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���,1752'8&7,21��
'LVWDQFH� OHDUQLQJ� LV� YHU\� YDOXDEOH� LQ� FRQWHPSRUDU\�

HGXFDWLRQ��'HYHORSPHQW�RI� FRPPXQLFDWLRQ� WHFKQRORJLHV� DQG�
HVSHFLDOO\�WKH�XVH�RI�FRPSXWHUV�LQ�FRPPXQLFDWLRQ��HVSHFLDOO\�
,QWHUQHW��IDFLOLWDWHG�GDWD�WUDQVIHU�WR�JUHDW�GLVWDQFHV��7KH\�ZHUH�
SRZHUIXOO� JURXQGV� IRU� WKH� GHYHORSPHQW� RI� GLVWDQFH� OHDUQLQJ�
WHFKQLTXHV��7KH� DGYDQWDJHV�RI� HOHFWURQLF�PHGLD� HQDEOHG� IDVW�
DQG� UHODWLYHO\� VLPSOH� GLVWULEXWLRQ� RI� WKH� OHDUQLQJ�PDWHULDO� WR�
JUHDW�GLVWDQFHV�ZLWKLQ�D�VKRUW�SHULRG�RI�WLPH��0DMRULW\�RI�WKH�
LVVXHV�UHJDUGLQJ�GDWD��LQIRUPDWLRQ�DQG�NQRZOHGJH�WUDQVIHU�KDV�
EHHQ� UHVROYHG��&XUUHQWO\��PRVW� RI� WKH� HIIRUWV� DUH� IRFXVHG�RQ�
WKH� RUJDQL]DWLRQ� RI� GLVWDQFH� HGXFDWLRQ� VR� DV� WR� LQFUHDVH� LWV�
SHUIRUPDQFH� >�@�� 'LVWDQFH� OHDUQLQJ� V\VWHP� EDVHG� RQ� D�
GLDORJXH� �'/6%'��FDQ� LPSURYH� WKH�UHVXOWV�RI�VXFK� OHDUQLQJ��
&RPSOH[LW\� RI� WKLV� V\VWHP� GHWHUPLQHV� WKH� REMHFW�RULHQWHG�
DSSURDFK� LQ�GHYHORSPHQW��7KLV�SDSHU�H[SODLQV�WKH�XVH�RI�WKH�
REMHFW� RULHQWHG�PHWKRG�80/� LQ�GHVLJQLQJ�RI� WKH�FRQFHSWXDO�
PRGHO� IRU�'/6%'��7KH�80/�µXVH�FDVH¶��SDFNDJH��FODVV�DQG�
VWDWH� GLDJUDPV� GHILQH� WKH� FRQFHSWXDO� PRGHO� DQG� H[SODLQ�
LPSOHPHQWDWLRQ� RI� D� GLDORJXH� LQ� GLVWDQFH� OHDUQLQJ�� 7KH�
GLDJUDPV� LQFOXGH� DOO� HOHPHQWV� UHOHYDQW� IRU� GLVWDQFH� OHDUQLQJ�
DQG� DOO� HOHPHQWV� WKDW� FRQWULEXWH� WR� LWV� LPSURYHPHQW�� 7KH�
HOHPHQWV�IRU�GLVWDQFH�OHDUQLQJ�LPSURYHPHQW�UHODWH�WR�GLVWDQFH�
OHDUQLQJ� FRQWURO�� ZKLFK� LQFOXGHV� PRQLWRULQJ� RI� WKH� OHDUQLQJ�

SURFHVV�� UHFRUGLQJ� RI� LPSRUWDQW� SURFHVV� FKDUDFWHULVWLFV�� DQG�
SURFHVV� FRUUHFWLRQV�� 7KH� GLDJUDPV� LQFOXGH� WKH� HOHPHQWV�
QHFHVVDU\� IRU� UHDOL]DWLRQ� RI� V\VWHP¶V� EHKDYLRU� EDVHG� RQ�
FRQWLQXRXV� FRPPXQLFDWLRQ� DQG� H[FKDQJH� RI� LQIRUPDWLRQ�
EHWZHHQ�WKH�VWXGHQWV�DQG�WHDFKHUV��3HUPDQHQW�FRPPXQLFDWLRQ�
DQG� H[FKDQJH� RI� LQIRUPDWLRQ� RU� D� VLPSOH� GLDORJXH� DUH�
QHFHVVDU\�IRU�PRQLWRULQJ�DQG�FRUUHFWLRQ�RI�D�GLVWDQFH�OHDUQLQJ�
SURFHVV��0DLQ�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��� 'LVWDQFH� OHDUQLQJ� PRGHO� H[SODLQV� EDVLF� SULQFLSOHV� >�����@��
,WV� HOHPHQWV� DUH�� NQRZOHGJH� EDVH�� GHOLYHU\�� OHDUQHU��
HYDOXDWLRQ��UHFRUG�EDVH�DQG�V\VWHP�FRQWURO����
� 7KH� V\VWHP� FRQWURO� HPSOR\V� D� TXHU\� LQGH[� �GHILQHG� E\�
VSHFLILF� VHOHFWLRQ� FULWHULD�� WR� GHOLYHU� D� UHTXHVW� WR�NQRZOHGJH�
EDVH� LQFOXGHG� LQ� WKH� OHDUQLQJ� FRQWHQWV� �PDWHULDO� ZLWK�
LQIRUPDWLRQ� SUHVHQWHG� WR� WKH� VWXGHQW��� 7KURXJK� WKH� TXHU\�
LQGH[��NQRZOHGJH�EDVH�VHQGV�D�ORFDWRU�LQGH[�RI�WKH�UHTXHVWHG�
GDWD�LQ�NQRZOHGJH�EDVH�WR�FRQWURO�V\VWHP��7KH�FRQWURO�V\VWHP�
FRQWUROV� WKH� WUDQVIHU� RI� WKH� OHDUQLQJ� FRQWHQWV� EHWZHHQ�
NQRZOHGJH� EDVH� DQG� FRPSXWHU� IRU� GDWD� WUDQVIHU�� /HDUQLQJ�
FRQWHQWV� DUH� WUDQVIHUUHG� WR� WKH� VWXGHQW� ZKR� JHQHUDWHV� WKH�
UHDFWLRQ� LQ� WKH�IRUP�RI�EHKDYLRU�� LPSRUWDQW� IRU�HYDOXDWLRQ�RI�
WKH� OHDUQLQJ�SURFHVV�DQG�DSSUDLVDO�RI� WKH�VWXGHQW��(YDOXDWLRQ�
GDWD� DUH� VHQW� WR� WKH� V\VWHP� FRQWURO� WKDW� GHFLGHV� DERXW�
DGGLWLRQDO� DFWLYLWLHV� QHFHVVDU\� WR� DFFRPSOLVK� WKH� OHDUQLQJ�
SURFHVV��7KH�VWXGHQW�DSSUDLVDO�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��7KH�FRQWURO�V\VWHP�XVHV�PDQ\�VWXGHQW�DSSUDLVDO�GDWD�
UHODWHG� WR� 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�DQG�SUHYLRXV�OHDUQLQJ�SURFHVVHV��:LWK�LWV�DQVZHUV�WKH�



V\VWHP�FRQWURO� LQIOXHQFHV� IXUWKHU� OHDUQLQJ�FRXUVH�� ,W� FKDQJHV�
IXWXUH� OHDUQLQJ� SURFHVVHV� E\� XSJUDGLQJ� NQRZOHGJH� EDVH�
WKURXJK�UHFRJQLWLRQ�RI�WKH�FRPSOHWHG�OHDUQLQJ�SURFHVVHV���
� %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�
FRQWHQWV� DQG� VWRUH� WKHP� LQ� WKH� UHFRUG� EDVH� IRU� 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��
� 5HTXLUHPHQWV� DQG� DOJRULWKPV� IRU� '/6%'� DUH� VKRZQ� LQ�
6HFWLRQ�,,��&RQFHSWXDO�PRGHO�IRU�'/6%'�LV�VKRZQ�LQ�6HFWLRQ�
,,,�� ,PSOHPHQWDWLRQ� RI� '/6%'� LV� VKRZQ� LQ� 6HFWLRQ� ,9��
&RQFOXVLRQ�LQ�6HFWLRQ�9�LV�IROORZHG�E\�WKH�UHIHUHQFH�OLVW��
�
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,PSOHPHQWDWLRQ�RI� VXFK� D�PRGHO� VWDUWV�ZLWK� WKH�HVWLPDWH�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�SDUWLFXODULW\�UHODWHG�WR�DFFHSWDQFH�RI�WHFKQRORJLHV�
IRU� GLVWDQFH� OHDUQLQJ�� ,W� LQFOXGHV� VWRUDJH� RI� NQRZOHGJH�� LWV�
GLVWULEXWLRQ� WR� VWXGHQWV�� GLVWDQFH� HVWLPDWH�DQG� WKH�SRVVLELOLW\�
WR�FRUUHFW�WKH�SURFHVV��
� 7KH�ILUVW�VWHS�LQ�GHVLJQLQJ�RI�'/6%'�LV�GHILQLQJ�NQRZOHGJH�
GRPDLQ�SUHVHQWDWLRQ�>�@��7KH�FRQFHSWV�DQG�UHODWLRQV�EHWZHHQ�
WKHP� GHILQH� NQRZOHGJH� GRPDLQ� WKDW� HQDEOHV� LWV� VWUXFWXUDO�
RUJDQL]DWLRQ�� 7KH� H[SHUWV� GHILQH� WKH� FRQFHSWV� DQG� HYHU\�
H[SHUW� GHILQHV� KLV�KHU� UHOHYDQW� OHDUQLQJ� PDWHULDO� FRPSULVLQJ�
WKH� WH[W�� SLFWXUHV�� DXGLR�� YLGHR� DQG�PXOWLPHGLD��$OVR�� HYHU\�
FRQFHSW� LV� OLQNHG� WR� WKUHH� W\SHV� RI� TXHVWLRQV� �FKHFNLQJ��
WUDLQLQJ�DQG�H[DPLQDWLRQ���&KHFNLQJ�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� DGRSWLRQ� OHYHO� RI� WKH�
OHDUQLQJ�PDWHULDO��7KH�H[DPLQDWLRQ�TXHVWLRQ�LV�DLPHG�DW�ILQDO�
FKHFN�EHIRUH�WKH�H[DP��.QRZOHGJH�PDWUL[�VWRUHV�LQIRUPDWLRQ�
DERXW� VWXGHQWV
� NQRZOHGJH� �7DEOH� ����� 0DWUL[¶V� URZV� DUH�
DVVRFLDWHG� ZLWK� VWXGHQWV� DQG� WKH� FROXPQV� ZLWK� FRQFHSWV��
,QWHUVHFWLRQ� RI� URZ� L DQG� FROXPQ� M VWRUHV� YDULDEOH� 9LM� WR�SUHVHQW� NQRZOHGJH� RI� WKH� VWXGHQW� 8L DERXW� WKH� FRQFHSW� ;M�7KH�VWXGHQW¶V��DQVZHU��LV��UHFRUGHG�LQ��WKH��NQRZOHGJH��PDWUL[�
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XVHG�IRU�9LM�LQ WKH�NQRZOHGJH�PDWUL[��)DOVH�DQVZHU�ORZHUV�WKH�
VFRUH� RI� WKH� VWXGHQW¶V� NQRZOHGJH�� &RUUHFW� DQVZHU� RI� WKH�
VWXGHQW� 8M WR� WKH� TXHVWLRQ� DERXW� WKH� FRQFHSW� ;L UDLVHV� WKH�YDOXH� 9LM� 7KH� H[SHUW� DW� WKH� EHJLQQLQJ� GHILQHV� WKH� YDOXH� RI�HYHU\�9LM�LQ�WKH�NQRZOHGJH�PDWUL[���
� %\��XVLQJ��WKH��FRQFHSW��VWUXFWXUH��D��VWXGHQW��FDQ��FKRRVH��WKH�
FRQFHSW� WR� OHDUQ�� 7KH� OHDUQLQJ� PDWHULDO� LV� SUHVHQWHG� WR��
KLP�KHU�DQG�D�TXHVWLRQ�WR�FKHFN�HYHU\�FRQFHSW�UHODWHG�WR�WKH�
OHDUQLQJ� FRQFHSW� WRR�� ,I� KLV�KHU� DQVZHU� WR� DQ\� TXHVWLRQ� LV�
IDOVH��WKH�DGRSWLRQ�RI�WKH�FRQFHSW�LV�XQVDWLVIDFWRU\�DQG�KH�VKH�
LV� LQVWUXFWHG� WR� OHDUQ� LW�� 7KHQ� 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��7KH� OLPLW�GHQRWLQJ�
VDWLVIDFWRU\�OHYHO�RI�WKH�VWXGHQW¶V�DGRSWLRQ�RI�WKH�;M�FRQFHSW�LV�GHILQHG� IRU� HYHU\� YDOXH� 9LM� LQ� WKH� NQRZOHGJH� PDWUL[�� ,I� WKH�
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\��WKH�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� WKH� VWXGHQW¶V� NQRZOHGJH� WKH� VWXGHQW¶V� VNLOOV��
EHFDXVH� WKH� FRQFHSWV� WKDW� FRUUHVSRQG� WR� WKH� VNLOOV� DUH� YHU\�
ZHOO�DGRSWHG�� ,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��
� :KHQ�FRQFHSW¶V�VWUXFWXUH�DQG�NQRZOHGJH�PDWUL[�DUH�GHILQHG��
WKH� DOJRULWKPV� IRU� SUHVHQWDWLRQ� RI� WKH� DFWLYLWLHV� GXULQJ�
OHDUQLQJ� SURFHVV� DUH� FUHDWHG� >�@�� 7KH� DOJRULWKPV� GHILQH� WKH�
VWHSV�IRU�DYRLGDQFH�RI�IXUWKHU��SURFHVVHV���

� GHILQLQJ�FRQFHSW�VWUXFWXUH��
� PDNLQJ�HQWULHV�RI�WKH�OHDUQLQJ�PDWHULDOV��
� GHILQLQJ�FRQFHSW�VHTXHQFH��
� PDNLQJ��HQWULHV�RI�TXHVWLRQV��
� VHOHFWLQJ�FULWHULD�IRU�H[DPLQDWLRQ��
� OHDUQLQJ�SURFHVV��
� UHSHDWLQJ��
� H[DPLQDWLRQ��
� DQDO\VLV�RI�WKH�OHDUQLQJ�UHVXOWV���

� 1H[W�VWHS�LQ�GHVLJQLQJ�RI�'/6%'�LV�GHILQLQJ�RI�WKH�HOHPHQWV�
DQG� WKHLU� UHODWLRQV� QHHGHG� IRU� LPSOHPHQWDWLRQ� RI� SUHYLRXV�
DOJRULWKPV��7KHVH� HOHPHQWV� DQG� WKHLU� UHODWLRQV� DUH�SUHVHQWHG�
E\�WKH�FRQFHSWXDO�PRGHO�IRU�'/6%'����
�

���&21&(378$/�02'(/�)25�',67$1&(�/($51,1*�6<67(0�%$6('�21�$�',$/2*8(��
7KH�REMHFW�RULHQWHG�PHWKRG�80/�LV�XVHG�IRU�GHVLJQLQJ� WKH�

FRQFHSWXDO�PRGHO�RI�'/6%'��7KH�80/�µXVH�FDVH¶��SDFNDJH��
80/�FODVV�DQG�80/�VWDWH�GLDJUDPV�DUH�XVHG�>�@��7KH�80/�
µXVH� FDVH¶� GLDJUDP� LV� XVHG� IRU� GHILQLQJ� WKH� DFWRUV� LQ� WKH�



V\VWHP�DQG�WKHLU�LQWHUDFWLRQ�DQG�SURFHVVHV�IRU�GDWD�H[FKDQJH�
�ILJXUH� ����� :H� DUH� SUHVHQWLQJ� WKH� FRPPRQERRN� ZRUNVSDFH�
UDWKHU�WKDQ�HYHU\�µXVH�FDVH¶�VHSDUDWHO\�EHFDXVH�RI�WKH�OLPLWHG�
VSDFH�� 7KH� DFWRUV� DUH� WKH� VWXGHQW�� WHDFKHU�� GDWDEDVH�
DGPLQLVWUDWRU�� GDWDEDVH� DQG� H[WHUQDO� GDWDEDVH�� 7KH� VWXGHQW�
DQG� WHDFKHUV� XVH� GDWDEDVH� � DQG� H[WHUQDO� GDWDEDVH� GXULQJ�
OHDUQLQJ�SURFHVVHV��7DEOH����GHILQHV�WKH�FRQQHFWLRQV�EHWZHHQ�
WKH�DFWRUV�DQG�WKHLU� �DFWLYLWLHV��3DFNDJH�GLDJUDP�LV�SUHVHQWHG�
LQ� ILJXUH� ���&RPSOH[LW\� RI� FRQQHFWLRQV�EHWZHHQ� WKH� HOHPHQW�
GR� QRW� DOORZ�GHILQLQJ�RI�PRUH� WKDQ�RQH�SDFNDJH��7KH�80/�
FODVV� GLDJUDP� DQG� WKH� 80/� VWDWH� GLDJUDP� GHILQH� HYHU\�
SURFHVV� EHWZHHQ� WKH� DFWRUV� LQ� WKH� µXVH� FDVH¶� GLDJUDP�� 7KH�

80/� VWDWH� GLDJUDPV� H[SODLQ� FKDQJLQJ� RI� WKH� REMHFW� VWDWH�
GXULQJ� OHDUQLQJ��7KH�80/�FODVV�GLDJUDPV�GHILQH� WKH�FODVVHV�
DQG� UHODWLRQV� EHWZHHQ� WKHP�� (YHU\� FODVV� LV� GHILQHG� E\� WKH�
DWWULEXWHV� DQG� RSHUDWLRQV�� &RQFHSWXDO� PRGHO� RI� GLVWDQFH�
OHDUQLQJ� V\VWHP� EDVHG� RQ� D� GLDORJXH� FRQVLVWV� WKH� IROORZLQJ�
80/� GLDJUDPV�� GHILQLQJ� UHODWLRQV� EHWZHHQ� WKH� FRQFHSWV��
FRQQHFWLQJ����TXHVWLRQV��WR��FRQFHSWV����FRQQHFWLQJ���OHDUQLQJ�
PDWHULDOV�WR�FRQFHSWV��GHILQLQJ�FRQFHSWV� �IORZ���VHOHFWLQJ�WKH�
H[DPLQDWLRQ� � FULWHULD�� � OHDUQLQJ� SURFHVV�� UHSHDWLQJ� SURFHVV��
H[DPLQDWLRQ� SURFHVV� DQG� DQDO\VLV� RI� WKH� OHDUQLQJ� UHVXOWV���
([SODQDWLRQ� RI� HYHU\� 80/� FODVV� DQG� 80/� VWDWH� GLDJUDP�
FDQQRW��EH��SUHVHQWHG���RQ��SDSHU���+RZHYHU���WKH��80/��FODVV�

7DEOH����,QWHUDFWLRQ�RI�UROH�ZLWK�µXVH�FDVHV¶�
8VH�FDVH� 6WXGHQW� 7HDFKHU� $GPLQLVWUDWRU�� 'DWDEDVH� ([WHUQDO�GDWDEDVH�

$XWKRUL]DWLRQ� 9 9� 9 9�
/HDUQLQJ� 9 9� 9
5HSHDWLQJ� 9 9� 9
([DPLQDWLRQ� 9 9�
$QDO\VLV�RI�WKH�OHDUQLQJ�UHVXOWV� 9 9�
0DNLQJ�HQWULHV�RI�WKH�FRQFHSWV� � 9 9�
0DNLQJ�HQWULHV�RI�WKH��OHDUQLQJ�PDWHULDOV� � 9 9� 9
'HILQLQJ�FRQFHSW�VWUXFWXUH� � 9 9�
'HILQLQJ��FRQFHSW�VHTXHQFH� � 9 9�
6HOHFWLQJ�FULWHULD�IRU�H[DPLQDWLRQ� � 9 9�
$QDO\VLV�RI�NQRZOHGJH�VWUXFWXUH� � 9 9�
8SGDWH�RI�XVHU�GDWD� � 9 9�

/HDUQLQJ

$QDO\VLV�RI
OHDUQLQJ�UHVXOWV

([DPLQDWLRQ

5HSHDWLQJ

$XWKRUL]DWLRQ

0DNLQJ�HQWULHV
RI�FRQFHSWV

'HILQLQJ�RI�FRQFHSW
V
VWUXFWXUH

'HILQLQJ�RI�FRQFHSW
V
VHTXHQFH

$QDO\VLV�RI��NQRZOHGJH
V
VWUXFWXUH

8SGDWH�RI�XVHU
V�GDWD

0DNLQJ�HQWULHV�RI
OHDUQLQJ�PDWHULDOV

6HOHFWLQJ��FULWHULD�IRU
H[DPLQDWLRQ

([WHUQDO�GDWDEDVH'DWDEDVH

6WXGHQW

3URIHVVRU

$GPLQLVWUDWRU

)LJXUH����µ8VH�FDVH¶�GLDJUDP



)LJXUH����3DFNDJH�'LVWDQFH�/HDUQLQJ�6\VWHP�
�

)LJXUH����80/�FODVVV�GLDJUDP�RI�GHILQLQJ�UHODWLRQ�
�EHWZHHQ�FRQFHSWV�

GLDJUDP�IRU�GHILQLQJ�WKH�UHODWLRQ�EHWZHHQ�WKH�FRQFHSWV��ILJXUH�
���� DQG� VWDWH� GLDJUDP� IRU� GHILQLQJ� WKH� UHODWLRQV� EHWZHHQ� WKH�
FRQFHSWV� �ILJXUH� ���� DUH� SUHVHQWHG� WRJHWKHU� ZLWK� WKH� PRVW�
LPSRUWDQW� � 80/� FODVV� GLDJUDP� � IRU� � OHDUQLQJ� � � SURFHVV�
�ILJXUH�������
� 7KH�80/�FODVV� GLDJUDP� IRU� GHILQLQJ� WKH� UHODWLRQV�EHWZHHQ�
WKH�FRQFHSWV�KDV�WKH�IROORZLQJ�FODVVHV���&RQFHSW���&RXUVH�DQG�
&RXUVH�SDUW��7KH�80/�FODVV�GLDJUDP�RI�WKH�OHDUQLQJ�SURFHVV�
KDV� WKH� IROORZLQJ� FODVVHV�� 6WXGHQW�� /HDUQLQJ�� &RQFHSW��
/HDUQLQJ&RQFHSW�� 4XHVWLRQ�� 5HIHUHQFHG&RQFHSW��
/HDUQLQJ&RQFHSW4XHVWLRQ� DQG� .QRZOHGJH�� &ODVV� DWWULEXWHV��
ZLWK�WKH�H[FOXVLRQ�RI�WKH�FODVV��RSHUDWLRQV��IRU�VLPSOLFLW\�RI�D�
GLDJUDP���DUH�SUHVHQWHG�LQ�ILJXUH����)RU�H[DPSOH��WKH�PHWKRGV�
IRU�FODVV�4XHVWLRQ�DUH���

� $GG4XHVWLRQ�TXHVWLRQ�4XHVWLRQ���
� 'HO4XHVWLRQ�TXHVWLRQ�4XHVWLRQ����
� 6HOHFW4XHVWLRQ���,WHUDWRU���
� $GG$QVZHU�DQVZHU�$QVZHU����
� 'HO$QVZHU�DQVZHU�$QVZHU����
� 6HOHFW$QVZHU���,WHUDWRU�

� 2QH�VWXGHQW�SHUIRUPV�RQH�RU�PRUH�OHDUQLQJV��ZKLOH�OHDUQLQJ�
FDQ� EH� SHUIRUPHG� E\� RQH� VWXGHQW�� 7KH� FRQFHSW� VHOHFWHG� IRU�
OHDUQLQJ� LV� SUHVHQWHG� E\� FODVV� /HDUQLQJ&RQFHSW�� 7KH�
FRQQHFWHG� &ODVV� &RQFHSW� KDV� D� UHFXUVLYH� ELQDU\� DVVRFLDWLRQ�
EHFDXVH��HYHU\��FRQFHSW� �FDQ�EH��FRQQHFWHG��ZLWKRXW� �DQ\�RU�
ZLWK� PRUH� FRQFHSWV�� ZKLFK� HQDEOHV� GHILQLQJ� RI� WKH� FRQFHSW�
VWUXFWXUH�� 4XHVWLRQ� LQFOXGHG� LQ� OHDUQLQJ� RI� WKH� VHOHFWHG�
FRQFHSW� LV� SUHVHQWHG� E\� FODVV� /HDUQLQJ&RQFHSW4XHVWLRQ��
&ODVV�5HIHUHQFHG&RQFHSW� �SUHVHQWV��WKH�FRQFHSWV��UHIHUHQFHG��
E\� WKH� VHOHFWHG� OHDUQLQJ� FRQFHSW� GHULYHG� IURP� WKH� FRQFHSW�
VWUXFWXUH�� (YHU\� UHIHUHQFHG� FRQFHSW� LV� FKHFNHG� GXULQJ� WKH�
OHDUQLQJ� SURFHVV�� VR� WKDW� 5HIHUHQFHG&RQFHSW� LV� FRQQHFWHG�

ZLWK� FODVV�4XHVWLRQ�� &ODVV�.QRZOHGJH� UHSUHVHQWV� WKH� UHFRUG�
RI�D�NQRZOHGJH�PDWUL[��,W�FRQQHFWV�WKH�VWXGHQWV�ZLWK�FRQFHSWV�
DQG�FRQWDLQV�YDULDEOH�9LM�IRU�UHFRUGLQJ�WKH�FKDQJH�LQ�VWXGHQW¶V�NQRZOHGJH�� &ODVV� /HDUQLQJ&RQFHSW4XHHVWLRQ� DQG�
5HIHUDQFHG&RQFHSW�FKDQJH�WKH�YDOXH�RI�D�YDULDEOH�9LM�EHFDXVH�WKHLU� DWWULEXWHV� FRQWDLQ� LQIRUPDWLRQ� DERXW� WKH� FRUUHFWQHVV� RI�
WKH� VWXGHQW¶V� DQVZHUV�� 7KH� SUHVHQWHG� 80/� FODVV� GLDJUDP�
GHILQHV� WKH� FODVV� LQFOXGHG� LQ� WKH� OHDUQLQJ� SURFHVV�� WKHLU�
UHODWLRQV� DQG� DWWULEXWHV� IRU� VWRUDJH�RI�DOO� UHOHYDQW�GDWD�DERXW�
WKH� OHDUQLQJ� SURFHVV�� 7KH� DQDO\VLV� RI� WKH� UHVXOWV� RI� WKH�
OHDUQLQJ�SURFHVV�LV�SHUIRUPHG�XVLQJ�GDWD�UHFRUGHG�GXULQJ�WKH�
OHDUQLQJ�SURFHVV�LQ�WKH�FODVV�DWWULEXWHV��7KH�80/�µXVH�FDVH¶��
80/�SDFNDJH���80/��FODVV�DQG�80/��VWDWH�GLDJUDPV�SUHVHQW�
D FRQFHSWXDO�PRGHO�IRU�D�'6/%'��

�

���,03/(0(17$7,21�2)�',67$1&(�/($51,1*�6<67(0�%$6('�21�$�',$/2*8(��
'/6%'� LV� UHDOL]HG� DV� WKH�:::�DSSOLFDWLRQ�EDVHG�RQ� WKH�

LQWHJUDWLRQ�RI��GDWDEDVH�DQG��:::��WHFKQRORJLHV�>���@��7KH�
V\VWHP� FRQQHFWV� WKH� HQG� XVHU� �VWXGHQW� RU� WHDFKHU�� ZLWK� WKH�
GDWD��VWRUHG�LQ�D�GDWDEDVH��E\��PLGGOH��WLHU��SUHVHQWHG��E\�WKH�
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SUHY LRXV

