLFV�SUREOHP�VROYLQJ

,Q� WKH� SUHYLRXV� FKDSWHUV� ZH� GHPRQVWUDWHG� WKDW� PHQWDO� UHSUHVHQWDWLRQV� DQG
UHDVRQLQJ�SURFHVVHV�LQ�ZHDN�SUREOHP�VROYHUV�DUH�TXDOLWDWLYHO\�GLIIHUHQW�IURP�WKRVH
LQ�SURILFLHQW�SUREOHP�VROYHUV��$PRQJ�WKH�PRVW�VDOLHQW�GLIIHUHQFHV�ZH�IRXQG�ZHUH
WKH� ODFN�RI�FRKHUHQFH� LQ� WKH�ZHDN�SUREOHP�VROYHUV·�SUREOHP�UHSUHVHQWDWLRQV�� WKH
VSDUVHQHVV�RI�WKHLU�SUREOHP�UHSUHVHQWDWLRQV��DQG�WKHLU�ODFN�RI�DVVRFLDWLRQV�EHWZHHQ
SUREOHP�IHDWXUHV� DQG� VROXWLRQ�PHWKRGV�FRPSDUHG� WR�SURILFLHQW�SUREOHP�VROYHUV�
:H�DUJXHG� WKDW� WKHVH� IHDWXUHV�RI�ZHDN�SUREOHP�VROYHUV·�SUREOHP�UHSUHVHQWDWLRQV
IRUP� D� VHULRXV� LPSHGLPHQW� WR� VXFFHVVIXO� SUREOHP�VROYLQJ�� 7KHUHIRUH�� KHUH� ZH
SUHVHQW�DQ�LQVWUXFWLRQDO�IRUPDW�ZH�GHYLVHG�WR�SURPRWH�WKH�VWXGHQWV·�XQGHUVWDQGLQJ
RI� SUREOHPV�� DQG� WR� VXSSRUW� WKH� IRUPDWLRQ� RI� DVVRFLDWLRQV� EHWZHHQ� SUREOHP
UHSUHVHQWDWLRQV�DQG�VROXWLRQ�LQIRUPDWLRQ��,Q�WKH�QH[W�VHFWLRQ�ZH�GLVFXVV�WKH�GHVLJQ
RI�WKH�OHDUQLQJ�HQYLURQPHQW��,Q�WKH�IROORZLQJ�VHFWLRQV�ZH�SUHVHQW�DQ�H[SHULPHQW
ZH�FRQGXFWHG�WR�WHVW�WKH�HIIHFWLYHQHVV�RI�WKH�PRGXOH��DQG�D�GLVFXVVLRQ�RI�GHVLJQ
LPSURYHPHQWV�DQG�GHVLJQ�JXLGHOLQHV� WKDW�ZHUH�VXJJHVWHG�E\�WKH�RXWFRPHV�RI� WKH
H[SHULPHQW�

����'HVLJQ�RI�WKH�OHDUQLQJ�HQYLURQPHQW

:H� EHJLQ� WKLV� VHFWLRQ� E\� UHYLHZLQJ� WKH� UHOHYDQW� OHDUQLQJ� SURFHVVHV�� 1H[W�� ZH
GHVFULEH� WKH� FRXUVH� DV� LW� KDV� EHHQ� WDXJKW� IRU� PDQ\� \HDUV�� ZLWK� LWV� JRDOV�� LWV
DSSURDFK� DQG� LWV� VKRUWFRPLQJV�� 7KHQ��ZH� GLVFXVV� WKH� SRVVLEOH� LPSURYHPHQWV� WR
WKH�FRXUVH��DQG�ZH�UHYLHZ�WKH�PHULWV�RI�DYDLODEOH� WRROV��)XUWKHUPRUH��ZH�H[SODLQ
RXU�FKRLFH�IRU�D�SDUWLFXODU�W\SH�RI�WRRO��DQG��ILQDOO\��ZH�GLVFXVV�WKH�LPSOHPHQWDWLRQ
RI�DQ�DGDSWHG�FRXUVH�PRGXOH�WKDW�LV�EDVHG�RQ�WKLV�WRRO�

������/HDUQLQJ�SURFHVVHV

/HDUQLQJ�KRZ�WR�VROYH�D�SDUWLFXODU�FODVV�RI�SK\VLFV�SUREOHPV�IOXHQWO\��LV�D�FRPSOH[
DQG� WLPH�FRQVXPLQJ� SURFHVV�� $V� D� SULPHU�� D� VWXGHQW�PD\� OLVWHQ� WR� D� OHFWXUH�� RU
LQWHUDFW� ZLWK� D� FRPSXWHU� VLPXODWLRQ� WR� EHFRPH� DFTXDLQWHG� ZLWK� WKH� GRPDLQ
FRQFHSWV��,W� LV�RQO\�DIWHU�WKLV�ILUVW�HQFRXQWHU��KRZHYHU��WKDW�WKH�VWXGHQW�EHJLQV�WR
OHDUQ� KRZ� WR� VROYH� SUREOHPV�� 7KH� FRQWLQXHG� OHDUQLQJ� SURFHVV� ILUVW� UHTXLUHV� WKH
OHDUQHU� WR� FRPELQH� LQIRUPDWLRQ� IURP� GLIIHUHQW� VRXUFHV�� VXFK� DV� WKH� WH[WERRN�
SUHYLRXV� SUREOHP�VROYLQJ� H[SHULHQFHV�� DQG� PDWKHPDWLFV� DQG� SK\VLFV� SUH�
NQRZOHGJH�� 6HFRQG�� LW� UHTXLUHV� WKH� OHDUQHU� WR� JR� EH\RQG� WKH� OLWHUDO� LQIRUPDWLRQ
SUHVHQWHG�LQ�RUGHU�WR�FUHDWH�XQGHUVWDQGLQJ��WR�VHH�LPSOLFLW�UHJXODULWLHV��DQG�WR�OHDUQ
WR� URXWLQHO\� DSSO\� GRPDLQ� WKHRULHV�� ,W� LV� FRPPRQ� WKDW� LPSDVVHV� DQG
PLVXQGHUVWDQGLQJV�DULVH�GXULQJ�WKLV�SURFHVV��DQG� LQVLJKW�RIWHQ�FRPHV�RQO\�DIWHU�D
SHULRG�RI� ¶ZDQGHULQJ� LQ� WKH�GDUN·��$IWHU� WKH� LQLWLDO�FRQFHSWXDO�EDUULHUV�KDYH�EHHQ
RYHUFRPH�� LW� VWLOO� WDNHV� FRQVLGHUDEOH� SUDFWLFH� WR� IOXHQWO\� VHOHFW� WKH� ULJKW� VROXWLRQ
VWHS� LQ� SDUWLFXODU� FLUFXPVWDQFHV�� UHFRYHU� IURP� HUURUV�� DQG� FDUU\� RXW� WKH� VHOHFWHG
VROXWLRQ�VWHSV�
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7KLV�VHTXHQFH�RI�VWDJHV�LQ�WKH�OHDUQLQJ�SURFHVV�SDUDOOHOV� WKH�GLIIHUHQW�SKDVHV� LQ�D
FKLOG·V�GHYHORSPHQW�DV�GHILQHG�E\�3LDJHW� ��������9DQ�+LHOH� �������������ZDV�WKH
ILUVW� WR� UHFRJQLVH� WKDW� RQH� SDVVHV� WKURXJK� VLPLODU� SKDVHV� HDFK� WLPH� RQH� VWDUWV
OHDUQLQJ�D�QHZ�VXEMHFW��9DQ�+LHOH�GLVWLQJXLVKHV�EHWZHHQ�D�YLVXDO�OHYHO��D�GHVFULSWLYH
OHYHO��DQG�D�WKHRUHWLFDO�OHYHO�RI�XQGHUVWDQGLQJ��DQG�KH�FRQWLQXHV�ZLWK�PRUH�DEVWUDFW
OHYHOV�EH\RQG�WKHVH��9DQ�+LHOH��������S�������$FFRUGLQJ�WR�9DQ�+LHOH·V�WKHRU\��WKH
OHYHOV� IROORZ� LQ� D� VWULFW� RUGHU�� DQG� VSHFLILF�PDWHULDOV� DQG� NLQGV� RI� SUREOHPV� DUH
DVVRFLDWHG�ZLWK�HDFK�OHYHO��(DFK�OHDUQLQJ�SKDVH��WKURXJK�ZKLFK�D�IROORZLQJ�OHYHO�RI
XQGHUVWDQGLQJ�LV�DWWDLQHG��UHTXLUHV�D�VSHFLILF�IRFXV�DQG�VSHFLILF�DFWLYLWLHV��7R�EHJLQ
ZLWK�� DWWDLQPHQW� RI� WKH� YLVXDO� OHYHO� UHTXLUHV� H[WHQVLYH� SOD\LQJ� ZLWK� WKH� UHOHYDQW
FRQFUHWH� REMHFWV�� ,Q� WKLV� VWDJH� RI� OHDUQLQJ�� WKH� VWXGHQWV� KDYH� QR� PHDQV� WR
IRUPXODWH� JRDOV� \HW�� DQG� FRQVHTXHQWO\� WKH\� DUH� QRW� \HW� LQYROYHG� LQ� SUREOHP�
VROYLQJ��7R� DWWDLQ� WKH� VHFRQG� OHYHO� WKH� VWXGHQW� KDV� WR� SUDFWLFH� DW� H[SUHVVLQJ� WKH
V\VWHP·V� SURSHUWLHV� LQ� ZRUGV�� )RU� WKH� WKLUG� OHYHO�� VWXGHQWV� SUDFWLFH� ZLWK� SURRI
SUREOHPV��6RPHWLPHV�VWXGHQWV�OHDUQ�WULFNV�WR�VROYH�SUREOHPV�EH\RQG�WKH�OHYHO�WKH\
KDYH� DWWDLQHG��$FFRUGLQJ� WR�9DQ�+LHOH�� WKLV� LPSHGHV� IXUWKHU� OHDUQLQJ�� EHFDXVH� D
WUDQVLWLRQ�IURP�RQH�OHYHO�WR�WKH�QH[W�FRPHV�RQO\�DIWHU�WKH�FULVLV�WKDW�RFFXUV�ZKHQ
WKH�ORZHU�OHYHO�DSSURDFK�QR�ORQJHU�VXIILFHV�

9DQ�+LHOH·V� WKHRU\� LV� SULPDULO\� JURXQGHG� LQ� KLJK� VFKRRO� JHRPHWU\��ZKLFK�PLJKW
H[SODLQ�WKH�HPSKDVLV�RQ�SOD\LQJ�ZLWK�FRQFUHWH�REMHFWV��,Q�SK\VLFV�DW�WKH�XQLYHUVLW\
OHYHO�� WKH� UROH� RI� FRQFUHWH� REMHFWV� DQG� UHSUHVHQWDWLRQV� LV� GLIIHUHQW� IURP� WKDW� LQ
JHRPHWU\��2IWHQ�WKH�FRQFUHWH�UHSUHVHQWDWLRQV�LQ�SK\VLFV�DUH�FUXGH�DSSUR[LPDWLRQV
PHDQW� WR� LOOXVWUDWH� WKHRUHWLFDO� LGHDV�� 0RUHRYHU�� XQOLNH� KLJK�VFKRRO� VWXGHQWV�
XQLYHUVLW\�VWXGHQWV�DOUHDG\�KDYH�VRPH�EDFNJURXQG�LQ�UHDVRQLQJ�ZLWK�PDWKHPDWLFDO
FRQFHSWV��7KHUHIRUH�� WKH� VWULFW� WHPSRUDO�RUGHULQJ�SURSRVHG�E\�9DQ�+LHOH� FDQQRW
EH� GLUHFWO\� WUDQVSODQWHG� WR� XQLYHUVLW\� SK\VLFV��1HYHUWKHOHVV�� LQ� XQLYHUVLW\� SK\VLFV
ZH�FDQ�DOVR�GLVWLQJXLVK�WKH�OHYHOV�GHVFULEHG�DERYH��DQG�ZH�IROORZ�9DQ�+LHOH�LQ�WKDW
XQGHUVWDQGLQJ�DW�D�KLJKHU� OHYHO�QHHGV� WR�EH�EDVHG�RQ�XQGHUVWDQGLQJ�DW� WKH� ORZHU
OHYHOV�

7KH�WKHRU\�E\�9DQ�+LHOH�RXWOLQHG�DERYH�FOHDUO\� LOOXVWUDWHV� WKH�FRQVWUXFWLYLVW�YLHZ
RI�OHDUQLQJ��&RQVWUXFWLYLVW�DSSURDFKHV�HPSKDVLVH�WKDW�NQRZOHGJH�LV�FRQVWUXFWHG�E\
VWXGHQWV�WKHPVHOYHV�UDWKHU�WKDQ�EHLQJ�WUDQVPLWWHG�IURP�WHDFKHU�WR�VWXGHQW��0DQ\
FRQVWUXFWLYLVW� WKHRULHV�� VXFK� DV� 9DQ� +LHOH·V�� EXW� DOVR� 3LDJHW·V�� %UXQHU·V� DQG
9\JRWVN\·V�� WDNH� D� JOREDO� GHYHORSPHQWDO� DQG�RU� FXOWXUDO� SHUVSHFWLYH�� 7KH
FRQVWUXFWLRQ�RI�NQRZOHGJH�FDQ�DOVR�EH�DQDO\VHG�DW�D�PRUH�GHWDLOHG�FRJQLWLYH�OHYHO
LQ�WHUPV�RI�LQIRUPDWLRQ�SURFHVVLQJ��KRZHYHU�

)URP�DQ�LQIRUPDWLRQ�SURFHVVLQJ�SRLQW�RI�YLHZ��WKHUH�DUH�WZR�UHOHYDQW�DSSURDFKHV
WR�WKH�OHDUQLQJ�SURFHVV�GHVFULEHG�HDUOLHU��RQH�LV�WKH�EURDG�FODVV�RI�SURGXFWLRQ�UXOH
WKHRULHV��WKH�RWKHU�LV�WKH�VFKHPD�WKHRUHWLF�DSSURDFK��)LUVW��ZH�ORRN�DW�SURGXFWLRQ�
UXOH� V\VWHPV��:H� WDNH�$QGHUVRQ·V�$&7
� WKHRU\� DV� D�ZHOO�NQRZQ� LQVWDQFH�RI� WKH
SURGXFWLRQ�UXOH� DSSURDFK�� $&7
� WKHRU\� GLVWLQJXLVKHV� WKUHH� PDMRU� SKDVHV� LQ
OHDUQLQJ��DFTXLVLWLRQ�RI�GHFODUDWLYH�NQRZOHGJH��SURFHGXUDOLVDWLRQ�RI�WKH�NQRZOHGJH
DQG��ILQDOO\��WXQLQJ�RI�WKH�VNLOOV�DFTXLUHG��$QGHUVRQ���������7KHVH�VWHSV�DUH�ZRUNHG
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RXW� LQ� GHWDLO� LQ� $&7
� DQG�� EDVHG� RQ� WKLV� GHWDLOHG� WKHRU\�� VRPH� TXLWH� VSHFLILF
WXWRULQJ� SULQFLSOHV� KDYH� EHHQ� SURSRVHG� �&RUEHWW� 	�$QGHUVRQ�� ������� 7KH�PRVW
QRWDEOH�UHFRPPHQGDWLRQV�DUH�WR�HPSKDVLVH�WKH�DQDO\VLV�RI�JRDOV�DQG�VXE�JRDOV��WR
SURYLGH�LQVWUXFWLRQ�LQ�WKH�SUREOHP�VROYLQJ�FRQWH[W��WR�SURYLGH�LPPHGLDWH�IHHGEDFN
DERXW�IDLOXUHV��WR�SURYLGH�DPSOH�RSSRUWXQLW\�IRU�SUDFWLFH�DQG��ILQDOO\��WR�PLQLPLVH
WKH�ZRUNLQJ�PHPRU\�ORDG�

7KH�RWKHU� YLHZ� FRPHV� IURP� VFKHPD� WKHRU\��ZKLFK� IRFXVHV� RQ� WKH� IRUPDWLRQ�RI
QHWZRUNV�DQG�VWUXFWXUHV��5XPHOKDUW�	�1RUPDQ���������6FKHPD�WKHRULHV�VWUHVV�WKH
RUJDQLVDWLRQ� RI� NQRZOHGJH� LQ� FOXVWHUV�� ZLWK� HDFK� FOXVWHU� FHQWUHG� RQ� D� W\SH� RI
SUREOHP�WKDW� UHTXLUHV� D�SDUWLFXODU� DSSURDFK��7KH� OHDUQLQJ�SURFHVV� LQ� WKLV�YLHZ� LV
FKDUDFWHULVHG� DV� IDLOXUH�GULYHQ� DQG� H[SODQDWLRQ�EDVHG�� $OWKRXJK� WKH� DSSURDFK� LV
OHVV�FOHDUO\�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�SHUVRQ�RU�QDPHG�WKHRU\��WKH�DSSURDFK�DOVR
OHDGV�WR�VRPH�FOHDU�UHFRPPHQGDWLRQV�IRU�LQVWUXFWLRQ��7KH�PRVW�UHOHYDQW�RQHV�DUH
WR�H[SOLFDWH� WKH�H[SHUW·V� UHDVRQLQJ�SURFHVV�� WR�SUHVHQW�D� UHDOLVWLF�SUREOHP�VROYLQJ
FRQWH[W�ZKHUH� WKH� OHDUQHU�KDV� WR�FRQVWUXFW�D� VLWXDWLRQ�PRGHO�� DQG�� ILQDOO\�� WR�SXW
WKH� OHDUQHU� LQ� FRQWURO� RI� WKH� OHDUQLQJ� SURFHVV�� ZKLFK� LQFOXGHV� WKH� GLDJQRVLV� RI
IDLOXUHV��*ODVHU�	�%DVVRN��������

7KRXJK�ERWK�DSSURDFKHV�DFFRXQW� IRU� WKH� LPSRUWDQFH�RI� FRQWHQW�UHODWHG�DELOLWLHV�
WKH�VFKHPD�WKHRUHWLFDO�YLHZ�TXLWH�QDWXUDOO\�VHHPV�WR�DFFRXQW�IRU�LPSDVVHV��VXGGHQ
LQVLJKWV�� DQG� WKH� LPSRUWDQFH� RI� VLWXDWLRQ� UHSUHVHQWDWLRQV�� $&7
�� E\� FRQWUDVW�
GHSLFWV� OHDUQLQJ� DV� D� VPRRWK� SURFHVV�� UHVXOWLQJ� LQ� KDELWV�� &RQVHTXHQWO\�� WKH
OHDUQLQJ� SURFHVVHV� WKDW� RFFXU� LQ� FRPSOH[� SUREOHP�VROYLQJ� GRPDLQV� DUH� EHWWHU
FKDUDFWHULVHG� E\� D� VFKHPD�WKHRUHWLFDO� GHVFULSWLRQ� WKDQ� E\� UXOH�EDVHG� DSSURDFKHV
VXFK� DV� $QGHUVRQ·V� �������� 7KHUHIRUH�� LQ� FDVHV� ZKHUH� ERWK� WKHRULHV� OHDG� WR
FRQWUDGLFWRU\�DGYLFH��ZH�EHVW�IROORZ�WKH�DGYLFH�IURP�VFKHPD�WKHRU\�

������7KH�VWDQGDUG�HOHFWURVWDWLFV�FXUULFXOXP

7KH� GRPDLQ� RI� RXU� VWXG\� LV� DQ� HOHFWURVWDWLFV� FRXUVH� PRGXOH�� WDNHQ� IURP� WKH
VWDQGDUG�FXUULFXOXP�IRU�ILUVW�\HDU�SK\VLFV�VWXGHQWV��7KH�PRGXOH�LV�WDNHQ�DV�SDUW�RI
D�ORQJHU�FRXUVH�RQ�HOHFWURG\QDPLFV��7RSLFV�FRYHUHG�LQ�WKLV�PRGXOH�LQFOXGH�FKDUJH
GLVWULEXWLRQV�� V\PPHWULHV�� &RXORPE·V� ODZ�� *DXVV·� ODZ�� GLSROHV�� PXOWLSROHV�
FRQGXFWRUV��FRPSXWDWLRQ�RI�SRWHQWLDOV�ZLWK�JLYHQ�ERXQGDU\�FRQGLWLRQV��GLHOHFWULFV
DQG�SRODULVDWLRQ�

7KH� FRXUVH� KDV� WKUHH�PDMRU� FRPSRQHQWV�� OHFWXUHV��ZRUN� JURXSV� DQG� KRPHZRUN�
/HFWXUHV�ODVW�WZR�KRXUV��DQG�D�W\SLFDO�DXGLHQFH�LV�DERXW�RQH�KXQGUHG�VWXGHQWV��,Q
WKH�OHFWXUHV��WKH�WKHRU\�LV�SUHVHQWHG�DQG�H[DPSOHV�RI�W\SLFDO�SUREOHPV�DUH�ZRUNHG
RXW��'XULQJ�ZRUN�JURXSV��VPDOO�JURXSV�DQG�LQGLYLGXDO�VWXGHQWV�DUH�DVVLJQHG�D�VHW
RI�SUREOHPV�WR�VROYH��$�WXWRU�LV�DYDLODEOH�IRU�HYHU\�WZHQW\�VWXGHQWV��ZKR�DVVLVWV�LI
SUREOHPV�DULVH��6WXGHQWV�DUH�H[SHFWHG�WR�VROYH�DGGLWLRQDO�SUREOHPV�DW�KRPH��DQG
WR� VWXG\� WKH� ERRN� ¶,QWURGXFWLRQ� WR� (OHFWURG\QDPLFV·� �*ULIILWKV�� ������� 7KH
SURMHFWHG�WRWDO�ZRUNORDG�IRU�WKH�FRXUVH�LV����KRXUV�IRU�WKH�DYHUDJH�VWXGHQW�

7KH� PDLQ� DLP� RI� WKH� FRXUVH� LV� WR� JLYH� VWXGHQWV� D� WKRURXJK� XQGHUVWDQGLQJ� RI
IXQGDPHQWDO� FRQFHSWV� DQG� DSSURDFKHV�� +HUH�� WKH� JURXQGZRUN� LV� ODLG� ERWK� IRU
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PRUH�DGYDQFHG�WKHRUHWLFDO�FRXUVHV�DQG�IRU�DSSOLFDWLRQ�RULHQWHG�WHFKQLFDO�FRXUVHV�
7KH�FRQFHSWV�WDXJKW�DUH�GLVFXVVHG�LQ�D�VLPSOLILHG�ZD\��DQG�WKH�PHWKRGV�SUHVHQWHG
DUH� RQO\� SUDFWLFDO� IRU� VRPH� LGHDOLVHG� SUREOHPV�� +RZHYHU�� EHFDXVH� ODWHU� FRXUVHV
EXLOG�RQ�WKH�PDWHULDO��WKH�VWXGHQW�QHHGV�WR�EHFRPH�IOXHQW�ZLWK�WKH�EDVLF�FRQFHSWV�
UHODWLRQV�EHWZHHQ�WKHP��DSSOLFDELOLW\�RI� WKH�PHWKRGV�DQG�DVVXPSWLRQV�XQGHUO\LQJ
WKHP�

,W� LV� D� ZHOO�NQRZQ� SUREOHP� WKDW� VWXGHQWV�� HYHQ� WKRXJK� WKH\� KDYH� OHDUQHG� WKH
PHWKRGV�� IDLO� WR� VHH� KRZ� DQG� ZKHQ� WKHVH� PHWKRGV� FDQ� EH� DSSOLHG� LQ� QHZ
VLWXDWLRQV��0RUH�VSHFLILFDOO\�� LQ� WKLV�FRXUVH��VWXGHQWV�IDLO� WR�VHH�KRZ�WKH\�FDQ�XVH
WKH� JHRPHWULFDO� SURSHUWLHV�RI� D� VLWXDWLRQ� WR� VLPSOLI\� WKH�SUREOHP��7KLV�PLJKW� EH
H[SODLQHG�IURP�RXU�HDUOLHU�ZRUN�ZKHUH�ZH�GHPRQVWUDWHG�WKDW�QRYLFHV�LQ�WKLV�ILHOG
GR�QRW�LQWHJUDWH�VROXWLRQ�LQIRUPDWLRQ�LQ�WKHLU�PHQWDO�SUREOHP�UHSUHVHQWDWLRQV��VHH
&KDSWHU����

$� IXUWKHU� SUREOHP� LV� WKDW� ZHDN� VWXGHQWV� IUHTXHQWO\� VHHP� WR� PLVXQGHUVWDQG
SUREOHP� GHVFULSWLRQV�� DQG� RIWHQ� IDLO� WR� PDNH� SURSHU� GUDZLQJV� RI� VLWXDWLRQV
�)HLQHU�9DONLHU���������7KLV�PLJKW�EH�H[SODLQHG�E\�WKH�VWXGHQWV�LQDELOLW\�WR�IRUP�D
FRKHUHQW�XQGHUVWDQGLQJ�RI� WKH�SUREOHPV� �VHH�3DUW�$��� DQG�E\� WKH�ZHDN� VWXGHQWV
IDLOLQJ�WR�VZLWFK�EHWZHHQ�SURSRVLWLRQDO�DQG�SLFWXUDO�UHSUHVHQWDWLRQV��FRPSDUH��'H
-RQJ�	�)HUJXVRQ�+HVVOHU��������

������*RDOV�DQG�UHTXLUHPHQWV�IRU�LPSURYHG�LQVWUXFWLRQ

%DVHG� RQ� RXU� YLHZ� RI� WKH� OHDUQLQJ� SURFHVV� DQG� RQ� VKRUWFRPLQJV� RI� WKH� FXUUHQW
DSSURDFK�� ZKLFK� ZH� KDYH� RXWOLQHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� ZH� DVVXPH� WKDW
VWXGHQWV� FRXOG� EHQHILW� IURP� D� WUDLQLQJ� SURFHGXUH� SURPRWLQJ� WKH� FRQVWUXFWLRQ�RI
SUREOHP�UHSUHVHQWDWLRQV��2XU�SULPDU\�JRDO�LV�WR�HQULFK�VWXGHQWV·�PHQWDO�PRGHOV�RI
SUREOHP�VLWXDWLRQV�ZLWK�HOHPHQWV�KHOSLQJ�WKHP�WR�FRQVWUXFW�DQ�LQWHJUDWHG�PRGHO�RI
WKH�VLWXDWLRQ��DQG�WR�FRQQHFW�WKLV�VLWXDWLRQ�UHSUHVHQWDWLRQ�WR�VROXWLRQ�LQIRUPDWLRQ�

7KH�FRQVWUXFWLYLVW�YLHZSRLQW�VXJJHVWV� WKDW� DQ�HIIHFWLYH� WUDLQLQJ�SURFHGXUH� LV�EHVW
DFFRPSOLVKHG�E\�KHOSLQJ�VWXGHQWV� WR�FRQVWUXFW�HODERUDWH�SUREOHP�UHSUHVHQWDWLRQV
WKHPVHOYHV�� UDWKHU� WKDQ� GLUHFWO\� SURYLGLQJ� WKHP� ZLWK� H[WHQVLYH� SUREOHP
GHVFULSWLRQV��%RWK�VFKHPD�WKHRU\�DQG�SURGXFWLRQ�UXOH� WKHRULHV�VXJJHVW� WKDW�JRRG
SUREOHP� UHSUHVHQWDWLRQV� FDQ� RQO\� EH� OHDUQHG� LQ� WKH� FRQWH[W� RI� D� UHDO� SUREOHP�
VROYLQJ�DFWLYLW\��7KHUHIRUH��RXU�DSSURDFK�LV� WR�VXSSRUW� WKH�IRUPDWLRQ�RI�SUREOHP
UHSUHVHQWDWLRQV�GXULQJ�SUDFWLFH�SUREOHP�VROYLQJ�� ,Q�DGGLWLRQ� LW�PD\�EH�KHOSIXO� WR
DOUHDG\�VWDUW�ZLWK�WKH�LQWHJUDWLRQ�RI�WKHRU\�DQG�VLWXDWLRQV�ZKLOH�VWXG\LQJ�WKHRU\�DQG
H[DPSOHV�

3UHYLRXV� VWXGLHV� VXJJHVW� WKDW� SURILFLHQW� DQG� ZHDN� VWXGHQWV� QHHG� TXDOLWDWLYHO\
GLIIHUHQW�NLQGV�RI�VXSSRUW��6WURQJ�HYLGHQFH�FRPHV�IURP�RXU�RZQ�UHVHDUFK�ZKHUH
ZH�IRXQG�WKDW�SURILFLHQW�VWXGHQWV��LQ�FRQWUDVW�WR�ZHDN�VWXGHQWV��SHUIRUP�EHWWHU�RQ
D� SUREOHP� VRUWLQJ� WDVN� ZLWK� H[SDQGHG� SUREOHP� GHVFULSWLRQV� WKDQ� ZLWK� PLQLPDO
GHVFULSWLRQV� �VHH�&KDSWHU�����7KH�GLIIHUHQFH�PD\� LQGLFDWH� WKDW�ZHDN� VWXGHQWV� DUH
VWLOO� ZUHVWOLQJ� WR� DWWDLQ� WKH� ILUVW�9DQ�+LHOH� OHYHO��ZKHUHDV� SURILFLHQW� VWXGHQWV� DUH
DOUHDG\�ZRUNLQJ�WRZDUGV�WKH�VHFRQG�RU�WKLUG�OHYHO�RI�XQGHUVWDQGLQJ��7KLV�JLYHV�ULVH
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WR� WKH� DVVXPSWLRQ� WKDW�ZKHUHDV�ZHDN� VWXGHQWV� VKRXOG� SULPDULO\� EH� VXSSRUWHG� LQ
FRQVWUXFWLQJ� FRKHUHQW� SUREOHP� UHSUHVHQWDWLRQV�� SURILFLHQW� VWXGHQWV� PD\� EHQHILW
PRUH�IURP�VXSSRUW�LQ�FRQVWUXFWLQJ�IOH[LEOH�SUREOHP�UHSUHVHQWDWLRQV��7KH�GLIIHUHQW
QHHGV�RI�GLIIHUHQW�VWXGHQWV�FDQ�EH�PHW�HLWKHU�E\�D�V\VWHP�EDVHG�RQ�DQ�DGYDQFHG
OHDUQHU�PRGHO� WKDW�RIIHUV�FXVWRPLVHG� LQVWUXFWLRQV��RU�E\�DQ�RSHQ�V\VWHP�WKDW� OHWV
VWXGHQWV�GHFLGH�ZKDW�NLQG�RI�VXSSRUW�WKH\�QHHG�WKHPVHOYHV�

6WXGHQWV� PD\� EH� KHOSHG� LQ� FRQVWUXFWLQJ� FRKHUHQW� SUREOHP� UHSUHVHQWDWLRQV� E\
VWUHVVLQJ�WKH�UHODWLRQ�EHWZHHQ�WKH�SURSRVLWLRQDO�SUREOHP�GHVFULSWLRQ�DQG�WKH�YLVXDO
UHSUHVHQWDWLRQ�RI�WKH�SUREOHP��EHFDXVH�WKH�YLVXDO�IRUPDW�UHYHDOV�UHODWLRQV�EHWZHHQ
SURSRVLWLRQV� �/DUNLQ� 	� 6LPRQ�� ������ EXW� VHH� 0D\HU� 	� 6LPV�� ������� )OH[LEOH
FRRUGLQDWLRQ� RI� VLWXDWLRQ� UHSUHVHQWDWLRQV� DQG� VROXWLRQ� SURFHGXUHV� PD\� EH
VWLPXODWHG�E\�PDNLQJ�VROXWLRQ�SURFHGXUHV�UHFRJQLVDEOH�DV�IXQFWLRQDO�EORFNV�DQG�E\
GHPRQVWUDWLQJ�KRZ�PRGLILFDWLRQV�LQ�WKH�VLWXDWLRQ�DIIHFW�WKH�XVH�RI�SURFHGXUHV�

,I�VWXGHQWV�DUH� WR�EH�WUDLQHG� LQ�FRQVWUXFWLQJ�SUREOHP�UHSUHVHQWDWLRQV� WKHPVHOYHV�
WKH\�VKRXOG�EH�DOORZHG�WR�HODERUDWH�RQ�WKHLU�NQRZOHGJH�RI�WKH�VLWXDWLRQ�IUHHO\��6R
WKH\�PXVW�EH�IUHH�WR�PRGLI\�WKH�SUREOHP�RU�SRVH�WKHLU�RZQ�SUREOHP��7KHUHIRUH�
WKH� WHDFKHU� VKRXOG� EH� UHWLFHQW� ZLWK� MXGJHPHQWV�� LQ� RUGHU� QRW� WR� IUXVWUDWH� WKH
H[SORUDWRU\� SURFHVV�� ,Q� RWKHU� ZRUGV�� WKH� VWXGHQWV� VKRXOG� EH� ¶RZQHUV·� RI� WKH
SUREOHP�� 7KHVH� UHTXLUHPHQWV� VXJJHVW� D� OHDUQLQJ� HQYLURQPHQW� WKDW� DOORZV� WKH
OHDUQHU�PXFK�IUHHGRP��&RQVHTXHQWO\��VXFK�D� OHDUQLQJ�HQYLURQPHQW�ZLOO�FDOO�XSRQ
WKH�UHJXODWLYH�DELOLWLHV�RI�WKH�VWXGHQW��6WXGHQWV�ZKR�ODFN�WKHVH�DELOLWLHV�PD\�HDVLO\
ORRVH�WKHLU�ZD\��0RUHRYHU��D�VWURQJ�DSSHDO�WR�WKH�VWXGHQW·V�UHJXODWLYH�DELOLWLHV�PD\
LQWHUIHUH� ZLWK� FRQWHQW� OHDUQLQJ�� EHFDXVH� RI� FRJQLWLYH� RYHUORDG�� 7R� UHGXFH� WKHVH
WKUHDWV��VRPH�JXLGDQFH�VKRXOG�EH�SURYLGHG�DQG�FDUH�VKRXOG�EH�WDNHQ�WR�PLQLPLVH
FRJQLWLYH�ORDG�H[WUDQHRXV�WR�WKH�WDVN��7KLV�FDQ�EH�GRQH�LQ�VHYHUDO�ZD\V��)LUVWO\��DOO
UHTXLUHG�LQIRUPDWLRQ�FDQ�EH�LQWHJUDWHG�LQWR�D�VLQJOH�VWUXFWXUH��&KDQGOHU�	�6ZHOOHU�
������ ������� 6HFRQGO\�� ZRUNHG� H[DPSOHV� FDQ� EH� SUHVHQWHG� LQVWHDG� RI� SUREOHP�
VROYLQJ� WDVNV� �6ZHOOHU� 	� &RRSHU�� ������ =KX� 	� 6LPRQ�� ������ 3DDV� 	� 9DQ
0HUULsQERHU�� ������� )LQDOO\�� ¶JRDO�IUHH� SUREOHP�VROYLQJ·� �LQ� RWKHU� ZRUGV�
FRPSXWLQJ�DQ\WKLQJ�\RX�FDQ�IRU�D�JLYHQ�VLWXDWLRQ��DOVR�KHOSV� WR� UHGXFH�FRJQLWLYH
ORDG� �6ZHOOHU�� ������� 7KH� ODWWHU� WZR� UHFRPPHQGDWLRQV� DUH� FOHDUO\� DW� RGGV� ZLWK
$&7
� DQG� VFKHPD� WKHRU\� UHFRPPHQGDWLRQV� DQG� ILQGLQJV�� DV� LQ� ERWK� WKH
LPSRUWDQFH� RI� SUDFWLFH� SUREOHP�VROYLQJ� DQG� WKH� LPSRUWDQFH� RI� JRDO� DQDO\VLV� DUH
HPSKDVLVHG��*ODVHU�	�%DVVRN��������&RUEHWW�	�$QGHUVRQ���������7KH�GLIIHUHQFHV
PLJKW�EH�H[SODLQHG�E\�GLIIHUHQFHV� LQ� OHDUQLQJ� WDVNV�DQG�GHVLUHG� W\SHV�RI� OHDUQLQJ
RXWFRPHV�� 6WLOO��ZRUNHG� H[DPSOHV� FRXOG� EH� XVHG� DV� DQ� LQWURGXFWLRQ� WR� SUREOHP�
VROYLQJ�WDVNV�

7KH� UHTXLUHPHQWV� ZH� KDYH� GLVFXVVHG� WKXV� IDU�� DQG� HVSHFLDOO\� WKH� QHHG� IRU
YLVXDOLVLQJ�VROXWLRQV��VXJJHVW� WKH�UHOHYDQFH�RI�D�FRPSXWHU�PHGLDWHG� OHDUQLQJ� WRRO�
7KLV�ZRXOG�LPSRVH�DQ�H[WUD�VRXUFH�RI�FRJQLWLYH�ORDG��QDPHO\�WKH�LQWHUDFWLRQ�ZLWK
WKH� FRPSXWHU� LWVHOI�� 6LQFH� VWXGHQWV� JUHDWO\� GLIIHU� LQ� WKH� DPRXQW� RI� FRPSXWHU
H[SHULHQFH� WKH\� KDYH�� WKLV� SRVHV� PRUH� SUREOHPV� IRU� VRPH� WKDQ� IRU� RWKHUV�
7KHUHIRUH��LW�LV�LPSRUWDQW�WR�RIIHU�DSSURSULDWH�XVHU�VXSSRUW��$�IXUWKHU�IDFWRU�WKDW
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PD\�DIIHFW�OHDUQLQJ�LQ�D�FRPSXWHU�PHGLDWHG�HQYLURQPHQW�LV�FRPSXWHU�DQ[LHW\��2Q
WKH� RQH� KDQG�� LW� KDV� EHHQ� FODLPHG� WKDW� WKHUH� LV� QR� UHODWLRQ� EHWZHHQ� FRPSXWHU
DQ[LHW\�DQG�OHDUQLQJ�UHVXOWV�ZKHQ�RXWFRPHV�DUH�FRUUHFWHG�IRU�FRPSXWHU�H[SHULHQFH
�6]DMQD�	�0DFND\���������2Q�WKH�RWKHU�KDQG� WKHUH� LV�FOHDU�HYLGHQFH� WKDW�DQ[LHW\
DIIHFWV�LQIRUPDWLRQ�SURFHVVLQJ��FRPSDUH��:LOGHU�	�6KDSLUR��������%DURQ��,QPDQ�
.DR�� 	� /RJDQ�� ������� 6R�� LW� PD\� EH� ZRUWKZKLOH� WR� DWWHPSW� UHGXFLQJ� FRPSXWHU
DQ[LHW\��LI�RQO\�WR�LPSURYH�WKH�VWXGHQWV·�PRWLYDWLRQ�

������,QVWUXFWLRQDO�WRROV�DQG�LQWHUYHQWLRQV

,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�LGHQWLILHG�WZR�PDMRU�SUREOHPV��ZHDN�VWXGHQWV·�ODFN�RI
LQWHUQDO� VWUXFWXUH� LQ� WKHLU� SUREOHP� UHSUHVHQWDWLRQV�� DQG�ZHDN� VWXGHQWV·� IDLOXUH� WR
VZLWFK�EHWZHHQ�GLIIHUHQW�UHSUHVHQWDWLRQV��7KHVH�SUREOHPV�OHDG�XV�WR�VHDUFK�IRU�DQ
LQVWUXFWLRQDO� WRRO� WKDW� ZRXOG� KHOS� VWXGHQWV� WR� DFWLYHO\� FRQVWUXFW� SUREOHP
UHSUHVHQWDWLRQV� WKHPVHOYHV�� UDWKHU� WKDQ� SURYLGH� WKHP�ZLWK� UHDG\�PDGH� VLWXDWLRQ
PRGHOV��:H�VHDUFKHG�IRU�HDUOLHU�ZRUN�RQ�VFLHQFH� LQVWUXFWLRQ� WKDW�ZH�FRXOG�EXLOG
XSRQ�� 2XU� PDLQ� LQWHUHVW� ZDV� WR� ILQG� LQWHUYHQWLRQV� WKDW� FRXOG� FRQWULEXWH� WR
VWXGHQWV� FRQVWUXFWLQJ� DGHTXDWH� SUREOHP� UHSUHVHQWDWLRQV�� %HFDXVH� PRVW� VWXGLHV
FRPELQH� VHYHUDO� LQWHUYHQWLRQV�� VWXGLHV� FDQQRW� EH� RUGHUHG� LQ� VWUDLJKWIRUZDUG
FOXVWHUV��DQG�WKHUH�LV�QR�FRQFOXVLYH�HYLGHQFH�DERXW�WKH�HIIHFWLYHQHVV�RI�PRVW�W\SHV
RI�LQWHUYHQWLRQ��:H�ZLOO�EULHIO\�GLVFXVV�WKH�W\SHV�RI�LQWHUYHQWLRQ�IRXQG��DQG�VRPH
HYLGHQFH�RQ�WKHLU�HIIHFWLYHQHVV�

,Q�ROGHU�ZRUN�WKHUH�ZDV�DQ�HPSKDVLV�RQ�DFTXLULQJ�JHQHUDO�SUREOHP�VROYLQJ�DELOLWLHV
²�DOVR��VWUDWHJLF�NQRZOHGJH�²��VXFK�DV�DQDO\VLQJ��SODQQLQJ�DQG�HYDOXDWLQJ��FRPSDUH�
'H� -RQJ�� ������0HWWHV�� 3LORW��	�5RRVVLQN�� ������5HLI�� /DUNLQ�	�%UDFNHWW�� �����
9DQ�:HHUHQ��'H�0XO��3HWHUV��.UDPHU�3DOV��	�5RRVVLQN���������2I�WKHVH�DELOLWLHV�
DQDO\VLV� LV�PRVW� UHOHYDQW� WR� FRQVWUXFWLQJ� RI� D� SUREOHP� UHSUHVHQWDWLRQ��+RZHYHU�
DWWHPSWV�WR�LPSURYH�JHQHUDO�SUREOHP�VROYLQJ�VNLOOV�KDYH�PRVWO\�KDG�GLVDSSRLQWLQJ
UHVXOWV� �FRPSDUH��'H� -RQJ�� ������� ,QVRIDU� DV� D� JDLQ�RFFXUV�� LW� IDLOV� WR� WUDQVIHU� WR
QHZ�WDVNV�DQG�LPSURYHPHQWV�PD\�ZHOO�EH�DVFULEHG�WR�D�VLGH�HIIHFW�RI�WKH�WUDLQLQJ
³� WKDW� LV�� EHFDXVH� SUREOHP�VROYLQJ� VNLOO� LV� WUDLQHG� LQ� WKH� FRQWH[W� RI� D� GRPDLQ�
VWXGHQWV�OHDUQ�ZKDW�SUREOHP�IHDWXUHV�PDWWHU�LQ�WKDW�GRPDLQ�

6HYHUDO�VWXGLHV�KDYH�IRFXVHG�H[SOLFLWO\�RQ�WHDFKLQJ�KRZ�SUREOHP�IHDWXUHV�PDWWHU�LQ
D�GRPDLQ��7DFRQLV��������UHSRUWV�RQ�DQ�DSSURDFK�LQ�ZKLFK�VWXGHQWV�ZRUN�LQ�VPDOO
JURXSV� WR� DQDO\VH� GLIIHUHQFHV� EHWZHHQ� SUREOHPV� DQG� EHWZHHQ� WKHLU� VROXWLRQV�
%DVHG�RQ�WKHVH�FKDUDFWHULVWLFV�VWXGHQWV�LQIHU�KRZ�SUREOHP�IHDWXUHV�DIIHFW�SUREOHP
VROXWLRQV�� +DOORXQ� DQG� +HVWHQHV� ������� XVHG� ¶SDUDGLJP� SUREOHPV·� WR� HYRNH� D
VLPLODU�NLQG�RI� FODVVURRP�GLVFXVVLRQ��$IWHUZDUG�� WKHVH�SDUDGLJP�SUREOHPV� FRXOG
DOVR�EH�XVHG�DV�SURWRW\SHV�IRU�IXUWKHU�SUREOHP�VROYLQJ��0HVWUH��'XIUHVQH��*HUDFH�
+DUGLPDQ�� DQG� 7RXJHU� ������� XVHG� D� FRPSXWHU� SURJUDP� WR� SRVH� TXDOLWDWLYH
TXHVWLRQV�DERXW�SUREOHPV��WKXV�IRUFLQJ�WKH�VWXGHQWV�WR�IRFXV�RQ�SUREOHP�IHDWXUHV�
$� IXUWKHU�ZD\� WR� KDYH� VWXGHQWV� WKLQN� DERXW� SUREOHP� IHDWXUHV� LV� WR� XVH� SUREOHP
VRUWLQJ��0HVWUH�HW�DO���������%XQFH��*DEHO��	�6DPXHO��������RU�FRQFHSW�PDSSLQJ
�3DQNUDWLXV�� ������ DV� D� WRRO� IRU� LQVWUXFWLRQ�� 7KH� ODWWHU� WZR� LQWHUYHQWLRQV� KDYH
QRWKLQJ� LQKHUHQW� WR� UHZDUG� WKH� XVH� RI� UHOHYDQW� SUREOHP� IHDWXUHV� RYHU� LUUHOHYDQW
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RQHV��KRZHYHU��DQG� WKHUHIRUH�� WKH\�FDQ�RQO\�EH�XVHIXO� LQ�FRPELQDWLRQ�ZLWK�JRDO�
WDVN�UHODWHG� LQVWUXFWLRQ�� 5HVXOWV� RI� WKH� LQWHUYHQWLRQV� GLVFXVVHG� LQ� WKLV� SDUDJUDSK
KDYH�EHHQ�GLYHUVH��ZLWK�VRPH�EHLQJ�TXLWH�VXFFHVVIXO�

&KDUDFWHULVWLF� RI� WKH� DERYH� DSSURDFKHV� LV� WKDW� WKH\� DWWHPSW� WR� PDNH� VWXGHQWV
LGHQWLI\�UHOHYDQW�IHDWXUHV��UDWKHU�WKDQ�GLVFXVVLQJ�WKHP�H[SOLFLWO\��$OWHUQDWLYHO\��WKH
UHODWLRQ� EHWZHHQ� SUREOHP� IHDWXUHV� DQG� SUREOHP�VROYLQJ� VWHSV� FDQ� EH� GLVFXVVHG
H[SOLFLWO\�ZLWK�H[DPSOH�SUREOHPV��6ZHOOHU�	�&RRSHU��������9DQGHU6WRHS�	�6HLIHUW�
������ :DUG� 	� 6ZHOOHU�� ������ =KX� 	� 6LPRQ�� ������� :LWK� VXFK� DQ� DSSURDFK�
VWXGHQWV� GR� QRW� FRQVWUXFW� VLWXDWLRQV� UHSUHVHQWDWLRQV� WKHPVHOYHV�� KRZHYHU�
5HSRUWHG� JDLQV� DUH� KLJK� EXW� WKHUH� LV� OLWWOH� HYLGHQFH� RI� DQ\� WUDQVIHU� EH\RQG� WKH
VLPSOH�JRDO�WDVN�WKDW�KDV�EHHQ�OHDUQHG�

'LDJUDPPDWLF�UHSUHVHQWDWLRQ�LV�UHJDUGHG�DV�D�SRZHUIXO�WRRO�IRU�HQKDQFLQJ�SUREOHP
UHSUHVHQWDWLRQV�� DQG� VHYHUDO� RI� WKH� DIRUHPHQWLRQHG� DXWKRUV� KDYH� LQVWUXFWHG
VWXGHQWV�WR�FRQVWUXFW�IRUPDO�GLDJUDPV��6WXGHQWV�RIWHQ�UHVLVW�XVLQJ�GLDJUDPV�ZKHQ
WKH\�DUH� OHIW�WR�WKHLU�RZQ�GHYLFHV��KRZHYHU��EHFDXVH�WKH\�KDYH�QRW� OHDUQW�KRZ�WR
FRQVWUXFW� DQG� LQWHUSUHW� VXFK� GLDJUDPV� �9DQ� +HXYHOHQ�� ����D��� ,Q� VRPH� VWXGLHV
FRQWHQW�UHODWHG� GLDJUDPPLQJ� VNLOOV� KDYH� EHHQ� H[SOLFLWO\� WDXJKW� �/DUNLQ�� �����
+DOORXQ�	�+HVWHQHV��������9DQ�+HXYHOHQ������E���,QWHUYHQWLRQV�RI�WKLV�W\SH�KDYH
EHHQ�TXLWH�VXFFHVVIXO�

7R� VXPPDULVH�� ZH� IRXQG� WKUHH� PDMRU� W\SHV� RI� LQVWUXFWLRQDO� LQWHUYHQWLRQV� WR
HQKDQFH� SUREOHP� UHSUHVHQWDWLRQV�� ILUVWO\�� LQWHUYHQWLRQV� DLPHG� DW� VWUXFWXULQJ� WKH
UHDVRQLQJ� SURFHVV� �HLWKHU� E\� GLUHFW� LQVWUXFWLRQ� RU� E\� XVLQJ� DSSURSULDWH� WDVNV��
VHFRQGO\�� LQWHUYHQWLRQV� WR� WHDFK� WKH� UHOHYDQW� SUREOHP� IHDWXUHV� DQG� WKHLU
LPSOLFDWLRQV� H[SOLFLWO\�� DQG�� ILQDOO\�� LQWHUYHQWLRQV� WR� WHDFK� PRUH� SRZHUIXO
UHSUHVHQWDWLRQDO�IRUPDWV��VXFK�DV�IRUPDO�GLDJUDPV��2I�WKHVH�DSSURDFKHV��GLUHFWLQJ
VWXGHQW·V� DWWHQWLRQ� WR� UHOHYDQW� SUREOHP� IHDWXUHV� WKURXJK� DSSURSULDWH� WDVNV�� DQG
WHDFKLQJ� SRZHUIXO� UHSUHVHQWDWLRQDO� WHFKQLTXHV� EHVW� PDWFK� RXU� OHDUQLQJ� JRDOV�
+RZHYHU�� ZH� VRXJKW� WR� JLYH� VWXGHQWV� PRUH� GLUHFW� IHHGEDFN� RQ� WKHLU� SUREOHP
UHSUHVHQWDWLRQV�WKDQ�WKHUH�ZDV�LQ�WKH�H[SHULPHQWV�ZH�KDYH�GLVFXVVHG��DQG�WR�RIIHU
WKHP�PRUH�SRZHUIXO�WRROV�ZLWK�ZKLFK�WR�FRQVWUXFW�WKHLU�SUREOHP�UHSUHVHQWDWLRQV�
7KHUHIRUH��RXU�IRFXV�ZDV�RQ�FRPSXWHU�EDVHG�WRROV�

,Q�$SSHQGL[�*��ZH�SUHVHQW�D�UHSUHVHQWDWLYH�VDPSOH�RI�VRIWZDUH�SDFNDJHV�DQG�ZH
EULHIO\�GLVFXVV�WKH�UROH�WKHVH�SDFNDJHV�FRXOG�SOD\�DV�LQVWUXFWLRQDO�WRROV��7KH�PDQ\
FRPSXWHU�SURJUDPV�WKDW�DUH�PDGH�IRU�GHPRQVWUDWLQJ�RQH�SDUWLFXODU�VLWXDWLRQ�²�OLNH
PRVW�RI�WKRVH�IURP�WKH�$PHULFDQ�,QVWLWXWH�RI�3K\VLFV�²�KDYH�EHHQ�H[FOXGHG�IURP
WKDW�UHYLHZ��:H�UHVWULFW�RXU�GLVFXVVLRQ�WR�VRIWZDUH�WKDW�FDQ�EH�XVHG�IRU�WKH�VWXG\
RI�D�EURDGHU�UDQJH�RI�SK\VLFDO�VLWXDWLRQV��7KH�SURJUDPV�WKDW�ZH�H[DPLQHG�IDOO�LQWR
IRXU�EURDG�FODVVHV��YLVXDO�LQWHUIDFH�QXPHULFDO�VLPXODWLRQ�HQYLURQPHQWV��VLPXODWLRQ
SDFNDJHV�ZLWK�D�FRPELQHG�YLVXDO�DQG�IRUPXOD� LQWHUIDFH��QXPHULFDO�SDFNDJHV�ZLWK
IRUPXOD�LQSXW�DQG�YLVXDOLVDWLRQ�IDFLOLWLHV��DQG�FRPSXWHU�DOJHEUD�SDFNDJHV��:H�ZLOO
EULHIO\�GLVFXVV�WKH�IRXU�EHORZ�
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9LVXDO�LQWHUIDFH�QXPHULFDO�VLPXODWLRQ�HQYLURQPHQWV

,Q� YLVXDO� LQWHUIDFH� QXPHULFDO� VLPXODWLRQV� �VXFK� DV� ;<=HW�� ,QWHUDFWLYH
3K\VLFV�� DQG� 6LP4XHVW��� WKH� VWXGHQW� FDQ� LQWHUDFW� ZLWK� D� QXPHULFDO
VLPXODWLRQ�RI�D�SK\VLFV�SKHQRPHQRQ��7KH�XVHU�FDQ�FRQVWUXFW�D�VLWXDWLRQ�E\
FOLFNLQJ�DQG�GUDJJLQJ� HOHPHQWV�� YDU\�TXDQWLWLHV�E\� VHWWLQJ� VOLGHUV�� HWFHWHUD�
7KHVH�SDFNDJHV�DUH�DSSURSULDWH�IRU�FRQVWUXFWLQJ�VLWXDWLRQ�PRGHOV��7KH\�GR
QRW�DGGUHVV�WKH�SURSRVLWLRQDO�UHSUHVHQWDWLRQ��LQFOXGLQJ�WKH�XVH�RI�IRUPXODV�
KRZHYHU�� 0RUHRYHU�� WKH\� FDQQRW� EH� XVHG� LQ� IRUPDO� SUREOHP�VROYLQJ�� ,Q
VXPPDU\�WKHVH�SDFNDJHV�PD\�EH�EHWWHU�VXLWHG�WR�XVH�IRU� LQVWUXFWLRQ�DW�WKH
ILUVW� 9DQ� +LHOH� OHYHO�� WKDW� LV�� WR� JDLQ� DQ� LQWXLWLYH� XQGHUVWDQGLQJ� RI� WKH
FRQFHSWV�XVHG�

6LPXODWLRQ�SDFNDJHV�ZLWK�FRPELQHG�YLVXDO�DQG�IRUPXOD�LQWHUIDFH

1XPHULFDO�VLPXODWLRQ�SDFNDJHV�ZLWK�FRPELQHG�YLVXDO�DQG�IRUPXOD�LQWHUIDFH
�VXFK�DV�0RGHOOXV�DQG�/DEYLHZ��VXSSRUW� WKH� OHDUQHU� LQ�VZLWFKLQJ�EHWZHHQ
YLVXDO� DQG� SURSRVLWLRQDO� UHSUHVHQWDWLRQV�� 7KH� XVHU� VSHFLILHV� D� SK\VLFDO
V\VWHP�XVLQJ� IRUPXODV�� DQG� WKHQ� VSHFLILHV� D� YLVXDOLVDWLRQ�� 7KHVH� SDFNDJHV
VXSSRUW�WKH�FRQVWUXFWLRQ�RI�VLWXDWLRQ�UHSUHVHQWDWLRQV��DV�WKH\�IRUFH�WKH�XVHU
WR� VSHFLI\� WKH� VLWXDWLRQ� SUHFLVHO\�� 0RUHRYHU� WKLV� W\SH� RI� HQYLURQPHQW� LV
XQUHVWULFWLYH��<HW��LW�GRHV�QRW�VXSSRUW�IRUPDO�SUREOHP�VROYLQJ�

1XPHULFDO�SDFNDJHV�ZLWK�IRUPXOD�LQSXW�DQG�YLVXDOLVDWLRQ�IDFLOLWLHV

1XPHULFDO� SUREOHP�VROYLQJ� WRROV� ZLWK� YLVXDOLVDWLRQ� IDFLOLWLHV� �VXFK� DV
0DWK&DG�DQG�0DW/DE���FDQ�EH�XVHG�WR�VSHFLI\�DQG�YLVXDOLVH�VLWXDWLRQV�DQG
VROXWLRQV�� 7KH\� FDQ� DOVR� EH� XVHG� WR� SUDFWLVH� SUREOHP�VROYLQJ�� EXW� WKH
SUREOHP�VROYLQJ�PHWKRGV�WKH\�FDQ�EH�XVHG�IRU�DUH�UHVWULFWHG�WR�QXPHULFDO
PHWKRGV��$Q�DGYDQWDJH�RI�QXPHULFDO�PHWKRGV� LV� WKDW� WKH\�FDQ�EH�XVHG� WR
VROYH�PRUH� FRPSOH[� SUREOHPV�� $� GLVDGYDQWDJH� RI� WKHVH� PHWKRGV� LV� WKDW
WKH\�DUH�IDUWKHU�IURP�WKH�WKHRUHWLFDO�IUDPHZRUN�RI� WKH�GRPDLQ��DQG��VLQFH
WKH�RXWFRPHV�DUH�H[SUHVVHG�DV�QXPEHUV�UDWKHU�WKDQ�IRUPXODV��WKH�RXWFRPHV
GR�QRW�SURYLGH�XVHIXO�LQVLJKWV�

&RPSXWHU�DOJHEUD�SDFNDJHV

&RPSXWHU�DOJHEUD�SDFNDJHV� �VXFK�DV�'HULYH��0DSOH� DQG�0DWKHPDWLFD�� DUH
VLPLODU� WR�WKRVH� LQ�WKH�SUHYLRXV�JURXS��EXW� WKH\�FDQ�DOVR�EH�XVHG� WR�VROYH
V\PEROLF�HTXDWLRQV�

&RPSDULVRQ�RI�WKH�DERYH�SDFNDJHV�OHDGV�WR�WKH�FRQFOXVLRQ�WKDW�FRPSXWHU�DOJHEUD
SDFNDJHV�RIIHU�WKH�EHVW�IXQFWLRQDOLW\�IRU�VXSSRUWLQJ�WKH�OHDUQLQJ�SURFHVVHV�ZH�DUH
FRQVLGHULQJ�� $� FRPSXWHU� DOJHEUD� V\VWHP� �&$6�� LQ� LWVHOI� LV� QR�PRUH� WKDQ� D� KLJK
OHYHO�SURJUDPPLQJ�ODQJXDJH�IRU�V\PEROLF�DQG�QXPHULFDO�FRPSXWDWLRQ��,Q�JHQHUDO�
D� &$6� KDV� ERWK� LPSHUDWLYH� DQG� SURFHGXUDO� SURJUDPPLQJ� IDFLOLWLHV�� )RU� RXU
LQWHQGHG�XVH�� WKUHH�SURSHUWLHV�RI�&$6V� DUH�RI� LPSRUWDQFH�� ILUVWO\��&$6V� GHPDQG
SUHFLVH� VSHFLILFDWLRQ� RI� SUREOHPV�� LQ� D� KLJKO\� FRQVWUDLQHG� IRUPDO� VSHFLILFDWLRQ
ODQJXDJH��VHFRQGO\��&$6V�WDNH�RYHU�DOJHEUDLF�FDOFXODWLRQV��DQG�ILQDOO\��PRVW�&$6V
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KDYH�YLVXDOLVDWLRQ�IDFLOLWLHV��7KH�UHTXLUHG�SUHFLVH�VSHFLILFDWLRQ�RI�WKH�SUREOHP�DQG
WKH�DVVLVWDQFH�LQ�DOJHEUDLF�FDOFXODWLRQV�FDQ�EH�XVHG�WR�GLUHFW�VWXGHQWV·�DWWHQWLRQ�WR
WKH�SURSHUWLHV�RI� WKH�SUREOHP� VLWXDWLRQ��2QFH� D� ILUVW� FDVH� KDV� EHHQ�ZRUNHG�RXW�
VLWXDWLRQ�SURSHUWLHV�FDQ�HDVLO\�EH�PDQLSXODWHG��DQG�WKH�VROXWLRQ�RI�D�ILUVW�FDVH�FDQ
EH�UHXVHG�LQ�D�IROORZLQJ�FDVH��SURYLGHG�WKDW�WKH�VLWXDWLRQV�PDWFK��,Q�DGGLWLRQ��WKH
DOJHEUDLF� VXSSRUW� PD\� KHOS� VWXGHQWV� WR� IRFXV� RQ� WKH� PDLQ� OLQH� RI� WKH� VROXWLRQ
UDWKHU�WKDQ�DOJHEUDLF�FDOFXODWLRQ�GHWDLOV��)LQDOO\��YLVXDOLVDWLRQ�IDFLOLWLHV�PD\�EH�XVHG
WR� FRQVWUXFW� JUDSKLFDO� UHSUHVHQWDWLRQV� RI� VLWXDWLRQV� DQG� VROXWLRQV� WKDW� ZRXOG
RWKHUZLVH� UHPDLQ� DEVWUDFW�� 7KH� &$6� FRXOG� WKXV� EH� UHJDUGHG� DV� D� WRRO� IRU
FRQVWUXFWLQJ� SRZHUIXO� UHSUHVHQWDWLRQV�� $OWHUQDWLYHO\�� WKH� &$6·V� ¶SURJUDPPLQJ
ODQJXDJH·� FDQ� EH� VHHQ� DV� D� SRZHUIXO� UHSUHVHQWDWLRQDO� V\VWHP� LWVHOI�� EHFDXVH
SUREOHPV�DUH�HDVLO\�VROYHG�RQFH�WKH\�DUH�SURSHUO\�IRUPXODWHG�

������,PSOHPHQWDWLRQ�RI�WKH�OHDUQLQJ�HQYLURQPHQW

:H� GHFLGHG� WR� LPSOHPHQW� RXU� OHDUQLQJ� HQYLURQPHQW� XVLQJ� D� FRPSXWHU� DOJHEUD
V\VWHP�DV�D�SUREOHP�VROYLQJ�DQG�YLVXDOLVDWLRQ�WRRO��$PRQJ�WKH�PRUH�ZHOO�NQRZQ
H[DPSOHV� RI� WKHVH� V\VWHPV� DUH� 0DWKHPDWLFD� DQG� 0DSOH�� %HFDXVH� WKH� LQWHQGHG
SDUWLFLSDQWV�LQ�WKH�VWXG\�DOUHDG\�KDG�VRPH�H[SHULHQFH�ZRUNLQJ�ZLWK�0DWKHPDWLFD�
ZH�GHFLGHG�WR�XVH�WKDW�SURJUDP�

0DWKHPDWLFD� �YHUVLRQ� ������ OLNH�0DSOH�� KDV� DQ� DGYDQFHG� K\SHUWH[W� LQWHUIDFH� WKDW
FDQ� SUHVHQW� SLFWXUHV� DQG� FRQYHQWLRQDOO\� IRUPDWWHG� PDWKHPDWLFDO� IRUPXODH
DORQJVLGH�WKH�XVHU�W\SHG�LQSXW��6R��D�FRXUVH�PRGXOH�ZULWWHQ�LQ�0DWKHPDWLFD�FDQ�EH
VHW� XS� DV� DQ� ¶LQWHUDFWLYH� ERRN·�� ZLWK� DOO� WKH� QHFHVVDU\� LQIRUPDWLRQ� ²� LQFOXGLQJ
WKHRULHV� ²� SUHVHQWHG� RQ�VFUHHQ�� &RPSDUHG� WR� D� UHJXODU� K\SHUWH[W�� WKH� PDMRU
GLIIHUHQFHV� DUH� WKDW� VWXGHQWV� FDQ�PRGLI\� WKH� FRQWHQW�� WKDW� WKH� SDFNDJH� VXSSRUWV
SUREOHP�VROYLQJ�� DQG� WKDW� WKH� SDFNDJH� FDQ� EH� XVHG� DV� D� YLVXDOLVDWLRQ� WRRO�� $V
GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKHVH�IHDWXUHV�RI�&$6V�FRXOG�EH�XVHG�WR�VXSSRUW
WKH� OHDUQLQJ� SURFHVV�� 7R� VWLPXODWH� WKH� XVH� RI� FRPSXWDWLRQ� DQG� YLVXDOLVDWLRQ
IDFLOLWLHV��ZH�VHW�XS�DVVLJQPHQWV�UHTXLULQJ�WKH�XVH�RI�WKHVH�IHDWXUHV�

$�&$6� FDQ� EH� XVHG� LQ�PDQ\�ZD\V��:H� FKRVH� WR� SURYLGH� DQ� LQWHJUDWHG� OHDUQLQJ
HQYLURQPHQW�WKDW�ZRXOG�SUHVHQW� WKH�WKHRU\� LQ�EULHI�� WKHQ�ZRUNHG�H[DPSOHV��DIWHU
ZKLFK�YDULRXV�W\SHV�RI�DVVLJQPHQWV�ZRXOG�IROORZ��7KHRU\�ZRXOG�EH�SUHVHQWHG�RQO\
EULHIO\�� EHFDXVH� D� ERRN� LV� PRUH� FRQYHQLHQW� IRU� H[WHQVLYH� UHDGLQJ�� 7KH� ILUVW
DVVLJQPHQWV�RQ�D�WRSLF�ZRXOG�EH�KLJKO\�VWUXFWXUHG��UHTXLULQJ�WKH�OHDUQHU�WR�PRGLI\
VRPHWKLQJ� LQ� D� ZRUNHG� H[DPSOH� RU� WR� FRPSOHWH� DQ� LQFRPSOHWH� VROXWLRQ�� /DWHU
DVVLJQPHQWV� ZRXOG� EH� PRUH� RSHQ�� UHTXLULQJ� WKH� OHDUQHU� WR� FRQVWUXFW� WKH� HQWLUH
VROXWLRQ��7KLV�VHW�XS�ZDV�LQWHQGHG�WR�PLQLPLVH�H[WUDQHRXV�FRJQLWLYH�ORDG�

7KH� ZRUNHG� H[DPSOHV� KHOS� WR� UHGXFH� WKH� HIIRUW� WKDW� JRHV� LQWR� PDVWHULQJ� WKH
SURJUDPPLQJ� ODQJXDJH�� 7KH� VWUXFWXUHG� DVVLJQPHQWV� DUH� LQWHQGHG� WR� IRFXV� RQ
YDULDWLRQV� RI� VLWXDWLRQ� SURSHUWLHV� ZLWKLQ� D� FODVV� RI� SUREOHPV�� DQG� RQ� WKH
FRQVHTXHQFHV� WKH� SURSHUWLHV� KDYH� IRU� WKH� VROXWLRQ� RI� WKH� SUREOHP�� 7KXV�
VWUXFWXUHG�DVVLJQPHQWV�PD\�KHOS� WKH�VWXGHQWV� WR� LGHQWLI\� UHOHYDQW�SURSHUWLHV�RI� D
VLWXDWLRQ� � HODERUDWLRQ��� 7KH� YLVXDOLVDWLRQ� DVVLJQPHQWV� PD\� KHOS� WR� FRQQHFW� D
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FRQFUHWH� �YLVXDO�� SK\VLFDO� UHSUHVHQWDWLRQ� WR� WKH� DEVWUDFW� IRUPDOLVP� RI� ERWK� WKH
VLWXDWLRQ�DQG�WKH�VROXWLRQ�� YLVXDO�HODERUDWLRQ���)LQDOO\��SUDFWLFH�SUREOHPV�UHTXLUH
WKH� SUREOHP� VROYHU� WR� HODERUDWH� RQ� WKH� SUREOHP� VWDWHPHQW� �YLVXDO� DQG
SURSRVLWLRQDO��DQG��PRUHRYHU��WKH\�SURYLGH�D�WUDLQLQJ�RSSRUWXQLW\��7KH�GLIIHUHQFH
IURP�QRUPDO�SUDFWLFH�SUREOHPV�LV�WKH�VXSSRUW�RIIHUHG�E\�WKH�&$6�

7KH�H[SHULPHQWDO�FRXUVH�ZDV�LQWHQGHG�WR�UHSUHVHQW���WR����KRXUV�RI�ZRUNORDG�RQ
WKH�DYHUDJH�VWXGHQW��7KH�JHQHUDO�VXEMHFW�RI�WKH�FRXUVH�ZDV�¶VSHFLDO�WHFKQLTXHV�IRU
FDOFXODWLQJ�SRWHQWLDOV·��7KHUH�ZHUH�IRXU�VHFWLRQV�

i� JHQHUDO�LQWURGXFWLRQ�DQG�LQVWUXFWLRQ�0DWKHPDWLFD

i� LQWURGXFWLRQ�(�ILHOG�DQG�SRWHQWLDO

i� LPDJH�FKDUJHV

i� GLSROH�DQG�PXOWLSROH�H[SDQVLRQ�

,Q�)LJXUH�����ZH�SUHVHQW�D�EULHI�H[DPSOH�RI�D�WRSLF�LQ�WKH�H[SHULPHQWDO�FRXUVH��D
PRUH�H[WHQVLYH�VDPSOH�FDQ�EH�IRXQG�LQ�$SSHQGL[�+���7KH�H[DPSOH�LQ�)LJXUH����
EHJLQV�ZLWK�D�VXPPDU\�RI�WKH�UHOHYDQW�WKHRU\��IROORZHG�E\�D�ZRUNHG�H[DPSOH��,Q
WKLV�ZRUNHG�H[DPSOH�WKH�WH[W�LQ�OLQHV�ODEHOOHG�¶,Q·�LV�DOUHDG\�SUHVHQW�ZKHQ�D�VWXGHQW
VWDUWV� ZRUNLQJ� ZLWK� WKH� PDWHULDO�� :KHQ� WKH� VWXGHQW� H[HFXWHV� WKH� FRPPDQGV� LQ
WKHVH� OLQHV��E\�SUHVVLQJ� 6+,)7�(17(5�� WKH�FRPSXWHU�JHQHUDWHG�RXWSXW� ODEHOOHG� ¶2XW·
DSSHDUV�� 7KH� VWXGHQW� FDQ� DOVR� PRGLI\� WKH� LQSXW� OLQHV� DQG� WKHQ� H[HFXWH� WKH
FRPPDQGV�DJDLQ�WR�H[DPLQH�WKH�HIIHFWV�RI�D�GLIIHUHQW�VLWXDWLRQ��%HORZ�WKH�ZRUNHG
H[DPSOH� IROORZ� WZR�H[DPSOHV�RI�²�SDUWV�RI�²� VWUXFWXUHG� DVVLJQPHQWV��7KH� LQSXW
VKRZQ�LQ�WKHVH�H[DPSOHV��LQ>��@�DQG�LQ>��@��KDV�WR�EH�WKRXJKW�XS�DQG�W\SHG�LQ�E\
WKH�VWXGHQWV�WKHPVHOYHV��7R�IDFLOLWDWH�HQWHULQJ�V\PEROV�DQG�H[SUHVVLRQV��D�IORDWLQJ
¶SDOHWWH·�ZDV�SURYLGHG�LQ�D�VHSDUDWH�ZLQGRZ��7KH�VWXGHQWV�FRXOG�SLFN�DQ�HOHPHQW
IURP�WKH�SDOHWWH�E\�FOLFNLQJ�RQ�LW�
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From a mathematical point of view our problem is to solve Poisson's equation in the region z > 0, with a single point charge q at  [0, 0, d], 
subject to the boundary conditions:

1. V[x, y, 0] = 0  (since the conducting plane is grounded)

2. lim
r��

V[r]=0 with r the distance from the charge.

