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$GYDQFHV�LQ�FRPSXWHU�WHFKQRORJ\�DQG�PXOWL�PHGLD�V\VWHPV

KDYH� OHG� WR� ZLGHVSUHDG� LQWHUHVW� LQ� FRPSXWHU�EDVHG

LQVWUXFWLRQ� DQG� OHDUQLQJ� HQYLURQPHQWV�� 7KH� XVH� RI� YLGHR�

DQLPDWLRQ�� JUDSKLFV�� DQG� VLPXODWLRQ� DOORZ� WKH� SUHVHQWDWLRQ

RI� PDWHULDO� LQ� UHDOLVWLF� FRQWH[WV�� WKXV� DGGUHVVLQJ� WKH

SUREOHPV�RI� LQHUW� NQRZOHGJH�ZKLOH� SURPRWLQJ� FRQVWUXFWLYH

DQG�JHQHUDWLYH� OHDUQLQJ��%XW� WKH� WUXH�SRWHQWLDO� DQG�EHQHILWV

RI�WKHVH�V\VWHPV�DUH�\HW�WR�EH�UHDOL]HG��&RJQLWLYH�VWXGLHV�RQ

OHDUQLQJ� DQG� WUDQVIHU� VXJJHVW� WKDW� FRQFHSWV� DFTXLUHG� LQ� D

VLQJOH�FRQWH[W�RIWHQ�UHPDLQ�FRXSOHG�WR�WKDW�FRQWH[W��DQG�DUH

QRW� UHDGLO\� WUDQVIHUUHG� DQG� DFFHVVHG� LQ� RWKHU� SUREOHP

VROYLQJ�VLWXDWLRQV��7KHVH�ILQGLQJV�SRLQW�WR�WKH�OLPLWDWLRQV�RI

WUDGLWLRQDO�� VLQJOH�FRQWH[W�� FRPSXWHU�EDVHG� LQVWUXFWLRQDO

HQYLURQPHQWV�� 7KLV� SDSHU� LQWURGXFHV� DQ� HPHUJLQJ

DUFKLWHFWXUH� IRU� LQVWUXFWLRQ� DQG� OHDUQLQJ�� $QFKRUHG

,QWHUDFWLYH� /HDUQLQJ� (QYLURQPHQWV� �$,/(��� $,/(� H[WHQG

ZHOO�GHYHORSHG� WKHRULHV� RI� HGXFDWLRQDO� SUDFWLFH� LQWR� WKH

GRPDLQ� RI� LQWHUDFWLYH� FRPSXWHU� DVVLVWHG� LQVWUXFWLRQ�� 7KH

UHVXOWLQJ� FRPSXWHU�EDVHG� HQYLURQPHQWV� IDFLOLWDWH� VXVWDLQHG

OHDUQLQJ�E\�DFWLYH� OHDUQHUV��7KH�GHVLJQ�DQG� LPSOHPHQWDWLRQ

RI� $GYHQWXUH3OD\HU�� DQ� ,QWHUDFWLYH� /HDUQLQJ� (QYLURQPHQW

�,/(�� DQFKRUHG� LQ� WKH� 5HVFXH� DW� %RRQH
V�0HDGRZ� �5%0�

HSLVRGH� IURP� WKH�$GYHQWXUHV� RI� -DVSHU� VHULHV� LV� SUHVHQWHG�

$Q� H[SHULPHQWDO� VWXG\� GHPRQVWUDWHV� WKH� HIIHFWLYHQHVV� RI

WKLV�V\VWHP�LQ�WKH�WULS�SODQQLQJ�GRPDLQ�



&UHZV��%LVZDV��*ROGPDQ�	�%UDQVIRUG

,QWURGXFWLRQ

)URP� YHU\� HDUO\� LQ� WKH� FRPSXWHU� DJH�� UHVHDUFKHUV� KDYH� K\SRWKHVL]HG� WKH

FRPSXWHU
V�HQRUPRXV�SRWHQWLDO�IRU�DVVLVWLQJ�LQ�WKH�HGXFDWLRQ�SURFHVV��(DUO\

UHVHDUFK� HIIRUWV�ZHUH� KDPSHUHG�E\� D� QXPEHU�RI� IDFWRUV�� ODFN� RI� SRZHUIXO

KDUGZDUH�� LQDGHTXDWH� DXWKRULQJ� VRIWZDUH� IRU� GHYHORSLQJ� FRPSXWHU�EDVHG

UHSUHVHQWDWLRQV�RI�GRPDLQ�DQG�SHGDJRJLFDO�NQRZOHGJH��DQG�WKH�LQDELOLW\�RI

UHVHDUFKHUV�WR�GHYHORS�D�XQLILHG�IUDPHZRUN�IRU�FRPSXWHU�EDVHG�LQVWUXFWLRQ

DQG� OHDUQLQJ�� � 5HFHQW� WHFKQRORJLFDO� DGYDQFHV� LQ� FRPSXWHU� KDUGZDUH�

VRIWZDUH�DQG�PXOWL�PHGLD�V\VWHPV��E\�WKHPVHOYHV�KDYH�EHHQ�LQVXIILFLHQW�WR

UHDOL]H�WKH�GUHDPV�RI�D�FRPSXWHU�GULYHQ�UHYROXWLRQ�LQ�HGXFDWLRQDO�SUDFWLFH�

6LJQLILFDQW�EHQHILWV�ZLOO�VWDUW�WR�DFFUXH�ZKHQ�FRPSXWHU�EDVHG�WHFKQRORJLHV

DUH�V\VWHPDWLFDOO\�LQFRUSRUDWHG�LQWR�D�V\VWHP�RI�WRROV�WKDW�VXSSRUW�WKLQNLQJ

DQG�OHDUQLQJ�DFWLYLWLHV�

7KH�SDSHU�GHYHORSV�D�QHZ�DSSURDFK�IRU�FRPSXWHU�DVVLVWHG�LQVWUXFWLRQ

GHVLJQHG� WR� IDFLOLWDWH� JHQHUDWLYH� DQG� VXVWDLQHG� OHDUQLQJ� LQ� DQ� LQWHUDFWLYH

PXOWL�PHGLD�HQYLURQPHQW��7KLV�DSSURDFK��EDVHG�RQ�ZHOO�GHYHORSHG�WKHRULHV

RI�HGXFDWLRQDO�SUDFWLFH�� LV�DSSOLHG� WR�GHVLJQ�DQG� LPSOHPHQW�DQ� ,QWHUDFWLYH

/HDUQLQJ�(QYLURQPHQW� �,/(���$GYHQWXUH3OD\HU�� WKDW� LV�DQFKRUHG� WR�5HVFXH

DW� %RRQH
V� 0HDGRZ�� RQH� RI� WKH� WZHOYH� YLGHR�EDVHG� HSLVRGHV� LQ� WKH

$GYHQWXUHV� RI� -DVSHU� :RRGEXU\� VHULHV� GHYHORSHG� WR� WHDFK� PDWKHPDWLFV

SUREOHP� VROYLQJ� LQ� UHDOLVWLF� FRQWH[WV� �&7*9�� ������� 7KH� VXFFHVV� RI

$GYHQWXUH3OD\HU� OHDGV� XV� WR� SURSRVH� D� QHZ� DUFKLWHFWXUH� IRU� OHDUQLQJ� DQG

SUREOHP�VROYLQJ��$QFKRUHG� ,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV� �$,/(��� WR

IDFLOLWDWH�VXVWDLQHG�OHDUQLQJ�LQ�PXOWLSOH�GRPDLQV�E\�DFWLYH�OHDUQHUV�

$QFKRUHG�,QVWUXFWLRQ

7KH� &RJQLWLRQ� DQG� 7HFKQRORJ\� *URXS� DW� 9DQGHUELOW� �&7*9�� LV� DQ

LQWHUGLVFLSOLQDU\� WHDP� RI� UHVHDUFKHUV� DW� WKH� /HDUQLQJ� 7HFKQRORJ\� &HQWHU�

3HDERG\� &ROOHJH� IRU� (GXFDWLRQ� DW� 9DQGHUELOW� 8QLYHUVLW\�� 0HPEHUV� RI

&7*9�KDYH�GHYHORSHG�DQG�WHVWHG�D�YDULHW\�RI�WHFKQRORJ\�EDVHG�SURJUDPV

WKDW�DUH�FRQVLVWHQW�ZLWK�FRQVWUXFWLYLVW�WKHRULHV��H�J���YRQ�*ODVHUVIHOG�������

%UDQVIRUG��*ROGPDQ��	�9\H��������5HVQLFN�	�.ORSIHU��������6FDUGDPDOLD

	�%HUHLWHU��������6SLUR�HW�DO���������DQG�JHQHUDWLYH�OHDUQLQJ�LQ�PHDQLQJIXO

FRQWH[WV� �&7*9������������������D������E�� ����F��� 7KH� HVVHQFH� RI� WKLV

DSSURDFK�LV�WR��DQFKRU��RU�VLWXDWH�LQVWUXFWLRQ� LQ�WKH�FRQWH[W�RI�PHDQLQJIXO

SUREOHP�VROYLQJ�HQYLURQPHQWV��7KHVH�DQFKRULQJ�HQYLURQPHQWV�DUH�UHIHUUHG

WR� DV� PDFURFRQWH[WV� DV� WKH\� LQYROYH� FRPSOH[� VLWXDWLRQV� WKDW� UHTXLUH

VWXGHQWV� WR� IRUPXODWH� DQG� VROYH� D� VHW� RI� LQWHUFRQQHFWHG� VXESUREOHPV

�%UDQVIRUG��6KHUZRRG��	�+DVVHOEULQJ���������(DFK�PDFURFRQWH[W�IDFLOLWDWHV
VXVWDLQHG�H[SORUDWLRQ� DV� LW�PD\�EH� UHYLVLWHG� IURP�PDQ\� SHUVSHFWLYHV� RYHU

SHULRGV� RI�ZHHNV� DQG� PRQWKV�� ,Q� DGGLWLRQ�� WKH� DQFKRUV� �DQG� LQVWUXFWLRQDO



$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV

DFWLYLWLHV� WKDW� DFFRPSDQ\� WKHP�� RIIHU� DGGLWLRQDO� FURVV�FXUULFXODU

H[WHQVLRQV�
&7*9� LV� H[SHULPHQWLQJ� ZLWK� DQFKRUHG� LQVWUXFWLRQ� SURJUDPV� LQ� D

YDULHW\�RI� DUHDV� LQFOXGLQJ�PDWKHPDWLFV� �H�J���&7*9������E��������������
VFLHQFH� �H�J��� &7*9�� ������ *ROGPDQ� HW� DO�� ������ &7*9�� ������� DQG
OLWHUDF\� �H�J��� %UDQVIRUG� HW� DO�� ������ &7*9�� ������ 6KDUS� HW� DO��� ������
7KHVH�DQFKRULQJ�HQYLURQPHQWV�DUH�GHVLJQHG�WR�LQYLWH�WKH�NLQGV�RI� WKLQNLQJ
DQG�UHDVRQLQJ� QHFHVVDU\� IRU� VWXGHQWV� WR�GHYHORS� �L�� WKH� JHQHUDO� VNLOOV� DQG

DWWLWXGHV� QHFHVVDU\� IRU� HIIHFWLYH� SUREOHP� VROYLQJ�� DQG� �LL�� WKH� VSHFLILF

FRQFHSWV�DQG�SULQFLSOHV�WKDW�DOORZ�WKHP�WR�WKLQN�HIIHFWLYHO\�DERXW�SDUWLFXODU

GRPDLQV�� 7KH� IRFXV� KDV� EHHQ� RQ� SURPRWLQJ� WKLQNLQJ� DQG� UHDVRQLQJ� LQ

SUREOHP� VROYLQJ� VLWXDWLRQV� EHFDXVH� WKHUH� LV� FRQVLGHUDEOH� HYLGHQFH� WKDW

WRGD\
V�VWXGHQWV�DUH�QRW�SDUWLFXODUO\�VWURQJ� LQ� WKHVH�DUHDV� �H�J���%UDQVIRUG�

*ROGPDQ�� 	� 9\H�� ������ 1LFNHUVRQ�� ������ 5HVQLFN�� ������� &7*9
V

DQFKRUHG� LQVWUXFWLRQ� DSSURDFK� VKDUHV� D� VWURQJ� UHVHPEODQFH� WR� WUDGLWLRQDO

FRQVWUXFWLYLVW�DSSURDFKHV��VXFK�DV�WKHPH�EDVHG�OHDUQLQJ��'HZH\��������DQG

FDVH�EDVHG�OHDUQLQJ��*UDJJ��������

&7*9� KDV� EHHQ� GHYHORSLQJ� D� VHULHV� RI� PDFURFRQWH[WV� ZLWK

FRUUHVSRQGLQJ� FODVVURRP�PDWHULDO� IRU� WKH�SXUSRVH� RI� VXSSRUWLQJ� DQFKRUHG

LQVWUXFWLRQ� OHDUQLQJ� DFWLYLWLHV� �&7*9�� ������� 7KHVH� PDFURFRQWH[WV

LQFRUSRUDWH� VHYHQ� LPSRUWDQW� FRJQLWLYH� OHDUQLQJ� DQG� LQVWUXFWLRQDO� GHVLJQ

SULQFLSOHV� WKDW� ZHUH� GHYHORSHG� IRU� PDWKHPDWLFV� SUREOHP� VROYLQJ� LQ� WKH

$GYHQWXUHV� RI� -DVSHU�:RRGEXU\� VHULHV��0RGLILFDWLRQV� RI� WKHVH� SULQFLSOHV

IRU�VFLHQFH�DQG�OLWHUDF\�DUH�GLVFXVVHG�LQ�&7*9������D��������

'HVLJQ�3ULQFLSOHV

7KH� SULQFLSOHV� WKDW� JRYHUQ� WKH� GHVLJQ� RI� DQFKRUHG� OHDUQLQJ� DUH� RXWOLQHG

EHORZ��&7*9��������

x� *HQHUDWLYH� /HDUQLQJ� )RUPDW�� 7KH� PDFURFRQWH[W� VWRU\OLQH� FUHDWHV� D

PHDQLQJIXO�FRQWH[W�IRU�SUREOHP�VROYLQJ��7KH�HQG�RI�WKH�VWRU\��KRZHYHU�

LV� JHQHUDWHG� E\� WKH� VWXGHQW� WKURXJK� WKH� UHVROXWLRQ� RI� WKH� FKDOOHQJH�

+DYLQJ� VWXGHQWV� JHQHUDWH� WKH� VWRU\
V� HQGLQJ� SURYLGHV� PRWLYDWLRQ�

VWXGHQWV� OLNH� WR� GHWHUPLQH� IRU� WKHPVHOYHV� WKH� VWRU\
V� RXWFRPH�� $Q

DGGLWLRQDO� DGYDQWDJH� RI� WKH� JHQHUDWLYH� IRUPDW� LV� WKDW� VWXGHQWV� PXVW

EHFRPH� DFWLYH� OHDUQHUV� ZKHQ� JHQHUDWLQJ� DQG� VROYLQJ� WKH� VXESUREOHPV

UHTXLUHG� E\� WKH� FKDOOHQJH�� 5HVHDUFK� ILQGLQJV� VXJJHVW� WKDW� WKHUH� DUH

LPSRUWDQW�EHQHILWV�WR�KDYLQJ�VWXGHQWV�JHQHUDWH�LQIRUPDWLRQ��H�J���6RUDFL�

HW�DO���������

x� 9LGHR�%DVHG�3UHVHQWDWLRQ� )RUPDW�� 7KH� YLGHR�PHGLXP� DOORZV� VWXGHQWV

WR�FRPSUHKHQG�FRPSOH[�DQG� LQWHUFRQQHFWHG�SUREOHPV�PXFK�EHWWHU�WKDQ

LI�WKH�LQIRUPDWLRQ�ZHUH�SUHVHQWHG�LQ�D�WH[W�IRUP��7KLV�LV�HVSHFLDOO\� WUXH
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IRU�VWXGHQWV�ZKR�KDYH�GLIILFXOW\�ZLWK�UHDGLQJ��7KH�YLGHR� IRUPDW�DOORZV

FKDUDFWHUV�� DFWLRQV�� DQG� VHWWLQJV� WR� EH� GHSLFWHG� LQ� D� ULFK�� YLYLG�� DQG

UHDOLVWLF� PDQQHU� WKDW� LV� KDUG� WR� DFKLHYH� LQ� WH[W�RQO\� SUHVHQWDWLRQV�� $

VHFRQG�DGYDQWDJH�RI�WKH�YLGHR�EDVHG�IRUPDW�LV�WKDW�LW�SURYLGHV�WKH�DELOLW\

WR�ZHDYH� LQ� UHODWHG�EDFNJURXQG� LQIRUPDWLRQ�ZKLFK�PLJKW�PRWLYDWH� WKH

VWXG\�RI�RWKHU�SUREOHPV�LQ�PDWKHPDWLFV�DQG�RWKHU�GRPDLQV�

x� 1DUUDWLYH� )RUPDW�� 7KH� YLGHR� QDUUDWLYH� LV� GHVLJQHG� WR� FRQWDLQ� VHWWLQJ

LQIRUPDWLRQ�� D� VODWH� RI� FKDUDFWHUV�� DQ� LQLWLDWLQJ� HYHQW�� DQG� FRQVHTXHQW

HYHQWV��7KH�FKDOOHQJH�DW�WKH�HQG�RI�WKH�YLGHR�IROORZV�QDWXUDOO\��FUHDWLQJ

IRU� VWXGHQWV� WKH� LPSUHVVLRQ� WKDW� WKH\� DUH� VROYLQJ� D� UHDOLVWLF� SUREOHP

UDWKHU� WKDQ� UHVSRQGLQJ� WR� D� OHFWXUH� RQ� YLGHR�� )XUWKHUPRUH�� WKH� PRUH

YLYLG� DQG� JUDSKLF� GHSLFWLRQ� RI� HYHQWV� FUHDWHV� IRU� VWXGHQWV� D� PRUH

DXWKHQWLF� XVH� RI� PDWKHPDWLFDO� FRQFHSWV� �H�J��� %URZQ�� &ROOLQV�� 	

'XJXLG��������

x� 3UREOHP�&RPSOH[LW\��7KH�FKDOOHQJH�SUHVHQWHG�WR�VWXGHQWV� LV�D�FRPSOH[

SUREOHP�ZLWK�PDQ\�LQWHUUHODWHG�VWHSV��7KH�FRPSOH[LW\�LV�LQWHQWLRQDO�DQG

EDVHG�RQ�D�YHU\�VLPSOH�SUHPLVH��VWXGHQWV�FDQQRW�EH�H[SHFWHG�WR�OHDUQ�WR

GHDO�ZLWK�FRPSOH[LW\�LQ�WKH�UHDO�ZRUOG�XQOHVV�WKH\�DUH�WUDLQHG�WR�GR�VR�

8QIRUWXQDWHO\�� WUDGLWLRQDO�FODVVURRP�DFWLYLWLHV�GR�QRW� URXWLQHO\�SURYLGH

VWXGHQWV� ZLWK� WKH� RSSRUWXQLW\� WR� HQJDJH� LQ� WKH� NLQG� RI� VXVWDLQHG

PDWKHPDWLFDO�WKLQNLQJ�QHFHVVDU\�WR�VROYH�FRPSOH[�SUREOHPV��7KH�YLGHR

SUHVHQWDWLRQ�RI� WKH�FKDOOHQJH�GRHV�QRW�KLGH� WKH�FRPSOH[LW\�RI� WKH� WDVN�

EXW�DW�WKH�VDPH�WLPH�PDNHV�LV�ORRN�LQWHUHVWLQJ�DQG�VROYDEOH�

x� (PEHGGHG� 'DWD� 'HVLJQ�� $Q� LPSRUWDQW� GHVLJQ� IHDWXUH� RI� WKH

PDWKHPDWLFV�PDFURFRQWH[WV� LV� WKH�HPEHGGHG� GDWD� IRUPDW��$OO� WKH� GDWD

QHFHVVDU\�WR�VROYH�WKH�FKDOOHQJH�DUH�VHDPOHVVO\�HPEHGGHG� LQ� WKH�YLGHR

VWRU\�DORQJ�ZLWK�D�JUHDW�GHDO�RI�H[WUDQHRXV� LQIRUPDWLRQ��8QOLNH� W\SLFDO

ZRUG�SUREOHPV��WKH�YLGHR�GRHV�QRW�H[SOLFLWO\� LGHQWLI\�WKH�PDWKHPDWLFDO

SUREOHPV�WKDW�QHHG�WR�EH�VROYHG�WR�FRPSOHWH�WKH�FKDOOHQJH��7KH�UHVXOW�LV

WKDW�VWXGHQWV�PXVW� ILUVW� LGHQWLI\�DQG�XQGHUVWDQG�WKH�SUREOHP��GHWHUPLQH

ZKDW� LQIRUPDWLRQ� LV� UHOHYDQW�� UHPHPEHU� ZKHUH� WKLV� LQIRUPDWLRQ� ZDV

SUHVHQWHG�� DQG� WKHQ� H[WUDFW� WKDW� LQIRUPDWLRQ� IURP� WKH� VWRU\�� ,Q� RWKHU

FRQWHQW� DUHDV�� WKH� PDFURFRQWH[W� LQWURGXFHV� VWXGHQWV� WR� DGGLWLRQDO

UHVRXUFHV�WKH\�FDQ�XVH�WR�JDWKHU�QHFHVVDU\�GDWD��%UDQVIRUG��HW�DO��������
6KHUZRRG��HW�DO���������

x� 2SSRUWXQLWLHV�IRU�7UDQVIHU��&RJQLWLYH�VFLHQFH�OLWHUDWXUH�RQ�OHDUQLQJ�DQG
WUDQVIHU�VXJJHVWV�WKDW�FRQFHSWV�DFTXLUHG� LQ�RQO\�RQH�FRQWH[W� WHQG� WR�EH
ZHOGHG� WR� WKDW� FRQWH[W� DQG� KHQFH� DUH� QRW� OLNHO\� WR� EH� VSRQWDQHRXVO\

DFFHVVHG� DQG� XVHG� LQ� QHZ� VHWWLQJV� �%UDQVIRUG� HW� DO��� ������� 7KH
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DGYHQWXUHV� LQ� WKH� -DVSHU� VHULHV� DUH� GHVLJQHG� VR� WKDW� WKHUH� DUH� DW� OHDVW

WKUHH� HSLVRGHV� IRU� HDFK� SUREOHP� W\SH�� WULS� SODQQLQJ�� VWDWLVWLFV� DQG

EXVLQHVV� SODQQLQJ�� DOJHEUD� DQG� JHRPHWU\�� 7KLV� SURYLGHV� VWXGHQWV� ZLWK

WKH�RSSRUWXQLW\�WR� XVH�DQG�UHXVH�PDWKHPDWLFDO�FRQFHSWV� LQ�D�YDULHW\�RI

FRQWH[WV��WKXV�FRQVLGHUDEO\� LQFUHDVLQJ�WKH� OLNHOLKRRG�RI�VNLOO� WUDQVIHU�WR

QHZ�VLWXDWLRQV�DQG�UHGXFLQJ� WKH� OLNHOLKRRG�RI� LQHUW� OHDUQLQJ��7KHUH� DUH

DOVR� D� VHW� RI� DQDORJ� SUREOHPV� DVVRFLDWHG� ZLWK� HDFK� DGYHQWXUH�� ZKLFK

KHOS�UHLQIRUFH�DQG�H[WHQG�PDWKHPDWLFDO�FRQFHSWV�WKDW�VWXGHQWV�XVH�LQ�WKH

RULJLQDO�DGYHQWXUH�

x� /LQNV� $FURVV� WKH� &XUULFXOXP�� (DFK� YLGHR� VWRU\� FRQWDLQV� DOO� WKH� GDWD

QHFHVVDU\� WR� VROYH� WKH� FKDOOHQJH�� ,Q� DGGLWLRQ�� WKH� VWRU\� DOVR� SURYLGHV

PDQ\�RSSRUWXQLWLHV� WR� LQWURGXFH� WRSLFV� IURP� RWKHU� VXEMHFW�PDWWHUV�� )RU

H[DPSOH��LQ�WKH�WULS�SODQQLQJ�HSLVRGHV��PDSV�DUH�XVHG�WR�KHOS�ILJXUH�RXW

WKH�VROXWLRQV��7KHVH�SURYLGH�D�QDWXUDO�OLQN�WR�JHRJUDSK\��QDYLJDWLRQ��DQG

IDPRXV�HYHQWV�LQ�ZKLFK�WULS�SODQQLQJ�ZDV�DQ�LPSRUWDQW�FRPSRQHQW��VXFK

DV�&KDUOHV�/LQGEHUJK
V�VROR�IOLJKW�DFURVV�WKH�$WODQWLF�

7KHVH� VHYHQ� GHVLJQ� SULQFLSOHV� PXWXDOO\� LQIOXHQFH� RQH� DQRWKHU� DQG

RSHUDWH� DV� D� JHVWDOW� UDWKHU� WKDQ� DV� D� VHW� RI� LQGHSHQGHQW� IHDWXUHV�� )RU

H[DPSOH��WKH�XVH�RI�YLGHR�EULQJV�WKH�ZRUOG�LQWR�WKH�FODVVURRP�LQ�D�PDQQHU

WKDW�PRWLYDWHV� VWXGHQWV�� ,W� PDNHV� FRPSOH[�PDWKHPDWLFDO� SUREOHP� VROYLQJ

DFFHVVLEOH�WR�VWXGHQWV�ZKR�KDYH�GLIILFXOWLHV�FRPSUHKHQGLQJ�WKHVH�VLWXDWLRQV

IURP� WH[W� PDWHULDO�� 7KH� QDUUDWLYH� IRUPDW�� WKH� JHQHUDWLYH� GHVLJQ� RI� WKH

VWRULHV�� WKH� FRPSOH[LW\� RI� WKH� FKDOOHQJH�� DQG� WKH� IDFW� WKDW� WKH� DGYHQWXUHV

LQFOXGH� HPEHGGHG� GDWD� SUHVHQW� OHDUQLQJ� RSSRUWXQLWLHV� RQ� VXEJRDO

JHQHUDWLRQ�� ILQGLQJ� UHOHYDQW� LQIRUPDWLRQ�� DQG�HQJDJLQJ� LQ� ORJLFDO� GHFLVLRQ

PDNLQJ� WDVNV�ZKLOH� NHHSLQJ� WKH� FRPSOH[LW\� RI� WKH� WDVN� PDQDJHDEOH�� 7KH

QDUUDWLYH� IRUPDW� DOVR�PDNHV� LW� HDVLHU� WR� HPEHG� LQIRUPDWLRQ� DQG� DOOXGH� WR

UHODWHG�SUREOHPV�WKDW�SURYLGH�RSSRUWXQLWLHV�IRU�OLQNV�DFURVV�WKH�FXUULFXOXP�

2XU� UHVHDUFK� LQWHJUDWHV� FRPSXWHU�EDVHG� ,QWHUDFWLYH� /HDUQLQJ

(QYLURQPHQWV� �,/(
V�� WKDW� IDFLOLWDWH� JXLGHG� GLVFRYHU\� DQG� JHQHUDWLYH

OHDUQLQJ� ZLWK� WKH� YLGHR�EDVHG� -DVSHU� DGYHQWXUHV� �PDFURFRQWH[W��� 7KH

RYHUDOO�DUFKLWHFWXUH��$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV��$,/(��

IDFLOLWDWHV� VXVWDLQHG� OHDUQLQJ� E\� DFWLYH� OHDUQHUV� ZKLOH� DOVR� SURYLGLQJ� WKH

QHFHVVDU\� JXLGDQFH� DQG� DVVLVWDQFH� IRU� OHVV� PRWLYDWHG� OHDUQHUV�� :H

LQVWDQWLDWH� WKLV� DUFKLWHFWXUH� LQ� WKH� FRQWH[W� RI� D� WULS� SODQQLQJ� DGYHQWXUH�

5HVFXH�DW�%RRQH
V�0HDGRZ��5%0��
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$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV��$,/(�

7KH� $,/(� DUFKLWHFWXUH� IRU� WKH� -DVSHU� DGYHQWXUH�� 5HVFXH� DW� %RRQH
V
0HDGRZ��5%0���LV�LOOXVWUDWHG�LQ�)LJXUH����$GYHQWXUH3OD\HU��WKH�,QWHUDFWLYH
/HDUQLQJ�(QYLURQPHQW� �,/(��� LV� LQYRNHG�E\�VWXGHQWV� LQ� WKH� FRQWH[W�RI� WKH
DQFKRU�RU�PDFURFRQWH[W�� LQ� WKLV� FDVH� WKH� WULS�SODQQLQJ�SUREOHP�� �7KH� ,/(
SURYLGHV� D� FRPSXWHU�EDVHG� SUREOHP� VROYLQJ� HQYLURQPHQW� WKDW� IDFLOLWDWHV
FRQVWUXFWLYLVW� DQG� JHQHUDWLYH� OHDUQLQJ�� 7KLV� LV� DFKLHYHG� E\� SURYLGLQJ
VWXGHQWV�ZLWK�D�VXLWH�RI� WRROV� WKDW� IDFLOLWDWH�SUREOHP�VROYLQJ�ZKLOH�PDNLQJ

WKH� LPSRUWDQW� FRQFHSWV� DVVRFLDWHG� ZLWK� WKH� SUREOHP� H[SOLFLW�� 7RROV� DUH

GHVLJQHG�ZLWK�EXLOW�LQ�VFDIIROGV� WR�DVVLVW�VWXGHQWV�LQ�EULGJLQJ�JDSV� LQ� WKHLU

NQRZOHGJH� RI� FRPSOH[� DVSHFWV� RI� WKH� SUREOHP� VROYLQJ� SURFHVV�� 7KHVH

VFDIIROGV� DUH� JUDGXDOO\� UHPRYHG� DV� VWXGHQWV� SURJUHVV� LQ� WKHLU� SUREOHP

VROYLQJ�WDVNV��6RPH�WRROV�DUH�DOVR�GHVLJQHG�WR�SURYLGH�FRDFKLQJ�IHHGEDFN�LQ

WKH�PDQQHU�VXJJHVWHG�E\�%XUWRQ�DQG�%URZQ��������

7KH�0DFURFRQWH[W��5HVFXH�DW�%RRQH
V�0HDGRZ

5HVFXH�DW�%RRQH
V�0HDGRZ� LV�RQH�RI����YLGHR�EDVHG�DQFKRUV�LQ�WKH�-DVSHU

VHULHV�GHVLJQHG�WR�WHDFK�PDWKHPDWLFDO�SUREOHP�ILQGLQJ�DQG�SUREOHP�VROYLQJ

LQ�WUDGLWLRQDO�FODVVURRP�HQYLURQPHQWV�IRU�VWXGHQWV�LQ�JUDGHV�ILYH�DQG�KLJKHU

�&7*9������D��&7*9���������7KH����DGYHQWXUHV�DUH�RUJDQL]HG� LQ� WULSOHV

DQG� FRYHU� FRPSOH[� WULS� SODQQLQJ�� VWDWLVWLFV� DQG� EXVLQHVV� SODQV�� JHRPHWU\�

DQG�DOJHEUD��(DFK�RI�WKHVH�DGYHQWXUHV�SURYLGHV�D�YHU\�ULFK�HQYLURQPHQW�WKDW

FUHDWHV� �PXOWLSOH� RSSRUWXQLWLHV� IRU� SUREOHP� VROYLQJ�� UHDVRQLQJ�

FRPPXQLFDWLRQ�� DQG�PDNLQJ� FRQQHFWLRQV� WR� RWKHU� DUHDV� VXFK� DV� VFLHQFH�

)LJXUH����$,/(�IRU�5HVFXH�DW�%RRQH
V�0HDGRZ

Suite of Tools

Rescue at Boone’s Meadow

Anchoring Context

Environment (ILE)

AdventurePlayer

Tool

Icon Pallet

Tool

Planning Notebook

Tool

Timeline Tool

Tool
Trip Planning 

Simulator

Interactive Learning 
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VRFLDO�VWXGLHV�� OLWHUDWXUH��DQG�KLVWRU\�� �&7*9��������� �5HVFXH� DW�%RRQH
V

0HDGRZ�LV�RQH�RI�WKUHH�DGYHQWXUHV�WKDW�GHDOV�ZLWK�FRPSOH[�WULS�SODQQLQJ�

7KH�DGYHQWXUH
V�VWRU\OLQH�EHJLQV�ZLWK�RQH�RI�WKH�SULPDU\�FKDUDFWHUV�

/DUU\� 3HWHUVRQ�� IO\LQJ� KLV� XOWUDOLJKW� LQWR� &XPEHUODQG� &LW\�� /DUU\� LV

WHDFKLQJ�KLV�IULHQG�(PLO\�-RKQVRQ�KRZ�WR�IO\��'XULQJ�(PLO\
V� OHVVRQV��VKH

�DQG�WKH�YLHZHUV��OHDUQ�PXFK�DERXW�WKH�XOWUDOLJKW��LQFOXGLQJ�LQIRUPDWLRQ�RQ

SD\ORDG��IXHO�FDSDFLW\��IXHO�FRQVXPSWLRQ��VSHHG��ODQGLQJ�UHTXLUHPHQWV��DQG

KRZ� WKH� VKDSH� RI� WKH� ZLQJ� SURGXFHV� OLIW�� 7R� FHOHEUDWH� (PLO\
V� ILUVW� VROR

IOLJKW�� /DUU\� DQG� (PLO\� MRLQ� -DVSHU� :RRGEXU\� IRU� GLQQHU� DW� D� ORFDO

UHVWDXUDQW�� 'XULQJ� GLQQHU�� -DVSHU� UHYHDOV� WKDW� KH� ZLOO� VRRQ� EH� WDNLQJ� KLV

DQQXDO� ILVKLQJ� WULS�� +H� SODQV� WR� GULYH� WR� +LOGD
V� JDV� VWDWLRQ�� SDUN� KLV� FDU

WKHUH�� DQG� WKHQ� KLNH����PLOHV� WR�KLV� IDYRULWH� ILVKLQJ� VSRW� LQ� WKH�ZRRGV�� D

UHPRWH�ORFDWLRQ�NQRZQ�DV�%RRQH
V�0HDGRZ�

:KLOH� FDPSLQJ� LQ� WKH�0HDGRZ�� -DVSHU� ILQGV� D� EDOG� HDJOH� WKDW� KDV

EHHQ�ZRXQGHG�E\�D�JXQVKRW��+H� UDGLRV� IRU� KHOS��(PLO\� FRQVXOWV� WKH� ORFDO

YHWHULQDULDQ�� 'RF� 5DPLUH]�� ZKR� ZDUQV� WKDW� WLPH� LV� WKH� FULWLFDO� IDFWRU� LQ

VDYLQJ�WKH�HDJOH��(PLO\�FRQVXOWV�D�PDS�RQ�WKH�ZDOO�WKDW�UHYHDOV�WKHUH�DUH�QR

GLUHFW� URDGV� OHDGLQJ� WR�%RRQH
V�0HDGRZ� IURP� HLWKHU�&XPEHUODQG�&LW\� RU

+LOGD
V��6KH� DOVR� OHDUQV� WKH�GLVWDQFHV� IURP� WKH�&LW\� WR�+LOGD
V� JDV� VWDWLRQ

DQG�%RRQH
V�0HDGRZ�DUH����DQG����PLOHV��UHVSHFWLYHO\��VHH�)LJXUH�����7KH

YLGHR�QDUUDWLRQ�HQGV�ZLWK�WKH�FKDOOHQJH���:KDW�LV�WKH�IDVWHVW�ZD\�WR�UHVFXH

WKH� HDJOH�� DQG� KRZ� ORQJ� ZLOO� LW� WDNH"�� $W� WKLV� SRLQW�� VWXGHQWV� VKLIW� IURP

SDVVLYH�YLHZLQJ�WR�DFWLYH�SUREOHP�VROYLQJ�

7KH�5%0�FKDOOHQJH�RI�UHVFXLQJ�WKH�HDJOH�DSSHDUV�VLPSOH��EXW�LQ�IDFW

UHTXLUHV� D� YDULHW\� RI� SUREOHP� VROYLQJ� VNLOOV�� 7R� ILQG� WKH� TXLFNHVW� ZD\� WR

UHVFXH� WKH� HDJOH�� RQH� PXVW� JHQHUDWH� PXOWLSOH� UHVFXH� SODQV�� YDOLGDWH� WKHP

DJDLQVW� WKH� FRQVWUDLQWV�RI� WKH� GRPDLQ�� DQG� GHWHUPLQH� KRZ� ORQJ� HDFK� SODQ

ZRXOG� WDNH� WR� LPSOHPHQW� �VHH� )LJXUH� ���� 7KHUH� DUH� D� ODUJH� QXPEHU� RI

)LJXUH����5HVFXH�DW�%RRQH
V�0HDGRZ�0DS

Hilda’s

Cumberland city

Boone’s Meadow

65 mi.60 mi.

15 mi.
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GLVWLQFW� UHVFXH� SODQV� WKDW� WKH� VWXGHQW� PD\� FRQVLGHU� VLQFH� WKHUH� DUH� WKUHH

GLIIHUHQW� SHRSOH�ZKR� FDQ� DVVLVW� LQ� UHVFXLQJ� WKH� HDJOH� �(PLO\�� /DUU\�� DQG

-DVSHU��� WKUHH� PHWKRGV� RI� WUDYHO� �(PLO\
V� WUXFN�� /DUU\
V� XOWUDOLJKW�� DQG

ZDONLQJ���DQG�PXOWLSOH�SRVVLEOH�URXWH�FRPELQDWLRQV�

(DFK�SODQ�SURSRVHG�E\�WKH�VWXGHQW�PXVW�EH�HYDOXDWHG�ZLWK�UHVSHFW�WR�WKH

DSSURSULDWH�FRQVWUDLQWV��)RU�H[DPSOH��LI�WKH�XOWUDOLJKW�LV�XVHG�IRU�WKH�UHVFXH�

VHYHUDO�FRQVWUDLQWV��VXFK�DV�SD\ORDG��ODQGLQJ�UHTXLUHPHQWV��DQG�UDQJH�RI�WKH

XOWUDOLJKW��ZLOO� GHWHUPLQH� WKH� IHDVLELOLW\� RI� HDFK� OHJ� RI� D� JLYHQ� URXWH�� $Q

DGGLWLRQDO� FRPSOLFDWLRQ� LV� WKDW� SD\ORDG� DQG� UDQJH� DUH� LQWHUUHODWHG

FRQVWUDLQWV�� 7KH� UDQJH� RI� WKH� XOWUDOLJKW� ZLOO� GHSHQG� XSRQ� WKH� DPRXQW� RI

DYDLODEOH� JDV�� DQG� WKH� ZHLJKW� RI� WKH� JDV� PXVW� EH� FRQVLGHUHG� ZKHQ

FDOFXODWLQJ�SD\ORDG�

2QFH� WKH� VWXGHQW� KDV� DVVHVVHG� WKH� SODQ� DV� IHDVLEOH�� WKH� WRWDO� WLPH

UHTXLUHG� WR� FRPSOHWH� WKH� SODQ�PXVW� EH� GHWHUPLQHG�� 7KH� VWXGHQW� ZLOO� WKHQ

VHOHFW� WKH� SODQ� WKDW� VDWLVILHV� WKH� FKDOOHQJH� RI� UHVFXLQJ� WKH� HDJOH� LQ� WKH

VKRUWHVW�SRVVLEOH�WLPH��7KH�RSWLPDO�VROXWLRQ�UHTXLUHV�WKDW

x� ERWK�(PLO\�DQG�/DUU\�EH�LQYROYHG�

x� ERWK�WKH�WUXFN�DQG�WKH�XOWUDOLJKW�EH�XVHG�

x� DQG�WKH�UHVFXH�URXWH�LQFOXGH�D�VWRS�DW�+LOGD
V�JDV�VWDWLRQ�

)LJXUH����5%0�3ODQQLQJ�1HW��DGDSWHG�IURP�*ROGPDQ�HW�DO��������

Find a Plan

Constraints Met?

Other

Feasible

Plans

Compare Times of

Feasible Plans

Identify

Route
Identify

Vehicle

Range

Landing

Test Feasibility of Plan Against

Constraints

Find Time for

Each Plan

Step Order

Time for

Each Leg
Distance

Vehicle

Payload

Identify

Pilot
Identify

Objects

Distance

Gas

Yes

No

Yes

No
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)XUWKHUPRUH�� WR� VDWLVI\� SD\ORDG� FRQVWUDLQWV�� WKH� RSWLPDO� VROXWLRQ� UHTXLUHV

WKDW� (PLO\�SLORW� WKH� XOWUDOLJKW�ZKLOH� /DUU\�GULYHV� WKH� WUXFN��&RPSXWDWLRQV

DOVR�GHWHUPLQH�WKDW�DGGLWLRQDO�JDV�PXVW�EH�WDNHQ�RQ�WKH�XOWUDOLJKW�WR�HQDEOH

LW� WR� IO\� WZR�FRQVHFXWLYH�OHJV� IURP�&XPEHUODQG�&LW\� WR�%RRQH
V�0HDGRZ�

DQG�WKHQ�IURP�%RRQH
V�0HDGRZ�WR�+LOGD
V�

,W�LV�FOHDU�IURP�WKH�DERYH�GLVFXVVLRQ�WKDW�WKH�5%0�FKDOOHQJH�LV�TXLWH

FRPSOH[�� ,Q� SURWRFRO� VWXGLHV� FRQGXFWHG� LQ� WKH� ILIWK� DQG� VL[WK� JUDGHV� LQ

PLGGOH�VFKRRO��&7*9��������*ROGPDQ��HW�DO����������VWXGHQWV�RIWHQ�FDPH

XS�ZLWK�D�VROXWLRQ�LQ�D�UHODWLYHO\�VKRUW�DPRXQW�RI�WLPH��8QIRUWXQDWHO\��PRVW

VWXGHQW� VROXWLRQV� ZHUH� QRQ�RSWLPDO� DQG� LQFRPSOHWH�� 6XFK� GDWD� LQGLFDWH

VWXGHQWV�PD\�EHQHILW�IURP�DSSURSULDWH�WHFKQRORJ\�EDVHG�OHDUQLQJ�WRROV�WKDW

SURPRWH� OHDUQLQJ�DQG�UHIOHFWLRQ�E\�SURYLGLQJ�DSSURSULDWH� IHHGEDFN�GXULQJ

WKH�SUREOHP�VROYLQJ�SURFHVV�

$GYHQWXUH3OD\HU��WKH�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQW

,Q�RXU�GHVLJQ�RI�$GYHQWXUH3OD\HU�DV�DQ�,/(��ZH�PDGH�D�FRQVFLRXV�HIIRUW�WR

LQFRUSRUDWH� EHQHILFLDO� FKDUDFWHULVWLFV� RI� ERWK� &RJQLWLYH� 7RROV� �/DMRLH�

������DQG�,QWHOOLJHQW�7XWRULQJ�6\VWHPV��:HQJHU��������� �7KH�JRDO�ZDV� WR

VXSSRUW� GLVFRYHU\� OHDUQLQJ� WKURXJK� UHIOHFWLYH� LQWHUDFWLRQ� DQG� FRQVWUDLQHG

FXUULFXOXP�GULYHQ� OHDUQLQJ� VR� WKDW� VWXGHQWV� GHYHORSHG� ERWK� JHQHUDO� DQG

GRPDLQ� VSHFLILF� WKLQNLQJ� DQG� SUREOHP� VROYLQJ� VNLOOV�� 7R� DFKLHYH� WKLV��ZH

DGRSWHG� IRXU� SULQFLSOHV� WKDW� JRYHUQHG� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI

$GYHQWXUH3OD\HU�

>3ULQFLSOH��@�,/(V�VKRXOG�LPSOHPHQW�WKH�SULQFLSOHV�RI�JHQHUDWLYH�DQG�DFWLYH

OHDUQLQJ�

5HJLDQ� DQG� 6KXWH� ������� SRLQW� RXW� WKDW� ZKLOH� WKHUH� DUH� PDQ\

SXEOLVKHG� DFFRXQWV� RI� LQVWUXFWLRQDO� V\VWHP� GHVLJQ� DQG� GHYHORSPHQW� �H�J��

:HQJHU�� ������ /DMRLH�� ������� WKH� UDQJH� RI� GRPDLQV� IRU�ZKLFK� WKH\� KDYH

EHHQ�EXLOW� LV�QDUURZ��DQG�WKHLU� LPSOHPHQWDWLRQ�DQG�XVH� LV�RIWHQ�JXLGHG�E\

LQWXLWLRQ� UDWKHU� WKDQ� WKHRU\��$V� D� UHVXOW�� WKH� VWXGHQW
V� HVWDEOLVKHG� OHDUQLQJ

URXWLQH� LV� RIWHQ� DOWHUHG� WR� DFFRPPRGDWH� WKH� HGXFDWLRQDO� VRIWZDUH�� 7KH

GHVLJQ� DQG� GHYHORSPHQW� RI� ,/(V� VKRXOG� EH� EDVHG� RQ� VRXQG� OHDUQLQJ

WKHRULHV�� ,/(V� VKRXOG� EH� GHVLJQHG� WR� HQFRXUDJH� VWXGHQWV
� DFWLYH

SDUWLFLSDWLRQ�LQ�DOO�WKHLU�OHDUQLQJ�DFWLYLWLHV��LQFOXGLQJ�SODQQLQJ��JRDO�VHWWLQJ�

NQRZOHGJH� RUJDQL]DWLRQ�� SUREOHP� VROYLQJ�� DQG� DVVHVVPHQW�� �F�I��� 3DSHUW�

������&ROOLQV�	�%URZQ��������5HXVVHU��������

>3ULQFLSOH��@�,/(V�VKRXOG�SURYLGH�DQFKRUHG�OHDUQLQJ�RSSRUWXQLWLHV�

$QFKRULQJ� SUREOHP� VROYLQJ� DFWLYLW\� LQ� DQ� LQWHUHVWLQJ� DQG� UHDOLVWLF

HQYLURQPHQW� DOORZV� VWXGHQWV� WR� H[SHULHQFH� WKH� NLQGV� RI� FRPSOH[�

FKDOOHQJLQJ� SUREOHPV� WKDW� H[SHUWV� HQFRXQWHU�� � 7KHUHIRUH�� DQFKRUHG
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LQVWUXFWLRQ�LQYLWHV�WKH�W\SH�RI�GHHS�WKLQNLQJ�DQG�UHDVRQLQJ�QHFHVVDU\�IRU�WKH

GHYHORSPHQW�RI�HIIHFWLYH�SUREOHP�VROYLQJ�VNLOOV��7KH�SUREOHP�FRPSOH[LW\

HQFRXUDJHV� VXVWDLQHG� H[SORUDWLRQ� DQG� FURVV�FXUULFXODU� H[WHQVLRQV�

$GYHQWXUH3OD\HU�LV�GHVLJQHG�WR�IDFLOLWDWH�GHHS�WKLQNLQJ�DQG�UHIOHFWLRQ�ZKLOH

VROYLQJ�FRPSOH[�EXW�UHDOLVWLF�WULS�SODQQLQJ�FKDOOHQJHV�

>3ULQFLSOH��@�,/(V�VKRXOG�IDFLOLWDWH�DQG�DOORZ�JXLGHG�GLVFRYHU\�OHDUQLQJ�

*XLGHG�GLVFRYHU\� OHDUQLQJ� LPSOLHV� WKDW� WKH� ORFXV�RI�FRQWURO� LV�PRUH

ZLWK�WKH�VWXGHQW��+RZHYHU��HQYLURQPHQWV�ZLWK�WRWDO�VWXGHQW�DXWRQRP\�FDQ

OHDG�WR�SRRU�UHVXOWV��HVSHFLDOO\�LQ�VLWXDWLRQV�ZKHUH�VWXGHQW�FRPSUHKHQVLRQ�LV

ORZ��%URZQ�	�&DPSLRQH���������,Q�WKHVH�VLWXDWLRQV��LW�LV�LPSRUWDQW�WKDW�WKH

V\VWHP�KHOS�VWXGHQWV�VHW�FRJQLWLYH�JRDOV��IDFLOLWDWH�SUREOHP�FRPSUHKHQVLRQ�

SURYLGH� WRROV� IRU� GHYHORSLQJ� VHOI�PRQLWRULQJ� DQG� NQRZOHGJH� RUJDQL]DWLRQ

VNLOOV��DQG�WR�OHDUQ�KRZ�WR�OHDUQ�LQ�JHQHUDO��F�I���6FDUGDPDOLD��������1DWKDQ

	�5HVQLFN��������� ,W�PD\� EHFRPH� QHFHVVDU\�� WKHUHIRUH�� IRU� WKH� V\VWHP� WR

LQWHUYHQH� GXULQJ� WLPHV� RI� H[FHVVLYH� VWXGHQW� IORXQGHULQJ�� 'XULQJ� WKHVH

OHDUQLQJ� SODWHDXV�� WKH� V\VWHP� PD\� WHPSRUDULO\� SURYLGH� LQVWUXFWLRQ� LQ� WKH

IRUP� RI� FRDFKLQJ� WR� PDNH� WKH� VWXGHQW� DZDUH� RI� WKH� OHDUQLQJ� LVVXHV

DVVRFLDWHG�ZLWK�WKH�REVHUYHG�IORXQGHULQJ�

7KH� QRWLRQ� RI� FRDFKLQJ�ZDV� ILUVW� LQWURGXFHG� E\� %XUWRQ� DQG� %URZQ

��������7KH�SXUSRVH�RI�D�FRDFK� LV�QRW�WR� OHFWXUH��EXW�WR� IRVWHU�WKH�OHDUQLQJ

LQKHUHQW�LQ�WKH�DFWLYLW\�LWVHOI�E\�SRLQWLQJ�RXW�H[LVWLQJ�OHDUQLQJ�RSSRUWXQLWLHV

DQG�E\� WUDQVIRUPLQJ� IDLOXUHV� LQWR� OHDUQLQJ� H[SHULHQFHV��:(67� �%XUWRQ�	

%URZQ���������GHVLJQHG�DV�DQ� ,QWHOOLJHQW�7XWRULQJ�6\VWHP��FRDFKHG�EDVHG

RQ�DQ�HPSLULFDO�VWXGHQW�PRGHO��7KH�$1,0$7(�V\VWHP��1DWKDQ�	�5HVQLFN�

������ SURYLGHG� VWDWH�EDVHG� FRDFKLQJ� IHHGEDFN�� 7DVN�EDVHG� IHHGEDFN� ZDV

SURYLGHG� LQ� WKH� 7$36� �'HUU\� 	� +DZNHV�� ������ DQG� +(521� �5HXVVHU�

������ V\VWHPV�� :KLFK� DSSURDFK� LV� PRVW� HIIHFWLYH� IRU� GLIIHUHQW� OHDUQLQJ

FRQWH[WV� UHPDLQV� DQ� RSHQ� TXHVWLRQ�� (DFK� DSSURDFK�� KRZHYHU�� RIIHUV

VLJQLILFDQW�LQVWUXFWLRQDO�RSSRUWXQLWLHV�WKDW�VXSSRUW�GLVFRYHU\�OHDUQLQJ�

>3ULQFLSOH��@�.QRZOHGJH�RI�WKH�GRPDLQ�DQG�SUREOHP�VROYLQJ�WDVN�VKRXOG�EH

PDGH�H[SOLFLW�LQ�PXOWLSOH�ZD\V�LQ�WKH�UHSUHVHQWDWLRQV�DQG�LQWHUIDFHV�XVHG�LQ

WKH�V\VWHP�

5HSUHVHQWDWLRQ� RI� NQRZOHGJH� LV� DQ� LPSRUWDQW� SDUW� RI� DQ\� OHDUQLQJ

SURFHVV� �FI��� /DUNLQ� 	� 6LPRQ�� ������ 5RVFKHOOH�� ������� 7KHVH

UHSUHVHQWDWLRQV� PD\� EH� WH[WXDO�� DOJHEUDLF�� DQG� GLDJUDPPDWLF�� 6XFK

UHSUHVHQWDWLRQV� RI� FRQFHSWV� DQG� LGHDV� VKRXOG� EH� VXSSRUWHG� ZKHQHYHU

SRVVLEOH��HYHQ�ZKHQ�WKLV� LQIRUPDWLRQ�LV�UHGXQGDQW�WR�RWKHU�UHSUHVHQWDWLRQV�

6LPRQ� ������� SRLQWV� RXW� WKDW� �UHSUHVHQWDWLRQV� PD\� EH� HTXLYDOHQW� LQ� WKH

NQRZOHGJH� HPEHGGHG� LQ� WKHP�ZLWKRXW� EHLQJ� HTXLYDOHQW� LQ� WKH� SRZHU� DQG
VSHHG� RI� WKH� LQIHUHQFH� SURFHVVHV� WKH\� HQDEOH�� 7KH\� PD\� EH� LQIRUPDOO\
HTXLYDOHQW�ZLWKRXW�EHLQJ�FRPSXWDWLRQDOO\�HTXLYDOHQW����S��[LL��
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3URYLGLQJ� PXOWLSOH� UHSUHVHQWDWLRQV� IRU� LQIRUPDWLRQ� LQFUHDVHV� D

VWXGHQW
V� RSSRUWXQLW\� WR� XQGHUVWDQG� DQG� DSSO\� NQRZOHGJH�� )XUWKHUPRUH�

ZKHQHYHU� SRVVLEOH�� VWXGHQWV� VKRXOG� EH� JLYHQ� RSSRUWXQLWLHV� WR� DFWLYHO\

FRQVWUXFW�UHSUHVHQWDWLRQV�RI�WKHLU�NQRZOHGJH��WKHUHE\�PDNLQJ�H[SOLFLW�WKHLU

PHQWDO�PRGHOV�RI�WKH�SUREOHP�VROYLQJ�VLWXDWLRQ�DQG�VROXWLRQ�

6\VWHP�'HVLJQ

7KH� $GYHQWXUH3OD\HU� V\VWHP� IDFLOLWDWHV� FRQVWUXFWLRQ� HYDOXDWLRQ�� DQG

UHDVRQLQJ�DERXW�VROXWLRQV�WR� WULS�SODQQLQJ�SUREOHPV��7ULS�SODQQLQJ�FDQ�EH

FDVW�DV�D�WUDGLWLRQDO�SODQQLQJ�SUREOHP��FI���675,36��)LNHV�	�1LOVVRQ�������

12$+��6DFHUGRWL���������ZKHUH�WKH�WDVN�LV�WR�LGHQWLI\�D�VHTXHQFH�RI�DFWLRQV

�H�J�� IO\� WKH� XOWUDOLJKW� WR� WKH�0HDGRZ�� SLFN� XS� WKH� HDJOH�� IO\� EDFN� WR� WKH

&LW\�� WKDW� UHVXOWV� LQ� WKH� VXFFHVVIXO� DFKLHYHPHQW� RI� WKH� GHVLUHG� JRDO� �H�J��

EULQJ�HDJOH�WR�KRVSLWDO� LQ�&LW\���$Q�DQDO\VLV�RI� WKH�5%0�DGYHQWXUH�\LHOGV

ILYH� EDVLF� DFWLRQV� �VHH� )LJXUH� ��� WKDW� PD\� EH� SUHVHQWHG� DV� 675,36�OLNH

RSHUDWRUV�ZLWK�SUHFRQGLWLRQV�DQG�HIIHFWV��)LNHV�	�1LOVVRQ����������7KUHH�RI

WKHVH� RSHUDWRUV� DUH� WUDYHO� DFWLRQV��'ULYH�� )O\�� DQG� :DON�� 7KH� RWKHU� WZR

RSHUDWRUV��)XHO�DQG�3XW,Q��HQDEOH�JDVROLQH�WUDQVIHU��H�J��� ILOO�XS�WKH�WUXFN
V

JDV�WDQN��DQG�REMHFW�PRYHPHQW��H�J���SXW�JDV�FDQ�LQ�XOWUDOLJKW���UHVSHFWLYHO\�

2WKHU� WULS� SODQQLQJ� DGYHQWXUHV� PD\� QHFHVVLWDWH� WKH� XVH� RI� DGGLWLRQDO

RSHUDWRUV��VXFK�DV�6ZLP��6DLO��5XQ��%LNH��3D\��,QIODWH��DQG�%XUQ�GHSHQGLQJ

RQ�WKH�VWRU\OLQH�DQG�DYDLODEOH�REMHFWV�

$GYHQWXUH3OD\HU� DVVLVWV� LQ� SODQ� JHQHUDWLRQ� DQG� SODQ� HYDOXDWLRQ� IRU

VROYLQJ� FRPSOH[� WULS� SODQQLQJ� SUREOHPV�� 3ODQ� JHQHUDWLRQ� LV� WKH� WDVN� RI

VHOHFWLQJ�DQG�VHTXHQFLQJ�DFWLRQV�WR�DFKLHYH�D�GHVLUHG�JRDO��3ODQ�HYDOXDWLRQ

LQYROYHV� YDOLGDWLQJ� VHOHFWHG� DFWLRQV� E\� FKHFNLQJ� LI� HDFK� DFWLRQ
V

1

PutIn(Object1,Object2) Drive(Means,From,To)

Preconditions Essential Preconditions

Whereis(Object1) = Whereis(Object2) Isa(Means,Driveable)

CanHold(Object2,Object1) RoadExists(From,To)

Postcondition Whereis(Means) = From

Holding(Object2,Object1) Holding(Means,driver)

Computed Preconditions

NotLessThan(Means::Fuel,FUELNEEDED)

Postconditions

Whereis(Means) = To

Means::Fuel � = FUELNEEDED

Fuel(Source,Dest[,AMOUNT]) Fly(Means,From,To)

Preconditions Essential Preconditions

CanHold(Source,Gasoline) Isa(Means,Flyable)

CanHold(Dest,Gasoline) Whereis(Means) = From

GreaterThan(AMOUNT,0) Holding(Means,pilot)

AtLeast(Source::Fuel,AMOUNT) Computed Preconditions

AtMost(Dest::Fuel + AMOUNT,Dest::MaxFuel) NotLessThan(Means::Fuel,FUELNEEDED)

Postconditions LessThan(Means::Payload,Means::MaxPayload)

Source::Fuel � = AMOUNT Postcondition

Dest::Fuel + = AMOUNT Whereis(Means) = To

Means::Fuel � = FUELNEEDED

Walk(Means,From,To)

Essential Preconditions

Isa(Means,Person)

Whereis(Means) = From

Postcondition

Whereis(Means) = To

)LJ�����7KH�5HVFXH�DW�%RRQH
V�0HDGRZ�2SHUDWRUV
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SUHFRQGLWLRQV� DUH� VDWLVILHG�� 8QVDWLVILHG� SUHFRQGLWLRQV� DUH� HVWDEOLVKHG� DV

VXEJRDOV�� DQG� WKLV� LQYRNHV� IXUWKHU� SODQ� JHQHUDWLRQ�� � ,Q� DGGLWLRQ�� WKH

GHWHUPLQDWLRQ�RI� WKH�RSWLPDOLW\� RI� D� VROXWLRQ� LQ� WKH�SODQ� HYDOXDWLRQ�SKDVH

UHTXLUHV�FRPSXWLQJ�SODQ�FRVWV�LQ�WHUPV�RI�FKRVHQ�XQLWV��H�J��� WLPH��GROODUV�

HWF���DQG�FRPSDULQJ�DOWHUQDWH�SODQV�LQ�WHUPV�RI�WKHVH�FRVWV�

:KHQ�WKH�VWXGHQW�KDV�LGHQWLILHG�D�SODQQLQJ�DFWLRQ��$GYHQWXUH3OD\HU

UHVSRQGV�WR�WKDW�DFWLRQ�DFFRUGLQJ�WR�WKH�IROORZLQJ�WKUHH�SULQFLSOHV�

7KH� 9DOLG� $FWLRQ� 3ULQFLSOH�� $Q\� DFWLRQ� WKDW� LV� YDOLG� LQ� WKH� UHDO� ZRUOG

�UHJDUGOHVV� RI� LWV� XVHIXOQHVV� WR� VROYLQJ� WKH� SUREOHP� DW� KDQG�� LV

DOORZHG�E\�WKH�V\VWHP�

7KH� ,QYDOLG� $FWLRQ� 3ULQFLSOH�� � $Q\� DFWLRQ� WKDW� LV� QRW� YDOLG� LQ� WKH� UHDO

ZRUOG� GXH� WR� SK\VLFDO� OLPLWDWLRQV� LPSRVHG� E\� WKH� GRPDLQ� LV� QRW

DOORZHG�E\� WKH� V\VWHP�� ,Q� DGGLWLRQ�� WKH� V\VWHP� SURYLGHV� D�PHVVDJH

H[SODLQLQJ�ZK\�WKH�DFWLRQ�LV�LQYDOLG�

7KH� ,QFRPSOHWH� $FWLRQ� 3ULQFLSOH�� $Q\� DFWLRQ� WKDW� LV� LQFRPSOHWH� LV

DOORZHG�E\�WKH�V\VWHP�XQOHVV�WKHUH�LV�GLUHFW�HYLGHQFH�WKDW�WKH�DFWLRQ

LV�LQYDOLG�LQ�WKH�FXUUHQW�VFHQDULR�

$Q� H[DPSOH� RI� D� YDOLG� DFWLRQ�ZRXOG� EH� WR� ZDON� IURP�&XPEHUODQG

&LW\�WR�%RRQH
V�0HDGRZ��7KLV�SDUWLFXODU�DFWLRQ�PD\�QRW�FRQWULEXWH� WR� WKH

ILQDO� SUREOHP� VROXWLRQ�� QHYHUWKHOHVV�� LW� FRQVWLWXWHV� DQ� DFWLYLW\� WKDW� FDQ� EH

SHUIRUPHG� LQ� WKH� UHDO� ZRUOG� DQG�� WKHUHIRUH�� LV� DOORZHG� E\� WKH� V\VWHP�

+RZHYHU�� DQ� DWWHPSW� WR� GULYH� IURP� WKH� &LW\� WR� WKH� 0HDGRZ� LV� LQYDOLG

EHFDXVH� WKH�YLGHR� VWDWHV� WKDW� WKHUH� LV� QR� URDG�DFFHVV� WR� WKH�0HDGRZ��7KH

V\VWHP�ZRXOG�QRW�DOORZ�WKH�UHTXHVWHG�DFWLRQ��LQIRUPLQJ�WKH�VWXGHQW�ZLWK�DQ

H[SODQDWLRQ��VXFK�DV��7KHUH�LV�QR�GULYHDEOH�URDG�IURP�&XPEHUODQG�&LW\�WR

%RRQH
V�0HDGRZ��

$Q�LQFRPSOHWH�DFWLRQ�LV�DQ�DFWLRQ�ZLWK�RQH�RU�PRUH�XQVDWLVILHG��EXW
SRVVLEO\�VDWLVILDEOH��SUHFRQGLWLRQV��$Q�LQFRPSOHWH�DFWLRQ�LV�DFFHSWHG�E\�WKH
V\VWHP� LQ� WKH� VDPH� PDQQHU� DV� YDOLG� DFWLRQ�� EXW� LQWHUQDOO\� WKH� DFWLRQ� LV
ODEHOHG� DV� LQFRPSOHWH�� )RU� H[DPSOH�� IO\LQJ� WKH� XOWUDOLJKW� UHTXLUHV� WKH
VSHFLILFDWLRQ�RI� D�SLORW� DQG� WKH� LQFOXVLRQ�RI� HQRXJK� JDV� LQ� WKH� XOWUDOLJKW
V
WDQN� WR� FRPSOHWH� WKH� IOLJKW�� $� IO\� DFWLRQ�ZLWKRXW� WKH� VSHFLILFDWLRQ� RI� WKH
SLORW� �RU� ZLWK� LQVXIILFLHQW� IXHO�� LV� DOORZHG� E\� WKH� V\VWHP� GXULQJ� LQLWLDO
SODQQLQJ�� +RZHYHU�� LQ� RUGHU� WR� JHQHUDWH� D� FRPSOHWH� ILQDO� VROXWLRQ�� WKH
VWXGHQW� DW� VRPH� ODWHU� SRLQW�PXVW� DGGUHVV� WKH�PLVVLQJ� LQIRUPDWLRQ� IRU� WKLV

DQG�DQ\�RWKHU�LQFRPSOHWH�DFWLRQV�
7KHUH� DUH� WZR� UHDVRQV� IRU� KDQGOLQJ� LQFRPSOHWH� DFWLRQV� LQ� WKLV

PDQQHU��)LUVW��LW�DOORZV�VWXGHQWV�WR�SODQ�KLHUDUFKLFDOO\�E\�IRFXVLQJ�LQLWLDOO\
RQ� WKH� JHQHUDO� SODQ� DQG� ILOOLQJ� LQ� GHWDLOV� ODWHU� �FI��� 6DFHUGRWL�� ������� 7KH
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VHFRQG�UHDVRQ� IRU� DOORZLQJ� LQFRPSOHWH� �DV�ZHOO� DV� YDOLG�EXW� QRQ�RSWLPDO�

DFWLRQV� LV� UHODWHG� WR� WKH� REMHFWLYH� RI� SURYLGLQJ� D� FRQVWUXFWLYLVW� OHDUQLQJ

HQYLURQPHQW�UDWKHU�WKDQ�D�WUDGLWLRQDO�LQWHUDFWLYH�WXWRULQJ�V\VWHP�ZLWK�VWURQJ

V\VWHP� FRQWURO�� ,W� KDV� EHHQ� VKRZQ� WKDW� QHJDWLYH� OHDUQLQJ� FDQ� UHVXOW� IURP

FRQVWUDLQLQJ�VWXGHQW�SHUIRUPDQFH�WRR�WLJKWO\��$QGHUVRQ��%R\OH��&RUEHWW��	

/HZLV��������

$GYHQWXUH3OD\HU� LQFRUSRUDWHV� D� QXPEHU� RI� WRROV� WR� IDFLOLWDWH� WKH

FRPSOH[� WULS� SODQQLQJ� SUREOHP� VROYLQJ� WDVN�� DQ� LFRQ� SDOOHW�� D� SODQQLQJ

QRWHERRN��D�WLPHOLQH�UHSUHVHQWDWLRQ��D�SODQ�VLPXODWRU��DQG�D�SODQQLQJ�FRDFK

�VHH�)LJXUH�����(DFK�RI�WKHVH�FRPSRQHQWV�DUH�GHVFULEHG�EULHIO\�EHORZ�

$GYHQWXUH3OD\HU�7RROV

7RROV� DUH� LQYRNHG�E\� VWXGHQWV� IURP�ZLWKLQ� D�SDUWLFXODU� ,/(� WR� KHOS� VROYH

SUREOHPV�DQG�DFKLHYH�JRDOV��)RU�H[DPSOH��D�WLPHOLQH�WRRO�PD\�EH�XVHG�IRU

WULS� SODQQLQJ� RU� VFKHGXOLQJ� HYHQWV� DW� D� EXVLQHVV� PHHWLQJ�� /LNHZLVH�� D

JHQHUDO� WRRO� IRU� FUHDWLQJ� DQG� PDQLSXODWLQJ� JUDSKV� PD\� EH� XVHIXO� LQ� ,/(

ZKHUH� GDWD� FROOHFWLRQ� DQG� DQDO\VLV� DUH� UHTXLUHG� IRU� SUREOHP� VROYLQJ�� 2XU

WRROV�DUH�GHVLJQHG�WR�SURYLGH�VFDIIROGLQJ��9\JRWVN\��������WR�KHOS�VWXGHQWV

LQLWLDOO\�FRYHU�JDSV� LQ� WKHLU�GHWDLOHG�NQRZOHGJH�ZKLOH� QRW� ORRVLQJ�VLJKW�RI

WKH�ELJ�SLFWXUH�RU�WKH�RYHUDOO�SUREOHP�WKH\�DUH�DWWHPSWLQJ�WR�VROYH��7KLV�LV

YDOXDEOH� DV� DQFKRULQJ� FRQWH[WV� DUH�� E\� GHVLJQ�� TXLWH� FRPSOH[� DQG� PD\

UHTXLUH�SUREOHP�VROYLQJ�VNLOOV�WKDW�DUH�LQLWLDOO\�EH\RQG�WKH�VWXGHQW
V�FXUUHQW

VNLOO� OHYHO��7KH� VHW� RI� WRROV�GHVLJQHG� LQ� WKH�$GYHQWXUH3OD\HU� FRQWH[W� �VHH

)LJXUH����DUH�GHVFULEHG�LQ�GHWDLO�EHORZ�

)LJXUH���$GYHQWXUH3OD\HU��$Q�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQW
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,FRQ�3DOOHW

7KH� LFRQ� SDOOHW� LV� DOZD\V� YLVLEOH� LQ� WKH� $GYHQWXUH3OD\HU� LQWHUIDFH�� $OO

REMHFWV�UHOHYDQW�IRU�WKH�DGYHQWXUH�DUH�UHSUHVHQWHG�LQ�WKH�SDOOHW�DV�LFRQV��DQG

VWXGHQWV� PD\� GRXEOH�FOLFN� RQ� DQ\� LFRQ� WR� UHFHLYH� UHOHYDQW� LQIRUPDWLRQ

DERXW� WKDW� REMHFW�� )RU� H[DPSOH�� LI� RQH� FOLFNV� RQ� WKH� XOWUDOLJKW� LFRQ�

SDUDPHWHUV�� VXFK� DV�PD[LPXP� SD\ORDG�� VL]H� RI� LWV� JDV� WDQN�� UDWH� RI� JDV

FRQVXPSWLRQ�� DQG� IO\LQJ� VSHHG� DSSHDU� RQ� DQ� LQIRUPDWLRQ�ZLQGRZ� �)LJXUH

����,QIRUPDWLRQ�UHWULHYDO�LV�QHFHVVDU\�GXULQJ�WKH�SODQQLQJ�SURFHVV��VLQFH�WKH

DQFKRULQJ� PDFURFRQWH[W� FRQWDLQV� PRUH� IDFWXDO� GDWD� WKDQ� D� VWXGHQW� FDQ

UHWDLQ�LQ�VKRUW�WHUP�PHPRU\�

3ODQQLQJ�1RWHERRN

7KH� SODQQLQJ� QRWHERRN� LV� D� WHPSODWH�EDVHG� JUDSKLFDO� WRRO� IRU

FRPPXQLFDWLQJ� DQG� UHSUHVHQWLQJ� SODQQLQJ� DFWLRQV�� 7KH� QRWHERRN� DOORZV

VWXGHQWV�WR�JHQHUDWH�DQG�LQVWDQWLDWH�SODQQLQJ�DFWLRQV��LQFOXGLQJ�DFWLRQV�WKDW

DUH�LQFRPSOHWH�DQG�RU�QRQ�RSWLPDO���$W�WKH�ERWWRP�RI�WKH�QRWHERRN�LV�D�VHW

RI� EXWWRQV� FRUUHVSRQGLQJ� WR� DOO� DFWLRQV� VXJJHVWHG� E\� WKH� DQFKRULQJ

PDFURFRQWH[W���7UDYHO��DFWLRQV��H�J���'ULYH��)O\��:DON�� LQYROYH�PRYHPHQW

RI�DQ�REMHFW�IURP�RQH�ORFDWLRQ�WR�DQRWKHU���(QDEOLQJ��DFWLRQV��H�J���3XW�,Q�

5HIXHO�)URP�� LQYROYH� WKH� PRYHPHQW� RI� REMHFWV� DQG� VXEVWDQFHV� IURP� RQH

REMHFW�WR�DQRWKHU�DW�WKH�VDPH�ORFDWLRQ��:KHQ�D�EXWWRQ�LV�VHOHFWHG��D�WHPSODWH

IRU� WKH� VHOHFWHG� DFWLRQ� DSSHDUV� LQ� WKH� QRWHERRN� ZLWK� GHIDXOW� VORW� YDOXHV�

7UDYHO�DFWLRQV�DUH�GLVSOD\HG�LQ�EROG�ZKLOH�HQDEOLQJ�DFWLRQV�DSSHDU�LQ�SODLQ

IRQW� DQG� DUH� LQGHQWHG�� 7KH� VORWV� DUH� XSGDWHG� E\� GUDJJLQJ� LFRQV� IURP� WKH

LFRQ�SDOOHW�DQG�GURSSLQJ�WKHP�RQWR�WKH�WDUJHW�VORW��)LJXUH���VKRZV�D�SDUWLDO

SODQ�ZLWK� D� �)O\�� DFWLRQ� WKDW� LV� QRW� LQVWDQWLDWHG�� DQG� )LJXUH� �� VKRZV� WKH

IXOO\�LQVWDQWLDWHG�RSWLPDO�VROXWLRQ�WR�WKH�5%0�DGYHQWXUH�

)LJXUH����3ODQQLQJ�1RWHERRN�ZLWK�D�SDUWLDO�SODQ
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7KH� WHPSODWH�EDVHG� WH[WXDO� QRWHERRN� IRU� FRPPXQLFDWLQJ� DQG

UHSUHVHQWLQJ�SODQQLQJ�DFWLRQV�SURYLGHV�WKH�IROORZLQJ�DGYDQWDJHV�

x� 7KH�SODQQLQJ�QRWHERRN� IDFLOLWDWHV�QRQ�OLQHDU�SODQQLQJ��)RU�H[DPSOH�� D

VWXGHQW�PD\�FKRVH�WR�GULYH�WKH�HDJOH�IURP�+LOGD
V�JDV�VWDWLRQ�WR�WKH�&LW\
HYHQ�WKRXJK�QHLWKHU�WKH�YHKLFOH�QRU�WKH�HDJOH�LV��\HW��DW�WKH�VWDWLRQ�

x� 7KH� SODQQLQJ� QRWHERRN� IDFLOLWDWHV� DEVWUDFW� SODQQLQJ�� )RU� H[DPSOH�� D

VWXGHQW�PD\�HVWDEOLVK�DQ�DEVWUDFW��)O\��DFWLRQ�DQG�LQFRUSRUDWH�LW�LQWR�WKH

SODQ�ZLWKRXW�LPPHGLDWHO\�ILOOLQJ�LQ�WKH�VORWV�

x� 7KH�SODQQLQJ�QRWHERRN�IDFLOLWDWHV�LQWXLWLYH�SODQ�PRGLILFDWLRQ��&KDQJLQJ

WKH� VWHS� �)O\� XOWUDOLJKW� IURP�0HDGRZ� WR� &LW\�� WR� �)O\� XOWUDOLJKW� IURP

0HDGRZ� WR� +LOGD
V�� LV� DV� HDV\� DV� GURSSLQJ� WKH� +LOGD
V� LFRQ� RQ� WKH

GHVWLQDWLRQ� VORW�� /LNHZLVH�� WKH� DFWLRQ� VHTXHQFHV� PD\� EH� UHRUGHUHG� E\

WUDGLWLRQDO�GUDJ�DQG�GURS�DFWLRQV�

x� 7KH� SODQQLQJ� QRWHERRN� SURYLGHV� YLVXDO� GLVWLQFWLRQV� RI� SUHFRQGLWLRQ

DFWLRQV�WKURXJK�IRQW�FKDQJHV��LQGHQWDWLRQ��DQG�FRORU�KLJKOLJKWLQJ��:KHQ

D�WUDYHO�DFWLRQ�EHFRPHV� IXOO\�VSHFLILHG��WKH�DFWLRQ�EHFRPHV�KLJKOLJKWHG

ZLWK�D�FRORU�DQG�PD\�WKHQ�EH�GUDJJHG�WR�WKH�WLPHOLQH��GLVFXVVHG�EHORZ�

ZKHUH�WKH�VWXGHQW�FDQ�VSHFLI\�WHPSRUDO�LQIRUPDWLRQ�UHJDUGLQJ�WKH�VWHS�

)LJXUH����5%0�2SWLPDO�VROXWLRQ
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7LPHOLQH

7KH� WLPHOLQH� WRRO� DOORZV� VWXGHQWV� WR� FRQVWUXFW� D� GLDJUDPPDWLF

UHSUHVHQWDWLRQ�RI� WKHLU�SODQ��)XOO\�VSHFLILHG� WUDYHO�DFWLRQV� LQ� WKH� QRWHERRN

PD\�EH�GUDJJHG�LQWR�WKH�WLPHOLQH�ZKHUH�WKH\�DUH�UHSUHVHQWHG�E\�D� WLPHEDU

ZKLFK�PD\�EH�PRYHG�DQG�UHVL]HG�WR�UHIOHFW��D��WKH�VWDUW�RI�WKH�DFWLRQ��DQG

�E�� WKH� GXUDWLRQ� RI� WKH� DFWLRQ�� 7KLV� SURYLGHV� VWXGHQWV�ZLWK� JUDSKLFDO� DQG

YLVXDO�PHFKDQLVPV� �SRVLWLRQLQJ� DQG� VL]LQJ�� WR�PDNH�H[SOLFLW� WKH� WHPSRUDO

LVVXHV�DVVRFLDWHG�ZLWK�SODQQLQJ�

(DUO\� ZRUN� RQ� WKLV� SURMHFW� UHYHDOHG� WKDW� WH[W�RQO\� SODQ

UHSUHVHQWDWLRQV� FUHDWHG� DPELJXLWLHV� ZLWK� UHVSHFW� WR� VWHS� RUGHULQJ�� 7KH

WLPHOLQH� PDNHV� VWXGHQWV� VSHFLI\� H[SOLFLWO\� ZKHQ� VWHSV� RFFXU�� WKHUHE\

IRUFLQJ�WKHP�WR�WKLQN�LI�VWHSV�VKRXOG�RFFXU�LQ�SDUDOOHO�RU�LQ�OLQHDU�VHTXHQFH�

6XFK�GHSHQGHQFLHV�H[SRVH�VWXGHQWV�WR�LVVXHV�UHODWHG�WR�VFKHGXOLQJ�FRPSOH[

WDVN�RSHUDWLRQV�

7KH�WLPHOLQH
V�UHSUHVHQWDWLRQ�LV�ERWK�LQWXLWLYH�DQG�H[SUHVVLYH�HQRXJK

WR� VSHFLI\� VHTXHQWLDO� DFWLRQV� �L�H��� DFWLRQ��� FDQQRW� EHJLQ� XQWLO� DFWLRQ��� LV

FRPSOHWHG�� DQG� SDUDOOHO� DFWLRQV� �DFWLRQ��� GRHV� QRW� GHSHQG� RQ� DFWLRQ���

WKHUHIRUH�� LW� FDQ� FRPPHQFH� EHIRUH� DFWLRQ��� LV� FRPSOHWH��� )RU� H[DPSOH�

)LJXUH���LOOXVWUDWHV�WKH�UHODWLYH�OHQJWKV�RI�HDFK�WUDYHO�DFWLRQ�DV�ZHOO�DV�WKH

DELOLW\�WR�H[HFXWH�WKH�LQLWLDO�IO\�DQG�GULYH�DFWLRQV�LQ�SDUDOOHO�

3ODQ�6LPXODWRU

6LPXODWLRQ�LV�D�SRZHUIXO�SHGDJRJLFDO�WRRO�WKDW�KDV�EHHQ�XVHG��VXFFHVVIXOO\

LQ� YDULRXV� LQVWUXFWLRQDO� V\VWHPV� VXFK� DV� 67($0(5� �:LOOLDPV�� ������

7KLQNHU7RROV� �:KLWH�� ������� $1,0$7(� �1DWKDQ�	�5HVQLFN�� ������� DQG

WKH�(QYLVLRQLQJ�0DFKLQH� �5RVFKHOOH�� ������� �$GYHQWXUH3OD\HU
V� VLPXODWRU

LV� VWDWH�EDVHG�� GULYHQ� E\� WKH� RUGHULQJ� DQG� VL]H� RI� WKH� WLPHEDUV� LQ� WKH

)LJXUH����7LPHOLQH�ZLWK�IRXU�WUDYHO�DFWLRQV
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WLPHOLQH�� 7KH� VLPXODWLRQ�PDNHV� H[SOLFLW� SDUDPHWHUV� DQG� FRQFHSWV� WKDW� DUH

LPSRUWDQW�IRU�SUREOHP�VROYLQJ��)RU�H[DPSOH��LI�D�VWXGHQW�FKRRVHV�WR�IO\�WKH

XOWUDOLJKW�ZLWK�LQVXIILFLHQW�IXHO��WKH�XOWUDOLJKW�WDNHV�RII��EXW�FUDVKHV�DW�VRPH

SRLQW�EHIRUH�LW�UHDFKHV�LWV�GHVWLQDWLRQ���5DWH�WLPH�GLVWDQFH�UHODWLRQV�DUH�DOVR

LOOXVWUDWHG��7KH�WLPH�DOORFDWHG�E\�WKH�VWXGHQW�WR�FRPSOHWH�D�WUDYHO�DFWLRQ�LV

PDGH� H[SOLFLW� E\� WKH� OHQJWK� RI� WKH� WLPHEDU�� :KHQ� VLPXODWLQJ� WLPH�� WKH

VLPXODWLRQ�ZLOO�HQG�WRR�TXLFNO\�LI�WKH�EDU�OHQJWK�LV�WRR�VKRUW��/LNHZLVH��WKH

VLPXODWLRQ� ZLOO� JR� EH\RQG� WKH� WDUJHW� LI� WKH� WLPHEDU� LV� WRR� ORQJ�� 7KH

VLPXODWRU�VXSSRUWV�TXDOLWDWLYH�XQGHUVWDQGLQJ�RI�WKH�WHPSRUDO�DVSHFWV�RI�WKH

SODQ� E\� KDYLQJ� REMHFWV� PRYH� RQ� WKH� VFUHHQ� DW� VSHHGV� WKDW� DUH� GLUHFWO\

SURSRUWLRQDO�WR�WKHLU�DFWXDO�VSHHG�DQG�IRU�D�WLPH�WKDW�LV�GLUHFWO\�SURSRUWLRQDO

WR� WKH� OHQJWK� RI� WKH� DSSURSULDWH� WLPHEDU�� :KHQ� D� VWXGHQW� JHQHUDWHV� D

FRPSOHWH�EXW� QRQ�RSWLPDO�SODQ�� WKH�VLPXODWLRQ� IHHGEDFN�SURYLGHV�SRLQWHUV

WR�WKH�VWHSV�WKDW�UHTXLUH�WKH�PRVW�WLPH��$V�D�JHQHUDO�KHXULVWLF��WKH�VWXGHQW�LV

UHTXHVWHG�WR�GLUHFW�DWWHQWLRQ�DQG�IRFXV�UHSODQQLQJ�DFWLYLWLHV�RQ�WKRVH�VWHSV�

$QRWKHU� LPSRUWDQW� IHDWXUH� RI� WKH� VLPXODWLRQ� HQYLURQPHQW� LV� WKH

DPRXQW� RI� FRQWURO� JLYHQ� WR� WKH� VWXGHQW�� 7KH� VWXGHQW� QRW� RQO\� GHWHUPLQHV

ZKHQ� WR�SHUIRUP� WKH� VLPXODWLRQ�� EXW� DOVR� FRQWUROV� WKH�GHJUHH� RI� IHHGEDFN

JHQHUDWHG� E\� WKH� VLPXODWLRQ�� ,Q� WKH� $GYHQWXUH3OD\HU� FRQWH[W�� WKH� VWXGHQW

PD\�VHOHFW�WR�UHFHLYH�RU�LJQRUH�IHHGEDFN�RQ�WKH�GRPDLQ�FRQVWUDLQWV�SD\ORDG�

IXHO�� DQG� WLPH�� 3URYLGLQJ� WKH� VWXGHQW�ZLWK� WKH� DELOLW\� WR� FRQWURO� IHHGEDFN

FRQIRUPV� WR� WKH� WKLUG� ,/(� SULQFLSOH� GLVFXVVHG� HDUOLHU�� )XUWKHUPRUH�� WKH

SULQFLSOH�RI�PLQLPDO�KHOS��5HXVVHU�������� LV�WDNHQ�D�VWHS�IXUWKHU�VLQFH�WKH

VWXGHQW��QRW�WKH�V\VWHP��GHFLGHV�ZKDW�IHHGEDFN�LV�UHOHYDQW�

7ULS�3ODQQLQJ�&RDFK

%HFDXVH�RI�WKH�FRPSOH[LW\�RI�WKH�5%0�FKDOOHQJH�DQG�VLPLODU�RSWLPDO� WULS

SODQQLQJ� SUREOHPV�� $GYHQWXUH3OD\HU� FRQWDLQV� D� FRPSRQHQW� IRU� FRDFKLQJ

VWXGHQWV�RQ�RSWLPDO�SODQQLQJ�VWUDWHJLHV��0RVW�WUDGLWLRQDO�SODQQLQJ�V\VWHPV

DUH� QRW� GHVLJQHG� IRU� JHQHUDWLQJ� RSWLPDO� VROXWLRQV�� 7KRVH� WKDW� GR� DGGUHVV

RSWLPDO�SODQQLQJ� W\SLFDOO\�DWWHPSW�WR�RSWLPL]H�WKH�SODQQLQJ�SURFHVV�UDWKHU

WKDQ� WKH� SODQ� LWVHOI�� 7KH� SODQQLQJ� VSDFH� IRU� DQ� RSWLPDO� VROXWLRQ� LV� TXLWH

ODUJH�� JHQHUDWLQJ� DQ� RSWLPDO� VROXWLRQ� IRU� HYHQ� WKH� VLPSOH� �EORFNV�ZRUOG�

GRPDLQ�KDV�EHHQ�VKRZQ� WR�EH�13�KDUG� �&KHQRZHWK��������*XSWD�	�1DX�

������� )RU� WKLV� UHDVRQ�� DQ\� V\VWHP� WKDW� SODQV� RSWLPDO� VROXWLRQV� FRXOG

EHQHILW� IURP�WKH�XVH�RI�KHXULVWLF�VHDUFK� WHFKQLTXHV� WR�FRQVWUDLQ� WKH�VHDUFK

SURFHVV�

7KH�$3
�VHDUFK�DOJRULWKP��&UHZV�	�%LVZDV������D��ZDV�GHYHORSHG

LQ� DQ� HIIRUW� WR� FRPELQH� WKH� DGYDQWDJHV�RI� KLHUDUFKLFDO� SODQQLQJ� DQG� EHVW�

ILUVW� VHDUFK� WR� JHQHUDWH� SODQV� WKDW� DUH� RSWLPDO� IRU� VRPH� SUHVSHFLILHG� FRVW

FULWHULD��)XUWKHUPRUH��WKH�$3
�DOJRULWKP�ZDV�GHVLJQHG�WR�EH�WUDQVSDUHQW� LQ

LWV� SUREOHP� VROYLQJ� SHUIRUPDQFH�� DQ� LPSRUWDQW� IHDWXUH� IURP� D� WXWRULQJ
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SHUVSHFWLYH�� DV�SUHYLRXVO\�GHPRQVWUDWHG�E\�623+,(� �%URZQ�� HW� DO�� �����

DQG�D�QXPEHU�RI�RWKHU�LQWHOOLJHQW�WXWRULQJ�SURMHFWV��:HQJHU��������

7KH�$3
�DOJRULWKP�LV�DQ�H[WHQVLRQ�RI� WKH�$
�DOJRULWKP��+DUW�HW�DO��

������IRU�DSSOLFDWLRQ�WR�KLHUDUFKLFDO�SODQQLQJ�GRPDLQV�LQ�ZKLFK�DQ�RSWLPDO

JRDO� LV�GHVLUHG��7KH�K
� IXQFWLRQ� LV� GHILQHG� WR�EH� WKH� FRVW� RI� H[HFXWLQJ� WKH

RSHUDWRU�DVVXPLQJ�WKDW�RQO\�WKH�PRVW�DEVWUDFW�OHYHO�RI�SUHFRQGLWLRQV�QHHG�WR

EH�VDWLVILHG��7KH�DGGLWLRQ�RI�PRUH�GHWDLOHG�SUHFRQGLWLRQV�FDQ�RQO\�LQFUHDVH

WKH�FRVW�RI�WKH�RSHUDWRU��WKXV�JXDUDQWHHLQJ�WKDW�K
�ZLOO�QHYHU�RYHUHVWLPDWH�K�

DQG�� WKHUHIRUH�� WKDW� WKH� $3
� DOJRULWKP� LV� DGPLVVLEOH�� %UDQFKLQJ� LV

FRQVWUDLQHG� E\� PHDQV� RI� GRPDLQ� KHXULVWLFV�� 7KH� WZR� KHXULVWLFV� XVHG� IRU

$GYHQWXUH3OD\HU
V�WULS�SODQQLQJ�FRDFK�DUH�

>+HXULVWLF���� @�'LUHFW�5RXWH�+HXULVWLF� � RQVLGHU� WKH� GLUHFW� URXWH� WR� WKH

GHVWLQDWLRQ�XVLQJ�WKH�EHVW�DYDLODEOH�YHKLFOH�

>+HXULVWLF����@�%HVW�9HKLFOH�+HXULVWLF� � QVLGHU�DQ� LQGLUHFW� URXWH� WR� WKH

GHVWLQDWLRQ�LI�D�EHWWHU�YHKLFOH�FDQ�EH�HPSOR\HG�RQ�WKH�DOWHUQDWH�URXWH�

$OJRULWKP��$3


��� 6WDUW�ZLWK�WKH�VHDUFK�WUHH�FRQWDLQLQJ�RQO\�WKH�LQLWLDO�QRGH��FDOOHG�5227�

)RU�WKLV�QRGH��J� � �FRPSXWH�WKH�K
�YDOXH��DQG�VHW� I
� �K
����� K
��6HW

WKH�62/9('�OLVW�WR�QLO�

��� 8QWLO�D� JRDO�VWDWH� KDV�EHHQ�UHDFKHG��RU� WKH� I
�RI�5227� LV� �)$,/85(�

UHSHDW�WKH�IROORZLQJ�SURFHGXUH�

x� 0RYH�GRZQ� WKH�VHDUFK� WUHH� IURP�5227� � � OHDI� QRGH�E\�VHOHFWLQJ

WKH�DSSURSULDWH�FKLOG�IRU�HDFK�QRQ�OHDI�QRGH�DV�IROORZV�

�� ,I�WKH�QRGH�LV�DQ�25�QRGH��VHOHFW�WKH�ORZHVW�FRVW�FKLOG�QRGH�

�� ,I�WKH�QRGH�LV�DQ�$1'�QRGH��VHOHFW�WKH�ILUVW�XQVROYHG�FKLOG�QRGH�

&DOO�WKLV�OHDI�QRGH�WKH�%(67�12'(�

x� ,I�%(67�12'(� �LPPHGLDWHO\�H[HFXWDEOH��GR�WKH�IROORZLQJ��([HFXWH

%(67�12'(� WR� JHQHUDWH� D� QHZ� VWDWH�� 8SGDWH� WKH� VHDUFK� VSDFH� E\

SODFLQJ�%(67�12'(�RQ�WKH�62/9('�OLVW��,I�%(67�12'(�LV�DQ�25

FKLOG��RU�LI�%(67�12'(�LV�WKH�ODVW�$1'�FKLOG�RI�D�QRGH��SXW�%(67�

12'(
V�SDUHQW�RQ�WKH�62/9('�OLVW�DQG�UHSHDW�WKLV�SURSDJDWLRQ�XQWLO

HLWKHU� D� SDUHQW� QRGH� LV� QRW� VROYHG� RU� 5227� LV� SODFHG� RQ� WKH

62/9('�OLVW��5HSHDW�VWHS���

x� 6LQFH� %(67�12'(� � QRW� LPPHGLDWHO\� H[HFXWDEOH�� DWWHPSW� WR

JHQHUDWH�VXFFHVVRU�QRGHV�IRU�%(67�12'(�

�� ,I� QR� VXFFHVVRUV� DUH� JHQHUDWHG�� DVVLJQ� )$,/85(� � � K
� RI

%(67�12'(�

�� ,I�VXFFHVVRUV�DUH�DEOH�WR�EH�JHQHUDWHG��PDNH�%(67�12'(�DQ�25

QRGH��)RU�HDFK�68&&(6625��GR�WKH�IROORZLQJ�


� 6HW�68&&(6625� � RLQW�EDFN�WR�%(67�12'(�
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� &RPSXWH� J�68&&(625� J�%(67�12'(��� WKH� FRVW� RI

