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7KH�8VH�RI�,&7�LQ�(GXFDWLRQ�IRU�5HVHDUFK�DQG�'HYHORSPHQW

3DXO�%ODFNPRUH��0LFN�5RDFK�DQG�-D\�'HPSVWHU
&HQWUH�IRU�$FDGHPLF�3UDFWLFH��8QLYHUVLW\�RI�:DUZLFN

,QWURGXFWLRQ

7KH�7HFKQRORJ\�(QKDQFHG�/HDUQLQJ�LQ�5HVHDUFK�/HG�,QVWLWXWLRQV��7(/5,��SURMHFW�ZDV
HVWDEOLVKHG�DW�WKH�8QLYHUVLWLHV�RI�:DUZLFN�DQG�2[IRUG��IXQGHG�E\�D�7HDFKLQJ�DQG
/HDUQLQJ�7HFKQRORJ\�3URMHFW��7/73��DZDUG�IURP�WKH�+LJKHU�(GXFDWLRQ�)XQGLQJ
&RXQFLO�IRU�(QJODQG��+()&(����7KH�SURMHFW�SURSRVDO�VRXJKW�WR�WDFNOH�WZR�LQWHU�UHODWHG
LVVXHV���7KH�ILUVW�LV�WKDW�LQ�PDQ\�XQLYHUVLWLHV�WKH�WZR�PDLQ�DFWLYLWLHV�RI�UHVHDUFK�DQG
WHDFKLQJ�DUH�QRW�FORVHO\�OLQNHG��DQG�WKH�IRUPHU�KDV�KLJKHU�VWDWXV�WKDQ�WKH�ODWWHU���7KH
VHFRQG�LV�WKDW�WKH�ZLGHU�DYDLODELOLW\�RI�SRZHUIXO�,&7�WRROV�EULQJV�ZLWK�LW�WKH�QHHG�WR
PDNH�VXUH�WKDW�WKH�WRROV�DUH�XVHG�LQ�ZD\V�WKDW�EHVW�VXSSRUW�VWXGHQWV·�OHDUQLQJ�����7KH
SURMHFW·V�SURSRVHUV�DLPHG�WR�WDFNOH�ERWK�RI�WKHVH�LVVXHV�E\�DVVLVWLQJ�DFDGHPLF�VWDII�WR
GHYHORS�UHVHDUFK�EDVHG�DSSURDFKHV�WR�WHDFKLQJ��WKURXJK�WKH�HIIHFWLYH�XVH�RI�OHDUQLQJ
WHFKQRORJLHV�

7KH�WHDP�ZDV�DZDUH�RI�WKH�LQWHQVH�GHEDWH�DERXW�VXSSRVHG�OLQNV�EHWZHHQ�UHVHDUFK�DQG
WHDFKLQJ��DQG�DZDUH�DOVR�WKDW��GHVSLWH�WKH�JHQHUDOO\�LQFRQFOXVLYH�UHVHDUFK�HYLGHQFH
�VHH�+DWWLH�DQG�0DUVK�������IRU�D�PHWD�DQDO\VLV�RI����VWXGLHV���D�EHOLHI�WKDW�UHVHDUFK
LQIRUPV�WHDFKLQJ�SHUVLVWV���7KH�WHDP�EHOLHYHG�WKDW�UHVHDUFK�DQG�WHDFKLQJ�FRXOG
EHQHILFLDOO\�EH�OLQNHG��ZLWK�RQH�HQULFKLQJ�WKH�RWKHU��LI�WKLV�ZDV�SODQQHG�IRU���7KH
DOWHUQDWLYH�VLWXDWLRQ��LQ�ZKLFK�VWXGHQWV�UHFHLYH�QR�GLUHFW�EHQHILW�IURP�OHFWXUHUV

UHVHDUFK��ZKLOVW�DFDGHPLFV�IHHO�SXOOHG�EHWZHHQ�WZR�FRPSHWLQJ�GHPDQGV�IRU�WKHLU
WLPH��LV�REYLRXVO\�XQGHVLUDEOH���$OWKRXJK�WKH�LPSURYHPHQWV�LQ�VWXGHQWV
�OHDUQLQJ�WKDW
WKH�SURMHFW�VRXJKW�WR�EULQJ�DERXW�GR�QRW�UHTXLUH�D�UHVHDUFK�OHG�HQYLURQPHQW��LW�ZDV
EHOLHYHG�WKDW�FHUWDLQ�HQYLURQPHQWV��RI�ZKLFK�UHVHDUFK�OHG�LQVWLWXWLRQV�DUH�DQ�H[DPSOH�
RIIHUHG�SDUWLFXODU�RSSRUWXQLWLHV�IRU�EULQJLQJ�UHVHDUFK�DQG�WHDFKLQJ�WRJHWKHU�LQ�D
SURGXFWLYH�UHODWLRQVKLS���7KH�SRLQW�ZDV�WUHQFKDQWO\�PDGH�LQ�WKH�86$�E\�WKH�%R\HU
&RPPLVVLRQ�UHSRUW�WKDW�FULWLFLVHG�UHVHDUFK�OHG�XQLYHUVLWLHV�IRU�IDLOLQJ�WR�PDNH�XVH�RI
WKHLU�QDWXUDO�DGYDQWDJHV�DQG�XUJLQJ�WKDW�UHVHDUFK�DQG�WHDFKLQJ�VKRXOG�EH�EURXJKW
FORVHU�WRJHWKHU��%R\HU�&RPPLVVLRQ��������

6HYHUDO�SRVVLEOH�IRUPV�RI�OLQNDJH�EHWZHHQ�UHVHDUFK�DQG�WHDFKLQJ�ZHUH�LGHQWLILHG���7KH
FRQWHQW�DUJXPHQW�VXSSRVHV�WKDW�UHVHDUFKHUV�FDQ�EULQJ�WKHLU�RZQ�OHDGLQJ�HGJH
UHVHDUFK�LQWR�WKH�FXUULFXOXP��DOWKRXJK�LW�LV�DOVR�ZLGHO\�VXJJHVWHG�WKDW�WKLV�FDQ�EH
SUREOHPDWLF��SDUWLFXODUO\�LQ�WKH�VFLHQFHV��)HOGPDQ����������2WKHUV��PRUH�SUDJPDWLFDOO\�
WDNH�D�UHVRXUFHV�DSSURDFK��SRLQWLQJ�RXW�WKDW�UHVHDUFK�EULQJV�EHWWHU�OLEUDULHV��EHWWHU
UHVHDUFK�WRROV�DQG�KLJKHU�OHYHOV�RI�UHVRXUFLQJ�JHQHUDOO\���$�WKLUG�PDLQ�DUHD�LV�LQ
OHDUQLQJ�SURFHVVHV��VLQFH�XQGHUJUDGXDWHV�DQG�UHVHDUFKHUV�DUH�ERWK�HQJDJHG�LQ
OHDUQLQJ�

,Q�FRQVLGHULQJ�WKH�SRWHQWLDO�YDOXH�RI�,&7�LQ�WKHVH�IRUPV�RI�OLQNDJH��WKH�SURMHFW
SURSRVHUV�FRXOG�VHH�WKH�XVHIXOQHVV�RI�VXSSRUWLQJ�VWDII�WR�PDNH�PRUH�DQG�HDUOLHU�XVH�RI
UHVHDUFK�WRROV��PDQ\�RI�ZKLFK�DUH��RI�FRXUVH��WHFKQRORJ\�EDVHG���&HUWDLQO\�WKH�HDUO\
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LQWURGXFWLRQ�RI�UHVHDUFK�WRROV�²�IRU�VLPXODWLRQV�DQG�WH[WXDO�DQDO\VLV�IRU�H[DPSOH��
RIIHUV�DQRWKHU�ODUJH�DUHD�IRU�GHYHORSPHQW���+RZHYHU��WKH�DUHD�RI�OHDUQLQJ�SURFHVVHV
ZDV�WKRXJKW�WR�EH�D�PXFK�PRUH�YDOXDEOH�²�DQG�FKDOOHQJLQJ�²�DUHD�WR�ZRUN�LQ��VLQFH�LW
DGGUHVVHV�VXFK�D�FHQWUDO�HGXFDWLRQDO�LVVXH�

7KH�IRFXV�RI�WKH�7(/5,�SURMHFW�ZDV�WKHUHIRUH�RQ�ZKDW��LGHDOO\��UHVHDUFKHUV�DQG
XQGHUJUDGXDWHV�VKDUH���D�FXOWXUH�RI�SHUVRQDO�LQTXLU\��WKH�SURFHVV�RI�LQTXLU\�DQG
OHDUQLQJ��/LJKW���������,W�LV�UHDVRQDEOH�WR�VXSSRVH�WKDW�H[SHULHQFHG�UHVHDUFKHUV�DQG
RWKHUV�ZKR�DSSO\�D�GLVFLSOLQH�SURIHVVLRQDOO\�ZLOO�KDYH�GHYHORSHG�D�UDQJH�RI�KLJKHU
OHYHO�FRJQLWLYH�VNLOOV��7KHLU�LQWHOOHFWXDO�SURFHVVHV�DQG�PHWKRGV�RI�ZRUNLQJ�SURYLGH�D
XVHIXO�PRGHO�IRU�WKHLU�VWXGHQWV
�RZQ�OHDUQLQJ���,W�ZRXOG�EH�RI�LPPHQVH�EHQHILW�WR
VWXGHQWV�LI�WKH\�FRXOG�EH�KHOSHG�WR�GHYHORS�WKRVH�VNLOOV�WKURXJK�DQ�DSSURSULDWHO\
GHOLYHUHG�FXUULFXOXP��VR�WKDW�WKH�VNLOOV�ZRXOG�WKHQ�EH�DYDLODEOH�IRU�IXUWKHU�ZRUN�ERWK
LQ�WKH�GLVFLSOLQH�DQG�LQ�RWKHU�ILHOGV����7KH�7(/5,�WHDP�ZDV�QRW�FODLPLQJ�WR�KDYH
GLVFRYHUHG�D�QHZ�LGHD���&OHDUO\�LQ�DOO�GLVFLSOLQHV�WKHUH�DUH�PDQ\�H[LVWLQJ�H[DPSOHV�RI
UHVHDUFK�DQG�VWXGHQW�OHDUQLQJ�EHLQJ�OLQNHG�LQ�WKLV�ZD\���+RZHYHU��LW�ZDV�EHOLHYHG�WKDW
ZLWKRXW�FDUHIXO�SODQQLQJ�WKH�EHQHILWV�RI�DFDGHPLFV·�UHVHDUFK�H[SHUWLVH�ZRXOG�QRW�EH
IXOO\�UHDOLVHG���7(/5,�FRXOG�EH�D�SURPSW�WR�WKRXJKW�DQG�D�VRXUFH�RI�JXLGDQFH�RQ
DSSURSULDWH�WRROV�DQG�WKHLU�XVH�

:KDW�DUH�UHVHDUFK�FDSDELOLWLHV"

$WWHPSWLQJ�WR�OLQN�UHVHDUFK�DQG�WHDFKLQJ�LPPHGLDWHO\�VXJJHVWV�SUREOHPV�RI�WKH
GHILQLWLRQ�RI�WKRVH�WHUPV��(OWRQ��������DQG�WKHVH�PD\�EH�GLVFLSOLQH�UHODWHG��+DWWLH�DQG
0DUVK����������+RZHYHU��DFURVV�DOO�GLVFLSOLQHV�RQH�ZRXOG�H[SHFW�D�QXPEHU�RI�EURDG
FDSDELOLWLHV�RI�D�SURILFLHQW�UHVHDUFKHU��LQFOXGLQJ�

� EHLQJ�LQQRYDWLYH
� ZRUNLQJ�LQGHSHQGHQWO\
� VHWWLQJ�DQG�VROYLQJ�SUREOHPV
� DQDO\VLQJ�FULWLFDOO\
� KDQGOLQJ�ODUJH�TXDQWLWLHV�RI�LQIRUPDWLRQ�LQ�D�ZLGH�UDQJH�RI�PHGLD

:KDW�WKHVH�PLJKW�PHDQ�LQ�SUDFWLFH�ZRXOG�FOHDUO\�EH�YHU\�GLIIHUHQW�IURP�RQH�GLVFLSOLQH
WR�DQRWKHU���1HYHUWKHOHVV�WKH\�VHHP�WR�EH�D�UHDVRQDEO\�UREXVW�VHW�RI�WHUPV�ZKLFK
DFDGHPLF�VWDII�LQ�DQ\�GLVFLSOLQH�ZRXOG�DJUHH�ZHUH�GHVLUDEOH�DWWULEXWHV��DQG�WKLV
SUREDEO\�H[SODLQV�WKHLU�UHSHDWHG�DSSHDUDQFH�LQ�SXEOLVKHG�OLVWV�RI�VNLOOV�IURP�PDQ\
VRXUFHV�

7KHVH�FDSDELOLWLHV�UHTXLUH�WKH�SUHVHQFH�RI�

� D�ERG\�RI�GLVFLSOLQDU\�NQRZOHGJH
� WHFKQLTXHV�XVHG�ZLWKLQ�WKH�GLVFLSOLQH
� KLJKHU�RUGHU�FRJQLWLYH�VNLOOV
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$�IRFXV�RQ�KLJKHU�RUGHU�FRJQLWLYH�VNLOOV

7(/5,�VRXJKW�WR�LGHQWLI\�DQG�GHYHORS�WKRVH�DVSHFWV�RI�H[SHUWLVH�WKDW�KDYH�ZLGHVW
DSSOLFDELOLW\�ZLWKLQ�DQG�EH\RQG�WKH�GLVFLSOLQH��)RU�WKLV�UHDVRQ�WKH�WHDP
V�LQWHUHVW�ZDV
DW�WZR�OHYHOV��WKH�EURDG�UHVHDUFK�FDSDELOLWLHV�OLVWHG�DERYH�DQG��PRUH�IXQGDPHQWDOO\�
WKH�FRJQLWLYH�VNLOOV�WKDW�LQIRUP�WKHP��,W�ZDV�EHOLHYHG�WKDW��ZKLOVW�GLVFLSOLQDU\
NQRZOHGJH�DQG�WHFKQLTXHV�DUH�YLWDO�DQG�PXVW�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��WKH\�GLG
QRW�QHHG�UHLQIRUFHPHQW�WKURXJK�WKH�ZRUN�RI�WKH�SURMHFW��VLQFH�WKH\�DUH�VHOI�HYLGHQWO\
LPSRUWDQW�DQG�DUH�H[SOLFLWO\�WDXJKW��,Q�FRQWUDVW��FRJQLWLYH�VNLOOV�DUH�UDUHO\�GHYHORSHG
H[SOLFLWO\���7KH�7(/5,�WHDP�WKHUHIRUH�FKRVH�WR�IRFXV�RQ�KLJKHU�RUGHU�FRJQLWLYH�VNLOOV�
7KHVH�VNLOOV�LQFOXGH�WKH�DELOLWLHV�WR�

� PDNH�PHDQLQJ��E\�LQWHUSUHWLQJ�LQIRUPDWLRQ��IRUPLQJ�DQG�DSSO\LQJ�FRQFHSWV�DQG
SULQFLSOHV��FULWLFDO�DQDO\VLV��V\QWKHVLV�LQWR�FRKHUHQW�ZKROHV�

� JHQHUDWH�LGHDV��XVLQJ�LQQRYDWLYH�WKRXJKW��FUHDWLYLW\
� WDNH�GHFLVLRQV��XVLQJ�SURFHGXUHV��DOJRULWKPV��VWUDWHJLHV��KHXULVWLFV�DQG�MXGJHPHQWV

DERXW�DSSOLFDELOLW\
� UHIOHFW�RQ�RZQ�SXUSRVHV�DQG�SURFHVVHV��LQFOXGLQJ�MXVWLILFDWLRQV�IRU�MXGJHPHQWV�DQG

GHFLVLRQV��SRVVLELOLWLHV�RI�WUDQVIHUDELOLW\

&UXFLDOO\�IRU�WKLV�GLVFXVVLRQ��WKH�SURMHFW�WHDP�LGHQWLILHG�WZR�HVVHQWLDOO\
FRPSOLPHQWDU\�DQG�PXWXDOO\�VXSSRUWLYH�OHDUQLQJ�PHWKRGV���7KH�ILUVW�RI�WKHP�
DGRSWLYH�OHDUQLQJ��LV�D�UHSURGXFWLYH�SURFHVV�DQG�RFFXUV�ZKHQ�D�VLWXDWLRQ�KDV�DOUHDG\
EHHQ�GHILQHG���,W�UHTXLUHV�WKH�DSSOLFDWLRQ�RI�ZHOO�XQGHUVWRRG�NQRZOHGJH���WHFKQLTXHV
DQG�SURFHGXUHV����$GRSWLYH�OHDUQLQJ�LV�YHU\�XVHIXO��D�JUHDW�GHDO�RI�DQ\�SHUVRQ·V
OHDUQLQJ�ZLOO�EH�DGRSWLYH���+RZHYHU��WKHUH�PD\�EH�GLIILFXOWLHV�LQ�WUDQVIHUDELOLW\�WR�QHZ
VLWXDWLRQV���$GDSWLYH�OHDUQLQJ��RQ�WKH�RWKHU�KDQG��LV�D�JHQHUDWLYH�SURFHVV�LQ�ZKLFK
RULJLQDOLW\�DQG�FUHDWLYLW\�DUH�LQYROYHG�DQG�ZKLFK�UHTXLUHV�KLJKHU�FRJQLWLYH�VNLOOV���$Q
DFFRPSOLVKHG�UHVHDUFKHU�ZLOO�EH�VNLOOHG�LQ�DGDSWLYH�OHDUQLQJ�DQG�SRWHQWLDOO\�PD\�EH
ZHOO�SODFHG�WR�KHOS�RWKHUV�WR�GHYHORS�VLPLODU�H[SHUWLVH�

7KH�LPSRUWDQFH�RI�WUDQVIHU

7KHUH�KDV�EHHQ�PXFK�GHEDWH�DERXW�WKH�LPSRUWDQFH�RI�VNLOOV�²�WHUPHG�YDULRXVO\�FRUH�
NH\�DQG�WUDQVIHUDEOH�VNLOOV���7KURXJKRXW�WKH�GLVFXVVLRQ�WKHUH�LV�D�FRQFHUQ�WR�LGHQWLI\
WKRVH�FHQWUDO�FDSDELOLWLHV�WKDW�DUH�RI�XVH�LQ�PDQ\�DUHDV�RI�OLIH��ZKHWKHU�YRFDWLRQDO�RU
RWKHUZLVH��DQG�WR�HQVXUH�WKDW�FXUULFXOD�HQDEOH�VWXGHQWV�WR�GHYHORS�WKHP���&RJQLWLYH
VNLOOV��LW�PLJKW�EH�DUJXHG��DUH�YLWDOO\�LPSRUWDQW�LQ�WUDQVIHU�EHFDXVH�WKH\�DUH�QRW�DV
FRQWH[W�GHSHQGHQW�DV�RWKHU�DELOLWLHV�DQG�EHFDXVH�WKH\�DUH�WKHPVHOYHV�XVHG�WR�HIIHFW�WKH
WUDQVIHU���%HFDXVH�RI�WKLV�WKH\�KDYH�EHHQ�WHUPHG�´VNLOOV�RI�WUDQVIHUµ��%ULGJHV��������

0XFK�GLVFXVVLRQ�RI�VNLOOV�LV�FRQFHSWXDOO\�WKLQ��DV�KDV�EHHQ�SRLQWHG�RXW��+\ODQG�������
DQG�WKHUH�LV�DQ�LQWHUHVWLQJ�WHQVLRQ�EHWZHHQ�WKH�FOHDUO\�YRFDWLRQDO�GULYH�RI�PXFK�VNLOOV
GHYHORSPHQW�ZRUN�DQG�WKH�IDFW�WKDW�LW�UHVWDWHV�ZKDW�PDQ\�KDYH�WDNHQ�WR�EH�KLJKHU
HGXFDWLRQ·V�´WUDGLWLRQDO�LGHDV�RI�DXWRQRP\�DQG�EUHDGWKµ��%DUQHWW����������+RZHYHU��DV
%DUQHWW�DOVR�SRLQWV�RXW��KLJKHU�HGXFDWLRQ�KDV�QRW�DOZD\V�EHHQ�SDUWLFXODUO\�DWWHQWLYH�WR
WKLV�PLVVLRQ��DQG�KDV�FHUWDLQO\�QRW�EHHQ�LQ�WKH�KDELW�RI�DUWLFXODWLQJ�LWV�SXUSRVHV�
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7KH�SURMHFW·V�SURSRVHUV�VDZ�WKH�RSSRUWXQLW\�RI�XVLQJ�WKH�SURMHFW�WR�HQFRXUDJH
DFDGHPLF�VWDII�WR�SDXVH�DQG�WR�DQDO\VH�WKHLU�WHDFKLQJ�SXUSRVHV�LQ�WHUPV�RI�WKH
FDSDELOLWLHV�WKH\�ZHUH�LQWHQGLQJ�WR�GHYHORS��DQG�WKH�SURFHVVHV��UDWKHU�WKDQ�FRQWHQW�
WKDW�ZRXOG�EH�OLNHO\�WR�EHLQJ�WKHVH�FDSDELOLWLHV�DERXW���7KH\�VDZ�WKH�OLQN�ZLWK�UHVHDUFK
DV�D�VWURQJ�PRWLYDWRU�WR�HQJDJH�ZLWK�WKLV�UHDOO\�UDWKHU�FKDOOHQJLQJ�DUHD���)XUWKHU��WKH\
VRXJKW�DW�WKDW�SRLQW�WR�LQYLWH�VWDII�WR�FRQVLGHU�WKH�,&7�WRROV�WKDW�ZHUH�DYDLODEOH�WR�WKHP
DQG�WR�FRQVLGHU�ZKLFK�RI�WKHP�PLJKW�EH�XVHIXO�LQ�GHYHORSLQJ�WKRVH�FDSDELOLWLHV�DQG
KRZ�WKH�WRROV�FRXOG�EHVW�EH�HPSOR\HG�

:KDW�WKLV�PHDQV�IRU�WKH�FXUULFXOXP

$�FXUULFXOXP�VKRXOG�GHYHORS�QRW�RQO\�GLVFLSOLQDU\�NQRZOHGJH�DQG�WHFKQLTXHV�EXW
DOVR�WKH�KLJKHU�OHYHO�FRJQLWLYH�VNLOOV�WKDW�DUH�HVVHQWLDO�IRU�WKHLU�GHYHORSPHQW�DQG�XVH�
7KH�SRWHQWLDO�IRU�WKH�ODWWHU�PD\�EH�PD[LPLVHG�LI�WKH�FXUULFXOXP�LV�GHVLJQHG�WR�SURYLGH
DSSURSULDWH�FRXUVH�SURFHVVHV�DQG�DVVHVVPHQW�DSSURDFKHV�WKDW�HPXODWH�WKH�UHVHDUFK
HQYLURQPHQW�

7KH�IROORZLQJ�ZHUH�FRQVLGHUHG�WR�EH�XVHIXO�JXLGHV�IRU�WKH�GHVLJQ�RI�D�FXUULFXOXP�WR
HQFRXUDJH�WKH�GHYHORSPHQW�RI�EURDG�UHVHDUFK�FDSDELOLWLHV�DQG�RI�FRJQLWLYH�VNLOOV�

� $FWLYLWLHV�VKRXOG�SURPSW�WKH�FRQFHQWUDWHG�GHYHORSPHQW�DQG�XVH�RI�FRJQLWLYH�VNLOOV�

� ([SHUWQHVV��DV�GLVWLQFW�IURP�FRPSHWHQFH��GHULYHV�IURP�WKH�FDSDFLW\�WR�HQJDJH�LQ
QRYHO�WKLQNLQJ�LQ�FRPSOH[�DQG�XQFHUWDLQ�VLWXDWLRQV�
7KHUHIRUH�
� 6WXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�VHW�DV�ZHOO�DV�VROYH�SUREOHPV�
� 2SHQ�WDVNV�DUH�EHWWHU�WKDQ�FORVHG�WDVNV
� 3UREOHP�EDVHG�OHDUQLQJ�LV�PRUH�EHQHILFLDO�LI�WKH�VWXGHQW�KDV�D�SDUW�LQ�GHILQLQJ

WKH�SUREOHP�

� 6WXGHQWV�VKRXOG�KH�HQFRXUDJHG�WR�UHIOHFW�RQ�WKHLU�OHDUQLQJ�SURFHVVHV�

$VVHVVPHQW�LV�RI�FHQWUDO�LPSRUWDQFH���$VVLJQPHQWV�WKDW�UHTXLUH�WKH�SUHVHQWDWLRQ�RI
ZHOO�HVWDEOLVKHG�NQRZOHGJH�DUH�DGRSWLYH�LQ�QDWXUH�DQG�ZLOO�HQFRXUDJH�VWXGHQWV�WR
WDNH�DQ�DGRSWLYH�DSSURDFK�WR�WKHLU�OHDUQLQJ���,QVWHDG��DVVLJQPHQWV�VKRXOG�UHTXLUH
PRUH�WKDQ�D�SURFHGXUDO�RU�OHDUQHG�UHVSRQVH���7KH\�VKRXOG�UHTXLUH�MXGJHPHQWV�RI
YDOXH��OLNHOLKRRG�DQG�SUREDELOLW\��WRJHWKHU�ZLWK�LQQRYDWLRQ�DQG�FUHDWLYLW\�

5HIOHFWLRQ�LV�DOVR�YHU\�LPSRUWDQW��VLQFH�LW�LV�E\�UHIOHFWLQJ�RQ�ZRUN�LQ�SURJUHVV�DQG
OHDUQLQJ�WR�PDNH�MXGJHPHQWV�DERXW�LWV�TXDOLW\�WKDW�VWXGHQWV�ZLOO�JDLQ�LQVLJKWV�LQWR�WKH
QDWXUHG�RI�H[SHUWLVH�LQ��WKH�ILHOG�

$JDLQ��WKHUH�LV�QRWKLQJ�QRYHO�LQ�7(/5,�DSSURDFKHV��ZKLFK�ERUURZ�IURP�LGHDV�DERXW
DXWRQRP\�LQ�OHDUQLQJ��%RXG���������WKH�FUHDWLRQ�RI�IRUP��.XKQ���������´GHHSµ�DQG
´VXUIDFHµ�OHDUQLQJ��0DUWRQ�DQG�6DOMR���������WUDQVIRUPDWLYH�OHDUQLQJ��0H]LURZ�������
DQG�FRPSHWHQFH�DQG�H[SHUWLVH��'UH\IXV�DQG�'UH\IXV����������7KH�VWUHQJWK�RI�WKH
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7(/5,�DSSURDFK�LV�EHOLHYHG�WR�EH�WKDW�LW�EDVHV�LWV�ZRUN�RQ�WKH�UHVHDUFK�H[SHUWLVH�RI
DFDGHPLFV�DQG�WKDW�LW�HQFRXUDJHV�D�PRUH�WKRXJKWIXO�XVH�RI�,&7�WRROV�ZLWKLQ�WKDW
FRQWH[W�

:KDW�OHDUQLQJ�WHFKQRORJLHV�FDQ�FRQWULEXWH

,W�LV�HDV\�WR�ILQG�H[DPSOHV�RI�WKH�XVH�RI�OHDUQLQJ�WHFKQRORJLHV�WR�PDNH�UHVHDUFK�WRROV�
GDWD�DQG�LQIRUPDWLRQ�DYDLODEOH��WKXV�FRQWULEXWLQJ�WR�VWXGHQWV
�GLVFLSOLQDU\�NQRZOHGJH
DQG�WHFKQLTXHV��+RZHYHU��OHDUQLQJ�WHFKQRORJLHV�DUH�OHVV�RIWHQ�XVHG�GHOLEHUDWHO\�WR
GHYHORS�KLJKHU�FRJQLWLYH�VNLOOV��DOWKRXJK�WKH\�KDYH�FRQVLGHUDEOH�SRWHQWLDO�WR�GR�VR�
7KH�%R\HU�&RPPLVVLRQ�UHSRUW�PDNHV�WKLV�SRLQW�VWURQJO\��DVNLQJ�IRU�,&7�WKDW�´HQULFKHV
WHDFKLQJ�UDWKHU�WKDQ�VXEVWLWXWHV�IRU�LWµ��DQG�ZDQWLQJ�VWXGHQWV�WR�KDYH�WRROV�´ZLWK
ZKLFK�WKH\�FDQ�GLVFULPLQDWH��DQDO\VH�DQG�FUHDWH�UDWKHU�WKDQ�VLPSO\�DFFXPXODWHµ
�%R\HU�&RPPLVVLRQ��������

7KHUH�DUH�PDQ\�SRVVLEOH�FRQWULEXWLRQV���&UHDWLYLW\�DQG�RULJLQDOLW\�DUH�KLJKO\�YDOXHG�LQ
UHVHDUFKHUV���%RWK�DUH�GLIILFXOW�WR�GHILQH��EXW�LW�FDQ�VDIHO\�EH�VDLG�WKDW�WKRVH�ZKR�ZRUN
LQ�RSHQ�VLWXDWLRQV��ZLWK�WKH�JUHDWHVW�DXWRQRP\��ZKR�DUH�UHTXLUHG�WR�LGHQWLI\�DQG�VHW�DV
ZHOO�DV�VROYH�SUREOHPV��DUH�PRVW�OLNHO\�WR�EH�HQFRXUDJHG�WR�EH�FUHDWLYH�EHFDXVH�RI
ZKDW�WKH\�DUH�UHTXLUHG�WR�EULQJ�WR�WKH�VLWXDWLRQ�WKHPVHOYHV���7KHUHIRUH�7(/5,�ZDV
FRQFHUQHG�ZLWK�WKH�LQWHJUDWLRQ�RI�&	,7�WRROV�WR�VXSSRUW�OHDUQLQJ�WKDW�WDNHV�SODFH�LQ
�RSHQ��VHWWLQJV�

5HVHDUFKHUV�FKDUDFWHULVWLFDOO\�GHDO�ZLWK�ODUJH�DPRXQWV�RI�FRPSOH[�LQIRUPDWLRQ��DQG
UHTXLUH�WKH�VNLOOV�RI�DQDO\VLV��WKH�DELOLW\�WR�PDNH�DQG�GLVFHUQ�VWUXFWXUH��7KHUHIRUH�,&7
WRROV�WKDW�UHTXLUH�OHDUQHUV�WR�JLYH�PHDQLQJ�DQG�YDOXH�WR�LQIRUPDWLRQ�DUH�SDUWLFXODUO\
XVHIXO��5HVHDUFK�UHTXLUHV�FRQVLGHUDEOH�SUHFLVLRQ���,&7�WRROV�WKDW�GHPDQG�D�KLJK�GHJUHH
RI�IRFXV��SDUWLFXODUO\�RQ�PHDQLQJ��DUH�WKHUHIRUH�YDOXDEOH��)LQDOO\��WKH�DELOLW\�FULWLFDOO\
WR�UHIOHFW�RQ�ZRUNLQJ�SURFHVVHV�LV�YLWDO��DQG�VR�WRROV�WKDW�PDNH�DSSDUHQW�WKH�SURFHVVHV
RI�OHDUQLQJ�DUH�XVHIXO��$OO�RI�WKHVH�WRROV�DUH�PRUH�HIIHFWLYH�ZKHQ�WKH\�RIIHU�LPPHGLDWH
IHHGEDFN�WR�WKH�OHDUQHU��7KHVH�OLQNV�PD\�EH�VXPPDULVHG�WKXV�

'HVLUHG�UHVHDUFK�FDSDELOLW\ �������������:KDW�,&7�VKRXOG�RIIHU

$ELOLW\�WR�EH�RULJLQDO��FUHDWLYH�
LQQRYDWLYH

7RROV�WKDW�SUHVHQW�DQG�RIIHU�UHVRXUFHV�IRU�RSHQ
VLWXDWLRQV

$ELOLW\�WR�GHDO�ZLWK�FRPSOH[LW\ 7RROV�WKDW�VXSSRUW�WKH�OHDUQHU�LQ�HYDOXDWLQJ�
DQDO\VLQJ��VHOHFWLQJ�DQG�VWUXFWXULQJ

$ELOLW\�WR�ZRUN�ZLWK�SUHFLVLRQ 7RROV�WKDW�SHUPLW�D�KLJK�GHJUHH�RI�IRFXV�RQ�D
SDUWLFXODU�VNLOO

$ELOLW\�WR�UHIOHFW�RQ�ZRUNLQJ�SURFHVVHV 7RROV�WKDW�PDNH�ZRUNLQJ�SXUSRVH�DQG�SURFHVVHV
WUDQVSDUHQW

$ELOLW\�WR�IRUP�MXVWLILHG�GLVFLSOLQH�
EDVHG�MXGJHPHQWV

7RROV�WKDW�HQDEOH�GLVFXVVLRQ�RI�UHDVRQLQJ�
MXGJHPHQWV�DQG�GHFLVLRQV
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:KDW�WKLV�PHDQV�DFURVV�WKH�GLVFLSOLQHV

'LVFXVVLRQ�DQG�GHEDWH�HQDEOH�WKH�H[SORUDWLRQ�RI�LGHDV�DQG�JHQHUDWLRQ�RI�PHDQLQJ�DQG
DUH�FHQWUDO�WR�WKH�GHYHORSPHQW�RI�UHVHDUFK�FDSDELOLWLHV�LQ�WKH�DUWV�DQG�KXPDQLWLHV���,&7
WRROV�PD\�DVVLVW�WKHVH�SURFHVVHV�E\�PDNLQJ�LW�SRVVLEOH�WR�LPSURYH�WKH�DPRXQW�DQG
WLPHOLQHVV�RI�WXWRULDO�VXSSRUW��SDUWLFXODUO\�DV�JURXS�VL]HV�LQFUHDVH���:KHUH�WKH\�HQDEOH
VWXGHQWV�WR�VXEPLW��WR�YLHZ�DQG�WR�FRPPHQW�RQ�WKHLU�RZQ�DQG�RWKHUV·�ZRUN��WKH\�PD\
KHOS�WKHP�WR�GHYHORS�VNLOOV�RI�FULWLFDO�DQDO\VLV��WR�H[SORUH�PDWWHUV�RI�IRUP�DQG�VW\OH
DQG�WR�OHDUQ�IURP�VHHLQJ�²�DQG�SHUKDSV�SDUWLFLSDWLQJ�FROODERUDWLYHO\�LQ���ZRUN�LQ
SURJUHVV���0RGHUQ�ODQJXDJHV�WXWRUV�KDYH�IRXQG�ZHE�SXEOLVKLQJ�SDUWLFXODUO\�XVHIXO�LQ
PRYLQJ�EH\RQG�EDVLF�VNLOO�DFTXLVLWLRQ�DQG�LQWR�FULWLFDO�WKLQNLQJ�DQG�XQGHUVWDQGLQJ�RI
UHODWHG�LVVXHV�

'LVFXVVLRQ�LV�HTXDOO\�LPSRUWDQW�LQ�WKH�VRFLDO�VFLHQFHV��ZKHUH�VWXGHQWV�PXVW�JDWKHU�
HYDOXDWH�DQG�SUHVHQW�HYLGHQFH�DQG�FRQVWUXFW�DUJXPHQWV���7KH�DSSOLFDWLRQ�DQG�WHVWLQJ
RI�WKHRULHV�DQG�FRQFHSWV�LV�DOVR�FHQWUDO���7XWRULDO�DQG�VPDOO�JURXS�ZRUN�DUH�YHU\
LPSRUWDQW�LQ�GHYHORSPHQW�RI�VWXGHQWV·�FDSDELOLWLHV�DQG��RQFH�DJDLQ��,&7�WRROV�FDQ�RIIHU
WKH�RSSRUWXQLW\�RI�PRUH�HIIHFWLYH�VXSSRUW���&DVH�VWXGLHV�DUH�YHU\�FRPPRQO\�XVHG
WKURXJKRXW�WKH�VRFLDO�VFLHQFHV���,&7�WRROV�PD\�HQDEOH�WKH�VKDULQJ�RI�VFDUFH�FDVH�VWXG\
PDWHULDO�DQG�RIIHU�DFFHVV�WR�´UHDOµ�SULPDU\�VRXUFH�PDWHULDOV�WKDW�DUH�PRUH�DNLQ�WR�WKH
PDWHULDOV�XVHG�E\�UHVHDUFKHUV���,QGHHG�WKH�ZRUN�RI�UHVHDUFKHUV�²�LQFOXGLQJ�WKDW�RI�WKH
WXWRU�²�PD\�EH�PRUH�UHDGLO\�PDGH�DYDLODEOH�

,Q�WKH�VFLHQFHV��FXUULFXOD�PD\�GHYHORS�SUREOHP�VROYLQJ�DQG�UHDVRQLQJ�VNLOOV�
$FWLYLWLHV�PD\�UHTXLUH�WKDW�VWXGHQWV�LGHQWLI\��HYDOXDWH�DQG�PDNH�XVH�RI�VRXUFHV�RI
GDWD��HPSOR\LQJ�D�UDQJH�RI�PHWKRGV�WR�UHDFK�UHDVRQHG�FRQFOXVLRQV�DQG�VROYH
SUREOHPV���3UREOHPV�FODVVHV�DUH�D�VWDSOH�LWHP�LQ�PDQ\�VFLHQFH�FXUULFXOD��ZKHUH�SURPSW
IHHGEDFN�LV�YLWDO�LV�OHDUQLQJ�LV�WR�EH�HIIHFWLYH���2QFH�DJDLQ�WKH�SRWHQWLDOO\�FROODERUDWLYH
QDWXUH�RI�,&7�EDVHG�ZRUNLQJ�FDQ�EH�XVHIXO��PLUURULQJ�WKH�ZD\V�LQ�ZKLFK�VFLHQWLVWV
FXVWRPDULO\�ZRUN�

&KRRVLQJ�WRROV

7(/5,�DSSURDFKHV�GR�QRW�UHTXLUH�WKH�XVH�RI�SDUWLFXODU�VRIWZDUH���:KDW�LV�LPSRUWDQW�LV
WKH�QDWXUH�RI�WKH�WDVN�DQG�WKH�DVVHVVPHQW�WKDW�LV�GHVLJQHG��WKH�WRRO�LV�LQFLGHQWDO���$Q\
YLUWXDO�OHDUQLQJ�HQYLURQPHQW�WKDW�HQDEOHV�WKH�VKDULQJ�RI�GRFXPHQWV�DQG�GLVFXVVLRQ�²
:HE&7��/HDUQLQJ�6SDFH�RU�&26(���PD\�EH�XVHG�DV�D�PHDQV�RI�VWUXFWXULQJ�FDVH�VWXGLHV
DQG�HQFRXUDJLQJ�VWXGHQW�VWXGHQW�DQG�VWDII�VWXGHQW�LQWHUDFWLRQ���&RQIHUHQFLQJ
VRIWZDUH�VXFK�DV�)LUVW&ODVV�RU�:HE%RDUG�PLJKW�DOVR�EH�DSSURSULDWH�

:HE�SXEOLVKLQJ�ZDV�VHHQ�WR�EH�SDUWLFXODUO\�XVHIXO�DV�D�PHDQV�RI�HQDEOLQJ�VWXGHQWV�WR
VHH�DQG�FRQWULEXWH�WR�ZRUN�LQ�SURJUHVV�DQG�WR�HYDOXDWH�LW��WKXV�RIIHULQJ�WKHP�LQVLJKWV
LQWR�DSSURDFKHV�WR�DQG�FULWHULD�IRU�DVVHVVPHQW���(DUO\�RQ�LQ�WKH�SURMHFW�LW�ZDV�UHDOLVHG
WKDW�PDQ\�DFDGHPLF�VWDII�GLG�QRW�KDYH�UHDG\�DFFHVV�WR�WKH�WRROV�WKDW�ZHUH�QHHGHG��VR�D
VLPSOH�ZHE�SXEOLVKLQJ�WRRO�ZDV�GHVLJQHG�WKDW�HQDEOHG�VWXGHQWV�WR�SXEOLVK�WR�WKH�ZHE
DQG�WR�FRPPHQW�RQ�RWKHUV·�ZRUN���7KH�WRRO�LV�VLPSOH�WR�XVH�DQG�IUHH�DQG�KDV��WKHUHIRUH�
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EHHQ�YHU\�DWWUDFWLYH�WR�VWDII�ZKR�ZDQWHG�WR�ZRUN�LQ�WKLV�ZD\�ZLWKRXW�D�UHTXLUHPHQW
WKDW�HLWKHU�WKH\�RU�WKHLU�VWXGHQWV�VKRXOG�GHYHORS�VRSKLVWLFDWHG�ZHE�SXEOLVKLQJ�VNLOOV�

6XSSRUW�IRU�VWDII

:RUNLQJ�ZLWK�7(/5,�GLG�QRW�QHFHVVDULO\�PHDQ�FKDQJLQJ�RQH
V�HGXFDWLRQDO�SXUSRVHV
RU��QHFHVVDULO\��RQH
V�DSSURDFKHV�WR�WHDFKLQJ�DQG�DVVHVVLQJ��7KH�WHDP�RIIHUHG�D�SURFHVV
RI�FXUULFXOXP�UHYLHZ��5RDFK��%ODFNPRUH�DQG�'HPSVWHU��������WKDW�ZDV�LQWHQGHG�WR
DVVLVW�LQ�WUDQVODWLQJ�WKH�FRXUVH
V�SXUSRVH�LQWR�D�WUDQVSDUHQW�IRUP��7KH�SURFHVV�VXSSRUWV
VWDII��LQ�EHLQJ�PRUH�DQDO\WLFDO�DERXW�ZKDW�WKH\�DUH�VHHNLQJ�WR�DFKLHYH�WKURXJK�WKHLU
WHDFKLQJ�DQG�PRUH�GHOLEHUDWH�DERXW�KRZ�WKH\�VHW�DERXW�LW��PDNLQJ�XVH�RI�HGXFDWLRQDO
WHFKQRORJLHV�ZKHUH�WKH\�FDQ�SURYLGH�D�FOHDU�EHQHILW���7KH�SURFHVV�LQFOXGHV�FODULILFDWLRQ
RI�WKH�FDSDELOLWLHV�DQG�FRJQLWLYH�VNLOOV�WKDW�DUH�WR�EH�WKH�IRFXV�RI�DWWHQWLRQ��D�UHYLHZ�RI
H[LVWLQJ�DSSURDFKHV��GHYHORSPHQW��LQ�FRQMXQFWLRQ�ZLWK�WKH�VWDII�LQYROYHG��RI
DSSURSULDWH�DSSURDFKHV�WR�WHDFKLQJ�DQG�DVVHVVPHQW��DQG�WKH�HVWDEOLVKPHQW�DQG�XVH�RI
D�PHDQV�RI�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�WKH�LQWHUYHQWLRQ�

7(/5,�KDV�HPSOR\HG�WKLV�DSSURDFK�WR�VXSSRUW�VWDII�LQ�WKLUWHHQ�GHSDUWPHQWV�ZLWKLQ�WKH
XQLYHUVLWLHV�RI�:DUZLFN�DQG�2[IRUG�LQ�LPSOHPHQWLQJ�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�
7KH�WHDP�SURGXFHG�FDVH�VWXGLHV�GHWDLOLQJ�WKH�FRQWH[W��WKH�WHFKQRORJLFDO�WRRO�DQG�WKH
FDSDELOLWLHV�DQG�VNLOOV�GHYHORSHG��$�VHFRQG�SKDVH�H[WHQGHG�WKH�DSSURDFK�WR�IXUWKHU
GHSDUWPHQWV�LQ�VHYHUDO�RWKHU�UHVHDUFK�OHG�XQLYHUVLWLHV��LQFOXGLQJ�'XUKDP�
%LUPLQJKDP�DQG�6RXWKDPSWRQ��$�WKLUG�SKDVH�SURYLGHG�VWDII�GHYHORSPHQW�ZRUNVKRSV
DQG�FRQVXOWDQF\�DFURVV�WKH�+(�VHFWRU�

&RQFOXVLRQV

7KH�ZRUN�GHVFULEHG�KHUH�RIIHUV�D�PHDQV�RI�EULQJLQJ�WRJHWKHU�UHVHDUFK�DQG�WHDFKLQJ��E\
IRFXVLQJ�RQ�WKH�SURFHVV�RI�OHDUQLQJ��ZKLFK�LV�FRPPRQ�WR�ERWK���3DUW�RI�WKH�SXUSRVH�LV
WR�HQVXUH�WKDW�UHVHDUFK�LV�QRW�VHHQ�DV�DQ�DFWLYLW\�UHPRWH�IURP�RWKHU�IRUPV�RI�OHDUQLQJ�
7KHUH�DUH�D�QXPEHU�RI�SRWHQWLDO�EHQHILWV�IRU��DV�KDV�DOUHDG\�EHHQ�VXJJHVWHG��ZH�EHOLHYH
WKDW�OHDUQHUV�PD\�WKXV�EHFRPH�PRUH�FDSDEOH�LQ�D�UDQJH�RI�DFWLYLWLHV�LQ�ODWHU�OLIH�²
LQFOXGLQJ�UHVHDUFK����:H�EHOLHYH�DOVR�WKDW�DFDGHPLF�VWDII�ILQG�WKLV�OLQNLQJ�RI�WKH�WZR
DFWLYLWLHV�WR�EH�VWLPXODWLQJ�

,W�LV�EHOLHYHG�WKDW�PDNLQJ�XVH�RI�,&7�WRROV�WR�PDNH�OLQNV�EHWZHHQ�UHVHDUFK�DQG�VWXGHQW
OHDUQLQJ�PDNHV�JRRG�VHQVH���7KH�VXEVWDQWLDO�LQYHVWPHQW�PDGH�LQ�,&7�LQ�KLJKHU
HGXFDWLRQ��DQG�WKH�LQFUHDVLQJ�XVH�RI�,&7�WRROV�LQ�XQGHUJUDGXDWH�FXUULFXOD�PDNH�LW�YLWDO
WKDW�ZH�DUH�DEOH�WR�DQDO\VH�WKH�FRVWV�DQG�EHQHILWV���,I�,&7�WRROV�DUH�XVHG�XQUHIOHFWLYHO\�
GHOLYHULQJ�SDFNDJHG�OHDUQLQJ�WR�SDVVLYH�UHFLSLHQWV��KLJKHU�HGXFDWLRQ�PD\�EH
FRQVLGHUDEO\�GDPDJHG���+RZHYHU��LI�,&7�FDQ�EH�D�PHDQV�RI�HQJDJLQJ�PRUH�FORVHO\
ZLWK�WKH�GHYHORSPHQW�RI�WKRVH�FDSDELOLWLHV�DQG�FRJQLWLYH�VNLOOV�WKDW�KDYH�WUDGLWLRQDOO\
EHHQ�WKH�FRQFHUQ�RI�KLJKHU�HGXFDWLRQ��HYHQ�WKRXJK�WKH\�KDYH�QRW�DOZD\V�EHHQ
DUWLFXODWHG��WKH�EHQHILWV�ZLOO�EH�LPPHQVH�
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5HIHUHQFHV

%RXG��'���������'HYHORSLQJ�6WXGHQW�$XWRQRP\�LQ�/HDUQLQJ��.RJDQ�3DJH��/RQGRQ�

%R\HU�&RPPLVVLRQ��������5HLQYHQWLQJ�8QGHUJUDGXDWH�(GXFDWLRQ��D�%OXHSULQW�IRU�$PHULFDªV
5HVHDUFK�8QLYHUVLWLHV��1HZ�<RUN��7KH�&DUQHJLH�)RXQGDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�7HDFKLQJ�

%ULGJHV��'���������7UDQVIHUDEOH�6NLOOV�LQ�+LJKHU�(GXFDWLRQ��1RUZLFK��8QLYHUVLW\�RI�(DVW�$QJOLD�

'UH\IXV�/��'UH\IXV��6�(���������0LQG�RYHU�0DFKLQH���7KH�3RZHU�RI�+XPDQ�,QWXLWLRQ�DQG�([SHUWLVH
LQ�WKH�(UD�RI�WKH�&RPSXWHU��2[IRUG��%DVLO�%ODFNZHOO�

(OWRQ��/���������5HVHDUFK�DQG�7HDFKLQJ��6\PELRVLV�RU�&RQIOLFW��LQ�+LJKHU�(GXFDWLRQ��������������

+DWWLH��-��DQG�0DUVK��+�:���������7KH�5HODWLRQVKLS�%HWZHHQ�5HVHDUFK�DQG�7HDFKLQJ��$�0HWD�
DQDO\VLV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK�����������������

+\ODQG��7����������&RPSHWHQFH��(GXFDWLRQ�DQG�194V��/RQGRQ��&DVVHOO

.XKQ�'��������7KH�5ROH�RI�6HOI�'LUHFWHG�$FWLYLW\�LQ�&RJQLWLYH�'HYHORSPHQW��LQ�6HJHO�,(�
%URG]LQVN\�'�*ROLQNRII�50��HGV��1HZ�'LUHFWLRQV�LQ�3LDJHWLDQ�7KHRU\�DQG�3UDFWLFH��+LOOVGDOH
1HZ�-HUVH\��/DZUHQFH�(UOEDXP�$VVRFLDWHV�

/LJKW��*���������,QWHJUDWLQJ�5HVHDUFK�DQG�3UDFWLFH��65+(�6('$�(GXFDWLRQDO�'HYHORSPHQW
5HVHDUFK�1HWZRUN�0HHWLQJ��-XQH����

0DUWRQ��)��DQG�6DOMR��5���������2Q�TXDOLWDWLYH�'LIIHUHQFHV�LQ�/HDUQLQJ��,��2XWFRPH�DQG�3URFHVV�
%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�3\VFKRORJ\�����������

0H]LURZ��-��������&RJQLWLYH�3URFHVVHV��&RQWHPSRUDU\�3DUDGLJPV�RI�/HDUQLQJ��LQ�6XWKHUODQG�
3��$GXOW�/HDUQLQJ��$�5HDGHU���/RQGRQ��.RJDQ�3DJH�

5RDFK��0�3���%ODFNPRUH��3��DQG�'HPSVWHU��-�$���������'HYHORSLQJ�5HVHDUFK�&DSDELOLWLHV
WKURXJK�7HFKQRORJ\�(QKDQFHG�/HDUQLQJ��,QWHUDFWLRQV�����
KWWS���ZZZ�ZDUZLFN�DF�XN�LQWHUDFWLRQV�YRO�QR��WHOUL�KWP