�&RXUVH1DPH���6WULQJ
�&RXUVH&RGH���6WULQJ

&RXUVH

�/LPLW���'RXEOH
�&RQFHSW1DPH���6WULQJ
�6WDUWBVWDWH���'RXEOH

&RQFHSW
&RQFHSW &RXUVH
V�SDUW

�&RXUVH
VBSDUW1DPH���6WULQJ

&RXUVH
V� SDUW

&RQFHSW

&RXUVH

&RXUVH
VSDUW

&RXUVH

ª6\VWHP©�
'LVWDQFH�OHDUQLQJ�V\VWHP�

�6XFFHVVIXO
DXWKRULVDWLRQ�

�6HOHFWLQJ��RI�FRXUVH�

�8QVXFFHVVIXO
DXWKRULVDWRQ�

�(QWHULQJ�RI�QHZ
FRQFHSW�

�6HOHFWLQJ��FRQFHSW
�IRU�FRQQHFWLQJ�

�&RQQHFWLQJ�VHOHFWHG�FRQFHSW
ZLWK�UHIHUHQFHG�FRQFHSW�

�5HPRYLQJ���FRQQHFWLRQ
EHWZHHQ� FRQFHSWV�

�8SGDWLQJ���RI
FRQFHSW
V�VWXFWXUH�

�6HOHFWLQJ�FRXUVH�

�(QWHULQJ�RI�QHZ�FRXUVH
V�SDUW�

�6HOHFWLQJ�FRXUVH
V�SDUW�

�(QG�

�(QG�

&RQFHSW
V�OLVW

&RQFHSW�VHOHFWHG

&RXUVH
V�OLVW

3URIHVVRU
V�ORJLQ

&RQQFHWLRQ��VWRUHG &RQQHFWLRQ���UHPRYHG

&RXUVH
V�SDUW�OLVW

/RJRXW

)LJXUH����80/�VWDWH�GLDJUDP�RI�GHILQLQJ�WKH�UHODWLRQ�
EHWZHHQ�WKH�FRQFHSWV



:(%�VHUYHU��,PSOHPHQWDWLRQ�RI�D�'/6%'�LV�UHDOL]HG�E\��
� LPSOHPHQWDWLRQ� RI� WKH� REMHFW� PRGHO� GDWD� E\� XVLQJ�

25'%06��25$&/(���
� GHVLJQ�RI�G\QDPLFDO�:HE�DSSOLFDWLRQ��
� GDWD�HQWU\�DQG�WHVWLQJ�RI�WKH�V\VWHP¶V�EHKDYLRXU��

� -63�WHFKQRORJLHV�DUH�DSSOLHG�LQ�GHVLJQLQJ�D�G\QDPLFDO�:(%�
DSSOLFDWLRQ��-63�SDJHV�SUHVHQW�WKH�H[WHQVLRQ�RI�+70/�SDJHV�
ZLWK� SDUW� RI� WKH� -$9$� FRGH�� $� G\QDPLF�:(%� DSSOLFDWLRQ�
VWRUHV� DOO� � UHOHYDQW� � GDWD� � DERXW� � SHUIRUPHG� � OHDUQLQJ�
SURFHVVHVLQ�D�GDWDEDVH��PDNLQJ��WKH�EDVH�IRU�HYDOXDWLRQ�RI�WKH�
TXDQWLW\�DQG�TXDOLW\�SDUDPHWHUV�DERXW�WKH�OHDUQLQJ�SURFHVV��
�

���&21&/86,21��
$ GLVWDQFH�OHDUQLQJ�V\VWHP�EDVHG�RQ�D�GLDORJXH�FDQ�LPSURYH�

WKH� UHVXOWV�RI�GLVWDQFH� OHDUQLQJ��7KLV�SDSHU�GHVFULEHV� WKH�XVH�
RI� WKH� 80/� LQ� GHILQLQJ� D� FRQFHSWXDO� PRGHO� IRU� GLVWDQFH�
OHDUQLQJ� V\VWHP� EDVHG� RQ� D� GLDORJXH�� 7KH� DQDO\VLV� RI� WKH�
VWXGHQW
V� SURFHVV� GHILQHV� WKH� DFWRUV�� WKHLU� LQWHUDFWLRQ� DQG�
SDUDPHWHUV�IRU�DSSUDLVDO�RI�WKH�OHDUQLQJ�SURFHVV�LQ�D�GLVWDQFH�
OHDUQLQJ� V\VWHP� EDVHG� RQ� D� GLDORJXH�� µ8VH� FDVH¶� GLDJUDP��
SDFNDJH� GLDJUDP�� FODVV� GLDJUDP� DQG� VWDWH� GLDJUDP�EDVHG�RQ�
WKH� 80/� QRWDWLRQ� GHILQH� D� FRQFHSWXDO� PRGHO� RI� D� GLVWDQFH�
OHDUQLQJ� V\VWHP� EDVHG� RQ� D� GLDORJXH�� 7KH� LQIRUPDWLRQ����

V\VWHP�LV�LPSOHPHQWHG�E\�XVLQJ�WKH�REMHFW�UHODWLRQDO�GDWDEDVH�
25'%06� 25$&/(� �� DQG� -63� WHFKQRORJ\� LQ� JHQHUDWLQJ�
G\QDPLF�:HE�DSSOLFDWLRQ��'LVWDQFH�OHDUQLQJ�V\VWHP�EDVHG�RQ�
D GLDORJXH� LV� D� PRGHUQ� WRRO� LQ� WKH� WHDFKLQJ� SURFHVV� WKDW�
LPSURYHV�WKH�TXDOLW\�RI�GLVWDQFH�OHDUQLQJ��

5()(5(1&(6�
>�@� KWWS���OWVF�LHHH�RUJ�SSW�OWVDBRYHUYLHZ��>�@� %�� .RYDFLF�� ³'LVWDQFH� OHDUQLQJ� PRGHO� EDVHG� RQ� GLDORJXH´��3URFHHGLQJV� RI� WKH�&RQIHUHQFH�0,352������� � � VHFWLRQ� �&(��5LMHND���&URDWLD��������SS���������>�@����,��/DYUQMD��³&KDSWHUV�IURP�GLGDFWLFV´���LQ�&URDWLDQ���)DFXOW\�RI�3KLORVSRI\��5LMHND��������>�@�� � �%��.RYDFLF��=��6NRFLU��³)RUPDO�0RGHO�IRU�'LVWDQFH�/HDUQLQJ�6\VWHP� %DVHG� RQ� 'LDORJXH³�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH�,&7� ������ 9ROXPH� ��� %XFKDUHVW�� 5RPDQLD�� ������� SS�� ���������>�@� 5�-�0XOOHU��´'DWDEDVH�'HVLJQ�IRU�6PDUWLHV�±�8VLQJ�80/�IRU�'DWD�PRGHOLQJ´��$FDGHPLF�3UHVV����������>�@� � &�� &KRX�� ³&RQVWUXFWLQJ� D� &RPSXWHU�$VLVWHG� 7HVWLQJ� DQG�(YDOXDWLQJ� 6\VWHP� RQ� WKH�:RUOG�:LGH�:HE� ±� 7KH� &$7(6�([SHULHQFH´�� ,(((�7UDQVDFWLRQ�RI�(GXFDWLRQ�� �YRO������QR�����SS������������������>�@� � 6�&�� <DQJ�� ³,QIRUPDWLRQ� 'LVSOD\� ,QWHUIDFH� LQ� +\SHUPHGLD�'HVLJQ´�� ,(((� 7UDQVDFWLRQ� RI� (GXFDWLRQ�� YRO�� ���� QR�� ���SS�����������������
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&RQFHSW/HDUQLQJ
&RQFHSW

/DUQLQJ
&RQFHSW

/HDUQLQJ
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�1DPHBTXHV���6WULQJ
�&RGHBTXHV���6WULQJ
�7H[WBTXHV���6WULQJ
�7\ SHBTXHV���6WULQJ
�&RUUHFWBDQV���6WULQJ
�.LQGBTXHV���6WULQJ
�3RLQWBSOXV���'RXEOH
�3RLQWBPLQXV���'RXEOH

4XHVWLRQ

�/LPLW���'RXEOH
�&RQFHSW1DPH���6WULQJ
�6WDUWBVWDWH���'RXEOH

&RQFHSW
�'DWHBOHDU���'DWH
�&RGHBOHDU���6WULQJ
�6WDWHBOHDU���,QWHJHU
�7LPHBOHDU���'DWH

/HDUQLQJ

�$QVZHU� ��,QWHJHU
�&KDQJH���'RXEOH

/HDUQLQJ&RQFHSW4XHVWLRQ

�6WDWHBOHDUBFRQ���,QWHJHU

/HDUQLQJ&RQFHSW

�6WDUW���'RXEOH
�&KDQJH���'RXEOH
�9LM���'RXEOH

.QRZOHGJH

�)LUVW1DPHBVWX���6WULQJ
�/DVW1DPHBVWX���6WULQJ
�6WXB,'���6WULQJ
�&RGHBVWUX���6WULQJ
�<HDU2I6WXG\ ���,QWHJHU
�<HDUBVWDUWBVWXG\ ���,QWHJHU

6WXGHQW

�$QVZHU� ��,QWHJHU
�&KDQJH���'RXEOH
�6WDWHBUHI BFRQ���,QWHJHU

5HIHUHQFHG&RQFHSW

6WXGHQW

.QRZOHGJH

/HDUQLQJ

6WXGHQW

/HDU&RQ4XHV

4XHVWLRQ/HDU&RQ4XHVW

.QRZOHGJH

�/HDUQLQJ&RQFHSW�

�/HDUQLQJ&RQ4XHV���

5HI&RQFHSW

4XHVWLRQ

.QRZOHGJH

&RQFHSW

���

�)LJXUH����80/�FODVV�GLDJUDP�RI�OHDUQLQJ�SURFHVV�

IROORZV�


