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'HYHORSPHQW�RI�'LVWDQFH�/HDUQLQJ�6\VWHP��%DVHG�RQ�'LDORJXH�
�

$EVWUDFW²'HYHORSPHQW� DQG� LPSOHPHQWDWLRQ� RI� QHZ�
WHFKQRORJLHV�DUH�YHU\�LPSRUWDQW�LQ�HGXFDWLRQ��,QWHUQHW�FRPSXWHU�
QHWZRUN� DQG� GLVWDQFH� OHDUQLQJ� HQDEOHG� WKH� WUDQVIHU� RI� YDVW�
PXOWLPHGLD� LQIRUPDWLRQ� DQG� WKH� HGXFDWLRQ� LQGHSHQGHQW� RI� LWV�
YHQXH� DQG� WLPH�� 6WXGHQW¶V� IHHGEDFN� RI� GLVWDQFH� OHDUQLQJ� FDQ�
LPSURYH� LWV� TXDOLW\�� $� GLVWDQFH� OHDUQLQJ� V\VWHP� EDVHG� RQ� D�
GLDORJXH� HQDEOHV� WKH� DVVHVVPHQW� RI� D� VWXGHQW¶V� NQRZOHGJH��7KH�
V\VWHP�LV�EDVHG�RQ�WKH�DQDO\VLV�RI�D�VWXGHQW¶V�IHHGEDFN��UHVHDUFK�
RI�WKH�GHILQHG�VWUXFWXUH�RI�WKH�WHDFKLQJ�GRPDLQ�DQG�JHQHUDWLRQ�
RI� WKH� QHZ� OHDUQLQJ� FRQWHQWV�� ,W� IROORZV� WKH� OHDUQLQJ� SURJUHVV�
DQG� LPSURYHV� WKH� TXDOLW\� RI� NQRZOHGJH�� $� GLVWDQFH� OHDUQLQJ�
V\VWHP� LV� LPSOHPHQWHG� E\� LQWHJUDWLRQ� GDWDEDVH� DQG� :::�
WHFKQRORJLHV����

,QGH[� 7HUPV²� GDWDEDVH� PDQDJHPHQW� V\VWHP�� GLDORJXH��
GLVWDQFH�OHDUQLQJ�V\VWHP��REMHFW�RULHQWDWLRQ��:::�WHFKQRORJ\���

,�� ,1752'8&7,21�
,67$1&(� OHDUQLQJ� LV� YHU\� LPSRUWDQW� LQ� FRQWHPSRUDU\�HGXFDWLRQ�� 7KH� GHYHORSPHQW� RI� FRPPXQLFDWLRQ�WHFKQRORJLHV� DQG� HVSHFLDOO\� WKH� DSSOLFDWLRQ� RI� FRPSXWHU� LQ�FRPPXQLFDWLRQ�IDFLOLWDWHG��GDWD�WUDQVIHU�WR�JUHDW�GLVWDQFHV��,W�ZDV� IDYRUHG� IRU� GHYHORSPHQW� RI� WKH� GLVWDQFH� OHDUQLQJ�WHFKQLTXHV� WR� ZKLFK� WKH� DGYDQWDJHV� RI� HOHFWURQLF� PHGLD�DOORZHG�IDVW�DQG�UHODWLYHO\�VLPSOH�GLVWULEXWLRQ�RI�WKH�OHDUQLQJ�PDWHULDO� WR� ELJ� GLVWDQFHV�� 7KH� GHYHORSPHQW� RI�WHOHFRPPXQLFDWLRQ�DQG�FRPSXWHU�QHWZRUNV��HVSHFLDOO\�RI�WKH�,QWHUQHW�� LV�D�SRZHUIXO�EDVH�IRU�GHYHORSLQJ�GLVWDQFH�OHDUQLQJ�V\VWHPV��0DMRULW\� RI� WKH� LVVXHV� UHJDUGLQJ� GDWD�� LQIRUPDWLRQ�DQG�NQRZOHGJH�WUDQVIHU�KDYH�EHHQ�UHVROYHG��1RZ��PRVW�RI�WKH�HIIRUWV�DUH�IRFXVHG�RQ�WKH�RUJDQL]DWLRQ�RI�GLVWDQFH�HGXFDWLRQ�VR� DV� WR� LQFUHDVH� LWV� SHUIRUPDQFH�� :KHUHDV� DQ� DPRXQW� RI�PXOWLPHGLD�LQIRUPDWLRQ�FDQ�EH�WUDQVIHUUHG��WKHUH�LV�VFDUFLW\�RI�WKH�IHHGEDFN�DERXW�WKHLU�DGRSWLRQ��$�GLVWDQFH�OHDUQLQJ�V\VWHP�EDVHG� RQ� D� GLDORJXH� FDQ� LPSURYH� WKH� UHVXOWV� RI� GLVWDQFH�OHDUQLQJ�� 7KLV� ZRUN� H[SODLQV� WKH� LPSOHPHQWDWLRQ� RI� D�GLDORJXH�LQ�GLVWDQFH�OHDUQLQJ�DQG�GHYHORSPHQW�RI�D�GLDORJXH�

EDVHG� GLVWDQFH� OHDUQLQJ� V\VWHP�� 7KH� V\VWHP� LQFOXGHV� DOO�HOHPHQWV� UHOHYDQW� IRU� GLVWDQFH� OHDUQLQJ� DQG� WKRVH� WKDW�FRQWULEXWH� WR� LWV� LPSURYHPHQW�� 7KH� ODWWHU� DUH� UHODWHG� WR� WKH�SRVVLELOLW\� RI� GLVWDQFH� OHDUQLQJ� FRQWURO� DQG� LQFOXGH�PRQLWRULQJ�RI�WKH�OHDUQLQJ�SURFHVV��UHFRUGLQJ�RI�LWV�LPSRUWDQW�FKDUDFWHULVWLFV�DQG�LWV�FRUUHFWLRQV��$�EHKDYLRU�PRGHO�LV�EDVHG�RQ� FRQWLQXRXV� FRPPXQLFDWLRQ� DQG� H[FKDQJH�RI� LQIRUPDWLRQ�EHWZHHQ� WKH� SHUVRQ� OHDUQLQJ� DQG� GHOLYHULQJ� NQRZOHGJH��3HUPDQHQW�FRPPXQLFDWLRQ�DQG�H[FKDQJH�RI�LQIRUPDWLRQ�RU�D�VLPSOH�GLDORJXH�DUH�QHFHVVDU\�IRU�PRQLWRULQJ�DQG�FRUUHFWLRQ�RI� D� GLVWDQFH� OHDUQLQJ� SURFHVV�� 7KH� PDLQ� SXUSRVH� RI� WKH�V\VWHP�LV�WR�WUDQVIHU�NQRZOHGJH��PRQLWRU�WKH�OHDUQLQJ�SURFHVV�DQG� LQFUHDVH� WKH� HIIHFW� RI� GLVWDQFH� OHDUQLQJ�� 7KH� V\VWHP� LV�UHDOL]HG�E\� LQWHJUDWLRQ�RI� GDWDEDVH� DQG�:::�WHFKQRORJLHV�DV�D�G\QDPLF�:HE�DSSOLFDWLRQ��,W�FDQ�LQYROYH�PDQ\�VWXGHQWV�DQG�WHDFKHUV�LUUHVSHFWLYH�RI�LWV�YHQXH�DQG�WLPH��� %DVLF�SULQFLSOHV�RI�D�GLVWDQFH�OHDUQLQJ�PRGHO�DUH�VKRZQ�LQ�
WKH� 6HFWLRQ� ,,�� $� IRUPDO� PRGHO� GHYHORSHG� IRU� D� GLVWDQFH�
OHDUQLQJ�V\VWHP�LV�VKRZQ�LQ�WKH�6HFWLRQ�,,,��'HYHORSPHQW�RI�D�
GLDORJXH�EDVHG� GLVWDQFH� OHDUQLQJ� V\VWHP� LV� VKRZQ� LQ� WKH�
6HFWLRQ� ,9��&RQFOXVLRQ� LQ� WKH�6HFWLRQ�9� LV� IROORZHG�E\� WKH�
UHIHUHQFH�OLVW��

,,���%$6,&�35,1&,3/(6�
%DVLF�SULQFLSOHV�DUH�H[SODLQHG�E\�D�GLVWDQFH�OHDUQLQJ�PRGHO�ZLWK� WKH� IROORZLQJ� HOHPHQWV�� NQRZOHGJH� EDVH�� GHOLYHU\��OHDUQHU�� HYDOXDWLRQ�� UHFRUG� EDVH� DQG� V\VWHP� FRQWURO�� 7KH�VFKHPH�RI�VXFK�D�PRGHO�LV�VKRZQ�LQ�)LJ����>�@���� 7KH� V\VWHP� FRQWURO� XVHV� D� TXHU\� LQGH[� �GHILQHG� E\� WKH�VSHFLILF� VHOHFWLRQ� FULWHULD�� WR� SODFH� WKH� UHTXHVW� WR� WKH�NQRZOHGJH� EDVH� IRU� GDWD� IURP� WKH� OHDUQLQJ� FRQWHQWV� �WKH�PDWHULDO�ZLWK�WKH�LQIRUPDWLRQ�SUHVHQWHG�WR�WKH�VWXGHQWV�ZLWK�SXUSRVH� OHDUQLQJ� VWXGHQW��� 7KH� NQRZOHGJH� EDVH� VHQGV� WKH�ORFDWRU� LQGH[�RI� WKH� UHTXHVWHG�GDWD� IURP�NQRZOHGJH�EDVH� WR�WKH�FRQWURO�V\VWHP�E\�TXHU\�LQGH[��&RQWURO��V\VWHP��FRQWUROV�

%R]LGDU�.RYDFLF�DQG�=RUDQ�6NRFLU
�
8QLYHUVLW\�RI�5LMHND�)DFXOW\�RI�3KLORVRSK\�2PODGLQVND�����5LMHND��&URDWLD�HPDLO��ENRYDFLF#PDSHI�SHIUL�KU�
8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�&RPSXWLQJ�8QVND����=DJUHE��&URDWLD�HPDLO��]RUDQ�VNRFLU#IHU�KU��
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WUDQVIHU�OHDUQLQJ� FRQWHQWV� EHWZHHQ� NQRZOHGJH� EDVH� DQG�
FRPSXWHU�IRU�WUDQVIHU�GDWD��GHOLYHU\��XVLQJ��ORFDWRU�LQGH[�WKDW�
GHWHUPLQHV� FRPSXWHU� IRU� WUDQVPLVVLRQ� GDWD� WR� VWXGHQW��
0XOWLPHGLD�OHDUQLQJ�FRQWHQWV�LV�WUDQVIHUUHG�WR�D�VWXGHQW�ZKR�
JHQHUDWHV� UHDFWLRQ� LQ� IRUP�RI�EHKDYLRU� WKDW� LV� LPSRUWDQW� IRU�
HVWLPDWLRQ� RI� WKH� UHVXOW� RI� OHDUQLQJ� SURFHVV� DQG� HYDOXDWLRQ�
VWXGHQW¶V�NQRZOHGJH��(YDOXDWLRQ�GDWD�DUH� VHQW� WR� WKH�V\VWHP�
FRQWURO� WKDW� GHFLGHV� DERXW� WKH� DGGLWLRQDO� DFWLYLWLHV� UHTXLUHG�
IRU� WKH� OHDUQLQJ� SURFHVV�� 7KH� VWXGHQW¶V� HYDOXDWLRQ� GDWD� DUH�
DOVR� VHQW� WR� WKH� UHFRUG� EDVH� WR� XSGDWH� WKH� OHDUQLQJ� SURFHVV�
GDWD�� 7KH� UHFRUG� EDVH� VWRUHV� LPSRUWDQW� GDWD� DERXW� WKH�
FRPSOHWHG� OHDUQLQJ� SURFHVV� WKDW� DUH� WKHQ� DQDO\]HG� IRU� WKH�
LPSURYHPHQW�RI�WKH�DGGLWLRQDO� OHDUQLQJ�SURFHVV��7KH�FRQWURO�
V\VWHP� XVHV� PDQ\� VWXGHQW¶V� HYDOXDWLRQ� GDWD� DERXW� WKH�
RQJRLQJ� OHDUQLQJ� SURFHVV� DQG� WKH� UHFRUG� EDVH�� 7KH\� DUH�
QHHGHG� WR� GHILQH� WKH� VHOHFWLRQ� FULWHULD� IRU� WKH� OHDUQLQJ�
FRQWHQWV� QHFHVVDU\� IRU� SURFHVV� FRQWLQXDWLRQ�� 7KH� FRQWURO�
V\VWHP�SODFHV�YDULRXV�TXHULHV�WR�WKH�UHFRUG�EDVH�DERXW�FXUUHQW�
RU�SUHYLRXV�OHDUQLQJ�SURFHVVHV��:LWK�LWV�DQVZHUV�� WKH�V\VWHP�
FRQWURO� LQIOXHQFHV� IXUWKHU� FRXUVH� RI� OHDUQLQJ�� ,W� FKDQJHV�
IXWXUH� OHDUQLQJ� SURFHVVHV� E\� XSJUDGLQJ� WKH� NQRZOHGJH� EDVH�
WKURXJK�UHFRJQLWLRQ�RI�WKH�FRPSOHWHG�OHDUQLQJ�SURFHVVHV��7KH�
FRQWURO�V\VWHP�HQDEOHV�GLUHFW�FRPPXQLFDWLRQ�ZLWK�WKH�VWXGHQW�
ZDQWLQJ� WR� VHOHFW� WKH� OHDUQLQJ� VW\OH� �VWXG\LQJ� RI� D� QHZ�
PDWHULDO��UHIUHVKLQJ�NQRZOHGJH��H[DPLQDWLRQ��HWF����
� %DVLF�DGYDQWDJHV�RI�WKH�V\VWHP�DUH�LWV�FDSDELOLW\�WR�DQDO\]H�
D GLVWDQFH� OHDUQLQJ� SURFHVV� DQG� FKDQJH� WKH� RQJRLQJ� DQG�
IXWXUH�GLVWDQFH� OHDUQLQJ��7KH�V\VWHP�PXVW�EH�DEOH� WR� UHFRUG�
WKH�SDUDPHWHUV� WKDW�DFFXUDWHO\�HVWLPDWH�WKH�UHWDLQHG�OHDUQLQJ�
FRQWHQWV�DQG�VWRUHV�WKHP�LQ�WKH�UHFRUG�EDVH�IRU�WKH�VXEVHTXHQW�
FRQFOXVLRQV� DERXW� WKH� TXDOLW\� RI� WKH� FRPSOHWHG� GLVWDQFH�
HGXFDWLRQ�� %DVHG� RQ� WKHVH� LQIRUPDWLRQ� WKH� V\VWHP� FRQWURO�
SHUIRUPV� VHOI�HGXFDWLRQ� DQG� LPSURYHV� GLVWDQFH� OHDUQLQJ�
FRJQLWLRQ��'LVWDQFH�OHDUQLQJ�V\VWHP�KDV�WKH�DELOLW\�WR�H[SDQG�
WKH�NQRZOHGJH�EDVH�ZLWK�QHZ�ILQGLQJV��WKXV�LPSURYLQJ�IXWXUH�
GLVWDQFH�OHDUQLQJ�V\VWHP��LW�PD\�EH�FRQFOXGHG�WKDW�WKH�TXDOLW\�
RI�GLVWDQFH�OHDUQLQJ�SURFHVVHV�ZLOO�JUDGXDOO\�LQFUHDVH��
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,PSOHPHQWDWLRQ�RI�VXFK�D�PRGHO�VWDUWV�ZLWK�WKH�HVWLPDWLRQ�RI�WKH�OHDUQLQJ�SURFHVV�DQG�GHILQLWLRQ�RI�WKH�ZD\V�WR�FRUUHFW�DQG�LPSURYH� LW� >�@�� $OO� UHOHYDQW� HOHPHQWV� IRU� HVWLPDWLRQ� RI� WKH�OHDUQLQJ�SURFHVV�>�@�PXVW�EH�FDUHIXOO\�DQDO\]HG��7KH�QH[W�VWHS�LV� WR� FRQVLGHU� RI� SDUWLFXODULW\� WKDW� EULQJV� DFFHSWDQFH� RI�WHFKQRORJLHV� IRU� GLVWDQFH� OHDUQLQJ�� ,W� LQFOXGHV� VWRUDJH� RI�NQRZOHGJH�� LWV� GLVWULEXWLRQ� WR� VWXGHQWV�� GLVWDQFH� HVWLPDWLRQ�DQG�WKH�SRVVLELOLW\�WR�FRUUHFW�WKH�SURFHVV��� 7KH� ILUVW� VWHS� LQ� GHVLJQLQJ� D� IRUPDO� PRGHO� LV� NQRZOHGJH�GRPDLQ� SUHVHQWDWLRQ�� &RQFHSWV� DQG� WKH� UHODWLRQV� EHWZHHQ�WKHP� GHILQH� NQRZOHGJH� GRPDLQ� WKDW� HQDEOH� LWV� VWUXFWXUDO�RUJDQL]DWLRQ�� 7KH� H[SHUWV� GHILQH� WKH� FRQFHSWV� DQG� HYHU\�H[SHUW�GHILQHV�KLV�KHU�UHOHYDQW�OHDUQLQJ�PDWHULDO�WKDW�LQFOXGHV�WKH� WH[W�� SLFWXUHV�� DXGLR�� YLGHR� DQG�PXOWLPHGLD��$OVR�� HYHU\�FRQFHSW� LV� OLQNHG� WR� WKH�TXHVWLRQV�RI� WKUHH� W\SHV� �FKHFN�XS��WUDLQLQJ� DQG� H[DPLQDWLRQ��� &KHFNLQJ� XS� RI� WKH� TXHVWLRQV� LV�DLPHG�DW�GHILQLQJ�VWXGHQW¶V�DFFHSWDQFH�RI�D�FRQFHSW�WKURXJK�WZR�DQVZHUV��FRUUHFW�RU�IDOVH��$�WUDLQLQJ�TXHVWLRQ�LV�XVHG�IRU�VWXGHQW¶V�WUDLQLQJ�DQG�FKHFNLQJ�RI�WKH�DFFHSWDQFH�OHYHO�RI�WKH�OHDUQLQJ�PDWHULDO��7KH�H[DPLQDWLRQ�TXHVWLRQ�LV�DLPHG�DW�ILQDO�FKHFNLQJ�EHIRUH�WKH�H[DP��$�VWXGHQW¶V�DQVZHU�LV�UHFRUGHG�LQ�D NQRZOHGJH� PDWUL[� �)LJ�� ���� XVHG� IRU� 9LM� LQ� D� NQRZOHGJH�PDWUL[�� $� IDOVH� DQVZHU� ORZHUV� WKH� VFRUH� RI� VWXGHQW¶V�NQRZOHGJH��$�FRUUHFW�DQVZHU�RI�D�VWXGHQW�8M WR�WKH�TXHVWLRQ�DERXW� WKH� FRQFHSW� ;L UDLVHV� WKH� YDOXH� 9LM� ([SHUW� DW� WKH�EHJLQQLQJ�FDQ�GHILQH�YDOXH�IRU�HYHU\�9LM�LQ�NQRZOHGJH�PDWUL[�DV�ZHOO�DV�GXULQJ�WKH�OHDUQLQJ�SURFHVV�DFFRUGLQJ�WR�VWXGHQW¶V�NQRZOHGJH��� %\� XVLQJ� WKH� FRQFHSW¶V� VWUXFWXUH� D� VWXGHQW� FDQ� FKRRVH� D�FRQFHSW� WR� OHDUQ�� 7KH� OHDUQLQJ� PDWHULDO� LV� SUHVHQWHG� WR�KLP�KHU�DQG�D�TXHVWLRQ�WR�FKHFN�XS�HYHU\�FRQFHSW�UHODWHG�WR�WKH�OHDUQLQJ�FRQFHSW�WRR��,I�KLV�KHU�DQVZHU�WR�VRPH�FKHFN�XS�TXHVWLRQ� LV� IDOVH�� WKH� DFFHSWDQFH� RI� WKH� FRQFHSW� LV�XQVDWLVIDFWRU\� DQG�KH�VKH� LV� LQVWUXFWHG� WR� OHDUQ� LW� DIWHU�ZKDW�WKH�FKHFN�XS�TXHVWLRQV�DUH�UHSHDWHG��(YHU\�DQVZHU�LV�UHFRUGHG�LQ�WKH�NQRZOHGJH�PDWUL[�E\�WKH�FKDQJHG�YDOXH�RI�WKH�OHDUQHG�FRQFHSW�DQG�LW�GHILQHV�FXUUHQW�DGRSWLRQ�RI�WKH�OHDUQHG�FRQFHSWV��

)LJ�����7KH�VFKHPH�RI�D�GLVWDQFH�OHDUQLQJ�PRGHO�EDVHG�RQ�D�GLDORJXH�

'HOLYHU\��� /HDUQHU

5HFRUG�EDVH�

0XOWLPHGLD�

,QIRUPDWLRQ�
DERXW�FXUUHQW�
OHDUQLQJ�SURFHVV�

������/HVRQ��
����FRQWHQWV�

/RFDWLRQ���
��������LQGH[�

����&RQWHQW�LQGH[� &RQWURO���V\VWHP.QRZOHGJH��EDVH� 4XHU\�LQGH[� ,QIRUPDWLRQ�DERXW��
OHDUQLQJ�SURFHVV�

�1HJRWLDRWLRQ���VW\OH�

%HKDYLRXU�

(YDOXDWLRQ
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)LJ������.QRZOHGJH�PDWUL[�

7KH�OLPLW�GHQRWLQJ�VDWLVIDFWRU\�OHYHO�RI�VWXGHQW¶V�DGRSWLRQ�RI�WKH�;M�FRQFHSW�LV�GHILQHG�IRU�HYHU\�YDOXH�9LM LQ�WKH�NQRZOHGJH�PDWUL[��,I�D�VWXGHQW�UHDFKHV�LW�D�FKHFN�XS�TXHVWLRQ�LV�DYRLGHG�HYHU\�WLPH�LW�KDV�WR�EH�SUHVHQWHG�IRU�FKHFNLQJ�RI�WKH�VWXGHQW¶V�DGRSWLRQ� RI� WKH� ;M FRQFHSW�� &RQVHTXHQWO\�� D� VWXGHQW� LV�FKHFNHG�RQO\�IRU�WKH�FRQFHSWV�LQVXIILFLHQWO\�ZHOO�DGRSWHG��VR�WKDW� OHDUQLQJ� RI� WKH� ZHOO�NQRZQ� FRQFHSWV� LV� DYRLGHG� DV�XQQHFHVVDU\�� 7KH� DFKLHYHPHQW� RI� HYHU\� FRQFHSW¶V�FKDUDFWHULVWLFV�UHOHYDQW�IRU�HVWLPDWLRQ�RI�VWXGHQW¶V�NQRZOHGJH�GHILQHV�VWXGHQW¶V�VNLOOV�EHFDXVH�WKH�FRQFHSWV�WKDW�FRUUHVSRQG�WR� VWXGHQW¶V� VNLOOV� DUH� YHU\� ZHOO� DFFHSWHG�� ,W� LV�� WKHUHIRUH��SRVVLEOH�WR�GHWHUPLQH�WKH�OHYHO�RI�VWXGHQW¶V�NQRZOHGJH�DQG�LWV�VWUXFWXUH�� %\� FRPSDULQJ� VHYHUDO� VWXGHQWV¶� YDOXHV� IURP� WKH�NQRZOHGJH� PDWUL[� ZH� FDQ� DQDO\]H� WKHLU� VWUXFWXUH� DQG� WKH�RYHUDOO�TXDOLW\�RI�WKH�OHDUQLQJ�SURFHVV���� $IWHU� GHILQLQJ� WKH� FRQFHSW¶V� VWUXFWXUH� DQG� NQRZOHGJH�PDWUL[��WKH�DOJRULWKPV�IRU�SUHVHQWDWLRQ�RI�WKH�DFWLYLWLHV�GXULQJ�OHDUQLQJ� DUH� FUHDWHG� >�@�� 7KH\� GHILQH� WKH� VWHSV� IRU� WKH�DYRLGDQFH�RI���� GHILQLQJ�FRQFHSW¶V�VWUXFWXUH��� PDNLQJ�HQWULHV�WR�WKH�OHDUQLQJ�PDWHULDOV��� GHILQLQJ�FRQFHSW¶V�VHTXHQFH��� PDNLQJ��HQWULHV�WR�WKH�TXHVWLRQV��� VHOHFWLRQ�FULWHULD�IRU�H[DPLQDWLRQ��� OHDUQLQJ�SURFHVV��� UHSHDWLQJ��� H[DPLQDWLRQ��DQG�� DQDO\VLV�RI�WKH�OHDUQLQJ�UHVXOWV���
� $IWHU� WKDW� WKH� REMHFW� PRGHO� IRU� D� GLDORJXH�EDVHG� GLVWDQFH�OHDUQLQJ�V\VWHP�LV�FUHDWHG�DQG�WKH�80/�µXVH�FDVH¶�GLDJUDP��80/�FODVV�GLDJUDP�DQG�80/�VWDWH�GLDJUDP�XVHG��7KH�80/�REMHFW�PHWKRG�LV�XVHG�WR�GHILQH�WKH�REMHFW�PRGHO��7KH�80/�µXVH� FDVH¶� GLDJUDP� GHILQHV� WKH� V\VWHP� DFWRUV� DQG� WKHLU�LQWHUDFWLRQ� DQG� SURFHVVHV� IRU� GDWD� H[FKDQJH��7KH� DFWRUV� DUH�WKH� VWXGHQW�� WHDFKHU�� GDWDEDVH� DGPLQLVWUDWRU�� GDWDEDVH� DQG�H[WHUQDO� GDWDEDVH�� 'XULQJ� OHDUQLQJ� WKH� VWXGHQW� DQG� WHDFKHUV�XVH�GDWDEDVH�DQG�H[WHUQDO�GDWDEDVH���7KH� 80/� FODVV� GLDJUDP� DQG� 80/� VWDWH� GLDJUDP� GHILQH�HYHU\� SURFHVV�EHWZHHQ� WKH� DFWRUV� LQ� WKH� µXVH�FDVH¶�GLDJUDP��7KH� 80/� VWDWH� GLDJUDPV� H[SODLQ� FKDQJLQJ� RI� WKH� REMHFW¶V�VWDWH� GXULQJ� OHDUQLQJ�� 7KH� 80/� FODVV� GLDJUDPV� GHILQH� WKH�FODVVHV�DQG�UHODWLRQV�EHWZHHQ�WKHP��(YHU\�FODVV�LV�GHILQHG�E\�WKH�DWWULEXWHV�DQG�RSHUDWLRQV���7KH�IRUPDO�PRGHO�RI�D�GLVWDQFH�OHDUQLQJ�V\VWHP�EDVHG�RQ�D�GLDORJXH�FRPSULVHV�WKH�IROORZLQJ�80/�GLDJUDPV��

� GHILQLQJ�UHODWLRQV�EHWZHHQ�WKH�FRQFHSWV��� FRQQHFWLQJ��TXHVWLRQV�ZLWK�FRQFHSWV��� FRQQHFWLQJ�OHDUQLQJ�PDWHULDOV�ZLWK�FRQFHSWV��� GHILQLQJ�FRQFHSWV�VHTXHQFH��� VHOHFWLQJ�H[DPLQDWLRQ�FULWHULD��� OHDUQLQJ�SURFHVV��� UHSHDWLQJ��� H[DPLQDWLRQ��� DQDO\VLV�RI�WKH�OHDUQLQJ�UHVXOWV��
� 7KLV�SDSHU�SUHVHQWV�WKH�PRVW�LPSRUWDQW�80/�FODVV�GLDJUDP�IRU�SHUIRUPLQJ� D�GLDORJXH� �)LJ������7KH�80/�FODVV�GLDJUDP�RI� OHDUQLQJ� KDV� WKH� IROORZLQJ� FODVVHV�� 6WXGHQW�� /HDUQLQJ��&RQFHSW�� /HDUQLQJ&RQFHSW�� 4XHVWLRQ�� 5HIHUHQFHG&RQFHSW��/HDUQLQJ&RQFHSW4XHVWLRQ� DQG� .QRZOHGJH�� 7KH� FODVV�DWWULEXWHV� DUH� SUHVHQWHG� LQ� )LJ� ��� EXW� QRW� WKH� FODVVH¶V�RSHUDWLRQV� EHFDXVH�RI� WKH�GLDJUDP¶V� HOLJLELOLW\��2QH�VWXGHQW�SHUIRUPV� RQH� RU� PRUH� OHDUQLQJ�� ZKHUHDV� OHDUQLQJ� FDQ� EH�SHUIRUPHG�E\�RQH�VWXGHQW��7KH�FRQFHSW�VHOHFWHG�IRU�OHDUQLQJ�LV�SUHVHQWHG�E\�WKH�FODVV�/HDUQLQJ&RQFHSW��7KH�UHODWHG�&ODVV�&RQFHSW� KDV� WKH� UHFXUVLYH� ELQDU\� DVVRFLDWLRQ� EHFDXVH� HYHU\�FRQFHSW� FDQ� EH� FRQQHFWHG�ZLWKRXW� RU� ZLWK� VHYHUDO� FRQFHSWV�WKDW�HQDEOH�GHILQLQJ�RI�WKH�FRQFHSW¶V�VWUXFWXUH��7KH�TXHVWLRQ�LQFOXGHG�LQ�OHDUQLQJ�RI�D�VHOHFWHG�FRQFHSW�LV�SUHVHQWHG�E\�WKH�FODVV� /HDUQLQJ&RQFHSW4XHVWLRQ� DQG� FRQQHFWHG� ZLWK� WKH�/HDUQLQJ&RQFHSW� DQG� 4XHVWLRQ�� 7KH� FODVV�5HIHUHQFHG&RQFHSW� SUHVHQWV� WKH� FRQFHSWV� UHIHUHQFHG� WR� WKH�VHOHFWHG� OHDUQLQJ� FRQFHSW� GHULYHG� IURP� WKH� FRQFHSW¶V�VWUXFWXUH�� VR� WKDW� WKH� 5HIHUDQFHG&RQFHSW� LV� FRQQHFWHG�ZLWK�WKH� FODVV� /HDUQLQJ&RQFHSW� DQG� &RQFHSW�� (YHU\� UHIHUHQFHG�FRQFHSW� LV� FKHFNHG� GXULQJ� OHDUQLQJ�� VR� WKH�5HIHUHQFHG&RQFHSW�LV�FRQQHFWHG�ZLWK�WKH�FODVV�4XHVWLRQ��7KH�FODVV� .QRZOHGJH� UHSUHVHQWV� WKH� UHFRUG� RI� WKH� NQRZOHGJH�PDWUL[��)LJ������,W�FRQQHFWV�WKH�VWXGHQWV�ZLWK�WKH�FRQFHSWV�DQG�FRQWDLQV� WKH� YDULDEOH� 9LM� IRU� UHFRUGLQJ� D� FKDQJH� LQ� WKH�VWXGHQW¶V�NQRZOHGJH��7KH�FODVVHV�/HDUQLQJ&RQFHSW4XHHVWLRQ�DQG� 5HIHUDQFHG&RQFHSW� FKDQJH� WKH� YDOXH� RI� D� YDULDEOH� 9LM�EHFDXVH� WKHLU� DWWULEXWHV� FRQWDLQ� WKH� LQIRUPDWLRQ� DERXW� WKH�FRUUHFWQHVV� RI� VWXGHQW¶V� DQVZHUV�� 7KH� SUHVHQWHG�80/� FODVV�GLDJUDP� GHILQHV� WKH� FODVVHV� LQFOXGHG� LQ� OHDUQLQJ�� WKHLU�UHODWLRQV� DQG� DWWULEXWHV� IRU� WKH� VWRUDJH� RI� DOO� UHOHYDQW� GDWD�DERXW� OHDUQLQJ�� $QDO\WLFDO� UHVXOWV� RI� OHDUQLQJ� DUH� REWDLQHG�IURP�WKH�GDWD�UHFRUGHG�GXULQJ�OHDUQLQJ�LQ�WKH�FODVV�DWWULEXWHV��7KH�80/�µXVH�FDVH¶�GLDJUDP�DQG�80/�FODVV�GLDJUDPV�ZLWK�WKH�80/�VWDWH�GLDJUDPV�SUHVHQW�D�IRUPDO�PRGHO�RI�D�GLVWDQFH�OHDUQLQJ�V\VWHP�EDVHG�RQ�D�GLDORJXH���

,9��,03/(0(17$7,21�2)�',67$1&(�/($51,1*�
6<67(0�%$6('�21�',$/2*8(�

)XUWKHU�GHYHORSPHQW�RI�D�GLDORJXH�EDVHG�GLVWDQFH�OHDUQLQJ�V\VWHP� UHOLHV� RQ� WKH� PRGHO� VKRZQ� LQ� )LJ�� ��� DQG� D� IRUPDO�PRGHO�� $� GLVWDQFH� OHDUQLQJ� V\VWHP� EDVHG� RQ� D� GLDORJXH� LV�UHDOL]HG� DV� WKH� :::� DSSOLFDWLRQ� EDVHG� RQ� LQWHJUDWLRQ� RI�GDWDEDVH� DQG�:::�WHFKQRORJLHV��7KH�V\VWHP�GHYHORSPHQW�XVHV� D� WKUHH�WLHU� VWUXFWXUH� VKRZQ� LQ� )LJ�� ��� 7KH� V\VWHP�FRQQHFWV� WKH� HQG� XVHU� �D� VWXGHQW�RU� D� WHDFKHU��ZLWK� WKH�GDWD�IURP� GDWDEDVH� E\� WKH� PLGGOH� WLHU� SUHVHQWHG� E\� WKH� :(%�VHUYHU�� ,PSOHPHQWDWLRQ� RI� D� GLVWDQFH� OHDUQLQJ� V\VWHP� EDVHG�RQ�D�GLDORJXH�LV�UHDOL]HG�E\���
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� �����LPSOHPHQWDWLRQ�RI�WKH��REMHFW��PRGHO��GDWD��E\��XVLQJ��� 25'%06�25$&/(���� GHVLJQ�RI�D�G\QDPLF�:HE�DSSOLFDWLRQ��� �����GDWD�HQWU\��DQG�WHVWLQJ�RI�WKH�V\VWHP¶V�EHKDYLRU���7KH� REMHFW� PRGHO� LV� LPSOHPHQWHG� E\� WKH� REMHFW�UHODWLRQDO�DSSURDFK�XVLQJ�WKH�UHODWLRQDO�PRGHO�GDWD�ZLWK�WKH�REMHFW�YLHZ�>��DQG��@��7KH�UHOHYDQW� WDEOHV�DUH�GHILQHG�� WKHQ�REMHFW� W\SHV�

DQG� ILQDOO\� REMHFW� YLHZ� RI� WKH� WDEOHV� EDVHG� RQ� WKH� REMHFW�W\SHV�� 7KH� GHVLJQ� RI� WKH� UHOHYDQW� GDWD� DQG� REMHFW� W\SHV� LV�GHILQHG�IURP�WKH�80/�FODVV�GLDJUDP��1H[W�VWHS�LQ�WKH�V\VWHP�LPSOHPHQWDWLRQ�LV�WKH�GHVLJQ�RI�D�G\QDPLF�:(%�DSSOLFDWLRQ�>��� �� DQG� �@�� 7KH� -63� WHFKQRORJLHV� DUH� DSSOLHG� WR� GHVLJQ� D�G\QDPLF� :(%� DSSOLFDWLRQ�� 7KH� -63� SDJHV� SUHVHQW� WKH�H[WHQVLRQ�RI�+70/�SDJHV�ZLWK�D�SDUW�RI�-$9$�FRGH��$�XVHU�
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VHQGV�D�TXHU\� WR� WKH�:(%�VHUYHU� WKDW� UHFHLYHV�DQG�DQDO\VHV�LQTXLU\� DQG� JHQHUDWH� UHVSRQVH� LQ� WKH� IRUP� RI� WKH� QHZ�JHQHUDWHG�-63�SDJHV�� �-$9$�FODVVHV�DUH�VWRUHG�RQ�WKH�:(%�VHUYHU�WR�SURFHVV�WKH�GDWD�GHILQHG�E\�WKH�XVHU¶V�TXHU\�DQG�WR�UHDOL]H� WKHP�� -$9$� FODVVHV�� ZKLFK� FRPPXQLFDWH� ZLWK� -63�SDJHV�� UHFHLYH� WKH� XVHU¶V� GDWD� DQG� FDOO� SURFHGXUH� LQ� RWKHU�-$9$� IRU� LPSOHPHQWDWLRQ� 64/� TXHU\� DQG� FRPPXQLFDWLRQ�ZLWK� GDWDEDVH� VHUYHU�� � '\QDPLF� :(%� DSSOLFDWLRQ� HQDEOHV�XVHU¶V� FRQQHFWLRQ� ZLWK� GDWDEDVH�� HQWU\� LQWR� WKH� OHDUQLQJ�PDWHULDOV�� GDWD� VHOHFWLRQ� QHHGHG� WR� SHUIRUP� WKH� SURFHVVHV�GXULQJ� OHDUQLQJ� DQG� WKH� DQDO\VLV� RI� WKH� OHDUQLQJ� UHVXOWV��'\QDPLF� :(%� DSSOLFDWLRQ� VWRUHV� DOO� UHOHYDQW� GDWD� DERXW�SHUIRUPHG� OHDUQLQJ�� FUHDWLQJ� WKH� EDVLV� IRU� HYDOXDWLRQ� RI� WKH�OHDUQLQJ�TXDQWLW\�DQG�TXDOLW\�SDUDPHWHU��-63�SDJHV�DQG�-$9$�FODVVHV�SUHVHQW�LPSOHPHQWDWLRQ�RI�WKH�DOJRULWKPV�VKRZLQJ�WKH�DFWLYLWLHV� GXULQJ� OHDUQLQJ�� $� G\QDPLF� :(%� DSSOLFDWLRQ�HQDEOHV�PDQ\�XVHUV�WR�FDUU\�RXW�OHDUQLQJ�LQGHSHQGHQWO\�RI�WKH�YHQXH�DQG� WLPH��$�GLDORJXH� LQ�D�GLVWDQFH� OHDUQLQJ�V\VWHP�LV�UHDOL]HG� E\� WKH� EHKDYLRU� RI� D� G\QDPLF� :(%� DSSOLFDWLRQ��:(%� DSSOLFDWLRQ� SHUIRUPV� WKH� XVHU
V� TXHULHV�� DQDO\]HV� WKH�NQRZOHGJH� EDVH� LPSOHPHQWHG� E\� GDWDEDVH� DQG� H[WUDFWV� WKH�GDWD�QHHGHG�IRU�FRQWLQXDWLRQ�RI�OHDUQLQJ���
9��&21&/86,21�

7KLV�ZRUN�GHVFULEHV�WKH�GHYHORSPHQW�RI�D�GLVWDQFH�OHDUQLQJ�V\VWHP�EDVHG� RQ� D� GLDORJXH��$�GLDORJXH� LV� UHDOL]HG� WKURXJK�FRQWLQXRXV� FRPPXQLFDWLRQ� DQG� H[FKDQJH� RI� LQIRUPDWLRQ�EHWZHHQ�WKH�OHDUQHU�DQG�D�GLVWDQFH�OHDUQLQJ�V\VWHP��,W�HQDEOHV�PRQLWRULQJ� DQG� FRUUHFWLRQ� RI� WKH� HGXFDWLRQDO� SURFHVV��$QDO\VLV� RI� OHDUQHU� SURFHVV� GHILQHG� DFWRUV�� WKHLU� LQWHUDFWLRQ�DQG� SDUDPHWHUV� IRU� HVWLPDWLRQ� RI� OHDUQLQJ� SURFHVV� VXFFHVV������5HDFKHG�FRPSUHKHQVLRQV�DUH�XVHG�LQ�GHYHORSPHQW�RI�0RGHO�IRU���D���GLDORJXH�±EDVHG����GLVWDQFH�����OHDUQLQJ����V\VWHP���7KH�

SUHVHQWHG� GHYHORSPHQW� OHYHO� RI� WKH� LQIRUPDWLRQ� V\VWHP�GHWHUPLQHV�WKH�REMHFW�RULHQWHG�DSSURDFK�DV�WKH�PRVW�VXLWDEOH�IRU�GHYHORSLQJ�D�GLDORJXH�EDVHG�GLVWDQFH�OHDUQLQJ�V\VWHP��$�µXVH�FDVH¶�GLDJUDP��FODVV�GLDJUDP�DQG�VWDWH�GLDJUDP�EDVHG�RQ�WKH� 80/� QRWDWLRQ�� GHILQHV� D� IRUPDO� PRGHO� RI� D� GLDORJXH�EDVHG� GLVWDQFH� OHDUQLQJ� V\VWHP�� 7KH� LQIRUPDWLRQ� V\VWHP� LV�LPSOHPHQWHG� ZLWK� WKH� XVH� RI� WKH� REMHFW�UHODWLRQDO� GDWDEDVH�25'%06�25$&/(��� DQG�-63� WHFKQRORJ\� IRU�JHQHUDWLQJ� D�G\QDPLF�:HE�DSSOLFDWLRQ��7KH�V\VWHP�LV�YHULILHG�E\�VWRUDJH�RI� WKH� GDWD� DERXW� WKH� OHDUQLQJ� SURFHVV� DQG� WHVWLQJ� RI� WKH�V\VWHP¶V� EHKDYLRU�� $� GLDORJXH�EDVHG� GLVWDQFH� OHDUQLQJ�V\VWHP�LV�D�PRGHUQ�WRRO�LQ�HGXFDWLRQDO�SURFHVV�WKDW�LPSURYHV�WKH�TXDOLW\�RI�GLVWDQFH�OHDUQLQJ��
5()(5(1&(6�

>�@� KWWS���OWVF�LHHH�RUJ�SSW�OWVDBRYHUYLHZ��
>�@� ,�� /DYUQMD�� ³&KDSWHUV� IURP� GLGDFWLFV´� �LQ� &URDWLDQ��� )DFXOW\� RI�

3KLORVSRI\��5LMHND���������
>�@� %��.RYDFLF��³'LVWDQFH�OHDUQLQJ�PRGHO�EDVHG�RQ�GLDORJXH´��3URFHHGLQJV�

RI� WKH� ,QWHUQDWLRQDO� &RQYHQWLRQ� 0,352� ������ VHFWLRQ� &(�� 5LMHND���
&URDWLD����������SS��������

>�@� %��.RYDFLF��=��6NRFLU��³)RUPDO�0RGHO� IRU�'LVWDQFH�/HDUQLQJ�6\VWHP�
%DVHG� RQ� 'LDORJXH³�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH�
,&7������9ROXPH����%XNXUHãW��SS�����������-XO\�������

>�@� 9��9LDQX�� 5�+XOO�� 6�� $ELWHERXO�� ³)RXQGDWLRQ� RI� GDWDEDVHV´�� $GGLVRQ�
:HVOH\���������

>�@� �0�� 9DUJD�� 0�� � 3DYOLF�� 9�� � 6WUDKRQMD�� ³'HVLJQLQJ� RI� LQIRUPDWLRQ�
V\VWHPV´��LQ�&URDWLDQ����,1$�,1)2��=DJUHE���������

>�@� &��&KRX�� ³&RQVWUXFWLQJ� D�&RPSXWHU�$VVLVWHG� �7HVWLQJ� DQG�(YDOXDWLRQ�
V\VWHP� RQ� WKH� :LGH� � :LGH� :HE� ±� 7KH� &$7(6� ([SHULHQFH´�� ,(((���������
7UDQVDFWLRQ�RQ�(GXFDWLRQ��YRO������QR�����SS�������������������

>�@� 6�&�� <DQJ�� ³,QIRUPDWLRQ� 'LVSOD\� ,QWHUIDFH� LQ� +\SHUPHGLD� GHVLJQ´��
,(((�7UDQVDFWLRQ�RQ��(GXFDWLRQ��YRO������QR�����SS�����������������

>�@� %�� .RYDFLF�� ³$SSOLFDWLRQ� RI� GLDORJXH� UHDOL]HG� E\� GLVWDQFH� OHDUQLQJ�
V\VWHP� EDVHG� RQ� GLDORJXH´�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO������
&RQYHQWLRQ���0,352��������VHFWLRQ�&(��5LMHND��&URDWLD��0D\�������
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