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IHPDOHV� DQG� �LL�� IHPDOHV� KDYH� OHVV� DFFHVV� WR� KLJK� DFDGHPLF� SRVLWLRQV� DV� ZHOO� DV� WRUHVHDUFK� UHVRXUFHV�DQG�KLJK� VDODULHV��±�� 7KH�FDXVHV� IRU� VXFK�GLIIHUHQFHV�DUH�FRPSOH[DQG�LQYROYH�PDQ\�IDFWRUV��LQFOXGLQJ�FXOWXUDO��VRFLDO�DQG�HFRQRPLF�RQHV����������6HYHUDO�SROLFLHV�KDYH�EHHQ�GHYHORSHG�LQ�RUGHU�WR�WU\�DQG�LPSURYH�PDWWHUV�IRU�ZRPHQLQ�VFLHQFH�DQG� LW� LV� WKHUHIRUH�QHFHVVDU\� WR�GHYLVH�PHDQV� WR�PRQLWRU� WKHLU� VXFFHVV��2QHPHDVXUH�LV�WKH�UHODWLYH�SUHVHQFH�RI�ZRPHQ�DPRQJ�WKH�DXWKRUV�RI�VFLHQWLILF�SXEOLFDWLRQVUHVXOWLQJ� IURP� UHVHDUFK�� +RZHYHU� WKLV� LV� QRUPDOO\� GLIILFXOW� WR� DQDO\VH� DV� PRVWSHULRGLFDOV��DQG�ELEOLRJUDSKLF�GDWDEDVHV�EDVHG�RQ�WKHP��RQO\�UHFRUG�WKH�LQLWLDOV�RI�WKHLUDXWKRUV¶�QDPHV��([FHSWLRQDOO\��LQ�,FHODQG��PDQ\�³VXUQDPHV´��DFWXDOO\��SDWURQ\PLFV��RIPHQ�HQG� LQ� ³VVRQ´�DQG�RI� IHPDOHV�HQG� LQ�³GRWWLU´�DQG� WKLV�HQDEOHG�RQH�RI�XV�� WR� VHHKRZ� ZRPHQ� KDG� IDUHG� LQ� D� VPDOO� FRXQWU\�� DOEHLW� RQH�� OLNH� %UD]LO�� ZLWK� D� PDUNHWHFRQRP\��,Q�3RODQG�PDQ\�VXUQDPHV�GLVSOD\�JHQGHU�HQGLQJV��ZKLFK�DOORZHG�:HEVWHU�WRFDUU\� RXW� D� VLPLODU� VWXG\�� LQ� D� FRXQWU\� ZKLFK� IRU�PXFK� RI� WKH� SHULRG� VWXGLHG�ZDV� DVRFLDOLVW� VWDWH�� ZLWK� HYHU\� HQFRXUDJHPHQW� JLYHQ� WR� ZRPHQ� WR� SDUWLFLSDWH� LQ� SDLGHPSOR\PHQW�DQG�LQ�SDUWLFXODU�LQ�VFLHQFH�7KH�ILQGLQJV�IRU�3RODQG�ZHUH�UDWKHU�GLIIHUHQW�IURP�WKRVH�LQ�,FHODQG��ZKHUH�ZRPHQ¶VSDUWLFLSDWLRQ�URVH�IURP�EDUHO\����LQ������WR�DERXW�����LQ�WKH�ODVW�IHZ�\HDUV��,Q�3RODQG�ZRPHQ¶V� VKDUH� RI� SXEOLFDWLRQV� GHFOLQHG� PRGHVWO\� IURP� DERXW� ���� DIWHU� WKH� HQG� RIVRFLDOLVP�EXW�LV�QRZ�DOPRVW�EDFN�DW�LWV�SULVWLQH�OHYHO��,Q�ERWK�FRXQWULHV��WKHUH�ZDV�D�FOHDUWHQGHQF\� IRU� ZRPHQ� WR� EH� UHODWLYHO\� PXFK� PRUH� DFWLYH� LQ� ELRPHGLFLQH� DQG� WKH� OLIHVFLHQFHV�� DQG� OHVV� VR� LQ� WKH� H[DFW� VFLHQFHV� VXFK� DV� SK\VLFV� DQG�PDWKHPDWLFV��$QRWKHUILQGLQJ� ZDV� WKDW� ZRPHQ� ZHUH� OHVV� OLNHO\� WKDQ� PHQ� WR� EH� ZRUNLQJ� RQ� LQWHUQDWLRQDOSURMHFWV�� VXJJHVWLQJ� WKDW� WUDYHO� UHVWULFWLRQV� ZHUH� KDPSHULQJ� WKHLU� GHYHORSPHQW� RIRYHUVHDV�FRQWDFWV��+RZHYHU�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ� WKH�SRWHQWLDO� LPSDFWRI� WKH� SDSHUV�� RU�� IRU� ,FHODQG�� RI� WKH� DFWXDO� FLWDWLRQ� LPSDFW� RI� WKH� RQHV� LQ� FOLQLFDOPHGLFLQH�,Q� %UD]LO�� VWXGLHV� RI� JHQGHU� DQG� VFLHQFH� XVLQJ� D� TXDQWLWDWLYH� DSSURDFK� DUH� VWLOOXQFRPPRQ�� 5HFHQWO\�� 9HOKR DQG /HyQ�� WHVWHG� WKH� YDOLGLW\� RI� WKH� DVVXPSWLRQ� WKDWZRPHQ� DUH� OHVV� SURGXFWLYH� WKDQ� PHQ� E\� PHDVXULQJ� VRPH� DFDGHPLF� DQG� VFLHQWLILFDVSHFWV� RI� IRXU� UHVHDUFK� LQVWLWXWHV� DW� WKH� 6WDWH� 8QLYHUVLW\� RI� &DPSLQDV�� RQH� RI� WKHELJJHVW�DQG�PRVW�LPSRUWDQW�SXEOLF�XQLYHUVLWLHV�LQ�%UD]LO��7KH\�IRXQG�WKDW��DOWKRXJK�WKHIUDFWLRQ� RI�ZRPHQ�ZRUNLQJ� DW� WKHVH� LQVWLWXWHV� LQFUHDVHG� LQ� UHFHQW� GHFDGHV�� WKH\�ZHUHVWLOO�FRQFHQWUDWHG�LQ�D�VPDOO�QXPEHU�RI�ILHOGV�DQG�WKH\�GLG�QRW�UHDGLO\�DFKLHYH�WRS�FDUHHUSRVLWLRQV�� 8VLQJ� TXDQWLWDWLYH� GDWD�� WKH� DXWKRUV� GLVFXVVHG� WKH� SDUWLFLSDWLRQ� RI� ZRPHQZLWKLQ�WKH�VRFLDO�FRQWH[W�RI�VFLHQWLILF�SURGXFWLRQ�
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7KH�DLP�RI�WKH�SUHVHQW�ZRUN�LV�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�WKH�VFLHQWLILF�SURGXFWLRQRI�%UD]LOLDQ�IHPDOH�VFLHQWLVWV��LQ�WKUHH�GLIIHUHQW�ILHOGV�RI�NQRZOHGJH��GLIIHUV�IURP�WKDW�RIPDOH� VFLHQWLVWV�� LQ� WHUPV� ERWK� RI� TXDQWLW\� DQG� TXDOLW\�� 8VLQJ� GDWD� RQ� SXEOLFDWLRQV� LQDVWURQRP\��LPPXQRORJ\�DQG�RFHDQRJUDSK\�IURP�WKH�,QVWLWXWH�RI�6FLHQWLILF�,QIRUPDWLRQ�,6,���ZH� LGHQWLILHG� DQG� FRXQWHG�%UD]LOLDQ�ZRPHQ¶V� DQG�PHQ¶V� RXWSXWV��:H�FODVVLILHGWKHLU�SDSHUV�E\�WKHLU�H[WHQW�RI� LQWHUQDWLRQDO�FROODERUDWLRQ�DQG�E\�WKHLU�SRWHQWLDO� LPSDFWRQ�RWKHU�UHVHDUFKHUV�DV�WZR�LQGLFDWRUV�RI�WKH�HVWHHP�LQ�ZKLFK�WKH�UHVHDUFKHUV�ZHUH�KHOG�7R�LGHQWLI\�WKH�VH[�RI�WKH�UHVHDUFKHUV��ZH�XVHG�D�FHQVXV�RI�%UD]LOLDQ�VFLHQWLVWV�DFWLYH�LQ������7KLV�GDWDEDVH�DOVR�HQDEOHG�XV�WR�FKDUDFWHULVH�WKH�UHVHDUFKHUV�E\�DJH��E\�ZKHWKHURU� QRW� WKH\�ZHUH� GHVLJQDWHG� DV� JURXS� OHDGHUV�� DQG�ZKHWKHU� WKH\� KDG� EHHQ� VHOHFWHG� WRUHFHLYH�DQ�DGGLWLRQ�WR�WKHLU�VDODU\�LQ�WKH�IRUP�RI�D�IHOORZVKLS��7KH�DYDLODELOLW\�RI�WKHVHFHQVXV�GDWD�DOORZHG�XV�WR�XVH�ELEOLRPHWULF�PHDQV�WR�LQYHVWLJDWH�WKH�VWDQGLQJ�RI�IHPDOHVFLHQWLVWV�LQ�%UD]LO�
0HWKRGRORJ\