The first uniqueness theorem guarantees there is only one function which meets these requirements. If we can discover such a function, it's got to 
be the answer. We now replace the conductor with a charge q2 at [0, 0, z2]. For this configuration I can easily write down the potential:

v#�x_, y_, z_ �' :  Monopole #q1, �0, 0, d �, �x, y, z �' � Monopole #q2, �0, 0, z2 �, �x, y, z �'

We now apply the first boundary condition: we demand that V[x,y,0] = 0. This is done choosing V = 0 for some arbitrary points in the plane and 
solving the resulting set of equations (there are two unknowns: q2 en z2, so, two equations are needed to solve the problem):

res1 :  Solve #�v#�0, 0, 0 �'   0, v #�1, 0, 0 �'   0�, �q2, z2 �'

res1

��q2 � �q1, z2 � �d�, �q2 � �q1, z2 � d��

Clearly, the problem has two solutions: one is the so called image charge: an opposite charge at distance d behind the plane. The other  is also an 
opposite charge, but at the same place as the original one. This is a trivial solution: no field remains. Turning back to the original problem, we 
try the first solution, as it satisfies the first boundary condition and q1 is the only charge in the region of interest (z > 0), so:

vopl #�x_, y_, z_ �'  v#�x, y, z �' s. res1 317

�

q1
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S

r����������������������������������
x2

� y2
� +�d � z/2

H0
�

q1
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S

r��������������������������������
x2

� y2
� +d � z/2

H0

× Problem Check whether the solution satisfies the second boundary condition as well. 

To check the second boundary condition, you might use the Limit operator

Limit #vopl #�x, y, z �', x � �'

0

× Problem Visualise the potential and the field in the region z>0

Plot3D #vopl #�x, 0, z �' s. �q1 � 1, d � 1�, �x, �2, 2 �, �z, 0, 4 �, PlotPoints � 30,

PlotRange � �0, 3 
 1010�, ClipFill �! None, ViewPoint �! �2.5, �0.8, 1.5 �'

-2

-1

0

1

2

0
1

2
3

4
0

1·1010

2·1010

3·1010

0

1

)LJXUH������ %ULHI�H[DPSOH�IURP�WKH�VHFWLRQ�RQ�LPDJH�FKDUJHV�LQ�WKH�H[SHULPHQWDO�FRXUVH���WUDQVODWHG��

7KHRU\�LQ�EULHI
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����7UDLQLQJ�IRU�HQKDQFHG�SUREOHP�UHSUHVHQWDWLRQV��D�FODVVURRP

HYDOXDWLRQ

7KH� H[SHULPHQWDO� FRXUVH� ZH� KDG� GHVLJQHG� ZDV� H[SHFWHG� WR� LPSURYH� VWXGHQWV·
XQGHUVWDQGLQJ� RI� SK\VLFDO� VLWXDWLRQV� DQG� WR� VWUHQJWKHQ� WKH� UHODWLRQ� WKH\� VHH
EHWZHHQ� VROXWLRQ� PHWKRGV� DQG� VLWXDWLRQ� IHDWXUHV�� 7R� WHVW� WKHVH� K\SRWKHVHV�� ZH
GHVLJQHG� DQG� FDUULHG� RXW� DQ� H[SHULPHQW� WR� FRPSDUH� OHDUQLQJ� RXWFRPHV� RI� WKH
H[SHULPHQWDO�FRXUVH�ZLWK�WKRVH�RI�WKH�QRUPDO�ZD\�RI�SUDFWLVLQJ��:H�FRPSDUHG�WZR
FRQGLWLRQV��D�FRPSXWHU�JURXS�ZKHUH�WKH�H[SHULPHQWDO�FRXUVH�PRGXOH�ZDV�XVHG�DQG
D�¶WUDGLWLRQDO·�JURXS��,Q�WKH�WUDGLWLRQDO�JURXS�WKH�VWXGHQWV�XVHG�SDSHU�DQG�SHQFLO�WR
VROYH�SUREOHPV�VLPLODU�WR�WKH�RQHV�SUHVHQWHG�DV�RSHQ�DVVLJQPHQWV�LQ�WKH�FRPSXWHU
FRXUVH�� ,Q� WKH� SUHVHQW� VHFWLRQ�ZH� GLVFXVV� WKH�PHWKRG� DQG� WKH� RXWFRPHV� RI� WKH
H[SHULPHQW�

������0HWKRG

��������0HDVXUHV�RI�WKH�OHDUQLQJ�RXWFRPH

$V� 5HLI� KDV� DUJXHG�� SK\VLFV� HGXFDWLRQ� ODFNV� WKH� SUHFLVH� VWDQGDUGV� DQG
PHDVXUHPHQWV�PHWKRGV�WKDW�PDGH�PXFK�RI�WKH�SURJUHVV�LQ�SK\VLFV�LWVHOI�SRVVLEOH�
6HWWLQJ� VXFK� VWDQGDUGV� ZRXOG� QRW� RQO\� DOORZ� WKH� FRPSDUDWLYH� DVVHVVPHQW� RI
GLIIHUHQW� WHDFKLQJ� DSSURDFKHV�� EXW� LW� FRXOG� DOVR� KHOS� WR� RSHUDWLRQDOLVH� OHDUQLQJ
JRDOV�DQG�WR�GHFLGH�WKHLU�UHODWLYH�LPSRUWDQFH��5HLI�����������)RU�WKLV�H[SHULPHQW�ZH
FRQVWUXFWHG�D�WHVW�WR�DVVHVV�WKH�VSHFLILF�OHDUQLQJ�JRDOV�ZH�KDG��,Q�DGGLWLRQ�WR�WKDW
WHVW�� VWXGHQWV� DOVR� WRRN� WKHLU� UHJXODU� ILQDO� H[DPLQDWLRQ�� :H� ZLOO� GLVFXVV� ERWK�
EHJLQQLQJ�ZLWK�WKH�ODVW�

���������������������������������������������
���,W�KDV�EHHQ�GHPRQVWUDWHG�LQ�VHYHUDO�VWXGLHV��GL6HVVD ��������0F&ORVNH\��������0LQVWUHOO�������
WKDW�VHYHUH�FRQFHSWXDO�PLVXQGHUVWDQGLQJV�PD\�SHUVLVW��HYHQ�ZKHQ�VWXGHQWV�GR�ZHOO�RQ�WKHLU
UHJXODU�ILQDO�H[DPV��7KHUH�KDYH�EHHQ�VRPH�DWWHPSWV�WR�FRQVWUXFW�WHVWV�WR�DVVHVV�FRQFHSWXDO
XQGHUVWDQGLQJ��VXFK�DV�WKH�)RUFH�&RQFHSW�,QYHQWRU\��)&,��+HVWHQHV ��:HOOV��	�6ZDFNKDPPHU�
������DQG�WKH�0HFKDQLFV�%DVHOLQH�7HVW��0%7��+HVWHQHV�	�:HOOV��������ERWK�IRU�PHFKDQLFV�
6RPH�RI�WKHVH�WHVWV�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�WR�GHPRQVWUDWH�GLIIHUHQFHV�EHWZHHQ�LQVWUXFWLRQDO
DSSURDFKHV��EXW�WKHUH�LV�RQO\�OLPLWHG�LQIRUPDWLRQ�DERXW�WKH�SV\FKRPHWULF�SURSHUWLHV�RI�WKH�WHVWV�
:KHQ�SK\VLFLVWV�VSHFLI\�OHDUQLQJ�JRDOV�WKH\�WHQG�WR�EH�TXLWH�H[SOLFLW�DERXW�WKH�FRQWHQW�WKDW�LV�WR
EH�OHDUQHG��EXW�UDWKHU�YDJXH�DERXW�WKH�NLQG�RI�NQRZOHGJH�WKDW�LV�WR�EH�DFTXLUHG��(YHQ�LQ�WKH
DIRUHPHQWLRQHG�)&,�DQG�0%7��WKH�FRQFHSW�¶TXDOLWDWLYH�XQGHUVWDQGLQJ·�KDG�QR�H[SOLFLW
RSHUDWLRQDOLVDWLRQ�³�DOWKRXJK�WKH�DXWKRUV�RI�WKHVH�WHVWV�GR�GLVWLQJXLVK�EHWZHHQ�WKH�WZR�WHVWV�
WKH�0%7�EHLQJ�¶WKH�QH[W�VWHS�DERYH�WKH�>)&,@�LQ�PHFKDQLFV�XQGHUVWDQGLQJ·��EHFDXVH�LW�UHTXLUHV
¶IRUPDO�NQRZOHGJH�DERXW�PHFKDQLFV·��(GXFDWLRQDO�SV\FKRORJLVWV��LQ�FRQWUDVW��KDYH�GHYHORSHG
DGDSWHG�WHVWV�WR�PHDVXUH�SDUWLFXODU�W\SHV�RI�NQRZOHGJH�VXFK�DV�FRQFHSWXDO�NQRZOHGJH��VWUXFWXUDO
NQRZOHGJH��RU�LQWXLWLYH�NQRZOHGJH��6ZDDN�	�'H�-RQJ��������6XFK�LQVWUXPHQWV�KDYH�QRW�EHHQ
PDGH�IRU�XQLYHUVLW\�SK\VLFV�NQRZOHGJH��KRZHYHU��DQG��PRUHRYHU��WKH�UHODWLRQ�EHWZHHQ�PRVW�RI
WKHVH�VSHFLILF�NQRZOHGJH�W\SHV�DQG�²�XQLYHUVLW\�²�SK\VLFV�OHDUQLQJ�JRDOV�LV�XQFOHDU�
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([DPLQDWLRQ�VFRUH�DQG�DYHUDJH�SULRU�SHUIRUPDQFH

$V�D�ILUVW�PHDVXUH�RI�WKH�OHDUQLQJ�RXWFRPH�ZH�KDYH�WKH�VFRUHV�RQ�WKH�UHJXODU�ILQDO
H[DPLQDWLRQ� IRU� WKH� FRXUVH�� )RU� WKLV� H[DPLQDWLRQ� VWXGHQWV� KDG� WR� GR� WKUHH
DVVLJQPHQWV� FRQVLVWLQJ� RI� ��� VXE�SUREOHPV� LQ� WRWDO�� ,Q� D� W\SLFDO� DVVLJQPHQW�� WKH
ILUVW� VXE�SUREOHP� UHTXLUHV� D� EDVLF� XQGHUVWDQGLQJ� RI� WKH� VLWXDWLRQ�� WKH� QH[W� VXE�
SUREOHPV� DSSO\� WR� D� VWDQGDUG� VROXWLRQ� SURFHGXUH�� DQG� LQ� WKH� ILQDO� VXE�SUREOHP
VRPH�PRUH�FUHDWLYH�DQG�VXEWOH�PDQLSXODWLRQV�DUH�UHTXLUHG��7KH�VFRUHV�RQ�WKH�VXE�
SUREOHPV�ZHUH�XVHG� WR�FRPSXWH�D� UHOLDELOLW\�SDUDPHWHU� IRU� WKH� WRWDO� H[DPLQDWLRQ
VFRUH�� 7KHVH� VFRUHV� ZHUH� DOVR� DYDLODEOH� IRU� VWXGHQWV� QRW� SDUWLFLSDWLQJ� LQ� WKH
H[SHULPHQW�

7R�PDWFK� WKH� FRQWURO� JURXS� DQG� WKH� H[SHULPHQWDO� JURXS� IRU� SULRU� SHUIRUPDQFH
DQG� WR� FRUUHFW� IRU� GLIIHUHQFHV� LQ� DYHUDJH� SHUIRUPDQFH� OHYHO�� ZH� FROOHFWHG� WKH
VWXGHQWV·� VFRUHV� RQ� IRXU� SUHYLRXV� WHVWV�� 7KHVH� WHVWV�ZHUH�� WKH�9:2� � JUDPPDU
VFKRRO� OHYHO��ILQDO�H[DPLQDWLRQ�VFRUHV�IRU�SK\VLFV�DQG�IRU�PDWKV�IRU� WKH�VFLHQFHV�
DQG�WKH�XQLYHUVLW\�ILQDO�WHVWV�IRU�LQWURGXFWRU\�PHFKDQLFV�DQG�LQWURGXFWRU\�UHODWLYLW\
WKHRU\�� ,Q� HDUOLHU� UHVHDUFK� ZH� GHPRQVWUDWHG� WKDW� WKHVH� VFRUHV� SURYLGH� D� UHOLDEOH
LQGLFDWRU� RI� SULRU� SHUIRUPDQFH� �VHH� 6HFWLRQ� ��������7KH�SULRU� SHUIRUPDQFH� VFRUH
ZDV�WDNHQ�WR�EH�WKH�PHDQ�RI�WKHVH�IRXU�WHVW�VFRUHV��0LVVLQJ�YDOXHV�ZHUH�UHSODFHG
E\�WKH�PHDQ�VFRUH�IRU�WKDW�WHVW��7KH�SULRU�VFRUHV�ZHUH�DOVR�DYDLODEOH�IRU�VWXGHQWV
ZKR�GLG�QRW�SDUWLFLSDWH�LQ�WKH�H[SHULPHQW��VR�WKDW�ZH�FRPSDUH�WKH�SHUIRUPDQFH�RI
WKH�VWXGHQWV�LQ�RXU�VDPSOH�WR�WKH�RYHUDOO�SRSXODWLRQ�SHUIRUPDQFH�

3UH�DQG�SRVW�WHVW

%HFDXVH�ZH�ZHUH�VSHFLILFDOO\�LQWHUHVWHG�LQ�VWXGHQWV·�XQGHUVWDQGLQJ�RI�SUREOHPV�DQG
LQ�WKHLU�FKRLFHV�RI�VROXWLRQ�PHWKRGV��ZH�GHYHORSHG�D�SRRO�RI�WHVW�LWHPV�WKDW�ZHUH
VXSSRVHG� WR� DVVHVV� MXVW� WKHVH� DELOLWLHV�� $OO� LWHPV� ZHUH� WHVWHG� E\� VHYHUDO� H[SHUW
WHDFKHUV�� 7KH� H[SHUW� WHDFKHUV� DOVR� MXGJHG� WKH� TXDOLW\� RI� WKH� GLVWUDFWRU� DQVZHU
DOWHUQDWLYHV��DQG�WKH\�DVVLJQHG�D�GLIILFXOW\�UDWLQJ�WR�HDFK�LWHP��$V�D�ILQDO�UHVXOW�ZH
KDG� D� VHW� RI�PXOWLSOH�FKRLFH� LWHPV�RI� WZR� GLIIHUHQW� W\SHV�� HODERUDWLRQ� TXHVWLRQV�
DQG�VROXWLRQ�W\SH�TXHVWLRQV��,Q�WKH�ILUVW�W\SH��D�SURSHUW\�RI�WKH�VLWXDWLRQ�ZDV�DVNHG
IRU��,Q�WKH�VHFRQG�W\SH��WKH�DSSURSULDWH�VROXWLRQ�PHWKRG�ZDV�DVNHG�IRU��([DPSOHV
RI�ERWK�W\SHV�DUH�JLYHQ�LQ�7DEOH�����

7DEOH������ ([DPSOHV�RI�WKH�WZR�W\SHV�RI�LWHPV�WKDW�ZHUH�XVHG�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�

HODERUDWLRQ�LWHP VROXWLRQ�W\SH�LWHP

7DNH�WKH�IROORZLQJ�FKDUJH�GLVWULEXWLRQ

G G

T ��T T

:KDW�LV�FRUUHFW�IRU�WKH�ILHOG�RXWVLGH�WKH�FKDUJH�GLVWULEXWLRQ"

i� WKH�ILHOG�HTXDOV�]HUR�QRZKHUH

i� WKH�ILHOG�HTXDOV�]HUR�LQ�H[DFWO\�RQH�SRLQW

i� WKH�ILHOG�HTXDOV�]HUR�LQ�H[DFWO\�WZR�SRLQWV

i� WKH�ILHOG�HTXDOV�]HUR�RQ�DQ�HQWLUH�VXUIDFH�LQ�VSDFH

7KH�HOHFWURQ�FKDUJH�GLVWULEXWLRQ�RI�D�K\GURJHQ�DWRP�FDQ�EH

GHVFULEHG�E\�WKH�IROORZLQJ�IRUPXOD� U� � � �
U F H

U D � ��,I�\RX

ZDQW�WR�GHVFULEH�WKH�HOHFWULF�ILHOG�FDXVHG�E\�WKLV�FKDUJH
GLVWULEXWLRQ��\RXU�EHVW�RSWLRQ�LV�

i� WR�XVH�&RXORPE·V�ODZ

i� WR�LQWHJUDWH�RYHU�WKH�VSDWLDO�FKDUJH�FRQWULEXWLRQV
H[SOLFLWO\

i� D�PXOWLSROH�DSSUR[LPDWLRQ

i� WR�XVH�*DXVV·�ODZ
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)URP� WKH�SRRO�RI� WHVW� LWHPV�ZH�FRQVWUXFWHG�D�SUH�WHVW� DQG� D�SRVW�WHVW��7KH� LWHP
W\SHV�� WKH� VXEMHFWV� DGGUHVVHG� DQG� WKH� GLIILFXOW\� RI� WKH� LWHPV� �DV� MXGJHG� E\� WKH
H[SHUW� WHDFKHUV��ZHUH�DGMXVWHG� WR�KDYH�HTXLYDOHQW� WHVWV��$IWHU� ILQDO� FRUUHFWLRQV�� D
SUH�WHVW�RI����LWHPV�DQG�D�SRVW�WHVW�RI����LWHPV�UHVXOWHG�

��������(YDOXDWLRQ�DQG�REVHUYDWLRQ

$SDUW� IURP� GLUHFW� SHUIRUPDQFH� RXWFRPHV�� ZH� ZHUH� LQWHUHVWHG� LQ� WKH� VWXGHQWV·
RSLQLRQV� DERXW� WKH� H[SHULPHQWDO� FRXUVH�� DQG� LQ� WKH� OHDUQLQJ� SURFHVV� WKDW� WRRN
SODFH�LQ�WKH�H[SHULPHQWDO�JURXS��7R�DVVHVV�WKH�VWXGHQWV·�RSLQLRQV�ZH�FRQVWUXFWHG�D
TXHVWLRQQDLUH�� %HFDXVH� RI� OLPLWHG� UHVRXUFHV�� RXU� RQO\� ZD\� WR� NHHS� WUDFN� RI� WKH
OHDUQLQJ� SURFHVV� LQ� WKH� H[SHULPHQWDO� JURXS� ZDV� E\� LQIRUPDO� QRWHV� NHSW� E\� WKH
H[SHULPHQWHU�ZKR�WDXJKW�WKH�H[SHULPHQWDO�FRXUVH�

:H�PDGH�WZR�YHUVLRQV�RI�WKH�TXHVWLRQQDLUH��RQH�IRU� WKH�H[SHULPHQWDO�JURXS�DQG
RQH� IRU� WKH� FRQWURO� JURXS�� %RWK� YHUVLRQV� RI� WKH� TXHVWLRQQDLUH� DGGUHVVHG� WKH
IROORZLQJ�PDMRU�LVVXHV�

i� QXPEHU�RI�DVVLJQPHQWV�FRPSOHWHG

i� DWWUDFWLYHQHVV�RI�WKH�LQVWUXFWLRQ����LWHPV�

i� GLIILFXOW\�RI�WKH�VXEMHFW����LWHPV�

i� QDYLJDWLRQ�DQG�FRQWURO����LWHPV�

i� KHOS�DQG�FROODERUDWLRQ����LWHPV��

,Q� WKH� TXHVWLRQQDLUH� IRU� WKH� H[SHULPHQWDO� JURXS�� WKHUH� ZHUH� DGGLWLRQDO� LWHPV� WR
DVVHVV�WKH�XVH�DQG�DSSUHFLDWLRQ�RI�IHDWXUHV�RI�0DWKHPDWLFD��VXFK�DV�JUDSKLQJ�DQG
FRPSXWLQJ� LQWHJUDOV�� DQG� LQVWUXFWLRQDO� HOHPHQWV�� VXFK� DV� ZRUNHG� H[DPSOHV� DQG
SUDFWLFH�DVVLJQPHQWV��([FHSW�IRU� WKH�QXPEHU�RI�DVVLJQPHQWV�FRPSOHWHG� LWHPV��DOO
LWHPV�KDG�WR�EH�DQVZHUHG�RQ�ILYH�SRLQW�/LNHUW�VFDOHV��6WDWLVWLFDO�DQDO\VLV�DQG�IXUWKHU
LQWHUSUHWDWLRQ�ZHUH�GRQH�DW�WKH�OHYHO�RI�VLQJOH�LWHPV

��������3URFHGXUH

3DUWLFLSDQWV� ILUVW� KDG� ���PLQXWHV� IRU� WKH� SUH�WHVW�� 7KHQ�� VSUHDG� RYHU� WKUHH� GD\V
WKH\�KDG���KRXUV�DYDLODEOH�IRU� WKH� OHDUQLQJ� WDVN��ZKLFK� LV� VRPHZKDW�VKRUWHU� WKDQ
WKH�SURMHFWHG�WLPH�UHTXLUHG�WR�FRPSOHWH� WKH�H[SHULPHQWDO�FRXUVH�PRGXOH��VR�WKDW
HYHQ� WKH�TXLFNHU� VWXGHQWV�KDG� WR�XVH� DOO� WLPH� DYDLODEOH�� 6WXGHQWV� LQ� ERWK� JURXSV
ZRUNHG� XQGHU� WKH� VXSHUYLVLRQ� RI� D� WXWRU�� ZKR� ZDV� DYDLODEOH� WR� DQVZHU� DQ\
TXHVWLRQV��6WXGHQWV�LQ�ERWK�JURXSV�ZHUH�IUHH�WR�FR�RSHUDWH�RU�WR�ZRUN�LQGLYLGXDOO\�
7KH�WKLUG��DQG�ILQDO��VHVVLRQ�HQGHG�ZLWK�D�SRVW�WHVW�RI����PLQXWHV�

��������6XEMHFWV

7KH� H[SHULPHQW�ZDV� FRQGXFWHG� DW� WKH� )DFXOW\� RI� 3K\VLFV� DW� 8WUHFKW� 8QLYHUVLW\�
7KHUH� DUH� DSSUR[LPDWHO\� ��� ILUVW�\HDU� SK\VLFV� VWXGHQWV�� $OO� WKHVH� VWXGHQWV� ZHUH
FRQWDFWHG� LQGLYLGXDOO\� DQG� LQYLWHG� WR� SDUWLFLSDWH�� ,Q� WRWDO� ��� VWXGHQWV� DJUHHG� WR
SDUWLFLSDWH��7KHVH� VWXGHQWV�ZHUH�DVVLJQHG� WR� WKH� WZR�H[SHULPHQWDO� JURXSV�E\� WKH
H[SHULPHQWHUV�� 2Q� WKH� EDVLV� RI� DYDLODEOH� SULRU� SHUIRUPDQFH� VFRUHV�� WZR� JURXSV



��

ZHUH� IRUPHG� RI� HTXDO� DELOLW\�� %HFDXVH� RI� WKH� OLPLWHG� QXPEHU� RI� FRPSXWHUV
DYDLODEOH�� WKH� FRPSXWHU� JURXS� KDG� WR� EH� VSOLW� XS� LQWR� WKUHH� HTXDOO\� VL]HG� VXE�
JURXSV� WDNLQJ� WKH� FRXUVH� DW� GLIIHUHQW� WLPHV�� 7R�PDLQWDLQ� HTXDO� JURXS� VL]HV�� WKH
FRQWURO�JURXS�ZDV�DOVR�VSOLW�LQ�WKUHH�VXE�JURXSV��,Q�WKH�ILUVW�VHVVLRQ����RI�WKH���
VWXGHQWV� DWWHQGHG� ���� LQ� WKH� FRPSXWHU� JURXS� DQG� ��� LQ� WKH� WUDGLWLRQDO� JURXS��
'XULQJ� WKH� WZR� VXEVHTXHQW� VHVVLRQV�� DOO� UHPDLQLQJ� ��� VWXGHQWV� NHSW� DWWHQGLQJ�
6WXGHQWV� LQ� ERWK� JURXSV� ZHUH� SDLG� ¦��� �86�� ��� DSSUR[LPDWHO\�� DIWHU� WKH\� KDG
FRPSOHWHG�DOO�WKUHH�VHVVLRQV�

������5HVXOWV

��������/HDUQLQJ�RXWFRPH

:H�KDG�FKRVHQ�WZR�PHDVXUHV�IRU�OHDUQLQJ�RXWFRPH��WKH�H[DPLQDWLRQ�UHVXOW�DQG�WKH
DGDSWHG� WHVW�� ZKLFK� ZDV� VXSSRVHG� WR� DVVHVV� PRUH� VSHFLILFDOO\� WKH� TXDOLW\� RI� WKH
VWXGHQW·V�VLWXDWLRQ�UHSUHVHQWDWLRQV�DQG�WKH�OLQNLQJ�EHWZHHQ�VLWXDWLRQ�UHSUHVHQWDWLRQ
DQG�VROXWLRQ�DSSURDFK��)URP�QRZ�RQ�ZH�ZLOO�UHIHU�WR�WKH�WHVWV�DV�UHJXODU�WHVW�DQG
DGDSWHG�WHVW�UHVSHFWLYHO\��1H[W��ZH�ZLOO�GLVFXVV�WKH�RXWFRPHV�RI�ERWK�PHDVXUHV�

,Q� WRWDO� ��� VXEMHFWV� WRRN� WKH� UHJXODU� WHVW�� ([FHSW� IRU� RQH� VWXGHQW� IURP� WKH
FRPSXWHU� JURXS�� VWXGHQWV�ZKR�KDG�SDUWLFLSDWHG� LQ� WKH� H[SHULPHQW� DOVR� WRRN� WKH

UHJXODU�WHVW��7R�DVVHVV�WKH�UHOLDELOLW\�RI� WKH�WHVW�VFRUH��ZH�FRPSXWHG�&URQEDFK�D�
WDNLQJ�WKH����VXE�SUREOHPV�LQ�WKH�WHVW�DV� LWHPV��:LWK�DOO����VXEMHFWV� LQFOXGHG�ZH

IRXQG�D�UHOLDELOLW\�RI�D� ������'HVFULSWLYHV�RI�WKH�VFRUHV�IRU�JURXSV�RI�VWXGHQWV�DUH
JLYHQ�LQ�7DEOH�����

7DEOH������ 'HVFULSWLYHV�RI�WKH�SULRU�SHUIRUPDQFH�VFDOH��WKH�UHJXODU�WHVW�VFRUHV��DGDSWHG�SUH�WHVW
DQG�WKH�DGDSWHG�SRVW�WHVW�

UHJXODU�WHVWV DGDSWHG�WHVWV

FRQGLWLRQ Q SULRU�UHVXOWVD HOHFWURVWDWLFVD SUH�WHVWE SRVW�WHVWE

FRPSXWHU
0��6'�

��
��������� ���������F ����������� �����������

WUDGLWLRQDO
0��6'�

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

QRQ�SDUWLFLSDWLQJ
0��6'�

��G

��������� ���������

D�VFRUHV�UHSUHVHQW�JUDGHV�DFFRUGLQJ�WR�'XWFK�VFKRRO�V\VWHP����LV�YHU\�SRRU�����LV�H[FHOOHQW�
E�VFRUHV�UHSUHVHQW�SURSRUWLRQ�FRUUHFW�DQVZHUV�
F�Q� ����EHFDXVH�RQH�RI�WKH�VWXGHQWV�GLG�QRW�WDNH�WKH�ILQDO�WHVW�
G�RQO\�VWXGHQWV�ZKR�GLG�WRRN�WKH�UHJXODU�ILQDO�WHVW�ZHUH�LQFOXGHG�

:KHQ�ZH�WHVW�WKH�VLJQLILFDQFH�RI�WKH�EHWZHHQ�JURXS�GLIIHUHQFH��ZH�KDYH�WR�LQFOXGH
WKH�SULRU�SHUIRUPDQFH�OHYHO�DV�D�FRYDULDWH��WR�FRUUHFW�IRU�SULRU�GLIIHUHQFHV�EHWZHHQ
WKH�JURXSV��7KH�IRXU�LWHP�SULRU�SHUIRUPDQFH�VFDOH� LV�D�TXLWH�UHOLDEOH�HVWLPDWRU�RI

WKH� JHQHUDO� SULRU� SHUIRUPDQFH� OHYHO��D� ������ Q� ����� $IWHU� WKH� LQFOXVLRQ� RI� WKLV
FRYDULDWH� LQ� WKH� DQDO\VLV�� QR� VLJQLILFDQW� HIIHFW� RI� WKH� H[SHULPHQWDO� WUHDWPHQW
UHPDLQV��)������� �������S� �����
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:H� DOVR� FRPSDUHG� WKH� UHVXOWV� RI� SDUWLFLSDQWV� LQ� WKH� H[SHULPHQW� WR� WKRVH� RI� WKH
VWXGHQWV� ZKR� KDG� QRW� SDUWLFLSDWHG�� 3DUWLFLSDQWV� FOHDUO\� GLIIHU� IURP� WKH� QRQ�
SDUWLFLSDWLQJ� VWXGHQWV�� ERWK� RQ� SULRU� SHUIRUPDQFH� DQG� RQ� WKH� UHJXODU� WHVW� WKHLU
VFRUHV� ZHUH� VLJQLILFDQWO\� EHWWHU� �)������� ������� S� ������ DQG� )������� �������
S� ������UHVSHFWLYHO\���ZKLFK�LQGLFDWHV�WKDW�PDLQO\�SURILFLHQW�VWXGHQWV�YROXQWHHUHG�
$OWKRXJK� WKH�SDUWLFLSDQWV� LQ� WKH�H[SHULPHQW�ZHUH�QRW�GUDZQ� UDQGRPO\� IURP� WKH
SRSXODWLRQ��ZH�FDQ�JHW�VRPH�LGHD�RI�WKH�PDLQ�HIIHFW�RI�DWWHQGLQJ�DQ�H[WUD���KRXUV
RI� LQVWUXFWLRQ�E\� FRPSDULQJ� WKH� ILQDO� WHVW� VFRUHV� EHWZHHQ�SDUWLFLSDQWV�� DQG�QRQ�
SDUWLFLSDQWV��7KH�SULRU�SHUIRUPDQFH�OHYHO�KDV�WR�EH�LQFOXGHG�DV�D�FRYDULDWH�DJDLQ�
WR� FRPSHQVDWH� IRU� WKH� JHQHUDO� GLIIHUHQFH� LQ� DFKLHYHPHQW� OHYHO�� 6XUSULVLQJO\�� WKH
JDLQ�IRU�WKH�VWXGHQWV�ZKR�WRRN�WKH�H[WUD�LQVWUXFWLRQ��UHODWLYH�WR�WKH�UHVXOWV�RI�QRQ�
SDUWLFLSDWLQJ�VWXGHQWV��LV�QRW�VLJQLILFDQW��)������� �������S� �����

$SDUW�IURP�WKH�PDLQ�HIIHFW�RI�WKH�WUHDWPHQW�D�VHFRQG��DQG�HTXDOO\�LPSRUWDQW��LVVXH
LV� ZKHWKHU� WKH� WUHDWPHQW� UHGXFHV� RU� LQFUHDVHV� WKH� GLIIHUHQFH� EHWZHHQ� ZHDN� DQG
SURILFLHQW� VWXGHQWV�� +HUH�� DJDLQ�� ZH� IRXQG� QR� VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ
H[SHULPHQWDO� FRQGLWLRQ� DQG� JHQHUDO� SHUIRUPDQFH� OHYHO�� )������� ������� S� �����
7KH�WUHQG�LQ�WKH�GDWD��KRZHYHU��VXJJHVWV�WKDW�WKH�H[SHULPHQWDO�LQVWUXFWLRQ�LV�PRUH
IDYRXUDEOH�WR�ZHDN�VWXGHQWV�WKDQ�WR�SURILFLHQW�VWXGHQWV��)LJXUH������

$YDUDJH�SULRU�SHUIRUPDQFH
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1RQ�SDUWLFLSDWLQJ

&RPSXWHU

3DSHU�DQG�SHQFLO

)LJXUH������ 7KH�VFRUHV�RQ�WKH�UHJXODU�ILQDO�WHVW��IRU�ERWK�JURXSV�LQ�WKH�H[SHULPHQW�DQG�IRU�WKH
QRQ�SDUWLFLSDWLQJ�VWXGHQWV��SORWWHG�DV�D�IXQFWLRQ�RI�WKHLU�DYHUDJH�SULRU�SHUIRUPDQFH�OHYHOV�

:H�QRZ� WXUQ� WR� WKH� VFRUHV� RQ� WKH� DGDSWHG� WHVW�� %RWK� D� SUH�WHVW� DQG� D� SRVW�WHVW

ZHUH�DGPLQLVWHUHG��7KH�WHVW�UHOLDELOLW\�ZDV�HVWLPDWHG�XVLQJ�&URQEDFK·V�D��)RU�WKH

SUH�WHVW��ZH�IRXQG�D�TXLWH�ORZ�UHOLDELOLW\��D� ������Q� �����DQG�IRU�WKH�SRVW�WHVW�ZH

DOVR�IRXQG�D�SRRU�UHOLDELOLW\��D� ������Q� �����7KHVH�YDOXHV�VXJJHVW�WKDW�WKH�LWHPV
ZHUH�QRW�SDUDOOHO�WHVWV�RI�WKH�VDPH�DELOLW\��7KH�WRWDO�QXPEHU�RI�SDUWLFLSDQWV�ZDV�WRR
ORZ�� KRZHYHU�� WR� SHUPLW� DQ\� SURSHU� IXUWKHU� DQDO\VLV� RI� WKH� WHVWV� VXFK� DV� LWHP
UHVSRQVH�PRGHOV� RU�PXOWLGLPHQVLRQDO� VFDOLQJ� WHFKQLTXHV�� ZKLFK� RWKHUZLVH� FRXOG
KDYH�EHHQ�XVHG�WR�ILQG�RXW�ZKHWKHU�DOO�LWHPV�UHVSRQG�WR�WKH�VDPH�DELOLW\��$OWKRXJK



��

WKH�SUH�DQG�SRVW�WHVW�ZHUH�LQWHQGHG�WR�PHDVXUH�WKH�VDPH�DELOLW\��WKH�VFRUHV�RQ�ERWK
WHVWV�FRXOG�QRW�EH�FRPSDUHG�GLUHFWO\��DV�ZH�KDG�QR�HPSLULFDO�GDWD�RQ�WKH�UHODWLYH
GLIILFXOW\�RI�ERWK�WHVWV��7KHUHIRUH��ZH�FRPSDUHG�WKH�VFRUHV�RI�ERWK�JURXSV�RQ�WKH
SRVW�WHVW�� DQG�ZH� LQFOXGHG� WKH� SUH�WHVW� VFRUH� DV� D� FRYDULDWH��:H� WHVWHG� ERWK� WKH
PDLQ� HIIHFW� RI� H[SHULPHQWDO� FRQGLWLRQ� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH
H[SHULPHQWDO� FRQGLWLRQ� DQG� WKH� FRYDULDWH�� EXW� QHLWKHU� JDYH� D� VLJQLILFDQW� UHVXOW
�)������� ������� S� ����� IRU� WKH� PDLQ� HIIHFW� DQG� )������� ������� S� ����� IRU� WKH
LQWHUDFWLRQ��� +HUH�� WKH� PDLQ� HIIHFW� GLVSOD\V� D� WUHQG� LQ� IDYRXU� RI� WKH� WUDGLWLRQDO
JURXS�� DQG� WKH� WUHQG� LQ� WKH� LQWHUDFWLRQ� VXJJHVWV� WKDW� SURILFLHQW� VWXGHQWV�PD\� EH
EHWWHU�RII�ZLWK�WKH�FRPSXWHU�OHDUQLQJ�HQYLURQPHQW�

3UH�WHVW��SURSRUWLRQ�FRUUHFW
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&RPSXWHU

3DSHU�DQG�SHQFLO

)LJXUH������ 7KH�VFRUHV�RQ�WKH�DGDSWHG�SRVW�WHVW��IRU�ERWK�JURXSV�LQ�WKH�H[SHULPHQW��DV�D�IXQFWLRQ
RI�WKH�VFRUHV�RQ�WKH�SUH�WHVW�

��������6WXGHQWVª�HYDOXDWLRQ

7R� JDLQ� LQVLJKW� LQWR� WKH�PHFKDQLVPV� OHDGLQJ� WR� WKH� OHDUQLQJ� RXWFRPHV�� ZH� DOVR
FROOHFWHG� VRPH� HYDOXDWLYH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� SURFHVV�� 7KH� HYDOXDWLRQ
FRQVLVWHG�RI�WKUHH�SDUWV��D�VHW�RI�TXHVWLRQV�SRVHG�WR�VWXGHQWV�LQ�ERWK�JURXSV��D�VHW
RI�TXHVWLRQV�VSHFLILFDOO\�DGGUHVVLQJ�IHDWXUHV�RI�WKH�FRPSXWHU�DOJHEUD�HQYLURQPHQW
DQG��ILQDOO\��UHPDUNV�FROOHFWHG�IURP�WKH�HYDOXDWLRQ�IRUPV�

)LUVW�� ZH� VKDOO� GLVFXVV� WKH� LWHPV� WKDW� FDQ� EH� FRPSDUHG� DFURVV� JURXSV�� 7KH� ILUVW
LVVXH� DGGUHVVHG� ZDV� WKH� QXPEHU� RI� DVVLJQPHQWV� FRPSOHWHG�� VWXGHQWV� LQ� ERWK
JURXSV�KDG� WR� VROYH� WKH� VDPH�VHWV�RI� DVVLJQPHQWV��7KH�TXHVWLRQ�ZDV� DERXW�KRZ
PDQ\�RI�WKHVH�DVVLJQPHQWV�WKH�VWXGHQW�KDG�FRPSOHWHG��7KH�ZRUNHG�H[DPSOHV�DQG
FRPSOHWLRQ� H[HUFLVHV� WKDW� VWXGHQWV� LQ� WKH� FRPSXWHU� JURXS� KDG� WR� VWXG\� SULRU� WR
VWDUWLQJ�ZLWK�RSHQ�DVVLJQPHQWV�ZHUH�QRW�LQFOXGHG�LQ�WKH�FRPSDULVRQ��7KH�DYHUDJH
QXPEHU�RI�DVVLJQPHQWV�FRPSOHWHG�ZDV�VLJQLILFDQWO\� ORZHU�IRU� WKH�VWXGHQWV� LQ�WKH
FRPSXWHU� JURXS�� FRPSDUHG� WR� VWXGHQWV� LQ� WKH� WUDGLWLRQDO� JURXS��)������� ������
S���������0� ������6'� ������DQG�0� ������6'� ������UHVSHFWLYHO\���7KLV� LQGLFDWHV
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WKDW� VWXGHQWV� LQ� WKH� H[SHULPHQWDO� JURXS� VSHQW� PXFK� RI� WKHLU� WLPH� RQ� ZRUNHG
H[DPSOHV�DQG�FRPSOHWLRQ�H[HUFLVHV�

:H� IRXQG� QR� HYLGHQFH� WKDW� VWXGHQWV� IRXQG� RQH� FRQGLWLRQ� PRUH� DWWUDFWLYH�
)������� �������S� ������,Q�WKH�IXUWKHU� LWHPV�WKDW�FRXOG�EH�FRPSDUHG�DFURVV�ERWK
JURXSV�ZH�IRXQG�D�QXPEHU�RI�GLIIHUHQFHV�EHWZHHQ�ERWK�JURXSV��7KH�VWXGHQWV� LQ
WKH�0DWKHPDWLFD�JURXS�MXGJHG�WKH�SK\VLFV�FRQWHQW�LQ�WKH�H[SHULPHQWDO�LQVWUXFWLRQ
WR�EH�VLPSOHU�WKDQ�WKH�VWXGHQWV�LQ�WKH�FRQWURO�JURXS�GLG��)������� �������S� ������
%HFDXVH� WKH� GLIIHUHQFH� ZDV� QRW� UHIOHFWHG� LQ� WKH� VWXGHQWV·� MXGJHPHQWV� DERXW� WKH
GLIILFXOW\� RI� WKH� JHQHUDO� FRXUVH�� ZH�PXVW� FRQFOXGH� WKDW� WKH� GLIIHUHQFH� LV� LQ� WKH
FRQWHQW�RI�WKH�FRXUVH�PRGXOH�ZH�XVHG�LQ�WKH�H[SHULPHQW��7KLV�LV�HDVLO\�XQGHUVWRRG
EHFDXVH�VWXGHQWV�ZKR�ZRUNHG�ZLWK�WKH�H[SHULPHQWDO�FRXUVH�VSHQW�VR�PXFK�RI�WKHLU
WLPH� RQ� WKH� LQWURGXFWRU\� DVVLJQPHQWV��*LYHQ� WKLV� GLIIHUHQFH�� LW� LV� QRW� VXUSULVLQJ
WKDW�WKH�VWXGHQWV� LQ�WKH�FRQWURO�JURXS�VFRUH�KLJKHU�RQ�WKH�TXHVWLRQ�ZKHWKHU� WKH\
KDG�OHDUQHG�PXFK�DERXW�SK\VLFV�FRQWHQW�

:H�KDG�DOVR�SRVHG�VRPH�TXHVWLRQV�UHJDUGLQJ�UHJXODWLRQ��QDYLJDWLRQ�DQG�FRQIXVLRQ�
6WXGHQWV� LQ� WKH�FRPSXWHU�JURXS�FOHDUO\�KDG�PRUH� WURXEOH� ILQGLQJ� WKHLU�ZD\� WKDQ
VWXGHQWV�LQ�WKH�WUDGLWLRQDO�JURXS�KDG��DV�LV�GHPRQVWUDWHG�E\�WKH�VFRUHV�GLVSOD\HG�LQ
7DEOH������ZKHUH�WKH�FRPSXWHU�JURXS�KDG�KLJKHU�VFRUHV�RQ�DOO�IRXU�LWHPV�

7DEOH������ (YDOXDWLRQ�LWHPV�UHODWHG�WR�QDYLJDWLRQ�DQG�FRQIXVLRQ��WKH�ZRUGLQJ�ZDV�VOLJKWO\
GLIIHUHQW�IRU�ERWK�JURXSV��DGDSWDWLRQV�IRU�WKH�WUDGLWLRQDO�JURXS�DUH�LWDOLFLVHG��

:KLOH�,�ZDV�ZRUNLQJ�ZLWK�WKH�V\VWHP��VROYLQJ�WKH�H[HUFLVHV���,�RIWHQ�IRUJRW�ZKDW�,�GLG�EHIRUH��)������� �������S� ������

7KH�V\VWHP��,��XVXDOO\�FRXOG�VROYH�WKH�SUREOHP��RQFH�,�KDG�HQWHUHG��IRUPXODWHG��LW�FRUUHFWO\��)������� �������S� ������

:KLOH�,�ZDV�ZRUNLQJ�ZLWK�WKH�V\VWHP��VROYLQJ�WKH�H[HUFLVHV���,�RIWHQ�ORVW�DQ�RYHUYLHZ�RI�WKLQJV�WKDW�DSSHDUHG�RQ�WKH�VFUHHQ
�,�KDG�DOUHDG\�ZULWWHQ���)������� ���������S� ������

:KLOH�,�ZDV�ZRUNLQJ�ZLWK�WKH�V\VWHP��VROYLQJ�WKH�H[HUFLVHV���,�RIWHQ�KDG�WR�ORRN�XS�WKLQJV�LQ�HDUOLHU�ZRUN��)������� ������
S� ������

:H� IRXQG�PDUJLQDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� DPRXQW� RI� KHOS� UHTXLUHG� DQG
WKH� W\SH� RI� KHOS� UHTXLUHG�� 7KH� FRPSXWHU� VWXGHQWV� UHTXLUHG� VOLJKWO\� PRUH� KHOS�
)������� ������� S� ������ DQG� WKH� KHOS� WKH\� QHHGHG� ZDV� OHVV� IRFXVHG� RQ� SK\VLFV
XQGHUVWDQGLQJ��)������� �������S� ������6FRUHV�IRU�WKH�VWXGHQWV�LQ�WKH�0DWKHPDWLFD
JURXS�� LQGLFDWHG� WKDW� WKH\� QHHGHG�PRUH� KHOS� RQ�0DWKHPDWLFD�� WKDQ� WKH\� GLG� RQ
FRQFHSWXDO�SK\VLFV�SUREOHPV��)������� �������S� �����

7KH� QH[W� SDUW� RI� WKH� HYDOXDWLRQ� FRQFHUQV� VSHFLILF� IHDWXUHV� RI� WKH� 0DWKHPDWLFD
OHDUQLQJ� HQYLURQPHQW�� 6HYHUDO� IHDWXUHV� ZHUH� DVVHVVHG� RQ� HDFK� RI� WKH� IROORZLQJ
DVSHFWV�� FODULW\�� DWWUDFWLYHQHVV�� GLIILFXOW\� DQG� LQVWUXFWLYHQHVV�� 7ZR� RI� WKH� LWHPV
DGGUHVVHG� LQKHUHQW� IHDWXUHV� RI� 0DWKHPDWLFD� LWVHOI�� QDPHO\� YLVXDOLVDWLRQ�� DQG
FRPSXWDWLRQ�RI� JUDGLHQWV�� )RU� WKHVH� IHDWXUHV�ZH� DOVR� DVNHG�KRZ� IUHTXHQWO\� WKH\
KDG�EHHQ�XVHG��7KUHH�RWKHU�LWHPV�DGGUHVVHG�WKH�HOHPHQWV�WKDW�ZH�KDG�EXLOW�LQWR�WKH
OHDUQLQJ�HQYLURQPHQW��ZRUNHG�H[DPSOHV��FRPSOHWLRQ�WDVNV�DQG�RSHQ�DVVLJQPHQWV�
7KH�UHVXOWV�RI�WKH�HYDOXDWLRQ�DUH�VXPPDULVHG�LQ�7DEOH�����DQG�7DEOH�����
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7DEOH������ (YDOXDWLRQ�RXWFRPHV�IRU�WZR�IHDWXUHV�RI�0DWKHPDWLFD��Q� ������6FRUHV�DUH�RQ�ILYH�
SRLQW�/LNHUW�VFDOHV�

DPRXQW�RI�XVH FODULW\ DWWUDFWLYHQHVV GLIILFXOW\ LQVWUXFWLYHQHVV

YLVXDOLVDWLRQ 0��6'� ����������� �����������D ����������� ����������� �����������

JUDGLHQW 0��6'� ����������� �����������D ����������� ����������� �����������

D�Q� ����EHFDXVH�RI�RQH�PLVVLQJ�YDOXH�

7DEOH������ (YDOXDWLRQ�RXWFRPHV�IRU�WKUHH�HOHPHQWV�RI�WKH�OHDUQLQJ�HQYLURQPHQW��Q� ������6FRUHV
DUH�RQ�ILYH�SRLQW�/LNHUW�VFDOHV�

FODULW\ DWWUDFWLYHQHVV GLIILFXOW\ LQVWUXFWLYHQHVV

ZRUNHG�H[DPSOHV �0��6'� ����������� ����������� ����������� �����������

FRPSOHWLRQ�DVVLJQPHQWV �0��6'� ����������� ����������� ����������� �����������

RSHQ�DVVLJQPHQWV �0��6'� ����������� ����������� ����������� �����������

,W�LPPHGLDWHO\�EHFRPHV�FOHDU�WKDW��RYHUDOO��YLVXDOLVDWLRQ�LV�MXGJHG�PRUH�IDYRXUDEO\
WKDQ�JUDGLHQWV��:H�WHVWHG�WKH�VLJQLILFDQFH�RI� WKH�GLIIHUHQFHV� LQ� LQGLYLGXDO�DVSHFWV
E\� XVLQJ� D� UHSHDWHG�PHDVXUHV� $129$�� :H� IRXQG� D� PDUJLQDOO\� VLJQLILFDQW
GLIIHUHQFH� IRU� FODULW\�� )������� ������� S� ������� DQG� D� FOHDU� GLIIHUHQFH� LQ
LQVWUXFWLYHQHVV�� )������� ������� S���������� )RU� WKH� FRPSDULVRQ� RI� ZRUNHG
H[DPSOHV�� FRPSOHWLRQ� DVVLJQPHQWV� DQG� RSHQ� DVVLJQPHQWV�� ZH� IRXQG� VLJQLILFDQW
GLIIHUHQFHV� LQ� FODULW\�� )������� ������� S��������� DQG� GLIILFXOW\�� )������� ������
S���������$OO� SDLU�ZLVH� FRPSDULVRQV� JDYH� VLJQLILFDQW� UHVXOWV� WRR�� VR�ZH� FRQFOXGH
WKDW�ZRUNHG�H[DPSOHV�ZHUH�FOHDUHVW�DQG�VLPSOHVW�� DQG� WKDW� WKH�RSHQ�DVVLJQPHQWV
ZHUH�WKH�OHDVW�FOHDU�DQG�WKH�PRVW�GLIILFXOW�

$V� WKH� ILQDO� SDUW� RI� WKH� HYDOXDWLRQ�� ZH� VXPPDULVH� UHPDUNV� FROOHFWHG� IURP� WKH
HYDOXDWLRQ�IRUPV��:H�ZLOO�IRFXV�KHUH�RQ�WKH�UHPDUNV�FROOHFWHG�LQ�WKH�0DWKHPDWLFD
JURXS��6RPH�VWXGHQWV�H[SUHVVHG�WKHLU�JHQHUDO�IHHOLQJ�DERXW�WKH�FRXUVH�

:RUNLQJ�ZLWK�0DWKHPDWLFD� LV�D� JRRG� VXSSOHPHQW� WR�SUREOHP�VROYLQJ�RQ�SDSHU
�,'���

$IWHU� DOO� LW� ZDV� IDLUO\� LQVWUXFWLYH�� >«�@� $� SUREOHP� LV�� KRZHYHU�� WKDW� ZKLOH
VLWWLQJ� EHKLQG� WKH� FRPSXWHU� ,� FDQ·W� FRQFHQWUDWH� RQ� SK\VLFV� SUREOHPV� WRR� ZHOO
�,'����

,W�ZDV� IXQ� WR�SDUWLFLSDWH��EXW� ,�GLG�QRW� ILQG� LW� YHU\� LQVWUXFWLYH�«�7KH�SDSHU�
DQG�SHQFLO�ZRUN�JURXSV�DUH�IDU���PRUH�ERULQJ��,'����

7ZR�VWXGHQWV�FRPPHQWHG�WKDW�WKH�OHDUQLQJ�HQYLURQPHQW�HYRNHG�D�SDVVLYH�DWWLWXGH�

6ROYLQJ�WKH�H[HUFLVHV�WHQGV�WR�FRPH�GRZQ�WR�XVLQJ�WKH�´FRS\µ�DQG�¶SDVWHµ�RSWLRQV
RI�0DWKHPDWLFD�� 7KLV� GLG� QRW� FRQWULEXWH� WR� WKH� XQGHUVWDQGLQJ� RI� ZKDW� UHDOO\
KDSSHQHG��,'���

>«@�EHFDXVH�RI�WKHVH�ZRUNHG�H[DPSOHV�\RX�NQHZ�H[DFWO\�ZKDW�\RX�KDG�WR�GR��VR
OLWWOH�LQLWLDWLYH�ZDV�UHTXLUHG��ZKHUHDV�LQLWLDWLYH�VKRXOG�EH�LPSRUWDQW��\RX�PXVW�EH
DEOH�WR�GR�LW�\RXUVHOI��QRW�WR�FRS\���,'����
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7KHUH�ZHUH�VRPH�SRVLWLYH�UHPDUNV�VSHFLILFDOO\�DERXW�WKH�YLVXDOLVDWLRQ�IDFLOLWLHV�

7KH�EHQHILW�RI�WKH�PHWKRG�LV�WKDW�WKH�SLFWXUHV�JLYH�D�JRRG�LQVLJKW�LQWR�ZKDW·V�JRLQJ
RQ��7KLV�PD\�EH�KHOSIXO�ZKHQ�\RX�ODWHU�FRPH�DFURVV�D�VLPLODU�H[HUFLVH��3LFWXUHV
DUH�HDVLHU�WR�UHPHPEHU�WKDQ�IRUPXODV�DUH��,'���

:RUNLQJ�ZLWK�0DWKHPDWLFD�LV�D�JRRG�VXSSOHPHQW�WR�SUREOHP�VROYLQJ�RQ�SDSHU�
7KH�SLFWXUHV�JLYH�DQ�LQVLJKW�LQWR�ZKDW�\RX�DUH�ZRUNLQJ�RQ��,'���

$IWHU�DOO�LW�ZDV�IDLUO\�LQVWUXFWLYH��HVSHFLDOO\�WKH�YLVXDOLVDWLRQ«��,'����

)LQDOO\��VRPH�VWXGHQWV�FRPPHQWHG�RQ�SUREOHPV�WKH\�KDG�ZLWK�0DWKHPDWLFD�

3UREOHPV�ZLWK�0DWKHPDWLFD� V\QWD[� FDXVH� D� ORVV� RI� WLPH�� HVSHFLDOO\� GXULQJ� WKH
ILUVW�VHVVLRQ��,'����

,W�LV�HDV\�WR�ORVH�\RXU�ZD\��H[HUFLVHV�ZHUH�QRW�KDUG�EXW�WRRN�D�ORW�RI�WLPH��EHFDXVH
RI�LUULWDWLQJ�0DWKHPDWLFD��,'����

,W�ZDV�LQVWUXFWLYH�ZLWK�UHJDUG�WR�0DWKHPDWLFD��,'����

7KH� GLIILFXOW\� ZDV� PRUH� LQ�0DWKHPDWLFD� WKDQ� LQ� SK\VLFV�� 7KH� ORQJHU� ,� XVHG
0DWKHPDWLFD��WKH�IDVWHU�,�ZRUNHG��DQG�WKH�PRUH�,� FRXOG�FRQFHQWUDWH�RQ�SK\VLFV
SUREOHPV��,'����

������'LVFXVVLRQ

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�HIIHFWLYHQHVV�RI�WZR�IRUPV�RI�WXWRULQJ��WKH
WUDGLWLRQDO�RQH�DQG�D�QHZO\�GHVLJQHG�RQH��:H�KDG�SUHGLFWHG�D�EHQHILW�IRU�VWXGHQWV
WDNLQJ�WKH�H[SHULPHQWDO�FRXUVH��HVSHFLDOO\�RQ�XQGHUVWDQGLQJ�RI�SUREOHP�VLWXDWLRQV
DQG�FKRLFH�RI�VROXWLRQ�PHWKRGV��:H�IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH
DSSURDFKHV��0RUHRYHU�� DPRQJ� WKH�PRUH� VXUSULVLQJ� RXWFRPHV� RI� WKH� H[SHULPHQW
ZDV� WKDW� ZKHQ� ZH� FRUUHFWHG� IRU� SULRU�SHUIRUPDQFH� OHYHOV�� ZH� FRXOG� QRW
GHPRQVWUDWH�D�EHQHILW�RI�SDUWLFLSDWLQJ� LQ� WKH�H[SHULPHQW� UHODWLYH� WR� WKH�JURXS�RI
VWXGHQWV�ZKR�GLG�QRW�SDUWLFLSDWH��$�SODXVLEOH� LQWHUSUHWDWLRQ�RI�WKLV�ILQGLQJ�LV�WKDW
SDUWLFLSDQWV�FRPSHQVDWHG�IRU�WKH�H[WUD�HIIRUW�WKH\�PDGH�LQ�FODVV�E\�VSHQGLQJ�OHVV
WLPH� RQ� WKHLU� KRPHZRUN�� +RZHYHU�� DV� WKH� FRQWUROOHG� H[SHULPHQW� ZH� GLG�� ZDV
UHVWULFWHG� WR� FRPSDULQJ� WKH� QHZO\� GHVLJQHG� LQVWUXFWLRQ� ZLWK� WKH� WUDGLWLRQDO
DSSURDFK��ZH�ZLOO�UHVWULFW�RXU�IXUWKHU�GLVFXVVLRQ�WR�WKLV�FRPSDULVRQ�

$V�D� ILUVW�SRLQW� WKH�TXDOLW\� DQG� DSSURSULDWHQHVV�RI�RXU� LQVWUXPHQWV� IRU� DVVHVVLQJ
OHDUQLQJ� RXWFRPHV� GHVHUYH� DWWHQWLRQ�� 7KH� UHOLDELOLW\� RI� WKH� QHZO\� GHVLJQHG� WHVW
SURYHG� WR� EH� GLVVDWLVIDFWRU\�� $V� D� FRQVHTXHQFH�� ZH� FRXOG� QRW� GHWHFW� VPDOO
GLIIHUHQFHV� LQ� OHDUQLQJ� UHVXOWV�� 7KH� UHJXODU� WHVW� ZDV� TXLWH� UHOLDEOH�� EXW� LW� KDG� LWV
IRFXV�RQ�GLIIHUHQW�DELOLWLHV�WKDQ�WKH�RQHV�ZH�ZHUH�ORRNLQJ�IRU��6WLOO��HYHQ�ZLWK�WKHVH
OLPLWHG� WHVWV�� ZH� SUREDEO\� ZRXOG� KDYH� GHWHFWHG� DQ\� PDMRU� GLIIHUHQFHV� EHWZHHQ
ERWK� JURXSV�� 6R� ZH� FRQFOXGH� WKDW� WKH� HIIHFW� RI� WKH� H[SHULPHQWDO� WUHDWPHQW� KDV
EHHQ�OLPLWHG�
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$Q� LPSRUWDQW� IDFWRU� H[SODLQLQJ� WKH� ODFN� RI� D� JDLQ� IRU� WKH� QHZO\� GHVLJQHG
LQVWUXFWLRQ�PLJKW� EH� WKH� KLJK� FRJQLWLYH� ORDG� LQ� WKH� FRPSXWHU� FRXUVH��:H� IRXQG
VWURQJ� HYLGHQFH� WKDW� WKH� H[WUDQHRXV� FRJQLWLYH� ORDG� LQ� WKH� FRPSXWHU� FRQGLWLRQ� LV
TXLWH�KLJK��%RWK�WKH�FORVHG�HYDOXDWLRQ�LWHPV�DQG�WKH�UHPDUNV�PDGH�E\�WKH�VWXGHQWV
VXJJHVW� WKDW� VWXGHQWV� LQ� WKH� FRPSXWHU� JURXS� ZHUH� GLVWUDFWHG� IURP� WKH� SK\VLFV
FRQWHQW�� $SDUW� IURP� WKH� GLVUXSWLYH� HOHPHQWV� LQ� WKH� OHDUQLQJ� HQYLURQPHQW� LWVHOI�
WKHUH�ZHUH�H[WHUQDO�GLVWUDFWLRQV��VXFK�DV�WKH�DYDLODELOLW\�RI�,QWHUQHW�EURZVHUV��WKDW
ZHUH�DEVHQW�LQ�WKH�WUDGLWLRQDO�JURXS�

:KHQ� ZH� H[DPLQH� WKH� RXWFRPH� RI� WKH� HYDOXDWLRQ� LQ� GHWDLO�� ZH� VHH� WKDW� WKH
VWXGHQWV·�SULRU�DWWLWXGHV�DQG�H[SHFWDWLRQV�PLJKW�KDYH�ZRUNHG�DJDLQVW�WKH�FRPSXWHU
OHDUQLQJ� JURXS� WRR�� 7KLV� DSSURDFK� WR� SUREOHP�VROYLQJ� ZDV� TXLWH� QHZ� IRU� WKH
VWXGHQWV�� DQG�� DOVR�� WKH� VWXGHQWV� ZHUH� QRW� \HW� IOXHQW� SURJUDPPHUV�� 7KLV� LV
VXSSRUWHG� E\� LQIRUPDO� REVHUYDWLRQV� PDGH� LQ� WKH� FRPSXWHU� JURXS�� $� ILUVW
REVHUYDWLRQ� LV� WKDW�� JHQHUDOO\�� VWXGHQWV� LQLWLDOO\� GLVOLNHG� 0DWKHPDWLFD�� 7KH\� KDG
ZRUNHG�ZLWK�D�SUHYLRXV�YHUVLRQ�RI�0DWKHPDWLFD��YHUVLRQ��������LQ�D�SURJUDPPLQJ
FRXUVH�� DQG�PRVW� VWXGHQWV� GLVOLNHG� LW�� 0RUHRYHU�� VHYHUDO� VWXGHQWV� H[SUHVVHG� WKH
RSLQLRQ�WKDW�SK\VLFV�SUREOHP�VROYLQJ�LV�EHVW�GRQH�RQ�SDSHU��DQG�WKDW�\RX�FDQQRW
OHDUQ� SK\VLFV� YLD� D� FRPSXWHU�� 7KLV� EHOLHI� PLJKW� EH� UHLQIRUFHG� E\� WKH� VWXGHQWV·
H[SHULHQFH�ZLWK�H[DPLQDWLRQV��VLQFH�LQ�PRVW�H[DPLQDWLRQV�LW�LV�D�UHTXLUHPHQW�WKDW
WKH�VWXGHQW�FDQ�ZULWH�RXW�VROXWLRQV�IOXHQWO\�

$OWKRXJK� WKH� OHDUQLQJ� HQYLURQPHQW� ZH� XVHG� SURYLGHG� PRUH� VWUXFWXUH� WKDQ� WKH
WDVNV�WKH�VWXGHQWV�KDG�ZRUNHG�RQ�LQ�WKHLU�SURJUDPPLQJ�FRXUVH��VWXGHQWV�UDQ�LQWR
PDQ\� IUXVWUDWLQJ� HUURUV� FDXVHG� E\� W\SLQJ� PLVWDNHV� DQG� E\� PRUH� IXQGDPHQWDO
PLVXQGHUVWDQGLQJV� RI� SURJUDPPLQJ� SULQFLSOHV�� ,Q� DGGLWLRQ� WR� WKH� VWXGHQWV·
PLVWDNHV�� WKH� YHUVLRQ� RI� 0DWKHPDWLFD� WKDW� ZH� XVHG� �YHUVLRQ� ��������� KDG� VRPH
LUULWDWLQJ�EXJV��DQG�WKH�SURJUDP�RIWHQ�KDG�WR�EH�UHERRWHG��$V�PRVW�VWXGHQWV�ZHUH
TXLWH�QHZ�WR�SURJUDPPLQJ��WKH\�ZHUH�QRW�YHU\�V\VWHPDWLF�LQ�WUDFLQJ�WKH�HUURUV�WKH\
PDGH�� 0DQ\� HYHQ� IDLOHG� WR� UHFRJQLVH� LQVWDQFHV� LQ� ZKLFK� WKH\� KDG� XVHG� QRQ�
PDWFKLQJ� SDUHQWKHVHV� LQ� DQ� H[SUHVVLRQ�� 7KH� SUREOHPV� ZHUH� DJJUDYDWHG� E\� WKH
FU\SWLF�HUURU�PHVVDJHV�0DWKHPDWLFD�SURGXFHV�LQ�UHVSRQVH�WR�V\QWD[�HUURUV��*LYHQ
WKLV��WKH�HYDOXDWLRQ�ILQGLQJV�UHJDUGLQJ�WKH�FRQIXVLRQ�LQ�WKH�FRPSXWHU�JURXS�DUH�QRW
VXUSULVLQJ�

7KH� HYDOXDWLRQ� RI� WKH� GLIIHUHQW� FRPSRQHQWV� RI� WKH� 0DWKHPDWLFD� OHDUQLQJ
HQYLURQPHQW� LQGLFDWHV� WKDW� WKH� VWXGHQWV� IRXQG� WKH� YLVXDOLVDWLRQ� IDFLOLWLHV� UDWKHU
LQVWUXFWLYH�� 7KLV� LPSUHVVLRQ� LV� FRQILUPHG� E\� VRPH� VWXGHQWV·� UHPDUNV� RQ� WKH
HYDOXDWLRQ� IRUP��0RUHRYHU�� LW� LV� LQ� OLQH� ZLWK� REVHUYDWLRQV� E\� WKH� H[SHULPHQWHU�
ZKR�KDG�VHYHUDO�GLVFXVVLRQV�DERXW�FRPPRQ�PLVFRQFHSWLRQV�WKDW�ZHUH�WULJJHUHG�E\
YLVXDOLVDWLRQ� RXWFRPHV�� $V� DQ� H[DPSOH�� FRQVLGHU� WKH� IROORZLQJ�� RQH� RI� WKH
DVVLJQPHQWV�ZDV�WR�GUDZ�D�ILHOG�SORW�IRU�WKH�ILHOG�RI�D�SK\VLFDO�GLSROH��DQG�FRPSDUH
WKLV�WR�WKH�ILHOG�RI�D�PDWKHPDWLFDO�GLSROH��2QH�RI�WKH�VWHSV�LQ�WKH�H[HUFLVH�ZDV�WR
]RRP�LQ�RQ�WKH�SK\VLFDO�GLSROH��6HYHUDO�VWXGHQWV�IDLOHG�WR�XQGHUVWDQG�ZK\�WKH�SORW
HVVHQWLDOO\�UHPDLQHG�WKH�VDPH��DQG�ZKHUH� WKH\�KDG� WR� ORRN�IRU� WKH�FKDQJHV��7KLV
SURYLGHG� D� JRRG� VWDUWLQJ� SRLQW� IRU� WXWRULQJ� GLVFXVVLRQ�� $OWKRXJK� VWXGHQWV� JDYH
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KLJK�UDWLQJV�IRU�FODULW\�RI� WKH�YLVXDOLVDWLRQV�� WKH�TXDOLW\�RI� WKH�SORWV�FRXOG�VWLOO�EH
LPSURYHG� �IRU� VXJJHVWLRQV� VHH� $SSHQGL[� ,��� 0RUHRYHU�� HYHQ� WKRXJK� VWXGHQWV
FRQVLGHUHG� WKH� YLVXDOLVDWLRQV� RQO\�PRGHUDWHO\� GLIILFXOW�� LW� DSSHDUHG� WKDW� VWXGHQWV
VSHQW�WRR�PXFK�WLPH�RQ�ILJXULQJ�RXW�GHWDLOV�RI�JUDSKLFV�FRPPDQGV�

7KH�V\PEROLF�FRPSXWDWLRQ�IHDWXUHV�ZHUH�YDOXHG�OHVV�SRVLWLYHO\��DV�LQGLFDWHG�E\�WKH
HYDOXDWLRQ� RI� WKH� FRPSXWH� JUDGLHQW� IDFLOLWLHV�� $OWKRXJK� VWXGHQWV� MXGJHG� WKHVH
UDWKHU� VWUDLJKWIRUZDUG� WR� XVH�� WKH\� GLG� QRW� ILQG� LW� YHU\� LQVWUXFWLYH� WR� FRPSXWH
JUDGLHQWV�� $� PDMRU� FDXVH� FRXOG� EH� WKDW� VWXGHQWV� IDLO� WR� H[DPLQH� WKH� FRPSXWHU�
JHQHUDWHG� H[SUHVVLRQV� FULWLFDOO\�� VR� WKDW� DSSOLFDWLRQ�RI� WKH� V\PEROLF� FRPSXWDWLRQ
IDFLOLWLHV� UHPDLQV� D� WULFN�� 7KLV� VXJJHVWV� WKDW� VHYHUDO� VWXGHQWV� KDG� QRW� \HW� IXOO\
DWWDLQHG� WKH� IRUPDO� UHDVRQLQJ� OHYHO�� 7KH� VXJJHVWLRQ� LV� VWUHQJWKHQHG� E\
PLVFRQFHSWLRQV�ZH�HQFRXQWHUHG��VXFK�DV�WKH�RQH�DERXW�WKH�GLSROH�ILHOG��PHQWLRQHG
HDUOLHU�� DQG� DQRWKHU� VWXGHQW� IDLOLQJ� WR� XQGHUVWDQG� ZK\� WKH� PHWKRG� RI� LPDJH
FKDUJHV�FDQ�RQO\�EH�XVHG�ZLWK�YLUWXDO� LPDJH�FKDUJHV��WKDW� LV��ZLWK�WKH�SRVLWLRQ�RI
WKH�LPDJH�FKDUJH�RXWVLGH�WKH�UHJLRQ�RI�LQWHUHVW��

7KH� WKUHH�PDMRU� LQVWUXFWLYH� HOHPHQWV� LQ� WKH� H[SHULPHQWDO� OHDUQLQJ� HQYLURQPHQW�
QDPHO\� ZRUNHG� H[DPSOHV�� FRPSOHWLRQ� DVVLJQPHQWV� DQG� RSHQ� DVVLJQPHQWV�� ZHUH
MXGJHG�WR�EH�DERXW�HTXDOO\�LQVWUXFWLYH��$V�H[SHFWHG��WKH�WKUHH�HOHPHQWV�ZHUH�IRXQG
WR� EHFRPH� SURJUHVVLYHO\� PRUH� GLIILFXOW�� $V� LQGLFDWHG� ERWK� E\� UHPDUNV� RQ� WKH
HYDOXDWLRQ� IRUP� DQG� E\� WKH� H[SHULPHQWHU·V� REVHUYDWLRQV�� WRR� PDQ\� RI� WKH
DVVLJQPHQWV�FRXOG�EH� VROYHG�E\�PLQGOHVV� FRS\LQJ�RI� WKH�ZRUNHG� H[DPSOHV��7KLV
PD\�EH�EHFDXVH�VWXGHQWV�VSHQW�PRVW�RI�WKHLU�WLPH�RQ�WKH�LQWURGXFWRU\��VWUXFWXUHG�
DVVLJQPHQWV��,Q�DQ\�FDVH��WKH�RSSRUWXQLW\�WR�VROYH�SUREOHPV�E\�MXVW�FRS\LQJ�HQWLUH
VROXWLRQV�PXVW�KDYH�ZRUVHQHG� WKH� VWXGHQWV·� DWWHQWLYHQHVV� WR� FRPSXWHU�JHQHUDWHG
IRUPXODV�

7R� VXPPDULVH�� ZH� IRXQG� QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� OHDUQLQJ� RXWFRPHV
ZLWK�WKH�QHZ�DSSURDFK�DQG�ZLWK� WKH� WUDGLWLRQDO�DSSURDFK��7KH�VWXGHQWV·� UHPDUNV
DQG� RXU� RZQ� REVHUYDWLRQV� LQGLFDWH� WKDW� WKH� QHZ� DSSURDFK� LV� SRWHQWLDOO\� XVHIXO�
KRZHYHU�� 7KLV� LV� HVSHFLDOO\� WUXH� IRU� WKH� YLVXDOLVDWLRQ� IDFLOLWLHV�� :H� IRXQG� VRPH
SUREOHPV�ZLWK�WKH�LQVWUXFWLRQDO�PDWHULDO��7KH�PRVW�VHULRXV�GLIILFXOWLHV�ZHUH�UHODWHG
WR�QDYLJDWLRQ�DQG�WR�KLJK�H[WUDQHRXV�FRJQLWLYH�ORDG��0RUHRYHU��WKH�TXDOLW\�RI�WKH
WHVWLQJ� PDWHULDOV�� DQG� WKH� FRUUHVSRQGHQFH� EHWZHHQ� WHVWLQJ� PDWHULDOV� DQG� FRXUVH
FRQWHQW�GHVHUYH�IXUWKHU�DWWHQWLRQ�DV�ZHOO�

����&RQFOXVLRQV�DQG�UHFRPPHQGDWLRQV

:H�KDYH�UHSRUWHG�RQ�WKH�GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�D� OHDUQLQJ�HQYLURQPHQW
IRU� D� ILUVW�\HDU� XQLYHUVLW\� FRXUVH� RQ� HOHFWURVWDWLFV�� 2XU� JRDO� ZDV� WR� VXSSRUW
VWXGHQWV�ZKR�DUH�PRYLQJ�WRZDUGV�D�WKHRUHWLFDO�OHYHO�RI�XQGHUVWDQGLQJ�LQ�JDLQLQJ�DQ
LQWXLWLYH�XQGHUVWDQGLQJ�RI�VLWXDWLRQV��VROXWLRQ�PHWKRGV�DQG�WKH�UHODWLRQV�EHWZHHQ
WKHP��:H�IRUPXODWHG�WKH�GHPDQGV�IRU�VXFK�D�OHDUQLQJ�HQYLURQPHQW��DQG�WKHQ�ZH
EXLOW� D� OHDUQLQJ� HQYLURQPHQW�EDVHG�RQ� DYDLODEOH� VRIWZDUH��$PRQJ� WKH� GLVWLQFWLYH
IHDWXUHV� RI� WKH� OHDUQLQJ� HQYLURQPHQW� DUH� D� SUHFLVH� ODQJXDJH� IRU� VSHFLI\LQJ
SUREOHPV��YLVXDOLVDWLRQ�VXSSRUW�DQG�V\PEROLF�FRPSXWDWLRQ�VXSSRUW�



:H� WHVWHG� D� ILUVW� YHUVLRQ� RI� WKH� H[SHULPHQWDO� FRXUVH� RQ� D� VDPSOH� RI� ILUVW�\HDU
SK\VLFV� VWXGHQWV�� 5HVXOWV� LQGLFDWH� WKDW� WKLV� DSSURDFK� WR� OHDUQLQJ� DQG� SUREOHP�
VROYLQJ�LV�TXLWH�QHZ�WR�WKH�VWXGHQWV�DQG�WKDW�LW�WDNHV�WKHP�D�FRQVLGHUDEOH�DPRXQW
RI�WLPH�WR�JHW�XVHG�WR�WKH�QHZ�DSSURDFK��0RUHRYHU��VWXGHQWV�GLG�QRW�VHH�KRZ�WKH
DELOLWLHV�WDXJKW� LQ�WKH�FRPSXWHU�FRXUVH�ZHUH�UHOHYDQW�WR�WKH�ILQDO� WHVW��ZKHUH�WKH\
ZRXOG�KDYH�WR�VROYH�WKH�SUREOHPV�E\�KDQG�DQ\ZD\��,I�WKH�VWXGHQWV�DUH�WR�EH�ZRQ
RYHU�WR�WKH�DSSURDFK��VRPH�LWHPV�LQ�WKH�ILQDO�WHVW�VKRXOG�EH�FOHDUO\�UHODWHG�WR�WKH
QHZ� DSSURDFK�� :H� IRXQG� WKDW� VWXGHQWV� LQ� RXU� H[SHULPHQW� ZHUH� PRUH� SRVLWLYH
DERXW�WKH�IDFLOLWLHV�IRU�YLVXDOLVLQJ�VROXWLRQV�DQG�VLWXDWLRQV�WKDQ�WKH\�ZHUH�DERXW�WKH
V\PEROLF� FRPSXWDWLRQ� VXSSRUW��:H� LQWHUSUHW� WKLV� WR� LQGLFDWH� WKDW� WKH� VWXGHQWV� LQ
WKH�H[SHULPHQW�KDYH�QRW�IXOO\�DWWDLQHG�WKH�IRUPDO�UHDVRQLQJ�OHYHO��7KLV�LV�ZRUU\LQJ
EHFDXVH�WKH�VWXGHQWV�ZKR�SDUWLFLSDWHG�ZHUH�DPRQJ�WKH�PRUH�SURILFLHQW�VWXGHQWV�LQ
WKHLU�FRKRUW�

$OWKRXJK� ZH� FRXOG� QRW� GHPRQVWUDWH� D� VLJQLILFDQW� OHDUQLQJ� JDLQ� RYHU� WKH� ROG
DSSURDFK�� ZH� IRXQG� WKDW� WKH� FRPSXWHU� FRXUVH� ZDV� VXFFHVVIXO� LQ� DGGUHVVLQJ
PLVFRQFHSWLRQV�� LQ� FODULI\LQJ� FRQFHSWV� WKDW� XQGHUOLH� VROXWLRQ� PHWKRGV�� DQG� LQ
VXSSRUWLQJ�WKH�FRQVWUXFWLRQ�RI�VLWXDWLRQ�PRGHOV��$V�ZH�KDYH�QR�REVHUYDWLRQ�GDWD
IURP� WKH� FRQWURO� JURXS�� ZH� FDQQRW� FRPSDUH� WKLV� UHVXOW� EHWZHHQ� JURXSV�� ,Q� DOO
WKHVH� OHDUQLQJ� HSLVRGHV� LQ� WKH� H[SHULPHQWDO� JURXS�� GLVFXVVLRQV� ZLWK� WKH� WXWRU
SOD\HG� D� FHQWUDO� UROH�� 7KHUHIRUH�� ZH� FRQFOXGH� WKDW� WKH� UROH� RI� WKH� WXWRU� LQ� WKH
H[SHULPHQWDO� DSSURDFK� LV� DV� LPSRUWDQW� DV� LW� LV� LQ� WKH� XVXDO� SUREOHP�VROYLQJ
ZRUNJURXSV�

2Q� WKHRUHWLFDO� JURXQGV� ZH� KDG� FKRVHQ� WR� JLYH� WKH� OHDUQHUV� IXOO� FRQWURO� RI� WKH
OHDUQLQJ�HQYLURQPHQW�DQG�RI�WKHLU�OHDUQLQJ�SURFHVVHV��7KLV�SODFHV�D�KHDY\�FRJQLWLYH
ORDG�RQ�WKH�VWXGHQWV��DQG�VR�DQ\�DGGLWLRQDO�H[WUDQHRXV�FRJQLWLYH�ORDG�PLJKW�KDUP
OHDUQLQJ�� 5HJUHWIXOO\�� WKH� H[SHULPHQWDO� FRXUVH� FRQWDLQHG� VHYHUDO� GLVUXSWLYH
HOHPHQWV�� 7R� IXUWKHU� H[SORUH� WKH� SRWHQWLDO� EHQHILWV� RI� WKH� QHZ� DSSURDFK�� LW� LV
QHFHVVDU\� WR� LPSURYH� WKH� TXDOLW\� RI� WKH� VRIWZDUH� DQG� WR� UHILQH� WKH� HGXFDWLRQDO
GHVLJQ�RI�WKH�FRXUVH��7KH�PRVW�XUJHQW�SUREOHPV�LQ�WKH�VRIWZDUH�DUH�WKH�IROORZLQJ�
WKH� LQVWDELOLW\� RI� WKH� FRPSXWHU� DOJHEUD� VRIWZDUH�� WKH� LQFRPSUHKHQVLEOH� HUURU
PHVVDJHV�� HYHQ� DERXW� IUHTXHQW� HUURUV� VXFK� DV� PLVPDWFKHG� SDUHQWKHVHV�� DQG� WKH
H[FHVVLYH�SURJUDPPLQJ�HIIRUW�IRU�WKH�VWXGHQW��7KH�ILUVW�SUREOHP�PD\�EH�VROYHG�LQ
D� QHZ� YHUVLRQ� RU�� DOWHUQDWLYHO\�� RQH� PD\� FRQVLGHU� VZLWFKLQJ� WR� DQ� HTXLYDOHQW
SDFNDJH� VXFK� DV�0DSOH��7KH�RWKHU� SUREOHPV�ZH�KDYH� WR� VROYH� RXUVHOYHV�� DV�ZLOO
RWKHU� HGXFDWRUV� LPSOHPHQWLQJ� VLPLODU� FRXUVHV�� ,PSURYHPHQWV� WR� WKH� HGXFDWLRQDO
VHW�XS�RI�WKH�FRXUVH�PRGXOH�VKRXOG�EH�DLPHG�DW�LQFUHDVLQJ�WKH�VWXGHQWV·�UHDVRQLQJ
DERXW�WKH�SK\VLFV�EDFNJURXQG��ZKLOH�WKH\�DUH�VWXG\LQJ�ZRUNHG�H[DPSOHV�DQG�ZKLOH
WKH\� DUH� VROYLQJ� FRPSOHWLRQ� DVVLJQPHQWV�� ,Q� WKH� FXUUHQW� YHUVLRQ�� VWXGHQWV� FRXOG
WRR� HDVLO\� VROYH� WKH� ODWWHU� DVVLJQPHQWV� E\� FRS\LQJ� WKH� H[DPSOHV� �$SSHQGL[� ,
VXJJHVWV�LPSURYHPHQWV�IRU�WKH�SUHVHQW�FRXUVH��

:H� EHOLHYH� WKDW�� ZLWK� WKHVH� LPSURYHPHQWV�� WKH� UHYLVHG� FRXUVH� PD\� SURYLGH� D
YDOXDEOH� VXSSOHPHQW� WR� SUDFWLVLQJ� HOHFWURVWDWLFV� SUREOHP�VROYLQJ� E\� KDQG�
/LNHZLVH�� LQ�RWKHU�SK\VLFV�GRPDLQV�� VXFK�DV�PHFKDQLFV�� VLPLODU�FRXUVHV�PD\�KHOS
WKH� VWXGHQWV� WR� JDLQ� DQ� LQWXLWLYH� XQGHUVWDQGLQJ� RI� WKH� DEVWUDFW� VLWXDWLRQV� DQG
PHWKRGV�ZLWK�ZKLFK�WKH\�DUH�ZRUNLQJ�



���(SLORJXH

,Q�WKLV�GLVVHUWDWLRQ�ZH�DGGUHVVHG�KRZ�WR�LPSURYH�SK\VLFV�SUREOHP�UHSUHVHQWDWLRQV
LQ�OHDUQHUV��7KH�VXSHULRULW\�RI�SURILFLHQW�SUREOHP�VROYHUV·�SUREOHP�UHSUHVHQWDWLRQV
RYHU� WKRVH� RI� ZHDN� SUREOHP� VROYHUV� KDV� EHHQ� GHPRQVWUDWHG� E\� VHYHUDO� DXWKRUV
�&KL�HW�DO���������&KL�	�%DVVRN��������'H�-RQJ�	�)HUJXVRQ�+HVVOHU��������/DUNLQ�
������� ,W� LV� QRW� DOZD\V� WKDW� FOHDU�� KRZHYHU�� KRZ� JRRG� DQG� SRRU� SUREOHP
UHSUHVHQWDWLRQV� GLIIHU�� :H� EHJDQ� RXU� UHVHDUFK� LGHQWLI\LQJ� FRPSHWHQFH�UHODWHG
GLIIHUHQFHV� LQ� SUREOHP� UHSUHVHQWDWLRQV�� 1H[W�� ZH� H[SORUHG� FRPSHWHQFH�UHODWHG
GLIIHUHQFHV�LQ�WKH�SURFHVV�RI�FRQVWUXFWLQJ�D�SUREOHP�UHSUHVHQWDWLRQ��%DVHG�RQ�WKH
RXWFRPHV�RI�WKHVH�VWXGLHV��ZH�GHVLJQHG�D�OHDUQLQJ�HQYLURQPHQW�VSHFLILFDOO\�DLPHG
DW� LPSURYLQJ� SUREOHP� UHSUHVHQWDWLRQV�� :H� ZLOO� QRZ� EULHIO\� UHYLHZ� RXU� ZRUN�
GLVFXVV�LWV�VFRSH�DQG�OLPLWDWLRQV��DQG�VXJJHVW�GLUHFWLRQV�IRU�IXWXUH�ZRUN�

,Q� WKH� ILUVW� VWXG\�ZH�H[SORUHG�KRZ�H[SHUWV·� DQG�JRRG� DQG�ZHDN�QRYLFHV·�PHQWDO
UHSUHVHQWDWLRQV� GLIIHU� IURP� HDFK� RWKHU�� :H� DVVXPHG� WKDW� WKH� FRQFHSW� RI� GHSWK
FRPSULVHV�IHDWXUHV�DW�WKH�VWUXFWXUH�OHYHO��SURSRVLWLRQ�OHYHO�DQG�FRQFHSW� OHYHO��DQG
WKDW�D�GHWDLOHG�DQDO\VLV�RI� WKHVH� IHDWXUHV�FRXOG�FRQWULEXWH� WR�DQ�XQGHUVWDQGLQJ�RI
SUREOHP�VROYLQJ�SHUIRUPDQFH��:H�GHYLVHG�D�PHWKRG�WR�H[SORUH�VXEMHFWV·�SUREOHP
UHSUHVHQWDWLRQV�� ZKLFK� ZH� XVHG� WR� FRPSDUH� SK\VLFV� SUREOHP� UHSUHVHQWDWLRQV� RI
H[SHUWV�DQG�RI�JRRG�DQG�ZHDN�QRYLFHV��6XEMHFWV�ZHUH�DVNHG�WR�UHVSRQG�WR�SK\VLFV
IRUPXODV� E\� GHVFULELQJ� UHOHYDQW� SUREOHP� VLWXDWLRQV��:H� DQDO\VHG� WKHVH� SUREOHP
GHVFULSWLRQV�DW� WKH� OHYHOV�RI�ZRUGV�� VHQWHQFHV� DQG�FRPSOHWH�GHVFULSWLRQV��5HVXOWV
LQGLFDWH� WKDW� H[SHUWLVH� DIIHFWV� WKH� VWUXFWXUH� RI� UHSUHVHQWDWLRQV� UDWKHU� WKDQ� WKH
SUHVHQFH� RI� SDUWLFXODU� FRQFHSWV�� DQG� WKDW� WKH� IOH[LEOH� XVH� RI� PXOWLSOH
UHSUHVHQWDWLRQV� LV� PRUH� LPSRUWDQW� WKDQ� WKH� SUHVHQFH� RI� RQH� VSHFLILF� NLQG� RI
UHSUHVHQWDWLRQ�

%DVHG�RQ�RXU�ILQGLQJV��ZH�K\SRWKHVLVHG�WKDW�FRQVWUXFWLQJ�D�VWUXFWXUHG�DQG�IOH[LEOH
SUREOHP� UHSUHVHQWDWLRQ� UHTXLUHV� WKH� SUREOHP� VROYHU� WR� HODERUDWH� RQ� WKH� LQLWLDO
SUREOHP�GHVFULSWLRQ�WR�LQIHU�UHODWLRQV�DQG�WKXV�FRQQHFW�SLHFHV�RI�LQIRUPDWLRQ��:H
DOVR�K\SRWKHVLVHG�WKDW��ZKHUHDV�SURILFLHQW�SUREOHP�VROYHUV�HODERUDWH�IOXHQWO\�RQ�D
JLYHQ� LQLWLDO� SUREOHP� GHVFULSWLRQ�� ZHDN� SUREOHP� VROYHUV� IDLO� WR� PDNH� SURSHU
HODERUDWLRQV� DXWRPDWLFDOO\�� WKRXJK� WKH\� KDYH� GHFODUDWLYH� NQRZOHGJH� RI� WKH
XQGHUO\LQJ� UHODWLRQV��:H� H[SHULPHQWDOO\� WHVWHG� WKH� HIIHFW� RI� SURYLGLQJ� EHJLQQHUV
ZLWK�HODERUDWLRQV� WKH\� IDLOHG� WR� LQIHU��2XU�PDLQ� LQWHUHVW�ZDV�ZKHWKHU�RU�QRW� WKH
DGGLWLRQDO�LQIRUPDWLRQ�ZRXOG�VXSSRUW�GHHS�SURFHVVLQJ��DQG�WKXV�WKH�HVWDEOLVKPHQW
RI� D� SUREOHP·V� ¶SK\VLFV·� UHSUHVHQWDWLRQ�� :H� XVHG� D� FDUG�VRUWLQJ� H[SHULPHQW� LQ
ZKLFK� ZH� KDG� WZR� YHUVLRQV� RI� SK\VLFV� SUREOHP� GHVFULSWLRQV� WR� EH� VRUWHG�� DQ
HODERUDWHG� DQG� D� ¶PLQLPXP·� GHVFULSWLRQ�� 7KH� UHVXOWV� IRU� SURILFLHQW� DQG� ZHDN
VWXGHQWV� ZHUH� FRPSDUHG�� :H� IRXQG� WKDW� WKH� HODERUDWLRQV� ZH� JDYH� VXSSRUWHG
LQWHJUDWLYH� UHDVRQLQJ� LQ� SURILFLHQW� VWXGHQWV� RQO\�� 2XU� ILQGLQJV� VXJJHVW� WKDW
UHDVRQLQJ�SURFHVVHV�LQ�ZHDN�VWXGHQWV�PD\�EH�TXDOLWDWLYHO\�GLIIHUHQW�IURP�WKRVH�LQ
SURILFLHQW�VWXGHQWV��DQG�WKDW�D�PDMRU�SUREOHP�LQ�ZHDN�EHJLQQHUV�LV�WKHLU�IDLOXUH�WR
HODERUDWH�UDWKHU�WKDQ�D�ODFN�RI�NQRZOHGJH�UHJDUGLQJ�SUREOHP�W\SHV�
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)URP�WKHVH�WZR�VWXGLHV�VRPH�GLUHFWLRQV�IRU�IXUWKHU�UHVHDUFK�FDQ�EH�LQIHUUHG��2QH
RXWFRPH� RI� WKH� ILUVW� VWXG\� ZDV� WKDW� QRYLFHV� PHQWLRQ� PDUNHGO\� PRUH� SUREOHP�
VROYLQJ�JRDOV�WKDQ�H[SHUWV�GR��7KLV�ILQGLQJ�GHVHUYHV�IXUWKHU�DWWHQWLRQ��SDUWLFXODUO\
EHFDXVH� UHVHDUFKHUV� KROG� RSSRVLWH� RSLQLRQV� RI� KRZ� JRDOV� VKRXOG� EH� XVHG� LQ
SUREOHP�VROYLQJ� LQVWUXFWLRQ� �FRPSDUH��&RUEHWW� DQG�$QGHUVRQ� �������ZKR� DGYLVH
HPSKDVLVLQJ�JRDOV�IURP�WKH�EHJLQQLQJ�YV��6ZHOOHU��������ZKR�SURPRWHV�JRDO�IUHH
SUREOHP�VROYLQJ�DV�D�PHDQV�WR�UHGXFH�FRJQLWLYH�ORDG���7KH�PHWKRG�ZH�XVHG�LQ�RXU
VHFRQG� VWXG\� FRXOG� FOHDUO\� EH� XVHG� ZLWK� GLIIHUHQW� W\SHV� RI� ¶HODERUDWLRQV·�� ,I� ZH
FRXOG� LGHQWLI\� D� W\SH� LQIRUPDWLRQ� WKDW� KHOSV� ZHDN� VWXGHQWV� PRUH� WKDQ� LW� KHOSV
SURILFLHQW� VWXGHQWV�� WKLV� ZRXOG� JLYH� LQVLJKW� LQWR� ZKDW� UHDVRQLQJ� ODFNV� LQ� ZHDN
VWXGHQWV�� DV�ZHOO� DV�SURYLGH� D� VWDUWLQJ� SRLQW� IRU� LQVWUXFWLRQ��7KH� IRUPDO� GLDJUDP
FRXOG�EH�D�SURPLVLQJ�W\SH�RI�LQIRUPDWLRQ�WR�EHJLQ�ZLWK�

$IWHU�ZH�KDG�GHWDLOHG� RXU� LQVLJKW� LQWR� WKH� OLPLWDWLRQV� RI� �ZHDN�� VWXGHQWV�PHQWDO
UHSUHVHQWDWLRQV� LQ�WZR�VWXGLHV��ZH�GHVLJQHG�DQ� LQVWUXFWLRQDO�DSSURDFK�VSHFLILFDOO\
DLPHG� DW� SURPRWLQJ� VWXGHQWV·�PHQWDO� SUREOHP� UHSUHVHQWDWLRQV��:H� VHDUFKHG� IRU
HDUOLHU�ZRUN�RQ�VFLHQFH�LQVWUXFWLRQ�WKDW�ZH�FRXOG�EXLOG�XSRQ��7KH�DLP�ZDV�WR�ILQG
LQWHUYHQWLRQV� WKDW� FRXOG� FRQWULEXWH� WR� VWXGHQWV� FRQVWUXFWLQJ� D� SUREOHP
UHSUHVHQWDWLRQ� DGHTXDWH� IRU� IRUPDO� SUREOHP�VROYLQJ��2QH� UHDVRQ�ZK\�ZH� IRXQG
UHODWLYHO\� IHZ� UHOHYDQW� VWXGLHV��PD\�EH� WKDW� UHFHQW� VFLHQFH� WHDFKLQJ� UHVHDUFK�� OLNH
WKH�FXUUHQW�VFLHQFH�FXUULFXOXP�LQ�VHFRQGDU\�HGXFDWLRQ��KDV�D�GHFOLQLQJ� LQWHUHVW� LQ
IRUPDO�SUREOHP�VROYLQJ��$OWKRXJK�ZH�UHFRJQLVH�WKH�PHULWV�RI�WKH�FXUUHQW�HPSKDVLV
RQ�FRQFHSWXDO�XQGHUVWDQGLQJ��ZH�DUJXHG� WKDW� WKH�GUDZEDFNV� WKLV� WUHQG�PD\�KDYH
IRU�IXUWKHU�HGXFDWLRQ�FDQQRW�EH�QHJOHFWHG�

$PRQJ� WKH� VWXGLHV� ZH� IRXQG�� WZR� W\SHV� RI� LQWHUYHQWLRQ� ZHUH� PRVW� SURPLVLQJ�
ILUVWO\�� WKRVH� ZKHUH� WKH� WDVNV� ZHUH� VWUXFWXUHG� VXFK� WKDW� VWXGHQWV·� DWWHQWLRQ� ZDV
GLUHFWHG�WR�LGHQWLI\LQJ�UHOHYDQW�SUREOHP�IHDWXUHV��DQG�VHFRQGO\��WKRVH�WKDW�WUDLQHG
VWXGHQWV�LQ�XVLQJ�SRZHUIXO�UHSUHVHQWDWLRQV��VXFK�DV�GLDJUDPV��:H�DLPHG�WR�FUHDWH�D
OHDUQLQJ� HQYLURQPHQW� ZLWK� VLPLODU� PHDVXUHV� WKDW� ZRXOG� DOVR� JLYH� IHHGEDFN� DQG
VXSSRUW�� :H� GHFLGHG� WR� LPSOHPHQW� D� OHDUQLQJ� HQYLURQPHQW� XVLQJ� D� FRPSXWHU
DOJHEUD�V\VWHP��&$6���$�&$6�FDQ�WDNH�RYHU�PDQ\�DOJHEUDLF�FDOFXODWLRQV�DQG�VRPH
&$6V� RIIHU� SRZHUIXO� WRROV� IRU� YLVXDOLVDWLRQ�� :H� XVHG� D� VSHFLILF� &$6�� QDPHO\
0DWKHPDWLFD�� WR� LPSOHPHQW� DQ�HOHFWURVWDWLFV� FRXUVH�PRGXOH��:H�VHW�RXU� OHDUQLQJ
HQYLURQPHQW�LQ�VXFK�D�ZD\�WKDW�LW�EHFDPH�UHZDUGLQJ�WR�DQDO\VH�D�SUREOHP�SURSHUO\
DQG� WR� LGHQWLI\� WKH� SURSHU� VROXWLRQ� DSSURDFK�� 2XU� OHDUQLQJ� HQYLURQPHQW� DOVR
SURYLGHG�VXSSRUW�IRU�YLVXDOLVDWLRQ�

$V�ZH�KDG�IRXQG�FOHDU�GLIIHUHQFHV�EHWZHHQ�JRRG�DQG�ZHDN�QRYLFHV�LQ�WKH�ILUVW�SDUW
RI� RXU� ZRUN�� LW� ZRXOG� VHHP� QDWXUDO� WR� SURYLGH� GLIIHUHQW� NLQGV� RI� LQVWUXFWLRQDO
VXSSRUW� IRU�JRRG�DQG�ZHDN�VWXGHQWV��*RRG�VWXGHQWV�PLJKW�EHVW�EH�VXSSRUWHG� LQ
DFKLHYLQJ�D�PRUH�IOH[LEOH�SUREOHP�UHSUHVHQWDWLRQ��ZKLFK�LV�LQWHJUDWHG�ZLWK�VROXWLRQ
LQIRUPDWLRQ�� ZKHUHDV� ZHDN� VWXGHQWV� PLJKW� EHWWHU� EH� VXSSRUWHG� WR� FRQVWUXFW� D
FRKHUHQW�UHSUHVHQWDWLRQ��2XU�OHDUQLQJ�HQYLURQPHQW�ZDV�GHVLJQHG�WR�SURYLGH�ERWK
NLQGV�RI�VXSSRUW��,W�FRXOG�KDYH�EHHQ�LQIRUPDWLYH�WR�FRQVWUXFW�WZR�YHUVLRQV�RI�WKH
OHDUQLQJ�HQYLURQPHQW��HDFK�SURYLGLQJ�RQH�NLQG�RI�VXSSRUW��DQG�WR�WHVW�ZKHWKHU�WKH
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OHDUQLQJ� RXWFRPH� GHSHQGV� RQ� LQWHUDFWLRQV� EHWZHHQ� VWXGHQW� OHYHO� DQG� W\SH� RI
LQVWUXFWLRQ��7KHUH�DUH�VRPH�IDFWRUV�DJDLQVW�VXFK�DQ�DSSURDFK��KRZHYHU��7KLV�W\SH
RI�LQWHUDFWLRQV��ZKLFK�KDYH�FRPPRQO\�EHHQ�WHUPHG�DSWLWXGH�WUHDWPHQW�LQWHUDFWLRQV
�$7,��� KDV� EHHQ� VWXGLHG� LQ� RWKHU� GRPDLQV�� 4XLWH� RIWHQ� UHVHDUFK� IDLOV� WR
GHPRQVWUDWH�VXFK�HIIHFWV�LQ�UHDOLVWLF�VHWWLQJV��7KLV�PLJKW�EH�QRW�EHFDXVH�WKHUH�DUH
QR� VXFK� HIIHFWV�� EXW� UDWKHU� EHFDXVH� DSWLWXGH� LV� D� FRPSRVLWH� WUDLW�� ZKLFK� PDNHV
VWUDLJKWIRUZDUG� SUHGLFWLRQV� DERXW� WKH� HIIHFWV� RI� LQVWUXFWLRQ� LPSRVVLEOH�� 7KLV� LV
HYHQ� PRUH� VR� IRU� VWXGLHV� ZKHUH� DSWLWXGH� KDV� EHHQ� HTXDWHG� ZLWK� LQWHOOLJHQFH
�FRPSDUH�9HHQPDQ�	�(OVKRXW���������������,Q�DGGLWLRQ��LQ�D�UHDOLVWLF�VHWWLQJ�WKHUH
DUH�PDQ\�GLVWXUEDQFHV�� VR� WKDW� HIIHFW� VL]HV� DUH�TXLWH� VPDOO����'HPRQVWUDWLQJ� VXFK
HIIHFWV� UHTXLUHV� ODUJH�QXPEHUV�RI� VXEMHFWV��RU� ORQJ�SHULRGV�RI� LQVWUXFWLRQ� WR�JDLQ
DFFHSWDEOH� VWDWLVWLFDO� SRZHU�� $V� RXU� UHVRXUFHV� ZHUH� OLPLWHG�� WKLV� DSSURDFK� ZDV
XQDYDLODEOH��$V�D�PRUH�VXEVWDQWLDO�SRLQW��WKH�FRXUVH�ZH�KDG�GHVLJQHG�ZDV�LQWHQGHG
DV�DQ�H[HPSODU�RI�DQ�DSSURDFK�WR�EH�IROORZHG�LQ�HGXFDWLRQDO�SUDFWLFH��$V�VXFK��LW
VKRXOG� EH� FRPSDUHG� WR� WUDGLWLRQDO� LQVWUXFWLRQ� LQ� WKH� ILUVW� SODFH�� 0RUHRYHU�� LQ
FXUUHQW� XQLYHUVLW\� HGXFDWLRQDO� SUDFWLFH�� SURYLGLQJ� GLIIHUHQW� LQVWUXFWLRQ� IRU� JRRG
DQG� ZHDN� VWXGHQWV� LV� DQ� XQUHDOLVWLF� RSWLRQ���� 7KHUHIRUH�� $7,� VWXGLHV� DUH� RI� OHVV
GLUHFW�UHOHYDQFH�WR�DSSOLHG�XQLYHUVLW\�HGXFDWLRQ�UHVHDUFK�

%DVHG� RQ� WKHVH� FRQVLGHUDWLRQV�� ZH� FKRVH� WR� FRPSDUH� RXU� H[SHULPHQWDO� PRGXOH
ZLWK� WKH�QRUPDO� DSSURDFK��:H�GLG� VR�XVLQJ� WZR�GLIIHUHQW� WHVWV�� WKH� UHJXODU� ILQDO
H[DP�DQG�DQ�DGDSWHG�WHVW�WKDW�ZDV�VSHFLILFDOO\�WDLORUHG�WRZDUGV�RXU�OHDUQLQJ�JRDOV�
/HDUQLQJ� RXWFRPHV� IRU� ERWK� DSSURDFKHV� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW�� 7KH
H[SHULPHQWDO� FRXUVH�� KRZHYHU�� FRXOG� VXFFHVVIXOO\� DGGUHVV� D� QXPEHU� RI
PLVFRQFHSWLRQV�� SDUWLFXODUO\� WKURXJK� WKH� XVH� RI� LQWHUDFWLYH� YLVXDOLVDWLRQV�� 7KH
H[SHULPHQWDO� FRXUVH� VWXGHQWV� IRXQG� WKH� YLVXDOLVDWLRQ� WRROV�PRUH� LQVWUXFWLYH� WKDQ
WKH�SUREOHP�VROYLQJ�WRROV��7KH�H[SHULPHQWDO�FRXUVH�DSSDUHQWO\�LPSRVHG�WRR�KLJK�D
FRJQLWLYH�ORDG�RQ�WKH�VWXGHQWV��%DVHG�RQ�WKHVH�RXWFRPHV��ZH�PDGH�SURSRVDOV�KRZ
WR� LPSURYH� WKH� FRXUVH�� :H� FRQFOXGHG� WKDW�� ZLWK� VRPH� LPSURYHPHQWV�� WKH
H[SHULPHQWDO�FRXUVH�FRXOG�EH�YDOXDEOH�WR�VXSSOHPHQW�WKH�XVXDO�WHDFKLQJ�DSSURDFK�

2XU�H[SHULPHQW�ZDV�GRQH�ZLWK�VWXGHQWV�ZKR�WRRN�SDUW�LQ�WKH�QRUPDO�FXUULFXOXP�
$V� D� FRQVHTXHQFH�� DW� WKHLU� ILQDO� H[DP� WKH\� KDG� WR� VROYH� WKHLU� DVVLJQPHQWV� WKH
WUDGLWLRQDO�ZD\��:H�KDYH�DOUHDG\�HPSKDVLVHG� WKH� LPSRUWDQFH�RI� � FRUUHVSRQGHQFH
EHWZHHQ�WKH�DELOLWLHV�WDXJKW�DQG�WKH�DELOLWLHV�UHTXLUHG�DW�WKH�ILQDO�WHVW��:KHQ�VHWWLQJ
XS�RXU�H[SHULPHQW��ZH�QRWHG�WKH�ODFN�RI�VWDQGDUGLVHG�DQG�YDOLGDWHG�WHVWV�WKDW�FRXOG
EH� XVHG� WR� HYDOXDWH� WKH� OHDUQLQJ� RXWFRPH� RI� DQ� LQWHUYHQWLRQ�� DQG� WR� FRPSDUH
EHWZHHQ�GLIIHUHQW�LQWHUYHQWLRQV��0RVW�RI�WKH�WHVW�LWHPV�DYDLODEOH�SODFH�DQ�HPSKDVLV
RQ� FDUU\LQJ� RXW� DOJHEUDLF� SURFHGXUHV�� )RU� PHFKDQLFV� WKHUH� DUH� VRPH� TXDOLWDWLYH
UHDVRQLQJ�WHVWV�WKDW�DUH�XVHG�PRUH�ZLGHO\��+HVWHQHV�HW�DO��������+HVWHQHV�	�:HOOV�

���������������������������������������������
���%HFDXVH�ZLWKLQ�JURXS�YDULDWLRQ�RI�JDLQ�VFRUHV�DUH�KLJK�IRU�DQ\�VKRUW�FRXUVH��HYHQ�TXLWH
HIIHFWLYH�LQVWUXFWLRQDO�PHDVXUHV�PD\�UHQGHU�VPDOO�VWDWLVWLFDO�HIIHFW�VL]HV��7KLV�GRHV�QRW�QHFHVVDULO\
LPSO\�WKDW�WKH�HIIHFW�LV�XQLPSRUWDQW�WR�HGXFDWLRQDO�SUDFWLFH�
���&RQVLGHULQJ�WKH�FXUUHQW�VWDWH�LQ�LQWHOOLJHQW�WXWRULQJ�V\VWHPV��IRU�PRVW�GRPDLQV�LQGLYLGXDOO\
WDLORUHG�LQVWUXFWLRQ�ZLOO�QRW�EH�IHDVLEOH�LQ�WKH�QHDU�IXWXUH��2Q�WKH�RWKHU�KDQG�WHFKQRORJ\�SURYLGHV
OHDUQHUV�ZLWK�LQFUHDVLQJ�RSSRUWXQLWLHV�WR�DGDSW�OHDUQLQJ�HQYLURQPHQWV�WR�WKHLU�QHHGV�WKHPVHOYHV�
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������� EXW� WKHVH� GR� QRW� DGGUHVV� WKH� FKRLFH� RI� VROXWLRQ� PHWKRGV�� )XUWKHU
GHYHORSPHQW� RI� YDOLGDWHG� WHVWV� IRU� VSHFLILF� NLQGV� RI� NQRZOHGJH� FRXOG� FOHDUO\
FRQWULEXWH�WR�WKH�DGYDQFHPHQW�RI�SK\VLFV�HGXFDWLRQ�UHVHDUFK�

:KHQ� FRQVLGHULQJ� WKH� LQWURGXFWLRQ� RI� D� &$6� LQ� HGXFDWLRQ�� WKHUH� DUH� DGGLWLRQDO
UHDVRQV�WR�QRW�RQO\�UHFRQVLGHU�WKH�WHVWV�XVHG��EXW�DOVR�UHYLVH�HGXFDWLRQDO�JRDOV��7KH
XVH� RI� &$6V� H[WHQGV� WR� SURIHVVLRQDO� SUREOHP�VROYLQJ� SUDFWLFH�� DQG� ZLWK� WKH
DYDLODELOLW\�RI�VXFK�WRROV� WKH� LPSRUWDQFH�RI� �PDQ\�FRPSXWDWLRQDO� VNLOOV�KDV� WR�EH
UHFRQVLGHUHG��:LWK�WKH�XVH�RI��D�&$6��VWXGHQWV�LQ�WKH�ILUVW�\HDU�RI�WKHLU�VWXG\�FDQ
VROYH�SUREOHPV�WUDGLWLRQDOO\� WDXJKW� LQ�WKH�VHFRQG�RU� WKLUG�\HDU�RI� WKH�VWXG\� �9DQ
:HHUW�� SHUVRQDO� FRPPXQLFDWLRQ�� 6LPRQV�� ������� )RU� WKLV� UHDVRQ�� WKH� LQFUHDVLQJ
DYDLODELOLW\� RI� &$� WRROV�� DQG�� OLNHZLVH�� QXPHULFDO� WRROV�� RIIHUV� RSSRUWXQLWLHV� WR
WHDFK� FRPSXWDWLRQDO� VNLOOV� RQO\� LQVRIDU� DV� WKH\� FRQWULEXWH� WR� XQGHUVWDQGLQJ��7KH
LPSRUWDQFH� RI� FRPSXWDWLRQDO� VNLOO� WR� XQGHUVWDQGLQJ� KDV� EHHQ� GHEDWHG� RYHU� HYHU
VLQFH�WKH�LQWURGXFWLRQ�RI�KDQG�KHOG�FDOFXODWRUV��EXW�WKH�LVVXH�UHPDLQV�XQVHWWOHG�

6WXGLHV� VXFK� DV� RXU� ILQDO� H[SHULPHQW�� ZLWK� UHDOLVWLF� OHDUQLQJ� WDVNV� LQ� UHDOLVWLF
VHWWLQJV�� SURYLGH� JOREDO� LQIRUPDWLRQ� DERXW� WKH� HIIHFWLYHQHVV� RI� DQ� LQVWUXFWLRQDO
GHVLJQ�� EXW� WKH\� FDQ� RQO\� UHQGHU� OLPLWHG� LQIRUPDWLRQ� DERXW� WKH� GLIIHUHQFHV� LQ
OHDUQLQJ� SURFHVVHV� EHWZHHQ� JRRG� DQG� ZHDN� VWXGHQWV�� )XUWKHU� UHVHDUFK� FRXOG� EH
GLUHFWHG�DW�D�PRUH� LQ�GHSWK�DQDO\VLV�RI�VWXGHQWV·�EHKDYLRXU�ZKHQ�ZRUNLQJ�ZLWK�D
&$6�EDVHG�OHDUQLQJ�HQYLURQPHQW��7KLV�FRXOG�KHOS�WR�UHGXFH�H[WUDQHRXV�FRJQLWLYH
ORDG�� DQG� WR� HQKDQFH� DFWLYH� OHDUQLQJ�� $Q� LQ�GHSWK� DQDO\VLV� FRXOG� DOVR� SURYLGH
LQVLJKW�LQWR�KRZ�JRRG�DQG�ZHDN�VWXGHQWV�GLIIHU�LQ�XVLQJ�VSHFLILF�NLQGV�RI�VXSSRUW�
1HYHUWKHOHVV�� HYHQ� VXFK� DQ� LQ�GHSWK� VWXG\� FDQ�RQO\� SURYLGH� OLPLWHG� LQIRUPDWLRQ
DERXW�FRJQLWLYH�SURFHVVHV�DQG�PHQWDO�UHSUHVHQWDWLRQV�LQ�JRRG�DQG�ZHDN�EHJLQQHUV�
7KHLU� XQGHUVWDQGLQJ� UHTXLUHV� PRUH� UHVWULFWHG� WDVNV� DQG� PRUH� FRQWUROOHG
H[SHULPHQWDO� VHW�XSV�� IRU� LQVWDQFH�� WR� FRPSDUH� WKH� HIIHFWV� GLIIHUHQW� W\SHV� RI
UHSUHVHQWDWLRQDO� WRROV�KDYH�RQ� OHDUQLQJ�� ,W� UHPDLQV�RQH�RI�FRJQLWLYH�SV\FKRORJ\·V
PDMRU�FKDOOHQJHV�WR�GHWDLO�RXU�XQGHUVWDQGLQJ�RI�FRPSOH[�OHDUQLQJ�SURFHVVHV��VXFK
DV�WKRVH�WKDW�RFFXU�ZKLOH�OHDUQLQJ�SK\VLFV�SUREOHP�VROYLQJ��0HHWLQJ�WKLV�FKDOOHQJH
UHTXLUHV� FRQWUROOHG� H[SHULPHQWV� WKDW� PXVW� UHWDLQ� WKH� FRPSOH[LW\�� NQRZOHGJH
LQWHQVLYHQHVV�DQG�FUHDWLYLW\��ZKLFK�IRUP�WKH�HVVHQFH�RI�SK\VLFV�SUREOHP�VROYLQJ�
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6DPHQYDWWLQJ��6XPPDU\�

:H�KHEEHQ�RQGHU]RFKW�KRH�GH�SUREOHHPUHSUHVHQWDWLHV�YDQ�QDWXXUNXQGHVWXGHQWHQ
YHUEHWHUG� NXQQHQ�ZRUGHQ��+HW� LV� LQ�PHHUGHUH� RQGHU]RHNHQ� JHEOHNHQ� GDW� JRHGH
SUREOHHPRSORVVHUV� ]LFK�SUREOHHPVLWXDWLHV�EHWHU� YRRU� NXQQHQ� VWHOOHQ� GDQ� ]ZDNNH
SUREOHHPRSORVVHUV� �&KL� HW� DO��� ������&KL�	�%DVVRN�� ������'H� -RQJ�	�)HUJXVRQ�
+HVVOHU��������/DUNLQ���������9DDN�ZRUGHQ�GH]H�YHUVFKLOOHQ� LQ�ppQ�ZRRUG�DDQJH�
GXLG�DOV�YHUVFKLOOHQ�LQ�GLHSWH��:DW�GH]H�YHUVFKLOOHQ�SUHFLHV�LQKRXGHQ�LV�HFKWHU�YHHO
PLQGHU�GXLGHOLMN��,Q�GLW�RQGHU]RHN�KHEEHQ�ZH�DOOHUHHUVW� LQ�NDDUW�JHEUDFKW�KRH�GH
SUREOHHPUHSUHVHQWDWLHV�YDQ�VXFFHVYROOH�HQ�PLQGHU�VXFFHVYROOH�SUREOHHPRSORVVHUV
SUHFLHV� YDQ� HONDDU� YHUVFKLOOHQ�� 9HUYROJHQV� KHEEHQ� ZH� RQGHU]RFKW� RI� RRN� GH
FRQVWUXFWLH�YDQ�HHQ�SUREOHHPUHSUHVHQWDWLH�YHUVFKLOOHQG�YHUORRSW�ELM�VXFFHVYROOH�HQ
PLQGHU� VXFFHVYROOH� SUREOHHPRSORVVHUV�� 'H� XLWNRPVWHQ� YDQ� GH]H� HHUVWH� WZHH
RQGHU]RHNHQ� ZDUHQ� DDQOHLGLQJ� RP� HHQ� OHHURPJHYLQJ� WH� RQWZHUSHQ� PHW� H[WUD
RQGHUVWHXQLQJ� YRRU� KHW� YHUEHWHUHQ� YDQ� SUREOHHPUHSUHVHQWDWLHV�� 'H� HIIHFWLYLWHLW
YDQ�GH]H�OHHURPJHYLQJ�KHEEHQ�ZH�WHQVORWWH�JHWHVW�LQ�HHQ�GHUGH�H[SHULPHQW��%LM�DOOH
RQGHU]RHNHQ� JHEUXLNWHQ� ZH� HOHNWULFLWHLWVOHHU� DOV� YDNLQKRXG�� :H� EHVSUHNHQ� KLHU�
RQGHU�NRUW�GH�YHUVFKLOOHQGH�RQGHU]RHNHQ�

,Q�HHQ�HHUVWH�H[SHULPHQW�KHEEHQ�ZH�YHUVFKLOOHQ�WXVVHQ�SUREOHHPUHSUHVHQWDWLHV�YDQ
H[SHUWV�HQ�YDQ�JRHGH�HQ�]ZDNNH�EHJLQQHUV�LQ�NDDUW�JHEUDFKW��:H�JLQJHQ�HU�YDQXLW
GDW�YHUVFKLOOHQ�LQ�¶GLHSWH·�JHYROJHQ�]RXGHQ�KHEEHQ�YRRU�KHW�W\SH�FRQFHSWHQ�LQ�GH
SUREOHHPUHSUHVHQWDWLH��YRRU�GH�UHODWLHV�GLH� WXVVHQ�GH]H�FRQFHSWHQ�JHOHJG�ZRUGHQ
HQ� YRRU� GH� JOREDOH� VWUXFWXXU� YDQ� GH� SUREOHHPUHSUHVHQWDWLH��:H� RQWZLHUSHQ� HHQ
PHWKRGH�ZDDUELM�SURHISHUVRQHQ�SUREOHHPVLWXDWLHV�EHVFKULMYHQ�QDDU�DDQOHLGLQJ�YDQ
HHQ�QDWXXUNXQGHIRUPXOH��:H�QHPHQ�DDQ�GDW�GH�VLWXDWLHEHVFKULMYLQJ�HHQ�DIVSLHJH�
OLQJ�YRUPW�YDQ�HHQ�RQGHUOLJJHQG�PHQWDDO�PRGHO��'H�YHU]DPHOGH� VLWXDWLHEHVFKULM�
YLQJHQ� NXQQHQ� YHUYROJHQV� RS� YHUVFKLOOHQGH� PDQLHUHQ� JHDQDO\VHHUG� ZRUGHQ�� :H
RQGHU]RFKWHQ�YHUVFKLOOHQ� LQ�KHW�JHEUXLN�YDQ� W\SHQ�ZRRUGHQ�HQ� W\SHQ�]LQQHQ�� HQ
ZH�RQGHU]RFKWHQ�YHUVFKLOOHQ�LQ�GH�JOREDOH�VWUXFWXXU�YDQ�GH�VLWXDWLHEHVFKULMYLQJHQ�
:H� FRQFOXGHUHQ� GDW� SUREOHHPUHSUHVHQWDWLHV� YDQ� JRHGH� SUREOHHP�RSORVVHUV� ]LFK
YRRUDO� RQGHUVFKHLGHQ� GRRU� KXQ� VWUXFWXXU� HQ� GRRU� GH� IOH[LEHOH� NRSSHOLQJ� WXVVHQ
YHUVFKLOOHQGH�VRRUWHQ�LQIRUPDWLH�³�]RDOV� WXVVHQ�DEVWUDFWH�HQ�FRQFUHWH� LQIRUPDWLH
HQ� WXVVHQ� SUREOHHPNHQPHUNHQ� HQ� RSORVLQIRUPDWLH��:H� YRQGHQ� JHHQ� DDQZLM]LQJ
GDW� HHQ� EHSDDOG� VRRUW� FRQFHSWHQ� RI� HHQ� EHSDDOGH� LQKRXG� NHQPHUNHQG� ]RX� ]LMQ
YRRU�UHSUHVHQWDWLHV�YDQ�JRHGH�SUREOHHP�RSORVVHUV��'H]H�XLWNRPVW�YHUVFKLOW�GXLGH�
OLMN�YDQ�GH�SRSXODLUH�RSYDWWLQJ�GDW�JRHGH�SUREOHHP�RSORVVHUV�YRRUDO�DEVWUDFWH�HQ
JHJHQHUDOLVHHUGH�UHSUHVHQWDWLHV�]RXGHQ�KHEEHQ�

2P�HHQ�JHVWUXFWXUHHUGH�HQ�IOH[LEHOH�YRRUVWHOOLQJ�YDQ�HHQ�VLWXDWLH�WH�YRUPHQ�LV�KHW
QRGLJ�H[WUD�LQIRUPDWLH�WRH�WH�YRHJHQ�DDQ�GH�RRUVSURQNHOLMNH�SUREOHHPVWHOOLQJ��'LW
SURFHV��GDW�ZH�HODERUDWLH�QRHPHQ��YHUELQGW�HOHPHQWHQ�XLW�GH�SUREOHHPEHVFKULMYLQJ
PHW� NHQQLV� XLW� KHW� ODQJH�WHUPLMQJHKHXJHQ�� 2S� EDVLV� YDQ� GH� UHVXOWDWHQ� YDQ� RQV
HHUVWH�H[SHULPHQW�YHURQGHUVWHOGHQ�ZH�GDW�VXFFHVYROOH�SUREOHHPRSORVVHUV�YORHLHQG
GH� EHQRGLJGH� LQIRUPDWLH� XLW� KXQ� ODQJH�WHUPLMQJHKHXJHQ� WRHYRHJHQ� ELM� KHW� LQWHU�
SUHWHUHQ�YDQ�HHQ�SUREOHHPEHVFKULMYLQJ�� WHUZLMO�]ZDNNH�SUREOHHPRSORVVHUV�HU�QLHW
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LQ�VODJHQ�KXQ�NHQQLV�WH�EHQXWWHQ�RP�GH�HOHPHQWHQ�XLW�GH�SUREOHHPEHVFKULMYLQJ�RS
HHQ�JRHGH�PDQLHU�WH�YHUELQGHQ��:H�KHEEHQ�RQGHU]RFKW�RI�EHJLQQHQGH�SUREOHHP�
RSORVVHUV�GLH�HHQYRXGLJH�HODERUDWLHV�H[SOLFLHW�DDQJHERGHQ�NULMJHQ�GH]H�LQIRUPDWLH
NXQQHQ�EHQXWWHQ�RP�]HOI�YHUGHU�WH�UHGHQHUHQ�HQ�]R�HHQ�GLHSH�SUREOHHPUHSUHVHQ�
WDWLH� WH� YRUPHQ�� :H� RQWZLHUSHQ� KLHUWRH� HHQ� DDQJHSDVWH� YHUVLH� YDQ� GH� EHNHQGH
SUREOHHPFDWHJRULVDWLHWDDN�� SURHISHUVRQHQ� NUHJHQ� HHQ� VHW� NDDUWMHV� PHW� RS� LHGHU
NDDUWMH� HHQ� SUREOHHPEHVFKULMYLQJ�� GH� RSGUDFKW� LV� GH]H� NDDUWMHV� WH� VRUWHUHQ� RS
RSORVPHWKRGH�� :H� PDDNWHQ� WZHH� YHUVLHV� YDQ� GH� SUREOHHPVHW�� HHQ� YHUVLH� PHW
PLQLPDOH� EHVFKULMYLQJHQ� YDQ� LHGHU� SUREOHHP� HQ� HHQ� YHUVLH� PHW� HHQ� HHQYRXGLJH
HODERUDWLH� ELM� LHGHU� SUREOHHP�� :H� YHUJHOHNHQ� GH� NZDOLWHLW� YDQ� GH� SUREOHHP�
VRUWHULQJHQ� YDQ� JRHGH� HQ� ]ZDNNH� EHJLQQHUV�� HQ� KHW� HIIHFW� YDQ� GH� WRHJHYRHJGH
HODERUDWLHV�YRRU�EHLGH�JURHSHQ��=RZHO�JRHGH�DOV�]ZDNNH�EHJLQQHUV�EOHNHQ�LQ�VWDDW
RSORVPHWKRGHQ�WH�EHQRHPHQ�HQ�SUREOHPHQ�PHW�HQLJ�VXFFHV�RS�RSORVPHWKRGH�WH
VRUWHUHQ�� 'H� WRHJHYRHJGH� HODERUDWLHV� KDGGHQ� DOOHHQ� HHQ� SRVLWLHI� HIIHFW� YRRU� GH
JRHGH�EHJLQQHUV��'LW�UHVXOWDDW�ZLMVW�RS�NZDOLWDWLHYH�YHUVFKLOOHQ�WXVVHQ�GH�UHGHQHHU�
SURFHVVHQ� YDQ� JRHGH� HQ� ]ZDNNH� EHJLQQHUV�� :H� FRQFOXGHUHQ� GDW� EHJLQQHUV� ZHO
SUREOHHPW\SHQ� NHQQHQ�� PDDU� GDW� GH� HODERUDWLH� YDQ� KHW� SUREOHHP� HHQ� JURRW
VWUXLNHOEORN�LV�

1DGDW�GH�HHUVWH�WZHH�RQGHU]RHNHQ�KDGGHQ�YHUGXLGHOLMNW�KRH�GH�PHQWDOH�UHSUHVHQ�
WDWLHV�YDQ�EHJLQQHQGH�QDWXXUNXQGHSUREOHHPRSORVVHUV� WHNRUWVFKRWHQ��EHVORWHQ�ZH
HHQ�OHHURPJHYLQJ�WH�RQWZHUSHQ�VSHFLDDO�JHULFKW�RS�KHW�YHUEHWHUHQ�YDQ�SUREOHHP�
UHSUHVHQWDWLHV��:H�RQWZLHUSHQ�HHQ�OHHURPJHYLQJ�ZDDULQ�GH�DDQGDFKW�YDQ�VWXGHQWHQ
JHULFKW�]RX�ZRUGHQ�RS�KHW�KHUNHQQHQ�YDQ�EHODQJULMNH�SUREOHHPNHQPHUNHQ�HQ�GLH
RQGHUVWHXQLQJ� ]RX� ELHGHQ� ELM� KHW� PDNHQ� YDQ� YLVXHOH� UHSUHVHQWDWLHV�� :H� LPSOH�
PHQWHHUGHQ� RQ]H� OHHURPJHYLQJ� LQ� HHQ� FRPSXWHUDOJHEUDV\VWHHP� �&$6��� QDPHOLMN
0DWKHPDWLFD��=R·Q�&$6��NDQ�HHQ�JURRW�GHHO�YDQ�KHW�UHNHQZHUN�RYHUQHPHQ��PLWV
KHW� SUREOHHP� SUHFLHV� ZRUGW� JHVSHFLILFHHUG�� 'DQ� NDQ� RRN� GH� RSORVVLQJ� YDQ� HHQ
HHUGHU� SUREOHHP� ¶JHNRSLHHUG·�ZRUGHQ� QDDU� HHQ� QLHXZ� SUREOHHP�� %RYHQGLHQ� NDQ
HHQ�&$6�JHEUXLNW�ZRUGHQ�RP�SUREOHPHQ�HQ�RSORVVLQJHQ�WH�YLVXDOLVHUHQ�

:H�KHEEHQ�KHW�OHHUUHVXOWDDW�PHW�GH�QLHXZ�RQWZRUSHQ�OHHURPJHYLQJ�H[SHULPHQWHHO
YHUJHOHNHQ�PHW� �KHW�HIIHFW�YDQ�WUDGLWLRQHOH�ZHUNFROOHJHV��'DDUWRH�KHEEHQ�ZH�HHQ
JURHS�VWXGHQWHQ�]HYHQ�XXU� ODWHQ�ZHUNHQ�PHW�GH�QLHXZH� OHHURPJHYLQJ� WHUZLMO�HHQ
WZHHGH�JURHS�VWXGHQWHQ�]HYHQ�XXU� WUDGLWLRQHHO�ZHUNFROOHJH�YROJGH�� �2Q]H�SURHI�
SHUVRQHQ�YROJGHQ�QDDVW�KHW�H[SHULPHQW�RRN�KXQ�UHJXOLHUH�FXUVXV�HOHNWULFLWHLWVOHHU�
:H�YHUJHOHNHQ�GH�SUHVWDWLHV�YDQ�RQ]H�EHLGH�JURHSHQ�SURHISHUVRQHQ�RS�KHW�UHJX�
OLHUH� WHQWDPHQ�HQ�RS�HHQ�DDQJHSDVWH� WHVW�GLH� VSHFLDDO� JHULFKW�ZDV�RS�GH�NZDOLWHLW
YDQ� GH� SUREOHHPUHSUHVHQWDWLH�� 2S� JHHQ� YDQ� EHLGH� WHVWV� YRQGHQ� ZH� VLJQLILFDQWH
YHUVFKLOOHQ�WXVVHQ�EHLGH�JURHSHQ��6WXGHQWHQ�YRQGHQ�GH�QLHXZH�PHWKRGH�ZHO�PRWL�
YHUHQG� HQ� VWXGHQWHQ� NZDPHQ� YRRUDO� GRRU� GH� YLVXDOLVDWLHV� WRW� QLHXZH� LQ]LFKWHQ�
'RRU�GH�NRUWH�GXXU�YDQ�KHW�H[SHULPHQW�JLQJ�HFKWHU�UHODWLHI�YHHO�WLMG�YHUORUHQ�DDQ
KHW� OHUHQ�ZHUNHQ�PHW�0DWKHPDWLFD��'DDUQDDVW�EOHHN�RRN�GDW�GH� OHHURPJHYLQJ�RS
HHQ�DDQWDO�SXQWHQ�RQYROGRHQGH�GXLGHOLMN�ZDV��HQ�GDW�GH�VWUXFWXXU�YDQ�GH�RSJDYHQ
QRJ�RQYROGRHQGH�GZLQJW�WRW�QDGHQNHQ�RYHU�GH�EHWHNHQLV�YDQ�RSORVVLQJHQ��2RN�GH
FRQWH[W� ZDDULQ� KHW� H[SHULPHQW� SODDWVYRQG�� QDPHOLMN� GH� UHJXOLHUH� FXUVXV� HQ� KHW
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UHJXOLHUH�WHQWDPHQ��ZDV�QLHW�RSWLPDDO��,Q�KHW�ELM]RQGHU�]RX�KHW�ZHQVHOLMN�]LMQ�GDW
GH� VSHFLILHNH� YDDUGLJKHGHQ�GLH� JHOHHUG�ZRUGHQ� LQ� GH�0DWKHPDWLFD� YHUVLH� YDQ� GH
FXUVXV�RS�KHW�WHQWDPHQ�EHQXW�]RXGHQ�NXQQHQ�ZRUGHQ���:H�FRQFOXGHUHQ�GDQ�RRN
GDW� HU� YROGRHQGH� DDQNQRSLQJVSXQWHQ� ]LMQ� RP� LQ� HHQ� YHUYROJRQGHU]RHN� HHQ� YHU�
EHWHUGH�YHUVLH�YDQ�GH�OHHURPJHYLQJ�XLW�WH�WHVWHQ�
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-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ��������������

0HWWHV��&�7���3LORW��$���5RRVVLQN��+�-����������/LQNLQJ�IDFWXDO�DQG�SURFHGXUDO
NQRZOHGJH�LQ�VROYLQJ�VFLHQFH�SUREOHPV��$�FDVH�VWXG\�LQ�D�WKHUPRG\QDPLFV
FRXUVH��,QVWUXFWLRQDO�6FLHQFH��������������

0LQVN\��0�/����������$�IUDPHZRUN�IRU�UHSUHVHQWLQJ�NQRZOHGJH��,Q�3�+��:LQVWRQ
�(G����7KH�SV\FKRORJ\�RI�FRPSXWHU�YLVLRQ��SS�����������

0LQVWUHOO��-�$����������7HDFKLQJ�VFLHQFH�IRU�XQGHUVWDQGLQJ��,Q�/��5HVQLFN�	�/�(�
.ORSIHU��(GV����7RZDUG�WKH�7KLQNLQJ�&XUULFXOXP��&XUUHQW�&RJQLWLYH�5HVHDUFK������
$6&'�<HDUERRN��SS������������$OH[DQGULD��9$��$VVRFLDWLRQ�IRU�6XSHUYLVRQ�DQG
&XUULFXOXP�'HYHORSPHQW�

1DWKDQ��0�-���.LQWVFK��:���	�<RXQJ��(����������$�WKHRU\�RI�DOJHEUD�ZRUG�
SUREOHP�FRPSUHKHQVLRQ�DQG�LWV�LPSOLFDWLRQV�IRU�WKH�GHVLJQ�RI�OHDUQLQJ
HQYLURQPHQWV��&RJQLWLRQ�DQG�,QVWUXFWLRQ�������������

1HZHOO��$���	�6LPRQ��+�$����������3UREOHP�VROYLQJ��(QJOHZRRG�&OLIIV��1-��3UHQWLFH�
+DOO�

1RRUGPDQ��/�*���9RQN��:���	�.HPSII��+�-����������&DXVDO�LQIHUHQFHV�GXULQJ�WKH
UHDGLQJ�RI�H[SRVLWRU\�WH[WV��-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH��������������

3DDV��)�*�:�&���	�9DQ�0HUULsQERHU��-�-�*����������9DULDELOLW\�RI�ZRUNHG�H[DPSOHV
DQG�WUDQVIHU�RI�JHRPHWULFDO�SUREOHP�VROYLQJ�VNLOOV��D�FRJQLWLYH�ORDG�DSSURDFK�
-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\��������������

3DLYLR��$����������0HQWDO�UHSUHVHQWDWLRQV��$�GXDO�FRGLQJ�DSSURDFK��2[IRUG��2[IRUG
8QLYHUVLW\�3UHVV�

3DQNUDWLXV��:�-����������%XLOGLQJ�DQ�RUJDQLVHG�NQRZOHGJH�EDVH��&RQFHSW�PDSSLQJ
DQG�DFKLHYHPHQW�LQ�VHFRQGDU\�VFKRRO�SK\VLFV��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH
7HDFKLQJ��������������

3DVN��*����������6W\OHV�DQG�VWUDWHJLHV�RI�OHDUQLQJ��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO
3V\FKRORJ\��������������

3LDJHW��-����������3LDJHW
V�WKHRU\��*��*HOOHULHU�DQG�-��/DQJHU��7UDQV����,Q�3�+�
0XVVHQ��(G����&DUPLFKDHO
V�PDQXDO�RI�FKLOG�SV\FKRORJ\��YRO������UG�HG����SS�����������
1HZ�<RUN��:LOH\�

3O|W]QHU��5����������7KH�FRQVWUXFWLRQ�DQG�FRRUGLQDWLRQ�RI�FRPSOHPHQWDU\
SUREOHP�UHSUHVHQWDWLRQV�LQ�SK\VLFV��-RXUQDO�RI�$UWLILFLDO�,QWHOOLJHQFH�LQ�(GXFDWLRQ����
��������

3O|W]QHU��5���	�6SDGD��+����������0XOWLSOH�PHQWDO�UHSUHVHQWDWLRQV�RI�LQIRUPDWLRQ
LQ�SK\VLFV�SUREOHP�VROYLQJ��,Q�*��6WUXEH�	�.�)��:HQGHU��(GV����7KH�FRJQLWLYH
SV\FKRORJ\�RI�NQRZOHGJH��SS������������$PVWHUGDP��(OVHYLHU�6FLHQFH�3XEOLVKHUV�



��

3RON��7�$���	�1HZHOO��$����������'HGXFWLRQ�DV�YHUEDO�UHDVRQLQJ��3V\FKRORJLFDO�5HYLHZ�
�������������

3ULHVW��$�*���	�/LQGVD\��5�2����������1HZ�OLJKW�RQ�QRYLFH�H[SHUW�GLIIHUHQFHV�LQ
SK\VLFV�SUREOHP�VROYLQJ��%ULWLVK�-RXUQDO�RI�3V\FKRORJ\���������������

5HEHU��$�6����������'LFWLRQDU\�RI�SV\FKRORJ\��/RQGRQ��3HQJXLQ�
5HGHU��/�0���&KDUQH\��'�+���	�0RUJDQ��.�,����������7KH�UROH�RI�HODERUDWLRQV�LQ
OHDUQLQJ�D�VNLOO�IURP�DQ�LQVWUXFWLRQDO�WH[W��0HPRU\�DQG�&RJQLWLRQ������������

5HLI��)����������8QGHUVWDQGLQJ�DQG�WHDFKLQJ�SUREOHP�VROYLQJ�LQ�SK\VLFV��5HVHDUFK�RQ
3K\VLFV�(GXFDWLRQ��3URFHHGLQJV�RI�WKH�ILUVW�LQWHUQDWLRQDO�ZRUNVKRS�/DORQGH�OHV�0DXUHV��SS�
��������3DULV��&HQWUH�1DWLRQDO�GH�OD�UHFKHUFKH�VFLHQWLILTXH�

5HLI��)����������*XHVW�FRPPHQW��6WDQGDUGV�DQG�PHDVXUHPHQWV�LQ�SK\VLFV���:K\
QRW�LQ�SK\VLFV�HGXFDWLRQ"�$PHULFDQ�-RXUQDO�RI�3K\VLFV��������������

5HLI��)��/DUNLQ��-�+���	�%UDFNHW��*�&����������7HDFKLQJ�JHQHUDO�OHDUQLQJ�DQG
SUREOHP�VROYLQJ�VNLOOV��$PHULFDQ�-RXUQDO�RI�3K\VLFV��������������

5HLI��)���	�+HOOHU��-�,����������.QRZOHGJH�VWUXFWXUH�DQG�SUREOHP�VROYLQJ�LQ�SK\VLFV�
(GXFDWLRQDO�3V\FKRORJLVW��������������

5LGLQJ��5���	�'RXJODV��*����������7KH�HIIHFW�RI�FRJQLWLYH�VW\OH�DQG�PRGH�RI
SUHVHQWDWLRQ�RQ�OHDUQLQJ�SHUIRUPDQFH��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�����
��������

5R\HU��-�0���&LVHUR��&�$���	�&DUOR��0�6����������7HFKQLTXHV�DQG�SURFHGXUHV�IRU
DVVHVVLQJ�FRJQLWLYH�VNLOOV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK��������������

5XPHOKDUW��'�(���	�1RUPDQ��'�$����������5HSUHVHQWDWLRQ�RI�NQRZOHGJH��,Q�$�0�
$LWNHQKHDG�	�-�0��6ODFN��(GV����,VVXHV�LQ�FRJQLWLYH�PRGHOOLQJ��SS����������+RYH��8.�
/DZUHQFH�(UOEDXP�

5XPHOKDUW��'�(���	�2UWRQ\��$����������7KH�UHSUHVHQWDWLRQ�RI�NQRZOHGJH�LQ
PHPRU\��,Q��5�&��$QGHUVRQ��5�-���6SLUR��	�:�(��0RQWDJXH��(GV����6FKRROLQJ�DQG
WKH�DFTXLVLWLRQ�RI�NQRZOHGJH��SS�����������+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�

5XPHOKDUW��'�(���0F&OHOODQG��-�/���	�WKH�3'3�5HVHDUFK�*URXS���������3DUDOOHO
GLVWULEXWHG�SURFHVVLQJ��YRO�����IRXQGDWLRQV��&DPEULGJH��0$��0,7�3UHVV�

5XPHOKDUW��'�(���	�1RUPDQ��'�$����������$QDORJLFDO�SURFHVVHV�LQ�OHDUQLQJ��+LOOVGDOH
1-��/DZUHQFH�(UOEDXP�

5XWKHUIRUG��)�-���	�$KOJUHQ��$����������6FLHQFH�IRU�DOO�$PHULFDQV��1HZ�<RUN��2[IRUG
8QLYHUVLW\�3UHVV�

6FKDQN��5�$���	�$EHOVRQ��5����������6FULSWV��SODQV��JRDOV�DQG�XQGHUVWDQGLQJ��+LOOVGDOH�
1-��/DZUHQFH�(UOEDXP�

6FKRHQIHOG��$�+���+HUUPDQQ��'�-����������3UREOHP�SHUFHSWLRQ�DQG�NQRZOHGJH
VWUXFWXUH�LQ�H[SHUW�DQG�QRYLFH�PDWKHPDWLFDO�SUREOHP�VROYHUV��-RXUQDO�RI
([SHULPHQWDO�/HDUQLQJ��������������

6KDVWUL��/���	�$MMDQDJDGGH��9����������$�FRQQHFWLRQLVW�PRGHO�RI�UHIOH[LYH
SURFHVVLQJ��%HKDYLRUDO�DQG�%UDLQ�6FLHQFHV��������������

6LPRQ��+����������7KH�VWUXFWXUH�RI�LOO�GHILQHG�SUREOHPV��$UWLILFLDO�,QWHOOLJHQFH���������
����

6LPRQV��)�+����������2QGHUZLMV�LV�PHQVHQZHUN��2YHU�KHW�JHEUXLN�YDQ�FRPSXWHUV�LQ�KHW
RQGHUZLMV�>7HDFKLQJ�LV�D�ZRUN�RI�PDQ��2Q�WKH�XVH�RI�FRPSXWHUV�LQ�HGXFDWLRQ@�
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3XEOLVKHG�YDOHGLFWRU\�OHFWXUH��(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH
1HWKHUODQGV�

6ORPDQ��$����������0XVLQJV�RQ�WKH�UROHV�RI�ORJLFDO�DQG�QRQ�ORJLFDO�UHSUHVHQWDWLRQV
LQ�LQWHOOLJHQFH��,Q�-��*ODVJRZ��1�+��1DUD\DQDQ��	�%��&KDQGUDVHNDUDQ��(GV���
'LDJUDPPDWLF�UHDVRQLQJ��FRJQLWLYH�DQG�FRPSXWDWLRQDO�SHUVSHFWLYHV��SS���������0HQOR�3DUN�
&$��$$$,�3UHVV�7KH�0,7�3UHVV�

6ORWWD��-�'���&KL��0�7�+���	�-RUDP��(����������$VVHVVLQJ�VWXGHQWV·�PLVFODVVLILFDWLRQV
RI�SK\VLFV�FRQFHSWV��$Q�RQWRORJLFDO�EDVLV�IRU�FRQFHSWXDO�FKDQJH��&RJQLWLRQ�DQG
,QVWUXFWLRQ��������������

6PROHQVN\��3����������2Q�WKH�SURSHU�WUHDWPHQW�RI�FRQQHFWLRQLVP��%HKDYLRUDO�DQG
%UDLQ�6FLHQFHV�����������

6WHQQLQJ��.����������'LVWLQJXLVKLQJ�FRQFHSWXDO�DQG�HPSLULFDO�LVVXHV�DERXW�PHQWDO
PRGHOV��,Q�<��5RJHUV��$��5XWKHUIRUG��	�3�$��%LEE\��(GV����0RGHOV�LQ�WKH�PLQG
�SS����������/RQGRQ��$FDGHPLF�3UHVV�

6WHZDUW��-�+���	�$WNLQ��-�$����������,QIRUPDWLRQ�SURFHVVLQJ�SV\FKRORJ\��$
SURPLVLQJ�SDUDGLJP�IRU�UHVHDUFK�LQ�VFLHQFH�WHDFKLQJ��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH
7HDFKLQJ��������������

6ZDDN��-���	�'H�-RQJ��7����������0HDVXULQJ�LQWXLWLYH�NQRZOHGJH�LQ�VFLHQFH��7KH
GHYHORSPHQW�RI�WKH�:+$7�,)�WHVW��6WXGLHV�RI�(GXFDWLRQ�(YDOXDWLRQ������S������
����

6ZHOOHU��-����������&RJQLWLYH�ORDG�GXULQJ�SUREOHP�VROYLQJ��(IIHFWV�RQ�OHDUQLQJ�
&RJQLWLYH�6FLHQFH��������������

6ZHOOHU��-���	�&RRSHU��*�$����������7KH�XVH�RI�ZRUNHG�H[DPSOHV�DV�D�VXEVWLWXWH�IRU
SUREOHP�VROYLQJ�LQ�OHDUQLQJ�DOJHEUD��&RJQLWLRQ�DQG�,QVWUXFWLRQ�����������

6ZHOOHU��-���0DZHU��5�)���	�:DUG��0�5����������'HYHORSPHQW�RI�H[SHUWLVH�LQ
PDWKHPDWLFDO�SUREOHP�VROYLQJ��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\��*HQHUDO������
��������

6]DMQD��%���0DFND\��-�0����������3UHGLFWRUV�RI�OHDUQLQJ�SHUIRUPDQFH�LQ�D�FRPSXWHU�
XVHU�WUDLQLQJ�HQYLURQPHQW��$�SDWK�DQDO\WLF�VWXG\��,QWHUQDWLRQDO�-RXUQDO�RI�+XPDQ
&RPSXWHU�,QWHUDFWLRQ�������������

7DFRQLV��5����������8QGHUVWDQGLQJ�EDVHG�SUREOHP�VROYLQJ��8QSXEOLVKHG�GRFWRUDO
GLVVHUWDWLRQ��(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�1HWKHUODQGV�

7XOYLQJ��(����������(OHPHQWV�RI�HSLVRGLF�PHPRU\��1HZ�<RUN��2[IRUG�8QLYHUVLW\
3UHVV�

9DQ�+HXYHOHQ��$�������D���/HDUQLQJ�WR�WKLQN�OLNH�D�SK\VLFLVW��$�UHYLHZ�RI�UHVHDUFK�
EDVHG�LQVWUXFWLRQDO�VWUDWHJLHV��$PHULFDQ�-RXUQDO�RI�3K\VLFV��������������

9DQ�+HXYHOHQ��$�������E���2YHUYLHZ��FDVH�VWXG\�SK\VLFV��$PHULFDQ�-RXUQDO�RI�3K\VLFV�
������������

9DQ�+LHOH��3�0����������'H�SUREOHPDWLHN�YDQ�KHW�LQ]LFKW��JHGHPRQVWUHHUG�DDQ�KHW�LQ]LFKW�YDQ
VFKRRONLQGHUHQ�LQ�PHHWNXQGH�OHHUVWRI�>7KH�SUREOHP�RI�LQVLJKW��GHPRQVWUDWHG�IRU
SXSLOV�XQGHUVWDQGLQJ�LQ�JHRPHWU\@��3XEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ��$PVWHUGDP�
0HXOHQKRII�

9DQ�+LHOH��3�0����������6WUXFWXUH�DQG�,QVLJKW��D�WKHRU\�RI�PDWKHPDWLFV�HGXFDWLRQ��/RQGRQ�
$FDGHPLF�3UHVV�
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9DQ�:HHUHQ��-�+�3���'H�0XO��)�)����3HWHUV��0�-����.UDPHUV�3DOV��+���	�5RRVVLQN�
+�-����������7HDFKLQJ�SUREOHP�VROYLQJ�LQ�SK\VLFV��$�FRXUVH�LQ
HOHFWURPDJQHWLVP��$PHULFDQ�-RXUQDO�RI�3K\VLFV��������������

9DQGHU6WRHS��6�:���	�6HLIHUW��&�0����������/HDUQLQJ�
KRZ
�YHUVXV�OHDUQLQJ�
ZKHQ
�
,PSURYLQJ�WUDQVIHU�RQ�SUREOHP�VROYLQJ�SULQFLSOHV��-RXUQDO�RI�7KH�/HDUQLQJ�6FLHQFHV�
����������

9DQ/HKQ��.����������3UREOHP�VROYLQJ�DQG�FRJQLWLYH�VNLOO�DFTXLVLWLRQ��,Q�0�,�
3RVQHU��(G����)RXQGDWLRQV�RI�FRJQLWLYH�VFLHQFH��SS������������&DPEULGJH��0$��0,7
3UHVV�

9HHQPDQ��0�9�-���(OVKRXW��-�-����������,QWHOOHFWXDO�DELOLW\�DQG�ZRUNLQJ�PHWKRG�DV
SUHGLFWRUV�RI�QRYLFH�OHDUQLQJ��/HDUQLQJ�DQG�,QVWUXFWLRQ�������������

9HHQPDQ��0�9�-���	�(OVKRXW��-�-����������'LIIHUHQWLDO�HIIHFWV�RI�LQVWUXFWLRQDO
VXSSRUW�RQ�OHDUQLQJ�LQ�VLPXODWLRQ�HQYLURQPHQWV��,QVWUXFWLRQDO�6FLHQFH�����������
����

9HUPXQW��-�'����������/HHUVWUDWHJLHHQ�YDQ�VWXGHQWHQ�LQ�HHQ�]HOILQVWUXFWLH�
OHHURPJHYLQJ�>/HDUQLQJ�VWUDWHJLHV�RI�VWXGHQWV�LQ�D�VHOI�LQVWUXFWLRQDO�OHDUQLQJ
HQYLURQPHQW@��3HGDJRJLVFKH�6WXGLsQ���������������

:LOGHU��'�$���	�6KDSLUR��3����������(IIHFWV�RI�DQ[LHW\�RQ�LPSUHVVLRQ�IRUPDWLRQ�LQ
D�JURXS�FRQWH[W��$Q�DQ[LHW\�DVVLPLODWLRQ�K\SRWKHVLV��-RXUQDO�RI�([SHULPHQWDO�6RFLDO
3V\FKRORJ\��������������

:LOOVRQ��9�/����������0HWKRGRORJLFDO�OLPLWDWLRQV�IRU�WKH�XVH�RI�H[SHUW�V\VWHPV
WHFKQLTXHV�LQ�VFLHQFH�HGXFDWLRQ�UHVHDUFK��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ�����
������

<RXQJ��+�'���	�)UHHGPDQ��5�$����������8QLYHUVLW\�SK\VLFV���WK�HG����$PVWHUGDP�
$GGLVRQ�:HVOH\�

<RXQJ��5�0����������6XUURJDWHV�DQG�PDSSLQJV��7ZR�NLQGV�RI�FRQFHSWXDO�PRGHOV
IRU�LQWHUDFWLYH�GHYLFHV��,Q�'��*HQWQHU�	�$�/��6WHYHQV��(GV����0HQWDO�PRGHOV��SS�
��������+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�

=KX��;���	�6LPRQ��+����������/HDUQLQJ�PDWKHPDWLFV�IURP�H[DPSOHV�DQG�E\�GRLQJ�
&RJQLWLRQ�DQG�,QVWUXFWLRQ�������������
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6ORWWD����
6PROHQVN\����
6SDGD����
6WHQQLQJ��������
6WHZDUW���
6WRXWMHVGLMN����
6ZDDN����
6ZDFNKDPPHU�������
6ZHOOHU������������
6]DMQD����
7DFRQLV�������������
������

7RXJHU����
7XOYLQJ�������
9DQ�+HXYHOHQ����

9DQ�+LHOH������������
����������

9DQ�3XWWHQ����
9DQ�:HHUHQ����
9DQGHU6WRHS����
9DQ/HKQ��������
9HHQPDQ����
9HUPXQW����
9RQN����
:DONHU����
:DQJ���
:DUG��������
:HOOV�����������
:LOGHU����
:LOOVRQ���
<RXQJ��������������
=KX��������
=LHJOHU����
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$SSHQGLFHV
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$SSHQGL[�$�3HUPXWDWLRQ�SURFHGXUH�IRU�VLJQLILFDQFH�WHVWLQJ

7DEOH� �� LQ� 6HFWLRQ� �� VXPPDULVHV� REVHUYHG� UHODWLRQV� EHWZHHQ� H[SHUWLVH� DQG� UHODWLYH
IUHTXHQFLHV�IRU�WKUHH�W\SHV�RI�ZRUGV��)XOO�UHVXOWV�DUH�JLYHQ�EHORZ�

VXEMHFW H[SHUWLVH REMHFW DWWULEXWH UHODWLRQ
LG� OHFWXUHU �� �� ��
LG� OHFWXUHU ��� ��� ��
LG�� OHFWXUHU ��� �� ��
LG� 3K'�FDQGLGDWH ��� ��� ��
LG�� 3K'�FDQGLGDWH ��� ��� ��
LG�� 3K'�FDQGLGDWH ��� ��� ��
LG�� JRRG�VWXG� ��� �� ��
LG�� JRRG�VWXG� ��� �� ��
LG�� JRRG�VWXG� ��� �� ��
LG�� JRRG�VWXG� ��� �� ��
LG�� JRRG�VWXG� ��� ��� ��
LG�� JRRG�VWXG� ��� �� ��
LG�� ZHDN�VWXGHQW ��� ��� ��
LG�� ZHDN�VWXGHQW ��� �� ��
LG�� ZHDN�VWXGHQW ��� �� ��
LG�� ZHDN�VWXGHQW ��� �� ��
LG�� ZHDN�VWXGHQW ��� �� ��
LG�� ZHDN�VWXGHQW ��� �� ��

,I�ZH�ZHUH�LQWHUHVWHG�LQ�EHWZHHQ�SHUVRQ�GLIIHUHQFHV��ZH�FRXOG�DSSO\�D�FKL�VTXDUH�WHVW�WR
WKH� WDEOH� DERYH�� 6LQFH� ZH� DUH� ORRNLQJ� DIWHU� GLIIHUHQFHV� EHWZHHQ� H[SHUWLVH� JURXSV�
KRZHYHU��WKLV�DSSURDFK�GRHV�QRW�ZRUN��&ROODSVLQJ�DOO�REVHUYDWLRQV�IRU�DQ�H[SHUWLVH�JURXS
LV� QRW� DQ� RSWLRQ� HLWKHU� EHFDXVH� DOO� ���� REVHUYDWLRQV� RI� REMHFW� ZRUGV� E\� OHFWXUHUV�� IRU
LQVWDQFH��FRPH�IURP�RQO\�WKUHH�OHFWXUHUV��VR�WKDW�WKH\�DUH�QRW�LQGHSHQGHQW�REVHUYDWLRQV�
7KH�WDEOH�FRXOG�EH�DQDO\VHG�ZLWK�D�UHSHDWHG�PHDVXUHV�$129$�LI�QRW�IRU�WKH�VPDOO�DQG
XQHTXDO�JURXS�VL]HV�

$� VDIH� DSSURDFK� LQ� VXFK� FDVHV� LV� WR� XVH� D� SHUPXWDWLRQ� WHVW�� :H� IROORZ� DQ� DSSURDFK
SUHVHQWHG� E\� 0DQO\� �������� )LUVW�� D� VXLWDEOH� WHVW� VWDWLVWLF� KDV� WR� EH� FRPSXWHG� RQ� WKH
RULJLQDO�GDWD��WKHQ�WKH�VXEMHFWV�DUH�SHUPXWHG�UDQGRPO\�RYHU�WKH�H[SHUWLVH�JURXSV�DQG�WKH
VWDWLVWLF� LV� FRPSXWHG� DJDLQ� RQ� WKH� SHUPXWHG� GDWD�� 7KH� ODVW� WZR� VWHSV� DUH� UHSHDWHG� D
QXPEHU�RI�WLPHV��7KH� ODVW�VWHS� LQ�WKH�SURFHGXUH� LV� WR�FRPSXWH�WKH�SURSRUWLRQ�RI�FDVHV
ZKHUH� WKH� WHVW�VWDWLVWLF�RQ� WKH�SHUPXWHG�GDWD�ZDV�PRUH�H[WUHPH� WKDQ� WKH�YDOXH� IRU� WKH
RULJLQDO�GDWD��7KLV�SURSRUWLRQ�LV�LQWHUSUHWHG�DV�WKH�S�YDOXH�

0DQO\� �������SURSRVHV�FRPSXWLQJ�3HDUVRQ·V�FKL�VTXDUH�RQ�WKH�FROODSVHG� WDEOH�DV�D� WHVW
VWDWLVWLF��:H� FKRRVH� WR� XVH� WKH�PD[LPXP� OLNHOLKRRG�*�� LQVWHDG��8QOLNH� 3HDUVRQ·V� WHVW�
VWDWLVWLF��*��FDQ�EH�SDUWLWLRQHG��:KHQ�WKH�WDEOH�DERYH�LV�VSOLW�XS�LQWR�IRXU�VXE�WDEOHV��RQH
IRU�HDFK�H[SHUWLVH�JURXS��ZH�FDQ�FRPSXWH�FKL�VTXDUH�IRU�HDFK�VXE�WDEOH��:LWK�WKH�XVH�RI
*���WKH�VXP�RI�WKHVH�IRXU�YDOXHV�SOXV�WKH�*��IRU�WKH�FROODSVHG�WDEOH�HTXDOV�WKH�*��IRU�WKH
WRWDO�WDEOH�DERYH��$V�D�FRQVHTXHQFH��D�PLQLPDO�VXP�RI�FKL�VTXDUHV�IRU�WKH�VXE�WDEOHV�SHU
H[SHUWLVH�JURXS�EHFRPHV�HTXLYDOHQW� WR�D�PD[LPDO�FKL�VTXDUH�EHWZHHQ�H[SHUWLVH�JURXSV�
:LWK�3HDUVRQ·V�FKL�VTXDUH�WKHVH�WZR�WHVW�VWDWLVWLFV�ZRXOG�QRW�EH�HTXLYDOHQW��ZKLFK�ZRXOG
EH� XQVDWLVIDFWRU\�� 3ULRU� WR� FRPSXWLQJ�*��� ZH� DGGHG� ���� WR� DOO� FHOO� YDOXHV�� EHFDXVH� RI
HPSW\�FHOOV�



���

$SSHQGL[�%�7RS����ZRUGOLVW��FODVVLILFDWLRQ��DQG�IUHTXHQFLHV

7KH� WDEOH� EHORZ� VKRZV� IUHTXHQF\� GDWD� IRU� WKH� ���PRVW� IUHTXHQW� SK\VLFV�ZRUGV� LQ� WKH
H[SHULPHQWDO� SURWRFROV� RI� ��� VXEMHFWV�� 7KH� ��� SURWRFROV� FRPSULVHG� ����� VHQWHQFHV

FRQVLVWLQJ�RI�����u�����ZRUGV�LQ�WRWDO�

,Q�WKH�ILUVW�WKUHH�FROXPQV�IRU�HYHU\�ZRUG��LWV�PHPEHUVKLS�RI�VHYHUDO�FDWHJRULHV�LV
LQGLFDWHG

�1U �� �� �� ZRUG��'XWFK� WUDQVODWLRQ IUHTXHQF\
��� D R YHOG ILHOG ���
��� VWURRP FXUUHQW ���
��� F ODGLQJ FKDUJH ���
��� U I NUDFKW�HQ� IRUFH�V� ���
��� D PDJQHWLVFK PDJQHWLF ���
��� D HOHNWULVFK�H� HOHFWULF�DO� ���
��� F R SODWHQ�SODDW SODWH�SODWHV ���
��� D U I VSDQQLQJ WHQVLRQ ���
��� F R ERO�OHQ� VSKHUH�V� ���
���� F U W WXVVHQ EHWZHHQ ���
���� R RSSHUYODN VXUIDFH ���
���� F ORRSW�ORSHQ UXQV�UXQ ���
���� R FRQGHQVDWRU FDSDFLWRU ���
���� F R GHHOWMH�V� SDUWLFOH�V� ���
���� F ]LW�]LWWHQ LV�DUH�ORFDWHG ���
���� YHUDQGHUW�YHUDQGHUHQ�YHUDQGHULQJ FKDQJH�V� ���
���� F EHZHJLQJ�EHZHJLQJ�EHZHHJW PRYH�V� ���
���� F R GUDDG ZLUH ���
���� F U W DIVWDQG GLVWDQFH ���
���� F R VWURRPGUDDG HOHFWULF�ZLUH ���
���� F R VSRHO�VSRHOHQ FRLO ���
���� D LQGXFWLH LQGXFWDQFH ���
���� R SXQWODGLQJ�SXQWODGLQJHQ SRLQW�FKDUJH�V� ��
���� R SXQW�SXQWHQ SRLQW�V� ��
���� D JURRW ODUJH ��
���� LQWHJUDDO�LQWHJUHUHQ LQWHJUDO�LQWHJUDWH ��
���� D HQHUJLH HQHUJ\ ��
���� RSSHUYODNWH DUHD ��
���� D YHOGVWHUNWH ILHOG�LQWHQVLW\ ��
���� D PDJQHWLVFKH PDJQHWLF ��
���� D IOX[ IOX[ ��
���� ORUHQW]NUDFKW /RUHQW]�IRUFH ��
���� D R UXLPWHODGLQJ VSDWLDO�FKDUJH ��
���� D D V\PPHWULH V\PPHWU\ ��
���� F R FLOLQGHU F\OLQGHU ��
���� D R E�YHOG�PDJQHHWYHOG PDJQHWLF�ILHOG ��
���� D RQHLQGLJ LQILQLWH ��
���� D JHODGHQ FKDUJHG ��
���� U I VSDQQLQJVYHUVFKLO SRWHQWLDO�GLIIHUHQFH ��
���� F R ODGLQJHQ FKDUJHV ��

���������������������������������������������
���D� �DEVWUDFW��F� �FRQFUHWH

���R� �REMHFW��D� �DWWULEXWH��U� �UHODWLRQ

���I� �IXQFWLRQDO��W� �WRSRORJLFDO



���

�1U �� �� �� ZRUG��'XWFK� WUDQVODWLRQ IUHTXHQF\

���� R RSSHUYODNWHODGLQJ VXUIDFH�FKDUJH ��
���� F D VQHOKHLG YHORFLW\ ��
���� D D FRQVWDQW FRQVWDQW ��
���� F U W EXLWHQ RXWVLGH ��
���� F U W GRRUKHHQ WKURXJK ��
���� F YODN IODW��VXUIDFH� ��
���� D DUEHLG ZRUN��TXDQWLW\� ��
���� ZHUNW DFWV ��
���� F U W ELQQHQ LQVLGH ��
���� D D KRPRJHHQ KRPRJHQHRXV ��
���� LQGXFWLHVWURRP LQGXFWHG�FXUUHQW ��
���� NULQJ ORRS�FLUFXLW ��
���� QXO ]HUR ��
���� RQWVWDDW DULVHV ��
���� D D SRWHQWLDDO SRWHQWLDO ��
���� UXLPWH VSDFH ��
���� F SODDWV SODFH ��
���� D JHOHLGHU FRQGXFWRU ��
���� U I YHURRU]DDNW FDXVHV ��
���� D FRQVWDQWH FRQVWDQW ��
���� F R VWDDI VWLFN ��
���� U W RPVORWHQ HQFORVHG ��
���� D JHVORWHQ FORVHG ��
���� R RSSHUYODNWHVWURRP VXUIDFH�FXUUHQW ��
���� F D VWUDDO UDGLXV ��
���� F D URQG URXQG ��
���� D D EROV\PPHWULH VSKHULFDO�V\PPHWU\ ��
���� F U W YHUVFKXLYHQ VKLIW ��
���� F D ULFKWLQJ GLUHFWLRQ ��
���� R HOHNWURQ HOHFWURQ ��



���

$SSHQGL[�&��6HQWHQFH�FRGLQJ�VFKHPD�ZLWK�H[DPSOHV

7KH�H[DPSOHV�EHORZ�KDYH�EHHQ�WUDQVODWHG�IURP�'XWFK��7H[W�EHWZHHQ�VTXDUH�EUDFNHWV�KDV
EHHQ� WDNHQ� IURP�DGMDFHQW�XWWHUDQFHV�E\� WKH� DXWKRU� LQ�RUGHU� WR� FODULI\� WKH� FRQWH[W� RI� D
JLYHQ�XWWHUDQFH�

([SHULPHQWHU·V�UHPDUN

\RX�FDQ·W�UHODWH�WKHVH�HOHPHQWV"

WKDW·V�DOO�ULJKW

ZKDW�LV�WKH�PHDQLQJ�RI�WKH�ZRUG�LQ�WKH�SUHVHQW�FRQWH[W"

([SODQDWLRQ�RI�WKH�IRUPXOD�NH\ZRUG

SRWHQWLDO�GLIIHUHQFH��WKDW�LV�WKH�WRWDO�HOHFWULFDO�LQWHQVLW\�IURP�U�WR�PLQXV�U

WKDW�ZD\�\RX�FDQ�XVH�*DXVV·�ODZ�IRU�HYDOXDWLQJ�VXUIDFH�FKDUJH

>LQ�WKLV�IRUPXOD@�WKH�UROHV�RI�WKH�WZR�FKDUJHV�FDQ�EH�H[FKDQJHG

(SLVRGH�FRQFHUQLQJ�WKH�SUREOHP

ZHOO�WKLV�LV�DQ�DVVLJQPHQW�ZH�GLG�LQ�WKH�H[DP�EHIRUH�ODVW�VXPPHU

WKLV�LV�RQ�WKH�FRYHU�RI�WKH�OHFWXUH�QRWHV

WKDW�>D�YDULDEOH�FDSDFLWRU@�LV�XVHG�LQ�ROG�UDGLR·V

(YDOXDWLYH�UHPDUN�UHJDUGLQJ�WKH�SUREOHP�RU�WKH�VWLPXOXV

\RX�FDQQRW�PDNH�DQRWKHU�DVVLJQPHQW�RXW�RI�WKLV

VXUIDFH�FKDUJH��WKH�RWKHU�RQH�ZDV�RQ�WKH�VXSHUSRVLWLRQ�SULQFLSOH��WKDW·V�EHWWHU

QR��WKLV�LV�MXVW�WKH�VDPH�DV�,�VDLG�EHIRUH

'LIIHUHQFH�EHWZHHQ�WZR�VLWXDWLRQV�PHQWLRQHG

�QR�H[DPSOH�

6ROXWLRQ�PHWKRG

,·OO�FRQVLGHU�WKH�SODQH�WR�EH�D�VXSHUSRVLWLRQ�RI�ZLUHV

\RX�FDQ�FRPSXWH�WKLV�E\�ILUVW�FRPSXWLQJ�WKH�HQHUJ\� WKDW�ZDV� LQ� WKH� FDSDFLWRU�EHIRUH� WKH�VODE� LV
LQVHUWHG��>DQG�WKHQ�WKH�HQHUJ\�WKDW�LQ�WKH�FDSDFLWRU�DIWHUZDUGV@

>WKHUH�LV�D�ILHOG�LQ�VSDFH�DQG�\RX�GUDZ�D�ER[@�DQG�\RX�KDYH�WR�WDNH�FDUH��HLWKHU�WKH�ILHOG�VKRXOG
EH�SHUSHQGLFXODU�WR�WKH�VXUIDFH�RI�WKH�ER[��>RU�LW�VKRXOG�EH�SDUDOOHO�WR�WKH�VXUIDFH@

*RDO��ZKDW�WR�EH�VROYHG�

DQG�\RX�ZDQW�WR�FRPSXWH�WKH�HOHFWULFDO�ILHOG�RI�LW

\RX�PD\�FRPSXWH�WKH�IRUFH�WKDW�LV�H[HUWHG�RQ�D�FXUUHQW�WKDW�PRYHV�LQ�D�PDJQHWLF�ILHOG

FRPSXWH�WKH�GLVWDQFH�JLYHQ�WKH�HQHUJ\

(ODERUDWLRQ�RQ�LQIRUPDWLRQ�DOUHDG\�JLYHQ

LQ�WKH�FDVH�RI�D�FDSDFLWRU��\RX�PD\�DVVXPH�WKHUH�LV�QR�RXWVLGH�ILHOG

>«@�VR��WKH�HOHFWULFDO�LQWHQVLW\�GHFUHDVHV�ZLWK�WKH�LQYHUVH�RI�WKH�GLVWDQFH

WKLV�LPSOLHV�D�IRUFH�LV�H[HUWHG�RQ�WKHVH�SDUWLFOHV

,QIRUPDWLRQ�UHJDUGLQJ�WKH�SUREOHP�VLWXDWLRQ

ZKDW�FRPHV�WR�P\�PLQG�LV�D�SUREOHP�LQYROYLQJ�D�F\OLQGHU

\RX�GRQ·W�KDYH�WR�WKLQN�RI�D�FXUUHQW�FRQWDLQHG�LQ�D�FRQGXFWRU

>LI� \RX� ZDQW� WR� DYRLG� FRPSOLFDWHG� FRPSXWDWLRQV@� \RX� KDYH� WR� OLPLW� \RXUVHOI� WR� V\PPHWULFDO
GLVWULEXWLRQV

0LVFHOODQHRXV

WKLV�LV�D�ORXV\�IRUPXOD

DQG�PRUH�RI�WKHVH�WKLQJV



���

$SSHQGL[�'�([DPSOHV�RI �SUREOHPV�ZLWK�HODERUDWLRQV

�7KH�ILHOG�RI�WZR�FRQFHQWULF�F\OLQGHUV

7KLV�LV�D�PLQLPDO�SUREOHP�VWDWHPHQW��FRQWDLQLQJ�RQO\�D�PLQLPXP�RI�¶GHHS·�LQIRUPDWLRQ�
*LYHQ�WZR�FRSSHU�F\OLQGHUV��R��DQG�R���ZLWK�UDGLL�U��DQG�U���ZKHUH�WKH�UHODWLRQ�EHWZHHQ�WKH
UDGLL� LV�JLYHQ�E\� U� �U���%RWK�F\OLQGHUV�DUH�DOLJQHG�DORQJ� WKH�[�D[LV��2�� LV�JURXQGHG��R�
FDUULHV�D�FKDUJH�T��SHU�PHWHU��&RPSXWH�WKH�SRWHQWLDO�DW�WKH�VXUIDFH�RI�R��

)RUPDO�GHVFULSWLRQ
JLYH^VLWXDWLRQ��

VKDSH�R�� F\OLQGHU ���
VKDSH�R�� F\OLQGHU ���
VKDSH�UDGLXV�R�� 5� ���
VKDSH�UDGLXV�R�� 5� ���
��5� 5� ���
PHGLXP�R�� FRSSHU ���
PHGLXP�R�� FRSSHU ���
[BD[LV�K�� ��� �%\�WKH�LQWURGXFWLRQ�RI�DQ�D[LV��LW�LV�SRVVLEOH�WR�DYRLG

GLUHFWO\�JLYLQJ�DZD\�WKH�UHODWLRQ�EHWZHHQ�WKH�WZR
F\OLQGHUV��

RULHQWDWLRQ�K���R�� FRQFHQWULF ���
RULHQWDWLRQ�K���R�� FRQFHQWULF ����
FRQQHFW�R���JURXQG� ����
FKDUJH�SHUBPHWHU�R�� 4�` ����

JRDO^�VLWXDWLRQ��
HOHFWURVWDWLFBSRWHQWLDO�R��` ����

([WUD�LQIRUPDWLRQ�WR�EH�DGGHG

)URP� ,W�IROORZV�WKDW� %\�WKH�XVH�RI�LQIHUHQFH�

� � PHGLXP�R�� FRQGXFWRU ���� FRSSHU�LV�D�FRQGXFWRU

� � PHGLXP�R�� FRQGXFWRU ���� FRSSHU�LV�D�FRQGXFWRU

�� � HBILHOG�R�� ���� D�FKDUJH�LQGXFHV�DQ�HOHFWULF�ILHOG

���� � RULHQWDWLRQ�R���R�� FRQFHQWULF ���� FRQFHQWULVP�LV�D�WUDQVLWLYH�SURSHUW\

�������� SRVLWLRQ�R���R�� LQ ���� ¶FRQFHQWULF�ZLWK·�DQG�¶VPDOOHU�WKDQ·�LPSOLHV
¶LQ·

�����������V\PPHWU\�VLWXDWLRQ�� F\OLQGULFDO ���� LI�DOO�HOHPHQWV�DUH�F\OLQGULFDO�DQG�SODFHG
FRQFHQWULF�WR�HDFK�RWKHU��WKH�HQWLUH�VLWXDWLRQ�LV
F\OLQGHU�V\PPHWULF

��������������UHJLRQ�K��
SRVLWLRQ�K��R�� RXWVLGH
DWSRVLWLRQ�K��HBILHOG�PDJQLWXGH��� ������ D�JURXQGHG�FRQGXFWRU�VKLHOGV�LWV�LQVLGH�IURP

H[WHUQDO�LQIOXHQFHV�DQG�YLFH�YHUVD

�������������

DWSRVLWLRQ�K��HOHFWURVWDWLFBSRWHQWLDO�R��� � �����9 ³(GV
���� � UHJLRQ�K��

SRVLWLRQ�K��R�� RXWHUBVXUIDFH
DWSRVLWLRQ�K��FKDUJH�SHUBPHWHU�R��� ������ "



���

��������������UHJLRQ�K��
SRVLWLRQ�K��R�� LQQHUBVXUIDFH
DWSRVLWLRQ�K��FKDUJH�SHUBPHWHU�R��� �4�������WKH�QHW�FKDUJH�HQFORVHG�LQ�D�FORVHG�VXUIDFH�WKDW

OLHV�FRPSOHWHO\�ZLWKLQ�D�FRQGXFWRU�DPRXQWV�WR
]HUR

�����������������FKDUJH�R�� ��FKDUJH�R�� ���� WKH�WRWDO�FKDUJH�RQ�D�JURXQGHG�V\VWHP
DPRXQWV�WR�]HUR

��������������UHJLRQ�K��
SRVLWLRQ�K���R�� RXWVLGH
SRVLWLRQ�K���R�� LQVLGH

DWSRVLWLRQ�K���HBILHOG�R���#4��U� ���� LQVLGH�D��KROORZ��FRQGXFWRU��WKH�FKDUJH
GLVWULEXWLRQ�RXWVLGH�WKH�FRQGXFWRU�KDV�QR
LQIOXHQFH��WKXV�WKH�ILHOG�LV�WKH�ILHOG�RI�WKH�LQQHU
F\OLQGHU

�������������

DWSRVLWLRQ�K���HOHFBSRWHQWLDO�R����#�4��OQ�U �����VHH���

�������������

DWSRVLWLRQ�K�o�K���SRWHQWLDO�R��� �DWSRVLWLRQ�K�o�K���SRWHQWLDO�R���
���� WKH�SRWHQWLDO�UXQV�FRQWLQXRXVO\�DFURVV�D

VXUIDFH�FKDUJH

8SRQ�GHULYDWLRQ�RI�WKH�ILQDO�VWDWHPHQW��WKH�DQVZHU�LV�ZLWKLQ�UHDFK��DOO�WKDW�KDV�WR
EH� GRQH� LV� WR� ILOO� LQ� IRUPXODV� DQG� FDUU\� RXW� FRPSXWDWLRQV�� 7KHUH� DUH� PDMRU
GLIIHUHQFHV� LQ� GHSWK� EHWZHHQ� WKH� YDULRXV� VWDWHPHQWV�� 6WDWHPHQW� ��� IRU� H[DPSOH
IROORZV� IURP� WKH� VLPSOH� UXOH� FRSSHU� LV� D� FRQGXFWRU�� FRPELQHG� ZLWK� WKH
LQIRUPDWLRQ�WKDW�REMHFW�� LV�PDGH�RI�FRSSHU��6WDWHPHQW���� LQ�FRQWUDVW� LV�EDVHG�RQ
WKH� IROORZLQJ�� LQVLGH� D� FRQGXFWRU� WKH� ILHOG� DPRXQWV� WKH� ]HUR��SOXV� WKH� WRWDO� IOX[� WKURXJK� D
VXUIDFH� LV�SURSRUWLRQDO� WR� WKH�WRWDO�FKDUJH�HQFORVHG��SOXV�VRPH�NQRZOHGJH�DERXW�JHRPHWU\
UXOHV��SOXV�LQIRUPDWLRQ�IURP�VWDWHPHQWV�������������DQG����DQG�WKH�JHQHUDOLVDWLRQV
XVHG�LQ�LQIHUULQJ��������HQ����

�$�FRQGXFWLQJ�VSKHUH�LQ�DQ�H[WHUQDO�ILHOG

7KLV�LV�D�PLQLPDO�SUREOHP�VWDWHPHQW��FRQWDLQLQJ�RQO\�D�PLQLPXP�RI�¶GHHS·
LQIRUPDWLRQ��$�FRQGXFWLQJ�VSKHUH�LV�SODFHG�LQ�DQ�LQLWLDOO\�KRPRJHQHRXV�HOHFWULF
ILHOG��SDUDOOHO�WR�WKH�[�D[LV���&RPSXWH�WKH�HOHFWULF�ILHOG�

)RUPDO�GHVFULSWLRQ
JLYH^VLWXDWLRQ��

HBILHOG�R�� KRPRJHQHRXV�YHFWRU ���
[BD[LV�K�� ���
RULHQWDWLRQ�K���R�� SDUDOOHO` ���

�JLYH^VLWXDWLRQ��
VLWXDWLRQ��LQWHUDFWV UHYLVH�LQLWLDO�ILHOG�GHVFULSWLRQ�
VKDSH�R�� VSKHUH ���
VKDSH�UDGLXV�R�� 5� ���
PHGLXP�R�� FRQGXFWRU ���
FKDUJH�PDJQLWXGH�R�� �` ���

JRDO^VLWXDWLRQ���VKDSH�R��` ���



���

)URP� D� GLVFRXUVH� SRLQW� RI� YLHZ�� WKLV� UHSUHVHQWDWLRQ� PLJKW� EH� DFFHSWDEOH�� EXW� IURP� D
SK\VLFV� SRLQW� RI� YLHZ� WKLV� LV� KDUGO\� WKH� FDVH� EHFDXVH� ���� WKH� GHVFULSWLRQ� VXJJHVWV� D
FKDQJLQJ�VLWXDWLRQ�DQG�����WKH�ILQDO�VLWXDWLRQ�LV�QRW�FOHDUO\�GHILQHG��$�EHWWHU�GHVFULSWLRQ�RI
WKH�ILQDO�VWDWH�ZRXOG�PDNH�XVH�RI�WKH�ERXQGDU\�FRQGLWLRQV�WKDW�DUH�LPSOLFLW�LQ�WKH�LQLWLDO
GHVFULSWLRQ��7KXV� WKH� LQIHUHQFH�RI�ERXQGDU\� FRQGLWLRQV� LV�RQH�RI� WKH� HODERUDWLRQV� WKDW
KDV� WR�EH�PDGH� WR�PRYH� IURP�WKH� LQLWLDO� SUREOHP�GHVFULSWLRQ� WR� DQ� DFFHSWDEOH�SK\VLFV
PRGHO�

([WUD�LQIRUPDWLRQ�WR�EH�DGGHG

)URP� ,W�IROORZV�WKDW� %\�WKH�XVH�RI�LQIHUHQFH�

��� � UHJLRQ�K��
SRVLWLRQ�K��R�� LQVLGH
HBILHOG�VLWXDWLRQ�� �HBILHOG�R���HBILHOG�R��
DWSRVLWLRQ�K��HBILHOG�PDJQLWXGH�VLWXDWLRQ��� � ��� WKH�ILHOG�LQVLGH�D�FRQGXFWRU�DPRXQWV

WR�]HUR

��� � ILHOG�PDJQLWXGH�R��z� ����

�� � DWSRVLWLRQ�K��FKDUJH�SHUBFXELF�R���z� ���� D�ILHOG�LV�FDXVHG�E\�D�FKDUJH
GLVWULEXWLRQ

��� � UHJLRQ�K��

SRVLWLRQ�K��RULJLQ� �[ f�
DWSRVLWLRQ�K��HBILHOG�VLWXDWLRQ��� KRPRJHQHRXV�YHFWRU������D�ILQLWH�FKDUJH�GLVWULEXWLRQ�KDV

RQO\�D�ORFDO�HIIHFW

��� � UHJLRQ�K��

SRVLWLRQ�K��RULJLQ� �[ �f�
DWSRVLWLRQ�K��HBILHOG�VLWXDWLRQ��� KRPRJHQHRXV�YHFWRU������VHH���

� � UHJLRQ�K��
SRVLWLRQ�K��R�� RXWHUBVXUIDFH
DWSRVLWLRQ�K��SHUSHQGLFXODU�K���ILHOG�VLWXDWLRQ��������� WKH�HOHFWULF�ILHOG�D�WKH�VXUIDFH�RI�D

FRQGXFWRU�LV�SHUSHQGLFXODU�WR�WKH
FRQGXFWRU�VXUIDFH

��� � UHJLRQ�K��
SRVLWLRQ�K��RULJLQ� �[ ��

DWSRVLWLRQ�K��K��HBILHOG�VLWXDWLRQ��� � ���� V\PPHWU\�FRQVLGHUDWLRQV

1RZ�WKDW�WKH�SUREOHP�KDV�EHHQ� WUDQVIRUPHG� LQWR�D�SURSHU�ERXQGDU\�YDOXH�SUREOHP�� LW
FDQ�EH�VROYHG�HLWKHU�E\�FKDQJLQJ� WR�VSKHULFDO�FRRUGLQDWHV�DQG� ILWWLQJ�D�PXOWLSROH� VHULHV
H[SDQVLRQ�WR�WKH�ERXQGDU\�FRQGLWLRQV��RU�E\�VHHLQJ�WKDW�WKH� LQLWLDO�ILHOG�GHVFULSWLRQ�FDQ

EH�UHSODFHG�ZLWK�WZR�FKDUJHG�SDUDOOHO� LQILQLWH�IODW�SODWHV� LQ�[ f�DQG�[ �f�UHVSHFWLYHO\�
7KHQ�WKH�UHODWLRQ�EHWZHHQ�ILHOG�DQG�VXUIDFH�FKDUJH�ZRXOG�EH (  V H�

�
��7KLV�ZRXOG�UHVXOW

LQ�DQ�LPDJH�GLSROH�LQ�WKH�VSKHUH��%\�DSSO\LQJ������ZH�ILQG�WKH�PDJQLWXGH�RI�WKH�GLSROH�
&

S ( 5 �
� �

�SH �� WKXV� WKH� UHVXOWLQJ� ILHOG� ZRXOG� EH� �

��
�� US((

&&

&&

SH� �� 7KH� ODWWHU

VROXWLRQV�URXWH�DJDLQ�LQYROYHV�PDMRU�UHVWUXFWXULQJ�RI�WKH�SUREOHP�UHSUHVHQWDWLRQ�
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$SSHQGL[�(�0DWULFHV�IRU�H[SHUWV�VRUWLQJV
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�0D[LPXP�QXPEHU�RI�H[SHUW�OLNH�FRPELQDWLRQV������0D[LPXP�QXPEHU�RI�QRW�H[SHUW�OLNH�FRPELQDWLRQV������

/HJHQG��IRU�FHOOV�DERYH�WKH�GLDJRQDO�

WKH�H[SHULPHQWHUV�DQG�DW�OHDVW���RXW�RI���RWKHU�H[SHUWV�SODFHG�WKHVH�SUREOHPV�LQ�WKH�VDPH�SLOH

WKH�H[SHULPHQWHUV�SODFHG�WKHVH�SUREOHPV�WRJHWKHU��EXW�DW�OHDVW���RWKHU�H[SHUWV�SODFHG�WKHP�DSDUW

QHLWKHU�WKH�H[SHULPHQWHUV�QRU�RQH�RI�WKH�RWKHU�H[SHUWV�SODFHG�WKHVH�SUREOHPV�LQ�WKH�VDPH�SLOH
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$SSHQGL[�)�'HQGURJUDPV

,Q� WKH� IROORZLQJ� GHQGURJUDPV� WKH� ODEHO� QXPEHUV� FRUUHVSRQG� WR� WKH� ODEHO� QXPEHUV� LQ
$SSHQGL[�(��7KH�GLVWDQFH�PHDVXUH�XVHG�LV�(XFOLGHDQ�GLVWDQFHV��$V�D�FOXVWHULQJ�PHWKRG�
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$SSHQGL[�*�5HYLHZ�RI �VRIWZDUH