JHWWLQJ�IURP�%(67�12'(�WR�68&&(6625�


� ,I�68&&(6625� �DQ�$1'�QRGH��FUHDWH�68%�12'(� IRU�HDFK

VXE�QRGH� RI� 68&&(6625� DQG� VHW� K
�68&&(6625� 6

K
�68%�12'(��


� 8SGDWH� WKH� � IRU� %(67�12'(� � � � PLQLPXP� RI� DOO

68&&(6625V�

�� 8SGDWH� DOO� K
� YDOXHV� EHWZHHQ� %(67�12'(� DQG� 5227� E\� WKH

IROORZLQJ�SURFHVV�� ,I� WKH�SDUHQW�RI�%(67�12'(� LV� DQ�25� QRGH�

VHW�K
�RI� WKH� SDUHQW� QRGH� WR� EH� WKH�PLQLPXP�RI� LWV� FKLOGUHQ
V�K


YDOXHV��,I�WKH�SDUHQW�RI�%(67�12'(�LV�DQ�$1'�QRGH��VHW�K
�RI�WKH

SDUHQW�QRGH�WR�EH�WKH�VXP�RI� LWV�FKLOGUHQ
V�K
�YDOXHV��5HSHDW� WKLV

SURSDJDWLRQ�RI�LQIRUPDWLRQ�XQWLO�5227�KDV�EHHQ�XSGDWHG��5HSHDW

VWHS���

7KH� VHDUFK� VSDFH� JHQHUDWHG� E\� WKH� $3
� DOJRULWKP� LV� XVHIXO� IRU

FRDFKLQJ�SXUSRVHV��&RQVLGHU�D�VWXGHQW�ZKRVH�SODQ�LV�WR�IO\�WR�WKH�0HDGRZ

DQG�EDFN��7KHUH�DUH�WZR�SUREOHPV�ZLWK�WKH�VWXGHQW
V�SODQ��)LUVW��WKHUH�LV�QRW

HQRXJK� IXHO� LQ� WKH�XOWUDOLJKW� WR� IO\� WR� WKH�0HDGRZ� DQG� EDFN�� 7KH� VHFRQG

SUREOHP�LV�WKDW�HYHQ�LI�WKHUH�ZHUH�HQRXJK�JDV�LQ�WKH�XOWUDOLJKW��WKLV�VROXWLRQ

ZRXOG�QRW�EH�WKH�RSWLPDO�RQH��7KH�VHFRQG�SRLQW�LV�PRUH�LQWHUHVWLQJ�IURP�D

FRDFKLQJ� SHUVSHFWLYH� �VLPXODWLRQ� DORQH� SURYLGHV� DOO� QHFHVVDU\� IHHGEDFN

SHUWDLQLQJ�WR�WKH�ODFN�RI�IXHO��

$GYHQWXUH3OD\HU
V� WULS� SODQQLQJ� FRDFK� H[DPLQHV� WKH� $3
� VHDUFK

VSDFH� ORRNLQJ� IRU� WKH� FULWLFDO� SRLQW� ZKHUH� WKH� VWXGHQW
V� VROXWLRQ� GHYLDWHV

IURP� WKH� RSWLPDO� VROXWLRQ� �)LJXUH� ���� ,Q� WKLV� FDVH�� H[DPLQDWLRQ� RI� WKH

FULWLFDO�SRLQW�UHYHDOV�WKDW�WKH�RSWLPDO�VROXWLRQ�IROORZHG�D�EUDQFK�JHQHUDWHG

E\� WKH� %HVW� 9HKLFOH� KHXULVWLF�� 7KH� FRDFK� PD\� XVH� WKLV� NQRZOHGJH� ZKHQ

LQWHUDFWLQJ�ZLWK�WKH�VWXGHQW�

,Q� WKH� SURFHVV� RI� PDNLQJ� WKH� VWXGHQW� WKLQN� RI� D� EHWWHU� VROXWLRQ�� D

FRDFK�VKRXOG�DYRLG�JLYLQJ�WRR�VSHFLILF�D�UHVSRQVH��L�H����,W�ZRXOG�EH�IDVWHU

WR� IO\� WKH�HDJOH� WR�+LOGD
V��SXW� WKH�HDJOH� LQ� WKH� WUXFN�� WKHQ�GULYH� WKH� WUXFN

IURP�+LOGD
V�WR� WKH�&LW\�����:KLOH� WKLV� IHHGEDFN�ZRXOG� OLNHO\� UHVXOW� LQ� WKH

VWXGHQW�GHYHORSLQJ�WKH�RSWLPDO�VROXWLRQ��LW�LV�GRXEWIXO�WKH�LQWHUDFWLRQ�ZRXOG

KHOS� WKH� VWXGHQW� GHYHORS� JHQHUDO� WULS� SODQQLQJ� VNLOOV�� ,QVWHDG�� FRDFKLQJ

VKRXOG� IRFXV� RQ� WKH� JHQHUDO� VNLOOV� EHKLQG� WKH� GHVLUHG� EHKDYLRU�� )RU� WKLV

UHDVRQ�� $GYHQWXUH3OD\HU
V� FRDFKLQJ� PD\� RFFXU� RQ� D� YDULHW\� RI� OHYHOV

GHVLJQHG�WR�VWLPXODWH�SURGXFWLYH�VWXGHQW�UHIOHFWLRQ�
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&RDFKLQJ� /HYHO� ��� &RQVLGHU� �� �<RXU� VROXWLRQ� WDNHV� �� KRXUV�� ,V� WKDW

UHDVRQDEOH"�

&RDFKLQJ�/HYHO� ���4XHVWLRQ� �� ,V� \RXU� SODQ� WKH� IDVWHVW� SRVVLEOH� SODQ� WR

UHVFXH�WKH�HDJOH"�

&RDFKLQJ� /HYHO� ��� &KDOOHQJH� � �,� KDYH� D� VROXWLRQ� WKDW� LV� ��� PLQXWHV

IDVWHU��

&RDFKLQJ�/HYHO����+LQW� � �<RXU�SODQ�XVHV�WKH�XOWUDOLJKW��&RQVLGHU�KRZ�D

IDVWHU�YHKLFOH�FRXOG�EH�XVHG�LQ�\RXU�SODQ��

&RDFKLQJ�/HYHO���� ,QVWUXFW� � �7U\�XVLQJ� WKH� WUXFN� WR�JHW� WKH� HDJOH� IURP

+LOGD
V�WR�WKH�KRVSLWDO��,I�\RX�GR�QRW�XQGHUVWDQG��DVN�\RXU�WHDFKHU��

6\VWHP�(YDOXDWLRQ

$GYHQWXUH3OD\HU�ZDV�HYDOXDWHG�LQ�WHUPV�RI�LWV�XWLOLW\�IRU�DVVLVWLQJ�VWXGHQWV

LQ� VROYLQJ� WKH� 5HVFXH� DW� %RRQH
V� 0HDGRZ� $GYHQWXUH�� ,Q� SDUWLFXODU�� WKH

VWXG\� SURYLGHG� HPSLULFDO� GDWD� UHJDUGLQJ� WKH� SUREOHP� VROYLQJ� EHQHILWV
UHVXOWLQJ� IURP� WKH� WLPHOLQH�� VLPXODWLRQ�� DQG� FRDFKLQJ� FRPSRQHQWV�� $Q
HDUOLHU�VWXG\��&7*9��������*ROGPDQ�HW�DO���������GHPRQVWUDWHG�WKDW�VL[WK

JUDGH� VWXGHQWV� ZRUNLQJ� DV� LQGLYLGXDOV� ZLWKRXW� DQ\� FRPSXWHU� DVVLVWDQFH
GHPRQVWUDWHG� ZHDNQHVVHV� LQ� SODQ� JHQHUDWLRQ�� SODQ� HYDOXDWLRQ�� DQG� SODQ
RSWLPL]DWLRQ� VNLOOV�� � 2XU� K\SRWKHVLV�ZDV� WKDW� $GYHQWXUH3OD\HU
V� WLPHOLQH�
VLPXODWLRQ�� DQG� FRDFKLQJ� FRPSRQHQWV� ZRXOG� DVVLVW� VWXGHQWV� LQ� WKHVH
HVVHQWLDO�SODQQLQJ�WDVNV�

)LJXUH����$3
�VHDUFK�VSDFH�ZLWK�QRQ�RSWLPDO�VWXGHQW�VROXWLRQ

Drive(Truck,Meadow,City)

Travel(*Means*,Meadow,City)

Move(Eagle,Meadow,City)

Transfer(Eagle,*Means*)

Fly(UL,M,H)

Drive(Truck,Meadow,Hilda) Drive(Truck,Hilda,City)

Fly(UL,Meadow,City)

Drive(T,C,H) Drive(T,H,C)

Fly(UL,C,M) Fly(UL,M,C)

Make(Road,M,C) Drive(Truck,M,C)

{fails}

H1

H2

Student’s Plan

Optimal Part II

Walk(J,M,H)Fly(UL,C,M) Fly(UL,H,H)

Optimal Part I
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7KH� VWXG\� LQYROYHG� WZR� VL[WK� JUDGH� FODVVHV� LQ� D� %RZOLQJ� *UHHQ�

.HQWXFN\�SXEOLF�HOHPHQWDU\�VFKRRO��)RU�WKH�VWXG\��WKH�VHW�RI�VWXGHQWV�ZHUH

UDQGRPO\�GLVWULEXWHG�LQWR�WZR�JURXSV��*URXS���VHUYHG�DV�WKH�FRQWURO�JURXS

DQG� XVHG� D� EDUHERQHV� YHUVLRQ� RI� WKH� $GYHQWXUH3OD\HU� HQYLURQPHQW� WKDW

LQFOXGHG� WKH� SODQQLQJ� QRWHERRN� DQG� LFRQ� SDOOHW� WRROV�� 7KH� PDS� GHSLFWLQJ

WKH�WKUHH�ORFDWLRQV��WKH�&LW\��%RRQH
V�0HDGRZ��DQG�+LOGD
V�JDV�VWDWLRQ�ZDV

DOVR� GHSLFWHG� RQ� WKH� $GYHQWXUH3OD\HU� LQWHUIDFH�� 7KLV� V\VWHP�ZDV� ODEHOHG

WKH�FRUH�V\VWHP��,W�IDFLOLWDWHG�DEVWUDFW�DQG�KLHUDUFKLFDO�SODQ�JHQHUDWLRQ��EXW

SURYLGHG�QR�PHFKDQLVPV�E\�ZKLFK�WKH�VWXGHQWV�FRXOG�YHULI\�WKHLU�VROXWLRQV�

*URXS���XVHG�WKH�FRPSOHWH�,/(�HQYLURQPHQW�WKDW�LQFOXGHG�WKH�FRUH�V\VWHP

SOXV� WKH� LQWHUDFWLYH� WLPHOLQH� DQG� VLPXODWLRQ� WRROV�� &RDFKLQJ� ZDV� DOVR

DYDLODEOH� IRU� *URXS� �� VWXGHQWV�� 7KLV� IHHGEDFN� ZDV� SURYLGHG� RQO\� LI� WKH

VWXGHQW�JHQHUDWHG�D�FRPSOHWH�EXW�QRQ�RSWLPDO�VROXWLRQ��6LQFH�WKH�FRDFK�KDG

QR�HIIHFW�RQ�WKH�LQLWLDO�SUREOHP�VROYLQJ�DFWLYLWLHV��WKH�HIIHFWV�RI�WKH�WLPHOLQH

DQG�VLPXODWRU�FRPSRQHQWV�RQ�VWXGHQW�SUREOHP�VROYLQJ�FRXOG�EH�DVFHUWDLQHG

E\�FRPSDULQJ�JURXSV���DQG���XS�WR�WKH�SRLQW�ZKHUH�FRDFKLQJ�PLJKW�RFFXU�LQ

*URXS���

7KH�VWXG\�ZDV�FRQGXFWHG�LQ�D�WZR�ZHHN�SHULRG�RYHU�D�WRWDO�RI���FODVV

SHULRGV��$�SUHWHVW� �VHH�$SSHQGL[����ZDV�DGPLQLVWHUHG� DW� WKH�EHJLQQLQJ�RI

WKH� ILUVW� FODVV�SHULRG� DIWHU� D�EULHI� LQWURGXFWLRQ�� �7KH� UHVXOWV� RI� WKH� SUHWHVW

ZHUH�XVHG� WR�HVWDEOLVK�EDODQFHG�JURXSV�� �6WXGHQWV�ZRUNHG� LQGLYLGXDOO\�RQ

DVVLJQHG� FRPSXWHU� V\VWHPV�� $� WUDLQLQJ� VHVVLRQ�� ZKHUH� VWXGHQWV� IROORZHG

VFULSWHG�GLUHFWLRQV�IRU�HQWHULQJ�D�ZRUNHG�H[DPSOH��KHOSHG�VWXGHQWV�EHFRPH

IDPLOLDU� ZLWK� WKH� $GYHQWXUH3OD\HU� LQWHUIDFH�� $IWHU� WKH� FRPSXWHU

LQWHUYHQWLRQ�ZDV�FRPSOHWHG� IRU�DOO� VWXGHQWV�� WKH�SRVWWHVW�ZDV�DGPLQLVWHUHG

LQ� WKH� RULJLQDO� FODVVURRP�� 7KH� SRVWWHVW� ZDV� LGHQWLFDO� WR� WKH� SUHWHVW�� DQG

DJDLQ�VWXGHQWV�ZHUH� JLYHQ� DV�PXFK� WLPH�DV� WKH\� UHTXLUHG� WR� FRPSOHWH� WKH

WHVW�

5HVXOWV

:H� FRPSDUHG� JURXS� SHUIRUPDQFH� LQ� WKH� IROORZLQJ� FDWHJRULHV�� �D�� SODQ

JHQHUDWLRQ���E��SODQ�HYDOXDWLRQ���F��SODQ�RSWLPL]DWLRQ��DQG��G��LPSURYHPHQW

LQ�SRVWWHVW�VFRUHV��7KH�UHVXOWV�DUH�VXPPDUL]HG�EHORZ�

3ODQ�*HQHUDWLRQ

3ODQ�JHQHUDWLRQ�UHTXLUHV�WKH�VHOHFWLRQ�DQG�VHTXHQFLQJ�RI�XVHIXO�DFWLRQV�WKDW

FRQWULEXWH� WR� DFKLHYLQJ� D� GHVLUHG� JRDO�� 2IWHQ� WKH� VXFFHVVIXO� H[HFXWLRQ� RI

DFWLRQV�UHTXLUH�RWKHU�SUHFRQGLWLRQV�WR�EH�VDWLVILHG��7KHVH�SUHFRQGLWLRQV�DUH

HVWDEOLVKHG�DV�VXEJRDOV�DQG�DGGLWLRQDO�DFWLRQ�VHOHFWLRQ� LV�UHTXLUHG�VR�DV�WR

DFKLHYH�WKH�RYHUDOO�JRDO��*HQHUDWLQJ�ZRUNLQJ�SODQV�LQ�WKH�5%0�GRPDLQ�LV�D

FRPSOH[�WDVN�IRU�PLGGOH�VFKRRO�VWXGHQWV��DQG�LQ�PDQ\�FDVHV�WKH\�KDYH�EHHQ



&UHZV��%LVZDV��*ROGPDQ�	�%UDQVIRUG

REVHUYHG� WR� JHQHUDWH� LQFRPSOHWH� SODQV� �*ROGPDQ� HW� DO��� ������� )RU� WKH

SXUSRVH� RI� WKLV� VWXG\�� D� FRPSOHWH� SODQ� � ILQHG� DV� RQH� WKDW�� LI

LPSOHPHQWHG�� ZRXOG� VXFFHVVIXOO\� DFFRPSOLVK� WKH� JRDO� RI� UHVFXLQJ� WKH

HDJOH��$Q�5%0�SODQ�PD\�EH�LQFRPSOHWH�IRU�D�YDULHW\�RI�UHDVRQV�

x� 'RPDLQ�FRQVWUDLQWV�VXFK�DV�SLORW��SD\ORDG��DQG�IXHO�PD\�EH�XQVDWLVILHG�

x� 3K\VLFDO�FRQGLWLRQV�PD\�EH�YLRODWHG��VXFK�DV�GULYLQJ�ZKHUH� WKHUH� LV�QR

URDG�� RU� DQ� LQWHUDFWLRQ� EHWZHHQ� WZR� REMHFWV� WKDW� DUH� DW� WZR� GLIIHUHQW

ORFDWLRQV� �H�J��� SODFLQJ� WKH� HDJOH� LQ� WKH� WUXFN�ZKHQ� WKH� HDJOH� LV� DW� WKH

0HDGRZ�DQG�WKH�WUXFN�LV�DW�WKH�&LW\��

x� /RJLFDO�HUURUV�PD\�H[LVW�ZKHUHE\�WKH�SODQ�FRXOG�H[HFXWH�WR�FRPSOHWLRQ

EXW�IDLO�WR�WUDQVSRUW�WKH�HDJOH�WR�WKH�GHVLUHG�ORFDWLRQ�

$QDO\VLV� RI� VWXGHQWV
� ILQDO� VROXWLRQV� UHYHDOHG� WKDW� ��� RI� ��� �����

VWXGHQWV� XVLQJ� WKH� IXOO� HQYLURQPHQW� GHULYHG� D� FRPSOHWH� VROXWLRQ��ZKHUHDV

RQO\� �� RI� ��� ����� VWXGHQWV� XVLQJ� WKH� FRUH� V\VWHP� GHULYHG� D� FRPSOHWH

VROXWLRQ��7KHVH�GDWD�DUH�IRU�VROXWLRQV�SULRU�WR� Q\�FRDFKLQJ�E\�WKH�V\VWHP�

$� &
�
WHVW� LQGLFDWHG� WKDW� WKH� IUHTXHQFLHV� RI� WKH� FRPSOHWH� VROXWLRQ� ZHUH

VLJQLILFDQWO\�UHODWHG�WR�FRQGLWLRQ��L�H���&
�
� � � ������S��������ILUVW�VHW�RI

EDUV�LQ�)LJXUH�����

6WXGHQWV
�ILQDO�VROXWLRQV�ZHUH�LQFRPSOHWH�IRU�D�YDULHW\�RI�UHDVRQV��,Q

SODQV� FRQWDLQLQJ� RQO\� D� VLQJOH� HUURU�� LQVXIILFLHQW� IXHO� ZDV� WKH� FDXVH� IRU

SODQQLQJ�HUURUV�IRU���VWXGHQWV�LQ�WKH�FRUH�JURXS�DQG���VWXGHQWV�XVLQJ�WKH�IXOO

V\VWHP��H[FHVVLYH�SD\ORDG�ZDV�WKH�FDXVH�IRU�SODQQLQJ�HUURUV�IRU���VWXGHQWV

LQ� WKH� FRUH� JURXS�� DQG� �� VWXGHQW� LQ� WKH� FRUH� JURXS� IDLOHG� WR� LGHQWLI\� WKH

XOWUDOLJKW
V�SLORW�LQ�KLV�SODQ��$�PDMRULW\�RI�WKH�SODQV�FUHDWHG�E\�VWXGHQWV� LQ

WKH� FRUH� JURXS� ������ FRQWDLQHG� PXOWLSOH� HUURUV� UHODWHG� WR� IXHO�� SLORW�

SD\ORDG�� SK\VLFDO�� DQG� ORJLFDO� FRQVWUDLQWV�� )RU� H[DPSOH�� ���� RI� WKH� FRUH

JURXS
V�SODQV�DQG����RI� IXOO� JURXS
V�SODQV�KDG� WZR�HUURUV��7KH� UHPDLQLQJ

VWXGHQW� SODQV� FUHDWHG� E\� WKH� FRUH� JURXS� FRQWDLQHG� WKUHH� RU� PRUH� HUURUV

ZKHUHDV�QRQH�RI�WKH�VWXGHQWV�ZKR�XVHG�WKH�IXOO�V\VWHP�KDG�PRUH�WKDQ�WZR

)LJXUH�����&ODVVLILFDWLRQ�RI�VWXGHQWV
�ILQDO�VROXWLRQV
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HUURUV��7KHVH�GDWD�DUH�QRW�LQIOXHQFHG�E\�WKH�FRDFK��&RDFKLQJ�GLG�QRW�RFFXU

XQWLO�DIWHU�VWXGHQWV�KDG�LGHQWLILHG�D�FRPSOHWH�SODQ��7KLV�DQDO\VLV�RI�VWXGHQWV

�SUH�FRDFKLQJ�� ILQDO� VROXWLRQV� VXJJHVWV� WKDW� WKH� VWDWH�EDVHG� IHHGEDFN

SURYLGHG�E\� WKH� VLPXODWLRQ� WRRO� KHOSHG� IXOO� V\VWHP� VWXGHQWV� LQ� JHQHUDWLQJ

FRPSOHWH��YDOLG�SODQV�

3ODQ�(YDOXDWLRQ

7KH�5%0�FKDOOHQJH�UHTXLUHV�VWXGHQWV�WR�HYDOXDWH�WKHLU�SODQ�LQ�WHUPV�RI�WKH

DFWXDO� WLPH� UHTXLUHG� WR� FRPSOHWH� WKH� SODQ�� 2QO\� �� RI� WKH� ��� ������ FRUH

V\VWHP�VWXGHQWV�HYDOXDWHG�WLPH�FRUUHFWO\��HYHQ�IRU�D�VLQJOH�OHJ�RI�WKH�SODQ�

ZKHUHDV����RI�WKH����������IXOO�V\VWHP�VWXGHQWV�HYDOXDWHG�DW� OHDVW�RQH�OHJ

WLPH�FRUUHFWO\��7KH�ILUVW�VHW�RI�EDUV�LQ�)LJXUH����LOOXVWUDWHV�WKDW�WKH�WLPHOLQH

DQG�VLPXODWLRQ�LQFUHDVHG�VWXGHQWV
�DELOLW\�WR�GHWHUPLQH�LQGLYLGXDO�OHJ�WLPHV�

$���&
�
� � OLVKHG�WKH�VLJQLILFDQFH�RI�WKH�UHVXOW��L�H���;

�
������� ��������S

���������
)XUWKHUPRUH�� QRW� D� VLQJOH� FRUH� V\VWHP� VWXGHQW� HYDOXDWHG� WRWDO� SODQ

WLPH�FRUUHFWO\��ZKHUHDV�����RI�IXOO�V\VWHP�VWXGHQWV�ZHUH�DEOH�WR�GHULYH�WKH

WRWDO� SODQ
V� WLPH� FRUUHFWO\�� 1RWH� WKDW� WKHVH� GDWD� DUH� SULRU� WR� FRDFKLQJ

LQWHUYHQWLRQ� IRU� VWXGHQWV� XVLQJ� WKH� FRPSOHWH� HQYLURQPHQW�� 7KH� UHVXOW

LOOXVWUDWHG�LQ�WKH�VHFRQG�VHW�RI�EDUV�LQ��)LJXUH�����ZDV�VLJQLILFDQW��;
�
������

 ��������S ���������

,W� VKRXOG�EH�QRWHG� WKDW�PDQ\� IXOO� V\VWHP�VWXGHQWV� DSSHDUHG� WR�KDYH

XVHG�WULDO�DQG�HUURU�ZKHQ�GHWHUPLQLQJ� OHJ� WLPHV� UDWKHU� WKDQ�FRPSXWH�HDFK

WLPH�IURP�WKH�UDWH�WLPH�GLVWDQFH��57'��IRUPXOD��7KH\�GLG�WKLV�E\�UHVL]LQJ

WKH�EDUV�LQ�WKH�WLPH�OLQH�WRRO�DUELWUDULO\��:KHQ�WKH�VLPXODWRU�SURYLGHG�WLPH

VSHFLILF�IHHGEDFN��H�J���WLPH�WRR�ORQJ�RU�WLPH�WRR�VKRUW��VWXGHQWV�SLFNHG�XS

)LJXUH�����3HUFHQWDJH�RI�VWXGHQWV�ZKR�HYDOXDWHG�SODQ�WLPHV�FRUUHFWO\
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FULL System
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RQ� WKLV� FXH� WR� UHVL]H� WKH� EDU� DFFRUGLQJO\�� 7KLV� SURFHVV� ZDV� UHSHDWHG� D

QXPEHU� RI� WLPHV� XQWLO� WKH� VWXGHQWV� FRQYHUJHG� RQ� WKH� ULJKW� EDU� VL]H�� 7KH

FRPELQDWLRQ�RI�WKH�WLPH�OLQH�WRRO�DQG�VLPXODWRU�IHHGEDFN�ZRUNHG�ZHOO�DV�D

VFDIIROG�IRU�VWXGHQWV�ZKR�ZHUH�ZHDN�LQ�57'�FDOFXODWLRQV��+RZHYHU��LW�ZDV

VXUSULVLQJ� WR� VHH� WKDW� VWXGHQWV�ZKR� KDG�GRQH� WKH�57'�FDOFXODWLRQV� LQ� WKH

SUHWHVW� FRUUHFWO\� DOVR� SUHIHUUHG� WR� XVH� WKH� WULDO� DQG� HUURU� DSSURDFK� UDWKHU

WKDQ�XVH�WKH�IRUPXOD�WR�FRPSXWH�WKH�WLPH�

3ODQ�2SWLPL]DWLRQ

7KH� SODQ� JHQHUDWLRQ� DQG� SODQ� HYDOXDWLRQ� SUHGLFWLRQV� GHVFULEHG� DERYH

FRQFHUQ� $GYHQWXUH3OD\HU
V� XWLOLW\� LQ� DVVLVWLQJ� VWXGHQWV� WR� JHQHUDWH� D

FRPSOHWH� SODQ� DQG� GHWHUPLQH� WKH� WLPH� UHTXLUHG� WR� H[HFXWH� WKDW� SODQ�

+RZHYHU��WKH�FKDOOHQJH�SUHVHQWHG�WR�VWXGHQWV�UHTXLUHV�WKHP�WR�LGHQWLI\�WKH

IDVWHVW� � WR� UHVFXH� WKH� HDJOH�� 3ODQ� RSWLPL]DWLRQ� LQYROYHV� FRQVLGHULQJ

PXOWLSOH�SODQV�LQ�RUGHU�WR�VHOHFW�WKH�EHVW�SODQ��6\VWHP�WUDFH�DQDO\VLV�UHYHDOV

WKDW� IRU� WKH� FRUH� V\VWHP� VWXGHQWV�� ��� FRQVLGHUHG� PXOWLSOH� SLORWV�� ���

FRQVLGHUHG�PXOWLSOH�YHKLFOHV��DQG�����FRQVLGHUHG�PXOWLSOH� URXWHV� �)LJXUH

����� )RU� WKH� IXOO� V\VWHP� VWXGHQWV�� ���� FRQVLGHUHG� PXOWLSOH� SLORWV�� ���

FRQVLGHUHG�PXOWLSOH�YHKLFOHV��DQG�����FRQVLGHUHG�PXOWLSOH� URXWHV�ZLWKRXW

DQ\�FRDFKLQJ��$IWHU�FRDFKLQJ������RI� WKH� IXOO� V\VWHP�VWXGHQWV�FRQVLGHUHG

PXOWLSOH�YHKLFOHV�DQG�����FRQVLGHUHG�PXOWLSOH�URXWHV�

:KLOH�WKH�WLPHOLQH�DQG�VLPXODWRU�PD\� LQFUHDVH� WKH�QXPEHU�RI�SODQV

FRQVLGHUHG�E\�VWXGHQWV�� WKH\�GR�QRW� JXDUDQWHH� WKDW� WKH� VWXGHQW�ZLOO� GHULYH

WKH�RSWLPDO�VROXWLRQ��)RU�WKLV�UHDVRQ��$GYHQWXUH3OD\HU�FRQWDLQV�D�FRDFKLQJ

FRPSRQHQW�GHVLJQHG�WR�DVVLVW�VWXGHQWV�ZKR�JHQHUDWH�QRQ�RSWLPDO�VROXWLRQV�

7KLV�WULS�SODQQLQJ�FRDFK�SURYLGHV�JHQHUDO�WULS�SODQQLQJ�IHHGEDFN�EDVHG�RQ

WKH�$3
�DOJRULWKP��7KH�FRDFK�ZDV�DYDLODEOH�RQO\� WR� IXOO� V\VWHP�VWXGHQWV�

)LJXUH�����2SWLPL]DWLRQ�E\�FRQVLGHULQJ�PXOWLSOH�SODQV

FULL System
(before Coaching)

FULL System
(after Coaching)

CORE System
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DQG� ZDV� DFWLYDWHG� RQO\� ZKHQ� D� VWXGHQW� JHQHUDWHG� D� FRPSOHWH� EXW� QRQ�

RSWLPDO�SODQ��2I�WKH�IXOO�V\VWHP�VWXGHQWV����JHQHUDWHG�WKH�RSWLPDO�VROXWLRQ

ZLWKRXW� DQ\� FRDFKLQJ� DQG� �� GLG� QRW� JHQHUDWH� D� FRPSOHWH� VROXWLRQ�� 7KH

UHPDLQLQJ� ��� VWXGHQWV� UHFHLYHG� FRDFKLQJ�� DIWHU�ZKLFK� ���� �L�H��� �� RXW� RI

����DFKLHYHG�WKH�RSWLPDO�VROXWLRQ��)LJXUH�����

:KHQ� WKH�VWXGHQW� KDG�D� FRPSOHWH�EXW� QRQ�RSWLPDO�SODQ�� WKH� V\VWHP

SRVHG� WKH� IROORZLQJ� TXHVWLRQ� WR� WKH� VWXGHQW�� ,V� \RXU� SODQ� WKH� IDVWHVW

SRVVLEOH�SODQ�IRU�UHVFXLQJ�WKH�HDJOH"� �WKH�VWXGHQW�UHSOLHG�12��WKH�VWXGHQW

ZDV� DOORZHG� WR� FRQWLQXH� SUREOHP� VROYLQJ� ZLWKRXW� DQ\� FRDFKLQJ�� ,I� WKH

VWXGHQW� UHSOLHG� <(6�� DQG� WKDW� VWXGHQW
V� SODQ� ZDV� QRQ�RSWLPDO�� WKH� FRDFK

LQWHUYHQHG�ZLWK�DSSURSULDWH�DGYLFH�

$V� DQ� H[DPSOH� RI� FRDFKLQJ� LQWHUDFWLRQ�� FRQVLGHU� WKH� VLWXDWLRQ�ZLWK

VWXGHQW� ���� +LV� QRQ�RSWLPDO� SODQ� LQYROYHG� IO\LQJ� WKH� XOWUDOLJKW� IURP� WKH

&LW\�WR�WKH�0HDGRZ��IURP�WKH�0HDGRZ�WR�+LOGD
V��DQG� IURP�+LOGD
V�WR�WKH

&LW\�� 7KH� RSWLPDO� VROXWLRQ� LV� VLPLODU� H[FHSW� WKDW� WKH� ILQDO� OHJ� LQYROYHV

GULYLQJ� WKH� WUXFN� IURP�+LOGD
V� WR� WKH�&LW\� UDWKHU� WKDQ� IO\LQJ� WKH�XOWUDOLJKW

)LJXUH�����)LQDO�VROXWLRQV�IRU�*URXS���VWXGHQWV

)LJXUH�����3UHWHVW�3RVWWHVW�RYHUDOO�VFRUHV

Final Solutions

Not Optimal  (With Coaching)

Optimal  (With Coaching)
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DORQJ�WKDW�OHJ��7KH�FRDFK�RIIHUHG�WKH�IROORZLQJ�KLQW��PDNLQJ�QR�PHQWLRQ�RI

VSHFLILF�VWHSV�RU�ORFDWLRQV�

<RXU�SODQ�XVHV� WKH�XOWUDOLJKW� WR� UHVFXH� WKH� HDJOH��&RQVLGHU�XVLQJ�D

IDVWHU�YHKLFOH�WR�UHGXFH�\RXU�SODQ
V�WRWDO�WLPH�

$IWHU�FRQVLGHULQJ�WKH�FRDFK
V�DGYLFH��VWXGHQW����ZDV�DEOH�WR�JHQHUDWH

WKH�RSWLPDO�VROXWLRQ�ZLWKRXW�IXUWKHU�SURPSWLQJ�

3RVW�WHVW�,PSURYHPHQW

$W�WKH�FRQFOXVLRQ�RI�WKLV�VWXG\�WKH�SUHWHVW�ZDV�UHDGPLQLVWHUHG�DV�D�SRVWWHVW�

7KH�VFRUHV�ZHUH� WKHQ�DQDO\]HG�ZLWK�D�PL[HG�PRGHO�$QDO\VLV�RI�9DULDQFH

�$129$��� 7KH� VFRUHV� RQ� WKH� SUH� DQG� SRVW� WHVW� ZHUH� VXEPLWWHG� WR� D

SUHOLPLQDU\� PL[HG� PRGHO� $QDO\VLV� RI� 9DULDQFH� �$129$�� LQ� ZKLFK

WUHDWPHQW� JURXS� �FRUH� YHUVXV� IXOO�� DQG� JHQGHU� ZHUH� EHWZHHQ�VXEMHFW

YDULDEOHV�DQG�WLPH�RI� WHVW� �SUHWHVW� YHUVXV�SRVWWHVW��ZDV� WKH�ZLWKLQ�VXEMHFWV

YDULDEOH��7KHUH�ZDV�QR�PDLQ�RU�LQWHUDFWLRQ�HIIHFWV�RI�JHQGHU��)�����������

VR�WKH�GDWD�ZHUH�UHDQDO\]HG�XVLQJ�WKH�JHQGHU�YDULDEOH�

)LJXUH� ��� VKRZV� WKDW� HDFK� JURXS� VKRZHG� VLJQLILFDQW� LPSURYHPHQW

IURP�SUH�WR�SRVW�WHVW��)������� ��������S��������IRU�WKH�PDLQ�HIIHFW�RI�WLPH

RI� WHVW�� 7KHUH� ZDV� QR� VLJQLILFDQW� WUHDWPHQW� E\� WLPH� RI� WHVW� LQWHUDFWLRQ

�)������� �������S����������LQGLFDWLQJ�WKH�DPRXQW�RI� LPSURYHPHQW�LQ�HDFK

JURXS�ZDV�VLPLODU��$OWKRXJK� WKHUH�ZDV�VLJQLILFDQWO\� JUHDWHU�EHQHILW� WR� WKH

IXOO� V\VWHP� FRPSDUHG� WR� WKH� FRUH� WUHDWPHQW� RQ� WKH� RYHUDOO� VFRUH�

H[DPLQDWLRQ� RI� WKH�PHDQV� IRU� WKH� LQGLYLGXDO� TXHVWLRQV� VXJJHVWHG� WKDW� WKH

IXOO� V\VWHP� VWXGHQWV� KDG� RXWSHUIRUPHG� WKH� FRUH� V\VWHP� VWXGHQWV� RQ� WKH

UDQJH� FDOFXODWLRQV� DQG� WKH� LGHQWLILFDWLRQ� RI� WLPH�UHOHYDQW� YDULDEOHV

TXHVWLRQV� �4XHVWLRQV��� DQG� �� LQ� $SSHQGL[�$��� 7KH� VSHFLILF� QDWXUH� RI� WKH

LQFUHDVHG� LPSURYHPHQW� LV� FRQVLVWHQW� ZLWK� WKH� GLIIHUHQFHV� EHWZHHQ� WKH

FRPSOHWH�DQG�FRUH�V\VWHPV��6WXGHQWV�LPSURYHG�XQGHUVWDQGLQJ�RI�UDQJH�PD\

EH�DWWULEXWHG�WR�WKH�IHHGEDFN�UHFHLYHG� IURP�WKH�VLPXODWRU��HVSHFLDOO\�ZKHQ

WKH� DVVRFLDWHG� IXHO� IHHGEDFN� ZDV� WXUQHG� RQ�� /LNHZLVH�� WKH� VLPXODWLRQ

HQYLURQPHQW� PDGH� YLVXDOO\� H[SOLFLW� WKH� UROH� RI� UHODWLYH� VSHHGV� RI� REMHFWV

DQG�WKH�GLVWDQFH�EHWZHHQ�ORFDWLRQV�DV�WKH� IDFWRUV�WKDW�GHWHUPLQHG� WKH� WLPH

UHTXLUHG� WR� FRPSOHWH� D� OHJ�� 7KHUHIRUH�� WKH� VLPXODWLRQ� HQYLURQPHQW� FRXOG

DOVR�EH�H[SHFWHG�WR�LPSURYH�VWXGHQWV
�XQGHUVWDQGLQJ�RI�UDWH�DQG�GLVWDQFH�DV

YDULDEOHV�GLUHFWO\� UHODWHG� WR� WLPH�FRPSXWDWLRQV��7KH�FXPXODWLYH�VFRUHV� IRU

WKHVH� WZR� SUH�SRVW� TXHVWLRQV� ZHUH� VXEPLWWHG� WR� $129$� ZLWK� WUHDWPHQW

�FRUH�YHUVXV�IXOO��DV�WKH�EHWZHHQ�VXEMHFWV� IDFWRU�DQG�VFRUHV��SUHWHVW�YHUVXV

SRVWWHVW�� DV� WKH�ZLWKLQ�VXEMHFWV� IDFWRU�� 7KHUH�ZDV� D� VLJQLILFDQW� LQWHUDFWLRQ

EHWZHHQ� WUHDWPHQW� DQG� SUHWHVW�SRVWWHVW� VFRUHV� �)�������  � ������ S� �� ������
)LJXUH� ��� LOOXVWUDWHV� WKDW� WKH� WUHDWPHQW� JURXSV� SHUIRUPHG� VLPLODUO\� DW

SUHWHVW�� EXW� DW� SRVWWHVW�� IXOO� V\VWHP� VWXGHQWV� RXWSHUIRUPHG� FRUH� V\VWHP



$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV

VWXGHQWV� RQ� WKHVH� WZR� TXHVWLRQV�� 7KHVH� GDWD� VXSSRUW� WKH� FODLP� WKDW� WKH

WLPHOLQH�DQG�VLPXODWLRQ�FRPSRQHQWV�KHOS�VWXGHQWV�XQGHUVWDQG�VRPH�RI� WKH

LVVXHV�DVVRFLDWHG�ZLWK�UDQJH�DQG�WLPH�

'LVFXVVLRQ

7KLV� VWXG\� SURYLGHV� HYLGHQFH� WKDW� WKH� $GYHQWXUH3OD\HU� ,/(� DVVLVWHG

VWXGHQWV� LQ� VROYLQJ� D� FRPSOH[� WULS� SODQQLQJ� SUREOHP�� $V� SUHGLFWHG�� WKH

RYHUDOO�HQYLURQPHQW�WKDW�LQFOXGHG�WKH�WLPHOLQH�DQG�VLPXODWLRQ�WRROV�DQG�WKH

FRDFKLQJ� FRPSRQHQWV� UHVXOWHG� LQ� LPSURYHG� VWXGHQW� SHUIRUPDQFH� LQ� SODQ

JHQHUDWLRQ�DQG�HYDOXDWLRQ��,Q�WKH�H[SHULPHQWDO�VWXG\������RI� WKH�VWXGHQWV

XVLQJ� WKH� IXOO� ,/(� JHQHUDWHG� FRPSOHWH�SODQV� FRPSDUHG� WR� RQO\� ���RI� WKH

VWXGHQWV� ZKR� XVHG� WKH� FRUH� V\VWHP�� 6WXGHQWV� XVLQJ� WKH� WLPHOLQH� DQG

VLPXODWRU�GLG�EHWWHU� LQ�FRPSXWLQJ� LQGLYLGXDO� OHJ�WLPHV������YV�������DQG

WKH�WRWDO�SODQ�WLPH������YV�������)XUWKHUPRUH��VWXGHQWV�XVLQJ�WKH�IXOO�,/(

GLG� EHWWHU� DW� RSWLPL]LQJ� SODQV� WKDQ� FRUH� V\VWHP� VWXGHQWV� E\� FRQVLGHULQJ

PXOWLSOH�SLORWV��PXOWLSOH�YHKLFOHV��DQG�PXOWLSOH�URXWHV��&RDFKLQJ�RI�WKH�IXOO

V\VWHP�VWXGHQWV�ZKR�SURGXFHG�QRQ�RSWLPDO�SODQV�OHG�WR�����SURGXFLQJ�DQ

RSWLPDO� SODQ��:KLOH� RYHUDOO� SRVWWHVW� VFRUHV� VKRZHG� QR� VLJQLILFDQW� HIIHFW�

IXOO�V\VWHP�VWXGHQWV�GLG�GHPRQVWUDWH�VLJQLILFDQW� LPSURYHPHQWV�RQ�SRVWWHVW

SUREOHPV� LQYROYLQJ� UDQJH� FDOFXODWLRQV� DQG� WKH� LGHQWLILFDWLRQ� RI� WLPH�

UHOHYDQW� YDULDEOHV�� WKH� VSHFLILF� FRPSRQHQWV� DGGUHVVHG� E\� WKH� GLIIHUHQFHV

EHWZHHQ�WKH�IXOO�DQG�FRUH�V\VWHPV�

7KHVH�UHVXOWV�DUH�HQFRXUDJLQJ��7KH�5%0�FKDOOHQJH�LV�TXLWH�FRPSOH[�

GHVLJQHG� WR� EH� VROYHG� LQ� JURXSV� RYHU� D� SHULRG� RI� GD\V�� <HW� IRU� VWXGHQWV

ZRUNLQJ� LQGLYLGXDOO\� RQ� WKH�$GYHQWXUH3OD\HU� ,/(�� ��� RI� ���ZHUH� DEOH� WR

GHULYH�D�FRPSOHWH� �SODQ��DQG����RI����ZHUH�DEOH�WR�GHULYH�WKH�RSWLPDO

UHVFXH�SODQ�

$Q� LQWHUHVWLQJ� REVHUYDWLRQ� PDGH� LQ� WKLV� VWXG\�� ZDV� WKDW� VWXGHQWV

XVLQJ�WKH�IXOO�$GYHQWXUH3OD\HU�HQYLURQPHQW�PDGH�IUHTXHQW�XVH�RI�WKH�57'

VFDIIROG�SURYLGHG�E\�WKH�WLPHOLQH�WRRO��7KLV�ZDV�DQ�LQWHQGHG�HIIHFW��2QH�RI

WKH� FKDUDFWHULVWLFV� RI� DQ� ,/(� LV� WKDW� LW� UHGXFH� WKH� FRQFHSWXDO� DQG

)LJXUH�����3UHWHVW��3RVWWHVW�UDWH�WLPH�GLVWDQFH�VFRUHV
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&UHZV��%LVZDV��*ROGPDQ�	�%UDQVIRUG

FRPSXWDWLRQDO� EXUGHQ� RI� SUREOHP� VROYLQJ� WR� JLYH� ZHDNHU� VWXGHQWV� DQ

RSSRUWXQLW\� WR� WKLQN� DERXW� WKH� SUREOHP� DQG� GHYHORS� D� VROXWLRQ� ZLWKRXW

EHLQJ� RYHUZKHOPHG� E\� LWV� FRPSOH[LW\�� $V� GLVFXVVHG�� VFDIIROGV� �

JUDGXDOO\� UHPRYHG� IURP� WKH� HQYLURQPHQW� DV� VWXGHQWV� SURJUHVV� LQ� WKHLU

SUREOHP�VROYLQJ�DFWLYLWLHV�

$,/(�DQG�RWKHU�,QVWUXFWLRQDO�)UDPHZRUNV

$,/(�LV�DQ�HPHUJHQW�GHVLJQ�ZKHUHE\�VWXGHQW�OHDUQLQJ�DQG�SUREOHP�VROYLQJ

RFFXUV�ZLWKLQ�DQ�DQFKRUHG� LQVWUXFWLRQ�FRQWH[W�� WKHUHE\�DIIRUGLQJ�JXLGDQFH

WR� VWXGHQWV� JHQHUDWLYH� OHDUQLQJ� HIIRUWV� DQG� DW� WKH� VDPH� WLPH� UHGXFLQJ� WKH

OLNHOLKRRG� RI� VWXGHQWV� GHYHORSLQJ� LQHUW� NQRZOHGJH�� 7KH� $,/(� GHVLJQ

DOORZV�IRU�,/(�H[SORUDWLRQ�ZKLFK�LV�JXLGHG�E\�VRPH�DVSHFW�RI�DQ�DQFKRULQJ

PDFURFRQWH[W��/LNHZLVH��VWXGHQWV� OHDUQ� WR� XVH�JHQHUDO� WRRO� FRPSRQHQWV� LQ

VSHFLILF� SUREOHP� VROYLQJ� VLWXDWLRQV�� 7KXV� ERWK� JHQHUDO� DQG� VSHFLILF

NQRZOHGJH�DQG�VNLOOV�DUH�SUHVHQWHG�LQ�D�YDULHW\�RI�FRQWH[WV�

7ZR�DSSURDFKHV�WKDW�DUH�VLPLODU� WR�$,/(�DUH� ,QFUHDVLQJO\�&RPSOH[

0LFURZRUOGV� �,&0V�� DQG� 7KLQNHU7RROV�� ,&0V�� LQLWLDOO\� SURSRVHG� E\

)LVFKHU�� %URZQ�� � 	� %XUWRQ� �������� HPERG\� D� EDVLFV� ILUVW� LQVWUXFWLRQDO

DSSURDFK� ZKHUHE\� VWXGHQWV� EHJLQ� E\� H[SORULQJ� UHODWLYHO\� VLPSOH

PLFURZRUOGV�� 6WXGHQWV� DUH� UHTXLUHG� WR� UHDFK� D� VSHFLILHG� OHYHO� EHIRUH� WKH\

DUH� DOORZHG� WR� H[SORUH� PRUH� FRPSOH[� PLFURZRUOGV�� $V� VXFK�� H[SORUDWLRQ

DQG� OHDUQLQJ� QHFHVVDULO\� DVVXPHV� D� ERWWRP� XS� DSSURDFK�� ZKHUH� VWXGHQWV

VXFFHVVLYHO\�OHDUQ�DQG�UHILQH�FRPSRQHQW�SUREOHP�VROYLQJ�WDVNV�EHIRUH�WKH\

FRPELQH�WKHP�WR�VROYH�PRUH�FRPSOH[�WDVNV��7KH�$,/(�DSSURDFK�IROORZV�D

PRUH� IOH[LEOH�JXLGHG�JHQHUDWLRQ�PRGHO�RI� WHDFKLQJ� �FI���&7*9������� WKDW

HPSKDVL]HV� ERWK� WRS� GRZQ� �FRPSOH[� SUREOHP� VROYLQJ� LQ� WKH� DQFKRULQJ

PDFURFRQWH[W��DQG�ERWWRP�XS��ZRUNLQJ�LQ�D�VLPSOLILHG�GRPDLQ��JHQHUDWLYH

DFWLYLWLHV� RI� VWXGHQWV�� $V� D� UHVXOW�� $,/(� VWXGHQWV� DUH� DEOH� WR� GHYHORS

SUREOHP�VROYLQJ�VNLOOV� LQ�D�VHOI�GHWHUPLQHG�RUGHU��ZKLFK� LQFUHDVHV�VWXGHQW

RZQHUVKLS� RI� QHZ� NQRZOHGJH�� %HFDXVH� VWXGHQW� GLVFRYHU\� OHDUQLQJ� LV

DQFKRUHG�LQ�D�UHDOLVWLF�VLWXDWLRQ��WKHUH�LV�D�JUHDWHU�OLNHOLKRRG�WKH�NQRZOHGJH

JHQHUDWHG� E\� WKH� VWXGHQW� ZLOO� EH� DFWLYH� UDWKHU� WKDQ� LQHUW� �%UDQVIRUG�

6KHUZRRG��	�+DVVHOEULQJ��������

7KH�,&0�GHVLJQ�KDV�EHHQ�H[SDQGHG�DQG�GHSOR\HG�E\�:KLWH� ������

LQ�KHU�7KLQNHU7RROV�V\VWHP��:KLWH
V�7KLQNHU7RRO�GHVLJQ�DOORZV�VWXGHQWV�WR

HQJDJH� LQ� GLVFRYHU\� OHDUQLQJ� RQ� D� YDULHW\� RI� WRSLFV� ZLWKLQ� D� VLPSOLILHG

GRPDLQ��$V� VWXGHQWV
� VNLOOV� LPSURYH��PRUH� UHDOLVWLF� FRQVWUDLQWV� DUH� DGGHG�

DQG� WKH� FRPSOH[LW\� RI� WKH� SUREOHP� VROYLQJ� LQFUHDVHV�� $,/(� DQFKRULQJ

FRQWH[WV�RQ�WKH�RWKHU�KDQG�DUH�VXIILFLHQWO\�FRPSOH[�WR� IDFLOLWDWH�SURORQJHG

H[SORUDWLRQ� ZLWKRXW� DQ\� DGGLWLRQDO� FRPSOH[LW\�� +RZHYHU�� DV� ZLWK

7KLQNHU7RROV�� IXUWKHU� FRPSOH[LW\� PD\� EH� LQWURGXFHG� UHJDUGLQJ� DUHDV



$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV

NQRZQ�WR�EH�SUREOHPDWLF� IRU� OHDUQHUV��$V�DQ�H[DPSOH��FURVVZLQGV�PD\�EH

LQWURGXFHG� WR� WKH� 5%0� DGYHQWXUH� DGGLQJ� FRPSOH[LW\� WR� WKH� IO\LQJ

FDOFXODWLRQV�� 7KHUH� LV� DOUHDG\� HYLGHQFH� WKDW� WKLV� DGGHG� FRPSOH[LW\� ZLOO

SURGXFH�LQWHUHVWLQJ�OHDUQLQJ�RSSRUWXQLWLHV��&7*9��������

7KH�1H[W�6WHSV��*HQHUDOL]LQJ�WKH�,/(�&RQFHSW

7KH� VXFFHVV� RI� WKH� ,/(� FRQFHSW� LQ� WKH� FRQWH[W� RI� WKH� 5%0� DGYHQWXUH

QDWXUDOO\� OHDGV�WR�WKH�TXHVWLRQ�RI�KRZ�WKH�$,/(�FRQFHSW�PD\�EH�H[WHQGHG

WR� DQ� HQFRPSDVVLQJ� LQVWUXFWLRQDO� DUFKLWHFWXUH� WKDW� LQWHJUDWHV� DQFKRUHG

LQVWUXFWLRQ� ZLWK� FRQVWUXFWLYLVW� HGXFDWLRQDO� WKHRULHV�� 7KH� JRDO� LV� WKDW� WKH

FRPSXWHU�EDVHG� $,/(� DUFKLWHFWXUH� LQFRUSRUDWH� WKH� GHVLJQ� SULQFLSOHV

GLVFXVVHG� HDUOLHU� WR� IDFLOLWDWH� JHQHUDWLYH� VXVWDLQHG� OHDUQLQJ� RI� DFWLYH

SDUWLFLSDQWV�ZKLOH�DOVR�SURYLGLQJ�WKH�QHFHVVDU\�JXLGDQFH�DQG�DVVLVWDQFH�IRU

OHVV�PRWLYDWHG�OHDUQHUV�

$� JHQHUDOL]DWLRQ� RI� WKH� 5%0� $,/(� RI� )LJXUH� �� LV� LOOXVWUDWHG� LQ

)LJXUH�����7KHUH�DUH� VHYHUDO�ZD\V� ,/(
V� DQG� WRROV� FDQ�EH� DUUDQJHG� LQ� WKH

$,/(� DUFKLWHFWXUH�� 2QH� LV� WR� KHOS� VWXGHQWV� GHYHORS� SURJUHVVLYHO\� PRUH

DFWLYH� NQRZOHGJH� E\� DOORZLQJ� WKHP� WR� HQFRXQWHU� WRROV� DQG� FRQFHSWV� LQ� D

ZLGH�YDULHW\�RI�DQFKRULQJ�FRQWH[WV��)RU�H[DPSOH��VWXGHQWV�FDQ� OHDUQ�DERXW

WKH� �UDWH�RI� WUDYHO��� L�H��� VSHHG�RI� YHKLFOHV�VXFK�DV�SODQHV� YHUVXV� WUXFNV� LQ

WKH�5%0�FRQWH[W��7KH\�FDQ�WKHQ�WUDQVIHU�WR�DQRWKHU�-DVSHU�DGYHQWXUH��VXFK

DV�7KH�%LJ�6SODVK� � �9\H��HW�DO���������DQG�OHDUQ�DERXW�UDWH�LQ

WKH�FRQWH[W�RI� WLPH�UHTXLUHG� WR� ILOO�D�SRRO�RI�ZDWHU��DQG� WKH�SULFH�SHU� XQLW

YROXPH��$V�WKH�FRQFHSW�RI�UDWH�LV�LQWURGXFHG�LQ�PXOWLSOH�FRQWH[WV��VWXGHQWV

FDQ�VHH�WKDW�VLPLODU�WRROV��H�J���JUDSKLQJ� WRROV�DQG�VSHFLDOL]HG�FDOFXODWRUV�

)LJXUH�����*HQHUDOL]HG�$,/(�DUFKLWHFWXUH
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FDQ� EH� XVHG� DFURVV� WKHVH� FRQWH[WV�� ([DPSOHV� RI� WKH� VHOHFWLRQ� DQG� WKHQ

LQYHQWLRQ�RI�WRROV�LQ�QRQ�,/(�HQYLURQPHQWV�DUH�GLVFXVVHG� LQ�%UDQVIRUG��HW

DO�� �LQ� SUHVV��� 7KLV� UHVHDUFK� LQ� QRZ� EHLQJ� H[WHQGHG� WR� GHVLJQLQJ� DQG

GHYHORSLQJ�FRPSXWHU�EDVHG�,/(�HQYLURQPHQWV� WKDW�DVVLVW� VWXGHQWV� LQ� WKHVH

WDVNV�

$QRWKHU� ZD\� WR� DUUDQJH� ,/(
V� DQG� WRROV� LQ� WKH� JHQHUDO� $,/(

FRQILJXUDWLRQ� LV� WR� DSSURDFK� HDFK� DQFKRU� IURP� PXOWLSOH� SHUVSHFWLYHV�� )RU

H[DPSOH�� LQ� DGGLWLRQ� WR� PDWKHPDWLFV�� 5%0� FDQ� EH� H[SORUHG� IURP� WKH

SHUVSHFWLYH� RI� VFLHQFH� �H�J��� HQGDQJHUHG� VSHFLHV�� SULQFLSOHV� RI� IOLJKW�� DQG

VRFLDO� VWXGLHV� �WKH� HYROXWLRQ� RI� ODZV� WR� SURWHFW� HQGDQJHUHG� VSHFLHV��

6WXGHQWV�FDQ�WKHQ�WUDQVIHU�WR�RWKHU�-DVSHU�DGYHQWXUHV��VXFK�DV�%ULGJLQJ�WKH

*DS� � � � �VLPLODU�SHUVSHFWLYHV�FDQ�EH�EURXJKW�WR�EHDU

RQ�WKH�DGYHQWXUH��2YHU�WLPH��VWXGHQWV� OHDUQ�WR�XVH��DGDSW��DQG�LQYHQW�WRROV

WKDW�KDYH�PXOWLSOH�DSSOLFDWLRQV�

$� NH\� IHDWXUH� WKDW� FKDUDFWHUL]HV� DOO� RI� WKH� ,/(
V� LV� WKDW� SUREOHP

VROYLQJ� PHWKRGV� DUH� LQVWDQWLDWHG� E\� D� VHW� RI� WRROV�� 7RROV� DUH� WKH� PRVW

JHQHUDO� FRPSRQHQWV� LQ� WKH� $,/(� DUFKLWHFWXUH� LQ� WKH� VHQVH� WKDW� WKH\� GHDO

ZLWK� EDVLF� SUREOHP� VROYLQJ� PHFKDQLVPV�� VXFK� DV� FDOFXODWRUV� IRU

FRPSXWDWLRQV�� HTXDWLRQ� VROYHUV� LQ� DOJHEUD�� JUDSKLQJ� WRROV� IRU� VWXG\LQJ

IXQFWLRQDO�UHODWLRQV��DQG�SODQQLQJ�QRWHERRNV� IRU�GHVFULELQJ�VHTXHQFHV�DQG

VHWV� RI� DFWLYLWLHV� WKDW� FROOHFWLYHO\� DFKLHYH� D� JRDO�� 7KH\� DUH� LQYRNHG� E\

VWXGHQWV� IURP� ZLWKLQ� D� SDUWLFXODU� ,/(� WR� KHOS� VROYH� SDUWLFXODU� SUREOHPV

OLQNHG�WR�WKH�RYHUDOO�FKDOOHQJH���)RU�H[DPSOH��WKH�WLPHOLQH�WRRO�XVHG�LQ�WKH

$GYHQWXUH3OD\HU�WULS�SODQQLQJ�,/(�ZRXOG�DOVR�EH�XVHIXO�LQ�SUREOHP�VROYLQJ

VLWXDWLRQV� WKDW� UHTXLUH� VFKHGXOLQJ� RI� UHVRXUFHV� DQG� HYHQWV� RYHU� WLPH� WR

FRPSOHWH� D� SDUWLFXODU� WDVN��$� JHQHUDO� JUDSKLQJ� WRRO� FDQ� EH� XVHG� LQ� PDQ\

,/(� HQYLURQPHQWV� IRU� VWXG\LQJ� IXQFWLRQDO� UHODWLRQV�� VXFK� DV� WKH� UDWH

SUREOHPV�GLVFXVVHG�DERYH�

2YHUDOO��WKH�-DVSHU�SURMHFW�LV�WDFNOLQJ�D�QXPEHU�RI�LQQRYDWLYH�LGHDV�LQ

LQVWUXFWLRQ� DQG� OHDUQLQJ�� FXUULFXOXP� GHVLJQ�� WKLQNLQJ� DQG� UHDVRQLQJ� LQ

FRPSOH[�SUREOHP�VROYLQJ��DQG�IRUPDWLYH�DVVHVVPHQW��$GYHQWXUH3OD\HU�KDV

EHHQ�D�ILUVW�HIIRUW�WR�GHYHORS�D�FRPSXWHU�EDVHG�H[SORUDWRU\�HQYLURQPHQW�LQ

DFFRUGDQFH�ZLWK�WKH�IRXU�GHVLJQ�SULQFLSOHV�RI�,/(V��)XWXUH�ZRUN�ZLOO�IRFXV

RQ� WKH� GHYHORSPHQW� RI� RWKHU� ,/(V� DQG� WRROV� DVVRFLDWHG� ZLWK� WKH� RWKHU

DQFKRUV�RI�WKH�-DVSHU�DGYHQWXUHV��([SHULPHQWV�ZLOO�LQYROYH�PRUH�V\VWHPDWLF

VWXGLHV�RI�WUDQVIHU�EHWZHHQ�HSLVRGHV�DQG�GRPDLQV��DQG�WKH�GHYHORSPHQW�RI

PRUH� VRSKLVWLFDWHG� IRUPDWLYH� DVVHVVPHQW� VFKHPHV� WR� DLG� DFWLYH� OHDUQLQJ

SURFHVVHV�
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$FNQRZOHGJPHQWV�

7KLV�UHVHDUFK�LV�SDUWLDOO\�VXSSRUWHG�E\�JUDQWV�IURP�WKH�1DWLRQDO�6FLHQFH

)RXQGDWLRQ��0'5�����������:H�DFNQRZOHGJH�WKH�FRQWULEXWLRQV�RI�D

QXPEHU�RI�RWKHU�&7*9�PHPEHUV��LQ�SDUWLFXODU�6DVKDQN�9DUPD��0LWFK

1DWKDQ��6XVDQ�:LOOLDPV��6WHSKHQ�2ZHQV��DQG�1DQF\�9\H���7UDF\�3ULFH

KHOSHG�ZLWK�WKH�HGLWLQJ�DQG�IRUPDWWLQJ�RI�WKH�GRFXPHQW�

5HIHUHQFHV

$QGHUVRQ��-���%R\OH��&���&RUEHWW��$���	�/HZLV��0���������&RJQLWLYH�PRGHOLQJ�DQG

LQWHOOLJHQW�WXWRULQJ��$UWLILFLDO�,QWHOOLJHQFH������SS�������

%UDQVIRUG��-���6KHUZRRG��5���	�+DVVHOEULQJ��7���������7KH�YLGHR�UHYROXWLRQ�DQG�LWV

HIIHFWV�RQ�GHYHORSPHQW��6RPH�LQLWLDO�WKRXJKWV��,Q�*��)RUHPDQ�DQG�3��3XIDOO��HGV���

&RQVWUXFWLYLVP�LQ�WKH�FRPSXWHU�DJH��SS�����������/DZUHQFH�(UOEDXP�$VVRFLDWHV�

+LOOVGDOH��1-�

%UDQVIRUG��-���*ROGPDQ��6���	�9\H��1���������0DNLQJ�D�GLIIHUHQFH�LQ�SHRSOH
V�DELOLWLHV

WR�WKLQN��5HIOHFWLRQV�RQ�D�GHFDGH�RI�ZRUN�DQG�VRPH�KRSHV�IRU�WKH�IXWXUH��,Q�/��2NDJDNL

DQG�5�-��6WHUQEHUJ��HGV����'LUHFWRUV�IRU�GHYHORSPHQW��,QIOXHQFHV�RQ�FKLOGUHQ��SS������

�����/DZUHQFH�(UOEDXP�$VVRFLDWHV��+LOOVGDOH��1-�

%UDQVIRUG��-���=HFK��/���6FKZDUW]��'���%DUURQ��%���9\H��1���	�WKH�&RJQLWLRQ�DQG

7HFKQRORJ\�*URXS���������)RVWHULQJ�PDWKHPDWLFDO�WKLQNLQJ�LQ�PLGGOH�VFKRRO�VWXGHQWV�

/HVVRQV�IURP�UHVHDUFK��LQ�7KH�1DWXUH�RI�0DWKHPDWLFDO�7KLQNLQJ��5�-��6WHUQEHUJ�DQG�7�

%HQ�=HHY��HGV����SS�����������/DZUHQFH�(UOEDXP�$VVRF���0DKZDK��1-�

%UDQVIRUG��-���=HFK��/���6FKZDUW]��'���%DUURQ��%���9\H��1���	�WKH�&RJQLWLRQ�DQG

7HFKQRORJ\�*URXS���LQ�SUHVV��'HVLJQV�IRU�HQYLURQPHQWV�WKDW�IRVWHU�PDWKHPDWLFDO

WKLQNLQJ��LQ�6\PEROL]LQJ��&RPPXQLFDWLQJ�DQG�0DWKHPDWL]LQJ��3HUVSHFWLYHV�RQ

'LVFRXUVH��7RROV��DQG�,QVWUXFWLRQ�'HVLJQ��7��&REE��HG���

%URZQ��$��	�3DOLQVFDU��$���������*XLGHG��FRRSHUDWLYH�OHDUQLQJ�DQG�LQGLYLGXDOL]HG

NQRZOHGJH�DFTXLVLWLRQ��,Q�5HVQLFN��/��HG����.QRZLQJ��/HDUQLQJ��DQG�,QVWUXFWLRQ�

+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�$VVRFLDWHV�

%URZQ��-�6���&ROOLQV��$���	�'XJXLG��3���������6LWXDWHG�FRJQLWLRQ�DQG�WKH�FXOWXUH�RI

OHDUQLQJ��(GXFDWLRQDO�5HVHDUFKHU������SS��������

%XUWRQ��5���	�%URZQ��-���������$Q�LQYHVWLJDWLRQ�RI�FRPSXWHU�FRDFKLQJ�IRU�LQIRUPDO

OHDUQLQJ�DFWLYLWLHV��,Q�6OHHPDQ��'��%URZQ��-���(GV���,QWHOOLJHQW�7XWRULQJ�6\VWHPV�

$FDGHPLF�3UHVV��/RQGRQ�

%XUWRQ��5���%URZQ��-���	�)LVFKHU��*���������$QDO\VLV�RI�VNLLQJ�DV�D�VXFFHVV�PRGHO�RI

LQVWUXFWLRQ��PDQLSXODWLQJ�WKH�OHDUQLQJ�HQYLURQPHQW�WR�HQKDQFH�VNLOO�DFTXLVLWLRQ��,Q

5RJRII�DQG�/DYH��(GV���(YHU\GD\�FRJQLWLRQ��LWV�GHYHORSPHQW�LQ�VRFLDO�FRQWH[W��+DUYDUG

8QLYHUVLW\�3UHVV��&DPEULGJH��0$�



&UHZV��%LVZDV��*ROGPDQ�	�%UDQVIRUG

&KHQRZHWK��6�9���������2Q�WKH�13�+DUGQHVV�RI�%ORFNV�:RUOG��3URF��$$$,�����$$$,

3UHVV��0HQOR�3DUN��&$��SS����������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������$QFKRUHG�LQVWUXFWLRQ�DQG�LWV

UHODWLRQVKLS�WR�VLWXDWHG�FRJQLWLRQ��(GXFDWLRQDO�5HVHDUFKHU���������SS�������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������7HFKQRORJ\�DQG�WKH�GHVLJQ�RI

JHQHUDWLYH�OHDUQLQJ�HQYLURQPHQWV��(GXFDWLRQDO�7HFKQRORJ\������SS��������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW��������D���$Q�DQFKRUHG�LQVWUXFWLRQ

DSSURDFK�WR�FRJQLWLYH�VNLOOV�DFTXLVLWLRQ�DQG�LQWHOOLJHQW�WXWRULQJ��,Q�-��:��5HJLRQ�9��-�

6KXWH��(GV����&RJQLWLYH�DSSURDFKHV�WR�DXWRPDWHG�LQVWUXFWLRQ��+LOOVGDOH��1-��/DZUHQFH

(UOEDXP�$VVRFLDWHV��SS����������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW��������E���7KH�-DVSHU�H[SHULPHQW��$Q

[SORUDWLRQ�RI�LVVXHV�LQ�OHDUQLQJ�DQG�LQVWUXFWLRQDO�GHVLJQ��(GXFDWLRQDO�7HFKQRORJ\

5HVHDUFK�DQG�'HYHORSPHQW������SS��������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW��������F���7KH�-DVSHU�VHULHV�DV�DQ

H[DPSOH�RI�DQFKRUHG�LQVWUXFWLRQ��7KHRU\��SURJUDP�GHVFULSWLRQ��DQG�DVVHVVPHQW�GDWD�

(GXFDWLRQDO�3V\FKRORJLVW������SS����������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������7KH�-DVSHU�VHULHV��7KHRUHWLFDO

IRXQGDWLRQV�DQG�GDWD�RQ�SUREOHP�VROYLQJ�DQG�WUDQVIHU��,Q�/�$��3HQQHU��*��0��%DWVFKH�

+��0��.QRII���'��/��1HOVRQ��(GV����7KH�FKDOOHQJH�LQ�PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ�

3V\FKRORJ\
V�UHVSRQVH��:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��SS������

����

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������)URP�YLVXDO�ZRUG�SUREOHPV�WR

OHDUQLQJ�FRPPXQLWLHV��&KDQJLQJ�FRQFHSWLRQV�RI�FRJQLWLYH�UHVHDUFK��,Q�.��0F*LOO\

�(G����&ODVVURRP�OHVVRQV��,QWHJUDWLQJ�FRJQLWLYH�WKHRU\�DQG�FODVVURRP�SUDFWLFH�

&DPEULGJH��0$��0,7�3UHVV�%UDGIRUG�%RRNV��SS����������

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������7KH�-DVSHU�3URMHFW��/HVVRQV�LQ

&XUULFXOXP��,QVWUXFWLRQ��$VVHVVPHQW��DQG�3URIHVVLRQDO�'HYHORSPHQW��/DZUHQFH

(UOEDXP�$VVRFLDWHV��,QF���0DKZDK��1-�

&UHZV��7��	�%LVZDV��*��������D���$�WXWRU�IRU�WULS�SODQQLQJ�DQG�PDWKHPDWLFDO�SUREOHP

VROYLQJ��3URF��:RUOG�&RQJUHVV�RQ�$,�LQ�(GXFDWLRQ��(GLQEXUJK��6FRWODQG��SS����������

&UHZV��7��	�%LVZDV��*��������E���7RZDUGV�DQ�RSWLPDO�SODQQHU�IRU�WXWRULQJ�V\VWHPV�

3URF���WK�0LGZHVW�$,�DQG�&RJQLWLYH�6FLHQFH�&RQIHUHQFH��&KHVWHUWRQ��,1��SS��������

'HZH\��-���������+RZ�ZH�WKLQN��D�UHVWDWHPHQW�RI�WKH�UHODWLRQ�RI�UHIOHFWLYH�WKLQNLQJ�WR

WKH�HGXFDWLYH�SURFHVV��+HDWK��%RVWRQ��0$�

)LVFKHU��*���%URZQ��-���	%XUWRQ��5���������$VSHFWV�RI�D�WKHRU\�RI�VLPSOLILFDWLRQ�

GHEXJJLQJ��DQG�FRDFKLQJ��3URF��6HFRQG�$QQXDO�&RQI��RI�WKH�&DQDGLDQ�6RFLHW\�IRU

&RPSXWDWLRQDO�6WXGLHV�RI�,QWHOOLJHQFH��7RURQWR��&$��SS����������



$QFKRUHG�,QWHUDFWLYH�/HDUQLQJ�(QYLURQPHQWV

*ROGPDQ��6�5���HW�DO���������$QFKRULQJ�VFLHQFH�LQVWUXFWLRQ�LQ�PXOWLPHGLD�OHDUQLQJ

HQYLURQPHQWV��,Q�6��9RVQLDGRX��(��'H�&RUWH��5��*ODVHU��DQG�+��0DQGO��HGV���

,QWHUQDWLRQDO�SHUVSHFWLYHV�RQ�WKH�GHVLJQ�RI�WHFKQRORJ\�VXSSRUWHG�OHDUQLQJ�HQYLURQPHQWV�

SS�����������/DZUHQFH�(UOEDXP�$VVRFLDWHV��+LOOVGDOH��1-�

*ROGPDQ��6��5���9\H��1��-���:LOOLDPV��6��0���5HZH\��.���3HOOHJULQR��-��:���	�WKH

&RJQLWLRQ�DQG�7HFKQRORJ\�*URXS�DW�9DQGHUELOW���������6ROXWLRQ�VSDFH�DQDO\VHV�RI�WKH

-DVSHU�SUREOHPV�DQG�VWXGHQWV
�DWWHPSWV�WR�VROYH�WKHP��3DSHU�SUHVHQWHG�DW�WKH�$PHULFDQ

(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��&KLFDJR��,/�

*UDJJ��&�,���������%HFDXVH�ZLVGRP�FDQ
W�EH�WROG��+DUYDUG�$OXPQL�%XOOHWLQ��SS�������

*XSWD��1��	�1DX��'���������&RPSOH[LW\�UHVXOWV�IRU�EORFNV�ZRUOG�SODQQLQJ��3URF��1LQWK

1DWLRQDO�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,���/RV�$OWRV��&$�0RUJDQ

.DXIPDQQ��SS����������

)LNHV��5��	�1LOVVRQ��1�-���������675,36��$�QHZ�DSSURDFK�WR�WKH�DSSOLFDWLRQ�RI�WKHRUHP

SURYLQJ�WR�SUREOHP�VROYLQJ��$UWLILFLDO�,QWHOOLJHQFH�����SS����������

+DUW��3���1LOVVRQ��1���	�5DSKDHO��%���������$�IRUPDO�EDVLV�RI�WKH�KHXULVWLF�GHWHUPLQDWLRQ

RI�PLQLPXP�FRVW�SDWKV��,(((�7UDQVDFWLRQV�RQ�66&�����������

/DMRLH��6���������&RPSXWHU�HQYLURQPHQWV�DV�FRJQLWLYH�WRROV�IRU�HQKDQFLQJ�OHDUQLQJ��,Q

/DMRLH��6���'HUU\��6���(GV����&RPSXWHUV�DV�&RJQLWLYH�7RROV��+LOOVGDOH��1-��/DZUHQFH

(UOEDXP�$VVRF�

/DUNLQ��-���	�6LPRQ��+���������:K\�D�GLDJUDP�LV��VRPHWLPHV��ZRUWK�WHQ�WKRXVDQG

ZRUGV��&RJQLWLYH�VFLHQFH������SS��������

1DWKDQ��0��	�5HVQLFN��/���������/HVV�PD\�EH�0RUH��8QLQWHOOLJHQW�WXWRULQJ�EDVHG�RQ

SV\FKRORJLFDO�WKHRULHV�DQG�H[SHULPHQWDWLRQ��,Q�9RVQLDGRX��'H�&RUWH��*ODVHU��	�0DQGO

�(GV���3V\FKRORJLFDO�DQG�(GXFDWLRQDO�)RXQGDWLRQV�RI�7HFKQRORJ\�%DVHG�/HDUQLQJ

(QYLURQPHQWV�

1LFNHUVRQ��5�6���������2Q�LPSURYLQJ�WKLQNLQJ�WKURXJK�LQVWUXFWLRQ��5HYLHZ�RI�5HVHDUFK

LQ�(GXFDWLRQ������SS�������������

3DSHUW��6���������0LQGVWRUPV��&KLOGUHQ��FRPSXWHUV�DQG�SRZHUIXO�LGHDV��1HZ�<RUN�

%DVLF�%RRNV�

5HVQLFN��/�%���������(GXFDWLRQ�DQG�OHDUQLQJ�WR�WKLQN��1DWLRQDO�$FDGHP\�3UHVV�

:DVKLQJWRQ��'�&�

5HVQLFN��/�%��DQG�.ORSIHU��/�(���HGV�����������7RZDUG�WKH�WKLQNLQJ�FXUULFXOXP��&XUUHQW

FRJQLWLYH�UHVHDUFK��$6&'��$OH[DQGULD��9$�

5HXVVHU��.���������7XWRULQJ�V\VWHP�DQG�SHGDJRJLFDO�WKHRU\��,Q�/DMRLH�'HUU\��(GV��

&RPSXWHUV�DV�&RJQLWLYH�7RROV��+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�$VVRF�



&UHZV��%LVZDV��*ROGPDQ�	�%UDQVIRUG

5RVFKHOOH��-���������'HVLJQLQJ�IRU�FRQYHUVDWLRQV��$$$,�6SULQJ�6\PSRVLXP�RQ

.QRZOHGJH�%DVHG�(QYLURQPHQWV�IRU�/HDUQLQJ�DQG�7HDFKLQJ��6WDQIRUG��&$�

6DFHUGRWL��(���������3ODQQLQJ�LQ�D�KLHUDUFK\�RI�DEVWUDFWLRQ�VSDFHV��$UWLILFLDO

,QWHOOLJHQFH�����SS�����������$PVWHUGDP��1HWKHUODQGV��1RUWK�+ROODQG�

6FDUGDPDOLD��0���	�%HUHLWHU��&���������+LJKHU�OHYHOV�RI�DJHQF\�IRU�FKLOGUHQ�LQ

NQRZOHGJH�EXLOGLQJ��$�FKDOOHQJH�IRU�WKH�GHVLJQ�RI�QHZ�NQRZOHGJH�PHGLD��-RXUQDO�RI�WKH

/HDUQLQJ�6FLHQFHV������SS��������

6KHUZRRG��5�'���3HWURVLQR��$�-���/LQ��;���/DPRQ��0���	�WKH�&7*9���������3UREOHP

EDVHG�PDFURFRQWH[WV�LQ�VFLHQFH�LQVWUXFWLRQ��7KHRUHWLFDO�EDVLV��GHVLJQ�LVVXHV��DQG�WKH

GHYHORSPHQW�RI�DSSOLFDWLRQV��,Q�7RZDUGV�D�FRJQLWLYH�VFLHQFH�SHUVSHFWLYH�IRU�VFLHQWLILF

SUREOHP�VROYLQJ��'��/DYRLH��HG����SS����������1DWLRQDO�$VVRFLDWLRQ�IRU�5HVHDUFK�LQ

6FLHQFH�7HDFKLQJ��0DQKDWWDQ��.6�

6KXWH��9�-���*ODVHU��5���	�5DJKDYDQ��.���������,QIHUHQFH�DQG�'LVFRYHU\�LQ�DQ

H[SORUDWRU\�ODERUDWRU\��,Q�3�/��$FNHUPDQ��5�-��6WHUQEHUJ��5��*ODVHU��HGV����/HDUQLQJ�DQG

LQGLYLGXDO�GLIIHUHQFHV���1HZ�<RUN��:�+��)UHHPDQ��SS����������

6SLUR��5���)HOWRYLFK��3���-DFREVRQ��0���	�&RXOVRQ��5���������&RJQLWLYH�IOH[LELOLW\�

FRQVWUXFWLYLVP��DQG�K\SHUWH[W��UDQGRP�DFFHVV�LQVWUXFWLRQ�IRU�DGYDQFHG�NQRZOHGJH

DFTXLVLWLRQ�LQ�LOO�VWUXFWXUHG�GRPDLQV��(GXFDWLRQDO�7HFKQRORJ\�YRO����������SS��������

6RUDFL��6�$���-U���)UDQNV��-�-���%UDQVIRUG��-�'���&KHFKLOH��5�$���%HOOL��5�)���&DUU��)���	

&DUOLQ��0�7���������,QFRQJUXRXV�LWHP�JHQHUDWLRQ�HIIHFWV��$�PXOWLSOH�FXH�SHUVSHFWLYH�

-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\��/HDUQLQJ��0HPRU\��DQG�&RJQLWLRQ��YRO������SS����

���

YRQ�*ODVHUIHOG��(���������/HDUQLQJ�DV�D�FRQVWUXFWLYH�DFWLYLW\��,Q�&��-DQYLHU��HG���

3UREOHPV�RI�UHSUHVHQWDWLRQ�LQ�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�PDWKHPDWLFV��SS�������

/DZUHQFH�(UOEDXP�$VVRFLDWHV��+LOOVGDOH��1-�

9\H��1�-���*ROGPDQ��6�5���9RVV��-�)���+PHOR��&���:LOOLDPV��6���	�&7*9��������

&RPSOH[�PDWKHPDWLFDO�SUREOHP�VROYLQJ�E\�LQGLYLGXDOV�DQG�G\DGV��&RJQLWLRQ�DQG

,QVWUXFWLRQ������SS����������

9\JRWVN\��/���������0LQG�LQ�6RFLHW\��WKH�GHYHORSPHQW�RI�KLJKHU�SV\FKRORJLFDO

SURFHVVHV���&DPEULGJH��0$��+DUYDUG�8QLY��3UHVV�

:HQJHU��(���������$UWLILFLDO�,QWHOOLJHQFH�DQG�7XWRULQJ�6\VWHPV��/RV�$OWRV��&$��0RUJDQ

.DXIPDQQ�

:KLWH��%�<���������7KLQNHU7RROV��&DXVDO�PRGHOV��FRQFHSWXDO�FKDQJH��DQG�VFLHQFH

HGXFDWLRQ��&RJQLWLRQ�,QVWUXFWLRQ������SS��������

:LOOLDPV��0���+ROODQ��-���	�6WHYHQV��$���������$Q�RYHUYLHZ�RI�67($0(5��DQ

DGYDQFHG�FRPSXWHU�DVVLVWHG�LQVWUXFWLRQ�V\VWHP�IRU�SURSXOVLRQ�HQJLQHHULQJ��%HKDYLRU

5HVHDUFK�0HWKRGV�DQG�,QVWUXPHQWDWLRQ���������SS��������
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$33(1',;�$

35(7(67�32677(67

3UREOHP���� HPDU\�ZDQWV�WR�JHW�WR�VFKRRO�DV�VRRQ�DV�SRVVLEOH��6KH�KDV

WZR�FKRLFHV�IRU�JHWWLQJ�WR�VFKRRO��6KH�FDQ�ULGH�KHU�ELF\FOH��RU�VKH�FDQ�OHW

KHU�IDWKHU�GULYH�KHU��,I�VKH�ULGHV�ZLWK�KHU�IDWKHU��KH�WHOOV�KHU�WKDW�WKH\�PXVW

ILUVW�VWRS�E\�WKH�SRVW�RIILFH�WR�PDLO�VRPH�OHWWHUV��$IWHU�GURSSLQJ�5RVHPDU\

RII��KH�ZLOO�JR�WR�WKH�VWRUH�WR�EX\�VRPH�PLON�

�D���:KLFK�RI�WKH�IROORZLQJ�GRHV�5RVHPDU\�QHHG�WR�NQRZ�EHIRUH�VKH�FDQ

GHWHUPLQH�LI�LW�LV�IDVWHU�IRU�KHU�WR�ULGH�ZLWK�KHU�GDG�RU�ULGH�KHU�ELF\FOH"�3XW�D

FKHFNPDUN�EHIRUH�WKH�FRUUHFW�DQVZHUV�

BBBB���WKH�VSHHG�VKH�FDQ�ULGH�KHU�ELNH

BBBB���FRVW�RI�D�JDOORQ�RI�PLON

BBBB���WKH�WLPH�WKDW�VFKRRO�VWDUWV

BBBB���GLVWDQFH�EHWZHHQ�KHU�KRXVH�DQG�VFKRRO

BBBB���GLVWDQFH�EHWZHHQ�KHU�KRXVH�DQG�WKH�JURFHU\

BBBB���GLVWDQFH�EHWZHHQ�KHU�KRXVH�DQG�WKH�SRVW�RIILFH

BBBB���FRORU�RI�WKH�FDU

�E��%HVLGHV�ZKDW�LV�PHQWLRQHG�DERYH��ZKDW�HOVH�ZRXOG�5RVHPDU\�QHHG�WR

NQRZ�EHIRUH�VKH�FRXOG�GHWHUPLQH�ZKLFK�ZRXOG�EH�IDVWHU"

3UREOHP���� �OLYHV�LQ�/RXLVYLOOH�DQG�'DYLG�OLYHV�LQ�$WODQWD��7KH\�DUH

WDONLQJ�RQ�WKH�SKRQH�DQG�DJUHH�WR�PHHW�LQ�1DVKYLOOH��7KH�GLVWDQFH�EHWZHHQ

1DVKYLOOH�DQG�/RXLVYLOOH�LV�����PLOHV��,I�-D\�WUDYHOV�IRUW\�ILYH�PLOHV�SHU

KRXU��KRZ�ORQJ�ZLOO�LW�WDNH�KLP�WR�JHW�WR�1DVKYLOOH"

3UREOHP����-RKQ�LV�WDNLQJ�D�WULS�LQ�KLV�QHZ�FDU��7KH�FDU�FUXLVHV�DW����PLOHV

SHU�KRXU��7KH�FDU�FDQ�JR����PLOHV�RQ�RQH�JDOORQ�RI�JDV��DQG�WKH�JDV�WDQN

KROGV����JDOORQV��+RZ�IDU�FDQ�-RKQ�WUDYHO�RQ�RQH�WDQN�RI�JDV"

3UREOHP���� � � �PDNH�VRPH�H[WUD�PRQH\��VR�KH�GHFLGHV�WR�VHW�XS

D�OHPRQDGH�VWDQG��+H�KDV�D�ER[�RI�����SDSHU�FXSV��EXW�KH�QHHGV�WR�PDNH

WKH�OHPRQDGH�KLPVHOI��-DVRQ�QHHGV�WR�XVH����OHPRQV�DQG���SRXQG�RI�VXJDU

WR�PDNH�D�JDOORQ�RI�OHPRQDGH��/HPRQV�FRVW�������HDFK�DQG�VXJDU�FRVWV

������D�SRXQG��,I�D�JDOORQ�RI�OHPRQDGH�FRQWDLQV����JODVVHV��DQG�-DVRQ�VHOOV

���JODVVHV�DW�������HDFK��KRZ�PXFK�SURILW�ZLOO�KH�PDNH"
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3UREOHP���

s� s

+DUGLQ �����������������&DUVRQ�&LW\

-LOO�OLYHV�LQ�&DUVRQ�&LW\��6KH�LV�FRQVLGHULQJ�XVLQJ�KHU�VLQJOH�HQJLQH

SODQH�WR�IO\�VRPH�KHDY\�EXW�LPSRUWDQW�PHGLFDO�HTXLSPHQW�WR�+DUGLQ�

�D��:KDW�GRHV�-LOO�QHHG�WR�NQRZ�WR�GHWHUPLQH�LI�LW�LV�SRVVLEOH�IRU�KHU�WR�XVH

KHU�SODQH�WR�IO\�WKH�HTXLSPHQW�WR�+DUGLQ"

�E��:KDW�GRHV�-LOO�QHHG�WR�NQRZ�WR�GHWHUPLQH�KRZ�ORQJ�LW�ZLOO�WDNH�WR�PDNH

WKH�WULS"

�F��:KDW�GRHV�-LOO�QHHG�WR�NQRZ�WR�GHWHUPLQH�LI�WKHUH�LV�HQRXJK�JDV�LQ�KHU

SODQH�WR�PDNH�WKH�WULS"

3UREOHP���

s� s

+DUGLQ ��������&DUVRQ�&LW\

-LOO�ZDV�DEOH�WR�IO\�IURP�&DUVRQ�&LW\�WR�+DUGLQ�LQ���KRXUV�

�D��6XSSRVH�WKDW�ZKHQ�-LOO�IOLHV�EDFN�WR�&DUVRQ�&LW\��VKH�LV�IO\LQJ�ZLWK�D
WDLOZLQG�ZKLFK�LQFUHDVHV�WKH�VSHHG�RI�KHU�SODQH� WKLV�LQFUHDVH

ZLOO�DIIHFW�WKH�SUREOHP�YDULDEOHV�LQ�WKH�OLVW�EHORZ�E\�FLUFOLQJ�WKH�FRUUHFW

DQVZHU�

0D[LPXP�SD\ORDG ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

)XHO�WDQN�VL]H ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

7RWDO�WULS�WLPH ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

'LVWDQFH�IURP�&DUVRQ�&LW\�WR

+DUGLQ

,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

'LVWDQFH�\RX�FDQ�IO\�RQ�D�WDQN�RI

JDV

,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH
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�E��6XSSRVH�WKDW�EHIRUH�-LOO�IOLHV�EDFN�WR�&DUVRQ�&LW\��VKH�KDV�KHU�SODQH

WXQHG�XS�ZKLFK�GHFUHDVHV�WKH�IXHO�FRQVXPSWLRQ�UDWH� WKLV

GHFUHDVH�ZLOO�DIIHFW�WKH�SUREOHP�YDULDEOHV�LQ�WKH�OLVW�EHORZ�E\�FLUFOLQJ�WKH

FRUUHFW�DQVZHU�

7RWDO�WULS�WLPH ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

)XHO�QHHGHG�WR�IO\�IURP�&DUVRQ�&LW\�WR

+DUGLQ

,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

0D[LPXP�SD\ORDG ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

6SHHG�RI�WKH�SODQH ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

'LVWDQFH�IURP�&DUVRQ�&LW\�WR�+DUGLQ ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH

'LVWDQFH�\RX�FDQ�IO\�RQ�D�WDQN�RI�JDV ,QFUHDVH 'HFUHDVH 6WD\�WKH

VDPH