'DWD�RQ�WKH�%UD]LOLDQ�VFLHQWLILF�FRPPXQLW\
$V�PHQWLRQHG�DERYH��RQH�RI�WKH�SULQFLSDO�GLIILFXOWLHV�LQ�VWXGLHV�RQ�ZRPHQ�LQ�VFLHQFHLV�WR�LGHQWLI\�WKH�UHVHDUFKHUV¶�VH[��0DQ\�VWXGLHV�LQYROYH�PDQXDO�FRPSDULVRQV��ZKLFK�DUHODERXU�LQWHQVLYH�DQG�FRVWO\��DQG�PD\�VWLOO�UHVXOW� LQ�VRPH�PLVVLQJ�LQIRUPDWLRQ��,Q�RUGHUWR� E\SDVV� WKLV� GLIILFXOW\�� ZH� DVNHG� WKH� %UD]LOLDQ� 1DWLRQDO� &RXQFLO� IRU� 6FLHQWLILF� DQG7HFKQRORJLFDO� 'HYHORSPHQW� �&13T� LQ� LWV� 3RUWXJXHVH� DFURQ\P�� WR� H[WUDFW� IURP� LWVGDWDEDVH� VRPH� GDWD� RQ� %UD]LOLDQ� UHVHDUFKHUV�� &13T� LV� RQH� RI� WKH� PRVW� LPSRUWDQW%UD]LOLDQ� IHGHUDO� UHVHDUFK� VXSSRUW� DJHQFLHV�� OLQNHG� WR� WKH� 0LQLVWU\� RI� 6FLHQFH� DQG7HFKQRORJ\��DQG�JUDQWV�IHOORZVKLSV�WR�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV�DV�ZHOO�DV�WRHVWDEOLVKHG�VFLHQWLVWV��6LQFH�������WKLV�DJHQF\�KDV�FDUULHG�RXW�D�UHJXODU�QDWLRQDO�FHQVXVRI�%UD]LOLDQ�UHVHDUFK�JURXSV�DQG�KDV�FUHDWHG�D�ODUJH�GDWDEDVH��WKH�'LUHFWRU\�RI�%UD]LOLDQ5HVHDUFK�*URXSV��� 7KH�GDWDEDVH� LQFOXGHV�JHQHUDO� LQIRUPDWLRQ� DV�ZHOO� DV� GDWD� RQ� WKHVFLHQWLILF� SXEOLFDWLRQV� RI� DERXW� ������ QDPHV� UHJLVWHUHG� LQ� ������ +RZHYHU� WKHVHSXEOLFDWLRQ� GDWD� DUH� FRQWULEXWHG� E\� WKH� LQGLYLGXDO� UHVHDUFKHUV� DQG� VXFK� OLVWV� WHQG� WRFRQWDLQ� PDQ\� HUURUV�� 0RUHRYHU�� WKH� ELEOLRJUDSKLF� GHWDLOV� DUH� QRW� VWDQGDUGLVHG�� ZHWKHUHIRUH�GLG�QRW�XVH�WKHP�DV�SXEOLFDWLRQV�GDWD�IURP�WKH�6&,�DUH�PXFK�PRUH�FRPSOHWHDQG� DFFXUDWH�� &13T� HVWLPDWHV� WKDW� LWV� GDWDEDVH� FRYHUV� DURXQG� ���� RI� WKH� ZKROH%UD]LOLDQ�VFLHQWLILF�FRPPXQLW\�)RU�WKH�SUHVHQW�ZRUN�ZH�UHTXHVWHG�D�VXE�VHW�RI�WKH�GDWD�DQG�&13T�SURYLGHG�WKHP�LQWKH�IRUP�RI�HLJKW�06�([FHO�VSUHDGVKHHWV��RQH�IRU�HDFK�RI�HLJKW�PDMRU�ILHOGV��DJULFXOWXUDO
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VFLHQFHV��ELRORJLFDO� VFLHQFHV�� HQJLQHHULQJ�� H[DFW� VFLHQFHV�� KHDOWK� VFLHQFHV�� KXPDQLWLHV�ODQJXDJHV�DQG�DUWV��DQG�VRFLDO�VFLHQFHV��7KH�LQIRUPDWLRQ�UHFRUGHG�IRU�HDFK�UHVHDUFKHU�LQWKH�'LUHFWRU\�IRU�WKH�\HDU������ZHUH�WKH�IROORZLQJ�IXOO�QDPHUHIHUHQFH�QDPHVH[��LI� WKLV� ILHOG�ZDV�PLVVLQJ�� LW�ZDV� VXSSOLHG�E\�H[DPLQDWLRQ�RI� WKH� ILUVW�RU�JLYHQQDPH�RI�WKH�UHVHDUFKHU�E\�RQH�RI�XV��-/�GDWH�RI�ELUWKH�PDLO�DGGUHVVKLJKHVW�GHJUHHGDWH�RI�KLJKHVW�GHJUHHDJH�ZKHQ�REWDLQHG�KLJKHVW�GHJUHHZKHWKHU�OHDGHU�RU�DVVRFLDWH�UHVHDUFKHU�LQ�WKH�JURXSILHOG�RI�NQRZOHGJHFXUUHQW�LQVWLWXWLRQZKHWKHU�LQ�UHFHLSW�RI�D�&13T�UHVHDUFKHU�IHOORZVKLS�%DVHG�RQ�WKH�FULWHULRQ�RI�UHVHDUFKHUV¶�KLJKHVW�GHJUHH�EHLQJ�D�3K'��ZH�KDYH�VHOHFWHGWKUHH� ILHOGV� IRU� DQDO\VLV�ZKHUH� WKH�SHUFHQWDJHV�RI� IHPDOHV� GLIIHU� IURP� WKRVH�RI�PDOHV�QDPHO\�DVWURQRP\��LPPXQRORJ\�DQG�RFHDQRJUDSK\��)LJXUH����

)LJXUH����3HUFHQWDJHV�RI�%UD]LOLDQ�UHVHDUFKHUV�ZLWK�D�3K'�ZRUNLQJ�LQ�DVWURQRP\��RFHDQRJUDSK\DQG�LPPXQRORJ\�LQ������ZKR�DUH�IHPDOHV��VKDGHG��DQG�PDOHV��FOHDU�
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,GHQWLILFDWLRQ�RI�%UD]LOLDQ�SXEOLFDWLRQV�LQ�WKH�6&,
0DQ\� ELEOLRPHWULF� VWXGLHV� GHOLPLW� VFLHQWLILF� ILHOGV� E\� PHDQV� RI� OLVWV� RI� MRXUQDOV�+RZHYHU�WKLV�LV�XQVDWLVIDFWRU\�DV�LW�ZLOO�PLVV�SDSHUV�LQ�JHQHUDO�MRXUQDOV��VXFK�DV�1DWXUHDQG�6FLHQFH�� DQG�EHFDXVH� VRPH�SDSHUV� LQ� WKH� MRXUQDOV� DWWULEXWHG� WR� D� ILHOG� E\� WKH� ,6,PD\�FRYHU�SDSHUV�WKDW�DUH�DFWXDOO\�RI�OLWWOH�UHOHYDQFH�WR�LW��,Q�RWKHU�ZRUGV��WKH�³ILOWHU´�RIDQ� LQFOXVLYH� OLVW� RI� VSHFLDOLVW� MRXUQDOV� ZLOO� ODFN� ERWK� ³UHFDOO´� DQG� ³SUHFLVLRQ´�� ,W� LVSDUWLFXODUO\�LPSRUWDQW�WR�LQFOXGH�SDSHUV�LQ�JHQHUDO�MRXUQDOV�EHFDXVH�WKHVH�DUH�RIWHQ�WKHPRVW�LQIOXHQWLDO�DQG�ZLOO�HQMR\�PDQ\�FLWDWLRQV�:H� WKHUHIRUH� XVHG� WKUHH� ILOWHUV� EDVHG� RQ� ERWK� VSHFLDOLVW� MRXUQDOV�� ZLWK� PRUHUHVWULFWHG� OLVWV� WKDQ� WKRVH� SXEOLVKHG� E\� WKH� ,6,�� DQG� RQ� WLWOH� ZRUGV�� 7KH� WHFKQLTXH� RIGHYHORSPHQW� RI� VXFK� ILOWHUV� KDV� EHHQ� GHVFULEHG� HOVHZKHUH� E\� /HZLVRQ����� �� )RU� WKHSUHVHQW� VWXG\�� WKH� DVWURQRP\� ILOWHU�ZDV�GHYHORSHG� LQ� ,QGLD�ZLWK� WKH� DGYLFH�RI�$SDUQD%DVX� RI� WKH� 1DWLRQDO� ,QVWLWXWH� RI� 6FLHQFH� 7HFKQRORJ\� DQG� 'HYHORSPHQW� 6WXGLHV� LQ������� 7KH� LPPXQRORJ\� ILOWHU� ZDV� GHYHORSHG� IRU� D� VWXG\� RQ� $XVWULDQ� ELRPHGLFDOUHVHDUFK��� RQ� WKH� DGYLFH� RI� &DUROLQH� &URVV� RI� WKH� :HOOFRPH� 7UXVW�� )LQDOO\�� WKHRFHDQRJUDSK\� ILOWHU� ZDV� GHYHORSHG� VSHFLDOO\� IRU� WKLV� VWXG\�� EDVHG� RQ� WKH� EDFNJURXQGNQRZOHGJH�RI� WKH� ILHOG� E\�RQH�RI� XV� �*/���7DEOH� �� VKRZV� WKH� WKUHH� ILOWHUV��ZLWK� WKHLUSUHFLVLRQ� DQG� UHFDOO�� DQG� WKH� QXPEHUV� RI� SDSHUV� �DUWLFOHV� DQG� UHYLHZV� RQO\�� EHFDXVHOHWWHUV� DQG� RWKHU� SXEOLFDWLRQ� W\SHV� GR� QRW� UHSUHVHQW� SHHU�UHYLHZHG� UHSRUWV� RI� UHVHDUFKILQGLQJV��LQ�WKH�6&,�IRU�WKH�ILYH�\HDU�VWXG\�SHULRG�������������IRU�WKH�ZRUOG�RYHUDOO�DQGIRU� %UD]LO�� �³3UHFLVLRQ´� LV� WKH� IUDFWLRQ� RI� WKH� SDSHUV� UHWULHYHG� E\� WKH� ILOWHU� WKDW� DUHFRQVLGHUHG� �E\� WKH� H[SHUW�� WR� EH� UHOHYDQW� WR� WKH� ILHOG�� DQG� ³UHFDOO´� LV� WKH� IUDFWLRQ� RISDSHUV�UHOHYDQW�WR�WKH�ILHOG�WKDW�DUH�LGHQWLILHG�E\�WKH�ILOWHU���,Q�WKH�WDEOH��WKH�ULJKW�KDQGFROXPQ�� KHDGHG� ³5DWLR´�� VKRZV� WKH� SHUFHQWDJH� SUHVHQFH� RI� %UD]LO� LQ� ZRUOG� RXWSXW� LQHDFK�ILHOG��XVLQJ�LQWHJHU�FRXQWV��L�H���ZLWK�DQ�LQWHUQDWLRQDOO\�FR�DXWKRUHG�SDSHU�FRXQWHGDV� XQLW\� IRU� HDFK� FRXQWU\��� ,W� DSSHDUV� WKDW� %UD]LOLDQ� VFLHQWLVWV� KDYH� PRUH� UHODWLYHSUHVHQFH� LQ�DVWURQRP\�WKDQ� LQ� WKH�RWKHU� WZR� ILHOGV��EXW� LQ�DOO�RI� WKHP� LW� LV� LQFUHDVLQJ�SDUWLFXODUO\�LQ�RFHDQRJUDSK\�

7DEOH����/LVW�RI�VXEMHFW�EDVHG�ILOWHUV�XVHG�IRU�WKH�VWXG\�RI�%UD]LOLDQ�UHVHDUFKHUV��WKHLU�SUHFLVLRQ�DQG�UHFDOO�DQG�DQQXDO�QXPEHUV�RI�ZRUOG�DQG�%UD]LOLDQ�SDSHUV�LQ�6&,������±����)LHOG )LOWHU 3UHFLVLRQ 5HFDOO :RUOG %UD]LO 5DWLR$VWURQRP\ $6752 ���� ���� ���� ��� �����,PPXQRORJ\ ,00$/ ���� ���� ����� ��� �����2FHDQRJUDSK\ 2&($1 ���� ���� ����� ��� �����
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2QH� RI� WKH� TXHVWLRQV� WKDW� IUHTXHQWO\� DULVH� ZKHQ� ELEOLRPHWULF� VWXGLHV� DUH� EHLQJFRQGXFWHG�RQ�QRQ�$QJORSKRQH�DQG�GHYHORSLQJ�RU� VFLHQWLILFDOO\�SHULSKHUDO� FRXQWULHV� LVKRZ�PXFK� RI� WKHLU� VFLHQWLILF� RXWSXW� LV� QRW� FDSWXUHG� E\� WKH� 6&,� EHFDXVH� LW� DSSHDUV� LQQDWLRQDO�RU�UHJLRQDO�MRXUQDOV��� :H�WKRXJKW�WKDW�LW�ZRXOG�EH�XVHIXO�WR�DWWHPSW�WR�PHDVXUHWKLV��:H�WKHUHIRUH�H[DPLQHG�WKH�UHIHUHQFHV�LQ�%UD]LOLDQ�SDSHUV�LQ�WKH�6&,�LQ�HDFK�RI�WKHWKUHH� ILHOGV� DQG�� IURP� WKRVH� WKDW� DSSHDUHG� WR� EH� WR� SDSHUV� LQ� MRXUQDOV� �EHFDXVH� WKH\FRQWDLQHG�D�YROXPH�QXPEHU��ZH�PDUNHG�WKRVH�WKDW�ZHUH�IURP�%UD]LO�DQG�QRW�LQ�WKH�6&,�,Q� DVWURQRP\� DQG� LPPXQRORJ\�� WKH� SHUFHQWDJHV� RI� UHIHUHQFHV� LQ� VXFK� MRXUQDOVUHSUHVHQWHG�ZHOO�XQGHU����RI�DOO�MRXUQDO�UHIHUHQFHV�������DQG�������UHVSHFWLYHO\��EXW�LQRFHDQRJUDSK\� WKH\� DFFRXQWHG� IRU� ����� RI� WKH� WRWDO�� LQGLFDWLQJ� WKDW� WKHUH� DUH� DVXEVWDQWLDO�QXPEHU�RI�%UD]LOLDQ�RFHDQRJUDSK\�MRXUQDOV��,W�ZDV�QRW�SRVVLEOH�WR�OLVW�WKHPVDWLVIDFWRULO\�DV�WKHLU�QDPHV�DSSHDUHG�LQ�GLIIHUHQW�IRUPDWV��EXW� WKH�OHDGHUV�ZHUH�FOHDUO\5HYLVWD�%UDVLOHLUD�GH�%LRORJLDDQG�%ROHWLP�GR�,QVWLWXWR�GH�2FHDQRJUDILD�GH�6mR�3DXOR�7KH� ELEOLRJUDSKLF� GHWDLOV� �DXWKRUV�� WLWOH�� DGGUHVVHV�� DEEUHYLDWHG� VRXUFH�� RI� WKH%UD]LOLDQ� SXEOLFDWLRQV� IRU� WKH� WKUHH� ILHOGV� ZHUH� GRZQORDGHG� LQWR�06�([FHO� ILOHV��:HWKHQ�FKHFNHG�ZKHWKHU�HDFK�RI�WKH�����QDPHV�RI�%UD]LOLDQ�UHVHDUFKHUV�FDWDORJXHG�LQ�WKH&13T�GDWDEDVH�ZLWKLQ�WKH�WKUHH�ILHOGV�ZHUH�OLVWHG�DPRQJVW�WKH�DXWKRUV�RI�WKRVH�SDSHUV�DQG�WKHQ�PDUNHG�WKH�QDPHV�ZLWK�D�V\PERO����RU����WR�LQGLFDWH�ZKHWKHU�WKH�DXWKRU�ZDVPDOH� RU� IHPDOH�� SUHFHGHG� E\� WKH� \HDU� RI� WKHLU� ELUWK�� )RU� H[DPSOH�� KHUH� LV� WKH� OLVW� RIDXWKRUV�RI�RQH�DVWURQRP\�SDSHU������.DXIPDQQ�3������5DXOLQ�-3�&RUUHLD�(������&RVWD�-(5������'HFDVWUR�&**�����6LOYD�$95�/HYDWR�+�5RYLUD�0�0DQGULQL�&�)HUQDQGH]ERUGD�5�%DXHU�2+ZKLFK�KDV�RQH� IHPDOH� DQG� IRXU�PDOH�%UD]LOLDQ� DXWKRUV� DQG� VL[� XQLGHQWLILHG� RQHV�� )RUUHVHDUFKHUV� LQ� WKH� &13T� GDWDEDVH� ZLWK� QR� REYLRXV� SDSHUV�� YDULDQWV� RI�� RU� VWULQJV� RIOHWWHUV� ZLWKLQ�� WKHLU� QDPHV�ZHUH� XVHG� LQ� RUGHU� WR� WU\� DQG� REWDLQ� D� PDWFK�� ,I� RQH� ZDVIRXQG��D�FKHFN�ZDV�PDGH�WKDW�WKHUH�ZDV�DQ�DGGUHVV�RQ�WKH�SDSHU�V��WKDW�FRUUHVSRQGHG�WRWKDW�LQ�WKH�&13T�GDWDEDVH�,Q� DVWURQRP\�� �� RI� WKH� ���� %UD]LOLDQ� UHVHDUFKHUV¶� QDPHV� ZHUH� QRW� IRXQG�� LQRFHDQRJUDSK\����RI�����DQG�LQ�LPPXQRORJ\����RI������3DSHUV�ZLWK�DW� OHDVW�RQH�OLVWHG&13T� DXWKRU� QXPEHUHG� ���� LQ� DVWURQRP\� ������� RI� WKH� WRWDO��� ���� LQ� RFHDQRJUDSK\�������RI�WKH�WRWDO��DQG�����LQ�LPPXQRORJ\��������RI�WKH�WRWDO���$�FRXQW�RI�WKH���DQG�� V\PEROV� LQ� WKH� DXWKRU� ILHOG� WKHQ� JDYH� DQ� LQGLFDWLRQ� RI� WKH� VH[� GLVWULEXWLRQ� RI� WKH%UD]LOLDQ�DXWKRUV�ZKR�KDG�EHHQ�LGHQWLILHG�IRU�HDFK�SDSHU��,W�ZDV�DOVR�SRVVLEOH�WR�VHDUFKWKH�DXWKRU�ILHOG�E\�\HDU�VR�DV�WR�VKRZ�ZKLFK�SDSHUV�KDG�EHHQ�SURGXFHG�E\�UHVHDUFKHUV�LQGLIIHUHQW�DJH�FRKRUWV��WKRXJK�WKHVH�GDWD�DUH�QRW�GLVFXVVHG�KHUH�
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3RWHQWLDO�LPSDFW�RI�WKH�SDSHUV
7KH� MRXUQDOV� LQ� ZKLFK� WKH� %UD]LOLDQ� SDSHUV� ZHUH� SXEOLVKHG� ZHUH� JURXSHG� LQ� IRXUFDWHJRULHV�DFFRUGLQJ�WR�WKH�DYHUDJH�IUHTXHQF\�ZLWK�ZKLFK�DOO�SDSHUV�LQ�WKHP�ZHUH�FLWHGLQ�WKH�ILYH�\HDUV�IROORZLQJ�SXEOLFDWLRQ��&�����7KLV�YDOXH�ZDV�WDNHQ�IURP�D�ILOH�RI�-RXUQDO([SHFWHG�&LWDWLRQ�5DWHV�SXUFKDVHG�IURP�WKH�,6,��DQG�FRYHULQJ������SXEOLFDWLRQV�FLWHGIURP������WR�������7KH�FDWHJRULHV�ZHUH�FDOOHG�3RWHQWLDO�,PSDFW�&DWHJRULHV��3,&V���DQGZHUH�GHVLJQDWHG����YHU\�ORZ��&��� ���������ORZ������&��� ����������KLJK�������&��� �����DQG����YHU\�KLJK��&��� !������7KH�SDSHUV�LQ�HDFK�ILHOG�ZLWK�LGHQWLILHG�PDOH�DQG�IHPDOH%UD]LOLDQ�UHVHDUFKHUV�FRXOG�WKHQ�HDFK�EH�JLYHQ�D�3,&�YDOXH��DQG�KHQFH�D�GLVWULEXWLRQ�IRUWKH� WZR� JURXSV�� PDOH� DQG� IHPDOH�� FRXOG� EH� FDOFXODWHG� WR� JLYH� D� FRPSDULVRQ� RI� WKH³TXDOLW\´�RI�WKHLU�UHVSHFWLYH�RXWSXWV�

5HVXOWV�DQG�GLVFXVVLRQ
3HUVRQDO�FKDUDFWHULVWLFV�RI�WKH�VDPSOH��VH[�DQG�DJH

$V�VKRZQ�LQ�)LJXUH����WKH�KLJKHVW�IHPDOH�WR�WRWDO�UDWLR�ZDV�IRXQG�LQ�LPPXQRORJ\�DW���������RI����� UHVHDUFKHUV���2FHDQRJUDSK\�KDV�DQ� LQWHUPHGLDWH� UDWLR�DW���������RI������ZKLOH�WKH�ORZHVW� LV� LQ�DVWURQRP\����������RI�������7KH�GLIIHUHQW�SHUFHQWDJHV�RIIHPDOHV� EHWZHHQ� WKH� WKUHH� ILHOGV�PD\� EH� D� UHVXOW� RI� WKH� QXPEHUV� RI�PHQ� DQG�ZRPHQHQUROOHG�LQ�%UD]LOLDQ�XQLYHUVLWLHV��)RU�H[DPSOH��GDWD�IURP�WKH�OHDGLQJ�XQLYHUVLWLHV�LQ�WKHVWDWH�RI�6mR�3DXOR������LQGLFDWH�WKDW�ZRPHQ¶V�HQUROPHQWV�ZHUH�KLJKHVW�LQ�WKH�ELRORJLFDOVFLHQFHV� IRU� �����ZKLOH�PHQ¶V� HQUROPHQWV� ZHUH�PRUH� IUHTXHQW� LQ� WKH� H[DFW� VFLHQFHV�7KHVH�UHVXOWV�DUH�DOVR�LQ�DFFRUG�ZLWK�WKRVH�IRXQG�HDUOLHU�LQ�,FHODQG�DQG�3RODQG�7KH�DJHV�RI�%UD]LOLDQ�VFLHQWLVWV�ZHUH�JURXSHG�LQWR����UDQJHV��7KH�DJH�GLVWULEXWLRQVRI�PHQ�DQG�ZRPHQ�LQ�RXU�VDPSOH�DUH�SUHVHQWHG�LQ�)LJXUH���,Q�DVWURQRP\�PHQ�ZHUH�PRVWO\�������\HDUV�ROG��ZLWK�D�SHDN�DW��������ZKLOH�ZRPHQZHUH�PRVWO\�������\HDUV�ROG��ZLWK�D�SHDN�DW�������\HDUV��7KLV�VKRZV�WKDW� WKH�\RXQJHUUHVHDUFKHUV� DUH�PRVWO\�ZRPHQ��)RU� RFHDQRJUDSK\��PRVW� RI� WKH�PHQ� DQG�ZRPHQ�ZHUH������\HDUV�ROG�DQG�WKH\�ERWK�KDG�WKH�VDPH�SHDN�DW�������\HDUV��&XULRXVO\��WKHUH�ZHUHVRPH�ZRPHQ�RYHU����\HDUV�ROG��ZKHUHDV�WKHUH�ZHUH�QRQH�RI�WKLV�DJH�LQ�DVWURQRP\��7KLVLQGLFDWHV� WKDW� ZRPHQ� ZHUH� ZRUNLQJ� LQ� RFHDQRJUDSK\� HDUOLHU� WKDQ� LQ� DVWURQRP\� DQGLPPXQRORJ\��)LQDOO\��IRU�LPPXQRORJ\�PHQ�ZHUH�PDLQO\�������\HDUV�ROG��ZLWK�D�SHDN�DW������\HDUV��ZKLOH�ZRPHQ�ZHUH�PDLQO\�LQ�WKH�UDQJH�������\HDUV��ZLWK�D�SHDN�DW�������7KLV� LQGLFDWHV� WKDW�PHQ� UDWKHU� WKDQ�ZRPHQ� IRUP� WKH�PDMRULW\� RI� QHZ� HQWUDQWV� WR� WKLVILHOG�
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)LJXUH����$JH�GLVWULEXWLRQV�IRU�%UD]LOLDQ�PDOH��0��FOHDU��DQG�IHPDOH��)��VKDGHG��UHVHDUFKHUV�LQ�WKUHH�ILHOGVDV�UHFRUGHG�LQ�WKH�&13T�GDWDEDVH�IRU�����

&13T�IHOORZVKLSV�DQG�OHDGHUVKLS�RI�D�UHVHDUFK�JURXS
$PRQJ� WKH� ������ IHOORZVKLSV� DZDUGHG� E\� &13T� WR� VWXGHQWV� DQG� UHVHDUFKHUVZRUNLQJ�LQ�%UD]LO�LQ������������ZHUH�JUDQWHG�WR�%UD]LOLDQ�UHVHDUFK�VFLHQWLVWV�ZKLOH�WKHRWKHU�������ZHUH�DZDUGHG�WR�%UD]LOLDQ�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV���$�VLPLODUQXPEHU�DUH�DOVR�DZDUGHG�E\�&$3(6��&RRUGHQDGRULD�GH�$SHUIHLoRDPHQWR�GH�3HVVRDO�GR(QVLQR� 6XSHULRU�� DQRWKHU� IHGHUDO� DJHQF\� OLQNHG� WR� WKH� 0LQLVWU\� RI� (GXFDWLRQ�� EXW&$3(6�GRHV�QRW� DZDUG� IHOORZVKLSV� WR� UHVHDUFKHUV��7RJHWKHU�� WKH� WZR� DJHQFLHV� DZDUGDURXQG� ������� IHOORZVKLSV� HDFK� \HDU� DQG� SUREDEO\� WKHUH� LV� QR� RWKHU� FRXQWU\� LQ� WKHZRUOG� ZLWK� VXFK� D� ODUJH� 6	7� WUDLQLQJ� SURJUDPPH��� 7KLV� W\SH� RI� IHOORZVKLS�� HQWLWOHG³SURGXFWLYLW\� LQ� UHVHDUFK´�� LV� D� VDODU\� VXSSOHPHQW� ZKLFK� MXVW� D� IUDFWLRQ� RI� %UD]LOLDQUHVHDUFKHUV�DUH�VXFFHVVIXO�LQ�ZLQQLQJ��7KH�IHOORZVKLS�LV�UHQHZHG�HYHU\�\HDU�WKURXJK�DSHHU�UHYLHZ�SURFHVV� WKDW� WDNHV� LQWR�DFFRXQW� WKH� UHVHDUFKHU¶V�SXEOLVKHG�RXWSXWV�� DPRQJRWKHU�IDFWRUV��7KH�GDWD�DERXW�WKH�DZDUG�RI�WKHVH�IHOORZVKLSV�WR�UHVHDUFKHUV�LQ�RXU�VDPSOHZHUH�REWDLQHG�IURP�WKH�&13T�GDWDEDVH�DQG�DUH�VKRZQ�LQ�7DEOH����2Q�DYHUDJH������RIPHQ� LQ�RXU� VDPSOH�ZHUH�DZDUGHG� WKLV� W\SH�RI� IHOORZVKLS��)RU�ZRPHQ� WKH�SHUFHQWDJHVGLIIHU�VLJQLILFDQWO\�EHWZHHQ�WKH�WKUHH�ILHOGV������RI�ZRPHQ�UHFHLYHG�WKH�IHOORZVKLS�LQRFHDQRJUDSK\������LQ�LPPXQRORJ\�DQG�����LQ�DVWURQRP\�
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7DEOH����1XPEHUV�RI�%UD]LOLDQ�UHVHDUFKHUV�LQ�WKUHH�ILHOGV�DZDUGHG�D�&13T�IHOORZVKLS�LQ������DQG�QXPEHUV�WKDW�ZHUH�UHVHDUFK�JURXS�OHDGHUV��GLYLGHG�E\�VH[)LHOG 6H[ 1 *URXS�OHDGHUV &13T�IHOORZV )�/1 � 1 � 5DWLR$VWURQRP\ ) �� �� �� �� �� ����0 �� �� �� �� �� ����2FHDQRJUDSK\ ) �� �� �� �� �� ����0 �� �� �� �� �� ����,PPXQRORJ\ ) ��� �� �� �� �� ����0 �� �� �� �� �� ����
:H�DOVR�DQDO\VHG�ZKHWKHU�RU�QRW�WKH�UHVHDUFKHUV�ZHUH�OHDGHUV�RI�D�UHVHDUFK�JURXS�LQ%UD]LO��D�UHVHDUFK�JURXS�PD\�KDYH�RQH�RU�WZR�OHDGHUV��%HIRUH�HDFK�FHQVXV��UHVHDUFKHUVDUH�DVNHG�WR�FRPSOHWH�WKH�&13T�TXHVWLRQQDLUH�DQG�WKH\�DUH�IUHH�WR�GHVLJQDWH�WKHPVHOYHVDV�JURXS�OHDGHUV�EXW�EHIRUH�VHQGLQJ�WKH�TXHVWLRQQDLUH�EDFN�WR�&13T�VXFK�D�FODLP�KDV�WREH�DSSURYHG�E\�PHPEHUV�RI�WKH�UHVHDUFKHUV¶�GHSDUWPHQWV�RU�E\�WKHLU�LQVWLWXWLRQ�GLUHFWRU�7KLV�LV�D�VLPLODU�SURFHVV�WR�WKDW�RI�SHHU�UHYLHZ�DQG�PD\�DYRLG�VRPH�HUURQHRXV�FODLPV�7KH�GDWD�LQ�7DEOH���VXJJHVW�WKDW�LQ�ERWK�RFHDQRJUDSK\�DQG�LPPXQRORJ\��ZRPHQ�DUHOHVV� OLNHO\� WR� UHFHLYH� D� &13T� IHOORZVKLS� WKDQ� WKHLU� SURPLQHQFH� LQ� UHVHDUFK�� DVGHWHUPLQHG� E\� WKHLU� OHDGHUVKLS� RI� D� UHVHDUFK� JURXS�� ZRXOG� VXJJHVW�� 7KH� VLWXDWLRQ� LQDVWURQRP\�LV�DSSDUHQWO\�DQRPDORXV��ZLWK�PRUH�IHPDOH�IHOORZVKLSV�WKDQ�UHVHDUFK�JURXSOHDGHUVKLSV��DOWKRXJK�WKH�QXPEHUV�DUH�VPDOO�

:RPHQ¶V�SDUWLFLSDWLRQ�LQ�VFLHQWLILF�SXEOLFDWLRQV
7KH� GLVWULEXWLRQ� RI� DUWLFOHV� LQ� WKH� 6&,� DFFRUGLQJ� WR� WKH� VH[� RI� WKH� ���� %UD]LOLDQUHVHDUFKHUV�IRXQG�DV�DXWKRUV�LV�SUHVHQWHG�LQ�)LJXUH����1RWH�WKDW�WKH�VXP�RI�SXEOLFDWLRQVUHIHUUHG� WR�DV�PDOH�DQG�IHPDOH� LQ�RXU� VDPSOH�H[FHHG� WKH� WRWDO�EHFDXVH� WKHUH�DUH�FDVHVZKHUH�PDOHV�DQG�IHPDOHV�IURP�RXU�VDPSOH�ZHUH�FR�DXWKRUV�RI�D�VLQJOH�DUWLFOH��DV�LQ�WKHH[DPSOH� IRU� DVWURQRP\��� VR� WKHVH� DUWLFOHV� ZHUH� FRXQWHG� RQFH� IRU� PDOHV� DQG� RQFH� IRUIHPDOHV�)LJXUH���VKRZV�WKDW��RI�WKH�����SXEOLFDWLRQV�LQ�DVWURQRP\������������KDYH�DW�OHDVWRQH� IHPDOH� IURP� WKH�&13T� OLVW� DV�DQ�DXWKRU�RU� DV�D� FR�DXWKRU��)RU� RFHDQRJUDSK\� DQGLPPXQRORJ\�� IHPDOHV� ZHUH� PRUH� IUHTXHQW� DXWKRUV�� WKH\� ZHUH� QDPHG� RQ� ��� RI� ���������DQG�RQ�����RI������������UHVSHFWLYHO\��$OWKRXJK�LW�PD\�DSSHDU�WKDW�ZRPHQ�DUHOHVV� SURGXFWLYH� WKDQ� PHQ�� WKHLU� SDUWLFLSDWLRQ� DV� DXWKRUV� RI� VFLHQWLILF� DUWLFOHV� LV� TXLWHVLPLODU�WR�WKHLU�SHUFHQWDJH�SUHVHQFH�LQ�WKH�UHVSHFWLYH�ILHOGV�±����������DQG������VHH)LJXUH����0RUHRYHU�LQ�DVWURQRP\��D�ILHOG�WUDGLWLRQDOO\�NQRZQ�DV�D�PDOH�GRPLQDWHG�ILHOG�
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WKH� VFLHQWLILF� FRQWULEXWLRQ� RI� IHPDOHV� LV� KLJKHU� WKDQ� WKHLU� SHUFHQWDJH� SUHVHQFH� DVUHVHDUFKHUV��7KLV�PD\�DFFRXQW�IRU�WKH�XQH[SHFWHGO\�KLJK�QXPEHU�RI� IHPDOHV�DSSRLQWHGWR�&13T�IHOORZVKLSV�QRWHG�DERYH�

)LJXUH����1XPEHUV�RI�%UD]LOLDQ�DUWLFOHV�LQ�6&,�LQ�DVWURQRP\��RFHDQRJUDSK\�DQG�LPPXQRORJ\WKDW�ZHUH�DXWKRUHG�RU�FR�DXWKRUHG�E\�IHPDOHV��VKDGHG��DQG�PDOHV��FOHDU��LGHQWLILHG�LQ�VDPSOH
)LJXUH���VKRZV�WKH�GLVWULEXWLRQ�E\�SRWHQWLDO�LPSDFW�FDWHJRU\��3,&��RI�SDSHUV�E\�PHQDQG�ZRPHQ�LQ�RXU�VDPSOH��1RQH�RI� WKH�GLIIHUHQFHV� LQ�3,&�GLVWULEXWLRQ�DUH�VWDWLVWLFDOO\VLJQLILFDQW��HYHQ�LI� WKHUH�ORRNV�WR�EH�RQH�LQ�DVWURQRP\��ZKHUH�ZRPHQ�VHHP�WR�SXEOLVKPRUH�LQ�3,&���MRXUQDOV�DQG�OHVV�LQ�3,&���RQHV�

)LJXUH����'LVWULEXWLRQ�RI�%UD]LOLDQ�SDSHUV�������������LQ�WKUHH�ILHOGV�E\�SRWHQWLDO�LPSDFW�FDWHJRU\�3,&���� �ORZ���� �KLJK��IRU�LGHQWLILHG�PDOH��0��DQG�IHPDOH��)��UHVHDUFKHUV
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2QH� IHDWXUH� RI� WKHVH� GDWD� LV� WKDW� WKH� %UD]LOLDQ� DVWURQRP\� SDSHUV� ZULWWHQ� E\� WKHLGHQWLILHG�UHVHDUFKHUV�VHHP�WR�EH�SXEOLVKHG�PXFK�PRUH�LQ�KLJKO\�FLWHG�MRXUQDOV�WKDQ�WKHSDSHUV�LQ�LPPXQRORJ\�DQG�RFHDQRJUDSK\��7KLV�LQGLFDWHV�WKDW�DVWURQRP\�LV��DPRQJ�WKHWKUHH�ILHOGV��WKH�PRVW�KLJKO\�FLWHG�RQH��2Q�WKH�RWKHU�KDQG��RFHDQRJUDSK\�SDSHUV��ZULWWHQE\�ERWK�PHQ�DQG�ZRPHQ��ZHUH�UDUHO\�SXEOLVKHG�LQ�KLJKO\�FLWHG�MRXUQDOV��FODVVHG�DV�3,&�� DQG� ��� )URP� RXU� DQDO\VLV� RI� WKH� UHIHUHQFHV� IURP� WKHVH� SDSHUV�� ZH� LGHQWLILHG� DUHODWLYHO\� KLJK� SUHVHQFH� RI� %UD]LOLDQ� GRPHVWLF� MRXUQDOV�� VXJJHVWLQJ� WKDW� WKLV� ILHOG� LQ%UD]LO�PD\�EH�PRUH�IRFXVHG�RQ�ORFDO�LVVXHV�ZKLFK�ZRXOG�EH�OHVV�OLNHO\�WR�EH�SXEOLVKHGLQ�SUHVWLJLRXV�LQWHUQDWLRQDO�MRXUQDOV�
7KH�HIIHFW�RI�LQWHUQDWLRQDO�FR�DXWKRUVKLS

,QWHUQDWLRQDO� FROODERUDWLRQ�KDV� EHHQ� LQFUHDVLQJ� UDSLGO\� GXULQJ� UHFHQW� GHFDGHV������6HYHUDO� VWXGLHV� KDYH�GHPRQVWUDWHG� WKDW� SDSHUV�ZLWK� DQ� LQWHUQDWLRQDO� FR�DXWKRUVKLS� DUHFLWHG�PRUH�RIWHQ�DQG�DUH�PRUH� OLNHO\� WR�EH�SXEOLVKHG� LQ� KLJKO\�FLWHG� MRXUQDOV����� ���� ��7KHVH�ILQGLQJV�ZHUH�UHSOLFDWHG�LQ�RXU�VWXG\��VHH�)LJXUH����3DSHUV�ZLWK�D�IRUHLJQ�DGGUHVVKDG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKHLU�3,&�GLVWULEXWLRQV�FRPSDUHG�ZLWK�WKRVH�ZLWK�RQO\�DGRPHVWLF�DGGUHVV��7KLV�GLIIHUHQFH� LV�PRUH�REYLRXV� LQ� LPPXQRORJ\� DQG�RFHDQRJUDSK\�EXW�LW�RFFXUV�DOVR�LQ�DVWURQRP\�

)LJXUH����'LVWULEXWLRQ�RI�%UD]LOLDQ�SDSHUV�������������E\�MRXUQDO�3RWHQWLDO�,PSDFW�&DWHJRU\�3,&���� �ORZ���� �KLJK��ZLWK�RQO\�GRPHVWLF�DGGUHVVHV��'RP��DQG�RQH�RU�PRUH�IRUHLJQ�RQHV�)RU��IRU�WKUHH�ILHOGV
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7KH�VLPLODU�3,&�GLVWULEXWLRQ�RI�SDSHUV�E\�%UD]LOLDQ�PHQ�DQG�ZRPHQ�LQ�RXU�VDPSOH�VHH� )LJXUH� ��� FRXOG� EH� D� UHVXOW� RI� WKH� OHYHO� RI� LQWHUQDWLRQDO� FROODERUDWLRQ� WKH\� KDYHHVWDEOLVKHG�� 7R� GHWHUPLQH� ZKHWKHU� WKLV� LV� DQ� LPSRUWDQW� IDFWRU�� ZH� LQYHVWLJDWHG� WKHIUHTXHQF\�RI�GRPHVWLF�DQG�IRUHLJQ�SXEOLFDWLRQV�DFFRUGLQJ�WR�WKH�VH[�RI�WKH�DXWKRUV��VHH)LJXUH���

)LJXUH����3HUFHQWDJHV�RI�%UD]LOLDQ�SDSHUV�LQ�WKUHH�ILHOGV�ZLWK�LGHQWLILHG�PDOH�RU�IHPDOH�DXWKRUVWKDW�KDG�D�IRUHLJQ�FR�DXWKRU�����������
$OWKRXJK�LW�VHHPV�WKDW�ZRPHQ�UDWKHU�WKDQ�PHQ�WHQG�WR�FROODERUDWH�LQWHUQDWLRQDOO\�LQDVWURQRP\�� VWDWLVWLFV� VKRZ� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� DQ\� RI� WKH� WKUHH� ILHOGV�� 7KDWPHDQV� WKDW� LQGHSHQGHQWO\� RI� VH[�� LQWHUQDWLRQDO� FROODERUDWLRQ� ZLWKLQ� DVWURQRP\UHSUHVHQWV�DERXW�����RI� WKH� WRWDO�SURGXFWLRQ�RI�RXU� VDPSOH��ZKHUHDV� LQ�RFHDQRJUDSK\DQG� LPPXQRORJ\� LW� RQO\� UHSUHVHQWV� �������� 7KH� KLJKHU� IUHTXHQF\� RI� LQWHUQDWLRQDOFROODERUDWLRQ� LQ� DVWURQRP\� LV� XQGRXEWHGO\� DQ� LPSRUWDQW� IDFWRU� LQIOXHQFLQJ� WKH� KLJKHUYLVLELOLW\� RI� WKLV� ILHOG�� VKRZQ� E\� DVWURQRP\� SDSHUV� EHLQJ� SXEOLVKHG� SUHIHUHQWLDOO\� LQPRUH�KLJKO\�FLWHG�MRXUQDOV�

&RQFOXVLRQV
7KH�SUHVHQW�VWXG\�DLPHG�WR�SUHVHQW�TXDQWLWDWLYH�GDWD�RI�WKH�SDUWLFLSDWLRQ�RI�%UD]LOLDQIHPDOH�VFLHQWLVWV�LQ�WKH�FRXQWU\¶V�PDLQVWUHDP�SXEOLFDWLRQV��$OWKRXJK�WKH�VDPSOH�FKRVHQUHSUHVHQWHG�D�VPDOO�IUDFWLRQ�RI�WKH�%UD]LOLDQ�VFLHQWLILF�FRPPXQLW\��RQO\�����QDPHV�RXWRI�DSSUR[LPDWHO\��������LQ�WKH�&13T�GDWDEDVH���ZH�WKLQN�WKDW�LW�FRXOG�VHUYH�DV�D�PRGHOWR�VKRZ�ZKHWKHU�%UD]LOLDQ�IHPDOH�UHVHDUFKHUV�DUH�DV�SURGXFWLYH�DV�PHQ�
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7KH�DQDO\VLV�RI�WKH�VFLHQWLILF�SURGXFWLRQ�RI�%UD]LOLDQ�PHQ�DQG�ZRPHQ�LQ�DVWURQRP\�RFHDQRJUDSK\�DQG�LPPXQRORJ\�LQ�WKH�SHULRG�����±�����VKRZV�WKDW�WKHUH�LV�HIIHFWLYHO\QR�GLIIHUHQFH�EHWZHHQ�WKHP�LQ�SRWHQWLDO�LPSDFW��VHH�)LJXUH����2QH�LPSRUWDQW�IDFWRU�WKDWPLJKW� KDYH� FRQWULEXWHG� WR� WKH� VLPLODULW\� RI� PDOH� DQG� IHPDOH� FRQWULEXWLRQV� DQG� 3,&GLVWULEXWLRQV�ZDV�WKH�IUHTXHQF\�RI�LQWHUQDWLRQDO�FROODERUDWLRQ�DQG�ZH�IRXQG�WKDW�IHPDOHVFLHQWLVWV� WHQGHG� WR� FROODERUDWH� DV�PXFK� DV�PHQ� LQ� DOO� WKUHH� ILHOGV�� VHH�)LJXUH� ���7KLVFRQWUDVWV�ZLWK�WKH�HDUOLHU�ILQGLQJV�WKDW�,FHODQGLF�DQG�3ROLVK�VFLHQWLVWV�ZHUH�OHVV�OLNHO\�WRFROODERUDWH�LQWHUQDWLRQDOO\�$�SRVVLEOH�FDXVH�IRU�WKLV�GLIIHUHQFH�LQ�ILQGLQJV�PD\�EH�WKDW�ZH�DQDO\VHG�RQO\�D�VPDOOSRUWLRQ�RI� WKH�%UD]LOLDQ� VFLHQWLILF�FRPPXQLW\�ZKLOH� WKH� VWXGLHV� LQ�3RORQG� DQG� ,FHODQGZHUH� FDUULHG� RXW� IRU� WKH� ZKROH� FRPPXQLW\�� LQFOXGLQJ� ILHOGV� ZLWK� GLIIHUHQW� OHYHOV� RILQWHUQDWLRQDOL]DWLRQ�� $QRWKHU� SRVVLELOLW\� LV� WKH� LQWULQVLF� FKDUDFWHULVWLFV� RI� %UD]LOLDQVRFLHW\��WKH�SRVLWLRQ�RI�%UD]LOLDQ�ZRPHQ�FHUWDLQO\�GLIIHUV�JUHDWO\�IURP�WKDW�LQ�WKH�RWKHUWZR�FRXQWULHV��'XULQJ�WKH�ODVW�GHFDGH��%UD]LOLDQ�ZRPHQ�KDYH�EHFRPH�PRUH�SURPLQHQWQRW�RQO\�LQ�DFDGHPH�EXW�LQ�DOO�VHFWRUV��7KLV�KDV�XQGRXEWHGO\�KHOSHG�%UD]LOLDQ�ZRPHQ�WREHFRPH�PRUH� LQGHSHQGHQW� DQG� OLEHUDO� VR� WKDW� QRZ� IHPDOH� VFLHQWLVWV� FDQ� WUDYHO� DEURDGDQG�HVWDEOLVK�LQWHUQDWLRQDO�FRQQHFWLRQV�PRUH�UHDGLO\��,W�LV�SRVVLEOH�WKDW�LQ�WKH�RWKHU�WZRFRXQWULHV�ZRPHQ�KDYH�QRW�SDVVHG�WKURXJK�VXFK�D�WUDQVIRUPDWLRQ�$OWKRXJK�WKH�GDWD�FOHDUO\�VKRZ�WKDW�%UD]LOLDQ�ZRPHQ�SXEOLVKHG�DV�PXFK�DV�PHQ��LQWHUPV� RI� ERWK� TXDQWLW\� DQG� TXDOLW\�� DQG� ZHUH� DW� OHDVW� DV� OLNHO\� WR� EH� UHVHDUFK� JURXSOHDGHUV��)LJXUH�����ZH�IRXQG�VRPH�HYLGHQFH�WKDW�%UD]LOLDQ�ZRPHQ�WHQG�WR�UHFHLYH�IHZHU³SURGXFWLYLW\�IHOORZVKLSV´��7KLV�PD\�SRVVLEO\�LQGLFDWH�WKDW�WKHUH�LV�VRPH�GLVFULPLQDWLRQDJDLQVW�ZRPHQ�ZLWKLQ�WKH�&13T�WKDW�EHDUV�IXUWKHU�LQYHVWLJDWLRQ��'LVFULPLQDWLRQ�DJDLQVWZRPHQ� LV� ORQJ�VWDQGLQJ�DQG�RFFXUV� LQ�DOO� VHFWRUV�� LQFOXGLQJ� WKH� VFLHQWLILF� SHHU�UHYLHZSURFHVV������� ,W�LV�XQMXVWLILDEOH��EXW�DOVR�FRXQWHU�SURGXFWLYH��EHFDXVH�ZRPHQ�UHSUHVHQW�DVLJQLILFDQW�IUDFWLRQ�RI�WKH�ZRUNIRUFH�DQG�D�IUDFWLRQ�WKDW�LV�UDSLGO\�LQFUHDVLQJ��'XULQJ�WKH����V��RI�HDFK�����%UD]LOLDQ�ZRPHQ�RI�ZRUNLQJ�DJH�RQO\����ZHUH�HFRQRPLFDOO\�DFWLYH�ZKLOH�LQ������DQG������WKLV�QXPEHU�LQFUHDVHG�WR����DQG�����UHVSHFWLYHO\������� $OWKRXJKPRUH�%UD]LOLDQ�IHPDOHV�DUH�ZRUNLQJ�QRZ��WKH\�VXIIHU�VLJQLILFDQW�VH[XDO�GLVFULPLQDWLRQ�IRU�H[DPSOH�LQ�WKHLU�VDODULHV�)RU�VFLHQWLILF�ZRUN��GDWD�IURP�&13T�VKRZ�WKDW�WKH�SHUFHQWDJH�RI�IHPDOH�VFLHQWLVWV�LQWKH�%UD]LOLDQ� VFLHQWLILF�FRPPXQLW\� LQFUHDVHG� IURP����� WR�����IURP������ WR� �������$V�PRVW�%UD]LOLDQ�VFLHQWLVWV�ZRUN�DW�SXEOLF�XQLYHUVLWLHV��WKHUH�VKRXOG�EH�QR�GLVFUHSDQF\LQ� WHUPV� RI� WKH� EDVLF� VDODULHV� WKDW� IHPDOHV� DQG�PDOHV� UHFHLYH� EHFDXVH� WKH� VDODULHV� DUHSDLG� GLUHFWO\� E\� WKH� IHGHUDO� JRYHUQPHQW� DQG� GR� QRW� YDU\� E\� VH[�� 'LVFULPLQDWLRQ�
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KRZHYHU��GRHV�H[LVW�DV�SRLQWHG�RXW�E\�9HOKR DQG /HyQ��� ZRPHQ� LQIUHTXHQWO\�RFFXS\VHQLRU�DGPLQLVWUDWLYH�SRVLWLRQV�DQG��DV�ZH�VKRZ�KHUH��WKH\�DUH�OHVV�OLNHO\�WR�EH�JUDQWHG&13T�IHOORZVKLSV�RQ�WKHLU�PHULWV�


-/�FDUULHG�RXW�WKLV�ZRUN�DW�&LW\�8QLYHUVLW\��/RQGRQ��ZKLOH�LQ�UHFHLSW�RI�D� WUDYHOOLQJ�IHOORZVKLS�IURP�WKH5HG� ,EHURDPHULFDQD� GH� ,QGLFDGRUHV� GH�&LHQFLD� \� 7HFQRORJtD �5,&<7��� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� 6LYDQD&RVDF�� KHDG� RI� WKH� ,QIRUPDWLFV� DQG� 6WDWLVWLFV� 6HFWLRQ� DW� &13T�� ZKR� NLQGO\� PDGH� WKH� %UD]LOLDQ� VFLHQWLILFFHQVXV�GDWDEDVH�DYDLODEOH�
5HIHUHQFHV

