
$QDO\VLQJ�&ROODERUDWLYH�3UREOHP�6ROYLQJ�)URP�6WXGHQWV
�3K\VLFDO�
,QWHUDFWLRQV�

�
�

0XWOX�&XNXURYD��8QLYHUVLW\�&ROOHJH�/RQGRQ��P�FXNXURYD#XFO�DF�XN�
�
�

$EVWUDFW��&ROODERUDWLYH�SUREOHP�VROYLQJ��&36��LV�D�IXQGDPHQWDO�VNLOO�IRU�VXFFHVV�LQ�PRGHUQ�
VRFLHWLHV�� DQG� SDUW� RI� WKH�PRVW� FRPPRQ� FRQVWUXFWLYLVW� WHDFKLQJ� DSSURDFKHV��+RZHYHU�� LWV�
HIIHFWLYH� LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�DUH�FKDOOHQJLQJ�IRU�HGXFDWRUV��&XUUHQW�LQTXLULHV�RQ�
WKH�LGHQWLILFDWLRQ�RI�WKH�REVHUYDEOH�IHDWXUHV�DQG�SURFHVVHV�RI�&36�DUH�SURJUHVVLQJ�DW�D�SDFH�LQ�
GLJLWDO� OHDUQLQJ�HQYLURQPHQWV��+RZHYHU��VWLOO��PRVW�OHDUQLQJ�DQG�WHDFKLQJ�RFFXUV�LQ�SK\VLFDO�
HQYLURQPHQWV�� ,Q�P\�FXUUHQW� UHVHDUFK�� ,� LQYHVWLJDWH�GLIIHUHQFHV� LQ� VWXGHQW�EHKDYLRXUV�ZKHQ�
JURXSV� RI� VWXGHQWV� DUH� VROYLQJ� SUREOHPV� FROODERUDWLYHO\� LQ� IDFH�WR�IDFH�� SUDFWLFH�EDVHG�
OHDUQLQJ� �3%/�� HQYLURQPHQWV� LQ� KLJK� VFKRRO� DQG� XQLYHUVLWLHV��0\� GDWD� LV� RIWHQ� EDVHG� RQ�
VWXGHQWV¶� KDQG� SRVLWLRQ� DQG� KHDG� GLUHFWLRQ�� ZKLFK� FDQ� EH� DXWRPDWHG� GHSOR\LQJ� H[LVWLQJ�
OHDUQLQJ� DQDO\WLFV� V\VWHPV�� 8VLQJ� QRQYHUEDO� LQGH[HV� RI� VWXGHQWV¶� SK\VLFDO� LQWHUDFWLYLW\� LQ�
3%/�� ,� WU\� WR� LQWHUSUHW� WKH�NH\�SDUDPHWHUV�RI�&36�LQFOXGLQJ�V\QFKURQ\��HTXDOLW\��LQGLYLGXDO�
DFFRXQWDELOLW\��DQG�LQWUD�LQGLYLGXDO�YDULDELOLW\��7KH�XOWLPDWH�DLP�RI�P\�UHVHDUFK�LV�WR�EH�DEOH�
WR�FRQWLQXRXVO\�HYDOXDWH�DQG�VXSSRUW�VWXGHQWV¶�FROODERUDWLYH�OHDUQLQJ�GXULQJ�WKHLU�HQJDJHPHQW�
ZLWK�FRQVWUXFWLYLVW�SHGDJRJLHV��
�

,QWURGXFWLRQ��
&ROODERUDWLYH�SUREOHP�VROYLQJ��&36��LV�D�IXQGDPHQWDO�VNLOO�IRU�PRGHUQ�VRFLHWLHV�WR�IXQFWLRQ�DQG�LW�VKRXOG�EH�
VXSSRUWHG�DQG�SUDFWLFHG�LQ�(GXFDWLRQ�V\VWHPV�DFURVV�WKH�JOREH���3HUKDSV��DV�WKH�VLJQLILFDQFH�RI�&36�LV�FOHDU�WR�
PRVW� HGXFDWRUV�� LW� LV� SDUW� RI� PDQ\� FRPPRQ� FRQVWUXFWLYLVW� WHDFKLQJ� DSSURDFKHV� LQFOXGLQJ� SUREOHP�EDVHG�
OHDUQLQJ�� LQTXLU\�EDVHG� OHDUQLQJ�� SURMHFW�EDVHG� OHDUQLQJ�� DQG� SUDFWLFH�EDVHG� OHDUQLQJ�� ,W� LV� FRPPRQ� WR� VHH�
VLWXDWLRQV�LQ�ZKLFK�OHDUQHUV�ZRUN�LQ�XQLVRQ�WR�VROYH�D�SUREOHP�GXULQJ�WKHVH�WHDFKLQJ�DSSURDFKHV��DQG�RIWHQ�WKDW�
LV�ZK\� WKHVH�FRQVWUXFWLYLVW� WHDFKLQJ�DSSURDFKHV�DUH�FRQVLGHUHG� WR�KDYH�WKH�SRWHQWLDO�WR�KHOS�IRVWHU�WKH���VW�
FHQWXU\�VNLOOV�ZH�UHTXLUH�RI�\RXQJ�SHRSOH��)RU�VRPH�GHFDGHV�QRZ��WKHUH�KDYH�EHHQ�VWURQJ�DGYRFDWHV�RI�WKHVH�
WHDFKLQJ� DSSURDFKHV� LQ� (GXFDWLRQ�� DUJXLQJ� WKHLU� PHULWV� LQ�DFKLHYLQJ�KLJK�WLHU� OHDUQLQJ�REMHFWLYHV��+RZHYHU��
H[LVWLQJ�HYLGHQFH�RQ�WKH�HIIHFWLYHQHVV�RI�WKHVH�PHWKRGV�WR�VDWLVI\�WKHLU�OHDUQLQJ�RXWFRPHV�LV�UDUH��DQG�WKH\�KDYH�
EHHQ�KDUVKO\�FULWLFLVHG�E\�VRPH�UHVHDUFKHUV�DV�QRW�EHLQJ�HIIHFWLYH�SHGDJRJLFDO�DSSURDFKHV��.LUVFKQHU��6ZHOOHU��
	�&ODUN���������

$FFRUGLQJ� WR�%OLNVWHLQ�DQG�:RUVOH\���������WKLV�ODFN�RI�HYLGHQFH�PD\�VWHP�IURP�WKHVH�SHGDJRJLFDO�
DSSURDFKHV¶� QRWRULRXVO\� G\QDPLF� DQG� ODERULRXV� VWUXFWXUHV� DQG� FRPPRQO\� XVHG� VWDQGDUGLVHG�PHDVXUHPHQW�
PHWKRG¶V� ODFN� RI� DELOLW\� WR� GHWHFW� LPSDFWV� RQ� VWXGHQWV¶� VNLOO� GHYHORSPHQW�� +RZHYHU�� WKH� PRVW� UHFHQW�
GHYHORSPHQWV�LQ�VHQVRU�WHFKQRORJLHV�DQG�OHDUQLQJ�DQDO\WLFV�PHWKRGRORJLHV�FDQ�KHOS�JHQHUDWH�XQLTXH�LQIRUPDWLRQ�
DERXW�ZKDW�KDSSHQV� WR�JURXSV�RI�VWXGHQWV�DUH�HQJDJHG�LQ�FRQVWUXFWLYLVW�SHGDJRJLHV��7KH�GLVWLQFWLRQV�EHWZHHQ�
JURXSV�FDQ�EH�XVHG�WR�FRQWLQXRXVO\�HYDOXDWH�DQG�VXSSRUW�VWXGHQWV�GXULQJ�WKHLU�HQJDJHPHQW�ZLWK�FRQVWUXFWLYLVW�
SHGDJRJLHV��,Q�P\�UHVHDUFK��,�IRFXV�RQ�&36�LQ�SUDFWLFH�EDVHG�OHDUQLQJ�DFWLYLWLHV�DQG�LQYHVWLJDWH�WKH�SRWHQWLDO�RI�
PXOWLPRGDO�OHDUQLQJ�DQDO\WLFV�UHVHDUFK�WR�JHQHUDWH�DQG�SUHVHQW�VDOLHQW�IHDWXUHV�RI�HIIHFWLYH�&36�EHKDYLRXUV�RI�
VWXGHQWV�LQ�WKHVH�RSHQ�HQGHG��VPDOO�JURXS�OHDUQLQJ�HQYLURQPHQWV��

7KHRUHWLFDO�IUDPHZRUN�
&36�LV�D�FRPSOH[�SURFHVV� WKDW� UHTXLUHV�LPSOHPHQWDWLRQ�RI�PXOWLSOH�VRFLDO�DQG�FRJQLWLYH�FRPSHWHQFLHV��7KLV�
PDNHV� LWV� REVHUYDWLRQ�� WR� VHH� ZKHWKHU� WKH� &36� LV� RI� TXDOLW\� RU�QRW��H[WUHPHO\�FKDOOHQJLQJ�IRU�HGXFDWLRQDO�
UHVHDUFKHUV�DQG�SUDFWLWLRQHUV��,Q�WKH�OHDUQLQJ�VFLHQFHV�OLWHUDWXUH��WKHUH�KDYH�EHHQ�FHUWDLQ�PHFKDQLVPV�VXJJHVWHG�
WKURXJK�ZKLFK�FROODERUDWLRQ�DQG�SUREOHP�VROYLQJ�PD\�LQIOXHQFH�FRJQLWLRQ�DQG�VXSSRUW�GHHSHU�OHDUQLQJ��7KH\�
LQFOXGH�VWXGHQWV�GHPRQVWUDWLQJ�DQ�DELOLW\�WR��

��� DUWLFXODWH��FODULI\�DQG�H[SODLQ�WKHLU�WKLQNLQJ��
��� UH�VWUXFWXUH��FODULI\�DQG��LQ�WKH��SURFHVV��VWUHQJWKHQ�WKHLU��RZQ�XQGHU��VWDQGLQJ��DQG�LGHDV�WR�GHYHORS�

WKHLU��DZDUHQHVV�RI�ZKDW��WKH\�NQRZ�DQG�ZKDW� WKH\�GR�QRW�NQRZ��
��� DGMXVW� � WKHLU� � H[SODQDWLRQV� �ZKHQ� �SUHVHQWLQJ� � WKHLU� � WKLQNLQJ�� � �ZKLFK� � UHTXLUHV� WKDW� � WKH\�FDQ�DOVR�

HVWLPDWH��RWKHUV�XQGHUVWDQGLQJV��
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��� HODERUDWH� �DQG� LQWHUQDOLVH� � WKHLU� �QHZ�XQGHUVWDQGLQJ�DV� WKH\�SURFHVV�WKH�LGHDV�WKH\�KHDU�DERXW��IURP�
RWKHUV��

��� HVWDEOLVKLQJ�DQG�PDLQWDLQLQJ��VKDUHG��XQGHUVWDQGLQJ��WDNLQJ��DSSURSULDWH��DFWLRQ��WR��VROYH�WKH��SUREOHP���
HVWDEOLVKLQJ��DQG��PDLQWDLQLQJ��WHDP�RUJDQLVDWLRQ��

/RRNLQJ� DW� WKH� VXJJHVWHG� PHFKDQLVPV� IURP� WKH� OHDUQLQJ� VFLHQFHV� DERYH�� LW� EHFRPHV� FOHDU� WKDW� DOO� WKH�
PHFKDQLVPV�SUHVHQWHG�DERYH�UHTXLUH�LQYHVWLJDWLRQ�RI�FRPSOH[�YHUEDO�LQWHUDFWLRQV�RI�VWXGHQWV�DQG�PRVW�RI�WKHP�
UHTXLUH� TXDOLW\� MXGJPHQWV� IURP� WKH� REVHUYHUV�� 7KHUHIRUH�� WKH� HYLGHQFH� UHODWHG� WR� WKH� H[LVWHQFH� RI� WKHVH�
PHFKDQLVPV�DQG�WKHLU�TXDOLW\�LV�KDUG�WR�JHQHUDWH�DQG�LPSOHPHQW�DW�D�VFDOH��$OWKRXJK�WKHUH�LV�SURPLVLQJ�UHVHDUFK�
RQ�LQYHVWLJDWLQJ�VWXGHQWV�YHUEDO�LQSXW�LQ�GLJLWDO�OHDUQLQJ�HQYLURQPHQWV��LQFOXGLQJ�FKDW�ER[HV��YHUEDO�LQWHUDFWLRQV�
ZLWK� RQOLQH� DJHQWV� DQG�PRELOH� WRROV� WKDW� FROOHFW� VWXGHQWV� ZULWWHQ� UHIOHFWLRQV� RQ� WKHLU� &36�SUDFWLFHV�� VXFK�
LQYHVWLJDWLRQV�DUH�IDU�IURP�EHLQJ�VWUDLJKWIRUZDUG��7KH�LQYHVWLJDWLRQ�RI�FRPSOH[�&36�PHFKDQLVPV�WKURXJK�YHUEDO�
LQGH[HV�RIWHQ�UHTXLUH�TXDOLWDWLYH�YDOXH� MXGJPHQWV�WKDW�DUH�KDUG�WR�YDOLGDWH��DXWRPDWH��DQG�UHO\�RQ��,Q�P\�UHVHDUFK�
,� LQYHVWLJDWH� VWXGHQWV¶� QRQYHUEDO� LQGH[HV� RI� WKHLU� EHKDYLRXUV� LQFOXGLQJ� V\QFKURQ\�� HTXDOLW\� RI� SK\VLFDO�
SDUWLFLSDWLRQ�� LQWUD�LQGLYLGXDO�YDULDELOLW\�DQG�LQGLYLGXDO�DFFRXQWDELOLW\��,�DUJXH�WKDW�VRPH�RI�WKH�NH\�FRQVWUXFWV�
WKDW�FRQVWLWXWH�FRPSOH[�OHDUQLQJ�SURFHVVHV�VXFK�DV�FROODERUDWLYH�SUREOHP�VROYLQJ�FDQ�EH�LQWHUSUHWHG�ZLWK�WKH�XVH�
RI� VWXGHQWV¶� QRQYHUEDO� EHKDYLRXUV�� 7KHVH� LQGH[HV� RI� EHKDYLRXUV� KDYH� WKH� SRWHQWLDO� WR� UHIOHFW� JHQXLQH�
REVHUYDWLRQV�RI�VWXGHQWV�LQWHQWLRQV�DQG�LGHDV�DQG�FDQ�EH�DXWRPDWHG�ZLWK�WKH�KHOS�RI�XVLQJ�PXOWLPRGDO�OHDUQLQJ�
DQDO\WLFV�V\VWHPV��

0HWKRGV�
,Q�P\�FXUUHQW� UHVHDUFK�� ,�XVH�DQ�DQDO\VLV�IUDPHZRUN�GHYHORSHG��&XNXURYD�HW�DO���������EDVHG�RQ�WKH�2(&'¶V�
H[KDXVWLYH�ZRUN�RQ�&36�WR�FUHDWH�DQ�LQGHSHQGHQW�YDULDEOH�RI�VWXGHQWV¶�&36�FRPSHWHQFLHV��,�LQYLWH�WHDFKHUV�DQG�
HGXFDWRUV�WR�FDWHJRULVH�JURXSV�RI�VWXGHQWV�DV�KLJK��PHGLXP��DQG�ORZ�FRPSHWHQFH�&36�JURXSV�XVLQJ�WKHLU�H[SHUW�
RSLQLRQ�DQG�WKH�2(&'�EDVHG�&36�IUDPHZRUN��,��WKHQ��LQYHVWLJDWH�KRZ�GR�EHKDYLRXUV�RI�WKRVH�JURXSV�ZKR�DUH�
FDWHJRUL]HG� DV� KLJK� FRPSHWHQFH� &36� JURXS� GLIIHU� IURP�0HGLXP� DQG�/RZ�FRPSHWHQFH�JURXSV� LQ� WHUPV�RI�
PDFKLQH� REVHUYDEOH� QRQYHUEDO� LQGH[HV� RI� KXPDQ� EHKDYLRXUV� VXFK� DV� V\QFKURQ\�� HTXDOLW\�� LQGLYLGXDO�
DFFRXQWDELOLW\�DQG�LQWUD�LQGLYLGXDO�YDULDELOLW\��,Q�DGGLWLRQ�WR�WKHVH�FRQVWUXFWV��,�FRPSDUH�KLJK�FRPSHWHQFH�&36�
JURXSV¶� PXOWLPRGDO� OHDUQLQJ� DQDO\WLFV� GDWD� JHQHUDWHG� IURP� WKHLU� KDQG� WUDFNLQJ�� KHDG� GLUHFWLRQ�� HPRWLRQDO�
IHHGEDFN��DQG�YRLFH�OHYHOV��6SLNRO�HW�DO����������

)XWXUH�ZRUN�
7KH�VLPSOH�FRGLQJ�VFKHPH�RI�VWXGHQWV¶�DFWLYH��VHPL�DFWLYH�DQG�SDVVLYH�SRVLWLRQV��ZH�FUHDWHG��6SLNRO��&XNXURYD��
5XIIDOGL��������LV�D�SUDFWLFDO�DQG�YDOXDEOH�DSSURDFK�WKDW�FDQ�LQIRUP�WKH�GHVLJQ�RI�DXWRPDWHG�DQDO\VLV�V\VWHPV��,W�
FDQ� EH� XVHG� WR� LQWHUSUHW� WKH� NH\� FRPSRQHQWV� RI� &36� LQFOXGLQJ� VWXGHQWV¶� SDUWLFLSDWLRQ�� UHVSRQVLYHQHVV��
SHUVHYHUDQFH�� DZDUHQHVV�� HWF�� ,� FDQ� EH� DXWRPDWHG� DQG� DSSOLHG� WR� D� UHDO� FODVVURRP� HQYLURQPHQW� E\� XVLQJ� D�
OHDUQLQJ�DQDO\WLFV�V\VWHP�WKDW�KDV�WKH�SRWHQWLDO�WR�GHWHFW�WKH�KHDG�GLUHFWLRQV�DQG�KDQG�SRVLWLRQ�RI�VWXGHQWV��XVLQJ�
ILGXFLDO�PDUNV�IRU�LQVWDQFH��VXFK�DV�WKH�RQH�ZH�GHYHORSHG�LQ�D�UHFHQW�(8�IXQGHG�UHVHDUFK��ZZZ�SHODUV�HX���0\�
IXWXUH�UHVHDUFK�ZLOO�IRFXV�RQ�DWWHPSWV�WR�H[SDQG�WKH�NH\�FRQVWUXFWV�RI�&36��DQG�SRWHQWLDOO\�RWKHU�VWXGHQW�VNLOOV��
WKDW�FDQ�EH� LQWHUSUHWHG� WKURXJK� LQGH[HV�RI�VWXGHQWV¶�QRQYHUEDO�EHKDYLRXUV�� ,�ZLOO�DOVR�ZRUN� WR�DXWRPDWH� WKLV�
SURFHVV� RI� FRGLQJ� RI� QRQYHUEDO� LQGH[HV� RI� VWXGHQW� LQWHUDFWLRQ� WR� EH�DEOH� WR�SURYLGH� UHDO�WLPH�IHHGEDFN� WR�
VWXGHQWV�DQG�WHDFKHUV�DERXW�WKHLU�&36�SDWWHUQV��7KHVH�UHVXOWV�ZRXOG�KDYH�VLJQLILFDQW�LPSOLFDWLRQV�ERWK�IRU�WKH�
GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�&36�DFWLYLWLHV�LQ�FODVVURRPV�DQG�WKH\�ZRXOG�LQFUHDVH�WKH�DFFXUDF\�DQG�WLPHOLQHVV�
RI�WHDFKHU�LQWHUYHQWLRQV��
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