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8VH�RI�3URJUDP�6FKHPDWD�LQ�/LVS�3URJUDPPLQJ�
DQ�(YDOXDWLRQ�RI�LWV�,PSDFW�RQ�/HDUQLQJ∗∗

0iULD�%LHOLNRYi��3DYRO�1iYUDW
6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\��'HSW��RI�&RPS��6FL��DQG�(QJ��

,ONRYLþRYD�����������%UDWLVODYD��6ORYDNLD
(�PDLO��^ELHOLN��QDYUDW`#HOI�VWXED�VN

:::��KWWS���ZZZ�HOI�VWXED�VN�a^ELHOLN��QDYUDW`
$EVWUDFW��,Q�WKH�SDSHU��ZH�GHVFULEH�RXU�DSSURDFK�DQG�H[SHULHQFH�ZLWK� WHDFKLQJ�IXQGD�
PHQWDOV�RI�IXQFWLRQDO�SURJUDPPLQJ�E\�SURJUDP�VFKHPDWD�FRQVWUXFWLRQ�DQG�H[SODQDWLRQ�
3URJUDP�VFKHPDWD�IRU�SURFHVVLQJ�RI� OLVWV�DUH�SUHVHQWHG��2XU�DSSURDFK�UHIOHFWV�RXU�XOWL�
PDWH� JRDO�−� WR� VXSSRUW� WKH� OHDUQLQJ� SURFHVV�� $V� WKH� PDLQ� UHVXOW�� ZH� UHSRUW� RQ� H[SH�
ULPHQWV�WKDW�DOORZ�WR�MXGJH�TXLWH�IDYRXUDEO\�WKH�DSSURDFK�WR�WHDFKLQJ�IXQFWLRQDO��/LVS�
SURJUDPPLQJ�ZKHQ�WKH�VWXGHQW�OHDUQV�D�VHW�RI�SURJUDP�VFKHPDWD�DQG�KRZ�WR�DSSO\�WKHP�
.H\ZRUGV��SURJUDP�VFKHPD��IXQFWLRQDO�SURJUDPPLQJ��/LVS

� ,QWURGXFWLRQ
6RIWZDUH� HQJLQHHULQJ� DV� D� GLVFLSOLQH� DQG� D� ILHOG� RI� VWXG\� LV� JRLQJ� WKURXJK� D
SKDVH�RI�GHYHORSPHQW� WKDW�SURPLVHV� WR�HOHYDWH� WKH� OHYHO�RI� LWV�PDWXULW\��7KHUH
DUH� YDULRXV� HIIRUWV� DLPLQJ� DW� GHYHORSLQJ� VWDQGDUGV� WKDW� ZRXOG� GHVFULEH� ERWK
VRIWZDUH�SURFHVVHV�DQG�SURGXFWV��:LWKLQ�WKH�ILHOG�RI�VRIWZDUH�HQJLQHHULQJ��WKHUH
DUH� HPHUJLQJ� GLVFLSOLQHV� VXFK� DV� $UFKLWHFWXUH� RI� 6RIWZDUH� 6\VWHPV� WKDW� JH�
QHUDOL]H�� GHVFULEH�� DQG� FODVVLI\� WKH� VWDQGDUG� SDWWHUQV� RI� DUFKLWHFWXUDO� VW\OH� >��
��@�� GHVLJQ� >���� ��@�� HWF��%HVLGHV� WKH� YHU\� DFWLYH� DUHD� RI� GHVLJQ� SDWWHUQV�� UH�
VHDUFK�LQ�IUDPHZRUNV�DQG�SURJUDPPLQJ�LGLRPV�FRQWULEXWHV�WR�WKH�RYHUDOO�HIIRUW�
7KH�PRWLYDWLRQ�LV�IRU�VRIWZDUH�HQJLQHHULQJ�WR�SURFHHG�LQ�JUDGXDOO\�EHFRPLQJ�D
³WUXH´�HQJLQHHULQJ�LQ�WKH�PRUH�WUDGLWLRQDO�DQG�HVWDEOLVKHG�VHQVH�

7KH�DERYH�RXWOLQHG�HIIRUWV�RYHUODS�LQ�VRPH�VHQVH�ZLWK�HIIRUWV�ZLWKLQ�SUR�
JUDPPLQJ� WR� LGHQWLI\� SDUWV� RI� LWV� NQRZOHGJH� LQ� D� PRUH� VWDQGDUGL]HG� ZD\� LQ
IRUP�RI�SURJUDP�SODQV�>������������@��SURJUDP�VFKHPDWD�>�����������@��SURJUDP
SDWWHUQV� >���� ��@�� SURJUDP� VNHOHWRQV�� RU� SURJUDPPLQJ� WHFKQLTXHV� >��� ���� ��@�
7KH�PRWLYDWLRQ�RI� LQYHVWLJDWLQJ� WKH�QDWXUH�RI�SURJUDPPLQJ�E\� LGHQWLI\LQJ� WKH
UHOHYDQW� NQRZOHGJH� SDUDOOHOV� DQG� FRPSOHPHQWV� VLPLODU� HIIRUWV� DW� WKH� OHYHO� RI
����������������������������������������������������������
∗�7KH�ZRUN�UHSRUWHG�KHUH�ZDV�SDUWLDOO\�VXSSRUWHG�E\�6ORYDN�6FLHQFH�*UDQW�$JHQF\
SURMHFW�1R��*����������
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VRIWZDUH�V\VWHPV�PHQWLRQHG�DERYH�
,Q�ERWK�FDVHV��RQH�SRVVLEOH�HIIHFW�RI� WKH�DFKLHYHPHQWV� LQ�FRGLILFDWLRQ�RI

DQDO\VLV��GHVLJQ��LPSOHPHQWDWLRQ��LQFOXGLQJ�SURJUDPPLQJ��H[SHULHQFH�UHVXOWV�LQ
IRUPXODWLQJ� WKH� ERG\� RI� UHOHYDQW� NQRZOHGJH� LQ� D� PRUH� V\VWHPDWLF� ZD\�� 7KLV
RSHQV� URRP� IRU� WHDFKLQJ� WKH� GLVFLSOLQH� LQ� QHZ�� SRVVLEO\� PRUH� HIIHFWLYH
ZD\V�>��@��+RZ�FDQ�WHDFKLQJ�SURJUDPPLQJ�EHQHILW�IURP�WKHVH�HIIRUWV"

2QH� IXQGDPHQWDO� DVSHFW� WKDW� GHWHUPLQHV� RUJDQL]LQJ� D� SURJUDPPLQJ
NQRZOHGJH�KLHUDUFK\�LV�WKH�SURJUDPPLQJ�SDUDGLJP��,W�LV�D�ZHOO�NQRZQ�IDFW�WKDW
NQRZOHGJH� RI� RQH� SURJUDPPLQJ� ODQJXDJH� XVXDOO\� JUHDWO\� IDFLOLWDWHV� OHDUQLQJ
DQRWKHU�RQH��SURYLGHG�WKH\�ERWK�IDOO�LQWR�WKH�VDPH�SDUDGLJP��,I�WKH\�GR�QRW�L�H��
ZH�KDYH�WKH�FDVH�RI�DQ�LQWHUSDUDGLJPDO�WUDQVLWLRQ��WKH�DERYH�QHHG�QRW�KROG��2Q
WKH�FRQWUDU\��RQH�FDQ�REVHUYH�D�WHPSWDWLRQ�WR�WUDQVIHU�WKH�SURJUDPPLQJ�KDELWV
IURP�RQH�SDUDGLJP�WR�DQRWKHU��$V�D�FRQVHTXHQFH��OHDUQHUV�PD\�LQFOLQH�H�J���WR
IRUPLQJ�SURFHGXUDO�VW\OH�SURJUDPV�LQ�D�IXQFWLRQDO�ODQJXDJH�

:H�KDYH�RXWOLQHG�RQO\�RQH�RXW�RI�VHYHUDO�LVVXHV�FRQQHFWHG�ZLWK�WHDFKLQJ
IXQFWLRQDO�SURJUDPPLQJ��:H�UHSRUW�RQ�RXU�H[SHULHQFH� LQ� WHDFKLQJ� WKH� VXEMHFW
)XQFWLRQDO�DQG�/RJLF�3URJUDPPLQJ��:H�XVH� WKH�SURJUDPPLQJ� ODQJXDJH�/LVS
ZKLFK�LV�D�FKRLFH�WKDW�GHVHUYHV�SHUKDSV�D�ZRUG�RI�H[SODQDWLRQ��7KH�UHDVRQV�IRU
FKRRVLQJ�/LVS�ZHUH�UDWKHU�SUDJPDWLF�DQG�ZH�DUH�IXOO\�DZDUH�RI�WKH�UHVWULFWLRQV
WKDW�/LVS�EHDUV�ZLWK� LW�ZKHQ�XVHG�DV�D�IXQFWLRQDO� ODQJXDJH��+RZHYHU��ZH�HP�
SOR\�DV�D�UXOH�RQO\� WKRVH�IHDWXUHV�ZKLFK�DOORZ�SURJUDPPLQJ�IXQFWLRQDOO\��7KH
OHDUQHUV�IRUP�SURJUDPV�XVLQJ�VWDQGDUG�IXQFWLRQV�RQO\�IURP�D�SUH�VHOHFWHG�VHW�

2XU�DSSURDFK�LV�EHVW�FKDUDFWHUL]HG�DV�D�GHYHORSPHQW��H[SODQDWLRQ�DQG�XVH
RI� SURJUDP� VFKHPDWD�� 7KLV� LV� LQ� IXOO� FRUUHVSRQGHQFH� ZLWK� WKH� PDLQ� WUHQG� WR�
ZDUGV�ILQGLQJ�ZD\V�RI�UHSUHVHQWLQJ�VWDQGDUGLVHG�SURJUDPPLQJ�NQRZOHGJH��2XU
FRQWULEXWLRQ� LV� GLUHFWHG� WR� WHDFKLQJ� IXQFWLRQDO� SURJUDPPLQJ� XVLQJ� SURJUDP
VFKHPDWD�WKDW�KDG�EHHQ�GHYLVHG�E\�XV�

,Q�WKH�IROORZLQJ�VHFWLRQ�DQ�DSSURDFK�WR�WHDFKLQJ�IXQFWLRQDO�SURJUDPPLQJ
LV�RXWOLQHG��,Q�WKH�WKLUG�VHFWLRQ�SURJUDP�VFKHPDWD�IRU�IXQFWLRQDO�SURFHVVLQJ�RI
OLVWV�DUH�H[SODLQHG��:H�JLYH�D�KLHUDUFK\�RI�VFKHPDWD�ZKLFK�ZH�XVH�LQ�WHDFKLQJ
DQG�EULHIO\�FRPPHQW�RQ�WHFKQLTXHV�IRU�VFKHPDWD�FRPELQLQJ��7KH�PRVW�GHWDLOHG
LV� WKH� IRXUWK� VHFWLRQ�ZKLFK� UHSRUWV�RQ�RXU�H[SHULPHQWV�DLPHG�DW� YHULI\LQJ�RXU
K\SRWKHVHV�DERXW�VXLWDELOLW\�RI�WKLV�DSSURDFK�ZLWK�UHVSHFW�WR�OHDUQLQJ�IXQFWLRQDO
SURJUDPPLQJ�E\� HYDOXDWLQJ� WKH� HIIHFWLYHQHVV�RI� WKH� OHDUQLQJ�SURFHVV�� )LQDOO\�
VRPH�FRQFOXVLRQV�DUH�GUDZQ�



�

� 7KH�DSSURDFK
7R�EH�DEOH�WR�IRUP�UHODWLYHO\�ODUJH�DQG�SUDFWLFDOO\�LQWHUHVWLQJ�SURJUDPV�LQ�/LVS
UHTXLUHV� WR�PDVWHU� RQO\� ³D� IHZ´� V\QWDFWLFDO� FRQVWUXFWV��+RZHYHU�� LW� ZRXOG� EH
PRVW�QDLYH�WR�H[SHFW�WKDW�EDVHG�RQ�WKDW�IDFW��SURJUDPPLQJ�LQ�/LVS�FDQ�EH�OHDUQW
YHU\�VZLIWO\�DQG�VLPSO\��0RUH� OLNHO\�� WKH�RSSRVLWH� LV� WUXH��7R�EH�DEOH� WR� IRUP
ERWK�HOHJDQW�DQG�HIILFLHQW�IXQFWLRQDO��/LVS��SURJUDPV�UHTXLUHV�DV�D�UXOH�D�FRQVL�
GHUDEOH�SURJUDPPLQJ�H[SHULHQFH��$GGLWLRQDO�GLIILFXOW\�LV�LQWHU�SDUDGLJPDO�WUDQ�
VLWLRQ��DV�PDQLIHVWHG�E\� WKH�SUREOHPV� WKDW� H[SHULHQFH�PDQ\�RXU� VWXGHQWV�ZKR
KDG�PDVWHUHG� TXLWH� H[WHQVLYHO\� WKH� SURFHGXUDO� SDUDGLJP� >��@�� 6RPH� RI� WKHP
VHHP�WR�EH�FRQVWUDLQHG�WR�WKH�H[WHQW�WKDW�WKHLU�XQGHUVWDQGLQJ�RI�WKH�DOWHUQDWLYH
SDUDGLJP�HIIHFWLYHO\� LV�EORFNHG� �FI�� VLPLODU� H[SHULHQFH� UHSRUWHG�E\� -RRVWHQ� HW
DO��>��@��

7KH�VXEMHFW�)XQFWLRQDO�DQG�/RJLF�3URJUDPPLQJ�LV�FRYHUHG�LQ�RQH�VHPHV�
WHU�����ZHHNV���7KH�UHODWLYH�PRGHVW\�RI� LWV�H[WHQW� IRUFHV� WR�FRQFHQWUDWH� WR� WKH
IXQGDPHQWDOV�RI� IXQFWLRQDO�SURJUDPPLQJ��ZKLFK�FRQVWLWXWHV�RQO\�D�SDUW�RI� WKH
VXEMHFW¶V� FRQWHQWV�� EHVLGHV� LW�� ORJLF� SURJUDPPLQJ� LV� WUHDWHG�� WRR���:H� DLP� WR
KHOS� OHDUQHUV� XQGHUVWDQG� WKH� HVVHQFH�RI� WKLV� SURJUDPPLQJ� SDUDGLJP��:H� DOVR
DLP�WR�DFKLHYH�WKLV�E\�D�OHDUQLQJ�SURFHVV�WKDW�LQYROYHV�SUDFWLFDO�SUREOHP�VROY�
LQJ��$JDLQ�� WKH� VXEMHFW¶V�H[WHQW�FRQVWUDLQWV� WKLV�DVSHFW�DV�RQO\� UHODWLYHO\� VKRUW
SURJUDPV�FDQ�EH�H[SODLQHG�RU�GHYLVHG��³/DUJHU´�SURJUDPV�ZLWK�VHYHUDO�GR]HQV
RU�KXQGUHGV�RI�IXQFWLRQV�DUH�ZULWWHQ�E\�VWXGHQWV�ZKHQ�FRPSOHWLQJ�WKHLU�DVVLJQ�
PHQWV�IRU�VXEMHFWV�$UWLILFLDO�,QWHOOLJHQFH�RU�.QRZOHGJH�%DVHG�6\VWHPV�

2XU�REMHFWLYH�LV�WKDW�WKH�VWXGHQWV�OHDUQ�WR�UHFRJQL]H�WKH�NLQGV�RI�SUREOHPV
DQG�WKHLU�UHOHYDQFH�WR�WKH�VWUXFWXUH�RI�WKH�VROXWLRQ��DQG�WKLV�QRW�RQO\�DW�WKH�OHYHO
RI�WKH�RULJLQDO�SUREOHP��EXW�DW�WKH�OHYHOV�RI�VXESUREOHPV�DV�ZHOO��:KHQ�VROYLQJ
SUREOHPV��EDVLF� VFKHPDWD� VKRXOG�EH� FRPELQHG� DFFRUGLQJ� WR� YDULRXV� SURJUDP�
PLQJ� WHFKQLTXHV��7KH�FUXFLDO�SRLQW� LV� WR� UHFRJQL]H� D� VFKHPD�DQG� WKHQ� WR� VSH�
FLDOL]H�DSSURSULDWHO\� LWV� JHQHULF�SDUWV��7KLV� LV� D�SDUWLFXODU� NQRZ�KRZ� WKDW� VWX�
GHQWV�VKRXOG�OHDUQ��7R�DFKLHYH�WKDW��WKH\�OHDUQ�DERXW�WKH�NLQGV�RI�SUREOHPV�WKDW
RQH�FDQ�HQFRXQWHU�PRVW�IUHTXHQWO\��DQG�WKH\�OHDUQ�DERXW�WKH�VFKHPDWD�WKDW�FRU�
UHVSRQG�PRVW�FORVHO\�WR�WKH�NLQGV�RI�SUREOHPV�

7KH� DSSURDFK� WR� OHDUQLQJ� SURJUDPPLQJ� DV� GHVFULEHG� DERYH� LV� EDVHG� RQ
SURFHHGLQJ�IURP�VSHFLILF�H[DPSOHV�WR�VFKHPDWD��JHQHUDOL]DWLRQ���$IWHU�WKH�VWX�
GHQWV�PDVWHU�WKLV�SKDVH�WR�WKH�H[WHQW�RI�EHLQJ�DEOH�WR�IRUPXODWH�XVHIXO�VFKHPDWD�
WKH\�KDYH�DFKLHYHG�D�OHYHO�RI�FRPSHWHQFH�ZKLFK�DOORZV�WKHP�WR�PDNH�D�FKRLFH



�

RI�D� VFKHPD�DQG� WR� VSHFLDOL]H� LW� DFFRUGLQJO\��$V�1iYUDW� >��@�KDV�SRLQWHG�RXW�
WKH� LQWHUSOD\� EHWZHHQ� JHQHUDOL]DWLRQ� DQG� VSHFLDOL]DWLRQ� LV� FULWLFDOO\� LPSRUWDQW
IRU�WKH�PHWKRG�RI�SURJUDPPLQJ�

$V�VRRQ�DV�WKH�VWXGHQWV�OHDUQ�WR�UHFRJQL]H�SURSHUO\�WKH�VFKHPD�ZKLFK�LV�WR
EH�DSSOLHG�LQ�WKH�JLYHQ�VLWXDWLRQ��WKH�WDVN�RI�IRUPLQJ�WKH�IXQFWLRQ¶V�GHILQLWLRQ�LV
DOUHDG\�TXLWH� VWUDLJKWIRUZDUG��:H�JXLGH� WKH� VWXGHQWV� WR�RUJDQL]H� WKHLU� NQRZO�
HGJH� LQ� IRUP� RI� D� PHQWDO� OLEUDU\� WR� DOORZ� D� PRUH� HIIHFWLYH� XVH� RI� VFKHPDWD
ZKHQ�VROYLQJ�PRUH�FRPSOH[�SUREOHPV��7KLV�FDQ�EH�DFKLHYHG�E\�JDLQLQJ�PRUH
SUDFWLFH� WKURXJK� VROYLQJ� D� ELJJHU� QXPEHU� RI� VPDOO� SUREOHPV��2QH� RI� WKH� ODVW
DVVLJQPHQWV� LV� WR�GHVLJQ�DQG� LPSOHPHQW�DQ�DEVWUDFW�GDWD� W\SH� �H�J��� VHW�� WDEOH�
DUUD\��JUDSK��IURP�LWV�VSHFLILFDWLRQ��+HUH��VWULFW�DGKHUHQFH�WR�IXQFWLRQDO�VW\OH�LQ
SURJUDPPLQJ�LV�H[SHFWHG�

7KLV�DSSURDFK� WR� WHDFKLQJ� IXQFWLRQDO�SURJUDPPLQJ� LV� YHU\�SURPLVLQJ�� ,W
VHHPV�WR�EH�HVSHFLDOO\�HIIHFWLYH�IRU�OHDUQLQJ�D�SDUDGLJP�ZKLFK�GRHV�QRW�KDYH�D
FHQWUDO� UROH� LQ� WKH� FXUULFXOXP�QRU� LQ� WKH� LQGXVWULDO� SUDFWLFH�� EXW�ZKLFK� QHYHU�
WKHOHVV�LV�FRQVLGHUHG�YLWDO�IRU�GHHSHQLQJ�WKH�OHDUQHU¶V�XQGHUVWDQGLQJ�RI�WKH�IXQ�
GDPHQWDO�SURFHVVHV�RI�SURJUDPPLQJ��0DLQ�DGYDQWDJHV�RI�LW�FDQ�EH�VXPPDUL]HG
DV�IROORZV�

•� XVH�RI�SURJUDP�VFKHPDWD�IDFLOLWDWHV�XQGHUVWDQGLQJ�WKH�EDVLF�SULQFLSOHV�
•� SURFHVV�RI�DFTXLULQJ�WKH�EDVLF�SURJUDPPLQJ�VNLOOV�LV�VSHHGHG�XS��WKLV

IDFW�LV�YHU\�LPSRUWDQW�LQ�RXU�VSHFLILF�FDVH�ZKHQ�QRW�RQH��EXW�WZR�GLI�
IHUHQW�SDUDGLJPV�DUH�WUHDWHG�LQ�RQH�VXEMHFW��

•� DOUHDG\�QRYLFHV�ZULWH�SURJUDPV�ZKLFK�DUH�EHWWHU�LQ�WKH�VHQVH�WKDW�WKH\
WHQG�WR�EH�WUXO\�IXQFWLRQDO��VWXGHQWV�LQ�IDFW�GR�QRW�KDYH�PXFK�FKDQFH
WR� WU\� WR� DSSO\� WKHLU� SUHYLRXVO\� DFTXLUHG� SURFHGXUDO� KDELWV� DV� WKHVH
VRRQ�FDPH�LQWR�FRQIOLFW�ZLWK�WKH�VFKHPDWD�

•� VFKHPDWD� DUH� D�PHDQV� QRW�RQO\� WR� OHDUQ� SURJUDPPLQJ� NQRZOHGJH� E\
WKH� VWXGHQW�� EXW� DOVR� WR� DVVHVV� E\� WKH� WHDFKHU� WKH� OHYHO� WR� ZKLFK� WKH
VWXGHQW�KDV�PDVWHUHG�LW�

� 6FKHPDWD�IRU�IXQFWLRQDO�SURFHVVLQJ�RI�OLVWV
2QH�RI� WKH� VRXUFHV� RI� GLIILFXOW\� LQ� OHDUQLQJ� IXQFWLRQDO� SURJUDPPLQJ� LV� UHFXU�
VLRQ��FI��>��@��7R�XQGHUVWDQG� LW�DQG� WR�EH�DEOH� WR�DSSO\� LW�DSSURSULDWHO\�FDXVHV
SUREOHPV�WR�PDQ\�OHDUQHUV��$QRWKHU�GLIILFXOW\� LV� ODFN�RI�YDULDEOHV��DQG�FRQVH�
TXHQWO\�DYRLGLQJ�DVVLJQPHQWV��:H�WKHUHIRUH�SXW�PXFK�VWUHVV�RQ�H[SODLQLQJ�WKH



�

UROH�RI�UHFXUVLRQ�WKRURXJKO\��:H�KDYH�IRXQG�WKH�SUREOHPV�UHODWHG�WR�SURFHVVLQJ
RI�OLVWV�YHU\�VXLWDEOH�LQ�WKLV�UHVSHFW�

2XU�VWXGHQWV�FDQ�EH�FRQVLGHUHG�QRYLFHV�LQ�SURJUDPPLQJ��HVSHFLDOO\�ZLWK
UHVSHFW�WR�WKH�IXQFWLRQDO�SDUDGLJP��7KHUHIRUH�ZH�UHVWULFW�RXUVHOYHV�WR�SUREOHPV
LQ�ZKLFK���L��WKH�RQO\�NLQGV�RI�GDWD�DUH�OLVWV�LQFOXGLQJ�DWRPV��QXPEHUV�DQG�V\P�
EROV���ODWHU��ZH�FRQVLGHU�DOVR�GRWWHG�SDLUV���LL��QR�LQGLUHFW�UHFXUVLRQ�LV�LQYROYHG�
�LLL��QR� RSHUDWLRQV�ZLWK� VLGH� HIIHFWV� DUH� LQYROYHG� �VXFK� DV� LQSXW�RXWSXW���2QO\
JUDGXDOO\��ZKHQ�SURFHHGLQJ�WR�VROYLQJ�PRUH�FRPSOH[�SUREOHPV��RWKHU�VFKHPDWD
DUH�SUHVHQWHG��H�J���DVVLJQPHQW��LQSXW�RXWSXW��HWF���
��� 6FKHPD�UHSUHVHQWDWLRQ
:LWK�UHJDUG�WR�VFKHPD�UHSUHVHQWDWLRQ��RXU�XWPRVW�REMHFWLYH�KDV�EHHQ�VLPSOLFLW\�
:H�GHOLEHUDWHO\�DYRLG�LQWURGXFLQJ�DQ\�XQQHFHVVDU\�FRPSOH[LW\��VXFK�DV�D�QHZ�
GLIIHUHQW�IRUPDOLVP�ZKHQ�QHZ�FRQFHSWV�FDQ�EH�VDWLVIDFWRULO\�UHSUHVHQWHG�XVLQJ
D�NQRZQ�ODQJXDJH��SHUKDSV�ZLWK�RQO\�D�PLQRU�HQKDQFHPHQW�

2QH� IHDWXUH� WKDW� PDNHV� WKH� SURJUDPPLQJ� ODQJXDJH� /LVS� GLIIHUHQW� IURP
PDQ\�RWKHU�ODQJXDJHV�LV�D�UHODWLYHO\�FORVH�GLVWDQFH�IURP�V\QWD[�WR�LWV�LQWHUSUH�
WDWLRQ��$VVXPLQJ�WKDW�WKLV�SURSHUW\�KROGV�RQH�FDQ�PDNH�FRQFOXVLRQV�RQ�WKH�VH�
PDQWLFDO�VLPLODULW\�RI�WZR�IXQFWLRQV�E\�FRPSDULQJ�WKHLU�V\QWDFWLF�VWUXFWXUH�

7R�NHHS�WKH�PDWWHUV�VLPSOH��ZH�GHFLGHG�WR�ZULWH�VFKHPDWD� LQ�D� ODQJXDJH
VLPLODU�WR�/LVS��:H�VKDOO�XVH�WZR�NLQGV�RI�YDULDEOHV��ILUVW�RUGHU�YDULDEOHV��/LVS
IXQFWLRQ�DUJXPHQWV��DQG�VFKHPDWD�YDULDEOHV��YDULDEOH�IXQFWLRQ�V\PEROV���9DUL�
DEOHV�EHJLQ�ZLWK�D�FDSLWDO�OHWWHU��6FKHPDWD�WKDW�H[SUHVV�FODVVHV�RI�IXQFWLRQV�ZLWK
YDULRXV�QXPEHUV�RI�DUJXPHQWV�RU�IRUPV�DUH�UHSUHVHQWHG�XVLQJ�DQ�DGGLWLRQDO�RS�
WLRQDO�V\PERO��7KLV�V\PERO�DOORZV�WR�PDUN�SODFH�IRU�DQ�DUJXPHQW�RU�D�IRUP�WKDW
PD\�EXW�QHHG�QRW�RFFXU�LQ�D�GHILQLWLRQ�RI�D�SDUWLFXODU�IXQFWLRQ�RI�WKH�FODVV�H[�
SUHVVHG� E\� WKH� VFKHPD�� 7KH� RSWLRQDOLW\� LV� UHSUHVHQWHG� E\� EUDFNHWV�� 2SWLRQDO
DUJXPHQW�RU� IRUP�FDQ�EH�JHQHUDOL]HG�E\�SUHIL[LQJ� D� VFKHPD�YDULDEOH�ZLWK�	�
)RU�H[DPSOH��LQ�WKH�VFKHPD

�GHIXQ�0DS��/LVW��	9��
�����FRQG���QXOO�/LVW��QLO�
����������������W�����FRQV��7UDQVIRUP��FDU�/LVW���	9��
��������������������������������0DS��FGU�/LVW���	9��������

WKH�H[SUHVVLRQ�	9��FDQ�EH� UHSODFHG�E\�D� VHTXHQFH�RI�DUELWUDU\�QXPEHU�RI�DU�
JXPHQWV��LQFOXGLQJ�QRQH��
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��� +LHUDUFK\�RI�VFKHPDWD
7KH� EDVLV� IRU� D� SDUWLFXODU� VFKHPD� LV� D� W\SLFDO� VWUXFWXUH� RI� IXQFWLRQV� WR� VROYH
VRPH�FODVV�RI�VLPLODU�SUREOHPV��0RUHRYHU��ZH�KDYH�GHILQHG�D�FDWDORJXH�ZKLFK
LQFOXGHV�VHYHUDO�VLPLODU�VFKHPDWD��7KH�VFKHPDWD�FDQ�EH�RUJDQL]HG� LQWR�KLHUDU�
FKLHV��:H�KDYH�LGHQWLILHG�WZR�LPSRUWDQW�JURXSV�RI�VFKHPDWD��DFFRUGLQJ�WR�WZR
JHQHUDO� NLQGV� RI� SURFHVVLQJ� RI� OLVWV�� �L��OLVW� SURFHVVLQJ� DW� WKHLU� WRS� OHYHO� RQO\�
�LL��OLVW�SURFHVVLQJ�DW�DOO�OHYHOV�

2QH�RI�WKH�LPSRUWDQW�LVVXHV�LQ�WHDFKLQJ�KRZ�WR�SURFHVV�OLVWV�LV�WKH�RUGHU�LQ
ZKLFK� WKH� OHDUQHUV� EHFRPH� DFTXDLQWHG� ZLWK� WKH� GLIIHUHQW� VFKHPDWD�� ,Q� ERWK
JURXSV��ZH�GHILQH�SDLUV�RI�VLPLODU�SUREOHPV�H�J���VXEVWLWXLQJ�D�V\PERO�LQ�D�OLVW
E\�DQRWKHU�RQH�DW�WKH�WRS�OHYHO�RI�WKH�OLVW��DQG�VLPLODUO\��VXEVWLWXLQJ�D�V\PERO�LQ
D�OLVW�E\�DQRWKHU�RQH�DW�DOO�OHYHOV�RI�WKH�OLVW��2XU�H[SHULHQFH�IRU�VHYHUDO�\HDUV�KDV
EHHQ�WKDW�WKH�VWXGHQWV�FDQ�FRSH�EHWWHU�ZLWK�WKH�NLQG�RI�SUREOHPV�IURP�WKH�IRU�
PHU�FODVV��,Q�RWKHU�ZRUGV��WR�SURJUDP�SURFHVVLQJ�RI�OLVWV�DW�DOO� OHYHOV�VHHPV�WR
EH�PRUH� GLIILFXOW� IRU� RXU� VWXGHQWV�� 7KDW� LV� ZK\� ZH� VWDUW� WHDFKLQJ� WKH� IRUPHU
FODVV�DQG�SURFHHG�WR�SURFHVVLQJ�DW�DOO�OHYHOV�RQO\�ODWHU�

,Q�)LJ�����D�KLHUDUFK\�RI�VFKHPDWD� IRU�SURFHVVLQJ�RI� OLVWV�DW� WKH� WRS� OHYHO
RQO\�LV�RXWOLQHG��7KH�VFKHPDWD� LGHQWLILHG� LQ�)LJ����FDQ�EH�IRXQG�LQ�$SSHQGL[�
7KLFNHU�OLQHV�DUH�XVHG� WR�GHSLFW�VFKHPDWD� WKDW�ZHUH�DFWXDOO\� WDXJKW�GXULQJ� WKH
VHPHVWHU�WKDW�ZH�UHSRUW�DERXW�KHUH�

)LJ�����7KH�KLHUDUFK\�RI�VFKHPDWD�IRU�SURFHVVLQJ�RI�OLVWV�

,Q� WKH�FDVH�RI�SURFHVVLQJ�RI� OLVWV�DW�DOO� OHYHOV�� WKH�FODVVHV�RI�SUREOHPV�DUH� WKH
VDPH��+RZHYHU��LQ�PDQ\�FDVHV�RI�SURFHVVLQJ�RI�OLVWV�DW�DOO�OHYHOV�LW�LV�DGYDQWD�
JHRXV�WR�FRQVLGHU�GDWD�QRW�WR�EH�OLVWV��EXW�DUELWUDU\�V�H[SUHVVLRQV��,Q�VXFK�D�FDVH
WKH� DUJXPHQW� FRXOG� EH� FRQVLGHUHG� WR� EH� D� ELQDU\� WUHH� UDWKHU� WKDQ� D� OLVW�� (DFK
QRGH�LQ�WKH�ELQDU\�WUHH�LV�HLWKHU�DQ�DWRP�RU�D�GRWWHG�SDLU��$�QRGH�WKDW�LV�D�GRW�

6FKHPD

5HGXFH 0DS )LOWHU

&RXQW )XQF�5HGXFH )LQG�LI

&RXQW�LI&RXQW�LI�QRW

5HPRYH�LI 5HPRYH�LI�QRW

(YHU\

3UHGLFDWH

1RQH 6RPH 6RPH�QRW
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WHG�SDLU�KDV� WZR�VXFFHVVRUV� �FDU� DQG�FGU���$WRPV�DUH� OHDYHV�RI� WKH� WUHH��(DFK
IXQFWLRQ�PXVW�HLWKHU�SURFHVV�DQ�DWRP��PDNLQJ�XVH�RI�WKH�IDFW�WKDW�WKH�HPSW\�OLVW
QLO�LV�DQ�DWRP��WRR��RU�LW�PXVW�UHFXUVLYHO\�FDOO�LWVHOI�WR�FDU�SDUW�RI�WKH�GRWWHG�SDLU
DQG�WKH�FGU�SDUW�RI�WKH�GRWWHG�SDLU��DQG�FRQVHTXHQWO\��RI�WKH�OLVW��

:H� JURXSHG� VXFK� VFKHPDWD� LQWR� RQH� VXEJURXS� KHDGHG� E\� WKH� QRGH
'6�H[S���,W�LV��D�SDUHQW�IRU�5HGXFH��0DS�DQG�3UHGLFDWH�QRGHV�LQ�WKH�KLHUDUFK\�
$�JHQHUDO�VFKHPD�IRU�SURFHVVLQJ�RI�D�GRWWHG�SDLU�FDQ�EH�ZULWWHQ�

��GHIXQ�'6�H[S��6�H[S��	9��
�FRQG 	��7HVW�6�H[S��	9���9DOXH�

������������ >���DWRP�6�H[S����(QG�YDOXH��@
�����W�������&RPELQHU� �'6�H[S��FDU�6�H[S���	9��

������������� ��� �'6�H[S��FGU�6�H[S���	9��������
,Q�DOO�WKH�VFKHPDWD�ZH�XVH�D�JHQHUDOL]HG�RSWLRQDO�DUJXPHQW��LQ�IRUP�RI�	9L���,W
H[SUHVVHV� DQ� RSWLRQ� WKDW� WKH� VFKHPD� LQVWDQFH� �L�H��� D� IXQFWLRQ� GHILQLWLRQ�� DQG
VLPLODUO\�DOVR�H[SUHVVLRQV�ZKLFK�DUH�DSSOLFDWLRQV�RI�WKDW�IXQFWLRQ�FDQ�KDYH�DG�
GLWLRQDO� DUJXPHQWV� �FI�� WKH� VFKHPDWD�0DS� RU�'6�H[S� DERYH���:H� DVVXPH� WKDW
KDYLQJ�LQ�PLQG�WKH�PDLQ�SXUSRVH�RI�WKH�VFKHPD��L�H���SURFHVVLQJ�RI�OLVWV���WKHVH
DGGLWLRQDO� DUJXPHQWV� XVXDOO\� SOD\� DQ� DX[LOLDU\� UROH�� 7KHLU� LQFRUSRUDWLRQ� FDQ
WKXV�EH�UHGXFHG�WR�D�V\QWDFWLFDO�PDQLSXODWLRQ��7KHUHIRUH��ZH�VKDOO�QRW� LQFOXGH
WKHP�LQ�VFKHPDWD�

7KH�VHFRQG�DVSHFW�WKDW�PXVW�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�H[SODLQLQJ�VFKH�
PDWD�LV�WKH�IXQFWLRQ�GHILQLWLRQ¶V�V\QWDFWLFDO�VWUXFWXUH�LWVHOI��:H�KDYH�IRUPHG�D
VHW�RI�VFKHPDWD�ZKLFK�FRYHU�WKUHH�LPSRUWDQW�SRLQWV�RI�D�UHFXUVLYH�IXQFWLRQ�GHIL�
QLWLRQ�

��� D�VWRSSLQJ�FRQGLWLRQ��VLQJOH�WHVW�UHFXUVLRQ��PXOWLSOH�WHVW�FRQGLWLRQ��
��� D�PHWKRG�RI�SHUIRUPLQJ�WKH�UHFXUVLYH�VWHS��WDLO�UHFXUVLRQ��IDW�UHFXU�

VLRQ��
��� D�ZD\�RI�UHGXFLQJ�WKH�RULJLQDO�WDVN�WR�D�VLPSOHU�WDVN��PRQRWRQLF�UHFXU�

VLRQ��QRQPRQRWRQLF�UHFXUVLRQ��VLQJOH�SDUDPHWHU�UHGXFWLRQ��PXOWLSOH�SD�
UDPHWHU�UHGXFWLRQ��VLQJOH�UHFXUVLYH�FDOO��PXOWLSOH�UHFXUVLYH�FDOO��

7KH�VFKHPDWD�DUH�GHVFULEHG�LQ�IXOO�GHWDLO�LQ�>�@��:H�QRWH�WKDW�ZKHQ�H[SODLQLQJ
WKH�SURFHVVLQJ�RI� OLVWV� DW� WKH� WRS� OHYHO��ZH�PHQWLRQ� WR� VWXGHQWV� DOVR� VFKHPDWD
ZLWK�WKH�WDLO�UHFXUVLRQ�
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��� 6FKHPDWD�FRPELQLQJ�DQG�SURJUDPPLQJ�WHFKQLTXHV
7KH�FUXFLDO�WKLQJ�LQ�DSSO\LQJ�VFKHPDWD�LQ�SURJUDPPLQJ�LV�WKH�DELOLW\�WR�UHFRJ�
QL]H�D�VLWXDWLRQ�ZKHQ�D�FRPELQDWLRQ�RI� VFKHPDWD� LV�GHVLUDEOH��/HW� XV�FRQVLGHU
DQ� H[DPSOH� ZKHQ� WKRVH� HOHPHQWV� RI� D� OLVW� ZKLFK� IXOILO� D� FRQGLWLRQ� DUH� WR� EH
WUDQVIRUPHG� DQG� WKH� RWKHU� RQHV� VLPSO\� GHOHWHG�� 7KH� VROXWLRQ� LV� WR� FRPELQH� D
VFKHPD�IRU�D�OLVW�PDSSLQJ�DQG�D�VFKHPD�IRU�D�ILOWHU��7KH�VWXGHQWV�VKRXOG�EH�H[�
SODLQHG�D�SURSHU�ZD\�RI�VFKHPDWD�FRPELQLQJ��7KH�SURFHVV�LV�QRW�DOZD\V�D�VLP�
SOH�RQH��2QH�VROXWLRQ� LV� WR� LQWURGXFH�D�QHZ�VFKHPD�WKDW� LQFRUSRUDWHV�ERWK� WKH
VFKHPDWD�LQ�TXHVWLRQ��:H�DUH�ILUPO\�FRQYLQFHG��FI��DOVR�6ROORKXE�>��@��WKDW�WKH
SURJUDPPLQJ� H[SHUWV� LQ� IDFW� XVH� VXFK� VFKHPDWD�� +RZHYHU�� DQ� LQWURGXFWRU\
FRXUVH�LQ�IXQFWLRQDO�SURJUDPPLQJ�VKRXOG�FRQFHQWUDWH�RQ�WKRVH�EDVLF�VFKHPDWD
IURP�ZKLFK�WKH�RWKHU�PRUH�FRPSOLFDWHG�RQHV�DUH�IRUPHG��1XPEHU�RI�VFKHPDWD
WKDW� D� VWXGHQW� LV� SUHVHQWHG� DQG� H[SHFWHG� WR� OHDUQ�ZLWKLQ� WKH� OLPLWHG� SHULRG� RI
WLPH�PXVW�EH�DOVR�TXLWH�OLPLWHG�

:KHQ� GHYLVLQJ� VFKHPDWD�� RQH� LPSRUWDQW� PHWKRGRORJLFDO� WRRO� WKDW� KDV
SURYHQ�LQYDOXDEOH�LV�JHQHUDOL]DWLRQ��DQG�VSHFLDOL]DWLRQ�DV�LWV�LQYHUVH�>�@��.QRZQ
H[DPSOHV�RI�W\SLFDO�VSHFLILF�VROXWLRQV�DUH�JHQHUDOL]HG��6HYHUDO�VXFK�JHQHUDOL]HG
VNHOHWRQV� DUH� PHUJHG� LQWR� RQH� VFKHPD� DIWHU� SRVVLEO\� DEVWUDFWLQJ� DZD\� VRPH
DVSHFWV�LQ�VRPH�RI�WKHP�VR�WKDW�D�FRPPRQ�VWUXFWXUH�FDQ�EH�LGHQWLILHG��$V�D�UH�
VXOW�� ZH� KDYH� D� VFKHPD� WKDW� LV� UDWKHU� JHQHUDO� DQG� DEVWUDFW�� 7R� DSSO\� VXFK� D
VFKHPD��D�VSHFLDOL]DWLRQ��GHILQLQJ�D�VSHFLDO�YDOXH�IRU�D�IHDWXUH�−�LQYHUVH�RI�JHQ�
HUDOLVDWLRQ��DQG�D�FRQFUHWL]DWLRQ��DGGLQJ�D�IHDWXUH�−�LQYHUVH�RI�DEVWUDFWLRQ��IUH�
TXHQWO\�WDNHV�SODFH��0RUHRYHU��WKH�VFKHPDWD�DUH�FRPELQHG�

� ([SHULPHQWV
,W�KDV�EHHQ�RXU�DVVXPSWLRQ�WKDW�WHDFKLQJ�IXQFWLRQDO�SURJUDPPLQJ�ZLWK�VFKHPD�
WD�LV�PRUH�HIILFLHQW�DQG�WKDW�WKH�VWXGHQWV�LPSURYH�PXFK�IDVWHU��HVSHFLDOO\�GXULQJ
WKH�HDUO\�VWDJHV�RI�WKH�SURJUDPPLQJ�SURFHVV���,Q�RUGHU�WR�HLWKHU�SURYH�RU�UHIXWH
WKLV�DVVXPSWLRQ��ZH�SURSRVHG�D� VHW�RI�H[SHULPHQWV��7KH�H[SHULPHQWV�EXLOG�RQ
RXU� HDUOLHU� H[SHULHQFH� ZLWK� WHDFKLQJ� IXQFWLRQDO� SURJUDPPLQJ� ZLWK� VFKHPDWD
�OLPLWHG�WR�D�IHZ�V\QWDFWLFDOO\�RULHQWHG�RQHV�VXFK�DV�VWUXFWXUDO�YDULDQWV�RI�D�UH�
FXUVLYH�IXQFWLRQ�GHILQLWLRQ��ZKLFK�QHYHUWKHOHVV�LPSURYHG�WKH�VSHHG�ZLWK�ZKLFK
WKH�VWXGHQWV�PDVWHUHG�WKH�EDVLF�SUDFWLFH�LQ�IXQFWLRQDO�SURJUDPPLQJ�



�

��� 7KH�PHWKRG�RI�H[SHULPHQWDWLRQ
7KHUH�DUH�VHYHUDO�LVVXHV�WKDW�VKRXOG�EH�FRQVLGHUHG��ZKDW�WKH�VWXGHQWV�NQRZ��RU
ZKDW�FDQ�EH�DVVXPHG�DERXW�WKHLU�NQRZOHGJH��H[SHULPHQWDO�SURFHGXUH��NLQGV�RI
SUREOHPV� WR� EH� VROYHG� DQG� WKHLU� DVVLJQPHQW� WR� VWXGHQWV�� ZKLFK� DWWULEXWHV� WR
HYDOXDWH��WKH�K\SRWKHVHV�

�7KH�VWXGHQWV�ZKR�WRRN�SDUW�LQ�WKH�H[SHULPHQW�FDQ�EH�GLYLGHG�DFFRUGLQJ�WR
WZR�FULWHULD��)LUVW��ZKHWKHU�WKH\�ZHUH�JLYHQ�DQ�H[SODQDWLRQ�DERXW�WKH�VFKHPDWD�
6HFRQG�� ZKHWKHU� WKH\� KDG� D� FDWDORJXH� RI� VFKHPDWD� DYDLODEOH� GXULQJ� WKH� WHVW�
7KH� ILUVW� FULWHULRQ� LV� D� FRQVHTXHQFH� RI� RXU�8QLYHUVLW\¶V� VWDWXWHV�� DFFRUGLQJ� WR
ZKLFK�DWWHQGLQJ�OHFWXUHV�LV�QRW�REOLJDWRU\�IRU�WKH�VWXGHQWV��6RPH�VWXGHQWV�ZHUH
SUHVHQW�DW�WKH�OHFWXUHV�ZKHQ�VFKHPDWD�ZHUH�LQWURGXFHG�DQG�H[SODLQHG�WR�D�FRQ�
VLGHUDEOH�GHWDLO��7KH�FRPSOHPHQW�RI�WKH�FODVV�FDQ�EH�DVVXPHG�WR�EH�SUDFWLFDOO\
LJQRUDQW��WKH�YHUVLRQ�RI�RXU�WH[WERRN�>�@�DYDLODEOH�DW�WKDW�WLPH�GLG�QRW�LQFOXGH
SURJUDP�VFKHPDWD�IRU�SURFHVVLQJ�RI�OLVWV��

�$� VXEJURXS� RI� VWXGHQWV� ZDV� DOORZHG� WR� XVH� WKH� FDWDORJXH� RI� VFKHPDWD
�HODERUDWHG�E\�WKH�OHFWXUHU���7KH�FDWDORJXH�FRPSULVHG�RI�VHYHUDO�VFKHPDWD��VL[
WR� HLJKW��� %\� DSSO\LQJ� WKHP�� VRPH� DVVLJQPHQWV� FRXOG� EH� VROYHG� VWUDLJKWIRU�
ZDUGO\�� VRPH�FRXOG�EH� VROYHG�DIWHU� VFKHPDWD�ZHUH� FRPELQHG�� DQG� VRPH�DIWHU
VFKHPDWD�VSHFLDOL]DWLRQ��7KH�FDWDORJXH�LQFOXGHG�WKH�VFKHPDWD�IRU�SURFHVVLQJ�RI
OLVWV�XVLQJ�ERWK�WKH�IDW�UHFXUVLRQ�DQG�WDLO�UHFXUVLRQ��,Q�RUGHU�WR�HOLPLQDWH�SRVVL�
EOH�LQIOXHQFH�RI�RWKHU�IDFWRUV��VFKHPDWD�DUH�QDPHG�LQ�VXFK�D�ZD\�WKDW�WKH�QDPHV
GR�QRW�UHYHDO�WKH�HVVHQFH�RI�WKH�SURFHVVLQJ�WKH\�H[SUHVV��)RU�H[DPSOH��D�VFKHPD
IRU� VHOHFWLYHO\� FRXQWLQJ� WKRVH� HOHPHQWV� RI� D� JLYHQ� OLVW� DW� WKH� WRS� OHYHO� ZKLFK
SRVVHV�D�JLYHQ�SURSHUW\�ZDV�SUHVHQWHG�WR�WKH�VWXGHQWV�LQ�WZR�IRUPV�

��GHIXQ�6FKHPD����/LVW�
� ���FRQG� ��QXOO�/LVW����
� ��7HVW��FDU�/LVW���������6FKHPD����FGU�/LVW����
� ��W���6FKHPD����FGU�/LVW��������
��GHIXQ�6FKHPD����/LVW�����6FKHPD���DX[�/LVW����
��GHIXQ�6FKHPD���DX[��/LVW�$X[�
� ���FRQG ��QXOO�/LVW��$X[�
� ��7HVW��FDU�/LVW�����6FKHPD���DX[��FGU�/LVW�������$X[���
� ��W���6FKHPD���DX[��FGU�/LVW��$X[�������

�(DFK� VWXGHQW� ZDV� VROYLQJ� WZR� WDVNV�� 6ROYLQJ� WKHP� ZDV� D� WZR�SKDVH� SURFHVV�
)LUVW��WKH�VWXGHQW�ZDV�H[SHFWHG�WR�DWWHPSW�WR�VROYH�WKHP�ZLWK�SHQFLO�DQG�SDSHU
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RQO\�� 7KH� WLPH� DOORWHG� IRU� WKLV� SKDVH� ZDV� ��� PLQXWHV�� 1H[W�� WKH� VWXGHQW� ZDV
H[SHFWHG�WR�LPSOHPHQW�WKH�VROXWLRQ��LQ�WKH�UHPDLQLQJ�WLPH�WR�����PLQXWHV���7KH
QXPEHU�RI�DVVLJQPHQWV�ZDV�FKRVHQ�ZLWK�UHVSHFW�WR�WKH�OHYHO�RI�WKHLU�GLIILFXOW\�

�:H�GLYLGHG�WKH�DVVLJQHG�SUREOHPV�LQWR�WZR�JURXSV���L��SURFHVVLQJ�RI�OLVWV
DW� WKH� WRS� OHYHO��DQG��LL��SURFHVVLQJ�RI� OLVWV�DW�DOO� OHYHOV��6ROXWLRQV� WR�DVVLJQHG
SUREOHPV� IURP�ERWK� JURXSV� FRXOG�EH� IRUPXODWHG�XVLQJ� WKH� VFKHPDWD� IURP� WKH
KLHUDUFK\� VKRZQ� DERYH�� (DFK� VWXGHQW� ZDV� DVVLJQHG� WZR� SUREOHPV� IURP� RQH
JURXS�
�,Q�WKH�H[SHULPHQW��WKH�IROORZLQJ�FKDUDFWHULVWLFV�ZHUH�HYDOXDWHG�

��� FRUUHFWQHVV�RI�WKH�VROXWLRQ��WDNLQJ�LQWR�DFFRXQW�DOVR�KRZ�DSSOLFDWLRQ
RI�D�VFKHPD�FRQWULEXWHG� WR� LW��H[SUHVVHG� LQ�PDUNV�RXW�RI� WZR��PD[L�
PXP��IRU�HDFK�SUREOHP�

��� UROH�RI�FRPSXWHU�LQ�VROYLQJ�WKH�SUREOHP��LGHDO�LQWHUSUHWHU�LQ�VWXGHQW¶V
PLQG�YV��UHDO�LQWHUSUHWHU�LPSOHPHQWHG�LQ�FRPSXWHU��

��� WKH�NLQG�RI�UHFXUVLRQ�XVHG��IDW��WDLO��

��� ([SHULPHQWDO�UHVXOWV
7KHUH�ZHUH�����VWXGHQWV�ZKR�WRRN�SDUW�LQ�WKH�H[SHULPHQWV��DOO�RI�WKHP�OHYHO��
VWXGHQWV� RI� RXU� EDFFDODXUHDWH� ,QIRUPDWLFV� FRXUVH� LQ� WKH� VRIWZDUH� HQJLQHHULQJ
WUDFN��'LVWULEXWLRQ�RI�WKH�ZKROH�VHW�RI�VWXGHQWV�LQWR�WKH�IRXU�FDWHJRULHV�LV�VKRZQ
LQ�7DE����

6FKHPDWD�DYDLODEOH"
\HV QR

([SODQDWLRQ <HV� ��� ��
UHFHLYHG" QR� �� ��

7DE�����'LVWULEXWLRQ�RI�VWXGHQWV�LQWR�JURXSV�

3HUKDSV�WKH�PRVW�LPSRUWDQW�TXHVWLRQ�WR�DQVZHU�ZKHQ�WU\LQJ�WR�HYDOXDWH�WKH�DS�
SURDFK� WR� OHDUQLQJ� IXQFWLRQDO� SURJUDPPLQJ� EDVHG� RQ� VFKHPDWD� LV� FRQFHUQHG
ZLWK�D�SRVLWLYH�LGHQWLILFDWLRQ�RI�WKHLU�LQIOXHQFH�RQ�VWXGHQWV¶�OHDUQLQJ�SURFHVV��,Q
RXU�IRUPXODWLRQ��GRHV�WKH�XVH�RI�VFKHPDWD�LQ�OHDUQLQJ�IXQFWLRQDO�SURJUDPPLQJ
LQIOXHQFH�UHVXOWV�RI�QRYLFH�OHDUQHUV"�&DQ�LW�VSHHG�XS�WKH�SURFHVV�RI�OHDUQLQJ�WKH
SDUDGLJP"�2XU�ILUVW�K\SRWKHVLV�LV��7KH�UHVXOWV�ZKHQ�XVLQJ�VFKHPDWD�DUH�EHWWHU�



��

,Q�7DE���D�DQG��E�ZH�GLVSOD\�WKH�RYHUDOO�UHVXOWV�RI�WHVWV�RI�VWXGHQWV�IURP
DOO� WKH� IRXU� VXEJURXSV� �FI�� 7DE����� HLWKHU� EDVHG� RQ� WKHLU�PDUNV� RXW� RI� ��� L�H��
PDUNV� IURP� WKH� UDQJH� ����!�� RU� H[SUHVVHG� DV� D� UHODWLYH� SRUWLRQ� �SHU� FHQW�� RI
FRUUHFW�VROXWLRQV�ZLWKLQ�HDFK�VXEJURXS�

6FKHPDWD�DYDLODEOH"
<HV QR \HV QR

([SODQDWLRQ \HV ���� ���� \HV�� ��� ���
UHFHLYHG" QR ���� ���� QR�� ��� ���

D E
7DE�����2YHUDOO�UHVXOWV�RI�WHVWV�

7KH�UHVXOWV�LQ�7DE����DOORZ�VRPH�FRQFOXVLRQV��%HVW�UHVXOWV�ZHUH�DFKLHYHG�E\�WKH
VWXGHQWV�ZKR�KDG�D�SULRU� LQIRUPDWLRQ�RQ� VFKHPDWD� DQG�DW� WKH� VDPH� WLPH� WKH\
KDG� WKH� FDWDORJXH�RI� VFKHPDWD� DW� KDQG�GXULQJ� WKH� WHVW�� ����RXW� RI� WKHP�SUR�
GXFHG� FRUUHFW� VROXWLRQV�� )URP� WKH� FRUUHFWQHVV� SRLQW� RI� YLHZ�� DFFLGHQWDOO\� WKH
VXEJURXS� RI� VWXGHQWV�ZKR� KHDUG� WKH� SUHVHQWDWLRQ� DQG� H[SODQDWLRQ� EXW� GLG� QRW
KDYH� WKH� FDWDORJXH� RI� VFKHPDWD� DW� KDQG� GXULQJ� WKH� WHVW� SHUIRUPHG� SUHFLVHO\
HTXDOO\�DV�WKRVH�VWXGHQWV�ZKR�KDG�WKH�FDWDORJXH�RI�VFKHPDWD�DW�KDQG�GXULQJ�WKH
WHVW�EXW�GLG�QRW�KHDU� WKHLU�SUHVHQWDWLRQ�DQG�H[SODQDWLRQ� �ERWK�VFRUHG������� ,Q
WKH�RYHUDOO�UDQNLQJ��KRZHYHU��WKH�VWXGHQWV�ZKR�OHDUQHG�DERXW�WKH�VFKHPDWD�EH�
IRUHKDQG�� HYHQ� LI� WKH\�GLG�QRW�KDYH� WKH� FDWDORJXH�RI� WKHP�DW� KDQG� GXULQJ� WKH
WHVW��SHUIRUPHG�EHWWHU��0RUHRYHU��PRVW�RI�WKHP�ZHUH�DEOH�WR�LGHQWLI\�WKH�VFKH�
PDWD�ZKLFK� WKH\�KDG�DSSOLHG��:H� IHHO� HQGRUVHG� LQ�GUDZLQJ� D� FRQFOXVLRQ� WKDW
WKHLU� NQRZOHGJH�RI� WKH� VFKHPDWD�ZDV� LQVWUXPHQWDO� LQ� DFKLHYLQJ�EHWWHU� UHVXOWV�
7KH�GLIIHUHQFH�EHWZHHQ�WKHP�DQG�WKRVH�VWXGHQWV�ZKR�KDG�QRW�KHDUG�WKH�H[SOD�
QDWLRQ�EHIRUH�WKH�WHVW�RQFH�DJDLQ�VXSSRUWV�WKH�K\SRWKHVLV�DERXW�WKH�SRVLWLYH�LQ�
IOXHQFH�RI�VFKHPDWD�RQ�OHDUQLQJ�IXQFWLRQDO�SURJUDPPLQJ�

7KHUH�LV�RQH�SUREOHP�ZKLFK�LV�UHOHYDQW�IRU�PRVW�RI�RXU�VWXGHQWV��,Q�WKHLU
SURJUDPPLQJ� FDUHHU�� DW� WKH� PRPHQW� ZKHQ� WKH\� DUH� ILUVW� FRQIURQWHG� ZLWK� WKH
IXQFWLRQDO�SDUDGLJP��WKH\�KDYH�DOUHDG\�JDWKHUHG�VRPH�H[SHULHQFH�ZLWK�WKH�SUR�
FHGXUDO�SDUDGLJP��1RW�RQO\� WKHLU� ILUVW�SURJUDPPLQJ�FRXUVH�ZDV� LQ�&�DQG�WKH\
ZHUH� DOVR� XVLQJ� VRPH� DVVHPEO\� ODQJXDJH� DQG� 3DVFDO� ODWHU�� EXW� DOVR� PRVW� RI
WKHP�ZRUN�LQ�SDUW�WLPH�MREV�IRU�WKH�ORFDO�VRIWZDUH�LQGXVWU\�ZKHUH�WKH�XVH�RI�WKH
SURFHGXUDO� SDUDGLJP� LV� VWLOO� TXLWH� IUHTXHQW�� $SSO\LQJ� WKH� WDLO� UHFXUVLRQ� ZKHQ
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SURJUDPPLQJ�WKH�SURFHVVLQJ�RI�D�OLVW�E\�ZD\�RI�LQWURGXFLQJ�DQ�DX[LOLDU\�SDUD�
PHWHU�ZKLFK�VHUYHV�DV�D�ORFDO�YDULDEOH��FI��WKH�6FKHPD���DERYH��LV�D�WHFKQLTXH
FORVH�LQ�VSLULW�WR�WKH�SURFHGXUDO�SDUDGLJP��LW�DPRXQWV�LQ�IDFW�WR�DQ�DVVLJQPHQW��
,W�FDQ�EH�XVHG�DOVR�LQ�D�IXQFWLRQDO�SURJUDPPLQJ�ODQJXDJH��EXW�LW�LV�QRW�FRQVLGH�
UHG� WR�EH�FRQIRUP�ZLWK� WKH� IXQFWLRQDO� VW\OH�RI�SURJUDPPLQJ��+RZHYHU�� EDVHG
RQ�WKHLU�SURFHGXUDO�SDVW��ZH�K\SRWKHVL]HG�WKDW�WKH�VWXGHQWV��ZKHQ�KDYLQJ�DYDL�
ODEOH�ERWK�RSWLRQV��FKRRVH�WKH�WDLO�UHFXUVLRQ��6LPLODU�DVVXPSWLRQ�ZDV�PDGH�E\
*HJJ�+DUULVRQ��ZKR�FKRVH� WKH�3URORJ�SUHGLFDWHV�ZLWK� WKH� WDLO� UHFXUVLRQ� WR� EH
WKH�ILUVW�RQHV�WR�OHDUQ�XVLQJ�VFKHPDWD�LQ�OHDUQLQJ�ORJLF�SURJUDPPLQJ�>�@�

(YDOXDWLRQ�RI�RXU� H[SHULPHQW� VKRZV� WKDW� IURP����� VWXGHQWV�� RQO\��� VWX�
GHQWV�WULHG�WR�DSSO\�WKH�VFKHPD�ZLWK�WKH�WDLO�UHFXUVLRQ��DQG�RQO\���RI�WKHP�VXF�
FHVVIXOO\��7KH�K\SRWKHVLV� WKDW�VWXGHQWV�SUHIHU� WKH� WDLO� UHFXUVLRQ�KDV�EHHQ� UHIX�
WHG�

$QRWKHU�TXHVWLRQ�ZKLFK� LV� IUHTXHQWO\� GLVFXVVHG�ZLWK� UHVSHFW� WR� OHDUQLQJ
SURJUDPPLQJ�FRQFHUQV�WKH�UROH�RI�FRPSXWHU�DQG�LPSRUWDQFH�RI�LWV�GLUHFW�XVDJH
ZKHQ�VROYLQJ�D�SURJUDPPLQJ�SUREOHP��$�TXLWH� IUHTXHQW�SDWWHUQ�RI�D�VWXGHQW¶V
SUREOHP�VROYLQJ�SURFHGXUH�LQFOXGHV�DQ�LQLWLDO�VNHWFK�RI�D�GHVLJQ�RI�WKH�VROXWLRQ
RQ�D�SDSHU�DQG�WKHQ�DQ�LQWHUDFWLRQ�ZLWK�D�FRPSXWHU�GXULQJ�ZKLFK�LPSOHPHQWD�
WLRQ�RI�WKH�VROXWLRQ�LV�DWWHPSWHG�WR�EH�FRPSOHWHG��:H�VKDOO�UHIUDLQ�LQ�WKLV�SDSHU
IURP�FRPPHQWLQJ�RQ�VXFK�D�SDWWHUQ�ZLWK�UHVSHFW�WR�LWV�DSSURSULDWHQHVV�HWF��:H
ZDQWHG�WR�ILQG�RXW�ZKHWKHU�WKH�SHFXOLDU�YDULHW\�RI�WKH�WULDO�DQG�HUURU�PHWKRG�LV
DSSOLHG�EHFDXVH�RI�JUHDWHU� FRPIRUW�RU�EHFDXVH�RI� LQDELOLW\� WR�GHYLVH� D� FRUUHFW
VROXWLRQ�E\�XVLQJ�SDSHU�DQG�SHQ�RQO\�

:H�KDYH�IRXQG�RXW�WKDW�����RI�DOO�VWXGHQWV�KDG�WKH�FRUUHFW�VROXWLRQ�DOUHD�
G\�VNHWFKHG�RQ�D�SDSHU��7KH�UHPDLQLQJ�VWXGHQWV�KDG�QRW�DQG�PRVW�RI�WKHP�FRXOG
QRW�LPSURYH�WKH�RULJLQDO�VNHWFK�GXULQJ�FRPSXWHU�LPSOHPHQWDWLRQ��7KHLU�PRGLIL�
FDWLRQV� FRQFHUQHG� XVXDOO\� VRPH� PLQRU� FKDQJHV� OLNH� DPHQGLQJ� RI� FRPSOHWLQJ
WHVWV�LQ�FRQG�IRUPV��7KH�OLNHO\�FRQFOXVLRQ�LV�WKDW�LQ�PRVW�FDVHV��GLUHFW�XVDJH�RI
D�FRPSXWHU�ZKHQ�VROYLQJ�D�SURJUDPPLQJ�SUREOHP�GRHV�QRW�KDYH�D�FOHDUO\�SRVL�
WLYH�HIIHFW�

$QRWKHU�K\SRWKHVLV�ZKLFK�ZH�DWWHPSWHG�WR�JHW�FRQILUPHG�RU�UHIXWHG�ZDV
WKH�RQH�UHODWHG�WR�WKH�TXHVWLRQ�LI�SUREOHPV�RI�SURFHVVLQJ�RI�OLVWV�DW�DOO�OHYHOV�DUH
KDUGHU� WR� VROYH� IRU� OHDUQHUV� WKDQ�SURFHVVLQJ�RI� OLVWV� DW� WKH� WRS� OHYHO�RQO\��2XU
K\SRWKHVLV�LV��SURFHVVLQJ�RI�D�OLVW�DW�DOO� OHYHOV�LV�PRUH�GLIILFXOW� WR�SURJUDP�IRU
OHDUQHUV��:H�EDVHG�RXU�K\SRWKHVLV�RQ�RXU�VHYHUDO�\HDUV¶�H[SHULHQFH�
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$OO�WKH�SUREOHPV�RI�SURFHVVLQJ�RI�D�OLVW�VXFK�WKDW�WKH\�SUHVHUYH�WKH�VWUXF�
WXUH� RI� WKH� OLVW� FDQ� EH� JHQHUDOL]HG� WR� SURFHVVLQJ� RI� DQ� DUELWUDU\� V�H[SUHVVLRQ
�L�H��� DQ� DWRP� RU� D� GRWWHG�SDLU��� ,Q� VXFK� D� FDVH�� WKH� JHQHUDO� VFKHPD�'6�H[S
VKRXOG�EH�XVHG��2WKHU��PRUH�VSHFLDO��VFKHPDWD�DUH�OLVWHG�LQ�$SSHQGL[�

+DYLQJ� EHHQ� H[SODLQHG� WKHVH� VFKHPDWD�� WKH� VWXGHQWV� FRXOG� DSSO\� WKHP
HTXDOO\� �HDVLO\�� DV� WKH� VFKHPDWD� IRU� SURFHVVLQJ� RI� OLVWV� DW� WKH� WRS� OHYHO�� 7KH
FKRLFH�RI�SUREOHPV�GLG�QRW�LQIOXHQFH�WKH�UHVXOWV�

1RZ��LQ�WKH�H[SHULPHQWV�UHSRUWHG�KHUH�ZH�VSHFLILFDOO\�HYDOXDWHG�WKH�VXF�
FHVV�UDWH�RI�VWXGHQWV�IRU�WKH�WZR�FODVVHV�RI�SUREOHPV��,Q�7DE�����WKH�UHVXOWV�VKRZ
WKDW�WKH�RYHUDOO�DYHUDJH�RI�PDUNV�IRU�VROYLQJ�SUREOHPV�RI�SURFHVVLQJ�RI�D�OLVW�DW
DOO�OHYHOV�LV�HYHQ�VOLJKWO\�KLJKHU�WKDQ�RI�SURFHVVLQJ�RI�D�OLVW�DW�WKH�WRS�OHYHO�RQO\�
+RZHYHU��ZKHQ�ZH�DGMXVWHG� WKH�UHVXOWV�E\�GHOHWLQJ� WKH� WRWDO� IDLOXUHV�� WKH�UHOD�
WLRQ�EHFDPH�UHYHUVHG�LQ�D�YHU\�VOLJKW�ZD\��:H�FDQ�FRQFOXGH�WKDW�VWXGHQWV�SHU�
IRUP�HTXDOO\�ZHOO�IRU�ERWK�NLQGV�RI�SUREOHPV�

RYHUDOO�UHVXOWV $GMXVWHG�UHVXOWV��WRWDO
IDLOXUHV�QRW�FRQVLGHUHG�

φ�PDUNV φ�PDUNV
WRS�OHYHO�RQO\ ���� ����
DOO�OHYHOV ���� ����

7DE�����6XFFHVV�UDWHV�RI�VROYLQJ�SURFHVVLQJ�RI�OLVWV�DW�WKH�WRS�OHYHO�DQG�DW�DOO�OHYHOV�
2QH�LQWHUHVWLQJ�UHVXOW�ZLWK�UHVSHFW�WR�SURFHVVLQJ�RI�D�OLVW�DW�DOO� OHYHOV�HPHUJHG
DIWHU� WUDFLQJ�KRZ�VXFFHVVIXO�ZHUH� WKRVH�VWXGHQWV�ZKR�PDGH�XVH�RI� WKH� LGHD�RI
FRQVLGHULQJ�D�ELQDU\�WUHH�LQVWHDG�RI�D�OLVW��)URP�WKRVH�VWXGHQWV�ZKR�DSSOLHG�WKH
FRUUHVSRQGLQJ� VFKHPD�RQO\� RQH� VWXGHQW� ����� SHU� FHQW��PDGH� DQ� HUURU��$OO� WKH
UHVW� RI� WKHP�GHYLVHG� FRUUHFW� VROXWLRQV��2Q� WKH� RWKHU� KDQG�� ZKHQ� VWXGHQWV� DS�
SOLHG� WKH� LGHD� NQRZQ� IURP� SURFHVVLQJ� RI� D� OLVW� DW� WKH� WRS� OHYHO� �SURFHVV� WKH
HPSW\� OLVW��GHSHQGLQJ�RQ� WKH� WHVW� DSSOLHG� WR� WKH� ILUVW� HOHPHQW�SURFHVV� WKH� ILUVW
HOHPHQW�DQG�SURFHVV�WKH�UHVW�RI�WKH�OLVW���WKHLU�HUURU�UDWH�LQFUHDVHG�VLJQLILFDQWO\�
7KH�VWXGHQWV� IRUJRW�YHU\�RIWHQ� WR�SURFHVV� WKH� ILUVW� HOHPHQW�RI� WKH� OLVW�� RU� WKH\
SUHVFULEHG�WR�SURFHVV�ZLWKRXW�WHVWLQJ�LI�LW�ZDV�D�OLVW��EXW�WKHLU�IXQFWLRQ�FRXOG�QRW
SURFHVV�DQ�DWRP��

FRUUHFW�VROXWLRQ
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\HV QR
WKH�VFKHPD�OLVW� �ELQDU\�WUHH \HV� ������ ����

DSSOLHG QR� ������ �����
7DE�����6ROYLQJ�SURFHVVLQJ�RI�OLVWV�DW�DOO�OHYHOV�

)LQDOO\�ZH�ZLVK�WR�VXPPDUL]H�EULHIO\�WKH�HUURUV�WKDW�RFFXUHG�PRVW�RIWHQ�GXULQJ
WKH�H[SHULPHQW��:H�ZLVK� WR�HPSKDVL]H� WKDW�PDQ\� NLQGV�RI� HUURUV�ZKLFK�ZHUH
FRPPLWHG�PDLQO\� GXH� WR� DFTXLUHG� KDELWV� IURP� RWKHU� SURJUDPPLQJ� SDUDGLJPV
�HVSHFLDOO\� WKH� SURFHGXUDO� RQH�� FRXOG� EH� SUHYHQWHG� E\� UHVWULFWLQJ� WKH� VHW� RI
IXQFWLRQV� RI� WKH� ODQJXDJH�/LVS� WKDW�ZHUH� DXWKRUL]HG� WR� XVH�� )RU� H[DPSOH�� WKH
DVVLJQPHQW��VHW��VHWT��VHWI��ZDV�QRW�DOORZHG�

7KH� HUURUV� WKDW�ZH� OLVW� EHORZ� DUH� WKH� FRPPRQHVW� RQHV� DFFRUGLQJ� WR� RXU
H[SHULHQFH��:H�DUH�FRQYLQFHG�WKDW�ZLWK�HYHQ�PRUH�HPSKDVLV�RQ�H[SODLQLQJ�DQG
SUDFWLVLQJ�ZLWK�VFKHPDWD��WKH�HUURUV�ZLOO�EH�VWLOO�UHGXFHG�LQ�WKH�IXWXUH��7KH�HU�
URUV�DUH�

•� QRW�D�FRPSOHWHG�VWRSSLQJ�FRQGLWLRQ�
•� QRW�UHFXUVLQJ�LQWR�WKH�UHVW�RI�WKH�OLVW��ZKHQ�SURFHVVLQJ�RI�WKH�OLVW�DW�DOO

OHYHOV��VWXGHQWV�IUHTXHQWO\�FRQVLGHUHG�UHFXUVLRQ�IRU�WKH�ILUVW�HOHPHQW
RQO\�DQG�IRUJRW�FRPSOHWHO\�DERXW�WKH�UHVW��

•� QRW�UHFXUVLQJ�LQWR�WKH�ILUVW�HOHPHQW�RI�WKH�OLVW��ZKHQ�QRW�UHJDUGLQJ�WKH
OLVW�WR�EH�D�ELQDU\�WUHH��

•� LQDSSURSULDWH�FRQVWUXFWRU�
•� FRPSOHWH�FRQGLWLRQV�LQ�HDFK�EUDQFK�
•� FRQGLWLRQV�WKDW�FDQ�QHYHU�EH�WUXH�
•� XVH�RI�WKH�IRUP�FRQG�LQ�FRQQHFWLRQ�ZLWK�WKH�ORJLFDO�IXQFWLRQV�DQG��RU�

L�H���FRQG���DQG���««������W�������W����QLO��
•� QHVWLQJ�FRQG�IRUPV�LQWR�VHYHUDO�OHYHOV�

� &RQFOXVLRQV
,Q�WKH�SDSHU�ZH�SUHVHQW�WKH�SURJUDP�VFKHPDWD�ZKLFK�ZH�XVH�LQ�WHDFKLQJ�IXQF�
WLRQDO��/LVS��SURJUDPPLQJ�DQG�WKH�ZD\�KRZ�WR�UHSUHVHQW�WKHP��7KH�PHWKRG�LV
EDVHG�RQ�EXLOGLQJ�D�FDWDORJXH�RI�SURJUDP�VFKHPDWD��XOWLPDWHO\�WR�EH�VWRUHG�LQ
OHDUQHUV¶� PLQG��� 7KLV� LV� WKH� UHDVRQ� ZK\� WKH� VLPSOLFLW\� RI� SURJUDP� VFKHPDWD
UHSUHVHQWDWLRQ�LV�FUXFLDO��:H�UHDOLVH�WKDW�IRUPDO�PHWKRGV�IRU�UHSUHVHQWLQJ�SURJ�
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UDP� VFKHPDWD�� VXFK� DV� WKRVH� SUHVHQWHG� LQ� >��� ��@� IRU� ORJLF� SURJUDPPLQJ�� DUH
LPSRUWDQW�DQG�LQHYLWDEOH�ZKHQ�H[SORULQJ�SURSHUWLHV�RI� WKH�FUHDWHG�VROXWLRQ�� LWV
FRUUHFWQHVV�� HWF�� 2Q� WKH� RWKHU� KDQG�� ZKHQ� WHDFKLQJ� QRYLFHV� �HVSHFLDOO\� ZKHQ
YHU\�VKRUW�SHULRG�RI� WLPH�LV�DYDLODEOH���YHU\�VLPSOH�VHW�RI�VFKHPDWD�VKRXOG�EH
GHYLVHG��7R�VSHHG�XS�OHDUQLQJ��UHDG\�WR�XVH�NQRZOHGJH�VKRXOG�EH�SUHVHQWHG�WR
OHDUQHUV��2XU�SURJUDP�VFKHPDWD�ZHUH�GHYLVHG�ZLWK�WKLV�SRLQW�LQ�PLQG��7KH\�DUH
SXUSRVHO\�³LQFRPSOHWH´�LQ�WKH�VHQVH�WKDW�WKHLU�VSHFLDOL]DWLRQ�FDQQRW�EH�IRU�VRPH
SUREOHPV�FRPSOHWHG�DW�WKH�V\QWDFWLF�OHYHO�

7KH�YHU\�EDVLFV�RI�/LVS�SURJUDPPLQJ�LV�FRYHUHG�LQ���WKUHH�KRXU�OHFWXUHV
�WKH� ODQJXDJH�� DQG� �� WKUHH� KRXU� OHFWXUHV� �SURJUDPPLQJ� ZLWK� VFKHPDWD��� 7KH
OHFWXUHV�DUH�E\�QR�PHDQV�VXIILFLHQW�WR�OHDUQ�SURJUDPPLQJ�VR�D�ELJ�VWUHVV�LV�SXW
RQ�H[HUFLVHV��$Q�LPSRUWDQW�EHQHILW�LV�WKDW�WKH�VWXGHQWV�JDLQ�EHWWHU�IXQGDPHQWDOV
DQG�OHVV�VWXGHQWV�UHPDLQ�³WRWDOO\�ORVW´��,Q�GLVFXVVLRQV��WKHLU�TXHVWLRQV�DUH�PRUH
UHOHYDQW�DQG�VKRZ�PRUH�LQVLJKW�

:H�KDYH�EHHQ�DZDUH�RI�SRVVLEOH�VKRUWFRPLQJV�RI�WKH�XVH�RI�VFKHPDWD�LQ
WHDFKLQJ�SURJUDPPLQJ��DV�YRLFHG�IRU�H[DPSOH�E\�%RZOHV�DQG�%UQD�>�@�

•� ZKHQ� WKHUH� DUH� WRR�PDQ\� VFKHPDWD� RU� SODQV�� LW� EHFRPHV� GLIILFXOW� WR
OHDUQ�WKHP��:H�XVH�RQO\�D�OLPLWHG�QXPEHU�RI�WKHP�DQG�IRFXV�WR�PDVWHU
WKH�IXQGDPHQWDOV�IDVWHU�DQG�EHWWHU�

•� XVH� RI� VFKHPDWD� VXSSRUWV� WKH� WHQGHQF\� WR� FRQFHQWUDWH� WR� VWUXFWXUDO
SURSHUWLHV�RI�WKH�VROXWLRQ��7KHUHIRUH��ZH�FRPSOHPHQW�WKH�WHDFKLQJ�E\
GLVFXVVLQJ� SURJUDPPLQJ� WHFKQLTXHV�� WRR� �VLPLODUO\� WR� %RZOHV� DQG
%UQD��

•� WKHUH�H[LVWV�D�GDQJHU�WKDW�WKH�VWXGHQW�KDV�QRW�XQGHUVWRRG�WKH�HVVHQFH
RI�WKH�VFKHPD��EXW�LV�VLPSO\�DEOH�WR�DSSO\�V\QWDFWLFDOO\�RQH��:H�JXLGH
WKH�VWXGHQWV�WR�VROYH�DOVR�PRUH�FRPSOH[�SUREOHPV�ZKHUH�D�SXUH�V\QWD[
EDVHG�DSSOLFDWLRQ�FDQQRW�OHDG�WR�D�FRUUHFW�VROXWLRQ��6FKHPDWD��VXFK�DV
WKRVH�WKDW�ZH�PHQWLRQHG�LQ�WKLV�SDSHU��KHOS�IRUP�D�ERWWRP�OD\HU�RI�WKH
SURJUDP��)UHTXHQWO\��VFKHPDWD�PXVW�EH�FRPELQHG�XVLQJ�YDULRXV�SUR�
JUDPPLQJ� WHFKQLTXHV��0RUHRYHU�� WKH� VFKHPDWD� DUH� QRW� DYDLODEOH� GL�
UHFWO\�RQ�D�SDSHU��EXW� WKH�VWXGHQWV�DUH�H[SHFWHG� WR�DFKLHYH�D� OHYHO�RI
PDVWHU\� ZKHQ� WKH\� DUH� DEOH� WR� GHYLVH� QHZ� VFKHPDWD� DQG� PDLQWDLQ
NQRZQ�VFKHPDWD�LQ�PLQG�

2XU�DSSURDFK�LV�EDVHG�RQ�WKH�LGHD�WKDW�E\�DUULYLQJ�VZLIWO\�WR�D�FRUUHFW�XQ�
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GHUVWDQGLQJ�RI�KRZ�WR�VROYH�D�UDWKHU�PRGHVW�QXPEHU�RI�EDVLF�FODVVHV�RI�SURE�
OHPV��WKH�VWXGHQWV�ZLOO�EH�DEOH�WR�VROYH�DOVR�RWKHU�PRUH�RU�OHVV�VLPLODU�SUREOHPV�
:H� KDYH� H[SHULPHQWDOO\� YHULILHG� WKH� IDFW� WKDW� WKH� QRYLFHV� DUH� DEOH� WR� GHYLVH
FRUUHFW�IXQFWLRQDO�SURJUDPV�LQ�D�VKRUWHU�WLPH�XVLQJ�VFKHPDWD�ZKHQ�FRPSDULQJ
WR� WKH� ³WUDGLWLRQDO´� DSSURDFK��7KH�XVH�RI� VFKHPDWD�PDNHV� WHDFKLQJ� IXQFWLRQDO
SURJUDPPLQJ�PRUH�HIIHFWLYH��2QH� LQWHUHVWLQJ�UHVXOW� LV�DOVR� WKDW�ZKHQ� OHDUQLQJ
ZLWK�VFKHPDWD��VWXGHQWV�KDYH�OHVV�GLIILFXOW\�ZLWK�SURFHVVLQJ�RI��D�OLVW�DW�DOO�OHY�
HOV�

$SSHQGL[�−−��SURJUDP�VFKHPDWD�XVHG�LQ�H[SHULPHQWV

3URFHVVLQJ�RI�OLVWV�DW�WKH�WRS�OHYHO�RQO\ 3URFHVVLQJ�RI�OLVWV�DW�DOO�OHYHOV
�GHIXQ�0DS��/LVW�

�FRQG��QXOO�/LVW���QLO�
��������� ��W���FRQV��7UDQVI��FDU�/LVW��

����������������0DS��FGU�/LVW��������

�GHIXQ�'0DS��6�H[S�
�FRQG��7HVW��6�H[S�

�7UDQVI��6�H[S��
>��DWRP�6�H[SU����6�H[S�@
��W��FRQV��'0DS��FDU�6�H[S��
�����������'0DS��FGU�6�H[S�������

�GHIXQ�5HGXFH��/LVW�
�FRQG��QXOO�/LVW����1HXWUDO�9DOXH�

��W���5HGXFWLRQ
�FDU�/LVW�
�5HGXFH��FGU�/LVW��������

�GHIXQ�'5HGXFH��6�H[S�
�FRQG��7HVW��6�H[S�����6�H[S�

��DWRP�6�H[S����1HXWUDO�9DOXH�
��W���5HGXFWLRQ

�'5HGXFH��FDU�6�H[S��
�'5HGXFH��FGU�6�H[S���

����
�GHIXQ�&RXQW�LI��/LVW��

�FRQG��QXOO�/LVW������
��7HVW���FDU�/LVW��

������&RXQW�LI��FGU�/LVW����
��W���&RXQW�LI��FGU�/LVW�������

�GHIXQ�'&RXQW�LI��6�H[SU�
�FRQG��7HVW��6�H[SU��������

��DWRP�6�H[SU��������
��W�����

�'&RXQW�LI��FDU�6�H[SU��
�'&RXQW�LI��FGU�6�H[SU���

�����
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�GHIXQ�&RXQW�LI�QRW��/LVW�
�FRQG��QXOO�/LVW������

��7HVW���FDU�/LVW��
�&RXQW�LI�QRW��FGU�/LVW���

��W������
��&RXQW�LI�QRW��FGU�/LVW���

�����

�GHIXQ�'&RXQW�LI�QRW��6�H[S�
�FRQG��7HVW�6�H[S������

��DWRP�6�H[S������
��W����

�'&RXQW�LI�QRW��FDU�6�H[S��
�'&RXQW�LI�QRW��FGU�6�H[S��

������
�GHIXQ�)LQG�LI��/LVW�

�FRQG��QXOO�/LVW����)DLO�9DOXH�
��7HVW���FDU�/LVW�����FDU�/LVW��
��W���)LQG�LI��FGU�/LVW�������

�GHIXQ�')LQG�LI��6�H[S�
�FRQG��7HVW��6�H[S����6�H[S�

��DWRP�6�H[S���QLO�
��W���RU���')LQG�LI��FDU�6�H[S��
�������������')LQG�LI��FGU�6�H[S����

�����
�GHIXQ�(YHU\��/LVW�

�FRQG��QXOO�/LVW����W�
��7HVW��FDU�/LVW��

�(YHU\��FGU�/LVW���
��W��QLO�����

�GHIXQ�'(YHU\��6�H[S�
�FRQG��7HVW��6�H[S�����W�

��DWRP�6�H[S�����QLO�
��W���DQG��'(YHU\��FDU�6�H[S��

��'(YHU\��FGU�6�H[S����
�����

�GHIXQ�6RPH��/LVW�
�FRQG��QXOO�/LVW����QLO�

��7HVW��FDU�/LVW����W��
��W���6RPH��FGU�/LVW�������

�GHIXQ�'VRPH��6�H[S�
�FRQG��7HVW��6�H[S����W�

��DWRP�6�H[S����QLO�
��W���RU��'6RPH��FDU�6�H[S��

�'6RPH��FGU�6�H[S��������
�GHIXQ�1RQH��/LVW��

�FRQG��QXOO�/LVW����W�
��7HVW��FDU�/LVW����QLO��
��W���1RQH��FGU�/LVW�������

�GHIXQ�'QRQH��6�H[S�
�FRQG��7HVW�6�H[S�����QLO�

��DWRP�6�H[S����W�
��W���DQG���'1RQH��FDU�6�H[S��

���'1RQH��FGU�6�H[S��������
�GHIXQ�6RPH�QRW��/LVW�

�FRQG��QXOO�/LVW����QLO�
��7HVW��FDU�/LVW��

�6RPH�QRW��FGU�/LVW���
��W��W�����

�GHIXQ�'6RPH�QRW��6�H[S�
�FRQG��QXOO�6�H[S����QLO�

��7HVW�6�H[S����QLO�
��DWRP�6�H[S���W�
��W��RU

���'6RPH�QRW��FDU�6�H[S��
���'6RPH�QRW��FGU�6�H[S���

�����
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�GHIXQ�5HPRYH�LI��/LVW�
�FRQG��QXOO�/LVW��QLO�

��7HVW��FDU�/LVW��
�5HPRYH�LI��FGU�/LVW���

��W���FRQV��FDU�/LVW�
�5HPRYH�LI��FGU�/LVW���

�����

�GHIXQ�'5HPRYH�LI��/LVW�
�FRQG��QXOO�/LVW���QLO�

��7HVW��FDU�/LVW��
�'5HPRYH�LI��FGU�/LVW���

��DWRP��FDU�/LVW��
�FRQV��FDU�/LVW�
�����'5HPRYH�LI��FGU�/LVW����

��W���FRQV
�'5HPRYH�LI��FDU�/LVW��
�'5HPRYH�LI��FGU�/LVW���

�����

5HIHUHQFHV
��� %LHOLNRYi��0�� DQG� 3�� 1iYUDW� �������� $� VFKHPD�EDVHG� DSSURDFK� WR� WHDFKLQJ� SUR�

JUDPPLQJ�LQ�/LVS�DQG�3URORJ��,Q�3��%UQD�DQG�'��'LFKHYD��(GV����3URF��3(*¶���,QW�
&RQI���SS��������

��� %LHOLNRYi��0��DQG�3��1iYUDW���������)XQFWLRQDO�DQG�ORJLF�SURJUDPPLQJ��678�%UD�
WLVODYD�����SS���LQ�6ORYDN�

��� %RZOHV��$��DQG�3��%UQD���������3URJUDPPLQJ�SODQV�DQG�SURJUDPPLQJ�WHFKQLTXHV�
,Q�3��%UQD��6��2KOVVRQ�DQG�+��3DLQ��(GV����3URF��:RUOG�&RQI��RQ�$UWLILFLDO�,QWHOOL�
JHQFH�LQ�(GXFDWLRQ��$$&(�3UHVV��SS����������

��� %XVFKPDQQ��)���5��0HXQLHU��3��6RPPHUKDQG�DQG�0��6WDO���������3DWWHUQ�RULHQWHG
VRIWZDUH�DUFKLWHFWXUH��$�6\VWHP�RI�SDWWHUQV��-RKQ�:LOH\�	�6RQV�����SS�

��� 'DYLHV��6��DQG�$�0��&DVWHOO���������(PERG\LQJ�WKHRU\�LQ� LQWHOOLJHQW� WXWRULQJ�V\V�
WHPV��DQ�HYDOXDWLRQ�RI�SODQ�EDVHG�DFFRXQWV�RI�SURJUDPPLQJ� VNLOO��&RPSXWHUV� DQG
(GXFDWLRQ���������������

��� 'DYLHV��6����������7KH�UROH�RI�H[WHUQDO� LQIRUPDWLRQ�VRXUFHV� LQ�FRPSXWHU�SURJUDP�
PLQJ���D�IUDPHZRUN�IRU�XQGHUVWDQGLQJ�SURJUDPPLQJ�VWUDWHJLHV��,Q�3��9DQQHVWH��.�
%HUWHOV�� %��'H�'HFNHU� DQG� -�0�� -DTXHV� �(GV���� 3URF�� �WK� $QQXDO�:RUNVKRS� 3V\�
FKRORJ\�RI�3URJUDPPLQJ��SS����������

��� )OHQQHU��3���.�.��/DX�DQG�0��2UQDJKL���������&RUUHFW�VFKHPD�JXLGHG�V\QWKHVLV�RI
VWHDGIDVW�SURJUDPV��,Q�0��/RZU\�DQG�<��/HGUX��(GV����3URF��,(((�&RQI��RQ�$XWR�
PDWHG�6RIWZDUH�(QJLQHHULQJ��,(((�3UHVV�

��� *HJJ�+DUULVRQ��7�6����������/HDUQLQJ�3URORJ� LQ�D� VFKHPD�EDVHG�HQYLURQPHQW�� ,Q�
VWUXFWLRQDO�6FLHQFH��������������

��� *HJJ�+DUULVRQ�� 7�6�� �������� ([WHQVLEOH� ORJLF� SURJUDP� VFKHPDWD�� ,Q� ,�� *DOODJKHU
�(G����3URF��RI�WKH��WK�,QW��&RQI��RQ�/RJLF�3URJUDP�6\QWKHVLV�DQG�7UDQVIRUPDWLRQ�
6SULQJHU�9HUODJ�
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���� *DPPD�� (��� 5��+HOP��5�� -RKQVRQ� DQG�5��9OLVVLGHV� ��������'HVLJQ� SDWWHUQV�� HOH�
PHQWV�RI�UHXVDEOH�REMHFW�RULHQWHG�VRIWZDUH��$GGLVRQ�:HVOH\�����SS�

���� +D\QHV��6�0����������([SODLQLQJ�UHFXUVLRQ�WR�WKH�XQVRSKLVWLFDWHG��6,*6&(�%XOOH�
WLQ�������������

���� -RRVWHQ��6���(G����.��YDQ�GHQ�%HUJ�DQG�*��YDQ�GHU�+RHYHQ���������7HDFKLQJ�IXQF�
WLRQDO�SURJUDPPLQJ�WR�ILUVW�\HDU�VWXGHQWV��-��)XQFWLRQDO�3URJUDPPLQJ��������������

���� .KD]DHL��%���-��6LGGLTL��$��+DUQDFN��5��2VERUQ�DQG�&��5RDVW���������)XUWKHU�LQYHV�
WLJDWLRQV�LQWR�WUDQVIHU�HIIHFW�RI�PRYLQJ�IURP�SURFHGXUDO�WR�ORJLF�SURJUDPPLQJ��,Q�3�
9DQQHVWH�� .�� %HUWHOV�� %�� 'H� 'HFNHU� DQG� -�0�� -DTXHV� �(GV���� 3URF�� �WK� $QQXDO
:RUNVKRS�3V\FKRORJ\�RI�3URJUDPPLQJ��SS��������

���� .R]LDN�� ,�� �������� $QDO\]HU�� DXWRPDWHG� GHULYLQJ� RI� GHVFULSWLRQV� RI� VWXGHQW� SUR�
JUDPV��,Q�3��%UQD�DQG�'��'LFKHYD��(GV����3URF��3(*¶���,QW��&RQI���SS��������

���� 1iYUDW�� 3�� DQG�9�� 5R]LQDMRYi� ��������0DNLQJ� SURJUDPPLQJ� NQRZOHGJH� H[SOLFLW�
&RPSXWHUV�DQG�(GXFDWLRQ�����������������

���� 1iYUDW��3����������$�FORVHU�ORRN�DW�SURJUDPPLQJ�H[SHUWLVH��&ULWLFDO�VXUYH\�RI�VRPH
PHWKRGRORJLFDO�LVVXHV��,QIRUPDWLRQ�DQG�6RIWZDUH�7HFKQRORJ\���������������

���� 3UHH�� :�� �������� 'HVLJQ� SDWWHUQV� IRU� REMHFW�RULHQWHG� VRIWZDUH� GHYHORSPHQW�
$GGLVRQ�:HVOH\�����SS�

���� 6KDZ�� 0�� DQG� '�� *DUODQ�� �������� 6RIWZDUH� DUFKLWHFWXUH� ±� SHUVSHFWLYHV� RI� DQ
HPHUJLQJ�GLVFLSOLQH��3UHQWLFH�+DOO�����SS�

���� 6WHUOLQJ��/�6��DQG�0��.LUVFKHQEDXP���������$SSO\LQJ� WHFKQLTXHV� WR�VNHOHWRQV�� ,Q
-�0��-DFTXHW��(G����&RQVWUXFWLQJ�/RJLF�3URJUDPV��-RKQ�:LOH\��SS���������

���� 6ROORKXE��&����������3URJUDPPLQJ�WHPSODWHV��SURIHVVLRQDO�SURJUDPPHU�NQRZOHGJH
QHHGHG�E\�WKH�QRYLFH��&RPSXWHU�6FLHQFH�(GXFDWLRQ�������������

���� 6RORZD\��(��DQG�.��(KUOLFK���������(PSLULFDO�VWXGLHV�RI�SURJUDPPLQJ�NQRZOHGJH�
,(((�7UDQV��RQ�6RIWZDUH�(QJLQHHULQJ�����������������

���� 9DVFRQFHORV��:�:����������'HVLJQLQJ�3URORJ�SURJUDPPLQJ�WHFKQLTXHV��,Q�3URF��RI
WKH��UG�,QW��:RUNVKRS�RQ�/RJLF�3URJUDP�6\QWKHVLV�DQG�7UDQVIRUPDWLRQ��6SULQJHU�
9HUODJ�

���� 9DVFRQFHORV��:�:��DQG�1�(��)XFKV� ��������3URORJ�SURJUDP�GHYHORSPHQW�YLD� HQ�
KDQFHG� VFKHPD�EDVHG� WUDQVIRUPDWLRQV�� ,Q� 3URF�� � RI� �WK�:RUNVKRS� RQ� /RJLF� 3UR�
JUDPPLQJ�(QYLURQPHQWV�

���� :HEHU��*��DQG�$��0|OOHQEHUJ��(/0�SURJUDPPLQJ�HQYLURQPHQW��$�WXWRULQJ�V\VWHP
IRU�/LVS�EHJLQQHUV��,Q�.�)��:HQGHU��)��6FKPDOKRIHU��+�'��%|FNHU��(GV����&RJQLWLRQ
DQG�&RPSXWHU�3URJUDPPLQJ��$OEH[��SS����������

'DWH�RI�VXEPLVVLRQ�����1RYHPEHU�����
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0È5,$�%,(/,.29È�ZDV�ERUQ�LQ�6ORYDNLD�LQ�������6KH�UHFHLYHG�KHU�,QJ���06F���LQ�����
IURP�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�%UDWLVODYD�DQG�KHU�&6F���3K'���GHJUHH�LQ�����
IURP�WKH�VDPH�XQLYHUVLW\��6KH�LV�DQ�DVVLVWDQW�SURIHVVRU�DW� WKH�'HSDUWPHQW�RI�&RPSXWHU
6FLHQFH�DQG�(QJLQHHULQJ�DW�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�%UDWLVODYD��ZKHUH�VKH�LV
D�PHPEHU�RI�WKH�,QWHOOLJHQW�VXSSRUW�RI�VRIWZDUH�GHYHORSPHQW�UHVHDUFK�JURXS��+HU�UHVH�
DUFK� LQWHUHVWV� LQFOXGH� IXQFWLRQDO� DQG� ORJLF� SURJUDPPLQJ�� NQRZOHGJH� HQJLQHHULQJ�� VRI�
WZDUH�GHYHORSPHQW�DQG�PDQDJHPHQW�RI�YHUVLRQV�DQG�VRIWZDUH�FRQILJXUDWLRQV��6KH� LV� D
PHPEHU�RI�,(((�&RPSXWHU�6RFLHW\�DQG�WKH�6ORYDN�6RFLHW\�IRU�,QIRUPDWLFV�

3$92/�1È95$7�ZDV�ERUQ�LQ������LQ�%UDWLVODYD��6ORYDNLD��+H�UHFHLYHG�KLV�,QJ���06F��
VXPPD�FXP�ODXGH�LQ�������DQG�KLV�&6F���3K'���GHJUHH�LQ�&RPSXWLQJ�0DFKLQHU\�LQ�����
ERWK�IURP�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�%UDWLVODYD��+H�KDV�EHHQ�ZLWK�6ORYDN�8�
QLYHUVLW\�RI��7HFKQRORJ\�VLQFH�������,Q������������KH�VSHQW���PRQWKV�DV�D�YLVLWLQJ�DVVR�
FLDWH� SURIHVVRU� ZLWK� WKH� 'HSDUWPHQW� RI� ,QIRUPDWLFV�� 8QLYHUVLW\� RI� $WKHQV�� *UHHFH�� ,Q
�����������KH�MRLQHG�DV�DQ�DVVRFLDWH�SURIHVVRU�WKH�'HSDUWPHQW�RI�0DWKHPDWLFV��8QLYHU�
VLW\�RI�.XZDLW� IRU� WZR�DFDGHPLF�\HDUV��6LQFH�������KH� LV�D�IXOO�SURIHVVRU�RI�&RPSXWHU
6FLHQFH�DQG�(QJLQHHULQJ��+H��FR��DXWKRUHG�WZR�ERRNV�DQG�QXPHURXV�VFLHQWLILF�SDSHUV�
+LV� VFLHQWLILF� LQWHUHVWV� LQFOXGH� DXWRPDWHG� SURJUDPPLQJ� DQG� VRIWZDUH� HQJLQHHULQJ�
NQRZOHGJH�EDVHG�PHWKRGV�IRU�DVVLVWDQFH�LQ�SURJUDPPLQJ�DQG�VRIWZDUH�GHYHORSPHQW��DV
ZHOO�DV�RWKHU�WRSLFV�LQ�6RIWZDUH�(QJLQHHULQJ��+H�LV�D�PHPEHU�RI�WKH�,(((�DQG�LWV�&RP�
SXWHU�6RFLHW\�� WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�$UWLILFLDO�,QWHOOLJHQFH��DQG�WKH�6ORYDN�6R�
FLHW\�IRU�,QIRUPDWLFV��+H�LV�DOVR�D�PHPEHU�RI� WKH�$VVRFLDWLRQ� IRU� WKH�$GYDQFHPHQW�RI
&RPSXWLQJ�LQ�(GXFDWLRQ��IRU�ZKLFK�KH�YROXQWHHUV�DV�D�UHJLRQDO�OLDLVRQ�RIILFHU�


