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0� -DGDYML ���� $ULDQJHOD -� .R]LN���� $OH[ 6� +ROHKRXVH ���� 9LNDV 3HMDYHU���� 2UVRO\D 6\PPRQV����� � � � � � � � � � � �
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7XEXIWǧ
�ž-RWXMXYXI JSV 'SQTYXEXMSREP 1IHMGMRI 
 (ITEVXQIRX SJ &MSQIHMGEP )RKMRIIVMRK� .SLRW ,STOMRWǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ
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$EVWUDFW�
$SSO\LQJ IRU D IDFXOW\ SRVLWLRQ LV D FULWLFDO SKDVH RI PDQ\ SRVWGRFWRUDO FDUHHUV� EXW PRVW� � � � � � � � � � � � � � �
SRVWGRFWRUDO UHVHDUFKHUV LQ 67(0 ILHOGV HQWHU WKH DFDGHPLF MRE PDUNHW ZLWK OLWWOH NQRZOHGJH RI� � � � � � � � � � � � � �
WKH SURFHVV DQG H[SHFWDWLRQV� $ ODFN RI GDWD KDV PDGH LW GLIILFXOW IRU DSSOLFDQWV WR DVVHVV WKHLU� � � � � � � � � � � � � � � � �
TXDOLILFDWLRQV UHODWLYH WR WKH JHQHUDO DSSOLFDQW SRRO DQG IRU LQVWLWXWLRQV WR GHYHORS HIIHFWLYH KLULQJ� � � � � � � � � � � � � �
SROLFLHV� :H DQDO\]HG UHVSRQVHV WR D VXUYH\ RI IDFXOW\ MRE DSSOLFDQWV EHWZHHQ 0D\ ���� DQG� � � � � � � � � � � � � � �
0D\ ����� :H HVWDEOLVK YDULRXV EDFNJURXQG VFKRODUO\ PHWULFV IRU D W\SLFDO IDFXOW\ DSSOLFDQW DQG� � � � � � � � � � � � � �
SUHVHQW DQ DQDO\VLV RI WKH LQWHUSOD\ EHWZHHQ WKRVH PHWULFV DQG KLULQJ RXWFRPHV� 7UDGLWLRQDO� � � � � � � � � � � � �
EHQFKPDUNV RI D SRVLWLYH UHVHDUFK WUDFN UHFRUG DERYH D FHUWDLQ WKUHVKROG RI TXDOLILFDWLRQV ZHUH� � � � � � � � � � � � � �
XQDEOH WR FRPSOHWHO\ GLIIHUHQWLDWH DSSOLFDQWV ZLWK DQG ZLWKRXW RIIHUV� 2XU ILQGLQJV VXJJHVW WKDW� � � � � � � � � � � � �
WKHUH LV QR VLQJOH FOHDU SDWK WR D IDFXOW\ MRE RIIHU DQG WKDW PHWULFV VXFK DV FDUHHU WUDQVLWLRQ� � � � � � � � � � � � � � � � � �
DZDUGV DQG SXEOLFDWLRQV LQ KLJK LPSDFW IDFWRU MRXUQDOV ZHUH QHLWKHU QHFHVVDU\ QRU VXIILFLHQW IRU� � � � � � � � � � � � � �
ODQGLQJ D IDFXOW\ SRVLWLRQ� 7KH DSSOLFDQWV SHUFHLYHG WKH SURFHVV DV XQQHFHVVDULO\ VWUHVVIXO�� � � � � � � � � � � �
WLPH�FRQVXPLQJ� DQG ODUJHO\ ODFNLQJ LQ IHHGEDFN� LUUHVSHFWLYH RI D VXFFHVVIXO RXWFRPH� 2XU� � � � � � � � � � � �
ILQGLQJV HPSKDVL]H WKH QHHG WR LPSURYH WKH WUDQVSDUHQF\ RI WKH IDFXOW\ MRE DSSOLFDWLRQ SURFHVV�� � � � � � � � � � � � � �
,Q DGGLWLRQ� ZH KRSH WKHVH DQG IXWXUH GDWD ZLOO KHOS HPSRZHU WUDLQHHV WR HQWHU WKH DFDGHPLF MRE� � � � � � � � � � � � � � � � �
PDUNHW�ZLWK�FOHDUHU�H[SHFWDWLRQV�DQG�LPSURYHG�FRQILGHQFH���
�
.H\�:RUGV���3RVWGRFWRUDO��3UHSULQWV��0HQWRULQJ��)XQGLQJ��7HQXUH�7UDFN��)DFXOW\�-RE�6HDUFK�
��
,QWURGXFWLRQ�

7KH QXPEHU RI GRFWRUDO GHJUHHV �3K'V� DZDUGHG DFURVV WKH JOREH KDV LQFUHDVHG� � � � � � � � � � � �
GUDPDWLFDOO\ LQ PRVW 67(0 ILHOGV LQ WKH SDVW WKUHH GHFDGHV �������� 7KH QXPEHU RI IDFXOW\� � � � � � � � � � � � � � �
SRVLWLRQV DYDLODEOH KDV HVVHQWLDOO\ UHPDLQHG VWDJQDQW ������ VSHFLILFDOO\ LQ WKH 8QLWHG 6WDWHV VLQFH� � � � � � � � � � � � �
���� ZKHQ WKH 1DWLRQDO ,QVWLWXWHV RI +HDOWK �1,+� UHFHLYHG WKHLU ODVW PDMRU EXGJHW LQFUHDVH ������� � � � � � � � � � � � � � �
1RW RQO\ DUH WKHUH DQ LQVXIILFLHQW QXPEHU RI IDFXOW\ SRVLWLRQV IRU WKH QXPEHU RI 3K'V SURGXFHG� � � � � � � � � � � � � � � �
������� EXW WUDLQHHV W\SLFDOO\ HPHUJH IURP DFDGHPLF WUDLQLQJ IHHOLQJ XQGHUSUHSDUHG DQG� � � � � � � � � � �
XQGHU�PHQWRUHG WR XQGHUWDNH DQ\ RWKHU W\SH RI MRE VHDUFK ������ +HQFH� WKHUH DUH D ODUJH QXPEHU� � � � � � � � � � � � � � � �
RI DSSOLFDQWV SHU SRVLWLRQ� PDQ\ RI ZKRP DUH XQFHUWDLQ DERXW WKHLU FKDQFHV RI REWDLQLQJ D� � � � � � � � � � � � � � �
IDFXOW\�MRE�RIIHU�����������

7KH DSSOLFDQW SRRO KDV FKDQJHG LQ PDQ\ ZD\V� 3K' JUDGXDWHV DUH QRZ IURP D ZLGHU� � � � � � � � � � � � � � �
UDQJH RI GHPRJUDSKLFV FRPSDUHG WR SUHYLRXV GHFDGHV� DQG PRUH GLYHUVH WKDQ WKH FXUUHQW KLULQJ� � � � � � � � � � � � � �
FRPPLWWHHV� 7KRXJK WKLV LV D WUHQG� DFDGHPLF HQYLURQPHQWV DUH VWLOO QRW UHSUHVHQWDWLYH RI WKH� � � � � � � � � � � � � �
ZKROH SRSXODWLRQ DQG WKHUH DUH VWURQJ FDOOV WR SXVK GLYHUVLW\ LQLWLDWLYHV IXUWKHU ������������� � � � � � � � � � � � �
6FLHQWLILF SXEOLVKLQJ LV DOVR IDVWHU�SDFHG ZLWK WKH FXUULFXOXP YLWDH �&9� RI DSSOLFDQWV QRZ ORRNLQJ� � � � � � � � � � � � � �
YHU\ GLIIHUHQW WKDQ HYHQ �� \HDUV DJR� ,Q RQH VWXG\� VXFFHVVIXOO\ UHFUXLWHG HYROXWLRQDU\� � � � � � � � � � � � �
ELRORJLVWV IRU WKH WLWOH RI ³MXQLRU UHVHDUFKHUV´ QHHGHG WR SXEOLVK QHDUO\ WZLFH DV PDQ\ DUWLFOHV WR� � � � � � � � � � � � � � � �
EH KLUHG LQ ���� ��� � ���� WKDQ LQ ���� ����� � ���� ������� 7KH VWXG\ DOVR IRXQG WKDW WKH OHQJWK RI� � � � � � � � � � � � � � � � � � � � � �
DFDGHPLF WUDLQLQJ �GHILQHG E\ WKHP DV WKH WLPH EHWZHHQ WKH ILUVW SXEOLFDWLRQ DQG UHFUXLWPHQW DV� � � � � � � � � � � � � � �
D IDFXOW\ PHPEHU� KDV DOVR LQFUHDVHG IURP ���� �� ���� \HDUV LQ ���� WR ��� �� ���� \HDUV LQ� � � � � � � � � � � � � � � � � � �
���� ������� 7KLV LQFUHDVHG OHQJWK LQ WUDLQLQJ WLPH KDV EHHQ UHSRUWHG UHSHDWHGO\ LQ PDQ\ 67(0� � � � � � � � � � � � � � �

��
�
�

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 2, 2019. ; https://doi.org/10.1101/796466doi: bioRxiv preprint 

https://doi.org/10.1101/796466
http://creativecommons.org/licenses/by-nc-nd/4.0/


ILHOGV� DQG LV SHUFHLYHG DV GHWULPHQWDO WR ERWK WKH JUHDWHU VFLHQWLILF FRPPXQLW\ DQG LQGLYLGXDOV LQ� � � � � � � � � � � � � � �
WKHVH�WHPSRUDU\�SRVWGRFWRUDO�SRVLWLRQV�������±������

'HVSLWH WKHVH FKDQJHV LQ WUDLQLQJ WLPHV DQG KLULQJ WUHQGV� WKH DFDGHPLF MRE VHDUFK KDV� � � � � � � � � � � � � �
ODUJHO\ UHPDLQHG WKH VDPH� UHVXOWLQJ LQ WKH SHUFHSWLRQ RI WKH VHDUFK SURFHVV DV DQ RSDTXH� � � � � � � � � � � � � � �
V\VWHP ZLWK QR FOHDU VWDQGDUGV RU JXLGHOLQHV IRU QDYLJDWLQJ WKH OHQJWK\ DSSOLFDWLRQ SURFHGXUH�� � � � � � � � � � � � �
%H\RQG WKH UHTXLUHPHQW RI D GRFWRUDO GHJUHH DQG SRVVLEO\ SRVWGRFWRUDO WUDLQLQJ� IDFXOW\ MRE� � � � � � � � � � � � �
DGYHUWLVHPHQWV UDUHO\ FRQWDLQ LQIRUPDWLRQ RQ VSHFLILF SUHIHUUHG TXDOLILFDWLRQV� )XUWKHUPRUH� WKH� � � � � � � � � �
FULWHULD XVHG WR HYDOXDWH DSSOLFDQWV DUH W\SLFDOO\ GHWHUPLQHG E\ D VPDOO GHSDUWPHQWDO RU� � � � � � � � � � � � �
LQVWLWXWLRQDO FRPPLWWHH DQG DUH QHLWKHU WUDQVSDUHQW QRU PDGH SXEOLF� 7KH DPRXQW RI PDWHULDOV� � � � � � � � � � � � �
UHTXLUHG IRU IDFXOW\ MRE DSSOLFDWLRQV LV DOVR KLJKO\ YDULDEOH DPRQJ KLULQJ LQVWLWXWLRQV� 7KLV SODFHV� � � � � � � � � � � � � �
D KHDY\ EXUGHQ QRW RQO\ RQ WKH DSSOLFDQWV¶ WLPH� SHUIRUPDQFH� DQG ZHOO�EHLQJ� EXW DOVR RQ� � � � � � � � � � � � � � �
VHDUFK FRPPLWWHHV� ZKR VSHQG ORQJ KRXUV SRULQJ RYHU QXPHURXV GRFXPHQWV LQ KRSHV RI� � � � � � � � � � � � �
LGHQWLI\LQJ�WKH�EHVW�FDQGLGDWHV���������

3UHYLRXV VWXGLHV DJUHH RQ D QHHG WR LQFUHDVH WUDQVSDUHQF\ LQ FDUHHU RXWFRPHV DQG� � � � � � � � � � � � �
KLULQJ SUDFWLFHV ����±����� 7KH DQQXDO SRRO RI IDFXOW\ MRE DSSOLFDQWV LV ODUJH DQG SURYLGHV D XQLTXH� � � � � � � � � � � � � � � �
RSSRUWXQLW\ IRU H[DPLQLQJ WKH DSSOLFDWLRQ SURFHVV� :H SHUIRUPHG DQ DQRQ\PRXV VXUYH\� DVNLQJ� � � � � � � � � � � �
IRU ERWK FRPPRQ FRPSRQHQWV RI UHVHDUFK DQG VFKRODUO\ DFWLYLW\ IRXQG RQ DQ DFDGHPLF &9� DV� � � � � � � � � � � � � � �
ZHOO DV LQIRUPDWLRQ RQ DSSOLFDQWV
 VXFFHVV WKURXJK WKH ��������� MRE F\FOH� +HUH ZH SUHVHQW� � � � � � � � � � � � � �
TXDOLWDWLYH DQG TXDQWLWDWLYH GDWD RQ WKH SURFHVV DV D ZKROH� LQFOXGLQJ LQIRUPDWLRQ RQ QXPEHU RI� � � � � � � � � � � � � � �
VXFFHVVIXO�RII�VLWH�DQG�RQ�VLWH�LQWHUYLHZV��RIIHUV��UHMHFWLRQV��DQG�WKH�ODFN�RI�IHHGEDFN���

�
7KH�DSSOLFDWLRQ�SURFHVV�

-RE DSSOLFDQWV VWDUW E\ VHDUFKLQJ IRU UHOHYDQW MRE SRVWLQJV RQ D YDULHW\ RI SODWIRUPV� � � � � � � � � � � � � �
�7DEOH 6��� 7KH LQLWLDO HOHFWURQLF DSSOLFDWLRQ JHQHUDOO\ FRQVLVWV RI D FRYHU OHWWHU DGGUHVVLQJ WKH� � � � � � � � � � � � � �
VHDUFK FRPPLWWHH� D WHDFKLQJ SKLORVRSK\ VWDWHPHQW� &9� DQG D UHVHDUFK SODQ �%R[ ��� 7KH� � � � � � � � � � � � � �
OHQJWK DQG FRQWHQW RI WKHVH PDWHULDOV FDQ YDU\ GUDVWLFDOO\ EDVHG RQ WKH DSSOLFDWLRQ F\FOH� UHJLRQ�� � � � � � � � � � � � � � �
LQVWLWXWLRQ� RU SDUWLFXODU VHDUFK FRPPLWWHH� �-R XLI GYVVIRX W]WXIQ� XLI SZIV[LIPQMRK I\TIGXEXMSR� � � � � ǧ ǧ ǧ ǧ ǧ ǧ ǧ
MW XLEX IJJIGXMZI ETTPMGEXMSR QEXIVMEPW VIUYMVI MRHMZMHYEP XEMPSVMRK JSV IEGL WTIGMJMG MRWXMXYXMSRǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ
ERH�SV HITEVXQIRX XS [LMGL XLI ETTPMGERX MW ETTP]MRK� 8LMW MRGPYHIW HITEVXQIRX�WTIGMJMG GSZIVǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ
PIXXIVW ž������ FYX QE] EPWS MRZSPZI E VERKI SJ GLERKIW XS XLI VIWIEVGL� XIEGLMRK� ERH HMZIVWMX]ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ
WXEXIQIRXW� ž8LI WIEVGL GSQQMXXII GSRZIRIW JSV E JI[ QIIXMRKW XS WLSVXPMWX XLI žDSSOLFDQWV�ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ ǧ �
$SSOLFDQWV DUH WKHQ FRQWDFWHG IRU LQWHUYLHZV VRPHZKHUH EHWZHHQ RQH WR VL[ PRQWKV DIWHU� � � � � � � � � � � � �
DSSOLFDWLRQ PDWHULDOV DUH GXH� $OWKRXJK PDQ\ VHDUFKHV XVXDOO\ FRQVLVW RI DQ RII�VLWH �UHPRWH�� � � � � � � � � � � � �
LQWHUYLHZ� ZH IRXQG WKDW WKLV ZDV QRW D VWDQGDUG SDUW RI HYHU\ VHDUFK DV WKH W\SLFDO DSSOLFDQW� � � � � � � � � � � � � � � � �
UHFHLYHG PRUH RQ�VLWH LQWHUYLHZV WKDQ RII�VLWH� 7KH RQ�VLWH LQWHUYLHZ W\SLFDOO\ ODVWV ��� GD\V DQG� � � � � � � � � � � � � �
FRQVLVWV RI D UHVHDUFK VHPLQDU� OLNHO\ D ³FKDON�WDON´ �%R[ ��� DQG SRVVLEO\ D WHDFKLQJ� � � � � � � � � � � � � �
GHPRQVWUDWLRQ� 7KH RQ�VLWH LQWHUYLHZ DOVR XVXDOO\ FRQVLVWV RI PDQ\ RQH�RQ�RQH PHHWLQJV ZLWK� � � � � � � � � � � �
RWKHU IDFXOW\ PHPEHUV� LQFOXGLQJ D PHHWLQJ ZLWK WKH KLULQJ GHSDUWPHQW FKDLU� WUDLQHHV� DQG WKH� � � � � � � � � � � � � �
DGPLQLVWUDWLYH VWDII� $IWHU WKH LQWHUYLHZV� FDQGLGDWHV PD\ EH FRQWDFWHG DQG RIIHUHG D SRVLWLRQ� � � � � � � � � � � � �
�%R[ ��� 7KH WLPH WR RIIHU LV DOVR YDULDEOH� EXW LV XVXDOO\ VKRUWHU WKDQ WKH WLPH EHWZHHQ� � � � � � � � � � � � � � � � �
DSSOLFDWLRQ DQG ILUVW FRQWDFW� ,PSRUWDQWO\� D VLQJOH VHDUFK FDQ UHVXOW LQ PXOWLSOH RIIHUV �H�J� WKH� � � � � � � � � � � � � � �
GHSDUWPHQW PD\ EH DEOH WR IXQG PXOWLSOH FRPSHWLWLYH FDQGLGDWHV� RU WKH ILUVW�FKRLFH FDQGLGDWH� � � � � � � � � � � � �
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PD\ GHFOLQH DQG WKH VHFRQG FDQGLGDWH LV JLYHQ DQ RIIHU�� 6HDUFKHV FDQ DOVR ³IDLO´ LI WKH� � � � � � � � � � � � � � � �
FRPPLWWHH GRHV QRW ILQG D VXLWDEOH FDQGLGDWH IRU WKHLU SURJUDP�GHSDUWPHQW RU ³JR GU\´ LI WKH� � � � � � � � � � � � � � �
DSSOLFDQW�V� GHHPHG TXDOLILHG E\ WKH VHDUFK FRPPLWWHH GHFOLQH WKHLU RIIHUV� 0RVW DSSOLFDQWV DUH� � � � � � � � � � � � �
QRW QRWLILHG RI D UHFHLSW RI WKHLU DSSOLFDWLRQ� QRU DUH WKH\ XSGDWHG RQ LWV VWDWXV� JLYHQ D ILQDO� � � � � � � � � � � � � � � � � �
QRWLFH RI UHMHFWLRQ� RU LQIRUPHG WKDW WKH VHDUFK PD\ KDYH IDLOHG� 7KLV XQFHUWDLQW\ IXUWKHU� � � � � � � � � � � � � �
FRPSOLFDWHV DQ DOUHDG\ VWUHVVIXO SURFHVV WKDW FDQ EH PLWLJDWHG E\ LPSURYLQJ SUDFWLFHV IRU D� � � � � � � � � � � � � �
PRUH�VWUHDPOLQHG�DSSOLFDWLRQ�SURFHVV��

�

%R[����'HILQLWLRQ�RI�VSHFLILF�WHUPV�XVHG�LQ�WKLV�VWXG\�

5��8QLYHUVLW\� 7KHUH�DUH�����LQVWLWXWLRQV�LQ�WKH�8QLWHG�6WDWHV�WKDW�DUH�FODVVLILHG�DV�
��5� ���'RFWRUDO�8QLYHUVLWLHV�±�YHU\�KLJK�UHVHDUFK�DFWLYLW\��LQ�WKH�
&DUQHJLH�&ODVVLILFDWLRQ�RI�,QVWLWXWLRQV�RI�+LJKHU�(GXFDWLRQ�������
XSGDWH���FDQ�EH�SULYDWH�RU�SXEOLF��

5��8QLYHUVLW\� ³�5� ���'RFWRUDO�8QLYHUVLWLHV�±�KLJK�UHVHDUFK�DFWLYLW\��LQ�WKH�&DUQHJLH�
&ODVVLILFDWLRQ�RI�,QVWLWXWLRQV�RI�+LJKHU�(GXFDWLRQ�������XSGDWH���FDQ�
EH�SULYDWH�RU�SXEOLF��

5��RU�3ULPDULO\�8QGHUJUDGXDWH�
,QVWLWXWLRQ��38,��RU�6PDOO�
/LEHUDO�$UWV�&ROOHJH��6/$&���

3ULPDULO\�XQGHUJUDGXDWH�LQVWLWXWLRQV��38,��DUH�RIWHQ�VPDOOHU�WKDQ�
ODUJH��UHVHDUFK�XQLYHUVLWLHV��FDQ�EH�SULYDWH�RU�SXEOLF��DQG�RIIHU�
YDU\LQJ�OHYHOV�RI�UHVRXUFHV�IRU�VWXGHQWV�DQG�IDFXOW\��0DQ\�IDFXOW\�DW�
38,V�UXQ�WKHLU�ODE�ZKLOH�PDLQWDLQLQJ�VLJQLILFDQW�WHDFKLQJ�ORDGV�DQG�
KHDY\�FRQWDFW�KRXUV�ZLWK�WKH�VWXGHQWV���

(DUO\�&DUHHU�5HVHDUFKHU��(&5�� )RU�WKH�SXUSRVH�RI�WKLV�VWXG\��ZH�GHILQH�WKLV�WR�EH�DQ\RQH�HQJDJHG�
LQ�UHVHDUFK�ZKR�LV�QRW�UHFRJQL]HG�DV�DQ�LQGHSHQGHQW�
OHDGHU�LQYHVWLJDWRU�RI�D�UHVHDUFK�JURXS��7KLV�LQFOXGHV�JUDGXDWH�DQG�
SRVWGRFWRUDO�UHVHDUFKHUV��MXQLRU�UHVHDUFK�DVVLVWDQWV��DVVRFLDWHV��
DQG�VWDII�VFLHQWLVWV��

3ULQFLSDO�,QYHVWLJDWRU��3,�� $�VFKRODU�UHFRJQL]HG�DV�DQ�LQGHSHQGHQW�OHDGHU�RI�D�UHVHDUFK�
JURXS��7KLV�LQFOXGHV�IXOO�SURIHVVRUV��JURXS�OHDGHUV��DQG�
WHQXUH�WUDFN��QRQ�WHQXUH�WUDFN�RU�WHQXUHG�IDFXOW\��

)DFXOW\�-RE�$SSOLFDQW� $Q�HDUO\�FDUHHU�UHVHDUFKHU�ZLWK�D�3K'��D�UHFHQW�JUDGXDWH��
SRVWGRFWRUDO�IHOORZ�RU�UHVHDUFK�VFLHQWLVW��ZKR�VHHNV�WR�DSSO\�IRU�D�
3,�SRVLWLRQ��VHH�DERYH���XVXDOO\�DW�WKH�DVVLVWDQW�SURIHVVRUVKLS�OHYHO���

67(0�)LHOGV� 67(0�LV�DQ�DFURQ\P�IRU�GHJUHHV�LQ�ILHOGV�UHODWHG�WR�VFLHQFH��
WHFKQRORJ\��HQJLQHHULQJ��DQG�PDWKHPDWLFV��67(0�JUDGXDWHV�ZRUN�
LQ�D�ZLGH�YDULHW\�RI�ILHOGV�LQFOXGLQJ�/LIH�6FLHQFHV��%LRPHGLFDO�
(QJLQHHULQJ��&KHPLFDO�(QJLQHHULQJ��$FFRXQWLQJ��&LYLO�(QJLQHHULQJ��
3V\FKRORJ\��6WDWLVWLFV��(OHFWULFDO�(QJLQHHULQJ��&RPSXWHU�6FLHQFH��

5HVHDUFK�0HQWRU� $�UHVHDUFK�DGYLVRU��XVXDOO\�WKH�3,�RI�D�ODE�ZKR�PHQWRUV�JUDGXDWH�	�
SRVWGRFWRUDO�UHVHDUFKHUV�GXULQJ�WKHLU�DFDGHPLF�WUDLQLQJ�LQ�KLV�KHU�
ODE��
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$GMXQFW�/HFWXUHU� $�WHDFKHU�RU�SRVW�3K'�VFKRODU�ZKR�WHDFKHV�RQ�D�OLPLWHG�WHUP�
FRQWUDFW��RIWHQ�IRU�RQH�VHPHVWHU�DW�D�WLPH��7KLV�LQGLYLGXDO�LV�
LQHOLJLEOH�IRU�WHQXUH��

7HDFKLQJ�$VVLVWDQW��7$�� $Q�LQGLYLGXDO�ZKR�DVVLVWV�D�FRXUVH�LQVWUXFWRU�ZLWK�WHDFKLQJ�UHODWHG�
GXWLHV�LQ�D�OHFWXUH�EDVHG�DQG�RU�ODERUDWRU\�EDVHG�XQGHUJUDGXDWH�RU�
JUDGXDWH�OHYHO�FRXUVH���

'RFWRUDO�*UDGXDWH�	�
3RVWGRFWRUDO�)HOORZVKLSV�

)XQGLQJ�PHFKDQLVPV�WR�VXSSRUW�WKH�WUDLQLQJ�RI�D�JUDGXDWH�RU�
SRVWGRFWRUDO�WUDLQHH��7KH�SURSRVDO�IRU�WKLV�LV�ZULWWHQ�E\�WKH�WUDLQHH�
DQG�FRQWDLQV�D�PHQWRULQJ�WUDLQLQJ�SODQ�DQG�UHTXHVW�IRU�IXQGLQJ�WR�
VXSSRUW�WKH�WUDLQHH�VDODU\�DQG�RU�SDUW�RI�WKHLU�UHVHDUFK�W\SLFDOO\�IRU�
����\HDUV��

&DUHHU�7UDQVLWLRQ�$ZDUGV� )XQGLQJ�PHFKDQLVPV�IDFLOLWDWLQJ�VHQLRU�WUDLQHHV�WRZDUGV�
LQGHSHQGHQW�UHVHDUFK�FDUHHUV��,QFOXGHV�FRUH�VXEVWDQWLDO�IXQGV�WR�
IXOO\�VXSSRUW�����\HDUV�RI�SRVWGRFWRUDO�VDODU\�DQG�DGGLWLRQDO�����
\HDUV�RI�LQGHSHQGHQW�IDFXOW\�UHVHDUFK�DQG�VWDII�VDODULHV��$V�D�UHVXOW�
VRPH�SRUWLRQ�RI�WKHVH�IXQGV�FDQ�WUDQVLWLRQ�IURP�WKH�WUDLQLQJ�LQVWLWXWH�
WR�WKH�KLULQJ�LQVWLWXWH���

�
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%R[����$Q�RYHUYLHZ�RI�WKH�$FDGHPLF�-RE�VHDUFK�SURFHVV�

�

)DFXOW\�-RE�
DSSOLFDWLRQ�
PDWHULDOV�

7\SLFDO�MRE�DSSOLFDWLRQ�DGYHUWLVHPHQW�UHTXHVWV�IRU�
DSSOLFDQW¶V�FXUULFXOXP�YLWDH��&9���UHVHDUFK�
SURSRVDO��WHDFKLQJ�SKLORVRSK\�VWDWHPHQW��
UHFRPPHQGDWLRQ�OHWWHUV��	�D�FRYHU�OHWWHU�DGGUHVVLQJ�
WKH�VHDUFK�FRPPLWWHH��$�OLVW�RI�UHSUHVHQWDWLYH�
SXEOLFDWLRQV�DQG�D�GLYHUVLW\�VWDWHPHQW�PD\�DOVR�EH�
UHTXHVWHG��

6HDUFK�
&RPPLWWHH�

$�FRPPLWWHH�FRPSULVHG�RI������IDFXOW\�PHPEHUV�LQ�
WKH�KLULQJ�GHSDUWPHQW�RYHUVHHLQJ�WKH�KLULQJ�
SURFHVV��FUHDWLQJ�DQG�GLVWULEXWLQJ�D�MRE�
DGYHUWLVHPHQW��H[DPLQLQJ�WKH�MRE�DSSOLFDWLRQV��
KRVWLQJ�RII�VLWH�DQG�RQ�VLWH�LQWHUYLHZV�DQG�VHOHFWLQJ�
FDQGLGDWHV�WKURXJK�GLIIHUHQW�VWDJHV�RI�WKH�SURFHVV�
LQFOXGLQJ�WKH�H[WHQVLRQ�RI�WKH�ILQDO�RIIHU��

2II�VLWH�
,QWHUYLHZV�

6HDUFK�FRPPLWWHH�LQWHUYLHZV�FRQGXFWHG�ZLWK�
FDQGLGDWHV�RYHU�WKH�SKRQH�RU�RQOLQH�YLD�VRIWZDUH�
VXFK�DV�=RRP�6N\SH��7KLV�LQWHUYLHZ�LV�XVXDOO\�D�
������PLQXWH�FDOO��2II�VLWH�LQWHUYLHZV�KDYH�EHFRPH�
FRPPRQ�UHFHQWO\��EXW�QRW�DOO�VHDUFK�FRPPLWWHHV�
�DQG�QRW�DOO�ILHOGV��FXUUHQWO\�XWLOL]H�WKLV�PHWKRG��

)LUVW�2Q�VLWH�
,QWHUYLHZV�

6HDUFK�FRPPLWWHH�LQWHUYLHZV�FRQGXFWHG�ZLWK�
FDQGLGDWHV�LQ�SHUVRQ�DW�WKH�VLWH�RI�WKH�KLULQJ�
GHSDUWPHQW��7KLV�LQWHUYLHZ�LV�XVXDOO\�D�����GD\�
HYHQW�LQYROYLQJ�IDFH�WR�IDFH�PHHWLQJV�ZLWK�WKH�
VHDUFK�FRPPLWWHH��GHSDUWPHQW�WUDLQHHV��VWDII�DQG�
RWKHU�IDFXOW\�PHPEHUV��,Q�DGGLWLRQ��LQWHUYLHZHHV�DUH�
H[SHFWHG�WR�GHOLYHU�RQH�RU�PRUH�RI�WKH�IROORZLQJ��>�@�
D�UHVHDUFK�WDON��>�@�D�WHDFKLQJ�GHPRQVWUDWLRQ��DQG�
>�@�D�FKDON�WDON��

6HFRQG�
RQ�VLWH�YLVLW��
1HJRWLDWLRQV�

,QYLWDWLRQV�IRU�D�VHFRQG�RQ�VLWH�YLVLW�DUH�XVXDOO\�
H[WHQGHG�ZKHQ�WKHUH�LV�RU�ZLOO�EH�D�SHQGLQJ�RIIHU��
EXW�VRPHWLPHV�WKHUH�DUH�QR�VHFRQG�YLVLWV�EHIRUH�DQ�
RIIHU�LV�PDGH��)DPLO\�VSRXVHV�FDQ�EH�LQYLWHG�DQG�
WKH�IRFXV�LV�RQ�VXLWDELOLW\��QRW�GHOLYHUHG�WDONV��DQG�
PD\�LQFOXGH�YHUEDO�GLVFXVVLRQ�RI�DQ�RIIHU��$IWHU�D�
VHFRQG�YLVLW�D�GHWDLOHG�ZULWWHQ�RIIHU�SDFNDJH�ZLOO�EH�
IRUZDUGHG�E\�WKH�FKDLU�RI�WKH�KLULQJ�GHSDUWPHQW��
LQFOXGLQJ�SURSRVHG�VWDUW�GDWH��VDODU\��DQG�VWDUW�XS�
IXQGV���������1HJRWLDWLRQV�WKHQ�PD\�WDNH�SODFH�
EHWZHHQ�WKH�FKDLU�DQG�WKH�DSSOLFDQW�RYHU�WKH�GHWDLOV�
RI�WKH�RIIHU�SDFNDJH��

)DFXOW\�MRE�
2IIHUV�

$IWHU�DQ\�QHJRWLDWLRQV��D�IRUPDO�RIIHU�OHWWHU�ZLWK�WKH�
WHUPV�DJUHHG�XSRQ�LQ�ZULWLQJ�ZLOO�EH�IRUZDUGHG�E\�
WKH�GHSDUWPHQW�FKDLU�DQG�VLJQHG�E\�WKH�DSSOLFDQW��
7KLV�LV�WKH�RIILFLDO�DFFHSWDQFH�RI�WKH�DGYHUWLVHG�
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SRVLWLRQ��7KH�WLPLQJ�EHWZHHQ�WKH�ILUVW�RQ�VLWH�
LQWHUYLHZ��VHFRQG�YLVLW��DQG�DFFHSWDQFH�RI�DQ�RIIHU�
LV�KLJKO\�YDULDEOH��

�
�
5HVXOWV�
$FDGHPLF�-RE�$SSOLFDQW�'HPRJUDSKLFV��

$ WRWDO RI ��� HDUO\ FDUHHU UHVHDUFKHUV DQVZHUHG VXUYH\ TXHVWLRQV UHJDUGLQJ WKHLU� � � � � � � � � � � �
H[SHULHQFH RQ WKH DFDGHPLF MRE PDUNHW LQ WKH ��������� DSSOLFDWLRQ F\FOH DQG GDWD IURP ��� RI� � � � � � � � � � � � � � � �
WKHVH UHVSRQVHV ZHUH XVHG IRU DQDO\VLV �VHH VXSSOHPHQWDO PDWHULDOV�� 5HVSRQGHQWV UHSRUWHG D� � � � � � � � � � � �
ODUJH UDQJH LQ WKH QXPEHU RI VXEPLWWHG DSSOLFDWLRQV IURP D PLQLPXP RI RQH WR D PD[LPXP RI� � � � � � � � � � � � � � � � �
��� �PHGLDQ� ���� 7KH UHVSRQGHQW SRRO ZDV QRWDEO\ HQULFKHG LQ DSSOLFDQWV ZKR UHFHLYHG DW OHDVW� � � � � � � � � � � � � � �
RQH RII�VLWH LQWHUYLHZ ������ DW OHDVW RQH RQ�VLWH LQWHUYLHZ ����� DQG DW OHDVW RQH RIIHU ������� � � � � � � � � � � � � � � �
WKLV PD\ UHSUHVHQW D VLJQLILFDQW ELDV WRZDUGV VXFFHVVIXO DSSOLFDQWV LQ RXU VDPSOH DV D UHFHQW� � � � � � � � � � � � � � �
VWXG\�VKRZV�WKDW�RQO\�a�����DQG�GHFOLQLQJ��RI�3K'V�VHFXUH�D�WHQXUH�WUDFN�SRVLWLRQ���������

5HVSRQGHQWV UHSUHVHQWHG UHVHDUFKHUV LQ D ZLGH YDULHW\ RI ILHOGV� ZLWK WKH ODUJHVW JURXS� � � � � � � � � � � � �
����� IURP WKRVH LQ WKH OLIH VFLHQFHV DQG UHODWHG ILHOGV� ZLWK UHODWLYHO\ HTXDO QXPEHUV RI� � � � � � � � � � � � � � �
DSSOLFDWLRQV IURP PHQ DQG ZRPHQ DFURVV WKH OLIH VFLHQFHV �)LJXUH �$� 7DEOH 6��� 2XU VXUYH\� � � � � � � � � � � � � � �
FDSWXUHG GDWD IURP DQ LQWHUQDWLRQDO DSSOLFDQW SRRO� UHSUHVHQWLQJ �� FRXQWULHV �)LJXUH �%� 7DEOH� � � � � � � � � � � � �
6��� +RZHYHU� WKH PDMRULW\ ����� RI RXU UHVSRQGHQWV UHSRUWHG FXUUHQWO\ ZRUNLQJ LQ WKH 8QLWHG� � � � � � � � � � � � � �
6WDWHV� ZKLFK PD\ UHIOHFW WKH ODUJHU FLUFXODWLRQ RI RXU VXUYH\ RQ VRFLDO PHGLD SODWIRUPV DQG� � � � � � � � � � � � � � �
SRVWGRFWRUDO DVVRFLDWLRQV WKHUH� 0RVW FDQGLGDWHV DSSOLHG WR MREV ZLWKLQ WKH 8QLWHG 6WDWHV ������� � � � � � � � � � � � �
&DQDGD ������ DQG WKH 8QLWHG .LQJGRP ����� �7DEOH 6��� 7KH ODUJH PDMRULW\ ����� RI RXU� � � � � � � � � � � � � � �
DSSOLFDQW VXUYH\ UHVSRQGHQWV HQWHUHG WKH MRE PDUNHW DV SRVWGRFWRUDO UHVHDUFKHUV �)LJXUH �&�� � � � � � � � � � � �
7DEOH 6��� 7KH DSSOLFDQWV VSHQW � WR �� \HDUV �PHGLDQ� � \HDUV� LQ D SRVWGRFWRUDO SRVLWLRQ�� � � � � � � � � � � � � � � �
7KHVH GDWD DUH FRQVLVWHQW ZLWK D UHFHQW UHSRUW VXJJHVWLQJ WKDW SRVWGRFV LQ WKH 8QLWHG 6WDWHV LQ� � � � � � � � � � � � � � � �
WKH�ILHOG�RI�ELRPHGLFDO�VFLHQFHV�VSHQG�DQ�DYHUDJH�RI�����\HDUV�LQ�WKHLU�SRVLWLRQV���������

1RWDEO\� SRVWGRFV LQ WKH OLIH VFLHQFHV VSHQW VLJQLILFDQWO\ PRUH WLPH LQ SRVWGRF SRVLWLRQV� � � � � � � � � � � � �
�PHGLDQ� � \HDUV� WKDQ WKRVH LQ RWKHU ILHOGV �PHGLDQ� ���� \HDUV� EHIRUH DSSO\LQJ IRU D IDFXOW\� � � � � � � � � � � � � � � �
SRVLWLRQ �)LJXUH �'� S  ��� [ �� ������ FRQVLVWHQW ZLWK SUHYLRXV ILQGLQJV RQ LQFUHDVHG WUDLQLQJ WLPHV� � � � � � � � � � � � � � � �
LQ WKH OLIH�ELRPHGLFDO VFLHQFHV EHIRUH MXQLRU IDFXOW\ UHFUXLWPHQW ������±����� 0RVW VXUYH\� � � � � � � � � � �
UHVSRQGHQWV ZHQW RQ WKH MRE PDUNHW ZKLOH LQ WKHLU ILUVW SRVWGRFWRUDO SRVLWLRQ ����� �)LJXUH �(�� � � � � � � � � � � � � � �
7DEOH�6����

$SSOLFDQWV �KDG D ODUJH UDQJH LQ WKHLU SXEOLFDWLRQ UHFRUGV� LQFOXGLQJ QXPEHU RI SDSHUV� � � � � � � � � � � � �
FR�DXWKRUHG� K�LQGH[� DQG WRWDO FLWDWLRQ FRXQW� 5HVSRQGHQWV �UHSRUWHG D PHGLDQ RI �� WRWDO� � � � � � � � � � � � �
SXEOLFDWLRQV �LQFOXGLQJ FR�DXWKRUVKLSV DQG OHDG DXWKRUVKLSV�� ZLWK D PHGLDQ RI � ILUVW DXWKRU� � � � � � � � � � � � �
SDSHUV�ZKHQ�HQWHULQJ�WKH�MRE�PDUNHW��)LJXUH��)��7DEOH�6�����
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�
�
)LJXUH �� $FDGHPLF -RE $SSOLFDQW 'HPRJUDSKLFV� �$� 'LVWULEXWLRQ RI VXUYH\ UHVSRQGHQWV E\� � � � � � � � � � � �
VHOI�LGHQWLILHG JHQGHU DQG VHOI�LGHQWLILHG VFLHQWLILF ILHOG �7DEOH 6��� )LHOGV KLJKOLJKWHG LQ JUHHQ� � � � � � � � � � � �
ZHUH JURXSHG WRJHWKHU DV OLIH�VFLHQFH UHODWHG ILHOGV� %� 'LVWULEXWLRQ RI WKH FRXQWU\ RI UHVLGHQFH� � � � � � � � � � � � � �
�UHVHDUFK RULJLQ� RI DSSOLFDQWV �WRS� DQG WKH FRXQWULHV LQ ZKLFK WKH\ DSSOLHG WR IRU IDFXOW\ MREV� � � � � � � � � � � � � � � �

��
�
�

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 2, 2019. ; https://doi.org/10.1101/796466doi: bioRxiv preprint 

https://doi.org/10.1101/796466
http://creativecommons.org/licenses/by-nc-nd/4.0/


�JUHHQ VOLFHV RI SLH FKDUWV� ERWWRP� IRU PRUH GHWDLOV VHH 7DEOHV 6� DQG 6���� &� 6HOI�UHSRUWHG� � � � � � � � � � � � � � � �
SRVLWLRQV RI DSSOLFDQWV ZKHQ DSSO\LQJ IRU IDFXOW\ MREV �7DEOH 6��� '� 7KH FXPXODWLYH QXPEHU RI� � � � � � � � � � � � � � �
\HDUV DSSOLFDQWV VSHQW LQ D SRVWGRFWRUDO IHOORZVKLS VKRZV WKDW OLIH VFLHQFHV SRVWGRFWRUDO WUDLQLQJ� � � � � � � � � � � � �
WDNHV VLJQLILFDQWO\ ORQJHU WKDQ WKRVH LQ RWKHU ILHOGV �S�YDOXH  ��� [ �� ����� �7DEOH 6�� 6���� 7KH� � � � � � � � � � � � � � � � �
UHSRUWHG UDQJH RI \HDUV VSHQW DV D SRVWGRFWRUDO UHVHDUFKHU IRU RXU VXUYH\ DSSOLFDQWV ZDV TXLWH� � � � � � � � � � � � � � �
ODUJH� ZLWK �� RI UHVSRQGHQWV VSHQGLQJ � \HDU RU IHZHU DV D SRVWGRF WR �� RI UHVSRQGHQWV� � � � � � � � � � � � � � � � �
UHSRUWLQJ � RU PRUH \HDUV LQ WKHLU SRVWGRFWRUDO SRVLWLRQV �PD[LPXP RI �� \HDUV� �)LJXUH �'�� � � � � � � � � � � � � � �
7DEOH 6��� (� 1XPEHU RI SRVWGRFWRUDO SRVLWLRQV KHOG E\ VXUYH\ DSSOLFDQWV �7DEOH 6��� )� 0HGLDQ� � � � � � � � � � � � � � �
YDOXHV�IRU�PHWULFV�RI�UHVHDUFK�SURGXFWLYLW\�LQ�WKH�DSSOLFDQW�SRRO���
�
�
$SSOLFDQW�VFKRODUO\�PHWULFV�E\�JHQGHU�

*HQGHU ELDV LQ SXEOLVKLQJ DFWLYLW\ DQG HYDOXDWLRQ LV ZHOO GRFXPHQWHG ����±����� 2XU� � � � � � � � � � � �
VXUYH\ UHVSRQGHQWV ZHUH UHODWLYHO\ HYHQO\ GLVWULEXWHG DFURVV VHOI�LGHQWLILHG JHQGHUV� ZLWK ��� RI� � � � � � � � � � � �
DSSOLFDQWV LGHQWLI\LQJ DV PDOH� ��� DV IHPDOH� ZKLOH �� SUHIHUUHG QRW WR GLVFORVH WKLV� � � � � � � � � � � � � �
LQIRUPDWLRQ �ZLWK QR DSSOLFDQW LGHQWLI\LQJ DV QRQ�ELQDU\� �)LJXUH �$�� 7DEOH 6� ILUVW URZ�� 0HQ� � � � � � � � � � � � � �
UHSRUWHG VLJQLILFDQWO\ PRUH ILUVW DXWKRU SXEOLFDWLRQV WKDQ ZRPHQ �PHGLDQV RI � DQ �G ��� � � � � � � � � � � � �
UHVSHFWLYHO\� �S  ��� �[ �� ��� � :LOFR[RQ UDQN VXP��� PRUH WRWDO SXEOLFDWLRQV �PHGLDQV �� DQG ��� S� � � � � � � � � � � � � � � � � �
 � [ �� ����� DQG PRUH RYHUDOO FLWDWLRQV �PHGLDQV RI ��� DQG ���� S  ��� [ �� ����� �)LJXUH �%� 7DEOH� � � � � � � � � � � � � � � � � � � � �
6�� 6���� 0HQ LQ RXU VXUYH\ DOVR UHSRUWHG D VWDWLVWLFDOO\ VLJQLILFDQW KLJKHU K�LQGH[ WKDQ ZRPHQ� � � � � � � � � � � � � � �
�PHGLDQV RI ��� DQG ���� UHVSHFWLYHO\� �S  ��� [ �� ����� �:LOFR[RQ UDQN VXP WHVW� DQG D KLJKHU� � � � � � � � � � � � � � � � � �
QXPEHU RI PDOH DSSOLFDQWV DXWKRUHG SDSHUV LQ KLJK LPSDFW IDFWRU MRXUQDOV RI �&HOO �� �1DWXUH �� DQG� � � � � � � � � � � � � � �
6FLHQFH ��³&16´ MRXUQDOV� �� ZRPHQ YHUVXV �� PHQ� S  ��� [ �� ����� :LOFR[RQ UDQN VXP WHVW�� � � � � � � � � � � � � � � � �
�)LJXUH �&� 7DEOH 6�� 6��� 6���� ,W LV RI QRWH WKDW DSSOLFDQWV VHOI�LGHQWLILHG DXWKRUVKLS� EXW WKH� � � � � � � � � � � � � � � �
TXHVWLRQ ZDV FOHDU WR LQFOXGH RQO\ WKHVH WKUHH SDUHQW MRXUQDOV� H[FOXGLQJ RWKHU KLJK LPSDFW� � � � � � � � � � � � � �
GHULYDWLYHV �VHH VXSSOHPHQWDO PDWHULDOV�� 7KH JHQGHU GLIIHUHQFHV ZH REVHUYH PLUURU WKRVH VHHQ� � � � � � � � � � � �
LQ RWKHU UHSRUWV RQ GLIIHUHQFHV LQ FLWDWLRQ FRXQWV LQ 67(0 ILHOGV EDVHG RQ WKH FRUUHVSRQGLQJ� � � � � � � � � � � � � � �
DXWKRU�JHQGHU����������

'HVSLWH SRSXODU GLVFXVVLRQV RQ D QHHG IRU &16 RU RWKHU KLJK�LPSDFW SXEOLFDWLRQV �������� � � � � � � � � � � � �
WKH PD �MRULW\ ����� �RI WKH DSSOLFDQWV ZKR WRRN RXU VXUYH\ GLG QRW DXWKRU D &16 SDSHU� DQG D� � � � � � � � � � � � � � � � � �
JUHDWHU PDMRULW\ �a���� GLG QRW KDYH D ILUVW DXWKRU SXEOLFDWLRQ LQ D &16 MRXUQDO �)LJXUH �&�� � � � � � � � � � � � � � � �
7DEOH 6���� 2I WKH �� UHVSRQGHQWV ZLWK &16 SDSHUV� �� ����� ZHUH LQ D OLIH VFLHQFH�UHODWHG� � � � � � � � � � � � � � � �
ILHOG� LQGLFDWLQJ WKH YDOXDWLRQ RI WKHVH MRXUQDOV ZDV KLJKO\ ILHOG�VSHFLILF �)LJXUH �&� S  ���� �[ �� ���� � � � � � � � � � � � � � � � �

� :LOFR[RQ UDQN VXP WHVW�� :KLOH ERWK JHQGHUV UHSRUW KDYLQJ REWDLQHG IHOORZVKLSV ����� DW VRPH� � � � � � � � � � � � � � �
SRLQW LQ WKHLU HDUO\ FDUHHU� D JUHDWHU SHUFHQWDJH RI ZRPHQ UHFHLYHG D IHOORZVKLS RI VRPH NLQG� � � � � � � � � � � � � � � �
�VHH %R[ �� DW VRPH SRLQW LQ WKHLU FDUHHU ��S  ��� [ �� ����� ᵯ��  ������ �� �&KL�VTXDUHG WHVW� GI ��� � � � � � � � � � � � � � � � � � � �
�)LJXUH �'�� 6SHFLILFDOO\� ��� RI ZRPHQ UHFHLYHG D IHOORZVKLS RI VRPH NLQG �%R[ ��� FRPSDUHG� � � � � � � � � � � � � � �
WR ��� RI PHQ� �ZRPHQ KDG EHWWHU VXFFHVV DW UHFHLYLQJ ERWK GRFWRUDO IHOORZVKLSV ���� RI� � � � � � � � � � � � � � �
ZRPHQ YV ��� RI PHQ�� DQG SRVWGRFWRUDO IHOORZVKLSV ���� RI ZRPHQ� ��� RI PHQ�� +RZHYHU�� � � � � � � � � � � � � � �
RXU VXUYH\ TXHVWLRQV GLG QRW GLVWLQJXLVK EHWZHHQ WKH W\SHV �H�J� JRYHUQPHQW IXQGHG YHUVXV� � � � � � � � � � � � �
SULYDWHO\ IXQGHG� IXOO YHUVXV SDUWLDO VDODU\ VXSSRUW� RU QXPEHU RI IHOORZVKLSV DSSOLHG WR� PDQ\ RI� � � � � � � � � � � � � � �
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WKHVH IDFWRUV DUH OLNHO\ FULWLFDO LQ EHWWHU XQGHUVWDQGLQJ JHQGHU GLIIHUHQFHV LQ IHOORZVKLS VXSSRUW�� � � � � � � � � � � � �
�)L �JXUH��'��7DEOH�6����

�

�
�
)LJXUH �� �$SSOLFDQW 6FKRODUO\ 0HWULFV E\ JHQGHU� $� 'LVWULEXWLRQ RI JHQGHU �PDOH� IHPDOH�� � � � � � � � � � � � �
QRQ�ELQDU\� GLG QRW GLVFORVH� DPRQJVW VXUYH\ UHVSRQGHQWV �7DEOH 6� ILUVW URZ�� %� 3XEOLFDWLRQ� � � � � � � � � � � � �
PHWULFV RI VXUYH\ UHVSRQGHQWV LQFOXGLQJ QXPEHU RI ILUVW DXWKRU SDSHUV �WRS�� WRWDO SXEOLFDWLRQV� � � � � � � � � � � � �
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�PLGGOH WRS�� WRWDO FLWDWLRQV �PLGGOH ERWWRP�� DQG K�LQGH[ �ERWWRP� IRU PDOH DQG IHPDOH� � � � � � � � � � � � �
UHVSRQGHQWV� 0HQ LQ RXU VXUYH\ UHSRUWHG D VWDWLVWLFDOO\ VLJQLILFDQW KLJKHU K�LQGH[ WKDQ ZRPHQ� � � � � � � � � � � � �
�PHGLDQV RI ��� DQG ���� UHVSHFWLYHO\� �S  ��� �[ �� ��� �� �:LOFR[RQ UDQN VXP WHVW� �7DEOH 6��� &�� � � � � � � � � � � � � � � � � � �
1XPEHU RI ILUVW DXWKRU &16 �&HOO�1DWXUH�6FLHQFH� SDSHUV DUH VLJQLILFDQWO\ LQFUHDVHG IRU� � � � � � � � � � �
DSSOLFDQWV LQ WKH OLIH VFLHQFHV �7DEOH 6��� �S  ��� [ �� ����� WRS� DQG PDOHV �S  ��� [ �� ������ '�� � � � � � � � � � � � � � � � � � � � �
'LVWULEXWLRQ RI IXQGLQJ UHSRUWHG ZLWKLQ WUDLQLQJ SHULRG �GRFWRUDO IHOORZVKLS RQO\ LQ UHG�� � � � � � � � � � � �
SRVWGRFWRUDO IHOORZVKLS RQO\ LQ EOXH� IHOORZVKLSV GXULQJ 3K' DQG SRVWGRF LQ SXUSOH� DQG QR� � � � � � � � � � � � � �
IHOORZVKLS LQ JUD\� VKRZV IHPDOHV KDG PRUH IHOORZVKLS IXQGLQJ WKDQ PDOHV ��S  ��� [ ������� 7DEOH� � � � � � � � � � � � � � � � �
6�� ᵯ��  ������ ��� :H GLG QRW VSHFLI\ WKH QDWXUH RI WKH IHOORZVKLS LQ WKH VXUYH\ TXHVWLRQ �L�H�� � � � � � � � � � � � � � � � � �
IXQGHG E\ JRYHUQPHQW DJHQFLHV VXFK DV WKH 1,+� SULYDWH IRXQGDWLRQV RU LQWHUQDO GHSDUWPHQWDO� � � � � � � � � � � � �
RU XQLYHUVLW\ VSRQVRUHG IHOORZVKLSV�� (� 1XPEHU RI SUHSULQWV SRVWHG E\ LQGLYLGXDO FDQGLGDWHV� � � � � � � � � � � �
�WRS� DQG QXPEHU RI SUHSULQWV SRVWHG ZKLFK ZHUH QRW \HW DFFHSWHG IRU MRXUQDO SXEOLFDWLRQ ZKLOH� � � � � � � � � � � � � � �
DSSO\LQJ�IRU�IDFXOW\�MREV��
�
-RE�DSSOLFDWLRQ�EHQFKPDUNV�DQG�WKHLU�LPSDFW�RQ�VXFFHVV�

,Q DJJUHJDWH� UHVSRQGHQWV �Q  ���� VXEPLWWHG D WRWDO RI ����� MRE DSSOLFDWLRQV �PHGLDQ�� � � � � � � � � � � � � �
��� DYHUDJH� ��� �)LJXUH �$� 7DEOH 6���� $SSOLFDQWV ZHUH WKHQ LQYLWHG IRU D WRWDO RI ��� �PHGLDQ�� � � � � � � � � � � � � � � � �
�� RII�VLWH �SKRQH� =RRP RU 6N\SH� DQG ��� �PHGLDQ� �� RQVLWH �FDPSXV� LQWHUYLHZV� DQG� � � � � � � � � � � � � �
UHFHLYHG ��� RIIHUV �PHGLDQ� �� �)LJXUH �$� 7DEOH 6���� ,Q RXU GDWDVHW� ��� RI SDUWLFLSDQWV� � � � � � � � � � � � � � �
UHFHLYHG QR RIIHUV� ��� UHFHLYHG RQH RIIHU� ��� UHFHLYHG WZR RIIHUV� �� UHFHLYHG WKUHH RIIHUV�� � � � � � � � � � � � � � �
DQG �� UHFHLYHG PRUH WKDQ WKUHH RIIHUV� &DQGLGDWHV ZKR UHFHLYHG RIIHUV W\SLFDOO\ VXEPLWWHG� � � � � � � � � � � � �
PRUH DSSOLFDWLRQV WKDQ WKRVH ZKR UHFHLYHG QR RIIHUV� LQGLFDWLQJ WKDW VRPH FDQGLGDWHV PD\ QRW� � � � � � � � � � � � � �
KDYH VXEPLWWHG HQRXJK DSSOLFDWLRQV WR KDYH D UHDVRQDEOH FKDQFH RI JHWWLQJ DQ RIIHU �)LJXUH� � � � � � � � � � � � � �
�'�� $ UHFHQW 7ZLWWHU SROO ZLWK RYHU ��� UHVSRQGHQWV FRQILUPHG WKDW PRVW IDFXOW\ RQO\ UHFHLYHG� � � � � � � � � � � � � � �
RQH�WR�WKUHH�RIIHUV�GXULQJ�WKHLU�DFDGHPLF�MRE�VHDUFK���������7DEOH�6������

'HVSLWH WKH IDFW WKDW VXFFHVVIXO FDQGLGDWHV VXEPLWWHG PRUH DSSOLFDWLRQV� WKH QXPEHU RI� � � � � � � � � � � �
DSSOLFDWLRQV SHU FDQGLGDWH GLG QRW FRUUHODWH ZLWK WKH QXPEHU RI RIIHUV �5�� � ���� �[ �� ������ ZKLOH� � � � � � � � � � � � � � � � �
EHLQJ�ZHDNO\�FRUUHODWHG�ZLWK�WKH�QXPEHU�RI�RII�VLWH�LQWHUYLHZV��5���� ����������)LJXUH��%����

1RW VXUSULVLQJO\� WKH QXPEHU RI RQ�VLWH LQWHUYLHZV VWURQJO\ FRUUHODWHG ZLWK WKH QXPEHU RI� � � � � � � � � � � � �
RIIHUV UHFHLYHG �5�� � ������� �)LJXUH �&�� 3RSXODWLRQ PHGLDQV FKDQJHG VOLJKWO\ E\ JHQGHU DV� � � � � � � � � � � � � �
PHQ VXEPLWWHG VOLJKWO\ PRUH DSSOLFDWLRQV� EXW UHFHLYHG VOLJKWO\ IHZHU RII�VLWH LQWHUYLHZV� 7KHVH� � � � � � � � � � � �
VPDOO GLIIHUHQFHV E\ JHQGHU ZHUH QRW VWDWLVWLFDOO\ VLJQLILFDQW �DSSOLFDWLRQV S  ���� �[ �� ������ � � � � � � � � � � � � �
RII�VLWHV S  ������� RQ�VLWHV S  ������� :LOFR[RQ UDQN�VXP WHVW�� 7KH PHGLDQ QXPEHU RI RIIHUV� � � � � � � � � � � � � � � �
DOVR�GLG�QRW�YDU\�E\�JHQGHU��S� ���������:LOFR[RQ�UDQN�VXP�WHVW����

:H VSOLW RXU SRSXODWLRQ LQWR WZR JURXSV E\ DSSOLFDWLRQ QXPEHU� RQH JURXS HLWKHU DW RU� � � � � � � � � � � � � � �
EHORZ WKH PHGLDQ � �� �� DSSOLFDWLRQV� Q  ���� DQG WKH RWKHU JURXS DERYH WKH PHGLDQ � ! ��� � � � � � � � � � � � � � � � � � � �
DSSOLFDWLRQV� Q  ����� 7KHVH JURXSV KDG D VLJQLILFDQW GLIIHUHQFH LQ VXFFHVV UDWHV� UHVSRQGHQWV� � � � � � � � � � � � � �
ZKR VXEPLWWHG JUHDWHU WKDQ �� DSSOLFDWLRQV KDG D VLJQLILFDQWO\ KLJKHU DYHUDJH QXPEHU RI RII�VLWH� � � � � � � � � � � � � �
LQWHUYLHZV �S � ��� [ �� ���� �� :LOFR[RQ UDQN�VXP WHVW�� RQ�VLWH LQWHUYLHZV �S  ��� [ �� ���� �� :LOFR[RQ� � � � � � � � � � � � � � � � � � �
UDQN�VXP WHVW�� DQG RIIHUV �S  � [ �� ��� �� :LOFR[RQ UDQN�VXP WHVW� )LJXUH �'�� :H DOVR DVNHG� � � � � � � � � � � � � � � � � �
ZKHWKHU VXUYH\ UHVSRQGHQWV DSSOLHG IRU QRQ�IDFXOW\ SRVLWLRQV GXULQJ WKLV F\FOH �7DEOH 6����� � � � � � � � � � � �
6HYHQW\ RQH SHUFHQW RI DSSOLFDQWV GLG QRW DSSO\ IRU RWKHU MREV DQG WKH\ KDG D VPDOO� EXW� � � � � � � � � � � � � � � � �
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VLJQLILFDQW LQFUHDVH LQ RIIHU SHUFHQWDJH �)LJXUH �(� S  ��� �[ �� ������ 7DNHQ WRJHWKHU WKLV GDWD� � � � � � � � � � � � � � � �
VHHPLQJO\ LQGLFDWHV WKDW LQFUHDVLQJ WKH QXPEHU RI DSSOLFDWLRQV VXEPLWWHG FDQ OHDG WR PRUH� � � � � � � � � � � � �
LQWHUYLHZV� DV VXJJHVWHG E\ RWKHUV ������� ZLWK WKH W\SLFDO FDQGLGDWH VXEPLWWLQJ DW OHDVW ��� � � � � � � � � � � � � �
DSSOLFDWLRQV WR DFKLHYH RQH RIIHU� +RZHYHU� WKH ORZHU FRUUHODWLRQ EHWZHHQ DSSOLFDWLRQ QXPEHU� � � � � � � � � � � �
DQG RIIHUV �FRPSDUHG WR DSSOLFDWLRQ QXPEHU DQG LQWHUYLHZV� VXJJHVWV WKDW ZKLOH KLJKHU� � � � � � � � � � � �
DSSOLFDWLRQ QXPEHUV FDQ JHQHUDWH PRUH LQWHUYLHZ RSSRUWXQLWLHV� RWKHU FULWHULD �H�J� WKH VWUHQJWK� � � � � � � � � � � �
RI�WKH�LQWHUYLHZ��DUH�LPSRUWDQW�LQ�WXUQLQJ�DQ�LQWHUYLHZ�LQWR�DQ�RIIHU���

�
3UHSULQWV�

3UHSULQWV� RU PDQXVFULSWV VXEPLWWHG WR DQ RSHQ�DFFHVV VHUYHU SULRU WR SHHU�UHYLHZHG� � � � � � � � � � �
SXEOLFDWLRQ� DUH EHFRPLQJ LQFUHDVLQJO\ SRSXODU DPRQJ HDUO\ FDUHHU UHVHDUFKHUV ������� SDUWLFXODUO\� � � � � � � � � � �
LQ WKH OLIH VFLHQFHV� DQG FDQ ERRVW DUWLFOH FLWDWLRQV DQG PHQWLRQV ����±����� :H LQYHVWLJDWHG� � � � � � � � � � � � � �
ZKHWKHU WKLV LQFUHDVH LQ SUHSULQW VXEPLVVLRQV KDG DQ LPSDFW RQ WKH FKDQFHV RI UHFHLYLQJ DQ� � � � � � � � � � � � � � �
RIIHU� :H UHFHLYHG ��� DSSOLFDQW UHVSRQVHV RQ WKLV TXHVWLRQ RQ SUHSULQWV� ��� RI UHVSRQGHQWV� � � � � � � � � � � � � �
���� FDQGLGDWHV� KDG SRVWHG DW OHDVW RQH SUHSULQW� DQG ��� KDG SRVWHG EHWZHHQ ��� SUHSULQWV� � � � � � � � � � � � � � �
�DYHUDJH RI ���� SUHSULQWV SHU SHUVRQ� �)LJXUH �(� 7DEOH 6�� 6���� $W WKH WLPH RI IDFXOW\ MRE� � � � � � � � � � � � � � � � �
DSSOLFDWLRQ� ��� RI WKHVH UHVSRQGHQWV KDG DQ DFWLYH SUHSULQW WKDW ZDV QRW \HW SXEOLVKHG LQ D� � � � � � � � � � � � � � � �
MRXUQDO� ZLWK DQ DYHUDJH RI ���� DFWLYH SUHSULQWV SHU SHUVRQ� $ QXPEHU RI FDQGLGDWHV� � � � � � � � � � � � � �
FRPPHQWHG WKDW SUHSULQWHG UHVHDUFK ZDV HQRUPRXVO\ KHOSIXO DQG VHUYHG WR GHPRQVWUDWH� � � � � � � � � � �
SURGXFWLYLW\�EHIRUH�WKHLU�SDSHU�ZDV�SXEOLVKHG��7DEOHV�6����6�����
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�
�
)LJXUH �� -RE DSSOLFDWLRQ EHQFKPDUNV DQG WKHLU LPSDFW RQ VXFFHVV �� $� 7RWDO DQG PHGLDQ� � � � � � � � � � � � � �
QXPEHUV RI DSSOLFDWLRQV� RII�VLWH LQWHUYLHZV� RQ�VLWH LQWHUYLHZV DQG RIIHUV UHFRUGHG LQ VXUYH\� � � � � � � � � � � �
UHVSRQVHV �7DEOH 6�� 6���� %� &RUUHODWLRQV EHWZHHQ WKH WRWDO QXPEHU RI DSSOLFDWLRQV VXEPLWWHG� � � � � � � � � � � � �
DQG RII�VLWH LQWHUYLHZV �WRS�� RQVLWH LQWHUYLHZV �PLGGOH� DQG RIIHUV �ERWWRP�� &� &RUUHODWLRQV� � � � � � � � � � � �
EHWZHHQ WKH QXPEHU RI LQWHUYLHZV FRPSOHWHG DQG RIIHUV UHFHLYHG� 6HH )LJXUH 6� IRU PRUH� � � � � � � � � � � � � �

���
�
�

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 2, 2019. ; https://doi.org/10.1101/796466doi: bioRxiv preprint 

https://doi.org/10.1101/796466
http://creativecommons.org/licenses/by-nc-nd/4.0/


GHWDLOV� '� 7RWDO QXPEHU R �I RII�VLWH LQWHUYLHZV �WRS� S � ��� [ �� ������� RQ�VLWH LQWHUYLHZV �PLGGOH� S� � � � � � � � � � � � � � � � �
 ��� [ �� ������ DQG RIIHUV �ERWWRP� S  � [ �� ����� IRU DSSOLFDQWV ZKR VXEPLWWHG DW OHDVW �� �WKH� � � � � � � � � � � � � � � � � � � �
PHGLDQ� DSSOLFDWLRQV �LQ UHG� DQG OHVV WKDQ �� DSSOLFDWLRQV �LQ EOXH�� (� )UDFWLRQ RI DSSOLFDWLRQV� � � � � � � � � � � � � � �
WKDW UHVXOWHG LQ RIIHUV �RIIHU SHUFHQWDJHV� IRU VXUYH\ UHVSRQGHQWV ZKR GLG QRW DSSO\ IRU MREV� � � � � � � � � � � � � � �
RXWVLGH RI IDFXOW\ SRVLWLRQV LV VLJQLILFDQWO\ KLJKHU �S  � [ �� ����� 7DEOH 6��� WKDQ IRU WKRVH ZKR� � � � � � � � � � � � � � � � � �
DOVR�DSSOLHG�IRU�ERWK�DFDGHPLF�DQG�RWKHU�W\SHV�RI�MREV���
�
3XEOLFDWLRQ�UHODWHG�PHWULFV�
� 7KH QXPEHU RI SXEOLFDWLRQV DXWKRUHG DQG WKH LPSDFW IDFWRU RI WKRVH FDQ EH SUHGLFWLYH RI� � � � � � � � � � � � � � �
DQ HDUO\ FDUHHU UHVHDUFKHU¶V FKDQFHV RI REWDLQLQJ DQ LQGHSHQGHQW SRVLWLRQ ���������� $ FRPPRQ� � � � � � � � � � � � �
SHUFHSWLRQ LV WKDW KDYLQJ &16 ��&HOO �� �1DWXUH �� RU �6FLHQFH �� SXEOLFDWLRQV DUH FULWLFDO WR ODQG D OLIH� � � � � � � � � � � � � � � �
VFLHQFH IDFXOW\ SRVLWLRQ ����±����� 2XU GDWD GHPRQVWUDWHV WKDW D &16 SDSHU LV QRW HVVHQWLDO WR DQ� � � � � � � � � � � � � � � �
DSSOLFDQW UHFHLYLQJ D IDFXOW\ MRE RIIHU DV WKH PDMRULW\ ����� RI RXU VXUYH\ UHVSRQGHQWV GLG QRW� � � � � � � � � � � � � � � �
KDYH DXWKRUVKLS RI DQ\ NLQG RQ D &16 SDSHU �7DEOH 6��� )LJXUH �$�� ZKLOH D PDMRULW\ VWLOO� � � � � � � � � � � � � � � � �
UHFHLYHG DW OHDVW RQH RIIHU ����� �7DEOH 6���� 2I RXU UHVSRQGHQWV� ��� KDG ILUVW DXWKRUVKLS RQ� � � � � � � � � � � � � � � �
D &16 SDSHU DQG KDG VLJQLILFDQWO\ KLJKHU SHUFHQWDJH RI RIIHUV SHU DSSOLFDWLRQ �:LOFR[RQ UDQN� � � � � � � � � � � � � �
VXP WHVW� S  ��� �[ �� ����� PHGLDQ RIIHU SHUFHQWDJHV� ��� �� �� �&16�� �� �1R &16�� DQG RQ�VLWH� � � � � � � � � � � � � � � � � �
LQWHUYLHZV �S  ��� �[ �� ����� PHGLDQ RQVLWH ��� �� �� &16�� ��� �1R &16�� �)LJXUH �$�� $V WKH� � � � � � � � � � � � � � � � � �
QXPEHU RI RQ�VLWH LQWHUYLHZV DQG RIIHUV DUH KLJKO\ FRUUHODWHG �)LJXUH �&�� LW LV XQFOHDU LI WKLV� � � � � � � � � � � � � � � �
LQFUHDVHG VXFFHVV VLPSO\ UHSUHVHQWV D KLJKHU FKDQFH DW ODQGLQJ PRUH RQVLWH LQWHUYLHZV� ,W LV� � � � � � � � � � � � � �
LPSRUWDQW WR QRWH WKDW WKLV HIIHFW LV FRUUHODWLYH DQG WKHVH FDQGLGDWHV OLNHO\ KDG RWKHU DWWULEXWHV� � � � � � � � � � � � � � �
WKDW�PDGH�WKHP�DSSHDOLQJ�WR�WKH�VHDUFK�FRPPLWWHH�V����

:H H[DPLQHG VHYHUDO RWKHU SXEOLFDWLRQ PHWULFV DQG IRXQG QR FRUUHODWLRQ ZLWK QXPEHU RI� � � � � � � � � � � � �
RIIHUV� 6SHFLILFDOO\� WKH WRWDO QXPEHU RI SXEOLFDWLRQV �5�� � � �[ �� ������ WKH QXPEHU RI ILUVW DXWKRU �5��� � � � � � � � � � � � � � � � � �

 � �[ �� ������ WKH QXPEHU RI FRUUHVSRQGLQJ DXWKRU SXEOLFDWLRQV �5�� � � �[ �� ������ DQG K�LQGH[ �5�� � � �[� � � � � � � � � � � � � � � � � � � � �
�� ����� GLG QRW VLJQLILFDQWO\ FRUUHODWH ZLWK RIIHU SHUFHQWDJH �)LJXUH 6��� :KHQ ZH VHSDUDWHG� � � � � � � � � � � � �
FDQGLGDWHV ZKR ZHUH DERYH DQG EHORZ WKH PHGLDQV IRU HDFK RI WKHVH PHWULFV DQG FRPSDUHG WKH� � � � � � � � � � � � � � � �
GLVWULEXWLRQ RI RIIHU SHUFHQWDJHV� RQO\ WKH WRWDO QXPEHU RI FLWDWLRQV VLJQLILFDQWO\ DVVRFLDWHG ZLWK D� � � � � � � � � � � � � �
KLJKHU RIIHU SHUFHQWDJH �S  ��� �[ �� ����� �)LJXUH �%�� $OWKRXJK RIIHU SHUFHQWDJH ZDV JHQHUDOO\� � � � � � � � � � � � � � �
KLJKHU IRU DSSOLFDQWV DERYH WKH PHGLDQ IRU WKH RWKHU PHWULFV� QRQH RI WKHVH GLIIHUHQFHV ZHUH� � � � � � � � � � � � � � �
VWDWLVWLFDOO\ VLJQLILFDQW �ILUVW DXWKRU SXEOLFDWLRQV S  ���� WRWDO SXEOLFDWLRQV S  ������ K�LQGH[ S  � � � � � � � � � � � � � � � �
������:LOFR[RQ�UDQN�VXP�WHVW�ZLWK�+ROP�FRUUHFWLRQ���)LJXUH��%��7DEOH�6�����
�
'RFWRUDO�DQG�SRVWGRFWRUDO�IHOORZVKLSV�

5HVSRQGHQWV ZHUH KLJKO\ VXFFHVVIXO LQ REWDLQLQJ IHOORZVKLS IXQGLQJ GXULQJ WKHLU WUDLQLQJ� � � � � � � � � � �
���� UHFHLYHG D IHOORZVKLS RI DQ\ NLQG� )LJXUH �'� 7DEOHV 6��� $SSOLFDQWV ZLWK D SRVWGRFWRUDO� � � � � � � � � � � � � � �
IHOORZVKLS KDG D JUHDWHU RIIHU SHUFHQWDJH WKDQ WKRVH ZLWKRXW� DOWKRXJK WKH HIIHFW ZDV QRW� � � � � � � � � � � � � �
VLJQLILFDQW DIWHU FRUUHFWLQJ IRU PXOWLSOH FRPSDULVRQV �S  ������ :LOFR[RQ UDQN VXP WHVW� +ROP� � � � � � � � � � � � � �
FRUUHFWLRQ� )LJXUH �%�� 'RFWRUDO IHOORZVKLSV GLG QRW DSSHDU WR LQIOXHQFH DQ DSSOLFDQW¶V RIIHU� � � � � � � � � � � � �
SHUFHQWDJH��S� ������:LOFR[RQ�UDQN�VXP�WHVW��+ROP�FRUUHFWLRQ��)LJXUH��%���
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&DUHHU�WUDQVLWLRQ�DZDUGV�
5HFHLYLQJ IXQGLQJ DV DQ HDUO\ FDUHHU UHVHDUFKHU LV SDUW RI D IDYRUDEOH UHVHDUFK WUDFN� � � � � � � � � � � � � �

UHFRUG ������� $ UHFHQW VWXG\ RI SXEOLFO\ DYDLODEOH GDWD LQGLFDWHV WKDW WKH SURSRUWLRQ RI IDFXOW\� � � � � � � � � � � � � � �
UHFHLYLQJ WKHLU ILUVW ODUJH UHVHDUFK SURJUDP JUDQW �DQ 5�� WKURXJK WKH 1,+� ZLWK D KLVWRU\ RI� � � � � � � � � � � � � � � �
IXQGLQJ DV D WUDLQHH �) DQG . DZDUGV WKURXJK 1,+� LV VLJQLILFDQWO\ LQFUHDVLQJ� GULYHQ PRVWO\ E\ .� � � � � � � � � � � � � � � � �
DZDUGV� 3LFNHWW �HW DO VWDWH WKDW ³:KLOH QRW D SUHUHTXLVLWH� D FOHDU VKLIW LV XQGHUZD\ WKDW IDYRUV� � � � � � � � � � � � � � � � �
ELRPHGLFDO IDFXOW\ FDQGLGDWHV ZLWK DW OHDVW RQH SULRU WUDLQLQJ DZDUG´ ������� 2XU VXUYH\� � � � � � � � � � � � �
GLIIHUHQWLDWHG WKH W\SHV RI IXQGLQJ D WUDLQHH FDQ UHFHLYH LQWR SUHGRFWRUDO DQG SRVWGRFWRUDO� � � � � � � � � � � � �
IHOORZVKLSV �GLVFXVVHG DERYH�� DQG FDUHHU WUDQVLWLRQ DZDUGV� IRU ZKLFK WKH WUDLQHH LV OLVWHG DV� � � � � � � � � � � � � �
WKH 3, DQG IXQGV FDQ RIWHQ WUDQVLWLRQ ZLWK WKH WUDLQHH WR D KLULQJ LQVWLWXWH �H�J� WKH %XUURXJKV� � � � � � � � � � � � � � � � �
:HOOFRPH )XQG &DUHHU $ZDUGV DW WKH 6FLHQWLILF ,QWHUIDFH RU WKH 1,+ .���5�� 3DWKZD\ WR� � � � � � � � � � � � � �
,QGHSHQGHQFH DZDUG�� &DUHHU WUDQVLWLRQ DZDUGV ZHUH OHVV IUHTXHQW LQ RXU VXUYH\ UHVSRQVHV�� � � � � � � � � � � �
ZLWK ��� RI UHVSRQGHQWV UHFHLYLQJ DZDUGV RQ ZKLFK WKH\ ZHUH 3,�FR�3, �7DEOHV 6����� � � � � � � � � � � � �
5HVSRQGHQWV ZLWK WUDQVLWLRQ IXQGLQJ UHFHLYHG D KLJKHU SHUFHQWDJH RI RIIHUV �S  ��� �[ �� ������ � � � � � � � � � � � � � �
:LOFR[RQ�UDQN�VXP�WHVW��+ROP�FRUUHFWLRQ��)LJXUH��%����
�
3DWHQWV�

3DWHQWV DUH FRQVLGHUHG SRVLWLYH PHWULFV RI UHVHDUFK WUDFN UHFRUG� DOWKRXJK WKHLU� � � � � � � � � � �
LPSRUWDQFH DQG IUHTXHQF\ FDQ YDU\ EHWZHHQ ILHOGV� 2QO\ ��� RI DSSOLFDQWV UHSRUWHG KDYLQJ RQH� � � � � � � � � � � � � �
RU PRUH SDWHQWV RQ ILOH IURP WKHLU ZRUN ZKHQ HQWHULQJ WKH MRE PDUNHW �7DEOH 6���� 7KH QXPEHU RI� � � � � � � � � � � � � � � � � �
SDWHQWV KHOG E\ WKH DSSOLFDQW GLG QRW FRUUHODWH ZLWK WKH QXPEHU RI RIIHUV UHFHLYHG �5�� � � �[ �� ������ � � � � � � � � � � � � � � � � � �
�)LJXUH 6�� DQG WKH SHUFHQWDJH RI RIIHUV GLG QRW FKDQJH EHWZHHQ WKRVH ZLWK RU ZLWKRXW D SDWHQW� � � � � � � � � � � � � � � � �
�S� ������:LOFR[RQ�UDQN�VXP�WHVW��+ROP�FRUUHFWLRQ���)LJXUH��%���
�
<HDUV�RQ�WKH�-RE�0DUNHW�

:H DOVR DVNHG UHVSRQGHQWV RQ WKH QXPEHU RI DSSOLFDWLRQ F\FOHV LQ ZKLFK WKH\ KDG� � � � � � � � � � � � � �
SDUWLFLSDWHG� 5RXJKO\ KDOI ����� RI RXU UHVSRQGHQWV ZHUH DSSO\LQJ IRU WKH ILUVW WLPH� DQG WKHVH� � � � � � � � � � � � � � �
FDQGLGDWHV IDUHG VLJQLILFDQWO\ EHWWHU LQ WHUPV RI RIIHU SHUFHQWDJHV WKDQ WKRVH ZKR ZHUH DSSO\LQJ� � � � � � � � � � � � � �
DJDLQ �S  ��� �[ �� ��� �� :LOFR[RQ UDQN�VXP WHVW� +ROP FRUUHFWLRQ� �)LJXUH �%�� $QDO\VHV VXFK DV� � � � � � � � � � � � � � � � �
WKH ZRUN SUHVHQWHG KHUH PD\ KHOS DSSOLFDQWV UHILQH DQG SUHVHQW WKHLU PDWHULDOV DQG WUDFN UHFRUG� � � � � � � � � � � � � � �
LQ�D�PDQQHU�WKDW�PLJKW�LPSURYH�VXFFHVV�DQG�GHFUHDVH�UHSHDWHG�IDLOHG�F\FOHV�IRU�DSSOLFDQWV���
�
,QWHUSOD\�EHWZHHQ�PHWULFV�

:H QH[W H[DPLQHG WKH UHODWLRQVKLS EHWZHHQ HDFK RI WKH WUDGLWLRQDO FULWHULD WKDW ZHUH� � � � � � � � � � � � �
VLJQLILFDQWO\ DVVRFLDWHG ZLWK DQ LQFUHDVH LQ RIIHU SHUFHQWDJH �&16 �VW DXWKRUVKLS� WRWDO FLWDWLRQV�� � � � � � � � � � � � �
DQG FDUHHU WUDQVLWLRQ DZDUGV�� 2YHUDOO ZH KDG ��� DSSOLFDQWV WKDW IXOO\ UHVSRQGHG WR DOO RI RXU� � � � � � � � � � � � � � � �
TXHVWLRQV DERXW WKHVH PHWULFV� 3DLUZLVH WHVWLQJ RI HDFK RI WKHVH FULWHULD IRXQG QR VWDWLVWLFDOO\� � � � � � � � � � � � � �
VLJQLILFDQW UHODWLRQVKLSV EHWZHHQ YDULDEOHV �S  ������ FDUHHU WUDQVLWLRQ DZDUGV YV &16� S  � � � � � � � � � � � � � �
����� WRWDO FLWDWLRQV YV &16� S  ����� FDUHHU WUDQVLWLRQ DZDUGV YHUVXV WRWDO FLWDWLRQV�� � � � � � � � � � � � � �
&KL�VTXDUHG WHVWV�� 5HJDUGOHVV� ZH SORWWHG VXEJURXSV EDVHG RQ RIIHU VWDWXV DQG HDFK RI WKHVH� � � � � � � � � � � � � �
FULWHULD WR VHH LI WKHUH ZDV HYLGHQFH IRU DQ\ JHQHUDO WUHQGV LQ RXU GDWDVHW �)LJXUH �&�� 1RWDEO\�� � � � � � � � � � � � � � � � �
UHVSRQGHQWV ZLWK D &16 ILUVW DXWKRUVKLS ZKR UHFHLYHG DW OHDVW RQH RIIHU KDG D JUHDWHU QXPEHU RI� � � � � � � � � � � � � � � � �
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WRWDO FLWDWLRQV WKDQ WKRVH ZLWK D &16 �VW DXWKRUVKLS� EXW QR RIIHUV �)LJXUH �&�� $SSOLFDQWV ZLWK� � � � � � � � � � � � � � � �
&16 ILUVW DXWKRUVKLS RU FDUHHU WUDQVLWLRQ DZDUGV �)LJXUH �&� KDG KLJKHU SHUFHQWDJHV RI VHFXULQJ� � � � � � � � � � � � � �
DW OHDVW RQH RIIHU� DQG WKRVH ZLWK ERWK KDG DQ HYHQ JUHDWHU SHUFHQWDJH DOWKRXJK WKH GLIIHUHQFHV� � � � � � � � � � � � � � � �
EHWZHHQ�WKHVH�JURXSV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��

7KLV DQDO\VLV VXJJHVWV WKDW WKH FRPELQDWLRQ RI GLIIHUHQW FULWHULD KROLVWLFDOO\ LQIOXHQFH WKH� � � � � � � � � � � �
DELOLW\ WR REWDLQ DQ RIIHU� 7KHUHIRUH� ZH SHUIRUPHG ORJLVWLF UHJUHVVLRQ WR H[DPLQH WKH UHODWLRQVKLS� � � � � � � � � � � � � �
EHWZHHQ PXOWLSOH YDULDEOHV�PHWULFV RQ WKH VXFFHVVIXO DSSOLFDWLRQ RXWFRPH RI UHFHLYLQJ DQ RIIHU� � � � � � � � � � � �
�7DEOH 6���� :KHQ DSSOLFDQWV ZLWK PLVVLQJ YDOXHV ZHUH H[FOXGHG� RQO\ WKH QXPEHU RI� � � � � � � � � � � � �
DSSOLFDWLRQV ZDV IRXQG WR EH VLJQLILFDQWO\ DVVRFLDWHG ZLWK RIIHU VWDWXV �ᶔ  ������� S  ��� �[ �� ������ � � � � � � � � � � � � � � � � �
DPRQJ WKH ��� DSSOLFDQWV WKDW UHPDLQHG� :KHQ PLVVLQJ YDOXHV ZHUH LPSXWHG� VLJQLILFDQW� � � � � � � � � � � �
SRVLWLYH FRHIILFLHQWV ZHUH REVHUYHG IRU K�LQGH[ �ᶔ  ������� S  ��� �[ �� ������ DSSOLFDWLRQ QXPEHU� � � � � � � � � � � � � � � �
�ᶔ  ������� S  ���� [ �� ������ FDUHHU WUDQVLWLRQ DZDUGV �ᶔ  ������� S  ���� [ �� ����� DQG� � � � � � � � � � � � � � � � � � � �
LGHQWLI\LQJ DV IHPDOH �ᶔ  ������� S  ��� �[ �� ������ 0RUHRYHU� WKH VHDUFK IRU QRQ�DFDGHPLF MREV �ᶔ� � � � � � � � � � � � � � � � � �
 �������� S  ���� [ �� ����� DQG WKH QXPEHU RI \HDUV RQ WKH MRE PDUNHW �ᶔ  �������� S  ��� �[� � � � � � � � � � � � � � � � � � � � � � �
�� ����� ZHUH VLJQLILFDQWO\ QHJDWLYHO\ DVVRFLDWHG ZLWK RIIHU VWDWXV �)LJXUH �'� 7DEOH 6���� :H QRWH� � � � � � � � � � � � � �
WKDW WKH PRGHO ZLWK LPSXWHG GDWD ZDV PRUH DFFXUDWH WKDQ WKDW ZLWK PLVVLQJ YDOXHV H[FOXGHG DW� � � � � � � � � � � � � � � �
GLVWLQJXLVKLQJ EHWZHHQ DSSOLFDQWV ZLWK DQG ZLWKRXW RIIHUV LQ ���IROG FURVV�YDOLGDWLRQ� � � � � � � � � �
H[SHULPHQWV� +RZHYHU WKLV DFFXUDF\ ZDV IRXQG WR RQO\ EH ���� ZKLFK LV LQVXIILFLHQW WR FRQVWUXFW� � � � � � � � � � � � � � �
D�XVDEOH�FODVVLILHU�RI�RIIHU�VWDWXV���

)LQDOO\� ZH H[WHQGHG WKLV DQDO\VLV WR YLVXDOL]H WKH LQWHUSOD\ EHWZHHQ DOO YDULDEOHV LQ� � � � � � � � � � � � �
)LJXUH �% E\ OHDUQLQJ D GHFLVLRQ WUHH DXWRPDWLFDOO\ IURP WKH FROOHFWHG GDWD �)LJXUH 6��� 7KH� � � � � � � � � � � � � � �
DOJRULWKP WULHV WR SDUWLWLRQ WKH DSSOLFDQWV LQWR JURXSV VXFK WKDW HDFK JURXS LV HQWLUHO\ FRPSRVHG� � � � � � � � � � � � � � �
RI LQGLYLGXDOV ZLWK DW OHDVW RQH RIIHU RU ZLWKRXW� �$ YDULHW\ RI GLIIHUHQW FODVVLILHU JURXSV ZHUH� � � � � � � � � � � � � � � �
LGHQWLILHG� EXW QR JURXS FRQWDLQHG PRUH WKDQ a��� ��� RXW RI ���� RI WKH GDWDVHW� �,Q IDFW� WKH� � � � � � � � � � � � � � � � � �
DFFXUDF\ RI WKH RYHUDOO GHFLVLRQ WUHH LQ GLVWLQJXLVKLQJ EHWZHHQ FDQGLGDWHV ZLWK RIIHUV DQG WKRVH� � � � � � � � � � � � � �
ZLWKRXW ZDV RQO\ a��� �VHH VXSSOHPHQWDO PDWHULDO�� 7DNHQ WRJHWKHU� WKHVH UHVXOWV VXJJHVW WKDW� � � � � � � � � � � � �
WKHUH DUH PXOWLSOH SDWKV WR DQ RIIHU DQG WKDW WKH YDULDEOHV ZH FROOHFWHG GR QRW VXIILFLHQWO\ FDSWXUH� � � � � � � � � � � � � � � � �
WKLV�YDULDELOLW\�DPRQJ�DSSOLFDQWV��
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)LJXUH �� 7UDGLWLRQDO UHVHDUFK WUDFN UHFRUG PHWULFV VOLJKWO\ LPSDFW MRE VHDUFK VXFFHVV� �$�� � � � � � � � � � � � �
�WRS OHIW� )UDFWLRQ RI FDQGLGDWHV ZLWK DXWKRUVKLS �SXUSOH� RI DQ\ NLQG RQ D &16 SDSHU YHUVXV� � � � � � � � � � � � � � � �
WKRVH WKDW GLG QRW KDYH &16 DXWKRUVKLS �JUD\�� �ERWWRP OHIW� )UDFWLRQ RI FDQGLGDWHV ZLWK ILUVW� � � � � � � � � � � � � � �
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DXWKRUVKLS �SXUSOH� RQ D &16 SDSHU YHUVXV WKRVH WKDW GLG QRW KDYH &16 ILUVW DXWKRUVKLS �JUD\��� � � � � � � � � � � � � � � �
�ULJKW� 'LVWULEXWLRQV RI RII�VLWH LQWHUYLHZV �WRS� �S  ������ RQVLWH LQWHUYLHZV �PLGGOH� �S  ��� [� � � � � � � � � � � � � � � �
�� ����� DQG RIIHUV �ERWWRP� �S  ��� [ �� ����� IRU DSSOLFDQWV ZLWKRXW D &16 ILUVW DXWKRU SDSHU �³1R� � � � � � � � � � � � � � � � � �
&16´� JUD\�� DQG WKRVH ZLWK � RU PRUH &16 SDSHUV �³� �� &16´� SXUSOH�� �7DEOH 6���� %�� � � � � � � � � � � � � � � �
6LJQLILFDQW DVVRFLDWLRQV ZHUH IRXQG EHWZHHQ RIIHU SHUFHQWDJH DQG WKH QXPEHU RI ILUVW DXWKRU� � � � � � � � � � � � �
&16 SXEOLFDWLRQV �WRS� S  ��� [ �� ������ FDUHHU WUDQVLWLRQ DZDUGV ��QG SDQHO� S  ��� �[ �� ������ WRWDO� � � � � � � � � � � � � � � � � � �
FLWDWLRQV ��UG SDQHO� S  ���� [ �� ������ \HDUV RQ WKH MRE PDUNHW ��WK SDQHO� S  ���� [ �� ������ 1R� � � � � � � � � � � � � � � � � � � � �
VLJQLILFDQW DVVRFLDWLRQV EHWZHHQ RIIHU SHUFHQWDJH ZHUH IRXQG ZLWK KDYLQJ D SRVWGRF IHOORZVKLS� � � � � � � � � � � �
��WK SDQHO�� EHLQJ DERYH WKH PHGLDQ LQ WKH WRWDO QXPEHU RI SXEOLFDWLRQV ��WK SDQHO�� KDYLQJ D� � � � � � � � � � � � � � � �
FR�DXWKRUVKLS RQ &16 SDSHUV ��WK SDQHO�� K�LQGH[ ��WK SDQHO�� \HDUV DV D SRVWGRF ��WK SDQHO��� � � � � � � � � � � � � � �
QXPEHU RI ILUVW DXWKRU SDSHUV ��WK SDQHO�� QXPEHU RI SDWHQWV ���WK SDQHO�� DQG JUDGXDWH VFKRRO� � � � � � � � � � � � � � �
IHOORZVKLS VWDWXV �ERWWRP SDQHO� �7DEOH 6��� &� %UHDNGRZQ RI UHVSRQGHQWV E\ VLJQLILFDQW FULWHULD�� � � � � � � � � � � � �
&LWDWLRQ FRXQW �DOO SXEOLFDWLRQV� GLVWULEXWLRQV IRU JURXSV EURNHQ GRZQ E\ &16 �VW DXWKRUV� FDUHHU� � � � � � � � � � � � � �
WUDQVLWLRQ DZDUGV� DQG RIIHUV �QR RIIHU LQ EOXH� RIIHU LQ JROG� �WRS� �S�YDOXH  � [ �� ������ 3LH�FKDUWV�� � � � � � � � � � � � � � � � � �
%UHDNGRZQ RI UHVSRQGHQWV ZLWK FDUHHU WUDQVLWLRQ DZDUGV LQWR JURXSV ZLWK�ZLWKRXW &16 SDSHUV� � � � � � � � � � � �
DQG RIIHUV �ERWWRP SDQHO� ��IRU DSSOLFDQWV ZLWK &16� S  ����� �ᵯ��  ���� �� �IRU DSSOLFDQWV ZLWKRXW� � � � � � � � � � � � � � � � �
&16� S  ����� �ᵯ��  ���� ���� '� 6XPPDU\ RI UHVXOWV WHVWLQJ FULWHULD ZLWK RIIHU RXWFRPHV HLWKHU� � � � � � � � � � � � � � � � �
WKURXJK�:LOFR[RQ�DQDO\VHV�RU�ORJLVWLF�UHJUHVVLRQ���
�
�
0RVW�DSSOLFDQWV�IXOILOO�WKH�WHDFKLQJ�UHTXLUHPHQWV�IRU�DQ\�XQLYHUVLW\�W\SH�

'LVFXVVLRQ VXUURXQGLQJ WKH DFDGHPLF MRE PDUNHW LV RIWHQ FHQWHUHG RQ DSSOLFDQWV
� � � � � � � � � � �
SXEOLFDWLRQV DQG�RU IXQGLQJ UHFRUG �� ZKLOH WHDFKLQJ H[SHULHQFH JHQHUDOO\ UHFHLYHV PXFK OHVV� � � � � � � � � � �
DWWHQWLRQ� $FFRUGLQJO\� D FDQGLGDWH¶V H[SHFWHG WHDFKLQJ FUHGHQWLDOV DQG H[SHULHQFH YDULHV DQG� � � � � � � � � � �
ODUJHO\ GHSHQGV RQ WKH W\SH RI LQVWLWXWLRQ DW ZKLFK WKH FDQGLGDWHV DUH VHHNLQJ D SRVLWLRQ� :H� � � � � � � � � � � � � � � �
OLPLWHG VXUYH\ UHVSRQVH RSWLRQV WR HLWKHU 5� IRFXVHG� 38, IRFXVHG� RU VXEPLWWLQJ DSSOLFDWLRQV WR� � � � � � � � � � � � � �
ERWK W\SHV RI LQVWLWXWLRQV �%R[ ��� $ PDMRULW\ RI RXU UHVSRQGHQWV DSSOLHG WR MREV DW 5� LQVWLWXWLRQV� � � � � � � � � � � � � � � � �
�)LJXUH �$� 7DEOH 6���� ZKLFK PD\ EH WKH UHDVRQ WKDW PRVW GLVFXVVLRQV IRFXV RQ� � � � � � � � � � � � � �
UHVHDUFK�FHQWULF TXDOLILFDWLRQV� 'HVSLWH WKLV� DOPRVW HYHU\ DSSOLFDWLRQ WR DQ 5� LQVWLWXWLRQ� � � � � � � � � � �
UHTXLUHV D WHDFKLQJ SKLORVRSK\ VWDWHPHQW� 7KH PDMRULW\ RI RXU VXUYH\ UHVSRQGHQWV ����� KDYH� � � � � � � � � � � � �
VRPH W\SH RI WHDFKLQJ H[SHULHQFH �)LJXUH �%� 7DEOH 6���� ZLWK URXJKO\ KDOI RI DSSOLFDQWV¶� � � � � � � � � � � � � �
WHDFKLQJ H[SHULHQFH OLPLWHG WR VHUYLQJ DV D 7HDFKLQJ $VVLVWDQW �7$� RQO\ �%R[ ��� ZKLOH WKH RWKHU� � � � � � � � � � � � � � � �
KDOI UHSRUWHG H[SHULHQFH EH\RQG D 7$ SRVLWLRQ� VXFK DV VHUYLQJ DV DQ LQVWUXFWRU RI UHFRUG� � � � � � � � � � � � � � �
�)LJXUH �%� 7DEOH 6��� 6���� 7KH GHJUHH RI WHDFKLQJ H[SHULHQFH GLG QRW FKDQJH EDVHG RQ WKH� � � � � � � � � � � � � � � �
WDUJHW LQVWLWXWLRQ RI WKH DSSOLFDQW �S  ����� ᵯ��� ����� &KL�VTXDUHG WHVW� )LJXUH �&�� QRU GLG WKH� � � � � � � � � � � � � � � � �
SHUFHQWDJH RI RIIHUV UHFHLYHG VLJQLILFDQWO\ GLIIHU EHWZHHQ JURXSV EDVHG RQ WHDFKLQJ H[SHULHQFH� � � � � � � � � � � �
�S� �������:LOFR[RQ�UDQN�VXP�WHVW��)LJXUH��'���
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�
�
)LJXUH �� 6XPPDU\ RI DSSOLFDQW WHDFKLQJ H[SHULHQFH DQG LPSDFW RQ MRE VHDUFK VXFFHVV�� � � � � � � � � � � � �
$� 'LVWULEXWLRQ RI LQVWLWXWLRQ W\SHV WDUJHWHG E\ VXUYH\ DSSOLFDQWV IRU IDFXOW\ SRVLWLRQV �38, RQO\ �LQ� � � � � � � � � � � � � � �
EOXH�� 5� LQVWLWXWLRQV RQO\ �LQ JUHHQ� RU ERWK �LQ UHG�� 7DEOH 6���� %� 'LVWULEXWLRQ RI WHDFKLQJ� � � � � � � � � � � � � � � �
H[SHULHQFH UHSRUWHG E\ DSSOLFDQWV DV KDYLQJ 7$ RQO\ H[SHULHQFH �LQ SXUSOH�� EH\RQG 7$� � � � � � � � � � � � �
H[SHULHQFH �H�J� WHDFKLQJ FHUWLILFDWH� XQGHUJUDGXDWH DQG�RU JUDGXDWH FRXUVH LQVWUXFWRUVKLS�� � � � � � � � �
JXHVW OHFWXUHVKLS DQG FROOHJH DGMXQFW WHDFKLQJ� �LQ RUDQJH�� RU QR WHDFKLQJ FUHGHQWLDOV �LQ JUHHQ�� � � � � � � � � � � � � �
�7DEOH 6���� &� 'LVWULEXWLRQ RI WHDFKLQJ H[SHULHQFH �7$ H[SHULHQFH� ULJKW� YV� %H\RQG 7$� � � � � � � � � � � � �
H[SHULHQFH� OHIW� IRU DSSOLFDQWV ZKR DSSOLHG WR 5� LQVWLWXWLRQV RQO\ �LQ JUHHQ�� 38 LQVWLWXWLRQV RQO\� � � � � � � � � � � � � � �
�EOXH�� RU ERWK 5� DQG 38,V �LQ UHG�� 7DEOH 6��� S  ���� �QV�� ᵯ��  ����� &KL�VTXDUHG WHVW�� '�� � � � � � � � � � � � � � � � � � � �
$VVRFLDWLRQ EHWZHHQ RIIHU SHUFHQWDJH DQG WHDFKLQJ H[SHULHQFH LV QRW VLJQLILFDQW �S  ������ � � � � � � � � � � � �
:LOFR[RQ�UDQN�VXP���7DEOHV�6���6����6�����
�
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5HVHDUFK�YHUVXV�7HDFKLQJ�LQWHQVLYH�LQVWLWXWLRQV��
7R RXU NQRZOHGJH� WKHUH LV D ODFN RI V\VWHPDWLF HYLGHQFH GHVFULELQJ WKH SURFHVV RU� � � � � � � � � � � � � �

H[SHFWHG TXDOLILFDWLRQV RI D 38,�IRFXVHG �%R[ �� MRE VHDUFK ������� $ VXEJURXS RI �� ³38, RQO\´� � � � � � � � � � � � � � � �
DSSOLFDQWV UHVSRQGHG WR RXU VXUYH\� DQG GHVSLWH WKLV VPDOO QXPEHU� ZH DLPHG WR GHVFULEH WKLV� � � � � � � � � � � � � � �
LPSRUWDQW VXE�JURXS KHUH� 0DQ\ FKDUDFWHULVWLFV RI WKH ZKROH VXUYH\ SRSXODWLRQ ZHUH UHIOHFWHG LQ� � � � � � � � � � � � �
WKLV VXE�JURXS� LQFOXGLQJ JHQGHU LGHQWLW\� QXPEHU RI SXEOLFDWLRQV� IXQGLQJ� DQG WHDFKLQJ� � � � � � � � � � �
H[SHULHQFH �)LJXUH �$�'�� 7KH PHGLDQ QXPEHU RI UHPRWH LQWHUYLHZV� RQVLWH LQWHUYLHZV� DQG� � � � � � � � � � � �
RIIHUV ZDV DOVR VLPLODU WR 5��IRFXVHG DSSOLFDQWV ZLWK 38,�IRFXVHG DSSOLFDQWV VXEPLWWLQJ IHZHU� � � � � � � � � � � �
DSSOLFDWLRQV �)LJXUH �(�� ,QWHUHVWLQJO\� ZKHQ DVNHG WR GHVFULEH WKHLU ³EH\RQG 7$´ WHDFKLQJ� � � � � � � � � � � �
H[SHULHQFH� WKLV VXE�JURXS ZDV VSHFLILFDOO\ HQULFKHG LQ ³DGMXQFW´� ³YLVLWLQJ SURIHVVRU´� ³LQVWUXFWRU� � � � � � � � � � �
RI UHFRUG´� ³FRPPXQLW\ FROOHJH´� RU ³FRQWUDFW�EDVHG´ WHDFKLQJ H[SHULHQFHV FRPSDUHG WR WKH µ5�� � � � � � � � � � � �
RQO\¶ RU µERWK¶ DSSOLFDQW JURXSV �S  � [ �� ����� ᵯ��  ����� &KL�VTXDUHG WHVW� )LJXUH �)� 7DEOH 6����� � � � � � � � � � � � � � � � � � �
+DYLQJ ³DGMXQFW´ H[SHULHQFH DV GHVFULEHG LQ )LJXUH �) GLG QRW VLJQLILFDQWO\ LQFUHDVH WKH PHGLDQ� � � � � � � � � � � � � �
QXPEHU RI RIIHUV UHFHLYHG IRU 38, IRFXVHG DSSOLFDQWV �S  ����� :LOFR[RQ UDQN�VXP WHVW� )LJXUH� � � � � � � � � � � � � � �
�*�� 7KHUH ZDV QR GLIIHUHQFH LQ WKH PHGLDQ QXPEHU RI RIIHUV UHFHLYHG EDVHG RQ DGMXQFW� � � � � � � � � � � � � � �
H[SHULHQFH IRU DSSOLFDQWV WDUJHWHG DW 5�V RU ERWK W\SHV RI LQVWLWXWLRQV �S  ����� :LOFR[RQ� � � � � � � � � � � � � � �
UDQN�VXP�WHVW��)LJXUH��*����
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�
�
)LJXUH �� 38, IRFXVHG DSSOLFDQWV GLIIHU RQO\ LQ WHDFKLQJ H[SHULHQFH IURP WKH UHVW RI WKH� � � � � � � � � � � � � � �
DSSOLFDWLRQ SRRO� $� �7KH JHQGHU GLVWULEXWLRQ RI WKH DSSOLFDQW ZKR IRFXVHG RQ DSSO\LQJ WR 38,V� � � � � � � � � � � � � � �
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�7DEOH 6���� %� 7KH JHQGHU GLVWULEXWLRQ DQG QXPEHU RI ILUVW�DXWKRU SXEOLFDWLRQV RI WKH DSSOLFDQW� � � � � � � � � � � � � �
ZKR IRFXVHG RQ DSSO\LQJ WR 38,V �S  ����� :LOFR[RQ UDQN�VXP WHVW�� &� 6XPPDU\ RI WKH� � � � � � � � � � � � � � � �
IHOORZVKLS KLVWRU\ E\ JHQGHU IRU 38, IRFXVHG DSSOLFDQWV �7DEOH 6��� '� 'LVWULEXWLRQ RI WHDFKLQJ� � � � � � � � � � � � � �
H[SHULHQFH RI 38, IRFXVHG DSSOLFDQWV �7DEOH 6���� (� 7KH PHGLDQ QXPEHU RI DSSOLFDWLRQV�� � � � � � � � � � � � �
RII�VLWH LQWHUYLHZV� RQ�VLWH LQWHUYLHZV DQG RIIHUV IRU 38, IRFXVHG DSSOLFDQWV� )� 3HUFHQWDJH RI� � � � � � � � � � � � �
VXUYH\ UHVSRQGHQWV ZKR LGHQWLILHG KDYLQJ ³DGMXQFW WHDFKLQJ´ H[SHULHQFH �%R[ �� EDVHG RQ WDUJHW� � � � � � � � � � � � �
LQVWLWXWLRQ �S  � [ �� ��� �� ᵯ��  ����� �&KL�VTXDUHG WHVW�� *� 7KH QXPEHU RI RIIHUV UHFHLYHG� � � � � � � � � � � � � � � � � �
VHJUHJDWHG E\ ³DGMXQFW´ H[SHULHQFH LQ HLWKHU 38, IRFXVHG DSSOLFDQWV �S  ����� :LOFR[RQ� � � � � � � � � � � � �
UDQN�VXP�WHVW��RU�5��ERWK�5��	�38,�IRFXVHG�DSSOLFDQWV��S� �������:LOFR[RQ�UDQN�VXP�WHVW���
�
�
$SSOLFDQWV SHUFHLYH WKH SURFHVV WR EH WLPH�FRQVXPLQJ DQG RSDTXH� ZLWK PLQLPDO WR QR� � � � � � � � � � � � �
IHHGEDFN�

:H DVNHG WKH DSSOLFDQWV WR FRPPHQW RQ ZKHWKHU DQ\ DVSHFW RI WKHLU WUDLQLQJ RU FDUHHU� � � � � � � � � � � � � � �
ZDV SDUWLFXODUO\ KHOSIXO RU KDUPIXO WR WKHLU IDFXOW\ DSSOLFDWLRQV �7DEOH 6���� :H XVHG ZRUG FORXGV� � � � � � � � � � � � � � �
DQG IROORZ�XS 7ZLWWHU SROOV �7DEOHV 6��� 6������ WR DQDO\]H UHFXUUHQW WKHPHV LQ WKHVH� � � � � � � � � � � � �
RSHQ�HQGHG TXHVWLRQV� 7KH DSSOLFDQWV LGHQWLILHG ³IXQGLQJ´ DV PRVW KHOSIXO IRU WKHLU DSSOLFDWLRQV�� � � � � � � � � � � �
DQG ³QR�IXQGLQJ´ DV VXEVHTXHQWO\ KDUPIXO� WKLV SHUFHSWLRQ DJUHHV ZLWK WKH GDWD SUHVHQWHG DERYH� � � � � � � � � � � � �
�)LJXUHV �$��&��6�� $GGLWLRQDOO\� RXU DSSOLFDQWV¶ SHUFHSWLRQV ZHUH DOVR LQ OLQH ZLWK WKH UHVW RI� � � � � � � � � � � � � �
WKH GDWD� LQ WKDW WKH\ ZHUH XQDEOH WR ODUJHO\ DJUHH RQ RWKHU PHDVXUDEOH DVSHFWV RI WKHLU FDUHHU� � � � � � � � � � � � � � � � �
WKDW ZHUH SHUFHLYHG DV KHOSIXO� 4XDOLWDWLYH DVSHFWV WKDW ZHUH SHUFHLYHG DV SDUWLFXODUO\ KHOSIXO� � � � � � � � � � � � �
LQFOXGHG QHWZRUNLQJ DQG DWWHQGLQJ�SUHVHQWLQJ DW FRQIHUHQFHV� ,QWHUHVWLQJO\� � � � � � �
³LQWHUGLVFLSOLQDU\�UHVHDUFK´� ZKLFK LV RIWHQ KLJKOLJKWHG DV D VWUHQJWK DQG HQFRXUDJHG E\� � � � � � � � � � �
LQVWLWXWLRQV DQG IXQGHUV� ZDV SHUFHLYHG E\ FDQGLGDWHV DV D FKDOOHQJH WR RYHUFRPH� ,QGHHG�� � � � � � � � � � � � �
LQWHUGLVFLSOLQDU\ FDQGLGDWHV PD\ SRVH DQ HYDOXDWLRQ FKDOOHQJH IRU FRPPLWWHHV JLYHQ WKH� � � � � � � � � � �
GLIIHUHQFHV LQ YDOXDWLRQ RI UHVHDUFK PHWULFV DFURVV ILHOGV� WKH H[WHQGHG WUDLQLQJ WLPH UHTXLUHG WR� � � � � � � � � � � � � �
PDVWHU WHFKQLTXHV DQG FRQFHSWV LQ PXOWLSOH ILHOGV� DV ZHOO DV YDOXDWLRQ RI LQWHUGLVFLSOLQDU\ WHDPV� � � � � � � � � � � � � �
RI�VSHFLDOLVWV�RYHU�LQWHUGLVFLSOLQDU\�LQGLYLGXDOV���������

1RWDEO\� PDQ\ DSSOLFDQWV IRXQG WKH DPRXQW RI WLPH VSHQW RQ DSSOLFDWLRQV DQG WKH� � � � � � � � � � � � �
VXEVHTXHQW ODFN RI IHHGEDFN IURP VHDUFKHV IUXVWUDWLQJ �)LJXUH �%�&� 7DEOHV 6���6���6����� � � � � � � � � � �
0RVW DSSOLFDQWV QHYHU UHFHLYHG DQ\ FRPPXQLFDWLRQ UHJDUGLQJ WKHLU YDULRXV VXEPLVVLRQV� )RU� � � � � � � � � � �
LQVWDQFH� DQ DSSOLFDQW ZKR DSSOLHG IRU ��� SRVLWLRQV RQO\ UHFHLYHG �� UHMHFWLRQV� 2YHUDOO� RXU� � � � � � � � � � � � � �
SRRO RI DSSOLFDQW VXUYH\ UHVSRQGHQWV VXEPLWWHG ����� DSSOLFDWLRQV �)LJXUH �$� DQG GLG QRW KHDU� � � � � � � � � � � � � �
DQ\WKLQJ EDFN LQ ����� FDVHV ���� RI DSSOLFDWLRQV�� UHFHLYLQJ ����� IRUPDO UHMHFWLRQ PHVVDJHV� � � � � � � � � � � � �
���� RI DSSOLFDWLRQV� �7DEOH 6���� $SSOLFDWLRQ UHMHFWLRQ PHVVDJHV �LI UHFHLYHG DW DOO� PRVW RIWHQ� � � � � � � � � � � � � �
GR QRW LQFOXGH DQ\ VRUW RI IHHGEDFN� $GGLWLRQDOO\� D FRQVLGHUDEOH DPRXQW RI WLPH LV VSHQW RQ� � � � � � � � � � � � � � � �
ZULWLQJ HDFK DSSOLFDWLRQ� DV SUHYLRXVO\ QRWHG� H[WHQVLYH WDLORULQJ LV H[SHFWHG IRU FRPSHWLWLYH� � � � � � � � � � � �
PDWHULDOV� $ VHSDUDWH 7ZLWWHU SROO LQGLFDWHG WKDW DSSOLFDQWV LQ JHQHUDO� QRW VSHFLILFDOO\ IRU WKLV� � � � � � � � � � � � � �
F\FOH� W\SLFDOO\ VSHQG PRUH WKDQ � KRXUV WDLORULQJ HDFK DSSOLFDWLRQ ����� �7DEOH 6���� 2XU SRROHG� � � � � � � � � � � � � � �
DSSOLFDQWV DW PLQLPXP WKHQ VSHQW D FRPELQHG ������ KRXUV ������ DSSOLFDWLRQV [ � KRXUV� � � � � � � � � � � � � �
SUHSDUDWLRQ HDFK�� RU ���� \HDUV� RQ WKHVH DSSOLFDWLRQV� ,QGLYLGXDOO\� WKLV QXPEHU DPRXQWV WR ��� � � � � � � � � � � � � �
KRXUV IRU HDFK DSSOLFDQW RQ DYHUDJH� EXW GRHV QRW WDNH LQWR DFFRXQW KRZ ORQJ WKH LQLWLDO FUHDWLRQ� � � � � � � � � � � � � � � � �
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RI ³EDVH´ DSSOLFDWLRQ PDWHULDOV WDNHV� ZKLFK LV RIWHQ D PXFK ORQJHU SURFHVV� ,Q DQRWKHU IROORZ�XS� � � � � � � � � � � � � � �
7ZLWWHU SROO� D PDMRULW\ RI UHVSRQGHQWV IHOW WKDW WLPH VSHQW RQ SUHSDULQJ IDFXOW\ MRE DSSOLFDWLRQV� � � � � � � � � � � � � � �
LPSHGHG WKHLU DELOLW\ WR SXVK RWKHU DVSHFWV RI WKHLU FDUHHU IRUZDUG �7DEOH 6��� ������� &RPELQLQJ� � � � � � � � � � � � � � �
WKHVH LQVLJKWV� LW LV WKHUHIRUH XQVXUSULVLQJ WKDW DOPRVW DOO DSSOLFDQWV� LQFOXGLQJ DSSOLFDQWV WKDW� � � � � � � � � � � � �
UHFHLYHG DW OHDVW RQH RIIHU �7DEOH 6���� IRXQG WKH SURFHVV ³WLPH�FRQVXPLQJ´� D� � � � � � � � � � � �
³EXUGHQ�RQ�UHVHDUFK´��DQG�³VWUHVVIXO´��)LJXUH��%�&��7DEOH�6����7DEOH�6������

)RUW\ IRXU SHUFHQW RI RXU UHVSRQGHQWV KDG DSSOLHG IRU 3, MREV IRU PRUH WKDQ RQH F\FOH� � � � � � � � � � � � � � � �
�7DEOH 6���� 7KRXJK DSSOLFDQWV ZKR DSSOLHG IRU PRUH WKDQ RQH F\FOH KDG VLJQLILFDQWO\ ORZHU� � � � � � � � � � � � � �
RIIHU SHUFHQWDJHV �S  ���� [ �� ����� :LOFR[RQ UDQN�VXP WHVW� )LJXUH �%�� PDQ\ UHSRUWHG SHUFHLYHG� � � � � � � � � � � � � � �
EHQHILWV IURP VLJQLILFDQW IHHGEDFN IURP WKHLU FXUUHQW 3, WKURXJK WKHLU SUHYLRXV DSSOLFDWLRQ F\FOHV�� � � � � � � � � � � � �
7KRXJK PHQWRUVKLS ZDV QRW DV RIWHQ UHSRUWHG DV VSHFLILFDOO\ KHOSIXO �7DEOH 6���� WKH ODFN RI� � � � � � � � � � � � � � �
PHQWRUVKLS ZDV D FRPPRQO\ FLWHG KDUPIXO REVWDFOH �)LJXUH �%� 7DEOH 6���� /DVWO\� PXOWLSOH� � � � � � � � � � � � �
FDQGLGDWHV IHOW WKDW LVVXHV SHUWDLQLQJ WR IDPLO\� D WZR�ERG\ SUREOHP �QHHG IRU VSRXVDO�VLJQLILFDQW� � � � � � � � � � � � �
RWKHU�KLUH���RU�SDUHQWDO�OHDYH�VLJQLILFDQWO\�KDUPHG�WKHLU�VXFFHVV��
�
�
�
$� ³:KDW�ZDV�KHOSIXO�IRU�\RXU�DSSOLFDWLRQ"´�
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%���³:KDW�ZDV�DQ�REVWDFOH�IRU�\RXU�DSSOLFDWLRQ"´�
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&���³:KDW�LV�\RXU�JHQHUDO�SHUFHSWLRQ�RI�WKH�HQWLUH�DSSOLFDWLRQ�SURFHVV"´�
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�
)LJXUH �� $SSOLFDQWV¶ SHUFHSWLRQ RI WKHLU IDFXOW\ MRE DSSOLFDWLRQ SURFHVV� �7KUHH ZRUG� � � � � � � � � � � �
FORXGV VXPPDUL]LQJ TXDOLWDWLYH UHVSRQVHV IURP WKH MRE DSSOLFDQW VXUYH\ UHVSRQGHQWV WR WKH� � � � � � � � � � � �
IROORZLQJ TXHVWLRQV� $� �³:KDW ZDV KHOSIXO IRU \RXU DSSOLFDWLRQ"´ �WRS� �7DEOH 6���� %� ³:KDW ZDV� � � � � � � � � � � � � � �
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DQ REVWDFOH IRU \RXU DSSOLFDWLRQ"´ �PLGGOH� �7DEOH 6���� DQG &� ³:KDW LV \RXU JHQHUDO SHUFHSWLRQ� � � � � � � � � � � � � � �
RI WKH HQWLUH DSSOLFDWLRQ SURFHVV"´ �ERWWRP� �7DEOH 6���� 7KH VL]H RI WKH ZRUG �RU VKRUW SKUDVH�� � � � � � � � � � � � � � � �
UHIOHFWV LWV IUHTXHQF\ LQ UHVSRQVHV �ELJJHU ZRUG FRUUHVSRQGV WR PRUH IUHTXHQF\�� 6XUYH\� � � � � � � � � � � �
UHVSRQGHQWV ZHUH DEOH WR SURYLGH ORQJHU DQVZHUV WR WKHVH TXHVWLRQV� DV VKRZQ LQ 7DEOHV 6���� � � � � � � � � � � � � � �
6���6��� ³&16�SDSHUV´ LV DQ DEEUHYLDWLRQ IRU &HOO�1DWXUH�6FLHQFH SXEOLFDWLRQV� ³3HGLJUHH´� � � � � � � � �
UHIHUV WR WKH DSSOLFDQW¶V SRVWGRF ODE SHGLJUHH RU SRVWGRF XQLYHUVLW\ SHGLJUHH� ³*UDQW�:ULWLQJ´� � � � � � � � � � � �
UHIHUV WR WKH DSSOLFDQW¶V JUDQW ZULWLQJ H[SHULHQFH ZLWK WKHLU 3K' RU SRVWGRFWRUDO PHQWRU�� � � � � � � � � � � � �
³3HHU�UHYLHZLQJ´ UHIHUV WR WKH H[SHULHQFH RI SHUIRUPLQJ SHHU�UHYLHZLQJ IRU MRXUQDOV�� � � � � � � � � �
³,QWHUGLVFLSOLQDU\�UHVHDUFK´ UHIHUV WR FRPPHQWV VWDWLQJ WKDW ,QWHUGLVFLSOLQDU\ UHVHDUFK ZDV� � � � � � � � �
XQGHUDSSUHFLDWHG� ³WZR�ERG\�SUREOHP´ UHIHUV WR WKH FKDOOHQJHV WKDW OLIH�SDUWQHUV IDFH ZKHQ� � � � � � � � � �
VHHNLQJ HPSOR\PHQW LQ WKH VDPH YLFLQLW\� ³1R�)HHGEDFN´ UHIHUV WR ODFN RI DQ\ IHHGEDFN IURP WKH� � � � � � � � � � � � � � �
VHDUFK�FRPPLWWHHV�RQ�WKH�VWDWXV��TXDOLW\�RU�RXWFRPH�RI��DSSOLFDWLRQV��
�
�
6HDUFK�&RPPLWWHHV�9DOXH�WKH�)XWXUH�

,Q DQ HIIRUW WR EHWWHU XQGHUVWDQG WKH DFDGHPLF VHDUFK SURFHVV� ZH SHUIRUPHG DQ� � � � � � � � � � � � �
H[SORUDWRU\ VXUYH\ RI DFDGHPLF VHDUFK FRPPLWWHH PHPEHUV� )LIWHHQ IDFXOW\ PHPEHUV� � � � � � � � � �
UHVSRQGHG� ZLWK ��� KDYLQJ EHHQ LQYROYHG LQ VHDUFK FRPPLWWHHV IRU RYHU WHQ \HDUV �)LJXUH ��� � � � � � � � � � � � � � �
7DEOH 6���� ,Q NHHSLQJ ZLWK WKH DFDGHPLF DQG JHRJUDSKLFDO FRQWRXUV RI RXU DSSOLFDQW VXUYH\� � � � � � � � � � � � � �
UHVSRQGHQWV� ZH IRFXVHG RQ IDFXOW\ PHPEHUV DW 5� DFDGHPLF FHQWHUV ZRUNLQJ LQ OLIH VFLHQFHV� � � � � � � � � � � � � �
�����RI�WKRVH�SROOHG��DQG�HQJLQHHULQJ������ZLWKLQ�WKH�8QLWHG�6WDWHV��7DEOH�6�����

:H VRXJKW WR XQGHUVWDQG ZKDW IDFWRUV VHDUFK FRPPLWWHHV IRXQG PRVW LPSRUWDQW� ZKDW� � � � � � � � � � � �
WKHLU SHUFHSWLRQ RI WKH PDUNHW ZDV� DQG KRZ WKH\ IHOW LW KDG FKDQJHG VLQFH WKH\ ILUVW EHFDPH� � � � � � � � � � � � � � � � �
LQYROYHG LQ KLULQJ� )LJXUH �& VKRZV KRZ KHDYLO\ GLVWLQFW IDFWRUV DUH ZHLJKWHG LQ PDNLQJ D� � � � � � � � � � � � � � �
GHFLVLRQ DV DVVHVVHG IURP � �QRW ZHLJKWHG DW DOO� WR � �KHDYLO\ ZHLJKWHG�� :H IRXQG WKH PRVW� � � � � � � � � � � � � � � � �
LPSRUWDQW UHSRUWHG IDFWRUV WR EH WKRVH PRVW FORVHO\ UHODWHG WR ZKDW D FDQGLGDWH ZRXOG GR JRLQJ� � � � � � � � � � � � � � � �
IRUZDUG� VXFK DV WKHLU SURSRVHG UHVHDUFK DQG FXUUHQW IXQGLQJ� UDWKHU WKDQ WKHLU SUHYLRXV WUDFN� � � � � � � � � � � � � �
UHFRUG �7DEOH 6���� 7KLV DQG RWKHU DUHDV VKRZHG D GLVFUHSDQF\ EHWZHHQ IDFXOW\ DQG DSSOLFDQW� � � � � � � � � � � � � �
SHUFHSWLRQV RI PHWULFV DVVRFLDWHG ZLWK VXFFHVVIXO FDQGLGDWHV �)LJXUH �'�� KLJKOLJKWLQJ WKH� � � � � � � � � � �
LPSRUWDQFH�RI�REWDLQLQJ�GDWD�VXFK�DV�ZH�SUHVHQW�KHUH�WR�EHWWHU�LQIRUP�DSSOLFDQWV���

7KH PDMRULW\ ����� RI WKH VHDUFK FRPPLWWHH IDFXOW\ YLHZHG SUHSULQWV IDYRUDEO\� DOWKRXJK� � � � � � � � � � � �
WKHLU VWUHQJWK PD\ QRW \HW EH HTXLYDOHQW WR SXEOLVKHG SHHU�UHYLHZHG ZRUN �)LJXUH �� 7DEOH 6����� � � � � � � � � � � � � � �
6L[W\ VHYHQ SHUFHQW RI WKH VHDUFK FRPPLWWHH VXUYH\ UHVSRQGHQWV PHQWLRQHG WKDW WKH\ UHFHLYHG� � � � � � � � � � � � �
RYHU ��� DSSOLFDQWV SHU MRE SRVWLQJ� ZKLOH ��� PHQWLRQHG WKDW WKHLU FRPPLWWHH UHFHLYHG� � � � � � � � � � � � �
������� DSSOLFDWLRQV SHU F\FOH �7DEOH 6���� 'HVSLWH WKHVH KLJK QXPEHUV� RQO\ ��� DSSOLFDQWV� � � � � � � � � � � � �
DUH W\SLFDOO\ LQYLWHG WR LQWHUYLHZ� ZLWK DURXQG D WKLUG ����� RI WKH IDFXOW\ UHVSRQGHQWV QRWLQJ WKH\� � � � � � � � � � � � � � � �
GLG QRW SHUIRUP RII�VLWH �SKRQH RU 6N\SH� LQWHUYLHZV �)LJXUH �%� 7DEOH 6���� 7KHVH VWDWLVWLFV� � � � � � � � � � � � � �
KHOS GHPRQVWUDWH WKH FKDOOHQJHV WKDW KLULQJ FRPPLWWHHV IDFH� WKH VKHHU YROXPH RI DSSOLFDQWV LV� � � � � � � � � � � � � �
RYHUZKHOPLQJ��DV�PHQWLRQHG�H[SOLFLWO\�E\�VHYHUDO�VHDUFK�FRPPLWWHH�UHVSRQGHQWV��7DEOH�6�����
�
�
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)LJXUH �� 6XPPDU\ RI PHWULFV YDOXHG E\ VHDUFK FRPPLWWHHV� �6HDUFK FRPPLWWHH PHPEHUV� � � � � � � � � � � �
ZHUH DVNHG RQ KRZ VSHFLILF IDFWRUV ZHUH ZHLJKWHG LQ WKH GHFLVLRQ RQ ZKLFK DSSOLFDQW WR H[WHQG� � � � � � � � � � � � � � � �
DQ RIIHU WR �7DEOHV 6���6���� $OO VHDUFK FRPPLWWHH PHPEHUV VXUYH\HG ZHUH EDVHG DW 5�� � � � � � � � � � � � � �
XQLYHUVLWLHV �%R[ ��� $� 'LVWULEXWLRQ RI WKH ILHOGV RI VWXG\ DQG \HDUV RI H[SHULHQFH IRU WKH VHDUFK� � � � � � � � � � � � � � � � �
FRPPLWWHH VXUYH\ UHVSRQGHQWV� %� 7KH PHGLDQ QXPEHU RI IDFXOW\ MRE RSHQLQJV� QXPEHU RI� � � � � � � � � � � � �
DSSOLFDQWV SHU RSHQLQJ� DSSOLFDQWV WKDW PDNH WKH ILUVW FXW� DSSOLFDQWV ZKR DUH LQYLWHG IRU� � � � � � � � � � � � � �
SKRQH�6N\SH LQWHUYLHZ DQG RIIHUV PDGH� &� 7KH TXDQWLWDWLYH UDWLQJ RI VHDUFK FRPPLWWHH IDFXOW\� � � � � � � � � � � � �
RQ PHWULFV� FDQGLGDWH�DSSOLFDQW UHVHDUFK SURSRVDO� FDUHHU WUDQVLWLRQ DZDUGV� SRVWGRFWRUDO� � � � � � � � �
IHOORZVKLSV� JUDGXDWH IHOORZVKLSV� 3,�PHQWRU UHSXWDWLRQ �ODE SHGLJUHH�� &HOO�1DWXUH�6FLHQFH� � � � � � � �
MRXUQDO SXEOLFDWLRQV� ,PSDFW IDFWRU RI RWKHU MRXUQDO SXEOLFDWLRQV� 7HDFKLQJ H[SHULHQFH DQG YDOXH� � � � � � � � � � � �
RI SUHSULQWV EDVHG RQ D ��OHYHO /LNHUW VFDOH ZKHUH � QRW DW DOO DQG � KHDYLO\� '� �9LVXDO VXPPDU\� � � � � � � � � � � � � � � � �
RI WKH MRE DSSOLFDQW SHUFHSWLRQ DQG WKH VXUYH\ UHVXOWV DORQJ ZLWK WKH VHDUFK FRPPLWWHH VXUYH\� � � � � � � � � � � � � � �
UHVXOWV� $ QXPEHU RI PHWULFV ZHUH QRW PHDVXUHG�VXUYH\HG DV SDUW RI RXU VWXG\� 7KHVH PLVVLQJ� � � � � � � � � � � � � � �
YDOXHV�DUH�VKRZQ�LQ�JUD\���
�

:H WRRN WKLV RSSRUWXQLW\ WR DVN WKH VHDUFK FRPPLWWHH VXUYH\ UHVSRQGHQWV LI WKHUH ZHUH� � � � � � � � � � � � � �
DGGLWLRQDO IDFWRUV WKDW WKH\ ZLVKHG DSSOLFDQWV NQHZ ZKHQ DSSO\LQJ �)LJXUH �� 7DEOH 6����� � � � � � � � � � � � �
6HYHUDO HPSKDVL]HG WKH TXDOLW\ RI WKH UHVHDUFK DQG SDSHUV DV WKH PRVW LPSRUWDQW IDFWRU IRU� � � � � � � � � � � � � � �
DVVHVVLQJ SULRU DFKLHYHPHQW� EXW WKDW D FRPSHOOLQJ DQG FRKHUHQW UHVHDUFK SURSRVDO LV DOVR� � � � � � � � � � � � �
FULWLFDO DQG FDQ EH XQGHUGHYHORSHG LQ VRPH RWKHUZLVH FRPSHWLWLYH FDQGLGDWHV� 7KH LPSRUWDQFH� � � � � � � � � � � �
RI GHSDUWPHQWDO ILW ZDV DOVR HPSKDVL]HG DQG WKDW DW WKH LQWHUYLHZ VWDJH� D FDQGLGDWH¶V� � � � � � � � � � � � � �
DVVHVVPHQW LV LQ QR VPDOO SDUW SUHGLFDWHG RQ LQWHUSHUVRQDO LQWHUDFWLRQV ZLWK IDFXOW\ PHPEHUV�� � � � � � � � � � � � �
7KLV VHQWLPHQW LV DOVR YDOLGDWHG E\ D UHFHQW WZLWWHU SROO FLWLQJ ³RYHUDOO DWWLWXGH�YLEH´ DV WKH VLQJOH� � � � � � � � � � � � � � � �
PRVW LPSRUWDQW IDFWRU IRU VHOHFWLRQ DW WKH LQWHUYLHZ VWDJH ������� ,QWULJXLQJO\� ZKLOH RQH IDFXOW\� � � � � � � � � � � � � �
UHVSRQGHQW QRWHG WKDW WKH\ UDUHO\ LQWHUYLHZ DQ\ DSSOLFDQW ZLWKRXW D FDUHHU WUDQVLWLRQ DZDUG� IRU� � � � � � � � � � � � � �
LQVWDQFH WKH 1,+�EDVHG ³.���5�� 3DWKZD\ WR ,QGHSHQGHQFH $ZDUG´ �D VLWXDWLRQ WKH\ QRWHG DV� � � � � � � � � � � � �
SUREOHPDWLF�� DQRWKHU ODPHQWHG WKDW DSSOLFDQWV ZRUULHG WRR PXFK DERXW PHWULFV�EHQFKPDUNV� � � � � � � � � �
DQHFGRWDOO\ SHUFHLYHG WR EH LPSRUWDQW� VXFK DV UHFHLYLQJ WKHVH DZDUGV� )LQDOO\� PRVW ������ � � � � � � � � � � � �
IDFXOW\ UHVSRQGHQWV QRWHG WKDW LW ZDV HDV\ WR LGHQWLI\ JRRG FDQGLGDWHV IURP WKHLU VXEPLWWHG� � � � � � � � � � � � � �
DSSOLFDWLRQ� WKDW WKHUH ZHUH WRR PDQ\ JRRG DSSOLFDQWV ������ DQG WKDW FDQGLGDWHV RIWHQ� � � � � � � � � � � � �
XQGHUSHUIRUPHG�DW�WKH�LQWHUYLHZ�VWDJH��������)LJXUH����)LJXUH�6���7DEOH�6�����

�
�
�
�
�
�
�
�
�

��

���
�
�

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 2, 2019. ; https://doi.org/10.1101/796466doi: bioRxiv preprint 

https://doi.org/10.1101/796466
http://creativecommons.org/licenses/by-nc-nd/4.0/


$��:KDW�LQIRUPDWLRQ�GR�\RX�ZLVK�PRUH�FDQGLGDWHV�NQHZ�ZKHQ�WKH\�VXEPLW�WKHLU�
DSSOLFDWLRQ"��
�
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�
%� +DYH \RX QRWLFHG DQ\ FKDQJHV LQ WKH VHDUFK SURFHVV VLQFH WKH ILUVW VHDUFK \RX ZHUH� � � � � � � � � � � � � � � �
LQYROYHG�LQ"�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJXUH �� 6HDUFK FRPPLWWHH SHUFHSWLRQ RI WKH IDFXOW\ MRE DSSOLFDWLRQ SURFHVV� �7ZR ZRUG� � � � � � � � � � � � �
FORXGV UHSUHVHQWLQJ UHVSRQVHV IURP PHPEHUV RI VHDUFK FRPPLWWHHV LQ UHVSRQVH WR WKH IROORZLQJ� � � � � � � � � � � � �
TXHVWLRQV� $� �³:KDW LQIRUPDWLRQ GR \RX ZLVK PRUH FDQGLGDWHV NQHZ ZKHQ WKH\ VXEPLW WKHLU� � � � � � � � � � � � � �
DSSOLFDWLRQ"´� DQG %� �³+DYH \RX QRWLFHG DQ\ FKDQJHV LQ WKH VHDUFK SURFHVV VLQFH WKH ILUVW� � � � � � � � � � � � � � �
VHDUFK \RX ZHUH LQYROYHG LQ"´� 7KH VL]H RI WKH ZRUG�SKUDVH UHIOHFWV LWV IUHTXHQF\ LQ UHVSRQVHV�� � � � � � � � � � � � � � �
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ZLWK ODUJHU SKUDVHV FRUUHVSRQGLQJ WR PRUH IUHTXHQW UHVSRQVHV� 6HDUFK FRPPLWWHH IDFXOW\� � � � � � � � � � �
PHPEHUV�ZHUH�DEOH�WR�SURYLGH�ORQJ�DQVZHUV�WR�ERWK�TXHVWLRQV��7DEOHV�6���6������
�
�
'LVFXVVLRQ�
�
&KDOOHQJHV�LQ�WKH�$FDGHPLF�-RE�0DUNHW�

&XUUHQWO\� WKHUH LV OLWWOH V\VWHPDWLF HYLGHQFH IRU ZKDW PDNHV D JRRG IDFXOW\ FDQGLGDWH� $V� � � � � � � � � � � � � �
ZLWK DQ\ RSDTXH� KLJK�SUHVVXUH HQYLURQPHQW� DQ DEVHQFH RI FOHDU JXLGHOLQHV DQG H[SHFWDWLRQV� � � � � � � � � � � �
FRXSOHG ZLWK DQHFGRWDO DGYLFH FDQ OHDG LQGLYLGXDOV WR IRFXV RQ WDQJLEOH JRDOV DQG PHWULFV WKDW� � � � � � � � � � � � � � �
WKH\ IHHO ZLOO KHOS WKHP VWDQG RXW LQ WKH V\VWHP� :H ZHUH DEOH WR FRQILUP VHYHUDO FRPPRQ� � � � � � � � � � � � � � � � �
SLHFHV RI IDFXOW\ DSSOLFDWLRQ DGYLFH� WKH QXPEHU RI DSSOLFDWLRQV VXEPLWWHG� &16 SDSHU ILUVW� � � � � � � � � � � � �
DXWKRUVKLS� WRWDO FLWDWLRQ FRXQW� DQG FDUHHU WUDQVLWLRQ DZDUGV �H�J� D .���5�� DZDUG� ZHUH� � � � � � � � � � � � �
DVVRFLDWHG ZLWK REWDLQLQJ RIIHUV� 7KHVH DVVRFLDWLRQV KHOG HYHQ ZKHQ MRLQWO\ FRQVLGHULQJ DOO� � � � � � � � � � � �
YDULDEOHV LQ D ORJLVWLF UHJUHVVLRQ DQDO\VLV� H[FHSW IRU WKH UHSODFHPHQW RI WKH WZR� � � � � � � � � � � � �
SXEOLFDWLRQ�UHODWHG PHWULFV �&16 SDSHUV DQG WRWDO FLWDWLRQ FRXQW� E\ K�LQGH[� VXJJHVWLQJ WKDW� � � � � � � � � � � �
WKH\ PD\ KDYH EHHQ SUR[LHV IRU ³LPSDFW´ LQ WKH ILUVW SODFH� 'HVSLWH WKHVH DVVRFLDWLRQV� WKHVH� � � � � � � � � � � � � � �
FULWHULD�ZHUH�QHLWKHU�QHFHVVDU\�QRU�VXIILFLHQW�IRU�VHFXULQJ�DQ�RIIHU���

&16 DQG RWKHU KLJK�LPSDFW SXEOLFDWLRQV KDYH EHHQ UHJDUGHG DV D PDMRU EHQFKPDUN IRU� � � � � � � � � � � � �
WUDLQHHV LQ WKH OLIH VFLHQFHV ������� DQG TXDOLWDWLYH FRPPHQWV IURP RXU DSSOLFDQW VXUYH\ LQGLFDWHG� � � � � � � � � � � � � �
WKDW QRW KDYLQJ D &16 SDSHU ZDV SHUFHLYHG E\ WKHP WR EH GHWULPHQWDO WR RIIHU SURVSHFWV�� � � � � � � � � � � � � � � �
+RZHYHU� WKH PDMRULW\ RI RXU UHVSRQGHQWV UHFHLYHG RIIHUV ZLWKRXW &16 SXEOLFDWLRQV� DQG IDFXOW\� � � � � � � � � � � � �
UHVSRQGHQWV RQ VHDUFK FRPPLWWHHV GLG QRW LGHQWLI\ DV IRFXVHG RQ &16 SDSHUV� ,QGHHG� DOWKRXJK� � � � � � � � � � � � � �
DSSOLFDQWV ZLWK D &16 �VW DXWKRU SDSHU KDG D KLJKHU RIIHU SHUFHQWDJH WKDQ WKRVH ZLWKRXW� RXU� � � � � � � � � � � � � � � �
ORJLVWLF UHJUHVVLRQ GLG QRW LGHQWLI\ &16 �VW DXWKRUVKLS DV VLJQLILFDQW� LQVWHDG GHWHFWLQJ K�LQGH[� � � � � � � � � � � � �
DV VLJQLILFDQW� 7KLV PD\ VXJJHVW WKDW &16 DXWKRUV EHQHILW IURP WKH YLVLELOLW\ DQG IDPLOLDULW\ RI� � � � � � � � � � � � � � �
WKHLU ZRUN DQG QRW WKH WLWOH RI WKH MRXUQDO� LQGHHG� WKHVH VDPH DGYDQWDJHV PLJKW EH DFKLHYHG E\� � � � � � � � � � � � � � � � �
ZHOO UHDG SDSHUV LQ RWKHU MRXUQDOV� 4XDOLWDWLYHO\� WKH LPSDFW RI IXQGLQJ RQ UHVHDUFK FDUHHU� � � � � � � � � � � � � �
VXFFHVV ZDV ZHOO�UHFRJQL]HG E\ D QXPEHU RI DSSOLFDQWV DQG VHDUFK FRPPLWWHH PHPEHUV DOLNH LQ� � � � � � � � � � � � � �
RXU UHVXOWV� 4XDQWLWDWLYHO\� RXU DSSOLFDQW VXUYH\ IRXQG FDUHHU WUDQVLWLRQ DZDUGV DQG SXEOLFDWLRQ� � � � � � � � � � � �
UHFRUG WR EH DPRQJ WKH PRVW LPSRUWDQW IDFWRUV ZH PHDVXUHG� 7KH VHDUFK FRPPLWWHH� � � � � � � � � � � � �
UHVSRQGHQWV FRQILUPHG WKH EHQHILW RI FDUHHU WUDQVLWLRQ IXQGLQJ DV PDMRU VWUHQJWKV IRU DQ� � � � � � � � � � � � �
DSSOLFDWLRQ���

'HVSLWH FKDOOHQJHV LQ WKH MRE PDUNHW ����������� RXU VXUYH\ UHYHDOHG SRVLWLYH RXWFRPHV� � � � � � � � � � � �
WKDW VXJJHVW SURJUHVV LQ VHOHFW DUHDV� 1HDUO\ KDOI RI RXU DSSOLFDQW VXUYH\ UHVSRQGHQWV UHSRUWHG� � � � � � � � � � � � � �
SRVWLQJ DW OHDVW RQH SUHSULQW� ZLWK VHYHUDO FRPPHQWLQJ WKDW SUHSULQWLQJ SURYLGHG HYLGHQFH RI� � � � � � � � � � � � �
SURGXFWLYLW\ RXWVLGH RI IRUPDO SXEOLFDWLRQ� 6HDUFK FRPPLWWHH VXUYH\ UHVSRQGHQWV IXUWKHU� � � � � � � � � �
FRQILUPHG WKDW ZKLOH SXEOLVKHG SDSHUV FDUU\ WKH PRVW ZHLJKW� SUHSULQWV DUH JHQHUDOO\ YLHZHG� � � � � � � � � � � � �
IDYRUDEO\� )XWXUH XVH RI SUHSULQWV DV HYLGHQFH RI SURGXFWLYLW\ UHFRUGV PD\ KDYH VLJQLILFDQW� � � � � � � � � � � � �
SRVLWLYH LPSDFWV RQ HDUO\ FDUHHU UHVHDUFKHUV� IRU ZKRP WLPLQJ RI SXEOLFDWLRQV DQG MRE VHDUFKHV� � � � � � � � � � � � � �
UHTXLUH FULWLFDO FRQVLGHUDWLRQV� )XUWKHU� GHVSLWH WKH IDFW WKDW ZRPHQ DUH XQGHUUHSUHVHQWHG DW WKH� � � � � � � � � � � � �
IDFXOW\ OHYHO LQ PRVW 67(0 GHSDUWPHQWV ����±��� DQG WUDLO PHQ LQ SXEOLFDWLRQ�UHODWHG PHWULFV� � � � � � � � � � � � �
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�)LJ� �%�� RXU GDWD VXJJHVW YHU\ IHZ GLIIHUHQFHV LQ RXWFRPHV LQ WKH 0D\ �����0D\ ���� IHPDOH� � � � � � � � � � � � � � � �
DSSOLFDQW SRRO UHODWLYH WR WKHLU PDOH FRXQWHUSDUWV� %RWK JHQGHUV UHFHLYHG VLPLODU QXPEHUV RI� � � � � � � � � � � � �
LQWHUYLHZV DQG RIIHUV� DQG IHPDOH LGHQWLW\ ZDV HYHQ SRVLWLYHO\ DVVRFLDWHG ZLWK RIIHU VWDWXV LQ RXU� � � � � � � � � � � � � � �
ORJLVWLF UHJUHVVLRQ DQDO\VLV� ,Q IDFW� WKHVH JHQGHU�EDVHG GLIIHUHQFHV LQ SXEOLFDWLRQ�UHODWHG� � � � � � � � � �
PHWULFV SHUVLVWHG HYHQ ZKHQ FRQVLGHULQJ RQO\ WKH ��� LQGLYLGXDOV ZLWK RIIHUV� VXJJHVWLQJ WKDW� � � � � � � � � � � � �
FRPPLWWHHV DUH EHFRPLQJ LQFUHDVLQJO\ DZDUH RI JHQGHU ELDV LQ SXEOLFDWLRQ�UHODWHG PHWULFV DQG� � � � � � � � � � � �
DUH�WDNLQJ�WKHP�LQWR�DFFRXQW�ZKHQ�HYDOXDWLQJ�DSSOLFDQWV��7DEOH�6������

2YHUDOO� WKH UHVSRQGHQWV IURP WKLV VXUYH\ ZHUH JHQHUDOO\ KLJKO\�TXDOLILHG DFFRUGLQJ WR� � � � � � � � � � �
WKH PHWULFV ZH PHDVXUHG� DQG \HW WKH\ UHSRUWHG KLJK VWUHVV DQG IUXVWUDWLRQ ZLWK WKHLU� � � � � � � � � � � � � �
H[SHULHQFHV RI WKH IDFXOW\ MRE VHDUFK� $SSOLFDQWV SHUFHLYHG SRRU PHQWRUVKLS DV D PDMRU REVWDFOH� � � � � � � � � � � � � �
WR WKHLU DSSOLFDWLRQV� )XUWKHU� ZH IRXQG WKDW PRVW PHWULFV ZHUH GLIIHUHQWLDOO\ YDOXHG E\� � � � � � � � � � � � �
FDQGLGDWHV DQG FRPPLWWHHV� &ROOHFWLYHO\� WKHVH GLIIHUHQFHV LQ H[SHFWDWLRQV EHWZHHQ DSSOLFDQWV� � � � � � � � � �
DQG KLULQJ LQVWLWXWLRQV� FRXSOHG ZLWK WKH RSDTXH UHTXLUHPHQWV IRU REWDLQLQJ D IDFXOW\ SRVLWLRQ�� � � � � � � � � � � � �
OLNHO\�GULYH�WKH�KLJK�VWUHVV�UHSRUWHG�E\�ERWK�FDQGLGDWHV�DQG�FRPPLWWHH�PHPEHUV�DOLNH���
�
/LPLWDWLRQV�RI�WKLV�VWXG\�DQG�PHDVXULQJ�RXWFRPHV�LQ�WKH�DFDGHPLF�MRE�PDUNHW�

7KHUH DUH VHYHUDO OLPLWDWLRQV RI WKLV VWXG\ LPSRVHG E\ ERWK WKH RULJLQDO VXUYH\ GHVLJQ� � � � � � � � � � � � � �
DQG JHQHUDO FRQFHUQV� VXFK DV WKH DQRQ\PLW\ RI UHVSRQGHQWV� DQG WKH PHDVXUDELOLW\ RI YDULRXV� � � � � � � � � � � � � �
FRQWULEXWLQJ IDFWRUV� )RU IXWXUH GDWD FROOHFWLRQ ZH VXJJHVW NHHSLQJ VXUYH\V IRFXVHG RQ� � � � � � � � � � � �
UHJLRQ�VSHFLILF MRE PDUNHWV� 2XU SRRO RI DSSOLFDQWV ZHUH ODUJHO\ WKRVH VHHNLQJ D SRVLWLRQ LQ� � � � � � � � � � � � � �
1RUWK $PHULFD� :H EHOLHYH WKHVH UHVXOWV FDQ EH DJJUHJDWHG� EXW WKH VXUYH\ TXHVWLRQV PD\ QRW� � � � � � � � � � � � � � �
DOO EH DSSOLFDEOH WR RWKHU ODUJH PDUNHWV �H�J� (XURSH� &KLQD� ,QGLD�� :H GLG QRW UHFHLYH D VL]DEOH� � � � � � � � � � � � � � � � �
UHVSRQVH IURP DSSOLFDQWV ORRNLQJ RXWVLGH RI 1RUWK $PHULFD DQG LQ ILHOGV RXWVLGH RI OLIH VFLHQFHV� � � � � � � � � � � � � � �
WR PDNH XVHIXO FRPSDULVRQV� $ VLPLODU VXUYH\ FLUFXODWHG LQ HDFK PDUNHW LQGLYLGXDOO\ ZLWK VLPLODU� � � � � � � � � � � � � �
QXPEHU�RI�UHVSRQVHV�ZRXOG�KDYH�EURDGHU�LPSDFW�� �

:H SXUSRVHO\ GLG QRW DVN IRU UDFH RU HWKQLFLW\ GHPRJUDSKLFV� 3K' RU SRVWGRF LQVWLWXWLRQ�� � � � � � � � � � � � � �
DQG UHJLRQ RU LQVWLWXWLRQ ZKHUH RIIHUV ZHUH UHFHLYHG� :H EHOLHYH WKH DGGLWLRQ RI WKHVH PHWULFV� � � � � � � � � � � � � � �
FRXOG SRWHQWLDOO\ MHRSDUGL]H VXUYH\ UHVSRQGHQWV¶ DQRQ\PLW\� 'HVSLWH WKLV� WKHVH IDFWRUV FRXOG EH� � � � � � � � � � � �
VLJQLILFDQW FRQWULEXWRUV WR WKH UHFHLSW RI DQ DFDGHPLF MRE RIIHU� 5DFLDO LQHTXDOLWLHV LQ DOO 67(0� � � � � � � � � � � � � � �
ILHOGV DW DOO OHYHOV H[LVW DQG QHHG WR EH DGGUHVVHG ������� VSHFLILFDOO\ ZLWK KRZ WKH\ LQWHUVHFW ZLWK� � � � � � � � � � � � � � � � �
JHQGHU ������� 7KH UHSXWDWLRQ RI D WUDLQLQJ LQVWLWXWLRQ LV TXHVWLRQDEO\ PHDVXUDEOH� EXW LV DOVR RIWHQ� � � � � � � � � � � � � � �
OLVWHG LQ DQHFGRWDO DGYLFH DV LPSRUWDQW� 5HFHQWO\ LW ZDV UHSRUWHG WKDW D PDMRULW\ RI QHZ IDFXOW\� � � � � � � � � � � � � � � �
DUH KLUHG IURP D PLQRULW\ RI LQVWLWXWLRQV SURYLGLQJ SRVWGRF WUDLQLQJ ���������� ,W LV SRVVLEOH WKDW� � � � � � � � � � � � � � �
DGGLQJ LQVWLWXWLRQDO UHSXWDWLRQ WR WKH RWKHU WUDGLWLRQDO PHWULFV ZH PHDVXUHG FRXOG SURYLGH D PRUH� � � � � � � � � � � � � �
FRPSOHWH�SLFWXUH�RI�WKH�FXUUHQW�SDWK�WR�D�IDFXOW\�SRVLWLRQ���

:KLOH ZH PHDVXUHG VRPH RI WKH DWWULEXWHV ZLGHO\ SHUFHLYHG DV LPSRUWDQW LQ IDFXOW\ KLULQJ� � � � � � � � � � � � � �
�H�J� IXQGLQJ WUDFN UHFRUG�� RWKHUV DUH OHVV HDVLO\ TXDQWLILHG �H�J� WKH UHVHDUFK SURSRVDO� ODE� � � � � � � � � � � � � �
SHGLJUHH� OHWWHUV RI UHFRPPHQGDWLRQ WKDW FRPPHQWV IURP RXU VHDUFK FRPPLWWHH VXUYH\ UHYHDOHG� � � � � � � � � � � �
WR EH LPSRUWDQW� DQG GDWD FROOHFWLRQ RQ WKHVH LWHPV ZRXOG EH KLJKO\ UHFRPPHQGHG LQ IXWXUH� � � � � � � � � � � � � � �
VXUYH\V� $GGUHVVLQJ WKH TXDOLW\ RI DSSOLFDWLRQ PDWHULDOV LV KLJKO\ FRQWH[W�VSHFLILF �JLYHQ WKH ILHOG�� � � � � � � � � � � � �
VHDUFK FRPPLWWHH� DQG LQVWLWXWLRQDO QHHGV� DQG FDQ LPSURYH ���� 2WKHU DVSHFWV ZKLFK DUH QRW� � � � � � � � � � � � � �
GLUHFWO\ PHDVXUDEOH DQG DUH RIWHQ FLWHG DV LPSRUWDQW IRU DSSOLFDQWV LQ WKH DFDGHPLF MRE PDUNHW� � � � � � � � � � � � � � �
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DUH ³ILW´ DQG ³QHWZRUNLQJ´ ������� $SSOLFDQWV ZKR UHVSRQGHG WR WKLV VXUYH\ GLG DJUHH WKDW� � � � � � � � � � � � � �
³QHWZRUNLQJ´� ³FRQIHUHQFHV´� ³FROODERUDWLRQV´� DQG ³FRQQHFWLRQV´ ZHUH KHOSIXO LQ WKHLU MRE VHDUFK� � � � � � � � � � �
�)LJXUH �$�� &RQIHUHQFH RUJDQL]HUV DUH DOVR VWDUWLQJ WR LQFOXGH EDGJH VWLFNHUV RU WDJV IRU IDFXOW\� � � � � � � � � � � � � � �
MRE VHHNHUV WR VHOI�LGHQWLI\ DW HYHQWV� )RU IXWXUH GDWD FROOHFWLRQ� WKH QXPEHU RI FRQIHUHQFHV RU� � � � � � � � � � � � � � �
QHWZRUNLQJ HYHQWV DWWHQGHG ZKLOH DSSOLFDQWV ZHUH RQ WKH DFDGHPLF MRE PDUNHW FRXOG EH� � � � � � � � � � � � �
PHDVXUHG DQG D UHODWLRQVKLS FRXOG EH HVWDEOLVKHG EHWZHHQ HYHQWXDO IDFXOW\ RIIHUV UHFHLYHG DQG� � � � � � � � � � � � �
WKHVH QHWZRUNLQJ PHWULFV� 'HSDUWPHQWDO RU LQVWLWXWLRQDO ³ILW´ LV ODUJHO\ GHWHUPLQHG E\ WKH VHDUFK� � � � � � � � � � � � �
FRPPLWWHH RQ DQ LQGLYLGXDO EDVLV� 7KH PHWULFV WKDW GHWHUPLQH D JRRG ³ILW´ DUH ZLOGO\ YDULDEOH DQG� � � � � � � � � � � � � � � �
ZLOO�OLNHO\�QHYHU�EH�DGHTXDWHO\�PHDVXUHG����������

$OO TXHVWLRQV LQ RXU VXUYH\ ZHUH RSWLRQDO� :H FKRVH WKLV VXUYH\ GHVLJQ LQ RUGHU WR PDNH� � � � � � � � � � � � � � � �
WKH VXUYH\ HDVLHU IRU UHVSRQGHQWV WR FRPSOHWH� KRZHYHU� PLVVLQJ DQVZHUV UHSUHVHQW D VRXUFH RI� � � � � � � � � � � � � �
SRWHQWLDO ELDV DV XQDQVZHUHG TXHVWLRQV PD\ UHSUHVHQW DQVZHUV WKDW FRXOG EH QHJDWLYHO\� � � � � � � � � � � �
SHUFHLYHG DQG�RU ]HUR LQ YDOXH� )RU H[DPSOH� VRPH LQGLYLGXDOV PD\ QRW KDYH IHOW FRPIRUWDEOH� � � � � � � � � � � � � �
LQGLFDWLQJ WKH\ KDG ]HUR RIIHUV OHDGLQJ RXU GDWDVHW WR DSSHDU RYHUO\ LQIODWHG LQ RIIHU SHUFHQWDJH�� � � � � � � � � � � � � � �
6XFK ELDV FRXOG DOVR DIIHFW WKH LPSXWDWLRQV LQ RXU ORJLVWLF UHJUHVVLRQ� DQG IRU WKHVH UHDVRQV ZH� � � � � � � � � � � � � � � �
KDYH DWWHPSWHG WR SURYLGH PXOWLSOH WUDQVSDUHQW DQG TXDOLILHG DQDO\VHV RI WKH GDWD� )XWXUH� � � � � � � � � � � � �
VXUYH\V PD\ EHQHILW IURP DOO TXHVWLRQV UHTXLULQJ D UHVSRQVH� ,W LV DOVR SRVVLEOH WKDW SDUWLFLSDWLRQ� � � � � � � � � � � � � � �
LQ WKH VXUYH\ IURP WKH RXWVHW VXIIHUV IURP VXUYLYRUVKLS ELDV� LQ WKDW WKRVH DSSOLFDQWV WKDW KDG D� � � � � � � � � � � � � � � � �
SRVLWLYH H[SHULHQFH DUH PRUH OLNHO\ WR UHIOHFW XSRQ LW DQG FRPSOHWH D VXUYH\ RQ WKH SURFHVV� 2XU� � � � � � � � � � � � � � � � �
VXUYH\ ZDV DOVR XQGRXEWHGO\ FRPSOHWHG E\ D KLJKO\�HQJDJHG JURXS RI DVSLULQJ IXWXUH IDFXOW\�� � � � � � � � � � � � �
7KH )XWXUH 3, 6ODFN JURXS LWVHOI LV D VSDFH IRU SRVWGRFWRUDO UHVHDUFKHUV PRVW LQWHUHVWHG LQ� � � � � � � � � � � � � � �
REWDLQLQJ D IDFXOW\ FDUHHU WR HQJDJH ZLWK DQG OHDUQ IURP RQH DQRWKHU� 7KXV� WKH VXUYH\ GDWD� � � � � � � � � � � � � � � �
OLNHO\ UHIOHFWV D KLJKO\ PRWLYDWHG DQG DFFRPSOLVKHG JURXS DQG QRW WKH IXOO SRRO RI DSSOLFDQWV WR� � � � � � � � � � � � � � � �
IDFXOW\ SRVLWLRQV HDFK \HDU� :LGHU GLVVHPLQDWLRQ RI IXWXUH VXUYH\V ZLOO KRSHIXOO\ EH DLGHG E\ WKH� � � � � � � � � � � � � � �
SXEOLFDWLRQ RI WKHVH UHVXOWV DQG LQFUHDVHG DZDUHQHVV RI WKH VXUYH\ DPRQJ WUDLQHHV LQ YDULRXV� � � � � � � � � � � � � �
UHVHDUFK�FRPPXQLWLHV��

)LQDOO\� WKH GDWD IURP RXU MRE DSSOLFDQW VXUYH\ IRFXVHG RQ FDQGLGDWHV DQG QRW WKH VHDUFK� � � � � � � � � � � � � � �
FRPPLWWHHV� ,W LV XQFOHDU KRZ PDQ\ LQGLYLGXDO VHDUFKHV DUH UHSUHVHQWHG LQ RXU GDWDVHW� ,W LV� � � � � � � � � � � � � � �
OLNHO\ WKDW DV PDQ\ DV a������� FRPPLWWHHV ZHUH UHSUHVHQWHG LQ RXU DJJUHJDWHG MRE DSSOLFDQW� � � � � � � � � � � � � �
GDWD� DQG GLIIHUHQW FRPPLWWHHV PD\ DGRSW GLVWLQFW DVVHVVPHQW FULWHULD� 2XU OLPLWHG VHDUFK� � � � � � � � � � � �
FRPPLWWHH VXUYH\ UHVSRQVHV VKRZ WKDW WKHVH FRPPLWWHHV IDYRU D KROLVWLF DVVHVVPHQW RI� � � � � � � � � � � �
FDQGLGDWHV DQG WKDW GHFLVLRQ E\ XQLYHUVDO FULWHULD �HVSHFLDOO\ EDVHG VROHO\ RQ FDUHHU WUDQVLWLRQ� � � � � � � � � � � � �
DZDUGV RU &16 SXEOLFDWLRQV� LV D P\WK� )XWXUH VWXGLHV PD\ EHQHILW IURP VXUYH\LQJ D ODUJHU SRRO� � � � � � � � � � � � � � � �
RI VHDUFK FRPPLWWHHV WR VHH ZKDW PDMRU WUHQGV DQG SUDFWLFHV GRPLQDWH� ZKHWKHU WKH PDMRULW\ RI� � � � � � � � � � � � � � �
VHDUFKHV DGRSW D KROLVWLF DVVHVVPHQW DSSURDFK� RU LI WKHUH LV KHWHURJHQHLW\ DPRQJ FRPPLWWHHV� � � � � � � � � � � � �
LQ�KRZ�WHQXUH�WUDFN�KLULQJ�DVVHVVPHQWV�DUH�FRQGXFWHG��
�
&RQFOXVLRQV�

7KH IDFXOW\ MRE VHDUFK SURFHVV ODFNV WUDQVSDUHQF\� 7KLV QHHGV WR FKDQJH� 7KH FXUUHQW� � � � � � � � � � � � �
V\VWHP LV QRW DGHTXDWHO\ VHUYLQJ WKH DSSOLFDQWV� PHQWRUV� VHDUFK FRPPLWWHHV� RU LQVWLWXWLRQV� 2I� � � � � � � � � � � � �
RYHU ��� UHVSRQVHV E\ MRE DSSOLFDQWV� ZH GLG QRW UHFHLYH D VLQJOH SRVLWLYH FRPPHQW RQ WKH� � � � � � � � � � � � � � � �
SURFHVV� 7KLV LV LQ VSLWH RI WKH IDFW WKDW ��� RI RXU DSSOLFDQWV UHFHLYHG DW OHDVW RQH MRE RIIHU� 2XU� � � � � � � � � � � � � � � � � � � �
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GDWD�VXJJHVWV�WKDW�EDVHOLQH�WKUHVKROGV�IRU�ZKR�LV�PRUH�OLNHO\�WR�UHFHLYH�D�IDFXOW\�MRE�RIIHU�H[LVW�� 
EXW�WKDW�WKHUH�DUH�PDQ\�GLIIHUHQW�SDWKV�WR�REWDLQLQJ�D�MRE�RIIHU��7KH�YDULHW\�RI�SDWKV�OLNHO\�UHIOHFWV� 
ERWK� WKH� DSSOLFDQW
V� SUHSDUDWLRQ�� DV� ZHOO� DV� GLIIHUHQW� HYDOXDWLRQ� FULWHULD� XWLOL]HG� E\� LQGLYLGXDO� 
VHDUFK� FRPPLWWHHV�� ,QFUHDVLQJ� WKH� WUDQVSDUHQF\� RI� WKH� SURFHVV� WKURXJK� V\VWHPDWLF� GDWD� 
FROOHFWLRQ�ZRXOG�DOORZ�D�PRUH�GHWDLOHG�VWXG\�RI�WKHVH�PDQ\�SDWKV��,W�LV�RXU�KRSH�WKDW�WKLV�ZLOO�QRW� 
RQO\�DOORZ�DOO� VWDNHKROGHUV� WR�PDNH�LQIRUPHG�GHFLVLRQV��EXW�ZLOO�DOVR�DOORZ�FULWLFDO�H[DPLQDWLRQ�� 
GLVFXVVLRQ��DQG�UHDVVHVVPHQW�RI�WKH�LPSOLFLW�DQG�H[SOLFLW�YDOXHV�DQG�ELDVHV�EHLQJ�XVHG�WR�VHOHFW� 
WKH�QH[W� JHQHUDWLRQ�RI� DFDGHPLF� IDFXOW\��6XFK�GLVFXVVLRQV�DUH�FULWLFDO�LQ�EXLOGLQJ�DQ�DFDGHPLF� 
HQYLURQPHQW�WKDW�YDOXHV�DQG�VXSSRUWV�DOO�RI�LWV�PHPEHUV��
�
0DWHULDOV�	�0HWKRGV�
6XUYH\�0DWHULDOV��
:H� GHVLJQHG� D� VXUYH\� �³DSSOLFDQW� VXUYH\´�� WR� FROOHFW� GHPRJUDSKLFV� DQG� PHWULFV� WKDW� ZHUH� 
FRPPRQO\�GLVFXVVHG�RQ�)XWXUH�3,�6ODFN�GXULQJ�WKH�����������DFDGHPLF�MRE�VHDUFK�F\FOH��7KH� 
VXUYH\� ZDV� GHVLJQHG� WR� WDNH� OHVV� WKDQ� �� PLQXWHV� LQ� RUGHU� WR� PD[LPL]H� UHVSRQVH� UDWHV�� 
5HVSRQGHQWV�ZHUH�QRW� UHTXLUHG� WR�DQVZHU�DOO� TXHVWLRQV��$IWHU� FROOHFWLQJ�DQG�SHUIRUPLQJ�LQLWLDO� 
DQDO\VHV� RI� WKLV� VXUYH\�� ZH� GHVLJQHG� DQ� DGGLWLRQDO� VXUYH\� IRU� VHDUFK� FRPPLWWHHV� �³VHDUFK� 
FRPPLWWHH� VXUYH\´���7KH�WH[W�RI�ERWK�VXUYH\V�XVHG�LQ�WKLV�ZRUN�LV�LQFOXGHG�LQ�WKH�VXSSOHPHQWDO� 
PDWHULDO�DV�DSSHQGLFHV��$�*RRJOH�IRUP�ZDV�XVHG�WR�FRQGXFW�ERWK�VXUYH\V��

7KH�DSSOLFDQW�VXUYH\�ZDV�GLVWULEXWHG�RQ�YDULRXV�VRFLDO�PHGLD�SODWIRUPV�LQFOXGLQJ�WKH�)XWXUH�3,� 
6ODFN� JURXS�� 7ZLWWHU�� DQG� )DFHERRN�� 7KH� VXUYH\� ZDV� DOVR� GLVWULEXWHG� E\� VHYHUDO� SRVWGRF� 
DVVRFLDWLRQ�PDLOLQJ�OLVWV�LQFOXGLQJ�LQ�1RUWK�$PHULFD��(XURSH�DQG�$VLD��7KH�DSSOLFDQW�VXUYH\�ZDV� 
RSHQ� IRU� DSSUR[LPDWHO\� VL[� ZHHNV� WR� FROOHFW� UHVSRQVHV�� 7KH� VHDUFK� FRPPLWWHH� VXUYH\� ZDV� 
GLVWULEXWHG�WR�VSHFLILF�QHWZRUN�FRQWDFWV�RI�WKH�YDULRXV�DXWKRUV��7KRXJK�WKLV�GLVWULEXWLRQ�ZDV�PRUH� 
WDUJHWHG��D�*RRJOH�IRUP�OLQN�ZDV�VWLOO�XVHG�WR�PDLQWDLQ�DQRQ\PLW\��7KH�VHDUFK�FRPPLWWHH�VXUYH\� 
ZDV�RSHQ�IRU�DSSUR[LPDWHO\�WKUHH�ZHHNV�WR�FROOHFW�UHVSRQVHV��,Q�ERWK�FDVHV��UHVSRQGHQWV�WR�WKH� 
VXUYH\V�ZHUH�DVNHG�WR�VHOI�UHSRUW��DQG�WKH�LQIRUPDWLRQ�FROOHFWHG�ZDV�QRW�LQGHSHQGHQWO\�YHULILHG�� � 
�
'DWD�$QDO\VLV�
0LFURVRIW�([FHO� DQG�56WXGLR�ZHUH�XVHG�WR�JUDSK�WKH�UHVXOWV�RI�ERWK�VXUYH\V�VKRZQ�LQ�)LJXUHV� 
���� DQG� ���6SHFLILFDOO\�� GDWD�ZDV� ILOWHUHG�DQG� VXEGLYLGHG�XVLQJ� WKH� ³WLG\YHUVH´� FROOHFWLRQ�RI�5� 
SDFNDJHV�� DQG� ILJXUH�SORWV�ZHUH�JHQHUDWHG�XVLQJ� WKH� ³JJSORW�´� SDFNDJH��:KHQHYHU� VWDWLVWLFDO� 
DQDO\VHV� ZHUH� XVHG�� WKH� H[DFW� WHVWV�� S�YDOXHV� DQG�ᵯ��� YDOXHV�DUH� UHSRUWHG� LQ� WKH�DSSURSULDWH� 
ILJXUH� RU� ILJXUH� OHJHQG� RU� FDSWLRQ�� UHVXOWV� VHFWLRQ� DQG� 7DEOH� 6���� DQG� UHSUHVHQW� WKH� 
LPSOHPHQWDWLRQV� LQ� WKH� EDVLF� 5� ³VWDWV´� SDFNDJH��$�S�YDOXH�RI� OHVV� WKDQ������ZDV� FRQVLGHUHG� 
VLJQLILFDQW�� :KHUH� D� QXPEHU� RI� GHPRJUDSKLFV� DUH� FRPELQHG� LQ� WKH� UHSRUWLQJ� WKURXJKRXW� WKLV� 
VWXG\�� DQ\� DQDO\VLV� JURXS� ZLWK� OHVV� WKDQ� ILYH� UHVSRQGHQWV� ZHUH� FRPELQHG�ZLWK�RWKHU� VLPLODU�
YDOXHV� LQVWHDG�RI� WKH� UDZ� �Q� YDOXH� LQ� DQ�HIIRUW� WR�SURWHFW� WKH�DQRQ\PLW\� RI� SDUWLFLSDQWV��%ULHIO\� 
VWDWLVWLFDO�PHWKRGV�DUH�DV�IROORZV��LQ�JHQHUDO��WKH�WZR�WDLOHG�:LOFR[RQ�UDQN�VXP�WHVW��ZLWK�+ROP� 
FRUUHFWLRQ�ZKHQ�DSSOLFDEOH��RU�&KL�VTXDUHG�WHVW�ZDV�XVHG�WR�UHSRUW�S�YDOXHV��VHH�7DEOH�6���IRU� 
GHWDLOHG� EUHDNGRZQ��� 7KH� TXDOLWDWLYH� VXUYH\� FRPPHQWV� ZHUH� FDWHJRUL]HG� E\� WKHPH� 
�NH\ZRUGV�FRQWH[W�� GHVFULELQJ�HDFK� FRPPHQW�DQG� WKH� IUHTXHQF\�RI� FRPPHQWV�SHUWDLQLQJ� WR�D�
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SDUWLFXODU WKHPH DQG WDEXODWHG �7DEOHV 6��� 6������ 6������� :RUG FORXGV ZHUH JHQHUDWHG� � � � � � � � � � � �
XVLQJ WKH :RUG,W2XW SODWIRUP ����� �)LJXUHV � DQG ��� 7KH YLVXDO VXPPDU\ KHDWPDS RI WKH MRE� � � � � � � � � � � � � � � �
DSSOLFDQW SHUFHSWLRQ DQG WKH VXUYH\ UHVXOWV DORQJ ZLWK WKH VHDUFK FRPPLWWHH VXUYH\ UHVXOWV� � � � � � � � � � � � �
�)LJXUH �'� ZDV FUHDWHG E\ FRXQWLQJ WKH IUHTXHQF\ RI FRPPHQWV IRU HDFK PHWULF �L�H�� � � � � � � � � � � � � �
SXEOLFDWLRQV� IHOORZVKLSV� SUHSULQWV� IURP WKH TXDOLWDWLYH �ORQJ DQVZHU� TXHVWLRQV VXUYH\� � � � � � � � � �
UHVSRQGHQWV �7DEOHV 6��� 6������ 6������� 7KH MRE DSSOLFDQW VXUYH\ TXDQWLWDWLYH UHVXOWV ZHUH� � � � � � � � � � � �
DOVR XVHG WR UDQN PHWULFV EDVHG RQ VLJQLILFDQFH �DV GHWHUPLQHG E\ :LOFR[RQ DQDO\VLV RU ORJLVWLF� � � � � � � � � � � � � � �
UHJUHVVLRQ DQDO\VLV �7DEOH 6���� DQG ZHUH DOVR LQFRUSRUDWHG LQWR WKH KHDWPDS �)LJXUH �'�� $� � � � � � � � � � � � � �
QXPEHU RI PHWULFV ZHUH QRW PHDVXUHG�VXUYH\HG DV SDUW RI RXU VWXG\� 7KHVH PLVVLQJ YDOXHV DUH� � � � � � � � � � � � � � �
VKRZQ�LQ�JUD\���

/RJLVWLF UHJUHVVLRQ DQDO\VLV ZDV SHUIRUPHG LQ 5 XVLQJ WKH ³JOP´ IXQFWLRQ ZLWK WKH ³IDPLO\´� � � � � � � � � � � � � �
SDUDPHWHU VHW WR ³ELQRPLDO´� $OO YDULDEOHV FROOHFWHG LQ WKH VXUYH\ ZHUH LQFOXGHG DV LQGHSHQGHQW� � � � � � � � � � � � � �
YDULDEOHV� H[FHSW WKRVH WKDW ZHUH FRQVLGHUHG WR EH RXWFRPHV �QXPEHUV RI UHPRWH LQWHUYLHZV�� � � � � � � � � � � � �
RQVLWH LQWHUYLHZV DQG RIIHUV�� 7KH RXWFRPH YDULDEOH ZDV D ELQDU\ ³2IIHU´ RU ³1R RIIHU´ YDULDEOH�� � � � � � � � � � � � � � �
$OO FRQWLQXRXV YDULDEOHV ZHUH ]�VFRUH QRUPDOL]HG WR HQVXUH WKDW WKH\ ZHUH FHQWHUHG DQG VFDOHG� � � � � � � � � � � � � �
FRQVLVWHQWO\� :KHQ DOO LQGHSHQGHQW YDULDEOHV ZHUH FRQVLGHUHG WRJHWKHU� PLVVLQJ YDOXHV� � � � � � � � � �
DFFRXQWHG IRU QHDUO\ WZR�WKLUGV RI WKH GDWD� DQG ZHUH WKHUHIRUH� LPSXWHG E\ ILWWLQJ D EDJJHG WUHH� � � � � � � � � � � � � � � �
PRGHO IRU HDFK YDULDEOH �DV D IXQFWLRQ RI DOO WKH RWKHUV� ������� %RWK YDULDWLRQV RI WKH DQDO\VLV� � � � � � � � � � � � � � � � �
�PLVVLQJ�GDWD�H[FOXGHG�DQG�PLVVLQJ�GDWD�LPSXWHG��ZHUH�UHSRUWHG��

,Q RUGHU WR YLVXDOL]H WKH SRWHQWLDO SDWKV WR DQ RIIHU� D GHFLVLRQ WUHH ZDV OHDUQHG� � � � � � � � � � � � � � �
DXWRPDWLFDOO\ IURP WKH GDWD XVLQJ �WKH &��� DOJRULWKP ������� $OO SRVVLEOH FRPELQDWLRQV RI WKH� � � � � � � � � � � � � �
IROORZLQJ SDUDPHWHU VHWWLQJV ZHUH HYDOXDWHG� ��� HLWKHU WKH WUHH�EDVHG YDULDQW RU WKH UXOH�EDVHG� � � � � � � � � � � � �
YDULDQW RI WKH DOJRULWKP ZDV UXQ� ��� ZLQQRZLQJ RI LUUHOHYDQW YDULDEOHV ZDV VHW WR ³758(´ RU� � � � � � � � � � � � � � � �
³)$/6(´� DQG ��� WKH QXPEHU RI ERRVWLQJ ³WULDOV´ ZDV VHW WR �� �� ��� �� RU ��� 7KH SDUDPHWHU� � � � � � � � � � � � � � � � � � �
FRPELQDWLRQ ZLWK WKH EHVW DFFXUDF\ LQ SUHGLFWLQJ RIIHU VWDWXV LQ D ���IROG FURVV�YDOLGDWLRQ� � � � � � � � � � � � �
H[SHULPHQW �DV LPSOHPHQWHG LQ WKH ³FDUHW´ SDFNDJH LQ 5� ZDV FKRVHQ ������� 6LQFH GHFLVLRQ WUHHV� � � � � � � � � � � � � � �
QDWXUDOO\ KDQGOH PLVVLQJ YDOXHV DQG GLIIHUHQFHV LQ VFDOHV� QR DGGLWLRQDO LPSXWDWLRQ RU GDWD� � � � � � � � � � � � �
QRUPDOL]DWLRQ ZDV SHUIRUPHG EHIRUH WUDLQLQJ DQG WHVWLQJ� 7KH PRVW DFFXUDWH WUHH ZDV IRXQG WR� � � � � � � � � � � � � �
EH WKH RQH WKDW XVHG WKH UXOH�EDVHG YDULDQW� KDG QR ZLQQRZLQJ DQG QR ERRVWLQJ �WULDOV  �� DQG� � � � � � � � � � � � � � � � � �
ZDV SORWWHG XVLQJ WKH ³SORW´ IXQFWLRQ LQ WKH ³SDUW\NLW´ 5 SDFNDJH ����� DQG WKHQ PDQXDOO\ HGLWHG LQ� � � � � � � � � � � � � � � � �
,OOXVWUDWRU��
�
'DWD�DYDLODELOLW\�
7KH DXWKRUV FRQILUP WKDW� IRU DSSURYHG UHDVRQV� DFFHVV UHVWULFWLRQV DSSO\ WR WKH GDWD� � � � � � � � � � � � �
XQGHUO\LQJ WKH ILQGLQJV� 5DZ GDWD XQGHUO\LQJ WKLV VWXG\ FDQQRW EH PDGH SXEOLFO\ DYDLODEOH LQ� � � � � � � � � � � � � �
RUGHU WR VDIHJXDUG SDUWLFLSDQW DQRQ\PLW\ DQG WKDW RI WKHLU RUJDQL]DWLRQV� (WKLFDO DSSURYDO IRU� � � � � � � � � � � � �
WKH SURMHFW ZDV JUDQWHG RQ WKH EDVLV WKDW RQO\ DJJUHJDWHG GDWD LV SURYLGHG �DV KDV EHHQ� � � � � � � � � � � � � � � �
SURYLGHG LQ WKH VXSSOHPHQWDU\ WDEOHV� �ZLWK DSSURSULDWH DQRQ\PL]DWLRQ� DV SDUW RI WKLV� � � � � � � � � � � �
SXEOLFDWLRQ���
�
6WDWHPHQW�RI�(WKLFV��
7KLV VXUYH\ ZDV FUHDWHG E\ UHVHDUFKHUV OLVWHG DV DXWKRUV RQ WKLV SXEOLFDWLRQ� DIILOLDWHG ZLWK� � � � � � � � � � � � � �
XQLYHUVLWLHV LQ WKH 8QLWHG 6WDWHV LQ DQ HIIRUW WR SURPRWH LQFUHDVHG WUDQVSDUHQF\ RQ FKDOOHQJHV� � � � � � � � � � � � � �
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HDUO\ FDUHHU UHVHDUFKHUV IDFH GXULQJ WKH DFDGHPLF MRE VHDUFK SURFHVV� 7KH DXWKRUV UHVSHFW� � � � � � � � � � � � �
WKH FRQILGHQWLDOLW\ DQG DQRQ\PLW\ RI DOO UHVSRQGHQWV� 1R LGHQWLILDEOH SULYDWH LQIRUPDWLRQ KDV� � � � � � � � � � � �
EHHQ FROOHFWHG E\ WKH VXUYH\V SUHVHQWHG LQ WKLV SXEOLFDWLRQ� 3DUWLFLSDWLRQ LQ ERWK VXUYH\V KDV� � � � � � � � � � � � � �
EHHQ YROXQWDU\ DQG WKH UHVSRQGHQWV FRXOG FKRRVH WR VWRS UHVSRQGLQJ WR WKH VXUYH\V DW DQ\� � � � � � � � � � � � � � �
WLPH� %RWK ³-RE $SSOLFDQW´ DQG ³6HDUFK &RPPLWWHH´ VXUYH\ KDV EHHQ YHULILHG E\ WKH� � � � � � � � � � � � �
8QLYHUVLW\ RI 1RUWK 'DNRWD ,QVWLWXWLRQDO 5HYLHZ %RDUG �,5%� DV ([HPSW DFFRUGLQJ WR� � � � � � � � � � � �
��&)5�������E����� $QRQ\PRXV 6XUYH\V 1R 5LVN RQ ����������� ,5% SURMHFW QXPEHU�� � � � � � � � � �
,5%������������ 3OHDVH FRQWDFW 'U� $PDQGD +DDJH ��DPDQGD�KDDJH#XQG�HGX �� IRU IXUWKHU� � � � � � � � �
LQTXLULHV��
�
&RQIOLFWV�RI�,QWHUHVW�
7KH DXWKRUV GHFODUH QR FRPSHWLQJ ILQDQFLDO LQWHUHVWV� 7KH DXWKRUV DUH DOO PHPEHUV RI WKH )XWXUH� � � � � � � � � � � � � � �
3, 6ODFN ZRUOGZLGH FRPPXQLW\ RI SRVWGRFWRUDO UHVHDUFKHUV� 66� -')� DQG 10- DUH PHPEHUV RI� � � � � � � � � � � � � �
WKH H/LIH &RPPXQLW\ $PEDVVDGRUV SURJUDP WR SURPRWH UHVSRQVLEOH EHKDYLRUV LQ VFLHQFH� 66 LV� � � � � � � � � � � � �
D�PHPEHU�RI�WKH�H/LIH�(DUO\�&DUHHU�$GYLVRU\�*URXS��
�
$FNQRZOHGJHPHQWV�
7KH DXWKRUV WKDQN 'UV� &DURO *UHLGHU� )HLOLP 0DF *DEKDQQ� &RUL %DUJPDQQ� 0DUN .XQLWRPL�� � � � � � � � � � � � �
1HHGKL %KDOOD� /XFLD 3HL[RWR� 6DUDK 6WRQH DQG 'DULR 7DUDERUHOOL IRU WKHLU YDOXDEOH FRPPHQWV RQ� � � � � � � � � � � � � �
DQ HDUOLHU YHUVLRQ RI WKLV PDQXVFULSW� 7KLV ZRUN ZDV VXSSRUWHG E\ D VWDUW XS IXQG IURP 8QLYHUVLW\� � � � � � � � � � � � � � � � �
RI 1RUWK 'DNRWD WR $+� )��*0������ �1,*06� WR -')� 7��+/������ �1+/%,� �WR $-.� VWDUW XS� � � � � � � � � � � � � � �
IXQG IURP 0LGZHVWHUQ 8QLYHUVLW\ WR 10-� VXSSRUW IURP WKH :DVKLQJWRQ 5HVHDUFK )RXQGDWLRQ� � � � � � � � � � � �
)XQG IRU ,QQRYDWLRQ LQ 'DWD�,QWHQVLYH 'LVFRYHU\ DQG WKH 0RRUH�6ORDQ 'DWD 6FLHQFH� � � � � � � � � � �
(QYLURQPHQWV 3URMHFW DW WKH 8QLYHUVLW\ RI :DVKLQJWRQ WR 93� 7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH� � � � � � � � � � � � � � � �
HQWLUH�)XWXUH�3,�6ODFN�FRPPXQLW\�DQG�WKRVH�ZKR�VXSSRUW�WKHP�LQ�WKHLU�VXSSRUW�RI�WKLV�ZRUN��
�
5HIHUHQFHV�
��� &\UDQRVNL�'��*LOEHUW�1��/HGIRUG�+��1D\DU�$��<DKLD�0��(GXFDWLRQ��7KH�3K'�IDFWRU\��1DWXUH��

�����$SU�����������������±���KWWS���ZZZ�MPOU�RUJ�SDSHUV�Y���KRWKRUQ��D�KWPO�
��� .DKQ�6��*LQWKHU�'.��7KH�LPSDFW�RI�SRVWGRFWRUDO�WUDLQLQJ�RQ�HDUO\�FDUHHUV�LQ�ELRPHGLFLQH��

1DW�%LRWHFKQRO������������������±���
��� 6FKLOOHEHHFN[�0��0DULFTXH�%��/HZLV�&��7KH�PLVVLQJ�SLHFH�WR�FKDQJLQJ�WKH�XQLYHUVLW\�

FXOWXUH��1DW�%LRWHFKQRO�������2FW�����������±����
��� $OEHUWV�%��.LUVFKQHU�0:��7LOJKPDQ�6��9DUPXV�+��5HVFXLQJ�86�ELRPHGLFDO�UHVHDUFK�IURP�

LWV�V\VWHPLF�IODZV��3URF�1DWO�$FDG�6FL�8�6�$�������$SU����������������±���
��� /DUVRQ�5&��*KDIIDU]DGHJDQ�1��;XH�<��7RR�0DQ\�3K'�*UDGXDWHV�RU�7RR�)HZ�$FDGHPLF�

-RE�2SHQLQJV��7KH�%DVLF�5HSURGXFWLYH�1XPEHU�5��LQ�$FDGHPLD��6\VW�5HV�%HKDY�6FL��
�����'HF����������±����

��� &RPPLWWHH�WR�5HYLHZ�WKH�6WDWH�RI�3RVWGRFWRUDO�([SHULHQFH�LQ�6FLHQWLVWV�DQG�(QJLQHHUV��
&RPPLWWHH�RQ�6FLHQFH��(QJLQHHULQJ��DQG�3XEOLF�3ROLF\��3ROLF\�DQG�*OREDO�$IIDLUV��1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��1DWLRQDO�$FDGHP\�RI�(QJLQHHULQJ��,QVWLWXWH�RI�0HGLFLQH��7KH�
3RVWGRFWRUDO�([SHULHQFH�5HYLVLWHG�>,QWHUQHW@��:DVKLQJWRQ��'&���1DWLRQDO�$FDGHPLHV�3UHVV�
�86��������>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWS���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�1%.��������

��� 0F'RZHOO�*6��*XQVDOXV�.7:��0DF.HOODU�'&��0D]]LOOL�6$��3DL�93��*RRGZLQ�35��HW�DO��
���
�
�
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6KDSLQJ�WKH�)XWXUH�RI�5HVHDUFK��D�SHUVSHFWLYH�IURP�MXQLRU�VFLHQWLVWV��)����5HVHDUFK�
>,QWHUQHW@�������-DQ���>FLWHG������-XO���@��������$YDLODEOH�IURP��
KWWSV���I����UHVHDUFK�FRP�DUWLFOHV�������Y��

��� *ULQVWHLQ�$��7UHLVWHU�5��7KH�XQKDSS\�SRVWGRF��D�VXUYH\�EDVHG�VWXG\��)����5HVHDUFK�
>,QWHUQHW@�������0D\���>FLWHG������$XJ���@���������$YDLODEOH�IURP��
KWWSV���I����UHVHDUFK�FRP�DUWLFOHV��������Y��

��� +HQU\�6DXHUPDQQ�05��:K\�SXUVXH�WKH�SRVWGRF�SDWK"�6FLHQFH�>,QWHUQHW@�������0D\�
���������������±���$YDLODEOH�IURP��KWWSV���VFLHQFH�VFLHQFHPDJ�RUJ�FRQWHQW��������������

���� :KLWH�0��:K\�6FLHQFH�1HHGV�0RUH�'LYHUVLW\�>,QWHUQHW@��3DFLILF�6WDQGDUG��>FLWHG������$XJ�
�@��$YDLODEOH�IURP��KWWSV���SVPDJ�FRP�HGXFDWLRQ�ZK\�VFLHQFH�QHHGV�PRUH�GLYHUVLW\�

���� 1HHGKL�%KDOOD��6WUDWHJLHV�WR�LPSURYH�HTXLW\�LQ�IDFXOW\�KLULQJ��0RO�%LRO�&HOO�>,QWHUQHW@�������
2FW���������������±���$YDLODEOH�IURP��
KWWSV���ZZZ�PROELROFHOO�RUJ�GRL���������PEF�(�����������

���� %ULVFKRX[�)��$QJHOLHU�)��$FDGHPLD¶V�QHYHU�HQGLQJ�VHOHFWLRQ�IRU�SURGXFWLYLW\��
6FLHQWRPHWULFV�>,QWHUQHW@�������$SU�>FLWHG������-XO���@�����������±���$YDLODEOH�IURP��
KWWS���OLQN�VSULQJHU�FRP���������V�����������������

���� 2SLQLRQ��7KH�3RVWGRF�&ULVLV�>,QWHUQHW@��7KH�6FLHQWLVW�0DJD]LQH���>FLWHG������$XJ��@��
$YDLODEOH�IURP��KWWSV���ZZZ�WKH�VFLHQWLVW�FRP�RSLQLRQ�RSLQLRQ�WKH�SRVWGRF�FULVLV�������

���� 3RZHOO-DQ�����'��������3P�������7KH�SULFH�RI�GRLQJ�D�SRVWGRF�>,QWHUQHW@��6FLHQFH�_�$$$6��
�����>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���ZZZ�VFLHQFHPDJ�RUJ�FDUHHUV���������SULFH�GRLQJ�SRVWGRF�

���� 5RFNH\�6��3RVWGRFWRUDO�5HVHDUFKHUV²)DFWV��7UHQGV��DQG�*DSV�>,QWHUQHW@��1,+�([WUDPXUDO�
1H[XV�������>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���QH[XV�RG�QLK�JRY�DOO������������SRVWGRFWRUDO�UHVHDUFKHUV�IDFWV�WUHQGV�DQG�JDSV��

���� 6RSKLH�(�$FWRQ�$-%��&KULVWRSKHU�3�7RVHODQG�$7��5HVHDUFK�&XOWXUH��$�VXUYH\�RI�QHZ�3,V�
LQ�WKH�8.��H/LIH�>,QWHUQHW@�������6HS������H�������$YDLODEOH�IURP��
KWWSV���HOLIHVFLHQFHV�RUJ�DUWLFOHV�������

���� /HH�&'��6HDUFK�FRPPLWWHHV��D�FRPSUHKHQVLYH�JXLGH�WR�VXFFHVVIXO�IDFXOW\��VWDII��DQG�
DGPLQLVWUDWLYH�VHDUFKHV��6HFRQG�(GLWLRQ��6WHUOLQJ��9LUJLQLD��6W\OXV��SXEOLVKHG�LQ�DVVRFLDWLRQ�
ZLWK�&83$�+5��&ROOHJH�DQG�8QLYHUVLW\�3URIHVVLRQDO�$VVRFLDWLRQ�IRU�+XPDQ�5HVRXUFHV��
����������S��

���� *ROGH�&0����(DV\�)L[HV�IRU�D�%URNHQ�)DFXOW\�-RE�0DUNHW��7KH�&KURQLFOH�RI�+LJKHU�
(GXFDWLRQ�>,QWHUQHW@�������$XJ���>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���ZZZ�FKURQLFOH�FRP�DUWLFOH���(DV\�)L[HV�IRU�D�%URNHQ��������

���� 3ROND�-.��.UXNHQEHUJ�.$��0F'RZHOO�*6��$�FDOO�IRU�WUDQVSDUHQF\�LQ�WUDFNLQJ�VWXGHQW�DQG�
SRVWGRF�FDUHHU�RXWFRPHV��0RO�%LRO�&HOO�������$SU��������������±���

���� :ULJKW�&%��9DQGHUIRUG�1/��:KDW�IDFXOW\�KLULQJ�FRPPLWWHHV�ZDQW��1DW�%LRWHFKQRO�������
������������±���

���� -HUHP\�)R[��+RZ�PXFK�GR�\RX±DQG�VKRXOG�\RX±WDLORU�\RXU�HFRORJ\�IDFXOW\�MRE�DSSOLFDWLRQ�
WR�WKH�KLULQJ�LQVWLWXWLRQ"�3ROO�UHVXOWV�DQG�FRPPHQWDU\�>,QWHUQHW@��'\QDPLF�(FRORJ\��������
$YDLODEOH�IURP��
KWWSV���G\QDPLFHFRORJ\�ZRUGSUHVV�FRP������������KRZ�PXFK�GR�\RX�DQG�VKRXOG�\RX�WDLOR
U�\RXU�HFRORJ\�IDFXOW\�MRE�DSSOLFDWLRQ�WR�WKH�KLULQJ�LQVWLWXWLRQ�SROO�UHVXOWV�DQG�FRPPHQWDU\��

���� -DQHW�0DF'RQDOG��1HJRWLDWLQJ�'HWDLOV�LQ�WKH�$FDGHPLF�/HWWHU�RI�2IIHU��&KHP�0DWHU�
>,QWHUQHW@�������1RY���������������±���$YDLODEOH�IURP��
KWWSV���SXEV�DFV�RUJ�GRL���������DFV�FKHPPDWHU��E������

���� .DWLH�/DQJLQ��,Q�D�ILUVW��8�6��SULYDWH�VHFWRU�HPSOR\V�QHDUO\�DV�PDQ\�3K�'�V�DV�VFKRROV�GR��
���
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6FLHQFH�>,QWHUQHW@�������0DU�����$YDLODEOH�IURP��
KWWSV���ZZZ�VFLHQFHPDJ�RUJ�FDUHHUV���������ILUVW�XV�SULYDWH�VHFWRU�HPSOR\V�QHDUO\�PDQ\�
SKGV�VFKRROV�GR�

���� $QGDOLE�0$��*KDIIDU]DGHJDQ�1��/DUVRQ�5&��7KH�3RVWGRF�4XHXH��$�/DERXU�)RUFH�LQ�
:DLWLQJ��7KH�3RVWGRF�4XHXH��$�/DERXU�)RUFH�LQ�:DLWLQJ��6\VW�5HV�%HKDY�6FL�>,QWHUQHW@��
�����1RY�>FLWHG������-XO���@����������±����$YDLODEOH�IURP��
KWWS���GRL�ZLOH\�FRP���������VUHV������

���� $LOHHQ�'D\�3&��-RKQ�%R\OH��,V�7KHUH�D�*HQGHU�*DS�LQ�&KHPLFDO�6FLHQFHV�6FKRODUO\�
&RPPXQLFDWLRQ"�&KHP5[LY�>,QWHUQHW@�������1RY����$YDLODEOH�IURP��
KWWSV���FKHPU[LY�RUJ�DUWLFOHV�,VB7KHUHBDB*HQGHUB*DSBLQB&KHPLFDOB6FLHQFHVB6FKRODUO\B
&RPPXQLFDWLRQB����������

���� &HQWUD�-$��*DXEDW]�1%��,V�7KHUH�*HQGHU�%LDV�LQ�6WXGHQW�(YDOXDWLRQV�RI�7HDFKLQJ"�-�+LJK�
(GXF�>,QWHUQHW@�������-DQ�>FLWHG������-XO���@�����������$YDLODEOH�IURP��
KWWS���ZZZ�MVWRU�RUJ�VWDEOH��������"RULJLQ FURVVUHI�

���� (OLVVD�=��&DPHURQ�$0:��0HHJKDQ�(��*UD\��6ROYLQJ�WKH�3URGXFWLYLW\�DQG�,PSDFW�3X]]OH��
'R�0HQ�2XWSHUIRUP�:RPHQ��RU�DUH�0HWULFV�%LDVHG"�%LR6FLHQFH�>,QWHUQHW@�������-DQ�
������������±�����$YDLODEOH�IURP��
KWWSV���DFDGHPLF�RXS�FRP�ELRVFLHQFH�DUWLFOH������������������

���� :LWWHPDQ�+2��+HQGULFNV�0��6WUDXV�6��7DQQHQEDXP�&��$UH�JHQGHU�JDSV�GXH�WR�
HYDOXDWLRQV�RI�WKH�DSSOLFDQW�RU�WKH�VFLHQFH"�$�QDWXUDO�H[SHULPHQW�DW�D�QDWLRQDO�IXQGLQJ�
DJHQF\��7KH�/DQFHW�>,QWHUQHW@�������)HE�>FLWHG������1RY���@���������������±����
$YDLODEOH�IURP��KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������

���� 6FKLHUPHLHU�4��+XJH�VWXG\�GRFXPHQWV�JHQGHU�JDS�LQ�FKHPLVWU\�SXEOLVKLQJ��1DWXUH�
>,QWHUQHW@�������1RY����>FLWHG������1RY���@�G����������������\��$YDLODEOH�IURP��
KWWS���ZZZ�QDWXUH�FRP�DUWLFOHV�G����������������\�

���� -RQ�%URFN��7KH�DOOXUH�RI�WKH�MRXUQDO�LPSDFW�IDFWRU�KROGV�ILUP��GHVSLWH�LWV�IODZV��1DWXUH�,QGH[�
>,QWHUQHW@�������$XJ�����$YDLODEOH�IURP��
KWWSV���ZZZ�QDWXUHLQGH[�FRP�QHZV�EORJ�DOOXUH�MRXUQDO�LPSDFW�IDFWRU�KROGV�ILUP�GHVSLWH�IODZ
V�

���� .DWLH�:KLWHKHDG�RQ�7ZLWWHU��³)DFXOW\��ZKHQ�\RX�DFFHSWHG�\RXU�ILUVW�SRVLWLRQ��KRZ�PDQ\�
RIIHUV�GLG�\RX�KDYH"´���7ZLWWHU�>,QWHUQHW@��7ZLWWHU��>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���WZLWWHU�FRP�NZKLWHKHDGODE�VWDWXV���������������������

���� -D\�-��9DQ�%DYHO�1$/-U��:LOOLDP�$��&XQQLQJKDP��,Q�WKH�WRXJK�DFDGHPLF�MRE�PDUNHW��WZR�
SULQFLSOHV�FDQ�KHOS�\RX�PD[LPL]H�\RXU�FKDQFHV��6FLHQFH�>,QWHUQHW@�������-XO�����$YDLODEOH�
IURP��
KWWSV���ZZZ�VFLHQFHPDJ�RUJ�FDUHHUV���������WRXJK�DFDGHPLF�MRE�PDUNHW�WZR�SULQFLSOHV�F
DQ�KHOS�\RX�PD[LPL]H�\RXU�FKDQFHV�

���� 5LFKDUG�6HYHU�75��6DPDQWKD�+LQGOH�/6��.HYLQ�-RKQ�%ODFN�-$��:D\QH�0DQRV�-5,��ELR5[LY��
WKH�SUHSULQW�VHUYHU�IRU�ELRORJ\��ELR5[LY�>,QWHUQHW@�������1RY����$YDLODEOH�IURP��
KWWSV���ZZZ�ELRU[LY�RUJ�FRQWHQW���������������Y��

���� 6DUDELSRXU�6��'HEDW�+-��(PPRWW�(��%XUJHVV�6-��6FKZHVVLQJHU�%��+HQVHO�=��2Q�WKH�YDOXH�
RI�SUHSULQWV��$Q�HDUO\�FDUHHU�UHVHDUFKHU�SHUVSHFWLYH��3/R6�%LRO�������)HE�������H���������

���� 1LFKRODV�)UDVHU�)0��3KLOLSS�0D\U�,3��7KH�HIIHFW�RI�ELR5[LY�SUHSULQWV�RQ�FLWDWLRQV�DQG�
DOWPHWULFV��ELR5[LY�>,QWHUQHW@�������-XQ�����$YDLODEOH�IURP��
KWWSV���ZZZ�ELRU[LY�RUJ�FRQWHQW���������������Y��

���� $EGLOO�5-��%OHNKPDQ�5��7UDFNLQJ�WKH�SRSXODULW\�DQG�RXWFRPHV�RI�DOO�ELR5[LY�SUHSULQWV��H/LIH�
>,QWHUQHW@�������$SU����>FLWHG������$XJ��@���H�������$YDLODEOH�IURP��
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KWWSV���HOLIHVFLHQFHV�RUJ�DUWLFOHV�������
���� *HPPD�&RQUR\��3UHSULQWV�ERRVW�DUWLFOH�FLWDWLRQV�DQG�PHQWLRQV�7KH�EHQHILWV�RI�VKRZLQJ�

\RXU�KDQG�HDUO\��1DWXUH�,QGH[�>,QWHUQHW@�������-XO����$YDLODEOH�IURP��
KWWSV���ZZZ�QDWXUHLQGH[�FRP�QHZV�EORJ�SUHSULQWV�ERRVW�DUWLFOH�FLWDWLRQV�DQG�PHQWLRQV�

���� 'DUZLQ�<��)X�--+��5HOHDVLQJ�D�SUHSULQW�LV�DVVRFLDWHG�ZLWK�PRUH�DWWHQWLRQ�DQG�FLWDWLRQV�IRU�
WKH�SHHU�UHYLHZHG�DUWLFOH��ELR5[LY�>,QWHUQHW@�������2FW�����$YDLODEOH�IURP��
KWWSV���ZZZ�ELRU[LY�RUJ�FRQWHQW���������������Y��DEVWUDFW�

���� YDQ�'LMN�'��0DQRU�2��&DUH\�/%��3XEOLFDWLRQ�PHWULFV�DQG�VXFFHVV�RQ�WKH�DFDGHPLF�MRE�
PDUNHW��&XUU�%LRO�&%�������-XQ����������5���������

���� 1DWWDYXGK�3RZGWKDYHHD�<(5��-DFN�/�.QHWVFK��/RZHU�UDWHG�SXEOLFDWLRQV�GR�ORZHU�
DFDGHPLFV¶�MXGJPHQWV�RI�SXEOLFDWLRQ�OLVWV��(YLGHQFH�IURP�D�VXUYH\�H[SHULPHQW�RI�
HFRQRPLVWV��-�(FRQ�3V\FKRO�>,QWHUQHW@�������-XQ������±����$YDLODEOH�IURP��
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6���������������;�

���� -DVRQ�6KHOW]HU�RQ�7ZLWWHU��³+HUH¶V�D�VQDSVKRW�RI�WKH�SXE�UHFRUGV�RI����QHZO\�KLUHG�
DVVLVWDQW�SURIHVVRUV�ZKR�VWDUWHG�ODEV�LQ������RU������DW����GLIIHUHQW�LQVWLWXWLRQV������KDYH�
D�ILUVW�DXWKRU�&16�SDSHU������KDYH�SXEOLVKHG�RQ�#ELRU[LYSUHSULQW��
KWWSV���W�FR�:[�H���H�G´���7ZLWWHU�>,QWHUQHW@��7ZLWWHU��>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���WZLWWHU�FRP�MVKHOW]HU�VWDWXV���������������������

���� )R[�-��:KDW�SURSRUWLRQ�RI�UHFHQWO\�KLUHG�WHQXUH�WUDFN�1��$PHULFDQ�DVVW��SURIHVVRUV�RI�
HFRORJ\�KDYH�1DWXUH�6FLHQFH�31$6�SDSHUV"��83'$7('�ZLWK�D�VHFRQG�\HDU¶V�ZRUWK�RI�
GDWD��>,QWHUQHW@��'\QDPLF�(FRORJ\�������>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���G\QDPLFHFRORJ\�ZRUGSUHVV�FRP������������ZKDW�SURSRUWLRQ�RI�UHFHQWO\�KLUHG�WHQXU
H�WUDFN�Q�DPHULFDQ�DVVW�SURIHVVRUV�RI�HFRORJ\�KDYH�QDWXUH�VFLHQFH�SQDV�SDSHUV��

���� (ULQ�&�0F.LHUQDQ�/$6��&DURO�0XxR]�1LHYHV�/0��0HUHGLWK�7�1LOH�-3$��0HWD�5HVHDUFK��
8VH�RI�WKH�-RXUQDO�,PSDFW�)DFWRU�LQ�DFDGHPLF�UHYLHZ��SURPRWLRQ��DQG�WHQXUH�HYDOXDWLRQV��
H/LIH�>,QWHUQHW@�������-XO������H�������$YDLODEOH�IURP��
KWWSV���HOLIHVFLHQFHV�RUJ�DUWLFOHV�������

���� +RZ�6FDUFH�)XQGLQJ�6KDSHV�<RXQJ�6FLHQWLVWV�_�3/26�(&5�&RPPXQLW\�>,QWHUQHW@��7KH�
6WXGHQW�%ORJ�������>FLWHG������$XJ��@��$YDLODEOH�IURP��
KWWSV���EORJV�SORV�RUJ�WKHVWXGHQWEORJ������������KRZ�VFDUFH�IXQGLQJ�VKDSHV�\RXQJ�VFLHQWL
VWV��

���� 3LFNHWW�&/��7KH�LQFUHDVLQJ�LPSRUWDQFH�RI�IHOORZVKLSV�DQG�FDUHHU�GHYHORSPHQW�DZDUGV�LQ�
WKH�FDUHHUV�RI�HDUO\�VWDJH�ELRPHGLFDO�DFDGHPLF�UHVHDUFKHUV��5HGG\�69��HGLWRU��3/26�
21(�>,QWHUQHW@�������2FW����>FLWHG������1RY���@��������H���������$YDLODEOH�IURP��
KWWS���G[�SORV�RUJ���������MRXUQDO�SRQH���������

���� 5DPLUH]�--��&DUHHU�$GYLFH��)LQGLQJ�D�-RE�DW�D�3UHGRPLQDQWO\�8QGHUJUDGXDWH�,QVWLWXWLRQ��-�
8QGHUJUDG�1HXURVFL�(GXF�-81(�3XEO�)81�)DF�8QGHUJUDG�1HXURVFL�������������(�������

���� 6HDQ�5�(GG\��³$QWHGLVFLSOLQDU\´�6FLHQFH��3/26�&RPSXW�%LRO�>,QWHUQHW@�������-XQ�
��������H���$YDLODEOH�IURP��
KWWSV���MRXUQDOV�SORV�RUJ�SORVFRPSELRO�DUWLFOH"LG ��������MRXUQDO�SFEL���������

���� $PDQGD�+DDJH�RQ�7ZLWWHU��³2N��VFLHQFHWZLWWHU��FXUUHQW�3,V��DQG��SRVWGRFV��KHOS�XV�
#)XWXUH3,B6ODFN�ZLWK�XQGHUVWDQGLQJ�WKH��DFDGHPLF�MRE�PDUNHW�D�OLWWOH�PRUH����+RZ�ORQJ�
RQ�DYHUDJH�GLG�\RX��WKH�DSSOLFDQW��VSHQG�SUHSSLQJ�HDFK�IDFXOW\�MRE�DSSOLFDWLRQ"�&RPPHQWV�
RQ�WKH�SURFHVV�ZHOFRPH�EHORZ ´���7ZLWWHU�>,QWHUQHW@��7ZLWWHU��>FLWHG������$XJ��@��$YDLODEOH�
IURP��KWWSV���WZLWWHU�FRP�PDQG\BULGG�VWDWXV���������������������

���� $PDQGD�+DDJH�RQ�7ZLWWHU��³)ROORZ�XS�SROO�WR�WKH�RQH�IURP�ODVW�ZHHN��VFLHQFHWZLWWHU�
�SRVWGRF�#)XWXUH3,B6ODFN��DFDGHPLD��MREVHDUFK�������'R�\RX�IHHO�OLNH�WLPH�VSHQW�
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SUHSSLQJ�\RXU�IDFXOW\�MRE�DSSOLFDWLRQV�LPSDLUHG�\RXU�DELOLW\�WR�SXVK�RWKHU�DVSHFWV�RI�\RXU�
FDUHHU�IRUZDUG"��SXEV��JUDQW�DSSV��UHVHDUFK�JRDOV�´���7ZLWWHU�>,QWHUQHW@��7ZLWWHU��>FLWHG������
$XJ��@��$YDLODEOH�IURP��KWWSV���WZLWWHU�FRP�PDQG\BULGG�VWDWXV���������������������

���� .D\�7\H��)DFXOW\�6HDUFK�FRPPLWWHHV��2QFH�\RX�JHW�WR�WKH�LQWHUYLHZ�VWDJH��ZKDW�LV�WKH�
VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LQ�FDQGLGDWH�VHOHFWLRQ"�>,QWHUQHW@��������$YDLODEOH�IURP��
KWWSV���WZLWWHU�FRP�ND\PW\H�VWDWXV���������������������

���� *HQGHU�LPEDODQFH�LQ�67(0�UHPDLQV�GHVSLWH�GLYHUVLW\�LQLWLDWLYH�>,QWHUQHW@��������$YDLODEOH�
IURP��
KWWSV���\DOHGDLO\QHZV�FRP�EORJ������������JHQGHU�LPEDODQFH�LQ�VWHP�UHPDLQV�GHVSLWH�GLY
HUVLW\�LQLWLDWLYH��

���� *XPSHUW]�0��'XURGR\H�5��*ULIILWK�(��:LOVRQ�$��5HWHQWLRQ�DQG�SURPRWLRQ�RI�ZRPHQ�DQG�
XQGHUUHSUHVHQWHG�PLQRULW\�IDFXOW\�LQ�VFLHQFH�DQG�HQJLQHHULQJ�DW�IRXU�ODUJH�ODQG�JUDQW�
LQVWLWXWLRQV��3OR6�2QH��������������H���������

���� 6WHSKHQ�-��&HFL�:0:��:RPHQ�KDYH�VXEVWDQWLDO�DGYDQWDJH�LQ�67(0�IDFXOW\�KLULQJ��H[FHSW�
ZKHQ�FRPSHWLQJ�DJDLQVW�PRUH�DFFRPSOLVKHG�PHQ��)URQW�3V\FKRO�>,QWHUQHW@�������2FW�
�����������$YDLODEOH�IURP��
KWWSV���ZZZ�IURQWLHUVLQ�RUJ�DUWLFOHV���������ISV\J������������IXOO�

���� &DPSEHOO�/HDSHU�&56��+HOSLQJ�DQG�+LQGHULQJ�8QGHUJUDGXDWH�:RPHQ¶V�67(0�0RWLYDWLRQ��
([SHULHQFHV�:LWK�67(0�(QFRXUDJHPHQW��67(0�5HODWHG�*HQGHU�%LDV��DQG�6H[XDO�
+DUDVVPHQW��3V\FKRO�:RPHQ�4�6$*(�-�>,QWHUQHW@����������������±����$YDLODEOH�IURP��
KWWSV���MRXUQDOV�VDJHSXE�FRP�GRL�IXOO��������������������������

���� :KLWWDNHU�-$��0RQWJRPHU\�%/��0DUWLQH]�$FRVWD�9*��5HWHQWLRQ�RI�8QGHUUHSUHVHQWHG�
0LQRULW\�)DFXOW\��6WUDWHJLF�,QLWLDWLYHV�IRU�,QVWLWXWLRQDO�9DOXH�3URSRVLWLRQ�%DVHG�RQ�
3HUVSHFWLYHV�IURP�D�5DQJH�RI�$FDGHPLF�,QVWLWXWLRQV��-�8QGHUJUDG�1HXURVFL�(GXF�-81(�
3XEO�)81�)DF�8QGHUJUDG�1HXURVFL�������������$���������

���� &ODXVHW�$��$UEHVPDQ�6��/DUUHPRUH�'%��6\VWHPDWLF�LQHTXDOLW\�DQG�KLHUDUFK\�LQ�IDFXOW\�
KLULQJ�QHWZRUNV��6FL�$GY�������)HE������H���������

���� 0LXFFLR�0��/LX�.�<��/DX�+��3HWHUV�0$.��6L[�IROG�RYHU�UHSUHVHQWDWLRQ�RI�JUDGXDWHV�IURP�
SUHVWLJLRXV�XQLYHUVLWLHV�GRHV�QRW�QHFHVVLWDWH�XQPHULWRFUDWLF�VHOHFWLRQ�LQ�WKH�IDFXOW\�KLULQJ�
SURFHVV��3OR6�2QH��������������H���������

���� 'DUE\�6D[EH�RQ�7ZLWWHU��>,QWHUQHW@��������$YDLODEOH�IURP��
KWWSV���WZLWWHU�FRP�GDUE\VD[EH�VWDWXV��������������������"V ���

���� :RUG,W2XW�>,QWHUQHW@��$YDLODEOH�IURP��KWWSV���ZRUGLWRXW�FRP�ZRUG�FORXG�FUHDWH�
���� 0D[�.XKQ�.-��$SSOLHG�3UHGLFWLYH�0RGHOLQJ��9RO��;,,,��1HZ�<RUN��1<��6SULQJHU�1HZ�<RUN��

������
���� 0D[�.XKQ��%XLOGLQJ�3UHGLFWLYH�0RGHOV�LQ�5�8VLQJ�WKH�FDUHW�3DFNDJH��-�6WDW�6RIWZ�

>,QWHUQHW@�������1RY�����������$YDLODEOH�IURP��KWWSV���ZZZ�MVWDWVRIW�RUJ�DUWLFOH�YLHZ�Y���L���
���� 7RUVWHQ�+RWKRUQ�$=��3DUW\NLW��D�PRGXODU�WRRONLW�IRU�UHFXUVLYH�SDUW\WLRQLQJ�LQ�5��-�0DFK�

/HDUQ�5HV�>,QWHUQHW@�������-DQ�����������±���$YDLODEOH�IURP��
KWWS���ZZZ�MPOU�RUJ�SDSHUV�Y���KRWKRUQ��D�KWPO�
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