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������������$EVWUDFW��2QH�PDMRU� HOHPHQW� RI� VXSSO\� FKDLQ�PDQDJHPHQW� HGXFDWLRQ� LV� KHOSLQJ� OHDUQHUV� WR� JUDVS� WKH�
FRPSOH[LW\�� WKH� FKDOOHQJHV�� DQG� WKH� HIILFLHQW�PDQDJHPHQW� RI� WKH�PXOWLSOH� GLPHQVLRQV� LQ� VXSSO\� FKDLQV��(DFK�
GHFLVLRQ� PDGH� FDQ� µULSSOH¶� WKURXJK� VXSSO\� FKDLQV� DQG� KDYH� VHULRXV� UHSHUFXVVLRQV� WKDW� PD\� LQFOXGH� FDXVLQJ�
PLOOLRQV�RI�GROODUV�LQ�GDPDJH�RU�WULJJHULQJ�D�FKDLQ�RI�HYHQWV�WKDW�GHJUDGH�WKH�TXDOLW\�RI�OLIH�IRU�SHRSOH��VRFLHW\��
RU� WKH� HQYLURQPHQW��:H� FDQ� WHDFK� UHOHYDQW� WKHRU\� DQG� WUDLQ� OHDUQHUV� IRU� VRPH� VLWXDWLRQV� WKDW� GR� QRW� UHTXLUH�
LPPHGLDWH�UHVSRQVHV��+RZHYHU��ZH�UHPDLQ�GLVDGYDQWDJHG�E\�WKH�FRQVWUDLQWV�RI�WLPH�DQG�VSDFH��REVHUYDWLRQ�RI�D�
UHDO� VXSSO\� FKDLQ� LV� RIWHQ� XQSUDFWLFDO�� DQG� OHQJWK\� WLPHV� IRU� WUDQVSRUWV� H[FHHGLQJ� DQ\� FODVV� GXUDWLRQ�� ,Q� WKLV�
SDSHU�� ZH� SUHVHQW� WKH� Q'L9(� SURMHFW� ZKLFK� FUHDWHV� D� VXSSO\� FKDLQ� VWRU\� WR� LPPHUVH� OHDUQHUV�� SURYLGH� DQ�
DXWKHQWLF�H[SHULHQFH�LQ�D�UHDOLVWLF�HQYLURQPHQW��DQG�DSSO\�WUDGLWLRQDO�DQG�DGYDQFHG�JDPLILFDWLRQ�PHFKDQLVPV�WR�
HQJDJH�DQG�PRWLYDWH�OHDUQHUV���
�

.H\ZRUGV��$FWLRQ�EDVHG�/HDUQLQJ�$VVHVVPHQW��YLUWXDO�WUDLQLQJ�HQYLURQPHQWV��IHHGEDFN��DXWKHQWLF�
OHDUQLQJ�
�

�
� �
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7KH�%HJLQQLQJ�
�
6XSSO\�FKDLQV�FDQ�EH�UHODWLYHO\�VPDOO��VXFK�DV�D�VPDOO�ORFDO�PDQXIDFWXUHU�WKDW�VXSSOLHV�QHDUE\�PDUNHWV��RU�WKH\�
PD\�EH�PXFK�PRUH�H[SDQVLYH�DQG�JOREH�VSDQQLQJ��FRQVLVWLQJ�RI�ORQJ�KDXO�WUDQVSRUW�EHWZHHQ�PXOWLSOH�VWDJHV�RI�
PDQXIDFWXUH�DQG�DVVHPEO\��7HDFKLQJ�OHDUQHUV�DERXW�VXSSO\�FKDLQ�PDQDJHPHQW�LQYROYHV�HYROYLQJ�OHDUQHU�
DZDUHQHVV�UHJDUGLQJ�WKH�FRPSOH[LW\�DQG�PXOWLSOH�GLPHQVLRQV�LQ�VXSSO\�FKDLQV��7KH�PXOWLIDFHWHG�QDWXUH�RI�UHDO�
ZRUOG�VXSSO\�FKDLQV�LQFRUSRUDWHV�WKHLU�JHRJUDSKLFDOO\�GLVWULEXWHG�IDFLOLWLHV��ORQJ�DQG�YDULDEOH�OHDG�WLPHV�
EHWZHHQ�VWDJHV�RI�SURGXFWLRQ��PDQLIROG�SURGXFWLRQ�V\VWHPV�DQG�PHQWDOLWLHV��DYDLODELOLW\�RI�UHVRXUFHV��FRQVWDQWO\�
FKDQJLQJ�PDUNHWV��XQSUHGLFWDEOH�ILQDQFLDO�LQWHUGHSHQGHQFLHV��DQG�WKH�SRVVLELOLW\�IRU�PDQ\�XQH[SHFWHG�HYHQWV�WR�
FDXVH�GLVUXSWLRQV�RU�HUURQHRXV�RXWFRPHV�WKDW�FRXOG�SRWHQWLDOO\�FDXVH�PLOOLRQV�RI�GROODUV�LQ�GDPDJH�RU�WULJJHU�D�
FKDLQ�RI�HYHQWV�WKDW�GHJUDGH�WKH�TXDOLW\�RI�OLIH�IRU�WKH�SHRSOH��VRFLHW\��RU�WKH�HQYLURQPHQW��5HLQHUV�HW�DO����������
6LQFH�WKH�WXUQ�RI�WKH�PLOOHQQLXP��VFKRODUV�KDYH�ZRUNHG�KDUG�WR�WUDQVIHU�WKLV�FRPSOH[LW\�LQWR�WH[WERRNV�DQG�
FODVVURRPV�WR�VXSSRUW�HGXFDWLRQ�DERXW�VXSSO\�FKDLQV�WKDW�HQFRPSDVV�DQ�XQGHUVWDQGLQJ�RI�VSDFH��WLPH��
FRVW�EXGJHW��SURFHVV��UHODWLRQVKLSV��HQYLURQPHQWDO�RU�RWKHU�ULVN�IDFWRUV��VXVWDLQDELOLW\�PHDVXUHV��RU�WHFKQRORJ\�
�LQWHU�DOLD��WKLV�LV�D�VPDOO�VDPSOH�RI�UHOHYDQW�VXEMHFWV��GHPRQVWUDWLQJ�WKH�EUHDGWK�RI�LVVXHV�WKDW�PXVW�EH�
DGGUHVVHG���7H[WERRNV�HPEHG�OHDUQLQJ�PDWHULDOV�XVLQJ�UHDO�ZRUOG�FDVH�VWXGLHV��WKHRULHV�DUH�DSSOLHG�WR�UHDO�ZRUOG�
GDWD��DQG�UHVXOWV�IURP�RSWLPLVDWLRQ�DOJRULWKPV�IRU�WKH�SUREOHPV�LQ�WKH�ZDUHKRXVH�ORFDWLRQ�DUH�YLVXDOLVHG�LQ�PDS�
RYHUOD\V��\HW��GHVSLWH�WKHVH�DGYDQFHV�ZH�VWLOO�IDLO�WR�DFKLHYH�DQ�DXWKHQWLF�DQG�LPPHUVLYH�H[SHULHQFH�IRU�WKH�
OHDUQHU��
�
µ6WXG\�WRXUV¶�DUH�RIWHQ�WRXWHG�DV�DQ�DXWKHQWLFLW\�LQFUHDVLQJ�DOWHUQDWLYH�WR�FODVVURRP�ERXQG�HGXFDWLRQ�DV�WKH\�
KHOS�OHDUQHUV�WR�XQGHUVWDQG�FRQWH[W�DQG�SUDFWLFDO�VLJQLILFDQFH��6WXG\�WRXUV�KDYH�EHFRPH�DQ�LQFUHDVLQJO\�YLDEOH�
VXSSRUW�RI�DXWKHQWLF�HGXFDWLRQ�DQG�DUH�DQ�LPSRUWDQW�PHWKRG�LQ�FRQWHPSRUDU\�WHUWLDU\�HGXFDWLRQ��5HLQHUV�HW�DO���
�������+RZHYHU��ZKLOH�³WKH�VWXG\�WRXU�KHOSV�WR�EULGJH�WKH�JDS�EHWZHHQ�EXVLQHVV�WKHRU\�DQG�SUDFWLFH´��3RUWK��
������S��������ZH�PXVW�DFNQRZOHGJH�WKH�VLJQLILFDQW�GUDZEDFN�RI�VWXG\�WRXUV��WKH\�RIIHU�D�OLPLWHG�SHHN�LQWR�
VHYHUDO�µVOLFHV¶�RU�µFKDSWHUV¶��WKH�WHUP�ZH�DGRSW��RI�WKH�VXSSO\�FKDLQ�DQG�WKH�SHUVSHFWLYH�LV�XVXDOO\�WKDW�RI�DQ�
H[WHUQDO�YLVLWRU��OLPLWHG�WR�SUHGHILQHG�ZDON�ZD\V�LQ�VDIH�DUHDV�DQG�ZLWKRXW�DFFHVV�WR�GHHSHU�NQRZOHGJH�RU�GDWD�
DERXW�WKH�ORFDWLRQ��2EYLRXVO\��VLWH�WRXUV�FDQQRW�EH�LQFOXGHG�LQ�DOO�SURJUDPPHV�GXH�WR�WKH�KLJK�FRVWV��L�H���
ILQDQFLDO�UHVRXUFHV�DQG�WLPH�UHTXLUHPHQWV���OLPLWHG�DFFHVV�WR�VXLWDEOH�DQG�FRQQHFWHG�FRPSDQLHV�LQ�WKHLU�UHJLRQ��
WKH�GLVWULEXWLRQ�RI�GLVWDQFH�HGXFDWLRQ�OHDUQHUV��DQG�WKH�PDLQWHQDQFH�RI�DSSURSULDWH�OHDUQLQJ�REMHFWLYHV�LQ�ZHOO�
GHVLJQHG�DQG�FRRUGLQDWHG�YLVLWV��+DQQD���������DV�ZHOO�DV�ULVN�IDFWRUV�LQYROYHG�LQ�YLVLWLQJ�VRPH�VLWHV�ZLWKRXW�
DSSURSULDWH�WUDLQLQJ�DQG�RU�FOHDUDQFH��'HSHQGLQJ�RQ�WKH�JHRJUDSKLFDO�ORFDWLRQ�RI�WKH�FODVV��LW�PD\�EH�SRVVLEOH�WR�
WRXU�VHYHUDO�FRQQHFWHG�VWDJHV�RI�D�VXSSO\�FKDLQ��\HW�RWKHU�DUHDV�PD\�EH�IRUFHG�WR�VDPSOH�UHODWHG�FKDSWHUV�IURP�
GLIIHUHQW�VXSSO\�FKDLQV�WKDW�DUH�QRW�FRQQHFWHG�WRJHWKHU��ORVLQJ�WKH�FXVWRPHU�VXSSOLHU�UHODWLRQVKLSV��+DQQD��
��������
�
,Q�WKLV�SDSHU��ZH�WHOO�D�VWRU\�WKDW�GHVFULEHV�WKH�UHVHDUFK�SURMHFW�¶Q'L9(¶��VHH�DFNQRZOHGJPHQW��DERXW�WKH�
LPPHUVLRQ�RI�WKH�OHDUQHU�LQ�DQ�DXWKHQWLF�Q�GLPHQVLRQDO�HQYLURQPHQW��7KH�IROORZLQJ�VHFWLRQ��ORJLVWLFV�DV�D�
MRXUQH\��GHVFULEHV�KRZ�ZH�FRQGHQVH�WKH�PXOWLSOH�GLPHQVLRQV��WKH�H[DFW�QXPEHU�GHSHQGV�RQ�VSHFLILF�OHDUQLQJ�
RXWFRPHV�IRU�WKH�SURJUDPPH��LQWR�D�UHVWULFWHG��DXWKHQWLF��LPPHUVLYH�VWRU\��XVLQJ�D�YLUWXDO�HQYLURQPHQW�IRU�
YLVXDOLVDWLRQ��WR�GHPRQVWUDWH��VLPXODWH��DQG�FRQWURO�UHDO�ZRUOG�VLWXDWLRQV�LQ�D�IRUPDW�WKDW�DOORZV�VWXGHQWV�WR�
JUDVS�WKH�KLJKO\�FRPSOH[�DQG�LQWHUZRYHQ�SURFHVVHV��:H�GHFLGHG�WR�HQFRGH�WKH�OHDUQLQJ�PDWHULDO�DV�DQ�
LQWHUDFWLYH�VWRU\�VLPLODU�WR�WKH�*UDQG�7KHIW�$XWR��*7$��YLGHR�JDPHV�RU�WKH�ROG�'XQJHRQV�	�'UDJRQV�JDPHV�
�/RK��������DV�WKLV�VXSSRUWV�WKH�HVWDEOLVKPHQW�RI�VXLWDEOH�VFRSH�DQG�QDUUDWLYHV�ZKLOH�OHDYLQJ�WKH�OHDUQHU�IUHH�WR�
H[SORUH�WKH�VSDFH�DQG�FUHDWH�WKHLU�RZQ�SHUVSHFWLYH�RQ�WKH�HVWDEOLVKHG�OHDUQLQJ�RXWFRPHV��,Q�WKH�QH[W�VHFWLRQ��
UHDOLVP�DQG�DXWKHQWLFLW\��ZH�RXWOLQH�WKH�LPSRUWDQFH�RI�GHFLGLQJ�RQ�WKH�DSSURSULDWH�EDODQFH�RI�UHDOLVP�DQG�
DXWKHQWLFLW\�LQ�SUHVHQWLQJ�OHDUQLQJ�PDWHULDOV��:H�XVH�GLIIHUHQW�WHFKQRORJLHV�GHSHQGLQJ�RQ�WKH�OHDUQLQJ�REMHFWLYHV�
DV�ZHOO�DV�WKH�SHUVSHFWLYH�WKH�OHDUQHU�LQKDELWV��*DPLILFDWLRQ�LV�WKH�XVH�RI�JDPH�WKLQNLQJ�DQG�PHFKDQLFV�LQ�D�QRQ�
JDPH�FRQWH[W�LQ�RUGHU�WR�HQJDJH�XVHUV�DQG�VROYH�SUREOHPV��:HUEDFK�	�+XQWHU��������:RRG�	�5HLQHUV��LQ�
SUHVV���*DPLILFDWLRQ�DGGUHVVHV�WKH�SUREOHP�WKDW�WKH�SHUIHFWO\�GHVLJQHG�OHDUQLQJ�HQYLURQPHQW�LV�QRW�VXIILFLHQW�IRU�
D�FRPSOHWH�OHDUQLQJ�H[SHULHQFH��OHDUQHUV�KDYH�WR�EH�HQJDJHG�DQG�PRWLYDWHG�DV�ZHOO��:H�LQWHJUDWH�JDPLILFDWLRQ�
PHFKDQLFV�WR�WULJJHU�HDFK�OHDUQHU¶V�³IXQ��SOD\��DQG�SDVVLRQ´��'HORLWWH���������:H�FRQFOXGH�WKH�SDSHU�ZLWK�DQ�
RXWORRN�RQ�WKH�IXWXUH�SODQV�RI�Q'L9(�DQG�RSSRUWXQLWLHV�WR�WUDQVIHU�WKH�GHPRQVWUDWHG�FRQFHSWV�WR�RWKHU�DUHDV���
�
/RJLVWLFV�DV�D�-RXUQH\�
�
:KLOH�WKH�VKHHU�PDJQLWXGH�DQG�FRPSOH[LW\�RI�D�IXOO��LQWHUWZLQHG�DQG�QHWZRUNHG�VXSSO\�FKDLQ�PDNHV�D�
FRPSUHKHQVLYH�VLPXODWLRQ�LPSRVVLEOH�DQG�XQGHVLUDEOH�WR�LPSOHPHQW��ZH�DLP�WR�PDLQWDLQ�VRPH�RI�WKH�VFRSH�DQG�
FRPSOH[LW\��)RU�Q'L9(��ZH�XVH�DQ�H[HPSODU\�VXSSO\�FKDLQ�WR����IROORZ�RQH�SURGXFW�VWDUWLQJ�IURP�PLQLQJ�UDZ�
PDWHULDOV��SURFHVVLQJ�DQG�PDQXIDFWXUH��WKURXJK�WR�SURYLGLQJ�JRRGV�WR�FXVWRPHUV�����GHPRQVWUDWH�WKH�QHHG�DQG�
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DSSOLFDWLRQ�RI�NQRZOHGJH��H[SHULHQFH��DQG�VNLOOV�����WDNLQJ�D�GLIIHUHQW�SHUVSHFWLYH�RU�UROH�ZLWKLQ�WKH�VDPH�
VFHQDULR��DQG����UHOD\LQJ�LW�WR�WKH�UHDO�ZRUOG��7KH�VXSSO\�FKDLQ�LV�SUHVHQWHG�DV�D�PDS�VKRZLQJ�WKH�NH\�FKDSWHUV�
RI�WKH�VXSSO\�FKDLQ�VWRU\��VRXUFLQJ�UDZ�PDWHULDO��SURFHVVLQJ��WUDQVSRUW��PDQXIDFWXULQJ��GLVWULEXWLRQ��DQG�WKH�
FXVWRPHU��:LWKLQ�WKH�RYHUYLHZ�SURYLGHG�E\�WKH�PDS��HDFK�FKDSWHU�LV�D�µEODFN�ER[¶��L�H���WKH�LQWHUQDO�IXQFWLRQ�LV�
QRW�LPSRUWDQW���7KH�PDS�LQ�)LJXUH���VKRZV�WKH�VHTXHQFH�RI�FKDSWHUV�WR�EH�RSHQHG�IRU�IXUWKHU�LQYHVWLJDWLRQ���
�

�
�

)LJXUH�����7KH�PDS�±�FRUUHVSRQGLQJ�FKDSWHUV�IRU�HDFK�VWHS�LQ�WKH�VXSSO\�FKDLQ�
�
7KLV�UHSUHVHQWDWLRQ�HQFDSVXODWHV�D�ORJLFDO�RUGHULQJ�VLPLODU�WR�WKH�FKDSWHUV�LQ�D�WH[WERRN��PLPLFNLQJ�WKH�UHDO�
ZRUOG�IORZ�RI�PDWHULDOV�IURP�VXSSO\�WR�FRQVXPHU��6LPLODU�WR�WKH�WH[WERRN��WKH�VXSSO\�FKDLQ�LV�RQO\�FRPSOHWH�LI�
DOO�VWHSV��FKDSWHUV��DUH�LQFOXGHG��\HW�HDFK�VWHS�DGGUHVVHV�D�GLVWLQFW�VXEVHW�RI�WKH�ZKROH�WKDW�FDQ�EH�VHOHFWHG�DV�D�
WRSLF�IRU�D�OHDUQLQJ�XQLW��5HLQHUV�HW�DO����������%HIRUH�FRQWLQXLQJ�ZLWK�WKH�VWRU\WHOOLQJ�RI�Q'L9(��ZH�ILUVW�RXWOLQH�
KRZ�ZH�DGGUHVV�GLIIHUHQW�NLQGV�RI�µLPPHUVLRQ¶�LQ�WKLV�SURMHFW�WR�FUHDWH�D�PRUH�FRPSHOOLQJ�OHDUQLQJ�H[SHULHQFH��
�
,PPHUVLRQ�DQG�DXWKHQWLF�OHDUQLQJ�
�
,PPHUVLRQ�LV�WKH�IHHOLQJ�WKDW�RQH�LV�SDUWLFLSDWLQJ�LQ�D�UHDOLVWLF�H[SHULHQFH��'HGH���������7KH�PRUH�RQH�LV�
LPPHUVHG��WKH�PRUH�RQH�LJQRUHV�RWKHU�WKLQJV�IRU�VLJQLILFDQW�WLPHV��3HRSOH�FDQ�EH�FDSWLYDWHG�LQ�PRYLHV��ERRNV��RU�
JDPHV�DQG�QRW�UHDOLVH�WKDW�WKH\�KDYH�QRW�PRYHG�IRU�VRPH�WLPH�RU�PD\EH�HYHQ�HDWHQ��5HLQHUV��:RRG��	�*UHJRU\��
XQGHU�UHYLHZ���$XWKHQWLF�OHDUQLQJ�RFFXUV�ZKHQ�DQ�HQYLURQPHQW�UHSOLFDWHV�SUDFWLFHV�DQG�DFWLRQV�IRXQG�LQ�UHDO�
ZRUOG�HQYLURQPHQWV��6WXGHQWV�UHFHLYH�IHHGEDFN�IROORZLQJ�LPPHUVLRQ�LQ�DXWKHQWLF�PDWHULDOV�RU�DFWLYLWLHV��7KH�
OHDUQHU�FDQ�PDNH�PLVWDNHV�LQ�FRQWH[W�ZLWKRXW�UHDO�OLIH�FRQVHTXHQFHV�WKURXJK�DXWKHQWLF�WDVNV�XVLQJ�JDPLILFDWLRQ�
�+HUULQJWRQ��5HHYHV��	�2OLYHU���������WKDW�LV��DGGLQJ�JDPH�EDVHG�HOHPHQWV�LQWR�D�QRQ�JDPH�EDVHG�DFWLYLW\��
7UXO\�DXWKHQWLF�OHDUQLQJ�FDQ�EH�FRVWO\��GDQJHURXV��RU�DGPLQLVWUDWLYHO\�GLIILFXOW�WR�DUUDQJH��6LPSO\�XVLQJ�
WHFKQRORJ\�GRHV�QRW�FUHDWH�DQ�DXWKHQWLF�OHDUQLQJ�VFHQDULR�EXW�DXWKHQWLF�OHDUQLQJ�FDQ�WDNH�SODFH�VXSSRUWHG�E\�
WHFKQRORJ\��7HUlV�	�0\OO\Ol����������'�UHSUHVHQWDWLRQV�RI�WKH�UHDO�ZRUOG�FDQ�KHLJKWHQ�LPPHUVLRQ�IRU�OHDUQHUV�
LQ�DFWLYLWLHV�ZKLOVW�LQFUHDVLQJ�WKH�OHDUQLQJ�H[SHULHQFH�DXWKHQWLFLW\��
�
:H�XVH�WKH�VLPSOLILHG�PDS��)LJXUH����WR�JXLGH�OHDUQHUV�DQG�WR�FRQQHFW�OHDUQLQJ�PDWHULDOV�WR�VHFWLRQV��IL[LQJ�DQG�
GHILQLQJ�FRQWH[W��7RJHWKHU��WKLV�WUDQVIRUPV�FODVVURRPV�IURP�D�SODFH�IRU�VOLGHV�WR�D�VSDFH�IRU�FRQYH\DQFH�RI�
³LQIRUPDWLRQ�LQ�D�FRPSHOOLQJ�DQG�PHPRUDEOH�ZD\´��1HDO��������DEVWUDFW��SDUD�����LQ�WKH�³RULJLQDO�IRUP�RI�
WHDFKLQJ´��VWRU\WHOOLQJ��3HGHUVRQ��������SDUD������6WRU\WHOOLQJ�LV�WKH�DUW�RI�XVLQJ�ZRUGV�DQG�JHVWXUHV�WR�PDQLIHVW�D�
VWRU\�LQ�OHDUQHUV¶�PLQGV��FUHDWLQJ�FRQQHFWLRQV�WKDW�UHVXOW�LQ�FUHDWLYLW\��FRPELQLQJ�VKDUHG�LPSUHVVLRQV�ZLWK�RXU�
SHUVRQDO�H[SHULHQFHV��XQGHUVWDQGLQJ��DQG�NQRZOHGJH�WR�JHQHUDWH�RXU�RZQ��LQGLYLGXDO�VWRU\��6LPLODU�WR�
REVHUYDWLRQV�RI�WKH�ILOP�LQGXVWU\�DQG�VFULSW�ZULWHU�UROHV��LQVWUXFWLRQDO�GHVLJQHUV�PDNH�XVH�RI�ERWK�JLYHQ�FRQWH[WV�
DQG�WHFKQRORJLHV�WR�VXSSRUW�WKHLU�GHVLJQ�DQG�VFXOSWXULQJ�RI�DQ�HQYLURQPHQW��WKH�VWRU\��6XEVHTXHQW�QDUUDWLYHV��RU�
XQLTXH�SDWKV��WKURXJK�WKH�VWRU\�DOVR�HQOLYHQ�WKH�VWRU\�DQG�DOORZ�LW�WR�³XQIROG�LQ�VSDFH´��1LWVFKH�	�7KRPDV��
������S��������
�
6WRULHV�UHO\�RQ�QDUUDWLYHV��ZLWKLQ�HGXFDWLRQDO�VHWWLQJV�QDUUDWLYHV�PD\�EH�FUHDWHG�E\�HLWKHU�WKH�WHDFKHU�RU�E\�
OHDUQHUV��7HDFKHUV�SURYLGH�GRPDLQ�H[SHUWLVH�DQG�NQRZOHGJH�EDVHG�GHVLJQ�RI�PRGHO�DQVZHUV�LQ�DGGLWLRQ�WR�
VXJJHVWLRQV�DERXW�WUDYHUVLQJ�WKH�VWRU\��0LOHVWRQHV�FDQ�EH�GHILQHG�E\�WHDFKHUV��UHSUHVHQWLQJ�VHTXHQFHV�RI�DFWLRQV�
LQ�WKH�VFHQDULR��ZLWK�FRQWLQXLW\�EHWZHHQ�VFHQDULR�VHJPHQWV���/HDUQHUV�DUH�JXLGHG�E\�WHDFKHUV¶�QDUUDWLYH�EXW�
LQWHUDFW�ZLWK�WKH�WHDFKHU�GULYHQ�QDUUDWLYH�WR�IRUP�WKHLU�RZQ�SHUFHSWLRQ�DQG�DZDUHQHVV��1DUUDWLYHV�VXSSRUW�WKH�
SURFHVV�RI�XQGHUVWDQGLQJ�DQG�EXLOGLQJ�FRJQLWLYH�VWUXFWXUHV��%UXQHU��������5LHGO�	�<RXQJ���������WKH\�DUH�
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G\QDPLF�ZKHUHE\�HYHU\�GLVWXUEDQFH�ZLWKLQ�WKH�FODVVURRP�ERXQG�SRQG�RI�SDVVLYLW\�UHVXOWV�LQ�D�FKDQJH�RI�
QDUUDWLYH�DQG��VLPXOWDQHRXVO\��WKH�SDWK�WR�WKH�DFKLHYHPHQW�RI�WKH�OHDUQLQJ�REMHFWLYHV���
�
7KH�WHDFKHU�RFFXSLHV�WKH�UROH�RI�WKH�VWRU\WHOOHU�DQG�LV�UHVSRQVLEOH�IRU�WKH�VWRU\�DQG�IRU�PDLQWDLQLQJ�WKH�
SDUDGR[LFDO�WHQVLRQ�EHWZHHQ�IOH[LELOLW\�RSHQQHVV�DQG�GHILQHG�RXWFRPHV�UHTXLUHPHQWV��D�UROH�VLPLODU�WR�WKH�
µ'XQJHRQ�0DVWHU¶�LQ�µ'XQJHRQV�	�'UDJRQV¶�/RJ���������WKH�WHDFKHU�EHFRPHV�D�µ/HFWXUH�0DVWHU¶��7KH�
VWRU\WHOOHU�DOORZV�OHDUQHUV�IUHHGRP�WR�H[SORUH�WKH�OHDUQLQJ�VSDFH�LQFRUSRUDWHG�DFWLYLWLHV�VFRSHG�WR�NHHSV�OHDUQHUV�
RQ�WUDFN��:LWKLQ�DQ�LQGXVWULDO�FRQWH[W��D�PDQDJHU�FDQ�PRQLWRU�HPSOR\HHV¶�DFWLYLWLHV�WRZDUGV�REMHFWLYHV�
SURYLGLQJ�WKH�RSSRUWXQLW\�WR�JHQWO\��RU�EUXVTXHO\��SURYLGH�WKH�HPSOR\HH�ZLWK�JXLGDQFH�WR�HQVXUH�WKDW�DFWLYLWLHV�
DUH�ILQLVKHG�RQ�WLPH��6XFK�PDLQWHQDQFH�RI�VFKHGXOHV�DQG�SURJUHVV�HQVXUHV�WKDW�HPSOR\HHV¶�HIIRUWV�DUH�QRW�
ZDVWHG��,Q�Q'L9(��ZH�XVH�D�SORW�EDVHG���L�H���WKH�WHDFKHU�FUHDWHG�QDUUDWLYH��DQG�FKDUDFWHU�EDVHG�VWRU\WHOOLQJ��L�H���
WKH�QDUUDWLYH�FUHDWHG�E\�LQWHUDFWLRQV�EHWZHHQ�WKH�OHDUQHU�DQG�HQYLURQPHQW���'DQLOLFKHYD��.OLPHQNR��%DWXULQ��	�
6HUHEURY���������7KH�SORW�EDVHG�VWRU\WHOOLQJ�LV�XVHG�DW�WKH�WRS�OHYHO��ZKHUH�ZH�RXWOLQH�WKH�VWRU\�DQG�GHILQH�WKH�
IRFXV�RI�WKH�VXSSO\�FKDLQ�DQG�FRQVWLWXHQW�FKDSWHUV�WR�PHHW�WRSLF�FRYHUDJH�UHTXLUHPHQWV�DQG�OHDUQLQJ�PDWHULDO��
7KH�FKDSWHUV�DUH�LQWHQGHG�WR�EH�FKDUDFWHU�EDVHG��ZKHUH�WKH�DFKLHYHPHQW�RI�OHDUQLQJ�REMHFWLYHV�LV�PRUH�LPSRUWDQW�
WKDQ�D�VWDWLF�SDWK��7KLV�DOLJQV�ZLWK�1LWVFKH�DQG�7KRPDV¶��������6WRU\�0DS��WKH�OHDUQHU�H[SORUHV�WKH�YLUWXDO�
HQYLURQPHQW�DQG�PDSV�WKH�VSDFH�DQG�VWRU\��7KH�VWRU\�LV�WLHG�WR�WKH�QDYLJDWLRQ�RI�WKH�VSDFH��0XUUD\��������UDWKHU�
WKDQ�EHLQJ�SXUHO\�WHDFKHU�GHILQHG�DQG��LPSOHPHQWHG��
�
,Q�Q'L9(��WKH�GHVLJQ�RI�WKH�VWRU\�LQFOXGHV�WKH�IROORZLQJ�FRUH�WDVNV��
�
��� 'HILQLQJ�WKH�JRDO�ZLWK�UHVSHFW�WR�WKH�FRQWH[W�DQG�VWDNHKROGHUV��:KDW�LV�WKH�NQRZOHGJH�DQG�VNLOOV�ZH�ZDQW�WR�

WHDFK�ZKLOH�WKH�VWRU\�LV�FRPSOHWHG"�+RZ�GR�ZH�WHOO�WKH�VWRU\"�:KLOH�DQ�DFDGHPLF�SRVW�JUDGXDWH�FRXUVH�PXVW�
LQFOXGH�WKHRULHV��WKH�VDPH�WRSLF�WDXJKW�WR�ZRUNHUV�WKDW�PXVW�XQGHUVWDQG�WKH�UHDO�ZRUOG�FKDOOHQJHV�GXULQJ�
WKHLU�ZRUNSODFH�LQGXFWLRQ�ZRXOG�UHTXLUH�D�PRUH�URXWLQH��WUDLQLQJ�RULHQWDWHG�IRFXV���

��� 2XWOLQLQJ�WKH�PDLQ�PLOHVWRQHV��+HUH��WKH�PLOHVWRQHV�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�FRPSOHWLRQ�RI�FKDSWHUV�RU�
WKH�QDUUDWLYH��EXW�WKH�PDLQ�WRSLFV�WR�EH�FRYHUHG�ZLWK�UHVSHFW�WR�WKH�OHDUQLQJ�REMHFWLYHV��&KDSWHUV�DQG�
QDUUDWLYHV�UHPDLQ�LQGHSHQGHQW�DV�LW�LV�RIWHQ�LPSRVVLEOH�RU�LPSUDFWLFDO�WR�DJJUHJDWH�HYHU\WKLQJ�LQ�RQH�FKDSWHU��
HOHPHQWV�PD\�EH�HPEHGGHG�LQ�VHYHUDO�FKDSWHUV�ZKHUH�WKH\�GHPRQVWUDWH�VWURQJ�ILW��

��� 6HWWLQJ�WKH�PDLQ�VFRSH�RI�WKH�FKDSWHUV��7KH�OHDUQLQJ�REMHFWLYHV�IRU�HDFK�FKDSWHU�PXVW�EH�DVFHUWDLQHG�DQG�
PDWHULDO�WR�EH�H[FOXGHG�H[SOLFDWHG��)ROORZLQJ�RXU�DQDORJ\��HDFK�LV�VLPLODU�WR�FKDSWHUV�ZLWKLQ�D�VXSSO\�FKDLQ�
WH[WERRN��HDFK�HPSKDVLVLQJ�D�GLIIHUHQW�WRSLF�ZLWKLQ�Q'L9(��7KH�OHDUQLQJ�REMHFWLYHV�GLFWDWH�WKH�GHVLJQ�RI�WKH�
PDS�DQG�LQFOXVLRQ�RI�SDUWLFXODU�ODQGPDUNV��$W�WKLV�SRLQW�WKHUH�DUH�QR�GHWDLOV�DERXW�WKH�OHDUQLQJ�PDWHULDO�RU�
KRZ�WR�HQFRGH�DQG�SUHVHQW�WKHVH�GHWDLOV�WR�OHDUQHUV��

��� 'HFLGLQJ�RQ�WKH�PHWKRGRORJ\�DQG�WHFKQRORJ\�WR�XVH�IRU�WKH�FKDSWHUV��8VLQJ�WHFKQRORJ\�KDV�WZR�IDFHWV�����LW�
FDQ�FUHDWH�WKH�ULJKW�HQYLURQPHQW�IRU�WKH�OHDUQHU�ZLWK�UHVSHFW�WR�LPPHUVLRQ��DXWKHQWLFLW\��RU�DYDLODELOLW\��EXW����
LW�PLJKW�GLVWUDFW�IURP�WKH�FRQWHQW�DQG�LQWLPLGDWH�OHDUQHUV�ZKR�SRVVHVV�SRRU�WHFKQRORJLFDO�NQRZOHGJH�RU�ODFN�
DFFHVV�WR�DSSURSULDWH�HTXLSPHQW��)RU�Q'L9(��ZH�UHTXLUH�WKH�WHFKQRORJ\�IRU�FRQWHQW�DV�LW�VLPXODWHV�VSHFLILF�
UHDO�ZRUOG�VFHQDULRV�DQG�PXVW�EH�LPPHUVLYH�DQG�DXWKHQWLF��H�J���OHDUQLQJ�DERXW�VDIHW\�DQG�KHDOWK�RU�VSHFLILF�
SURFHVVHV��$OWHUQDWLYHV�DUH�DYDLODEOH��EXW�ZLOO�UHGXFH�HIIHFWLYHQHVV�RI�H[SHULHQFH��,Q�JHQHUDO��WHFKQRORJ\�LV�
XVHG�DV�QHHGHG��EXW�QRW�MXVW�WR�µVKRZ�RII¶�RU�SURYLGH�D�µZRZ�IDFWRU¶��5HTXLUHPHQWV�DUH�PLQLPLVHG�WR�VXSSRUW�
GLVWDQW�HGXFDWLRQ�DQG�FODVVURRP�OHFWXUHV�DV�XVHUV�PD\�QRW�KDYH�DFFHVV�WR�VSHFLDOLVHG�WHFKQRORJ\��
�

$�NH\�TXHVWLRQ�LV�ZKHWKHU�WKH�VWRU\�UHTXLUHV�D�UHVWULFWLYH�IUDPHZRUN��ZKLFK�FRQVWUDLQV�WKH�OHDUQHUV¶�IUHHGRP��
7KH�OHDUQLQJ�REMHFWLYHV�VKRXOG�EH�VHOHFWHG�DFFRUGLQJ�WR�WKH�ZLGHU�FRQWH[W��H�J���D�XQLYHUVLW\�FRXUVH��WUDLQLQJ�IRU�
D�MRE��RU�D�FHUWLILFDWH�UHODWLQJ�WR�D�VSHFLILF�WDVN���7KH�JHQHUDO�IUDPHZRUN�PXVW�IXOILO�WKH�UHTXLUHPHQWV�DQG�EH�
DFFHSWHG�DQG�DFFUHGLWHG��)LJXUH���LOOXVWUDWHV�D�SRVVLEOH�VWRU\��LQFOXGLQJ�D�EULHI�H[DPSOH�RI�D�WHDFKHU¶V�QDUUDWLYH���
7KH�YLVXDOLVDWLRQ�RI�WKH�LQGLYLGXDO�FKDSWHUV�RI�WKH�VWRU\�GHPRQVWUDWHV�DQRWKHU�HOHPHQW�UHODWHG�WR�LPPHUVLRQ�
�ZKLFK�ZH�UHWXUQ�WR�QH[W���UHDOLVP�DQG�DXWKHQWLFLW\��7KHVH�VKRXOG�EH�SDUW�RI�WKH�VWRU\�GHVLJQ��7KXV��FKDSWHUV�
VKRXOG�DOORZ�IRU�DOWHUQDWLYH�SDWKZD\V��SDUWLFXODUO\�LQ�UHVSHFW�WR�WHFKQRORJLFDO�OLPLWDWLRQV�DQG�WKH�VXEMHFW�RI�
VWXG\��VKRZQ�LQ�)LJXUH���E\�EUDQFKLQJ�WKH�VWRU\�LQWR�DOWHUQDWLYH�QDUUDWLYHV��1RW�VKRZQ�LQ�WKH�ILJXUH�DUH�WKH�
OHDUQHU�QDUUDWLYHV��VHH�GHVFULSWLRQ�IRU�&KDSWHU����GLVWULEXWLRQ���UHSUHVHQWLQJ�D�VXEVHW�RI�WKH�WHDFKHU�QDUUDWLYH�
�DFFRUGLQJ�WR�SUH�H[LVWLQJ�NQRZOHGJH��LQ�DQ�LQGLYLGXDO�RUGHU��7KH�IUHHGRP�LV�FRQVWUDLQHG�DV�D��UHGXFHG��QXPEHU�
RI�OHDUQLQJ�REMHFWV�KDV�WR�EH�IXOILOOHG�WR�SDVV�WKH�FRXUVH��1RWH�WKDW�HDFK�FKDSWHU�KDV�D�XQLTXH�QDUUDWLYH�
UHSUHVHQWLQJ�D�FKDOOHQJH�RU�D�VLGH�VWRU\��
�
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�
)LJXUH�����$�SRVVLEOH�VWRU\�

�
7KH�FKDSWHUV�LQ�)LJXUH���GHSLFW�D�VXEVHW�RI�H[DPSOHV�IURP�RXU�VXSSO\�FKDLQ�VWRU\��LOOXVWUDWLQJ�WKH�RXWOLQH�DQG�
YDULDELOLW\�RI�OHDUQLQJ�PDWHULDO�SUHVHQWDWLRQ��H[WUDFWHG�IURP�WKH�PDS�LQ�)LJXUH�����7KLV�LV�D�SRVVLEOH�VHOHFWLRQ�RI�
FKDSWHUV�IURP�RQH�VWRU\�DQG�WKHUH�PD\�EH�PRUH�WRSLFV�WKDQ�YLVXDOLVHG�DV�ORFDWLRQV�RQ�WKH�PDS��H�J���µKHDOWK�DQG�
VDIHW\¶�LV�D�WRSLF�DSSOLFDEOH�WR�PRVW�PDS�ORFDWLRQV�DQG�FRXOG�WKHUHIRUH�EH�LQVHUWHG�PXOWLSOH�WLPHV�RQ�WKH�
QDUUDWLYH�SDWK���
�
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&KDSWHU����7KH�LQWURGXFWLRQ�GHVFULEHV�WKH�VFHQDULR�DQG�WKH�WHUPLQRORJ\��:H�XVH�WKH�DQDORJ\�WR�WKH�UHDO�ZRUOG��
L�H���WR�ORZHU�WKH�VFHSWLFLVP�WKDW�PDQ\�OHDUQHUV�KDYH�WRZDUGV�WKLV�DUHD��

&KDSWHU����QRW�VKRZQ�LQ�)LJXUH�����,QWURGXFWLRQ�WR�PLQLQJ��L�H��OD\RXW��HTXLSPHQW��DQG�SURFHVVHV��7KH�XQLW�
LQFOXGHV�D�PLQH�VLWH�LQGXFWLRQ�WKDW�FUHDWHV�DZDUHQHVV�RI�ULVNV�RI�LQMXULHV�DQG�RU�GHDWK��7KLV�FKDSWHU�UHTXLUHV�D�
KLJK�GHJUHH�RI�DXWKHQWLFLW\�DQG�LPPHUVLRQ�WR�JDLQ�H[SHULHQFH�EH\RQG�FXUUHQWO\�FRPPRQ�LQGXFWLRQV�
FRQVLVWLQJ�RI�ZULWWHQ�H[DPSOHV�DQG�PXOWLSOH�FKRLFH�TXHVWLRQV��VHH�&KDSWHU���IRU�D�VKRUW�H[DPSOH�DV�ZHOO�DV�
5HLQHUV��:RRG��DQG�'URQ��LQ�SUHVV���

&KDSWHU����,QWURGXFWLRQ�WR�UDZ�PDWHULDOV�SURFHVVLQJ��LOOXVWUDWHG�KHUH�E\�D�6HFRQG�/LIH�EDVHG�VWHHO�SURGXFWLRQ�
IDFLOLW\��7KH�VLWH�DOORZV�IRU�H[SORUDWLRQ�ZLWKRXW�ULVN�RU�UHVWULFWLRQV��7KH�OHDUQHU�FDQ�LQYHVWLJDWH�GHWDLOV�DQG�
OHDUQ�DERXW�SURFHVVHV�E\�IROORZLQJ�WKHP��H�J���ZDONLQJ�ZLWK�WKH�WUDLQ�FDUU\LQJ�PROWHQ�LURQ�RUH���:KHUH�
GHWDLOV�DUH�QRW�UHTXLUHG�RWKHU�PHDQV�RI�SUHVHQWDWLRQ�FDQ�EH�XVHG��H�J���0DFKLQLPD��L�H���LQ�ZRUOG�YLGHRV����

&KDSWHU����7KLV�FKDSWHU�H[HPSOLILHV�D�QRQ�WHFKQRORJ\�EDVHG�SUHVHQWDWLRQ�WKDW�FDQ�EH�LQWHUZRYHQ�ZLWK�Q'L9(�
WR�DGGUHVV�VSHFLDOLVHG�VWXGHQWV�LQ�/RJLVWLFV�RU�2SHUDWLRQV�5HVHDUFK��:KLOH�&KDSWHU���LQWURGXFHG�WKH�VXSSO\�
FKDLQ�DQG�ZDUHKRXVH�ORFDWLRQV��LW�LV�LPSRUWDQW�IRU�VWXGHQWV�WR�XQGHUVWDQG�ZDUHKRXVH�ORFDWLRQ�GHFLVLRQV�DQG�
KRZ�JRRGV�VKRXOG�EH�GLVWULEXWHG�WKURXJKRXW�SURFHVVLQJ�DQG�PDQXIDFWXULQJ��L�H���KRZ�PDQ\�LWHPV�DUH�VWRUHG�
LQ�ZKLFK�ZDUHKRXVH�DQG�KRZ�WKH�WUDQVSRUW�LV�RUJDQLVHG��+HUH��GHYHORSLQJ�PDWKHPDWLFDO�PRGHOV�DQG�VROXWLRQ�
DOJRULWKPV�LV�UHOHYDQW��ZKLFK�FDQ�EH�WDXJKW�E\�OHFWXUH��WXWRULDOV��H[HUFLVHV��DQG�WH[WERRNV��

&KDSWHU����*DPLILHG�H[SORUDWLYH�OHDUQLQJ�DERXW�RUGHU�IXOILOPHQW�LQ�D�ZDUHKRXVH��7KH�OHDUQHU�LV�SRVLWLRQHG�LQ�DQ�
DXWKHQWLF��LPPHUVLYH�HQYLURQPHQW��%HVLGHV�FOXHV�IURP�WKH�JHQHUDO�FRQWH[W��WKH�OHDUQHU�UHFHLYHV�RQO\�
UXGLPHQWDU\�LQVWUXFWLRQV�DQG�LQVWHDG�DFTXLUHV�JXLGDQFH�IURP�LQGLUHFW�VLJQDOV��FRPPXQLFDWLRQ�ZLWK�ERWV��QRQ��
SOD\HU�FKDUDFWHUV���RU�SODFHG�PHVVDJHV��H�J��D�FXVWRPHU�FDOO�LV�UHFHLYHG�ZKHQ�WKH�OHDUQHU�ZDONV�RXW�RI�WKH�
ZDUHKRXVH�ZLWKRXW�WKH�RUGHU�RU�WKH�ERVV�WDONV�WR�WKH�OHDUQHU�YLD�WKH�VSHDNHU�LI�LQFRUUHFW�RU�XQKHOSIXO�DFWLYLWLHV�
DUH�XQGHUWDNHQ��7KLV�WULJJHUHG��IRUPDWLYH��IHHGEDFN�LV�DFKLHYHG�E\�PRQLWRULQJ�WKH�OHDUQHU�FRQWLQXRXVO\�IRU�
DFWLYDWLQJ�WULJJHUV�DVVRFLDWHG�ZLWK�FRUUHVSRQGLQJ�UHDFWLRQV��)RU�H[DPSOH��LI�WKH�OHDUQHU�XVHV�WKH�ZURQJ�
IRUNOLIW��H�J���RQH�ZLWK�LQVXIILFLHQW�FDSDFLW\��LW�ZLOO�WLOW�RYHU�DQG�WKH�OHDUQHU�PXVW�UHVWDUW�RU�XVH�JDPLILHG�
PHFKDQLVPV�VXFK�DV�UHZLQGLQJ�WR�D�SUHYLRXV�VWDWH��WKH�PRPHQW�ZKHUH�WKH�OHDUQHU�SLFNHG�WKH�IRUNOLIW��RU�
UHVWDUWLQJ�WKH�ZKROH�VFHQDULR��5HLQHUV�HW�DO����������7KH�ILQDO�HYDOXDWLRQ�DVVLJQV�VFRUHV�IRU�WKH�WLPH�UHTXLUHG��
QXPEHU�RI�RUGHUV�EHLQJ�IXOILOOHG��DPRXQW�RI�GDPDJH�FDXVHG��RU�KLQWV�UHFHLYHG�E\�WKH�HQYLURQPHQW��7KH�
OHDUQHU�FDQ�UHSHDW�WKH�FKDSWHU�WR�LPSURYH�WKH�VFRUH�IRU�D�EHWWHU�SRVLWLRQ�RQ�D�OHDGHUERDUG��

$SSHQGL[��6FHQDULRV�ZLWK�KLJK�DXWKHQWLFLW\�DQG�UHDOLVP�DW�WKH�HQG�RI�WKH�XQLW�WR�GHPRQVWUDWH�WKH�DSSOLFDWLRQ�RI�
WKH�NQRZOHGJH�DQG�VNLOOV��VPRRWK�WKH�WUDQVLWLRQ�IURP�WKH��YLUWXDO��OHDUQLQJ�HQYLURQPHQW�WR�WKH�UHDO�ZRUOG�DQG�
WHDFK�DERXW�UHDO�ZRUOG�ULVNV��

�
7KH�PDLQ�QDUUDWLYH�SDWK�FRQQHFWV�WKH�FKDSWHUV�LQ�D�ORJLFDO�RUGHU��L�H���WKH�SURJUHVVLRQ�RI�FKDSWHUV�DV�ZH�PLJKW�
VHH�LQ�D�WH[WERRN���ZKLOH�HDFK�FKDSWHU�KDV�LWV�RZQ�QDUUDWLYH�SDWK��H�J���VKRZQ�LQ�WKH�µGLVWULEXWLRQ�VFHQDULR¶�LQ�
&KDSWHU���RI�)LJXUH�����7KH�QDUUDWLYH�SDWK�SURYLGHV�JXLGDQFH�DQG�HVWDEOLVKHV�FRPSUHKHQVLRQ�RI�UHOHYDQW�
HOHPHQWV�WKDW�PD\�EH�UHTXLUHG�WR�IXOILO�OHDUQLQJ�REMHFWLYHV��7KLV�LV�D�VLPSOH�EXW�HIIHFWLYH�PHFKDQLVP�WR�DGGUHVV�
WKH�PDQLIROG�EDFNJURXQGV�DQG�LQWHUHVWV�LQ�D�FODVV��VLPLODU�WR�DGDSWLYH�LQWHOOLJHQW�OHDUQLQJ�HQYLURQPHQWV���7KH�
PDLQ�WHDFKHU�SDWK�RQ�WKH�OHIW�LQ�)LJXUH���E\SDVVHV�WKH�WUDQVSRUW�FKDSWHU��ZKLFK�LV�LQWHQGHG�IRU�VSHFLDOLVW�
HGXFDWLRQ�IRU�ORJLVWLFLDQV�DERXW�RSWLPLVDWLRQ�DOJRULWKPV��:H�XVH�PLOHVWRQHV�RQ�WKH�SDWK�WR�LQGLFDWH�UHTXLUHPHQWV�
IRU�OHDUQLQJ�FRQWHQW�DQG�OHDUQLQJ�PHWKRGV��)RU�OHDUQHUV�ZLWKRXW�VSHFLDO�IRFXV�RQ�SURFHVVLQJ�DQG�PDWHULDOV�LW�
PLJKW�EH�VXIILFLHQW�WR�LOOXVWUDWH�HOHPHQWV�RI�WKH�WRSLF�XVLQJ�0DFKLQLPD�DQG�FDVH�VWXGLHV��ZKLOH�RWKHUV�PD\�ZLVK�
WR�H[SORUH�WKH�SURFHVVLQJ�IDFLOLW\�LQGHSHQGHQWO\�LQ�JUHDWHU�GHSWK��VHH�H[SODQDWLRQ�RI�&KDSWHU���LQ�WKH�GRW�SRLQW�
OLVW�DERYH���7R�DFNQRZOHGJH�WKH�GLIIHUHQW�OHDUQLQJ�QHHGV��ZH�DOORZ�VSOLWWLQJ�IRUNLQJ�DQG�MRLQLQJ�RI�QDUUDWLYHV��
1RWH�WKDW�WKH�ORJLFDO�RUGHU�RI�WKH�FKDSWHU�FDQ�ODUJHO\�EH�FRQVLGHUHG�DV�D�VXJJHVWLRQ�RU�D�UHTXLUHPHQW��ZKLOH�DOO�
PLOHVWRQHV�PXVW�EH�PHW��&OHDUO\�WKHUH�DUH�WLPH�DFWLRQ�GHSHQGHQFLHV�IRU�PLOHVWRQHV��H�J���LQ�WKH�H[DPSOH�RI�
&KDSWHU����WKH�IRUNOLIW�PXVW�EH�VWDUWHG�EHIRUH�LW�FDQ�EH�GULYHQ���
�
$�NH\�REMHFWLYH�RI�Q'L9(�LV�WR�FUHDWH�DZDUHQHVV�RI��DQG�DSSUHFLDWLRQ�IRU��WKH�FRPSOH[LW\�RI�VXSSO\�FKDLQV��
SDUWLFXODUO\�PDQLIHVWHG�E\�WKH�GHSHQGHQFLHV�EHWZHHQ�FDXVHV�DQG�HIIHFWV��RIWHQ�VHSDUDWHG�E\�WLPH�DQG�VSDFH��
/HDUQLQJ�SHULRGV�RI�WHQ�RU�WZHOYH�ZHHNV�PDNH�LW�LV�LPSRVVLEOH�WR�REVHUYH�UHDO�ZRUOG�VFHQDULRV��L�H���WKRVH�ZLWK�
PDQXIDFWXULQJ�OHDG�WLPHV�RI�WZR�ZHHNV�DQG�VL[�ZHHNV�LQ�WUDQVLW�EHWZHHQ�FRQWLQHQWV��)LJXUH���GHPRQVWUDWHV�
FKDSWHU�FRQQHFWLRQV�ZKHUH�D�OHDUQLQJ�RXWFRPH�IURP�RQH�FKDSWHU�LV�UHIOHFWHG�LQ�WKH�IROORZLQJ�FKDSWHUV��7KDW�LV��
WKH�FUHDWHG�RXWSXW�RI�WKH�µSURFHVVLQJ�FKDSWHU¶�LV�LQSXW�IRU�WKH�¶WUDQVSRUW�FKDSWHU¶��ZKLFK�LV�OLQNHG�WR�WKH�
¶PDQXIDFWXULQJ�FKDSWHU¶��$Q�H[DPSOH�LV�����WKH�OHDUQHU�PLVWDNHQO\�DOORZV�D�FRPSRQHQW�WR�FRRO�GRZQ�WRR�
TXLFNO\��WKH�UHVXOWLQJ�PLFUR�IUDFWXUHV�DUH�QRW�YLVLEOH�EXW�FDQ�EH�GHWHFWHG�ZLWK�VSHFLDOLVHG�HTXLSPHQW��7KLV�
FRPSRQHQW�LV�SDFNDJHG�DQG�WKHQ�ODWHU�XVHG�LQ�D�PDFKLQH�HOVHZKHUH��ZKLFK�PDOIXQFWLRQV�DQG�KDOWV�SURGXFWLRQ��
FDXVHV�GDPDJH�WR�HTXLSPHQW�RU�ZRUNHUV��DQG�VLJQLILFDQW�ILQDQFLDO�ORVV��7KHVH�LQWHUGHSHQGHQFLHV�DUH�
LPSOHPHQWHG�ZLWKLQ�WKH�QDUUDWLYH��DOORZLQJ�WKH�OHDUQHU�WR�WUDFN�WKH�SDUW�EDFN�WR�WKH�SURGXFWLRQ��DQG�UHIOHFW�RQ�WKH�
SURFHVVHV�DQG�FRQQHFWLRQV�WKDW�PD\�QRW�RWKHUZLVH�KDYH�EHHQ�DSSDUHQW��7KH�OHDUQHU�FDQ�WUDFN�WKH�FRPSRQHQW�
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EDFN�WR�WKH�PRPHQW�RI�HUURU��PHDQZKLOH��OHDUQLQJ�KRZ�WR�SUHYHQW�WKLV�PLVWDNH�DQG�EHFRPLQJ�VHQVLWLVHG�WR�FDXVH�
DQG�LPSDFW��HYHQ�ZKHUH�SUREOHPV�DUH�VHSDUDWHG�LQ�WLPH�DQG�VSDFH�IURP�WKH�FDXVH��,Q�VRPH�UHVSHFW��WKH�OHDUQHU�
IROORZV�WKH�SDWK�XQWLO�VRPH�HYHQW�RU�LQFLGHQW��ZKHUHXSRQ�WKH�VWRU\�WXUQV�LQWR�DQ�LQYHVWLJDWLRQ�ZKHUH�WKH�OHDUQHU�
KDV�WR�WDNH�WKH�UROH�RI�WKH�GHWHFWLYH�WUDFLQJ�EDFN�WKH�HYLGHQFH�WR�WKH�FDXVH���
�

�
)LJXUH�����&KDSWHU�FRQQHFWLRQV�

�
7KLV�DSSURDFK�PHDQV�WKDW�WKH�FODVVURRP�LWVHOI�EHFRPHV�D�UHIOHFWLYH�DQG�WHDP�EDVHG�OHDUQLQJ�VSDFH��ZKLOH�WKH�
VWRU\�LQ�WKH�YLUWXDO�HQYLURQPHQW�³SURYLGHV�UHOHYDQFH�DQG�PHDQLQJ�WR�WKH�H[SHULHQFH��,W�SURYLGHV�FRQWH[W´��.DSS��
������S�������
�
7KH�UHDOLVP�DQG�DXWKHQWLFLW\�
�
Q'L9(�DLPV�WR�HQDEOH�DQG�VXSSRUW�DXWKHQWLF�OHDUQLQJ��UHTXLULQJ�OHDUQLQJ�WR�RFFXU�ZLWKLQ�HQYLURQPHQWV�WKDW�
UHSOLFDWH�DFWLRQV�DQG�UHTXLUHPHQWV�DV�WKH\�PD\�EH�SUHVHQWHG�RU�H[SHULHQFHG�LQ�D�UHDO�ZRUNLQJ�HQYLURQPHQW��
5HDGLQJ�FRUSRUDWH�QHJRWLDWLRQ�GLDORJXH�LQ�D�WH[WERRN�PD\�EH�LQDXWKHQWLF��QHJRWLDWLQJ�ZLWK�D�FODVVPDWH�DERXW�
ZKR�VKRXOG�OHDG�WKH�DVVLJQPHQW�SURMHFW�LV�PRUH�DXWKHQWLF��QHJRWLDWLQJ�ZLWK�D�EXVLQHVVSHUVRQ�LQ�D�PHHWLQJ�URRP�
DERXW�WKH�SURMHFW�UHTXLUHPHQWV�LQ�D�ZRUN�LQWHJUDWHG�OHDUQLQJ�SDSHU�LV�PRUH�KLJKO\�DXWKHQWLF��$XWKHQWLF�OHDUQLQJ�
HQDEOHV�H[SHULHQFHV�DQG�OHDUQLQJ�WR�EH�PRUH�FRPSOHWHO\�FRQWH[WXDOLVHG��+RZHYHU��LW�FDQ�EH�FRVWO\�DQG�GLIILFXOW�
WR�LPSOHPHQW��DV�ZHOO�DV�DGPLQLVWUDWLYHO\�GLIILFXOW�WR�DUUDQJH��5HLQHUV�	�:RRG���������
�
:KLOH�µDXWKHQWLFLW\¶�LV�RIWHQ�DVVXPHG�WR�LPSO\�µUHDOLVWLF¶��WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH��LW�LV�PRVW�LPSRUWDQW�
WKDW�WKH�OHDUQLQJ�DQG�DFWLYLWLHV�UHIOHFW�WKH�GHYHORSPHQW�DQG�XVH�RI�WKH�NQRZOHGJH�DV�UHTXLUHG�LQ�WKH�JLYHQ�UHDO�RU�
YLUWXDO�HQYLURQPHQWV��+HUULQJWRQ�HW�DO����������7KXV��D�SURFHVV�FDQ�EH�KLJKO\�DXWKHQWLF��EXW�LQ�D�QRQ�UHDOLVWLF�
VHWWLQJ��FUHDWLQJ�GLVFRQQHFW�EHWZHHQ�ZKDW�LV�EHLQJ�DFFRPSOLVKHG�DQG�WKH�VHWWLQJ�LW�LV�DFFRPSOLVKHG�ZLWKLQ��7KLV�
FDQ�EH�RYHUFRPH�E\�LQFUHDVLQJ�LPPHUVLRQ�LQ�WKH�WDVN��
�
)LGHOLW\�LV�D�PHDVXUH�RI�UHVHPEODQFH�WR�UHDO�HQYLURQPHQWV��WKXV��KLJK�ILGHOLW\�HQYLURQPHQWV�KDYH�D�KLJK�GHJUHH�
RI�UHVHPEODQFH�WR�UHDO�HQYLURQPHQWV��ZKHUH�D�YHU\�UHDOLVWLF�VLPXODWLRQ�KDV�EHHQ�HPSOR\HG��:KLOH�LW�PD\�EH�
H[SHFWHG�WKDW�ILGHOLW\�LV�UHTXLUHG�IRU�OHDUQLQJ���LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�OHDUQLQJ�HQYLURQPHQWV�QHHG�QRW�EH�
KLJK�ILGHOLW\�WR�HQFRXUDJH�SRVLWLYH�OHDUQLQJ�UHVXOWV��3UDFWLFDOO\��WKLV�PHDQV�WKDW�D�ORZ�ILGHOLW\�HQYLURQPHQW�PD\�
EH�DGHTXDWH�WR�JDLQ�WKH�EHQHILWV�ZLWK�PLQLPDO�UHVRXUFLQJ��6LPLODUO\��KLJK�ILGHOLW\�PD\�QRW�EH�UHTXLUHG�IRU�KLJK�
OHYHOV�RI�LPPHUVLRQ��%DVWLDHQV��:RRG��	�5HLQHUV��XQGHU�UHYLHZ���7KH�µVZHHW�VSRW¶�PXVW�EH�LGHQWLILHG�ZKHUH�
DGHTXDWH�UHVRXUFHV�DOORZ�FUHDWLRQ�RI�VXLWDEO\�LPPHUVLYH�PDWHULDOV�WKDW�FDQ�EH�UHODWLYHO\�HDVLO\�FRQVWUXFWHG�DQG�
GHYHORSHG�WR�JDLQ�WKH�RXWFRPH�ZLWK�PLQLPDO�HIIRUW��VHH�)LJXUH�����
�
5HVHDUFK�LQGLFDWHV�WKDW�KHDG�PRXQWHG�GLVSOD\V��+0'��OLNH�WKH�2FXOXV�5LIW�KHDGVHW��:LNLSHGLD������E��FDQ�
VLJQLILFDQWO\�LQFUHDVH�WKH�LPPHUVLRQ�RI�WKH�XVHU�ZLWKLQ�WKH�YLUWXDO�VFHQDULR��+HUH��WKH�UHDOLVP�RI�WKH�GLVSOD\�LV�
VLJQLILFDQWO\�ORZHU�WKDQ�ZKDW�PRVW�XVHUV�ZLOO�H[SHULHQFH�ZLWK�WKHLU��'�YLUWXDO�HQYLURQPHQW�RQ�D�PRQLWRU��WKH�
2FXOXV�5LIW�GHYHORSPHQW�NLW�XVHV�D����[����SL[HOV�GLVSOD\�SHU�H\H��FRPSDUHG�WR�+'�PRQLWRUV�XVLQJ�����[�����
SL[HOV��+RZHYHU��SDUWLFLSDQWV�LQ�D�UHVHDUFK�H[SHULPHQW�UHSRUWHG�WKDW�VFHQDULRV�ZLWK�WKH�2FXOXV�5LIW�IHOW�µYHU\�
UHDO��DOPRVW�SHUIHFW¶�LQ�FRPSDULVRQ�WR�RWKHU��'�HQYLURQPHQWV�OLNH�6HFRQG�/LIH��5HLQHUV��:RRG��	�*UHJRU\��
XQGHU�UHYLHZ���7KH�SHUFHLYHG�UHDOLVP�FDXVHG�WKH�PDMRULW\�RI�SDUWLFLSDQWV�WR�LQYHVWLJDWH�SRWHQWLDOO\�KD]DUGRXV�
VFHQDULRV��H�J���ZDONLQJ�RQ�DQ�RLO�ULJ��ZLWK�JUHDWHU�FDXWLRQ�ZKHQ�XVLQJ�WKH�2FXOXV�5LIW��GHVSLWH�WKHLU�DZDUHQHVV�
WKDW�WKLV�ZDV�D�JDPH�OLNH�HQYLURQPHQW��,Q�DOPRVW�DOO�FDVHV��SDUWLFLSDQWV�H[SHULHQFHG�VWURQJ�SK\VLFDO�UHVSRQVHV�WR�
SXUHO\�YLVXDO�VWLPXOL��5HLQHUV�HW�DO���XQGHU�UHYLHZ���0RVW�SDUWLFLSDQWV�WULHG�WR�JUDE�D�VXSSRUWLQJ�VWUXFWXUH�WKDW�
H[LVWHG�RQO\�YLUWXDOO\�DQG�PRVW�SDUWLFLSDQWV�PRYHG�WKHLU�ERGLHV�LQ�UHVSRQVH�WR�HYHQWV�LQ�WKH�YLUWXDO�HQYLURQPHQW��
$OO�XVHUV�UDWHG�WKH�XVH�RI�2FXOXV�5LIW�LQ�8QLW\�JDPH�EDVHG�HQYLURQPHQWV�DV�EHLQJ�PRUH�UHDOLVWLF��XVDEOH��
LQWHUHVWLQJ��HQJDJLQJ�DQG�FRPSHOOLQJ�WKDQ�6HFRQG�/LIH�RQ�D�QRUPDO�PRQLWRU��
�
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�
�

)LJXUH�����5HODWLRQ�EHWZHHQ�UHVRXUFHV�DQG�OHDUQLQJ�RXWFRPH�UHJDUGLQJ�ILGHOLW\�
�
�
7KH�IXQ��SOD\��DQG�SDVVLRQ��
�
6WRU\WHOOLQJ�LV�DERXW�FUHDWLQJ�LOOXVLRQV�DQG�EXLOGLQJ�XS�VXVSHQVH�WR�ILQDOO\�UHDFK�IXOO�LPPHUVLRQ�LQ�WKH�QDUUDWLYH��
7KH�OHDUQHU�QHHGV�WR�FRQQHFW�DQG�VWD\�FRQQHFWHG�ZLWK�WKH�VWRU\��7KH�QDUUDWLYH�PXVW�EH�DGDSWHG�WR�WKH�
FKDUDFWHULVWLFV�RI�WKH�OHDUQHU�DQG�PXVW�WULJJHU�IXUWKHU�DWWULEXWHV�OLNH�IXQ��SOD\��DQG�SDVVLRQ�WR�GULYH�XVHU�
PRWLYDWLRQ�DQG�HQJDJHPHQW��5HFHQWO\��WKH�LGHD�RI�XVLQJ�JDPH�GHVLJQ�HOHPHQWV�LQ�QRQ�JDPH�FRQWH[WV��'HWHUGLQJ��
'L[RQ��.KDOHG��	�1DFNH��������EHFDPH�SURPLQHQW�XQGHU�WKH�WHUP�JDPLILFDWLRQ��L�H���WR�LQFHQWLYLVH�DQG�DOWHU�XVHU�
EHKDYLRXUV��*DPHV�DUH�DFNQRZOHGJHG�IRU�EHLQJ�DEOH�WR�FDVW�D�VSHOO�RQ�WKH�SOD\HU��-HQQHWW�HW�DO����������
LPPHUVLQJ�WKHP�WR�VXFK�D�OHYHO�WKDW�WKH\�GLVFRQQHFW�ZLWK�WKH�UHDO�ZRUOG�DQG�IRUJHW�DERXW�LPPHGLDWH�QHHGV��H�J���
WKLUVW��DQG�WLPH��2XU�WDVN�DV�LQVWUXFWLRQDO�GHVLJQHUV�DQG�OHFWXUHUV�LV�WR�OHDUQ�DERXW�WKH�PRWLYDWLRQDO�SURSHUWLHV�RI�
JDPHV�DQG�HPEHG�WKHLU�PHFKDQLFV�LQ�WKH�OHDUQLQJ�PDWHULDO��/DQGHUV�	�&DOODQ���������7KH�LQWHQWLRQ�LV�QRW�WR�
FUHDWH�D�JDPH�EXW�LQVHUW�DQ�H[WUD�OD\HU�RI�JDPH�EDVHG�HOHPHQWV�WR�SURYRNH�GHVLUHG�EHKDYLRXUV��
�
*DPLILFDWLRQ�DSSHDOV�WR�OHDUQHUV�EHFDXVH�SHRSOH�OLNH�WR�ILQG�VROXWLRQV�WR�FKDOOHQJHV�DQG�SX]]OHV��WKH\�HQMR\�WKH�
DGUHQDOLQH�UXVK�RI�ZLQQLQJ�DQG�ZDQW�WR�HOHYDWH�OHYHOV��+RNNDQHQ�HW�DO����������$V�ZH�GULYH�WR�ZRUN�ZH�FDQ�
VXEFRQVFLRXVO\�JDPLI\�WKH�H[SHULHQFH�WR�SDVV�WKH�WLPH��ZH�FDQ�LPDJLQH�ZKDW�RWKHU�WUDYHOOHUV�DUH�GRLQJ�DQG�WKHLU�
µVWRULHV¶��ZH�SOD\�JDPHV�VXFK�DV�FRXQWLQJ�WKH�QXPEHU�RI�GLIIHUHQW�FRORXUHG�FDUV��RU�SOD\�JXHVVLQJ�JDPHV�DV�WR�
ZKHUH�GLIIHUHQW�FRPPXWHUV�DUH�WUDYHOOLQJ��6\VWHPDWLVHG�JDPLILFDWLRQ�FDQ�LQFOXGH�PXOWLSOH�UHFRUGLQJV��UHZLQGLQJ�
DQG�HOHYDWLRQ�RI�OHYHOV�WKURXJK�EDGJH�V\VWHPV���
�
2XU�XVH�RI�JDPLILFDWLRQ�LV�QRW�OLQHDU�RU�IL[HG��:H�SURYLGH�DQ�RSHQ�VSDFH�IRU�OHDUQLQJ��HYHQ�WKRXJK�KDYLQJ�
ERXQGDULHV�WR�PDLQWDLQ�WKH�XVHU�ZLWKLQ�WKH�VFRSH�RI�WKH�OHDUQLQJ�REMHFWLYHV��8VHUV�FDQ�GHYLDWH�LQ�WKH�RSHQ�VSDFH��
,W�LV�DOO�DERXW�DFKLHYLQJ�WKH�RXWFRPH��QRW�QHFHVVDULO\�KRZ�WKLV�LV�DFKLHYHG���1RWH�WKDW�YHULILFDWLRQ�RI�WKH�VWDWH�RI�
REMHFWV�RU�WKH�HQYLURQPHQW�LV�QHFHVVDU\�WR�SUHYHQW�FHUWDLQ�FULWLFDO�VWDWHV�RU�DFWLRQV��0RYLQJ�D�ER[�IURP�WKH�
WZHQWLHWK�IORRU�FDQ�EH�DFFRPSOLVKHG�E\�GURSSLQJ�LW�IURP�D�ZLQGRZ��\HW��XVLQJ�D�SXOOH\�DQG�URSH�ZRXOG�FDXVH�
OHVV�GDPDJH�DQG�ORZHU�WKH�ULVN�RI�KXUWLQJ�LQQRFHQW�SHRSOH��6WLOO��LW�LV�WKH�OHDUQHUV¶�FKRLFH�WR�SLFN�IURP�YDOLG�
PHWKRGV�OLNH�SXOOH\��OLIW��FDUU\LQJ��FUDQHV��RU�KHOLFRSWHUV�DV�ORQJ�DV�WKH�DLP�RI�WKH�VFHQDULR�LV�IXOILOOHG���2Q�
FRPSOHWLRQ��WKH�UHVXOW�LV�DVVHVVHG�E\�FULWHULD�VXFK�DV�WLPH�WDNHQ��FRVW��RU�GDPDJH��WKXV��ZKLOH�D�KHOLFRSWHU�ULGH�
PD\�EH�IXQ��LW�LV�QRW�WKH�PRVW�FRVW�HIILFLHQW�VROXWLRQ�LQ�D�FRPPXWLQJ�SUREOHP�DQG�WKHUHIRUH�PD\EH�QRW�SUHIHUDEOH�
RYHU�RWKHUV��5HFRUGHG�YDULDEOHV�OLNH�FRPSOHWLRQ�WLPH�DUH�XVHG�WR�FDOFXODWH�D�VFRUH��ZKLFK�WKH�OHDUQHU�FDQ�
LPSURYH�RQ�IXUWKHU�UXQV��,I�D�OHDUQHU�µJHWV�WKHPVHOYHV�NLOOHG¶�RU�D�PDNHV�D�µIDWDO�PLVWDNH¶��SRLQWV�DUH�GHGXFWHG�
EXW�LW�GRHV�QRW�KDYH�DQ�LPSDFW�RQ�WKH�DFWXDO�SHUVRQ��9LUWXDO�OHDUQLQJ�HQYLURQPHQWV�HQKDQFHG�ZLWK�JDPLILFDWLRQ�
HQDEOHV�OHDUQHUV�WR�UHSHDW�VLWXDWLRQV�RYHU�DQG�RYHU�WR�GLVFRYHU�WKH�FRUUHFW�VROXWLRQ�WR�LPSURYH�WKHLU�VFRUH�
�0F*RQLJDO���������:KHQ�SOD\LQJ�JDPHV��WKHUH�LV�D�YHU\�KLJK�SHUFHQWDJH�RI�IDLOXUH�UDWHV��DSSUR[LPDWHO\�����
�)XMLPRWR���������ZKHUH�WKH�SOD\HU�LV�HQJDJHG�WR�PDVWHU�WKH�JDPH�DQG�FRPSOHWH�WKH�WDVN�±�D�IDLOXUH�UDWH�ZH�GR�
QRW�RIWHQ�VHH�LQ�WKH�FODVVURRP��
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�
/HDUQHUV�UHFHLYH�SRLQWV��EDGJHV�RU�OHDGHU�ERDUG�PHULWV�WKURXJK�JDPLILFDWLRQ�WHFKQLTXHV��SURPRWLQJ�D�
FRPSHWLWLYH�DWPRVSKHUH�ZKHUH�XVHUV�DWWHPSW�WR�RXWGR�RWKHUV��ZKLOH�LPPHUVHG�LQ�WKH�OHDUQLQJ�VFHQDULR��
)DPLOLDULVDWLRQ�ZLWK�WKH�OHDUQLQJ�HQYLURQPHQW�FDQ�PRWLYDWH�OHDUQHUV�WR�FKDOOHQJH�PRUH�H[SHULHQFHG�OHDUQHUV�
�L�H���SURJUHVVLQJ�XS�WKH�OHDGHUERDUG���,Q�WKHRU\��LW�FDQ�SURPRWH�D�FRPSHWLWLYH�DWPRVSKHUH��IXOO�RI�ULYDOU\��DV�
XVHUV�FRPSHWH�WR�RXWGR�RQH�DQRWKHU��,Q�SUDFWLFH��VXFK�DQ�DSSURDFK�FDQ�SURGXFH�VWXQQLQJO\�QHJDWLYH�G\QDPLFV��DV�
XQLQWHQGHG�FRQVHTXHQFHV�VSULQJ�IRUWK�IURP�WKH�WKRXJKWOHVV�DSSOLFDWLRQ��&RQVLGHU�ZKDW�LW�ZRXOG�IHHO�OLNH�LI�\RX�
ZHUH�WR�MRLQ�DQ�LQWHUQHW�EDVHG�VRFLDO�PHGLD�ZKHUH�WKHUH�DUH�VRPH�ZHOO�UHFRJQLVHG�XVHUV�ZLWK�DVWURQRPLFDO�SRLQWV�
DQG�D�FROOHFWLRQ�RI�EDGJHV�WKDW�ZRXOG�PDNH�D�ER\�VFRXW�JUHHQ�ZLWK�HQY\��:KLOH�WKLV�PLJKW�LQVSLUH�\RX��LW�ZLOO�
XQGRXEWHGO\�WXUQ�RII�RWKHU�XVHUV��,QVWUXFWLRQDO�GHVLJQHUV�PXVW�EDODQFH�JDPLILFDWLRQ�FRPSRQHQWV��IRU�H[DPSOH��
LQWURGXFLQJ�KDQGLFDSV�LQ�JROI�RU�E\�FRPSDULQJ�OHDUQHUV�RQO\�DW�WKH�VDPH�OHYHO��$�FRPSUHKHQVLYH�RYHUYLHZ�
H[WHQGLQJ�EH\RQG�JDPLILFDWLRQ�HOHPHQWV�RI�SRLQWV��EDGJHV��DQG�OHDGHU�ERDUGV�LV�SURYLGHG�E\�5HLQHUV�HW�DO��
��������:RRG�DQG�5HLQHUV��������SURYLGH�D�PRGHO�IRU�LQFOXGLQJ�HOHPHQWV�LQ�D�ORJLVWLFV�DQG�VXSSO\�FKDLQ�
PDQDJHPHQW�FODVV��
�
7KH�SDVW�DQG�IXWXUH�
�
$OO�OHFWXUHUV�DUH�HDJHU�WR�WHDFK�FRPSUHKHQVLYHO\�DERXW�WKHLU�GLVFLSOLQH��KRZHYHU��WLPH�DQG�RWKHU�FRQVWUDLQWV�
UHVWULFW�WKHP�WR�IRFXV�RQ�VXEMHFWV�DQG�DEVWUDFW�IURP�WKH�FRPSOH[LW\�DQG�PDJQLWXGH�RI�UHDO�ZRUOG�VFHQDULRV��7KLV�
FDQ�UHVXOW�LQ�GLVFRQQHFWHG�LVODQGV�RI�VSHFLILF�NQRZOHGJH��ODFNLQJ�SHUVSHFWLYH�IURP�WKH�HQWLUH�REMHFW�RI�VWXG\��
H�J���WKH�VXSSO\�FKDLQ�DV�WKH�H[DPSOH�ZLWKLQ�WKH�Q'L9(�SURMHFW��7KLV�SDSHU�GHVFULEHG�D�V\VWHP�WKDW�XVHV�WKH�
FRQFHSW�RI�D�VWRU\�ZLWK�HPEHGGHG�QDUUDWLYHV�WR�OLQN�WKH�VXEMHFWV�DQG�WR�GHPRQVWUDWH�KRZ�DQ�HIIHFW�DW�WKH�
EHJLQQLQJ�ULSSOHV�WKURXJK�WKH�VWRU\��Q'L9(�LQFRUSRUDWHV�ZHOO�HVWDEOLVKHG�DQG�HPHUJLQJ�WHFKQRORJLHV�WR�WHOO�HDFK�
FKDSWHU�RI�WKH�VWRU\�LQ�WKH�PRVW�FDSWLYDWLQJ�DQG�HQJDJLQJ�PDQQHU�E\�XVLQJ�D�ZHOO�EDODQFHG�PL[�RI�DXWKHQWLFLW\��
UHDOLVP��LPPHUVLRQ��DQG�LQWHUDFWLYLW\��:H�IXUWKHU�LQFOXGH�JDPLILFDWLRQ�FRQFHSWV�E\�PDSSLQJ�RXWFRPHV�RI�WKH�
OHDUQLQJ�SURFHVV�WR�SUHVHQW�WKH�OHDUQHU�ZLWK�IHHGEDFN�DERXW�WKH�TXDOLW\�RI�WKHLU�OHDUQLQJ��
�
Q'L9(�LV�DQ�RQJRLQJ�SURMHFW�ZLWK�ILUVW�SURWRW\SHV�IRU�HYDOXDWLRQ�SXUSRVHV�EHLQJ�LPSOHPHQWHG��:H�VHOHFWHG�WKH�
8QLW\��'�GHYHORSPHQW�WRRO�DV�LW�SURYLGHV�D�UHDOLVWLF�SK\VLFV�HQJLQH�WKDW�DOORZV�DFFXUDWH�VLPXODWLRQ�RI�
EHKDYLRXUV�LQ�UHDO�ZRUOG�VFHQDULRV��H�J���IDOOLQJ�VKLSSLQJ�FRQWDLQHUV���$QRWKHU�DGYDQWDJH�LV�KRZ�WKH�XQGHUO\LQJ�
JDPH�HQJLQH�VXSSRUWV�IDVW�SURWRW\SLQJ�DQG�WKH�ODWHU�FURVV�SODWIRUP�SXEOLVKLQJ�DQG��WKHUHZLWK��LQFUHDVLQJ�WKH�
IOH[LELOLW\�IRU�WKH�OHDUQHU�WR�FKRRVH�WKH�SUHIHUUHG�WHFKQRORJ\�DQG�WR�VXSSRUW�GLVWDQW�HGXFDWLRQ��2XU�VWXGLHV�
VKRZHG�WKDW�VSHFLDOLVHG�KDUGZDUH�OLNH�WKH�+0'�2FXOXV�5LIW�FDQ�DQG�VKRXOG�EH�XVHG�WR�LPSURYH�WKH�HIIHFW�RI�
LPPHUVLRQ��5HLQHUV�HW�DO���XQGHU�UHYLHZ���D�WRSLF�RI�IXUWKHU�LQYHVWLJDWLRQ�ZLWKLQ�Q'L9(��$QRWKHU�UHOHYDQW�DVSHFW�
LQ�WKH�IXWXUH�LV�DERXW�VROYLQJ�WKH�VWUXJJOH�RYHU�WKH�IRFXV�RI�WKH�OHDUQLQJ�PDWHULDO�DQG�WKH�OHDUQLQJ�REMHFWLYHV���
�
$FNQRZOHGJPHQW 

