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$EVWUDFW²7KLV�SDSHU�FRQWDLQV�D�IUDPHZRUN�IRU�WKH�GHVLJQ�DQG�
GHYHORSPHQW� RI� DGDSWLYH� 9LUWXDO� /HDUQLQJ� (QYLURQPHQWV�
�9/(V��WR�DVVLVW�HGXFDWRUV�RI�DOO�GLVFLSOLQHV�ZLWK�FRQILJXULQJ�DQG�
FUHDWLQJ�DGDSWLYH�9/(V� WDLORUHG� WR� WKHLU�QHHGV��7KH�SURSRVHG�
ZRUN� LV� SHUIRUPHG� LQ� WKUHH� VWDJHV�� ,Q� WKH� ILUVW� VWDJH��
GHYHORSPHQW�RI�DQ�DGDSWLYH�9/(�WKDW�FROOHFWV�OHDUQLQJ�DQDO\WLFV�
DQG� HQDEOHV� WKH� HGXFDWRU� WR� SDUDPHWUL]H� �WXUQ� RQ�RII�� WKHLU�
FROOHFWLRQ��7KH�RXWSXW�RI�WKHVH�DQDO\WLFV�JHWV�VWRUHG�IRU�IXUWKHU�
SURFHVVLQJ��,Q�WKH�VHFRQG�VWDJH��GDWD�DQDO\VLV�DQG�SURFHVVLQJ�KDV�
EHHQ�SHUIRUPHG�IRU�WKH�FROOHFWHG�LQIRUPDWLRQ��,Q�WKH�WKLUG�VWDJH��
WKH�UHVXOWV�KDYH�EHHQ�XVHG�DV�DQ�LQSXW�WR�DGDSWLYH�9/(�WR�HQDEOH�
LQIRUPHG�SHUVRQDOLVDWLRQ�RI�WKH�VWXGHQW�OHDUQLQJ�SDWK�DQG�RWKHU�
DGDSWDWLRQV��,Q�WKLV�SDSHU��ZH�KDYH�SURSRVHG�WKH�FRPELQHG�XVH�
RI�WZR�GLIIHUHQW�HQYLURQPHQWV�IRU�WKH�GLIIHUHQW�VWDJHV�WR�DFKLHYH�
WKH�PRVW� IURP� WKHLU� VSHFLDOLVDWLRQ��)RU� WKH� ILUVW� DQG� WKH� WKLUG�
VWDJH��WKH�036�-HWEUDLQV�HQYLURQPHQW�IRU�WKH�GHYHORSPHQW�RI�D�
GRPDLQ�VSHFLILF�ODQJXDJH��'6/��IRU�DGDSWLYH�9/(V�ZDV�XWLOLVHG��
7KLV�GHYHORSPHQW�HQYLURQPHQW�DVVLVWV�WKH�FUHDWLRQ�RI�D�QHZ�'6/�
WKDW�ZLOO�HQDEOH�HGXFDWRUV�WR�IRFXV�RQ�WKH�GRPDLQ�DVSHFWV�DQG�
FRQILJXUH� WKHLU� DGDSWLYH� 9/(� LPSOHPHQWDWLRQ� WR� WKHLU� QHHGV��
)RU�WKH�VHFRQG�VWDJH�RI�GDWD�DQDO\VLV��WKH�ZHND�OLEUDU\�ZDV�XVHG�
WR�SURFHVV� WKH�GDWD�� DSSO\�D� UDQJH�RI� FODVVLILFDWLRQ�DOJRULWKPV�
DQG�SURGXFH�VWRUH�UHVXOWV�WKDW�FDQ�WKHQ�EH�XVHG�DV�DQ�LQSXW�WR�
WKH� DGDSWLYH� 9/(� '6/�� 2YHUDOO�� WKH� SURSRVHG� IUDPHZRUN�
V\VWHP� LV� DQWLFLSDWHG� WR� LVRODWH� WKH� GRPDLQ� SUREOHP� IURP� WKH�
FRUUHVSRQGLQJ�LPSOHPHQWDWLRQ�GHWDLOV�RI�ZHE�GHYHORSPHQW�DQG�
GDWD�DQDO\VLV�DQG�JLYH�WKH�DGDSWLYH�9/(�GHYHORSHU�D�VHDPOHVV�
HQYLURQPHQW�WR�H[SHULPHQW�ZLWK�D�YHU\�TXLFN�WXUQ�DURXQG�WLPH�
ZLWK� LGHDV� LQ� WKHLU� GRPDLQ��0RUH� DXWRPDWLRQ� DQG� LQWHJUDWLRQ�
EHWZHHQ� WKH�9/(�DQG� WKH�GDWD� VFLHQFH�DOJRULWKPV�XWLOLVHG� IRU�
OHDUQLQJ�DQDO\WLFV�GDWD�DUH�SDUW�RI�RXU�IXWXUH�SODQV�WRZDUGV�WKH�
JUHDWHU�YLVLRQ�RI�PRUH�DXWRQRPLF�DQG�SHUVRQDOLVHG�9/(V��

.H\ZRUGV²H/HDUQLQJ�� DGDSWLYH� 9/(�� '6/�� FODVVLILFDWLRQ�
DOJRULWKPV��ZHND�OLEUDU\��
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%LJ� GDWD� DQG� DQDO\WLFV� DUH� JURZLQJ� DUHDV� RI� LQWHUHVW� LQ�
UHVHDUFK� IRU� VHYHUDO� DSSOLFDWLRQ� GRPDLQV�� 7KH� LGHD� RI� KXJH�
GDWD� FROOHFWLRQ�� GDWD� SURFHVVLQJ� DQG� DGDSWDWLRQV�GHFLVLRQ�
PDNLQJ� EDVHG� RQ� WKH� DERYH� LV� WKH� GLUHFWLRQ� LQ� GHVLJQ� DQG�
GHYHORSPHQW� RI� WKH� V\VWHPV� RI� WKH� IXWXUH�� $SSOLFDWLRQV�
UDQJLQJ�IURP�WKH�REYLRXV�FDWHJRU\�RI�VPDUW�FLWLHV�DQG�,QWHUQHW�
RI�7KLQJV�WR�EXVLQHVV�DSSOLFDWLRQV�VXFK�DV�ELJ�GDWD�WR�VXSSRUW�
GHFLVLRQ� PDNLQJ� DQG� LQWHOOLJHQW� EXVLQHVV� SURFHVVHV�� UHTXLUH�
HIILFLHQW�GDWD�FROOHFWLRQ��SURFHVVLQJ��DQG�DGDSWDWLRQV��

2QOLQH�HGXFDWLRQ� LV�QR�H[FHSWLRQ��$�PDMRU� LQJUHGLHQW�RI�
PRGHUQ�HGXFDWLRQ� LV�9LUWXDO�/HDUQLQJ�HQYLURQPHQWV� �9/(V��
DQG� WKHLU�XVDJH� LQ�PRGHUQ� LQVWLWXWLRQV�UDQJHV�IURP�EOHQGHG�

FRXUVHV�WR�IXOO\�RQOLQH�FRXUVHV�VXFK�DV�0DVVLYH�2SHQ�2QOLQH�
&RXUVHV��022&V���$�KXJH�DPRXQW�RI�LQIRUPDWLRQ�LV�FROOHFWHG�
WKURXJK� WKHVH� V\VWHPV� WKDW� FRXOG� EH� XVHG� WR� LQIRUP� WKH�
HGXFDWRUV¶�GHFLVLRQ�PDNLQJ�DQG� WKHUHIRUH�SURYLGH� LPSURYHG�
VWXGHQW�H[SHULHQFH��/HDUQLQJ�DQDO\WLFV�KDV�HPHUJHG�DV�DQ�DUHD�
RI� GDWD� DQDO\WLFV� LQ� WKLV� FDVH� DQG� DGDSWLYLW\� LV� LQFUHDVLQJO\�
EHLQJ�DGGHG�WR�9/(V������

,Q�WKLV�SDSHU��ZH�KDYH�GHYHORSHG�D�IUDPHZRUN�WR�HQDEOH�
HGXFDWRUV�IURP�VHYHUDO�GLVFLSOLQHV�WR�GHVLJQ��GHYHORS�DQG�XVH�
DGDSWLYH�9/(V�XWLOLVLQJ�WKH�SRZHU�WKDW�OHDUQLQJ�DQDO\WLFV�FDQ�
RIIHU�� )LUVW�� D� QHZ� GRPDLQ� VSHFLILF� ODQJXDJH� �'6/�� ZDV�
GHYHORSHG�WR�HQDEOH�HGXFDWRUV�WR�GHVLJQ�TXLFNO\�DQ�DGDSWLYH�
9/(�WKDW�ZLOO�FROOHFW�D�UDQJH�RI�LQIRUPDWLRQ��8VLQJ�WKLV�'6/��
WKH�HGXFDWRUV�ZRXOG�EH�DEOH�WR�FRQILJXUH�WKH�OHDUQLQJ�DQDO\WLFV�
WKDW�WKH\�WKLQN�PRUH�LPSRUWDQW�IRU�WKHLU�GRPDLQ�DQG�DGDSW�WKH�
OHDUQLQJ� SDWK� RI� HDFK� LQGLYLGXDO� VWXGHQW� DFFRUGLQJ� WR� WKH�
UHVXOWV�RI�SURFHVVLQJ�WKHVH�OHDUQLQJ�DQDO\WLFV�LQIRUPDWLRQ��7KH�
SURFHVVLQJ�RI�FROOHFWHG�GDWD�ZLOO�DOVR�EH�GRQH�XVLQJ�D�UDQJH�RI�
DOJRULWKPV� WKURXJK� WKH� XVHU�IULHQGO\� HQYLURQPHQW� RI� ZHND
OLEUDU\��2YHUDOO�� DQ� LQWHJUDWHG� VROXWLRQ� WR� WKH� DGDSWLYH�9/(�
GHVLJQ�SUREOHP�ZLOO�EH�JLYHQ�ZLWK�FOHDU�LQVWUXFWLRQV�RI�KRZ�WR�
UHSURGXFH�WKLV�ZRUN��

$�EDFNJURXQG� VWXG\�RQ�DGDSWLYH�9/(�GHYHORSPHQW� DQG�
OHDUQLQJ� DQDO\WLFV� ZLOO� FUHDWH� WKH� UHTXLUHPHQWV� IRU� WKLV�
UHVHDUFK�DQG�LV�SUHVHQWHG�LQ�6HFWLRQ�,,��,Q�6HFWLRQ�,,,��D�EORFN�
GLDJUDP�RI�WKH�IUDPHZRUN�GHVLJQ�ZLOO�EH�LQWURGXFHG��DQG�WKH�
WKUHH� VWDJHV� RI� WKH� SURFHVV� ZLOO� EH� JLYHQ�� 6WDJH� RQH� RI� WKH�
SURFHVV�ZLOO�EH�SUHVHQWHG� LQ�6HFWLRQ� ,9�ZKHUH�RXU�DGDSWLYH�
9/(�'6/�IRU�FROOHFWLQJ�OHDUQLQJ�DQDO\WLFV�GDWD�GHYHORSHG�LQ�
036�-HWEUDLQV�LV�GHWDLOHG��7KH�VHFRQG�VWDJH�RI�GDWD�DQDO\VLV�
DQG�SURFHVVLQJ�XVLQJ�WKH�ZHND� OLEUDU\�DQG�LWV�UHVXOWV�ZLOO�EH�
WKHQ�SUHVHQWHG�LQ�6HFWLRQ�9��7KH�WKLUG�VWDJH�RI�WKH�SURFHVV�LV�
WKH�DGDSWDWLRQ� VWDJH�ZKHUH� WKH�RXWFRPH�RI� WKH� VHFRQG�VWDJH�
ZLOO�EH�XVHG�DV�DQ�LQSXW�DQG�ZLOO�LQIRUP�GHFLVLRQ�PDNLQJ�IRU�
WKH� UHTXLUHG� DGDSWDWLRQV�� )LQDOO\�� LQ� 6HFWLRQ� 9,,�� DQ� LQLWLDO�
GRPDLQ� XVHUV¶� �HGXFDWRUV� LQ� WKLV� FDVH�� HYDOXDWLRQ� ZLOO� EH�
SUHVHQWHG�DQG�RXU�IXWXUH�SODQV�ZLOO�EH�GHWDLOHG��
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7KHUH� DUH� VHYHUDO� DWWHPSWV� DURXQG� SHUVRQDOLVHG� OHDUQLQJ�
HQYLURQPHQWV��,Q�>�@��WKH�PDLQ�DLP�RI�WKH�UHVHDUFK�ZDV�WR�WDNH�
D�PRGHO�IRU�SHUVRQDOLVHG�OHDUQLQJ�HQYLURQPHQWV�DQG�H[WHQG�LW�
WR� LQFRUSRUDWH� DGDSWDELOLW\� WR� VHYHUDO� FRQGLWLRQV� VXFK� DV�
PRELOH� GHYLFHV�� DGDSWLQJ� OHDUQLQJ� REMHFWLYHV�� HWF�� ,Q� >�@�� D�
IUDPHZRUN� RI� WZR� PRGHOV� IRU� DVVHVVPHQW�EDVHG�
SHUVRQDOLVDWLRQ� ZDV� VXJJHVWHG�� ,Q� >�@� D� SHUVRQDOLVHG� 9/(�
EDVHG�RQ�GLIIHUHQW�FRQFHSWXDO�PRGHOV�ZDV�SUHVHQWHG��,Q�>�@��
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WKH� UHVHDUFK�FRQFHQWUDWHG�RQ� WKH�SURJUHVV� WUDFNLQJ� DQG�SHHU�
SHUIRUPDQFH� FRPSDULVRQ� ZKLFK� DUH� QHZ� LGHDV�� EXW� WKH�
LPSOHPHQWDWLRQ� GHPRQVWUDWHG� RQO\� WZR� IHDWXUHV� ZLWKRXW�
HQRXJK�H[SODQDWLRQV�IRU�WKH�VWXGHQW���

7KHUH�LV�DOVR�FRQVLGHUDEOH�ZRUN�DURXQG�OHDUQLQJ�DQDO\WLFV�
ZKLFK� RULJLQDOO\� IRFXVHG� RQ� FOLFNLQJ� EHKDYLRXU� SUR[LHV�
OHDGLQJ�WR�PRUH�FRPSOH[�EHKDYLRXU�PRGHOV�RYHU�WLPH�>�@���

7KHVH�UHVHDUFK�ZRUNV�SUHVHQWHG�VRPH�XVHIXO�VXJJHVWLRQV�
DQG�PRGHOV�WRZDUGV�SHUVRQDOLVDWLRQ�VXFK�DV�WKH�XVH�RI�VWXGHQW�
SURILOH� WR� FROOHFW� LQIRUPDWLRQ�� SURJUHVV� WUDFNLQJ� DQG� SHHU�
SHUIRUPDQFH�FRPSDULVRQ�DQG�QHZ�FRQFHSWXDO�PRGHOV��

+RZHYHU�� FRPPRQ� GHQRPLQDWRU� LQ� PRVW� RI� WKH� DERYH�
UHVHDUFK� LV� D� ZHDNQHVV� LQWR� SXWWLQJ� LQWR� LPSOHPHQWDWLRQ�
WKHRUHWLFDO�HGXFDWLRQ�UHODWHG�LGHDV��7KH�XQGHUO\LQJ�SUREOHP��
WKDW�DOVR�H[LVWV�LQ�RWKHU�DSSOLFDWLRQ�GRPDLQV��LV�WKDW�WKH�GRPDLQ�
H[SHUWV�RI�WKH�ILHOG��HGXFDWRUV��ODFN�WKH�WHFKQLFDO�NQRZOHGJH�
WR�SXW�WKHVH�LGHDV�LQWR�SUDFWLFH�DQG�LQIOXHQFH�WKH�GHYHORSPHQW�
RI�DSSURSULDWH�DQG�HIIHFWLYH�DGDSWLYH�9/(V���

$QRWKHU� QRWLFHDEOH� ZRUN� WKDW� LQFOXGHV� JRRG�
LPSOHPHQWDWLRQ�LV�WKH�ZRUN�E\�2SHQ�8QLYHUVLW\�>�@��+RZHYHU��
WKLV�ZRUN�LV�QRW�HDVLO\�UHSURGXFLEOH�DQG�LV�QRW�DFFHVVLEOH�WR�D�
ZLGH�UDQJH�RI�HGXFDWRUV��

$OO�WKLV�UHVHDUFK�OHG�WR�WKH�QHHG�WR�FUHDWH�D�IUDPHZRUN�IRU�
DGDSWLYH�9/(�GHYHORSPHQW�WKDW�ZLOO�HQDEOH�HGXFDWRUV�WR�IRFXV�
RQ�GRPDLQ�LVVXHV�OHDYLQJ�LPSOHPHQWDWLRQ�GHWDLOV�KLGGHQ�DQG�
DXWRPDWLFDOO\�SURYLGHG���

,Q�WKH�IROORZLQJ�VHFWLRQ��DQ�RYHUYLHZ�RI�WKH�IUDPHZRUN�
V\VWHP�GHVLJQ��WKH�SURFHVV�DQG�KRZ�WKH\�UHODWH�WR�WKH�JHQHUDO�
0$3(�.�DGDSWLYLW\�PRGHO�ZLOO�EH�JLYHQ��

,,,� )5$0(:25.�6<67(0�'(6,*1�$1'�352&(66

$Q� DGDSWLYH� 9/(� EHORQJV� WR� WKH� JHQHUDO� FDWHJRU\� RI�
DGDSWLYH� V\VWHPV� ZKLFK� LV� EHFRPLQJ� WKH� QRUP� IRU� PRVW�
V\VWHPV�RI�WKH�IXWXUH�>�@��

7KHUH� DUH� WKUHH� LPSRUWDQW� SDUWV� LQ� DOO� DGDSWLYH� V\VWHPV��
GDWD�FROOHFWLRQ��GDWD�SURFHVVLQJ�DQG�DGDSWDWLRQ�PHFKDQLVPV
DV�VWDWHG�LQ�>�@���

,Q�RXU� SURSRVHG� V\VWHP�GHVLJQ� IRU� DGDSWLYH�9/(V��ZH�
DGGUHVVHG�WKH�GDWD�FROOHFWLRQ�DQG�WKH�DGDSWDWLRQ�PHFKDQLVPV
LQ�WKH�GRPDLQ�VSHFLILF�ODQJXDJH��'6/��LPSOHPHQWDWLRQ�DQG�
KDQGOHG� WKH�GDWD�SURFHVVLQJ� SDUW�ZLWK� D� GHGLFDWHG� H[WHUQDO�
HQYLURQPHQW��WKH�ZHND�OLEUDU\�DV�VKRZQ�LQ�)LJ�����

)LJ���� 0$3(�.�DQG�$GDSWLYH�9/(�V\VWHP�GHVLJQ�

,Q� WKH� IROORZLQJ� VHFWLRQV�� WKH� LQGLYLGXDO� SDUWV� RI� WKH�
V\VWHP�ZLOO�EH�GHWDLOHG��7KH�SURFHVV� WR�EH�IROORZHG�DQG� LWV�
WKUHH�VWDJHV�ZLOO�EH�DOVR�EH�SUHVHQWHG��
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5HVHDUFK�RQ�GRPDLQ�VSHFLILF�PRGHOLQJ� VXFK� DV� GRPDLQ�
GULYHQ�GHVLJQ�>�@�DQG�GRPDLQ�VSHFLILF�ODQJXDJHV�>��@�KDV�EHHQ�
LQFUHDVLQJO\�UHFRJQLVHG�IRU�EHLQJ�DEOH� WR� LVRODWH� WKH�GRPDLQ�
IURP� WKH� LPSOHPHQWDWLRQ� GHWDLOV�� ,W� LV� H[DFWO\� WKLV� W\SH� RI�
IUDPHZRUN� HQYLURQPHQW� WKDW� ZLOO� HQDEOH� D� ZLGH� UDQJH� RI�
HGXFDWRUV� WR� ³WU\� RXW´� WKHLU� LGHDV� ZLWKRXW� KDYLQJ� WR� EH�
LQYROYHG�LQ�9/(�LPSOHPHQWDWLRQ�GHWDLOV����

$� $GDSWLYH�9/(�'6/�

7KH�036�-HWEUDLQV�HQYLURQPHQW�ZDV�XVHG�IRU�GHYHORSLQJ�
RXU�GRPDLQ�VSHFLILF�ODQJXDJH���

'RPDLQ�VSHFLILF� ODQJXDJHV� GHYHORSHG� WKURXJK� 036�
3URMHFWLRQDO� HGLWLQJ� HQYLURQPHQW� FRQVLVW� RI� VHYHUDO� PDLQ�
SDUWV��VWUXFWXUH��EHKDYLRU��FRQVWUDLQWV��DFWLRQV��HGLWRU��

7KH� FRQVWUXFWV� LQ� GRPDLQ� VSHFLILF� ODQJXDJHV� DUH� TXLWH�
VLPLODU� WR�REMHFW�RULHQWHG�GHVLJQ�XVLQJ�PRGHOLQJ� ODQJXDJHV�
VXFK�DV�80/��6\V0/��HWF��7KH�OHYHO�RI�DEVWUDFWLRQ�LV�KLJKHU�
WKDQ�WKH�LPSOHPHQWDWLRQ�OHYHO�DQG�LPSOHPHQWDWLRQ�GHWDLOV�DUH�
DGGHG�JUDGXDOO\�WR�WKH�V\VWHP��%RWK�PHWKRGV�FODLP�WR�SURYLGH�
WRROLQJ� DQG� DXWRPDWLF� FRGH� JHQHUDWLRQ�� $Q� DWWHPSW� IRU�
DXWRPDWLRQ�� YDOLGDWLRQ� DQG� YHULILFDWLRQ� LV� PDGH� E\� ERWK�
DSSURDFKHV��

+RZHYHU�� WKHUH� DUH� VXEVWDQWLDO� GLIIHUHQFHV� EHWZHHQ� WKH�
WZR� DSSURDFKHV�� 7KH� '6/V� DUH� VXSHULRU� WR� WKH� WUDGLWLRQDO�
80/�FRGH�JHQHUDWLRQ�DQG�WRROLQJ��7KH�PDLQ�UHDVRQ�EHKLQG�LW�
LV�WKH�IXQGDPHQWDO�VKLIW�LQ�WKH�IRFXV�WKDW�GLIIHUHQWLDWHV�WKH�WZR�
DSSURDFKHV�� 7KH� GRPDLQ�VSHFLILF� ODQJXDJHV� IRFXV� RQ�
SURYLGLQJ�DQ�LQWHUIDFH�IRU�WKH�GRPDLQ�H[SHUW�WKDW�VROYHV�WKH�
GRPDLQ� SUREOHP� DQG� OHDYHV� WKH� VRIWZDUH�
LPSOHPHQWDWLRQ�WRROLQJ� WR� EH� SURYLGHG� E\� WKH� '6/�
GHYHORSPHQW�HQYLURQPHQW��7KH�HQG�UHVXOW� LV�D� ODQJXDJH�IRU�
WKH� GRPDLQ� H[SHUW� WKDW� FDQ� EH� XVHG� DQG�PDLQWDLQHG� E\� WKH�
GRPDLQ� H[SHUWV� ZLWKRXW� WKH� QHHG� RI� PL[LQJ� VRIWZDUH�
LPSOHPHQWDWLRQ� LQIRUPDWLRQ�� 7KH� WUDGLWLRQDO� 80/�
GHVFULSWLRQV�DWWHPSW�DQ�DEVWUDFWLRQ�IURP�WKH�LPSOHPHQWDWLRQ�
GHWDLOV��+RZHYHU��WKLV�LV�PRUH�JHQHUDO��GRHVQ¶W�JHW�ULG�RI�DOO�
LPSOHPHQWDWLRQ�GHWDLOV�DQG�GRHVQ¶W�SURYLGH�WRROLQJ��

)XQGDPHQWDO� DVSHFW� LQ� '6/V� LV� WKH� FRQFHSWV�� 7KH�
FRQFHSWV�DUH�VLPLODU�WR�FODVVHV�LQ�REMHFW�RULHQWHG�GHVLJQ�EXW�

)LUVW�VWDJH��'6/��
'DWD�FROOHFWLRQ��
OHDUQLQJ�DQDO\WLFV��

7KLUG�VWDJH��
'6/��

$GDSWDWLRQ��

6HFRQG�VWDJH��'DWD�
DQDO\VLV��ZHND�

OLE

���



QRW�TXLWH��7KH�FRQFHSWV�DUH�VWULFWO\�UHIHUULQJ�WR�GRPDLQ�FODVVHV�
DQG�UHSUHVHQW�WKH�PDLQ�DVSHFWV�RI�WKH�SDUWLFXODU�GRPDLQ��

$GDSWLYH�9/(�ODQJXDJH�VWUXFWXUH�
,Q�RXU�DGDSWLYH�9/(�'6/�� WKH� IROORZLQJ�FRQFHSWV�DQG�

WKHLU�VWUXFWXUH�UHSUHVHQWHG�LQ�D�80/�GLDJUDP�DUH�GHSLFWHG�LQ�
)LJ����DQG�)LJ�����

,Q� )LJ�� ��� DQ� $GDSWLYH9/(� FRQVLVWV� RI� PDQ\�
%OHQGHG&RXUVHV�� (DFK� %OHQGHG&RXUVH� FRQWDLQV� D� VHW� RI�
:HHNO\&RQWHQWV� �FDWHJRUL]HG� LQ� WKUHH� PDLQ� FDWHJRULHV��
VWDQGDUG� ZHHNO\� UHVRXUFHV�� ORZ� DFKLHYHPHQW� ZHHNO\�
UHVRXUFHV�� KLJK� DFKLHYHPHQW� ZHHNO\� UHVRXUFHV��� DQG�
LQIRUPDWLRQ�UHODWHG�WR�OHDUQLQJ�DQDO\WLFV�DQG�DGDSWDWLRQ�VXFK�

DV�� &ROOHFW/HDUQLQJ$QDO\WLFV�� (QDEOH/HDUQLQJ$GDSWDWLRQV��
6WXGHQW)HHGEDFN��HWF��DV�ZHOO�DV�EORFNV�WKDW�DUH�UHTXLUHG�LQ�
RUGHU�WR�FROOHFW�OHDUQLQJ�DQDO\WLFV�VXFK�DV�)RUXP��PHDVXULQJ�
WKH�QXPEHU�RI�SRVWV���

)RU� HDFK� ZHHN� DOVR�� WKH� HGXFDWRU� PXVW� SURYLGH� WKUHH�
W\SHV�RI�UHVRXUFHV�DV�LV�GHSLFWHG�LQ�)LJ�����7KLV�FDWHJRUL]DWLRQ�
LV� D� VLPSOLILFDWLRQ� WKDW� DGGUHVVHV� WKH� SHUVRQDOL]DWLRQ�
UHTXLUHPHQWV� LQ� HGXFDWLRQ� HQYLURQPHQWV�� 'HSHQGLQJ� RQ�
LQIRUPDWLRQ�WKDW�FRPHV�DIWHU�WKH�SURFHVVLQJ�RI�WKH�FROOHFWHG�
OHDUQLQJ� DQDO\WLFV� DQG� WKH� RXWFRPH� RI� WKH� FODVVLILFDWLRQ�
DOJRULWKP�� WKH� HGXFDWRU� DGGV�UHPRYHV� UHVRXUFHV� IURP� HDFK�
FDWHJRU\��WKLUG�VWDJH�RI�WKH�SURFHVV��WKH�DGDSWDWLRQ�VWDJH���

)LJ���� $GDSWLYH�9/(

)LJ���� :HHNO\&RQWHQW�ZLWK�UHVRXUFHV�IRU�VHYHUDO�DELOLWLHV�

$GDSWLYH9/(�(GLWRU�
7KH�(GLWRU� WKDW� LV� SURYLGHG� WR� WKH� HGXFDWRU� LQ� RUGHU� WR�

GHYHORS�DQ�$GDSWLYH�9/(�LV�SUHVHQWHG�LQ�)LJ�������

8VLQJ�WKLV�HGLWRU��DQ�HGXFDWRU�RI�DQ\�GLVFLSOLQH��ZLWKRXW�
DQ\� SURJUDPPLQJ� NQRZOHGJH�� FDQ� FRQFHQWUDWH� RQ�
FRQILJXULQJ� WKH� LPSRUWDQW� DVSHFWV� IURP� WKH� HGXFDWLRQ�
SHUVSHFWLYH� VXFK�DV� WKH�FROOHFWLRQ�RI� OHDUQLQJ�DQDO\WLFV�DQG�
WKH�XSORDG�RI�VHYHUDO�W\SHV�RI�UHVRXUFHV��7KLV�HGLWRU�DSSHDUV�
³EDUH´� DQG� ³PLQLPDO´�� +RZHYHU�� WKH� IXQFWLRQDOLW\� DQG�
WRROLQJ�EHKLQG�LW�LV�YHU\�SRZHUIXO��)LUVW�RI�DOO��WKH�DGYDQWDJHV�
RI� SURMHFWLRQDO� HGLWLQJ� YHUVXV� WKH� WUDGLWLRQDO� WH[W�EDVHG�
HGLWLQJ� DUH� DSSOLFDEOH� DV� LV� GHWDLOHG� LQ� >��@�� 3URMHFWLRQDO�
HGLWLQJ� HQDEOHV� WKH� HGXFDWRU�ZLWK� UHVWULFWLRQV� DQG� JXLGDQFH�
WKURXJK�WKH�IDFW�WKDW�³FRGLQJ�EHKLQG�WKH�VFHQHV´�DOORZV�RQO\�
WKH�FRUUHFW�QRWDWLRQ�WR�EH�SHUPLWWHG�DQG�WKH�XVHU�FDQ�HGLW�RQO\�
WKH�SDUWV�WKDW�UHTXLUH�LQSXW�IURP�KLP�KHU��,W�WDNHV�VRPH�LQLWLDO�
WLPH� WR� JHW� XVHG� WR� DQG� REYLRXVO\� SURJUDPPHUV� DUH� PRUH�
OLNHO\� WR� JHW� IDPLOLDUL]HG� TXLFNHU�ZLWK� WKLV� W\SH� RI� HGLWLQJ��
+RZHYHU�� WKH�QRQ�SURJUDPPLQJ�XVHUV� VXFK�DV�HGXFDWRUV�RI�
RWKHU� GLVFLSOLQHV� DUH� RIIHUHG� DQ� HQYLURQPHQW�HGLWRU� WKDW�

IRFXVHV�RQO\�RQ�WKH�GRPDLQ�LQIRUPDWLRQ�PDNLQJ�LW�HDVLHU�IRU�
WKHP�WR�DGDSW��

7KH�GRPDLQ�LQIRUPDWLRQ�IRFXV�LV�GHSLFWHG�E\�WKH�IDFW�WKDW�
DOO� HOHPHQWV� LQ� )LJ�� �� DUH� HGXFDWLRQ�UHODWHG�� )RU� H[DPSOH��
OHDUQLQJ� DQDO\WLFV� FRQILJXUDWLRQ� DQG�ZHHNO\� FRQWHQWV��9/(�
LPSOHPHQWDWLRQ� LQIRUPDWLRQ� VXFK� DV� ZHE� LQWHUIDFLQJ��
DGDSWDWLRQ�PHFKDQLVPV�IRU�WKH�OHDUQLQJ�SDWK��WKURXJK�HGLWRU�
DFWLRQV���DUH�KLGGHQ�IURP�WKH�GRPDLQ�H[SHUW���

)LJ���� (GLWRU�IRU�$GDSWLYH9/(�FRQFHSWV�

9� 6(&21'� 67$*(� :(.$� /,%5$5<� ,03/(0(17$7,21� )25�

/($51,1*�$1$/<7,&6�352&(66,1*

$� 'DWD�3URFHVVLQJ�

7KLV�SDUW�RI�WKH�ZRUN�VWDUWV�DIWHU�WKH�GDWD�FROOHFWLRQ�VWDJH��
,WV�PDLQ�REMHFWLYH�ZDV�WR�SUHGLFW�VWXGHQWV¶�SHUIRUPDQFH�OHYHOV�
EDVHG�RQ�WKH�OHDUQLQJ�DQDO\WLFV�FROOHFWHG�E\�WKH�DGDSWLYH�9/(�
DW� WKH� SUHYLRXV� VWDJH�� 7KH� GDWD� FROOHFWHG� ZHUH� OHDUQLQJ�
DQDO\WLFV�GDWD�VXFK�DV�QXPEHU�RI�VWXGHQWV¶�YLVLWV� WR�VSHFLILF�

���



ZHHNO\�FRQWHQW��VWXGHQWV¶�JUDGHV��HWF��WKDW�ZHUH�SURFHVVHG�LQ�
RUGHU� WR� H[WUDFW� YDOXDEOH� LQIRUPDWLRQ� UHJDUGLQJ� VWXGHQW�
SHUIRUPDQFH� OHYHOV� �WDUJHWBSHUIRUPDQFH� IHDWXUH��� 7KLV�ZDV�
DFKLHYHG�XVLQJ�DQRWKHU�HQYLURQPHQW� WKDQ� VWDJH�RQH¶V�'6/��
WKDW�VSHFLDOL]HV�LQ�GDWD�DQDO\WLFV��WKH�ZHND�OLEUDU\���

'DWD�FROOHFWLRQ�
$FFRUGLQJ� WR� DXWKRUV¶� H[SHULHQFH� LQ� HGXFDWLRQ�

HQYLURQPHQWV�� FRPPRQ� ORJLF� DW� SRLQWV�� UHODWHG� UHVHDUFK�
�SUHVHQWHG�LQ�WKH�EDFNJURXQG�VHFWLRQ��DQG�8QLYHUVLW\¶V�9/(�
V\VWHP�%ULJKWVSDFH�>��@�DQG�LWV�OHDUQLQJ�DQDO\WLFV�SURYLVLRQ��
WKH�GDWD�FROOHFWHG�ZHUH�VHOHFWHG�WR�VKRZ�WKH�IDFWRUV�WKDW�FRXOG�
LQIOXHQFH�VWXGHQWV¶�OHDUQLQJ�SHUIRUPDQFH��7\SLFDO�H[DPSOHV�
RI�UHOHYDQW�GDWD�ZHUH�KRZ�PDQ\�VWXGHQWV�XVHG�WKH�SODWIRUP��
KRZ� ORQJ� VWXGHQWV� VSHQW� RQ� OHDUQLQJ�� WKH� QXPEHU� RI�
GLVFXVVLRQV�WKH\�SRVWHG��KRZ�PDQ\�TXL]]HV�WKH\�FRPSOHWHG��
WKHLU� DYHUDJH� JUDGH� RI� WKH� TXL]]HV�� VWXGHQW� VDWLVIDFWLRQ�
�UHJDUGLQJ�WR�VWXGHQWV¶�VHQWLPHQW�FRQGLWLRQV�GXULQJ�OHDUQLQJ���
HWF���

'DWD�VWRUDJH�
6XEVHTXHQWO\�� WKH� GDWD� ZDV� VWRUHG� LQ� WKH� GDWDEDVH�

DXWRPDWLFDOO\� DQG� ZDV� DEOH� WR� EH� UHWULHYHG� E\� PDFKLQH�
OHDUQLQJ�VRIWZDUH�ZHND� OLEUDU\��:HND� LV� D� VXLWH�RI�PDFKLQH�
OHDUQLQJ�VRIWZDUH�ZULWWHQ�LQ�-DYD��GHYHORSHG�DW�WKH�8QLYHUVLW\�
RI�:DLNDWR��,W�FRQWDLQV�D�FROOHFWLRQ�RI�GDWD�YLVXDOL]DWLRQ�WRROV�
DQG�DOJRULWKPV�IRU�DXWRPDWLF�PDFKLQH�OHDUQLQJ�FODVVLILFDWLRQ��
FOXVWHULQJ��DVVRFLDWLRQ�DQDO\VLV�HWF��>��@��

)HDWXUH�VHOHFWLRQ�
1LQH�IHDWXUHV��VHH�)LJ�����ZHUH�VHOHFWHG�DV�NH\�IHDWXUHV�

ZLWK� ����� REVHUYDWLRQV� �VDPSOH� UHFRUGV�� LQ� RUGHU� WR� WUDLQ�
PDFKLQH� OHDUQLQJ� PRGHOV� DQG� GHOLYHU� SUHGLFWLRQV�� 7KH�
SUHGLFWLRQ� UHVXOW� LV� LQ� WKH� IRUP� RI� WKUHH� FDWHJRULHV�� /RZ��
0HGLDQ��+LJK��ZKLFK�LV�LQGLFDWHG�DV�WDUJHW�FODVV�IRU�PDFKLQH�
WR�FRQGXFW�SUHGLFWLRQ��

VWXGHQWBLG� QXPBYLVLWHGBFRXUVH� WLPHBVSHQWBPLQV�
QXPBWRSLFBYLVLWHG� QXPBGLVFXVVLRQBSRVWV� QXPBTXL]HVBFRPSOHWHG�
TXL]HVBJUDGHBDYJ� VWXGHQWBIHHGEDFNBFRPSOHWH� VWXGHQWBVDWLVILFWLRQ�

)LJ���� .H\�IHDWXUHV�IRU�PDFKLQH�OHDUQLQJ�

7KH� ����� REVHUYDWLRQV� ZHUH� PDQXDOO\� ODEHOHG� IRU�
VXSHUYLVHG�OHDUQLQJ��

%� 'DWD�3UH�SURFHVVLQJ�

%HIRUH� LPSOHPHQWLQJ�PDFKLQH� OHDUQLQJ�DOJRULWKPV��GDWD�
SUH�SURFHVVLQJ� ZDV� UHTXLUHG� WR� WUDQVIRUP� UDZ� GDWD� LQWR� D�
VWUXFWXUHG� IRUPDW� DQG� FOHDQVH� WKH� QRLVH� DPRQJVW� LQVWDQFHV�
DQG�IHDWXUHV��)LUVWO\��ZH�GHOLYHUHG�H[SORUDWRU\�GDWD�DQDO\VLV�
E\� GDWD� YLVXDOL]DWLRQ� IRU� EDVLF� XQGHUVWDQGLQJ� DQG� WUHQGV�
GLVFRYHU\��)LJ������

7KH�VWXGHQWBLG�IHDWXUH�LV�D�VHTXHQFH�RI�FKDUDFWHUV�WKDW�LV�
UDQGRPO\�DVVLJQHG�WR�HDFK�VWXGHQW��ZKLFK�ZRXOG�QRW�SURYLGH�
DQ\� LQIRUPDWLRQ� DVVLVWLQJ� WKH� PDFKLQH� OHDUQLQJ� DOJRULWKP��
7KXV��ZH�GHFLGHG�WR�UHPRYH�LW� LQ�RUGHU�WR�DYRLG�LQWHUIHULQJ�
ZLWK�WKH�OHDUQLQJ�SURFHVV�RI�WKH�DOJRULWKP��

)LJ���� ([SORUDWRU\�'DWD�$QDO\VLV�

5HG� DQG� OLJKW�EOXH� DQG�GDUN�EOXH� UHSUHVHQW� WKH� VDPSOH�
GDWD�ODEHOHG�³/RZ´��³0HGLDQ´��³+LJK´�UHVSHFWLYHO\�LQ�WDUJHW�
FODVV��7KHUH�DUH�VRPH� LQGLFDWLYH�SDWWHUQV�ZLWKLQ� WKH�GDWDVHW�
WKDW� WKH� VDPSOHV� LQ� OLJKW� EOXH� DUH� PRVWO\� O\LQJ� EHWZHHQ�
VDPSOHV� LQ�UHG�DQG�GDUN�EOXH��ZKLOH� WKH�ERXQGDULHV�DUH�QRW�
H[SOLFLW��)URP�WKH�YLVXDOL]DWLRQ��WKHUH�LV�QR�REYLRXV�RXWOLHUV��
QHLWKHU�PLVVLQJ�YDOXH�EDVHG�RQ�ZHND�DXWRPDWLF�FKHFNLQJ��

$OWKRXJK�WKH�HQWLUH�GDWDVHW�LV�LQ�QXPHULFDO�IRUP��WKH�W\SH�
RI�DOO� WKH�GDWD� LV�PL[HG��ZKLFK�FRQVLVW�RI�GLVFUHWH�GDWD�DQG�
ELQDU\� GDWD�� 7KH� VWXGHQWBIHHGEDFNBFRPSOHWH� LV� WKH� RQO\�
IHDWXUH�WKDW�KDV�ELQDU\�YDOXHV��7KH�UDQJHV�RI�WKH�GDWD�YDOXHV�
DUH�ZLGHO\�GLIIHUHQW�IURP�RQH�IHDWXUH�WR�DQRWKHU��7KLV�PLJKW�
FUHDWH�VRPH�SUREOHPV�GXULQJ�PDFKLQH�OHDUQLQJ�SURFHVV�WKDW�
PLVOHDGLQJ� WKH� FODVVLILHU� WR� RYHU�ZHLJKW� WKH� IHDWXUHV� ZLWK�
KLJKHU�YDOXHV�DQG�XQGHU�ZHLJKW� IHDWXUHV�ZLWK� ORZHU�YDOXHV��
7KH�LVVXH�PLJKW�IXUWKHU�OHDG�WR�RYHUILWWLQJ���

,Q� RUGHU� WR� DYRLG� WKH� DERYH� SUREOHPV�� ZH� XWLOLVHG�
VWDQGDUGLVDWLRQ� WHFKQLTXH�� 6WDQGDUGL]DWLRQ� LV� RQH� RI� WKH�
WHFKQLTXHV� IRU� IHDWXUH� VFDOLQJ�� ZKLFK� FDQ� EHQHILW� PDFKLQH�
OHDUQLQJ�DQG�SUHGLFWLRQ�SURFHVV�VXFK�DV�UHGXFLQJ�WUDLQLQJ�WLPH��
SUHYHQWLQJ�RYHUILWWLQJ��UHGXFLQJ�SUHGLFWLRQ�HUURU��HWF�>��@��,W�
FDQ�UHVFDOH�WKH�GDWD�YDOXH�WR�IDOO�LQWR�WKH�UDQJH�RI�>����@��ZLWK�
��IRU�PHDQ�DQG���IRU�VWDQGDUG�GHYLDWLRQ��

7KH�WUDQVIRUPLQJ�HTXDWLRQ�LV�VKRZQ�LQ�����EHORZ��

�����������

$IWHU� SUH�SURFHVVLQJ�� WKH� GDWDVHW� ZDV� FOHDQ� DQG� IXOO\�
VWUXFWXUHG�DQG�LQ�D�IRUP�WKDW�ZDV�UHDG\�WR�EH�XVHG�IRU�PRGHO�
WUDLQLQJ��

&� $OJRULWKP�6HOHFWLRQ�

6LQFH�WKH�WDUJHW�IHDWXUH�LV�LQ�FDWHJRULFDO�IRUP�ZLWK�WKUHH�
XQLTXH� YDOXHV�� ZH� LGHQWLILHG� WKH� SUHGLFWLRQ� WDVN� DV� D�
PXOWLFODVVLILFDWLRQ� FODVVLILFDWLRQ� WDVN� WKDW� ZRXOG� EH� XVLQJ�
PDFKLQH�OHDUQLQJ�PXOWLFODVV�FODVVLILFDWLRQ�DOJRULWKPV�WR�VROYH�
WKH�SUREOHP��$FFRUGLQJ�WR�WKH�SDSHU�IURP�$O\�>��@��VHYHUDO�
FODVVLILFDWLRQ� DOJRULWKPV� FDQ� EH� QDWXUDOO\� H[WHQGHG� WR� WKH�
PXOWLFODVV�FDVH�VXFK�DV�'HFLVLRQ�7UHHV��1DwYH�%D\HV��1HXUDO�
1HWZRUNV�� .�1HDUHVW� 1HLJKERU�� 6XSSRUW� 9HFWRU�0DFKLQHV��
DQG� 5DQGRP� IRUHVW�� $� PXOWLQRPLDO� ORJLVWLF� UHJUHVVLRQ�
DOJRULWKP� LV� DOVR� JHQHUDOL]HG� IRU�PXOWLFODVV� SUREOHPV� >��@��
7KHUHIRUH�� WKHVH� VHYHQ� PXOWLFODVV� FODVVLILFDWLRQ� DOJRULWKPV�
ZHUH�LPSOHPHQWHG�DQG�WUDLQHG�XVLQJ�RXU�GDWDVHW��7KH�UHVXOWV�

���



RI� WKHLU� SUHGLFWLRQ� SHUIRUPDQFHV� ZHUH� HYDOXDWHG� DQG�
FRPSDUHG�ZLWK�VWDWLVWLF�PHWULFHV�LQ�WHUPV�RI�DFFXUDF\��UHFDOO��
SUHFLVLRQ��DQG�FRQIXVLRQ�PDWUL[��

7R� SUHYHQW� RYHUILWWLQJ� DQG� WR� YDOLGDWH� WKH� PDFKLQH�
OHDUQLQJ� PRGHOV�� .�IROG� FURVV�YDOLGDWLRQ� ZDV� DSSOLHG� E\�
DGMXVWLQJ� 7HVW� 2SWLRQV� LQ� ZHND�� 7KH� ���IROG� RSWLRQ� ZDV�
FKRVHQ��7KH�GDWDVHW�ZDV�VKXIIOHG�UDQGRPO\�DQG�VSOLW�LQWR����
JURXSV�� WKHQ� RQH� JURXS� ZDV� WDNHQ� DV� D� WHVW� VHW� ZKLOVW� WKH�
UHPDLQLQJ�JURXSV�ZHUH�XVHG�DV� WUDLQLQJ�VHWV��7KHQ�VHOHFWHG�
FODVVLILHUV�ZHUH�ILWWHG�DQG�HYDOXDWHG�DXWRPDWLFDOO\�E\�ZHND��

7KH�ZKROH�SURFHVV�ZDV�WKHQ�FRQYH\HG�DQG�LPSOHPHQWHG�
LQ�MDYD�FRGH�XVLQJ�ZHND�OLEUDU\�$3,V��

'� 5HVXOWV�DQG�(YDOXDWLRQ�

7KH�UHVXOWV�RI�PRGHO�SUHGLFWLRQ�SHUIRUPDQFH�DUH�VKRZQ�
EHORZ� �)LJ�� ���� 5DQGRP� )RUHVW� ZDV� RXWSHUIRUPLQJ� RWKHU�
FODVVLILHUV�ZLWK��������DFFXUDF\��QHDUO\�����RQ�ERWK�UHFDOO�
DQG� SUHFLVLRQ� VFRUHV�� 2QO\� ��� VDPSOHV� ZHUH� FODVVLILHG�
LQFRUUHFWO\� RXW� RI� ������ ZKLFK� LV� WKH� OHDVW� DPRQJVW� ��
FODVVLILHUV�� 6HYHQ� DOJRULWKPV� ZHUH� DOO� SURYLGLQJ� JRRG�
SHUIRUPDQFH��DQG�DOO�DFKLHYHG�RYHU�����DFFXUDF\��7KH�PDLQ�
UHDVRQ�EHKLQG�WKLV�UHVXOW�ZDV�PRUH�OLNHO\�WR�EH�WKDW�RXU�GDWDVHW�
ZDV� LGHDOO\� VLPSOH� DQG� VWUXFWXUHG�� ZLWK� GLVWLQFW�
FKDUDFWHULVWLFV� DQG� SDWWHUQV� EHWZHHQ� HDFK� FODVV�� 7KHUHIRUH��
IXUWKHU�RSWLPL]DWLRQ�LV�UHTXLUHG�E\�XVLQJ�PRUH�GDWD�ZLWK�PRUH�
QRLVH�DQG�ZLGHU�YDULHW\���

)LJ���� &ODVVLILFDWLRQ�SHUIRUPDQFH�FRPSDULVRQ�

EĂŢǀĞ�ĂǇĞƐ >ŽŐŝƐƚŝĐZĞŐƌĞƐƐŝŽŶ DƵůƚŝůĂǇĞƌWĞƌĐĞƉƚƌŽŶ ^sD <EE �ĞĐŝƐŝŽŶdƌĞĞ ZĂŶĚĂŵ&ŽƌĞƐƚ
�ĐĐƵƌĂĐǇ ϵϯ͘Ϯϴ ϵϰ͘Ϭϰ ϵϳ͘Ϯϰ ϵϰ͘ϰϴ ϵϱ͘ϭϲ ϵϴ ϵϵ͘Ϭϰ

WƌĞĐŝƐŝŽŶ >Žǁ Ϭ͘ϵϵ Ϭ͘ϵϲϭ Ϭ͘ϵϴϱ Ϭ͘ϵϴϯ Ϭ͘ϵϵϱ Ϭ͘ϵϴϱ Ϭ͘ϵϵϳ

DĞĚŝĂŶ Ϭ͘ϴϲϯ Ϭ͘ϵϬϵ Ϭ͘ϵϱϴ Ϭ͘ϴϴϴ Ϭ͘ϴϵϲ Ϭ͘ϵϲϵ Ϭ͘ϵϴ

,ŝŐŚ Ϭ͘ϵϳϮ Ϭ͘ϵϱϲ Ϭ͘ϵϳϳ Ϭ͘ϵϳϵ Ϭ͘ϵϴϭ Ϭ͘ϵϴϳ Ϭ͘ϵϵϲ

ZĞĐĂůů >Žǁ Ϭ͘ϴϳϯ Ϭ͘ϵϰϳ Ϭ͘ϵϳϰ Ϭ͘ϵϮϳ Ϭ͘ϵϰ Ϭ͘ϵϳϳ Ϭ͘ϵϴϴ

DĞĚŝĂŶ Ϭ͘ϵϳϮ Ϭ͘ϵϮϱ Ϭ͘ϵϲϲ Ϭ͘ϵϲϲ Ϭ͘ϵϴ Ϭ͘ϵϳϱ Ϭ͘ϵϵϯ

,ŝŐŚ Ϭ͘ϵϰ Ϭ͘ϵϱ Ϭ͘ϵϳϳ Ϭ͘ϵϯϳ Ϭ͘ϵϯϯ Ϭ͘ϵϴϳ Ϭ͘ϵϴϵ

/ŶĐŽƌƌĞĐƚůǇ�ĐůĂƐƐŝĨŝĞĚ ϭϲϴ ϭϰϵ ϲϵ ϭϯϴ ϭϮϭ ϱϬ Ϯϰ
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,Q�WKH�WKLUG�VWDJH�RI�WKH�SURFHVV��WKH�DGDSWLYH�9/(�'6/�
LV� XWLOL]HG� DJDLQ� LQ� RUGHU� WR� SUHVHQW� WR� WKH� HGXFDWRU� WKH�
RXWFRPH� RI� WKH� VHFRQG� VWDJH� DQG� DVVLVW� WKHP� LQWR� PDNLQJ�
GHFLVLRQV���

0RUH�DGYDQFHG�RSWLRQV�RI� WKH�HGLWLQJ�H[SHULHQFH�ZHUH�
LPSOHPHQWHG� LQ� RUGHU� WR� DGGUHVV� WKH� $GDSWLYH� 9/(�
GHYHORSPHQW� DSSOLFDWLRQ� UHTXLUHPHQWV�� ,Q� )LJ�� ��� DQ� HGLWRU�
WKDW�DOORZV�WKH�HGXFDWRU�WR�SHUVRQDOL]H�WKH�OHDUQLQJ�SDWK�IRU�
LQGLYLGXDO�VWXGHQWV�DFFRUGLQJ�WR�LQIRUPDWLRQ�UHVXOWV�WKDW�DUH�
SURGXFHG� IURP� WKH� OHDUQLQJ� DQDO\WLFV� GDWD� SURFHVVLQJ� VWDJH�
�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��LV�SUHVHQWHG��

)LJ���� (GLWRU�IRU�DGDSWLQJ�SHUVQROLVLQJ�WKH�LQGLYLGXDO�VWXGHQW�OHDUQLQJ�
SDWK���

,Q� WKLV� HGLWRU�� PRUH� DGYDQFHG�036�'6/� IXQFWLRQDOLW\�
VXFK� DV� DFWLRQV� LV� XWLOL]HG� LQ� RUGHU� WR� LPSOHPHQW� WKH�
SHUVRQDOLVHG� OHDUQLQJ� SDWK� IHDWXUH�� 7KH� HGXFDWRU� KDV� WR�
XSGDWH�V\QFKURQL]H�WKH�VWXGHQW�OHDUQLQJ�SDWK�IURP�WKH�JHQHUDO�
FRXUVH� OHDUQLQJ� SDWK� DQG� WKHQ� LV� DEOH� WR� DGG� UHVRXUFHV�
DFFRUGLQJ�WR�WKH�VWXGHQW�OHDUQLQJ�DQDO\WLFV�SLFWXUH���

,Q�RUGHU�WR�FUHDWH�D�FRS\�RI�D�SDUW�RI�D�PRGHO��LQ�036�LW�
LV�DV�WULYLDO�DV�LQYRNLQJ�WKH��FRS\��RSHUDWLRQ�RQ�D�QRGH��

QRGH�!�GHHS&RS\� �FRXUVH�ZHHNO\&RQWHQW�FRS\��
VWXGHQW�OHDUQLQJ3DWK�DGG�GHHS&RS\���

7KLV�FRGH�ZDV�XVHG�LQVLGH�WKH�DFWLRQ�WKDW�ZDV�FDOOHG�IURP�
WKH�HGLWRU�ZKHQ�WKH�HGXFDWRU�SUHVVHV�&/,&.�RQ�D�SDUWLFXODU�
SDUW�RI�WKH�VFUHHQ���

$V�\RX�FDQ�VHH�IURP�)LJ�����IRU�:HHN���IRU�VWXGHQW�6RILD
WKH�FRQWHQWV�RI�WKH�FRXUVH�KDYH�EHHQ�FRSLHG�WR�WKH�VWXGHQW¶V�
LQGLYLGXDO� OHDUQLQJ� SDWK� DQG� DGGLWLRQDO�+LJK� $FKLHYHPHQW�
:HHNO\�5HVRXUFHV�KDYH�EHHQ�DGGHG���

1RWH� WKDW� WKH� GHFLVLRQ� PDNLQJ� IRU� DGGLQJ�UHPRYLQJ�
UHVRXUFHV� LV� FXUUHQWO\�GRQH�PDQXDOO\�E\� WKH� HGXFDWRU��7KLV�
FRXOG� EH� DXWRPDWHG� LQ� WKH� IXWXUH� XWLOL]LQJ� GDWD� VFLHQFH�
DOJRULWKPV� IRU� GHFLVLRQ�PDNLQJ� IURP� WKH� OHDUQLQJ� DQDO\WLFV�
GDWD��7KLV� LV� DFWXDOO\� OHDGLQJ� WR� WKH� IXWXUH�GLUHFWLRQ�RI� WKLV�
UHVHDUFK��

9,,� ,1,7,$/�(9$/8$7,21�± &21&8/6,216�$1'�)8785(�3/$16

:H� WHVWHG� RXU� SURSRVHG� HQYLURQPHQW� ZLWK� D� OLPLWHG�
QXPEHU� RI� HGXFDWRUV� ����� DQG� WKH� LQGXVWULDO� SDUWQHU¶V� GDWD�
VFLHQFH�WHDP�WR�JHW�DQ�LQLWLDO�IHHO�RI�WKH�SRWHQWLDO�DSSOLFDELOLW\�
RI�WKH�GHVLJQ��7KLV�ZLOO�EH�H[WHQGHG�LQ�WKH�QHZ�DFDGHPLF�\HDU�
DQG�DSSURSULDWH�SODQV�KDYH�EHHQ�SXW� LQWR�SODFH��7KH�UHVXOWV�
ZHUH�YHU\�SRVLWLYH�DQG�HQFRXUDJLQJ��6RPH�SRLQWV�ZHUH�PDGH�

UHJDUGLQJ�WKH�FROOHFWHG�OHDUQLQJ�DQDO\WLFV�ZKLFK�ZLOO�EH�WDNHQ�
LQWR�DFFRXQW�LQ�RXU�IXWXUH�ZRUN���

,Q�RXU�LPPHGLDWH�SODQV��UHVSRQVH�WR�WKH�IHHGEDFN�ZH�JRW�
IURP�HGXFDWRUV�UHJDUGLQJ�WKH�DGDSWLYH�9/(�UHTXLUHPHQWV�ZLOO�
EH�ILUVW�DGGUHVVHG��)RU�H[DPSOH��LW�ZDV�SRLQWHG�RXW�WKDW�IXUWKHU�
LPSURYHPHQW� FRXOG� EH� DFKLHYHG� WKURXJK� FROOHFWLQJ� PRUH�
OHDUQLQJ�DQDO\WLFV�GDWD�DQG�QRW�RQO\�IURP�WKH�9/(��VXFK�DV�
GDWD� IURP� WKH� UHJLVWUDWLRQ� SURFHVV�� RU� IHHGEDFN� VXUYH\��
GHPRJUDSKLF�LQIRUPDWLRQ�VXFK�DV�DJH��JHQGHU��VWXG\�EHKDYLRU�
VXFK�DV�VWXG\�SODFH��QRWH�WDNLQJ�EHKDYLRU��RU�UHYLHZ�EHKDYLRU��
DQG�RWKHU�UHOHYDQW�IHDWXUHV��&RQVHTXHQWO\��RXU�QH[W�SODQ�LV�WR�
IXOO\�LQWHJUDWH�WKH�ZHND�OLEUDU\�IXQFWLRQV�LQ�WKH�'6/�DQG�DGG�
H[WHUQDO�GDWD�VRXUFHV�WKDW�ZHUH�LGHQWLILHG�IURP�WKH�IHHGEDFN���

7KH� ORQJ�WHUP�SODQ� RI� WKLV� UHVHDUFK� LV� WR� FUHDWH� D� QHZ�
ODQJXDJH�IRU�GHYHORSLQJ�³DXWRQRPLF´�9/(V�WKDW�ZLOO�EH�DEOH�
WR� DGDSW� DXWRPDWLFDOO\� XVLQJ� GDWD� VFLHQFH� DOJRULWKPV� IRU�
SURFHVVLQJ� WKH� OHDUQLQJ� DQDO\WLFV�� 7KLV� ZLOO� VWLOO� LQYROYH�
KXPDQ�LQWHUDFWLRQ�DQG�WKH�ILQDO�DQG�FULWLFDO�GHFLVLRQV�ZLOO�VWLOO�
EH�OHIW�IRU�WKH�HGXFDWRUV�ZKLFK�DUH�WKH�GRPDLQ�H[SHUWV�RQ�WKLV�
DSSOLFDWLRQ�DUHD��7KH�QHZ�ODQJXDJH�ZLOO�IRFXV�RQ�SURYLGLQJ�
WKH�XVHUV�ZLWK�LQWHUIDFHV�HGLWRUV�WKDW� IRFXV�RQ�WKH�SDUWLFXODU�
GRPDLQ� DQG� DOO� RWKHU� LPSOHPHQWDWLRQ�GHWDLOV� DQG� WRROLQJ� LV�
KLGGHQ� XQGHUQHDWK� DQG� SURYLGHG� E\� WKH� '6/�� 7KHVH�
LPSOHPHQWDWLRQ� GHWDLOV�WRROLQJ� LQFOXGH� ZHE� LQWHUIDFH�
LPSOHPHQWDWLRQ�GHWDLOV��FDOOLQJ�RI�GDWD�VFLHQFH�DOJRULWKPV�IRU�
WKH� OHDUQLQJ� DQDO\WLFV� GDWD� FROOHFWHG� DQG� VHOHFWLQJ� WKH� EHVW�
DOJRULWKP�IRU� WKH�FRUUHVSRQGLQJ�GDWD��DXWRPDWHG�DGDSWDWLRQ�
RI�WKH�LQGLYLGXDO�OHDUQLQJ�SDWK�DFFRUGLQJ�WR�DFKLHYHPHQW��HWF��
7KH� QHZ� ODQJXDJH� GHYHORSHG� ZLOO� HQDEOH� HGXFDWRUV� RI� DOO�
GLVFLSOLQHV� WR� IRFXV� RQ� WKHLU� HGXFDWLRQ� GRPDLQ� LVVXHV� DQG�
WDLORU�WKH�GHVLJQ�RI�DGDSWLYH�9/(�WR�WKHLU�QHHGV��7KH�IRFXV�RQ�
WKH�GRPDLQ�LV�D�JHQHUDO�DQG�YHU\�SRZHUIXO�UHVHDUFK�GLUHFWLRQ�
DQG� FDQ� EH� H[WHQGHG� WR� VHYHUDO� DSSOLFDWLRQ� DUHDV� EH\RQG�
HGXFDWLRQ� VXFK� DV� VPDUW� FLWLHV� DQG� ,R7�� KHDOWK� LQIRUPDWLRQ�
V\VWHPV��HWF��7KHUHIRUH��ZH�SODQ� WR�H[SDQG� WKLV� UHVHDUFK� LQ�
PRUH� DSSOLFDWLRQ� DUHDV� DV� DQ� HQDEOHU� WRZDUGV� WKH� QH[W�
JHQHUDWLRQ�FRPSXWLQJ�DSSOLFDWLRQV�RI�WKH�IXWXUH���

$&.12:/('*0(17

:H�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�KHOS�RI�9DFODY�3HFK�IURP�
036� -HWEUDLQV� WKDW� DVVLVWHG� XV� LQ� WKH� ILQDO� LPSOHPHQWDWLRQ�
VWDJHV� RI� WKH� '6/� GHYHORSPHQW� DQG� %ULWLVK�
7HOHFRPPXQLFDWLRQV� �%7�� GDWD� VFLHQFH� GHSDUWPHQW� IRU� LQ�
NLQG�DQG�ILQDQFLDO�VXSSRUW�IRU�WKLV�UHVHDUFK��

5()(5(1&(6�

>�@ 6�� *UHHQ�� /�� 1DFKHYD�6NRSDOLN� DQG� (�� 3HDUVRQ�� �$Q� DGDSWDEOH�
SHUVRQDO� OHDUQLQJ� HQYLURQPHQW� IRU� H�OHDUQLQJ� DQG� H�DVVHVVPHQW��� LQ�
&RPS6\V7HFK
���3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
&RPSXWHU� 6\VWHPV� DQG� 7HFKQRORJLHV� DQG� :RUNVKRS� IRU� 3K'�
6WXGHQWV�LQ�&RPSXWLQJ��*DEURYR��%XOJDULD���������

>�@ 6�� 2QJ� DQG� ,�� +DZU\V]NLHZ\F]�� �7RZDUGV� SHUVRQDOLVHG� DQG�
FROODERUDWLYH� OHDUQLQJ� PDQDJHPHQW� V\VWHPV��� LQ� 3URFHHGLQJV� �UG�
,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$GYDQFHG�7HFKQRORJLHV��$WKHQV��
*UHHFH���������

>�@ '��;X�DQG�0��:DQJ�� �$�FRQFHSWXDO�PRGHO� RI� SHUVRQDOL]HG�YLUWXDO�
OHDUQLQJ� HQYLURQPHQWV��� ([SHUW� 6\VWHPV� ZLWK� $SSOLFDWLRQV�� SS��
9ROXPH���������SJ������������������

>�@ '��9HUSRRUWHQ�� &��*ODKQ��0��.UDYFLN��0�� 7HUQLHU� DQG�0�� 6SHFKW��
�3HUVRQDOLVDWLRQ�RI�/HDUQLQJ�LQ�9LUWXDO�/HDUQLQJ�(QYLURQPHQWV��� LQ�
(XURSHDQ� &RQIHUHQFH� RQ� 7HFKQRORJ\� (QKDQFHG� /HDUQLQJ�� 1LFH��
)UDQFH���������

���



>�@ '��7HPSHODDU��%��5LHQWLHV�DQG�%��*LHVEHUV���,Q�VHDUFK�IRU�WKH�PRVW�
LQIRUPDWLYH� GDWD� IRU� IHHGEDFN� JHQHUDWLRQ�� /HDUQLQJ� DQDO\WLFV� LQ� D�
GDWD�ULFK�FRQWH[W���&RPSXWHUV�LQ�+XPDQ�%HKDYLRU��YRO������SS������
������������

>�@ &��&DOYHUW���'HYHORSLQJ�D�PRGHO�DQG�DSSOLFDWLRQV�IRU�SUREDELOLWLHV�RI
VWXGHQW�VXFFHVV��D�FDVH�VWXG\�RI�SUHGLFLWLYH�DQDO\WLFV���2SHQ�/HDUQLQJ��
7KH�-RXUQDO�RI�2SHQ��'LVWDQFH�DQG�H�/HDUQLQJ��YRO������QR�����SS������
������������

>�@ 5�� GH� /HPRV� DQG� HW� DO��� �6RIWZDUH� (QJLQHHULQJ� IRU� 6HOI�$GDSWLYH�
6\VWHPV�$�6HFRQG�5HVHDUFK�5RDGPDS���/HFWXUH�1RWHV�LQ�&RPSXWHU�
6FLHQFH��YRO���������������

>�@ -�� .HSKDUW� DQG�'�� &KHVV�� �7KH�9LVLRQ� RI�$XWRQRPLF� &RPSXWLQJ���
&RPSXWHU��YRO������QR�����SS����������������

>�@ 9��9HUQRQ��,PSOHPHQWLQJ�'RPDLQ�'ULYHQ�'HVLJQ��$GGLVRQ�:HVOH\��
�������

>��@ $��YDQ�'HXUVHQ��3��.OLQW�DQG�-��9LVVHU���'RPDLQ�6SHFLILF�/DQJXDJHV��
$Q�$QQRWDWHG�%LEOLRJUDSK\���6,*3/$1�1RWLFHV��YRO������SS���������
�������

>��@ 0��9RHOWHU��'6/�(QJLQHHULQJ��'HVLJQLQJ��,PSOHPHQWLQJ�DQG�8VLQJ�
'RPDLQ�6SHFLILF�/DQJXDJHV��GVOERRN�RUJ���������

>��@ �%ULJKWVSDFH� IRU� +LJKHU� (GXFDWLRQ��� '�/�� >2QOLQH@�� $YDLODEOH��
KWWSV���ZZZ�G�O�FRP�HQ�HX�KLJKHU�HGXFDWLRQ�SURGXFWV��� >$FFHVVHG�
����������@��

>��@ ,��+��:LWWHQ� DQG�)��(LEH��'DWD�0LQLQJ��3UDFWLFDO�PDFKLQH� OHDUQLQJ�
WRROV�DQG�WHFKQLTXHV��6DQ�)UDQFLVFR��0RUJDQ�.DXIPDQQ���������

>��@ -��*UXV��'DWD�6FLHQFH�IURP�6FUDWFK��6HEDVWRSRO��&$��2
5HLOO\��������

>��@ 0�� $O\�� �6XUYH\� RQ� PXOWLFODVV� FODVVLILFDWLRQ� PHWKRGV�� 7HFKQLFDO�
5HSRUW���&DOWHFK��86$��������

>��@ :��*��*UHHQH��(FRQRPHWULF�$QDO\VLV��6HYHQWK�HG����%RVWRQ��3HDUVRQ�
(GXFDWLRQ���������

>��@ '��;X� DQG�+��:DQJ�� �$� FRQFHWSXDO�PRGHO� RI� SHUVRQDOL]HG� YLUWXDO�
OHDUQLQJ�HQYLURQPHQWV���([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV���������

���


