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7KH�UROH�RI��LQGLJHQRXV�NQRZOHGJH�WRZDUG�LPSURYLQJ�DJULFXOWXUH�� 0RKDGGDVHK�1D]DUSRXU��� 0DU\DP�$EHGL�� DQG�� )DWHPHK�%DNKWLDU�
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.H\ZRUGV��DJULFXOWXUH��LQGLJHQRXV�NQRZOHGJH��
,QWURGXFWLRQ��,Q�UHFHQW�GHFDGHV�IROORZLQJ�LVVXHV�KDG�EHHQ�UHFRJQL]HG� YHU\� HVVHQWLDO� �� SURJUDPPLQJ� DQG�SHUIRUPLQJ� GHYHORSPHQW� SODQV� �� LQGLJHQRXV�NQRZOHGJH� DW� IDUPLQJ� �� SHVW� FRQWURO� �� UDQFKLQJ� ��YHWHULQDU\� �� QXWULWLRQ� �� PHGLFLQH� �� ZDWHUVKHG�PDQDJHPHQW� �� IRUHVWLQJ� �� DUFKLWHFWXUH� �� XUEDQ�SODQQLQJ� �� VRFLDO� DVVRFLDWLRQV� DQG� GHFLVLRQ� PDNLQJ�PHWKRG� DV� VXVWDLQDEOH� WHFKQRORJ\� �� $W� RQ� KDQG��UHDVRQ�RI�WKLV�JUHDW�HYROXWLRQ�FDQ�EH�IRXQG�GXH�WR��ZURQJ� SROLF\� DQG� DW� WKH� RWKHU� KDQG� LQ� XQGHVLUDEOH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�WKHVH�SROLFLHV���VWXGLHV� KDYH� JLYHQ� QHZ� GLPHQVLRQ� WR� DJULFXOWXUH�UHVHDUFK��1RZ��LQ�PDQ\�FRXQWULHV�WKH�PDQDJHUV�RI��DJULFXOWXUH� UHVRXUFHV�DUH� WKH�SHRSOH�ZKR�DUH� WUDLQHG�LQ� ZHVWHUQ� FRXQWULHV�� 6R� LI� WKH� PDQDJHU� EHFRPH�IDPLOLDU� ZLWK� WKH� FXOWXUH� DQG� HQYLURQPHQW� URRWV� RI�LQGLJHQRXV� V\VWHP� RI� UHVRXUFH� PDQDJHPHQW�� WKH\�ZRQ
W�GR�PLVWDNH��,QGLJHQRXV�DJULFXOWXUH�LV�EDVHG�RQ�FRRSHUDWLRQ�RI�IDUPHU�ZLWK�QDWXUH���,QGLJHQRXV� NQRZOHGJH� RI� HDFK� QDWLRQ� KDV� HQDEOHG�WKHP� WR� VXSSO\� WKHLU� QHHGV� IURP� QDWXUDO� VRXUFHV�ZLWKRXW� UHGXFLQJ� WKHVH� VRXUFHV�� 6R�� LQGLJHQRXV�NQRZOHGJH�FROOHFWLRQ�RI�ZRUOG� LV�YDOXDEOH� VRXUFH�RI�SUDFWLFHV�DQG�WLPH�WHVWHG�WRRO�WKDW�ZRXOG�EH�XVHIXO�IRU�VXVWDLQDEOH�GHYHORSPHQW�RI�DOO�VRFLHWLHV���$W� WKLUG� ZRUOG� FRXQWULHV�� XQFRQVLGHUHG� WULXPSK� RI�ZRUOG�GHYHORSPHQW�SROLFLHV�KDV�OHG�WR�YDULRXV�VRFLDO��HFRQRPLF�� FXOWXUDO� DQG� HQYLURQPHQWDO� LVVXHV��$JUDZDO���������,PEDODQFH� SRSXODWLRQ� JURZWK�� QRQ�VXVWDLQDEOH�HIILFLHQF\�RI�QDWXUDO�VRXUFHV�DQG�XQHTXDO�GLVWULEXWLRQ�RI� UHVRXUFHV�� JRRGV� DQG� VHUYLFHV� PDGH� LQYROYHG�VRFLHWLHV� LQ� FRQIXVLQJ� LVVXHV� DQG� LPSDVVHV�� ,Q� WKHVH�FRXQWULHV� �� LQDSSURSULDWH� VDPSOLQJ� RI� DEURDG�FRXQWULHV�DQG�LQRUGLQDWH�LPSRUWV��H�J��KHWHURJHQHRXV�

DQG� QRQ�LQGLJHQRXV� WHFKQRORJ\� �� GHYDVWDWHG�LQGHSHQGHQW� FROOHFWLRQ�RI�PLFUR� ORFDO� V\VWHPV� �� DQG�LQVWHDG�KDV�HVWDEOLVKHG�KHWHURJHQHRXV�DQG�GHSHQGHQW�V\VWHP� WR� JOREDO� HFRQRP\� V\VWHP� �� WKDW� REYLRXVO\�FRXOGQ¶W� VXSSO\� SHRSOH¶V� QHHGV�� 6LQFH� �� WKLV�GHYHORSPHQW� SURFHVV� LV� IRUPHG�ZLWKRXW� FRQVLGHULQJ�VRFLDO� �� FXOWXUDO� DQG� HQYLURQPHQWDO� FRQVHTXHQWV� VR�LVQ¶W� FRQWLQXLQJ� DQG� KXPDQ� KDYH� WR� ILQG� VWUDWHJLHV�ZKLFK� FDQ� PDNH� GHYHORSPHQW� VXVWDLQDEOH� DQG�KXPDQH�3RS]DQ�����������,QGLJHQRXV� NQRZOHGJH� RZQHUV� RI� ZRUOG� LQ� FXUUHQW�DJH��ZKLFK�NQRZQ�DV�LQIRUPDWLRQ�DJH��KDYH�YDOXDEOH�H[SHULHQFHV�IURP�LQGXVWU\�DJH�DQG�IURP�LQDSSURSULDWH�H[SORLWDWLRQ�RI�WKHLU�QDWXUDO�VRXUFHV��7KHVH�FRXQWULHV�KDYH�OHDUQHG�WKDW�H[SRUWLQJ�SURGXFHG�JRRGV�LV�EHWWHU�WKDQ� VHOOLQJ� SHWUROHXP�� HQIRUFLQJ� LQGLJHQRXV�SURGXFWLYH� V\VWHP� DW� YLOODJHV� DQG� DOVR� HQFRXUDJLQJ�\RXWKV�DQG�WHHQV�WR�OHDUQ�LQGLJHQRXV�NQRZOHGJH�DW�RQ�KDQG� �� DQG� SUHSDULQJ� VXLWDEOH� UHVHDUFK� FRQGLWLRQ� IRU�DSSOLHG�VFLHQFHV� VFKRODUV� LQ� RUGHU� WR� LGHQWLI\� EHWWHU�DQG� LQFUHDVLQJ� DSSOLHG� DSWLWXGH� RI� LQGLJHQRXV�NQRZOHGJH�DW� WKH�RWKHU�KDQG� �� LV� HTXDO� WR�SURWHFWLRQ�DQG�VXVWDLQDEOH�XVH�RI��QDWXUDO�UHVRXUFHV�=DUH��+�DQG�<DJKRXEL����������)URP�5REHUW�&KDPEHUV
�YLHZ��SRZHU�DQG�ZHDOWK�DUH�DW�LQGXVWU\�DQG�DW�FLWLHV��DQG�SRYHUW\�DQG�GHSULYDWLRQ�DUH�SDUW�RI�YLOODJHU¶V�OLIH��3RZHU�DQG�ZHDOWK�RI�FLWLHV�RI� ZRUOG� KDV� DEVRUEHG� H[SHUWV�� VRXUFHV� DQG� QHHGHG�UHVHDUFK� IDFLOLWLHV� IRU� SURGXFLQJ� DQG� GLVVHPLQDWLQJ�NQRZOHGJH�� .QRZOHGJH� RI� WKHVH� PRGHUQ� FHQWHUV� LV�FRQVLGHUHG�VFLHQWLILF��DGYDQFHG��DQG�YDOLG�DQG�HQMR\V�SUHPLXP�WHFKQRORJ\��+H�ODEHOHG�WKLV�JURXS�DV�³ILUVW´�DQG�LQ�FRQWUDVW�³ODVW´�IRU�GHSULYHG�YLOODJHUV��%HFDXVH��SUHIHUHQFHV� DQG� YDOXHV� RI� WKHVH� WZR� JURXSV� DUH�GLIIHUHQW���
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7KHLU� NQRZOHGJH� DQG� DWWLWXGHV� DUH� DOVR�GLIIHUHQW�� KH�EHOLHYHV�WKDW�VLQFH�³ILUVW´�GHYHORSPHQW�UHPHGLHV�DQG�WKHLU� DWWLWXGHV� KDYH� OHG� WR� IDXOW� �� LUUHJXODU� DQG�GHSULYDWLRQ� �� VR� GHSULYHG� YLOODJHU¶V� DWWLWXGHV� DQG�NQRZOHGJH� VKRXOG�EH� FRQVLGHUHG� VHULRXV� LQ� RUGHU� WR�UHDFK� WR� LPSURYH� FRQGLWLRQV� IRU� WKLV� SDUW� RI� KXPDQ�VRFLHW\� DV� WKH\� QHHG� DQG� GHPDQG�$]NLD�� 0� DQG�,PDQL������������)HDWXUHV�RI�LQGLJHQRXV�NQRZOHGJH��6RPH�RI�WKHVH�IHDWXUHV�DUH�DV�IROORZ��,QGLJHQRXV� NQRZOHGJH� LV� KROLVWLF�� LQGLJHQRXV�NQRZOHGJH� LV� JDLQHG� E\� VHQVH� DQG� LQVSLUDWLRQ� IRUFH�DQG� OHDGV� LQIRUPDWLRQ� XQLW\�� ,Q� VSLWH� RI� IRUPDO�NQRZOHGJH�WKDW�LV�DXUDO��YLVXDO�DQG�DQDO\WLF��,QGLJHQRXV� NQRZOHGJH� LV� YHUEDO�� ZULWLQJ� DQG�GRFXPHQWLQJ� LQGLJHQRXV� NQRZOHGJH� ZRXOG� PDNH� LW�RXW�RI�UHDFK�RI�YLOODJHUV�ZKR�FDQ�DGG�WR�LW��LI�LW�ZRXOG�QRW�IROORZ�DSSOLHG�DFWLYLWLHV��,QGLJHQRXV� NQRZOHGJH� LV� SUDFWLFDO�� LW� LV� SRVVLEOH� WR�ZULWH� DERXW� LQGLJHQRXV� NQRZOHGJH� EXW� LW� LV�LPSRVVLEOH�WR�HGXFDWH�DQG�OHDUQ�LW�WKURXJK�ERRNV�DQG�DUWLFOHV��2QO\�ZD\�WR�OHDUQ�LW�LV�FORVH�YLHZ�DQG�IROORZ�SURIHVVRU���,QGLJHQRXV� NQRZOHGJH� LVQ¶W� H[SODQDWRU\�� LW� LVQ¶W�SRVVLEOH� WR� H[SHFW� RQH� PDVWHU� �H�J�� PDVRQ��DSRWKHFDU\��IDUPHU��WR�H[SODLQ�KLV�PHWKRG�HIILFLHQF\�LQ�D�ZD\�WKDW�LV�DSSUHKHQVLEOH�WR�XV��OLWHUDWH�SHRSOH���,QGLJHQRXV�NQRZOHGJH�LV�ORFDO��YLOODJHU¶V�NQRZOHGJH�KDV� IRUPHG� LQ� LWVHOI� HQYLURQPHQWDO� DQG� FOLPDWH�IUDPHZRUN�� (IIHFWLYH� LQGLJHQRXV� NQRZOHGJH� DW� RQH�JHRJUDSKLFDO� DUHD� LVQ¶W� QHFHVVDULO\�HIIHFWLYH�DW�RWKHU�DUHD��1RZURR]L��$�DQG�$ODJKD���������,QGLJHQRXV� NQRZOHGJH� LV� JHQHUDO� �� ZKLOH�� IRUPDO�NQRZOHGJH�HPSKDVLV�LV�RQ�VDYLQJ�WLPH�DQG�UHPRYLQJ�LGHDV�DQG�DOVR�PRQRSRO\�RI�NQRZOHGJH�DW�XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWHV���EXW�LQGLJHQRXV�NQRZOHGJH�LV�� UHFHSWLYH� �� LQFHQWLYH� DQG� QHHGV� WR� PRUH� SHRSOH¶V�SDUWLFLSDWLRQ� DW� OHDUQLQJ� �� GHYHORSLQJ� DQG� DGG� WR� LW��)XUWKHUPRUH�� LQ� YHUEDO� FXOWXUHV�� LW� LV� LPSRVVLEOH� WR�VHSDUDWH� VFLHQFH� IURP� ZRUOG� DQG� HYHQ� LQFOXGH� LW� WR�FRPSXWHU� DQG� ERRN�� (YHU\� KXPDQ� DUH� LPSRUWDQW� LQ�LQGLJHQRXV�NQRZOHGJH��,QGLJHQRXV� NQRZOHGJH� LV� GHWHULRUDWLQJ� TXLFNO\�� E\�HYHU\� GHDWK� RI� ROG� LQGLJHQRXV� SHRSOH�� JUHDW�NQRZOHGJH� UHVRXUFHV� ZRXOG� EH� ORVW� DOVR�� VR� HYHU\�DFWLRQ� WRZDUG� JDWKHULQJ� LQGLJHQRXV� NQRZOHGJH� LV�QHFHVVDU\���/HDUQLQJ� E\� GRLQJ�� UHSHDWLQJ� DFWLRQ� LQ� RUGHU� WR�VXVWDLQ� DQG� HQIRUFH� LQGLJHQRXV� NQRZOHGJH� WKURXJK�³OHDUQLQJ�E\�GRLQJ´�LV�RQH�RI� IHDWXUHV�RI� LQGLJHQRXV�NQRZOHGJH�LQ�UHDO�RSHUDWLRQ�HQYLURQPHQW��(PDGL�DQG�$EEDVL���������9LOODJHU¶V� NQRZOHGJH� DQG� HVSHFLDOO\� LQGLJHQRXV�NQRZOHGJH� V\VWHPV� KDYH� YDULRXV� GLPHQVLRQV� WKDW� LV�

LQFOXGH� OLQJXLVWLF� NQRZOHGJH�� ]RRORJ\�� HFRORJ\��FOLPDWH��DJULFXOWXUH��UDQFKLQJ�DQG�SURIHVVLRQDO�VNLOOV��5DQJH� DQG� YDOXH� RI� WKLV� NQRZOHGJH� KDVQ¶W� EHHQ�FRQVLGHUHG�� )RXU� DVSHFWV� RI� YDULRXV� GLPHQVLRQV� RI�UXUDO�NQRZOHGJH�ZHUH�VHOHFWHG�DQG�ZHUH�DQDO\]HG��,Q�RUGHU� WR�FKDQJH�DWWLWXGHV�DQG�UHIRUPHU¶V�EHKDYLRU�RI�UXUDO�GHYHORSPHQW��7KHVH�GLPHQVLRQV�DUH��DJULFXOWXUH�RSHUDWLRQV�� UXUDO� NQRZOHGJH� DERXW� QDWXUH�� UXUDO�SHRSOH¶V�DSWLWXGHV�DQG�DELOLWLHV�DQG�WKHLU�H[SHULHQFHV��5D]DYL���������,Q� &KDPEHUV
� � RSLQLRQ� �� LQGLJHQRXV� NQRZOHGJH� RU�UXUDO� NQRZOHGJH� KDV� YDULRXV� GLPHQVLRQV� WKDW� KH�FODVVLILHG�WKHP�WR�IRXU�SDUWV�LQ�RUGHU�WR�H[SODLQ�PRUH�DQG� EHWWHU� DERXW� GLYHUVLW\� RI� LQGLJHQRXV� NQRZOHGJH�WKDW� DUH� DV� IROORZ� �� $�� IDUPLQJ� DFWLYLW\� �� %��NQRZOHGJH� LQ� UHODWLRQ� WR� QDWXUH� �� &� �� LQGLJHQRXV�SHRSOH
V�DSWLWXGH�DQG�DELOLW\���'��LQGLJHQRXV�SHRSOH
V�WHVW���LQGLJHQRXV�SHRSOH
V�NQRZOHGJH�RULJLQDWHG�IURP�H[DFW� YLHZLQJ� RI� HQYLURQPHQW�� VLQFH� LQGLJHQRXV�YLOODJHUV� KDYH� GLUHFW� FRQWDFW� ZLWK� SKHQRPHQRQ� DQG�DOVR� VHH� DOO� GLIIHUHQW� SURFHVVHV� DW� QDWXUH� VR� KDYH�HVSHFLDO� DSWLWXGH� DQG� DELOLW\� FRPSDUHG� WR� RXWVLGH�SHRSOH� �� 0D\EH� OHDVW� NQRZQ� DVSHFW� RI� LQGLJHQRXV�YLOODJHU
V�NQRZOHGJH� LV� HVVHQFH�RI� WHVWV� WKDW� WKH\�GR�ZKLFK� PD\EH� WKHVH� WHVWV� DUH� DYDLODEOH� WR� FKRRVH�³EHVWV´� DQG� VRPH� RWKHU� IRU� ³PLQLPL]LQJ� ULVNV´��'HZHV����������
6XVWDLQDEOH�DJULFXOWXUH��*HQHUDOO\� VXVWDLQDEOH� DJULFXOWXUH� LV� HYHU\� NLQG� RI�SURGXFWLRQ�V\VWHP�ZKLFK�IROORZV�WKHVHV�JRDOV���0RUH� FRPSOHWH�PL[LQJ� RI� QDWXUDO� SURFHVVHV� VXFK� DV�IRRG� F\FOHV�� QLWURJHQ� IL[DWLRQ�� DQG� UHODWLRQ� RI� SHVWV�DQG� QDWXUDO� GLVDVWHUV� ZLWK� DJULFXOWXUH� SURGXFWLRQV�SURFHVVHV���'HFUHDVLQJ�XVH�RI�WKDW�QRQ�IDUPLQJ��RXWVLGH�DQG�QRQ�UHQHZDEOH� LQSXWV� LQ� RUGHU� WR� UHGXFH� GDPDJH� WR�HQYLURQPHQW� RU� OHVV� GDPDJH� WR� IDUPHUV� DQG�FRQVXPHU¶V�KHDOWK���0RUH� IDLU� DFFHVV� WR� LQWHUHVWV� DQG� SURGXFWLRQV�RSSRUWXQLWLHV�DQG�SURJUHVV�LQ�RUGHU�WR�DFFHVV�WR�IRUPV�RI� DJULFXOWXUH� WKDW� LV� IDLUHU�� DQG� DOVR� LQFUHDVLQJ� VHOI�UHOLDQFH� EHWZHHQ� IDUPHUV� DQG� YLOODJHUV� �&KDPEHUV����������8VLQJ�PRUH�SRWHQWLDO�ELRORJLF�DQG�JHQHWLF�DSWLWXGH�RI�SODQW�DQG�DQLPDO�VSHFLHV���8VLQJ� PRUH� ORFDO� NQRZOHGJH� LQFOXGLQJ� LQQRYDWLYH�DSSURDFKHV� WKDW� VFKRODUV� GLGQ¶W� XQGHUVWDQG� LW�FRPSOHWHO\�RU�IDUPHUV�GLGQ¶W�DFFHSW�LW�H[WHQVLYHO\���&RPELQHG�DJULFXOWXUH�ZRXOG�SUHSDUH�WKLV�RSSRUWXQLW\�IRU�FRPPRQ�V\VWHPV�WR�DSSO\�QHHGHG�UHIRUPV�ZLWKRXW�FUHDWLQJ� LQFOXVLYH� FKDQJHV� LQ� LW� WRZDUG� RUJDQLF�V\VWHPV�� 7KHUHIRUH�� DIRUHPHQWLRQHG� V\VWHPV� DUH�FRQVLGHUHG� DV� PHGLXP� EHWZHHQ� FRPPRQ� LQWHQVLYH�DJULFXOWXUH�DQG�RUJDQLF�DJULFXOWXUH�PHWKRGV��
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7ZR� SULQFLSOHV� KDYH� HVSHFLDO� LPSRUWDQFH� DW�VXVWDLQDEOH�DJULFXOWXUH�WKDW�LV���DW�HDUO\�����¶V���ZLWK�WKH�HPHUJHQFH�RI�QHZ�FRQFHSWV��UHQHZDEOH� DJULFXOWXUH� DQG� VXVWDLQDEOH� DJULFXOWXUH�HYROYHG� DQG� LQGHHG� LW� ZDV� � EDVHG� RQ� ³HFRORJLFDO�LQWHUSOD\� DIIHFW´� �QRZ�� WKLV� FRQFHSW� IRUPV� DOWHU�LQGLJHQRXV�DJULFXOWXUH�SKLORVRSK\���6XVWDLQDEOH�DJULFXOWXUH�SUHVHQWHG�IURP������DW�JOREDO�VFDOH��,Q�WKLV�SULQFLSOH��³DJULFXOWXUDO�LQWHUSOD\�DIIHFWV�ZLWK�VRFLHW\´�LV�SUHVHQWHG��7KUHH�LVVXHV�DUH�LPSRUWDQW�DERXW�VXVWDLQDELOLW\��ILUVW�LV�HQRXJK�LQFRPH�HVSHFLDOO\�EHWZHHQ� SRRU� SHRSOH�� 6HFRQG� LV� LQFUHDVLQJ� DFFHVV�RSSRUWXQLW\�WR�IRRG�DQG�LWV�FRQVXPSWLRQ��7KLV�PHDQV�WKDW�PRUH�IRRG�VKRXOG�EH�SUHSDUHG�WKURXJK�LQFUHDVLQJ�SURGXFWLRQ� DQG� LPSURYLQJ� PDUNHWLQJ�� 7KLUG� LVVXH�FRQWDLQV�SURWHFWLQJ� DQG� LPSURYLQJ�QDWXUDO� UHVRXUFHV��/RXLVH�����������
&RQFOXVLRQ�DQG�GLVFXVVLRQ���$W�RQH�UHVHDUFK�DV�D�QDPH�RI�³DQDO\]LQJ�SRVLWLRQ�RI�LQGLJHQRXV� NQRZOHGJH� DW� VXVWDLQDEOH� UXUDO�GHYHORSPHQW´�WKDW�ZDV�GRQH�E\�%X]DUMRPKRUH��������LW� ZDV� VLJQLILHG� WKDW� DOWKRXJK� WKHUH� DUH� VRPH�GLIIHUHQFHV� EHWZHHQ� LQGLJHQRXV� DQG� IRUPDO�NQRZOHGJH�� EXW� WKH\� VKRXOG� QRW� EH� FRPSDUHG��EHFDXVH�WKH\�DUH�FRPSOHPHQWDU\�RI�HDFK�RWKHU�DQG�LW�LV� SRVVLEOH� WR� JDLQ� VXFFHVVHV� E\� V\QWKHVL]LQJ� WKHP�WKDW�LV�LPSRVVLEOH�ORQHO\��%DVH�RQ�QHZ�SDUDGLJPV�RI�UXUDO� GHYHORSPHQW� LQ� RUGHU� WR� VROYH� UXUDO� SUREOHPV��ZH�VKRXOG�ILUVW�UHIHU�WR�LQGLJHQRXV�VROXWLRQV�DQG�LI�LW�ZDV�ZRUNLQJ�� WKHQ�ZH�VKRXOG� UHLQIRUFH� LW�� LI� QRW�ZH�VKRXOG�WHVW�DQG�XVH�RXWVLGH�VROXWLRQV��)LQGLQJV�RI�RQH�UHVHDUFK� GRQH� E\� (PDGL� DQG� $PLUL� �������� DV�³6\QWKHVL]LQJ� LQGLJHQRXV� NQRZOHGJH� DQG� IRUPDO�NQRZOHGJH� DV� QHFHVVLW\� IRU� DFFHVVLQJ� WR� VXVWDLQDEOH�UXUDO�GHYHORSPHQW´��KDV�VKRZQ�WKDW�GRPLQDWHG�EHOLHI�DPRQJ� HGXFDWHG� JURXSV� WRZDUG� QDWLYHV� DQG� WKHLU�NQRZOHGJH� LV� SUHFRQGLWLRQ� RI� HYHU\� LQWHUDFWLRQ��V\QWKHVLV�DQG�UHODWLRQ��&UHDWLQJ�UHYROXWLRQ� LQ� IRUPDO�HGXFDWLRQ� V\VWHPV� LQ� RUGHU� WR� DWWHQGLQJ� HPSLULFDO�NQRZOHGJH� DUHD� LV� FRQVLGHUHG� DV� RQH� RI� PDLQ�QHFHVVLW\�RI�WKLV�V\QWKHVLV�WKDW�LV�RXWFRPH�RI�\HDUV�RI�UHVHDUFKHV�� 5HVHDUFKHUV� DWWHQWLRQ� WR� ³H[SORLWHU¶V�DFFXPXODWHG�H[SHULPHQWDO�DQG�KLVWRULFDO�ZLVGRP´�LV�RQH� RI� RWKHU� QHFHVVLWLHV� RI� WKLV� UHYROXWLRQ� E\� XVLQJ�FRRSHUDWLYH�� TXDOLWDWLYH� DQG� ILOHG� PHWKRGV�� $OVR��DSSO\LQJ� PXWXDO� H[WHQVLRQ� ZD\V� DQG� FUHDWLQJ�UHYROXWLRQ� DW� FRPPXQLFDWLRQ� V\VWHP� EHWZHHQ�JRYHUQPHQWDO�� HGXFDWLRQ�H[WHQVLRQ� FHQWHUV� DQG�IDUPHUV�DQG� UXUDO�SHRSOH� VR� WKDW� WKH\�EH� LQWHUDFWLQJ��ZDV� FRQVLGHUHG� DV� SUHFRQGLWLRQ� DQG� QHFHVVLWLHV�� $W�UHVHDUFKHV�DV�³LQGLJHQRXV�NQRZOHGJH�DW�GHYHORSPHQW�SURFHVV´�GRQH�E\�.DULPL����������ILQGLQJV�VKRZ�WKDW�LQGLJHQRXV� NQRZOHGJH� LV� SULQFLSDO� IDFWRU� DQG� PDLQ�VRXUFH� DW� WKH� ILHOG� RI� UHVHDUFK� RI� VXVWDLQDEOH�GHYHORSPHQW� �� GHFUHDVLQJ� SRYHUW\� �� HQDEOLQJ� ORFDO�
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