6XSSRUW�IRU�WKH�SURGXFWLRQ�RI�WKLV�SXEOLFDWLRQ�KDV�EHHQ�SURYLGHG�E\�WKH�$XVWUDOLDQ�*RYHUQPHQW�2IILFH�IRU�
/HDUQLQJ�DQG�7HDFKLQJ��*UDQW��'HYHORSPHQW�RI�DQ�DXWKHQWLF�WUDLQLQJ�HQYLURQPHQW�WR�VXSSRUW�VNLOO�DFTXLVLWLRQ�LQ�
ORJLVWLFV�DQG�VXSSO\�FKDLQ�PDQDJHPHQW��,'��,'����������7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SXEOLFDWLRQ�GR�QRW�
QHFHVVDULO\�UHIOHFW�WKH�YLHZV�RI�WKH�$XVWUDOLDQ�*RYHUQPHQW�2IILFH�IRU�/HDUQLQJ�DQG�7HDFKLQJ��

�
5HIHUHQFHV�
%DVWLDHQV��7���:RRG��/��&���	�5HLQHUV��7���XQGHU�UHYLHZ���1HZ�/DQGVFDSHV�DQG�1HZ�(\HV��7KH�5ROH�RI�9LUWXDO�
:RUOG�'HVLJQ�IRU�6XSSO\�&KDLQ�(GXFDWLRQ��7KH�,QWHUQDWLRQDO�-RXUQDO�RI�/HDUQLQJ�LQ�+LJKHU�(GXFDWLRQ��
%UXQHU��-����������$FWV�RI�0HDQLQJ��&DPEULGJH��0$��+DUYDUG�8QLYHUVLW\�3UHVV��
'DQLOLFKHYD��3���.OLPHQNR��6���%DWXULQ��<���	�6HUHEURY��$����������(GXFDWLRQ�LQ�9LUWXDO�:RUOGV��9LUWXDO�
6WRU\WHOOLQJ��,Q�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&\EHU:RUOGV��SS�����±������,(((��
'HGH��&����������,PPHUVLYH�LQWHUIDFHV�IRU�HQJDJHPHQW�DQG�OHDUQLQJ��6FLHQFH���������������±����
GRL���������VFLHQFH���������
'HORLWWH����������7HFK�7UHQGV�������(OHYDWH�,7�IRU�GLJLWDO�EXVLQHVV��'HORLWWH��5HWULHYHG�IURP�
KWWS���ZZZ�GHORLWWH�FRP�DVVHWV�'FRP�
8QLWHG6WDWHV�/RFDO���$VVHWV�'RFXPHQWV�XVBFRQVBWHFKWUHQGV����B�������SGI�
'HWHUGLQJ��6���'L[RQ��'���.KDOHG��5���	�1DFNH��/����������)URP�JDPH�GHVLJQ�HOHPHQWV�WR�JDPHIXOQHVV��GHILQLQJ�
³JDPLILFDWLRQ´��,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�$FDGHPLF�0LQG7UHN�&RQIHUHQFH��(QYLVLRQLQJ�)XWXUH�
0HGLD�(QYLURQPHQWV��SS���±�����7DPSHUH��)LQODQG��$&0��GRL�������������������������
)XMLPRWR��5����������*DPHV�DQG�)DLOXUH��5HWULHYHG�IURP�
KWWS���VKR\XOHDUQLQJ�ZRUGSUHVV�FRP������������JDPHV�DQG�IDLOXUH��



�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

+DQQD��0��'����������7RXULQJ�D�VXSSO\�FKDLQ�ZLWK�VWXGHQWV��3HGDJRJLFDO�DQG�SUDFWLFDO�FRQVLGHUDWLRQV�� 
3URGXFWLRQ�DQG�2SHUDWLRQV�0DQDJHPHQW��������±�����GRL���������M����������������WE������[� 
+HUULQJWRQ��-���5HHYHV��7��&���	�2OLYHU��5����������$�JXLGH�WR�DXWKHQWLF�H�OHDUQLQJ��1HZ�<RUN��1<��5RXWOHGJH�� 
+RNNDQHQ��/���.DWDMD��(���.DXNRPLHV��2���/LQWXUL��$���3\ONN|��,���	�6DORKDOOD��/����������7KH�)XWXUH�RI�*DPLQJ�� 
7HFKQRORJ\��%HKDYLRXU�	�*DPLILFDWLRQ��,Q�$��*��3DWHUVRQ��(G����7KH\�$UH�(YHU\ZKHUH��SS����±�����ERRNL�FF�� 
5HWULHYHG�IURP�KWWS���ERRNL�FF�WKH\�DUH�HYHU\ZKHUH�� 
-HQQHWW��&���&R[��$��/���&DLUQV��3���'KRSDUHH��6���(SSV��$���7LMV��7���	�:DOWRQ��$����������0HDVXULQJ�DQG� 
GHILQLQJ�WKH�H[SHULHQFH�RI�LPPHUVLRQ�LQ�JDPHV��,QWHUQDWLRQDO�-RXUQDO�RI�+XPDQ�&RPSXWHU�6WXGLHV������������± 
�����https://doi.org/10.1016/j.ijhcs.2008.04.004
.DSS��.��0����������7KH�JDPLILFDWLRQ�RI�OHDUQLQJ�DQG�LQVWUXFWLRQ��*DPH�EDVHG�PHWKRGV�DQG�VWUDWHJLHV�IRU� 
WUDLQLQJ�DQG�HGXFDWLRQ���VW�HG����3IHLIIHU��https://doi.org/10.1145/2207270.2211316
/DQGHUV��5��1���	�&DOODQ��5��&����������&DVXDO�VRFLDO�JDPHV�DV�VHULRXV�JDPHV��7KH�SV\FKRORJ\�RI�JDPLILFDWLRQ� 
LQ�XQGHUJUDGXDWH�HGXFDWLRQ�DQG�HPSOR\HH�WUDLQLQJ��,Q�6HULRXV�*DPHV�DQG�(GXWDLQPHQW�$SSOLFDWLRQV��SS�����± 
������/RQGRQ��6SULQJHU��5HWULHYHG�IURP�KWWS���G[�GRL�RUJ��������������������������B��� 
/RK��&��6����������'HVLJQLQJ�2QOLQH�*DPHV�$VVHVVPHQW�DV�³,QIRUPDWLRQ�7UDLOV´��,Q�'��*LEVRQ��&��$OGULFK��	� 
0��3UHQVN\��(GV����*DPHV�DQG�6LPXODWLRQV�LQ�2QOLQH�/HDUQLQJ��5HVHDUFK�DQG�'HYHORSPHQW�)UDPHZRUNV��SS�� 
����������+HUVKH\��,QIRUPDWLRQ�6FLHQFH�3XEOLVKLQJ��� 
0F*RQLJDO��-����������5HDOLW\�LV�%URNHQ��:K\�*DPHV�0DNH�8V�%HWWHU�DQG�+RZ�7KH\�&DQ�&KDQJH�WKH�:RUOG�� 
8�.���5DQGRP�+RXVH��
0XUUD\��-��+����������+DPOHW�RQ�WKH�+RORGHFN��7KH�)XWXUH�RI�1DUUDWLYH�LQ�&\EHUVSDFH��&DPEULGJH��0$��0,7� 
3UHVV��
1HDO��/����������6WRU\WHOOLQJ�DW�D�GLVWDQFH��HOHDUQ�0DJD]LQH��0D\��5HWULHYHG�IURP� 
KWWS���HOHDUQPDJ�DFP�RUJ�IHDWXUHG�FIP"DLG ������� 
1LWVFKH��0���	�7KRPDV��0����������6WRULHV�LQ�6SDFH��7KH�FRQFHSW�RI�WKH�6WRU\�0DS��,Q�,&96�������9RO�������� 
SS����±�����%HUOLQ��+HLGHOEHUJ��6SULQJHU��https://doi.org/10.1007/978-3-540-40014-1_11
3HGHUVRQ��(��0����������6WRU\WHOOLQJ�DQG�WKH�$UW�RI�7HDFKLQJ��)RUXP��������� 
3RUWK��6��-����������0DQDJHPHQW�HGXFDWLRQ�JRHV�LQWHUQDWLRQDO��$�PRGHO�IRU�GHVLJQLQJ�DQG�WHDFKLQJ�D�VWXG\�WRXU� 
FRXUVH��-RXUQDO�RI�0DQDJHPHQW�(GXFDWLRQ���������±�����GRL���������������������������� 
5HLQHUV��7���	�:RRG��/��&����������,PPHUVLYH�YLUWXDO�HQYLURQPHQWV�WR�IDFLOLWDWH�DXWKHQWLF�HGXFDWLRQ�LQ�/RJLVWLFV� 
DQG�VXSSO\�FKDLQ�PDQDJHPHQW��,Q�<��.DWV��(G����/HDUQLQJ�0DQDJHPHQW�6\VWHPV�DQG�,QVWUXFWLRQDO�'HVLJQ�� 
0HWULFV��6WDQGDUGV��DQG�$SSOLFDWLRQV��SS�����±������+HUVKH\��3$��,*,�*OREDO�� 
5HLQHUV��7���:RRG��/��&���&KDQJ��9���*XHWO��&���+HUULQJWRQ��-���7HUlV��+���	�*UHJRU\��6����������2SHUDWLRQDOLVLQJ� 
JDPLILFDWLRQ�LQ�DQ�HGXFDWLRQDO�DXWKHQWLF�HQYLURQPHQW��,Q�.RPPHUV��3LHW��,VVD��7RPD\HVV��	�,VDtDV��3HGUR��(GV���� 
,$',6�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QWHUQHW�7HFKQRORJLHV�	�6RFLHW\�������SS����±������3HUWK��$XVWUDOLD�� 
,$',6��
5HLQHUV��7���:RRG��/��&���	�'URQ��-���LQ�SUHVV���)URP�FKDRV�WRZDUGV�VHQVH��$�OHDUQHU�FHQWULF�QDUUDWLYH�YLUWXDO� 
OHDUQLQJ�VSDFH��,Q�-��%LVKRS��(G����*DPLILFDWLRQ�IRU�+XPDQ�)DFWRUV�,QWHJUDWLRQ��6RFLDO��(GXFDWLRQDO��DQG� 
3V\FKRORJLFDO�,VVXHV��+HUVKH\��3$��,*,�*OREDO�� 
5HLQHUV��7���:RRG��/��&���	�*UHJRU\��6���XQGHU�UHYLHZ���([SHULPHQWDO�VWXG\�RQ�WHFKQRORJ\�LQGXFHG�DXWKHQWLF� 
LPPHUVLRQ�LQ�YLUWXDO�ZRUOGV��,Q�3URFHHGLQJV�RI�WKH���WK�+DZDLL�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHP�6FLHQFHV�� 
3UHVHQWHG�DW�WKH�+,&66�������%LJ�,VODQG��+,�� 
5LHGO��0��2���	�<RXQJ��0����������&KDUDFWHU�)RFXVHG�1DUUDWLYH�*HQHUDWLRQ�IRU�([HFXWLRQ�LQ�9LUWXDO�:RUOGV��,Q� 
9LUWXDO�6WRU\WHOOLQJ��8VLQJ�9LUWXDO�5HDOLW\�7HFKQRORJLHV�IRU�6WRU\WHOOLQJ��9RO��������SS����±����� 
7HUlV��+���	�0\OO\Ol��0����������(GXFDWLQJ�WHDFKHUV�IRU�WKH�NQRZOHGJH�VRFLHW\��6RFLDO�PHGLD��DXWKHQWLF�OHDUQLQJ� 
DQG�FRPPXQLWLHV�RI�SUDFWLFH��,Q�6��%��HW�DO���(G������SS������±�������3UHVHQWHG�DW�WKH�*OREDO�/HDUQ�$VLD�3DFLILF� 
������$$&(��
:HUEDFK��.���	�+XQWHU��'����������)RU�WKH�:LQ��+RZ�JDPH�WKLQNLQJ�FDQ�UHYROXWLRQL]H�\RXU�EXVLQHVV��:KDUWRQ� 
'LJLWDO�3UHVV��
:LNLSHGLD�������D���'XQJHRQV�	�'UDJRQV��:LNLSHGLD��WKH�)UHH�(QF\FORSHGLD��5HWULHYHG�IURP� 
KWWS���HQ�ZLNLSHGLD�RUJ�Z�LQGH[�SKS"WLWOH 'XQJHRQVB���B'UDJRQV	ROGLG ���������� 
:RRG��/��&���	�5HLQHUV��7���LQ�SUHVV���*DPLILFDWLRQ��,Q�0��.KRVURZ�3RXU��(G����(QF\FORSHGLD�RI�,QIRUPDWLRQ� 
6FLHQFH�DQG�7HFKQRORJ\��+HUVKH\��3$��,*,�*OREDO�� 
:RRG��/��&���	�5HLQHUV��7����������*DPLILFDWLRQ�LQ�ORJLVWLFV�DQG�VXSSO\�FKDLQ�HGXFDWLRQ��([WHQGLQJ�DFWLYH� 
OHDUQLQJ��,Q�3��.RPPHUV��7��,VVD��	�3��,VDtDV��(GV����,$',6�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QWHUQHW�7HFKQRORJLHV� 
	�6RFLHW\�������SS�����±������3HUWK��$XVWUDOLD��,$',6�3UHVV�� �

https://doi.org/10.1016/j.ijhcs.2008.04.004
https://doi.org/10.1145/2207270.2211316
https://doi.org/10.1007/978-3-540-40014-1_11


��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� 3DJH�����

$XWKRU�FRQWDFW�GHWDLOV�
)XOO�1DPH�� 7RUVWHQ�5HLQHUV�
7HOHSKRQH�QXPEHUV�� ����������������
H�PDLO�DGGUHVV�� � W�UHLQHUV#FXUWLQ�HGX�DX
&RPSOHWH�SRVWDO�PDLO�DGGUHVV�� 6FKRRO�RI�,QIRUPDWLRQ�6\VWHPV��&XUWLQ�%XVLQHVV�6FKRRO��

*32�%R[�8�����3HUWK��:HVWHUQ�$XVWUDOLD������

3OHDVH�FLWH�DV��5HLQHUV��7��:RRG��/��*UHJRU\��6��3HWWHU��1��7HUlV��+��&KDQJ��9«+HUULQJWRQ��-����������Q'LYH�� 
7KH�6WRU\�RI�+RZ�/RJLVWLFV�DQG�6XSSO\�&KDLQ�0DQDJHPHQW�&RXOG�EH�7DXJKW��,Q�+��&DUWHU��0��*RVSHU�DQG�-�� 
+HGEHUJ��(GV����(OHFWULF�'UHDPV��3URFHHGLQJV�DVFLOLWH������6\GQH\���SS����������
https://doi.org/10.14742/apubs.2013.1348

&RS\ULJKW��������7RUVWHQ�5HLQHUV��/LQFROQ�&��:RRG��6XH�*UHJRU\��1DWDVKD�3HWWHU��+DQQD�7HUlV��9DQHVVD� 
&KDQJ��&KULVWLDQ�*�WO��-DQ�+HUULQJWRQ�

7KH�DXWKRU�V��DVVLJQ�WR�DVFLOLWH�DQG�HGXFDWLRQDO�QRQ�SURILW�LQVWLWXWLRQV��D�QRQ�H[FOXVLYH�OLFHQFH�WR�XVH�WKLV� 
GRFXPHQW�IRU�SHUVRQDO�XVH�DQG�LQ�FRXUVHV�RI�LQVWUXFWLRQ��SURYLGHG�WKDW�WKH�DUWLFOH�LV�XVHG�LQ�IXOO�DQG�WKLV� 
FRS\ULJKW�VWDWHPHQW�LV�UHSURGXFHG��7KH�DXWKRU�V��DOVR�JUDQW�D�QRQ�H[FOXVLYH�OLFHQFH�WR�DVFLOLWH�WR�SXEOLVK�WKLV� 
GRFXPHQW�RQ�WKH�DVFLOLWH�ZHE�VLWH�DQG�LQ�RWKHU�IRUPDWV�IRU�WKH�3URFHHGLQJV�DVFLOLWH�6\GQH\�������$Q\�RWKHU�XVH� 
LV�SURKLELWHG�ZLWKRXW�WKH�H[SUHVV�SHUPLVVLRQ�RI�WKH�DXWKRU�V���

https://doi.org/%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9A%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%92%ED%AF%80%ED%B1%84%ED%AF%80%ED%B1%93%ED%AF%80%ED%B1%98%ED%AF%80%ED%B1%85%ED%AF%80%ED%B1%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9B

