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7KH�UHVHDUFK�WHDP�KDG�WR�GHYLVH�D�IOH[LEOH�DQG�LQQRYDWLYH�GDWD�FROOHFWLRQ�PHWKRGRORJ\�LQ�RUGHU�WR�DFFRPPRGDWH�WKH�YDULRXV�GHVLJQ�FRQVWUDLQWV�RXWOLQHG�DERYH��ZKLOH�VWLOO�PHHWLQJ�WKH�SURMHFW¶V�ORQJHU�WHUP�UHVHDUFK�REMHFWLYHV��$V�WKLV�SDSHU�LOOXVWUDWHV��WKH�VSHFLILF�ZD\V�LQ�ZKLFK�WKLV�PHWKRGRORJ\�ZDV�LPSOHPHQWHG�HYROYHG�RYHU�WLPH�WR�PHHW�WKH�FKDQJLQJ�JRDOV�RI�WKH�UHVHDUFK�DQG�WKH�YDU\LQJ�FKDOOHQJHV�SRVHG�E\�GLIIHUHQW�ZRUNSODFH�HQYLURQPHQWV��+RZHYHU��WKH�EDVLF�FRPSRQHQWV�DQG�XQGHUO\LQJ�UDWLRQDOH�RI�WKH�PRGHO�KDYH�UHPDLQHG�XQFKDQJHG�WKURXJKRXW�WKH�ILYH�\HDUV�WKH�/:3�WHDP�KDYH�EHHQ�FROOHFWLQJ�GDWD�WR�GDWH��7KHVH�EDVLF�IHDWXUHV�DUH�EULHIO\�VXPPDULVHG�QH[W�
%DVLF�FRPSRQHQWV�RI�WKH�SDUWLFLSDWRU\�PRGHO
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7KH�FHQWUDO�SULQFLSOH�RI�WKH�PHWKRG�ZH�KDYH�GHYHORSHG�LV�WR�XVH�D�SDUWLFLSDWRU\�DSSURDFK�ZKLFK�HQWDLOV�WKH�DFWLYH�LQYROYHPHQW�RI�YROXQWHHUV��NH\�LQIRUPDQWV��IURP�D�SDUWLFXODU�WHDP�RU�VHFWLRQ�RI�DQ�RUJDQLVDWLRQ��(VVHQWLDOO\�WKLV�KDV�PHDQW�HVWDEOLVKLQJ�DQG�PDLQWDLQLQJ�DQ�RQJRLQJ�GLDORJXH�ZLWK�WKH�LQGLYLGXDOV�DQG�RUJDQLVDWLRQV�LQYROYHG��EDVHG�RQ�WKH�SULQFLSOHV�RI�DFWLRQ�UHVHDUFK�DQG�DSSUHFLDWLYH�LQTXLU\��DQG�JLYLQJ�ERWK�RXU�NH\�LQIRUPDQWV�DQG�RWKHU�SDUWLFLSDQWV�RZQHUVKLS�RYHU�WKH�FROOHFWLRQ�DQG�VXEVHTXHQW�XVHV�RI�WKH�GDWD��7KLV�DSSURDFK�KDV�PDGH�LW�SRVVLEOH�IRU�WKH�UHVHDUFK�WHDP�DQG�SDUWLFLSDQWV�WR�FROODERUDWH�LQ�VHWWLQJ�WKH�UHVHDUFK�DJHQGD�DQG�H[FKDQJLQJ�UHOHYDQW�LQIRUPDWLRQ��DQG�KDV�SURYLGHG�D�VRXQG�EDVLV�IRU�WKH�SHRSOH�DQG�RUJDQLVDWLRQV�FRQFHUQHG�WR�UHIOHFW�RQ�DQG�GHYHORS�WKHLU�RZQ�FRPPXQLFDWLRQ�SUDFWLFHV��7KH�EDVLF�GDWD�FROOHFWLRQ�PRGHO�PRYHV�WKURXJK�IRXU�GLVWLQFW�VWDJHV�
�L��PDNLQJ�FRQWDFW�HVWDEOLVKLQJ�WKH�UHVHDUFK�UHODWLRQVKLS�
�LL��FROOHFWLQJ�HWKQRJUDSKLF�LQIRUPDWLRQ�DQG�UHFRUGLQJ�WDON�
�LLL��LQLWLDO�SURFHVVLQJ�DQG�DQDO\VLV�RI�WKH�GDWD��DQG
�LY��SURYLGLQJ�UHIOH[LYH�IHHGEDFN�

$V�LOOXVWUDWHG�E\�)LJXUH���EHORZ��WKLV�SURFHVV�ILWV�QHDWO\�LQWR�WKH�SDWWHUQ�RI�DQ�DFWLRQ�UHVHDUFK�F\FOH��ZKHUH�VXFFHVVLYH�LWHUDWLRQV�DUH�SRVVLEOH��WKXV�DOORZLQJ�IRU�WKH�H[SORUDWLRQ�RI�QHZ�UHVHDUFK�TXHVWLRQV��DQG�WKH�GHYHORSPHQW�RI�SUDFWLFDO�DSSOLFDWLRQV��WUDFNLQJ�EDFN�WR�RQH�RI�WKH�SUHYLRXV�VWDJHV�DV�DSSURSULDWH�
)LJXUH��

7KH�DFWLRQ�UHVHDUFK�F\FOH

>$GDSWHG�IURP�:DGVZRUWK�����@
2XU�FRUH�VWUDWHJ\�LV�WR�WDNH�D�µKDQGV�RII¶�DSSURDFK�WR�FROOHFWLQJ�WKH�GDWD��ZKLFK�JLYHV�SDUWLFLSDQWV�DV�PXFK�GLUHFW�FRQWURO�DV�SRVVLEOH�RYHU�WKH�GDWD�FROOHFWLRQ�SURFHVV��DQG�PLQLPLVHV�WKH�LPSDFW�RI�KDYLQJ�RXWVLGHUV�SUHVHQW�LQ�D�ZRUNSODFH��$W�WKH�VDPH�WLPH��ZH�KDYH�IRXQG�LW�LV�HVVHQWLDO�WR�DFWLYHO\�PDQDJH�WKH�UHVHDUFK�UHODWLRQVKLS�VR�WKDW�WKH�LQGLYLGXDOV�DQG�WHDPV�GLUHFWO\�LQYROYHG�H[SHULHQFH�WKH�PLQLPXP�RI�GLVUXSWLRQ�WR�WKHLU�ZRUN��DQG�DOVR�JDLQ�VRPH�LPPHGLDWH�EHQHILWV�IURP�WKHLU�LQYROYHPHQW��WKXV�PDNLQJ�LW�PRUH�OLNHO\�WKDW�WKH\�ZLOO�UHPDLQ�LQWHUHVWHG�LQ�DQG�FRPPLWWHG�WR�WKH�SURMHFW��([DFWO\�KRZ�WKLV�LV�RSHUDWLRQDOLVHG�YDULHV�DFFRUGLQJ�WR�WKH�VSHFLILF�FRQGLWLRQV�LQ�HDFK�SDUWLFLSDWLQJ�ZRUNSODFH��VHH�EHORZ���+RZHYHU��D�VLPLODU�VHW�RI�VWUDWHJLHV�KDV�EHHQ�DSSOLHG�LQ�HDFK�FDVH�
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,Q�WKH�VHW�XS�SKDVH�ZH�KDYH�IRXQG�LW�ZRUNV�EHVW�WR�LQLWLDWH�D�UHVHDUFK�UHODWLRQVKLS�ZLWK�DQ�RUJDQLVDWLRQ�YLD�RQH�RU�PRUH�LQWHUQDO�FRQWDFWV�ZKR�KDYH�WDNHQ�DQ�LQWHUHVW�LQ�WKH�UHVHDUFK��7KLV�FRQWDFW�SHUVRQ�PLJKW�HLWKHU�EH�D�SHUVRQ�IURP�RXU�H[LVWLQJ�QHWZRUNV��RU�VRPHRQH�ZKR�KDV�DSSURDFKHG�XV�RQ�WKHLU�RZQ�LQLWLDWLYH��ZKR�KDV�LGHQWLILHG�VRPH�SRWHQWLDO�EHQHILWV�WR�WKHLU�RUJDQLVDWLRQ�RI�EHLQJ�LQYROYHG�LQ�WKH�UHVHDUFK��7KHVH�LQGLYLGXDOV�DUH�DEOH�WR�JHQHUDWH�LQWHUHVW�DPRQJVW�WKHLU�FROOHDJXHV�DQG�IDFLOLWDWH�IXUWKHU��PRUH�IRUPDO�GLVFXVVLRQV�ZLWK�PDQDJHPHQW�WR�DOORZ�WKH�UHVHDUFK�WR�SURFHHG�WR�WKH�QH[W�VWDJH�
2QFH�SHRSOH�LQ�D�ZRUNSODFH�EHFRPH�FROODERUDWRUV�LQ�WKH�VWXG\��NH\�SDUWLFLSDQWV�DUH�LQYLWHG�WR�WDNH�WKH�UROH�RI�SDUWLFLSDQW�REVHUYHUV��DQG�GLVFXVV�ZLWK�PHPEHUV�RI�WKH�UHVHDUFK�WHDP�WKH�FRPPXQLFDWLRQ�SDWWHUQV�W\SLFDO�RI�WKHLU�ZRUNSODFH��DQG�WKH�LVVXHV�WKH\�DUH�LQWHUHVWHG�LQ�H[SORULQJ��7KLV�LQLWLDO�FRQVXOWDWLRQ�DOVR�SURYLGHV�WKH�EDVLV�IRU�FROODERUDWLYH�SODQQLQJ�RI�ZKDW��ZKHUH�DQG�KRZ�WR�UHFRUG��DQG�KHOSV�WR�FODULI\�VKDUHG�REMHFWLYHV�DQG�HWKLFDO�LVVXHV�
'XULQJ�WKH�GDWD�FROOHFWLRQ�SKDVH��LQWHUDFWLRQV�DUH�UHFRUGHG�DV�XQREWUXVLYHO\�DV�SRVVLEOH��EXW�DOZD\V�ZLWK�WKH�H[SOLFLW�NQRZOHGJH�DQG�DJUHHPHQW�RI�DOO�LQYROYHG���7KLV�PHDQV�UHGXFLQJ�WKH�UHVHDUFKHUV¶�GLUHFW�LQYROYHPHQW�LQ�WKH�SK\VLFDO�FROOHFWLRQ�RI�GDWD�WR�WKH�PLQLPXP�SRVVLEOH�LQ�D�JLYHQ�ZRUNSODFH��7\SLFDOO\��YROXQWHHUV�UHSUHVHQWLQJ�D�UDQJH�RI�UROHV�DQG�OHYHOV�ZLWKLQ�WKH�RUJDQLVDWLRQ�DJUHH�WR�FDUU\�D�UHFRUGHU�DQG�RU�PLFURSKRQH�DQG�VHOHFWLYHO\�UHFRUG�VDPSOHV�RI�WKHLU�HYHU\GD\�LQWHUDFWLRQV�DW�ZRUN�RYHU�D�SHULRG�UDQJLQJ�IURP�WZR�WR�WKUHH�ZHHNV�WR�VHYHUDO�PRQWKV�
7KURXJKRXW�WKH�GDWD�FROOHFWLRQ�SURFHVV�SDUWLFLSDQWV�DUH�IUHH�WR�HGLW�DQG�GHOHWH�PDWHULDO�DV�WKH\�ZLVK��(YHQ�DIWHU�WKH\�KDYH�FRPSOHWHG�UHFRUGLQJ�DQG�KDQGHG�RYHU�WKH�WDSHV�RU�GLVFV��WKH\�FDQ�DVN�XV�WR�HGLW�RXW�PDWHULDO�ZKLFK�WKH\�IHHO�LQ�UHWURVSHFW�WKH\�GR�QRW�ZLVK�XV�WR�DQDO\VH�RU�XVH�LQ�DQ\�SXEOLVKHG�PDWHULDO��'HPRJUDSKLF�DQG�HWKQRJUDSKLF�GDWD�DUH�FROOHFWHG�E\�D�YDULHW\�RI�PHDQV��LQFOXGLQJ�LQLWLDO�GLVFXVVLRQV�ZLWK�PDQDJHUV��ZRUNSODFH�REVHUYDWLRQV��EULHILQJ�DQG�GHEULHILQJ�VHVVLRQV�ZLWK�YROXQWHHUV��FRQWH[WXDO�QRWHV�SURYLGHG�E\�WKH�SDUWLFLSDQWV�DW�WKH�WLPH�RI�UHFRUGLQJ��DQG�IROORZ�XS�LQWHUYLHZV�ZLWK�VHOHFWHG�SDUWLFLSDQWV�LQYROYLQJ�WKH�UHIOH[LYH�DQDO\VLV�RI�GDWD�H[WUDFWV�
)RU�WKLV�DSSURDFK�WR�VXFFHHG��LW�KDV�SURYHG�QHFHVVDU\�WR�KDYH�D�ILHOGZRUNHU�DOORFDWHG�WR�HDFK�VLWH�ZKLOH�UHFRUGLQJ�LV�LQ�SURJUHVV��7KLV�SHUVRQ�FORVHO\�PRQLWRUV�WKH�GDWD�FROOHFWLRQ�DV�LW�LV�WDNLQJ�SODFH��DQG�SURYLGHV�XQREWUXVLYH�µEHKLQG�WKH�VFHQHV¶�VXSSRUW��ERWK�WHFKQLFDO�DQG�ORJLVWLFDO��LQ�RUGHU�WR�PDNH�FROOHFWLQJ�WKH�GDWD�DV�µSDLQOHVV¶�DV�SRVVLEOH�IRU�WKH�YROXQWHHUV��DQG�WR�KHOS�WKHP�PDLQWDLQ�PRWLYDWLRQ�DQG�PRPHQWXP��7KLV�VWUDWHJ\�DOVR�PDNHV�LW�SRVVLEOH�WR�DGDSW�TXLFNO\�WR�FKDQJLQJ�FLUFXPVWDQFHV��DQG�KDV�DOORZHG�WKH�UHVHDUFK�WHDP�WR�WDLORU�DQG�VWUHDPOLQH�WKH�SUDFWLFDO�V\VWHPV�LQYROYHG�LQ�UHFRUGLQJ�WDON�DQG�FROOHFWLQJ�FRQWH[WXDO�LQIRUPDWLRQ�SUHFLVHO\�WR�HDFK�QHZ�FRQWH[W��WKXV�PLQLPLVLQJ�GLVUXSWLRQ�WR�WKH�FRUH�EXVLQHVV�RI�WKH�ZRUNSODFH��DQG�WKH�DPRXQW�RI�WLPH�DQG�HIIRUW�UHTXLUHG�IURP�WKH�YROXQWHHUV�
$QRWKHU�YLWDO�FRPSRQHQW�RI�WKH�SDUWLFLSDWRU\�DSSURDFK�LV�JLYLQJ�RQJRLQJ�RSSRUWXQLWLHV�IRU�µGHEULHILQJ¶�DQG�GLDORJXH�RQ�LVVXHV�UDLVHG�E\�WKH�SDUWLFLSDQWV�GXULQJ�DQG�LPPHGLDWHO\�DIWHU�WKH�UHFRUGLQJ��DQG�SURYLGLQJ�HDUO\�UHOHYDQW�IHHGEDFN�LQ�WKH�IRUP�RI�VHPLQDUV��UHSRUWV�DQG�SUDFWLFDO�ZRUNVKRSV�EDVHG�RQ�WKH�LQLWLDO�GDWD�DQDO\VHV�FDUULHG�RXW�E\�WKH�UHVHDUFKHUV��%\�HQJDJLQJ�LQ�D�WZR�ZD\�GLDORJXH�WKURXJKRXW�WKH�UHVHDUFK�SURFHVV��DQG�OHDYLQJ�FRQWURO�RI�WKH�UHFRUGHG�PDWHULDO�LQ�WKH�KDQGV�RI�RXU�LQIRUPDQWV�ZH�KDYH�GHYHORSHG�DQ�H[FHOOHQW�UHVHDUFK�UHODWLRQVKLS�ZLWK�WKHP��$V�D�UHVXOW��WKH\�KDYH�WUXVWHG�XV�ZLWK�D�ZLGH�UDQJH�RI�IDVFLQDWLQJ�PDWHULDO�LQ�UHWXUQ�IRU�JXDUDQWHHV�RI�DQRQ\PLW\�DQG�FRQILGHQWLDOLW\��:KDW�ZH�KDYH�FROOHFWHG�LV�ILUVW�DQG�IRUHPRVW�QDWXUDO�GDWD��DIWHU�DQ�LQLWLDO�SHULRG�RI�VHOI�FRQVFLRXVQHVV��SHRSOH�XVXDOO\�UHOD[�DQG�UHYHUW�WR�WKHLU�QRUPDO�EHKDYLRXU��DW�OHDVW�PRVW�RI�WKH�WLPH��DQG�WKH\�JHQHUDOO\�UHSRUW�WKDW�WKH�UHFRUGLQJV�DUH�W\SLFDO�RI�WKHLU�URXWLQH�LQWHUDFWLRQV��7KH�QH[W�VHFWLRQ�GHVFULEHV�KRZ�WKH�EDVLF�PHWKRGRORJ\�RXWOLQHG�DERYH�KDV�EHHQ�LPSOHPHQWHG�LQ�SUDFWLFDO�WHUPV�LQ�D�YDULHW\�RI�GLIIHUHQW�FRQWH[WV�RYHU�WKH�SDVW�ILYH�\HDUV�
&ROOHFWLQJ�WKH�GDWD
7KH�/:3�FRUSXV�LQFOXGHV�VHYHUDO�GLVWLQFW�VXEVHWV�RI�ZRUNSODFH�GDWD�FROOHFWHG�SURJUHVVLYHO\�LQ�GLIIHUHQW�
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1HZ�=HDODQG�VHWWLQJV�RYHU�WKH�SDVW�VL[�\HDUV���,W�LV�WKH�ODUJHVW�DQG�PRVW�UHSUHVHQWDWLYH�FRUSXV�RI�QDWXUDOO\�RFFXUULQJ�ZRUNSODFH�LQWHUDFWLRQ�WKDW�ZH�NQRZ�RI�LQWHUQDWLRQDOO\��DQG�WKH�ULFKQHVV�DQG�GLYHUVLW\�RI�WKH�GDWD�KDV�DOORZHG�WHDP�PHPEHUV�WR�UHVHDUFK�PDQ\�GLIIHUHQW�DVSHFWV�RI�ZRUNSODFH�FRPPXQLFDWLRQ��VHH�+ROPHV�DQG�6WXEEH�IF���7KH�PDLQ�IRFXV�KDV�EHHQ��DQG�UHPDLQV��RQ�FROOHFWLQJ�UHFRUGLQJV�RI�VSRNHQ�LQWHUDFWLRQV��ERWK�DXGLR�DQG�YLGHR��DORQJ�ZLWK�DVVRFLDWHG�FRQWH[WXDO�LQIRUPDWLRQ�SURYLGHG�E\�SDUWLFLSDQWV�LQ�WKH�VWXG\��0RUH�UHFHQWO\��KRZHYHU��ZH�KDYH�DOVR�VWDUWHG�WR�FROOHFW�VDPSOHV�RI�ZRUNSODFH�ZULWLQJ��LQ�SDUWLFXODU�HPDLO�
FRUUHVSRQGHQFH���DV�ZHOO�DV�RWKHU�IRUPV�RI�WH[WXDO�DQG�YLVXDO�LQIRUPDWLRQ�WKDW�IRUP�SDUW�RI�WKH�RYHUDOO�FRPPXQLFDWLYH�HQYLURQPHQW�RI�DQ�RUJDQLVDWLRQ�
$W�WKH�WLPH�RI�ZULWLQJ��WKH�/:3�FRUSXV�FRPSULVHV�PRUH�WKDQ������LQWHUDFWLRQV�LQYROYLQJ�DSSUR[LPDWHO\�����SHRSOH�LQ����GLIIHUHQW�ZRUNSODFHV��IURP�D�UDQJH�RI�DJHV��HWKQLF�JURXSV�DQG�RFFXSDWLRQV��6HH�+ROPHV�����������7DEOH���IRU�D�VXPPDU\�EUHDNGRZQ�RI�DPRXQWV�DQG�W\SHV�RI�GDWD�FROOHFWHG�LQ�HDFK�W\SH�RI�ZRUNSODFH���7KLV�FRUSXV�LQFOXGHV�VRFLDO�WDON�UHFRUGHG�LQ�ZRUNSODFHV�DV�ZHOO�DV�WDVN�RULHQWHG�WDON��DQG�WKH�OHQJWK�RI�UHFRUGHG�LQWHUDFWLRQV�UDQJHV�IURP�VKRUW�WHOHSKRQH�FDOOV�DQG�EULHI�LQWHUDFWLRQV�RI�OHVV�WKDQ�D�PLQXWH�WR�ORQJ�PHHWLQJV�ZKLFK�ODVW�PRUH�WKDQ�IRXU�KRXUV��7KH�GDWD�LQFOXGHV�ZRUNSODFH�WDON�UHFRUGHG�LQ�D�QXPEHU�RI�ODUJH�JRYHUQPHQW�DQG�FRPPHUFLDO�ZKLWH�FROODU�RUJDQLVDWLRQV��DV�ZHOO�DV�LQ�VPDOO�EXVLQHVVHV��EOXH�FROODU�IDFWRU\�HQYLURQPHQWV�DQG�PRUH�UHFHQWO\��LQ�KRVSLWDO�ZDUGV��,Q�ZKDW�IROORZV��,�EULHIO\�GHVFULEH�WKH�FRPSRVLWLRQ�RI�WKHVH�GDWD�VXEVHWV��DQG�RXWOLQH�KRZ�WKH�GDWD�FROOHFWLRQ�PHWKRGRORJ\�ZDV�DSSOLHG�DQG�PRGLILHG�WR�ILW�WKH�FLUFXPVWDQFHV�DQG�VSHFLILF�UHVHDUFK�REMHFWLYHV�LQ�GLIIHUHQW�ZRUNSODFHV��DQG�WR�WDNH�DGYDQWDJH�RI�DGYDQFHV�LQ�WKH�WHFKQRORJ\�DYDLODEOH�IRU�UHFRUGLQJ��SURFHVVLQJ�DQG�DQDO\VLQJ�WKH�GDWD�
*RYHUQPHQW�2IILFHV�
'XULQJ������DQG�������WKH�/:3�UHVHDUFK�WHDP�SURJUHVVLYHO\�SLORWHG�DQG�ILQH�WXQHG�WKH�SDUWLFLSDWRU\�PHWKRGRORJ\�RXWOLQHG�DERYH�ZLWK�YROXQWHHUV�IURP�SROLF\�DQG�DGYLVRU\�XQLWV�LQ�IRXU�1HZ�=HDODQG�JRYHUQPHQW�DJHQFLHV��7KHVH�ZRUNSODFHV�UHSUHVHQW�DQ�HQYLURQPHQW�ZKHUH�WDON�LV�LQWHJUDO�WR�WKH�FRUH�EXVLQHVV�RI�WKH�ZRUNSODFH��7KHVH�ZHUH�WKH�ILUVW�ZRUNSODFHV�WR�EH�LQYROYHG�LQ�WKH�/:3�UHVHDUFK��DQG�WKH\�ZHUH�GHOLEHUDWHO\�VHOHFWHG�WR�LQFOXGH�RQH�RUJDQLVDWLRQ�ZLWK�D�KLJK�SURSRUWLRQ�RI�ZRPHQ�DQG�RQH�ZLWK�D�KLJK�SURSRUWLRQ�RI�0DRUL�ZRUNHUV��LQ�DGGLWLRQ�WR�WZR�ZRUNSODFHV�ZLWK�DQ�HWKQLF�DQG�JHQGHU�EDODQFH�PRUH�FORVHO\�UHIOHFWLQJ�WKH�1HZ�=HDODQG�QRUP��7KH�DLP�ZDV�WR�JHQHUDWH�D�GDWD�VHW�ZKLFK�ZRXOG�DOORZ�IRU�FRPSDUDWLYH�DQDO\VHV�ZLWKLQ�WKH�FRUSXV�RI�����LQWHUDFWLRQV�ZKLFK�ZHUH�UHFRUGHG�GXULQJ�WKLV�SKDVH�RI�WKH�SURMHFW��7KH�EXON�RI�WKLV�GDWD�FRQVLVWV�RI�VPDOO��UHODWLYHO\�LQIRUPDO�ZRUN�UHODWHG�RIILFH�PHHWLQJV�DQG�GLVFXVVLRQV�LQYROYLQJ�SHRSOH�IURP�D�UDQJH�RI�GLIIHUHQW�OHYHOV�ZLWKLQ�HDFK�RUJDQLVDWLRQ��6XFK�LQWHUDFWLRQV�IXOILO�D�ZLGH�YDULHW\�RI�SXUSRVHV�LQ�WKHVH�ZRUNSODFHV��WR�SODQ��WR�FRQYH\�LQVWUXFWLRQV��WR�VHHN�DGYLFH��WR�FKHFN�UHSRUWV��WR�VROYH�D�SUREOHP�RU�GR�D�WDVN��WR�SURYLGH�IHHGEDFN��WR�HYDOXDWH�SURSRVDOV��DQG�VR�RQ��7KLV�SURYLGHV�DQ�HVSHFLDOO\�ULFK�VRXUFH�RI�GDWD�IRU�LQYHVWLJDWLQJ�KRZ�ODQJXDJH�IXQFWLRQV�LQ�WKH�RQJRLQJ�FRQVWUXFWLRQ�RI�ZRUNSODFH�UHODWLRQVKLSV�DQG�KRZ�SHRSOH�JHW�WKLQJV�GRQH�WKURXJK�WDON��7KH�SDUWLFLSDWRU\�PRGHO�ZRUNHG�WKURXJK�WKUHH�PDLQ�VWDJHV�LQ�WKHVH�FDVHV�
0DNLQJ�FRQWDFW
:H�ILUVW�LGHQWLILHG�DQ�RUJDQLVDWLRQ�ZLWK�ZKRP�ZH�ZLVKHG�WR�ZRUN��XVLQJ�SHUVRQDO�FRQWDFWV�WR�LQWURGXFH�DQG�YRXFK�IRU�XV��2QFH�D�FDQGLGDWH�RUJDQLVDWLRQ�ZDV�LGHQWLILHG��ZH�VRXJKW�DQ�LQLWLDO�PHHWLQJ�ZLWK�VHQLRU�PDQDJHPHQW�WR�GLVFXVV�RXU�UHVHDUFK�SURSRVDO��DVN�IRU�WKHLU�LQSXW�RQ�FRPPRQ�DUHDV�RI�LQWHUHVW��DQG�JDLQ�WKHLU�DJUHHPHQW�LQ�SULQFLSOH�WR�EHLQJ�LQYROYHG��7KLV�ZDV�IROORZHG�E\�DQ�RSHQ�SUHVHQWDWLRQ�WR�DOO�LQWHUHVWHG�SDUWLHV�LQ�WKH�RUJDQLVDWLRQ��+HUH�ZH�SURYLGHG�EDFNJURXQG�LQIRUPDWLRQ�RQ�UHODWHG�UHVHDUFK��WKH�DLPV��PHWKRGV�DQG�H[SHFWHG�RXWFRPHV�RI�WKH�SURMHFW��DQG�JDYH�SHRSOH�WKH�RSSRUWXQLW\�WR�DVN�TXHVWLRQV�DQG�PDNH�FRPPHQWV�
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6DUDQJL��6ULNDQW�DQG�&HOLD�5REHUWV��HGV���������7DON��:RUN�DQG�,QVWLWXWLRQDO�2UGHU��'LVFRXUVH�LQ�0HGLFDO��0HGLDWLRQ�DQG�0DQDJHPHQW�6HWWLQJV��1HZ�<RUN��0RXWRQ�GH�*UX\WHU�����������
6DUDQJL��6ULNDQW�DQG�&HOLD�5REHUWV�IF��8SWDNH�RI�GLVFRXUVH�UHVHDUFK�LQ�LQWHUSURIHVVLRQDO�VHWWLQJV��5HSRUWLQJ�IURP�PHGLFDO�FRQVXOWDQF\��,Q�&KULV�&DQGOLQ�DQG�6ULNDQW�6DUDQJL��HGV����-RXUQDO�RI�$SSOLHG�/LQJXLVWLFV��6SHFLDO�,VVXH������
6WXEEH��0DULD�������5HVHDUFKLQJ�ODQJXDJH�LQ�WKH�ZRUNSODFH��$�SDUWLFLSDWRU\�PRGHO��3URFHHGLQJV�RI�WKH�$XVWUDOLDQ�/LQJXLVWLFV�6RFLHW\�&RQIHUHQFH��%ULVEDQH�8QLYHUVLW\�RI�4XHHQVODQG�-XO\�������KWWS���ZZZ�FOWU�XT�HGX�DX�DOV����
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6WXEEH��0DULD�������7DON�WKDW�ZRUNV��(YDOXDWLQJ�FRPPXQLFDWLRQ�LQ�D�IDFWRU\�SURGXFWLRQ�WHDP��1HZ�=HDODQG�(QJOLVK�-RXUQDO�����������
6WXEEH��0DULD�������7DONLQJ�VKRS��5HVHDUFKLQJ�ZRUNSODFH�FRPPXQLFDWLRQ�LQ�1HZ�=HDODQG��(QJOLVK�LQ�$RWHDURD�����0D\�������������
6WXEEH��0DULD�DQG�3DVFDO�%URZQ�IF��7DON�WKDW�:RUNV��&RPPXQLFDWLRQ�LQ�VXFFHVVIXO�IDFWRU\�WHDPV��$�WUDLQLQJ�UHVRXUFH�NLW��:HOOLQJWRQ��/DQJXDJH�LQ�WKH�:RUNSODFH�3URMHFW��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ�
6WXEEH��0DULD�DQG�0HJDQ�,QJOH�������&ROOHFWLQJ�QDWXUDO�LQWHUDFWLRQ�GDWD�LQ�D�IDFWRU\��6RPH�PHWKRGRORJLFDO�FKDOOHQJHV��3DSHU�SUHVHQWHG�DW�0XUGRFK�6\PSRVLXP�RQ�7DON�LQ�,QWHUDFWLRQ��3HUWK��6HSWHPEHU������
6XQDRVKL��<XNDNR�������/DQJXDJH�XVH�LQ�-DSDQHVH�PDQXIDFWXULQJ�SODQWV�LQ�WKH�8QLWHG�6WDWHV��8QSXEOLVKHG�3K'�7KHVLV��8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ�
9LQH��%HUQDGHWWH��*DU\�-RKQVRQ��-HQQLIHU�2
%ULHQ�DQG�6KHOOH\�5REHUWVRQ�IF��:HOOLQJWRQ�$UFKLYH�RI�1HZ�=HDODQG�(QJOLVK�WUDQVFULEHU
V�PDQXDO��/DQJXDJH�LQ�WKH�:RUNSODFH�2FFDVLRQDO�3DSHUV���
:DGVZRUWK��<RODQGH�������:KDW�LV�3DUWLFLSDWRU\�$FWLRQ�5HVHDUFK"�KWWS���ZZZ�VFX�HGX�DX�VFKRROV�VDZG�DUL�DUL�ZDGVZRUWK�KWPO
:DOODFH��'HUHN�������(�0DLO�DQG�WKH�SUREOHPV�RI�FRPPXQLFDWLRQ��0�&�±�$�-RXUQDO�RI�0HGLD�DQG�&XOWXUH������KWWS���ZZZ�DSL�QHWZRUN�FRP�PF��
:DOGYRJHO��-RDQ�������(PDLO�DQG�ZRUNSODFH�FRPPXQLFDWLRQ��$�OLWHUDWXUH�UHYLHZ��/DQJXDJH�LQ�WKH�:RUNSODFH�2FFDVLRQDO�3DSHUV����ZZZ�YXZ�DF�Q]�ODOV�OZS�UHVRXUFHV�RS��KWP

��
0$5,$�678%%(�LV�D�5HVHDUFK�)HOORZ�ZLWK�9LFWRULD�8QLYHUVLW\¶V�/DQJXDJH�LQ�WKH�:RUNSODFH�3URMHFW��6KH�FRPELQHV�KHU�UHVHDUFK�ZRUN�ZLWK�XQLYHUVLW\�OHFWXULQJ�DQG�FRQVXOWDQF\�LQ�WKH�ILHOGV�RI�VRFLROLQJXLVWLFV�DQG�ZRUNSODFH�FRPPXQLFDWLRQ��+HU�UHVHDUFK�DQG�ZULWLQJ�IRFXV�RQ�WKH�VRFLROLQJXLVWLF�DQG�SUDJPDWLF�DQDO\VLV�RI�VSRNHQ�GLVFRXUVH��DQG�VKH�KDV�SXEOLVKHG�RQ�D�UDQJH�RI�WRSLFV�LQFOXGLQJ�1HZ�=HDODQG�(QJOLVK�GLVFRXUVH��ODQJXDJH�DQG�JHQGHU��FXOWXUDO�LGHQWLW\�DQG�SUREOHPDWLF�GLVFRXUVH�LQ�WKH�ZRUNSODFH��
��
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