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� 2.6$1$�=$025$��
(GXFDWLRQDO�DQG�5HVHDUFK�,QVWLWXWH�RI�%XVLQHVV�7HFKQRORJLHV�
³8$%6´���
6XP\�6WDWH�8QLYHUVLW\��8NUDLQH�
�
-��6&277�&+5,67,$1621�
7UXODVNH�&ROOHJH�RI�%XVLQHVV��
WKH�8QLYHUVLW\�RI�0LVVRXUL��WKH�86$�
�
7(7,$1$�.+925267��
(QJLQHHULQJ�7HFKQRORJLHV�)DFXOW\��
6XP\�1DWLRQDO�$JUDULDQ�8QLYHUVLW\��8NUDLQH�

H�PDLO�RI�FRUUHVSRQGLQJ�DXWKRU��SDQWRPLPD#XNU�QHW��

.H\�ZRUGV��EORFNFKDLQ�WHFKQRORJ\��JDPLILFDWLRQ��LQWHUDFWLYH�WHDFKLQJ��HPHUJLQJ�WHFKQRORJLHV��

$EVWUDFW��7KLV�UHVHDUFK�IRFXVHG�RQ�WKH�H[SHULHQFH�RI�WHDFKLQJ�HPHUJLQJ�WHFKQRORJLHV�WR�VWXGHQWV�RI�GLIIHUHQW�VSHFLDOWLHV�YLD�WKH�
XVH�RI� LQWHUDFWLYH�PHWKRGV��,Q�SDUWLFXODU�� WKH�OHDUQHUV�ZHUH�SUHVHQWHG�WR�WKH�WRSLF�RI� WKH�EORFNFKDLQ�WHFKQRORJLHV�WKURXJK�WKH�
GHOLEHUDWHO\�GHVLJQHG�UROH�JDPH��7KH�%ORFNFKDLQ�*DPH���D�KDQGV�RQ�H[HUFLVH� WKDW�H[SODLQV�EORFNFKDLQ
V�FRUH�SULQFLSDOV�DQG�
VHUYHV�DV�D�ODXQFKLQJ�SDG�IRU�WKH�GLVFXVVLRQ�RI�%ORFNFKDLQ¶V�UHDO�ZRUOG�DSSOLFDWLRQV��7KLV�LQH[SHQVLYH��QR�FRPSXWHU��H[HUFLVH�
KDV�EHHQ�XVHG�LQ�KLJKHU�HGXFDWLRQ�DQG�SURIHVVLRQDO�RUJDQL]DWLRQV�LQ�WKH�86��*HUPDQ\�DQG�8NUDLQH��7KLV�GDWD�ZLOO�EH�XVHG�WR�
LPSURYH�WKH�FXUUHQW�H[HUFLVH�DQG�WR�GHYHORS�DGGLWLRQDO�ORZ�FRVW�WHDFKLQJ�DLGV�WKDW�FDQ�EH�XVHG�JOREDOO\�WR�KHOS�SUHSDUH�VWXGHQWV�
RI�DOO�DJHV�DGDSW�WR�WKH�WHFKQRORJ\�RI�WKH��WK�LQGXVWULDO�UHYROXWLRQ��
7KH� UHVHDUFK� JRDO� ZDV� WR� DQDO\VH� WKH� H[SHULHQFHV� RI� LQWURGXFLQJ� HPHUJLQJ� WHFKQRORJLHV� YLD� LQWHUDFWLYH�PHWKRGV� XVLQJ� WKH�
IHHGEDFN� RI� WKH� VWXGHQWV� IURP� WZR� FRXQWULHV�� %ORFNFKDLQ� WHFKQRORJ\� FDQ� EH� D� JDPH�FKDQJHU� IRU� DFFRXQWLQJ�� VXSSO\� FKDLQ��
EDQNLQJ��FRQWUDFW�ODZ��DQG�PDQ\�RWKHU�ILHOGV��%XW�LW�ZLOO�RQO\�EH�XVHIXO�LI�ORWV�RI�SHRSOH�WUXVW�DQG�DGRSW�LW��7KH�FRQFOXVLRQV�ZHUH�
GHOLYHUHG�XQGHU�WKH�FRQWH[W�RI�WKH�VWXGHQW¶V�IHHGEDFN�DQG�DQDO\VLV�RI�WKHLU�SHUIRUPDQFH�GXULQJ�WKH�JDPH��7KH�SDSHU�KLJKOLJKWV�
WKH�LPSRUWDQFH�RI�LGHQWLI\LQJ�JRRG�SUDFWLFHV�LQ�WKH�SUHVHQWLQJ�RI�WKH�HPHUJLQJ�GLJLWDO�WHFKQRORJLHV�WR�D�ZLGHU�DXGLHQFH�XQGHU�WKH�
FRQWH[W�RI�WKH�TXDOLW\�DVVXUDQFH�VWDQGDUGV�IRU�PRGHUQ�HGXFDWLRQ��
,Q�DGGLWLRQ��WKH�DXWKRUV�DUH�DVVHVVLQJ�WKH�HIIHFWLYHQHVV�RI�WKLV�H[HUFLVH�DQG�WU\LQJ�WR�LGHQWLI\�DQ\�FURVV�FXOWXUDO�GLIIHUHQFHV�WKDW�
PLJKW�DIIHFW�WKH�HIILFDF\�RI�VXFK�D�VLPXODWLRQ��7KH�ORZ�FRPSXWHU�OLWHUDF\��DEVHQFH�RI�VNLOOV�LQ�SHUVRQDOO\�DGRSWLQJ�WKH�QHZHVW�
WHFKQRORJLHV�� FRPELQHG� ZLWK� ORZ� DYDLODELOLW\� LQ� WKH� HGXFDWLRQDO� SURFHVV� FDQ� UHVXOW� LQ� FKDOOHQJHV� IRU� WHDFKLQJ� DERXW� WKHVH�
WHFKQRORJLHV�DQG�WKHLU�DSSOLFDWLRQ��

,QWURGXFWLRQ�
,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV��,&7��EHFDPH�WKH�NH\�WRROV�RQ�WKH�SDWK�RI���VW�FHQWXU\�

GHYHORSPHQW��DQG�WKH\�ZLOO�VWD\�WKH�OHDGLQJ�IDFWRU�GXULQJ�WKH�QH[W�JHQHUDWLRQV¶�OLYHV��7KDW�LV�ZK\�WKH�,&7�

LPSOHPHQWDWLRQ�LQWR�WKH�HGXFDWLRQDO�SURFHVV�DV�D�ZRUNLQJ�LQVWUXPHQW�DV�ZHOO�DV�D�NQRZOHGJH�FRPSRQHQW�

VKRXOG�EH�DQ�LPSOLFLW�SDUW�RI�WKH�PRGHUQ�WUDLQLQJ��.QRZOHGJH�JOREDOL]DWLRQ��IDVW�VSHHG�RI�WKH�LQIRUPDWLRQ�

DFFXPXODWLRQ�DQG�SURFHVVLQJ�FDXVHV�D�QHHG�WR�GHVLJQ�WKH�QHZ�DSSURDFKHV�WR�WKH�HGXFDWLRQDO�SURFHVV���%H]]XE�

������7KH�KLJKHU�HGXFDWLRQ�DV�DQ�LQGXVWU\�KDV�EHHQ�IXQFWLRQLQJ�IRU�D�ORQJ�SHULRG�ZLWK�FHUWDLQ�VWDELOLW\�DQG�

VWHDG\�SURILWV�XQWLO� WKH�PRPHQW�RI�HQWHULQJ� WKH�HUD�RI� WKH�GLJLWDO� WHFKQRORJLHV��$V�D� ORJLFDO� UHVXOW�RI� WKH�

PDVVLYH�LPSOHPHQWDWLRQ�RI�GLJLWDO� WHFKQRORJLHV�LQWR�D� ORW�RI�VSKHUHV�DQG� WKH�DUHDV�RI�VRFLHW\¶V�DFWLYLWLHV��

KXPDQLW\�LV�DOUHDG\�DEOH�WR�ZLWQHVV�WKHLU�LQIOXHQFH��.X]PLQVND�����������������

7KH� SHRSOH� DUH� H[SHULHQFLQJ� WKH� GLJLWDO� HFRQRP\� DGYHQW�� WKH� EDVLF� HOHPHQWV� RI�ZKLFK� DUH� HOHFWURQLF�

EXVLQHVV� RSHUDWLRQV�� DQG� D� ERRVW� RI� WKH� UHOHYDQW� LQIUDVWUXFWXUH� DQG� H�FRPPHUFH�� 7KDW� LV� ZK\� GLJLWDO�

WUDQVIRUPDWLRQ� DOORZLQJ� WR� ODXQFK�QHZ�EXVLQHVV�PRGHOV�EDVHG�RQ�QHWZRUNLQJ�HIIHFWV� DUH� LQ� WKH� IRFXV�RI�

DWWHQWLRQ�ERWK�RI�WKH�HGXFDWRUV�DQG�SUDFWLWLRQHUV��.DPLQVN\L�HW�DO������������������$OO�DURXQG�WKH�ZRUOG�

YLUWXDO�UHDOLW\�DQG�SHUVRQDOL]HG�OHDUQLQJ�SRZHUHG�E\�DUWLILFLDO�LQWHOOLJHQFH�DUH�DOUHDG\�HPSOR\HG�WR�SURYLGH�



� ���

D�EHWWHU�TXDOLW\�RI�WKH�WUDLQLQJ�H[SHULHQFHV�IRU�WKH�VWXGHQWV��,W�LV�HVWLPDWHG�WKDW�WKH�JOREDO�HGWHFK�PDUNHW�ZLOO�

UHDFK�������ELOOLRQ�86'�E\�������$\HUV��������6LPLODUO\��EORFNFKDLQ�LV�H[SHFWHG�QRW�WUDQVIRUP�LQGXVWULHV�

DQG�HGXFDWLRQ��

8NUDLQLDQ�HGXFDWLRQDO�LQVWLWXWLRQV�DUH�LQYROYHG�LQ�WKH�JOREDO�SURFHVVHV�RI�GLJLWDOL]DWLRQ�DQG�ZRUN�RQ�

HQJDJLQJ� WKH� XS�WR�GDWH� WUHQGV� LQWR� WKHLU� DFWLYLWLHV�� DV� GR�$PHULFDQ� XQLYHUVLWLHV��0DQ\�XQLYHUVLWLHV� VKLIW�

WRZDUGV�,&7�XVH�LQ�WKHLU�HGXFDWLRQDO�HOHFWURQLF�UHVRXUFHV��GLVWDQFH�FRXUVHV�DQG�WHFKQLFDO�GHYLFHV�XVHG�IRU�

OHDUQLQJ��7KLV��RI�FRXUVH��FKDQJHV� WKH�JURXQGV�RI� WKH�HGXFDWLRQDO�SURFHVV�RUJDQL]DWLRQ�DQG�PDLQWHQDQFH��

�%XKDMFKXN� ������ $FFRUGLQJ� WR� WKH� VWXG\� RI� %OD\RQH� HW� DO�� ������� ODUJH� SHUFHQWDJHV� RI� *HRUJLDQ� DQG�

8NUDLQLDQ� VWXGHQWV� DUH� LOO�SUHSDUHG� IRU� PDQ\� RQOLQH�OHDUQLQJ� DFWLYLWLHV� LQ� WHFKQLFDO�� FRPPXQLFDWLRQDO��

LQIRUPDWLRQDO�DQG�FRPSXWDWLRQDO�GLPHQVLRQV� �%OD\RQH�HW�DO���������&RQVHTXHQWO\�� WKH�PRGHUQ�HGXFDWLRQ�

V\VWHP�H[SHULHQFHV�GLIILFXOWLHV�LQ�PHUJLQJ�WKH�YDULRXV�WHFKQLFDO�VROXWLRQV�ZLWK�WKH�H[LVWLQJ�V\VWHP�HOHPHQWV�

DQG� WKH� HGXFDWLRQDO� DJHQGD� WKDW�KDV�EHHQ�SUDFWLFHG� IRU�\HDUV��8VLQJ� WKH� FRQFHSW�RI�D� FRQYHUJHQW� FORXG�

RULHQWHG�SODWIRUP��VRPH�8NUDLQLDQ�DXWKRUV�RIIHU�WKH�XQLYHUVLWLHV�WR�FUHDWH�D�VSDFH�IRU�WKH�GLJLWDO�LQWHUDFWLRQ�

ZKLFK�ZRXOG� LQYROYH� WKH� HQWLUH� HGXFDWLRQ� V\VWHP� �.DPLQVN\L� HW� DO�� ������ ����������+RZHYHU��ZKLOH� LQ�

8NUDLQH�LW�LV�RQO\�WKH�LGHD��OHDGLQJ�$PHULFDQ�XQLYHUVLWLHV�DUH�DOUHDG\�WKHUH��0,7�LV�D�OHDGHU�LQ�D�EORFNFKDLQ�

EDVHG�RSHQ�VWDQGDUG�IRU�YHULILDEOH�GLJLWDO�UHFRUGV��'LUHFWRU¶V�)HOORZV�SURJUDP�������IRU�WKH�ILUVW�WLPH���5DWKV�

�������&HQWUDO�1HZ�0H[LFR�&RPPXQLW\�&ROOHJH�EHJDQ� LVVXLQJ�³VWXGHQW�RZQHG�GLJLWDO�FUHGHQWLDOV´�RQ�D�

EORFNFKDLQ�SODWIRUP�� WKH�&LW\�&ROOHJH�RI�1HZ�<RUN� LV�DVVHVVLQJ�ELWFRLQ�DV�D�PHWKRG�RI�SD\PHQW� �.HYLQ�

�������

$QRWKHU�LQWHUHVWLQJ�H[SHULHQFH�ZDV�LQWURGXFHG�E\�WKH�8QLYHUVLW\�RI�1LFRVLD��&\SUXV���D�SLRQHHU�RI�WKH�

IXOO�VFDOH�EORFNFKDLQ�LPSOHPHQWDWLRQ�LQ�WKH�HGXFDWLRQDO�VSKHUH��ZKLFK�KDV�DOUHDG\�ODXQFKHG�D�EORFNFKDLQ�

OLEUDU\�IRU�VWRULQJ�VWXGHQWV¶�JUDGHV��GLSORPDV�DQG�FHUWLILFDWHV��7KH�VWXGHQWV�RI�WKLV�SULYDWH�LQVWLWXWLRQ�DUH�DOVR�

DEOH�WR�SD\�VFKRRO�IHHV�XVLQJ�ELWFRLQ��8QLYHUVD��������5XVVLDQ�SODWIRUP�³'LVFLSOLQD´�ZDV�WKH�ILUVW�WR�HQJDJH�

WKH�EORFNFKDLQ�WHFKQRORJ\�VROHO\�IRU�HGXFDWLRQ�DQG�UHFUXLWLQJ�SXUSRVHV�E\�ODXQFKLQJ�WKH�³7HDFK0H3OHDVH´�

DSSOLFDWLRQ��$QRWKHU�EORFNFKDLQ�SODWIRUP�³2SHW�)RXQGDWLRQ¶V´�FKDWERW�DSS�ZDV�GHVLJQHG�WR�KHOS�VWXGHQWV�

ZLWK�WHVW�SUHSDUDWLRQV�E\�DQVZHULQJ�TXHVWLRQV�DQG�UHFRPPHQGLQJ�UHVRXUFHV��7KH�WUDFN�RI�D�VWXGHQW�SURJUHVV�

ZLOO�EH�NHSW�YLD�WKH�EORFNFKDLQ��.DPLQVN\L�HW�DO������������������

7KH�DQDO\VLV�RI�DOO�WKH�H[LVWLQJ�H[SHULHQFHV�DQG�HIIRUWV�RI�LQWURGXFLQJ�WKH�EORFNFKDLQ�WHFKQRORJLHV�LQWR�

WKH�GDLO\�OLIH�RI�WKH�KXPDQLW\��PDNHV�LW�LPSRUWDQW�IRU�DOO�WKH�VWDNHKROGHUV��LQFOXGLQJ�WKH�HGXFDWRUV��WR�UHIOHFW�

RQ�DOO�SRVVLEOH�LPSOLFDWLRQV�WKH�EORFNFKDLQ�PLJKW�KDYH��7KH�PRUH�LW�LV�FRQVLGHUHG�IRU�WKH�GDLO\�XVH��WKH�PRUH�

DUHDV�RI�DSSOLFDWLRQ�DULVH�IURP�WUDFNLQJ�VWXGHQW¶V�ZRUNHU¶V�DEVHQFHV�WR�PDQDJLQJ�KRPHZRUN�WDVNV�GHDGOLQHV��

,W�FDQ�DOVR�EH�XVHIXO�LI�D�XQLYHUVLW\�RU�DQ�RUJDQL]DWLRQ�DUH�SDUDO\]HG�E\�D�FULVLV�VLWXDWLRQ��IRU�H[DPSOH��ZDU��

ZKHQ�WKH�EORFNFKDLQ�ZLOO�VDYH�WKH�GRFXPHQWV�NHSW�LQ�FRQIOLFW�]RQHV��$DVKLVK��6KDUPD��������
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1HYHUWKHOHVV��WKH�SRWHQWLDO�LPSDFW�RI�WKH�EORFNFKDLQ�RQ�DFDGHPLD�DQG�WKH�UHVW�RI�WKH�RUJDQL]DWLRQV�JRHV�

IDU�EH\RQG� FU\SWRFXUUHQF\�DQG� LPPHGLDWH� VROYLQJ� WKH�SUREOHPV��7KLV� WHFKQRORJ\� LV� DEOH� WR� LPSURYH� WKH�

OHDUQLQJ� TXDOLW\� DQG� SURYLGH� WKH� LQFUHDVHG� VXSSRUW� DQG� RSSRUWXQLWLHV� IRU� WHDFKHUV�� SDUHQWV� DQG� RWKHU�

VWDNHKROGHUV��6RPH�DXWKRUV�QRWLFH� WKDW� WKH�KLJKHU� HGXFDWLRQ� V\VWHP�KDV�EHHQ�HYROYLQJ� LQWR� D�GLVWULEXWHG�

PRGHO�IRU�FHUWDLQ�SHULRG�RI�WLPH�DOUHDG\��WKH�FROOHJHV�DQG�XQLYHUVLWLHV�FRPELQH�WKHLU�UHVRXUFHV�IRU�WKH�VDNH�

RI�EHWWHU� HIIHFW�� )RU� H[DPSOH�� WKHUH� LV� DQ� ,QWHUQHW���1HW�� ,QLWLDWLYH� WKDW� SURYLGHV� D� UDQJH�RI� DSSOLFDWLRQ��

FRPSXWLQJ�DQG�RWKHU�FORXG�EDVHG�VHUYLFHV�ZKLFK�PD\�XVH�WKH�EORFNFKDLQ¶V�SHHU�WR�SHHU�WUDQVDFWLRQ�EDVHG�

PRGHO��%ORFNFKDLQ�FRXOG�EH�XVHG�LQ�PRGHUDWLQJ�GLJLWDO�FRQWHQW�DQG�SURWHFWLQJ�GLJLWDO�ULJKWV��DV�ZHOO�DV�LQ�WKH�

HYROXWLRQ�RI�³FRPPXQLW\�FRQWHQW�UHSRVLWRULHV´��WKH�LQVSLULQJ�H[DPSOH�RI�6DQ�-RVH�6WDWH�8QLYHUVLW\�ZKLFK�LV�

D�OHDGHU�LQ�WKH�/LEUDU\�����PRYHPHQW���.HYLQ��������

7KHUH�DUH�DOVR�RWKHU�DUHDV�RI�WKH�HPHUJLQJ�GLJLWDO�WHFKQRORJLHV�XVH��EORFNFKDLQV�LQ�KHDOWKFDUH�UHGXFH�WKH�

LPSDFW�RI�F\EHUFULPH�DQG� UDLVH� WKH�GDWD� VHFXULW\��6RQ\�*OREDO�(GXFDWLRQ�GHVLJQHG�D�FHQWUDOL]HG�PRGHUQ�

OHGJHU�SRZHUHG�E\�WKH�EORFNFKDLQ�IRU�VWRULQJ�HGXFDWLRQ�UHFRUGV�DQG�HQDEOHV�GDWD�IURP�YDULRXV�HGXFDWLRQ�

LQVWLWXWLRQV� WR� DPDOJDP� WRJHWKHU�� %LWGHJUHH� LV� WKH� ZRUOG¶V� ILUVW� EORFNFKDLQ�SRZHUHG� RQOLQH� HGXFDWLRQ�

SODWIRUP�ZLWK�WRNHQ�VFKRODUVKLSV�DQG�EORFNFKDLQ�EDVHG�DFKLHYHPHQW�WUDFNLQJ��6ROXORLG��������

$FFRUGLQJ�WR�WKH��GLJLWDO�VNLOOV��LQGH[�RI�WKH�(XURSHDQ�GLJLWDO�HFRQRP\�DQG�VRFLHW\�LQGH[�LQ����������

RI�WKH�(8�SRSXODWLRQ�ODFNV�VNLOOV�LQ�XVLQJ�GLJLWDO�WHFKQRORJLHV��ZKLOH�WKH\�DUH�UHFRJQL]HG�WR�EH�RQH�RI�WKH�

HLJKW� NH\� FRPSHWHQFLHV� IRU� D� IXOO\� VXFFHVVIXO� OLIH� QRZDGD\V� �'LJLWDO�DJHQGD� GDWD� ������� $V� D� ORJLFDO�

FRQFOXVLRQ��WKH�EORFNFKDLQ�PXVW�EH�DPRQJ�WKH�HPHUJLQJ�WHFKQRORJ\�VNLOOV�WKDW�ZLOO�EH�H[SHFWHG�E\�WKH�
HPSOR\HUV�IURP�WKH�IXWXUH�JUDGXDWHV�LQ�WKH�FRPLQJ�\HDUV��7KHUH�DUH�WKH�FODVVHV�WKDW�WUDLQ�WKH�SURJUDPPLQJ�

VNLOOV��EXW�WKH�EORFNFKDLQ�WHFKQRORJ\�EHFDPH�D�XQLTXH�HGXFDWLRQDO�FKDOOHQJH�DV�LW�LV�DW�WKH�LQWHUVHFWLRQ�RI�

VXFK�DUHDV�DV��EXVLQHVV��FRPPHUFH�DQG�WUDQVDFWLRQV��WHFKQRORJ\�DQG�DUWLILFLDO�LQWHOOLJHQFH��SROLF\�DQG�ODZ��

LQWHOOHFWXDO� SURSHUW\� ULJKWV� DQG� FU\SWRJUDSK\�� 7KDW� LV� ZK\� WHDFKLQJ� WKH� EORFNFKDLQ� UHTXLUHV� D� FHUWDLQ�

LQWHUGLVFLSOLQDU\�DSSURDFK��7KHUH�DUH�DOUHDG\�VXFK�HGXFDWLRQDO�SURJUDPPHV�DQG�HQYLURQPHQWV�WKDW�FRPELQH�

VHYHUDO�RI�WKH�PHQWLRQHG�DUHDV��VXFK�DV�WKH�SURJUDPPHV�RIIHUHG�E\�WKH�%HUNHOH\�&HQWUH�IRU�/DZ�DQG�%XVLQHVV�

RU�&RUQHOO�%ORFNFKDLQ��7KH\�DLP�DW�WKH�GHYHORSPHQW�RI�WKH�EORFNFKDLQ�VNLOOV�DQG�JURZLQJ�SURMHFWV��.HYLQ�

�������

7KH�EORFNFKDLQ�DQG�VPDUW�FRQWUDFWV�SRWHQWLDO�LV�FOHDUO\�VHHQ�LQ�KHOSLQJ�WR�UXQ�EXVLQHVVHV��H[FKDQJH�JRRGV�

DQG�VHUYLFHV��EX\�UHDO�HVWDWH��FROOHFW�DQG�DQDO\VH�GDWD��LVVXH�HGXFDWLRQDO�FUHGHQWLDOV��6PDUW�&RQWUDFWV��DV�WKH�

VHOI�H[HFXWLQJ�GLJLWDO�GHDOV��DUH�DOUHDG\�HVVHQWLDO�WR�DQ\�EXVLQHVV�XVLQJ�WKH�EORFNFKDLQ�EHFDXVH�WKH\�KHOS�WR�

UHGXFH� FRVWV� DQG� LQFUHDVH� WKH� VHFXULW\� DYRLGLQJ� WKH� QHHG� IRU� WKLUG�SDUW\� LQWHUYHQWLRQ�� �%ORFNFKDLQ� $SS�

)DFWRU\� ������ .QRZOHGJH:RUNV� LQYHVWLJDWHG� KRZ� EORFNFKDLQ� DQG� VPDUW�FRQWUDFW� WHFKQRORJLHV� FRXOG�

LPSURYH�OHDUQLQJ��LWV�FRQGLWLRQV�DQG�SHUVRQDOL]HG�OHDUQLQJ�LQ�WKH�8QLWHG�6WDWHV��7KH�SURMHFW�ZDV�DLPHG�DW�
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GHYHORSLQJ�WKH�FDSDFLWLHV�WR�GHVLJQ�DQG�VXVWDLQ�YLEUDQW�OHDUQLQJ�HFRV\VWHPV�YLD�HQJDJLQJ�WKH�OHDUQHUV�LQWR�

H[SORUDWLRQ�RI�HPHUJLQJ�WHFKQRORJLHV�DELOLWLHV��.LQJ��HW�DO����������$Q�LQWHUHVWLQJ�H[SHULHQFH�RI�WKH�XVH�RI�

EORFNFKDLQV� LV� WR�FRQQHFW� WKH� ODERXU�VXSSO\�DQG�GHPDQG� LQ�VSHFLILF�VHWWLQJV�VXFK�DV� LQ� UHIXJHH�FDPSV� LV�

RIIHUHG�E\�WKH�.DUYDQ�SURMHFW��,W�LV�DLPHG�DW�FRQQHFWLQJ�WKH�UHIXJHH�FHQWUHG�1*2V�ZLWK�UHIXJHHV�ZKR�FDQ�

SURYLGH�VSHFLDO�VNLOOV�RU�FDPS�PHPEHUV�ZLWK�RWKHU�LQKDELWDQWV��DV�ZHOO�DV�IL[�WKH�YROXQWHHUV¶�WLPH�LQYHVWHG�

LQ�ZRUNLQJ�ZLWK�UHIXJHHV��,YDQFVLFV��������

$� �/HDUQLQJ� LV� (DUQLQJ� ������ SODWIRUP� XVHV� D� EDVLF� FXUULFXOXP�PRGHO� ZLWK� D� IUDJPHQWDWLRQ� RI� WKH�

SURJUDP�LQ�VPDOO�EORFNV�WKDW�WKH�VWXGHQWV�FRPSOHWH�DFFRUGLQJ�WR�WKHLU�QHHGV�DQG�VNLOOV��7KHQ�SDVVLQJ�RI�HDFK�

XQLW� LV� WUDQVODWHG� LQWR� D� VPDUW� FRQWUDFW� WKDW� LV� VXSSRVHG� WR� EH� UHVROYHG�ZKHQ� WKH� VWXGHQW� KDV� UHDFKHG� D�

VDWLVIDFWRU\�OHYHO��%DUWRORPp�HW�DO���������+RZHYHU��RQOLQH�VWXGLHV�KDYH�GLIIHUHQW�IHDWXUHV�WKHQ�IDFH�WR�IDFH�

HGXFDWLRQ� DQG� WKH� DSSURDFK� WR� VHWWLQJ� WKH� HGXFDWLRQDO� VFKHPH�ZLWK� WKH� XVH� RI� LQWHUDFWLYH�PHWKRGV� DQG�

JDPLILFDWLRQ�LV�VWLOO�DQ�REOLJDWRU\�VWHS��7KLV�UHTXLUHV�FHUWDLQ�SULQFLSOHV��VXFK�DV��FOHDU�LQIRUPDWLRQ��UHOHYDQW�

SUDFWLFH�� LQIRUPDWLYH� IHHGEDFN��PRWLYDWLRQ� DQG� EDODQFH� EHWZHHQ� WKH� WDVN� GLIILFXOW\� DQG� WKH� OHYHO� RI� WKH�

VWXGHQW��/\DVKFKHQNR��+U\VKXQLQD��3LFKNXU��������

&RPSHWHQF\�EDVHG� DSSURDFK� LQ� WKH� PRGHUQ� KLJKHU� HGXFDWLRQ� GULYHV� WR� WKH� QHHG� WR� LPSURYH� WKH�

SURGXFWLYLW\��NQRZOHGJH��VNLOOV�DQG�RWKHU�SHUVRQDO�TXDOLWLHV�YLD�SUDFWLFH�RULHQWHG�PHWKRGV��7KDW�LV�ZK\�WKH�

ZD\�WR�H[SODLQ�WKH�EORFNFKDLQ�WHFKQRORJ\�YLD�D�JDPH�WKDW�DOORZV�H[SHULHQFLQJ�WKH�ZKROH�SKLORVRSK\�RI�WKH�

EORFNFKDLQ�LV�H[SHFWHG�WR�EH�WKH�PRVW�HIIHFWLYH��0RVW�SHRSOH�GR�QRW�NQRZ�DERXW�WKH�WHUP�³EORFNFKDLQ´��QRW�

WR�PHQWLRQ� WKH� SRWHQWLDO� DSSOLFDWLRQV� RI� XVLQJ� EORFNFKDLQ� WHFKQRORJ\��$OWKRXJK� D� ORW� RI� GHYHORSHUV� DQG�

SUDFWLWLRQHUV��DV�ZHOO�DV�UHVHDUFKHUV�GLVFXVV�WKH�XVDJH�RI�EORFNFKDLQ�LQ�WKH�FXUUHQW�FRPPHUFLDO�DUHD��WKHUH�LV�

D�IHZ�VWXGLHV�IRFXVHG�RQ�KRZ�WR�WHDFK�WKH�EORFNFKDLQ�WHFKQRORJ\�LQ�WKH�PRVW�HIIHFWLYH�ZD\��7KH�FXUUHQW�
UHVHDUFK�JRDO�ZDV�WR�DQDO\VH�WKH�H[SHULHQFHV�RI�WKH�HPHUJLQJ�WHFKQRORJLHV�LQWURGXFWLRQ�WR�WKH�HGXFDWLRQDO�

SURFHVV�YLD� WKH�LQWHUDFWLYH�PHWKRGV�XVLQJ� WKH�IHHGEDFN�RI� WKH�VWXGHQWV� IURP� WZR�FRXQWULHV�� WKH�86$�DQG�

8NUDLQH��

8QGHU� WKH� SUHVVXUH� RI� PRGHUQ� EXVLQHVV� VSHHG� DQG� WUHQGV�� IRUZDUG�WKLQNLQJ� FRPSDQLHV� VWUXJJOH� ZLWK�

WDFNOLQJ�ZLWK� EORFNFKDLQ� VROXWLRQV� LQ� RUGHU� WR� XVH� WKHLU� SRWHQWLDO� WR� LPSURYH� RZQ� EXVLQHVV� UHVXOWV�� 7KH�

EORFNFKDLQ�LV�DEOH�WR�GULYH�LQQRYDWLYH�PRELOLW\�VHUYLFHV��HQVXUH�GDWD�VWHZDUGVKLS�DQG�WKH�DFFXUDF\�RI�SXEOLF�

UHFRUGV��PDLQWDLQ�WKH�VXSSO\�FKDLQ�WUDFHDELOLW\��VHFXUH�YRWLQJ�DQG�VHFXUH� WKH�ILQDQFLDO� WUDQVDFWLRQV���,%0�

%ORFNFKDLQ�������$FFRUGLQJ�WR�WKH�³'HYHORSPHQW�6WUDWHJ\�RI�WKH�,QQRYDWLYH�$FWLYLWLHV�)LHOG�XS�WR�����´�

GHWHUPLQHG�E\�WKH�&DELQHW�RI�0LQLVWHUV�RI�8NUDLQH��6WUDWHJ\�IRU�GHYHORSPHQW�RI�WKH�VSKHUH�RI�LQQRYDWLYH�

DFWLYLW\� IRU� WKH� SHULRG� WLOO� ������ ������ LW� LV� H[SHFWHG� WR� VWLPXODWH� WKH� LQFUHDVH� LQ� WKH� XVH� RI� ,&7��

FRPPHUFLDOL]DWLRQ� RI� WKH� LQQRYDWLYH� VROXWLRQV� DQG� LQFUHDVH� RI� WKH� SURILWV� FRPLQJ� IURP� WKH� LQWHOOHFWXDO�
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SURSHUW\�ULJKWV�XVH��,Q�RUGHU�WR�DFKLHYH�WKLV�PRUH�FLWL]HQV��ZH�QHHG�WR�XQGHUVWDQG�EORFNFKDLQ�WHFKQRORJ\�DQG�

LWV�SRWHQWLDO��

7KH�0HWKRGV�8VHG�WR�$QDO\VH�WKH�([SHULHQFHV�RI�7HDFKLQJ�WKH�%ORFNFKDLQ��
$V�RQH�RI�WKH�EORFNFKDLQ�JDPHV�UHVHDUFKHUV��'DYH�7KHLU��VWDWHG��³7KHUH
V�EORFNFKDLQ��DQG�WKHUH
V�JDPLQJ´��

%ORFNFKDLQ�KDV�EHFRPH�PRUH�RI� WKH�HFRQRP\�HOHPHQW� UDWKHU� WKDQ�MXVW�ELWV�RI�FRGH�ZLWK�SVHXGR�SK\VLFDO�

SUHVHQFH��LW�KDV�FUHDWHG�WKH�QH[W�OHYHO�RI�WKH�:HE�ZKLFK�LV�³WKH�,QWHUQHW�RI�9DOXH´��)RU�H[DPSOH��WKH�+RUL]RQ�

%ORFNFKDLQ�*DPHV� ,QF�� RIIHUV� LWV� SOD\HUV� WR� RZQ� DQG� WUDGH� WKHLU� GLJLWDO� LWHPV� DFURVV� DQ� ,QWHUQHW� DQG� LV�

FXUUHQWO\�EXLOGLQJ�DQ�$UFDGHXP�SODWIRUP�IRU�WKH�GHYHORSHUV�WR�ZRUN�RQ�WKHLU�RZQ�EORFNFKDLQ�EDVHG�JDPHV��

�7KHLU�������1RW�DOO�RI�WKH�JDPH�FRPSDQLHV�IXOO\�VHH�WKH�SRWHQWLDO�RI�FU\SWRFXUUHQF\�DQG�EORFNFKDLQ�WKDW�

JLYHV�D�FKDQFH�WR�WKRVH�VWDUW�XSV�ZRUNLQJ�RQ�WKH�LQWHUVHFWLRQ�RI�JDPHV�DQG�WKH�QHZ�WHFKQRORJ\�WR�GHYHORS�

IDVWHU�DQG�PRUH�VXFFHVVIXOO\��%URFN�3LHUFH��D�FKDLUPDQ�RI�WKH�%LWFRLQ�)RXQGDWLRQ��ZKR�RQFH�ZDV�RQH�RI�WKH�

ILUVW�EORFNFKDLQ�LQYHVWRUV��EHFDPH�D�1R����LQ�FU\SWRFXUUHQF\�ZHDOWK�ZLWKLQ�WKH�)RUEHV�UDWHV��9%��������

%RWK�IRU�WHDFKLQJ�DQG�IRU�GHYHORSLQJ�JDPLQJ�V\VWHPV��KRZHYHU��LW�LV�LPSRUWDQW�WR�GHVLJQ�D�SURSHU�VHW�RI�

PLQG�� 7KH� %ORFNFKDLQ� *DPH� $OOLDQFH� LV� FRPPLWWHG� WR� SURPRWLQJ� EORFNFKDLQ� ZLWKLQ� WKH� PRGHUQ� JDPH�

LQGXVWU\��7KH\�ZRUN�RQ�GLVVHPLQDWLRQ�RI�DZDUHQHVV�DERXW�EORFNFKDLQ�WHFKQRORJLHV�DQG�HQFRXUDJH�WR�IRVWHU�

QHZ�ZD\V�WR�FUHDWH�VRPHWKLQJ�HOVH�DURXQG�JDPHV��%*$��������7KHUH�LV�DOVR�DQRWKHU�JDPH�WKDW�FDQ�KHOS�WR�

XQGHUVWDQG�WKH�XQGHUO\LQJ�HVVHQFH�RI�WKH�EORFNFKDLQ�EDVHG�JDPH�ZH�DUH�JRLQJ�WR�DQDO\VH�LQ�WKLV�SDSHU��7KH�

%HHU�*DPH��KWWSV���EHHUJDPH�RUJ���GHPRQVWUDWHV�WKH�GLIILFXOWLHV�RI�PDQDJLQJ�WKH�G\QDPLF�V\VWHPV��,W�FRPHV�

IURP� WKH� ODWH� ����V��0,7�� WKH�86$�� DQG� LQWURGXFHV� WKH� FRQFHSWV� RI� G\QDPLFDO� V\VWHPV�ZKHUH� GLIIHUHQW�

SOD\LQJ�VWUDWHJLHV�PD\�EH�DSSOLHG��*UDVO��������

7KH� %ORFNFKDLQ� *DPH� ZDV� GHVLJQHG� E\� D� WHDFKLQJ� SURIHVVRU� DQG� WHFKQRORJLVW� -� 6FRWW� &KULVWLDQVRQ��

7UXODVNH� &ROOHJH� RI� %XVLQHVV� RI� WKH� 8QLYHUVLW\� RI�0LVVRXUL�� 86$�� IRU� WHDFKLQJ� EORFNFKDLQ� WHFKQRORJ\�

ZLWKRXW�WKH�XVH�RI�FRPSXWHUV��'XULQJ�WKH�DFWLYLW\�WKH�VWXGHQWV�VLPXODWH�WKH�FRPSXWHU�ZRUN�DQG�FDOFXODWH�WKH�

EORFNV�WKHPVHOYHV��7KH\�DUH�GLYLGHG�LQWR�QRGHV�DQG�PLQHUV�RQ�D�EORFNFKDLQ�QHWZRUN�ZKLFK�SUHWHQGV�WR�VWRUH�

VRPH�UDQGRP�XQLYHUVLW\�VWXGHQWV¶�JUDGHV��$�JURXS�RI�YROXQWHHUV�DUH�FKRVHQ�WR�EH�WKH�³IDFXOW\�PHPEHUV´�DQG�

D�VHSDUDWH�JURXS�DUH�FKRVHQ�WR�DFW�DV�³VWXGHQWV´��ZKR�DUH�JLYHQ�DQ�,'�QXPEHU�±�FDOOHG�D�SXEOLF�NH\�±�WR�

DFFHVV�WKHLU�JUDGHV�GXULQJ�WKH�H[HUFLVH��(DFK�SXEOLF�NH\�LV�RQH�KDOI�RI�D�NH\�SDLU�WKDW�LQFOXGHV�D�SULYDWH�NH\��

7KH�SDUWLFLSDQWV�UHFRUG�WKH�JUDGH�DQG�FRXUVH�GDWD�DQG�WKHQ�WKH\�EXLOG�WKH�EORFN�E\�FDOFXODWLQJ�D�KDVK�ZKLFK�

VHFXUHV�WKH�JUDGH�OHGJHU��7KH�VSHFLDO�QRGHV�FDOOHG�PLQHUV�ERWK�YDOLGDWH�DQG�H[HFXWH�WKH�WUDQVDFWLRQV�RQ�WKH�

EORFNFKDLQ�DQG�DV�D�UHVXOW�RI�WKH�VLPXODWLRQ�WKH�PLQHUV�ILQG�RXW�ZKLFK�DQVZHU�LV�DFFHSWHG�E\�WKH�QHWZRUN�WR�

EHFRPH�WKH�ULJKW�RQH��7KH�ILUVW�VWXGHQW�WR�VROYH�WKH�SX]]OH�HDUQV�D�UHZDUG�IRU�KDVKLQJ�WKDW�EORFN��+DVKLQJ�

ZLWKLQ�WKLV�VLPXODWLRQ�LV�WKH�SURFHVV�RI�VROYLQJ�D�FRPSOH[�PDWKHPDWLFDO�SX]]OH�WR�YDOLGDWH�DQG�DSSHQG�QHZ�

EORFNV� WR� WKH�EORFNFKDLQ��7KLV�JLYHV� WKH� VWXGHQWV� D�KDQGV�RQ� H[SHULHQFH� RQ�GHDOLQJ�ZLWK� WKH�EORFNFKDLQ�

V\VWHP�HOHPHQWV��KDVKHV��SULYDWH�NH\V��HWF���$�JURXS�GLVFXVVLRQ�LV�VXSSRVHG�WR�IROORZ�WKH�JDPH�UDLVLQJ�WKH�
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WRSLF� RI� WKH� RWKHU� SRVVLEOH� EORFNFKDLQ� DSSOLFDWLRQV� DQG�ZKHWKHU� VWRULQJ� VWXGHQW� JUDGHV� LV� D� JRRG�XVH� RI�

EORFNFKDLQ�WHFKQRORJ\��7KH�JDPH�GRHVQ¶W�XVH�DQ\�FRPSXWHUV�EHFDXVH�WKH�SDUWLFLSDQWV�VLPXODWH�WKHP��7KH�

%ORFNFKDLQ�*DPH�LV�DYDLODEOH�LQ�(QJOLVK�DQG�*HUPDQ�WUDQVODWLRQV��DQG�0U��&KULVWLDQVRQ�KDV�PDGH�DOO�RI�WKH�

H[HUFLVH� PDWHULDOV� DYDLODEOH� IRU� IUHH� IRU� WKLV� KH� HQFRXUDJHV� HGXFDWRUV�WUDLQHUV� WR� VHQG� WKHLU� IHHGEDFN�

�)DGLOSDVLF�������*ULPHV��������

$W�WKH�SHUVRQDO�ZHE�VLWH�WKH�DXWKRU�KDV�PDGH�DOO�WKH�JDPH�PDWHULDOV�SXEOLF��&KULVWLDQVRQ������E���WKH�

VOLGH�GHFN�WKDW�PD\�EH�XVHG�WR�OHDG�WKH�DXGLHQFH�WKURXJK�WKH�H[HUFLVH��$SSOH�.H\QRWH�DQG�06�3RZHU3RLQW�

YHUVLRQV� DUH� SURYLGHG�� JDPH� SULQWRXWV�� D�06�([FHO� ILOH�ZLWK� D� EORFNFKDLQ� OHGJHU� WKDW� KDV� DOUHDG\� EHHQ�

FDOFXODWHG�DORQJ�ZLWK�D�EODQN�OHGJHU��VHH�3LFWXUH�����

3,&785(����12'(�,16758&7,216�3$*(�

�
6RXFH���&KULVWLDQVRQ�����E��
$Q�DWWHQGHH�KDQGRXW�WKDW�DOORZV�WKRVH�ZKR�DUH�QRW�PLQHUV�RU�QRGHV�WR�IROORZ�DORQJ�DQG�XQGHUVWDQG�EHWWHU�

ZKDW� LV�KDSSHQLQJ��7HDFKLQJ�PDWHULDOV�QHHGHG�DUH�VLPSOH�DV�ZHOO��SHQFLOV��VWXGHQW�NH\�SDLU�VKHHWV��³QRGH�

SDFNHWV´� �QRGH� LQVWUXFWLRQ�VKHHW� �VHH�3LFWXUH�����EODQN�JUDGH�OHGJHU����0LQHU�3DFNHWV�� �PLQHU� LQVWUXFWLRQ�

VKHHW��EODQN�JUDGH�OHGJHU��0LQHU�:RUNVKHHW��VHH�3LFWXUH�����3UL]HV�IRU�0LQHUV���

3,&785(����12'(�,16758&7,216�3$*(�

�
6RXFH���&KULVWLDQVRQ�����E��
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3,&785(����0,1(5�:25.6+((7�

�
6RXFH���&KULVWLDQVRQ�����E��
7R� DQDO\VH� WKH� UHVXOWV� RI� WKLV� JDPH� LPSOHPHQWDWLRQ� LQWR� WKH� HGXFDWLRQDO� SURFHVV� RI� WKUHH� KLJKHU�

HGXFDWLRQDO�LQVWLWXWLRQV��WKH�DXWKRUV�KDYH�GHVLJQHG�WKH�VXUYH\�ZKLFK�ZDV�DSSOLHG�EHIRUH�DQG�DIWHU�WKH�JDPH�

FRQGXFWLRQ�DQG�WKHQ�DSSOLHG�WKH�DQDO\WLFDOO\�GHVFULSWLYH�PHWKRGRORJ\��7KXV��WKH�UHVHDUFK�DQDO\VHV�WKH�UHDO�

OLIH�FDVHV�RI�WKH�JDPH�FRQGXFWLRQ�LQ�8NUDLQH�DQG�WKH�86$��,W�LV�VXSSRUWHG�E\�D�ELEOLRJUDSKLF�UHYLHZ�DQG�

FRQFOXGLQJ�DUJXPHQWV�WR�XVH�WKH�LQWHUDFWLYH�JDPH�IRU�WKH�GHYHORSPHQW�RI�WKH�FRPSHWHQFHV�LQ�WKH�EORFNFKDLQ�

WHFKQRORJ\��

$QDO\VLQJ�7KH�,QWHUQDWLRQDO�([SHULHQFHV�RI�%ORFNFKDLQ�,QWURGXFWLRQ�LQWR�WKH�/HDUQLQJ�3URFHVV�
1RZDGD\V��VRPH�XQLYHUVLWLHV�DQG�LQVWLWXWHV�KDYH�DOUHDG\�DSSOLHG�EORFNFKDLQ�WHFKQRORJ\�LQWR�HGXFDWLRQ�

HLWKHU�DV�D�KHOSLQJ�WRRO�RU�DV�D�SDUW�RI�WKH�HGXFDWLRQDO�SURJUDPPH��EXW�PRVW�RI�WKHP�XVH�LW�WR�VXSSRUW�DFDGHPLF�

GHJUHH� PDQDJHPHQW� DQG� VXPPDWLYH� HYDOXDWLRQ� IRU� OHDUQLQJ� RXWFRPHV� �6KDUSOHV� DQG� 'RPLQJXH� �������

'LVWULEXWHG�OHGJHU�WHFKQRORJ\�SURPLVHV�WUDQVSDUHQW��VHFXUH�DSSOLFDWLRQV�WKDW�FDQ�EH�DFFHVVHG�E\�VWXGHQWV��

HPSOR\HHV�DQG�HPSOR\HUV�WR�YHULI\�HGXFDWLRQDO�UHFRUGV�LQGHSHQGHQW�RI�SURYLGHU�RU�ORFDWLRQ��:DOVK��������

,I� WKH�EORFNFKDLQ� LV� WDXJKW�� WKHQ� LW�ZRXOG�EH� WKH� ,&7�UHODWHG�VSHFLDOW\�ZKLOH�EXVLQHVV��DQG�PDQDJHPHQW�

RULHQWHG�VSHFLDOWLHV�GR�QHHG�WKH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�WHFKQRORJ\�DV�ZHOO��7KH�FULWLFLVP�RI�WKH�

EORFNFKDLQ�WHFKQRORJ\�SRWHQWLDO�WR�WUDQVIRUP�WKH�HGXFDWLRQ�LPSOLHV�UHGXFLQJ�HGXFDWLRQ�WR�HYDOXDWLRQ��DQG�

WKH�HYDOXDWLRQ�WR�WKH�VLPSOH�FHUWLILFDWLRQ�RI�FRPSHWHQFLHV��%DUWRORPp�HW�DO���������

1DPHO\�WKLV�NLQG�RI�DUJXPHQW�PRWLYDWHG�0U��-�6FRWW�&KULVWLDQVRQ��DV�DQ�HGXFDWRU��WR�VHDUFK�IRU�WKH�ZD\V�

WR�WHDFK�VWXGHQWV�DERXW�EORFNFKDLQ�WHFKQRORJ\�ZLWKRXW�RYHUZKHOPLQJ�WKHP�ZLWK�ORDGV�RI�WHFKQLFDO�GHWDLOV��

+H�ZDV�DOVR�FKDOOHQJHG�WR�GHVLJQ�D�KDQGV�RQ�H[HUFLVH�WKDW�FRXOG�EH�DSSOLHG�WR�DQ\�JURXS�RI�VWXGHQWV�IURP�

KLJK�VFKRRO�VWXGHQWV�WR�DGXOWV��&KULVWLDQVRQ�����D���7KLV�JDPH�LV�DOVR�DLPHG�DW�ODXQFKLQJ�WKH�GLVFXVVLRQ�RI�

EORFNFKDLQ¶V�UHDO�ZRUOG�DSSOLFDWLRQV�DPRQJ�WKH�VWXGHQWV�RI�GLIIHUHQW�DFDGHPLF�EDFNJURXQGV��&KULVWLDQVRQ�
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����D��� 7KLV� LQH[SHQVLYH�� QR�FRPSXWHU�� H[HUFLVH� KDV� EHHQ� XVHG� LQ� +LJKHU� (GXFDWLRQ� DQG� 3URIHVVLRQDO�

2UJDQL]DWLRQV�LQ�WKH�86��*HUPDQ\�DQG�8NUDLQH���

7KH� VXUYH\� ZKLFK� ZDV� GHVLJQHG� WR� DQDO\VH� WKH� HIIHFWLYHQHVV� RI� WKH� LQWHUDFWLYH� DQG� JDPLILFDWLRQ�

DSSURDFKHV�YLD�D�VHW�RI�TXHVWLRQV�DVNHG�EHIRUH�WKH�VWDUW�RI�WKH�JDPH�DQG�DIWHU�LWV�HQG��7KH�TXHVWLRQV�ZHUH�

WKH�IROORZLQJ��

��� ,�IHHO�FRQILGHQW�,�FRXOG�DQVZHU�VRPHRQH¶V�TXHVWLRQ��³:KDW�LV�EORFNFKDLQ"´�

��� ,�KDYH�D�WKRURXJK�XQGHUVWDQGLQJ�RI�UHDO�OLIH�DSSOLFDWLRQV�IRU�EORFNFKDLQ��

��� ,QIRUPDWLRQ�VWRUHG�LQ�D�EORFNFKDLQ�FDQ�EH�PRGLILHG�ODWHU��

���%ORFNFKDLQ�SUHYHQWV�IUDXGXOHQW�FKDQJHV�WR�WKH�OHGJHU�IURP�RFFXUULQJ���

���:KLFK�RI�WKH�IROORZLQJ�GHVFULEHV�WKH�EORFNFKDLQ�OHGJHU"�

���$�FHQWUDO�DXWKRULW\�HQVXUHV�WKH�YDOLGLW\�RI�EORFNFKDLQ�WUDQVDFWLRQV��

���2QO\�FHUWDLQ�LQGLYLGXDOV�RQ�WKH�EORFNFKDLQ�FDQ�VHH�WKH�WUDQVDFWLRQV�RFFXUULQJ��

��� ,I�D�SULYDWH�NH\�LV�ORVW��LW�FDQ�EH�UHWULHYHG�IURP�WKH�FHQWUDO�VHUYHU��

$V�LW�FRXOG�EH�ORJLFDOO\�H[SHFWHG�WKH�WUHQG�RI�WKH�DQVZHUV�ZHUH�WKH�VDPH�IRU�HDFK�TXHVWLRQ��IRU�H[DPSOH��

KHUH�LV�DQ�H[DPSOH�RI�WKH�VXUYH\�UHVXOWV�IRU�WKH�WZR�NH\�TXHVWLRQV��&KDUW���SUHVHQWV�WKH�UHVXOWV�REWDLQHG�DW�

WKH�$PHULFDQ�XQLYHUVLW\��

&+$57����7+(�5(68/76�2)�7+(�678'(176�)(('%$&.�,1�7+(�08��7+(�86$�

�
6RXUFH��2ZQ��
&KDUW���DQG���SUHVHQW�WKH�UHVXOWV�REWDLQHG�DW�WZR�8NUDLQLDQ�XQLYHUVLWLHV��

�
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/�ĨĞĞů�ĐŽŶĨŝĚĞŶƚ�/�ĐŽƵůĚ�ĂŶƐǁĞƌ�ƐŽŵĞŽŶĞ͛Ɛ�
ƋƵĞƐƚŝŽŶ͗�͞tŚĂƚ�ŝƐ�ďůŽĐŬĐŚĂŝŶ͍͟

Ϭ�с�EŽƚ�ĐŽŶĨŝĚĞŶƚ�Ăƚ�Ăůů͖�ϭϬ�с�sĞƌǇ�ĐŽŶĨŝĚĞŶƚ
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/�ŚĂǀĞ�Ă�ƚŚŽƌŽƵŐŚ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƌĞĂů�
ůŝĨĞ�ĂƉƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�ďůŽĐŬĐŚĂŝŶ͘�

Ϭ�с�EŽƚ�Ăƚ�Ăůů�ϭϬ�с�/�ŬŶŽǁ�ƐĞǀĞƌĂů�ƌĞĂů�ůŝĨĞ�
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�
6RXUFH��2ZQ��
7KH� UHVXOWV� DQDO\VLV� VWDWHV� WKDW� DW� OHDVW� ����RI� WKH� UHVSRQGHQWV� GLGQ¶W� NQRZ� WKH� DQVZHU� RQ� D� FHUWDLQ�

TXHVWLRQ�EHIRUH�WKH�JDPH��WKH�VKDUH�UDLVHV�XS�WR�����IRU�VRPH�TXHVWLRQV�ZKLFK�UHTXLUHV�VSHFLILF�NQRZOHGJH�

EDFNJURXQG�DERXW�WKH�JDPH��DQG�DW�OHDVW������RI�WKH�UHVSRQGHQWV�LPSURYHG�WKHLU�NQRZOHGJH�DIWHU�WKH�JDPH�

�WKH�VKDUH�UDLVHV�XS�WR�����IRU�VRPH�TXHVWLRQV����

$V� DQ� H[SHULPHQW� VKRZV�� WKH� DEVHQFH� RI� WKH� LQWHUDFWLRQ� GXULQJ� WKH� JDPH� DQG� GLVFXVVLRQV� DIWHUZDUGV�

GHFUHDVHV�WKH�SHUFHQWDJH�RI�WKH�VWXGHQWV�WKDW�KDYH�LPSURYHG�WKHLU�NQRZOHGJH�DERXW�WKH�EORFNFKDLQ��DV�ZHOO�

DV�LWV�SKLORVRSK\�DQG�SRVVLEOH�LPSOLFDWLRQV��'XULQJ�WKH�JDPH�DQG�GXULQJ�WKH�GLVFXVVLRQ�DIWHUZDUG�WKH�PRVW�

IUHTXHQWO\�DVNHG�TXHVWLRQV�ZHUH��

���:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�EORFNFKDLQ�DQG�ELWFRLQ"��

���:KDW�LI�D�SULYDWH�NH\�LV�ORVW"��

��� ,V�LW�UHDOO\�D�JRRG�LGHD�WR�VWRUH�JUDGHV�RQ�D�EORFNFKDLQ"��

���+RZ�GR�\RX�GHWHUPLQH�ZKDW�LV�D�JRRG�DSSOLFDWLRQ�IRU�EORFNFKDLQ"��
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���+RZ�FDQ�SHRSOH�KDFN�D�EORFNFKDLQ"��

���+RZ�ZRXOG�WKLV�EH�XVHG�LQ�>DFFRXQWLQJ��VXSSO\�FKDLQ��ILQDQFH@"�

��� ,V�ELWFRLQ�ZRUWK�DQ\WKLQJ"��

7KH�PDLQ�FRQFOXVLRQ�DIWHU�WKH�JDPH�SUDFWLFLQJ�LV�WKDW��IRU�WKH�EORFNFKDLQ�WR�PDNH�D�VLJQLILFDQW�LPSDFW�RQ�

WKH�VRFLHW\�OLIH�ZLWK�DOO�WKH�SRWHQWLDO�LW�KDV��JUDVVURRWV�OHYHO�FKDQJH�LQ�LWV�XQGHUVWDQGLQJ�LV�GHILQLWHO\�UHTXLUHG��

DV�ZHOO�DV�FROODERUDWLRQ�IURP�DOO�WKH�VWDNHKROGHUV��IURP�HGXFDWRUV�WR�SUDFWLWLRQHUV��

&RQFOXVLRQ�
$FFRUGLQJ� WR� RQH� RI� WKH� ZKLWHSDSHUV� RI� WKH� &RJQL]DQW�� DQ� $PHULFDQ� PXOWLQDWLRQDO� FRUSRUDWLRQ� WKDW�

SURYLGHV�,7�VHUYLFHV��WKH�FXUUHQW�DGRSWLRQ�UDWHV�RI�WKH�EORFNFKDLQ�ZLOO�FRQWLQXH�WR�LQFUHDVH�DQG�WKDW�LV�ZK\�

WKH�EORFNFKDLQ¶V�OHDUQLQJ�DQG�LPSOHPHQWDWLRQ�UDLVHV�FRPSUHKHQVLYH�WHFKQRORJLFDO��RSHUDWLQJ�DQG�EXVLQHVV�

PRGHOOLQJ� LVVXHV�� ,W� DOVR� GHPDQGV� FROODERUDWLRQ� RI� WKH� GLIIHUHQW� SDUWLHV� WR� H[SHULPHQW� DQG� GHSOR\� WKH�

SKLORVRSK\�RI�WKH�GLVWULEXWHG�OHGJHU�WHFKQRORJ\��&RJQL]DQW�������,QVLJKWV��������7R�FRQFOXGH�RXU�UHVHDUFK��

ZH�QRWH�WKDW�DFWLYH�OHDUQLQJ�PHWKRGV�PRGLI\�WKH�UROH�RI�WKH�WHDFKHU�IURP�WKH�WUDQVODWRU�RI�WKH�LQIRUPDWLRQ�WR�

WKH� RUJDQL]HU� DQG� FRRUGLQDWRU� RI� WKH� HGXFDWLRQDO� SURFHVV�� ZKLFK� PDNHV� LW� SRVVLEOH� WR� IRUP� FRPSOH[�

FRPSHWHQFHV�YLD�WKH�VWXGHQWV¶�GLUHFW�HQJDJHPHQW�LQ�WKH�KDQGV�RQ�SUDFWLFHV�OLNH�RXU�JDPH��7KH�H[SHULPHQW�

UHVXOWV�GHPRQVWUDWH�WKDW�ERWK�LQ�WKH�86$�DQG�LQ�8NUDLQH�IURP���WR�����RI�WKH�JDPH�SDUWLFLSDQWV�EHQHILWHG�

IURP�WKH�H[SHULHQFH��,Q�DGGLWLRQ��WKHUH�ZHUH�QR�FURVV�FXOWXUDO�GLIIHUHQFHV�LGHQWLILHG�GXULQJ�WKH�H[SHULPHQW�

WKDW� FRXOG� KDYH� DIIHFWHG� WKH� HIILFDF\� RI� VXFK� D� VLPXODWLRQ�� 7KH�PDLQ� FKDOOHQJHV� IRU� WHDFKLQJ� DERXW� WKH�

EORFNFKDLQ�ZHUH�FDXVHG�E\�WKH�ORZ�FRPSXWHU�OLWHUDF\��DEVHQFH�RI�VNLOOV�LQ�SHUVRQDO�DGRSWLRQ�RI�WKH�QHZHVW�

WHFKQRORJLHV��FRPELQHG�ZLWK�ORZ�DYDLODELOLW\�LQ�WKH�SUHYLRXV�HGXFDWLRQDO��7KLV�ZDV�GLVFRYHUHG�PRVWO\�GXULQJ�

WKH�JURXS�GLVFXVVLRQV�DQG�SHUVRQDO�IHHGEDFN�RI�WKH�JDPH�SDUWLFLSDQWV��

,W�VKRXOG�EH�QRWHG�WKDW�WKH�JDPH�LV�QRW�OLPLWHG�WR�WKH�SUHVHQWHG�FRUH�FRQFHSWV�DQG�LV�RSHQ�IRU�DQ\�XVHIXO�

PRGLILFDWLRQ� DQG� D�ZLVH� H[SDQVLRQ� WR� RWKHU� FRQFHSWV� OLNH� VPDUW� FRQWUDFWV�� VXSSO\� FKDLQ�� HWF��'XH� WR� WKH�

UHOHYDQW�FKDQJHV�RI�WKH�WHDFKHUV��WKH�VWXGHQWV�FDQ�OHDUQ�DERXW�DQRQ\PLW\��GHFHQWUDOL]DWLRQ��DQG�LPPXWDELOLW\�

RI� WKH� VKDUHG� OHGJHU� �EORFNFKDLQ���7KH� SRWHQWLDO� RI� WKH�JDPH�PD\�EH� LQFUHDVHG� LQ� RUGHU� WR� GLVFRYHU� WKH�

EORFNFKDLQ� LPSOLFDWLRQV� DV� D� V\VWHP�RI� FHQWUDOL]HG� GDWD� ORJJLQJ� WR� D� GLVWULEXWHG� V\VWHP� WKDW� HQVXUHV� WKH�

PDLQWHQDQFH�RI�SULYDF\���

+RZHYHU��WKH�JDPH�GHVLJQHU�ZLOOLQJ�WR�XQYHLO�WKH�EORFNFKDLQ�IXOO�SRWHQWLDO�PXVW�UHPHPEHU�WKDW�WKH�PDMRU�

FKDOOHQJHV� OD\�ZLWK� WKH� GLIILFXOWLHV�RI� LWV� QRW� HDV\� DQG� LPPHGLDWH� LPSOHPHQWDWLRQ�EHFDXVH�RI� WKH� VRFLDO��

WHFKQRORJLFDO�DQG�HFRQRPLF�UHDVRQV��DV�ZHOO�DV�FKDOOHQJHV�LQ�DUHDV�RI�IXQFWLRQDOLW\��SULYDF\��WUDQVSDUHQF\��

DQG�SRVVLEO\�WKH�FKDQJHV�ZKLFK�DUH�QRW�DOZD\V�GHVLUDEOH��7KH�PDLQ�DLP�RI�JDPLILFDWLRQ�WR�IRVWHU�KXPDQ�

PRWLYDWLRQ�DQG�SHUIRUPDQFH�WRZDUGV�D�FHUWDLQ�DFWLYLW\��6DLOHU�������±�EORFNFKDLQ�LQ�RXU�FDVH��ZDV�DFKLHYHG��

$W�OHDVW�����RI�WKH�JDPH�SDUWLFLSDQWV�LQ�ERWK�H[DPLQHG�FRXQWULHV���8NUDLQH�DQG�WKH�86$�±�H[SUHVVHG�WKHLU�

PRWLYDWLRQ�WR�OHDUQ�PRUH�DQG�ZRUN�RYHU�WKH�SRVVLEOH�DSSOLFDWLRQ�RI�WKH�EORFNFKDLQ�LQ�WKHLU�IXWXUH�SURIHVVLRQDO�
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DFWLYLWLHV�� 7KH� QXPEHU� RI� UHVHDUFKHUV� DQG� SUDFWLWLRQHUV� DOUHDG\� FRQGXFW� WKH� LQYHVWLJDWLRQV� RQ� KRZ� WKH�

EORFNFKDLQ�WHFKQRORJLHV�LPSDFWV�RQ�WKH�FXUUHQWO\�H[LVWLQJ�EXVLQHVV�PRGHOV��0RUNXQDV��3DVFKHQ��%RRQ�������

�$QJHOLVD��5LEHLUR�GD�6LOYD��������

7KHUH�DUH�VHYHUDO�GUDZEDFNV�WR�WKLV�H[HUFLVH��DV�WKHUH�DUH�ZLWK�DOO�LQVWUXFWRU�OHDG�DFWLYLWLHV��)LUVW��LW�UHOLHV�

RQ�WKH�LQVWUXFWRU�PDNLQJ�QR�PLVWDNHV�ZKHQ�JLYLQJ�GLUHFWLRQV�WR�WKH�VWXGHQWV�RU�ZDONLQJ�WKHP�WKURXJK�WKH�

H[HUFLVH��,I�WKH�ZURQJ�GLUHFWLRQV�DUH�PDGH��LW�FDQ�EH�YHU\�GLIILFXOW�WR�JHW�WKH�JURXS�EDFN�RQ�WUDFN��$V�VXFK�

VRPH�SUDFWLFH�VHVVLRQV�DUH�UHFRPPHQGHG��,I�VWXGHQWV�GRQ
W�KDYH�D�EDVLF�XQGHUVWDQGLQJ�RI�D�VWDQGDUG�OHGJHU��

LW� FDQ� DOVR� EH� YHU\� GLIILFXOW� IRU� WKHP� WR� XQGHUVWDQG� WKH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� D� FHQWUDO� DQG�

GLVWULEXWHG�OHGJHU��

$�JURZLQJ�LQWHUHVW� LQ�WKH�WHFKQRORJ\�GHPDQGV�WKH�QHFHVVLW\�WR�RSHQ�FULWLFDO�PLQGV�FRPELQHG�ZLWK�WKH�

SHUVRQDOL]HG�OHDUQLQJ�DQG�FDULQJ�HGXFDWRUV��&XUUHQW�WHFKQRORJLHV�YLVLRQ�DQG�WKH�FXOWXUDO�PLQGVHWV�PD\�VKLIW�

LQ�WKH�IXWXUH�WR�D�GLIIHUHQW�GLUHFWLRQ�DQG�EHFDXVH�RI�WKHVH�XQFHUWDLQWLHV�DERXW�WKH�SRWHQWLDO�LPSDFW�RI�VPDUW�

WUDQVDFWLRQDO�PRGHOV�RQ�HGXFDWLRQ�DQG�EXVLQHVV�GHPDQGV�IURP�WKH�HGXFDWRUV�D�PRUH�FRPSUHKHQVLYH�WHDFKLQJ�

DSSURDFK��,W�LV�QRW�HQRXJK�WR�WHDFK�DERXW�WKH�EORFNFKDLQ��LW�LV�QHFHVVDU\�WR�VHW�D�SURSHU�XQGHUVWDQGLQJ�RI�WKH�

SKLORVRSK\�KRZ�WR�DSSO\�DOLNH�WHFKQRORJLFDO�VROXWLRQV��7KLV�ZLOO�KHOS�WKH�VWXGHQWV�WR�EH�UHDG\�IRU�WKH�PDMRU�

VRFLDO�DQG�WHFKQRORJLFDO�VKLIWV�WKDW�PD\�FRPH�LQ�WKH�QHDUHVW�IXWXUH�RI�WKH�KXPDQ�GHYHORSPHQW��

5HIHUHQFHV�
$DVKLVK��6KDUPD��������³%ORFNFKDLQ�&RXOG�5HYROXWLRQL]H�(GXFDWLRQ�1H[W��+HUH¶V�+RZ³��+DFNHUQRRQ��

KWWSV���KDFNHUQRRQ�FRP�EORFNFKDLQ�FRXOG�UHYROXWLRQL]H�HGXFDWLRQ�QH[W�KHUHV�KRZ��E���EGI������

DFFHVVHG�RQ���VW�0D\�������

$QJHOLVD�� -���5LEHLUR�GD�6LOYD��(���������³%ORFNFKDLQ�DGRSWLRQ��$�YDOXH�GULYHU�SHUVSHFWLYH´��%XVLQHVV�

+RUL]RQV����������SS�����������

$\HUV�� 5��� ������ ³+RZ� :LOO� %ORFNFKDLQ� 7UDQVIRUP� WKH� (GXFDWLRQ� 6\VWHP"� 'DWDFRQRP\��

KWWSV���GDWDFRQRP\�FRP���������KRZ�ZLOO�EORFNFKDLQ�WUDQVIRUP�WKH�HGXFDWLRQ�V\VWHP��� DFFHVVHG� RQ� ��VW�

0D\�������

%DUWRORPp��$��5���HW�DO���������³%ORFNFKDLQ�LQ�(GXFDWLRQ��,QWURGXFWLRQ�DQG�&ULWLFDO�5HYLHZ�RI�WKH�6WDWH�

RI� WKH� $UW´�� ('87(&�� 5HYLVWD� (OHFWUyQLFD� GH� 7HFQRORJtD�� 1XP�� ����

KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B%/2&.&+$,1B,1B('8&$7,21B,1752'8&7,

21B$1'B&5,7,&$/B5(9,(:B2)B7+(B67$7(B2)B7+(B$57��DFFHVVHG�RQ���VW�0D\�������

%H]]XE�� ,�� 2��� ������ ³,QIRUPDWLRQ�0XOWLPHGLD� 7HFKQRORJLHV� LQ� +LJKHU� (GXFDWLRQ� DV� D� )DFWRU� LQ� WKH�

0RGHUQL]DWLRQ�RI�WKH�(GXFDWLRQDO�,QIRUPDWLRQ�6SDFH´��LQ��)RUXP�,QWHUQDWLRQDO�6FLHQWLILF�&RQIHUHQFH�³7KH�

3ODFH� DQG� 5ROH� RI� /LEUDULHV� LQ� WKH� )RUPDWLRQ� RI� WKH� 1DWLRQDO� ,QIRUPDWLRQ� 6SDFH´��

KWWS���FRQIHUHQFH�QEXY�JRY�XD�UHSRUW�YLHZ�LG�������DFFHVVHG�RQ���VW�0D\�������
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%OD\RQH��7RGG� -��%��� HW� DO��� ������ ³3URILOLQJ� WKH�'LJLWDO�5HDGLQHVV� RI�+LJKHU�(GXFDWLRQ�6WXGHQWV� IRU�

7UDQVIRUPDWLYH�2QOLQH�/HDUQLQJ�LQ�WKH�3RVW�VRYLHW�1DWLRQV�RI�*HRUJLD�DQG�8NUDLQH´��,QWHUQDWLRQDO�-RXUQDO�

RI� (GXFDWLRQDO� 7HFKQRORJ\� LQ� +LJKHU� (GXFDWLRQ�� ��� ���� KWWSV���GRL�RUJ���������V������������������ RQ�

DFFHVVHG�RQ���VW�0D\�������

%ORFNFKDLQ� $SS� )DFWRU\�� ������ ³6PDUW� &RQWUDFW� 'HYHORSPHQW�� %ORFNFKDLQ� $SS� )DFWRU\´��

KWWSV���ZZZ�EORFNFKDLQDSSIDFWRU\�FRP�VPDUW�FRQWUDFW�GHYHORSPHQW��DFFHVVHG�RQ���VW�0D\�������

%XKDMFKXN��.��/���������³0L[HG�/HDUQLQJ��7KHRUHWLFDO�$QDO\VLV�DQG�6WUDWHJ\�IRU�,PSOHPHQWDWLRQ�LQ�WKH�

(GXFDWLRQDO�3URFHVV�RI�+LJKHU�(GXFDWLRQ�,QVWLWXWLRQV´��,QIRUPDWLRQ�7HFKQRORJ\�DQG�/HDUQLQJ�7RROV���������

KWWS���GVSDFH�XQLYG�HGX�XD�[POXL�KDQGOH�����������������DFFHVVHG�RQ��0D\��WKH���WK��������

%*$��������³%ORFNFKDLQ�*DPH�$OOLDQFH´��KWWSV���EORFNFKDLQJDPHDOOLDQFH�RUJ���DFFHVVHG�RQ���VW�0D\�

������

&KULVWLDQVRQ��-��6�������D��³7KH�%ORFNFKDLQ�*DPH´��,QVWUXFWDEOHV��KWWSV���ZZZ�LQVWUXFWDEOHV�FRP�LG�7KH�

%ORFNFKDLQ�*DPH���DFFHVVHG�RQ���WK�-XQH�������

&KULVWLDQVRQ��-��6�������E��³7KH�%ORFNFKDLQ�*DPH��$�JUHDW�QHZ�WRRO�IRU�\RXU�FODVVURRP´��,%0��$SULO�����

KWWSV���ZZZ�LEP�FRP�EORJV�EORFNFKDLQ���������WKH�EORFNFKDLQ�JDPH�D�JUHDW�QHZ�WRRO�IRU�\RXU�

FODVVURRP���DFFHVVHG�RQ�-XQH��WKH���WK��������

&RJQL]DQW�� ������ ³%ORFNFKDLQ� *RHV� WR� 6FKRRO´�� &RJQL]DQW� ������ ,QVLJKWV�� 0DUFK�� S�����

KWWSV���ZZZ�FRJQL]DQW�FRP�ZKLWHSDSHUV�EORFNFKDLQ�JRHV�WR�VFKRRO�FRGH[�����SGI��DFFHVVHG�RQ���VW�0D\�

������

'LJLWDO�DJHQGD� GDWD�� ������ ³7KH�'LJLWDO� (FRQRP\� DQG� 6RFLHW\� ,QGH[� �'(6,�´�� KWWSV���GLJLWDO�DJHQGD�

GDWD�HX�GDWDVHWV�GHVL�YLVXDOL]DWLRQV�DFFHVVHG�RQ���VW�0D\�������

)DGLOSDVLF��6���������³7KH�%ORFNFKDLQ�*DPH��7HDFKLQJ�6WXGHQWV�DERXW�1RGHV��+DVKHV��6PDUW�&RQWUDFWV´��

7HFK$FXWH�FRP�� 0D\� ���� KWWSV���WHFKDFXWH�FRP�EORFNFKDLQ�JDPH�HGXFDWLRQ�FKULVWLDQVRQ��� ��� DFFHVVHG� RQ�

��VW�0D\�������

*UDVO��2���������³8QGHUVWDQGLQJ� WKH�%HHU�*DPH��8VLQJ�6\VWHP�7KLQNLQJ� WR� ,PSURYH�*DPH�5HVXOWV´��

7UDQVHQWLV�&RQVXOWLQJ��-DQXDU\�����KWWSV���ZZZ�WUDQVHQWLV�FRP�XQGHUVWDQGLQJ�WKH�EHHU�JDPH���DFFHVVHG�RQ�

��VW�0D\�������

*ULPHV�� *��� ������ ³7KH� %ORFNFKDLQ� *DPH´�� &ROXPELD� %XVLQHVV� 7LPHV�� 0DUFK� ����

KWWSV���FROXPELDEXVLQHVVWLPHV�FRP������������WKH�EORFNFKDLQ�JDPH��DFFHVVHG�RQ���VW�0D\�������

,%0� %ORFNFKDLQ�� ������ ³7XUQLQJ� WDON� LQWR� WDQJLEOH� EXVLQHVV� RXWFRPHV´�� ,%0��

KWWSV���ZZZ�LEP�FRP�EORFNFKDLQ��DFFHVVHG�RQ���VW�0D\�������
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,YDQFVLFV�� %��� ������ ³'HFHQWUDOL]HG� 9HQWXUHV�� %ORFNFKDLQV� 0HHW� ,QQRYDWLYH�� 6PDUW� %XVLQHVVHV´��

&RXPELD� 8QLYHUVLW\� ,%0�&HQWHU� IRU� %ORFNFKDLQ� DQG� 'DWD� 7UDQVSDUHQF\�� KWWSV���FX�LEP�EORFNFKDLQ�

GDWD�FROXPELD�HGX�QHZV�GHPR�GD\��DFFHVVHG�RQ���VW�0D\�������

.DPLQVN\L��2��<���<HUHVKNR��<��2���.\U\FKHQNR��6��2���������³'LJLWDO�7UDQVIRUPDWLRQ�RI�8QLYHUVLW\�

(GXFDWLRQ�LQ�8NUDLQH��7UDMHFWRULHV�RI�'HYHORSPHQW�LQ�WKH�&RQGLWLRQV�RI�1HZ�7HFKQRORJLFDO�DQG�(FRQRPLF�

2UGHU´��,QIRUPDWLRQ�7HFKQRORJLHV�DQG�/HDUQLQJ�7RROV����������SS�����������

.HYLQ��5���������³��:D\V�%ORFNFKDLQ�,V�5HYROXWLRQL]LQJ�+LJKHU�(GXFDWLRQ´��)RUEHV��2UDFOH�%UDQGYRLFH��

KWWSV���ZZZ�IRUEHV�FRP�VLWHV�RUDFOH��������������ZD\V�EORFNFKDLQ�LV�UHYROXWLRQL]LQJ�KLJKHU�

HGXFDWLRQ�������HG��F����DFFHVVHG�RQ���VW�0D\�������

.LQJ�� .��� HW� DO��� ������ ³/HDUQLQJ� RQ� WKH� %ORFN�� &RXOG� 6PDUW� 7UDQVDFWLRQDO� 0RGHOV� +HOS� 3RZHU�

3HUVRQDOL]HG�/HDUQLQJ"´��.QRZOHGJH�:RUNV�)RUHFDVW������

.X]PLQVND��2���������³6WXG\�RI�'LJLWDO�&RPSHWHQFH�RI�WKH�6WXGHQWV�DQG�7HDFKHUV´��LQ��,&7(5,�������

0D\��������������.\LY��8NUDLQH����&KDP��6ZLW]HUODQG��6SULQJHU��SS��������������

/\DVKFKHQNR��7���+U\VKXQLQD��0���3LFKNXU��9���������³*DPLILFDWLRQ�DV�2QH�RI�WKH�,QQRYDWLYH�)RUPV�RI�

WKH�7UDLQLQJ�3URFHVV´��0DQDJHPHQW�RI�GHYHORSPHQW�RI�FRPSOH[�V\VWHPV��9RO������S�����

0RUNXQDV�� 9�� -��� 3DVFKHQ�� -��� %RRQ�� (��� ������ ³+RZ� EORFNFKDLQ� WHFKQRORJLHV� LPSDFW� \RXU� EXVLQHVV�

PRGHO´��%XVLQHVV�+RUL]RQV���������SS�����������

5DWKV��'���������³+RZ�%ORFNFKDLQ�:LOO�'LVUXSW�WKH�+LJKHU�(GXFDWLRQ�7UDQVFULSW³��&DPSXV�7HFKQRORJ\��

KWWSV���FDPSXVWHFKQRORJ\�FRP�DUWLFOHV������������KRZ�EORFNFKDLQ�ZLOO�GLVUXSW�WKH�KLJKHU�HGXFDWLRQ�

WUDQVFULSW�DVS[��DFFHVVHG�RQ���VW�0D\�������

6DLOHU��0���������³+RZ�JDPLILFDWLRQ�PRWLYDWHV��$Q�H[SHULPHQWDO�VWXG\�RI�WKH�HIIHFWV�RI�VSHFLILF�JDPH�

GHVLJQ�HOHPHQWV�RQ�SV\FKRORJLFDO�QHHG�VDWLVIDFWLRQ´��&RPSXWHUV� LQ�+XPDQ�%HKDYLRU��9RO������$SULO��SS��

����������

6KDUSOHV��0LNH� DQG� 'RPLQJXH�� -RKQ�� ������ ³7KH� %ORFNFKDLQ� DQG� .XGRV�� $� 'LVWULEXWHG� 6\VWHP� IRU�

(GXFDWLRQDO� 5HFRUG�� 5HSXWDWLRQ� DQG� 5HZDUG´� ,Q�� 9HUEHUW�� .��� 6KDUSOHV�� 0�� DQG� .OREXFDU�� 7�� �(GV����

$GDSWLYH� DQG�$GDSWDEOH�/HDUQLQJ�� �(&�7(/� ������� /\RQ�� )UDQFH�� /HFWXUH�1RWHV� LQ�&RPSXWHU�6FLHQFH��

6ZLW]HUODQG��6SULQJHU��SS�����±�����

6ROXORLG�� ������ ³%ORFNFKDLQ� 7HFKQRORJ\� LQ� (GXFDWLRQ� 6HFWRU� ±� %HQHILWV� 	� 8VH� &DVHV´�� 6ROXORLG��

WWSV���VROXORLG�FRP�EORFNFKDLQ�WHFKQRORJ\�LQ�HGXFDWLRQ�VHFWRU���DFFHVVHG�RQ���VW�0D\�������

6WUDWHJ\�IRU�GHYHORSPHQW�RI�WKH�VSKHUH�RI�LQQRYDWLYH�DFWLYLW\�IRU�WKH�SHULRG�WLOO�������������&DELQHW�RI�

0LQLVWHUV� RI� 8NUDLQH� 'HFUHH� 1R�� ���� RI� -XO\� ���� �����ɪ�� *RYHUQPHQWDO� SRUWDO��
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KWWSV���ZZZ�NPX�JRY�XD�XD�QSDV�SUR�VKYDOHQQ\D�VWUDWHJL\L�UR]YLWNX�VIHUL�LQQRYDFLMQR\L�GL\DOQRVWL�QD�

SHULRG�GR������URNX��DFFHVVHG�RQ���VW�0D\�������

7KHLU��'���������³+RUL]RQ�,V�$�1HZ�'HYHORSHU�7KDW�:DQWV�7R�0DNH�$�%ORFNFKDLQ�&DUG�*DPH�7KDW�

:RUNV´�� )RUEHV�� -XO� ���� KWWSV���ZZZ�IRUEHV�FRP�VLWHV�GDYLGWKLHU������������KRUL]RQ�LV�D�QHZ�GHYHORSHU�

WKDW�ZDQWV�WR�PDNH�D�EORFNFKDLQ�FDUG�JDPH�WKDW�ZRUNV�����H���I��G���DFFHVVHG�RQ���VW�0D\�������

8QLYHUVD�� ������ ³%ORFNFKDLQ� LQ� (GXFDWLRQ´�� 0HGLXP�� 8QLYHUVD� %ORFNFKDLQ��

KWWSV���PHGLXP�FRP�XQLYHUVDEORFNFKDLQ�EORFNFKDLQ�LQ�HGXFDWLRQ���DG���E�H���� DFFHVVHG� RQ� ��VW� 0D\�

������

9%��������³7KH�ZRUOG�RI�EORFNFKDLQ�DQG�JDPHV�FRPHV�WR�*DPHV%HDW�6XPPLW�����´�9%�VWDII��$SULO�����

KWWSV���YHQWXUHEHDW�FRP������������WKH�ZRUOG�RI�EORFNFKDLQ�DQG�JDPHV�FRPHV�WR�JDPHVEHDW�VXPPLW��

DFFHVVHG�RQ���VW�0D\�������

:DOVK�� 1��� ������ ³:LOO� %ORFNFKDLQ� WHFKQRORJ\� GLVUXSW� (GXFDWLRQ"´�� /HDUQRYDWH��

KWWSV���ZZZ�OHDUQRYDWHFHQWUH�RUJ�ZLOO�EORFNFKDLQ�GLVUXSW�HGXFDWLRQ���DFFHVVHG�RQ���WK�-XQH�������
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