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,QWURGXFWLRQ$Q� LPSRUWDQW� FKDUDFWHULVWLF� RI�PRVW� FRPSXWHU� VXSSRUWHGZRUN� HQYLURQPHQWV� LV� WKH� GLVWULEXWLRQ� RI� ZRUN� RYHULQGLYLGXDOV� RU� WHDPV� LQ� GLIIHUHQW� ORFDWLRQV�� 7KLV� OHDGV� WRZKDW� ZH� QRZDGD\V� FDOO� µYLUWXDO¶� HQYLURQPHQWV�� ,Q� WKHVHHQYLURQPHQWV�FRPPXQLFDWLRQ�EHWZHHQ�DFWRUV�LV�WR�D�ODUJHGHJUHH�PHGLDWHG��L�H��HVWDEOLVKHG�WKURXJK�FRPPXQLFDWLRQVPHGLD� �WHOHSKRQH�� ID[�� FRPSXWHU� QHWZRUNV�� UDWKHU� LQ� DIDFH�WR�IDFH� ZD\�� 8QIRUWXQDWHO\�� PHGLDWHGFRPPXQLFDWLRQ� OLPLWV� WKH� HIIHFWLYHQHVV� RI� NQRZOHGJHH[FKDQJH� LQ� YLUWXDO� HQYLURQPHQWV� EHFDXVH� WKHFRPPXQLFDWLRQV�PHGLD�HPSOR\HG�DUH� OHVV�VXLWHG� IRU� WDFLWNQRZOHGJH�WKDQ�IRU�H[SOLFLW��FRGLILHG�NQRZOHGJH�
,W�LV�WKH�REMHFWLYH�RI�WKLV�ZRUNVKRS�WR�H[SORUH�WKH�DUHD�RIWDFLW� NQRZOHGJH� LQ� YLUWXDO� HQYLURQPHQWV�� WR� LGHQWLI\SUREOHPV�DQG�GHYHORS�LGHDV�IRU�VROXWLRQV��7KLV�SDSHU�ZLOOSURYLGH�D�EDVLF�FRQFHSWXDO�RYHUYLHZ��SRLQWLQJ� WR�YDULRXVLVVXHV� WKDW� ZLOO� EH� FRYHUHG� LQ� PRUH� GHWDLO� E\� RWKHUVSHDNHUV�� ,�KRSH� WKLV�ZLOO� SURYLGH� VRPH�FRPPRQ�JURXQGIRU�RXU�GLVFXVVLRQV�
7KH�W\SRORJ\�RI�NQRZOHGJH7KH�FRQFHSW�RI�µNQRZOHGJH¶�FDQ�EH�FRQIXVLQJ��7KHUH�LV�QRDFFHSWHG� GHILQLWLRQ�� DQG� LW� LV� HYHQ� QRW� LQWXLWLYHO\� FOHDUZKDW�µNQRZOHGJH¶�DFWXDOO\�LV��$Q�LPSRUWDQW�VWDUWLQJ�SRLQWIRU�WKLQNLQJ�DERXW�NQRZOHGJH�LQ�DQ�RUJDQLVDWLRQDO�FRQWH[W�QRZDGD\V� XVXDOO\� UHIHUUHG� WR� DV� µNQRZOHGJHPDQDJHPHQW¶�� ZDV� JLYHQ� E\� 1RQDND� DQG� 7DNHXFKL� LQ����� LQ� WKHLU� ERRN� µ7KH� NQRZOHGJH�FUHDWLQJ� FRPSDQ\¶�+RZHYHU�� DQG�PRUH� VSHFLILFDOO\� IRU�RXU� VXEMHFW� DUHD�� WKHFRQFHSW� RI� WDFLW� NQRZOHGJH� ZDV� DOUHDG\� GHYHORSHG� E\0LFKDHO� 3RODQ\L� LQ� ����� LQ� KLV� ERRN� µ7KH� WDFLWGLPHQVLRQ¶�
$FFRUGLQJ� WR� WKHVH�DXWKRUV�� WKHUH�DUH� WZR�GLIIHUHQW� NLQGVRI�NQRZOHGJH��WDFLW�NQRZOHGJH�DQG�H[SOLFLW�NQRZOHGJH�7DFLW� NQRZOHGJH� LV� DQ� LQGLYLGXDO¶V� SHUVRQDO� NQRZOHGJHWKDW� DOORZV� D� SHUVRQ� WR� DFW� LQ� WKH� ZD\� KH� RU� VKH� GRHV�([SOLFLW�NQRZOHGJH�LV�NQRZOHGJH�WKDW�LV�HQFRGHG��RU�HYHQUHFRUGHG� LQ� GRFXPHQWV� RU� LQIRUPDWLRQ� V\VWHPV� RUHPERGLHG�LQ�YDOXHV��PHWKRGV�DQG�SURFHGXUHV��DQG�VKDUHGZLWKLQ� WKH� RUJDQLVDWLRQ�� 2QH� ZD\� WR� H[SODLQ� WKLV� LV� WRUHJDUG� LW� DV� WKH� GLIIHUHQFH� EHWZHHQ� µZKDW� RQO\� , �DV� DQLQGLYLGXDO��NQRZ¶�DQG� µZKDW�ZH�DOO�NQRZ� �DV�D�JURXS�RURUJDQLVDWLRQ��NQRZ¶�
$W� WKLV� SRLQW� LW� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� LQ� WKHFRQWH[W� RI� NQRZOHGJH�PDQDJHPHQW� µNQRZOHGJH¶� LV� PRUH

WKDQ� ZKDW� ZH� µNQRZ¶� LQ� D� WUDGLWLRQDO� VHQVH�� .QRZOHGJHFRQVLVWV�QRW�RQO\�RI�IDFWXDO�NQRZOHGJH��EXW�DOVR�RI�YDOXHV�DWWLWXGHV�� EHOLHIV�� LQWXLWLRQ�� HPRWLRQV�� H[SHULHQFH�� VNLOOV�H[SHFWDWLRQV�DQG�DPELWLRQV�±�RI�DOO�WKRVH�WKLQJV�WKDW�PDNHDQ� LQGLYLGXDO� DQ� LQWHOOLJHQW� EHLQJ� DQG� WKDW� IRUP� WKHIRXQGDWLRQ� RI� KLV� RU� KHU� WKRXJKW� SURFHVVHV� DQG� DFWLRQV�WKDW�DOORZ�VRPHERG\� WR�PDNH� VHQVH�RI� WKH�ZRUOG� DURXQGKLP�� DQG� WKDW� GHILQH� WKH� ZD\� VKH� LQWHUDFWV� DQGFRPPXQLFDWHV�
6RPH� DXWKRUV� PDNH� D� IXUWKHU� GLVWLQFWLRQ� EHWZHHQ� WDFLWNQRZOHGJH� �LPSOLFLW�� LQGLYLGXDO��� H[SOLFLW� NQRZOHGJH�FDSDEOH�RI�IRUPDO�H[SUHVVLRQ�DQG�HQFRGLQJ��DQG�FXOWXUDONQRZOHGJH��WKH�µFRJQLWLYH�DQG�DIIHFWLYH�VWUXFWXUHV�WKDW�DUHXVHG� WR�SHUFHLYH�� H[SODLQ�� HYDOXDWH� DQG� FRQVWUXFW� UHDOLW\¶�&KRR� ������ &KRR� HW� DO��� ������� ,I� ZH� UHJDUG� WDFLWNQRZOHGJH� WR� EH� DQ� LQGLYLGXDO¶V� NQRZOHGJH�� FXOWXUDONQRZOHGJH� FRXOG� EH� VHHQ� DV� WKH� µWDFLW¶� NQRZOHGJH� RI� DJURXS�RU�RUJDQLVDWLRQ�
7R� WKHVH� W\SHV�RI� NQRZOHGJH�ZH� FDQ� DGG� D� IXUWKHU� W\SH�H[WHUQDO� NQRZOHGJH� �µZKDW� WKH\� NQRZ¶��� 7KLV� LV� WKHNQRZOHGJH�WKDW�LV�DYDLODEOH�LQ�WKH�RXWVLGH�ZRUOG��H[WHUQDOWR�WKH�RUJDQLVDWLRQ�RU�LQGLYLGXDO��DQG�WKDW�FDQ�EH�REWDLQHGIURP� RXWVLGH� VRXUFHV�� 7KLV� LV� D� XVHIXO� DGGLWLRQ�� EHFDXVHWDFLW��H[SOLFLW�DQG�FXOWXUDO�NQRZOHGJH�DUH�XVXDOO\�GHILQHGDV� NQRZOHGJH� WKDW� LV� DOUHDG\� DYDLODEOH� ZLWKLQ� WKHRUJDQLVDWLRQ�RU�JURXS��+RZHYHU�� UHOHYDQW�NQRZOHGJH�FDQLQ� PRVW� FDVHV� EH� IRXQG� RXWVLGH� RI� RQH¶V� RZQRUJDQLVDWLRQDO� FRQWH[W�� ,QFOXGLQJ� H[WHUQDO� NQRZOHGJH� DVDQ� LVVXH� IRU� NQRZOHGJH� PDQDJHPHQW� FDQ� SUHYHQW� WKHRUJDQLVDWLRQ� IURP� EHFRPLQJ� WRR� LQZDUG� ORRNLQJ�� DQGHQVXUHV�WKDW�IUHVK�NQRZOHGJH�NHHSV�HQWHULQJ�LQWR�WKH�ZRUNSURFHVV�� ,W� DOVR� KHOSV� WR� PDQDJH� NQRZOHGJH� UHVRXUFHVHIILFLHQWO\� E\� DOORZLQJ� NQRZOHGJH� WR� EH� REWDLQHG� IURPRXWVLGH�ZKHUH�DQG�ZKHQ�LW�LV�UHTXLUHG�
.QRZOHGJH�DQG�FRQWH[W
7R�WKLV�W\SRORJ\�RI�NQRZOHGJH�D�IXUWKHU�UHPDUN�KDV�WR�EHDGGHG��([SOLFLWDWLRQ�DQG�FRGLILFDWLRQ�RI�NQRZOHGJH�LQ�WKHIRUP�RI� LQIRUPDWLRQ� WHQGV� WR� LVRODWH� NQRZOHGJH� IURP� WKHFRQWH[W�LQ�ZKLFK�LW�DFTXLUHV�LWV�VSHFLILF�PHDQLQJ�DQG�WKDWSURYLGHV� WKH� FRPPRQ� JURXQG� IRU� XQGHUVWDQGLQJ� EHWZHHQLQGLYLGXDOV��FI��'HYOLQ��������������,W�LV�TXLWH�SRVVLEOH�WRKDYH� NQRZOHGJH� WKDW� PDNHV� VHQVH� DQG� LV� XVHIXO� LQ� RQHFRQWH[W��DQG�PDNHV�QR�VHQVH�DW�DOO�DQG�LV�XWWHUO\�XVHOHVV�LQDQRWKHU�� .QRZOHGJH� VKDULQJ� LV� D� FRPPXQLFDWLRQ� DFWZKHUH�RQH�SHUVRQ�PXVW�LQWHUSUHW�D�PHVVDJH�FRQWDLQLQJ�WKHUHSUHVHQWDWLRQ�RI��DQRWKHU�SHUVRQ
V�NQRZOHGJH��ILJ�����
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%RWK� UHSUHVHQWDWLRQ� DQG� LQWHUSUHWDWLRQ� DUH� EDVHG� RQ� DZKROH� DUUD\� RI� � EDFNJURXQG� NQRZOHGJH�� DVVXPSWLRQV�YDOXHV� HWF�� &UHDWLQJ� D� FROODERUDWLYH� ZRUN� HQYLURQPHQWUHTXLUHV� QRW� MXVW� PDNLQJ� NQRZOHGJH� DYDLODEOH� DFURVV� WKHHQYLURQPHQW�� EXW� DOVR� FUHDWLQJ� D� FRPPRQ� LQWHUSUHWDWLYHFRQWH[W��7KLV�LV�QR�HDV\� WDVN��VLQFH�LQ�DQ\�JURXS� LW� LV� WKHFRQWH[W�RU�EDFNJURXQG� WKDW� WHQGV� WR�EH�µWDFLW¶� UDWKHU� WKDQµH[SOLFLW¶� LQ� QDWXUH�� ,W� LV� QRW� TXLWH� FOHDU� KRZ� WKLV� FDQ� EHGRQH�LQ�DQ�HIIHFWLYH�ZD\��DOWKRXJK�VLWXDWLRQ�DQDO\VLV�DQGIHHGEDFN�PHFKDQLVPV�DUH�DW�OHDVW�XVHIXO�
)URP�NQRZOHGJH�WR�LQIRUPDWLRQ7DFLW� NQRZOHGJH� FDQ� EH� ORRVHO\� GHILQHG� DV� EHLQJ� LQ� WKHPLQGV� RI� LQGLYLGXDOV� RU� HPEHGGHG� LQ� WKH� FXOWXUH� RI� DQRUJDQLVDWLRQ�� ,Q� ZKDW� ZD\� FDQ� VXFK� WDFLW� NQRZOHGJH� EHPDGH�H[SOLFLW�DQG�VKDUHG�ZLWK�RWKHU�SHRSOH"�7KLV�KDSSHQVWKURXJK� D� QXPEHU� RI� UHODWHG� SURFHVVHV� �FI�� &KRR� HW� DO��������
��� &RGLILFDWLRQ� WKH�FRQVWUXFWLRQ�RI�FDWHJRULHV�DQG�UXOHVWKDW� KROG� IRU� WKH� DSSOLFDWLRQ� RI� NQRZOHGJH� WR� DVSHFLILF� FDVH�� 5LGLQJ� D� ELF\FOH� GUDZV� PDLQO\� RQXQFRGLILHG� NQRZOHGJH�� .QRZLQJ� KRZ� WR� XVH0LFURVRIW� :RUG� GUDZV� RQ� FRGLILHG� NQRZOHGJH� RIFDWHJRULHV��WKH�YDULRXV�WKLQJV�WKH�ZRUG�SURFHVVRU�FDQGR��H�J��IXQFWLRQV�VXFK�DV�RSHQLQJ�RU�SULQWLQJ�D�ILOH�DQG�UXOHV��L�H��KRZ�WR�SHUIRUP�WKHVH�IXQFWLRQV����� $EVWUDFWLRQ� WKH� FUHDWLRQ� RI� VWUXFWXUH� DQG� FDXVDOORJLF��OHDGLQJ�WR�JHQHUDOLVHG�NQRZOHGJH��WKDW�FDQ�EHDSSOLHG�LQ�PDQ\�GLIIHUHQW�EXW� UHODWHG�VLWXDWLRQV��)RULQVWDQFH�� WKH� NQRZOHGJH� KRZ� WR� XVH� WKH� 0LFURVRIWZRUG�SURFHVVRU�FDQ�EH�DEVWUDFWHG�WR�NQRZOHGJH�WKDWDOORZV� XV� WR� XVH� DQ\� ZRUG� SURFHVVRU� EDVHG� RQ� WKHZLQGRZV�RSHUDWLQJ�V\VWHP���� 5HFRUGLQJ� WKH�FUHDWLRQ�RI�D�V\PEROLF�UHSUHVHQWDWLRQRI�FRGLILHG�RU�DEVWUDFWHG�NQRZOHGJH���� 'LIIXVLRQ� WKH� FRPPXQLFDWLRQ� RI� UHFRUGHGNQRZOHGJH�WR�RWKHUV�
&RGLILFDWLRQ� LV� SHUKDSV� WKH�PRVW� IXQGDPHQWDO� SURFHVV� LQWUDQVIRUPLQJ� WDFLW� NQRZOHGJH� LQWR� LQIRUPDWLRQ�� VLQFH� LWLQYROYHV� WKH� DFW� RI� �FRQVFLRXVO\�� NQRZLQJ� ZKDW� RQH

�XQFRQVFLRXVO\��NQRZV��7KH�DSSOLFDELOLW\�RI�NQRZOHGJH�LVKRZHYHU� JUHDWO\� HQKDQFHG� WKRXJK� DEVWUDFWLRQ� ZKLFKDOZD\V�PXVW�LQYROYH�D�FHUWDLQ�OHYHO�RI�XQGHUVWDQGLQJ�
$Q�LPSRUWDQW�REMHFWLYH�RI�PDQ\�DSSURDFKHV�WR�NQRZOHGJHPDQDJHPHQW� LV� WR�PDNH� UHOHYDQW� NQRZOHGJH� DYDLODEOH� WRWKH�RUJDQLVDWLRQ� LQ� DQ� H[SOLFLW�ZD\�E\� WUDQVIRUPLQJ� WDFLWNQRZOHGJH� �WKDW� LV� RQO\� DYDLODEOH� LQ� WKH� PLQGV� RILQGLYLGXDOV�� LQWR� H[SOLFLW� NQRZOHGJH�� 7KLV� LV� GRQH� E\DVNLQJ�SHRSOH�ZKR�SRVVHVV�RU�REWDLQ�XVHIXO�NQRZOHGJH�WRHQFRGH� DQG� UHFRUG� LW� LQ� D� ZD\� �LQFOXGLQJ� WKH� UHOHYDQWFRQWH[W�� WKDW� DOORZV� LW� WR�EH� DFFHVVHG� DQG� XQGHUVWRRG� E\RWKHU�SHRSOH��$QRWKHU�ZD\�RI�GHVFULELQJ�WKLV�LV�E\�VD\LQJWKDW� LQGLYLGXDO�� WDFLW� NQRZOHGJH� KDV� WR� EH� FRGLILHG� DQGDEVWUDFWHG� LQWR� H[SOLFLW� NQRZOHGJH�� DQG� WKHQ� WR� EHUHFRUGHG� DQ� GLVWULEXWHG� LQ� D� ZD\� WKDW� ZLOO� PDNH� LWDYDLODEOH�WR�DQG�RZQHG�E\�WKH�RUJDQLVDWLRQ�
%XW�LW�EHFRPHV�FOHDU�LQ�SUDFWLFH� WKDW�PXFK���DQG�SHUKDSVWKH� PRVW� LPSRUWDQW� �� WDFLW� NQRZOHGJH� FDQQRW� HDVLO\� EHWUDQVIRUPHG�LQWR�H[SOLFLW�NQRZOHGJH��LI�DW�DOO��,Q� IDFW�� WKHVWULFWHVW� GHILQLWLRQ� RI� WDFLW� NQRZOHGJH� ZRXOG� EH�NQRZOHGJH�WKDW�FDQQRW�EH�PDGH�H[SOLFLW�DQG�WUDQVIHUUHG�WRRWKHUV� LQ� WKH� IRUP� RI� FRGLILHG� LQIRUPDWLRQ�� ,Q� DQ\� FDVH�DOWKRXJK� FRGLILFDWLRQ� DQG� DEVWUDFWLRQ� DUH� HVVHQWLDOFRQGLWLRQV� IRU� WUDQVIRUPLQJ� WDFLW� NQRZOHGJH� LQWRLQIRUPDWLRQ� WKDW� FDQ� EH� UHFRUGHG� DQG� GLVWULEXWHG�� WKH\FDQQRW�EH�SHUIRUPHG�HDVLO\�DW�ZLOO�
,QVWHDG�RI�WU\LQJ�WR�HQFRGH�DQG�UHFRUG�WDFLW�NQRZOHGJH��LWRIWHQ� PDNHV� PRUH� VHQVH� WR� PDNH� DQ� LQGLYLGXDO¶VNQRZOHGJH� DYDLODEOH� WKURXJK�PRUH�GLUHFW� LQWHUDFWLRQ� DQGNQRZOHGJH�H[FKDQJH�EHWZHHQ�SHRSOH�� ,Q�RWKHU�ZRUGV��DQLPSRUWDQW� LVVXH� IRU� NQRZOHGJH� PDQDJHPHQW� DQGNQRZOHGJH� ZRUN� VXSSRUW� V\VWHPV� LV� IDFLOLWDWLQJ� WKH� ZD\SHRSOH� FDQ� OHDUQ� IURP� HDFK� RWKHU�� DQG� IDFLOLWDWLQJNQRZOHGJH�WUDQVIHU�WKURXJK�OHDUQLQJ�SURFHVVHV�
.QRZOHGJH�DQG�OHDUQLQJ
:KHUH� GRHV� NQRZOHGJH� FRPH� IURP"� :H� FDQ� REWDLQNQRZOHGJH� IURP� LQIRUPDWLRQ� DQG� LQIRUPDWLRQ� V\VWHPV�EXW�WKDW� LV�RQO\�RQH�RI� WKH�ZD\V� LQ�ZKLFK�SHRSOH�DFTXLUHNQRZOHGJH��:H� FDQ� GHPRQVWUDWH� WKLV� E\� ORRNLQJ� DW� IRXUGLVWLQFW�W\SHV�RI�OHDUQLQJ�SURFHVVHV�
�� 6RFLDOLVDWLRQ� WKH� HPSLULFDO� SURFHVV� ZKHUHE\SHRSOH� OHDUQ� IURP� RWKHU� SHRSOH� �VXFK� DV� SDUHQWV�SHHUV� RU� PRUH� H[SHULHQFHG� FROOHDJXHV�� WKURXJKREVHUYDWLRQ� DQG� LPLWDWLRQ��7KLV� LV� D� YHU\� FRPPRQW\SH�RI� OHDUQLQJ� WKDW� DOUHDG\� H[LVWV� DW� D� YHU\� HDUO\DJH�� ,W� LV� D�PRVWO\� XQFRQVFLRXV� SURFHVV� OHDGLQJ� LQJHQHUDO� WR� WDFLW�� LPSOLFLW� NQRZOHGJH�� :KHQHYHUSHRSOH� NQRZ� VRPHWKLQJ�ZLWKRXW� EHLQJ� DEOH� WR� WHOOKRZ�WKH\�EHFDPH�WR�NQRZ�LW��WKH\�DUH�OLNHO\�WR�KDYHREWDLQHG� WKDW� NQRZOHGJH� WKURXJK� VRFLDOLVDWLRQ�
�� ([WHUQDOLVDWLRQ� D� UDWLRQDO�SURFHVV�ZKHUHE\�SHRSOHH[SUHVV� NQRZOHGJH� �RIWHQ� REWDLQHG� WKURXJK
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Fig. 1: Communication and context
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VRFLDOLVDWLRQ�� LQ� WHUPV�RI�H[SOLFLW� FRQFHSWV� VXFK�DVWKHRULHV�� DQDORJLHV�� PRGHOV� RU� FRQFUHWH� H[DPSOHV�([WHUQDOLVDWLRQ� LV� XVXDOO\� LQYROYHG� ZKHQ� SHRSOHH[SUHVV� WKHPVHOYHV� H[SOLFLWO\� LQ� ODQJXDJH� RUV\PEROV� �H�J�� LQ� ZULWLQJ�� GUDZLQJ� GLDJUDPV� RUYHUEDOO\��� 7KH� VLJQLILFDQFH� RI� WKLV� SURFHVV� LV� WKDWSHRSOH� µEHFRPH� WR� NQRZ� �H[SOLFLWO\�� ZKDW� WKH\NQRZ��LPSOLFLWO\�¶��7KDW�LV�D�YHU\�XVHIXO�SURFHVV��DVLW�PDNHV�NQRZOHGJH�DYDLODEOH�LQ�D�IRUP�LQ�ZKLFK�LWFDQ� EH� DSSOLHG�� DGDSWHG� DQG� FRPPXQLFDWHG�+RZHYHU��DV� LQGLFDWHG�DERYH�� LW� LV�XQOLNHO\� WKDW�DOOLPSOLFLW�NQRZOHGJH�FDQ�EH�H[WHUQDOLVHG�LQ�WKLV�ZD\�
�� &RPELQDWLRQ� D� PRVWO\� UDWLRQDO� SURFHVV� ZKHUHE\SHRSOH�DFTXLUH�NQRZOHGJH��H�J��WKURXJK�UHDGLQJ��DGSURFHVV� WKDW� NQRZOHGJH� WKURXJK� DQDO\VLV�VWUXFWXULQJ��FRPSDULVRQ��DVVRFLDWLRQ��JHQHUDOLVDWLRQ�HWF�� 7KLV� UHVXOWV� LQ� QHZ� NQRZOHGJH� FRQILJXUDWLRQVDQG� FRPELQDWLRQV�� L�H�� H[LVWLQJ� NQRZOHGJH� LVWUDQVIRUPHG� LQWR� QHZ� NQRZOHGJH� DQG� HQKDQFHGXQGHUVWDQGLQJ�WKDW�FDQ�EH�DSSOLHG�WR�QHZ�SUREOHPV�7KLV� W\SH� RI� OHDUQLQJ� LV� DSSOLFDEOH� WR� ERWKLQGLYLGXDOV� DQG� JURXSV�
�� ,QWHUQDOLVDWLRQ� H[SOLFLW��UDWLRQDO�NQRZOHGJH�DOZD\VKDV� D� WHQGHQF\� WR� GHYHORS� LQWR� PRUH� LQWHUQDOLVHG�LPSOLFLW� NQRZOHGJH�� 7KLV� LV� RIWHQ� D� FDVH� RIµOHDUQLQJ�E\�GRLQJ¶��H[SOLFLW�NQRZOHGJH��H�J��DERXWKRZ� WR� GULYH� D� FDU�� EHFRPHV� µVHFRQG� QDWXUH¶WKURXJK� SUDFWLFH�� NQRZOHGJH� WKDW� LV� DYDLODEOHµZLWKRXW� JLYLQJ� LW� VHFRQG� WKRXJKWV¶�� $OWKRXJK� ZHDUH�SHUIHFWO\�DEOH�WR�XVH�LQWHUQDOLVHG�NQRZOHGJH��ZHPD\�ILQG�LW�YHU\�GLIILFXOW�WR�H[WHUQDOLVH�LW�DJDLQ�DQGWR�H[SODLQ�DQG�FRPPXQLFDWH�WKDW�W\SH�RI�NQRZOHGJHWR� VRPHERG\� HOVH�� %XW� RI� FRXUVH�� VRPHERG\� HOVHFDQ� DOVR� DFTXLUH� WKDW� NQRZOHGJH� IURP� XV� WKURXJKVRFLDOLVDWLRQ��L�H��E\�REVHUYLQJ�WKH�NQRZOHGJH�DV�ZHDSSO\�LW�LQ�SUDFWLFH�
,QIRUPDWLRQ�±�NQRZOHGJH�UHFRUGHG�LQ�D�FRGLILHG�IRUP�±�LVDQ� LPSRUWDQW� LQWHUPHGLDU\� EHWZHHQ� H[WHUQDOLVDWLRQ� DQGFRPELQDWLRQ��([WHUQDOLVDWLRQ�PDNHV� NQRZOHGJH� DYDLODEOHLQ� WKH� IRUP� RI� LQIRUPDWLRQ�� &RPELQDWLRQ� XVHV� VXFKLQIRUPDWLRQ� WR�FUHDWH�QHZ�NQRZOHGJH� FRQILJXUDWLRQV� WKDWWKHPVHOYHV�FDQ�EH�H[WHUQDOLVHG�DV�LQIRUPDWLRQ��,Q�WKLV�ZD\LQIRUPDWLRQ� DFWV� DV� DQ� LQWHUPHGLDU\� EHWZHHQ� DYDLODEOHNQRZOHGJH�DQG�LQGLYLGXDOV�RU�JURXSV�ZKR�ZKLFK�WR�PDNHUHOHYDQW�XVH�RI�LW�
7KLV� DQDO\VLV� GHPRQVWUDWHV� WKDW� WKHUH� DUH� PDQ\� DUHDV� RIOHDUQLQJ� DQG� NQRZOHGJH� DFTXLVLWLRQ� ZKHUH� UHFRUGHG�GRFXPHQWHG� NQRZOHGJH� GRHV� QRW� SOD\� D� VLJQLILFDQW� UROH�6RFLDOLVDWLRQ� DQG� LQWHUQDOLVDWLRQ� DUH� HPSLULFDO� DQGSV\FKRORJLFDO� OHDUQLQJ� SURFHVVHV� EDVHG� RQ� VRFLDOEHKDYLRXU�� SHUVRQ� WR� SHUVRQ� UHODWLRQVKLSV� DQG� LQGLYLGXDOKXPDQ�EHKDYLRXU��7KH�NQRZOHGJH�VKDUHG�DQG�DFTXLUHG�LVXVXDOO\� QRW� FRGLILHG� DQG� UHFRUGHG� LQ� WKH� IRUP� RILQIRUPDWLRQ�� <HW� WKHVH� DUH� H[WUHPHO\� LPSRUWDQW� DQG

FRPPRQ�PRGHV�RI�NQRZOHGJH� WUDQVIHU�� ,W� LV� LPSRUWDQW� WRXQGHUVWDQG�WKLV��EHFDXVH�LW�PDNHV�LW�FOHDU�WKDW�FUHDWLQJ�DQHIIHFWLYH� FROODERUDWLYH�ZRUN� HQYLURQPHQW� � UHTXLUHV�PRUHWKDQ� MXVW� FRGLI\LQJ� NQRZOHGJH�� VWRULQJ� LW� LQ� LQIRUPDWLRQV\VWHPV� DQG� GHYHORSLQJ� DFFHVV� DQG� GLVWULEXWLRQ� V\VWHPV�,W� DOVR� UHTXLUHV� FUHDWLQJ� OHDUQLQJ� HQYLURQPHQWV� WKDWIDFLOLWDWH�VRFLDOLVDWLRQ�DQG�LQWHUQDOLVDWLRQ�
$ ��VWDJH�PRGHO�RI�NQRZOHGJH�ZRUN
0RVW�ZRUN�FDUULHG�RXW�LQ�PRGHUQ�RUJDQLVDWLRQV�±�FHUWDLQO\LQFOXGLQJ� WKDW� LQ� YLUWXDO� ZRUN� HQYLURQPHQWV� ±� FDQ� EHFKDUDFWHULVHG� DV� µNQRZOHGJH� ZRUN¶�� LQFRUSRUDWLQJ� WKHJDWKHULQJ��SURFHVVLQJ��FUHDWLQJ��VKDULQJ�DQG�GLVVHPLQDWLQJRI� NQRZOHGJH�� 7KH� REMHFWLYH� RI� WKLV� NLQG� RI� ZRUN� LV� WRXWLOLVH� DYDLODEOH� NQRZOHGJH� LQ� WKH� EHVW� ZD\�� DQG�RU� WRFUHDWH�QHZ�NQRZOHGJH� WR� VXSSRUW� WKH� IXWXUH� JRDOV� RI� WKHRUJDQLVDWLRQ��6XFK� NQRZOHGJH�ZRUN�EDVLFDOO\� FRQVLVWV� RIWKUHH�GLVWLQFW�VWDJHV�
��� WKH�LQSXW�VWDJH�ZKHUH�UHOHYDQW�H[LVWLQJ�NQRZOHGJHDQG�GDWD�DUH�JDWKHUHG���� WKH� WKURXJKSXW� VWDJH� ZKHUH� NQRZOHGJH� DQG� GDWDDUH� DQDO\VHG� DQG� SURFHVVHG� LQ� DFWLYLWLHV� VXFK� DVGHVLJQ��H[SHULPHQWDWLRQ��FRQVWUXFWLRQ�HWF����� WKH�RXWSXW� VWDJH�ZKHUH� WKH� UHVXOWV� RI� WKH�SUHYLRXVVWDJH�DUH�UHFRUGHG�DQG�GLVVHPLQDWHG�
7KHVH� WKUHH� VWDJHV� FKDUDFWHULVH� NQRZOHGJH� ZRUN� DWGLIIHUHQW� OHYHOV�� )RU� LQVWDQFH�� D� ODUJH�VFDOH� UHVHDUFKSURMHFW�FRXOG�FRQVLVW�RI�D�UHYLHZ�RI�WKH�OLWHUDWXUH��LQSXW��H[SHULPHQWDWLRQ� �WKURXJKSXW�� DQG� SXEOLFDWLRQ� RI� UHVXOWV�RXWSXW��� &RPPXQLFDWLRQ� EHWZHHQ� UHVHDUFK� JURXSVKDSSHQV�DW�WKH�RXWSXW�VWDJH�WKURXJK�SUH�SULQWV�DQG�IRUPDOSXEOLFDWLRQV��L�H��LQ�WKH�IRUP�RI�FRGLILHG�NQRZOHGJH��$W�DVPDOOHU� VFDOH�� FRQVLGHU� WKH� FRPPXQLFDWLRQ� ZLWKLQ� DFROODERUDWLYH�5	'�SURMHFW�ZKHUH�WKH�ZRUN�LV�VSOLW�XS�LQWRZRUN�SDFNDJHV�FDUULHG�RXW�E\�GLIIHUHQW�WHDPV��(DFK�WHDPZLOO� JR� WKURXJK� LWV� RZQ� LQSXW�� WKURXJKSXW� DQG� RXWSXWVWDJHV�IDLUO\�LQGHSHQGHQWO\�RI�WKH�RWKHUV��&RPPXQLFDWLRQEHWZHHQ� WHDPV� LV� EDVHG� RQ� RXWSXW� LQIRUPDWLRQ� IURP� RQHWHDP�VHUYLQJ�DV�LQSXW�LQIRUPDWLRQ�IRU�DQRWKHU��$W�DQ�HYHQVPDOOHU�VFDOH��FRPPXQLFDWLRQ�ZLWKLQ�D�YLUWXDO�WHDP�XVLQJ&6&:�WHFKQLTXHV� RSHUDWHV� DFFRUGLQJ� WR� WKH� VDPHSULQFLSOH�� EDVHG� RQ� VRPH� IRUP� RI� LQLWLDO� NQRZOHGJH�LQSXW���LQGLYLGXDO�WHDP�PHPEHUV�ZLOO�GR�D�SLHFH�RI�ZRUN�WKURXJKSXW�� DQG� SXW� WKH� UHVXOWV� RQWR� D� ZKLWHERDUG�RXWSXW���WR�EH�WDNHQ�XS�DV�LQSXW�E\�RWKHU�WHDP�PHPEHUV�
:KDW� LV� FKDUDFWHULVWLF� RI� WKLV� ��VWDJH� PRGHO� LQ� WKHH[DPSOHV�JLYHQ�LV�WKDW�WKHUH�LV�OLWWOH�RU�QR�FRPPXQLFDWLRQDW� WKH� LQSXW� DQG� WKURXJKSXW� VWDJHV�� DQG� WKDW� NQRZOHGJHVKDULQJ� ZLWK� WKH� RXWVLGH� ZRUOG� �LQFOXGLQJ� SDUWQHUV� LQ� DGLVWULEXWHG� WHDP�� LV� EDVHG� RQ� WKH� FRGLILFDWLRQ� RI� UHVXOWV�ZKLOH� WKH�ZRUN� SURFHVV� LWVHOI� UHPDLQV� D� µEODFN� ER[¶�� $QH[SODQDWLRQ� IRU� WKLV� PLJKW� EH� WKDW� LW� LV� PDLQO\� LQ� WKHWKURXJKSXW� VWDJH� WKDW� WDFLW� NQRZOHGJH� FRPHV� LQWR� SOD\�0XFK� RI� ZKDW� KDSSHQV� DW� WKLV� VWDJH� FDQQRW�� E\� LWV� YHU\QDWXUH�� EH� FRGLILHG� DQG� H[SUHVVHG� LQ� WKH� IRUP� RI
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LQIRUPDWLRQ��7KLV� H[SODLQV�ZK\�RXWSXW� LQIRUPDWLRQ� WHQGVWR� IRFXV�RQ� UHVXOWV� UDWKHU� WKDQ�RQ� WKH�XQGHUO\LQJ�SURFHVVRI�ZRUN�SHUIRUPHG�DW�WKH�WKURXJKSXW�VWDJH�
7KH� FRPPXQLFDWLRQV� SURFHVV� LV� WKHUHIRUH� D� GLVFUHWHSURFHVV� UDWKHU� WKDQ� D� FRQWLQXRXV� RQH�� LW� KDSSHQV� DWVSHFLILF�PRPHQWV� LQ� WLPH��ZKHQHYHU� D� WHDP�PHPEHU�KDVILQLVKHG�D�WKURXJKSXW�VWDJH�DQG�FRPPXQLFDWHV�WKH�UHVXOWVLQ� WKH� IRUP� RI� LQIRUPDWLRQ�� L�H�� FRGLILHG� NQRZOHGJH�� ,QRWKHU�ZRUGV�� WKHUH�LV�LQ�WKLV�W\SH�RI�DFWLYLW\�D�FRQWLQXRXVVZLWFKLQJ� EHWZHHQ� FRPPXQLFDWLRQ� �H[SOLFLW� NQRZOHGJH�DQG� QRQ�FRPPXQLFDWLRQ� �WDFLW� NQRZOHGJH��� ,Q� WKH� QRQ�FRPPXQLFDWLYH� VWDJH�� NQRZOHGJH� LV� DSSOLHG� UDWKHU� WKDQVKDUHG�� DQG� LV� RQO\� DYDLODEOH� WR� RWKHU� DFWRUV� WKURXJKVRFLDOLVDWLRQ� PHFKDQLVPV� VXFK� DV� REVHUYDWLRQ� RUSDUWLFLSDWLRQ�
,Q� FDVHV� ZKHUH� WKLV� PRGHO� DSSOLHV�� FRPPXQLFDWLRQ� DQGNQRZOHGJH� VKDULQJ� DUH� WKHUHIRUH� RIWHQ� EDVHG� DOPRVWH[FOXVLYHO\� RQ� H[SOLFLW� NQRZOHGJH� UDWKHU� WKDQ� RQ� WDFLWNQRZOHGJH�� 7KLV� LV� QRW� RQO\� WKH� FDVH� LQ� YLUWXDOHQYLURQPHQWV� XVLQJ� FRPSXWHU� VXSSRUWHG� FROODERUDWLYHPHFKDQLVPV�� ,W� DOVR� DSSOLHV� WR� PDQ\� µQRUPDO¶� W\SHV� RIFROODERUDWLYH� 5	'�DFWLYLWLHV� DQG� HYHQ� WR� VFLHQWLILFUHVHDUFK�DV�D�ZKROH��:KDW�LV�VXUSULVLQJ�LV�WKDW��LQ�VSLWH�RIWKH� ODFN�RI� WDFLW�NQRZOHGJH� H[FKDQJH�� FRPPXQLFDWLRQ� LQWKHVH�FDVHV�VHHPV�WR�EH�KLJKO\�HIILFLHQW�
2QH� H[SODQDWLRQ� IRU� WKLV� LV� WKH� KLJK� GHJUHH� RIVSHFLDOLVDWLRQ� LQ� PDQ\� W\SHV� RI� NQRZOHGJH� ZRUN�HVSHFLDOO\� DW� WKH� WKURXJKSXW� VWDJH�� 8QGHUVWDQGLQJ� DQGNQRZOHGJH�VKDULQJ�EHWZHHQ� DFWRUV� DW� WKLV� VWDJH� FRXOG�EHXQQHFHVVDU\�DQG�HYHQ�LPSRVVLEOH��GXH�WR�D�ODFN�RI�VKDUHGLQWHOOHFWXDO� FRQWH[WV��� 7KH� FRGLILFDWLRQ� RI� NQRZOHGJH� DWWKH�RXWSXW� VWDJH� LV� WKHQ�GRQH� LQ� VXFK� D�ZD\� WKDW� D�PRUHJHQHUDO�FRQWH[W�LV�FUHDWHG�LQ�ZKLFK�DOO�UHOHYDQW�DFWRUV�YDQXQGHUVWDQG� WKH� UHVXOWV� RI� WKH� ZRUN� FDUULHG� RXW�� $QDGGLWLRQDO�H[SODQDWLRQ�LV�WKDW�ZLWKLQ��PRQR���GLVFLSOLQDU\UHVHDUFK�WKHUH�LV�D�KLJK�OHYHO�RI�VKDUHG�FRQWH[W��LQFOXGLQJQRW� RQO\� UHVHDUFK� PHWKRGV�� VWDQGDUGV�� DFFHSWHG� WKHRU\HWF��� EXW� DOVR� VSHFLILF� VFLHQWLILF� YDOXHV��� :KDW� GRHV� QRWEHORQJ�WR�WKLV�µFRPPRQ�GRPDLQ�RI�NQRZOHGJH¶�ZLWKLQ�WKHVFLHQWLILF� ILHOG�±�DQG�ZRXOG� WKHUHIRUH�EHORQJ�PRUH� WR� WKHGRPDLQ� RI� WDFLW� NQRZOHGJH� �� LV� FRQVLGHUHG� WR� EH� OHVVLPSRUWDQW�RU�HYHQ�LUUHOHYDQW�
,Q� WHUPV� RI� FRPPXQLFDWLRQ� HIILFLHQF\� DQG� GLYLVLRQ� RIODERXU�WKLV�IRFXV�RQ�FRGLILHG�RXWSXW�NQRZOHGJH�LV�ILQH��,QWHUPV�RI�NQRZOHGJH�PDQDJHPHQW�LW�LV�OHVV�VDWLVIDFWRU\��$ODFN� RI� RSHQQHVV� LQ� WKH� WKURXJKSXW� VWDJH� �LQ� IDFW� DGHOLEHUDWH� FUHDWLRQ� RI� WDFLW� NQRZOHGJH�� SUHYHQWV� RWKHUSHRSOH� IURP� OHDUQLQJ� WKH� VSHFLDO� VNLOOV� HPSOR\HG�� ,W� DOVRVKLHOGV� WKH� ZRUNHU� IURP� FULWLFDO� FRPPHQWV� DQGVXJJHVWLRQV� IURP� RWKHUV� �SHUKDSV� DV� NQRZOHGJHDEOH� RUPRUH�NQRZOHGJHDEOH��WKDW�PLJKW�LPSURYH�KLV�RU�KHU�ZRUNPHWKRGV�� $QG� LW� OLPLWV� WKH� GHYHORSPHQW� RI� µEHVWSUDFWLFHV¶�� DQG� DV� D� FRQVHTXHQFH� UHGXFHV� WKH� OHDUQLQJSRWHQWLDO�RI�WKH�RUJDQLVDWLRQ�

&6&:�V\VWHPV�DOLJQPHQW
7KH� W\SH�RI� NQRZOHGJH�VKDULQJ�GHVFULEHG�KHUH��EDVHG�RQFRGLILHG� RXWSXW� LQIRUPDWLRQ�� LV� FKDUDFWHULVWLF� IRUGLVFLSOLQDU\�EDVHG�NQRZOHGJH�ZRUN�RU�DW�OHDVW�NQRZOHGJHZRUN� WKDW� LV� EDVHG� RQ� D� GLVFLSOLQDU\� WDVN� GLYLVLRQ�� ,W� LVDOVR�FKDUDFWHULVWLF�IRU�ZKDW�*LEERQV�HW�DO���������GHVFULEHDV� NQRZOHGJH� SURGXFWLRQ� LQ� µPRGH� �¶� �WKH� WUDGLWLRQDODFDGHPLF�� LQVWLWXWLRQDO�� PRQR�GLVFLSOLQDU\� W\SH� RIUHVHDUFK�DQG�GHYHORSPHQW��*LEERQV�HW�DO��FRQWUDVW� WKLV�ZLWK�ZKDW� WKH\�FDOO� µPRGH��¶NQRZOHGJH�SURGXFWLRQ��%DVLFDOO\��WKLV�FDQ�EH�GHVFULEHG�DVNQRZOHGJH� SURGXFWLRQ� µLQ� DFWLRQ¶� �H�J�� WKRXJK� VROYLQJDFWXDO�� UHDO�OLIH� SUREOHPV� RQ� D� VSHFLILF� DQG� ORFDOLVHGFRQWH[W�� ZLWKLQ� LQWHUGLVFLSOLQDU\� �RU� µWUDQVGLVFLSOLQDU\¶�WHDPV��DLPHG�DW�LQQRYDWLRQ�UDWKHU�WKDQ�GLVFRYHU\��:KDW�LVLQWHUHVWLQJ� LQ� µPRGH� �¶� LV� WKDW� FRPPXQLFDWLRQ� DQGNQRZOHGJH� VKDULQJ� WDNH� SODFH� DW� WKH� WKURXJKSXW� VWDJHUDWKHU�WKDQ�DW�WKH�RXWSXW�VWDJH�±�LQ�IDFW�WKHUH�RIWHQ�LV�OLWWOHRU�QR� IRUPDO�RXWSXW� VLQFH� WKH�REMHFWLYH�RI� WKH� WHDP� LV� WRVROYH�D�SUREOHP�UDWKHU�WKDQ�WR�GLVVHPLQDWH�ILQGLQJV��+HUHWKH� KDQGOLQJ� RI� WDFLW� RU� LPSOLFLW� NQRZOHGJH� LV� RIIXQGDPHQWDO� LPSRUWDQFH�� ZRUN� LV� FDUULHG� RXW� LQ� FORVHLQWHUDFWLRQ� E\� SHRSOH� IURP� GLIIHUHQW� GLVFLSOLQDU\� DQGRUJDQLVDWLRQDO�EDFNJURXQGV�ZKR�PD\�VKDUH�OLWWOH�FRPPRQJURXQG��(YHQ�ZKHQ�FRGLILHG�NQRZOHGJH�LV�H[FKDQJHG��WKHUHODWLYH� ODFN�RI� VKDUHG�FRQWH[W� �DV� FRPSDUHG�ZLWK� µPRGH�¶��GXH� WR� WKH� VSHFLILFLW\�RI� WKH�SUREOHP�GRPDLQ�DQG� WKHYDULRXV�GLVFLSOLQDU\�EDFNJURXQGV�RI� WKH�DFWRUV�FDQ�FUHDWHSUREOHPV�RI�XQGHUVWDQGLQJ�DQG�LQWHUSUHWDWLRQ��,Q�µPRGH��¶W\SHV� RI� ZRUN� DFWLYLWLHV�� WKHUHIRUH�� VRFLDOLVDWLRQPHFKDQLVPV� WHQG� WR� EH� PRUH� LPSRUWDQW� WKDQ� IRUPDOFRPPXQLFDWLRQ�DQG�LQIRUPDWLRQ�H[FKDQJH�PHFKDQLVPV�
:KDW�,�ZRXOG�QRZ�OLNH�WR�VXJJHVW�LV�WKDW�PDQ\�LI�QRW�PRVW&6&:�DSSOLFDWLRQV�DUH�PRUH� LQ� WKH�GRPDLQ�RI� µPRGH��¶WKDQ� µPRGH� �¶�� ZKHUHDV� WKH� &6&:�V\VWHPV� WKHPVHOYHV�E\� IRFXVVLQJ� RQ� WKH� XVH� RI� H[SOLFLW� NQRZOHGJHFRPPXQLFDWLRQ�WKURXJK�DQG�FRGLILHG�LQIRUPDWLRQ��VHHP�WREH�EDVHG�RQ�D�µPRGH��¶�DSSURDFK�
7KHUHIRUH� WKHUH� LV� D� QHHG� WR� HQVXUH� SURSHU� DOLJQPHQWEHWZHHQ� WKH� W\SH� RI� FROODERUDWLYH� ZRUN� DQG� WKH� VXSSRUWV\VWHP��0RVW� FXUUHQW� FRPSXWHU� VXSSRUWHG� WHFKQLTXHV� IRUFROODERUDWLYH�ZRUN�PD\�EH�PRUH�VXLWHG�IRU�VRPH�W\SHV�RIZRUN�WKDQ�RWKHUV��,Q�SDUWLFXODU��,�ZRXOG�DUJXH�WKDW�WKH\�DUHRIWHQ�PRUH�VXSSRUWLYH�IRU�GLVFLSOLQDU\�EDVHG��PRGH���W\SHRI� ZRUN� WKDQ� IRU� WKH� WUDQVGLVFLSOLQDU\�� PRGH��� W\SH�� ,QRUGHU� WR� VXSSRUW� WKH� ODWWHU� W\SH� RI� ZRUN� D� GLIIHUHQWDSSURDFK�LV�UHTXLUHG�%HFDXVH� WDFLW� NQRZOHGJH� LV� RI� IXQGDPHQWDO� LPSRUWDQFHKHUH�� WKHUH� LV� OHVV�QHHG� IRU�PHFKDQLVPV�IRU� WKH�H[FKDQJHRI�FRGLILHG�NQRZOHGJH�DQG�PRUH�QHHG�IRU�DQ�HQYLURQPHQWZKHUH�WKH�DSSOLFDWLRQ�RI��WDFLW�DQG�H[SOLFLW��NQRZOHGJH�µLQDFWLRQ¶� LV� VXSSRUWHG� DV� D� FROODERUDWLYH� SURFHVV�� 7KLVDSSURDFK� ZRXOG� KDYH� WR� SXW� OHVV� HPSKDVLV� RQ� �IRUPDO�FRPPXQLFDWLRQ� SURFHVVHV�� DQG� PRUH� HPSKDVLV� RQ�LQIRUPDO�� LQWHUDFWLRQ�� FRQWH[WXDOLVDWLRQ�� FRQVHQVXVEXLOGLQJ�DQG�WKH�VXSSRUW�RI�VRFLDOLVDWLRQ�SURFHVVHV�
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/LWHUDWXUH
&KRR��&K�:�� �� 7KH� NQRZLQJ� RUJDQL]DWLRQ�� �� 1HZ�<RUN�2[IRUG�8QLYHUVLW\�3UHVV�������
&KRR�� &K�:��� 'HWORU�� %��� 7XUQEXOO�� '�� �� :HE� ZRUN�LQIRUPDWLRQ� VHHNLQJ� DQG� NQRZOHGJH� ZRUN� RQ� WKH�:RUOG:LGH� :HE�� �� 'RUGUHFKW�� .OXZHU� $FDGHPLF� 3XEOLVKHUV������
'HYOLQ�� .�� ±� /RJLF� DQG� LQIRUPDWLRQ�� ±� &DPEULGJH8QLYHUVLW\�3UHVV�������
'HYOLQ�� .�� ±� ,QIRVHQVH�� WXUQLQJ� LQIRUPDWLRQ� LQWRNQRZOHGJH��±�1HZ�<RUN��:�+��)UHHPDQ�������
*LEERQV��0�� HW� DO�� ±�7KH� QHZ�SURGXFWLRQ� RI� NQRZOHGJH�WKH� G\QDPLFV� RI� VFLHQFH� DQG� UHVHDUFK� LQ� FRQWHPSRUDU\VRFLHWLHV��±�/RQGRQ��6DJH�������
1RQDND�� ,��� 7DNHXFKL�� +�� �� 7KH� NQRZOHGJH�FUHDWLQJFRPSDQ\�� KRZ� -DSDQHVH� FRPSDQLHV� FUHDWH� WKH� G\QDPLFVRI�LQQRYDWLRQ����2[IRUG�8QLYHUVLW\�3UHVV�������
3RODQ\L�� 0LFKDHO�� ±� 7KH� WDFLW� GLPHQVLRQ�� ±� 1HZ� <RUN�'RXEOHGD\�������
6RXUFH�3URFHHGLQJV� RI� WKH� (XURSHDQ�&6&:�:RUNVKRS� RQ� 
0DQDJLQJ� WDFLW� NQRZOHGJH
�� %RQQ�� 6HSWHPEHU� ���� ����� �HGLWHG�E\�0LFKDO�-DFRYL��$PQRQ�5LEDN�	�$QGUpH�:RRGFRFN�
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