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%LRORJLF ,QLWLDWLRQ 5DWH LQ 6\VWHPLF�1DwYH 3VRULDWLF
$UWKULWLV 3DWLHQWV 6WDUWLQJ 7UHDWPHQW ZLWK
$SUHPLODVW YV 0HWKRWUH[DWH� ��<HDU 5HWURVSHFWLYH
$QDO\VLV RI D 86 &ODLPV 'DWDEDVH
0 (ODLQH +XVQL �� (XQLFH &KDQJ �� 0LFKDHO 6 %URGHU �� &DOHE 3D\GDU �� .DWDOLQ %RJQDU ��
3RRMD 'HVDL�� <XUL .O\DFKNLQ�� ,EUDKLP .KLOIHK �

�&OHYHODQG &OLQLF� &OHYHODQG� 2+� 86$� �3DUWQHUVKLS IRU +HDOWK $QDO\WLF 5HVHDUFK� //&� %HYHUO\ +LOOV� &$� 86$� �$PJHQ ,QF�� 7KRXVDQG 2DNV�
&$� 86$

&RUUHVSRQGHQFH� 0LFKDHO 6 %URGHU� 3DUWQHUVKLS IRU +HDOWK $QDO\WLF 5HVHDUFK� //&� ��� 6� %HYHUO\ 'ULYH� 6XLWH ���� %HYHUO\ +LOOV� &$� ������
86$� 7HO �� ��� ��� ����� )D[ �� ��� ��� ����� (PDLO PEURGHU#SKDUOOF�FRP

3XUSRVH� 7R FRPSDUH WKH UDWH RI ELRORJLF LQLWLDWLRQ DIWHU FRPPHQFLQJ WUHDWPHQW ZLWK DSUHPLODVW �$35� YV PHWKRWUH[DWH �07;�� LQ
V\VWHPLF�QDwYH SDWLHQWV ZLWK SVRULDWLF DUWKULWLV �3V$��
3DWLHQWV DQG 0HWKRGV� 6\VWHPLF�QDwYH SDWLHQWV ZLWK 3V$ ZKR VWDUWHG WUHDWPHQW ZLWK HLWKHU $35 RU 07; EHWZHHQ ���������� DQG
���������� ZHUH DQDO\]HG XVLQJ FODLPV GDWD IURP WKH ,%0� 0DUNHW6FDQ� &RPPHUFLDO DQG 0HGLFDUH 6XSSOHPHQWDO GDWDEDVHV �����±
������ 3V$ SDWLHQWV ZHUH LGHQWL¿HG YLD GLDJQRVLV FRGHV� WKH ¿UVW SUHVFULSWLRQ GDWH IRU $35 RU 07; ZDV WKH LQGH[ GDWH� 3DWLHQW
GHPRJUDSKLFV� FOLQLFDO FKDUDFWHULVWLFV� KHDOWKFDUH XWLOL]DWLRQ GXULQJ WKH \HDU SUH�LQGH[ �EDVHOLQH� DQG WKH \HDU SRVW�LQGH[ �IROORZ�XS��
DQG PHGLDQ WLPH WR ELRORJLF LQLWLDWLRQ ZHUH UHSRUWHG GHVFULSWLYHO\� 7KH UDWHV DQG ULVN RI ELRORJLF LQLWLDWLRQ GXULQJ IROORZ�XS ZHUH
FRPSDUHG EHWZHHQ $35 DQG 07; XVHUV E\ ORJLVWLF DQG &R[ UHJUHVVLRQV� UHVSHFWLYHO\� 0RGHOV ZHUH DGMXVWHG IRU GHPRJUDSKLFV�
FOLQLFDO DQG XWLOL]DWLRQ PHDVXUHV GXULQJ WKH EDVHOLQH SHULRG�
5HVXOWV� $ WRWDO RI ���� SDWLHQWV ZLWK 3V$ QHZO\ WUHDWHG ZLWK $35 �Q  ���� RU 07; �Q  ����� ZHUH LGHQWL¿HG� 0HDQ DJH ZDV
VLPLODU ����� YV ����� 3  ������� DQG SURSRUWLRQ RI IHPDOHV ZDV KLJKHU IRU $35 YV 07; XVHUV ������ YV ������ 3  ������� 0HDQ
WLPH WR ELRORJLF LQLWLDWLRQ DPRQJ SDWLHQWV ZKR LQLWLDWHG GXULQJ IROORZ�XS ZDV ����� YV ����� GD\V EHWZHHQ $35 YV 07; XVHUV �3 �
������� $IWHU DGMXVWLQJ IRU FRQIRXQGHUV� WKH OLNHOLKRRG RI ELRORJLF LQLWLDWLRQ ZDV ��� ORZHU �25� ���� >��� &,� ����±����@� 3 � ������
ZLWK $35� ZLWK D VLJQL¿FDQWO\ ORZHU SUHGLFWHG UDWH RI ELRORJLF LQLWLDWLRQ DPRQJ $35 XVHUV ZKHQ FRPSDUHG WR 07; XVHUV GXULQJ
IROORZ�XS ������ >��� &,� ����±�����@ YV ����� >��� &,� ����±�����@�� $GGLWLRQDOO\� $35 XVHUV KDG D ORZHU ULVN RI ELRORJLF
LQLWLDWLRQ WKDQ 07; XVHUV �+5� ���� >��� &,� ����±����@� 3 � ������ GXULQJ WKH ��\HDU IROORZ�XS�
&RQFOXVLRQ� 6\VWHPLF�QDwYH SDWLHQWV ZLWK 3V$ KDYH D ORZHU UDWH RI� DQG ORQJHU WLPH WR� ELRORJLF LQLWLDWLRQ RYHU RQH�\HDU IROORZLQJ
$35 LQLWLDWLRQ� FRPSDUHG WR WKRVH LQLWLDWLQJ 07;�
.H\ZRUGV� SVRULDWLF DUWKULWLV� RUDO VPDOO PROHFXOHV� ELRORJLFV� V\VWHPLF WUHDWPHQW LQLWLDWLRQ� DGPLQLVWUDWLYH FODLPV DQDO\VLV

,QWURGXFWLRQ
3VRULDWLF DUWKULWLV �3V$� LV D V\VWHPLF LQÀDPPDWRU\ PXVFXORVNHOHWDO GLVHDVH WKDW FDQ OHDG WR SHUPDQHQW MRLQW GDPDJH DQG
GLVDELOLW\� 3ULRU VWXGLHV KDYH VKRZQ 3V$ DIIHFWV DSSUR[LPDWHO\ �±� SHU ���� SHUVRQV� ZLWK DQQXDO LQFLGHQFH UDWHV
HVWLPDWHG WR EH VL[ SHU ������� SHUVRQV�SHU�\HDU LQ WKH JHQHUDO SRSXODWLRQ��±� 'XH WR LWV V\VWHPLF LPSDFW DQG WKH EXUGHQ
RI FRPRUELGLWLHV� WKH FKRLFH RI WKH WKHUDS\ UHÀHFWV D JOREDO HYDOXDWLRQ RI WKH FRQFRPLWDQW SDWKRORJLFDO FRQGLWLRQV��±�

&KRRVLQJ DQ HIIHFWLYH WKHUDS\ WR PDQDJH 3V$ LV FRPSOH[ GXH WR GLIIHUHQFHV LQ SDWLHQW SUR¿OHV �LH� GLVHDVH VHYHULW\�
SUHVHQFH RI SVRULDVLV >3V2@� FRQWUDLQGLFDWLRQV RI FRPRUELGLWLHV�� YDULHG URXWHV RI DGPLQLVWUDWLRQ� LQVXUDQFH FRYHUDJH�
FRVW� DQG VLGH HIIHFW SUR¿OHV RI WKH GLIIHUHQW WKHUDSLHV���±�� 3V$ LV D OLIHORQJ GLVHDVH UHTXLULQJ FRQWLQXHG WUHDWPHQW� DQG
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IRU PDQ\ SDWLHQWV� D VHTXHQFH RI FRQVHFXWLYH SKDUPDFRORJLFDO DJHQWV DV LQGLFDWHG E\ GLVHDVH SURJUHVVLRQ RU WUHDWPHQW
IDLOXUH�

6\VWHPLF WUHDWPHQWV DYDLODEOH IRU 3V$ LQFOXGH RUDO VPDOO PROHFXOH �260� WKHUDSLHV DQG ELRORJLFV��� 1RQVWHURLGDO
DQWL�LQÀDPPDWRU\ GUXJV �16$,'V� DQG JOXFRFRUWLFRLGV DUH XVHG DV V\PSWRPDWLF WKHUDSLHV� *XLGHOLQHV IURP WKH (XURSHDQ
/HDJXH $JDLQVW 5KHXPDWLVP �(8/$5��� DQG IURP WKH *URXS IRU 5HVHDUFK DQG $VVHVVPHQW RI 3VRULDVLV DQG 3VRULDWLF
$UWKULWLV �*5$33$��� UHFRPPHQG 260V� SDUWLFXODUO\ PHWKRWUH[DWH �07;� DV ¿UVW�OLQH WKHUDS\ DQG HQGRUVH DSUHPLODVW
�$35� IRU PLOG GLVHDVH DIWHU IDLOXUH RI LQLWLDO WKHUDS\� :KLOH LQ WKH 86 $35 LV DSSURYHG DV ¿UVW�OLQH WUHDWPHQW� WKH ����
$PHULFDQ &ROOHJH RI 5KHXPDWRORJ\ �$&5��1DWLRQDO 3VRULDVLV )RXQGDWLRQ WUHDWPHQW JXLGHOLQHV UHFRPPHQG WKDW WUHDW�
PHQW�QDwYH SDWLHQWV ZLWK DFWLYH 3V$ XVH ELRORJLFV RYHU 260V� +RZHYHU� WKH OHYHO RI HYLGHQFH VXSSRUWLQJ WKLV
UHFRPPHQGDWLRQ LV ORZ�� %LRORJLF WKHUDSLHV FDQ EH HIIHFWLYH� EXW UHTXLUH ODERUDWRU\ PRQLWRULQJ� KDYH OHVV FRQYHQLHQW
URXWHV RI DGPLQLVWUDWLRQ� DQG WHQG WR EH PRUH H[SHQVLYH��� 3K\VLFLDQV DQG SDWLHQWV FRQVLGHULQJ WKHVH IDFWRUV PD\ SUHIHU WR
VWDUW WUHDWPHQW ZLWK 260 WKHUDS\ DQG SRVWSRQH WKH XVH RI ELRORJLFV DV ORQJ DV FOLQLFDOO\ SRVVLEOH� 5HDO�OLIH WUHDWPHQW
SDWWHUQ VWXGLHV GRFXPHQW WKDW WKH PDMRULW\ RI WUHDWPHQW�QDwYH SDWLHQWV LQLWLDWH 260 WKHUDSLHV������

(YLGHQFH FRPSDULQJ $35 ZLWK 07; � WZR FRPPRQO\ XVHG 260V �QRWH� KRZHYHU� WKDW 07; FDQ EH GRVHG
VXEFXWDQHRXVO\� � LQ WUHDWPHQW RI 3V$ LV OLPLWHG��� :KLOH D SULRU LQGLUHFW FRPSDULVRQ GLG QRW ¿QG D VWDWLVWLFDOO\ VLJQL¿FDQW
GLIIHUHQFH LQ HI¿FDF\� LWV SRLQW HVWLPDWH IDYRUHG $35 ZKHQ FRPSDUHG ZLWK 07;������ 7KH REMHFWLYH RI WKLV VWXG\ ZDV WR
DVVHVV WLPH WR ELRORJLF LQLWLDWLRQ DIWHU $35 YHUVXV 07; WUHDWPHQW LQ D UHDO�ZRUOG VHWWLQJ DPRQJ SDWLHQWV ZLWK 3V$�
3DUWLFXODUO\� LW DLPHG WR FRPSDUH ELRORJLF LQLWLDWLRQ UDWHV� WLPH WR ELRORJLF LQLWLDWLRQ� DQG LQGH[ PHGLFDWLRQ DGKHUHQFH DQG
GLVFRQWLQXDWLRQ EHWZHHQ 3V$ SDWLHQWV ZKR ZHUH QHZO\ LQLWLDWLQJ $35 RU 07; DQG KDG QRW SUHYLRXVO\ EHHQ WUHDWHG ZLWK
260V RU ELRORJLFV�

0DWHULDOV DQG 0HWKRGV
7KLV VWXG\ ZDV D UHWURVSHFWLYH FRKRUW VWXG\ XVLQJ WKH VL[ PRVW UHFHQW \HDUV �����±����� RI DGPLQLVWUDWLYH FODLPV
GDWD IURP WKH ,%0� 0DUNHW6FDQ� &RPPHUFLDO DQG 0HGLFDUH 6XSSOHPHQWDO GDWDEDVHV WR H[DPLQH ELRORJLF
LQLWLDWLRQ UDWHV LQ SDWLHQWV ZLWK 3V$ ZKR QHZO\ LQLWLDWHG $35 DQG 07;� 7KH 0DUNHW6FDQ� GDWD FRPSULVH KHDOWK
VHUYLFHV IRU RYHU ���� PLOOLRQ SDWLHQWV WKURXJK SULYDWHO\ LQVXUHG IHH�IRU�VHUYLFH� SRLQW�RI�VHUYLFH� RU FDSLWDWHG
KHDOWK SODQV� 7KLV GDWDEDVH FRQWDLQV HQUROOPHQW LQIRUPDWLRQ DQG DGPLQLVWUDWLYH FODLPV GDWD ZLWK KHDOWKFDUH
XWLOL]DWLRQ LQIRUPDWLRQ �HJ� LQSDWLHQW DQG RXWSDWLHQW VHUYLFHV� SUHVFULSWLRQ GUXJ FODLPV�� 'LDJQRVLV DQG SURFHGXUH
FRGHV DUH YDOLGDWHG� 7KLV VWXG\ XVHG GHLGHQWL¿HG SDWLHQW UHFRUGV DQG GLG QRW LQYROYH WKH FROOHFWLRQ� XVH� RU
WUDQVPLWWDO RI LQGLYLGXDOO\ LGHQWL¿DEOH GDWD� WKHUHIRUH� ,QVWLWXWLRQDO 5HYLHZ %RDUG DSSURYDO WR FRQGXFW WKLV VWXG\
ZDV QRW QHFHVVDU\�

3DWLHQWV GLDJQRVHG ZLWK 3V$ ZHUH LGHQWL¿HG EDVHG RQ WKH SUHVHQFH RI �� DW OHDVW WZR PHGLFDO FODLPV ZLWK DQ ,QWHUQDWLRQDO
&ODVVL¿FDWLRQ RI 'LVHDVHV� 1LQWK RU 7HQWK 5HYLVLRQ� &OLQLFDO 0RGL¿FDWLRQ �,&'������&0� GLDJQRVLV FRGH IRU 3V$ �,&'���&0�
�����[� ,&'����&0� /������ /������ /������ /������ /������ /������ ZLWK DW OHDVW RQH GLDJQRVLV E\ D UKHXPDWRORJLVW RU� �� WKH
FRPELQDWLRQ RI DW OHDVW RQH GLDJQRVLV IRU 3V$ UHFRUGHG E\ D UKHXPDWRORJLVW DQG DW OHDVW RQH GLDJQRVLV IRU 3V2 UHFRUGHG E\ D
GHUPDWRORJLVW GXULQJ WKH HQWLUH VWXG\ SHULRG ����������� WR �������������� 3DWLHQWV ZHUH LQFOXGHG LI WKH\ LQLWLDWHG $35 RU 07;
GXULQJ WKH LGHQWL¿FDWLRQ �,'� SHULRG ����������� WR ������������ 7KH GDWH RI WKH ¿UVW FODLP IRU $35 RU07;GXULQJ WKH ,' SHULRG
ZDV DVVLJQHG DV WKH LQGH[ GDWH� 3DWLHQWV ZHUH UHTXLUHG WR EH DW OHDVW �� \HDUV RI DJH RQ WKH LQGH[ GDWH� KDYH FRQWLQXRXV HQUROOPHQW
IRU DW OHDVW RQH \HDU SULRU WR �EDVHOLQH SHULRG� DQG RQH \HDU DIWHU �IROORZ�XS SHULRG� WKH LQGH[ GDWH� DQG KDYH DW OHDVW RQH RI WKH
GLDJQRVLV FODLPV IRU 3V$ LQ WKH EDVHOLQH SHULRG RU RQ WKH LQGH[ GDWH� 3DWLHQWV ZHUH H[FOXGHG LI WKH\ KDG FODLPV IRU DQ\ V\VWHPLF
WUHDWPHQW DJHQWV IRU 3V$ LQ WKH EDVHOLQH SHULRG� ELRORJLF�LQGLFDWHG DXWRLPPXQH FRQGLWLRQV �HJ� XOFHUDWLYH FROLWLV� &URKQ¶V GLVHDVH�
UKHXPDWRLG DUWKULWLV DQG RWKHU LQÀDPPDWRU\ SRO\DUWKURSDWKLHV� DQN\ORVLQJ VSRQG\OLWLV� MXYHQLOH LGLRSDWKLF DUWKULWLV�� RU FDQFHU
�PDOLJQDQW QHRSODVPV H[FOXGLQJ QRQ�PHODQRPD VNLQ FDQFHU��� LQ WKH EDVHOLQH DQG IROORZ�XS SHULRGV� RU KDG PXOWLSOH V\VWHPLF
PHGLFDWLRQV DGPLQLVWHUHG RQ WKH LQGH[ GDWH� $ VXEVHW RI SDWLHQWV ZLWK WZR \HDUV RI IROORZ�XS ZDV DOVR LGHQWL¿HG IRU D VXEJURXS
DQDO\VLV�

$QDO\VHV ZHUH EDVHG RQ LQWHQWLRQ�WR�WUHDW� ZLWK LQGLYLGXDOV DQDO\]HG DV SDUW RI WKHLU LQGH[ WUHDWPHQW JURXS UHJDUGOHVV RI
VXEVHTXHQW FKDQJHV LQ WKHUDS\� 'HPRJUDSKLF FKDUDFWHULVWLFV� SUHVFULEHU VSHFLDOW\ �GH¿QHG DV WKH VSHFLDOW\ RQ WKH PHGLFDO FODLP
FORVHVW LQ WLPH WR WKH LQGH[ GDWH�� DQG FRPRUELGLWLHV� LQFOXGLQJ WKH &KDUOVRQ &RPRUELGLW\ ,QGH[� DV ZHOO DV KHDOWKFDUH XWLOL]DWLRQ
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DQG FRVWV ZHUH PHDVXUHG LQ WKH EDVHOLQH SHULRG���±�� 7KH SULPDU\ RXWFRPHV ZHUH ELRORJLF LQLWLDWLRQ UDWH DQG WLPH WR ELRORJLF
LQLWLDWLRQ GXULQJ WKH RQH�\HDU IROORZ�XS SHULRG LQ WKH PDLQ DQDO\VLV� DQG IRU WZR \HDUV IROORZ�XS SHULRG LQ WKH VXEJURXS DQDO\VLV�
%LRORJLF LQLWLDWLRQ ZDV GH¿QHG DV KDYLQJ D FODLP IRU D ELRORJLF WKHUDS\ GXULQJ WKH IROORZ�XS SHULRG� UHJDUGOHVV RI LI LW ZDV LQ
DGGLWLRQ WR �DGG�RQ� RU LQVWHDG RI �VZLWFK IURP� WKH LQGH[ WKHUDS\� 7KH VHFRQGDU\ RXWFRPHV ZHUH WUHDWPHQW SDWWHUQV� 3DUWLFXODUO\�
LQGH[ WKHUDS\ DGKHUHQFH ZDV PHDVXUHG DV WKH SURSRUWLRQ RI GD\V FRYHUHG �3'&� GXULQJ WKH IROORZ�XS SHULRG� GH¿QHG DV WKH
QXPEHU RI GD\V ZLWK LQGH[ WKHUDS\ DYDLODEOH GLYLGHG E\ WKH OHQJWK RI WKH IROORZ�XS SHULRG� ,QGH[ WUHDWPHQW GLVFRQWLQXDWLRQ ZDV
DOVR UHSRUWHG IRU WKH IROORZ�XS SHULRG� GH¿QHG DV ����GD\ JDS LQ LQGH[ WKHUDS\ GD\V¶ VXSSO\� 5HVWDUW RI WKH LQGH[ WKHUDS\ZDV DOVR
PHDVXUHG �GH¿QHG DV UH�LQLWLDWLQJ WKH LQGH[ WUHDWPHQW IROORZLQJ GLVFRQWLQXDWLRQ RI WKH VDPH WUHDWPHQW�� 'HVFULSWLYH VWDWLVWLFV
LQFOXGLQJPHDQV� VWDQGDUG GHYLDWLRQV �6'�� DQG UHODWLYH IUHTXHQFLHV DQG SHUFHQWDJHVZHUH UHSRUWHG IRU FRQWLQXRXV DQG FDWHJRULFDO
GDWD�

,Q DGGLWLRQ WR GHVFULSWLYH DQDO\VHV� PRGHOLQJ ZDV SHUIRUPHG WR FRQWURO IRU GLIIHUHQFHV LQ REVHUYHG FKDUDFWHULVWLFV RI WKH WZR
FRKRUWV WKDW PD\ FRQIRXQG WKH ¿QGLQJV� /RJLVWLF UHJUHVVLRQ PRGHOV ZHUH FRQGXFWHG WR HVWLPDWH WKH OLNHOLKRRG RI ELRORJLF
LQLWLDWLRQ GXULQJ WKH RQH�\HDU IROORZ�XS SHULRG� &R[ UHJUHVVLRQ PRGHOV ZHUH XVHG WR HYDOXDWH WKH ULVN RI ELRORJLF LQLWLDWLRQ DW DQ\
SRLQW LQ WLPH� $OO PRGHOV ZHUH DGMXVWHG IRU WKH IROORZLQJ� DJH JURXS� JHQGHU� UHJLRQ� SUHVFULEHU VSHFLDOW\� FRPRUELG 3V2�
&KDUOVRQ &RPRUELGLW\ ,QGH[� LQGH[ \HDU� FRPRUELG QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH� SUHVHQFH RI VHULRXV LQIHFWLRQ� SDLQ
PHGLFDWLRQ DQG JOXFRFRUWLFRLG XWLOL]DWLRQ� ;�UD\ DQG 05, XWLOL]DWLRQ �VHSDUDWHO\�� EDVHOLQH KHDOWKFDUH XWLOL]DWLRQ �LQ ERWK
LQSDWLHQW DQG RXWSDWLHQW VHWWLQJV� DQG EDVHOLQH KHDOWKFDUH FRVWV �SHU ������� 2GGV 5DWLR �25� DQG ��� FRQ¿GHQFH LQWHUYDOV
�&,�� DV ZHOO DV DGMXVWHG UDWHV DQG ��� &,� ZHUH UHSRUWHG IRU WKH ORJLVWLF UHJUHVVLRQ PRGHO� ZKLOH KD]DUG UDWLR �+5� DQG ��� &,
ZHUH UHSRUWHG IRU WKH &R[ UHJUHVVLRQ PRGHO� ,Q D VXEJURXS DQDO\VLV� HVWLPDWLRQV ZHUH UHSOLFDWHG IRU D VXE�FRKRUW ZLWK WZR \HDUV
RI IROORZ�XS�

$OO GDWD WUDQVIRUPDWLRQV DQG VWDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ 6$6� YHUVLRQ ����

5HVXOWV
$PRQJ WKH WRWDO RI ���� V\VWHPLF�QDwYH SDWLHQWV ZLWK 3V$ZKR ZHUH LGHQWL¿HG DQG PHW WKH VWXG\ FULWHULD EHWZHHQ ������
���� DQG ����������� ��� LQLWLDWHG $35 DQG ���� LQLWLDWHG 07;� 7DEOH � DQG 6XSSOHPHQWDO 7DEOH � SURYLGH EDVHOLQH
FKDUDFWHULVWLFV IRU WKH VWXG\ FRKRUW� 7KH PHDQ DJH RI $35 LQLWLDWRUV ZDV ���� \HDUV YHUVXV ���� \HDUV IRU 07; LQLWLDWRUV
�3 ������� 7KH SHUFHQWDJH RI IHPDOHV DPRQJ $35 LQLWLDWRUV ZDV KLJKHU ������� WKDQ DPRQJ 07; LQLWLDWRUV �������
�3 ������� $SSUR[LPDWHO\ ��� RI HDFK JURXS ZDV FRPPHUFLDOO\ LQVXUHG �3 ������� 7KH SUHVFULEHU VSHFLDOW\ ZDV
VLJQL¿FDQWO\ GLIIHUHQW� ZLWK ����� RI WKH 07; LQLWLDWRUV UHFHLYLQJ WKH LQGH[ SUHVFULSWLRQ IURP D UKHXPDWRORJLVW
FRPSDUHG WR ����� RI WKH $35 LQLWLDWRUV �3�������� 7KH $35 FRKRUW KDG D KLJKHU PHDQ QXPEHU RI FRPRUELGLWLHV
���� YV ���� 3�������� DQG ����� RI WKLV JURXS KDG D FRQFXUUHQW 3V2 GLDJQRVLV FRPSDUHG WR ����� RI WKH 07; JURXS
�3�������� $35 XVHUV ZHUH PRUH OLNHO\ WKDQ 07; XVHUV WR KDYH QRQ�DOFRKROLF IDWW\ OLYHU GLVHDVH ����� YV �����
3 ������ DQG KLVWRU\ RI VHULRXV LQIHFWLRQ ����� YV ����� 3 ������� WKH GLIIHUHQFHV EHWZHHQ WKH WZR JURXSV ZHUH QRW
VWDWLVWLFDOO\ VLJQL¿FDQW IRU HYHU\ RWKHU FRPRUELGLW\ RI LQWHUHVW �6XSSOHPHQWDO 7DEOH ���

$35 XVHUV ZHUH OHVV OLNHO\ WKDQ 07; XVHUV WR EH RQ SDLQ PHGLFDWLRQV ������ YV ������ 3 ������ DQG JOXFRFRUWLFRLGV
������ YV ������ 3������� DW EDVHOLQH �6XSSOHPHQWDO 7DEOH ��� 7KH XVH RI GLDJQRVWLF WHVWV ZDV KLJKHU DPRQJ 07; XVHUV WKDQ
$35 XVHUV ������ YV ������ 3������� 6XSSOHPHQWDO 7DEOH ��� )LQDOO\� WKH PHDQ EDVHOLQH KHDOWKFDUH FRVWV ZHUH KLJKHU DPRQJ
$35 XVHUV WKDQ 07; XVHUV �������� YV �������� 3������� 6XSSOHPHQWDO 7DEOH ���

)HZHU $35 XVHUV LQLWLDWHG ELRORJLF WUHDWPHQW WKDQ 07; XVHUV WKURXJKRXW WKH IROORZ�XS SHULRG �)LJXUH ��� 'XULQJ WKH ¿UVW
WKUHH PRQWKV RI IROORZ�XS� WKH XQDGMXVWHG ELRORJLF LQLWLDWLRQ UDWHV LQ WKH $35 DQG 07; FRKRUWV ZHUH ���� YHUVXV ������
UHVSHFWLYHO\� DQG ���� YHUVXV ����� LQ WKH ¿UVW VL[ PRQWKV RI IROORZ�XS� UHVSHFWLYHO\ �3������ IRU ERWK�� $W WKH HQG RI WKH RQH�
\HDU IROORZ�XS� IHZHU $35 SDWLHQWV ������� WKDQ 07; SDWLHQWV ������� LQLWLDWHG ELRORJLF WUHDWPHQW �3������� �7DEOH ��
XQDGMXVWHG UHVXOW�� 7KH QXPEHU RI LQGH[ PHGLFDWLRQ ¿OOV SULRU WR ELRORJLF LQLWLDWLRQ DUH VKRZQ LQ 6XSSOHPHQWDO 7DEOH ��

7KH PHDQ WLPH WR ELRORJLF LQLWLDWLRQ DPRQJ SDWLHQWV ZKR LQLWLDWHG D ELRORJLF GXULQJ WKH RQH�\HDU IROORZ�XS ZDV �����
GD\V LQ WKH $35 FRKRUW FRPSDUHG WR ����� GD\V LQ WKH 07; FRKRUW �3������� �7DEOH ��� 7KH PRVW FRPPRQO\ XVHG ¿UVW
ELRORJLF WUHDWPHQW ZDV DGDOLPXPDE IRU ERWK WKH $35 DQG 07; JURXSV �6XSSOHPHQWDO 7DEOHV � DQG ���

$35 XVHUV ZHUH PRUH FRPSOLDQW WR WKHLU LQGH[ WKHUDSLHV� 7KH PHDQ 3'& IRU WKH LQGH[ WKHUDS\ ZDV ���� IRU WKH $35
FRKRUW DQG ���� IRU WKH 07; FRKRUW �3 ������� 7KH GLVFRQWLQXDWLRQ UDWH RI WKH LQGH[ WKHUDS\ ZDV ����� IRU $35 XVHUV
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DQG ����� IRU 07; XVHUV GXULQJ WKH RQH�\HDU IROORZ�XS SHULRG �3 ������� $PRQJ SDWLHQWV ZKR GLVFRQWLQXHG WKHLU LQGH[
WKHUDS\� ����� RI $35 XVHUV DQG ����� RI 07; XVHUV UHVWDUWHG DIWHU PRUH WKDQ �� GD\V RI JDS LQ WUHDWPHQW ZLWK WKH
LQGH[ WKHUDS\ ZLWKLQ WKH ��\HDU IROORZ�XS SHULRG �3������� �7DEOH ���

7DEOH � %DVHOLQH 3DWLHQW &KDUDFWHULVWLFV� 8WLOL]DWLRQ� DQG &RVWV

$SUHPLODVW 0HWKRWUH[DWH $OO 3 YDOXH

1 ��� ���� ����
� ���� ���� ���

$JH� \HDUV 0HDQ ���� ���� ���� �����

�6'� ������ ������ ������
)HPDOH 1R� ��� ��� ����

��� ������ ������ ������ �����

,QVXUDQFH W\SH �����
&RPPHUFLDO 1R� ��� ���� ����

��� ������ ������ ������
0HGLFDUH VXSSOHPHQWDO 1R� �� ��� ���

��� ������ ����� �����

3UHVFULEHU VSHFLDOW\D ������
'HUPDWRORJLVW 1R� �� �� ��

��� ����� ����� �����

5KHXPDWRORJLVW 1R� ��� ���� ����
��� ������ ������ ������

3ULPDU\ FDUH�3$�13 1R� �� �� ���

��� ������ ����� �����
2WKHU�8QNQRZQ 1R� ��� ��� ���

��� ������ ������ ������

&KDUOVRQ FRPRUELGLW\ LQGH[ 0HDQ ��� ��� ��� �����
�6'� ����� ����� �����

1R� RI FKURQLF FRQGLWLRQV 0HDQ ��� ��� ��� ������

�6'� ����� ����� �����
3V2 1R� ��� ��� ����

��� ������ ������ ������ ������

3DLQ PHGLFDWLRQVE 1R� ��� ���� ����
��� ������ ������ ������ �����

16$,'V 1R� ��� ��� ����

��� ������ ������ ������ �����
*OXFRFRUWLFRLGV 1R� ��� ��� ���

��� ������ ������ ������ ������

'LDJQRVWLF �;�UD\ RU 05,� 1R� ��� ���� ����
��� ������ ������ ������ ������

;�UD\ 1R� ��� ���� ����

��� ������ ������ ������ ������
05, 1R� �� ��� ���

��� ������ ������ ������ �����

%DVHOLQH WRWDO KHDOWKFDUH
FRVWV

0HDQ ������� ������� ������� ������
�6'� ���������� ���������� ����������

>0HGLDQ@ >����@ >����@ >����@

1RWHV� D,I VSHFLDOW\ RQ LQGH[ ÀOO LV PLVVLQJ� WKH VSHFLDOW\ QRWHG RQ WKH FORVHVW PHGLFDO FODLP ZLWK D SVRULDWLF DUWKULWLV GLDJQRVLV ZLWKLQ ��� GD\V RI
LQGH[ GDWH ZDV XVHG LQVWHDG� E,QFOXGH RSLRLGV� 16$,'V� RWKHU DQDOJHVLFV� PLJUDLQH SURGXFWV� DQG PXVFOH UHOD[DQWV�
$EEUHYLDWLRQV� 6'� VWDQGDUG GHYLDWLRQ� 3$� SK\VLFLDQ DVVLVWDQW� 13� QXUVH SUDFWLWLRQHU� 3V2� SVRULDVLV� 16$,'V� QRQVWHURLGDO DQWL�LQÁDPPDWRU\
GUXJV�
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$IWHU DGMXVWLQJ IRU SRWHQWLDO FRQIRXQGHUV� SDWLHQWV WUHDWHG ZLWK $35 VWLOO KDG ORZHU ULVN RI ELRORJLF LQLWLDWLRQ
ZKHQ FRPSDUHG ZLWK SDWLHQWV WUHDWHG ZLWK 07; �+5� ���� >��� &,� ����±����@� 3������� �7DEOH � DQG
6XSSOHPHQWDO 7DEOH ���

7KH ORJLVWLF PRGHO VKRZHG WKDW WKH OLNHOLKRRG RI ELRORJLF LQLWLDWLRQ ZDV VWDWLVWLFDOO\ VLJQL¿FDQWO\ ORZHU ZLWK
$35 WUHDWPHQW HYHQ DIWHU DGMXVWLQJ IRU SRWHQWLDO FRQIRXQGHUV �25� ���� >��� &,� ����±����@� 3������� �7DEOH ��
ZLWK HVWLPDWHG DGMXVWHG UDWHV RI ELRORJLF LQLWLDWLRQ EHLQJ ����� ���� &,� ����±������ IRU WKH $35 FRKRUW
FRPSDUHG WR ����� ���� &,� ����±������ IRU WKH 07; FRKRUW �)LJXUH ��� ,Q ERWK WKH &R[ DQG ORJLVWLF UHJUHVVLRQ
PRGHOV� WKH RQO\ DGGLWLRQDO FRYDULDWHV ZLWK D VWDWLVWLFDOO\ VLJQL¿FDQW UHODWLRQVKLS ZLWK ELRORJLF LQLWLDWLRQ ZHUH DJH
DQG EDVHOLQH ;�UD\ XWLOL]DWLRQ�
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)LJXUH � 7LPH WR ELRORJLF LQLWLDWLRQ GXULQJ WKH ��\HDU IROORZ�XS SHULRG�

7DEOH � %LRORJLF ,QLWLDWLRQ 'XULQJ WKH ��<HDU )ROORZ�8S 3HULRG �8QDGMXVWHG�

$SUHPLODVW 0HWKRWUH[DWH $OO 3 YDOXH

1 ��� ���� ����
%LRORJLF LQLWLDWLRQ UDWH GXULQJ WKH ��\HDU IROORZ�XS SHULRG 1R� ��� ��� ���

��� ������ ������ ������ ������

'D\V WR ELRORJLF LQLWLDWLRQ DPRQJ SDWLHQWV ZKR LQLWLDWHG ELRORJLF LQ � \HDU 1R� ��� ��� ���
0HDQ ����� ����� ����� ������

�6'� ������ ������ ������

>0HGLDQ@ >���@ >���@ >���@ ������D

%LRORJLF LQLWLDWLRQ UDWH ZLWKLQ WKUHH PRQWKV 1R� �� ��� ���

��� ����� ������ ������ ������
%LRORJLF LQLWLDWLRQ UDWH ZLWKLQ VL[ PRQWKV 1R� �� ��� ���

��� ����� ������ ������ ������

1RWH� D0RRG·V PHGLDQ WHVW�
$EEUHYLDWLRQ� 6'� VWDQGDUG GHYLDWLRQ�
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5HVXOWV IRU 3DWLHQWV ZLWK 7ZR <HDUV RI )ROORZ�8S
2XW RI D WRWDO RI ���� V\VWHPLF�QDwYH SDWLHQWV ZLWK 3V$ DQG WZR \HDUV RI IROORZ�XS� ��� VWDUWHG $35 DQG ��� VWDUWHG
07; DW LQGH[� 6XSSOHPHQWDO 7DEOH � SURYLGHV EDVHOLQH FKDUDFWHULVWLFV IRU WKLV FRKRUW� ZKLFK ZHUH VLPLODU WR WKH
FKDUDFWHULVWLFV RI WKH PDLQ VWXG\ FRKRUW� $35 XVHUV ZLWK WZR \HDUV RI IROORZ�XS KDG KLJKHU PHDQ QXPEHU RI

7DEOH � %LRORJLF ,QLWLDWLRQ $GMXVWHG 5HVXOWV LQ &RKRUWV ZLWK ��<HDU DQG ��<HDUV RI )ROORZ�8S

5LVN RI ELRORJLF LQLWLDWLRQ $Q\ ELRORJLF XVH

+5 ���� &,� 3 YDOXH 25 ���� &,� 3 YDOXH

$SUHPLODVW YV PHWKRWUH[DWH

��\HDU SRVW LQGH[

���� ����� � ����� ������ ���� ����� � ����� ������

$SUHPLODVW YV PHWKRWUH[DWH

��\HDU SRVW LQGH[

���� ����� � ����� ������ ���� ����� � ����� ������

$EEUHYLDWLRQV� &,� FRQÀGHQFH LQWHUYDO� +5� KD]DUG UDWLR� 25� RGGV UDWLR�

7DEOH � $GKHUHQFH WR ,QGH[ 7KHUDS\ $PRQJ 3DWLHQWV ZLWK ��<HDU )ROORZ�8S

$SUHPLODVW 0HWKRWUH[DWH $OO 3 YDOXH

1 ��� ���� ����
3'& RI LQGH[ WKHUDS\ GXULQJ WKH ��\HDU IROORZ�XS SHULRG 0HDQ ����� ����� ����� �����

�6'� ������� ������� �������

>0HGLDQ@ >�����@ >�����@ >�����@
'XUDWLRQD RI LQGH[ WKHUDS\ GXULQJ WKH ��\HDU IROORZ�XS SHULRG 0HDQ ����� ����� ����� �����

�6'� ������� ������� �������

>0HGLDQ@ >���@ >���@ >���@
,QGH[ WUHDWPHQW GLVFRQWLQXDWLRQ�VZLWFK 1R� ��� ��� ����

��� ������ ������ ������ �����
5HVWDUW LQGH[ WKHUDS\ 1R� �� ��� ���

��� ������ ������ ������ ������

1RWH� D'XUDWLRQ GHÀQHG DV WLPH WR GLVFRQWLQXDWLRQ�
$EEUHYLDWLRQV� 3'&� SURSRUWLRQ RI GD\V FRYHUHG� 6'� VWDQGDUG GHYLDWLRQ�
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FRPRUELGLWLHV ���� YV ���� 3������� DQG ZHUH PRUH OLNHO\ WR KDYH D FRQFXUUHQW 3V2 GLDJQRVLV ������ YV ������ 3�������
WKDQ 07; XVHUV� 6LPLODU WR WKH PDLQ VWXG\ FRKRUW� $35 XVHUV ZHUH PRUH OLNHO\ WKDQ 07; XVHUV WR KDYH QRQ�DOFRKROLF
IDWW\ OLYHU GLVHDVH DQG VHULRXV LQIHFWLRQV �6XSSOHPHQWDO 7DEOH ���� %DVHOLQH PHGLFDWLRQ DQG KHDOWKFDUH XWLOL]DWLRQ DUH
VKRZQ LQ 6XSSOHPHQWDO 7DEOHV �� DQG ���

,Q WKH FRKRUW ZLWK WZR \HDUV RI IROORZ�XS� $35 XVHUV ZHUH OHVV OLNHO\ WR LQLWLDWH D ELRORJLF WUHDWPHQW WKURXJKRXW WKH
IROORZ�XS SHULRG ������ YV ������ 3������� �XQDGMXVWHG� 6XSSOHPHQWDO 7DEOH ���� 7KH GLIIHUHQFH LQ ELRORJLF LQLWLDWLRQ
UDWH ZDV VWDWLVWLFDOO\ VLJQL¿FDQW EHWZHHQ WKH WZR WUHDWPHQW JURXSV DV HDUO\ DV WKUHH PRQWKV DIWHU LQGH[ WKHUDS\ LQLWLDWLRQ�
7KH PHDQ WLPH WR ELRORJLF LQLWLDWLRQ DPRQJ SDWLHQWV ZKR LQLWLDWHG GXULQJ WKH WZR�\HDU IROORZ�XS ZDV ��� GD\V DPRQJ
$35 XVHUV FRPSDUHG WR ��� GD\V DPRQJ 07; XVHUV �3������� �6XSSOHPHQWDO 7DEOH �� DQG 6XSSOHPHQWDO )LJXUH ���

$IWHU DGMXVWLQJ IRU SRWHQWLDO FRQIRXQGHUV� SDWLHQWV LQ WKH VXEJURXS ZLWK WZR \HDUV RI IROORZ�XS WUHDWHG ZLWK $35 KDG
D ORZHU ULVN RI ELRORJLF LQLWLDWLRQ DW DQ\ SRLQW LQ WLPH GXULQJ WKH IROORZ�XS SHULRG ZKHQ FRPSDUHG WR SDWLHQWV WUHDWHG ZLWK
07; �+5� ���� >��� &,� ����±����@� 3������� �7DEOH � DQG 6XSSOHPHQWDO 7DEOH ���� 7KH ORJLVWLF PRGHO VKRZHG WKDW
WKH OLNHOLKRRG RI ELRORJLF LQLWLDWLRQ ZDV DOPRVW WZLFH DV KLJK DIWHU 07; WUHDWPHQW WKDQ DIWHU $35 WUHDWPHQW RQFH
DGMXVWHG IRU SRWHQWLDO FRQIRXQGHUV �25� ���� >��� &,� ����±����@� 3������� �7DEOH �� ZLWK HVWLPDWHG DGMXVWHG UDWHV RI
ELRORJLF LQLWLDWLRQ RI ����� ���� &,� ����±������ IRU $35 XVHUV DQG ����� ���� &,� ����±������ IRU 07; XVHUV�

'LVFXVVLRQ
,Q WKLV VWXG\ RI V\VWHPLF�QDwYH 3V$ DGXOW SDWLHQWV� ZH IRXQG WKDW SDWLHQWV WUHDWHG ZLWK $35 KDG D ORZHU OLNHOLKRRG RI� DV
ZHOO DV ORQJHU WLPH WR� ELRORJLF LQLWLDWLRQ FRPSDUHG ZLWK SDWLHQWV WUHDWHG ZLWK 07;� 7KHVH UHVXOWV ZHUH FRQVLVWHQW LQ
SDWLHQWV ZLWK RQH DQG WZR \HDUV RI IROORZ�XS DIWHU $35 RU 07; LQLWLDWLRQ� ZLWK GLIIHUHQFHV EHLQJ REVHUYHG DV HDUO\ DV
WKUHH�PRQWK SRVW�LQGH[�

7UHDWPHQW JXLGHOLQHV UHFRPPHQG 260V DV ¿UVW�OLQH WUHDWPHQW LQ 3V$������ 0HWKRWUH[DWH �07;� LV WKH PRVW
FRPPRQO\ XVHG ¿UVW�OLQH 260 IRU WKH FRQGLWLRQ������ DOWKRXJK QRW LQGLFDWHG IRU 3V$� 7KH HIIHFWLYHQHVV RI 07; LQ
3V$ LV UHSRUWHG EDVHG RQ FOLQLFDO H[SHULHQFH DQG REVHUYDWLRQDO VWXGLHV UDWKHU WKDQ HYLGHQFH IURP UDQGRPL]HG FOLQLFDO
WULDOV �5&7V����±�� 0RUHRYHU� 07; PD\ OHDG WR VHYHUH DGYHUVH HIIHFWV VXFK DV KHSDWRWR[LFLW\� DQG P\HORVXSSUHVVLRQ���

$SUHPLODVW �$35�� DQ 260 SKRVSKRGLHVWHUDVH � �3'(�� LQKLELWRU DSSURYHG E\ WKH 8QLWHG 6WDWHV )RRG DQG 'UXJ
$GPLQLVWUDWLRQ LQ ����� LV LQGLFDWHG IRU DGXOW SDWLHQWV ZLWK DFWLYH 3V$��� 8QOLNH 07; DQG ELRORJLFV� $35 GRHV QRW
UHTXLUH IUHTXHQW ODERUDWRU\ PRQLWRULQJ� SRWHQWLDOO\ PDNLQJ LW PRUH FRQYHQLHQW WR XVH�

7KHUH DUH QR ODUJH 5&7V GLUHFWO\ FRPSDULQJ $35 WR 07; WR WUHDW 3V$� $Q LQGLUHFW FRPSDULVRQ EDVHG RQ GDWD IURP
FOLQLFDO WULDOV�� $Q LQGLUHFW FRPSDULVRQ EDVHG RQ GDWD IURP FOLQLFDO WULDOV�� IRXQG QR VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFH
EHWZHHQ $35 DQG 07;� 7KXV� WKHUH LV D QHHG IRU PRUH HYLGHQFH RQ 07; YHUVXV $35 LQ WKH WUHDWPHQW RI 3V$� ,Q WKH
DEVHQFH RI 5&7V� UHDO�ZRUOG HYLGHQFH LQWR WUHDWPHQW SURJUHVVLRQ FDQ EH LQIRUPDWLYH IRU FOLQLFDO GHFLVLRQ�PDNLQJ�

%LRORJLF LQLWLDWLRQ DV DQ RXWFRPH PD\ VHUYH DV D VXLWDEOH SUR[\ IRU VXERSWLPDO GLVHDVH FRQWURO LQ 3V$� DQG LW FDQ
HDVLO\ EH DVVHVVHG IURP DGPLQLVWUDWLYH FODLPV GDWDEDVHV� 3UHYLRXV VWXGLHV GHPRQVWUDWHG WKDW KLJKHU GLVHDVH DFWLYLW\ LV D
SUHGLFWRU IRU ELRORJLF WKHUDS\ LQLWLDWLRQ LQ YDULRXV DXWRLPPXQH GLVHDVHV VXFK DV UKHXPDWRLG DUWKULWLV��±�� DQG SVRULDVLV���

8VH RI ELRORJLF LQLWLDWLRQ LQ 3V$ FDQ EH SDUWLFXODUO\ XVHIXO DV RWKHU WUDGLWLRQDO WUHDWPHQW SDWWHUQ PHDVXUHV XVHG LQ
FODLPV VWXGLHV� VXFK DV DGKHUHQFH RU SHUVLVWHQFH� PD\ EH KDUGHU WR LQWHUSUHW LQ WKLV FRQGLWLRQ GXH WR ÀXFWXDWLQJ V\PSWRPV�
IUHTXHQW�GRVH DGMXVWPHQWV� DQG PHGLFDWLRQ KRDUGLQJ� :KLOH ORZ DGKHUHQFH LV XVXDOO\ QHJDWLYHO\ DVVRFLDWHG ZLWK DGHTXDWH
FRQWURO RI GLVHDVH� LW LV SRVVLEOH WKDW SDWLHQWV ZLWK 3V$ H[SHULHQFH SHULRGV RI V\PSWRP FRQWURO DQG WHPSRUDULO\ SDXVH
WUHDWPHQW� 7KLV LV FRQVLVWHQW ZLWK WKH KLJKHU UHVWDUW UDWH REVHUYHG ZLWK $35�

,Q D FRKRUW RI SDWLHQWV ZLWK 3V$� WKLV VWXG\ IRXQG WKDW WUHDWPHQW ZLWK $35 ZDV DVVRFLDWHG ZLWK H[WHQGHG WLPH WR
ELRORJLF LQLWLDWLRQ²WKH QH[W OLQH RI WUHDWPHQW²ZKHQ FRPSDUHG ZLWK WUHDWPHQW ZLWK 07;� )XWXUH UHVHDUFK XVLQJ FOLQLFDO
PHDVXUHV VKRXOG FRQ¿UP RXU UHVXOWV DQG LQYHVWLJDWH ZKHWKHU ELRORJLF LQLWLDWLRQ LV DVVRFLDWHG ZLWK GLVHDVH SURJUHVVLRQ�
VXERSWLPDO GLVHDVH FRQWURO� RU WR[LFLW\ LQ 3V$� 6XFK DVVRFLDWLRQ FRXOG KHOS ZLWK D PRUH SHUVRQDOL]HG WUHDWPHQW DOJRULWKP
IRU SDWLHQWV ZLWK 3V$� 5HVHDUFK VKRXOG DOVR H[DPLQH SDWLHQW�VSHFL¿F DQG FOLQLFDO IDFWRUV DVVRFLDWHG ZLWK SURJUHVVLRQ WR
ELRORJLF WKHUDSLHV� 3V$ DV D V\VWHPLF GLVHDVH� KDV D FRPSOH[ SDWKRJHQHVLV DQG DIIHFWV PXOWLSOH RUJDQ V\VWHPV� *LYHQ WKH
QDWXUH RI WKH GLVHDVH� D PXOWLGLVFLSOLQDU\ UHVHDUFK DSSURDFK LV HVSHFLDOO\ FULWLFDO WR LPSURYH RXWFRPHV LQ WKLV GLVHDVH�
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/LPLWDWLRQV
7KLV VWXG\ ZDV D UHWURVSHFWLYH� REVHUYDWLRQDO DQDO\VLV XVLQJ ODUJH DGPLQLVWUDWLYH FODLPV GDWD� 7KHVH GDWD ODFN LPSRUWDQW FOLQLFDO
GHWDLOV RQ GLVHDVH VHYHULW\� DFWLYLW\� DQG V\PSWRPV DV ZHOO DV RWKHU SDWLHQW VRFLRHFRQRPLF DQG SK\VLFLDQ�VSHFL¿F LQIRUPDWLRQ WKDW
PD\ LQÀXHQFH WUHDWPHQW FKRLFH� DQG WKXV PDNH LW GLI¿FXOW WR FRQWURO IRU SRWHQWLDOO\ FRQIRXQGLQJ YDULDEOHV� +RZHYHU� WKH
PRGHOLQJ DQDO\VHV LQFOXGHG VHYHUDO PHDVXUDEOH SUR[LHV RI GLVHDVH VHYHULW\ VXFK DV EDVHOLQH FRPRUELGLWLHV� PHGLFDWLRQ XVH DQG
KHDOWKFDUH XWLOL]DWLRQ� $GGLWLRQDOO\� DGPLQLVWUDWLYH FODLPV GDWD GR QRW UHÀHFW ZKHWKHU PHGLFDWLRQV DUH WDNHQ DV SUHVFULEHG� DQG WKH
DQDO\VLV UHOLHG LQVWHDG RQPHGLFDWLRQ ¿OOV� )XUWKHUPRUH� ZH KDYH QRW DQDO\]HG LQLWLDO SUHVFULEHG GRVH� ÀXFWXDWLRQ LQ GRVH� RU URXWH
RI DGPLQLVWUDWLRQ IRU 07;� ZKLFK FDQ EH DVVRFLDWHG ZLWK GLVFRQWLQXDWLRQ RI LQGH[ GUXJ� )LQDOO\� WKLV VWXG\ LV OLPLWHG WR SDWLHQWV
ZLWK FRPPHUFLDO DQG 0HGLFDUH VXSSOHPHQWDO LQVXUDQFH� 5HVXOWV PD\ QRW EH JHQHUDOL]DEOH WR RWKHU SRSXODWLRQV�

&RQFOXVLRQ
,Q D SRSXODWLRQ RI V\VWHPLF�QDwYH DGXOW SDWLHQWV ZLWK 3V$� SDWLHQWV ZKR LQLWLDWHG $35 KDG D ORZHU OLNHOLKRRG RI ELRORJLF
LQLWLDWLRQ ZKHQ FRPSDUHG ZLWK SDWLHQWV LQLWLDWLQJ 07;� $GGLWLRQDOO\� DPRQJ SDWLHQWV ZKR LQLWLDWHG ELRORJLFV GXULQJ WKH
IROORZ�XS SHULRG� WLPH WR ELRORJLF LQLWLDWLRQ ZDV ORQJHU LQ $35 XVHUV WKDQ LQ 07; XVHUV� $35 XVH PD\ GHOD\ LQLWLDWLRQ RI
WKH QH[W OLQH RI WUHDWPHQW LQ SDWLHQWV ZLWK 3V$ WR D JUHDWHU H[WHQW WKDQ 07;�

$FNQRZOHGJPHQWV
:ULWLQJ VXSSRUW ZDV SURYLGHG E\ &DWKHULQH /H 'HOORYR� 06� $0)7 DQG IXQGHG E\ $PJHQ ,QF�

)XQGLQJ
7KH VWXG\ ZDV IXQGHG E\ $PJHQ ,QF�

'LVFORVXUH
'U� 0LFKDHO 6� %URGHU� 'U� (XQLFH &KDQJ� 0U� &DOHE 3D\GDU� DQG 'U� .DWDOLQ %RJQDU DUH HPSOR\HHV RI 3DUWQHUVKLS IRU
+HDOWK $QDO\WLF 5HVHDUFK �3+$5�� //&� ZKLFK ZDV SDLG E\ $PJHQ WR FRQGXFW WKLV UHVHDUFK� DQG UHSRUWV UHOHYDQW
¿QDQFLDO DFWLYLWLHV ZLWK $EE9LH� $VWUD=HQHFD� %LR0DULQ 3KDUPDFHXWLFDOV� %06� &HOJHQH� 'RPSH� (LVDL� *HQHQWHFK�
0LUXP 3KDUPDFHXWLFDOV� 1RYDUWLV� 2WVXND� 3URWKHQD� 5HJHQHURQ� 6DQR¿ 86 6HUYLFHV� DQG 7DNHGD 3KDUPDFHXWLFDOV 86$�
RXWVLGH WKH VXEPLWWHG ZRUN� 'U 0 (ODLQH +XVQL UHSRUWV SHUVRQDO IHHV IRU DGYLVRU\ ERDUG IURP $EE9LH� %06� /LOO\�
1RYDUWLV� -DQVVHQ� DQG 8&%� RXWVLGH WKH VXEPLWWHG ZRUN� 'U 3RRMD 'HVDL DQG 'U ,EUDKLP .KLOIHK ZHUH SUHYLRXVO\
HPSOR\HG DW $PJHQ DW WKH WLPH RI FRQGXFW RI WKH VWXG\ DQG RZQV $PJHQ VWRFN� 7KH\ DUH FXUUHQWO\ HPSOR\HHV DW -DQVVHQ
3KDUPDFHXWLFDOV� 'U <XUL .O\DFKNLQ LV DQ HPSOR\HH RI $PJHQ ,QF� 7KH DXWKRUV UHSRUW QR RWKHU FRQÀLFWV RI LQWHUHVW LQ WKLV
ZRUN�

5HIHUHQFHV
�� 6KEHHE 0� 8UDPRWR .0� *LEVRQ /(� 2¶)DOORQ :0� *DEULHO 6(� 7KH HSLGHPLRORJ\ RI SVRULDWLF DUWKULWLV LQ 2OPVWHG &RXQW\� 0LQQHVRWD� 86$�
����±����� - 5KHXPDWRO� ���������������±�����

�� 2JGLH $� /DQJDQ 6� /RYH 7� HW DO� 3UHYDOHQFH DQG WUHDWPHQW SDWWHUQV RI SVRULDWLF DUWKULWLV LQ WKH 8.� 5KHXPDWRORJ\� ��������������±����
GRL���������UKHXPDWRORJ\�NHV���

�� /RYH 7-� *XGEMRUQVVRQ %� *XGMRQVVRQ -(� 9DOGLPDUVVRQ +� 3VRULDWLF DUWKULWLV LQ 5H\NMDYLN� ,FHODQG� SUHYDOHQFH� GHPRJUDSKLFV� DQG GLVHDVH FRXUVH�
- 5KHXPDWRO� ����������������±�����

�� 0DGODQG 70� $SDOVHW (0� -RKDQQHVVHQ $(� 5RVVHE| %� %UXQ -*� 3UHYDOHQFH� GLVHDVH PDQLIHVWDWLRQV� DQG WUHDWPHQW RI SVRULDWLF DUWKULWLV LQ :HVWHUQ
1RUZD\� - 5KHXPDWRO� ����������������±�����

�� 5LWFKOLQ &7� &ROEHUW 5$� *ODGPDQ ''� 3VRULDWLF $UWKULWLV� 1 (QJO - 0HG� �����������������±����� GRL���������1(-0F�������
�� 6LQJK -$� *X\DWW *� 2JGLH $� HW DO� ���� $PHULFDQ &ROOHJH RI 5KHXPDWRORJ\�1DWLRQDO 3VRULDVLV )RXQGDWLRQ JXLGHOLQH IRU WKH WUHDWPHQW RI SVRULDWLF
DUWKULWLV� $UWKULWLV 5KHXPDWRO� ������������±��� GRL���������DUW������

�� 'HKSRXUL 7� 5DKPDWSRXU 5RNQL *� $KDQJDU 1DUHQMERQ 1� HW DO� (YDOXDWLRQ RI WKH JO\FHPLF HIIHFW RI PHWKRWUH[DWH LQ SVRULDWLF DUWKULWLV SDWLHQWV ZLWK
PHWDEROLF V\QGURPH� D SLORW VWXG\� 'HUPDWRO 5HS� ����������� GRL���������GU����������

�� &RQLF 55� 'DPLDQL *� 6FKURP .3� HW DO� 3VRULDVLV DQG SVRULDWLF DUWKULWLV FDUGLRYDVFXODU GLVHDVH HQGRW\SHV LGHQWL¿HG E\ UHG EORRG FHOO GLVWULEXWLRQ
ZLGWK DQG PHDQ SODWHOHW YROXPH� - &OLQ 0HG� �������������� GRL���������MFP�������

�� 'DPLDQL *� 3DFL¿FR $� 5L]]L 0� HW DO� 3DWLHQWV ZLWK SVRULDWLF DUWKULWLV KDYH KLJKHU OHYHOV RI )H12 WKDQ WKRVH ZLWK RQO\ SVRULDVLV� ZKLFK PD\ UHÀHFW
D KLJKHU SUHYDOHQFH RI D VXEFOLQLFDO UHVSLUDWRU\ LQYROYHPHQW� &OLQ 5KHXPDWRO� ����������������±����� GRL���������V�����������������

KWWSV���GRL�RUJ���������2$555�6������

DovePress
2SHQ $FFHVV 5KHXPDWRORJ\� 5HVHDUFK DQG 5HYLHZV ����������

+XVQL HW DO Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



��� 7DNHVKLWD -� *HOIDQG -0� /L 3� HW DO� 3VRULDVLV LQ WKH 86 PHGLFDUH SRSXODWLRQ� SUHYDOHQFH� WUHDWPHQW� DQG IDFWRUV DVVRFLDWHG ZLWK ELRORJLF XVH� -
,QYHVW 'HUPDWRO� �����������������±����� GRL���������MLG���������

��� +LJD 6� 'HYLQH %� 3DWHO 9� %DUDGDUDQ 6� :DQJ '� %DQVDO $� 3VRULDVLV WUHDWPHQW SDWWHUQV� D UHWURVSHFWLYH FODLPV VWXG\� &XUU 0HG 5HV 2SLQ� �������
���������±����� GRL������������������������������

��� ;X <� 6XGKDUVKDQ /� +VX 0$� HW DO� 3DWLHQW SUHIHUHQFHV DVVRFLDWHG ZLWK WKHUDSLHV IRU SVRULDWLF DUWKULWLV� D FRQMRLQW DQDO\VLV� $P +HDOWK 'UXJ
%HQH¿WV� ��������������±����

��� 2JGLH $� &RDWHV /&� *ODGPDQ ''� 7UHDWPHQW JXLGHOLQHV LQ SVRULDWLF DUWKULWLV� 5KHXPDWRORJ\� ��������6XSSOHPHQWB���L��±L��� GRL���������
UKHXPDWRORJ\�NH]���

��� *RVVHF /� %DUDOLDNRV ;� .HUVFKEDXPHU $� HW DO� (8/$5 UHFRPPHQGDWLRQV IRU WKH PDQDJHPHQW RI SVRULDWLF DUWKULWLV ZLWK SKDUPDFRORJLFDO
WKHUDSLHV� ���� XSGDWH� $QQ 5KHXP 'LV� ��������������±���� GRL���������DQQUKHXPGLV������������

��� &RDWHV /&� .DYDQDXJK $� 0HDVH 3-� HW DO� *URXS IRU UHVHDUFK DQG DVVHVVPHQW RI SVRULDVLV DQG SVRULDWLF DUWKULWLV ���� WUHDWPHQW UHFRPPHQGDWLRQV
IRU SVRULDWLF DUWKULWLV� *UDSSD WUHDWPHQW UHFRPPHQGDWLRQV IRU 3V$� $UWKULWLV 5KHXPDWRO� ����� GRL���������DUW������

��� )HOGPDQ 65� 3HOOHWLHU &/� :LOVRQ ./� HW DO� 7UHDWPHQW SDWWHUQV DQG FRVWV DPRQJ ELRORJLF�QDLYH SDWLHQWV LQLWLDWLQJ DSUHPLODVW RU ELRORJLFV IRU
SVRULDWLF DUWKULWLV� - &RPS (II 5HV� �������������±���� GRL���������FHU����������

��� /HH 03� /LL -� -LQ <� HW DO� 3DWWHUQV RI V\VWHPLF WUHDWPHQW IRU SVRULDWLF DUWKULWLV LQ WKH 86� ����±����� $UWKULWLV &DUH 5HV� ��������������±����
GRL���������DFU������

��� +HUQDQGH] (-0� 7NDF] -� /RSH]�*RQ]DOH] /� +LJJLQV .� 2JGLH $� 6WROVKHN %6� 3VRULDWLF DUWKULWLV WUHDWPHQW SDWWHUQV DQG FRVWV DPRQJ
SKDUPDFRORJLF WUHDWPHQW±QDwYH SDWLHQWV� $P - 0DQDJ &DUH� �����������H���±H���� GRL����������DMPF�����������

��� %HWWV .$� *ULI¿WK -� )ULHGPDQ $� =KRX =<� 6LJQRURYLWFK -(� *DQJXOL $� $Q LQGLUHFW FRPSDULVRQ DQG FRVW SHU UHVSRQGHU DQDO\VLV RI DGDOLPXPDE�
PHWKRWUH[DWH DQG DSUHPLODVW LQ WKH WUHDWPHQW RI PHWKRWUH[DWH�QDwYH SDWLHQWV ZLWK SVRULDWLF DUWKULWLV� &XUU 0HG 5HV 2SLQ� ��������������±����
GRL������������������������������

��� 5HHG 0� &URVELH '� $SUHPLODVW LQ WKH WUHDWPHQW RI SVRULDWLF DUWKULWLV� D SHUVSHFWLYH UHYLHZ� 7KHU $GY 0XVFXORVNHOHW 'LV� ������������±���
GRL����������������;��������

��� $VJDUL 00� :X --� *HOIDQG -0� HW DO� 9DOLGLW\ RI GLDJQRVWLF FRGHV DQG SUHYDOHQFH RI SVRULDVLV DQG SVRULDWLF DUWKULWLV LQ D PDQDJHG FDUH SRSXODWLRQ�
����±����� RFFXUUHQFH RI SVRULDVLV DQG SVRULDWLF DUWKULWLV� 3KDUPDFRHSLGHPLRO 'UXJ 6DI� ��������������±���� GRL���������SGV�����

��� :X --� 3HOOHWLHU &� 8QJ %� 7LDQ 0� 5HDO�ZRUOG WUHDWPHQW SDWWHUQV DQG KHDOWKFDUH FRVWV DPRQJ ELRORJLF�QDLYH SDWLHQWV LQLWLDWLQJ DSUHPLODVW RU
ELRORJLFV IRU WKH WUHDWPHQW RI SVRULDVLV� - 0HG (FRQ� ��������������±���� GRL������������������������������

��� &KDUOVRQ 0(� 3RPSHL 3� $OHV ./� 0DF.HQ]LH &5� $ QHZ PHWKRG RI FODVVLI\LQJ SURJQRVWLF FRPRUELGLW\ LQ ORQJLWXGLQDO VWXGLHV� GHYHORSPHQW DQG
YDOLGDWLRQ� - &KURQLF 'LV� ��������������±���� GRL�����������������������������

��� 'H\R 5$� &KHUNLQ '&� &LRO 0$� $GDSWLQJ D FOLQLFDO FRPRUELGLW\ LQGH[ IRU XVH ZLWK ,&'���&0 DGPLQLVWUDWLYH GDWDEDVHV� - &OLQ (SLGHPLRO�
��������������±���� GRL�����������������������������

��� $JHQF\ IRU +HDOWKFDUH 5HVHDUFK DQG 4XDOLW\� +&83 FKURQLF FRQGLWLRQ LQGLFDWRU� +HDOWKFDUH &RVW DQG 8WLOL]DWLRQ 3URMHFW �+&83�� ����� $YDLODEOH
IURP� ZZZ�KFXS�XV�DKUT�JRY�WRROVVRIWZDUH�FKURQLF�FKURQLF�MVS� $FFHVVHG 0D\ �� ����

��� (OPDPRXQ 0� &KDQGUDQ 9� 5ROH RI PHWKRWUH[DWH LQ WKH PDQDJHPHQW RI SVRULDWLF DUWKULWLV� 'UXJV� ��������������±���� GRL���������V����������������
��� &KDQGUDQ 9� 6FKHQWDJ &7� *ODGPDQ ''� 5HDSSUDLVDO RI WKH HIIHFWLYHQHVV RI PHWKRWUH[DWH LQ SVRULDWLF DUWKULWLV� UHVXOWV IURP D ORQJLWXGLQDO

REVHUYDWLRQDO FRKRUW� - 5KHXPDWRO� ��������������±����
��� .LQJVOH\ *+� .RZDOF]\N $� 7D\ORU +� HW DO� $ UDQGRPL]HG SODFHER�FRQWUROOHG WULDO RI PHWKRWUH[DWH LQ SVRULDWLF DUWKULWLV� 5KHXPDWRO 2[I (QJO�

���������������±����� GRL���������UKHXPDWRORJ\�NHV���
��� /LH (� YDQ GHU +HLMGH '� 8KOLJ 7� HW DO� (IIHFWLYHQHVV DQG UHWHQWLRQ UDWHV RI PHWKRWUH[DWH LQ SVRULDWLF DUWKULWLV LQ FRPSDULVRQ ZLWK PHWKRWUH[DWH�

WUHDWHG SDWLHQWV ZLWK UKHXPDWRLG DUWKULWLV� $QQ 5KHXP 'LV� ��������������±���� GRL���������DUG������������
��� .UHPHU -0� 0DMRU VLGH HIIHFWV RI ORZ�GRVH PHWKRWUH[DWH� 8S7R'DWH� ����� $YDLODEOH IURP� KWWSV���ZZZ�XSWRGDWH�FRP�FRQWHQWV�PDMRU�VLGH�HIIHFWV�

RI�ORZ�GRVH�PHWKRWUH[DWH� $FFHVVHG 0D\ �� �����
��� )RRG DQG 'UXJ $GPLQLVWUDWLRQ� 0HWKRWUH[DWH GUXJ ODEHO� ����� $YDLODEOH IURP� KWWSV���ZZZ�DFFHVVGDWD�IGD�JRY�GUXJVDWIGDBGRFV�ODEHO������

������V���OEO�SGI�$FFHVVHG 2FWREHU ��� �����
��� 6DPDQWD -� 1DLGX *� &KDWWRSDGK\D\ $� HW DO� ,PPXQRJHQLFLW\ DQG VDIHW\ RI DQWL�6$56�&R9�� P51$ YDFFLQHV LQ SDWLHQWV ZLWK FKURQLF LQÀDPPDWRU\

FRQGLWLRQV DQG LPPXQRVXSSUHVVLYH WKHUDS\ LQ D PRQRFHQWULF FRKRUW� $QQ 5KHXP 'LV� ��������6XSSO�������� GRL���������DQQUKHXPGLV������HXODU�����
��� 'H:LWW (0� /LQ /� *OLFN +$� $QVWURP .-� 6FKXOPDQ .$� 5HHG 6'� 3DWWHUQ DQG SUHGLFWRUV RI WKH LQLWLDWLRQ RI ELRORJLF DJHQWV IRU WKH WUHDWPHQW RI

UKHXPDWRLG DUWKULWLV LQ WKH 8QLWHG 6WDWHV� DQ DQDO\VLV XVLQJ D ODUJH REVHUYDWLRQDO GDWD EDQN� &OLQ 7KHU� ���������������±����� GLVFXVVLRQ �����
GRL���������M�FOLQWKHUD������������

��� 9HUVWDSSHQ 600� /XQW 0� %XQQ '.� 6FRWW '*,� 6\PPRQV '30� ,Q SDWLHQWV ZLWK HDUO\ LQÀDPPDWRU\ SRO\DUWKULWLV� $&3$ SRVLWLYLW\� \RXQJHU DJH
DQG LQHI¿FDF\ RI WKH ¿UVW QRQ�ELRORJLFDO '0$5' DUH SUHGLFWRUV IRU UHFHLYLQJ ELRORJLFDO WKHUDS\� UHVXOWV IURP WKH 1RUIRON $UWKULWLV 5HJLVWHU� $QQ
5KHXP 'LV� ���������������±����� GRL���������DUG������������

��� 3QJ :<� .ZDQ <+� /LP ..� HW DO� $ V\VWHPDWLF UHYLHZ RI WKH IDFWRUV DVVRFLDWHG ZLWK WKH LQLWLDWLRQ RI ELRORJLFDOV LQ SDWLHQWV ZLWK UKHXPDWRORJLFDO
FRQGLWLRQV� (XU - +RVS 3KDUP 6FL 3UDFW� ��������������±���� GRL���������HMKSKDUP������������

��� *HDOH .� +HQULNVVRQ 0� 6FKPLWW�(JHQROI 0� (YDOXDWLQJ HTXDOLW\ LQ SVRULDVLV KHDOWKFDUH� D FRKRUW VWXG\ RI WKH LPSDFW RI DJH RQ SUHVFULSWLRQ RI
ELRORJLFV� %U - 'HUPDWRO� ���������������±���� GRL���������EMG������
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3XEOLVK \RXU ZRUN LQ WKLV MRXUQDO
2SHQ $FFHVV 5KHXPDWRORJ\ 5HVHDUFK DQG 5HYLHZV LV DQ LQWHUQDWLRQDO� SHHU�UHYLHZHG� RSHQ DFFHVV MRXUQDO SXEOLVKLQJ RULJLQDO UHVHDUFK�
UHSRUWV� HGLWRULDOV� UHYLHZV DQG FRPPHQWDULHV RQ DOO DVSHFWV RI FOLQLFDO DQG H[SHULPHQWDO UKHXPDWRORJ\ LQ WKH FOLQLF DQG ODERUDWRU\ LQFOXGLQJ
WKH IROORZLQJ WRSLFV� 3DWKRORJ\� SDWKRSK\VLRORJ\ RI UKHXPDWRORJLFDO GLVHDVHV� ,QYHVWLJDWLRQ� WUHDWPHQW DQG PDQDJHPHQW RI UKHXPDWRORJLFDO
GLVHDVHV� &OLQLFDO WULDOV DQG QRYHO SKDUPDFRORJLFDO DSSURDFKHV IRU WKH WUHDWPHQW RI UKHXPDWRORJLFDO GLVRUGHUV� 7KH PDQXVFULSW PDQDJHPHQW
V\VWHP LV FRPSOHWHO\ RQOLQH DQG LQFOXGHV D YHU\ TXLFN DQG IDLU SHHU�UHYLHZ V\VWHP� ZKLFK LV DOO HDV\ WR XVH� 9LVLW KWWS���ZZZ�GRYHSUHVV�FRP�
WHVWLPRQLDOV�SKS WR UHDG UHDO TXRWHV IURP SXEOLVKHG DXWKRUV�

6XEPLW \RXU PDQXVFULSW KHUH� KWWSV���ZZZ�GRYHSUHVV�FRP�RSHQ�DFFHVV�UKHXPDWRORJ\�UHVHDUFK�DQG�UHYLHZV�MRXUQDO
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