�0DWKHPDWLFD

*HQHUDO�GHVFULSWLRQ�0DWKHPDWLFD� LV� D� V\PEROLF� DQG�QXPHULFDO� FRPSXWDWLRQ� ODQJXDJH�
ZLWK�YLVXDOLVDWLRQ�IDFLOLWLHV��,W�LV�SUREOHP�VROYLQJ�WRRO�UDWKHU�WKDQ�D�OHDUQLQJ�HQYLURQPHQW
SHU�VH�
,PSOHPHQWDWLRQ�WKH�SDFNDJH�FRQVLVWV�RI�D�VHSDUDWH�NHUQHO��WR�GR�DOO�FRPSXWDWLRQV��DQG�D
K\SHUWH[W�VKHOO�WR�GLVSOD\�LQSXW�DQG�RXWSXW�RI�WH[W���'�W\SHVHW�IRUPXODV�DQG�²�DQLPDWHG�²
JUDSKLFV��+\SHUOLQNV� FDQ� SRLQW� WR� RWKHU� SRVLWLRQV� LQ� WKH� GRFXPHQW� DV�ZHOO� DW� WR� RWKHU
GRFXPHQWV�DQG�85/V�
,PSUHVVLRQ�7KH�XVHU�LV�WKH�PDVWHU��RQFH�WKH�FRPPDQG�ODQJXDJH�LV�PDVWHUHG��7KH�XVHU
LQWHUIDFH�LV�SRZHUIXO�EXW�QRW�HDV\��DQG�QRW�WRR�FRQVLVWHQW�DV�VRPH�VHHPLQJO\�HTXLYDOHQW
FRPPDQGV�JLYH�GLIIHUHQW�UHVXOWV��$�PRUH�UHVWULFWLYH�XVHU�LQWHUIDFH��ZLWK�PRUH�LQIRUPDWLYH
HUURU�PHVVDJHV��FRXOG�EH�HDVLHU�WR�PDVWHU��7KH�SURJUDPPLQJ�ODQJXDJH�WDNHV�WLPH�WR�OHDUQ�
<RX�KDYH�WR�KDYH�D�FOHDU�FRQFHSW�RI�JRDO��MXVW�SOD\LQJ�DURXQG�LV�QRW�PXFK�IXQ�ZLWK�WKLV
SDFNDJH��6RPH�IHDWXUHV�UHTXLUH�WRR�PXFK�SURJUDPPLQJ��HVSHFLDOO\�JUDSKLFV�FRPPDQGV�
,Q�JHQHUDO��WKH�FRPPDQG�ODQJXDJH�LV�IDUWKHU�IURP�GRLQJ�PDWK�WKDQ�0DSOH·V�ODQJXDJH�LV�
7KH�SURJUDP�KDV�PDQ\�EXJV��HYHQ�IRU�D�QHZ�PDMRU�UHOHDVH�
0DQXIDFWXUHU�:ROIUDP�5HVHDUFK
9HUVLRQ������
3ODWIRUP�0LFURVRIW�:LQGRZV����17��YDULRXV�81,;�YHUVLRQV��$SSOH��1H;7
6LPLODU�IXQFWLRQDOLW\�0DSOH��'HULYH

�0DSOH

*HQHUDO� GHVFULSWLRQ� 0DSOH� LV� D� V\PEROLF� DQG� QXPHULFDO� FRPSXWDWLRQ� ODQJXDJH�� ZLWK
YLVXDOLVDWLRQ�IDFLOLWLHV��,W� LV�SUREOHP�VROYLQJ�WRRO�UDWKHU�WKDQ�D� OHDUQLQJ�HQYLURQPHQW�SHU
VH�
,PSOHPHQWDWLRQ�WKH�SDFNDJH�FRQVLVWV�RI�D�VHSDUDWH�NHUQHO��WR�GR�DOO�FRPSXWDWLRQV��DQG�D
K\SHUWH[W�VKHOO�WR�GLVSOD\�LQSXW�DQG�RXWSXW�RI�WH[W���'�W\SHVHW�IRUPXODV�DQG�²�DQLPDWHG�²
JUDSKLFV�
,PSUHVVLRQ�7KH�XVHU�LV�WKH�PDVWHU��RQFH�WKH�FRPPDQG�ODQJXDJH�LV�PDVWHUHG��7KH�XVHU
LQWHUIDFH� LV� FRQVLVWHQW�� EXW� VRPHZKDW�PRUH� OLPLWHG� WKDW�0DWKHPDWLFD·V�� 7KH� FRPPDQG
ODQJXDJH�LV�FORVH�WR�GRLQJ�PDWK�RQ�SDSHU��<RX�KDYH�WR�KDYH�D�FOHDU�FRQFHSW�RI�JRDO��MXVW
SOD\LQJ�DURXQG�LV�QRW�PXFK�IXQ�ZLWK�WKLV�SDFNDJH��0XFK�RI�WKH�XQGHUO\LQJ�FRGH�FDQ�EH
LQVSHFWHG�DQG�PRGLILHG�E\�WKH�XVHU�
0DQXIDFWXUHU�:DWHUORR
9HUVLRQ�9�
3ODWIRUP�0LFURVRIW�:LQGRZV����17��YDULRXV�81,;�YHUVLRQV��$SSOH��1H;7
6LPLODU�IXQFWLRQDOLW\�0DWKHPDWLFD��'HULYH

�0DWODE

*HQHUDO� GHVFULSWLRQ� 0DWODE� LV� DQ� LQWHJUDWHG� WHFKQLFDO� FRPSXWLQJ� HQYLURQPHQW� WKDW
FRPELQHV� QXPHULF� FRPSXWDWLRQ�� YLVXDOLVDWLRQ�� DQG� VLPXODWLRQV�� ,Q� UHFHQW� YHUVLRQV� WKH
NHUQHO� RI� WKH� 0DSOH� SDFNDJH� LV� LQFOXGHG� DV� D� SDFNDJH� WR� DGG� V\PEROLF� FRPSXWDWLRQ
IDFLOLWLHV�
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,PSOHPHQWDWLRQ�0DWODE�SODFHV�D�VWURQJ�HPSKDVLV�RQ�KLJK�SHUIRUPDQFH�QXPHULFDO�FRGH�
ZLWK� DQ� DFFHQW� RQ� PDWUL[� DQG� YHFWRU� DOJHEUD�� 7KH� FRPPDQG� ODQJXDJH� UHVHPEOHV� D
SURJUDPPLQJ�ODQJXDJH�UDWKHU�WKDQ�FRQYHQWLRQDO�PDWKHPDWLFV�QRWDWLRQ�
,PSUHVVLRQ�3RZHUIXO� DQG�HOHJDQW�FRPPDQG� ODQJXDJH�� DQG�DQ� LQWHOOLJHQW�SURJUDPPLQJ
HGLWRU�� $� JRRG� JUDSKLFDO� XVHU� LQWHUIDFH� DV� ZHOO�� ZKLFK� DOORZV� WKH� XVHU� WR� PDQLSXODWH
YLVXDOLVDWLRQV�HDVLO\��$V�D�YLVXDOLVDWLRQ�SDFNDJH��0DWODE�ZRXOG�PDNH�D�JRRG�FKRLFH��$V�D
V\PEROLF� SUREOHP� VROYLQJ� WRRO�� LW� KDV� WKH� GLVDGYDQWDJH� WKDW� IRUPXODV� DUH� SUHVHQWHG� DV
SODLQ� WH[W��PRUHRYHU�� LWV� V\QWD[� IRU� V\PEROLF� IXQFWLRQV� LV� VOLJKWO\� OHVV� HOHJDQW� WKDQ� WKH
RULJLQDO� LQ� 0DSOH�� 2Q� WKH� RWKHU� KDQG�� LQ� 0DWODE� V\PEROLF� IXQFWLRQDOLW\� FDQ� DOVR� EH
DGGUHVVHG� YLD� DQ� HOHJDQW� FDOFXODWRU� LQWHUIDFH��$� IXUWKHU� VWUHQJWK� RI�0DWODE� LV� LWV� VLJQDO
SURFHVVLQJ� SDFNDJH��ZKLFK�PD\� EH� XVHG� WR� FRPELQH�ZLWK� SUDFWLFDOV�� $� ILQDO� TXDOLW\� RI
0DWODE�LV�WKDW�FRPELQHG�ZLWK�WKH�DVVRFLDWHG�SDFNDJH�6LPXOLQN���LW�LV�D�SRZHUIXO�WRRO�IRU
WKH�EXLOGLQJ�DQG�UXQQLQJ�RI�VLPXODWLRQV��ZKLFK�SODFHV�LW�LQ�WKH�VDPH�FDWHJRU\�DV�0RGHOOXV
DQG�/DEYLHZ�
0DQXIDFWXUHU�0DWK:RUNV
9HUVLRQ����
3ODWIRUP�0LFURVRIW�:LQGRZV�����17��8QL[��0DFLQWRVK
6LPLODU�IXQFWLRQDOLW\�0DWKFDG

�0RGHOOXV

*HQHUDO�GHVFULSWLRQ�0RGHOOXV�LV�D��'�YLVXDO�VLPXODWLRQ�SDFNDJH�WKDW�DOORZV�WKH�XVHU�WR
GHILQH�D�SK\VLFDO� VLWXDWLRQ� LQ� WHUPV�RI� HTXDWLRQV��7KH� HTXDWLRQV� FDQ�EH� H[SOLFLWO\� WLPH�
GHSHQGHQW�RU�WKH\�FDQ�EH�GLIIHUHQWLDO�HTXDWLRQV�WKDW�GHYHORS�LQ�WLPH��7KRXJK�DOO�NLQGV�RI
LQWHUDFWLRQV�FDQ�EH�PRGHOOHG�LQ�WKH�HTXDWLRQV��WKH�YLVXDO�HOHPHQWV�WKDW�FDQ�EH�DGGHG�DUH
VRPHZKDW�PRUH� OLPLWHG�� WKH� REMHFWV� WKHPVHOYHV� DQG� GLIIHUHQW� NLQGV� RI� YHFWRUV� FDQ� EH
GLVSOD\HG��DORQJVLGH�YDULRXV�[\�JUDSKV�
,PSOHPHQWDWLRQ� 6LPXODWLRQV� LQ�0RGHOOXV� DUH� UHVWULFWHG� WR� �� GLPHQVLRQV��0RGHOOXV� LV
PDLQO\�DLPHG�DW�PHFKDQLFV�VLPXODWLRQV��DQG�LW�KDV�QR�IXQFWLRQDOLW\�IRU�GUDZLQJ�ILHOGOLQHV
RU� HTXLSRWHQWLDO� VXUIDFHV�� 7KH� HTXDWLRQ� HGLWRU� VXSSRUWV� GLIIHUHQWLDO� HTXDWLRQV�� EXW� QRW
LQWHJUDOV�
,PSUHVVLRQ� &RQFHSWXDOO\� WKLV� LV� LGHDO�� PRUHRYHU�� LW� LV� EHDXWLIXOO\� PDGH�� 0RGHOOXV
FRQQHFWV�SLFWXUDO� DQG� IRUPDO�SURSRVLWLRQDO� UHSUHVHQWDWLRQV�� ,W� LV� HDV\� WR� OHDUQ�� IRU� DIWHU
RQO\� DQ� KRXU� ,� EXLOW� D� PRGHO� RI� D� IRUFHG�� GDPSHG� RVFLOODWRU�� LQFOXGLQJ� D� G\QDPLF
YLVXDOLVDWLRQ�ZLWK�DFFHOHUDWLRQ�YHFWRUV�HWF�
0DQXIDFWXUHU�.QRZOHGJH�5HYROXWLRQ
9HUVLRQ����
3ODWIRUP�0LFURVRIW�:LQGRZV����
6LPLODU�IXQFWLRQDOLW\�/DEYLHZ��6LPXOLQN

�6LP4XHVW

*HQHUDO� GHVFULSWLRQ� 6LP4XHVW� LV� DQ� DXWKRULQJ� V\VWHP� IRU� FUHDWLQJ� OHDUQLQJ
HQYLURQPHQWV� WKDW� FRPELQH� D� FRPSXWHU� VLPXODWLRQ� DQG� OHDUQHU� VXSSRUW�� 7KH� V\VWHP� LV
DLPHG�DW�GHVLJQLQJ�GLVFRYHU\�OHDUQLQJ�HQYLURQPHQWV�
,PSOHPHQWDWLRQ� 6LP4XHVW� SURYLGHV� WRROV� IRU� FUHDWLQJ� VLPXODWLRQV�� IRU� FUHDWLQJ
LQWHUIDFHV� DQG� IRU� FUHDWLQJ� LQVWUXFWLRQDO� VXSSRUW�� 6LP4XHVW� LV� DQ� RSHQ� V\VWHP� ZKLFK
LPSOLHV�WKDW�LW�FDQ�EH�XVHG�IOH[LEO\�ZLWK�DOO�NLQGV�RI�H[WHUQDO�VLPXODWLRQV�LQ�DGGLWLRQ��8S
WR�QRZ�6LP4XHVW�KDV�QR�IHDWXUHV�IRU�ZRUNLQJ�ZLWK�IRUPXODV��7KH�DXWKRULQJ�V\VWHP�LV�VWLOO
XQGHU�GHYHORSPHQW��EXW�VRPH�FRXUVHV�WKDW�KDYH�EHHQ�GHYHORSHG�DUH�VWDEOH��7KH�GHVLJQ�RI
WKH�XVHU�LQWHUIDFH�IRU�OHDUQHUV�LV�FRQVLVWHQW��WKRXJK�D�ELW�FRPSOH[�



���

,PSUHVVLRQ� %DVHG� RQ� VRPH� VDPSOH� FRXUVHV�� 6LP4XHVW� DOORZV� DWWUDFWLYH� OHDUQLQJ
HQYLURQPHQWV� WR�EH�EXLOW��7KH�FRUH�RI�D�FRXUVH� LV�D�VLPXODWLRQ��GHILQHG�E\� WKH� WHDFKHU�
ZKHUH� WKH� OHDUQHU� FDQ� LQYHVWLJDWH� WKH� UHODWLRQV� EHWZHHQ� D� QXPEHU� RI� SUHGHILQHG
SDUDPHWHUV�
0DQXIDFWXUHU�6HUYLYH�&RQVRUWLXP��EDVHG�DW�WKH�8QLYHUVLW\�RI�7ZHQWH��7KH�1HWKHUODQGV
9HUVLRQ����
3ODWIRUP�0LFURVRIW�:LQGRZ���
6LPLODU�IXQFWLRQDOLW\�;<=HW��,QWHUDFWLYH�3K\VLFV

�;<=HW

*HQHUDO�GHVFULSWLRQ�;<=�LV�D�YLVXDO�VLPXODWLRQ�SDFNDJH�WKDW�DOORZV�WKH�XVHU�WR�GHILQH
RU�PRGLI\�D��'�SK\VLFDO�VLWXDWLRQ�ZLWK�ERWK�PHFKDQLFDO�DQG�HOHFWURPDJQHWLF�LQWHUDFWLRQV�
7KH� SURSHUWLHV� RI� WKH� VLWXDWLRQ� DUH� DOO� HQWHUHG� LQWR� D� JUDSKLFDO� LQWHUIDFH�� 7KH� WLPH
GHYHORSPHQW�RI�WKH�V\VWHP�LV�WKHQ�VLPXODWHG�QXPHULFDOO\��7KH�YLVXDOLVDWLRQ�HQFRPSDVVHV
WKH�SK\VLFDO�REMHFWV��IRUFHV�DQG�RWKHU�YHFWRUV��ILHOG�OLQHV��DQG�HOHFWURPDJQHWLF�ZDYH�IURQWV
,PSOHPHQWDWLRQ� WKH� SDFNDJH� FDQ�KDQGOH�PDQ\� VLWXDWLRQV� UHOHYDQW� WR� HOHFWURG\QDPLFV�
7KH� SURJUDP� UXQV� VPRRWKO\�� +RZHYHU�� WKH� GHVLJQ� RI� WKH� FRQWURO� SDQHOV� LV� QRW� YHU\
FRQVLVWHQW�� WKH� ILHOG� OLQHV� GUDZQ� DUH� QRW� GLVWULEXWHG� KRPRJHQHRXVO\� LQ� VSDFH�� MXVW� RQH
HTXLSRWHQWLDO�VXUIDFH�FDQ�EH�VHHQ�DW�D�WLPH��DQG�WKHUH�DUH�VRPH�VFDOLQJ�SUREOHPV�ZLWK�WKH
PDJQLWXGH�RI�LQWHUDFWLRQV�
,PSUHVVLRQ�7KH� WRRO�SURYLGHV�D�YLYLG��SRZHUIXO� DQG� LQWXLWLYH� OHDUQLQJ�HQYLURQPHQW�� ,W
ZDV�KLJKO\�PRWLYDWLQJ�WR�ZRUN�ZLWK��DOVR�EHFDXVH�WKH�XVHU�LV�WKH�¶RZQHU·�RI�WKH�SUREOHP�
DQG�PRUHRYHU�� LW� LV�HDV\� WR� OHDUQ��7KH�IXQGDPHQWDO�TXDQWLWLHV�DQG�WKH�SK\VLFDO� ODZV�DUH
OHIW� LPSOLFLW� KRZHYHU�� 8QIRUWXQDWHO\�� WKH� OLQN� WR� SK\VLFV� WKHRU\� LV� QRW� PDGH� LQ� WKH
SDFNDJH�LWVHOI��)RU�LQVWDQFH��ZLWK�HOHFWURPDJQHWLF�UDGLDWLRQ��WKH�ZDYH�IURQW�LV�EHDXWLIXOO\
YLVXDOLVHG��LW�LV�QRW�FOHDU�KRZHYHU�ZK\�WKH�ZDYH�IURQW�ZRXOG�PRYH�DW�WKH�VSHHG�RI�OLJKW
0DQXIDFWXUHU�,31��.LHO��*HUPDQ\��'LVWULEXWHG�E\�6RIW�	�1HW
9HUVLRQ�����
3ODWIRUP�GLIIHUHQW�8QL[�YHUVLRQV
6LPLODU�IXQFWLRQDOLW\�,QWHUDFWLYH�3K\VLFV��6LP4XHVW
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$SSHQGL[�+�6DPSOH�IURP�WKH�H[SHULPHQWDO�FRXUVH

7KH�ILUVW�SDUW�RI�WKH�VHFWLRQ�RQ�GLSROH�DSSUR[LPDWLRQV�

Dipoolontwikkeling

Inleiding

Clear #"Global̀ 
"';

Op zeer grote afstand van een ladingsverdeling lijkt de potentiaal in zeer goede benadering op de potentiaal van een 

puntlading: 1
ccccccccccccccc

4S H0
 Q

ccccccc

r
. Waarbij Q de netto lading in de ladingsverdeling is. Maar wat nu als Q=0? In dat geval is de 

potentiaal in een ruwe benadering nul, maar we zoeken nu naar een betere benadering. Neem als voorbeeld de situatie 

van twee puntladingen q en min q met onderlinge afstand d. We kiezen de z-as door de twee ladingen, met de 

oorsprong midden tussen de twee ladingen:

vdipool #�x_, y_, z_ �' :  

Monopole $q, �0, 0,
d
ccccc

2
 , �x, y, z �( � Monopole $�q, �0, 0, �

d
ccccc

2
 , �x, y, z �(

vdipool #�x, y, z �'

�

q
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S
�����������������������������������x2

� y2
� +� d

cccc
2
� z/2

H0
�

q
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S
���������������������������������x2

� y2
� + d

cccc
2
� z/2

H0

edipool #�x_, y_, z_ �'  �Grad#vdipool #�x, y, z �', Cartesian #x, y, z ''

�� q x
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� +� d
cccc
2
� z/2/3s2

H0
�

q x
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� + d
cccc
2
� z/2/3s2

H0
,

�

q y
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� +� d
cccc
2
� z/2/3s2

H0
�

q y
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� + d
cccc
2
� z/2/3s2

H0
,

q +� d
cccc
2
� z/

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� +� d
cccc
2
� z/2/3s2

H0
�

q + d
cccc
2
� z/

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S +x2
� y2

� + d
cccc
2
� z/2/3s2

H0
 

We kunnen de equipotentiaallijnen en het elektrische veld samen afbeelden:

waarden  �q � 1, d � 1�

�q � 1, d � 1�



���

unite #�x_, y_, z_ �' :  UnitVec #edipool #�x, y, z �''

plot1  

PlotVectorField #�unite #�x, 0, z �'317, unite #�x, 0, z �'337� s. waarden,
�x, �5, 5 �, �z, �5, 5 �, DisplayFunction � Identity, PlotPoints � 25';

plot2  ContourPlot #vdipool #�x, 0, z �' s. waarden,
�x, �5, 5 �, �z, �5, 5 �, ContourShading � False,
PlotPoints � 30, Contours � 30, DisplayFunction � Identity ';

lading1  ParametricPlot #�0, d s2 s. waarden �,
�x, �2, 2 �, PlotStyle � �RGBColor#0.5 � Sign #q's2 s. waarden,

0, 0.5 �Sign #q's2 s. waarden ', Thickness #0.03 '�,
DisplayFunction � Identity ';

lading2  ParametricPlot #�0, �ds2 s. waarden �,
�x, �2, 2 �, PlotStyle � �RGBColor#0.5 � Sign #q's2 s. waarden,

0, 0.5 �Sign #q's2 s. waarden ', Thickness #0.03 '�,
DisplayFunction � Identity ';

Show#plot1, plot2, lading1, lading2, DisplayFunction � $DisplayFunction '

h Graphics h



���

Opdracht: We zijn geïnteresseerd in de potentiaal op grote afstand. Wat is 'grote' afstand in bovenstaande 
plot, relatief ten opzichte van wat? Bekijk de plot voor kleinere waarden van d (of voor grotere waarden van 
x en z).

De potentiaal van een dipool benaderd

Clear #"Global̀ 
" ';

vdipool #�x_, y_, z_ �' :  

Monopole $q, �0, 0,
d
ccccc
2
 , �x, y, z �( � Monopole $�q, �0, 0, �

d
ccccc
2
 , �x, y, z �(

Het is handig op cilindercoordinaten over te gaan (waarom?)

vdipbolco #�r_, T_, I_�' :  
vdipool #�r Cos #I' Sin #T', r Sin #I' Sin #T', r Cos #T'�'

vdipbolco #�r, T, I�'

�
q

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S H0 ��������������������������������������������������������������������������������������������������������������+� d
cccc
2
� r Cos #T'/2

� r 2 Cos#I'2 Sin #T'2 � r 2 Sin #T'2 Sin #I'2
�

q
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

4 S H0 ������������������������������������������������������������������������������������������������������������+ d
cccc
2
� r Cos #T'/2

� r 2 Cos#I'2 Sin #T'2 � r 2 Sin #T'2 Sin #I'2

Simplify #%'

q , 1
ccccccccccccccccccccccccccccccccccccccccccccccr������������������������������������

d2
�4 r 2

�4 d r Cos #T'
�

1
ccccccccccccccccccccccccccccccccccccccccccccccr������������������������������������

d2
�4 r 2

�4 d r Cos #T'
0

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
2 S H0

Als r veel groter wordt dan d dan krijgt deze formule de vorm 1/(r-een klein beetje)-1/(r+een klein beetje), naarmate 

r dus groter wordt zal het verschil tussen de twee termen kleiner worden. We willen daarom een reeksontwikkeling 

maken van de vorm: V=c0+c1*1
ccccc

r
+c2* 1

cccccccc

r2
+c3* 1

cccccccc

r3
+... Je herkent dit onmiddelijk als een Taylorreeksontwikkeling. De 

hogere orde termen vallen steeds sneller af met de afstand en dus zal de reeks voor grote afstand gedomineerd 

worden door de term met de laagste orde die ongelijk nul is. Als we een Taylor ontwikkeling in 1/r willen uitvoeren 

moeten we eerst een variabele inversr=1/r invoeren. We kunnen daarna een Taylorontwikkeling maken naar inversr.



���

%s. r �

1
cccccccccccccccccccccccc

inversr

q

L

N

MMMMMMMM
1

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

�����������������������������������������������d2� 4
cccccccccccccccccccccccccccccc
inversr 2 �

4 d Cos#T'
cccccccccccccccccccccccccccccccccinversr

�
1

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

�����������������������������������������������d2� 4
cccccccccccccccccccccccccccccc
inversr 2 �

4 d Cos#T'
cccccccccccccccccccccccccccccccccinversr

\

^

]]]]]]]]
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

2 S H0

Het commando Series[ f,{ x, x0, n }] maakt een reeksontwikkeling van functie f naar de variabele x, rondom punt x0. De hoogste orde term in de reeks is de 

term met (x-x0/n Als je een (Taylor)reeksontwikkeling maakt is de laatste term een restterm van de vorm O[xn�1'. Dit is geen echte functie, de term geeft 

alleen aan dat er nog een rest is waarin x alleen voorkomt in de vorm xn�1 of hoger.  (zie ook de help). 

Series #%, �inversr, 0, 4 �'

d q Cos#T' inversr 2

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
4 S H0

�

q , 1
cccc
4
, d2
ccccccc
4

�
3
cccc
4

d2 Cos#T'20 �
1
cccc
4
,� d2

ccccccc
4

�
3
cccc
4

d2 Cos#T'200 inversr 3

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
2 S H0

�

q ,� 1
cccc
4

d3 Cos#T' � 5
cccc
4

d Cos#T' ,� d2
ccccccc
4

�
3
cccc
4

d2 Cos#T'200 inversr 4

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
6 S H0

� O#inversr '5

reeks  Simplify $%s. inversr �

1
ccccc

r
(

d q Cos#T' + 1
cccc
r
/2

cccccccccccccccccccccccccccccccccccccccccccccc
4 S H0

�

d3 q +3 Cos#T' � 5 Cos#3 T'/ + 1
cccc
r
/4

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
128 S H0

� O$ 1
ccccc
r
(

5

De eerste term ongelijk aan nul is een term met 1/r2. De volgende term is een term in 1/r4; de zogenaamde 

octopoolterm. 

Je kunt de verschillende termen nu ieder een naam geven en afbeelden in een 3D-plotje.

Als je de reeks wilt gebruiken in verdere berekeningen dan moet de restterm O[xn�1] verwijderd worden. Dit kan met het commando Normal[reeks]. Als je 

termen die aan bepaalde voorwaarden voldoen wilt selecteren uit een reeks dan kan dat met het commando Cases[reeks,zoekpatroon]. Zo levert 

bijvoorbeeld Cases[reeks, _
cccccccccccccc

r2
] die termen op waarin r2voorkomt, de uitvoer van het commando Cases heeft de vorm van een lijst, om de accolades weg te 

werken selecteer je dus het element dat je nodig hebt (317 bijvoorbeeld)..

vdipterm #�r_, T_�'  Cases$Normal #reeks ',
_
cccccccc

r 2
(317

CylindricalPlot3D #vdipterm #�r, T�' s. �q � 1, d � 1�, �r, 0.001, 3 �,
�T, 0, 2 S�, BoxRatios � �1, 1, 1 �'

d q Cos#T'
cccccccccccccccccccccccccccccc

4 S r 2 H0
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h Graphics3D h

CylindricalPlot3D plot een scalarfunctie op dezelfde manier als Plot3D, alleen nu met de argumenten van de functie in bolcoördinaten.

Opdracht Maak een plaatje van het relatieve verschil tussen a) de exacte uitdrukking voor de potentiaal en b) 
de dipoolbenadering als functie van de afstand r, doe dit voor een paar verschillende waarden van T. Verklaar 
de vorm van de grafiek. Vanaf welke afstand zou je zeggen dat de dipoolbenadering een goede benadering is 
en wat voor criterium gebruik je daarvoor?

Plot $�
vdipterm #�r, 0 �'

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

vdipbolco #�r, 0, 0 �'
s. �q � 1, d � 1�,

vdipterm #�r, S s4�'
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

vdipbolco #�r, S s4, 0 �'
s. �q � 1, d � 1�,

vdipterm #�r, S s3�'
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

vdipbolco #�r, S s3, 0 �'
s. �q � 1, d � 1� , �r, 0, 5 �, PlotRange � �0, 2 �,

PlotPoints � 200(;
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$SSHQGL[�,�3RVVLEOH�LPSURYHPHQWV�WR�WKH�FRXUVH

�6RIWZDUH�DQG�XVHU�LQWHUIDFH

(UURU�PHVVDJHV� FRXOG�EH� LPSOHPHQWHG� DV� D� VR�FDOOHG� ¶SDFNDJH·� WKDW� H[DPLQHV� WKH� LQSXW� IRU
IUHTXHQWO\� RFFXUULQJ� EHJLQQHU�PLVWDNHV�� $� ILUVW� UHGXFWLRQ� RI� SURJUDPPLQJ� HIIRUW� FRXOG� EH
HDVLO\� DFKLHYHG� E\� RIIHULQJ� D� SDFNDJH� WKDW� SURYLGHV� WKRVH� JUDSKLFV� URXWLQHV� WKDW� GR� QRW
FRQWULEXWH�WR�WKH�VWXGHQWV·�XQGHUVWDQGLQJ�RI�HOHFWURVWDWLFV��VXFK�DV�GUDZLQJ�WKH�ORFDWLRQ�RI�D
SRLQW�FKDUJH�LQ�D�ILHOG�SORW��$�IXUWKHU�LPSURYHPHQW�FRXOG�EH�DFKLHYHG�ZLWK�WKH�LQWURGXFWLRQ
RI� GHGLFDWHG� FDOFXODWRU� LQWHUIDFHV� IRU� WDVNV� VXFK� DV� VROYLQJ� /DSODFH·V� HTXDWLRQ�� 7KLV� ZRXOG
UHOLHYH� WKH� VWXGHQW� RI� NH\LQJ� LQ� WKH� FRPPDQGV�� DQG�PRUHRYHU�� LW� ZRXOG� SURYLGH� D� ZD\� WR
VWUXFWXUH�WKH�RXWSXW��6XFK�D�FDOFXODWRU�LQWHUIDFH�FRXOG�EH�D�VWUDLJKWIRUZDUG�H[WHQVLRQ�RI�WKH
SDOHWWHV�DOUHDG\�SURYLGHG�LQ�0DWKHPDWLFD��VXFK�DV�WKH�H[SUHVVLRQ�LQSXW�SDOHWWH�VKRZQ�LQ�WKH
H[DPSOH�LQ�WKH�PDLQ�WH[W�

$�OHVV�XUJHQW�LPSURYHPHQW�WR�WKH�VRIWZDUH�ZRXOG�EH�WKH�LQWURGXFWLRQ�RI�FRQWLQXRXV�ILHOG�OLQH
SORWV��)LHOG� SORWV� LQ� WKHLU� FXUUHQW� YHUVLRQ� DUH� UHSUHVHQWHG� DV� D� VHW� RI� YHFWRUV� GUDZQ�RQ� WKH
FRUQHUV�RI�D�VTXDUH�JULG��$�SORW�ZLWK�FRQWLQXRXV�ILHOG�OLQHV�ZRXOG�EH�ERWK�PRUH�DWWUDFWLYH�DQG
PRUH�UHDGDEOH��)LJXUH�����$Q�DOJRULWKP�IRU�GUDZLQJ�VXFK�SORWV�FDQ�EH�IRXQG�LQ�7DP��������
+RZHYHU��LW�LV�QRW�VWUDLJKWIRUZDUG�WR�LPSOHPHQW�VXFK�D�URXWLQH�LQ�D�JHQHUDOLVHG�IRUP�

+�T - T

)LJXUH���([DPSOH�RI�D�FRQWLQXRXV�ILHOG�OLQH�SORW��PDGH�ZLWK�WKH�DOJRULWKP�GHVFULEHG�LQ�7DP��������

�&RQWHQW�DQG�VWUXFWXUH

$� SRVVLEOH� DSSURDFK� WR� VWLPXODWH� VWXG\LQJ� WKH� ZRUNHG� H[DPSOHV� ZRXOG� EH� WR� SRVH
LQWHUSUHWDWLYH� TXHVWLRQV� DERXW� WKHLU� SK\VLFV� FRQWHQW�� 7KH� FRPSOHWLRQ� DVVLJQPHQWV� FRXOG� EH
UHYLVHG�LQ�D�ZD\�WR�UHTXLUH�VRPH�PRUH�VWXGHQW�DFWLYLW\��&DUH�VKRXOG�EH�WDNHQ��KRZHYHU��QRW�WR
UDLVH�QHZ�SURJUDPPLQJ�SUREOHPV�LQ�VXFK�D�ZD\�

7KH� DVVLJQPHQWV� FRXOG� EH� PRGLILHG� WR� SUHYHQW� VWXGHQWV� IURP�PLQGOHVV� FRS\LQJ�� 6WXGHQWV
VKRXOG� EH� DEOH� WR� FRS\� WKH� VWUXFWXUH� RI� WKH� H[DPSOH� VROXWLRQ�� EXW� WKHQ� VHYHUDO� PLQRU
DGDSWDWLRQV�VKRXOG�EH�UHTXLUHG�WR�VROYH�WKH�SUREOHP�VR�WKDW�WKH�VWXGHQW�KDV�WR�ZRUN�ZLWK�WKH
VROXWLRQ�DFWLYHO\�

5HIHUHQFH

7DP��3�7���������$�SK\VLFLVW·V�JXLGH�WR�0DWKHPDWLFD��6DQ�'LHJR��$FDGHPLF�3UHVV�



���

%LRJUDSKLFDO�QRWH

,Q�WKH�UHYROXWLRQ�\HDU�������,�ZDV�ERUQ�LQ�$PVWHUGDP��6RRQ�DIWHUZDUGV�,�ZDV�PRYHG
WR�%UDEDQW��ZKHUH�,�VSHQW�WKH�UHVW�RI�P\�FKLOGKRRG��,�DWWHQGHG�VHFRQGDU\�VFKRRO�DW�WKH
:LOOHP�YDQ�2UDQMH�&ROOHJH�LQ�:DDOZLMN��$IWHU�WKDW��,�IRXQG�LW�YHU\�KDUG�WR�SUHIHU�RQH
VLQJOH�VWXG\�DERYH�DOO�WKH�RWKHUV���)LQDOO\��,�FKRVH�SK\VLFV�DW�WKH�8QLYHUVLW\�RI�8WUHFKW�
6HYHQ�\HDUV�ODWHU��LQ�������,�JUDGXDWHG�LQ�H[SHULPHQWDO�SK\VLFV��EXW�WKDW�ZDV�RQO\�DIWHU�,
KDG� VSHQW� PDQ\� KRXUV� LQ� WKH� GHSDUWPHQW� RI� SKLORVRSK\�� DQG� HYHQ� PRUH� WLPH� DV� D
WHDFKHU� RI� VWXG\�VNLOOV� LQ� WKH� XQLYHUVLW\·V� ,QVWLWXWH� RI� (GXFDWLRQ� ¶,9/26·�� %\� WKHQ� ,
FRXOG�VWDUW�ZRUNLQJ�RQ�WKLV�GRFWRUDO�GLVVHUWDWLRQ�LQ�D�MRLQW�SURMHFW�RI�WKH�XQLYHUVLWLHV�RI
(LQGKRYHQ� DQG� 7ZHQWH�� DQG� VR� ,� GHFLGHG� WR� FKDQJH� P\� VXEMHFW� WR� HGXFDWLRQDO
SV\FKRORJ\�

/HUQH�GDV�(LQIDFKVWH��I�U�GLH��GHUHQ�=HLW�JHNRPPHQ�LVW��LVW�HV
QLH�]X�VSlW��/HUQH�GDV�$��E��F��HV�JHQ�JW�QLFKW�DEHU�OHUQH�HV�
/D��HV�GLFK�QLFKW�YHUGULH�HQ��IDQJ�DQ��'X�PX�W�DOOHV�ZLVVHQ�
'X� PX�W� GLH� )�KUXQJ� �EHUQHKPHQ�� GX� PX�W� GLH� )�KUXQJ
�EHUQHKPHQ�«

%HUWKROG�%UHFKW��¶/RE�GHV�/HUQHQV·
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