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�
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)DFXOW\�RI�(GXFDWLRQ�
7KH�8QLYHUVLW\�RI�$XFNODQG�
1HZ�=HDODQG�

�
7KH�FRQIHUHQFH�WKHPH�µOHDUQLQJ�IURP�WKH�SDVW¶�LQYLWHV�UHIOHFWLRQ�RQ�HGXFDWLRQDO�WHFKQRORJ\�
UHVHDUFK�DQG�GHYHORSPHQW�LQ����\HDUV�VLQFH�$VFLOLWH�EHJDQ��D�SHULRG�RI�UDSLG�WHFKQRORJ\�DGRSWLRQ�
DQG�HGXFDWLRQDO�FKDQJH��&RPPRQ�WRROV�KDYH�PRUSKHG�IURP�VWDWLF��FRVWO\�GHYLFHV�UHTXLULQJ�
TXDOLILHG�SURJUDPPHUV�WR�ORZ�FRVW�PRELOH�RQHV�WKDW�YLUWXDOO\�HYHU\�VWXGHQW�LQ�WKH�ZHVWHUQ�ZRUOG�
XVHV�GDLO\��7KH�VRFLDO�PHGLD�µUHYROXWLRQ¶�LV�GHPRFUDWL]LQJ�NQRZOHGJH�FUHDWLRQ�DQG�VKDULQJ��3HRSOH�
FRQQHFW�IRU�HGXFDWLRQ��SURIHVVLRQDO�DQG�VRFLDO�UHDVRQV�LQ�ZD\V�WKDW�ZHUH�LQFRQFHLYDEOH�LQ�WKH�
����V��7KLV�SDSHU�VXPPDUL]HV�PLOHVWRQHV��DQG�DVNV�KRZ�ZHOO�XQLYHUVLWLHV�XVH�SDVW�H[SHULHQFH�WR�
XQGHUVWDQG�WKH�SUHVHQW�DQG�SODQ�IRU�WKH�IXWXUH��7KH�ZLVGRP�RI�KLQGVLJKW�LV�XQTXHVWLRQDEOH��ZKLOH�
FDSDFLW\�WR�SUHGLFW�WKH�IXWXUH�LV�OHVV�FHUWDLQ��6RPH�JDPH�FKDQJLQJ�WHFKQRORJLHV�KDYH�FRPH�RXW�RI�
OHIW�ILHOG�WR�NQRFN�H[SHFWDWLRQV�RII�WKH�UDGDU��7KH�SDSHU�FRQFOXGHV�E\�DVNLQJ�LI�SDVW�H[SHULHQFH�FDQ�
UHDOO\�KHOS�XV�SUHSDUH�IRU�D�ODUJHO\�XQSUHGLFWDEOH�IXWXUH��
�
.H\ZRUGV��OHDUQLQJ�WHFKQRORJ\�UHVHDUFK�DQG�GHYHORSPHQW��UHVHDUFK�PHWKRGV��LQVWUXFWLRQDO�GHVLJQ��
GLJLWDO�OLWHUDF\��RQOLQH�SXEOLVKLQJ�
�

�
/HDUQLQJ�WHFKQRORJ\�UHVHDUFK�LQ�WKH�����V�
�
$�UHYLHZ�RI�VFKRODUO\�DUWLFOHV�RQ�OHDUQLQJ�WHFKQRORJ\�IURP�WKH�����V�UHPLQGHG�PH�WKDW�WKHUH�ZHUH�QR�RQOLQH�
MRXUQDOV�WKHQ��5HWULHYLQJ�DQ�DUWLFOH�UHTXLUHG�HLWKHU�D�KDUG�FRS\�RI�WKH�UHOHYDQW�SXEOLFDWLRQ�DQG�D�SKRWRFRSLHU��RU�
DQ�HIILFLHQW��EXW�OHQJWK\�SURFHVV�WR�UHTXHVW�LW�WKURXJK�DQ�LQWHUORDQ�VHUYLFH��ZKHUH�WKH�WZR�SK\VLFDO�LWHPV�ZHUH�DW�
WKH�IDU�HQG�RI�D�µVQDLO�PDLO¶�VHUYLFH��:LWK�P\�ODUJH�FROOHFWLRQ�RI�KDUG�FRSLHV�ORQJ�DJR�FRQVLJQHG�WR�WKH�UHF\FOH�
ELQ��WKH�ZHEVLWH�IRU�5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK�RIIHUHG�WZR�LPPHGLDWH�RSWLRQV�WR�DFFHVV�WKH�DUWLFOH�,�
VRXJKW��D��ORJ�LQ�WKURXJK�D�VXEVFULELQJ�LQVWLWXWLRQ�WR�DFFHVV�WKH�DUWLFOH�IRU�IUHH��RU�E��µSD\�QRZ¶�SHU�GRZQORDG��
,QVWDQW�RQOLQH�DFFHVV�WR�OLEUDU\�FROOHFWLRQV�PD\�QRW�KDYH�PDGH�KHDGOLQH�QHZV��EXW�ZDV�DQ�LPSRUWDQW�PLOHVWRQH�
IRU�UHVHDUFK�SURGXFWLYLW\��'HVSLWH�P\�VHDUFK�EHLQJ�IRU�DQ�DUWLFOH�SXEOLVKHG�EHIRUH�PRVW�MRXUQDOV�ZHUH�DYDLODEOH�
RQOLQH��D�GLJLWL]HG��IXOO�WH[W�YHUVLRQ�LQ�DQ�DUFKLYH�ZDV�RQO\�D�IHZ�FOLFNV�DZD\��&RXSOHG�ZLWK�WKH�ZHE�VFDOH�
GLVFRYHU\�VHUYLFHV�WKDW�9DXJKDQ��������GHVFULEHV�DV�µDQ�HYROXWLRQ��SHUKDSV�D�UHYROXWLRQ��IRU�XVHU�LQIRUPDWLRQ�
GLVFRYHU\�IURP�OLEUDU\�FROOHFWLRQV¶�WKLV�WHFKQRORJ\�KDV�VKLIWHG�WKH�JDPH�LQ�D�SXUHO\�SRVLWLYH�GLUHFWLRQ��
�
7KH�DUWLFOH�LQ�TXHVWLRQ��5HFRQVLGHULQJ�5HVHDUFK�RQ�/HDUQLQJ�IURP�0HGLD��&ODUN��������UHODWHV�WR�ILIW\�\HDUV�RI�
UHVHDUFK��VWDUWLQJ�ZLWK�SLFWXUHV�DV�D�ODERXU�VDYLQJ�GHYLFH�LQ�OHDUQLQJ��7KRUQGLNH�������FLWHG�LQ�&ODUN��������,W�LV�
DOVR�WKH�VRXUFH�RI�D�PXFK�FLWHG�PHWDSKRU�DERXW�OHDUQLQJ�PHGLD���DV�LW�ZDV�UHIHUUHG�WR�EDFN�WKHQ���DQG�D�JURFHU\�
WUXFN��WKH�SRLQW�EHLQJ�WKDW�WKH�W\SH�RI�WUXFN�XVHG�IRU�GHOLYHU\�KDV�QR�HIIHFW�RQ�WKH�QXWULWLRQDO�YDOXH�RI�WKH�IRRG�LW�
FRQYH\V��7KH�PHWDSKRU�GRHVQ¶W�ZRUN�LQ�HYHU\�FDVH��H�J��UHIULJHUDWLRQ���DQG�WKH�FRQFOXVLRQ�WKDW�WKH�W\SH�RI�PHGLD�
XVHG�WR�µGHOLYHU�LQVWUXFWLRQ¶��DOVR�����V�WHUPLQRORJ\��KDV�QR�UHOLDEOH�LQIOXHQFH�RQ�OHDUQLQJ�PD\�EH�WDNHQ�IRU�
JUDQWHG�WRGD\��,Q������LW�ZDV�WKH�RXWFRPH�RI�WKUHH�JHQHUDWLRQV�RI�HGXFDWLRQDO�UHVHDUFK��PDLQO\�LQ�WKH�IRUP�RI�
PHWD�DQDO\VHV�DQG�H[SHULPHQWDO�PHGLD�FRPSDULVRQ�VWXGLHV��7KH�VWDWHPHQW�µPRVW�VWXGLHV�VKRZ�WKDW�PHGLD�GR�QRW�
LQIOXHQFH�OHDUQLQJ�XQGHU�DQ\�FRQGLWLRQV¶�ZRXOG�KDYH�EHHQ�FRQWURYHUVLDO�DW�WKH�WLPH��,W�ZDV�EDFNHG�E\�HYLGHQFH�
WKDW�VWXGLHV�VKRZLQJ�JDLQV�IURP�PHGLD�ZHUH�µYXOQHUDEOH�WR�ULYDO�K\SRWKHVHV�FRQFHUQLQJ�XQFRQWUROOHG�HIIHFWV�RI�
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LQVWUXFWLRQDO�PHWKRG�DQG�QRYHOW\�¶�$Q\�SRVLWLYH�HIIHFW�GLVDSSHDUHG�ZKHQ�WKH�VDPH�LQVWUXFWRU�DSSOLHG�GLIIHUHQW�
PHWKRGV��,Q�RWKHU�ZRUGV��LW�ZDV�WKH�WHDFKHU��WKH�FRQWHQW�DQG�WKH�WHDFKLQJ�PHWKRGV�WKDW�PDGH�D�GLIIHUHQFH��QRW�WKH�
PHGLD��,QVWUXFWLRQDO�PHWKRG��QRZ�PRUH�FRPPRQO\�UHIHUUHG�WR�DV�OHDUQLQJ�GHVLJQ��KDV�EHHQ�DFNQRZOHGJHG�DV�WKH�
NH\�WR�VXFFHVV��1RYHOW\�HIIHFWV�DUH�RII�WKH�DJHQGD����\HDUV�RQ��DV�WKH�XVH�RI�YDULRXV�IRUPV�RI�PHGLD��WHFKQRORJ\��
LQ�OHDUQLQJ�KDV�EHFRPH�FRPPRQSODFH��$�IXUWKHU�FODLP�WKDW�µELDVHG�HGLWRULDO�GHFLVLRQV�PD\�IDYRXU�UHVHDUFK�
VKRZLQJ�ODUJHU�HIIHFW�VL]HV¶�EHJV�WKH�TXHVWLRQ�LI�VLPLODU�SUHMXGLFH�PLJKW�H[LVW�WRGD\��*XQQ�	�6WHHO��������
�
,Q�WKLV�FDVH��WKH�ZLVGRP�RI�KLQGVLJKW�UHYHDOV�WZR�WKLQJV��L�H��WKDW�HDUOLHU�VWXGLHV�IRFXVHG�RQ�TXHVWLRQV�DQG�XVHG�
UHVHDUFK�PHWKRGV�FRQVLGHUHG�OLPLWHG�E\�WRGD\¶V�VWDQGDUGV��0HWD�DQDO\VHV�ZHUH�D�UHODWLYHO\�QHZ�DSSURDFK�DW�WKH�
WLPH��DQG�H[SHULPHQWDO�PHWKRGV�EHORQJHG�WR�D�UHVHDUFK�SDUDGLJP�XVHG�LQ�SK\VLFDO�VFLHQFHV��:KHQ�UHVHDUFKHUV�
UHDOL]HG�WKDW�DOO�HOHPHQWV�DSDUW�IURP�PHGLD��LQFOXGLQJ�FRQWHQW�DQG�PHWKRGV�RI�LQVWUXFWLRQ��PXVW�EH�LGHQWLFDO�DQG�
VDPSOH�VL]HV�ODUJH�HQRXJK�WR�EDODQFH�WKH�HIIHFWV�RI�LQGLYLGXDO�GLIIHUHQFHV�IRU�WKHVH�PHWKRGV�WR�ZRUN��DOWHUQDWLYHV�
KDG�WR�EH�VRXJKW��7KLV�ZDV�DQ�HDUO\�VWDJH�LQ�WKH�HYROXWLRQ�RI�HGXFDWLRQDO�UHVHDUFK�PHWKRGV�WKDW�FRQWLQXHV�WRGD\��
7KH�PHWKRGV�ZHUH��OLNH�PRVW�RWKHUV��LPSHUIHFW�PHDVXUHV�WKDW�KDG�WR�EH�V\VWHPDWLFDOO\�WHVWHG�VR�OLPLWDWLRQV�FRXOG�
EH�LGHQWLILHG��DQG�OHDUQLQJ�WHFKQRORJ\�UHVHDUFK�FRXOG�PRYH�RQ�ZLWK�FRQILGHQFH�WR�GHYLVH�VXLWDEOH�PHWKRGV�WR�
DQVZHU�PRUH�QXDQFHG��HPHUJLQJ�TXHVWLRQV���
�

,I�ILYH�GHFDGHV�RI�UHVHDUFK�VXJJHVW�WKHUH�DUH�QR�OHDUQLQJ�EHQHILWV�WR�EH�JDLQHG�IURP�HPSOR\LQJ�
GLIIHUHQW�PHGLD�LQ�LQVWUXFWLRQ��ZKDW�WKHQ�VKRXOG�VWXGLHV�DLP�WR�LQYHVWLJDWH"��&ODUN������S������

�
$�GHFDGH�RQ��WKH�OLWHUDWXUH�VKRZHG�QHZ�GLUHFWLRQV�WKDW�OHDUQLQJ�WHFKQRORJ\�UHVHDUFK�KDG�PRYHG�LQ��+RZHYHU��
WKH�TXHVW�IRU�WKH�KRO\�JUDLO��L�H��WKH�
EHVW
�PHGLXP�RU�PL[�RI�PHGLD�WR�GHOLYHU�LQVWUXFWLRQ��FRQWLQXHG��6RPH�
UHVHDUFKHUV�EHOLHYHG�LW�ZDV�RXW�WKHUH�ZDLWLQJ�WR�EH�GLVFRYHUHG��ZKLOH�RWKHUV�DGRSWHG�PRUH�SUDJPDWLF�YLHZV��
�
)DVW�IRUZDUG�WR������
�
%\�WKH�HDUO\�����V��WKH�GLVFRXUVH�RI�OHDUQLQJ�WHFKQRORJ\�KDG�H[SDQGHG�DQG�GLYHUVLILHG��,VVXHV�LQ�IRFXV�WKHQ�
LQFOXGHG�ZD\V�K\SHUWH[W�DQG�K\SHUPHGLD�DIIHFW�OHDUQHU�LQWHUDFWLRQ�ZLWK�FRQWHQW��/HPNH��������KRZ�PXOWLPHGLD�
SURYLGHV�D�JDWHZD\�WR�KLJKHU�RUGHU�WKLQNLQJ��)RQWDQD��������DQG�LI�FRQVWUXFWLYLVP�RIIHUV�D�EDVLV�IRU�LQVWUXFWLRQDO�
V\VWHPV�GHVLJQ��/HERZ��������7KH�IXQGDPHQWDO�QDWXUH�RI�WHDFKLQJ�DQG�OHDUQLQJ�ZDV�VKLIWLQJ��6ZDQ�	�0LWUDQL�
������DORQJ�ZLWK�WKH�ODQJXDJH�XVHG�WR�GHVFULEH�LW��/DXULOODUG��������SXEOLVKHG�WKH�ILUVW�HGLWLRQ�RI�KHU�VHPLQDO�
ZRUN��5HWKLQNLQJ�8QLYHUVLW\�7HDFKLQJ��$�)UDPHZRUN�IRU�WKH�(IIHFWLYH�XVH�RI�7HFKQRORJ\��$FWLRQ�UHVHDUFK�ZDV�
DQ�HPHUJHQW�DSSURDFK�WR�WKH�V\VWHPDWLF�LPSURYHPHQW�RI�WHDFKLQJ�DQG�OHDUQLQJ��ZLWK�RU�ZLWKRXW�WHFKQRORJ\��$�
UDIW�RI�TXDOLWDWLYH�DQG�PL[HG�PHWKRGV�KDG�EHHQ�DGGHG�WR�TXDQWLWDWLYH�DQG�FRPSDUDWLYH�UHVHDUFK�GHVLJQV��5REVRQ�
�������6WXGHQW�JHQHUDWHG�UHVRXUFHV��5\DQ�������DQG�DXWKHQWLF�WDVNV��+RQHEHLQ�HW�DO�������ZHUH�GHYHORSLQJ�DV�
FRUH�FRQFHSWV�LQ�LQVWUXFWLRQDO�GHVLJQ��
�
:KLOH�&REE��������DQG�PDQ\�RWKHUV�DUJXHG�WKDW�FRPSXWHUV�PDGH�QR�VLJQLILFDQW�GLIIHUHQFH�WR�OHDUQLQJ��6ZDQ�	�
0LWUDQL��������SURGXFHG�HYLGHQFH�WKDW�WKHLU�XVH�FRXOG�FKDQJH�WKH�QDWXUH�RI�WHDFKLQJ�DQG�OHDUQLQJ�DW�LWV�PRVW�
EDVLF�OHYHO��L�H��LQ�LQWHUDFWLRQV�EHWZHHQ�VWXGHQWV�DQG�WHDFKHUV��7KH\�SUHGLFWHG�WKDW�WKH�XVH�RI�FRPSXWHUV�ZRXOG�
OHDG�WR�PRUH�VWXGHQW�FHQWHUHG�DQG�FRRSHUDWLYH�VFKRROV��DQG�FODVVURRPV�ZKHUH�OHDUQLQJ�LV�PRUH�LQGLYLGXDOL]HG��
'HGH��)RQWDQD�	�:KLWH��������RXWOLQHG�WKH�QDWXUH�RI�WKH�FKDQJH��QRWLQJ�WKDW�PXOWLPHGLD�V\VWHPV�FRXOG�IRVWHU�D�
PRGHO�RI�WHDFKLQJ�DQG�OHDUQLQJ�ZLWK�OHDUQHU�GULYHQ�FUHDWLRQ�RI�NQRZOHGJH�WKURXJK�D�SURFHVV�RI�IRUPDO�HQTXLU\��
7KH\�SURSRVHG�XVLQJ�IHDWXUHV�RI�WKH�DYDLODEOH�PHGLD�WR�GHYHORS�PHWDFRJQLWLYH�VNLOO�LQ�OHDUQHUV��0HWDFRJQLWLYH�
VNLOOV�DQG�OHDUQLQJ�VW\OHV�ZHUH�SURPLQHQW�WHUPV��6RPH�LQVWUXFWLRQDO�GHVLJQHUV�WULHG�WR�LGHQWLI\�LQGLYLGXDO�VW\OHV�
DQG�GLUHFW�VWXGHQWV�WR�YHUVLRQV�RI�FRXUVHZDUH�VXLWHG�WR�WKDW�VW\OH��7KLV�HDUO\�DWWHPSW�WR�GHYHORS�UHFRPPHQGHU�
V\VWHPV�KLW�D�VQDJ�ZKHQ�UHVHDUFK�VKRZHG�WKDW�OHDUQLQJ�VW\OH�LV�QRW�D�IL[HG�DWWULEXWH��EXW�RQH�WKDW�YDULHV�LQ�WKH�
VDPH�VWXGHQW�DFFRUGLQJ�WR�LQIOXHQFHV�VXFK�DV�WHDFKLQJ�VWUDWHJ\�DQG�VWXG\�FRQWH[W��$�SDUDOOHO�FDQ�EH�GUDZQ�
EHWZHHQ�OHDUQLQJ�VW\OHV�UHVHDUFK�DQG�VWXGLHV�RQ�OHDUQLQJ�IURP�PHGLD�WHQ�\HDUV�EHIRUH��L�H��WKH�FRQFHSW�KDG�WR�EH�
H[SORUHG�EHIRUH�LWV�SRWHQWLDO�DQG�OLPLWDWLRQV�FRXOG�EH�IXOO\�XQGHUVWRRG���
�
7KH�GHFDGH�EHWZHHQ������DQG������ZDV�PRUH�HYHQWIXO�WKDQ�WKH�SUHYLRXV�ILYH�GHFDGHV�RI�UHVHDUFK�LQ�OHDUQLQJ�
IURP�PHGLD��5HVHDUFKHUV�QR�ORQJHU�FRXQWHG�WKH�QXPEHU�RI�FRPSXWHUV�LQ�VFKRROV��EXW�WRRN�IRU�JUDQWHG�WKDW�DFFHVV�
ZDV�DYDLODEOH��$V�D�SRLQW�RI�KLVWRULF�QRWH��$PHULFDQ�SXEOLF�VFKRROV�KDG���FRPSXWHU�IRU�HYHU\����VWXGHQWV�LQ�
������/LNH�WKH�QRYHOW\�HIIHFW�RI�WHFKQRORJ\�LQ�WKH�FODVVURRP��WKH�YDOXH�RI�FRXQWLQJ�PDFKLQHV�ZDV�RYHUWDNHQ�E\�
PRUH�SUHVVLQJ�LVVXHV��2QH�VXFK�LVVXH�ZDV�WKH�RSWLRQ�WR�SXEOLVK�LQ�HOHFWURQLF�UDWKHU�WKDQ�SULQW�MRXUQDOV��DV�DQ�
H[WUDFW�IURP�D�FRQYHUVDWLRQ�RQ�WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ�PDLOLQJ�OLVW�UHODWHV��
�

!��*HQH��ZKDW�KDV�EHHQ�\RXU�H[SHULHQFH�ZLWK�\RXU�HOHFWURQLF�MRXUQDO��HVSHFLDOO\�UHJDUGLQJ�
SXEOLFDWLRQ�FUHGLW"�
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!��%ULDQ��WRR�VRRQ�WR�WHOO��EXW�SHRSOH�DUH�OHHU\�WR�EH�VXUH«�ZKR�NQRZV�ZKDW�VRPH�QLW�SLFNLQJ��
KLGH�ERXQG�FRPPLWWHH�RI�PHGLRFULWLHV�PLJKW�KDXO�RII�DQG�GR�ZLWK�RQH
V�WHQXUH�DSSOLFDWLRQ��,�ILQG�
ROGHU�SHRSOH�ZLWK�HVWDEOLVKHG�UHSXWDWLRQV�DUH�PRUH�ZLOOLQJ�WR�SXEOLVK�LQ�WKH�HOHFWURQLF�PHGLXP��

�
7KH�FDXWLRQ�DURXQG�D�IXQGDPHQWDO�VKLIW�LQ�WKH�KLJK�VWDNHV�DFWLYLW\�RI�SXEOLVKLQJ�ZDV�XQGHUVWDQGDEOH��:LWK�
KLQGVLJKW��HFRQRPLF�DQG�DFFHVV�FRQVLGHUDWLRQV�ZRQ�WKURXJK��DQG�RQOLQH�MRXUQDOV�KDYH�EHFRPH�WKH�QRUP��:KDW�
ZDV�QRW�DQWLFLSDWHG�LV�WKH�HFRQRPLF�WZLVW�RI�RSHQ�DFFHVV�MRXUQDOV�FKDUJLQJ�DXWKRUV�WR�SXW�WKHLU�DUWLFOHV�WKURXJK�D�
SHHU�UHYLHZ�SURFHVV�DQG�PDNH�WKHP�DYDLODEOH�RQOLQH��7KH�F\QLFV�DPRQJ�XV�ZRQGHU�LI�WKLV�LV�VLPSO\�DQ�DWWHPSW�WR�
UHWDLQ�SURILWV�IURP�LQVWLWXWLRQV�ZKRVH�HPSOR\HHV�DVVLJQ�LQWHOOHFWXDO�SURSHUW\�ULJKWV�WR�D�WKLUG�SDUW\��ZKR�WKHQ�
VHOOV�LW�EDFN�WR�WKHP�DW�FRQVLGHUDEOH�FRVW��7KHUH�DUH��RI�FRXUVH��PDQ\�PRUH�SRVLWLYH�DVSHFWV�WR�RQOLQH�SXEOLVKLQJ��
�
/HVVRQV�OHDUQHG�ZLWK�KLQGVLJKW�IURP�WKH�����V�DUH�WKDW�V\QHUJLHV�EHWZHHQ�WHFKQRORJ\�DQG�HPHUJHQW�SHGDJRJLHV�
GLG�LQGHHG�EHJLQ�WR�FKDQJH�WKH�QDWXUH�RI�WHDFKLQJ�DQG�OHDUQLQJ�DW�LWV�PRVW�EDVLF�OHYHO��+RZHYHU��WKH�VKLIW�GLGQ¶W�
RFFXU�LQ�LVRODWLRQ�DQ\�PRUH�WKDQ�WKH�HIIHFWV�RI�SDUWLFXODU�PHGLD�RQ�OHDUQLQJ�FRXOG�EH�LVRODWHG�DQG�PHDVXUHG��
&KDQJLQJ�LQVWLWXWLRQDO�FLUFXPVWDQFHV��LQFUHDVHG�VL]H�DQG�GLYHUVLW\�LQ�FODVVHV��DQG�HYROYLQJ�XQGHUVWDQGLQJ�RI�
OHDUQLQJ�FRPELQHG�WR�GULYH�GHYHORSPHQWV�LQ�WKH�XVH�RI�WHFKQRORJ\�IRU�OHDUQLQJ��7KH�DIIRUGDQFHV�RI�WHFKQRORJ\�
DUH�UHFRJQL]HG�DV�D�SRZHUIXO�HQDEOLQJ�IRUFH��ZLWKRXW�ZKLFK�PDQ\�GHYHORSPHQWV�FRXOG�QRW�KDYH�HYROYHG��,Q�WKH�
GHFDGH�WR�������ZRUN�WR�LPSURYH�UHOLDELOLW\��XVDELOLW\�DQG�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�GHVLJQ�ZDV�SULRULWL]HG��
7KH�EHQHILWV�RI�WKLV�DUH�HYLGHQW�LQ�WKH�LQWXLWLYH�VW\OH�DQG�HDVH�RI�XVH�RI�WKH�FXUUHQW�JHQHUDWLRQ�RI�HOHDUQLQJ�WRROV��
�
&RPSXWHUV�LQ�OHDUQLQJ�LQ������
�
$QRWKHU�GHFDGH�RQ��WKH�LVVXHV�LQ�IRFXV�ZHUH�EURDGHU�DQG�PRUH�GLYHUVH��7KH�SRWHQWLDO�RI�FRPSXWHU�PHGLDWHG�
FRPPXQLFDWLRQ�IRU�OHDUQLQJ�KDG�EHHQ�WKHRUL]HG�DQG�HQGRUVHG��%HQVHPDQ��������WKH�LVVXH�RI�JHQGHU�LQHTXDOLW\�
LQ�RQOLQH�OHDUQLQJ�LGHQWLILHG�DV�D�IXQFWLRQ�RI�FXOWXUH��*XQQ�HW�DO��������3URJUHVV�RQ�FRPSXWHU�DLGHG�DVVHVVPHQW�
WRROV�DQG�VWUDWHJLHV�ZDV�D�SURGXFWLYH�UHVSRQVH�WR�WKH�SUHVVXUH�RI�VFDOH�DQG�GLYHUVLW\�LQ�FODVVHV��6DQJVWHU��������
'HVLJQ�EDVHG�UHVHDUFK�ZDV�HPHUJLQJ�WR�ILOO�JDSV�OHIW�E\�H[SHULPHQWDO��FDVH�VWXG\�DQG�DFWLRQ�UHVHDUFK�PHWKRGV�
�YDQ�GHQ�$NNHU�HW�DO��������7KLV�PLOHVWRQH�LQ�OHDUQLQJ�WHFKQRORJ\�UHVHDUFK�LQWURGXFHG�WKHRUHWLFDO�JURXQGLQJ�RI�
OHDUQLQJ�GHVLJQV�DQG�HQGHG�UHVHDUFK�F\FOHV�ZLWK�UHIOHFWLRQ�RQ�JHQHUDOL]DWLRQ��7KH�PHWKRG�VXSSRUWV�QDWXUDOLVWLF�
LQTXLU\�WR�H[SORUH�DXWKHQWLF�OHDUQLQJ�FRQWH[WV��EXW�DGGV�WZR�NH\�HOHPHQWV�WKDW�ZHUH�PLVVLQJ�IURP�PDQ\�FDVH�
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&RQFOXVLRQV�±������DQG�EH\RQG�
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LQVWUXFWLRQ��ZKDW�PLJKW�EH�WKH�VWLFNLQJ�SRLQWV�RI�OHDUQLQJ�WHFKQRORJ\�UHVHDUFK�WRGD\"�,W�PXVW�KDYH�EHHQ�H[FLWLQJ�
WR�EHOLHYH�WKDW�PHGLD�DWWULEXWHV�FRXOG�SURGXFH�XQLTXH�FRJQLWLYH�VNLOOV��7KH�WUXWK�ZDV�GLVDSSRLQWLQJ��WKDW�PHGLD�
HOHPHQWV�VXFK�DV�DQLPDWLRQ�RU�VLPXODWLRQ�IDFLOLWDWH�OHDUQLQJ�LQ�VRPH�FLUFXPVWDQFHV��EXW�DUH�QHLWKHU�QHFHVVDU\�
FRQGLWLRQV�QRU�JXDUDQWHHG�WR�ZRUN�LQ�DOO�FDVHV��7KLV�HFKRHV�WKH�ILQGLQJV�RI�UHVHDUFK�LQ�YDULRXV�RWKHU�DUHDV�RI�
HOHDUQLQJ�RYHU�WKH�SDVW����\HDUV��DQG�PRUH�ZLOO�QR�GRXEW�EH�DGGHG�LQ�IXWXUH��$�SRVLWLYH�RXWFRPH�LV�WKDW�VRPH�
WHFKQRORJLHV�GR�JDLQ�WUDFWLRQ��LI�QRW�DOZD\V�LQ�WKH�ZD\V�WKDW�ZHUH�DQWLFLSDWHG��(QG�XVHUV�RIWHQ�ILQG�SXUSRVHV�IRU�
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WRROV�WKDW�GHYHORSHUV�QHYHU�LPDJLQHG��/HFWXUH�UHFRUGLQJ�LV�D�JRRG�H[DPSOH��ZKHUH�SRWHQWLDO�ZDV�XQGHUHVWLPDWHG� 
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