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7KLV�VSHFLDO�HGLWLRQ�FDPH�DERXW�DV�WKH�UHVXOW�RI�D�GLVFXVVLRQ�DW�,&276���LQ�$UL]RQD�

EHWZHHQ�0D[LQH�3IDQQNXFK�DQG�WKH�JXHVW�HGLWRUV��-LP�5LGJZD\�DQG�-DPHV�1LFKROVRQ��,W�
DURVH�IURP�DQ�DZDUHQHVV�WKDW�FRQFHSWLRQV�RI�VWDWLVWLFDO� OLWHUDF\�QHHG�WR�EH�XSGDWHG��VHH��
H�J��� 5LGJZD\�� 1LFKROVRQ�� 	� 0F&XVNHU�� ������� :H� KDYH� EHHQ� KHOSHG� JUHDWO\� LQ� WKH�
SUHSDUDWLRQ�RI�WKLV�VSHFLDO�HGLWLRQ�E\�WKH�FR�HGLWRU�0DQIUHG�%RURYFQLN�ZKRVH�HQHUJ\�DQG�
H[SHUWLVH� KDYH� EHHQ� LQYDOXDEOH�� 7KHUH� DUH� VWULGHQW� FDOOV� IRU� FXUULFXOXP� UHIRUP� DQG� D�
YDULHW\� RI� LGHDV� RQ�ZKDW� WKH� QDWXUH�RI� WKHVH� UHIRUPV� VKRXOG� EH�� �H�J���&REE�� ������ DQG�
DVVRFLDWHG�UHVSRQVHV���*LYHQ�WKH�ZLGH�YDULHW\�RI�RSLQLRQV�DQG�VXJJHVWLRQV�IRU�DFWLRQ��ZH�
LQYLWHG� HVVD\V�� DV� ZHOO� DV� HPSLULFDO� UHVHDUFK� RQ� VWDWLVWLFDO� OLWHUDF\�� )XOO� SDSHUV� KDYH�
XQGHUJRQH� WKH�QRUPDO�6(5-�SHHU� UHYLHZ�SURFHVV�� WKH�LQYLWHG�HVVD\V�KDYH�QRW�EHHQ�SHHU�
UHYLHZHG�DQG�SUHVHQW�WKH�DXWKRUV¶�RZQ�YLHZV��7KHUH�LV�D�VHW�RI�WKUHH�RSLQLRQ�SLHFHV�RQ�WKH�
WKHPH� RI� µ$JDLQVW� LQIHUHQWLDO� VWDWLVWLFV�� KRZ� DQG�ZK\� FXUUHQW� VWDWLVWLFV� WHDFKLQJ� JHWV� LW�
ZURQJ¶�� 7KLV� KDV� WKH� VWUXFWXUH� RI� D� GLVFXVVLRQ� ±�PDLQ� DUJXPHQW�� UHVSRQVH� DQG� DXWKRUV¶�
UHSO\�WR�WKH�UHVSRQVH��7KH�UROH�RI�LQIHUHQWLDO�VWDWLVWLFV�LV�D�FXUUHQW�DQG�FRQWURYHUVLDO�WRSLF�
LQ�VWDWLVWLFV�DQG�VFLHQFH�PRUH�JHQHUDOO\��DQG�ZH�KRSH�WKHVH�WKUHH�SDSHUV�ZLOO�SURPRWH�DQG�
SURYRNH�IXUWKHU�GLVFXVVLRQ��
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:H�WDNH�D�81(6&2��������GHILQLWLRQ�RI�OLWHUDF\�DV�D�VWDUWLQJ�SRLQW��
³/LWHUDF\� LV� WKH� DELOLW\� WR� LGHQWLI\�� XQGHUVWDQG�� LQWHUSUHW�� FUHDWH�� FRPPXQLFDWH� DQG�
FRPSXWH� >���@� /LWHUDF\� LQYROYHV� D� FRQWLQXXP� RI� OHDUQLQJ� LQ� HQDEOLQJ� LQGLYLGXDOV� WR�
DFKLHYH�WKHLU�JRDOV��WR�GHYHORS�WKHLU�NQRZOHGJH�DQG�SRWHQWLDO��DQG�WR�SDUWLFLSDWH�IXOO\�
LQ�WKHLU�FRPPXQLW\�DQG�ZLGHU�VRFLHW\�´��

7KH�2FHDQV�RI�'DWD�,QVWLWXWH��2',��������GHVFULEHV�D�GDWD�OLWHUDWH�LQGLYLGXDO�DV�RQH�ZKR��
³XQGHUVWDQGV��H[SODLQV��DQG�GRFXPHQWV�WKH�XWLOLW\�DQG�OLPLWDWLRQV�RI�GDWD�E\�EHFRPLQJ�
D�FULWLFDO�FRQVXPHU�RI�GDWD��FRQWUROOLQJ�KLV�KHU�SHUVRQDO�GDWD�WUDLO��ILQGLQJ�PHDQLQJ�LQ�
GDWD�� DQG� WDNLQJ� DFWLRQ� EDVHG� RQ� GDWD�� 7KH� GDWD�OLWHUDWH� LQGLYLGXDO� FDQ� LGHQWLI\��
FROOHFW��HYDOXDWH��DQDO\]H��LQWHUSUHW��SUHVHQW��DQG�SURWHFW�GDWD�´�
:H�DUH�OLYLQJ�LQ�LQWHUHVWLQJ�WLPHV��7KHUH�KDV�EHHQ�D�GUDPDWLF�LQFUHDVH�LQ�WKH�YROXPH�

DQG� TXDOLW\� RI� GDWD� DYDLODEOH� IURP� RIILFLDO� VRXUFHV� WKDW� FDQ� EH� XVHG� WR� JXLGH� GHFLVLRQ�
PDNLQJ��QHZ�DQG�H[FLWLQJ�ZD\V�WR�SUHVHQW�DQG�DQDO\VH�GDWD��H�J���YLD�GDWD�YLVXDOLVDWLRQ���
QRYHO� VRUWV� RI� GDWD� �H�J��� ELJ� GDWD��� DQG� QHZ� DPELWLRQV� �H�J���PHDVXULQJ� KDUG� WR� GHILQH�
��������������������������������������������������������
6WDWLVWLFV�(GXFDWLRQ�5HVHDUFK�-RXUQDO���������������KWWS���LDVH�ZHE�RUJ�3XEOLFDWLRQV�SKS"S 6(5-��
��,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�6WDWLVWLFDO�(GXFDWLRQ��,$6(�,6,���0D\�������
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FRQVWUXFWV� DVVRFLDWHG� ZLWK� VRFLDO� SURJUHVV��� WKHVH� DOO� SUHVHQW� QHZ� FKDOOHQJHV� DQG�
RSSRUWXQLWLHV��1HYHUWKHOHVV��VWDWLVWLFLDQV�DQG�VWDWLVWLFV�HGXFDWRUV�DUH�IDFLQJ�DQ�H[LVWHQWLDO�
FULVLV�GULYHQ�E\� WZR�UDGLFDOO\�GLIIHUHQW�IRUFHV��7KH�ILUVW� LV�DVVRFLDWHG�ZLWK�D� µSRVW�WUXWK¶�
HUD�ZKHUH�WKH�SKUDVH�µDOWHUQDWLYH�IDFWV¶�LV�D�V\QRQ\P�IRU�GHOLEHUDWH�GHFHSWLRQ��ZKHUH�QHZV�
VWRULHV� DUH� LQYHQWHG� WKHQ� FLUFXODWHG� ZLGHO\� YLD� VRFLDO� PHGLD�� DQG� ZKHUH� OHJLWLPDWH�
MRXUQDOLVP�LV�URXWLQHO\�ODEHOOHG�DV�µIDNH�QHZV¶�E\�WKH�3UHVLGHQW�RI�WKH�86$��7KH�VHFRQG�LV�
WKH� H[SORVLRQ� RI� PDFKLQH� OHDUQLQJ� WHFKQLTXHV� EHLQJ� DSSOLHG� WR� ODUJH� GDWD� VHWV�� DQG�
DVVRFLDWHG�KXEULV�DURXQG�µWKH�HQG�RI�WKHRU\¶��H�J���$QGHUVRQ���������

,Q�WKH�LQYLWHG�HVVD\V�SDUWLFXODUO\��PDQ\�DXWKRUV�DUJXH�WKDW�FKDQJHV�LQ�DYDLODEOH�GDWD�
VRXUFHV��DQG�LQ�ZD\V�WR�FRPPXQLFDWH�DERXW�HYLGHQFH�VKRXOG�EH�DVVRFLDWHG�ZLWK�FKDQJHV�
LQ�RXU�LGHDV�DERXW�VWDWLVWLFDO�OLWHUDF\���

5REHUW�*UDQW�H[SORUHV�WKH�UHODWLRQVKLSV�EHWZHHQ�VWDWLVWLFDO� OLWHUDF\�DQG�GDWD�VFLHQFH��
+H� SRLQWV� RXW� WKDW� WUDGLWLRQDO� ERXQGDULHV� EHWZHHQ� FRPSXWHU� VFLHQFH� DQG� VWDWLVWLFV� KDYH�
EOXUUHG��DQG�WKDW�GHIHQGLQJ�WXUI�LV�QRW�VHQVLEOH�±�QHZ�FKDOOHQJHV��VXFK�DV�WKH�DQDO\VLV�RI�
ELJ�GDWD��QHHG�QHZ�VNLOO�VHWV��*UDQW�RIIHUV�DGYLFH�RQ�KRZ�WKH�WZR�FRPPXQLWLHV�FDQ�OHDUQ�
IURP�HDFK�RWKHU�±�WKH�PDFKLQH�OHDUQLQJ�FRPPXQLW\�VKRXOG�PDNH�PRUH�XVH�RI�VWDWLVWLFDO�
WRROV�VXFK�DV�ERRWVWUDSSLQJ�DQG�%D\HVLDQ�PHWKRGV��DQG�VKRXOG�SD\�PRUH�DWWHQWLRQ�WR�WKH�
ZD\V�WKDW�QHZ�PRGHOV�FDQ�EH�HYDOXDWHG��*UDQW�VHHV�VWDWLVWLFDO� OLWHUDF\� LQ� WKLV�FRQWH[W�DV�
LQFOXGLQJ�D�VHQVLWLYLW\�WR�PRGHOOLQJ�DVVXPSWLRQV��H�J���OLQHDULW\�DQG�LQGHSHQGHQFH��DQG�D�
ZLOOLQJQHVV� WR� H[SORUH� GDWD�ZLWK� VLPSOH� WRROV�EHIRUH� FRPPLWWLQJ� WR� EODFN�ER[� URXWLQHV��
6WDWLVWLFLDQV�VKRXOG�PDNH�PRUH�XVH�RI�UHODWLYHO\�QHZ�FRPSXWHU�LQWHQVLYH�PHWKRGV�VXFK�DV�
N�IROG�FURVV�YDOLGDWLRQ��$ORQJ�ZLWK�RWKHUV��H�J���+DUGLQ�HW�DO��������)LQ]HU���������*UDQW�
DUJXHV� WKDW� XQGHUJUDGXDWH� VWDWLVWLFV� FRXUVHV� VKRXOG� LQWURGXFH� VWXGHQWV� WR� GDWD� VFLHQFH�
FRQFHSWV��+H�DOVR�DUJXHV�WKDW�WKH�WUDGLWLRQDO�VWDWLVWLFV�FRXUVH�VKRXOG�EH�WXUQHG�RQ�LWV�KHDG�
±� WHDFKLQJ� VKRXOG� VWDUW� ZLWK� IDPLOLHV� RI� SUHGLFWLYH� PRGHOV�� DQG� ZRUN� EDFNZDUGV� WR�
WKHRUHPV��

5REHUW� *RXOG¶V� WLWOH� LV� µGDWD� OLWHUDF\� LV� VWDWLVWLFDO� OLWHUDF\¶�� &LWL]HQV� QHHG� WR�
XQGHUVWDQG�DQG�DFW�RQ�WKHLU�UHODWLRQVKLSV�ZLWK�GDWD�±�KRZ�SHUVRQDO�GDWD�DUH�FROOHFWHG��E\�
ZKRP��DQG�IRU�ZKDW�SXUSRVHV��DQG�VKRXOG�EH�DZDUH�RI�LVVXHV�DURXQG�SULYDF\��+H�DUJXHV�
WKDW� VWXGHQWV� VKRXOG� OHDUQ� DERXW� GDWD� SURYHQDQFH�� GDWD� VWRUDJH�� GDWD� PDQLSXODWLRQ� DQG�
UHSUHVHQWDWLRQV�� DQG� VKRXOG� DOVR� EH� LQWURGXFHG� WR� FODVVHV� RI� PRGHOV� QRW� IRXQG� LQ�
WUDGLWLRQDO�FRXUVHV��VXFK�DV�QHZ�DSSURDFKHV�WR�SUHGLFWLYH�PRGHOOLQJ��DQG�UHSUHVHQWDWLRQV�
VXFK�DV�FODVVLILFDWLRQ�DQG�UHJUHVVLRQ�WUHHV��&$57���+H�GHVFULEHV�WKH�XVH�RI�SDUWLFLSDWRU\�
VHQVLQJ�LQ�KLJK�VFKRRO��PHGLDWHG�E\�PRELOH�GHYLFHV��WKDW�LV�SDUW�RI�WKH�0RELOL]H�SURMHFW��
'DWD�FROOHFWHG�LQ�WKLV�ZD\�LV�PHVV\��DQG�*RXOG�UHSRUWV�WKDW�FODVVURRP�GLVFXVVLRQV�DGGUHVV�
NH\� LVVXHV� VXFK� DV� GDWD� RZQHUVKLS�� DQG� VDPSOH� ELDV�� DV� ZHOO� DV� EHLQJ� D� JDWHZD\� WR�
GLVFXVVLQJ�DSSURSULDWH�ZD\V�WR�DQDO\VH�ELJ�GDWD��

6LQFODLU�6XWKHUODQG�DQG�-LP�5LGJZD\�DUJXH�WKDW�DV�WKH�PHGLD�DUH�LQFUHDVLQJO\�PDNLQJ�
XVH�RI�LQWHUDFWLYH�GDWD�YLVXDOLVDWLRQV��,'9���VR�VWDWLVWLFDO�OLWHUDF\�UHTXLUHV�D�ZLOOLQJQHVV�WR�
OHDUQ� DQG� FULWLTXH� QRYHO�ZD\V� WR� GLVSOD\� GDWD�� ,'9� GR�PRUH� WKDQ� SUHVHQW� GDWD� LQ� QHZ�
ZD\V�� WKH\� IDFLOLWDWH� H[SORUDWLRQ�� DQG� VR� HIIHFWLYH� XVH� UHTXLUHV� HQJDJHPHQW� DQG�
H[SORUDWLRQ�±�*DO¶V�GLVSRVLWLRQV��*DO���������DV�ZHOO�DV�QHZ�VNLOOV��0RUH�UDGLFDOO\��DV�WKH�
IXQFWLRQDOLW\� RI� ,'9� LQFUHDVH�� XVHUV� ZLOO� EH� DEOH� WR� H[SORUH� GDWD� LQ� LQFUHDVLQJO\�
VRSKLVWLFDWHG�ZD\V��IXUWKHU�EOXUULQJ�GLVWLQFWLRQV�EHWZHHQ�µSURGXFHUV¶�DQG�µFRQVXPHUV¶�RI�
VWDWLVWLFV��

&KULV� :LOG� DOVR� SRLQWV� WR� WKH� LQFUHDVLQJ� FDSDELOLWLHV� RI� ,'9� WR� SUHVHQW� GDWD�� DQG�
LGHQWLILHV� WKH�SURVSHFW�RI�SRZHUIXO�DQDO\WLF�WRROV� OLQNHG� WR�ODUJH�SXEOLF�GDWD�EDVHV�EHLQJ�
DYDLODEOH� WR� HYHU\RQH�� +H� DUJXHV� WKDW� HGXFDWRUV� VKRXOG� WKLQN� DERXW� FXUULFXOXP� GHVLJQ�
IURP�WKH�YLHZSRLQW�RI�SUHSDULQJ�VWXGHQWV�IRU�WKH�FXUUHQW�GDWD�ULFK�ZRUOG��DQG�IRU�SRVVLEOH�
IXWXUH�ZRUOGV��DQG�VHWV�RXW�VRPH�JXLGLQJ�SULQFLSOHV�DERXW�WKLQJV�OLNHO\�WR�EH�HPSRZHULQJ��
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DQG� KDYLQJ� HQGXULQJ� YDOXH��:LOG� DUJXHV� WKDW� VWXGHQWV� VKRXOG� EH� DVNHG� WR� FRQVLGHU� WKH�
TXDOLW\� RI� GDWD� IURP� GLIIHUHQW� VRUWV� RI� VWXG\�� SD\LQJ� DWWHQWLRQ� WR� ELDV� �HVSHFLDOO\�ZKHQ�
GHDOLQJ�ZLWK� ELJ� GDWD��� UDQGRP�HUURU� DQG� FRQIRXQGLQJ�� DQG� WKH� NLQGV� RI� H[WUDSRODWLRQV�
WKDW�DUH�SODXVLEOH�IURP�GLIIHUHQW�VRUWV�RI�HYLGHQFH��:LOG�DOVR�RIIHUV�XVHIXO�KHXULVWLFV� IRU�
HYHU\RQH�FRQFHUQHG�ZLWK�GUDZLQJ�FRQFOXVLRQV�IURP�TXDQWLWDWLYH�HYLGHQFH��

7KHRGRVLD�3URGURPRX�DQG�WKH�ODWH�7LP�'XQQH�DOVR�H[SORUH�WKH�FRQVWUXFW�RI�VWDWLVWLFDO�
OLWHUDF\� LQ� WKH� FRQWH[W� RI� WKH� GDWD� UHYROXWLRQ�� 7KH\� HPSKDVLVH� WKH� QHHG� WR� GHYHORS�
VWXGHQWV¶� GLVSRVLWLRQV� ±� HQFRXUDJLQJ� WKHP� WR� DGRSW� D� FULWLFDO� VWDQFH� WRZDUGV� GDWD�� WR�
H[DPLQH� PHWDGDWD�� WKH� FRQWH[W�� DQG� WR� EH� DZDUH� RI� RSSRUWXQLWLHV� RIIHUHG� E\� QHZ� GDWD�
YLVXDOLVDWLRQV�� 3URGURPRX� DQG� 'XQQH� DUJXH� WKDW� VWDWLVWLFV� VKRXOG� EH� FRQFHLYHG� DV�
PRGHOOLQJ��QRW�VLPSO\�WKH�DSSOLFDWLRQ�RI�VWDQGDUG�PRGHOV�WR�ZHOO�EHKDYHG�GDWD�VHWV��7KH\�
GUDZ�DWWHQWLRQ�WR�WKH�SUREOHPV�RI�GHGXFLQJ�FDXVDOLW\�IURP�REVHUYDWLRQDO�GDWD��HVSHFLDOO\�
ZKHQ�RQH�PLJKW�DQWLFLSDWH�WLPH�ODJV�EHWZHHQ�FDXVHV�DQG�HIIHFWV��

-RDFKLP�(QJHO�HPSKDVLVHV�WKH�LPSRUWDQFH�RI�EHLQJ�DEOH�WR�WKLQN�FULWLFDOO\�DERXW�GDWD��
+H�SRLQWV�RXW�WKDW�WKH�GDWD�XVHG�LQ�SROLWLFDO�GHEDWH�LV�XQOLNH�WKH�DUWLILFLDO�³VPDOO�VDPSOHV�
WKDW� GRPLQDWH� WRGD\¶V� FXUULFXOD´�� 2IILFLDO� GDWD� VRXUFHV� DUH� RIWHQ� XVHG�� GDWD� DUH�
PXOWLYDULDWH�� GDWD� FKDQJH� GUDPDWLFDOO\� RYHU� WLPH�� 8QGHUVWDQGLQJ� VXFK� GDWD� UHTXLUHV� DQ�
XQGHUVWDQGLQJ� RI� KRZ� YDULDEOHV� FR�YDU\� RU� LQIOXHQFH� HDFK� RWKHU�� DQG� WKH� QHHG� WR� WKLQN�
DERXW� QHWZRUNV� RI� FDXVDO� IDFWRUV�� +H� DUJXHV� WKDW� XQGHUVWDQGLQJ� GRHV� QRW� QHFHVVDULO\�
GHSHQG�XSRQ�NQRZOHGJH�RI�DGYDQFHG�WHFKQLTXHV��EXW�FDQ�EH�HQKDQFHG�E\�NQRZLQJ�DERXW�
FRPPRQ� PLVFRQFHSWLRQV�� WKH� SUREOHPV� RI� PDNLQJ� FRQFOXVLRQV� DERXW� FDXVDOLW\�� DQG�
SKHQRPHQD� VXFK� DV� 6LPSVRQ¶V� SDUDGR[�� +H� SRLQWV� RXW� WKDW� DQ\� HYLGHQFH�LQIRUPHG�
GLVFXVVLRQ�RQ�VRFLDO�LVVXHV�UDLVHV�FHQWUDO�TXHVWLRQV�DERXW�WKH�VFLHQWLILF�SURFHVV�±�KRZ�FDQ�
RQH�RSHUDWLRQDOLVH�FRQVWUXFWV� VXFK�DV�GLVFULPLQDWLRQ"�,Q� WHUPV�RI�FXUULFXOXP�UHIRUP��KH�
DUJXHV�IRU�PRUH�HPSKDVLV�RQ�PXOWLYDULDWH�GDWD�GLVSOD\V��VXFK�DV�VFDWWHU�SORW�PDWULFHV�DQG�
PXOWLYDULDWH�WLPH�VHULHV���DQG�RQ�QRQ�OLQHDU�UHODWLRQV�DQG�LQWHUDFWLRQV���

2Q� DQ� RSWLPLVWLF� QRWH�� 0LOR� 6FKLHOG� DUJXHV� WKDW� WKH� ����� UHYLVLRQ� RI� WKH� *$,6(�
*XLGHOLQHV�PDUNV�D�PDMRU�VWHS�IRUZDUG�LQ�SURPRWLQJ�VWDWLVWLFDO� OLWHUDF\�YLD�LWV� LQFUHDVHG�
HPSKDVLV�RQ�HYLGHQFH�DSSURSULDWH�IRU�GHFLVLRQ�PDNLQJ�±�VXFK�DV�SD\LQJ�DWWHQWLRQ�WR�VWXG\�
GHVLJQ�DQG�PXOWLYDULDWH�GDWD�DQG�DVVRFLDWHG�FRQFHSWV�VXFK�DV�FRQIRXQGLQJ��

�
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�
2QH�FDQ�GLVWLQJXLVK�EHWZHHQ� WKH� LQWHQGHG�FXUULFXOXP�� WKH� LPSOHPHQWHG� FXUULFXOXP��

DQG� WKH� DWWDLQHG� FXUULFXOXP��0XFK� RI� ZKDW� KDV� EHHQ�PDSSHG� RXW� VR� IDU� UHODWHV� WR� WKH�
LQWHQGHG�FXUULFXOXP�±�DQG�KHUH��WKH�DXWKRUV�VHWWLQJ�RXW�WR�VSHFLI\�WKH�LQWHQGHG�FXUULFXOXP�
DUH�QRW�QHFHVVDULO\�LQ�D�SRVLWLRQ�WR�LQIOXHQFH�WKH�LPSOHPHQWHG��L�H���WDXJKW��FXUULFXOXP�DV�
LW� DSSOLHV� WR� VFKRROV� RU� DFURVV� WKH� KLJKHU� HGXFDWLRQ� VHFWRU�� $� QXPEHU� RI� DXWKRUV� KDYH�
DUJXHG�WKDW�FRXUVHV�LQ�PDWKHPDWLFV�DQG�VWDWLVWLFV�KDYH�IRFXVHG�RQ�GHYHORSLQJ�WHFKQLTXH�DW�
WKH� H[SHQVH� RI� SUREOHP� VROYLQJ� LQ� UHDOLVWLF� FRQWH[WV� �H�J��� 7LVKNRYVND\D� 	� /DQFDVWHU��
������±�WKLV�LV�D�ORQJ�ZD\�IURP�WKH�LGHDV�DERXW�WKH�IXWXUH�FXUULFXOXP�GLUHFWLRQV�H[SUHVVHG�
KHUH��$W�VFKRRO�OHYHO��DOWKRXJK�VWDWLVWLFDO�LGHDV�SHUYDGH�PXFK�RI�WKH�FXUULFXOXP��WKHUH�FDQ�
EH� LQFRQVLVWHQFLHV� DQG� LQFRKHUHQFHV� LQ� FXUULFXOXP� GRFXPHQWV� �H�J��� :DWVRQ� 	� 1HDO��
������� 7HDFKHUV� DUH� QRW� QHFHVVDULO\� FRQILGHQW� RU� FRPSHWHQW� WR� WHDFK� VWDWLVWLFV� �H�J��� GH�
6RX]D��/RSHV��	�GH�2OLYHLUD���������DQG�WKHUH�FDQ�EH�ODUJH�JDSV�EHWZHHQ�WKH�LQWHQGHG�DQG�
LPSOHPHQWHG�FXUULFXOXP��H�J���1RUWK��*DO��	�=HZRWLU���������6RPH�SDSHUV�LQ�WKLV�YROXPH�
DGGUHVV�WKHVH�LVVXHV��

7KHUH� DUH� ORQJ�VWDQGLQJ� FRQFHUQV� DERXW� WKH� DEVHQFH� RI� TXDQWLWDWLYH� VNLOOV� LQ� VRFLDO�
VFLHQFH�JUDGXDWHV��H�J���(65&���������,Q�WKH�8.��D�ODUJH�VFDOH�LQLWLDWLYH�±�4�VWHS�±�ZDV�
ODXQFKHG�WR�DGGUHVV�WKLV�SUREOHP��7ZR�DSSURDFKHV�DUH�GHVFULEHG�KHUH��-DFNLH�&DUWHU�DQG�
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KHU� FROOHDJXHV� XVH� DQ� DSSURDFK� WR� WHDFKLQJ� VWDWLVWLFDO� PHWKRGV� ZKLFK� LQFOXGHV� SDLG�
SODFHPHQWV� ZKHUH� XQGHUJUDGXDWHV� ZRUN� LQ� RJDQLVDWLRQV� ZKLFK� XVH� VRFLDO� UHVHDUFK��
XQGHUWDNLQJ�UHVHDUFK�SURMHFWV�RI�YDOXH� WR�WKH�KRVW�RUJDQLVDWLRQ��7KH\�SURYLGH�WKUHH�FDVH�
VWXGLHV��IURP�RYHU�����VWXGHQWV�ZKR�KDYH�KDG�SODFHPHQWV��WKDW�LOOXVWUDWH�EHQHILWV�ERWK�WR�
VWXGHQWV�DQG�WR�WKH�KRVW�RUJDQLVDWLRQV��7KH�WDXJKW�SDUW�RI�WKH�FRXUVH�IRFXVHV�RQ�FRQWH[WV�
RI�GLUHFW�UHOHYDQFH�WR�VRFLDO�VFLHQFH�VWXGHQWV��VWXGHQWV�VHDUFK�IRU�GDWD�VHWV�UHOHYDQW�WR�WKHLU�
RZQ� LQWHUHVWV�� 7KLV� OHDGV� QDWXUDOO\� WR� NH\� TXHVWLRQV� DERXW� GDWD� SURYHQDQFH��
UHSUHVHQWDWLYHQHVV��PHWDGDWD�DQG�WKH�OLNH�� WKDW�FDQ�EH�PLVVLQJ�LI�WKH�IRFXV�LV�H[FOXVLYHO\�
RQ� VWDWLVWLFDO� WHFKQLTXH�� 6WXGHQW� SODFHPHQWV� KDYH� D� ORQJ� KLVWRU\� DQG� VRPH� REYLRXV�
GLVDGYDQWDJHV��VXFK�DV�IXQGLQJ��DGPLQLVWUDWLYH�WLPH��DVVHVVPHQW��VXSHUYLVLRQ��&DUWHU�HW�DO��
GHVFULEH�KRZ�WKHVH�ZHUH�DGGUHVVHG��

-XOLH�6FRWW�-RQHV�DQG�-RKQ�*ROGULQJ�DGGUHVV�WKH�SUREOHP�RI�SRRU�VWDWLVWLFDO�OLWHUDF\�LQ�
VRFLDO�VFLHQFH�FODVVHV��7KH\�DUJXH�WKDW�WKHUH�DUH�D�QXPEHU�RI�EDUULHUV�WR�VWXGHQW�OHDUQLQJ��
DQG� RIIHU� VRPH� SHGDJRJLF� VWUDWHJLHV�� ,Q� SDUWLFXODU�� WKH\� DUJXH� WKDW� ERWK� WHDFKHUV� DQG�
VWXGHQWV� QHHG� WR� EH� HPSRZHUHG� WR� XVH� VWDWLVWLFV�� DQG� WKDW� WKLV� FDQ� LQYROYH� UHPRYLQJ�
EDUULHUV�WR�OHDUQLQJ�VXFK�DV�PDWKHPDWLFV�DQ[LHW\��LQWHOOHFWXDO�UHVLVWDQFH�DQG�µWURXEOHVRPH�
NQRZOHGJH¶�� 7KH\� GHVFULEH� D� QHZ� FRXUVH� GHVLJQHG� WR� SXW� VWXGHQWV� DW� WKH� FHQWUH� RI�
OHDUQLQJ��7KHUH� LV�VRPH�GLDJQRVLV�DQG�UHPHGLDWLRQ�RI�SRRU�QXPHUDF\�VNLOOV�� LOOXVWUDWLRQV�
RI� KRZ� VLPSOH� QXPEHUV� FKDQJHG� WKH� 9LFWRULDQ� ZRUOG� IRU� WKH� EHWWHU�� DQG� VWXGHQWV� DUH�
UHTXLUHG� WR� WHOO� VRFLRORJLFDO� VWRULHV� EDVHG� RQ� GDWD�� 6WXGHQWV� FDQ� VHH� URDG� PDSV� DERXW�
FRXUVH�FRQWHQW��DQG�WKHUH�LV�D�V\VWHP�RI�VWXGHQW�VHOI�FKHFNLQJ��DQG�VWXGHQWV�FDQ�VLJQ�RII�
DFKLHYHPHQWV��WKHUH�LV�DOVR�HYLGHQFH�WKDW�WKH�QHZ�FRXUVH�ZRUNV��

$\VH�%LJOLQ�DQG�KHU�FROOHDJXHV�GHVFULEH�2SHQLQJ�5HDO�6FLHQFH��D�SURMHFW�WKDW�EULQJV�
WRJHWKHU�VXEMHFW�VSHFLDOLVWV��WHDFKHU�HGXFDWRUV�DQG�HGXFDWLRQDO�GHVLJQHUV� WR�FUHDWH�RQOLQH�
OHDUQLQJ�PRGXOHV�IRU�SUH�VHUYLFH�WHDFKLQJ�SURJUDPPHV�±�LQFOXGLQJ�PRGXOHV�RQ�VWDWLVWLFDO�
UHDVRQLQJ��7KH\�EHJLQ�E\�HPSKDVLVLQJ�WKH�UROH�WKDW�VWDWLVWLFV�SOD\V�LQ�SHRSOH¶V�OLYHV�XVLQJ�
UHVRXUFHV�WKDW�LQFOXGH�+DQV�5RVOLQJ¶V�*DSPLQGHU�YLGHRV��7KH\�DVNHG�VWXGHQWV�WR�FULWLTXH�
QHZVSDSHU� DFFRXQWV�RI�GDWD� IURP�3,6$�DQG�7,006��VWXGHQWV� FRQGXFWHG� LQYHVWLJDWLRQV�
ZLWK�D�VWDWLVWLFDO�WKHPH��DQG�SUHVHQWHG�WKLV�ZRUN��DQG�HQJDJHG�LQ�D�FULWLFDO�HYDOXDWLRQ�RI�
WKHLU�SHHUV¶�ZRUN���

6WHSKDQLH� %XGJHWW� DQG� 'UXVLOOD� 5RVH� GHVFULEH� WKHLU� LQYHVWLJDWLRQV� GHVLJQHG� WR�
LQFXOFDWH� NH\� LGHDV� DERXW� PDUJLQV� RI� HUURU� LQ� ILQDO� VFKRRO� \HDU� SXSLOV�� XVLQJ� PHGLD�
UHSRUWV�� 7KH\� RIIHU� D� K\SRWKHWLFDO� OHDUQLQJ� WUDMHFWRU\� IRU� VWDWLVWLFDO� OLWHUDF\�� DQG� VRPH�
LQVLJKWV�LQWR�FRQFHSWXDO�GLIILFXOWLHV�H[SHULHQFHG�E\�VWXGHQWV��

7DPLUHV�4XHLUR]�DQG�KHU�FROOHDJXHV�H[SORUH�WKH�LPSRUWDQFH�RI�FRQWH[W�DQG�DIIHFW��DQG�
GRFXPHQW� WKH�KLJK�SURSRUWLRQ�RI�HPRWLRQDO�UHVSRQVHV�� IHHOLQJV�DQG�EHOLHIV� WKDW� VWXGHQWV�
H[KLELW�ZKHQ� LQWHUSUHWLQJ� VWDWLVWLFDO� LQIRUPDWLRQ� RQ� LPSRUWDQW� VRFLDO� WRSLFV��7KH\�DUJXH�
WKDW�LQWHUSUHWDWLRQ�RI�VWDWLVWLFDO�LQIRUPDWLRQ�LV�D�FRPSOH[�DFWLYLW\�WKDW�GUDZV�XSRQ�DIIHFW��
DV�ZHOO�DV�RQ�VWDWLVWLFDO�DQG�PDWKHPDWLFDO�NQRZOHGJH���

5RVHPDU\�&DOOLQJKDP�DQG�-DQH�:DWVRQ�UHSOLFDWH� WKH�KLHUDUFK\�RI�VWDWLVWLFDO� OLWHUDF\�
GHVFULEHG�LQ�:DWVRQ�DQG�&DOOLQJKDP��������XVLQJ�QHZ�GDWD� �RI����������DQG�D� UHYLVHG�
WDVN�VHW�WKDW�LQFOXGHV�PRUH�LWHPV�RQ�SUREDELOLW\��WKH�SDSHU�SUHVHQWV�WDVNV�WKDW�FDQ�EH�XVHG�
ERWK� IRU� WHDFKLQJ�DQG� IRU�DVVHVVPHQW���'HVFULSWRUV�RI� WKH� OHYHOV�RI� WKH�KLHUDUFK\� UHIOHFW�
LQFUHDVLQJ� FRJQLWLYH� FRPSOH[LW\� �IURP� LGLRV\QFUDWLF� WR� FULWLFDO� PDWKHPDWLFDO��� 7KH\�
UHSRUW� RQ� LQFUHDVHV� LQ� DWWDLQPHQW� LQ� HDFK� RI� ILYH� VFKRRO� \HDUV� DVVRFLDWHG� ZLWK� D�
SURJUDPPH� EDVHG� RQ� LQFUHDVLQJ� WKH� SHGDJRJLFDO� FRQWHQW� NQRZOHGJH� RI� WHDFKHUV��
+RZHYHU��WKH\�DUH�FDXWLRXV�DERXW�WKH�H[WHQW�WR�ZKLFK�KLJKHU�OHYHOV�RI�WKH�KLHUDUFK\�FRXOG�
EH�UHDFKHG�E\�\RXQJHU�FKLOGUHQ��SRLQWLQJ�WR�ZRUN�RI�GHYHORSPHQWDO�SV\FKRORJLVWV�VXFK�DV�
3LDJHW�DQG�,QKHOGHU��H�J���,QKHOGHU�	�3LDJHW��������ZKR�ORFDWH� WKH�HPHUJHQFH�RI�IRUPDO�
RSHUDWLRQV�±�VXFK�DV�WKH�DELOLW\�WR�DEVWUDFW�DQG�JHQHUDOLVH�±�DURXQG����\HDUV�DQG�EH\RQG��
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6WHYH�0DF)HHO\� DQG� KLV� FROOHDJXHV� FRQVLGHU� WKH� NH\� VXFFHVV� IDFWRUV� IRU� VWDWLVWLFDO�
OLWHUDF\� SRVWHU� FRPSHWLWLRQV�� EDVHG� RQ� WKH� ,QWHUQDWLRQDO� 6WDWLVWLFDO� 3RVWHU� &RPSHWLWLRQ��
3RVWHUV� DUH� VLJQLILFDQW� EHFDXVH� WKH\� HQFRXUDJH� VWXGHQWV� WR� XVH� GDWD� WR� WHOO� VWRULHV�� QRW�
VLPSO\�DV�WKH�REMHFW�RI�DQ�H[HUFLVH�WR�GHPRQVWUDWH�VWDWLVWLFDO�WHFKQLTXH��3RVWHUV�FDOO�RQ�WKH�
WUDGLWLRQDO� VNLOOV� RI� DQDO\VLQJ� DQG� SUHVHQWLQJ� GDWD�� EXW� DOVR� RQ� DFFHVVLQJ� GDWD� DQG�
FRPPXQLFDWLQJ� ILQGLQJV� ±� VNLOOV� RIWHQ� PLVVLQJ� LQ� WUDGLWLRQDO� FXUULFXOD�� ZKHUH�
µFRPPXQLFDWLQJ�ILQGLQJV¶�LV�RIWHQ�QR�PRUH�WKDQ�VWDWLQJ�WKH�RXWFRPH�RI�D�K\SRWKHVLV�WHVW�
RU� LQWHUSUHWLQJ� D� VLQJOH�JUDSKLFDO� UHSUHVHQWDWLRQ��7KH� DXWKRUV�SRLQW� WR�QDWLRQDO� VWDWLVWLFV�
RIILFHV� DQG� VWDWLVWLFDO� VRFLHWLHV� ZKLFK� SURPRWH� VWDWLVWLFDO� OLWHUDF\� YLD� FRPSHWLWLRQV� RI�
YDULRXV�VRUWV��LQFOXGLQJ�SRVWHUV�DQG�RWKHU�RXWUHDFK�DFWLYLWLHV��.H\�VXFFHVV�IDFWRUV�LQFOXGH��
FR�RSHUDWLRQ� EHWZHHQ� LQVWLWXWLRQV� �H�J��� VFKRROV�� VWDWLVWLFV� RIILFHV�� DQG� JRYHUQPHQW�
GHSDUWPHQWV��� FHOHEUDWLQJ� DFKLHYHPHQW�� VXSSRUW� IRU� WHDFKHUV� �H�J��� E\� SURYLGLQJ�
SHGDJRJLFDO�PDWHULDOV�RQ�OLQH���VXSSRUW�IURP�VWDWLVWLFV�RIILFHV��XQLYHUVLWLHV�DQG�VWDWLVWLFDO�
VRFLHWLHV�� DQG� WHFKQRORJ\��:H� UHWXUQ� WR� WKH� WKHPH� RI� JURXSV� FROODERUDWLQJ� WR� SURPRWH�
VWDWLVWLFDO�OLWHUDF\��ODWHU��

�
&20%$77,1*�7+(�(;,67(17,$/�&5,6,6�

�
7KH�2[IRUG�'LFWLRQDULHV�ZRUG�RI������ZDV�SRVW�WUXWK��ZKLFK�LV�GHILQHG�DV�³UHODWLQJ�WR�

RU�GHQRWLQJ�FLUFXPVWDQFHV� LQ�ZKLFK�REMHFWLYH�IDFWV�DUH� OHVV� LQIOXHQWLDO�LQ�VKDSLQJ�SXEOLF�
RSLQLRQ�WKDQ�DSSHDOV�WR�HPRWLRQ�RU�SHUVRQDO�EHOLHI�´�7KLV�KDV�EHHQ�FRPPRQO\�XVHG�LQ�WKH�
SKUDVH� SRVW�WUXWK� SROLWLFV�� $� FOLPDWH� RI� SRVW�WUXWK� FDQ� PDNH� VWDWLVWLFDO� OLWHUDF\� DQ�
LUUHOHYDQFH���

4XHLUR]� HW� DO�� �WKLV� YROXPH�� GHPRQVWUDWHG� WKH� H[WHQW� WR�ZKLFK� HPRWLRQDO� UHVSRQVHV�
FRORXU� LQWHUSUHWDWLRQ�� &RQWHPSW� IRU� HYLGHQFH� LV� VRFLDOO\� FRUURVLYH�� ,W� YLRODWHV� WKH� FRUH�
YDOXHV�RI� WKH� VWDWLVWLFDO� FRPPXQLW\��&RPSRQHQWV�RI� VWDWLVWLFDO� OLWHUDF\�PXVW� LQFOXGH� WKH�
DELOLW\� WR�HYDOXDWH� WKH�TXDOLW\�RI�HYLGHQFH� DQG�DUJXPHQWDWLRQ� WKDW� LV�RIIHUHG��DW� OHDVW�DV�
LPSRUWDQW� DV� D� FRUH� RI� WHFKQLFDO� FRPSHWHQFHV� LV� D� GLVSRVLWLRQ� WR� HQJDJH� DFWLYHO\� ZLWK�
HYLGHQFH��

$Q� ,SVRV�025,� VXUYH\� �������RI������%ULWLVK�DGXOWV�XVHG� WKH�SURPSW�³1RZ�,�ZLOO�
UHDG�\RX�D�OLVW�RI�GLIIHUHQW�W\SHV�RI�SHRSOH��)RU�HDFK�ZRXOG�\RX�WHOO�PH�LI�\RX�JHQHUDOO\�
WUXVW� WKHP� WR� WHOO� WKH� WUXWK�� RU� QRW"´�2I� WKH� ��� SURIHVVLRQV� OLVWHG�� SROLWLFLDQV� JHQHUDOO\�
FDPH�ERWWRP��������WKHQ�JRYHUQPHQW�PLQLVWHUV�������WKHQ�MRXUQDOLVWV��������6FLHQWLVWV�
KDG� DQ�����HQGRUVHPHQW��QXUVHV�ZHUH� WRS�� DW� �����7KLV� FDQ�EH� YLHZHG�SRVLWLYHO\�� WKH�
UHVXOWV� VXJJHVW� D� FULWLFDO� VWDQFH� WR� VRPH� LQIRUPDWLRQ� VRXUFHV�� +RZHYHU�� LI� WKH� UHVXOWV�
UHIOHFW�D�QLKLOLVWLF�YLHZ�WKDW�WKLQJV�DUH�XQNQRZDEOH��DGYRFDWHV�RI�SRVW�WUXWK�DUH�ZLQQLQJ��
,I�WKH�ODFN�RI�WUXVW�PHDQV�WKDW�SHRSOH�DUH�ORRNLQJ�IRU�PRUH�UHOLDEOH�VRXUFHV�RI�LQIRUPDWLRQ��
WKHQ�WKHUH�LV�VFRSH�IRU�RSWLPLVP��

,Q�WKH�UXQ�XS�WR�WKH�8.�UHIHUHQGXP�RQ�%UH[LW��D�OHDGLQJ�SROLWLFLDQ��*RYH��DQQRXQFHG�
WKDW� µ%ULWDLQ� KDV�KDG� HQRXJK�RI� H[SHUWV¶�� ERWK� VLGHV� RI� WKH� FDPSDLJQ�PDGH� FODLPV� WKDW�
FRXOG�QRW�EH�MXVWLILHG��$�FKDULWDEOH�LQWHUSUHWDWLRQ�RI�*RYH¶V�SRVLWLRQ�ZRXOG�EH�WKDW�KH�ZDV�
FODLPLQJ�WKDW�%UH[LW�ZRXOG�WDNH�WKH�8.�LQWR�XQFKDUWHG�ZDWHUV��ZKHUH�WKHUH�DUH�QR�H[SHUWV��
RU�WKDW�SROLWLFDO�GHFLVLRQV�VKRXOG�EH�LQIRUPHG�E\�VXEMHFW�H[SHUWLVH��EXW�QRW�GULYHQ�E\�LW��,Q�
WKH������86�SUHVLGHQWLDO�HOHFWLRQ��WKHUH�ZDV�D�JUHDW�GHDO�RI�IDEULFDWHG�HYLGHQFH���

:LOG��WKLV�YROXPH��SRVHV�D�FULWLFDO�TXHVWLRQ��³:KDW�FDQ�ZH�FRPH�WR�NQRZ�DQG�KRZ�
FDQ�ZH�FRPH�WR�NQRZ�LW"´�7KHUH�DUH�GDQJHUV�LQ�EHOLHYLQJ�WKDW�DOO�TXHVWLRQV�RI�VXEVWDQFH�
FDQ�EH�DQVZHUHG�E\�UHFRXUVH�WR�GDWD��7KH�PDQWUD�RI�µHYLGHQFH�EDVHG�GHFLVLRQ�PDNLQJ¶�LV�
QDwYH��'HFLVLRQV�GR�QRW�KDSSHQ� LQ�D�YDFXXP��GDWD� LV� QRW�DOZD\V� ILW� IRU�SXUSRVH��DQG�DW�
EHVW�HYLGHQFH�FDQ�LQIRUP�SROLWLFDO�GHFLVLRQV��)ROORZLQJ�:LOG��ZH�QHHG�WR�ORRN�FDUHIXOO\�DW�
RXU�LPSOLFLW�DFFHSWDQFH�RI�DQ�µHYLGHQFH�LQIRUPHG¶�ZRUOG�YLHZ��DQG�WR�DFNQRZOHGJH�WKDW�
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VFLHQWLILF�FRPPXQLWLHV�VRPHWLPHV�FODLP�WR�NQRZ�PRUH�WKDQ�WKH\�FDQ�NQRZ��2YHU�FODLPV�
DUH�GDQJHURXV�EHFDXVH�WKH\�UHLQIRUFH�*RYH¶V�GLVPLVVDO�RI�H[SHUWLVH��
�

675(1*7+6�$1'�/,0,7$7,216�2)�67$7,67,&$/�0(7+2'6�
�
:KLWH� DQG� *RUDUG� �WKLV� YROXPH�� DUJXH� WKDW� VRFLDO� VFLHQWLVWV� DUH� XVLQJ� WKH� ZURQJ�

PHWKRGV� WR� VWXG\� VRFLDO� SKHQRPHQD��1LFKROVRQ� DQG�5LGJZD\� DJUHH�ZLWK� WKLV� FULWLFLVP��
IXUWKHU� SRLQWLQJ� WR� IDLOXUHV� WR� UHSOLFDWH� UHVXOWV�� DQG� WR� XQSULQFLSOHG� GDWD� GUHGJLQJ�� $�
QXPEHU�RI�DXWKRUV�LQ�WKLV�YROXPH�DUJXH�WKDW�VWXGHQWV�VKRXOG�EH�DZDUH�RI�WKH�VWUHQJWKV�DQG�
OLPLWDWLRQV�RI�GLIIHUHQW�GDWD�JDWKHULQJ� WHFKQLTXHV��DQG� WKDW�FRUH� VWDWLVWLFDO� LGHDV� VXFK�DV�
FRQIRXQGLQJ�DQG�FDXVDOLW\�VKRXOG�UHFHLYH�PRUH�DWWHQWLRQ��6WDWLVWLFV�VKRXOG�EH�WKRXJKW�RI�
DV�D�PRGHOOLQJ�H[HUFLVH��DQG�ZH�VKRXOG�WDNH�QRWH�RI�D�FRPPHQW�E\�6LU�'DYLG�&R[�³0RVW�
UHDO�OLIH�VWDWLVWLFDO�SUREOHPV�KDYH�RQH�RU�PRUH�QRQVWDQGDUG�IHDWXUHV��7KHUH�DUH�QR�URXWLQH�
VWDWLVWLFDO� TXHVWLRQV�� RQO\� TXHVWLRQDEOH� VWDWLVWLFDO� URXWLQHV´� �&R[�� TXRWHG� LQ� &KDWILHOG��
������ S�� ������ 7KHVH� DUH� DOO� WKLQJV� WKDW� FDQ� EH� GRQH� ZLWKLQ� WKH� DFDGHPLF� FRPPXQLW\��
+RZHYHU�� µSRVW�WUXWK¶� LV� DQ� XUJHQW� DQG� SHUYDVLYH� SUREOHP� WKDW� QHHGV� D� FR�RUGLQDWHG�
DVVDXOW�IURP�DV�PDQ\�DJHQFLHV�DV�SRVVLEOH���

�
&2//$%25$7,216�72�,03529(�67$7,67,&$/�/,7(5$&<�

�
0DF)HHO\� HW� DO�� �WKLV� YROXPH�� SRLQW� WR� WKH� PDQ\� FROODERUDWLRQV� EHWZHHQ� GLIIHUHQW�

RUJDQLVDWLRQV�DVVRFLDWHG�ZLWK�WKH�,QWHUQDWLRQDO�6WDWLVWLFDO�3RVWHU�&RPSHWLWLRQ��7KH�SDSHU�
E\� 3KRHEH� $UQROG� �WKLV� YROXPH�� GHVFULEHV� WKH� UROHV� RI� )XOO� )DFW�� DQ� LQIOXHQWLDO� IDFW�
FKHFNLQJ� RUJDQLVDWLRQ� LQ� WKH�8.�� 6KH� GHVFULEHV� D� UDQJH� RI� LQLWLDWLYHV� DLPHG� DW� KRQHVW�
UHSRUWLQJ� RI� HYLGHQFH� LQ� SXEOLF� SODFHV�� 7KHVH� LQFOXGH�� IDFW� FKHFNLQJ�� RIIHULQJ� KHOS� WR�
MRXUQDOLVWV� DQG�SROLWLFLDQV�ZKR�DUH� WU\LQJ� WR� UHSUHVHQW� WKLQJV� DFFXUDWHO\�� GHVFULELQJ�NH\�
VWDWLVWLFDO� LGHDV� LQ� VLPSOH� WHUPV�� RIWHQ� XVLQJ� DQDORJLHV�� FUHDWLQJ� VKRUW� VXPPDULHV� RI�
GHEDWHV�� SUHSDULQJ� EULHILQJ� GRFXPHQWV�� DQG� SURGXFLQJ� D� FDWDORJXH� RI�PLVWDNHV� WKDW� DUH�
FRPPRQO\�PDGH��$OO�RI� WKHVH�SURPRWH� VWDWLVWLFDO� OLWHUDF\�� DQG�DOO�ZRXOG�EH�ZRUWKZKLOH�
FXUULFXOXP� DFWLYLWLHV��$W� OHDVW� DV� LPSRUWDQW� LV� )XOO� )DFW¶V� DFKLHYHPHQW� LQ� DVVHPEOLQJ� D�
ODUJH�WHDP�RI�VWDWLVWLFLDQV�IURP�D�YDULHW\�RI�EDFNJURXQGV��LQFOXGLQJ�VWDWLVWLFV�RIILFHV��SDLG�
E\�WKHLU�HPSOR\HUV�WR�WDNH�SDUW�LQ�DQ�LQWHQVH�SHULRG�RI�IDFW�FKHFNLQJ�DURXQG�HOHFWLRQ�WLPH���

�
&21&/86,21�

�
6WDWLVWLFDO�OLWHUDF\�LV�D�SUH�UHTXLVLWH�IRU�DQ�LQIRUPHG�GHPRFUDF\��,QFUHDVLQJ�VWDWLVWLFDO�

OLWHUDF\� LV� D�NH\� HOHPHQW� LQ�ZDUGLQJ�RII� WKH�H[LVWHQWLDO� FULVLV�ZH� IDFH��5HYLVLQJ� FXUUHQW�
FXUULFXOD� LQ� VFKRRO� DQG�DW� XQLYHUVLW\� WR� HQVXUH� WKDW� WKHUH� LV� DQ� DGHTXDWH� IRFXV�RQ�XVLQJ�
HYLGHQFH�WR�PDNH�GHFLVLRQV�LQ�UHDOLVWLF�FRQWH[WV�LV�DQ�HVVHQWLDO�VWDUWLQJ�SRLQW��$W� OHDVW�DV�
LPSRUWDQW� LV� IRU� VWDWLVWLFV� HGXFDWRUV� WR� WDNH� D�EURDGHU�YLHZ�RI� WKHLU� WDVN�� DQG� WR� HQJDJH�
GLUHFWO\�ZLWK�WKH�LOOLWHUDFLHV�HQFRXQWHUHG�LQ�EURDGFDVW�DQG�VRFLDO�PHGLD�±�IRU�H[DPSOH�E\�
GLUHFW�FULWLTXH��RU�E\�SURPRWLQJ�VWDWLVWLFDO�OLWHUDF\�GLUHFWO\��7KHUH�LV�D�QHHG�IRU�GLVSDUDWH�
HOHPHQWV� RI� WKH� VWDWLVWLFV� FRPPXQLW\� WR� FRPH� WRJHWKHU�� FXOWLYDWLQJ� VWDWLVWLFDO� OLWHUDF\�
DFURVV�WKH�ZKROH�RI�VRFLHW\�VKRXOG�EH�D�JRDO�WKDW�EULQJV�OLNH�PLQGHG�SHRSOH�WRJHWKHU�ZLWK�
D�FRPPRQ�FDXVH��

�
5()(5(1&(6�

�
$QGHUVRQ�� &�� �������� 7KH� HQG� RI� WKHRU\�� WKH� GDWD� GHOXJH� PDNHV� WKH� VFLHQWLILF� PHWKRG�

REVROHWH��>2QOLQH��DUFKLYH�ZLUHG�FRP�VFLHQFH�GLVFRYHULHV�PDJD]LQH�������SEBWKHRU\@�
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&KDWILHOG��&�� ��������$YRLGLQJ�VWDWLVWLFDO�SLWIDOOV� �ZLWK�FRPPHQWV�E\�'��)��$QGUHZV��5��
$��%DLOH\��0��.��&OD\WRQ�	�(��9��1RUGKHLP��1��*OLFN��&��/��0DOORZV�	�'��3UHJLERQ��
DQG�'��$��=DKQ��DQG�D�UHMRLQGHU�E\�WKH�DXWKRU���6WDWLVWLFDO�6FLHQFH�����������±�����

&REE��*����������0HUH�UHQRYDWLRQ�LV�WRR�OLWWOH�WRR�ODWH��:H�QHHG�WR�UHWKLQN�RXU�XQGHUJUDGXDWH�
FXUULFXOXP�IURP�WKH�JURXQG�XS��7KH�$PHULFDQ�6WDWLVWLFLDQ������������±�����

GH� 6RX]D�� $�� &��� /RSHV�� &�� (��� 	� GH� 2OLYHLUD�� '�� �������� 6WRFKDVWLF� HGXFDWLRQ� LQ�
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