�� 5266,�$��6�� :RPHQ�LQ�VFLHQFH��ZK\�VR�IHZ"�6FLHQFH�����������������±������� 0225(�.��0�� :RPHQ¶V� DFFHVV�DQG�RSSRUWXQLW\� LQ�KLJKHU� HGXFDWLRQ�� WRZDUG� WKH� WZHQW\�ILUVW� FHQWXU\�&RPSDUDWLYH�(GXFDWLRQ� ������������±����� 0&*5(*25� (�� +$5',1*� 6��� 6FLHQFH� E\�ZKRP"� ,Q�:RUOG�6FLHQFH� 5HSRUW�� 3DULV�� 81(6&2�������$WKWWS���ZZZ�XQHVFR�RUJ�VFLHQFH�SXEOLFDWLRQV�ZVUZ��� 72%,$6�6���855<�0���9(1.$7(6$1�$�� 3K\VLFV��IRU�ZRPHQ��WKH�ODVW�IURQWLHU��6FLHQFH�������������������� .21'52�:�� &DQDGD�±�IHZ�ZRPHQ�ZLQ�QHZ�DFDGHPLF�FKDLUV��6FLHQFH� ������������������ 26%251� 0�� 6WDWXV� DQG� SURVSHFWV� RI� ZRPHQ� LQ� VFLHQFH� LQ� (XURSH�� 6FLHQFH� ����0DUFK�� ���� ����������±������� %$5,1$*$�0�� :RPHQ� LQ� VFLHQFH� ¶���±� VXUSULVHV� DFURVV� WKH�FXOWXUDO�GLYLGH��6FLHQFH� ����0DUFK�� ��������������±������� +$66$1�)�� ,VODPLF�ZRPHQ�LQ�VFLHQFH��6FLHQFH� ���2FWREHU���������������±����� 9(77(5�%��0�� :RPHQ�VFLHQWLVWV�DQG�HQJLQHHUV��WUHQGV�LQ�SDUWLFLSDWLRQ��6FLHQFH� ���������������±�������� /$1(�-��1�� :K\�DUH�WKHUH�VR�IHZ�ZRPHQ�LQ�VFLHQFH��6FLHQFH�GHEDWH��DWKWWS���ZZZ�QDWXUH�FRP�QDWXUH�GHEDWHV�ZRPHQ�ZRPHQBIUDPHVHW�KWPO��� .<9,.� 6��� 7(,*(1� 0�� &KLOG� FDUH�� UHVHDUFK� FROODERUDWLRQ� DQG� JHQGHU� GLIIHUHQFHV� LQ� VFLHQWLILFSURGXFWLYLW\��6FLHQFH��7HFKQRORJ\��	�+XPDQ�9DOXHV� ������������±������ '877� '�� +RZ� PXFK� JHQGHU� GLVSDULW\� H[LVWV� LQ� VDODU\"� $� SURILOH� RI� JUDGXDWHV� RI� D� PDMRU� SXEOLFXQLYHUVLW\��5HVHDUFK�LQ�+LJKHU�(GXFDWLRQ� �������������±������� 6($&*5,67�/���'LVSDULWLHV�GHWDLOHG�LQ�1&,�GLYLVLRQ��6FLHQFH� ������������������ (7=.2:,7=�+���.(0(/*25�&���1(86&+$7=�0���8==,�%���$/21=2� -�� 7KH�SDUDGR[�RI�FULWLFDO�PDVV� IRUZRPHQ�LQ�VFLHQFH��6FLHQFH� �������������±������ /(:,621� *�� 7KH� TXDQWLW\� DQG� TXDOLW\� RI� IHPDOH� UHVHDUFKHUV�� D� ELEOLRPHWULF� VWXG\� RI� ,FHODQG�6FLHQWRPHWULFV� ���������������±������ :(%67(5��%��0�� 3ROLVK�ZRPHQ�LQ�VFLHQFH��D�ELEOLRPHWULF�DQDO\VLV�RI�3ROLVK�VFLHQFH�DQG�LWV�SXEOLFDWLRQV������������5HVHDUFK�(YDOXDWLRQ� ����������������±������� 9(/+2�/���/(Ï1�(�� $�FRQVWUXomR�VRFLDO�GD�SURGXomR�FLHQWtILFD�SRU�PXOKHUHV��&DGHUQRV�3DJX� ������������±������� &13T�� &RQVHOKR� 1DFLRQDO� GH� 'HVHQYROYLPHQWR� &LHQWtILFR� H� 7HFQROyJLFR�� 'LUHWyULR� GH� *UXSRV� GH3HVTXLVD��$YDLODEOH�DW�KWWS���ODWWHV�FQST�EU������SODWDIRUPDODWWHV�LQGH[�MVS"PHQX GLUHWRULR�PHQX��KWP	XUO GLUHWRULR�DSUHVHQWDFDR�KWP
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��� /(:,621�*�� 7KH�GHILQLWLRQ�RI�ELRPHGLFDO�UHVHDUFK�VXE�ILHOGV�ZLWK�WLWOH�NH\ZRUGV�DQG�DSSOLFDWLRQ�WR�WKHDQDO\VLV�RI�UHVHDUFK�RXWSXWV��5HVHDUFK�(YDOXDWLRQ� ��������������±������ /(:,621� *�� 7KH� GHILQLWLRQ� DQG� FDOLEUDWLRQ� RI� ELRPHGLFDO� VXE�ILHOGV�� 6FLHQWRPHWULFV� ������ ���������±������� %$68� $��� /(:,621� *�� (YDOXDWLRQ� RI� DVWURQRP\� DQG� DVWURSK\VLFV� UHVHDUFK� RXWSXW� XVLQJ� D� WLWOH�ZRUGVHDUFK�LQ�SODFH�RI�MRXUQDO�FODVVLILFDWLRQ��,Q��(LJKWK�,QWHUQDWLRQDO�&RQIHUHQFH�RI�,QWHUQDWLRQDO�6RFLHW\�RI6FLHQWRPHWULFV�DQG�,QIRUPHWULFV��6\GQH\��$XVWUDOLD���������� /(:,621� *��� /,3:257+� 6��� 5,3321� ,�� $XVWULDQ� ELRPHGLFDO� UHVHDUFK� RXWSXWV� ����������� $XVWULDQ)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ��6FLHQFH�DQG�&XOWXUH��9LHQQD���������� *20(=�,���6$1&+2�5���025(12�/���)(51$1'(=�0��7�� ,QIOXHQFH�RI�/DWLQ�$PHULFDQ�MRXUQDOV�FRYHUDJHE\�LQWHUQDWLRQDO�GDWDEDVHV��6FLHQWRPHWULFV� ����������������±������� )89(67��)XQGDomR�XQLYHUVLWiULD�SDUD�R�9HVWLEXODU��$YDLODEOH�DW�KWWS���ZZZ�IXYHVW�EU���� %$68� $��� 9,18� .80$5� %�� 6�� ,QWHUQDWLRQDO� FROODERUDWLRQ� LQ� ,QGLDQ� VFLHQWLILF� SDSHUV�� 6FLHQWRPHWULFV�����������������±������� )(51$1'(=�0��7���*20(=�,���6(%$67,$1�-�� 6FLHQWLILF�FRRSHUDWLRQ�RI�/DWLQ�$PHULFDQ�FRXQWULHV�WKURXJKELEOLRPHWULFV�LQGLFDWRUV��,QWHUFLHQFLD� ��������������������� %5$81�7���*/b1=(/�:�� ,QWHUQDWLRQDO�FROODERUDWLRQ���ZLOO� LW�EH�NHHSLQJ�DOLYH�(DVW�(XURSHDQ�UHVHDUFK"6FLHQWRPHWULFV� ����������������±������� /(:,621� *��� )$:&(77�-21(6� $��� .(66/(5� &�� /DWLQ� $PHULFDQ� VFLHQWLILF� RXWSXW� �������� DQGLQWHUQDWLRQDO�FR�DXWKRUVKLS�SDWWHUQV��6FLHQWRPHWULFV� ����������������±������� 1$5,1� )��� 67(9(16� .��� :+,7/2:� (�� 6�� 6FLHQWLILF� FR�RSHUDWLRQ� LQ� (XURSH� DQG� WKH� FLWDWLRQ� RIPXOWLQDWLRQDOO\�DXWKRUHG�SDSHUV��6FLHQWRPHWULFV� �������������±������� 9$1� 5$$1� $�� )�� -�� 7KH� LQIOXHQFH� RI� LQWHUQDWLRQDO� FROODERUDWLRQ� RQ� WKH� LPSDFW� RI� UHVHDUFK� UHVXOWV�6FLHQWRPHWULFV� ����������������±������� 5$06$<�6�� 5DGLFDO�UHIRUP�RI�8.�FRQVXOWDQWV¶�VDODULHV�DQQRXQFHG��7KH�/DQFHW� ����$XJXVW�������������������� :(11(5$6�&���:2/'�$�� 1HSRWLVP�DQG�VH[LVP�LQ�SHHU�UHYLHZ��1DWXUH� ��������������±������� %586&+,1,� &�� &UHVFLPHQWR� H� FULVH�� WUDEDOKR� GDV� EUDVLOHLUDV�� SDXOLVWDV� H� QRUGHVWLQDV�� GH� ����� D� �����&LrQFLD�H�&XOWXUD� �������������±������� ,%*(��,QVWLWXWR�%UDVLOHLUR�GH�*HRJUDILD�H�(VWDWtVWLFD��$YDLODEOH�DW KWWS���ZZZ�LEJH�JRY�EU��� &13T�� &RQVHOKR� 1DFLRQDO� GH� 'HVHQYROYLPHQWR� &LHQWtILFR� H� 7HFQROyJLFR�� 'LUHWyULR� GH� *UXSRV� GH3HVTXLVD��DQR�������6pULHV�+LVWyULFDV��$YDLODEOH�DWKWWS���ZZZ�FQST�EUKWWS���ODWWHV�FQST�EU������SODWDIRUPDODWWHV�LQGH[�MVS"PHQX GLUHWRULR�PHQX��KWP	XUO GLUHWRULR� DSUHVHQWDFDR�KWP


